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SECTION 

GENERAL DESCRIPTION 

1.1 SYSTEM ORGANIZATION 

The P856M/P857M systems consist of a bosic central processor unit (CPU) and 

various independent elements interconnected via a General Purpose Bus. The 

CPU is contained on a single printed-circuit cord. The some card includes a 

Serial Control unit for connecting an operator's device. Some of the other 

system el ements are: memory modul es, control un i ts, input/output processor 

(lOP), the P857 options floating-point processor (FPP) and memory management 

unit (MMU). 

1.2 A block diagram of the P856M/P857M systems is shown in Figure 1-1. 

All system elements are interconnected via the GP Bus. The P852M system 

elements are plug compatible with the P856M/P857M systems and may be 

connected via the some GP Bus. P850/P855 control units may also be used 

with the 856/857 system; the 850/855 cords are mounted in their own chas~is and 

connected to the GP Bus via a bus converter unit. Chassis information and 

wiring is included in Section IV. 

1.3 The P857M and P856M systems use the same basic logic design and both 

systems are based on a single-cord CPU and operator's control unit. The two 

systems use different microprogram control, and the P857M performs an expanded 

number of functions, including operations with the FPP and MMU options. The 

specific logic differences are noted throughout the Logic description, <:;ection II. 

Also, the P857M and P856M systems have different standord control panels as 

shown in Section III. 

I -I 
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1.4 Memory 

The P856M maximum memory size is 32k words. The P857M maximum memory 

size is 32k words with the basic system configuration, 64k words with the MMU 

option, or J1~h, words with the MMU and the M5 chassis options. Memories 

are provided in modular form with up to 16k words per card. 

1.5 Memory addressing on the GP Bus lines is by character address, and 

usually shown in hexadecimal. CPU logic which deals with memory word addresses 

simply places the word code on the GP Bus lines shifted one bit to the left. This 

then accesses an even-numbered memory character address. Some of the first 

(low numbered) memory locations are reserved for hardware-addressed functions, 

as follows: 

Address 

Decimal Hexadecimal 
Word Character 

0 000 
62 07C 
63 07E 
64 080 

127 OFE 
128 100 

1.6 Memory Management Unit (MMU) 

Function 

In lerrupt 
I ist words 

Trap routine list 

. 
word 

., ... ·1. °.9. VERFLOW F STACK 

The MMU is a P857 single-card hardware option which uses Virtual Addressing. 

This option extends the main memory from 32k to 128k words, while still using 

the 16-bit addressing. The Virtual Addressing system also allows software 

extension of main store to backing store, via the Direct Memory Access channel. 

The MMU card uses a dedicated slot adjacent to the CPU card. The MMU 

is described in Appendix C . 

1.7 Floating Point Processor (FPP) 

The FPP is a P857 single-card hardware option which performs floating-point 

arithmetic operations. The FPP uses a dedicated slot (beside the MMU position) 
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Figure 1-2 P856M/PB57M CPU Block Diagram 

in the cabinet. Dedicated wiring between the FPP and CPU is used to increase 

operating speed for the floating point calculations. The FPP is considered an 

extension of the CPU arithmetic section rather than an independent unit . The 

FPP is described in Appendix D. 

1 .8 I/O Processor (lOP) 

The lOP is a hardware I/O channel that manages direct dota transfers between 

control units and memory. The lOP multiplexes a number of control units for 

memory data transfer (eight CUs with the lOP type A). The lOP card can be 

inserted in any slot of the basic cobinet. The lOP is described in Appendix B . 

Additional information about I/O channels is given in paragraph 1.28. 

1.9 GPBUS 

The General Purpose Bus is a 57-line communicating link between all system 

elements, such as the CPU memory modules, I/O processors, and control units 

(Figure 1-1). System elements use the GP Bus on a master-slave basis. The 

CPU operates only as a master; the memory, external registers, and most device 

control units are slaves; the I/O processor may operate as master or slave (for 

CU with integrated DMA channel, the DMA can operate as master or slave). 

1.10 The Bus Controller logic in the CPU regulates access of masters to the 

GP Bus. Whenever the Bus is free, the Bus Controller scons the masters in a 

specific sequence for a Bus-access request. The CPU has direct access to the 

memory at the completion of each instruction. 

1.11 CENTRAL PROCESSOR UNIT 

The P856/P857 CPU card contains the complete central processor, the GP-Bus 

control logic, and a serial control unit. The main CPU logic units and data 

paths are shown on the block diagram, Figure 1-2. A more detailed block 

diagram and complete logic diagrams are provided in Section II, CPU Logic 

description. 
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1. 12 The Data Handling Unit does the processing of all data words accessed 

by the CPU. This unit also handles the addressing for both data transfers and 

instruction-word transfers. The Microprogram Control is a read-only memory 

and associated logic which controls all CPU operations. 

1.13 CPU SOFTWARE REGISTERS 

A scratchpad comprising sixteen 16-bit registers (AO to A15) is directly accessible 

to software. The scratchpad contains 15 working registers (AO to A14) and a 

stock pointer (AI5). The working registers are used as on operand for some 

instructions. The scratchpad is located in the Data Handling section of the 

CPU logic and is connected to the operand-A input of the arithmetic logic unit. 

1.14 A 2-bit condition register (CR) is provided for testing operation results. 

This register is also located in the Data Handling section of the CPU logic. 

1. 15 BUS CONTROLLER 

The Bus Controller scans the GP Bus priority chain for selecting a master, 

provides control for the memory, and gates input/output data between the GP 

Bus and the CPU. The Bus Controller is included on the CPU cord and is 

interconnected with the CPU logic. 

1.16 INTERRUPT SYSTEM 

The Interrupt System is a hardware feature which allows a running program to 

be interrupted by a higher-priority program. The Interrupt System is used for 

CPU logic functions and for control-unit I/O channel operations. There are 

63 interrupt levels, divided into two groups: internal and external. There is 

a separate interrupt-request associated with each of the 63 levels. 

1. J 7 

The internal interrupts (Figure 1-3A) use the ~LghL~L£t~"~yySL;;:R£j9!"LtY,1:y,,:,;t;, 

Four of the internal interrupts are pre-wired from CPU logic functions; 

the other four may be connected to other units in the basic chassis, but are not 
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usec for CU I/O channel operations. If any of the levels four through seven are 

not used for internal interrupts, they may be used by the external interrupts on the 

BIEC lines. The internal interrupts are assigned as follows: 

level 0 - Power failure, Automatic restart. 

- Operator's interrupt (Con.lrol Panel or I/O Console). 

2 Operation Code interrupt (Link to Monitor and Stack Overflow). 

3 - Real Time Clock interrupt. 

4-7 - Available for other internal interrupts within the basic chassis 

(serial CU, FPP interrupts, etc.) or external interrupts on the 

BIEC lines. 

The four CPU logic interrupts are set into CPU flip-flops as they occur. They 

are reset individually by the RIT instruction in the corresponding interrupt 

program. 

1.18 External Interrupts 

The external interrupts (Figure I -3) are assigned priorities 4 to 62, although 

4 to 7 may be used by internal interrupts. All I/O control units (except the 

CPU-integral serial controller) use the external interrupts, including those 

control units mounted in the basic chassis. Control units on the programmed 

channel use on external interrupt to transfer each word. Control units on all 

three channels use the external interrupt to request a status transfer at the end 

of a data-black transfer. For control units on the lOP channel, word transfers 

are initiated by break requests (BR) to the 10Pj the lOP then makes a Bus 

Request to obtain control of the GP Bus for the word transfer. A break request 

is port of the lOP channel (paragraph J .33) and not part of the interrupt system. 

1.19 External interrupt requests are connected to the CPU interrupt logic 

via a 6-bit code on the GP-Bus BIEC lines. The priority level of a control 

unit is established by a priority encoder (with a set of jumpers) on the CU itself. 

Any pending interrupts on the BIEC lines are sampled at the end of the instructions 

by the scan-interrupt signal SCEIN. The CU priority encoders sample the BIEC 

lines and only the highest priority external interrupt request is coded onto the 

lines. 

1-6 

1.20 Interrupt Control 

An Enable Interrupt (ENB) instruction is used to enable the CPU interrupt system. 

The ent ire interrupt system can be bl acked wi th the I nh i bit I nterrupt (I N H) 

instruction. The hardware flip-flops generating the internal in,,,,rupts are reset 

individually by the RIT instruction. The hardware that is generating the external 

interrupts is reset by appropriate CIO instructions. At power-on rime, and at 

every master clear from the control panel: 

• 
• 
• 

1.21 

the CPU is set to Enable Interrupt mode, 

the curren t program Ie ve lis establ i shed at 63, an d 

all internal and external interrupt requests are reset. 

I nterrupt Sequence 

Th.e internal/high-priority interrupts (levels 0-7) are sampled at the end of 

each instruction execution (except Move Table which is sampled early). If 

there is no internal interrupt, and there has been no external sampling within 

2 microseconds, the highest-priority external interrupt {which is coded on the 

BIEC lines} is sampled. The highest-priority interrupt request is then compared 

with the priority level of the running progra'm. If the runnin'g p'agram is of higher 

or equal priority to the interrupt request, the program continues. If the interrupt 

request is of higher priority than the running program, the interrupt sequence is 

started: 

• 

• 

• 

• 
• 
• 

The current instructian (except Move Table) is completed. For Move 

Table, registers are updated to allow resuming the instruction at the 

point it was suspended. 

The program counter (P) is stored in the memory-stock location specified 

by stock pointer A 15. P contains the address of the next instruction 

(except for Move Table, where P points to the instruction itself), AI5 

is decremented by 2. 

The program status word is stored in the memory location adjacent to (P), 

specified by stock pointer A15. AI5 is decremented by 2. 

The Inhibit Interrupt state is set. 

The system User Mode flog is reset (unless already reset). 

The priority level register (PLR) is loaded with the new level number. 



• 

• 

An indirect branch is made to the corresponding memory location 

(paragraph 1 .23). 

The interrupt routine is executed. 

Note: A Return instruction with a pointer other than Al5 can be used 

independently of the interrupt routine to switch from any program to 

another under a supervisory program control. 

l.22 Interrupt Routine 

The following operations must be performed by the interrupt-routine program: 

• 

• 

• 

• 

1.23 

Some or all of the accumulators (AO - 15) ore saved in the interrupt 

memory stock. 

The interrupt itself is treated, including a RIT, SST, or other instruction 

to reset the interrupt signal. 

The accumulators are re-Ioade,d from the stock at the end of the interrupt 

routine. 

A Return instruction, referring to stock pointer A 15, is programmed. 

During th~s instruction, the centents of A15 are used (with incrementing) 

to restore the program counter into P and retrieve the program status 

word. 

Interrupt Addresses 

The first 63 word locations in memory are used for the interrupt-routine list 

words. The CPU interrupt logic generates a direct six-bit word address for the 

accepted interrupl. This address code is shifted left one position onto the 

address I ines to produce the memory character address, as follows: 

Interrupt Address Code from Bit 0 added, for 
level Interrupt logic memo char. add. 

0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 2 
2 0 0 0 0 I 0 0 4 
3 0 0 0 0 1 1 0 6 
4 0 0 0 1 0 0 0 8 
5 0 0 0 1 0 1 0 A 
6 0 0 0 1 1 0 0 C 

etc. to 
62 1 1 1 1 1 0 0 7C 

1.24 Memory Stack Operation 

The interrupt system utilizes a memory stack with automatic handling. The 

hardware uses this system stack during the interrupt sequence to save the program 

status word and the instruction counter of the interrupted program. The software 

uses the stack: to save and later restore any other parameters of the interrupted 

program; to link a program to a subroutine; and to return to the main program. 

The system stock is also used by software for Traps and page faults. 

1.25 The stack operates on a lost-in first-out basis, controlled 

by the automatic updating of stock pointer A15. load, Store, Multiple load, 

and Multiple Store can be used as stock-handling instructions when their 

effective address ~efers to A15. The Call Function (CF) instruction is a branch 

with automatic saving of PSW and P into the stock. The Return (RTN) instruction 

is used at the end of on interrupt routine or a subroutine to restore PSW and P. 

1.26 Stock Overflow is signalled by on Operation Code interrupt (level 2, 

internal interrupt). This signal is generated by hardware when the stack pointer 

decrements to less than 128 10 (word address) to indicate that the stack is almost 

full and to prevent overwriting in the dedicated low address memory Ipcations. 

1. 27 Additional memory stocks may be used by software, using the scratchpad 

accumulators AO to A 14 for stack pointers. These software stocks wi II nat have 

the automatic handling and updating like the system stack which uses A 15 as 

the pointer. All references here to the stack pertain to the automatic-handling 

stack. All memory stacks may have software limits to stack size established at 

system generation time. 

1.28 INPUT/OUTPUT CHANNElS 

The P852M/P856M/P857M systems have three different input/output channels: 

• programmed channe I, 

• multiplex-type I/O-processor channel, and 

• direct memory access channel. 

All I/O data transfers are via the GP Bus and are timed by the Bus Controller 
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logic on the CPU card. For all three types of I/O transfers, the program initiates 

control-unit operation with a CIO Start command. The CU must reply with an 

interrupt request or a break request (depending on the type of I/O channel) when 

it is ready far the first word (or character) transfer. The data are then transferred 

according to the channel type. When", data-block transfer is ended (either 

complete or early), the CU signals to the CPU with an interrupt request. The 

program must then issue a Send Status (SST) command to obtain the status word 

from the CU. 

1.29 For transferring a block of data via any I/O channel, the program 

provides the memory address of the first word and the length of the block to 

be transferred. During the transfer I these two control words must be updated: 

the memory address is incremented to select sequential locations in the data 

block i the block length is decremented tc determine when the complete block 

has been transferred (length = zero). The methcd of handling this pair of control 

words depends on the type of I/O channel. 

1.30 Programmed Channel 

This is on input/cutput exchange between a CU and memory via the CPU, under 

complete program control (Figure 1-4). The exchange is word-by-word or 

character-by character at up to 40,000 characters per second. On the 

programmed channel, the address/length control-word set is lccated in program 

registers. For each data word or character transferred, the program must .access 

both of these registers to up-dote the control words. 

1.31 For on output transfer, a Load Register instruction loads the first word 

from memory into the CPU scratchpad register. The CU signals that it is ready 

with on Interrupt Request to the CPU. An OTR instruction then transfers the 

word from the CPU to the CU, while another Load instruction obtains the next 

word from memory. This procedure continues until the lost word of the block 

is transferred. When the program loads the last data word, its block length is 

counted to zero. The CPU then sends CIO Holt to the CU along with the last 

OTR data transfer, and the transfer is ended with the status transfer. 
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1.32 The input transfer sequence is essentially the same as the output 

transfer. The input sequence, however, begins with an INR command which 

transfers data from the CU into the CPU scratchpad register. A Store Register 

instruction then transfers the word from the scratchpad register into the memory. 

1 .33 I/O Processor Channel 

The Input/Output Processor (lOP) channel manages data transfers directly 

between memory and a number of multiplexed control units (Figure 1-5). 

CPU registers are not used! and there is no need for program control except 

for starting the exchange and testing status at the completion. The exchange 

is in blocks at up to one million words per second. 

1.34 The lOP is a hardware option that contains a pair of address/length 

control-word registers for each of its CU channels. At the beginning of a 

transfer to one CU, the program uses two WER instructions to load this register 

pair with the starting address and the block length. The lOP logic then 

provides all GP BUll timing signals to cO,ntrol the data transfers directly between 

the memory and the CU. 

1.35 For input or output transfer, the CU signals that it is ready with a 

Break Request (BR) to the lOP. The lOP makes a Bus Request to obtain control 

of the GP Bus (Figure 1-3). The lOP then sends a simulated INR or OTR 

command to the CU to initiate one word transfer. The INR/OTR command is 

simulated in that it is generated by the lOP and is not a programmed instruction. 

The lOP logic updates its control-word registers for each data word. When the 

block length is counted 10 zero, the lOP sends End Of Record (EOR) to the CU 

along with the last simulated INR/OTR data transfer. The data block transfer 

is ended with an SST command and status transfer between the CU and CPU. 

1.36 The lOP can be loaded with the data-exchange control information 

for a number of control units (up to eight for the type-A lOP). The lOP then 

multiplexes the exchanges between the CUs and the memory_ 

CPU lOP CU(n) 
CUI 

/' " 
WER Inst. I M ••• '''' ... ~''"' (10' CUn) 

I Block length I 
i.-- "-ClO START 

r-

MEMORY 
8R 

(Add,) Increment Addr ... 
Sim INR/OTR 

A 

r ~em.nt length --- " Data '/i.' Data -- -
8R 

(Add,) Incfemen' AcMr ... Sim INR/OTR r ~.ment length -
" Data ':i· ") Data ... 

r- -
BR 

(Add,) Increment Addr ... 
Sim INR/OTR(£OR 

.A 

r Deer-ment length (=0) 

.,. 
Doto ." >::,:, Data 

CPU 

Interrupt Requut (8IECO-5) 

Send StatuI Command (SST) 

A 
~,}"""""".,., .... , .. 

'. STATUS WORD , 

Not. - ... This diagram ,hOWl the ,.quene. for 'ron,r.rring a block of doto betw.en memory and 0 single 

CU, (n). Th. lOP can trluhipl.x up to eight CU.; the op.rotlon .hown it thul dUllieo"d for 
each CU. 

Figure 1-5 Multiplexed I/O Processor Channel Transfers 
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1.37 Direct Memory Access Channel 

The DMA channel manages data transfers directly between memory and a single 

high-speed control unit (Figure 1-6). CPU registers are not used, and there is 

no need for program control except for starting the exchange and testing status 

at the completion. The DMA channel is a hardware channel included as a port 

of the high-speed control unit (DMA-CU card). 

1. 38 At the beginning of a transfer, the program uses two WER instructions to 

load the starting address and block length into the DMA control-word register . 

The DMA logic then provides all GP Bus timing signals to control the data 

transfers directly between the memory and the DMA CU. The DMA logic 

also updates the control-word register for each data word and detects when the 

complete block has been transferred. The data block transfer is ended with an 

SST command and status transfer between the CU and CPU. 

1.39 Data Communications Channels 

Data communication with the P856M/P857M system is accomplished with various 
, 

Line Control Units operating via the programmed channel or the multiplexed lOP 

channel. The Line Control Units connect to the GP Bus in the some manner as 

any other control unit cords. The Line Control units are connected to the 

communications lines, either directly or via modem interface or repeater units 

(following diagram). 

: ........ . 

CPU 

Line 
Control 

Unit 

Line 
Control 

Unit 

MODEMS 
or 
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Some Line Control Units used with the system are: 

• 
• 
• 

1. 40 

SLCU Synchronous line control units 

ALCU Asynchronous line control units 

ALM Asynchronous low speed multiplexers 

CLOCKS 

1.41 CPU Timing Clock 

The CPU logic timing is controlled by the Sequensor which provides the clock 

signals AP, BP, and Tl through Tl O. The Sequensor is described in Section II. 

1 .42 Real Time Clock 

A Real Time Clock produces an interrupt signal every 20ms. The real-time 

clock pulse is produced directly from the power supply and is described in 

Section V. 

1.43 CONTROJ.. PANEL 

1.44 The standard control panel for the P856M system is the some as for the 

P852M. This panel is directly interchangeable between the two systems. The 

Extended control panel used by the P857M is available as on option for the 

P856M system. Description and operation of the control panel is provided in 

Section III. 

1.45 The standard control panel for the P857M system is the Extended Control 

Panel. This panel has, in addition to the standard Data and Control Facilities, 

complete Addressing facilities, including the ability to stop on preset addresses. 

The Data/Control half of the panel is the some as the P852M/P856M control 

panel, but with the addition of a TEST position on the key switch for performing 

automatic microdiagnostic tests. Description and operation is provided in 

Section III. 

I. 46 TESTING 

The P856/7 contains an automatic testing feature in the form of a microprogrammed 

diagnostic built in to the CPU logic. This automatic microdiagnostic operates 

through the control panel to test approximately 70% of the CPU logic. Successful 

running of the micradiagnostic indicates that sufficient ports of the CPU function 

for loading of test programs. The automatic microdiagnostic tests and the test 

programs are described in Section III. 

I. 47 STATUS 

System status is contained in a sixteen-bit Program Status Word (PSW). The use 

and operation of the status word is described in Section II (Paragraph 2.84). 

The statu; word contents are shown in the following diagram. 

Program Status Word 

PLR CR GF 

o FU 

Interrupts 

= User Mode 
o = System Mode 

1.48 DATA FORMAT 

The data are handled in 16-bit words with 15 magnitude bits and bit 0 as a 

sign bit. Bit 1 is the most-significant data bit. The data word is handled in 

the CPU and on the GP Bus with negative logic: a logic I is a law level (OV) 

and a logic 0 is a high level (+5V). 

Data Word 

Bit I 0 I 1 

t 
Sign Bit 
o = positive 
1 = negative 

15 

t 
Magitude Bits Least-significant bit 
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1.49 Double Precision 

Double precision is obtained by utilising two successive words to obtain 30 

magnitude bits. The sign bit and the 15 most-significant bits are in the first 

word; the 15 least-significant bits are in the second word. Bit 0 of the second 

word is not used, and is always zero. 

1. 50 Double precision is used for the product of the multiplication of two 

single-precision words, and for some other operations. 

I st Word 

Bit: o 15 

S 

Sign Bit Most-significant Magnitude Bits 
Most-significant Bit 

2nd Word 

Bit: 0 15 r--r------------------------, o 
not used 

1.51 Logical Data 

Least-significant Magnitude Bits I 
Least-significant Bit 

Logical data, such as the condition of sixteen binary indicators, can be stored 

in a single data word. This type of data is generally not treated arithmetically 

by the program but logically by means of boolean operations such as AND, 

OR, and Exclusive-OR. In this case, bit 0 of a word is not used as a sign bit. 

] .52 Flooting,..Point Data 

Real, floating-point numbers are contained in three successive words. 

mantissa is stored in the first two words as a double-precision integer. 

The 

The 

third word contains the exponent, represented as a single-precision integer. 

1 st Ward 

Bit:~0~r-~ _________________________ ]_5-, 

S Mantissa 

Sign Most-significant Bits (1-15) 
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2nd Word 

Bit: o 15 

I 0 I Mantissa 

Not Used Least-significant Bits (16-30) 

3rd Word 

Bit: o 15 

S Expone nt 

Sign 

1.53 Character Handling 

Character handling is performed by some instructions. The right character of 

a word is the least significant (bits 8-15) and the left character is the most 

significant (bits 0-7). 

1.54 OPERATING MODES 

The CPU can operate in two basic modes: System Mode or User Mode. The 

mode is specified by bit 15 of the program siatus word (0 = syste"'; ] ~ user). 

1 .55 System Mode 

The System Mode is reserved for the monitor program and system programs. In the 

System Mode, execution of the complete instruction set is allowed. This mode 

assures the system resource allocation, protected by the following privileged instructions: 

• Control Instructions which modify the CPU state: 

• 

• 

• 

HLT -- Halt 

INH -- Inhibit Interrupt 

RIT -- Reset Internal Interrupt 

All I/O Instructions: 

CIO, OTR, INR, SST, TST 

External Register Instructions: 

WER, RER 

(P857M) MMU-related instructions, Extended Load or Store, ond 

Segment Table Load or Store: 



• 

1. 56 

ElR, El, ESR, ES, 

TlR, Tl, TSR, TS 

Some other ;'nstructions are reserved for System Made when they 

modify the contents of the stack pointer (A 15). Refer to Table 1-1. 

User Mode 

This mode is reserved for the user program execution. If a program in User 

Mode attempts to execute a privileged instruction, a Trap routine is performed: 

the program parameters (P and PSW) are saved in the stack, and the program 

branches to the address contained in memory location 7E. 

1. 57 When a program running in User Mode needs system allocation, a 

link to Monitor (lKM) instruction executes a call to the monitor which sets the 

CPU to System Mode. 

1.58 When a program running in System Mode is complete, and ready to 

allow user programs' to 'run, either a Set· Mode (SMD) instruction or a Return 

(RTN) instruction with R2=15 can be used. The User-Mode indicator in the 

PSW is then set to 1. 

1.59 INSTRUCTIONS 

The P856/857 instruction set is divided into ten groups: 

• load and store 

• ari thmeti c 

• logical 

• character handl ing 

• branch 

• sh ift 

• table handling 

• control 

• input/output 

• external transfers 

Table 1-1 lists the instructions and indicates the operating flow diagram for 

each instruction. The instruction formats are described in paragraph 1.62. 

Instructions are specified by addressing mode as well as the op-code. The 

addressing mode is described in paragraph 1.65 and listed in Table 1-2. 

1. 60 Invalid Instructions 

An invalid instruction code initiates a Trap microprogram (paragraph 1-55, 

Figure 1-12). The program must determine what action (such as interrupt) to 

take following a Trap. 

1. 61 Some P857 instructions require the Floating Point Processor (FPP) or 

the Memory Management Unit (MMU). Both of these system extensions are 

optional. If the FPP is not present, the corresponding instructions initiate the 

Trap. If the MMU is not present, the corresponding instructions give no significant 

result when they are executed. 

1.62 Instruction Format 

There are two instruction formats, indicated by bit 0 of the instruction word: 

1. 63 

• Format 0 Constant handling instructions. 

• Format 1 Memory reference or register-to-register operations . 

Format 0 Instructions (Type T8) 

OPC 

R3 

CND 

I R3 I 
0 OPC I I CONSTANT 

0 41 CND 
1
8 15 

5 7 

Operation code 

Register (scratchpad AO-A7) on which the operation is performed. 

Condition for relative branching (when specified by OPC). 

1 -13 



Table 1-1 P856/857 Instruction List Flaw 
L/S Address Diagram Mnemonic OPC Instruction Name 

1 : (Bit 15) Type 

Arithmetic Instructions 

Flow 
L/S Address Diagram Mnemonic OPC Instruction Name 

J: (Bit 15) Type 

DSK 11 0 T2 Double subtract with constant 
30 DSR 11 0 T 1,3 Double subtract reg/leg 

DS 11 0 14-7 Double subtract 

28 FFL 9 0 T 1 Integer to floating point (FPP) 
FFX 9 1 Tl Floating point to integer (F PP) 

FADR 9 0/1 T3 Floating-point addition/reg (F PP) 
FAD 9 0/1 T4-7 Floating-point addition (FPP) 

FSUR 9 0/1 T3 Floating-point subtract/reg (F PP) 
FSU 9 0/1 T4-7 Floating-point subtract (FPP) 

27 

Load and Store Instructions 

LDK 0 0 T8,2 Load constant 
LDR 0 0 TI,3 Load reg/reg; update stack pointer 

15 LD 0 0 T4-7 Load register 

STR 0 I T3 Store reg/reg; update stack pointer 
ST 0 I T4-7 Stare register 

MLK 7 0 T2 Multiple load constant 
MLR 7 0 T3 Multiple load register 

23 ML 7 0 14-7 Multiple load 
FMUR 9 0/1 T3 Floating-point multiply/reg (FPP) 
FMU 9 0/1 T4-7 Floating -point multiply (FPP) 

MSR 7 I T3 Multiple stare register 
MS 7 I 14-7 Multiple store 

FDVR 9 0/1 T3 Floating-point divide/reg (FPP) 
FDV 9 0/1 T 4-7 Floating-point divide (F PP) 

ELR 10 0 T3 Extended load register (MMU) 
EL 10 0 T4-7 Extended load (MMU) 

29 
ESR 10 I T3 Extended store register (MMU) Logical Instructions 

ANK 4 0 T8,2 Logica I AN D wi th constant (R3/0, R J 10 
19 ANR 4 0/1 Tl,3 Logical AND reg/reg (RlI0) J 

AN 4 0/1 T4-7 . Logical AND.. (RIIO) 

ORK 5 0 T8,2 Logical OR with constant (R310, R 1 10 
ORR 5 0/1 TI,3 Logical OR reg/reg (R I 10) ; 
OR 5 0/1 T4-7 Logical OR (RIIO) 20 
XRK 6 0 T8,2 EXclusive OR with constant (RI/O) 
XRR 6 0/1 Tl,3 EXclusive OR reg/reg (RI/O) 

ES 10 I T4-7 Extended stare (MMU) 

Arithmetic Instructions 

ADK 2 0 T8,2 Add constant 
ADR 2 0/1 TI ,3 Add reg/reg 
AD 2 0/1 14-7 Add 

17 

IMR 2 I T3 Increment memory/reg 
1M 2 1 14-7 Increment memory 

SUK 3 0 T8,2 Subtract constant XR 6 0/1 T4-7 EXclusive OR (RI/O) 

CWC 13 X T8 Compare word to short constant 
CWK 13 0 T2 Compare word with constant 

32 
CWR 13 0/1 T 1,3 Compare ward reg/reg 
CW 13 0 T4-7 Compare word 

SUR 3 0/1 T 1,3 Subtract reg/reg 
SU 3 0/1 T 4-7 Subtract 

18 
NGR 3 I T1 Negate register 
C2R 3 1 T3 Two's complement/reg 

CIR 15 0/1 T 1,3 One's complement reg/reg 
37 

CI 15 0/1 T4-7 One's complement 

C2 3 I T 4-7 Two's complement 

MUK 8 0 T2 Multiply with constant 

25 MUR 8 0 TI,3 Multiply reg/reg 19 TM 4 I Tl T est mask 

20 TNM 6 1 Tl Test not mask 
MU 8 0 T 4-7 Multiply 

CMR 4 I T3 Clear memory/reg 
19 

CM 4 I T4-7 Clear memory 

DVK 9 0 T2 Divide with constant 

26 DVR 9 0 Tl,3 Divide reg/reg 

DV 9 0 T 4-7 Divide 

DAK 10 0 T2 Double odd with constant 

29 DAR 10 0 Tl, T3 Double add reg/reg 
DA J 0 0 T4-7 Double odd 

I - 14 



Flow 
L/S Address 

Diagram Mnemonic OPC Instruction Name 
1 : 

(B it 15) Type 

Flow 
L/S Address 

Diagram Mnemonic OPC 
(Bit 15) Type 

Instruction Name 
1 : 

Bits 
Character Handling Instructions Shift Instructions 8 9 10 

ECR 12 0 Tl Exchange character reg/reg (R 1 to) 
LCK 12 0 T2 Load character with constant (R 1 to) 22 

DLN 7 0 T8 Double left, normalize 1 o 0 
DRN 7 0 T8 Double right, normalize 1 o 1 

LCR 12 0 T3 Load character/reg (R 1 to) 
31 LC 12 0 14-7 Load character Table Handl ing I nstructi ons 

SCR 12 1 T3 Store character/reg (R 110) 36 MVF 14 0 T8 Move table forward o 0 0 
SC 12 1 14-7 Store character 37 MVB 15 0 T8 Move table backward 0 0 0 

CCK 13 1 T2 Compare character/constant (R 1/0) 36 MVSU 14 0 T8 Move table, system to user (MMU 1 o 0 
32 CCR 13 1 T3 Compare character/reg (R 1/0) 37 MVUS 15 0 T8 Move table, user to system (MMU 1 o 0 

CC 13 1 14-7 Compare character (R 1/0) Bits 
Control Instructions 8 9 011 12 314 15 

Branch Instructions 
HLT 4 T8 Halt 0 1 1 1 1 1 1 1 

AB 1 0 T8,2 Absolute conditional branch 
16 ABR 1 0/1 T 1,3 Absolute conditional branch to reg 19 INH 4 T8 Inhibit interrupt 1 0 1 1 1 1 1 1 

ABI 1 0 14-7 Absolute branch RIT 4 1 T8 Reset internal interrupt 1 1 DA 1 

29 RF 10 0 T8 Relative forward conditional branch 
30 RB 11 0 T8 Relative backward conditional branch 

ENB 5 T8 Enable interrupt 0 1 0 o 0 o 0 0 

20 LKM 5 T8 Link to monitor 0 0 o 0 o 1 o 0 
CF 14 1 T2 Call function (direct) (R 1/0) , 

35 CFR '14 1 T'l ,3 Call function/reg (R 110) SMD 5 T8 Set mode 0 0 o 0 o 0 0 1 
CFI 14 1 T4-7 Coil function (via memory) (R 1 to) 

33 RTN 14 0 T3 Return (R 1 =0) 

EXK 14 1 T2 Execute constant (R 1 =0) 
34 EXR 14 1 Tl ,3 Exe cute/reg i ster (R 1 =0) 

I nput/Output I nstructi ons (R310) 8 9 

CIO 8 X T8 Control I/O (DAtO) 1 n 

OTR 8 X T8 Output from register (DA/O) o n 
EX 14 1 T4-7 Execute (R 1 =0) 

Bits 
24 INR 9 X T8 Input to register o n 

Shift Instructions 8 910 SST 9 X T8 Sense status 1 1 

SLA 7 X T8 Single left arithmetic (R310) o 0 0 
SRA 7 X T8 Single right arithmetic (R310) 001 
SLL 7 X T8 Single left logicol (R3/0) 0 1 0 
SRL 7 X T8 Single right logical (R3/0) 0 1 1 

21 
SLC 7 X T8 Single left circular (R310) 1 1 0 
SRC 7 X T8 Single right circular (R3tO) 1 1 1 
SLN 7 0 T8 Single left, normalize (R3tO) 1 0 0 
SRN 7 0 T8 Single right, normalize (R3/0) r 0 1 
DLA 7 X T8 Double left arithmetic (R3 =0) o 0 0 
DRA 7 X T8 Double right arithmetic (R3-0) o 0 1 

22 DLL 7 X T8 Double left logical (R3=0) 0 1 0 
DRL 7 X T8 Double right logical (R3 -0) 0 1 1 
DLC 7 X T8 Double left circular (R3=0) 1 1 0 
DRC 7 X T8 Double right circular (R3=0) 1 1 1 

TST 9 X T8 Test status 1 0 

External Transfer Instructions 

33 WER 14 X T8 Write external register (R310) 
37 RER 15 X T8 Read external register (R310) -, 

FLDR 8 0 T3 Floating-point load/reg (R 1 =2) (FPP) 

27 FLD 8 0 14-7 Floating-point load (Rl =2) (FPP) 

FSTR 8 1 T3 Floating-point store/reg (Rl =2) (FPP) 
FST 8 1 14-7 Floating-point stare (R 1 =2) (F PP) 

TLR 7 0 T3 Segment table load/reg (Rl =0) (MMU) 

23 TL 7 0 14-7 Segment table load (Rl =0) (MMU) 

TSR 7 1 T3 Segment table store/reg (Rl =0) (MMU) 
TS 7 1 T4-7 Segment table store (R 1 =0) (MMU) 

I 
- P857 only -

1 -1 " 



CND 
Branch 

5 6 7 

0 n n if CR = bits 6,7 
I n n if CR t bits 6,7 
I I I unconditional 

CONSTANT: An 8-bit, positive constant, branch displacement, or 
OPC extension. 

1.64 Format I Instructions (Types Tl-T7) 

1 
Rl I 

OPC I 1 
MD R2 5 

0 
41 CND 

1
9 

10 11 14 15 

5 7 8 

OPC Operation Code 

R I Register (scratchpad AO-15) on which the operation is performed: 

bit 8 = 0 

bit 8 = I 

AO-7 

A8-15 

CND Condition for absolute branching (when specified by OPC). 

(conditions same as for format 0) 

1.65 

MD Addressing mode (Table 1-2). 

R2 Register (scratchpad AO-15) of 2nd operand or address of 2nd 

operand: 

bit 14 =0 

bit 14 = I 

AO-7 

A8-15 

S Store bit for memory reference instructions: 

o = store result in RJ 

= store result in memory 

Addressing 

Format 0 instructions (type 8) address the operand with the RI field; no second operand 

is used. Format I instructions address the first operand with the RI field; the second 

operand is addressed according to the addressing type, Tl-T7, as listed in Table 1-2. 

1-16 KEV.I 

Table 1-2 Addressing Types 

Format 1 (KOO) 

MD R2 Effective 
Type 9 10 Address of 

(K9 K I 0) II 12 13 14 Operand 

TJ 0 0 x x x x R2 Register-to-Register. 
R2 contains the operand 

T2 0 I 0 0 0 0 P Long Constant. 

(OR2) The following word(after the 
instruction) is the operand. 

T3 0 I non-zero (R2) Address in Register. 

(OR2j 
R2 contains the address (AO-
A 15) of the operand. 

T4 I 0 0 0 0 0 (P) Address in Next Word. 
The following word is the 
operand address. 

T5 1 0 non -zero (P) + (R2) Indexed Address. 

(OR2) 
The following word, indexed 

I by (AO-AI5), as specified by 
R2, contain~ the operand 
address. 

T6 I I 0 0 0 0 [(P}l Indirect Address. 
The following word specifies 
the location containing the 
operand address. 

T7 I I non-zero [(P) + (R2») Indirect Indexed Address. 

(OR2) 
The following word, indexed 
by (AO-AI5), specifies the 
location containing the 
operand address. 

T8 Format 0 (KOO) 
Short Constant. 
No 2nd operand is used. 

I. 66 All addressing uses a 16-bit address word, although only the J 5 high-

order bits are used for memory selection and for word-handling instructions. For 

character-handling instructions, the leost-significant address bit specifies the 

character, as follows: bit J 5 = 0: left character bit J 5 = I: right character. 



1. 67 OPERATION SEQUENCES 

1.68 Microprogro;"s, Microinstructions 

CPU operations are controlled by microinstructions (fltnst) located in the 

Microinstruction Store (Control ROM). Each microinstruction comprises a 

single 48-bit word divided into 14 command fields. 

1. 69 A microprogram performs one part of an instruction (e. g. indirect 

addressing or execution) or one operating sequence (e. g. Initial Program 

Loading or an Interrupt routine). The microprogram may consist of a single 

microinstruction (Fetch, SUK, etc.) or a group of microinstructions accessed 

in 0 specified sequence. This sequence may vary according 10 conditions specified 

in the microinstructions. An exomple of microinstructions and microprograms 

grouped into an instruction is shown in Figure 1-7, Operation Terminology. 

1. 70 Flow Diagrams 

General operationa1 flow for the CPU is" shown in Figure 1-8. Detailed flow 

diagrams for each block are referenced on Figure 1-8 and, for the execute­

instruction sequences, in the instruction lisl (Table 1 -2). A key to the flow 

diagrams is provided in Figure 1-7. 

1.71 Figure 1-8 shows the general sequence of computer operations. The 

computer continuously performs microinstructions. The sequences in which the 

microinstructions are performed are determined by microinstruction addressing 

(paragraph 2.26). 

1.72 If no program is running and the computer is not being operated, it 

cycles through the Idle loop. RUNF is described with the PSW, paragraph 2.90. 

Machine-state-pointer control is described with the microinstruction addressing. 

RUNF is set by pressing START on the control panel. If the control panel is 

used (Section III), PUP is set in the CPU (logic diagram CC) and the operation 

now cycles through the control-panel path, beginning with microinstruction /010. 

Either automatic restart or IPL may be initiated through this path. 

1.73 If RUNF is set and the control panel is not selected, the machine-state-

pointer tests for interrupts, and executes the interrupt routine if necessary. KRY 

is set when the K-register is loaded with the instruction word. KRY is set by 

the Fetch command during the Fetch routine, some control-panel routines, EX 

instruction, and some tests. 

1. 74 Before KRY is set, the computer loops directly to Fetch to load the 

instruction word into the K register. The instruction must be requested from 

memory during a preceeding microinstruction. When an instruction is loaded, 

KRY is set and the PLA addressing mode is used to select the next microinstruction 

address. For most instructions, the addressing routine is used to obtain the operand. 

Instruction word addressing and decoding is described in paragraphs 2.37 and 2.48. 

1.75 Repeated microinstructions of a routine are selected with explicit 

addressing (the microinstruction includes the address of the next microinstruction). 

Microprogram decision tests may modify the explicit addressing with a flog bit 

(SNA Flog mode). At the end of a microprogram routine, a Bus Request is made 

for the next instruction word and the Fetch routine is then used to load the instruction. 

If the machine state pointers allow (program still running, no control-panel 

operations or interrupts pending), the computer selects the next microinstruction 

address via the PLA addressing, and continues with the next microprogram. 

I. 76 Data paths are shown in Figures 2-1 and 2-4. The microinstructions 

within each microprogram or routine control the data paths and control the operations 

performed on the data. These controls are described (in Section II) for each of the 

logic blocks shown on the data-path diagrams. The data handling is also listed on 

the microprogram flow charts with terminology such as: M + 2 - M, where the 

data in the M register loops through the data paths shown on Figures 2-1, 2-4 and 

back to M, with a left-shift being performed enroute to produce the +2. 

REV. 1 1 ·1 • 



Example af one instruction (SC-Stare Character) using addressing made T6 (indirect) 

MICaOPROGItAM 
FETCH 

MICROPROGItAM 
ADDRESS 
ROUTINE 

MICROPROGRAM 
EXECUTE 
SC INSUUCTION 

MIClOPROGItAM 
STORf .. USUlT 
ROUTINE 

'LA Addt.ulne Mod. 

MI roln true' I 
Mic:rolnstr"'C:lion OS2 
Micro;n tructlon 113 

PlA h:.cution Mod. 

Part A 

Addr ... ing I-II 

SUK 

SOURCE; Iholn thh microprogram oft.r f.tch If igur. I 
or Add,." Roulin. (figure 1~11). 

NEXT ADDRESS given by PLA in Add, .... "" Mod. 

----------

11 (2nd Op.,ond in R2), 

R1I 

9 NAME olln",u",on 
(SUbSCflpt p: program counter, AO) 

NEXT ADDRESS given by PLA in E".cu,lon Mod. 
SUS 

H •• aOecimol Addr." of mi,rointt,uc;liOf'l word in the 
control ROM. 

NEXT ADDRESS g'~.n by flog (fNU) 

Doubl. line: .hi. microinuructlon word 01.0 u,.d by 
anoth.r microprogram. 

f: N .. :I in ... ruction i, pr.-fetched in thi. microinllruction 
word. 

1 .. 1 Store DESTINATION: Aft.r thit microprogram. go to the Store 
l •• uit R •• ulr microprogram or find the NEXT 

ADDRESS via the Machine Slot. Poinr.,. 

Add,." Type O •• ignalionl 

T2-7 

RT2 .. 7 a •• uh ..... 1 
fCTlP .. R2-0, thul 0p.fond in P. RT2-75 .. Stor.; R •• uh - m.mo,y 
RTI 0 - Ooubl. length; (R2) -Q, (R2+1) _M Rl2-7C - Constant 
R 11 DP - Doubl. length and R2-0 TJA - R21 AIS 

TJ6-R2-AIS 

Part B 

Figure 1-7 Operation Terminology, Flow Diagram Key 
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MACHINE STATE POINTER 

ROGRA 
END 

o 

005 
P-2 - P 
5-2 _ 5 
KRYZO 

I OO~ I 
2.SYS -Q ; 

IDLE 
LOOP 

I 
000 

M _ L 

W8U5 

I 
017 

L -810 
GIDLE 

o 

I 
007 

MEM -M,l 

IDLE 

I r 

~>,Y-=-E=-5 ___ (Soc.lo" III) 

-~ 

I 
006 

P -M,l 

r 

CONTROL PANEl INTERRUPTS OPERATION 

I IR .r------,0 

I <> I (oftu FETCH) 
I<RY ")..!.--!=!...,!.;::..:.;:;.:..:.....-----, t: (I~mm~pllrii;Ci.) 

~ •• I"g) 

010 

CONTROL PANElt-- ':> . ( PLA ADDRESSING MODE ) 

1 

I-I I 

~(' \\\~ 
OlE 

IPl 

1-10 

02E 

AUTOMATIC 
RESTART 

1-12 

015 Ol~ 

INTERRUPT 

1-12 

003 

NOHON 

001 

NOJUMP 
1-16 

OFF 

TRAP 
1-12 

SHIFT 
PREPAR­
ATION 

-
T8 FORMAT 
MICRO-
PROGRAM 
EXECUTION 

OFf 

STORE 
RESUL T 

I-I 

016 INSTRUCTION 
FETCH LOADED FROII 

'-_--,..--.:..1-...;.1""3 MEMORY 

Figure' 8 CPU Operational Flow and Machine State Point!' 

I ADDRESSING 
ROUTlNE I _11 

(Implici.) 

(Add""i";) 

PLA EXE N MODE ") 

(Expliclf) 
(Addressing) 

J J 
MICROPROGRAM EXECN 

END I OPERATION 

077 

WAIT 
I -I 

1 
I FLAG I 

Mode 

J 
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AUTO­
RESTART 

(02£ I 

1-20 REV 

IPl (03E) 

FigureJ-9 

I CONTROL PANEL 

CPU Input from CP: 

Z 
~ 

" "-

SYS 
1-( u 0, ,RCPN 

0 I 1213 H 15 

Z Z Z 
~l ~~ '3 ~ 0 0 '=~ 

CP 
, , 

0 I 2 3 12 13 14 15 

(I) Previous. dilployed doto i, iaved 

(2) K register content is not an instruc,ion 

Control Panel 

wo(d 

quoll.t 

NOTE: 

P 
Q 

ROM word COunter ( .. bitt) 
Qualten "ounl.r 

: RAM word oddre" Countor (16 bitt) 

I Pl routine loads bOOhlrop program into memory locolion /000 
'hrough /07 E. 

- Bootstrop listing in Tobl. 2 - 10 

• Loading roulin, in Paragraph 3.14 

Figure J -10 IPL 



ADDRESSING ROUTINES TYPE TI 

1-13 F.tch (016) 

Funct10n 

1-13 Fetch (016) 

(R2)-M.Q 

Fo' DAR and DSR 
Doubl. length: I ..... Ignlficont bllt In M (R2)-o 

mo" .ignlncant bilt In Q (R2+1)-M 

(I) NOle: When we hove OR2, CTYSPA is not dona' 
b~t in Fetch 16 h lood.d in CT, ther.fo:. 
wIth th. CTPI of 097 AI is actuolly oddr .... d. 

EXECUTE 

I ADDRESSING ROUTINES T2 - T7 I 

(fo' T38 ond T3aM ••• opel and Orcl) 

R 3S 

-IS 
3 

EXECUTE 

Figure 1 -11 Addressing 
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1-22 REV. 1 

INTERRUPT < 

Mot:hine State 

l _Mem 
P -l 

INTAD _M 
GCSEl 

S + 2 - S 
WMEM 

BUSR 

AUTOMATIC RESTART 

1-8 

FETCH (016) 

PAGE FAULT (P857 only) 

AIS -S 
WEXM 
GaOM 
8USR 

ODD 

OES 

p' -Mom 
M -l 
O-M 
S-2 - S 
WMEM 
8USR 

l -Mem 
M+2 _M 
S-2 - S 
WEXM 
G80M 
8USR 

S',INTAD-Mem, MR 
AIS - M -AIS 

STKOV 
RBUS 

SE0810 

PAGE fAULT STACK, 

AIS 

o I S' jlNTAD I 0 

PSW 

P' 

S' = Logical legment odd,en 
INTAD = Program level coded on MMU 
P' = Program counter value of the 

not compl.ted instruction 

Figure 1-12 Interrupt, Restart, Fault, Trap 

TRAP 

AIS-M _ AIS,S 
5LO 

GFSTOV 

OF2 

ENBFZO; FUZO 
PSW -l 
S+2 - S 
WMEJ,.I 
8USR 
510 

l __ Mern 
P -L 

5+2 -S 
o _M 
WMEM 
BUSR 

Under long formal • .lCocut. 
(DWIF. log;c F;g. Ll) 

o "20 

Update stock poinler 
0" .0 
Stock overflow deteerion 
pouing to INH, MASTER 
and in Writ. Mode. 

Store PSW 
M = BO 

Store P 
S :;- 80 pouing to "Read" 

<7[ 



Re\uh do 
WMEM 

STORE 
RESULT 

FETCH 

S •• 
F ;g. 1-8 

016 

Mem _ K .. M righ, a righ 
FR1JNZO if RUN on pr. coin 

P -+ 2-P 
erz lb 
S[QBUS 

S ... 2 - S 
GFETCH 

ALU 
077 2 
3A 1 
3A 0 
3A 0 0 
38 P - S 

Figure 1-13 Store, Fetch, Wait 

WAIT 

0 
0 

tlO, OTR,INR, TST, 
SST, RER, 'NER, 
EN8,SMO, LKM 

(Refer 10 
ponwoph 
2.99) 

MVF 
Write 

L-_-,. __ ~ (1) 

MVF 
Read 

TABLE SAVE 

MV6 
Write 

Addre .. (Para 2.41) 

MV6 
Read 

'---r----' (I) 
'--_--. __ ..... (I) 

(I )L-__ ..-_--' 
In M: length minul 2 

Not. (1) GCTlD P.,m;tI PAFZO 

decrement P 

Figure 1-14 Table Save (P857 only) 
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lOK lOKp 

I ~B Mocnine Stale 

1 -24 

Mode 

012 

update 
stock 

.e. 
RTJ u..-...,..........u 

lO 
lOI 

M _RI 

CRlOG 

OOB 

lOP 
lOPI 

009 

M _ P,S 

CRlOF 
SUSR 

1-1 Felch 
(016) 

Addteu 
Routine 

ST 

OOC 

(RI) -l 
WMfM 
6USR 

PLA Execu,ion Mode 

STD STp 

I-I Sto,e R.e,ult 
(Off) 

Figure 1-15 OPC 0 (LD, ST) 

STOP 

1-8 Machine Stot. 

PlA Addf ... in 

ASK 

Addr .. , 
Routine 

lPLA 
===r== EK.cution 

Mod. 

Figurel-160PCI(AB) 



AOK 

1-8 Machin. Stat. 

AOK P 

AD 

1-13 F.tch (016) 

PlA Addreuin Mode 

AOP 

I-II 

Addre"ing 
Routin •• 

I-II 

Figure 1-17 OPC 2 (AD, 1M) 

PtA h:ecution Mod. 

ADS 

024 

1M 

M ... I -l 
CRAOO 
WMEM 
8USR 

S'or. Result 
(OH) 

SVK 

025 

Fetch 

PlA Addr .. ,ing Mod. 

SVKp 

SV sup 

I -II 

Address 
Routine 

PlA b:ecurjon Mode 

C2 
NGR 

(I) n = KOS, K06, K07, K08, 0 ;f n = 0 (OR!) *C2 ;f n I 0 (OR!/) "NGR 

Figure 1-18 OPC 3 (SU, NG, C2) 

sus 
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ANK 

RI·· M -C,RI 
CRLOG 

HLT 
RI I 
INH 

Fetch (016) . 

PlA Addr.uin 

AN 1M 

Machin. State 

Add,eu 
Routine 

PtA Execulion Mod. 

CM ANS 

RI.M _L 
CRLOG 
WMEM 
BUSR 

1·13 Store R •• uft (OFf) 

tI) No'e: - 1.,1 00 to have Q T8 pull. ClG '*' REPSW. T8 
- M I.vhl.r iI updated b.,ou •• PFF i. r.lood.d by Mil. 

Figure 1-19 OPC 4 (AN, TM, CM, AC, HLT, INH, RIT) 

1-26 REV.l 
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Figure 1-22 ope 7 Double Shifts (DL, DR) 
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8USR 
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Figure 1-23 ope 7 Multiple Load/Store, Table Load/Store (ML/MS, TL/TS) 
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Figure 1-25 ope 8 Multiplication (MU) 
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1 -79 



F=~===,b,.~DOU Bl E 

155 
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M _.o.lU 
IRQ 
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Figure 1-31 OPC 12 (LC, SC, FCR) 
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Figure 1 -32 OPC 13 (CC, CW) 
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Figure 1-35 OPC 14 Call Function (CF) 
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SECTION II 

CPU LOGIC 

2. I GENERAL 

The CPU logic is divided into functional sections shown in the block diogrom, 

Figure 2-1. Detoiled logic diagrams and a list of all CPU signals are located 

ot the end of this section. A guide to the integrated circuits is provided in 

Section IV. The CPU logic description is given in the following paragraphs: 

2.4 GP Bus Lines 2.53 Data Handling Logic 

2. lOBus Cantrall er 

2.24 Mi croprogram Control 

2.48 Instruction Word Logic 

2.2 Signal Mnemonics 

2.97 Interrupt Logi c 

2. 104 Sequensor 

2.116 Power-Fail/Restart/Resets 

The signal names used are mnemonics for the function of the signals. The 

following leiters have a special significance when used with the mnemonics: 

• F indicates a flip-flop output. 

• N suffix indicates an active-low signal (OV=I,5V=O). 

• Y indicates the copying of information. 

• ZO, ZI is used after a flip-flop mnemonic to indicate (respectively) 

setting to 0 or setting to 1 of the flip-flop. 

A complete list of signals is provided at the end of this section (Table 2-14). 

2.3 Logic Conventions 

In the following logic descriptions, the suffix N indicates only the electrical 

level of the named signal (NAMEN is Ov when active and NAME is +5v when 

active). The logic state of the signal is indicated either by saying "active 

NAME," "inactive NAME," "reset NAME," etc., or by the bar (NAME, NAME). 

? -1 
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Where command bits ore used to form a control code, their state may be shown 

by the equation sign: fl BITO, 1 ,2 = 001. A logic signal is in its True logic 

state when at the level specified by its name: NAME is True when high (+5v) 

and NAMEN is True when low (Ov). Some examples are: 

NAME Active high (+5v) when f/f is set) 
f/f h 

NAMEN Active low (Ov when f/f is set) 

Signals in True logic state Signals in False logic state 

NAME, NAMEN NAME, NAMEN 

"active NAME," "active NAMEN" "inactive NAME," II inactive NAMEN" 

flBIT2=1, flBIT2N = I flBIT2 = 0, flBIT2N = 0 

2.4 GP BUS 

The 57-line General Purpose Bus comprises the following signals: 

B'USRN 

SPYC 
Control OKO/OKI 

MSN 
BSYN 

TMRN 
TMPN 

Timing TMEN 
TRMN 
TPMN 

Data B1000-15N 

Address MADOO-15,64,128 

ACN 
BIECO-5 
CHA 

Misc 
CLEARN 
PWFN 
RSLN 
SCEIN 
WRITE 

2.5 

2.6 

2.7 

• 

• 

• 

Control lines 

BUSRN - Bus Request, from master to CPU (bus controller); remains 

active (low) while master is requesting control of the Bus. 

SPYC - Scan Priority Chain, CPU (bus controller) response to BUSRN; 

it warns the masters to prepare for the selection of a new master of the 

bus. SPYC is active low. 

OKO - from CPU (bus controller) to the master with the highest bus 

priority. If this master does not require the bus, it posses OKO on 

to the next lower-priority master. If a master requires the bus, it 

blocks OKO and generates MSN. (The order of priority of the masters 

is determined by hard wiring at installation time.) 

• OKI - is the signal name of OKO at the input of each master. 

• MSN - is the Master Selected, generated by the master which accepted 

OKO to take control of the Bus. 

• 

• 

BSYN - Bus Busy, from the CPU or any other master which has control 

of the Bus, when on exchange is in progress. 

Timing Signals 

TMRN - from master to register or memory; validates the BIO and 

MAD lines and controls the exchange timing. 

• TMPN - from master to peripheral CU; initializes the CU exchange 

and validates the CU address on the Bus. 

• TMEN - from master to external register; validates the register addresses 

and the data, and controls the exchange timing. 

• TRMN - from register or memory to master, in response to TMEN or 

TMRN when the slave is ready for the transfer; also terminates the 

exchange. 

• TPMN - from peripheral CU to master, in response to TMPN to validate 

the response; also terminates the exchange. 

• 
Data lines 

BlOOD-IS handle both input and output data between all system 

elements on the GP Bus. 
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2.8 

• 

2.9 

• 

• 

• 

• 

Address Lines 

MADI28,64,00-15 are the Bus address lines; 128 is the most-significant 

bit and 15 is the least-significant bit. The meaning of the MAD lines 

depends on the type of exchange, as follows: 

Master--Memory (TMRN time) 

MAD: 1128,64,00-14 

Address from master to/ 
memory 

Master--CU (TMPN time) 

MAD: 128,64,00-02 

last exchange 

1 15 

/ o = left character 
I = right character 

= to master 
o = data transfer 
1 = command or status 

transfer 

Master--External Register (TMEN time) 

MAD: 128,64,00-03 I 04 105- 07 1 08 15 

I 
o = read register address 
1 = write 

Note: Shaded parts not sent on Bus. 

Miscellaneous Lines 

ACN - Accept, from the addressed CU. The CU accepts the command 

from the master. 

SCEIN - Scan External Interrupts from the CPU: A 2flsec signal sent at the 

end of every instruction, if the previous SCEIN is finished. After each 

SCEIN, the CPU compares the BIECO-5 code with the level of the running 

program to determine if a program interrupt is required. 

BIECO-5 - Bus Interrupt Encoded is the priority level of the highest­

priority interrupt request pending from an external rack, at SCEIN 

time. 

CHA - Character, from master to memory indicates exchange is by 

2-4 REV.I 

• 

• 

• 
• 

2.10 

character (CHA=I) or by word (CHA=O). 

CLEARN - General clear (reset) signal from CPU to all system elements, 

for initialisation. 

PWFN - Power railure from the CPU sequences power off at power-failure 

and switching-off time without losing data, and controls power-on/auto-restort. 

RSLN - Reset Line from the CPU is the power restoration/validation signal. 

WRITE - From master to memory indicates exchange is write (line active) 

or read (line inactive). 

BUS CONTROLLER 

The Bus Controller logic (Figure 2-8TT) regulates occess of all system masters to 

the GP Bus. When the Bus is free, the Controller scans the masters for 0 Bus-

access request. 

2.11 Bus Access 

Any master requiring Bus access (Figure 2-2) may generate the Bus Request 

signal BUSRN if MSN is inactive, indicating no other master is being selected. 

The CPU Bus Controller logic receives BUSRN, and, in response, gt'nerates 

Scan Priority Chain (SPYC), which is active low. If the Power Failure signal 

PWFN is inactive, BUSR sets the OKVAL flip-flop, and OKO is put onto the 

GP Bus along with SPYC. If PWFN is active, the CPU takes control of the Bus 

and does nat generate OK O. 

2.12 The highest-priority master (first master in the series) with a Bus 

Request blocks OKI and generates Master Selected (MSN). This highest­

priority master which has just been selected may not have been the first to 

generate BUSRN. Active MSN blocks further generation of BUSRN by any 

master. 

2.13 The Bus may be busy with an exchange (BSYN) while a new master 

is being selected. Once BSYN drops, the newly-selected master takes control of 

the Bus by generating BSYN and dropping MSN. With MSN inactive, any 

other master requiring Bus access may generate BUSRN and initiate a new selection 

sequen ce. 
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2.14 CPU Bus Control 

The CPU has lowest priority for Bus access (except for power failure). The 

Bus-free condition, no other master requesting or using the Bus, is BUSRN 

.MSN .BSYN. TRMN. TPMN. Any of these signals will inhibit BSYZI Nand 

prevent setting BSYCPU. The CPU takes control of the Bus under microprogram 

control when fJSEQO, I = Ix (Sequensor cycles SEQBUS (10] or SEQBIO (] I]). 

2.15 (Figures 2-3, 2-8TT). If a specific microcycle (n-I) is always followed 

by 0 Bus micracycle (n), the Bus access is started early,at BP of the preceeding 

microcycle (n-I). This reduces the Bus cycle by 135ns if the preceeding cycle 

is a Sequensor logic cycle; additional time is saved following other sequensor 

cycles. The early Bus access is initiated by microinstruction-bit flBSR and BP 

setting the DE flip-flop (if there is no MMU page fault, MFAULTN/PAFN). 

When not started early, the Bus access is initiated at T2 of the Sequensor Bus 

cycle: T2 and fJSEQO set the DE flip-flop if the early-start signal MUBUR5RFN 

is inactive. 

2.16 The DE output sets BSYCPU with signal BSYZIN, if the Bus is free. 

BSYCPU in turn sets the BUSF flip-flop. If BSYCPU is set, DE resets itself 

after a 95ns delay. When DE drops, the BSYDL signal is activated; BSYDL 

and fJSEQO = I select the Sequensor operating cycles for Bus transfers 

(Table 2-12). BSYCPU also provides the following Bus gating: 

2 -6 

• BYSN activated onto the Bus. 

• 

• 

• 

• 

Exchange-parameters CHA and WRITE gated onto the Bus: the CHA and 

WRITE data are always loaded into the Bus Controller from the microprogram 

control stare at BP of the preceeding cycle (n-I). 

Bus timing signal TMRN, TMEN, or TMPN gated onto the Bus: the 

conditions for these signals (Table 2-1) are set into the Bus Controller 

at BP of the preceeding cycle. 

MADS, MADLS gated to the Bus interface logic for gating the MAD 

lines onto the Bus. 

BIOL gated to the Bus interface logic for gating the BIO lines onto 

the Bus. 

Table 2-1 Bus Timing Signals 

Operation Mi croinst 
Stored 

GP Bus Signal 
at BP Reply 

CPU Exchange Ext. Reg/CU/Memary 

External Register GBTMEN TMEF TMEN HMN 
--------

CU GBTMPN TMPF TMPN TPMt-.J 

Memory 
fJTMRN TMf~F TMRI'-l 

TRMN 
GBCP + (FU . GBEx) I MMUABS 

-
fJTMRN TMMU TRMN 

Mem. via MMU TMRN from MMU or 
translation 

GBCP. (FU + GBEX) .IvIMUABS MFAUL TN 

MMU Operations 

Table Load GBTMFN TMMN DONEMN 

Table Store GBOMN 
.GCRFNUN BOMFN DONEMN 

Load P' GFETCH 

FPP Operations 

Load K' GFETCH 
, 

Stare Operand GBOFN. 
GCRFNUN BOFFN 

Load Operand GBTMMN TMFN DONEFN 

Process GFLOT FLOACT DONEFN 

2.17 Bus Addressing (MAD Lines) 

The controi of the Bus MAD lines is determined by the MADLCPUN and MADCPUN 

signals which control MADLS and MADS to the MAD output gates. The gating 

signal to both MADLS and MADS is BSYCPU (preceeding paragraph). The 

condi t i on i ng I ogi c for setting MAD LCPU N and MAD CPU N produces the Boolean 

equati ons: 

for MADLS: (GBCP+CPBABS). (GBCP+(GBEX .FU-)+MMUABS) within page , 
P857 only 

for MADS : (GBCP+CPBABS) page address 

• If GBCP: the control panel validates the MAD lines; the CPU has 



• 
control only if control-panel B-half is absent (CPBABS). 

If GBCP (PB56): the CPU validates MADI2B,64,00-15 with MADlS 

and MADS. 

• If GBCP (PB57): the CPU validates MADI2B,64,00-03 with MADS; 

the MMU validates the MAD04-15 lines if GBEX or FU, and the MMU 

option is present; the CPU has control only if the MMU is absent or 

if GBEX and FU. 

The following diagram is a resume of the MAD line validation control for 

memory addressing: 

BSYCPU. GBe? GBEX. FU 

BSYCPU. GBCP. CPBABS 

BS YCPU. GBCP. CPBABS 

MAD 

BSYCPU. GBCP. (GBEX+FU). MMUABS 

BSYCPU. G BCP. (GBEX+F U). MMUABS 

. . 

12B,64,00-031 04 

CPU 

CONTROL PANEL 

CPU 

CPU 1 MMU 

CPU 

15 

1 PB57 
only 

2.IB F or memory addressing under CPU control, the S register provides the 

memory address to the Bus MAD lines, according to the preceeding diagram. 

For CU or External Register addressing, the CPU logic provides the address 

via the D-selector and the S-register to the MAD lines. 

2 19 Bus Data (BIO lines) 

The Bus data from the CPU are gated onto the BIO lines by the BIOl signal 

from the Bus Controller. BIOl is generated by microinstruction bit fl BIOl , 

which is loaded at BP of the preceeding microcycle (n-I) as BIOELN. 

2.20 Bus Timing Signals 

The Bus timing signals (Table 2-1)TMRN, TMEN, TMPN are generated by the 

master that has control of the Bus. For CPU Bus control, one of these signals is 

generated by the Bus Controller during the Sequensor Bus cycle (SEOBUS or 5EOBI0). 

For MMU or FPP operation (PBS7), the Bus Controller sends a special timing 

signal directly to the MMU or FPP, and this external unit generates the Bus 

timing signal. The CPU waits at Sequensor clock-pulse T5 until the necessary 

reply is received to end the Bus cycle. The reply (Table 2-5) is either the 

Bus response TRMN, TPMN to the CPU or the special reply signal directly from 

the MMU or FPP to the CPU. 

2.21 When the required ending condition is satisfied, including reply 

received, the Sequensor steps to clock T6. For SEOBUS (flSEOO,l) operations, 

BSYCPU is reset by the T6 and fl SE~ I = O. The inactive BSYCPU ends the Bus 

control and data lines BSYN, CHA, WRITE, MAD, and BIO. The timing 

signals end 45ns later, being reset directly by the BP clock. For SEOBIO 

(flSEOO, I) operations, the BIO lines must be prolonged at least 120ns to satisfy 

CIO timing requirements. In this case, fl5EOI = I and BSYCPU is not reset. 

The Bus control and data lines, including BIO, are continued into the next 

Sequensor cycle (n+l) while the timing signal TMPN is reset normally by BP 

at the end of the BUS cycle. The microcycle after the Bus cycle (n+l) will have 

f1SEOI = 0 so that BSYCPU is reset at T6 of that cycle. 

2.22 Timeout 

A timeout circuit (Figure 2-BTT) is used to release the Bus and set the condition 

register to 3 (CR = 11 2) if the addressed slave doesn't respond within 6. 4Busec. 

The basic clock for timeout is derived from the 45ns OSC signal (Figure 2-BEE) 

divided-by-2 by the OSC90 (90ns), and then divided-by-9 by the TCBIO counter. 

The counter initially (following RSLBN -- 0) counts from 0 to IS; each TCBIO 

output pulse (at count IS) then resets the counter to 7 so that the counting cycles 

continuously from 7 through IS. The resultant TCBIO pulse (BIOns period) drives 

the Timeout counter (Figure 2-BTT). 

2.23 Timeout is held reset by the four inactive Bus-Control signals to the MR 

input. At the beginning of a bus cycle, (Figure 2-3), BSYCPUN or any master 

command goes active ol1d the counter begins counting the TCSI 0 input pulses. During 

the bus cycle, one of the TM .•. tim;ng s:gl1,ols will also be act:vated. When the 

addressed slave responds, the bus cycle is terminated and the timing signal 

TM .•. and sigl10l BSYCPUN are deactivated, and the Timeout counter is again 

reset. If there is no response by the time eight TCSIO pulses have been counted 
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(6480ns), tne counter produces TIMEOUT. TIMEOUT activates the required 

response signal on the Bus (TPMN or TRMN) to stop the exchange and unblock 

the system, generates sequensor pulse T6 to end the bus cycle, and sets CR bit O. 

2.24 MICROPROG RAM CONTROL 

Each CPU instruction or operating sequence (paragraph 1.67) is controlled by 

a selection of microinstruction control words stored in a read only memory 

(Control ROM). The different microinstruction control words are accessed by 

the instructions or sequences (at each AP clock pulse time). The words are 

addressed partly by the instruction content (K register) and partly by the 

currently-accessed control word. Various CPU or system conditions may also 

modify or change the selection of the next microinstruction control word. 

2.25 The microinstruction control words are used directly by the CPU logic 

as command bits (fJ ... ). Each 48-bit microinstruction is divided into 14 command 

fields (Table 2-2). The five-bit general-field section of the control word is 

decoded to produce 28 general field command bits for further microinstruction 

control. Both the micro-command bits (fJ •.. ) and the general-field command 

bits (G .•• ), listed in Table 2-3, are used by the CPU logic as direct command 

bits. These command bits are shown on the logic diagram (Figure 2-8BB) with 

their destinations listed; they are shown throughout the logic as command inputs, 

and identified by being enclosed in boxes. 

2-8 

Next 
Word 
Control 

Data 
Path 
Control 

Table 2-2 Microinstruction Commond Bits 

Field Bit CPU section controlled by the command field 

fJSNA 0-1 0-1 Select Source of Next Address 

fJNA 0-8N 2-10 Next Address, Explicit 

fJA 0-4 11 -15 A-Bus Selector 

fJADlO-4 16-20 AlU,D,l Command De coder 

fJC 0-1 21-22 C Multiplexer 

fJMlOAD,MSEl 23-24 M Register 

fJO 0-1 25-26 o Register 

fJS 0-1 27-28 S Register 

fJ P 0-1 29-30 P Register 

fJ CT 31 CT Counter: loops, shifts 

fJSEQ 0-1 35-36 Sequensor (C PU clock). Bus Controller 

fJT MRN, BI Ol, 32-34 
Bus Controller 

WRITE, BUSR 37 

fJC R 0-2 43-45 Condition Register 

{not used} 46-47 

fJGP 0-4 38-42 GENERAL FIELD SELECTION 



2.26 Microinstruction Addressing 

The Next-Address mode for the microinstruction word determines which of 

four types of microprogram addressing is to be used. The mode is selected by 

bits IlSNAO and IlSNAI from the current microinstruction word, as follows: 

Il SNA 
Mode Function 0 I 

0 0 Explicit Explicit address is IlNAO-8. 

0 I Flag Flag from execution-pointer tests (selected by IlNA6-8) 
sets RAD8; fJNAO-7 to RADO-7. 

I 0 Instruction Instruction word (K-reg, decoder) provides address RADI-
Ward (PlA) 8; IlNA7 modifies the decoder for fetch or execution. 

I I Machine- The machine-state pointer provides address RAD4-8; 
State IlNAO-3 to RADO-3. 

x x Move Tobie/Fault: an interrupt or a page fault during a Move Table 
instruction force a special microinstruction address with bits RAD6-8. 

The Next-Address mode selectes a set of open-cr,lectar gates onto the control­

store address bus (F,igures 2-8AA,CC).; This control-store address is loaded into 

the RA register by the AP clock pulse. 

2.27 Explicit Address. The next address is explicit in the current micro-

instruction IlNAO-8 field. 

pSNAO, I 

o 0 

RAD 0 8 

The explicit-address gates (Figure 2-8CC) invert the IlNAON-8N onto the RADO-8 

lines. All eight gates (and the flag gate) are blocked (forced high) by NARDT 

during a Move Table/fault. Other gates are blocked selectively by next-address 

modes which use some of the Il NA bits. 

2.28 ~.9~ The next address is explicit in the current microinstruction 

fJ NAO-7 field, with the least significant bit being selected by the Flag test. 

Anyone of eight different execution-pointer tests can be performed during 

Flag mode, as selected by the bits fJNA6-8. 

pSNAO, I 

o I 

IlNA6,7,8N 

000 

o 0 I 

0 I 0 

0 I I 

I o 0 

! 0 ! 

I I 0 

I I I 

RAD 0 7 8 
~--fJ-N-A-0--7---'-I--'1 

.-J 

r 

Flag Use 

QOON Display, C.Panel, IPl, Trap, End af Tl-TS (P85?), 
Execute, DIV correction. 

IRN Move Jump. 

PMI End of Ml, MS, Move 

K08 Shifts, Move 

FNU C.Panel test, IPL, Wait-C2, Trap in EX - T2. 

NORM End of normalized shifts. 

DIV Remainder correction. 

FUI5R2 Privileged test; Trap for SlN, SRN; Move. 

The Flag mode uses explicit-address gates 0 to 7 (Figure 2-BCC) onto the 

RADO-7 lines. The eighth explicit gate is blocked by NAEXPl while the flag 

gate is enabled by NAFlG. The signal FlAGN sets bit RAD8. FLAGN is 

selected by a type 74151A eight-input multiplexer (Figure 2-8DD) which is 

controlled by IlNA6N,7N,8N. The eight tests selected for the FlAGN bit 

are described in the following paragraphs. 

2.29 Flag QOON is used as a general test condition for various commands 

and instruction. 

2.30 Flag IRN is the interrupt request. During a page fault or an interruption 

of a Move-instruction/execution, flag IR enables the separation of the exit 

subroutine. If the Move instruction was interrupted, the last exchange was 

executed. These subroutines save the parameters necessary for resuming the 

Move execution. 

2.31 Flag PMI is used to detect the last word transfer during a Multiple 

load or Store (Ml,MS) or Move instruction. PM! is taken from the un-used 

(most-significant) bit position of the P counter when it is used as an auxiliary 
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counter. The P counter is normally used as a 14-bit counter for program 

aadresses. When used as on auxiliary counter, PMI is set by the first decrementing 

clock after PO-14 has counted down to zero. 

2.32 Flog KOS is token directly from the instruction word to differentiate 

between different types of shift and Move instructions, as follows: 

Shifts; KOS-O '= SLA, SLL, SRA, DLA, DRA 
KOS-I '= SLN, SLC, SRN, DLN, DRN 

Move: KOS-O '= MVF, MVB 
KOS-I '" MVSU, MVUS 

2.33 Flog FNU stores the zero contents of the ALU. FNU is stored in one 

bit of a four-bit register (74175). The other three bits of this register have no 

relationship with FNU. 

2.34 Flog NORM defines the end of a shift normalize execution. The end­

of-shift signal is GOSH (Figure 2-SDD) which is controlled by a 74151A chip. 

The inputs to the multiplexer chip are held at I or 0 (+5v or Ov) so that the 

selection and enable inputs provide direct control of GOSH as follows: 

QIS+(LOO(t) LOI)+P09 = GOSH = NORM 

• 

• 

Shift Right Normalize ends when QIS sets. The active QISN selects 

the low 74151A inputs 10-14 to generate a low GOSH. The P counter 

is used os on auxiliary counter to count 32 shifts (the program address 

is saved). If P09 sets before Q15, it means the constant to shift is 

equal to zero and GOSH goes low. LO(£)L1 never sets. 

Shift Left Normalize ends when LOO(£)LOI is true. Since Q ISN is 

not used (held high), LOO,OI select 741SIA inputs 14-17 as an 

EXclusive-OR, and GOSH is low when LOO(£)LOI is true. The P 

counter is used in the same manner as in Shift Right Normalize. 

• Shift without normalizing. The number of shifts to be executed is 

contained in Kl 1 - K1S. This number is loaded in complement into 

the Scratchpad CT counter. The counter is incremented to 31 in a 

single microinstruction (CT+l, Repeat), and the shifting is ended 

when the microinstruction is finished. 
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2.35 Flog DIV enables the remainder correction according to test DIVA 

or DIVB, selected by ... QI. Test DIVA ( ... QI) is true if the remainder sign is 

opposite to the dividend sign. Test DIVB ( ... Q 1 N) is true if both the remainder 

and dividend ore <0, but the absolute remainder value is greater than the 

absolute divisor value. The select inputs and data inputs of a 74151A multiplexer 

chip are used together to generate the FLAGDIV signal when either test is true. 

• DIVA: flQI FSIGDIV FSIG (input 14) 

FSIGDIV FNU (input 16, III 

• DIVB: ... QI FSIGDIV FSIG FNUN (input I J) 

2.36 Flog FUI5R2 tests for System-Mode reserved instructions which can 

modify the stock pointer contents. When the stock pointer is indicated (R2E 15) 

and User Mode is set (FU), the active FUI 5R2N signal is inverted to a high 

FLAGN, and the bit RADS = 0 to couse a trap. 

2.37 I nstruction Word. The next address is decoded directly from the 

instruction word. 

pSNAO,1 

1 0 

8 RAD 0 

rl-O-,I-K----r-e-g-d-e--c-o-d-in-g--------, 

This is used as the first address of an instruction microprogram. The instruction­

word addressing mode operates in one of four sub-modes, selected by the signals 

PLAO, PLAI : 

PLAO,I Sub-Mode Purpose 

o 0 Inhibit Instruction-word outputs held inactive (high). 

1 0 Add Master Fetch operand for types Tl-T7; execute for type TS; 
Trap if illegal. 

1 1 Add User Fetch operand for types TJ-T7; execute for type TS; 
Trap if privileged. 

0 1 Execution Used for first microinstruction word after the fetch-

operand rauti ne. 

The PLA selection logic is shown on Figure 2-SAA. The sub-mode inhibit 

is set by the inactive validate signal (PLAVALN high). PLAVAlN is held high 



by fJSNAO '" 0 (Explicit mode or Flag mode) or an active PAFN. PLAVALN is 

activated by fJSNAO = I (Instruction-Word or Machine-State modes). The 

conditioning for PLA is as follows: 

pSNA "'-
PLAVALN 

<{ PLA 
Sub-Mode 

0,1 ::>Z 0, I 
LL :1. 

o 0, 
h o 0 Inhibit o I 

Explicit I 0 o 0 1 0 Add Master 
Implicit 

I 1 J L I 0 1 1 Add User 
.RADETPLN - 1 o 1 Execution 

Microprogram bit fJNA7 selects a fetch sub-mode (Add Moster or User) or the 

execution sub-mode. If fetch is selected, the FU signal indicates either User 

mode (FU '" I) or Master mode (FU '" 0). For all three of the active sub-modes, 

the instruction-word addressing may be explicit (fJSNAI '" 0) or implicit 

(fJSNAI '" I). The explicit addressing is used for instruction execution ond 

the execution pointers. The implicit addressing is port of the machine-state­

pointer control of 'he microprogram. 

2.38 Instruction-word addressing of the microinstruction store is controlled 

by the instruction-word decoder (Figure 2-8AA). The decoding is done mainly 

by a programmable logic array (PLA) which provides address codes for 96 different 

input combinations. In many cases, the output address codes are the same for 

various different input combinations. The PLA decoding is shown in Table 2-6, 

Instruction Decoder. Some instruction-word decoding is done by logic gates 

operating in parallel with the PLA. 

2.39 The external instruction-word lagic gates are used for an ineffective 

branch (NOJUMP) or,with P857, a floating-point instruction without an attached 

FPP (NOFLO). For both instructions, PLAO is high, and the external gates for 

RAD 1-4 are enabled; also, either N OFLON or N OJUMPN generates NACND 

which activates the four gates to force RADI through 4 low. For No Jump, active 

NOJUMPN generates NACNDAD; RAD7 is selected by DWIN (double-word) and 

address /001 or /002 is selected. For No rpp, inactive NOJUMPN blocks 

NACNDi\D; RAD7 is forced high and address /007 is selected. Bit 8 is PLA selected. 

No Jump RAD 0 1 2 3 

1010 0 0 

No FFP RAD 0 I 2 3 

1 0 1 0 0 0 

4 5 6 

01 0 0 

4 5 6 

01 0 0 

7 8 

fEE 1 0 
7 8 
1 1 

/001 
/002 

/003 

2.40 Machine-State Pointer. The Next Address is determined by machine-

state pointers, such as RUNF and control-panel switches. (See also Figure 1-9 

for general flaw). The machine-state pointer logic is shown on Figure 2-8CC. 

The instruction-word decoder (Figure 2-8AA) is also used for one sub-mode 

of the machine-state pointer microprogram control. There are four sub-modes of 

machine-state pointer address selection, as follows: 

Instruction RAD 0 1 8 

I 0 I L t 
PLA Decoder / 

0.terrupt RUNF .IR. PUP. RAD 0 I 2 3 4 5 6 7 8 

(RUNF. PUP KRY 0 0 0 0 1 0 I 0 1 (/015) 
--

=RADET6) KRY 0 0 0 0 I 0 1 0 0 (/014) 

C. Panel RUNF.PUP RAD 0 I 2 3 4 5 6 7 8 

I 0 I 0 0 0 1 I 0 0 0 0 I (/010) 

Pr0!i!rom End RUNF.iR.PUP. RAD 0 I 2 3 4 5 6 7 8 

(RUNF .fJNA8 KRY 0 0 0 0 0 0 1 0 I (/005) 

=RADET6) KRY 0 0 0 0 0 0 1 0 0 (/004) 

In all cases, the control-panel TEST key will set RAD bit a to 1, via ETATEST 

and VALNAO on Figure 2-8CC. The Instruction sub-mode generates the signal 

RADETPLN (Figure 2-8CC) which activates the instruction-word decoder PLA 

via signal PLAVALN on sheet AA. Refer to paragraph 2.37. The Interrupt 

sub-mode selects address /014 or /015 for t~e interrupt routines. The Control­

Panel sub-mode selects address /010 if any of the control-panel command 

signals are active (PUP signal active). The control-panel command switches 

operate through the A-bus of the Data Handling logic. The Program-End sub­

mode selects a branch to address /004 or /005. 



2.41 Move Table/Fault "(P857). An interrupt or a page fault during a Move 

Table instruction force the RAD bits to a special control-store address, as 

follows: 

Address RAD 0 I 2 3 4 5 6 7 8 

Interrupt. 
MVB read IF8 I I I I I I 0 0 0 

MVB write IF9 I I I I I I 0 0 I 

MVF read I FA I I I I I I 0 I 0 

MVF write IFB I I I I I I 0 I I 

Page Fault IFF I I 1 1 I I 1 I 1 

The move table/fault logic is shown on Figure 2-8CC. Either the page fault 

(PAFN) or the interrupt during Move Table (MOVEIRN) cause the signal NARDT. 

NARDT blocks all the control-store addressing gates on the machine-state-pointer, 

explicit-address, and test-flog logic, which puts the address bits high. The 

move table/fault logic then forces bits RAD6-8 low according to its control 

inputs to obtain the address code shown in the above table. 

2.42 RA -- Microinstruction Address Register 

The 9-bit RA register holds the address of a single 48-bit microinstruction word. 

This is actually a 1 O-bit buffer register comprising one 6-bit 74s174 and one 4-

bit 74s175. The tenth bit position, however, is used to store the command-bit­

derived signal FETCH, which is re-generated as FTDEl. 

2.43 The 9-bit address code RADO-8 is loaded from the control-store address 

bus at the leading-edge of clock pulse AP. The address code is produced by 

the Instruction Word logic or the Microprogram Control logic; the source is 

selected by gating (from the source selector) within that logic. The reset signal 

RSLBN resets the RA register to all zeros so that control-store address 000 is 

selected by the RA output. The signal RSLBN is derived from the GP-Bus reset­

line signal RSlN, via RSLF. 

2.44 Microinstruction Store (Control ROM) 

This section is composed of six type 8205 read only memory (ROM) ICs. Each 
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IC contains 512 eight-bit wards which are accessed by nine addressing inputs. 

Addressing from the RA register is applied in parallel to the six IC, to obtain 

512A8-bit words of store. 

2.45 The enabling inputs of the tontrol ROM are tied high; the outputs 

thus display continuously the content of whatever word is addressed by the RA 

register. When RA is reset by RSlN, the control-ROM address zero is selected 

(Idle state). A listing of all control-ROM microinstructions is provided in Table 

2-4B. The binary contents of the control ROM are provided in Table 2-5. 

2.46 Microinstruction Decoding 

Two groups of command bits (Table 2-2) are used by the CPU logic as direct 

command bits .. The micro-command bits (11 ... ) are the actual bit contents of the 

currently-addressed micro-instruction word. The general-field section of these 

bits (IlGPO-4) are decoded to produce a further 28 command bits (G •.. ). 

2.47 The general-field command bits (Figure 2-8BB) are decoded by four 

type 74s138 ICs. The signals IlGP4,3,2 ar,e connected in para~lel to the A, B, 

C inputs. The gating inputs G I, G2A, G2B are connected as follows: 

Bits: 1-7 9-15 16-23 24-29 

GI +5V Il GPI Il GPO Il GPO 

G2A/ Il GPO Il GPO OV Il GPI 

G2B/ Il GPI BPN Il GPI OV 

The three gate inputs must all be active (G I-high; G2A, B-Iow) to enable the 

three A, B, C inputs. The resultant output for the different input combinations 

ore listed in Table 2-3. Seven of the general-field commands are valid during 

BP for use as set/reset commands. Ten other general-field commands are stored 

at BP time and updated on the following BP; these are used os parameters for 

next-cyc Ie exchange. 



loole 2-30 General Field Command Bit Codes 

""0 
"'0.. ""00.. 

fl GP Command -'lro ~ro Function Application u a c 01234 Bit 0>-
-.0 ':;:;0 
U 

00000 ---
00001 GIDLEN -- -- Resynchro. Sequensor Display, Tests. 
00010 GCTLON -- -- Load Counter Shift, DAR, DSR. 
00011 GCRDSRN -- -- Set OVF if Divide 

Error and DOOD Shift right, Test Divide. 
00100 GCRFNUN -- -- Store OALU in FNU IPL, PUP, Arith. Oper. 
00101 GCRVMLN -- -- Set CR if OVFi Branch ML, Divide correction, 

for Ml. Shift LA. 
00110 GCSELN -- -- ASR or INTAD on sel.C; DLL, DLC, INR, 

data Q 15 Interrupt. 
00111 GMOVEN -- -- Branch during Move Move read/write cycles. 
01000 -'--

01001 GFSYSN Ys -- Reset ENBF, ARF, PAF, System operations: INT, 
FU. IPL, PAF, etc. 

01010 GFENBN Ys -- Set ENBF RTN with R2=15. 
01011 GFSTOV Ys -- Allows set PIF if Stack 

OVF. Update A15. 
01100 GFPLR/ 

CLPLR Ys -- Loads PLR,FU by C INT, AR, RTN Master 
01101 GFRZO Ys -- Reset RUN F Control-panel operations 
01110 GFKYZON Ys -- Reset K Ready INT, PAF, AR, LR, RR 
01111 GCRVZON Ys -- Reset OVF; Divided 

Sign Store Shift LA, DIV. 

10000 GBCHN -- Ys Character Mode Character instructions. 
10001 GBCPN -- Ys C.Panel-B memory 

address LM,RM. 
10010 GBEXN -- -- MMU translation to 

System Mode EL, ES, MVUS, MVSU. 
10011 GBOKN -- Ys (keys) on BIO IPL, C.Panel, Tests. 
10100 GBOFN -- Ys (FPP) on Bl0 FPP store, FIX. 
10101 GBOMN -- Ys (MMU) on BIO TS, PAF. 
10110 GBTMEN -- Ys Ext. Register Cmnd. RER, WER. 
10111 GBTMPN -- Ys Prog. Channel Cmnd. I/O instructions. 
11000 GBTMMN -- Ys MMU command TL 
11001 GBTMFN -- Ys FPP command FL, FO, FOS. 
11010 GHOTN -- Ys FPP activation Wait for FPP execution. 

11011 GAEXLN -- -- Execute double word Trap for EX,MV, 15R2, 
OPC=15. 

11100 GFETCHN -- -- Load K; set CT to 16 Fetch,EX, LR,RR, Tests. 
11101 GMULTIN -- -- D selection; OVF set 

for Multi Lost cycle of Multi. 

11110 ---
11111 ---

Ys = Yes 
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00000 
00001 
00010 
00011 

00100 
00101 

00110 

00111 
01000 

01001 

01010 
01011 

01100 

01101 
01110 
0111 I 

10000 
10001 

10010 

10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 

11 011 

11100 
11101 

1111 0 
11111 

Table 2-3 General Field Command Bit Codes 

a 
QJo.. "0.. Command ~co QJ", 

Function Application 
Bit 0>- (; c 

-.0 ':;:;0 
U 

---
GIDLEN -- -- Resynchro. Sequensor Display, Tests. 
GCTLDN -- -- Load Counter Shift, DAR, DSR. 
GCRDSRN -- -- Set OVF if Divide 

Error and 0000 Shift right, Test Divide. 
GCRFNUN -- -- Store OALU in FNU IPL, PUP, Arith. Oper. 
GCRVMLN -- -- Set CR if OVF; Branch ML, Divide correction, 

for ML. Shift LA. 
GCSELN -- -- ASR or INTAD on sel.C; DLL, DLC, INR, 

data Q 15 Interrupt. 
GMOVEN -- -- Branch during Move Move read/write cycles. 
---
GFSYSN Ys -- Reset ENBF, ARF, PAF, System operations: INT, 

FU. IPL, PAF, etc. 
GFENBN Ys -- Set ENBF RTN with R2=lS. 
GFSTOV Ys -- Allows set PIF if Stock 

OVF. Update AIS. 
GFPLR/ 

CLPlR Ys -- Loads PLR, FU by C INT, AR, RTN Moster 
GFRZO Ys -- Reset RUNF Control-panel operations 
GFKYZON Ys -- Reset K Ready INT, PAF, AR, lR, RR 
GCRVZON Ys -- Reset OVF; Divided 

Sign Store Shift LA, DIV. 

GBCHN -- Ys Character Mode Character instructions. 
GBCPN -- Ys C. Pone I-B memory 

address LM,RM. 
GBEXN -- -- MMU translation to 

System Mode EL, ES, MVUS, MVSU. 
GBOKN -- Ys (keys) on BIO IPL, C. Panel, Tests. 
GBOFN -- Ys (FPP) on BIO FPP store, FIX. 
GBOMN -- Ys (MMU) on BIO I TS, PM. 
GBTMEN -- Ys Ext. Register Cmnd. RER, WER. 
GBTMPN -- Ys Prog. Channel Cmnd. I/O instructions. 
GBTMMN -- Ys MMU command TL 
GBTMFN -- Ys FPP command FL, FO, FOS. 
GFLOTN -- Ys FPP activation Wait for FPP execution. 

GAEXLN -- -- Execute double word Trap for EX,MV, 15R2, 
OPC=15. 

GFETCHN -- -- Load K; set CT to 16 Fetch, EX, LR, RR, Tests. 
GMULTIN -- -- o selection; OVF set 

for Multi Lost cycle of Multi. 

---
---

Ys ~ Yes 

? -13 



.lDD. 

000 Ron 
001 flA 
002 Ron 
003 Ron 
iJ04 RO~ 

005 ROM 
006 Ron 
007 ROM 
OD! f TA 
009 RvM 
OOA ROM 
OOB ROM 
DOC ROM 
ODD ROM 
00£ ROM 

-s¥o-*~ on ROM 
012 ROM 
013 ROM 
014 
015 
0],6 
017 
01& 
0:"9 
01A 
018 
01C 
010 
OlE 
01.f 

g~~ 
022 
023 
024 
025 
026 
027 
02& 
029 
02A 
028 
02C 
020 
02£ 
D2f 
030 
031 
032 
033 
034 
U3s 
036 
03, 
03& 
839 
D3A 

Ron 
ROM 
flA 
Ron 
ROM 
"eM 
ROM 
ROM 
ROM 
ROM 
ROn 
ROM 
fTA 
ROM 
ROn 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
FlA 
ROM 
ReM 
ROM 
ROM 
ROM 
ROM 
f:;; 
ROM 
ROM 
ROM 

0]8 POM 
Q'J( ;;::;M 
OJD ROM 
03E ROM 
03f ROM 

2-14 

Ie 2-4A Contr61- ROM Microinstruction Listl, " P857 

ADD. ADD . 

• /1E!.AR]'S.ALUB.CALU.MYC.GYC •••• ~BUS .••• O IOU 040 fTA A~Rl.AAHOB.CRLOG AN 060 ROM ./UU8 .• ALU8 •... SYD •••...• O CIO OIR 

.. 0 R a NO JUMiNCR P 041 RO~ fLAG./l':6.APSW.AuNIHLlALU.MYC. ...... BHSR .. O HLT.RIT,H4H,P.TP.15 DIH ROM ,/100 .. ",,,,,,,,,0 '010 TRAP flJMP) 

./],E9 .... .. SP2.PP2 .... BUS.. 042 ROM ./0fO .. • ceIO.MYC ... PPZ ... ScGBUS ... O RTs 08~ ROM .118~.AWA~.DBIO ...... ,RBUS.SlOBIO ... O ffX LD A2 

it~t~~~~:~~Y~~~:O~~~~LU~:~YC:::: :7~~~L.0 ~~s~LgIs~~~; 043 ROM ./Of5 •. • CBIO.MYC ... fPC ... SEGBUS ••. O RTSS De] RC" 5t1PLO,/LOOARH2.HLV;'.C;'LU.MYC.U!C .....•• 0 P'l 
DECR BEfORE VISU 044 ROM ./101.ARR1.AANDB ....... ~MlM .. BUSR .. CRL06 AN 5 084 ROM ./18B.AWR1.IWOA ...... Cln .. RlPlAT. .. 0 Sll 

./t~~·AEP·A~8~·~~~U·MYC6fRYlO.0 0 VISUA 045 ROM ./10], •. lERO ..••••• WMlM .• BUSR •• O CM 085 ROM ./18B.flWRL.ASIIL ..• 'LU ... LlPl .. RlI'lAI .. HSH.D SLC 
';lff' oBio cBio MYC "'SEQ8US 0 VISUB 046 flA ARR1.MNOB.CRLOG Tn 086 Ron ./169 ........ CII'1 ..... 0 RILO 

AWR1.AlUB.CRLOG· ......... LD g~~ ~~~ i~~~~iiA6:ARAi:o~~~~U:~~f.~~ .... GCRIHU.O OIV r~~~ ~~~:R~~~C, g~~ ~gg i~~~~;~~~2:~~~~:~~:~:;'1~~C::::::~,~~~LS8~MI.U rrp E6~~ 
,/1£9,AI.!J8 .... S'((I.P'iD .. ,,:JUSR:,,(RLot; L REb. LR O~DR~ 0 ... 9 ROM Fl.Ab./140,ARA1.AXlLCALU.MYQ.OY(. .... ".U DIV TEST QUOT. 069 ROM ./UBA.AWA1.ZERO.tALU,.UYL ....... i;,CHVLU.O NUL-RESET PARLPROD 
./116fDf·AASRAYSO·AALUAA··M·~C··'·WBUS···0·0 RCP IN ERRONEOUS START 04A ROM ./0£2.AEP.AMB.CALU.MYC ......... 0 SLN Dan ROM ./1JO.ARAO.ALUA .... , .. wBUS .. UU'R .. U EX TJ. OR TJ 
.1 . • LU .. , ......... O'IB ROM fLAG./lBS.AWR1.IWOA ..... PP2 ...... 0 SLN LOOP 08B ROM flAb.IOOO.AI.ALUA.lHlU .. UYl ....... bALXL.U EX 12 TRAP 
./iOL.ARR1.ALUA ••••••• WMEM •• BUSR •• 0 5T 04C ROM fLAG./1B2.ARCI.ALUA •••• SP2.PM2.CTP1.WMEM.SEGBU5 .•• 0 MS LOOP Dec ROM flAG./OAB.ATEN.HCR.CALU.MYC.UYC •.•• WLXM ••• GBOf.O fPP SIORE 
,/1D],.AEP.ALUA ....... WMEM .. BUSR .. O S1 P 0'10 ROM ./1E9 .. ALUB .... SYD.PYD .... 8U5R .. (J MS END 08C RCM .il?! .. ...... StUbuS .. bf::1U.U cOP~ ~ 
./OEO.A1WO,ALUA.CALU.MYC ........ 0 STD 04E ROM fLAG,/1A! .... ,SLG ....... GfRZO.O HST REAON fl8E ROM flAb./LD'LAEP.ALUA .... SP;! .... S[(J8US .. GCRfHU.O IPL LOOP 
. IDE S A TWO. AI UA. C':'LV .nyc ....... "Q SIC P ==.-r.0",4;.;f;-t;R~o",M'-,';A7;~"'~Tl'1".2. A"" o··aO~cl~-L·3~lQ.d1.'!.LL.'-Lc!JnU!~I@!!\!?L-'ii~IT_dl __ .. _10AD..J10cn--R . .Q~ .~2.':I.._~D~.9-,_cfl.!:i~f<, CA(,y .• M.YC-,~L~ ••••••.• 0 IPL LOOP 
fLAG./lDO.ASYS.ALUA.CALU •• GYE. ••••••. 0 TEST AUTOR£ST 050 fTA 090 ROM ./1AA.AIEN.ACR.CALU.MYC.-;·:-~~-:-:-:u--------·----.---TflI< 
.11E9 .. ALUB,,, ,SYO,PYD" .. fWSR .. O AB 051 ROM FLf'lG,/18&.APSU,AOtLC';LU.NY:"... a EHB SM~ L!<':M 091 Ron SNPlA./ln'].A£P.~lLUA" .. ~'tD,.,,, .. u EX BSYIO.RfSTOR£ 5 
fLAG./OEO.AWAO.ALUB ....... RBVS ... GBOK.U SAVE P TEST I. lIR R 052 ROM ./OEC. .OBIO .... SYO.PP2 ... SEOBUS.BUSR .. 0 RI4 092 RvM .n(o ALP AIIIA.lALU.;;,C .. " .Re'JS.SE~PIO .. btETCH.O K-Rcr clo~ 
./OEO.RRAO.ALUR .... ,YO.PYD ...... O L?AD P AHO 5 LR 053 ROM ./OE8 •• 0BIO •••• SYO.PP;! •.. SlOOUS.BU"R •. O RT4S 093 ROM SNPLA.1100.AEP.HLUA.CALU.MYC.GYC ........ U Rnp 
.. '1['e.ATuO.TWVR.CALU.M·;C •.••••.• U !'!T 054 ROM ./101.ARR1.AOB, ...... WMEM •• BU5H •. CRLOG OR 5 094 ROM ./18B.n~Rl.ASHR .•.••. CIJ'1 .. REP(AI •. GCROSR.0 SRA 
./1D8.ATUO.IWOA.CALU.MYl ... pni' ..... GHYlO.0 INT ~ECR 055 ROM ./OA8.A~AO.B5HR .. MYQ ......... 0 INR IJ95 ROM fLAG./lC7.A~nO.ALU8 ........ , .. O SRN 
.. 0 fETCH 056 ROM fLAG./1AO ..... SLv ........ C TES! REAOST 096 ROM SHPLA./100.11RCI,ALUA.CALU.MYC ......... 0 RnO [NO 
ETAT./lH •.•••••••• SEOBUS •• GIOLE.a '!15U IDLE OS7 RON ILAG.i190.ASYS. IWOR.CALU •• OYC •••.•• G8(1'.0 READ N 097 ROM ./169.AEP.ALUA.CAl.U •• GYe ... (Tn ..... o RnDp 
fLAG./193.AEP.ALUA.CALU.MYC •••••••• GCRVlO.a SLASLN SAVE P 058 ROM ./1A6.AWA1.0IVALU ••••••••••• O DIU CORR.RE~. 09! ROM fLAG./OBJ •• lERO.CALU.MYC ••••••• BUSR.GBTM •• O .PP OPER 
rlnC .. '15B.A~P.HLUH.C~LU.nYc.s~~.. .~f·RV!O.O DLAClN S~~E P 059 ROM fLAG./140.ARA1.AXB.CAlU,MYQ,QYC .... , ... 0 DIV TEST QUOT. 099 ROM ,/OA5.ARA2.TWOA,CALU .. GYC ........ O OIU 
FLAG./17B.ARR1.ALUA.CALU .. GYC ..... ".0 SLL SLC 05A ROM ./OE2.AEP.AMB.CALU.MYC ......... 0 SRN 09A ROM ./095.ARA1.ALUA .. , .... UBUS .. BUSR.GBln •• O HL 
./OCE.AWA1,ASHL,,,SLQ,,.CfP1 .. R£P£AT..GCSEL.O OLL OLe O:lB nOM flOG,/LAS,AWR1.ASHR ... SnQ .. PP2 .. ,.I;CROSR.O ~RN LO~P 098 ROM ,/OfE.AWR2.ALUB ........... O DULORN [NO 
flA •• /],6B.AEP.ALUA.CALU.nYc. ••• , •••• 0 SRA SRN OSC ROM fLAG./lA2.ARCT.ALUA •••• SM<.PM2.(lP1.~MEM.S£QBUS, •• 0 MSRO LOOP 09C ROM .LAG./OB3.AI~O.ASHR.CALU.NYC. •••••• BUSR.bBTMf.0 fPP OP/S 
fLAG./]'4B.AEP.ALUA.CALU.MYC.SLG •..••••• 0 DRA DRN 050 ROM ./0BC •. ALUB •• MYQ •• oYD,PrO •••••• U NSRD END DOD ROM ./],4J.AEP.ALUA.CLUR.NYC..SP2 ••• ~MEM.S[G8US.BUSR.GC5EL.0 INT 
./OOO.ARRLALUA.CALU ... YC ........ O SP.L SPC 05E ROM .1198 ... .. SLG ........ 0 PUP 09E ROM ./160.AEP.ALUA.CALU.NYC ........ GfLOT.O rrx 

R.· G/g1:':EC~ R.·. A~~E~P: Z.~ A~~pA~BSuH. R. '. '. 5: ~ORQ. p' Y' D' C. r. p. ". B' u' RSREP. E. ACRIA·":'O·'::'OG.=C.:.:.R=-DS=:Rcc.:..:' O=-----".~:.:.R.=.L-~icA:DR;,cC"-p-I--? ~0°;j665:;.~fl·rnRR-i0~7'~M.'"OArrGiIT~~f A~~~~R~~~A. CIlLU. nYC ••••••••. U READ 5 T~~usg:~~§,f--;-~~~~-:-;iERO :~: ~m: : : ~~~~i m-~-~---- f f X UPMB..... 

, • ./047.APSW.ALUA.CALU.MYC •• SPt •••. ,.bI5YS.0 !fIT OAI ROM ./1E9.AEP.APB .••• SYO.PYO .••• BUSR •• O Rf 
./OEC.ARR2.ALVA .... 5YO ..... BUSR .. O RTJ 062 ROM ./0f( .. • CBIO.MYC ...... SlUBV" ... V RT7 0A2 RO~ ,/OEc.ATUO.ALUA.CALU.M·iC ......... O RnB 
,/OEa.ARR2.ALUA .... SYO, .... BUSR .. O RT3S 063 ROM ./Of4 ... CBIO.MIL •••••• StUHUS ••• U RI7S OA3 ROM SNPLA.l100,ARR2.ALUA.CALU.·.QYCt.SYD •.. , .•. 0 RnC 

./],01.ARR1.APB ....... WMEM .. BUSR .. CRAOO AD S g~~ ~~: A~~~~e~~:~oAXB ....... WMtM .. BUSR .. CRL')b ou/~~!6 OA'I ROM ./008.A~Al.ASHL ... SLo ... crP1 .. REPEAI ... 0 OLA 

:~~~~:~~U~~~~~A:i:AlU:~~~~: :~~~~: :~RAOD RIN MA~~ER 066 fIA ARR1.AXB.CRLOG TNM OAS ROM fLAG./Oll.AI~O.ALUA ••••• m ...... o OLN 

./19E.A~15.AMB •••• SYD •••••• GfSTOU.0 IHT UPDATE A]'s 067 ROM ./180.A~AO.ALUB •• MYO ••••••••• O PUP g:; :~~ ·;~~~·A:~H:;~:L~A~~C·bi~M2 •••••. g IPL L~;~B 
rLAc •. 'OOO.A7.ALUA.CALU .. GYC ....... GAEXI.O mAP SLN 068 RON fLAG./OOO.AZ.RLUA.CALU .. GYC ........ AEXL.U MV' lSR2 TRAP OA8 ROM :/080: ... : .... :.BUSR:GB~~:O .... • "EL M 
./OEJ.ATEN. TUOA.CALU.NYC.QYC •• pyo ••••.• o SLN 069 ROM ./0sf .ARR2.ALUA.CALV .. GYC •• PYD ••.••• O MV. 1SR2.1 OA9 ROM ./08E •.• C810 •• QYC.5P2 .... SEOBU5.BUSR •• 1l DA 
./159.ATEN.ACR.CALU.MYC.GYC ........ 0 IPL SET D6A ROM .iOOt.A(JAO.ALUB ..... PM2 ...... a OLNORN END OAA ROM ./14f .. BSHR.CALU.MYC ...... , .. 0 IPL LOOP 
./]'45.REP.ALUA .... SYO ... RBUS .. BUSR.GBOK.O IPL END 06B ROM fLAC.!19S.AUA1.ASHL ... SLQ .. PP2." ... 0 DLN L00P DAB ROM ./152 • .. CB!O.MYC .. SP2.PP2 .. ,SEOHU, ... O DAR 
fLAG./]'02.AUCT.OBIO •• MYG •• SM2.PM2.CTP1 •• SEOBUS ••• 0 MLRI g:~ :g~ i/~~4.~~~1A~~gAA··B··CJP1 •• REPtAI ••• 0 ~~~ OAC ROM ./101.APR1.ALUA ••••••• wMEM •• eUSR.G~EX.u £5 

;m~~i:~~~~~~~t:~~~~~~~~m~~:~ .... o AUT~E~~~m~ g~~ ~g~ :~t~(~~jg:E:jg~~~(Y<~t~~uSSEQ~US ••• o ~~~g/ ~~~ ~ g~iiliim~~m~~~~~~~~t~~H~~~h~~~,MM.O !~~~~~ 
A~R]"AMB.CRSUB 5u UO';~l ~~O'~ SNP[A./IOO.AR12],5 ........... GC1LD.0 SH OSH OBO'ROM ./140 . . BSHR.CALU.MYC ......... O IPL LOOP 
./1E9.AEP.AMB •••• SYD.PYil •••• BUSR •• CRSU8 SU P ./18f .ARA2.ALUA.CALU .• UYc. •••••• GfKYZO.O DSH 061 nO~ ./1£9 AEP.AMB •••• 'YD.PYi) •••• BUSR .. O ~8 
eHPLA.iloa •.• C~lO.nYC.Q·ic.sr'2.PP2 SE~RU' ••• O ~E 072 ROM .!LAO •• 0810 .... SYD .... SEGBUS.8USR •• 0 RTe OBi' ROM fLAG./170.AIPL.AP8.CALU.MYC. •••• WMEM •... O IPL NEW QUART 
SNPLA.!l,OO,.,CUI0.MYL.QYC.,PP2 •.. ~lQBUS ••• O RT25 07] ROM ./1nc .. DOI0., •• SYD •••• SEGBU5,BU5P: .• O Pf6S 083 ROM SNPLA./100 .•... ,.Ppc." •• ,Q RT2C 
./],0],.ARR1.AnB ....... UMEM .. 8USR .. CRS'J8 SV 5 074 flA ARR1.ALUA.CRLOG SHZERO OB4 ROM ./002.AWA1.ASHR ... 5RG."CIPJ. .. REPEAI .. GCKOSR.O ORA 
fLAG./OBC.AEN.ilLUR .......... bLRIHU.O C2 OR NGR 075 ROM ./ODC,ARA2.ALUA ......... BUSR.GCRfNU.O OSHZERO aBS ROM fLAG./OOf .ATWO.f.LUA ..... PYD ...... U ORH 
./On.ATWO. TWOA.CALU.MtC ......... O RTH USER 076 ROM ./092.AWAJ..DSUB ......... BUSR .. CRSUB OS 086 ROM .ilEo.AEP.ALU~ .... SID .... SEOGeus .. O :S END 
~"Rl AOB.n INH,RTH Als ArlO LC EHD 0" ROM ./1CS.Ar~O.ALUA.CALU.NYC ......... 0 WAlT OB7 ROM fLAG./148 ..... SLQ.5P2 ... WEXM.SEGBUS.BUSK.GBOM.0 TS LOOP 
flAG./ODO.Al.ALUA.LALU •• UYl ..••••• bAUL.U TRAP SRN 018 ROM ./0C.AEP.ALUA.CALU.MYC. ••• CIP1. •• ,.0 ML OB8 ROM fLAG./OOO.Al.ALUILCALU •• GYC. •••••• GAEXL.O TRAP 
./00£.ARRl.ALUA.CALU .. UY( ........ U SRN 0"9 RC" ./100.AT~O.ASHR.CALu ... H ....... GBTMM.O IL 089 ROM .IOM ... CBIO"OYC.SP2 .... SEGBUS.BUSR .. O 05 
fLAG.!1C4 .. BSHR.CALU.MYC ......... mfNU.u WAIT 10 07i\ ROM ./19S.AUA1.ASHL ... SLO ........ 0 DRN DBA ROM ./1E9.AW15.0EIO ........ SEGBUS ... 0 IPL END 
ETAT./lfr.AEP.A.LUA .. ,.~'tO, ... ".O WAIT 10 078 ROM fLAG./laS.AuAl.ASHR."SRG .. PP2 ..... GCRDSR.O ORN LOOP OtiB ROM ./1~12 .. (81 o .MYC .. SP2.PF2 ... SEGHI-'S".Q os~, 
~L{\C.!lC2,AurT.U/jlV,,,,~"'2.f'n':,C1PJ. .. s .. ·nijU~;.bCRVML.O tiL ~00P 07C Ron ,/OC5,AEP.ALUA.CAlU.MYC. ... CTP1 ..... 0 MS DBC ROM ./1.3D"BSHR ... ,S'I'D .... SEG8U5 ••• 0 lNT 
./OOC . . ALUB ..• ,'IO.PYD., .. BUSK •. O ML EHO 0,0 ROM ./148.AT~O.ASHR.CALU •. OYC .... WEXM ••• GBOM.O IS OBO ROM ./08B.AWA2.AMB.CALU.MYG.GH ........ 0 OS 
./~5f.AI~0.ACR ..... PYO ...... 0 IPL 07£ ROM ./OC3.AEP.AIIIA.LALU.IiYC .... CTP1 ..... a MS~O OBE ROM ./09E.Al.APLB1.CAlU.MYC ....... BUSR.GCRVML.CRROO OIV COR.OUOT 
fLAG./lBO .•••• SLO, ••• RBUS .•• G80K.U TEST LOADn 07f ROM flAG./1[4 •. BCR.CALU •• OYc. ...... ,(R'NU pur OBf ROM ./1E9.AWA2.ALUB ......... BU5R.GCRVML.CRLOG DIV GUOT OK 

1/9/75 



Table 2-4A contd. 

ADD ADD. ADD. 

0(0 f TA AUR1,AlIJ8.n UK 100 ROM ./031 ••••.•••.•. • GI SYS.O VERIF MAN. PUP IT HO ROM ./07E ••••••••• RBUS ••• GBOK.O TEST MAN REG M 00 ROM ./1E9 . . ALUB., •• SYO.PYO •••• BUSR •• O LOK P 10~ ROM ./19A.ARAO.AlUA •• MYG ••• PYO •••• BU5R •• 0 DlN.DRN END 141 ROM ./1E9.A~R2.AMB, ••••••.• BUSR.GISTOU.O UPO STK MSRD 0(2 ROM ./135 • . BCR .•••••••• BUSR. GIPlR. 0 AR PAl INT 102 ROM ./OEC.ARR?APU •••• SyO ••••• BUSR •. 0 RH 142 ROM ./1CI.A~Rl.ZERO ••••••••• BUSR •• O NGR 0(3 ROM • IDEE. •• CB I O. MYC. •• PP2 ••• SEGBUS ••• 0 RT5C 103 ROM • I1AO. ARR2. APB •••• SYD ••••• BUSR •• 0 RT7 143 ROM ./10),. AZ. AMB ••••••• ~MEM •• Buse •• CRSUB C2 OC4 ROM · /041 • AUA2. APB ••••••••••• 0 MVI OEST IN A2 104 ROM ./003 ••• CBIO.MYC ••••• RBUS.SEBBIO, •• 0 TMP TEST RO KEYS j,1{4 ROM • 11M •• AlIlR ••••••• \.IBUS. SCGBI O ••. CRIO cro "TF OC5 ROM ./].( 9. ARAO. AlUA •••• SYD. PYO •••• BU5R •• 0 MOVE END SlN REST.P 105 ROM IlAG./004.ARAO.AlUA •••••••••• GCRINU.0 TEST RETURN 145 ROM ./OB1.ARA2.AlUA.CAlU •• GYC •••••••• 0 MU- MUl.TOR IN B REG. OCb ROM ./0~~.ARR1.ALUA.CAlU •• BYC •••••••. 0 CA 106 ROM FLAG ./000. AZ. AlUA. CAlU •• BYC ••••••• GAEXl. D EX OPER T4T7 TRAP 146 ROM IlRG./01C.RT\.I0.APB •• MYC •••••••• GCRFNU.0 TEST NO 1 0(7 ITA ARR1. RMB. CRCMP CA 107 "OM ./066 . . BSHR .rALU. MT C ••••••••• 0 EX OPEa n.T2.T3 147 ROM ./01~ ... .. SlG ........ O TEST NO 1 Dca ROM .I086.ARR~.ACR.ClUR.MYC ••• : ••• BUSR.GBCH.O lC lO~ ROM IlAG./OOO.AI.ALUR.CALU •• GYC ••••••• GAEXL.O MVB 15R21 U TRAP 14~ ROM ./OB6. AWA1. MUl T I ••• SRB ••• CTPI •• REPEAT ••• 0 MU- ALGORITHM OC9 f TA nURl..BCR,O ECR 109 ROM ./04B. ARR2, AlUA ••••• PYO •••••• 0 MVB 15R2FUN ),t19 ROM • lOBS. AWAI. MUl T I •• MYO •••••••• GMULT I. 0 MUL T I 16TH PASS DCA ROM ./1E9 • • DB 10 •••• SYO. PYO ••• SEGBUS. BUSR •• 0 AR PAl INT TRAP lOA ROM ./OE6.ARR2.APB •••• SYO ••••• BUSR •• 0 RTSS 14A ROM ./OB4.AWA2.BSHR ••••••••••• 0 MUUI STORE lSB Of PROD. UCB ROM ./1.32 ..... .••.••• GfSYS.O AR END lOB ROM ./1AC.ARR2.APB •••• SYD ••••• BUSR •• 0 R17S 14B ROM ./007.ARA2.AlUA •••••••••• GCRINU.0 MUl T I UPDATE f NU OCC ROM ./101.ARR1.RLUR ••••••• WMEM •• BUSR.GBCH.O SC 10C ROM ./04A.AT\.IO.AlUA.(AlU.MTC.GYC ••• , •••• O IlVB lCNGTH)Q 14C ROM ./OAO •• ALUB ••• SRB. SP2 •••• SEGBUS. BUSR. GBTMF .0 FPP SINGLE RD MA OCO ROM ./130 • • B5HR, •• ,SYO •••••• GfKYZO.O PRGE IAUl T AR 100 ROM ./1E9.ARAO.AlUA •••• 5YO.PYO •••• BUSR,.O MVB lENGTHoD l'lO ROM ./042 . ••••• SP2 •••• SEOBUS. BUSR. GBTMI .0 fPP OPIS DOUBLE READ Ml OCE ROM I LAG ./125. BRAD. APB. ClUR. MYC. SLG •••••••• 0 EX HN TEST Kl )'OE ROM ./1EB. ARRO. AMB ••••• PYD •••••• 0 INT MOVE lottE ROM ./053.ATWO.ASHR •• MYC.GYC.SM2.PM2 •• WMEM •••• 0 T. MEMO IRE N01 .. J1H. ~~!1....!.{1.6E~. C I OR.J!.! Co BY C •••• WBUS. ?EGB 10 •• Gf ET CH. 0 EX l,.~ ..Mlf EOn ./125. RT~O. T\.IOA. CAlU •• BYC •••••••• 0 PAf MOVE 14f ROM ./06C. R~Rl.lllUB •••• SM2 .PM2 •••••• 0 TEST MEMOIRE N01 000 ROM IlAG./ODO.AZ.RLUR.CRlU •• GYC ••••••• GAEXl.O 
~~~~ no ROM • /OOF •••••••••••• GFRZO.O VERlf MAN • REG l 150 ROM ./091 ........... •• IRIO.O TEST G.CHMG.NO 001. ROM FLAG./ODO.AZ.ALUR.CRLU •• GYC ••••••• GREXl.O 

In ROM 5NPLA. /100. ARRe. APB. CAlU •• GYC. SYO ••••••• 0 RTSt 151 ROM ./OAI. AWA1. BCR •• MYC. BYC. ••••••• 0 TEST olA 002 ROM ./125.AWR2.AlUB ••••••••••• 0 PAGE IAULT Ml 112 ROM ./)'2C .ARR2. APB •••• SYD ••••• BUSR •• 0 RT7C 152 ROM FLAG ./030, .•• MYG •• SP2 •••• SEGBUS. BUSR. GBTMI .0 fPP READ lAST MA 003 ROM SNPLA ./100 . . OBI O. (BID •• GYe. SYO. PP2 ••• SEGBUS •• ,0 RT4C 113 ROM SNPlA.ll00.AEP.AlUA.CBI0.MY(.GYC.SYO •••• SEG9US ••• 0 RT3 153 ROM .!l73.ARAO. T~OA •••• 5Yo ••••••• 0 fPP OPS UAl T. Lo 5 WI TH 1ST AD. 004 ROM flRG./llB.AUA2.AMB.(BI0.MYC •• SYO •••• SEGBUS •• GMOVE.0 Mvr READ 
114 ROM ./048.AUA2.APB.CBIO.MYC •• SYO •••• SEGBUS •• GMOVE.0 MVB READ l54 ROM ./01.0 •• 9INV.CAlU •• BYC.SP2 ••• UEXM.SEGBUS.BUSR.GBOI.0 IPP/S SI. ODS ROM ./056. AUA1. APB ••••••••••• 0 MVI REST A1 B5 ROM ./056.A\.IA2.APB ••••••••••• 0 'MVB CORRECT A2 155 ROM ./010 •••••• SP2 ••• UEXM.SEGBUS.BUSR.GBOf.0 I PP/S DOUBLE ST Ml Oob ROM fLAG./120 ••••• SlG •••••••• 0 EX Kl TEST K2 H6 ROM ./0AE.ATEN.AlUA •• MYC •••••••• GFRIO.0 TEST DlA 156 ROM ./OE9 ............. 0 TEST OlA 007 ROM fLRG ./0f 5 .• BCR. CAlU •• GYC •••••••• O EX K1N TEST MD 117 ROM SNPlA./l00 ••• CBI0.MYC.GYC ••••• SEBBUS ••• 0 RnS 157 ROM ./OA7. ARAO. AOB •••• SYO ••• f.BUS •• BUSR. GBTMP. a INR 

OD~ fTA ARR1.RMB.CRCMP C\.I H~ ROM ./OEC.A\.IR2.APB •••• SYD ••••• BUSR •• 0 RnB UPDATE STACK 156 ROM ./OAb.A~Rl.oBIO.CIOR.MY( •••••• 5EGBUS •• GCSEl.CRI0 INR 009 fTA OEP. AM~. CRrM~ C\.IP 119 ROM ./113.AUR2.AMB •••••••••• GfSTOV.0 STD l.59 ROM ./168. AUR1. AOB ••• SlG ••.••••• 0 INR TST SST ODA ROM ./124.APSW,ALUA.CALU.MYC •••••••• GfSYS.0 PAGE fAULT 11A ROM ./),f 2. AUR2. AMB •••••••••• Gf STOV. 0 STDP lSA ROM ./OR4. RUAl.. RlUA •••••••••• HRVZO.O olV MEMO SIGNE OIVO OOB ROM .1>22. AR15. AlUA •••• SYD ••• U(XM •• BliSR. GBOM, 0 PAGE FAULT 11B ROM • 11E 9. ARR1. AlUA ••••••••• BUSR. GCRVMl. CRlOG SLA CR ,sa ROM ./OR3.A~Al.oIVSH ••• 5l9 ••• C1Pl •••• GCROSR.O DIV 1ST PASS OOC Ron • 10~C. ARRI. AlUA. CLUR. MYC. •••••• BUSH. GBCH. 0 CC HC ROM IlOG .-'lBS.ARR1.AlUA ••••••••••• 0 SLfl TCST NORM 1SC ROM ./OA2.AUA1.DIVSH ••• SlG ••• CTP1 •• REPEAT ••• 0 olV PROCESS ODD ROM ./HO . . ALUB •• MYQ •• SM2 ••• UMEM. SlG~US. BUSR •• 0 PAGE IAULT 110 ROM ./13A.AUR2.BSHR ••••••••••• 0 SlN RESULT I,SO ROM FLAG./186.AUA1.DIVALU ••• SLG ••••••• GCRINU.0 OIV 16TH PASS 

-g~~ ROM FLAG./11a ••••• SlG •••••••• 0 EX K1K2 TEST K3 HE ROM ./1EC. AW1215. DBIO ••••••• RBUS. SEGBIO ••• 0 KEYS IN (RCP) lR 15E ROM ./0AO.AlWO.APB.ClUR.MYC ••• PYO •••••• 0 TEST OlA IRon fLA'./Of8 •• BCR.CALU •• GYC •••••••• O EX K1K2N TEST MO 111 ROM .1.Fr.AR121.5.AlUA •• MYC •••••••• GfKYZO.0 lOAD OR READ R 151 ROM ./on. AWA2. BCR ••• SRG •••••••• 0 TEST ~!"A OED ROM ./07B, .AlUB •••• 5YO ....... 0 ~ER 120 ROM ./009 ••••••••• RBUS ••• GBOK.0 VER If MAN. ~~~ L 160 ROM ./039 •.... .••• RBUS ••• GBOK.O TEST B. CHARG NO. OEl ROM IlAG./197.AEP.ALUA.CAlU.MYC ••••• , •. ,0 MVf 121 ROM flAG./1AS.ATEN.TwOA.CRlU.MYC ••• PYD •••••• U 161 ITA AUA2.AlU8.0 DIV ST CORTD GUOT OE2 ROM ./117.ATUO.APB.CAlU.MYt •• SM2 ••• WEXM.5EQBU5:BUSR.GBOM.0 PAf 122 ROM ./l~B.AUR1.ASHR ••• SRG ••• CIP1 •• REPEAT •• GCRDSR.O SRLC 162 ROM ./09F •••••.••••••• 0 TMP TEST OE3 ROM ./0Eo ••• CBIO. MYC •••••• SEGBUS ••• 0 RT7C 123 fTA ARA1.AlUA.CRlOG Ml DSH 163 ROM ./033. AZ- AlUR •. MYC ••••••••• 0 TMP TEST 0[4 ROM ./057, .ALUB .• MrG ••• PM2 •• UMEM •• BUSR •• 0 MVI PREP WRITE 124 ROM ./OOA ... . MYG ••••••••• O DlA END 164 ROM • f09A. A~Al. 0910 ••••••• RBU~. SEGBIO •• G80F • U rrx lO AI OE5 ROM ./057, . ALUB •• MYG ••• PM2 •• UMEM .• BUSR. GBEX. 0 MVSU PREP \.IRITE 125 ROM ./007.AWA2.BSHR.CALU.MYC •••••••• GCRINU.0 DlA END 165 ROM ./170 •• , ..•••. R8US •• BU5R.GBOF.0 I I X RESE T BSY OE6 ROM ILAG./l0a ••••• SlG •••••••• 0 EX K1K2K3 TEST K4 126 ROM ./019 . • BINV .• MH ••••••••• u ROUT .HFF ICH.INCR 166 ROM ./U22.AUCT .AlUB •••••• CTP1 ••••• 0 TEST NO 3 OU ROM ILAG ./01 6 •• BCR. CAlU •• GYC •••••••• O EX K1K2KJN TEST MD 127 ROM £TAT ./07E . • ALU8. CALU •• GYc. • , •• SEGBUS ••• 0 DISPLAY INCR 167 ROM ./023, A\.ICT • AlUB ••• SlG ••• CTPl ••••. 0 TEST NO 3 OE~ ROM ./132. AU15. AM8. (JOR. MYC .•••. RBUS. SEGOIO •• GFSTOV. 0 PAGE fAULT 128 ROM • 11E9. ARA1. Al UA ••••••••• BUSR. HRUML. CRlOG OlA END 1M ROM ETAT ./OOE •••••••••• SEGBUS ••• O VERlf MAN REG l OE9 ROM ,/1E9. AEP. AlUA •••• SYO •••• SEGSUS. BUSR. ,CRRIN nTN 15P,2N 129 ROM ./164. AEP. ASHR. CAlU. MYC ••••••••• 0 DLN.DRN END 169 ROM I lAG ./09C. APSW, AAN08 •••••••••• GCRI NU. 0 TEST TMP-TPM OEA ROM ,/110. ATEN. TUOA. CALU •• GYC •• PM2 •••••. 0 TRAP 12A ROM ./041.ARA1.ACR.CLUR.MYC ••••••••• 0 TEST RB IbA ROM ./030. ARA2. ALVA ••••••• UBUS. 5EGBUS. BUSR. G8TMI .0 I I l lo N1 OlB ROM ./073.REP.ALUA.C810.MYG.GYC.SYO •..• SEGBU5 •• SIPlR.CRRTN RTNA15 128 ROr. FlAG./O]4.ARA~.RLUA •••••••••• GCRINU.O TEST DLA 168 ROM ./093. AUA2. TUOA •••••••••• GCRI NU. 0 OR OEC ROM • IOZE. ATUO. TUOA. CAlU. MYC ......... 0 CI 12C ROM ./043 • . BCR •••• SYO ••• WBUS •••• 0 TEST TMP-TP" 16C ROM ./092 .A~A1. DADO ••••••••• 8USR •• CRADO OA OED ROM FlRG./130.RUAO.ALU9 ••••• , .USUS ••• ,0 EX 120 ROM ./OCE •• IERO ••• SRG •••••••• 0 ORA 160 FTA AWA2.ASHR.0 DAS END OfE ROM ./0bB. RlUO. TWOA. CALU. MYC ••••••••• 0 CI 15R1 llE ROM ./115. R TUO. TUOA. CALU. MYC. •• PM2 •••••• a TRAP CORR lONG EX. ~6E ~OM :;g:~:~~::!~~~:n~~~;;pyo::·'O.o TEST DlA -Mi- ROM ./l0D.AW1S.AMB, •. SlQ.SYO •• , ••• GFSTOV.O TRAP 121 ROM • iUS. ATUO. TWOA. CAlU .NYC. ••••••• ,0 TRAF 61 ROM TEST O .. A Of 0 . R'OM-:/li4E:ATEN".ACR'-:-ci\lU:iiYf:-:-:-.-.-.-. :-:-0--' HE" 130 ROM ./OSf .....•.••••• bFRZO.O VERH MAIL REG M 170 ROM ./019 •• BSHR. CAlU. MYC ••••••••• 0 ROUT .AH ICH.INCR 0>1 ROM IlAG,/017.AEP.AlUR.CALU.MYC •...••••. 0 MVO 131 ROM ./OCO .••• MYG ••••••••• 0 OSH 171 ROM ./152.AEP.AlUA.CBI0.MYC •• SYO •••• SEGBUS ••• 0 DAR- OA Of i' ROM ./105. APSU. AlUA ••• SlG. SP2 ••• UMEM •• BUSR. SF SYS. a TRAP 132 ROM ./00C.AUR2.AlUB ••••••••• BUSR.GCRFNU.0 DSH \72 ROM .111 7. AEP. AlUA. CBI O. MYC •• 5Yo •••• SEGBU5. BUSR •• 0 £l Of3 ROM ,112(. .OBIO ..•• ~yi; •••• SEaBU~.£~S~ .• Cl RT6C 133 ROM ./035 . .•. MYB ••••••••• 0 TEST G. CHARG NO. L?3 ROM ./0e!. AfP. ALvA. C10R •• G,{C. ~YC ••.. SE~BIIS, •• 0 CC Of ~ ROM ,/OEB.ARA1.AlUA, ••• 5YD ••••• BUSR •. 0 MVB PREP 1ST AD 134 ROM ./OCA.AEN.AlUA.CALU.MYC ••• PYO.CTP1 ••••• 0 MlRl 174 ROM ./1.89.AUA2.T\.IOR •••••••••• GCRINU.0 05 0' S ROM ./OE9. ARAL ALUA ••.• SYO •••.• [lUSR. bB[X. 0 MVU5 PREP 1ST AD ]']S ROM • /1.01. APR2. RP~ •••• S'iO .FM2 •••• BUSR •• 0 MLRI 175 ROM ./142. AEP, AlUA. CBI O. MYC. • SYO •••• SEGBUS ••• 0 DSR Of 6 ROM FlAG./OfS •. BCR.CAlU •• GYC ••••••• ,0 (X K1K2K3K4 TEST MD 136 ROM ./OE9 ••••••••••••• 0 TEST DlA 176 ROM ./OE9 ..•.•.•••.••• 0 TEST DlA Of 7 ROM 'LAG./OoO.AZ.ALUA.CALU •• GYC .•.••.. GAlIl.O EX HOPC TRAP 137 ROM ./OC7. AEP. APB. CALU .MYC •••• CTPl ••••• 0 MlK 1 ?'I ROM ./087. AURO. ALUB •• MYG .•••••• BUSR •• a C~ CA Of ~ ROM ./OC~.~EN.ALUR.(~LU.MYC ... P~2 .... , .0 MU< 13& ROM ./OC6. AEN, AlUA ••••• PYD •••••• 0 Ml 176 nA ARAO.AMB.CRCMP CW CA Of 9 f TA AURLBINV. CRLOG C1 139 ROM ./1C3.ARR2.AlUR.CAlU •• GYC •• PM2 •••• BUSR,.0 Ml 179 ROM ./063. AUR1. BCR. C lOR. MYC •••••• SEGBUS ••• 0 lC Of A ROM ./104. AlP. AL UA •. MYG .. SP2 ••• UME". SEGBUS. BUSR •• 0 TRAP 13A ROM ./OC~. AEN. AlUA ••••• P'(D •••••• 0 MS ), 7A ROM ./027 . . ZERO •• MYG. SRG •••••••• 0 TEST NO 2 me RoM ,/LO], .nt.ua .... SYD •••• SEQ8US .•• 0 TRAP 13B Ron · I1B3. ARCT • AlUR ••••• PM2. CTPl. UMEM •• BUSR •• 0 MS 17B ROM ./026 • • AlUB •• MYG ••• PYO •••••• 0 TEST NO 2 Dr C ROM ./135 .•.. .• 5M2 ••••• BUSR •• O TRAP L3C ROM ./0(2. AEN. AlUA. CAlU •• GYC •• PYO •••••• 0 MSRD 17C ROM ./1C6. AEP. AlUA •••• SYO ••••• 8USR •• 0 LC or v heM • 110L. B I N!J . .••••• Io,IMt,ii •• DU:;:: .. (RL0G CIS 130 ROM ./1A3.ARCT.ALUR ••••• PM2.CTP1.WMEM •• 8USR •• 0 MSRO 170 fTA AUR1. ROB. 0 LC END Of [ ROM ./L[ 9.1'0'. ALUA •••. SID •••. SLGSUS .SUSH .• 0 STORE RESULT 13E ROM 'lAG./OOA.AEP.ALUA ••••••• WMEM •••• O TEST MEMOIRE N02 17E ROM ./O~O.AEP,APB •••• ,PVD •• WBUS •• ,.O TEST DlA f)Fr ROM rLAG,/ODO.Al.ALUR.CALU .. QYC. •. , • , . \;ALXl .Il TRAP 13' ROM ./053, ARAL. T~OA •• MYC. BYC. SM2. PM2, • WMEM •••• a TEST MEMOIRE NOI 171 ROM ./18[, AWAO. ZERO •••••••• SEGBI 0, . Gf ETCH, 0 TEST OlA 
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Table 2-4A '-vlltd. 

AflO 

180 
181 
182 
la] 
.84 
la" 
1M 
l~ ~ 

108 
189 
18R 
laB 
HC 
18D 
leE 

r»;j 
141 
L92 
193 
194 
~9 \ 
1Q6 
t::,l] 

148 
19Q 
19A 
1'18 
10C 

ROM ./028 .•. . nYo ••••• ReUS ••• G80K.U 
ROM ./020 .. . CBIO.MYC ••...• St:U8US ••• 0 
ROM ./050 .... MYO ......... 0 
ROC .10£9 ............. 0 
ROM, 107A.ARR1.ALUA •.••• , .~BUS •• SUSR.GBfM£:O 
ROM . 1188. AHR1.Al UA. " •... UBUS. SEG8US •.. U 

DISPLAY INCR 
V£RIf MAN REGM 

ROUT .Aff ICH.INCR 
ROUT .Aff ICH. INCR 

WER 

ROM fLAb./054.HR15.AnB ... SRo ••••••. GCRfNU.U TEST 
WER 

NO 3 
ROM fLAb./06'LARCT .AMB .. SLI. .... (IPL ..•• HRIHU.O TEST NO 3 
ROM ./O-(6,AW~2,APe". ,srl).,., ,:)USR.. ,0 
ROM SHPLA. I LOO •. 0810 •.•. 5M2. P fD . •• 'E'usus. BUSH .. 0 
ROM ./09f ..•••...••... 0 TEST NO 2 

RTN 
RTN 

ROM ./OL8 .. ZERO ••• ,RU . • PM2 •..••• 0 
ROM .!072.ATwO.APB.CALU.MH ........ 'fENB.O 
RO~ .!06[,AWAO.8INV •• MYG, ••••••.. O 
NOM fLAG./024.ARAL.AXB ••• , •..•.. GCRfNU.O 
ROM ./06l.ATWO.APLB1 •. MH •••..•••• 0 
Ron:7019:-:-B 1 HV •• nYc •.••.•••• 0 

TEST NO 2 
COMPUTE MASK RTNA1S 
COMPUTE MASK RTNA1S 

TEST DlA 
TEST PB 

--~~oUt-:-Afr rCH. lNCR 
ROM ./1BC.ARAO.AOB.CLUR.MYC.UYC •••••••• 0 MASK STACN PS~ RTHAIS 
ROM ./09f ............. 0 
Ror flAG./002, •• CBIO.MYC •••••• SEOBUS ••• 0 
ROM ,106A,AlJR1,AM8, ••• 5Yv .•• " ,GfSTOV.O 
ROM ./Oo8.APSW.ALVA .••• SP2 ••• ~nEn •• BUSR •• O 

TEST MEMOIRE HO~ 
TEST MEMOIRE N01 

Cf • LSRZ 
U 

ROM . IOF9. , " ...... 0 TEST DLA 
ROM ./IJ~ A£P.>ll.UA .. Mru .. SP2 .. ,WM£M,SEQ8US.HU5R .. O cF 
ROM ./1£9 . . Allle ..•• SYD.P'D .•. SEQ8VS.BUSR •. 0 
ROM ./ose. eSHR.CALU.MYC ••..•...• 0 
ROn ,/09r""" .. , • I .0 
ROM fLAG,,'iJ?8 .. , ,MYQ,.""., ,0 
ROM fLAG./OSC.AEP.AXe •••• SM2.PMZ ••.•• GCRfNU.O 

TEST NO j 

TEST NO J 

Cf ENe 
EX 

TEST MEMOIRE N02 

ADD 

LCD ROM ./1E8 ....... .. RHUS ... GBOK.U VERlf MAN. PUPIT 
1C1 ROM ./037.AWAl.AMB ........... U DER Mvr REST Al 
1CZ ROM fLAG./UZC •• BSHR •• MYC.OYC ••••.•• GCRfNU.O ROUT.AffICH.IHCR 
lC3 ROM ./a8S.ATWO.ACR .. MYC.~YC ....... GIRzo.a TEST HO 2 
lC4 ROM fLAG ./Of 1. AWR2. RLUB .. MYQ ......... U DER MOVE REST R2 
lCS ROM ./188.AWR1.DBIO.CBIO .•••••• ,EGBUS .•• (RRIN RER 
1C6 HOM ,/oce. .. CBIO .. lHC .... ,SiGEWS ... O TEST (LCHARG NO. 
lC, ROM ./029 •. ALue.CLUR.MYC ••••• WBUS •••• U TEST a.CHARG NO. 
le8 ROM ./036. flWA2. RMB ........... U DER MVf REST R2 
1[9 ROM ./03B.RTWO.RPB.CALU.MIC ••••••••• O DER MOVE M'LGTH 
lCA ROM ./09f ............. 0 TEST DLA 
leB ROM ./071.ATWO.ASHR .. nYl ......... O TEST DLA 
1CC ROM ./07f .81NV .. ,tHe ... "" ,0 TEST HO ;: 
lCD ROM ./098.ATWO.ASHR .. nVC.GYC ....... 'fRlU.O TEST HO 3 
lCE ROM ./ORC.AWRO.ALUB ........ SEGBUS .. GfLOI.U fPP OP/S LD DP 
1(f ROM ./Le8.AEP.ALUA .... SYD .... 5EGBUS .. bfLOr.O fPP OP LD DP 
100 ROM ./02f ............. 0 NOT USED 
101 ROr. ./06A.AWR1.AMB •.•• SYD •.••••• O Cf .lSP2N 
LD2 ROM fLAG./07C .. BSHR .. MYC.SRQ ....... bCRfHU.0 ROUT.AffICH.INCR 
103 HOM ./032.ARAO ••••••••••• GCTLD.0 TEST NO 3 
LD4 ROM fLAG./OEA.AWA1.APB •••• SYD •••• StOBUS ••• MOVE.O MVB WRITE 
lD5 ROM fLAG./OEA.AWA1.APB •••• SYD •••• SEuaUS •• GBEX.0 MVUS ~RITE 
li)6 ROM ET~T.'09E ........... SEGBvS ... 0 TEST •• CIIARe N0. 
lD7 ROM fLAG./OD8 .• ALUB.CHIO •• GYC. •.• WBUS.SEGBUS ••• 0 ROUT.AffICH.INCR 
108 ROM fLA •. /084.AfEN.AXB •••••••••• GCRfNU.0 TEST NO 2 
lDQ ROM ./OL"I.AEP.AMB ..... nD ...... O TEST NO 
LOA ROM • 109f ............. 0 TEST Dl A 
LOB RO~ ./07Q.A;EN.T~OA .. M¥C ......... U TEST RB 
lDC ROM fLAG.;OoB .... MIO ......... O TEST NO 3 

LiD ~OM ./efB ..• H8U~ ... ~BO~.8 TrtP TEST lOP ROM ./018.ATUO.ASHR .. M1C.QYC ..•.• ,.O TEST NO 3 
19£ Ron ./060.AWAO.BCR .. MY( ......... 0 TEST R6 I.DE ROM flAb./OOC .. BINV ........... O TEST NO 1 

~1r~g i C ~g 7 i ~~~~t~o : ~ts~~h~~;':~i':'-'::~~'{~:';~:-3~cc:.,-:-'.:,:,: "-~~. on-·----...'T~~fi0fi-'i"~~~;sOCT"L'G"H;-;Tc:: • ."orl'-i't{'~.;.~ Hi-: o*O:~;;-:,,;: ~7i~fr~l-i~i-':..!:~~'1'~o'i~~:':':':': "-: '-: .'" P~' .;n~~~~~"'~C<:-':-'-:*o;!o-----_--.-:V~E~R!.!1'-':f--'.M!!CA'f~'i>R.A_5pR~E~~L"~'" -I 
lAl ROM fLAG./l?4.ATEN.AXB .......... GCHfNU.O EX TESf If T2 lEL ROM fLA£ I!Q5.ARA1.,:,LUA ........... 0 ~LN 
lA2 ROr. ./0of ............. 0 TEST MEMO IRE N02 1,2 ROM ./09f ............. 0 TEST NO 1 
IA3 ROM rLAG./062 ... CSlo.nY(" .... SEOBUS .. a TEST MEMOIRE H02 1E3 ROM ./02L .. BIHV .. MYC ......... 0 TEST NO 1 
lA4 ROM ./OSA.ARR2.AMB.CALU.nYC ••••••••• U Mvr LGHT-2 IN M 1E4 ROM fLAG.m1A ..•.••• PM2 •.•••. 0 TEST NO 2 
LAS POM ./12B.AwAl.APB .. MYO .. SYD" ... BUSR"O MVf Al"SOURC( lES ROM ./033 .. .. MYO ......... 0 TEST NO 2 
IA6 ROM ./096.H1WO.r.CR.CALU.MYC ••••• ~BUS.SEGBI0 •. GfKYlO.CRIO TMP T. 1£6 ROM fLAG./04C .. BSHR •. MYC ••••••••• CRfNU.0 ROUT.AffICH.INCR 
L';I ROM rL~G. 'G=~ ..... "LO .... ~BJS ... G8TMP.O TEST TMP-TPM 1£7 ROM ./04C .. .. MYO .... " ... O TEST NO 1 
lAA ROM fLAG./12A.AwAl.AMB .. "SYD .... SEGBUS .. 'MOVE.O MVf ~RITE DEST 1£8 ROM ./016.AEP.APB.CALU.MYC.SRG ........ 0 TEST NO 2 
1A9 ROM ./L3A.AWR2.IERO .. " .... ".0 MVf CLEAR LGHT 1E9 ROM fLAL/O~4.ATEN.AXB .......... GCRfNU.0 TEST NO 2 
lAA ROM • 109f ............. 0 TEST NO 3 lEA ROM ./09f ............. 0 TEST RB 
lAB ROM ./013.A~A2.fORA ••••••••••• 0 TEST NO 3 lEB ROM ./033.ATEN.ASHR.CALU.MYC ••••••••• O TEST AB 
lAC RO~, fLAG,/052 .. AlVB .... SM2.PM2 .. WMEM.SEGBUS ... 0 TEST MEMIRE NOl 1Ee ROM ./012.ATEN.ALUA .. MYC.GYC ........ 0 TEST NO 3 
lAO ROM ./OBO.ARAO.ALUA •••• SYD.PYO ••.••. O TEST MEMO IRE NOl 1EO ROM fLA •• /044.ARA2.AMB ••• SR~ ••••••• GCRfNU.0 TEST NO 3 
lA£ ROn SHPLA.l1ff .AWA1.ALUB.CIOR.MYC.OYC •• PM2 ••• SEGBIO •• GfETCH.O TRe lEE ROM ./1E9.AEP.ALUA •.•• SYD •••• SEGBUS ••• CRfLO fPP STORE ST EXP 

~L~A~f~R~O~M~.~/*0~B~1~.A~W~A7,0~.~A~L~U~B~·~·i·+·~S~Y~D~.P~Y~D~.~.~.~.~.~G~f~R~l~O*.O~ ____ ~T~EmS~T~M~E~MO~IR~E~N~O~l~riljE.~f~ROM fLAG./010 •.••• SLQ.SP2 ••• ~EXM.SEGBU5.BUSR.GBOf.0 fPP ST MANT~n-
leO ROM ./OSB.ATWO.ALUA.CALU.MYC.GYC •••••••• O MVf ~~~I~~f1.7Uj[J.;1ilO~~C •..... 0 ----.Rl\l'I)ll"N 
18L ROM .;046.AWAO.BSHR .. MYG ......... 0 ~ER Lfl ROM fLAG./18S.A~Al.ASHR ... SRG ....... GCRDSR.O DRN 
IB2 RC~ fLA, 103C .. B,HR .. MrC ........ (;CRfNll.0 RvU;.ArrIC~.H!CR lf2 ROM ./09f ............. 0 TEST NO 1 
IB3 ROM fLAG./OB8.ATWO.AOB .. MYC.QYC ....... GfRlO.0 TEST NO 1 1f3 ROM ./07f ............. 0 TEST NO 1 
1B4 ROM fLAG./Of2.AWAO.ALUB ••••• PM2 •••••• 0 MVB TEST LEN.TH 1f4 ROM ./OC1 .... .. SM2.PM2 ••• SEGBUS ••• 0 TEST MEMO IRE H02 
185 Ron fLAG./10B.AWA2.AMB ••••••••••• O "VB PREPARE A2 1f5 ROM ./O&3 •• ALUB ••.• SYD.PYD •••••• O TEST "EMOIRE N02 
.86 Ron ElAT./OBE .......... SE'GSUS ... O VERIf MAH. RES M lf6 ROM .. '09? .. PBIO ....... ~SUS.SEGBUS ... O VERIf MAti REG 
Lei "CM :-LnG. '1]28"AI Ut;l"nTQ" .rM2 .. W~~'" }:." .~,,,~.,..,-:;:~:. WR!TE 1f7 ROM ./OBB.ARR1.AlUA,CALU,MYC ..... UBUS .. BUSR.GBTMP,Q CIO orR 
lB8 ROM ./162 .. ALUB ....... wnEM .. BUSR .. G INT lf8 ROM ./036.AEP.ALUA.CALU.MYC ........ 'CTLO.O DER MVB READ 
1B9 ROM ./03A.ARAO.AOB .... 'YD ... RBUS .. aUSR.GBlnLO RER lf9 ROM ./007.AWA1.AMB ..... PI'2 ..... GCfLO.O OER MVB WRITE 
lBA ROM ./09f •...•.•••••.• 0 TEST NO 3 lfA ROM ./03E.AEP.ALUA.CALU.MYC •••••••• GCfLD.0 DER MVf READ 
LBB Ron ./01A •• ZERO ••• SHQ •••••••• U TEST NO 3 U8 ROM ./DDS RW.l.APB ••••• PP2 ••••• G[!lD.U DER nvr WRITE 
lBC ROM ./OS8.A1EN.AlUA.CALU •• UYC •••• UBUS.SE'GBIO ••• fETCH.O TEST TMR lfC ROM fLAG./06C.ARA1.AXB •••• sn2.pn2 ••••• GCHfNU.0 TEST "EMOIRE NOL 
lBO Ron ./OB3 ...... SP2 .... SEQBVS.BUSR.GSTMf.0 fPP DOUBLE LD 2ND ~ORD lfD ROM fLRC./OCO.ARAO.ALUA.CAUI.MYC .. SYD.PYD ...... O TEST MEMO IRE NOL 
LBE Ron ./040 .. BCR .. MYC ........ HKYlO.0 TEST R8 1fE ROM ./12D.ATWO.TUOA.CALU.MYG.OYC ....... GCTLD.0 PAGE fAULT ML 
LBf ROM fLAG./014.AEP.AXB •• MYO ........ bCRfNU.O TEST RB Uf ROM ./12S.OTUO.T~OA.CALU •. 0yC ....... GCILD.0 PAGE fAULT 
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Table .-48 Control- ROM Microinstruction Listin ."856 

ADO ADO. 

000 ROM ./l£a.AR1S.RLUB.CALU.MYC.GYC •••• WBUS •••• 0 IDLE 040 fTA AUR1.AANOB.CRLOG AN oao ROM ./008 •• ALUB •••• 5YO ••••••• 0 CIO OTR 
001 fTA •• 0 NO JUMP 041 ROM fLAG./lC8.APS~.AAN08.LALu.n.L ••••••• BUSA •• 0 HLT.RIT.INH.RTA15 081 ROM ./100 ••••••••••••• 0 GO TD TRAP IUMPI 
002 Ron .IlE9 ...... SP2.PP2 .... BUSR .. O IHCR P 042 Ron ./OfO ... C810.n.e ... PP2 ... ~(Qeus ... v RT5 oa2 ROM .I1B2.AWA2.0BIO ....... RBUS.SEQBIO ... 0 rrx LO A2 
00] ROM fLAG./OOO.AZ.ALUR.CRLU .. GYC ....... GAEXL.O HO FLOT PROC 0'13 ROM ./Of5 ... CBIO.M.e ... PP2 ... SEGBUS ... 0 ~T5S oa3 ROM SNPLA./100.ARRZ.ALUA.CALU.MYC.GYC ........ n Rn 
004 ROM fLAG./lf8.ASYS.TUOA.CALU •• GYC •••••••• 0 TEST DISPLAY 044 ROM ./l01.ARR1.AANDB ••••••• WMEM •• BUSR •. CRLOG AN 5 Oa4 ROM ./laB.AWR1.TWOA •••••• CTP1 •• REPEAT ••• 0 Sll 
005 ROM ./lfB ..•..• 5M2.PM2 ••••• GfKYI0.0 DECR BEfORE Vl5U 045 ROM ./l01 •• IERO ••.•••• UMEM •• BU5R •• O tM 085 ROM ./18B.AWR1.ASHL ••• SLG ••• CTP1 •. REPEAT •• GCSEl.0 SlC 
006 ROM ./lff.AEP.ALUA.CALU.MYC ••.•••••• O VISUA 046 FTA ARR1.AANDB.CRLOG TM oa6 ROM ./169 •.•...•. CTP1 ...•• 0 RTID 
007 ROM ./1ff .. OSIO.CBID.MYC ...... SEGBUS ... O VlSUB 047 ROM ./1E9 ........... BUSR .. CRFLC rpp UAlT EXEt. 087 ROM ./179.ARR2.AlUA.CALU .. GYC ....... GCTLO.O RHO 
ooa fTA AUR1.ALUB.CRLOG LO 04e ROM fLAG./LA6.ARA1.01VALU •••••••••• GCRfNU.O OIV TEST COP..REM. 088 ROM FLAG./OB3 •• IERO.CALU.MYC ••••••• BUSR.G9TMf.0 fPP lOAD 
009 ROM ./1E9 .. AIUB .... SYD.PYD .... BUSR .. CRlOG LO P 049 ROM fLAG.1140.ARAL.AXB.CALU.MYG.GYC. ....... 0 DIV TEST Gun. oa9 ROM ./0BA.AWAL.7HO.CHLU .. G';C ....... GeRt'LO.Q MUl-RESET PRRT.PR~9 
OOA ROM ./L60.ASYS.ALUA •••.••• uaus .... 0 Rep IN L REG. LR ~R RR 04A ROM ./OE2.AEP.AMB.CALU.MYC ••••••••• O SLN oaA ROM .IL30.ARAO.AlUA ••••••• W8U5 •• BUSR •• 0 EX Tl OR T3 
008 ROM ./lff.ARAO.RLUA •• MYC ••••••••• O ERRONEOUS START 04B ROM FLAG./195.AWR1.TUOA ••••• PP2 •••••• 0 SLH LOOP 08B ROM fLAG./ODO.AZ.ALUA.CALU •• ij.C ••••••• GAEXL.O EX T2 TRAP 
OOC ROM ./L01.ARR1.ALUA ••••••• WMEM •. BUSR •• 0 5T 04C ROM FlAG.ILB2.ARCT.ALUA •••• 5P2.PM2.CTPL.WMEM.SEGeUS ••• o M5 LOOP 08C ROM fLAG./OAB.ATEN.ACR.CALU.MYC.GYC •..• UEXM ••• GBOF.O fPP STORE 
OO~ QOM ./l01.AEP.ALUA ••••••• WMEM •• BUSR •• O 5T P 040 ROM ./1E9 •• AlUB ••.• SYD.PYD •••• BUSR •• O MS END oao ROM ./LAB •••••••••• SEGBU5 •• GfRIO.O LOAD M 
ODE ROM ./OE6.AI~0.ALUA.CALU.MYC •••.••••• 0 STO 04E ROM fLAG./lA8 ••••• SLG ••••••• GfRI0.0 TEST READM 06E ROM FLAG./l04.AEP.AlUA •••• SP2 •••• SE9BUS •• ~CHtNU.0 IP~ l00P 

I-_~~~ RQ1L.,!J!~§·ATUO.ALUA.CALU.MYC ......... o STD P 04f ROM .1172 .. 0BIO.CBIO.MYC ..... WMEM.SEG9US .. G9CP.O LOAD M 05F ROM ./159 .. BSHR.CALU.MYC.SLG ........ 0 IPL LOOP 

011 :~g ~~~~/1~~u:~:::~~~~p~~~~::~0~R::O .... u ,t" AU10Ht~~ g~~ ~~~ ~~~~:~~:aC:~~~.AOB.CALU.MYC ........ n END S~OO~KM ~~~I~gg s~~~::~i~~:~~~:~~~~:?::SyD::::::~O EY. 8SYZO.REST0Rt~ 
012 rOM fLAG./OEO.AWAO.ALUB ••••••• RBUs .•. GBOK.O SAVE P TEST IF l/R R 052 ROM ./OEC •• OBIO •••• SYO.PP2 ••• 5EQBU5.BUSR •• 0 RT4 092 ROM ./1EO.AEP.ALUA.CALU.MYC ••••• RBUS.SEGBIO .• GfETCH.0 KcRCP LIRR 
0~3 ROM ./OEO.ARAO.ALUA .... SYO.PYD ...... O LOAD P AND S LR 053 ROM ./0£8 .. DBIO .... SYO.PP2 ... SEGBUS.BUSR .. O RT4S 093 ROM 3NPlA./100.AcP.ALUA.CALU.MYC.CYC ....... 0 ~Tl? 
Ol~ 'OM ./~D6.ATUO.TUOA.CALU.nYc ......... 0 INT 054 ROM .1>0~.ARR1.AOB ....... UMEM .. 9USR .. CRLOG OR S 094 ROM .1.6B.AWR1.A5HR ...... CTPl .. REPEAT .. HRD5R.0 SRA 
015 NOM ./1De.ATUO.rUOA.CALU.MYC .•• PM2 ••.•• GfKYlO.0 INT DECR 055 ROM ./OA8'AUAO.BsHR .• MYQ ••••••••• U INR 095 ROM fLAG./lC7.AUAO.ALUB ••••••••••• 0 SRN 
016 flA .. 0 fETCH 056 ROM FLAC.llAO ..... ~LG ........ O TEST RE~DSf 096 ROM 5NPLA./l0o.ARCT.AlUA.CAlU.MYC ......... 0 rHO END 
Ol7 ROM ElAT./1fE .......... SEGBUS .. GIDU.O t'ISU IDLE 057 ROM fl.AG./L70.ASYS.IWOA.LALU .. ~yt ....... ~B(P.O READ M 097 ROM ./169.AEP.ALUA.CAlU .. GYC ... CTn ..... 0 RHDP 
018 ROM fLAG.!193.AEP.ALUA.CALU.MYC ........ GCRVZO.O SLASLN SAVE P osa ROM .JlA6.AWAJ..DIVAlU ........... 0 OIV CORR.REM. 098 ROM fLAG./OB3 .. ZENO.CAL,).n·,'c ....... eUer.GATMf.O I?? OPER 
OL9 ROM ILAG./1SB.ALP.ALUA.CALU.nY(.SLG ....... ~CRV!o.o DLADLN SAVE P 059 ROM fLAG./J.40.ARA1.AX~.CAlU.MYG.UYl ........ O DIV TEST GUOT. 099 ROM ./OA5.ARA2.TUOA.CALU .. GYC ........ 0 DI'J 
OIA ROM fLAG./17B.ARR1.ALUA.CALU •• GYC .•..••.. 0 SLL sLC OSA ROM ./OE2.AEP.AMB.lALU.MYC ••••••••• U SRN 09A ROM ./095.ARA1.ALUA ••••••• UBUS .• BUSR.G9fMf.0 FfL 
01B ROM ./OCE.AWA1.ASHL ... SlG ... CTP1 .. REPEAT..&CSEL.O DLlDLC 05B ROM fLAG./1.5 •• WRJ..A'flH ... 5RU .. PPi' .... HRt'SN.O SRN L~OP 09B ROM ./Of[.AUR2.ALUB ........... 0 DUl.DRN END 
01C ROM FLAG./16B.AEP.ALUA.CALU.MYC ••••••••. O SRA SRN OSC ROM fLAG./1A2.ARCT.ALUA •••• sM2.PM2.CTP1.~MEM.SEQBUS •.• 0 MSRD lOOP 09: ROM fLAG./083.ATUO.AsHR.CALU.MYe •.••••• BUSR.GBTMf.O IPP oP/S 
O~D ROM fLAG./l"B.AEP.ALUA.CALU.nYC.SLG ...... ,.O ORA DRN 050 ROM ./OBE •• ALUB •• MYU •• SYO.PYD •••••• 0 MSHD END [)9D ROM ./143.A£P.ALUA.CLUR.MYC •• SP2 ••• UMEM.SEQBus.eUSR.~CSEL.O INT 
o~E ROM ./ODO.ARR1.ALUR.CALU •• GiC •••.•••. 0 3RL SRt OSE ROM ./19a ••••• SLO •••••••• O PUP 09E ROM .1160.AEP.ALUA.CALU.MYC •••••••• GflOT.0 ffX 

01r ROM ./OCE.AUA1.A~R .•• SRG ..• CfPl .. R~EP~E~A~T~.~.~S~tP~.D~S~.R~.~O~~~~D~P~L~D~RfC~~0~5Sr~R~O*M~./~I~F~fi.~A~PS~W~.~A~L~UDAL.~CA~Uu.~M~Y~C.L •• w.u.~.~.L.~.O~~~~~~~~Rru~E~IA~D~5TreIAl~·T~e~~0~9riftR~O~M~.~/iOt~~··~·ri·~·i·~·~·~.R~B~Uij5~.~.~.G~B~O~lj·iC~R~f~LO~~~~~~~~~~f~f~X_U~P~D~C~R~ 

g~~ ~6~ ~~~~9~:~,;C~~~D ... SYD.PYC .... BUSR .cHADD ~~ p ~~~ ~b~ ~~~~;~~~5~~~~~A.CALu.MYe .. sP2 ...... GfSYS.O i~T ~A11~g~ :~t~*:A~~~~PB::~:~~D:p~D~~::~u~R .. O 11 ~f 
02< ROM ./OEC.ARR2.ALUA .... :;.D., ... BUSR .. O RT3 062 ROM ./0fC ... CBIO.MYC ...... SEGBUS ... 0 RT? 0 .. 2 ROM ./OE7.AT~O.A'-UA.LHLU.MYL ......... u RT2B 
023 ROM ./OE~.ARR2.ALUA .... !;'D.· .... BUSR .. 0; RT3S 063 ROM ./Of4 .. • C810.M.C ...... SEGBUS ... O Rns OA3 ROM 5HPLA./100.ARR2.~LUILCALU .. QYl.SYl' ....... 0 RT3C 
024 ROM ./l01.RRR1.APB ....... wMEn .. 8USR .. CRADD AD, 064 ROM .110L.ARRl.AXB ....... UMEM .. BUSR .. CRLOG XR 5 OA4 ROM ./OOB.AUA1.ASHL. .. SLG ... UP1 .. R(PEAT ... U OLA 
025 ROM .IW1.AZ.APLB1 ....... wnEM .. BUSR .. CRADD In 065 FTA AWA2.8S~R.n O~H ENe OA5 ROM fLA •• /01F.ATWO.ALUA ..... P.D ...... U OLN 
026 ROM ./071.ATWO.IUOA.CALU.MYC .•••.•... 0 RTN MASTER 066 FTA ARR •. AXB.CRLO' TNN OA6 ROM .1155 •• BSHR.CALU.MYC ••• PM2 ••••.• 0 IPL LOOP 
O~7 ROM ./19E.AW15.AMB .•.. SI0 ...... G'SIUU.O INT UPDATE AL5 067 ROM .ILaO.AuAO.ALUB •• MYG ••••••••• O PUP OAl ROM ./OC9.AEP.ALUA.CHLU •• GiC •.••••.. O ~T!BM 
028 ROM fLAG./ODO.AI.ALUA.lALU •• UY[ ••••••. ~AlxL.O TRAP sLN 068 ROM FLA •• /ODO.AI.ALUA.CALU •• GYC ••••••• GAEXL.O NUF 15R2 TRAP OAe ROM ./060 ••••••••••• BUSR.GBEX.0 EL 
029 ROM ./OE3.AflN.TWOA.CALU.MYl.UYC..P.D ..•... O SlN 069 ROM ./OSf.ARR2.ALUA.CALU .. QYC .. PYD ...... 0 Mvr lSP,2N OA9 ROM ./06E. •• CBIO .. GYC.SP2 .... SlGBUs.BU5R .• O OA 
02A ROM ./J.S9.AfEN.AeR.CALU.MYC.UYC ........ U IrL SET O~A qM .IQD6 AW.O.AtUH ..... ?M2 ...... 0 DUlORN n!D ORA ROM ./14f .. BSHR.CAlU.MVC ......... 0 IPL LOOP 
02R Ron ./14S.AEP.ALUA .... 5YO ... RBVS .. BUSR.S~o~.O IPL END 068 Ron fLA~./195.AUA1.ASHL ... SLO .. PP2 ...... 0 DLN LOOP DAB ROM ./152 • .. CBIO.MYC .. SP2.PP2 ... SEDBUs ... O DA~ 
02e ROM rLAG.il.D2 •• UCr.OB10 .. M'Q .. sn2.PM2.(TPl..SE~BUS ... 0 MLRI 06C ROM ./OE4 .• UR1.TWOA ...... CTPl .. REPEAT ... O SLA OAC ROM ./10],.ARRL.ALUA ....... UnEM .. BvSR.se£x.n ES 
020 ROM ./OOC •. ALUB •••• 5.0.PYD .•.. BU5R •• D MLRI 060 ROM fL.'./1D7.AUAO.ALUB ••••••••••• 0 SLN OAD ROM ./094.AWA2.APB.CALU.MYQ.QYC ••.•.... 0 DA 
OPE ROM ./134 .. • cLlIR.nYC ........ G(SEL.O AUTe RESTART 06E ROM .lLrr .. OBIO.CBIO.MYC .. 5P2.PP2 ... sEGBUS ... O READ M PUP A OAE ROM ./1E9.AEP.ALUA .... SYO .... SE08Us".0 TL END 

~~~~: ~~:i:~~~~c~~t:·ALUA.CALU .. QYC ........ G TEST ~0L 00~fO RROOMM ./lff .. DBIO.CJ!lQ.MYC ...... _SEnSUS .. ,0_ READn P'J? E OM ROM HAG./150 ... .,§LG.SP2 .... SlGBUS.BIJSR.SBTMM.O TL l0cr 
SNPLA./100.AR1Z15 ........... GeTLO.0 SH OSH uou ,on • ·1"D.:~~H" •. ~ALU.~.C ......... 0 leL L~OP 

031 R()M ./1E9.AEP.AMB .... SYD.PYO .... aUSR .. CRSV9 SU P 071 ROM ./1M .ARA2.ALUA.CALU .. G.C ....... Gf~YZU.O DSH OBI RO~ .. 'lE9.AEP.AMB .... Sy".p·;O .... eUSR .. ~ RS 
032 ROM sNPLA.nOD ..• CBIO.MYC.GYC.SP?PP2 ... SE9BUs •.. 0 RTc 072 ROM ./1AO .. OBIO ..•• SYO •••• SEOBUs.BUSR •• O Rf6 OB2 ROM fLAG./l;O.AIPL.APB.CALU.MYC ..... WME~ ... ,0 IOL NEW ~VART 
0]] ~OM SNPI A /1')0 ... C~IO.MYC.G·(C .. PP:' .. 5E98L'" ... 0 R125 073 ROM ./1AC .. DBIO .... SYD .... 5EGHUS.BUSR .. 0 P.T6S OB3 ROM SNPI.A./100 ....... PP2 ...... 0 PTZ: 
~3" ROn ./l[J1.ARR~.AMB ....... Wn[M .. BU5R .. CP5L'B SU s 074 fTA ARRL.ALUA.CRLOG SHZERO OB4 ROM ./ODZ.AWA1.ASHR ••. SRG ... CTP1 •• HEPEAI •• HR~SR.O ORA 
OJS P,)M fLAc;./OSC.AEN.ALUA .......... GCPfNV.O CZ ~p "Go 075 ROM ./ooe.ARA2.ALUA ......... HUSR.HHtNU.U DSHZERO 0~5 ROM HAG./OOF.ATWO.ALUA ..... PYO ...... O ORt: 
036 PI)M ./077.A1W{).!UOI'LCAlU.MYC. ........ Q ~TH I}S[P, 076 ROM ./092.AUAJ..DSUl:l, ..... , .. 8USf.[ .. (.H~Ull OS 
037 flA AWR1.AOB.O !NH.RTN A15 AN~ I.c END 077 ROM ./1C5.ATUO.AlUA.CALU.MYC ••••••••. U ~AIT 
03~ Ron 'LAG./orO.Al.ALUA.Cr.LU .. QH ...... 'AEvL.O TP.~P SR~ 078 ROM ./0C7.AEP.ALUA.CALU.MYC •••• lTPJ. ..... u nL 
nJ~ ROM ./ODE.ARRL.ALUA.CALU •. QY( •••..••. O SRN 079 ROM ./l50.ATUO.ASHR.CALU .• GYe ....... GSIMM.Q TL 
01. ROM FLAG./LC •.. 8SHR.CALU.MYC ..•..... GCRfNU 0 WAIT Ie 07A ROM ./195.AUA •• ASHL ••• 5LG •••••••• 0 DRN 
['3, POM [TAT./1ff .A[P.ALVA .... 5YO ....... 0 \lAIT 10 07B ROM fLAG./185.AUA1.ASHR ... SRG .. PP2 ..... GCRDSR.O ~RN LOOP 
I,,, flOM IIJ,r,./1C2.AUCI.DB10 •••. Sf'2.PM2.CIP1 .. 5E~8VS .. GCR'JML.O ML L00r 07C ROM ./OC5.AEP.ALUA.CALU.MYC •••• eTP1 ••.•• 0 MS I T;O nOM ,/f}O( .AI_UH .. ":)Yu.Pd) ••.• 8U~)!1,,Q ML £N!:I 010 ROM ./1 If8.ATIJO,ASHR.CAlU .. GYC .... I.IEXM .. ,GeOM.O rs 

! ::'Jf POM .Itsr .A1WO.OCR." "PYIJ .. " .• O IF'L 07£ ROM IOC3 AEP ALUA CAlU MYC CTP1 0 MSRO 
0" "OM IlAr,.I1BfJ ..... 5LQ .... RBU5 ... GHOK.U 'EST LDA~~ 01f ROM FLAG.;LF4:.BCR:CALU:.GYi:::: .... ~CRiNU 'uP 

OB6 ROM ./1E9.AEP.ALUA •••. 5'0 .... 5<ijHU!;.U 
OB7 ROM FLAG./146 .•••• SLU.SP2 ••• WE.n.5EWHU5.HUS •. GBOM.O 
OBa ROM fLAG./ODO.AZ.ALUA.CALU •. OYc. •.•... GQDL.O 
OB9 ROM ./06A .•• CB 10 •. OYc. SP2 •..• SlOBUS. 8US~ .. U 
DBA ROM ./1E9.AW1S.DBIO •••••••• SEGBU5 .•• 0 
OBB ROM .1142 •• • CBIo.nYc. .SP2.PP2 ••• SEG8US ... n 
OBC ROM ./130 .. BSHR .... SYD .... SEGBUS ... O 
OBD Ron ./06B.AUA2.AMB.CALU.MYO.GYC ••.•...• 0 
OBE ROM • 109E. AI. APLBI. CAlU. MYC •.•.••. BUSR. G tRVML . CRADD 
osr ROM ./1E9.AWA2.ALIJS ••••• , •• ,BUSR.GCP.'}r"L,CRl0~ 

TS END 
T S L oor 

TRAP 

!PL ENO 
eSt: 
INT 

os 
~H' tOR.OVOT 

D 1\1 GU01 01 
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AOO 

OCO 
on 
OC2 
OC3 
OC4 
0(5 
OC6 
OC7 
oca 
OC9 
oCA 
oCB 
OCC 
oeD 
aCE 

c--§Mr 
00. 
002 
003 
OO~ 
ODS 
006 
007 
aDA 
009 
aDA 
aDa 
DOC 
000 

g~~ 
OEo 
on 
OE2 
OE3 
oE 4 
oE5 
oE6 
OE7 

oH 
oE9 
OEA 
OE8 
DEC 
OED 
OEE 
OEf 

g~~ 
of2 
Of 3 
OF 4 
Of 5 
Of 6 
Of 7 
Of a 
Of9 
Of A 
Of B 
Of C 
Gf D 
Of E 
Off 

Table 2-4B contd. 

AOD ADD 

f TA A~Rl. AlUB. a LOX 100 ROM 
ROM ./1£9 . . AlUB., •• SYD,PYO". ,8USR. ,0 !..OK f 101 ROM 
ROM ,/135, ,BCR •• "", •• BUSR.GfPLR,o AR PAf INT 102 ROM 
ROM ,(oEE" ,CBIO,MYC ••• PP2 .. ,SEGBUS.,.O RT5C 103 ROM 
ROM ./04f ,A~A2,APB"., .... ,. ,0 MVF OEST HI A2 104 ROM 
ROM ,/1£9.ARAo.ALUA,., ,SYO,PVO." .BUSP •• O MOVE END SLN REST.P 105 ROM 
ROM ./oM.ARR1.ALUA.CALU, ,GYC,.,., ••. O CA 106 ROM 
f TA ARR1.AMB, CRCMP CA 107 ROM 
ROM ./OB6.ARR1.ACR,CLUR.MYC ••••••• BUSR,GBCH.0 LC loa ROM 
fTA AUR1.BCR,0 ECR 109 ROM 
ROM ./),£9, .OB10., •• SIO.PYC" .~Ea2US.BVSR. 0 FeR PAr un TRAr lOA ROM 
ROM ,/132""" •• •••• GfSYS.o AR END lOB ROM 
ROM ,/101.ARR1,ALUA •• , •• ,.UMEM •• BUSR.GBCH.O SC toC ROM 
ROM ,1130, • BSHR •••• SYO •• , , • ,Gf KY IO. Q PAGE fAULT AR 100 ROM 
ROM fLAG,1126.ARAO.APB.CLUR.MYC.SLQ, ••••. , ,U EX T8N TEST K1 10E ROM 

.ID3f .......... .. GfSYS.O 'IERH MAN. PUPIT 140 ROM ./07E. ...... .. RBUS ... bBOK.o TEST MAN REG M 
,/19A,ARAo,AlUA .. MYG ... PYO .... BUSR .. o OLN.ORN END 141 ROM ,/1E9,AWR2.AMB ......... BUSR.GfSTOV,O UPO 5TK M~iRO 
./OEC ARR2,APB,., .SYe., •••• OUSP,.O RT5 142 ROM ./1Cf .A~R1.ZERO,., ••• , •• BUSR •• o NGR 
,11AO, ARR2. APB .... SYO ..... BUSR .. 0 RT7 143 ROM ,/101. AI. AMB ....... WMEM .. BUSR .. CRSUS C2 
,I003 ... C8IO,MYC ..... RBUS.SEOBIO ... 0 TMP TEST RO KEYS 144 ROM ./1M .. ALUB ....... UBUS.SEGBIO ... CRIO CIO OTR 
fLAG.fo04,ARAO.ALUA .......... GCRfNU.O TEST RETURN 145 ROM ,IOB7.ARA2.ALUA.CALU .. OYC ........ 0 MU- MUL. TOR IN GREG, 
fLAG,/oOo.AI.ALUA.CALU .. GYC ....... GAEXL,o EX OPER T4T7 TRAP 146 ROM fLAG.101(.ATWO.APS .. MYC ........ GeRfNU.O TEST NO 1 
,/066 .. 8SHR,C~LU,MYC ......... 0 EX OPER T1.!2,!3 147 ROM ./016 ..... SLG ........ 0 TEST NO 1 
fLAG,IDDO,Al.ALUA,CALU .. GYC ....... GAEXL.O MVB )'5R2fU TRAP 14e ROM ./086,AWA1,MULTL .. SRG ... CTP1 .. REPEAT. .. O MU- ALGORITHM 
./04B.ARR2,ALUA ••••. PYO ••• ".0 MVB 15R2f'JN 149 ROM ./085.AWA1.MULTI"MYO,.".",GMULTI,0 MULTI 16TH PASS 
,/OEa.RRR2.APB .... SYO ..... BUSR .. 0 RT5S 14A ROM ./084.A~A2.BSHR ........... 0 MUUI STORE LS8 Of PROD. 
./1AC,ARR2,APB .... SYO ..... BUSR .. O Rns 14B ROM ./007,ARA2.AlUA .......... GeRfNU,O MULTI UPDATE fNU 
,ID4A,ATUQ,ALUA,CALU,MYC,GY(. ••• , ••• 0 MVB LENbTH>O 14C ROM ,lOAD •• ALUB ••• SRG,SP2,., .SEGBUS.8USR,G8TMf ,0 fPP SINGLE RO MA 
./1E9.ARAo,ALUA .... SYO.PYO .... BUSR .. o M'iB LENGTH~O 140 ROM ,/042 .... .. SP2 .. "SEGBUS.8USR,G8IMf.0 fPP OP/S DOUBLE AfAO Ml 

~(l6E .. ,(lOR.MYL1J1L" ,~,aHJ:::;'.S~G810, Gf"F fLH,(j EX L~:":O ~ 10f ROM 
ROM fLAG,/oOQ,Al.ALUA,CALU, ,GYc."". ,GAEXL,Q TRAP 110 ROM 

,/1EB,ARAo.AMB ..... PYO ...... 0 INT MOVE 14E ROM ./053.AT~0,ASHR"MYC.OYC.SM2.PM2 .. UMEM .... 0 T. MEMOIRE NOl 
. *~*~~!.'!..!~~~-i.':.~'!---_E~.b2~';'-t---ff.;-mH:i--'·7/ii1il2f5.:... A"-T!-,U,,,O,-,,-,T,-,W,-,O,,:A'-"-"CiiATL~Uy' if' G"!Yirc,-.,-.,-,.,-,.-"-,.-".~.-,,D.___ PAf M'iE REG L ....1'if. ~l:Q~.f.. AWA J',!l-1-I!!!-,-,-, ... :i.~~ .P~'-'.:_'-'~c.(l __ ._. __ . __ ._. __ I ~ 5 T _M~MO I PE . "Q,--
- .100f ............ GFRZO.0·--------------vERlf MAN. 1sd ROM ,-/09f ............ GFRZQ,O TESrG.CHAR~.NO . 

ROM fLAG, 1000, Al. ALUA, CALU •• GYc. ••••. .GAEXL,Q TRAP 111 ROM 
ROM ,/125.AWR2.ALUB",.,.,., •• 0 PAGE fAULT ML 1.12 ROM 
ROM SNPLA,/Luo, .OBIO.CBIO •• GYC.SYD,PP2" .SE98US, , ,0 P:!4C 113 ROM 
ReM fLA'.f11B.A~H •• knB,CBIC,nrC •• SYD. .. s'~eus. . GII,:'VE . 0 '''11.'7 fJ~AD 114 ROM 
ROM ,/OS6,AUA1.APB ••• , •••• ,' .0 Mt,lf ReST A1 115 ROM 
ROM fLAG./120, •••• SLG.".", ,0 EX K1 TEST K2 116 ROM 
ROM FLAG,/ofB •. BCR.CALU •• OYC, ••• " •• O EX nN TEST MO 117 ROM 
fTA ARR1.AMB,CRCMP CW He ROM 
f TA AEP.AMB,CRCMP (UP 119 ROM 
ROM ,/124,APS~,ALUA.CAlU.MYC. ' •••• , ,GfSYS.O PAGE fAULT l1A ROM 
ROM , 1122, AR15. AlUA •••• SYO. , . WOM •• aUS? GBOM, a PAGE fAl!!... T 11B ROM 
ROM ,Ioae. ARR1. ALUA. CLUR. MYC ••••••• BUSR. GBCH. 0 C( HC ROM 
ROM • 1110, ,ALUB •• Mva •• SM2 •• ,UMEM. SEGBUS, BUSR., a PAGE f A'JL T 11.0 ROM 

~~~ ~L~~:;~;a: :w~~~~u: :QYC:~ ...... o 
EX K1l<:2 TEST K3 11E ROM 
EX K1K2N TEST no l1f ROM 

ROM ,107B. ,ALUB •••• SYO •• ,.,. ,0 UER 120 ROM 
ROM fLA&,/ODO.AZ.ALUA.CALU •• GYC" ••• , .GAEXL.O TRAP 121 ROM 
ROM ,/117, ATUO, APB. CALU, MYC •• 5M2. , • UEXM, SEGSUS. BUSR, GBOM. 0 PM 122 ROM 
ROM ,IDEO, • ,ca I 0, MY (. ..... SEGBuS, • ,0 RTlC 123 f TA 
ROM ,/057, .ALUB. ,MYG ••• PM2 •• UM"M •• BUSR,.U MVf PREP WRITE ),24 ROM 
ROM ./057,.ALUB.,MYG".PM2"un<M,.BU'R,GBEX,U MVSU PREP WRITE 125 ROM 
ROM fLAG./10! ••• , .SLO •••••••• O EX K1K2K3 TEST K4 126 ROM 
ROM fLAG./Ofe, .BCR.CALU. ,GYC •••• " •• O t:x K1.K2K3N TEST MO 127 ROM 
ROM ,/132 .AU15.AMB. CIOR.MYC •••• ,RBUS, SEGBIO, ,GF STOV, a PAGE fAULT 12! ROM 
ROM ,/1E9, AEP, ALUA, ••• SYO ••• ,SEGBUS. BUSR, • CRRTN PTN 15P.2N 129 ROM 
ROM · I no. ATEN. T~OA, CALU, • GY (. • PM2 •• , • , • a TRAP 12A ROM 
ROM ,1073. AEP. ALUA. CBIO. MYG. OYe, SYD, • , • SEOBUS •. Gf PLR. CRRTN R HlA 15 128 ROM 
ROM • 102E. AT ~O, TUOA. CALU. MY (. • , • , •• , ,0 Cf 12C ROM 
ROM FLAG,/130,A~Ao.ALUB." •••• UBUS, •. ,0 EX 12D ROM 
ROM ,/06B.ATUO. T~OA,CALU,MY(' ••••••• ,0 CF 15R1 12E ROM 

SNPLA,/100.ARR2.APB.CAlU, ,GYC.SVO""., ,0 RT5C 151 ROM ./oA1.AUA1.8CR .. MYC.GYC. .. , •• , ,0 TEST OLA 
./12C.ARR2.APB .... SVO ..... BUSR .. 0 Rnc 152 ROM fLAG./030 .... MYa .. SP2 .... SEG8US,BUSR,GBTMf.0 fPP READ LAST MA 
SNPLA./100.AEP.ALUA,CBIO.MYC,OYC.SY~ .... SEOBUS ... 0 RT3 153 ROM ./173,ARAO,T~OA .... S1D ....... O fPP CPS WAIT.LO S ~ITH 1ST AO. 
,/048,AWA2.APB,CBI0.MYC..SYD., •• SEQ~US •• GMO')E,0 MVB READ 154 ROM ./010 .B!NV.rALU.,U\C,SF2 ••• WEY.M.SEG8U<; BU,R.';BOf,O frrlS 51, 
,1056,AWA2.APB ........... 0 M'IS CORRECT A2 155 ROM ,/010 .... .. SP2 .. ,WEXM.SEGBU5,BUSR.GBOf.0 fPP/S OOUBLE ST M1 
,/OAE.ATEN.AlUH .. M1C ........ GfRIO,Q lEST OLA 156 ROM ./0£9 ............. 0 TEST OLA 
SNPLA./100 ••• CBIO,MYC.GYC ••••• SEQBUS •• ,Q RT3B UPDATE ~~~~y 157 ROM ./OA7.ARAO.AOB., •• SYD, •• RBUS.,BUSR.G8TMP,0 INR 
,/oEC.A~R2.AP8 •. , ,svo .• , GF~~;~' 00 STD 15e ROM ,IOA6.AWR1.0BIO,CIOR.MYC. ••••• SEGBUS, .GCSEL,(RIO INR 
./1f3.AWR2.AMB."" •••• , • 159 ROM ./18!.AI~Rl .. AOti."SLG., ••• , •• c wn !ST SST 
,/1f2,AWR2.AMB .......... ~fSTOV,O STOP 15A ROM ,/OA4.AUA1.ALUA .......... &(RVIO.O DIV MEMO SIGNE OIVD 
./1E9,ARR1.ALUA ......... BU5R.GCRUML,(RLOG SLA CR 158 ROM ,IOA3.AWA1.DIVSH ... SLG ... CTP1 .... GCRDSR,0 OIV 1ST PASS 
flAG./1B5.ARR1,ALUA ........... 0 SLN TEST NORM 1SC ROM ./OA2.AUA1.DIVSH ... SLG ... CTP1 .. REPEAL .. O OIV PROCESS 
./13A.AWR2.BSHR ........... 0 SLN RESULT 1SD ROM fLAG./lB6.AUA1.0IVALU ... SLO ....... GCRfNU,O OIV 16TH PASS 
,/1EC.A~1215.0BIO.".",RBUS.SEGBIO, •. 0 KEYS IN (RCP' LR 15E ROM ./OAO.ATUO,APB,CLUR.MYC."PYO ••• , •• O TEST DLA 
,/1ff .AR1215.ALUA •• MYC, ••••• ,-'.~.~G~f~K~Y~Z~0~,O~ ____ -.~L~OfA~D~0~R~R~E~A~;0~R~-fl~5f ROM ,/091.AUA2.BCR ••• SRG •••• , ••• 0 TEST DLA 
,/009.,.,., ••• RBUS •.• GBOK.0- VERIf MAN. REG L 160 ROM .1039", •••••• RBUS.,.GBOK.0 TEST Q.cHARt NO. 
fLAG.I1A5.ATEN.T~OA.CALU.MYC .. ,P¥0 ...... 0 SRN 161 fTA AUA2,ALue.0 OIV ST CoRTO OUOT 
,/1BB,AUR1.ASHR ••• SRO ••• CTPl,.REPEAT.,GCROSR,Q SRLe 162 ROM ./09f,., •• , ••• " •• 0 TMP TEST 
ARA1,ALUA.CRLOG ML OSH 163 ROM ./033,AZ.Aj-UA .. MYC ......... 0 TMP TEST 
,/00A .... MYO ......... O OLA END 164 ROM ./09A.AUA1.0BIO ....... RBUS.SEOBIOI..BOf.O ffX LO A1 
./oD7.A~A2.BSHR.CALU.MYe ........ GCRfNU.0 OLA END 16S ROM ./170 ......... RBU'i..BUSR.GBOf.0 ffX RESET BSY 
./o19 •• BINV •• MYC..,.,., •• 0 ROUT.AFFICH.INCR 166 ROM ./022.AUCT,ALUS ••• , •• CTP1, •• ,.0 TEST NO 3 
ETAT,/07E,.ALUB.CALU"QYC, .•• ,SEGBUS., ,0 DISPLAY INCR 167 ROM .'023.AUCT,ALUB ••• SLG."CTP1 ••••• 0 TEST NO 3 
./1E9,ARA1.ALUA.",." •• BUSR.GCRVML,(RLOG OLA END 16a ROM ETAT.!OOE. ••••••••• SEOBUS ••• o VERlF MAN REG L 
.f164.AEP.ASHR,CALU.MYC ......... 0 OLN,DRN END 169 ROM fLAG.I09C,APS~.AANOB .......... &(RfNU.0 TEST TMP-TPM 
./041.ARA1,ACR,CLUR,MYC ......... a TEST RS 16A ROM ./030.ARA2.ALUA ....... UBUS.SEGBUS.BUSR,GBTMf.0 FFL LO Ml 
fLAG./034,ARA2.ALUA, ••••••• , ,GCRfNU.O TEST OLA 168 ROM ./093.AUA2, TUOA •••••••••• GCRfNU.o OA 
,1043. ,BCR •• , ,SYO., .WBUS.,. ,0 T£ST TMP-TPM 16C ROM ,/092.AWA1.DADD •• , •• ,., ,BUSR, .CRAOD OA 
,laCE .. lERO ... SRG ........ a ~RA 160 f TA AUA2, ASHR, a OAS END 

ROM ,/l00.AU15.AMB •• ,SLO,SYQ ••••••• fSTOV.g JRflP 12f ROM 
ROM ,104E.ATEN.ACR,CALU.MYe •••• " •• ,0 RER 130 ROM 
ROM flAG ./000, Al. ALUA. CALU. ,OY(' •••• , ,GAEXL, a TRAP 131 ROM 

,/115,ATUO,T~OA.CALU,MlC ... PM2 ...... 0 TRAP CORR LONG EX. HE ROM .1090.AEP.TUOA .. MYC ......... D TEST OLA 

·----;\"I!~----t,wiifiiH--:-:~m~~~:~~~~: ~~~~:~~~~z~:g·····~·~· .~.c,O~-----'V"E"R"IC1f __ M~AN. R~~A~ i~6 ~g~ :jm~~~~i\~~~ilt&~~yc:~~:~~:oO --------,d~~~nr.rNtll-
,IOCO .... MYO ......... O OSH 171 ROM ./152,AEP.ALUA.CBIO.MYC .. SYD .... SEGBUS ... 0 DAR- OA 

ROM ,/105,APS~.ALUA ••• SLQ.SP2.,.UMEM, ,BUSR.GfSYS,O TRAP 
ROM ,/12(, ,OBIO". ,SiO." .SEGSUS,BUSR. ,0 RT6C 
ROM ./OEB, ARA1, ALUA •••• SYO ••••• BUSR •. 0 MVB PREP 1ST AD 
ROM ./OEB,ARA1.ALUA •••• SYD, •• , .BUSR,GBEX,o MVUS PREP 1ST AD 
ROM fLAG. 10f 6 •• BCR . CALU, • OYC •••• , •• ,0 EX K1K2K3K4 TEST ~O 
ROM fLA_,IOOO,AZ.ALUA.CALU •. GYC •••••.• GAEXL.o EX 150PC TRAP 
ROM ,/OC! AEN,AI UA.CALU.11YC ••• rM2 •••.• ,Q MLv' 
f TA AUR1,BINV.(RLOG C1 
ROM ,/10'<. AEP. ALUA •• MYG •• SP2 •• ,UMEM. SEOBUS, aUSR •. a TRAP 
ROM ,/103. ,AlUB" •• SYO., •• SEGBUS ••• O TRAP 
ROM ./135 ...•. . SM2.,., .BUSR. ,0 TRAP 
ROM ,/101. .8INV, •• , ••• WMEM, .BUSk •• (RlO' C1S 
ROM ./1E9,AEP,AlUA ••• ,SVO •••• 'EOBU5,BUSR. ,0 STORE RESUL T 
ROM fLAG./oDo,AZ,AlUA,CALU •• OJ(., ••• , ,GRUl,Q TRAP 

132 ROM 
133 ROM 
134 ROM 
135 ROM 
].36 ROM 
137 ROM 
13a ROM 
139 ROM 
13A ROM 
13B ROM 
13C ROM 
).30 ROM 
13E ROM 
].3f ROM 

./00('AUA2,ALUB •• ,." ••• BUSR.GCRfNU,O OSH 172 ROM ./1f7,AEP.ALUA.CBIO.MY(' .SYO •••• SEG8US,BUSR. ,0 EL 

./038 .... MYG ......... 0 TEST G,CHARG NO. 173 ROM ./OM.AEP,AIUA.L1vR .. GYC.SYD .... SEG8IJS ... u CC 

./0CA.AEN.ALUA.CALU,MYC. .• PYO.CTP1, •• , ,0 MLRI 174 ROM ./169.AWA2. TWOA •••• " .•.• G(RfNU.O DS 

./1D3.AUR2.A?B., ,.SYO,PM2,., .BUSR •• o MLRI 175 ROM ./142.AEP,ALUA,C810,MV("SYD ••.• S£OBUS ••• O OSR 

./oE9 ............. 0 TEST DLA 176 ROM ./0£9 ............. 0 TEST DLA 

./oC7,A£P.APB.CALU.MYC .... crPl ..... u MLK 177 ROM ,/087.AUAO,AlUB .. MYG ....... 8USR .. O 

./OC6,AEN,ALUA ..... PVO ...... 0 ML 178 fTA ARAO,AMB.CRCMP 
,/1C3,ARR2,ALUA.CALIJ •• GV(..PM2 •••. BUSR .• O ML 179 ROM ./083.AWR1.BCR.CIOR.MYC ••• , •. SE08US, •• O 
.IOC4,AEN.AlUA ..... P¥0 ...... O MS l7A ROM .1027 .. ZERO .. MYG.SRG ........ O 
,/1B3 ARO,ALUH, .... PM2.Clr1.WME~ .. ~U5P .. U MS 178 ROM .1026 .. ALUB .. MYG .. ,PYO ...... 0 
./OC2,AEN.ALUA.CALU •• GYc. ,PYO •••• ,.O MSPC 17C ROM ./lce.AEP.ALUA, •• ,SYO •.••• BUSR •• o 
./1A3,ARCT.ALUA ••••• PM2.CTP1,UMEM •• 8USR,.0 MSRO 170 fTA A~Rl.AOB.O 
fLAG,IOOA.AEP,ALUA •• , •••. WMEM",.O TrST MEMOIRE N02 17E ROM ./060.AEP.APB •••• ,PYO.,u{jUS •••• O 
,/053.ARA1. TUOA •• MYC.GYC.SM2.PM2 .• WMEM ••• ,0 TEST MEMOIRE NOl 17f ROM ./LaE.AWAO.ZERO ••• "" .SEGaIO •• GfUCH.U 

TEST 

C~ CA 
C~ CA 

LC 
TEST NO 2 

NO 2 
LC 

LC END 
TEST OLA 

TEST OLA 
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Table 2- 4u contd. 

'I ADO 
ADO. 

HO Ron ./02~, .. . "YQ ••••• RBUS ••• GBOK.O DISPLAY IIlCR ~CO Ron ./1E8 •••••••• • RBUS ••• GBOK.O VERH MAN. pupn 
La. Ron ./020 . .• C81 O. MY C •••••• SEBBUS ••• 0 VERIF MAN REGM Hl Ron ./037.A~ql.AM8 ••••••••••• 0 DER I1VF RE,T nl 
M2 ROM ./050. ATEN. T~OA. CALU.nyc. •••••••• 0 fPa56 ROUT ArF ICH) lC2 ROM fLAG./02C •• BSHR •• nYC.GYc ••••••• GCRFNU.0 ROUT .ArF ICH.INCR 
1.53 ReM ./0[9 ..•.•• ·· ••••• 0 ROUT .AFF ICH.lNeR lC3 ROM ./08S.ATUO.ACR •• MYC.GYC ••••••• GFRZO.0 TEST NO 2 
H~ ROM ./07A.ARR~.ALUA ••••••• UBUS •• BUSR.'8TME.0 UER lC~ ROM FLAG./OF1.AUR2.ALUB •• MYG ••••••••• O OER MOVE REST R2 
Las ROM ./1aa.ARR1.ALUA ••••••• UBUS.SEGBUS ••• 0 UER 1(5 ROM ./168. AWR1. DBIO. CBiO ••••••• SEGBUS ••• CRRTN RER 
186 ROM FLAG./OS~.AR1S.AnB ••• SRQ •••.•••• GCRFNU.0 TEST NO 3 lC6 ROM ./OCC ••• CBIO •• QYC ••••• SEGBUS ••• 0 TEST G. CHARG NO. 
la7 ROM fLAG. 106~. ARC! • AMB ••• SLB ••• CTP1 •••• GCRF NU. 0 TEST NO 3 ],C? ~O" ./029 .• ALUB.fLuM.n'C ••••• WDUS •••• 0 TEST G. CIIARC N". 1M ROM • 1076. AUR2. APB •••• SYO ••••• BUSR •• 0 RTN lca ROM ./036. AWA2. AMB ••••••••••• 0 OER MVF REST A2 
la1 ROM SNPLR./l00 •• OBIO, ••• SM2.PYO ••• SEBBUS.BUSR •• O RTN 1C9 ROM ./03B.AT~O.APB.CALU,MYC ••••••••• 0 OER MOVE M~LGTH 
lao ROM ./09f ••••••••••••• 0 TEST NO 2 lCA ROM ./09f ••••••••••••• 0 TEST DLA 
LaB ROM ./01B • • ZERO ••• SRG •• PM2 •••••• 0 TEST NO 2 HB ROM ./071. ATUO. ASHR •• MYC. •••••••• 0 TEST OLA 'lac ROM ./072.ATUO.APB.CALU.nYC •••••••• GFENB.0 COMPUTE MASK RTNAIS lCC ROM ./07f .. BINU ••• GT(. ••••••• 0 TEST NO 2 
leD ROM ./06E. AUAO. BINU •• MYG ••••••••• 0 COMPUTE MASK RTNA15 lCD ROM ./098.ATUO.ASHR •• MYC.GYC ••••••• GfR20.0 TEST NO 3 
laE Ron fLAG./02~.ARA1.AXB ••• , •••••• GCRFNU.0 TEST DLA lCE ROM ./OAC.AWAO.ALUB •••••••• SEBBU5 •• GfLOT.0 fPP OPIS LD EXP 
Hf ROM ./06l.A1UO.APLB1 •• MYC ••••••••• O TEST RB ICf ROM ,/1B8.AEP.ALUA •••• SYD •••• SEGBUS •. GfLOT.0 FPP OP LD EXP 
190 ROM ./019 •• BINV •• nYc ••••••••• O ROUT. AF F I CH.I NCR 100 ROM ./02F ••••••••••••• 0 NOT USED 
191 ROM ./1BE.ARAO.AOB.CLUR.MYC.GYC •••••••• 0 MASK STACK PSu RTNAIS J.ii. ROM .ID6A. AW01.AMB •••• 5Y[, ••••••• 0 cr. !SR2N 
192 ROM ./09f ••••••••••••• 0 TEST MEMO IRE NOI lD2 ROM FLAG./07C •• BSHR •• MYC.SRG ••••••• GCRFNU.0 ROUT .AH ICH.INCR 
J.93 ROM flAG ./002 . •• CBIO. MYC •••••• SEGBUS •• ,0 TEST MEMOIRE NOlo ]'03 ROM ./032. ARno ••••••••••• G C 1 LD. 0 TEST NO J 
19~ ROM ./06A.AUR1.AMB •••• SYD •••••• GFSTOU.0 CF .lSR2 104 ROM FLAG./OEA.AUA1.APB •••• SYD •••• SEGBUS •• GMOVE.O MVS uRITE 
J.95 ROM ./068. APSU. ALUA •••• SP2 ••• WMEM •• BUSR •• 0 cr 105 ROM FLAG./OEA.nUA1.APS •••• SYD •••• SEGBUS •• GBEX.0 MVUS \lRlTE 
196 ROM ./OE9 ............. 0 TEST DLA 106 ROM ETAT ./OQE •.•••••••• SEGSUS ••• C TEST 9. CHMG 110. 
197 ROM ./067. REP, ALUA •• MYG •• SPi' ••• liMEN. SEGBUS. BUSR •• 0 CF 107 ROM FLAG./OD8 •• AlUB.CBIO •• GYC •••• IIBUS.SEGOUS ••• 0 ROUT. AFFI CH.I NCR lva ROM ./1E9 . . ALIJB .••• $YD. P·'o ••• SCGB'JS. eusp .• n U END lOe ROM FLAG./oe4.ATEN.AIB •••••••••• GCRFNU.0 TEST NO 2 
199 ROM • IDS£, . BSHR. CALU. MYC •••••••.• 0 EX lD9 RON ./017. REP. RMB ••••• ?YD •••••• 0 TEST NO 2 
J.9A ROM ./09f ••••••••••••• O TEST NO J lOR ROM ./09f ••••••••••••• 0 TEST DLA 
198 ROM FLAG./on .... MYO ••••••••• 0 TEST NO 3 lOB ROM ./070.ATEN. TIIOA •• MYC ••••••••• O TEST RS 
HC ROM fLAG ./05C. AEP. AlB •••• SM2, PM2 ••••• GCRfNU. 0 TEST MEMOIRE N02 lDe ROM flAG./098 •••• MYG ......... 0 TEST HO 3 
19G ROM • lOFS .•..•.••• R&vS ••• GoOI(.O TMP TEST lDD Ron ./076, ATUO. ASHR •• MYC. OYC ••••••• 0 TEST NO 3 
HE ROM ./060.AWAO.BCR •• MYC ••••••••• 0 TEST RS lDE ROM FLAG ./OOC. .BINV ••••••••••• O TEST NO ]. 

-t¥o-
ROM ./051.AEP .APB •• nyc ••• PVO •• WBUS •••• O TEST RS lDf ROM • /049 •• AlVB ••• , ••• uBUS •••• 0 VERIF MAN • REG M 
ROM FLAG. I J.]A, AWAO. RL UB •• MYO ••• P"2~:-:-:-:-:-:-6 MVF TEST LGHT=O :~~ I~~~ ./100 • . ALVB ••••• PYD •••••• O TRAP DLN 

lRl ROM flAG ./17~. AT EN • AXB, I •••••••• G CRF NU. U EX TEST IF T2 fL~G./J.9S.ARA1.AlUA ••••••••••• 0 DLN 
1H2 ROM • I 09f ~ "... .. ... 0 . TEST t1EMOIR£ NI)2 1£2 ROM ./09f ••...•••.•••• 0 TEST NO 1 1A3 ROM FLAG ./062 . •• CB 10. MYC •••••• SlOBUS ••• 0 TEST nEMOIRE NOZ 1£3 ROM ./021 . • BINV •• nYc. •••••••• O TEST NO 1 lAt. ROM · 10,R. RRR2. AMB. CALU .MYC ••••••••• 0 MUF LGHT-2 IN M lE4 ROM FlAG./OlA ••••••• PM2 •••••• 0 TEST NO Z lAS ROM ./12B.AWA'I.APB •• MIU.,SYD ••••• BUSR •• 0 MVf Rl=SOUPCE lE5 ROM .1033 ..• • MYO ••••••••• 0 TEST NO i' lA6 ROM ./096.RTUO.ACR.CALU.MYC ••••• WBUS.SEGBIO.,GFKYZO.CRI0 TMP T 1E6 ROM fLAG,/04C •• BSHR •• MYC •••••••• GCRFNU.0 ROUT .AFFICH.INCR lA. ROM r lA~, 1(155 . .••• Sl(L .•• \.:8U~ ••• CST MP. Q TEST TMF' TP!"! lE7 ROM • 10~C . .•. MYO ••••••••• 0 TEST NO 1. ]'M ROM FlAG./],2A,AWAJ.,RMB •••• SYD •••• SEBBUS .• GMOVE.O MVf WRITE DEST J.Ea ROM ./016.AEP.APe.CALU.MYC.SRG ••••••• ,0 TEST NO 2 J,A9 Ron ./J.3A.AUR2.ZERO ••••••••••• 0 MVF CLEAR LGHT J.E9 ROM FLAG. 1074 .ATEN. AXB •••••••••• GCRFNU. 0 TEST NO 2 J.AR ROM .l09f ••••••••••••• 0 TEST NO 3 J.EA ROM ./09f, •••••••••••• 0 TEST RB lAB ROM ./0'13. Awn2. F OPA ••••••• , ••• 0 TEST NO 3 lEB ROM ./0]].ATEN.nSHR.CALU.MYC •••••••.• O TEST RB ]'AC ROM ffAG./052 •• ALUB •••• SM2.PM2 •• WMEM.SEGBUS ••• 0 TEST MEMOIRE NO], LEC Ron ./0],2. ATCH. ALUA •• MYC .OYC •••••••• 0 TEST NO J lAO ROM ./OBO.RRAD.ALUR •• , .SYD.PYD, ••.•• 0 TEST MEMOIRE NOl HO ROM fLAG./04~.ARR2.AMB ••• SRG ••••••• GCRFNU.0 TEST NO 3 loRE ROM SNPLA. 11" . AWAL ALUB. C lOR. MYC. OYC. • PM2 ••• SEOB 10, • GF ETCH. 0 TRB lEE Ron ,/J.E9,RfP,ALUA •••• SYD •••• SEGBUS ••• CRFLO FPP STORE ST EXP 

~ ROM ,/OB1,AURO.BCR •••• SYD.PYO ••••• GFRZO.O fP8S6 TEST MEM N01) 10 ROM fLAG./oio ••• SLO~~ijBUS.BUSR 'ROI .n fPP ~T MNTI 
lBO Ro'i1:/0se-.ATwiJ:ALUA. CALU ~Myc. OYC •••• , ••• 0 MVf IF 0 ROM ./l00 •• ALUB ••••• PYD •••••• 0 TRAP DRN 
lBl ROM ./046.AUAQ.BSHR, .""G .•••••••• 0 RER ,,1 RCM fLA'.I'~S.AUA1.ASHR ••• 3RG •••••• . HRDSR.II ~RN 
192 ROM fLAG, 10]C .. BSHR •• MYC .••••••• GCRFNU.O ROUT. AH I CH .INCR If 2 ROM ./09f ••••••••••••• 0 TEST NO J, 
183 Ron fLAG./OBe.ATUO.AOB,.MYC.GYC •••••.• GfRlO.O TEST HO 1 1F] ROM ,/07f ......•.•.••• 0 TEST NO J, 
lB~ ROM fLAG./0f2.AUAO.ALUB ••••• pn2 •••• ,.0 MVB TEST LENGTH 1f4 ROM ./on •••••• 5M2. PM2 ••• SEGBUS ••• 0 TEST MEMOIRE N02 
J.BS Ron 'LAG./10B.AUA2.AMB ••••••••. , .0 MVB PREPARE A2 J.F S Ron ./063, ,ALVB •••• SYD.PYD •••••• O TEST MEMOIRE N02 
lB6 ROM ETAT • lOBE. .•.. , •••• S[GBU5 ••• 0 VER IF MAN. REG M 1F 6 RvM ./097 . . DB I O ••••••• wBU5. SEGOUS ••• 0 VERIF MAN nEe L 
1B7 ROM FLAG./02B .• ALUB •• MYG ••• PM2. ,UMEM •• BUSR, ,0 MVB PREPARE WR I TE J.F7 ROM .loeB.ARR1.ALUA.CALU.MYC ••••• UBUS •• BU5R.GBTMP.0 CIa OTR 
1B~ ROM .!l62 . . ALUB .. , ••.. IIMEM •• BUSB .. O INT 1f a ROM ,/036,nEP.RLuA.CALU.MYC •••••••• GCTLD.U OER MVB READ 
109 ROM • 10]A. ARA'). AOB .••• SYO ••• RBUS •. BUSS. GBTME. 0 RER 1f 9 ROM ./OO7.AUA1.AMB ••••• PP2 ••••• GC1LD.0 OER Mva uP.lTE lBA ROM ./U9F ..•.•• , .•.•.• 0 TEST NO 3 LrA ROM ./03E.AEP.ALUA.EALU.MYC •••••••• GC1LD.0 DER MVF READ lBB ROM ./OtA . . ZERO •.• SRG •••••••• O TEST NO 3 1f S ROM • /O(lS. AUI"IJ,. AF-'H ••••• PPc ••••• tULD. 0 OER MVf IIP.!TE lSC ROM ./0.18. B1[N. ALVA. CALU •• BYC. .•• USUS. SEoei o. ,GF ETCH, 0 TEST Tnp HC ROM fLAG ./06C. ARA1. AXS •••• SM2. PM2 ••••• HRI NU. 0 TEST MEMOIRE NOl lBD ROM ,lOB] .. , .. ,SP2 .... SEGOUS.BUSR.G8TMf.O f PP DOUBLE LO 2N~ UORO UO ROM FLAG. lOCO. ARAO. ALUA. CAlU. nYc. • SYD, PYD •• , ••• 0 TEST MEMOIRE NOl IBE ROM ./040 . . BCR .• MYC .•.••••• GfKYlO.O TEST RB 1,E ROM ./12D.AIWO. TWOA.CALU.MYG.GYC, •••••• GCTlD.O PAGE FAULT ML lBf ROM .r l AG ./01'l.A£P. AXB .. MYO •••..••• GCRfNU. 0 TEST RB lH ROM .1125. ATUQ. TWOA. COLV •• QYC ••••••• GC [LV.O PAGE FAULT 



To 2-5A Control- ROM Binary Content PL 

ADD 5NA NAW A ADL C M 9 5 P CT o 5£9 R GP CR ADD. SNA NAtJ A AOL C M a S P CT o SEa R GP CR AOD 5NA NAN A AOL C M a 5 P cr B SEQ R GP CR 

000 00 11.11.01000 00011. 0000.1. 00 10 J.1 00 00 0 1.1.1 00 a 00000 00000 O~O 11. 11HH.l.H 01100 01000 J.1 io 11 10 11 a 000 10 0 11100 10000 080 00 000001000 00000 00001 00 00 00 01 00 0 000 00 0 00000 00000 00.1. 1J. 1.I.]']'.I.H1.I. 00000 00000 H .1.0 H .1.0 H 0 000 10 0 11.1.00 00000 O~l 01 111001000 1011.0 01000 00 10 00 00 00 0 000 00 1 00000 00000 DB 00 100000000 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 002 00 1.1.1101001. 00000 00000 00 00 00 1.0 H 0 000 00 J. 00000 00000 0~2 00 0111111.0.1. 00000 00000 01. 10 00 00 n 0 000 10 0 00000 00000 082 00 110110010 01010 01110 00 00 00 00 00 a 100 11 a 00000 OOOOG 003 01 OH010000 10000 00011 00 00 n 00 00 a 000 00 0 Jolon 00000 OU 00 011110101 00000 00000 01 10 00 00 H 0 000 ],0 o 00000 00000 083 10 ],00000000 0010], 00011 00 10 11 00 00 0 000 00 0 00000 00000 004 01 HnHOOO UHO 10010 00 00 n 00 DO 0 000 00 a 00000 00000 O~~ 00 100000001 00100 01000 00 00 00 00 00 0 011 00 ], 00000 10000 oa~ 00 HOO010n 01100 10010 00 00 00 00 00 1 000 01 0 00000 OOODO ODS 00 HUJolOH 00000 00000 00 00 00 11. 10 0 000 00 0 0111.0 00000 O~S 00 100000001. 00000 01010 00 00 00 00 00 a 011 00 1 00000 00000 08S 00 1100010n 01100 10001 00 00 01 00 00 1 000 01 a 00110 00000 006 00 U1U1Hl 10100 00011 00 10 00 00 00 0 000 00 0 00000 00000 0~6 11 111111111 00100 01000 11 10 11 10 11 a 000 10 0 11100 10000 086 00 101101001 00000 00000 00 00 00 00 00 L 000 00 0 00000 00000 007 00 111111111 00000 01UO 01 10 00 00 00 0 000 10 a 00000 00000 0~7 00 111101001 00000 00000 00 00 00 00 00 0 000 00 1 00000 01100 087 00 101111001 00101 00011 00 00 11 00 00 0 000 00 0 00010 00000 OO~ 11 Ul11.1Ul 01100 00001 1.1 10 11 10 U 0 000 10 o 11100 10000 048 01 110100110 00001 11100 00 00 00 00 00 0 000 00 0 00100 00000 OAA 01 010110011 00000 01010 00 10 00 00 00 0 000 00 1 11001 00000 009 00 llU01001 00000 00001 00 00 DO 01 01 a 000 00 1 00000 10000 0~9 01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 OA9 00 0101U010 01001 01010 00 00 11 00 00 0 000 00 0 01111 00000 OOA 00 lOU01101 11UO OOOH 00 00 00 00 00 0 111 00 a 00000 00000 O~A 00 011100010 10100 00000 00 10 00 00 00 0 000 00 0 00000 00000 08A 00 100110000 00000 00011 00 00 00 00 00 0 Hl 00 1 00000 00000 000 00 111111Ul 00000 00011 00 10 00 00 00 0 000 00 o 00000 00000 O~B 01 110110101 OHOO 10010 00 00 00 00 11 0 000 00 0 00000 00000 08B 01. 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 OOC 00 10000000], 00100 00011 00 00 00 00 00 0 011 00 1 00000 00000 04C 01 Hon0010 00111 00011 00 00 00 10 10 1 011 10 0 00000 00000 oae 01 0101010U HOlD 01011 00 10 11 00 00 0 001 00 0 10100 00000 000 00 ],00000001 10100 OOOH 00 00 00 00 00 0 011 00 1 00000 00000 O~O 00 1].nOl00l 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 OAD 00 110101000 00000 00000 00 00 00 00 00 0 000 10 a 01101 00000 00£ 00 0111.001>0 nOll 00011 00 10 00 00 00 0 000 00 o 00000 00000 g~£ 01 H0101000 00000 00000 00 00 01 00 00 a 000 00 a 01101 00000 08E 01 1110],01.00 10100 00011 00 00 00 10 00 0 000 10 0 00100 00000 Oaf 00 OH100J.Ol HOH 00011 00 10 00 00 00 0 000 00 0 00000 00000 4F 00 101110010 00000 OU10 01 10 00 00 00 a all 10 0 10001 00000 OAf 00 101011001 ~~g~g 8t8¥HH~*H&-g~H%H~-g-ggggg-ggggg--010 01 >110.0000 >1110 00011 00 00 ~~ g~ g~ g ggg gg ~ ggggg ggggg 050 H 111111111 01100 000],0 ].]. 10 11 10 11 a 000 ],0 a 11100 LOOOO 090 00 1101010],0 
011 00 unOl001 00000 0000], 00 00 051 01 110001000 10],],0 000],0 00 ],0 00 00 00 0 000 00 0 00000 00000 091 1.0 ].oooooon 10],00 000],], 00 00 00 01 00 0 000 00 0 00000 00000 
0],2 01 O]'HOOOOO 01000 0000), 00 00 00 00 00 0 100 00 0 10011 00000 052 00 0111011.00 00000 011.10 00 00 00 01 11 a 000 )'U 1 00000 00000 092 00 11H01101 ].0100 000],], 00 10 00 00 00 0 100 11 a 1],100 00000 
0>3 00 0],],100000 00000 00011 00 00 00 01 01 a 000 00 0 00000 00000 OS3 00 011101000 00000 01],],0 00 00 00 0], H a 000 10 ]. 00000 00000 093 10 100000000 10100 0001], 00 10 11 00 00 0 000 00 0 00000 00000 
014 00 111011000 110n ],00],0 00 10 00 00 00 a 000 00 a 00000 00000 054 00 ],00000001 00 lOa 000],0 00 00 00 00 00 0 011 00 1 00000 10000 09~ 00 11000101], 01].00 01].11 00 00 00 00 00 1 000 01 0 0001]. 00000 
015 00 lJ,J.OHOOO 1101.1 10010 00 10 00 00 10 0 000 00 a 01110 00000 OS5 00 010101000 01000 01101 00 1J. 00 00 00 a 000 00 o 00000 00000 095 01 111000Hl 01000 00001 00 00 00 00 00 0 000 00 0 00000 00000 
01.6 11 lH1.1HH 00000 00000 11 ],0 11 10 1], 0 000 ],0 a 11100 00000 056 01 110],00000 00000 00000 00 00 01 00 00 a 000 00 a 00000 00000 096 10 ],00000000 00111 00011 00 ],0 00 00 00 0 000 00 a 00000 00000 
0],7 11 nHH110 00000 00000 00 00 00 00 00 a 000 10 a 00001 00000 057 01 1],0010000 ],1110 ],0010 00 00 .1 00 00 0 000 00 a '10001 00000 097 00 101],01001 10],00 0001], 00 00 ],1 OU 00 1 000 00 0 00000 00000 
0],8 01 1100]'oOH ],0],00 0001]. 00 10 00 00 00 0 OUO 00 a 01111 00000 056 00 110100110 01001 11100 00 00 00 00 00 0 000 00 a 00000 00000 098 01 010110011 00000 0],0],0 00 ],0 00 00 00 0 000 00 1 11001 00000 
0],9 OJ. 101011011 10100 OOOH 00 10 01 00 00 a 000 00 0 01111 00000 OS9 01 ],01000000 00001 00],],1 00 ],1 11 00 00 0 000 00 a QOOOO 00000 099 00 010].00101 0001.0 10010 00 00 1], 00 00 a 000 00 a 00000 00000 
01A 01 ],01111011 00100 0001]. 00 00 11 00 00 0 000 00 0 00000 00000 OSA 00 0],],],000],0 ],0],00 00000 00 10 00 00 00 0 000 00 a 00000 00000 09A 00 01001010), 0000], 00011 OU 00 00 00 00 a ],1], 00 1 11001 00000 
O.B 00 01100J.110 0),001 ),0001 00 00 01 00 00 1 000 01 a 001],0 00000 OsB 01 110],00101 0],100 01],11 00 00 ],0 00 ],1 a 000 00 a 00011 00000 090 00 011].11].],0 01101 00001 00 00 00 00 00 0 000 00 0 00000 00000 
Ole 01 10H010H ),0100 0001]. 00 10 00 00 00 0 000 00 0 00000 00000 ose 01 110],000],0 00],11 00011 00 00 00 ].]. 10 1 all 10 0 00000 00000 09C 01 0101].0011 11011 0],],11 00 10 00 00 00 0 000 00 1 ],1001 00000 
010 01 101001011. 10100 00011 00 10 0], 00 00 a 000 00 0 00000 00000 050 00 01011],],10 00000 00001 00 11 00 0], 01 0 000 00 a 00000 00000 090 00 101000011 ],0100 0001], 10 10 00 10 00 U 011 10 1 001],0 00000 
OJ.£ 00 0110],],101 00100 OOOH 00 00 ],1 00 00 0 000 00 a 00000 00000 OSE 00 110011000 00000 00000 OU 00 01 00 00 0 000 00 a 00000 00000 09E 00 10BOOOOO 10100 00011 OU 10 00 00 00 0 000 00 a 1].0].0 00000 
OJ.F 00 OHOO1.J.l.O 0100], 01],],], 00 00 ],0 00 00 ]. 000 01 a 0001], 00000 OSf 00 111.111.1]. 1D]'10 0001], 00 10 00 00 00 0 000 00 a 00000 00000 09f 00 01001].0].1 00000 OOOOU 00 00 00 00 00 0 ],00 00 a 10WO DaDo 

ADD. SNA NAN A AOl C n a 5 P CT B SEQ R GP CR ADD. SNA NAN A ADL C n a S p CT B SEQ R GP CR ADD. SNA NAU A AOl C M a 5 r CT B s£a R GP CR 
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020 11 Hl11HH OHOO 00110 ].]. ],0 11 10 ],]. a 000 10 a 11100 ],0100 060 11 1].H11Hl 01].00 00],],1 11 ],0 n ],0 ].]. 0 000 10 0 11100 10000 DAD 00 Hl01010]' 00000 01010 00 00 00 0], 00 0 000 00 0 01001 00000 02. 00 1.1110100. 10100 00],],0 00 00 00 0], 01 0 000 00 ]. 00000 ],0],00 061. 00 001000].1). 101].0 00011 00 10 00 10 00 0 000 00 0 0100], ooooa OAl 00 ].1].101001 ],0100 OOHO 00 00 00 0]. 01. 0 000 00 1 00000 00000 
022 00 011101100 00],01 00011 00 00 00 0], 00 0 000 00 1 00000 00000 062 00 0111].1].00 00000 00000 01 ],0 00 00 00 0 000 ],0 a 00000 00000 OA2 00 01].10011]. 11011 0001]. 00 ],0 00 00 00 0 000 00 0 00000 00000 
023 00 01H01000 0010], 00011 00 00 00 0], 00 0 000 00 1 00000 00000 063 00 011110100 00000 00000 01 10 00 00 00 0 000 10 0 00000 00000 OA3 10 ],00000000 00101 00011 00 00 1]. 0], 00 a 000 00 a 00000 00000 024 00 100000001 00100 OQ].],O 00 00 00 00 00 0 011 00 1 00000 10100 064 00 100000001 00100 00],],1 00 00 00 00 00 a all 00 1 00000 10000 OA~ 00 0110H011 01001 ].000], 00 00 01 00 00 1 000 0], a 00000 00000 025 00 100000001 10000 00100 00 00 00 00 00 DOH 00 ]. 00000 10100 06S 11 1].11H1H 0].010 01].0], ].], 10 ].]. 10 11 a 000 10 a Bl00 00000 OAs 0], 00001].].]']' ].].011 00011. 00 00 00 00 01 a 000 00 0 00000 00000 
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02C 01 111010010 OUH OH]'O 00 H 00 ].1 10 1 000 10 a 00000 00000 06e 00 011100100 OHOO 10010 00 00 00 00 00 ]. 000 0], a 00000 00000 OAe 00 100000001 00100 000],1 00 00 00 00 00 0 011 00 1 10010 00000 
020 00 OH01.1100 00000 0000], 00 00 00 01 01 o 000 00 1 00000 00000 060 0], H]'0101H 01000 0000], 00 00 00 00 00 a 000 00 o 00000 00000 DAD 00 0].0010100 010],0 00110 00 11 11 00 00 0 000 00 0 00000 00000 
02£ 00 100110100 00000 00000 10 ],0 00 00 00 o 000 00 a 00],],0 00000 06E 00 ].1HHH]' 00000 01110 0], ],0 00 10 11 a 000 10 o 00000 00000 OAE 00 1],],101001 10100 00011 00 00 00 01 00 a 000 10 a 00000 00000 
02f 01 111000000 lHOO aDO],], 00 00 H 00 00 o 000 00 a 00000 00000 OM 00 1Hl.11111 00000 01110 01 ],0 00 00 00 a 000 10 0 00000 00000 OAf OJ. 10101.0000 00000 00000 00 00 01 10 00 o 000 10 1 ~~8gg ~~ 030 1]. 1111111H 01100 00000 11 10 H 10 11 a 000 10 a H]'OO 1].000 a 0 10 100000000 00110 00000 00 00 00 00 00 0 OOO{f0~010 00000 g:~ 00 10],001].0], 00000 01101 00 10 00 00 00 a 000 00 0 
03. 00 H110.001 ],0100 00000 00 DO 00 01 0], a 000 00 1 00000 HOOD 071 00 HOOOH11 00010 ooon 00 00 H 00 00 0 000 00 0 01110 00000 00 Hl]'O]'OOl 10],00 00000 00 00 00 01 0]. a 000 00 1 00000 00000 
032 ],0 1.00000000 00000 00000 0], ],0 11 ],0 11 o 000 ],0 a 00000 00000 072 00 HO}'01101 00000 01110 00 00 00 01 00 0 000 10 1 00000 00000 OB2 0], 101110000 10010 00110 00 10 00 00 00 o 011 00 a 00000 00000 
033 .0 100000000 00000 00000 01 ],0 1], 00 U a 000 10 a 00000 00000 073 00 HO 10 HOO 00000 01110 00 00 00 01 00 0 000 10 ]. 00000 00000 OB3 10 100000000 00000 00000 DO 00 00 00 11 o 000 00 a 00000 00000 
03~ 00 ],00000001 00100 00000 00 00 00 00 00 o 011 00 1 00000 11000 07~ H 11111H11 00100 00011 H 10 1]. 10 11 0 000 10 a 11100 10000 OB~ 00 011010010 01001 01].1]. 00 00 10 00 00 1 000 01 a 00011 00000 
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038 01 01].0],0000 10000 00011 00 00 H 00 00 0 000 00 0 11011 00000 07a 00 011000Hl 10100 00011 00 10 00 00 00 1 000 00 a 00000 00000 ooa 01 01].0],0000 10000 00011 00 00 ],1 00 00 a 000 00 0 1101], 00000 
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03B 11 l1HnlH 10100 0001]. 00 00 00 01 00 a 000 00 a 00000 00000 070 01 110000].01 0100. 01].11 00 00 10 00 11 0 000 00 0 00011 00000 OBB 00 101000010 00000 00000 0], 10 00 10 J.1 o 000 10 a 00000 00000 
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Table 2-5A contd. 

ADD. SNA NAN A ADL C M a 5 P CT B SEa R GP CR ADD. SNA NA IJ A ADL C M G S P CT B SEa R GP CR ADD. SNA NAtJ A ADL C M a S P CT B SEQ R bP CR 

OCO 11. >11111111. 01100 00001 11 10 11 10 11 0 000 10 0 11100 00000 100 00 000111111 00000 00000 00 00 00 00 00 a 000 00 a 01001 00000 140 00 001111110 00000 00000 00 00 00 00 00 0 100 00 a 10011 00000 
DCL 00 111101001 00000 00001 00 00 00 01 01 a 000 00 1 00000 00000 101 00 110011010 00000 00011 00 11 00 00 01 a 000 00 1 00000 00000 141 00 111101001 01101 00000 00 00 00 00 00 a 000 00 1 01011 00000 
DC? 00 100110101 00000 01001 00 00 00 00 00 0 000 00 1 01100 00000 .02 00 011101100 0010> 00110 00 00 00 01 00 0 000 00 1 00000 00000 142 00 111001111 01100 01010 00 00 00 00 00 a 000 00 1 00000 00000 
OC3 00 011101110 00000 00000 01 10 00 00 11 a 000 10 a 00000 00000 103 00 110101101 00101 00110 00 00 00 01 00 0 000 00 1 00000 00000 143 00 100000001 10000 00000 00 00 00 00 00 a 011 00 1 00000 HOOD 
OC4 00 001001111 01010 0011.0 00 00 00 00 00 a 000 00 a 00000 00000 104 00 011010011 00000 00000 01 10 00 00 00 a 100 11 0 00000 00000 144 00 110001000 00000 00001 00 00 00 uo 00 0 111 11 0 00000 01000 
OC5 00 111101001 00000 00011 00 00 00 01 01 a 000 00 1 00000 00000 105 01 011010100 00000 00011 00 00 00 00 00 a 000 00 a 00100 00000 1~5 00 010110111 00010 00011 00 00 11 00 00 a 000 00 0 00000 00000 
ilr6 00 010001000 00100 OOOH 00 00 11 00 00 0 000 00 0 00000 00000 106 01 011010000 10000 00011 00 00 11 00 00 a 000 00 a 11011 ooooe 146 01 000011100 11011 00110 00 10 00 00 00 a 000 00 a 00100 00000 
OC7 11 H1111111 00100 00000 11 10 11 10 11 a 000 10 a 11100 11100 107 00 001100110 00000 01101 00 10 00 00 00 0 000 00 a 00000 00000 147 00 000011000 00000 00000 00 00 01 00 00 0 000 00 a 00000 00000 
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001 11 1~111~111 00000 00000 11 10 11 10 11 0 000 10 0 11100 00000 
002 00 111101001 00000 00000 00 00 00 10 11 0 000 00 1 00000 00000 
003 01 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 
004 01 111111000 11110 10010 00 00 11 00 00 0 000 00 0 00000 00000 
005 00 111111011 00000 00000 00 00 00 11 10 0 000 00 0 01110 00000 
006 00 111111111 10100 00011 00 10 00 00 00 0 000 00 0 00000 00000 
007 00 111111111 00000 01110 01 10 00 00 00 0 000 10 0 00000 00000 
OO~ n nluun 01100 00001 11 10 11 10 11 0 000 10 0 11100 10000 
009 00 111101001 00000 00001 00 00 00 01 01 0 000 00 1 00000 10000 
OOA 00 101101101 11110 00011 00 00 00 00 00 0 111 00 a 00000 00000 
OOB 00 1111~1111 00000 00011 00 10 00 00 00 0 000 00 0 00000 00000 
DOC 00 100000001 00100 00011 00 00 00 00 00 0 011 00 1 00000 00000 
ODD 00 100000001 10100 00011 00 00 00 00 00 0 011 00 1 00000 00000 
DOE 00 mnOOHO 11011 ooon 00 10 00 00 00 0 000 00 0 00000 00000 

~~0:~0~r~~0~0~011100101 11011 00011 00 10 00 00 00 0 000 00 0 00000 00000 
010 01 mmn!llllJllunmm;llrrOIJl.TllOTI1'f01l~~ ~ ~~~~~ uuuuu 
on 00 111101001 00000 00001 '00 00 00 01 01 0 000 00 1 00000 00000 
012 01 011100000 01000 00001 00 00 00 00 00 0 100 00 0 10011 00000 
013 00 011100000 00000 00011 00 00 00 01 01 0 000 00 0 00000 00000 
014 00 111011000 11011 10010 00 10 00 00 00 0 000 00 a 00000 00000 
015 00 111011000 11011 10010 00 10 00 00 10 0 000 00 0 01110 00000 
016 11 111111111 00000 00000 11 10 11 10 11 a 000 10 a 11100 00000 
017 11 111111110 00000 00000 00 00 00 00 00 a 000 lO a 00001 00000 
01~ 01 110010011 10100 00011 00 10 00 00 00 0 000 00 a 01111 00000 
019 01 101011011 10100 00011 00 10 01 00 00 a 000 00 a 01l1l 00000 
alA 01 10111101l 00100 OOOll 00 00 II 00 00 a 000 00 0 00000 00000 
019 00 011001110 01001 10001 00 00 01 00 00 1 000 01 a 00110 00000 
01C 01 lo110lo11 10100 0001l 00 lO 00 00 00 0 000 00 0 00000 00000 
OLD Ol 101001011 10100 00011 00 10 01 00 00 a 000 00 0 00000 00000 
OLE 00 011011101 OOlOO 00011 00 00 II 00 00 0 000 00 a 00000 00000 
OlF 00 011001110 01001 onn 00 00 10 00 00 1 000 01 0 OOOU 00000 

ADD, SNA A ADL C M Q 5 P CT a' SEQ R GP CR 

Table 2-5B Control- ROM Binary Content ,...,856 

ADD, SNA A nOL C M 0 5 P CT B SEQ R GP CR ADD, SNA HAtJ AOL C M Q 5 P CT B 5EO R GP CR 

040 
041 
042 
043 
044 
045 
046 
047 
04a 
049 
04A 
04B 
04C 
04D 
04E 
04F 
050 
051 
052 
053 
054 
055 
056 
057 
05~ 
059 
05A 
OSB 
05C 
OSD 
05£ 
05F 

11 111111111 01100 01000 11 lOll 10 11 0 000 lO 0 11100 10000 oao 
01 ll1001000 10110 OlOOO 00 10 00 00 00 a 000 00 1 00000 00000 0~1 
00 Ol1111101 00000 00000 01 10 00 00 11 a 000 10 0 00000 00000 082 
00 01ll1010l 00000 00000 Ol lO 00 00 l1 a 000 10 a 00000 00000 oa3 
00 100000001 00100 01000 00 00 00 00 00 a 011 00 1 00000 lOOOO 0~4 
00 100000001 00000 01010 00 00 00 00 00 a 011 00 1 00000 00000 O~S 
lL lLl11l11l 00100 01000 11 10 11 10 11 0 000 10 0 11100 10000 0~6 
00 lll101001 00000 00000 00 00 00 00 00 0 000 00 1 00000 OllOO 037 
01 110100110 00001 11100 00 00 00 00 00 0 000 00 a 00100 00000 O~~ 
01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 0~9 
00 011100010 10100 00000 00 10 00 00 00 a 000 00 a 00000 00000 O~A 
01 110110101 Ol100 10010 00 00 00 00 11 a 000 00 0 00000 00000 03B 
01 110110010 00111 00011 00 00 00 10 10 1 011 10 a 00000 00000 O~C 
00 111101001 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 O~D 
01 110101000 00000 00000 00 00 01 00 00 a 000 00 0 01101 00000 oaE 
00 101110010 00000 01110 01 10 00 00 00 0 all 10 a 10001 00000 oaF 
n HHllliTll11000i'ffi];iJ1;lllJl.rIrr-U--o'OMl.!JO-l.uoo".rmiirr- -iffij-
01 l10001000 10110 00010 00 10 00 00 00 a 000 00 a 00000 00000 091 
00 011101100 00000 01110 00 00 00 01 11 a 000 10 1 00000 00000 092 
00 011101000 00000 01110 00 00 00 01 11 a 000 10 1 00000 00000 093 
00 100000001 00100 00010 00 00 00 00 00 a all 00 1 00000 10000 09 .. 
00 010101000 01000 01101 00 11 00 00 00 0 DOD 00 a 00000 00000 095 
01 110100000 00000 00000 00 00 01 00 00 0 000 00 a 00000 00000 096 
01 ll0010000 11110 10010 00 00 11 00 00 a 000 00 a lOOOl 00000 097 
00 l10100110 0100l ll100 00 00 00 00 00 a 000 00 0 00000 00000 09& 
01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 099 
00 Ol1100010 10100 00000 00 10 00 00 00 a 000 00 0 00000 00000 09A 
Ol ll0100101 01100 Ollll 00 00 10 00 11 a 000 00 0 00011 00000 099 
01 110100010 001ll 0001l 00 00 00 II 10 1 011 10 0 00000 00000 09C 
00 010111110 00000 00001 00 11 00 01 Ol a 000 00 a 00000 00000 09D 
00 110011000 00000 00000 00 00 01 00 00 a 000 00 a 00000 00000 09E 
00 lHl1l1H 10110 ooon 00 10 00 00 00 a 000 00 a 00000 00000 09F 

00 000001000 00000 00001 00 00 00 01 00 0 000 00 0 00000 00000 
00 100000000 00000 00000 00 00 00 00 00 0 000 00 a 00000 00000 
00 110n0010 01010 01110 00 00 00 00 00 0 100 n 0 00000 00000 
10 100000000 OOlOl 00011 00 10 II 00 00 0 000 00 0 00000 00000 
00 1100010ll 01100 10010 00 00 00 00 00 1 000 01 0 00000 00000 
00 110001011 01100 10001 00 00 01 00 00 1 000 01 a 00110 00000 
00 101101001 00000 00000 00 00 00 00 00 1 000 00 0 00000 00000 
00 101111001 OOlOl 00011 00 00 11 00 00 a 000 00 a 00010 00000 
01 0101l00ll 00000 01010 00 10 00 00 00 a 000 00 1 11111 00000 
00 0101110}0 01001 01010 00 00 11 00 00 0 000 00 a 01111 00000 
00 lOOl10000 00000 00011 00 00 00 00 00 0 III 00 1 00000 00000 
01 011010000 10000 0001l 00 00 11 00 00 0 000 00 0 11011 00000 
01 010101011 ll010 Ol011 00 10 11 00 00 0 001 00 0 10100 00000 
00 ll0101000 00000 00000 00 00 00 00 00 a 000 10 0 0110l 00000 
01 111010100 l0100 OOOH 00 00 00 10 00 a 000 10 0 00100 00000 

-gg m~m~6 ~~~~ggmi g~-tgg6-~g~-g g~~gH-~g~gH~~ 
10 1000000ll 10100 OOOll 00 00 00 01 00 0 000 00 a 00000 00000 
00 UHOnOl 10100 OOOH 00 lO 00 00 00 0 100 11 a 11100 00000 
10 100000000 }OlOO 00011 00 10 11 00 00 0 000 00 0 00000 00000 
00 11000101l 01100 01111 00 00 00 00 00 1 000 01 0 00011 00000 
01 111000111 01000 00001 00 00 00 00 00 a 000 00 0 00000 00000 
10 100000000 00111 00011 00 10 00 00 00 0 000 00 0 00000 00000 
00 101101001 10100 00011 00 00 11 00 00 1 000 00 a 00000 00000 
01 0101100ll 00000 01010 00 10 00 00 00 a 000 00 1 11111 00000 
00 010100101 00010 10010 00 00 11 00 00 0 000 00 a 00000 00000 
00 010010101 00001 00011 00 00 00 00 00 0 l11 00 1 11111 00000 
00 011111110 01101 00001 00 00 00 00 00 a 000 00 a 00000 00000 
Ol 010110011 11011 01111 00 10 00 00 00 a 000 00 1 11111 00000 
00 l0100001l 10100 00011 10 10 00 10 00 0 all 10 1 00110 00000 
00 101100000 10100 00011 00 10 00 00 00 a 000 00 a 11111 00000 
00 010011011 00000 00000 00 00 00 00 00 a lOa 00 a 10100 01100 

ADD, SMA NAN A ADl C M 0 5 P CT B SEQ R GP CR ADD. SNA NAN A ADL C M 0 5 P CT B SEQ R GP CR 

r---+---------------------------------------~--_+-----------------------------------------~--_+----------------------------------------4 
020 
02l 
022 
023 
024 
025 
026 
027 
02~ 
029 
OeA 
029 
02C 
02D 
02E 

4~~ 
031 
032 
033 
03 .. 
035 
036 
037 
03a 
039 
03A 
03B 
03C 
030 
OJE 
03r 

H 111H1111 onoo DOHa n 10 :11 10 H a 000 10 0 11100 }OlOO 
00 111101001 10100 00110 00 00 00 01 01 0 000 00 1 00000 10100 
00 011101100 00101 0001l 00 00 00 01 00 a 000 00 1 00000 00000 
00 011101000 00101 00011 00 00 00 01 00 0 000 00 1 00000 00000 
00 lOOOOOOOl 00.00 00110 00 00 00 00 00 a 01l 00 1 00000 10100 
00 100000001 10000 00100 00 00 00 00 00 a 01l 00 1 00000 10100 
00 001110111 11011 10010 00 10 00 00 00 a 000 00 a 00000 00000 
00 110011110 01011 00000 00 00 00 01 00 0 000 00 a 01011 00000 
01 011010000 10000 00011 00 00 11 00 00 a 000 00 a 11011 00000 
00 01Hooon HOLD 100lO 00 10 11 00 01 a 000 00 0 00000 00000 
00 l01011001 11010 01011 00 10 11 00 00 a 000 00 0 00000 00000 
00 l01000101 10100 00011 00 00 00 01 00 a lOO 00 1 1001l 00000 
01 l11010010 01111 01110 00 11 00 11 10 1 000 10 a 00000 00000 
00 OHOBlOO 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 
00 100110100 00000 00000 10 10 00 00 00 0 000 00 a 00110 00000 
01 lHOOOOOO Hl00 OOOH 00 00 11 00 00 a 000 00 a 00000 00000 
H lHnl~i.l 01100 00000 11 10 H 10 11 0 000 lO 0 Ulao HOOO 
00 111101001 10100 00000 00 00 00 01 01 0 000 00 1 00000 ll000 
lO 100000000 00000 00000 01 10 11 10 11 0 000 10 0 00000 00000 
lO 100000000 00000 00000 01 10 11 00 11 0 000 10 0 00000 00000 
00 100000001 00100 00000 00 00 00 00 00 a all 00 1 00000 11000 
01 010111100 l1000 00011 00 00 00 00 00 0 000 00 a OOlOO 00000 
00 001H0111 HOH 100.10 00 10 00 00 00 a 000 00 a 00000 00000 
11 111111111 01100 00010 11 10 11 10 11 0 000 10 a l1100 00000 
01 011010000 10000 00011 00 00 11 00 00 a 000 00 a 11011 00000 
00 011011110 00100 00011 00 00 11 00 00 0 000 00 a 00000 00000 
01 111000100 00000 01101 00 10 00 00 00 0 000 00 a OOlOO 00000 
11 111111111 10100 OOOll 00 00 00 01 00 0 000 00 a 00000 00000 
01 111000010 0111L 01110 00 00 00 10 10 1 000 La a 00101 00000 
00 011011100 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 
00 L01011111 1101L 01011 00 00 00 00 01 0 000 00 a 00000 00000 
01 110110000 00000 00000 00 00 01 00 00 0 100 00 a lOOll 00000 

060 
06l 
062 
063 
064 
065 
066 
067 
06& 
069 
06A 
06B 
06C 
06D 
abE 
06F 
070 
071 
072 
073 
074 
075 
076 
077 
on 
079 
07A 
078 
07C 
07D 
07E 
07F 

11 nl11nu 01100 OOln n lO U lO 11 0 000 10 a nl00 10000 
00 001000111 l0110 OOOll 00 10 00 10 00 a 000 00 a 01001 00000 
00 011111100 00000 00000 01 10 00 00 00 a 000 10 a 00000 00000 
00 011110100 00000 00000 Ol 10 00 00 00 a 000 10 0 00000 00000 
00 lOOOOOOOl OOlOO OOlll 00 00 00 00 DO DOll 00 1 00000 lOOOO 
n 111111111 01010 onOl U lO 11 lO n a 000 lO 0 lnoo 00000 
11 UH1UH OOlOO OOlH 11 10 11 10 n a 000 10 0 lHOO lOOOO 
00 llOOOOOOO 01000 00001 DO 11 00 00 00 0 000 00 0 00000 00000 
01 011010000 10000 00011 00 00 11 00 00 0 000 00 a 11011 00000 
00 OOlOlllll 00101 OOOll 00 00 11 00 Ol a 000 00 a 00000 00000 
00 011010110 01000 00001 00 00 00 00 lO 0 000 00 0 00000 00000 
01 l100l0101 01001 10001 00 00 Ol DO II a 000 00 0 00000 00000 
00 011100100 01100 10010 00 00 00 00 DO lOaD 01 a 00000 00000 
01 111010111 01000 OOOOl 00 00 00 DO 00 0 000 00 0 00000 00000 
00 1l111l111 00000 olllo Ol 10 DO 10 11 0 000 10 0 00000 00000 
00 l1111HH 00000 aUlD 01 10 DO DO DO 0 000 10 a 00000 00000 
10 100000000 00110 00000 00 00 00 00 00 a 000 00 0 00010 00000 
00 110001111 00010 OOOll 00 00 II 00 00 a 000 00 a 01110 00000 
00 110101101 00000 Oll10 00 00 00 01 00 a 000 10 1 00000 00000 
00 110101100 00000 01110 00 00 00 01 00 0 000 10 1 00000 00000 
11 HH1Hn 00100 OOOH 11 10 H 10 n 0 000 10 a 11100 10000 
00 011011100 OOOlO 00011 00 00 00 00 DO a 000 00 1 00100 00000 
00 010010010 alDOl l1000 00 00 00 00 00 a 000 00 1 00000 11000 
00 111000l0l ll011 OOOll 00 10 00 00 00 0 000 00 0 oonoo 00000 
00 OllOOOlll 10}00 00011 00 to 00 00 00 1 000 00 a 00000 00000 
00 10l0l0000 11011 01111 00 00 II 00 00 a 000 00 0 11111 00000 
00 110010101 01001 10001 00 00 01 00 00 a 000 00 0 00000 00000 
Ol 110000101 01001 01111 00 00 10 00 11 a 000 00 0 00011 00000 
00 Ol1000101 10100 00011 00 10 00 00 00 1 000 00 0 00000 00000 
00 101001000 Hon OH1). 00 00 11 00 00 0 001 00 0 10101 00000 
00 011000011 10100 00011 00 10 00 00 00 1 000 00 a 00000 00000 
01 11Hl0100 00000 01001 00 00 11 00 00 a 000 00 0 00100 00000 

DAD 
OAl 
OA2 
OA3 
OA4 
OAS 
OM 
OA7 
OM 
OA9 
OM 
OAa 
OAC 
OAO 
OAE 
OAf 

g:~ 
oa2 
OB3 
OB4 
095 
oa6 
OB7 
oa~ 
OB9 
OBA 
oaB 
OBC 
OBD 
09E 
OBr 

00 11l0l0101 00000 01010 00 00 00 01 00 a 000 00 0 alDOL 00000 
00 l11101001 10100 00110 00 00 00 01 O. a 000 00 1 00000 00000 
00 0111001.1 11011 00011 00 10 00 00 00 0 000 00 0 00000 00000 
10 100000000 00101 00011 00 00 II 01 00 a 000 00 0 00000 00000 
00 011011011 01001 10001 00 00 01 00 00 1 000 OL 0 00000 00000 
01 0000111.1 l101l 00011 00 00 00 00 01 0 000 00 a 00000 00000 
00 101010101 00000 OllOl 00 10 00 00 .0 a 000 00 a 00000 00000 
00 011001011 .0100 00011 00 00 ,. 00 00 a 000 00 a 00000 00000 
00 OlOOOl.01 00000 00000 00 00 00 00 00 0 000 00 • 10010 00000 
00 010001110 00000 00000 01 00 11 10 00 a 000 10 1 00000 00000 
00 101001111 00000 OllOl 00 10 00 00 00 a 000 00 0 00000 00000 
00 101010010 00000 00000 01 10 00 10 11 a 000 10 a 00000 00000 
00 100000001 00100 0001. 00 00 00 00 00 0 all 00 1 10010 00000 
00 010010100 01010 00110 00 11 11 00 00 a 000 00 0 00000 00000 
00 111101001 10100 00011 00 00 00 01 00 a 000 10 0 00000 00000 
01 101010000 00000 00000 00 00 01 10 00 a 000 10 1 1111. 00000 

gg m~gi~g~ ~g~gg g66g~ gg 6g gg g~ g~ g ggg gg ~ ggggg ggggg 
01 101HOOOO 10010 Dono 00 10 00 00 00 a on 00 a 00000 00000 
10 .00000000 00000 00000 00 00 00 00 11 0 000 00 a 00000 00000 
00 0110100}0 01001 01111 00 00 10 00 00 1 000 01 a 00011 00000 
01 000001111 11011 00011 00 00 00 00 Ol 0 000 00 0 00000 00000 
00 11110100L 10100 OOOH 00 00 00 01 00 a 000 10 0 00000 00000 
01 101001000 00000 00000 00 00 01 10 00 a 001 10 L 10101 00000 
Ol OlLOlOOOO 10000 00011 00 00 11 00 00 a 000 00 0 lL011 00000 
00 010001010 00000 00000 01 00 11 10 00 a 000 10 1 00000 00000 
00 nnOl001 010n 01no 00 00 00 00 00 0 000 10 0 00000 00000 
00 101000010 00000 00000 01 10 00 10 .1 0 000 10 0 00000 00000 
00 100111101 00000 OllOl 00 00 00 01 00 0 000 10 0 00000 00000 
00 010001011 OlOlO 00000 DOll 11 00 00 a 000 00 0 00000 00000 
00 010011110 10000 00100 00 10 00 00 00 a 000 00 1 00101 10100 
00 111101001 01010 00001 00 00 00 00 00 0 000 00 1 00101 10000 



Table 2- 58 contd. 

NAil AOL C M G S P CT 8 SEQ R GP CR 
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ADD. SNA A ADD. SNA A AOL C n G S P CT 8 SEQ R GP CR ADD. SNA 
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ADO. SHA A AOl C M G 5 P CT 8 SEa R Gf CR ADO. SNA NA~ A AOL C M Q S P CT 8 SEG R GP CP ADD. SNA A AoL l M U ~ P l' B StG R Gf CR 

OED 00 001111011 00000 00001 00 00 00 01 00 0 000 00 0 00000 00000 
DEL 01 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 
OE2 00 100010111 11011 00110 00 10 00 11 00 0 001 10 1 10101 00000 
OE3 00 01110110), 00000 00000 01 10 00 00 00 0 000 10 0 00000 00000 
OE4 00 001010111 00000 00001 00 11 00 00 10 0 all 00 1 00000 00000 
DES 00 001010111 00000 00001 00 11 00 00 10 0 011 00 1 10010 00000 
OE6 01 100001000 00000 00000 00 00 01 00 00 0 000 00 0 00000 00000 
OE7 01 011111000 00000 01001 00 00 11 00 00 0 000 00 0 00000 00000 
OE6 00 100110010 01011 00000 11 10 00 00 00 0 100 11 0 01011 00000 
0£9 00 111101001 10100 00011 00 00 00 01 00 a 000 10 1 00000 00100 
OEA 00 100010000 11010 10010 00 00 11 00 10 0 000 00 0 00000 00000 
DEB 00 001110011 10100 00011 01 11 11 01 00 0 000 10 0 01100 00100 
DEC 00 000101110 11011 10010 00 10 00 00 00 0 000 00 0 00000 00000 
OED 01 100110000 01000 00001 00 00 00 00 00 0 111 00 0 00000 00000 
DEE 00 001101011 11011 10010 00 10 00 00 00 0 000 00 0 00000 00000 

l--,g"'~;;~rl~go;cO-;6",g,,~C;;g",gftf-tO"'1~M~',t:;;gt~ g~g~~ gg ~g ga g6 gg g ggg gg g g6gM ggggg 
Ofl 01 011010000 10000 00011 00 00 11 00 00 0 000 00 a 11011 00000 
Of2 00 100000101 10).10 00011 00 00 01 10 00 0 011 UO 1 01001 00000 
0.3 00 100101100 00000 01110 00 00 00 01 00 0 000 10 1 00000 00000 
Cf4 00 011101011 00001 00011 00 00 00 01 00 0 000 00 1 00000 00000 
or5 00 011101011 0000), 00011 00 00 00 01 00 0 000 00 1 1001000000 
Of6 01 011111000 00000 01001 00 00 11 00 00 0 000 00 0 00000 00000 
or7 01 011010000 10000 00011 00 00 11 00 UO 0 000 00 0 11011 00000 
Of6 00 01),001000 11000 00011 00 10 00 00 10 0 000 00 0 00000 00000 
Of9 ),1 11111111), 01100 00101 11 10 11 10 11 0 000 10 0 11100 10000 
Of A 00 100000100 10100 00011 00 11 00 10 00 a 011 10 1 00000 00000 
Of8 00 10000001), 00000 00001 00 00 00 01 00 0 000 10 0 00000 00000 
OfC 00 100110101 00000 00000 00 00 00 11 00 0 000 00 1 00000 00000 
oro 00 100000001 00000 00101 00 00 00 00 00 0 011 00 1 00000 10000 
OfE 00 111101001 10100 00011 00 00 00 01 00 0 000 10 1 00000 00000 
Of f 01 011010000 10000 00011 00 00 11 00 00 a 000 00 0 11011 00000 

120 00 000001001 00000 00000 00 00 00 00 00 0 100 00 0 10011 00000 160 00 000111001 00000 00000 OU 00 00 00 00 0 100 OU 0 10011 00000 
121 01 110100101 11010 10010 on 10 00 00 01 0 000 00 0 00000 00000 161 11 111111111 01010 00001 11 10 11 10 11 0 000 10 0 11100 00000 
122 00 1100010),1 01100 01111 GO OU 10 00 00 1 OUU 01 0 00011 00000 162 00 0J.0011111 00000 00000 00 00 00 00 00 0 000 00 a 00000 00000 
123 11 111111111 00001 00011 1J. 10 J.1 10 1J. 0 000 10 a 11100 10000 163 00 000110011 10000 00011 00 10 00 00 00 0 000 00 0 00000 00000 
124 00 011011010 00000 00000 00 11 uO UO 00 0 000 00 0 00000 00000 164 00 010011010 01001 01110 00 00 00 00 00 0 100 11 0 10100 00000 
125 00 011010111 01010 01101 00 10 00 00 00 0 000 00 0 00100 OOOOG 165 00 101111101 00000 00000 00 00 00 00 00 a 100 00 1 10100 00000 
126 00 000011001 00000 00101 00 10 00 00 00 0 000 00 0 00000 00000 166 00 0001000],0 01111 00001 00 00 00 00 00 1 000 00 0 00000 00000 
127 11 001111110 00000 00001 UO 00 11 00 au 0 DUO 10 0 00000 ooooa 167 00 000100011 01111 00001 00 00 01 00 00 1 000 00 0 00000 oooro 
12a 00 111101001 00001 00011 00 00 00 00 00 a 000 00 1 00101 10000 168 11 011011110 00000 DaOUD 00 00 00 00 00 0 000 10 0 00000 00000 
129 00 101100100 lmoo 01111 00 10 00 00 00 0 000 00 0 00000 00000 169 01 010011100 10110 01000 00 00 00 00 00 0 000 00 0 00100 00000 
12A 00 001000001 00001 01011 10 10 00 00 00 0 000 00 0 00000 00000 16A 00 000110000 00010 P0011 00 00 00 OU 00 0 111 10 1 11111 00000 
12B 01 000110100 00010 00011 00 00 00 00 00 0 000 00 0 00100 OOOOG 168 00 010010011 01010 10010 UO UU OU UU 00 0 OOU 00 0 00100 OOOOG 
12C 00 001000011 00000 01001 00 00 00 01 00 0 111 00 0 00000 00000 lhC 00 010010010 01001 1101U 00 UU tlO uo OU U DUO au 1 00000 10100 
120 00 011001110 00000 01010 00 00 10 00 00 0 000 00 a 00000 00000 160 11 111111111 01010 01111 11 10 11 1U 11 0 lIOU lU 0 11100 00000 
12E 00 100010101 11011 10010 00 10 00 00 10 0 000 00 a 00000 00000 16£ 00 010010000 10100 100LU 00 lU uu UO tlU a UUO OU a 00000 00000 
l1ck-)fO r--1l0.00 01010001""101'10111 0101000101 01000°100° °0·~00-cOl~~00~0,!!0'-*00~~0~0~0'-*0'0'''0~000~0~00~0~0~0~0¥0~00~0;'-_j-~1f';6:"fc+-,0~~OHO~1~0¥0~00~,0!~0~1,_~1~0~1O,~OpO,~Oc#l!,,!lU_J!!L,'L~jUl!!.!J!'_!LQWL_Q.!LlLQQQQlLQQQQL 

00 00 00 0 DUO 00 0 01101 00000 170 00 000011001 00000 011Ul 00 10 00 00 00 0 000 00 0 00000 00000 
131 00 011001101 00000 OOOUO UO 11 UO UO OU 0 DUO 00 0 00000 00000 1 n 00 101010010 10100 00011 01 10 00 01 00 0 000 10 0 00000 00000 
132 00 011011100 010],0 OOOUl UU UU au au 00 0 OUU 00 ], 00100 00000 1 n 00 111110111 10100 00011 01 10 00 01 00 0 DUO 10 1 00000 00000 
133 00 000111000 00000 OOOUO 00 11 UO 00 UU 0 OUU 00 0 00000 00000 173 00 010001000 10100 00011 11 00 11 01 00 0 000 10 0 00000 OOOOC 
134 00 011001010 11000 00011 UO 10 UO 00 01 1 000 00 0 00000 00000 174 00 110001001 01010 10010 00 00 00 00 00 0 000 00 0 00100 00000 
135 00 111010011 01101 00110 00 00 00 01 10 0 000 00 1 00000 00000 175 00 101000010 10100 00011 01 10 00 01 00 0 000 10 0 00000 00000 
136 00 011101001 00000 00000 00 00 00 aD 00 0 000 00 a 00000 00000 176 00 011101001 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 
137 00 011000111 10100 00110 00 10 00 00 00 1 000 00 0 00000 00000 177 00 010000111 01000 00001 00 11 00 00 00 0 000 00 1 00000 00000 
135 00 011000110 11000 00011 00.00 00 00 01 0 000 00 0 00000 00000 178 11 111111111 00000 00000 11 lU 11 10 11 0 000 10 a 11100 11100 
139 00 111000011 00101 00011 00 00 11 00 10 0 000 00 1 00000 00000 179 00 010000011 01100 01001 11 10 00 OU 00 0 000 10 a 00000 00000 
13A 00 011000100 11000 00011 00 00 00 00 01 0 000 00 a 00000 00000 17A 00 000100111 00000 01010 00 11 10 00 00 0 000 00 0 00000 00000 
13B 00 110110011 00111 00011 00 00 00 00 10 1 011 00 1 00000 00000 17B 00 000100110 00000 00001 00 11 00 00 01 0 000 00 0 00000 00000 
l)C 00 011000010 11000 00011 00 00 11 00 01 0 000 00 a 00000 00000 LtC 00 111001000 10100 00011 00 00 00 Ul 00 U OUo OU 1 00000 00000 
1)0 00 110100011 DOll), 00011 00 00 00 00 10 1 011 00 1 00000 00000 170 11 111111111 01100 00010 11 10 11 lU 11 0 000 10 0 11100 00000 
13E 01 000001010 10100 00011 00 00 00 00 00 a 011 00 a 00000 00000 17E 00 010000000 10100 00110 00 00 00 UU 01 U 111 00 0 oonoo 00000 
13f 00 001010011 00001 10010 00 10 11 11 lU 0 011 00 0 00000 00000 LCr 00 110001110 01000 01010 00 00 UO :,U OU 0 OOU 11 0 11100 00000 
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Table 2-58 contd. 

ADD SHA NA~ A ADL C ~ Q S P cr 8 SEQ R GP CR ADD. SHA NAN A ADL C M Q S P CT B SEQ R GP CR 

I~n DO 000101000 00000 ooono 00 11 00 00 00 0 100 00 0 10011 00000 ICO 00 111101000 00000 00000 00 00 00 00 00 0 100 00 a loon 00000 
IBI 00 000100000 00000 00000 01 ],0 00 00 00 0 000 10 a 00000 00000 1(1 00 000110111 01001 00000 00 00 00 00 00 0 000 00 0 00000 00000 
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oooooon~iTIiTIi"fo-DDl:tl1- 00 10 00 00 00 a 000 00 0 00000 00000 lDO 00 000 10 1111 00000 00000 00 00 00 00 00 a 000 00 0 00000 00000 

1.91 00 110111110 00000 00010 10 10 11 00 00 0 000 00 0 00000 00000 lDl 00 0011010],0 01100 00000 00 00 00 01 00 0 000 00 0 00000 00000 
192 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 lD2 01 001111100 OOOUO 011U.\ UU .\0 lU 00 00 0 000 00 0 00100 00000 
193 01 000000010 00000 00000 01 ],0 00 00 00 0 000 10 0 00000 00000 lD3 00 000110010 00000 00000 00 00 00 00 00 0 000 00 0 00010 00000 
lq~ 00 001101010 01100 00000 00 00 ou 01 00 0 000 00 0 01011 00000 lD~ 01 011101010 01001 OOHO 00 00 00 01 00 0 000 10· a 00111 00000 
195 00 001101000 10110 00011 00 00 00 10 00 0 011 00 1 00000 00000 105 01 011101010 01001 00110 00 00 00 01 00 0 000 10 0 10010 00000 
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19[ 01 001011100 10100 00111 00 00 UO H lU 0 000 00 0 00100 00000 10C 01 0100HOOO 00000 00000 00 11 00 00 00 0 000 00 a 00000 00000 
19D 00 01111101], 00000 OOOUO OU 00 00 00 00 0 100 00 0 10011 00000 lDO 00 001111000 11011 01111 00 10 11 00 00 0 000 00 a 00000 00000 
19[ 00 001100000 01000 01001 UO 10 UO 00 00 0 oou OU 0 00000 00000 lDE 01 000001100 00000 00101 00 00 00 00 00 0 000 00 0 00000 00000 
19' 00 001010001 10],00 00110 00 10 00 00 01 0 111 00 0 00000 00000 10F 00 001001001 00000 00001 00 00 00 00 00 0 111 00 0 00000 00000 

"A tJ • !l SEa HA~ ADD. SNA A ADl C M G 5 P CT R GP CR ADD. SMA A AOl C M a 5 P C1 B SEQ R GP CR 

lAO 01 100111010 01000 00001 00 11 00 00 10 0 000 00 a 00000 00000 lEO 00 100000000 00000 00001 00 00 00 00 01 o 000 00 0 00000 00000 
J.Al 01 10Bl0100 11010 00111 00 00 00 00 00 0 000 00 0 00100 00000 lEl 01 110010101 00001 OOOH 00 00 00 00 00 o 000 00 0 00000 00000 
lA2 00 O1.00111H 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 lE2 00 0100111H 00000 OOOUO 00 00 00 00 00 o 000 00 a 00000 00000 
lA3 01 00BOO010 00000 00000 01 10 00 00 00 0 000 10 0 00000 00000 lE3 00 000100001 00000 00101 00 10 00 00 00 a 000 00 0 00000 00000 
IA4 00 00],011010 00101 00000 00 10 00 00 00 0 000 00 0 00000 00000 1[~ 01 000011010 00000 00000 00 00 00 00 10 o 000 00 0 00000 00000 
lA5 00 100101011 01001 00110 00 U 00 01 00 0 000 00 1 00000 00000 lE5 00 000110011 00000 00000 00 n 00 00 00 o 000 00 a 00000 00000 
lA6 00 01.0010110 11011 01011 00 10 00 00 00 0 111 11 0 01BO 01000 lE6 OJ. 001001100 00000 01101 00 10 00 00 00 o 000 00 0 00100 00000 
lAI 01 001.011000 00000 DaOUD UO 00 01 OU UU 0 111 00 0 10111 00000 1£1 00 001001100 00000 00000 00 11 00 00 00 o 000 00 0 00000 00000 
lA~ 01 100],01010 01001 OOOUO ou ou 00 01 OU U 000 1U 0 00111 00000 lE8 00 000010110 10100 Dono 00 10 ],0 00 00 o 000 00 0 00000 00000 
IA9 DO 100111010 01101 010.\0 00 OU UO uu UU 0 UOO 00 a 00000 00000 1[9 01 001110100 11010 OOHl 00 00 00 00 00 o 000 00 0 00100 00000 
lAA 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 lEA 00 010011111 00000 00000 00 00 00 00 00 o 000 00 0 00000 00000 
lAB 00 000010011 01010 10000 00 00 00 00 DO 0 000 00 0 00000 00000 lEB 00 ooonOO11 HOlD on11 00 10 00 00 00 a 000 00 0 00000 00000 
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lAD 00 010110000 00000 OOOU 00 00 00 01 01 0 000 00 0 00000 00000 lED 01 001000100 00010 00000 00 00 10 00 00 o 000 00 0 00100 00000 
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2.48 INSTRUCTION WORD LOGIC 

The instruction word logic (Figure 2-8AA) comprises the K register and the instruction 

decoder. This logic stores and decodes the program instruction word for use by the 

Microprogram Control. 

2.49 K -- Instruction Register 

This J6-bit register holds the instruction word which is obtained from memory 

via the GP-Bus BIO lines. The instruction-word format is given in Section I 

(paragraph 1.62). Four type 74175 IC chips are used as a straight 16-bit buffer 

register, with both high and low outputs available for decoding. Bus data 

BIOOO-J5R are loaded by CLK at the trailing edge of BP, when GFETCH is active. 

GFETCH is a general-field command bit (Table 2-3). 

2.50 Instruction Decoder 

The instruction decoder uses a programmable logic array (PLA) as the main decoding 

logic. The PLA provides an address code to the microinstruction control-store 

for 96 different input combinations. A set of gate-logic decoders in parallel 

with the PLA are used for ineffective branches and FPP instructions without 

attached FPP. The PLAO, PLAI control logic controls some of the PLA and the 

gate-logic decoding. These instruction-decoder outputs are used with the 

Microprogram Control and are described in paragraphs 2.37 and 2.40 (Microinstr. 

Instr. Word, M.S. Pointer). 

2.51 Logic gates are used to decode the K register into basic fields for 

controlling the PLA decoder and gate decoders. These gates may indicate when 

the instruction RI or R2 fields contain 0 or IS, or when a branch condition is 

indicated and verified. Some bits of the K register are used as direct control 

bits for the PLA decoder. Complete PLA decoding is shown in Table 2-6. 

2.52 PLA ROM maps are provided (Table 2-7) to show the PLA output 

code (as a two-bit hexadecimal number) produced for the various instructions 

or addressing types. The PLA output code relates directly to the control-store 

R OM address used by the mi croprogram control. 
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Table 2-6 Instruction Decoder PLA 

Data Input Output Comments Group 

114' °10 F8-F! 

l() l() 
0- 0_ o- RAD «« LULU 0LUwl() -,-,O-NM"<t __ o--",,,,-

1--8 "-Q..~~~~~""""~""""~ 

LL ------------ LLLLLLLl Inhibit mode 

HHLL HL L H - - - - -- LLLLLLLL INH, RIT , HLT 
HHLHLL -L ------ LLLLLLLL I/O instructions 
HHL HHH -L - - - - -- LLLLLLLL RER, WER Privileged 
HHH-----H----- LLLLLLLL F ormot I with RI=15 Instruction 
HHHLLLL--LHLH- LLLLLLLL LD, ST with R2=15 Detection 
HHHLHHH--LHLH- LLLLLLLL ML, MS with R2=15 
HH-HHH-H----HL LLLLLLLL MVF,MVB,RTN with R2=15 
HHHLHHHH------ LLLLLLLL TS, TS 
HHHHLHLl------ LlLLLLLL El, ES 

H -L H - - - - - - - - - - L-------

KI J H-L-H--------- -L------ K2 
H -l - - H - - - - - - - - --L----- K3 Generals 
H -L - - -H - - - - - - - ---l---- K4 
H -L - - - - H - - - - - - -------L OR! 
H -L L L L L - - - - - - - LL------ LDIV , Format 0 
H-LLLLH------- -------L ABK (T8) 
H -L H L H - - - - - - - - -------L RF, RB 
H-LHLLL--HLH-L -------L WMP 
H-llHHH----H-l -----L-- Shift with n=O 

H-H-- --------- ------L- KO] H -H - - - - - - H - - - - -L------ K9 Generals 
H -H - - - - - - - H - - - --L----- KIO 
H -H - - - - - - - - H - - ---L---- OR2 
H -H - - - - - - - - - - H -------l KI5 T3J Store H -H III H - - L H L - - -------l OPC-J 
H-HHHLL------- l------L OPC- J 2 Char. Instr. 
H -H L L l L - - L H l H l l------- lDR T3 J5R2 Addressing 
H-HlHHHl-lHLHL -----L-- MLR T3 15R2 Routines 
H -H H L L - l - - - - - - l------L Floating Point 
H -H -- - - - - II - - - l------L TI routine Format I 
H -H - III - - - - - - H L------l ST, TS, MS (T 1-7) 
H -H l H II H - - - - - H l------L CM 
H -HlHHH------- l------l OPC-7, KO 
H -H H l H II - - - - - - l------L El, ES 
H-HHHLH------H l------l CC 
H -H H l H - H - l H L - - l------L DAR·, DSR * 
H-HHLH-H-H---- L------L DA, DS 
H -H H H H l - - - - - - L -----L-- Return 
HHHHHHL------L ---L---- Return, User 



Data input Output 

114------· 10 F8-Fl 

41 LHHH----------
42 LHH-H---------
43 LHH--H--------
44 LH----H-------
45 LHH------H---H 
46 LH-----H-----_ 
47 LHHLLHH--LL--H 
48 LHHLH-L--LL--H 
49 LH-LLLH-------
50 LH-LLLl-------
51 LHHLLLL--lH-HH 
52 LHHHLH-H-LHH--
53 --HHLH-H-Ll---
54 LHHHHlL--LL---
55 LH-HHHl--ll---
56 lHHHHHH-------
57 lH-LHHH-------. , 

58 lHHLHHHL-lHlHH 
59 lHHLHHH--lHH--
60 lHlLHHH--H----
61 LHlLHHH---H---
62 lH-HHHL-----HL 
63 lHHHllHl-ll---

64 H--LHHLH------
65 H - L H l L - H - - - - - -
66 H--HlHH------H 
67 H-LHHLl-------
68 H-HL-----lHH-H 
69 H-HlLLH--H---H 
70 H-HLllH---H--H 
71 H-HLlHHH-ll--H 
72 H-HlHL-H-----L 
73 H-HLHLLH-LL---
74 H-HLHLHH-----H 
75 H-HLHLH--LL--H 
76 H-HLHHH--LL---
77 H-HLHHHH-LHH--
78 H-HHL--H-----H 
79 H-HHL----LHH-H 
80 H-HHL-LL-LL---
81 H-HHLL-L-LHH--

L---L---
-L------
--L-----
---l----
-----L--
-------L 
-----L-L 
-----LL-
-------L 
----L---
------L-
------L-
-----L--
-------L 
-----L--
-------L 
----L---
------L-
L------­
------L-
-----L--
------L-
------L-
LLLLLLLL 
LLLLLLLL 
LlLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LlLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLlLLL 

Comments Group 

~~: ~~ J Generals Execution 
K4 
KO.K9.KI5 
ORl 
NGR 
TM, TNM 
AB 
LD, ST 
STR with R2=15 
OAK, DSK 
DAR, DSR (ADD. also) 
ECR 
CR, EX 
Cl 
ML, MS, TL, TS, Shift 
MSR with R2=15 
MLK 
Shift K9 
Shift KIO 
RTN with R2=15 
FFX, FFL 

XRK ORI 
I/O instr. ORI 
RB KI5 
OPC-12 KO 
KO.KI.KI5 (T2) 

JAB K15 

SUR KI5 
AN, OR ORI , ill 
ANR ORI 
ORS ORI 
ORR KI5 
OPC-7 (Tl ) 
MLK ORI 
OPC-8 to II ORI . KI5 
OPC-8 to II T2.K15 
OPC-8, 10 Tl . aRT 
OPC-8, 9 T2.0Rl 

r ~ 

Trop 

Detection 

Data Input Output Comments Group 

114· • 10 F8-FI 

to 
0- to 0- RAD « « 0- 0 wwtO 
-l-lO-NM"'<t~~ NN- I -- 8 o..o..~~~~oc~OCOC~ 

82 H-HHLHLL-LHH-- LLLLLLLL DAK 0iIT 
83 H-HHHLLH------ LLLLLLLL OPC-12 ORI 
84 H-HHHLL--LHH-H LLLLLLLL OPC-12 T2.K15 
85 H-HHHLHH-H---H LLLLLLLL 

] CC ORI Trap 
86 H-HHHLHH--H--H LLLLLLLL Detection 
87 H-HHHHLL-----L LLLLLLLL OPC-14 0iIT, ill 
88 H-HHHH-H-LL--L LLLLLLLL OPC-14,15 ORI , ill, T2 
89 H-HHHH---lHH-l LLLLLLLL OPC-14,15 ill, T2 
90 H-HHHH-H-H---l LLLLLLLL OPC-14,15 ORI , ill, K9 
91 H-HHHHHH-LL--- LLLLLlLL Cl R ORI 
92 H-HHHHH--lHH-- LLLLLLLL C2 T2 
93 H-HHHHHH-lHL-l lLLLLLLL CI R • ORI 
94 LHH-------H--H -----l-- KO KIO K15 Execution 95 LHHHLLHL-LL--H -----L-- FFX 
96 lHHHHHL-H----H ------L- CF with RI =15 Misc. 
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Table 2-7 PLA ROM Map 

PLA Output 

F:ls76S1 4321 1 
MSB LSB 

Example: Addressing type RTSS /43 = 0100 0011 2 

LSB LSB 

MSB 0 1 2 3 ...i 5 6 7 8 9 A B C D E F 
NO NO NO 

0 JlM' J~ r,.,. 
0 1 2 3 4 5 6 "' 8 9 A R c MSB I 0 E to 

0 LC l[P ST SIP 510 STOP 

1 AtlI( Sl. r.u Sll 10lt ISR. I"'" ""l OHl 1 A8 
SLM eLH SLC OlC SRN ORo SIIC OIIC 

2 J.2K ~J(P Rn Rns RTH 2 III lOP 105 III 

3 RTH 
SLI< SlO(P lIT 2 IIT2S 

USER 3 su SUP sus C2 -4 ANK I ~i; RTS IIT55 
I ... 

4 AN 1NS CP rw 
ENS 

5 IllK S>(J lIT. IIT4S 
lK" 

5 OR illS 

6 .RK liT? IIT?S 6 XR XRS n .. 

SO< 0S/i 
IIT6 IIT6S 

... IU "" 
'7 n • 0 n • r' c •• 0 7 .. t TL O<S TS IolSR'J 

8 
ClO 

",",P lIT 1 lIT 10 
erR 8 .. n II\) , rs 

9 ~~~ RT1P pr10P 
I NFl 9 ro cv ITl ros rn 

A Rf' mE IInc ~III o1lbt 
A fl 01 CAK fS OAR 

8 fiB IIT2C !) DSR • 
OS OSK JSII 

C L£K L£KP IITSC C lC EeR 5C 

0 C~c ~CP IIT4C 0 C\j (loW ce 

E W£R - RT7C E RTN 
RTN 

or fX 
OJ 

"5 1~1 

F REI? wvs IIT6C F I<LK el C15 

ADDRESSING MODE EXECUTION MODE 
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2.53 DATA HANDLING lOGIC 

The Data Handling logic (Figure 2-4) comprises the arithmetic logic unit (ALU), 

data and address storage and handling registers, and the logic for the data path. 

The basic components of the Data Handling logic are: 

AlU -- Arithmetic Unit 2.59 2-8 GG 

M -- CPU Working Register (multi-in) : 2.64 2-8 GG 

load C ; load O. 

D Selector: AlU direct; AlU exchange character; 2.61 2-8 HH 

ALU shift right; BIO. 

l -- Data Register (multi-in) : 2.63 2-8 HH 

Load D direct; load D shift left. 

(operation result; output buffer) 

C Selector: DO-IS or 8-15; BIOO-15 or 8-15; 2.65 2-8 JJ 

INTAD 0-5; ASRO-7. 

0 -- Shift Register: load; sh iff rig.ht; shift left. 2.67 2-8 JJ 

S -- Address Register/Counter 2.71 2-8 KK 

A - Bus Selection 2.72 2-8 LL 

IPl -- Initial Program Loader 2.76 2-8 LL 

P -- Program Register /Counter 2.77 2-8 lL 

AO -A 15 -- Scrat chpad 2.79 2-8 MM 

PSW - Program Status Word 2.84 

PLR -- Priority Level Register 2.85 2-8 NN 

CR -- Condition Register 2.86 2-8 NN 

GF -- General Flip-Flops 2.89 2-8 PP 

The Data Handling Logic performs parallel processing of 16-bit words. Double­

length operations are provided for processing of 31-bit words. Two 16-bit data 

paths loop through the arithmetic unit (AlU) : one loop for operand A and one 

loop for operand B. 

2.54 Operand A is supplied by the A-Bus. A-Bus control logic selects 

which of the sources on the A-Bus is to be used as the operand. The various 

sources are connected by open-collector gates so only the selected inputs acti­

vate the bus. Operand A includes the scratchpad AO-A IS, program counter P, 

program-status word PSW, initial program loader IPL, constant selector, and 

control-panel selector which supplies control-panel commands and system 

commands. Operand B is supplied by CPU working register M, shift register Q, 

and data selector C. The 0 register is used as a shift register in double-length 

operations and as an auxiliary operand accumulator. 

2.55 Data Path 

Figure 2-4 shows the data path for instruction fetch operations (heavy dashed 

line) and instruction execution operations (heavy solid line). The fetch 

operation loads the instruction word into the instruction register K, and the 

eight least significant bits, via C, into the 0 and M registers. The execution 

operation processes both operands through the All) and outputs the result via D 

to the L register. Actual processing of data may be done by registers other 

than the ALU : the D selector and Land 0 registers can perform shift operations 

in the data-path loop. With D selector at BIO direct, there is a direct loop 

from L, via BIO and D, to L. Scratchpad read, rewritten as same clock: path 

with D (exch. char.; shift right) and l (shift left). 

2.56 A,D,l Command 

The A,D,L command logic (Figure 2-8FF) controls the arithmetic operations 

by providing simultaneous command signals to the AlU, the D-selector, and the 

multiple-input l register. Thirty-two 8-bit command codes are stored in the ADL 

read-only memory (ROM). The command codes are selected by microinstruction 

bits fJADLO-4 and some internal flags: 015,016, FSIG, and MOON. 

2.57 The first three address bits (fJADLO-2) ui-e used for direct ROM 

addressing (inputs E,D,C); they also control a dual 4-input multiplexer (type 

9309) which selects the last two address bits (inputs B,A) of the ROM. ROM 

inputs B and A may be the last two microinstruction bits (muADl3-4, inverted) 
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'or the flog bits 015,016, FSIG, MOON, os follows: 

Multiplexer Multiplexer Output 
Select Input to ADL Command ROM 

fJADL: RALUA: RADL3 RADL4 
0, I, 2 IN, 2N 

0 0 0 1 1 fJADL3N fJADL4N 
0 0 1 1 1 fJADL3N fJADL4N 
0 1 0 1 1 fJADL3N fJADL4N 
0 1 1 1 1 fJADL3N fJADL4N 
1 0 0 1 1 P ADL3N fJADL4N 
1 0 1 1 0 015 016 
1 1 0 0 1 fJADL3N FSIGN 
1 1 1 0 0 fJADL3N DIVFLAGN 

DIVFLAG = FSIGN $ MOON 

Table 2-8 shows the complete microinstruction/flag control of the ADL ROM, 

the ROM contents, and the output functions. 

2.58 The ADL-ROM outputs ALUSON-3N are used as the ALU selection 

inputs SO-4 (Figure'2-8 GG). The ALUCOl6 signal is sent to the ALU and 

the ALU look-ahead-carry unit as a carry control signal. The microinstruction 

bit fJADL4 is also sent directly to the ALU CE input to select logic functions 

(CE-high) or arithmetic functions(CE-low). The ADL-ROM outputs DSO-I 

(combined with microinstruction field bit GMULTI) are the control signals 

for the four-input D selector (Figure 2-8 HH). The DOODN signal that is 

generated as an auxiliary part of the ADL command logic is used as one input 

to the D selector, bit 0; this logic is described with the D selector. The 

ADL-ROM output LSEL is sent to the L register (Figure 2-8HH) to select 

direct load (LSEL-Iow) or shiFt left (LSEL-high). 

MUADL FLAGS 
o I 234 

000 I 1 

000 1 0 

00001 

00000 

00 I 1 1 

00 I 1 0 

001 0 I 

00100 

01 0 1 1 

o 1 0 1 0 

o 1 001 

o 1 000 

01 1 1 1 

01 1 I 0 

o I I 0 I 

Table 2-8 ADL Command ROM 

00 00000 1 1 0 ALUA 

o 1 00 I 00 1 1 0 AOB 

o 2 1 0 1 0 0 1 1 0 ALUB 

03 1 0 0 1 1 1 1 0 AMB 

04 0 1 1 00 1 1 0 AXB 

05 0 1 1 00 1 1 0 APB 

06 0 1 0 1 0 1 1 0 BINV 

0701101110 APLBI 

o 8 0 0 00 0 0 1 0 ACR 

Operand A 

Logical OR of A and B 

Operand B 

Arithmetic Subtract 
A minus B 

Logical XOR of A and B 

Arithmetic Addition 
A pi us B 

Operand B Inverted 

Arithmetic Addition with 
Carry A plus B plus 1 

Operand A characters 
crossed on Selector D 

09 00 1 1 1 1 1 0 ZERO ALU output is zero 

o A 1 0 1 0 0 0 1 0 BCR Operand B characters 
crossed on Selector D 

o B 0 1 1 1 1 1 1 0 AANDB Logical AND of A and B 

OC 00000 1 00 ASHR Operand A shifted right 
one position 

OD 00000000 DBIO 

o E 101 001 0 0 

OF 1 1 1 1 1 1 1 1 

1 0 1 1 1 1 1 1 1 1 

BSHR 

BIO Receivers selected on D 

Operand B shifted right 
one position 

Not used 

Not used 

10010 1111000110 TWOA Operand A added to itself 

Operand A shifted left one 
position 

\----11 
1 000 1 

1 0000 

1 0 I 00 

10100 

00 

00 

o 1 

1 0 1 00 1 0 

1 0 1 00 1 1 

1 2 00000 1 1 1 ASHL 

1 3 1 1 0 0 0 1 1 1 FORA 

1400000100 

1 5 0 I I 001 00 MULTI 

1610011100 

1700000100 

Operand A four times (two 
in ALU and SAL) 

Operand ASHR 

Operands A plus Band SHR 

Operand A minus Band SHR 

Operand ASHR 
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Vl 
-.0 

Vl ZZZZO 
MUADL FLAGS UJ MNEMO FUNCTION '" ~;:;:;~ ~UZZ-, o I 234 0 :::::>:::::>:::::>:::::>:::::>o-w 0 --I --1....J --1....J V) V) V') 

« ««« ««00-, 

1 1 o 1 0 1 1 8 o 1 1 0 1 1 1 0 

1 
Arithmetic addition 

DADD A plus B plus 1 

I 101 0 
0 0 1 9 o 1 I 00 I I 0 Arithmetic addition 
- A plus B 
V1 

1 
LL 

I lA 1 00101 1 0 Arithmetic subtract 1 1 000 

DSVB A minus B minus] 

1 ] 000 0 ] B I 00 1 ] ] 1 0 Arithmetic Subtract 
A minus B 

I 1 1 1 0 1 lC o I I 00 I 1 1 

1 
Addition and SHR 

DIVSH 2 (A+B) + 00 
0 

] 1 ] 1 0 ~ 0 lD 1 00 1 1 I 1 1 Subtract and SHR 

EB 2 (A-B) + 00 

1 1 100 ~1 ] E a 1 1 00 1 1 a 
] DIVALU 

Addition A + B 
V1 

1 I I 0 a LL a I F 1 a a 1 I I 1 a Subtract A - B 

2.59 ALU -- Arithmetic Unit 

The arithmetic unit (Figure 2-8 GG) uses four 4-bit ALU chips (type 74181) to 

perform arithmetic and logic functions on two 16-bit operands. The ALU chips 

are controlled by microinstruction bit fJADL4 and the ADL-command logic 

(using bits fJADLO-4). Bit fJADL4 is applied to the CE input to select 

arithmetic (CE-Iow) or logic (CE-high) functions. All control bits are active 

high, while the data in and out (in this application) are active low. The ALU 

functions are shown in the following table. The control-signal logic, and the 

complete arithmetic unit functions combined with the D and L register operations, 

are discussed in the previous section (A,D,L Command) and shown in Table 2-8. 
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ALU Function Table 

ADL-Control ROM 

fJADL4 ALUC016 ALUSO-----3 

CE CIN 53 S2 SI SO 

a a 1 a a I 
0 a I a I I 
a a 1 I 0 0 
a 1 a a a ] 

a 1 a a ] 1 
a 1 a ] ] a 

1 - a 1 a ] 

] - 1 a a ] 

] - I a I 0 
] - I I 1 ] 

1 - I a a 1 

Control signals are all active high. 

Operation 

A plus B u 
A or B -

I-

A plus A 
LU 

:E 
A and B I 

Zero 
I--
'" A minus B « 

B inverted 
AEBB u 
B 0 
A 0 

-' 
A(f)B+] 

Functions are for active-low data 
in and out. 

A carry-look-ahead unit (Iype 74182) is used in conjunction with the ALU chips 

to provide anticipated carry across all four ALU circuits. 

2.60 The zero-ALU (OALUN) output is generated in subtract mode when 

both operands are equal (A=B). A zero-ALU, left-half (OALUL) output sets the 

stack overflow indicator (STOV). Since stack operations forbid a memory address 

equal-to or less-than 128 (100 hexadecimal), the left-most character of the 

address (bits 0-7) must have at least one bit set. When 5 is loaded from the ALU 

during a stack operation, the all-zero ALU output (A=B) indicator STOV is 

therefore gated by GFSTOV to set GF flip-flop PIF (Figure 2- 8 PP). 

2.61 D Selector 

The D selector (Figure 2- 8 HH) is used as a control element in the arithmetic 

loop. The four D-selector functions (ALU direct, exchange ALU characters 

left and right, ALU shifted right, and BIO direct) are selected by the ADL­

command logic (Table 2-8). The ADL-command signals DSO, DS] operate the D 

selector as follows: 



51 SO 

DS 1, o 
o ALU 00-15N ALU direct o 

o ALU 08-15N I ALU 00-07N 

DOODN 

Exchange ALU characters 

~r--r---------------------, 

f'1 ALU 00-14N o 
BIO OO-15AN 

D 100 

ALU shift right 

BIO direct 

The D selector comprises eight type 9309 (dual 4-input multiplexer) circuits. 

These circuits provide both the true and complementary outputs of the active­

low inputs. The inverted D-selector output (active-high) is sent to the L 

register, C selector, and P register/counter. The true output (active low) is 

sent to the 5 register/counter. 

2.62 The ALU srift-right mode is used for shift-right and multiplication 
. I 

operations. The input bit DOODN used during this mode is provided by the 

ADL command logic (Figure 2- 8 FF). Shift Right Arithmetic (SRA) and 

Shift Right Normalize (SRN) instructions use the ALU sign bit, ALUOO. The 

Double Shift Right Circular (DRC) instruction uses 015 for DOODN. Multi­

plication instructions set DOODN directlywhennegative overflow is detected 

(NOVF), or use the ALU sign bit ALUOO when positive overflow is not 

detected (POVF). The DOODN selection is shown in the following table. 

GCRDSR. K9 .ALUOO Shift Right, Arithmetic or Normalize (SRA, SRN) 

GCRDSR.K08015 Double Shift Right Circular (DCR) 

fJADLO. NOVF Multiply and negative overflow 

",ADLO. POVN. ALUOO Multiply and positive overflow 

2.63 L -- Data Register 

The L register (Figure 2- 8 HH) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The L register is used for storing the data from the 

A L U (or B 10) to be output to the scratchpad (AO-15) or the G P bus. The input 

data to the L register is provided by the D selector. The L register is in the 

operand-A loop between the ALU and the scratchpad. Since the L register is 

loaded by the I eading-edge of BP, on operand can be read from and re -wri tten 

into the scratchpad on the same clock cycle. The two inputs to the L register 

are D direct and D shifted left. These two operating modes for L are selected 

by the ADL command logic (Table 2-4) bit LSEL : 

LSEL Data Source Function 

0 D 00-15 D direct 

I DOl-IS 000 D shifted left 

L 00 14 15 

Bit 000 is shifted into the least-significant position during a Division instruction 

when the new remainder is loaded. 

The L register stores active-high data with no inversion between input and 

output. 

2.64 M -- CPU Working Register 

The M register (Figure 2-8 GG) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The M register is used as the CPU working register 

in the operand-B data path. Microinstruction control of the register uses bit s 

fJMLOAD and fJMSEL to load the register and to select the C selector or 0 shift 

register for inputs, os follows: 

Enable Select 
Mnemonic Data Source 

Clock C or 0 

fJMLOAD fJ MSEL 

0 - No Op Off; previously stored data 
available at output. 

1 0 MYC COO 15 I 
MYO 1000 "I 

MOO 15 

The M register stores active-low data with no inversion between input and output. 

The fJLOAD signal enables the CLMN input to the clock to store the selected data 

on the leading edge of BP. 
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2.65 C Selector 

The C selector (Figure 2-8 JJ) uses two, quad 2-input multiplexers (type 8234) 

for the bit 0-7 selection, and four, dual 4-input multiplexers (type 9309) 

for the bit 8-15 selection. The result is a four-input multiplexer with two 

16-bit sources and two 8-bit sources. Three microinstruction selection bits 

ore used in such a manner that the two 16-bit sources (D and BIO) can be 

selected whole or as short constants (bits 8-1S only), or either of the 8-bit 

sources (INTAD and ASR) can be selected. The sources are selected by 

microinstruction bits fJCO, fJC1, and GC5LEN as follows: 

I-'CO fJ CI GCSLEN --
(I-'CO+Cl ) Mnemonic Source 
CLEF SO 

00-07 08-15 

SO SI SO 51 

I 0 0 1 CALU DOO ------- -~--~----------- IS 

0 0 I 1 CBIO B I OOO---------~------~--- 15 

1 I 0 I CLUR D08-----~15 

I 1 1 1 CIOR BI008----IS 

1 I 0 ° CLUR INTADO--SIOIO 

1 1 1 0 CIOR ASRO ------- 7 

1 0 ° 0 (CALU) DOO-- ---07 INTADO--51010 

0 0 I ° (CBIO) BI000---07 ASRO 7 

C 00N---07N 08N 15N 

The last two possibilities are not used. 

2.66 The C selector inverts all selected data from active high to active 

low. The D's supplied for the nat-used bit positions are therefore output as 

inactive highs. The C-selector outputs are sent to the 0 and M registers in 

the operond-B dato path. The six least-significont bits (COON-OSN) are also 

sent to the priority level register during an interrupt routine. 
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2.67 o Shift Register 

The 0 register (Figure 2-8 JJ) uses four type 74194 circuits as a 16-bit, 

left/right shift register. 0 may be parallel-loaded from the C selector, shifted 

right (with ALUISN as a serial input), or shifted left (with the selected bit, 

01SDN, as a serial input). Loading and shifting is done on the leading-edge 

of clock pulse BP (BPO) according to the function selected by microinstruction 

bits 1-'00, fJO 1 as follows: 

1-'00, 01 Mnemonic Function 

0 0 01 Hold contents (N a Op) 

0 1 SLO Shift Left 0 

1 ° 5RO Shift Right 0 

1 1 OYC Parallel load 0 from C 

In the operand-B arithmetic loop, 0 con be loaded from the M register, via 

ALU--D--C, and reloaded into the M register on the same BP clock pulse. 

No O-register shifting may be performed on a single-clock-pulse loop since 

o must be in the parallel-load mode. 

2.68 The shift-right serial input, ALU1SN, is used for double-length, 

shift-right operations. The shift-left serial input, OISDN, is used for double­

length left circular (DLC) shift and Divide instructions. 0 ISDN is derived 

from a 74151A circuit by the selection-inputs K008N, MOON, and ALUOON. 

For DLC shift instructions (K08N active low), the serial input is provided by 

microinstruction bit GCSELN if MOON is active; the serial input is a logic 

zero (high) if MOON is inactive (high). For Divide instructions (K08N high 

ond RALUA 1 N (fJADL O. I) = 0), 0 ISDN is produced from the quotient bit 

ALUOO (!) MOO. See following diagram. 



z 
z z 0 

0 
00 0 :::> 
0 0 -' 
:,,:: :E « 

52 51 50 QIsDN = 
.-

L L L 
] GC5ELN 

L L H 
L H L H 

DLC 

L H H H 
H L L (fJ AOLO .1) 
H L H H 
H H L H 

Oivide 

H H H (f'ADLO.1) 

L low = active 

2.69 The two least-significant bits of Q are used to control the next-cycle 

operation of a Multiply execution. One bit position (QI6) of a fifth 74194 is 

used to save the previous contents of Qls at the end of the Multiply cycle, 

while QI4 is shifted into QIs. QOO, QIsN, and QI6N are used by the ADL 

command logic (Fig,ure2- 8 FF) for arithmetic operation control. The three 

other bit positions of the fifth 74194 ar~ used in the Bus Controller logic 

(Figure 2-8 TT). This fifth 74194 is used in the Hold (GCRFNUN = 0) or 

Parallel-load (GCRFNUN = I) modes only. 

2.70 Q -register bit QOO/QOON is used for microinstruction addressing in 

the Flag mode (paragraph 2.28 and Figure 2-8 DO). QOO is also used as a 

serial input to the L register during a left-shift L operation. 

2.71 S -- Address Register/Counter 

The 5 register/counter (Figure 2-8 KK) is a 16-bit synchronous up/down 

counter using four type 745169 circuits. Fourteen bits of the S register/ 

counter are used to store the memory word address, and increment or decrement 

the oddress in one-word steps. Loading or counting takes place on the leading 

edge of the BP pulse, according to the following control from microinstruction 

bits f'50 and f'SI: 

fJ50,51 Mnemonic F uncti on 

0 0 51 Inhibit counting or loading 

0 1 5YO Load 50-16N with DO-lsN 

I 0 5P2 S plus 2 (count down) 

1 I 5M2 5 minus 2 (count up) 

5ince 5 is loaded with negative (low-level active) data, the count-down mode 

increments the value of the contents and count-up decrements. The S register/ 

counter is loaded from the D selector, as shown in the following diagram: 

Word Address I Character Bit 
~----------------~~ 

14 15 D Selector 

14 S REGISTER/COUNTER 

00 14 15 MAD lines 

000-14, representing the memory word address, is loaded into the least­

significant position of 5, while DIS, representing the character address, is 

loaded into the most-significant position. S-register counting then affects a 

two-character address change (5 plus 2, or 5 minus 2) for a single increment 

or decrement of the counter. The character indicator from the most-significant 

position in 5 is then switched back to the least-significant position on the 

memory address lines (MADOO-Is). The 5 register/counter works with low­

level data, and does not invert. 

2.72 A-Bus 5election 

The A-Bus selection logic determines which source is to be used as operond-A 

of the arithmetic operation. Control of the A-bus selection is by microinstruction 

bits f'AO-4 (Table 2-9). The possible sources for operand-A on the A-bus are: 

• 5cratchpad AO-A 15 

•. Initial program loader IPL 

• Program counter P 
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• Program status word PSW 

• Instruction field (RI or R3) 

• Constant 2 10 (/002) or 16 10 (/010) 

• Control-pane 1/5 ystem 

• A-bus equals zero 

All operand-A sources onto the A-bus are via active-low, open-collector output 

circuits (8234 multiplexers, 6200 ROM, 7489 RAM, and one 7403 gate). All 

these circuits provide a high-level output to the bus when they are not selected. 

This high is then over-ridden by any active low signal from a selected source. 

2.73 The scratchpod (Figure 2-8 MM) is selected directly by fJAO to the 

chip-select inputs of the scrotchpad logic. The specific scratchpad address 

(AO to A 15) is then selected by fJA2-4 controlling the sCfatchpad-address 

logic. When the scratchpad is selected, fJAl differentiates between reading 

and writing the selected address. 

2.74 Any A-bus source except the scratchpad is selected by the A-bus 

control logic (Figure 2- 8 LL). The inverted fJAO input to the I-of-I 0 decoder 

chip (type 9301) forces the decoder higher than the seven possible outputs that 

are connected; this effectively keeps this part of the A-bus selection switched 

off when the scrotchpad is selected. If fJAO is active (high), and fJA 1-3 are 

all low, the nan-connected output-O is decaded and no A-bus source is 

selected; operand-A is then equal to zero. The active-low autputs from the 9301 

decoder select either the IPL (output-I) or one of the type 8234 multiplexers. 

These multiplexers have their A inputs selected by an active low to 51 only, or 

their B inputs selected by an active low to SO. 

2.75 f>ouble-Word~. If a Trap accurs during a double-word operation, 

(P) must be decremented an extra position. The DWIF flip-flop (Figure 2-8 LL) 

is set for all double-word instructions. If a Trap routine (Figure 1-12) is initiated, 

the first microinstruction (address /OFF) praduces GAEXL which is gated by 

DWIF to set A-bus bit AOON. This increments the normal microinstruction 

address by one to select !12E rather than /12F. 
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Microinstruction 
fJ AO ,AI,A2,A3,A4 

0 0 0 0 0 

0 0 0 0 I 

0 0 0 I 0 

0 0 0 I I 

0 0 I 0 0 

0 0 I 0 I 

0 0 1 1 0 

0 0 I I I 

0 I 0 0 0 

0 I 0 0 I 

0 1 0 I 0 

0 I 0 1 1 

0 J 1 0 0 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 

I 0 0 0 -
1 0 0 I -
I 0 1 0 -
J 0 1 I -
I 1 0 0 -
1 I 0 1 1 

1 1 0 1 0 

I 1 1 0 -
1 I 1 1 -

Table 2-9 A-Bus Selection 

Control Mnemonic Function 
de coder 
(9301 ) 
output 
active 

Read scratchpad accumulator : 
ARAO AO 

ARAI AI 

ARA2 A2 

ARAI5 AI5 

ARRI RI (Addressed by K5-7,8) 

ARR2 R2 (Addressed by K II -14) 

ARJ 215 (Addressed by K 12 -15) 

ARCT (Addressed by CT counter) 

Write scratchpad accumulator : 
AWAO AO 

AWAI Al 

AWA2 1>.2 , 
AWA15 A15 

AWRI Rl (Addressed by K5-7, 8) 

AWR2 R2 (Addressed by K 11 -1 4) 

AW1215 (Addressed by KI2-15) 

AWCT (Addressed by CT counter) 

-- AZ A -bus equals zero 

1 AIPL Read IPL 

2 AEP Read P 

3 APSW Read PSW 

4 AEN Read content of K5-8 

5 ATWO Constant 2 10 (/002) onto A-bus 

5 ATEN Constant 16 10 (/010) onto A-bus 

6 APUP Control panel inputs onto A-bus 

7 ASYS System inputs onto A-bus 



2.76 I Pl -- Bootstrap 

The IPl circuit is a 64-word hardware bootstrap stored in a type 6200 Read Only Memory 

(ROM) of 256 four-bit words. The ROM contents are regrouped into 16-bit words when 

they are loaded into main memory by the IPl-microprogram routine (Figures 1-9,1-10). 

The IPl/Bootstrap logic (Figure 2-8ll) is addressed by the P-register/caunter (bits P07-

14) and is accessed through the A-bus. The A-bus-selection command code is flAO, 1,2, 

3 -= 1 001 for the read-IPl routine. Table 2-10 is a listing of a bootstrap after being 

loaded into memory 00-63. Use of the bootstrap for initial program loading is discussed 

in Section III. Other bootstrap ROMs may be provided with different CPUs. 

2.77 P -- Program Register/Counter 

The P register/counter (Figure 2- 8 ll) is a 16-bit synchronous up/down counter 

using four type 745169 circuits. The fourteen least-significant positions of P 

are loaded from the D selector with the 14-bit word address of the program, The 

P register is also used as an internal counter: in this case, the most-significant 

bit (which isn't loaded from D) is sent to the flog-selection logic as PMl 

(P minus 1). PMl is used by microinstryction Addressing, Flag mode (paragraph 

2.26) to indicate the end of a multiple word instruction. 

2.78 Loading or counting of P tokes place on the leading edge of the BP 

pulse (BPP) according to the following control From microinstruction bits flPO 

and flPI : 

flPO, PI Mnemonic Function 

0 0 PI I nhibi t count i ng or loading 

0 1 PYD load PO-14 with DO-14 

1 0 PM2 P minus 2 (count down) 

1 1 PP2 P plus 2 (count up) 

The program word-address in P is accessed through the A-bus. The A-bus selection 

code flAO,Al,A2,A3 -= 1010 for read-Po The eight least-significant address bits 

(P07-14) are also applied directly to the addressing inputs of the IPL ROM, for 

use when the IPL is selected. 

'-lble 2-10 list of Bootstrap loaded in Memol}' 

000 
001 
002 
003 
00.< 
005 
006 
007 
008 
009 
010 
all 
012 
013 
au 
015 
016 
017 
018 
019 
020 
021 
022 
023 
02. 
025' 
026 
027 
028 
029 
030 
031 
032 
OJ3 
O~ 

035 
036 
037 
038 
039 
0'0 
0.1 
0.2 
0'3 
0" 
OH 
0'6 
0'7 
OAB 
0<9 
050 
051 
052 
053 
OS< 
055 
056 
051 
0511 
059 800T 
06() • 
061 0000 0200 F 
062 0002 OJOO F 
063 000; 0<00 f 
06< 
065 0006 a61E 
066 0008 263' 
067 OOOA 9629 
068 ODOC 9620 
069 OOOE 96< I 

0010 0000 , 
070 
on 0017 8nE 
072 0014 J'C8 
073 00 I 6 S6()O F 
07< 0018 26()F 
075 INIT20 
076 0010. 9631 
077 OOIC JUI 
078 OOIE 96< I 

0020 0000 F 
079 0022 96< I 

002. 0000 f 

'nltruet. 

IDENT BEeOOT 

DISPLAY THE KEYS AS FOllOWS, 

BITS MEANING 
0-1 IPLLOADED FROM '&'sR. FORMAT;'. 
1-1 DISK, THEN 
2-1 MOVING HEADS 
200 fiXED HEADS 
3-1 I/O SUS 
3-0 MUL TlPLEX 
• ,.7 BOU LINE (' RIGHTMOST IITS) 
8·1 MUL TI DEVICE CONTROLLER 
8>0 SINGLE DEVICE CONTROLLER 
9-1 COD DISK 
10 '0 IS DEVICE ADDRESS 

DESCRIPTION 

"'BOOT LOADS ONE RECORD ONTO LOCATION /80 THEN START AT /8. 
THE RECORD IS THE SECTOR' I If DISk.OR 25< CHARACTERS OF rll( 
INPUT DEVICE.LEADING NUll CHARACTERS IGNORED 

USED REGISTERS, 

AI 80U LINES. NOT TO BE DESTROYED IF BOOT IS CAllED AGAIN 
A2 ADOR OF INR INS TRUCTION 
A3 AOOR Of CIO INSTRUCTlON(WHICH IS DESTROYED AND NEIDS TO BE 

RESTORED IF lOOT IS CAllED AGAIN) 
." ADDR Of SST INSTRUCTION 
AS MULTIPLEX, CONTENTS Of 1ST WORD TO II' SENT TO EXT REGISTER 

10 sus , CHARACTER COUNT. INITIALIZED AT 25< AND DECREMENTED 
A6 MULTIPLEX, CONTENTS Of 2ND WORD 10 II' SENT TO EXT REGISTER 

(lOADING ADDR) 
10 BUS, ADDR Of NEXT CHAR TO BE lOADED,INIT AT /80 AND 

INCREMENTED 
"7.AS WORK REGISTfRS 
A9 WORK REGISTER 
AIO TO AU NOT USED 
.A1S CONTAINS THE KEYS'VAlU£ 

28/8/73 ARE FIXED, 
MULTIPLEX DLME WORD INITIALIZATION 
SST INS! fOR MULTIPLE DEVICE CONTROllER 

EOU 
INITIALIZE REGISTERS 
lDK A2,INR "'DOR OF IN~ INSTRuCTION 
LDK "3,'10 ADDR Of CIO INSTRUCTION 
10K "'., SST "'DO. 0/ SST INSTRUCTION 

EXTRACT DEVICE I\ODR AND INIT I/O COMMANDS 
LOR 
ANK 
AD'S 
ADRS 

A6.A I~ 
M./3f 
A6.A2 
M.A3 

AlJ!t A6,riiO 

lOR 
StC 
H(6) 
ANK 
EOU 
AORS 
SLL 
ADS 

A7.AI~ 
A7,8 
INIT20 
M./f 

A6.A" 
A6. I 
A6,WHI 

ADS A6. WER2 

DE VIC! ADDR 
INITIALIZE I/O INSIWCTlON\ 

EXTRACT CONTROlUR "DOR ANO INIT WER INST 

MULTI OR SINGLE DEVICE CONTROllER 
SINGLE ONE 
MULTIPLE ONE 
INITIALIZE MULTIPLEX onE WO'D, 
SST INSTRUCTION 

SET UP WER INSTRUCTIONS 
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S .. , p M.m. Inlfrvct. 
Res_ Coot. 

oeo 
oel 0026 811C LOR AI,A7 
oe2 0028 
oe3 

0550 LOK "5,80 

08' 002" 
oe5 

0680 LOK A6,/80 

oe6 002e Jff7 SK A7,7 
087 002E 5600 f Rf(6) NOOISK 
088 
oe' 0030 3FC I SLC ,4,7,1 
090 0032 5600 F OF(6) NOSHK 
091 OOH 0103 lOK A 1,3 
092 0036 <lCO CIO CIO A 1,1,0 
093 NOSHK Eau 
09. 0038 811E LOR AI,A 15 
09\ OOJA 3966 SRL A 1,6 
096 OOK 213C I"NK "1,/3C 
097 OOJE 8520 LDKl A5,/80CD 

0040 8DeO 
Q<Ie NOOISK fau 
OW 
100 WERI ,aU 
101 0042 7500 wfR ,4,5,0 
102 W(fil:2 Eau 
103 004' 7601 WER ,4,6, I 
10< 00'6 F031 EXR' A' 
105 00<8 F020 EXIP A3 
106 OO.A sc06 R8(') '-1 
107 Oo<C 811E LOR A7,AIS 
loe OO.E 3F43 Sll A7,3 
109 0050 5600 F RF(6) SST 
110 
III 
112 
III 0052 81 •• LO' A9,AS 
II' INR EQu 
115 00\4 <FOO INR A7,O,O 
116 0056 5CO. RBI') • -2 
117 00 !!II EW' cwo A9,AS 
118 OOSA s<oo F RFI') INRIO 
119 OOSC 27FF ANK A7,/FF 
120 001f lilac RSIO) INO 
121 
122 
123 INRIO ,au 
12' 0060 B79£ LOR A15,A15 
125 0062 5600 F OF(6) SIORE 
12. 001>< 3'" Sll ,4,7,4 
127 006. B09C LOR AB,A7 
129 0068 f029 [XR- A2 
129 OOM sea. RSI') • -2 
130 006C 270F ANK A7,/f 
131 006f 9702 AOR A7,A8 
132 STORE EQu 
113 0070 E73' SCR A7,"'6 
134 0072 1601 AOK A6,1 
135 0074 1001 SUK A5, I 
136 0076 592' R8(1) IN. 
117 
138 
13' 0078 <180 HIO CIO AI,O,O 
1'0 
141 SIATUS Eau 
1<2 007A .FCO SST SST A7,O 
1<3 007 C sea. Ral') • -2 
1« 007E 
1.5 

Of84 I"a /8. 

1<0 
1<7 
148 END aOOT 

SYM&OL TAUE 

aool 0000 A INR 005< " Hl0 0078 A INIT20 OOIA A 
NOOISK 0042 A NOSHK 0038 A 
STATUS 007A A 

ASS.ERR. 00000 
,EOf 
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LOAD AI WITH aou CONTENTS 

MULTIPLEX OOU8LEWORO, LO"O 80 CH"R INIO 
LOCMION /80 

CHECK If DISK 

NO 
FIXED HEADS 7 

YES 
SffK ZERO 
CIO SffK ZERO 

SECTOR NUMBH 

I S I WORD OF MULTIPLEX FOR DISK DEVICE 

f XfCUTE WH, WHA lEVU THE CHANNEL fS 

SST 

MULIlPLIX 

10 BUS 

If A9""AS IGNORE LEAOING CHAR. 

READ ONE CHAR 

LEADING CHAII:? 
NO 
CHECK If NULL 
YES, IGNORE 
NO.CHECK IF.· .. 

... 
NO 8"'8 
YES,.'" " 
SAVE LEfT SITS 
REAO NExT CHAIilACTER 

GfT" RIGHT MOST ails 

STORE CHAR 
NEXT CHAR "DOR 
COuNI DONE? 
NO 
VES 

cia 0036 A ssT oa7A A 
WERI 00.(2 A WER2 00« A 
INRIO 0060 A STORE 0070 A 

2.79 AO-A 15 -- Scratchpad 

These sixteen 16-bit accumulators comprise 15 working registers (AO-AI4) and 

the stock pointer (A 15). The working registers are used as on operand for some 

instructions. Fifteen registers (A 1 -A 15) are program addressable. The scratchpad 

(F i gure 2 - 8 MM) is controlled by the A -bus se lec t ion commands, flAO-4, The 

complete command code for scrotchpad addressing and function is given in 

Table 2-9, For the write-scratchpad modes, the contents of the L register 

(LOO-15) are loaded in the selected address (AO-AI5). For read-scratchpad 

modes, the inverted contents of the selected address are gated onto the A-bus. 

2.80 The 16-word scratchpad comprises four 64-bit read/write memory 

chips, type 7489. These circuits provide data inversion (active high input, low 

output) and open-collector outputs with a high-level off-state when flAO to the 

chip-select input is I (scratchpad not selected). The scratchpad write-enable 

input, WSPN, from the start logic (Figure 2-8 RR), is active from the center 

of clock time T6 to T7, if flAO,Al = 01_ 

2.81 The four-bit scratchpad address ('SPAO-3) is selected Jhrough four 

type 74151A eight-input multiplexers. The first four sets of inputs are wired to 

+5 or 0 volts to obtain the direct address code of AO, AI, A2, or A 15. The 

inputs 4, 5, or 6 select different fields of the instruction word to address the 

scratchpad : the RI/R3 field is provided by buffered K05-08/K05-07 (K08 is 

given via K0008BUFN if KOO = I, indicating format-I instruction); the R2 field 

is provided by KII-14Nj the K12-15 field gives the number of shifts (in 

complement form). The seventh input selects the CT counter for addressing 

successive scratchpad registers. 

2.82 The five-bit CT counter (Figure 2- 8 MM) is used to count repeat 

cycles for the sequensor control, or (for P857) to address sequential scratchpad 

registers during Multiple Load or Store instructions. The counter comprises a type 

74161 BCD counter for the four least-significant bits (CTO). A buffer at the 

output of the counter maintains the scratchpad address while the counter is being 

incremented. The buffer copies CT at the trailing edge of each AP pulse. 



Counter operation is controlled by microinstruction bit fJCT and general-field 

bit GCTlDN, as follows: 

fl CT GCTLDN Function 
(Hool ) (Lool ) 

0 0 No change 

0 1 Load CTl -4 from SPAO-3i CTO from Kl1 

1 0 Count CT at each T3N 

The counter is preset to 16 (CTO-4 10000) by KRYN during each instruction 

Fetch cycle. Other initial counts less than 16 may be loaded into CTl-4 via 

the scratchpad address selector. 

2.83 The number of shifts to be performed are loaded in complement form 

from the K 12-15 field and eFFectively decremented by the counter operation. 

The counter is loaded with (R2) for the Double Arithmetic instructions in 

T1 D oddressing mod!!, enabling the leas\-signjficant operand word to be 

processed first. For DAR and DSR instructions in TID addressing mode, 

(R2) + 1 addressing is obtained by the CT counter providing the least-significant 

address bits to the scratchpad. Multiply and Divide instructions count from 

the preset count of 16. The CTEND signal is generated when the count 

reaches 31 (CTO-4 = 11111). CTEND is used by the Sequensor to end the repeat 

cycles. 

2.84 PSW -- Program Status Word 

The PSW is a 16-bit status word comprising the priority level register (PLR), 

condition register (CR), and general flip-flops (GF). The complete PSW is saved 

in the stock, via the A-bus, during the following: 

.. Interrupt routine • Inhibit Interrupt (lNH) 

• Trap routine • Reset Internal Interrupt (RIl) 

• Page Fault • Enable Interrupt (ENB) 

• Call Function (CFR) • Link to Monitor (LKM) 

• Holt (HL T) • Set Mode (SMD) 

During a Return (OPC14) instruction, System Mode (AI5), the PLR, the CR, and 

the ENB and FU-bits of GF are restored from the stock to the PSWi the other bits 

of GF are not changed by the Return. During a Return instruction, User Mode 

(A 15), only C R is restored from the stock. 

Program Status Word 

PLR CR GF 

0 1 2 3 4 5 0 1 RUN I ENB CPF I PFF I RTCF I PIF JFU 

Interrupts / 
= User Mode 

o = System Mode 

RESTORED FROM STACK AFTER: 

RTN (A 15) RTN (A 15) 

PLR PLR 

CR 

ENB (ENB unchanged) 

FU 

2.85 PLR -- Priority Level Register 

The PLR (Figure 2- 8 NN) is a 6-bit register that stores the priority level code 

of the running program for the Interrupt logic. This register, comprising two 

type 74175 circuits, is preset to priority level 63 by the system moster-clear 

signal MCLN. The register output, PLRO-5, is used by the Interrupt logic 

(paragraph 2.97) for comparison with Interrupt Requests. If on Interrupt Request 

is accepted, the Interrupt Routine is initiated: the contents of the PLR are saved 

in the stock with the rest of the program status word, and the PLR is loaded with 

the new program's interrupt level by INTADO-5 via the C selector. 

2.86 CR -- Condition Register 

The 2-bit condition register (Figure 2-8 NN) indicates the result of various CPU 

operations. The condition register flip-flops are updated at each BP clock time 

(BPQ). The CR input conditions (Table 2-11) are selected by a pair Of type 74175A 

8-input multiplexers, with the selection controlled by microinstruction bits pCRO-2. 
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Table 2-11. CR Input Conditions 

CR INPUT SELECTION 

Selection Mnemonic Input to CR Function 

flCRO,I,2 CRO CRI 

000 CRNC CRO CRI No change 
001 CRRTN BI006R BI007R CR load during Return 
o 1 0 CRIO Timeout ACBN Programmed channel loading 
o 1 1 CRFLO F LOCRO FLOCR1 Floating Point loading 

1 0 0 CRLOG ROMCR1 ROMCR5 Logic operation loading 
1 0 1 CRADD ROMCR2 ROMCR6 Addition operation loading 
I 1 0 CRSUB ROMCR3 ROMCR7 Subtraction operation loading 
1 1 1 CRCMP ROMCR4 ROMCR8 Compare operation loading 

CR INPUT ROM CODE 

ROM Addressing ROM OU.!:.£ut to CR Input Selector 
Z LOGIC ADD SUB COMP 

...J "" 0 
Z CR1,5 CR2,6 CR3,7 CR4,8 ::l ::l 0 Z 

...J -' ::l 0 0 

<t <t -' 0 0 

0 0 <t <t :::>: 

0 0 0 0 0 1 0 1 0 1 0 1 0 
0 0 0 0 1 1 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 1 0 1 1 0 I 
0 0 0 I 1 I 0 1 1 I 0 1 0 
0 0 I 0 0 0 1 I I 0 1 0 1 
0 0 1 0 I 0 1 0 1 1 1 1 0 
0 0 1 I 0 0 I 0 I 0 1 0 1 
0 0 1 1 1 0 1 0 1 0 I 0 1 
0 I 0 0 0 1 0 1 0 1 0 1 0 
0 1 0 0 1 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 0 1 0 1 1 0 1 
0 1 0 1 1 1 0 1 1 1 0 1 0 
0 1 1 0 0 0 1 1 1 0 1 0 1 
0 1 1 0 1 0 I 0 1 1 1 1 0 
0 1 1 1 0 0 1 0 1 0 1 0 I 
0 1 1 1 1 0 1 0 1 0 1 0 1 

1 0 0 0 0 1 I 1 I 1 1 1 1 
1 0 0 0 1 1 1 1 1 1 I 1 1 
1 0 0 1 0 1 1 1 1 1 1 1 1 

not used 

1 0 0 1 1 1 1 I I I 1 1 1 

1 0 I 0 0 0 I I I 0 I 0 I 
I 0 I 0 1 0 I 0 1 1 I I 0 
1 0 1 1 0 0 1 0 1 0 1 0 1 
I 0 1 1 1 0 1 0 1 0 1 0 1 

2-40 

ROM Adressing ROM Output to CR Input Selector 
Z LOGIC ADD SUB COMP 

...J "" 0 Z CRI,5 CR2,6 CR3,7 CR4,8 ::l ::l 0 Z 

...J ...J ::l 0 0 
<t <t ...J 0 0 
0 0 <t <t :E 

-S 1 1 0 0 0 1 0_ 1 1 1 1 1 I I 
c: 1 1 0 0 1 I I I I I I I I .-
OJ I I 0 I 0 I I I I I I I I not used 

-" 1 1 0 1 I I 0 I 1 I I I 1 I 
c: 

w I 1 1 0 0 0 0 1 1 0 0 0 0 + 1 1 1 0 I 0 0 0 0 I 1 1 0 u-
> 1 1 1 1 0 0 0 0 0 1 1 0 1 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 .. 
1 - - - - - 1 1 1 1 1 I I I 

Input 0 copies the previous CR contents (no change). Inputs 1-3 select condi­

tions for Return, programmed channel loading, and Floating Point loading. 

2.87 Inputs 4-7 are selected for arithmetic operations, and the input 

conditions are provided by a type-7488A read only memory (ROM). One 

specific pair of the eight ROM output bits is selected for the type of arithmetic 

operation being performed (logic, addition, subtraction, or compare). The 

2-bit condition codes are selected from one of 32 ROM addresses by : the sign 

bit of the two ALU operands, AOON and MOON; the sign of the result, ALUOON; 

and the zero contents of the result for both left and right characters, OALUL and 

OALUR. 

2.88 An overflow condition, set into the OVF flip-flap, sets CR to 3 

(11 2) by switching off the enable input to the ROM to produce an all-Ones 

output. The overflow condition is tested by two series-connected multiplexers 

(the 8-input 75141 and the quad 2-input 74157), as follows: 



74157 74151 

Select 
In 

Se lect Function Input 
AOO KOI AlUOO AOI 

(+5V) 1 0 (11) ( 0 0 1 1 overflow 
flMLOAD 1 (10) 2 0 0 1 OK 

(11 ) ( 0 1 0 OK 
Shift flMlOAD 0 1 

(+5V) 1 1 (10) 3 0 0 0 overflow 

GCRDSRN 0 (11 ) ( 4 1 1 1 overflow 
OVFMUN 1 (10) 5 1 1 0 OK 

(+5V) 1 0 (11) ( 6 1 0 1 OK 
Divide 

GCRDSRN 1 (10) 7 1 0 0 overflow 

OVFMUN = GMUlTI.AlUSO.MOO 

The OVF signal fed back to the input-selection enable, prevents changing the 

overflow condition once an overflow has been set. The overflow flip-flop must 

be reset by command bit GCRVZON. The KOI input is 0 for Op-codes less than 

8 to select shift instructions, or 1 for Op-codes of 8 or higher to select Multiply, 

Divide, or Double instructions. The shift instructions set overflow (via 74151 A 
, I 

inputs 0, 3) on the test AOI N (j) AOON to indicate a changing sign bit. The 

Divide instructions, specified by command bit GCRDSRN, set overflow (via 

74151A inputs 4,7) on the test AlUOON e AOO, indicating that the quotient 

is greater than one word. 

2.89 GF -- General Flip-Flops 

These seven general control flip-flops (Figure 2-8 PP), which can be program 

controlled, are part of the program status word (PSW). All GF bits are stored 

in the stock along with the rest of the PSW, but only the FU (User Mode) is 

restored from the stack by the Return instruction. 

GF PSW Function Loaded ot ClG Set by Reset by 
Bit (set or reset) 

RUNF 8 Main CPU L08 ST ARTF. T1 GFRZO +(PREQ . 
status pointer RUN. Tl )+(FTDEl. 

lWf'f)+RS IF 

ENBF 9 Enable L09 GFENBN. MClN GFSYSN 
interrupts 

CPF 10 Operator's lI0 (CPINT+V24INT). MClN 
Interrupt .Tl 

PFF 11 Power Failure Mil resets PWF S PWF • RSlF. 
Interrupt UNLOCK 

RTCF 12 Real Time lI2 RTCFZl N MCLN 
Clock Interru~t from C.Panel 

PIF 13 Op-Code Ll3 GSTOV.STOV MClN 
(Program) from ALU 
Interrupt 

FU 15 User Mode ClPlR.CI5 115.CLG GFSYSN+MCLN 
(O=System 
Mode) 

Program control of the GF bits is by the A-bus command signal AEPSWN (at 

clock time T8). AE PSWN selects the program status word (with GF) to the 

A··bus and gates the l-register data bock into the GF. The AEPSWN. T8 control 

signal ClG gates L08-10, 12, 13, 15 tothe respective GF bits. GF bit 11 

(PFF) is reset at that time if MIl = O. Bit 11 uses the M-register rather than the 

l-register because of the required polarity. In addition to the program control 

of the GF bits, asynchronous set and reset inputs are provided to each flip-flop. 

2.90 RUNF. This is the primary machine-state pointer (refer to Figure 

1-8). The RUNF flip-flop is set at time T1 by the Start Command from the 

control pon"l. The RUNF flip-flop can be reset by anyone of four ways: 

• command bit GFRZO; 

• a Preset Address Compare from the control panel, at time Tl; 

• control-panel command Not Run, enabled by the buffered FETCH 

signal, FTDEl; 

• RSlF which is set during the power-off sequence. 
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2.91 ENBF. This Enable-Interrupt flip-flop is set (with GFENBN) by the 

Enable Interrupt (ENB) instruction and reset (with GFSYSN) by the Inhibit 

Intellupt (INH) instruction. ENBF is also set or reset (with GFENBN) by the 

Return instruction when R2 = 15, and in function with ENB of the restored PSW. 

2.92 CPF. This Operator's Interrupt can be set either by the INT switch 

on the control panel or by the interrupt signal BRGFN generated by the 

V24/Serial conlrol unit. CPF is reset either by an RIT instruction with bit 0 = 0 

(110 0 during the CLG clock) or by the MCLN signal. 

2.93 PFF. The Power Failure Interrupt flip-flop is set at the start of a 

power failure by the leading edge of the PWFN signal from the power supply; 

PFF is then reset during the power-off sequence if the key switch is set to any 

unlock position (OFF, ON, ONRTC). The Power Failure Interrupt flip-flop 

is set during the power-on sequence if the key switch is set to LOC K. PFF 

is reset by an RIT instruction with bit 11 = 0 (Mil = 0 during the CLG clock). 
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2.94 RTCF. The Real Time Clock Interrupt flip-flop is set by the RTcrZIN 

signal from the control panel. RTCFZ I N is a one-microsecond signal generated 

once every 20ms by the power supply, and set via the control-panel key switch 

ONRTC or LOCK positions. The RTCF flip-flop is reset by an RIT instruction 

with bit 12 = 0 (L12 ~ 0 during the CLG clack) or by the MCLN signal. 

2.95 PIF. The Operation-Code (Program) Interrupt flip-flop is set by a 

stack overflow condition or by the Link to Monitor (LKM) instruction to switch 

from User Mode to System Mode. Stack overflow (STOV from the orithmetic unit) 

sets PIF during memory stack operations (command bit GFSTOV) when the stack 

pointer decrements to less than 128 10 , The LKM instruction sets PIF via the 

load input, with LI3 = I. The PIF flip-flop is reset by an RIT instruction with 

bit 13 = 0 (Ll3 ~ 0 during the CLG clock) or by the MCLN signal. 

2.96 FU. The User Mode flip-flop is set during the Return A15 instruction 

if the previously-interrupted program was in User Mode (CLPLR.CI5); the CLPLR 

signal loads the priority level register from the C-selector during the Return 

instruction, and C I 5 indicates the state of RU during the previo~s interrupt. 

The User Mode flip-flop is also set by the Set Mode (SMD) instruction (L15 ~ 

during the CLG clock). FU is reset, to System Mode, by the Inhibit Interrupt 

(INH) instruction (with GFSYSN) ar by the MCLN signal. 

2.97 INTERRUPT LOGIC 

The Interrupt logic (Figure 2-4 and 2- 855) generates the '>can External 

Interrupt signal (SCEIN), tests for internal and external interrupt requests, and 

initiates the Interrupt routine when a request is received of a higher priority 

than the running program. Refer to paragraph I. 16 for a description of the 

complete interrupt system. The Enable Interrupt control flip-flop, ENBF, is 

located with the general flip-flops (GF), along with the four dedicated internal 

interrupts: CPINTF, PFF, RTCF, and PIF. 

2.98 Internal Interrupts 

Eight internal interrupt request lines (ISOO-07N) are provided which have the 

highest system priority. At clock-time AP, all internal interrupt requests are 



clocked into the two 74175 registers and are then available at the priority encoder 

74148. If there are any internal interrupt requests waiting at the priority 

encoder, the low GSoutput switches the 74158 multiplexer to select the internal 

interrupts, and the high EO output (IECE) forces INTADO, 1 low (inactive). 

The highest-priority interrupt request is indicated by a 3-bit cade at the 

74148 A-outputs. The interrupt request code is switched through the 74158 

multiplexer to the INTADO-5 lines. The IECGSN signal is sent to the Start 

logic (Figure 2- 8 RR) to enable setting the automatic restart flip-flop during 

the power-on/power-off sequences. 

2.99 External Interrupts 

A Scan External Interrupt (SCEIN) signal is generated during the status test 

at the end of each instruction, or during the Move instruction, if more than 

two microseconds have passed since the start of the previous scan. In order 

to validate the interrupt at the end of certain instructions, the microprogram 

does a 2.070 flsec wait before ending those instructions. (See Figure 1 -13, 

Wait.) 

I nstr i+1 i+2 i+3 

n O==={] 0 

) ) ) 
SCAN (2fl seen n I I 

The microinstruction control bits (Figure 2-8 55) are NAETAN (flSNAO.l) for 

status test, and GMOVEN for the Move instruction. Either of these inputs 

puts a high on the D input of the FETAT flip-flop, if there is no pending 

Interrupt Re'1uest (Not IR). At time T3, FETAT is set and the FETATN output 

triggers the SCEIT single-shot. SCEIT is inverted to provide the 2flsec 5CEIN 

signal to the GP bus. 

2.100 The BIECINH flip-flop is triggered by T5 90ns after 5CEIT is started. 

The low BIECINHN output is fed back to the OR'ed input of the single-shot 

to prevent SCEIT from being re-triggered. On the first T5 pulse after 
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the completion of the 2"sec SCEIT signal, BIECINH is reset, and the SCEIT 

single-shot is prepared for the next microinstruction-controlled start of a scan 

signal. The high BIECINH output applied to the most-significant input of the 

comparator inhibits comparison for 2"sec to wait for stabilization of the BIEC 

lines (propagation time plus selection of the highest priority level). IR could 

be sent between T3 and TS, but is never used during status test. 

2.101 At the receipt of SCEIN, any CU with a pending interrupt request 

examines the BIEC lines. If there is no higher priority request, the CU's 

priority encoder puts the interrupt code on the BIECO-S lines. The BIEC 

code received at the Interrupt logic is switched through the 741S8 multiplexer 

to the INTADO-S lines if there is no internal interrupt request. 

2.102 Compare Interrupts 

The highest-priority interrupt request (internal or external) is available at 

the INTADO-S lines. If the Enable Interrupt flip-flop ENBF is set and the 

BIECINH delay is completed, the INTAD lines are compared with the 

priority of the running program (stored in the priority level register PLR). 

BIECINH and ENBFN to the two most-significant inputs of the comparator 

must both be low to enable comparison. {The comparator inputs A3/B3 must 

compare equal before the A2/B2 inputs are tested, etc.; all four A and B 

inputs must compare before the cascade inputs from the lower-priority 

comporotor are tested.} If the interrupt request on the INTAD lines is of 

higher priority (lower number) than the current PLR, the A<B output is 

activated to generate Interrupt Request signal IR. 

2.103 The IR signal is sent to the Microprogram Control logic to initiate 

the Interrupt routine (Figure 2-S). The interrupt address on the INTADO-S 

I ines is switched through the C and D selectors during the Interrupt routine 

to form port of the address in the S register and to reload the PLR with the 

new priority level. 
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2.104 SEOUENSOR (CPU CLOCK) 

The Sequensor (Figure 2-8 EE) uses a crystal-controlled oscillator to drive 

twelve shift-register cells which provide the CPU timing signals: 

• AP, TI, T2, T3, T4, TS, T6, 

• BP, T7, T8, T9, Tl0. 

The basic CPU clock signals are AP and BP. AP represents the beginning of a 

functional cycle (or microprogram) and is used to lood the microinstruction 

address and read the microinstruction from the ROM control store; CPU logic 

controls and data paths are established by the command bits of the microinstruc­

tion. At each BP pulse time, the CPU logic executes the microprogram, according 

to the conditions established at AP time, ond loods the results into the 

appropriate CPU registers. 

2. lOS Operating Modes and Cycles 

The Sequensor operated in four different modes (Figure 2-6) controlled by 

microinstruction bits "SEOO, 1. Within the basic modes, the 'iequensor 

operates in one of six cycles. Five of the operating cycles begin with the AP 

pulse; the sixth {Repeat cycle} begins and e,nds with the BP pulse, skipping AP. , 
For internal CPU operations {LOGIC and REPEAT modes}, the cycle lengths are 

controlled by controlling the ger Hotion of AP to begin the next cycle (pulses 

T7-Tl0 are inserted or deleted after BP as required). For all GP-bus cycles 

{SEQ BUS and SEO BIO modes} and Floating Point execution, the cycle lengths 

are controlled by controlling the generation of T6 just before BP (pulse TS 

may be repeated as a waiting loop until a synchronizing reply signal triggers 

T 6). 

2.106 Internal CPU Operations (AP Generation) 

Four fixed-length Sequensor cycles are provided for the internal operations 

LOGIC mode: 

• 
• 
• 

Logic cycle (360ns) 

Scratchpad cycle (40Sns) 

Flag cycle (4S0ns) 

• Fetch cycle (S40ns) 



mv SE~ 0, I Mnemonic Fvnctlon 

00 lOGIC Int 41rnol CPU O,.,otlon. 

01 ~E PEA T Short Execution Cycl. 

10 SE08US GP-8VI Cycl •• 

I I SE0810 I/O Cycl.s with Bu. not r.leoled 

OSC 

Internol CPU Op.rotionl 

I lOGI CY lE I mv SE~ 0,1 = 00 t-___ ---.::c::..:::'-'=--"-'-='------'_ 360 n. 

AP JI r-L 
TJ-6 12!3!'15.6 

8P ------------~-~ 
I---_SCR~~~HPA_D_ CY __ Cll_E ____ -i1405 n. 

AP JI IL 
TI-6 --.J I , 2 , J , 4 I 5 I 6 1 r 
8P ______________ ~r-l~ ____ _ 

T7 -----------------~ 
I ... r-of--___ -'-F_::;lA'-'-G:o...:C:.:Y'-'C'-'l"'-E ____ ~ .. 1450 n. 

AP JI ~ ______________ r-L 

T I -6 • --.J I , 2 I 3 '"4 115 I 61 ... ____ ---ll 
8P ________________ ~r_1~ ______ _ 

T7 -8 --------------------~ 
MUSEQ 0,1' I ... r-o ____ F-'CE:.:TC"'H'---"C-'--Y.C-:.:cLE=--"-(F--=-o"-"o:.:w'--'o--=-d--=b:LY--'-P.::lA=-')!..-__ ... --ll 540 n. plu. 45n. lor roth 

'--________________ r-L T5.ail 10( Normal) AP J\ 
II(jl diogn.,t't) Tl-6 

8P 

r-:-r--=-r--=-.----,-,.-,M~,.;...c.:::; woif rupon .. --.J I I 2 I 3 I 4 I 5' I 6 LL ___________ r 
_______________ ~r_1L ____________ _ 

Tl-tO 718191 ioL-
Short Execution eye!. 
mu SE~ 0, I :::: 01 

T2-6 

8P 

1--- ~EPEAT CYCLE .. I 270 n. 
---.J21Jlqs16L 

JL _____ n 
Bu.IBld crclu (or F lootIng Point Exec1."Ion, mu SEa 0, 1 "" O)lll:) 
mv SE~ 0 = I Ojl I " I... VARIABlE CYCLE ____ '"'I 

_ ... Variabl. : mInImum 360 n, If no wai1 at lS 

AP ~ r-L 
TJ-S 

ASYNCHRONOUS "REPl Y" 

T6 ______________ ~r:Jr61---l 6 ~ ____ _ 

8P ----------------~ 
Figure 2-6 5equensor Operating Cycles 

1/9/75 

No •• : T5 r.,rIgge,. 
Ihelr, even when ,h. 
.xtra pu"" or. not vI.d 

All these cycles begin with AP and count directly through T1, T2, T3, T4, TS, 

T6, and BP. The time between BP and the end of the next cycle (next AP) IS 

then controlled to provide the required execution time for the operation and to 

define all Next-Address data. The control is provided by a type 74151A 

multiplexer (APDN) which selects which clock pulse is to generate AP, as 

follows: 

Z 
J: 0 -

~ 
.J 

U Vl 
I- .J 0:: APDN Generation 
w u.. n. 
u.. « Vl 

0 Z ~ 

52 51 50 Input Function 

0 0 0 T8 
]Fla g Cycle (NAFLAG) 

0 0 1 T8 
0 1 0 BP Logic Cycle (NAFLAG. W5P) 

0 1 1 T7 5cratchpad Cycle (NAFLAG. W5P) 

1 0 0 TlO 

]"'Oh Cycl, (GFETCH) 
1 0 1 Tl0 
1 1 0 TlO 
1 1 1 TlO 

2.107 Logic Cycle. This cycle is used for register-to-register operations, 

with the result stored into a register other than the scratchpad. Input 13 af 

the APDN multiplexer is selected so that the AP pulse to begin the next cycle 

follows the BP pulse. 

2.108 5cratchpad Cycle. This cycle is used for register-to-register opera-

tions with the result stored in the scratchpad. Data transfer from the L register 

to the scratchpad requires the extra clock pulse T7 between BP and the end of 

the cycie. 

2.109 Flog Cycle. This cycle is used with a microinstruction that specifies 

Next-Address Flog mode. Two extra clock pulses (T7 and T8) ore required to 

gate the Flog information onto the control-store address bus. 

REV,] ?·~5 



2. J J 0 F.~~~S_~. The 5equensor fetch cycle is used during an instruction 

fetch cycle, where the Next Address must be decoded by the instruction­

register PLA decoder. The timing required to decode the instruction word 

and to access the PLA needs four extra clock cycle (T7, T8, T9, TlO) following 

BP. 

2.11 J Short Execution Cycle (No AP) 

The Repeat cycle counts directly through T2, T3, T4, T5, T6, and BP without 

on AP or TI clock pulse. This cycle is used for looping while the scratchpad 

CT counter counts. The microinstruction control inputs, with CTEND, hold 

REPENDI high to gate the BP pulse directly to the T2 input. REPENDI also 

disables the APDN multiplexer to inhibit the AP pulse. The current 

microinstruction does not change during the Repeat cycles since AP is inhibited. 

When the CT counter reaches its full count of 31 10 , CTEND forces REPENDI 

low and the APDN multiplexer is enabled to generate AP to begin the next 

cyc Ie. 

2.112 GP-Bus Cycles (T6 Generation) 

Variable-length cycles are used for all GP-Bus operations and for Floating 

Point instruction executions. All these cycles begin with AP and count 

directly through TI, T2, T3, T4, and T5. The cycle-length parameters then 

control the generation of the T6 clock. The BP pulse and the succeeding AP 

pulse directly follow T6. The control of T6 is provided by a type 74151A 

multiplexer which selects the T6-enabling signal T6DN, as follows: 

f-
0 U ...J 

0 <{ 0 
UJ 0 >-- T6DN Generation 
Vl ...J Vl 
l LL co 

52 51 SO Input Function 

0 0 0 I 
Internal CPU operations (T6 follows T5) 

0 0 I I 
0 I 0 DONEF F 100til1ll Point instruction execution 
0 1 I 0 

not used 
1 0 0 0 
I 0 1 SYNCT6 Bus and Bus I/O cycles (SEOBUS, SEOBIO) 
1 I 0 0 

not used 
I 1 1 1 0 

2.113 For the internal CPU operations, T6 directly follows T5. Sequ"nsor 

control is provided through control of the AP pulse (preceeding paragraphs). 

The enabling One-bit is selected through the multiplexer by fJSEOO··O and the 

floating paint command bit FLOACT=O. 

2.114 The Floating Point instruction execution is an operation that requires 

the DONEF response signal from the FPP before the cycle can be terminated. 

DONEF is selected directly at the 12 input of the T6DN multiplexer by 

fJ5EOO =0, floating-point command bit FLOACT I, and BSYDL·O. The FLOACT 

signal is the buffered microinstruction general-field bit GFLOT. 

2.115 

r--
fJSEO 0, I 

~-+-----. 
o SEOBUS 

SEOBIO 

For all GP Bus operations (SEOBU5 and SEOBIOL the SYNCT6 

input to the multiplexer is selected by fJSEOO=l, BSYDL=I, and FLOACT O. 

The fJSEOO bit = I for all Bus operations. BS'YDL = 1 95ns after !>he CPU 

takes control of the GP Bus. The Sequensor does a waiting loop on the T5 

clock until the required reply is received via the 8-input Nand gate SYNCT6. 

For Bus transfers that don't require memory exchange, the reply signal is provided 

by the Microprogram Control and T6 may directly follow T5. The reply signal 

(listed in Table 2-12) must be one of the following: 

a. TRMN (SYNMEMN) must be received during a CPU/Memory exchange 

or during a CPU/E xternal-Register exchange. The TRMN response 

signal (from Memory or External Register) on the Bus is received and 

gated by the Bus Controller logic (Figure 2-8 TT) to the Sequensor as 

input signal SYNMEMN. 

b. TPMN delayed 190ns (TPMDLN) is received from the CU during a 

C U/Memory exchange under CPU control (programmed -channe I 

transfer). The 190ns delay of TPMN is produced by Bus Contrail,,, 

logic for assuring data timing. 

c. TIMEOUT generates T6 to end the cycle if no response is received 

to one of the Master-to-Slave signals TMRN, TMPN, TMEN withill 



6.48 Ilsec. This may indicate that the addressed Memory, Programmed 

Channel, or External Register is nat present. 

d. BIOEKEY gales T6 without extra TS waiting loops during a control­

panel to CPU transfer. BIOEKEY is generated on the Bus Controller 

logic (Figure 2- 8 TT) by the microinstruction general-field bits 

GCRFNUN and GBOKFN, and gated into the Sequensor by GIDLEN. 

e. GFETCHN general-field bit gates T6 without extra TS waiting loops 

during instruction (K) register loading from the L register, via the 

Bus Bl0 lines. GFETCHN is gated by microinstruction control bit 

IlTMRN to generate SYNIMN to the T6 input gate. 

f. DONEMN is received from the MMU during an MMU/Memory 

exchange which is always under CPU control. 

g. DONEFN is received from the FPP during an FPP/Memory exchange 

which is always under CPU control. 

h. MFAUL TN, delayed 120ns, from the MMU indicates a page fault 

(PAFN) during a Move Table instruction. The MFAULTN signal sets 

the PAF flip-flop in the control-store addressing logic (Figure 2- 8 CC). 
, I 

The PAFN signal is delayed 120ns at the Sequensor input (SYNCT6) 

for control-store address timing. 

i. BOFFN from the general-field bits GCRFNUN and GBOFN (Bus 

Controller logic) gates T6 without extra TS waiting loops when FPP 

data is loaded, via the Bus BIO lines, into the CPU during a Fix 

instruction. 

2. I 16 POWER FAILURE, RESTART, RESETS 

The power-on and power-off sequences are shown on Figure 2-7. The logic is 

shown on Figure 2 - 8 RR, Start/Resets. Wh i Ie power is off, the Reset logi c 

(RSLN) signal ;s held 01 ground (active low) through a relay on the power 

supply. 

2.117 Power-On Sequence 

When the power supply is switched on, or when the mains power is restored after 

a failure, there is approximately an 8S0ms delay while the power supply 

stabilizes (Section S, Power Sequence Logic) before RSLN goes inactive (high). 

I-

0 U 

a <t: 
w 0 
Vl -' 
:l. u.. 

S2 SI 

0 0 

0 I 

I 0 

Table 2-12 Sequensor T6 Generation 

-' 
0 
>-
Vl 
co 

SO Cycle (text) Synchronize T6 on : 

x Internal CPU TS 
operations 

--
0 Internal, Floating DONEFN from F PP 

Point execution 

G P Bus transfers wi th Memory exchongp 
I 

CPU/Memory (a) TRMN (SYNMEMN) from memory 

CPU/External (a) TRMN (SYNMEMN) from memory 
Register 

Programmed C hanne I TPMN from CU, delayed 190ns 
CU/Memary (b) 

Addressed Device TIMEOUT, generated 6:48fJsec 
Missing (c) after TMRN/TMPN/TMEN sent. 

MMU/Memory (f) DONEMN from MMU * 
F PP /Memory (g) DONEFN from FPP * 
Page Fault (h) MFAULTN from MMU (PAFN), * 

delayed 120ns. 

GP Bus transfers without Memory exchange 

Can trol Pone I (d) TS, if GBOKFN/GCRFNUN 
(BIOEKEY), and GIDLEN 

Fetch execution (e) TS, if GFETCHN and IlTMRN. 

Load from FPP (i) TS, if GBOFN (BOFFN) and 
(Fix execution) GCRFNUN * 

any (a-i) TIMEOUT, if required reply not 
received within 6.48 fJsec __ 0_-

* Note - Signals (f,g,h,i) used with 8S7 only. 
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VI!.er! RSLN goes high, the OSCN pulse immediately resets RSLF to remole the 

logic reset condition. The inactive RSLAN/BN/CN signals to the Sequensor 

enable clock-pulses TI, T3, TS, T6, AP, BP, and the clock begins running. 

2.118 Automatic Restort 

Automatic restart is performed by the CPU if the control-panel key is at LOCK 

when the power comes on, therefore the key must be switched to LOCK when 

switching on or following a power failure while the key is not at LOCK. If 

the key is at LOCK when the +5 volts comes on to operate the flip-flops (and 

before RSLN, RSLF drop), PFF is set at the beginning of the power-on 

sequence (paragraph 2.93, PSW/GF, PFF). Beginning with the first AP, the 

internal interrupt request PFF is sampled by the Interrupt Logic. A level-O 

(highest priority) Interrupt Request (IR) is then generated and the any-internal­

interrupt signal IECGSN is active to the ARF flip-flop. The Power Failure 

(PWFN) signal from the power supply goes inactive (high) O.Sms after RSLN 

goes inactive. 

2.119 With the key at LOCK, the IECGSN signal sets Automatic Restort 

flip-flop ARF at the edge of the high-going PWFN signal. The ARFN output 

sets the STARTF flip-flop directly, via the asynchronous S-inpul. The RUNF 

flip-flop (2- 8 PP) is set on the first Tl clock after STARTF is set. At the 

first AP after RUNF sets, the first microinstruction of the Automatic Restort 

routine (Figure 1-13) is read, and the CPU switches from Idle state to Run 

state. The second microinstruction of the Automatic Restart routine resets 

ARF with the GFENBN signal. The PFF flip-flop should be reset during the 

automatic restart subroutine by on RIT instruction. 

2.120 Power-Off Sequence 

The Power Failure (PWFN) signal is set by the power supply 10ms after 

detection of a mains loss, caused by power failure or by the key switched OFF. 

PWFN is sent via the GP Bus to the CPU and to any other elements on the 

Bus that must toke action during power failure. The leading edge of PWF sets 

the PFF (GF/interrupt) flip-flop. This level-O internal interrupt is detected 

by the Interrupt Logic at the first AP clock following the start of PWFN. Th(' 

resulting Interrupt Request (IR) can initiate on interrupt subroutine for a power 

failure. 

2.121 PWFN to the Bus Controller logic inhibits setting the OKVAL flip-

flop. The Bus Controller thus denies requests by any other Master for Bus access, 

and the CPU has exclusive control of the Bus. The power failure subroutine 

requested by IR and PFF should commence with the second AP clock following 

PWFN. The subroutine should then reset PFF with an RIT instruction and reset 

RUNF with on HLT in<truction. This saving subroutine must not last more than 

2ms, and must end with a HLT instructian. The HLT instruction selects 

Microprogram Control address /177 to place the CPU in the Idle state. The 

Reset signal (RSLN) from the power supply is activated 3ms after PWFN. 

2.122 Resets 

The CPU logic is reset at the end of the power-off sequence by the RSLN signal 

from the power supply. RSLN is held active low while power is off. The first 

OSCN pulse after RSLN is active sets the RSLF flip-flop. RSLF activates RSLAN, 

RSLBN, RSLCN, and WSPRSlI, and resets the flip-flops STARTF, WSP, and 

RUNF. The RSLF-derived signals set or reset the CPU registers and flip-flops 

to their off states (Table 2-13) and hold them in that condition until the power-on 

sequence. The RSLN signal also activates the Moster Cleor signals CLEARN 

(to the Bus), MCL, and MCLN. 5equensor clock pulses are disabled by RSLF 

so that the CPU clock is stopped, although the oscillator-generated signal OSC 

runs continuously. 

2.123 Moster Clear 

The Moster Cle::!r signal CPMCN can be generated by the control-panel MC 

switch if the key is ~ at LOCK and if the CPU is not in Kun mode. The CPMC~") 

signal (Figure 2-8RR) is OR'ed with the RSLF output to activate the signals 

ClEARN, MCl, and MCLN. ClEARN is sent on the GP Bus as a reset/initialize 

signal to all System elements. MCL is sent to the V24 CU on the CPU cord. 

MC LN is used by the CPU (Table 2 -13) to set the pri ori ty I eve I reg'i ster (PLR) to 



Table 2-13 Resets and Clears 

Logic-Resets, by RSLN/RSLF only 

Logic 5ig. Action Logic 5 ig. Action 

(RR) RS LF RSLAN,BN,CN-I (JJ) RSLCN a -reg -- 0 
5TARTF - 0 
WSPRSLI - 0 (LL) RSLBN DWIF -I 

WSPRSLI WSP - 0 
RSLAN ARFN - 0 (NN) RSlBN OVF -0 

I PLF - 0 CRO,I-O 

(AA) RSLBN K-reg-O (PP) RSLF RUNF - 0 
RSLAN KxxBUFN - 0 

(SS) RSlAN BIECINH - 0 
(BB) R5LBN RAO-8 - 0 IFOO-07 - 0 

(CC) RSLAN FTDEL - 0 (TT) RSlAN BUSF - 0 
KRY - 0 DE - 0 

RSLBN PUPN - 0 FNU - 0 (DD) 
TMEF - 1 (DD) R5lBN FSIG - 0 
TMPF - 1 FSIGDIV - 0 
WRITFN - 0 

(EE) RSLBN TI,T3,T5-0 RSLBN BIOElN - 1 
TC810 - 0 BSYCPU - 0 

CHFN - 1 
RSLAN AP - 0 FLOACT - 0 

BP - 0 GBCPFN -- 1 
T6 - 0 MADCPUN -I 

RSLCN BPa -- 0 MADLCPUN - 1 
MUBUSRFN - 1 
OKVAL - 0 
TMFN -- 1 
TMMN - 1 
TMMU - 0 
TMRF -- 0 

(PP) RSLF. PWF. LOCK set interrupt flip-flop PFF 

Resets by Master Clear or RSlN/RSlF 

(RR) CPMCN MCL -I 
or 

RSLAN 
MCl ClEARN - 1 

MCLN - I 
V24 resets 

(NN) MCLN PLR - level 63 

2-50 

Logic 5ig. Action 

(PP) MCLN ENBF - 1 
CPINTF-O 
RTCF - 0 
PIF - 0 
FU - 0 
CPGFZON -I 

CPGFZON CPGF - 0 
V24 resets 

level 63 ond set the Enable Interrupt flip-flop ENBF. The GF flip-flops CPINTF, 

RTCF, PtF, and RU are all reset, and the control panel interrupt flip-flop 

CPGF is reset. 



Table 2-14 CPU Signal LIST (A-C) Table 2-14 CPU Signal LIST (C-G) 

Signal Logic Comment Signal Logic Comment 5 ignal logic Comment Signal logic Comment 

OALUL, R, N GG BIOOOAN-ISAN KK 
OAlURA- - NN BIOOOR:]5R-- KK 

BIOEKEV- TT 

CPINT,A PP in ECHO, N V24 
CPINTF, N PP ECHOZI N V24 
CPINT4N PP ENBF,N PP 

AOON-15N LL,MM A-Bus BIOELN TT 
Aoo7IN--- NN BIOL TT 

CPINZ1N PP ENBFZ1N PP 
CPLR II ETATEST CC 

ABN AA BIECO-S SS input{ext.lnt) CPMCN RR in from C. Panel 
AC,N NN BUS(in) BIECOR-SR SS CPRR LL FO-I,N V24 
ACAN V24 BIECINH,N SS CRO-l NN FOZI N V24 
ACBN NN BP,N EE CROON NN F1ZON V24 
ACHALTN V24 BPLN HH CR10N NN FACINR, N V24 
ACINR,N V24 BPP EE CROXK6 AA FE, N V24 
ACOTRN V24 BPQ ,N EE CR1XK7 AA FECHO V24 
ACSOT, N V24 BPS KK CTO-4 MM FETATON,EN 55 
ACSST, N V24 BRC AA 
ACSTARTN V24 BRGF, N V24 

CTill,102 V24 grounds FETATi'r - SS 
CT 106, '7,9 V24 FETCH BB 

AECONSTN LL BSYCPU,N,AN TT CT10SZ-- V24 in for DNOTOP FHALT,N V24 
AEIPLN LL BSYOL TT 
AENBN LL BSYN,R TT BUS(in/out) 

CTl33 V24 in for OREAOYN FHALTZON, Zl N V24 
CT103, N V24 in FlAGDIV -- DD 

AEPN LL BSYZOt -IN TT 
AEPSWN LL BUSF;-N,AN TT 

CTl04, N V24 FlAGN DD 
CTOON MM FlOACT TT 

AESYSN • L l.: I BUSFOEl, N TT CTOZI N MM FLOCRO-l NN in 
ALUOO FF BUSFREN TT 
ALUOON-15N GG BUSR, N TT BUS (in) 
ALUCOO(O~12, It GG BUSROEL TT 
AEPUPN-- -- ----'- LL BUSRPFIN TT 

CT1CO MM FNU,N-;D DO 
CTBUF 1 N -4N MM FPPABS AA infromFPP 
CTENO-- MM FSIG,N OD 
CVN AA FSIGOVD DD 

ALUCGOON, 04N, 
OSN,12N GG COON-ISN JJ 

ALUCPOON ,04N CHA-- TT BUS 
osFT,12N GG CHFN TT 

ALU50.=)- -- GG CHIPER,O V24 
ALUSOA-3A GG CHPERZON V24 
ALUSON--3N FF CLEARN RR BUS 
AP,N-;DN EE CLEFTZO JJ 
AREOELA-;-N V24 CLFON V24 
AREOElBN V24 CLG PP 
ARERCA,CB V24 CLK AA 
ARF, N;-b- RR CLMN GG 
ARFZON RR C LPLR BB CMO/G 
ASRO-7 V24 CLTEOC V24 

CLV24 V24 
BOFFN TT Cmd - FPP COMVAL V24 
BOKFN TT CPBABS LL in from C. Panel 
BOKIOlN EE CPBRG PP 
BOMFN TT CPGFN PP 
BIOOON-ISN KK BUS(in/out ) CPGFZON PP --------

CVKCR AA FTBOF EE 
FTOEL, N BB, II 

DOD-IS HH FTOERU PP 
DOON-ISN HH FTEOCN V24 
DOOON FF FU PP User mode 
OE,N TT FU1SR2N 00 
DEBSYN TT FUZ~t!-ZIN PP 
DEZON TT GAEXL, N BB CMO/G 
OEZI BPN TT GBOFN BB CMO/G 
DESlT2N TT GBOKN BB CMO/G 
OIVFLAG FF GBOMN BB CMO/G 
DNOTOP V24 CTlOS2 input GBCHN BB CMD/G 
DONEF, N EE in from FPP GBCPFN TT 
DONEMN EE in from MMU GBCPN nn Cf./,D/G DD 

OREADYN V24 CTl33 input GBEX,N BB CMO/G 
050-1 FF GBTMEN BB CMO/G 
DSON-IN FF GBTMFN BB CMO/G 
OWV,ZON LL GBTMMN BB CMD/G 
OWIN AA GBTMPN BB CMD/G 

GCROSR, N BB, FF CMO/G 

REV 7-'11 



Table 2-14 CPU Signal LIST (G-M) Table 2-14 CPU Signal LIST (M-R) 

Signal Logic Comment 5 ignal Logic Comment Signal Logic Comment Signal Logic Comment 

GCRFNU, N BB, DD CMD/G KOO-15,N AA 
GCRV MLN BB CMD/G Koooa AA 

JJCON JJ OSC,N EE 
jJCRO-~ BB CMD OSC90, N EE 

GCRVZO, N BB, DD CMD/G· K05-08BUFN AA JJCT BB CMD OSCFLO EE 
GCSE LN BB CMD/G KOBO 15 FF 
GCT MM KIOR2EO AA 

jJGPO-4 BB CMD taCMD/G OTINECH V24 
jJGpfN BB CMD toCMD/G OTRECHN V24 

GCTLDN BB CMD/G K I OR2N AA j-lMLOAD BB CMD OUT V24 In/Out FF 
GFENBN BB CMD/G K410N AA jJMSEL BB CMD OVDIVA,B NN 
GFETCH, N BB CMD/G K415N AA 
GFKYZON BB CMD/G K567 AA 

jJNAON-8N BB CMD OVF,N,D NN 
jJNA7-- AA OVFMU,N NN 

GFLOT,N BB CMD/G KFLO AA 
GFPLRN BB CMD/G KRY, N, DN CC 

to CLPR KRYZON-ZIN CC 

MUNA7FUN AA OVSH~, ~ NN 
jJPO-I BB CMD 
jJPON LL POO-14 LL 

GFRZO, N CMD/G 
----

BB 
GFSTO'/,N BB CMD/G LOO- 15 HH 

jJOO-1 BB CMD PAFI5IIN EE 
jJSO~ BB CMD PAFN, ZON CC 

GFSYSN BB CMD/G LOADMN CC, LL in from C. jJSON KK PARNB-- V24 
GIDLEN BB CMD/G Panel 
CMOVEN BB CMD/G LOADRN CC,LL in from C. 

jJSEOO-I BB CMD PC003,07,IIN LL 
flSEQfiT BB CMD PE,PEB- -- V24 

CMULTI,N BB,FF CMD/G Panel flSNA~,N BB CMD PFF, N PP 
GOSH DD LSEL FF jJTMRN BB CMD PFF!ON, ZIN PP 
GOTOECH V24 jJWRITE BB CMD PIF;N- -- PP 
GOTOWST V24 MOON-ISN GG MVREADN CC PIFZI N PP 

MADOO-IS, 
IECO-2,N 55 64,T2B KK 
IECE- 55 MADCP-B-· TT 

MVRML CC ·PLOADN l,L 
PLAO-I, ON AA 

NACND AA PLAVALl- AA 
IECGSN 55 MADCPUN TT NACNDAD AA PLAVALN AA 
IFOON-07N 55 MADLCPUN TT NADRT CC PLRO-5 NN 
IN-~- V24 MADLDN TT NADRTMV CC PMI- LL 
INRECH V24 MADLS TT NAETAN BB CMD flSNAO.I POVFN FF 
INSTN -- not used MADMMU,N,A TT NAETAT CC POWQN PP 

(C. Pan) MADMUN TT NAEXPL CC PREON PP in from C.P. 
INTADO-S 55 Interrupt MADS TT NAFLAGN CC PREO TI PP -

address MCL,N RR NAFLG CC PUPN,D CC 
INTEPL 55 MFAULTN CC in fromMMU NAFLGX CC PWF,N TT in from P. 
INTGPL 55 MMUABS TT in from MMU NAPLINH CC Supply 
INTLPL 55 MOVE CC NOFLON AA PWFAN PP 
INTSERN V24 MOVIRN CC NOJUMPN AA 
INTVAL V24 MSN TT BUS (in) NOVF FF 000 JJ 
IPL,N RR in from MSR TT 

C. Panel jJAO-4 BB CMD 
NXTCH, N V24 000N-16N JJ 
NXTCHO V24 o Eb-N- JJ 

IPLDEL RR jJAON-4N LL 
IPLF, N RR JJAIN RR ODEVPAR V24 RI EO, N AA 
IR, N 55 jJADLO-4 BB CMD OKO TT BUS RIEI5 AA 
ISOON -07N 55 in (Intern. jJBIO[N BB, TT CMD OKVAL TT R2EO, N AA ----

I nt's) jJBUSR, N BB, TT OR,ORB V24 R2EI5 AA 
jJBUSRFN TT CMD OROPE V24 RIIO, N V24 
jJCO-1 BB CMD 

2-S2 REV. I 



Table 2-14 CPU Signal LIST (R-T) Table 2-14 CPU Siqnal LIST (T-W) 

Signal Logic Comment Signal logic Comment Signal logic Comment 

R600,1200 V24 SCEIN SS BUS TMRR, N TT 
R2400,4800 V24 SCEIT SS TOUTZON TT 
R9600 V24 SEQINH V24 TPMDLN TT 
RAO-8 BB SLOADN KK 
RADO":'S AA,CC Control SPAO-3 MM -

TPMN TT BUS (in/out) 
TPMR TT 

Addr-Bus SPYC,A TT BUS TPMRDEL TT 
RADET6N -TSN CC SPYCOKN TT 
RADEffiFT-- CC SPYCADEl TT 

TRMN TT BUS (in/out) 
TRMR TT 

RADL3-4 FF SSST V24 TROHl TN V24 
RALUAIN-2N FF STAFCL,A RR 
RI'-TESEL-- V24 STAFZON RR 

TROUBLEN V24 
TYAC V24 

RCPON -3N LL in from START, N RR in from ---- TYADO-5 V24 address code 
C. Panel C. Panel TYAR~ V24 

RDOS-15 V24 ST ARTF RR 
RDAXI V24 STOPNB V24 
RDADTI,-N V24 STOV GG 

UNLOCK,N PP in from 
C. Panel 

RDARC V24 SYNCT6 EE 
RDARN V24 SYNIMN EE VAlK08N V24 
READMN CC, Ll in from SYNMEMN TT VAlNAO CC 

C. Panel 
READRN • CC,LL in from T 1-10 EE ; -- WRITE TT BUS 

C. Panel TI,3,5,6,8N EE WRITEFN TT 
READSTN CC, LL in from T2,5D- -- EE WSP,N RR 

C. Panel T2DREPN EE WSPRSLI RR 
REPENDI EE T4T5N EE 
RFBN AA T6DN, DEN EE 
ROMCRI-8 NN Tc8T6;-i'J EE 
ROMCREN NN TDSN V24 
ROMENB IlB TEOC V24 
RSLAN,BN,CN RR TESTN CC in fram 
RSL~-- RR BUS (in C. Panel 

from P.S.) TIMEOUT, N TT 
RS LF RR TMEF TT 
RTCF,AN PP TMEN TT BUS (in/out) 
RTCFZ IN PP in from TMER,N TT 

P. Sup. TMF ,N TT 
RUNF,N,A PP TMMOFN TT 
RUNFZON,ZIN PP TMMCY TT 
RUNN--- PP in from TMMN TT 

C. Panel TMMU,D TT 
RUNT3 RR TMPF TT 

TMPN TT BUS (in/out) 
500-03 KK TMPR,N TT 
SOON -15N KK TMR,N TT BUS (in/out) 
S·C003 ,.2.? ,J..! N KK TMRF, D TT 



o 

o 

3C 

4( 

60 

Hexa Binary 

000 000000000 
00' 000000001 
002000000010 
DO) 0000000 l' 
004000000100 
005000000101 
006000000110 
007 000000 III 
008000001000 
009000001001 
OOA 000001010 
OOB 000001011 
OOC 000001100 
000000001101 
00£ 000001110 
OOf 00000 II II 
010000010000 
Oil 000010001 
012000010010 
01) 000010011 
0" 000010100 
015 000010101 
016000010110 
017000010111 
018000011000 
019000011001 
O'A 000011010 
018000011011 
ulC 000011'00 
DID 000011101 
01£ 000011110 
Olf 000011111 
020000100000 
021000100001 
022000100010 
023000100011 
024000100100 
025000100101 
026000100110 
027 000100111 
028000101000 
029 000101001 
02A 000101010 
Cl8000101011 
02(1°00101100 
,:D,OOOIOIIOI 
"!EI000101110 
'/1100010:111 

000110000 
000110001 

·;,,000:10001 
" 7 J 0 0 0 I I 0 ° I I 
)3400(}IIOlOO 

,)35000110101 
036000110110 
) 3 , 

o 3 8 
c } 9 

OlA 
o ) 8 
C 3 C 
o ) 0 
i) J E 
n ] f 

000 I 
000 I 
000 I 
000 I 

, 0 11 I 

I I 00 1 
II 00 I 
11011 

000111011 
000111100 
000111101 
000""10 
000""11 

2 -54 Rev. I 

Hexa 

6~ 040 
o 4 1 
o • 2 
o 4 3 
o 4 4 

o • 5 
o O' 6 

o • 7 
o 4 6 
o 4 9 
04 A 

o • B 
04 e 
04 D 
o 4 E 
o 4 f 

60 0 > a 
a 5 I 
o 5 2 
o 5 3 
o 5 4 
o 5 5 
o 5 6 
o 5 7 
o 5 8 
o 5 9 

90 05 A 
o 5 8 
o 5 C 
o 5 D 
o 5 f 
o 5 f 

060 
06 I 
o 6 2 
063 

lOC (: 6 4 
o 6 5 
o 6 6 
o 6 ;' 
o 6 B 
a 6 9 
06A 
o 6 8 
06 C 
06D 

110 0 6 £ 
o 6 f 
o 7 0 
a 7 I 
o ;' 2 
o 7 l 
o 7 4 

o 7 5 
o 7 6 
o 7 7 

120 0 7 B 
o 7 9 
a 7 A 
07 B 
o 7 C 
070 
o 7 E 
a 7 F 

Binary 

001000000 
001000001 
001000010 
001000011 
001000100 
001000101 
001000110 
0010001 I I 
001001000 
001001001 
001001010 
001001011 
001001100 
001001101 
001001110 
001001111 
001010000 
001010001 
001010010 
001010011 
001010100 
001010101 
001010110 
001010111 
001011000 
001011001 
001011010 
a 0 I 0 1 I 0 I I 
001011100 
001011101 
001011110 
001011111 
001100000 
00 II 0000 I 
001100010 
001100011 
001100100 
001100101 
001100110 
00 1 1 0 0 1 I 1 
001101000 
001101001 
001101010 
001101011 
001101100 
001101101 
001101110 
001101111 
00 I 110000 
001110001 
001110010 
001110011 
001110100 
001110101 
001110110 
001110111 
001111000 
001111001 
001111010 
001111011 
001111100 
001111101 
0011""0 
001111111 

12 8 

13 0 

14 0 

15 0 

16 C 

17 0 

18 0 

19 0 

Hexa Binary 

o B a 010000000 19 2 
OBI 010000001 
o B 2 010000010 
o B 3 010000011 
o 8 • 010000100 
o B 5 010000101 
o 6 6 010000110 
06 7 010000111 
08 8 010001000 20 0 
o 8 9 010001001 
08A 010001010 
o 8 8 010001011 
08 C 010001100 
080 010001101 
o 8 E 010001110 
o 6 f 0100011 11 
090 010010000 
09 I 010010001 
092 010010010 21 '0 
093 01001001 I 
o 9 4 010010100 
o 9 5 010010101 
096 010010110 
o 9 7 010010111 
o 98 010011000 
099 010011001 
09A 010011010 
o 9 8 010011011 
0ge 010011100 22 0 
090 o I 00 1 1 1 0 1 
o 9 £ a I 00 I I I 10 
o 9 f 010011111 
o A 0 010100000 
a A I 010100001 
a A 2 010100010 
o A 3 010100011 
o A 4 010100100 
o A 5 010100101 
o A 6 010100110 23 0 
o A 7 o 1 0 I 00 I 1 1 
o A 8 010101000 
o A 9 010101001 
OAA 010101010 
o A 8 010101011 
OAC 010101100 
o A 0 o 1 0 I 0 I 1 0 I 
o A E 010101 I I 0 
OAF o 1 0 1 0 1 1 I I 
o 8 0 010110000 24 0 
OBI 010110001 
o 8 2 010110010 
o 8 3 010110011 
o 8 4 010110100 
o 8 5 010110101 
o 8 6 o I 0 I 1 0 1 1 0 
o B 7 o I 0 I 1011 I 
o B 8 o I 0 I II 0 a a 
o 8 9 a I 0 I I I 00 I 
OBA o 1 0 I I I 0 I a 25 i( 
a 8 8 o I 0 I I I 0 I I 
08 C a 1 0 I I I I 00 
08D a 1 0 1 1 1 101 
o B E o I 0 1 I I I 10 
o B F o I 0 1 I I 111 

I able 2-15 Microinstruction Address Code 

Hexa Binary Hexa Binary 

o co o 1 1000000 
o e I 01 1000001 

56 1. 00 100000000 
10 I 100000001 

o C 2 01 000010 I 0 2 100000010 
a C J 01 000011 I 0 J 100000011 
a C • o 1 000100 2 6C I 04 100000100 
o C 5 0 000 I 0 I I 0 5 100000101 
o C 6 0 0001 10 I 06 100000110 
o e 7 0 000111 I 0 7 100000111 
o C 8 a 001000 I 08 100001000 
o e 9 0 00 I 00 I 1 09 100001001 
o C A 0 001010 lOA 100001010 
o e 8 0 001010 I 08 100001011 
oee 0 001100 10C I 0 000 I I 010 
OCD 0 001101 10 0 100001101 
o C E 0 1001110 70 1 0 E 10 a 0 a I 1 10 
a C f 0 1001111 I 0 F 100001111 
000 0 1010000 1 10 100010000 
o D I 0 I 0 I 000 I I 1 I 100010001 
002 0 1010011 I I 2 100010010 
00 J 01 1010011 I I 3 100010011 
00 • 01 1010100 I I 4 100010100 
o D 5 01 10 I 0 101 1 1 5 100010101 
o D 6 01 10101 10 I I 6 100010110 
o D 7 01 10101 11 I I 7 100010111 
o D 8 01 101 1000 Be I I 8 100011000 
o D 9 01 101 100 I I I 9 100011001 
ODA 01 1011010 I IA 100011010 
aD 8 o I 1011011 I 1 8 100011011 
ODe 01 1011100 1 I C I 000 I I 1 00 
aDO 01 101 I I 0 I 1 lD 1 000 1 1 101 
ODE 01 101 1 1 10 I 1 £ I 000 I 1 I 10 
00 f 01 1011111 I I f 100011111 
o E a 01 I 100000 1 2 0 100100000 
o E I o I I I 0000 I 1 2 I 100100001 
a E 2 o I I 1 000 I 0 2 90 I 2 2 100100010 
o f 3 01 I 100011 I 2 3 100100011 
o E 4 a I I I a 0 I 00 I 2 • 100100100 
o E 5 01 1 1 00 1 0 I I 2 5 100100101 
a E 6 o 1 1 I 00 1 I 0 1 2 6 100100110 
o E 7 o I I 100 11 1 1 2 7 1001001 I I 
o E 8 01 1 I 0 I 000 I 7 8 100101000 
o E 9 01 I 1 0 I 00 I 1 2 9 100101001 
a E A 01 I 10 I 0 1 a 12 A 100101010 
a f 8 01 1 10 10 11 I 2 8 100101011 
a E C ,0 I 1 101100 3 OC I 2 e 100101100 
OED a I 1 I 0 I 101 I 20 100101101 
o E E o 1 1 10 I 1 I 0 I 2 E 100101110 
o E f o 1 1 101 11 I 1 2 f 100101111 
o F 0 01 1 I I 0000 1 3 a 100110000 
o f 1 o I I I I a 0 a 1 i 3 I 100110001 
o f 2 o I I I I 00 I 0 I 3 2 100110010 
o F J o I 1 1 100 I I I J J 1001 1001 1 
o f 4 01 I I I 0 1 00 1 3 4 I 00 1 10100 
o f 5 01 1 I 1 0 I 0 1 I 3 5 1001 1 0 I C I 
a f 6 01 I I 101 10 310 1 J 6 I 00 1 1 0 1 I 0 
o f 7 01 1 1 101 11 1 J 7 1001 1011 1 
o f 8 01 I I 11 000 1 3 8 100 1 " 000 
o f 9 01 1 1 11 a 0 I 1 39 1001 1 1 0 ° 1 
a F A o 1 1 I I 1 a 1 0 13 A 1 00 1 1 1 0 I 0 
o f 8 o I 1 I I 101 I 1 3 8 1 00 I 1 101 I 
o f e 01 1 1 I I 1 00 13C I 00 I 1 I I 00 
Of 0 01 I I I I 101 I 30 1 a 0 I I 1 1 0 1 
o F E 01 1 I 1 1 I 10 I J E I 00 1 I I I I 0 
OfF a I I 1 11 1 I 1 1 J F 1 00 1 1 I 111 

Hexa Binary 

3 20 I • a 101000000 3 84 
I • I 101000001 
1 • 2 01000010 
1 • J 01000011 
1 4 4 01000100 
I 4 5 01000101 
I .6 01000110 3 9C 
1 

• 7 
01000111 

I 
• B 

01001000 
I 

• 9 
01001001 

:30 I • A 01001010 
I 4 8 a 100 I 0 I I 
I. C o I 00 I I 00 
140 01001 101 
I 4 E 101001 I 10 
1 4 F 10100 I I I I 
1 5 a 101010000 4 o 0 
I 5 1 101010001 
I 52 101010010 
1 5 J 1010 I 0 a 1 I 

3 40 I 5 4 101010100 
I 5 5 10 I 0 I 0 101 
1 5 6 101010110 
1 5 7 101010111 
I 58 101011000 
I 59 101011001 
I 5 A 101011010 4 10 
I 5 8 101011011 
1 5 C 101011100 
1 50 101011101 

ISC 15E 101011 110 
1 5 f 101011111 
1 60 101 100000 
I 6 I 10 I 10 0 a 0 I 
1 6 2 101 I 0 a 0 1 0 
1 6 J 1 0 I I 000 I I 
1 64 101 100100 4 20 
I 6 5 101 100 101 
I 66 101 100110 
I 6 7 101 1001 11 

3 60 I 68 101 1 0 I 000 
I 6 9 101 101001 
1 6 A 101 10 I 0 I 0 
I 6 8 101 10101 1 
I 6 C 101 101100 
I 6 D I 0 1 1011 0 I 
1 6 E 1 0 I 101 I 1 0 4 30 
1 6 f 1 0 1 101 111 
1 - 0 I 0 I I 1 0000 
1 7 1 1 a I I i 000 I 

370 1 7 2 101 1 1 00 1 0 
J 7 J 101 1 100 11 
I 7 4 101 I 10100 
I 7 5 101 I 10 I a I 
1 7 6 101 I 10 II 0 
1 7 7 1 0 I I 101 11 
1 7 8 I 0 1 1 II 000 4 40 
1 7 9 1 0 I I 1 1001 
1 7 A 10 I I I I 0 I 0 
I 7 B I 0 1 1 1 101 1 

380 I 7 C 101 1 1 I I 00 
1 70 101 I I 1 101 
1 IE 101 I I I I I 0 
I 7 f 101 1 I I 111 

Hexa Binary 

I 80 I 10000000 
1 B I 1 10000001 
1 B 2 I 10000010 
1 8 3 I 1000001 I 
I 8 • 1 10000100 
1 B 5 1 10000101 
1 B 6 1 10000110 
1 8 7 I 10000111 
I 6 8 I 10001000 
1 8 9 I 10001001 
1 B A 1,0001010 
1 B 8 1 10001011 
16 e I 10001100 
180 I 10001101 
1 8 E I I 000 I I 1 0 
1 8 f I I 000 I 111 
I 90 I 10010000 
I 9 I I 10010001 
1 9 2 I 10010010 
I 9 3 1 10010011 
I 9 4 1 10010100 
1 9 5 I I 00 1 0 I 0 1 
1 96 1 10010110 
1 9 7 1 10010111 
1 98 I 10011000 
I 99 1 1001 I 00 1 
19A I 1001 I 0 I 0 
I 9 8 I I 00 1 1 0 I 1 
19C 1 1 00 I I I 00 
190 1 I 00 I I 101 
1 9 E I 1 00 I 1 1 I 0 
I 9 f I 10011111 

,I A 0 1 10100000 
1 A I I 10100001 
1 A 2 1 10100010 
1 A 3 1 10100011 
I A 4 1 10100100 
I A 5 I 1 0 I 00 I 0 I 
1 A 6 I 10100110 
1 A 7 1 10100111 
I A 8 1 10101000 
1 A 9 I 1 0 I 0 1 00 I 
I A A 1 I 0 I 0 I 0 I 0 
1 A 8 1 'I 0 1 0 I 0 I I 
1 A e 1 1 0 I 0 I I 0 0 
I A 0 1 I 0 I 0 I 10 I 
I A £ I I 0 I 0 I 1 I 0 
, A f I I 0 1 0 I I I I 
I B 0 1 I 0 1 10000 
1 8 1 I 1 0 I 10001 
1 8 2 1 1 0 , I 00 I 0 
I 8 3 I 10 I I 00 I I 

I 8 4 1 I 0 I I 0 1 0 0 
I 8 5 I I 0 I I 0 i 0 I 
I 8 6 I I 0 I 10 " 0 
1 B 7 1 I 0 I 10 I 11 
I 8 6 I 1 0 I 11 000 
I 8 9 I 1 0 1 I 1001 
I 8 A 1 I 0 I 1 I 0 I 0 
I B B I I 0 I I I 0 I I 
1 Be 1 1 0 1 1 1 I 00 
1 B D I 1 0 1 I I I 0 I 
1 B £ 1 1 0 I I I I 1 0 
I B f 1 1 0 I 1 I 111 

4 4 

4 

4 60 

4 70 

4 8 , 

490 

so 

510 

Hexa 

leo 
leI 
I C 2 

( l 
C , 

C 5 
C" 
C 7 
C B 
C 9 

CA 
I C 8 

C C 
C II 

I C 1 
I C f 

I I) 0 

I D I 
1 D 2 

D J 
04 
o :) 
D 6 

I 0 7 
1 D & 

D 9 
OA 
D B 
Dr 

IDD 
I D 1 
1 D f 

I 1 0 

Binary 

I I 1000000 
:000001 
1000010 

111000011 
111000100 
111000101 
111000110 
I I I 0 0 0 I J I 
111001000 
111001001 
1 I I 00 I 0 I 0 
111001011 
111001100 
111001101 
111001110 
I 1 I 0 a I I I , 

111010000 
111010001 

I ° 1 a 0 I 0 
1010011 
1010100 
I 0 I 0 I a I 
1010110 
10 I ° II I 
1011000 
1011001 
1011010 

111011011 
11101 100 
I II 0 I I 0 I 

11011110 
I , 0 I I I I 1 

1\1100000 
IE 11 10noe: 
I f I I I leo G i ,:; 

I f 1 I I I I) () C- : ! 
I t J I I I I 0 0 I fJ (\ 
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SECTION III 

OPERATION AND TESTING 

3.1 This section contains all control panel information and system testing 

information. The testing is divided into two ports: automatic testing via the 

control panel with the built-in hardware microdiagnostic, and test programs. 

3.2 CONTROL PANEL 

The P857M is provided with the Extended Control Panel (Figure 3-1). The top 

half of the panel contains ADDRESS controls; the bottom half, which is identical 

to the P852 M/856M control panels, can to ins DA T A control s and the CPU 

operating controls. When the computer is running, the BIO lines are displayed 

on the DATA lamps and the MAD lines are displayed on the ADDRESS lamps. 

When the computer stops, both the address and the contents of the next 

instruction are displayed. The ADDRESS half of the Extended Control Panel 

provides debugging Facilities with the following functions: 

• Display or load memory in the whole range of addresses (from 0 to 

128K) . 

• Halt on a preset memory address. 

All controls and indicators on the panel are described in Table 3-1. 

3.3 The P856M is provided with the Standard C antral Pane I (F i gure 3 -1). 

This panel is identical to the P852M panel, with the exception of the TEST 

position for the key switch. The TEST function operates the microdiagnostic test 

routines. The P856M Standard Control Panel lacks the ADDRESS controls and 

the halt-on-preset-address feature. 
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3.4 A mini control panel (Figure 3-J) is provided as on option for either 

the P856M or P857 M systems. 

3.5 Key and Command Operations 

Control panel operations within the CPU operation sequence is shown in 

'Figure 1-8 (Machine-State Pointer, Control Panel Operations). Each of the 

control-panel sequences shown on the flow diagram is described briefly in 

Table 3-1. The system is switched on by setting the key switch to ON, ON 

RTC, or LOCK. The LOCK position disables all control panel command 

switches except interrupt, which is still operable with the control panel locked. 

With the control panel switched ON or ON RTC, the CPU is set to the Run 

state by pressing RUN or IPL. Pressing any of the command switches Me, INST, 

RST, RR, RM, LR, lM will reset the Run state. When the key switch is set to 

TEST, the computer is set to Diagnostic mode, and the command switches then 

have different functions to those listed in Table 3-1. 

3.6 Address Operations (Extended CP only) 

The ADDRESS half of the control panel ope;ates through an intefnal address 

register with incrementing logic. During normal running (PRESET at OFF), the 

ADDRESS lamps display the Bus MAD lines. When the computer stops, the 

ADDRESS lamps display the address of the next instruction, which is in the 

program counter (P), the address register (5), and on the MAD lines. 

3.7 For either a read memory (RM) or load memory (LM) operat ion 

(Table 3-1), the ADDRESS lamps display the address placed in the control-panel 

address register by the panel switches. The address is first loaded by setting 

up the switches and then pressing LOAD ADDR. Thereafter, each time RM or 

LM is pressed, the address register is incremented and the ADDRESS lamps 

display the new address. The CPU program counter (P) is not used or affected 

by either of these operations. 



Table 3-1 Control Panel Switches and Lamps 

Key Switch 

OFF/ON Main power switch connected directly to the power supply. 

The power is switched on (POWER lamp lighted) for positions 

ON, ON RTC, LOCK, and TEST. 

ON All panel controls are enabled. 

ONRTC All panel controls are enabled, and the Real Time Clock 

operates (Paragraph 5.6 ). 

LOCK All control-panel command switches except INT are disabled. 

TEST The automatic microdiagnostic test mode is selected 

(paragraph 3.16). 

Command Switches 

MC Master Clear : Clears or resets most hardware logic. Activates 

the GP Bus signal CLEARN, and the CPU signals MCl, MClN. 

RUN BEfgins the program. T.he RUN switch sends the momentary 

signal START and the flip-flop signal RUNN to the CPU RUNF 

logic (paragraph 2.90). 

INST Instruction Step: Each time INST is pressed, the CPU performs 

the one instruction indicated by the program counter (P) and 

then holts. IN ST may be used to step the computer through a 

program (or part of one) instruction-by-instruction. The INST 

switch resets the control panel RUNN flip-flop, and sends a 

1 13f1sec START signal to the RUNF logic. 

RST Read Status. The contents of the program status word are 

displayed on the DATA lamps (paragraph 1.47). 

RR Reod Register. The contents of the scratchpad register 

(AO-AI5) selected by the SCRATCHPAD switches are displayed 

on the DATA lamps. 

RM Read Memory. The contents of memory are displayed on the 

DATA lamps. Consecutive words can be read by repeated 

pressing of the RM button. 

LR 

lM 

IPl 

INT 

DATA 

Std CPo memory address is selected by the program counter (P), 

and P is incremented with each RM. 

Ext CPo memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Load Register. The word code set on the DATA switches is 

loaded into the scratchpad register (AO-A15) specified by the 

SCRATCHPAD switches. 

load Memory. The word code set on the DATA switches is 

loaded into memory. Consecutive words can be loaded by 

repeated pressing of lM. 

Std CP: memory address is selected by the program counter (P), 

and P is incremented with each lM. 

Ext CPo memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Initial Program loader. An initial bootstrap program located in 

a hardware read only memory is loaded into memory word 

locations 00 to 063 10 (characters 00 to 7E he). 

Interrupt. This button generates a level-I Interrupt Request 

for the Operator's interrupt. The same interrupt can be set by 

the I/O console via the integral serial control unit. The 

interrupt may be used by the operator, for example, to change 

the running program with information supplied by the operator. 

Data 

The 16 DATA switches are used to set a data word onto the Bus 

BIO lines during load register (lR) and load memory (lM) 

operations. For all computer operations, the DATA lamps 

display the contents of the. Bus BIO lines. When a running 

computer stops, the DATA lamps display the contents of the next 

instruction. For RR and LR operations, the DATA lamps display 

the contents of the scratchpad register (AO-A 15) selected by 

R[v., :1-\ 



ADDRESS 

LOAD ADDR 

PRESET 

3 -4 REV. I 

SC RA TC H PAD. For RM and LM operations, the DA T A lamps 

display the contents of the memory address selected by the 

panel address register (Ext CP) or program counter (Std CP) 

Address Section (Extended CP only) 

The ADDRESS switches are used to select an initial memory 

address for read memory (RM) and load memory (LM) operations. 

For all computer operations except RM and LM, the ADDRESS 

lamps display the contents of the Bus MAD lines, via the panel 

address register. When a running computer stops, the 

ADDRESS lamps display the address of the next instruction. For 

RM and LM operations, the ADDRESS lamps display the 

contents of the panel address register, which is loaded from 

the ADDRESS switches and incremented by the RM and LM 

operations. N a control is provided for bit 15 (character 

selector) because the panel accesses only memory word 

addresses. 

When this button is pressed, the code set on the ADDRESS 

switches is immediately loaded into the panel address 

register. This address is incremented by successive RM or LM 

operations; the address register is reloaded from the MAD lines 

for any other operation. 

This switch is used to select a Stop On Address mode. The 

stop will occur when the MAD-line address, via the panel 

address register, campares with the code set on the ADDRESS 

switches. 

OFF Normal operation. Do not stop on address. 

ACC Stop On Address, Access. Stop when any memory 

operation accesses the address set on the ADDRESS 

switches. 

WRITE Stop On Address, Write. Stop when any memory ope­

ration writes at the location set on the ADDRESS 

switches. 

Scratchpod Registers 

SCRATCHPAD These four switches select one of the scratchpad registers 

(AO-A 15) to be accessed by the read register (RR) or load 

register (LR) operation. 

3.8 Halt on preset address is performed by setting the PRESET switch to 

ACC or to WRITE. The control-panel address register is loaded with the desired 

address set an the ADDRESS switches and LOAD ADDR pressed. In access mode 

(PRESET to ACC), the computer will halt whenever the memory address on the 

MAD lines is the same as the one set on the ADDRESS switches. In write mode 

(PRESET to WRITE), the computer will halt when the memory address on MAD 

compares with the ADDRESS switches during a memory write operation. 

3.9 Interface Signals 

The control panel interface signals are listed in Table 3-2, along with a brief 

description of each signal. All interface signals are also shown on the control 

panel block diagram, Figure 3-2. The control panel connecto~ is included in 

the Wiring and Cabling part of Section III. 

3.10 Control Panel Logic 

A block diagram and a detailed schematic diagram of the control panel are 

provided in Figures 3-2 and 3-3. 
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3.11 Key Switch. The Key Switch is shown on the power supply schematic, 

Figure 5-3. One contact of the switch controls the mains input power to the 

power supply. A second contact produces the enabling signal RTCFZ1N for the 

real time clock logic. A third contact of the Key Switch produces the test 

signal TSTN and the control-panel enable/inhibit signal lOCKN. The test 

signal is described in the Diagnostic Testing part of Section III. The lock 

signal is used to disable all the control-panel command switches except INT. 

Program load Routine 

• load IPl/Program t:Ipe into paper-tape reader. 

• 

• 

Set DATA switches for 

(The codes are shown at the top of Table 2-10, Bootstrap listing). 

Press INST, MC, IPl 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

The following table is a review of the Key Switch functions. into memory 0-63 (/00 - /7E). 

Key Switch Power Real Time UNLOCKN Conditioning for : 

Clock Signal 

OFF off -- -- RUN, INST, 

ON on -- low LR, LM, RR, MCl, 

ON RTC on on low RM, RST, IPl 

LOCK on on h 

3.12 Scratchpad. The four Scratchpad switches are used to address a 

scratchpad register (AO-AI5). The switches produce the true-logic 

(+5V'" logic 1; OV '" logic 0) signals RCPO-4. 

3.13 Data. The DATA switches are used to set the 16 bits of a data word 

to be placed on the GP-Bus BIO lines. The DATA switches are gated onto the 

BIO lines by CPU signal BIOEKEY. BIOEKEY is produces by BUSFN and 

BOKFN in the Bus Controller logic (paragraph 2.10). 

3.14 INiTIAL PROGRAM LOADING 

A hardware bootstrap is provided which consists of a 256x4 bit ROM and an 

IPL-microprogram routine. This hardware routine organizes the bootstrap-ROM 

contents into 64 sixteen-bit words and loads them into memory locations 00-63. 

The system then has a bootstrap loaded and is able to accept a software IPL 

followed by a program. A basic procedure is given here for loading a program 

from paper tape into the system. This procedure assumes that the tape has been 

assembled with the software IPl, followed by the program. 
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3.15 

b. The bootstrap routine is performed to load the software IPL low-core 

part into memory, starting at /80. 

c. The low-care IPL is performed (with access into the bootstrap) to 

load the IPL high-core part into memory, at the high end. 

d. The high-core IPL is performed to load the objuct program into 

memory, starting at /00 and overwriting the bootstrap and the 

low-core IPL. Interrupt start addresses are loaded at this time 

in locations /00 - /7E. 

Bootstrap Test 

The hardware bootstrap can be loaded into memory for testing (comparing with 

table 2-10) without being overwritten by the software IPL. This is done by 

performing the Program Load Routine without a device connected (Paper-tape 

reader off, disc off, etc.), as follows: 

• Set DATA switches for I/O Bus and reader. 

• Press INST, MC, IPl. 

• 
• 
• 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

into memory 00-63. 

b. CPU stops after bootstrap is loaded. 

load highest memory address into P-register (DATA + reg=O). 
L 

Press INST which increments P to 000. 

Begin pressing RM, and copy bootstrap from OAT A lamps. 



3.16 MICRODIAGNOSTIC TESTS 

Diagnostic test routines are included in the CPU microinstruction control ROM. 

Approximately 100 words of the CPU control store are allocated for microdiagnos­

tic rout ines. The complete mi crod iagnosti c tests about 70% of the CPU hardware 

(Figure 3-4). These microdiagnostics are performed, with the system off line, 

by setting the control-panel key switch to TEST. The microdiagnostics are 

nrronged sequentually from very basic data-path and register tests to complex 

instruction operations (Figure 3-5). The different methods of running the tests, 

in the suggested order, are. : 

3.17 

• Automatic Go/No-Go Mode. The instruction-tests DLA ond RB are 

executed and a final display is given. The memory and CPU/CU 

test is executed and a final display is given. Correct results in this 

mode indi cate correct mach ine operati on. 

• Test-By-Test Mode. The operator steps sequentually through logic 

• 

tests Tl, T2, T3, the memory and CPU/CU tests M, and the instruction 

tests R, and obtains a display indication at each stage. The Chained 

Tests mod~ provides further ex'ercise of the same sequence of tests. 

Basic Tests. The operator steps sequentually through basic tests of 

the control panel, L register, M register, and Q register, exercising 

all DATA switches and lamps for each test. This checks the basic 

registers and data paths. 

Test Procedure, Basic Tests 

• Key switch to TEST. (Loops through control-panel test.) 

• Operate each OAT A switch. 

00 Corresponding DATA light should light. 

• Press LR. (Loops through ~~~9~er test.) 

• Operate each DATA switch. 

00 Corresponding DATA light should light. 

• Press LR. (Loops through M-I~.':Jlister test.) 

• Operate eoch DATA switch. 

00 Corresponding DATAl ight should light. 

• Press LR. (Loops through Q -Re9ister test.) 

TESTED PART 

+ 

Figure 3-4 CPU Logic Tested by Microdiagnostics 
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• 
00 

Operate each DATA switch. 

Corresponding DATA light should light. 

T he test is n ow looping through the Q -Reg ister test. To continue to the next 

series of tests, set the DATA switches as required (refer to Automatic Mode or 

T est-by-Test Mode) and press LR or RUN. 

3.18 

• 
• 
• 

00 

• 
• 

00 

3.19 

• 
• 
• 
• 
• 

00 

• 

Test Procedure, Automatic Mode (Go/No-Go) 

Key switch to TEST. (Loops through control-panel test.) 

DATA-switch 0 to 0 position. (Enables final display.) 

RUN. (Instruction test performs DLA and RB and then loops at end-of­

test display). 

Wait for display 000000000000.000. If error, do Test-by-Test mode 

to diagnose fault. If correct, do Memory and CU test. 

Set address of existing CU device on DATA switches 02-07. 

Press LM. (Executes memory tests I and 2, and CPU/CU test and 

then loops at end-of-test display.) 

Wait for display 0000000000000000. If error, do Test-by-Test mode 

to diagnose fault. 

T est Procedure, T est-by-Test Mode 

Set address of existing CU device on DATA switches 02-07. 

Key switch to TEST. (Loops through control-panel test.) 

D Az1'A;;;;~'f~Q':po';iti~!'i .... ·{~n.oP'1 e~EUspl ayat.,e,Q c:h.,~tage. ) 
,)'«',,,> <"""''''',,' '"':,>,,,' ',,;,,>,",,"'S ,"~"'" i>,,',:: '",'" , 

DATA-15 to I. (Selects test TI first.) 

Press LR four times. (Steps through the basic tests, performs logic test 

TI, and loops at end-of-test display.) 

Wait for display 000000000000000 •. 

Press LR. (Executes test T2, loops at end-of-test display.) 

00 Wait for display 00000000000000.0. 

• Press LR. (Executes test T3, loops at end-of-test display.) 

00 Wait for display 0000000000000.00. 

• Press LR or RUN. (Executes instruction test R, loops at end-of-test 

display. ) 
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00 

• 

00 

Wait for display 000000000000.000. 

Press LR or LM. (Executes memory and CPU/CU test M, loops at 

end-of-test display.) 

Wa i t for d i sp I a y 0000000000000000. 

Chained tests performes the same tests in the same sequence as above, but without 

h'alt on display after each stage. 

• 
• 
• 
• 
• 

• 
00 

• 
• 

Key switch to TEST. 

Address of existing CU device on DATA 02-07. 

f).},;tA..:·o:i():I(ch~ined tif!!s, no display 100PI. 

DATA-15 to I (selects test TI first). 

Press LR four times (steps through basic tests, then loops through the 

five operating tests without stopping.) 

Set DA TA-O to 0 to stop the chained tests. 

Wait for one of the five displays. 

Press LR to step through the tests and obtain the display for each. 

Set DATA-O to I to restart the chained-tests loop. 

To restart the tests at the beginning, do : 

• DATA-O to I. 

• Key switch away from TEST (OFF is best), then bock to TEST. 

To Start a test out of sequence (for example, to start test T3 after on error 

indication for test T2) : 

• 
• 

3.20 

3.21 

Key to TEST; CU address on DATA 02-07; DATA-O to O. 

Set DATA 08-15 to select desired test 

00000001 (/01) for logic test Tl. 

00000010 (/02) for logic test T2. 

00000100 (/04) for logic test T3. 

00001000 (/08) for instruction test R. 

00010000 (/10) for memory, CU test M. 

Analysing Tested Functions 

Basic Tests. In the control-panel test (Figure 3-6), the operator 

verifies the operation of all control-panel DATA switches and lamps and the BIO 

Note: 0 = lamp on 
• = lamp off 



data path to and from the GP Bus. In the l-register test, the data path through 

the CPU D-selector and l-register is added to the control-panel test. The 

M-register test adds the C-selector, M-register, and AlU to the data-path loop. 

The a -register test adds the a -register to the data-path loop. 

3.22 These tests exercise all bit positions of the control-panel switches 

and lamps and the CPU l, M, and a registers as well as the data path. Not 

all the functions of the registers, the C and D selectors, or the AlU are tested. 

3.23 a-Register Test. This test is not only a part of the basic tests, but 

also the start and the error output of the following logic, memory, and instruction 

tests. While looping through the a-register test, the DATA switches content 

are loaded into the CPU registers to select the type of Test-by-Test operation 

and the number of the next test. (Test selection and incrementing is shown in 

Figure 3-7.) If a test has been performed and on error occured, the test 

branches bock to the a -test loop and the DATA lamps display the setting of 

the switches rather'than the correct display. 

3.24 

• 
• 
• 

3.25 

• 
• 

3.26 

• 
• 

l09ic Test T1. The tested functions (F i gure 3 -8) are : 

a -reg. shifted left • ao • A OR B 

A-Bus selection • AlU=O • A + B 

Constant Two • B 

logic Te~~~ The tested functions (F i gure 3 -8) are : 

Q-reg. shifted right • AlUZERO • A - B 

Constant Ten .. P-register .. A + B 

• P - 2 .. crossed A 

~ic Te~~ The tested functions (Figure 3-8) are 

A-operand shifted right • 4 X A 

Reading and writing scratchpad, address incrementation by CT 

counter (particular addresses A=A2 and A=A 15). 

3.27 

3.28 

3.29 

3.30 

• 

• 
• 
• 

• 
• 
• 
• 

• 
• 
• 

Instruction Tests R. The tested functions (Figure 3-10) are: 

The K-register is loaded with the instruction code for the DLA 

instruction. 

Scratchpad registers Aland A2 are loaded with known values. 

Branch to the DlA microprogram and execute DlA instruction. 

Return to Test R via CPU Idle loop and verify Al and A2. 

(The CR is verified by the next instruction.) 

The K-register is loaded with the instruction code for the RB instruction. 

Address the RB microprogram with the PLA, and execute RB instruction. 

Return to Test R via CPU Idle loop and verify P-register. 

A failure in CR positioning or in CV (condition verified) circuit, or 

PlA addressing function should cause wrong value of P counter. 

Memory Test MI. The tested functions (Figure 3-9) are: 

Bit-IS is set to 1 in all addresses of a 16k block (4k for P856). 

The block is read and verified. 

The paltern is shifted left 1 position (to bit 14) and the block is 

read and verified. 

• Shifting the paltern and reading the block is continued until all bit 

positions have been read and verified. 

Memory Test M2. The tested functions (Figure 3-9) are: 

• Every word of a 16k memory block (4k for P856) is written with its own 

address va I ue . 

• Each word is read and veriried. 

CPU/CU Dialogue Test M3 (port "f tested I , 
IVvpJ 4 The 

functions (Figure 3-9) are: 

• 

• 

An existing CU device address (from DATA switches 02-07) and TMP 

ore sent on the GP-Bus MAD lineL 

The CU response TPM is verified by means of condition register (CR 13). 

RfV "' 11 
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3.31 TROUBLESHOOTING 

Figure 3-12 shows a flowchart of a fault finding procedure covering the most 

probable areas of a system breakdown assuming that the fault is continuous. When 

a decision point is reached on the flowchart the engineer must choose the path most 

appropriate to the fault symptoms. Where the choice is not clear, first take the 

poth thot most easily isolates and tests one part of the system and then gradually 

include other parts of the system until the fault is isolated. For intermittant faults 

the same procedure can be used but must be repeated each time the symptoms occur 

(if it is impossible to simulate the fault). It should also be remembered that software 

not debugged properly can cause faults, which to the programmer appear to be 

hardware oriented. Therefore, before starting on the hardware, check with the 

operator if the fault occurs with all programs Or with only certain programs, and 

if these programs are new to the system. If the standard test programs run correctly 

but the customer's programs do not run correctly, the Software Product Support 

group should be contacted. 

3.32 Microdiagnostics 

The microdiagnostic test will enable you to isolate the faulty area in the system 

and these should be run first before you try any of the other tests suggested in this 

section. Quite often what appears to be the faulty part of the system may in fact 

be serviceable, but due to another part of the system the wrong responses are 

being received. For example, a CU and its device may appear faulty when in 

fact the cause is operation of the Condition Register. 

3.33 Bus Failures 

If a GP Bus failure is indicated check the following signals, with no program 

funning, which should all be high if the Bus is operable: RSLN, TMRN, TRMN, 

TMPN, TPMN, TMEN, MSN, and BSYN. 

3.34 RSLN (3BI7). This signal is used b, the CPU card, the CU cards, and 

the memories and when it is low it indicates a failure in the power supply. If the 

power supply is correct, the most probable cause is either the CPU card or one of 

the memory cards. Disconnect the memory cards one at a time and then the CPU 
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card remembering that the signal RSLN comes from 0 transistor with an open 

collector, so for this test connect a Ik ohm resistor between pins 3BI7 and 

3BI9 (+5V). 

3.35 T MRN (3A29). This signal is generated by either the CPU card or the 

lOP and is only used by the lOP or the memories and does not leave the CPU 

chassis. If this signal is low it indicates a fault in one of the memori€S, the lOP, 

or the CPU card. These should be disconnected one at a time from the system 

until the fault disappears. 

3.36 This signal is generated by either the lOP or the 

memories and is used by these during an exchange with a peripheral. if this 

signal is low it, indicates a fault in one of the memories, the lOP, or tl >l CPU 

card. These should be disconnected one at a time from the system unti: the fault 

disappears. 

3.37 This signal is generated by either the CPU or the 
, t 

lOP and is used by all the controllers on the Bus. If this signol is low it indicates 

that the fault is in the lOP, the CPU, or one of the CU's. The last one removed 

contains the faulty logic element. 

3.38 TPMN (3A32). This signal is generated by each CU and is used by 

either the CPU or the lOP. If the signal is low it indicotes that the fault is .?ither 

in one of the CU's or in one of the I/O cables. Isolate the CU's and I/O ca,)les 

one at a time until the fault disappears. The fault will be found in the last ilem 

removed. 

3.39 TMEN (3A30). This signal is generated by the CPU to validate Ihe 

address of the external register of either the lOP or MMU. If the signal is low 

check the CPU, lOP, MMU and the backpanel wiring. 
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3.40 MSN (3A37). This signal is generated by all the masters connected 

to the BL's and is used by the masters and the CPU, and it does not leave the CPU 

chassis. When this signal is low it stops any other master from accessing the Bus 

and stops the CPU from displaying informotion on the indicator lamps of the control 

ponel. To find the faulty element disconnect the masters from the Bus one at a 

time starting with the IOP(s). After these have been eliminated disconnect the 

masters of the CPU. If the fault still exists check the back panel wiring. 

3.41 BSYN (3A38). This signal is generated by all the masters and the 

CPU, and it does not leave the CPU chassis. When this signal is low it indicates 

a faulty master and the masters should be isolated from the Bus one at a time unti I 

the fault disappears. The fault is either in the lost master to be disconnected or, 

if all the masters have been eliminated, check the bock panel wiring. 

3.42 Control Panel 

In principle, operation of the READ REGISTER and READ STATUS buttons of the 

control panel is not able to block the Bus. Operation of the LOAD REGISTER, 

READ MEMORY I and LOAD MEMORY buttons is able to block the Bus. If the 

control panel is suspect check the signals from the control panel and in particular 

the signals RUN and START. The IPL operation can also cause the Bus to block 

especially with an lOP peripheral. 

OKI, and SPYC are sent correctly; 

in the lOP. 

In this case check that the signals OKO, 

if they are correct the fault will be found 

3.43 Bus Blocks Whilst Program is Running 

These faults are almost certainly caused by a timing error of one of the Bus 

signals. Try to find out if the fault occurs with the Programmed Channel peripherals 

or the lOP Channel peripherals. If the fault is intermittent it will be necessary 

to try first one channel and then the other using the appropriate test program. In 

either case check all Bus signals before changing any major components. 
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3.44 Condition Register Check 

If the Condition Register is suspect try the following routines to check that it 

is being set to the correct state for each arithmetic operation: 

• Load any memory address in register AD (Program Counter). 

• 

• 

• 

• 
• 

• 

• 

• 

• 

Set the hexadecimal pattern 1101 on the DAT A switches and push the 

LM button to load into memory (this loads the instruction AD K AI, 1 

into the selected memory location). 

Set the hexadecimal pattern 207F on the DA T A switches and push the 

LM button (this loads a Halt Instruction into memory). 

Set the hexadecimal pattern FFFF on the DATA switches, set the 842 1 

switches to select register AI, then pu~h the LR to load the pattern into 

the register. 

Load the memory address that contains the ADK instruction into register AD. 

Push the RUN button. The routine will execute the instrucliG~, ::"d stop 

at the holt instruction. 

Push the RST button and read the state of the Condition Register (bits 6 

and 7). For the pattern above the state should be 00 indication a Zero 

result in register AI • 

Repeat the routine using the hexadecimal pattern 80 - the result should 

be 01 indicating a positive Sign bit in register AI. 

Repeat the routine using the hexadecimal pattern FFFE - the result 

should be 10 indicating a negative Sign bit in register AI. 

Re pea t the rout i ne usi ng the hexadec i ma I pat te rn 7F F F - the resu It 

should be 11 indicating an Overflow condition in register AI. 

3.45 If the expected result is not obtained for any of the patterns, repeat 

that pattern using a Data Probe to check the couse of the fault. 

3.46 ALU Data Path Check 

Use the following routine to check the data path logic of the ALU: 

• Select a memory address on the DATA switches and load it into register AD. 

• Set the DATA switches to hexadecimal pattern 394i and push the lM 

button. This loads the instruction SLL AI, 1 into memory. 



• 

• 

• 

• 
• 
• 

• 

• 

• 

• 

• 

3.47 

Set the DATA switches to hexadecimal pattern 207F and push the LM 

button to load the Halt instruction. 

Set the DATA switches to hexadecimal pattern 5F06 and push the LM 

button to load the RB instruction. 

Set the DATA switches to hexadecimal pattern 0001. Set the 8 4 2 1 

switches to address register Al and push the lR button to load the pattern 

Load the memory address that contains the SLL instruction into register AO. 

Set the 8 42 1 switches to address register AI. 

Push the RUN button. The routine will execute the instruction and stop 

at the Halt instruction. 

Push the RR button and check that the contents of register A 1 have been 

shifted one place left. 

Alternately push the RUN and RR buttons and check that the contents 

of register A 1 are shifted one place left for each operation of the buttons 

until the register contains zeros. 

Repeat th~ routine using an SRL instruction hexadecimal pattern 3961 

and test pattern 1000 in register AI. 

Repeat the routine using a DLC instruction hexadecimal pattern 38Cl 

and test pattern 0001 loaded in register A2. For this test the contents 

of both register Aland A2 should be checked for left shifts. 

Repeat the routine using a DRC instruction hexadecimal pattern 38El 

and test pattern 0001 loaded in register A2. For this test the contents 

of both register A 1 and A2 should be checked for right shifts. 

Control Unit Fault 

If the microdiagnostics indicate a CU failure check that the CU address on the 

DATA switches corresponds to the address sel up by the U links on that particular 

CU card. If the two addresses correspond use the following routine and check 

the state of the MAD lines and timing signals: 

• load any memory address in register AO. 

• Set the DATA switches to either of two hexadecimal patterns: 4980 plus 

the device address for a TST instruction, or 4180 for a CIO Halt instruction 

• 

• 

(these two instructions are always accepted by the CU irrespective of 

the sequensor state); then push the LM button to load the instruction 

in memory. 

Set the DATA switches to hexadecimal pattern 5F04 then push the LM 

button to load the RB instruction into memory. 

Load the memory address that contains the I/O instruction into register AO. 

• Push the RUN button. The routine will execute the instruction repeatedly 

(because of the RB instruction) until stopped by pushing the INST button. 

Whilst the routine is running check the state of the MAD lines and timing signals 

both on the Backpanel and on the CU card using a Data Probe. If the fault cannot 

be found on the CU card addressed by the Bootstrap ROM, remove the other CU 

cards one at a time until the fault disappears then troubleshoot the lost card 

removed. If the fault persists with all other CU cards removed check the printed 

circuit backpanel and the operation of the CPU Condition Register. 

3.48 SOFTWARE IPL 

The type of IPL used by the customer will depend on the system configuration, but 

all IPLs perform a similar function in that they load programs from a chased device. 

The three IPL listings given are all used by the Standard Test Programs: the IPL52S 

is a Stand Alone program loader which prints out the program IDENT, the IPL52H 

is similar except it has a Halt feature, and the IPL52N is the same as the IPL52S 

except it does not print out the program IDENT. Only the IPL52S will be described 

here and like all IPLs it is in iwo parts, the Low Core IPL and the High Core IPL. 

3.49 low Core IPl 

The Bootstrap loads 80 characters then jumps to location hexadecimal 84 which 

is 'he start address of the Low Core IPL. The low Core IPL has three functions: 

• 

• 

• 

It computes the size of memory and subtracts 400 wards which gives the 

first address of the High Core IPL. 

It modifies the contents of some of the Bcotstrap instructions then jumps 

back to Bootstrap (as necessary) to load the High Core IPL. 

When loading is complete it jumps to the start address of the High Core 

IPl. 



3.50 High Core IPL 

Once loaded b~ the Low Core IPL and Bootstrap the High Core IPL loads the 

Object Program and enables: 

3.51 

• The peripheral, whose address is on the DATA switches (and has been 

stored in register Al5 by the Bootstrap), to be used as the input device. 

• 
• 

• 

The IDENT of the program to be printed out on Operator's peripheral. 

The program to be loaded into its designated place in memory (overwriting 

the Bootstrap and Low Core IPL). 

The program to be started either automatically or manually. 

Verification of the Low Core IPL 

This can only be carried out if loading stops before the message IDENT 'Name' 

has been typed out on the Operator's peripheral. To verify that loading is taking 

place (even if the input device is apparently operating, the Bootstrap may not 

actually be loading the IPL data) try the following routine: 

• 
• 

Stop the CPU by pushing the INST button. 

Load the hexadecimal value 84 into location 84 (the start address of the 

Low Core IPL) and try to load the IPL again. If the CPU loops on location 

84, the Bootstrap is not loading the IPL and the status of peripheral will 

be found in register A7. 

• If loading takes place beyond location 84 but still stops before the Iden.! 

is printed, load hexadecimal 80 into register AO. 

• Push the INST button and check the contents of memory by comparing 

the data displayed against the IPL listing. Repeat until each location 

of the Low Core IPL has been checked or the faulty location found. 

3.52 Verification of the High Core IPL 

This can only be carried out if the messages EOS, EOF have not been typed out 

on the Operator's peripheral. If the program loops in the High Core IPL the 

loading address +2 will be found in register All, otherwise compute the loading 

address by subtracting hexadecimal 400 from the mel'10ry size, then use the 

following routine to find where the loading aborts: 

• Stop the CPU by pushing the INST button. 
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• 
• 
• 

3.53 

Stop the CPU by pushing the INST button. 

Load the start address of the High Core IPL into register AO. 

Push the INST button and compare the displayed memory contents with 

the IPL listing. 

If both the Low Core and High Core IPLs and the program appear to be 

loading correctly but the program does not start, check the contents of register AO 

to find out where the CPU has stopped. This check should indicate whether the 

program has tried to start or if the fault is due to the IPL. Another possible fault 

that points to a malfunction of the IPL is if the Operator's peripheral or its CU is 

malfunctioning. 



IPL52S 

00000 tOfNT tPL'528 
00001 I!NTRY r'LI!1! 
00002 I!NTRY !"LIIII 
00003 ,. 
00004 ,. ~~LJ~R JPl G~NERATtON 
OOOO'S OOOC NBRfC EGU t2 
OnOO!> It 

00007 0000 IHPLPR ~(H' .. 
000011 nOOO JPllI1! ,"U It 

0000'1 0000 OII?C LDI( • AI.NeRfC 
OnOIO 1')002 "22n LDK.L A2.8JPL-eO 

OOOIJ 0011(1 R 
01')011 noo" 078'5 L"I( AT till'S AASI!: wlnT!' 
On012 n008 IIO~O LOKl U.[)ECA 

I)OOA (l01P' R 
OOOt'! QO(lC PI)NCH I!QU • 
000111 booe 1~'50 AQI( A2.80 
OOOt'S OOQf ~2111 !IT A'.DHAUI" 8n 8UFF ADDR 

00\0 oozo R 
00011> OOI~ ;?8Oll LKM PUNCH ONE RECORD 
00017 1')0lIJ 0001 '')AU I 
000111 4)0'6 i'll'll 8UK AI.t eOU~T DONI! ? 
ooot'l 0018 "1'1 II P' R8 (t) PUNC~ NO 
1'10020 OO\A ~I\nll Ll(M HS 
OOOll onlC IIon3 DAU :3 ~)(n 

000~2 • 
00023 OOI!! DfCB I!QU ,. 
OOO!II nOI!! non] DAU 'I "llE COOl! 
OOOZ'S OO~o "HBUF "fi!S I 
00026 1)022 00';0 DAU 110 
onl)n n0211 1')0011 nAU I) 

00028 1)02!> nonl) DAU I) 

01102'1 0028 !'I 0 II 0 DAU 0 
00030 I!.JHT 

!lIJtLPR./IOO 00031 1'1 01'1 t: 
00032 .. 
OOOB 0100 8IPL E~U • 
000111 .. tiT RICORD • LOW CORE I~L 
0001'5 ,. lOW CORf IPL.I RI!CORD,LOAOfD AT 180 AN" 
OOOH ,. STARH" AT 11111 
00037 ,. 
000111 0100 ~"F" LOnl'; DAU IH~~ lD~LG • -I I" JtJST LOAOED 
OOOH 11102 QOI)O - OAU 0 NOT lJ~fO 
OOO/JO 01114 TPl rl1u .. 
000111 • lDDR O~ IPl • 8ASE AOOR 
0001.12 01(111 ~2At) LOKL AIO,/II" 

0101> 110114 
OOO"J ... CHrrCK t," JUST LOAD!!O OR NOT 
0001.111 1)108 '1011/1 riot LOnG-IPl, AI 0 

III nA '''FC 
00011'1 I'll 0 ( 'H It': "' (" 

r~Ll no NO.N"T THE 1ST TIHE 

r--' 
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525 

OOOll6 • 000111 '" OOOU8 • YES,rOMPUT~ HIGH CORF llMtT 
Q 0011" . '" 00050 010r: H2O LOK', L Al./'i'55'1 PATTER~ 

() 11 0 ''is'; 5 
000'11 Otl2 811.0 LOn A9,/FCOO HIGH CORE -/1l00 

(11 I U FCOO 
ono,,!;! () 11 6 t PUll 0 e~u '" 0005'3 0116 1J7;:'1 STR 1.7,1.9 
000511 0lt8 H2" CWlh 41.4" II' THE LOCATION CA9) fXISTS,(A1).CCAQ" 
000'59 011 A 501'l6 IIII'CO) lPL020 IHTCH 
0005b ottC Q"AO StlKL H,I!OOO ~O,NFXT LowER ALaCK OF ilK 

OIIE !OOO 
00057 0120 'SI"OC R" TPLOIO 
000'38 0122 In (lilO I!'t)U '" OI')O'lq 0122 8Jell LDR All,A9 ,AVE RASP.' AODR OF HIGH CORF IPL 
OOOe/\ 1')12U Cl3 A I') ADKL A II ,1. STUT Aon. 

01211 OOO! 
OOObl nl211 e4/1b LDA 1.12,49 SAY! LOAD ADD. 
000b2 o lilA '1704 AI' IPUIO 
000113 ot2C tPLI 00 !:QU '" 000l1li I) 12C q/IAO Ann AIl,eo 

012E 00'\0 
000&5 '" LO.'" AI)DRfSS OF NEXT RECORD 
OOOllll 01)0 t PI I I a fOU * 0001>7 1'11"0 11111' LOR A1,H5 RFSTORF r.tn INST rN BOOT 
000111\ 01'\2 H)F ANI< • 7 ,Ill" 
00069 11114 91'-1') AOK', L AT ,/41CO Cln INSTRIH':TION 

01 Jb IIICO 
00071) 1')138 linD STR AT,H 
00671 • 
OOOH ol3A 051)7 LOK A5,/";7 CHANGI" LOC~ ISA OF BOOT IN ORDER TO 
00073 n13C E"IUI sc 1.5,154 CANCfL LEADING CHARACTER fLAG 

o 1 ~1F. OO'5A 
00014 '" AI" INtTtALUf 1.5, At. 
00015 01110 0550 LDI( ~5,en II OF CHARACTERS 
OOOH Otll2 111111. LOR U,At2 LOAD ADDR~ 
00077 '" CHECI< IF COUNT DONE 
00011\ 0111U qoaR 1M CNT"I.G-tPL,AIO 

o I lib 00118 
OOOH 0111~ 1190~ AflRC" ~ I t 
00080 OIU OFU! A8 1111- START flOOT ABAJN 
onOlll 01ljC C"ITFlG EQU * • NUM6fR OF RECORDS OF HIGH CORE IPL 
0008~ Ollie FFF5 !>A TA t-NRREC 
00011'3 OlliE /.101)0 DATA 0 
oooe" 01~0 0000 DATA 0 
00011'5 I)llI]l 001')0 DATA 0 
OOOllb 01'54 0000 DATA 0 
000117 0111]6 (01)0 DATA 0 
oooe8 1.1158 oono DATA 0 
OOOIlc/ OI'U 01')1)1') I)ATA 0 
00090 OISC 0000 DATA 1.1 

00091 Q1SE 0000 DATA 0 
ooon QlbQ OOl)n DATA 0 
0009J 01112 (01)" DAU 0 
00094 016U 0000 DATA 0 
00095 Olbb 0000 DATA 0 
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OOO'>/) OI~1I 1)000 DAU 0 
OQO'>T OlbA 0000 DAU I) 
000'>11 QUt: oO~O DAU 0 
O!WJq Ol~f ooon DATA 0 
00100 0110 0000 DAU 0 
00101 tl172 1)000 DAU 0 
OOIO~ 0114 nonn DATA 0 
00103 OJ7b 0(1)0 DATA 0 
OotOIl 01711 0000 DAU 0 
OOto~ (ttTA ~Ooo DAU ~ 
0010/) 011e 0000 DATA 0 
00107 011E 0000 DAU 0 
001011 0180 0000 DAU 0 
~.,!.,o ~!A~ noo!) DAU 0 
00tl0 OtlHI (101)0 DUA 0 
00 t tt 0111" 0000 DAU 0 
00112 011111 0000 DAU 0 
00 I 13 (HilA 0000 DATA 0 
00 I III Ollie I)ono "ATA n 
00115 I)llIf oonn OAU 0 
OOllb ot.,o O!llln "ATA n 
00111 Oln 0000 DATA 0 
ootte (11"" oono !)nA 0 
0011., O19/) 1)000 DAU !) 

OOt!~ 01911 (tOI)O DAU 0 
001iH Ot9A 0000 DATA 0 
OOI!Z 01"C QOtlO DAU 0 
001 Z3 ~1"E 0000 DATA 0 
001211 1AO 0000 DATA 0 
00J~5 01 AI OOon DAU 0 
OOt!6 OtA4 OO()O DATA 0 
001;>1 0\ Aft (lOnn DATA 0 
oOlze I)IAII OOrlO "ATA 0 
OOU" nlu 1)000 rHU 0 
00t11) ope onOn OA14 0 
ooni OlAf OOon DATA 0 
OOlll ~IBO 0000 DATA 0 
Ootn 01A! 1)000 DATA 0 
00114 0184 1)000 DATA 0 
onl15 OIBII 0(01) DATA 0 
001311 01811 ~OOO DATA I) 
00117 OIBA (001) DATA 0 
oone o tI'II: 1)01)/1 DAU 0 
001H OlfH: 0000 DATA (I 
OOllln Oleo 0000 ""U 0 
OOtol 1,I1Cl Q 0 ()I', DATA 0 
00142 011;1l 0(1)0 "AU () 
001113 ()t~" ?OOO "AU 0 
00\111/ olee 0(01) ""TA 0 
001115 O\e- QOl)O DATA 0 
0011l& Otee 0000 DATA 0 
OOl1l7 OIC~ 1)000 DAU 0 
OOIIl/l (lIDO 0000 DAU 0 
001119 OtDl 0000 DATA 0 
OOI'iO OtD4 1)000 DATA 0 
001'51 OtD6 001}0 DATA 0 
OQt'z OtDIl 1)000 DATA 0 
001'53 010- oono DATA 0 

,c---"", 
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0015(1 Oloe 0000 llATA () 

OOl!;S I)tflf oono DA T.l I) 

0015h OlfO 0000 ClATA 0 
OOl57 01f2 OOno nATA 0 
OOl58 01EII 0000 nATA n 
00159 01 ft. 1)000 OAU 0 
0111110 0lf8 OOno DATA I') 

001111 OlfA 0000 04 TA 0 
onlll~ I) IFe 0001') OATA Q 
00163 !)Iff 0000 OATA 0 
001btl 01'11 noon DAU 0 
onlb'i 0,1"2 00110 DATA Q 
OQ I fib QII"/I I)O~O OA TA 0 
001h7 OIH nono DATA 0 
001b8 01"8 OOno OATA 0 
00lb9 01'1. 1'101)0 OATA I) 

00110 otFe 1)001'1 !)AU 0 
00111 ~11"f nonn nAU 0 
0017'2 0200 1')00n DAU () 

OOtH 0202 0000 OATA I) 

00171.1 01!01l ooon OATA 0 
001'15 UHT 
0011b HIGH CORF TPL 
00117 oono PTR fOU n DrvICf AOOR WILL RI' J~rTTAlIZED BV HCIPL 
00178 nOlO ASR F(HI 111) 
00179 0001 S fQU I 
OOI/\n 0000 H f"U 0 
0(1181 1)001 RO" EClU 1 
00t8? nooo SA fOil 0 
On18' * onl8(1 /loon "oDE EO!.! SA FM MFS8AGF OUTPUT 
00111'5 ~"Rr; "IPL+80 1111 RfCORD 0' H!r.H co~~ IPl 
on\8b 1)1')0 ,"CIPI. t EClU * \8T wO~o Of THF CURRFNT RHORD 
O()I~7 01'50 HPf OAU IFHE 
0(1111/\ "10;2 He YPI E~U * 
O(ll~9 Ot'52 11'5'0 LnKl 411, OIITM5G .. Hr. IPL 

"t511 OOEA 
00191' Ot"ib 1J5Af. AnR An,At! LOAD A t3 WIT'" AOnR Of OtJTMSG ROLITINF 
00191 1)1'58 "b8E' Lnl't AI/I,AlI 
01)\92 01'!A "bAO AnKL A14.eFZON .. Hr.YPL 

015C OOEII 
0(1\9'\ .. AODR OF STACIC 
0011J4 01'3£ 811E LOR AT,AtS GET DEVICE APDR 
00t90; 01bO ~7CF ST AI,!,~'VAI5·HcrfDL,AII SAVE 4*4 fLAG 

Otb2 03<;4 
OOt9b Otb/l '!bl)b RF(f» *./\ 
00197 O\bb "oaF 1M CO~fNfl+2·HClfDL.Atl 

0lb6 03'5A 
0OII1~ o lIlA ~COb RA(II) ··11 
0019Q ntbC ??",f ANK 

J..7 """ 0020n • INn 10 T N!I TRue TI ONS 
on.,,,, t) 1 I>f' Q711F A ('HI A7 ,CTnfDT".HCTPI , At 1 

ot70 01/12 
00202 n In 9711f ADS ".1NP2-HCIPL,All 

0\'74 nll\~ 

0020'3 I) 17& 9711f lOS ".fND2-HCTPL,All 
I) 1711 O\CF 

002/)/I 0174 "1t1F A!'I~ .,.fNDI-HCIPL.Alt 
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1l17C 1l21l/l 
00205 01'Tf ~llIF AOS A1.tNR/l4.~CI~L.AII 

01110 OUi! 
0020b 111112 81i~ LOR AI.At5 
00201 ote4 .,?r/l He Al,/I TI"5T MULTI-SINGLF !)EVler CONT. 
0020/1 01116 'bQ~ RFCIt) MeU'!..2 
00209 o t 1\8 ?TOF ANI( A7 .I~ ~ULTI DEVICE CONTROLLER 
OOZ,o o lilA MCI"L! F.Q\,J • 00211 0111A ?llIF An.S A7,!lH~LX.MCrpl.Alt 

otlle ~tlll" 

00112 Otlll! ,111F AOS A1"!lTPRZ-HCIPL,All 
0190 I)I~e 

00213 On2 ,1IIF A08 A7.SST'TR~HCIPl,All 
111911 0100 

00!1Il 01C)b q1IJF AOS &1 •• STPRI-HCI'L,All 

OOr;'5 
n\9/1 Q2(lA 
019A 1FIII IILL. A7.t 

OOilib 01C1e .711F AO.8 A1.W£RI-HCIPL,AI1 INtT W~R/RER INST 
riif/£ onA 

00217 01AO 'H/.IF AO.S &7.wfR~.HeIPL,Alt 
iliA! onc 

002111 I)IAII 'H4F AD.! A7.RI"R-Io4CI'L.Atl 
n, All onc 

0(\219 01"'8 '5He RF ~KOlC 
OOUO OIU /.IF II 7 SVSMSG OATA 'OBJeT TAPF ON Rf' 

ntAC UaJ 
nlAE 0;420 
OtAO "/.Ill 1 
I\tR~ IIJOII"i 
01811 20aF 
0111#1 4(20 
111118 ''Jj! 4 0:; 

00221 OlBA /11111.1 DATA i ADElf, THINK OF SI 
OlEIC 450:;2 
IlIAF. 2E20 
n 11:0 "!L1IlA 
I)HZ 1IC)1lF. 
OICIi IIB20 
1'1 n:6 llFIJ" 
nice 20ql 

onzn OICA lJl';l !)ATA jAil!! , i 
Olec 4S20 
OIC~ 2Pl) 

aoti3 t; i u\j 0004 !)AU 1000' 
002lIJ 0102 !lTAD f:I'3U • 
002~5 QIDl 115IJl ECMSG DATA i EC i 
oon" 01011 IlDIlA nATA )tlOO04' 
oo~n Il'"'' IIFOjb OFLM!lG OATA iov",,' 

Olnll lJb57 
01)2211 OtDA ODOA DATA 10l)OA 
OOVI) oloe RUFf" FlF8 )9 
0023n nUA ~FFF DATA IFF"" 
00231 022C nO(lo "'ASTFG D'U 0 
00212 nZ?f Ilonn 5AVfHS "ATA ('l 
OOlB 1)230 RFB 6 • SUCK AREA 
O"i!H "BA CFrON rrrw .-2 
(1)23'5 r)2~r. f)UTto15G ".,)11 • 

.""\ 
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OQBb I)Z~C 031)£1 LOI( ,n.1I 
00217 1'12'E 113(1) CTn A3.S.A!lA 
oo;ne 02110 F3;>11 LCR 43. A 1 
00239' 02112 11310 nTR OHI AJ.O.ASR 
002 CO 021l1l '5CnlJ RR(II) •• 2 
OOZ'lt n211b t t n I AnI( AI. 1 
002Q? O~lI8 tAOl SilK A2,t 
002113 0241. scoe IIIB(Ql OTR.? 
002QII I\~CC nHo LOK A3.0 
002115 "211E 113qn cro A3.H • .lSR 
on;>1I1> 02'50 IlBno 55T A3.ASR 
00241 1)252 ~CI)II RB(II) • .. l OOll.l/l "l,\11 "O'U RTN AlII 
002119 • 
01)250 • 
Ot:J251 nZ'\b CI(OI< ~g~~L • 
(1)252 Q25& 11141) Aq.O SFT I,OAnING ADDRESS 

n2"i1\ 1)000 
00253 • 
01)2511 • 
00255 * (;0 LOAn SYSTfM 
002~b 02'54 811A I) LOK:L Al'-.MNLO .. Hr.rPL 

n;tSC "2qr. 
002'\7 OZ5' 'III/IF AOR A12,Alt 
002'511 OlbO "/)'n erR ,li4.A\? 
O"2SCj * 0021>0 * (1)21>1 02ft2 81n1 LOR At"lIQ TPST STAAT ADDRESS 
002ft? (')2611 IICOll iRRtI'" AI fnS OR EOP HAS BHN RHO 
002/)' 02r.b zon HI T NO START ADDRESS 
Oll21t1J 02611 "000 IHODR DATA 0 
002115 O!U 1)300 RAf'L lDK A3.0 
on26b O;!bC 1)100 LOI( A1.0 
00207 OlU ~5?O lOK'.l A5.8lJFF .. HCIPL 

0270 "O!IA 
OOlb~ 0272 9OS(lF .lOR A5. Atl 
002bq 02711 !IOCE' 1.0 A6.SAVA15.HCI'L,Att 

0271:1 03'511 
OOZ70 02'T!I 'HIIO ~F(r., INPA 
00211 027A nbOIl lrlK Ab.1I lUll SO ASR 
002T1! oaTe o I II LOK Al.111 SEND X .. ON 
0021'3 0211! 11&00 cto Ab.S.4SR 
IlOna alllO 'Hln OTR AI.O.AIR 
Qn215 02112 '5COII RBCII) ".2 
on2'Tb 0264 Q2qo era A2.H.ASR 
00217 I):!! 810 I.IA" n SST AZ,ASR 
002H Ill'ell '!cnll RACC) ·.z 
OO!H 02114 I...,PA P'QU " 0026n 021\A I)b50 LOK H,.80 LENGTH 
002111 1)211C 7bOO WERI WfR 4b.0 INtT MLX WHATEVER 
O02e/? ozeE' 75nl wERl WER A'i.t CHANNEL IS 
00283 02410 M02 LrlR Ah.AII 
01')284 0;14/2 lEhll SRL A6,8 
002/15 IlZqll CTOPTR EQU " on2/10 n2qll IIben ero Ab.!I.PTR AVAILABLE ON THE PAPER READER 
(HIZII., 1'1 2'1 b ~cnll R8(1l) *-2 
0028e 1)2qll 8211F lO 42.SAVA15.HCIPl,Att 

02 q A 03'511 
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OOl89 onc :JAO SLC A2.1 to1LX 1 oone O~.! '2'" IIF(~) TNP~ NO 
001', 02AO SSTMLX E~U ,. 
OO~"l OZAO 4"1:0 SST 41.PTII 
00293 O~Al 'COli AtHO) ··z oouo ozu TMTP:1!T !()U " 002"5 QlU !l?Q ANl(l At.lt007 TAPE MARl( OR FATAL ERROR 1 

OlA, tOOT 
0029b 02A8 'OtA "F(O) ~l Xt. NO 
oonT UAA U01 ANI( At, IT I!:ATAL ERROR 1 
OO19~ OlAC ~4IH, R~CO' f!CeLS YfS 
002.9 • 
00300 ouP: 8lZ1'1 lOK:L AI,'if i PUT EO' IN BUFF 

t)l~O 3A4'!! 
00301 028l 8115 STR, Al. A'3 
0030'" 11'114 .~!~., t!'lK.L •• i,...' ... " •. u,- . 

Oll'l" 4'"6 
00303 0i!I'J8 "15'3 'T AI.Z.A'!! 

QlllA OOOl 
onoll Ollie 0704 U)I( AT.O tJPOATA POINTRfRS 
00305 ozef '5fC AOR H. A7 
00306 o~eo ,,1fJr: Rlf PRUct 
00307 • 
0030' OICI """. RA'L3 R8 RA'L RfLAV TOWARDS run 
003Q9 ,. 
003SQ 0lC4 '1LXl !QU ,. 
003JI o~e. tt ]4 LeR AI. A5 
00312 oze" ""20 eWK Al 01111 III IT Ascn 

nce 00;11 
01l3U OleA '551' A lin., , IInAY NO 
00314 ozce 01'50 lDK A7.80 nil 
OOJt5 UCf rEDO RfR RfA A".O RfAD R!MAINING L"NGTH 
00316 O~OO Ui'O A"IK'.L A6 .I'" OZDZ OF" 
00311 OlO4 ""11 SUR AT.U COMPUTE TRANSMITT!D LOT 
OOlt II OlD" ''31e AD" A5. AT UPDATE (lU'" POINT!R 
003t' 0208 "!'T1I6 R" ~IIAscr 
OQHQ OlOA IIAOO t"lPZ I~II U,O,flU 

iN~ HAS BErN ACCtPT!D OOlll 020C "(1) A RF(O, SWtT~H 
OOll~ • ~ROCEIIS TH! CHARTER 
00313 OlDf IIACO S5TlfR2 5ST AC!.lfTR TR~ ~ SST 
O(l3!4 021!0 ~coe RIH4) INPZ. T_V AGAtN INR WHPN SST Rf'U8I!D 
00325 Olf! ~t()8 LOR At. AI 
OQ3U O~fQ POO AOI( ~l,O CHECK W!THfR AScrr OR 08JfCT 
003n OZfb ,nil R'(Z) ",uscr RrCO_D WAS ABCII , PRINT IT 
OQHII QUII 061)0 LOK 46.0. STORE A NON ASCII CHARACTER AT 
003H 02fA II"'~ aTR Ab.4"1 THE END 0' BUFF!R , 
OOBo • TO At USfO IN MX! 
00331 n;!I!C IJI"/u RA TMT!ST 
oonz ()21'P: OBJINIf I!QU ,. 
003B ()ZEr 80112 LOR AII,A8 
00314 02FO '560C RF(,,) fHHH 11-1\ DO NOT INPUT 2ND CHARACTER 
003'5 Oll"Z l20" ANK A'''' OOH" 02'4 4fOO tNR44 INR A~.O,PTR 
003]1 OZ"6 ,COII R8(1I) ,..z 
00B8 0[1'8 UOF ANI( '6 01 If 
003H 02"A "1A~1I SlL Ai?11 
001110 nZFC 'Z,I\ AIH! Al ... JOIN THf TWO HALF CHARACTERS 

,..----.." 

REV. I :1-;7 
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0034\ 02F~ nr.HT E~U • 
OOHl 02H !,;I'01l CWR A7. At 
00311] 0300 "iOtl" RPeO) fNDl 
003Qjj' OHI! 1!!35 SCR A2.A5 
00345 ()3011 PIli I) e )tRR AII.U 
OQ3111> 030b isol AOK A5.t 
003117 O:5tl 8 I'''~Q CWK A1.! 

030A 0001 
OOH8 03QC r;1I~1I IU' (4) MJJNI 
003"9 030f 01100 LOK A4.0 
003'11) O'U 0 ~Inl\ LOR .... l! 
00351 0311 'lOS ADR A I, A2 
OQ3C;! 03 !II ,101 AnI< AI,] 
00353 a3ll> 1701 !)BJINI AnI( AT" 
003'511 ry3111 "I'IJO INP2R All INP2 
00355 OJ IA 2207 FIRST A "II( A201' 
003"10 03tC 01')0 lDK AI.80 
00151 Ollt 51'n IU:lO) (l'fGHT 
003511 nno 11260 END2 ero Al.H.PTR 
OQ3'59 n2? !'lSTPTR EQU '" OOHO olU 49CO !HIT H.PTR 
003/01 0)211 scnll RR(II) .-2 
0031>l! O'Jl!b 8062 LQR AII.A8 IF ASR WAIT 
OOH3 0328 511011 "'(bl •• 8 
003/>11 032& !J01l1" PI eORfND+Z.Hr.JPl.AII WAIT 

oue o 3 'HI 
003&5 Q3i!f 5COII A8(lIl .-11 
003/>1I 0330 ~4FF ANI( A4.1". 
0031.17 033? OjODII RFCO) PROlOl+2 
00'51011 01311 ECCUI !QU • 
003119 onll 1)1110 lnl( AI.ECMSG .. HCIPl 
00370 (lUll 'top: ADR 41.AlI 
003'11 0318 Ol!n4 LOI( AliI! 
OOH2 03H SUO LOK'.L AI'2,nUT"4SG .. HcrPl 

O1:JC OOPA 
0"3n (lHE !JII~E ADR A!l,.tt 
00:5111 0140 I'b!J3 CF'R A14.AI2 
Otl31'i 1)3112 lO7F STOP HU 
OOSH Ollill ~,~C RB ('7, RVl 
OOH1 nu, ~.i!0 ASCtNP CWI( 42.1"D 

0148 OOOD 
00378 OJ'" 'JOOF. RF(O) "NOt 
003H 03UC ~I';to CWI( &1,b8 

0311f 00114 
00180 OJ!)O 'S818 RB(O) tNP! 
00381 OS'!I2 I!Z',! SCR 42.4'3 
OOH2 03'111 1501 .01( A5.1 
00383 03'511 110 1 AOI( AT'! 
003811 OJ'''' ~I'80 ABC?) INPl 
Oosa!) 03''IA 42110 ENDI CTO AZ.H.PTR 
OQ3e/J O!'iC 53TPRl I!QU • 
00387 in5C uco SST A!,PTR 
003811 OJ~I': '!IeOIi FU3(Q) ... ! 
0~3/lq 03100 !"RASey EIW • 
OOHo OlllO OI~A LOI( AI."UFF .. HCIPL 
OOHt 1131>2 ,lnf lOR At.A\1 
OIl39? Q3b4 e21C LOR 42.A.1 
OOH] 01;'10 l)"pO LOI( A~.no 
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OO:5ltll OJ&/I ~~V; SCR A!,Ar:; 
01\]«)0; nJ/,A Pin 1 Ank A'5 " 003% OJbC II]lO LDK~L A],/ODOA 

O]/,E OO~A 
0031t7 0310 ~:n5 STR Al.A" 
OOJ'1~ OJU 120'5 AOK AZ,J 
003Q'I 0374 JA&I SRL Alot 
OO/HIO OJTb J All I. l11.L A2 " OOlillt oH8 11082 LI'IR A!I,At! If' ASR DO NOT OUTPUT ASCII 
00401 I\3TA ,!bllll Rf(6) PRASC .. A SHOND TIME (ALRrADY PRINTED w"'EN READ 
OOlinJ one "OIlF 1M CO~~ND+2."'CIPL,AII BUT WAIT .... HT 

1I1H OY'HI 
00404 0180 '5COI,! "Btll) .·4 
00110'5 03112 '5102 RF "'USC~ 
OOIlOb I) JII II PRASCA EQU * 
OQII01 03114 ·~l,!lt1 CFR AlII.A1J 
0011011 I\J/l6 ~!U!lC!I I'QU " O(lllllf/ 03811 (l211A LOK Al,8t1fP ..... CIPL 
00 11 10 1)11111 f/ZO~ lOR A2,AII 
001111 O]IIA 113211 UHh AJ,lZ 
0(l1l12 OJlle ~~20 CWK Al, /lAII'! " rE 

OJIIE lAlJ5 
001l1! oHO "Icno RR(II) fU"LJ 
0011111 019Z t2,,2 AOK A2,2 
Olllll"! OHII IIJZS L"~'" Al,A2 
OOlllb 0]9& ~e21) CWI( Al, /111"11'. *OF 

I)Jltll QFlJb 
001111 019A SCI,. RIH4) fun J 
Oo"le • .. 
O(llllf/ ,. 
00112(1 ,. SET RETURN PARAMfTERS 
001121 ,. 
00llZ2 nJ'C 112n Ln AIO.CO~END.Hcr~L,Atl HART ADDRFSS IN AIO 

OlH IIl"i6 , 
OOIl"'l 01A0 IIUII UH( • L Al1.,MNiD':'HCTPL 

OlU n2'tC 
0011211 OJAQ qll[li! An" AI~,AII '1NlD ADDRESS IN Al2 
001125 nJA& IltC!" LD AQ,8AVBAS.MCTPL,Atl LOADING BASE IN Aq 

flHII oonc 
0011(1'& OlAA 1I0Cr: LO A8,BAonR.;. ... Cr~L.AII ~NDING AOORfSS IN A8 

lilAC 1111& 
oOlln o:HE IlTaE LO A1,MA8TFG.HCIPL.All MASTfR FLAG IN A1 

I) JI'I 0 ~on4 

tl (lll 211 • 
001l2Q ,. 
001130 Oll'll "OlA RTN Atll A~TUAN TO CALLING 
00a31 " OOQU 03811 ~I'F q IUfL~ RA IU"U . • RELAY TOWARDS RAfL 
004:51 031'1& '110;0 Rn A Y AP PROLnt+l 
001l1a " OOIlJ"i 011111 ;300 SWITCH 4nK Al,O 
nOlllb 031H 'FIe F RR (t) n8JIN~ 
001l:J1 nJiIIC ~2'" ANI( Alol'7F 
0011]8 OlliE: lillr.6 RAtll) INP;! 
0011'" I)JCO "A~n CWI( '1..11" 

03C;! 0011" 
0011110 I)]CII 'I8,.C "R(") TNP/! 
0111111' OlCII IJI')O AnI< 43,1) 

t ~ \ 
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0011112 
0011113 

0011110' 
onoll,\ 

n04116 
001101 

00114/1 
OOllllq 

001l5n 
001151 
0011'12 
0011'5' 
00U54 
0011'5'1 
QlIlI'ib 
00U51 
OOIl"i8 
o 1'1 II ,!q 

004/10 
00Ub1 
00llb2 
004b~ 
00111>11 
001165 
aOtlOb 
004&1 
01'111&11 
OOllbq 
001110 
00411 
001l7? 
00413 
0011711 
01')1115 
001l1b 
onll77 
Oll/478 
OOU'1II 
001180 
0011", 
00482 
OOIl8~ 
0011811 
0011115 
001186 
001187 
OouM 
00118'1 
Oollqn 
OOllq, 

3-30 REV. 1 

I'll r. 8 
1)30 
03r.C 
03CE 
0300 
0302 
113D4 
0'51')& 
OlOe 
OlD. 
030C 
(,)30E 
n3fO 
('13£2 
nlEQ 
1'131'11 
OJFII 

03EC 

03H 
ova 
Olf2 
03fll 

''iA II u 
I"A?o 
nOIF 
') It/, 
I"A20 
00 til 
"il0C 
I!AlO 
OOne 
520b 
I!A20 
/lOIC 
~CCA 
nnl 
'!FCC 
t 8/lt 'I" AU 

01F.A 
5FU 

nlf'F 
"11011 
0200 
liZ"" 
OJ'll> 

ASCII 

'* 
'* * MAIN 

* • 
'* 
* • 
• 
'* 
'* 
• • 
• 
* 
* 
'* 
'* 
'* • 
'* 
RAFU 

* 
'* 
'* CLcot 

• 
'* • 
'* MNLO 

RFI (n 
(WI( 

RF ( , , 
(WI( 

RF ( 1 ) 
CWI( 

RF(2) 
rWI( 

RB(II) 
AnK 
RA (7) 

8111( 
RA(7) 
EJEI':T 

LOAnING 

Eau 
RA 

EQU 
LOR 
LOK 
51 

TFT 
)(1" 

OBJf(: 
UtllO 

JNP2R 
n.t 
FIRST 
Alot 
ASCtt.lP 

PiAT ENTRY PARAMETFRS t 

Al .. MASTfR HAG 
Aq • BASE AOOAfSS 

too O"TPIJT M5G REQUESTING UPf ON REAOfP 
2.- PI'"RI"M""S A 'HALT' .. T~E USER HAS THfN T~E 

pnsSrRtlTTY Tn ALTER THF 8AS~ ADDRrss (REG.A4) 
AND THF ""ASTFR FLAG (REG.AI) 

(Al1l:0 ""ASTER) 
CAI=1 llSER) 

1. LOAnING PRoerss STARTS WHEN US!R O~PPRfSS START 
BIIHON 

• 
IUFL2 

FRPONNOIJS CLUSTER,PRINT PRR MI!SSAGf 

• 
All, A! 
A2,0 
A2.CORENO-HCIPL,All 

SAVE MASTfR FLAG 
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0050'S 

0050~ 
0(1501 
OOSOIl 
0050fJ 
0051(1 
00511 
OOS,Z 
(051) 
00 5111 
00515 

005if> 
005,., 
005tll 

0051fJ 
OOS!O 
005U 
OOSU 

005il 
005!1I 
OOS!"'! 
on5!b 
00511 
00"'!!/5 
OOSZfJ 
005'S0 
0(1531 

005'1 
005B 

OOSH 
005~5 

0651b 
on'n7 
005111 
0053fJ 
OO'Ho 
005111 
005QI' 
OO'iQ"S 
0051la 
005115 

onsc~ 
005Q7 

005/18 
005119 
005<;0 
00551 
00552 

IIIlOO 
OliO! 
ncoll 

01l0t. 
01l01l 
OIlOA 
OIlOC 
O/j~'" 
OIlJO 
Oil U! 
Olltll 
nll!b 
elite 
"IIIA 
OIlIC 
Oil!" 
nll!O 
nllZ2 
till I! II 
Oll~" 
Olllll 
01l2A 
nlllC 
Oll!f 

tlllln 
0412 
01l1/! 
0113& 
n1l1!! 
I'ILJ1A 
01l3C 
OIlJE 
OIlLJO 
1l1I1J2 

IIteF 
nOOC 

tllAI) 
00110 
~I!I\F 
ooon 
IIICF 
nllb 
70111'" 
I')llnb 
,,,. t E 
IIPO 
nt'!lH 
'lIOE 
nil II I 
0300 
1'3'-" 
t 101 
nlOO 
p;nQ 
tI ~ I 
EB70 
0001 
'iOnF 
~B20 
OOnll 
~O'U 

"B20 
0007 
505f 
"'!I'"7A 

11311" 
0090 
"'!C10 
II Jil " 
IIOIIF 
AJI I 
'50ntl 
Bot 
nn" 
1\5"1I 

• ,. ,. 
,. PROCfS~ ,. LOADTN!; I TI4Y~ MODtiLE R[ AD 4 ,CLUSTER 

AND BRANC~ 'CCORDYN!; TO THE CLU~T~R TYPE 
nN P:)(IT Al II ellFF' ADDRI':SS +1 

AI! • WORD COUNT 

.!U 

PROGLO 
PROLOI 

A3 a TYPE' 
THf TYPE' MUST B~ ],11,1 

LD~.L AIO,STAO-HCIPL 

'OR 
LOP( 
LI"< 
lCR 
AD~ 

LDI( 
LCI! 
AfH( 
CWI( 

RF(n) 
CWI( 

ItF(II) 
CWI( 

Rf'( I') ) 
RRn) 

410,A1I 
(I 

l~,AADOR.Hr.rpL.All 

• 
IUPl\ 
Al,BIIFF .. HCIPl 

AI,AII 
"q.t 
"1.0 
n.H 
At .t 
AZ.O 
Al. AI 
A l.t 
A3.1 

CLEN" 
P""LOI 

~ •• * •••••••• ~.*.-* ............. **. 
,. t:L"STf'R COO". TYPP" 

l~ NOT THIS ;HAlT 
EN" ADORFSS 

BADOR aBASE ADDRESS 

A3 • TVPE 

A? • WORD COUNT 

RRlNCH ON CLUSTfR CODE 

TNTEI!NAL MODIFICATION 

f:ND/~TART 

• UPON ~NTRV' At-ADDRESS OF BUFF+I (RAK 
• A ~.WClRD COUNT 
,. A9.fHOORESS 
,. A I O.I':NOADDRP;S~ •••••• ,.,. •• ,. •• ,.,.,. •• ,.,.,. ••• ,..*.,..,. •• ,. •••••• ,. •• ,. 
CLCOOF LO 43.IWrF+fI .. HCYlill. A t I 

nCOIA 

"'1 
Rr(n) 
)(111( 

AOR 
LOR. 

PROLOt 
A3.RUFF+q.HCIPL,Atl 

43,AII 
C:Lcoa 
A3d 
43.49 
A5.AI 

FMBK SET SKIP THE CLIISTER 

TS IT ~FLOCATA8l~ SFCTION 

4'5o:(RBK) 

REV.. 3-31 
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005"il 
Q(lS'i1J 
005";'5 
00551>· 
00557 
005"\/\ 
OO"io;q 
00560 
00561 
0()S6l 
OOSIt, 
OOSloa 
OOSb'i 
005b.., 
005h1 
005"'1\ 
005bCl 
0,)1570 
011571 
OOSH 
005H 
OO'i711 
00575 
O1l51b 
00577 
00518 
OOSH 
01)';110 
00511\ 
0"582 
005e1 
005114 
0058'5 
005111> 
00587 
OO'5IlJ:l 
00511'1 
005'J(I 
005<11 
1)(')5C12 
oo<;q, 
OO"l'lu 
00""5 
OO,!Q6 

00597 
005.11 
005<1<1 
OObno 
onllOI 
0111,0., 
00b01 
OOIlOU 
01)605 
OOIlOh 
onll07 

OObOIl 

3-32 !\E:V.I 

n4411 
/I a II.l 
na4e: 
QlluE" 
IIU'50 
01J'i2 
011'34 
OI,lSb 
I) II '!II 
01J5A 
OIl'5C 
Ollljf 
111,11>0 

041t2 
011611 
nt/lib 
lIt/b8 
n4bA 
r.~/o.C 

1\ 4 t.E" 
0(170 
nun 
11471l 
0(116 
/lu78 
IIU7' 
na7C 
Ou7E 
n(ll\O 
null2 
I)ulla 
nullb 
I) a 1111 
llallA 

0411e: 
lIuAE 
OU'lQ 
/lun 
nu'lll 

OU'l1> 
1llj<l8 
OllqA 

OtlClC 

\101-1 
lAOJ 

lCFl 
IIb~U 
fBoA 
5/1"u 
A"i II 
'iOn? 
Clb!lb 
8b?I') 
It O? 
13112 
tAnt 
setll 
'iF..,1I 

1\70t 
~'52U 
I A II I 
'CEt 
ttll? 
1132 4 
011') 
0;0011 
BOt 
<lJnh 
F B IH 
'i811F 
II Q2 
116?u 
A'511 
C;0l1~ 

'II>OIt 
IIbiJ() 
11.112 
'len 
'iF<)? 

IIJ;>1l 
0;0(') A 

43t t 
"i00? 
'HI16 

OU9" 
~JlI" 
03<;/, 
BtllF 
1)0<)0 

* 
* 
" CLCO'i 

CLC.17 

• 

AnI( 
SI/K 

SRC 
I.Olh 
CIoIR 
RAUl) 
TM 
RFCO) 
lOR 
STR 
AOK 
1."1< 
51/1< 
ARCU) 
~R (1) 

A \. b 
A?3 

u,t 
46.A, 
.I."\.Ato 
CLCOI 
4'5. A II 

CLCOT 
AiI.ACI 
lb.B 
'1.2 
Al.1! 
Al,t 
CtCO"i 
PROl.O 

A,= AOORf'SS nF ST COOF 1oI0RI') IN 1\1IFF 
42= N(lMRFR OF ronf. WORO 

A3= STORAGE AOORFSS 
AI1= MASI( FOR RBK 
AIt= ConE WORI') 

COMPARF LOAn AnORFSS WITH An OF JPI 

STORE COOf W-RDS 

••••••••• **.*, •••••• * ••••• **.*** ••••••••• *** •••• *******.*** •• 
• HITFIHJAL MnOTFYC:ATtO'-l CLtJSTFR 
.** •• ** ••••••••••••••••••• * •••••••••••••• * •••• 
CLlMnn LI')K ,'.1 A7= MASK FOR ADDRESS 

U'Ilh A5.AI A5=(RRK) 

CLIM! 

CLY"'? 

SilK A~.I 
SRC A4. 1 
AoK At.2 
LIHh " •• q 
T" .3.A7 
RP(I) CUMl 
XRK 
At)R 

(WR 
RA(O) 
.HW 
lOR. 
TIo4 

R'cn) 
.lOR 
STR 
SilK 
R8(1,I) 
RR (1) 

A~.t 

.I.3.'&CI 
A3.A10 
CLC~Ot 

A! .? 
Ab.AI 
15,AII 

CLIM' 
J.b •• C) 

Ab.A' 
4(>.2 
ClYMI 
PROLO 

•• ** ••• ******** ••••• *.**********.* •• **** 
• ClljnfR nm/~TlRT 

A3=AIHIRESS 
IS IT RELOCATARlf 
NO 

yES AD flASf' 
.DORESS OK 

TAKE cnOE WORD 
IS IT RELOC1TA8LE 

AD IHSF 
STORI'" CODE WORD 

•• **** ••• * •• *.* ••• *.*.~*.** •••• ****.***.* 
rlENO LDR. 4l.At 

• 
• 
CLEN! 

RF(O) CLfN'A F!NISH WO ~TART 

T"4 Al. AU 
RF(n) rLl'Nt 
AnR A3,AQ 

* 
Al.CORfND-HCTPI.Alt 

A 1,I\IJFF.b .. HC {PI. A 1\ IIPDATF RASF ADORfSS 



I PL52 S 

00110' "II'E '!II1" AO.1I Al,8&ODR-HCIPl.Alt 
0111.0 0116 

OOblt1 fllU!' '11111 AOR A',AI 
00611 04A4 SI"'C RS PROlO 
0061~ • 
00'11 ,. 
OOllt4 nlUb nOl)n ~.VAIS DATA 0 
001115 ,. 
OObH ••••• *,.~.*.*.**.***** ••• ******** ••• *.*.***.*.** ••• * •• ***.***** •• ****.*.* 
OObiT ,. 
OObI II O/JAII (01)0 CMEND nATA /) 
00111., • 
006ll) • 
OOftll ••••• *.* •• **** •• ****.*.**.* ••••••• **.** •••••••••••••• * •••• * ••••••••••••• 
OObU IlClAA DOno DATA 0 
006~J OIlAC ·0000 DATA /) 
OOlll/J /IlIAI': nono OAU 0 
0061'5 1)480 oono DATA 0 
006l,, Olll'l 0000 DATA (I 
OOUT n484 OO{lO DATA 0 
OOblll OIHlII OOno I)AU 0 
006~q 041'111 0000 DATA 0 
00610 0481. 0000 DAU 0 
OOlllt 1)111'1: ,,0(10 DATA 0 
006H O/J"[ 0000 OATA 0 
OObH 04eO 0(1)0 DATA 0 
006JQ O/JCl 0000 DAU 1\ 
00611j O/Jell (01)0 DATA 0 
DOUtt ~OC6 1)000 DATA 0 
006]1 1)4ell OOtlO DATA I) 
006'311 0110 0000 DAU 0 
001119 (loce 0000 DATA 0 
on6/J0 1)4e~ nOtln DAU 0 
OOttOI ,,/Joo nono DATA 0 
O(l611l 01102 tlOOO DATA 0 
OI)6/J~ 0000 0000 DATA 0 
006411 !)IIDII 0000 DATA (I 
001111115 011011 0000 DATA I) 
006116 OllnA 0000 DATA 0 
006117 OIlOC 0000 DATA (I 
OOUII OIlDf noo(l DATA 0 
OO~II" 0111':0 0001) nATA n 
onbSn OIiU QOl)o DATA 0 
00b51 Ollf:ll nooo DATA 0 
oottu 1)4fft 1)000 DAU 0 
onb'i~ o II!" II 0000 DATA 0 
OOUII Q4F.A QOOO DATA I) 
o Oil'S'!! OIH'C OOf)tI DATA 0 
00/,'", OIlH 0000 DAU 0 
OOf}!I1 OIlFO 1)000 DATA I) 
0011.,11 olin I)ol)n DATA I) 
(1)65' 04'" (lOot) DATA 0 
OOb/,O QII" OOQO DATA 0 
01)1111, 011,." 1)01)0 nATA 0 
00b/o2 nll'A tlOOI) OAU 0 
I)Of>b3 OIlP'C 0000 DATA II 
I)OHII Olll'r 1)000 DATA n 
00665 0500 0000 DATA 0 
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OO&bb OS02 QOOO nATA II 
OObb' 05011 nooo OATA 0 
OObbS (I'!Ob (l0!,0 DATA 0 
OQII&'I. 0506 0000 nATA n 
00"1Q Q~OA 00~0 nATA (I 

001>11 osoc 1)000 OATA I) 
001172 Q50f: 0000 DATA 0 oou, 0510 ~OO(l DATA 1'1 
001>7" Q5\2 0000 DATA 0 
(1)1>7'5 . 1l'l111 0000 DATA 0 
00&7& OS!/) 0000 OAT4 /l 
001>11 n'!t8 001)/\ OUA 0 
0011'78 05iA 0000 DATA 0 
O~6T41 O'!JC 0(1)0 OAU I) 

001180 051E 0000 OAU 0 
00681 0520 0000 nATA I) 

OObe! fJECT 
00683 0522 YPL411 Erw • 
001.811 05!! a30e: LOt< A3,NRRfC 
00118'5 0524 81120 LDKl U,8TPL 

0'121> 0100 It 
OOllllb I)'!ZS 01e"5 LQK 47, I~S 
001187 • BA!lIC W~fTE 
OOlle! 052A /lOA 0 LOKI AS.OECRIIII 

1152e n5e~ R 
OOf,Sq O!l2f. PIjNCHIi I'QIJ * OObqO O'5?f n5"50 LlH( A'3,SII 
0011'1 1')5'30 1Ht!0 lOKL Ab , 811FIIII 

(11)32 (')'18£1' R 
00llq2 oSH "t;Hllno flHl • 
OOH] 0'3311 1)100 lOK A 1 10 
0011911 053b 020/l LOK A2.0 
001195 0538 F,ll0 lell AI.A/,I 
OObQb o 5 'SA Hbll II ilL Al,II 
00U7 Q'BC ~9lt eCK At.O 

o'n! /lOt\o 
OObge 05/,10 'SOOb "I'CO) PCHlln'5 
oon. OSIIZ ,.q~1 eCK Al.1500 

0'31111 0'500 
00100 t\5U '52(12 RF(2) PCf.j410 U!lS THAN" 
OOTO! t'lSIlII "CHlln" fQU * 00102 0'5"8 ~910 ORK Al./to 
00103 05U PCHIiIO I!l3lj .-
001011 0'!4A nils IIlL AI 18 
00705 O'JIIC p.nn lr:~ AI. All 
0070b 054! H~O ANKl Al.1FFOF 

05'30 FFnF 
00707 O'!i'!il ~9?1 ceK Al.0 

~5~1I 0000 
00706 055& 500b RI'CO) PCHIJ t"1 
00109 o 'SCi 1\ !9~t eCI< 41.1<;on 

055A 0500 
00710 05'5C '32n? RF(?) "CHHO 
o01q n55F PCH/,Il'5 EQII .. 
0t\71.~ 115'5E ;:t910 "NK Al.110 
007\3 os*,o PCHII20 EQU .. 
o/l7\a (111)&0 IIntl STR Al.U 
00715 • II HIRE WaR~ 
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OO"t~ 056! 160? AnI( 46. i! NEXT wORO TN BU,.FER 
00717 ~5ftll 11101 AOI( AII.t N!:XT CHZR'. IN IPL 
00718 ll"Jbft H)lH SUI( A,.t 
0011" 
OOTZO 0"l6t1 '59~6 "IH I' ,"CHIIOO 
ooal O"lU 1:820 CWK n.t LAST R~CMD , 

0'36C /l001 
00722 05H "11106 ""(II) PCH4'0 NO 
OOT!] 0"110 010 LDI( Al./13 XOFF 
00H4 O"! 11141 lIT Al , 8U"4IHt5t1 

05 'fII 06U R 
00125 05H PCHII30 P:QU * 001<'6 OSr6 28('14 LI<H 
OOH1 Q"J1& 0001 DATA 1 
OOHt' ('1"17 A IBOI SUI( B,I 
0017" ""I1C "1'''1('1 RB(t) PUNCH4 
00730 * 00131 n"ln 28nll LI(M 
00132 0580 IIOOJ DATA J 
011733 * 00730 05/'12 OHBIIII EQU * 007'55 1)'382 001)3 DATA :5 
00H6 0"J84 0581! R D~TA "U' /IQ 
0(11'31 0''''16 0040 DATA 160 
007311 05118 0000 DATA 0 
00'13'1 o "111 A 1)000 DATA I) 
OOT 4O OS8e 0000 DATA 0 
007111 n"JIII! BU"4Q RI!8 110 
007IJl * .007113 * 0('171111 * on711"1 END IIIfIlpR 

SYMROL TARLE 

ABA 0000 ~ ASCn ('I~r6 R ASCIN" 0346 " ASIt 1)010 A 
!lAOOR 0268 R BIH nloo R RIPLPR 0000 R ao'" 0001 A 
!lU"44 n"ltlE R ,w",. O\D(; R CF'lO~ Ql'U R CInltTR Ol'JII " CI(OI< Q25ft R CLCOI 03FC R nCOIA 1)416 R CLCOII 0441 " CLCOS 1)4118 R CLC01 ('11156 R CLCODE 01130 R eLEN1 01l9b R 
CLI!NH 011"4 " CU'Nn ('IIl8C R CllMI OIlU " CLlMl OIlTA R 
CLlM' 011 I\IJ R r.UIoInn 0llb2 It CNH'LG OIIiC R CORENO oue II 
"HB nnH' R "£C BII II 0'51\2 R OECBIlIt OOlO R HClII 0334 R 
"'C"IIIG 0\02 R OCHT ('IlFF' R "'NOI 035A II I"Noa 0320 " FIRST 1)314 II H 0000 4 ~Ct"L H '2 II He I"Ll OUO R 
HeJl'LL' 01 1U II INP2 OlnA R INP2R 05J8 " INPA 021U R 
JNR/JII 021"11 II T"\" 0104 R IPlOIO 0116 R IPL020 Olll " r"l100 nln R IPUIO ont) R IPL411 05!2 " IPL88 0000 II 
Lf)Flt: 0100 II! MASTFG 022C II "IL)( I OlCll R "'NLO 03~f R 
Moor 0000 • NBREC nooc A ORJ£C nF2 II OBJINI 0316 R 
ORJINp OlEE R "FlMSG OIOb R OTR 1)211l R OUTMSG 02'C R 
"CHIIOO 0'534 R "CHilO'; 0511t1 II pCI-11110 O,U R PCHlltS OS,! II 
"C1-1420 l)'5bO II! "CHino 05H R pRASCA 03811 II PRASCS 018. " "'USCI OHO II! PROGLO 011011 R PROLO 03". R PROLO! 0406 " PTA 0000 A PUNCH OOIlC R PlINCHIi 0'5 zr:: II! RArt 021>4 R 
'HFL I OJr:A II! RAFL? t)llHi R RAFL3 OlC2 R RELAY 01F'\6 R 
RER Olcr II ~ 0001 A SA 0000 • SAVA15 01lA6 II! 
SHIH S 02U' R 5STMLX OlAn R ~ST"RI nl'lC II SSTPRl 0201" " SSTPTR OJ22 R SHO OlD? R !lTn" 0342 II! SWPCH 0388 II 
~YSM!lr. 1\ t AA II! TMTEn nZAli R WI!AI Olec A WEAZ n28E II 

R ~\I 1 ( :; r;: 
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00000 IIlE,"T IPL5~H 
nOOOI ENTRY IPl611 
OOOO! PJTRY JPlIIIl 
00003 * 00004 ,., Rfl IfR tPL CfNfRATJON 
00005 aooe IolFlREC ~~u t? 
00006 ,., 
00007 0000 BtPlPR ~nlJ * 0(1008 OO?n IPLIIII Fill) .. 
OOO!)q 0000 OI()C Ll'H( , Al.N~RF( 
000 in 0002 1)2;>0 L'H( .l V.fHPL-80 

1'1004 nOBO R 
OOOtl 00011 078'i lOI< 47 '/~'5 RA!'IIC WRITF 
00012 0006 /)OAO Llll<l AS,DECR 

OOnA OOtE R 
000\1 OOOC PUNCH p'nlj • 
0001" onoc tj!~o Ai'll< 42.81'1 
011015 QO~f 8241 5T A2.0fCRU'- !'1fT RliFF AnOR 

0010 0020 R 
00016 00 ti? 281)4 LI(!j PUNCH ONP RECORD 
onOl1 1)0 I. II 1I0QI DATA I 
000Ie 0010 190\ Sill< 'I d (OIlNT I)ONE ? 
0110\1) 110111 .,QOF RIHIl PUNCH NO 
000<'0 nOI' 2804 1.1<'1 YES 
000?1 OOIC 0003 DATA 3 E)( T1' 
nOO22 .. 
00023 nOIF "H8 Enll .. 
on0211 ootl" nOl'l3 DATA " FILE CODf 
OOO!"5 00;>0 DHBIII" RFS I 
00020 1'11)22 1)0'50 I)ATA 110 
00027 nn24 (l01'l0 OHA n 
OOOL'6 1)026 1'I0l'ln nATA 0 
00029 11026 !lono DATA t) 

00030 EJECT 
00011 RORG RIPLPR+/IOO 
00032 .. 
OOO'B 11100 RIPL fQU .. 
OOOlli • I~T RECORO • LOW CORE IPL 
0003S • lOW CORE IPL. I RFCORD,LOADED AT 18n AND 
OOO'H • IlURTfD 4T 1114 
00031 • 
00038 1)100 FFF" LoFlG OATA IHFF lDFLG = .. , IF JUST LOADED 
0OO3'l 0102 0000 nATA (') NOT 1)51':0 
00040 !) 1 nt.I fPL EQU • 
000111 ~ OM OF IPL = RASE ADDR 
OOOlle 0104 112An LDI<L lln,/8lJ 

01na 00114 
oooal • CHFCl< IF JUST LOADED OF! NOT 
00044 0108 ~OqR 1M LDFLG .. TPl.Atn 

010A F'FH 
000"'5 IIIOC 'lltF' RF (I' I Pll 00 ~O,NOT TME 1!IT TIME' 
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000111> .. 
000117 * 0001111 * VB,COMPUTE HIGH CORE LIMIT 
OO(lllq .. 
00050 010~ eno LDK'.L A7./'55"5 PATTprRN 

OttO ';5"5 
000';' 011 Z ~IAn LOKI. "q,/"COO HIr,H CORE -/1100 

01 tIJ FCt)O 
0005~ nUb TPLOIO £t3U * 0(1053 o II I> "727 STR A7.A'1 
000511 0118 r.",.1> CWIU A7.Aq IF THE LOCATION (Aq) EXISTS,(A1'.C(AQ» 
OOOS'5 01 U 'JOOb RI"(O) IPlOZO MATCH 
00D'56 01lC '1I1AO SIH<L AII.nooo NO,NFXT LOWER BLOCK OP 11K 

01H' ~OOO 
onO'5T nl~O '5"OC R" IPLOIO 
00058 0122 TPLO?O EQU * 0005'1 11122 83M LDR '".49 SAvE BA!I~. AD"R 0" HIGH COR~ IPL 
OOObO 0124 cnAO AOn A 11 .2 !!TART ADD. 

OIZI> aooz 
OOObl nl2e 114ft/) LI)" AU!,n SAVE LOAD ADO. 
OOOb? ('lIlA '1\7 n II A" IPUIO 
0001>] Ol2C IPLI 00 t!OU * 000b4 OIO'C 'JIIAO 'DKL A12,M 

0121': 0050 
OOOb'5 * 'OAD A"DRf~!I OF NEXT RFCORD 
00010., 0130 I PU I 0 EQU .. 
OOObT ono IITt! LOR 47.At5 R!9TDRE CIO INST IN MOT 
0006e On2 2731" ANK AT ,/3F 
000'9 1'134 qT2('1 A!ll('.L U,/lIl!"O CIO IN!lTRUCTTON 

01:1' IIICO 
00070 01311 IHtI" ~TR A7,Al 
OOOTI .. 
OOOH 01 ]A 05'51 LOK A5.1'51 CHANGE LOC~ 15A OF BOOT IN ORDER TO 
00013 nnc 1"5111 lIC A5,/''U CANC!L LrADING CHARAtTEN PLAG 

nnE OOo;A 
000711 " RE INITr AU I!' A5 •• /) 
00075 (l1QII n550 LDI< A5.IIO " or CMMUCTfR8 
00076 0141 e6t/! LOR ./).AtZ LOAD ADOR. 
00077 • CHFCK IF COUNT DONE 
onOTe 01114 '101HI 1M CNTnG-II"L,A10 

0111. 004e 
OOOH ot~1'\ ~I)np.: A8~ (ll All 
oooen 01 IU O"1l2 AA 1112 ~T4RT AOOT ASAIN 
000111 nlac CNTfLG ~QU ~ ~ NUMAFR OF RECORDS OF MIGH CORE IPL 
0001l! 1)141': "FF'I "AU t.NMH 
oooe~ Oillt! oonn DATA 0 
00064 1'1150 1'1000 DATA 0 
000115 0152 0000 DATA (l 
0001'\/) 01"4 nOnn OAU 0 
00081 nl'l41 nono DATA n 
OOOIl~ 01511 noon "ATA tl 
oooell ~I~' ?0(l0 OATA 0 
000"0 nl"iC 0000 DATA 0 
000'11 OIS!! 1)000 DATA a 
000'12 0160 0000 DATA n 
nnoq~ nill/! 1)01)0 DATA 0 
000'111 nihil no!)o DAU 0 
oooq'l 0166 nono DATA 0 

RE\I 1-17 
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0(1096 0lb8 ~oon OAT A 1'1 
1'11'1091 I)IU 1'101'10 DATA 1'1 
0009~ nlbC 01'101'1 /'lATA /l 
1'11'1099- 1'I1b[ 1'101'11'1 I"ATA n 
0011'11'1 1'1171'1 1'11'11'11'1 rlAH 1'1 
1'11'111'11 1'1\72 1'11'100 DATA 1'1 
0011'12 1'11111 001'11'1 DATA 1'1 
1'11'111'13 niH 1)1'101'1 nATA 1'1 
0011'14 1'1178 0001'1 OHA n 
01'111'15 ~PA Qono DATA 0 
QQIQb Ql7e 111'100 /'lATA n 
1'1011'17 Ol7f 01'11'11'1 /'lATA 0 
nnln{l. 011\1'1 1'101'11'1 OATA 0 
nnl(,)9 I')II\~ nnnn nATA n 
1'11'111 n 1'11811 1)01'11'1 nA TA 1'1 
1'1 I') I' I n IIlb nOon DATA 1'1 
QQII? (111'18 1'1000 OATA 1'1 
no 11 , 1'1111& Ilonn nATA (1 

1'101111 nille nOon DAH n 
on 11 "i Olllf 1'1000 /'lATA I') 
ootte> 1'1191'1 nonn DATA 1'1 
00117 1'1192 I)Onn nATA 0 
1'11'1116 1'1\94 1'11'11'11'1 /'lATA 1'1 
1'11'1119 0\9b 1'101'10 OUA 1'1 
01'11211 019/1 1'11'11'11'1 DATA 1'1 
01'1121 01 'H 1)1'11'10 DATA (I 

1'10127 1119C noot) DATA 0 
1'10121 nlCJf 1'10/11'1 DAH 0 
QOI?II olAn 001'11'1 DATA 1'1 
0Ol!5 01A2 oono DATA 1'1 
nQ1>b 1)1.44 nonn DATA 1'1 
QOln 01 Ab noo~ nATA 0 
01'1121\ nlAII 001'11'1 nATA n 
nnp9 OIU 001'10 DATA 0 
1'11'1131'1 I'll AC 001'10 nATA 1'1 
on I 'H nlAF 1111110 !)AU 1'1 
001 H 1'1 plO /lOon nATA 1'1 
OOt :n I')IR2 ooon OAT' 0 
(1) lJQ OIF!1I 11000 DATA II 
00135 018b 0000 nATA 0 
00t1b otB/I nool') OAT~ 0 
QOll7 nlSA aono OATA 1'1 
1'11'1116 OIAe 0000 DATA (I 

OOtH ote! nooo DAU (') 

001a!) Qteo ono!) DATA 0 
1'11')1111 ote! 01'11)0 "AU 0 
001112 olea noon DATA n 
1'10141 Oleb 1101)0 OATA (I 

0011111 niCS QO()O OATA 0 
Q01/j1l5 OICA 1'1000 OATA 0 
ont'lh ntcc lIonn DATA n 
QOJ/j7 OICE 0000 DATA n 
00111/\ nino nonn DATA n 
nOlllCJ OtD2 ooon DATA 0 
01'110;0 0100 /l001l DATA 1'1 
001'31 nlDb 001'10 OATA 0 
OOI'5! 1)108 001'10 OATA II 
ol!151 n 1'"),\ 1'10011 DATA 0 

3-38 REV. 1 



IPL52H 

(lOI,Q OIDC ~O!ll) "ATA II 
00'55 Ol"t 0000 I)AU 0 
001'36 I)'~O 0(l1l0 "AU 0 
00,IS1 OIEe! 0000 ':lAU II 
nOl58 IIttO ~oon DAU 0 
0015q Oln. 00110 D4U 0 
001410 011'11 11000 DAU 0 
0016J 01FA 0000 DATA 0 
001b2 (lIEe 0000 DATA 0 
OOI6~ OIH' (01)0 DAU 0 
001ba OtFO 0000 DAU 0 
00165 011"2 0000 DATA 0 
00166 011"0 ~OOO IHU 0 
001b1 Q1Ft. 0000 DATA 0 
001bll 01~1I 0000 DATA 0 
001~9 01FA 0(1)0 DAU 0 
00!1Q 01FC 0(1)0 DAU 0 
00111 oln: 110(10 D.lfA I) 
on172 0200 0000 DAU n 
00113 I)ZOl ~OOO DATA 0 
OOt'Ta IIZ04 nooo DATA 0 
00175 F,n:r.T 
00116 HIGH CORf IPL 
00177 nooo PTR F.t3U 0 Dtvler ADOR WILL BF INJTIALIZI'D flY HCIPL 
OOt'TR 0010 ASR Et3U 110 
001111 0001 S F"U I 
001110 0000 H 't3U 0 
0011l! 1)001 ROM EQU 1 
001112 1)000 SA I't3U 0 
0(\1113 ; .. 
00184 0001 MODf tau !JaM . FOR ME$S.lGf OUTPUT 
00185 ROAr. BI/IL+80 19T RtCORD OF HIGH CORE JPL 
OOJllfI 01'50 HCIPLI Et3U • 1ST WORD OF THE CURRFNT RHORO 
00181 OI"!O f"f F f' DATA IFur 
001118 0''52 HCIPL P't3U • 
00111" nl~2 8"1AO L"Kl. An. OUTM!!G .. H(':J PL 

0154 000 
OO'~O 01511 "5111'': ADR All,AII LOAD An WITH ADOR OF OUTMSG ROUTIN~ 
00 Pit Ol"ill Ab/l". LOP A1Q,Al1 
OOIIJl OI'5A qUI) AOKL A tt~. CPON.HC I Pt 

Ol5C OOf8 
OOIH A""R.OF !lUCK 
OOlqa OI'5E IHIE LOR 41.At5 GH !)EVICf ADDR 
001~o; OlbO ,..,C,,- H AI"i,84VAI5-HCIPL.All IIAVF. IUQ FLAG 

Qlb2 0366 
001~6 0,60 "IbOb RF(ft) .+8 
001~1 " 166 "OIH' II! COR~NO+2.HCIPl.All 

01611 O'Jl, A 
OO!~8 016A ,:,!COb FHI (a) .-ll 
OOI~IJ OlftC ;tTlF ANI( 41./~1" 
0020(\ INn 10 INSTRUCTIONS 
OOlO! OIM' "HI' ADS l1.CIOPTR-HCJ~L,AI1 

0170 01112 
01'1201' II'Tl <)7111" AOS .,.tNP?~HCIPt"lt 

(117Q 01118 
01'1(11)3 litH q1IJF Ans '7.E NO?_HCTPL.&ll 

01711 01eF 
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00201J 017. (171JF Arl!l A7,(Mn 1-HCIPI,AII 
~t1C I) 2 IHI 

01)20'5 017£ Q1IJF AOS A7,I~PIJ4.HrrpL,Alt 
1)1110 nlA? 

0020b Ol~l 81.1 £ LDR 'I,A15 
00207 01611 nC8 SI. C A 1 ,II TEST "'UUI .. SINGLE nfv!CE CONT. 002011 01111\ ~bn2 RFell) HC!PLZ 
00209 0188 2101' .NK A1./F HULTI "FVIC£ cnNTRnLLfR 0021 I) . 018' HCTPl" ~QU • OOlI! . 016A nil" AD.II '1,SIlTHL~-HC!PL.AII 

I)llIe 1114fT 
00212 0111£ m4F Ans A7.SIlTPR7~HCrpt,AII 

0190 Ollie 
00213 0192 9741' Ans A 7 dISTPTR .. HC JPI, A I I 

n 1 'HI otno 
00211J 019b 974F ."8 A1.SIlTPRI-HCIPL,AII 

1)198 OZII.4 
002\5 ~ I cu 'lFal 5L l A 7.t 
Ot'!;tlb Ol9C 974" AD.!! A1,W"RI"HCYPI.AII INTT WER/RFR INST 

~t91': I)IH 
00217 OIAO 9741'" AD.!! A7.lo/fR2-HCIPL,All 

OIAZ t)nc 
002111 OIAIJ 971l" .0.11 A1,UR-HeIPL,AI' 

t)\Ab nl7e 
00219 OlU '37AC IIF r;KI'\K 
00220 OIH 4"42 IIVSMSG nATA IO~JCT TAPE nN Rfl 

(ltAC /JALn 
OIAE SQ,?I) 
I) til 0 5UIII 
nlf1~ "'iOQ5 
OIBIl ;:OOU" 
111111> Qf?O 
1)188 'iZ4'i 

iAOf'R. 00221 nt!1A 1J14Q OATA THINK OF AI 
t'!IIIC uS,! 
OlAf 2f:?0 
nlco '544e 
I'l1r2 Q9QP' 
01CIl 4B20 
01el> qFllb 
III 1:/\ ~O1l2 

00222 01 C4 IJj'i3 DATA lASE I' 
01CC ll520 
01CE ~I~O 

002!3 OIDO ODtlA DATA 1000A 
011224 t110~ STAD FOU • 
011225 0102 4543 ECMSG DATA 'EC' 
002!b 61011 nOnA DA TA ~IO[)t'!AI 

00227 OIDI> 41''''1> OFLMSG DATA 'Ol/FRI 
OIOl! 4&92 

0022e GIDA OOIlA DATA 1000. 
00229 OIDe BUFF ,.'S ,. 
00230 02;>A FFFF DATA IFFFF 
OOZH Q22C oono M.STFG DA.TA 0 
00232 022E ooon SAVBAS DATA 0 
O(l2H ono Rn b • STACK ARB 
002\11 OBA CnON I!QU •• 2 
o o 2 '\'5 1)2,e nUTMSG FOil • 
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OOI!H 0i!3C 0304 UH( 4',11 
00231 on~ luno CIC A3,S.AS~ 
Oon& 02110 n~4 LeR A3.l1 
oon' o VIZ 11310 nTR OTR n.O,AIIR 
OO!llQ 02114 ~eoa RIHII) .. ~ 
002al ozab III) I AOI( & Itl 
002112 02a6 1 A 0 I SUI< A! .t 
0l)U3 M!IIA 'SCOC R8(1I) OTR-2 
OOlllQ 02ac 03110 LOI( Al.O 
001ll!\ 02af IIno CtO A:'I.H,ASR 
OOlll" 02'50 9B,,0 sst. Al.ASR 
002111 0251! 'COli RA(lO .... j! 
CO2!!! ~~~IJ "'I)~A RTN AlII 
002119 • 
00!'50 • 
00251 Ol,6 CI(OI( !:QU, • 002"12 02'5' elAO LDI(.L A9.0 8ET LOAOING AOOR~8S 

025& 0000 
O!l!~n • 0!l25Q • 
OO!"!"! • IHI LOAO SY8HM 
00256 OZ'3A !lQAO LOI('.L ltl,MNLD-HCIPL 

t)zosc oz.e 
002'17 tlz'S!: ~Ilell: AOR At?Al1 
OO!,)8 OltoO ~"3 C"R AI4,AtZ 
002'59 • 
00"60 • 
00261 0262 "tOA LOR. AI,AIO TEST START AOORESS 
OOUl ,,;J61l "Ctlil A8~(4' Al EOS OR 1'0" HAil "EEN RHO 
00263 026b ;t07,. HLT NO START ADDRESS 
ooua 0268 0000 BAOOR IHTA 0 
00Z6'5 02U 03t)0 RAF'L LOI( u.o 
OOU~ OUC 0700 LOI(, A1,o 
00267 Olb!: 8!J20 LOK.L A5.81JFf'eHCIPL 

OlTO 008' 
0(!Zb6 t)Z71 9S0!: 'OR A5,AlI 
OOH. OlTa eOCE LO AII,SAVA1"l .. HCIPI ,At t 

02760 0:166 
00270 IlHII .,flio R"(b) IN'A 
00211 OUA O#lQ4 LOI( Ab.1I 11.4 110 ASR 
00271 OZ7C I) 11 1 LOI( Altltl S!:NO X-ON 
OOtH O(lH 11600 ClO A'.8.A~R 
00214 (lzeo II It 0 OTR AI,O,AS~ 
00215 0282 ~el)lI RR (II) • .. 2 0021b OZIlIl IIZo;O ero A2.H,ASR 
on277 t).,1}6 IlM10 sn A2,AU 
OOZ18 tlI!1I8 "ICoa R~(II' •• z 
002'79 Ol". TNPA ['OU • 002110 02l1A 011'0 LOI( 46.80 LENGTH 
OOllll Ollie 16no WI!:Rt Wl'R A6,O JNIT MLX WHATFVf-R 
00182 Olllf 7!!OI WfRl W!R A5.t CHANNEL 18 
002'" Ol"O 11601' LOR .6,AII 
002"" 02~2 1£:u ~Rl Ab.l! 
00211'5 1l2 .. 11 CI(1PTR fQU • 00ll1l1> n29Q IIbeo CIO Ab.S.PTR AVAILABLE ON THE PAPfR READER 002117 tllq6 "lCOII R8(1I) ··2 002ell 0298 !l24! LO A2,~AVAt'5.HCIPL,Alt 

0211' 03#)" 

""",-', 
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002M 029C lAn He AZ. J Ml)( ? 
OOZ9n 029F" ~234 RF C;» INP2 NO 
002Ql 0240 ~STMLl( EOU • 00292· IlUO 1l9Cl) SST Al.PTR 
00/!91 02A2 ~C04 RBCA) .-2 
002Qll I)ZAQ TMTE!lT Et)IJ '" 00295 112AII ~I"O ANKI. Al./tOO'l TAPE MARK OR FATAL ERROR ? 

02AIt tOQ1 
002Q/) 02Aa ~ou R"(I)) IoILXI NO 
00291 Q2AA 2101 ANK A 1./7 FATAL F"RROR ? 
OO29S OZAC "illlll> "Fell) teCL!! YES 
OtlZ9Q * 00100 ()/!Af 11121') LnK'.L AI, I I f I PUT EOI' IN BUfF 

n2R(l JA4'i 
00301 02R2 81'0; STP 'I.A'i 
001(\1 021114 "HO LOK'.L AI. I OF' 

OlS/O 4F4b 
011103 (1211111 1115"1 ST 41.2,A"I 

028A oon 
00104 02Ae 07,,4 I.DK A1,4 IIPDUA POINTIH'RS 
00305 02Br: QSIC AOR A'5, AT 
0011)/0 02CO ~'fCIE' RI' PRASCI 
00307 * 00308 OUI! C;F'iA RAFLJ RI! R"L RELAY TOWARDS RAFL 
00309 • 00310 021:11 /<I Uti l"tlU ,. 
OOlt 1 02e4 '-nil lCR Al.A'5 
00312 02ell 1'91!0 eWI( A\./IS IS IT Ascrr 

nus 00111 
00313 02CA "15ft P'C'l) RELAY NO 
00311l 02ec 07'i0 LOI< A1,80 YEll 
0011'S 02Cf 7r:OO RER RF.R A/O.O READ Rf'MAtNtNG lFNGTH 
0011/) Q20n 41)20 j,NI<'. L AfJ,I'FF 

o21H~ OFFF 
00'511 1)2DIJ 9F\8 SUR 41,h COMPtlTE TRANS"IITTED LGT 
OOHI! 020/0 Q5fC j,OR A"I,A7 UPOATE 8t1FF POINTER 
00319 02011 ~7Ab RF PRAse I 
00'520 02010 UOO INP2 INR A2,o.PTR 
OOUt OlOC sorIA RF(O) SWITCH INR HAS BEFN ACCEPTED 
00322 * PRnCESS THF CHARACTER 
00323 020E I.IACO SSTPR2 SST AZ,PTR TRY A SST 
0t)124 (l2EO ~e08 RBCII) tNP;! TRY AGAIN rNR WHEN SST RF.PUSED 
00'525 tl2f:Z ~lnll LOR Al,A2 SAVE STATUS IN AI 
OOH/) 02FIJ 1'500 1001( 43,0 CHECK WETHF.R ASCII OR OBJECT 
00327 1')2£/0 '5278 ,H' (2) PIUSCt RECORD WAS AeCtI , PRINT IT 
00128 (lue 0600 LOK Ab.O STORf A NON ASCII CHARACTER AT 
00'529 (121':4 lib'S'; HR Ab,A'J THE ENO OF BtlFFER , 
00330 '" TO sr USFO IN '"'XI 
00331 O?EC "'IU RA TMTfH 
001l'- 1121!E ORJINP Et)U '" 00333 02f.'E /I01It! LO" AII.AII 
00H4 n2FO '1eoe "F(b) p'rGHT a.1I DO NOT INPUT 2ND CHARACTER 
OOlVI 02P2 221'1F ANI< A2.1F 
003J1o 021"" IIEOO INR44 tNR Ab,O.PTR 
oo:n7 1)2fl> liCn4 RII(4) ,..? 
on3311 02FII >'bl)' ANI< Ac.lF 
0033'1 02FA 14£14 SlL A~.4 
00340 n2FC QZIII AOft A2.A6 JotN T~E TWO HALF CHARACTERS 
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003111 nlF" FIr.HT !'(W .. 
003112 02"£ fl:I'1l1I eWR A1,AI 
01l311J 0]00 'JOt!! RI'(n) l!"'Ol 
003114 OlO;;! 1':2J!i sen A2,A'3 
001115 0304 '1411/1 XRR AIl.A2 
01l34b ()30b PIn t AI'K A!itS 
OO:J41 nlne ""';>1) CWI( A7.t 

Illn A Ilont 
003118 Olne ';1108 RI'(4) OFIJIN! 
00311Q 03QE ·01100 LOK AII.O 
003'5n 0310 I'll lie LOR _1.V 
1l03Sl IlJU QIQ8 AOR Al,A2 
003'52 0314 11 113 4r>K .'1.3 
O~!~~ e~tb ".,. .. 03JINl AOK A7 tI l'" I 

Ill) 3 '5 II 11318 '51'110 JNPi'R R!! INP2 
00lS5 OJIA ;»'207 FIRST ANI< A2.!7 
1l03"i6 031C 0150 LOI(. '1,80 
00357 n3H' 5F2;:> RII (7) f:IGHT 
on3511 03?0 IIZIIO PIO 2 CIO A2.H.PTR 
0015'1 032~ SSTPTR I'QU • 003"0 03l2' ~QCo SST AI.P'" 
OOHI 0324 '1C04 RR(4) ... 2 
003/)2 n32/) 110112 LOR A8.AII IF AlIR WAIT 
00]63 03i!8 '5606 RFCb) •• 8 
0113611 032A Q04F 1M CORI!NO+2-HCIPL,Atl WAn 

onc O]U 
001/)5 nHE ~cn6 R8(4) •• 4 
003blJ OBO (IIII''' ANI< A4./FF. 
00367 tn32 50!':/) ; RF(O) 'ROLOt+2 
0036/1 n:nll F'CCUJ EQII • OOH'1 IlHII 0180 LDI< Al,[CMsr; .. HCIPL 
00310 OBI> '1lnl' Ar>R Al,Aft 
00371 03111 O!OIl LOI(, AZ,4 
00372 03lA 6 III 0 LOI<.L At 2, OUTMSG .. HC IPL 

o:nc OO£A 
00373 Q33f "II liP: 'OR At~,AtI 
003711 0340 F:bQJ C'R AlII,AIZ 
00:575 1)34Z ~O7' !lTOP HLT 
OQJ7b 0344 5"I)C R8(T) UFL 
Otl317 tl3/16 ~A~O A,CINP CWK A2,/IlO 

I)J411 0000 
(0)76 034A 0;001' PF(n) ~NOI 
on]7,) 0341:: £1';-0 CWK A1.611 

OJ4~ 00411 
00380 OJ';O <;11111 R'Hn) INP2 
00]111 03'52 1:2''1 SCR ~2,A'5 
00182 039/1 !501 AnI( At;d 
1103113 03";6 1701 AOI< A1,f 
OOJ!'lIl o v; II 5fllO It" (7) INP2 
0038~ OJo;A 112110 I'N/'), CIO 4",H.PTR 
003116 IlJ'lC SlHPRl EQU .. 
003111 OJliC UACO SH Ait,PTR 
OOJM 03'5f <;COII RfH II) "'-2 003M rlJbn PRAsel P:()U '" OtlHO 0]60 IlIAA Lr>1( At ,BIIFF-HCTPL 
003</\ n"H,2 1)\ nf' AOR A\,All 
OOJq~ nlh4 1121C LOR A2, A7 
00]'1] 0]6b 11320 1,.01< o.no 

RFV 1 ' ) 
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OIl'J9q 031>1\ F~nt; SCR A'.At; 
OIl3Q"i OlhA 1'51'1\ AnI( A'5.1 
OOHb 1'13hC 113?0 L/')I( '.l Al,/onOA 

(31)f 001'1 A 
00397 0310 ~H,) STR A).A'i 
00398 0372 1203 AOI( A2.3 
00399 0'514 HI>! SRL 42. I 
00400 0176 'JAllt 8Ll A2.t 
0040t 0318 110112 LOR A8.Ae IF ASR 00 IIIOT OUTPUT ASCII 01'1402 (\'S14 '1(1)11 RF'(6l PRA5t:A A SEeONb TIMf (ALRFAOY PRINTED WHEN READ 004(\'S Q3ZC 90llF 1M COR~ND+2-HCIPL.Atl BUT WAIT ARIT 

1'1 'HE IlJbA 
0040/1 1I"l80 "!eOh RIHIl) *-11 
00411') 0311;> "!711~ RF' PRAsrR 
001l0*, 03/11l PRASe. fQlI • 
0040'1 0311Q "3'100 RF .+2 ••••••••••••••••• 0040/\ 1\3/11. PRASCB [>QU • 00"09 03116 !I!8A l(,)K A2.811FF-HCIPL 
OOUIO 1)'\8/1 92(H' AnR A2. All 
00411 OJIIA In)' II LOR. AJ.A2 
00"'1 OlllC I:B20 CWK 4301H45 • IE 

1l'S8E 'HIPI 
oo"n 0390 'Icna JHHQl RAFU 
00414 0392 121)2 0401< 1.2.2 
004t"l 0394 11328 LOR. A3.42 
0041& 0196 ~B20 eWI< HoIllFIII> .OF 

IIHII qFuh 
0041\7 OJ'H 'icrH RR(4) I'UFU 
004111 .,. 
004119 • 
00420 • SI!T It[,TIJRN I"AlUMFTfRS 
00421 • 
00422 039C IIUF U' AIO.COREND.~eJPL,At1 START ADORFSS IN Al0 

1l3qr 031>/1 
00/1'" 01AO /IlIA n Lnl(~L AI2."'NLO .. ~CTPL 

03A2 1l2'1C 
01l4?4 03A4 94M: ADR U2.Alt ~"'lD AODRESS IN A12 
004l'5 03AII IIICF LO A9.:UVBAS .. HCTPI,All LOADING BAl\f IN H 

() ''US oone 
004210 03H 80CE LO A8.BADOR-HCIPL,All fNIHNG ADDRESS IN A8 

IlJAC 01 t I> 
00427 OlAE 117/lF LD A7.~ASTFG.HCtPL •• l1 MASTER FUG IN .1 

o3eo notH 
OOIl?8 • 
00429 • 
()043n O'JR2 FO'H !'!TN At4 ~fTURN TO CALLING 
00431 • 
0043" .,3B4 ')FFIl RAFL2 RS RAFU • RELAV TOWARDS RAFL 
oOlln O'Sflb 'iH::! REI AV RF PRnL01+2 
0114'4 • 
001115 03B8 nno SWITCH ADK .3.0 
004lt> 1138. '19Cf R!H\1 OBJtNP 
004:\7 OlBC fllll' ANI< A2./H' 
00/138 OlBE '18£0 Ae(O) fNP2 
(l1'l1l3q 03CO F' A2/) CWI< A2,/7F 

03e2 007F 
001140 01(11 '56Ee R~(O) tNP2 
00441 O'CII 1300 ADI< A3.0 
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OOI/IIZ o '3 PI '5AIII/ RBC;:») ASCPJP 
00411J 03CA t'Ai!O CWK A2,/1' 

olCC nOIF 
0041111 03CI': 'HI/J R' (t) ASCU 
0011115 0300 I':A20 CWK A2,/ tQ 

n~O;! 00111 
00111110 03011 '51 0 C R'(t) OBJI!t! 
001141 OJDh I"A;:tO eWK A2.6 

0308 oooe 
00/1111\ 030A "lOb R!fel) OIlJEC 
OOllllq 030C 'A20 CWK A2,/IO 

010E OOlO 
Onll"lO n3fO 'JCCA RB(II) IN"ZR 
0011151 03EZ Dnl DeJEC AOK AJ.l 
001152 03fll "'CC RII (7) 'IRST 
DOli" 03H leo I ASCtt SUK A3d 
ee!!~: 

... .,.. .... ,. RiH;) ASCINP V.JL v ,,. .. -. 
00115'5 fJECT 
O!ltl"lb " 001157 " 0011511 " MAIN LnADING PUT [NTRY PARAMET'''S I 
OOIl'5Q " OOilbO " Al • MASTfR 'LAG 
OOllbl .. A~ - BASE AODR£SS 
00llft2 .. 
001163 .. 
OOilbll " (lOllft"! .. 1 .. OUT'''T M!!G ~I':Qur!l Tt NG TAPE ON R[AOr" 
OOllbh .. 7. .. PI':"'O"MS A 'HALT' • TH[ US[R HAS THfN THE 
OOtlftr .. POS~I"ILITY TO ALTER TH, !lASE ADDRESS (RfG,H) 
001l.8 .. AND THE MUTfR FUG (REG.Al) 
OOIlt-1t " (AIaO MAlITER) 
OOIl'!' " (.\1-1 USE'O 
001111 " 3- LOADING PROCESS START!! WHEN USER OFPPR!!SS START 
001171' " BUTTON 
001173 .. 
Onll711 .. 
00117'5 " OOIlH " 001117 031". IUF"U fQU .. 
O/lIl18 IIJI!A 'InA RIl RAP'l2 
OOQ'TIJ .. 
OOIlIH) " 0011111 ~ I"RRONNOlJS ClIISTI':R,PRJNT ERR MESSAGE 
OOQ8(! o:n:c CLCOI fDU .. 
001l1\3 03fC 'I"'" R!I HCLl! 
00111311 .. 
OOQIl"i " o OIl/H. '" OQII87 " OOQ~I\ 03ft'" MNLD [DU lit 
OQIIII? o'Jn: 1111011 LOR AII.AI SAVP: MAST,.R nAG 
OOIlQO (131'0 1)2(10 LOt< .'.n OOIlQI 03F2 l3i!al' Sf 

OV'/j I)]bll 
Al.cnRENO-HClPl,Alt IUZ START AODRI'SS 

OOlln H'T. MOOf-fJOM 
00llQ3 OJ'h 11120 L/)I(.L AI,SY8MSG-HCIPI 

03"8 I)or;~ 

/.----
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001194 
OOIlIl~ 

OOIl~1> 
0011'17 
004Qll 
oOllq~ 

00500 
00!!01 
0050? 
0050:5 

005011 

01100 

01102 

011011 
011011 

IUIO 

2071' 

1114" 
ilonA 

00505 (llloe ~tCF 
OllnA nonc 

0050/) 
00507 
005011 
005Q' 
00510 
00511 
00'5'2 
005\l 
oosu 
00515 

0051b 
00517 
o05ie 

005tQ 
00520 
00521 
00522 

00523 
005!11 
0052'5 
005jJI> 
00527 
005!8 
005;>11 
005~o 
01'115'1 

OOIH? 
00533 

005311 
0053'5 

005H 
00517 
0053/\ 
005:39 
005110 
00'54i 
00'542 
00'5113 
oosall 
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olloe 
OIlOE 
0410 

011\2 
/'J4111 
Olllb 

ntqe 
OlltA 
OlltC 
Olilf 
04;>0 
0422 
011211 
Ollt'b 
1)11211 
042A 
OQ2C 
OQH 
(11130 
0032 
QIIJII 
(llilb 
011311 
OIl"lA 
o 11"1 C 
OlllE 
OIlUO 

112AO 
OOM 
I)ZIIP 
0000 
IIIU 
011b 
20RF 
011111 
'51<'\0 
IIpo 
OOIlA 
'HoI" 
OIiOl 
03/'J1) 
~3?a 
It 0 1 
1'121)0 
f.2?4 
t1 0 I 
["";ill) 
0003 
'JOO~ 

EB20 
nOl\4 
50 'A 
~820 
0007 
'30'51" 
,)F2A 

* 
* 

* 

* .. 
* 

.lOR 
LOK 
RI'" 

lOR 

HLT 

Sf 

XlF 
ST 

At. A 1 t 
A2,/28 
.+2 

A I. All 

." ......... ,.****. 

RfSTOPF MASTER FLAG 

HALT FnR EVENTUAL RFGI5T~RS MonJF 

.. PROCESS LOAIHNG I THIS MODlILE REAn A CLUSTFR 
• ANn BRANCH ACCORDING TO THE CLUSTER TVPE 
• ON DIT At II BIIFF ADDRESs.t 
• A2 • WORD cntJNT 
• A3 • TVPF 
* THf TVPf MtJST RE 3.4,7 IF NOT THIS IHALT 
ppnLn LDK.L A10.STAD-H(IPL fNn ADDPESS 

ABA 

"RnGI D 
PROLOt 

.lDR 
fl'W 
~T 

INH 
E~tl 

RB 
l.nK'. L 

HlR 
UlI( 
LOK 
LCR 
AnI( 
LDK 
LCR 
A 01( 
(WI( 

RI'"(n) 
CWK 

RF'(O) 
CWK 

''''to) 
RB (7) 

AIO,llt 
o 
A9.BADDR-HCIPL.All 

• 
RAFLI 
At.l'tlF'I'"-HCIPL 

At ,A, t 
Alld 
4].0 
A3.Al 
Atd 
A2.0 
A2. At 
A t.1 
A],! 

CLCOOF 
43,4 

CLIMOD 
A3.7 

Cll"NO 
"ROUlt 

•• *** ••• ***.****.*.*****.** •• * •••• 
• CLUSTER COOF Tv~e 1 

BADDR .AAS' AOOR~SS 

A3 z TVPE 

AZ • WORD COIlNT 

BRANCH ON CLUSTF~ CODF 

INTERNAL MODII"!CATION 

f:NO/START 

• lJPON FNTRy I At zADORESS OF BIlFF+ I (RBK 
• A211wORD cnUNT 
• H."AODR~SS 
• At O=ENOAnnRESS 
•••••• ** •••• * •••• * ••••• **.*.* •••• **.*.** •••• 
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005115 011112 ~311E r:LCOaE LI) A3.eU~F+b.HCtPl,All 
041111 0090 

00511b Ollllb '5C'50 RlHII) PROLet EM8~ SfT SKIP THE CLUSTER 
005111 011118 83tH: CLCOtA U) A3,BUFF+II-HCIPl,AII 

OllIlA OO~I': 
005411 nllllC 43 t 1 TM 43, A4 UIT RELOC4tABLf SfCTION 
0054' nil III': "iO(l1l R~(O) CLC04 
005~n 011'50 nOI )(RI< B.t 
005'11 045l "3(1b AD" Al,A, 
005'32 o II lIS 0 !\'3~1I ncoa LOb A§,At '5a(RSK) 
00553 011'5& !IOb ADK Al,6 AI- AD~~fS8 0' 8T eODf WORD IN BUFF 
005'311 011'56 tAO] SUI( A2,3 A2- NUlolBfR Of CODE WORD 
00555 ,. Ua STORAGf ADDRESS 
005,& ,. AlIa MA9~ fOR Rill< 
00557 • A&a CODE WORD 
00558 01154 lCP!1 CLCO'S SRC All" 005'59 OIl'5C 116)!4 LO"" U,At 
005100 04'51': fBOA eWR 43, A to COMPAR!': LOAD ADDRfS! WITM AD or Y'l 
00510, O4bO ~W7b RA(O) ncot 
005b~ 01162 A51 t TM A"lfA4 
005&) nllbll '5002 R"(O) CLC01 
005bIJ 04b6 '1&nf, AOR Ab.4" 
005'5 (l1lt8 ~6l!> CU~07 STR Ab,A3 STORE COD! W~RDS 
0056b 046.6 1102 AOI< At.! 
005b'T OUC nOl '''1( '],2 
00568 04H lAOt SUI( A!,t 
0056. 01J10 5Ctll R8(4) CLC05 
00'570 0412 '5Fb6 R"Cn "ROLO 
00571 *, 
00512 * ••• ******************.**** ••••• *** ••••• **** ••• ** •• * ••••• * ••• 
00513 * INT!':RNAL HOOTFTCATION CLUSTE~ 
005711 *~~*** •••• ****.*.* ••• *.*.***** •• * •• *****.* •••• 
00575 011711 !l70t r:t I MOO LOI( Ud U- MHI< I'OR ADDRESS 
00516 IIIJ'Tb ~5~1I LOR. A', " A'-CR8K) 
00517 01118 tAOI SUI( 42d 
00516 OIl7A '5C~t CLIMI SRC Uti 
005,. Oll1C II 02' ADK At, ~ 
00580 1)41£ 83)'4 LOR. A], AI A)sADDRESS 
00561 Olleo niD TM All A1 IS IT RELOCATA8LE 
OOOS8;! 011112 500~ R,,(n) CLJM2 NO 
00563 0/1"0 nOl )(,,1< A3d 
005114 01111" ~)O& AOR Al,A4J Vf.S AD 8ASf 
00511" OIJIIII ~811A CWR 43,A10 ADDREIlS OK 
0056b IIlIeA ,UO R,.(O) CLeOt 
00567 OIJIIC It OZ CLIM;! lDI< AI,l .......... 

~::e:: !!~:~ l~IH 410. AI TAKE CODf' ~ORD vV'JOQ 

OO!HI't 011'0 4511 TM A51A1~ IS IT "P!LOCAT'8L~ 
005'0 011'12 5002 "no) ellH] 
00591 o In II '''Ob AQR Ab, A9 AD aUF 
005'?l 011'" II/)~O CUM) STR Ab, AI STaR!': CODE WORD 
00593 Oll'?e IAQ~ !lUK ~l,l 
Ol'JS'JQ II"" "Cl~ R8(4) CLlM! 
0059'5 OIl4)C 'IF'Z RB(7) f>ROLO 
005'?,, *********** •• ***.** •• ****.* •• *.*.*.*.*.~ 
00591 " CLUST!':R END/STAin 
005'18 ••••••••• **.******"***.*** •••• ** ••• ,,.* ••• 
OO'S'?9 olJn 113211 CLENa LD~. A3,H 

/~~-~ 
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001100 OIUO ~OO" R~(O~ I:LfN," FINTlIH IOn ~URf 
OObOl OIiU 431 I Ttool .U.A4 
006(1~ 011.&4 '!Ool RF(O) CLFNI 
00110' , OlUb ctJOb ADR Al.AQ 
006011 • 
001105 • 
OObO. 0llA8 CLfNl fQU * 00607 01148 $14F Sf A3.CORENn.HCIPL,Att 

04U UbI! 
006011 Q I.IA e /lIIH' ClfNH L" Al.8Uff.bwHCIPL,All UPDATE BASE ADORES!'! 

rillA!' 1)0110 
006n9 04BO 9111F AO.lII Al.8AODR-HC1PL.A'1 

OIlB! Ollb 
001110 011811 911111 .lOR A"'. At 
0011 I I 011811 '1FA!: '''' PROLO 
00b12 * OObl! • 
Ol)b I,ll 0488 0000 SAV ... I') DATA 0 
00b15 • 
OObib ••••••••••••••••••••••••• * •••••••••••••• *.** •••••••••••••••••••••••••••• 
00 6 17 * 
00611l OIlIU ilOilO COREt-1D DATA 0 
00619 • 
00620 * 
00621 *.* •• * •• *** •• ****** •• * •••••• * •• **.*** ••••• *.* •••••••• * ••••• **.* ••• * •••• * 
001122 04BC 0000 DATA 0 
OOb~' 048f 0000 on ... 0 
006211 OIiCO 00110 DATA 0 
00625 04tZ I)OQO DATA 0 
00626 0llC4 1101)0 DATA I) 
DOIIl., 04ell 0000 DATA 0 
oOIl"e 0llC8 0000 nATA 0 
00629 OIlCA 0000 DATA 0 
OOuo ollce 0000 DATA 0 
OoBI OIiCE 0000 DATA () 

001132 01ll'l0 0000 DATA 0 
oOlln OIlD£! "OQO DATA 0 
006,\4 0404 oono DATA 0 
OOU'! 0111)11 0000 DATA 0 
OObH OIlDII 1)01)0 DATA 0 
00B7 OIiDA 0000 DATA 0 
OOBe OliO!: (1000 DATA 0 
OOllH OIlD! 00(10 DATA I) 

00640 QllfO QOOO DATA /) 

00041 04!!! 00011 DATA 0 
006112 01l!1I 0000 DATA 0 
OObll~ Ollfll 0000 DATA 0 
OOb/lQ 04[11 0000 DATA 0 
OOb4l'S o lirA 0000 DATA I) 
OOUb 04!C 0000 nATA /) 

00641 OIlEE 0000 DATA (\ 
OOU/! OIl~O I)O~O DATA 0 
0060') IlIlFi! /)01)0 DATA 0 
OObSQ OIlF'O oono nATA 0 
OObS1 Ollf'b 0000 DAU 0 
0011"52 04F6 1)000 nATA 0 
OOb'S:! OIiFA nono DATA 0 
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00654 04"t 0000 OATA 0 
00b55 OIlF'E nono OAU 0 
OOb'$b 0'500 ooon DATA 0 
OOb'7 0502 nooo "AU 0 
001.58 05011 nooo DATA 0 
00". 0506 0000 DAU 0 
0116"0 1)5118 0000 IHT' 0 
OOUt 050A 1)000 DATA 0 
OOU! o,oe 0000 DATA n 
0066l 050£ nooo DAU Q 
OOHIl 05,0 0000 I)AU n 
00665 05It! oono DAU 0 
00b66 (15 til ooon DAU 0 
00667 051b 0000 DAU 0 
00"b8 051 8 0000 DAU 0 
00669 05,. 1)000 DAU n 
OOHo 051e 0000 DATA 0 
00"'1 n'5tE oono 0414 (I 

00672' nno nooo OAT. n 
00613 052Z 0000 DATA 0 
006111 05?II nooo DATA 0 
OOf>75 0516 0000 DAU 0 
00616 OSl8 nOQo DATA n 
on"11 O'5ZA 0000 DAU 0 
00618 05!C 0000 OATA 0 
006H os-..r nooo "AU 0 
00b80 o'nO nono "'TA 0 
on"~i n5~t! 1)000 OAU 0 
0068Z EJHT 
006!H 0'5311 Ip'LlI1I I"QU " 006811 05311 O~I)C lDI< ':'I,NeRf.'C 
00"11'5 nSl6 84;»0 LOI<L U,I!IIPl 

0'5!8 I)lno R 
OOb"" 053A 0765 lIH( A1 ,/85 
00681 " 8ASIC WRtT~ 
006811 093C 80AO lOl<l AII,DHI'4l1 

O'BE OS911 R 
00b8CJ 05110 PUNCHlI FQU " 00690 O'lIJO OS';o LOI< A,,),60 
006'11 OSlI2 111020 LDKl 46,1!I1JI"1J1I 

051111 OSAO R 
00b'12 0'511/0 peH400 l'~U " 006'JJ nSlI6 01no LOI< At,O 
0t)b911 0548 0200 LOK A2,0 
OOb"«; O'5I1A I!no lCR A I, A II 
001>96 0511C H~II ~RL Al,4 
OD69' 054£ I"CJ21 eel< l t ,0 

o~SO 0000 
006ge os'S;! "IOOb RF'(O) PCliOO') 
00699 05S4 !':9l1 CCK Al,/'500 

0'5~6 "5~~ 
007()o tiS';/! q2t12 RF (?) PCHlilO LfSS THAN !'! 
00101 nS,,)4 PCH40'5 !,QIJ ,. 
0070<' OS5A ;>910 nRl< 41.110 
0070"' OS<;( PCH410 l'OU * 00"011 055C Hlle ~lL A 1,(\ 
0010'5 0'5"1r. "nn LCR 'I,AII 
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'~ 

OOTOb (l5bO ~t,.O ANl(l AI.lHOP 
05b2 PFr)F 

00T01 05bll "'9?1 eCI< Al.0 
Q51t& 0000 

00'7011 051011 ~OOb RfCO) PCHIIIS 
0070' (I"IbA "~i>1 CCI( AI.I')OO 

O'5&C 0500 
00710 oSH "'1202 RI' (in PCHU20 
00711 (1570 PCHlIIS fDU '" 0071? n570 2'\0 ORK '1,/10 
00713 0572 PCH1I20 fOU • 
0071 4 0572 I'll J9 SfR 41,A6 
OOT,s '" STORF. WORD 
01)7111 n'5711 ,"02 AOI( Ab,l ~f.)(T wOR!) IN BUFFER 
00117 0'5'1& 11101 401( Ud NEXT (HZ". IN TPL 
00718 /)5711 t01l1 8111< A5.t 
0071' 
OOHn 05H "'I. 'H. RJII t!) PCHIII'lO 
OO'Tl1 o '5'7 !: 1"111'0 CWI( Hot LAST RHORO 1 

OSH 0001 
OOT?Z o'!!IIO 'Un/) RF(U) PCHII10 NO 
00723 05112 I) t!l UH( 4\.11'1 )(0"" 
007i!" 05114 8111\ !J1' 41 ,BIIF1I1I+158 

n5h Ob:5! R 
007/i!S o '!! 811 PCH4JO EaU • 007210 0566 28011 LKM 
OOn7 n51H I)onl OATA 
007!8 0511( tBnt SUI< 4'J, 1 
0072' 05Af "q"l) FIB (I ) PIjNCHU 
oono '" 00131 oS9n ;>80a LlO4 
001H n592 0003 DATA "\ 
007H * 007H 05'/j OHBUII "Oll '" 00B5 1)5qa (01)3 DATA } 
OOnf, 0511b 05 ... 0 R OATA RUF/j/j 
OOTH nsq& oOAn O.TA IbO 
007]& oS" noon DATA 0 
OOT3~ ()S9C nnno I,.U 0 
0(\7"0 (l5<1E noon OAT. 0 
007111 OSAO RUF QII Qf'8 110 
001112 * 00743 • 
007U4 • 
007115 END IHPLPR 
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SYMAOL TARlf 

ABA 0000 0\ Ase II 113"6 R ASCI"'P 1I~1J6 R ASR OOtO 4 
!UODR 026" ~ BIPL 0100 R AIpLPR oono R ROM 0001 4 
AUFIJ4 1)540 R RUFF olne R cno'" 0230\ R rrOPTR O?/HI R 
eKO/( ()25b R CLCO' 03FC R CLCOIA Ollila R CLCOII 01154 R 
CLCO'3 OIl'5A R CLC07 0468 R (:LCOOE 04112 R CLF"" OlU8 R 
CLfN3A (lilAC R ClfN!) OllqE R CU"', 01lH. R CLY"'2 1'lI18C R 
CUMJ nll'?6 R Cly",nD 0474 R CNTHG n tllC R CORf."ID OIlSA R O[(:e ootl': R OFCflIJII O§IJII R DfCRUF 0020 R FceLS 033IJ R 
fC"'~r. 0' OZ 'q fIr.J..fT n2'" R ENDI O]'U R EN02 0320 R 
FIRST OJU II H 0000 A HCIPL nl'52 R HelpLl 1)150 R 
HCIPL2 opu R TNP;> 0204 R I"IP?R 0318 R INPA 0211' R 
TNRIJII n2FII R JPL 01011 R IPlnlO 0116 R IPLOL'O n122 R ... , " .. 017e R ! Pllt /) n 1311 R TPLIIII n"nll R TP/./HI nono R ... ' '- .. " v 

LOP'LG (1100 R "'ASTFr. onc R Mllt 1 02C4 R 104"'1 0 03Ff R 
"'OOf onol A NBRfC (lOOC A MJEC II3E2 R ORJINI 0:.\16 R 
O"JPjp tl2H R OFLMSG 0106 If OTR t)~112 R OlJTM5G 023C R 
PCHllllO 1151lb " PCHIlO,) 055A R PCHIlIO O';C;C R PCHIlIS 0570 R 
PCMII!O /)'57Z R PCHlno 05118 R PRASCl 03811 R PRASCS 03/16 R 
PRA~CI OlI.O R PROGLO niH ~ R PROLO OIlOC R PRnllll Olltll R 
PTR 0000 .l PU"'C~ nooc R PUNCHII 05110 R RAFL 026A R 
RAFLt tl3!"A It RAFL;J OJRII R RAFL3 112C2 R RELAY n3B6 R 
RER 02CE R S oont A SA 0000 A ~AVAI5 nll88 R 
UVflAS 1)2i!f' R SSTMlX 02&0 R SSTPRt OJo;C R SSTPR2 020E R 
SSTPTR Oln R !lHO 01"2 R ~Tnp 03112 R SWnt:H OJ~6 R 
SYSMSG 01 A4 II TMTEH 112411 R WERl 0211C R WfR? 028E R 
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ooono JOFNT J"l'521N 
00001 ENTRY fPL88 
onOll2 f'NTRY JPL40 
OOOO~ '" 000011 '" BEl IER IPL GI'N'-RATJON 
000n5 nonc "IRRF-I': Enll Ii? 
OOOOb '" 00007 0000 BIPlPR fl3U '" 00008 oono t'1I~8 ~nu .. 
0000'1 oono ninc LI'lI<, At ,~H\REe 
00010 0002 "2?n Lnl<.l A2,8JPl .. 8n 

OOO/j OORO R 
000 It oono 0111'5 LI'JI< A., ,/8'5 IUIHe MRrTE 
00012 n008 "OAO LI)I(I UI, DI"CR 

OOOA 001~ R 
ooon 1l00C PUNCH ftlLJ '" 000\11 none 12~0 AnI( A2,M 
0001'5 OOOE "2at ST A2, DECAl)'" SET eUI'F AOOR 

0010 OO?O R 
onOlo 0012 ?SOIl ll(M PUNCH ONE RHORD 
000 t7 Oll!/j nool I)ATA 
0001~ 00\11 tqlll SUI< AI, t COIINT DONE ? 
OOOtq 0018 "'Inf R8 (I ~ PUt.leH NO 
OOO!O OOIA ;!81l11 LKM YES 
OOOl! OOle 0003 DATA .. f)(JT 
00022 '" 
OOO~3 ~OIE 'H::C8 fQU • 0OO2/j ootE 0003 DATA 1 FYLE CODf 
00025 QOi!O DH8U,. RES 1 
I)IlO2l> (Inn 1)0"i0 I)ATA M 
0(\021 002a 0000 'lATA 0 
00028 1)020 1l00t') DATA 0 
0002'1 0028 ilOilO DATA 0 
00030 EJECT 
00031 IInRG ~tPLPR+/l00 
01)0'52 '" OOOH "lnt') BIPL E~LJ " OOO~II • 1ST RfCORD c LOW CORF IPL 
0003'5 '" lO~ CORE tPL,l RECORD, LOADED AT 180 AND 
OOOH • STARTED AT 184 
0003'1 • 
00038 0\00 F:FFF LOnG DATA I~"F LOf'LG • -1 If' JUST LOA Or:O 
0003'1 0102 nono '''14 n NOT USED 
OOOCIO o trl4 IPL fQU '" 00041 " AOOR OF !Pl • fUSf ADOR 
00042 01011 1124" U)Kl .10,/8Q 

OIOb nOlla 
0(10113 '" CHECK Tf JIJST LOAOfD OR NOT 
0001111 0\011 QOQ8 1M lOFL!l .. YPL,AIO 

01114 FFFC 
00011'5 OIOC 'IltE IIF (1 ) JPL100 NO. NOT THF 1ST TIMF 
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000111. " 000117 .. 
000111\ " n:S,rOMPIITF Hlr.H rORr l HIlT 
000119 " 000':10 QI()E ~120 LOI<'.L A7.1'5'>55 PATTf'P"I 

OltO "iSS':I 
0005! 0112 81AO LOI(L A9./FCOO HIGH CORF -/1100 

n 1111 "C~O 
0005Z .. ,. i 

U 1 lit TlOt I)' 0 fOU ,.. 
000'53 0111. 81;!7 ~TR ';,AI:I 
000'311 0118 ~FZb CWP* AT, A~ If THF LOC_TION fA9) fXJST~,(A7)2f(Aq» 
00055 01 fA '501)6 RFCO) JPLOlO MATCH 
0000;" OtIC 9'Hn SlIl(l 49,0000 NO,NfXT LowEP RLOCI( OF III( 

II 11 ( ZOOO 
00051 ()I?O "iFOC RR TnOIO 
0(!0"i1l nln IPlOl'O EQIJ .. 
on059 0122 In86 LOR 411,49 ~AVE !lAS~ lOOR OF HIGH CORE IPl 
00060 Oli'li HAO AOl<l A It, 2 !\TART ADO, 

nU'" OOIl? 
00061 nl~!I 811A6 LOR '12.49 SAVE LOAD ADO. 
0006? 0121, "11011 RF IPLtIO 
0006~ Ol2C IPLtOO rOl) " 0006a nHC 'Hun AOI<I. 412.110 

OllIE 00'>0 
on065 ,.. LOAD ADDRESS OF NElCT PfCMO 
00066 Ilno t PL 110 t'Ol} " 000'" 01'0 11111': LOR 11,Al'> RESTORE CIO INST IN flonT 
0001./1 01 Ji! lnF U-ll< A1./JF 
000"9 tlnu 91>0 '01<'. L A1,/1I11"1) crn TNSTRucrrON 

nn6 alen 
OOO'/) on8 872D Sf It ",A1 
0/)011 .. 
00012 IlI'U n5'>1 Lnl( A5.!'>' CHANGE Loe: 15A OF BOOT IN ORDER TO 
00013 Il13C ~'5l1t SI: A~,/"i. CANCFL LEADING CHARACTER FLAG 

onE nO'iA 
000'11 • liE INtTIAU!f 4'!1,Ab 
0007'5 Oiao n'550 LOI( A5.1I0 1/ OF CHARACTERS 
OOOT/, Ollll 8.12 LrlR A6,"12 LOAD AODR. 
00077 • r:HHK IF COUNT DONf 
000711 Illllil 110111'\ Iloi CNTfl G-IPL,"'O 

()lllfl noall 
00079 Olal\ e90E' H\R (t) All 
1)00/10 lit II" nl'a? '8 14;0 ,TART AOOT ABAIN 
oooel QIIIC C>.JTI'tG Fall • - ~UMeER 0,. -rCORDS OF ~IGH CDRE IPL 
000112 OtllC FFF'> DAU I .. N8REC 
00011'5 ~IQE' n(')oo DIU 0 
0001111 QI50 nooo DATA 0 
00011'3 ()I"? nonn I)AU I) 
OOOA/) 01511 000(1 nATA t) 
(1)0111 1)1'56 1)01)0 I)ATA n 
0001111 01511 0000 DATA 0 
0001111 QI"i A 1)000 DI T.l a 
00090 OI')C (01)0 DATA 0 
000'1 nl'll' nonn nAU n 
0009l QII>O 0000 DATA 0 
O(lat)~ fll&l flOon nATA 0 
OOoqa O\&a 'lonn rUTA 0 
O(loqa; (lIM (lann nAU I') 
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OOOClt> 0lb8 1')000 nATA 0 
OOOCl., I)lbA nonn DAU I) 
00098 OlbC 01)00 nAU 0 
OOOCl' . I)tbE I)ono "ATA I') 

0(1100 1')170 000(1 IHTA 0 
00101 0172 oono IHU 0 
00102 0\74 0000 OUA (I 
0010' onb ooon nATA 0 
001011 QI78 oono nATA I) 

OQlnc; I) 17 A 0000 !'lATA 0 
OOIOb onc 0000 DUA 0 
aOlO7 I) I 7f 00(1) nATA 0 
00108 QI80 ooo/) DATA 0 
OOIQCI 0182 nooo 'HU 0 
001 I I) 0184 001)0 'UU 0 
00111 Oleb 0000 nATA 0 
00 t 12 Olell 1)000 DAU ° 00 t I :5 !l18A oono DAU ('j 

00114 I) I/IC 0000 DUA 0 
001 15 n181' 0000 DA TA 0 
0011& OtClO 0001'1 DAU 0 
001 \7 tlltlZ 1')001) DATA 0 
OOlle ~IClU oono DATA 0 
01111 CI ~1O!Jb nooo '}AU 0 
00120 QIClIl 0000 nATA 0 
Oo!?! ()!9A 0000 DATA 0 
001 Z? nl9C oonll OAU 0 
00!2! il\ CIt' nooo DATA 0 
00!24 OIAO 110(1(1 ')AU 1\ 
Oall'S OIAZ nooo 1)1 TA 0 
OOI?1> OIAII OOnn DATA 0 
00 In QUb oono "AU 0 
001211 oue 0000 DATA ° 00129 OIU oono DATA I) 
Olll JI) OIAe 1)()r)1'I DATA n 
0013 t !'IIH 1'1000 OATA 0 
~Ot H OIRO ~O(lO 'HU 0 
001 n ~t8a Clono DATA ° 001311 OlA4 nooo onA t) 

OOI:§5 OIBb 0000 04TA ° OIl13& o lee 0000 ",U 0 
00n1 01BA OO~O OATA 0 
oone Olec 1)0(10 DAU 0 
00139 QI~f 0000 DATA 0 
00140 oleo OOQO DATA 0 
00141 01C2 0000 DAU 0 
00\112 0lC4 1l0O0 DATA 0 
OOIIl"S OICb 0000 DATA 0 
001l1li (lICS 0000 nATA 0 
001115 OltA (01)0 I)A TA 0 
1)01111> ~ICC 1'101'10 "A TA Il 
00\117 OICE Ilono "A TA 0 
001118 0100 (1000 DATA t) 

OOIIlCl 0102 noon DATA n 
001'50 Oln" t)I)OO DATA 0 
0010;1 IlID& OOtll) DATA 0 
OOISl 0108 noon !'lAU n 
olno;~ I)tnA nnoo OATA 0 

3 -54 REV. J 



IPL52N 

001<;41 Oloe 0000 DATA 0 
(1)1'5'5 OIDE II Oil !) DATA I) 

OOt'5" OlEO Ooon DATA 0 
001'37 

" U" ~ 0000 OAU 0 
001"18 01[11 (001) !')ATA 0 
001'51:1 !)!f'b 0000 DATA 0 
00160 OIEII noon "A TA 0 
JOl61 I)I1'A 0000 DnA 0 
(1)162 01 EC 1)000 "AU 0 
001&3 nIH . (1)00 

". U 0 
001"41 OIFO 1)0011 DAU 0 
001b5 0lF2 0000 I'HU 0 
onlb& O\F/I noon DAU 0 
001b7 ot'. 00/)0 "AU n 
OOifJo liP'S ';OQo DATA 0 
001'1:1 OIFA 0000 DAU 0 
OOPo 01FC nOon I)AU 0 
00171 atl'"E 001')0 ''lATA n 
onn!? I,lZOO 0(1)0 DATA 0 
00113 O~Oil I)onl'l OA TA 1'1 
OOt71l "'011 oOl\n DATA n 
00175 E,JI':C'I' 
OOtH HIGH. eME tPL 
00177 1)01'10 PTR rnu n DfVTCE AOOP WILL 8E INTTtAlIlfD BY HCTPL 
01117" 1')010 ASR Fnu ItO 
00119 nOll' S EPI) 1 
Olltlln ""0n H "flU n 
OOlll! oon\ "O~ FfllJ I 
001112 oonn SA f(W 0 
0111113 .-
001111.1 nonn hlOOE I"QU III FOR MESSAGr OUTPIJT 
001"~ ROFIG fnPL+80 liT AECOA~ 01'" HIGH COR,.. IPL 
0016/. 0150 HCTPU EflU #I 1ST WORD OF THE CURRENT AEeORD 
00l!~7 01<;0 FUE DATA IFI'H 
OOIM !)1W;~ I-!CIPL Enu #I 

0OII1? 0152 A~A(\ l")KI. At ,\, Oun1S0 .. HC I Pl 
1'110;4 OOFA 

0011:10 015t. 95AF AOR An,'ll LOAD All WITH ADDP OF OUTM~G ROU'I'JNf 
001'11 010:;1'1 ~t.~F LI')R Atll,ll1 
O!)t'lZ 1I15A 'IbAO AnKL A 14,U7.0N .. HctltL 

OI'5C OOFII 
onl"J ADD" 0" !lTACK 
0019(j 01"iF ~7'F LOR 41.AI5 en DEVICE AODR 
001'1'5 !)I~O /l1CF ST Al'5,~'VAI~.Hr.IPl,Alt ~AVr: 11-" HAG 

nib:! 113511 
on'.,~ I'Il#,Q "~n" RFCfI' •• 11 
001'17 Ol~~ 1:I01iF 1M eORfNO+2wHCIPL,AII 

01611 1'13";/1 
onl 'H3 QIU ";(06 R8(1I) ... /1 
001'1'1 (l1"C ?nF ANK A1",,, 
OOZ(I(\ #I PHT 10 J NSTRUC T ION8 
002nl OlbE '17/Jf ADS AT.crOPTR-HCIPl,All 

1'111(1 otll~ 
0021'1<' !')IH 'I71l~ ADS A7,!NP2-HCIPL,Alt 

(It 1Q ('11l1l'i 
01'120' "116 nllF ADS A7.~N"2-HCIPL,Ati 

017" 01ff 

,~-~ 

Rr\ , ' 1 -~ r.; 



52N 

~OZoU () 17A fI'7I.lF 4/') 5 Al.E~Ot-HCtPl,Atl 
~\1C 112Qe 

00~n5 OIH: q7IJF HI S A7.INRa4~~r.TPL.A't 
~t80 I)U2 

002 06 0le2 I" If LOR At.Al5 
OOlO7 01841 l'~ce SlC At, /I TEST MIJLTI .. SINGlE nfvICE cnNT, 
00208 otH "Ib(l~ RF(", HC1PL? 
OO?~., nlee nnF AIIIK A7 .1' "'UlTI OfVICE CONTROLLFR OnelO nt/u HCIPl2 frlU • 002 it 018A 'nap AD,S A7dl!'lT MllC' .. HCTPl,AII 

olec IIlaE 
01)212 ollie "7IJP ADS A7,SIlTPR2-Hcr Pl,AII 

0190 OIIlC 
onZI1 0192 HIJF ADS A7,SSTPTR-Hcr'l,AII 

OIQIl Oino 
0021IJ 0190 974F AOS A7,55TPR1 .. HC!Pl,Al1 

0198 nZH 
00215 019A 3F4t !Illl A7.t 
on2!b Ol9C Q74F AI).8 A7,WPRj.HCTPl,.I' TNIT WER/RER INST 

OlflE ot'H 
1)021' 01AO 91QF AO.S A7,Wf~2~HC!Pl,Alt 

01A2 one 
0021e OIU 914F AO.S A7,RER-HC!Pl.Att 

OlAf> I)UC 
o02i9 OIA& '57AC RP' CKOK , 
OOUo 01U 4PII2 SYSM!lG I,. TA 'OBJCT TAPE ON Rfl 

tit AC IjAI.j:J 
01AE 54?0 
OPIO ';i41J1 
nl!!2 0;045 
01B4I 20llft 
nUb 4UO 
01ee "ii?IJ'5 

0022\ OIBA 1J14U DATA iADtR~ THINK OF BI 
OIAC IJS52 
OIB! 2E?0 
nlCO 5448 
1')1(2 4911f: 
01C4I tlB.,," 
(I I !':b tlFtli> 
01C8 ~OQ2 

OOZ?? n 1 r:A lJl'B DATA 'ASE I j 

01eC 1J520 
(ItCE ~IZ0 

00223 ntno nOnA DATA 10nOA 
OQ!!4 01"2 SUD fr,JU • 
00215 010l 45lJ3 ECMSr. I)A TA ifC' 
On221:> 0104 nOOA "A TA l!'OOOAi 
00221 01010 aFr;& "FLMSG DATA 'OVFP' 

(\\0/1 lJb5Z 
on228 1)10A ODOA DATA 1000A 
OQ2n o H:lC 8uFF RfS 'Jq 
OOBo 022A FFFF DATA IFFFF 
00211 Q2i!C 0000 MASTFG DATA 0 
002:JZ 022f nO(lO S4VBAS DATA 0 
ooen 0250 IiIES i> '" STACK A"H 
002JQ 02"U CP'10N !"rw .·z 
OOBr; n2'\C OUTMSG fOll '" 
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oopn 02~C 1l'51\/J LOK A3,II 
00211 02'U' 11300 etc) A3,!I.A~R 
OOlJII 02110 DZII lCR A~,Al 
002H 02112 113'0 OTR OU 13.0,ASR 
00240 oP1l1I ~COIJ RB(/J) ··2 
002 41 0246 t 1 III AOK Aid 
002112 ~P1I8 'AO I SlIK A2 " 
OOZII!. OZIU ':ICoC RB(4) MR.;> 
0021Hl 02111':: 031\0 LDI( A3,O 
00245 OZII! 11390 CIO A3.~.A!lR 
OOlll6 QZ'50 (HID 0 S~T A].ASR 
00247 02'52 ",COli ReCII) .·z 
002118 02'511 FOH RTN 4111 
0024., ,. 
0025() " 002!), 1\2416 CI(OI< !QU, • 0020;2 025& ~tAO LDK.L A'J.O SET LOADING AOO~!!!S 

O2~8 ooon 
0025!. • 
0020;/J • 
00250; • (';0 LOAD SYSTf'M 
0025" 025A 81UO Ull('.l A12."'NlO-HCIPL 

02"11: "l!"C 
00257 02tH: 9118F H'" AU,Att 
002511 02bO ""CJ3 C""~ AIIl,·t .. 
00iS9 • 
IHI2bO • 
002/'1 02hZ 1I10A LOR, 11.A10 Tf!!T START A~ORE!!!! 
002b2 02bll I'Icna AI\R(4) At fM OR Eor HAS BErN READ 
001'63 02~fI ~01F I1LT NO START AnDRESS 
002100 02be 0000 RAnOR D.U 0 
O()l!b!J ~1!6A n300 RAr'L LDK A3,0 
002b6 026C I'HIlO LnK, AT.O 
OO.,b1 02b~ 1152n LOK.L A'5.llllfF .. HC1PL 

0210 008A 
002bll n272 IJ"inf AO" A5. A t 1 
002'9 0270 IlOr:f' LI) Ae.5AVAI,·~eIPL,Att 

0276 OJ"i1l 
00Z10 0218 '510 I. 0 RF'(b) YNPA 
otln, ('IZ1A ""1)0 lOK Ab.1I 4.4 SO,ASR 
001''12 n21C 011' lOI< ".Ill SEND X .. ON 
002'13 nnE lJ&r>o cto lb.5,A~R 
002T1l 02110 4110 OT~ Al,O.A!lR 
00275 02112 5COU RIHII) .. ~ 
nnZ7b 021\4 42"1') ero A","!."~R 
00211 021\10 IUOO StU U.A~R 
00 .. ,11 028e "'COli RAC/J' ... ? 
OOZH OZII. TNP4 !QU • OOlllO 028A Ob'5n LDK A",eo I,ENGTH 
00211, IIlllC 7bnn W!'RI W!!R Ab,O tNIT MLX wHATEVER 
OOl!lIz OZ8F 7'3(1 I WERl! 101"" ''1.1 CI1ANNfL IS 
nOlll' "2"0 IIbn" LnR lb,AII 
n02"a n?,q~ ~fbl\ eRL Ab,1I 
002115 Ol"(1 r.tnPTIt P'QU • onll'l" ~~qll abcn CID Ab.!!,PTR AVAIlABLf ON TH~ PAPER RFlOER 
O(1'1tt.1 02'1b "Il:na RR(II) .-? OOll\/I 02'18 1124F LD A2.SAVA1S-HCJPL.All 

02'H 0'5'51l 
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onZ69 O2Qe HC' SLC 42,] '1UC 1 
oonn 029E .,214 RF(?) tNPZ "JO 
00291 02AtI llSTMl. X EQU • 00292· 1)2AO QClCO sn Al,PTR 
OOi!q'J 02A2 '5t04 RIICII) ".1 002'111 02'" TMTfllT FQU • 
002q5 02A4 '120 HJI(I 't./l007 TAPE MAPK OR fATAL fRRnR 1 02A6 t007 
tlI)2'1b OlA! '51)!, H(n) "'L)(I "10. 
002C17 02H 2t07 ANI< At .11 FATAL FoRROR 1 
001118 02Ae: '548b RF(II) feelS YB 
0029Q • 
00300 02AE IH20 LOK'.L .q.tJl~i PUT EOF IN BUFF 

0280 ""5 00301 1)2112 8n'i SfR ~t.~5 
00300! 02114 11121'1 Lnl(', L AI, 'OF i 

02B6 lIfQb 
on30'S n288 !\1'511i ST ·q,2,A'5 

02BA n002 
on3011 I'I?RC 07011 U'll( 47.4 IJPOAU POINTRERS 
00305 OlBE ClS1C ADR A5.A7 
01'1301> n2CO '57 II f:' ItF PRA!!el 
00307 • 
00306 02(2 "iPo;A !UPl , R8 It 4fl'L RELAY TOWARDS RAFL 
OOJQq " 00310 nU4 "'U( 1 !':QlJ • 
003" 02e4 EOL! LeR Al.A5 
00312 02CII ,.~o CWK Al.118 18 IT AIICU 

02(8 0018 
01'1313 02eA '55"A RF('i) RELAY NO 
005111 02CC 01~0 LOt< AT,IIO YfS 
00'51~ 02eE 1[00 RfR RER 'b,O READ REMAINING LENGTH 
0031& OlOO lb~1\ ANK', L Ab,I'FF 

0202 OFFP 
OO!" 02011 "Ill ~lIR A7,lb COMPIlTF TRANSMITTED LGT 
003111 Cl21'l/j "'lIC AOR A'l,A7 UPDATE BUFF POINTER 
003111 0206 576b RI" PRASCI 
oOHn O~OA 4At)C. INP2 INR A2.0,PTR 
OO12l OlDC "IODA Rpun ~WYTCH tNR HA~ 8fEN ACCEPT~O J 
00322 '* PROCESS THE CHARTER 
oon~ o!or: /lAeO 1l~TPP2 s~n A2,PTR TRY ,. SST 
003211 tl2EO 'iCoa RR(Il) TNP! TRY AGAIN rNR WHEN SST REfUSED 
OOH5 021'2 $t(l~ LnR At,A! 
0(ll2~ 021'4 t~oo AOI( ,U,O CHECK W(THER ASCII OR OBJECT 
OO:U1 02H 'l27~ R'!!) PRAIlCI RIiCMO WAS ASCII , PRINT IT 
00328 0!f8 nono LOI( AI>.O STORF A NON ASCII CHARACTER AT 
oon' tl2"A ~b'5 Slit Ab.A'! THE END 0' BUFFER , 
01l~,\0 • TO BE 1l8EO IN MXl 
00331 02EC '5FIIA RR TM1'ST 
00331 n2FE OAJINP EQll • 
003'53 02fE' 60llZ LOR 4~.AIl 
OOHu 021"0 ~/jnc RFCb) fJGHT 8~8 00 NOT INPUT 2ND CHARACTER 
on:B5 02F2 l!2t1P ANK j,l.lf 
OOBb 02'4 IIEnn INR4/j INR AI>.O.PTR 
00B1 021"& scnll RII\(II) •• ! 
onnll 021"8 zan, ANK 'b./F 
OO)Jq 02'FA ,A1I4 ~LL A2,1I 
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00]110 02fC '?2 t 1\ ll'lR A2.A' JOIN THE TWO HALF CHARACTERS 
003111 OU'E "TGHT I:r3U * 00H2 "2"" "'011 CWR A7.AI 
00JII3 0300 r;o tI! RFeG) £N1'l2 
003~4 0302 l'Z~5 IICR Al.A'I 
00345 03(l1l ~1I011 XRR A4."2 
00311b 1'1306 I'S~I Ai'll( A5.t 
003U1 Inoe E"20 CWI( A 7.t 

03(lA nool 
00:548 n30C '1111'18 "I"(a) O"'JINI 
O(lJIIQ OlO" "1100 Lnl< AII.O 
O(')]'SO Q310 111,,8 LOR AI,A~ 
003"i, 0312 !Jllle ADR AI,A" 
00]5" 1)3111 PO] A (')1( At, J 
003'13 03.1 b 1'7 Il I OBJINt A (')1( A 7.t 
0035u OJ18 '51'110 T~P2R R,. YNI'lil 
01)355 HIA ~207 FIRST '~I( A2.17 
0035/1 031C 01'50 Lnl( AI,IIt) 
003'S7 IlJIE '!~U IHI(7) EIGHT 
0035f\ n:po IJ 211 ('I ENnl Cto AZ,H,PTR 
00]5Q 0322 ~STPTR E"U * 003/,0 1)322 aQCO SST AI,PTR 
0036\ 0'5211 'Scou RB(lI) ·-2 
003bl 032' "08l LnR AII,AII " AIIR WAn 
OOlB 1)328 '56"6 RF(b) *+e 
00364 03 ... 'Joa, 1M COR£N(,)+2wHr.IPL,Atl WAn 

032C 1)3'18 
00365 OJZE r;C06 IHJCII) .-/1 
0036/1 !:i'no 211F"F ANI( AQ .IFF 
01l]67 0:\32 r;on/J ""(0) PRnL01+2 
00366 1)3JLI HClS EQU • OOH'J 03'511 1)180 LOI( At, fCMSG.HC I PL 
00:510 0336 111 Of' AOR AI,AII 
01'1311 n'B8 I)ZOIl LOl< A2,/I 
0031ii' 033A III1A f) UH('.l All,OUTMSG-HCIPL 

03JC nOfA 
OOJ1'5 o:n~ QQllf AOR All,Atl 
oona 03110 f'loQ3 C'R A14,412 
OO'UO; 03112 2011" STOP HlT 
0031b OJLlIl 'lfl)C RIH1> 'UFL 
00H7 ('I'llb FA)tO A5CHlP CWI< HolM) 

OlLie 0000 
003111 03U .,OOF RF(O) t!'~Dl 
OOJ7q OlllC fl"20 CWI< A1. loll 

0311£ OOllll 
003110 03'50 '18111 R8(n) IN''Z 
003111 OJ52 '-"''1 !teR A2.A'I 
001/ll! 01'5Q ISo! ADI< 4'5.t 
OOJ,I\'5 OJ'5/' lHI Ai'll< A'Td 
OOJAII OJ5e '5"80 IHH1> TNPl 
003115 O~'5A a~1I1\ !'Nnt CTO A2,H,I'TR 
OOle/l OJSr. RST"RI fQU • 003117 OJ5C 4ACO S~T '~.I'TI'l 00311/\ ()J'5' '!eOQ I'lB (10 • .. 2 0038'? 0360 "RASCr fDU • OOHO "HO I'IIIIA LOI< AI,BI)fF-HCIPL 
OOHI OJ62 qlt'lf AOR AI,AlI 
OOH2 OJbLl lIt'tr. LOR A".A1 
OOHl 1)166 03'1) LOI< A301;>0 

r-" 
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OO:'l'H~ Olbl! 035 SCFl 43.45 
on3Q'5 I)3bA 151'11 A ('II( A'S.! 
0039& 0311e ~3~0 LOI('. L Al.lODnA 

0341' (01)' 
003Q7 OHO 6335 STR A3.45 
0/)3~6 0372 I!tn A Ill( U,3 
OOH9 03711 3A&1 SRL 4l.1 
001.100 Iln& 'H41 SLL 42.t 
O~II(lt 0378 110112 LOR 48.A8 IF 45R DO NOT OUTPUT ASCII 
00402 OlTA "iIlOIl RF(6) "'UIIO. A Sf'C('!t>J9 TTMf (AL.READY PRI~TE'D WHf'N "~AO 
00"03 037C 90llF rM eORfND+Z-HCIPL,All I'IUT WAtT Aen 

037~ 03'58 
OOIlOU olllO IIlCt);, Re(lI) ·-4 001105 OlH 'iT02 RI" PRASCR 
001106 n)84 PRASCA EI'lLJ ... 
OOIlOT n-S811 II fit'! 1.01( Al,O PASS WAS CFR 4111,A\3 IN IPL'5?S 
oOlloe ... TO AVOID PRINT Io4PSSAGF 
0(1409 mil II PRASCR F.i')U • 
00"10 IllU 028A L.nl( A2.Bl)fF.HCTPl 
0011 II 03M '120F .lOR Al!, A t I 
on/liZ 036A 81H l!'IR* A3.A2 
001113 03SC e:8~O CWI( 4J./'H1I5 ,. If 

03M! "SUO; 
(1)11\11 0'\90 ,CIlO R!!Iell) RAFL' 
(1)4,5 OH2 t20! AnI< A?? 
01)11111 OH4 "3~1! LDR* n.AZ 
onlln on" I'ft~O CWI( A3.111FIIO *OF 

0398 111'1110 
001111'1 nHA r;cr,. RI!(II) RAn3 
001119 ,. 
001120 .. 
0041\ ... SF.T RETUR~ PARAMPTfRS 
Olllln * on4ZJ ~3QC 8UP' LI) A1O,r.OR~ND-HrIPL,AII START 400RFSS IN AIO 

nHf 03'36 
004211 03AO 81lAO LDI(~L At<"MNLO-HCIPL 

03A2 1)29C 
00425 03A4 94~r:: ADR AI2,AII "'NL.O ADDRESS IN 1,12 
0042. 03A& 81CE LO j,9.SAVfUS-HCTPI,Alt LOADING I'USE IN Aq 

03A8 OODe 
00427 nJU 80ef LD Ae.8'DOR~HCIPL •• II fNDING AnDRESS IN A8 

OlAe o lib 
0011211 t)3A[ 87tH' LO AT, MAST"G-HC tPI , All MASTfR FLAG IN A1 

0380 00"4 
0042Q ... 
001130 ... 
0043\ OlR2 F03A "TN 4111 RETUR~ TO CALLING 
001l3! • 
O(HIH 0384 5FFII RAFL? R8 PH'L' ... RfLAY TOWARDS RAfL 
001/:$11 03f1& 5750 RHAY RF PROL01+Z 
OOIl3~ * oonll al88 OtlO SWtTCIi AIlK 43.0 
onll:n 038A ~qCF Rf' (t) OBJrNP 
001138 03RC ?21P ANK AZ.ITF 
001139 038E 58H Re(O) TNPl 
00440 n3eo ~.i:'O CWK A2./7F 

03C? /107F 
0011111 03C4 58FC RBcnl INP? 
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0011112 
00114, 
001U1l 

0011115 
001111& 

0011117 
004118 

00114'1 
onllSO 

0011'1 
OOIl~2 
001153 
0011511 
00115'5 
0040;11 
001151 
0011'11" 
00115'1 
001160 
0011"1 
001l~? 

00llb3 
00111111 
0011115 
00116" 
004"7 
00£1,,/\ 
OO£l/)'I 
oocno 
001171 
001112 
001173 
0011711 
00117'5 
001176 
001177 
001178 
001174 
onilllO 
001111\ 
001l8i' 
00118' 
onQII/J 
OOUR'S 
00ll8" 
OOll81 
0011118 
00111111 
OOlll/O 
0011111 
Olllll/? 

03ell 
Olee 
03eA 
03ec 
II 3e I': 
03"0 
0302 
03"11 
Q30b 
nlO/\ 
030A 
030C 
030~ 
01fO 
0'E2 
031'11 
031:6 
03r8 

113Fl 

03EE 
031'"0 
0'1'"2 
031'"11 

nno 
5AI\4 
I'A20 
OOIF 
'HI/) 
I'A'O 
00t4 
'HOC 
fVO 
00011 
'521)6 
I"A20 
OOtO 
"CCA 
130 t 

·,}p'cr; 
IBOI 
"1" .&IJ 

n3rF' 
/llIn/l 
0;>1)0 
112111" 
n3O;b 

OIlJH 

ASCIl 

.. .. 

.. MATN .. 
#I 

* 
* 
* .. 
* .' 
* 
II 

* .. 
II 

II 

* II .. .. 
FUFL t 

.. .. 
CLCO! 

* ,. 
II .. 
MNLO 

AOK 
"AOO 
r;wl( 

RF (I) 
r;wl( 

RF (t) 
CWI( 

RA(Q) 
AOK 
RIH7) 
SUK 
RA (7) 

EJECT 

LOAOING 

Et3l1 
LOR 
LOI( 
ST 

Tn 
leYF 

A3,0 
ASCI"'P 
A?rllF 

ASC IT 
A2, It Q 

O!lJH 
A2,1\ 

OBJEC 
!2,/10 

TNPlR 
A3rt 
!'IRST 
"3rt 
ASCI"''' 

PART ENTRY PARAMfT£RS I 

A1 - MASTfR !'LAG 
All - BASE AnD~ESS 

,. OllTPUT MSG REt3UfS T I NG U"E ON RfAOl"R 
2- PFRFORMS A /~ALTI • THE USER HAS THfN TH! 

POSSIIIILITY TO ALTER THf AASE ADDRESS (REG,A~) 
AND T~E HAST!R FLAG (REG.AI) 

(AI-O HASTI'~) 

CAl-I USER) 
J. LOA~TNG PROCESS 3TART3 W~!N USI'R OEPPA~S3 3TART 

(lIIHON 

.­
IUI"L2 

'" 
AU, At 
A2,0 

I':RRONNOlJ3 CLIIST!R,PRfNT fRR Io4ESSAGE 

A?',CORI"N"-~(TPI ,Atl 

3AVE MASTER FLAG 

~AZ STAAT ADDAfSS 

RFV" 3,·,,1 
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I)050h 03r6 81CF 
O"5F/\ ooor 

00<;('17 
0050/\ 
0050<) 
00510 
00511 
OOSU 
0051' 
005111 
00515 
00511> 

00517 
0051A 
0051Q 

005/.'0 
()05~1 

005?2 
0052l 

005?/j 
on'l?"! 
00521. 
oosn 
005H 
onS29 
005~j.1 
005', 
00532 

00533 
005'4 

on5~5 
on5~b 

005" 
0053e 
OOSH 
00540 
005111 
00542 
00543 
005114 
005115 
005111-

005Q7 
o0511~ 

on549 
nOS"iO 
005<;' 
00552 
001)5' 
00554 
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IlllnO 
0402 
OQIHI 

04011 
Olin!! 
OliO" 
IlIIOC 
OlinI.' 
1)1110 
nllt! 
"IItcl 
Otll/' 
Olltll 
OIlU 
OIlIC 
Q411' 
01120 
0422 
OIl?4 
I') II 2/, 
OQ211 
OIlZA 
IlIlU 
1')1121.' 

1'111'0 
Oll!l 
0°'11 
OI.lJIJ 
01138 

Oil'" 
()IIJe 
OlllE 
01140 
0442 
0444 

~2An 

OO/\n 
928f 
ooon 
IHeF 
~ 116 
209F 
OIlOe 
"'I" tlr 
1lli'0 
OOIlA 
QtOF 
o/jOI 
0300 
!;;3/.'1J 
t t 0 I 
0200 
F.2~1I 

t t " t 
I"A20 
001"5 
'500F 
F'B?O 
001)11 
'501" 
fB20 
001)7 
505F 
5F;!4 

tnaF 
('Il')qo 

'1C'O 
AJaF 
!)OSE 
nil 
'5001.1 
'nOl 
Q306 
I!"!?U 
l1tl/, 

• 
~ 

• 

ST 

• PRnefS~ I.OAnIN~ I THIS MODULE MEAD" ClU~T~R 
• ANn BPANC~ ACCORDING TO THF CLUSTFP TYPF 
* 0"1 ElCIT A I = HIIFF AO[)PFSS +1 
• A2 :I wORD COIJNT 
>It A3 10 TYPE 
• THE TYPf MIJST ~F 3,11,7 If NOT THIS tHAlT 
PROlO LnK~L AIO,STAO.HCfPL END AonRFSS 

ABA 

PROGI " 
PRnlnl 

ADR 
EQU 
ST 

ADR 
lOK 
LDK 
LeR 
AOK 
lOK 
LCR 
AOK 
CWI< 

PF(n) 
(WK 

RF(n) 
(IolK 

PE(O) 
RI'I (1) 

AI0,AII 
n 
A9,RAOOR-HCIPl.AII 

• 
RAfLt 
AI,8IifF-HeIPI 

A I. HI 
Atj. I 
A3,Il 
A"\. H 
A 1.1 
42.0 
A~.At 

At. I 
"3.3 

ClCOI'If 
A3.4 

(lEND 
PROlOI 

~**** •• * ••• * •• **.*** ••• ***.***.* •• 
• ClUSTfR COO~ TYPE) 

~'OOR =BASF AD[)PFSS 

A3 :II TYPF 

A2 .. WORD COIINT 

BRANCH ON CLUSTER ConE 

INTFRNAL MODIFICATION 

END/START 

>It UPON ENTRYt A!drH)RESS 01' ~IlFF+t (RRK 
• Ai'a:WORO COUNT 
.. A1hRADDRESS 
• Al O=FNOADORfSS 
••••••• ****."' ••• *.* •• ***** •• *****.*** ••• *"' •• 
rLCQOF LO A3,8ltFF+lteHCtPI.,Alt 

CLCOIA 

CLCOtj 

RACtj) 
LO 

TM 
RF(O) 
It'RK 
AOR 

LOP. 
AnK 

PRnLOI 
A3.8 1IFF+II-HCTPI,AIt 

43. A 1.1 
rlCO/j 
A 3. t 
A3,AC) 
AS,At 
AI. It 

FMRK SET SKIP THE CLUSTfR 

ts IT RELOCAT"BLf SECTION 

A5=(RBK) 
A1= ADORESS OF ST COOF WORD IN BIiFF 
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oot;'i'3 
OO"i"i6 
00551 
005'511 
00"i'3~ 
00560 
005"1 
005"/! 
005~3 
005"11 
0051>5 
005/t6 
00'51>7 
005&8 
00569 
00570 
00571 
005Tl 
00'573 
OI\STQ 
00515 
005110 
00'511 
005711 
OI)'H~ 

011580 
005111 
oo~e" 
00583 
01\'31111 
0058'5 
005/16 
00'5111 
00'568 
0051\~ 

00590 
00'391 
005"2 
005'n 
005911 
011595 
00596 
00597 
()05~/I 
005q~ 

01')6011 
1')01t01 
Otl602 
001>03 
00601l 
0060"1 
00606 
00bl)7 
001>011 

OQII6 

1)4118 
01J1I4 
OIlIlC 
tlllll! 
01150 
01152 
tl 115 II 
0115& 
011'511 
01151 
oll,e 
005f 
11060 

001>" 
I)ll/'II 
OIJ66 
1)11"6 
01l6A 
01l6C 
Olll>f 
0410 
(l1l7t> 
na7a 
01176 
1)1l'Ye 
047A 
01l7C 
01l7E 
(111/10 
OIlIlZ 
1)11114 
01111& 
OQI\6 
nllllA 

I)llec 
(lillII': 
nll~O 
OllqZ 
01l~1l 

01196 
011911 
OIl'H 
Oll9C 

3cn 
IJb?1l 
~ 81'! 1 
'1S,,1l 
A'511 
'301)2 
91>06 
~b20 
ItO;> 
1302 
lAOI 
'1C \II 
'1fbe 

071)1 
1I'521l 
UOI 
3CI':1 
11(12 
113;>11 
BII) 
'30011 
'Bol 
9Jt)b 
1:804 
'HI II f 
It Oil 
6b~1J 
A'5 I I 
'301);:> 
910910 
"620 
I A (I;> 
"le22 
'1fn 

Apa 
'101lA 
A 31 I 
':Ion2 
9Jn6 

n1l9t, 
A311F 
n3'56 
1\ HI I" 
nOQf) 

.. 
• 
• 
r. U: 0'5 

CLcn1 

.. 

~IJK 

SFIC 
LOR" 
CiolFI 
RR(O) 
TM 
RF'(O) 
aOR 
STR 
AnK 
ADK 
SIJK 
R~rq) 

RR (1) 

Alld 
Ab.At 
43. A I 0 
CLCOI 
Ao;.U 
CLC07 
Ab.AOJ 
A&.A3 
,tl.Z 
n.l 
"lot 
CLCo~ 
"AOLO 

A2: NIlMBER Of I':Mf WORO 
13= ~TORAGE Al)nRfSS 
A/II: '1A~K F'OR RRl( 
At.: CODf WORD 

COMPARE LOAD ADDRESS wITH AD or IPL 

~TORE conf W~RD8 

••••• * .... * ................ * •• * ••••••••• * •••• * ......... * .. ".* ...... **** .... . 
* INTERNAL MnDIFICATION CLUSTER 
* ............ * ................ * .................. ** ....... .. 
CUMt'lO LI)l( 47.t ATa MASK fOR ADDRESS 

LOR. A'S,A, ASa(RSl() 
SUI( A7.01 
SIIC All 01 
'OK '1,2 
LOR. 43.Al 
TM Al,A7 
RF'C(I) Cl 1M;> 
XRK A3,1 
AOR AJ.A9 
CWR B,AI(I 
RllleO) CLCO! 

CL IM'2 AOK At,2 
LOR. 'b.AI 
TM AS,AIl 
RF'cn) CUM' 
""R A6,AOJ 
STR lb. n 
SilK A'2. Z 
RA(/!) CUM! 
FlA(1) PROLn 

• CLUSTER END/START 

43aADOREflS 
IS IT RELOCATARLF 
NO 

Yf8 AD FlASE 
ADDRESS OK 

1AKE CODF WORD 
IS IT RELOCATABLF 

AD BASE 
BTORE CODE WORD 

••• * ••• * .. * ••••• * .......................... . 
CLEND LDR* A),AI 

• 
CUNt 

Rrco) CLEN3A PINISH 1010 START 
TM A3.1O 
Rrco) CL~Nt 
lOR A3. A9 

fill) 
~T 

\.0 

• 
AJ.eORfND-HCIPL,Att 

IJPnATf RASf' AnnRFSS 

RFy, 1-!') 



52N 

OOoto Olll)f 9111F 40 .5 Al,A40nR-Hr.tPL,4tl 
OIiAO 11111> 

OOb II 01lA 2 911Hi AnR A9, At 
00b12, IlUAII "iFAr RI'I PR(lLn 
OQot:3 * 
OObll1 * 
00015 OUAb ooon :'IAVA15 DATA (\ 

OO/db .. 
onl>17 ***********************.*********.*.****** •• **.*** •• * •••••••••• ***.*.*.* 
oOole • 
OObl'1 OilA8 noon C(lRf"lO DAU I) 

00020 • 
00/,21 * 
onon ********.********** •• ** •• *****************.******************* ••• ******* 
00021 nllH nOl)o DATA n 
000211 OIiAC noon !'lAU 0 
00"25 OIlA~ 1)01)1) "AU n 
OOb2b ~IJRO nonn DATI 0 
Ol)on QlIRZ noon DATA ('t 

GOb28 OIlBII 00('10 OAU 0 
0002'1 Oll'H. nool'J DAU n 
00030 0488 000('1 !'JAU {) 

O(!o~t OIlAA ~Ot'n nATA 0 
0001i' OllAC 0000 DAU 0 
OObB OllAI': nOnn DATA I) 

0011'4 nliCO 00110 DATA 0 
OOblS OllC2 nO~O nATA II 
nOb'H. nllc" nonn DATA 0 
001,17 OIlCb nOOn DATA 0 
OOb~8 ~"r.6 non('l DATA n 
001,39 0110 1)000 DATA 0 
001,40 OIlCC oono DATA 0 
001,41 n"CE 0000 IHTA 0 
00b42 1)400 1)000 DATA I) 
001,43 QIIOi! oon/\ I)ATA 0 
0001111 0004 ooon nAtA 0 
OOIlO~ 04nb noon DATA 0 
OObllb 0408 gOQO OATA 0 
0011117 Q41lA nooo DATA I) 

00111111 ollnc 0000 DATA 0 
001>119 Oil!)! ilOilO DATA 0 
001>'50 n4Fo ~OO(\ DATA 0 
0011'.11 1)41"2 1'1000 nATA 0 
00b52 04f'1I 1'1001) nATA Il 
OO/!~~ ~lIfFb nono DATA 0 
0041511 OllF8 0000 !)ATA n 
OOb'S&; i)4~A 0000 DATA 0 
004l'lb ~4EC 000(\ DATA /) 

00b57 OQEf 0000 OATA II 
00b'.\8 QII"O 000 0 I'JATA 0 
OObSq 0111"2 Ilonn nATA 0 
(lOUQ 0""" lIoon DATA 0 
OObbl Q4",/! OOQO nATA (\ 

OOb61 04"8 1'I0on nATA 0 
OOb6l OllFA OOQO DATA 0 
OObU Q4fC 1)000 DnA a 
OOU'5 ~Q"E 00110 DATA I) 

OOb(>1> 0500 0000 I'JATA n 
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IPL52N 

00661 0'5n2 1)01)(1 fl'TA n 
00668 o ';I\IJ OOno !'lATA 0 
006f1q 0506 0000 DATA 0 
"o61n l')'iOIl l'Ionn nATA n 
00b11 "'50A Oo"n OATA 0 
001>12 1)51')C "ono ')AU " 00613 oosor 0000 DATA I) 

00674 0'510 1'101'10 DUA 0 
0067'5 O'51Z oono DAU 0 
{ln6H "15'4 ~onll DAU I) 
00677 0'516 0000 OAU n 
0061/1 0'5111 0001') DATA 0 
0061C1 051A 00110 OATA 0 
00611n I')~'C 1')01'11) DATA 0 
00681 OOStE 0000 DnA ('I 

006/1" 1l'5~0 11(1)0 DUA 1'1 
OOb83 f JI"r.T 
01\6/1/1 05n JPl44 ~I'3U " (1)68<; n'5<'2 I)ll')C lOI( A'\,NRREC 
OObM 0'5"" IIlIlO LlH<L A4,BIPL 

1l'i"6 QIOO ~ 
006117 0'i"11 07115 LI'l1( A 7 ,/115 
006118 " fI'!!!C w"tTf' 
0061lQ n'5~A !lOAO LI'lK\ .,1,OFCR44 

(lIPC "'511~ p 

00690 OOS?F: PUNCIo4I1 E"U " 006", ,,52f 115'51) l.nl( A5,80 
00(1)~ 0530 116;:on LnKt A",RI/FII4 

/)~3~' n511" p 

o Obl/J 0'534 PCHlI(lO ~131) " on694 0'5311 ('11)0 L "1( AI.O 
OObQo; n5H 02no LPI( AZ.O 
1)('6'" 0'5"11 I!no leR A I , '" 006<'11 05:54 1964 ~"L A I , II 
nn691l 0'53C I"Ql!1 eCI( A I .0 

053E 0000 
00"99 05110 'J01')6 ,,"(n) PCH41')'5 
(1)700 05112 n?I eeK Al 01';00 

ll'5U4 "51'11) 
00101 0'546 nn" "I"(n I'CH410 u~s THA~ 5 
on102 I)~LJ8 PCHllns EI'3I} " 0070'5 05118 2<'110 OR I( "0110 
007011 n51JA PCH410 fl)U " 0011)5 n'5IU 3""/\ !ILL • I , /I 
007nl> 0511C F.:no LC" Al,AII 
n070'T n511f A PI) ANI([ Al,/I"'Ol" 

I) s«; 0 F,..O" 
00711/\ 1)552 1!921 cel( At.O 

1)'5'14 nono 
007nQ 1)'5511 51)n6 "1"(0) PCHllt5 
00110 1')>;'58 ~1'I2' erl( 41 oI'50n 

055A O'l(lO 
0(1711 n'5'5r: 520,) IH' r')) PCHII"O 
00712 f)5~t': PCHlJI5 f~U " 00711 1)5SE 2910 (')RK AI.1I0 
on1,11 05"0 PCI4I1,;>O Et1U " 0011'5 0'5/'0 lin'? nR AI.AI! 
0071f> " 8Tn"F WOR" 

-'-.~ r· 

PFI 1 l t.:.. 



L52N 

OOH 1 n'5*,~ 11>02 AOK Ab.2 "'fXT wORn TN BUFFER 
0011 e 05114 t 4 t) 1 A file: AO. I NEXT rHZR. I!oj TPI. 
00119 n5bb f 00 1 SilK A5,1 
00720 . 
00121 n~be "len & Rill C \) pe:Hano 
0072? 051>1 F'Bt'n CWI( 4101 UST RF'ceRO 1 

lI~be: 1'I0nl 
00723 05bE "S40b RPCIl) PC:~4'\0 NO 
001.'0 05'10 n IIJ LOI( Aloin XOFF 
On'1211 0'572 ~1Qt 5T 1\,fll)'IIII+\5/\ 

05'111 Ob?C R 
OO'1?& 057b PCHlno E"U * 00171 1)51& 281\1.1 LKM 
00H8 0578 QOQI DATA I 
0(J72C1 1\"5'1' 181)1 Sill( 41.1 
oono OIlj1C II\C)"!/\ ABC I) PUNCHII 
oonl • 
Ooni! O'i7f ?8nlJ LI<'" 
007H 05/10 00113 DATA '\ 
00'1'51.1 * 007J!! n'>112 OfCRIJLI FQl) • 
007'51> n"l~2 oon) OATA 3 
00737 0584 0511£ R ra TA I\tJFlI1.I 
01)738 0581> OOAO DATA Ibn 
007}9 0588 QOQO OAU 0 
007IJO n58' lIolln DATA n 
0071.11 osee: (JOOO I)AU () 

01l11J2 058£ 1\111'1111 RF'S flO 
00111~ * 00144 * 007115 * 007116 ENO BIPLPR 

~Y"'BOl URlF' 

48A 0000 A ASCIT OlEb R ASC!NP OlLib R ASP noto A 
!lADOR 0i!b8 A AIPL 0100 R AJPLPR 0000 R AO" 0001 A 
I\U,/j4 OS8E ~ RIIFF' OIOC II CFZON 02'H R Ct(IPTR 02<14 A 
CI(OI( D25b ~ CLeOI 03FC R CLCOlA 0111& R e:LCOIi 0442 R 
CLeOS 0/j1l8 ~ CLCOl (l/j5b R CLCODE 011'\0 R. CLfNI II II 91> A 
ClEN3A Oq'u R rLFNI) 01l8C R Cl 1"'1 0111.6 A CLIM2 047A R 
CUM] 0/1811 R (LYMO Ollb? R CNTFtG 01l1C III CORf:NO 04A8 R 
f)EC:B OOIE A oECBIHI 1\562 R nECBUF 1)020 R feClS 03311 R 
Fc:M~r. 0102 R FIGHT 02F[ R ENOl 035A R FN02 0320 A 
FIRST n]tA R H 000(l A MCfPL OI~2 R HCTPLt 0150 III 
HctPl2 018A R INP2 020A R tNP?R OH8 R INPA 1)28A R 
INRII4 02fl.l III IPL 01011 R tPI.OIO 0116 R IPLO?O (lIn R 
T Pl 100 Ot .. c III YPl110 ono R TPLIIII 0'l?2 A IPl88 0000 R 
tOIl'LG 0100 R "' .... TFG one: R MLXl 02ell R "'NLO 03H R 
"ODE 0000 A NBREC oonc A OBJEC OlE2 R nAJtNI O'HII R 
ORJINP Oi!FE ~ OF'LM!lG 0101> R OTR ()242 R OUTM5G 023C ~ 
PCM/jOO 05311 R PCMllllS 0'108 R PCH410 n511A R PCHIlIS nr;~f' R 
PC Mu 20 05110 R PCHIIJO 0511> R PA4SCA 03811 R PRASCB 0386 A 
p~ASet 1)360 R PROGlO 04011 R PROLO OlF! R PAOL01 0401. R 
PTIII 0000 A PUNCH oooe R PUNCHII 05i'E R RAf'l 021> ... R 
IUFLt n'Hr A R R4f'L2 03811 R IHF'L~ OZCZ R REt 4 Y 031'11. R 
Rllt OZe! " II 0001 A 8A oono A !lAVA15 0111.& R 
!'iA\le .. ~ 02lf " SST"'LX OVO R SSTPRI 035C R ~STPR2 020r: R 
SSTftn 0322 It sqo 0102 R STOP O'J42 It SWITCH 03B8 R 
SYSMSG 01U R TMT~!lT (I?AII R WERt 02~e: ~ WEIl2 028E II 
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3.54 SIMPLE TEST PROGRAMS 

The Simple Test programs that follow this paragraph are all Stand Alone programs 

that can be loaded into memory direct from the Control Panel switches. They 

should be tried if the Standard Test Programs either cannot be loaded or will not 

run. To ovoid errors which may be introduced when loading the programs by hand 

it is suggested that once the program has been loaded and tested it should be 

reproduced on a suitable input media so that for future programs on an input media, 

together with suggestions for producing more sophisticated programs, will be found 

in paragraphs 3-64 to 3-74 of this section. 

3.55 Me mory T est Program ME MHA N 

If the Standard Memory Test Program either cannot be used, or if you wish to 

test only a certain area of memory with a particular test pattern, try the following 

program which can be loaded either by hand from the Control Panel switches or 

by the IPL routine if it has been reproduced on a suitable input media. If the 

program is loaded from the Control Panel switches it can be loaded into any area 

of memory, but if i~ is looded by the IPl routine the addresses of the instructions 

will be as shown in the program listing. The program loads the Test Pattern into 

A 12. When all the required locations hove been loaded, the program reads each 

location and compares eoch with the dota in register A 13. If an error is found 

during the read part of the program it will stop and the address where the error 

has occurred will be found in register A9, the pattern read will be found in register 

A8, and the expected pottern will be in register A13. If you wish the program to 

continue after on error has been detected press the RUN button. If there are no 

errors the program will run until the contents of A7 are zero. 

3.56 Program CHECK 

This program enobles you to check the type of input from the Operator's device 

i. e. 8-bit data no parity, 7 -bit data with parity etc. The program can be loaded 

by hand with the control panel switches or by using the IPl routine. Once loaded 

it is only necessary to load the start address into register AO and then push the 

RUN button. You can now type in any ten characters from the keyboard which 

are stored in the Buffer (address 00A8). When the buffer is full the program branches 

bock to the start of program and you can check the codes received for each 

character using the Read Memory Routine. If you wish to check more characters 

push the RUN button and repeat as necessory. This program is useful if you 

wish to check for certain characters in your progroms. 

3.57 ASR, PER3100, and Display 

If the Standard Test Program either cannot be loaded or will not run, one of the 

fallowing programs should be tried. They can all be loaded either by the Control 

Panel switches or by the IPL routine. Two of the programs (LINE and NOECHO) 

have been written for devices that have been wired for Even Parity so if your 

device i~ wired for any other mode of operation the parameters loaded into register 

A2 must be changed accordingly. 

3.58 Program LINE 

This program can be loaded either from the Control Panel switches or by using the 

IPL routine. If the program is loaded by hand it can be loaded into any area of 

memory, but if loaded by the IPL routine the locations of the instructions will be 

as shown in the program listing. The program enables a selected ASCII character 

to be sent to the device a selected number of times (the number of times selected 

MUST NOT exceed the maximum number of characters per line specified for the 

device being tested), then it sends the Carriage Return/Line Feed characters and 

branches back to the start of program and stops ready for a new character to be 

se lected. If you wish the program can be modified to run continuously by chonging 

two of the instructions as follows: 

• 

• 

Change the LDR instruction in line 27 to lDK A4,64 hexadecimal value 

0440. 

Change the RB instruction volue in line 41 so thot it branches back to 

line 24 of the program by using hexadecimal value SF24. 

Once the RUN button has been pushed it will then run and continue repeating 

the same line until you stop the program b'y pushing the INST button. 



MEMHAM 

!) (I r (l n 1 of "I T "~MHAN 
,,011 n I ,) 0 1)0 AH;IN f rJII * 1 ('! (~ () f-' RnR(; ~tGINt/8(l 
il (1 (\ i1 ~ • 
I~ ,-),' n I * rHIS PRn(;RAM F'IIAHU S T Hf t NGINH'R TO wRIH AND CHfel( RI-.AO 
no,' n" * A Sfl I- (TlO PATTERN [NTO A SFLFCH.O ARfA OF MEMORy AND TO 
I) n f' () , ... • I-IFPfAT THF Tr:ST A SFl [(TEO NIiMflER Of' TIMES UP TO ?55 
"n, 07 * 
II (\ i"1 h [(1AI) THf "'""1~EII 1)1' TIMFS Y(1lJ wANT lHF TEST REPfATt:O INTO 
0\",0 r. () R[[;{SHR 14.1 fROM THI' rONT~OL PANEL 
;1'\ r, 1 (, * 
~ n n t I * LnAf' THE START A()ORfSS OF THE ARfA TO Af TfSno INTO 
() 1 (\ 1 ? ~Fr.TSHR A I J FRClM 1 Hr CMIfROl PANEL 
,~ Cl i\ t , * 
1\('111-. * L'HIl H,r ~ NO A()Oi-lfSS nf THI' AREA TO AI' TESTfD I"ITO 
Ij 'I 0,', RFGTSTUI Ali> FIHlM THE rnNTROL P ANf.l 
,; ('I \' 1 f 

[', Ii ,~ 1 7 I. nAn ThF TFS T PA TT£RI' H'TO Rfr.rSTfR An fROM THf CONTROL PANEl 
1 n n I " 

n ~ 1'1 <; tnAn lH" START Af)OIlFSS (1f THE PRnr.RAM INTO R~GISTER AO FROM THf 
:') (l (I~" I * rnNTRnL I'ANFt THE'" PIISI' lHr t.lIIN BIITTON 
:)O( ? I 
I) n I.? i' 
II (I i'? , r) () H (' Frn l)h T A II-HI' 
:l ('If ?i' f', 41 P ,I ,) ,', (1 (1 nATA I) 

) 11 ~I" o Itl~ ,) 0 If STAIJT HI T 
;'I {'II' ?t, I)()~n Al flf ",w'lf lnR A9, A It l.OAO S HIlT AOORESS INTI' Aq 
i1 or.?7 ('j l~ Mt1 ~'-iAI I (JAO STt.I A I " Aq HnRF T(ST PA TTEN TNTU "IFMnRY 
/I ~ \-,? .~.I A 11 Ill\ '1IH· AflKI Aq,2 <IPOATE Mf",nWY AOORESS rOil", Tf R 

0M~r "0 ,)? 
n no?', Ill)flF ~'1c)? ( "R A'I,AI2 rHECI( FOR F ",n AI)ORfSS IN Aq 
t'Old,' 11 n'ln "II I) A RHCNGl ,01.0 IF NOT EfllJAL LnAD ND T AODR~SS 
(\ j) t ~ 1 1)1 1 '1,> '11 A r lDIJ Aq, A II LOAD START ADDRESS INTO A9 
il (\ i) ~? 0Ilq~ Ailh6 IIEAD lllR* AIl,Aq tOAD CONTENTS OF Aq,S MFMUIlV AOOR~SS 
I' ('I (' ~'t, f\ (j 'In f'ile)" C"'W A8, A t \ AND rOMPARt wITH PA TTERN IN AD 
L: Ojl-;i.J n '\'/'" '';0 ();, PI' (7) CONT IF I:QUAl CONTINUE iIIlTH RfAO ROIJTINf 
-"if) \, t, ~ '"'.) q It ,)(l7F HL T H NnT .. (JUAL STOP 
() ('I I; 4,r- nil'l( '.1140 rO~J T AOKI 49,2 IJP!)A Tf ADDRfSS COUNTFR 

(\ 11 'il I) n ()2 
nIH n I) nA I) F'J'I? r.wR A'J,At2 CHECI( FOR fND ADORt'5S IN A9 
0('1 (I \r. nllh2 "['1 11 i-lA C"'r, I RUD IF NOT H1UAL RtAO NE XT .. ORO 
00(' )Cl OOb4 Hill SilK A 7,1 SURTRACT 1 FRO'" REPEAT COIINTER 
11) ("I( onA" '-i C;>;> Q" ( ~'7.1 wRITf AND SPRT Nf l( I W/R rvcl.!, IF "'OT lfRO 
c (I( 111 00AI\ '-if;> I- Pfl START WHEN FlNISHEO GO TO START OF PROr.RAI<1 FnR 
:1 ~ I, {J r) * POSSIALf. NEw PARA"IfTFRS 
,) 0 n", I- ~'O START 
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CHECK 

on (J (l [, InUIT CHF:CK 
Pilonl IlOI1(l RFr;p, ff'lu • 
OO('ln~ RnRr. ALGPJt/80 
OI\()O~ '" f)'lOOLl THt~ PROGRAM FNABU 5 THE FNGINEER TO CHECK 
OOf)nc; '" THE CHARActER cnOF FROM THE OPERATORS DEVICe-
OO(1nl- '" OOOll7 • 
o Il(, I'll '" LOAn THE PROr.RAM ~TART ADnRES~ INTO AO FROM THE 
Oon(lC) '" cnNTRnL PANEL -TH[N PU5H THf RUN RUTTON 
non 10 • 
no (II 1 • 
1\('(11 ;> (\011(1 FfFF DATA I~FFF 
nn (II' OOR? OOIlO OATA n 
I) nOlI! f10l'1J ?(lTF ~TART HI. T 
(\ 0 (, 1 ') OOR., ;>O~F TNH 
01)011- • 
00 (, 1 -, ('I(lI\A 'l3llo LD'" A3,0 !FROYSE RUFF cnUNTrR 
0(\('1 R nOl<A I1?nt InK 42,1 LOA!) PARAMFTfRS fOR INPUT CHARACHR 
(lO(,\ q '" WITH NO 
n op;>,) I1tlHr I,<,nn ctn A2.1,/IO S~ND START cn"'MA"'O TO DEvICf 
Il Of·? I rqp.f- 'iCnll RR (~IA) .-2 
n 1)(''>;> 1l'1'1(1 lID I" r"rHAR Plf~ A5,0'/1~ 5E "'0 J"'R INliTRUCTJnN TO OOlef 
nOO? .~ nn'l'> 'iCnlJ RR("'A) .-? AND WA[T FOR CHAR TO AE INPUT 
n 'l (,? Ll on"<l F 0; 11r, 5( A5,RIJFF',A3 STORE CHAR IN RllFf 

(l(lQh 'III All R 
(HO<' Iln"l1 1 S ,11 AnI( A3,I "POA TE BIiFf CflllNHR 
OIlO;>h f'lllllA Ffl)n Cwk Aj,\ ~ CHfCK FOR RUFFE R FlILL 

nl)'IC l1(1nA 
Oil (.? 7 on<Jf t;Cln f.lR ("Jf') TNCHAR ACnPT NEw CHAR IF NOT FULL 
f) n (,;> r n040 "'>'1" eTa A2,0,/IO STOP I "'P1}T FUNCTION 
1)1\~?q nf1A;> I, Ann SST A;>,/IO ANn GET liTATUS 
IJ00~r OOA4 ";(114 RA(NA) .-;> 
I)f'lO~1 (lOAh 'i~ ,>lJ PR liTAPT 
nl)f'~2 no Ail HIIFf: l:nS 0; 

(If'l()'~ END START 
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LINE 

n 11 n () II I1)ENT LINE 
00(1)1 I) 0 ('I I) RFGIN EIlIl * 
OOO()? RrJRr; BEGIN+/80 
I)O()O~ * 
(1)(, n IJ * THle; PROGRA"1 fNAflLfS THf f"'GINtER TO Sf NO A SEl.feTfO 
(1)0°" ASC IT CHAR TO THE OPERATOR I S OHICf A SELHrE£) 
() 0\) ()" * NIIf04HER OF TIMf S 
000(1/ * il 0 0(\ ,; 

* norn" • LOAf) THE A SCI I CHARACTER INTO RfGISTER Ab fllOM THF 
n (! I.! , {'I * COl<TRf)[ PANfL 
00 n I I • 
nO))l? * lOAf' THE NUMHfH (IF T{Mf1i VOII WA"JT IT REPEATED 
I) () C' 1 , • PHO R[r.15TFR A7 FROM THt CONTROL PANfL 
I) () (\ 1 (.l 
OO(r'c, • LnAO THr PRnr.RAM ST Aln AIlORfSS INTO RfGlSTfR AO 
I)('IC1" * FROM THF r:nNTROL PA"'FL ANO Pll1iH THF RUN RUT TON 
n () (I 1 7 

non" * 
0001'1 O()II(1 FFFt' OATA IFFfF 
I~ 0 C?" ()"Ac! ~!li)() OA 14 0 
nOn?1 OolllJ ",on <;TART HLT 
('()(,2? on,,/, ?!lllt' INH THIS PROGRAM RUNS IN INIiHH T MODF 
(; ('I G? , • 
oon;>~ I) (I Ii/\ 1l?'l'J LI)~ A;>,4 LOAD PARAMFTfRS FOR OUTPUT CfURACTfR 
(lOO?" * "'ITH fVFN PARITV 
O()(,?!- 11 r II A 'J<'I),1 r:Tn A<,,1.1\O SEND START COMMAND TO O~VICI: 
nnri'? Ilnllr "iCI)LJ RA(NAl *-;> KEEP TI~ VI NG UNTIL ACCEPTED 
I) 0 11?~. O()R[ A(JIC LflR AIJ,A7 LOAD COUNt !tHO A4 
(l(\r?q 1\0'10 LJhlO nUCHAR I')T~ AI>,O.IIO OUTPUT ASCII CHAR TO OF\llCf 
n (\ \) ,(, IVl'!? ')C 1\4 RH("A) *-? TRY AGAIN TF NOT ACCEPTED 
n I) 1,\ \ 11 I) 'I IJ t r n 1 SilK A4,\ SUBTRACT ONF FROM COIINT 
n (11;'" () (191\ ',[ 1'\ M Rf1(NIl 1')1ICHAR SEND CHAR AGAIN If NOT IE iiI') 
000'13 * tF ZERO 
01)0 ~4 'l li'lH A I,.?!) fRI f LnKL A'i./OAOIJ LOAD (R/LF CHARS 

IjA'lA 'l AIlI) 

01) f, ," ,111 'Ie il') to n"rRtf OTR A,),O.lIO SENDe; CIULF CHARS 
noo)" O,jOf C;C l'\ I~ RH(NA) .-i' 
(1)(,-'1 1\040 ~nbH SRL A5,8 POSITIONS OA CHAR FOR SENOIt..r. 
(\ ~ ') -~I' Illih? 'iCOH fHl(~ll) OUCRLF RRANCHES FIRST TI"f. TO SfNf) SErDND CHAR 
1)(\ n ~'l 11 ,) A i. Il?<'ll) cln A2,O,/I0 SENDS STOP CO"1MAND Til D[VICf 
nl\011o nOAn 4AI)0 SST 42,110 AND THEN GfTS STATUS WORO 
00001 IlI)AH 'i("1)4 RA{,-lA) *-? 
I) Ii (dJ? O()AA "iF?H RA START Rf_ TURN TO START COUNt DONf 
I) 0 (J I, ~ ('10 START 
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3.59 Programs N OEC57 and ECH 057 

These programs enable you to verify the input/output functions of the peripheral 

ond the V24 Serial CU and they can be loaded either by hand from the Control 

Panel or by using the IPL routine. The only differences between the two programs 

are the parameters loaded into register A2, and with ECH057 It is the CU that 

sends the charocter back to the device but for N OEC57 it is the program. In both 

programs 7 data bits with even parity are selected so if your CU has been programmed 

a different type of data (by means of the U-links) you will have to change the 

parameters in register A2 to aggree with the type of parity and number of data 

bits being used. Once loaded, put the start address in register AO and then push 

the RUN button; thereafter the program will run until stopped by pushing the 

INST button. Any printable characters typed in via the keyboard will be 

reproduced an the console log, and any control characters (e. g. CR LF) are 

accepted and executed. 
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NOEC57 

011000 T"PH "oFe'57 
oonnl 0000 "Fr.TIV ~ fW • 
n~nn2 Q{Wr; Rfr;Y"+/RO 
nnOnl * onooa • T~Te; PROGRAM FNABl.E~ THr FNGIIJEF:R TO VER IfY TI1E tNPIiT/OUTPUT 
O~O/l" * .'lllirTTONS OF THE ell ANn tTl! P[RIPI1ERAL 
onOOI> • 
1)0007 • 
00008 * I 'JAn TI1E PRnGIHM 51 ART HlnRF.5S PHO AO FR('IM THf. 
Of100Cl • CONTROL PANEL -THfN PIISH THE RUN IlIITTO!J 
0001(1 • 
0(\01\ • 
n no I? f)IIRO FFFF I'IA T A IFFFF 
00013 00R2 0000 /'lATA n 
OOOltJ nnRa ::>n7F ~TART .-4LT 
onOl5 1)0111> 20'lF" tNH 
onOl1> * 
on017 0011/\ o2n~ T'I!OHIl LOI< 42,5 LOAD PARAMfTFRS FOR INPUT CHARS NO Ec",n 
nl)Ol11 • "4 ME '"TT~ 7 DATA BITe; NO PAl/lTY 
Ol1nlC1 0111\4 tJ2nn eto 42,\,/10 SENI'I SHRT CO·..,.4A,"0 TO DEVICE 
CIIO?tI OOIlC '5COIJ RI'\(~IO *-2 
0110::>1 ol1AE an,o T'I!R A'5,0,1I0 SF-NO INR I "ISTRI.ICTION Tn OEVICE 
nl1o;>? III)Qo "CIIIl QR("'A) •• ? ANO WA tT f'nR CHAR TO BF I"IPIJT 
non?, on Q 2 1J2qn rTn A2.0.1I0 STOP I'I!PIJT FUNCTION 
f) 0 021j nOClIJ "Ano Sc;T A2,/10 ANn r;ET STATIIS 
n0025 noCl~ 5Cnu {HI( '"0 •• ? 
on02,; (I 0 ClII 02ntJ I.I'\K A2,1I LOAD PAIU"f.TfRS FnR OUTPUT CHARACTER 
00021 • WITH FVf"J PARITY 
O()O2~ nOtH 112 n o (':TO A2.t .110 :'JEND START C","MANI) TO IlF:VICf 
00029 ()09C "COli RA(N,q .·2 
00010 OOqe- ,,'510 nTR 45.0,1\11 C;FNO CHAR RACI( TO DEVICE 
OOOJt (lOAO '5Cou PR(NA~ •• ? 
oon32 nnA2 112C10 no 12.0./t(l ~F"Jn STOP r'I(lTPIiT F'JNCnON COM"A"J!) 
(lI)OB OOAll IJA/)O S!lT 42,/10 HIO GET ~TATLIS 
OOOH nOAo '5C I) 1.1 Qf3("''' .-2 
nooJ''i 00111 "iF?'2 RR SHRT+II RfTlIRN TO START OF !"JPUT ROliTIN[ 
1l00JI> 1"'11'1 !lTART 
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ECH057 

00000 
(lnOOI 
on002 
onOOJ 
000011 
0000'5 
onOOb 
00n07 
000011 
000011 
nooto 
n0011 
O(l()'2 
onon 
nOOIQ 
0001"i 
000111 
I) (lIlI 7 
00011'1 
0'101' 
n002" 
on021 
onni';! 
00023 
0007.u 
on025 
000211 
O"on 

OOM 
00112 
001111 
"01111 

noll6 

008. 
nOIlC 
nDIIE 
nnCJll 
00112 
001111 
n01l1l 
OOlle 

oonn 

FFF, 
11000 
7.0" 
201111' 

1J20" 
'iCt)/.I 
/.10'" 
'Scnll 
IIZlIn 
I.IA n 0 
o;CO/l 
'iFI/! 

Rr::GI~ 

.. .. .. 
• 
• .. 
• 
• .. 

rOF.NT 
E~U 
QORr. 

[CH0'57 
• 
RfGPI+/lln 

THJ~ PROGIU'" I':NARLF~ THF fNGPJEER TO VERIFY THE INI'IIT /OUTPUT 
FIINCTIO~S OF THE OPI!Q~TM '5 PERTPHERAL IN ECHO "'nOF 

LOAO THE PROGR.~ ~T'RT AonRf.~~ INTO At) FRnM THF. 
CONTROL PANfL • THE~ P"IIH THF RUN SUTTON 

!)AU IFF",. 
('lATA n 
Hl.T 
PIH 

1:10 
RR (NA) 

INR 
RA(NA' 
eto 
5~T 

RRUU' 
RR 
P'" 

"Z,/2'S 

&2.1,/10 
... 7. 
A'i,O,/to 
."2 
A2,0,/10 
AZ,/IO. 

.-2 
JNCHAR 
~URT 

LOAD PARA~F.TER5 FOR ECHO MOOF 
WITH 7 DATA erT~ Nt'l PARrTY 
SEND START CO"''''ANO TO OEVICf 

!lFNO INR I~STRUCTlnN TO OF-VICF 
~Nn WAIT FOR CHAR TO BF INPUT 
STOP INI'UT FUNCTION 
ANI') GH ~UTIJ5 



3.60 PROGRAMS FOR THE MCU3 CARD 

The MCU3 card.can control the operation of a Paper Tape Reader, a Paper Tape 

Punch, and a Serial Device. Parts of the logic are common to all three devices 

so if one of the suggested programs runs without error you can almost certainly 

eliminate the common logic and look for the fault in unique logic of the device 

whose program does not run. No programs are given for the Serial Device. You 

can check it using the examples given in paragraphs 3-57 to 3-59 modifying them 

as necessary for the device concerned. The programs to check the PTR and PTP 

are: PTR57, PUNCH, PCH57, and CHKTRD. The first two can be modified to 

run continuously by changing the displacement value of the RB to START instruction 

so that it branches back to the first instruction in the program instead of the HLT 

instruction at START. The listings of the programs give the instructions for operating 

them and the function of the programs is: 

• PTR57 - will read any type of coded paper tape and the correct operation 

of the CU logic and the device can be verified by checking the contents 

of the buffer against the holes punched in the tape. 

• PUNCH - will punch a selected areo of memory onto tape and you can 

either load the data into memory yourself (using the Control Panel), or 
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use an area of memory that you know contains data. The correct operation 

of the CU logic and the device can be verified by checking the tape 

produced against the data in the area of memory selected. 

• PCH57 - will cause the punch mechanism to select every possible 

combination of punch pins from all holes to blank tape; you can also 

modify this program to punch a selected punch combination continuously 

by changing the value loaded into register A5 and replacing the SUK 

instruction by an RB to CONT instruction (hexadecimal 5F06). The 

correct operation of the device can be verified either by checking the 

tape by eye or by using the following program. 

• CHKTRD - will check if the tape produced by PCH57 was correctly 

punched by adding the value of each character read into register A3 

and when all the characters have been read checking the value in A3 

against a check sum for correct operation. The only precaution 

necessary in using this program is that the tape must be accurately 
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positioned so that the first character read is the all holes character and 

not blank tape. If the checksum is correct the program will halt on 

location /86, if the checksum is wrong the program will halt on location 

/AA. When a wrong checksum has been detected try the program tW() 

or three times more and check if the result in register A3 is the same 

every time, then check the tape to see if all the combinations have 

been punched. If not check the punch logic again. If all combinations 

have been punched check the reader logic. 

In principle it is unlikely that either the PTR or PTP will be operated via the 

lOP channel so no programs have been given for this type of operation. However, 

if your system uses the lOP for either of these devices you can modify one of the 

programs suggested for the MCU2 card devices. 



PTR57 

0001'11'1 
t')non, 
onon2 
OOOn~ 

on(\oa 
00005 
nnool> 
0001'17 
noone 
onnl'lq 
onn, 0 
001'1' I 
On(\'2 
01'10 tJ 
onnlll 
1'11'1015 
onnll> 
00017 
01'1(116 
nnO'" 
onoi'n 
nnn?1 
onn;>;> 
onon 
nn02a 
o 1'1 0 i''5 

nno?" 
onon 
onn2e 
nnl'li'Q 
ono",n 
01'1031 
on03i' 
nno:n 
nnOJa 

n(\/IO 
nOll2 
(lO~1l 

nIHIl> 
nnll6 
n011A 
nMC 
nOll!: 
nn'lO 
01'1'12 
1'1 o 'HI 
OO'l1> 
nOlle 
nO'lA 
(lOIlC 
nO'H' 
nOAO 
nOA2 
onAIl 
O('lAI> 
11(1 All 

nntll'l 

~FF'F 

nnnn 
?01~ 

?OI\F 
I\/) , r 
1'131'11'1 
021'1' 
a21'n 
'iCna 
a020 
r;cna 
fS'JO 
nOA/I 
I H, 
1 E I) 1 
r;CnE 
02An 
aAF:!) 
'iCno 
C;F'''1l 

R 

BEGr" 

• 
• 
• .. 
* 
* 
#I 

* 
* 
* .. 

J"JPT 

FlII~F 

~Y"'ROI TARLF 

nnoo R RUF'F 

PTRS7 

T~T~ pROGRAM F"JA8LES T~F E~GI"JEFR TO VERIFY THE 
J"JPIJT FIINCrroO" OF THI=: CU AND IT!! DEVICE 

UlAO NIJMBER OF CHAR~ TO Af READ INTO A7 

LOAn THF PROGRAM START AOORE~S INTO An 

LOAn TAPE ON REAOFR TfJE'" PUSH RIJ"J BIITTO"! 

nATA 
nATA 
HI T 
INH 
l r)P 

L!'lK 
Lnl( 
no 
1'11'1(111" 
tNR 
RAPH) 
SC 

AOK 
~"I( 
PR(NZl 
CI0 
s'n 
RR("JAl 
1'lF1 
RES 
pm 

004/1 R 

IFFFF 
n 

A/),l7 
13,0 
• 2.t 
A2.\,1i'0 
*-2 
As,b,no 
.·2 
A5, BIJI'""', ,n 

A 3.\ 
A/) , 1 
TNPT 
A2.0.l20 
A2,120 

--2 START 
110 
START 

fNPT START 

THIS PROGRAM RUNS IN INHt~IT MOnE 
LOAD CHAR COllNT IN "h 
7.EROtSF. BUFFER CHAR COIINT 
LOAn PARAMETfR FOR rNPUT CHARACTFQ 
SEND START COMMAND TO OEVICf 

TNPUT CHAR FRnM READER 

STORE CHAR IN ~UF"'FR 

'JPIHTE BUFFER C~AR 'COUNT 
!!UATRACT ONE FRO~ CHAR COUNT 
RETURN TO READ "III0'H~R CMAR IF NOT Z~RO 
SFND STOP COM~ANO TO DEVICE 
AND GET STATUS 

r.O TO START 0,.. pROGRAM 

00114 R 
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PUNCH 

01'101'11'1 
1'11)1'11'11 
1'11'11'1111' 
Onnl'l3 
I'Innna nnno 
ooon" 
onnn/> 
001'1111 
/'I 1'11'1 nA 
oonOQ 
a 1'1(1 10 
o no 1\ 
o on 12 
I)I)(llJ 

01'11'1 I tJ 

nOOI" 
n no 1/, 
nno 17 nOlln ;l01F 
O"OIA 1'101\2 AlP 
Ol10tQ nOll4 021'11'1 
nnn;ln I)I)I\/> ~2FI1 

1'11'1021 111'111/\ 'iC 1'1 4 
/'Inn?? nnllA F'iI'IJ 
nnn;n nnlle lJ530 
1'11'1024 nOf'.F SCOu 
nnO?5 nnqn II n I 
00021> nOn "QnF 
on021 OOqlJ scoe 
1'11'1028 onql> IJ?An 
onO?Q OOqll a~Fn 

0"0"'1'1 nOH 'iCIIIJ 
non",! noq( <;FtF. 
1'10031' 

nonn R 
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* 
* • 
Rrr.J'" 

* 
* 
* • 
• 
* • 
• 
• 
• 
• 
~TA~T 

TI'IENT 

fnu • 

lnAn THE FIRST ADDRfSS nF TH~ AREA TNTO RFGJSTFR AI? 

LnAD THF LAST AnDRfSS 0' THE ARFA INT" RECISTFR AI\ 

PII" THE RIIN AIiTTOIo.J 

HI. T 
,-OR AI.At2 
L')I( J.2.0 
nn A2.1.1",n 
RR(NA) *-2 
LCR A'5, At 
nTR 45,0.130 
RA(~IAl * .. 2 
AOK A I, \ 
CiliR AI, A I I 
RA PIE) CONT 
eTO A2.n.I'~0 

SH A3.130 
RI\ ("'ll .-2 
qR ~TART 

pm START 

nClIIA Q 00111'1 R 

SAVE THE START AonRFSS tNTO .\ 

LOAn THf CHAR TNTO A5 

UPDATE AREA AnnRrss FlY ONE 

r.HECK TF LAST CHAR HAS AnN PlI"lCf<FC 
N01 GO ANn r,FT NFxT C~.R 



PCH57 

ollonn 
noon 1 
OOO('l:! 
onon, 
oOooa 
onons 
ooon/­
nOOn7 
onoo/\ 
oonoq 
0001 n 
OOO! , 
00012 
noo \3 
onOla 
00015 
00011-
00017 
0001/\ 
onOlq 
0002n 
00(121 
ooon 
01)023 
nnO?a 
0110:>5 
ann:>" 

OO~I) 
nOll2 
00 11 1\ 
nOl\6 
0088 
OnllA 
nOIlC 
I) 0 1If: 
ooqo 
ooQ2 
o.nQa 
noq" 
noq/l 
OOH 
OOqc 

Ilonn 

FFFF 
0(1)1) 

201" 
nSFF 
0200 
1.121"1) 
o;CO/J 
lJ9"30 
o;CI\/J 
1 Dill 
5£(111 
IJ2AO 
OBFO 
o;cn/J 
0;1"1. 

nnno R 

* • 
* 
* ,. 

rO~JT 

r.~u * 
RnRG AfGI~+/eO 

r')ATA IFFFI" 
nAU n 
~l T 
lOt( 
Lf)1< 
cro 
RA(~" 
nTR 
RR P.'A' 
5111< 
RR(~N) 

CT(1 
~~T 
RA(N', 
FIR 
f~O 

1l0llF R 

A5,/FF 
A2.0 
A2.! '/"30 

·-2 
'5,0,/30 
*-2 
A'i.t 
CO"'T 
42.0.1'0 
&3,1"30 
.-2 
~URT 

lIIT'RT 

LO'" IHU TO PIJNCH ALL HOlf'S 

!'lEND P"~CH CClMMANn A~D CHAR TO CU 

MODIFY ~nlE PATT~RN 

NOT Nf.GUIVE? GO AND PIINCH NEXT PUTfRN 
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CHKTRD 

1111000 T I"IF~IT rHKTQn 
nllnn, no~o') ArC; I ~I f ClIJ * I\OOO? R('lRr. AfGT"+/1'IO 
nnoo~ • 
on004 * THT~ PRnr.rH" Ilsr~ THF TAPF: ppnf)'lrFI"I flY pc"'" TO VFRTFY T"" "Tf? RFAn rn 011(1)<; * I"l" r: n I. • ,_ "An THF PRnr,PA" STAPT AnnRF'S'I ,,"TO All 
00007 • 
0(\n01l • l ('l AI') TAPf OM Rf ArlFQ THf·' PII!'iH QllloJ A'ITTO'" 
OOOllq • 
n (10' (\ • 
000' , 1I(\f\O FFFF ()A TA IFFFF 
1111012 nOA;> 1I0lln nATA n 
II I\~! 3 on~4 ?OH ~T4RT HI T 
illlllllJ nORb ;>OA" J .'., THIS PROr;ru" RlINS TN INHTlItT "'nnF 
00015 (1011/\ ObFF' 1 i"lK AIl,2"i" LOAD CHAR COIINT TN Ab 
(\11016 nOAA 03no L!"IK A3,O 7fRnTSf AllFfFR CHAR rOIlNT 
on017 nOI\C n2n, L!"II( A 2, I ,-04n PARAt.lF'TFQ F'OR INPIJT CHARACTF'R 
~I) (\ 1/' 1l0l\E IJ 21" II nn A?",/?/) SE~!O S14RT (nM"AMr) Tn nEvICE 
onOlQ nnQO "iC(\/J IHI ('JA , *-;> 
onO?1I onQi? IJn;>n ''IPT T 'I R 4<;,11,1;>0 TNPIfT CHAR FRO'" RonfR 
n0021 noqlJ '5CIIIJ QR(MO --2 
0(\(\22 '111'1/1 '131/\ A'lR A3,AI> Al'n THf CHAR VAl liE Tn AJ 
nnO?3 noQII 1 EI'I\ ",, 1K 4h,1 ~lJBTRAr:T ONE FRn'" C~AR COliNT 
onni'1J nO'H C;CnA Q R (~I" 1 r "PT RE TWIN Tn REH\ AMOTHFR CHAR IF !\jOT lfRO 
000?'5 nnqC 1l2AO r:T('I A2,n'/70 3fNn STOP rO"'''Allin TO D£VJCF 
ono?/<, OI'lQF QAF'n C;C;T 42,11'0 ANn GFT <;TATUS 
onon n(\AO C;Cnl/ QI'1('-I4) ·-2 
0(\07/\ 1\(\42 FR;>!, r"'K A3,3?b1JO (n"'PARf VAIIiF n, n WITH CHf(1( :;11" 

(\ (\ lIJ 7F'lIn 
0110;>'1 1\04f, <;I\~/J Qq eF) START TF fOUAL r;o TO SURT 
1'111031'1 1'11\48 207F '"I r 
011031 F'Jn c;TART 

n(lOO R T'-IPT !llART 001\11 R 

3 -78 REV. I 



3.61 PROGRAMS FOR THE MCU2 CARD 

The MCU2 cord- can control the operations of a Cord Reader and a Line Printer. 

The remarks concerning the common logic of the cord given in the previous 

paragraph (second sentence) also apply to this cord. Both devices can be operated 

on either the lOP or Programmed channel so a program for each type is given that 

will enable the basic functions of the CU logic and the device to be checked. 

They can all be modified to run continuously by changing the displacement value 

of the RB to START instruction so that it branches bock to the first instruction of 

the program instead of the HLT instruction at START. The listings of the programs 

give the instructions for operating them and the function of the programs is: 

• CRPROG and CRIOP - will reod one card each time the RUN button is 

pushed (unless you have modified the program to run continuously) and 

the two programs operate on the Pragrammed Channel and lOP Channel 

respectively. You can verify the correct transfer of data by checking 

the hales punched in the cards against the data stored in the buffer. 

• LPPROG and LPIOP - will store the two selected characters into the 

buffer (tot~1 of 78 printable ch'aracters in the unmodified version) until 

it is full then stores the Line Feed/Carriage Return characters and prints 

the line of characters_ After each line printed you may change the two 

characters that you want printed; you can also send the other control 

characters to the printer but in this case you must modify the number of 

times they are loaded into the buffer. The two programs operate on the 

Programmed Channel and lOP Channel respectively. 
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CRPROG 

01'100(1 
01'11'1(11 
oo~n2 

onon .... 
~/)~04 

01'1('105 
nnonb 
01'11'107 
oooOS 
001'1011 
000\1'1 
nl\(\, 1 
00012 
onol3 
000111 
01'101" 
oontl> 
000 t7 
o no 1 II 
oonl9 
nn02n 
on021 
00022 
nOO?3 
no02o 

onn2'i 
onO?b 

00027 
000211 
000211 
nnoln 
OOOll 
n('l032 
on033 
OOO'll 

00035 
00031> 

00031 
on~lll 

000''1 
nOoll/\ 
nOOlll 
0(\042 

nooa .... 
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00110 
onll7 
00114 
O(\l\b 

onAII 
nOIlA 
nllAC 
OOIlE 
nn90 
00Q2 
onllu 
009/) 
n0911 
n09.l 
1l1)9C 
009f 
n~AO 

OnA2 
nOAll 
onAb 
OOA8 
onu 
oOAe 
nOAf 
nOF\O 
nOR? 
OORIl 
nnAb 
nORII 

nooo 

FFFF 
oon('l 
;>07F 
;>~"IF 

(121\0 

0' no 
1124'5 
nOR8 
, 1(1:> 
1:'1;>0 
OO;>A 
r;coc 
nlnn 
ObOI 
IlbCb 
'iC04 
aOl'lb 
C;C1l4 
lI'5IJ'i 
OOA/\ 
1102 
F.Q2n 
ooc;n 
'iCl0 
Ilbllb 
UCCb 
'1enu 
'ina 

R 

SV~AOI TA"ILF 

nooo 1'1 
nOI\C I'l 

AIJFF 

.. 
* • 
• 
• 
• 
R£G I~' 

• 
• 
• 
• 
• 
• 
* 

!'IURT 

• 

RIIF F' 

Tf)F"'T CAPROG 

THIS PAnGRA~ RFADS A CAAf) vrA THE PROGAA~~En CHA"''''fl AND STOPS AO THAT 
UII\!TPITS OF THF RIJFFfR CAl\! ~f CHECI(ED AGUNST THf PIJ"'r:HED HnLFs TN T ... " 

l.nAn THf CARD(9) TO AI' PfAD INTO THF CARD RfAnfl'l 
ANn ~TART THE CARD RfjOFR 

!>IISH THI' RUN I\UTTO~I 

nAU IFFFF 
I'IATA I) 

HI T 
T"t" 

RF\CNf\ 
Lnl( 
Lnll 
CIn 
IIRCNAl 
!"JR 
AI\(NA' 
ST 

AnK 
CWK 

RR(Nn 
cro 
SST 
R!\(NA' 
1'1"1 
QFS 

f'ln 

RfAO 

A2.0 
At.O 
42,811"1' ,At 

STDRF. 
Al,O 
All.! 
Abtl,1> 
*-2 
A!i,O,b 
*-2 
A5,RIIFF,At 

At,2 
At ,/50 

READ 
Ab.O.b 
AlI,b 
.·2 
START 
112 

SURT 

STAAT 

LOAD ZERO INTO A? 
ifROISE WORD cnUNTI'Q 
STORE lERO JNTOAUFF AonRfSS 

IIPDATE wORn COII"'T OF fWI'F ADDRESS 
CHfCK IF LAST WORO AEACHFD 

NO? GO AND STORf NfXT WORD 
ZFROISF CHAR COII>JTFR 
LOAC PtRAMS FOR TNPIIT FUNCTION 
SEND CIO START CO~MlNO TO CARO RfADER 

GfT CfiAR~ FAOlo' ell 

ANS STORE TN ",lIfFER 

IIPOI. TE AIJFFER ,"nilE 58 
CHECI( IF LAST COLUMN REAn 

NO? GO AND READ NEXT COLUMN 
Sf NO STOP CnHMANf) TO CU 
GET STATUS FROM CU 

GO AND WATT FOA NfW DATA 

OOl\lI R 



CRIOP 

n(lOOo Tn,,~JT rRTnp 
00(11'11 • 
(\1'1(\1'1;> 

" 000(1, • THY:,! PRn(;PAM Rf.Ar>~ A cUln AND STOP5 SO THAT THF" r.nr.JTOITS 
nllOl')/I • 0" THF RII"FfR CAN liE rHHKEn AGAINST TMF PU"'CHEn ~H)I.E1! 1"1 THf CApn 
Ollon'5 • 
I)(lnn" " (lno07 noo(\ REG I 'I fill! " nnon/l RnRr. REr.PJ+/1In 
OOnn9 " (lnnll' " n n n 1\ • t.nAI) THF: r:A R')( S) Tn RF 'HA[l 1'-1Tn THt' CARD RfAnER 
nOOI? • A'll) START THE eARn RfAnFR 
ono I ~ • 
OOOla • PII'IH THf' P"N RIITTON 
01101'5 • oon q, 
011(117 nl)1I0 FFFF nATA IFF"FF 
nn011\ OM\2 nOll/'l nATA n 
OOOIQ nOfl/J ;>011' <;UtlT \.I T 
1')1)0;>(1 nnAb ;>(nl" Tr.JH 
nll!)?\ * I)() 0;> 2 noRII (12M) l ''\I( A2.0 LOAn 1fRf) tNTO A2 
onO?3 nnAA Illnn Lnl( A \ .0 1f:RnJSF. WORD cnlHJTER 
1'I0o?a nOIlC 11205 <;rnRF ST A;>.I3I1Ff,41 '1TMf' URn IN AliFF 4r>MESS 

nOllf OnRI) R 
O(lI'l?'5 nn9n 11 (I;> A 11K A I .2 IIPn! Tf WMO COl/NT OF RUFf AI)IlRfM; 
nn02" n1)9;> ,,9;>n CWI( AI. /j2 C Hf'K IF LA:'lT wr)l~n RFACHEI) 

OOqlj I\O;>A 
I'Inon 1'1091- r;cnt: RII('JE) STfJRf "'01 GO ANn STNlF NflCT WORI) 
nO(l;>R nn<l~ "!?I') Ll1KL A I .1"nO:;I) LOAn PAR'M!'I "OR FIRST wER 

1\09A 1100:;0 
00(1;><1 nOQ( 7IIlC wFR Al.IC ANn SENT TO Tnp 
nOO'n I\O<lF "pn LOKI 'I.B""F LOA!') BUfF AOORF:5S fOR SECOND W"F1 

OOAO nl)l'In 1'1 
onn', nOA;> 1\01) .,FP AI./r) hiD SENO TO TOP 
000';> onA/j 1\601 t.nl( Ab.1 LOAn P'PA'4~ FnR TNPUT FUNCTION 
non" nOAb IlhCh CTO 'b.t.b !lEND CIO START cnlol""NO TO CARD RElOfR 
on(\H nnAI\ c;Cna 1'111("10 .-~ n Iln V; no AA acc/) SilT A~.b r.fT STATIIS FROIoI Cll 
Oll(\'h OOAC 'iCI\/J PI'I(MA, ·-2 
I\on'n OOAf O:;F;>r FIR ~TART roo ANI) W'IT FOR NEW !lATA 
onn'A nnAO RIfFF PI'S /12 
1\00qQ ["In ~URT 

SV~ROI. TARlf 

'1EG1" l'Iono I'? RlifF (lopn 1'1 !'ITART 1'I1\1\/J R ~TORI' /'IOI\C 1'1 

RE\ 3-Rl 



LPPROG 

IIIIOOn 
OOon, 
on002 
onon, 
OOOOIJ 
~noo'i 

~ooo" 

ono07 
01)01111 
00011'1 
onolo 
00011 
nOOl2 
onon 
nootu 
onot5 
OI)Olb 
1)0017 
onOl1l 
onOl'l 
~n020 

OnO?1 
I)non 
I)I'lO?3 

onO?1J 
00025 

ono?Io 
onon 

nOO.?1\ 

ono;>'l 
01\0'30 
ono" 
000'32 
00033 

on0'34 
on03S 
ono,/, 
01)0'7 

1)00'11 
OtlO''l 
nnOlln 
OOOIJ! 
000112 
iHl I) 1J'3 
on004 
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00/10 
00112 
001111 
n01l1> 

00/111 
nOll4 
nose 
nnAF 
1)0'lO 
nO'l2 
1)0911 
notll> 
0098 
Oo'l. 
OOtlC 
nO'lf 
nOAO 
nOA2 
0044 
no AI> 
onA8 
nOAA 
OOAe 
nOAE 
OORO 
nOR2 
nnRIJ 
OORb 
nOll8 
OOIlA 

OOHe 
nORF 
ooCO 

no()o 

FFFF 
0000 
?07F 
?ORF 

85ne 
1'111'111 

1151J'i 
I)nr:n 
I I n2 
Ftl20 
nOIJ!, 
sene: 
115;>0 
nDnA 
11505 
noeo 
nIno 
1\/)00 
/.jbr.7 
*,CnlJ 
F5IJIJ 
noell 
IJS07 
"ielllJ 
11111 
E9;>1I 
00<;0 
'ieln 
IIbl'l7 
'leC7 
'ieoll 
'if'C 

R 

* 
* 
* 
* 
* 
* IIFr.IN 

• 
• 
• 
* 
* • 

• 

I PAUl' 

InnJT I.PPROG 

THIS PROGRAM STORFS TWO SFLEeTfO CHARACTERS INTO A RUFFER 
THFN PRT~TS THEM ANn STOPS WATTING NEw CH4RACTlRS TO ~E SELECTEn 

fnll • 
RORr. Rfr.J~+/An 

LnAn THE Twn CHAR.CTERS TO PI' PRINT"D INTn REG(STFR A3 

PI'SH THf RIJN !lUTTON 

nA TA IFFFF 
nATA II 
HI. T 
PIH 

I. OR 
I.nl( 

ST 

AnK 
(WI( 

ST 

lOK 
Lnt( 
CIa 
Rf\ (NO 
LC 

nrR 
RA(~O 

AnK 
CWI( 

RII (Nn 

I:to 
'iST 
RA (N A) 

RII 
RFS 
f'''O 

A5,A' 
Al,O 
AS,LPflllF. At 

AI.2 
A! .7'" 

REPT 
4'5./00nA 

At.O 
Ab.n 
Abel./07 .-? 
A'i.LPBIIF.4! 

4'5.0.7 
*-1' 
AI, I 
A 1.60 

nllCHAR 
Ab.O.7 
AQ.1 

.-? 
'>TART 
110 

(lono R 
nOAil R 

LPlltjF no!"!') R 

LOAa DATA tNTO A., 
ZERO!!E CHAR COUNTFR 
STORE THf CONTFNTS OF A5 INTO LPAUF 

IJPOATE LPAIIF AOORfSS 
ANn CHECK JF LTNf FULL 

LOA I) LINE FFfn eARRAIGF RfTURN CHARS 

lfROISE CHAR cnUNTFR 
LOAO PARAM FOR OUTPUT I"llNCTyrw 
SENT 5T.RT COMMANn TO PRJNT(R 
TRY AGAIN IF NOT ACCEPTEO 
GET CH4R FROM LPBlJf 

AND SEND Tn LINE PRINTER 

IJPDATE LPBlIF AnDRESS 
CHECK IF LAST CHAR SENT 

NOT (OUAl? GOANO SEN!) NEXT CHAR 
SEND STnp COMMAND TO LJNE PRINTFR 
r.fT !'ITlTUS 

(1110UP nOA8 R RFPT nOIlC R 



LPIOP 

onnnn TfH"IT I P Tf'P 
nnnnl " IInllll;> • nooll3 • THT5 PRnGP"'! ~TnRFS TwO 5HHrr:n CHUACTfPS INTn A ~I-'FFFP 
nnnoo • THF.'" PRlNT5 THFM 'NI'I 5Tnps WATTI"'r. "If 101 CHAPACTERS Tn "E SELfCT[1" 
oonor:: • 
Ollonf, • 
flOno7 01'11'11'1 AI':r.YN Enll " 01'1(1(18 pnRr. "F.rlJ "1+/81'1 
nOon'l .. 
111'11'1111 .. 
1'11'\(\ I I • LnAI" THF Twn CHUIACTEQ5 H1 FlF PRTNTFD I ~ITn RFr.Y5Tf.R A~ 
nfllll;:> .. 
oonn • PflSH THF plJ"I "IlTTn"l 
onOl/J • 
00015 
OOO'/'! IInAO I"FFF rJATA IFHF 
nno 17 nnA? nonn nATA n 
000111 II 1lI1/J ;>n7F SHIH HI T 
n(\f\1'1 1'10/16 ?nAF pJH 
!lntl;:>n .. 
onn?l nil 11./\ 1150C I nR AS.AJ LnAn DATA TNTO AS 
flnnn nollA nln!l 1.('11( A 1,0 ZEROrSE CIUp COUNTER 
nnnn nOI\C 115/Jr:: PI:PT 5T A5,LPI\IIF,~1 8TME THE CONTf'ITS OF AS INT('I , PBUF 

nl'l/IE (I CHI A R 
onn?/J nnQn " 1'1;> AnI( Al.2 111'1)£ Tf LP8UF AODPf58 
O~(\?'i OOCl2 F'I;>n CWI( Al,7,., ANO CHFCI( TF LJ~'E I"UlL 

1III'lil nO/JF 
onn?b no'lb 'icnc PR(NO PFPT 
nnn?7 nO'l8 115;:>1'1 I nl<' A5,/nnOA LOAD LI"IF FEF:O CARrUIGE RETUPN CH -'HI 

on'll nnnA 
nnn?1I noClC 115 Il I; 5T A'i,lPIIIIF.AI ANO STORE TN LPBlIF 

nn'll': nOR,., p 

nlln;:>'1 n(\AO 1\ I?n L('1l<l AI./lln'5n LOAO PAlH"'~ FOR FIRST wER 
n042 Ilns;n 

nnn'lI nOA4 71nE wFR A I. IF ANI) ~fND Tn TOP 
onn" nl)A~ Al?1) tnl<' AI.LP~IIF LOAD FIR~T A"DRESS OF ,-PBUF 

nOAa OORII P 
n~n:v (lnAA 71nF "FR Al./F ANI) Sf NO Tn top 
onOl, nOAC obOO tnl( Ab.n LOAD PARAM FM OUTPUT FUNCTION 
n~(\3/J (loAf ~6C7 CTn Abo! ,/(17 SFNT START C(l~"'AND TO PRINTfR 
nno3'i ('InAO 'iCn/J PR PIA, .-;:> TRY "GAl'" IF "'OT ACCEPTEI'l 
nnn'h (101'2 'lr:r:7 ~~T AIl.7 GET STATUS 
noo'7 I)r)RIl 'iCI\LJ RR(NA) ·-2 0 11 0311 fInRb r:;na PR START ron Al.J1) wAtT F'(1R l.JfW nATA 
onoJCI nOR8 r PfHIF RF5 AO 
on n IJ,., FoJl) START 

~Y"ROI HRLI': 

QFr.T" onl1o Q '- PRIll" IInfHI p RFPT (I(lIIC P !HAJH i') i') /Ill R 
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3.62 Program COpy 

This program ef.1ables you to punch a copy of any paper tape. It can be loaded by 

hand from the Control Panel or by using the IPL routine. Once loaded push the 

FEED HOLES button on the Paper Tape Punch to provide a leader of about 10cm, 

then load the paper tape you want punched on the Paper Tape Reader and push 

the RUN button~ The program will read the tape and punch a copy simultaneously. 

When the Reader and Punch stop push the FEED HOLES button to provide a trailing 

edge for the tape. NOTE; The program has been written to reproduce any length 

of paper tape so no character counter has been included so the program must be 

loaded for each tape you wish to reproduce. 

3.63 Program DUMP 

This program enables the engineer to dump a selected area of memory on either the 

ASR or PER3100. It can be loaded either by hand from the Control Panel switches 

or using a program tape that contains the MIN I-IPL (paragraph 3-72) and program 

produced by one of the methods described in paragraph 3-64 to 3-70. If the 

MINI-IPl method is used care must be taken that the program does not overwrite 

part of the area you wish dumped. The instructions for operating this program are 

given in the program listing and when the last address has been dumped the 

program branches back to the start ready for possible new parameters. 
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COpy 

()OO(\(\ In~NT roPy 
onnr) 1 
(1)0(\r' .. rHIS PRnr.AM READS A PAPER TAPE AND C PI)NfHES A COpy 
on()(\~ * 
n nOI) II 1'1000 flEr.(N ~nll .. 
0000', RnRr. HEr.PH/SO 
00(11)" I)OlllJ ?I)H ~TART HLT 
OOP07 nOli? n 10 I Lnl( AI, I 
nl) n n II n n II I~ 121)n Ll'lI< A2,O 
noon'l 1)1)116 ulFn READ CIO Al.t.li'O 
no 0 I r I) IPI!, ,)Coa IHHNA) *-2 
n I) n, \ nOIlA Iln;>O TNR A5,O.l20 
OI)()I;> o "'ll ')( n~ RA(NA) .-? 
(\nOn l1oRf. 111 An rl(1 AI,O,I20 
on I" U nn'ln 'I(T n S~T Aq.l?O 
n(\(l1" no'l;> ',r. n (I RA(NA) .-? 
I) n (\ ! " n n(j'i ?i.J;>1I A'IK AQ,/20 
(\ no 17 nO'lh re?n r"ll( AIj,/i'O 

O,,'lR nO;>(\ 
(1)(11 f< ".' 'I A ',R I r RH(f) !'ITART 
n nl'l" n'!<ie {J?r I) CTn A2.t,/~O 
() I) I' ?I' {I II {},L "tl1/j RR(NA) *-2 
1)"");>1 nObO 'J., .\ (1 OfR A<;,O,/'O 
(l'lO?r' () (, A? r;Cn/j RR(NAl *-;> 
on,?, ill)A Ij ai''''' (tll A2,O,/~O 
nor.?, 'l!lAh IJAr 0 ~!'ll A3,1<0 
Ii 11 [l?~, nrh/1 C;C(lLl Rfl('1. ) '-2 
nlle;>h nnAA 'i~ ;>f1 RR READ 
()n ("';>7 ENt) ~TAR r 
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DUMP 

onoon IN "'T nuloip 
non 0. I oono RFr;r'" f. flU * 
00.0.11;> IWRC HEGPH/fln 
nooo, * 
"I) 0 n ~ • IHI5 P~OGR4'" ENAlllfS THF ENGINHR TO OUMP A SELfCTED 
1)000'> * AREA OF MFMORV ON EITHER . HF ASR OR PFR 3100 
oooo/-. * o ('i (, 0 7 * 
on r·IlA * LOAO THE STARTING AOllRE!'5 OF THF ARU TO At 
OI1(1I)Q • OIII'Pt'O INTO RFGtSTfR A7 FROM THF CONTROl PANEl 
nor. I' 
,)()I) 1 1 * 1.0AI1 THF F'H)J NG AOI1RF.SS Of THF ARFA INTO 
onOI,: • RfGrSTER All ~RO'" THE: (O"lROL PANEL 
n 1\ r t ~ * 
OJl(;I" * LOAn THF PROGRAM STA~TING AnDR~SS PH 0 
0(101'> Rf[;rSTfR AO ~ROM THE CONTROL PANEL THfN 
01\111 " PI/SH THF RU'" AUno" 
00017 
!J0t111< 
1)001<) O.)il (J "'~FF OATA IHfF 
o I\n~(1 onl1<' nooo DATA 0 
noo~1 OnHIJ i>OfF STAIH HI T 
000?? I}OHn 20Uf INH THE PROGR.l'" RUNS IN INHIRJT "!ODE 
11 1)02' • 
I) II r,,> I. I) ')Hlj '\'II1L1 '- OK AIJ,IJ tOAO PAIHl'1FTfRS FOR OUT Pill CHAIU(JfR 
0'102'> * wITH EVEN PARITY 
'OP2b OOHA 1J '_n!l CIO A4,\,/l0 SEND START COMMAND TO I1EvIn 
OOo?] OOIlC 1113C WORD lOR* A I, A 7 LOAD THE CONTENTS OF THE '"!'MORV AI)DIlEsS 
nOn?!' CO"JTA {''If.O T" A7 J"TO .l1 
Jl ~ (I 2'1 1'1 (lR~ nc'()~ LOil A2,4 LOAD CHARArTER COUNT FOR "ORI) 
OO('~P l'IofJ(l ,16'11' CONT Lf)t< Ab,/F LO.lO MASK PATlFIl'" 
000'1 00'1;> Ahl'lLl A'JR Ab,At FIND THE PR{NTAI:lI.E CHAR ADI)RES!' IN T-fllt 
OOu'2 a O'll.j r.~',11 u: A5,T'!'HI.E,Ah ANI1 LOAD INTO IlfGISTFR .l'" 

nO<)1> 1'10(0 R 
00(05 , o n'l/I F'>'j'-l SC A,:>,!lilF~+I,A? THfN STORE IN HUFF 

I) 119 A 11011\ P. 

nOr, ~ lJ O[)Q( 3"f: lJ SI~(' AI, II SHIFT TO ISOL A Tt: NF Xl CHAR 
001'3'> 0(,9t 1 A J) 1 Slit< A2, I SUBTIHCT ONE FROM CHAR COUNT 
o Ill' ~~ 6 110h(\ ',e I? RIl(Nll CaNT AND RRANCH BACK TF I\jnT UST f':'. -, 

,-"MIi iN wORD 
OO(,·n I)OA? F3lJI1 OUChAH l C A"HUFF,A2 LOAD CHAII FROM HUFF INTO A' 

(lOA4 ~OI1I) U 

(\110'11 noA6 Ij 310 OTf( AJ,O,/IO ANn SEND TO THE DEvICE 
0003'1 OOAI' "'('nlJ R8 OIA) *-? 
(10040 onAA 1201 AOII A2 tI IIPO.l TE HUFF CH'!'R COUNT 
0(1)4) lloA( FA;:>O COli<. A2,1, AND CHFCK fOR LAST CHAR st NT 

() nAt 00'11> 
0(104': 0111<(\ ";(,I!l ~R(Nf) OUCHAR . AND RRAI'oCH !-lACK IF NOT LAST CHAR 
00(141, 1l0fl;> 17n;> AOI< A',2 IIPI)ATF MFMORY ADOIlF.SS COliN TEll 
000 IJ IJ .10R" fF(I;> CWR Al,Ai', AND CHF.CK FO~ LAST AODRFSS DUMPf n 
O(101J5 (JOHh '5(J2(' RH(NGl wORD H Nf UST OUTPUT NFw WORO 
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DUMP 

anoo/, 
onOll7 
000118 
onOIl'l 
000<'0 
000<'1 

'l((; 1" 
51AkT 

: l f')~ 

001-18 
OOI-\A 
()OHC 
OOA~ 

ooco 
00r:2 
f')OCil 
(1)(6 
011(8 

OOr:A 
noce 
oon' 
nono 

IlQqo 

llCI'lO 
';COil 
'5H( 
~oq 

'~B 
'Q ''1 
'1>'7 
313H 
II til? 
lJ1lJij 

115111> 
!lA nD 

f}un­
TABLE 

.. 
CIa 
SST 
RA(NA) 

Rfl 
DATA 

AliFF DATA 
END 

oono R 
1)0(0 R 

rnNT 
WORD 

PRr1& ~I ~P5fl) llMFI OOH-00Io4.005-000MS-

AII,O,/10 
AII,/10 
··2 
START 
'012~Q~1>789AHCO~F' 

10AOO 
llTART 

IF LAST ADDRESS THEN 
SEND STOP COMMAND TO THE DEVICE 
AND GfT STATUS 

DUMP FINISHED GO TO START OF PROGRAM 

0090 R 
OOIlC R 

nU('HAR 00A2 R 

p,rV,1 :1-~-



3.64 PRODUCING PROGRAMS ON PAPER TAPE 

F or short programs (less than 80 characters), the tape produced can be input using 

the normal IPL routine; for programs with more than 80 characters MINI-IPL, 

suggested in this section, will have to be included before your own programs 

which can then be loaded using the IPL routine. 

3.65 Using the ASR Punch in LOCAL Mode 

If the ASR is fitted with a punch the hexadecimal characters of the program can 

be input from the keyboard provided the following rules are observed: 

• The LOCAL/REMOTE switch must be set to LOCAL and the punch must 

be switched ON. 

• 

• 

• 

• 

• 

The punch will treat any input from the keyboard as data and will 

reproduce the appropriate code on tape so if you make an error while 

typing in the instructions there is no way it can be corrected and you 

will have to begin again. 

To produce the tape leader and the trailing end of tape press the HERE IS 

key three times. 

The number keys 0 to 9 can be used normally but the letter keys ABC D 

E and F MUST NOT be used, instead use the J K L M Nand 0 keys 

respectively which will produce the correct hexadecimal code on the tape. 

If the number of characters exceeds the line length the punch must be 

switched OFF before you press the CR and LF keys, and it must be switched 

ON again before you continue typing in the program instructions. 

The resulting program tape is in 8-bit ASCII but the Bootstrap can only 

decode Object code (either 8+8 or 4x4) so to load the program tape using 

the IPL routine the Control Panel switches must first be set for 4x4 mode 

(i. e. switches 0, 3 and 10 set to value I). The program will then be 

loaded from the PTR. 

3.66 If the program produced is less than 80 8-bit characters the Bootstrap 

will keep on reading (looking for the missing characters) until all the tape has 

passed through the read head. This does not affect the instructions that have been 

loaded but you must stop the CPU by pushing the INST button, then push the MC 
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button to reset the devicp. and CU logic. Any paramele.s can now be loaded 

into registers and the program will run norrna!l y . 

3.67 Program ASC4x4 

This program allows you to write programs using the operator's peripheral. The 

hexadecimal characters of the program can be entered in a similar way to that 

described above using the number keys 0 to 9 and letter keys J to O. However, 

the program is more flexible in that efroneous characters can be ignored and 

certain other characters are recognised which make the production of a program 

tape much easier. Once the program has been loaded put the start address of the 

program into register AO and push the RUN button. The program will run and in 

addition to the keys mentioned above the following keys are significant: 

• 

• 

• 

3.68 

t or 1\ - The symbol and position of this key will depend on the device 

being used but its function and 7-bit code (/5E) are the same. The use 

of this key is to delete a character typed in error. When the program 

recognises this character it down dales the buffer counter and branches 

back to the input routine to accep~ a new character. 
• 

Space Bar - The Space Bar is used to tell the program that the four 

hexadecimol characters of the program instruction are valid and that any 

corrections have been made. When the program recognises this character 

code (/20) it branches to the translate routine and stores them in the 

output buffer; it then branches back to the input routine for four new 

characters. 

# - This key is used to indicate that the last program character has 

been typed. When the program recognises this character code (/23) 

it branches to the C R/LF routine. 

The program translates the valid characters received into 8-bit ASCII 

format and store them in a buffer until 40 valid characters have been received or 

the character has been recognised. II then sends the CR and IF characters to the 

Operator's device and starts the punch routine. If the last character code has 

not been recognised the program branches back to the input routine to accept new 

characters; if it has been recognised it branches back to the start of program and stops. 



ASC4X4 

noooo Y"'F"T ASCtllUJ 
ononl .. 
on(l02 .. THY" ppnr.Ph'" ALLOWS f"Jr.T"FfR~ Tn wPTTF PI'lf'r.p.M5 n~1 THE OPFRATMR'S 
oonn, .. PFRtPH~RAI ANn TI-IEN PII"lrHFS THF PIlOr.RAM r ~I ASC IT FOR «XII lO.OYNr. 
onOnu • 
0000'> nono PEr.I" fr:lll • 
nonn~ Ilnllr, I'IFr,T"J+/AA 
00001 .. 
OI'lO(\~ .. THJ'I pnllT T"F ACCFPTS OHCH(TFPS FIlO'" THE 
0(\00'1 .. nPFRATOIl'S Pfl'lIPHflHL I" THE "JON FCI-In ...nOF 
o n(ll n .. 
(I (1011 .. 
nnn'? 01'1 AA ;>1)71" '\TAlH "'1. T 
0011 1'3 OOA( ;>OpF P'''' (lnOILl nllAF n I n I) OIITCT Lnl( AI, n f')UTPUT RIIFFf.R COUNTER ZE~otSrD 
(lO(l15 001'10 1)3n(l 1'-1CT ,-nl( 63,0 ZEROrSF INPUT BlJFFER COUNTER 
on(l1/, (10'1;> I'II!nI HIPT l nl( A I, , I 
0(1017 onRlI lll>no crn AI>,loIIO 
onOl~ (101'11> '>Cna PRell) .~;> 

OOOIQ OOAII Ijl') 10 pill A<;,O,1I0 
nOn?!' OORA r;CI)LI I'IR(/J) ·~2 
on(l;>1 OIlRC 116'l0 eTn 61>,0,110 
n(lO?? n(lAF IJC!')11 'lilT ,ILI,/IO 
on(\;>"5 noro c;cnu I'IR(/J) .-2 
onO?1J nor;> n6nn '- nl( A~,I) 

on025 onCII IJ6no CTn AI>,t.ll0 
01'l0;>/) OOCI> <;cna P1HU) .~i' 

ooon OOCII 1.1510 nTR As,n,lI11 
DnOi'1l noCA ')cou RF1(ll) .-? 
onn;><) nocc lIb'ln CTn Al>,l),lIn 
llon1n onr:F II C I) 0 S~T AO,/IO 
Onl'l" oono SOLI PR (In .-;> 
000';> 1'1 On;> ;>511" A"I{ A5./7F 1.400TFIE"S CHARACTER TO 7 OUA ~ln 
nOOB • 
oon'll .. T~l~ pnIJTT"lF CHf'CKS FnR FRRnNF"'II~ CI-IARS A~n E"O nF PROGRA'" 
onl'l''> * 01'1°'1> nona Ff);>O r.'~K A5,I';!' CI-IFrK 11" UlIT CHAR WAS TVPP-D IN ~RqOR 

1'101')6 1'10<;,,-" 
01'1017 nnnll 5L1 I) II I'IF(Mf) ~prF 

000.111 0(l{)A tAl'll SilK A 3, I TI-IF' UST rloiAR WAS TYPE!) IN FRROR SO 
nOOVl nl'lnc r;F;>C QA T"lPT O(1wNI')HE CHAR rOliNTER .",n RE 41') IIIFXT CI-I'~ 
nonlJn onnr FD?O SPCf CWI< 45,/21'1 f';HI'(K FOR SPACE lUll CHAlHCTER 

onFO 00;>0 
"noo, onF;> r;(lllf PF(f) TRA"l GO Tn TRA"I IF a VALID ('HARS INPIIT 
nooa" I'lI)FIJ Fn;>1'1 r:WK 45,/23 rIolFC\( FOP F"l£) ('IF PPD{;R'''' " OOF!> 00;>3 
1)0Oln OOF'/\ r;n,A I'IFfF) rR,-p 
nnn/Ja .. 
1'I00ae; .. THTS 1'10111 PH' :'ITORES J"JPIIT C~UIlS 1111 Tf"'POIHRV RUFHR 
nooa/,- .. 



.C4x4 

nOOLl7 n nF A F'i(lf' SI: A5.TF~R\lF,A:~ 'HfHlf CHAR r ~: TF"'fIIlF 
nOfC (11';/\ R 

on(lll~ onFf 13/1 1 AnI( A ~. 1 IIPnATF P'PI'T HIIFFF.R rnll'"T 01)0 UR- OOFO ,>F<Jn RR T'I!PT (;0 Tn PIPIIT RnIlTT'lf" 
000')0 • 
oon", " THI1'\ RnllTTNF TRAN"ILATF'l C"ARS I 'IT () A'lCIT Fnp"AT 
000<;2 .. 
nooo;, 00F2 11300 T>lAN InK A~,O 7FR n rSE TF"IBIIF rf'I"ITER 
000'>1j OOFu F!21l/\ TRANI )(pR A2,A? CLEAR RfGT~TFR 
nons" onFb E51lr lC Ao;,TFMRIIF,l3 r;n CH'{R FIH'IM TF "flilF 

OOF8 nl'i~ R 
00051> nOFl 1121U LnR A2,4o; SAVE CHAR 
non57 naFc 2<; 1'1 F A 'II( A5,/oF ~AVF. RIGHT MOST H TT~ 
00('1511 oon: ?2 fJ (\ A "II( At!, III n 
(loo<;Q 0100 fA?O C"I( A2,/IJO CHf(K IF CHAR IS nfCTM4L 

1'1102 00(10 
0001>0 nlO/l 'ill Oil RF (~Ifl nECI" 
00001 olnb I'iCIl 41'11( AS,/I:O ALPH4 CHAR 
OO~b2 0108 ~71'1? RF STnRF 
1)001>3 I'III)A ISRI1 nfrY" '1'11( 4'>,/ RO I1£CI M U CHAR 
onObU .. 
OOOhr:, .. THIS POIITT"IF STMF!I THF. PRnGRAM CHARS 11.1 AIIFFER 
OOObb .. A "In 5F"Ins CR LF AFUR III) V 4t Tn CH4R~ HlVF RfF."1 IH.:CIfVF.O 
01\0h7 .. 
('10008 n I (lC F5IJ<; ~T(\RF !lr A<;,RIIFF,.1 STORr:: VALIn CHAR 

01(1f "'''if R 
OOOhq 0\1 " l11l! Hll< A I, I IIPOATf CH.t.R COlliljTFR 
(1)071'1 0112 Ill'll AnI( A 3, I IfPI1ATF Tf"RIJF COII~IT 

00071 o t IIJ fB2(1 C'JI( A',a CHECK IF ALL (I CHARS HAVF. BEft.! TRlt.!SlATE 
°ttb OOOIJ 

()I'I072 01111 'I(?h '1RC'"!:' TlH"I\ TR4N5LATF IJEW CHARACTER IF NOT ZERO 
()Oon O"A fq?O C"K AI, an COHPARF FOR fHlFFfR FlIl.L 

011 C 00;>/\ 
nl\(\71J Il II f 'S1l02 RF(F) CRI.P tF Yf~ Sf>')n CR/LF CHU!S THEN PlIl,Jr.H AlIFfF 
00075 0120 <;f72 RR J "Ir.T IF ZERO GO Tn INPUT ROUTINE FOR NEW CHAR 
I\n07f. 1'\ 1?2 f'o7,.,A r'll.p 1.1)10( AL/IlA LOA!) LF CHAR 
00077 0124 Ijbl10 no Ah,I,ItO 
1\0071'\ 11126 IJ710 nTR A7,0./l11 A "If) Sft.!r'I TO TYPEwRt TER 
00n7Q 0128 SC04 RRC(I) .-2 
01\0110 nl2A n10n Lnl< A 7 .Ion I.OAO CR CHAR 
0(10111 Ol2C LJ 110 nTR A 7,0, It I) ANO SENO TO TVP!:wRTTfR 
no ('I A;:> OPE c;cnIJ RA(Ul •• ? 
000113 1\130 IIbQo CTn Ao,O.lIo 
01\01l/l on2 IJcnl'l $C;T U,/\O 
o (In/I .. 0134 'SCOll IIR(IJ) .-? 
nooll/. * 
1\1'10117 .. THr~ ROUTT'IE PI)"ICHfS THF ASCn PROGRAM I')IIJ TAPE 
000111\ • 
1100llQ Ot3b 11201) 1.1110( A2,O ZEROISE flllFf COII/,jTFR 
OOOQI) 0138 IIbFO CYO Ab,\,/30 C;HRT PIINC~ 

OOOQ\ 01 JA scn4 RRta, ... 2 
Ol\OR2 one f348 rO~JT LC A3,8I1FF,A2 L040 CHAR FRn~ RllFf 

I) DE 1')1'51': R 
01\0113 O\UO 1J3'l;0 0TR A3,0,/30 AIIJI) PUNCH 
(l1'l(lQU 01112 C;COIJ RP.(IJ, .-7 
(\OOR<; 01IJIJ '2111 Af\K ~?, I IIPOATF flllFF COUNTER 
oonql> 1)1116 , R/\ I S!IK A I • t ~IJF\ TR AO 1 FRf1M CHAR COIJIIT 
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ASC4 x 4 

011(1'11 n IIII'. '5(1'11' :(~(ll) rO"T ANI) OiF(K F n~ I AS T (1oI4R nnoq/l I'IllJA IH,~~ rTn A". ". ,,,1'1 THF~I 5T('IP PIJNCH nnn'll:) l'lUC I.ICFn ~~T AIl.I'" nnl(1(1 n IIlE 'iC n IJ P~("A' *-i' 
n n! n I Ol'in 1'1);>0 r'~1( 45.0:5 (HFCK Fnp I AS T pp(,)r.pAt.< (HAP 

n!'it' OO;>J 
nOli'll' I'll <;11 'iCAA R~(ll) nllTrT NO? AUfPT "(1~f CHARArTFRS on\llJ n 156 'iF AI' p~ STAPT 
1'l111 Oil Ol'iA TE. "'AliI' I'll'S 

"' TEMpnRARY AIIF"FF~ 1)1'1100; nl'if AI.'FF' PF'S 75 
n n 11'1" ""II) START 

~Y"Rnt TARtI' 

'Iff'; T " nnon P RIIFF I'II<;F P C0NT nne P rql. P nlU P 
'IF(: T'" OIl)A ~ TNrT nOA(1 P PIPT nOR2 R OIITr. T "OAF P ')PCF 1)0"''' P 'qAIH nou p SrnpF nl'l(' Q If "~III' "1<;11 p 
TPAN nOF,? 0 lOHII nnFU R 

D F\! j 'l (\! 



3.69 The program has 74 instructions and in the program listing the start address 

is shown as OOAk. This is so that if your only means of producing program t<;lpes 

is by one of the examples given in this section you can include the MINI-IPL in 

front of the program and load it using the 4x4 IPL routine. If you have access to 

on Assembler and Linkage Editor you will have no trouble in producing a master 

tope of this program, but if you have to load it by hand from the Control Panel 

switches before reproducing it by one of the methods suggested in this section 

great core must be token that you do not introduce errors into the program whilst 

it is being loaded. 

3.70 Program HEXTAP 

this program operates exactly the some way as the program ASC4x4 and all 

instructions regarding the use of that program apply to this program. The only 

differences are that this program operates in Echo mode and the output tope is 

punched in 8+8 hexadecimal format. If you include the MINI-IPL in front of 

the program it can then be loaded from the PTR using the normal IPL routine. 
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HEXTAP 

Ol1l'On 
00001 
1100112 
onnn, 
I)n(1nll 
(lOOI1S 
01'l0n6 
00007 
01'10011 
ooonQ 
oonln 
ono 1 I 
nnnl? 
on01:3 
ono 1 ~ 
!)OOI'S 
00016 
fl0017 
nnOl8 
I)/)OIQ 
0l1n2n 
I)nn?! 
Onn?;? 
1\0023 
()O(l2Q 
(1)025 
nOO;>/' 
on021 

On02/1 
nn02Q 
11111'30 
()n03! 

1)0010 
ono,,; 
0003b 
00031 
000111 

nnnlQ 
onnun 
000£11 
I'nou? 
1l00U3 
000411 
I)nnUr; 

00 AA 
I\OAC 
n114£ 
flnAO 
00R2 
OOl\u 
OOAb 
nOR/I 
OOI\A 
onAC 
n~RE 

noco 
00C2 

OOCU 
nnCb 
nOCIl 
oor: A 
nocc 
nnCF 
nono 
nM)2 
nol'\o 
OM)b 
001'\1\ 

OOI'\A 
nnl'\C 
nonE 
nnfn 

(lOf? 
nOFlI 

noon 

201F 
?OAF' 
t\11)1) 
nJnn 
OIl?1 
Ubl'\O 
'5cna 
linIn 
'5C110 
ObQO 
IJCon 
'5cna 
2Ci1F 

F:021'1 
()O";f 
';/1011 
18111 
'5flC 
FI'\21) 
1\020 
'5nor. 
fD20 
00<'3 
'50?C 

"SUO 
1)111: 
!Jill 
'5Flfl 

1\ 

1\ 

1\ .. 
RfGIIJ 

.. 
1\ 

1\ 

• 
START 

n'ITCT 
1"'CT 
PIlOT 

• 
• 
* 

speE 

• .. 

THIS pRnGPA~ ALI.nws FNGT~fEP~ Tn WPITE ppnr,RAMS ON T~' OPfRA,nRis 
PFPTpf.I[pAt HlO PIIIJC'"B THF pRIlGRAM TAPE IN I1fXADECIMAt Btl! FOR'4AT 

EfJIJ * 
pnpr. RFr.T~+/AA 

T4H'~ RIlUTT~F ACCEPTS C~ARACTER~ FRnM THE np[PATOP'S pERIPHFPAL 
J"I HHO MnOE 

HI T 
TIJH 
Lnl( 
U)I( 

Lnl( 
CTn 
R~ca) 

TMR 
RBca) 
r:Tn 
~S' 
PRell) 
A >.II( 

CWI( 

AF(Nf) 
SilK 
RA 
r:'~K 

PFeF) 
(WI( 

Al,O 
43," 
46, /;?t 
AIl,f,/t 1'1 

.-2 
4'5,1'1,111'1 
·-2 
At.,n,IIO 
All,/10 
·-2 
45,/1F 

AS,/Sf. 

llpCf. 
A 3, I 
'N"T 
A5,/20 

'RHJ 
&'5./2"5 

RF'(F) CRlp 

Ai'll( 
RA 

A3,\ 
T~PT 

IlUTpllT RUFFER COIINTER ZERotsED 
TERnTSf t..,""T !lI'FF!':R COUNTER 

~OOIFIF~ CHARACTER TO 7 DATA BITS 

CHECK TF LAST CHAR WAS TYPED IN fPROR 

THE LA~T CHAR w.~ TyprD TN FRRnp SO 
OOWNOATE CHAR COUNTER AND READ ",F~T C,"AR 
CHErK FOR ~PACE RAP CHARACTER 

GO TO TRl", IF II VALIn CHAR!! JfJ"tlT 
CH[CK FOR END OF PROGRAM • 

STnPF CHAR I~ rEM/HiF 

'IPI'lATf INpliT RUFf'ER COUNT 
r.0 Tn TNP!)T ROIITtfJF 

ZERorH TF"AUF COll>.lTFR 
LOAO SHIFT COUNTER 

Rf" '1 <:'1 



TAP 

1)1l0~h nOH, R2 1'1 II TR A '11 'tIRR A2.A? r:Lf All IIfGT~T"P nOO/J7 OOF/\ l A IJ U SI L A?IJ .,"'tFT C>-lAIIS a PLACFS LfFT 
()O~/JR onFA I'.,ar. u: 45.Tf'<II'IF,A5 r.n rHAR "111'1'" Tf"'~IIF . 0 nFr nl'''' q 
OOO/J9 oOFF ;:>501' A'JK A5./nF SAVE JHr.HT MnST fiJTS 
O/\O'5~ noFI) <1214 AnR A2.AO:; Ann II RIT rHAR fROM .1.'5 INTO A? 
000'5\ nO"2 I 3n 1 AnK A 3.1 IIP!)ATf H'H\\.IF C 1)11'" Tf' II 
on057 noF4 t ro I SilK A 4. 1 I'II'1WNOATf SHTFT rnlJ"iTFR ANI) IF NnT lERn 01'0'53 noF6 O:;Cln RR(N1) TRUJI +2 RIHNCH 4N!) TRANSLA Tf. Nfw CHAR 
nn05!1 * 0000:;'5 * THIS ROIITT~IF ~ TORE' 5 THf. PIII'IGRAM CHARS IN R'IFrFR 
nnO'5h • A 'If' ~FNns CR LF AFTfR un \I At TI') CHAR~ HAVf FlFPJ RfCIF.vr:o 
000'57 #< 

IInO'5" 001'11 112~"i STnRF ST A2.RlIFf,4t I'iTI'IRF. T.,I'I 1\ RtT "r'ICAnfCIMAL CHARIi I'" RIIF 
ooF.!. OjlJ4 "I 

ClIlO'i\) n OF/: 1 1I1? AI'll< A j ,2 IIPI)ATf CHAP COIINTfR 
00000 OOFf" F920 C"II< A I .20 rn"PARf fOR RllfFfR FIILL 

nlOO nOI U 
01\1\/'1 n,1I2 'i00? RF (f) CRlP Jf YES SPII' CR/LF CHARS THE'" P'I'ICH RUFFF o OM.;:> olnu '51"'51. IIR T 'JeT TF lFRn GO T(1 ,,,,pur ROllTJNf FOR NEW CHAR 
on()b3 nl/\/) 1l70A (III P lOI( 47./OA I 0.1.0 LF CHAR 
Ol1061J nInA Ilbnn Lnl( 4h,O lnAO SHRT nUTPUT FOil nf!VICE 
onOb5 01 n A !JbOo Cln 46.1./10 
OOObb n I oC !I 7 10 nTR 47.0./ln ANO Sf"'!) TO TYPFWRtTF.R 
000/,7 nlllE 'lCOII PR (In •• ? 
OOObll 0" 0 1l70n t"l( A1./(ln LOAO CR CIoIAR 
OOOl.q o I 12 41'0 I)TR A7.1l./IO 4o.jl) SENI) Tn TVPfwRITER 
00n70 0114 "iCOll <HI( II) .-2 
110011 n ,'6 111.<10 CTn Ab.II.110 
('1001;:> OItA 4Cl'ln C;5T AU./ln 
Onn7] I11'A 'iCn4 pRell) .-;> 
(\ (1 0 7IJ .. 
0007'5 * THTS ROIITT"IE PIiNCliES THF ASCn PROGRAM 0'-1 TAPF: 
011071> .. 
ot'l077 o I I r. n;>no 11'11( A2.0 7EROrSF RlifF COUNTER 
0007A 011 f 111.1'0 (TO 41..1.1'0 START PUNCH 
non7q 111211 'Ie 1'4 QRCQ) *-2 
I)I'I0lln 0\?2 FJIJA r""T Ir- 43.8'1FF,A2 lOAD CHAR FRO'- HIIFF 

0124 1l11J1J R 
on O/I! n PI> lJ:nn nTR A"5.0./30 ANn PIJI.iCH 
()I)OI\2 0128 "lcn~ RR(4) .-2 
OOnA] n \?A 121'11 AnI< '2.t liP'''' TE ~IIFF cnUNTFR 
nOOll1J 012C I 'In t SilK A I • t SURTlUCT I FROM CHAR COUNT 
onOll5 npf liCI1J1' QR(4) rONT ANI) CHfCK FOR lAST CHAR 
00t'lll6 0130 4bR/\ CTn 4b.0';'S0 THFN STOP PUNCH 
1ll10A7 1\1'\2 UCFI1 ~!\T AlJ./'SO 
000"" 1\"11 'iCIlLJ PR(NA) .-;> 
01'101\'1 nl'6 (1);>0 ("IK 1'5.03 CHfCK FOR UST PROGRAIoI CHAR 

nl'SlI no;:>'S 
1)00<10 nIH 5CIIF: RR (II) oUTcr NO? ACCEPT MORF CHARACTERS 
nl'l'IQI onc 'iF'I1J R~ START 
01'10'17 onf TF~BliF RFS l TFMPOIURY IWFFFR 
nnn<l] nl/j/j 'I'll''' PFS ?c; 
()OOqlj F ~jf) START 

5"'''801 Hill f 

'Ifr.r hl ol'lno Q RUFF 1l1/J1J Q rO~IT n I?? R rill P (11)b Q 

T"'CT OORO P T ~IPT 1'01'2 p nllT!':T oOAE 11 sprF nOC'. R 
~TAQT nOAA Q ~TnRF (lOrA R TF"RI!F onE R TIlAM !)OF2 R 
TQH, 1I1)~f, Q 
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3.71 SUGGESTIONS FOR SOPHISTICATED PROGRAMS 

As a general rule sophisticated programs perform more than one function and are 

longer than 20 instructions (so cannot easily be loaded by hand). An easy way 

to produce these programs is to take routines from simple programs (or routines you 

have written yourself) and link them together adding specific routines to perform 

the tasks you want. The two previous programs are examples of this technique. 

They comprise routines for the operator's device, the Paper Tape Punch, and a 

linking routine that translates the character codes input into either ASCII or 

hexadecimal character code. Make sure that when the same register is used for 

more than one function you do not carl upt data needed in another part of the 

program, that the buffer address is the same, that the displacement value of branch 

instructions is correct for the new program, and that all superfluous instructions 

from either routine have been omitted. The program examples that follow have 

all been produced in this way and should enable you to produce your own programs 

capable of performing specific and more complicated tasks even with a basic system. 

3.72 MI N I-I PL 'Rout ine 

For programs longer than 80 characters some form of software IPL is needed to 

load the final part of the program into memory. You will remember that the 

Bootstrap is programmed to load 80 8-bit characters from the device (whose address 

and input mode are set up on the DATA switches) before it branches to address 84, 

so if we start the MINI-IPL at this address it will then load the rest of the program. 

The first four choracters of the IPL (jFFFF ana 0000) are not used by the routine 

but are needed to make sure that the first instruction of the routine is in location 

/84. This instruction loads the number of characters the IPL has to read into 

register AS. To calculate the character count loaded into A5 count the number 

of locations needed by the MINI-IPL (starting with data /FFFF) plus your program 

and multiply the result by two to give the number of characters. Now subtract 

80 (which is the number of characters loaded by the Bootstrap) and the remainder 

is the number you need to load into register A5. If this number is greater than 255 

you will have to change the LDK instruction into on LDKL putting the count into 

the second word. Make sure that the count is accurate otherwise thelPL will 

either not load all the instructions (count too short) or will load the blonk tape 

of the trailing end as all zeros. In the latter case if only one or two such 

characters are read it should not affect the program, but if the End of tape is 

detected then it will almost certainly cause the program to abort. The rest of 

the instructions form a simple routine to read characters from the PTR and store 

t',em in the address pointed to by register A6, which is the register used by the 

Bootstrap to load the first 80 characters. When this routine has read all the 

characters (register A5's value equals zero) the PTR is stopped and, unless the 

first instruction of your program is Halt, your program is entered and starts to run. 

You can modify this routine to suit your own requirements, for example the start 

address of the program can be changed to any location in memory greater than 

/9E (which is the normal start address) by inserting a Load Constant instruction, 

as the first instruction of the routine, that contains the new start address of the 

program. You will also have to insert an RF or ABL instruction (with the new 

start address as the displacement value) after the RB instruction in location 9C. 

The remainder of the first 80 characters must all be zero otherwise the modified 

IPL will overwrite part of your program. 

R F\!, ) r 



MINI-IPL 

OOOlZ ... 
00013 ... TI<IS IS A MINt TPL FOR IOAOlt.Jr; PAPF~ TAPF r~ ~+A HFXAnECJMAl FnFHUT 
OOOIIJ • 
nOOI'5 0060 FFFF DATA /FFFF 
OOOUl 0082 1)000 DHA 0000 
0('10 t7 00811 1)550 LOK A5,8O UlA.D r,HAR rl')tlNT FOR REST OF PRnGRAM 
ooote 0086 1)101 L()K • t.t LOAn PAfUMF TFIl8 FOIl CIO !'IUIIT 
il~O\9 QO~6 IJlfo CIn Al.1,/?O 4"10 !iF"IO Tn r.u 
flOO<'O (\(\8A r;C~/I RBCN." .-2 
1)0(121 (lOIIC /lFilO INR TNR 47,0,/20 SEND PI~ TO ell 
00022 008E 5COIJ 1lF! (NO .-2 
00023 01)'10 Enq SCR 47, A" !HORF: CHAIHCTEIl ltv LI')OTtO"l 
00024 00'12 \61)1 4nl( Ab,s IIPnUE MF.o.tnRY 'onRFS!! 
n0025 00'14 101)1 Sill( A'5,t nECRf~ENT CHAR CO~NTF.R 

1)002b 00<1" 5CIlC IlA(Nl~ INR AND READ ANOTHER Ct-t.R I' NOT ZFRn 
00021 011<18 /JIAo CTI') .\ ,0,/i!O SEND STOP COtocMNAO TO CII 
OOO?" 00<1' /JFFO SST 47 ,/20 ANn THfN SFNI') SST COMMA NO 
ooo?'1 noQC r;CnIJ RRCNA) .·2 
00030 .. 
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3.73 Program MINDUM 

This program is an example of how to link the MINI-IPL to a program longer than 

80 characters (in this case 82 characters), so that it can be loaded using the IPL 

routine. The program chosen for the exercise was DUMP and the first step was to 

count the number of characters, including the two dummy instructions Data /FFFF 

and Data 0000, which was 82 and therefore two characters too long to be loaded 

with the IPL routine. The number of characters needed for the MIN I-IPL (excluding 

the two dummy instructions shown in the listing) is 26 so the total number of 

characters to be loaded by the MIN I-I PL is 28. T he program tape was produced 

using the program HEXTAP starting with the two dummy instructions, then the 

MINI-IPL and finally by the instructions for the program DUMP (excluding the 

two dummy instructions shown in the listing). The completed tape can now be 

loaded using the IPL routine and the instructions for running the programs are the 

same as those given for DUMP. 

RF\' 1 .()~ 



MINDUM 

00000 
00001 
onl)ll? 
00003 
OOOOIJ 
000015 
I)nol)/' 
ollon7 
onool\ 
OOOOQ 
nllOln 
01'10 I. I 
OOO~2 

ooon 
OOOIIJ 
01l01'5 
00016 
01'1017 
onol8 
OOOlq 
001'1;>0 
000?1 
ooon 
nno:", 
noo?1J 
OOO?S 
011026 
onn?1 
01'1028 
0002q 
I\I'IOlo 
00031 
()0032 
00033 
000311 
00035 
1)01)36 
ooo:n 
0003~ 

1l00H 
1"10040 
00041 
OOOIJ? 
00043 
On0411 
OOOIJS; 
oona/, 

001\0 
0082 
OOI\/J 
OOllb 
nOAll 
00114 
OOIlC 
008E 
onqn 
oon 
ooqa 
00Q6 
00Q8 
nocH 
noqc 

OtH2 

OOA/I 
OOH 

FFFF 
0000 
O<;IC 
01 n 1 
IJIFtl 
<;COIJ 
IIF?O 
<;C1l4 
Fnq 
1601 
101)1 
o;Cnc 
1J140 
IJFE/) 
'\COII 

;>07F 
?OAF 

00047 nOAS 02114 
000411 OOAA n61lF 
OOOlJq OOlC A6nIJ 

3-98 REV.1 

AEGl~ 

* • 
• .. 
* 
• 
* • .. 
* .. .. 
* • .. 
• 
• 
• 

* • 
• 
START 

• 
• 
\.I 0 IH) 

• 
cnNT 

HlENT 
E()l) 

RnRr. 

""[NnIIM 

* 

THIS PRnGRAM ENABlES THF FNGINEPR TO OUMP A SfLfCTfn 
AREA OF MEMnRV ON EITHER THf ASR OR PER 3100 

TT CO~TATNS THE MfNI-TPI AND CAN AE LnAnEn 
II~[NG THE IPL ROUTINf 

Ln4n THE ~TART!NG AnDRE~~ OF THF ARFA TO RF 
nllt.iPEO INTO REGTSTER A 7 FIIIOM THE CONTROL PANFL 

LOAn THE ENnt~G ADDRF~S OF THE ARfA I~TO 
"FGISTER A8 FROM THE rONTROL PANEL 

PtlSI-l THF IWN ~IJTTnN 

THI~ 15 A MYNT TPL FOR lOADING PAPER TAPE TN ~+R HEXADFCIMAL FORMAT 

nAH 
OATA 
1 nK 
LnK 
no 
RR(NAl 
TNR 
RR(NAl 
SCR 
AnK 
SilK 
RReNZl 
CTO 
~ST 

R!,(NAl 

IFFF" 
0000 
1.<),28 
41, t 
A\,1,/20 
*-2 
A1,O,/20 
.. -2 
A7,A" 
A6.! 
AS.! 
TNR 
41,0,/20 
A7,/20 
*-2 

THE PROGRA~ STARTS HERE 

ero 
lOR. 

'/1.1,/10 
1.1,.117 

LOAD CHAR COIINT FOR REST OF PR(l(;RAM 
LOAn PARA~FTER~ FnR elo START 
ANO SEND Tn CII 

SEND J"IR Tn CII 

STORE CHARACTER t~ LDC'TJO~ 
IIPOA Tf HEt.inRY Anl'HlESS 
OFCREMENT CHAR COUNTFR 
AND REAO ANOTHFR CHAR IF NOT ZERO 
SENO STOP COt.it.iNAD TO CU 
ANO THFN SENn SST eOt.iMANO 

THE PROGR'~ RUNS IN TNHIBIT t.ionf 

LOAD PARA~fTFRS FOR OUTPUT CHARACTER 
WITH EVEN PARTTY 
Sf NO START cnMMANO Tn DEVICE 
LOAD THE CONTENTS nF THE MEMORY ADDRfss 
CONTAINEn JN A7 JNTO At 
LOAD CHARACTER COUNT FOR WORn 
LOAD MASK PATTFR"I 
FIND THE PRTMTAflLE CHAP AOOPFSS It.j TARI F 



MINDUM 

noo." 

ooo';t' 
onO'l3 
00054 
noo<;<; 

011051> 
00057 
000';/\ 
OI')O<;q 

0('1060 
(111061 
I)nol.~ 

OnOb3 
onl)(,/J 
000(,'5 
00066 
I)nnb7 
1)0068 
I')nOhQ 

1)0071'1 
on071 

onAF 
nOllo 
nOA? 
nnA/J 
0(11'11> 
nOAII 
nOAA 
(lI')RC 
OORE 
ooro 
00C2 
onC4 
00C6 
nore 
nOCA 
(lnCC 
nor E 
oono 

001')2 
OODU 
onn6 
I')OD8 
oonA 
none 
nonf 
OOEI') 
00"2 
O()E 4 
00E6 
OOfR 
oorA 

P;<;fl 
nonA 
F50Q 
nOfR 
VII': 4 
IAn1 
<;CI2 
FloA 
OOfA 
IJ310 
5Coa 
120\ 
FA?O 
non/) 
5Cl0 
17n2 
Hot' 
'lOU 

/Jllql) 

acoo 
"iCnll 
'inc 
10JI 
'2·n ,0,,; 
1"17 
18"3q 
01112 
/)"5 a a 
IJ'iIl" 
nAnn 

SVMAOI TAAU: 

RfGI'J ooon R 
OIlCHAR OORC R 

RUFF 
START 

• 

l r: 

SRC 
Sill( 

IH3 (NZ) 

I.C 

nTR 
R II PH ) 
AnI( 

CWI( 

RR ('-If) 
AnI( 
CWf:! 
RR('-IGl 

eyO 
SH 
RReNAl 
RR 
nAH 

CO~IT 

TAALF 

ACj,TAHU',Ab 

A<;,fl IlFf+I,A2 

AI. II 
A2.t 
rONT 
A3,AIIFF,'2 

A3,0,l\0 .-;» 
A 2. I 
A2.6 

nUCHAR 
1.7.2 
A7."~ 
WORO 

AII.0./10 
"".1\ 0 .-2 
START 
'Ot21Qr;67eqA~C~EF' 

/OlOO 
START 

THEN sTORF IN RUFF 

SHT"T TO t~OL4'E NEXT CHAR 
5UATRACT nNF FRnM CHAR CnUNT 
ANO BRANCH RACK IF NOT LAST CHAR IN WORD 
I.OAD CHA~ FRnM BUFF 1NTO "] 

AND ~FNO Tn THF OFvrr.~ 

I)pnATE AliFF CH4R COll"'T 
"Nn CHfCK FOR LAST CHAR S~NT 

"NO 8RANCH flACK JF "'OT LAST CHAR up""" MEHO~V ADDRESS COUNTER 
ANO CHf:CK FOR UST ADDRESS O'jMPl'o 
IF NOT LAST OUTPUT NfW WORD 
TF LAST AODRFSS THEN 
~ENO STOP COMMA~O TO THE OEvtCF 
ANO GH 1lT HUS 

DUMp FINISHED GO TO START OF PROGR"M 

nOlle R 
0046 R 



3.74 Program MEM57 

This is another example of how to link several routines to the simple program 

MEMHAN to produce a sophisticated program that will carry out a check of the 

entire memory without intervention from the engineer unless there is a detected 

error. It is more of a confidence program (after a memory fault has been repaired) 

than a specific test of a selected area whilst trying to locote a fault. The routines 

used are: 

• The MINI-IPL routine so that the program can be loaded using the IPL 

routine. You will see that the only change necessary {from the other 

two listings in this section} is to load the character count register A5 

with a count of 176. 

• A routine to check the size of memory in an unknown system without 

• 

• 

doing a physical check on the cards. The routine assumes a maximum 

memory size of 32K and tries to write in the last location. If unsuccessful 

it subtracts 4K from the address in register A9 and tries to store the pattern 

in the new address. In the original routine when the size of memory had 

been found it branched to a Halt instruction so that the memory size 

could be read from register A9; so for this progrom the Halt instruction 

became the first instruction of the next routine. 

A routine to store the Start and End addresses of the area tested into a 

buffer called MEMADD. The previous routine has already computed 

the End address and this is store in the first ward af the buffer; the 

Start address is the first location after the end of this program and it is 

stored in the second word of the buffer. 

Four Test Patterns and a Software Timer so that the series of test patterns 

will be repeated a number of times (in this case 25). 

• The program MEMHAN slightly modified so that the Start and End 

• 

• 

3 -1 00 

addresses are taken from the buffer MEMADD instead of from registers, 

and the Test Patterns would be selected automatically. 

Routines to compute the New Start and New End addresses, to compute 

the New Load Area for the program, and to compute the New Addresses 

for the buffers for MEMADD, Test Patterns, and Timer. 

A routine to transfer the program to the New Load Area {which will be 

REV. 1 

in the top end of memory) ond to re-start the program MEMHAN so 

that it checks the bottom end of memory. 

Once the program has been loaded it starts automatically and when it has 

checked the complete memory it stops on a Halt instruction that has been loaded 

into the last address of memory. If an error is detected during the running of the 

program it will stop on the HLT instruction in the Read routine and you can use 

the same technique, to check the location in error and the Write ond Reod potterns, 

as described for MEMHAN. 



MEM57 

Onnlll1 ynplT "["'i7 
ooonl .. 
1'1 (I n 1'1;> .. nn'l PRnr,PA" TF!'IB THI'" niT IRE" '"F"'nRV 
onOIl' .. 
onnou IInnn R I" G r~' f'nll .. 
00000::; I1npr. Rf:r.I>J+/RO 
onO(l1- .. 
on007 .. T~T'l TS A "HIT rPL F()P I nAnyw; PApfP TAPf Jill R+II HF'l(Anu: PUt Fnp"'AT 
00(\1\11 .. 
()nonll OORn FFI'"F '''laTA IFFFF 
onn In nnA? 1)0(10 nATA nono 
nn (\ I I nnAIJ n51'1n t nK 65.17/, , (1 A {) r~AP rnl'~'T "OR RE'lT OF PRnGRA" 
onnl" OI')A" n, III InK A I • 1 I nAn PARA""TfPS FOP CIn START 
I)nn'3 nnAA /J I" 0 ("Tn A I. I ./?O ANn SEllIn Tn CII 
Olin III nOAA "i( 1')11 111'1 ('lA' .-? 
011(\1<; (lnRC IJF?o T"P T"IR A7.0./?0 ~F~'r" T"''1 Tn CII 
00011- nnH "iC nlJ PA (~JA' •• ? 
(111011 nnllo F7"\Q :'i!:R A7 •• " STn!?f CHARAClr:r~ TN LOCATION 
0 11 0111 OOIl? '/,n, AnK A/,. I l,pnATE ",,,"'MY Ar)()PF:SS 
0001 0 no'lLl Inn, 'lilK A 5. I nEe RFMF NT ("HAR CnU"TFR 
ono?n 00'11, "iCor: OR("'?, HIP HHl PfAD A"OTHFP CHAR TF "1'11 ZFRn 
nOIl?1 IlI1'lA II tAn r:Tn At.o,/?O SfND ST!)P r:O .... "'.n TO ell 
nl'ln?;> nllQA IJFF n S'!T A7./;>0 Alllr" TH"'" s""n ~ST r.O~"A"'n 
nO();>' OOQr: "cno PA(MAl •• ;> 
on(l;>LJ .. 
Olln;><; .. T4I~ RO"TTNF rO Io4 PlfH:'i T HF Io4FlAnRV ~ T 7f 
Ollll;>/- .. 
0110;>7 nOqF P.1;>1I 'lTART l. nKI, A7./<;55'5 TEST PATTI''''''' 

nOA(l ""'i'i OOO?R no A? lllAO l n~1 AQ./Fr:no LnAr" "'.Xt ... ,,104 "F"r"RV SHE 
Ol'lAO FC/l1I 

ono;>Q OOAb 117;>7 rn"p STR A7.AQ TPY TO ST!)p~ PATTFRM 
onn,(I I'I0AA 1"1"'" CI~R. 47.AQ (:H"CI( TF LnCATTo'" FlCTSTS 
nil n" /lOU <;001- I>F(O~ OARl"S vB7 (;0 Tn PROGRAM 
Olin,? I) n U: QQAn '\111<1 AQ./;>nn() "'07 Sl)RTRACT LJI( 

I'InH ?OOO 
nl)n,,~ nOl>o "iFnI: PR f(l"P Hlf) TRV A(;AJN 
nil n ,IJ .. 
olln~<; • T4T!'l RnIITT"IF I nADS THf ~TAPT Allin F~m 'onRESSfS 
nno,,., .. 
0/l~,7 nn~;> AIr I PAPAl-'S 'IT AQ.'-'FIoIAnn ~TOQf PJI) Af')nR"S~ 

OORLJ l'Iorll P 
QOn'V nO"1> 1\ 1 An I r'lli I AQ,/1I1n ,-OAn STAP T Ar)ORfSS FnR WRITf/R"An PI)IIT'''I 

oORa II 1 lin 
non,Q I)/lRA '11r:1 '\T AQ,"F'4Ar)n+;> H1n STnRF IN Mf"'A(ln RUFFER 

IIoRe IIl)r? 1'1 
nil n IJ n OOAF "i711F I'll" (1' I nAn .r.n Tn 'ITIHT I'll' WRtTF/RFln RO'fT T"'F non IJ 1 .. 
1)11 OIJ~ it 

Oil n /1"\ II/\r:~ /\1111(1 "f",('In nA TA 0 RtSfPVF TO lnr:ATTn~'s 



EMS? 

1)(10411 On!:2 00110 r14 TA 0 FO!) "E"Mnlly Ann!)FS~FS 
onnq" • 
OO(llJb OOC4 "5<;<; PATU' nATA 15')<;'5 Tf ~ T 
nooa7 00C6 AU A I'lATA IAbAA PATTFIlIIIS 
OOO/J/\ nnC6 FFFF nATA IFFfF FOil WIlTTF 
OOO/J9 norA onl'll'\ t'AlA 10000 RE"4n 
000<;0 '" OO(1'il nnrc 1'\(\19 TIMf!) nATA ;:>5 SnFTWARE TT'1fll r('\II~IT 
ooo,);? • 
Of\o,)~ .. T'1fllf IIIISTRIICqO"lS PRfPARF TOll' PIlI'lr.I'UIo! PARA"'FTEIlS 
OOO'i1J • 
000"'5 non oron l "AD l nK 47,0 7fRorSf PF.PF.:AT cnU'ITF.'Q 
O(lOS/oo oonn n2~n I I')Anl UlK A2.0 7ERO'Sf PATH'RIII CI'lI)IIITfR 
onnC;7 11M)!, I\srA LI')PAT II) At"\, PA n:lII, A2 I 0'" TFST PATTFR"J 

non/J nor£! II 
noo'ill • 
onn'i9 • T'11'l rs T'1F WRITE "'e:"'('\RV ROllTt IIII' 
0006(1 • 
onObl (l01)/! 'I1CO n:!'iT II) A9,MFMAon+? LOAD START An'lRfSS 

no('\/~ oor? 1'1 
nOOb;? nonA /1541 "'RTTF STR AIl,AC) WQtTF TEST PATTfIH: It,! "'fMORY 
nnOIl' none 91At) A nKI A9,2 IIPI'IA TF Mf"'nRY AnORfSS 

oonE nOn;! 
0001>/J 1'101'0 F9r.n CW A9,"I'MAOI'I C'1ECI< FnR I AS T AODRESS uanEn 

nOfZ "OCn R 
I)lInh'5 "OF4 C:;CoC RII("'E' IoIRlT!" REPEAT ROUTJ~f IF NOT UST AnORI'SS 
OOOb!> * OllOb7 * THT~ T5 H~E RFAI'I ROIITT"'!': 
1'11'10108 * 0111'1109 IIIIFb 1\ 1(': 1'1 In A9."f""A,.,n+~ L['IAO START AnoRESS 

111'1£8 01'10 R 
non7n nnF.A IIOAI> Ron I nR. AA.AQ REAl) P.lTTFR~1 FPO'" '1f"'ORY 
01'107\ (lOFC Farll cw AII,PATf"J,A? CO!olPARf "'E'" CONTflllTS IoIJT,.. PHTI'RIII 

nl)FE lIor/J R 
onn72 OOFI'I 'iOO? RF(F) rONT IF EQUAL CO"JTIIIIlIf RFAn RDUTlNR 
oOlln III)F? ;>071' HI. T TF NOT F~IJA L RTnp ROtlTtlllF 
0OO7/J nOF/J qiAO r nIH AI)l< l Aq,2 IIPnATE MEMORV AnnRF:SlI 

OCFb nnn2 
01'1075 1'11'11'/1 "9rn cw A9.MEMAon CIoIF"CK FOR 1 AS T AnORESS RFAD 

nOFA nOGO R 
on07b OOFC '5C 111 1'11\ {"If' REAl} CONTINUE TF "JOT LAST "ORO 
01'1017 noFE 12"2 HI I< A2.2 IIpnATE PA HERN CI'IlINTfR 
0007/\ 1'1100 FA;:>O eWK A2.6 CHECK FOR LAST PATHR'" 

11102 nonA 
0OO7Q n I (Ill C:;Cla RII{NE) IOPAT TF Nf'lT LnAn "'HI PATTFRN 
1'11'11'1110 n\lIb 171\1 AI}K A1d IJPOATE SnFTwARI' TJ"fR COUNT 
01'101\\ 111(11'1 fFIJn CW A7.TtMFR CHECK "OR I. AST TFST 

ninA nore R 
ono"? nlnC <;n~ PA pJn 10AOI IF NO CONTTNlJf WR TTl' IRE An 1I01lTt"'F5 
on08J * nnO/l/J * T'111l RnIITTNf' cnMPIITfS THF NEw START AND END AD[)RESSES 
0001'15 • 
0001'>0 ninE IIJH:n LO Aj?,"'EMAOD ~AVE PI I) AOORf!lS 

01 \ 0 noco R 
onnll7 0112 11\00 to AI,MFMAOO UlAn E~J) U)OQ~ 5R FI'lIl COMPlJTATTn~1 

n I I U t)or.n R 
00('11'11' n116 n21lf InK A2,/IIE LnAO PROGRAM SIll': 

3 -I 02 REV. 1 



MEM57 

OOO/lq 01111 qqll/l ~IIQ A \ • A" GYVES NEW STA~T A[)ORESS 
0001l1l I) 11 A ,,5/11l tnp An,AI ~4VE NFW START AI:l(lRESS 
000')1 ntlC lilli' ~T AI.NEWA"" STORE NEW LOAn AnnRESS 

011 E IIln R 
(II)Oq2 n170 '57n~ RF(7) *+11 "YPASS NfwAr'IO 
OIl~!)J II 1?2 no "II "'fwAN) nATA 0 RESERVE ONE LOOTJnN FnR NEW AnOQE~S 
ooo')a o \i'a lqllA Sill( A I • , 0 r,fT NEW END Anl"!RfSS 
0001)'5 OP/> II la, ST AI,ME"',,,,, AN" ~TORE IN MF:"""n 

o Ii'tI ooro R 
OOOqll " 00(11)7 * T~J~ , OAD!'! THI': M!:W START ADDRfS!'! IN MFM40lH2 
onO!)/I • OOn!)') 1'112A 1)2nn tnt( A2,0 
onIon OI?C /120, ~T A2,MEMA!)n+2 

nll'E nOr:? R 
nOI"1 " onl02 • T~r~ tOAD~ THf NEW E"In ADnRESS TN T"'I' WRITE/REAn ROIITlNES 
on\O:5 • 
OOlnll 0130 11 Ol AnI( AI .t 0 
Ol'),II,! nn:!' /I 11', ST AI.WRITf+1I 

onll 001:2 R 
oOln" nn" !lUI ST At,cnNT." 

01'11 OOFA R 
011107 • nOIOI\ • THIS tOADS THE NEW 4DnRI"SS of MFM400+2 
onln') " 00111., !'lIH It r),) AnI( A I .2 
0011 , IInC 1\ III , IlT 'I.TFST+2 

OnE 001')1\ R 
on " 2 lllliO II I II I ~T AI,RfAr')-2 

Ol1J2 nOFII R 
001 n • OOlllJ .nq~ LnAOS T!-IF NEW "DnRnS nF PAT!'''' 
OI'lIIC; • 
00 II II 1I11J1l , 11'l2 All I< A I • " 
00 I I 7 " Illb /I 111 , !'IT AI.LOPAT+2 

n\1l8 1)0nIJ R 

o III '" n I II A "I II I ST Al.R~AO+O 
nlIJC no",,, R 

on II I) * I)OI~O • THIS LOADS THI" Nfw ADnRFSS nF TTMfR 
00121 • 
Ol'll?:! /lIar , In" AnI( AI,8 
OOPJ 01'10 III al ';T A I ,CONT+22 

IIl'i2 nInA R 
OOIi'lI • 
I)nP5 • nIT!'! RnllTT "IF. nOES THf TR.U'SFFR 
nopII .. 
Onl?? n\"iil AlAn IJ'I<I Alt.IlO 

0151> /lO?1I 
Oil\?1\ n1'58 IIOIJO Rf'P '" IO.MF"'AOI') 

01'51. OOCI) R 
nOI;>!) I'll C;C 1\1, A 0 LOt(L .'".(10 OI'iE: 00 III 
onno 01"1) I)IICI An!,! AIIJ.RI'P+? 

Ol~i? nl'i! R 
no" , O\bll RD'7 "'!'IR 10.1.13 

,'....---"--~, 

~t \ ' 



_M57 

OtllU (libb qSAn AnKI AB,20 
Qtb8 111)111 

OOtH ntb,\ 'HUn SIII(I AlI,10 
t'llbC t'lnn. 

I)nlll1 nib! 5CI~ JlR C"ll\ JlEP 
onllS opn 113An I.nKI Al',1201" 

0112 207r: 
onnb o \ 11.1 qOA~ 911KI An,i' 

0\7b oonz 
00117 0178 113R7 !lTR Att,AU 
00138 OI7A IIOAI) 9111< L A Il,U 

nt1C nOlln 
001 H 017P' IIFlb AAR All 
00111('1 E"'O !'ITA 11 T 

SVM~OI TARLE 

RFGI'" 0000 R COMP nOA~ R CO"'T 00,..4 R ''''11 OOSC R 
LOPAT nOO2 R LOAD OOCf R I DAD I nODO R /ofF"An!) noco R 
"IfWAnn nl?2 11 P AfU "IS nnR2 11 PATEN noca II REAl') nOf' R 
RF.P Ol'i~ R START OOllE R TfRT nOOb R TI/ofER ooce R 
WIUH' non. R 
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-----Ir------lr~~~~~C~=:S(483mm) ---'---'--"Aoc _ 21.65 in. (55 - 19 inches Omm) 

• 

• 

• 

MMU 
standard 
FPP 
optional 

. for all systems ) is required Unit (MMU Management 
T

he Memory f memory. P857M 
k ds 

0 w'lth any 
32 wor '1 ble with more than (FPP) is oval a 

. Point Processor The FloatIng 

system. 75 inches) 
U - . - 44 45 mm (1. 

Figure 4-1 7 M ChassIS P856M/P85 . Configurations 

SECTION IV 

MECHANICAL 

4.1 

. (M4 or b . chassIs 
L 

'ther of two aSlc I 
G

ENERA 'Iable in el dditiona 
al 'Iable for a 

S tem is av E2) aval . /
P857M Y' ,h,,,;, (EI. '". ,h,w, " Th. P856M ",,;" f' ,,",'" , 

d'ff.,." .. 'h,,,;, '" '9 ',,,d d""h. 
M5), 

with two I ff nt baslc-c 'Iatian, p" 
Tho d; "'0 I "," , I 

't cards. power supp y, Each chassis IS "",, -'" h', ,,,',;,, , d ",0" 
' 4-1, Each, '''' ." " ,h. I '9k -'" h', ;,d,d" , 

F ,goo, 0000,,,. " W E ",h b"l, , ".. Th. 
d '10 "bI. '" 'h (483 mm) ",k, ,h. h,,' fm, 

" .d I, , 19- '" 'lillod) mao".d " -2 
,lid. mao,' I.,. " .. mp , d I, "9"" 4 , 

I pane e . data are 
I ( ither camp prOVIde contra d 'nstallatlon . s an I . d'menslan chassIs I 

4.2 

4.3 

A ND CABLING WIRING 

General 

chassis, . and the extension 
M basic chassIs the cords the P857 nectors on 

,"00'';'", " h dHf"", coo ",d '''00 00'" 
T
h. "blo Th "., ,f , 0 b", f" 'h, 

F' ure 4-3. e I nd pin num are shown on Ig 4-4 Lists of signa sa 
wn on Figure. les 

are sho following tab 
are provide d in the 

Table 
Connector 10M-lOB 

nector, 
GP Bus con 1 (V24 CU) 

CPU-A connector- lOP, CU) 
3 (CPU, Memory: Connector-

tor-5 CPU-A connee 

I Connector 
Control Pone 4 5 (Break) 

C ectors, 

lOP onn s~AIE:!../..:..T.:..:...-AIE __ Connector~ 
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PS56/B57 

BASIC 

CHASSIS 

M4 0( M5 

PB521B56 

1657 
EXTENSION 

CHASSIS 

E2 

P850MI 
PB5SM 

EXTENSION 
CHASSIS 

EI 

FOR AlE / TAlE 

4-4 

BACK PAttEL 

GP BUS CABLE 

-- cu CARDS 

------AlE / TAlE CARD 

CPU 
MMU 

FPP 

MEMORY 

ltAA' CUllOP 
lOP COMBINATION 

CHASSIS 

INTERNAL BREAK 
SIGNALS 

CONNECTIONS TO P852/856/857 EXTENSIONS 
P856/857 P852/856/857 P852/856/857 
BASIC CHASSIS EXTENSION CHASSIS EXTENSION CHASSIS 
M4 or M5 E2 E2 

D 
B 
A 
C 

10M 10M 10M 

lOB lOB lOB 

BOTTOM TOP 

TERMINATOR 80ARD IN 

CABLE-ExIT SLOTS 

CONNECTIONS TO P850M/P855M EXTENSIONS, 

P856/857 
BASIC CHASSIS 
M4 or M5 

GP BUS CABLE --­
(FIGURE !5-!5) 

P850MlP855M 
EXTENSION CHASSIS 
EI 

BREAK CABLE 

(FIGURE !5 - 4) 

P850M/P855M 
EXTENSION CHASSIS 
EI 

BREAK CABLE 

Figure 4-3 P856M/857M Basic/Extension Chassis Connections 
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P852M 

BASIC CHASSIS 

1.11,"'2,"'4 

~~~~~~~Zt~~~~~~~:; 
I lOW I lOB J 

t 
/8ACK PANEL 

/ 
VIEW !'ROM CARD-INSERTION SIDE 
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Table 4-1 GP Bus Connector 10M; lOB 

P850M I P855M 

EXTENSION CHASSIS 

EI 

" 

N ...;- -0 

~ M ll") 

1 J J 
I 3 5 

2 4 6 

7 

8 

9 II 13 15 

10 12 14 16 

Connector 3M 

17 19 21 23 25 27 29 31 33 35 37 39 41 43 

18 20 22 24 26 28 30 32 34 36 38 40 42 44 

AlE 
Connector viewed from cable side 

Connector 10M Connector lOB 

N° Pin Signal N° Pin Signal N° Pin Signal N° Pin 

I MA 26 M C I M C 26 
2 MAD 04 27 CLEARN 2 RSLN 27 
3 M A 28 M C 3 M C 28 
4 MAD 03 29 M C 4 PWFN 29 

TO NEXT AlE I TAlE 5 M A 30 TPMN 5 M B 30 
6 MAD 08 31 M C 6 BIO 15N ~I 
7 M A 32 M C 7 M B 32 
8 MAD 09 33 TMPN 8 BIO 14N 33 
9 M A 34 M C 9 M B 34 

10 MAD 10 35 M C 10 BIO 13N 35 
11 M A 36 TMEN II M B 36 
12 MAD II 37 M C 12 BIO 12N 37 
13 M A 38 M C 13 M B 38 
14 MADI2 39 TRMN 14 BIO lIN 39 
15 M A 40 M C 15 M B 40 
16 MAD 13 41 M C 16 BIO ION 41 
17 M A 42 Spare 17 M B 42 
18 MAD 14 43 M C 18 BIO 09N 43 
19 M A 44 Spare 19 M B 44 
20 MADI5 45 M C 20 BIO 08N 45 
21 M A 46 Spare 21 M B 46 
22 ACN 47 M C 22 BIO 07N 47 
23 M C 48 Spare 23 M B 48 
24 ARN 49 M D 24 BIO 06N 49 
25 M C 50 5V 25 M B 50 

...;- ...;- ll") 

ll") f'- (j. 
...;- ...;- ...;-

1 1 1 
45 47 49 ./ 
46 48 50 

Signal 

BIO 05N 
M3 

BIO 04N 
M B 

BIO 03N 
M B 

BIO 02N 
M B 

BIO 01N 
M B 

BIO OON 
M B 

BIEC5 
M C 

SCEIN 
M C 

BIEC3 
M C 

BIEC4 
M C 

BIECI 
M C 

BIEC2 
M C 

BIECO 



4.4 Operator I/O Device 

The operator's input/output device is connected to the CPU-integral Serial 

Control Unit via CPU connector 1. The maximum cable length between the 

device and the CPU is 20 meters. The operator's interrupt does not use the 

encoded BIEC lines, but is connected From the Serial Control Unit directly to 

the internal-interrupt inputs (see Figure 1-3A). 

4.5 InterFace Signals 

All interFace signals between the CPU and the units (Serial CU, MMU, FPP, 

and interrupts) ore listed in Table 4-8. The GP Bus signals are described in 

Section II. All these signals are also included in the signal lists For the 

connectors where they are used. 

4.6 Interrupts and Breaks 

The use of interrupts and breaks, and their interconnections, are described in 

Section I and shown in Figure 1-2. 

4.7 CARDS 

The complete CPU and the V24 Serial Control Unit are mounted on a single, 

multi-layer printed circuit card. The circuit-card locations within the chassis 

are shown in Figure 4-3. The CPU card Fits in a dedicated slot at the top of the 

chassis. The MMU and FPP (P857 only), and memory cards Fit in the next three 

dedicated slots. The MMU and FPP must be close to the CPU cord. Both the 

MMU and the FPP have same discrete wiring connections to the CPU which are 

used to increase operating speed. IF either the MMU or FPP are not used, a 

memory card may be placed in that dedicated slot. Card connector uses are 

shown in Figure 4-4. Circuit locations and ports lists ore provided at the end of 

this section. 

4.8 INTEGRATED CIRCUITS 

A complete list of integrated circuits (ICs) and a guide which shaws the IC 

symbols, input and output polarities, control codes, and pin numbers is provided 

in Appendix A. 

4.9 Read Only Memories (ROMS) and PLA 

The ROMs and the Programmable Logic Array (PLA) circuits are pre-loaded with 

special contents, or codes, which cannot be shown on the general IC-diagram 

drawing. The Following list is a directory to the logic descriptions that use 

these circuits: 

Circuit Logic Paragraph 

6200 1024-bit ROM LL IPL 2.66 

7488A 256-bit ROM FF A,D,L Command 2.47 

NN CR code selection 2.76 

8205 4096-bit ROM BB Microcommand Control Store 2.37 

8576 96-code PLA AA Instruction Decode 2.42 

R, . ~. 



4.10 RULES FOR CONNECTING GROUNDS IN A SYSTEM 

These ,rules must be observed for all installations to ensure that external 

interference is reduced to a minimum and that the electrical safety regulations 

are complied with. 

4. J I Grounding for Cabinets and Racks 

The following rules should ensure that the cabinets and racks have good ground 

continuity. 

• 

• 

• 

4-8 REV.l 

Fixed Rocks - The rock is fitted to the cabinet mainframe by screws. 

A good continuity between cabinet and rack is ensured by keeping 

the moting surfaces clean. 

Sliding Rocks - A rock mounted on telescopic roils does not have a 

reliable ground path 50 it is essential that an electrical link is mode 

using metal braid. Note that it is not acceptable to use the ground 

conductor of the moins lead or cable shielding for the ground connection. 

Cabinet Panels and Doors - All doors and panels must have a good 

electrical link with the mainframe and in particular the doors must 

be connected with metal braid. 

For tixed racks these 
2 surfaces must be 
clean fo ensure 
900d contlnuify 

BraId connects 
SIIdln9 Rack fa 
main frame 

Main frame 

Fixed Rack 

Braid (onnects door 
fO maIn trame fa ensure 
conflnulfy 

'", 
SlIdIng flack 



4.12 Logic Ground and Mechanical Ground 

Logic ground and mechanical ground points are provided for each rack. They 

ore situated close to each other and moy be connected or unconnected. 

~ 

C:=:::;:rr:::=~-logjc Ground OV 

Connected 

___ Connecting lugs 

Mechanical 
Ground 

Disconnected 

A system may use several cabinets each containing a number of rocks but only 

one rack may have this link connected. All other rack links are unconnected. 

Disconnected 

Cabinet I Cobinet 2 Cobinet 3 

In a normal configuration the CPU rack is connected and all other racks are 

unconnected. If more than one CPU is being used in the system then the user 

decides on which CPU rock to have the link connected. 

4.13 Flat Cables 

Flat cables without shielding may cause electromagnetic fields to be set up in the 

equipment so the use of non-shielded flat cables should be avoided. If it is 

essential to use non-shielded flat cables then special precautions must be token 

to avoid these fields being set up. 

• If channel type supporting members are in the cabinet then they should 

be used as they provide a shield around the coble. 

• If these supporting members are not available then the cables should 

• 

be run separately, either clamped flat against the panels or against the 

outside of other supporting members. 

Mounting flat cables one on top of the other should always be avoided. 

If this method must be used then a metal plate should be inserted between 

the flat cables, suitably supported and electricolly connected to the 

cabinet. 

Cable mounted on the interior 

Supporting 
Member 

Cabinet 
Frame 

S ide View 
Cables 

Coble 
mounted 
on the 
Ex te ri or 

Metal Plates 

RFV.l '\ Q 
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4.14 Mains Cables 

When p'lanning an installation an area along the mainframe should, be reserved 

for the mains cables and all other cables should be kept as for as possible from 

the mainframe. It is recommended that the cable be shielded either before or 

after filtering and that this shielding be connected to a mechanical ground at 

each end of the cable. The mains cable must be secured to the chassis by a 

metal clamp at the point where the shielding extends out of the cable sheath. 

Note that the screw fixing the ground conductor to the chossis must be as close 

as possible to the metal cable clamp. 

Ground 
Conductor 

REV. I 

Screw must be larger 
than 3.5 mm diameter 

Metal Cable 
Clamp 

Cable Shield 

4.15 General Rules for Connecting Shielded Cables 

All twisted pairs must be contained inside a shielded cable and this shield must 

be connected to mechanical ground at each end. Specific lead dimensions ore 

given for some peripherals but as a general rule the following dimensions should 

• be adhered to. 

• 

• 

the lead ll1-,:,st!,e_':ls_~~()rt_()~poss_ible and never exceed a maximum length 

of 15cm. 

Connection to the shielding must be soldered and connection to the 

mechanical earth must be with either an eye-lug (for a 3mm screw) 

or a push-on type connector (Faston 6.35 or equivalent). 

• The lead cross section must have a minimum guage of AV/G 18. 

Shielded Cable 

Maximum length of 
lead from the soldered 
connection is 15cm 

Insulating Sleeve covering the Shield 
one( soldered connection 

• 

AWG18 



4.16 Special Rules for Connecting Shielded Cables 

For some devices the lead dimensions for connecting the shielded cables at the 

device and at the CPU are different to the general rules. These devices are 

listed in the following table. 

Table of Special Lead Dimensions 

At the Device At the CPU 

AWG 
Max Eye 

AWG 
Max Eye 

Length Lug Length Lug 

Mag Disc X1215/16 16 15cm 4mm 16 15cm 3mm 

Mag Disc 9760/9762 16 08 3 16 10 3 

Line Printer X1415/25 16 10 3 16 10 3 

PE R 3100 (V24 Interface) 16 15 4 16 10 3 

PER 3100 (Curr. Loop Int.) 16 15 4 18 03 
Molex 
pin 3 

ASR33 (V24 Interface) 16 10 3 16 10 3 

ASR33 ~Curr. Loop Int.} 18 03 
Molex 

18 03 
Molex 

.. pin 6 pin 3 
Tape Reader 2540EP 16 10 3 16 10 3 

Card Reader CM300L 16 15 4 16 10 3 

Tape Punch 4070 16 10 4 16 10 3 

Display P817 16 10 4 16 10 3 

At the Terminal Box At the CPU 

Remote Control Cables 18 10 - 18 03 
Molex 

centre pin 

At the Extension Rack At the CPU 

Break Cables 16 10 3 16 15 3 

At the Cassette Rack At the CPU 
t-----

Break Cables 16 10 3 16 15 3 

4.17 Connecting the Ground Lead in a Cabinet or Rack 

The connection of ground leads for a Cabinet or Rack depends on the type of 

installation. In the following examples different types of ground connections 

are given. 

Rock 

r -----.--, 
Nul mut' be ploc~d 

----------------------: I 
I 
I 
I 

Control Unit Corel 

I 
I 
I WOlhf'fl L __ _ __ ...J 

---~ Of th,. lOp conneClor Ih~ ground ;~uJ "'V); ~e f;"",J 
at the lop of the fnck, otherwise the IfOod e)lcf!t"ds 
the maximum length. 

~~4===-------

~ Eye-lug connecll 10 support pi ole 

I/O coble between 
CU ond Devir~ 

P F\, ~ 11 



Mounting Plate 
Moin F (ame 

(Connected to logic Ground) 

I 
Mounting Plate 

Bohed onto Mainframe 

4-12 REV.1 

Lead connects Shield to 
Support Plate 

Lock Washer 

4.1 !l Connecting a Ground Lead at the Devices 

The following illustrations show how a ground lead is connected at some periphel)1 

devices. 

OJ @ 

o 

@ 

Link connects to 
the Cabinet Ground 



Lead C onnee ted to 
Connector Plate 
Fixing Screw 

lead connects to 
the S uppor. Plate 

leads connect to the 
Ponel Fixing Screws 

Lead connects to 

the Support Pia •• 

Screw 

==============~~~J 

-~-~ 
Lead connects to the mains socket fixing screw 

Lead connects to base fixing screw 

1.1 

REv. , 



~~ne~~to the Serial Control Unit PER3100 

V24 Interface: 'At the device a tapped hole is near the connector which should 

be used tJ attach the lead 

4-14 

Tapped Hale 
ready to attach 
the Lead 

REV. 1 

~~~~~~-.0~-2~r ia~~~~~.!~~t~~!3_~~ 
V24 Interface: At the device the cable is attached to the metal COver of tl", 

transformer situated in the bose of the ASR, 

Flexible Clamp (ERIBE 5/17 or equivalent) fitted with 
a 3mm diameter flat washer and self tapping screw 
(2522 123 AB/21 005 or equivalent) 

Current Loop Interface: At the device when using the extension cable the 

connection between Molex connector pin 6 and the ASR mechanical ground is 

;node with the coble shielding. Note that under no circumstances must the 

Molex connectors be situated outside the ASR base . 

. ~ 
Connector 
Pin 6 



~-"-l1n_e_c!~n_g~he ~n:'~!_e_~_~~t~?~C~~~~ 

Rack Side: The shielding is connected to the central pin of the Malex connector. 

Note that for racks Ml, M2, M4, MS, E2 and K7 a link connects the mechanical 

ground to the central pin of the Molex connector. 

RC 

Lead connected to the 
central pin of the Molex 
Connector. 

Connection at the Cabinet Terminal Box: When connecting the shielding of two 

cables at the Terminal Box connect to the some terminal to ensure good continuity. 

Leads from 2 different 
cables connected to the 
some terminal to ensure 
good continuity 

~..?-'2.I1~::~~_<L!~~B.r~~~_~-,,-,?I.~s_ 
At the Extension Rock: 

o 

At the Cossette Rock: 

links connect to the 
connector fixing screws 

links from 3 different cables connected to the same 
terminal to ensure good continuity. 

PFV. , 

o 

a 

o 

a 

4-15 



Table 4-2 CPU-'A, ConneCtor I (V24 CU) 

IAOI OV I BOI ASR LINE 
lA02 PIFN IB02 RTC AN 
lA03 CPFN I B03 SCEIN 
IA04 IS02N IB04 IS05N 
I A05 PFFN IB05 IS04N 
I A06 BIEC4 IB06 RTCFZI N 
I A07 BIEC2 IB07 BIECI 
IA08 !3IEC5 IB08 BIEC3 
I A09 IS06N IB09 BIECO 
IAIO IS03N IBIO IS07N 
IAII 1501 N I B II ISOON 
IAI2 INTASRN (INTSERN) I B 12 
IAI3 I B I 3 
IAI4 I B 14 
I AI 5 I B 15 
IAI6 I B 16 
I Al7 I B 17 
IAI8 I B 18 
IAI9 IBI9 
I A20 IB20 
IA21 IB21 
IA22 I B22 
IA23 I B23 
I A24 IB24 
I A25 IB25 
I A26 IB26 
lA27 OV I B27 OV 
I A28 5V IB28 5V 
1 A29 IB29 
I A30 Mech. Ground IB30 
IA31 CTI03 I B31 OV 
IA32 CTl 04 I B32 OV 
I A33 CTI06 I B33 OV 
I A34 CTl07 IB34 OV 
I A35 CTI082 I B35 OV 
IA36 CTI09 IB36 OV 
IA37 CTI33 1 B37 OV 

4-16 REV.I 

Table 4-3 Connector.3 (CPU, Mem, lOP, CU) 

3AOI +18V 
3A02 BIECO 

o3A03 BIEC2 
3A04 BIEC4 
3A05 SCEIN 
3A06 +16V 
3A07 OV 
3A08 BIO OON 
3A09 BIO 02N 
3AIO BIO 04N 
3AI I BIO 06N 
3AI2 BIO 08N 
3A 13 BIO ION 
3AI4 BIO 12N 
3AI5 BIO 13N 
3AI6 OKO 
3AI7 PWFN 
3AI8 OV 
3AI9 +5V 
3A20 +5V 
3A21 OV 
3A22 OV 
3A23 BR (CU - 4) 
3A24 OV 
3A25 OV 
3A26 WRITE 
3A27 CHA 
3A28 TRMN 
3A29 TMRN 
3A30 TMEN 
3A31 TMPN 
3A32 TPMN 
3A33 OV 
3A34 ACN 
3A35 SPYC 
3A36 BUSRN 
3A37 MSN 
3A38 BSYN 
3A39 CLEARN 
3A40 OV 
3A41 BR (CU-2) 
3A42 BR (CU-3) 
3A43 BR (CU-I) 

0- CPU only 
b- Memory only 

c 3BOI 
a c 3B02 
a c 3B03 
a c 3B04 
a c 3B05 

b 3B06 
3B07 
3B08 
3B09 
3B 10 
3B II 
3BI2 
3BI3 
3B 14 
3BI5 

* a c d 3BI6 
a c 3B17 

3BI8 
3BI9 
3B20 
3B21 
3B22 

c 3B23 
3B24 
3B25 

* 3B26 
* 3B27 
* 3B28 

a b c 3B29 
a c d 3B30 
a c d 3B31 
a cd 3B32 

3B33 
a c 3B34 

* a c d 3B35 
* a c d 3B36 
* a c d 3B37 
* a c d 3B38 

a c d 3B39 
3B40 

c 3B41 
c 3B42 
c 3B43 

c- Control Unit only 
d- lOP only 

-18V r 

C hassus Ground c 
BIECI a c 
BIEC3 a c 
BIEC5 a c 
+16V b 

OV 
BIO OIN 
BIO 03N 
BIO 05N 
BIO 07N 
BIO 09N 
BIO 11 N 
BIO 13N 
BIO 15N 
OKI * c d 
.,;fijlIIp I(.SU{ abc 
-5V b 
+5V 
+5V 

OV 
OV 

-+5V Batter:!, 'I 
+16VM 
MAD 15 
MAD 14 
MAD 13 
MAD 12 
MAD II 
MAD 10 
MAD 09 
MAD 08 
MAD 07 * 
MAD 06 * 
MAD 05 * 
MAD 04 
MAD 03 
MAD 02 * 
MAD 01 * 
MAD 00 * 
MAD 64 * 
MAD 128 

* CU use only on DMA 
(main chassis) 

b 



Table 4-4 CPU-A Connector-5 Table 4-5 Control Panel Connector 

5AOI 5BOI • SP05 
5A02 SB02 * GBCPFN 
SA03 SB03 • PREQN 
SA04 5B04 * CPBA8S 
SA05 5B05 * TESTN 
SA06 S806 
SA07 S807 
SA08 5B08 
SA09 5809 
SAIO * SP03 
SAIl • FLOACTN 
5AI2 • BSYCPUAN 
SAI3 * GFETCH 
SAI4 * DONEFN 
SA15 * FLOCRI 
5A16 
5AI7 * OSCFO 
5AI8 
5AI9 • MMUABS 
SA20 * DONEMN 
SA21 * BO"1FN 
SA22 * FU 
SA23 * SOl 
SA24 * S03 
SA2S * SP02 
SA26 
SA27 • OV 
5A28 * 5V 
5A29 BIOEKEY 

S810 * SP04 
5B 11 * SPOI 
5BI2 * TMFN 
5813 * BOFFN 
S814 * PLOCRO 
S815 * FPPABS 
SBI6 
5817 * MOSCFLO 
S818 
S819 
5S20 * MFAULTN 
5S21 
5S22 * 500 
5S23 * S02 
SS24 • TMMM 
5S2S * TMMU 
5S26 
SB27 * OV 
5828 • 5V 
S829 CPMCN 

AOI SI015N 
A02 SI014N 
A03 SI013N 
A04 BI012N 
A05 BI011 N 
A06 SIOION 
A07 SI009N 
A08 BI008N 
A09 SI007N 
AIO SI006N 
All BI005N 
AI2 SI004N 
Al3 BI003N 
AI4 BI002N 
A15 BIOOIN 
AI6 SIOOON 
AI7 
AI8 READRN 
AI9 OV 

SOl CPMN 
B02 BIOEKEY 
B03 IPL 
S04 UMLOCKN 
BOS START 
S06 RUNN 
B07 CPINT 
B08 RCPON 
B09 RUNFA 
SIO LOADRN 
SII RCPI N 
SI2 READSTN 
BI3 RCP2N 
SI4 RCP3N 
SIS READMN 
SI6 INSTN 
BI7 LOADMN 
BI8 LOCK 
BI9 +5V 

5A30 UNLOCKN 5B30 IPL 
SA31 RUNN SS31 START 
SA32 RCPOON 5S32 CPINT 
SA33 LOADRN 5S33 RUN FA 
SA34 READSTN SS34 RCPOI N 
SA3S RCP03N 5B35 RCP02N 
SA36 LOADMN SB36 READMN 
5A37 READRN SS37 INSTN 

REV .. 4-17 



Table 4-6 lOP Connectors 4, 5 (Break) 

4AOI IR07N 4BOI IR06N lAO] 

4A02 IR05N 4B02 IR04N 
I AD} 
lAO) 
I A04 

4A03 IR03N 4B03 IR02N I ADS 
I A06 

4A04 IROIN 4B04 IROON 
IA07 
lAGS 

I AD? 
4A05 4B05 lAID 

IAII 

4A06 BREX07N 4B06 BR07N I A I) 
JAIJ 

4A07 BREX06N 4B07 BR06N 
I AI4 
I AI5 
IAlb 

4AOB BREX05N 4BOB BR05N I All 

IAltI 

4A09 BREX04N 4B09 BR04N I AI9 
I A20 

4AIO BREX03N 4BIO BR03N 
I A21 
I An 
I A2) 

4AII BREX02N 4B II BR02N I A24 
I Al5 

4AI2 BREXOI N 4BI2 BROI N I A26 
IA27 

4A 13 BREXOON 4BI3 BROON 
I A2a 
I A29 
I AlO 
I All 

5AOI 5BOI 

5A02 5B02 

5A03 5B03 

5A04 5B04 

5A05 5B05 

5A06 BREX07N 5B06 Ground (OV) 

5A07 BREX06N 5B07 Ground (OV) 

5AOB BREX05N 5B08 Ground (OV) 

5A09 BREX04N 5B09 Ground (OV) 

5AIO BREX03N 5BIO Ground (OV) 

5AII BREX02N 5B II Ground (OV) 

5AI2 BREXOI N 5Bl2 Ground (OV) 

5Al3 BREXOON 5BI3 Ground (OV) 

;-1~ ii,LV,] 

, 5V 

B1NOON 
BIND! 1'1 

B1N02N 
ulN03N 
BIN04tJ 
B IN05N 
BINOMJ 
BIN07N 
81<00 
B'OI 
ACCN 
AREN 

BR02 
BRO) 
aR06 
BRC? 
BII'JOBN 
BIf'U4N 
BR04 
BROS 

BINllN 
BINI5N 
BINQ9N 
SINION 
81NIIN 
BINI2N 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

Table 4-7 Extention Connectors AlE/TAlE 

I BOI 0'/ tAU I 
I B02 B INOON 2 :,01 
I BOl BI~JOI N 2/.0] 
J e04 B I r J02f-J ; (.ijil 
I B05 BIN03N 2Mb 
I B06 BIN04r-J , /,or, 
I B07 BINO'iN lAO I 

I BOB BIN06N IAUI} 
I B09 IHNO/N 21009 
I BI 0 //·1 () 
181 I A.(eN L f, J I 
1612 Ace I'J -,. /..1 L 
I h I J AK(t-J )A I 'J 
I b 14 AiHN LA 14 
I B 15 )1-'4 /A I) 
1816 I?) ,I. I ~ 
1817 SP2 ? /. I , 
I BI8 ~ P I ,A I Ii 
1819 ,A 19 
I B)O 2AiO 
1621 BIN08N it·ll 
I B22 Bn'J 14N '- t.,} 
I B2l )An 

I B2' I 2 11)4 
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Table 4-8 Interface Signal List 

GP BUS (Section II) MEMORY MANAGEMENT UN IT (MMU) 

Input to CPU Input/Output Output from CPU Input to CPU Output from CPU 

BUSRN ACN CHA DONEMN BOMFN OSCFLO 

MSN BIOOO-15N WRITE MFAUL TN BSYCPUAN 500-03 

PWFN BSYN CLEARN MMUABS FU TMMN 

RSLN TMEN MADI28,64,00-15 GFETCH TMMU 

BIECO-5 TMPN OKO/OKI 
TMRN SCEIN FLOATING POINT PROCESSOR (FPP) 
TPMN SPYC 
TRMN 

Input to CPU Output from CPU 

DONEFN BOFFN GFETCH 

CONTROL PANEL (Section III) 

Input to CPU Output from CPU 

FPPABS BSYCPUAN OSCFLO 
FlOCRO, 1 FLOACT TMFN 

* CPBABS RCPO-3N BIOEKEY INTERNAL INTERRUPTS (LEVELS 0-7) 
CPINT READMN * BSYCPUAN 
CPMCN READRN * GBCPFN 

Input to CPU Output from CPU Input to CPU 

INSTN READSTN RUNFA (P.Supply) PWFN PFFN ISOON 

IPL RUNN (C.Ponel) CPINT CPINTFN IS01N 

LOADMN START (C PU program) PIFN IS02N 

LOADRN .TESTS * '" Extended (Address) half of ; 

* PREON UNLOCKN panel, P857 only 

V24 SERIAL CO~HROL UNIT (Section VI) 

Input from Device Output from Device Ground Signals 

(P. Supply) RTCFZ 1 N RTCFAN IS03N 

---------------j IS04N 
(V24 CU) INSERN--- ISOSN 

IS06N 
IS07N 

CTl03 CTI04 CTIOI 
CTl 082 CTl06 CTI02 
CT133 CTl07 

CT109 

CPU/V24 SERIAL CU (CPU Logic) 

Input to CPU Output from CPU 

AREDELA (TT) BUSFDET (TT) K04,08, 1 0-1 S (AA) fl OI (BB) 
ASRO-7 (J J) CPGFZON (PP) K04,08-15 (AA) RSLAN (RR) 
BRGFN (PP) 010, IS (HH) L08-1S (HH) RSLCN (RR) 
TYAC (TT) FNU (DO) MCL, MCLN (R R) TSN, T7 (E E) 

TC810 (E E) 

II} ~,c=~_t ~ .C~_lJJt ... t ."-'!_ up_t 

INTSERN 
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U-LINK POSITIONS 

V24SPEED 
•• 9600 " 
g4800 
•• 2400 . 
•• 1200 
•• 600 . 
•• II 0 ~ 

t ~('eo 80ud (ale; 4800 

Figure 4-5 CPU Card Luyout 
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Table 4-9A P856M CPU Parts list 

Description 

Printed C ircuil 

Heal Sink 

Right Spr jog 

left ~prjng 

Intl!'groted Circuit 7400 

Integroted C ircoi, 7402 

Integrated Circuit 7403 

Integrated Circuit 7404 

Integrated C ircuif 7408 

Integrated C i, euil 7410 

Integroted Circuit 7420 

Integrated C ircui, 7425 

Integroted C ireuil 7427 

Integrated Circuit 7428 

Integrated Circuit 7430 

Integrated C ircuil 7.432 

Integrated Circuit 7.0437 

Integrated Circuit 7-450 

Integrated Circuit 7-45 

'ntegroted Circuit 7"7~ 

Inlegrot~'d Circuit 7485 

Integrated C ireui, 7"86 

Inlegrated C if cui, 7.489 

Integroted Circuit 74121 

Integrated Circuil 7 .. 132 

Integroted Circuit 71.'48 

IntegrOIt'd Circuit 7"'SIA 

Integrated Circuit 74157 

Integrated Circuil 7,('58 

In'e9ral~d Circuit 74'61 

Integroted C ircui' 7J.174 

In'~gfo'~d Circui' 7.(175 

Int~g'o'ed Circuit 7,(181 

Integfoled Circuli 74'82 

Integroted Circuit 7.(19" 

Integroted Circuit 7.(298 

Integrotf'd Circuit 7"S00 

'n'egfohtd Circuit 7')10 

'"f~g'ot("d Circvit 74S11 

'nteo,otf.'d Ci,cui, 74S20 

Integrot.d Circuit 141)30 

In'eO'oled Circuil 7'(S0.4 

In'eQfoted Ci .. :ui, 74S6.4 

12NC Code 

511110005701 

Reference 

T3. 

T2. 

CIO. 

C68. 

CB,76. 

C 157. 

C 1,5,14. 

C9. 

C7,6. 

C2 ,~. 

CIJ. 

CI58. 

C21,24. 

C 15,18, 20, 22, 23, 25, 27,29,31 -35, 3B, 
41,41. 

C3. 

Table 4-9A Conld, 

Description 12NC Cod. 

In'~grafed Circujt 74574 

InlE'groted Circuit 7.45112 

Integrated Circui, 745138 

Integrated Circuit 745169 

Integrated (ilcui, 745174 

Integrated (ircuj, 745175 

Integrated (ircvit 7812 (T0220) 

Integroted Circvit 7912 (10220) 

Integroted Circvit 1488 

Integrated Circvit '489A 

Integrated Circuit 1801 

Integrated C ircvil 1891 (8576) 

Integrated Circuit 8234 

Integrated Circuit 9301 

Integrated C ;rcvit 9309 

integrated Circuil ADl 2011 

Integrated Circuit REC 0612 

Integrated Circuit 2502 (UART) 

'nle9rat~d Circuit CR 2021 

Integrated C ircuil ROM 2032 (8205) 

Integrated Circult ROM 2042 (8205) 

Intl'!grated Circuit ROM 2052 (8105) 

Integfat~d Circuit ROM 2062 (8105) 

Integrated Circuit ROM 2072 (9205) 

Inlegrated Circvi' ROM 2083 (8205) 

Int~9rated Circuil SN 7.4lS169N 

Capacitor I nF , IOOV, lOCi, ceromic. 

Capac i lor 200pF, 500V, I"' ,. 

(apac itor 390pF, 250V, 1%. 

Capacitor StOpF, 250V, I ~~. 

Capacitor 620pF. 250V, 1°'0. 

(apac itor I OOOpF • 125V, 1°0. 

Capacitor 1.3nF~ 63V, 1°0. 

Capacitor 430pF, 250V, I" . 

Capocitor '1 nF. 63V. I'll. 

Capac itor 150pF, 6JV, 2°c, 

Capocitor IOIJ f. 63V, FITCO. 

Copacitor IOIJ F, 25V, FITCO. 

Capacitor 1,8nF, 125V, 1°c. 
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Referenc.e 

C 12, 46, 49-64, 67,69,71,74,79,80,85, 
86,88,90,92,94,97,100, 102, 104-106, 
I 09 , I I 0, I 12, I 1 3, I I 5, I 17, I 20 -I 22, 1 24, 
128-130,133,134,138,142,146,147,149, 
151,152,155. 

R3,8,37,54,74,75, 

R27,36,65-72. 

R53. 

R 14 ,19-26, 28-35, 39-52,55-62,64,76, 
80-109,130. 

R04-06,07 ,38,63,77,79,131,132. 

R 16. 

R 17. 

R 12, 

R II , I J 

RIIO-IIS,ln, 123, 126, 127. 

R I I 6 -I 2 I , I 24, I 25, I 28, 1 29 . 

R IS, 

RI,l,IO,n. 

R9,78, 

(RI, 2. 

y I. 

T I 
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Table 4-9A Contd. 

De~cription 

Capacitor IOnF. 

Re~islor lOOn, I aw, 
Resistor 470n, I 4W, 

Re~iHol 560n, I 4W, 

Re~iHor I Kn. I 4W, 

Re~i~lor 10Kn, I 4W, 

Re~j~lof 4640, I 8W, 

Re~i1lol 681n, I 8W, 

Resistor 2 15Kn, I /8W, 

Re~islor 3. 16Kn, I :8W, 

Re~iHo( 220n, I 4W, 

Re~j~lor 390n, I 4W, 

Re,i$tor 1.47Kn, I '8W, 

Re~islor liOn, O. 125W, 

Resistor 1470, O. 125W, 

IC. TE RN £T Resi~tors. 

Quo'" QA 55A22 .22 Mhz 

T,onl,istOi BSX20 

U-link DCW06. 

Mien 56325. 

ccromic. 

I" 

5" 

5" 

5". 

S°, 

1°, 

1°·. 

1°" 

1°. 

5'\ 

5° . 

1° . -
I" .. 

I", 

12NC Code Reference 

_J 

Jle 4-9B P857M CPU Parts List 

DCH:riptiol') 

Printed (ilcuil 

Heat Sink 

Righi Spring 

Left Spring 

Integrated Cifc:.uil 7400 

Integrated Circuil 7402 

Integroted C !rcuil 7403 

Integrated Circuit 7404 

Integrated Ci'cuit 7408 

Integrated Circuit 7410 

Integrated (ilcui. 7420 

Integrated Circvi. 7425 

Integrated Circuit 7427 

Integrated (;rcuil 7428 

Integrated (ircuil 7430 

Integrated (ircuit 7432 

Integrated (ilcuit 7437 

Inlegrated ("cuil 7450 

Integrated (ircuil 7453 

Integrated C ;rcuit 7474 

Integroted (i(c,uII 7485 

Integrated (Ilcuil 7486 

Integrated ('fcuil 7489 

Integrated (ilcuit 74121 

Integrated (ircuil 74132 

Integroted (ircuit 74148 

Integrated C irevit 74151 A 

Integrated Circuil 74157 

Integroted Circuit 74158 

Integrated (ilcuit 74161 

Integrated (ilcui' 74174 

Integrated (ircuil 74175 

Integroted Circuit 74181 

Integrated Circuit 74182 

Inlegrated C ircuil 74194 

Integrated Circuil 74298 

Integrated Circuit 74500 

Integrated Circuit 74510 

Integrated Ci'cvil 74511 

Integrated (ilcvit 74520 

Inlcg(oled Circuil 74530 

Inte9~olcd Circuil 74504 

Integrated C i(cvil 74564 

Integrated Circuit 7(574 

12 NC (od. 

511110005701 



Table 4-9B Contd. Table 4-9B Contd 

R~fef.nce Description 12NC Code Refefl!nce Description 12NC Code 

Integrated Circuit 74S112 R3,8,37,5 4 ,74,75. Resistor 100. I '8W, 1%. 

Integrated Circuit 745138 R27,36,65-72. Resisto( 470n, 1/4W, 5%. 

Integrated Circuit 745169 Rj3. Resistor 560n, L 4W, 5°1. 

Integroted Circuit 745174 R 1',19-26,28-35,39-52,55-62,64,76, 

Integrated Circuit 745175 80-109,130. Resistor I Kn, 1/4W, 5'X. 

13. Integrated Circuil 7812 (10220) R., S, 6,7 ,38,63,77,79, 13 1,132. Resistor 10Kn, 1/4W, 5'1'. 

12. In'eg,o'ed C;'eu;' 7912 (10220) R 16. Resistor 464n, 1/8W, 1°,1. 

Integrated Circuit 1488 R 17. Resistor 681n, Ij8W, 1%. 

Integrated C ircui' '489A R 12. Resistor 2. 15Kn, Ij8W, 1%. 

Integrated Circuit 1801 R 11 , 13. ResiJ,'or 3.16Kn, Ij8W, 1~. 

'n'egro!ed Circuit 1891 (8576) RIIO-IIS,ln,I23,126,127. Resistor 220n, I '4W, 5'Yc. 

Integrated C ircuil 8234 RI16-12I,I14,125,128,129. Resistor 390n, I /4W, SOl. 

Integrated C ircui' 9301 R IS. Resistor 1.47Kn, I ,aw, 1%. 

Integrated Circuit 9309 RI,2,10,7J. Resistor liOn, 0,125W, l't. 

Integrated Circuit 2502 (VART) R9,78. Resistor 147n, 0,125 W, 1%. 

Integrated Circuit ADl 201' CRI,2. Diad. AAZ 18. 

Integroted Circuit REC 0612 Y I. Quartz QA 55A 22. 22 Mhz. 

Integrated Circuit CR 202' T I. Tron,iSlor 8SX 20. 

In'eg,o'ed C;«u;' ROM 2442 (8205) te TERNET Resistors, 

• In'eg,o'e,d C;,eu;' ROM 2452 (8205) V-Link DCW06 . 

In'eg,o'ed Cheu;' ROM 2462 (8205) Mica 56325. 

Infeg'O,.d C ;,eu;, ROM 2472 (8205) R133 Resi~tor 100 f> 1/4W 5~o 

Inf.g'o'ed Cheui' ROM 2482 (8205) 

Infeg,ofed Cheui, ROM 2493 (8205) 

Integroted Circui' SN7-4lS169N 

CIO. Capacitor 1 nF, IOOV, 10o~, ceromic. 

C68. Copocitor 200pf, 500V, h. 
C8.76 Capacitor 390pf, 250V, 1%. 
CISl. Capacitor 510pf. 250V, 1%. 
C 1.5,1'. Copacilor 620pf, 250V, l%. 
C9. C apo( i tOf 'OOOpf. 125V, 10k. 

C6,7. Capocilor I. 3"f, 63V, 1%. 
0,'. Capacitor 430pF, 250V, 1%. 
el3 Capacitor 2nF, 63V, 1°0. 

C 12, '6, '9-6',67,69,71,7',79,80,85, 
86,88,90,92, U, 97,100, 102,10' -106, 
I ()9 , I 10, I 12, I 13, I 15, 117 , I 20 -I 22 , I H, 
128 -110, 'JJ, 134, 138,1.2, 1'6,1'7, "9, 
151,152,155. Capacitor IOnf, e.romie. 
01,24. Capac itor IO~F , 63V, fITCO. 
CI),I B, 20, 22, 23, H, 27,29,31-35,38, 
" ,'2. Capocitor 10~f , 25V, FITCO. 
C '58 Capocitor 150pf, 63V, 2?'c. c.,omie. 
O. Capacitor I. 8"f, 12SV, 10/,. 
C 159 Capocitor 100pF 2% 

REV. , 471 



4-24 REV. J 

M 

:: ~i~:: • .1.. ..1.. ..t.. . .... 1.. .. ..1.. ..1.. ..1.. ..1.. ..t.. 0 
~-=~==~"='~"'=='~"'==~::::=::==='~"'="~""="=::~""=="="'=<="= ... =.~ ... ' .. ::,:: •• ::r::" ::,:: ::,:: ::1:: ~:f ::f ::r::.. ::f ::r:= . 

... 1_ .• 1..· .... 1 ........ 1 ....... i ..... ~l .. . 
... .. .. .. ... ........ - .. . 

-'- • .1 •. . .1 .• ... i .. 

... 1 ..... ... 1 •• .... i .. • 

.. i .. • .1 •. ..1 ... ... .... 
... =: 

-*- _I ... •• 2 ... .... 1_ 
:: 
:: .. 

• .1 •• 

• .1 •. 

..1 .. .. ~ .. ~ .. ~ ::r:: 
• .I~ 

• 

:: r:: 

.... i .... .... L •• .. i .. 

:: I:: 

..1 .. .. .. i .. .. .. i .... 

_1- •• 1_ 
:: 

.. I .. 

. 
.. i ... 

_1 ... 

-'-:: ~ :: .. 
:: .. 

.. I •• 

:: ::. 

.. ... i..... • .. 
:: 

:: 
:: 

... :~:I~~.·-:::::::::I:::==~:::·:~:I:::::::::::::;I~:'::':':::::::r;~:·::.:.::::::::::::::;t::::::::::::~~.;t::::;::~:::;;~:.;I~~'~::::::::::::I::::::::::::::!::::::" 

" <0 .. 
",0-

a 
a 
a 

........................... . .................................. . ............ ....................... ........ .. .... - ........................................ . 
::::::::::::::::::::::::::: - - - :::::::::::::::::::::::::::::::::::: ........................... . .................................. . ............................ ..... . .................................. . ............................. . ...................................... .. 
jjjlljjjjjjj~ljl~ll~!~l~~~~r:;;;:;;;:;;;;;,~~~~~~ iljlljjl~~ll~llljljljljlllllllllliil ........................... . .................................. . ..................................... .. ...................................... . ........................... . .................................. . ........................... . .................................. . ................................ . ...................................... .. f.......................... . .................................. . ........................... . .................................. . ........................... . .................................. . ........................... . .................................. . 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~; ~ ~~; ~;; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~; ~ ~ ~ i i ~ ~ ~ 

I :::: ::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: ........................... . ................................... . ........................... . .................................. . ............................ . .................................. . ::::::::::::::::::::::::::::. :::::::::::::::::::::::::::::::::::: I 
::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: I ................................. .................................... I 
111111111111111llllllllllllllllll ~~~~~~ 111111111111111111111111111111111111 ................................. .................................... I ................................. . .................................. . ................................. . .................................. . ................................... . ................................... . 
:::: ::::::::::::::::::::::::::::: . :::::::::::::::::: ::::~::::::::::::::: . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~ .................................. . 

~............................................... "j i iiiil II 1llliii~ liij~iliili:::::::"":'" 

Figure 4-6 General Purpose Card Layout 



19tO 3A,t2 3812 3At3 5AI4 361' 3815 344! 3~ ------------------ --- - ------------ i 
INTERRUPT ENCODER 

'R 

l>-+==-O 3803 

',,' ~ MAOINO.3. 

CURN 

" ADDRESS TMP 

5V 

fl ARE: 

p-""",=='-<J 3AO", 

9 AREN 

OV 

TMPI\N 

(NOT USEDI 

orRAN 

MAOt4N AOl4 

MAOINt') S~ OTR8N 

Mt.D!5N I AD t~ 
INRAN 

INR8VAL 13 DO 1" N.!!R"B,:!N!..e~--"!..j H I '0 

»"SS:;.T,--V:.::A",L'-"'OA OV ;( A.' 

WSTN 3 

SSTN GI 

JI G2 
START !l DR oeP::-i-----' 

INCTN !:I 

OO)p-r-__ ~AC~T~S~T~N~ __ ~ 

74175 OCb-1I--__ A_C_H_A_L_T_N--l 

~~~G~~~H~A~L~T--~120C I MI\L ~-'8 II , _______ .::M:.:A"O"'O"'8"'N~ __________ _"'.jI. 'H~~~__ JG r-
• If) 

I 

9301 

10 

12 

<,; \1 ~Mr,U )'J '~ ______ ~0.Q.~~.__ I' AO TST 
ACN TF'MN 

,",,6-"~!'---.. COMMAND 
1- _. _ ~ ~ __________________________________________________________________ _ 

'J'df 

o , --- ---- ---- - -- - --- ---- -- - -- -- ---- - ----, 
:'IA37. 31134 

r I)' T' ,r,1!) r. )rJNf f,! t, ms I ---. I J\Hf SHOWN ttl' HE 

{,r .11\' ~ '.r f,) TtlllH ACf'ffiL (O(/HI0N on THF CI\RO 

Figure 4-7 General Purpose Cord Schematic 

RF\J 4-75 



Table 4-10 General Purpose Card Parts List 

R.f.(.n~. Description 12NC Cod. 

Printed circuit 5111 100 05462 
Ie I .4. 10. 1 2. 13. 15, 23 . Integrated Circuit 1801 

Ie 9,16,22. Integrated C ifcuit 7-404 

Ie II. Integrated Circuit 7.438 

IC Ie, 19. Integrated Circuit 7.402 

Ie 20. Integrated C ircui, 7'(S7'( 

Ie 21. Integrated Circuit 7.(17 

Ie 24,30. lnlcQfoled Circuit 7474 

IC 25. Integrated (i/Cvil 74511 

Ie 26,29. Integrated Circuil 7430 

IC 28. Integrated (ilcuil 74175 

IC 31. Integroted Circuil 7400 

IC 27. Integrated (Ifcui, 745175 

IC 17. Integrated Circuil 9)01 

~ .. ~, ' 

-~-~-"~~,.,--~,-:,, ~- .. ·-[r~---"['f(o·.·"··[~.:a" 
I,' E7 " ,~~" 

'., 4, --- '., C'"'' . 
" ,'- ~J'-I"'. 

------~--

-~, ---=-=.-:. , 

j l~E7 . ":::J- ' 

. -- - - -~ . --] 
__ -{>r-~, - _~-, --}:--07, 

:r~-i .. ~ =~ I~' 

,. 

-[-'-{) 
, . 

-{) 

IC 2.3.5,6,7,8,14. inlcgl:lled Circuir REC 0613 

C 7,8. Capacitor 68p F. 16V, eTI. 

e 2,5,12-15,17-26. Capacitor 3,JfJf, 16V, e TI. 

e 3,4,6,9,10,11,16. Capacitor IOjJf, , 20%, ceromic. 

R I. RCl.il10r nOn, e.250,,< , 5%. 

R 2,9,10,11,12,13, Resittof 390n, O. 250W, , 5°'0. 

R 3-8.14-17. RcsiHor Il<a, 0, 250w, 5%. 

l 1,2. Inductance. 

I 0-12. U-Link. 

Figure 4-8(A) TAlE Card Schematic 
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Table 4-11 TAlE Parts List 
Reference OeHription I1NC-Code 

TAlE CARD Sill 19981440 

U-link 

A 5,A6,A7, C7, 05, 07, E7, F5, G6, HS IC 1801 

AI,81,CI,G1 IC 74174 

GI,FI IC 7414 

AJ,A4, 5J, 84, C4, 04, F2 IC74175 

FJ,G3 IC 74HII 

EI,E2,F4,G4 IC 9602 

E4 IC 9318 

85,f7,HI,H7 Ie Terne, RuistofS 

C3,OJ,E6,GS IC 7404 

06 IC 7417 

86,87, C5, C6, F6, G7, H6 IC REC 0612 

R37 rbv R51 Resistor, IKIl, ~5~1,-. .• O,25W 

R I rh,v R36 Resistor, 390n, :5%, O,25W 

R60 Resistor. 5,62Kn, :1°+, 0,125W 

R61 Residor, 14,7Kn, ~ 1~';'. 0,125W 

R62 RfHillor, 31,6Kn, :I~;', 0,125W 

R63, R68 Ruillor. 26 1 ) Kn. ~I%, 0,125W 

RS7 Resistor, 1,6Kn, ~5~~ I O,25W 

R65 Resistor, I1Kn, :5% . 0,15W 

R66 Resistor. 24Kn. :5°.(., 0,25W 

R56,R58,R59 Resistor, jOan, ~5%, 0,5W • 
R64 Resistor. lOOn, ~5°/" • 0,5W 

R67 Resistor. IOKn, ~ 1~'~, 0,125W 

R51 rh,v R55 Ruiuo(. 22011., :5%. 0,25W 

or Tronsistor BSX60 

02,03,04 T (onsiltar 2N 2219 

K I Relay MRMO 15005 

CRI,CR2 Diode SAX 13 

CR3 Diode IN746A 

CR5,CR6 Diode AAZ 18 

CR4 Thyristor 2N 1595 

C53 Capacitor, 0,33 ... f, 10%, 100V, MPR 

CI,C2,Cl Capocitor, 470pf, :l~;-'. IOOV, eer. plot 

C4 C3pacitor, 47 .. d, 25V, FllCO 

C5 Capacitor. 0, ljJ r, 10%, 100V, MPR 

C6 Capacitor. 2l~ f, 16V, ClSIJ 

C7 Capacitor, 33~ f, 10V, ClSI3 

ca Capacitor, I~ f, 35V, ClSI3 

(9 thru (19 Capacitor, 3,3" f, 16V, ClSI3 

C20, C21 Capacitor I 10~ f, 15V, FITCO 

C22 th,v C32,C52 Capacitor, IOOOOpf,40V, cer. plot. 

~ ________________ ~r-l~ __________________ ~ C33 rh,v C36 Capacitor, 100pf, 2°~, 63V, cer. plat 

(37 ,h.u (51 Capacitor I 0, Ol~ f, _10°; , IOOV, MAC 

Figure 4-9 TAlE Card layout 
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Table 4-12 AlE Parts list 

Rererence 

A5,A6,A7, (7,05,07, E7, F5, G6, H5 

AI,BI,(I,G2 

G I,FI 

A3,A4, 83, B4,(4, 04, F2 

F3,G3 

E I ,E2 ,F4, G4 

E4 

HI 

(J,DJ,E6, G5 

06 

B6, B7, (5, (6,F6, G7, H6 

RJ7 ,h.u R51 

R 1 ,h." R27, RJO, RJI, R32, RJ5, RJ6 

R60 

R61 

R62 

R6J, R68 

R57 

R65 

R66 

R 56, R 58, R 59 

R64 

R67 

01 

02,03,04 

KI 

CRI,(R2 

CR3 

CR5,(R6 

(R' 

C 53 

(1,C2,O 

(4 

C5 

C6 

C7 

(8 

(9 .h.u (19 

C20,C21 

C22 ,h." (32-(52 

(JJ .h." C36 

CJ7 .h." (51 

Descriptio" 

AlE CARD 

I( 1801 

IC74174 

IC 7474 

1(74175 

I( 74;, II 

I( 9602 

IC 9318 

I( 7404 

IC 7417 

IC REC 0612 

Resistor, lKn, '*5"J-, O,2SW 

Resi1l0r, 390n, :'s0,t, O,25W 

ReJill0r, 5,62Kn, :1')(,O,125W 

Resistor. 14,7Kn, :1'l<,O,I25W 

Resistor, 31,6Kn, : I 'Yo ,0, 125W 

Resistor, 26, I Kn, ~ I";. 0, 125W 

Resistor, T,6Kn, ~5%. O,15W 

Ruistor, 12Kn, :5%. O,25W 

Re,hlor, 24Kn, :5%, O,25W 

Resistor, 300n , :50/, 0,5W 

Resistor. lOOn, :5?", D,5W 

Resi1tor, 10Kn, • P";-, 0,125W 

Trn~u;,'or 8SX 60 

R.loy MRMD 15005 

Diode BAX 13 

Diode IN746A 

Diode AAZ 18 

Thyr;stor iN 1595 

Capacitor, O,33fJ F, 10%, lOOV, MPR 

Copocilor, 470pf, ~10'Y7. IOOV, c~r.p!ot 

Capocitor, .tI7j.i F, 'lSV, FITCO 

Copocitor, O,If) f, 10':/0, IOOV, MPR 

(opocitor, 22 •. d, 16V, (lS13 

Copoc;lor, 331-d, IOV, (1513 

Copoc,lo" 1~ f, 3SV, (lSIJ 

(~poc;tor, 3,3 j..tf, 16V. (lSIJ 

Copoci'or, IOj.if, 2Sv, FfTCO 

(opoc;tor, 10000pf, 40V, 0". plot 

Copoc;'or, IOOpf, 2"10, ~JV. Cf!I. plot 

Copocitor, O,Ol~f, +IO{~. lOOV, MAC 

12NC -Cod. 

51 I I I 99 78 ~ 50 

RfV . ~ _,)0 
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Figure 4-11 (A) AlE Card Schematic 
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Side View 

Connector 

\Circuit Board 

~ontrol Panel Parts List 

R,f'f.nc. O .. criplion 12N( (ode 

Conllol Ponel Sill 19981HO 
Front Covel 79700 
Print.d Circuit, equiped 82070 
Circ:ui' Boord 10005213 1(18,1(19 Integrated Cin:vit 74729 

1(17 7410 
1(13 7404 
1(12 9602 
1(11; 1(15 7432 
I( I. ICl, 1(8 7416 
10, 1(4, 1(5, 1(10 1801 
1(14 7420 
1(16 7400 
10, 1(6, 1(9 RE(0612 
CI9, (20 Capacitor, H~F, 20V, CIS 13 
CI Capocilor, 4700pF, 10OV, dO cer plol 
o 'hI" CI8, 01 Capacitor, :'900pF, IOOV, dO cer plat 
1I ,l2 ,l3 InducIOI 
RI R •• isIOt, 10K", O.HOW, .5 
R2 R •• h'or, 46.4K., 0.125W, ,I 
R23 ,h,u R38 Residor, 330. 0.2S0W, ;5 
R3 'h,u R22, R39, R40 Rui.'or, I Kn, O. 250W, .5 

loygle Switch 7101 l Y(e 
PUlh 8ullon Switch 2RT ~ Tf8 
lomp bV 30mA I.f. 2306 
Jumper Block F088 

LIPL-Enable U-Link [~O Enable 

o~ Out 

Figure 4-12A Standard Control Panel Layout 



Reference 

UI,3,5,6.7,29. 

U2,4,8,26. 

U28. 

U27. 

U9 ,18,25. 

UIO,13,16,19,22. 

UII,I4,I7 ,20,23. 

UI2,I5,2I,24. 

CI-17,19-39. 

C18. 

R 18,19,20,22,23,24. 

RI-17. 

R21. 

lPI-17. 

1: : : : : : : : : : : : : : : : : : : : : ! : : : 

Extended Control Panel Parts List 

OeJeriptJon 

Printed Circuit 

Integrated circuit 1801 

1~,egrQted circvit REC 0613 

Integrated circuit 7451) 

Integrated circuit 74S00 

Integrated circuit 7 .. 17 

Integrated circuit 7,4157 

Integrated circuit 7 .. 5169 

Integro1f"d circuit 932.04 

Capacitor I Onf, ceramic. 

Capacitor S60pF, 10%, ceramic. 

Capocitor 22.,F. lOV, fITCO. 

Resi'tor IKn, 0.25W, S%. 

R.,idor 330n, 0.2SW, 5% • 

Resistor lOOn, 0.2SW, 5%. 

lomp 6V 30 mA r.r. 2306. 

Figure 4-9B Extended Control Panel layout 

12NC Cod. 

5111 10005764 
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SECTION V 

POWER SUPPLIES 

5.1 GENERAL 

Each basic chassis contains its own power supply (Table 4-1). The power supply 

with the M4 chassis provides regulated +5V at 43 amps, +16V at 9 amps, and -5V 

at 2 amps, as well as unregulated +18 and -18 volts at 2 amps each. The M5 

chassis contains two power supplies: one identical to the M4 supply, and a 

second supply that differs only in some component positions. The main power 

and logic signals of the basic supply are shown in the block diagram, Figure 5-1. 

The mechanical configuration and ports locations ore shown in Figures 5-6 

through 5 -9 . 

5.2 INPUTS 

The power supply operates on voltages of 1 OOV, 115V, 220V, or 240V, ± 10 %, 

single phose, at either 50 Hz (± 2 Hz) or 60 Hz (± 3 Hz). The power supply 

is adopted to the selected input voltage by wiring the input-side of the mains 

transformer, T201, as shown in Figure 5-2. The transformer input connections 

and jumpers are mode by individual plugs at the rear of the chassis (Figure 5-7). 

The AC input is filtered, fused, and then switched by meons of a remate­

control circuit. The remote-control circuit (Figure 5-3, sheet I) is located on 

printed-circuit cord PI. 

5.3 A battery connection is provided on the power supply chassis. The 

purpose of on external battery supply is to maintain the +16V and port of the 

+5V supplies during a mains power failure. The battery connector wiring is 

shown on Figure 5-3, sheet 1. 
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Point 9 of the transformer is a shield between primary and s~condary windings. 

The shield must be connected to the ground. 

The fan is connected on the first I 15Y winding (I -3) so that it is 01 ways 

supplied with 115Y. 

Figure 5-2 Mains Input Wiring 

5.4 OUTPUTS 

The output voltages, and maximum currents from this supply are: 

• +16Y, 9A, ±3% (due to ±I 0% mains and load variat ion) 

• + 5Y, 43A, 

J 
±2% (due to ±I 0% mains and load variot ion) ±2% for 

• - 5Y, 2A, ripple and noise, p-p from 0 to 20 MHz. 

• +1 BY, 2A, 

J • -I BY, 2A, -10%, +70% (non regulated) 

• +IOY, lA, ±3% (due to ±I 0% mains and load variations) 

REV. I 5-2 



The +16V supply is used by the memory (inhibit amplifiers). About 9 amps are 

required for 32k words of memory; the 16V, 9-amps supplies 64k words of memory 

with two modules working at the same time, with interleaving. The -5V supply is 

used by memory (about 1.5 amps) and by the interface drivers for the big disc 

control unit (about 1 amp). The unregulated +IBV and -IBV suppl ies are used 

by data-communication and teletype control units; the 18 volts are converted 

to 12 or 6 volts by regulators on the control-unit cords. The +5V supply is used 

by the CPU logic. 

5.5 LOGIC SIGNALS 

The RSLN (Reset Line) and PWFN (Power Failure) signals are used for power 

on/off sequences and automatic restart. The full logic description is given 

in paragraph 2.45. The power supply controls both signals with the following 

timing: 

POWER ON rr= (>IOp"c) PO WE R OFF (>IOp.ec) 

(~ -8v) -

r-- (>10..., sec) i 

I 
(> 2p .ee) t t 

lill II I 
~5V, -5V ~ I) 1 I 111'1-
, 16V I 1\ 

II I RSlN I I I 
I I 

I 1 PWfN I I 
L~-~· l-I_~ I > 2m. I .. .. ... 

V \~C 

The power-off sequence is shown for switching off or for a power failure 

greater than 10 ms. Shorter line failures will not couse the "off" sequence. 

Once PWFN goes active (low), the sequence must continue to activate RSLN. 

5.6 REAL TIME CLOCK 

The Real Time Clock (RTC) is a 1 us pulse every 20ms which is sent to the RTCF 

flip-flop (program status bit 12) to be used as an internal interrupt. The RTC 

pulse is generated by pulse-shaping the mains frequency. The RTC pulse is then 

sent via the control-panel key switch (positions ONRTC and LOCK) to the 

CPU logic RTCF flip-flop (Figure 2- 8 PP). The operation of the General 

Flip-Flop (GF) RTCF is described in Section II. The RTCF interrupt is also 

shown on the Interrupts and Breaks diagram in Section I. 

5.7 FUSES 

The power supply contains one fuse in the mains input (F206) and additional 

fuses for the supplied voltages. The fuses for the supplied voltages (at the 

rectifier/filter outputs) are to protect the rectifiers and transformer in case of 

regulator failure; the regulators themselves are electronically protected. The 

power supply fuses are listed in the following table: 

Fuse Purpose Schematic Location 

F206 Mains input, slow operating : sheet 1 

4 amp for 220V /240V inputs 

8 amp for 1 OOV /115V inputs 

F 1 01 0.1 amp, mains detector sheet 1 

F201 20 amp, +5V regul ator sheet 2 

F202 10 amp, +16V regulator sheet 3 

F203 2 amp, auxiliary 15V supply for the sheet 2 

power-supply circuits. 

F204 3.15 amp, - 1 8V and -5V suppl ies sheet 4 

F205 3.15 amp, +IBV supply sheet 4 

5.B RECTIFIER CIRCUITS 

The inputs to all of the DC supplies use center-topped, full-wove rectifiers. 

The AC voltage is supplied by five center-tapped secondary windings of 

transformer TR2. The rectifier circuits are shown on the schematic diagram 

(Figure 5-3) with their appropriate supplies. The +5V and +16V regulators 

toke the positive voltage from the transformer center tops, which allows the 

anodes of the high-current diodes to be mounted in heat sinks at zero volts 



(ground). The + 18V and -18V suppl ies use 0 fu II-wave bridge package, but each 

supply is using only two diodes of the bridge together with the center-tapped 

transformer winding. The -5V regulator takes its input voltage from the 

unregulated -18V supply. 

5.9 +5V REGULATOR 

5.10 Voltage R~~,-,:,!ation~ The +5V, 43-amp pOW~H is supplied by a switching 

type regulator (Figure 5-3, Sheet 2). High efficiency is obtained because of the 

regulator transistors (0201,202, and 203) being always on or off. The regulator 

transistors ore controlled by 0 voltage detector and a voltage corrector. The 

switching frequency is controlled by an independent clock circuit common to 

the +5 and +16 volt supplies, ond is thereby not load-dependent. 

The +5V regulator controls the mean voltage V M (following diagram) by 

varying the switch-on time in direct relation to the required correction. 

The L:l.t is reduced, while the switching frequency is held constant, in order 

to reduce the mean output voltage. 

Vmax- r----, 

VM -------- ~ 
Vmax T 

OV 

t=:r 
5.11 The switching regulation operates at a frequency (20 KHz, ±5%) 

determined by the type 555 clock circuit, ICI. The clock pravides a timing input 

to voltage corrector IC2. IC2 is a type 555 pulse-width modulator (PWM) which 

generates a pulse to switch regulator 0201/2/3 an and off. Regulation is provided 

by the variable pulse width from IC2. When 0201/2/3 switches on, current 

flaws through inductor L203 to the load, increasing linearly, and charges the 

output capacitors. When 0201/2/3 switches off, L203 current starts to 

decrease, and diodes CR201/2 are forward biased; the current now flows 

through CR201/2, decreasing linearly. 

5 -4 

5.12 The +5V output sense voltage is compared to a reference voltage by 

error amplifier IC4. (Since the type uA723 reference voltage is about 7 volts, 

the +5V supply «7V) adjusts the reference level.} As the sense voltage 

increases, the output current at IC4, pin 9 increases ond the 08 collector 

voltage to PWM IC2 decreases. The reduced threshold voltage ot pin 5 of IC2 

decreases the pulse width output from the voltage corrector. The norrawer 

pulse to 0201/2/3 (via transformer TI) results in less "on time" for the regulotor 

transistors, and reduces the final output voltage. 

5.13 The 1:1 transformer TI is used to couple the high-current supply with 

sensitive, low-current control circuits. This allows higher-voltage regulation 

control with resultant higher efficiency and higher-speed operation for the 

voltage regulation. The coupling transformer is supplied with 3.5 volts at 

high current during power-on time by starting-supply IC5, 012. Once the 

+5V supply is up, TI is supplied by the +5 volts via diode CRI; the emitter 

of 012 is back-biased and the starting supply is held off. The starting supply 

is inhibited (along with the clock) by an over,current cutoff. 

5.14 Overvoltage Crowbar. An overvoltage detection circuit (crowbar) 

for the +5V supply is made up of a threshold detector (0101) and thyristor 

(CRIOI). If the supply output voltage increases beyond the nominal value, 

between 6 and 7 volts, 0101 switches on and the thyristor fires to short­

circuit the supply. 

5.15 Overcurr~nt De~tio':'..: Current detection on this 43-amp supply is 

performed by passing the +5V line through the center of a variable-fl ferrite 

core (L204) which has a sensing coil wound about it. Direct current through the 

+5V line produces a magnetic field (H) which causes a magnetic flux in the 

core. The flux density (6) and the properties of the core material determine the 

permeability (u) of the corei thus, any change in the current through the care 

(I) changes the field strength (H) which changes the permeability (u). 
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13= f.l H 

H 

5.16 A type 555 square-wove generator (IC3, Q7, Q9) produces 0 voltage 

square wove which posses through the l204 coil (from pin A to B) to the over­

current detector (IC6). The inductance (L) of the coil retards the leading edge of 

the square wove to produce a current sawtooth output to the detector (following 

diagram). Since the inductance of the coil (l) is approximately l = u N 2 

(where N is the number of turns, a constant), a change in u causes a change in 
• I 

the sensing current through the coil (61). The height of the sawtooth is thus 

directly dependant on the coil's l, as follows: E = l61/ 6T, with 6T and E 

constants from the square wove generator. Excess current therefore increases the 

amplitude of the sawtooth sufficiently to trigger the threshold detector at the 

IC6 input. 

5.17 

SQUARE JlJlJ 
WAVE 

GENERATOR 

IC3 

43 AMP 

CURRENT 
DETECTOR 

When overcurrent detector IC6 is triggered, it produces an inhibit 

signal which blocks the TI starting supply and the clock. With the clock (ICI) 

stopped, the +5V and +16V supplies are blocked. The starting supply to TI must 

be inhibited separately because it derives its power from the unregulated port 

of the +5V supply which is not stopped when the ICI clock stops. 

5.18 When the +5 volts is off, the square wove output is off and transistor 

Q9 is on. Since the L204 coil is short for DC, the threshold detector detects 0 

constant high and adds ta the shut off condition. Negative spikes (caused by L) 

are removed from the Q9 square wave output by zener diodes CRI4 and CRI5. The 

resistors shown as part of l204 are selected during monufacture to produce the 

same u for all units. The relationship from current (I) to square wove voltage is 

I ..... H ..... u ..... l ..... ~I ..... ~E. 

1'l'~wl' l' 

~ -.1 



5.19 +16V REGULATOR 

5.20 Voltage Regulation. The +16V, 9-amp power is supplied by a switching 

type regulator (Figure 5-3, Sheet 3). High efficiency is obtained because 

regulator transistor 0204 is always on or off. The regulator transistor is controlled 

by a voltage detector and a voltage corrector. The switching frequency is 

controlled by on independent clock circuit common to the +5 and +16 volt 

supplies, and is thereby not load-dependent. The +16V regulator controls the 

mean voltage V M (following diagram) by varying the switch-on time in direct 

relatian to the required correction. The 6t is reduced, while the switching 

frequency is held constant, in order to reduce the mean output voltage. 

Vmax 

VM 

OV 

CT .I 
VM' 

Vmax 
.6t ~ 
-T-

5.21 The switching regulation operates at a frequency (20 KHz) determined 

by the type 555 clock circuit, ICI. The clock provides a timing input to 

voltage corrector IC9. IC9 is a type 555 pulse-width modulator (PWM) which 

generates a pulse to switch regulator 0204 an and off. Regulation is provided 

by the variable pulse width from IC2. When 0204 switches on, current flows 

through inductor L202 to the load, increasing linearly, and charges the output 

capacitors. When 0204 switches off, L202 current storts to decrease, and 

diode CR203 is forward biased; the current now flows through CR203, decreasing 

linearly. 

5.22 The + 16V output sense voltage is compared to a reference vol tage by 

error amplifier ICB. (Since the type uA?23 reference voltage is about? volts, 

the +16V supply (>?V) adjusts the sense level.) As the sense voltage increases, 

the output current at ICB, pin 9 increases and the QI9 collector voltage to 

PWM IC9 decreases. The decreased threshold voltage at pin 5 of IC9 decreases 
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the pulse width output from the voltage carrector. The narrower pulse to 0204 

(via 020 and 013) results in less "on time" for the regulator transistor, and 

reduces the final output voltage. 

5.23 Ov~r-,,~Cl~eJ=..r~w~~ An overvoltage detection circuit (crowbar) 

for the +16V supply is mode up of a threshold detector (0 I 02) ond thyristor 

(CRI03). If the supply output voltage increases beyond the nominal value, 

between 16.B and 20 3 0102 switches on and the thyristor fires to 

short-circuit the supply. The THTR signal is used to shut off the 16-volt 

supply during the power-off sequence (paragraph 5-41). 

5.24 Ov_erc~rre~De~ectiClI1": Current sensing in the +16V supply is performed 

by resistor R20? in series with the supply. The lower-voltage half of R20? is 

used as a reference at the pin-4 input of error ampl ifier IC? This reference 

voltage is held constant by zener diode CRB, and an adjustment is provided by 

trimpot PR4. The higher-voltage half of R20? is used as a sense input at IC?, 

pin 3. Zener diode CRIO is used to reduce the sense-input voltage. An 

increase in current through R20? will increas~ the sense voltage (developed 

across R45) in relation to the reference voltage. The resultant high output 

from IC7, pin 2, via 015, will gate on thyristor CRI3 and shut off the 

+16 volt supply. 

5.25 ~ibi~ignals. The inhibit signal INHI delays operation of the +16V 

regulator during initial power-on time to produce a slow rise of the +16 volts. 

INHI is active (high) for approximately 300 ms after power on (Figure 5-5). 

During this initial delay time, the overcurrent detector is blocked via 017 and 

the overvoltage circuit is blocked via 016 and OIB. 

5.26 The inhibit signal INH2 blocks the +16V regulator if either the +5 volts 

or -5 volts are not present. Loss of either voltage drops out relay K I 02 

(Figure 5-3, Sheet 4) which then grounds the output of the overvoltage corrector 

circuit (sheet 3). 
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5.27 +10V RE GULATOR 

The +10V supply for the LOC MOS circuits of the CPU is provided by a series 

integrated regulator type 7805. It is connected between the +5V and +18V supply 

lines and provides +1 OV at a maximum current of 1 ampere which is limited by a 

circuit within the chip. (See Figure 5-3, sheet 2.) 

5.28 Connection for an External Battery Rack 

When care memory or both core and MOS memories are used by the CPU on 

External Battery Rack is not needed and it is dangerous to make such a connection. 

When only MOS memories are used on External Battery Rock must be connected if 

the contents of the memories are to be maintained during power failures. Also 

alterations must be mode to the connections of the +16V and S+16V lines as follows: 

• Change the position of the U link S2 (Figure 5-3 sheet 3) from NORMAL 

to the BATTERY position. 

• Disconnect the +16V lead on pin 1 of the PI cord and connect it to pin 2 

(BAT) on the same cord (Figure 5-3 sheet 3). 

It is dangerous to ~se core memories in; this configuration because the value of the 

+16V is increased. When no battery rack is fitted a dummy socket is inserted in 

the battery plug of the power supply to make the +5VL to +5VM connection (Figure 

5 -3 sheet 1 ). 

5.29 -5V REGULATOR 

5.30 Voltage Regulation. The -5V, 2-amp power is supplied by a switching 

type regulator (Figure 5-3, Sheet 4). Transistor Qll1 is switched on and off at 

about 20 kHz by a type 7905 regulator (IC109) used as the voltage detector. 

The -5V regulator controls the mean voltage V M (following diagram) by varying 

the switching frequency T in inverse relation to the required correction. The T 

is increased, while the on-time 6t is held constant, in order to reduce the 

mean output voltage. 

Vmax 

5.31 The output voltage is compared to a referen ce voltage by IC 109. The 

reference voltage at pin 1 is established by the small-value R156/157 relative 

to the large R 155. When IC 109 dete cts less than 5 vol ts between pi ns 2 and 

it switches off, and Ql11 is switched on. With QIII on, diode CRl12 is 

reverse biased and nat conducting; current flows through Q III and L201 to the 

load, increasing (more negative) linearly by charging the output capacitors 

CI01/102. The capacitors continue charging until the -5V is detected by 

ICI09. 

5.32 When ICI09 detects more than 5 volts, it switches an and Q III is 

switched off. With Q 111 off, L201 current starts to decrease and CRl12 is 

forward biased; the current now flows through CR112, and discharging from 

Cl01/102, decreases linearly. When the sense voltage falls below the reference, 

IC109 switchesQIII back on and the cycle repeats. 
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5.33 Overvoltage Crowbar. An overvoltage detection circuit (crowbar) 

for the -5V supply is made up of a threshold detector (0106) and transistor (0113). 

If the supply output voltage increases beyond the nominal value, between -6 and 

-7.5 volts, 0106 switches on and the transistor conducts to short-circuit the supply. 

5.34 Overcurrent Detection. The overcurrent circuit comprises sensor 

RI5IjRI50jPRIOI, switches 0107 and 0109, thyristor CR115, and switch 0110. 

An overcurrent through the sensing resistor network produces an increased 

voltage across the bose-emitter of 0107 which switches it on. Transistor 0109 

then switches on, and CRI15 fires. CRI15 switches off 0 II 0 (regardless of the 

voltage operation through ICI 09) and holds it off until the current drops bock 

below the maximum of two amps. 

5.35 ADJUSTMENTS 

The +5V and +16V regulators can each be adjusted for voltage level and 

overcurrent by trimpots located on circuit cord PO. The switching frequency, 

which is produced by a clock circuit common to these two supplies, is non­

adiustable. The -5V regulator can be odiusted, for current protection only, 

by 0 trimpot located on circuit card PI. 

5 -12 REV. I 

• 
• 
• 
• 
• 

+5V output voltage is adjusted by patentiometer PRI. 

+5V overcurrent is adjusted by potentiometer PR2 for a volue of 43 amps. 

+16V output voltage is adjusted by potentiometer PR3. 

+16V overcurrent is odjusted by potentiometer PR4 for 0 value of 9 amps. 

-5V overcurrent is adjusted by potentiometer PRI 01 for 0 volue of 2 amps. 

Power sequence adjustments ore made by trimpots locoted on circuit card PI. 

5.36 

• Power-Off detection time (parograph 5. 39) is adjusted to 10 ms 

(with mains at 220V) by potentiometer PRI 03. 

• The +16V detector is adjusted by PRI02 to switch on when the 16-volt 

supply reaches 14.7 vol ts (paragroph 5.37). 

POWER SE~UENCE LOGIC 

The power sequencing logic controls the power-on and power-off sequence of 

the 5-volt and 16-volt supplies and the power logic signols RSLN and PWFN. 

The logic is included on regulation card PI, and shown on the power supply 

schematic, Figure 5-3, Sheet I. A block diagram is shown in Figure 5-4, and 

Figure 5-5 gives the sequence timing. 

5.37 Power-On Sequence. When the power is switched on, the two 5-volt 

supplies begin to rise; when they reach their nominal value, relay KI02 

energizes and blocks the INH2 signal (paragraph 5.25). Also at power-on 

time, the mains detector circuit (amplifier ICI 03 and schmitt trigger 108-3) 

generates the VSECTN signal. 

5.38 When VSECTN goes low, the INH-I circuit begins a 300ms delay. 

During this deloy, the INHI signal blocks turn-on of the +16V regulator 

(paragraph 5.25). At the end of INHI time, RVSECTI is generated while 

VSECTN and INHI are both low. Delay I is not triggered by the negative-going 

VSECTN. RVSECT2 drops when RVSECTI comes on. 

5.39 Also at the end of INHI time, the +16V supply switches on and begins 

its slow rise. When the 16-volt output reaches 14.7 volts (in about 250 ms), 

the +16V Detector circuit (amplifier IC106 and schmitt trigger 108-6) generotes 
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VMEMN (memory voltage). The leading edge of VMEMN triggers Delay-2. 

RVMEMI is generated approximately 300 ms after VMEMN, when Delay-2 drops. 

RVSECT2 (inverted at gate 101-3) and RVMEMI together switch off 0 I 08 to 

terminate the reset-line signal RSLN. 

5.40 Delay-3 is on R-C circuit (R128 and C124) which produces the RVMEM2 

si gnal 0.5 ms after the rise of RV ME MI. RV MEM2 term inates the power fa i lure 

signal PWFN, as long as VSECTN and DELAY1 are both low. 

5.41 

and schmitt trigger 108-3) detects any mains failure longer than 10 ms, and 

indicates the failure by de-activating the VSECTN signal. The circuit uses the 

discharge time of CI27 through PRI03 and R133. The time constant is adjusted by 

PR103 so that the dropping power reaches the critical level at 10 ms. 

5.42 The rising edge of VSECTN drops RVSECTI without a delay, via the 

the bypass of the INH-I circuit. VSECTN immediately generates power-failure 

signal PWFN via gates 107-12/13,101-13/11, and 104-9,10/8. The Delay-I 

circuit drops 3 ms after RVSECTI falls, and RVSECT2 goes high. RVSECT2 thus 

generates reset-line signal RSLN (via gates 101-1,2/3 and 104-4/6) 3 ms after 

PWFN. 

5.43 The RVSECT2 signal switches on transistor 0103 to generate signal THTRN. 

This signal activates the +16V overvoltage circuit which quickly shuts off the 

+16V supply. The loss of the +16 volts also drops out relay KIOI; the closed 

contacts then ground RSLN, thus holding the signal in its active state while 

power is off. Since transistor 0108 operates after K 1 01 for power on and before 

K 1 01 for power off, contact bounce is masked from the reset line. 
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5.44 The +5V supply begins to drop after the +16V supply is off. The fall 

time of the +5V supply is about 20 ms with minimum load. 

5.45 MECHAN ICAl 

The power-supply chassis is mounted on a base plate in the basic mounting box 

(Figure 5-6). The power supply output voltages are connected to the system 

circuit cards via back-panel connector 3. The main power-supply assemblies are 

shown in Figure 5-7. Most of the electronic circuits are located on two 

printed-circuit cards, PO <;md PI (Figure 5-8), Power transistors and rectifiers 

and the fuses are mounted on the heat-sink assembly (Figure 5-9), A few 

very large components (coils and capacitors) are mounted directly on the 

chassis base plate. The mains power transformer (T201) and the two fans are 

mounted on the bosic box at the rear. The key switch is mounted on the front 

of the basic box (Figures 5-6, 5-9). All components not mounted on the two 

circuit cards have the reference designations 2 

5.46 Top Cover Removal 

Figures 5-6 and 5-7 show the power supply with the top cover removed. The 

cover is attached by five screws: two on each side and one in the back, at 

the corner near the fan. 

5.47 Power-Supply Chassis Removal 

The power -supply chassis (except mains transformer and fans) can be removed 

on i Is base plale from the basi c mounli ng box. (Refer to Figure 5 -7.) 

Disconnect: 

5 -14 

• connections 01 connector 3 (five small plugs, not the two bigger ones; 

main ground, at connector-3 end). 

• RTC connector. 

• T R20 I outputs 10 through 2 I . 

• Circuit card PO, for access to remote-key connections 

a. connector plug off. 

b. Remove four screws and spacers onto PI (one at each corner of PO). 

A ground wire from the remote key is attached by one of the corner 

screws. 
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• remote-key connections A, B, C . 

• PI power connections (five plugs) as follows 

• 

5.48 

Six screws, three on each side, directly through base plate -- not 

those through any other brackets mounted on the base plate (hawever, 

one does hold a plastic cable clomp). 

Heat-Sink Assembly Removal 

The heat-sink assembly can be removed fram the basic mounting box. The * 
• 

indicates the steps already done if the power-supply chassis has been removed 

from the mounting box. (Refer to Figure 5-7). Disconnect: 

• connections at connector 3 (five small plugs, not the two bigger ones; 

main ground, at heat-sink end). 

• connector plugs at PO and PI. 

• RTC connector. 

• TR201 outputs 10 through 21. 

• three cables to C204 and C205 (the two biggest capaci tors). 

• Unsolder three wires to C206 and C207 (the two smaller capacitors). 

• -; 5V coble to L203. 

• +5V power coble (through L204) at both ends. 

• ground connection between heat sink and base plate. 

• four mounting screws, each through a plastic foot bracket, from the 

base plate. 

5.49 Circuit-Card PO Removal 

The PO circuit cord must be removed before the power-supply chassis is removed 

or the PI circuit cord is removed. PO can also be removed alone from the basic 

mounting box. (Refer to Figure 5-7). Disconnect: 

• 
• 

5.50 

connector plug. 

four screws and spacers onto PI (one at each corner of PO). A ground 

wire from the remote key is' attach'ed by one of the corner screws. 

Circuit-Cord PI Removal 

The PI circuit card can be removed from the power-supply chassis. The * 

indicates the steps already done if the chassis has been removed from the mounting 

box. (Refer to Figure 5-7). Disconnect: 

5.51 

• 
• 

and remove cord PO (previous paragraph). 

remote-key connections A, B, C. 

• all eight power connections at connector 3. 

• 

• 

the +5V cables to L203 and L204 (from the same point on the circuit 

card) . 

ground cable to the heat sink. 

list of Components 

All power-supply components are listed in the following parts-list, Table 5-1. 
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Chassis, equipped 

5111 19975340 

Connector Support 
Assembly 

511119975520 

Back Pane I, 
equipped 

5111 19975350 

M4 
Basic 

Mounting' Box 

5111 19975320 

2U Panel, 
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5111 19975760 

Chassis 

5111 19975530 

Liason Panel 

5111 19975400 

C 

Regulator Card PO 
(+5V, +16V) 

511119975420 

Cable Chassis, 
equipped 

5111 19975330 

D 

C to G = Parts Lists Included 

Table 5-IA M4 Parts List Guide 
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(-5V) 
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G I 
Heat Sink 
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F 

Sub-Chassis 
Assembly 

511119975360 

Heat-Sink 
Assembly 
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Heat-Sink Cable, 
equipped 

5111 19975370 



Chassis. equipped 

5111 19974040 

• 
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M5 Basic 
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I 
7U Panel 
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1 ; 
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1 EnU 1«9 t)t;(>:.?l 
~l:J~~~~'1 .'1.. 
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Slide Adaptors 

Assembly 

5111 199 73610 5111 19975360 

I F 

Coble Chassis Heat-Sink 
Assembly 

1 (,-:):2 'L 1.1 tit! I'n r I 
Ie \t~"~,, 11f'l., i?- I', , ,- 'I I 

Filture Unit Sub-Chassis 2 Regulator Cord PO 
Assembly 

5111 199 74050 5111 19973640 5111 19975420 
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0 I 
RST Cord PI 

5111 19975410 



Table 5-1 C Regulator Card PO Ports List 

Reference Ducriplion 

Printed Circuit 

IC 1,2,3,9. Integrated Circuit NE 555 V. 

10. Integrated Circuit fJA 710 DC. 

IC4. 6, S. Integrated Circuit UGA 7723 393. 

IC5. Volloge Regulolo, 7815 (10210). 

Q 12. l,on,illO' 2N 3055 (103) 

02,4. l'on,i,lo, BDX 77 (TOnO) 

Q 1,3,7,8, II, 1/,20. Tron~juo( 2N2219 

09,14,15. Transistor 2N2905 

a IJ. T,on,i,lo, BDX78 (T0220) 

Q 5,6,10, 16,18, 19,21 ,22. T ronsillar BSX20 

CR4. Diode BZX79 C4 V7. 

CRS, 10, 14, 15. Diode SZX79 CIO. 

CR9. Diode SZX79 C16. 

CR7. Diode BZX79 C12. 

CR2,J,II,12. Diode SZX75 C3 V6. 

CR5,16. o iade SAX 12. 

CRI. Diode SYX49-300. 

CR6. Diode BZX79 C5 V6. 

CRI3. Thy'i'lo, 2N2323. 

P2,3. Potentiomeler 2600 PI02. 

P4. Potentiometer 2600 P203. 

PI. Potentiometer 2600 P502. 

RII,38,39,47. Resistor I Kn, 0.25W, 1° •. 

RJ. Re~istor 5.62Kn, O. 25W, 1°1). 

R 13. Re~islor 215n, 0.25W, 1°.:. 

R49. Re~is'or 68Kn, 0.25W, 5°" 

R46. Resistor 10Kn, O. 25W, l°le. 

R4, 8,12, ,21,24,25,26,29,30,32,33, 
36,50,51,52,56. Resistor I Kn, 0.25W, S°" 
R 15. Resistor 200n , 0.25W, 5° . 

R 14. ReJ,jstor 1.2Kn, 0.25W, 5° 

R 16.31 , 48,54,58 Resistor 2Kn, 0.25W, 5°,. 

R9. Resistor 5. I Kn, 0.25W, 5°, . 

RIO. Resistor 510n, 0,25W, 5°, . 

R60,62 Resil.lor lOOn, 0,25W, 5°,-. 

R57. Resistor 4.7Kn, 0,25W, 5°,-". 

R40. Resi~tor 8.2Kn, 0,25111, 5°, . 

R59,61. Resistor 390n, 0, 25W, 5°,. 

R20. Re~istor 470n, 0,25W, 5°(. . 
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12NC Code 

5111 100 05843 
R22,V,2S. 

R 18. 

R 17,23. 

Referenc. 

R35, 37,44,45. 

RI. 

R34. 

R53. 

R2. 

R41,42,43. 

R5, 6,7. 

R63. 

R64. 

R55. 

R65. 

R66. 

019 

C4,8. 

C3. 

C2,6,9,11,20,25,26,28,31,39. 

C19. 

C5, 13, 16,30. 

CI,IO. 

C7, 17, 18,24,27. 

CI2,15,C22. 

C23. 

CI4. 

C33. 

Cll,34. 

C37. 

C29. 

C38. 

C35. 

T I. 

TobIe 5-1C Contd. 

DClCtiplion 

Resistor 10Kn, 

Resj,'ar 150n, 

Resi1tor I. 5Kn, 

Resi,'or 3.83Kn, 

Re1jl'O( 200n , 

R~!'ljuor 20n , 

Resistor 3Kn, 

Resistor 4711, 

Resistor 1.5Kn, 

Resiuor 3Jn, 

Resistor 620n, 

Rcsi,tor JKn, 

Resjstor 1.47K, 

Re~j,'of 1.21K 

RCloj,tor 10Kn, 

R.';ltor 680,{\, 

Capacitor O,OI~f , 

Capacitor I 500~f , 

Capacitor I Onf, 

Capacitor 100pf, 

Capacitor 0:1 ~f, 

Capacitor O.OI~f, 

Capacitor ISjJF I 

Capacitor 33t"F I 

Capocilor 3.3jJF, 

Capacitor 220!Jf I 

Capacitor IOO...,f. 

Capacitor O. 0221Jf. 

CopocjlO[ 470pF, 

Capacitor 0, 47tJF. 

Capacitor JOpoOpF. 

Capacitor IOtJF. 

Heal Sink P81-2U. 

Mica insulator 56325. 

Transformer TRI M4. 

0.25W, 

0.25111, 

0.25W, 

0.5W, 

0.5W. 

0.5W, 

0.5111 , 

10'-',(" WR061/l. 

5"" WR0611£. 

5'", WR0825£. 

0.25 W, 5",. 

O. 25W, '5", 

O.25W, I". 

O.125W j 1~0. 

O.25W, t 10c. 

O.25W ± 5% 

125V, I", 

10V. 

ceramic 

ceromic 

100V, 1 Oo~; ~PR 

250V, 100 .(., MPR 

20V, C1S13. 

10V, CTSI3. 

16V, C1113. 

25V, fllCO. 

10V, fllCO. 

250V, MPR. 

10". ceromic 

100V, 10°,., MPR. 

100V, t 10°" ceramic 

25V, fllCO. 

12NC Code 



Table 5-1 D RST Card Pl Parts list 

1(103,106. 

IC10l, i08. 

I( I 02,105. 

1(107. 

1(104. 

1(109. 

Q 111,113. 

Q 103,112. 

Q 109. 

o 104,107. 

Rere(~nc~ 

Q 105,108,110,114. 

o 101,102,106. 

CR 107,116. 

CR 102,109. 

(R 106. 

(R 114. 

• (R 104,105,110, 111,118, 111. 

(R 112. 

(RI01,103. 

CR 117. 

CR 113. 
c R 119 
CR 120 

P 101,103. 

? 102. 

Rl05,127. 

P 113. 

R 134. 

R 117 

R 118, 119. 

R 130. 

R 115,116,135,137,143,144,167. 

• 123. 

R 1)]/150 

R 103, 111,112,126,128,131,142,153, 
I S4, 160, 161 , 166 

R 114. 

R 158. 

R 132,141. 

R 136,146. 

D~scription 

Printed Circuit 

Integrated Circuit UGA 7723 393. 

lntegrot~d Circuit 74132. 

Integrated Circuit 9602. 

Integrated Circuit 7-402. 

Integrated C ircuil 1801. 

Regulolor 7905 (T0220). 

Transistor SOX?? ( T0220). 

Transislor lN1219. 

Transistor lN2905. 

Transistor 8SX20. 

Tron"istor BSX60. 

T ronsislor 2N 2906. 

Diad. SZX79 (4 V7. 

Diode SZX79 C5 V6. 

Diod. SZX79 (18 or C 20 

Diod.IN4005. 

Diode SA-XI2. 

Diode MR020. 

Thy,i,'or STW92/600RM. 

Thyristor 2N232J. 

Trioc TXAl61S M. 
Diode 8Yl1.4-50 
Oiod~ SZX 75 C2Vl 

P(')t~ntioml!ter 2600 P 102. 

Potf!'ntiometer 2600 P 502. 

Resistor 46. 4n, 

Resistor 121n, 

Res;,tor 19. 6Kn, 

Resistor 5.11Kn, 

Resistor". 22Kn, 

Resi,tor J 1. 6Kn. 

Rf!'si,'or I Kn. 

R'I"li,tor 270n, 

Rl!'!lhiar 510n, 

Res-illor lOOn, 

Relistor JOOn, 

Resistor 51 n, 

Resistor 330n, 

Res;Uor 30Kn, 

0.25W, 

0.25W, 

0.25W, 

0.25W, 

0.25W, 

O. 25W, 

0.25W, 

0.25W, 

0.25W, 

0.25W, 

O. 25W, 

0.25W, 

0.25W, 

O.25W, 

1 ~C. 

1°'0. 

1%. 

1%. 

5% . 

5%. 

5%. 

5"/c. 

12N( (ode 

511110005854 

IlolfH version) 

(Iohu vf!r1lon) 

(later V""IOI1) 

Table 5-1 D Contd, 

Reference De'>cription 

~--------------------r-------------------------~----------
R 159. 

RI56,157. 

R 122. 

R 125. 

R 145. 

R 138,147. 

R 101,106. 

R 104,152,192. 

R 149. 

R 114, 

R 102,107. 

R 120. 

R 121, 

R 108,109,110. 

R 151,168. 

139. 

R 164, 

R 165. 

R 162 . 

R 140. 

163. 

155. 

R 169. 
R 129 
( 123,126,128,130,134, I 36,138, 141, 
144,190. 

( 131,139. 

( 142,143. 

( 129. 

(115,116,120,122. 119. 

( 119,132. 

( 135. 

( 117, 125, I 37. 

( 124,127,140. 

( 118,121,133,145,1490 

( 146. 

C 147. 

( 148. 

C 104. 

( 105-114. 

( 101,102. 

e no 

Resistor 470n, 

Resistor In, 

R~sistor 680n, 

Resistor 330, 

Resistor' 20n, 

Resistor 2.4Kn, 

Resistor 1 aOn, 

Resistor 1 Kn, 

Re\isto( 7000. 

Resistor 300n, 

Resistor 510n, 

O. 25W, 

0.25W, 

0.25W, 

0.25W, 

0.2.oW, 

0.2.oW, 

0.5W, 

O . .oW, 

o. SVI, 

O . .oW, 

0.5W, 

0.5W, 

O.5W, 

Resi~tor WR0617E 560 

Resistor 0.30, 

Resistor 10Kn, 

R~sistor 2Kn. 

Resistor 390n, 

0.2.oW, 

0.25W, 

O. 125W, 

Resistor 6. BKn, O. 25W, 

Resistor 200n, O. 25W, 

0.25W, 

224( . 

5'\ . 

Adjustable Resistor 510n '0 2 Ko, 

0.5W, 5"" ( 24. 
7KJl, O.25W, 

R",i"or !i. 1 K.I\-

Capacitor 

Capacitor 

10nF, 

560pF, 

COpocilor lOOOpF, 

Copacitor 56pF, 

Capacitor O.l~F, 100V, 

Capacitor O.OlfJF, 250V, 

Capacitor O.'PpF, IOOV, 

Capacitor 

Capacitor 

Capacitor 

10V, 

16V, 

n~F, i5\', 

CIJPOC i tor 4 7000pF, 400V, 

Capacilar 22000pF, 40DV, 

Capacitor .0.lfJF, 630V, 

Capacitor 680pF, 25V, 

Capacitol 1500pF, IOV. 

CapocilOI !OOpF, lOV, 

Capocitor 22 IJF lOV 

cerQmic 

ceramic 

ceramic 

10"" MPR 

10°" MPR 

10°0, MPR 

( 1513 

( TSI3 

flTeO 

20°" PMA 

20°" PMA 

20'\:. PMA 

FITCO 

(later versIon) 

R [Ii J S-lQ 



Table 5-1 D Conld. 
r-----

Reference De~crjpljon 12NC Code 

K 101. Relay MRMD 15006. 

K 102. Relay MRMD 15005. 

f 101. FUie 01/0.1. 

Mica inwlolor 56325 

Trioc Heal-Sink 5111 10022541. 

Table 5-1 E Sub-Chassis Assembly Parts List 

Rt"crence Description 12NC Code 

Sub-Choui~ 5111 10022312 

Heal-Sink Assembly 5111 199 75390 

L201. InduClonce SlF 2091 

L202. Inductonce SlF 1712 

L203. Inductance SlF 2101 

C204-(205. Capacitor 33000/-1 F, 40V. 

C 206-(207. Capacitor SOOOt5000IJf ,40V. 

R 208-209. Re~j1lor I KO I WR0617E. 

R21 0-21 I . Re1j~IO( 3. 9Kn, 0.5W, 5" 

R202 . Re';110( 5600, 0.5W, 5' . 

R212. Re\;~lor 30n, 25 W, , 3° •. 

R213 Adju$loble Re,j,lor 22n 10 3Kfl, 0 5W, 1 5°,. 
or 3001\. - 910J\. (lator .... ,Iion) 
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Reference 

R203, 204,205 . 

R206. 

C201, 202,203. 

C210,211. 
C212 
F201. 

F 202. 

F203. 

F 204,205. 

REG I 

Refeleoce 

L204. 

IC 201. 

Q 201,202,203,204. 

CR201, 202. 

CR203. 

C R204. 

C R205, 206, 207, 20B. 

U 201. 

R 207. 

Table 5-1 F Heal Sink Assembly Parts List 

Oc~cfipljon 

Heal-Sink 5ub-A~~embl'l 

Hornen (M4, M5) Of 

Horneu 'M5). 

Re1t110r IOn, O. 5W, 5"0. 

RC1jslor 27ft, O. ')W, S '0 

Capacilor O. 022j-1f, lSOV, 

Capacitor 10 pF, IOOV, 
Capacitor 3,3 jlf 25v 
f L"~ A I 3. 20. 

fUH" 08 10 

fuse D I '2 

F U1e D I /3. 15. 

R*gulolor 7805 (TOn) 

J (Yo, PMA 

20'0, PMA 

Table 5-1 G Heal-Sink Sub-Assembly Parts List 

De~cljplion 

Heal Sink 

Inductance SLF 2541. 

Regulato. 7815 (T03)' 

T(on$i~tar 2 NS685. 

Diode R P R 1040 R. 

Diode IN3910 R. 

Diode BZ Y93 C9VI 

Diode BYX52 JOOR. 

B,;dge MDA 952 -2. 

Re,j5lor O. I n, 3' (RH 10). 

Reloy REVIC 10 

I:lNC (odt' 

)III 1991\380 

51111997\310 

5111 19973630 

lale V.(lIOn 

(Iolcr v.filon) 

12NCCode 

SIIII00225?3 



2 Cards Heat Sink 
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TOP/CARD SIDE 

Transformer 

/ 

Figure 5-6 Basic Mounting Box 

Connector 3 

REAR/BACK-PANEL SIDE 

MMU 
FPP 



Plug 
C onne clors 

Remote Key 
Connection 
A,B,C 

Output 
Connections 

5-22 

TOP VIEW 

Regulator PO Card (on top) P I Card (on bottom) 

Fans 

Transformer TR 

Connector 3 
Power Connections 

REAR VIEW 

PI Power Connections 

I~I~IIIIIIIIIIIIIIIIIIII 
IblR11111111111111111111 
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Mains 
Power 
Cable 

Figure 5-7 Power Supply Assembly Locations 

Sockets 



REG CARD 

C 105-110 
(+5V) 

Figure 5-8 Power Supply Circuit Cards 

RST CARD 

C 101,102 
(-5V) 

'i-!3 



Q201,2,3 

F202 

F203 

Figure 5-9 Heat-Sink Assembly 
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5.52 POWER SUPPLY FOR EXTENSION RACK E2 

The power supply provides a +5V2:4()/~;~g~I~;C~d . c • voltage, + 18V and -18V 

unregulated d.c. voltages, and the Power Failure and Reset Logic signals for the 

control units in the rock. It also provides the +19V used by the mains detector 

logic. The power supply is made up of five sub-assemblies. These are: 

• Mains Filter and Local/Remote switching 

• Mains Transformer 

• Power Block 

• Sequence Card 

• Fan unit to cool the whole cabinet 

The mechanical layout of these sub-assemblies is shown in Figure 5-10. 

5,53 ELECTRICAL DESCRIPTION 

Figure 5-11 shows a block diagram of the Power Supply and Figure 5-15 is the 

schematic diagram. The following paragraphs describe the function of each block 

and relate the blocks to the components on the schematic diagram. 

5.54 a.c. Input 

The a. c. mains is connected to the mains tronsformer via a mains filter and a 

Local/Remote switch 5201. The value of the input fuse F303 is for 110/115 volts 

operation type DBTD/6.3A slow blow and for 220/240 volts operation is type 

D8TD/3.5A slow blow. With the Local/Remote switch in the Local position the 

live line of the mains is connected to pin 1 of the transformer via the contact of 

switch 5201. With the Local/Remote switch in the Remote position the live line 

of the mains is connected via the contact of relay K201, which has to be energised 

by an external +5V supply. 

Rf".1 S7~ 



SEQUENCE 
CARD 

FUSE F303 TRANSFORMER 
LOCAL/REMOTE 

SWITCH and 
MA INS F I L TE R 

FAN 

POWER 
PACK 

Figure 5-1 0 Power Supply Sub Assemblies 
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I 
l 

Fuses 
Rectifier 

~s +5V Regulator 

I--- F301 

~ 
E 
(; 

C 
!:' 
r- -

I-----

1 
Remote I 
Control I 
t F303 

Mains 
Filler 

+ 
Mains 
Power 

Inpul 

I 

f-- Switching Overcurrent 
I-- Regulator 

Detector 
(voltoge 
detection) 

-
F4 
F2 

I---
Power 

FI f-- Main. 1 Sequencing 
Detector 

Logic 
L----

Figure 5-11 Block Diagram 

'5V 

f 
Over voltage 

Detector 

(crowbar) 

118V 

-18V 

RSLN 

PWFN 

, 
External +5V 



240 V 
Operation 

220 V 
Operation 

7 

e 

115 V 
Operation 

lOOV 
Operation 

7 

J 

Figure 5-12 Mains Transformer Connections 

5.55 Mains Transformer Connections 

The mains transformer can be connected to either 240V, 220V, 115V, or 100V 

mains supply; Figure 5-12shows the different configurations. Pin 9 of the 

transformer is the shield and is always connected to ground, and the fan is 

always connected between pins 1 and 3 (115V nominal). 

5.56 Rectifiers and Filters 

The output voltages from the three secondary windings of the transformer are 

rectified and filtered to provide four raw d.c. voltages. Fuses F301,Fl,F2 and 

F4 protect the rectifiers and transformer if overload conditions occur. 

5 .. 57 The raw d.c. voltage for this circuit is provided 

by a full wave bridge using CR304-CR307 and is filtered by C302; the· output 

at fuse F301 is approx i mate Iy 30V d. c. 

5.58 These two voltages are 

provided by two center tap full wave rectifier circuits CR10-CRI3 and are 

filtered C304 and C305. 

5.59 .0ai~--'2.~'-~-'.9..':_'!~Lt_':9~ This is provided by a center top full wave 

rectifier circuit CR8 and CR9 and is filtered by C5; the output voltage is 

approximately +19V d.c. 

5.60 +5V Regulator Circuit 

This is a switching regulator using 0301 and 0302 for the switching controlled 

by IC7. The switching frequency is 20KHz at ful1load but the frequency will 

decrease when the load decreases. The frequency is adjusted by changing the 

value of R49, and the output voltage is adjusted by potentiometer PRJ. 

5.61 +5V Overcurrent Protection 

The overcurrent detector circuit uses transistors 011 and 012 and thyristor CRIS. 

011 monitors the current flowing through R301 and when the signal is about 

700mV 011 is switched ON and the thyristor is triggered. Then Q 12 is saturated 

R rv . I 



so 0301 and 0302 are cut off and the signal from R65 inhibits IC7. Overcurrent 

adjustment is by. potentiometer PR2 and it is normally set for a value of 20.7A at 

2.5°C ambient temperature. Thermistor R68 is included in the adjustment network 

to give temperature correction. 

5.62 +5V Overvoltage Protection 

The overvoltage protection is provided by transistor 0 101, zener diode CRI 05, 

and thyristor CRIOI. The transistor and zener are the threshold detector and 

0101 is normally OFF . When the voltage increases above the operating value 

of the zener (in this case between 6V and 7V), Q I 01 is turned ON and the 

thyristor is triggered short circuiting the output from the +5V supply. 

5.63 Sequence Logic 

This logic uses the output from the mains detector circuit to control the Switch 

ON / Switch OFF sequence logic and to provide the Powerfail (PWF) and Reset 

(RSL) logic signals. 

5.64 Mains Detector. The output from the two diodes CR8 and CR9 drives 

the transistor 02 circuit that triggers the two monostable chips ICI and IC4 if a 

mains failure longer than 10mS occurs. The 10mS delay time is adjusted by changing 

the value of R4. 

5 .65 ~~iL0injL ON. When the mains present signal (from the mains detector 

circuit) is high on pin 4 of IC4 the monostable is triggered and after a delay of 

300mS (to allow the output voltages to reach their normal operating values) the 

output from pin 7 triggers the other two monostables that enable the PWF and RSL 

signals. During this delay the output from pin 6 has triggered ICI and after a 

delay of 150mS the output from pin 10 activates the transistors of the relay driver 

(03-05), and the relay operates opening the contact and removing the ground 

connection to the collector of 06; the state of the RSL signal will still stay at 

the low level (0) until enabled high by the output from IC4 pin 9. When pin 7 of 

IC4 goes high the signal from pin 3 of IC3 triggers ICI pin 4 and it is also used to 

bypass IC4 (which is only used during Switch OFF) and enable RSL to go high. 

5-28 REV. I 

After a delay of 400fJS the output from pin 7 of ICI goes high enabling the PWF 

signal to go high and the supplies are considered operational. 

5.66 ~::'!.~!~~..!'l.9.Qf!~ When either a mains failure longer than 10mS 

occurs, or the +5V d. c. disappears, or the power supply is switched OFF the 

following sequence occurs. The mains present signal goes low and bypasses IC4 

pin 4 and ICI pin 4 to send the PFW signal low. At the some time it is used to 

activate pin I I of IC4 which triggers and after a delay of 2mS the output from 

pin 9 sends the RSL signal low. A feedback signal from the RSL logic (via IC6 

pin 12) is sent to the relay driver circuit and the relay is de-energised, the 

contact closes and the RSL line is grounded. 

5.67 Timing 

The timing diagram of the sequence logic is shown in Figure5-13(the circled 

numbers refer to points on the schematic diagram), and the timing diagram for 

the d.c. voltages and the logic signals is shown in Figure 5-14. 

5.68 Timing Adjustments 

The timing of the sequence logic can be adjusted by changing the values of R 

and C as follows: 

• 
• 
• 
• 

5.69 

300mS change R24 and C 1 I 

150mS - change R21 and C 13 

400fJS - change R 19 and C 8 

2mS - change R28 and CIO 

MECHANICAL DETAILS 

The position of the extention cabinet (E2) in the 19in rack in relation to the other 

units will decide if the cabinet has to be withdrawn completely before trying to 

troubleshoot the power supply. The following description assumes that the cabinet 

has to be removed from the rack, so if this does not apply to your system the 

instructions for removal and replacement can be ignored. 
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5.70 Cabinet Removal and Replacement 

Make sure that'the cabinet has been disconnected from the mains supply then: 

• 

• 

• 

• 
• 

• 

Remove the protective cover from the power supply by removing the four 

retaining screws and lifting the cover clear of the cabinet. 

Remove the blank front panel by unscrewing the two Allen screws and 

lifting clear. 

Remove the cabinet's four retaining screws and pull it towards you until 

the telescopic slides are fully extended. 

Disconnect the I/O cables. 

Turn the two fixed slide retaining screws {one for each telescopic slide}, 

one half turn in either direction until the fixed slide spigot is free. 

Pull the cabinet towards you until it is clear of the telescopic slides. 

The cabinet can be replaced using the above instructions in the reverse order. 

5.71 Power Supply Sub-Assemblies 

The following paragraphs describe the removal of the five power supply sub­

assemblies. 

5.72 Sequence Card (REG E2) 

Remove the four retaining screws and unplug the cord from the connector. 

5.73 Power Block 

Remove the Sequence card, then remove the card mounting plate by unscrewing 

the three retaining screws, then: 

• 

• 

• 

Disconnect the input leads from the transformer making a careful note 

of their positions. 

Disconnect the output leads from the power block making a careful note 

of their positions. 

Remove the retaining screws {underneath the cabinet} and lift the Power 

Block clear of the cabinet. 

The Power Block can be replaced using the above instructions in the reverse order. 
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5.74 Mains Transformer 

Remove the Sequence card and the card mounting plate, then: 

• 

• 

Disconnect the input and output leads of the transformer making a 

careful note of their positions. 

Remove the four retaining screws (underneath the cabinet) and lift the 

transformer clear of the cabinet. 

The transformer can be replaced using the above procedure in the reverse order. 

S.75 Mains Filter and Local/Remote Switch 

Remove the Sequence card and the card mounting plate, then: 

• 
• 

• 

• 

Remove the fuse and Local/Remote switch by unscrewing their locknuts. 

Disconnect the input leads to the transformer making a careful note of 

their positions. 

Remove the relay mounting plate retaining screw~ (located on the side of 

the cabinet). 

Remove the two filter retaining screws and the mains lead clomp, then 

lift the assembly clear of the cabinet. 

The mains filter and Local/Remote switch can be replaced by carrying out the 

above procedure in the reverse order. 

5.76 Fan Unit 

Remove the Sequence card and card mounting plate and disconnect the fan leads 

from the transformer, then: 

• Remove the top protective cover (over the control unit cards) and remove 

the control unit cards. 

• Remove the four fan retaining screws ond lift the fan clear of the cabinet. 

The fan unit is replaced using the above procedure in the reverse order. 

5.77 COMPONENTS 

Figure5-16shows the component layout of the Power Block, Overvoltage Card, 

Mains filter and local/Remote switch assemblies and Tables 5-2 to 5-4 list the 

components. Figure5-17shows the component layout of the Sequence card and 

Table 5-5 lists the components. 
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Table 5-2 Power Block Parts list 

Rf"r~rp.nce Description 12NC Cod. 

Heal Sink 5111 199 78070 

HorneH Sill 19978060 

RJ04. Rt'tislor 22n, 0.5W, 5%. Table 5-4 Filter and Local/Remote Switch Parts list 
R303. Resistor ".7n, 0.5W, 5%. 

C306. Capacitor O. IVF, 100V, PMA. 

Reference Description 12NC Cod. 

Mains Fiher 884 102 C150. 

Capacitor 881711 A 825. 

K201. Relay KS-N V23016-AOO02-AI01. 

5201. Switch MT2. 

CR201. Diode 8AX12. 

C201. Capocilor 47VF, 10V, F itea. 

, Table 5-3 Overvoltage Card Parts List 

Rf"ft'fence Description 12NC Cod. 

Printed circuit Sill 100 05404 

R I 03. Resistor 46 4n, 0.25W, 1%. 

R I 04. Re1islor I DOn, 0.25W, 5%. 

R I 01 . RI'!Iistor 560n, 0.25W, 5%. 

R I OS. Re,;,lor 270n, 0.25W, 5%. 

R I 06. Resistor lOn, 0.25W, 5%. 

ClOI,102. Capacitor 1500VF, 10V, elect. 

C 10:>. Capacitor O. I VF, 100V, 10%, MPR. 

C R I 05. Zener Diode 8ZX79 C5V6. 

C PI 01. Thyristor 8TW47 - 600RM. 

0101. T ronsillor 2N2906. 

REV. , 5-33 
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Figure 5-17 Sequence Card Component Layout 

IC5. 

IC6. 

IC3. 

IC2. 

IC4,ICI. 

IC? 

02. 

06. 

011,012. 

03,04,05. 

CRI4. 

CRI6. 

CRI. 

CR2. 

CR6,CR7. 

CRB,CR9. 

C R3, 

CRIO,CRII. 

CRI2,CRI3. 

KI. 

PRI. 

PR2. 

CRI5. 

F2,4. 

FI. 

R65. 

R67. 

Reference 

R9, 12,31,46,51,52,66. 

R47. 

R 16. 

R24. 

R6. 

R39. 

R28. 

R5. 

R21. 

R 19. 

R54. 

R7,10,II. 

R6, 29. 

R53. 

R55. 

'j, .e 5-5 Sequence Card Paris List 

DelCfiption 

Printed Circuit 

Inlegloled circuit 1801 . 

Integrated c ircuil 7404. 

Integrated circuit 7408. 

Integrated circuit 7414. 

Integrated c i(cujl 9602. 

Integroted c neuil U6A 772 3393 

T (on,i1.lo( B5X 20. 

T ronsislor BSX60. 

Transistor 2N2905. 

Traruiilor 2Nnl? 

T ronsi" or 2N1595. 

Zener Diode 6ZV16C15. 

Zener Diode 8ZX79C4V7. 

Zener Diode BZX79C7V5. 

Diode BAX 13. 

Diode SAXI2. 

Diode IN746A. 

Diode BYX49 300. 

Diode BYX49 - 300R. 

Relay MRMO '15005. 

Potentiometer 2600 PI02 1000. 

Potentiometer 2600 

Thyristor 2N2323. 

F u.. 0 IT 0/3 . I 5 . 

Fu.e 0110/0.31. 

Resistor 100o, 

Resistor 22o, 

Rcuislor I Ko, 

Ruislor 8.2Ko, 

RuiUor 620o, 

Residor 30Ko, 

Resistor 2.7Ko, 

Residor 100o, 

Re~istor 19.6Ko, 

Resistor 2Ko, 

Reshtor 24Ko, 

Resistor 12Ko, 

Res-istor 150o, 

Ruistor 300o, 

Resistor lOOn, 

Resistor 390o, 

Rui$tor 2.2 Ko, 

Pial 100. 

0.25W, I~u 

25W, 5'" 

O. 25W, 5;:~ . 

25W, 5", . 

.25W, 5", . 

25W, 5';', . 

0 25W, 5%. 

0.25W, 5%. 

0.25W, IWo • 

0 25W, 5', . 

25W, 5°'0. 

0 25W, Yi'o. 

a 5W, 5", . 

0.5W, 5°'0. 

O.5W, 5%. 

IW, 5%. 

IW, 5'·" . 

liNe Corle 

51111000')621 



Table 5-5 contd. 

p,.f('!enc(' D""c:ription 17NC Code 

R 17 . Rt'1is1OI I Kn. IW, 5~{) . 

R ~,() RI!'1istor -i.7Mn, 0.25W, 10':>;0. 

~)6 Rr,i,!or 820o, IW, 5%. 

RJH Rrsislol 1 Ko, 0.2SW, 5"/0 • 

F411 . "di\J\I{Jbl~ Resistor voro -J. 3 Mo, 0.25W. 

k4 AdjlHloble R",i\lor 1 Kn-l0Kn, 75W, 1°/., _ 

~' ~,fJ T helmi~tor (TN B 832001 /PSO[ . 

( fl,)9 (opo~;lor O. I~f, 100V, 10",., MPR. 
( ?: Copocitor O.OI"f, 250V, 1 O"/() , MPR. 
(" 10 ( ap(nitol o .~/~f, IOOV, 10l'), MPR. 

C11 Copoc,ilor 100pl, 63V, 2%, ceromic. 

C4, /0.70 Capat; itor ~70pf , IOOV, 10%, ct'romi<; . 

(npor.ilor I"f, 63V, r ilea. 

("1. C'JpO( ilQf 47"1, IOV. f iteo. 

( r) (opae itor 57"1. ?IV, F il((J. 

(ll , e aprn ilo r I OOp~ , 10V, f ilro. 
, /04, "l]. , Cupor.ilor 4. 7pf. IOV, C 1513. 

I'J Copocilor 72"1, loSV, CIS 13. 
( I' -1;',27,:).1 (apae ilor 3900pl, IOOV, 10"0. 

(1 J. Capacitor 3311~ , IOV, CIS 13. 
~. 





SECTION VI 

V24 SERIAL CONTROL UNIT 

6. I GENERAL 

The V24 Serial Control Unit (V24-CU), located on the CPU cord, interfaces 

on Operator's device with the CPU. The V24-CU converts between eight-bit 

parallel CPU characters (at +5/0V) for the CPU ond bit-serial data (at +12/-!2V) 

for the device. The V24-CU con provide parity bit insertion (lnd checking; this 

feoture is plug-programmable by meons of U-links on the CPIJ/CU cord. 

Opcroting speed is also plug-programmoble, with the possibilities; 

!IOboud, for ASRV24 

600 boud, for PER 3100 

1200 bOUd] 

2400 boud f d' I or "p ay 
4800 baud 

9600 baud 

The V24-CU uses direct interface connections with th" CPU for oddress, command, 

and doto to minify GP-Bus utilization. The address and commands are received 

directly from the CPU K-register. eu/cpu data is received directly from the 

leost-significant half of the L-register (L8-IS) ond sent directly to the CPU 

via the C-selector. 

6.2 Channel and Interrupts 

The CU operates vio the system programmed chonn"l, under direct control of 

the CPU. The CU sends an int"rrupt (INTSERN) to the CPU 10 request each 

character transfer and to indicale when il is in Woil Stolus mode. 



6.3 sel ial Data Format 

The bit-seriClI datCl forlllot tal Cl single chClrClcter is shown in Figure 6-1. The 

ei9hth "Dota"bit moy be either on Clctuol CPU dotCl bit 01 it ITlClY be 0 parity 

bit supplied Clnd checked by the V24-CU. The parity bit, if used, can be 

eithel even or odd. Eithel one or two stop bits mClY be selected (by a plug on 

tilt: cord) to conform to the device lequilement:.. 

l 
Data 8 bit, 

\01 ,I bits . I pority bit} 

lxomplf' leltel "U" o 

I 
I 

i l ' I I 0' 2 
,)top bit, I 

~ ----.-- .. --~--~ 

0101 

Figure 6-1 seriol Dota Formot 

A logic One is represented by a low level (-12V) and a logic Zero is represented 

by a high level (+12V). When no character is being exchanged, the line is High. 

Choracters may be tronsferred end-to-end or may bE! separated by any amount 

of gap. 

6.4 CPU INTERFACE AND CONTROL 

The V24-CU operations are controlled by CPU I/O instructions (CIO Start, 

CIO Halt, OTR, INR, SST). These instructions are farmat-O, type T8. The 

instruction word contains address (]nd control information which is sent directly 

to the CU on the K lines 4, 8-1S, as follows 

i) l 'I . I 

K -Register 

Bit: 0 

I 0 I 
CIO 

OTR 
INR 

SST 

4 5 7 8 9 10 I'J 

OPC R3 

1000 11 
10 

1000 
OF J 

1001 OF 

1001 II 

yL.---1r-----Y 

To control logic 

DA ] 
st(lft I/O 

stop I/O 
r may be used by device to 
specify a function, such us 
binary 01 ASCII 

To Address-Recognition 
Circuit 

Additionol control is provided directly from the CPU D-register. Bit DIS 

indicCltes input (DIS high) or output (D15 low) operations. This bit contlols 

the setting of the CU flip-flop IN/OUT during a CIO Start operation. Bit 

DIO is set during a CIO stort operation to indicote Echo mode (routing the 

device input data directly bock to the device during input doto tronsfers). 

6.5 The CU detects its oddress from KIO-IS when it receives CPU timing 

signal TMPR from the CPU. The CU recognizes its Clddress, generotes internal 

Address-Recognized signol TYARE/N, and sends AREDELA back to the CPU. 

The address code is determined by the addressing U-links. If the command is 

accepted, the CU sends signal TYAC back to the CPU; if the command is not 

accepted, TYAC is not sent and no other action is performed by the CU. 



6.6 OPERATION 

The V24-CU opel ale> in six diffclent slotc>, as follows 

._- ------ -----------
Opelotionol r-O/Fl Function 

Stole 

I==: 

Inoctive 0 0 The CU is inactive. 

Execute-In 0 I The CU is waiting for or receiving a charac ter bi 1-

serio I from the device. 

Exchange-In I I The CU is waiting for or performing an INR command 
(Character 10 CPU). 

Execule-Out 0 I The CU is transmitting one character bit-serial 10 the 
device, or is waiting for a free I inc. 

-- ---
[O'chonge-Oul I I The CU IS woiling for or perfOlming on OTR command 

(Charocter from CPU). 
~--- -.------

Woil Status I 0 The CU is woiting for or executing an SST command. 

The operating flo'// is shown In Figule 6-2. The CU is set to the Inactive stale 

by moster cleor (Iv\'cL/RSLL including ot system power-on time. When the 

CU rCCf'ivf'S (J C 10 ')Iclrt COlnmond (input or output), it goes to the Execute 

Stolf' if the devie(' IS operoble; if the device is inoperable, the CU switches 

6.7 In inp"1 mode, the CU goes to Execute-Input state ond receives or 

.... /flits For q ch(.Ir(jc!'_~r from the device. When the character has been received, 

thp CU switches 10 r,-chonfJc-lnput mode ond transfers the chorClcler to Ihe 

CPU, with on INR (ornmond. 

6. f3 In (Jl)ti",t mode, Ihe Cll switches from Execule to Exchange stote os 

soon (IS the ,kvicc is rendy. Th,> CLJ wnits for, or rec€'ives, an OTR commond 

with one chnrocl"1 f,ol11 tl", CPU The CU switches to Execute-Output slate 

10 Ilnnsf"r tl", ellClI'lclel hil-serinl to the device, and switches back to 

CPU cu 
TRJ\I'\JSI (P ---

(PU CIJ 
S T A TIJS 
TPA I'J ~FE P 

f,,~A:;lrp '.itAf.', OR 
PO'f,fP ON 

(10 STARr 

INPUT 

(XlCIJ]( I~JPUT 

01 

(10 

(10 ',T hPT 

01 

f. \(tJ1[ OUTPUT 
7'-------,-~-' 

Receivf' (h(H(J( tp! 

bit -H~! jed 

110fT' d('vir~ 

'.'<'n;1 f,." I ;~ .. d chr:lroc t ,.., 

CHARAClfP 
Rlrr I 'lED 

pt"dOlf't1 tNR 
C.hOf to C flU 

INP. 
PEP.FORMfD 

(IC) HAl T, OR 

0('/1(-( t-..Jo-or 

IQ 

---------

,)TATU r, 

'l[NT 

LYr .. "_ j (,., I bi' -srI 'oJ 

I~ f A f) " 
CHARAC It I( 

q t>JT 

11 

{,XCHANG[ OUTPul 
.\ (I;' for, or 

p('dolm 01!.' -
(he)! from CPU 

OTP 
rF pc ORI-.},[ D 

Figure 6-2 V24-CU Operational Stotes 

1'1 ' 

ell'D['/iC' 
TI\A~jq:[f\ 



0.9 When the CU receives Q CIO Hc'!t commcHld from the CPU, it goes 

10 Woil Stotus st<ete. The switch to INnit Stotus is not deloyed if CIO Holt 

is received while the CLi is cxchunging n chOloctcr with the device, becouse 

Ihe e"chonge is performed independently by the UART chip once the CU has 

!!'\;r;otcd the operotion. If () neVI exchol1gc is re<luested, however I it must 

"Oil fO'I the end O'f lilt? curlt?nl IrCll1srnission, when FTEOC is reset by the TEOC 

. i'CJnol Irom the UART dlip. 

6, 10 lOGIC DESCRIPTION 

A block diClgrCJm of the V24-CU IS shown in Fiqurc 6-3. Dt?toiled logic IS 

plovided in ~igurc 6-4. 

(~, J ! Do to ['01 h 

Ourput do to is 8-bit pnrollel f,om the CPU L-It?gister di,ect to the integroted 

,eccivel Ir""'5milter circuit UART in the CU. The UART circuit oUlputs the 

character bil-seriol (with Ihe opP,opliote stUr!, stop, und perrity bits odded) 10 

the device on Ihe CTI04 line. Input doto is received bil-seriol from the device 

vio the CT103 line. Ihe input chulackr is ossembl"d by Ihe UART circuit 

(v/ilh start, stop, onel pClrity bits remo'/ed) end sent 8-bit porollel to the CPU 

(-selector. 

6.12 The input doto puth to the CPU is VIO (J type 74157 mulliplexer 

circuit. This circuit is used to ploce stotus bits on the doto lines during on 

SST commond. Voltoge conversion, from +5/0V logic to the +12/-12V used 

b, rhe devicE:, IS performed by the type 1488 output inverters Clnd the 1489A 

input invefter~. 

6.13 ChOfclcter Conversion 

Churoder conversion between bit-seriol ond bit-pornllel is performed directly by 

I ecci'/e,; tronsmittcr circuit UART. During output opelotions, the UART circuit 

odds Ihe stort bit (109icol zero) and stop bits (Iogicol I) to each chorocter. 

[it her one or two stop bits (lre Gdded, depending on Ihe U-link selection for the 

r··~SB input of the UART. (Two stop bits ore nOfrllol, but 0 device moy require just 

r-­
CPU 

-- -- -- -- -- -- -- -. -- --

I O-Rt:.G K .REG ')(0 

-T~ L - - -- -- -- r-- -- t--
8 " !)",I/I 

I 
.J 

r-----
IMPR 1(810 

~ 
ADDRE S \ ClOe, l 1,\/'1',' .J 
DECOD[ I-- lOCIC 

":1(,, 
l L __ ~ R I ( lUi ),l 

~ 
l~~Ar-J~JMl rll f.' 

COMMAeJD (Ih'CtJIT 

D~ lOGIC MODl f--- tJA R 1 
SHlCl 

Pw ity 

" [JIO [(flO 'Stop Bi r 
Ready 

V24 SERIAL CONTROL UNIT 

Figure 6-3 V24 Seriol CU Block Diagrom 

(\P[f~t.1C\ . 

fll' 1'- t 

" 
,I 

!),J!o In 

". ;,,1 

0,;1, n .' 



one.) During input operations, the UART circuit strips off the same start and 

stop bits that it is set to add during output operations. 

6.14 Transmitting speed is controlled by CU clock logic which is synchronized 

with the CPU clock. The basic clock signal is TC810 from the CPU. This clock 

rate is divided by type 74161 counters and flip-flops to provide clock rates for 

110, 600, 1200, 2400, 4800, and 9600 baud. The desired rate is selected by 

positioning n U-link jumper. The selected clock signal drives the UART 

circuit, via flip-flap CLV24, through the TCP and RCP inputs. 

6.15 Parity 

Th" UART c:rcuit can be manually progrommed (by means of circuit U-links) to 

ope rote without pmity, or to insert and check either even or odd parity. With 

no-parity selected (high level to the UART inputs NPB and NDI), all eight 

data bits to ond from the CPU ore sent and received CIS data bits on the device 

dotn lines. If the U-link is set to select parity operntian (NPB/NDI low), a 

scr.ond U-link ot the POE input determines whether even or odd parity is to 

be used. 

(;.16 Whenever pority is selected, the UART circuit ignores the least-

significont bit to Clnd from Ihe CPU (bit 15). For output operations, the 

lJART circuit delermines the porily of the seven dolo bits used and places the 

resulting pnrily bit in ploce of Ihe eighth data bit with the serial character 

10 the device. For input operalions, the lJART circuit checks the parity of 

II", first "''1''" dot" bits received, (lnd compares the result with the eighth (parity) 

bit. The UAln cireuil indicot"s on error by activoting the PE signol. A pority 

('rror ,,,ts th., CfllPER ond FH/\LT flip-flops ond switches the CU to Wait Stoh)s 

~, t r 1 I (' . 

6.17 Device Interface 

All CU-Device signals are via connector 1, as follows 

Conn. 
1 

lA30 

lB31 
to 

lB37 

1 A27 
lB27 

) A28 
lB28 

lA31 

IA32 

1 A33 
1 A34 
IA36 

lA35 

IA37 

6.18 

line 

Cll 01 

CT102 

CT103 

CTI04 

CT106 
CTI07 
Cll09 

CT1082 

I CTl33 

Signal 

Mechonicol Ground, to/from GP Bus connector 3 

Ground 

Signal Ground 

+5V 

Data In, seriol dota frorndevice to CU. 

Dota Out, seriol doto from CU to device. 

High' CPU switched on. 
High when CT1082 is high. 
High c· CPU switched on. 

Operable, high when device is connected and switched on. 

DREADY, Device ready to tronsfer next output charocter. If 
the device does not provide this signol, 0 U-link on the ClJ 
must be positioned to hold this signo) octive within the CU. 

Echo Made 

Echo Mode is progrornmoble by bit 10 in the R3 register ossocioted with the 

CIO Stmt; this is indicoted to the Cll during CIO Stmt by 010 to the FECHO 

flip-flop. Eoch Clccepted IhlR commClnd is memorized by the FACINR flip-flop. 

At T7 of the CPU ROM oddress 159, Ihe octiVt' MUQI sets the elJ flip-flop 

ECHO, and TDSN is vCllidnted up to T5 of the next cycle. The low level to 

the TON input of the UART circuit CCluses the input dob to be chonnelled bClck 

to the Doto Out line to the device. The FI\CINR flip-flop remoins set until the 

Woit StCltus stote when it is reset by FNU from the CPU. 

. r' 



HH 

X4 I 

Y4 

J' 

'" o 
" 

M ... ~~.~. RN 
z z 
~ .j 
~ :> 

z 
to 
'" u ., 

AA 

-+-1--+--- --~-

H (X) Hii f:f fiti 

IISI 

ff 

UART 
HOR 
OAJ<f 18 

WA 2! 

(DAIA QUT) 
~°\oe., «I ~ .. , 2 I TSO I"'H-+----l-l-~....:..--=:.:.:-'----~ 

BRGF ":" ~ «I ., 8 9 10 II 12 
r+-4~-~-+-+--+-~~-----------

__ '_N --------------!-+-++++--!-~-_++J 
Mel 
THOUBLEN 

ROARN 

RDI5 

8 G) Delay (ircuit on fig. 2 .. 8. UU. 

JJ 

Figure 6-4 V24 Serio I Control Unit DetCliled Logic DiClgrClm 

-.~ .•...•.•... ~ ..... ~ 
_l..J Y1 



NE555V 

2 
TRIGGER 

3 
OUTPUT 

4 
RESET 

1488 
1488 

T I1~E R 

')IIAI) 11I)TI 1III1 IlH IVEH 

I OV 

14 Vf ~l~)V fll{1X 

I V ~ll,V max 

8 .. Vee 

7 

DISCHARGE 

6 

THRESHOLD 

5 
CONTROL 
VOLTAGE 

APPEND IX A 

1489 
1489A 
LINE RECEIVER 

Response control 
9 1 v e S : 

0) Logic thres­
hold shifting 

b) Input noise 
filtering 

POSITIVE LOGIC: 

yo li. 

1801 

D 
D 
'bY 
:0' 12 

~9v 
Vee 
eND 

(see 7400) 

14 

6200 

ENABLf 

13 

7400 

I024-81T ROM (~~6x4) D.C. 

AUURESS ENABLE 

5 6 7 4 3 2 1 15 14 

El E2 

Vcr 1 f) 
12 11 10 9 CNP 

[lATA nnrll; 

7400 

~D 500 
HOO 
031 

37 2 LY 38 
1801 1 

~ op .... n 

( ollrrtor lLY bulfer 11 
13 

A L->V El 

Y Ail \:' c c 1.\ 
(~N() -

P[ 



7402 7404 7404. 504. H04 7410 
QUADRUPLE 2-INPUT 7406 o. c. 30V 

POSITIVE-NOR GATE 7414 sh Tris 

~ 
7416 0.6:. ISV 

7410 

~. ty 
!fY 13 

~ U ![Yo ~ lU ~ ~ 13 11 12 
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4·INPUT NOR P 5Iy WITH STROBE 

~ 
5 

~10 ~ 
11 

'p 
9 . 

~~ ~ 
12 13 
13 12 

'~ 
POSITIVE LOGIC: 

y.r.(A;[ItCtDj B~P-Y A C)-v B 

1~ 0-
Vee 14 Vee J.1 

IJ( r ) ~ 
r:IW 7 C~,j : (;rIP i 

rn<:,itlvr. (091C' y A~i\ 



7430 
-----------------~I----------------------------------~r_-----------------------------____ ~ 

7437 

7430 

8-1~~PIJI r~AN[) GAT[ 

7432 

7432 

POSITIH 

Y~A.B 

/\ -4 ReV. I 

lp 
11 
12 

V l ( ! <1 

1;:11' I 

j • i u. 1 ! 

D 
D 
!D 10 - 11 
13 

LOG Ie: ADv B --

Vee 

GNU 

14 

7 

7438 

(see 7400) 

7450 
2-WIOE 
2-INPUT 
ANO-OR- INVERT 

POSITIVE LOGIC: 

X,OUTPUT Of 
7460,7462 

Vee I!' 

:NO 7 

7453 7453 (EXPANIJABI [ ) 

7454 
4 - W I Of 
ANU-OH-INVI R I 

POSITIVE LOGIC: 

'53 
Y 0 n.-rn-:;n;-; lTT>Y 
'H~3 
Y-AB.CDEtFttHTIY 
'~4 
Y c J!:ll'LIFin-.lfT 
'1I1J4 
Y c All-i rur;:n:;-nn 

A~ o 
~y 

- X 
I 

7464 

INPUTS our PU I " 

PRESET CLll,R LLUCK ,I I (I 
--------------~-

X Y II 
X i 

\ ': 
II L /)(l (,\1' 

H Ii Ii ! 
Ii H L II l II 
H H H II T oce l 1-
H H X X Qil 1)0 

---~--- ----
Positive LO~Jl c: Y - A I, COt I 1- tell It, I , 

(1? 11)!·1 '; J f)fi I j 



7474 7486 7489 
7486 

l,4 - 81 T R[AO;WRlfE II [IIOR Y 
QUADRUPI [ 2-INPUT EXCLUS IVE-OR GATES 

7474. H74. 574 2 1 YT T1 rfI 3 
i 111 ~ I r : 11'1 I' n \ I r I V f -[ D I; r - r H I I; r; L R r n r LIP - r L 

~ I 4 3 2 110 11 12 13 A B C D D, D,o, '" j 

LQ LQ ~ 
Lc ME WEp-

5 R 5 R 51 52 53 54 
0 0 

t ~ X X 
Vee 16 

5 6 9 8 Vee I ~ 

1~ 
(,Nil ., 

',llO 7 --
I IINC I 1011 I ABU, 

----------,---
INl'lll', OllfPUTS 

1~ 
lit WI 0PU:AIIIJN C:) 'W 1 T 1 C1 i~ or ·lU 1 P\ITS -- .. ----~-- ---~,--

~-1-- 1------r- --~----.... ,-.. ----~---~----
" p C IJ f) 0 11 L W r i t e L n l' [' 1 n r:' P n t 0 f '} a t a ~ n p t.J t (, 

13 L II Re,d COI"P 1 ('~ent of ~',e 1 P.C tJ.tj :")0 r-d I 11 ( , H L 
11 : ) X 

H ' rOllil'il L II 
r) to" (1 C] (' C orr i' 1 ~l"(' '1~_ of r;~ t ~ Inc' • .,ts 

l L X X II 11 
II II t 11 II L AiD-V 

11 II Po 
ti (1 t hi nr; Hi '1 Ii II H t l L II B-

Vec 14 
II II l I no 00 GNO 7 -----_ .. _--

Po~, i l i v f' Logic: y, Mill ,AS,AU , 

7485 
4 "'II IlAi,N 111);)[ "IJIIPARATOR 7488 

7:,6 till PI AD ·ONI Y ME MOR! 

74112 2 3 10 12 13 15 9 11 14 1 4 ~ 1i 11 1f Y 11 

L 'D"U~UJ, j 
it: 

E 0 C 8 A 

A<8 

'.~ 
745112 

A 
A>B'--- , '. :U (,11 r : /! [i)(,f -'p ~(;r)L~'f!l f 1_ : p - r l () r s B Y3 Y. Y5 Y. 

Yi 8 A>B A,B A<B ! 1 l i 4 3 1 2 1510 11 13 12 14 

i 1 t Vee 1 l v" 16 
16 GUO R 

GNO B 

~ lQJ ,IORll-Sf l.EC1 1 AB L I: 
" " '!;il' -- 5 R 5 R 

" lin : ~ I : 'j" ! Wf\P.P IN PII 1 S WORD r fI r 1I "; 
'ji'" 

r,,1 1'1', I D ( Il A E 0 [ B ~ 0 0 
" , 

t, I' , " f, 1'1 r p , " , I' ~-.. - -~------ f---1-----
I {J I I I. I L Iii H L L I L "/(,( 16 

! I , 
I L L I. I II 17 II I L L H 5 6 9 7 (;/1:' 8 , 

" , 
" Z L I I. H L tE H L I. H L --

" ! 
I " I J L L L II II J 9 H L L II II r U Nl fIlii! ',11'1 ! 

I::. , , I -----
'I I', 

, 

" , '1 I L II L L 20 H l H L L r Ii r II i ' 111 '1':1" 

" L L II I II ? 1 II L H L II r----:----~----
( I 6 L I. II II L ((. II I. II II L ',) r{ L ,) f , , , 

" I l. l II II H 23 II L H II H I " 'I 
I , " L l :J " L II L L L 24 II H L L L II l " 

I " , 
" 

q I II L L II 25 II II I L II 1 .: " ( " ~ i 'I , 
" 

, , I 10 I H L II I. 26 II II L II L II Ii I 1 ,. "- l l " " 
l 1 !)ll o I~ 

II L II L II H 27 II II L II II 
" 

I! !I I II I Ii 1 , , 
" , 

" " 12 I II H l L 2H II H H I l II II I I " ,', " " " I " 13 L II H 1.·11 29 II H II L II I! 1 II 
'" t,: 

" 
r." I' " " " i " " " II II I Ii II I r , , r·-, 

" 
, 

" " 
, 11 L H H H L 30 II H H H L 

1\, 1'\ , Ii ;, II " 
" " ,,' ," , ! , , , IS L H II II H 31 H II II II II '" , , , 

" " -,,'I'" --'--------

1'1 \ 



74121 
MONOS TABLE MULllVIDRATOR 

iI 
3 ,,~ 9 

6 I 

TO G~e the lntcr!lal timillg resistl)r 
d)onect Klflt til 'icc 

An externdl t '1llinq (dPdCltOf" may t)j~ 
conrlected betw~en Cexl and R~xt/Ct!At 

;ycc 

10 

Cut 

For aCLurate r~peatd~le pulse WjJltl~) 
(onllect an exterlldJ resl,tor bet\v{~en 

Ht'xt!Ce~t and Vl..l.' Wlttl Ril\t opt"n-llr,l'ltt;\~ 

fo nblt:\ln ViHi .. l!Jle pulsf.· width.:;, con!lect. 
external variabl~ re~lstafl(e betwppr) 
Rint or Rext/Cext dod Vee. 

74132 
74132 

POSITIVE lOGIC: 

AS 

/\ -6 I\EV. I 

1~~ 
~ 1iCJ 11 

13 ST 

A~y . 
6~ Vee l,t 

r:tlD ; 

t 1,,,(: ') l:i) I d 1/ I 

74138 
01 CUD l R 

234 5 6 

15 14131211 10 9 7 

f UNC f ION fASt. £ 

INPUTS 

v cc 16 
GNO B 

TNABU' SELECT OUIPUTS 

Gl 'GZ C B A YU Yl Y2 Y3 H YS Y6 
X H X X X H fI Ii H Ii H H 
L X X X X H H H H II H H 
H L L L 1 L Ii Ii H H H H 
H L L 1 H H 1 II H H H H 
H l. L H L H fl 1 Ii H 1/ H 
H L L Ii H H II H L H H H 
H L H 1 L H H H Ii L II II 
Ii L Ii 1 H fI H II II II L H 
H L H H L II II H Ii Ii Ii L 
Ii L H H H H II H H Ii It H 

'til GZAtG28 

74148 
0-' J'if-TO-J-LltiE PRIORITY ENCOOLR 

5 1011 12 13 1 2 3 4 

EI EO 

V l, C 

CND 
9 7 6 14 15 

f-l'NCTIO~! lABLE 

INPUTS OUTPUTS 

Y7 

H 
fI 
H 
H 
Ii 
II 
Ii 
H 
fI 
L 

j 6 

U 0 1234567 A2 Al AU GS EO ---_._---- ~-------~.- ------_._-- --_._-------
Ii X X X X X X H II H II Ii 
L II H H H II II H Ii H II Ii L 
l X X X X X X L L L L L II 
L X X X X X 1 Ii L L II L Ii 
L X X X X X II H 1 II L L H 
L X X X X L Ii II II L H II L II 
L X X X L Ii II II II II L I L II 
L X X L Ii II II H II H L H L Ii 
L X L II II II Ii II Ii II II L L H 
L L II II II H II H II L II 
------------'"-"--- ._----------

74151 liAr!, 'ILlCIOH/f.!liLIII'llxlll 

7 

5 6 

fUNCTION TABLE 

INPUTS OUTPUTS 
S(L[CT STROBf 
C B A \I 

-------
X X X H L II 
L L L L 00 00 
L L H L 01 01 
1 H 1 L 02 02 
L H H L 03 03 
II L L L 04 04 
II l II L 05 05 
II II L L 06 06 
II II Ii l 07 07 
00,01 ... 07 the I t· v t , of til'.' I; r r"dJl-' 

lr:'.'.:t 

74157 

QUAD 2-lo-I-UNE DAb" SELEClOR), tAli I TIPLlxtRS 

Olll PUTS 16 



74158 
74158 

'.111 r:1 
1 

74161 

" 

STROB[ 
14 I ~ II I:) 5 4 2 3 15 

,11'> ,1H )(, ~R ;>/\ ?H III IH 

) 

f)!lIPIiIS 

(see 9310) 

') 

Vee 16 
GND 8 

74169 

74169 

SVIiCIlRONOU$ 4-SIT UP/DOWN COUNTERS 

9 

74174 
74174 

2 10 7 

IJ 
Vce 1(; 

15 14 13 12 11 GND 8 

l'1! T PIIT S 

9 3 4 6 " 13 14 

2 7 10 12 I') 

rUNC 1 ION T A BL [ 

IN PU T:, O'ITPIJTS 
f-:----

Qt ReD Q 
L X X L H 
H 1- II 11 l 
H 1- L L H 
H L X Qo 00 

v c ( I h 
r:NO () 

74175 

74175 
QUAD D-TYPE I LlP-II OP', 

<' 37 6 10 II 15 14 

r Uf4C 1 ; \) d ; II f3l. t 

im'l·'TI~:S p. c ~' r" ~: 

L '/ : 11 

II t ' 'I I 
t I i H 
L ~: 0 rl (If 

-----

x 

v c ( If. 
e; ~ 1 [J 

~---------------------------------~----------------------------------~--------------------,------------,--~ 



74181 
r:J~CTION­
SELE(T 

3 

,'I -8 i:t, '/ . I 

III PUT S 

2 232119 

9 101113 

,-
-' 

I 
110u( CONTROl CAPRY 

16 17 15 14 
c., 
> 

> ( ., 
~~.; « " i:L ., ,-., c. ·c 

C, (i' 

n- .,' 
0_ 0_ ,-

C) 
Q U ,,' ." ,,;.: 

v 

lilPli1 
/ 

7 

v (C 24 
(; N ~) 1 ') 

74182 LOOK-AHltD CARRY GE~ERATOR 

INPIITS 

CARRY 
CAPRY PROPAGATE 

GlNERATE 

(f'!!'Y I J 
31145 \ 

13 4 2 156 

I 
12 11 9 

I 
~ I"{R Y 
{JIJ T 1",' '( 

:O+POCn 

rrHY 21+F1::0+ Fl': Co 

7 

« 
'" <, 
,", 

0 
cr 

>-
c" 
00 

.ntZ ~2+P2Gl+P2°1C8+P2PlPOCrl 

l 

I 
VeL ie 
GND b 

10 

(~ 

>---.,' 
0: 

," , 
Cd 
C 

>-

'" c< 
" 

u 

G c3{j')+'i2) (P3,P2+(;)) (P3+PZ+PI>GG\ 

p P3P2~)1~Cl 

74188 

74188A 

F~ARL[ DINA"' SELECT 
'- ----~--~--

15 14 13 12 11 10 

r 
2 3 4 5 6 7 

Vee 1 b 
9 GND 8 

-------r--------
OUTPUTS 

Or£anized a~ 32 l!ords of R Bits Each 

74194 

74194 

4 -IJ I I ~) H ! f j P iLl f J : I f~ 

~'tl 1ft i{ i q h t 
~·e(idJ input 

f1 (), j (. ~ f~ ; '': c l 

74279 

I-OJ 
-~---

2 Q-l 4 

3~ 

I'd r' rI I I ( I 

! n pu ! " 

IOcJj 
--.---~ -

,roll t I t·t! 
') f ( 1 (1 I ; f1i1tJ t 

,'(, !t, 

! c-" 1.1'(' 
, ~ (, ' 1 ,_. : ! I; \. . C--1 

11-]~~L9 
12~ 

, ; d I ( ,: 1. \' 
IIl[lu::' .. (Hhiitlor,S vier!::' (:'.t}Lll'.':~'l 

!'II ~ OljtP~t 1 cVP J i" P\l<l!f!q .) ~"~ L; 
,,('t- I'), II J!ldV not Pf' ~,l·-)t \'.'~11."1 !_r:,' 
S d r d R i no u i:. s ~'e t. U ,- p t n r ~I ~ ! r 1" 1 '_ t ' 
(h1<)')\ level. 



74298 ):'AiIRIIPI [ 2-II.rUT 

7812 
7815 
7912 

"1111 111'I[XlH 1~1111 SrORAG[ 

Lc; ~CK 

OA Os 

1l L 
r - ' 

WS I-

°c 00 

1~ 1~ Vee 16 
GNI:- " 

~ ,., I' 

1"v.'1 elf A,0B,etc. 
"·.f'Y-ro'~ n-' ~ nlost-r~c( It 

tl"a nslti011 f the clock 
"It'',!t. 

7812C (>12V) 

7815C (.15V) 

i ), ,,' " Ii; t,· ' 

~'-~ OUTPUT (2) ~) COMMON(3) 

L~ INPUT (1) 

7905 

7905 (-5V)' 

VOLTAGE Q[SULATOR 

I ~OUTPUT (2) 

o _INPUT (3) 
1-----, COMMON (1) 

L-... __ ~ 

8205 

,! . 
n , 

1 2 3 4 5 6 7 8 

<C 

'~I C ( 2.-\ 
r; r~ {l 1;) 

fJA T:. n!l"! P!I r 

(trrJhr II (,' rJlf 2 qat!' lhe (l\Jt"lIt 

~-, t t" (1!J (l L (' '; !", l CI d d ,- p .. , '; e d \'1 () I~ d i <:, t; t \I P P (' d 
,1! tIl (> IlU l 11 U t 

8234 
8234 

1 N P ij 1 
: r LEe i 

9 

8576 
8576 

["rTf. :"1'11"'':. 

1 I I 

F1 F2 

i 
3 4 12 

,~ ,. , -

[EJ--
C, J '_, I ~,(->: p ( ~: -, 

---------
: t~) i: 

! 1 p 

j " I 

1 ] " ' r).' '1 .) ~ 

['I,', 

,. l' 

" 

F3 

I 
13 

21 22 23 1 2 3 4 5 6 7 8 9 10 11 

I I I I I I i I I i I I I I 

:',1'" 
f~! ~ 

7 

,'( -

'1 '2 '3 '4 15 16 '7'8 19'10 111112 113 114 

I I I I i 1 I i 
13 14 15 16 17 18 19 20 

]1- f C:'''lt ,"t;·' I' I ,·1 

I, 



9301 

,\) ( 

9308 

9301 

I', 14 2 

() 23456789 

yyyy-yy 
!312 II 1093 4 5 67 

~ l. l 1 t· 
1;1,1: B 

r,l:l!tl~'lIl-l-lr)\e Ut-,.UdL'1 \·,111 J\lt:J,r 

!()'JI Input" dOll PI'()vldr i t [i J ~ I ',' 
i: ,,( I u', I \., i' () u t put') . 

'I. f 

l " ,'. 
F',tdI'c'lLLl. L!· 'CI1 

I ~i I' :: I " 
I' liP f" L L1. l. l. {. i C 11 

• ~ j :, t; L : ! ~Ji) lJ ~ ',/ 

2 3 4 

llR 

H 
H 
Ii 

II 
H 
L 

10 1'['/ ,I 

8 10 14 15 16 18 20 22 13 

I 

FUNCT 'O'i TABl [ " 
E U; E 1 0 ~ OPERA110N 

L L 
I L 
1 H 
H L 
H 
X K 

L ~ DdtJ. En t r j 
Ii H Udtd Entry 
X C;rl-1 Hold 
X 0n - 1 11010 

Qn-l Hold 
X _L Reset 

Pre v I () U ') fJ u t P Jj t ':) L J t f! 

Prese'lt OutlJut ~tat~ 

Vee ;~4 

GND 1" 

9309 

DUAl 4-INPIII 1,IlILTIPLlXIH 

\vl~!Lt InlJut~ 

3 13 12" II 0 10 6 9 T 

III 14 2 

9310 

9310. 74161 

Bell COUNTER 
BINARY COUNTER 

Pdrallel Parallel Parallel 
Enable Data I" 

T,. i ck I e 
10 T 9 .3 4 !:I 6 

2 14 13 12 II I~ 

Clock 

v (L I I 
G'ID 

Vee 16 
GNO 8 

( C oun t) Terminal 
Count 

9316 
9316 

9318 

,1-1i I I Illlll<i( Y I.IJI::,: I I' 

P d (' rJ I ! L' 1 
L /1 d t) ! t' 

Pdt a ! I t' I 
I ",ill t ':i , 
Z 10 7 9 

f' oJ I d I I ( 
illjJIJt.<, ___ .i.........~. ____ _ 

,3 456 

CP CETCEPPE Po PI PZ P3 

MR 

r c 11) '.\ f P 

1 n!-'u t " , 
! fi d t· I! 

10 II 12 13 I Z 3 4 5 

o 

EO 

15 
1 

[nable 
only 

2 3 4 5 6 7 EI 
INPUTS--

AO AI AZ 

9 7 6 

COlle nf h llji"if:<, t 
P!'!Or'lty,'tcll\J{ 

i rl II iJ! . 

GS 

14 

" n, fI 'f in U \J t 
d!" t 1 V f' 

'J 3 1 B i S d 1,1 u 1 IIp U [' P () ') f~ l n c () d t.' /' t i " \ (I nt' 1 
to Jccel-ll eight Inputs d/ld produCt 

binary vleightl'd (Olje ot L1IL' Iliqh(H,t ul'lt'! 1111)(:1, 



9324 
',-rl; I IJI·I I' M,A I IJI! 

, IJ 12" 109 34567 

l 01 ;> ,3 -1 01 234 
A B 

A>8 A·B A=fl 

15 2 14 
v I" r; ~ f, 

I~ 'il \ 

, P d n r' ,1 l' ! (' r () 11' fl d t ,1 t po_ 

, [)I'~ p.J >" 1 ',I) n I) f' t \'1 (' f' n ! \-J{) [,-

Ill'! ')' V I" 111) P (' Oil t P') j " • " 1 f " ' ,1 n" • 
'I' ",lin) th-ln" ,)n" "'''1'1,.'1 I to" 

If' '.' t' I '11, f! I) ,I f I 1 'J f' i O~J f' n ~ t, I r· InnlJt forc'?~ 
.\ I; ! h' ., f"l r P', 1 c, I (IW 

9341 

(see 74181) 

93403 

(see 7489) 

9602 \lllr,L! ,HOI 

Rx Cx 

Vee 
-~ 
- Vee 

o 6 Q 10 

" 7 Co Q 9 

Vi" ( II, 

3 13 r;!J[) 

,.---------_.-
IRlcr;U;jl;" .111lC[ION IAB!.I 

·-----·-r-----PIN IlO':) 
',(II) 4(17) 1(13) OP"",.r,,,,, 
------------- -.---"---~. 

II -, L t II 1 r- i q q(' ,-

II L-H Ii 11";99(>' 
x x L I!",.r 

--~- ------

DUd] Rf'Irig(jer'i'lhlp, He'd~tlilblp r1ono<:;tablf' 11ultiviht"ttor' 
provldp", il~\'Olltput pul;e"whoc;e dUI'rltioll and afCUI'(lCY 1:, t1 

flJrlrtillrl 11f p~'\'rn~l tinlin!I C(lml)Onrnts ! x ~rl(1 IZx .. 

9603 

C)( Rx 

') 6 

4 

:,--------
Q 

tn ;)lJ1+t n ' l !~lI'!i! 0W;Pli! 

~-~l-~~--~-~~~~~--"-I'-Jf-r~ 
.! 1 q fJ r I' 

II i~! q f' f' 1 n (j 1 " a (", I • " . 

ADL2011 
CR202A 

(see 74188) 



REC 0613 

(see 7404) 

UART 

., 

:, -I: 

... .1 

t 

J~ 1 

:L~J 

.{ '-j 

I' [ ,: . 1 

T-r 
1 ! 

L 
J 

l' 
-

] 
- .. --.---~.--} 

- ._.-.. - ----.~~ -'-""'--' ----

...i 

',;, •• -1 

j 
• • 

') , 

.-\~, 

}JA710DC 

111':11 'PIIIJ 1JIIIIIlFNIIM rnnl'Af'A I ()I' 

it,VI Ii I IIIL itlPll1 3~-~ 
IrI"""IN( it:PIIT 4 ··-v 

jJA 723 

)JA723 

f d·~ P Ff~ A r U R t 
"',1F [ t,1 S f T t. t'. 

/ ~ "/ '" r 

V0LTl!;f. 
Iq rIll[ IiU 
1':11'1 I! IIi' 

9 OJ! r PI) r 

r. ~I !) 
t V I I 

'J 

'.:. ~: '1 " t.: 

:: lIP' P F N i 
L 1" 11 !. f,' 
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APPENDIX B 

I/O PROCESSOR 

B.l GENERAL 

The Input/Output Processor (lOP channel (Figure B-1) managE'S data transfers 

directly between memory and up to E'ight multiplexed control-unit/device channels. 

The lOP contains a pair of address/length control-word registers for each of its 

eight channels. At the beginning of a transfer for one device, the CPU program 

uses~t_",<:>_\AlE~RJI1~~tructions to load this register pair with the starting address and 

the block length (Figure B-2). The lOP logic then provides all GP Bus timing 

signals to control the data transfers directly between the memory and the CU. 

B.2 For input or output data transfers, a CU signals that it is ready with a 

Break Request (BR) to the lOP. The lOP makes a Bus Request to obtain control 

of the GP Bus. The lOP then sends a simulated INR~orgTR command to the CU 

to initiate one word transfer. The INR/OTR command is simulated in that it 

is generated by the lOP and is not a CPU programmed instruction. The lOP 

logic updates its control-word'register for each data word. When the block 

length is counted down to One, the lOP sends End of ~ec,?r.d LE2.~Lto the CU 

along with the lost simulated INR/OTR data transfer. The data block transfer 

is ended with on SST command and status transfer between the CU and CPU. 

B.3 

• 
• 

The lOP is provided in two versions: 

version with cord marked MX is for P852 only . 

version with cord marked lOP is for P852/856/857 . 

The function and the logic .s identical for both versions. The two cords differ 

in layout and in the location of components. Two sets of logic diagrams ore 

thus provided to show the component locations for each version. 

R I 
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B.4 CU/Device Priority 

Priority of the eight CU/Device chonnels is established by the connection of the 

Break RE'qu",t lines. Refer to paragroph B. 18. 

B.5 WER Instruction 

Two Write External Regist2r (WER) instructions (Figure B-2) are used to load the 

two control words for a device into a pair of lOP registers. Bits 04, 08-15 of 

the instructions are sent to the lOP on the MAD lines; bit-IS of each instruction 

specifies WER-l or WER-2. The R3 field of each instruction specifies a CPU 

occumulator (A I-A7) that contains the block-length or start-address control 

word which is sent to the lor on the BIO lines. 

8.6 RER Instruction 

A single Read External Register (RER) instruction (Figure B-2) is used when the 

CPU wants to test the remaining block length of on incomplete data-transfer 

operation. Bits 04,08-15 of the instruction are sent to the lOP on the MAD 

lines; bit IS -~ 0 a(fcesses the contral-~ord-I (block length) register in the lOP. 

The R3 field of the instruction specifies the CPU accumulator (A I-A7) where the 

control-word information placed on the BIO lines is to be loaded (bits 4-15). 

B.7 Logic Description and Diagrams 

The lOP logic is described in the sequence of its operation, in the section lor 

Operating Modes. Operation of some of the more complex logic units (sequensor, 

ALU, scratchpad) is given also in the section Functional Units. Logic diagrams 

(Figure 1\-9, sheets a-e) ore provided at the end of the logic description. These 

diagrams ore referenced on the block diagram ond in the text by the sheet number, 

for example: "Ioe)ie c" refers 10 Figure 8-9, sheet c. 

B.8 lOP OPElUdlN G MODES 

The lOP opcrot", in Ihree modes: 

• <,ompling Mode -- The lOP sequensor logic monitors the lOP status and 

I"sls for CLJ Breok Requests or CPU commonds. 

• CPU Mark -- Set upon receipt of a CPU command (WER or RER instruction) . 

• 

B.9 

Control-word register information is trarsferred between the CPU and 

lOP, with the CPU as master to control the GP BUS. 

Exchange Mode -- Set upon receipt of 0 Break Request from a CU (with 

Bus Obtained. One data word is transFerred directly between the CU 

and memory, with the lOP as master to control the GP Bus. 

Sampl ing Mode 

The lOP waits in Sampling Mode whenever there is no instruction or data-exchange' 

operation being performed. The sequensor logic is set to the Scan cycle (Figure B-31; 

timing signals AP and T 1 are repeated continuously. The liP signal is used to test 

every 200ns for instructions from the CPU and Break Requests from the Control Units. 

Detection of the address-recognized signal AK indicates a CPU command, and the 

lOP sets CPU mode with signal NCPtJ. Detection of a Break Request sets the lOP 

to exchange mode. The ENB flip-flop (set at the end of on Exchange opcrotion) 

remains set during Sampling Mode (logic e) to enable a Bus request if a BR is 

detec ted. 

(BFYBS) AP. ENB 
(NCPUZl) AP. AK.NrfIT 
(NeWIZI) AP. ~'SL.BSYL. 00 

asynchr : (BUSRZl) I3R 
(MSLIl) BUSR. OK] 
(BSYLll) HSL. lRY. TRM. TPTI 

Figure B-3 Scan-Cycle TiminfJ 



B. 10 \..., U Mode 

The CPU mode is used by the lOP logic to perform the WER or RER instruction from 

the CPU. The CPU sends part of the instruction word (including the lOP address) 

to Ihe lOP (Figure B-2), with timing signal TMEN. The CPU mode is set when the 

lOP, in Sampling Mode, detects its address-recognized signal AK. 

B. I I Addressing. A WER/RER instruction can address up to 256 external 

legisters with MAD 08-15 (Figure B-2). With bit 08 0 for lOP operations, up 

10 128 external registers can be specified, with J6 registers for each lOP. Bits 

12-J4 oddress the register poir for a specific CU/Dcvice channel; bit J5 indicates 

register-I 01 register-2 for the selected device, corresponding to the first or 

second control word for Ihe channel. 

B. J 2 CPU-Cycle Operation. CPU-cycle timing is shown in Figure B-4. 

Th" lOP compares the addless on MAD08-11 with its own address code set by 

U-linb (logic d). An addless compare (AKC) is set into the AKCF flip-flop on 

the rising edge of OSC. The AK signal sets flip-flop NCPU on the rising edge of 

AP (logic d), if NCPU is not already sel. This constraint avoids repeating a CPU 

qcle. NCPU and AK are used by the Sequensor CPU-cycle: AP-TI-BP-T2-T3. 

8. 13 For on RER instruction (MAD04 I), AK activates BIOVALN (logic d) 

to gate the control-word regisler contenb onto the BIO I ines to the CPU (Scratchpad, 

logic b). The active RCWN signal inhibits writing into the scratchpad. 

S. 14 for a WEI< instruction (MAD04 0), BIOVALN and RCWN are blocked 

',logic d) and V/CV/Jf~ is condition<:d. The Arithmetic unit (ALU, logic b) is set 

to logic operation B by the selection signals CW2, I I, O. The control word 

011 the BIO lines is thus connected through the ALU B-input to the scratchpad. The 

control WOld is clocked into the addressed scrolchpad register by the BP pulse during 

the CPU -cycle timing. 
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B.15 The scratchpad-address multiplexer (SPAO-3N) is switched by NCPU so 

that the MAD lines 12-15 select the register address. In the middle of T2 time, 

TRMX is set and the timing-response signal TRMN is sent back to the CPU (logic e). 

B.16 The lOP waits with sequensor-cycle T3 until TMEN from the CPU is 

terminated. AK is reset on the next OSC after TMEN drops. The loss of AK 

activates APJN (logic a) which lesets TRMX, dropping TRMN, and enables AP 

to be set on the next OSC. The CPU Mode is finished when AP is set and the lOP 

is switched to the Sampling Mode. 

B.17 Exchange Mode 

The Exchange Mode is used by the lOP logic to perform a data transfer between 

a CU and memory. The exchange can be either input (eU to memory) or output 

(memory to eLI). The lOP operates as System Master to obtain control of the GP 

Bus and control the operation. The operation is performed in two logic sequensor 

cycles: eWI and.eW2. The Exchang~ Mode is set when the lOP, in Sampling 

Mode, detects 0 Break Request (BR) from one of the CUs (Figure B-5). 

B. 18 fl,eak l(ecl'Jests.~ The elJ pi iority is established when the Break Request 

(BR) lines from the CUs arc connected to the lOP, with BROO the highest priority 

and BR07 the lowest. The BR lines are examined whenever Enable. flip-flop ENB 

is set (logic e). ENB is reset at the start of an Exchange operation (T I of CWI, 

Figure 8-6) to prevent a high"r-priority 8R from altering the conditions after an 

operation has started. ENB is set ncor the end of the Exchange, and remains set 

du. ing the ')ompl in') Mode, to enable 0 BR to initiote a Bus-Request sequence. 

fl.19 A Bus RrCjlJcst i, initiated if any BR is active when ENB is set. This 

moy hoppen ony lime durinq :';ompling Mode, or in the middle of the previous 

[xchon')c cyel,. CW7. Starting a new Bus Request before the previous Exchange 

hos been cornr"''',d enables doto-exchange operations to be linked together to save 

I i me. Figure B-5 flus Request Sequence 
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B.20 With ENB set, any active BR signal is set into the FBR register (logic e) 

by the leading edge of !,P, which occurs every 200ns during Sampling Mode, or 

at the end of Exchange cycle eW2. The priority encoder circuit (74148) indicates 

the code of the highest-priority BR stored in FBR. This code (BRENCO-2) is used 

to select the external-register (scratchpod) address. 

B.21 Bus Request Logi c. 

Moster, is shown in Figure B-S. 

The Bus Control sequence, with the lOP as 

BUSROZ IN from the detected BR is gated into 

the Bus-Request logic (logic e) as BUSRO if no other operation is active (BUSRON 

high). BlJSRO sends BUSRN to request the GP Bus. 

B.22 The active-law SPYC response (scan priority chain) sets the OKA flip-

flop. OKI is received if no higher-priority unit takes control of the Bus. OKI sets 

the MSL (master selected local) flip-flop, while OKAN blocks the sending of 

OKO to the n"xt unit on the Bus. MSL sends the Master-Selected signal MSN 

onto the Bus, and terminates BUSRN. The CPU responds to the end of BUSRN 

by dropping SPYC bnd Of~ I. 

B.23 The lOP may have to Vlait, with MSL set, until the Bus becomes free of 

ony current opel at ion (TI':Mr'~, 1 PMN, ond BSYN all inactive). When the Bus 

is free, MSL sets flSYlX which puts BSYN onto the Bus to toke Bus control for the 

lOP. Thf' lOP ,,,,itch,,, to the CWI cycle at the first AP after BSYLX is set. 

B.2-1 Regisl('r Addressin9 .. T v,o cnntrol-word registers must be accessed in 

tlrr sClotchpod durinq tl", I::xchonge Mode. The registers contain dato transfer 

information (conlrnl one! address) and must be updated during the operotion. The 

·,Cfotchpad-oddlC>' multiplexer (Ioqic b) is switched by NCPU so that the BR 

pr iorily "ncoder ond ~·JCW I select the register address. The three most-significont 

bits (SPIII-3) ore selected by flfn:t'-IC2-0N; the least-significont bit (SPAO) is 

.,,,Ir·ct.,d by ~'JC\'/J (J for cycle (WI ond 0 for cycle CW2). 

Il.25 rirsl Conlrol Word. The fir,t control-word sequence (rigure B-6) 

brqins wilh tl", first AP pulse followinn ti,e setting of BSYLX. The sequellsor 

CWI cycle is AP-TI-BP-T2-T3, with AP of the CWL cycl0 following directly 

after T3. The NCWI flip-flop (logic d) is set by the lcadinq edr)e of liP after 

BSYLX is set. 

B.26 With NCWI set, the ALU mode selected is A minus I (for bits 04-15 

only). The first control word is gated from the scratchpad into the buffer register 

(BUF, logic c) by the leading edge of BP. The Bur contents are immediately 

applied to the ALU where the block-length is d('cremented and bits 00-03 are 

transferred directly. If the block length is decrement"d to One by this operation, 

ENDN is active. At the end of Br, the updated contr,,1 word is gated bock inlo 

the scratchpad. 

B.27 The Input/Output control bit (ALUOlt'-l) and the ENDN signal are sel 

into a two-bit register (logic b) as BUf-It'-J and BUFEOR. These two bils are written 

into the auxiliary scratchpod as SPINN and SPEORN, and are used to minimize 

delay in the generation of the MAD signals to the CU. 

B.28 The lOP command 10 tI", Cli is placed on the: MAD lines (figure B-7) 

via the MAD5L multiplexer (logic c). The Input Output conlrol (SPIN) and 

EOR (SPEOR) bits are sent on MAD04 and 03 respectively. The 101' address 

(MXADO-2) placed on MAD10-12 is taken directly from the 101' oddress l/-links. 

The CU address from the priorily ('ncoder (BRENCO-2) is sent on MADI3-15. 

B.29 The lOP generates Bus timin" signol TMPN (logic.,) at the end of time 

T2 (the first OSC after flip-flop TMPX is sct). TMpr'~ 'lacs octive 160ns afler the 

MAD lines are set. The CU uses TMPN to validole the oddre» and contlol 

information on the MAD lines. The eWI cycle for the first control vJord rs 

completed at the end of T3, before the CU has responded to T MPt--J. 

B.30 Second Control Word. 1hf' '.;"\ ond cOfllrol-word sequence (f'i~lure B-61 

begins with the AP puis£' immediately followin,] T3 of eWI. The sequens", CV/2 

cycle is AP-TI' -BP-T2-T3' -T4-15-T6, with 0 waitinCJ loop before BP ond lor-fore 

T4. Flip-flop NCW2 (Io"ic d) is conditioned by th" TMPN sigllol (lMf'XA) and 

set on the leadin" edge of AP. 
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B .31 The second control word is available at the scrotchpad output (logic b) 

as soon as NCWI goes off. With the control flip-flops NCWI-NCW2 at 0-1, the 

ALU mode selected is A plus I for incrementing the effective character address. 

To realize A plus 2 for updating the effective word address, CW2WN forces a 

cally-in to bit 15, resulting in the least-significant bit set to 0 for the even­

character word addressing. 

B .32 The lOP waits for the CU response TPMN, with the sequensor blocked 

at Tl before the generation of BP. The CU receives TMPN and its address and 

command on the MAD lines (sent at the end of CWI), places data on the BIO 

lines (for on input transfer), drops its BR for that exchange, and sends TPMN 

back to the lOP. TPMN IS clocked into TPMNRA (logic 0) on the leoding edge 

of OSC preceeding BP to ensure the guord time of BIO for input tronslers. 

B.33 Before the lOP storts the memory transfer, it ensules thot ony prece(:dinq 

memory response signal TRMN is inactive (important in the ,ml' of linked exchanq",). 

The BP pulse gates the 18-bit effective address (control WOld 2) from the scratchpad 

into the buffer (logic c). This memory address is switched via the MADSl multiple"" 

onto the MAD lines. The selection signal MADSEl is set at BP of CW2. At the 

same time, the read/write and word/choracter control signals are sent to the memory 

via Bus signals WRITE and CHA. These two control bits were n.·ad from the first 

control word and stared as BUFIN (logic b) and BUFCH (logic c) dUI ing CW J. 

B.34 The lOP sets TMRX (logic e) in the middle of time T2 to send TMRN to 

the memory. The memory uses TMRN ta validate the oddless on MAD (from the 

lOP) and the data on BIO (from the CU, if input transfer). The 101' must now wait 

far memory response T RMN . 

B.35 The Bus control flip-flops OKA and MSL (logic e) are reset as a result 

of TMRN dropping MSN and freeing the Bus for a new selection. The reset 

occurs when TMRX sets the MSLRF flip-flop, and generates MSLRN. The reset 

MSLN flip-flop in turn resets MSLRF. BSYN is held active until time T6 so 

that the lOP maintains Bus control until its operation i~ complete. Enable flip-flop 

ENB (logic e) is set on the first OSC after T2 to permit acceptance of a new BR 

from any of the CUs. 

B.36 If any BR is active when ENB is set, a new Bus Request sequence is 

initiated (paragraph B-20). If OKI is received without being blocked by anothel 

unit on the Bus, another lOP Exchange cycle (CW1-CW2) is linked to the end 

of this exchange. MSL is again set by OKI and holds BYSN on at time T6 inste(Jd 

of allowing it to be reset as in a normal ending. 



13.37 The ]OP waits for the memory response TRMN, with the sequensor blocked 

at T3 before the generation of T4. The TMPN signal to the CU remains active 

during the memory-transfer operation to enable the BIO-line dota at the CU while 

T MRN enables 1310 at the memory. 

[\.38 Th.] 1 RMN response from memory is set into flip-flop TRMNRA (logic a) 

0n ony leoding or troiling edge of OSC. Time T4 is then set on the next leoding 

cri,)" of OSC 10 continue Ihe CW2 cycle. At time T4, flip-flops TMPX and TMPENB 

(109ic c) (He ".,,,,1 and TMPN to the CU drops (providing suitoble guard time for 

Ihe CU to r"ad dolo on the [\10 lines). The CU drops TPMN after TMPN goes 

inactive. 

13.39 For rcael op"rations (output, memory to CU): the memory validates the 

dnto on Ihe BIO lines vlith TRMN, the lOP validates the 1310 data at the CU wilh 

ti,e troiling edge 01 TMPI'-1. For vllite operotions (input, CU to memory): the CU 

validales the 510-line dota willr TPMN, the lOP validates the 1310 data ot the 

nwrnc"y ·"il1, Ih" 1(~odin9 edge of 1 MflN. 

B.-10 

A block dio»I("" of 11,,, 10f' is given in Figure B-1. The control words ore loaded 

intn the Control Word Regislers (scr'Jlchpod), via tire ALU, by WEfI instructions. 

rhe CPU If'(HI<. a Control Word Irorn Ihe scratchpad by menns of an'flER instruction. 

Durinq dnlo-I!'Jl1sf"r oprrotions (Exchonge Mode), the Control Words are accessed 

and updolcd '.fio II,e processing loop: scrnlchpad--buffer·-ALU--scratchpad. The 

oddrpSS-'lcn,,'oli(Hl lor]ic sends 11", CU oddless/commond and then the memory address 

i01 cncll dolCl frnnsfer. 

T I,,· 5eqU('(1S(>1 (Io'lie 0) is driven from () constantly-running oscillotor 10 provide 

II", lOP liminq "i()l1ols AT', [JP, T I, T2, 13, T4, T5, T6. The oscillator frequency 

(II OlJAfn I ie, )0 Mil:'. (Jnd OSC is 10 MHz. Sequensor cycles for the different 

()pf-'ll'JfillfJ M0d,-,,> nle: 

Operating Seq. 

Mod" Cycle -_ ... _-------_ .... _---
Sampling Scan A P-T], repeated until CPU or Exchange Mode is se t • 

CPU CPU A P - T ] -13 P - T 2 - T 3 * , woiting at T3 unt i I the fi rs t OSC 

after TMEN i" received from CPU. 

Exchange CW] AP-l1-BP-T2-T3, followed by the CW2 eyc Ie. 

Exchange CW2 AP-T 1·-BP-T2-13 '-T4-T5-T6, with 'NoitinfJ loop 
be fore f}PondT4. AP of next cyc Ie (SconcCW]) 

follows T4, overlapping T5-T6. 
----------. 

Signals AP, Tl-T4, T6 ore clocked on Ihe risi"" edr)e of OSC. Si!lnols fir) and 

T5 are clocked on the falling edge of OSC and thus shifled one-llOlf OSC e\"e l (' 

from the other sequensor signols. All sequensor timing signols hove 0 durnlion 

of ooe or more lOOns OSC cycles, as follows: 

• 
• 
• 

B.42 

• 

AP, 12, T4, T5, T6 ore olways lOOns. 

SP is lOOns (CPU cycle) or 200ns ((W I 1(1.'/2 cycles). 

TI or 13 moy losl for one or IT'ore multiples of lOOns dUlin'l the Mli!in'l 

conditions for [H' or T·1 d!!rinq the (\'-/2 eyel('. 

The conditions fOI th(; Scqclpnsor timing siCJnoh ore: 

AP (first pulse of every cycl,,) 

Condition 

Scan T I Sterrt of Scn.n or CIN I cycle, dependin') lOn condilions fm ill'. 

CPU T3.AK"J Starl of Scnn cycle; S"quensor "oil', 01 T3 01 (~PIJ eyel" until 

CWI T3 

CW2 T4 

A K hJ in die (] I C' 5 the end 0 f t h (~ CPU (" 0 nl IlHHHi, t 0 (l '/ 0 i d tJl (J n c h ; n (J 

bock into 0 CPU eyel" if TMFhl is d"loycd. 

Start of cvn cycle olwoys follows 13 of CWI. 

Stmt of Scan or new eVil cycle r"lIoNsI4, alll1(1)9 h i5_[i. "f 

CW2 are nol complele. 
L-______________ L ______________________________ . ___ ..•. ___ ... _. ________ . ______ ._ .• ____ .•.. __ __ 
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• T2 follows BP (CPU, CWI, CW2 cycles) 

• T3 follows T2 and stays on until AP (CPU, CWI cycles) or T4 (CW2 

eye Ie) is se t . 

• 

• 
• 

T4 follows T3 directly (CPU, CWI cycles) or waits for receipt of TRMN 

ICW2 cycle). 

T5 (CW2 cycle) ends the command to the CU. 

T6 (CW2 cycle) ensures data guard time for ending the memory transfer. 

B.43 Arithmetic Unit (ALU) 

The ALU (logic b) is used to load control words from the CPU and to update the 

control words during Exchonge Mode. The type 9341 or 74181 ALU circuits 

operate in one of three modes, controlled by flip-flops NCWI-NCW2, as follows: 

Operating Control I Selection Operation 

Mode NCWI,2 CWIN,2 S3,2,1,0-CIN-CE 

CPU o 0 I 0 L H L H- L H B 

Exch-CWI I 0 0 0 L L L L L L A - I * 

Exch-CW2 0 I I I H H H H H H A + I 

• Decrement bits 04-15 only; carry-in to bit 03 blocked by HeW2 so that 

bits 03-00 are tronsferred without change. 

• 

• 

• 

1\1 

CPU mode loads the WER control words via ALU operand B from the BIO 

lines to the scrotchpad. 

Exchange-Mode/CW I-cycle decrements the block-length control ward 

in the processing loop, via ALU operand A. 

Exchange-Mode/CW2-cycle increments the effective-address control 

word in the processing loop, via ALU operand A. 

B.44 Scratchpad 

The 16-word scratchpad (logic b) stores the two control-wo,ds fOI each of the 

eight Control Units (Figure B-8). 

B.45 A type 74157 multiplexer circuit plovide' 

the scratchpad-addressing signals SPAO-3N, as follows: 

--
Operating 

S-Input Address Source for SPAO-3N 
Mode 

CPU NCPU MADI5-12RF from CPU (MAD lines); ael iv e low. 

Exch-CW I NCrU NCWI, BRENC2-0t'>l; controi-vvold-i ,pc c ified by the 
CU priority-level code. 

----_._.-
Exch-CW2 NCPU Nev(f, BRENC2-0N; control-word-? 51)(' c ifi"d by the 

CU priority-level code. 
------

B.45 A type 74157 selector (SPlf'l) is used to tlonsfcr 

some bits from one control word to the other. The SPIN seleetO! is controlled 

by signal SPAON, as follows: 

Cycle 

CPU 

CPU 

CWI 

CW2 

• 

• 

Generation 'of SPAOi'j , 

MADI5 oc 0, MADI5RF-high, SPAON-high: fir st control word. 

MADI5 I, MADI5RF-low, SPAON -low: second control word. 

NCWI-high, SPAON -high: first control word_ 

NCW I-law, SPAON -low: second control word. 

SPIN Source 
Selection IC IB lA--

SPAON-high ENDN ALU03N ALU02N 

SPAON -low ALU02N ALU64N ALU128f'-l 

Output: SPIN02 SPIN64 SPINI28 
----

During the first WER instruction (SPAON-high), add.es> bits 128-64 are 

loaded via SPIN into scratchpad bits 128-64 fOl the second controi WOld. 

During Exchange-Mode/CW I-cycle (SPAON -high), the decremented 

block length is tested for a count of Ot'JE, Gnd the te>LJltinCj [~~D~--J bit 

is loaded via SPIN into scratchpad bit 02. 



8-

r~ 
~ 

n ! '? 

f il\t Con!lo1 \Vold 

BIO 

11 

15 

r iqlJre fl-8 

Second Control Word 

BIO 

15 

15 

St(lrl/Ef!('ctivr Arldr(>~s 

ALU (1\' I) 

15 

• During operations with the second control word (SPAON-Iow), the 

effective address is loaded from BIO (via ALU Il) or incremented through 

the processing loop (via ALU A + I). 

B.47 The Input/Output and End-of-Record (EOR) 

control bits are sent to the Cll an the MAD lines during Exchange Made, cycle 

CWI (Figure B-7). These two bits are obtained via the ALU during the processing 

loop of the CWI cycle: the In/Out bit from ALLJOIN; the EOR bit from testing 

black-length bits 04-15 for One (ENDN). ALLJOI Nand fNDN are gated via 

the type 7475 circuit (as BllFIN and BUFEOR) and loaded into auxiliary scratchpad 

as SPINN and SPEORN. These two command bits are gated onto MAD04 and 03 

along with the control-unit address code during the CWI cycle (which is held 

until the TPMN response during the CW2 cycle). 

B.48 Other Logic Units 

The remaining logic units are described with the lOP Operating Modes. The 

following list is a guide to the uses of the different logic units. 

l.ogic lex t Paragraph 

Addre ss Re cogn i t i on d CPU-Cycle B. 12 

CU Request logic e Exch/Ilreak ReqlJ('sts ll. 18 

Bus Request logic 
Exch/Bus Request Il.21 

e 
Exch/2nd CW B.35 

Execution Cycle I ogi c d 
Exch/isl CW B.25 
beh/2nd CW B.30 

Bus Control logic 
Exch/lst CW B.29 

(' 

lxch/2nd CW B.34 

Buffer c Ex"h/2nd CW B.32 

, I 



B.49 PHYSICAL 

The Unit, are contained on printed-circuit curds (F igure B-1 0) of the standard 

P852/856/857 system size. The parts lists are provided in Table B-1. 

The lOP interfaces the other system elements (CPU, control units, and memory) 

via the GP Bus, via connector-3. 

B.50 U-Links 

Adjustable U-links are provided for decoding the lOP address (logic d). The 

locations of the U-links are shown on Figure B-IO. 

B.51 Break-Request (BR) Signals 

1 he Bf{ signal connections are shown in Figure B-ll. The internal BR signals, 

from CUs in the some chassis with the lOP, are attached to connector-4B. The 

external Bf< signals, from CUs in the extension chassis, are attached to connector 

5, and are strapped from connecror-4A to 4-8. Priority of the contral units is 

determined by the order of the connections to connector-4B. 



I 

1 
d 

t 
I 

« 
z 

" l'c 

" 

"-~--------t-~~~~-

"-------""--~-"--___t__t"-_. 

1v'IrI..N 

I 1-,"- '0 c 

f~- " IMI ~-?MN 

1 10 

':J,"~,w, . 

fRMt'!~_~_~ __ 

______ ~~2 

.. 
') U 
if) 'J1 
o n 

d 

d 

E ~ " ~ '" <1 
z z 

~ 
0 Q ., C1 

d. 

~ 
:1 
'" 

" ., 

b 

6 
r4D~~ ___ _ 

_____ __ -..J.l..sJ,;tL ____ ~ ___ ._ .. 

~~~~---.~-.-.-

" m 

b 



l,-
03 

SPA 

k~,1 ~~ 
1-1"')2 _2~ 

- R48 2E'Er)HN 

H49 
s~ 

',. 

14 

I 

d , 
.;t <1 i'J ? (\j 
~ (\j) ..s 
::- ~ ll. "" (' 
~ ',J U, 

2 

-----, 
L~ 

." .: L.::' 
~; <: p) ,\I 
-, "5 :-::. :::; 

-

6 III '.' 

I I',,:·; '\l ':>1..1 
l~itS SHfET 

~2~~ 
"") J J :J 
J _J _J ..J 

<t <.1 "-l <t 

Hluvf.{.2 I ()V -ll ''-,-;-r-cr--:-r-' 

ll., ',-:-"- . 
~ I ~ K2 K2 ------:'!'-:t--::'I~_;;f~r_;;] 

" 
,J, ,n 
c, c) 

el " ~ "-
if> '" 

L::::. 1'\ i'.-

~l~I~J'~' 
6 , , 

" 
M 

~ ~ " 0 0 
0 0 0 
iii iii ID 

~~ 
z " z 

" " N ,-, (~? Q 
(il m 

::; , 
~ " " ~ 

INPUrs AL::'O r· 
'.)N fHIS SHEE f l~ " 

figlJlc; B-9b 

d 

OV 52 

SCRATCH-
, 'il ., PAD I, '" U 0 

5~ " ~ ~ e, ~) B, " 'f> if> 

i'. [':,. L::::. 

-r -'1: 
~'I~I~'I~) II ff" NI NI NI 

z z "' 
z ;i, ~ <: 6 '" '" ... 

<) () 0 0 0 0, 
0 0 " 0 () 0 0 
iii iii m m iii iii . 

" ~ ~ ~ 
~ ., 

~ ~ ~ ~ ~ 

/,LU, SCiolchpnd (MX) 

~ Z 
o 0 

~ 3 
" q 

0 

" u 

"' 

'09) 
NI 

z 
0 
0 
0 
iii 

ru 

ov 

(41(O J ,_' S6 

S5 UV 

:L "' '" e) el 

d 

0 

'" n 

"' 
<) / 

:;,/ 

/1 < 
u 

" ;. 

" 
~ 

1"'1 PJ 

/ .. 
I 

1 1 

, c, 



~ , 
'" "' 

'"II 

.. 

, II 

- ? 
7. '(1 

u.' \! 

b 

.1y)~ .... _-
, I 

I , 
I ;, 
I ;:i ii .~~ 

I, 



5\/ 

~ ~ {. 
,'J ,'., ,j 

~; ::.: 
~ ~ ;:;, 

(ouTPuT~) C<'< SHfETCl 

Lfj,-~:J---~=] 
(OUTPUTS ON SHE ETC) 

GP 
BUS 

0 

" () 

" 
., 

'" '" 

n: 

" (2 
0 0 

" " ~ " If.! 

'0 

9,~?4 

MeF 

", '" (; 0 ~ D 0 

" '" " ,. :> >-

~2 2 , 

" " <r en CD 
(' " Z 
0 " "' ., " '" ~ ~ ,-
Il " 

,lV 

~­
~I 

a 
/""--","" 

3 
"' u 
0 :> 

---- --------_.-

-_._. __ .-- ---._--- -----

[-------_._--... _--

BGts ~ i ~ ~ ~ c----- ... 

z 
x 

'" "' r 

" N "' "' 0 ~ 
0 u i, il () 

<t '" <t ., 
:> ,. 

" :> ,. 

'" a: '" " " " 0 N '" ~ '" 0 " " 0 () 
<t ., '. ., ./ 
:> >: " " ;, 

" 
02 741/4 

,0 

-------~-··-----~9 ... 'O.,~~" ~ 

2 

<1 

a MA004A 
AKTRM 

4UJ~~ 9 ",0 P6 L7 K7 

6 ';; 

Z 
J 

<t 
> o 
<ii 

4-

Z ~ ~J 

~I ~ ~ 
~t :?: ~ 

·-----b--

4- " ?; "' '" 0 0 

" <l 
:> " 

a 

7 --

"; 
0 

~ 

., , 
j 

<L r ' ? (/1 if. 
Will ::>' 

~------------~----~--, 

---.>-----1-----.--+---1- - C4 

iV'F7' 
) C!-'1J()N 

to! II 

IJ~ (J £6 C fI 5V 

1 " 74574Q 

C> 
t> 
u 
z 

a 
b 
e 

" 

z 
~) 

t> 
u 
Z 

N 
:J 

f', 
z 

b 

G5 

Z 
OJ 

~ z 

)r' 

-1.1, Ii C5 D.s ":;V '-..-.:' (:£6 (j ')1/ 

7q 1'4 '4'.~ 14 w ~ 
(J 'J Q IJ 

, b 

Z 
OJ ;; or 
~ N 

" ~ ~ ~ .:.t z "' z u 

a 1I tJ a 0 b 
b b b 
c c e 

Figure B-9d Address Recognition, Execution Cycle (MX) 

., 

" 
I> 



r 
I'if CI,tmF(,Tnr1'l 4 "NO 5 -TSEE··TfTIT 

" " " '" • -~-

~J ;, ~ z :i, 0-

r. '-, 
'> 0 0 0 0 

~ :}, ;~ <r 0-
~ :li m m 

0 d 
~~ 

IL ;:: i 
OJ OJ 

" '< , ~ u v z .. 
q 

-~---~--------~ 

u 

'" 0 

z z 
->w 
U I­
:!' 

H--i-l!--------t----~-__li__'_--

CU 
REOUEST 

d 
(lU rpUT ANn INPUT 
'IN nils <,Hff T 

~-+-+-----t_-----_t 

BUS~~Q"'Z"""_N ___ , 

BUS 
REOUEST 

[~ d 

Z 

~ 
m 

m .. 

SPYCR 

..J Z 0 5V 

'" '" '" :> " 0 

d [~---~ 1 

a a d a 

:'i z N Z ~ 
<t ~ ~ t'. I- ~ U 

0 z 
:> 
Q , 

~I ., 

-+--\---j----- ~-~-

------~·-T- -
t-~t-i_t------ --- i 

" 

I ----1---1' 
H2 12 

z 
N cc Ir 

Z' ~ -, 
" >-

'" e: n: 
In ,~ . 

n a 
c 

·,1 

" 

F7 

87 

BUS 
CONTROL 

., 
X 
a. 
~ , ~ 

lMPXfI 

HI 

-' 
u 
> 

[;~ I 

I 
I 

., 
co ,-
'" 0 

.: 

I 

'-v-
C7 I 

I 

/ 
rr 
)' 

r~ ., 

x 
)' 
0-, 

HI 

,. 
x 

~J 
" 

pr \; .. 

,j 



lJj 

MI 

I 

I I ,I 

I J~ .' 
'~'t " u,~ J t 
~:t ~ 

~ I c:' lOP) tel'''! 

J 

'" ~. $ . 

" " a. 

:'1 

I 

I 

. 

I 

t 

I 
'11O!L 

T 

i· t.'~'h:t.1~ 

~ 
L ... 

Figure B-9a 

T'3RN 

" " 3 "- .:: « , 
D 

• 
T4[)N 

T4N 

__ -..Q:CN_~_-+ __ +-__ ' __ -1. _______ _ 
MCU~ 

z 
n 
w 

a. 
m 

b 

C lock/Sequensor (lOP) 



I 

t 

d d 

Iril',jT', 

," :>11', 

;, 
< 

(,, ." 
<~I If f , 

ro 

HllFOO J5N.!{} 
f~UFf,4,!2BN§ 

ro 

--

P2 P2 P2 

; ... ., 
I, 

i, 

n [" ll'l'lt' "'''' S A\ 50 :; :!; ~ ON THIS 5HFfl [;;lm ~j ~J ~-l [~J~~S 
'j ~ 

z ~ z z 
~ ~ "' N ) 

0 
0 .3 6 0 {) 

" <' iij m <ii 51 m til 

0 ~~ <0 
'J () 

:}l n ~, :}, f}, 

" " " ''., 

_~~,_~_, _____ ~_,, ___ ~L __ ' __ __ 

--
I to q 13 

P2 02 02 

~I ;;. ;;. ? 
;::) 

e, (-) 
0 0 IJ 

c~ 0 " u m iil iD 

~ ~ ," :: 

, i '1"'" f\ _C)f, 

'-I ~J 0 

0 

~l ~ rnl ~JGP ~~ -~ §~ ~ d ~ ~ BUS 
d 

8 
N Z Z 

~ 3 ~ Q 8 6 0 v ;t () 

" en co 0"1 iii z m m (i 
~ 

,J 

SCRATCH- ") 
'e " PAD ~ N 

"I ::: " 
,n 

~ 
0 'e I, 

" ,) e, ~,J n ~}l V' V\ 

, , :~l 
" 

TI TI TI TI 

"", 
7f, ;; " " ') ., ,', 0 " .n m 

~ " :: ~ 

z 7 

81 
-

~ N 
Z :, 

", n 0 'J, 

" ") 

~I ~I :~'~ m n 
if' 

I 
~ ~ ", 



() 
.''0 

LS 

co 
I 

--0 
r. 

"" C 

(') 

}> 
CL 
CL 
(') 
o 

Cl 
(1) 

" " ;:, 

o 
:0 

o 
-C 

2- rS"-'".~~ 
~~ ('{ ~ ~~~ ~. 

m ~-"::'----:'--~ JI ~------
-.j ~ y .---------"'~ : --. -~+-, y-,- - ':'-

>' ,cce-Y'L@.. . ... ! 2 f I 

::r.;-, 
c'U 
Ir 

~ "" "'6;>f:~·-
~. ~;\' " 

" 
~ 

~, r-. 
\ .• ..,:.: ;C", 

-~-- - :,~,:,~~~ ,'~ . 
----, _ ~~_ '.'"'~ . r.·~ < 

. ",.. "j ,".' ". .. I "I I 

> '.29_",=,2 __ ::.f ~ : .. U.i .... 1 ~C~C ...... ~-··t--------. .:. I: 
"-y' ---r 

-'--. , .. ~., : o~r:-~---:~'~ ~;~::~ J~ E ~~- ",: 
r- -- ",,: 

I 
.. ~ 

---~
')' i 

I- , __ . • - ~--...':.-.:.'~---- ~ -

",' ,'- 0", " .. , l 'c ~~ ___ nL; \_ 
,., -:~~.-, :": .••. ~. .. --'=·Y·;',;( ,'"" ~ 

6 I • ~ '- <fl I MM~.bl..!?-~ .to 

3."-""" - I ",,, I 
~I -BuFc,n I, i .-------=--ti ~~,~~~~. ' ""--- ..• ~-' n ~- , ;;"", , 

~ 1/, 

383t-· '"'' ~ L.. 
:: :r: ~ BUFOSN ~AD05 _ 

3." I 

~. 3537 
MAD04 

l~ i 
~~3B 

I 

'" 

............. 

~ 
~ <;:P'~'9 

SP:::-:6 

SOC? 

pc. 

SP05 
: PC,4 

MADC3 ~ M~DSL03' 

3B!9 MAD02 ~ B:~d~_' --. BUFOIf\; 

__ 5P03 

~ BUF CC 
- i I 

3840 ~ MADel ~ 9LFOI ~ I 
I 
~ _

_ -"'M"'A"'D"'OO"'-___ ~~ ~~ BU'CO' =()L' '.- Ie f IU, ~ , 

i I 

{.O.; _ . __ .;2~~6.~... ._ ~: < :.. , . ___ _ ~ M:"D64 ~ BUF64"" ~I ______ .~_~__i__ __ .___ >T ;.. .. j~:2St, (" :: OJ ."" '. _._ 
394< '-=.Y-- r-j--___ .. ~_______ __ 7'~-;;'-~- ,. ! 

N I i 
3843 MADI28 G==: BU'i28N 

auF")':' --lS"", 
~ 

BUF64) 1281\; 
cr 

_~02 

SPOI 

SPOJ 

___ 5 P6 4 

SDI2::-

s::> , ~~I\ 
SDE·.)Q!\: : 

ES,(~:~~ 

TRM~q 

C' 

0' 

:~ • ;: ~2 
.iP: V':':;5-R:,\ ~ W':L 

_~'7~.".. '" .. 0 

'-' -..; 

"A 
2'" " , 
v-

~- _ .... ~'" o' "we,"-
tv .: __ 3::- ~ 

~o ...-. 1J=-:-" - ~. . -:' ~ ___ ._.--1 
~A 

~ cr.," ._-----.---- f'0J 
':"'r.~' ~' 

-~ ~~-. -.c.'""'---~-r =CC?".:c __ 

-_--':W?'.:-.-----~ 

~~C'IoZI\i 

L ___ . __ 



rN 
~)'J (')\/) 0'1 

i'l.I<C 

a: 
6 
<l 
:-

93?4 

<:' 
o <, 
" 

'" Q 
a 
~ 

" 

U> <Xl 
o 0 
o 0 
<t <! 
~ ~ 

" :Ji '" 0 0 
a 0 
<l ., 
:> " 

" 

0: 
z 
uf 

" ,-

Z 
<) • .J 

'" U o~ 

-----------

7 , 
·f 

" 

GP 
BUS 

(OUTPUTS ON SHEET C) 
------ --------.::---;;;--] 
~ i ~ ~ ~ 

cr 
·t 
o 
o 
<! 

" 

"­
Q 

" o 
a 
<! 

" 

N 

o -, 
~ 

a­
N 
() 
<l 

" 
" 
M4 

:li 
is 
<f 

" 

" 

74114 

a 
,r--- .......... 

<f 
x 
Q 

E: 

- ----- --- -- -----------1- -------
, . 

z 
" Q. 
e) 
Z 

I 

---- ---j---j--
_J 

u- I, ., ;;, " .- "' < ~ u " C' -, .. 
" ~ ;> ;-

···---··Fl--

u. u 
~ !Y 

:~ " ., 
~ ;~ 

P5 

<, 
n 

1\ d d! r' u, P (' t ("1'1 n i fir) 11. r)o', f' I 'I f ; ("' n (' v ( 

o 
b 

<, 
n 

D5 

:)P) 

h 

II <;I 10 

C2 

I 

i 

I 

r~~I(: 
I I 

j I I 

,1;( ;j 

[~I- 1/ 



101Q~ """ . I 
. I I 
: I '1 I I I • 

I I 
I I I 

f It! J ··fi~ 
I I t---
I I 

I I 
I 

81 

"' 
'j ., 
z z 
Ii' ~ 

'" m <L 

3 

" '" v v 
Z Z 
w w 

ffi oc 
'" 

.< 

r--.9---v- b 

. ~I.':' ~ '-1 ~t u 0 

2. 7. 

I 

CU 
REQUEST 

d 

}\ (juT PU rAND !NPuT 
<ill 1 HIS SHlET 

o 
-----"''", 

-, 
v 
II 

OI<IR 

a 

z 
" " Z 
~ 
a. , .. 

d 

z , 
~ v " V> " 0 L 

-------- --- ----- ------f-----f---.------j----_+__. 
""------ -- -------------1-----

I 
l_tJ"~;" ).t1N 

BUS 
REQUEST 

'" ~ 
)-

"' en 

* 

Input/Output Control (lOP) 

" " z z 
~ ~ 
(l " l- I-

a a 
c 

1--+-------- ---- -1-+ _______ _ 

BUS 
CONTROL 

., 
x 
(l 

~ 

z 
Q. 

~ 
l-

~ 

C3 

<l 

"-'" ~ N 
X 

(l <r 

~ ~ 

a b 

__ u __ _ 
__ .\l:i.,...ti ____ _ 

,. , 
C3 

fj 
x ,. 
:': 

N2 N? 

Z L 
rr ~ 

~ rr 
i-

~l 
"I 

~I <, 

z 
~ 

" fr: 



MX version not available 
$ 

~ Ii! 50 !;J( r~ ,0,0 ~ Gl'OQ~m~ rD ill ~O W ~ W cO ill 0 

® EJ s ill ,0 !ti,o~m!o ~ liLo GLDW fih 

~E1 Et[J~D ;0!ilo0 9QID ill '08 '0 W'o ill 'o0~EJ ® 
-8- Lfl -c~ 

® ~h ill 'On @~05 W d WQ5 w,o [J ru w '0 III ill '0 G}o ~ w'oo{j,o w ~ W ® 
~J ~ 

$ W1 ~kJI ~ W Woo W~ooo Q Q ~ lil ~o G:I ,00 til '0 W W1J GJ ® 

® [H~,oo, ,0 'o~ ell ~lo !lLo ~Lo Q ~ ,0 @ '0 Q ,0 l!H El ~ 0 0 '0 W 0 

® III ,,0 (iLD Q '0 !!lo Q,:~] ® ;~oGlowdGJ~@o0dIiJDill ill w ill 0 ill8 
: ~,'; 3-10 1'0 P'ocessor Layout (lOP) 

REV.18-23 



Table S-Io Mu"ipl.'·~ COld Parl~ La! 

52,53,55 

s:;. 

• G1, G2,~I, .·,2, L! ,MI, NI 

0" 
"', -" ;4, ;" D"E5,E;,f5, Go, 

'3. 

'4 

:;:'~1~,20-23,51.52. 

, I - , ,4, 31 -39, 4 . -50, 5] -56. 

:3 

I 0, 28, ? 9 , 30,42, 61 , 62 . 

IS,2S,2~,,},4J ,59,~O. 

B-24 

Desuiption 

PriMed c !fevi, 

Integroted circuit 3101 A 

Integrated c ,rcvi, 7400 

Integrated c irCvd 7402 

Integrated ci"v'! 7404 

Integ, ated 7408 

Integrated c ir, viI 74\ 0 

Integrated "Icvil 74r 

IMegroled circvil 7474 

Integrated c !reuit 7475 

Integroted c ire vii 74 J 48 

Integroted ,ircuil 74153 

In1egrolt'd c i(cu,t ~ I 57 

InTegrOleo - 4174 

Inlegloled c ;rcv" 741 -j 

'n1eg:o'ed eircJ;' 9324 

Ir,'e 2' ated ;'4181 

In1eJ'Q'ed ei'evl! 1801 

1r"I,eiYQ'ed ci:.;:uj! REC O~13 

,nlegIQ1t>d "4lno 

If)ll:':gloleo ; 4HS) 

In'eg1oted clfe .... i! 74$00 

IntegfQted eire u;r 74S04 
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APPENDIX C 

MEMORY MANAGEMENT UNIT 

C.l GENERAL 

The Memory Management Unit (MMU) is a hardwore option which provides 

memory addressing and protection facilities for the P8S7 system. The MMU 's a 

system slave which operates under CPU Bus control. The thiee main functions of 

the MMU are: 

• 
• 
• 

C.2 

Address translation which extends memory addressing up to 128k v!orcls. 

Page Usage Timing for dynamic program relocotion on 0 poge bosis. 

full memory protection. 

Address Translation 

The primory function of the MMU is to <'xtend fT1f'mory oddressing up to 128k physicol 

words while retaining the 32k-word logical oddress sclection from the CPU instruction 

(Figures C-l and C-2). 

• A sixteen-segment toble is prr-Ioaded with perge addresses by a sirqle 

Tobie lood instruction. 

• [oeh CPU/memory t,ansfer 'IrQ fh" MMU (MMU tr"nslotian) fhpn uSC's ti,,, 

four most-significont oddress lines (SO-3) to sekct 0 tuble segment, and 

thus 0 poge oddress, while fhf~ 12 least-significont address hits scI0(' 0'10 

of the 2k words within the paCJe. 

• A Tobie Store instruction con be used by software to occess the 16-.,.ord 

segment table for testing or ciynomic r"lacotion. 

C.3 Page Usage Timpr 

The function of the Poge UsoCJc Timer is to keep track of which paCJes hove not bert' 

accessed within a certain Poqe r'~esidcncy Parameter (V'/inciov: Inte,voll. Tili'I)(]lCI'Y"'!>" 



is based on the number of MMU translations and is derived from a software constant 

and an MMU hC!rdware constant of 1024 (210). 

• 

• 

• 

• 

C.4 

An eight-bit (0-255) software constant is loaded into the MMU b'y a 

WER instruction. This interval time count is used as a software constant 

cornman to all 16 page timers. 

Each MMU translation resets the timel for the addressed page, and is 

counted as an "interval" time unit. 

Each time the interval count is complete, a single page timer (located 

in the MMU scratchpad) is inclemented, and the next sequential page 

timer is selected in preparation for the succeeding page-timer count. 

A non-addressed page thus counts to overflow after 0 number of·MMU 

translations e/jual to the software constant times the hardware constant 

1024 (210), os follows: 

Window interval (count 0-255). 

Sequential count through all 16 poge timers (2 4 ). 

Full six-bit poge timer (2 6 ). 

Memory Protection 

Each of the 16 words loaded into the segment table by the TL instruction includes, 

In addition to the page address, two memory-protection bits established by software. 

• 

• 

C.5 

C.6 

Bit 6 (E) -- The Poge Error bit is set to restrict the page to System Mode. 

If on address translation in User Mode (FU set) attempts to access the page, 

the translation is blocked ond MFAULTN is sent to the CPU. 

Bit 7 (R) -- The Read-Only Poge bit is set to restrict the page to read 

operotions only. If an address translation in User Mode attempts a write 

operatian on this page, the tronslatian is blacked and MFAULTN is sent 

to the CPU. 

SOFTWARE CONSIDERATIONS 

System/User Operations 

The main memory is divided into a System port and a User part, with the System 

part always located at the beginning of the memory (lowest addresses). The System 

part contains the supervision pragroms (monitors) ond their ossociated working 

areas (tables, buffers, etc.). The User port contains the user's running progloms 01 

real-time tasks, etc. The CPU operates in either System Mode 01 Usel Mode, ond 

certain instructions are restricted to System Mode only. 

C.7 The system port of memory is locoted in the beqillninq of memory ond is 

"limited to the first 32k word positions. Addressing the System part 01 memory is 

done with the 16-bit logical address directly from the CPU, Gild tht: MMU is not 

used. However, the System is able to extend its addlessing by IJsi",] the cxt<:"d"d 

instructions (EL, ES, MVSU, MVUS) which use MMU tronslatian. 

C .8 The maximum length of a single user progrom is J2k words, divided into 

pages of 2k words. The CPU addresses a user location with tire 16-l;it 10'jicol 

oddress. The MMU translotes the first four bits into a six-bit physicol 1)0ge odd"", 

(which was previously loaded into the MMU). The remaining 12 bits from the CPU 

then select one of 2k words within the selected page. 

C.9 System mode instructions used by the MMU: 

• 

• 

• 

L) loads 16 physicol'page addresses and protection bits from 

memory into the MMU segment table. This mlJst be done prior to addless 

translations through the MMU. 

Table StorejTS) stores the 16-word segment table (including page addl"sses, 

protection bits, and page timers) from the MMU into memory. 

Write External Reg;steJ (WER) loads a Window-Intervol soft wore constant 

into the MMU for use with the page timers. The WER instruction is not 

exclusive to MMU operations. 

Address translation is usually performed by the MMU while the CPU operates in 

User Made, and the MMU does memory-protection checkinq. There Gle, how"ver, 

four System-Mode instructions which are used for address tronslation operations: 

• 

• 

Extended Load (EL) and Extended Store (ES) ole used by the System to 

access the User area of memory to read or write 0 single word. 

Move Table User-to-System (MVUS) and System-to-Usel (MVSU) arc L1sed 

by the System to transfer blocks of data between the Uscr area of memory 

and the System area. 

The only difference the MMU notices for these System-Mode address tronslation 



operations is that the lIser-mode bit (FU) is not active, and the MMU does not 

do the memory-protection checking. 

Cl0 The Operating System must load the segment table every time a new 

User progrom is given control. The Operating System is also responsible for 

sending the J 8-bit physical nrldresses of the User's I/O buffers to the I/O channels 

(I/O Processors or DMA controllers). 

CII Page R"plnccment F aciliti"s 

CI2 Window Interval. The required window interval count (N) to obtain 

a specific pogc residency time (T) is: the time (T), divided by the overage memory 

oeee,s time (+f.), divided by the hardware constant (1024). 

J O? 4 . +f.. N or Nc T .:. +f. .;. 1 024 

r 01 exornple, if a page residency time of lOOms is desired and the average memory 

access time (+f.) is 2f1scc, the window interval count (N) is: 

I OOrns ~ 

( .13 

2f1sec 

\ 
\ 

1024 50 
\ \ Set into MMU by WER instruction. 

Hardware constant (count through 16 timers of si)( bits 

each) 

Average memory access time: produces one count each time 

for address translation. the MMU is accessed 

[lit M (08) is set by the MMU whenever a wrile 

()Pclotion (~j'lrr. instluctiord is. pf:dormcd on a specific page. This feature 

indieotc, te, lire Oper,dill:; System when a page needs to be swapped out before 

(J new pr()~JI(l1n )(~:Fnent is IO(lded at the same plucc. If not necessary, a direct 

f)'/01-'NlitirlrJ is possihle, IC'j.1Jltinq in a large saving of time. 
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( .14 LOG IC DESCRIPTION 

The MMU logic description is organized into the different operating sequences of 

the MMU. A general block diagram of the MMU is provided in Figure C-3. The 

cietoiled logic is shown in Figure C-I 0 at the end 

cliffe,cnt opernling sequences used in the MMU are: 

• T obi" L ood 

• fable Store 

• \V[I~ -- Interval Time Loading 

• Trollslolion Operalion 

• l!lcr·(~m('nt T imef 

• Poge F 01)11 

C .15 Table l.ood 

the logic description. The 

The CPU storts tl", Tobie Lood operotion (Figure C-4) in the MMU by sending 

TMt,H0. The CPU controls the operation with the signal BSYCPUAN which it 

s('ncis for ('0':1, of the 16 po'lC oddresscs to be loaded into the MMU segment table. . . . 
T Plv\~·j is reC('i'/cd frnm the memeny each time the data from the memory is valid. 

TMMH 
'108 I 

BjYcr!JA~J 

AIO 

~... 0:;( 

1 I ') 

( J S P /\ 

nOHf:MN 

.: I 

ihe fMMN signal resets counter CTSPA (via TI..5 and CTSPAZON) so thot 'PT'''''! 

table position 0 is selected for the first entry. The active signal TLSN enobl"s 

CTSPA countinq and selects the counter input to the SP-AddrE'5S Select')r '/. ith e 

high SPAS. 

C .16 When Ihe memory is ready with the data, TRMN goes octive ond rcrn()V"s 

the reset clamp STARTZON from the START flip-floD. The following high trOlls;tioll 

of OSC then sels START. The MMU clock Tl, 12, T3, T4 runs when ST.f.f;r is sct, 

synchronized on OSC from the CPU. One word with the page address end ~ern''';­

protection information is goted from BIO inlo the s"gment t"ble at tim" T3. i\ Iso 

at T3, DONEMN is sent to the CPU to request the next word transfer. 

C .17 Next Word Trnnsier. The CPU responds to DONEMN by droppinq 

BSYCPUAN. The MMU increments the CTSPA count at the troiling edqc of 

BSYCPUAN to select the next position in the scqment toble. START resets 0n Ihe 

first rising OSC after BSYCf'LJAN drops, and is Ireld rcscd when TRMN 90CS 

inactive. When mernory is reody with data, TRMr'J 90es octive ond the MI.~U 

f--.-.----~ 

1::0 i ,'0 

I~ I ' 



'L"lu<'llce (START, clock cycle, BIO· segment taGle, [)ONEMN) is repeated to 

I 00 d t his IV Or d . 

C,18 Last Word Transfer. The CPU drops TMMf'-1 after it receives the 16th 

DONEMN from the MMU. The inactive TMM signal in the MMLJ blocks further 

,ending of DONEMN to the CPU. In all othel respects, the MMU sequence for 

Ih" lost NOld tlollsfer is identicol to the previous transfer" 

C.19 Tab I eSt ore 

,he CPU storts the Table Store operation (Figule C-5) in the MMU by sending 

BOMf'N, The CPU controls the operation with the signal BSYCPUAN which it 

sends for each of the 16 segment-table words to be transferred out to memory. 

Ti<MN i, received from the memory each time the BIO data from the MMU has 

been accepted. The CPU uses TRMN 10 know when to initiole each transfer. 

111" BOMFN signal resets counter CISPA Ivio TtS and CTSPAZON) so that 

:.egmcnt took, position 0 is ~ple(.ted t')r the first t:nlry The active signal TLSN 

enables CTSPA counting and selects the counter inaut to the Sf'-Addr<:ss S"I,'ctor 

with a loigh SPAS. 

C20 The MMU uses BSYCPUAN and BOMFN to gate the first segment-table 

w;:>rd (including page address, memory protection, and pClge timer infurmation) 

onto the BIO to the memory. When the memory has acc.e~>t"d the duto, TI<tAN 

goes active and removes the reset clamp STARTZO~~ from the STAin flip-flop. 

The fallowing high transition of OSC then sets STAin. fhe START si(jllOl resets 

CTSPAZON to ollow the CTSPA counter to increment ot each truiling edge of 

BSYCPUAN. START and the MMU clock continue to operate v/ith each BSYCf'IJ/\li 

inputl but are not used for the rest of the Table Store operotion. 

e21 Each successive word is gated from the MMU segment lable onlo the 

BIO lines by the BSYCPUAN signal. The trailing edge of BSYCPU,Ad'1 inClerne"rc 

CTSPA to select the words sequentially from the segment table, The (I'll ICllninol(', 

the operation after the 16th word transfe, by d, oppinq the BOMI ~" ,irJllol, 

> 135--
).1 Q$j 

0,---.--------,-----1 
;;100 r-r...! >0 ») 1>40!>1 >40j 

-6 

CT,)PAlOGJ 

(lSP!-

j ~~-----1 j---------------------j 

.-.-------b~~R~D oE --·3-1-f::-3~]\GE3- EI~iiE3 
''':'':')5 '--·---~v--~ 1- -i :_ --i 

- GoU!d onto BIO by < 75 " 71 

I the MMU, but not 

I ·d.:Jlidoted in memory 

\ I II I I Ul I I I I I I I Ul I In I I I I II I In I In I I I I I 111 n 
\ l-- -- -

t--~ 
... 1___ _---:-::-\1......-... __ ..-::-:-: 
-~L9M!.!"~-2--S--T.ART I SEGME~c:TI SEGMENT T5 

i~ only used once, to re~et CTSPAZON 
~------~t r---------~ 

tJOllS Tirne~ in ns. 

OSC 5ignol is not c.umplete; shows only the relofiomhip LeIwe-en 

edge~ of BSYCPUAN ond 05(,101 conllolling START one:.. clock times. 

r igure C-5 Table Store Sequence 



C.72 WER -- Il\telv(ll Timo Landing 

T he CPU loods the window inlerval software constant inlo the MMU with oWER 

il\struction U"iqul(> C-6). The CPU 5101 Is the operation by activating BSYCPUAN 

'Jl1d, at the some time, placing Ihe MMU address on the MAD08-ls lines and 

plaein:) the window intelval softwOIe constant on the BI008-15 lines. When Ihe 

MMU decociel logic ektects its own address on the MAD lines and Ihe WER 

instl uction code !,MAD04 0), signal MAREN is activaled. Wilh decoded-address 

'i(1nol M/lf\l:N octive. the CPU timing signal TMEN sets flip-flop CLNBUF. The 

CLNBlJF output gotes the inlerval time from the BIO lines into Ihe BUFTIME 

legi,tel ond olso, in conjunction with TMEN, generates the timing response 

,i'1nnl Tf;MN hock to the CPU. 

C.73 The CPU lesponds to fRM~J by terminaling BSYCPUAN 10 Ihe MMU. 

The trailing "delC 'Of BSYCPUAN, gated by CLNBUF, sels the FCTIME flip-flop. 

';:ith FCTIM[ Sf't and the intClval time loaded in Ihe BUFTIME regisler, the MMU 

is rcady fOI PO'J~-time counling dUling the address-translation operations. When 

tlw CPI) d,ops lMU.J, the MMU lesets CLNBUF (via CLBUFZO, CLBUFZON) and 

drops the ncMt'-J sirJnal to the CPU. 

,,' 'I. I i ~----­

"(I 

'Ir, 

1,'1 

, 
I' I, 

, I 

-----I 
or' 

C',ndilion r~('ody 101 

rtiT-' -1 im" (')l}ntill'J 

dUI d H, AddH~~'; 
; r)n (),P"lfll i on-,. 

C.24 Tmnslntion Operation 

The CPU aclivates signal TMMU to indicate a memory Ironsfer re'luiring Mlv\U 

address translalion (Figure C-7). The MMU scratchpad addless selector is 

swilched to Ihe SOO-03 inpul by the inactive SPAS (FINCRN. tLSN"l. Tlv\MU 

and BSYCPUAN togethel gate the physical page address lSPOO-OS) f,am the 

location selected by the logical page address (500-03). 

C .25 The START flip-flop is set on Ihe firsl rising edge of OSC after BSYCPU/l~~ 

is received. Each trailing edge 0f OSC then increments the MMU clock. The 

signals TMMU.START .FIN(R'N (HANSL) set Ihe BUr08D seleclor 10 test the 

WRITE signal from Ihe CPU. TRANSLN, logelhel with TMMN.FINCR, sets the 

ALU to Ihe Logical-Zero' mode (F(N'CRN 10 the Mode input pin 8 selects Logical 

operations). The leading edge of T3 gates Ihe addressed-word timer from SP08-IS, 

Ihraugh the ALU, to Ihe Buffer: this resets the timer (bits 09-15) and sets bit 8 if 

Ihe operation is a Write operalion. The Buffer contents ore reloaded into SPOS-IS 

01 the trai I ing edge of T3. 

C.26 Wheo the SP word is (Jccessed by SOO-03, the bits 6 and 7 arc compared 

wilh Ihe CPU command bits FU and V/RITE. If bit 6 is sel (Jnd FLJ is active 

(System Mode only bit (Jnd User Mode), ERI\Ol\N is generClted. If bit 7 is set Clnd 

WRITE is (Jclive (Read-Only bil and Write command) and tU is set (USCI Mode i , 

ERRORN is generated and MFAULlN is sent to the CPU, This crlor condition 

prevenls setting TMRr at T2, and blocks the ",,,cling of .[ MRF to memolY, thus 

blocking the memory tronsfel. 

C.27 If the memory check is COllect, the TMI,F flip··flop is sct at T2 b/ the' 

rising edge of OSC. TMi\F Clnd START togethel send timing signal TMFN to the 

memory. 

the CPU. 

C.28 

When the memory port of the transfer is complete, rt sends 

The CPU responds bydlopril1C} ElSYCPlJAN to the MMU. 

'.-r"." , 
11\/\1\1',1 fl-' 

During Ihe fi,sl translation operation hllowinq u wu, insh'Jetion, 

flip-flop FCTIME is set. \Vhcn BSYCPUAr'-l drops (Jt th£' end of the fi"l 

Iranslalion, the complement of thee soflv/are cOllslont is qoled f,om the fll.:r TI~:\ 



- .. OSC 

- TMMU 

--.. BSYCPUAN 
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-

STAin 

Clock 

5 P Address 

M/,DI28,64,O-3 
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COl fect 

T MRF 

TMRN 

~~--------------------~ 

/1 
r--------------------+!----~ 

__ ~IT3IT4 

500 -03 

SPO-6 paqe oddress 

(T2.0,d) 
-~---

t 
\ 
; 

L... a~cess-l 
X TRMN (mem - CPU) t I me \"'--------1 

ALU Mode 

ALU Bit 8 

BUFFER 

Increment 
(TIME 

r FCTIME 

l CTIME 

(from SP8-15) 

[BSYCPUAN 1) 

"0 5 P8-1S) ~ 

I Interval N ~ 

I st translation loads interval N fram 
BUFTIM into CTIME 

~\r\--------------------------~ 

r-----------------~ 

1 \ 
/ 

I Tl I T2 I T 3 I T 4 

\T 500-03 / I 
/ 

<- I SPO-6 page address / 

-~- __ -(T~F''- -1- - ---

( 
( 

\: 

(, 

I . 
(from SPB-IS) 

t I 
I Logic Zero (Reset Timer) I 
I Test WRITE Signal I 

t I 
I . 

t 
(to SP8-15) 

I N+I 

Each succeeding translation increments N J until 
CTIMETC is produced by full count. 

Figure C-7 Translation Sequences 



registe l into the CTIME counter. When BSYCPUAN drops at the end of all 

succeedinq translations, CTIME is incremented. 

C. 29 Incrcrnent Timer 

TII(' complement of the software constant IS loaded into CTIME from the BUFT 1M 

le'lister (Figure C-8). Each translation in clements CTIME so that it will be full 

when the number of translations equals the software constant. When the trailing 

edel" of BSYCPUAN increments CTIME to full, CTIMETC is produced. The next 

rising edele of OSC then scts flip-flop rINCR. The same edge of OSC also 

lescts TMRF (nOlmol tlanslation sequence). With TMRF removed from the CET 

input of CTIME, the CTIM[TC output drops. 

C. 30 The IINCR flip-flop activates SPAS so that thp scratchpad add less 

",lector ,cl('cts the CTSPA souref'. The active FINCR signal also sets the Al.U 

and th,.' BUIOBD selector to the alithmetic A' I mode. At the leading edge of 

time T3, the sClotrhpad poge tinH" (bits 08-15) selected by CTSPA is gated , 
through the ALl! into Ihe BUFFER. At Ihe trailinel edge of T3, the buffer contents 

arc loader! bock into the scratchpad, now incremented by 1. FINCR is reset 

by thc Ttl clock, and thc inactive FINCR si[lnal then resets T4 to end the increment 

timer l)equcrlr:~. 

(,31 T MI,r: is generated during the slJcceeding translation sequence and, 

SInce CTIME slill contoins its flJll count, the CTIME output is reactivated. At 

the end of th0 tl(Jllslotion then, CTI/vIETC couses the trailing edge of BSYCPUAN 

to incrern"nt Ilw (TSPA counter (lor selecting the next page timer) and to reload 

tl", CTIME '.o'Jnlcl Vlith the complement of the software constant from the BUFTIM 

I c(]ir,tc r • 

C.32 Page Fault 

A page fault is detected during a normal Translation sequence if a Uscr Mode 

operation (FU set) accesses a System-Mode-only page (bit 6 set) or if a Write 

operation is attempted (WRITE signal) in User mode on a read-only page (bit /' set). 

The resultant ERROR signal inhibits the T MRF flip-flop and blocks the sending of 

the memory timing signal TMR~I. The flip-flop FAULT is set at time T2 (Figure C-9l. 

FAULT generates the Mf-AULTt~ signal to the CPU, gates the SOO-03 bits int') the 

S-Buf register, and sets the BIOSO flip-flop. 

(. 33 BIOSO and BIOSI are now spt (co l,O) to select the P-Buf source 'Ira the 

BIO Select circuit. The CPU responds to MFAULT by sendine! BOMFN and 

BSYCPUAN to the MMU. These two signals together gate the P-Buf contents 

(POO-15) onto the BIO lines to the CPU. At the tlailing edge of BOMFN, 

BIOSO is reset and BIOSI is set (cO, 1) so they select the S-Buf and INTAD 

sources via the BIO Select circuit. The next time BSYCPUAN and BOMFN 

are received together from the CPU, the MMU gates the segment-table addless 

(500-03) and the MMU interrupt code (INTADO-5) onto th" BIO lines. 

(,34 The CPU activates BSYCPUAN once betwl'ell Ihe two BOMI'N signals 

to transfer its PSW to memory. Since BOMFN is not active, however, there is 

no action taken in the MMU at that time. 

Stack after Page Fault Interrupt 

o 4 8 

0 0 0 o I SO-tl I INTADO-S 

PSW 

PO-IS 

S = page number 

P = program counter or aborted instruction' 

13 15 

I 0 ° MMU 

CPU 

MMU 

=l 
-J 
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CT IMETC 
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CTSPA 

r\~~--------------------~ 

1------ ~------------------------; 

_~T2 T3 T4 
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! 

-------- \ 
-- - ~':-I}---------\-il 

I~ 

-- - -- --1(-

t 
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I 

---r 

• t 
(to SP8-IS) (toSP8-15) 

N N 

~eqment 0 after TL) \ (L ___________________ -L~S~tC~J_t~l ___ 

N olmal Translation CTIMETC Increment Page Timer 

Figuce C-8 Increment Timer Sequence 



-_ OSC 

-- TMMU 

-- BS YC PUAN 

START 

Clock 

Memo!,y Check 

....-.---- MFAULT 

~.-... BOMFN 

BI050 

BIOSI 

.. BIO 

I I I 

ERROR 

'-----

-----Y 

\--<150 
t I 150<2.'.1000 -! 

I 

-j 

Translation Sequence with Fault detected 

r iqlJtI~ ("_0 

\ ~ . ) 
(P-BUF) poo-ill,~_-,--,\ t <; =IiS-Rl!F/INI A!2lI __ _ 

CPU Transfers PSW to Memory, 

without affecting MMU 

1 i 



C.35 INPUT/OUTPUT SIGNALS 

CPU· MMU Signals 

BSYCPUAN 

BOMFN 

FU I 
o 

GFETCH 

OSCFLO 

500-03 

TMMN 

TMMU 

CPU has Bus control. Validates Bus signals and controls all 
MMU operations. 

Table Store control signal. 
Page-fault stack-loading control signal: 
1st -- to read aborted instruction-counter value; 
2nd -- to read logic page address which set page fault and 

the program level of the page-fault job, coded on the 
MMU card. 

CPU In User Mode. Any memory violation sets page fault. 
CPU in System Mode. 

Fetch cycle is executed by CPU. Instruction counter value 
is loaded into MMU P-Buf register. 

CPU clock signal, used by MMU far internal timing. 

Logical page address from CPU P-register. 

Table Load control signal. 

Translation control signal; for page-address translation, memory 
protection check, and memory activation by the MMU. 

MMU· CPU Signals 

DONEMN 

MFAULTN 

MMUABS 

MMU reply during Table Load as each segment is loaded. 

Page fault is detected during translation. 

Held at Ov (inactive) when MMU card is in place. 

BUS· MMU Signals 

BIOON-ISN 

C LEARN 

TMEN 

TRMN 

MAD04-IS 

WRITE 

Data used during Table Load and WER operations. 

Clear signal for initializing system. 

WER instruction timing for loading the software constant into 
the MMU BUFTIM register. 

Memory reply: 
-- During Table Load and Table Store validates data. 
-- During translation releases memory activation. 

Address lines to: 
-- select the MMU during WER instruction, and 
-- stare the CPU instruction-counter value during each Fetch 

instruction cycle. 

CPU command for store cycles. Used during translation to test 
for page fault (read-only page and User Mode), and sets segment 
table Modified-Page bit (8) of accessed page (if no page fault). 

·------~---------------.-

( I? 

MMU - BUS Signals 

BIOON -15N Data used during Table Store or Page-Fault stack loading 
operations. 

• MADI28,64, 
0-3 Memory address lines for physical page addresses from the 

segment table. 

TMRN Activates memory during page address translation, if there 
is no page fault. 

TRMN External register reply to CPU when software constant is 
loaded during WER instruction. 

C.36 CIRCUIT BOARD AND COMPONENTS 

The Memory Management Unit is implemented on a double-sided printed circuit 

board. Component locations are shown on Figure C-II. The MMU uses connector 

3 for GP Bus connections and power, and connector 5 for special CPU control 

signals. The MMU parts list is given in Table C-I. A list and guide of the 

integrated circuits used by the MMU is provided in Figure C-12. 

C.37 ADDRESS/INTERRUPT U-UNKS 

The U-link connections for both the external-register address of the MMLJ and the 

interrupt level address are shown on Figure C-II. For both groups of U-links, the 

least-significant bits are at the top and the most-significant are at the bottom. 

The examples shown on Figure C-II are set up for the standard external-register 

address and standard interrupt level of the MMU (address /80 and level 47 10), 
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( I l, REV, 1 

MMU/EXTERNAL REGISTER 

r-------l 
t.~__ "__ __ 

ADDRESS SELECTION ~ 

Leo.t Significant Bit ---- 15 

14 
13 
12 
II 
10 

o I /EXalTlPle .how. regi.ter addre .. 180 

•• - I'IMU Sill 100 aSH. 

• • 

9 
Mo.t Significunt Bit----- 8 

G 

o 

U 3
0w wo~ ill 

sO GrG10~fjfGr@ 
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Figure C-II MMU Cord Layout 
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APPENDIX D 

FLOATING POINT PROCESSOR 

D.I GENERAL 

The Floating Point Processor (FPP) performs floating-point arithmetic operations 

by providing an extension to the CPU arithmetic s('ction. The FPP comprises 

a single card located in a dedicated slot of the main chassis. The FPP operates 

with the CPU and the memory via the standard GP Bus, however, some dedicated 

wiring between the FPP and the CPU is used to increase operating speed. 

D.2 LOGIC LAYOUT 

The floating-point operations are done between the floating-point accumulator 

(in the FPP) which contains the first operand, and the memory effective address 

which contain the second operand. fh" result is stared into the fPP accumulator 

or into the memory oddress, depending on the instructi0r) Store indicator. 

Floating-point conversions ore done between the FPP accumulator ond the 

CPU internal registers A I, A2. 

D.3 The FPP logic (Figure D-I) performs complete pora"el operation on 

all data. Data ore transferred in and out of the FPP one word (16 bits) at a time. 

The single-word exponent is loaded into the Exponent-Logic section and the 

double-ward mantissa (or double-precision integer) is loaded into the Mantisso­

Logic section. Processing is then done on the ~tj bits in parClllel. I he H'f' logic 

is completely microprogram controlled. The Commond/Timing logic section 

contains the FPP sequensor, instruction d('.c.ode and control logic, status r['gislE'r, 

and most FPP input/output control si9nols. 

n 1 
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D.4 INSTRUCTIONS 

The FPP is operated by special floating-point instructions during the normal CPU 

programmed operation. The floating-point instruction is controlled by the CPU 

which is the Master of the dialogue and allows the FPP to execute the arithmetic 

operations. If the FPP is not installed in the system, an attempted floating-point 

instruction is trapped and a software subroutine may be initiated (if the subroutine ' 

is not directly called by a Call Function instruction). The command codes and 

functions of all FPP instructions are shown in Figure D-2. 

D.S DATA FORMAT 

The two types of d"to handled by the rpp are floating-point data and double­

precision integer data (following diagram). The FPP performs arithmetic operations 

on fiooting-point dota only, and performs conversions between floating-point and 

integer data. 

Mantissa Exponent 
/ " / 

tr) -0 0 

, I I '7 -..;:t 0 
('--I N N N N N 

..------rl S I 1--'--'-:""\ [·-'-0 1 --'-:"':'1 r----T-I S2 I~--':"':'" 

\'point 
mantissa sign bit 

\ exponent sign bit 

Double Precision Integer 
/--_. __ ..... .--.... -.. --.-------.. ----~ 

o· 
N 

01 N 

IT_---l 
\ inteqer sign bil 

o 

Sign Bit: 0 = positive number 
1 = negative number 

D.6 Floating-Point Data 

Floating-point data are real numbers contained in three 16-bit words: a double­

word mantissa and a single-word exponent. 

D.7 The mantissa is a fraction «I), with the point considered to be at the 

extreme left of the data quantity bits. The mantissa must be left normolized, 

thus, the left data bit is a I for positive numbers (sign bit 0) and a 0 for negative 

numbers (sign bit I). Input data are checked for normalization (by comparing 

the left-most data bit with the sign bit) and the result of any arithmetic operation 

is normalized. The numerical range of the mantissa is given in Figure D-3. 

D.8 
15 15 

The exponent is a single-precision integer with a range of -2 to 42 -I. 

The range of the exponent ond the range of the complete floating-point number 

(mantissa with exponent) is shown on Figure D-3. 

D.9 A floating-point data Zero is represented by three null words (mantissa 

and exponent). The FPP recognizes as Zero any data with a null mantissa, 

regardless of the value of the exponent. The FPP produces a null result under 

the following conditions: 

• during FAD/FSU if both received and stored operands are null. 

• during FMU if either received or stored operand is null. 

• during FLD if the received operand is null. 

• during FDV if the stored operand (dividend) is null. 

If the received operand {divisor} for an FDV command is null, the FPP sets 

Divide-by-Zero error status and does not change the slored operand. 

D.l0 The mantissa of all floating-point operands, other than null, must be 

normalized. If any unnormalized montisso is received, Ihe FPP sets Unnormolized­

Operand error status and does not change Ihe stored operond. All FPP operation 

results other than null are normalized. 

D.ll Integer Dolo 

The integer (Figure D-3) is a double-precision whole number with a sign bit and 
. 30 30 

30 quantity bits. The range IS from -2 tol2 -1. 



Instruction 
Format Function Explanotion (Addressing Mode) 

0 4 5 9 11 15 (CPU) FPP 

[IT> Dllo 01 0 I . 
r I F~l Integer to F. P. 0 010 01 0 a 0 I I I I I 30 - I (AI),(A2). FPA -\ T I ) 

b oubl e -prec isi on integer in CPU AI,A2 sent to fPP, converted to floCJtinq-poird 
data. 

IFPP) CPU 

h--==l I T--r I I [--._- I ~ I e I I I 
rrX - r . ~ . to Integer ~j~ __ L_~3~~ (FPA) • AI,A2 ~ 

(T I) 

floating-point dato in f PP accumulator convcl ted to double -prec ision integel, 
sent to CPU AI,A2. If exponent> 30 conV'enion not done IOverflowl 

(Memory) IFPP) 
------·1 

I I I I I I 111 o 0 10 19~_~1.0D I R2 10 I I I e --- e FLD, R - F. P. Load (EA) • FPA 
,T4-T7,T3) M (except T3) I I 

F 1001 ing-point operand from memory loaded into FPP accumulator. 

(F PP) (Memory) 
, 

~II 001 0 10 I I I e I OIMDI J II I I e I I f 5 T ,R - F. P. Store 0 I R2 (HA). EA ---
(T 4-1/,13) M (except T3) I I Floating-point data from FPP accumulator stored in memory. 

0 4 5 9 1/ 15 

I I I I ljJ 011 I IMDI I S I I I e I I e 0 R I R2 S ~ 0: (EA)' (FPA)·FPA (M.mo",y M (except T3) I I S = I: (EA)' (FPA)-EA (FPP) 

t Arithmetic opelotion performed on 
RI 

two floating-point operonds: 
I 0 o 0 " + one from memory and one from FPP FAD, R - F. P_ Add 

I a I 0 - - t 
accumulator; result stored in FSU, R - F. P. Subtfact 

f I I I 0 

~I 
x x memO! y or FPP (S I or 0). rMU,K - ~. P. Multiply 

5 - J S ~ 0 FDV, R - F . P . Divide I I I 

L Result J (T4-T7, T3) 

FPA: Floating Point Accumulator in FPP Type MD R2 Effective Address CPU Condition Register 
EA Memory Effective Addle~s - points to fir!>t of 

T3 0 10 in CPU register R2 CRO: result is zero 1 three consecutive word!> in memory. 
T4 I 0 =0 in next word CRI: result is positive r . P. : floating Point 
TS 1 0 /0 indexed CR2: result is negative 

----~ 

T6 1 I =0 indirect CR3 : abnormal condition Shaded port r::::::J 11 at ;ent 10 FPP 
T7 I I /0 indirect indexed detec ted. 

D -4 Rl \i . 1 Figure D-2 FPP Insiluciions 
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D.12 OPERATIONAL FLOW 

The FPP logic is microprogrom controlled. Figure D-4 is a flow diogrom of all 

FPP operations. Eoch microinstruction is represented by a single block, wilh 

the microprogram oddress shown (in hexadecimal) in the upper-left corner of 

each block. 

D.13 The paths from one microinstruction to another ore controlled by the 

microprogram oddress control (parograph D.25), Each microinstruction specifies 

the address of the next microinstruction, eilher directly (explicit oddress) or 

according to certain bronch conditions: IDLE, TEFL, OPER, FIX, RESULT. These 

branch conditions are shown in Table D-I, The contents of the Address ROM ore 

listed in TobIe D-2. 

D.14 Start of Commands 

The FPP goes to the Wait (/00) microinstruction upon the completion of any 

previous command or when the system Master Clear (MCl) is pressed. The FPP 

stays at Woit until a command is received from the CPU. 

D.15 FFL Command 

For the FFl Commond, the first part of the mantissa is loaded into the M-register 

left holf during microinstruction Wait (/00). A conslant of 30 is looded into 

the exponent register EM, and then cycled through EALU to EFB. 

D.16 The flow branches via IDLE to microinstruction RDM2 (/Ol) where the 

second half of the mantisso is loaded into M-register right half. The complete 

M register is then looded into the ALU. The flow now branches via TEFL to 

microinstruction REsALU (/03). The complete mantissa is loaded from the ALLJ 

into flaoting-point occumulatar FA. The exponent of 30 is loaded into register 

EF, while EAlU is reset to zero. The fI<;,w branches vio REsUl T to anolyze the 

result of the operation. 
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Table D-I Next AddlPss Branch Conditions (A) 

NEXT ADDR[SS GfNfRATION (NAGN) CONTROL BITS 

T YP" 
S[L Code Address Source (active low) 

ySNAO-I-2 SNA3 SNA4 ·'·SNA5 SNA6 
--

I XFlICIT 0 0 o 0 
RAO RAI RA2 RA3 EXPLICIT I o 0 

--PDLI' .. ._. ... 1 ---.------- ----~-- "-~- ------ ~~.-----

0 0 I 0 0 0 0 

T I TlF L 0 I 0 0 0 0 K09 
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'--.' 

f f X ins!ruc ti on 

(M) 0; received mantissa is zero 

ov~rflow bit 
montiss(J sign bit 

filsf,data bit (2- 1) verifies if mantissa is normalized 

FlOACT 
Al BUFI 
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A LBUF I 
ALBUf2 
AtAUF27 
031D 

I: (rA) 0; stored mantissa is 7'ero 

sign-bit and 1st-bit un-alike; operand is normalized 
KO" 0 Add/Subtract; K06 1: multiply/divide 
DGC I Data Grf!oler ,han Conslant (30) 
[OMI 1 [\olh opf!rands have the semf.' exponent 

IDlE TEF l 

SNA7 

RA4 
---_ .. 

FLOACT 
KIO 
ALBUF2 

0 
DGC 
ALBUF2Z 

Conllol Nc,d Address Control Next Address 

rlOACI 
(BIJS T i rr,ing 
from CPU) 

~ 01 -RDM2 
·---·-I'~-·· .. __ . -'--'-07-~- fFX~-·~ 
------
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o 0 03-RESALU (if FFL) 
·-··-O--I~ t-----------

I 0 04-RDEXP 
I I 

T4 
SEa 

-
_.-
-
-
* 
-
* 
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Table D-\ Next Address Branch Conditions !B) 

OPER 

(MO,MI) 
031D 

Contlol 

ALBUFZ C ..... mmolld Decodl.' 
(mon!, A-O) KDVFLD K06 

ALBur27 
(mont, B ·0) 

Operafion 

031D ~ 
ALBUrl ~ I 
ALBUF2Z ~ I: 

sign-bit and 1st-bit un-olikc; operand is normalized. 

K06 " 0 

FIX 

EFBO 

(M) OJ received montissa-A is z~ro. 
(FA) ,0; stored mantisso-B is zelo. 
Add/Subtract; K06 c I, Multiply/D;vidc 

Control 

ALBurz EALUOO EAEq 5NA7 
(EOMI) 

Operation 

Next Addres<; 

Next Address 

E)(poncntc::O (negotivcL number c I obsolut(' vall}€'; may no! b" chongcd 1o fi)(f~d-point number. 

f"\ -. 



Table D-I Nest Address SWIlL'h Conditions (C) 

ALIGN 

r-------------------------------.-----------.-----------------~ 

Contlol Compare Exponellt Next Addless 

tFBO EMOO EALUOO EAEB DGC 

0 0 0 0 0 
X I 0 0 0 
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----O~- --
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fLOATING POINT ADDRESS STORE 
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0.17 FFX Commond 

For the FFX command, no data is loaded during the Wait microinstruction (/00). 

A constont of 30 is loaded into exponent register EM. This constant, plus one, 

IS then subtracted from the exponent in EFB and the difference is placed in [ALU. 

The CPU command signal FLOACT is received as part of the FFX command, and the 

flow branches via IDLE to microinstruction FFX (/02). The exponent difference from 

31 is loaded into the CT counter, and the mantissa is loaded into accumulator FA. 

0.18 The branch condition FIX tests the exponent to determine if and how 

the mantissa must be modilied for conversion to a double-precision integer: 

• 

• 

• 

• 

If either the mantissa (FA) is lero or the exponent (EFB) is negative, 

the floN branches to RESNU (/12) where both registers are reset to 

cero. This Reset-Null operation is completed in the RESALU (/03) 

microinstruction as the flow moves to the RESULT branch. 

If the exponent (EFB) is precisely 30, the mantissa can be used directly, 

without any change. The flow branches directly to microinstruction 

RESFA (/10). 

If the exponent (EFB) is greater than 30, the conversion to on integer 

is ne>t done. The flow branches to microinstruction RESFA (/10), via 

microinstruction OVXOV (/IA) where the Overflow interrupt is set. 

If the exponent (EFIl) is between 1 and 29 inclusive, the OENORM 

(/19) microinstruction is performed to convert the mantissa to on integer 

with the number of siCJnificant digits specified by the exponent. The 

mont;ssa ;s shifted right, end-off; the number of shifts is controlled by 

th" CT counter which is loaded by the Wait microinstruction at the start 

of tile F I" X command. 

The two r"FX opprations, other than the Null and the Overflow, pass via micro­

instruction R[SFA (j10) to the I-X?EX (/OF) branch of RESULT. The sequensor is 

I(>synchronil(,d d<Jring the cycles UPOA by signals BOFFN and BSYCPUAN/BN 

te> the loqic for T3D. 

D.19 FLO Comrnond 

1 h" r L D conrmond is complete when the two-word mantissa and the exponent have 

be"n 100(l<>d into the FPP from memory. The mantissa is loaded in microinstructions 

WAIT (/00) and ROM2 (/01). The exponent is loaded in microinstruction ROEXP 

(/04). The flow then branches vio OPER to microinstruction REOM (/14). Between 

REOM (/14) and the following RESALU (/03), the loaded data are cycled through 

the ALU/EALU to the floating-point accumulator (FA/EF). If the mantissa 

received from memory equals Zero, the OPER branch is via RESNU (/12) to lood 

both the mantissa and exponent registers with zero. 

0.20 FST Command 

The FST command is controlled by the CPU; no FPP microinstructions are used and 

the FST is not shown on the flow diagram. CPU Bus-control timing signals BS'(CPU/,N 

and BOFF gate the FPP accumulator out onto the BIO lines (logic b). The 

BSYCPUAN signal also operates the Bus Selection Count .. " (logic d) to switch the 

three 16-bit parts of the floating-point data onto the BIO lines. 

0.21 FAD, FSU Commands 

The double-word mantissa and the exponent are loaded into M/EM by microinstructions 

WAIT (/00), ROM2 (/01), and ROEXP (/04). This operand is added to, or subtracted 

from, the operand in FA/EF. The difference between the add and subtract operations 

is in the logic control of the ALU during microinstruction AOSUM (/IB) or ADSUA3 

(/OE). The branch at OPER depends on the conditions of the mantissa (Tobie 0-1): 

• 
• 

• 

D.22 

RESNU (/12) if both mantissa ore zero. 

RESFA (/10) if only the new mantissa (M) is zero. The result is thus already 

in the accumulator (FA). 

REOPMM (/13) if the mantissa in FA only is zero. The received mantissa 

is added to zero by microinstructions REOPMM (/13) and AOSUM (/IB). 

TSTEXP (/11) to test and align the exponents if both mantissa are other 

thon zero. 

FMU Command 

A double-word mantissa and on exponent Ole loaded into M/EM by microinstructions 

WAIT (/00), RDM2 (/0 l) , and ROEXP (/04). The flow then branches vio OPER to 

microinstruction MUll (/18). The mantissa of the first operand, olreody looded in 

0, is shifted left one bit (MULl, /18) ond then right one bit (MUL2, lOCi; this 

operotion removes the unused bit-O of the right word. The actual multiplication 



II performed during repeated lequensor cycles during microinstruction ALGOMU 

(OD). 

D.23 FDV Command 

The divisor operand is loaded into M/EM by microinstructions WAIT VOO), RDM2 

\,01), and RDEX.P (04). The flow then bronches via OPER to microinstruction 

DIVI (/15). The dividend in FA il shifted right (SRFA in DIV2, /17) to ensure 

thnt thf> dividpnrt i<,: <:.mnllpr thrHl thp r1iv;~{"\r 

repeated lequensor cycles during the microinstruction ALGODI VOA). 

D.24 LOGIC AND TIMING 

The timings for the different FPP operations are provided together on Figure D-5. 

The control codes for the different logic operations are given on Figure D-6. 

Detailed logic diagrams are provided by figure D-7 at the end of this section; 

specific sheets (a to d) of the logic are referenced by the letter suffix only, in 

the following manner: Figure D-7, sheet b is referenced as "logic b". 

D.25 Microprogram Control (logic c) 

The FPP operations ore controlled by a selection of microinstruction control words 

stored in a read only memory (Control ROM). At time AP of a microinstruction cycle, 

a ROM oddress is selected and the ROM contents of that address are available to 

control the FPP logic for that cycle at time BP. Each microinstruction is shown as 

a separate block on the flow diagram, Figure D-4, and the hexadecimal ROM 

address is given in each block. The complete contents of the microprogram control 

ROM are shown in the ROM listing, Tobie D-3. 

D.26 The microcommand bits from the ROM are grouped into functional fields 

that provide control for the different logic sections. The fields are listed and 

explained at the beginning of Table D-3. 

D.27 Microinstruction Addressing is provided by the Next Address Selection 

field of each microinstruction word; this field sets up the address for the following 

microinstruction. The three control bits from the ROM (f-lSNAO-2) control the SNA 

U -I 0 

multiplexer (logic c) for selecting an explicit address or one of the oddre"es 

selected by the operation Branch Conditions (Table D-I). The addless-control 

conditions selected via SNA, and ROM bits f-lSNAO-2, selecf an oddr"ss cod" from 

,the ROM Address Logic (IIAD). At the completion of the microin,tru(tioll, the 

rising-edge of AP which starts the next microinstruction clocks the new addres, 

• into register RA, and the contents of another I<OM word are present ot the ROM 

output. The Next-Address control code is shown in Fiqurc D-6. 



Table 0-3 Microprc>grarn (ROM) Listing (A) 

DEFINITION OF THE MICROINSTRUCTION FORMAT FIELD 6 M REGISTER CONTROL 

FIELD LENGTH DEFINITION MNC EOU 0 M UNCHANGED 
R FORM 3, I ~~ 0,3,1,4,2,2,3,3,2,2,2,3, I ~ 0 MYO EOU 3 M, 0 

FIE LD 0 I 2 3 ~ 5 6 7 8 91011 MSB EOU 4 M SELECT BIO BUTNO CLOCK (LOADING EXPON.) 
FIE LD 0 NEXT ADDRESS SELECTION MBR EOU 5 M RIGHT ~ BIO (LOADING 2ND M.) 

MBL EOU 6 M LEFT- BIO (LOADING 1ST M.) 
EXPO EOU 0 EXPLICIT WITH ADDRESS < /10 
IDLE EOU I IDLE TEST FIELD 7 EXPONENT ARITHMETIC UN IT SELECTION 
TEFL EOU 7 READ EXPONENT OR FFL TEST 
REST EOU 3 RESULT TEST EAMB EOU 0 EALU ~~ EFB-EM 
rXPI EOU 1\ EXPLICIT WITH ADDRESS> /OF EACB EOU I EALU = EFB-EM-I 
IfIX EOU 5 FIX TEST EOEM EOU 2 EALU ~ EM 
AL GN EOU 6 ALIGNMENT TEST EALZ EOU 4 EALU = ZERO 
OPER EOU 7 OPERATION TEST EOFB EOU 6 EALU ' E FB 

EAPB EOU 7 EALU = EFBI EM 
FIE LD SEOUENSOR 

FIE LD 8 EM REGISTER CONTROL 
5180 EOU 0 SINGLE BP; .<\P IN 180 NS 
M090 EO lJ I MULTIPLE BP EVERY 90 NS EM30 EOU I EM 30 
S 135 [0 LJ 2 SINGLE BP; AP IN 135 NS EMNC EOU 2 EM UN CHAN GED 
MI35 EOU 5 MULTIPLE BP EVERY 135 NS EMLB EOU 3 EM, BIO 

FIELD 2 END FIELD 9 EF REGISTER CONTROL 

S EOU END OF PROCESS EFMl EOU 0 EF=EF-I 
EFPI EOU I EF=EF+I 

FIE LD 3 MANTISSA ARITHMETIC UN IT SELECTION EFNC EOU 2 EF UNCHAN GED 
EFLD EOU 3 EF = EALU 

ALI' A EOU 0 ALUM FA 
ALUZ EOU I ALUM ' ZERO * FIELD 10 CT COUNTER COt'-lTROL 
ALFM EOU 2 AlUM 'M 
MULT EOU 4 AlUM FA (+OR-) M ACCORDING MULTI ALGORITHM CTMI EOU 0 CT=CT-I 
ADSU EOU 8 ALUM = FA (IOR-) M ACCORDING K07 CTPI EOU I CT .~ CT+1 
SUAD EOU 10 ALUM .~ M (+OR-) FA ACCORDIN G K07 CTNC EOU 2 C(UNCHANGED 
DIVI [OU 12 ALUM~ FA (+OR-) M ACCORDIN G DIVI ALGORITHM CTLD EOU 3 CT - EAlU 

FIE LD 4 MANTISSA ACCUMULATOR CONTROL FIELD II MISCELLANEOUS COMMAND 

NFA EOU 0 FA UNCHANGED GFUNM EOU I SET UNNORMALISED FLAG 
IUA EOU FA ~~ ALUM RI GHT SH IF TED GFXDV EOU 2 SET DVZO OR ovr fiX 
l F /I EO LJ 2 FA ALUM LEFT SHIFTED GFEVF EOU 3 SET OVERFLOW ON EXPONEt'-JT ARITHMETIC 
/IrA EOU :3 FA ALUM GFEVP EOU 4 SET OVERFLOW ON EXPONENT COUNT UP 

GFEVN EOU 5 SET UNDERFLOW ON EYPONENT COUNT DOWN r IE l D 5 o REGISTER CONTROL GFFIX EOU 6 VALID. OF NEG. FFX CORRECTION 
A EOU /A 

I'JCO LQU 0 Q UI~CH/\r'lGED B EOU /B j [0 EOU 1 o SHIFTED LEFT C EO U /C ';1,0 [0 lJ 7 o SHIFTED r<lGHT D EOU /D I.DO to U :3 0 FAR E EOU /E 
F EO LJ /F 

n 11 



lll) 

01 

02 

OJ 

04 

05 

WAll 

RDM2 

kE SAL U 

RDIXP 

g£<,UU 

Table D-J Micloprogrom (R.OM) Li:.jing (8) 

SNA SE~ ALU FA 0 M EALU EM EE CT MISe. 

IDLE,5135, 0, ALIA, AlA, NCO, MBI, EACB, EM30, EENC CTNC,O 

TEFL,5135, 0, ALEM, NFA, NCO, MBR [OEM, EMNC,EfNC, CTNC, 0 

IFIX,5135, 0, AliA, NfA, NCO, MNC [ACB, EMNC,tFNC, CTLD, 0 

k[Sl,5180, 0, ALFI, , AlA, I'KO, MNC, EALl, LMNC,HLD, CTNC,O 

OPER,SI80, 0, ALEM, NFA, NCO, MSS, EACS, EMLB, EFNC, CHD, 0 

lXPI,SI80, S, AlFA, NfA, NCO, MNC, [OEM, EMNC,ErNC, CTNC, 0 

06 OVER EXPO,SI80, 0, ALIA, RU" NCO, MNC, COrM, EMNC,EEPI, CTNC, GFEVP 

G? U~JORM EXPO,M090, 0, AlFA, LI A, NCO, MNC, [OEM, EMNC,EEMI, CTNC, GFEVN 

08 ADSUA I EXPO,S 135, 0, ALFA, AFA, NCO, MYO, fOEM, EMNC,EENC, CTNC, ° 
09 ADSUA2 EXPO,M090, 0, ;,l.IA, RIA, NCO, MNC, EorM, EMNC,£fNC, CTMI, 0 

OA ALGODI R EXPO,MI35, 0, DIVI, LFA, SLO, MNC, IAMB, EMNC,EFNC, CTMI, GFEVF 

OB SUEX EXPO,SI35, 0, ALEM, NFA, NCO, MYO, (AMB, EMNC,ErNC, CTNC, 0 

OC MUL2 EXPO,SI35, 0, MUll, AlA, SRO, MNC, EAI'B, EMNC,EFNC, CTNC, 0 

OD ALGOr,IU R EXPO,MI3S, 0, MULT, RIA, SRO, MNC, EAPB, EMNC,EFNC, CTMI, GFEVf 

OE ADSUAJ EXPO,5135, 0, SUAD, NFA, NCO, MNC, EOFB, EMNC,EFNC, CTNC, 0 

OF fXZEX EXPO,513S, 0, ALIA, MA, NCO, MNC, EOEM, EMNC,EFLD, CTNC,O 

AD NAME SNA SEO ALU FA 0 M EALU EM EF CT MISC. 

10 RE SF A EXPO SJ3S 0 ALFA NFA NCO MNC EOrB EMNC EFNC CTNC 0 

1 J T5TEXP K AlGN 5180 0 ALFA NFA NCO MNC EACB EMNC EFNC CTLD 0 

12 

13 

14 

15 

16 

17 

18 

19 

I" 

RESNU 

REOPMM 

REOM 

DIV 1 

UNMOP 

01'12 

MULL 

DENORM 

OVXDV 

15 AD5LJM 

Ie ALGM 

ID ALGFA 

IE UPDAI 

II UPDA2 

EXPO 5135 0 ALUZ NfA NCO MNC EALZ EMNC EFNC CTNC 0 

EXPI 5135 0 ALUI NFA NCO MNC EOEM EMNC ErNC CTNC 0 

R EXPO 5135 0 ALEM NfA NCO MNC [OEM EMNC EFNC CTNC 0 

EXPI5135 0 ALFA NIA NCO MNC EOEM EMNC EFNC CTPI 0 

EXPI 5180 0 ALFA NFA NCO MNC EOEM EMNC EFNC CTNC GFUNM 

EXPO 5135 0 DIVI RIA NCO MNC EAMB EMNC EFNC CTNC 0 

EXPO 5135 0 ALUZ NFA SLO MNC EAPB EMNC EFNC CTMI 0 

EXPI M090 0 ALFA RFA SRO MNC EOEM EMNC EFNC CTPI GFFIX 

EXPI 5180 0 MFA NFA NCO MNC EOEM EMNC EFNC CTNC GFXDV 

EXPO 5135 0 AD5U AFA NCO MNC EOEM EMNC EFNC CTNC 0 

EXPO 5135 0 ALEM NFA NCO MNC EOEM EMNC EFNC CTNC 0 

EXPI M090 0 Al.FA RFA NCO MNC EOEM EMNC EFNC CTPI 0 

EXPI 5135 0 ALFA NFA LOO M5B EOFB EMNC EFNC CTNC 0 

EXPO 5135 0 ALEM NFA NCO MYO EOEM EMNC EFLD CTNC 0 

D -12 :~ ['/ . 1 

ADDRESS 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 
OA 
OB 
OC 
00 
OE 
OF 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
IA 
I B 
IC 
ID 
IE 
IF 

Table D-3 Microprogf(.Hll (I~OM) Lj'j,lillQ (C) 

FPC50 rrcs I FPl52 

0 0 I 0 0 I 0 0 o 0 0 0 
~.---

I 1 0 0 I I 0 0 0 I 
010 o 0 I 0 0 o 0 I 0 o 0 0 0 I 0 I 0 I 0 
I 0 I o 0 I 0 0 o 0 0 o 0 0 o () o 0 0 o 0 I 
0 I I o 0 000 000 0 I I o 0 0 0 0 I 0 0 
I I I o 0 0 0 0 o 0 I 0 o 0 o 0 I 0 0 0 0 I 
I 0 0 o 0 0 0 I 000 0 0 0 o 0 0 0 0 0 I 0 
0 0 0 o 0 0 0 0 o 0 0 0 0 I 0 0 0 0 0 0 I 0 
0 0 0 000 I 0 000 0 I o 0 0 0 0 0 0 I 0 
o 0 0 o 0 I 0 0 o 0 0 0 I I 0 0 0 I I 0 I 0 
o 0 0 o 0 0 I 0 0 o 0 0 0 100 0 0 0 0 I 0 
o 0 0 0 I o I 0 I I 0 o I o 0 I 0 0 0 0 0 0 
000 o 0 I o 0 o 0 I o 0 000 III I I 0 0 0 
o 0 0 o 0 I o 0 o I 0 0 I I I 0 o 0 0 I I I 
0 ° 0 o I 0 I 0 o I o 0 o I I 0 0 001 I I 
0 o 0 o 0 I 0 0 I 0 1 000 0 0 0 001 I 0 
0 o 0 o 0 100 o 0 0 0 I I 0 0 0 o 0 0 I 0 
0 0 0 0 0 100 o 0 0 0 0 o 0 0 0 0 o I I 0 
I I 0 0 0 o 0 0 o 0 0 0 0 o 0 0 o 0 000 I 
0 0 0 0 0 I o 0 000 I 0 0 0 0 o 0 0 I 0 0 
100 o 0 I o 0 000 I 0 0 o 0 o 0 0 0 I 0 
o 0 0 o 0 I o 0 o 0 I 0 0 0 o 0 0 o 0 0 I 0 
I o 0 o 0 I 0 0 o 0 0 0 o 0 o 0 0 o 0 0 I 0 
I 0 o 0 000 0 000 0 o 0 o 0 0 0 0 0 I 0 
o 0 0 o 0 100 I 100 0 I 0 0 o 0 0 0 0 0 
o 0 0 o 0 I 0 0 000 I o 0 0 I o 0 0 I I I 
I o 0 000 I 0 o 0 0 0 o I I 0 000 0 I 0 
I 0 0 o 0 0 0 0 o 0 0 0 o 0 0 0 000 0 I 0 
o 0 0 o 0 I 0 0 I 0 0 0 I I 0 0 o 0 0 0 I 0 
o 0 0 o 0 I 0 0 o 0 I 0 o 0 0 0 o 0 0 0 I 0 
I o 0 000 I 0 o 000 010 0 o 0 0 0 I 0 
I 0 0 o 0 I 0 0 0 0 0 000 I I I 0 0 I I 0 
000 o 0 I 0 0 0 o I o 0 0 0 0 o I I 0 I 0 

--
« 0 0 :J --' 
Z w Z --' « 4. 

'" V> w <i ~ 0 ::;: w , , , , , , , , 
0 - N <') 't .n -Q r, 

FPCSJ 

0 I I 0 I 0 0 0 o 0 
I 0 I 0 I 0 o 0 0 0 
I 0 I a I I o 0 o 0 
I 0 I I I 0 0 0 0 0 
I I I 0 I I 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 0 I I 0 I 0 0 0 
I 0 0 0 I 0 I 0 I 0 
I 0 I 0 I 0 o 0 0 0 
I 0 I 0 0 000 0 0 
I 0 I 0 0 o 0 I I 0 
1'0 I 0 I 0 o 0 0 0 
I 0 I 0 I 0 0 o 0 0 
I 0 I 0 o 0 0 I I 0 
I 0 I 0 I 0 0 0 o 0 
I 0 I I I 0 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 I I 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 I 0 000 0 
I 0 I 0 I 0 o 0 0 0 
I () I 0 0 I o 0 0 1I 
I 0 I 0 I 0 o 0 I 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 0 0 0 0 o 0 
I 0 I 0 0 I I I o 0 
I 0 I 0 I 0 0 I 0 

°1 I 0 I 0 I 0 o 0 0 (' 

I 0 I 0 I 0 o 0 0 0' 
I 0 I o 0 I o 0 0 0 
I 0 I 0 I 0 0 0 o 0 
I 0 I I I 0 o 0 0 0 

::;: ~ >-- '" 
w w lJ 0 , , , , 
0) 0- 0 -- -



0.28 sequensor (logic d) 

The sequensor logic is driven by the OsCFLO timing signal from the. CPU and the 

control commands. OsCFLO is derived directly from the CPU sequensor and has the 

same 22.5 MHz frequency, with a duration of 45 nsec. One FPP sequensor cycle is 

produced for each microinstruction. tach cycle begins with an AP pulse and ends 

when the next AP pulse starts the next cycle. At each AP time, a new microprogr~m 

address is loaded into register RA (logic c) to select the next microprogram. At time 

BP, the conditions specified by the microinstruction are executed, such as data 

transfer from one register to another, arithmetic operation, etc. The timing signals 

Tl, T2, T3, T4 are used within the sequensar logic only. 

0.29 The sequensor is controlled by the microprogram to run in one of four modes: 

5135, S180, M090, M135. In either of the two single-cycle modes (5135,5180), 

the sequensor produces d cycle of a fixed length (either 135 or 180 nsec) and with 

a single BP pulse. In either of the two multiple-cycle modes (M090, M135), the 

sequensor produces a variable-length cycle where the BP pulse is repeated (every 

90 or 135 nsec) unlil the repeat condition (REPCONO) is disabled. The 5equensor 

C yc les and the Repcot C ondi t ion code are shown on Figure 0-6. 

[).30 Inslruction Loading (logic d) 

An FPP instruction is loaued into Ihe K-register under CPU Bus control during a 

cru Fetch microproqrom, while the FPP idles in the WAIT microinstruction (/00). 

The FPP instruction code (Figure 0-6) is loaded into the K-register on the trailing 

edge of RSYCPUA"'J/B"'J. The load-instruction timing is shown in Figure 0-5. 

Opcr'HHI Looding 

Operands ore loaded into the FPP registers M and EM during instruction FFL (to 

M only), F! D, ond Ihe four arithmetic instructions. The operand source is the 

(PU for tl", Fit iw,truction ond the memory for the other instructions (Figure 0-2). 

Pori or all 01 Ih,' Ihrcc-word operand (double-word mantissa and one-word exponent) 

is loaded during microinstructions WAIT (/00), ROM2 (/Oll, andRDEXP (/04), 

occording 10 the specific instruction. 

0.32 Operand loading is performed under CPU Bus control. The Bus timing is 

shown on Figure 0-4. The CPU control signals BsYCPUAN and TMFN together 

enable the sequensor 13 count (logic d). Gating the operand word from the BIO 

lines ;nto the M or EM register ;s controlled by the microprogram control bits 

(Figure 0-6); in both cases, the data are gated o7;'lrrrhe leading edge of BP. 

D.33 Store Operand 

A Store-Operand operation is performed under CPU Bus control to transfer an 

integer operand to the CPU (FFX instruction) or to transfer a floating-point 

operand to the memory (FsT instruction). The timing is shown on Figure D-5. 

The CPU control signals BOFFN and BSYCPUAN/BN (logic d) are used to enable 

the sequencing of Bus-selection bits BIOSO/sl. The same two control signals gate 

the selected data onto the BIO lines (logic b). 

0.34 FPP Operation Control 

The FPP operation process;ng is controlled by CPU signal FLOACT (Figure 0-5; 

logic d) which is derived from the CPU microprogrom bit GFLOT. FLOACT is 

received at the beginning of an FFX instruction. FLOACT controls the IDLE 

branch of the microprogram control to start the FFX operation. For the FLO and 

the four arithmetic instructions, FLOACT is received near the end of the CPU 

instruction to time the actual processing and to synchronise the end of the operation. 

FLOACT is a condition for loading the CR in the CPU. 
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ROM 
Command 

S 135 

5180 

CT 

M090 

CT 

M135 

Seque n,or C yo I es 

o 90 135 

o 90 180 

[7iPl fliPl. rm -r::II:IIT!T-

90 135 

FF 
90 

135 

FF 
135 

s '= Single Cycle 

REPEAT CONDITION 
M = Multip,le Cycle 

MUErON 

0 
0 
0 
0 

--,~-,-

1 
I 
I 
I 

A LBUF2 ALBUF3 REPCOND 

0 0 0 
0 1 1 
I 0 1 
1 I 0 

1-------1-----
0 0 

} hem' 
0 I 
1 0 
1 I 

Figure D-6 Logic Control Code, (A) 

REPfe", inactive 
Repeat-Terminated Count 

(N at (TO -7 1" IFF) 

i'I'"'' [) -(, logic Conl,,,,1 ("drs (A) 

INSTRUCTION CODES 

In,l. 

FF L 

FFX 

FLD 

FST 

FAD 

FSU 

FMU 

fDV 

SST 

B 10 lines, and K DECODE 
K-Reg. Bil, SST (KOS) INST ,---------

4 5 6 7 8 9 10 15 0 I 2 0 I 

I 0 0 1 0 0 0 0 0 I 0 0 I 

1 0 0 1 0 0 0 1 0 I 1 0 I 

0 0 0 I 0 - - 0 0 0 0 0 0 

0 0 0 1 0 - - 1 - - - - -
1 I 0 0 0 - - - 1 0 0 1 0 

1 1 0 I 0 - - - 1 0 1 1 0 

I I I 0 0 - - - I 1 0 1 1 

1 1 I 1 0 - - - 1 1 1 1 1 

810 Line, 

4 5 6 7 8 9 10 11 12 13 14 IS 

Figure D-6 

FAddress 

0
1

0 0 0 0,0 
KOR2D 

Logic Conhol Code, (8) 

KDVFLD 
2 

0 0 

1 0 

0 1 

- -
0 0 

1 0 

0 0 

I 1 

fiq\l,n[)-(, I nq;r (' oPhol rod", (R) 

FLFX 

1 

1 

0 

-
0 

0 

0 

0 

D" J 



Microinstruction Word Format 
i I 101 i I I I ' , i T" I ' I i i 

field 4 - Mon'is~o Accumulator Contlol 
field o 3 4 5 8 9 10 " z z - 0 

V) V) 

<{ <{ 
~ CL 

"" "" FielJ 0 - Next Addres5 Selection 

0 NfA 0 0 FA unchanged 
I RFA 0 I (ALUM) Right-,hifted FA 
2 LFA I 0 (ALUM) Left-shifted ". FA 
3 AFA I I (ALUM) fA 

0 - N 
<{ <{ <{ 

Z Z Z 
hee Tobie D-I) V) V) V) 

l l C>-

O EXPO 0 0 0 Explicit, oddre$5 </10 
I IDLE 0 0 I Idle test 
2 TEF L 0 I 0 Read exponent or FFL lest 

3 ~~ S T 8 ; ; I\C~uj I lesr Field 5 - a-Register Control 

4 EXP I I 0 0 Expl j c ii, (Jddres~ )/ 01 

5 IFIX I 0 I fix test 
0 -6 ALIGN I I 0 Alignment test 

7 OPER I I I Operation test 

V) V) 

a a 
:L :L 

0 NCO 0 0 Q unchanged 

F iold I - Sequensor 
I SLO 0 I Shift-Left 0 
2 SRO I 0 Shift-Right 0 
3 LDO I I Load (FAB). 0 

z "" M " 
~, 

,-" ~ "" 1 l l 

0 5180 0 0 0 Single BP, AP in 180ns Field 6 - M-Register Control 

I M090 0 0 I Multiple BP every 9005 
2 5135 0 1 0 Single BP, AP in 135ns 

5 MI3S 1 0 1 Multiple BP every 135ns 

z ~ '" ~ ::: ::: w 
V) 0 0 ::: ~ ~ 

1 l 1 , 
field 2 - EnJ 0 MNC 0 0 0 M unchanged 

3 MYO 0 I I (a) - M 
4 MSB I 0 0 BIO ielected f but no clock (loading exponent) Microinstruction /05 only 

End of Process 5 MBR I 0 I BIO - M Right (Iooding 2nd. mont.) 
6 MBL I I 0 BIO - M Left (loading ),1. mant .) 

Field 3 - Mantissa ALU Selection 
Field 7 - Exponent ALU Selection 

w 
0 - N U 
::J ::J ::J ::J 
~ ~ ~ ~ 

<{ <{ <{ <{ 
1 1 l l 

0 - '" ::J ::J ::J 
-' -' -' 
<{ <{ <{ 

w w w 
CL CL 1 

0 ALfA 0 0 0 0 (fA) • ALUM 

1 ALUZ 0 0 0 I Zero· ALUM 
0 EAMS 0 0 0 (EFB) - (EM) . [ALU 

I EACB 0 0 I (EFS) - (EM) - I • EAlU 
2 ALEM 0 0 I 0 lM)· ALUM 
4 MULT 0 1 0 0 (FA) + or - (M) ALUM' MUL TI Algorithm 

8 ADSU I 0 0 0 (FA) + or - (M) ". ALUM' K07 

10 SUAO I 0 I 0 (M) • Of - (FA) ". ALUM'K07 

12 DIVI I I 0 0 (FA) + or - (M). ALUM'OIVI Algorithm 

2 EOEM 0 I 0 (EM) - EALU 
4 EALZ I 0 0 Zero EALU 
6 EOFB I I 0 (HB) ". EALU 
7 EAPB I I I (EFB) • (EM) EALU 

according to 

Figure 0-6 Logic Control Codes (C) 

Figure 0-6 Logic Control Codes (D) 

D -16 I i9u1e D-6 Lo<)ic COlllrol Codes (e) figure D-6 Logic Control Codes (D) 



Field 8 - EM-Register Control 

0 
if> --' 
::E ::E 
w u, 
~ ~ 

1 EM30 0 1 30 • EM 
2 EMNC 1 0 EM unchanged 
3 EMLB 1 1 BIO ~ EM 

Field 9 - EF -Regi,ter Control 

z i 0 -
'-L '-L 
W W 

" ~ 

0 EFMI l L H (EF) -1 - EF [decrement] 
I EFPl L H H (EF) + I ~ EF [incrementl 
2 EFNC H L H EF unchanged 
3 EFLD H H L (EALU) ~ EF [load] 

Fiel4 10 - CT-Counter CO'ltrol 

z 
0 -
0- I-
U U 
:L :L 

0 ClMI 0 0 (CT) -I ~ CT [decrementl 
1 CTPI 0 I (Cn +1 ~ CT [ increment] 
2 CTNC I 0 CT unchanged 
3 CTLD 1 I (EALU) ~ CT [loadl 

Field l' - Miscellaneous Commands 

0 - N 
"- "- "-
() () () 
~ :L :l.. 

I GFUNM 0 0 1 Set unnormalized flag 
2 GFXDV 0 I 0 Set DVZO or OVF FIX 
3 GFEVF 0 1 1 Set overflow on exponent arithmetic 
4 GFEVP I 0 0 Set overflow on exponent count-up 
5 GFEVN I 0 I Set undfllrflow on exponent count-down 
6 GFF IX I 1 0 Validation of negative FFX correction 

Figure D-6 Logic Control Codes \t) 

D.35 STATUS AND INTERRUPTS 

The floating-point instruction executions are not interruptable; if a Memory 

Management Unit detects a Page Fault, the floating-point instruction is stopped 

like any other instruction. An abnormal condition detected during a floating-point 

instruction execution sets the corresponding flag in the status register, sets the 

condition register to 3, and generates a Floating-Point interrupt. The Floating­

Point interrupt can be connected only to one of the eight internal interrupts (refer 

to CPU Section I, Interrupt System). 

D.36 At the moment any error condition is detected, the activating status-

register bit loads the instruction code from the D-register into the INST register. 

The INST code is then included with the status word to specify which instruction 

type caused the error. The system should respond to the FPP interrupt by sending an 

SST instruction with device address equal to zero. The floating-point stotus is then 

transferred to the CPU, as follows: 

STATUS 

o 0 
o 1 
1 0 
1 

FAD 
FSU 
FMU 
FDV 

Yes exponent 
<: _2 15 

* If Unnormalized is set, the operation is aborted, no other flag is set, and 

the FPP accumulator remains unchanged. 

n 



D .37 The interrupt and the error bit (right byte) of the status word are reset 

at the end of an SST instruction. If another floating-point instruction is performed 

before the SST instruction is received, the error bits of the status word indicate 

the accumulated status (logical Or) of both instructions. The INST code in the 

left byte, however I retains the code for the first instruction where error status 

wos set. 

D.38 SIGNAL LIST 

A complete list of 011 FPP input and output signals is given in Table D-4. 

D.39 CARD LA YOUT 

The layout of the FPP card is provided in Figure D-8. 

other operator controls located on the FPP card. 

D.40 PARTS LIST 

A list of FPP components is provided in Table D-S. 

D -18 

There are no U-links or 

Signal Conn. 

BIOOO-ISN 3---

BOFFN SBI3 

BSYCPUAN SAI2 

CLEARN 

FLOACT 

GFETCH 

MFAULTN 

OSCFLO 

TMFN 

TMPN 

TRMN 

3A39 

SA II 

SA 13 

SB20 

SAI7 

SBI2 

3A31 

3A28 

ACN 3A34 

BIOOO-ISN 3---

DONEFN SAI4 

FLOCRO SB 14 

FLOCRI SAIS 

FPPABS SBIS 

INTFPPN 3AI6 

TPMN 3A32 

Table D-4 FPP Signal List 

Logic 
Sheet 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

Remarks 

INPUT TO rpp 

BIO contents must be defined by the FPP 

CPU is master of the Bus 

CPU activation signal for FFX and CR 

CPU fetch cycle 

MMU detects a Page Fault 

CPU clock signal 

CPU microcommand bit 

Bus timing from CPU for SST dialogue 

Bus timing from memory 

OUTPUT FROM FPP 

D 

B 

C 

C 

C 

C 

D 

D 

Accept for SST command 

FPP operation was done 

FPP condition register bits to CPU 

Held inoctive when FPP board is inserted 

FPP interrupt 

Bus timing to CPU for SST command 
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td, C J, CJ, IlO. 

RO,(7,17 

0'). 

I), It" JR, LB, PI, 1'5. 

~ J, ( 5, HO. 

II. 

VO. 

01,04.(4. 

VR,W6,X4.X5. 

117. 

HI /, K4. 

D4 ,01 ,04-7 ,R7 ,R4,R7. 

1'1, U!. 

14,16, KB,P], P6,OR, R3 ,R6, V I ,V4. 

12, I 4, 16,18 

V6. 

CO,GI. 

y!. 

H7, H4 ,fl6, HR, 07,04,06,08, RH, S3, ss'. 
',7. 

DO, [3, L7, N3, Q I ,V]. 

'J) . 

D 7 ,D3 ,f 0, I 6,1'9,10, W3 . 

'Ii) , 

DI ,II, GO,1.4. 

II,CI,HI,n,>:?,11. 

10,n, U,,11,17,MI, 

!' 1, 15. 

f t), rtf. 

I 7,r 4, I t" I 8, M7, M'" 11.6,11.8, 

Hl,fl t),H:',IB,03,or),Ol,Pfl,RI,SI. 

rO,CD. 

, O,MO,OO,PI,RO, 

I O. t JO, 1'0,0 0, 

11 

II 

!) 

II 

lob'~ D-5 FPP Patt~ l;~1 

Oesct iplion 

Printed circvit 

Integ'olcd circuit 7400 

Intt'nrated circuit 7402 

In tegroted circuit 7404 

Integrated circuit 7408 

lnteglaled circuit 7;4y6 

'n'egrot~d circuit 7425 

Integ/olrd circuit 7427 

lnlegrntf.!d eil cuil 7430 

Intrg,otrd circuit 7437 
l 

Integrated ci,cuit 7414 

inl{'qlol(>d circuit 7485 

Inle9'ol~d circuil 745138 

Inlf>groted circuit 74151A 

In,t('-~Jloted circtJif~74}53 
: ~ . , 
~nleqroted ':circuit 74157 

Inlefpatl'!d circuit 74174 

Integrated circuit 74181 

Inll!9foted circu.il 74182 

'nte~loted circuil 74$11 

tnf~glaj'~d -dr~iuit 27~ I (825129) 

Integrated circuit 74298 

Inlegrated circuil 74500 

'nf'eqro}ed cir<:uit 74S02 

Inle:gfOIf"d clr :ujl 74504 

I nle groted cifcui' 74510 

lntrqroted circuit 74530 

-'ntegrated circuit 74564 

,integ/atf'd circuit 74S74~ 

Jntegro;ed circuit 745151 

In1f!grofed circuj, 745153 

Int('grated circuit 745174 

In legrated circuit 745182 

'Inlcgro'ied cirx:oj" 745281 

Inl(!qral~d elf'tuil 74L5194A 

InlegrolE'd circuil 745175 

Inlegraled cilcuiL IBOI' 

:~nl~gf(~}~d~ dr,cvit, R&C06i3 

Int~grcitp.d ci,~cv1t' SN74:>J6?J 

-I nl~ grd'ted circuli' nBI (74IBSA) 

Inl~qrol~d circuit 269) (74 ISBA) 

Intt:"q'on~d circuit 1701 (74198A) 

JnJr-gr()'~,f'!_d_ c}rc,uit _2~;'~6(y;d,;~aA) , _ 
__ c~+;!--+--}_:~:-: ~: ~L~L_': ... _~, 

0' ~ ~ 
" L 

I 
I 

I 

I 

12NC Code 

5111 10005901 

I 

I 

TobIe D-5 FPP Ports li~t contd. 

Reference Description 

~----------------------~----------------------------------

C 1-18. 

:19-~9,51-61. 

R 1,3,5,6,8,9,19-24,26-30,32 -34, 36, 37, 

38,40-48. 

R39, 

R2,4,7, 14, IS. 

RIO-12,16-18,35. 

R25,3 I. 

Capacitor JOIJF, 

Capacitor lOVF. 

Re~islor I Kn,. 

Resistor nOn, 

Resistor .d70n, 

Resistol 4.7Ko, 

Resistor IOKn, 

25'1 FITCO. 

I /8V/, 5" o. 

I 18V1, 5~;;' . 

1./8W, 5% . 

t '-8\'';, 5', . 

I jRV/, 5%. 

12NC Cod", 
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