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CHRAAPITER |

INTRODUCTION

1-1  PURPOSE AND SCOPE.

The purpose of this instruction manual is to aid personnel in the installation, operation, and
maintenance of the DEC Programmed Data Processor (PDP-1). The basic manual contains a
complete description of all portions of the standard PDP-1 and of the optional additions to

the central processor. The peripheral input-output equipment options are not treated in the

basic manual, but are instead treated in separate supplements to the basic manual.

1-2  CHAPTER SUBJECTS.

A brief summary of system use and application is presented in Chapter 2, General Description.
This chapter also contains a listing of system specifications and physical characteristics,

and a brief description of presently available options.

Chapter 3, System Function, provides a full general description of all system operations.
This chapter is written at a block-diagram level, and explains what the system does rather
than how its functions are implemented in terms of hardware. Also included in Chapter 3
is an explenation of the flow diagrams which show the actual operations performed by the

computer logic in executing the various program instructions.
Chapter 4, Installation , provides instructions for initial installation and set-up of the system.

Chapter 5, Operating Procedures, explains the use of all controls and indicators on the com-
puter control panels. This chapter also outlines the basic operating procedures for normal

computer cperation.

System logical design is described in detail in four chapters, beginning with Chapter 6,
Control. This chapter covers the general control functions of the computer, including the

sequence break system and the high-speed channel control options.

Chapter 7, Arithmetic Unit, is a detailed explanation of the registers and other logic

involved in computer arithmetic and logical operations. This chapter also includes a
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description of the optional automatic multiply/divide logic.

Chopter 8, Memory, covers the operation of the computer core-memory system. In addition,

it describes the logic included in the two memory field control options, type 13 and type 14.

Chapter 9, Input-Output System, explains the control of the standard input-output equipment
furnished with the basic PDP-1. This equipment includes a photoelectric punched tape reader,
a paper tape punch, and an automatic typewriter. (Separate maintenance manuals for these

devices are furnished with the PDP-1 computer.)

Chapter 10, Circuit Analysis, describes the function, specifications, and theory of operation

of the circuit modules used in the PDP-1 system.

Chapter 11, Maintenance, contains information useful for adjustment, calibration, trouble-

shooting, and repair of the computer.

1-3  FIGURES.

This manual includes three general classes of figures: logic diagrams, circuit schematics,

and miscellaneous figures such as photographs and block diagrams. For the convenience of
maintenance personnel, the logic diagrams are collected in a separate D-size (22" x 34™)
package. All other photographs and drawings are assembled in numerical order at the back

of the basic manual.



CHAPTER 2

GENERAL DESCRIPTION

2-1 PURPOSE OF SYSTEM

The DEC Programmed Data Processor-1 is a compact, solid-state, general purpose digital
computer offering a combination of speed, flexibility and programming power unmatched
by any other commercially available computer in its class. |t is easy to install, operate
and maintain, since it runs on ordinary 117-volt current, features simplified controls, and

has built-in marginal checking to facilitate preventive maintenance.

a SPEED - PDP-1 has five-megacycle solid state logic circuits based on Digital's
popular line of high-reliability circuit modules, a random-access magnetic core memory
with a cycle time of five microseconds, and 18-bit fully parallel processing. These
design features give PDP-1 a computation rate of 100,000 additions per second, including

two calls on memory.

b FLEXIBILITY - PDP-1 is engineered to accomodate a wide variety of input-output
equipment without internal machine changes. Standard equipment includes an alpha-
numeric typewriter for on=line input and output operations, a photoelectric tape reader,
a paper tape punch, and a one-channel automatic sequence break. Optional equipment
includes extra memory modules, a 16-channel break system, 16-inch cathode-ray tube
display, light pen, magnetic tape units and tape control units. In the standard machine,
multiply and divide are performed by subroutines augumented by the special instructions
Multiply Step and Divide Step. A fuily automatic multiply and divide unit is available

as an option.

c PROGRAMMING - PDP-1isa single-address, single-instruction stored program
machine operating on 18-bit 1's—complement binary numbers. Other equipment of
the user's own design may be connected to the computer, either through the in-out
register or a high-speed data channel which has direct access to memory. Numerous

connections for inputs, outputs, data channel interrupts and similar devices are provided.

Programming features include multiple-step indirect addressing, twelve variations of
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arithmetic and logical shifting, ten conditional instructions and three Boolean operations.

d  PHYSICAL FEATURES - The centra! processor is housed in three standard DEC
equipment frames. All controls and standard input-output equipment are conveniently
I>cated in a fourth equipment frame directiy attached to the centrai processor. No

special wiring, subfiooring cr a.v conditioning is required.

2-2  STANDARD EQUIPMENT

The equipment included in the standard PDP-1 s shown between the two horizontal bars in
figure 2-1  The cennci processor contatns the control unit, arithmetic unit, in-out tiaasTer

control, type 12 memory module, and a one-channel sequence kreak system

The type 12 memory module has a storage capacity of 4,696 18-bit words  Instructions are
carried out by the control circuits in multiples of the memary cycle time of five microseconds.
Add, subtract, deposit, and load, for example. are two-cycle instructions requiring fen
microseconds  The control unit contains all of the registeis and control circuits necessary

to execute the vaiious instructions in the program and handle the hansfer of information

between memory and the various registers within the central processor

The orithmetic unit includes an accumulator, an in-out register which doubles as an
accumulator extension, and the control ciicuits necessary to execute the various arithimetiz

and logical operations

in-out transfer contiol handles the tiansfer »f infoymation between the i' ~out register and the
vaiious peripheral devices  The one-cionnel sequence break system allows a signal from a
perip%eld"de\;ice t5 bieak the main piogram sequence  In this case a'l inform: ion nccussary
for a S;'.;'bséquenf tetuin to the main prog-am is stored in several fixed memory locations,

progtam contral then being transferred to a subioutine appropriate fo the particular in-out

device

Attached 15 the central processor is a console th hugh which the operator can manuaily
contiol the computer  The contents of all 1egisters in the central processor are displayed

in the indicato: lights on the console opeiator panel  This panel also includes the switches
through which all compute: operations are indtiated. and rthiough which the operator may
transfer test words or test addresses ints the cential piocessor  Ovher control parel features
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include: six program flags for automatic setting and computer sensing, and six sense
switches for manual setting and computer sensing. The console also includes an indicator
panel which displays the internal states of the control units for the standard in-out equipment

and for the optional 16-channel sequence break system.

The standard PDP-1 also includes three in-out devices and the associated control units
for these devices. The devices are a photoelectric tape reader, a paper tape punch and

an automatic typewriter.

2-3 EQUIPMENT OPTIONS

The central processor options and input-output options which can be added to the standard
PDP-1 are shown in the top and bottom sections of figure 2-1. The central processor options
augment the control, arithmetic, and memory elements of the computer. The input-output
options provide additional peripheral devices. Each of these devices can be added to the
standard system simply by adding the necessary in-out transfer control circuits to the

central processor.

a CENTRAL PROCESSOR OPTIONS - There are four options which may be added

to the central processor. One of these four options is a memory extension control which
allows additional type 12 memory modules to be added to the system. When additional
modulés dre added, the original type 12 memory module (located in the central pro-

cessor of the standard PDP-1) is then used as memory module O of the expanded system.

(1) Multiply/Divide Type 10 - When this option is added the instructions Multiply

Step and Divide Step are replaced by the instructions Multiply and Divide. When
either of these latter instructions is encountered in the program, the regular timing
system of the computer is halted; execution of the Multiply or Divide instruction

is controlled by a separate timing system. The order Multiply Y forms the double-
length product of the contents of the accumulator and the contents of memory
location Y. The instruction Divide Y forms the quotient of the double-length
dividend stored in the accumulator and in-out register, and the divisor contained
in memory location Y. Divide normally skips the following instruction. However,

if the division is not possible, the skip does not occur. The type 10 multiply/
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divide option performs multiplication in 14 to 25 microseconds and division in

30 to 40 microseconds (12 microseconds if division is not possibie) .

(2) Memo'fy Extension Control Type 15 - The PDP-1 memory may be expanded to

sixteen type 12 memory modules by installing a fne}nory extension control . This
expanded memory provides storage for 65,536 18-bit words. The 16-bit address
format necessary to address 65,536 (=2]6) memory locations, is provided by ex-
tending both the program counter and the memory address register from 12 to 16

bits. The 4-bit address extension then selects the module while the regular 12-

bit address specifies a single location in the selected module. In normal operation,
instructions and operands are retrieved from a single modulevc However, the program
may jump to another module, or 1etrieve and operand from another module, by
performing an extend-mode cycle . In an extend-mode cycle, instecd of being

interpreted as a 12-bit address, a deferred address is interpreted as a 16-bit address.

(3 HigH Speed Channel Control Type 19 = This option transfers entire words

directly between memory and a high-speed in-out device such as magnetic tape.
To give a high-speed channel access to memory, the main program pauses for one

~memory cycle and then continues. Three channels are available in the option.

i (4) Sequence Break System Type 20 - This automatic in;rerrupt feature allows

cencurfenf eperafien of several in-out devices and the main sequence. The system
has 16 automatic interrupt channels arranged in a priofii‘y' chain. An inferrupf‘or
break can be initiated by an in-out device at any time. When a break occurs,
the computer stores in several fixed memory locqtiens all information necessary

for a later return to the main program. Program control is then transferred to a
routine which serves the device causing the interrupt. When the Sequence Break

System Type 20 is installed, it replaces the standard one-channel sequence break

system.

b INPUT-OUTPUT OPTIONS - There are numerous regularly available input-output
options (figure 2-1). ‘Moreover, any other special equipment desired by the user can
readily be added to the system. |
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(1) Visual CRT Display Type 30 - This is a 16-inch cathode-ray tube display

mounted on a separate table. The Display command plots one point on the tube
at the position indicated by the ten most significant bits of the accumulator and

of the in-out register. Plotting a single point requires 50 microseconds.

(2) Precision CRT Display Type 31 - The operation of the 5-inch cathode

ray tube display is similar to that of type 30. However, the over-all resolution
of the type 31 is approximately four times as fine as that of the type 30. The
type 31 option comes equipped with mounting bezel to accept a camera or a

photomultiplier device.

(3) Light Pen Type 32 - This option allows information to be "written" on the

cathode ray tube. The pen detects displayed information, and each time a pulse

of light strikes the pen the pen output sets a program flag in the computer.

(4)  Card Punch Control Type 40 - This control unit operates a standard 1BM

Type 523 card-punching machine. Each card row is punched from a 80-bit

buffer which is loaded from the in-out register.

(5) Tape Transport Type 50 = The type 50 tape transport is compatible with

IBM tape formats that have a recording density of 200 seven-bit characters per
inch and an inter-record gap of three-fourths of an inch. The transfer rate is
15,000 characters per second at a tape speed of 75 inches per second. The method

of recording is non-return-to-zero.

(6) Programmed Tape Control Type 51 - The programmed control transfers in-

formation between the computer and the tape one character at a time. All transfer
operations, including error checking and assembly of characters into computer
words, are performed by routines. Some choice of tape format is allowed, including

the standard IBM format. The type 51 can control three tape units.

(7) Automatic Tape Control Type 52 - This high-speed tape control automatically

transfers blocks of characters between the computer memory and the tape. By using

the high-speed channels, it allows computation to continue while the transfer is in

N
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process. Special features include scatter-read and gather-write; automatic, bit-
by-bit read-compare with core memory; automatic lateral parity error detection
while reading and writing; and rapid tape searching by means of skipping a pre-
selected number of blocks. Tape format is standard IBM. The type 52 can con-

trol eight tape units.

(8) Automatic Line Printer and Control Type 62 - This is an on-line printing

station capable of operating at up to 1000 lines per minute. A simple one-line
buffer is used. The appropriate transfer instruction is repeated to fill the buffer,
and the order to print is then given. Following the completion of the line print,
the printer returns a completion pulse. Spacing of the paper is controlled by

any one of eight format channels.

2-4 SYSTEM OPERATING SPECIFICATIONS

GENERAL SYSTEM

Application General purpose
Timing Synchronous
Operation Parallel processing

COMPUTER WORDS
Word length 18 bits
Number length Sign: 1 bit; Magnitude: 17 bits
Instruction length
Memory reference Operation code: 6 bits including an indirect address bit;
Address: 12 bits
Augmented Variable operation code; maximum length: 18 bits

Instruction type Single address

ARITHMETIC UNIT

Internal number system Binary
Operation Fixed point

- - -]
Number range -(1-2 ]7) 2 h __g(] -2 7)



Addition time

Multiplication by
subroutine

Division by subroutine
Multiplication by option

Division by option

STORAGE
Media
Cycle time

Capacity

INPUT-OUTPUT SYSTEM
Operating Speeds

10 microseconds*

325 microseconds
440 microseconds
14 to 25 microseconds*

30 to 40 microseconds (if division is not possible, 12 micro-
seconds)*

Magnetic cores
5 microseconds

4,096 words, expandable to 65,536 words

Photoelectric Tape Reader 400 lines/second

Paper Tape Punch
Typewriter

CRT Displays
Card Punch

Tape Transport

Automatic Line Printer

Format
Reader and Punch
Tape Transport
Density
Inter-record gap
Recording

Line Printer

CONSTRUCTION

63 lines/second

9 characters/second

20,000 points/second

100 cards/minute

75 inches/second, 15,000 characters/second
600 lines/minute

5~ to 8-hole paper tape

200 7-bit characters/inch
3/4 inch
NRZ

120 columns/line, 63 characters/column

2-5 PHYSICAL CHARACTERISTICS

* Including both instruction and operand access
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The standard computer and all central processor options are housed in standard DEC bays

(welded steel frames, steel-covered). Control panels are aluminum.

MODULES
Standard DEC system plug=in units, series 1000 and series 4000.

POWER EQUIPMENT

Power supplies series 700; power controls series 800.

LOGIC
Solid state. Transistors and crystal diodes utilizing static logic levels

(0 vdc and -3 vdc).

DIMENSIONS
Standard PDP-T
Height 69 1/2 inches
Length 99 inches, including 17-inch console desk
Width 27 inches
Weight 1750 pounds
Single bay (when required for optional equipment)
Height 69 1/2 inches
Width 22 inches
Depth 27 inches
Weight 155 pounds
Additional type 12 memory modules
Weight 150 pounds each

2-6 POWER REQUIREMENTS

LINE VOLTAGE INPUT
105 to 125 volts, 60 cycles, single phase.

CURRENT CONSUMPTION
Standard PDP-1
17 amperes. With reader, punch and typewriter in use and including all central processor

options except additional memory modules, the computer requires less than 20 amperes.
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However, because the punch draws a 9-ampere surge at turn-on, the computer should be
connected to a 30-ampere line.
Additional memory modules

1.5 amperes each.

2-7 EQUIPMENT LISTING

The PDP-1 and most of its options are housed in standard DEC bays. The front of each bay
can accommodate up to 12 horizontal logic panels. Each logic panel is a 19-inch mounting
panel which can hold up to 25 of the standard DEC plug=in logic modules. Inside the double
doors at the back of each bay is an inner plenum door. The required power supplies and

power control panels are mounted on this door.

a BAYS - The Standard PDP-1 is shown in figure 2-2. The central frame containing
the central processor and the console is made up of four DEC bays bolted together. As
shown in the figure, the console (bay 11) is at the front of the computer. Extending
behind the console are bays 1, 2, and 3 of the central processor. The rear of the bays
is at the left side of the console. The plenum doors which hold the power equipment

are inside the double doors shown in the figure.

On the console are the operator control panel and the in-out and sequence break
indicator panel {under the metal cover at the top of the bay). The photoelectric
tape reader, the paper tape punch, and the reader, punch and typewriter control
logic are mounted inside the console. The typewriter is mounted on a table at the
side of the console. Most central processor options are mounted in bays 1, 2, and
3 of the central frame . Additional memory modules and all in-out options must be

housed in separate units.

b LOGIC PANELS AND POWER EQUIPMENT - The mounting panels and logic
wiring of the central frame are shown in figure 2-3. Bay 11, containing the console,
paper tape reader, and paper tape punch, is at the left. The control logic for the

reader, punch and typewriter is at the bottom of this bay .

The central processor control unit and arithmetic unit fill the major portion of bays

1 and 2. The four logic panels in the upper part of bay 3 contain the memory module;
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in-out transfer control is in the lower section  Above the in-out transfer section is a
panel for six in-out plugs. A second in-out plug parel can be mounted above the one
shown if necessary for optional in-out equipment The logic panels at the tops of the
bays contain the optional high-speed channel control and memory extension control .

The space at the bottom of bay 2 is for the mu!tiply/divide option.

Figure 2-4 shows the plenum doors on the backs of the bays. In the center of bay 3 are
the large resistors for the memory power supply At the top of bay 3 are the main power

circuit breakers and the memory power switch

The logic panels on the door of bay 1 are special 21-unit mounting panels. These four
panels contain the plug-in units for the sequence break system type 20. This arrange-
ment permits the type 20 option to be installed without adding an extra bay to the

computer. If no sequence break system type 20 is included, blank panels are provided

instead of the mounting panels

At the bottom of each bay in the central processor tbays 1, 2, and 3) are two type
728 power supplies.  These supplies provide the +10 and =15 volts dc required by the
plug-in units. (Each supply provides power for half the mounting panels in a bay.)
Bay 1 also contains an extra type 728 supply to provide power to the logic panels

at the bottom of the console bay. Note: in some machines, type 729 power supplies

are used in place of the 728 supplies

Two power supplies, type 728 or 742, are mounted at the bottom of the console door.
These two supplies furnish the =15 vdc required by the indicator lights on the console
panels. The two supplies are also connected in series to provide the 30 vdc required

by the solenoids in the punch and the typewriter .

Marginal check power supply controls are located at the top of bay 2. Behind these
controls is a variable power supply type 734  The output of this unit can be varied
from 0 to 20 vdc, and can be applied to either the +10 or -15 volt lines in any logic

panel for marginal checking the plug=in unit components.

Figure 2-5 shows the backs of the logic panels in bay 3. Part of the type 15 memory
extension control is at the top. The plug=in units in the four panels below the type

15 are the logic circuits for the memory module. The third memory panel also contains

the 4,096-word core bank . Below the memory are the in-out plugs; at the bottom is

2-10



in-out transfer control .

The inside of the bay 3 plenum door is shown in figure 2-6. At the bottom of this
door are the two type 728 power supplies that provide power for the logic in the bay.
Above the 728 supplies, is the memory power supply type 735. At the top of the door
is the type 813 power control panel, containing delays and isolating circuits for the
power switches. A similar panel is mounted at the top of the console plenum door

to control the punch motor.

The following table lists the mounting panel and power equipment requirements for
the standard PDP-1 and the central processor options. All mounting panels except
those used in the 16-channel sequence break system are type 1914 19-inch panels.
These panels can each hold 25 system plug-in modules. The figure numbers in the

table refer to logic panel and power equipment layout drawings.

(1) Standard PDP-1

Space requirement 4 bays
Logic panels (figure 2-7)
Control unit and arithmetic
unit 28 mounting panels

One channel sequence

break system 1 mounting panel (1L)
Memory module type 12 4 mounting panels (3A to 3D)
In-out transfer control 2 mounting panels (3H, 3J)

Reader, punch, typewriter
control 3 mounting panels (11A to 11C)
Power equipment
(figure 2-8) 7 power supplies 728 or 729
1 variable power supply 734
| power supply 735
2 power supplies 728 or 742
1 power control panel 813
1 power control panel 812

1 marginal check switch panel
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(2) Central Processor Options (only those which can be mounted in the central

frame and require no extra power equipment, figure 2-7.)

Multiply/Divide Type 10 2 mounting panels (2K, 2L)
Memory Extension Control

Type 15 3 mounting panels (2Y, 2Z, 3Y)
High Speed Channel

Control Type 19 2 mounting panels (1Y, 1Z)

Sequence Break System

Type 20 (figure 2-8) Four 21-unit mounting panels type 1916, in rear of
bay 1 (R1A to RID)

(3) Additional Memory Modules Type 12

Logic panels 4 mounting panels
Power equipment 1 power supply 728

1 power supply 735 Note: three memory modules
may be placed in one bay. In this case only one
728 power supply is needed for the entire bay.

c  MODULE LIST - The following list includes all the plug-in modules required by the
standard PDP-1 and central processor options. For convenience the requirements for
the type 12 memory module are listed separately from the rest of the standard central
processor requirements. Following the list for the standard PDP-1 the various options are

listed in order by type number.

(1) Central Processor - (includes standard in-out transfer control, but not the

memory module. Numbers in parentheses indicate requirements for the one-channel
sequence break system. These numbers should be added to the requirements for the

standard central processor, unless a sequence break system type 20 is included in the

computer.)

Type Quantity Type Quantity
Inverter 1103 65 Inverter 1105 83(1)
Inverter 1103R 8 Diode 1110 6
Inverter 1104 46(1) Diode 1111 10(1)
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Type " Quantity . Type Quantity

Binary-to-octal- Diode 4110 (2
decoder 1150 9 Diode 4112 | :
Flip-flop 1201 32 Diode 4113 1
Dual flip-flop 1204 19 Diode 4113R . 8
Dual flip=flop 1209 17 Capacitor-diode
Delay 1304° \ ] 4129 - 10*
Delay line 1310 9 Dual flip-flop
Delay line 1311 3 4209 @
Pulse generator 1410 1 ﬁ::i!';ﬂe Flip- !
Pulse amplifier 1607 24 Delay 430'] 1)
" Bus driver 1684 11 Clock 4401 :
Bus driver 1685 7 Pulse generator
Inverter 4105 2 4410 5
~ Inverter 4106 2 Pulse amplifier
Inverter 4106R 1 4603 » 26(1)
(2) 4096 Word Memory Module Type 12
Iinverter 1103R 7 Power supply confrol
Inverter 1104 ] | :jg;l)fi;:;%c))wer !
%u]o?)druple flip-flop | Read/write switch
1972 32
Delay line 1310 1 Memory driver
Sense amplifier 1540 18 1973 2
Pulse amplifier 1607 - ] Resistor board 1976 16
Inhibit driver 1982 5 Resistor board 1978 3

(3) Reader, Punch, Typewriter Control

Indicator driver 1669 5 Inverter 4105 7
Switch filter 1703 2 Inverter 4106 2

* If required for optional input-output equipment, a second row of nine additional 4129
plug=in units may be installed in the in-out input mixer.



Type Quantity Type Quantity

Diode 4110 5 Quadruple flip-

Diode 4111 1 flop 4214 ?
Diode 4113R 3 Delay 4301 7
Capacitor-diode 4126 1 Pulse generator4410 5
Capacitor-diode 4128 9 Pulse amplifier4603 5
Flip=Fflop 4201 9 Solenoid driver4680 6
Dual flip-Flop 4209 3 Solenoid driver4681 3

(4) Multiply / Divide Type 10

Inverter 1105 10 Delay line 1310 3
Inverter 1104 ] Delay line 1311 7
Diode 1111 4 Pulse amplifier
Flip=Fflop 1201 5 1607 12
Dual flip~flop 1209 1 Diode 4113 2
(5) Memory Extension Control Type 15
Inverter 1103 10 Dual flip-flop 1209 4
Inverter 1104 ] Pulse amplifier

*
Diode 1110 10 1607 10
Binary-to-octal decoder Bus driver 1684 13
1151 1
(6) High Speed Channel Control Type 19
Inverter 1103 2 Pulse amplifier
Inverter 1103R 1 1607
Inverter 1104 | Bus driver 1685
Inverter 1105 3 Inverter 4105

. Capacitor-diode

Dual flip-flop 1209 2 e ;;' 17
Pulse amplifier 4603 10
(7) Sequence Break System Type 20
Inverter 1103R 8 Inverter 1105 1
Inverter 1104 4 Diode 1111 8

* Add one 1607 for each additional memory module.
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Type

Inverter 4106

Diode 4113
Capacitor-diode 4126
Capacitor-diode 4128

Quantity

2
4
4

16’

Type

Quadruple flip-
flop 4214

Delay 4301

Pulse amplifier
4603

Quantity

16



CHAPTER 3

SYSTEM FUNCTION

3-1 LOGICAL ORGANIZATION

The logical configuration of the standard PDP-1 is shown in figure 3-1. The computer logic is

divided into four parts: control unit, arithmetic unit, memory and input-output system.

a  CONTROL UNIT - The control unit of the computer governs the timing of all computer
operations, the information transfers within the central processor, ~nd the operation of the
various registers. The controi unit includes three internal registers, IR, PC and MA, and

two console switch registers, TA and TW

The operation code of each instruction is decoded from the five-bit instruction register into
one of 32 alternate command levels. These command levels govern the execution of the
instruction . Each instruction word is retrieved from the memory location specified by the
contents of the 12-bit program counter, PC. During the execution of each instruction the
program counter is advanced one position; consecutive instructions are thus taken from con-
secutive memory locations  Every memory access is made to the location specified by the
contents of the 12-bit memory address register, MA. The MA register is loaded from the
program counter for instruction retrieval, and from the address portion of the instruction
word {in the memory buffer register) for deferred address retrieval and for memory reference.
The operator can manually provide addresses and data words for use by the computer through
two switch registers on the console contiol panei: the address register, TA, and the test

word register, TW.

In addition to these registers the control unit also includes six program flags, the console
switches, a one-channel sequence break system, and the control logic. The control logic
contains the timing system of the computer and all of those control flip-flops and logic nets
which govern computer cycles, information transfers, and the operation of computer registers.
All central processor options, except additional memory modules, are expansions of the basic

control unit .
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Most elements of the contro! unir are described in paragraphs 3-2 and 3-3 below. However,
those elements of contro! that are directiy associated with the arithmetic unit, the memory,
and the in-out equipment are described in conjunction with those units (paragraphs 3-4, 3-5

and 3-6, respectively).

b ARITHMETIC UNIT - The arithmetic unit includes three 18-bit registers, the accumulator,
the in-out regisier, and the memory buffer register  Each of these registers holds an entire

18-bit computer woid

The memory bufier register. MB, seives two distinct fuactions. a memory function, and an
arithmetic function  All transfers of information between memory and the other parts of
the computer are made through MB. The memory buffe: is used in the arithmetic unit as a
passive register, that is, it serves oniy to hold the operand in arithmetic and logical in-
shuctions.  iThe MB register takes an active role only in the optional automatic Divide

instruction

The accumulator, AC, is the major register in the arithmetic unit. The accumulator input
iogic includes transfer, shift, logical, and arithmetic gating  The accumulator is used in
the execution of aii logica! and arithmetic instructions Furthermore, the result of all such
instructions always appears in the accumulator  The accumulator input gating allows the
computer to peiform the logic functions AND, inclusive OR, exclusive OR, and negation,
and the arithmetic operation of addition. All other arithmetic operations are performed

by using combinations of negation and addition. The individual bits of the accumulator can
be shifted in eithe: direction; the ends of the accumulator can also be joined to produce

a cyclic shift o rotation.

The transfer of information to and from the peripheral devices is made through the in-out
register, 10. Moreover, this register also serves as the maltiplier-quotient register in the
arithmetic unit  During multiplication and division the in-out register serves as an 18-bit
right~hand extension .~ the accumulator for double-length products and dividends. The
individual bits of IO can be shifted or rotated in either '+ ection and the combination of

AC and 10 con also be shifted or rotated as o single 36-bit register

¢ MEMORY - The memory of the standard PDP-1 consists of one memory module, type 12.
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The type 12 moduie is a magnetic-core coincident-current memory containing 4,096
eighteen-bit words The memory of PDP-1 can be readily expanded by adding more type 12
memory modules. Such expansion, however, requires addition of a memory extension con-

trol type 15 to the control unit

During each five~microsecond memory cycle access is made to the memory location specified
by the contents of the 12-bit memory address register (4,096 = 2 ]2)3 The word read from
memory is transferred into the memory buffer Since the read operation is destructive, the
word contained in the memory buffer must be written back into the core memory during the
same cycle. In preparation for the deposit of new information in memory, the memory

buffer is cleared after the read operation. The new information is then transferred into

MB and written into the addressed memory location by the write portion of the memory cycle.

d INPUT-OUTPUT SYSTEM ~ The input~output system of the standard computer includes

in-out transfer control, three input-output devices and the control units for these devices,

The three standard devices are a paper tope punch for output, a photoelectric tape reader

tor input, and a typewriter for both input and output.

The command level for instructions in the in-out transfer group is applied to in-out transfer
control fiom the instruction decoder. [n-out transfer control decodes the secondary op code
tbits 12 to 17) into commard pulses for the appropriate control unit. All transfers of data
between the computer and the control-unit buffers are made through the in-out register, 1O.
Data transfers between a device and its associated control unit are usually performed auto-

matically ofter receipt of a command pulse from in-out transfer control.

When optionai irput-output equipment is added to the computer, in-out transfer contiol
must be expanded to provide the additional command pulses which are necessary  Like the
standard in~out devices, each optional device includes its own control unit, The method

of data tiansfer and the manner in which command pulses are used depends on the device
and the type of contiol unit. For example, with the automatic tape control unit type 52,
control information goes through the in-out register, but data is transferred directly between

memory and the contro! unit through a high-speed channel.
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3-2 PROGRAM EXECUTION

This paragraph describes the instruction repe-toire of PDP-1 and those elements of contro! which

govern the execution of the program.

a NUMBER SYSTEM - PDP-1 is a fixed-point machine using binary arithmetic. Negative
numbers are represented as the 1's complements of the positive numbers. Bit O is the sign
bit, which is O for positive numbers. Bits 1 through 17 are magnitude bits, bit 17 being
the least significant. The actual position of the binary point may be arbitrarily assigned
to best suit the problem at hand. Two common conventions in the placement of the point
are:

The binary point is placed to the right of the least significant bit, thus numbers

represent intege-s.

The binary point is placed to the right of the sign bit, thus numbers represent frac-

tions between =1 and +1.

The conversion of decimal numbers into the binary system for use in the computer, and the
output conversion of binary numbers into the decimal system, may be performed automati-
cally by subroutines.  Operations for floating-point numbers are handled by interpretive
programming or subroutines. The utility program system provides for automatic insertion

of the routines required to perform floating-point operations and number-base conversion.

b INSTRUCTION FORMAT - There are two classes of PDP-1 instructions: memory reference
instructions and augmented instructions. Memory reference instrictions need access to mem-
ory for an operand; they therefore require two memory cycles for their execution. Ausgmented
instructions have no operand, and for this reason are performed in one memory cycle. In the
augmented instructions, the bits used to address the operand in the memory reference instruc-

tions are instead used to augment the control capability of the instructions. The augmented

instructions are thus those instructions having augmented operation codes.

There are also three instructions which fall into neither of these classes. These three in-
structions use their own address portions as operands and hence are similar in execution to the
memory reference instructions. Because these three instructions require no actual access to

memory, they are executed in a single cycle.
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The two major classes of instructions, memory reference instructions and augmented instructions,
can each be further subdivided into four groups. Memory reference instructions include arith-
metic instructions, logical instructions, data handling instructions, and program control in-
structions. The augmented instructions include shift instructions, skip instructions, operate

instructions, and in-out transfer instructions

The three instructions which are neither memory reference instructions nor augmented instruc-
tions include one data handling instruction (law) and two program control instructions (jmp

and jsp).

The instiuction words for memory reference instructions require both an operation code and a
memory address. The op code (bits 0 through 5) specifies the particular operation to be
performed. The location in memory to which reference must be made is specified by the

memory address portion, Y 'bits 6 through 17).

Bit 5 of the op code is the indirect address bit. This bit is normally 0. if bit 5 is 1, the
original address Y of the instruction is not used, as it usually is, to locate the operand,
jump location, deposit location, etc. of the instruction. Instead, the address portion of the
instruction is ther used to locate a memory register that contains a new address. This new
address is used in place of the address portion of the . ! instruction  This indirect

addressing technique frequently expedites the programming task .

An instruction which uses an indirect address is called a "deferred" instruction because the
actual operation which the instruction performs is deferred until the new address is retrieved
from memory. Thus in o deferred i-s:io+" o, Y is not the location of the operand, but the
location of the location of the operand. If the memory register containing the new address
also has @ 1 inbit 5. the indirect addressing procedure is repeated and a third address is
located. There is no limit to the number of times this process can be repeated in normal
operation. However, if the computer includes a memory extension control and is operating

in the extend mode, indirect addressing is limited to a single level .

Note that a deferable instruction requires two of the 64 operation codes. The code as given
in the instruction list is an even number, that is, with O in the indirect address bit. The
following odd number is the op code for the same instruction with indirect addressing, that

= owith 1 inbit 5,



Augmented instruction words use the entire word as an operation code . Thus the entire class
of augmented instructions uses only eight of the available 64 primary op codes to perform

a very large number of instructions. The instructions under each pair of primary op codes are
referred to as an instruction group. There are, for example, 12 variations of shift and rotate
instructions in the shift group. The instruction words for shift/rotate operations use bits 0
through 8 as the operation code; the number of 1's in bits 9 through 17 determine the number

of shift or rotate steps *o be performed by the instruction

In the skip group. a 0 indirect address bit indicates that the skip shall take place it the con-
dition specified by the address portion of the instruction is satisfied . However, if the indirect
address bit is 1, the skip occurs if the condition is not satisfied. In the operate group, the
indirect address bit s ignored and bits 6 through 17 specify the particular function to be per-

formed by the operate instruction

In the in-out transfer group, the primary op code is six bits. Irn these instructions a secondary
op code (bits 12 through 17) specifies the porticular in-out transfer instruction while bits 6

through 11 provide various types of control information necessary for the execution of the in-
struction. If the indirect address bit is 1 the computer waits for the completion of the trans-

fer before continuing the program.

¢ COMPUTER CYCLES - All instructions except the optional automatic Multiply and Divide
are performed in multiples of the basic five-microsecond memory cycle. During cycle zero
of each instruction, the instruction word is retrieved from memory. Augmented instructions
are completed during this single memory cycle. Note however, that during cycle zero of

an in-out transfer instruction the only function performed by the central processor is the
generation of the appropriate command pulses. These pulses are applied to the device con-
trol unit. The actual transfer of information may occur much later. The computer can

either continue the program and return to the operation at a later time or perform an in-out

wait until the transfer is complete.

In memory reference instructions cycle zero is followed by cycle one. During cycle one,
the operand is retrieved from or deposited in memory and the operations required by the in-

struction are completed.

There are, in addition to cycle zero and cycle one, several special cycles. If an instruction
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is deferred at the completion of cycle 710 the computer goes into a defer cycle. During this
cycle the address portion of the instruction is used to retrieve from memory a new address for
the instruction operand. The defer cycle may be repeated as many times as is required by the
instruction (b above). After the required number of defer cycles has been completed, the

computer proceeds into cycle one and completes the instruction.

There are also several special cycles which allow interruption of the program by in-out devices
through the sequence break system or a high-speed channel. When a sequence break is in-
itiated, the computer enters break cycle one. During this cycle, the contents of the accumu-
lator are stored in a memory location fixed by the number of the channel through which the

break is made.

Upon the completion of break cycle one the computer performs, in succession, break cycles
two and three. In these cycles the contents of the program counter and the in-out register
are deposited in the second and third succeeding memory locations. At the end of break
cycle three the computer returns to cycle zero and performs the instruction contained in the

fourth memory location.

When a high-speed in-out device requires access to memory the computer switches into the
high-speed channel cycle. This cycle merely interrupts the program for one memory cycle
while access is made to memory through a high-speed channel. After a word has been de-
posited in memory or retrieved from memory through one of the channels, the interrupted

program is resumed .

d INSTRUCTION CONTROL - During each cycle zero an instruction word is read from
memory into the memory buffer register. Bits 0 through 4 of the instruction are then
transferred to the instruction register. There they are decoded to determine the operation
code. The decoder has 32 outputs numbered in accordance with the instruction op codes.
(The indirect address bit is taken as 0.) Thus the 32 output command levels from the decoder
are numbered 00, 02, 04, and so on by even numbers through 76 (octal). For each specific op
code in IR, only one of these 32 command levels is asserted. The single asserted command
level gates the central processor control circuits that carry out required operations for the

selected instruction.

Although bits 0 thiough 4 must be transferred to IR, the other operation bits of the
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instruction are wtilized directly from the memory buffer register. If the command level indi-
cates an augmented inst-uction, bits MBS-17 are decoded to determine the type of shift,

the number of shift steps, the type of in-out transfer, and so forth.

If the instruction is deferable, a 1in MB_ couses the defer flip-flop to be set. This causes the

5
computer to go into the defer cycle and retrieve o new operand address. After this new address
is transferred into MB the deter bit is again checked and, if it is 1, another defer cycle is exe-
cuted. This process is repeated until a O defer bit occurs. Then the computer goes info cycle

crie and the address contained in MB is used for the memory reference Of course, if a

6-17

memory reference instruction is not defeired, the computer goes directly info cycle one from

cycle zero.

There are several op codes which are rot currentiy used for any instruction. [f one of these

unused op codes is selected, the computer halts at the end of cycle zero.

e PROGRAM CONTROL - At the beginning of each cycle zero the contents of the 12-bit
program counter are transferced into the memory address register. The current instruction in
the program is then retrieved from the memory location addressed by the contents of MA.
After the address transfer the contents of the program counter are incremented by 1 This
causes the next instruction to be taken from the succeeding memory location during the

following cycle zero. Besides counting main program locations, the program counter also

counts the memory locations used by the break cycles.

During a skip instruction, if the skip condition is satisfied the program counter is advanced
one extra position. This causes the program to skip the next instruction in normal sequence.
The skip instructions can sense the states of various registers and flip-flops of the program-

controlled program flags, and of the operator-controlled sense switches.

The program counter can be counted down as well as up. This allows the counter to return
to the same position during every cycle of an in-out woit, i.e., while waiting for an in-out
transfer to be compicted  The program counter is counted down by 1 to return to the be-
ginning of an instructior when a sequence break or a high-speed channel break interrupts
the program in the middle of an instruction. The computer must start the instruction over

again after the break has been completed.
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Program control is transferred to a new location by loading a new address into the program
counter. The counter is loaded from the memory buffer on most program transfers; it is loaded
from the address switch register for console operations; and it is loaded from the memory address

register for sequence breaks and certain subroutine-calling transfers.

f CONSOLE CONTROL - The states of all central processor registers and control flip-flops
are shown in indicator lights on the console. The console control panel also includes the
switches through which the operator exercises control over the computer. These switches
allow the operator to start and stop computer operations, to control the mode of operation,
to specify program control information that can be sensed by the computer, and to specify
test words and addresses to be used by the computer. The initiation of any operation from
the console is timed by a chain of special pulses, SP] through SP4, After the completion

of this special pulse chain the regular memory=-cycle timing system of the computer begins.

The computer has six modes of operation  In the normal program-running mode one memory
cycle follows another without interruption until the computer is halted by either the pro-
gram or the operator. If flip~flop rim is set the computer enters the read-in mode. In this
mode, the computer performs the console operation Read In by alternating the special pulse

chain and the memory cycle.

There are two manual modes: the single-cycle mode and the single-instruction mode. These
are controlled by the SINGLE STEP and SINGLE INST switches. In the manual modes,
operations are begun from the console in the normal manner, but the computer halts at the
end of the first memory cycle (single step) or the end of the first complete instruction (single
instruction)  During any operation the computer must be in one and only one of the above
four modes. In addition, there are two other modes which are not exclusive. These are

the sequence-break mode and the extend mode .

While in the normal, single-cycle, or single~instruction mode the computer may also be in
the sequence-break mode, if desired by the programmer or operator. When in the sequence-
break mode (flip-flop sbm is 1) the normal program sequence may be broken by external
signals through the sequence break system. The computer cannot be in the sequence-break

mode while in the read-in mode.
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If the computer includes a memory extension control, there is also a sixth mode of opera-
tion, the extend mode While the computer is in any of the other five modes it may also
be in the extend mode iflip-flop EXD is 1} Th's mode is controlied by the EXTEND switch
In this mode indirect addressing is limited to one level, but a deferred address is interpreted
as a 16-bit address instead of the usual 12-bit address  This cliows the program to jum: fo

another memory module or to retrieve an operand from another memory module.

Console contro! of computer operations is exercised through six operating switches. Five of
these console functions initiate computer operations. the sixth halts the computer, The con-

sole functions are as follows:

Start

The computer starts normal ope-ation in cycle zero  The first instruction is taken from the
memory location oddressed by the address switches The START switch has two on positions.
If the switch is pushed up the computer enters the sequence-break mode before starting; if
the switch is pushed down the computer leaves the sequence-break mode. When the switch
is pushed either way the computer also enters the extend mode if the EXTEND switch is on.

Start also initiates the first cycle of operatior ir the manual modes

Continue
The computer resumes normal operation af the state indicated by the console lights. Con-
tinue also initiates each cycle or instruction after the first in the monual modes. Note:

This console operation cannot be used when the computer is in the read-in mode

Examine
The contents of the memory register addressed by the address switches are displayed in the

accumulator and memory buffer lights on the console

Deposit
The test word indicated by the console switches is deposited in the memory location addressed

by the address switches.

Read In

The computer enters the read-ir mode and reads data from paper tape. Of each pair of

words read the computer deposits the second word ir the memory register specified by the address
portionof the first word. At the completion of Read Inthe computer either halts or begins normal

operation at a memory location specified by the address portion of the final word read from the
P y y po
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tape. If the EXTEND switch is on the computer enters the extend mode before beginning

normal operation.

Stop
If in the normal mode the computer halts at the end of the current memory cycle. If performing

Read In the computer halts after reading the first word of the current pair of words from the tape.

g INSTRUCTION LIST - This list includes the title of the instruction, the normal execu-
tion time (i.e., without indirect addressing), the mnemonic code, the operation code, and
a short description of the instruction. In the following list the contents of a register are in-
dicated by C(). Thus C(Y) means the contents of memory location Y; C(AC) means the
contents of the accumulator. A specific bit of a register is indicated by a subscript number

following the symbol for the register. Thus IO]7 represents bit 17 of the in-out register.

Deferable instructions are indicated by an asterisk (*). The operation code for these in-
structions is given with a 0 in the indirect address bit. When the instruction is deferred,

1 must be added to the given operation code.

Arithmetic Instructions (Note: none of the following instructions can result in an answer of -0 2

Add (10 psec) add Y Operation Code 40*
The final C(AC) are the sum of C(Y) and the original C(AC); C(Y) are unchanged. The
addition is performed with 1's complement arithmetic. If the sum exceeds the capacity of

the accumulator, the overflow flip-flop is set.

Subtract (10 psec) sub Y Operation Code 42*
The final C(AC) are the original C(AC) minus C(Y); C(Y) are unchanged. The subtraction
is performed with 1's complement arithmetic. If the difference exceeds the capacity of the

accumulator, the overflow flip-flop is set.

Multiply Step (10 psec) mus Y Operation Code 54*
This instruction is used in the multiply subroutine. If IO]7 is 1, C(Y) are added to
C(AQ); if IO]7 is 0, the addition does not occur. In either case, C(AC) and C(1O) are

shifted right one place. This shift clears ACOD

Multiply (14 to 25 psec) mul Y Operation Code 54*

(This instruction replaces mus Y if machine includes the automatic Multiply/Divide Type 10)
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The product of C(AC) and C(Y) is formed in AC and 10, The sign of the product is in
both. AC0 and IO,,.|7. The magnitude of the product is the 34-bit string from AC] through ~

IO.‘6. The C(Y) are not affected by the instruction.

Divide Step (10 psec) dis Y Operation Code 56*
This instruction is used in the divide subroutine. The C(AC) and C(10) are rotated left

L]

one place, with the complement of ACO replacing C(IOW). If IO17 is 1, C(Y) are

subtracted from C(AC). If IO]7 is 0, C(Y) + 1 are added to C(AC).

Divide (30 to 40 psec if division possible, otherwise 12 psec) div Y Operation Code 56*

(This instruction replaces dis Y if machine includes the automatic Multiply/Divide Type 10).
The dividend must be in AC and 1O with |00-16
the accumulator. 10, is ignored. The divisor is C(Y). At the completion of the instruction,

17
C(AC) are the quotient and C(IO) are the remainder. The sign of the remainder is the sign

forming a 17-bit magnitude extension of

of the dividend. If the division is performed, the next instruction in sequence is skipped.
If the division is not possible, C(AC) and C(10) are unchanged and the computer performs

the next instruction in sequence. The C(Y) are not affected by the instruction.

Index (10 psec) idx Y Operation Code 44*
The C(Y)fare replaced by C(Y) + 1. The C(Y) + i are left in the accumulator. The

previous C(AC) are lost. Overflow is not indicated.

Index and Skip if Positive (10 psec) isp Y Operation Code 46*

The C(Y) are replaced by C(Y) + 1. The C(Y) + 1 are left in the accumulator. The previous
C(AQC) 'ar.e lost. If, after Hwé addition, C(Y) + 1 are positive, the program counter is
advanced one extra position and the next instruction in sequence is skippéd. Overflow is

not indicated.

Logical Instructions

Logical AND (10 psec) and Y Operation Code 02*
The bits of C(Y) operate on the corresponding bits of C(AC) to form the logical AND. The

result is left in the accumulator. The C(Y) are unaffected.

Inclusive OR (10 psec) ior Y Operation Code 04*
The bits of C(Y) operate on the corresponding bits of C(AC) to form the inclusive OR.
The result is left in the accumulator. The C(Y) are unaffected.

3-12



Exclusive OR (10 psec) xor Y Operation Code 06*
The bits of C(Y) operate on the corresponding bits of C(AC) to form the exclusive OR.

The result is left in the accumulator., The C(Y) are unaffected.

Data Handling Instructions

Deposit Accumulator (10 psec) dac Y Operation Code 24*
The C(AC) replace C(Y) in memory. The C(AC) are unchanged; the original C(Y) are lost.

Deposit Address Part (10 pusec) dap Y Operation Code 26*
Bits 6 through 17 of C(AC) replace the corresponding bits of C(Y). The C(AC) and
C(YO-S) are unchanged; the original C(Y6-17) are lost,

Deposit Instruction Part (10 psec) dip Y Operation Code 30*
Bits O through 5 of C(AC) replace the corresponding bits of C(Y). The C(AC) and
C(Y6-17) are unchanged; the original C(YO-5) are lost.

Deposit In-out Register (10 psec) dio Y Operation Code 32*
The C(10) replace C(Y) in memory. The C(10) are unchanged; the original C(Y) are lost.

Deposit Zero in Memory (10 psec) dzm Y Operation Code 34*

The contents of mémory location Y are replaced by zero (i.e. memory location Y is cleared).

Load Accumulator (10 psec) lac Y Operation Code 20*
The C(Y) are’placed inthe accumulator. The C(Y) are unchanged; the original C(AC)

are lost.

Load In-out Register (10 psec) lio Y Operation Code 22*
The C(Y) are placed in the in-out register. The C(Y) are unchanged; the original C(10)

are lost.

Load Accumulator with N (5 wsec) law N Operation Code 70 law -N Operation Code 71
The number in the address portion of the instruction word is placed in the accumulator.
If the indirect address bit is 1 (operation code 71), the complement of N (=N) is put in

the accumulator .

Program Control Instryctions

Jump (5 psec) jmp Y Operation Code 60*
The address Y replaces C(PC); The next instruction in the program is then taken from
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memory location Y. The original C(PC) are lost.

Jump and Save Program Counter (5 psec) jsp Y Operation Code 62*

The C(PC) are transferred to the accumulator. When the transfer takes place, the
program counter holds the address of the instruction following the jsp in normal sequence.
The address Y then replaces C(PC) and the next instruction in the program is taken

from memory location Y. The original C(AC) are lost.

Jump and Deposit Accumulator (10 psec) jda Y Operation Code 17
The C(AC) are deposited in memory location Y. The C(PC) are then transferred to the
accumulator and the program next executes the instruction in memory location Y + 1.

This instruction is equivalent to dac Y, followed by jsp Y + 1.

Call Subroutine (10 psec) cal Operation Code 16
Call Subroutine is equivalent to the instruction jda 100. The address portion, Y, is

ignored. This instruction may be used as part of a master routine to call subroutines.

Skip if Accumulator and Y Differ (10 psec) sad Y Operation Code 50*
The C(Y) are compared with the C(AC). If the two numbers are different, the program

counter is indexed one extra position and the next instruction in sequence is skipped.

The C(AC) and the C(Y) are unchanged.

Skip if Accumulator and Y are the Same (10 psec) sas Y Operation Code 52*
The C(Y) are compared with the C(AC). If the two numbers are identical, the program

counter is indexed one extra position and the next instruction in sequence is skipped.

The C(AC) and C(Y) are unchanged.

Execute (5 psec plus time of instruction executed) xct Y Operation Code 10*

The instruction in memory location Y is executed. The program counter remains un-
changed (unless a jump or skip were executed). Execute acts exactly as though the
instruction being executed replaced the Execute instruction in the program. Execute
may be indirectly addressed, and the instruction being executed may also use indirect

addressing. An xct instruction may execute other xct commands.

Augmented Instructions

Shift Group (5 psec) sft Operation Codes 66, 67
This group of instructions rotates or shifts the accumulator and/or the in-out register.

3-14



When the two registers are combined the in-out register is considered to be an 18-bit

magnitude extension of the accumulator.

Shift is an arithmetic operation and is, in effect, multiplication of the number in the

register by ZiN, where N is the number of shifts. Plus is left and minus is right. Shift
may also be considered as an information transfer from bit to bit in a register. Transfer
of C(ACn) infg Acn_] is left; C(ACn) into ACn+'I

and information shifted out of either end of the register is lost.

is right. The sign bit is not affected

Rotate is a nonatithmetic, cyclic shift. That is, the two ends of the register are
logically joined together and information is rotated as though the register were a ring.

The sign bit is included and no information is lost.

The full operation codes of fhes\é instructions are actually nine bits. If the defer bit is
0 (op code 66) the bits are sHiffed to the left; if the defer bit is 1 (op code 67) the bits
are shifted right. Bits 6 through 8 of the instruction are decoded to determine the type
of operation c‘nd ’rhe reg.isi'er operated upon. If bit 6 is 0, a shift is performed; if 1,
a rofo’ré is pevrformed'; If bit 7 is 1, 10 is affected; if bit 8 is 1, AC is affected. If

bits 7 and 8 are both 1, the instruction acts on the combination of the registers.

The number, N, of shift or rotate steps performed is determined by the number of 1's
in bits 9 through 17 of the instruction word. Thus, Rotate Accumulator Right nine
times is 671777, A shift or rotate of one place can be indicated nine different ways.

The usual convention is to use the right end of the instruction word (rar 1 =671001).

In the following list the titles of the instructions describe the operations performed.
All instructions require five microseconds and the bits are shifted N positions. The

full operation codes are given.

Rotate Accumulator Left, ral N Operation Code 661
Rotate In-out Register Left, ril N Operation Code 662
Rotate Combined AC and 1O Left, rcl N Operation Code 663
Shift Accumulator Left, sal N Operation Code 665
Shift In-out Register Left, sil N Operation Code 666
Shift Combined AC and IO Left,scl N Operation Code 667
Rotate Accumulator Right, rar N Operation 671
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Rotate In-out Register Right, rir N Operation Code 672
Rotate Combined AC and IO Right, rer N Operation Code 673
Shift Accumulator Right. sar N Operation Code 675

Shift in-out Register Right, sir N Operation Code 676

Shift Combined AC and 10 Right, scr N Operation -Code 677

Skip Group (5 psec) skp Operation Codes 64, 65
This group of instructions senses the states of various flip-flops and switches in the machire .
The address portion of the instruction selects the particluar function to be sensed. A zero

address is no selection. All instructions in the group have the same operation code.

The addresses in the skip group (except those which sense program flags or sense switches)
may be combined to form the union of the separate skips. Thus, if address 3000 is selected,
the skip would occur if the overflow flip-flop is 0 or if C(1O) are positive. The combined

instruction still requires only five microseconds.

The skip instructions as listed below use operation code 64. The intent of any instruction
can be reversed by using op code 65 (changing bit 5 to 1). For example, the instruction
640100 is Skip on Zero Accumulator; while 650100 is Skip on Nonzero Accumulator. This
also reverses the intent of an instruction with zero address. No selection with op code 64

is a nop, but no selection with op code 65 is an absolute skip.

Skip on Zero Accumulator (5 psec) sza Address 100

Skip if accumulator contains plus zero (i. e., all bits are 0).

Skip on Plus Accumulator (5 psec) spa Address 200

Skip if ACO is 0,

Skip on Minus Accumulator (5 psec) sma Address 400
Skip if AC, is 1.

Skip on Zero Overflow (5 psec) szo Address 1000
Skip if overflow flip-flop (OV]) is 0. This instruction also clears OV] . Since OV]

is not cleared by an arithmetic operation that does not cause an overflow, a whole

series of additions and subtractions can be checked for correctness by asingle szo.

Skip on Plus In-out Register (5 psec) spi Address 2000

Skip if 10 is 0.
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Skip on Zero Sense Switch (5 psec) szs Addresses 10, 20, . . ., 70
Skip if selected sense switch is 0. Address 10 senses the position of sense switch 1, eic.

If address 70 is selected all the switches are sensed and all six must be 0 to cause the skip.

Skip on Zero Program Flag (5 psec) szf Address 1,2, ..., 7
Skip if selected program flag is 0. Address 1 senses the state of program flag 1, etc.

If address 7 is selected all the flags are sensed and all six must be 0 to cause the skip.

Operate Group (5 psec) opr Operation Code 76
This instruction group performs miscellaneous operations on various central processor
registers and flip-flops. The address portion of the instruction specifies the operation

to be performed.

The addresses of the operate instructions may be combined to form the union of the
functions. The instruction opr 3200 clears AC,k transfers TW to AC, and complements
AC. If the number =0 (i.e., all 1's) is interpreted as an instruction, 10 and AC are
cleared, C(TW) and C(PC) are simultaneously transferred into AC (forming the inclusive
OR of the two words), AC is complemented, all program flags are set and the computer

halts.

The individual instructions are listed in the order in which the specific operations would

occur in cycle zero,

No Operation (5 psec) nop Address 0000
The stafe of the computer is unaffected by this operation, and the program counter continues

in sequence.
Clear Accumulator {5 psec) cla Address 200
Clear In-out Register (5 psec)  cli Address 4000

Load Accumuiator from Test Word (5 psec) lat Address 2200
The C(TW) are placed in the accumulator. The original C(AC) are lost. Note: this
instruction results from the combination of addresses 200 (cla) and 2000. Programming

opr 2000 alone, produces the inclusive OR of C(AC) and C(TW).

Load Accumulator from Program Counter (5 psec) lap Address 300
The C(PC) are placed in the accumulator. The original C(AC) are lost. Note: this
instruction results from the combination of addresses 200 (cla) and 100. Programming
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opr 100 alone, produces the inclusive OR of C(AC) and C(PC).

Clear Selected Program Flag (5 psec) clf Addresses 01 to 07 inclusive
Address 01 clears program flag 1, etc. Address 07 clears all program fiags.

Set Selected Program Flag (5 psec) stf Addresses 11 to 17 inclusive
Address 11 sets program flag 1, etc. Address 17 sets all program flags.

Complement Accumulator (5 psec) cma Address 1000

Halt (5 psec) hlt Address 400

Stops the computer,

In-out Transfer Group (5 psec without in-out wait) iot Operation Codes 72, 73

The in-out transfer group instruction words include two separate operation codes. The
primary operation code, either 72 or 73, is decoded at the instruction register in the
usual manner. Wher the instruction decoder asserts the command level for the jot
insfruction group, bits 12 through 17 of the instruction word are also decoded. In-out
transfer control decodes these six bits as a second operation code. This secondary op

code is decoded into command pulses.

Bits 7 through 11 or, in some cases, é through 11 can be used to form subfunctions within
the second op code, or even to form a third op code. E.g., in controlling magnetic
tapes these bits may be used to indicate forward/backward, read/write, etc., or to

specify one of several similar units.

In this way, a very large number of in-out transfer group instructions can be included
under a single command level. These instructions govern all control functions and in-
formation transfers between the computer and in-out devices. Furthermore, some of
the iot instructions govern central processor elements, such as the sequence break

system and the memory extension control .

Completion of most in-out operations requires a definite minimum time. This minimum
time is usually very long compared to a computer memory cycle. In those in-out in-
structions which require a minimum time longer than one memory cycle, the computer
and the in-out device must be resynchronized. The resynchronization is provided by

a completion pulse from the device. The control of the in-out wait and of the completion
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pulse is exercised by bits 5 and 6 of the iot instruction word. If an in-out transfer
instruction is given with a 0 in bit 5 (i.e. op code 72), the computer generates the
appropriate command pulses in one memory cycle, and then continues with the normal
sequence. If, however, bit5isa 1 (i.e. op code 73), then the computer goes into

an in-out wait cycle and does not continue with the normal sequence until a completion

pulse is received.

Bit 6 of the instruction word is used by the programmer to specify whether or not a
completion pulse is necessary. If bit 6 is different from bit 5, then the completion
pulse from the device control unit must be sent into the computer control logic. If

bit 6 is the same as bit 5, then no completion pulse is necessary, and none is received.

All four combinations of requesting an in-out wait and requesting a completion pulse
are used in in-out transfer instructions. This is because the known minimum time for
completion of an in-out operation may be utilized for execution of other instructions
in the program. Should input information be immediately available (as for example
when a typewriter key has been struck), then the in-out transfer instruction requires
neither a wait nor a completion pulse. In this case, bit 5 is 0 (op code 72) and bit 6
isalso 0. Note that the same programming of bits 5 and 6 must also be used with any
iot instruction that controls a central processor function. These iot instructions are
always completed in a single memory cycle, and need neither a wait nor a completion

pulse.

If the programmer does not wish to utilize the in-out wait time for executing additional
instructions, he can program the iot instruction to start the in-out wait immediately .

In this case the instruction is programmed with bit 5 a 1 (op code 73) and with bit

6a 0. Thelinbit 5 sets the in-out halt flip-flop, ioh. When ioh is 1, the

computer repeatedly executes in-out wait cycles. Each wait cycle performs the

iot instruction with no command pulses. The command pulses are produced only

during the first cycle while the in-out commands flip-flop ioc is 1. At the end

of the first cycle ioc is cleared so that no further commands are produced. The

0 in bit 6 indicates to the device control unit that a completion pulse is necessary .
When the completion pulse arrives, the in-out synchronizer flip-flop, ios, is set.

Setting this flip-flop clears ioh, causing the computer to return to the normal sequence.
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If the programmer wishes to utilize the in-out wait time for executing additional
instructions, he may either use the sequence break system or he can program the

iot instruction with bit 5 a 0 (op code 72) and bit 6 a 1. This method of programming
does not halt program operations, but the 1 in bit é does require in-out transfer control
to provide a completion pulse. The computer can then continue with a normal sequence

of instructions.

This sequence must, however, include an iot instruction 730000. This instruction performs
nothing but the in-out wait. There must be one 730000 instruction for each iot that
requests a completion pulse without initiating an in-out wait. If the device completion
has occurred before the 730000 appears in the program, the 730000 is interpreted as a
nop. If the 730000 occurs first, the computer enters the in-out wait until the completion

pulse is received.

Because instruction 730000 has no secondary op code, no command pulses can be
generated and the only effect of the instruction is to set flip-flop ioh. The state

of bit 6 does not matter since there are no command pulses generated, and hence no
need-a-completion-pulse signal is applied to any control unit. However, the programmer
must never use 11 in bits 5 and 6 of any iot that includes a second op code. Such an
instruction would begin an in-out wait without requesting a completion pulse, causing

the computer to hang up.

In addition to control bits 5 and 6 of the instruction word, bits 7 through 11 may be

used as control bits to extend the capabilities of the iot instructions. In central processor
control instructions bits 6 through 11 may be used to address sequence break channels.

For in-out instructions bits 7 through 11 may be used to vary the instruction (bits 6
through 11 are available if the device cannot utilize the completion pulse logic). For
example, if there are several typewriters, the secondary op code may specify a Type

In instruction, while the extra bits may address a specific typewriter.

The following list includes the central processor control instructions and the in-out
instructions for the standard in-out equipment. In-out instructions for the optional

equipment are included in the supplements to this manual that describe the optional
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in-out devices (see also table 9-2). If a given instruction utilizes no in-out wait and
no completion pulse then the entire instruction word is given. If the use of bits 5 and 6
may be varied at the discretion of the programmer, then only the second ary op code is
given. Whenever an "X" appears in the instruction code the corresponding octal digit

is ignored and is available for optional use.

Instructions Governing Standard In-Out Equipment

Read Punched Tape, Alphanumeric (2.5 ms) rpa Secondary Operation Code 01
All eight holes of a single line on the tape are read into the reader buffer. The

completion pulse then transfers the information into IO]O-]7'

Read Punched Tape, Binary (7.5 ms) rpb Secondary Operation Code 02
Three lines on the tape are read and assembled into a full computer word in the reader

buffer. A line is recognized in the binary mode only if the eighth hole is punched; i.e.

lines with no eighth hole are skipped. The seventh hole is ignored. The completion

pulse transfers the word from the buffer to the in-out register.

Read Reader Buffer (5 psec) rrb Secondary Operation Code 30
If no completion pulse has been requested in an rpa or rpb instruction, the automatic
transfer of information from the buffer to the in-out register does not take place. To

effect this transfer these instructions must be followed by an rrb instruction.

Read-In Mode

This is a special mode of operation initiated by the READ IN switch on the console.
It provides a means of entering programs which require neither a stored program nor
a plug board. When the READ IN switch is operated the computer enters the read-in
mode and then starts the reader, which operates in the binary mode. The first group

of three lines, and alternate groups of three lines, are interpreted as instructions.
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Even-numbered groups of three lines are data. The instructions must be either Deposit
In-out (dio Y) or Jump (jmp Y). If the instruction is dio Y, the next group of three
lines are stored in memory location Y and the reader continues. If the instruction is
imp Y, the computer leaves the read-in mode and begins normal operation at memory

location Y.

Punch Paper Tape, Alphanumeric (5.0 to 15.8 ms) ppa Secondary Operation Code 05
One line of tape is punched according to C(IO]O—W)' If IO]7 is 1, hole 1 is punched;
if IO]6 is 1, hole 2 is punched; and so on to IO]O which controls the punching of hole
8. The time required to punch is 5.0 milliseconds. The time between lines is 15.8
milliseconds. I a punch instruction follows immediately after a completion pulse,

15.8 milliseconds are available for the program.

Punch Paper Tape, Binary (5.0 to 15.8 ms) ppb Secondary Operdfion Code 06

One line of tape is punched according to C(IOO_S). If IO5 is 1, hole 1 is punched;
if IO4 is 1, hole 2 is punched; and so on to IOO which controls the punching of hole
6. The time required to punch is 5.0 milliseconds; the time between lines is 15.8

milliseconds. If a punch instruction follows immediately after a completion pulse,

15.8 milliseconds are available for the program.

Type Out (105 ms) tyo Secondary Operation Code 03
Types the single character specified by C(IO]2_]7) .

Type In (5 psec) tyi Instruction Code 720X04

When a typewriter key is struck, the encoded character is loaded into the typewriter
buffer. At the same time both program flag 1 and the typewriter buffer status bit are
set. The program must check either the flag or the status bit to determine when a key
has been struck. The instruction Type In clears both the in-out register and the status

bit, and transfers the character into 10

12-17°
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Instructions Governing Central Processor Elements

The first four of the following instructions are included in the standard computer; the
others are added only if they are required for optional equipment. All instructions

take five microseconds.

Enter Sequence Break Mode, esm Instruction Code 72XX55
Sets flip-flop sbm, allowing the main sequence to be interrupted through the sequence

break system.

Leave Sequence Break Mode, Ism Instruction Code 72XX54
Clears flip-flop sbm, preventing interruptions of the main sequence through the

sequence break system.

Clear Sequence Break System, cbs Instruction Code 72XX56

Clears control flip-flops in the sequence break system.

Check Status, cks Instruction Code 72XX33
This instruction loads the status bits of various in-out devices into specific bits of the
in-out register. The instruction is expanded as required by optional equipment. In

the standard machine cks checks five status bits as follows:

10 Bit ' If Set
0 Displayed point sensed by light pen.
] Tape reader buffer has been loaded but has not yet

been read by an rrb.

2 Typewriter ready to Type Out.
3 Typewriter key struck and not yet read by a tyi.
4 Tape punch ready for output.

Deactivate Sequence Break Channel kn dsc Instruction Code 72kn50

Turns off channel kn in type 20 sequence break system.
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Activate Sequence Break Channel kn asc Instruction Code 72kn51

Turns on channel kn in type 20 sequence break system.

Initiate Sequence Break Channel kn  isb Instruction Code 72kn52
Initiates a sequence break on channel kn in type 20 sequence break system. (The

break is initiated regardless of whether or not channel kn is on.)

Clear All Channels, cac Instruction Code 72XX53

Turns off all channels in type 20 sequence break system.

‘Enter Extend Mode, eem Instruction Code 724X74

Sets flip-flop EXD so that deferred addresses are interpreted as extended addresses .

Leave Extend Mode, lem Instruction Code 720X74

Clears flip-flop EXD, confining operation to a single memory module.

h  TERMINOLOGY - Throughout this manual reference is often made to the various
instructions by their instruction codes. When these codes are written in lower case
(such as dac, dio, rpa, hlt) they always refer to the instructions as elements of a
program. However, the same codes written in upper case frequently designate

the names of levels and pulses in the computer logic.

For memory reference instructions, the upper-case codes refer to the op codes in

the instruction register and to the command levels asserted from the instruction

decoder. For example, when the computer performs the instruction dac, the op

code DAC (010 10X) is in the instruction register and the instruction decoder asserts
the command level DAC. The only exceptions to this convention are the instructions
whose op codes differ in only the indirect address bit. There are no separate command
levels JDA and CAL.  The single command level JDA + CAL is asserted for either

of the instructions jda or cal.
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For the augmented instructions the situation is quite different. The instruction
codes for the individual instructions in the shift, skip, and operate groups do
not appear as control levels at all. The command levels for the groups sft, skp,
and opr are SH/RO., SKPand OPR. The complete command level for any
instruction in a group is a combination of the group command level and various
other logical conditions. For example, the instruction Halt (hlt) corresponds
to the computer logic level OPR - MB;. The instruction Rotate Accumulator

Right (rar) corresponds to the shift/rotate pulses AC SH/RO R and the two
levels AC ONLY and AC ROTATE.

For the in-out transfer instructions the group command level 10T causes in-out
transfer control to decode the secondary op code (bits 12 through 17). This secondary
op code is decoded into one or two command pulses. The name of the main command
pulse is always the same as the code for the individual instruction. For example,

in the instruction Type Out (tyo), the secondary op code is decoded into two
successive command pulses, first a preparatory pulse, and then the main pulse.

The first pulse, which clears the typewriter buffer, is labelled 0 TB. The

main pulse , TYO, both loads a character from the in-out register into the buffer

and also initiates the operation of the typewriter control unit.

3-3 CONTROL

This paragraph describes those elements of the control unit which are not discussed under
program execution (paragraph 3-2). These control elements include the timing system,
the cycle control, and the transfer logic.  Also included are two central processor
options, the sequence break system and the high-speed channel control. The symbols

used in the drawings to represent the logic elements are also described .

a TIMING SYSTEM - The fundamental timing system of the computer is based

upon a sequence of twelve timing pulses called the timing chain. The pulses are designated

TP TP], Ce ey TP9, TP%, and TP

These timing pulses occur at irregular intervals

0’ 10°
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chosen so as to optimize memory operations. There is no repetitive standard clock pulse
providing a fundamental time unit for the computer. The twelve timing pulses follow each
other in a chain covering one memory cycle of five microseconds  Each timing pulse is
triggered through a delay from the previous timing pulse  The transition from one cycle to
the next is controlled by tlip-flop run  If run is 1, the final timing pulse in one cycle
friggers the first timing pulse for the begirning of the next cycle. When run is cleared,
the computer halts at the end of the current memory cycle because the final pulse in

the cycle cannot tiigger the first pulse of the following cycle.

The organization of a single memory cycle is shown in figure 3=2. The twelve irregularly
spaced timing pulses are shown from left to right across the five-microsecond cycle Dur-
ing each such cycle a single memory access is executed. The specific actions performed
at each timing pulse depend upon the particular operation in which the memory cycle

occurs,

The functions that control the actual memoy access during each cycle are also shown in
the figure. Each memory modisie contains four flip-flops which control a set of four
functions. Three of these, the read, inhibit and write functions, are levels that control
coredriving. These functions are shown by the horizontal lines in the figure. The fourth
function, the strobe, is a pulse that samples the output at the core~memory sense ampli~

fiers approximotely one microsecond after the initiation of the read function .

b CYCLE CONTROL - The primary cycle control element is the cycle flip-flop, cyc.
When this flip-flop is O, the computer is ir cycle zero. For all other cycles the cycle
flip-flop must be 1. If cyc is 1, and the high-speed channel flip-flop HSCO isalso 1,
then the computer executes a high-speed channel cycle. If cyc is 1 and the defer
Flip-flop df‘] is also 1, then the computer is in a defer cycle (which occurs between
cycle zero and cycle one). During a defer cycle, it a second defer flip-tiop dfz is set,

the computer executes another defer cycle.

if cyc is 1 and the break counter {flip-fiops bc] and bc2) contains any number other
thar 0, then the computer is in one of the break cycles. The particular break cycle
depends upon the contents of the break counter. When the break counter contains 1,

break cycle one is executed. Similarly when the break counter contains 2 or 3, break
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cycle two or three, respectively, is executed. If, however, cyc is 1, and no special
cycle (that is, no break cycle, high-speed channel cycle, or defer cycle) is being
executed, then the computer is in cycle one. During cycle one the specific opera-

tions necessary for the second cycle of a memory reference instruction are executed.

c LOGIC SYMBOLS - The symbols used on the logic drawings are shown in figure 3-3.
Note that in the rectangle which represents a flip-flop the 0-out terminal E and the 1-
out terminal F are shown twice. Over the "0" the two terminals are shown with the
polarities they have when the flip-flop is in the O state; over the "1" the two ter-
minals are shown with the polarities they have when the flip-flop is in the 1 state.
Therefore, the "0" and "1" in the rectangle represent both the output terminals and the
contents of the flip-flop. In the normal convention the "0" is at the left of the rec-

tangle and the O-out terminal is represented by the left diamond in both pairs.

The two gatable inputs are shown at the bottom of the rectangle with the 0-in terminal
at the left. Ungatable direct pulse inputs are always shown at the sides of a flip-flop.
In the example in the figure a direct clear input is shown at the left. If the flip-flop

had a direct set input, it would be shown at the right.

Some flip-flops also have complement inputs, Such inputs may be either direct
negative-pulse inputs or gatable positive-pulse inputs and are always shown at the
bottom center of the rectangle. If the complement pulse produces a carry pulse out of

the flip-flop, the pulse output is shown at the top center of the rectangle.

If the flip-flop convention must be reversed the pin designations and the diamonds re-
main the same. However, in this case the "1" appears at the left of the rectangle and
the terminals which were previously the O-out, 0-in and direct-clear terminals become
the 1-out, 1-in and direct-set terminals (i.e., all terminal names shown on the cir-
cuit schematic of the flip-flop are reversed). Similarly, the terminals previously de-
signated as the 1 terminals become the 0 terminals. (In the standard computer this

reversed convention is used only in the in-out control units.)

The principal advantage of having four logical outputs to represent two output terminals
at two assertion levels is that there is never any need to invert a signal name which appears
as an input to a logic net. Even though the computer uses inverter logic, all logical con-

ditions appear in the drawings with correct truth values. When a flip-flop output is used
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as the input to a logic net, the signal name indicates the correct state of the flip-flop

that enables the net.

To determine the physical source of the signal (i.e. the output terminal to which the
signal line is connected) one must consider both the signal name and the assertion level.
For example, the signal A] at the negative assertion level actually originates at the
1-out terminal of flip-flop A; the signal A] at the ground assertion level actually orig-
inates at the O-out terminal of flip-flop A. The signal designation A] can thus refer to
the output signal generated at either terminal of flip-flop A, when that flip-flop is in

the 1 state.

d TRANSFER LOGIC - All information transfers must take place between two in-
formation=storing devices. In most cases the transfer is made from one flip-flop register
to another. The bit of information contained in the specific flip-flop of the source reg-

ister is transferred to a corresponding flip-flop in the receiving register.

In memory access, information is transferred between the memory buffer flip-flops and
the ferrite cores within the memory core-bank registers. In shift/rotate operations
information is transferred from one flip-flop to another in the same register. Several
bits of information may be provided to a register by setting a single source flip~flop if
the source flip-flop is one of a set of flip-flops and represents one of a number of
possibilities. In this case information from the source flip-flop must be applied to the

receiving register through an encoder.

The operation of a 1 transfer is shown in figure 3-4A. In the example shown, the 1's

in register K are transferred to the corresponding flip~flops in register M. A clear pulse,
l-2->M, clears every flip-flop in M and then the transfer pulse, K-—I> M, sets each

bit Mn if the corresponding bit Kn is 1. After both pulses have occurred C(M) = C(K).

Note that if a 1 transfer is executed without a prior clear the final contents of M

equal the inclusive OR function of the previous contents of M and the contents of K.

That is, after the pulse K—]-)M a bit Mn is 1 if Mn was already 1 or if Kn is 1.

The transfer pulse is applied to all the bits in the receiving register except in special

cases where less than a full-register transfer is desired. For example, the instruction
. 1 .

part of a word may be transferred from K to M by the pulse Ko__53’M while the address
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part may be transferred by the pulse Ké‘,l—]; M. The transfer pulse occurs at a specific
timing pulse either in all memory cycles, in a specific type of cycle, or in a specific
instruction. The 1 state of Kn is applied to the AND-input gate of Mn at the ground
assertion level. This means that the origin of the flip-flop output level is the 0-out
terminal of Kn. A jam transfer is a combination of a 1 transfer and a 0 transfer. A
jam transfer is shown in figure 3-4B. No clear pulse is required in this case, because
M s set if K s ] and M is cllecred if Knci)s 0. The pulse K-_-,i_-aM is logically
equivalent to the two pulses K—>M and K—>M executed simultaneously. Note that
a shift is a jam transfer from one bit to another of the same register. In a left shift
information is transferred from Mn to Mn_]; in a right shift information is transferred
from Mn to Mn+l .
If a register receives information from several different sources, a mixer may be used.
A capacitor-diode gate mixer (figure 3-4C) is used whenever information can be trans-
ferred into a single central processor register from several different peripheral control
units. Each bit of the mixer is composed of a pulse amplifier and a set of gates. Each
bit of a source register is applied to one of the gates in the corresponding bit of the

mixer. The transfer pulse for a given source register is applied to the corresponding

gate in every bit of the mixer.

Each pulse output MMn’ of the register M mixer, sets the corresponding bit, Mn’ of the
receiving register. A transfer through a mixer is therefore a 1 transfer and the receiv-
ing register must be cleared before the transfer is made. No gating occurs at the re-
ceiving register. All gating is effected at the mixer. If a negative pulse output is
used the emitter of the receiving register input transistor is grounded. If the flip-flops
of the receiving register have direct set inputs, the mixer pulse amplifiers can be
connected to produce a positive pulse. The receiving register then requires no input

transistors.

If the output of the source is already in pulse form (e.g. the output of the sense ampli-
fiers in memory) several sources can be mixed by a diode OR gate. A pulse from a
specific bit of any source is then passed directly to the corresponding bit of the receiv-

ing register.
e SEQUENCE BREAK SYSTEM - Two sequence break systems are regularly available
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with PDP-1. The standard computer includes a one-channel sequence break system. If
the type 20 sixteen-channel break system is installed in the computer the one-channel
system is removed. Both systems allow signals from in-out devices to interrupt the normal
program sequence. Both systems are controlled by in-out transfer instructions in class 50.
The standard computer includes three such instructions. For the optional system the
number of instructions is expanded to seven. Two of the standard instructions control the

sequence break mode; the third clears the sequence break system.

When a break is requested by either system, the request is usually granted for the next
memory cycle. [f the computer is in the sequence break mode (i.e. if flip-flop sbm is 1).
The high-speed channels, however, have priority over the sequence break system. If a
sequence break request is made at the same time as a high-speed channel break request,
all high-speed channel interruptions are handled by the computer before the sequence

break request is granted.

After a sequence break request is granted, the break counter controls the execution of
the three break cycles. During these three cycles the contents of the accumulator, the
program counter and the in-out register are deposited in three consecutive memory loca-

tions.  During break cycle two the contents of OV and (if present) EXD and EPC are

1
saved along with PC. This stores all the information that the computer needs to return

to the main sequence after execution of the break subroutine.  After the computer
completes break cycle three, it executes the instruction in the fourth consecutive memory

location (the location following the deposit location of the in-out register). The in-

struction in this location is usually a jump to the subroutine appropriate to the break.

The break signal from a device to the one-channel break system may be either a pulse
or a level. After the break signal is received, the break system is synchronized to the
computer timing system and a break is requested. When the request is granted the com-
puter breaks to memory location 0. The current program information is stored in memory
locations 0, 1, and 2, and the computer then executes the instruction in memory loca-

tion 3.

The type 20 sequence break system allows the same type of break in the program as the

one-channel system, but this is done with 16 separate channels arranged in a priority
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chain. The channels are numbered 0 through 17 octal. Each channel is controlled by
four flip-flops. These are the Channel On, Synchronizer, Waiting Break, and Break
Started flip-flops.

Program control over the 16-channel system is exercised by the three standard instruc-
tions plus four additional instructions. These additional instructions allow the pro-
grammer to turn any channel on or off, to initiate a break on any channel, or to turn

off all channels.

The break signal from a device to the 16-channel system must be a pulse. If channel

n is on when a break signal for channel n arrives, a break is initiated and synchronized
to the computer timing system and channel n is then "waiting break". [f channel n

has priority (that is, if no higher-priority channel is waiting for or holding a break)
then a break request is made for channel n. After the request is granted the break
started flip-flop is set preventing any further break on channel n, and also preventing

break requests on any lower=-priority channel.

A sequence break for any channel is made to the memory location specified by the
break encoder. Each channel uses four memory locations for a break. A break on
channel 0 is made to memory location 0; a break on channel 1 is made to memory
location 4. The memory location of a specific break is four times the number of the
channel. Channel 2 breaks to memory location 10, channel 3 to memory location

14, and so on through channel 17 which breaks to memory location 74.

f HIGH-SPEED CHANNEL CONTROL - For high-speed in-out devices such as
magnetic tape or data channel, a high-speed channel option is installed in the com-
puter. This option provides three channels which allow a device control unit to gain
access directly to the memory buffer without transferring information through the
in-out register. There are three high-speed channels arranged in a priority chain.

The channels are prewired to individual in-out device control units.

When a high-speed channel break request is made the break is allowed for the follow-

ing memory cycle provided no break request is being made on any higher priority

channel. The break is enabled by setting flip-flop HSC .. When this flip-flop is 1

0
the computer goes into a high-speed channel cycle and the main program waits for
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one cycle before resuming. During the high-speed channel cycle a memory address is
transferred through the high-speed address mixer into the memory address register.

If access is desired in order to transfer information into the computer, a word is then
transferred through the high-speed buffer mixer into the memory buffer. If the access
is being made to retrieve a word from memory, a word transfer is made to the device

control unit after the regular read-out from memory into the memory buffer.

After the high-speed channel access has been completed, flip-flop HSCo is cleared and

the computer enters cycle zero to retrieve the next instruction in the main program.

3-4 ARITHMETIC UNIT

The arithmetic unit includes three registers and their associated control circuits. The arith-
metic unit may also include an automatic multiply/divide control as an option. This control
allows the computer to perform multiplication and division as single instructions instead of

subroutines .

The three registers in the arithmetic unit are the accumulator, AC, the in-out register, 10,
and the memory buffer, MB. The memory buffer is a passive register in standard computer
operations. That is, MB holds the operand in all two-term arithmetic and logical instruc-
tions. The outputs of the flip-flops in MB are applied to the input gating of the accumulator,
but the contents of MB are not affected by the operation. Only in the automatic Multiply and

Divide instructions can MB be complemented.

The accumulator is used in all arithmetic unit operations; the in-out register serves as the
multiplier-quotient register. Both registers have transfer and shift gates; only the accumula-
tor has arithmetic and indexing capability. The two registers can be shifted or rotated

separately and the combination of the registers can also be shifted or rotated.

In addition, the contents of MB and AC are added together; in subtraction, the contents of
MB are subtracted from the contents of AC. In either case the result appears in AC. In
multiplication MB holds the multiplicand; the multiplier controls the operation from 10; and
the double-length product appears in AC and 1O, In division MB holds the divisor; AC
and 1O hold the double-length dividend; at the end of the operation the quotient is in 1O

and the remainder is in AC.
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a ACCUMULATOR - The accumulator, AC, is the major register in the arithmetic unit.
The computer can perform the logic functions AND, inclusive OR, and exclusive OR on
the contents of AC and MB. The result appears in AC. For logical negation the contents
of AC are complemented directly by an operate group instruction. In index instructions
the number in the accumulator is indexed by an add-1-to-AC pulse; no other register

is required.

Addition, the basic arithmetic operation in the computer, is performed in two steps,
a partial add and a carry. The partial add is the logical function exclusive OR. All

other arithmetic operations are executed by combining addition and logical negation.

In 1's complement arithmetic the logical complement of a number is equivalent to the
arithmetic negative. Thus subtraction is performed by adding the negative. In the
standard computer only the accumulator can be complemented so the complement

pulse is required twice for subtraction. First AC is complemented, producing ~-C(AC).
Then addition results in C(MB)-C(AC) in the accumulator. Finally a second complement

pulse produces the desired result: C{AC)-C(MB).

Multiplication is performed by successive additions of the multiplier (MB) to form partial
products in AC. The double-length product is produced by right-shifting AC into 10

as the multiplier bits are dropped from 10.

Division is performed by successive subtractions of the divisor (MB) from the double-
length dividend (AC and IO). As the dividend is shifted out of AC to the left, the
quotient is constructed in IO from the right. At the end of the operation the remainder

is left in AC,

In the standard computer, multiplication and division are performed by subroutines. The
instructions Multiply Step and Divide Step perform only one step of the corresponding
operation. The steps must be counted by indexing. If the automatic multiply/divide
option is installed in the computer, hardware replaces programming, and the entire

multiplication and division are performed by single instructions.

b IN-OUT REGISTER - All data transfers between the computer and low-speed or pro-

grammed input-output devices are made through the in-out register. Furthermore, control

information is sent to the control units of high-speed devices through the in-out register.
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The program can shift or rotate the contents of 10 alone or in conjunction with AC by

means of the instructions in the shift group.

However, as an element in the arithmetic unit, 1O is required only for multiplication
and division. In multiplication, each bit of the multiplier controls the formation of a
partial product from IO]7. After a bit is used it is dropped from the 10 register and

a new bit is shifted into IO]7 from 10 At the same time the less significant bits

16°
of the product are shitted into |O from the left, producing a double-length product.
In division, each time the divisor is subtracted from the dividerd a bit of the quotient
is placed in IO'I7‘ At the same time the double-iength dividerd is shifted left, drop-
ping the most significant bit. At the end of the operation the entire quotient is in

1O while AC contains the remainder .

¢ ARITHMETIC UNIT CONTROL - The contiol circuits for the arithmetic unit include
the overflow logic and the transfer and arithmetic logic for the accumulator and in-out
register. The transfer logic generates the pulses that transfer information into AC or
IO and the pulses that shift the contents of AC or 1O to the left or the right. The

arithmetic logic geneiates the pulses that perform the arithmetic and indexing opera-

tions.

d  MULTIPLY/DIVIDE OPTION - This option includes a five-bit step counter, a tim-

ing system and various contiol circuits. The timing system is composed of a set of

multiply/divide puises, MDP-1 to MDP-13,

When this option is installed in the computer the instructions Multiply Step and Divide
Step are replaced by the instructions Multiply and Divide. At the end of cycle one of
either instruction the normal timing chain stops and the substitute multiply/divide timing
system takes over contro! of the computer. Each step in the operation is executed

by an automatic loop. Indexing is provided simultaneously by the step counter. When
the appropriate number of steps has been executed, the timing chain is restarted and the

computer enters cycle zero -

The result of the automatic Multiply is the same as the result of the standard multipli-

cation subroutine (which utilizes Multiply Step). After completing Multiply the com-
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puter continues with the next instruction in sequence. The automatic Divide, however,

differs in two respects from the standard division subroutine (which utilizes Divide Step).

Divide includes an automatic provision that allows the program to compensate for an
impossible division. If the first step in the division exceeds the capacity of the accumu-
lator (i.e. if the divisor is smaller than the dividend), the computer returns the original
dividend to AC and continues with the next instruction in sequence. However, if the
division can be performed, a good-divide signal is generated. This signal advances the
program counter one extra position. Then, when the division is completed the next

instruction in sequence isskipped.

The second difference between automatic Divide and the standard division subroutine is
that the result of the automatic operation is more accessible to the program than the
result of the subroutine. At the end of Divide, the numbers in AC and 1O are inter-
changed so that the quotient appears in the accumulator and the remainder is in the
in-out register. Having the quotient in AC rather than in 1O is convenient because it
avoids the necessity of transferring the quotient back into AC for further program oper-

ations.

3-5 MEMORY

During every five-microsecond memory cycle, the memory address register addresses a single
core register in the type 12 memory module. The memory cycle is divided into two portions,
the read portion and the write portion. During the read portion of the cycle, a single 18-bit
computer word is read from the addressed core register into the memory buffer. During the
write portion of the cycle, the word contained in the memory buffer is written back into the
addressed core register. For both the read and write portions of the memory cycle, the

addressed core register is specified by the contents of the memory address register.

a MEMORY ADDRESS REGISTER - A standard 12-bit address is transferred into MA at
the beginning of every memory cycle. This address controls memory access throughout
the entire memory cycle. All operations occurring in the memory during the cycle
affect only the single core register addressed by the contents of MA. At the end of

each memory cycle, MA is cleared in preparation for use during the next cycle.
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Included with the memory address register in the control unit are four binary-to-octal
decoders. Each of these four memory address decoders decodes a three-bit section of
MA. Each decoder asserts a single octal control level corresponding to the octal

number contained in the associated three-bit section of the register. Therefore, the
decoders provide a four-digit octal address to the memory module in place of the 12-

digit binary address contained in MA.

b MEMORY BUFFER REGISTER - At the beginning of every memory cycle the memory
buffer is cleared. During the read portion of the cycle a word is read out of the memory
and transferred into MB. If new information is to be deposited in memory during the
cycle then, after the read-out, MB is cleared. New information can then be trans-
ferred into it. During the write portion of the cycle the contents of MB (whether

new or old) are written into the addressed memory location.

At the same time that a word is being written into memory the word is also available to
the rest of the computer from the memory buffer. During logical or arithmetic instruc-
tions, the operand in MB is used by the accumuiator input gating. During load

instructions the word in MB is transferred to the accumulator or the in-out register.

If MB contains an augmented instruction word, bits 5 through 17 of the instruction
word are decoded from MB. However, if MB contains a memory reference instruction
word, the address portion of that word is transferred to MA at the beginning of the next

memory cycle.

¢ MEMORY MODULE - The type 12 memory module contains a 4,096 word core
bank and associated logic circuits for addressing memory locations, for reading informa-
tion out of memory, and for writing information into memory. The 4,096 core registers

in the core bank are arranged in a 64 by 64 matrix.

The outputs of the memory address decoders are applied to the memory module. At the
module, these outputs select a single core register for use during the current memory

cycle.

The memory control pulses from the control unit are applied to a four-bit shift register

in the memory module. The memory timing functions (see figure 3-2) are generated
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from the outputs of this shift register. The read function makes information from the
addressed core register available to the 18 sense amplifiers. This information is sampled

by the strobe pulse and transferred to the memory buffer.

Prior to the write function, the inhibit function applies inhibit current to all bits of the
core register that correspond to 0's in the memory buffer. The write function then writes
a 1 into each of the remaining (uninhibited) core bits. Information is thus written into
the addressed core register by a 1 transfer. (The write function writes 1's into all bits

of the core register except those bits which are kept in the 0 state by an inhibit current.)

d  MEMORY EXTENSION CONTROL TYPE 15 - If extra type 12 memory modules are
added to the computer, the memory extension control must be instalied. The type 15
option allows expansion of the memory to 16 memory modules. In the expanded system,
the outputs of the memory address decoders and the memory buffer register are applied
to all memory modules through buffers in the memory extension control. Furthermore,
information from any memory module is transferred to the memory buffer register through

a mixer in the memory extension control.

Two versions of the type 15 control areavailable. The standard control allows expan-
sion to eight memory modules; with a slight modification, control can be provided for
16 modules. The necessary address format is provided by extending the length of the
memory address register and the program counter. To address the 2]5 or 2~ memory
registers contained in an eight-module or sixteen-module system requires a 15-bit or

16-bit address respectively.

The memory extension control provides this address format by utilizing a pair of three-
or four-bit registers which function as the extensions of the memory address register

and the program counter. These registers are EMA and EPC respectively. While MA
and PC contain the address of a location in a single memory module, EMA and EPC
contain the address of the module. To address a single location in the expanded mem-
ory, it is necessary to provide a module address to EMA at the same time that a regis-
ter address within a specific module is provided to MA. During normal program cycles,
the field address is provided to EMA from EPC, so that the program regularly operates

within a single module.
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However, the program may jump to another module or retrieve an operand from another
module by performing an extend-mode cycle. Setting the extend flip-flop, EXD, puts
the computer in the extend mode. The state of the extend flip-flop may be controlled
by the operator from the console or by the programmer through the iot instructions Enter
Extend Mode and Leave Extend Mode. While the computer is in the extend mode,

the occurrence of a defer cycle causes the extend-mode cycle flip-flop, emc, to be
set. The setting of emc limits indirect addressing to a single level, but causes the
computer to interpret the deferred address as a 15-bit or 16-bit address instead of the
usual 12-bit address. If the defer cycle is part of a jump instruction, a new module
address is transferred to EPC at the same time that the usual 12-bit address is trans-
ferred to PC. If a memory reference instruction is deferred, a new module address is
transferred to  EMA at the same time that the usual 12-bit deferred address is trans-

ferred to MA,

3-6 STANDARD INPUT-OUTPUT SYSTEM

The standard in-ouf transfer control includes all logic necessary for decoding the secondary
op codesofall the in-out transfer instructions. In the standard computer, however, this

logic is utilized to produce only those command pulses necessary for control of the standard
in-out system. The standard in-out transfer control also includes the completion pulse logic

for the standard devices.

When the instruction register receives the op code for an iot instruction, the secondary op
code (bits 12 through 17) is decoded by in-out transfer control into one or two command
pulses. These command pulses can occur only at TP7 or TP]0; For most iot instructions
that control central processor functions (such as the sequence break system or the memory
extension control) only one command pulse is necessary. This single command pulse always

occurs at TP7 .

Two command pulses are usually necessary for the control of information transfers between
the computer and the in-out devices. The preliminary command pulse at TP7 generally clears
either the buffer in the device control unit, or the in-out register. Then the main command
pulse at TP]O either places the appropriate control unit into operation, or else transfers

information between the buffer and the in-out register. Following the receipt of the main
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command pulse, all control and information transfer functions between the device and the

device control unit are performed automatically.

Closely associated with in-out transfer control is the input mixer, an element of the main
control unit. Data from any input device is transferred to the in-out register through the
input mixer. Also included in the logic for the standard input-output system are the control
units for the three standard in-out devices. These devices are a photoelectric’paper tape

reader, a paper tape punch, and a typewriter.

a READER CONTROL - The control unit for the tape reader includes an 18-bit buffer

register, RB. If the reader is operating in alphanumeric mode, a single line of eight

holes on the tape is read. The eight data bits from this line are loaded into RB]O-W'

If the reader is operating in binary mode, only holes 1 through 6 are read, but the
reader reads three lines from the tape. The six data bits from the first line are loaded
into RB]2~]7' As each of the two subsequent lines is read the data in RB is shifted
left six places and the six data bits from the new line are also read into RB]2_]7.

In binary mode a line of the tape is read only if hole 8 is punched. If hole 8 is not
punched the reader skips the line. Therefore, to construct a full word in binary,

the reader reads the first three lines in which hole 8 is punched.

Each line is moved past the reader photodiodes by engaging the reader clutch. When
a signal is picked up from the feed hole, the output of the photodiodes is strobed and
data is read into the reader buffer. In alphanumeric mode, the completion pulse is
given after a single line is read. However, in binary mode a two-bit counter counts
the lines read from the tape. The completion pulse is given only after three lines
have been read. The completion pulse tiansfers information directly from the reader
buffer to the in-out register if either a completion pulse has been requested by the
program or the computer is performing Read In. Otherwise, the information is left

in the reader buffer and must be retrieved later by the computer.

b PUNCH CONTROL - The punch control unit includes an eight-bit buffer, PB.
The command pulse from in-out transfer control loads a single line of data into the

punch buffer from the in-out register and puts the punch in operation.
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In alphanumeric mode, an eight-bit character is transferred from |010-]7 to PB]O-]7'
In binary mode, a six-bit character is transferred from IOO-5 to PB.|2_17, and further-

more PB]O is set aulomatically. Therefore when a line is punched in binary, hole 8

(which corresponds to PB. ) is always punched, and hole 7 (PB, .) is never punched.

10 1

The six-bit binary character is punched in holes 1 to 6. For both alphanumeric mode

and binary mode only one line is punched in the tape.

After receiving the command pulse, the punch control unit waits for a synchronizing
signal from the punch motor During the five-millisecond interval after receiving

this synchronizing signal, the control unit punches a line. [t does this by energizing
appropriate solenoids corresponding to the contents of the punch buffer. At the same

time the controi unit advances the tape to the next position.

c  TYPEWRITER CONTROL - The typewriter control unit contains a six-bit buffer,

TB, which is used for both input and output operations. In a Type Out instruction,

a single six-bit character is transferred from 10 into TB. The outputs of the

typewriter buffer are then applied to the mechorlwizco]|7decoder in the typewriter.

This decoder determines which typewriter key is designated by the six-bit character
in TB, and then stiikes the appropriate typewriter key. Control characters such as
carriage return, back space, shift, and so on, are sent to the typewriter in the same

manner. After decoding these control characters, the typewriter carries out the indi-

cated action

A similar sequence (but in reverse order) operates during input operations. When a
typewriter key is struck, the mechanical encoders in the typewriter apply appropriate
levels to the typewriter buffer logic. These levels correspond to the encoded repre-
sentation of the character. The presence of this information at the TB gates causes
two pulses. The tirst pulse clears the buffer; the second pulse strobes the information
into the buffer. This second pulse also sets the typewriter buffer status bit and pro-
gram flag 1, indicating to the computer that a typewriter key has been struck. The
computer may then transfer the character from the typewriter buffer to the in-out

register by executing a Type In instruction.
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3-7 OPTIONAL INPUT-OUTPUT SYSTEM

The standard in-out transfer control is designed to permit any of the optional input-output
devices to be added readily to the standard computer. All of the necessary command de-
coder levels and pulses are available at the taper pin panels in the in-out transfer con-
trol. Command pulses for optional equipment can be generated from the decoder levels
and pulses merely by installing the necessary pulse amplifiers and logic nets in ‘the
bottom two mounting panels of bay 3. For brief descriptions of the in-out devices that

are regularly available as options for the PDP-1 system see paragraph 2-3b.

Space is provided in the taper pin panels for the register outputs, mixer inputs, high-
speed channel lines, and sequence break signal lines needed for the optional equipment.
By adding the necessary bus drivers and input gates, information can be transferred into

and out of the computer through these taper pins.

3-8 FLOW CHARTS

Paragraphs 3-9 through 3-15 describe the specific operations that can be executed by the
computer. Each computer operation is a chronological sequence of events. Each individual

event is a change in the state of the computer.

The flow charts show the operations as sequences of events. The main flow charts (figures
3-6 through 3-10) show the sequences that make up the various computer cycles. Each
sequence begins at the top of a flow chart  Time is represented by horizontal bars on a
nonlinear scale. Each horizontal bar represents the occurrence of a timing pulse. The
time pulse numbers are written in the left hand column. The true time scale is shown in

the drawing of the computer memory cycle (figure 3-2).

Each vertical path on a flow chart represents a sequence of events for a specific operation.
The arrows indicate the direction of flow. At various timing pulses the line of flow is
broken by a rectangle. The specific event that occurs at that timing pulse is written in
the rectangle. All events that are written within a single horizontal bar along a single
flow line occur at the same instant in time. For purposes of clarity, certain simultaneous

events may be shown in separate rectangles.
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Note that in many cases the state of a flip~flop (or register) is sensed by the same time pulse
that changes the state of the flip-flop being sensed. This is possible because of the delay
inherent in the flip-flop or in its input gating, i.e. the change in state of the flip-flop out-
puts lags behind the pulse applied to the input gating. Therefore the present state of a flip-
flop can be sensed at the same time that the flip-flop is cleared, and the outputs of a register

can be used at the same time that new information is tiansferred into the register.

If a specific event in a given line of flow depends only upon time, then that event is written
alone ir the rectangle. However, if other conditions which may or may not be fulfilled also
govern the specific event, then these other conditions are also written in the rectangle. The
conditions are written to the left of a colon; the specific event caused by the conditions is

written to the right of the colon.

In some cases several sequences of events may begin with the same partial sequence. In this

case the entire group of sequences is represented by a single flow line showing the common
events. A branch point which distributes the flow into several separate sequences indicates

the point at which the several sequences diverge. For example, in cycle zero all instructions
are retrieved from memory by the same set of events. However, after the operation code is
transferred to the instruction register, the sequence diverges depending upon whether the in-
struction is or is not a nondeferrable, one-cycle instruction. The line representing the deferrable

instructions and the two-cycle instructions then has another branch point.

Movement along any specific branch must depend upon the fulfillment of some specific condi-
tion. The appropriate conditions are written on the individual branch lines. In all deferrable
instructions the state of M85 is checked. If MB5 is 1, the defer flip-flop, df] is set. Follow-

ing the timing pulse at which this event occurs the line of flow branches into two possible se-

quences. One branch is followed if df] is 1; the other branch is followed if dF] is 0.

In some cases separate branches may join, indicating that the events following the intersection
point are the same for both sequences. Whenever a branch point or an intersection point occurs,

arrows are drawn on all incoming lines.

A single path from top to bottom of any fiow chart represents a single computer cycle. The path
is entered at the top of the chart, according to the conditions listed. At the bottom of the

chart each path is terminated by a reference to the cycle that follows the completed sequence.

3-42



In the main flow charts only those events that are peculiar to an individual sequence are shown
in the line of flow through the chart. The events that are common to all cycles Toré'j_lisfed in a
column at the left of the chart. These common events includé the events that make ljp the

standard memory cycle. Also common to all cycles are those events that synchronize the high;

speed channel control and the sequence break system to the main timing system.

The main flow charts show all of the operations that are executed within ordinary computer
memory cycles. These include both the standard operations and the operations réquired for the
three control options, the memory extension control, the sequence breokvsysfem’, ard the high~
speed channel control. Events required for optional operations are shown in parenthes;esn When
appropriate, events involving extension registers are assumed to be included in events that affect
the extended registers. That is, if the memory extension control is installed, a transfer between
extended registers includes the corresponding transfer between the register extensions, and the

transfer of PC to AC includes the transfer to AC of OV], EXD, and EPC.

Those computer operations that are not executed within memory cycles are shown in a different
form. The events executed by special pulses and by in-out transfer command pulses are listed
in tables 3-1 and 3-2, respectively. The special pulses include the power-clear pulse, the
start-clear pulse, pushbutton pulses, and the special pulse chain, SP] through SP4° The spec—
ial pulse table includes all events except those contained in the operation Read In. Read In

is shown in a separate flow chart (figure 3-5). The command pulse events for alt standard in-
out transfer instructions and all in-out transfer instructions that govern central processor options
are included in table 3-2. This table provides the link between the cycle-zero in-out transfer

flow line and the flow chart of the individual in-out transfer operations (figure 3-11).

There are four non-memory cycle flow charts. These flow charts include the sequences of

events that make up the Read In operation, the in-out transfer operations and the two optional
automatic instructions, Multiply and Divide. The Multiply and Divide flow charts are included

in chapter 7 with the description of the multiply/divide logic. Thenon-memory cycle opera-
tions are not dependent upon the regular computer timing system. Read In utilizes the special
pulse chain but Multiply and Divide utilize the chain of multiply/divide pulses. In the flow
charts for these operations the appropriate pulses are listed in a column at the‘le’ft; The sevq;JAe;nces
of events that make up the in-out transfer operations do not depend upon any sequence of timing

pulses. Instead, they depend upon the signals from the in-out devices or delays included with;ih -
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TABLE 3-1 TIMING CHART: SPECIAL PULSES
{Note: For Read In see figure 3-5)
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the control-unit logic. In the non-memory cycle flow charts, delays between the various
events in each sequence are shown by breaks in the line of flow. The length of the delay

is written in the break.

3-9 SPECIAL PULSE OPERATIONS

The console-initiated operation Read In is shown in a flow chart, figure 3-5. All other events

dependent upon special pulses are listed in table 3-1.

When power is first applied to the computer logic the initial state of each of the various computer
flip-flops is indeterminate. As a result, it is possible for the initial states of flip-flops at power
furn-on to cause information losses by generating unwanted information transfers. A power-
clear pulse is used to prevent such information losses. Whenever the main power switch is
operated the power-clear pulse clears the control flip-flops in the memory and in the in-out

equipment control units.

All other special pulses result from using the operating switches on the console. Whenever any
operating switch is turned on, a pushbutton pulse is generated. For all console operations
except Stop, the pushbutton pulse triggers the chain of special pulses, SP] through SP4. This
chain of special pulses times the execution of the appropriate operation. In all the special

pulse chain operations except Continue, SP. also generates the start-clear pulse SC. The

]

start-clear pulse prepares the computer for initial operations by clearing various registers and

clearing or setting various control flip-flops throughout the system.

A flow chart of the special read-in mode of computer operation is shown in figure 3-5. This
mode of operation utilizes both the special pulse chain and the regular timing chain to bring
information into the computer without a stored program. In this operation the special pulse

chain is not continuous.

Read In begins with a pushbutton pulse which triggers the special pulse chain. However,

after SP] the chain is broken and the system waits until a single word in binary has been read
from paper tape. The return of the reader completion pulse restarts the pulse chain, which
then continues from SP2 through SP4. If the instruction read from the tape is Deposit In-Out
the reader retrieves another word from the tape. This time the reader completion pulse triggers

the regular timing chain so that the computer performs cycle one of dio. The final timing pulse

of the instruction again triggers the special pulse chain.

3-45



Thus the Read In cycle is performed over and over again, each time retrieving a single word
from the tape and storing it in memory. The process continues until the instruction Jump appears

on the tape. When this happens SP4 friggers the timing chain and places the computer into

normal operation in cycle zero. The computer begins normal operation at the address specified

by the Jump.

3-10  MEMORY CYCLE

Most of the events required for the basic memory cycle are common to all cycles and are shown
in a column at the left in all of the main flow charts. The memory cycle begins with the transfer

of an address to the memory address register at TP_. This event is not shown as common to all

0"
cycles. Instead, the address transfer is shown in each individual cycle flow chart because the

source of the address varies depending upon the type of cycle that is being performed.

At TP2 the read level is enabled by setting flip-flop R. At TP3 the memory buffer register is
cleared and flip-flop RS is set. Three-tenths of a microsecond after RS is set the read strobe
transfers a word from the addressed memory location to the memory buffer. The strobe also
triggers TP4. At this same timing pulse the sequence break system is synchronized to the com-
puter timing system.

At TP7 the read level is disabled by clearing flip-flop R. At the same time flip-flop W is set.
The next timing pulse begins the assertion of the inhibit level by setting flip-flop I. At TP9
flip-flop RS is cleared. The O state of RS in conjunction with the 1 state of W enables the
write level. If the computer is operating in the single-cycle mode, TP9 also clears flip~flop

run. At TP%, the high-speed channels are synchronized to the computer timing system.

At TP]O both the inhibit and the write levels are disabled by clearing flip-flops | and W. If

the computer is going to continue in normal operation, the memory address register is cleared
in preparation for the next memory cycle. If flip-flop run is 0, the computer halts. The halt
takes precedence over any other flow line shown leaving TP]O in the flow charts. The last

timing pulse in the cycle also synchronizes the sequence break system reset function, freeing

any channel on which a break has been requested.
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3-11 CYCLE ZERO

The events that occur in cycle zero are shown in figure 3-6. Cycle zero events occur in
two distinct groups. The standard program control and instruction retrieval operations are in

the first half of the cycle. Operations required for individual instructions are executed in the
second half of the cycle.

Those events that occur in the first half of every cycle zero are shown in the left flow line in

the upper half of the figure. In each cycle zero an address is transferred from the program counter
to the memory address register and the program counter is incremented. After the instruction is
retrieved from memory the operation code is transferred from the memory buffer to the instruction

register.

If the previously executed instruction was one of the shift group or the in-out transfer group the
instruction is completed while a new instruction is being retrieved from memory. The additional
events required for these instructions are shown in the flow lines to the right of the standard

events.

After the op code is transferred to the instruction register, the flow branches into two main
sequences. The flow line for the two-cycle instructions and the deferrable instructions goes
to the left. The flow line for the nondeferrable one-cycle instructions goes to the right. If
the indirect address bit of any deferrable instruction is 1, the defer flip-flop is set. The flow
line for the deferred instructions goes on to the defer cycle. The flow line for the directly
addressed two-cycle instructions goes on to cycle one. Flow lines for the directly addressed

one-cycle jump instructions return to the one-cycle part of the flow chart.

The specific events required for the execution of the one-cycle instructions are shown at the
right of the figure. In addition to the specific events shown in the flow lines, instructions

of the skip, shift, and operate groups require the decoding of various bits of the memory buffer
in order to determine certain characteristics of the instruction. The required decoding is shown

in the upper right of figure 3-6.

The flow line for the in-out transfer instructions separates into four distinct branches depending
upon the states of the indirect address bit and the in-out halt flip-flop. A nonwait in-out

transfer (which may occur either in a break routine that interrupts an in-out wait or in a normal
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program sequence) returns to cycle zero. If a normal iot begins an in-out wait, the return is
made to the in-out wait cycle. The in-out wait cycle is cycle zero of an iot instruction in
which the in-out halt flip-flop is 1. If the iot is performed as part of an in-out wait cycle, the
return is made to a normal cycle zero if the completion pulse has been received. Otherwise

the return is made to the in-out wait cycle.

In any non-wait iot instruction or in an iot instruction that begins an in-out wait, the second op
code must be decoded into command pulses. This decoding is shown in table 3-2 and described

in paragraph 3-15.

From the final timing pulse the flow lines continue to cycle zero, the defer cycle or cycle one,
unless the normal program sequence is being interrupted. A break request is always granted at

the end of cycle zero except in the case of a jump instruction that is deferred.

3-12 DEFER CYCLE

The two types of defer cycle are shown in figure 3-7. The standard defer cycle is shown in the
left column. If @ memory extension control type 15 is included in the system significant changes

occur in the defer cycle. The altered defer cycle is shown in the right column of the figure.

The defer cycle may be entered either from cycle zero or from another defer cycle. In the
standard cycle a 12-bit indirect address is transferred from the memory buffer to the memory
address register. [f the deferred instruction is Jump this address is checked to determine
whether or not a return is being made from a sequence break routine. If the Jump is a break
return, the appropriate sequence break system flip-flops are cleared to free the channel on
which the break occurred. After the deferred address has been retrieved from memory the in-

direct address bit is again checked. If M85 is 1, df2 is set and the defer cycle is repeated.

If the system includes additional memory modules, the 12-bit indirect address is taken from

the memory buffer while the module address is taken from the extension of the program counter.
Thus the indirect address is taken from the same module from which the instruction was retrieved
during cycle zero. If the deferred instruction is a Jump that is extended the indirect address

is checked to determine whether or not a sequence break return is being made. A sequence
break return must be made by an extended deferred Jump from some location in field 0. If

the Jump is a break return the appropriate sequence break system flip-flops are cleared to
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free the channel on which the break occurred.

If the computer is operating in the extend mode, the extend-mode cycle flip-flop is set at TP5.
In an extend-mode cycle the computer interprets a deferred address as an extended 15-bit
or 16-bit address instead of a normal 12-bit address. When the computer is operating in the

extend mode, indirect addressing is limited to one level. After the deferred address is retrieved

from memory, a second defer cycle is executed only if both the indirect address bit is 1 and the

extend flip=-flop is 0.

The terminating events for both types of defer cycle are the same. A break request is always
granted at the end of a defer cycle. If a break is requested the computer continues to the
interruption cycles. If there is no break the computer continues either to another defer cycle,
to cycle one, or to cycle zero. If the defer flip-flop has not been cleared during the cycle
the computer executes another defer cycle. If a two-cycle instruction is being performed,

the computer continues to cycle one. The only instructions that can be completed in a defer
cycle are the one-cycle jump instructions. If a deferred jump has been performed the computer

returns to cycle zero.

3-13 INTERRUPTION CYCLES

The four interruption cycles are shown in figure 3-8. A high-speed channel interruption requires

only one cycle. A sequence break system interruption requires three cycles.

Interruptions in the normal program sequence are granted only at the end of a cycle. When a
break request is granted the computer must first determine whether the break is for Eigh-speed
channel access or a sequence break. The high-speed channels have priority over the sequence
break channels. If a high-speed channel break is requested, flip-flop HSCO is set and the com-
puter enters the high-speed channel cycle. If there is no high-speed channel request then the
sequence break system gains priority. For a sequence break, the break counter is incremented

to 1 and the computer enters break cycle one.

When a high-speed channel cycle is completed any further break requests are always granted.
If the request is for another high-speed channel access, the high-speed channel cycle is repeated.
Should no further high-speed channel break be requested, flip-flop HSC0 is cleared and a se-

quence break is allowed. For a sequence break the computer continues to break cycle one.
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If there is no break at all the computer returns to cycle zero.

The initial events in break cycle one vary depending upon whether the computer includes the
standard one-channel sequence break system or the 16-channel sequence break system type 20.
For the standard system a break is always made to memory location 0, so no address transfer is

required. After the break is made, flip-flop b2 is cleared and flip-flop b4 is set. For a break

on the 16-channel system, the break is made to the address specified by the break encoder.

After the break is made, flip-flop bn3 is cleared while flip-flop bn4 is set.

No interruption of the normal sequence is ever allowed after a break cycle. When break cycle
one is completed, the break counter is incremented and the computer automatically continues
to break cycle two. After break cycle two the computer continues to break cycle three. After
break cycle three is executed the break counter is incremented to 0 and the cycle flip=flop is
cleared. This automatically returns the computer to cycle zero to perform the Jump to the de-

sired break routine.

3-14 CYCLE ONE

The cycle one event sequences for the second cycle of the various memory reference instruc-
tions are shown in figures 3-2and 3-10. In both figures, the events that are common to all
memory reference cycles are shown in a column at the left of the figure. At the beginning
of cycle one, the address for the memory reference is transferred from the memory buffer to

the memory address register.

For computers that include the type 15 memory extension control, the origin of the address
extension depends upon whether or not cycle one follows an extend mode defer cycle. If

the extend mode cycle flip-flop is 1, an extended address is taken from the memory buffer.

If the extend-mode-;:ycle flip-flop is zero, the module address is taken from the extension of
the program counter. Consequently, the operand is retrieved from the same module from which
the instruction was retrieved in cycle zero. Flip-flop emc is O either if cycle one follows

directly from cycle zero, or if cycle one follows a defer cycle that was not extended.

The transfer of an address from the memory buffer occurs at the beginning of cycle one for
every instruction except Call Subroutine. In this exceptional instruction, the usual transfer

is inhibited and instead address 100 is transferred infto MA. During cycle one, the computer
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performs the actual operations required for the various memory reference instructions (computa-

tional operations, data-handling operations, or program transfer operations).

Between cycle zero and cycle one (or between a defer cycle and cycle one) the flow line
representing the two-cycle instructions is distributed into 20 separate branches. Each branch

represents the specific set of events required for the execution of a particular instruction. For

all of the instructions except one, the flow line continues directly through cycle one. The single
exception is the instruction Execute. In this instruction, the operand retrieved from memory is
itself executed as an instruction. In order that the computer shall interpret the operand as an

instruction, the computer is returned to cycle zero from TP3 of cycle one.

An interruption in a normal program sequence is always allowed at the end of cycle one. If

there is no interruption the computer automatically returns to cycle zero.

If the computer includes the multiply/divide option type 10, the standard instructions Multiply
Step and Divide Step are replaced by the automatic instructions Multiply and Divide (Figure 3-9).
For these two automatic instructions the cycle-one events do not complete the instruction. Only
certain initiating operations are carried out during cycle one, and then after cycle one is com-
pleted the computer initiates the appropriate automatic sequence. The flow charts of the auto-
matic Multiply and Divide sequences are included with the description of the multiply/divide

hardware in chapter 7 (figures 7-5 and 7-6, respectively).

Interruptions are allowed after the automatic instructions are completed. The required inter-
ruption=initiating events (such as the setting of HSCo or the incrementing of the break counter)
are performed at TP]O of cycle one. The interruption cycle is, however, postponed until the
automatic operation is completed. If a break has been granted during the previous cycle one,
the computer continues to the interruption cycles after completion of the automatic sequence.
If there has been no break, the computer returns to cycle zero after completing the automatic

sequence.

If the computer is operating in either of the manual modes, it halts at the completion of cycle
one. However, if either of the automatic instructions is being performed the computer con-

tinues from cycle one to the automatic sequence and halts after completing the instruction.
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TABLE 3-2 TIMING CHART: COMMAND PULSE OPERATIONS

FOR IN-OUT TRANSFER INSTRUCTIONS

(Noie: All command pulses occur during the first cycleof an in-out

transfer instruction, i. e., when the condition 10T ioc s satisfied).

an Cp Operations 2nd Op Operations
Code Code
. 0
00 No action 03 TP7: —>TB
01 TP7: RPA TP’{O: TYO
MNAC l—]—)rcp NAC: !L tcp
|
NAC i—O—;»rcp NAC: 'lg)fcp
Lo I
«-—>RBO_” |O—->!2_]7 TB
1
! ] —>tyo
—RByo17
, 0 (see figure 3-11)
Qrby IO
| 04 TP7: —=IC
.o
rcil, rc,
TPIO: TYI
(see figure 3-11) ]
TB——>]2_]7 10
02 TP,: RPB
7 I IQ—;»TBS
NAC: ‘—rcp
NAC !—o—>rcp 05 ™ l—0->PB
Y AN
| 0-11 —>P
1
—>RB,, TPy PPA
I-l-)rby, rel, NAC I-]-> pcp
.ch] T NAC: |—0>pcp
lo, .. I0——>PB
2 10-17

(see figure 3-11)
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TABLE 3-2 TIMING CHART: COMMAND PULSE OPERATIONS

FOR IN-OUT TRANSFER INSTRUCTIONS

(continued)

nd

nd

Op 2 Op
Code Operations Code Operations
| o 0
06 TP7: —>PB 33 TP7: —I0
|_l_)pUn TP, 4 CKS
TP..: PPB Bits—>10
10
NAC: '_]>pcp Standard Bits:
—— o Nk
NAC: —> pcp LP: ——->|Oo
1 b
1 RBS —>I0
100-5PB12-17 o !
tyo —9!02
|
Py TS’ |]—é|03
. I
(see figure 3-11) pun élo‘i
07 TP: —0"DB
7 50 TP7: DSC
TP, : DPY !-2>an,
10 I
1
NAC: —9de n=C(MB )
l 6-11
NAC: —9>dcp
51 TP_: ASC
7
(see Display supplement) l_])
bnl,
30 TP, |—-Q>IO
7 n=C(MB )
6-11
TPio: RRB 52 TP : ISB
1
RB—>10 | bn2,
9, rBS CMB, )
" 6-11
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TABLE 3-2 TIMING CHART: COMMAND PULSE OPERATIONS
FOR IN-OUT TRANSFER INSTRUCTIONS

(continued)

nd Op Operations
Code

53 TP,: CAC

|£>b]'s

54 TP,: LSM

o

—>sbm

55 TP,: ESM

—stm

56 TP_: CBS

1 Channel:
Ii>b3,b4

Type 20:
LN

|£>b3's

|—0->b4's

74 TP]O: EEM + LEM

(@}
o

MB : —>EXD

o

MB;: —>EXD




3-15 IN-OUT TRANSFER OPERATIONS

In-out transfer instructions are executed during cycle zero. When the operation code for the
in-out transfer group appears in the instruction register, the second operation code is decoded
into command pulses by in-out transfer control.  This decoding occurs only when the in-out
commands flip-flop is 1; that is, during a nonwait iot or during the first cycle of an iot with

an in-out wait. The command pulses are always generated either at TP7 or at TP]O‘. The
operations executed by the command pulses are shown in table 3-2.

Table 3-2 includes all of the iot instructions decoded by the standard machine as well as the
iot instructions that govern the central processor options. Any iot instruction that performs
some central processor function (such as checking status bits, governing sequence break chan-
nels, and so forth) is completed in cycle zero. The iot instructions that govern in-out informa-
tion transfers usually serve only to initiate the operation of a specific device control unit.
After operation is initiated the computer continues with other cycles while the device con-

trol unit proceeds independently.

The command pulses perform various operations in the control units, such as clearing a buffer
register and setting or clearing various control flip-flops. The command pulses also control
the states of the completion pulse flip-flops.  The programmer must, by adjusting the states
of bits 5 and 6 of the iot instruction word, determine whether or not the device and the com-
puter shall be resynchronized by a completion pulse. If the need-a-completion-pulse level
NAC is asserted, the appropriate completion pulse flip-flop is set. Level NAC is defined by

the following equation:

0, ] 1.0
NAC = MB_MB, + MB_MB, .

The input-output operations of the control units are shown in a flow chart, figure 3-11. All

of these operations except typewriter input are initiated by the command pulses of in-out
transfer instructions. The typewriter input sequence is initiated by the striking of a typewriter
key. After the completion of the input sequence, the program must retrieve the typed character
from the control unit by executing a Type In instruction. There is no sequence of timing pulses
for the input-output operations. Each individual event in an in-out sequence either is triggered
by a delay from some previous event, or else is triggered by a signal received from the in-out

device.
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3-16 USE OF DRAWINGS

Four types of illustrations are used in this manual: photographs, block diagrams, logic dia-
grams, and circuit schematics. The block diagrams and photographs illustrating the text

(chapters 2, 3, 5, 7 and 11) are bound into the back of the manual. Figure references to

these illustrations are of the form "figure 5-1" (i. e. the first figure in chapter 5).

The complete system logic is shown in D-size drawings furnished separately for more conven-
ient use by maintenance personnel. Reference to these drawings is essential in understanding
the detailed operation of the system. Because these drawings are the most frequently used

source of troubleshooting information, it is important to be familiar with the symbols and con-

ventions which they employ.

The figure numbers for the D-size logic drawings are always preceded by the prefix "D".

Thus figure D8-1 is the first D=size logic drawing mentioned in chapter 8.

Figure D11-1is a detailed layout drawing of the central-frame logic elements. This drawing
shows the panel location of the principal computer logic networks and gives the number of

the logic drawing on which each logic network may be found.

The standard DEC logic symbols used on the logic drawings are explained in the DEC Digital

Logic Handbook.  Additional symbols used in PDP-1 drawings are shown in figure 3-3.

Each circuit included in the logic drawings is identified by type as well as by its physical

location in the computer.

Circuit type is always shown as a four-digit number. This number is the same type number

used to identify the circuit in the DEC catalog.

Examples:

4105 - - - - 5 inverters (500-kc series)
1105 - - - - 5 inverters (5-mc series)

1607 - - - - 3 pulse amplifiers (5-mc series)

All circuits other than logic nets are shown as blocks on the logic drawings. Besides the four-
digit type number, these blocks usually include a two-letter mnemonic abbreviation of the

circuit function.

3-56



Examples:

DE - - - - delay

PA - - - - pulse amplifier
PG - - - - pulse generator
SD - - - - solenoid driver
BD - - - - bus driver

The circuit location code is lettered directly below the circuit type number. Circuit location

code is shown as a single letter preceded by one digit and followed by one or two digits.

Example:

_________ the plug=in unit

R i of mounting panel A

e e e -

---------------- in bcry 1

Terminal designations are formed by adding the pin letter to the plug=in unit location code

described above.
Example:

TATOM ===-=-- pin M of the connector in position 1A10

Since taper pin panels contain two or three rows of terminals, the number of the row is added
after the pin letter in the taper pin designations.

Example:

3H25V3 ===~ pin V in row 3 of the taper pin panel in location 3H25

Each logic drawing is laid out with rectangular map coordinates. The horizontal coordinates
are 1 through 8 (from left to right), and the vertical coordinates are A through D (from top

to bottom). Because a single drawing may contain a number of networks, coordinates are
usually included in figure references to specific networks within a logic drawing. For example,
a reference to the circuit "in figure D6-3B4" would mean that the circuit is located at coor-
dinates B4 of the D-size logic diagram D6-3 (the third diagram referred to in chapter 6 of

this manual).
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Schematic diagrams for all computer circuits are bound into the back of the manual. These
schematics are arranged in numerical order by circuit type designation. All of the circuits

illustrated are described in chapter 10.

3-58



CHAPTER 4

INSTALLATION

4-1 GENERAL

This chapter provides the information needed to instali the standard PDP-1 computer system.
Installation and inspection procedures are described, together with general information on

initial testing and use of the checkout programs.

Installatior procedures for optional peripherai equipment are covered in supplements to this

manual .

4-2 INSTALLATION

The standard PDP-1 consists of a four-bay central frame with three items of input-output
equipment: a photoelectric paper tape reader, a paper tape punch, and an automatic type-
writer. The tape reader and punch are mounted in one of the computer bays. The automatic
typewriter is placed on a separate table, also included in the standard system. The central
frame is shioped fully assembled except for installation of the in-out equipment. The in-out
equizment items are gacked separately and must be installed before the system is ready for

use.

a SITE SELECTION - Before installing the PDP-1 system, a suitable location must be
selected. Space requirements for the system depend upon the quantity of optiondl
equipment to be used. The standard central processor occupies an area 97-1/4" by

27" and is 69-1/2" high. The n~zwriter table is approximately 3'x 3', and is
usually placed beside the computer console desk. The computer is mounted on casters.

A level floor is required, since these casters have no ieveling adjustment. The floor
should be capable of supporting 150 pounds per square foot. At least 3 feet clearance
should be allowed on all sides of the central processor for ease of access during main-

tenarce.

The system is designed to operate efficientiy over an ambient temperature from 50° to

100° F. All necessary fans and blewers are installed at the foctory. No additional
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cooling equipment is required.

The user may elect to operate PDP-1 on either 110 or 220 vac. The internal power
control connections for one type of line voltage or the other are made at the factory
before shipment. Although the standard computer draws less than 20 amperes {at 110 vac)
while in operation, turn-on surges in the in-out equipment (particularly the paper tape
punch) may momentarily exceed this value. A 30-ampere line is therefore recommended
for the standard computer. (Additional power must be provided for optional peripheral

equipment).

b UNPACKING AND HANDLING - The central processor is shipped on a skid, and
may be crated or not, depending on the mode of transportation. For truck shipment it
may be left uncrated. A crate is furnished for air shipment. The crate containing the
central processor is approximately 74 inches high, 3 feet wide, and 7 J/Fee?r long.
The typewriter table, typewriter, tape reader, and tape punch are separately crated

for all types of shipment.

(1) If the central processor is crated, carefully remove all crating and strapping,
and any packing material. If the computer is shipped uncrated, remove any pro-

tective padding.

(2) The plenum doors at the rear of the central-processor bays have spring catches.
To reinforce these doors during shipment two screws are used to hold each door

shut. Remove these screws and store them in the plastic loops provided.

(3) Remove any packing material, shipping biocks, etc. from the inside of the

computer.

(4) The plug-in modules are taped into the logic panels to prevent damage in

shipment. Remove the tape.

NOTE: If the user plans to reship the computer (or move it more
than a short distance) in the near future, special packing materials
should be saved for re-use. The containers for the tape reader,
punch, and typewriter, in particular, have been designed especially
to accommodate this equipment, and are the safest means of packing
it for reshipment.



c INSTALLATION OF STANDARD IN-OUT EQUIPMENT - The paper tape reader,

punch, and typewriter are packed in separate containers. To unpack, install and connect

these devices, follow the procedures listed below.

(M Tape Reader - The tape reader is shipped already fastened to its mounting frame.
This frame is provided with rollers, and is designed to slide like a drawer into the

end of bay 11 immediately above the console control panel.

(a) Carefully uncrate the tape reader and remove all pockin‘g material . Visually
inspect the reader to make sure nothing has come loose during éhipmenf. If
reader appears to be undamaged, slide it carefully into place. When the back
of the reader touches the stop bar, the mounting plate should fit flush with the

other end panels of the console.

(B) With the reader in place, open the double doors and the plenum door at
the rear of bay 11 (to the left of the console). The control cable for the
tape reader is permanently connected to the left side of mounting panel T1A,
The other end of this cable is equipped with a twist-lock connector. Connect

it securely to the corresponding socket at the back of the reader.

{c) Power for the tape reader is taken from the ac distribution lines running
along the top of the computer. The red and black twisted-pair reader power
line is attached to one of the ac terminals at the top of bay 11. Connect
the red wire to pin 6 and the black wire to pin 7 of the terminal strip on

the tape reader.

(2) Tope Punch - The paper tape punch and cover are sh}pped in two separate

containers. Carefully unpack and remove all packing material. Inspect for loose

wires, screws, etc. Place cover on punch.

(@) Open the double doors and the plenum door at the rear of bay 11. Note
the two aluminum seating studs on the shelf near the top of the bay. The two
mounting plates fit over these studs. Place the punch on the seating studs,

and determine that it is securely in position.
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(b) The punch control cable is permanentiy connected to the ieft side of mount-
ing panel 11B. Four wires from this cable are connected to terminals on the
type 812 power control panel at the top of the plenum door on this bay. The
loose end of the punch control cable is equipped with a 32-pin Amphenol piug.

Connect this plug to the corresporiding socket at the back of the punch.

{c) The power cable for the punch is equipped with a twist-lock connector,
(The other end of this cable is permanently connected to the control panel at
the top of the bay 11 | plenum door.) Twist the power cable connector firmly

m'ro the corresponding socke’r at the back of the punch.

(3) Txpewnfer - The typewriter and typewriter table are shipped in separate con-

tainers. The typewriter table should be unpacked first and placed at either side

of the console desk.

(@) Carefully uncrate the typewriter and remove all strapping and packing
materials. Remove rubber stops at each side of the type basket. These stops
prevent the type basket from shifting during shipment. Remove carriage
locks at each end of the carriage guide rail. Each lock consists of three
parts: a screw, a nylon piece, and a metal stop. Save for possible re-use

all items that are taken off.

(b) Position the typewriter conveniently on the typewriter table. Rapid
automatic typing may cause the typewriter to shift its position. To prevent
this, four aluminum mounting cups are provided. Cement the mounting cups
(using contact cement) to the table top in position to correspond to the type-

writer feet. Place the typewriter feet in these cups.

(c) The typewriter logic cable is equipped with a 50-pin Cannon connector.
Plug this connector into the corresponding socket underneath the computer

console desk.

(d) Plug the typewriter power cord into the power outlet under the desk

beside the logic cable connector.



4-3 INSPECTION AND ADJUSTMENT

The PDP-1 system is thoroughly tested and checked before it leaves the factory. However, it
should be inspected and checked again after installation to make sure that no damage has

occurred during shipment.
a VISUAL INSPECTION - After the computer has been unpacked and the in-out
equipment is in place, the system should be inspected visually.
Check the following:

(1) Have all shipping blocks, packing materials, tape, etc. been removed?

If not, remove them,
(2) Are ali plug=in units inserted firmly in position? Secure any that are loose.
(3) Are there any loose nuts or bolts? If so, tighten them.

(4) Are there any loose or broken wires? (Refer to Chapter 11 for repair of

wiring).

(5) Are the tape reader and punch properly installed?

(6) Are the typewriter power and data cables plugged in?
(7) Make sure console POWER switch is off (right).

(8) Plug in system power cable. The cable is equipped with a Miller Electric

Type 034-2 connector. Note that unless the system has been modified for use

with 220 vac, the power cable must be plugged into a 110 vac outlet.

(9) Are the three MAIN POWER and the two PUNCH POWER circuit breakers on
the type 813 power control panel on? If not, turn them on (up). Make sure

the MEM POWER switch is off (down)!

b METER READINGS - Before starting to run the test program, all machine voltages

should be checked with a meter.

(1) With the computer connected to its power source but with  MEM POWER
off, turn on the POWER switch on the console. The associated indicator should

light.



(2) The type 728 power supplies each have three output lines: +10 vdc, ground,
“and -15 vdc. The output voltages should be checked for each type 728 supply
before operating the computer. Measure these voltages at the top and bottom
mounting panels of each bay. All A pins on each mounting panel are bussed
together. Similarly, the B pins, the C pins, and the D pins are also bussed
together. Pins A and B are at +10 vdc; pin C is at =15 vdc; pin D is at

ground.
(3) Now turn on MEM POWER. This switch can now be permanently left on.

c PREOPERATIONAL CHECKOUT - The PDP-1 program library includes a set of test
programs. These test programs are designed to check out different portions of the com-
puter to ensure that they are functioning correctly. The test programs are a powerful

aid in diagnosing computer malfunctions.

The test programs usually run at installation include Memory Checkerboard, Instruction
Test, Reader Test, Punch Test, and Typewriter Test. Because all computer operations,
including the running of test programs, depend on proper functioning of the memory,
the Memory Checkerboard program usually should be run first. After the computer has
passed the memory test, the Instruction Test program should be run, followed by the
Reader Test. The Punch Test and Typewriter Test programs should be run last, in

either order.

More detailed instructions concerning use and applications of the PDP-1 test programs

are furnished in the maintenance chapter of this manual, Chapter 12.



CHAPTER 5

OPERATING PROCEDURES

5-1 GENERAL

The purpose of this chapter is to provide the operator with the information needed to operate
the PDP-1 computer system. Descriptions of ail controls and indicators are included, together
with instructions covering the operation of the standard in-out equipment. In addition,

this chapter provides general instructions for operating the computer under normal conditions.
These general instructions supplement the special instructions included in each program

write-up.

5-2 CONSOLE CONTROLS AND INDICATORS

Most of the controls and indicators associated with the central processor and the standard
in-out equipment (reader, punch, typewriter) are contained in the two panels on the front
of the console. The panel directly above the desk is the operator control panel . This
panel is divided into two sections: a panel face which contains all of the indicators and
some of the switches, and a panel shelf at the bottom which contains only switches. The

in-out and sequence-break indicator pane! is located at the top of the console.

There are two versions of the operator control panel. The panel shown in figure 5-1 contains
the register extensions for use with the type 15 memory extension control . On this panel

the reader and punch switches are located at the right end of the panel shelf. The panel
shown in figure 5-2 does not have the register extensions. On this panel, the reader and
punch switches are pushbuttons located or the right side of the panel . Figure 5-2 shows

two views of the panel, one view from the front and one from the side. Any computer

which includes the optional memory extension control has the control pane! shown in figure

5-1. A computer which does not include the type 15 option may have either panel .

When any console indicator is lit, the associated flip=flop is in the 1 state or the associated
function is true. Most toggle switches on the operator control pane! are pushed up for on

for 1) and down for off (or 0). The power and mode switches are pushed to the left for on
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and to the right for off  The operating switches on the panel shelf are two- or three-
position momentary-contact switches with a center off position; the direction in which

these switches should be operated is discussed with the individual switches.

The operator contro! panel is the main control panel of the computer. The operating switches
used to initiate computer operations are all located on this panel, together with the indicator
lights that monitor the contents of the central processor registers and the major control
flip-flops ~ The face of the operator control panel is divided into three areas vertically;

the left half of the panel face is devoted to the registers, the column just to the right of
center is devoted to flip-flop indicators, and the right quarter of the panel face includes

the power and mode switches and the program control elements.

The in-out and sequence-break panel, located at the top of the console, contains only in-
dicator lights. if the computer includes a type 20 sequence break system, the panel is divided
into two sections. The left half of the panel includes the in-out indicator lights; the right
half of the panel includes the sequence-break indicator lights. This is the version of the
pane! shown in figure 5-3. If the optional sequence break system is not included, then the

in-out indicator lights are located in the center of the panel.

In the remainder of this paragraph, the operator control panel is referred to merely as the
"control panel", while the in-out and sequence-break indicator panel is referred to as the
"indicator panel" . All of the control switches are located on the control panel. Both
panels include many indicator lights. Although the relative brightness of the lights gives
some indication of their relative duty cycles while the computer is running, the primary
purpose of these lights is to show the states of the functions being monitored after the com-

puter has halted  Certain indicators are significant only for troubleshooting purposes.

in the following text, the switches and indicators are explained in terms of the figure 5-1
control panel. The figure 5-2 control panel is referred to explicitly only for those elements
in which it differs from the figure 5-1 control panel. In reading the following text, the op-

erator should refer to the phototgraph of the control panel that corresponds to his computer.

Functionally, the various switches and indicators on the two panels may be divided info the

following eight groups:
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1. Central processor registers (described in a below). Six sets of register indicators

and two switch registers most of which are located on the left half of the control panel face.
The instruction register is located in the lower right corner of the figure 5-1 control panel.
However, in the figure 5-2 control panel this register is located with the other registers .
2. Central processor control flip-flop indicators (b below). Thirteen indicators (twelve
in the figure 5-2 control panel) located in the center column of the panel face, and six
indicators located at the right of the in-out indicators on the indicator panel.

3. Program control elements (c below). Six sense switches with associated indicators
and six program flag indicators. Located in the right quarter of the panel face.

4. Power and mode switches (d below). Three switches located in the upper right corner
of the panel face. However, the figure 5-1 control panel has an additional mode switch
located to the left of the address switch register.

5. Operating switches (e below). Six switches located at the left of the panel shelf.

6. Reader and punch switches (f below). Two switches located at the right of the panel
shelf. In the figure 5-2 control panel, these switches are replaced by three pushbuttons
located on the right side of the panel.

7. In-out indicators (g below). Indicators for the buffer registers and flip-flops in the
control units for the reader, punch and typewriter. These are located on the left half of
the indicator panel (figure 5-3) if the computer also includes the type 20 sequence break
system. If the type 20 option is not included, the lights are in the centér of the panel.
8. Sequence break indicators (h below). Lights that indicate the states of the 64 flip=-
flops in the sequence break system priority chain. Located in the right half of the in-

dicator panel .

a CENTRAL PROCESSOR REGISTERS (figures 5-1, 5-2)

Register Indicators

INSTRUCTION (IR)

Five-bit register which contains the instruction code of the instruction being performed

or just performed.

PROGRAM COUNTER (PC)
This 12-bit register contains the address of the rext instruction in the program .

EXTENSION (EPC) Four-bit extension of the PROGRAM COUNTER. The contents
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displayed indicate the memory module from which the next instruction is to be ob-
tained. The next operand will also be obtained from this moduie unless extended

indirect addressing is employed.

MEMORY ADDRESS (MA)

This 12-bit register coriains the address of the previous memory access. A
EXTENSION (EMA) Four-bit register which contains the address of the memory
module used during the previous memory access.

When the computer has stopped, these lights display the last address used, because the

normal end-of-cycle clearing of MA and EMA is inhibited immediately prior to a halt.

MEMORY BUFFER (MB)

All transfers into or out of core memory take place through this 18-bit register. Furthermore
this register holds the operand for all computational instructions. When the computer has
halted, MEMORY BUFFER indicates the word contained in the memory location addressed
by MEMORY ADDRESS.

ACCUMULATOR (AC)
This 18-bit register is the major arithmetic and operating register in the computer, and is
involved in most computer operations. In computational instructions the operand from

MB operates on the contents of AC. The results of computations always appear in AC.

IN-OUT (10)

Eighteen-bit in-out and multiplier-quotient register. During in-out operations, 10O is
used as a buffer for transferring data between the computer and the in-out device control
units. During multiplicaﬁén and division, it serves as a magnitude extension of the

accumulator.

Switch Registers

ADDRESS (TA)
A 12-bit toggle switch register through which the operator provides the memory address

for the console functions Start, Examine and Deposit.

EXTENSION (ETA) Four-bit toggle switch register which provides a module address for
the location specified by ADDRESS. EXTENSION also specifies #.he_memory module for

the operation Read In.



CAUTION

After beginning Read In do not operate the ETA switches until

the computer has left the read-in mode.
TEST WORD (TW)
Lifting DEPOSIT transfers the contents of this 18-bit toggle switch register into the
memory location specified by the ADDRESS switch register. During Load Accumulator
ffom T;sf Word (Iat) the TEST WORD is transferred into the accumulator.

_[2 CENTRAL PROCESSOR CONTROL FLIP-FLOP INDICATORS -
Control panel (figures 5-1, 5-2)
RUN (run)

Lit while the computer is running in normal mode. Whenever the run flip~flop is

cleared, the computer stops at the end of the current memory cycle.

CYCLE (cyc)

If this light is not on, the next cycle to be performed is cycle zero. When the light is on,
the computer is about to perform cycle one or a special cycle. Before a defer cycle,

high-speed channel cycle or one of the break cycles, CYCLE is lit together with the
appropriate one of the following: DEFER, H.S. CYCLE, or BRK. CTR. 1 and/or 2.

DEFER (df])
When lit, indicates that the next cycle to be performed is a defer cycle (i.e. an

indirect address cycle).

H.S. CYCLE (HSCO)

When lit, indicates that the next cycle to be performed is a high-speed channel cycle.

BRK. CTR. 1, 2 (b, be,)

Two-bit break counter. This counter contains the number of the break cycle to be per-
formed.

OVERFLOW (OV])

When this light is on an overflow condition has occurred in the accumulator since

START was pressed and since the last szo instruction.



READ IN (rim)

Lit while the computer is in the read=-in mode.

SEQ. BREAK (sbm)

Lit while the computer is in the sequence=break mode.

EXTEND (EXD)
Lit while the computer is in the extend mode. Note: this light is not included on

the figure 5-2 control panel .

[1-O HALT (ioh)

Lit during an in-out wait.

I-O COM'DS (ioc)

Lit at all times except during an in-out wait.

1-O SYNC (ios)

This flip-flop is set by the completion pulse to end an in-out wait. It is cleared at

the beginning of the following cycle provided that the computer is in the in-out wait.

Otherwise it is cleared when the in-out wait begins.

Indicator Panel (figure 5-3)

MEMORY: READ, STROBE, INHIBIT, WRITE (R, RS, |, W)

These four flip-flops generate the memory core-drive pulses in memory module 0.

DEFER 2 (df,)
This flip-flop is set whenever a defer cycle is followed by a defer cycle, but it is
cleared too quickly to turn on the indicator. Used only for troubleshooting to indicate

a malfunction.

ov, (OV,)
This flip-flop is set during cycle one of any add or sub in which an overflow can
occur, but it is cleared too quickly to have any effect on the indicator. Used only

for troubleshooting, to indicate a malfunction.

¢ PROGRAM CONTROL ELEMENTS (figures 5-1, 5-2)
SENSE SWITCHES, 1 to 6 (SS]_6)

These switches may be set for manual intervention in a program. The levels produced
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by these switches can be sensed by the program. When a switch is on, the associated

indicator is lit.

PROGRAM FLAGS , 1 to 6 (pf,]_é)
These flip-flops can be sensed by the program for control purposes . They can be set

or cleared by the program or by an in-out device, but not from the console.

d  POWER AND MODE SWITCHES (figures 5-1, 5-2).

POWER

Pushing this toggle switch to the left turns on computer power and lights the associated
indicator. After turning POWER on, the operator must wait five seconds to allow the
memory power supply fo turn on before starting computer operations. When POWER

is switched off, memory power turn-off is immediate but computer power remains on

for five seconds.

This switch normally applies power to the entire system unless a piece of optional

in-out equipment is turned off individually.

SINGLE STEP

If this switch is pushed to the left, the computer enters the single-cycle mode, lighting
the associated indicator. In this mode, the computer executes a single memory cycle
when START is operated. Subsequent cycles in this mode are executed one at a time each

time CONTINUE is operated.

SINGLE INST,

if this switch is pushed to the left, the compute: enters the single~instruction mode,
lighting the associated indicator. iIn this mode, the computer executes a single
instruction when START is operated. Subsequent instructions in this mode are executed

one at a time each time CONTINUE s operated

In the single-instruction mode, the computer treats the set of three break cycles together
with the transfer instruction to the break routine as a single instruction. Note that if

both SINGLE STEP and SINGLE INST. are on, the single~cycle mode has preference.

EXTEND
When this switch is on (up) the computer enters the extend mode whenever either
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START or READ iN is operated. EXTEND is located to the left of the ADDRESS

switches on the figure 5-1 control panel.

e OPERATING SWITCHES - All the operating switches are spring loaded to return

to the off (center) position as soon as they are released.

START

This is a three-position switch; it can be operated upwards or downwards. When
START is lifted up, the computer starts operating in the sequence-break mode;

i.e. the start level is generated and flip=flop sbm is set. Pushing START downwards
also generates the start level, but sbm is cleared. In either case the computer starts
operating in normal mode; the first instruction executed is taken from the location
specified by the ADDRESS switches If EXTEND is on when START is operated, the

computer also enters the extend mode..

STOP

When the computer is running in normal mode, pushing this switch down causes the
computer to halt by clearing the run flip-flop. If the computer is operating in
read-in mode, this switch stops Read In following the reading of an odd-numbered

word from the tape (one of the dio instructions).

CONTINUE
When this switch is pushed down, the computer resumes normal operation, starting

at the point indicated by the console lights. This switch must never be operated

while the computer is in the read-in mode.

EXAMINE

When this switch is pushed down, the contents of the memory location specified by
the ADDRESS switches are displayed in both the ACCUMULATOR and MEMORY
BUFFER lights.

DEPOSIT
Lifting this switch up stores the contents of the TEST WORD switch register in the

memory location specified by the ADDRESS switch register.

READ IN

When this switch is pushed down, the computer enters the read-in mode and begins
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the Read In operation. This operation reads information from paper tape into memory
without a program. Upon completion of Read 'n, if the last word read from the tape
is a Jump instruction, the computer automatically begins normal operation, starting
at the location specified by the Jump. If EXTEND is on, the computer enters the
extend mode before beginning normal operation. For additional instructions on the

use of this switch, refer to paragraph 5-5a.

f READER AND PUNCH SWITCHES (figures 5-1, 5-2)

READER

Lifting this switch up turns on the reader drive motor and energizes the brake. Note:
the reader must be turned on before running any program in which the reader is used.
Pushing this switch down turns off the reader, releasing the brake. Note: the reader
must be off to load or unload tape. In the figure 5-2 control panel, this switch is
replaced by a pair of READER pushbuttons START and STOP, located on the side of
the panel.

TAPE FEED
While this switch is held down the paper tape punch runs, punching the tape with
feed holes but no data holes. In the figure 5-2 control panel, this switch is replaced

by a pushbutton located on the side of the panel.

g IN-OUT INDICATORS (figure 5-3)

TAPE READER
0 through 17 (RB)
Eighteen-bit tape reader buffer.

BINARY (rby)
This light goes on whenever the reader begins reading tape in binary mode. It

goes off whenever the reader begins reading tape in alphanumeric mode.

NAC (rcp)
Need-a-completion-pulse flip-flop. Lit if the last reader iot requested a com~-

pletion pulse.
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RC1, RC2 (rc]y rc2)

Two=bit reader counter which counts the number of lines read from tape by a single
iot. This counter also controls reader buffer shifting. For alphanumeric mode,
tape is read one line at a time. In binary mode, tape is read three lines at a

time; these three lines are assembled in the buffer into a complete 18-bit com-

puter word.

CLUTCH (rcl)

Lit when the reader clutch is engaged.

TYPEWRITER
STATUS (TBS)

Lit when a typewriter key is struck; cleared by tyi.

BLACK (TBB)
Lit while the typewriter ribbon is positioned for black typing. The light is off while
the typewriter is printing on the red portion of the ribbon. Note that the ribbon

may be controlled only by the computer, not from the typewriter keyboard.

TYO (tyo)
Lit during a Type Out iot.

NAC (tcp)

Need-a-completion-pulse flip-flop. Lit if the last tyo requested a completion pulse.

12 through 17 (TB)
Single characters are transferred between the typewriter and 1O

buffer.

12217 through this

TAPE PUNCH

Punch buffer lights (PB)
These eight unlabelled lights are the punch buffer. The relative spacing of the
lights is the same as the position of the corresponding holes punched on the tape.
The gap between the first five and the last three lights corresponds to the space

left for the feed holes.

ON (pun)

Lit by a punch iot; cleared by the completion pulse.
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NAC (pcp)
Need-a-completion-pulse flip-flop. Lit if the last punch iot requested a comple-

tion pulse.

h SEQUENCE BREAK INDICATORS (figure 5-3). = The indicator panel includes
these four sets of lights only if the type 20 sequence break system is installed in
the computer. Each set includes 16 lights (numbered 0 to 17 octal), one for each
‘of the 16 channels. The descriptions given below are for a single light ineach
set because all the lights in a set have the same meaning, each for its corresponding

channel.

CHANNEL ON, 0to 17 (b001 to b171)

Lit when sequence breaks are being allowed on the corresponding channel .

SYNCHRONIZER, 0 to 17 (b002 to b172)

This flip-flop is set when the corresponding channel receives a break signal from
an in-out device, provided that channel is on. However, the program can set
the flip-flop (and initiate a break) regardless of the state of the CHANNEL ON
flip-flop. in either case, synchronization to the computer timimg system is pro-
vided during the same cycle, so the flip-flop is cieared too quickly to light the

indicator.

WAITING BREAK, 0 to 17 (b003 to b173)
Lit while the channel is waiting for a break. The light goes on when the break
signal is synchronized to the computer timing system and goes off when the

break request is granted.

BREAK STARTED, 0 to 17 (b004 to b174)
Lit while the computer is performing the break routine for the corresponding
channel. The light goes on when the break request is granted, and goes

off when the computer returns to the interrupted program.
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5-3 CENTRAL PROCESSOR POWER CONTROLS

This paragraph describes the power controls for the central processor. Alternating line
voltage is distributed to the various computer power supplies through the type 813 power
control panel located at the top of the bay 3 plenum door. In some machines, a type

810 power control panel is used instead of the type 813 panel.

A separate panel is provided for control of marginal check voltage. This panel includes
switches for applying marginal check voltage to specific portions of the computer. In

addition, individual marginal check toggle switches are located on the front of each logic

panel.

a POWER CONTROL PANEL TYPE 813 - Central processor power is controlled by
the POWER switch on the operator control panel (paragraph 5-2d). Turning this switch
on activates the power control panel type 813 at the top of the bay 3 plenum door.

The type 813 power control panel (figure 5-4) contains an elapsed-time meter, three
MAIN POWER circuit breakers, two PUNCH POWER circuit breakers, and the MEM
POWER toggle switch. The elapsed-time meter counts the number of hours main com-
puter power is on. The circuit breakers and toggle switch are normally left on at all

times.

The three MAIN POWER circuit breakers provide overload protection to the computer
power supplies. (There are only two MAIN POWER circuit breakers on the type 810
power control panel.) Line voltage for the entire computer, except for the paper
tape punch motor, goes through these three circuit breakers. A separate pair of
PUNCH POWER circuit breakers is provided for the tape punch motor. This is nec-
essary because the punch draws a 9-amp surge at turn-on. Note that the punch-
power line makes line voltage available to the type 812 punch control panel, but
that the punch motor is not actually turned on until the punch is needed. This pre-

vents excessive wear of the punch.

The 813 control delays memory power turn-on. This delay turns on memory power
five seconds after main power is turned on, to ensure that turn-on transients in the
computer do not affect the memory. The MEM POWER switch on the type 813 panel

permits turning off this delayed line-voltage input to the memory power supply.
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Memory power can thus be turned off separately from the rest of the computer for main-
tenance or troubleshooting purposes. If the system includes more than one memory mod-
ule, delayed line voltage to all the memory power supplies goes through the MEM POWER

switch.

For computer turn-off another set of delays is included in the power input to the com-
puter. While memory power turn-off is immediate, the turn-off delay keeps main com-

puter power on for five seconds after the console POWER switch is turned off.

b MARGINAL CHECK CONTROLS =~ The variable power supply type 734 furnishes
marginal check voltages to the computer. It is located at the top of the bay 2 plenum
door. This power supply provides voltages which can vary from 0 to -20 or +20 vdc,
depending on the setting of the associated polarity switch. Output values between

0 and 20 volts are controlled by a variac and monitored on the MARGINAL CHECK
voltage meter (figure 5-5). Line voltage for the type 734 power supply is supplied
directly from the power control panel with no intervening switch. Therefore the mar-

ginal check power supply is one whenever the rest of the computer is on.

The plug=in unit pins to which marginal check voltage is applied are selected by
three toggle switches (at the left of each logic panel on the fron’; of the bays, figure
5-6) and an associated three=position polarity switch (on the marginal check switch
panel, figure 5-5). To make positive marginal check voltage available to the com-
puter, the polarity switch is setto +10 MC. Marginal voltage can then be applied
to the A lines of any panel by pushing up the top toggle switch 5n that panel, and to
the B lines by pushing up the center toggle switch. For marginal check of the =15
vde lines, the polarity switch is set to ~15MC and the bottom foggle switch of each
panel being tested is pushed up. Note that all lines not being marginal checked

automatically receive their normal voltages.

Although no marginal voltage can be applied to the computer if all three toggle switches
on every panel are off (down), it is also possible to disconnect all marginal=voltage
inputs by turning the polarity switch to the OFF position. This applies normal voltages

throughout the computer regardless of the settings of the toggle switches.
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There are five toggle switches to the right of the three-position potarity switch on
the marginal check switch panel !figure 5-5)  For all these switches, the up position
is on; down is off . Only the first three switches on the left are used; the two on the

right are spares.

The SENSE AMP switch applies marginal voltage to pin A of the memory module sense
amplifiers. These sense amplifiers take up only a portion of panel 3D. For ease in
troubleshooting, the sense amplifiers are isolated from the rest of the panel and are
checked independently by the SENSE AMP switch. The rest of the plug~in units in
panel 3D are marginal checked in the usuai way by the switches on the mounting

panel .

Marginal checking of the sensing circuits in the photoelectric tape reader is done
with the FEED HOLE and INFO HOLES switches. To facilitate troubleshooting,
separate switches are provided for feed-hole and information-hole sensing circuits.
When one of these switches is pushed up, marginal voltage is applied to the +10 vdc

lines in the corresponding circuir if the setting of the polarity switch is +10MC.

5-4 OPERATION OF STANDARD IN-OUT EQUIPMENT

The in-out devices furnished as standard equipment with PDP-1 are a photoelectric punched
tape reader, a paper tape punch, and an automatic typewriter, Manufacturer's manuals

for these devices are provided with the PDP-i computer. In addition; some special instructions
and precautions are included below regarding the use of these devices as part of the PDP-1

syster .

a PHOTOELECTRIC PUNCHED TAPE READER - The tape reader, used by the computer

as an input device, is mounted on the computer console, directly above the operator

control panel (figure 5-7) . Reader operation is as follows -

(1) Loading - Before loading or unloading the tape reader, the reader motor
must be turned off by pushing the READER switch down. This releases the brake

and prevents damage to the tape.

When loading the tape reader, the tape must be oriented so that it unfolds from

the top of the far-folded stack, and with the edge nearer the feed holes away
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from the operator. The fan-folded stack is placed in the right=hand tape bin.

(2) Operation - Once the tape is properly loaded into the tape reader, the
reerder is turned on by lifting the READER switch. This energizes the brake and
starts the reader motor. A reader iot (or the console operation Read in) can then
make use of the tape reader by sending signals to the reader clutch. When the

clutch is engaged, the tape moves past the sensing photocells.
CAUTION

Before running a program including any tape=-reader iot's,
or before executing a Read In, the tape reader must be
turned on. Failure to do this will cause the computer to
halt at the point where the tape reader is requested.
When this occurs, the program must be run again from the
beginning. To avoid such loss of computer time, always
lift the READER switch before beginning any computer
operation which includes the tape reader.

(3) Unloading - After the reader has finished reading a tape, the tape may be
removed from the left storage bin. To prevent damage to the tape, always push

the READER switch down before attempting to remove the tape.

(4) Coding - When reading tape in binary mode, the reader reads only the

six least significant bits of each character that has the eighth hole punched,

and assembles three such characters into an 18-bit computer word. When reading
tape in alphanumeric mode, the reader reads all eight bits in each character.
These eight bits may be in any code. The FIO-DEC Code and Concise Code are
listed in table 5-1. The FIO-DEC Code is used on tapes prepared with the
off-line typewriter sold by Friden for use with the PDP=1. This code includes

a parity bit (bit 8). Characters are actually defined by the six least significant
bits, which are the same in both FIO-DEC and Concise Code. Tape prepared

by the computer on the paper tape punch may be in either code, depending on

the program. The automatic typewriter uses only Concise Code.

b PAPER TAPE PUNCH - The paper tape punch, used by the computer as an output
device, is mounted on a shelf inside the upper portion of the console, and is accessible
from either the front or rear of the console bay. The punch mechanism faces the
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double doors on the front of the bay (figure 5-8). Fan-folded tape is fed to the punch

from a container. After punching, the tape is fed into a storage bin. A slot on the con-

sole (above the tape reader, see figure 5-7) allows access to this storage bin without op-

ening the double docrs. Punch operation is as follows.

C

(1) Loading - Load the paper tape punch as shown in figure 5-8. After tape has
been properly positioned through the device, hold the TAPE FEED switch down long
enough fo feed approximately 18 inches of leader. Make sure the tape is feeding

and folding properly in the storage bin.

(2) Unloading- To remove a length of punched tape from the storage bin, first
hold TAPE FEED down long enough to provide an adequate leader at the end of the
tape (and also at the beginning of the next length of tape).

Reach into the tape storage bin slot and remove the fan-folded tape. Tear off the
tape at a point within the leader area (that portion of the tape with only feed holes

punched).

After removal from the storage bin, the stack of folded tape should be turned over so

that the beginning of the tape is on top, and then labeled.

Make sure enough leader is left in the punch storage bin to make at least three folds,
with the first fold towards the bin opening. This ensures that the tape will stack pro-

perly inside the bin. If necessary, hold down TAPE FEED to provide additional leader.

AUTOMATIC TYPEWRITER - The automatic typewriter is used by PDP-1 as an input-

output device. In most cases, the operator communicates with the computer through the

typewriter, especially when debugging a program. The typewriter is mounted on a sepa-

rate table, usually placed beside the console, and connected to the computer by a cable

plugged into a connector underneath the console table. An electric outlet, also under

the console table, provides 110 vac to run the typewriter motor. Instructions for use of

the typewriter as part of the PDP-1 system are as follows.

Figure 5-9 shows the typewriter keyboard. Special symbols replace certain of the standard

punctuation marks on this keyboard. The typewriter uses Concise Code (see table 5-1).
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Color shifting (from black to red and vice-versa) can be done only by signal from the
computer, not from the keyboard. The BLACK light on the indicator panel is lit when

the typewriter is using the black portion of a two=color ribbon .

Operating the SHIFT 1 key on the right locks the typewriter in upper case. All typing
will be done in upper case until the left-hand SHIFT key is operated. This key locks

the typewriter in lower case.

The typewriter is turned on by pushing back a switch under the right side of the keyboard.
When the typewriter is on, a window directly over the switch will show white. To turn the

typewriter off, move the switch forward.

Special instructions on the use of the typewriter with a particular program (such as tab
settings, etc.) may be found in the written description of that program. Typewriter use

is determined by the programmer when writing a program.

CAUTION

Before running a program that calls for use of the automatic type-
writer, make sure the typewriter is on. Failure to turn on the type-
writer will cause the computer to halt at the point in the program
where the typewriter is required. When this occurs, turn on the
typewriter and hit the space bar. The first Type Out character is
lost but the computer continues .

5-5 COMPUTER OPERATING MODES

The computer may operate in the following four modes: read-in mode, normal mode, or either

of the two manual modes, single cycle or single instruction. in normal or manual mode, the

computer may simultaneously be in sequence-break mode. In this mode the computer grants

any break requests made by the in-out equipment. No sequence breaks may occur in read=in

mode.

In addition to the operating modes, the computer performs two independent console operations,

Examine and Deposit. These operations are initiated by the EXAMINE and DEPOSIT operating

switches. The computer leaves the mode it is in before executing either operation.

a NORMAL MODE - The START switch initiates normal-mode operation. it is also

used, in conjunction with the manual-mode toggle switches, to initiate operations in
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manual mode. When START is operated, the computer starts in cycle zero; the first
instruction access is made to the location specified by the ADDRESS switches. For
concurrent sequence-break mode operation, START is lifted up. Normal-mode operation

without sequence-break mode is initiated by pushing START down.

When the computer is operating in normal mode, it can be halted by pushing down the
STOP switch. Always press STOP before operating any other initiating switch. This

prevents any accidental loss of information in the computer.

If the computer has been halted while in normal mode, it can be restarted by pressing
CONTINUE. This causes the program to continue where it left off. Note, however, that
whenever a halt is followed by any operation that changes the state of the computer

(such as Examine or Deposit), the computer must be started as at the beginning of normal-
mode operation. The address of the next instruction must be set into the ADDRESS switches

before START is operated.

b READ-IN MODE - The read-in mode reads from paper tape without a program. This
operation is used to load programs or data into the computer, and is initiated by the READ

IN switch.

Each tape word of information used in Read In alternates with a dio instruction. The
memory location where a word is stored is specified by the address portion of the dio
instruction immediately preceding it. In systems including more than one memory

module, this address specifies a location in the particular module selected by the operator.
Selection is made by setting the appropriate module address into the ADDRESS EXTENSION
switches. This address is transferred into the module selection registers at each cycle of
Read In. Therefore, once set, the switches should not be disturbed until Read In is

completed.

At the completion of Read In, if the last word on tape is a Jump instruction, the computer
automatically leaves the read-in mode and begins normal operation at the location speci-

fied by the jump. When no Jump instruction is included at the end of the tape, the com-

puter halts at the completion of Read In. Normal operation can then be initiated by

START at the location specified by the ADDRESS switches. The START switch causes the computer

to leave the read=in mode and begin operation in normal mode.
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The two console functions Examine and Deposit also cause the computer to leave the
read-in mode before either function is performed. These twc functions are sometimes
used at the end of a Read in to examine the contents of certain memory locations or

to deposit additional information into memory .

The STOP switch may be used to halt the computer in the middle of Read In. Note,
however, that if for any reason Read in is interrupted, the computer cannot resume
the operation at the place where it stopped. Instead, the operator must take out the

tape andAbegi‘n the Read In over again form the beginning.

CAUTION

Never operate the CONTINUE switch while in the read-in
mode. This causes the computer fo attempt to run in both
read-in mode and normal mode simultaneously .

Never operate the READ IN switch twice in succession.
Pushing READ IN while the computer is already running in
the read-in mode may cause the reader to begin reading the
wrong lines on the tape.

5-6 OPERATOR'S CHECKLISTS

The following checklists are provided for the operator's convenience. Checklists are included
for operating the computer in read-in mode, in normal mode, and in either manual mode.

Special instructions for running a particular program may be found in the write-up of that

program .

a READ-iIN MODE - To operate the computer in the read-in mode, follow the steps

below in the order given.
1)  Turn off all SENSE SWITCHES, ADDRESS switches, and TEST WORD switches.
Make sure the two manual-mode switches (SINGLE STEP and SINGLE INST.) are
both off.
2) Push READER switch down to release reader brake.
3) Load punched tape into reader.
4) Lift READER switch up to energize brake and turn on reader mofor.
5) If the computer includes the oprional memory extension control type 15, set the
ADDRESS EXTENSION switches io the address of the memory module to be read

into during Read in.



6) Press the READ IN switch.
7) To stop the computer during Read In, press the STOP switch. Do not operate
any initiating switch without first halting the computer. Never operate CONTINUE

during Read In. |f Read In is interrupted, the entire operation must be started again

from the beginning; repeat from step 2 above.

8) If the tape includes a Jump instruction at the end of the tape, the computer
automatically starts normal operation at the end of Read In.

9) If the tape does not include the automatic start feature (step 8) normal operation
must be initiated manually. Wait until the tape reader has finished reading the tape.

Then proceed as for normal-mode starting, from step 2 in b below.

b NORMAL MODE - To operate start the computer in normal mode, follow the steps
below in the order given. This checklist assumes the computer already contains the
program to be run (see a above for Read In).
1)  Turn off all SENSE SWITCHES, ADDRESS switches, and TEST WORD switches.
Make sure the two manual-mode switches (SINGLE STEP and SINGLE INST.) are
both off.
2) Check program write=up for in-out equipment needed for the current program
run. Where needed, load the equipment with the required tapes, etc.

3) Turn on all in-out equipment to be used during program run. Failure to do this

will cause the computer to halt. The entire program must then be repeated from the
beginning. A

4) Set address of first instruction into the ADDRESS switches.

5) To start in sequence-break mode, lift START switch. To start without sequence-

break mode, push START switch down.

6) Check program write-up for any special instructions to be followed during the
program run.

7) To halt the computer, press STOP. To continue with the program, press CONTINUE.
However, if the state of the computer has been changed after the halt (such as by an
Examine or Deposit operation), proceed as for starting, from step 4 above.

¢ MANUAL MODES - To operate the computer in either of the manual modes, follow the

steps below in the order given. This list assumes that the computer is already loaded with
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an appropriate program.
1) Turn off all SENSE SWITCHES, ADDRESS switches, and TEST WORD switches.
Make sure the twe manual-mode switches are off.
2) Turn on the appropriate manual-mode switch (SINGLE STEP for single-cycle
mode, or SINGLE INST. for single-instruction mode). Note that if both switches
are on simultaneously . the single-cycle mode takes preference.
3) Check program write-up for in-out equipment needed for the current program
run. Where needed, load the equipment with the required tapes, etc.

4) Turn on ali in-oct equipment ro be used during program run. Failure to do this

will cause the computer to halt. The entire program must then be repeated from the
beginning.

5) Set address of first instruction into the ADDRESS switches.

6) To run in the sequence-break mode, lift START. To run without sequence-break
mode, push START down. The computer performs a single memory cycle if

SINGLE STEP is on. cr a single instcuction if SINGLE INST. is on. Note that

the single-instruct-on mode, with sequence breaks, treats all the break cycles

and the following instruction as a single instruction.

7)  For each subsequent cycle or instruction, press CONTINUE. The computer
stops after every cycle or instruction,

8) To leave the manual mode, turn off the manual-mode switch that is on. To
complete the program in normal mode, press CONTINUE. However, if the state
of the computer has been changed after leaving the manual mode, proceed as for

normal-mode starting (b above. srep 4).



TABLE 5-1 ALPHANUMERIC CODES

FIO - DEC Concise
Character Code Code
a A 61 61
) B 62 62
c o 263 63
d D 64 614
e E 265 65
f F 266 66
g G 67 67
h H 70 70
1 I 271 (e
J J 2h1 41
k K 242 b2
1 L 43 43
m M 244 L4y
n N 45 4s
o O L46 L6
p P 247 bt
a Q 250 50
r R 51 51
s S 222 22
t T e3 23
u U 224 24
v Vv 25 25
w W 26 26
X X 227 27
vy Y 230 30
z Z | 31 31
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TABLE 5-1 ALPHANUMERIC CODES
(Continued)

FIO-DEC Concise
Character Code Code
0 - 20 20
1 " 01 01
2 02 02
3 - 203 03
L, o ou o4
5 v 205 05
6 A 206 06
7T < 07 07
g8 > 10 10
9 ) 21 11
( I 57 57
) ] 255 55
I 256 56
- o+ 54 54
. 4o 4o
s = 233 33
. X 73 73
/ 2 Pyl 2
Lower Case 272 T2
Upper Case 274 T4
Space 200 00
Backspace 75 75
Tab 236 36
Carriage Return 277 77
Tape Feed 00 00
Red ** _— 35
Black ** —_ 34
Stop Code 13 —_—
Delete 100 -

x.Nonspacing characters (dead keys)
Used on typewriter Type Out only (not on keyboard)
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CHAPTER 6

CONTROL

6-1 GENERAL

The control unit of the computer includes all the logic which governs the timing of operations
within the computer, the transfer of information within the central processor, the execution
of the program and the individual instructions within the program, the operation of the var-
ious registers, and the storage and retrieval of information from memory. This chapter des-
cribes the general control functions, including console control, timing, and cycle control;
instruction control; program control; the shift/rotate logic; memory address and memory buffer
transfer logic; the one-channel and 16-channel sequence break systems; and the high-speed

channel control.

Certain portions of central processor control are discussed in other chapters. The arithmetic
unit control circuits and the multiply/divide option are included in the discussion of the arith-
metic unit (chapter 7). The memory address register and memory extension control option are
ncluded in the memory system (chapter 8). Control of information transfers between the com-

puter and the control units of the individual in-out devices is discussed under in-out transfer

control (chapter 9).

The control elements described in this chapter are shown in ten logic drawings, figures D6-1
through D6-10. For information on the use and organization of these drawings see paragraph

3-16.

6-2 GENERAL CONTROL FUNCTIONS

The general control functions of PDP-1 are shown in figure D6-1. These functions control the
initiation, timing, and completion of all central processor operations. They also control the

cycles within which the various types of computer operations occur.

a CONSOLE CONTROL SWITCHES - There are two types of console control switches:

operating switches and mode switches. The operating switches start and stop the specific

6-1



computer operations while the mode switches control the operating modes of the computer.

(1) Operating Switches - The six operating switches are located across the bottom

of the operator control panel (figure 5-1). The inputs to the control logic from these
switches are shown in figure D6-1, fields Bl and C1. The outputs of the STOP,
CONTINUE, EXAMINE, DEPOSIT and READ IN switches are applied directly to
five of the six pulse generators shown in the figure. The levels produced by both on
positions of the START switch are applied to the OR net in C1. The up position of
this switch causes the computer to enter the sequence break mode before starting nor-
mal operation. The down position causes the computer to leave the sequence break
mode before starting. The start level is generated when START is pushed to either
position. This level in turn is applied to the sixth pulse generator in BI. The -3vdc
level from any switch is used in the control logic directly. Each switch also produces
a corresponding initial pulse through one of the pulse generators at the instant the

switch is turned on.

Five of the operating switches are initiating switches, that is, they begin various
operations within the computer. These operations are Start, Continue, Examine,
Deposit and Read In. The initial pulses produced by all five of these switches begin
the chain of special pulses that controls the console operations. The sixth switch,
STOP, halts the computer. Therefore, the initial pulse produced by STOP does not

initiate the special pulse chain.

(2)  Manual Mode Switches . - The computer performs programs in normal mode.

Read In is performed in the special read-in mode. In addition, two manual modes
are available: single cycle and single instruction. These modes are controlled, res-

pectively, by the SINGLE STEP and SINGLE INST switches located in the upper

right corner of the operator control panel (figure 5-1).

Both of these switches generate the manual run level (figure D6-1C3). When MAN-
UAL RUN is true the computer halts at the end of the current memory cycle. MAN-
UAL RUN is asserted continuously when SINGLE STEP is on so that the computer

halts at the end of each memory cycle. When SINGLE INST is on, however, manual

run is asserted only when the instruction-done level is also true. Because this level
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is true during the final cycle of every instruction {f be ./, the computer nalis at the
end of each complete instruction when SINGLE INST is . In either mode the first
cycle or instruction is initiated by START and succeeding cycles or instructions by

CONTINUE.

Grouped with the manual-mode switches on the control panel is the F +WER switch
Operation of this switch applies power to the system  Each time the POWER switch

is turned on, the computer is cleared by the power-clear pulses (figure D6-5D6) .
When power is applied to the system, terminal T of plug-in unit 1B2 is temporarily
grounded. During the time when pin T is grounded, the clock in 1B1 produces power-
clear pulses through pulse ecmplifier 1B2. The power-clear pulses clear various flip-
flops and registers in the machine, especially in the in-out control equipment, in

order to prevent accidental information transfers.

b SPECIAL PULSES - The networks that generate the special pulses are shown in figure
Dé-1, Bl through B4. The special pulses include the start=clear pulse, SC, and the chain
of special pulses SP] through SP4. This pulse chain is the timing system for initiation of

console operations.

2y
Vel

Start Clear - To ready the computer for operation, most control flip-flops

and registers in the computer are cleared by the SC pulse. This pulse is produced
by SP] in Stait, Examine, Deposit, and Read In {figure Dé-1Bi}. Because Continue
requires that operations begin according to the current state of the control unit, a

start-clear pulse is never produced by this console function

The SC-4 pulse generated by ‘-2 julse amplifiers in A6 is a 0.4-microsecond pulse
triggered by the 70-nanosecond SC pulse. The SC pulse and the SC-4 pulse are

logically identical .

(2) Special Pulse Chain - The initial pulse produced wher any :merating switch

is turned on halts normal < >mputer speration and triggers the szecial pulse chain.
The 500-ini-.: . =5i:.d delay (figure D6-1B2) between the initial pulse and SP] allows
plenty of time for computer operations to cease before the chain of special pulses

begins. The special pulses following SP] are produced by the chain »f delays and

6-3




pulse amplifiers in B3 and B4,

This chain of special pulses (SP] through SP4) times computer operations until the
regular memory cycle timing chain begins. In Examine and Deposit the computer
executes only one memory cycle following the special pulse chain; in Start and
Continue the computer enters the normal operating mode. However, in Read In
the computer enters the normal operating mode only when the entire read-in is

completed ( (3) below).

(3) Read-in Mode Timing - In Read In the initial pulse puts the computer into

the special read-in mode by setting flip-flop rim ( paragraph 6-3a). When SP]

is triggered the condition rim] breaks the special pulse chain and pulses RPB rim
(figure D6-1A5). This pulse causes the computer to read one word in binary from
paper tape into the in-out register. Because the instruction register is clear at
this time, the reader-return signa! (delayed two microseconds by the 4301 delay
in A4) restarts the chain at SP,, provided STOP is off. Note that STOP halts the

computer whether it is in the normal operating mode or in the read-in mode.

During the rest of the special pulse chain the op code portion of the word read from
tape is loaded into IR. If the op code is DIO, RPB rim] is pulsed again, causing
the computer to read another word from the tape. When the reader-return-delayed
signal is received with DIO in IR, the computer goes into cycle one and deposits the
word in memory. At the end of the cycle (B3) SP] is triggered, beginning the entire

process again.

Read In ends when the op code JMP appears in IR instead of DIO. Then at SP4 the
computer leaves the read-in mode and begins normal operation at the location spec-

ified by the address portion of the Jump instruction.

¢ TIMING CHAIN - The main timing system of the computer is a chain of timing pulses,

TPy to TPy, TP90 and TP,'OQ These timing pulses occur at irregular intervals throughout

the five-microsecond memory cycle. The series of delays and pulse amplifiers shown

across the top of figure D6=1 produces the timing pulses. The time of each pulse is
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written above the name of the pulse. This timing system is also shown in the diagram of

the memory cycle, figure 3-2.

The pulse amplifiers shown in figure D6-1A7 generate 0.4-microsecond pulses from the
70-nanosecond timing pulses. These are logically equivalent to the standard timing pulses

and are indicated by "-4" following the subscript number of the pulse (e. g. TP7_4) .

Like the special pulses (b above) each timing pulse is produced by a pulse amplifier trig-
gered through a delay from the previous timing pulse in the chain. Unlike the special
pulses, however, not all pulses are triggered by the preceeding pulse: TP3 triggers ’TP7
after a 1.5-microsecond delay. During this interval, TP4 is triggered by the memory

3 Pulses TP5 and TP6 follow from TP4. This aligns the set of

three pulses, TP4 to TP6' with the retrieval of information from memory. The interval

strobe rather than by TP

between TPé and TP7 is great enough so that the main timing chain can continue without

a race problem.

In normal operation the memory cycle is repeated over and over again until the computer
is hg}fed. Pulse TP]O triggers TPO through a delay, causing the cycle to start over again,
but only if flip-flop run is 1. The computer is halted by clearing run. This prevents
repefition of the memory cycle. Note, however, that the timing chain can be broken
only at TP]O' Therefore, no matter when run is cleared, the computer halts only at the

end of a full cycle.

When operations are initiated from the console the special pulzes control the various func-
tions which must precede the first memory cycle. Once these initial operations are com-
plete, the memory cycle is started by SP4. The first timing pulse may be TPO or TP] , de-

pending on the operation.

The cycle is started on TPO in Start and Continue. It is also started on TPO following an
automatic Multiply or Divide. In these optional instructions the timing chain stops and a
substitute timing system takes control of the computer. At the end of the instruction the

MD-restart pulse triggers TPO, restarting the normal timing chain.

In Examine and Deposit the cycle is started on TP. . These console operations are performed

r

as cycle one of the instructions lac and dac respectively, so TPO is skipped to prevent the
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usual cycle-one transfer of MB into MA.

The other conditions that begin the timing chain apply only to the read-in mode of the com-
puter. In this mode the computer alternately uses the special pulse chain and the timing
chain to bring information into the computer without a program (b(3) above). After each
SP] in Read In the computer reads an instruction from paper tape. If the op code is DIO
the computer reads a data word from the tape and the delayed reader-return signal starts

the memory cycle on TPO. The cycle then deposits the data word in memory. If the op
code is JMP, however, the computer leaves the read-in mode and begins normal program
operation at the location specified by the Jump. In this case the first normal-mode mem-

ory cycle starts with TP] to skip the usual cycle-zero transfer of PC into MA.

d RUN CONTROL - The computer operates in the normal mode, with one memory cycle
following another, while flip=flop run is 1 (figure D6-=1C3). Each time the memory cycle
ends, TP

triggers TP0 of the next cycle, causing the computer to continue. Whenever

0
run is cle]ared the current cycle is completed and the timing chain ends at TP]O'
Flip-flop run is cleared at TPy, causing the com]puter to halt at the end of the current
memory cycle, on the instruction Halt (OPR MB9); on an incorrect op code selection;
and on the assertion of MANUAL RUN. (The last condition can occur only when the
computer is in the single-cycle or single=instruction mode.) The pulse MD-O—-> run also
clears run and ends the timing chain, but the computer does not stop. Instead the sub-
stitute multiply/divide timing system takes over until the end of the arithmetic operation.

Control is then returned to the timing chain by MD RESTART, which sets run again.

The initial pulse produced when any console operating switch is turned on also clears run.
The computer is halted in this way when STOP is operated; this is the only function of the
stop pulse. In the same way, operation of any initiating switch halts current normal op-
eration prior to the beginning of the desired console function. Because Examine and
Deposit do not use the normal mode, run remains cleared for the single memory cycle of
these two operations. For Start and Continue, run is cleared while the special pulses
perform the initial operations, and is set again by SP4 to return the computer to the nor=-

mal mode. In Read In, the timing chain is initiated separately for each memory cycle,
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and alternates with: the special pulses  Run is initlally cleared and remains O uniil JMP
occurs at the end of the read in; the computer then 1eaves the read-in mode to begin

normal operation

e MEMORY CONTROL PULSES - The memcry control pulses are generated by three pulse
amplifiers (figure D6-1A8) whict apply ce tain of the rming pulses to the mehory module
control circuits  The puise I-O—a MEM. which clears the memory control flip-flops in pre-
paration for the next memory ¢y cie, is produced initially by the povier-clear pulse and
subsequently by the final pulse of every memory cycle. The memory operate pulses |
MOP 2,3,7,9 time memory operaticrs by shifting control information through the four
control flip=flops in the mem )y moduie. These pulses a-e all appiied to the same line
because flip-flops R, RS, W and I arc a single shifi-register plug-in unit with all pulses
2,379 are equivalent to TPQ, TP3, TP7

and TP, . The other pulse appiied to the memory control flip-flops is INHIBIT (equivalent

9

to TP8), A separate pulse is requ.red for this function because flip-fiop I is set out of

applied s e same put pi The pulses MOP

sequence in the memory module riming shifr tegicrer

If the computer contains only cne memic y module me pulses produced by the pulse amp-
lifiers in 1F25 are applied direct!y 1o the shift regisier in thar memory module  However,
if a memory extersicn cont i o MOP
2,3.7.9
the module selection logic, wrich i i Lppiies these pulses to the selected memory

ard INHIBIT are applied to

module (see paragiaph 8-5di  Tne pulse «99.MEM is applied to all modules  Similarly,
the strobe from memory is applicd dicectl, to TP4 in the timing chain if there is only one
memory module  If more thar one memory modu'e is used, however, the strobe pulses from
the various modules are applied tc an OR n in the memory extension control; the output
of this net is then applied to P

f CYCLE CONITROL - The o oie fip-flop ¢y¢, is shown in figure D6-1C2  When
flip-flop is in the 0 :tate, the compute 1 'n cycie zero, and the current memory cycle is
utilized to retrieve an instruciion word fiom memory  When cyc is set. the con."npAuter' goes
into either cycle one o aspecin! cycle . Tre conto! function for cycle one is generated

by the net shown in C2 and C3 T < it asserts the level Cv1 “indicating that the com-
Y g

7
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puter is in cycle one) if cyc is 1 and the computer is not in any special cycle (i.e. a

defer cycle, a high-speed channel cycle or a break cycle).

Flip=flop cyc is set by SP2 in the console operations Deposit, Examine and Read In be-
cause the memory cycles of these operations are used as cycle one of the instructions
dac, lac and dio, respectively. In normal operation cyc is set at the end of cycle
zero if the computer must go into a special cycle or into cycle one of a memory re-
ference instruction. Such instructions are indicated by an op code less than 60, i.e.

either IR0 or IR] is 0.

Normal operation of the computer begins in cycle zero on the console operation Start
or at the completion of Read In. Flip-flop cyc is also cleared at TP'IO of either the
final cycle of an instruction or of a high-speed channel cycle, provided no HSC or
SBS break is next required. After BC3 the computer always returns to cycle zero, and
performs the transfer to the break routine without interruption. Flip-flop cyc is also

cleared at TP3 during cycle one of Execute. The computer then performs (in cycle

zero) the instruction retrieved from memory as the operand of the Execute instruction .

The instruction-done level (figure D6-1C8) indicates the computer is in the final cycle
of an instruction. This level is asserted when the computer is not in a break cycle and
any of the following conditions is satisfied:

(1) The computer is in the final cycle of a memory reference instruction (cycle

one);

>
(2) The computer is in cycle zero of a one-cycle instruction (op code = 60) and
no defer cycle is required; or

(3) The computer is in the final defer cycle (DF* dfo of a one-cycle instruction.

2

g DEFER CYCLE LOGIC - The defer cycle logic is shown in figure Dé-1, D5 to D7.
The execution of defer cycles is controlled by a pair of flip-flops, df] and df2.

A defer cycle can follow cycle zero of any instruction which can use indirect addressing.
If df1 is set in cycle zero the computer enters the defer cycle after cycle zero is com-

pleted. Flip-flop df_ is set if the indirect address bit is 1 and the computer is not exe-

1
cuting a nondeferrable instruction. (The nondeferrable instructions include all the aug-
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mented instructions and those memory reference instruciions in which MB_ is used for

5

other control purposes.)

During a defer cycle the defer leve! DF is true . This level is equivalent to the con-
dition that both df] and cyc are . |f d‘2 's set while the computer is in a defer cycle,
the defer cycle is repeated and another address is retrieved from memory. Flip-flop
df2‘is set at TP6 of a defer cycle f MB5 is 1 In this case, no instruction conditions
are required, because the computer cannot be in a defer cycle unless it is already
executing a deferrable instruction. However, if o memory extension control option is
included in the computer, another cond'tion is added to the set gating of df2. The
second defer flip-flop can be set only if the extend-mode flip-flop, EXD, is 0. When

the computer is in the extend mode, indirect addressing is limited to a single level .

At TP]0 of a defer cycie, df, is cleared oilowing the computer to continue with the
program only if d\‘2 isO0. f df2 has been set during the cycle then df.I is not cleared

and another defer cycle is executed in any case df2 is cleared by TP]O' Both defer
flip-flops are cleared by SC and alsc by any condition that requires the program counter

to be counted down. That is, ke pulses I-9—> dF} and 9—9df are logically equivalent

2
to |—--—]->PC° This prevents the computer from attempting to perform a defer cycle
simultaneously with a high-speed channei cycle o a break cycle.

h IN-OUT HALT CONTROL - The in-out . =" ol it :sysiem of four flip-flops and

associated gating circutts (figure Dé-1. B4 0 B6)  These four flip~flops are: in-out

commands, ioc; in-out halt store, ibs; ‘n-ou+ synchronizer, ios; and in-out halt, ioh.

Two levels used by in-out halt control are generated by the net shown in C4. The in-
out =halt-done level is true if both ioh and ihs are 0 during an in-out transfer. Note
that this means that 1O HALT DONE s true not only after a halt is completed, but
also at the beginning of an 10T, before the halt hos even started. The level TO
HALT DONE is true whenever 1O HALT DONE is false during an IOT. When the
computer is not performing an in-out transfer, both 1O HALT DONE and 1O HALT
DONE are false .
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An in-out wait is included in an iot only if desired by the programmer. If information

is immediately available, as for example after a typewriter key has been struck, then

no in-out wait can be used. If a long period of time is required between the initiation
of the in-out transfer and the actual availability of information, then the programmer can
skip the in-out wait and use the time for computation. In this case, unless the sequence
break system is being used, another iot that does nothing but begin the wait must occur

some time before the information transfer is ready.

The start=clear pulse sets ioc and clears the other three in-out halt control flip=flops. .
This is the initial configuration of the flip=flops. Note that ioc is normally 1. During
an in-out transfer instruction the command pulses are generated by in-out transfer con-
trol only while ioc is 1 (B6). If there is no in-out wait the iot is performed in one cycle
and there is no need to clear ioc. The commands flip=flop is therefore ready for the

next occurrence of an iot in the program.

If an in-out wait is required, bit 5 of the iot instruction word must be 1. When the in-
out transfer appears in the program, ioh is set at TP7 if M35 is 1 and |O HALT DONE
is true. Since the in-out wait has not started yet, |O HALT DONE is true at this time.
While ioh is 1 the timing chain continues but no operations are performed for any fur-
ther instructions. The computer merely repeats cycle zero over and over, decrementing

the program counter by 1 every time it is advanced during each cycle zero. In this

way the same iot is retrieved from memory each time.

At TP2 of the cycle following the setting of ioh (that is, after IO HALT DONE becomes
true) ioc is cleared. Thus, even if an in-out wait covers many computer cycles, no
in-out command pulses are generated after the first cycle of the waiting in-out transfer

instruction.

When the in-out transfer is completed, 10T DONE (paragraph 9-2) sets the in-out
synchronizer flip-flop, ios. This resynchronizes the in-out operation and the internal
operation of the central processor. After ios is set, if ihs is 0, ioh is cleared at TP9
and the computer continues with the next instruction. After ioh is cleared 10 HALT

DONE becomes true, clearing ios at TP, of the following memory cycle. At the same
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time ioc is set in preparation for future in-oct transfers,

The in-out halt store flip=flop, ihs, is needed for sequerce break operations. If the
in-out wait is interrupted by a sequence break and the break routine itself includes an
iot withoutan in-out wait, then that ict must be executed immediately. After the com~-
pletion of the non=wait iof, the computer :s al'lowed to return to the previous in-out

wait. This is effected by the circuit in B3.

0 o .
If 1OT occurs with MB5 while ioh is T (that is, during an in-out wait), TP7 sets ifoc
and ihs and clears ioh. This ends the previous halt and, while ioc is 1, the commands

for the new iot are provided. At TP, . since :hs is i ioh is again set putting the com~-

107
puter back into the in-out wait which was inferrupted by the sequence break . Because
ioh is now 1 1O HALT DONE is true, so in the following cycle ioc and ihs are both

cleared by TP

s Inthis manner the in-out halt control flip=flops are returned to the
in-out wait configuration after the non~wait iot is performed.

i BREAK COUNTER - The break cycles are controtied by the two-bit counter shown
in figure D6-1 C7. A sequence break requ:res three special memory cycles before the

computer returns to cycle zero.

The counter initially contains 00. it is advanced to 01 at TP] when an SBS break occurs.
The source of the signal SBS BREAK depends upon whether or not the computer includes

a high-speed channel control . If there ‘s no HSC control, SBS BREAK is generated b}/
the circuit shown in B8. When an SBS break request 1« made tby either the single-
channel or 16-channe! sequence break system) the signa! HSC + SBS BREAK becomes

true if either a mid-instruction break is perm:t:ed (paragraph 6-4c) or if the computer

is currently in the fina! cycle of an instruction if above). Although the level produced
by this logic net is labeled HSC + SBS BREAK, in *his case «t is equivalent to SBS BREAK

alone because there is no HSC control . The 'eve! is used as SBS BREAK by the break

counter, and its complement is used as HSC + SBS BREAK by cycle control (f above).

If high-speed channels are included in the computer the request for an SBS break is
made to HSC control, because the high=speed chunnels have prio-ity over the sequence

break system. An SBS break can occur on'y if no HSC break .¢ requested.
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When SBS BREAK is true, bc] is set at TP]O'

break cycles controlled by the states of the break counter. The counter control is shown

The computer then goes into a set of three

in C7. The counter is advanced at each TP]0 while at least one bit of the counter is 1.
1
Note that this OR net of bc.I and bc2 also generates the control levels which indicate

whether or not the computer is in some break cycle.

The control levels for the individual break cycles are produced by the decoding net in
B7. When the counter contains the numbers 01, 10, and 11, the levels BC1, BC2 and
BC3, respectively, are asserted. These levels control computer operations in break
cycles one, two and three. At the end of break cycle three, when the counter contains
11, TP]0

since no BC level is true, the computer enters cycle zero to perform the program transfer

counts the counter back to 00 so that no further counting can occur. Then

to the break routine.

i SEQUENCE-BREAK MODE CONTROL - The sequence break system, whether
one-channel or 16-channel, is allowed to make break requests only when the computer
is in the sequence-break mode, i.e. while flip-flop sbm is 1. The state of this flip-
flop can be controlled both by the programmer and by the operator. Operator control

is exercised through the START switch. If this switch is pushed up (Start, in sequence-
break mode) SC sets sbm. If START is pushed down (Start, not in sequence-break mode),
SC clears sbm. Programmer control of sbm is exercised through two of the class 50 in-
out transfer instructions. Command pulse ESM (IOT 55, Enter Sequence Break Mode)
sets sbm; the flip=flop is cleared by command pulse LSM (1IOT 54, Leave Sequence

Break Mode).

The sequence-break mode can occur concurrently with normal operation or one of the
test modes, but not with the read-in mode. Sequence breaks are not allowed when
information is being read into the computer on Read In; therefore the initial read-in

pulse automatically clears sbm.

k HIGH-SPEED CHANNEL CYCLE CONTROL - Flip-flop HSC, controls the high-

0

speed channel cycle. This is a general control which determines whether or not the

computer is in a high-speed channel cycle. The individual channels are controlled by
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HSC control flip-flops HSC]_3 (paragraph 6-10) . When a high-speed channel break

is rgquired, the signal HSC BREAK is true, and TP]0 sets HSCOO This puts the computer
into the HSC cycle, which allows memory access through one of the high-speed channels.
As soon as all HST requests have been satisfied, HSC BREAK becomes false. Flip-flop

HSCO is cleared by TP]o; the computer then continues with cycle zero.

6-3 INSTRUCTION CONTROL

The instruction control logic is shown in figure D6-2. This includes the five=bit instruction
register, the read-in mode flip-flop, the instruction decoders and a group of miscellaneous

order control levels. The control of augmented instructions also includes the memory buffer

decoders (figure D6-4).

a INSTRUCTION REGISTER - The instruction register and associated control circuits
are shown at the lower left of figure D6-2. The instruction register is cleared initially
by SC. It is then cleared at TP4 of every cycle zero, break cycle one and HSC cycle.

]
After IR is cleared in each cycle zero the transfer MB —» IR is performed at TP5, bring-

ing the op code from MBO-4 into IR. Note that the instruction register is left clear

throughout the break cycles and the high-speed channel cycle.

In addition to the standard instruction control during normal operation there are also
several special circuits which control IR during console functions. For any operation
initiated from the console, IR is cleared by SC. in Examine, iR] is set by SP2 loading
op code 20 (LAC) into IR. In Deposit, SP2 sets both iR] and iR3 loading op code 22
(DAC) into IR.

Control of IR during the console operation Read in is as follows. The read-in mode
flip-flop rim, is set by the initial pulse from the READ IN switch. While this flip-flop
is 1 the computer is in a special read~in mode and may alternately use the special pulse
chain and the timing chain to transfer information from paper tape to memory without

a stored program. The start-clear pulse occurs at SP,,I each time the computer goes
through the special pulse chain. Then at each SP3 the transfer MB-—]> IR is produced.

Because every other word on the tape is a dio instruction, this transfer loads the op




code for Deposit In-Out into IR. This dio instruction is executed during the single

memory cycle which follows the chain of special pulses. In the final cycie of Read In

the op code for Jump is loaded into IR instead. This clears rim and ends the read-in

mode . Flip-flop rim is also cleared by the initial pulse on the console operations,

Start, Deposit and Examine, sothat the computer leaves the read-in mode before attempting

to perform any of these operations.

b INSTRUCTION DECODER - The outputs of the IR flip-flops are applied to two types

of decoder. Flip~flops IR and IR] are decoded by the nets in figure D6-2, Bl and B2.

These circuits decode fhe(;irsf two bits of the register into four outputs corresponding
to the numbers 00, 01, 10 and 11 in the two flip-flops. These levels are then used by
the main decoder to generate the specific command levels. The instructions which re-
quire only a single memory cycle are those with op codes in the 60's and 70's. These
numbers require that IRO and IR] both be 1. Thus the decoder output IRO,] =111s
needed for cycle control (paragraph 6-2f).

The other three bits of IR are decoded by a standard binary-to-octal decoder type 1150.
This produces eight outputs corresponding to the numbers 000 through 111 in |R2_4n These

eight outputs and the four outputs of the iR . decoder are applied to the AND gates in

the upper right of the figure. The AND Fu(r)\c:ion of one of the set of eight IR2_4 de-
coder levels with one of the set of four IRO-i decoder levels asserts one out of the 32
specific command levels. These levels are designated both by the octal op code and
by the name of the signal. The latter is, in most cases, the same as the three-letter

mnemonic code for the instruction or instruction group.

Note that the 32 op codes are the even numbers less than 77. The complete op code
includes bits 0 to 4 in IR and the indirect address bit. The command levels are numbered

for the full op code with the indirect address bit taken as 0.

¢ MEMORY BUFFER DECODERS - Only the first five bits of the op code are decoded
by the instruction decoder. Indirect addressing is controlled directly by the sixth bit

from the memory buffer (MB In the nondeferrable instructions, operations are fre-

5)°

quently controlled by the state of a specific bit of MB. However, in various augmented
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instructions a number of operations depend not on the state of a single bit of the instruction

word but rather on the octal number contained in a specific three-bit section of the word.

To control such operations the address portion of MB is divided into four sections of three
bits each. The outputs of the three flip-flops in each section are applied to a binary-to-
octal decoder (figure D6-4, B1 and B2). Each of these decoders asserts one out of eight
output levels corresponding to the octal number contained in the three bits. The three
are decoded by MBDA. Similarly, MB MB

12-14' 9-11
B’ MBDC and MBDD respectively .

least significant bits (MB
and MB

15-17)

6-8 '€ decoded by MBD

d  MISCELLANEOUS ORDER LEVELS - The various additional order levels required for
instruction control are shown in the lower right of figure D6-2. The net which detects

an incorrect op code selection is in C5 and C6. Whenever an undefined op code is loaded
into IR, the incorrect-op-code-selection level is enabled. This signal halts the computer

by clearing flip=flop run (paragraph 6-2d).

The operation codes not currently assigned are 00,12, 14, 36 and 74. Note that the
incorrect-op-code-selection level cannot be generated during a high=speed channel
cycle or a break cycle. This is necessary because the instruction register is cleared (op

code 00) during such cycles without a subsequent transfer in.

The wiring for the multiplication and division instructions is shown in D8. Note that in
the instruction decoder operation codes 54 and 56 are labeled MUS + MUL and DIS +
DIV respectively. This is done because these instructions are not unique and depend on
whether or not the computer includes the automatic multiply/divide option. If the option
is not included the command levels MUS + MUL or DIS + DIV are wired to generate the
specific command levels, MUS and DIV, respectively. If the multiply/divide option is
installed in the machine the wiring is reversed and the command levels MUL and DIV

are produced instead.

The other logic nets shown in the lower right of figure D6-2 are needed for special oper-
ations or for operations common to more than one instruction. The levels generated

include the following:



Level Significance

JMP + JSP The two single-cycle jump instructions.
JMP. rim] Final instruction in Read In

dfg (JMP + JSP) Final defer cycle of JMP or JSP

dfo - JsP Final defer cycle of JSP

BC1 + CY1 (JDA + CAL) The only operations which require both the

transfer PC—>AC and the transfer MA—>PC.

The remaining circuits do not generate any new logic functions; they buffer certain command

levels to satisfy the electrical loading requirements of the computer logic nets.

6-4 PROGRAM CONTROL

The program control elements comprise the program counter, six program flags, and six sense
switches. Each instruction in the program is retrieved from the memory location addressed by
the contents of the program counter. The program counter is stepped one position during each
cycle zero. This causes instructions to be taken from consecutive memory locations. The pro-
gram flags are flip-flops which can be sensed by the computer. Program flags can be set in-
dividually either by the program or by external signals. The sense switches can be set by the

operator only, and can be sensed by the computer.

The programmer controls the program sequence by means of the skip instructions and the jump
instructions. The skip instructions cause the computer to skip one instruction in the normal
sequence, if a specific condition is satisfied. The skip operation is implemented by advancing
the program counter one extra position. The jump instructions can transfer program control to
any chosen location. This transfer is accomplished by loading a new address into the program

counter.

a PROGRAM COUNTER, PC - The 12-bit program counter is shown in figure D6-3.
The program counter contains the standard 12-bit address required by the type 12 memory
module. In machines including additional memory modules, the extra address bits are
provided by the extension of the program counter in the memory extension control (para-
graph 8-5b). Each flip~flop in the program counter has two complement inputs; both of

these inputs produce carry pulses to the next more significant stage of the register. These

carry pulses are gated by opposite outputs from each flip-flop so that one carry
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chain causes the register to function as an up counter, while the other carry chain causes it

to function as.a down counter.

The pulse l';]-> PC decrements the contents of the program counter by 1. The carry chain

associated with L—]9 PC complements PC if PC changes from 0 to 1. This is the

+1
logical condlhon requnred to subtract i from i‘he contents of the program counter.

| +1 ) ,
Conversely, fhe pulse l——->PC increments the contents of the program counter by 1. The

carry chain associated with I—->PC complements PC if PC_ . changes from 1 to 0. This

is the logical condition required to add 1 to the contenfs of H'r]e program counter. The
pulse —LPC counts memory locations in the program, and in sequence breaks. The
pulse -]—)PC backs the counter one location when a mid-instruction break occurs, or
when the computer completes each in-out wait cycle. A detailed description of the pro-

gram count logic is included in ¢ below.

The program counter is cleared by the pulse -Q>PC This pulse is generated initially by
SC, and is also generated prior to any transfer of program control . Addresses may be trans-
ferred into the progrom counter from the memory buffer register, the ADDRESS switch reg-
ister on the console, or the memory address register. In each of these three transfers bits

6 thro(;gh 17 of MB TA, or MA; respectively, are transferred into PCé 17° The program

transfer logic is described in d below.

The outpOfs of the program counter bits are applied to the memory address register input
gating, and fo the accumulator input gating. The contents of the program counter are
transferred to MA for memory access. The contents of the program counter are transferred

to the accumulator to save the current program-location address .

b PROGRAM FLAG LOGJC - The program flags are shown in the upper right of figure
Dé-4. These six program flags can be sensed by the computer to control the program (c
below). The state of each program flag can be independently controlled by the program.
This program control is exercised through the input gating of the program flag. Each pro-
gram flag also has a direct set input which permits the flag to be used for detecting exter-

nal signals.
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Program control of the flags is exercised through the instructions in the operate group.

The input gating of the flags is enabled according to the three-bit address in bits 15
through 17 of the instruction word. These bits are decoded in the usual manner by MBDAG
Address i enables the input gating to program flag 1, address 2 enabbes the input gating
to program flag 2, and so on for the other addresses up to address 6. Address 7 enables

the "nput gating to all six program flags .

The addressed flag is set or cleared depending on the contents of bit 14 of the instruction
word. If MB]4 is 0 in an operate instruction, the addressed program flag is cleared at

TP,. However, if MB

3 14 is 1, the addressed flag is set at TP8Q

¢ PROGRAM COUNT LOGIC - The program count logic is shown in the lower left
of figure Dé=4. The nets shown at coordinates B3 and B4 generate $ PC in order to
back up the counter for a break or for an in-out wait. The other nets generate ‘+—]-9 PC.

This pulse advances the counter for ordinary counting and for skipping.

-1
(1) Decrementing PC - The pulse '—s PC decrements the program counter and

clears both defer flip-flops. The program counter must be backed up during the

following two operations .

1
First: At the end of each cycle during an in-out wait (10T-ioh ), the program
counter is returned to the address it held at the beginning of the cycle. This prevents

the computer from going on to the next instruction until the in-out wait is completed.

Second: Whenever a break occurs before the final cycle of an instruction PC is
backed up one position. In this way, after the break operations are completed, the
computer again begins the interrupted instruction. The program counter is backed up
to the beginning of the interrupted instruction by pulsing i) PC. This pulse is gen-
erated at the end of any cycle in which an HSC or SBS break request is granted before

the current instruction is completed.

The control level that permits mid-instruction breaks is generated by the circuit shown
at B3. This control level also governs the granting of break requests (paragraphs 6-2i

and 6~10a). A mid-instruction break is permitted during certain portions of all mem-
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ory reference instructions. During these instructions breaks are permitted while the
computer is in either cycle zero or in a defer cycle (i.e., not in cycle one). Mid-
instruction breaks are also permitted during a one-cycle jump instruction that is def-

erred more than once.

Note that a break is always allowed at the completion of an instruction. Therefore,
if the computer is performing any instruction which uses the regular memory-cycle
timing system, the entire set of break conditions can be summarized as follows. A
break is always allowed at the end of the current memory cycle, except in the case

of a one-cycle jump that is deferred only once.

There are, however, two other situations that do not satisfy the above criterion.
These are the break cycles and the automatic multiply/divide operations. If the
computer is in any break cycle, no new break request is granted until the completion
of the transfer following break cycle three. Thus a sequence break cannot be inter-
rupted before the program counter contains the address of the first instruction in the

break routine.

In the automatic Multiply and Divide instructions a substitute timing system takes
control of the computer after the completion of cycle one. If a break request is
made during cycle one of Multiply or Divide the request is granted for the next
memory cycle. However, the next memory cycle does not occur until after the

automatic Multiply or Divide instruction is completed.

. : - +1
(2) Counting - The program counter is incremented by PC to count memory
locations in the program, during sequence breaks, and during certain subroutine-

calling transfers.

The standard program counting occurs at TP2 of every cycle zero. The address of
the first location in a break is loaded directly into MA. Succeeding locations are
then counted by PC at the end of each break cycle (B4). The program counter is
also advanced at TP% in cycle one of the instructions CAL and JDA. This transfers

program control to the location following the deposit location of the accumulator.
(3) Skipping - All advances of the program counter, other than those listed in
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(2) above, cause the computer to skip an instruction. There are two signals that
pulse Iil) PC directly. One of these signals is the good-divide signal from the
automatic multiply/divide logic. The other signal is the external ]j—]éPC signal -
from in-out transfer control . Al other skips are caused either by two-cycle skip
instructions or by one-cycle skip-group instructions. For all skips in these cate-
gories 'j-]a PC is pulsed at TP8°
The logic nets governing the two=cycle skip instructions are shown in C3 and D3.
In all three of these instructions the skip is made in cycle one. The skip occurs on
ISP if the sign bit of the accumulator is plus; on SAD if AC contains the number
+0; and on SAS if AC contains the number -0.

All other circuits in the lower left portion of figure D6-4 govern skipping for
instructions in the skip group. In these instructions both the condition on which
the skip is made and the significance of the instruction can be varied by the pro-
grammer. The control level ENABLE is asserted if the addressed condition is ful-
filled. If the addressed condition is not fulfilled, the control level ENABLE is
asserted. The skip may be made on either control level; the choice depending
on whether the indirect address bit is 0 or 1. The circuit governing the pulsing
of ji;PC is shown in C4. When the command level SKP is true, the skip occurs

o hraah 'I

on either of the conditions ENABLE- MBg or ENABLE'MBs.

The generating circuits for the enabling functions are shown at the left of figure
D6-4. The level ENABLE is true if the addressed condition is fulfilled; otherwise
ENABLE is true. At the extreme left of the figure are the sensing circuits for the
six program flags and the six sense switches. The flags are addressed through MBDA

(MBy5_17 B MByo14)-
6 address the individual flags or switches numbered 1 to 6. Address 7 addresses

); the switches are addressed through MBD Addresses 1 to
all of the flags or all of the switches. All flags and switches are sensed for the 0
state. The circuits shown at C3 check the remaining conditions which may be

addressed by skip-group instructions. For these conditions no binary-to-octal de-
coding is necessary. The individual conditions are each addressed by a 1 located

in a specific bit of MB. The conditions that may be sensed are addressed as follows:
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MB7: Sign bit of 10 is positive (= 0)
M38: OVI =0 :

MB9: Sign bit of AC is negative (= 1)
MB]O:. Sign bit of AC is positive (= 0)

MB, i C(AC) = +0

d  PROGRAM TRANSFER LOGIC - All transfers of program control are effected by clear-
ing the program counter and then transferring a new address into it. Following the transfer,
PC counts successive memory locations in the usual manner-. The transfer logic Q’rilizes

the following Fourrpulses (lower right, figure D6-5): o

l0—> PC

The program counter is cleared by SC prior to any console initiated transfer, and at TP8

prior to any programmed transfer or sequence break.

MA L5 pe

Successive locations in a sequence break are counted by the program counter. Since the
break address is transferred directly in MA from the break encoder, the subsequent trans-
fer MA -_]x PC is required at TP,;> of break cycle one. This transfer is also required at
'I"P9 in CYT of JDA or CAL because in these instructions program control is transferred to

the address following the storage location of the accumulator.

MB-=—]9PC

Programmed transfers and the starting location of the program following Read In are speci-
fied by the address portion of the instruction word in MB. The transfer MB -J-a PC there-
fo.r'e occurs at SP4 when JMP appears in the read-in mode, and at TP9 in fhe‘ final cycle of
any programmed jump instruction. The latter includes cycle zero of a directly addressed

JMP or JSP, and the final defer cycle (DF - dfg) of an indirectly addressed JMP or JSP.

TA -—]->PC

This transfer occurs at SP2 of the console operations Start, Deposit and Examine. In Start,
the program begins at the location specified by the ADDRESS switches. In Deposit and
Examine information is transferred fo or from the memory location specified by the ADDRESS
switches  Thus the transfer TA -==!-> PC is made merely to utilize the subsequent transfer

PC —> MA.
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6-5 SHIFT/ROTATE LOGIC

The shift/rotate logic includes shift/rotate pulses and control levels. A single step in a shift
or a rotation is performed each time a shift/rotate pulse is generated. The application of

the shift/rotate pulses to the AC and 1O registers is governed by arithmetic unit control (para-
graph 7-2a, €). The shift/rotate control levels control the type and direction of the shift

and the linkage of the registers.

a SHIFT/ROTATE PULSES - The circuit which generates the shift/rotate pulses is shown
in the upper left of figure Dé-4. Shift/rotate pulses occur during three different opera-
tions. These are the instructions Divide Step and Multiply Step, and any instruction in
the shift group (SH/RO). In DIS and MUS only one shift/rotate pulse is generated. This

pulse occurs during cycle one at TP] and TPg respectively.

In the shift instructions the number of shift/rotate pulses depends on the number of 1's
in MB9_]7.
level SH/RO is true the first SH/RO pulse is generated at TP, if MB._, is 1. Then at

7 17
each consecutive timing pulse through the rest of cycle zero the next more significant bit

of MB is sensed. The last pulse, TP

Each bit of MB is sensed at a specific timing pulse. Thus when the command

o’ senses MB However, during the next cycle zero

1 13°
(in which a new instruction is retrieved from memory) the command level SH/RO remains
true until IR is cleared at TP4. Thus the last three possible SH/RO pulses’in a shift group
instruction actually occur during cycle zero of the following instruction. The first three

timing pulses in the cycle sense MB]Z' MB” and MB]O respectively.

b SHIFT/ROTATE CONTROL LEVELS - The levels which determine the effect of a SH/RO
pulse are generated by the logic nets shown in figure D6-4, C5 to C8. These levels con-
trol the direction of shifting and perform the correct linkages in the registers for cyclic
shifts and two-register shifts. For example, the level TO-SHIFT links IO] to IOO on all

left 10 shifts except an arithmetic shift that affects only 1O. On all other 10 left shift/

rotate operations information is shifted from IO] into IOO.

The various shift/rotate control levels are generated as follows:

SH/RO L = SH/RO 'MBg
SH/RO R = SH/RO MB]5
ROTATE = SH/RO * M8
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AC ONLY =SH/RO MB. MB_ {links ACO to 'AC]7 on AC SH/RO L)

]
8

- N O

IO ONLY =SH/RO" MB7 : MBg ilinks !OO to IO]7 on IO SH/RO L)
IOSHIFT = SH/RO (MBg + MB;) + DIS + DIV ilinks IO] to iOO on 10 SH/RO L)
Al =SH/RO - MB; : MB; {links AC0 to 1017 on IO SH/RO L)

The following AND and OR functions are also generated:
AC- ROTATE (links AC._ to AC_ on AC SH/RO R)

17 0
IO ROTATE {links IO]7 to IOO on 10 SH/RO R)
Al- ROTATE (links IO]7 to ACO on AC SH/RO R)

ROTATE + DIV + DIS (links AC] to AC, on AC SH/RO L)

0
Al + MUS + MUL + DIS + DIV ilinks IOO to AC]7 on AC SH/RO L, and AC]7 to
IOO on 10 SH/RO R)

6-6 MEMORY ADDRESS TRANSFER LOGIC

At the beginning of each memory cycle an address is transferred into the memory address regis-
ter. Access is then made to the location specified by the address in MA during the cycle (para-
graph 8-2). Since all transfers info MA are 1 transfers, the register must be cleared prior to
the transfer. Addresses for high-speed channe! access are transferred into MA from the HSC
address mixer under HSC control. Transfers generated within the main control unit include

the following four pulses (upper left, figure D6-5):

LO—>MA

The memory address register is cleared by SP] prior to any console-initiated memory cycle, and
- _ . 1.
at TP]O prior to all succeeding cycles while the computer is in the normal operating mode (run ).

Note that SP] also clears MA prior to every memory cycle while the computer is in the read-in mode.

PC -5 MA

Since both program and sequence-break locations are counted by the program counter, this trans-

. . 1 . 1 .
fer occurs at TPO of cycie zero and break cycles two and three (bcz). The transfer PC —» MA is
also necessary at SF‘3 of Examine and Deposit because transfers from TA to MA must be made

through PC (paragraph 6-4d) .

6-23



MB -=]->MA

This transfer occurs at T-PO for address retrieval in every defer cycle and for the standard memory
reference in cycie ore. Note that the cycle-one transfer is inhibited in the instruction CAL

isee below). The transfer MB ===E=-E%v MA is also executed at SP3 in the read=in mode for each de-
posit of a data word from paper tape into memory and. in the finai cycle, for the starting location

of the program .

100 -=-]—> MA

In CAL the address portion of the instruction word is ignored and address 100 is used instead.
. 1 1 ‘
Thus the transfer 100 —> MA reploces MB —» MA at ’{Po in cycle one of Call Subroutine.

BE -—]-9MA

Each sequence break is made 1o a specific initial location corresponding to the channel through
which the break occurs  When the break begins the initial address is transferred directly from
the break encoder to MA . Succeeding locations in the break are then counted on the program

counter.

6~7  MEMORY BUFFER TRANSFER LOGIC

All gated transfers into MB are made from the accumulator or the in-out register. Most of these
transfers are for the purpose of depositing information in memory. However, all transfers be-
tween AC and 10 must be made vio MB even though no information is deposited in memory .

In the read~in mode only every second word read from paper tape is deposited. The other

words are executed by the computer as instructions.,

Information retrieved from memory is not gated by a transfer pulse. The pulse outputs of the
sense amplifiers are applied directly to the individual flip-flops in MB. If there is more than
one memory module, the sense amplifier outputs are applied to the individual flip-flops in MB
through the memory butfer mixer. information deposited in memory through a high-speed

channel must also be applied to individual MB bits through the memory buffer mixer.

The main cortrol unit generates five control pulses for MB. One of these, the complement
pulse, can be generated oniy if the computer irciudes the automatic multiply/divide option.
The transfer of !O to MB is a 1 transfer requiring a prior ciear-MB pulse. Because the transfer
of AC to MB is a jam transfer, no prior clear is necessary. This transfer is, however, per-

formed by two simultaneous pulses. each affecting a portion of MB.

6-24



05 M

The memory butfer is cleared prior to all transfers from 1O to MB and prior to all in-transfers
. y 0

through a high=speed chanrel {HSC > MB, paragraph 6-10a). The MB register is also

cleared at TP3 of every cycle to ready the register for retrieval of information from memory

and at TP5 in cycie one of DZM so that the regular read-write memory cycle clears (i.e., writes

zero into) the addressed memory register.

10 5 ms
This pulse transfers information to MB for subsequent deposit in memory in BC3 and CY1 of

DiO. This transfer aiso occurs at every SP,, during Read In to transfer the words read from

tape to MB, ard at MDP-12 during cu'romgfic Divide to transfer the quotient from IO to MB
for subsequent transfer to AC (see below).
AC L5 MB, AC —l>Ms

0-5 6-17
These two lines are pulsed simultaneously whenever an entire word must be transferred from
AC to MB. This occurs in BC1 and BC2 to deposit the current contents of AC and the current
program location respectively, during a sequence break. (During BC1, after C(AC) are de-
posited, C{PC) are transferred to AC. Then the location of the interrupted program is saved dur-

ing BC2 by transterring C{AC) to MB a second time). The transfer also occurs in cycleone of any

instruction that deposits a fuil word into memory from AC(CAL, JDA, DAC, IDX, and ISP).

The pulse MD-AC~—>MB from the multiply/divide option causes a full word transfer at two
different times. At the beginning of an automatic multiplication (MUL - CYT1 - TPZ) the
myltiplier is transterred from AC to MB for subsequent transfer to 1O. The multiplier controls
the formation of partial products from 1O. At the end of automatic division (MDP-13) the
remainder is jam t-ansferred from AC to MB at the same time that the quotient {previously held

in 10} is jam transferred from MB to AC. The remainder is then transferred to 10.

The two AC-to~MB jam transfer lines are pulsed independently if only part of aword isbeing deposited
inmemory . Thepulse AC6=:|-§>MB transfers the op code (bits 0 through 5) in Deposit Instruction Part;
the pulse Acézﬁl-?MB transfers the address (bits 6 to 17) in Deposit Address Part.
<, me
ir the optiona' a.tomatic Mulitiply, MB holds the multiplicand. Since multiplication

is performed on'y on positive numbers, MB may have to be complimented before
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the execution of the multiplication algorithm begins (paragraph 7-5a).

In the optional automatic Divide the divisor in MB is repeatedly subtracted from the dividend
in AC. Since the divisor may not always "go into" the dividend at each step, MB may have
to be complemented many times during the execution of the division algorithm (paragraph
7-5c). To complement MB, the line LC; MB is pulsed whenever the complement signal

arrives from the multiply/divide logic.

6-8 STANDARD SEQUENCE BREAK SYSTEM

PDP-1 includes a one-channel sequence break system as standard equipment. This one-channel
system is removed if the 16-channel sequence break system type 20 is installed. The control

circuits for the one-channel break are shown in the lower right of figure Dé-4.

Program control over the one-channel sequence break system is exercised through three in-out
transfer instructions. Two of these three instructions, esm and Ism, control the sequence break
mode (paragraph 6-2j) by setting and clearing flip-flop sbm. The third instruction, cbs, clears
the sequence break system. These three instructions are used in both the one-channel and the

16-channel sequence break system and for this reason are included in all machines. The de-

coding of these three iot’s is shown with the in-out transfer control for standard equipment

tfigure D9-1).

A break through the single channel is controlled by three flip-flops, b2, b3, and b4. Either a
pulse or a level from the taper pins in iot control can provide the external signal that initiates
the break. If the break is initiated by a pulse, b2 is set directly. If b2 is set, or if the break
is initiated by a level, then b3 is set by TP4° Flip-flop b3 thus synchronizes the break system

to the computer timing system.

ifsbmis 1 and b4 is 0 when b3 is set, then an SBS break request is made. This request is

applied directly to the break counter logic if there are no high-speed channels in the computer
‘paragraph 6—2i_). However, if the computer includes a high-speed channel control type 19,

the SBS break request is applied to HSC control (paragraph 6-10a). This is necessary because

the high-speed channels have priority over the sequence break system.

If the break request is granted the break counter is advanced one position and the computer

enters break cycle one. At TP4 of BC1, flip-flop b4 is set, thereby preventing any further
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break request from interrupting the present break. At the same time, flip-flop b2 is cleared.

Since there is only one charnel, the break is made to memory location 0. During break cycle
rwo the present contents of the program counter are stored in memory location 1. After the
break routine is completed, a deferred Jump to memory location 1 effects the transfer back to
the main program.  Detection of the return is gated by sbm]y however, to ensure that the
memory location is being used for sequence break purposes. When this Jump instruction occurs

in the break routine, fiip-flops b3 and b4 are both cleared at TP Clearing these two flip=

9
flops, clears the break system, making it available for another break request. After a 3.5~
microsecond delay, the SBS restoring pulse restores the original state of the overfiow flip-

flop according to the contents of bit 0 in memory register 1.

If more than one memory module is included in the machine, the transfer back to the main pro-
gram must be made by a deferred Jump to memory location 1 in module 0. Then at the same
time that the break flip~flops are cleared, DEBREAK sets the extend-mode flip-flop so that the
return to the main program may be made to any memory module. After a 3.5-microsecond

delay, the SBS restoring pulse restores the original states of OV, and EXD according to the

]

contents of bits 0 and 1 respectively in memory register 1.

+ addition to the automatic clear of the break system at the end of a break routine, the pro-

grammer may clear flip=flops b3 and b4 by CBS (IOT 56). All three flip—flops in the chain are
also cleared by SC.

6-9 SEQUENCE BREAK SYSTEM TYPE 20

The type 20 sequence break system ailows the main program to be broken by an external signal
on any one of 16 channels arranged in a priority chain. The priority sequence is prewired. It
is determined by the connections which are made between the break system and the various
input-output devices. If a break is initiated on any channel either by the external signal or by
the program a break request is made for that channel provided there is no break or any higher

priority channel.

If the break request is granted, the break is made to a fixed memory location corresponding to
the break channel. Information necessary ‘or a subsequent return to the interrupted program

is stored in three consecutive memory locations. Program control for the break routine is then
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transferred to f fourth memory location. Any break routine may itself be broken by a request
on a higher priority channel. At the end of any break routine, program control is transferred
back to the most recently interrupted routine. This may be either some lower priority sequence

break routine or else the main program.

a BREAK SYSTEM PRIORITY CHAIN - The 64 flip-flops in the break system priority
chain are shown in figure D6-6. Each of the 16 break channels is controlled by a set
of four flip=flops, bn1 to bn4 (where n is the number of the channel; n =00, . . ., 17),

The setting of each flip-flop represents a stage in the break process as follows:

bnl: Channel n is on
bn2: Initiate break on channel n and synchronize by setting bn3
bn3: Await break on channel n

bn4: Break for channel n has been started.

Program control over the system is exercised through the seven iot instructions in class 50
(see chart in figure D6-7A6). Some of these instructions control the sequence-break
mode or the break system as a whole while others control only a single channel. When
an iot controls a single channel, the number of the channel is specified by bits 6 to 11

of the instruction word. These bits are decoded in the usual manner by MBDD and MBDCQ

The decoded control information is applied to the input gating of the channel flip-flops
in two stages. Bits MB6-8 are decoded to produce a control pulse for one set of eight
channels. If MBDD is 0 the appropriate pulse is applied to the capacitor-diode gating

of the flip-flops in channels 0 to 7; if MBD _ is 1 the pulse is applied to channels 10 to

D i
17. The specific channel out of the set of eight is selected by the asserted level output

of MBDC (MB 9_”)0 For example, the programmer turns channel 13 on with the iot in-
struction 721351 (Activate Sequence Break Channel 13). With MBDI;, ASC produces the
pulse llgb]'s 10-17° This pulse in combination with the level output MBD% sets flip-
flop b131, turning on channel 13 (figure D6-6D4). Generation of all break system con-

trol pulses is explained in b below.

The control flip=flops for each of the 16 sequence break channels function in the same
manner. The following description treats the channel 2 flip-flops, b021 to b024, but

applies equally to the control flip-flops for the other 15 channels. The channel 2
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flip-flops are shown in figure D6-6, A3 and B3

The programmer may tum channel 2 on or off respectively by setting or clearing flip-

flop b021. This flip-flop is set by MBD?:' I_; bl 507 it is cleared by MBD% : \o_>b1 '50_70
If the channel is on, a break can be initiated by applying a break signal from an external
device to pin V of R1A3. (The break sigrals are applied to each set of four channels

through the following pin connections. pins F, N, v and v, respectively, of the plug=in
units type 4126 located at RIA3, R1CI3, R1B3 and RiC18). The externally-generated

break signal at pin R1A3Y initiates the break by setting b022, provided that b021 is 1.

Note, however, that the program can iritiate a break whether the channel is on or off,

because condition MBD?: — Ué b2"so_7 can also set b022 .

After b022 is set, the pulse SYNC {TP4) synchronizes the break system to the computer
timing system by setting b023. Ther RESET SYNC J'TPIO) clears b022, The setting of
b023 also indicates to the system that channe! 2 is waiting for a break. The outputs of
b023 are applied to the channel-to-channel priority chain which crosses figure D6 from
left to right between the b3 and b4 fiip-flops The priority of a break on channel 2 is
determined by the state of this priority chain to the 'eft of b023.

When b023 is set, the signal SEQ 2 is asserted if -3 vdc appears on pins K and J of
RTAT0. Pin K is at -3 vdc if b024 is 0, tha* is. if no break is currently being held for
channel 2. Pin J is at =3 vdc if channel 1 is not waiting or a break (b103o) and if,
furthermore, pins N and M of R1A10 are both at -3 vdc; and so forth up the chain. Thus
a channel 2 break request is made by asserting SEQ 2 if the fo!lowing two conditions
apply: first, if no break is currently being heid for channel 2; and second, if no higher-
priority (i.e., lower-numbered) channel is either waiting for a break or holding a break.
Note that the chain to the right of channe! 2 has no effect on channel 2. This permits a

higher-priority channel to interrupt a break o~ a lower priority channel.
9 p Y p Y

The signal SEQ 2 is applied to the break system control 'b below) . If the break request
is granted, the pulse HOLD BREAK iequivalent to TP4 BC1) sets BO24, thereby indicating
that a break is being held for channei 2 and disab!ing SEQ 2. HOLD BREAK also clears
b023. Since b024 remains 1 throughout the break routire, no additional break can be
requested on either channel 2 or on ary lowe:-prio-ity channel until the channel 2 break

routine is completed However, because both b022 and b023 are cleared during the break
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process, it is possible to initiate and synchronize another break on channel 2. If a new
break is synchronized on channel 2, then channel 2 is again waiting for a break while
the original channel 2 break routine is being performed. Then, when b024 is cleared at
the end of the break routine, a new break request is made for channel 2 (provided, of

course, that no higher-priority channel is also waiting for a break).

When the break routine is completed the channel is freed by clearing the corresponding
b4 flip-flop. The control pulses applied to the input gating of the b4 flip-flops each
govern eight stages of the chain. However, these pulses do not function in the same man-

ner as the pulses for the other flip=flops in the break system.

In the case of the b4 flip-flops, one pulse is applied to the even-numbered channels,

and the other pulse is applied to the odd-numbered channels.

The specific channel affected by the b4 flip-flop control pulses is determined by the out-
put of MBDB. The eight outputs of this decoder each govern two adjacent channels.

If the level MBD(B) is asserted either b004 or b014 is cleared depending on whether

L99 EVEN b4's or l& ODD b4's is pulsed. Similarly MBD; is applied to the in-
put gating of b024 and b034; and so on to MBD; which governs channels 16 and 17.

Selection is made in this way because of the method of return to an interrupted program

after a break (b (3) below).

The break process through the set of four flip-flops governing any channel is the same as
that described above. However, the priority-determining chain is not continuous from
channel to channel. The chain is not fast enough to assure proper functioning of the
lowest-priority channels. To remedy this the chain is continuous only for sets of four
adjacent channels. The chain runs from channel 0 to channel 3, but the output of stage 3
is not applied to stage 4. Instead the diode net in A5 asserts the level NO BREAKO_3
if all b3 and b4 flip-flops in channels 0 to 3 are 0. Thus the priority of a break on
channel 4 is indicated by the level NO BREAKO_3 instead of by the output of the pri-
ority chain from stage 3. Similarly, the diode net in B5 generates NO BREAKO_7
for channel 10, while the net in C5 indicates to channel 13 that no higher-priority

channel is waiting for or holding a break.

In addition to the control pulses already mentioned break-system control also generates
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eight direct-clear pulses, each of which clears an enrtire row of flip-flops.

b BREAK SYSTEM CONTROL - The gererating circuits for the control levels and pulses
of the break system are shown in figure D6-7 . Functionally these control signals may be
divided into three groups: (1) the pulses that contro! the flip—flops during the break
process; (2) the break-request level and break encoder; and (3) the pulses that free a

channel after the completion of a break routine.

(1) Program control over the break system is exercised through the seven io;r instruc-
tions in class 50. These seven ins*rictions include both the three iot instructions

that control the one-channe! break system in the standard machine, and the four
additional instructions necessary for the 16-channel system. Each of these seven

iot instructions generates oniy a single command pulse. That pulse performs a single
operation at TP70 The decoding of the standard instructions is shown with the standard
in-out transfer contro! (figure D9-1!. The decoding of the extra instructions for the

type 20 option is shown in figure D6-7 B2 and B3 (for an explanation of iot decoding
see paragraph 9-2).

The standard command pulses ESM and LSM govern the sequence-break mode (para-
graph 6-2j). The third standard pulse, CBS, clears the break system by clearing |
all b2, b3 and b4 flip-flops {upper right figure D6-7). Initially, the sysfém is
cleared by-SC, One of the additional instructions also affects all channels. This

instruction is CAC, which turns off a!l channels by clearing all b1 flip-flops (C7, C8).

The other three additional instructions affect only the single channel addressed by bits
6 to 11 of the instruction word. Each command pulse generates one of two alternate
pulses. Each of these pulses is app'ied to the input gating of an entire row of eight

flip-flops in the break system priority chair figure D6-6). If MBDD (MB, )is0, a

6-8

pulse is applied to channels 0 +o 7; 3¢ instead MBD_ is 1, a pulse is applied to

D
channels 10 to 17 (figure D6-7, B6 and C6;. The final selection of a single channel
from the eight partially selected charne!s is then determined by the number in MB9_] 1

This number is decoded by MBD . ‘a above:. if MB contains the number n,

C 6-11

command pulse ASC activates channe! r by setring bnl; DSC deactivates channel n

by clearing bn1; and ISB initiates a break on channel n by setting bn2.
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When a break is initiated on channel n, the channel flip-flops are controlled by the
pulses shown in the lower right of figure D6-7. After bn2 is set, SYNC sets bn3 at
TP4; then RESET SYNC clears bn2 at TP]O" If channe! n has priority and the
break request is granted, the computer goes into break cycle one. The pulse HOLD

BREAK then sets bn4 and clears bn3 at TP4.

(2) The priority chain output levels from all channels are applied to the diode nets
in the lower left of figure D6-7. If any SEQ signal is asserted, then the SBS break
request level is also asserted provided that flip-flop sbm is 1 (that is, provided that
the computer is in the sequence-break mode). As in the case of the single-channel
system, the break request is applied to HSC control if the computer includes high-
speed channels (paragraph 6-10a), but is applied directly to the break counter logic

if no HSC option is installed (paragraph 6-2i).

Above the break request net is the break encoder. This is a sexadecimal-to=binary
encoding matrix. If the level SEQ n is true the number n, encoded in binary,

appears at the four outputs BE If n=0, all four outputs are at ground; if

n =17, all outputs are at -3 vclig ]i\t the beginning of break cycle one, n, the
number of the channel, is loaded from the break encoder into MA]2_]5° Since
MA]é and MA]7 both contain 0, this transfer is equivalent to loading the number
4n into MA. Each sequence break requires four consecutive memory registers. The

break is therefore made to memory location 4n for a break on channel n.

(3) During break cycle two of a break on channel n the current program address

of the interrupted sequence is deposited in memory register 4n + 1. For example,

the address for channel 0 is stored in location 1; the address for channel 1, in loca-
tion 5; the address for channel 2, in location 11; and so on through channel 17 in
location 75. Therefore, when the break routine is completed, the return to the
interrupted sequence must be made by a deferred Jump to a memory location which has

an address that is less than 100 and that ends in either " 1" or "5".

On a return from a break for channel n, flip-flop bn4 must be cleared to indicate to
the break system that the break is finished. This flip-flop is cleared by the net in
figure D6-7, A4 to A6. If the Y portion of a deferred Jump instruction is an address
less than 100 (that is, if MBD% and MBDg are both true, indicating that bits 6
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through 11 of the address are all 0) then l—O) EVEN b4's is pulsed by TP
MBD| and LO 3 ODD b4's is pulsed on MBD®

A pulsed on A
input gating of the b4 flip-flops in the even- and odd-numbered channels respec-

tively (figure D6-6).

on

2
These pulses are applied to the

Each of the eight N\BDB outputs selects a pair of adjacent channels. These eight
outputs are each applied to the input gating of the b4 flip-flops in the two selected
channels. For example, if bits 12 through 14 of the Jump address contain 0 the
output MBDB selects channels 0 and 1. This output is applied to the input gating
of flip-flops b004 and b014, the b4 flip-flops of channels 0 and 1 respectively.
One of these two flip-flops is then cleared. The choice of the flip-flop to be cleared
is determined By the contents of bits 15 through 17. If these three bits contain 1,
all of the even numbered b4 input gates are pulsed. This clears the channel 0 b4

flip-flop, b004. Conversely, if bits 15 through 17 contain 5, all of the odd
numbered b4 input gates are pulsed. This clears the channel 1 b4 flip-flop, b014.

If the MBD; output is asserted instead of the MBDg

channel 2 or 3 instead of from 0 or 1. The choice between channels 2 and 3

output, the return is from

again depends upon whether MBDA (MB]5_17) is 1 or 5. Asimilar system is followed
for each pair of channels: 4 and 5, 6 and 7, and so on through the eighth pair of chan-
nels, 16 and 17. For sequence breaks on channels 16 and 17 the return to the inter-

rupted sequence is made to memory locations 71 and 75, respectively.

Detection of the return from the break routine is gated by sbm] to ensure that the

Jump location is being used for sequence break purposes. The same pulse that clears
bn4 also triggers a 3.5-microsecond delay which produces SBS RESTORE. This pulse
restores the original state of the overflow flip-flop according to the contents of bit 0

in memory register 4n + 1.

If more than one mémory module is included in the machine, the transfer back to the
interrupted program must be made by a deferred Jump to memory location 1 in module
0. Then at the same time that bn4 is cleared, DEBREAK sets the extend-mode flip-flop
so that the return to the interrupted program may be made to any module. After a
3.5-microsecond delay, the SBS restoring pulse restores the original states of OV]

and EXD according to the contents of bits 0 and 1, respectively, in memory register

4n + 1.
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6-10 HIGH SPEED CHANNEL CONTROL TYPE 19

This optional control unit governs three high-speed channels arranged in a priority chain. The
channels are prewired to the individual in-out devices. Through these channels a high-speed
device such as magnetic tape or data channel may gain direct access to memory for the trans-
fer of information to or from the computer. When a device requests access on a high-speed
channel the computer program pauses for one memory cycle while access is made and then

continues with the program.

The HSC control unit includes the control circuits which govern the priority chain and the pulse
logic for the information transfers. The unit also includes two input mixers, one for the transfer
of addresses into the memory address register, and another for the transfer of data into the

memory buffer register.

a REQUEST AND TRANSFER LOGIC - The control circuits for the high-speed channels are
shown in figure D6-8. In the upper left of the figure are the channel request flip-flops.
Whenever a request is made on any channel, the corresponding channel request flip-flop

is set. The outputs of these flip-flops are applied to a logic net whose stages form a pri-
ority chain. The initial input to the chain is at the left (A1). This input requires that no
bfeai< can be made through the chain unless the computer is either in the final cycle of an
instruction or a hid-insfrucﬁon break is being permitted. If this initial condition is ful-

filled, then a break can be made through the chain by the highest priority flip-flop which

is in the 1 state.

If HSC] has been set, then a break is made for channel 1. For each channel ,fhe break
can be made only if the initial condition is fulfilled and no higher priority channel is re-
questing a bréak. Note that the SBS break request signdl is applied to the right hand end
of ’rhis-c}.'ndin. Thus the high-speed channels have priority over the sequence break system.
If the initial condition is fulfilled and no HSC request is made, then an SBS break request

is granted.

If a break is made on any high-speed channel, the IeQeI HSC BREAK becomes true, setting

flip-flop HSC This flip-flop continues to enable the priority chain (A1) even if the other

0
initial conditions become false. This is necessary so that the previously granted channel

break signal will remain true throughout the HSC cycle. If either an HSC break or a sequence
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break is granted the signal HSC + SBS BREAK becomes 