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PREFACE

This handbook concerns programming, operating, and interfacing the Programmed
Data Processor-8; a high-speed stored-program digital computer manufactured by the
Digital Equipment Corporation. Section A describes the functional operation, instruc-
tions, and basic machine-language programming of the PDP-8 processor, core memory,
processor options, and core memory options. Section B is devoted to the functional
operation, instructions,and basic programming of standard and optional input/output
equipment of a PDP-8 system. Section C presents information on operating the basic
system and its options. Section D serves as an interface and installation manual, and
contains information on planning and implementing the design and installation of any
electrical interface required to connect a special device into a PDP-8 system.

Appendixes at the end of this handbook provide detailed information which may be
helpful in specific programming assignments. Although program examples are given
in this document, no attempt has been made to teach programming techniques. The
meaning and use of special characters employed in the programming examples are
explained in the description of the Program Assembly Language, available from the
Digital Program Library.
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SYSTEM INTRODUCTION

The Digital Equipment Corporation Programmed Data Processor-8 (PDP-8) is designed
for use as a small-scale general-purpose computer, an independent information
handling facility in a larger computer system, or as the control element in a complex
processing system. The PDP-8 is a one-address, fixed word length, parallel computer
using 12 bit, two's complement arithmetic. Cycle time of the 4096-word random-
address magnetic-core memory is 1.5 microseconds. Standard features of the system
include indirect addressing and facilities for instruction skipping and program interrup-
tion as functions of input-output device conditions.

The 1.5-microsecond cycle time of the machine provides a computation rate of 333,333
additions per second. Addition is performed in 3.0 microseconds (with one number in
the accumulator) and subtraction is performed in 6.0 microseconds (with the subtra-
hend in the accumulator). Multiplication is performed in approximately 315 micro-
seconds by a subroutine that operates on two signed 12-bit numbers to produce a
24.-bit product, leaving the 12 most significant bits in the accumulator. Division of
two signed 12-bit numbers is performed in approximately 444 microseconds by a sub-
routine that produces a 12-bit quotient in the accumulator and a 12-bit remainder in
core memory. Similar multiplication and division operations are performed by means
of the optional extended arithmetic element in approximately 15 and 30 microseconds,
respectively.

Flexible, high-capacity, input-output capabilities of the computer allow it to operate a
variety of peripheral equipment. In addition to standard Teletype and perforated tape
equipment, the system is capable of operating in conjunction with a number of optional
devices such as high-speed perforated tape readers and punches, card equipment, a
line printer, analog-to-digital converters, cathode-ray-tube displays, magnetic drum
systems, and magnetic-tape equipment. Equipment of special design is easily adapted
for connection into the PDP-8 system. The computer is not modified with the addition
of peripheral devices.

PDP-8 is completely self-contained, requiring no special power sources or environ-
mental conditions. A single source of 115-volt, 60-cycle, single-phase power is required
to operate the machine. Internal power supplies produce all of the operating voltages
required. FLIP CHIP modules utilizing hybrid silicon circuits and built-in provisions for
marginal checking insure reliable operation in ambient temperatures between 32 and
130 degrees Fahrenheit.

Computer Organization

The PDP-8 system is organized into a processor, core memory, and input/output equip-
ment and facilities. All arithmetic, logic, and system control operations of the standard
PDP-8 are performed by the processor. Permanent (longer than one instruction time)
local information storage and retrieval operations are performed by the core memory.
The memory is continuously cycling, automatically performing a read and write
operation during each computer cycle. Input and output address and data buffering
for the core memory is performed by registers of the processor, and operation of the
memory is under control of timing signals produced by the processor. Due to the close
relationship of operations performed by the processor and the core memory, these
two elements are described together in Section A of this handbook.

Interface circuits for the processor allow bussed connections to a variety of peripheral
equipment. Each input/output device is responsible for detecting its own select code
and for providing any necessary input or output gating. Individually programmed data
transfers between the processor and peripheral equipment take place through the
processor accumulator. Data transfers can be initiated by peripheral equipment, rather
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than by the program, by means of the data break facilities. Standard features of the
PDP-8 also allow peripheral equipment to perform certain control functions such as
instruction skipping, and a transfer of program control initiated by a program interrupt.

Standard peripheral equipment provided with each PDP-8 system consists of a Tele-
type Model 33 Automatic Send Receive set and a Teletype control. The Teletype unit
is a standard machine operating from serial 11-unit-code characters at a rate of ten
characters per second. The Teletype provides a means of supplying data to the com-
puter from perforated tape or by means of a keyboard, and supplies data as an output
from the computer in the form of perforated tape or typed copy. The Teletype control
serves as a serial-to-parallel converter for Teletype inputs to the computer and serves
as a parallel-to-serial converter for computer output signals to the Teletype unit.

The Teletype and all optional input/output equipment is discussed in Section B of
this handbook.

Symbols

The following special symbols are used throughout this handbook to explain the
function of equipment and instructions:

Symbol Explanation

A=>B The content of reMsTransferred into
register B

0=>A Register A is cleared to contain all binary zeros

Aj Any given bit in A

A5 The content of bit 5 of register A

A5(1) Bit 5 of register A contains a 1

A6 — 11 The content of bits 6 through 11 of register A

A6 — 11 =>B0 — 5 The content of bits 6 through 11 of register A

is transferred into bits O through 5 of register B
The content of any core memory location
Inclusive OR

Exclusive OR

AND

> 4 < <

Ones complement of the content of A



SECTION A
MEMORY AND PROCESSOR



CHAPTER 1

MEMORY AND PROCESSOR
FUNCTIONAL DESCRIPTION

Major Registers

To store, retrieve, control, and modify information and to perform the required logical,
arithmetic, and data processing operations, the core memory and the processor employ
the logic components shown in Figure 2 and described in the following paragraphs.

SWITCH ADDRESS
REGISTER
1 \/
SEr,,
EQUIPMENT DATA
PROGRAMMED <€—————
TRANSFERS _ SELECT PROGRAM
CODE ouTpPuT
TELETYPE BUS LINK COUNTER
MODEL 33 DRIVERS '
ASR
bara : 4096 - WORD
TELETYPE CORE
CONTROL DATA MEMORY
JACCUMUL ATOR| 12
ALL OPTIONAL
PERIPHERAL OATA
EQUIPMENT
12 MEMORY
BUFFER
REGISTER
(__DATA
INSTRUCTION
REGISTER
DATA ouTPUT 3
«———— 1 BUS 3
DRIVERS 2 -
MEMORY
OPTIONAL PERIPHERAL ADDRESS
EQUIPMENT USING THE < MAJOR REGISTER
DATA BREAK FACILITIES STATE
GENERATOR
ADDRESS 12
.

Figure 2 PDP-8 Major Register Block Diagram

ACCUMULATOR (AC)

Arithmetic and logic operations are performed in this 12-bit register. Under program
control the AC can be cleared or complemented, its content can be rotated right or
left with the link. The content of the memory buffer register can be added to the content
of the AC and the result left in the AC. The content of both of these registers may be
combined by the logical operation AND, the result remaining in the AC. The memory
buffer register and the AC also have gates which allow them to be used together as the
shift register and buffer register of a successive approximation analog-to-digital con-
verter. The inclusive OR may be performed between the AC and the switch register on
the operator console and the result left in the AC.



The accumulator also serves as an input-output register. All programmed information
transfers between core memory and an external device pass through the accumulator.

LINK (L)

This one-bit register is used to extend the arithmetic facilities of the accumulator. It
is used as the carry register for two’s complement arithmetic. Overflow into the L from
the AC can be checked bythe programto greatly simplify and speed up single and multiple
precision arithmetic routines. Under program control the link can be cleared and
complemented, and it can be rotated as part of the accumulator.

PROGRAM COUNTER (PC)

The program sequence, that is the order in which instructions are performed, is
determined by the PC. This 12-bit register contains the address of the core memory
location from which the next instruction.will be taken. Information enters the PC
from the core memory, via the memory buffer register, and from the switch register on
the ‘operator console. Information in the PC is transferred into the memory address
register to determine the core memory address from which each instruction is taken.
Incrementation of the content of the PC establishes the successive core memory
locations of the program and provides skipping of an instruction based upon a pro-
grammed test of information or conditions.

MEMORY ADDRESS REGISTER (MA)

The address in core memory which is currently selected for reading or writing is
contained in this 12-bit register. Therefore, all 4096 words of core memory can be
addressed directly by this register. Data can be set into it from the memory buffer
register, from the program counter, or from an 1/0 device using the data break facilities.

SWITCH REGISTER (SR)

Information can be manually set into the switch register for transfer into the PC as
an address by means of the LOAD ADDRESS key, or into the AC as data to be stored
in core memory by means of the DEPOSIT key.

CORE MEMORY

The core memory provides storage for instructions to be performed and information
to be processed or distributed. This random address magnetic core memory holds
4096 12-bit words in the standard PDP-8. Optional equipment extends the storage
capacity in fields of 4096 words or expands the word length to 13 bits to provide
parity checking. Memory location O, is used to store the content of the PC following
a program interrupt, and location 1; is used to store the first instruction to be executed
following a program interrupt. (When a program interrupt occurs, the content of the
PC is stored in location 0;, and program control is transferred to location 1 automati-
cally.) Locations 10; through 17, are used for auto-indexing. All other locations can be
used to store instructions or data.



Core memory contains numerous circuits such as read-write switches, address de-
coders, inhibit drivers, and sense amplifiers. These circuits perform the electrical
conversions necessary to transfer information into or out of the core array and perform
no arithmetic or logic operations upon the data. Since their operation is not discern-
ible by the programmer or operator of the PDP-8, these circuits are not described
here in detail.

MEMORY BUFFER REGISTER (MB)

All information transfers between the processor registers and the core memory are
temporarily held in the MB. Information can be transferred into the MB from the
accumulator or memory address register. The MB can be cleared, incremented by
one or two, or shifted right. Information can be set into the MB from an external
device during a data break or form core memory, via the sense amplifiers. Information
is read from a memory location in 0.75 microsecond and rewritten in the same location
in another 0.75 microsecond of one 1.5-microsecond memory cycle.

INSTRUCTION REGISTER (IR)

This 3-bit register contains the operation code of the instruction currently being
performed by the machine. The three most significant bits of the current instruction
are loaded into the IR from the memory buffer register during a Fetch cycle. The
content of the IR is decoded to produce the eight basic instructions, and affect the
cycles and states entered at each step in the program.

MAJOR STATE GENERATOR

One or more major states are entered serially to execute programmed instructions or
to effect a data break. The major state generator establishes one state for each com-
puter timing cycle. The Fetch, Defer, and Execute states are entered to determine and
execute instructions. Entry into these states is produced as a function of the current
instruction and the current state. The Word Count, Current Address, and Break states
are entered during a data break. The Break state or all three of these states are entered
based upon request signals received from peripheral 1/0 equipment.

Fetch

During this state an instruction is read into the MB from core memory at the address
specified by the content of the PC. The instruction is restored in core memory and
retained in the MB. The operation code of the instruction is transferred into the IR to
cause enactment, and the content of the PC is incremented by one.

If a multiple-cycle instruction is fetched, the following major state will be either Defer
or Execute. If a one-cycle instruction is fetched, the operations specified are performed
during the last part of the Fetch cycle and the next state will be another Fetch.

Defer

When a 1 is present in bit 3 of a memory reference instruction, the Defer state is
entered to obtain the full 12-bit address of the operand from the address in the
current page or page O specified by bits 4 through 11 of the instruction. The process
of address deferring is called indirect addressing because access to the operand is
addressed indirectly, or deferred, to another memory location.



Execute

This state is entered for all memory reference instructions except jump. During an
AND, two's complement add, or increment and skip if zero instruction, the content of
the core memory location specified by the address portion of the instruction is read
into the MB and the operation specified by bits O through 2 of the instruction is
performed. During a deposit and clear accumulator instruction the content of the AC is
transferred into the MB and is stored in core memory at the address specified in the
instruction. During a jump to subroutine instruction this state occurs to write the
content of the PC into the core memory address designated by the instruction and to
transfer this address into the PC to change program control.

Word Count

This state is entered when an external device supplies signals requesting a data break
and specifying that the break should be a 3-cycle break. When this state occurs, a
transfer word count in a core memory location designated by the device is read into
the MB, is incremented by 1, and is rewritten in the same location. If the word count
overflows, indicating that the desired number of data break transfers will be enacted
at completion of the current break, the computer transmits a signal to the device. The
Current Address state immediately follows the Word Count state.

Current Address

As the second cycle of a 3-cycle data break, this cycle establishes the address for the
transfer that takes place in the following cycle (Break state). Normally the location
following the word count is read from core memory into the MB, is incremented by 1 to
establish sequential addresses for the transfers, and is transferred into the MA to
determine the address selected for the next cycle. When the word count operation is
not used. the device supplies an inhibit signal to the computer so that the word read
during this cycle is not incremented. Transfers occur at sequential addresses due to
incrementing during the Word Count state. During this sequence the word in the MB
Is rewritten at the same location and the MB is cleared at the end of the cycle. The
Break state immediately follows the Current Address state.

Break

This state is entered to enact a data transfer between computer core memory and an
external device, either as the only state of a 1-cycle data break or as the final state of
a 3-cycle data break. When a break request signal arrives and the cycle select signal
specifies a 1-cycle break. the computer enters the Break state at the completion of the
current instruction. Information transfers occur between the external device and a
device-specified core memory location. through the MB. When this transfer is complete,
the program sequence resumes from the point of the break. The data break does not
affect the content of the AC. L, and PC.

OUTPUT BUS DRIVERS

Output signals from the computer processor are power amplified by output bus driver
modules of the standard PDP-8: allowing these signals to drive a heavy circuit load.
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Figure 3 PDP-8 Timing and Control Element Block Diagram




FUNCTIONAL SUMMARY

Operation of the computer is accomplished on a limited scale by keys on the operator
console. Operation in this manner is limited to address and data storage by means of
the switch register, core memory data examination, the normal start/stop/continue
control, and the single step or single instruction operation that allows a program to
be monitored visually as a maintenance operation. Most of these manually initiated
operations are performed by executing an instruction in the same manner as by auto-
matic programming, except that the gating is performed by special pulses rather than
by the normal clock pulses. In automatic operation, instructions stored in core memory
are loaded into the memory buffer register and executed during one or more computer
cycles. Each instruction determines the major control states that must be entered
for its execution. Each control state lasts for one 1.5-microsecond computer cycle
and is divided into distinct time states which can be used to perform sequential logical
operations. Performance of any function of the computer is controlied by gating of a
specific instruction during a specific major control state and a specific time state.

Timing and Control Elements

The circuit elements that determine the timing and control, of the operation of the major
registers of the PDP-8 are added to Figure 2 to form Figure 3. Figure 3 shows the
timing and control elements described in the succeeding paragraphs and indicates
their relationship to the major registers. These elements can be grouped categorically
into timing generators, register controls, and program controls.

TIMING GENERATORS

Timing pulses used to determine the computer cycle time and used to initiate sequen-
tial time-synchronized gating operations are produced by the timing signal generator.
Timing pulses used during operations resulting from the use of the keys and switches
on the operator console are produced by the special pulse generator. Pulses that reset
registers and control circuits during power turn on and turn off operations are pro-
duced by the power clear pulse generator. Several of these pulses are available to
peripheral devices using programmed or data break information transfers.

REGISTER CONTROLS

Operation of the AC, MA, MB, and PC is controlled by an associated logic circuit.
These circuits, in turn, transmit and receive control signals to and from 1/O equipment.
Programmed data transfer equipment can supply a pulse to the AC control to clear
the AC prior to a data input and can supply a pulse to cause the content of the PC to
be incremented, thus initiating an instruction skip. Equipment using the data break
facility passes signals with the MA control and MB control to determine the direction
and timing of data transfers in this mode.

PROGRAM CONTROLS

Circuits are also included in the PDP-8 that produce the IOP pulses which initiate
operations involved in input/output transfers, determine the advance of the computer
program, and allow peripheral equipment to cause a program interrupt of the main
computer program to transfer program control to a subroutine which performs some
service for the 1/0 device.



Interface

The input/output portion of the PDP-8 is extremely flexible and interfaces readily with
special equipment, especially in real time data processing and control environments.

The PDP-8 utilizes a "'bus” 1/0 system rather than the more conventional ‘‘radial”
system. The *‘bus’’ system allows a single set of data and control lines to communicate
with all 1/0 devices. The bus simply goes from one device to the next. No additional
connections to the computer are required. A “‘radial’”’ system requires that a different
set of signals be transmitted to each device; and thus the computer must be modified
when new devices are added. The PDP-8 need not be modified when adding new
peripheral devices.

External devices receive two types of information from the computer: data and control
signals. Computer output data is present as static levels on 12 lines. These levels
represent a 12-bit word to be transmitted in parallel to a device. Data signals are
received at all devices but .are sampled only by the appropriate one in response to a
control signal. Control signals are of two types: levels and timing pulses. Six static
levels and their complement are supplied by the MB on 12 lines. These lines contain
a code representing the device from which action is required. Each device recognizes
its own code and performs its function only when this code is present. There are three
timing pulses which may be programmed to occur. These IOP pulses are separated in
time by one microsecond and are brought to all devices on 3 lines. These pulses are
used by a device only when it is selected by the appropriate code on the level lines.
They may be used to perform sequential functions in an external register, such as clear
and read, or any other function requiring one, two, or three sequential pulses.

Peripheral devices transmit information to the computer on four types of ‘‘busses’.
These are the information bus, the clear AC bus, the skip bus, and the program
interrupt bus. The information bus consists of 12 lines normally held at —3 volts by
load resistors within the computer. Whenever one of these lines is brought to ground,
a binary 1 will be placed in the corresponding accumulator bit. Each device may use
the input bus only when it is selected; and thus, these input lines are time shared
among all of the connected devices. The skip bus is electrically identical to the
information bus. However, when it is driven to ground the next sequential instruction
will be skipped. It too can be used only by the device currently selected and is effec-
tively time shared. The program interrupt bus may be driven to ground at any time by
any device whether currently selected or not. When more than one device is connected
to the interrupt bus they should also be connected to the skip bus so the program can
identify the device requesting program interruption.

The transmission of device selection levels and timing pulses is completely under
program control. A single instruction can select any one of 64 devices and transmit
up to three IOP timing pulses. Since the timing pulses are individually programmable,
one might be used to strobe data into an external device buffer, another to transmit
data to the computer, and the third to test a status flip-flop and drive the skip bus to
ground if it is in the enabling state.



Data transfers may also be made directly with core memory at a high speed using
the data break facility. This is a completely separate 1/0 system from the one described
previously. It is standard equipment in every PDP-8 and is ordinarily used with fast
1/0 devices such as magnetic drums or tapes. Transfers through the data break facility
are interlaced with the program in progress. They are initiated by a request from the
peripheral device and not by programmed instruction. Thus, the device may transfer a
word with memory whenever it is ready and does not have to wait for the program to
issue an instruction. Computation may proceed on an interlaced basis with these
transfers.

Interface signal characteristics are indicated in Section D of this handbook.
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CHAPTER 2
MEMORY AND PROCESSOR INSTRUCTIONS

Instruction words are of two types: memory reference and augmented. Memory refer-
ence instructions store or retrieve data from core memory, while augmented instruc-
tions do not. All instructions utilize bits O through 2 to specify the operation code.
Operation codes of O, through 5, specify memory reference instructions, and codes
of 6, and 7, specify augmented instructions. Memory reference instruction execution
times are multiples of the 1.5-microsecond memory cycle. Indirect addressing increases
the execution time of a memory reference instruction by 1.5 microseconds. The
augmented instructions, input-output transfer and operate, are performed in 3.75
and 1.5 microseconds respectively.

Memory Reference Instructions

Since the PDP-8 system contains a 4096-word core memory, 12 bits are required
to address all locations. To simplify addressing, the core memory is divided into
blocks, or pages, of 128 words (200, addresses). Pages are numbered O, through 37,,
each field of 4096-words of core memory uses 32 pages. The seven address bits
(bits 5 through 11) of a memory reference instruction can address any location in
the page on which the current instruction is located by placing a 1 in bit 4 of the
instruction. By placing a 0 in bit 4 of the instruction, any location in page O can be
addressed directly from any page of core memory. All other core memory locations
can be addressed indirectly by placing a 1 in bit 3 and placing a 7-bit effective
address in bits 5 through 11 of the instruction to specify the location in the current
page or page O which contains the full 12-bit absolute address of the operand.

OPERATION MEMORY
CODES 0-5 PAGE
r —_ ) —r—
o} 1 2 3 4 ] 6 7 8 9 10 "
D e \ — )
‘INDIRECT ADDRESS
ADDRESSING

Figure4 Memory Reference Instruction Bit Assignments

Word format of memory reference instructions is shown in Figure 4 and the instruc-
tions perform as follows:

LOGICAL AND (AND Y)
Octal Code: 0
Indicators: AND, FETCH, EXECUTE
Execution Time: 3.0 microseconds with direct addressing, 4.5 microseconds with
indirect addressing.

Operation: The AND operation is performed between the content of memory location Y



and the content of the AC. The result is left in the AC, the original content of the
AC is lost, and the content of Y is restored. Corresponding bits of the AC and Y are
operated upon independently. This instruction, often called extract or mask, can be
considered as a bit-by-bit multiplication. Example:

Original Final
ACj Yj ACj
0] 0 0
0 1 0
1 0 0
1 1 1

Symbol: ACj A Yj => ACj

TWO'S COMPLEMENT ADD (TAD Y)
Octal Code: 1
Indicators: TAD, FETCH, EXECUTE

Execution Time: 3.0 microseconds with direct addressing, 4.5 microseconds with
indirect addressing.

Operation: The content of memory location Y is added to the content of the AC in
two's complement arithmetic. The result of this addition is held in the AC, the original
content of the AC is lost, and the content of Y is restored. If there is a carry from ACO,
the link is complemented. This feature is useful in multiple precision arithmetic.

Symbol: ACO — 11 + Y0 — 11 => ACO —11

INCREMENT AND SKIP IF ZERO (ISZ Y)
Octal Code: 2
Indicators: 1SZ, FETCH, EXECUTE

Execution Time: 3.0 microseconds with direct addressing, 4.5 microseconds with
indirect addressing.

Operation: The content of memory location Y is incremented by one in two’'s comple-
ment arithmetic. If the resultant content of Y equals zero, the content of the PC is
incremented by one and the next instruction is skipped. If the resultant content of Y
does not equal zero, the program proceeds to the next instruction. The incremented
content of Y is restored to memory. The content of the AC is not affected by this
instruction.

Symbol: Y +1=>Y

If resultant YO — 11 = 0,then PC + 1 => PC

DEPOSIT AND CLEAR AC (DCA Y)
Octal Code: 3
Indicators: DCA, FETCH, EXECUTE

Execution Time: 3.0 microseconds with direct addressing, 4.5 microseconds with
indirect addressing,

Operation: The content of the AC is deposited in core memory at address Y and the
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AC is cleared. The previous content of memory location Y is lost.

Symbol: AC =>Y
then O = > AC

JUMP TO SUBROUTINE (JMS Y)
Octal Code: 4

Indicators: JMS, FETCH, EXECUTE

Execution Time: 3.0 microseconds with direct addressing, 4.5 microseconds with
indirect addressing.

Operation: The content of the PC is deposited in core memory location Y and the
next instruction is taken from core memory location Y + 1. The content of the AC is
not affected by this instruction.

Symbol: PC + 1 = > Y
Y+ 1=>PC

JUMP TO Y (UMP Y)
Octal Code: 5

Indicators: JMP, FETCH

Execution Time: 1.5 microseconds with direct addressing, 3.0 microseconds with
indirect addressing.

Operation: Address Y is set into the PC so that the next instruction is taken from core
memory address Y. The original content of the PC is lost. The content of the AC is not
affected by this instruction.

Symbol: Y = > PC

Augmented Instructions

There are two augmented instructions which do not reference core memory. They are
the input-output transfer, which has an operation code of 6, and the operate which
has an operation code of 7. Bits 3 through 11 within these instructions function as an
extension of the operation code and can be microprogrammed to perform several
operations within one instruction. Augmented instructions are one-cycle (Fetch)
instructions that initiate various operations as a function of bit microprogramming.
The operations initiated by each bit occur at a specified time with respect to the
computer cycle time and are designated as event times 1, 2, and 3. Three event times,
separated by 1 microsecond, occur during the input-output transfer instruction. Two
event times occur during the 1.5-microsecond cycle time of an operate instruction.

INPUT OUTPUT TRANSFER INSTRUCTION

Microinstructions of the input-output transfer (IOT) instruction initiate operation of
peripheral equipment and effect information transfers between the processor and an
I/O device. Specifically, when an operation code of 6 is detected, the PAUSE flip-flop
is set and the IOP generator is enabled to produce IOP 1, IOP 2, and IOP 4 pulses as a
function of the content of instruction bits 9 through 11. These pulses occur at 1-
microsecond intervals designated as event times 3, 2, and 1 as follows:



Instruction I0P 10T Event

Bit Pulse Pulse Time
11 IOP 1 10T 1 1
10 0P 2 I0T 2 2
9 IOP 4 10T 4 3

The IOP pulses are gated in the device selector of the program-selected equipment to
produce 0T pulses that enact a data transfer or initiate a control operation. Selection
of an equipment is accomplished by bits 3 through 8 of the IOT instruction. These bits
form a 6-bit code that enables the device selector in a given device,

The format of the IOT instruction is shown in Figure 5. Operations performed by I0OT
microinstructions are explained in Section B of this handbook.

GENERATES GENERATES
AN IOP 4 AN 0P
. PULSE AT PULSE AT
OPERATION : ) EVENT TIME 3 EVENT TIME(
CODE 6 IF.A 1

Y Ay’
DEVICE GENERATES
SELECTION AN IOP 2

PULSE AT
EVENT TIME 2
IF A1

Figure 5 10T Instruction Bit Assignments

OPERATE INSTRUCTION

The operate instruction consists of two groups of microinstructions. Group 1 (OPR 1)
is principally for clear, complement, rotate, and increment operations and is designated
by the presence of a O in bit 3. Group 2 (OPR 2) is used principally in checking the
content of the accumulator and link and continuing to,or skipping, the next instruction
based on the check. A 1 in bit 3 designates an OPR 2 microinstruction.

Group 1 operate microinstruction format is shown in Figure 6 and the microinstruc-
tions are explained in the succeeding paragraphs. Any logical combination of bits within
this group can be combined into one microinstruction. For example, it is possible to
assign ones to bits 5, 6, and 11; but it is not logical to assign ones to bits 8 and 9
simultaneously since they specify conflicting operations. The only restriction on com-
bining OPR 1 operations within one instruction, other than logical conflicts, is that a
rotate operation (bits 8, 9, or 10) may not be combined with the increment AC oper-
ation (bit 11) since they are executed at the same event time.

ROTATE_ 14
ROTATE POSITION IF A o,
OPERATION AC AND L 2 POS!TIONS
CODE 7 CLA
, — —A— (‘—'H r__&__.‘ /-‘H
[ [ 2 3 4 5 6 7 8 9 10 1"
—— —— M—v—_l —’) R
CONTAINS cLL ML ROTATE IAC
A 0 T0 AC AND L
SPECIFY LEFT
GROUP 1

Figure 6 Group 1 Operate Instruction Bit Assignments
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NO OPERATION (NOP)
Octal Code: 7000

Event Time: None
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: This command causes a 1-cycle delay in the program and then the next
sequential instruction is initiated. This command is used to add execution time to a

program, such as to synchronize subroutine or loop timing with peripheral equipment
timing.

Symbol: None

INCREMENT ACCUMULATOR (IAC)
Octal Code: 7001

Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is incremented by one in two's complement arithmetic.
Symbol: AC+ 1 => AC

ROTATE ACCUMULATOR LEFT (RAL)
Octal Code: 7004
Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is rotated one binary position to the left with the
content of the link. The content of bits AC1 — 11 are shifted to the next greater signifi-
cant bit, the content of ACO is shifted into the L, and the content of the L is shifted
into AC11.

Symbol: ACj => ACj —1
ACO => L
L => ACl11

ROTATE TWO LEFT (RTL)
Octal Code: 7006

Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is rotated two binary positions to the left with the
content of the link. This instruction is logically equal to two successive RAL operations.

Symbol: ACj => ACj —2

ACl =>1L
ACO => ACl11
L => AC10



ROTATE ACCUMULATOR RIGHT (RAR)
Octal Code: 7010
Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is rotated one binary position to the right with the
content of the link. The content of bits ACO — 10 are shifted to the next less significant
bit, the content of AC11 is shifted into the L, and the content of the L is shifted into ACO.

Symbol: ACj => ACj +1
ACl1 => L
L => ACO

ROTATE TWO RIGHT (RTR)
Octal Code: 7012
Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is rotated two binary positions to the right with the
content of the link. This instruction is logically equal to two successive RARoperations.

Symbol: ACj => ACj +2

AC10 =L
AC11 = ACO
L => AC1

COMPLEMENT LINK (CML)
Octal Code: 7020
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds
Operation: The content of the L is complemented.

Symbol: L=>L

COMPLEMENT ACCUMULATOR (CMA)
Octal Code: 7040
Event Time: 1
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: The content of the AC is set to the one's complement of the current content
of the AC. The content of each bit of the AC is complemented individually.

Symbol: ACj => ACj

15
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COMPLEMENT AND INCREMENT ACCUMULATOR (CIA)
Octal Code: 7041
Event Time: 1,2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the AC is converted from a binary value to its equivalent
two's complement number. This conversion is accomplished by combining the CMA
and IAC commands, thus the content of the AC is complemented during event time 1
and is incremented by one during event time 2.

Symbol: ACj — > ACj,
thenAC -~ 1 = AC

CLEAR LINK (CLL)
Octal Code: 7100
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds
Operation: The content of the L is cleared to contain a 0.
Symbol: 0 => L

SET LINK (STL)
Octal Code: 7120
Event Time: 1
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: The L is set to contain a binary 1. This instruction is logically equal to
combining the CLL and CML commands.

Symbol: 1 = > L.

CLEAR ACCUMULATOR (CLA)
Octal Code: 7200
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds
Operation: The content of each bit of the AC is cleared to contain a binary 0.
Symbol: 0 => AC



SET ACCUMULATOR (STA)
Octal Code: 7240

Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: Each bit of the AC is set to contain a binary 1. This operation is logically
equal to combining the CLA and CMA commands.

Symbol: 1 = > ACj

Group 2 operate microinstruction format is shown in Figure 7 and the primary micro-
instructions are explained in the following paragraphs. Any logical combination of bits
within this group can be composed into one microinstruction. (The instructions
constructed by most logical command combinations are listed in Appendix 1.)

If skips are combined in a single instruction the inclusive OR of the conditions deter-
mines the skip when bit 8 is a 0; and the AND of the inverse of the conditions deter-
mines the skip when bit 8 is a 1. For example, if ones are designated in bits 6 and
7 (SZA and SNL), the next instruction is skipped if either the content of the AC = 0,
or the content of L = 1. If ones are contained in bits 5, 7, and 8, the next instruction
is skipped if the AC contains a positive number and the L contains a O.

REVERSE
SKIP
OPERATION SENSING OF
COOE 7 CLA SZA BITS 5,6,7 HLT
p A . . o PR iy PR —
) 1 2 3 4 5 6 7 8 9 0 1"

—— — — —— ——
CONTAINS A { SMA SNL OSR CONTAINS A O

TO SPECIFY . TO SPECIFY
GROUP 2 GROUP 2

Figure 7 Group 2 Operate Instruction Bit Assignments

HALT (HLT)
Octal Code: 7402
Event Time: 1
Indicators: OPR, not RUN
Execution Time: 1.5 microseconds

Operation: Clears the RUN flip-flop at event time 1, so that the program stops at the
conclusion of the current machine cycle. This command can be combined with others

in the OPR 2 group that are executed during either event time 1, or 2, and so are
performed before the program stops.

Symbol: 0 = > RUN

17
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OR WITH SWITCH REGISTER (OSR)
Octal Code: 7404
Event Time: 2
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: The inclusive OR operation is performed between the content of the AC
and the content of the SR. The result is left in the AC, the original content of the AC
is lost, and the content of the SR is unaffected by this command. When combined with
the CLA command, the OSR performs a transfer of the content of the SR into the AC.

Symbol: ACjV SRj = > ACj

SKIP, UNCONDITIONAL (SKP)
Octal Code: 7410

Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the PC is incremented by one so that the next sequential
instruction is skipped.

Symbol: PC + 1 => PC

SKIP ON NON-ZERO LINK (SNL)
Octal Code: 7420
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the L is sampled, and if it contains a 1 the content of the PC
is incremented by one so that the next sequential instruction is skipped. If the L contains
a 0, no operation occurs and the next sequential instruction is initiated.

Symbol: IfL = 1,then PC + 1 => PC

SKIP ON ZERO LINK (SZL)
Octal Code: 7430
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the L is sampled, and if it contains a O the content of the
PC is incremented by one so that the next sequential instruction is skipped. If the
L contains a 1, no operation occurs and the next sequential instruction is initiated.

Symbol: If L =0, then PC + 1 => PC



SKIP ON ZERO ACCUMULATOR (SZA)
Octal Code: 7440
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of each bit of the AC is sampled, and if each bit contains a O
the content of the PC is incremented by one so that the next sequential instruction is
skipped. If any bit of the AC contains a 1, no operation occurs and the next sequential
instruction is initiated.

Symbol: IfACO — 11 =0,thenPC +1 => PC

SKIP ON NON-ZERO ACCUMULATOR (SNA)
Octal Code: 7450
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of each bit of the AC is sampled, and if any bit contains a 1
the content of the PC is incremented by one so that the next sequential instruction is
skipped. If all bits of the AC contain a 0, no operation occurs and the next sequential
instruction is initiated.

Symbol: If ACO — 11 540, then PC + 1 => PC

SKIP ON MINUS ACCUMULATOR (SMA)
Octal Code: 7500
Event Time: 1
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the most significant bit of the AC is sampled, and if it con-
tains a 1, indicating the AC contains a negative two’s complement number, the content
of the PC is incremented by one so that the next sequential instruction is skipped. If
the AC contains a positive number no operation occurs and program control advances
to the next sequential instruction.

Symbol: If ACO = 1,thenPC +1 => PC

SKIP ON POSITIVE ACCUMULATOR (SPA)
Octal Code: 7510

Event Time: 1
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

19
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Operation: The content of the most significant bit of the AC is sampled, and if it con-
tains a 0, indicating a positive (or zero) two's complement number, the content of the
PC is incremented by one so that the next sequential instruction is skipped. If the AC
contains a negative number, no operation occurs and program control advances to the
next sequential instruction.

Symbol: I1f ACO =0, thenPC + 1 => PC

CLEAR ACCUMULATOR (CLA)
Octal Code: 7600
Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds
Operation: Each bit of the AC is cleared to contain a binary O.
Symbol: 0 => AC



CHAPTER 3

MEMORY AND PROCESSOR
BASIC PROGRAMMING

Memory Addressing

The following terms are used in memory address programming:

Term

Page

Current Page

Page Address

Absolute Address

Effective Address

Definition

A block of 128 core memory locations (200,
addresses).

The page containing the instruction being executed;
as determined by bits O through 4 of the program
counter.

An 8-bit number contained in bits 4 through 11 of an
instruction which designates one of 256 core mem-
ory locations. Bit 4 of a page address indicates that
the location is in the current page when a 1, or
indicates it is in page O when a 0. Bits 5 through 11
designate one of the 128 locations in the page
determined by bit 4.

A 12-bit number used to address any location in
core memory.

The address of the operand. When the address of
the operand is in the current page or in page 0, the
effective address is a page address. Otherwise, the
effective address is an absolute address stored in
the current page or page 0 and obtained by indirect
addressing.

Organization of the standard core memory or any 4096-word field of extended memory

is summarized as follows:

Total locations (decimal) 4096
Total addresses (octal) 7777
Number of pages (decimal) 32
Page designations (octal) 0-37
Number of locations per page (decimal) 128
Addresses within a page (octal) 0-177
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Four methods of obtaining the effective address are used as specified by combinations
of bits 3 and 4.

Bit 3 Bit 4 Effective Address
0 0 The operand is in page O at the address specified by
bits 5 through 11.
0 1 The operand is in the current page at the address

specified by bits 5 through 11.

1 0 The absolute address of the operand is taken from
the content of the location in page O designated by
bits 5 through 11.

1 1 The absolute address of the operand is taken from
the content of the location in the current page
designated by bits 5 through 11.

The following example indicates the use of bits 3 and 4 to address any location in core
memory. Suppose it is desired to add the content of locations A, B, C, and D to the
content of the accumulator by means of a routine stored in page 2. The instructions in
this example indicate the operation code, the content of bit 4, the content of bit 3,
and a 7-bit address. This routine would take the following form:

Page O Page 1 Page 2
Location Content Location Content Location Content Remarks
R TAD 00 A DIRECT TO DATA IN
PAGE O
S TAD 01 B DIRECT TO DATA IN
SAME PAGE

T TAD 10 M INDIRECT TO ADDRESS
SPECIFIED IN PAGE O

U TAD 11 N INDIRECT TO ADDRESS
SPECIFIED IN SAME PAGE

A XXXX C XXXX B XXXX
M C D XXXX N D

Routines using 128 instructions, or less, can be written in one page using direct
addresses for looping ‘and using indirect addresses for data stored in other pages.
When planning the location of instructions and data in core memory, remember that
the following locations are reserved for special purposes:

Address Purpose

0Os Stores the contents of the program counter
following a program interrupt.

1, Stores the first instruction to be executed
following a program interrupt.

10, through 17, Auto-indexing.



INDIRECT ADDRESSING

When indirect addressing is specified, the address part (bits 5-11) of a memory refer-
ence instruction is interpreted as the address of a location containing not the operand,
but containing the address of the operand. Consider the instruction TAD A. Normally,
A is interpreted as. the address of the location containing the quantity to be added to
the content of the AC. Thus, if location 100 contains the number 5432, the instruction
TAD 100 causes the quantity 5432 to be added to the content of the AC. Now suppose
that location 5432 contains the number 6543. The instruction TAD | 100 (where |
signifies indirect addressing) causes the computer to take the number 5432, which is
in location 100, as the effective address of the instruction and the number in location
5432 as the operand. Hence, this instruction results in the quantity 6543 being added
to the content of the AC.

AUTO-INDEXING

When a location between 105 and 17, in page O of any core memroy field is addressed
indirectly (by an instruction in which bit 3isal)the content of that location is read,
incremented by one, rewritten in the same location, and then taken as the effective
address of the instruction. This feature is called auto-indexing. If location 12, contains
the number 5432 and the instruction DCA | Z 12 is given, the number 5433 is stored

in location 12, and the content of the accumulator is deposited in core memory location
5433.

Storing and Loading

Data is stored in any core memory location by use of the DCA Y instruction. This
instruction clears the AC to simplify loading of the next datum. If the data deposited

is required in the AC for the next program operation, the DCA must be followed by a
TAD Y for the same address.

All loading of core memory information into the AC is accomplished by means of the
TAD Y instruction, preceded by an instruction that clears the AC such as CLA or DCA.

Storing and loading of information in sequential core memory locations can make
excellent use of an auto-index register to specify the core memory address.

Program Control

Transfer of program control to any core memory location uses the JMP or JMS
instructions. The JMP | (indirect address, 1 in bit 3) is used to transfer program
control to any location in core memory which is not in the current page or page 0.

The JMS Y is used to enter a subroutine which starts at location Y +1 in the current
page or page 0. The content of the PC 4 1 is stored in the specified address Y, and
address Y -+ 1 is transferred into the PC. To exit a subroutine the last instruction is
a JMP 1Y, which returns program control to the location stored in Y.

Indexing Operations

External events can be counted by the program and the number can be stored in core
memory. The core memory location used to store the event count can be initialized
(cleared) by a CLA command followed by a DCA instruction. Each time the event occurs,

the event count can be advanced by a sequence of commands such as CLA, TAD,
IAC, and DCA.
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The ISZ instruction is used to count repetitive program operations or external events
without disturbing the content of the accumulator. Counting a specified number of
operations is performed by storing a two's complement negative number equal to the
number of iterations to be counted. Each time the operation is performed, the 1SZ
instruction is used to increment the content of this stored number and check the result.
When the stored number becomes zero, the specified number of operations have
occured and the program skips out of the loop and back to the main sequence.

This instruction is also used for other routines in which the content of a memory
location is incremented without disturbing the content of the accumulator, such
as storing information from an 1/0 device in sequential memory locations or using core
memory locations to count I/O device events.

Logic Operations

The PDP-8 instruction list includes the logic instruction, AND Y. From this instruction
short routines can be written to perform the inclusive OR and exclusive OR operations.

LOGICAL AND

The logic AND operation between the content of the accumulator and the content
of a core memory location Y is performed directly by means of the AND Y instruction.

The result remains in the AC, the original content of the AC is lost, and the content
of Y is unaffected.

INCLUSIVE OR

Assuming value A is in the AC and value B is stored in a known core memory address,
the following sequence performs the inclusive OR. The sequence is stated as a utility
subroutine called IOR.

JCALLING SEQUENCE JMS I0R
/ (ADDRESS OF B)
/ (RETURN)
JENTER WITH ARGUMENT IN AC; EXIT WITH LOGICAL RESULT IN AC

IOR, 0
DCA TEM1
TAD | IOR
DCA TEM2
TAD TEM1
CMA
AND | TEM2
TAD TEM1
ISZ I0R
JMP | IOR

TEM1, 0

TEM2, 0



EXCLUSIVE OR

The exclusive OR operation for two numbers, A and B, can be performed by a sub-
routine called by the mnemonic code XOR. In the following general purpose XOR
subroutine, the value A is assumed to be in the AC, and the address of the value B
is assumed to be stored in a known core memory location.

/CALLING SEQUENCE JMS XOR
/ (ADDRESS OF B)
/ (RETURN)
/ENTER WITH ARGUMENT IN AC; EXIT WITH LOGICAL RESULT IN AC

XOR, 0
DCA TEM1
TAD | XOR
DCA TEM2
TAD TEM1
AND | TEM2
CMA IAC
CLL RAL
TAD TEM1
TAD | TEM2
ISZ XOR
JMP | XOR

TEM1, 0

TEM2, 0

An XOR subroutine can be written using fewer core memory locations by making use
of the IOR subroutine; however, such a subroutine takes more time to execute. A
faster XOR subroutine can be written by storing the value B in the second instruction
of the calling sequence instead of the address of B; however, the resulting subroutine
is not as utilitarian as the routine given here.

Arithmetic Operations

One arithmetic instruction is included in the PDP-8 order code, the two's complement
add: TAD Y. Using this instruction, routines can easily be written to perform addition,
subtraction. multiplication, and division in two's complement arithmetic.

TWO'S COMPLEMENT ARITHMETIC

In two's complement arithmetic addition, subtraction, multiplication, and division of
binary numbers is performed in accordance with the common rules of binary arith-
metic. In PDP-8. as in other machines utilizing complementation techniques, negative
numbers are rcpresented as the complement of positive numbers, and subtraction is
achieved by complement addition. Representation of negative values in one's com-
plement arithmetic is slightly different from that in two's complement arithmetic.

The one's complement of a number is the complement of the absolute positive value;
that is, all ones are replaced by zeros and all zeros are replaced by ones. The two's
complement of a number is equal to the one’s complement of the positive value plus one.

In one’'s complement arithmetic a carry from the sign bit (most significant bit) is
added to the least significant bit in an end-around carry. In two's complement arith-
metic a carry from the sign bit complements the link (a carry would set the link to 1
if it were properly cleared before the operation), and there is no end-around carry.
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A one’s complement representation of a negative number is always one less than the
two’'s complement representation of the same number. Differences between one’s and

two’s complement representations are indicated in the following list.

Number 1's Complement 2’s Complement
+5 000000000101 000000000101
+4 000000000100 000000000100
+3 000000000011 000000000011
+2 000000000010 000000000010
+1 000000000001 000000000001
+0 000000000000 000000000000
-0 111111111111 Nonexistent
-1 111111111110 111111111111
-2 111111111101 111111111110
-3 111111111100 111111111101
—4 111111111011 111111111100
-5 111111111010 111111111011

Note that in two's complement there is only one representation for the number which
has the value zero, while in one's complement there are two representations. Note also
that complementation does not interfere with sign notation in either one’s comple-
ment or two's complement arithmetic; bit O remains a O for positive numbers and a
1 for negative numbers.

To form the two's complement of any number in the PDP-8, the one's complement
is formed, and the result is incremented by one. This is accomplished by the instruc-
tion CMA combined with an IAC instruction. Since both of these instructions are
functions of the OPR 1 instruction and the actions occur at different event times, they
can be combined to form the instruction CIA, Complement and Increment AC.

ADDITION

The addition of a number contained in a core memory location and the number
contained in the accumulator is performed directly by using the TAD Y instruction,
assuming that the binary point is in the same position and that both numbers are
properly represented in two's complement arithmetic. Addition can be performed
without regard for the sign of either the augend or the addend. Overflow is possible,
in which case the result will have an incorrect sign, although the 11 least significant
bits will be correct. Following the addition a test for overflow can be made by using
the SZL command.

SUBTRACTION

Subtraction is performed by complementing the subtrahend and adding the minuend.
As in addition, if both numbers are represented by their two’s complement, subtrac-
tion can be performed without regard for the sign of either number. Assuming that
both numbers are stored in core memory, a routine to find the value of A-B follows:

CLA

TAD B /LOAD SUBTRAHEND INTO AC

CIA /COMPLEMENT AND INCREMENT B
TAD A /AC = A — B



CHAPTER 4
PROGRAM INTERRUPT

The program interrupt feature allows certain external conditions to interrupt the com-
puter program. It is used to speed the information processing of input-output devices
or to allow certain alarms to halt the program in progress and initiate another routine.
When a program interrupt request is made the computer completes execution of the
instruction in progress before acknowledging the request and entering the interrupt
mode. A program interrupt is similar to a JMS to location O; that is, the content of the
program counter is stored in location 0, and the program resumes operation in location
1. The interrupt program commencing in location 1 is responsible for identifying the
signal causing the interruption, for removing the interrupt condition, and for returning
to the original program. Exit from the interrupt program, back to the original program,
can be accomplished by a JMP | Z O instruction.

Instructions
The two instructions associated with the program interrupt synchronization element are
IOT microinstructions that do not use the IOP generator. These instructions are:
INTERRUPT TURN ON (ION)
Octal Code: 6001
Event Time: Not applicable
Indicators: 10T, FETCH, ION

Execution Time: 1.5 microseconds

Operation: This command enables the computer to respond to a program interrupt
request. If the interrupt is disabled when this instruction is given, the computer executes
the next instruction, then enables the interrupt. The additional instruction allows exit
from the interrupt subroutine before allowing another interrupt to occur. This instruction
has no affect upon the condition of the interrupt circuits if it is given when the interrupt
is enabled.

Symbol: 1 => INT. ENABLE

INTERRUPT TURN OFF (IOF)
Octal Code: 6002

Event Time: Not applicable
Indicators: 10T, FETCH
Execution Time: 1.5 microseconds

Operation: This command disables the program interrupt synchronization element to
prevent interruption of the current program.

Symbol: 0 => INT. ENABLE, INT. DELAY

Programming

When an interrupt request is acknowledged, the interrupt is automatically disabled by
the program interrupt synchronization circuits (not by instructions). The next instruc-
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tion is taken from core memory location 1. Usually the instruction stored in location 1
is a JMP, which transfers program control to a subroutine which services the interrupt.
At some time during this subroutine an ION instruction must be given. The ION can be
given at the end of the subroutine to allow other interrupts to be serviced after program
control is transferred back to the original program. In this application, the ION instruc-
tion immediately precedes the last instruction in the routine. A delay of one instruction
(regardless of the execution time of the following instruction) is inherent in the ION
instruction to allow transfer of program control back to the original program before
enabling the interrupt. Usually exit from the subroutine is accomplished by a
JMP | Z 0 instruction.

The ION command can be given during the subroutine as soon as it has determined
the 1/O device causing the interrupt. This latter method allows the subroutine which is
handling a low priority interrupt to be interrupted. possibly by a high priority device.
Programming of an interrupt subroutine which checks for priority and allows itself to
be interrupted, must make provisions to relocate the content of the program counter
stored in location O; so that if interrupted, the content of the PC during the subroutine is
stored in location 0, and the content of the PC during the original program is not lost.



CHAPTER 5
DATA BREAK

Peripheral equipment connected to the data break facility can cause a temporary sus-
pension in the program in progress to transfer information with the computer core
memory, via the MB. One 1/0O device can be connected directly to the data break
facility or up to seven devices can be connected to it through the Type DMO1 Data
Multiplexer. This cycle stealing mode of operation provides a high-speed transfer of
individual words or blocks of information at core memory addresses specified by the
I/O device. Since program execution is not involved in these transfers, the program
counter, accumulator. and instruction register are not disturbed or involved in these
transfers. The program is merely suspended at the conclusion of an instruction execu-
tion and the data break is entered to perform the transfer. then the Fetch state is
entered to continue the main program.

Data breaks are of two basic types: single-cycle and three-cycle. In a single-cycle data
break, registers in the device (or device interface) specify the core memory address of
each transfer and count the number of transfers to determine the end of data blocks.
In the three-cycle data break two computer core memory locations perform these func-
tions, simplifying the device interface by omitting two hardware registers.

The computer receives the following signals from the device during a data break:

Signal — 3 Volts 0 Volts
Break Request No break request Break request
Cycle Select One-cycle break Three-cycle break
Transfer Direction Data into PDP-8 Data out of PDP-8
Increment CA Inhibit CA incremented CA not incremented
Increment MB (pulse) MB not incremented MB incremented
Address (12 bits) Binary O Binary 1
Data (12 bits) Binary O Binary 1

The computer sends the following signals to the device during a data break:

Signal Characteristics
Data (12 bits) - 3 volts binary 0, O volts - binary 1
Address Accepted 400-nanosecond negative pulse begin-
ning at memory done time
WC Overflow 400-nanosecond negative pulse occur-
ring at T1 time
Buffered Break -3 volts when in Break state

To initiate a data break an 1/0 device must supply four signals simultaneously to the
data break facility. These signals are the Break Request signal, which sets the BRK
SYNC flip-flop in the major state generator to control entry into the data break states
(Word Count for a three-cycle data break or Break for a single-cycle data break); a
Transfer Direction signal, supplied to the MB control element to allow data to be
strobed into the MB from the peripheral equipment and to irhibit reading from core
memory; a Cycle Select signal which controls gating in the major state generator to
determine if the one-cycle or three-cycle data break is to be selected; and a core
memory address of the transfer which is supplied to the input of the MA. When the
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break request is made, the data break replaces entry into the Fetch state of an instruc-
tion. Therefore the data break is entered at the conclusion of the Execute state of
most memory reference instructions and at the conclusion of a Fetch state of aug-
mented instructions. Having established the data break, each machine cycle is a Word
Count, Current Address, or Break cycle until all data transfers have taken place, as
indicated by removal of the Break Request signal by the peripheral equipment.

More exactly, the Break Request signal enables a diode-capacitor-diode gate at the
binary 1 input of the BRK SYNC flip-flop. Midway through each computer cycle (T1)
this gate is puised to set the flip-flop if the Break Request signal has been received.

At the beginning (T2) of each machine cycle the major state generator is set to estab-
lish the state for the cycle. At this time the status of the BRK SYNC flip-flop is sampled
and the flip-flop is cleared. If the BRK SYNC fiip-flop is in the 1 state at this time, the
Word Count or Break state is set into the major state generator and a data break
commences.

Therefore, to initiate a data break, the Break Request must be at ground potential for
at least 400 nanoseconds preceding T1 of the cycle preceding the data break cycle. A
Break Request signal sheould be supplied to the computer when the address, data,
Transfer Direction and Cycle Select signals are supplied to the computer, and not
before.

When a data break occurs, the address designated by the device is loaded into the
MA during time T2 of the last cycle of the current instruction, and the major state
generator is set to the Word Count state if the Cycle Select signal is at ground, or
is set to the Break state if this signal is at —3 volts. The program is delayed for the
duration of the data break, commencing in the following cycle. A break request is
granted only after completion of the current instruction as specified by the following
conditions:

‘1. At the end of the Fetch cycle of an OPR or IOT instruction, or a directly-
addressed JMP instruction.

2. At the end of the Defer cycle of an indirectly addressed JMP instruction.
3. At the end of the Execute cycle of a JMS, DCA, ISZ, TAD, or AND instruction.

At the beginning of the Word Count cycle of a three-cycle data break or the Break
cycle of a one-cycle data break the address supplied to the input of the MA is strobed
into the MA and the computer supplies an Address Accepted pulse to the device. Entry
into the Break cycle is indicated to the peripheral equipment by a Buffered Break signal
and by an Address Accepted pulse that can be used to enable gates in the device to
perform tasks associated with the transfers. The Addresss Accepted pulse is the most
convenient control to be used by I/O equipment to disable the Break Request signal,
since this signal must be removed at the end of T2 time to prevent continuance at the
data break into the next cycle. Also at the beginning of the Break cycle, the MB is

" cleared in preparation for receipt of data from either the core memory or the external

device. If the Transfer Direction signal establishes the direction as out of the computer,
the content of the core memory register at the address specified is transferred into the
MB and is immediately available for strobing by the peripheral equipment. If the
Transfer Direction signal specifies a data direction into the PDP-8, reading from core
memory is inhibited and data is transferred into the MB from peripheral equipment.



The status of the BRK SYNC flip-flop is sensed at the beginning of a Break cycle to
determine if an additional Break cycle is required. If a Break Request signal has been
received since T2, the Break state is maintained in the major state generator; if the
Break Request signal has not been received by this time; the Fetch state is set into
the major state generator to continue the program. The Break Request signal should be
removed by the end of the Address Accepted signal if additional Break cycles are not
required.

Single-Cycle Data Break

One-cycle breaks transfer a data word into the computer core memory from the device,
transfer a data word into a device from the core memory, or increment the content of a
device-specified core memory location. In each of these types of data break one com-
puter cycle is stolen from the program by each transfer; Break cycles occur singly (in-
terleaved with the program steps) or continuously (as in a block transfer), depending
upon the timing of the Break Request signal.

During the memory strobe portion of the Break cycle, the content of the addressed cell
is read into the MB if the transfer direction is out of the computer (into the 1/0 device).
If the transfer direction is into the computer, generation of the Memory Strobe pulse is
inhibited so that the MB (cleared during the previous cycle) remains cleared. Informa-
tion is transferred from the output data register of the 1/O device into the MB and is
written into core memory during time T1 of the Break cycle. In an outward transfer, the
write operation restores the original content of the address cell to memory.

The MB is cleared during time T2 of the Break cycle. If there is a further break request,
another Break cycle is initiated. If there is no break request, the content of the PC is
transferred into the MA, the IR is cleared, and the major state generator is set to Fetch.
The program then executes the next instruction.

The increment MB facility is useful for counting iterations or events by means of a data
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