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CHAPTER 1

INTRODUCTION AND DESCRIPTION

The Digital Equipment Corporation (DEC) Programmed Data Frocessor-7 (PDP-7) is a general
purpose, stored-program, solid-state digital computer designed for use in laboratories, com-
puting centers, or process control systems. The PDP-7 is single-address, fixed 18-bit word-
length, binary computer using 1's complement arithmetic and 2's complement notation to
facilitate multiprecision arithmetic. A basic PDP-7 contains a 4096~ or 8192-word, random
access, ferrife-core memory which can be expanded in increments of 4096 words to a maximum ca-
pacity of 32;768 words by the use of additional memory modules and a DEC Type 148 Core
Memory Extension Control. High-capacity, flexible input/output circuits permit the computer
to operate with all modern types of data processing equipment and many types of process-control

instruments.

The basic PDP-7 includes the processor (with operator ‘console), 4096-word core memory,
input/output control with a device selector that permits selection of up to 64 1/O devices and
is expandcble, information collector, information distributor, and real-time clock.® The pro-
cessor provides facilities for program interrupt, data interrupt (for use with high-speed I/O
devices), 1/0O status check, 1/O skip, and I/O trap (which provides the basic hardware nec-
essary for a time-shared or multiuser system). The input/output equipment supplied with a
basic PDP-7 system consists of a high-speed perforated tapereader (300 char/sec); a high-speed
paper tape punch (63.3 char/sec); and a Model 33 KSR Teletype unit (10 char/sec).

'The PDP-7 is completely self-contained and requires no special power sources, air-conditioning,
q'r floor bracing. The PDP-7 draws its primary power from a single source of 115v, é0~-cps,
single-phase power, and from this source produces all required operating voltages. Upon re-
quest, PDP-7 systems can be -supplied to operate from 220v, 50- or 60-cps supplies. Built-in
provisions for varying the +10 and —15v supplies that power the logic permit the operation of

the logic to be checked under marginal conditions. The computer is constructed with standard
DEC FLIP CHIP™ modules and power supplies.

™ELIP CHIP is a trademark of the Digital Equipment Corporation

1-1



This manual provides information required for maintaining a basic PDP-7 system. The manual
also provides information concerning the following commonly used options: Type 177 Extended
Arithmetic Element, Type 172 Automatic Priority Interrupt, and Type 173 Data Interrupt Multi-

plexer.

COMPUTER ORGANIZATION

The computer consisis of a processor (with operator console), a core memory, interface equip-
ment, and input/output equipment. Figure 1-2 illustrates the interrelationship of these
elements. All arithmetic, logic, and system control operations are performed by the processor.
Temporary information storage is provided by the various registers of the processor ‘and by asso-
ciated input/output devices. Permanent information storage (longer than one instruction time)
is provided by the core memory. During each computer cycle lasting 1.75 psec, the core
memory automatically performs a read operation and a write operation under the control of
timing signals produced by the processor. Interface circuits permit connections to a variety

of peripheral equipment, and are responsible for detecting all I/O select codes and for provid-
ing necessary input or output gating. Individually programmed data transfers between the pro-
cessor and peripheral equipment take place through the accumulator. The data break facility
pemmits single or multiple data transfers to be initiated by a high-speed 1/O device; each
transfer using the data break is completed in a single computer cycle. The interface circuits
also permit peripheral equipment to perform certain control functions, such as instruction skip-

ping or the initiation of a program interrupt to transfer program control.

Processor

The processor performs logical and arithmetic functions, controls the storage and retrieval of in-
formation on core memory and controls the flow of information to and from peripheral equipment.
The processor consists of control logic and six major registers. Associated with the processor is

the operator console, which permits the information contents of memory and of the major registers

to be manually established, modified, or examined.
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Accumulator (AC) and Link (L)

The AC is an 18-bit register which performs arithmetic and logical operations on the data and
serves as a transfer register for programmed information transfers between core memory and
peripheral equipment. The link is a 1-bit register which extends the arithmetic facility of the
AC and simplifies the programming of arithmetic operations. The link serves primarily as a

cdrry or overflow register for the AC.

Memory Address Register (MA)

This 13-bit register holds the address of the core memory location currently being used. Two
additional bits are wired into the basic PDP-7 but are used only if the memory storage capacity

is extended beyond 8192 words by means of the memory extension options.

Memory Buffer Register (MB)

This 18-bit register serves as a buffer for all information passing to or from core memory from the

processor or external devices using the data break.

Instruction Register (IR)

This 4-bit register holds the operation code of the instruction currently being performed.

Program Counter (PC)

This 13-bit register holds the address of the memory locatien from which the next instruction is
to be taken. As in the MA, two additional bits are provided, but are used only in conjunction

with the memory extension options.

Major State Generator

The major state generator is a multistate device which can assume any one of four stable states,
each corresponding to one of the four major control states of the processor. One or more states

are entered to execute a programmed instruction, but only one state exists at any one time.



Operator Console

All.manual controls and all processor readouts and indicators are located on the operator

console. Thete may be classified as follows:

1. Register switches, used to preset a binary number for transfer into an
associated register. To facilitate presetting numbers specified in octal
notation, the switches associated with each register are grouped in threes.
The order of significance is from right (least significant) to left (most sig-

nificant).
2. Keys and mode switches, used to initiate specific computer functions.

3. Regisfer'indica’rors, ‘used to display the contents of an associated reg-
ister. A lighted indicator lamp denotes a binary 1 in the associated bit of

the register.

4. Primary power switches.

Core Memorz

The high-speed random-access core memory of the basic PDP-7 is a 4096-word coincident-
current core module with a read/write cycle time of 1 .75 psec. In each cycle, the memory
reads an 18-bit word stored in the memory location specified by the MA, transfers the word
into the MB, and rewrites the word into the same memory location. Extension of the core
memory capacity to 8192 words may be accomplished merely by the addition of another 4K
memory module, and requires no modifications to the processor. Extension of memory capacity
beyoﬁd 8K requires the use of the memory extension options (memory modules and memory ex-

tension control).

Interface

The interface control links the processor to input and output stations, calls the stations, and
collects and distributes the input/output data. It also controls the interleaving of high-speed

data transfers between programmed instructions during the data break (cycle stealing); senses
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the status of 1/O devices and permits the status sensed to cause an instruction to be skipped;-
~initiates program control transfers; and, in multiuser or time-shared systems, traps illegal in-

structions.

No additional interface equipment is required for the connection of standard DEC peripheral
equipment to the PDP-7. If special-purpose devices are to be connected to the PDP-7, a
suitable interface may easily be constructed using the standard line of FLIP CHIP modules

manufactured by DEC.

Input/ Output

The standard input/output equipment provided with a basic PDP-7 consists of a Model 33 KSR
Teletype unit and DEC Type 649 Teletype Control, a Digitronics Type 2500 Perforated Paper
Tape Reader and DEC Type 444B Reader Control, and a Teletype BRPE Perforated Tape Punch
and DEC Type 75D Punch Control.

Teletype and Control

The Teletype unit is a standard machine operating from serial 11-unit code characters at a

rate of 10 char/sec. The Teletype provides a means of supplying dota to the computer by means
of a keyboard, and of typing output data from the computer on a page-size paper roll. The
Teletype control converts serial characters from the keyboard into parallel form for acceptance
by the computer, and converts parallel computer output data into serial form for acceptance by
the pﬁnter. The keyboard and printer, and their associated control circuits, form two separate
and distinct information channels, though information typed on the keyboard is always printed

by the printer.

Perforated Paper Tape Reader and Control

The reader senses information contained on 8-channel, fanfold paper tape photoelectrically,
at a rate of 300 char/sec. The control contains a data register, a flag, and logic circuits

which permit reader operation to be controlled by the stored program,



Perforated Paper Tape Punch and Control

The high-speed paper tape punch perforates 8-channel, fanfold paper tape at the rate of
63.3 char/sec. The confrol contains a data register, a flag, and control logic. All punching

operations are performed under the control of the stored program.

Processor Options

The processor options described in this manual are the Type 177 Extended Arithmetic Element,

The Type 172 Automatic Priority Interrupt, and the Type 173 Data Interrupt Multiplexer.

Extended Arithmetic Element

The extended arithmetic element (EAE) facilitates high-speed multiplication, division, shifting,
normalizing, and register manipulation. Installation of the EAE adds an 18-bit multiplier-
quotient register (MQ) and a é-bit step counter register (SC) to the computer. The contents of
tHe MQ are continuously displayed on the operator console. The EAE operates asynchronously
with respect to the computer cycle, thereby permitting computations to be pe:formed in the
minimum possible fime. Further, EAL instructions are microcoded so that several operations

can be performed by one instruction.” Average multiplication time is 6.1 psec, average division

time is 9 psec.

Automatic Priority Interrupt

The automatic priority interrupt (API) increazes the capacity of the _PDP—? to handle data trans-
fers of information to and from /O devices by directly identifying an interrupting device
without the need to scan flags. The API is particularly useful in ensuring rapid servicing of
I/O devices which retain their information for a limited period (such as the real-time clock or
analog-to-digital converters). The APl provides 16 automatic interrupt channels arranged in a
priority sequence in which channel 08hcs thehighest priority and channel 178 the lowest. The
priority chain guarantees that if two or more 1/O devices request an interrupt concurrently,

the first interrupt is granted to the device with the highest priority. The requests of the other
devices are registered and are later serviced in order of priority. Multilevel interrupts are

permissible, where a device of higher priority supersedes an interrupt already in progress.
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Data Interrupt Multiplexer

The data interrupt multiplexer permits the single data break facility of the PDP-7 to be used
by up to four high-speed |/O devices. Each device must supply 18 data lines, 15 address lines,
a transfer direction signal, and a break request signal. When a data break is granted by the
processor, each information transfer is completed within one computer cycle. The maximum

combined transfer rate is 570,000 18-bit words/sec.

FUNCTIONAL DESCRIPTION

The PDP-7 performs arithmetic or logical operations upon data stored in the core memory. The
nature and sequence of these operations is determined either by a series of instructions, also
stored in memory (programmed operation), or by operation of keys and switches on the operator
console (manual operation). Manual operation is restricted to the following: starting and stop-
ping programmed operation; continuing programmed operation after a temporary halt; setting
the starting address (memory location) of a program into the memory address register; depositing
information in manually selected memory cells; examining the contents of manually selected
memory cells; and the selection of special medes. For meintenance or debugging purposes, a
deposit or examine operation may be repeated manually to permit visual monitoringby means of

the register indicator lamps on the operator console or bysignal tracing with an oscil loscope.

During programmed operation, the processor retrieves from memory the first instruction specified
by the program, executes the instruction during one or more computer cycles (each cycle lasting
1.75 psec), and then proceeds to retrieve and execﬁte the remaining instructions specified by
the program sequence. All arithmetic, logical, or control operations of which the computer

is capable are performed as a function of three major determinants: the instruction retrieved

from memory; the major control state established; and timing pulses produced by the processor.

Instructions

Instructions are of two types: memory reference and augmented. All instructions contain an

operation code (specifying the nature of the instruction) in bits 0 through 3.

Memory reference instruciions cause information to be stored in or retrieved from memory, and

contain a memory address as well as an operation code. All memory reference instructions
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require one computer cycle in which the instruction is retrieved, and all except the jump
instruction require a second cycle in which to execute the instruction specified by the operation
code. The jump does not cause storage or retrieval of information, but transfers control of the
processor from one block of consecutive memory locations (containing instructions) to a different
block of consecutive locations. The jump instruction is normally completed in one computer
cycle. If indirect addressing is employed, two cycles are required for the jump and three cycles

for other memory reference instructions.

Augmented instructions do not require reference to memory. Since no address is required,
bits 4 fhrough 17 are decoded to initiate various operations to extend or augment the operation
code. Because no storage or retrieval operations are performed, most augmented instructions

can be completed in one computer cycle. Augmented instructions are divided into three classes:
1. Instructions having an operation code of 648 are EAE instructions.

2. Instructions having an operation code of 708 are input/output transfer
(IOT) commands, and are used to control or test the status of I/O devices,

or to effect an informatior transfer.

3. Instructions having an operation code of 748 are operate (OPR) commands,
and are used for basic processor data manipulation such as instruction skipping

as a function of register condition, shifting, rotating, etc.

The formats of the various types of instruction words are illustrated in Figure 1-3. Appendix 1

contains a list of the instructions performed by the PDP-7.

Major Control States

The computer operates in one of four major control states during each machine timing cycle.
One or more states are entered to execute an instruction. The states are fetch, execute, defer,
and break and are determined by the major state generator. Only one state exists at a time

and all states, except break, are determined by the programmed instruction being executed.
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Fetch (F)

A new instruction is obtained when this state is entered. The contents of the memory cell
specified by the PC are placed in the MB, and the operation code (bits 0-3) of this instruction
word is placed in the IR. The contents of the PC are then incremented by 1. If a single-cycle
instruction is fetched, the operations specified are performed during the last part of the fetch
cycle; then the next cycle is a fetch state for the next instruction. If a 2-cycle instruction is

fetched, the succeeding control state is either defer or execute.

Defer (D)

When bit 4of a memory reference instruction isa 1, the defer state is entered following the fetch
state, to performthe indirect addressing. The memory location addressed by the instruction contains

the address of the operand, and access to the operand is deferred to the next memory cycle (execute).

Execute (E_)

This state is established only when a memory reference instruction is being executed. The con-
tents of the memory cell addressed are brought into the MR, and the operation specified by the

contents of the IR is performed.

Break (B)

When this state is established, the sequence of instructions is broken for a data interrupt or a
program interrupt. In both cases, the break occurs only at the completion of the current in-
struction. The data break interrupt allows information to be transferred between core memory
and an external device. When this transfer has been completed, the program sequence is re-
sumed from the point of the break. The program interrupt causes the sequences to be altered.
The contents of the PC and the contents of the link are stored in core memory location 0000,

and the program continues from location 0001,

Seven times (designated T1 through T7) occur in sequence during each computer cycle. At

each time, two pulses are generated, of which one is 40 nsec and the other is 70 nsec wide.



These time pulses cause gating circuits to perform sequential or synchronized logical or control
operations. The narrow pulses are used for operations where timing is critical, such as the
simultaneous sampling and incrementing of a register; the wider pulses are used to initiate gating
operating where timing is less critical. The intervals between successive pairs of timing pulses
permit gates and registers to settle before any new operation is initiated. During each computer
cycle, memory reading occurs between times T2 and T3; memory writing starts at time T4 and

occupies the remaining portion of the cycle.

PHYSICAL DESCRIPTION

The basic PDP-7 is housed in three standard DEC metal computer cabinets bolted fogefher to
form an intergrated console. In each cabinet, double doors at the front (held closed by mag-
netic latches) provide cccess to the wiring side of all module mounting panels. Double rear
doors provide access to a plenum door on which the power supplies are mounted; the plenum
door is latched by a spring-loaded pin at the top. Opening the plenum door permits access to
the modules. A fun, mounted in the bottom of each cabinet, draws air through a dust filter
to cool the modules. The airstream passes over the modules and is exhausted through louvered

openings in the top of the cabinet, at the front. Four casters permit niobility of the computer.

Figure 1-4 shows the locations of components in the basic PDP-7. Note that the perforated
tape reader and punch are mounted in the center bay above the operator console. The -Telefype
unit may be mounted on its own stand (supplied with the equipment) or may be placed on the
console table. For additional physical data, refer to the table of physical data given below,

and to the Installation section of this manual.

SPECIFICATIONS

Physical
Cabinet Height 69-1/8 inches
Cabinet Width 61-3,/4 inches
Table Width 68-15/16 inches
Cabinet Depth - 33-9/32 inches
Table Depth 19-7/8 inches
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Cabinet Door Clearance

Cabinet Weight (3 cabinets)

Teletype Height
Teletype Widih
Teletype Depth
Teletype Weight

Power Requirements

Power Dissipation

Digital Signal Levels

Operating Temperature
Operating Humidity
Storage Temperature
Storage Humidity

Heat Dissipation

Cycle Time
Word Length

Core Memory Size

Instructions

14-7/8 inches at back
1100 lbs

8-3/8 inches

18-5/8 inches

18-1/2 inches

40 Ibs

Electrical

115v, 60 cps, single phase, 17 amp for standard
PDP-7 (can be constructed for 220v or 50 cps
upon special request)

2200w

ground and = 3v

Ambient Conditions

50 to 122°F

0 to 90% relative humidity
3210 122°F '
less than 90%

7150 Btu/hr

Functional

1.75 psec

18 bits

4096 or 8192 words, expandable to 32,768

in increments of 4096 words.

16 basic instructions (13 memory reference

and 3 augmented). The augmented instructions
are microprogrammed to produce more than

175 commands.



Input/Output Capability 64 different devices can be individually

selected and addressed by 3 command pulses.

PERTINENT DOCUMENTS

Publications

The following publications serve as source material and complement the information in this

manual .

1. Digital FLIP CHIP Modules catalog, C-105, printed by DEC. This book
presents information pertaining to the function and specifications of the FLIP

CHIP modules and module accessories used in the PDP-7.

2. System Modules catalog, C-100, printed by DEC. This book presents
information pertaining to the function and specifications of the basic system

modules and module accessories used in the PDP-7.

3. Programmed Data Processor-7 Users Handbook, F75, printed by DEC.
_ Programming, instruction format, and general computer function are presented

in this document.

4. PDP-7 Software Package. Perforated program tapes and descriptive
matter for the Program Assembly Language (PAL), utility subroutines, and
the maintenance programs (Maindec) are contained in this package prepared

By DEC. The content of the package is listed in Table 1-1.

5. Instruction manuals and Maindec programs for appropriate input/output

devices are prepared by DEC.

6. Technical Manual, Keyboard Send and Receive Sets (KSR), Bulletin 2738
(Vols. 1 and 2). This manual covers operation and maintenance of the Tele-

type unit.



7. Parts, Model 33 Page Printer Set, Bulletin 1184B. This ﬂlush;ofed parts
breakdown can be used as a guide to disassembly, reassembly, and ordering

parts of the Teletype unit.

8. Technical Manual, High-Speed Tape Punch Set (BRPE), Bulletin 215B.

This manudl covers operation and maintenance of the tape punch unit.

9. Parts, High-Speed Punch Tape Set (BRPE), Bulletin 1154B. This illus-
trated parts breakdown can be used as a guide to disassembly, reassembly,

and ordering parts of the tape punch unit.

10. Digitronics Perforated Tape Reader Model 2500 manual. This book
covers the installation, use, theory of operation, and maintenance of the

tape reader unit.

TABLE 1-1 PROGRAM LIBRARY

Number Nacme Number Name
Digital-7-1-S Symbolic Tape Editor Digital-7-23-10  Buffered Input/
Digital-7-2-S FORTRAN Il System - Output Package

8K Digital-7-24-10  Pen Follow Sub-
Digitai-7-3-S Assembler - Basic routine
and Extended Digital-7-25-10  Character Display
Digital-7-4-5 DDT (Debugging Tape) Subroutine
Digital-7-10-0 Teletype Output Digital-7-30-A Floating Point
Package
Package

Digital-7-31-A Multiply Subroutine
Digital-7-32-A Divide Subroutine

Digital-7-33-A Double Precision
Integer Package

Digital-7-34-A Unsigned Multiply

Digital-7-11-10  Tic Toc
Digital-7-12-1 F F Loader
Digital-7-13-1 Readin Mode Loader
Digital-7-14-0 Octal Print Subroutine

Digital-7-15-0 Decimal Integer Print Subroutine

Digital-7-20-10 _ PDP-7 DECtog Digital-7-35-A Unsigned Divide

Digital-7-21-10  PDP-7 DECtrieve Subroutine

‘Digital-7-22-10  PDP-7 DECtape Digital-7-40-U Master Tape Dupli-
) cator

Subroutine




TABLE 1-1 PROGRAM LIBRARY (continued)

Number Name Number Name
Digital-7-41-U = Tape Reproducer Digital-7-53-M Reader and Punch
‘ Test

Digital-7-43-U CAL Handler Type |
Digital-7-44-U CAL Handler Type Il
Digital-7-45-M  Type 57A Compiler

Digital-7-54-M  Maindec 401
(Instruction Test)

Digital-7-55-M Maindec 402

Digital-7-50-M Teleprinter Input/ (Checkerboard)
Output Test Digital-7-56-M  Maindec 403

Digital-7-51-M  Clock Interrupt (Address Test)
Test Program Digital-7-57-M  Maindec 410

Digital-7-52-M CONTEST I _ (RPB Test)

One copy each of publications 3 through 10 is supplied with each PDP~7 system. Copies of
items 1 or 2 or additional copies of items 3 through 10 can be obtained from the nearest DEC

district office or from:

Field Service Department
Digital Equipment Corporation
146 Main Street

Maynard, Massachusetts 01754
U.S. A,

Additional copies of items 6 through 9 can be procured from:

Teletype Corporation
5555 Touhy Avenue
Skokie, lllinois 60076
U.S.A.

Drawings

The engineering drawings listed in the table of contents are reproduced in Section 11 as an

“aid to understanding and maintaining the PDP-7. All the logic diagrams are included, but

schematics are given only for those modules not described in the DEC System or FLIP CHIP
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Module Catalogs. A complete set of formal engineering drawings and module schematics is

supplied separately with each PDP-7 system. Should any discrepancy exist between the draw-

ings in this manual and those supplied with the equipment, assume the formal drawings to be

correct.

ABBREVIATIONS

Listed below are the most commonly used abbreviations of registers, key operations, components,

instructions, and signal names. Instruction mnemonics not included in this list will be found in

Appendix 1, Instruction Summary. Signal names not included in this list will be found in

Appendix 3, Signal Glossary. This appendix contains an alphanumerical list of all signal

names which appear on the engineering drawings, together with the number of the drawing on

which each signal is generated.

AC
ACS
ADDR
AFl

AS

B

BD
BGN
BKRQ
C

CAL
CHAN REQ
CHAR
CLA
CLK
CLR
CONT
- CP

Accumulator

Accumulator Switches

Address

Actematic Priority
Interrupt

Address Switches
Break (state)

Bus Driver

Begin

Break Request
Complement
Call Subroutine
Channel Request
Character

Clear Accumulator
Clock

Clear

Continue

Central Processor

CRY

CY or CYC
D

DA

DAC

DCD

DI
DIV
DLY
DpP
DS
DPN

EAE

EMA

EMB

Carry
Cycle
Defer (state)
Data Address

Deposit Accumulator
Contents

Diode-Capacitor-Diode
Gate

Data Information
Divide

Delay

Deposit

Device Selector
Deposit Next
Execute (state)

Extended Arithmetic
Element

Extended Memory Address
Register

Extended Memory Buffer
Register



EN or ENB
EPC

EX
EXN

F

FLG
HLT

IC

iD

INH
INT RQ
INVTD
/0P
10T

ISZ

JMP
IMS

KBD

LAC
LUl

LUoO

MA
MB
MQ

MS
MUL

Enable

Extended Program Counter
Examine

Examine Next

Fetch (state)

Flag

Halt

Information Collector
Information Distributor
Inhibit

Interrupt Request
Inverted

Input/Output Pulse

Input/Output (information)
Transfer

Instruction Register

Index and Skip if Zero
(instruction)

Jump (instruction)

Jump to Subroutine
(instruction)

Keyboard
Link
Load Accumulator

Line Unit In (Teletype
keyboard buffer)

Line Unit Out (Teletype
printer buffer)

Memory Address Register
Memory Buffer Register

Multiplier Quotient
Register

Major States
Multiply

oP
OPR

ov
PA
PB

- PC

Pl

PiC

PIE
POV
PROG
PUN
PWR CLK
PWR CLR
RB

RD FLG
RDR
RPT

RQ
RTN

SA
SAD
SEL
SKP

SP

STB

SW
SYNC
TAD

T

TP

Output |

Operate (class of instruc-
tion)

Overflow

Pulse Amplifier
Punch Buffer Register
Program Counter -
Program Interrupf

Program Interrupt Control

Program Interrupt Enable

Possible Overflow
Program

Punch (tape)

Power Clock

Power Clear

Reader Buffer Register
Reader Flag

Reader

Read Paper Tape
Request

Return

Sense Amplifier

Skip if Accumulator Differs
Select

Skip

Special Pulse

Strobe

Switch

Synchronize

Two's Complement Add
Timing Pulse (70-nsec)
Timing Pulse (40-nsec)



XCT
XOR

Execute (instruction)

Exclusive OR

SYMBOLS AND TERMINOLOGY

Digital Logical Symbols

A complete list of the digital logic symbols used in the engineering drawings of this manual

can be found in Appendix 1.

Conventions and Notations

Conventions and notations on engineering drawings and in text describing the PDP-7 are used

as follows:

\%

Az

A

>

+
—

()

Programming notation for the inclusive OR function.

Programming notation for the exclusive OR function.

Programming notation for the AND function.

Programming notation for an information transfer.

Design notation for the inclusive OR function and program notation for addition.
Design notation for the AND function.

Design notation for an information transfer accomplished by a single signal

(used without parentheses).

The contents of a storage device.

C(A) VC(B)=C(A) The contents of register B are OR combined with the contents of register A

orAVB=>A

A2(l)or'A;
1 —p A
0—> A
A—> B

and the result is stored in register A.

Bit 2 of register A is the state corresponding to a binary 1, or contains a 1.
The contents of register A are incremented by 1.

Register A is cleared or set to contain all O's.

The contents of register A are jam transferred into register B.

Other terms used in this manual are defined as follows:

absolute address - a number used directly to specify any memory location.

Twelve bits are required to address 4K, 13 bits to address 8K, 14 bits to
address 16K, and 15 bits to address 32K.
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address of the operand - the location of a core memory register éurrenfly

containing the operand.

clear - to clear a register is to establish the state corresponding to binary 0

in all bits of that register.

clock break - an interruption of the main program, lasting one computer
cycle. During this cycle, areal time clock increments the contents of
memory location 78 by 1. When the clock is enabled by a programmed
instruction, a clock break occurs every 1/60 sec. If memory location 78

overflows, the clock flag is set and may cause a program break.

command - a signal that causes a specific operation to occur as the complete

or partial execution of an instruction or microinstruction.

cycle stealing - a suspension of the main program for one computer cycle

caused by the clock break or data break facilities to effect an operation or

transfer information with core memory,

data break --an interruption of the main program lasting one computer
cycle. During this cycle an information transfer takes place between core
memory and a high-speed I/O device. The data break is requested by the
I/O device when it is ready for the transfer, and the break occurs as soon as

the processor reaches an "instruction done" situation.

effective address - the address of the operand as specified by an instruction

word or by an absolute address.

flag - a flip-flop or signal that indicates a specific equipment status or
condition. Flag signals are used to identify an I/O device which requires

servicing, as well as for other purposes.

1-21



instruction - an 18-bit word which is stored in memory and is identified by
a distinct operation code in the four most significant bits. When retrieved
from memory, an instruction word causes specific operations to be performed

by the processor.

microinstruction - a command to perform a specific operation, identified by

the placement of 1's and 0's in bits of an instruction word other than those
which contain the operation code. Several microinstructions can be com-
bined within a single instruction word. In effect, the entire word is used
as an operation code, and is decoded by gating circuits within the processor

_ to produce multiple command pulses.
operand - a stored binary number to be operated upon.

program interrupt = an interruption of the main program initiated by peripheral

equipment which requires servicing. When the processor reaches an "instruc-
tion done" situation, control of the processor is transferred to a subroutine
which identifies the interrupting device. The transfer of cortrol takes place
during the break cycle. After the interrupting device has been identified,

a further subroutine services it and then transfers control of the processor back

to the main program.
set - to set a flip-flop is to establish the state corresponging to binary 1.

subroutine -~ a series of stored instructions which is not part of the main pro-
gram but may be reached by means of a JMS instruction. A subroutine may
contain instructions that service peripheral equipment, or instructions for

an operation that must be repeated many times. At the conclusion of a sub-

routine, control of the processor may be returned to the main program.
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CHAPTER 2

LOGIC FUNCTIONS

Both manual and programmed operation of the PDP-7 are required for the performance of any
complete task. Manual operation is normally limited to the following: storing a brief loader
program; modifying or examining data or addresses in a program that is already stored; or
establishing the starting conditions for programmed operation. In programmed operation, data
and the sequence of instructions which constitutes the program are loaded into the core memory;
the starting address of the program is manually established; and the computer is manually started.
The computer then successively executes the instructions specified by the program. For main-

tenance purposes and to facilitate debugging, provision is made for advancing the program one

cycle at a time or one instruction at a time,

This chapter describes the sequence of events that takes place during each of the manual oper-
ations or instructions that the PDP-7 can perform. Reference is made throughout the descriptions

to the flow diagrams.

FLOW DIAGRAM INTERPRETATION

Two flow diagrams are provided: one, contained in engineering drawing 20, shows the events
that take place during each of the possible manual operations; the other, contained in engineer-
ing drawing 21, shows the events that take place during the execution of programmed instruc-
tions. The two flow diagrams are similar in their arrangement. At the extreme left are shown
the timing pulses which initiate events at various times in the cycle. In the flow diagram of
manual operations, these timing pulses are designated KEY MANUAL and SPO through SP4,

In the flow diagram of programmed operations, the timing pulses are designated T1 through T7.
Times (in psec or nsec) appearing in boxes that straddle the horizontal boundary line separating
two timing pulses represent the time interval that elapses between the occurrence of those two

pulses.

Events initiated by a specific timing pulse are shown in rectangular boxes placed between the

boundary lines associated with that pulse. It is important to note that all such events are
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initiated simultaneously by the timing pulse if they form part of the event sequence. For ex-
ample, in following the deposit (DP) sequence on engineering drawing 20, at time SP2 the

event AS1—PC is followed in the sequence by DAC— IR and ACS1— AC. The vertical separation
does not imply that the AS1— PC operation precedes the other two; on the contrary, they are

all initiated simultaneously. The vertical separation merely facilitates the illustration of branches

to other possible sequences.

Events in a sequence which is not specifically designated by a key name or instruction name

are assumed to be common to all sequences (e.g., 0—MA at time SP1, engineering drawing 20).
Where a common sequence branches into two or more sequences, depending on the operation in
progress, the operation associated with a given sequence is identified immediately below the
branch. For example, at time SP2 the event AS1— PC occurs in a sequence common to both
examine (EX) and deposit (DP) operations. The sequence then branches; if an examine operation
is in progress, pulse SP2 initiates the event LAC— IR, but if a deposit operation is in progress
LAC —IR does not occur; instead, pulse SP2 initiates events DAC— IR and ACS1— [R. Similarly,
several separate sequences may be followed by a common sequence. Thus, on engineering
drawing 20, each of the separate sequences associated with the START, CONTINUE, EXAFAINE,
and DEPOSIT operations is followed by the event 1— TP1 which takes place at time SP4,

Note that some of the events specified in the rectangles of the flow diagram are unconditional;
that is, they invariably occur at the specified time when the operation with which they are
associated is in progress. Thus, when the START key is pressed, the event AS1 — PC always
takes place at time SP2. Other events are conditional upon the state of control flip-flops or
register bits. Conditional eQents are represented in the rectangles by a statement of the required
condition which is separated from the conditional event by a colon. Thus, at time SP2 of a
reod-in operation (engineering drawing 20), the statements in the rectangle indicate that if

the read paper tape (RPT) flip-flop is in the O state, the contents of the address switch register
are transferred to the PC (RPT (0): AS1—PC). However, if the RPT flip-flop is in the 1 state,

1 is added to the contents of the PC and the operation code DAC (deposit content of accumulator

in specified memory cell) is set into the instruction register (RPT (1): +1-PC DAC—IR).

On engineering drawing 21, the seven time pulses that occur during each computer cycle are

shown at the left. The column immediately to the right contains the events associated with
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- memory which occur during every computer cycle, regardless of the major control state estab-
lished. Certain conditional events, whose occurrence is dependent on factors other than the
major state, are also contained in this column designated Events Common. The other events
on this drawing are grouped according to the mai‘or state established. Each major state (fetch,
defer, execute, and break) lasts for one computer cycle. All programmed instructions start

in the fetch state. ' -

The exact mechanism by which the CP performs a function specified by an event shown on the
flow diagram is found by referring to the appropriate engineering logic diagram and the cor-
responding circuit description. When tracing a transfer function, it is best to begin by examining
the input and control gating of the register to which the transfer is being made. Thus, to trace
the function AS1— PC, first examine the logic diagram of the PC; it will be found that a set

of input gates is triggered by a pulse designated AS1—PC. To find out how this pulse is gen-
erated, examine the logic drawing of the PC control. When there is doubt where a pulse or

level is generated, consult Appendix 3. This appendix lists all command pulses and control
levels in alphanumerical order of their designations, together with the number of the engineering

logic diagram on which are shown the circuits which genercte any given signal.

NOTE: It is very important that maintenance personne! familiarize
themselves as soon as possible with the flow diagrams of manual
operations, CP operations, and EAE operations. These flow diagrams
hold the key to an understanding of system operation and provide
much information that is valuable when troubleshooting.

PRELIMINARY OPERATIONS

Circuit protection and primary control of all power entering the computer is governed by the
circuit breaker mounted on the 2-step power control unit located at the rear of the cabinet.
Manual control of primary power is governed by the lock switch and POWER switch located on
the console panel. With the lock switch in the unlocked position, turning on the POWER
switch energizes a relay in the power control unit, which, in turn, energizes the computer
logic power supply immediately. A second relay in the power control unit imposes a delay of
5 sec before the memory power supply is energized. This delay ensures that all ac transients

in the computer have completely decayed before the memory is energized. Similarly, when
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the POWER switch is turned off, the memory power supplies are deenergized immediately; and
the computer logic power is maintained for 5 sec longer. In each case, the delay ensures
that switching transients cannot cause current surges which would destroy information stored

in the core memory.

During the 5-sec turnon delay period, an integrating circuit enables a variable clock. While
the clock is enabled, it emits standard negative pulses at a repetition rate of 200 kc. These
PWR CLK (power clock) pulses repeatedly clear the RUN and memory control flip~flops and
trigger two NAND gates, which are enabled by the 0 condition of the RUN flip-flop. The
output pulses from the gates trigger two pulse amplifiers, which produce the PWR CLR NEG
{power clear negative) and PWR CLR POS (power clear positive) pulses. These PWR CLR pulses
are supplied to the interface to establish initial conditions in peripheral equipment. Thus, if
any flip-flops are set by switching transients during the first 5 sec after power turnon, they are
immediately cleared by the PWR CLK or PWR CLR pulses. This establishes correct initial con-

ditions and ensures that a stored program cannot be accidentally started or disturbed.

The lock switch, in its uniocked position, connects cll the console keys and switches to the
~15v supply, thereby permitiing them to generate the levels required to start the computer

and to perform manual operations. When a program has been started manually, the fock switch
may be turned to its locked position. This grounds all the console keys and switches to prevent
manual interference with the program. A second deck of the lock switch bypasses the POWER

switch, so that power cannot be accidentally turned off while a program is running.

MANUAL OPERATIONS

Keys and switches on the operator console have three functions: they permit information to be
stored in core memory; they permit the contents of a specified core memory cell to be displayed

for visual examination; and they permit the execution of a program to be started and stopped.

Operation of the START, CONTINUE, EXAMINE/EXAMINE NEXT, DEPOSIT/DEPOSIT NEXT,
or READ-IN keys generates the KEY MANUAL level transition to start the special pulse gen-
erator. The special pulse generator produces five timing pulses, designated SPO through SP4,
which initiate all functions performed as part of a manual operation. All five keys cause the

RUN flip-flop to be clecred at time SPO in order to stop any operations already in progress.

2-4



(Note that although it is not logical to press the START key when a program is runr\ing, it
could be accidentally pressed and must therefore be made to stop current operations.) After
the clearing of the RUN flip-flop, there is a 10-psec pause to allow the completion of any
EAE operations in progress. Thereafter, the sequence of operations depends upon which key

was operated.

START Key

The START key initiates execution of a program which has been loaded into memory. After
starting the special pulse generator and clearing the RUN flip-flop, the key causes the fol-

" lowing events to take place:

1. At time SP1, the memory address register (MA) is cleared in preparation
for entering the starting address of the program from the ADDRESS switches.
A complete clear is required, because only binary 1's are transferred to the

MA,

2. At time SP1, a BGN pulse is generated which clears the insiruction
register (IR), the read paper tape (RPT) and other special mode flip-flops,
and establishes initial conditions in the registers of 1/O devices. The multi-
state device of the major state generator is forced into the fetch state in
preparation for extracting the first programmed instruction from memory,

and the program counter (PC) is cleared.

3. At time SP2, binary 1's of the starting address preset on the ADDRESS

switches are transferred into the PC.

4. At time SP3, the RUN flip-flop is set to the 1 state, thereby conditioning
a NAND gate between the special pulse generator aﬁd the main timing chain.
Timing pulse SP4 triggers this gate and causes the main timing chain to gen-
erate timing pulse T1. Thereafter, the CP operates under contro!l of timing
‘pulses generated by the main timing chain and successively executes pro-

grammed instructions until the RUN flip-flop is set to the O state.



CONTINUE Key -

The CONTINUE key causes the CP to continue execution of a program after a temporary hol‘t.
Pressing the key clears the RUN flip-flop during SPO and the MA duringSP1. Since a halt
may take place at the end of any memory cycle, the CP must continue with the type of cycle
that was predetermined by the cycle in which the halt was requested. Thus, the only further
action required by the CONTINUE key is to set the RUN flip-flop to 1 at time SP3 and to
cause timing pulse SP4 to initiate operation of the main timing chain. The CP then continues

execution of the program from the point at which it was halted.

STOP Key

The STOP key provides a means of halting a program at the conclusion of a memory cycle.

Pressing the key conditions a gate which is triggered at time T5 of the memory cycle. The
output pulse produced by the gate clears the RUN flip-flop, thereby preventing timing pulse
TP7 fromre-entering the timing chain to initiate a new cycle. The CP, therefore, halts at the

conclusion of the memory cycle during which the RUN flip-flop was cleared.

DEPOSIT/DEPOSIT NEXT Key .

The DEPOSIT/DEPOSIT NEXT key, when momentarily set to DEPOSIT, causes a binary number
that has been preset on the ACCUMULATOR switches to be deposited in the memory cell specified
by the ADDRESS switches. When momentarily set to DEPOSIT NEXT, the key causes a binary
number preset on the ACCUMULATOR switches to be deposited in the memory cell specified by
the PC. Setting the key to DEPOSIT clears the RUN flip-flop at time SPO and the MA at time

SP1. A memory cycle which will perform the operation is then initiated as follows:

1. At time SP1, a BGN pulse is generated to clear special mode and-1/O
device flip-flops; the PC is cleared; and the major state generator is forced
to the execute state. (Refer to the key function flow diagram on engineer-

ing logic diagram 20.)

2. At time SP2, the binary 1's contained in the ADDRESS switches are trans-
ferred to the PC. Then the binary 1's contained in the ACCUMULATOR
switches are transferred to the accumulator register (AC), and the operation
code for DAC (deposit AC) is set into the IR.
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3. At time SP3, the contents of the PC are transferred into the MB. This
step is necessary because after time SP4, the processor will enter an execute
cycle in which the contents of the MB are transferred fo the MA at time T1. ,
The fact that the status of the link, trap flag, and extend mode are also set

into the MB is of no importance in a deposit operation, because those bits

of the MB are not sampled by the MA.

4, At time SP4, ’rhe‘ contents of the PC are incremented by 1 to facilitate
a further manual operation at the next location after completing the deposit
operation. Timing pulse SP4 then starts the main timing chain. Note, how-
ever, that the RUN flip-flop remains in the O state, and that in consequence,

the CP will halt at the end of the execute cycle.

5. At time T1 of the execute cycle, since this is not a CAL (call subroutine)
instruction, the contents of the MB are transferred to the MA (CP flow diagram,

ehgineering logic diagram 20).

6. At time T3 of the execute cycle, the contents of the AC are transferred to
the MB; and during the remaining portion of the cycle, this data is written
into the specified memory cell. Since the RUN flip-flop is not set, the CP

halts after time T7, and the deposit operation is complete.

Setting the key to DEPOSIT NEXT causes the CP to perform an operation that is almost identical
to a deposit operation. The difference is that the PC is not cleared at SP1, nor are the contents
of the ADDRESS switches set into the PC at time. SP2. The number preset on the ACCUMULATOR
switches is therefore deposited in the memory cell specified by the PC instead of by the ADDRESS
switches. Note that the contents of the PC are incremented at time SP4. Therefore, after an
initial deposit operation, use of the DEPOSIT NEXT position causes deposits to be made at

consecutive memory locations without resetting the ADDRESS switches.

EXAMINE/EXAMINE NEXT Key

The EXAMINE/EXAMINE NEXT key, when momentarily set to EXAMINE, causes the contents
‘of the memory cell specified by the ADDRESS switches to be transferred to the MB and AC.
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When the transfer is complete, the contents of the MB,-MA, and AC may be visually checked

by means of the associated indicator lamps.

The MB and AC contain the contents of the specified memory cell; the MA contains the address
preset on the ADDRESS switches; and the PC contains the address of the next consecutive mem-
ory cell. Thus, a number of consecutive memory cells may be examined without resetting the
ADDRESS switches between each operation. When momentarily set to EXAMINE NEXT, the
key causes the contents of the memory cell specified by the PC to be transferred to the AC for

visual examination.

Setting the key to EXAMINE clears the RUN flip-flop during time state SPO and the MA at time

SP1. A memory cycle which will perform the operation is then initiated as follows:

1. At time SP1, a BGN pulse is generated to clear special mode and /O
device flip-flops; the PC is cleared; and the major state generator is forced
to the execute state. (Refer to the key function flow diagram on engineering

logic diagram 20.)

2. At time SP2, the address specified by the ADDRESS switches is transferred
to the PC, and the operation code for LAC (load AC) is set into the IR.

3. At time SP3, the contents of the PC are transferred to the MB. (This step
is necessary for the reason stated under DEPOSIT/DEPOSIT NEXT Key, No. 3.)

4. During time state SP4, the contents of the PC are incremented by 1, and

timing pulse SP4 starts the main timing chain.

5. At time T1 of the execute cycle, since the instruction is not CAL, the

address contained in the MB is transferred to the MA, and the AC is cleared.

6. At time T3, the contents of the addressed memory cell are read into the

MB, and an XOR (exclusive OR) operation is performed on the MB and AC.

Since the AC was previously clecred, this results in a direct transfer of the
contents of the MB into the AC, where they are available for visual examination.
Since the RUN flip~flop is not set‘, the CP halts at time T7, and the EXAMINE

operation is complete.
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Setfing the key to EXAMINE NEXT causes the CP to éerform an operation Whiéh is almost
identical to an EXAMINE operation. The difference is that the PC is not cleared at time
SP1, nor are the contents of the ADDRESS switches set into the PC at time SP2. The word
loaded into the AC for examination is fherefére brought from the cell specified by the PC
instead of by the ADDRESS switches. Note that the contents of the PC are incremented at

time SP4 to permit examination of consecutive locations without resetting the ADDRESS switches.

REPEAT Switch

Turning on the REPEAT switch causes the CP to repeat the operation specified by one of the
manual keys, at intervals determined by the setting of the SPEED controls on the console panel,
for as long as the key is held down. After completing a DEPOSIT or EXAMINE operation, use
of the REPEAT switch in conjunction with a DEPOSIT NEXT or EXAMINE NEXT operation per-

mits deposition in, or examination of, successive memory cells without specifying each address.

Turning on the REPEAT switch causes timing pulse SP4 to trigger a one-shot which produces a
delay. The length of the delay is adjustable by means of the coarse and fine SPEED controls
on the operator console. When the one-shot reverts to its stable state, the level transition
that appears at the output terminal is applied to the special pulse generator and initiates time
state SPO once more. The CP then repeats the operation associated with the manual key that

is pressed,

READ-IN Key

The READ-IN key permits information punched in binary format on paper tape to be loaded

info memory at successive memory locations, starting at the address specified by the ADDRESS
switches. When in the binary mode, tape holes 1 through 6 of each line of tape contain one-
third of an 18-bit word; hole 7 is not punched until the last line of the last character that is

to be read, and hole 8 is always punched to cause the line to be read. When the READ-IN
key is pressed, the processor selects the reader in binary mode, then waits for the reader to
read three lines of fape and assemble these in the reader buffer in the form of an 18-bit word
(and also waits until the READ-IN key is released). When the reader buffer is full, its contents
are transferred to the AC and then deposited in memory. The process of reading three lines of

tape, assembling the information into an 18-bit word, and depositing words at consecutive
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memory locations continues until the reader encounters a line of tape in which hole 7 is punched.
The reader then stops and the processor executes the last 18-bit word read and deposited (the

hole 7 being in the last line of this word).

Pressing the READ-IN key causes the RUN flip-flop to be cieared at time SPO and the MA

to be cleared at time SP1. The following sequence of events then takes place:

1. At time SP1, a BGN pulse clears the special mode flip-flops, including
* the RPT (read paper tape) flip-flop to establish initial conditions. The PC is

cleared, and the major state generator is forced to the execute state.

2. At time SP2, the address specified by the ADDRESS switches is set into
the PC, and the operation code for DAC is set into the IR.

3. At time SP3, the RPT flip-flop is set to 1.

4. At time SP4, the AC is cleared and the contents of the PC are transferred
to the MB. At this time a command is generated that selec*s the reader in
binary mode and causes it to read three lines of tape successively into the

reader buffer. When the reader buffer is full, the reader flog is set to 1.
5. The processor now waits for three conditions to be fulfilled:

a. The RPT flip-flop is in the 1 state (this condition was fulfilled
at time SP3).

b. The reader flag is set to 1 (indicating that the reader buffer
is full). .

c. The READ-IN key is released. ' If the processor were not forced
to wait for this condition to be fulfilled, the rapid action of the
reader might cause several words to be deposited at the starting

address, with consequent loss or invalidation of information.

The levels representing assertion of these three conditions are combined in
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a gate; whichever of the three conditions is fulfilled last causes a level
transition to occur at the output of the gate. This transition starts the main

timing chain and initiates a computer cycle in the execute state.

6. The events in the execute cycle follow the pattern already described
for a deposit operation. However, the CP does not stop at time T7 because
timing pulse TP7, combined with the 1 state of the RPT flip-flop, causes
the generation of timing pulse SPO of a second readin operation. However,

the RUN flip-flop is cleared at time SPO.

7. At time SP1 of a second (or subsequent) readin operation, no BGN ﬁulse
is generated, because the READ-IN key has been released. Further, since
the RPT flip~flop remains set, the PC is not cleared at time SP1 and the
contents of the ADDRESS switches are not transferred to the PC at time SP2.
Instead, the contents of the PC are incremented by 1 at time SP2, Thus,
18-bit words transferred from the reader buffer to the AC are deposited at

consecutive memory locations.

8. When the reader encounters a line of tape which has hole 7 punched, the
assertion level produced by hole 7 causes the RPT flip-flop to be cleared and
the RUN flip-flop to be set at time T5. .

9. At time T7, since the computer is in the execute state and the RUN flip-
flop is set, timing pulse TP7 forces the major state generator to the fetch state
and restarts the main timing chain. At time T1 of the ensuing fetch cycle, the
contents of the PC are transferred to the MA. Therefore, since at that time the
PC contained the‘memory address of the last word read from paper tape, the
processor executes that word. The word may be any instruction, but sensible
choices for the programmer would be either a HLT (halt) instruction to allow
manual control of the program before starting or a JMP (jump) instruction that

would provide entry to the start of the program.
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SINGLE INSTRUCTION Switch

The SINGLE INSTRUCTION switch, in combination with an F SET level ("instruction done"
situation), generates o RUN STOP signal that resets the RUN flip-flop and halts the CP at the
end of the current memory cycle. However, the F SET ("instruction done") level is generated
only during the cycle that completes the execution of an instruction and does not appear during
a fetch or defer cycle which must be followed by an execute cycle. Thus, when the SINGLE
INSTRUCTION switch is tumed on, the CP halts after completing each instruction; and the
next insfruction must be initiated by pressing the CONTINUEkey. When the SINGLE STEP
and SINGLE INSTRUCTION switches are both turned on, the SINGLE STEP switch takes pre-
cedence; and the CP halts after each memory cycle.

PROGRAMMED OPERATIONS

The normel mode of PDP-7 operation is the execution of programmed instructions. Programmed
operation can ke modified by a program interrupt (produced by peripheral equipment to trans-

* fer contrc! of the CP from the main program to a subroutine). The main program can also be
.tempororily interrupted by means of a data breck or a clock break. During o data break,
losting one memory cycle, a high-speed peripheral device, which has a 15-bit address register
as well as an 18-bit data register, can transfer information to or from memory. During a clock
break, also lasting one memory cycle, a real-time clock may add 1 to the contents of memory
location 7. If an overflow occurs, a program break is initiated; otherwise, the main program is

resumed.

When a program is to be executed, the starting address of the program is preset on the ADDRESS
switches, and the START key is momentarily pressed. The CP thereupon fetches the first

" instruction from the specified address and executes it, at the same time adding 1 to the contents
of the PC. Succeeding instructions are obtained from numerically consecutive memory locations,
unless a JMP or JMS insfruc;'rion changes the contents of the PC so that instructions are obtained

from another block of numerically consecutive locations in a different section of memory.

Programming is simplified and memory space is conserved if the programmer arranges the in-
structions for some operation that must be performed many times during the course of the program

in the form of a subroutine. A subroutine is ¢ group of instructions contained in a numerically
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consecutive block of memory locations that do not form part of the main program sequence.
These subroutines may be entered from any part of the main program by means of a JMS (jump
to subroutine) instruction which stores in memory the location of the next main program instruc-
tion (that is, the contents of the PC). The next instruction to be executed is the first instruc-
tion of the subroutine. Exit from the subroutine and return to the main program sequence is
obtained by means of a JMP | (jump indirect) insfruéfion‘, which directs the CP to the location
containing the next main program instruction and causes the instruction found in that location

to be executed.

Instructions

The following explanations of the functions performed during the execution of each instruction
assume that the PDP-7 is energized and is operating normally and that the address of the next
instruction to be performed is held in the PC. Therefore, each instruction explanation begins

at the start of the fetch cycle.

The instructions performed by the PDP-7 are of two kinds: memory reference instructions and
augmented instructions. A memory reference instruction contains an operation code in bits 0
through 3, and the location in memory of the word upon which the operation is to be performed
in bits 5 through 17. 1f bit 4 is a 1, it is an indication that the address contained in the instruc-
tion word is not that of the operand itself, but is the location containing the address of the
operand. This facility is known as indirect addressing. Indirect addressing has many uses; for
example, it may be used with a jump instruction to permit re-entry into the main program from

a subroutine; it permits a memory location outside the current 8K field to be addressed when

the extend mode is enabled; and it permits a programmer to gain access to an operand whose
absolute address is determined by the program itself but is known to be contained in a specific

memory location.

An augmented instruction requires no reference to memory. An operation code in bits 0 through
3 identifies the instruction as an OPR/LAW, 10T, of EAE instruction. The contents of the
remaining bits specify operations to be performed by timing pulses T5, Té6, and T7 during a single
computer cycle. More than one such microinstruction may be combined into a single instruc-

‘tion provided that there is no logical conflict between the operations specified.
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The following paragraphs describe the memory reference instructions first and then the augmented
instructions. The load accumulator (LAC) and operate (OPR) instructions are described in
detail, as representative of the memory reference instructions and augmented instructions,
respectively. Remarks on the remaining instructions are confined to important points that may
not be obvious from the flow diagram. All of the explanations assume that directaddressing is
employed (bit 3 contains a 0). An explanation of the use of the auto-indexing locations and of
the use of a defer cycle to permit indirect addressing follows the descriptions of the memory
reference instructions. The descriptions of both memory reference and augmented instructions
also assume that no 1/O device has requested a break of any kind. The conditions under which

a break may be granted and the events that take place during the ensuing break cycle are des-

cribed.after the explanation of the augmented instructions.

Memory Reference Instructions

Load Accumulator (LAC) - The LAC instruction is a memory reference instruction which requires

a fetch cycle and an execute cycle. During the fetch cycle, the address of the LAC instruc-
tion is transferred from the PC to the MA, and the contents of the PC are incremented by i.

A read operation transfers the contents of the memory cell addressed into the MB and bits 0
through 3 are transferred directly into the IR as the operation code of the instruction to be ex-
ecuted. The contents of the MB are then rewritteninto the memory cell from which they were
read. Finally, the major state generator is set to the execute state. During the execute cycle,
the operand is extracted from memory and loaded into the accumulator. The following detailed
description of the sequence should be read while referring to the flow diagram and to the speci-

fied engineering logic diagrams.

At time T1 of any fetch cycle, the instruction register must be.clecred. The F level is NAND
combined with the T1 pulse (B5, 24); and the gate output, after amplification and inversion,

is applied to the direct clear inputs of the four IR flip-flops. (In a similar manner, the IR is
cleared at time T} of a break cycle and at time T2 of certain execut= cycles. The IR is not
cleared during a defer cycle.) Also at time T1, the F negative level is NAND combined
with the T1 pulse (A7, 25) to produce a PC1— MA pulse. This pulse is applied to a set of MA
input gates (29) and opens those which are already conditioned by a negative level from a PC

flip-flop in the 1 state.
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Note that the PC1—MA pulse is applied only to bits 5 through 17 of the MA register. Bits 3
and 4 of this register are used only in conjunction with memories of 16K capacity or more
‘and must receive a separate transfer pulse (EPC1-~ EMA) from the memory extension control
unit. The F level and T1 pulse are also NAND combined in the PC control logic (Cé, 25)
to produce a +1- PC pulse which increments the contents of the PC by 1. The +1—+ PC pulse
complements bit 17 of the PC register (D8, 29), and is also applied to a gated pulse amplifier.
If this gate was already conditioned by a PC17 (1) level, a carry pulse complements bit 16.
The carry is propagated toward bit 5 by a series of gated pulse amplifiers and stops when it
first encounters a bit in the O state. The flip-flops have a 'controlle_.d internal delay so timed
that the MA input gates open and close before the incrementing pulse causes any flip-flop to
change state. It is this internal delay which permits the PC register to be sampled and incre-
mented by simultaneous pulses without transferring the incremented, rather than the original,

contents to the MA.,

At time T2 of every computer cycle, the MB is cleared and a read operation is prepared. Time
pulse T2 is applied to an isolating gate (B3, 25), and the output of the gate causes a pulse
amplifier to produce the 0—PC pulse. The TP2 pulse sets the READ flip~flops of the memory
control (27) to 1 and is NAND combined with the MA4 (0) level to produce the TP2 - SEL 0, 1
pulse (A8, 27). Note that the MA4 bit is always 0 unless more than 8K of memory capacity
is in use. The MAS bit is decoded by the memory control to produce either a SEL 0 or'a SEL 1
level which is used to select one of the two 4K memory stacks in the standard 8K field. The
SEL level is combined with the 1 output of the READ flip-flops to produce an appropriate SEL -
READ LEVEL, which is applied to memory. The action of the memory is discussed in detail

in Chapter 4. The effect of the SEL and SEL « READ levels is to enable the half-select X and
Y read circuits in memory. The TP2 * SEL 0, 1 pulse is applied to a delay network in memory
to produce a strobe pulse which is applied to the sense amplifiers of the memory. This strobe
pulse clears the READ 2 flip-flop and is returned to the main timing chain as the STB RTN
pulse, which initiates the generation of T3 and clears the READ 1 flip-flop.

When the strobe pulse occurs, the memory sense amplifiers compare the signal level in the sense
winding of each core plane with a reference level. In planes where coincident read currents
have caused a core in the 1 state to change to the O state, the sense signal is greater than the

reference level; and the associated sense amplifiers (SA) produce standard negative pulses.
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These SA pulses are applied to the MB input gates (30) and set the corresponding MB flip-flops.
The SA —=MB input gates are nomally enabled by an MB STB TNH negative level generated in
the MB control (25). Thus, the contents of the addressed memory cell are transferred to the MB
unless the gates are specifically inhibited by the control logic. The conditions under which
inhibition occurs are discussed in Chapter 3 under the headingof Memory Buffer Register Control .
During a fetch cycle, when the MB is loaded with an instruction word consisting of an operation
code and the address of the operand, the four most significant bits (which contain the operation
code) are transferred directly into the IR, as well as into the MB. The negative pulses from
sense crﬁplifiers SAO through SA3 are applied to IR input gates that are conditioned by the

fetch level (B7, 24), and set the IR fl ip-flops accordingly.

After the strobe pulse has occurred, the contents of the various registers are as follows:

ADDRESS switches Z (address of the first instruction, which
in this example is LAC Y)

PC Z+1

MA y4

MB | MBO through MB3 contain octal 20 (= LAC)

MB4 (0) = no indirect address) .
MBS through MB17 contain Y (address of oper-
and)

IR IRO through IR3 contain octal 20 (= LAC)

In the instruction register, the states of IR0 (0) and IR1 (1) are decoded to produce an 1A1 level
and a TA3 level. The states of IR2 (0) and IR3 (0) are decoded to produce an IBO level. The
1AT level, which identifies the instruction as a memory reference instruction, is NAND com-
bined with the existing fetch (F) and MB4 (0) levels (C1, 24) to establish a SET level. This
ground level conditions the DCD gate (B3, 24) associated with a pulse amplifier which sets

an execute (E) state into the major state generator at time T7. At the same time the ground
level disables input L of module J21 to prevent any break request from being granted until the

instruction has been executed.

At time T4, timing pulse TP4 sets the INH flip-flop of the memory control logic (Cé, 27), thereby
enabling the inhibit supply of the memory. At time T5, both WRITE flip-flops are also set and,

in conjunction with the SEL O level, established coincident writing currents through the cores
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of memory cell Z. All cores of the addressed cell are driven by full-select write currents.
However, those in planes which correspond to MB bits containing a 0 are inhibited from chang-
ing state by a half-select inhibit current in the read direction. Thus, the contents of the MB

are written back into the cell from which it was read.

At time T6, timing pulse TPé resets the WRITE 1, WRITE 2, and INH flip-flops. The writing

operation is now complete.

At time T7, timing pulse TP7 INVTD is applied to the DCD gates of the major state generator
(24) and, in combination with the E SET level established during T3, sets the execute (E) state.
The RUN flip-flop is still set, and the RUN (1) level is NAND combined with timing pulse T7
(A8, 25) to produce a 0 ~MA pulse which clears all the flip-flops of the MA. The RUN (1)
level is also combined with a SLOW CYC (not slow cycle) level to condition a DCD gate at
the entry to the main timing chain (D1, 22). The TP7 pulse (delayed 150 nsec) is combined

" with a STOP CP TC (not stop central processor timing chain) level which signifies that the
extended arithmetic element does not require an interruption. The resulting pulse triggers the
nCD gate and energizes a pulse.cmpliﬁer (D2, 22). The output of this pulse amplifier causes

the generation of timing pulse TP1, thereby initiating the second (execute) computer cycle.

At time T1 of the execute cycle, the absence of an I1AO signal at terminal S of module D5

(C1, 25) results in the production of a CAL (not CAL instruction) level. This level is NAND
combined in the MA control (A7, 25) with the T1 timing pulse and another negative level
resulting from the absence of a defer (D) level. The output of the NAND gate is applied to

a pulse amplifier which produces an MB1— MA pulse. This pulse opens all MA input gates
which are already conditioned by a negative level from an MB flip-flop in the 1 state; thus

the address of cell Y (containing the operand) is set into bits 5 through 17 of the MA. The (E)
level of the major state generator is NAND combined with the IA1 level produced by the IR,
and the output of the gate is inverted to produce an E * 1Al level (D2, 26). The E * IA1 level
is NAND combined with the IBO level and inverted to produce an E * LAC level. The E - LAC
level enables a NAND gate which is opened by time pulse T1 to trigger a pulse amplifier in the
AC control logic (A6, 26). This pulse omplifier produces a 0—+AC pulse which clears all the

flip~flops of the accumulator.
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During the execute cycle, the contents of memory cell Y are read into the MB and then rewrit-
ten into memory in exactly the same manner as for cell Z (during the fetch cycle). Therefore,
the following paragraphs describe only those events peculiar to the execute cycle. After the

strobe occurs, the contents of the various registers are as follows:

PC Z+1

MA Y

MB Contents of cell Y
IR Octal 20 (= LAC)

AC All zeros

At time T3 of the execute cycle, the E * 1A1 level is combined with the T3 timing pulse. The
resulting pulse is applied to pulse amplifier PA2 of module H2 in the AC control logic, and
the output of the pulse amplifier is an XOR—AC pulse. This pulse is applied to a set of ac-
cumulator register input gates which are normally used to complemenf”rhe accumulator in an
exclusive OR operation. However, since the accumulator was cleared at time T1 (of the ex~
ecute cycle), no carry pulses can be generated; and the effect is a simple transfer of memery

buffer 1's into the corresponding bits of the accumulator.

After the operand has been rewritten into memory cell Y (starting at time T4) the MA is cleared,
and the interrupt control is interrogated to determine the state to be set into the major state
generator for the next cycle. If any |/O device has initiated a break request, the interrupt
control logic (32) establishes a negative BK RQ (break request) level which is applied to
terminal K of module H20 in the major state generator. Then, provided that neither a D SET
nor an E SET level has previously been established by the nature of the instruction, a B SET
ground level appears at terminal N of the module. This level, in combination with timing

pulse TP7 INVTD, sets the major state generator to the break (B) state so that the i/O device

may be serviced. If there is no break request, the BK RQ combines with D SET and E SET
levels to produce an F SET level; and, at time T7, a new fetch cycle is initiated to extract

the nex‘f instruction from memory address Z+1. Note that a break request is never granted un-
til the current instruction has been executed. Thus, a break can be granted only after comple-
tion of a 1-cycle instruction; after the execute cycle of a multicycle instruction; or after a

breck cycle to continue a block transfer or other operation involving several break cycles.
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Exclusive OR (XOR) - The exclusive OR logical operation is performed between the contents

- of the AC and the contents of the MB and requires a fetch cycle and an execute cycle. During
the fetch cycle, the ‘operoﬁon code 24 is set into the IR; and the address of the operand is set
into bits 5 through 17 of the MB. At time T1 of the execute cycle, the address of the operand
is transferred from the MB to the MA, At time T2, the MB is cleared; and a read operation setr
the operand into bits O through 17 of the MB. The E negative level of the major state generafor
is NAND combined in the AC control with the 1Al negative level produced by the IR decoder.
The resulting E * 1Al negative level is combined in the AC control with timing pulse T3 to pro-.
duce a negative XOR—~AC pulse. This pulse opens AC input gates already conditioned by MB
bits in the 1 state and complements the associated AC bits. When the AC has previously been
cleared (as in the LAC instruction), the XOR —=~AC command can be used for a simple transfer
of binary 1's from MB to AC.

One's Complement Add (ADD) - The ADD instruction adds the contents of the MB to the con-

tents of the AC in 1's complement arithmetic and requires a fetch cycle and an execute cycle.
Ouring the fetch cycle, the operation code 30 is set into the IR; and the address of the operand
s set into bits 5 through 17 of the MB. At time T1 of the execute cycle, the address of the
operand is transferred from the MB to the MA. At time T2, the MB is cleared; and a read
operation sefs the operand into bits 0 thfough 17 of the MB. At time T3, the E * A1 negative
level causes an XOR operation to be performed in the manner already described. In the AC
control, the E negative level is further combined with the 1B2 level produced by the IR decoder
to produce an E * ADD level. The E - ADD level, in combination with timing pulse T4, pro-
duces a negative AC CRY (accumulator carry) pulse.  This carry pulse opens accumulator
input gates in which the state of each AC bit is compared with the stcté of the
corresponding MB bit. Carries are propagated where necessary. A carry pulse generated by
bit ACO causes a negative END CRY (end carry) pulse to be generated. The END CRY pulse

is applied to the complementing input of the AC17 flip-flop; if this is already in the 1 state,
further carries are propagated toward bit ACO. |

Two's Complement Add (TAD) - The TAD instruction adds the contents of the MB to the contents

of the AC in 2's complement arithmetic and requires a fetch cycle and an execute cycle. During

the fetch cycle, the operation code 34 is set into the IR; and the address of the operand is set
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into bits 5 through 17 of the MB. At time T1 of the execute cycle, the address of the operand
is transferred from the MB to the MA. At time T2, the MB is cleared; and a read operation sets
the operand into bits 0 through 17 of the MB. At times T3 and T4, XOR and carry operations
are performed as described for the ADD instruction. At time T5, an overflow from bit ACO
causes generation of a TAD CRY (2's complement carry) pul:ze which sets the LINK flip~flop

to 1. The effect of the link depends upon what instruction follows; it may be sensed by an

augmented instruction to cause a skip, for example.

Execute (XCT) -~ The XCT instruction causes the CP to execute the instruction contained in the

memory cell addressed. The instruction requires a fetch cycle plus the cycles required to perform
the instruction contained in the cell. During the fetch cycle of an XCT instruction, the oper-
ation code 40 is set into the IR; and the address of the instruction to be performed is set into

bits 5 through 17 of the MB. At time T1 of the execute cycle, the address of the instruction

is transferred from the MB to the MA. At time T2, the IR is cleared, and a fetch state is forced.
Between times T2 and T3, the contents of the addressed memory cell are read into the MB; and
the four most significant bits {containing the operation code) are set into the IR. The CP then
executes the instruction which was contajned in the cell addressed by the XCT instruction.

Note that even if the subject instruction is a memory reference instruction, the effective ad-
dress of the operand is available without reference to the PC, so that the program sequence is
unaltered. In other words, the CP acts as if it were performing the subject instruction in place

of the XCT instruction, then proceeds tothe instruction following the XCT instruction.

index and Skip if Zero (ISZ) - The ISZ instruction increments the contents of the addressed cell

by 1, using 2's complement arithmetic. If the incremented number is 0, the next instruction is
skipped. The ISZ instruction requires a fetch cycle and an execute cycle. During the fetch
cycle, the operation code 44 is set into the IR; and the address of the operand is set into bits

5 through 17 of the MB. At time T1 of the execute cycle, the address of the operand is trans-
ferred from the MB to the MA. Between times T2 and T3, a read operation sets the operand
into the MB. The E leve!l derived from the major stcte generator is combined in the MB control
with the 1A2 and [B1 levels produced by the IR decoder. The resulting E * ISZ level conditions
a gate which is opened by timing pulse TP3 to produce a +1—+ MB negative pulse. This pulse
complements the least significant bit of the MB and is also applied to the MB gates which
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propagate carry pulses. If the MB overflows (which can only happen when the contents of the
 MB becofne 0), bit MBO geﬁerafes a carry pulse which is combined in the PC control with the

E « ISZ level. As aresult, a negative pulse is generated which increments the contents of the
PC by 1. Starting at time T4, the incremented contents of the MB are written back into the
memory cell addressed by the ISZ instruction. Note that at time T1 of the fetch cycle, the
address of the ISZ instruction was set into the MA; and the contents of the PC were incremented
in the normal manner. [f the incremented contents of the MB were not 0 and therefore produced
no overflow at time T3 of the execute cycle, the next instruction is fetched and executed.

An overflow from the MB, however, causes the contents of the PC to be incremented again,

so that the instruction immediately following ISZ in the program is skipped.

Logical AND (AND) - The logical AND operation is performed by a transfer of 0's from the
MB to the AC. Thus, at the end of the operation, all bits of the AC have been cleared except

those bits which contained a 1 both in the AC and in the operand before the operation started.
The AND instruction requires a fetch cycle and an execute cycle. During the fetch cycle,
operation code 50 is sat into the IR; and the address of the operand is set into bits 5 through

17 of the MB. During the execute cycle, the address of the operand is transferred from the MB
to the MA at time T1. Between times T2 and T3, the operand is read into the MB. The E level
derived from the major state generator is combined in the AC control with the |A2 and IB2 levels
from the IR decoder to produce an E * AND level. This level conditions a NAND gaté, which
at time T5 is triggered to produce an MBO—AC pulse. The MBO—AC pulse clears all AC bits
corresponding to MB bits which are in the O state. AC bits which are already in the 0 state
remain 0's, regardless of the state of the corresponding MB bit. AC bits which are in the 1

state remain 1's only if they correspond to MB bits in the 1 state.

Skip if AC is Different From Operand (SAD) - The SAD instruction sets the operand into the MB

and performs an XOR operation between the MB and the AC. No carry pulses are propagated,
so that if the initial contents of the AC are identical to that of the MB, the end contents of |
the AC will be 0, and the next instruction will be performed. If any one bit of the AC differs
from the corresponding bit in the MB, the next instruction is skipped. The SAD instruction
requires a fetch cycle and an execute cycle. During the fetch cycle, the operation code 54

is sef into the IR; and the address of the operand is set into bits 5 through 17.of the MB. The
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contents of the PC are incremented in the normal manner. At time T1 of the execute cycle,

the address of the operand is transferred from the MB into the MA; and a read operation sets
the operand itself into the MB, The E level derived from the major state generator-is combined
in the AC control with the IA2 and 1B3 levels from the IR decoder to produce an E + SAD level.
The E * SAD level conditions a gate which is opened at time T3 to produce a negative XOR
pulse. The XOR pulse causes MB bits in the 1 state to complement the corresponding bits of the
AC. No carry pulses are propagated, so that if the initial contents of the AC are identical

to that of the MB, the resultant contents of the AC are all 0's. A 17-input AND gate in the
AC control samples the status of all the AC flip-flops at time T5 and generates an AC =0 level
only if all flip-flops are in the O state. The AC =0 level is combined in the PC control with
the E * SAD level to generate a +1—=PC pulse which increments the contents of the PC by 1.
Thus, if the initial contents of the AC were identical to that of the operand, the next instruc-
tion is skipped. If any one AC flip-flop is in the 1 state after the XOR operation (indicating
that the contents of the AC were different from that of the operand), the AC=0 level is not
produced by the AC control gate, and the +1—=PC pulse is not generated. The CP, therefore,
proceeds to the next instruction and executes it. The XOR operation is repeated at time Té to

restore the original contents of the AC.

Deposit AC in Memory (DAC) - The DAC instruction deposits the contents of the AC in memory

at the address specified in the instruction. The instruction requires a fetch cycle and an ex-

ecute cycle. During the fetch cycle, the operation code 04 is set into the IR, ond the address
of which the contents of the AC are to be deposited is set into bits 5 through 17 of the MB.

At time Tl of the execute cycle, the address for the deposit is transferred from the MB to the
MA. The E level derived from the major state generator is combined in the MB control with
the 1A0 and IB1 levels from the IR decoder to produce an E * DAC level. This level causes

an AC1-3MB pulse to be generated at time T3. The ACI1— MB pulse opens the gates connecting
the output of the AC to the input of the MB. A write operation (starting at time T4) deposits
the new contents of the MB into memory at the address specified by the DAC instruction. Note
that although read currents are applied to the addressed cell, the combination of the E and 1AC
ievels in the MBcontro! producesan MB STB INH (MBstrobe inhibit) level that inhibits the gates
between the sense amplifiers and the input of the MB. Therefore, the original contents of the
addressed cell are not transferred info the MB, andsoare lost. Note also that when a pseudo-DAC

instruction isused for loading information from perforated tape, the RPT (1) level causes the generatici
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of a SEL ~RRB pulse at time T2, which transfers the contentsof the reader buffer into fhe AC.

For further details, refer to the description of the READ-IN key in the Manual Operations
paragraph. At the end of a readin operation, the combination of the RPT (1) level and a reader
hole 7 signal clears the RPT flip-flop and sets the RUN flip-flop at time T5. The fetch state

is then established for the execution of the next instruction. However, if the readin operation
is to continue, the RPT (1) level causes the MB to be cleared at time T7 and starts the special

pulse generator.

Deposit Zero in Memory (DZM) = The DZM instruction clears the memory cell at the address

specified in the instruction and requires a fetch and an execute cycle. During the fetch cycle,
the operation code 14 is set into the IR; and the address for the deposit is set into bits 5

through 17 of the MB. At time T1 of the execute cycle, the address for the deposit is trans-
ferred from the MB to the MA. At time T2, the MB is cleared; and a read operation is initiated
in the normal manner. The E level derived from the rﬁaior state generator is combined in the
MB control with the IAO level from the IR decoder, thereby inhibiting the gates between the
memory sense amplifiers and the MB. Information previously stored in the addressed cell is
read, but does not reach the MB and is therefore lost. A normal write operation takes place,
starting at time T4; but since the MB was cleared, 0 is written into the addressed cell. At

the end of the execute cycle, the fetch state is established in preparation for execution of the

next instruction.

Jump to Subroutine (JMS) - The JMS instruction permits exit from the main program into a

subroutine and requires a fetch and an execute cycle. During the fetch cycle, the operation
code 10 is set into the IR; and an address (Y) is set into bits 5 through 17 of the MB. At time
T1 of the execute cycle, address Y is transferred from the MB info the MA. At time T2, the
MB is cleared and the input gates are inhibited; so that the normal read operation destroys the
original contents of cell Y. At time T3, the current program count and the status of the link
are transferred to the MB; the PC is then cleared. This information is written into cell Y and
is available there whenre-entryinto the main program is desired. At time T4, the address Y
is transferred from the MA to the PC; and, at time T5, the contents of the PC are incremented
by 1. The end contents of the PC are Y+1, the address from which the first instruction of the

subroutine is fetched.
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Call Subroutine (CAL) - The CAL instruction is equivalent to the instruction JMS 20. During

the fetch cycle, the operation code 00 is set into the IR; and the IR decoder produces 1AO and
IBO levels. These are combined in the MB control with a B (not a break state) level to produce
a CAL level. At time T1 of the execute cycle, the CAL level is combined in the MA control
with the E level derived from the major state generator and generates a 20—~ MA pulse. This
pulse sets octal 20 into the MA by setting flip-flop MA13 to the 1 state. The 20—+MA pulse
also sets flip-flop IR2, thereby setting operation code 10 (JMS) into the IR. Thereafter, the
CP proceeds to execute the JMS instruction, depositing the link status and current program
count af memory location 20 and taking the first instruction of the subroutine from memory

location 21, as described in the explanation of the JMS instruction.

Jump (JMP) - The JMP instruction transfers control of the CP to a sequence of consecutive
memory locations that begins at the address specified in the instruction. The JMP instruction
requires only one cycle (fetch), during which the operation code 60 is set into the IR; and the
memory location from which the next instruction is fo be taken is set into bits 5 through 17 of
the MB. The A3 and IBO levels derived from the IR decoder are combined in the major state
logic to produce a JMP level which conditions two gates in the PC controi. At time T35, cne
of these gates is triggered to produce a 0= PC pulse which clears the PC. At time T6, the
second gate is triggered to produce an MB1— PC pulse which transfers the address specified

by the JMP instruction into the PC. The major state generator is then set to fetch, and, during

the following cycle, the next instruction is fetched from that address.

indirect Addressing and Auto-Indexing

When bit 4 of a memory reference instruction contains a 1, the CP interprets the contents of
bits 5 through 17 as the memory location where the address of the operand may be found. At
time T7 of the fetch cycle, the major state generator is set to defer instead of to execute. At
time T1 of the defer cycle, -the contents of the MB are transferred to the MA (unless the instruc-
tion is CAL). The MB is then cleared, and a read operation sets the contents of the addressed
cell into the MB, which now holds the effective address of the operand. If this address is one
of the eight auto-indexing locations 108 through ]78, decoding gates in the MA generate a pulse
which increments the contents of the MB by 1 at time T3. If the instruction containing the

indirect address was a JMP instruction, the PC is cleared at time T5; the effective address of
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the next instruction is transferred from MB to PC at time T6; and the major state generator is

set to fetch at time T7. If the instruction was not a JMP, no action occurs at times T4 through
T6. The major state generator is set to execute at time T7. At time T1 of the execute cycle,
the effective address of the operand is transferred from MB to PC. The machine then performs
the operation specified by the instruction upon the operand contained in the indirectly addressed

cell. . )

The eight auto-index locations may contain either the effective address of an operand or an
instruction, depending on the program requirements. When used as direct addresses, they are
identical to other memory locations. When used as indirect addresses, however, their contents
are incremented by 1 each time they are addressed. Thus, use of the auto-indexing locations
facilitates the repetition of an arithmetic process on a series of numbers without performing
separate arithmetic operations on the addresses concerned. The PDP-7 Users Handbook explains

the uses of the auto-index locations from the programmer's viewpoint.

Augmented Instructions

The augmented instructions are of three types: EAE instructions with the operation code 64,
discussed with the EAE logic functions; 10T (input/output transfer) instructions with the operation
code 70; and QPR/LAW (operate/law) instructions with the operation code 74. These instruc-
tions do not need a memory reference and are therefore completed in one cycle (fetch). Bits 4
through 17 are decoded to produce command pulses for the various possible operations. Since

these take place at different times, several operations may be combined in a single instruction.

Operate (OPR) - The bit assignment of an OFR instruction is shown in Figure 1-3. It will be

seen that bit 5 is used in one instruction only, i.e., clear accumulator (CLA) for which the
octal code is 750000. All other instructions of the OPR class have octal codes beginning with
74. The functions performed at times T1 through T4 of an operate instruction are exactly the
same as those which occur in the fetch cycle of any other kind of instruction. The A3 and IB3
levels from the IR decoder are combined in the AC control with the MB4 (0) level to produce
the OPR level. This level conditions two gates: one is triggered at time T5 to performonesetof
operations and the other gate is triggered at time T7 to perform the second set of operations.

‘The first set of commands consist of the following:
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1. Ifbit5isa 1, the AC is cleared.
2. fbitéisa l, the link is cleared.

3. If bits 7 and 13 are 1's, the AC is rotated one place right (and will be
rotated again during time T7).

4. |f bits 7 and 14 are 1's, the AC is rotated one place left (and will be

rotated again during time T7).

5. lfbit 12 is a 1, the RUN flip-flop is cléared and the program is halted

at the conclusion of the current memory cycle.

6. If bit 8 is a 0, any one of the following conditions increments the con-
tents of the PC to skip the next instruction: link is not 0 (bit 9 is a 1); AC
is not O (bit 10 is a 1); AC is negative (bit 11 isa 1). )

7. lfbit 8is a 1, the conditions that produce a skip are inverted (link is
-0, AC is 0, or AC is positive).

The second set consists of the following operations which take place in time T7:
1. Ifbit 13 is a 1, the AC is rotated one place right.
2, Ifbit 14 is a 1, the AC is rotated one place left.

3. Ifbit 15is a 1, the contents of the accumulator switch register are in-

clusively OR combined with the contents of the AC.
4. Ifbit 16 isa 1, the link is complemented.
5. Ifbit 17 isa 1, the AC is complemented.

Note that because of the nature of the rotate operations, a rotate operation may not be combined
with any other operation of the same set. For example, a single instruction may clear the link

(first set) and rotate the AC one place (second set); but a 2-place rotation (both sets) precludes

the instruction from performing any other operation.
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Law (LAW) - The LAW instruction is a special case of an operaté class instruction and has the
operation code 76. The IR decoder produces I1A3 and IB3 levels which are combined in the

AC control with the MB4 (1) level to produce an OP LAW level. This level conditions two

AC control gates: one is triggered at time T5 to clear the AC and the other at time Té to per- |

form an XOR operation between MB and AC. This effectively places the entire instruction in

the AC. Thus, an address~sized number (15 bits), preceded by the operation code, can be loaded
into the AC without using an extra memory location. The various uses of the LAW instruction

are described from the programmer's viewpoint in the PDP-7 Users Handbook .

Input/Output Transfer (I0T) - 1OT instructions are augmented instructions which can be micro-

programmed to address an 1/O device and to generate up tc three time pulses to initiate and
control the operation of the device. When an |OT instruction is executed, if bit 14isa 1,
the AC is cleared at time T5; if bit 17 is a 1, an IOP1 pulse is also generated at this time. If
bit 16 is a 1, an |OP2 pulse is generated at time T7. If bit 15 isa 1, an IOP4 pulse is gen-
~erated at time T1 of the following cycle. For a description of the device selection and con-

trol processes, refer to Chapter 3.

Break Cycle

A break cycle provides a temporary interruption of the main program during which informction
may be transferred to or from a high-speed peripheral device or a subroutine may be initiated
to service a slow peripheral device. Reference to the flow diagram (21) shows that a break

cycle may be entered under the following conditions (which indicate an "instruction done"

situation):

1. After the fetch cycle of an OPR, LAW, IOT, or directly addressed JMP

instruction.
2. After the defer cycle of an indirectly addressed JMP instruction.

3. After the execute cycle of a directly or indirectly addressed memory

reference instruction.

4. After a break cycle to continue a block transfer or other operation
involving several break cycles.
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When a break request from peripheral equipment is granted, one of three possible sequences
takes place during the break cycle. If two or more break requests appear simultaneously,
break sequences are granted in the following descending order of priority: data break, clock

break, and program break.

Data Break

A data break may be granted to a high-speed /O device containing registers which can simul-
" taneously supply or accept a 15-bit address word, an 18-bit data word, a break request signal,
and a direction-of-transfer signal. When a data break is granted, the IR is cleared; and the
address specified by the 1/O device is set into the MA at time T1 of the break cycle. If the
I/O device specifies an outward transfer, the contents of the addressed memory cell are read
into the MB between times T2 and T3 and are available there for sampling by the input register
of the 1/O device. If an inward transfer is specified, the gates between the sense amplifiers
and the MB are inhibited. As a result, any information contained in the cell is destroyed, and
the cell is cleared. At time T3 of the break cycle, the input gates linking the MB directly to
the output register of the /O device are triggered; and the incoming data is set into the MB.
A normal write operation, starting at time T4, writes the data into the memory cell. Use of
the Type 173 Data Interrupt Multiplexer pemits up to four high-speed 1/O devices to share

the data interrupt channel. (Refer to Chapter 6 for further details.) After completion of the
high-speed transfer, a fetch state is established for continuation of the program, unless a fur-

ther break request exists. In this case, another break cycle follows.

S: lock Break

A reai-time clock, which can be enabled or disabled under program control by the appropriate
IOT instruction, is included in each PDP-7 system. When theclockisenabled, each clock pulse
initiates a break request. When the breck is granted, the IR is cleared at time T1 of the breék
cycle. The clock address 78 is set into the MA and the clock count request flip-flop is cleared.
Between times T2 and T3, the contents of memory location 78 (the clock count) are read into
the MB; and, at time .T3, the contents of the MB are incremented by 1. A normal write opera-

g If

incrementing the MB did not cause an overflow, a fetch state is established at time T7 to

tion, starting at time T4, deposits the incremented clock count in memory location 7
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continue the main program (unless there is a further break request). If incrementing the clock
count caused the MB to overflow, a carry pulse is generated by bit MBO. This carry pulse sets
‘the clock flag to 1, thereby initiating a program break. Possible programming uses of the

real-time clock are described in the PDP-7 Users Handbook.

Note that when the automatic priority interrupt (API) option is included in the PDP-7 system,
the real-time clock is removed and the APl is connected in its place. The real-time clock

may then utilize one of the APl channels. For further details of the API, refer to Chapter 6.

Program Break

Slow 1/O devices, such as the Teletype or paper tape reader, require an interval of several
milliseconds between the time one information transfer is performed and the time when the
device is ready for the next transfer. During this interval, the PDP-7 can perform many hun-
dreds of programmed instructions. When one or more such devices have been enabled by the
programmed instructions, the program breck facility permits the CP to continue execution of
the main program until such time as a device indicates, by setting its flag, that it is ready

to send or receive information. The setting of any device flag generates a program break re-
quest, and at the first "instruction done" situation the CP enters a break cycle in which the
address of the next main program instruction, together with the status of the link, frapﬂcg,
and extend mode are stored at location 0. Control of the processor is then transferred to a
subroutine starting in location 1, which scans all the device flags to discover which device
caused the interrupt. ldentification of the interrupting device may provide entry to a further
subroutine for servicing the device. At the conclusion of the servicing subroutine, the main
program may be reentered by a jump indirect to location 0, which transfers program control to

the address stored at location 0,
A program break is granted when all of the following conditions are fulfilled:

1. The program interrupt facility has previously been enabled by a programmed

ION instruction.
2. The setting of a device flag has generated a program break request.

3. There is no data break in progress or waiting.

2-29



4. There is no clock (or API) break in progress or waiting.

5. There is no program break in progress.

At time T1 of the break cycle, the IR is cleared, and at time T2 the MB is cleared. The mem-
ory generates read currents which clear location 0, but the MB input gates are inhibited so

that any information previously contained in that location is destroyed. At time T3 the link
status is set into bit MBO, the extend mode status into bit MB1, and the trap flag status bit into
MB2. The contents of bits PC3 through PC17 are transferred to the corresponding bits of the

MB and the PC is cleared. At time T4, the contents of the MA are transferred to the PC; note,
however, that the MA was cleared at time T7 of the 'previous cycle and was not reloaded, so

its contents are still 0. Also at time T4, a normal write operation is begun which deposits the
contents of the MB in memory at location 0. At time T5, the contents of the PC are incremented
by 1, so that the next instruction will be taken from location 1 in which a subroutine starts.
The program interrupt enable flip-flop is cleared to prevent any other program breaks until

the interrupt is enabled by a programmed instruction at the conclusion of subroutine operations.
Note, however, that data brecks and clock (or API) brecks may still be granted. If the program
is operating in the trap mode and the program break was initiated by the trapping of an illegal
instruction, the contents of the PC are again incremented by 1 at time T5. Thus, ¢ontrol of

the CP is transferred to a subroutine starting in memory location 2 in order to identify the
trapped instruction and take appropriate action. If no data break or clock break requést has
been originated during the break cycle, a fetch state is established at time T7 and the first
subroutine instruction is fetched during the ensuing fetch cycle. If a data or clock break re-

quest exists, a further break cycle is granted before the subroutine is entered.

Trap Mode

When the PDP-7 forms part of a real-time or multiuser system, the trap mode permits the use of
sophisticated programming in the main program and guarantees this against interference from
other users operating in a different section of memory. When the main program is operating in
real time, it is particularly important to ensure that the processor cannot be halted, invelved

in lengthy operations, or thrown into a loop from which it cannot escape. The 1/O trap provides

the basic hardware necessary to provide protection against such disturbances.
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When the trap mode is enabled by turning on the TRAP switch and by a programmed ITON
(1/O Trap On) instruction, the following illegal instructions are trapped: all 1OT instructions;
all HLT (halt) instructions; and all XCT (execute) instructions. ‘When an illegal instruction

is detected, the trap flag is set, thereby preventing execution of the instruction. Instead, a
program break request is initiated. When the break is granted, control of the CP is transferred
to a subroutine starting at memory location 2, which initiates procedures for identifying the
trapped instruction and for taking appropriate action. The reason for trapping halt instructions
is obvious; 10T instructions are trapped because, if not well planned, they could involve the |
CP in lengthy operdfions to the detriment of the real-time operations; XCT instructions are
trapped because if the subject instruction were also an XCT, a loop situation could arise in
which the CP would never encounter an "instruction done" situation, so that all control would

be lost.
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CHAPTER 3

A

PROCESSOR

This chapter describes in detail the logic elements which perform the logic functions described
in Chapter 2. Descriptions of registers consider the effect of the various control signals applied;
descriptions of control elements consider the output signals and explain the conditions under
which each of these is generated. Mcny types of FLIP CHIP modules consist of a number of
similar components (e.g., Type W607 contains three identical pulse amplifiers). - Where neces-
sary the individual components of a module are identified by their input and output terminal
letters (e.g., NOR gate NPR of module J5). In addition, references to the zone of the engi-

neering drawing in which the component is located aid in identification of a particular component.

All logic circuit elements of the processor are shown on the block diagram of Figure 3-1. These
elements consist of the major registers and their associated control elements, the timing gen-
erators for the compuier system, the manual controls, and the special program feature centrols

(data break control, program interrupt control, 1/O skip, 1/O trap, etc.).

MAJOR REGISTERS

AC Register (30, 3‘1)

The AC is the major arithmetic register of the CP and is involved in most of the mathematical,

logical, and 1/O transfer operations performed by the computer. This register consists of 18

Type B210 Accumulator FLIP CHIP modules at locations 1EF2 through 1EF19. The AC has a
storage capacity of 18 bits. Each flip-flop of the AC can be individually set or cleared, in
programmed operation, by means of gated signals from other registers or from external equip-
ment. The flip-flops can also be set (but not cleared) by means of the ACCUMULATOR switches
on the operator console. The AC may also be cleared collectively, or its contents incremented
by 1, complemented, rotated, or shifted right or left. The status of each flip-flop in the register

is shown by an indicator on the operator console.
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Each Type B210 module is a double-height module containing one buffered-output flip-flop, o
carry pulse amplifier, and all the required transistor gating elements. The flip-flop is set or
cleare&By a positive pulse from a gating circuit; the gates are conditioned by negative levels

and are triggered by negative pulses.

All bits of the accumulator are cleared collectively by a0 — AC pulse applied to input ter-

minal EV of a fransistor gate connected to the direct clear input (ES) of the flip=flop.

Each bit of the AC may be individually set by a positive pulse from the information collector
applied to terminal EU, which is connected tc the direct set terminal (ET) of the flip-flop. An

unused transistor gate permits a bit to be set by application of a negative pulse to terminal FL.

Rotate right operoﬁéns are performed by a pair of transistor gates to which the RAR pulse is
applied (at terminals EN and EJ). These gates set or clear the associated flip-flop according
to the status of the adjacent flip-flop of greater significance. The (1) level of this flip-flop
is applied to terminal EH, and the (0) level to terminal EM.

Rotate left operations are performed by a similar pair of gates to which the RAL pulse is applied
(at terminals EL and ER). These gates are conditioned by the (1) level (terminal EK) and the

(0) level (terminal EP) of the adjacent flip-flop of less significance.

Each bit of the AC may be cleared by a 0 in the corresponding bit of the MB. The MB (0) level
is applied to terminal FH and clears the AC flip-flop when an MBO =~ AC pulse is applied to

terminal FF.

Each bit of the AC may be set by a 1 in the corresponding bit of the accumulator switch register.
The (1) level from the corresponding ACCUMULATOR switch is applied to terminal FK, and the
ACS1 pulse to terminal FJ.

Complementing is accomplished by applying a positive pulse to both the direct set and direct
clear inputs of the flip-flop, through isolating diodes. Complementing is performed by any

one of the following: °

1. Anegative C = AC pulse is applied to terminal FT; a transistor inverts

the pulse.



2. A positive pulse from fhe-XOR NAND gate; this gate is conditioned
by an MB (1) level applied to terminal FV, and is triggered by a negative
XOR = AC pulse applied to terminal FU. The output of the gate com-
plements the AC flip-flop.

3. By acarry pulse from the adjacent AC bit of less significance. The

negative carry pulse is applied to terminal FP-and is inverted by a transistor.

Carry pulses from one bit to the adjacent bit of greater significance are generated by a pulse
amplifier contained in the Type B210 module. A carry from bit ACx to bit ACx-1 is generated

under the following conditions:

1. When bit ACx contains a 1, and a carry pulse is received from bit ACx+1.
The negative ACx (1) level conditions terminal FD of a NAND gate; the in-
coming carry complements bit ACx and triggers the NAND gate. The output
of the gate triggers the carry pulse amplifier which transmits a carry pulse

to bit ACx-1.

2, During an ADD or TAD instruction, an XOR operation is first performed
between the MB and the AC. After the XOR operation, an AC CRY pulse is
applied to all bits of the AC at terminal FR of a NAND gate. [f the level
inputs of this gate are conditioned by an MBx (1) level applied to terminal

FV and an ACx (0) level applied to terminal FE, the AC CRY pulse causes

the gate to trigger the carry pulse amplifier and a carry is transmitted to

bit ACx~1. The resulting changes of state in flip-flops of greater significance

may result in additional carries being propagated as described in 1 (abové).

Link (26)
The link (L) is an extension of the AC and is used for data overflow. The link consists of a
single Type B210 Accumulator module at location IEF1. Storage capacity is a single bit. The
link is capable of the same functions as the AC and can be operated independently of, or in
cbniuncﬂon with, the AC. The status of the link is shown by an indicator on the operator

console,
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The link is cleared by any one of the following conditions:
1. By a BGN pulse at time SP1 of any key operati§n
2, Bya microprograi’nmed rotate right command, if bit AC17 is 0
3. By amicroprogrammed rotate left command, if bit ACO is 0

4. By amicroprogrammed clear link command (bit MB6 is 1) at time T5

of the compgfer cycle
The link is set by any one of the following conditions:
1. By an EAE SET L pulse originating in the extended arithmetic element
2, Bya f;zicroprogrammed rotate right command, if bit AC17 is 1
3. By arotate left command, if bit ACO is 1

4. By timing pulse TP1 of the computer cycle, if the AC overflowed during

the previous cycle
The link is complemented:
1. By an ACO CRY (overflow) during a EAE multiply or divide operation

2. By a TAD CRY pulse generated: by an AC overflow during 2's comple-
ment addition; by a microprogrammed complement link command in an operate

instruction; or by a complement link command originating in the EAE

Program Counter (29)

The PC governs the core memory address from which the next instruction will be drawn. This
register consists of 15 Type B201 Flip~Flops at locations 1D18 through 1D32 and 7 Type B620
Carry Pulse Amplifiers at locations 1E21 through 1E27. The PC has a storage capacity of 15
bits. In normal (nonextended) operations, only 13 of these are used. The 13 flip-flops contain-

ing these 13 least significant bits can be individually set either by gated signals in automatic
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operation or by the ADDRESS switches in manual operation. The PC can only be cleared col-
lectively. The inclusion of complementing gates and carry pulse amplifiers permits the contents
of the PC to be incremented by 1 injected into the least significant bit. The status of each

flip-fiop is shown by an indicator on the operator console.

Memory Address Register (29)

The (MA) contains the address of the core memory cell currently selected for reading or writing.
This register consists of 15 Type B201 Flip-Flops at locations 1A18 through 1A32. The MA has
a storage capacity of 15 bits. Each flip-flop of the MA can be individually set by gated sig-
nals from other registers but can only be cleared collectively. The status of each flip-flop is

shown by an indicator on the operator console.

Memory Buffer Register (30)

The (MB) serves as a data buffer between the processor and the core memory. This register con-
sists of 18 Type B201 Flip-Flops at locations 1C2 through 1C19 and 9 Type B620 Carry Pulse
Amplifiers at even-numbered locations 1B2 through 1B18. The MB hes a storage capacity of
18 bits. The register flip-flops can be individually set by gated signals but can only be cleared
collectively. The circuitry of the MB is very similar to that of the MA with the addition of the
pulse amplifiers and complementing gates which allow the contents of the MB to be incremented
by 1, inieéted into the least significant bit. The status of each flip-flop is shown by an in-

dicator on the operator console.

Major State Generator (24)

The multistate device which generates the four major state levels is composed of four NAND
gates: three are contained in a Type B115 FLIP CHIP module at location H18, and the fourth
in another similar module at-location J17. When disabled, each NAND gate produces a neg-
ative level at its output terminal; when fully enabled by three negative levels, the gate pro-
duces a ground output level. The gates are so interconnected that the output signal of each
gate is applied to one input terminal of each of the other three gates. Thus, if the fetch pro-
duces a ground output, this signal disables the other three gates, so that each produces a neg-

ative output. These three negative output signals are returned to the input terminals of the
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fetch gate to maintain it in the fully enabled state. If a pos.iﬂve pulse is now applied to the
output of the execute gate, this pulse keeps the defer and break gates disa‘bl'ed, but also dis~
ables the fetch gate. Teminals F and E of the exécute gate remain enabled by the negative
levels from the defer and break gates, but terminal D makes a transition from ground to — 3v
when the fetch gate is disabled. The execute gate is now enabled by three negative input
levels, so that its ground output level is maintained after the setting pulse is ended .'. Setting
pulses for the multistate device are provided by two Type R602 FLIP CHIP modules in locations
>J18 and H19. Each module contains two pulse amplifiers, which vproduce a standard positive
100-nsec pulse; Each pulse amplifier is ‘provided with two DCD gates enabled by the combin-
ation of a ground level and a positive pulse. In principle, any state can be entered from any
other state; however, certain necessary modifications to this principle are made by the major

state gating.

During the execution of programmed instructions, the conditions established during any given
cycle determine the major state for the next cycle. At time 17, those conditions are imple=-
mented by combining an F SET, D SET, E SET, or B SET level with timing pulse TP7 to produce
a pulse that sets the mulfistate device. However, when starting a program, or when performing

a manual operation, a fetch or execute state may be established by other means.
A fetch state is established by one of the following sets of conditions:

1. When the START key is depressed, the positive START level generated
by the key circuitsis combined with timing pulse SP1 of the key cycle.
The resulting pulse triggers pulse amplifier PAl in module J18 (B2, 24)

which sets the multistate device to the fetch state.

2. APIl = MAnpulse, inverted in module J30, triggers pulse amplifier
PA2 of module J19 and establishes a fetch state.

3. When a program is running in the trap mode, and an illegal XCT in-
struction is trapped, a positive TRAP FLAG (0) level (produced only when
the TRAP FLAG flip-flop is set) is combined with the XCT CY (1) signal.
This establishes a fetch state immediately, to avoid implementing the illegal

instruction.



4. During normal dperoﬁbn, an F SET level is combined in a DCD gate
with timing pulse TP7 INVTD B; and the resulting output of the gate triggers
pulse amplifier PAl of module J18 to establish a fetch state.

The positive F SET level is generated by a NAND gate in module J21 (D1, 24) and appears at
output terminal H of the gate. This gate normally produces a negative F SET level; however,
when all three inputs are enabled by negative D SET, E SET, and BK RQ levels, the ground

F SET level appears at the output. The D SET level indicates that the current instruction does
not contain an indirect address which would require a defer cycle to follow the fetch. The

E SET level indicates that the current cycle is not a defer cycle which would require an exe-

cute cycle to follow it. The BK RQ level indicates that no 1/O device is in need of servicing.
An execute state is established under the following conditions:

1. When any operation key other than the START key is depressed, a neg-
ative START level derived from the key circuits enables a NAND gate in
module J22 (B3, 24). When the BGN pulse of the key cycle is added, the
gate triggers pulse amplifier PA2 of module J18 and establishes the execute
state. ‘
2. During programmed operation, an E SET level conditions one input of

a DCD gate; and timing pulse TP7 INVTD B causes the gate to trigger the

associated pulse amplifier and establish the execute state.

The ground E SET level is generated by one of three NAND gates located in modules J21, H20,
and K19 (C1, 24). A ground E SET level appears at terminal H20U if all of the following con-
ditions are met: the current cycle is operating in the fetch state; the operation code stored in

the IR produces an TA3 level (indicating that the instruction is not a single-cycle law, operate,
or 10T instruction); and bit MB4 is O (indicating that the instruction contains the direct address
of the operand). The ground E SET level appears at terminal J21F if the cuirent cycle is opera-
ting in the defer state and the operation code produces an TA3 level. The ground E SET level

appears at terminal K19R if the RPT flip-flop is set (during a readin operation).



A defer state is established during the fetch cycle of any memory reference instruction or JMP
instruction which contains a 1 in bit 4. The negctive F level and MB4 (1) levels are combined
in NAND gate JKL of module J21, and the output of the gate is inverted in inverter PRS of
module J20. The output of this inverter and the output of NOR gate NPR of module J21 are
both applied to inverter TUV in module J20. Note that both the NAND gate and the NOR
gate must give negative outputs to produce the ground D SET level at terminal J20U. The NOR
gate gives a negative output when the 1A3 level from the IR decoder is at ground (this condition
is not fulfilled when the IR contains 60 JMP, 64 EAE, 70 |OT, or 74 OPR/LAW), or when the
T80 level is at ground (this condition is equivalent to an |BO assertion and occurs when a JMP

code is held in the [R).

A break state is established if a break request conditions NAND gate KLMN of module J21
(D1, 24), provided that neither a D SET nor an E SET level has already been established for

the following cycle. These conditions can be fulfilled af time T7 of the fetch cycle of an OPR,
LAW, 1OT or directly addressed JMP instruction; during the defer cycle of an indirectly ad-
dressed JMP instruction; during the execute cycle of any multicycle instruction; and during a

break cycle.

Instruction Register (24)

The IR flip-flops, together with the input gates and the output decoder, are shown at the right

of engineering drawing 24. All four flip-flops are cleared simultaneously by the output pulse
of pulse amplifier RNPM in module J16. This pulse amplifier is triggered by any one of the

following conditions:
1. A BGN pulse applied to inverter input terminal H15E (C5, 24)

2. Atiming pulse T1 applied to NAND gate NPR of module H16, when the
gate is conditioned by an F (fetch) level

3. Atiming pulse T1 applied to NAND gate JKL of module H16, when
the gate is conditioned by a B (break) level



4. A timing pulse T2 applied to NAND gcxte-DEF of module H16, when the
gate is conditioned by an E-XCT level. (The E-XCT level is generated by |
combining the 1A2 and IBO levels from the IR decoder with the E (execute)
level in NAND gate RSTU of module J17. The output of the gate is inverted
and the E-XCT level appears at terminal H17U, provided that the trap flag

is not set.)
A 4-bit operation code may be set into the IR in one of the following ways:

1. When an F level conditions the four input gates in module H13, a bin-
ary 1 pulse from any one of sense amplifiers SAO through SA3 sets the cor-

responding IR flip-flop to 1.

2. During execution of a CAL instruction, the 20 = MA pulse generated
in the MA control is applied to inverter input terminal J15D (C8, 24). The
inverted pulse sets flip-flop IR2 to 1, thereby substituting @ JMS (octal 10)
operation code for the CAL (octal 00) code held in the IR.

3. During a deposit, deposit next, or read paper tape operation, a
DP+DPN+READ-IN+RPT (1) level conditions NAND gate STU iﬁ module
J12. The gate is triggered by timing pulse SP2 of the key cycle and sets
operation code 04 (DAC) into the IR by setting flip-flop IR3 to 1.

4. During an examine or examine next operation, an EX+EXN level con-
ditions NAND gate LMN in module J12. This gate is triggered by timing
pulse SP2 of the key cycle and sets operation code 20 (LAC) into the IR by
setting flip-flop IR1 to 1,

The operation code is decoded by two sets of NAND gates and inverters. The gates of module
H14 and the inverters of module H15 decode the outputs of flip-flops IR0 end IR1. Gating
levels |AO through 1A3 and TAS appear at terminals H15), M, R, U, and T, respectively. The
gates of module J14 and the inverters of module J15 decode the outputs of flip-flops IR2 and
IR3. Gating levels 1BO through IB3 appear at inverter output terminals J15J, M, R, and U,

respectively.
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pulse, which triggers a Type R302 one-shot in module K20 (D2, 22). The DCD input gate of
this one-shot is conditioned by a positive SLOW CYC level; and, at the conclusion of the delay
| period, the level transition which appears at output terminal K20M initiates generation of pulse

TP1 of a new cycle.

Every 1OT instruction fetched from memory.causes the minor state generator to produce negative
1A3 and IB2 levels. These levels are applied to input férmincls R and P, respectively, of
module J23 (C4, 23), where they are NAND combined with the 1/0 TRAP (0) level. Thus,
provided that the I/O TRAP flip-flop has not been set, the gate gives an output wﬁich is in-
verted and appears as a negative 10T level at terminal H23K. Each 1/O device that requires a
slow cycle must generate a negative REQUEST SLOW CYC level. This level is NAND com-
bined with the 10T level in module J22 (D5, 23) to produce the positive SLOW CYC and nega-
tive SLOW CYC levels. The inverter in module H22, in turn, produces the negative SLOW CYC
and positive SLOW CYC levels. These four levels control the gates that determine the signal
paths through the timing chain for normal and slow cycles (engineering logic diagram 22). The

total delay of the slow cycle is factory adjusted to accommodate the slowest 1/O device in use.

When the tape reader is loading information into memory, each tape character is read into the
reader buffer as the result of an operation in the READ-IN mode which utilizes timing pulses
SPO through SP4 of onev key cycle. However, the reader buffer assembles an 18-bit computer
word by storing three type characters successively in different sections of the buffer. The in-
formation transfer between rader buffer and processor must be delayed until the reader buffer

is full. During readin, thérefore, the RUN flip~flop is not set during the key cycle. Instead,
a negative READ-IN level (generated by releasing the READ-IN key after initiating the oper-
ation) and a negative RPT (1) level condition the NAND gate in module K14 (D2, '22). When
the reader starts to read the third tape character, the RD FL AG flip-flop is set, indicating that
the reader iseady to transfer information, and the negative RD FLAG level conditions the third
input of the gate. The last level to appear causes a positive-going level transition at terminal
K14H, therby initiating a timing cycle during which the complete word is transferred from the
reader buffer into the processor. When the transfer is complete, the reader flag is reset, and

the timing signal generator is halted until another word ‘is ready for transfer.
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Run Control (23)

The RUN flip-flop controls the continuous succession of normal computer timing cyc‘!es. When
the flip-flop is set to 1, and there is no slow cycle or stop t‘iming request, timing pulse TP7 of
the current cycle (delayed by 150 nsec) is permitted to reenter the timing chain and generate
timing pulse TP1 of the next cycle. When the RUN flip=flop is reset to 0, it disables a gate in
the reentry path and stops the computer, unless other conditions permit a new cycle to be ini-
tiated. (Refer to the description of the timing signal generator for details.) The CP may be
halted by the program but must then be restarted by a manual START or CONTINUE operation.

The RUN flip-flop is an unbuffered flip-flop contained in a FLIP CHIP Type R201 module which
also contains two DCD gates for clear inputs and three for set inputs. The flip-flop is reset to

0 by the following events:

1. When power is turned on after a shutdown, PWR CLK negative pulses
are inverted in module H22 and applied to a DCD clear input (terminal

H26E) in order to establish initial conditions.

2. When any console key is depressed to initiate an operation, the SPO
timing pulse is applied to direct clear input terminal H26K, thereby causing
any opération already in progress to be halted at the end of the current

memory cycle.

3. A negative RUN STOP level generated by the STOP, SINGLE STEP,
or SINGLE INSTRUCTION key (20) is inverted in module H22. The in-
verted signal appearing at terminal H22R conditions level input terminal
H26J of a DCD gate. Timing pulse T5 is inverted in module J26, and

the inverted pulse, applied to terminal H26H, triggers the gate and clears

the RUN flip-flop.

4. A positive HLT pulse is applied to terminal H26E to trigger a DCD gate
and clear the RUN flip-flop. The HLT command is generated by NAND com-
bination (in module J24) of the 170 TRAP (0) level, an MB12 (1) level, and
an [OP 1 pulse. The MB12 (1) level is derived from the execution of an OPR
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instruction containing a HLT microinstruction. - The RUN flip-flop is

cleared at time T5. The CP halts after time T7 of the same cycle.

The RUN flip-flop is set under the following conditions:

1. Depressing the START or CONTINUE key gererates a negcﬁive
START+CONT level (20), which is NAND combined in module J25 with -
the SP3 timing pulse. The positive pulse produced by the gate is opplievd
to terminal H26S. where it triggers a DCD gate and sets the RUN flip-
flop.

- 2. During a readin operation, a positive RPT (1) level conditions terminal
H26V of a DCD set gate. The pulse input of this gate (H26U) is triggered
when a RDR HOLE 7 level is NAND combined with timing pulse T5 of the
cycle in which a hole 7 was detected. (A héle 7 indicates that the pro-

cessor is to Intverpref and execute the last word read.)

| I/O Pulse Generator

Timing pulses for the control of I/O devices are generated in modules K30 and K31 .(A8, 22).
Module K30 is a FLIP CHIP Type B115 containing three NAND gates; the output of each gate

. triggers an associated pulse amplifier in module K31 to produce a standard negative 40-nsec
pulse. Any instruction of the 10T class generates a negative 10T level, which is applied to
all three NAND gates. The subsequent generation of 1/O pulses depends on the state of mem-
ory buffer bits MB15, MB16, and MB17. If bit MB15 is 1, an |OP 4 pulse is generated at

time T1 of the corﬁputer cycle; if bit MB16 is 1, an IOP 2 pulse is generated at time T7; if bit
MB17 is 1, an IOP 1 pulse is generated at time T5, These pulses are routed to the device
selector; there they are combined with device selection levels to generate 10T command pulses

that control the operation of the selected 1/0 device or trigger control gates in the CP.

Manual Controls (WD-D-7-0-37)

The manual controls provide means of energizing and de-energizing the computer; selecting
modes of operation; manually inserting data into registers and core memory; and visually ex-

amining the status of the most important registers. Wiring connections to the keys and switches
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on the operator console panel are shown on engineering drawing WD-D-7-0-37. The logic for

gating signals produced by the keys and switches is shown on engineering drawing BS-D-7-0-20.

Interlock and POWER Switches - One deck of the key switch is connected in parallel with the

POWER switch and is closed when the switch is in the locked position. Thus, with the key
switch in the locked position, it is impossible to ruin a program because accidentally turning
off the POWER switch does not interrupt the primary power circuits. To shut down the com-
puter, the key switch must be placed in the unlocked position and the POWER switch in the

off position. A second deck of the lock switch supplies either ground or —15v fo the key and
mode switches. In the locked position, the key switch grounds all key switches to disable them.

thereby preventing accidental interference with a program that is running.

Key Circuits - When the computer is energized and the lock switch is in the unlocked position,
operating any of the keys or turning on the SINGLE STEP, SINGLE INSTRUCTION, or REPEAT
switches supplies —=15v to a terminal on connector 2B29 or 2B32. The gating circuits shown on
engineering drawing 20 combine key signals to generate vorious levels. These levels start the
special pulse generator and condition control gates, as necessary, to cause the event sequenceé

shown in the flow diagram included on the drawing.

Indicator Circuits = Indicators on the operator console are 28v incandescent lamps driven by

Type 4903 Light Bracket Assemblies or Type 4904 Short Light Bracket Assembles. These as-

semblies contain a number of transistor switches, each connected between an indicator and
ground. One side of each indicator is connected to the =15v supply. A common ground po-
tential is connected to the emitter of each transistor through parallel-connected diodes, which
provide the appropriate base-emitter bias. Each transistor switch is turned on by a negative
signal level derived from a flip-flop and connected to the base through a resistor. When a
flip-flop is in the O state, it supplies a ground potential that cuts off the transistor switch and
extinguishes the associated indicator lamp. When a flip-flop is in the 1 state, it supplies a
negative potential to the transistor switch; and the indicator lamp lights. The potential applied
to a lighted indicator lamp is approximately 14v, which provides adequate visibility while

ensuring very long lamp life.
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the AC contains a binary number, and the XOR transfer is followed by the propagation of carry
pulses and then by an end=-around carry of an overflow from bit ACO, the contents of the MB
are added to the contents of the AC in 1's complement arithmetic. If the overﬂow from bit
ACO is set into the link instead of into bit AC17, then the contents of the MB are added to the
contents of the AC in 2's complement arithmetic. The XOR - ‘AC pulse is generated by any

one of the following conditions:

1. An XOR pulse originating in the EAE is applied to terminal J3E (A6, 26)

-and initiates an XOR command.

2. During execution of any LAW instruction, a negative OP LAW level
conditions AND gate MN of module J3. The gate is triggered by timing
pulse Té and initiates the XOR command.

3. During the execute cycle of a LAC, XOR, ADD, or TAD instruction,
a negative E « Al level conditions AND gate HJ of module J3. The gate
is triggered by timing pulse T3 and initiates an XOR command.

4. During the execute cycle of a SAD instruction, a negative E *+ SAD leyel
is generated by combining the E level from the major state generator with

the 1A2 and B3 levels from the IR decoder in NAND gate RSTU of module
H12 (Bl, 26). The output of the gate, inverted, is the E - SAD level and
conditions AND gates PR and KLof module J3 (A5, 26). Gate KL is triggered
by timing pulse T3 and initiates an XOR command; a second XOR command

is initiated when gate PR in module J3 is triggered by timing pulse T6.

The AC CRY (AC corry) command pulse is generated by pulse is generated by pulse amplifier
circuit FDEC in module H5. During the execute cycle of either a TAD or an ADD instruction,
the E + TAD or E + ADD ground level is applied to NOR gate NPR of module J5 (B, 26) to
generate the E - TAD + ADD negative level. This level conditions NAND gate DEF of module
J4. The gate is triggered by timing pulse T4, and the positive pulse appearing at terminal J4F
triggers the pulse amplifier which generates the AC CRY pulse. The pulse amplifier may also
be triggered by a positive EAE CRY pulse originating in the EAE.
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The END CRY (end-around-carry) command is generuféd by pulse amplifier circuit FDEC in
module H3 and causes an overflow from bit ACO to be added to bit AC17, with further carry
pulses as necessary. A negative E - ADD level conditions NAND gate TUV in module J4.

{f bit ACO contained a 1 before the carry operdﬁon, and changes to 0 as the result of carry
pulses from less significant bits, an ACO CRY pulse is generated. This pulse, after inversion,
triggers the pulse amplifier STU in module H8, and the output pulse from this amplifier triggers
NAND gate TUV in module J4, thereby initiating generation of the END CRY pulse. The
END CRY pulse complements bit AC17, further carry pulses being generated as necessary.

The TAD CRY (2's complement addition carry) command pulse is generated by pulse amplifier
circuit RNPM in module H3. This pulse complements the link whenever one of the following

conditions occurs:

1. An EAE CML (EAE complement link) command pulse originating in the
EAE triggers the pulse amplifier that generates the TAD CRY pulse.

2. An OPR instruction, micropregrammed to complement the link, contains
alinbit 16. The MBB16 (1) levei conditions NAND gate TUV in module
'J5 (B5, 26), and the gate is triggered by an OP 2 pulse. A TAD CRY pulse

is then generated at time 17 of the computer cycle.

3. During the execute cycle of a TAD instruction, a negative E - TAD level
conditions NAND gate NPR in module J4 (B6, 26). If the AC overflows,
this gate is triggered by the ACO CRY (B) pulse and initiates generation of
the TAD CRY pulse.

The C — AC command pulse is generated by pulse amplifier circuit RNPM in module H5.

This pulse complements each individual bit of the AC and occurs when an EAE CMA (EAE com-
plement AC) command pulse, originating in the EAE, triggers the pulse cmplifier. The C — AC
pulse also occurs at time T7 during the execution of an OPR instruction which is microprogrammed
for a CMA operation by the insertion of a 1 in bit 17, The MBI7 (1) level conditions NAND
gate JKL in module J4 (B6, 26), and the gate is triggered at time T7 by an OP 2 pulse. The

OP 2 pulse is generated by NAND-combining the negative OPR level with timing pulse T7 in
vgofe NPR of module J8 (C2, 26), and applying the resulting pulse to pulse amplifier LNM in

module HS8.
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The RAR and RAL command pulses are generated at terminals N and D, respecﬁvely, of pulse
amplifier module H4. Each of the two pulse amplifiers is triggered by a NAND gate, which
is conditioned by an MBBI3 (1) level (for RAR) or an MBB14 (1) level (for RAL). These gates
are strobed by an AC ROTATE pulse at time T5 and initiate generation of the RAR or RAL .
pulse. [f the instruction word contains a 1 in bit 7, the MBB7 (1) level conditions a NAND
gate which is triggered by an OP 1 pulse at time T7 and produces an additional AC ROTATE
pulse. Thus, one RAR or RAL pulse is generated at time T5 for a 1-place rotate operation;

if a 2-place rotate is microprogrammed, a second RAR or RAL pulse occurs at time T7. Rotate
command pulses originating in the EAE are applied to the invput terminal of the RAR or RAL
pulse amplifier (terminals H4R and H4F, respectively) and initiate generation of the RAR or

RAL command pulses.

The MBO — AC command pulse is generated by pulse amplifier circuit RNPM in module H6

and appears af terminal HON. This command pulse causes MB bits in the O state to set the
corresponding bits of the AC to the 0 state. During the execute cycle'of a logical AND instruc-
tion, the E level from the major state generator is combined with the |A2 and B2 levels from

the IR decoder in NAND gate KLMN of moduie H12 (C1, 26) and produces a negative E - AND
level. The E + AND level conditions NAND gate NPR in module J6 (C6, 26), which is trig-
gered by timing pulse T5 and causes generation of the MB0O — AC pulse.

The ACS1 = AC command pulse is generated by pulse amplifier FDEC in module H6 and ap-
pears at terminal H6D. This command pulse causes the contents of the ACCUMULATOR switches
on the console to be fransfen;ed into the AC. The ACS1 =  AC pulse is generated at time

SP2 of a DEPOSIT or DEPOSIT NEXT key cycle. This command pulse may also be generated
during the execution of an OPR instruction containing a 1 in bit 15, The MBB15 (1) level
conditions NAND gate JKL in module J6, and the gate is triggered by an OP 2 pulse at time
17, thereby causing generation of the ACS1 =  AC pulse.

The ADD QV level is generated whenever the ACvoverﬂows during an ADD instruction. This
level conditions a link input gate which is strobed by timing pulse TP1 of the following cycle
and sets the link fo 1 if there has been an overflow. The ADD OV level appears at the junction
o‘f terminals D7F, D7L, D8J, and D8E. All four of the inverters connected to these terminals

must produce a negative outpuf level for an ADD QV negative level to be established. The
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posibility of an overflow is detected by applying the ACO (0) status to NAND gdte NPR in
module D9 (B4, 26). If this bit contains a 0 after data has been XOR transferred to the AC,
but before the carry pulses are generated, there is the possibility of an overflow. The gate is
strobed by timing pulse T4 and, if bit ACO contcins a 0, the POV flip-flop is set. The buffered
IR3 (0) level and the POV (1) level now fulfill two of the conditions for the production of an
ADD OV level. However, the states of bit MBO and bit ACO must now be sensed to determine
whether an overflow has in fact occurred. The comparison is made by the two NAND gates in
module D7. If, after the carry, bit MBO and bit ACO both contain a 1, there has been transfer -
of a 1 with no overflow. Terminal D7L, therefore, remains at ground potential and prevents
generation of a negative ADD OV level. Similarly, if bits MBO and ACO both contain a 0
after the carry, no transfer at all has taken place between these bits; and terminal D7F remains
at ground potential. However, if bit MBO contains a 1 and bit ACO contains a 0 after the carry,
an overflow has taken place. Both NAND gates are disabled under these conditions, and the
ADD QV level is generated by a negative output level from all four inverters. The ADD QV
level conditions a link input gate which is strobed by the following timing pulse TP1 and sets

the link. A few nsec later, timing pulse T1 resets the POV flip-flop.

The OP SKP (operation skip) negative level is generated at terminal H10F and conditions a
gate in the PC control that increments the contents of the PC when an OPR instruction contains
any one of six-possible skip microinstructions. The OP SKP level will be generated and the
contents of the PC incremented at time T5 if any one of the following sets of conditions is ful-

filled:

—
L]

Bit 8 is 0, bit 9 is 1, link is set,

Bit 8 is 0, bit 10 is 1, contents of AC are zero.

Bit 8 is 0, bit 11 is 1, bit ACO is 1 (sign negative).
Bit 8 is 1, bit 9is 1, link is not set.

Bit 8 is 1, bit 2 is 1, contents of AC are not zero.

Bit 8 is 1, bit 9 is 1, bit ACO is 0 (sign positive).

[« IR & N U A N

The AC=0 and AC#0 levels are generated by the NAND gates contained in modules J8, J9, and
J10 (Al, BI, 26), which sample the contents of each individual bit of the AC and give a ground
level at terminal J10V if, and only if, all bits are 0.
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Note that when more than one skip condition is specified in a single instruction, the combined
skip condition is the inclusive OR of the individual conditions when bit 8 contains a 0. How-

ever, when bit 8 contains a 1, the combined skip condition is the AND of the individual con-

ditions specified in bits 9 through 11.

Program Counter Register Control (25) - All of the command pulses which clear the PC, incre-

ment its contents, or cause a transfer of information into the PC from other registers are gen-
erated in the control logic circuits shown at the bottom right of engineering drawing 25. This
logic element consists of six pulse amplifiers which generate the command pulses, together with
diode gates and inverters which determine the conditions under which each pulse amplifier is

triggered .

The pulse umpliﬁer‘circﬁif FDEC at location D17 generates a 0 ™ PC command pulse which
clears bits 5 through 17 of the PC. Bits 3 and 4 are used in conjunction with an extended
memory and are cleared by a pulse from the Type 148 Extend Mode Control option. Bits 5 through

17 of the PC are cleared by any one of the following conditions:

1. At time SP1 of a key cycle, after operation of the START, EXAMINE,
or DEPOSIT key ’ ‘

2. At time T5 of the fetch cycle of a JMP instruction, in preparation for

the transfer of a new address from the MB

3. At time T3 of the execute cycle of a JMS instruction or at time T3 of

a program break cycle

4. At time SP1 of a key cycle during a readin operation, provided that
the RPT flip-flop is in the O state.

The pulse amplifier circuit RNPM at location D16 generates an AST — 'PC command pulse
which causes the contents of the ADDRESS switch register to be transferred into the PC. The

command pulse is generated by either of the following conditions:

1. At time SP2 of a key cycle, after operation of the START, EXAMINE,
or DEPOSIT key | '
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2. At time SP2 of a key cycle during a readin operation, providéd that
the RPT flip-flop is in the O state.

The pulse amplifier circuit FDEC at location D16 generates an MB1 PC command pulse which
causes the contents of bits 5 through 17 of the MB to be transferred into the PC. Bits 3 ond 4
receive a similar command pulse from the extend mode control. The MB1 = PC pulse is gen-
erated at time T6 of the fetch cycle of a JMP instruction; the information ransferred ivsﬁzhé?

address from which the next instruction is to be fetched.

The pulse amplifier circuit RNPM at location D17 generates the MA1=  PC command pulse
at time T4 of the execute cycle of a JMS instruction, or at time T4 of a program break cycle.
The contents of the MA are the address at which the current program count is to be deposited;

this address is O for the program break.

The +1 = PC pulse increments the contents of the PC by 1 and is generated by two cascaded
pulse amplifiers: FDCE at location J16 and SPNM at location F26. The second pulse amplifier
introduces a delay of 20 nsec between the time at which the flip-flop outputs are sampled by:
the PC = MA pulse, and the time at which the contents of the PC are increraented during a
fetch cycle. The gating asscciated with these two pulse amplifiers causes the incrementing
pulse to be generated by new instructions and during skip, jump, and special mode operations.

The incrementing pulse is generated in the following circumstances:
1. At time SP2 of a read paper tape operation
2. At time SP4, following operation of the EXAMINE or DEPOSIT ke;/
3. At time Tl of a fetch cycle

4. At time T5 of the execute cycle of a SAD instruction if the contents of
the AC are not 0. The E - SAD and AC#0 levels which condition the NAND
gate in module D14 are both generated in the AC control. |

5. At time T5 of the execute cycle of a JMS instruction, or at time T5 of

a program break cycle. The E - JMS component of the level which conditions
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terminal E of module D12 is generated by the major state generator and
IR.decoder (24); the PROG - B component is generated in the intérrupf con-
trol (32).

6. During the execute cycle of an ISZ instruction, at time T3, if a carry
pulse is generated by bit MBO of the MB, indicating that the contents of
the MB are 0.

7. At time T5 of an OPR instruction microprogrammed for one of the six
possible skip operations, if the conditions for the skip are fulfilled. The
OP SKP (operation skip) level and the OP 1 pulsé applied to terminals P
and R of module D12 are both generated in the AC control.

8. At time Té of a program break cycle after an illegal instruction is trapped,
when the system is operaﬁoh in the trap mode. The positive TRAP pulse that
is applied directly to pulse amplifier input J16F is generated by a one-shot
when the TRAP FLAG flip-flop is set. .

9. During an /O device identification operation, when the flag of the

selected device is set.

Memory Address Register Control (25) = All of the command pulses which cause a flow of in-
formation into the MA are generated by the control circuits shown at the top right of engineer-
ing drawing 25. This control element consists of two Type B402 FLIP CHIP modules, each
containingtwo 40-nsec pulse amplifiers; a Type B113 FLIP CHIPmodule containing four diode gates
and associated inverters; and a Type B115 FLIPCHI Pmodule containing three diode gates and associated

inverters.

The pulse amplifier circuit RNPM at location A15 generates standard negative pulses which

clear the entire MA under either of the following conditions:

1. At time SP1 of a key cycle after operation of any key except the STOP
key.
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2. At time T7 of each computer cycle, provided that the RUN flip-flop is
in the | state. This action prepares the MA for the insertion of a new address

at time T1 of the following cycle.

The pulse amplifier circuit RNPM at location A17 generates a PC1 —  MA pulse which trans-
fers information from the PC to the MA at time T1 of every fetch cycle. The address set into

the MA by this action is that of the next instruction fo be executed.

The pulse amplifier circuit FDEC at location Al7 generates a MB1 =  MA pulse which transfers
information from bits 5 through 17 of the MB into the corresponding bits of the MA. The trans-
fer occurs ot time T1 of a defer or execute cycle, provided that the instruction below executed
is not CAL (call subroutine). Either a D ground level at terminal A14D or an E ground level
at terminal A14E conditions terminal Al14L with a negative level. A negative CAL level de-
rived from the MB control conditions terminal A14M. When timing pulse T1 reaches terminal

Al4K, the positive pulse which appears at terminal N triggers the MB1 =  MA pulse amplifier.

The pulse amplifier circuit FDEC at location Al5 generates a 20 =  MA pulse which sets
octal 20 into the MA during the defer or execute cycle of a CAL instiuction. The NAND
gate RSTU of module Al4 is conditioned Ly a negative D or E level and by a negative CAL
level derived from the MB control. When timing pulse T1 reaches terminal R, the positive

pulse which appears at terminal U triggers the 20 = MA pulse amplifier.

Memory Buffer Register Control (25) = All the command pulses which clear the MB, increment

its contents, and cause or inhibit a transfer of information into the MB are generated by the
logic circuits shown at the left of engineering drawing 25. Four pulse amplifiers contained in
two Type B602 FLIP CHIP modules and one Type B620 Pulse Amplifier generate command pulses.
A Type B684 Bus Driver provides negative or ground levels, which condition or inhibit the
gates connecting the MB to the memory sense cmplifiérs. Diode gates and inverters combine
various levels and timing pulses to select the conditions under which each command pulse is

generated.

The 0 - MB command pulse clears the entire MB register and is generated by the pulse armp-
lifier circuit RNPM at location D1. This pulse amplifier is triggered by the BGN pulse of a key

cycle, at time T2 of every computer cycle, and at time T7 of on execute cycle initated by a

readin operation.
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The Type B684 bus driver at location AlO produces a negative m (not MB strobe in-
hibit) level continuously, thereby permitting the logic 1 pulses generated by core memory

sense amplifiers to set the corresponding MB flip-flops during the read operation in every cycle.
During certain operations, however, the contents of a meméry cell are not transferred into the
MB. For these operations, a ground MB STB INH level inhibits the gates between the sense
amplifiers and the MB. Any one of the following conditions causes generation of the MB STB
INH level:

1. During a program break cycle, the negative PROG - B level generated
by the interrupt control is applied to terminal T of diode gate module H21

and is inverted.

2. A high-speed 1/O device requesting a break cycle to deposit information
in memory generates a negative DATA-IN level, which conditions terminal
H21K. When the data break is granted, the negative DATA - B level pro-
duced by the interrupt control conditions H21J and causes the NAND gate

to produce a ground level at the input of the bus driver.

3. During the execute cycle of a JMS or DZM instruction, the E level
from the major state generator conditions terminal H21 E; and the 1AQ level

produced by the IR decoder conditions terminal H21D. The NAND gate

then produces a ground level output which is applied to the bus driver.

The +1 - MB command pulse increments the contents of the MB by 1 and is generated by two
cascaded pulse amplifiers: FDEC of module C1 and EHD of module F26. These pulse amplifiers

are triggered by any one of the following conditions:

1. Time T3 of a defer cycle, when the contents of the MA are one of the
auto-indexing locations 10 through 17. All of these locations, but only
these, are defined by a 0 in MA bits 5 through 13 and a 1 in bit 14, The
MAS5-13 (0) and MA14 (1) levels are combined in module Dé with the D
level from the major state generator and condition input terminal P of a
NAND gate in module D2. When timing pulse T3 is applied to terminal
D2N, the gate is triggered, and its positive output pulse causes the pulse

amplifiers to generate the +1 — MB pulse.
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2. When a real-time clock is in use and is enabled by the program, the
CLOCK - B level produced by the interrupt control when a clock break is
granted conditions NAND gate JKL in module D2. Timing pulse T3 triggers

the gate and causes generation of the +1 —=MB pulse.

3. During the execute cycle of an ISZ instruction, the E level from the
major state generator and the |A2 and IB1 levels produced by the IR decoder
are NAND combined in module D5. The output of the gate is inverted and
- conditions NAND gate DEF in module D2. When timing pulse T3 is applied
to terminal D2D, the gate is triggered and causes generation of the +1~MB

pulse.

The AC1-+ MB command pulse %s generated by pulse amplifier circuit RNPM of module C1 and
causes the contents of the AC to be transferred into the MB. This command is generated only
during the execute cycle of a DAC instruction. The E level from the major state generator is
NAND combined in module D5 with the 1A0 and IB1 levels produced by the IB decoder. The
output of the gate is inverted and conditions NAND gate TUV in module D2. When timing pulse
T3 is applied to terminal T, the gate is triggered and causes generation of the ACl’ MB pulse.i

The PC1— MB command pulse is generated by pulse amplifier circuit FDEC in module D1 and
causes the contents of the PC to be transferred into the MB. This command is generated by any

one of the following conditions:

1. During a read paper tape operation, the RPT (1) level conditions NAND
gate DEF in module D?. Timing pulse SP4 triggers the gate, and the positive

pulse which appears at terminal F triggers the pulse amplifier.

2. During an examine or deposit operation, the EX+EXN+DP+DPN level gen-
erated by the key circuits conditions NAND gate JKL in module D3. Timing
pulse SP3 of the key cycle triggers the gate and causes generation of the
PC1— MB pulse.

3. During a program break cycle or the execute cycle of a JMS instruction,

the E + JMS+PROG-B level condifions NAND gate DEF of module D3.
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Timing pulse T3 triggers the gate and causes generation of the PC1- MB pulse.
The derivation of the conditioning level was explained in condition 5 for

the +1— PC pulse (PC control).

1/O Skip Control and 1/O Trap

I/O Skip Control (32) - The I/O skip control element provides a means of skipping an instruc-
tion as a function of the performance of an 10T instruction microprogrammed to sense the state
of a dev‘ic:e flag. The flag sensing gates are shown at the botton right of engineering drawing
32. Each of the diode gates contained in modules L13 and M13 is conditioned by a negative
level generated by the flag of the associated device. The gate is strobed by an IOT command
pulse generated in the device selector; and, if the device flag is set, an 1O SKP pulse is gen-
erated, which causes fhé contents of the PC to be incremented by 1. (Refer to the description
of the PC control and engineering drawing 25.) The 10T command pulse occurs at time T5 and
is generated by combining the device selection signal decoded from bits MB6 through MB11 with
an }/OP 1 pulse initiated by a 1 in bit MB15,

I/O Trap (23) - The |/O trap permits time-sharing of the processor by two programs'running in
different memory fields by ensuring that instructions which would halt the machine, or would
cause interference between the two programs, are not executed. Specifically, the I/O trop
monitors the program for |OT instructions, for XCT instructions whose subject instruction is also
an XCT (such instructions could put the machine into a loop from which it could not escape),
and for instructions of the operate class containing a microprogrammed HLT command. When-
ever one ot these illegal instructions is detected by the trap, a program break is substituted

for the trapped instruction. The contents of the PC, together with the status of the link, the
extend flag, and the trap flag, are stored in location 0. Control of the CP then transfers to
location 2, and the subsequent sequence of events deper;ds on the nature of the trapped instruc-

tion.

To enable the trap mcde, the |/O TRAP flip-flop (B5, 23) is set by NAND-combining a ﬁegc—
tive 1/O TRAP SW level, a negative trap enable level (MB12 (1) - MB13 (1) ), and a negative
10T 0002 command pulse. The /O TRAP (1) level conditions the various gates which detect
conditions requiring that the TRAP FLAG flip-flop be set. |
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The TRAP FLAG flip-flop is set when the |/O TRAP flip-flop is set and any one of the following

sets of conditions occurs:

1. Any IOT instruction is detected. The minor states IA3-1B2 are produced

by all 1OT instructions and are NAND combined in module J23 (C4, 23) with
the 1/O TRAP (1) level. Timing pulse T3 strobes this gate to éroduce a positive
output pulse, which sets the TRAP FLAG flip-flop.

2. A microprogrammed HLT command is detected. The HLT command is gen-
~erafed by an OP1 pulse in combination with an MB12 (1) level; both these
signals are NAND combined in module J24 (85, 23) with the 1/0 TRAP (1)
level. The gate produces a positive ILL HLT pulse which sets the TRAP

FLAG flip-flop.

3. If an execute (E) state is set into the major state generator, and the IR
contains the operation code for execute, an E + XCT level is produced. This
level is NAND combined with timing pulse T2 in module L24 (C8, 23), thereby |
setting the SCT CY flip-flop to 1. The SCT CY (1) level is NAND combined

in module H24 (88, 23) with the 1/O TRAP (1) level, and with the 1A2 and

IBO minor state levels produced by the IR. Timing pulse T2 strobes the gate

to produce a positive ILL XCT pulse which sets the TRAP FLAG flip-flop.

The XCT CY flip-flop is reset to 0 by timing pulse TP7 of the same memory

cycle.

The setting of the TRAP FLAG flip-flop produces a negative TRAP FLAG (1) level, which is
applied to the program interrupt control and generates a PROG RQ level. (For details of

how this level causes a program break, refer to the discussion of the program interrupt control,
below.) When a program break is granted by the breck control, a PROG * B level is generated.
This level is NAND combined with timing pulse T4 of the break cycle in modules J22 and K19
to reset the TRAP FLAG and /O TRAP flip-flops, respectively.

The resetting of the TRAP FLAG flip-flop generates a positive-going level transition at its out-
put terminal E; this transition triggers the one-shot in module L32 (B3, 23) into its astable state.
The negative level which then appears at output terminal M of the one-shot increments the con-

tents of the PC at time Té of the break cycle.
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Break Control (32)

The break control contains all the logic elements required for causing an interruption of the
main program to permit an external or auxiliary device to be serviced, and for returning to
the program sequence when the servicing operation has been completed. The break control

provides for the following three distinct classes of interrOption:

1. A data channel break, which lasts for one computer cycle and permits an
exchange of information between the central processor and a high-speed

‘1/O device capable of transferring 15 address bits and 18 data bits in parallel.

2. A clock channel break, which also lasts for one computer cycle and pemmits

a real-time clock to add 1 to the contents of memory location 78.

3. A program break, which stores the current program count in memory loca-
tion 0 and initiates a subroutine (beginning in location 1) to find and service
a slow 1/O device which has requested a break. In the following discussion
of the break control, component and signal references are to engineering
logic diagram 32, unless otherwise stated. ‘

Data Channel Control - A data break request, since the break never lasts for more than one

computer cycle, takes priority over all other forms of break request. A high-speed I/O device
may originate a data break request by placing a = 3v DATA RQ level on the request line con-
necting the device to the computer. In the interrupt control, the DATA RQ level is NAND
combined with timing pulse T5 (DLY) of a current computer cycle; and the resulting positive
pulse sets the DATA SYNC flip-flop (A1, 32) to 1. The positive DATA SYNC (1) output of the
flip-flop is NOR combined with similar levels from the CLOCK SYNC and PROG SYNC flip-
flops. If any one of these flip-flops is set to 1, a negﬁﬁve BK RQ level appears at terminal
L15J (A8, 32) and is transmitted to the major state geﬁemfor. Completion of the current in-
struction permits the major state generator to produce a negative B (break) level which is
applied to the interrupt control. The B level is NAND combined with the DATA SYNC (1)
level to produce a negative DATA - B level at terminal L23J (A2, 32). At time T1 of the
break cycle, the DATA - B level is NAND combined with timing pulse T1 to produce a DATA
ADDR—~ MA pulse at terminal L16H (C1, 32). This pulse causes the memory address contained
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in the address register of the 1/O device to be transferred into the CP memory address register.
At time T3, the DATA - B level is NAND combined with timing pulse T3 to produce a negative
MB INFO —~OUT pulse at terminal L16U. This pulse indicates to the /O device that informa-
tion for outward transfer is available in the memory buffer. If the requesting device is trans=-
mitting a negative DATA IN level, this is NAND combined with DATA-B and T3 to produce

a negative DATA INFO— MB pulse at teminal L16N (C1, 32). This pulse opens the data
channel interrupt input gates of the memory buffer. During the remaining portion of the break
cycle, the memory performs a normal write operation, depositing the received information (or
rewritiné the transmitted information) in memory. If the device has no further information to
transmit or accept, the DATA RQ line goes to grouncj level. This DATA RQ ground level is
inverted and combined with the T5 DLY pulse in NAND gate NPR of module L17 to reset the
DATA SYNC flip-flop to 0. As a result, a BK RQ negative level is applied to the major state

generator and permits it to enfer the fetch state so that the main program can continue.

Clock Channel Control - The real-time clock consists of a Schmitt trigger (Type W501 FLIP

CHIP module) which produces square pulses when fed from a source of 6.3v, 60 cps. The out-
‘put pulses of the Schmitt trigger are applied to the pulse amplifier in location L25, which
produces standard 70-nsec negative pulses (B3, 32). The clock is enabled by a CLON instruc-
tion (7000448); the device selector decodes the instruction and produces an 1OT 0004 pulse
which clears the CLK FLAG flip-flop. This pulse is NAND combined with MB12 (1) to set

the CLOCK ENABLE flip-flop to 1. The next clock pulse is NAND combined with the CLOCK
ENABLE (1) level and sets the CLK COUNT RQ flip-flop. Timing pulse T5 of the current cycle,
delayed by 50 nsec, is NAND combined with the CLK COUNT RQ (1) level and sets the CLK
SYNC flip-flop. The CLK SYNC (1) level is applied to module L22 and generates a BK RQ
level that initiates a break cycle at the earliest opportunity. [f no data b.reak is in progress,

“the CLK SYNC (1) and B levels are NAND combined to produce a CLOCK-B level at terminal
L23M (A3, 32). At time T1 of the clock break cycle, the CLOCK*B level is combined with

timing pulse T1 in NAND gate DEF of module 1L24 (B1, 32). The output of the gate triggers
a pulse amplifier which generates a 7 —~MA negative pulse. This pulse clears the CLK COUNT
RQ flip-flop and sets bits MA15, MA16, and MA17 to 1, thereby addressing location 7 of the
memory. At time T3 of the break cycle, the CLOCK*B is NAND combined with the timing

pulse T3 to produce a +1—~ MB pulse (MB control, 25). If the resulting increment causes the
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memory buffer to overflow, an MBO CRY pulse is genémted (30) and is combined with the
CLOCK"B level (C2, 32) to set the CLK FLAG flip-flop to 1. The setting of the CLOCK
FLAG flip-flop is one of the conditions which can cause a pi’ogrqm breck, as described below.
If there is no overflow and the clock flag is not set, timing pulse T5 of the break cycle (delayed
by 50 nsec) is combined with the CLK COUNT RQ (0) level to clear the CLK SYNC flip-flop.
During the remaining portion of the clock break, the incremented contents of the memory buf-
fer are written into memory location 7. If no other break request has been originated before
time T5, the major state generator is set to fetch at time 15, and the processor continues the
main prdgrqm. However, while the CLK ENABLE flip-flop remains set, a clock breck will
occur every 1/60 sec. A CLOF instruction (7000048) is required in order to disable the clock;
the 10T 0004 pulse clears the CLK FLAG flip-flop and is combined with the MB12 (0) level to
clear the CLK ENABLE flip-flop.

Note that when the Type 172 Automatic Priority Control (API) option is included in the system,
it replaces the standard real-time clock. The real~time clock and the associated CLK ENABLE
and CLK FLAG flip-flops are removed, since the APl contains corresponding logic. The neg-
ative INT RQ level from the APl is connected to terminal E of the CLK COUNT RQ flip-flop;
and the same level, inverted in module J20, is connected to terminal F.

Program Break Control - A program break may be initiated by the Teletype, the punch, the

tape reader, and other slow-speed peripheral equipment. The break may be requested when-
ever the setting of the associated flag indicates that a device is ready for an information trans-
fer, or the status of the device requires some other kind of action. The setting of the real-time
clock flag (indicating that the contents of memory location 7 have overflowed) or the trap

flag (indicating that an illegal instruction has been trapped) can also initiate a program break.
However, the program interrupt control (PIC) may be disabled by the program to delay the

granting of a program break until a particular sequence of operations has been completed.

The PIC is enabled by an ION instruction (7000428). The device selector decodes the instruc-
tion to preduce an |OT 0002 pulse. This is combined in NAND gate TUV of module L21 (B4,
32) with the MB12 (1) level, and sets the PIE (program interrupt enable) flip-flop. Similarly,
an |OF instruction (7000028) clears the PIE flip-flop. The (1) level of any device flag which

has been set enters the interrupt control through one of the 7-channel gates in locations L14
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and M14. Providing that the PIE flip-ﬂop has been set’and that the major state generator is not
already in a break state, the flag generates a PROG RQ level (FLAG-PIE (1) B = PROG RQ,
see A8, 32).

At time T5 of the current cycle, the PROG RQ level is NAND combined with timing pulse
T5 DLY and sets the PROG SYNC flip-flop. The setting of this flip-flop produces a negative

"instruc-

BK RQ level which is applied to the major state generator. When the CP reaches an
tion done" situation, the major state generator establishes a break state, and the B (break)

level is combined with the PROG SYNC (1) level. Provided that neither a data break nor

a clock break has been requested in the meantime, a negative PROG B level appears at terminal
L23U (A5, 32). The PROG"B level is used in the 1/O trap logic and, at time T5, is combined |
with the T5 timing pulse to reset the PIE flip-flop. The PIE (0) level, inverted, clears the
PROG SYNC flip-flop. Since the PIE flip-flop can only be set to 1 by another ION instruc-

tion, a second level of interrupt is prevented. The flow diagram (21) shows the complete se-

quence of events which takes place during the break cycle of a program break.

INTERFACE

All information transfers between the CP and I/O equipment (other than devices which use the
data break facility) take place under program control by way of the interface equipment and
the accumulator register. Selection of an I/O device and generation of control pulsesv takes
place in the interface logic. Gating circuits to control information flow are located at the

input of the receiving register. The interface logic consists of three elements:

1. A device selector which decodes the 10T instruction to be executed,
addresses the appropriate /O device, and generates up to three |OT com-

mand pulses for control purposes.

2. An information collector which gates incoming information into the

accumulator register.

3. An information distributor, consisting of bus drivers capable of driving
an output bus system through which information is transferred from the ac-

cumulator register to |/O devices.



Device Selector (36)

The device selector (engineering drawing 36) contains a decoder module, a gate module, and

a pulse amplifier module for each /O device. In the standard PDP-7 system, 20 sets of device
selector equipment are supplied, of which 6 are unassigned. The decoder monle decodes |
bits MB6 through MB11 of an |OT insfrucﬁoﬁ word held in the MB and produces a ground device-
enabling level and a negative gating level. The negative level enables the gates of the as-
sociated gating module which route any 10P pulses generated to the addressed device. The
positive pulse which appears at the output of each gate is applied to a pulse amplifier which
generates a standard 70-nsec command pulse for controlling the operation of the addressed
device. The following discussion of the device selec‘for is based on Figure 3-2, which shows

the logic of the selection equipment associated with one I/O device.

The decoder consists of a Type B171 FLIP CHIP Diode Gate containing twelve diode inputs and
two inverters. The input terminals of the module are connected to the bus drivers associated
with the (1) and (0) levels of memory buffer bits MB6 through MB11. A device assertion level
is obtained by clipping out diodes associated with unasserted levels of the selection code (e.g.,
if the selection code were 010101, the diodes removed would be the (1) level diodes of bits
MB6, MB8, and MB10, and the (0) level diodes of bits MB7, MB9, and MB11). The positive
assertion level for the selected device appears at terminal D of the decoder module, and may
be routed to the device for enabling purposes. The negative level appearing at terminal E is

applied to the gating module.

The gating module consists of a Type R111 FLIP CHIP Diode Gate containing three inverters,
each having two diode inputs. The negative assertion level for the device enables one input

of each of the inverters; the second input of each inverter is connected to one |OP timing

pulse bus. An IOP1 pulse appears at time T5 of the computer cycle in which the |OT instruction
is executed, if bit 17 of the instruction word contains a 1; an IOP2 pulse appears at time T7

of the same cycle, if bit MB16 contains a 1; and an 1OP4 pulse appears at time T1 of the
following computer cycle if bit MB15 of the instruction word contains a 1. The selection of a
device causes any |OP pulses generated to be applied to the pulse amplifer module of the cor-

responding device selector channel .
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Positive pulses from the gating module of a selected device are applied to corresponding pulse
amplifiers contained in a Type W607 or Type W640 FLIP CHIP module. The pulse amplifiers

of a Type W607 module preduce standard —2.5v, 70-nsec output pulses. Those of a Type W640
module normally produce a = 2.5v, 400-nsec pulse, but by jumpering the appropriate terminals
on the module, the pulse length can be extended to 1 psec if the nature of the I/O device
requires it. Each module contains three pulse amplifiers. One of these, triggered by an |IOP1
pulse, produces an IOT XXO01 pulse (where XX is the device number), which may be used to
sense the status of a device flag. The second, triggered by an 10P2 pulse, produces an 10T
XX02 pulse which may be used to clear the device flag and read the contents of the device
buffer register into the accumulator register. The third pulse amplifier, triggered by an LOP4
pulse, produces an |OT XX04 pulse which may be used to transfer data from the accumulator
register through the information distributor into the device buffer. All three pulses may also

be used to initiate control functions within the selected device.

Information Collector (33)

The information collector consists of 18 7-channel NAND gates Type R141, each of which is
associated with one bit of the AC. Each channel has an upper half and a lower half correspond-
ing, respectively, to bits 0-8 and 9-17 of the AC. If an I/O device occupies only one-half

of a channel, the other half may be used for other purposes. From engineering drawing 32 it
will be seen that in the basic PDP-7 system, the paper tape reader occupies the whole of
channel 1; the associated gates are strobed by an 1OT command pulse 0102 generated in the
device selector. The status register (for flag monitoring) occupies the upper half of channel 2;
the lower half of this channel is not used. The MQ register of the EAE occupies ail of channel
3; the Teletype LUO occupies the lower half of channel 6; and the EAE step counter occupies
the lower half of channel 7. Provision is made to accommodate an optional DECtape machine
on channel 4, a magnetic drum device on channel 5, and tape status and drum status signals

in the upper halves of channels 6 and 7, respectively. The information collector can be expanded
almost indefinitely by adding gate modules. The first expansion, which adds six channels, re-
quires 18 Type R141 Diode Gate modules and 6 Type W607 Pulse Amplifier modules. Additional

expansions, in increments of six channels, require only Type 141 Gate modules.
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Information Distributor (34)

The information distributor of the basic PDP-7 system consists of 9 Type R650 Bus Drivers and

16 Type W021 Cable Connectors to distribute the bus driver output signals. Note that each
Type R650 module contains two inverters and two bus drivers. Negative logic 1 assertion levels
from the AC appear as ground logic 1 assertion levels on the distribution buses. The information
distribution can be expanded almost indefinitely by adding W021 Connectors, with additional

“bus drivers if the maximum load (5 ma) on the standard drivers is likely to be exceeded.

MB Bus Drivers (28)

The 1 and 0 levels of the MB flip-flops are available for distribution within the CP and to ex-
ternal devices connected to the data channel. Nine Type B684 FLIP CHIP Bus Driver modules
are used for the 1 levels, and nine for the 0 levels. Each module contains two bus drivers,

and each bus driver can supply up to 40 ma of load.
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CHAPTER 4

CORE MEMORY

Data and instruction storage and retrieval are performed in the PDP-7 ’by the core memory.
The standard PDP-7 is equipped with a DEC Type 149A Memory Module which can store 4096
18-bit words and which requires a 12-bit address, The addition of a DEC Type 147 Core
Memory Module expands the memory capacity of the Type 149A Memory Module of the stand-
ard PDP-7 to 8192 words. No auxiliary equipment is required since the extra address bit re-
quired for selecting addresses in either 4K memory array is provided by the existing 15-bit
memofy address register (MA). Memory capacity can be further expanded by increments of
4096 or 8192 words to a maximum of 32,768 words. Expansion beyond 8K requires the use of
a DEC Type 148 Memory Extension Control and of the remaining two bits of the MA, All in-
formation enters and leaves core memory via an input/output register designated the memory
buffer register (MB). This manual describes the operation of the 8K memory; the basic princi-
ples and methods of access to this memory are equally applicable to larger or smaller capecities.
For information on methods of accessing extended memories, refer to the maintenance manual

for the Type 148 Memory Extension Control.

MEMORY ORGANIZATION

Each 4K core memory module used in the PDP-7 is a simple, coincident-current, ferrite-core
array assembled from core planes 64 cores wide by 64 cores deep. Each module is operated by
read, write, and inhibit currents originating in transistor power supplies anci gating circuits,
Figure 41 shows the interrelationship of the elements which constitute the core memory sys-
tem. The MA and MB are located in the central processor (CP). Timing signals which control
memory functions are derived from the CP timing signal generator in order to synchronize mem-
ory operations with CP operations. The memory cycles continuously perform a read operation
during time states T2 and T3 and a write operation during time states T5 and Té. This permits
random bidirectional access to any memory cell within one 1.75-psec computer cycle. Both
reading and writing operations are performed during each cycle, since reading from a

memory cell destroys the content. Thus, if the information is not to be lost, it must immediately

4-1



be rewritten into the same cell from the MB. The only exceptions tothis rule occur during a
data break in which the direction of transfer is into the computer corememory and during the ex-

ecution of DAC, JMS, or DZM instructions.

FROM MEMORY ADDRESS (MA 0-11) _
ADDRESS REGISTER
f PROCESSOR cT
° c - SELELT 3l MEMORY MEMORY
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Figure 4-1 Core Memory System Block Diagram

CIRCUIT OPERATIONS

Ferrite-Core Memory Array

The standard memory array consists of 18 planes, each having 4096 ferrite cores arranged in a
64 by 64 square. Eachcore can assume one of two stable magnetic states corresponding to
binary 1 and binary 0. Each core is traversed by four windings. An X read/write winding
passes through all the cores in one horizontal row; a Y read/write winding passes through all
the cores in one vertical row; the sense and inhibit windings each pass fhrough all the cores in
the plane. An example of this winding is in Figure 4-2 for a 4 by 4 core plane. In Figure4-2,

" passing a current from right to left (write direction) of the diagram through the X2 winding
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produces a mdgnetic field that tends to change all the cores in that row from the 0 to the 1
state, "'lsdssing'c current from bottom to top of the diagram through the Y3 winding produces a
similar effect on the cores in that row. Neither the X current nor the Y current is, by itself,
strong enough to change the state of any core. However, if both X2 and Y3 currents are turned
on, the magnetic fields due to the two currents are mutually reinforcing in one core through
which both windings pass. The combined strength of both fields causes this, and only

this, core (in each plane) to change state to the 1 condition. In the PDP-7 system, an array
consists of 18 planes, with all the corresponding address windings connected in common so that
each plane can be considered equivalent to one bit of a storage cell. Thus, in the previous ex-
ample, the core located at coordinates X2Y3 on each’plane willichange to the 1 condition unless

it is prevented from doing so by an inhibit current.

READ INHIBIT

LT

WRITE

WRITE «—X—»READ

INHIBT SENSE
WINDING WINDING

Figure 4-2 Simple Core Memory Plane Showing Read/Write,
Sense, and Inhibit Windings
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If the storage cell consisting of X2Y3 cores is to contain 0's as well as 1's, the cores in the
planes which correspond to O bits must be prevented from changing state when the writing cur-
rents are turned on. This is accomplished by passing a current through the inhibit windings of
those planes. The magnetic field due to the inhibit current has a direction and amplitude
‘which partially cancels the fields due to the writing currents. Thus, even though both Xand Y
writing currents are present in all the X2Y3 cores, those cores in planes where an inhibit isalso
present will remain in the 0 condition. After setting or resetting cores, all of the read/write

and inhibit currents are turned off without affecting the state of any cores.

To read the information stored in the X2Y3 cell, currents must be passed through all the X2

and Y3 windings in the opposite direction, thereby tending to change all the X2Y3 cores to

the O condition, Cores X2Y2 of all planes which were inhibited during writing, and are thus
already in the O state, induct only a very small signal info the sense windings. However, X2Y3
cores which were in the 1 state will change back to the O state when both the X2 and the Y3
read currents are turned on. The resulting flux change will induce a relatively large signol into
the associated sense windings. After amplification, these binary 1 signals complete the informa-

tion transfer by setting the corresponding M8 flip~flops.

Memory.Se!ecfors Type G202 and Memory Selector Matrixes Types G401 and G602

The memory selectors decode the information contained in the MA and perform memory cell
selection; the memory matrixes, controlled by the memory selectors, route read and write cur-
rent pulses to the selected memory cell. In each memory array, address bits MAé through
MATT select read and write lines in the matrix of the Y axis; bits MA12 through MA18 select
~ read and write lines in the matrix of the X axis. Drawing E-149-0-49 shows the circuits for
Y axis selection. Note that address bits MAé through MAS8 are decoded by the four Memory
Selector Type G202 modules shown at the left of the diagram and known as drive selectors.
Address bits MA9 through MA11 are decoded by the four G202 modules shown at the bottom
of the diagram and known as ground selectors. The selector modules provide pulses to open
gates in the Memory Selector Matrix Type G601 and G602 modules. A similar arrangement

of memory selectors and memory selector matrix modules provides selection of read/write lines



on the X axis, as shown in drawing E-149-0-48. A schematic diagram of a memory selector is
contained in drawing RS-B-G202. Schematic diagrams of the matrixes are contained in draw-

ings RS-D-G601 and RS-D-G602,

The following discussion of the core selection process is based on the simplified schematic dia-
gram of Figure 4-3. This diagram shows the logic switching circuits involved in the generation
of read and write currents for cell 46 on the Y axis. When cell Y46 is to be read, the address
set into the MA contains MAG(1), MA7 (0), MAS (0), MAI0 (1), and MATT (0) which are ap-
plied as negative assertion levels to the selector module. Negated ground levels corresponding
to m-S_(—ls and MATT (1) are also apolied to the selector modules. The MA6 (1) and MA7 (0)
negative levels enable transistor switches Q4 and Q5, respectively, of the drive selector module
at location A10; similarly, the MA9 (1) and MA10 (1) levels enable transistor switches Q4 and
Q5 of the ground selector module at location A13. The MAB8 (0) and MA11 (0) levels are both
negative, thereby enabling transistor switch Q7 in both modules. Transistor switch Q2 in each
module is disabled by a negated ground level corresponding to MAS (1) and MATT (1). These
levels are established as soon as the cell address is loaded into the MA during time state T1 of

the computer cycle.

At time T2, Hming‘pulse TP2 sets the READ 2 flip-flops (Figure 4-4). The setting of the READ

1 flip-flop, in combination with the state of the field select bits MA4 and MA5, causes a SEL

1 < READ 1 level to be applied to the G202 Pulser Selector, which in turn applies a pulse to the
read pulser, thereby connecting read drive bus 4 to the positive supply. Simultaneously, the
READ 2 (1) level enables transistor switch Q4 in both drive and ground selectors. The surge of
current through the transistors causes pulses to be generated which open pulse gates PG1 and
PG4. A read half-select current then flows from the read /write memory current supply through
the read pulser, pulse gate PG1, diode D1, the cores of cell Y46, diode D3, and pulse gate
PG4 to the read/write common negative line. This half-select read current is factory adjusted
to approximately 330 ma. At time T3, the READ flip-flops are both cleared in preparation for

a write operation,

At time T4, timing pulse TP4 sets the WRITE 1 and WRITE 2 flip-flops, thereby enabling the
write pulser and transistor switch Q8 in the drive and ground selector modules. The resulting

pulses connect write drive bus 4 to the positive read/write current supply and opens pulse gates

4-5



SEL 1-READ Y
——

]

SEL T
e
’ S

SEL 1\-WRITE 1 -

J

6202
802

YO CELLS
[ Y40 THRU Y45

1 CORES OF
CELL Y48
READDRIVE BUS &
+READ/WRITE
SUPPLY SUTE 0ROUND
MN
»'Gf??a DIODE - BALUN READ GROUND
NETWORK sus &
re2
PR
RITE WRITE DRIVE BUS 4 __
PSR —
— P33 : PG4
N R F L R "
RN b S, SR A A P b U Bt
n ) 5302 as as a3 ar T o8 ae at
READ 2 —p—f " —@(3] I—QGD —oy) | READ 2 —p 2448 o l—-——‘ﬁi] —e
WRITE 2 4 I €2 LH
l
T | $
T | ot Q2 I T I a7
MAS (D) | —o{ rotja | MA (0} 4 3]
uas (1) 24 | wan oy —24
ol % I | -
a7 (0 4 | o (1) ' o
a4 o4
v v
Mas {1} l | MAS (1) !
Lo o o S | . U S S |
DRIVE SELECTOR GROUWD SELECTOR

Figure 4-3 Typical Core Selection Circuit and Drive Current Path



PG2 and PG3. A write half-select current then flows from the supply, through pulse gate
PG2, diode D4, the drive lines of the cores of cell Y46 (in the opposite direction to the read
pulse), diode D2, and pulse gate PG3 to the read/write common negative line.
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Inhibit Drivers Type G201

The PDP-7 memory is wired for 19 Inhibit Driver modules Type G201. Each of these modules
energizes the inhibit winding of one memory plane. Note, however, that the 19th plane is
not used in the PDP-7 system unless the Type 176 Parity Checking option is in use, in which
case a 19th plane and an inhibit driver module are added and used for a parity bit. A sche-
matic diagram of an inhibit driver is shown in drawing RS-B-G201, and the connection of the
inhibit drivers in the memory system is shown in engineering logic diagram BS-E-149-0-45,
Figure 4-5shows the internal logic circuits of aninhibitdriver. A negative INHB Iével is applied
to the module at terminals F and Jand is NAND combined with the negative O level of the associa-
ated MB bif in fransistor switches Q5 and Q2. The combined signal output of transistor switch
Q5 enables pulse gate 1, which provides the principle on/off switching for the inhibit current.
The INH B -MB (0) signal and the appropriate array SEL signal are NAND combined in transistor
gate Q2 or Q3. If a negative SEL O level is present, transistor Q3 conducts and enables pulse
gate 2, thereby routing the inhibit current into the inhikit winding associated with bit X cf
memory array O, If a negative SEL 1 level is applied to transistor gate Q4, pulse gate 3 is
enabled and routes the inhibit current into the corresponding bit inhibit winding of memory
array 1. The memory control logic ensures that SEL O and SEL1 levels can never be appliedsimul-
taneously. Inhibit current is applied to the inhibit winding of the cores through a balun which
balances the winding with respect to ground, thereby minimizing the effects of stray capaci~
tance and permitting increased operational speeds in the memory. Each Type G201 Inhibit
Driver can sustain a current of 350 ma for 500 nsec; however, in the PDP-7 system, the inhibit

current is normally set at approximately 290 ma.

Sense Amplifiers Type G001 and Master Slice Control Type G002

The PDP-7 memory contains 19 Sense Amplifier modules Type G001 and one Master Slice Con-
trol module Type G002, Eighteen of the sense amplifiers supply a standard negative pulse to
the MB when an associated core changes from the 1 state to the 0 state during a read operation.
The 19th sense amplifier provides a parity bit when the Type 176 Parity Checking option is in

‘use. The master slice control supplies all the sense amplifiers with closely controlled reference
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voltages for use in clamping and comparator stages. Drawings RS-B-G001 and RS-B-G002
contain schematic diagrams of the sense amplifier and the master slice control, respectively.

The connection of these modules in the memory system is shown in drawing BS-E-149-0-45.

Each sense amplifier contains a 2-stage dc preamplifier, arectifying slicer, an output gate,
and a pu'!se amplifier. The first stage of the dc preamplifier has two separate gated difference
amplifiers, which share a common push-pull output stage. One input difference amplifier ac-
cepts a pulse input from the sense winding of the associated plane in memory array 0, together
with a SEL 0 ground level which gates on the difference amplifier. The other input difference
amplifier accepst a pulse from the corresponding plane in memory array 1 and a SEL 1 enabling
level. The enabling levels are provided by the memory control logic and ensure maximum

stability, The slicer suppresses nodes induced into the sense winding of @ memory plane by the



read/write current pulses, Therefore, only the much larger signal produced by a core changing

state can produce an output from the sense amplifier,

In order to obtain an output pulse of the correct shape and duration, a strobe pulse is applied
to the output gate of the sense amplifier. The strobe pulse is obtained by combining timing
pulse TP2 of the computer timing chain with a field selection signal, applying the resulting

pulse to a delay network, and reshaping the delayed pulse in a pulse amplifier.

The strobe pulse is precisely timed with respect to the read current pulse, so that sensingoccurs
at the instant when the signal induced into the sense winding reaches maximum peak amplitude
(Figure 4-4). If a core changes state, the slicer enables the output gate, and the strobe pulse
causes the gate to produce a 40-nsec output pulse. This pulse is reshaped in the pulse ampifier
and appears at the output terminal of the module as a standard negative pulse which sets an

MB flip-flop.

The master slice control module contains three reference voltage diode networks, each with an
associated emitter follower output voltage control. The adjustment range of the first stage
clamp potential is from 5.0 to 6.5v; that of the second stage clamp potential is from 11,5 to
12.4v; and that of the slice level is from 5.0 to 10.0v. The first and second stage clamp levels
are factory preset at 6.5v and 11.4v, respectively, under a 50-ma load. The slice level is
normally preset to 6.8v and may be adjusted so that the sense amplifier gives symmefric.:al de-

viations when the sense amplifier +10v supply is varied to the upper and lower marginal levels.

Memory Control

The memory control logic generates signals which perform memory array selection and initiate
the generation of read, write, and inhibit currents at the appropriate times in the computer
cycle. The logic diagram of the memory control is contained in drawing BS-D-7-0-27, and
all references in the following discussion of the memory control are to this diagram unless

otherwise stated.
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Address bits MA4 and MA5 are decoded by NAND gates in modules C21 and C22 and produce
SEL 0, SEL 1, SEL 2, and SEL 3 control signals. Each of these signals enables the sense ampli-
fier gates associated with a particular 4K memory array. When memory capacity is limited to
8K, bit MA4 is always 0, and bit MAS5 selects one of the arrays in the 8K field designated.

At time T2 of the computer cycle, timing pulse TP2 sets the READ 1 and READ 2 flip-flops.

The READ 1 ground level output is combined with the MA5(0) or MA5(1) level to produce a
SEL * READ (1) B level which enables the read current pulser in the address selection circuits.
The negative READ 2 (1) leve! is applied to the drive selectors and ground selectors. At time
T3, the STROBE 0, 1 pulse clears the READ 2 flip-flop first in order to disable the read/write
current pulsers; 30 nsec later, the STROBE RTN pulse clears the READ 1 flip-flop.fo disable all
the read gates in the drive and ground selectors. The setting of the WRITE flip-flops resulsts

in similar actions, except that the WRITE 2 flip-flop opens the write gates in the memory se-

lectors, thereby reversing the direction of the current pulse through the memory cores.

The memory control logic includes bus drivers which provide adequate current to drive the
memory selectors and to gate the inhibit drivers. The NAND gates in module C29 (AB, 27)
combine address bit MA4 with timing pulse TP2 for the generation of a separate strobe pulse

for each of two 8K memory fields. When memory capacity is limited to 8K, the TP2 + SEL O,

1 pulse is used. The resulting strobe pulse is qppli:ed to both 4K arrays of the 8K memory field:

Memory Current Sources

A Type 739 Power Supply is used in conjunction with the Core Memory Type 149B. The Type
739 unit contains two independent, floating power supplies. One supply provides read/write
current, and the other provides inhibit current for a complete PDP-7 system, regardless of the
capacity of the memory. A Type 728 P—owerVSUp;‘.';ly provides +10v and -15v to energize the
memory logic. Both the 728 and 739 units are located at the rear of equipment bay 1, behind
the memory. Circuit schematic diagrams for the 739 are shown in engineering drawings »
RS~C-739B, RS~B-W505, and RS-B-G800. Engineering drawings RS-B-728 shows the circuit
schematic for the Type 728 Power Supply.






CHAPTER 5

INPUT/OUTPUT

Peripheral equipment may either be asynchronous with no timed transfer rates or synchronous
with a timed transfer rate. Devices such as the CRT displays, teleprinter-keyboard, and the
line printer can be operated at any speed up to @ maximum without loss of efficiency. These
asynchronous devices are kept on and ready to accept data; they do not turn themselves off
between transfers. Devices such as magnetic tape, DECtape, the serial drum, and card equip-
ment are timed-transfer devices and must operate at or very near their maximum speeds to be

efficient,

Some of the timed-transfer devices can operate independently of the central processor ofter
they have been set in operation by transferring a continuous block of data words through the
PDP-7 data interrupt facility. Once the program has supplied information about the location
and size of the block of data to be fransferred, the device itself takes over the work of actually
performing the transfer. -The data interrupt facility logic is described in Chapter 2 and the

circuit operations in Chapter 3,

Separate parﬁllel buffers are provided on each input/output device attached to the basic PDP-7.
The high-speed perforated Tape Reader Control Type 444B contains an 18-bit buffer and binary
word assembler. The high-speed perforated Tape Punch Type 75D, and the teleprinter and the
keyboard of the Teletype and Control Type 649 each contain separate 8-bit buffers, These

devices are described in this chapter.

Separate parallel buffers are also incorporated as part of DEC standard 1/O peripheral equip-
ment options. Information is transferred between the accumulator and a device buffer during
the execution time of a single-cycle |OT instruction. Because the maximum time the accu-
mulator is associated with any one external buffer is 1.75 psec, many standard /O devices

can operate simultaneously under control of the PDP-7.

_Figure 5-1 shows the data path between device buffers and the AC through the information

collector or information distributor.
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TELETYPE (MODEL 33 KSR) AND CONTROL TYPE 649

The Teletype Model 33 KSR is a keyboard send-receive unit, utilizing a 3-row keyboard and
an 8-level code operating on serial information at sp‘ee'd; up to 100 words/min. Internal jumper
connections are made within the Teletype, as specified m the TTY manual, for full duplex
operation with local copy provisions. No other modifications are made to the Teletype for use
with the PDP-7. The Type 649 Control, used with the Teletype, provides conversion in both
directions between the serial information used by the Teletype and the parallel information

used by the processor. The logical organization of the Teletype and control is shown in

Figure 5-2. (Note that in the figure the Type 649 Control is shown in two separate blocks:
Teletype Receiver and Teletype Transmitter.) Information is manually injected by means of

the Teletype keyboard and is carried in serial form to the Teletype receiver where it is assembled
into parallel form. The receiver is also known as an incoming line unit (LUI). From the re-
ceiver, the parallel information is passed to the CP via the information collector. Information
from the CP is transferred in parallel form to the Teletype transmitter, where it is shifted into

the printer in serial form. The transmitter is also known as an outgoing line unit (LUO).

Block Diagram Discussion

Teletype Keyboard

Information is typed out on the keyboard in the same manner as on an ordinary typewriter. As
each key is pressed, a code combination is set up to correspond with the selected character.
This is converted to serial form by a distributor arrangement which relates a given bit position

to a given time interval in the distributor cycle.

Teletype Printer

Serial information enteting the printer is automatically typed on a page-width roll. The Tele-

type printer uses the same information code as the Teletype keyboard.

Teletype Receiver (LU

The serial information generated by the keyboard must be converted into parallel form before it

can be accepted by the CP. This is accomplished by the Teletype receiver. Each successive
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bit of information comprising each character is fed to the input of the flip-flop register in the
receiver. Initially, the bit is deposited in the least significant flip-flop. When the next bit
appears, a shift pulse occurs and each previously deposited bit is transferred to the flip-flop
which is one order higher, while the new bit is deposited in the least significant flip-flop.
This process continues until all the bits of the character being transferred have been deposited
in the receiver flip-flop register, ot which time a flag is raised and can be sensed by the pro-

gram. The contents of the receiver are transferred to the AC via the IC.

Teletypé Transmitter (LUO)

The parallel information utilized by the computer must be converted to serial form before it

can be handled by the Teltype printer. This is accomplis‘hed by the Teletype transmitter which
is fed an 8-bit character by the AC of the CP via the ID of the interface. The eight bits are
first deposited in the flip~flop register of the transmitter. This register contains nine flip-fleps,
the least significant eight being used for temporary storage of the character and the ninth being
the transfer flip-flop. A shift pulse transfers each successive bit of the character to the next
higher order flip-flop, a move at a time, putting each bit sequentially into the transfer flip-
flop. From the transfer flip-flop the bits are applied to the Teletype printer, through an output

circuit.

Clock and Frequency Divider

Operation of the Teletype receiver (LUI) requires an input clock signal whose frequency is eight
times the baud frequency of the Teletype keyboard unit. This signal is used to control the
strobing of Teletype information into the receiver during the center of each baud (which is the
most reliable time for sensing) and to control the shifting of information through the flip-flops
of the receiver. The Teletype transmitter (LUO) requires an input clock signal whose frequency
is twice the frequency of the transmitter. Clock pulses are produced by a 14,08-kc crystal
clock driving a 6-element binary counter which serves os a frequency divider to provide the

required pulse frequencies.
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Logical Functions

Keyboard and Printer

The Teletype Model 33 KSR (keyboard-send-receive) can be used to type in or print out infor-
“mation at a rate of up to 10 char/sec. Signals transferred between the 33 KSR and the keyboard
printer control logic are standard serial, 11-unit-code Teletype signals. The signals consist of
marks and spaces which correspond to idle and bias current in the Teletype and 0's and 1's in
the control and computer. The start mark and subsequent eight character bits are 1 unit of time

duration and are followed by a 2-unit stop mark.

Teletype Code

Each of the (64 type) characters and 32 control characters is represented by an 8-bit standard
ASCHl code. The Teletype 8-level code is listed in the Appendix. The teleprinter input and
output functions are logically separate, and the programmer should think of the printer and

keyboard as individual devices.

Keyboard Control

The keyboard control contains an 8-bit buffer (LUI‘) which assembles and holds the code for the
last character struck on the keyboard. The keyboard flag becomes a 1 to signify that o charac-
~ ter hes been assembled and is ready for transfer to the accumulator. This flag is connected to

the computer program interrupt and input/output skip facility and may be cleared by command.

Teleprinter Control

The teleprinter control contains an 8-bit buffer (LUO) which receives a character to be printed
from AC bits 10 through 17. The LUO receives the 8-bit code from the AC in parallel and
transmits it to the teleprinter serially. When the last bit has been transmitted, the teleprinter
flag is set to 1. This flag is connected to the computer program interrupt and input/output

skip facility. It is cleared by programmed command.
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Teletype Instructions : ' ;.

The following instructions are used for the Teletype:

KSF 700301 Skip if the keyboard flag is set to 1.
If the flag is 0, the next instruction
is executed. If it is 1, the next
instruction is skipped. The flag is
set only when a character has been
completely assembled by the buffer.

KRB 700312 Read the keyboard buffer. The con-
tents of the buffer are placed in bits
10-17 of the AC and the keyboard
flag is cleared.

TSF 700401 Skip if the teleprinter flag is set.

TLS 700406 Load printer buffer and select. The
contents of AC10-17 are placed in
the buffer and printed. The flag is
cleared before transmission takes
place and is set when the character
has been printed.

Circuit Operations

Teletype Keyboard and Printer

Complete technical information on these units may be found in the applicable instruction
manuals supplied with the computer. (Refer to the list of pertinent documents in Chapter 1 of

this manual .)

Keyboard/Printer Control

The keyboard printer control provides the required conversicn between the parallel information

used by the CP and the serial information used by the Teletypeunit. It also provides the pro-

gram flags which cause a program interrupt or an instruction skip based on the availability of

the Teletype unit. It thus controls the rote of information flow between the processor and the
Teletype as a function of the program. The control is shown on engineering drawing BS-D-649-0=2

It consists of a Type 4706 Eight-Bit Teletype Receiver (LUI) at location R2B2, a Type 4707
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.Eight-Bit Teletype Transmitter (LUO) at location R2B1, a Type 4225 Clock at location R2B4,
a Type 4225 Eight-Bit Binary Counter at location R2B3, and the KSR 33 Driver attached to the

back panel wiring of the keyboard/printer control logic panel.

Receiver {LUI) - The receiver accepts serial information from the Teletype keyboard and con-

verts it to parallel form by means of an 8-bit flip-flop register. Each typed character consists
of eight bits plus 1-unit start space and a 2-unit stop mark. As each character is typed on the
keyboard, the serial pulses making it up are fed to the KSR 33 driver and to the input of the
flip-flop register (input of the least significant flip-flop). Shift pulses (of the same frequency
as the bit frequency of the transmitted character) move each of the stored bits to the next
higher order flip-flop each time another bit (pulse) appears. When the register is filled, the
character is complete and an LUI FLG signal is produced by the keyboard flag flip~flop. When
the character is transferred to the AC, the IOT 0302 pulse clears the flag.

NOTE: An indicator lamp and a cut-out toggle switch are provided
on the handle end of the 4706 module to provide maintenance per-
sonnel with a visual indication of the flag signal and a means of
disabling the signal to prevent the reading of new characters by the
program.

An LUl ACTIVE signal, generated by the active flip-flop, is used to disable the transmitter (LUO)
when the receiver is in use so that the LUO cannot be operated until 1.5 Teletype units of time |

have elapsed aofter the last LUl operation has been sensed by the AC.

Transmitter (LUQ) - The transmitter accepts parallel information from the CP (through the ID)

and converts it to serial form by meens of a 9-bit flip-flop register. The eight bits of each
transferred character are first loaded simultaneously in the eight least significant flip-flops.

A series of shift pulses, at a frequency of 220 cps, successively shift each bit in turn info the
ninth {most significant) flip-flop. This is the transfer flip-flop. From the transfer flip-flop,
the bits are passed to the line driver, the KSR driver, and to the Teletype printer. When the .
transfer of all bits of the character has been completed, a LUO FLG sign 1 is put out by the
teleprinter flag flip-flop. When the next character is ready to be loaded into the register from

the CP, the 1OT 0402 pulse clears the flag and an 1OT 0404 pulse reloads the register.
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NOTE: An indicator lamp and a cut-out toggle switch are provided
on the handle end of the 4707 module to provide maintenance per-

* sonnel with a visual indication of the flag signal and a means of
disabling the signal to prevent the writing of new characters by the
program. ‘

A LUO ACTIVE signal, generated by the control, is used to disable the receiver (LUY) when
the transmitter is in use. The flip-flop register is provided with a power clear signal to reset

all flip-flops when the computer is initially turned on.

Clock and Frequency Divider - A 14.08-kc crystal clock producing 400-nsec positive pulses

provides the master timing source for the Teletype system. Although the actual frequencies
rec]uiréd by the keyboard and printer are respectively 880 and 220 cps, the higher frequency

of 14.08 kc is used to insure operational s'rcbilify.. The necessary frequency reduction is |
accomplished with a binary counter, consisting of six flip-flops connected in a counting chain.
Each flip-flop changes state whenever the next lower flip-flop changes from 1 to 0. Thus, the
pulse frequency of a given flip-flop output is half that of its input. Since the LUI clock input
is tapped off at the fourth tlip-flop, the 14.08-ke clock frequency will have been divided by
24, or 16, giving the required frequency of 880 cps. Similarly, the LUO clock signal is tapped
off at the sixth flip-flop, andthe original clock frequency will be divided by 26, or 64, giving
the required frequency of 220 cps.

PERFORATED TAPE READER AND CONTROL TYPE 4448

A Digitronics Model 25C0 Perforated Tope Reader and a DEC Type 444B Reader Control are
stondard equipment supplied with every PDP-7 system. The tape reader is a timed-transfer
device which senses the holes punched in 5, 7, or 8-channel paper or Mylar-base tape at a
maximum rate of 300 lines/sec. When used in the PDP-7 system, the standard iﬁpu’r medium is
8-channel tape. The reader control contains an 18-bit output register which is loaded by the
reader, together with all the logic elements necessary for starting and stopping the reader under

program control, and sensing the state of the output register,

The reader is normally mounted in the center of bay 2, immediately above the operator console.

The reader control occupies one half of a mounting panel near the bottom of boy 3 (the other

half of the panel is occupied by the punch control).
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The mechanical and electrical operation of the reader is fully described in the manufacturer's
manual which is supplied with the PDP-7 system and is identified in the list of Pertinent Documents
in Chapter 1 of this manual. Therefore, the following paragraphs describe only the logical

functions of the reader and control, and the operation of the Type 444B Reader Control.

Logical Functions

Operation of the reader is controlled entirely by the program. When the reader is selected by
the appropriate 10T instruction, the brake is released and the clutch engages the capstan to
move the tape past the photocells. The feedhole is sensed first, and generates a level transition
which causes sensing of the information channels. The sensing of information channels is de-
layed until the holes have advanced far enough to ensure that punched holes transmit the max-
imum possible amount of light to the photocells and that tape skew due to worn guides will not
cause loss of infofmofion. For each hole punched in a given line of tape, a corresponding bit
of the RB (reader buffer) is set to 1. Informotion can be read from the tape and assembled in

the reader buffer in either of two modes: alphanumeric, or binary.

Alphanumeric Mode

The alphanumeric mode, used for reading ei“ght channels of informotion, is selected by an
RSA instruction of the IOT class. Each select instruction causes one line of tape to be read

and the information to be placed in bits 10-17 of the RB. See Figure 5-3.

Binary Mode

The binary mode, used for reading 18-bit binary words, is selected by an RSB instruction of the
IOT class. One binary word occupies three lines of tape. Each select instruction causes three
successive lines of tape to be read, each line containing six bits of binary information. The

first line, con’rcinfng the most significant bits, is read into bits 12 through 17 of the RB.

The RB performs as a 3-stage, 6é-bit shift register. When the first line of tape has been read,
a shift pulse causes the contents of RB12-17 to be shifted bodily into RB6-11, and at the some
time reads the second line of tape into RB12-17. A second shift pulse shifts the contents of

the first line of tape into bits RBO-5, the contents of the second line of tape into RB6-11, and
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reads the third line of tape into RB12-17. The complete binary character is now assembled in
bits RBO-17 and the reader flag is set, indicating that the reader buffer is full. When reading
in binary mode, hole 7 is never punched; hole 8 is ignored, but a character is not read unless

this hole is punched. The tape format for binary mode is shown in Figure 5-3.

When a program is being stored by use of the READ-IN key, the processor forces the reader
into the binary mode and executes a pseudo-DAC instruction each time the reader flag is set.
If a hole 7 is punched, the processor interprets this as on instruction to stop the reader and to

execute the last 18-bit word read.

Perforated Tape Reader Instructions

RSA 700104 Select reader in alphanumeric mode.

) One 8-bit character is read and placed
in the reader buffer. The reader flag is
cleared before the character is read.
When transmission is complete, the flag
is set.

RSB 700144 Select reader in binary mode. Three
6-bit characters are read and assembled
in the reader buffer. The flag is imme-
diately cleared and later set when char-
acter ossembly is completed.

RSF 700101 Skip if reader flag is set.

RCF 700102 Clear reader flag; then inclusively OR
reader buffer into AC.

RRB 700112 Clear reader flug. Clear AC and then
transfer contents of reader buffer to AC.

Circuit Operations

The logic of the Type 444B Reader Control is shown on engineering drawing BD-D-444B-0-2.

The reader control contains two major groups of logic elements: the reader buffer (RB) and the

control logic.
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Reader Buffer (RB)

The reader buffer provides temporary storage for alphanumeric or binary characters read by the
tape reader. The RB contains two Type R203 FLIP-CHIP Triple Flip-Flops, each flip-flop having
a direct clear and a DCD set input. These modules are used in bits RBQ through RB5. For bits
RB6 through RB17, Type R202 FLIP-CHIP Double Flip-Flops are used, each flip-flop having a
direct clear input and DCD set and clear inputs. When reading in alphanumeric mode, bits
RB10 through RB17 are used. Tape characters are read direcﬂy into these flip-flops, and the
remaining bits are not used. When reading in binary mode, the input gating causes the register
to function as a 3-stage, 6-bit shift register. A simplified diagram of this configuration is shown
in Figure 5-4. After the first line of tape has been read into bits RB12 through RB17, an

RD SHIFT 1 is applied to all the DCD input gates of bits RBé through RB17. Bit RB12 then
determines the condition of bit RBé, and RB17 that of RB11, with a corresponding transfer in
intermediate bits. Simultaneously, the second line of tape is read into RB12 through RB17.
When the third line of tope is ready for reading, RD SHIFT 1 and RD SHIFT 2 pulses are gen-
erated simultaneously and applied to the DCD input gates. The RD SHIFT 2 pulse shifts the

contents of bits RBé through RB11 into bits RBO through PB5. The RD SHIFT 1 pulse operates
in the same manner as before.

The (1) output of each RB flip-flop (ground level) is inverted and appears on terminals of the
WO020 connector in location B1 and of the W021 connectors in locations B2 and B3, Three

Type R107 Inverters, each containing seven inverters, are used for this purpose. The connector
at location B1 routes the levels to indicators; the connectors at B2 and B3 provide connections

to the IC.

Control Logic

The control logic circuits generate all the levels and pulses required for starting and stopping

the reader and for producing shifts when reading in binary mode.

At power turno‘n, PWR CLR negative pulses from the CP are applied to inverter JK in module B?
(D1, 444B-0-2) and clear the RD MODE, RD RUN, and RD FLAG flip-flops. This same clearing
action is also initiated by a BGN pulse at time SP1 of a manual operation, or by an |OT 0102

pulse from the device selector. This clearing action establishes initial conditions.
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The reader is started by an IOT 0104 command pulse applied to inverter HF in module B9
(C2, 4448-0-2). This pulse appears whenever the reader is selected, and triggers a pulse
amplifier which produces a START pulse at terminal A4K. The START pulse performs three

functions:

1. It clears all the reader buffer flip-flops, together with the RD FLAG,
RD1 and RD2 flip-flops.

2. It sets the RD RUN flip-flop to 1, thereby starting the tape reader.

. 3. If bit 12 of the MB contains a 1, the START pulse triggers a DCD gate
that sets the RD MODE flip-flop to 1. When this flip-flop is in the O state,
a ground BINARY level is produced at inverter output terminal BSL
(C3, 444B-0-2) to select the alphanumeric mode. When the RD MODE
flip-flop is set to 1, a negative BINARY level appears at terminal BSL
to select the binary mode. Note that the RD MODE flip-flop may also be

set to 1 when an RPT (1)B level is established by a manual readin operation,

ACO ACH ACS ACi AcCle ACY?

T I [ 3 A A A
: L]
o (4] 1
RBO RBS
RD SMIFT 2 ——— e e e ‘
<} 1 0 1
RB6 RBN
—_—— e e e
Y
) 1 o 1
© RBI2 RBI7
RD SHIFT | 0—t — - - ———— o —
READ IN READ IN
LEVEL =L LEVEL L
HOLE 6 = HOLE =

Figure 5-4 Reader Buffer In Binary Mode
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Negative levels prbduced by 1's in the first six bits of the tape are inverted and condition the
set DCD gates of flip-flops RB12 through RB17. Ground levels produced by 0's are directly ap-
plied to the -eset DCD gates. The levels produced by holes 7 and 8 condition an additional

set of NAND gates which do not open unless strobed by an ALPHA-N pulse. The level transi-
tion produced by the feed hole causes Schmitt trigger FLR in module A3 to change state. If the
RD RUN flip-flop is set to 1, the output of the Schmitt trigger sets the delay one-shot in
module B4, The purpose of this one-shot is to delay the instant ot which the reader buffer
samples the output of the photocells until the center line of the tape holes coincides with the
center of the feed hole. There are two reasons for this. Using a correctly aligned tape, samp-
ling at the leading edge of the feed hole would take place before the other holes were central-
ized over the photocells, so that the output of the photocells would not yet have reached its
maximum value. More important, if worn tape guides have caused skew in the tape, sampling
at the leading edge of the feed hole might cause loss of information from holes 7 and 8, cs
shown in Figure 5-5. Delaying the sampling instant ensures that under tolerable conditions of

skew all photocells produce some output, so that no information is lost.

When reading alphanumeric mode, the RD STRB output pulse from the one-shot triggers a DCD
gate conditioned by a ground BINARY level, and the output of the gate causes an RD SHIFT 3
signal to appear at pulse amplifier output terminal A4U. This pulse, inverted, becomes the
ALPHA-N negative pulse which sirobes the hole 7 and hole 8 NAND gates. At the same time,
the RD STRB pulse triggers two other DCD gates conditioned by a BINARY level. One of these
gates causes generation of an RD SHIFT 1 pulse at pulse amplifier output terminal B5K; the
other causes generation of a RD SHIFT 2 pulse at terminal B5U. These RD SHIFT pulses strobe
all the DCD input gates of the RB flip-flops and read a line of tape into bits RB10 through RB17.
The ALPHA-N pulse, inverted, sets the RD FLAG flip-flop.

When reading in binary mode, the DCD gate A4P,R is disabled by the negative BINARY level,
and therefore the ALPHA-N pulse is not generated. Since the NAND gates for holes 7 and 8
are not strobed, these holes are not read. However, hole 8 is always punched, and the nega-

tive level, inverted, permits generation of the RD SHIFT signals by conditioning DCD gates
ASE,F and A5S,T.
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The RD SHIFT 2 pulse that accompanies the reading of the first line of tape sets the RD 1 flip-
~ flop. The output of this flip-flop conditions the DCD set gate of the RD 2 flip-flop, and when
the RD SHIFT 2 pulse of the second line of tape appears, the flip-flop is set. The RD 2(1)
output conditions the DCD set gate of the RD FLAG flip-flop, and when the third line of tape
is read, the accompanying RD SHIFT 2 pulse sets the RD FLAG flip-flop.

The setting of the RD FLAG flip-flop indicates to the CP that the reader buffer is full. The
positive-going level transition produced by the RD FLAG flip-flop clears both the RD MODE
and the RD RUN flip-flops. Clearing the RD MODE flip-flop reestablishes the alphanumeric
mode; clearing the RD RUN flip-flop stops the reader.

TAPE PUNCH AND PUNCH CONTROL TYPE 75D

The Teletype Tape Punch Set (BRPE) and the DEC Type 75D Punch Control are supplied with

each PDP-7 os standard equipment. The tape punch is a timed-transfer device capable of
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punching 5-, 7-, or 8-channe! tape at a maximum rate of 63.3 char/sec. In the PDP-7 system
the standard output medium is 8-channel tape. The punch control contains an 8-bit data
register, whizh is loaded from the AC through the information distributor. It also contains all
the logic elements necesﬁcry for starting and stopping the tape punch and supplying it with the

‘applicable data.

The tape punch is mounted in the center bay, above the tape reader. The punch control is

located near the bottom of bay 3.

The mechanical and electrical operation of the tape punch is fully described in the manufac-
turer's manual supplied with the PDP-7 (refer to the list of Pertinent Documents, in Chapter 1
of this manual). Consequently, the following paragraphs describe only the logical functions

of the tope punch, and the operation of the punch control.

Logical Functions

Operation of the tape punch is normally controlled entirely by the program. However, the
operator may bunch leader tape (feed hele only punched) by pressing the PUNCH FEED button
on the console or he may force on the punch power by setting the console PUNCH switch.

When the tape punch is selected by the first punch 1OT instruction, the punch is turned on and |
after a 1-sec delay (during which the punch motor comes up to speed), punching begins. Sub-
sequent punch instructions are executed immediately. The punch control functions as a buffer,
a control unit, and a solenoid and motor driver for the tape punch. When a tape punch opera-
tion is selected by an |OT instruction, a pulse establishes the operating mode of the control
{alphanumeric or binary) and causes certain of the 1' stored fn AC to be transferred io the
buffer register of the punch control via the information distributor. If the mode is alphanumeric, |
the 1's are transferred from AC bits 10-17. If the mode is binary, the 1's are transferred from
AC bits 12-17. The flip-flops containing 1's then enable a series of gates which trigger sole-
noid drivers and upon receipt of the punch command, a hole is punched in the tape in each
channel where a corresponding 1 was present in the AC. When a line of tape has been punched,
the buffer register and PUN ACTIVE flip-flops are cleared, and the PUN FLAG is set to indicate
to the CP that the punch is ready for a further punching instruction. After the last punch com-

. mand, the motor remains energized for an additional 5 sec.
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Alphanumeric Mode

The alphanumeric mode is used for punching 8-channel tape, and is selected by a PSA instruc-
tion of the |OT class. Each select instruction causes one line of tape, consisting of eight bits,
to be punched. A hole is punched in each tape channel whose corresponding bit in the AC is

a l. Afeed hole is always punched.

Binarz Mode

The binary mode is used for punching 18-bit words and is selected by a PSB instruction of the
IOT class. Holes are punched corresponding to bits 12-17 of the PB. Bit 11 (hole 7) is never
punched and bit 10 (hole 8) is always punched. This establishes the standard format for binary
information on tape. Since only six data bits are punched at a time, a complete 18-bit word

requires three lines on the tape and consequently involves three separate PSB instructions.

Tape Punch Instructions

PSA 700204 Punch a line of tape in alphanumeric
‘ mode. The punch flag is immediateiy
cleared and then set when punching is

complete.

PSB 700244 Punch a line of tape in binary mode.
The punch flag is immediately cleared
and then set when punching is complete.

PSF 700201 Skip if the following instruction if the
punch flag is set.

PCF 700202 Clear the punch flag.

The following instruction will clear the accumulator and cause a line of tape to have only the

feed hole punched:
PSA +10 700214 Clear AC and punch.

The following instruction as used on the PDP-4 is also available, but is generally replaced with

the more direct PSA.
PLS 700206 Same as PSA.
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Circuit Operations

Punch Control Type 75D may be divided into the following major functional circuit groups:
control logic, punch buffer and solenoid drivers, and motor logic. These elements are all

shown on engineering drawing BS-D-75D-0-2.

Control Logic

The operation of the punch is entirely under program control, and the control logic contains
all the circuits which interpret a punch instruction and indicate to the CP when a punching
operation is complete. PWR CLR pulses generated in the CP at turnon are oppligd to
terminal D of the connector in module B30. These pulses, inverted, trigger a pulse amplifier
in module B22, which clears the punch buffer. The buffer clearing pulses appear at ter-
minal B22K. The buffer is also clecred if an IOT 0202 command pulse and an MB15 (0) level
cause a pulse to appear at terminal B22U. -In both cases the PUN MODE flip~flop is also

cleared.

The elements which respend to program control are the PUN MODE flip-flop, which determires
whether alphanumeric or binary characters will be punched on the tape; the PUN ACTIVE flip-
flop, which starts and stops the motor; and the PUN FLAG, which is set to O at the beginning

of a punching operation and is set to 1 when the punching of a character is complete.

The PUN MODE flip-flop is cleared by an IOT 0202 command pulse. The flip-flop is set by
an {OT 0204 pulse, produced by an instruction to punch, if bit 12 of the instruction contains
a 1, specifying binary mode. When set, the PUN MODE flip-flop forces a 0 into bit 11 of
the punch buffer (hole 7) and a 1 into bit 10 (hole 8). When .fhe PUN MODE flip-flop is in
the 0 state (for alphanumeric mode) bits 10 and 11 of the punch buffer are set by the corre-
sponding bits of the AC.

The PUN FLAG and PUN ACTIVE flip-flops are cleared by an |OT 0204 pulse, produced by
an instruction to punch. When a character has been punched, a Pi'N DONE level is produced

which clears both these flip~flops and the buffer register. The PUN FLAG (1) level appears



at terminal T of the W021 connectorin location B30, dnd is routed to the break control in

the CP. The PUN ACTIVE (1) level is utilized in the motor logic.

Punch Buffer, Solenoid Drivers, and Synchronization

~ The punch buffer (PB) is an 8-bit register which provides temproary storage for information
supplied by the AC. The PB (1) levels condition the solenoid driver inbut gates. Flip-flops
PB10 through PB17 are cleared by PWR CLR pulses at power turnon, by an QT 0202 command
pulse, and by the PUN DONE signal produced after the punching of each character. The

" DCD set gate of each flip-flop is conditioned by the state of the corresponding bit of the AC
and is ?rigge'red by an 10T 0204 pulse. Thus, binary 1's are transferred from the AC into the
PB. The solenoid drivers are controlled by 2-input NAND gates.

One input of each gate is conditioned by the corresponding PB ('l) level; the other input is
enabled by a 5-msec signal generated in the synchronization circuits.  During this 5-msec
period each gate that is fully enabled causes the associated solenoid driver to energize the
solenoid, and a hole is punched in the corresponding tape position. The solenoid driver for
the feed hole punch receives only the synchronizing signal and produces a feed hole for every
operation, '

The synchronizing signal is geﬁercfed by a magnetic pickup on the punch drive shaft and appears
when the punch cams are at or near top dead center. The timing of the signal is adjustable.

The synchroniziﬁg signal triggers the Schmitt trigger in module A19, and the level transition
which appears at terminal A19F triggers the 5-msec one-shot in module A20, provided that

the DCD input gate is conditioned by a PUN READY level. In its quiescent state, this one-shot
produces a ground PUN DONE level at terminal A20V which is applied through the bus drivers
in module A21 to the solenoid driver input gates. When the synchronizing signal arrives, the
level at terminal A20V changes to —3v and causes the bus drivers to enable the solenoid driver
input gates for 5 msec, after which punching of a character is complete and the PUN DONE
level reappears. The resulting positive-going level transition clears the punch buffer and the

PUN ACTIVE flip-flop, ond seis the PUN FLAG.
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Motor Logic

The punch is turned on and off under program control, but the motor requires 1 sec to attain

full speed. To eliminate delay in the execution of successive punch instructions, it is desirable
to keep the motor running for 5 sec after a line of tape has been punched, so that a further
punch instruction can be executed immediately. The motor logic provides the required control

signals for this purpose.

The Type R302 delay one-shot at location B28 delays the execution of the first punch instruction
for 1 sec to allow the motor to come up to speed, and the Type 4303 Integrating One-Shot at
location R2B4 keeps the motor running for 5 sec after execution of the last punch instruction.

These functions are accomplished as follows:

1. If the PUN ACTIVE flip-flop is set by a punch IOT instruction, or if the
console TAPE FEED pushbutton is pressed, a PUN RQ level is produced at
terminal B27H and sets the integrating one-shot to its unstable state. The
negative level produced at the (1) terminal of the integrating one=shot is
inverted and causes a relay driver to energize relay K1, thereby starting the

moftor.

2. Punching cannot begin until a ground PUN READY level appears at
NAND gate output terminal B27N and conditions the DCD input gate of
the 5-msec one-shot of the synchronizing one-shot (refer to the explanation
of the synchronizing logic). The PUN READY level appears only when

all three inputs of NAND gate KLMN of module B27 are conditioned by the
negative levels. One of these inputs is conditioned by the PUN RQ level.
A second input is conditioned by the negative (1) level of the integrating
one-shot. The third input is conditioned by the inverted (0) level of the
1-sec delay one-shot at location B28. When the integrating one-shot is

set and starts the motor, the positive-going level transition appearing at the
(0) terminal triggers the 1-sec delay one-shot into its unstable state. The
output of the delay one-shot, inverted, disables the NAND gate in module
B27 to prevent a PUN READY level from being generated while the motor is

gathering speed.
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3. After 1sec, when the motor has attained full speed, the delay one-shot
| reverts to its stable state. The ground level which appears at the output ter-
minal B28M is inverted and causes a negative level to be applied to termi-
nal B27N. All three inputs of the NAND gate are now conditioned, and a
ground PUN READY level appears at the output of the gate.

4, After a character has been punched, the PUN DONE level transition
clears the PUN ACTIVE flip-flop, thereby producing a ground PUN RQ
level that disables NAND ‘gate KLMN of module B27 and removes the
level that held the integrating one-shot in its unstable state. The

PUN READY level disappears immediately, preventing further punching.
However, the integrating one-shot does not yet change state, and therefore
the motor continues to run. At the end of its 5-sec timing period, the
integrating one-shot reverts to its stable state, thereby causing relay K1
to be de-energized and the motor to be stopped. Note that the 5-sec
timing period of the integrating one-shot does not begin until clearance
of the PUN ACTIVE flip-flop removes the PUN RQ signal that holds ihe
integrating one-shot in the unstable state. If a further PUN RQ signal

is generated before the end of the timing period, ﬁmiﬁg action is imme-
diately halted. Thus, the integrating one-shot does not revert to its
stable state and stop the motor until a full 5-sec period has élapsed since

the last punch instruction was completed.

5-21






CHAPTER 6

OPTIONAL EQUIPMENT

AUTOMATIC PRIORITY INTERRUPT TYPE 172

The optional Automatic Priority Interrupt (API) Type 172 connects up to 16 I/O devices to the
program interrupt facility of the PDP-7 pr cessor and allows each device to initiate a program
interrupt based on a prewired priority. T:e\API provides direct identification of an interrupting
device so that the interrupt subroutine is not re(M\red to determine this by scanning device flags.
The APl also executes multilevel interrupts in whic;ﬁ a high-priority device may be granted an

interrupt that supersedes an interrupt already in progress. These functions permit more devices

to be serviced with greater speed and efficiency.

The APl occupies three mounting panels, whose location depends to some extent upon what
other options are included in the PDP-7 system. The location of each module within the panels

is shown in the APl module map, engineering drawing ML-D-172-0-5.

Block Diagram Discussion

The API consists of a control element, a priority chain, and an address selector. The real time
clock of the processor is assigned to channel 178 of the APl. The relationship of these elements

to each other and to the processor is shown in Figure 6-1.

When the APl option is included in a PDP-7 system, it is connected in place of the real-time
clock of the basic system and has a corresponding priority (lower than data break interrupt re-
quests, but higher than program interrupt requests). An interrupt request from a device con-

nected to the APl is granted if the following conditions are met:

a. The API is'in the enabled condition (by program control).

The requesting channel is in the enabled condition (by prégram control).
c. There is ho data interrupt request present or data interrupt in progress.
d. There is no interrupt in progress on a higher priority channel.

e. There is no interrupt in progress on the requesting channel.

6-1



AUTOMATIC PRIORITY INTERRUPT TYPE 172 1
T3 | SYNC R |
MB8 () -MB11(1)] CAC + PWR CLR |
op1,2,8 | PSE (1) . o' | Fuaes
! ) PRIORITY CLEAV
PWR CLR CONTROL | pak CHAIN ¢ o |  Fiacs
| pweae | o — o> 2035
Pi—wma | PLBI —MA |
INT RQ .
PROCESSOR LK gt’? I
e, | FLG FLo |
INTERFACE MAISIA | ? ’ |
THROUGH
MAITIA ADDRESS | CHAN RQ (16) RES&;&ME | /0
SELECTOR [©- - &% ' ("~ oEVICES
6.3V, 601, T __l
DATA OUT -
DATA IN
—
i 10T PULSES N
J

Figure 6-1 Automatic Priority Interrupt Type 172 Block Diagram

Each channel in the AP| system is assigned a unique, fixed core memory location (408 through
578). When an interrupt is granted, the next instruction is taken from the memory location

~ assigned to the requesting channel.

S:ontrol

The control element contains all the logic required for enabling or disabling the entire priority
system or selected channels, in response to 1OT instructions. The control element also generates
the interrupt request (INT RQ) level signal, which causes the processor to grant an API interrupt

(equivalent to a clock break in the basic system) at the first available opportunity.

Priority Chain

The priority chain contains a set of three flip-flops for each channel, designated bXX1, bXX2,
and bXX3, where XX represents the channel number.. Each bXX1 flip-flop, when set, enables
the associated APl channel. Setting and clearing of these flip-fiops is accomplished by 10T
instructions in conjunction with the content of bits 2 through 17 of the accumulator. At time
T3, a SYNC pulse opens gates which are conditioned by a bXX1 (1) level and a CH FLG
{channel flag) level. The output pulses from gates associated with enabled requesting channels
set the associated bXX2 flip-flops. The bXX2 (1) output from the highest priority flip-flop gen-

erates a CHAN RQ (channel request) level for the associated channel, and disables gates which
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prevent a CHAN RQ level from being generated by channels of lower priority. Only one
channel at a time can generate a CHAN RQ level. The channel request level generated by

tﬁe requesting channel which carries the highest priority is applied to the address selector ele-
ment, which generdtes the memory address assigned to that channel and an INT RQ (interrupt
request) level. When the processor grants an APl break, it generates a PI1 — MA pulse. The
PIT —~MA pulse sets the address generated by the address selector into the MA of the processor,
and transmits it to the APl where it sets the bXX3 (hold break) flip-flop of the requesting chan-
nel. The level transition that occurs when the bXX3 fl%p—ﬂop is set to 1 clears the device flag.
This flip-flop remains set until a DBK (debreak) pulse is generated by the control element. It

is also cleared by a CAC (clear all channels) instruction.

Address Selector

The address selector consists of four NOR gates which set 1's or 0's into bits 14 through 17 of
the MA to produce the memory address of the channel in which a CHAN RQ level is generated.
The channel address is transferred into the MA at time T1 of the APl break cycle. Circuits are
also contained in the AP| address selector that assure that MA12|A is always a 1 and MA131A

is always a 0 when the APl is granted an interrupt; hence the memory address range of 408 - 578.

Real-Time Clock

The real-time ciock consists of a Schmitt trigger, a pulse amplifier, and a clock flag flip-flop.
The Schmitt trigger input receives a 6.3 vac, 60 cps signal from a processor power supply, and
the trigger output is coupled to the pulse amplifier, which produces 100-nsec pulses at the rate
of 60 per second. Each clock pulse sets the clock flag flip-flop and, if its channel is enabled,
requests an AP break_. ‘One channel (CH 178) is assigned to the real-time clock and one is

assigned for overflow from the core memory location containing the clock count.

Logical Functions

Channel Allocation

The API provides 16 automatic interrupt channels arranged in a priority chain so that channel 00

8

has the highest priority and channel 178,has the lowest priority. Each channel is assigned a
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unique, fixed memory location in the r&nge 408 (CH 008) through 578 (CH 178). Each I/O
device is assigned a unique channel in order of device operating speed. The higher-speed de-
vices are assigned to the higher-priority channels. The priority chain guarantees that if two
or more devices request an interrupt concurrently, the first interrupt is granted to the device
with the highest priority. When this device has been serviced, further interrupts are granted

to the other devices, in order of priority.

Multi-Instruction Subroutine Mode

This mode is generally used to service an I/O device that requires control information from the
PDP-7. Such devices are alarms, slow electomechanical devices, teleprinters, punches, etc.
Each device requires a servicing subroutine that includes instructions to manipulate data and
give further instructions, such as continue, halt, etc., to the interrupting device. When an
interrupt is granted, the contents of the channel memory location are transferred to the MB and
executed. If the instruction executed is JMS Y, the system operates in the multi-instruction
subroutine mode. The contents of the program counter and the condition of the link are stored
in location Y, and the device-servicing subroutine starts in Y + 1. (Note that it is often useful
to store the content of the AC before servicing the device and to resiore the AC prior to exiting

from the servicing routine.) '

The interrupt flag is normally lowered by the 172, but can be lowered by an 1OT instruction if

desired. Program control now rests with the servicing routine.

A return to the main program is accomplished by an instruction sequence that restores the AC
and link, issues a debreak |OT, and gives a jump indirect to location Y (where the contents
of the PC prior to interrupt are stored). The debreaking IOT requires no channel designator,
since the interrupt priority chain automatically releases the correct channel and returns it to
the receptive state. This IOT normally inhibits all other interrupts for one memory cycle to

ensure that the jump indirect Y is executed immediately.

The following program example illustrates the action that takes place during the multi-instruction

subroutine mode. Assume an interrupt on channel 03.



Memory Location Instruction Operation

1000 ADD 2650 Instruction being executed when interrupt request
: occurs.

0043 JMS 3000 Instruction executed as a result of interrupt on
channel 03. The JMS determines multi-instruction
mode.

3000 -—— The link, condition of the extend mode, and the PC
are stored in location 3000.

3001 DAC 3050 First instruction of servicing routines stores AC.

3002 --- Instructions servicing the interrupting in/out device.

3003 -

3004 -—

3005 ' -—

3006 - -—

3007 LAC 3050 Restores AC for main program.

3010 DBR Debreaking 10T releases channel.

3011 JMP 1 3000 Return to main program sequence.

1001 -—- Next instruction executed from here unless another

priority interrupt is waiting.

Single-Instruction Subroutine Mode

In some instances, it is desirable for the PDP-7 to receive information from an external device
but not to send control information to the device, such as in the counting of real-time clock
pulses to determine elapsed time. The single~instruction subroutine mode simplifies programming

a counter.

An interrupt request is subject to the same conditions as in the multi—instruc’rfon mode, and the
appropriate memory location is addressed as described previously. Then the single-instruction
subroutine mode is entered if the channel memory location does not contain a JMS instruction.
Normally the instruction is ISZ. In any case, since the single instruction constitutes the entire
subroutine, the interrupt system automatically lowers the interrupt flag, debreaks the interrupt-

ing channel, and returns the channel to the receptive condition.
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If the ISZ instruction is used, the 172 acknowledges only the incrementing operation and
neglects the skip to avoid changing the contents of the program counter. If an overflow results

from the incrementing, a flag is set. This flag can be entered in another channel or the inter-

rupt system to cause a further program interrupt.

The following program coding illustrates operation in the single instruction subroutine mode.

Assume an interrupt on channel 06.

Memory Location Instruction Operation
1200 DAC 1600 Operation being executed when interrupt occurs.
0046 . ISZ 3200 Instruction executed as a result of break on chan-

nel 06. If overflow, flag is set, PC not changed.

1201 LAC 1620 Next instruction in sequence of main program.

Automatic Priority Interrupt Instructions

- The following instructions are added to the PDP-7 with the installation of the Type 172 API

option. Some instructions, for example CAC and ASC, can be microorogrammed.

Octal Code Mnemonic Operation
CAC 705501 Clecr all channels. Turn off all channels.
ASC 705502 Enable selected channel(s). AC bits 2 through 17

are used to select the channel(s).

DSC 705604 Disable selected channel(s). AC bits 2 through 17
are used to select the channel(s).

EPI ‘ 700004 Enable automatic priority interrupt system. Same
as real-time clock CLON.

DPI 700044 Disable automatic priority interrupt system. Some
as real-time clock CLOF.

1SC 705504 Initiate break on selected channel (for maintenance
purposes). AC bits 2 through 17 are used to select
the channel. .

DBR 705601 Debreak. Returns highest priority channel to recep-
tive state. Used to exit from multi-