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CHAAFIER |

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 explcnation 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 perﬁonnel, 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 fully 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, subflooring cr a.v conditioning is required .

2-2  STANDARD EQUIPMENT

The equipmént included in the standard PDP-! s shown between the two horizontal bars in

figure 2-1  The cennai processor contains the control unit, arithmetic unit, in-out haaster

control, type 12 memory module, and a one-chonnel sequence break system

The type 12 memory module has a storage capacity of 4,696 18-bit words Instructions are
carred out by the control circuits in multiples of the memary cycle time of five microseconds.
Add, subtiact, deposit, and load, for example, are two-cycle instructions requiring ten
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 und the various registers within the central processor

T

The arithmetic unit includes an accumulator, an in-out register which doubles as an
accumulator extension, and the control citcuits necessary to execute the various arithietic

and logical operations

in-out transfer contiol handies the niansfer »f information between the i+ ~out register and the
vai5us peripheral devices  The one-ci~onnel sequence break system allows a signal from a
peripheial device *o bieak the main piogiam sequence In tris case atl inform: 1on nccussary
for @ s:x;'bséquent tetuin to the main prog-am is stared in several fixed memory locations,
prog:am control then being transferred to a subioutine appropriate to the particular in-out

device

Attached 1o 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 initiated. and rthrough which the operator may
transfer test words or test addresses into 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-I memory may be expanded to

sixteen type 12 memory modules by installing a memory 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 module, 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, insfeod 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 mterrupt feature allows

concurrenf operahon of several in-out devices and fhe main sequence. The system
has 16 automatic interrupt channels arranged in a prnoni‘y chain. An mferrupt‘or
break can be initiated by an in-out device at any time. When a break occurs,
the computer stores in several fixed memory loca'tiens 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 des;red by the user can

recdlly be added to the system.



(1) Visual CRT Display Type 30 - This is a 16=inch cathode-ray tube display

mounted on a separate table. The Display command plotfs 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 IBM

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
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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-tine printing

station capable of operating at up to 1000 lires 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

. - -1
Number range -(1-2 ]7) 2, =<(] -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

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

CONSTRUCTION

* 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-1
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 (bays 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
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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
I 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.

¢ 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 :
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 @)
Quadruple flip-
Pulse generator 1410 1 Flop 4214 !
Pulse amplifier 1607 24 Delay 4301 11)
" Bus driver 1684 11 Clock 4401 !
Bus driver 1685 7
Pulse generator
Inverter 4105 2 4410 5
~ Inverter 4106 2 Pulse amplifier
Inverter 4106R ] 4603 26(1)
(2) 4096 Word Memory Module Type 12
Inverter 1103R 7 Power supply confrol
1701 (in power
Inverter 1104 1 supply 735) 1
flio-
?zu]cédruple Flip=Flop : Read/write switch
1972 32
Delay line 1310 1 Memory driver
Sense amplifier 1540 18 1973 2
Pulse amplifier 1607 1 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.
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Type Quantity Type Quantity

Diode 4110 5 Quadruple flip-

Diode 4111 1 flop 4214 7
Diode 4113R 3 Delay 4301 7
Capacitor-diode 4126 ! Pulse generator4410 5
Capacitor-diode 4128 9 Pulse amplifier4603 5
Flip-flop 4201 2 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 1 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 5
Inverter 1105 3 Inverter 4105 3

. Capacitor-diode

Dual flip-flop 1209 2 e ;’; 7
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

2-15

Type

Quadruple flip-
flop 4214

Delay 4301

Pulse amplifier
4603

Quantity

16



CHAPTER 3

SYSTEM FUNCTION

3-1T 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 panel: 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 desciibed in paragraphs 3-2 and 3-3 below. However,
those elements of control 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 register, and the memory buffer register. Each of these registers holds an entire

18-bit computer wosd

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

instruction j

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 logical and arithmetic instructions. Furthermore, the result of all such
instructions always appears in the accumulator  The accumulator input gating allows the
computer to petform the logic functions AND, inclusive OR, exclusive OR, and negation,
and the arithmetic operation of addition. All other arithmetic operations are performed

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

a cyclic shift or rotation.

The rransfer of information to and from the peripheral devices is made through the in-out
register, 10. Moreover, this 1egister also serves as the multiplier-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 IC can be shifted or rotated in either =+ ection and the combination of

AC and 1O can also be shifted or rotated as o single 36-bit register

¢ MEMORY - The memoiy of the standard PDP-1 consists of one memory module, type 12.

3-2



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) . The word read from
memory is transferred into the memory buffer Since the read operation is destructive, the
word contained ir 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 anrd written into the addressed memory location by the write portion of the memory cycle.

d INPUT-OQUTPUT 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 from the instruction decoder. In-out transfer control decodes the secondary op code
{bits 12 to 17) into command pulses for the appropriate control unit. All transfers of data
between the computer and the contro!i-unit buffers are made through the in-out register, 10.
Data transters 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 input-output equipment is added to the computer, in-out transfer control
must be expanded to provide the additional command pulses which are necessary . Like the
standard in~out devices, each optional device includes its own contro! unit. The method

of data transfer and the marner 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 chonnel.
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3-2 PROGRAM EXECUTION

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

govern the execution of the program.

a  NUMBER SYSTEM - PDP-] is a fixed-point machine using binary arithmetic. Negative
numbers are represented as the 1's complements of the positive numbers. Bit 0 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 probiem 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 represert frac-

tiors 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 decima! system, may be performed automati-
cally by subroutinres. Operations for tloating=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. Augmented
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 instruction words for memory reference instructions require both an operation code and a
memory address. The op code (bits O 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. [f 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 = = 'nal 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 a deferred i-s:.c+7 .1, 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 a 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 o 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

« with 1 in bit 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 if 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 thiough 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. Ir these instructions a secondary
op code (bits 12 through 17) specifies the particular in-out transfer instruction while bits 6

through 11 provide various types of contiol 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 z+:o 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 ir 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 O 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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instiuction are stilized directly fiom the memory buffer register. If the command level indi-
cates an augmented inst-uction, bifs 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 1 in l\/\B5 couses the defer flip~flop to be set. This causes the
computer to go irto the defer cycle and retrieve a 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 0 defer bit occurs. Then the computer goes into cycle
crie and the address contained in MB 6-17 is used for the memory reference. Of course, if a
memory reference instruction is not defeired, the computer goes directly into cycle one from

cycle zero.

There are several op codes which are rot curcentiy 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 sotisfied 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 countes 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 compieted  The program counter is counted down by 1 to return to the be-
ginning of an instruction 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, singie-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 *o one level, but a deferred address is interpreted
as a 16-bit address instead of the usua! 12-bit address  This aliows the program to jum: to

another memory module or *o retrieve an operand from another memory module.

Console control 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 norma! ope-atior 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 pusked 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 aiso enters the extend mode if the EXTEND switch is on

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

Continue
The computer resumes normal operation at the state indicated by the console lights. Con-
tinue also initiates each cycle or instruction after the first in the manual 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 in the memory register specified by the address
portion of the first word. Ar 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
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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 .)

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 '017 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 ACO°

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(1O) are rotated left

L]

one place, with the complement of AC0 replacing C(IOW) . Af |O]7 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 IOO-]é
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 fhé_ 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.
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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~]7) are lost,

Deposit Instruction Part (10 psec) dip Y Operation Code 30*
Bits 0 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_s) are lost.

Deposit In-out Register (10 psec) dio Y Operation Code 32*
The C(10O) replace C(Y) in memory. The C(1O) are unchanged; the original C(Y) are lost.

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

The contents of memory 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(1O)

are lost,

Load Accumulator with N (5 psec) 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 Instructions

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, VY, 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.
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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 AC‘n_‘] is left; C(ACn) into Acn+"l

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

is right. The sign bit is not affected

Rotate is a nonarithmetic, 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\e instructions are actually nine bits. If the defer bit is
0 (op code 66) the bits are shifted 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 and the regAister operated upon. If bit 6 is 0, a shift is performed; if 1,
a rofcté is pe-rformed_., If bit7 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 IO 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 10 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 IO 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 Mirus 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, transfers TW to AC, and complements
AC. If the number =0 (i.e., all 1's) is interpreted as an instruction, 1O 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 state 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

3-17



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 ?!og 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. When the instruction decoder asserts the command level for the iot
instruction 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, 6 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 ot 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

6 a 0. The 1l in bit 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 é 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 é
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 opfional

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 secordary 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 '010-17'

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 YY) 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. If 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) L f I05 is 1, hole 1 is punched;
if 10, is 1, hole 2 is punched; and so on to IO0 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 1O

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:

1O Bit | If Set
0 Displayed point sensed by light pen.
1 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., SKP and 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 IOT 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

TPO, TP], ce ey TP9, TP%, and TP

These timing pulses occur at irregular intervals

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 flip-flop run  If run is 1, the final timing pulse in one cycle
triggers the first timing pulse for the beginrning of the next cycle. When run is cleared,
the computer halts at the end of the current memory cycle because the firal 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

oCccCurs,

The functions that control the actual memo-y access during each cycle are also shown in
the figure. Fach memory moduie contains four flip-flops which control a set of four
functions. Three of these, the read, inhibit and wtite 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 atter the initiation of the read function.

b CYCLE CONTROL - The primary cycle control element is the cycle flip-tlop, 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 H5C _ is also 1,

0
then the computer executes o high-speed channel cycle. If cyc is 1 and the defer
Flip-tlop df] is also 1, then the computer is in a defer cycle (which occurs between
cycle zero and cycle one). During a defer cycle, if a second defer tlip-tiop df2 is set,

the computer executes another defer cycle.

if cyc is 1 and the break counter (flip-flops bc] and bc2) contains any number other
thar 0, then the computer is in one of the break cycles. The particular break cycle
depenrds 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.

¢ 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 0-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 0-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 Al 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,
lﬁ-) M, clears every flip~flop in M and then the transfer pulse, K-]é 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—LM 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 KBTS’M while the address
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part may be transferred by the pulse Ké‘i—]; 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 s cllecred if Kn(;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 cycies. 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 HSC0 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 10 hold the double-length dividend; at the end of the operation the quotient is in IO

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 1O). As the dividend is shifted out of AC to the left, the
quotient is constructed in 1O 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 subroutire (which utilizes Multiply Step). After completing Multiply the com-

3-34



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 IO 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

3-36



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 O 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 installed. 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] 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 usuval 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 codesof all 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]O; 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 prelimirary 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 TP10 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

10-17°
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 IO]0-17 to PB]O-]T
In binary mode, a six-bit character is transferred from lOO-S to PB]2_]7, 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

2-
typewriter buffer are then applied to the mechor]ﬁco]|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 ir a given line of flow depends only upon time, then that event is written
alone in 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 fislfillment 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 M85 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 di’I 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 flow 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.
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In the main flow charts only those events that are peculiar to c‘n individual sequence are shown
in the line of flow through the chart. The events that are common to all cycles 'ar‘e"l.iAs’red ina
column at the left of the chart. These common events includé the events that make .L;p 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 break‘sysfem, ard the high~
speed channel control. Events required for optional operations are shown in parentheses. 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 all 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 flqw '
charts for these operations the appropriate pulses are listed in a column at the lgff}, The se‘qbénces
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;ir.! .
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TABLE 3-1 TIMING CHART: SPECIAL PULSES
{Note- For Read In see figure 3-5)

Start Continue Examine Deposit
PR |o lo 0 o
— FunN - Fun —3 run -3 'un
| o . 0. 0 .
Puise > rim —>rim —>rim
500 ps
19 ma l..9>MA 05 MA 19, ma
P, |.°_>cyc SC 19, Ac
sC sC
25 ps
TA- pC TALSPC TALsPC
|1 1
SP2 —> cyc > CYC
I—]->IR] (LAC) |L>|R] , (DAQ)
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]
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s, T, TP, T, TP,
I ]
—ryn —>»run
I-Os‘o df ; be ;. OV : ihs, ios, ioh; EXD, emc
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SC I-‘—) ioc
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STOP PB PULSE: 1.0 run
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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
tfurn-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.
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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 SP, triggers the timing chain and places the computer into

4
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 TPO. This event is not shown as common to all
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 o the high-speed channels are synchronized to the computer timing system.

At TP]0 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]0 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 info 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 iof 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 a 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. If 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 MB_ is 1, df

5 is set and the defer cycle is repeated.

2
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 High-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 HSC0 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 HSCO 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-cycle 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 into MA. During cycle one, the computer

3-50



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_  of cycle one. The interruption cycle is, however, postponed until the

10
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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3-2 TIMING CHART: COMMAND PULSE OPERATIONS

FOR IN-QUT TRANSFER INSTRUCTIONS

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

. . . ]
transfer instructiorn, i. e., when the condition |OT- ioc is satisfied).

2nd Cp Operations 2nd Op Operations
Code Code
. 0
00 No action 03 TP7: —>TB
01 P7 RP£ TP]O : TYO
h I
MAC —>rcp NAC: —tcp
|
NAC: i-g-s»rcp NAC: 'Ig)fcp
0 1
> R8-1 107 8
1
l ] —>tyo
R85y
' 0 (see figure 3-11)
—>rb) IO
04 TP,: —=|C
i 7
. .
—»rci, rc1I 2
TP]O: TVYI
(see figure 3-11) 1
TBI—ZT]—7—>IO
02 TP_: RPB
7 I IgaTBS
NAC: ‘—rcp
A !—O—>rcp 05 T lﬁaPB
Ore 15 e
| 0-11 —>Pv
1
—>RB,, 47 TP.,; PPA
I---]-->rby, rel, NAC l—]>pcP
,.lqrc] o NAC l—0>pcp
|—O-)rc IO-—]'—'>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
|0 0
06 TP7: —>PB 33 TP7: —I0
|_l_)pUn TP, 4 CKS
TP. .: PPB Bits—>10
10
NAC: '_]>pcp Standard Bits:
NAC: l—Oepcp LP]: l—]—->|00
b
1 RBS —>I0
'00-5PB12-17 o !
tyo —->|O2
|
Py TBs' "—»103
. I
(see figure 3-11) pun éloﬁ'
07 TP: —0"DB
7 50 TP7: DSC
TP, : DPY Lo,
10 l
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
TPor RRB 52 TP : IsB
1
RB—10 |2 bn2,
9, res B, )
" 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

|—O->b]'s

54 TP,: LSM

|—0->sbm

55 TP,: ESM

—]>sbm

56 TP_: CBS
1 Channel:

'i>b3,b4

74 TP]O: EEM + LEM

(@)
o

MBéz —>EXD

p—
—}

MBéz —>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
intfo 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 eduation:

NAC = MBgMB; + MB;MBg .
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 mentionedin chapter 8.

Figure D11-1 is 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.
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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
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