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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=>8B The content of register A is transferred 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 fromh 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 /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
tranisfer 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 1l-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 10P 10T Event

Bit Pulse Pulse Time
11 IOP 1 10T 1 1
10 I0P 2 10T 2 2
9 IOP 4 10T 4 3

The IOP pulses are gated in the device selector of the program-selected equipment to
produce 10T 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 10T
microinstructions are explained in Section B of this handbook.

GENERATES GENERATES

AN IOP 4 - AN IOP ¢
‘ PULSE AT PULSE AT
OPERATION : : EVENT TIME 3 EVENT TIME!
CODE & : IF A1 IFA 1
. - y —r —*
0 i 2 3 4 5 6 7 8 9 10 1
(& J .\ )
DEVICE GENERATES
SELECTION AN IOP 2
PULSE AT
"EVENT TIME 2
: IFA1

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 0 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. 4
ROTATE POSITION IF A O,
OPERATION AC AND L 2 POSITIONS
CODAE 7 cLA CMA RIGHT IF A1
Is N (—A-—.' (—H B (_A_.‘ /I_A—ﬁ
(o} | 2 3 4 5 [ 7 8 9 10 1
— —— e —— e —r’
CONTAINS cLL CML ROTATE 1aC
A O TO 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=>1L
L => AC11

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 => ACI10



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,
then AC = 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 O.
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 O.
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 SZAa BITS 5,6,7 HLT
p A . by iy A, —A—y
o 1 2 3 4 5 6 7 8 9 LY "

— — —— —— ——

CONTAINS A ¢ SMA SNL OSR CONTAINS A ©
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,thenPC + 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: IfL = 0,thenPC + 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: If ACO — 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 5£ 0, 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: I1f ACO = 1,then PC +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 O, 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: If 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
0s 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.

23



24

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 ISZ
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 TEMI
CMA
AND | TEM2
TAD TEMI1
ISZ I0R
JMP | I0R
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.

JCALLING SEQUENCE JMS XOR
/ (ADDRESS OF B)
/ (RETURN)
JENTER 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

TEMI, 0

TEMZ, 0

An XOR subroutine can be written using fewer core memory locations by making use
of the I0R 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 properiy 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

29



30

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 pulsed 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 sheuld 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 1/0 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 1/0 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
break. so that the PC and AC are not disturbed. Within one Break cycle of 1.5 micro-
seconds. a word is fetched from a device-specified core memory location, is incremented
by one., and is restored to the same memory location. The Increment MB signal input
must be supplied to the computer only during a Break cycle in which the direction of
transfer is out of the PDP-8. These restrictions can be met by a simple AND gate in the
device; an Increment MB signal is generated only when an event occurs, the Buffered
Break signal from the computer is present, and the Transfer Direction signal supplied
to the computer is at ground potential.

Three-Cycle Data Break

The three-cycle data break provides an economical method of controlling the transfer of
data between the computer core memory and fast peripheral devices. Transfer rates in
excess of 220 kc are possible using this feature of the PDP-8.

The three-cycle data break differs from the one-cycle break in that a ground-level Cycle
Select signal is supplied so that when the data break conditions are fulfilled the program
is suspended and the Word Count state is entered. The Word Count state is entered to
increment the fixed core memory location containing the word count. The device
requesting the break supplies this address as in the one-cycle break, except that this
is a fixed address supplied by wired ground and — 3v signals rather than from a register.
The only restriction on this address is that it must be an even number (bit 11 = 0).
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Following the Word Count state a Current Address state occurs in which the location
following the Word Count address (bit 11 == 1 after =+ 1 - > MA) is read, incremented
by one, restored to memory, and loaded into the MA to be used as the transfer address.
Then the normal Break state is entered to effect the transfer between the device and
the computer memory cell specified by the MA.

WORD COUNT STATE

When this state is entered the content of the core memory address specified by the
external device is read into the MB during time state T1. The word count, established
previously by instructions, is the 2's complement negative number equal to the required
number of transfers. The word in the MB is incremented by 1 to advance the word
count, and if the word becomes O when incremented, the computer generates a WC
Overflow pulse and supplies it to the device. During time T2 the incremented word count
is rewritten in memory, the MB is cleared, the content of the MA is incremented by 1
to establish the next location as the address for the following memory cycle, and the
major state generator is set to the Current Address state.

CURRENT ADDRESS STATE

Operations during the second cycle of the three-cycle data break depend upon the
condition of the Increment CA Inhibit (+1 > CA Inhibit) signal supplied to the com-
puter from the 1/0 device. During T1 the address following the word count is read into
the MB. If the Increment CA Inhibit signal is at ground potential. no further operations
occur during T1. If this signal is at — 3v, the content of the MB is incremented by 1
during T1 to advance the address of the transfer to the next sequential location. During
T2 the content of the MB is rewritten into core memory, the address word in the MB
is transferred into the MA to designate the address to be used in the succeeding mem-
ory cycle, the MB is cleared, and the major state generator is set to the Break state.

BREAK STATE

The actual transfer of data between the external device and the core memory, through
the MB. occurs during the Break state as during a single-cycle data break, except that
the address is determined by the current content of the MA rather than directly by
the device.



CHAPTER 6

MEMORY EXTENSION CONTROL TYPE 183
AND MEMORY MODULE TYPE 184

Extension of the storage capacity of the standard 4096-word core memory is accom-
plished by adding fields of 4096-word core memories, each field being a Type 184
Memory Module. Field select control and address extension control for Type 184
Memory Modules are provided by the Type 183 Memory Extension Control. Up to
seven fields can be added to the standard 4096-word memory, providing a maximum
storage of 32,768 words. Direct addressing of 32,768 words require 15 binary bits
(215 = 32,768). However, since programs and data need not be directly addressed for
execution of each instruction, a field can be program-selected, and all 12-bit addresses
are then assumed to be within the current memory field. Program interrupt of a pro-
gram in any field automatically specifies field O, address O for storage of the program
count. The memory extension control consists of several 3-bit flip-flop registers that
extend addresses to 15 bits to establish or select a field.

Addition of a memory extension control to a standard PDP-8 requires a simple modifi-
cation of the operator console to activate indicators and switches associated with the
instruction field register and the data field register of the control. These switches
function in the same manner as the switch register, to load information into associated
registers when the LOAD ADDRESS key is pressed.

The seven functional circuit elements which comprise the memory extension control
perform as follows:

Instruction Field Register (IF): The IF is a 3-bit register that serves as an extension of
the PC. The content of the IF determines the field from which all instructions are taken
and the field from which operands are taken in directly-addressed AND, TAD, ISZ, or
DCA instructions. Operating the LOAD ADDRESS key clears the IF, then sets it by a
transfer of ones from the INSTRUCTION FIELD switch register on the operator console.
During a JMP or JMS instruction the IF is set by a transfer of information contained in
the instruction buffer register. When a program interrupt occurs, the content of the IF
is automatically stored in bits O through 2 of the save field register for restoration to
the IF from the instruction buffer register at the conclusion of the program interrupt
subroutine.

Data Field Register (DF): This 3-bit register determines the memory field from which
operands are taken in indirectly-addressed AND, TAD, ISZ, or DCA instructions. The
DF is cleared and set by a ones transfer of information contained in the DATA FIELD
switch register by operation of the LOAD ADDRESS key. The DF is set by a transfer of
information from bits 6 through 8 of the MB during a CDF microinstruction to establish
a microprogrammed data field. When a program interrupt occurs, the content of the
DF is automatically stored in the save field register. The DF is set by a transfer of
information from bits 3 through 5 of the save field register by the RMF microinstruc-
tion to restore the data field at the conclusion of the program interrupt subroutine.

33



34

Instruction Buffer Register (IB): The IB serves as a 3- bit input buffer for the instruction
field register. All field number transfers into the instruction field register are made
through the instruction buffer, except transfers from the operator console switches.
The IB is cleared and set by operation of the LOAD ADDRESS key in the same manner
as the instruction field register. A CIF microinstruction loads the IB with the pro-
grammed field number contained in MB 6-8. An RMF microinstruction transfers the
content of bits O through 2 of the save field register into the IB to restore the instruc-
tion field to the conditions that existed prior to a program interrupt.

Save Field Register (SF): When a program interrupt occurs, this 6-bit register is cleared,
then loaded from the instruction field and data field registers. The RMF microinstruc-
tion can be given immediately prior to the exit from the program interrupt subroutine
to restore the instruction field and data field by transferring the content of the SF
into the instruction buffer and the data field register. The SF is cleared during the cycle
in which the program count is stored at address 0000 of the JMS instruction forced

by a program interrupt request, then the instruction field and data field are strobed
into the SF.

Start Field Signal Generator: When the PDP-8 core memory capacity is extended, the
standard memory is designated as field 0. This circuit produces the Enable Field O
signal when data field O is selected, instruction field O is selected, or when break field
0 is selected. Similar circuits are provided for each of the other (up to seven) fields.

Accumulator Transfer Gating: This gating allows the content of the save field register,
instruction field register, or the data field register to be strobed into the accumu-
lator. Transfer of information in this manner is accomplished by circuits which sample
the content of registers and supply positive pulses to the AC upon receipt of 10T
command pulses. During an RIB microinstruction, bits 6 through 11 of the AC are
set by the content of the save field register. During an RIF microinstruction, bits 6
through 8 of the AC are set by the content of the instruction field register. During an
RDF microinstruction, bits 6 through 8 of the AC are set by the content of the data
field register.

Device Selector: Bits 3 through 5 of the 10T instruction are decoded to produce the
I0T command pulses for the memory extension control. Bits 6 through 8 of the instruc-
tion are not used for device selection since they specify a field number in some com-
mands. Therefore, the select code for this device selector is designated as 2X.

Each Type 184 Memory Module consists of a core array, address selection circuits,
inhibit selection circuits, sense amplifiers, and memory drivers which are identical
with these in the standard PDP-8.



Instructions

The instructions for the Type 183 option do not use the 0P generator and extend the
IOT instruction list to include the following:

CHANGE TO DATA FIELD N (CDF)
Octal Code: 62N1
Event Time: Not applicable
Indicators: 10T, FETCH
Execution Time: 1.5 microseconds

Operation: The data field register is loaded with the program-selected field number
(N = 0 to 7). All subsequent memory requests for operands are automatically switched
to that data field until the data field number is changed by a new CDF command, or
during a program interrupt.

Symbol: MB6 — 8 = > DF
CHANGE INSTRUCTION FIELD (CIF)
Octal Code: 62N2
Event Time: Not applicable
Indicators: 10T, FETCH
Execution Time: 1.5 microseconds

Operation: The instruction buffer register is loaded with the program-selected field

number (N = O to 7). The next JMP or JMS instruction causes the new field to be
entered. :

Symbol: MB6 — 8 = > IB
READ DATA FIELD (RDF)
Octal Code: 6214
Event Time: Not applicable
Indicators: |I0T, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the data field register is transferred into bits 6, 7, 8 of the
AC. All other bits of the AC are unaffected.

Symbol: DF = > AC6 — 8

READ INSTRUCTION FIELD (RIF)
Octal Code: 6224
Event Time: Not applicable
Indicators: 10T, FETCH

Execution Time: 1.5 microseconds

Operation: The content of the instruction field register is transferred into bits 6, 7, 8 of
the AC. All other bits of the AC are unaffected.

Symbol: IF = > AC6 — 8
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READ INTERRUPT BUFFER (RIB)
Octal Code: 6234
Event Time: Not applicable
Indicators: 0T, FETCH

Execution Time: 1.5 microseconds

Operation: The instruction field and data field held in the save field register during a

program interrupt are transferred into bits 6 through 8, and 9 through 11 of the AC
respectively.

Symbol: SFO — 2 => AC6 — 8
SF3 —5=>AC9 — 11

RESTORE MEMORY FIELD (RMF)
Octal Code: 6244
Event Time: Not applicable
Indicators: 10T, FETCH
Execution Time: 1.5 microseconds

Operation: This command is used upon exit from the program interrupt subroutine in
another field. The data and instruction fields that were interrupted by the subroutine
are restored by transferring the content of the save field register into the instruction
buffer and data field registers.

Symbol: SFO -2 => IB
SF3 —~ 5 =>DF

Programming

Instructions and data are accessed from the currently assigned instruction and data
fields, where instructions and data may be stored in the same or different memory
fields. When indirect memory references are executed, the operand address refers first
to the instruction field to obtain an effective address, which in turn, refers to a location
in the currently assigned data field. All instructions and operands are obtained from
the field designated by the content of the instruction field register, except for indirectly-
addressed operands which are specified by the content of the data field register. In
other words, the DF is effective only in the Execute cycle that is directly preceded by
the Defer cycle of a memory reference instructions, as follows:

Indirect Page or Z Bit  Field Field Effective
(Bit 3) (Bit 0) In IF In DF Address
0 0 m n The operand is in page O of field m at the
page address specified by bits 5 through
11.
0 1 m n The operand is in the current page of field
m at the page address specified by bits 5
through 11.
1 0 m n The absolute address of the operand in

field n is taken from the content of the
location in page O of field m designated by
bits 5 through 11.

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



Each field of extended memory contains eight autoindex registers in addresses 10
through 17. For example. assume that a program in field 2 is running (IF 2) and
using operands in field 1 (DF 1) when the instruction TAD | 10 is fetched. The Defer
cycle is entered (bit 3 1) and the content of location 10 in field 2 is read, incre-
mented. and rewritten. If address 10 in field 2 originally contained 4321, it now con-
tains 4322. In the Execute cycle the operand is fetched from location 4322 of field 1.

Program control is transferred between memory fields by the CIF commands. This
instruction does not change the instruction field directly, since this would make it
impossible to execute the next sequential instruction. The CIF instruction sets the new
instruction field into the IB for automatic transfer into the IF when either a JMP or
JMS instruction is executed. The DF is unaffected by the JMP and JMS instructions.
The 12-bit program counter is set in the normal manner and, since the IF is an
extension on the most significant end of the PC, program sequence resumes in the
new memory field following a JMP or JMS. Entry into a program interrupt is inhibited
after the CIF instruction until a JMP or JMS is executed.

To call a subroutine that is out of the current field, the data field register is set to
indicate the field of the calling JMS, which establishes the location of the operands as
well as the identity of the return field. The instruction field is set to the field of the
starting address of the subroutine. The following sequence returns program control to
the main program from a subroutine that is out of the current field.

/PROGRAM OPERATIONS IN MEMORY FIELD 2

/INSTRUCTION FIELD - 2; DATA FIELD -2

/CALL A SUBROUTINE IN MEMORY FIELD 1

/INDICATE CALLING FIELD LOCATION BY THE CONTENT OF THE DATA FIELD

CIF 10 JCHANGE TO INSTRUCTION
JFIELD 1 6212
IMS 1 SUBRP  /SUBRP = ENTRY ADDRESS
CDF 20 /RESTORE DATA FIELD
SUBRP. SUBR /POINTER
/CALLED SUBROUTINE
0 /SUBR = PC * 1 AT CALLING POINT
RDF /READ DATA FIELD INTO AC
TAD RETURN JCONTENT OF THE AC = 6202 - DATA
/FIELD BITS
DCA EXIT /STORE INSTRUCTION SUBROUTINE
EXIT, 0 /A CIF INSTRUCTION
JMP | SUBR /RETURN
RETURN, CIF
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When a program interrupt occurs, the current instruction and data field numbers are
automatically stored in the 6-bit save field register, then the IF and DF are cleared.
The 12-bit program count is stored in location 0000 of field O and program control
advances to location 0001 of field 0. At the end of the program interrupt subroutine
the RMF instruction restores the IF and DF from the content of the SF. The following
instruction sequence at the end of the program interrupt subroutine continues the
interrupted program after the interrupt has been processed:

JRESTORE MQ IF REQUIRED

/RESTORE L IF REQUIRED

CLA

TAD AC /RESTORE AC

RMF /LOAD IB FROM SF

ION /JTURN ON INTERRUPT SYSTEM
JMP 10 /RESTORE PC WITH CONTENT OF

/LOCATION O AND LOAD IF FROM IB

A device using the computer data break facility supplies a 12-bit address to the MA
and a 3-bit address extension to the Memory Extension Control Type 183. The address
extension is received by a break field decoder which selects the memory field used for
the data break.



CHAPTER 7
MEMORY PARITY TYPE 188

Data transmission checking of each word written in and read from core memory is
provided by this option. The option replaces the 12-bit core memory with a 13-bit
system (driving, inhibiting, sensing circuits as well as a core array constructed of
13 planes) and includes a parity generator and.a parity checking circuit. The parity
generator produces the 13th bit for each 12-bit data word written in core memory
so that the entire word contains an odd number of binary ones. The parity checking
circuit monitors each word read from core memory to assure that the odd parity is
maintained. If a word read contains an even number of ones a transmission error
is indicated by setting a parity error flag. This flag is connected to the program inter-
rupt synchronization element of the computer to initiate a program interrupt sub-
routine. This routine sequentially checks all equipment error flags to determine the
option causing the interrupt and initiates an appropriate service and returns to the
main program, or provides a suitable error printout and halts programmed operations.
Upon determining that a memory parity error has occurred the program interrupt sub-
routine can repeat the main program step that caused the error to check the reliability
of the error condition, can perform a simple write/read/check routine at the error
address, or can determine the status of the machine when the error was detected and
re-establish or print out these conditions and halt.

Instructions

Two instructions are associated with the Type 188 option. They are:
SKIP ON NO MEMORY PARITY ERROR (SMP)

Octal Code: 6101

Event Time: 1

Indicator: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The memory parity error flag is sensed and if it contains a O (signifying
no error has been detected) the PC is incremented so that the next successive instruc-
tion is skipped.

Symbol: If Memory Parity Error Flag = 0, then PC + 1 => PC

CLEAR MEMORY PARITY ERROR FLAG (CMP)
Octal Code: 6104

Event Time: 3

Indicator: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The memory parity error flag is cleared.

Symbol: 0 => Memory Parity Error Flag
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Programming

Both instructions for this option are used in the program interrupt subroutine and in
diagnostic maintenance programs. The SMP command is used as a programmed check
for memory parity error. In the program interrupt subroutine this command can be
followed by a jump to a portion of the routine that services the memory parity option
as described previously. The CMP command is used to initialize the memory parity
option in preparation for normal programmed operation of the computer.



CHAPTER 8
EXTENDED ARITHMETIC ELEMENT TYPE 182

This option consists of circuits that perform paraliel arithmetic operations on positive
binary numbers. A 12-bit multiplier quotient register (MQ), a 5-stage step counter
(SC), and various shifting and control logic constitute the option. The AC and MB are
used in conjunction with these logic elements to perform arithmetic operations. With
the addition of this option to a PDP-8 system, indicators on the operator console for
the content of each bit of the MQ are activated and a class of instructions is added to
the Group 2 Operate instruction list.

Instructions

The exended arithmetic element (EAE) microinstructions are specified by an operate
instruction (operation code 7) in which bits 3 and 11 contain binary ones. Being
augmented instructions, the EAE commands are microprogrammed and can be com-
bined with each other to perform non-conflicting logical operations. Format and bit
-assignments of the EAE commands are indicated in Figure 8.

2=MUY 3=DVI
OPERATION 4:NMI 5:=SHL
COOE 7 CLA SCA 6:=ASR 7=LSR
C - N —A— —Ar— ( —A N
0o | 2 3 4 5 [ 7 8 9 10 1"
—— — — —
CONTAINS MQA MQL CONTAINS
A1 TO A1 TO
SPECIFY SPECIFY
EAE GROUP EAE GROUP

Figure 8 EAE Microinstruction Bit Assignments

MULTIPLY (MUY)

Octal Code: 7405

Event Time: 2

Indicators: OPR, FETCH, PAUSE
Execution Time: 9.0 to 21.0 microseconds

Operation: The number held in the MQ is multiplied by the number held in core
memory location PC -+ 1 (or the next successive core memory location after the MUY
command). At the conclusion of this command the link contains a 0, the most signifi-
cant 12 bits of the product are contained in the AC and the least significant 12 bits of
the product are contained in the MQ.

‘Symbol: Y X MQ = > AC, MQ
0 - > L
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DIVIDE (DVI)
Octal Code: 7407

Event Time: 2
Indicators: OPR, FETCH, PAUSE
Execution Time: 36.5 microseconds or less

Operation: The 24-bit dividend held in the AC (most significant 12 bits) and the MQ
(least significant 12 bits) is divided by the divisor held in core memory location
PC + 1 (or the next successive core memory location following the DVI command). At
the conclusion of this command the quotient is held in the MQ, the remainder is in
the AC, and the L contains a 0. If the L contains a 1, divide overflow occurred so the
operation was concluded after the first cycle of the division.

Symbol: AC,MQ =Y => MQ

NORMALIZE (NMI)
Octal Code: 7411
Event Time: 2
Indicators: OPR, FETCH, PAUSE

Execution Time: 1.5 microseconds + 0.5 microsecond for each shift

Operation: This instruction is used as part of the conversion of a binary number to a
fraction and an exponent for use in floating-point arithmetic. The combined content
of the AC and the MQ is shifted left by this one command until the content of ACO is
not equal to the content of AC1, or until 6000 0000 is contained in the combined
AC and MQ, to form the fraction. Zeros are shifted into vacated MQ11 positions for
each shift. At the conclusion of this operation, the step counter contains a number
equal to the number of shifts performed, which can be loaded into the AC by an SCA
command to form the exponent. The content of L is lost. Both positive and negative |
two’s complement numbers can be normalized.

Symbol: ACj => ACj — 1

ACO => L
MQO => AC11
MQj = MQj — 1

0 => MQ11 until ACO 54 AC1 or until AC MQ = 6000 0000

SHIFT ARITHMETIC LEFT (SHL)

Octal Code: 7413

Event Time: 2

Indicators: OPR, FETCH, PAUSE

Execution Time: 3.0 microseconds + 0.5 microsecond for each shift

Operation: This instruction is used for scaling by shifting the combined content of the
AC and MQ to the left one position more than the number of positions indicated by
the content of core memory at address PC + 1 (or the next successive core memory
location following the SHL command). During the shifting, zeros are shifted into
vacated MQ11 positions. The L, AC, and MQ are treated as one long register during
this operation. Bits shifted out of ACO enter the L, and bits shifted out of the L
are lost.



Symbol: Shift Y + 1 positions as follows:
ACj => ACj — 1
ACO =>1L
MQO => ACl11
MQj => MQj —1
0 => MQ11

ARITHMETIC SHIFT RIGHT (ASR)
Octal Code: 7415
Event Time: 2
Indicators: OPR, FETCH, PAUSE
Execution Time: 3.0 microseconds + 0.5 microsecond for each shift.

Operation: This instruction is used for scaling and treats the AC and MQ as one long
register. The combined coritent of the AC and the MQ is shifted right one position more
than the number contained in memory location PC + 1 (or the next successive core
memory location following the ASR command). The sign bit, contained in ACO, enters
vacated positions, the sign bit is preserved in the link, information shifted out of MQ11
is lost, and the L is set to correspond to the sign bit during this operation.

Symbol: Shift Y + 1 positions as follows:
ACO = > L
ACO = > ACO
ACj = > ACj + 1
ACll = > MQO
MQj = > MQj + 1

LOGICAL SHIFT RIGHT (LSR)
Octal Code: 7417
Event Time: 2
Indicators: OPR, FETCH, PAUSE
Execution Time: 3.0 microseconds + 0.5 microsecond for each shift.

Operation: This instruction is used for scaling and treats the AC and MQ as one long
register. The combined. content of the AC and MQ is shifted right one position more
than the number contained in memory location PC + 1 (or the next successive core
memory location following the LSR command). This command is similar to the ASR
command except that zeros enter vacated positions instead of the sign bit entering
these locations. Information shifted out of MQ11 is lost and the L is cleared during
this operation.

Symbol: Shift Y + 1 positions as follows:
0=>1
0 => ACO
ACj => ACj + 1
AC11 => MQO
MQj => MQj + 1
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LOAD MULTIPLIER QUOTIENT (MQL)
Octal Code: 7421
Event Time: 2
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: This command clears the MQ, loads the content of the AC into the MQ,
then clears the AC. This operation is essential to initializing any multiply or divide
routine and can be combined with a MUY or DVI command to perform the operation
just prior to executing a multiplication or a division using a 12-bit dividend.

Symbol: 0 => MQ
AC => MQ
0=>AC
STEP COUNTER LOAD INTO ACCUMULATOR (SCA)
Octal Code: 7441
Event Time: 2
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds

Operation: The content of the step counter is transferred into the AC. This command
is used following an NM] command to establish the exponent of a normalized number
to be used in floating point arithmetic. The AC should be cleared prior to issuing
this command or the CLA command can be combined with the SCA to clear the AC
then effect the transfer.

Symbol: SCV AC => AC

MULTIPLIER QUOTIENT LOAD INTO ACCUMULATOR (MQA)
Octal Code: 7501
Event Time: 2
Indicators: OPR, FETCH
Execution Time: 1.5 microseconds

Operation: The content of the MQ is transferred into the AC. This command is given
to load the 12 least significant bits of the product into the AC following a multiplication
or to load the quotient into the AC following a division. The AC should be cleared prior
to issuing this command or the CLA command can be combined with the-MQA to clear
the AC then effect the transfer.

Symbol: MQ V AC = > AC

CLEAR ACCUMULATOR (CLA)
Octal Code: 7601
Event Time: 1
Indicators: OPR, FETCH

Execution Time: 1.5 microseconds



Operation: The AC is cleared during event time 1, allowing this command to be
combined with the other EAE commands that load the AC during event time 2 (such
as SCA and MQA).

Symbol: 0 => AC
Programming

MULTIPLICATION

Multiplication is performed as follows:
1. Load the AC with the multiplier using the TAD instruction.
2. Transfer the content of the AC into the MQ using the MQL command.
3. Give the MUY command.

Note that steps 2 and 3 can be combined into one instruction.

The content of the MQ is then multiplied by the content of the next succesive core
memory address (PC - 1). At the conclusion of the multiplication the most significant
12 bits of the product are held in the AC and the least significant 12 bits are held in
the MQ. This operation takes a maximum of 21.0 microseconds, at the end of this time
the next instruction is executed.

The following multiplication program examples indicate the operation of the Type 182
option in closed subroutines(routines which are incorporated into larger routines and
are not written in a form which allows them to be called as a normal mathematica!
subroutine).

Multiplication of 12-Bit Unsigned Numbers

Enter with a 12-bit multiplicand in AC and a 12-bit multiplier in core memory. Exit with
high order half of product in a core memory location labeled HIGH, and with low order
half of product in the AC. Program time is from 13.5 to 25.5 microseconds.

MQL MUY /LOAD MQ WITH MULTIPLICAND, INITIATE
/MULTIPLICATION

MLTPLR /MULTIPLIER

DCA HIGH /STORE HIGH ORDER PRODUCT

MQA /LOAD AC WITH LOW ORDER PRODUCT

Multiplication of 12-Bit Signed Numbers, 24-Bit Signed Product

Enter with a 12-bit multiplicand in AC and a 12-bit multiplier in core memory. Exit
with signed 24-bit product in core memory locations designated HIGH and LOW.
Program time is from 40.5 to 66.0 microseconds.

CLL

SPA /MULTIPLICAND POSITIVE?

CMA CML IAC /NO. FORM TWO’'S COMPLEMENT
MQL /LOAD MULTIPLICAND INTO MQ
TAD MLTPLR

SPA /MULTIPLIER POSITIVE?

CMA CML IAC /NO. FORM TWO’'S COMPLEMENT
DCA MLTPLR

RAL
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DCA SIGN /SAVE LINK AS SIGN INDICATOR

MUY /MULTIPLY

MLTPLR, O /MULTIPLIER
DCA HIGH
TAD SIGN
RAR /LOAD LINK WITH SIGN INDICATOR
MQA
SNL /IS PRODUCT NEGATIVE?
IMP LAST /NO
CLL CMA IAC JYES
DCA LOW
TAD HIGH
CMA
SzL
IAC
DCA HIGH
SKP

LAST, DCA LOW

DIVISION

Division is performed as follows:

1. Load the 12 least significant bits of the dividend into the AC using the TAD
instruction, then transfer the content of the AC into the MQ using the
MQL command.

Load the 12 most significant bit of the dividend into the AC.
3. Give the DVI command.

The 24-bit dividend contained in the AC and MQ is then divided by the 12-bit divisor
contained in the next successive core memory address (PC + 1). This operation takes
a maximum of 36.5 microseconds and is concluded with a 12-bit quotient held in the
MQ, the 12-bit remainder in the AC, and the link holding a O if divide overflow did not
occur. To prevent divide overflow, the divisor in the core memory must be greater than
the 12-bits of the dividend held in the AC. When divide overflow occurs, the link is set
and the division is concluded after only one cycle. Therefore the instruction following
the divisor in core memory should be an SZL microinstruction to test for overflow. The
instruction following the SZL can be a jump to a subroutine that services the overflow.
This subroutine can cause the program to type out an error indication, rescale the
divisor or the dividend, or perform other mathematical corrections and repeat the
divide routine.

The following division program examples indicate the operation of the Type 182 option
in closed subroutines.

Division of 12-Bit Unsigned Numbers
Enter with a 12-bit unsigned dividend in the AC and a 12-bit unsigned divisor in core

memory. Exit with remainder in core memory location labeled REMAIN and with the
quotient in the AC. Program time is a maximum of 44.0 microseconds.



CLL

MQL DViI /LOAD MQ, INITIATE DIVISION
DIVSOR /DIVISOR

SZL /OVERFLOW?

JMP JYES, EXIT

DCA REMAIN

MQL /LOAD AC WITH QUOTIENT

Division of a 12-Bit Signed Numbers

Enter with a 12-bit signed dividend in the AC and a 12-bit signed divisor in core
memory. Exit with unsigned remainder in core memory location REMAIN and a 12-bit
signed quotient in the AC. Program time is a maximum of 65.0 microseconds.

CLL

SPA /DIVIDEND POSITIVE?
CMA CML IAC /NO

MQL

TAD .+11

SPA /DIVISOR POSITIVE?
CMA CML IAC /NO

DCA .+6

SNL /QUOTIENT NEGATIVE?
CMA /NO

CLL

DCA SIGN /SET SIGN INDICATOR
DVI

DIVSOR /DIVISOR

SzL JOVERFLOW

IJMP JEXIT ON OVERFLOW
MOQL

ISZ SIGN

CMA IAC
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CHAPTER 9
AUTOMATIC RESTART TYPE KRO1

This prewired option protects an operating program in the event of failure of the source
of computer primary power. If a power failure occurs, this option causes a program
interrupt and enables continued operation for 1 millisecond, allowing the interrupt
routine to detect the power low condition as initiator of the interrupt, and to store the
content of active registers (AC, L, MQ, etc.) and the program count in known core
memory locations. When power is restored, the power low flag clears and a routine
beginning in address 0000 starts automatically. This routine restores the content of
the active registers and program counter to the conditions that existed when the
interrupt occurred, then continues the interrupted program.

The KRO1 option consists of three logic circuits:

A power interrupt circuit monitors the status signal of the computer power supply, and
sets a power low flag when power is interrupted (due to a power failure or due to the
operation of the POWER lock on the operator console). This flag causes a program
interrupt when an interruption in computer power is detected.

A restart circuit assures that when a power interrupt occurs the logic circuits of the
computer continue operation for 1 millisecond to allow a program subroutine to store
the content of the active registers; maintains the inoperative condition of the computer
during periods of power fluctuation; and clears the power low flag and restarts the
program when power conditions are suitable for computer operation. A manual RE-
START switch on the processor marginal-check frame enables or disables the auto-
matic restart operation. With this switch in the ON (down) position, the option clears
the program counter immediately and produces a signal to simulate operation of the
START key on the operator console 200 milliseconds after power conditions are satis-
factory. The PC is cleared so that operation restarts by executing the instruction in
address 0000. This instruction is a JMP to the starting address of the subroutine which
restores the content of the active registers and the program counter to the conditions
that existed prior to the power low interrupt. The 200-millisecond delay assures that
slow mechanical devices, such as Teletype equipment, have come to a complete stop
before the program is resumed. Simulation of the manual START function causes the
processor to generate a Power Clear pulse to clear internal controls and 1/0 device
registers. With the RESTART switch in the OFF (up) position, the power low flag is
cleared but the program must be started manually, possibly after resetting peripheral
equipment or by starting the interrupted program from the beginning.

A skip circuit provides programmed sensing of the condition of the power low flag by
adding the following instruction to the computer repertoire:

SKIP ON POWER LOW (SPL)

Octal Code: 6102
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds



Operation: The content of the power low flag is sampled, and if it contains a 1 (indi-
cating a power failure has been detected) the content of the PC is incremented by one
so the next sequential instruction is skipped.

Symbol: If Power Low flag = 1, then PC +1 = > PC

Since the time that operation of the computer can be extended after a power failure is
limited to 1 millisecond, the condition of the power low flag should be the first status
check made by the program interrupt subroutine. The beginning of the program inter-
rupt subroutine, containing the SPL microinstruction and the power fail program
sequence can be executed in 25.5 microseconds on a basic PDP-8 with an extended
arithmetic element. The power fail program sequence stores the content of the active
registers and program count in designated core memory locations, then relocates the
calling instruction of the power restore subroutine to address 0000, as follows:

Address Instruction Remarks

0000 —_ /STORAGE FOR PC AFTER PROGRAM INTERRUPT

0001 JMP FLAGS /INSTRUCTION EXECUTED AFTER PROGRAM
JINTERRUPT

FLAGS, SPL /SKIP IF POWER LOW FLAG =1

JMP OTHER /INTERRUPT NOT CAUSED BY POWER LOW,
/CHECK OTHER FLAGS

DCA AC JINTERRUPT WAS CAUSED BY POWER LOW,
JSAVE AC
RAR JGET LINK
DCA LINK /SAVE LINK
MQA JGET MQ
DCA MQ /SAVE MQ
TAD 0000 /GET PC
DCA PC /SAVE PC
TAD RESTRT  /GET RESTART LOCATION
DCA 0000 /DEPOSIT RESTART LOCATION IN 0000
HLT
RESTRT JMP ABCD /ABCD IS LOCATION OF RESTART ROUTINE

Automatic program restart begins by executing the instruction stored in address 0000
by the power fail routine. The power restore subroutine restores the content of the
active registers, enables the program interrupt facility, and continues the interrupted
program from the point at which it was interrupted, as follows:

Address Instruction Remarks
0000 JMP ABCD
ABCD, TAD MQ /GET MQ
MQL /RESTORE MQ
TAD LINK /GET LINK
CLL RAL /RESTORE LINK
TAD AC /RESTORE AC
ION /TURN ON INTERRUPT
JMP | PC /RETURN TO INTERRUPTED PROGRAM
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([ CLA
TAD /LOAD OVERTEMPERATURE VALUE INTO AC
LOT /CLEAR AND LOAD OVERTEMPERATURE SET
Initialize /POINT
4 CLA
TAD /LOAD UNDERTEMPERATURE VALUE INTO AC
LUT /CLEAR AND LOAD UNDERTEMPERATURE SET
/POINT
_ TON /TURN ON FURNACE
Sense for SUT /SKIP ON DEVICE z1 UP TO TEMP.
device ready JMP -1 /LOOP IF NOT UP TO TEMP
(one or more IPC /INITIATE PRODUCT TRANSPORT TO CONVEYOR
devices) /AND CONVEYOR OPERATION AT NORMAL
/SPEED
Assemble } LDB /CLEAR AND LOAD DEVICE BUFFER WITH DATA
Data /AND STATUS
Effect Transfer RDB /CLEAR AC AND READ DATA BUFFER INTO AC
r
RAL /ROTATE OVERTEMP. CONTROL STATUS FROM
JACO INTO L
SNLOR SZL  /SENSE OVERTEMP. CONTROL
JMS /JUMP TO OVERTEMP. SUBROUTINE WHICH
/TURNS OFF FURNACE, STOPS PRODUCT
/LOADING INTO CONVEYOR, ADVANCES
/CONVEYOR AT EMERGENCY SPEED TO
/REMOVE PRODUCTS FROM FURNACE, THEN
/STOPS CONVEYOR
Process ﬁ RAL /ROTATE UNDERTEMP. CONTROL STATUS
Data JINTO L
SNLOR SZL  /SENSE UNDERTEMP. CONTROL
JMS /JUMP TO SUBROUTINE WHICH STOPS
/CONVEYOR MOTION AND JUMPS BACK TO
/THE BEGINNING OF THE MAIN ROUTINE TO
/WAIT FOR UP TO TEMP
RTR /RELOCATE DATA
tDCA /STORE TEMPERATURE DATA

Program Interrupt

Urgent requirements for programmed data transfer or programmed control functions
by peripheral equipment can be satisfied through use of the program interrupt facility.
This facility allows an external device to cause the main computer program to be
interrupted and a subroutine to be initiated to service the interrupting device. Use of
this facility simplifies basic programming by eliminating the need for checking alarm
conditions and allows the alarm conditions themselves to activate corrective operations,
rather than waiting for cyclic checking by the main routine.

When the program interrupt feature is used address 0001 is automatically specified
as the first address of a subroutine that checks and services the interrupt condition.
Usually the instruction stored in this address is a jump to a location where the sub-
routine really begins. As designated in Chapter 4 of Section A of this handbook the



program interrupt subroutine must locate the device causing the interruption, take
some corrective action, restore or enable the program interrupt synchronization ele-
ment of the computer by execution of an ION instruction, and return program control
to the main program at the point at which the interrupt occurred. If only one device is
connected to the program interrupt facility no checking is required to locate the inter-
rupting device. However, if many devices are connected to the program interrupt bus
(as normally is the case) the interrupt subroutine must perform repeated skip instruc-
tions to test the condition of the various devices. This testing should be accomplished
by a program-established priority system so that the devices which need servicing in
the least amount of time or which require servicing most frequently are checked first,
depending upon the application.

In our hypothetical process control system if the overtemperature alarms for each
furnace are connected to the program interrupt bus the interrupt subroutine can
skip on the condition of the overtemperature flag to a portion of the routine which
de-energizes the appropriate furnace and performs any required operations in the
control of the conveyor for that oven (such as inhibiting additional loading of the
conveyor, removing products from the oven by high speed advance of the conveyor, or
by initiating other shut ‘down procedures). The sequence of testing for the furnace
causing the overtemperature alarm can proceed from the first furnace to the last
furnace if it is most important to prevent unfired products from entering the defective
oven, can be performed from the last to the first furnace if over firing cannot occur,
or can be performed in the sequence determined by the various furnace temperatures.

Data Break Transfers

Peripheral equipment requiring rapid or periodic data transfers to or from the core
memory of the PDP-8 can be connected to use the data break facilities. Where more
than one such input/output device is used in the computer system they must be
connected to the data break facility through a multiplexer switch(such as the Type DMO1
option) which assigns a pre-established priority to each device. This facility allows the
main computer program to be suspended for a time while individual or block data
transfers occur between the memory buffer register and the peripheral equipment.
In some cases these transfers occur to or from blocks of sequential core memory
addresses or occur individually, but each transfer occurs at a device-specified address.
Where individual transfers occur sporadically in time, each transfer is interleaved
with portions of the main program. Following each data break the transferring equip-
ment can issue a program interrupt to enter a sub-routine which reinitializes the device
with the transfer direction and address information required for the succeeding break.

In our hypothetical process control system it can be assumed that a real-time clock
in the visual display produces a data break periodically to transfer temperature and
control status information from specific core memory addresses into visual readout
or display devices. The drum memory can be assumed to initiate data breaks to read
and store data from core memory so that it can be analyzed for quality control evalua-
tion after running the heat. The frequency of the data break requests performed in
this manner must be related to the program timing required to read this information
into core memory from the temperature controlling devices, assuming the maximum
amount of time for any program interrupts and data breaks during the program.

The data break is accomplished by supplying Break Request and Cycle Select signals
to the major state generator, supplying a Transfer Direction signal to the memory
buffer register control element, supplying an address to the memory address register,
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and (for a transfer into the PDP-8) supplying a data word to the memory buffer
register. When a single-cycle data break is requested in this manner, at the conclusion
of the current instruction the Break state is entered to transfer a data word. When
the direction of transfer is into the PDP-8, the data word must be supplied the memory
buffer register within the first half of the Break cycle. When the direction of transfer
is out of the PDP-8, the data word is available for strobing by the device approximately
350 microseconds after entry into the Break state. When a three-cycle data break is
requested, at the conclusion of the current instruction the Word Count state is entered
to commence the data break; but the transfer does not occur until the the third
(Break) cycle of the data break.

Timing and data requirements of the input/output device determine the number of
consecutive data breaks that occur before control of computer operations is returned
to the program. One Break cycle is required for each data word transfer, so very
fast devices which require blocks of information can maintain the Break Request signal
to perform consecutive data breaks until a device-specified block length transfer is
completed. Devices using consecutive data breaks must synchronize their operations
to the speed of the computer to transfer words with core memory at the single-cycle
rate of 666 kc (one word every 1.5 microseconds) or at the three-cycle rate of 222 kc
(one word every 4.5 microseconds). Normal clock pulses used with the computer
are available to synchronize the operation of peripheral equipment with the PDP-8
during a data break. Slower equipment using the data break facilities must initiate a
separate data break for each word transfer.



CHAPTER 2
TELETYPE AND CONTROL
Teletype Model 33 ASR

The standard Teletype Model 33 ASR (automatic send-receive) can be used to type in
or print out information at a rate of up to ten characters per second, or to read in or
punch out perforated paper tape at a ten characters per second rate. Signals transferred
between the 33 ASR and the control logic are standard serial, 11 unit code Teletype
signals. The signals consist of marks and spaces which correspond to idle and bias
current in the Teletype,and to zeros and ones in the control and computer. The start
mark and subsequent eight character bits are one unit of time duration and are
followed by the stop mark which is two units.

The 8-bit code used by the Model 33 ASR Teletype unit is the American Standard Code
for Information Interchange (ASCIl) modified. To convert the ASCIl code to Teletype
code add 200 octal (ASCIl + 200, = Teletype). This code is read in the reverse of the
normal octal form used in the PDP-8 since bits are numbered from right to left, from 1
through 8, with bit 1 having the least significance. Therefore perforated tape is read:

8 7 6 5 4 S 3 2 1

Most Significant Least Significant
Octal Bit Octal Bit

The Model 33 ASR set can generate all assigned codes except 340 through 374 and
376. Generally codes 207, 212, 215, 240 through 337, and 377 are sufficient for Tele-
type operation. The Model 33 ASR set can detect all characters, but does not interpret
all of the codes that it can generate as commands. The standard number of characters
printed per line is 72. The sequence for proceeding to the next line is a carriage return
followed by a line feed (as opposed to a line feed followed by a carriage return).
Appendix 2 lists the character code for the Teletype. Punched tape format is as follows:

Tape Channel
87 654 S 321

Binary Code
(Punch — 1) 10 110 100
Octal Code 2 6 4

Teletype Control

Serial information read or written by the Teletype unit is assembled or disassembled by
the control for parallel transfer to the accumulator of the processor. The control also
provides the program flags which cause a program interrupt or an instruction skip
based upon the availability of the Teletype and the processor as a function of the
program.

In all programmed operation, the Teletype unit and control are considered as a Teletype
in (TTl) as a source of input intelligence from the keyboard or the perforated-tape
reader and is considered a Teletype out (TTO) for computer output information to be
printed and/or punched on tape. Therefore, two device selectors are used; the select
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code of 03 initiates operations associated with the keyboard/reader, and the device
selector, assigned the select code of 04, performs operations associated with the tele-
printer/punch. Parallel input and output functions are performed by corresponding 10T
pulses produced by the two device selectors. Pulses produced by IOP1 pulse trigger
skip gates; pulses produced by the I0P2 pulse clear the control flags and/or the ac-

cumulator; and pulses produced by the IOP4 pulse initiate data transfers to or from
the control.

Keyboard /Reader

The keyboard and tape reader control contains an 8-bit buffer (TTI) which assembles
and holds the code for the last character struck on the keyboard or read from the tape.
Teletype characters from the keyboard/reader are shifted serially into the TTIl. The
Teletype code of a character is loaded into the TTl such that spaces correspond with
binary Os and holes (marks) correspond to binary 1s (as explained in the previous
section). Upon program command the content of the TTl is transferred in parallel into
the accumulator.

The keyboard flag is set to a binary 1 when an 8-bit computer character has been as-
sembled in the TTI from a Teletype character. The program must sense the condition
of this flag with a KSF micro-instruction and, if the flag is set, issue a KRB micro-
instruction which will clear the AC and keyboard flag, transfer the contents of the TTI
into the AC and allow the hardware to start assembling the next input character from
keyboard or paper tape reader into the TTI.

Instructions for use in supplying data to the computer from the Teletype are:

SKIP ON KEYBOARD FLAG (KSF)

Octal Code: 6031

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The keyboard flag is sensed, and if it contains a binary 1 the content of the
PC is incremented by one so that the next sequential instruction is skipped.

Symbol: |f Keyboard Flag = 1, then PC 4- 1 = > PC



CLEAR KEYBOARD FLAG (KCC)

Octal Code: 6032

Event Time: 2

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 usec

Operation: The AC is clear in preparation for another micro-instruction to transfer a
character from the TT! into the AC. The keyboard flag is also cleared, this allows the
hardware to begin assembling the next input character in the TTI. If there is tape in
the reader and the reader is on, the character over the read head will be loaded into
TTI and the tape advanced one frame. |f there is no tape or the reader is turned off
(STOP or FREE) the character struck on the keyboard will be assembled into the TTI.
In either case, when the character is completely assembled in the TTI, the hardware
causes the keyboard flag to be set to a binary 1.

Symbol: 0 = > AC
0 = > Keyboard flag allowing the hardware to cause:
Keyboard/ Tape Character — > TTI
1 = > Keyboard flag when done

READ KEYBOARD BUFFER STATIC (KRS)

Octal Code: 6034

Event Time: 3

Indicators: |0T, FETCH, PAUSE
Execution Time: 3.75 usec

Operation: The content of the TTI is transferred into bits 4 through 11 of the AC. This
is a static command in that neither the AC nor the keyboard flag is cleared.

Symbol: TTl or AC 4-11 = > AC 4-11

READ KEYBOARD BUFFER DYNAMIC (KRB)

Octal Code: 6036

Event Time: 2, 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: This micro-instruction combines the functions of the KCC and KRS. The AC
and keyboard flag are both cleared and the content of the TTI is transferred into bits
4-11 of the AC. Clearing the keyboard flag allows the hardware to begin assembling
the next input character into the TTI (as discussed with the KCC). When the character
is completely assembled in the TTI, the hardware causes the flag to be set indicating it
again has a character ready for transfer.
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Symbol: 0 = > AC C(TTI) V C(AC 4-11) = > AC 4-11
0 = > Keyboard Flag allowing the hardware to cause:
Keyboard/Tape Character = > TTI
1 = > Keyboard flag when done.

The following are examples of possible sequences of instructions to read a character
into the AC from the Teletype:

LOOK, KSF /SKIP IF FLAG =1
JMP LOOK /JMP BACK & TEST FLAG AGAIN
KRB /TRANSFER TTI CONTENTS INTO AC

This sequence waits for the TTI to set its flag, indicating that it has a character ready
to be transferred. It then skips to the KRB command which causes the character to
be read into the AC from the TTI.

By making this sequence of instructions a subroutine of a larger program, it can be
accessed each time an input character is desired.

READ, O /STORE DC HERE FOR RETURN ADDRESS
KSF /SKIP IF FLAG =1
JMP.-1 /TEST FLAG AGAIN
KRB /READ CHAR INTO AC
JMP | READ /EXIT TO MAIN PROGRAM

The above sequence will operate properly on a PDP-8 since all flags are cleared upon
pressing START, however, the flags are not cleared on the PDP-5 when START is
pressed, hence the reader flag should be cleared by a KCC as part of the initialization
done at the beginning of any program. Failure to clear this flag could cause an extrane-

ous character to be input (whatever happened to be in the TTI buffer would be inter-
preted as the first input character).

KCC /CLEAR TTI FLAG
READ, 0O
KSF /SKIP IF FLAG =1
JMP.-1 / TEST FLAG AGAIN
KRB /READ CHARACTER INTO AC

JMP | READ /EXIT



Teleprinter/ Punch

On program command a character is sent in parallel from the accumulator (AC) to
the TTO shift register for transmission to the teleprinter/punch unit. The control
generates the start space, then shifts the eight character bits serially into the printer
selector magnets of the Teletype unit, and then generates the stop marks. This trans-
fer of information from the TTO into the teleprinter/punch unit is accomplished at the
normal Teletype rate and requires 100 milliseconds for completion. The flag in the
teleprinter control is again set to a 1 when the last of the character code has been sent
to the teleprinter/punch, indicating that the TTO is ready to receive a new character
from the AC. The flag is connected to both the program interrupt synchronization ele-
ment and the instruction skip element. Unless using the interrupt, the program must
check the flag and, upon detecting the ready or set (binary 1) condition of the flag by
means of the TSF micro-instruction, the program must issue a TLS micro-instruction
which clears the flag and sends a new character from the AC to the TTO to be shifted
out to the teleprinter/punch. The process of sending a character to the TTO from the
AC is a great deal shorter than that of shifting the character out to the teleprinter/
punch, therefore, the program must account for the time differential by waiting for
flag to be set (1) before issuing a TLS.

Instructions for use in outputting data to the Teletype are as follows:
SKIP ON TELEPRINTER FLAG (TSF)

Octal Code: 6041

Event Time: 1

Indicators: |0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The teleprinter flag is sensed, and if it contains a binary 1 the content of
the PC is incremented by one so that the next sequential instruction is skipped.

Symbol: If Teleprinter Flag = 1, then PC 4+ 1 = > PC
CLEAR TELEPRINTER FLAG (TCF)

Octal Code: 6042

Event Time: 2

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds
Operation: The teleprinter flag is cleared to O.

Symbol: 0 = > Teleprinter Flag
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LOAD TELEPRINTER AND PRINT (TPC)

Octal Code: 6044

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The contents of bits 4-11 of the AC are sent to the TTO, then the hardware
starts shifting the character out to the printer/punch unit. This micro-instruction does
not clear the teleprinter flag.

Symbol: C(AC 4-11) = > TTO causing:
C(TTO) = > printed and (if punch on) punched

LOAD TELEPRINTER SEQUENCE (TLS)

Octal Code: 6046

Event Time: 2, 3

Indicators: |0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: This micro-instruction combines the functions of the TCF and the TPC. The
teleprinter flag is cleared (set to 0) then the contents of bits 4-11 of the AC are sent
to the TTO, where the hardware shifts the character out to the printer/punch unit.
When the printer/punch has finished outputting the character and is ready for another
character, the hardware has again raised the teleprinter flag (set it to a 1) to indicate
this free condition. The whole operation, from the time at which the TLS has cleared
the flag and sent out the character until the time at which the hardware finishes with
the character and sets the flag to a 1 again, requires 100 milliseconds with the time
required for the character to travel from the TTO to the paper being considerably
greater than that required for it to be sent from the computer to the TTO.

Symbol: 0 = > Teleprinter flag
C(AC 4-11) = > TTO causing:
C(TTO) = > Printed and (if punch on) punched

1 = > Teleprinter flag when done
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The following are examples of possible ways to use these instructions to output a
character to the Teletype. The last is recommended:

CLA
TAD X
TLS

FREE, TSF
JMP FREE
CLA

/PUT CHARACTER CODE INTO AC FROM LOCATION X
/LOAD TTO FROM AC & PRINT/PUNCH

/TEST FLAG TO SEE IF DONE PRINTING, SKIP IF =1
/ TEST FLAG AGAIN

/CLEAR CHARACTER CODE FROM AC

continue program

This sequence sends one character code to the TTO and waits for it to finish printing/
punching before continuing program. It does not require that the flag be set, in order
to output the character. By making this sequence of instructions a subroutine of a
larger program, it can be accessed (by a JMS) each time a character is to be output.
Assume that the subroutine is entered with the character in the AC:

TYPE, O
TLS
TSF
JMP.-1
CLA
JMP | TYPE

/LOAD TTO FROM AC AND PRINT/PUNCH
/TEST FLAG, SKIPIF =1

/JMP BACK & TEST FLAG AGAIN
/CLEAR CHARACTER FROM AC

/EXIT TO MAIN PROGRAM

By rearranging this subroutine, the time presently spent waiting for the character to
be output and the flag to be set to 1 (100 milliseconds) can be used to continue the
calculations, etc., of the main program, thus making more efficient use of time.

TYPE, O
TSF
JMP.-1
TLS
CLA
JMP | TYPE

/ TEST FLAG TO SEE IF PRINTER FREE, SKIP IF YESOR . . .
/WAIT TIL IT IS BY TESTING AGAIN AND AGAIN
/OUTPUT CHARACTER

/EXIT TO CONTINUE PROGRAM
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This subroutine tests the flag first and waits only if a previous character is still being
output. It clears the AC and exits immediately after sending the character to the TTO
and is continuing to run the user's program instead of waiting while the Teletype (a
much slower device) is off typing/punching the last character. The PDP-8 clears all
flags which are on the clear flag bus (this includes Teletype flags) when key START is
depressed. This means that the user program must account for setting the teleprinter
flag initially and after each TCF (if any) or else the program will hang up in the wait
loop of the print routine. The only way to set the flag to a 1 is through issuing a micro-
instruction which leaves the flag set when alone. This instruction should appear among
the first few executed and must appear before any attempt to output a character.

The following example initializes the flag with a TLS as the first instruction of the pro-
gram and makes optimum use of the time that would be spent waiting for the Teletype
to finish.

BEGIN, TLS /INITIALIZE TELEPRINTER FLAG
TYPE, O
TSF /SKIP IF FLAG =1or. ..
JMP.-1 /WAIT UNTIL IT IS LOAD TTO &
TLS / TYPE CHARACTER
CLA

JMP | TYPE /EXIT & CONTINUE PROGRAM WHILE TELETYPE IS
FINISHING CHARACTER
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The instruction list for printing or punching is:

SKIP ON TELEPRINTER FLAG (TSF)
Octal Code: 6041
Event Time: 1
Indicators: 10T, FETCH, PAUSE .
Execution Time: 3.75 microseconds

Operation: The teleprinter flag is sensed, and if it contains a binary 1 the content of
the PC is incremented by one so that the next sequential instruction is skipped.

Symbol: If Teleprinter Flag = 1, then PC +1 => PC

Octal Code: 6042 CLEAR TELEPRINTER FLAG (TCF)

Event Time: 2

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds
Operation: The teleprinter flag is cleared to O.

Symbol: 0 = > Teleprinter Flag

Octal Code: 6044 LOAD TELEPRINTER AND PRINT (TPC)
Event Time: 3

Indicators: 10T. FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The TTO is loaded from the content of bits 4 through 11 of the AC; then
the Teletype character just loaded is selected, and punched and/or printed.

Symbol: AC4-11 => TTO

Octal Code: 6046 LOAD TELEPRINTER SEQUENCE (TLS)
Event Time: 2, 3
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The teleprinter flag is cleared; then a Teletype character code is transferred

from the content of AC 4-11 into the TTO, the character is selected and punched and/or
printed.

Symbol: 0 = > Teleprinter Flag
AC 4-11 => TTO

A program sequence loop to print and/or punch a character when the TTO is free can
be written as follows:

FREE, TSF /SKIP WHEN FREE
JMP FREE
TLS JLOAD TTO, PRINT OR PUNCH






Teletype System Type LTO8

The Teletype facility of the basic computer can be expanded to accommodate several
Model 33 or Model 35 Automatic Send Receive or Keyboard Send Receive units by
addition of the Type LTO8 option. Each Teletype line added to the PDP-8 system con-
tains logic elements that are functionally identical to those of the basic Teletype control.
Therefore, instructions and programming for each line of an LTO8 equipment are
similar to those described previously for the basic Teletype unit. The following device
select codes have been assigned for five lines of LTO8 equipment:

Line Select
Unit Codes

40 and 41
42 and 43
44 and 45
46 and 47
11and 12

abhWN =

Instruction mnemonics for Teletype equipment in the LTO8 system are not recognized
by the program assembler (PAL Ill) and must be defined by the programmer. Mnemonic
codes can be defined by the mnemonic code of the comparable basic Teletype microin-
struction, suffixed with “LT’’" and the line -number. For example, the following instruc-
tions can be defined for line 3:

Mnemonic Octal Operation

TSFLT3 6441 Skip if teleprinter 3 flagisa 1.

TCPLT3 6442 Clear teleprinter 3 flag.

TPCLT3 6444 Load teleprinter 3 buffer (TTO3) from the content
of AC4-11 and print and/or punch the character.

TLSLT3 6446 - Load TTO3 from the content of AC4-11, clear tele-
printer 3 flag, and print and/or punch the character.

KSFLT3 6451 Skip if keyboard 3 flagisa 1.

KCCLT3 6452 Clear AC and clear keyboard 3 flag.

KRSLT3 6454 Rend keyboard 3 buffer (TT13) static. The content of
TT13 is loaded into AC4-11 by an OR transfer.

KRBLT3 6456 Clear the AC, clear keyboard 3 flag, and read the

content of TT13 into AC4-11.
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CHAPTER 3

HIGH SPEED PERFORATED TAPE READER
AND CONTROL TYPE PCO2

This device senses 8-hole perforated paper or Mylar tape photoelectrically at 300
characters per second. The reader control requests reader movement, transfers data
from the reader into the reader buffer (RB), and signals the computer when incoming
data is present. Reader tape movement is started by a reader control request to simul-
taneously release the brake and engage the clutch. The 8-bit reader buffer sets the
reader flag to 1 when it has been filled from the reader and transfers data into bits
4 through 11 of the accumulator under program control. The reader flag is connected
to the computer program interrupt and instruction skip facilities, and is cleared by
10T pulses. Tape format is as described for the Teletype unit. Computer instructions
for the reader are:

SKIP ON READER FLAG (RSF)
Octal Code: 6011
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The reader flag is sensed, and if it contains a binary 1 the content of the
PC is incremented by one so that the next sequential instruction is skipped.

Symbol: If Reader Flag = 1, then PC -1 => PC

READ READER BUFFER (RRB)
Octal Code: 6012
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the reader buffer is transferred into bits 4 through 11 of
the AC and the reader flag is cleared. This command does not clear the AC.

Symbol: RBVAC4-11 => AC4-11
0 = > Reader Flag

READER FETCH CHARACTER (RFC)
Octal Code: 6014
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The reader flag and the reader buffer are both. cleared, one character is
loaded into the reader buffer from tape, and the reader flag is set when this operation
is completed.



Symbol: 0 = > Reader Flag, RB
Tape Data = > RB
1 = > Reader Flag when done

A program sequence loop to read a character from perforated tape can be written
as follows:

RFC /FETCH CHARACTER FROM TAPE
LOOK, RSF /SKIP WHEN RB FULL

JMP LOOK

CLA

RRB /LOAD AC FROM RB
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CHAPTER 4

HIGH SPEED TAPE PUNCH CONTROL
TYPE 75E

This option consists of a Royal-McBee paper tape punch that perforates 8-hole tape
at a rate of 50 characters per second. Information to be punched on a line of tape
is loaded in an 8-bit punch buffer (PB) from AC bits 4 through 11. The punch flag
becomes a 1 at the completion of punching action, signaling that new information
may be transferred into the punch buffer, and punching initiated. The punch flag is
connected to the computer program interrupt and instruction skip facility. Tape format
is as described in Chapter 2. The punch instructions are:

SKIP ON PUNCH FLAG (PSF)
Octal Code: 6021
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The punch flag is sensed, and if it contains a binary 1 the content of the
PC is incremented by one so that the next sequential instruction is skipped.

Symbol: If Punch Flag = 1, then PC + 1 => PC

CLEAR PUNCH FLAG (PCF)
Octal Code: 6022
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Both the punch flag and the punch buffer are cleared in preparation for
receiving a new character from the computer.

Symbol: 0 => Punch Flag, PB

LOAD PUNCH BUFFER AND PUNCH CHARACTER (PPC)
Octal Code: 6024
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: An 8-bit character is transferred from bits 4 through 11 of the AC into the
punch buffer and then this character is punched. This command does not clear the
punch flag or the punch buffer.

Symbol: AC4-11VPB => PB



LOAD PUNCH BUFFER SEQUENCE (PLS)
Octal Code: 6026
Event Time: 2,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The punch flag and punch buffer are both cleared, the content of bits 4
through 11 of the AC is transferred into the punch buffer, the character in the PB is
punched in tape, and the punch flag is set when the operation is completed.

Symbol: 0 => Punch Flag, PB
AC4-11 = > PB
1 => Punch Flag when done

A program sequence loop to punch a character when the punch buffer is ‘“‘free” can
be written as follows:

FREE, PSF /SKIP WHEN FREE
JMP FREE
PLS /LOAD PB FROM AC AND PUNCH
/CHARACTER
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CHAPTER 5
ANALOG-TO-DIGITAL CONVERTER

TYPE 189

This converter operates in the conventional successive approximation manner, using
the memory buffer register as a distributor shift register and using the accumulator
as the digital buffer register. Converter operation is initiated by an 10T command that
produces a Pause pulse (as most IOT commands do) and starts the conversion proc-
ess. With the AC cleared, this process starts by asuming that the value of the analog
input signal is at mid scale by setting a binary 1 into the most significant bit of the
accumulator and producing a voltage equal to the center of the input range of the
converter (ground to —10 volts). This voltage is produced by a digital-to-analog
converter which operates as a function of a number contained in the accumulator.
This voltage is then compared with the analog input signal and the result of the
comparison is used to clear the most significant bit of the accumulator if the approxi-
mated voltage generated is of greater amplitude than the analog input signal. This
process is then repeated by setting the next least significant bit of the accumulator
to the 1 state, generating the analog signal according to the content of the accumu-
lator, and comparing this signal with the anaiog input signal to clear the bit of the
AC which was just set previously if the generated signal is greater than the input
signal being measured. This process is repeated a number of times depending upon
the prewired accuracy of the conversion. Each approximation reduces the error of the
resultant binary number in the AC by approximately one half. The bit of the accu-
mulator which is first set and then evaluated, is controlled by the memory buffer regis-
ter. During the first approximation, a binary 1 is set into most significant bit of the MB
and is shifted right one place at the conclusion of each approximation. The bit of the
accumulator which is processed is determined by the location of this binary 1 in the
MB. Sensing of the location of this binary 1 in the MB is also used to control the
number of approximations performed, and hence determines the accuracy of the con-
version. Since the conversion is started at the time the binary 1 is shifted in the MB,
one conversion takes place after the sensing of the 1 in the MB which discontinues
the conversion process. At the conclusion of the conversion a Restart pulse is pro-
duced by the converter which clears the MB and continues the normal computer
program. At this time the digital equivalent of the analog input signal is contained in
the accumulator as a 12-bit unsigned binary number. Insignificant magnitude bits can
be rotated out of the AC by an instruction such as 7110 (RAR and CLL).

To save program running time, the converter should be adjusted to provide only the
accuracy required by the program application. Maximum error of the converter is
equal to the switching point error plus the quantization error. Maximum quantization
error is equal to the binary value of the least significant bit. Switching point error
and total conversion time are functions of the adjusted accuracy of the converter as
indicated in Table 1.



TABLE 1 ANALOG-TO-DIGITAL CONVERTER TYPE 189 CHARACTERISTICS

Adjusted Switching Conversion Total Instruction
Bit Point Time per Conversion Execution

Accuracy Error Bit Time Time

(in per cent) (in microseconds) (in microseconds) (in microseconds)

6 +1.6 1.0 6 7.6

7 +0.8 1.85 13 14.6

8 =0.4 25 20 21.6

9 +0.2 2.7 24 25.6

10 =0.1 2.7 27 28.6

11 +0.05 4.1 45 46.6

12 +0.025 4.6 55 56.6

The ADC is the only instruction associated with the Type 189 converter.

CONVERT ANALOG TO DIGITAL (ADC)

Octal Code: 6004
Event Time: Not applicable
Indicators: 10T, FETCH, PAUSE

Execution Time: This time is related to the adjusted converter accuracy as listed in
Table 1.

Operation: The analog input signal is converted to an unsigned digital value which is
held in the AC at the end of the conversion.

Symbol: None



68

CHAPTER 6

ANALOG-TO-DIGITAL CONVERTER TYPE 138E
AND MULTIPLEXER CONTROL TYPE 139E

The Type 138E/139E General-Purpose Analog-to-Digital Converter and Multiplexer
Control combines a versatile, multipurpose converter with a multiplexer to provide a
fast, automatic, multichannel scanning and conversion capability. It is intended for use
in systems in which computers sample and process analog data from sensors or
other external signal sources at high rates. For example, analog data on each of 64
channels can be accepted and converted into 12-bit digital numbers 415 times per
second.* Switching point accuracy in this instance is 99.975 per cent, with an addi-
tional quantization error of half the least significant bit (LSB). If less resolution and
accuracy is required, all 64 channels can be scanned and the analog signals on them
converted into 6-bit digital numbers 1,360 times each second.** Switching point
accuracy in this case is 99.2 per cent, again with the additional quantization error
of half the digital value of the LSB.

The Type 139 Multiplexer Control can include from 1 to 32 series A100 Multiplexer
modules determined by the user. Each module addresses one of two channels for a
maximum of 64 channels per Type 139E control. In the Individal Address mode, the
Type 139 routes the data from any selected channel to the Type 138E converter input.
In the Sequential Address mode, the multiplexer advances its channel address by one
each time it receives an increment command, returning to channel zero after scanning
the last channel. Sequenced operations can be short-cycled when the number of
channels in use is less than the maximum available.

*Conversion rate—=[(35+2.5) (10-¢) (64)]-' =415 cycles/sec
**Conversion rate=[(9+2.5) (10-¢) (64)]' =1360 cycles/sec

TABLE 2 ANALOG-TO-DIGITAL CONVERTER TYPE 138E CHARACTERISTICS

Total
Switching Conversion Conversion

Word Length Point Error*** Time Rate
(in bits) (in percent) (in microseconds) (in kc)
6 +1.6 9.0 110.0

7 +0.8 10.5 95.0

8 +0.4 12.0 83.0

9 +0.2 13.5 74.0

10 =+0.1 17.0 58.5
11 =+0.05 25.0 40.0
12 +0.025 35.0 28.5

*** 4 1/, |SB for quantizing error.

The Type 138E is a successive approximation converter that measures a 0 to 10 volt
analog input signal and provides a binary output indication of the amplitude of the
input signal. Output indication accuracy is a function of the conversion time, and is
determined by a switch on the front panel. Each of the seven positions of the rotary
switch establishes an output word length, conversion accuracy, and conversion time
for operation of the converter. Overall conversion error equals switching point error
plus a quantization of *14 the digital value of the LSB. Converter characteristics
selected for each switch position are specified in Table 2.



CONVERTER SPECIFICATIONS
Monotonicity: Guaranteed for all settings
Aperture Time: Same as conversion time
Converter Recovery Time: None

Analog Input: 0 to -10 volts is standard. Bipolar or specific amplitude range input
can be accommodated on special request. If a different voltage range is desired, it is
recommended that an amplifier be used at the source, since this will also provide a
low driving impedance and reduce the possibilities of noise pickup between the source
and the converter.

Input Loading: +1 microampere and 125 picofarads for the standard O to 10
volt input.

Digital Output: A signed 6- to 12-bit binary number in 2's complement notation. A O
volt input yields a digital output number of 4000,; a —5 volt input produces 0000.;
and a — 10 volt input gives an output of 3777,.

Controls: Binary readout indicators and a seven-position rotary switch for selecting
converter characteristics are provided on the front panel.

The Type 139E Muitiplexer Control is intended for use with the Type 138E or Type 189
analog-to-digital conversion systems in applications where the PDP-8 must process
sampled analog data from multiple sources at high speeds. Under program control
the multiplexer can select from 2 to 64 analog input signal channels for connection
to the input of an analog-to-digital converter. Channel selection is provided by Type
A100, A101, A102, or A103 Multiplex Switch FLIP CHIP modules. These module types
each have slightly different timing, impedance, and power characteristics so that
multiplexers can be built for wide differences in application by selecting the appropri-
ate module type. Each module contains two independent, floating, transistor switches
letting the user select any multiple of two channels to a maximum of 64. In the indi-
vidual address mode, the Type 139E routes the analog data from any program-selected
channel to the converter input. In the sequential address mode, the multiplexer
advances the channel address by one each time it receives an incrementing command,
returning to channel zero after scanning the last channel. Sequenced operations can

be short-cycled when the number of channels in use is less than the maximum
available.

A 6-bit channel address register (CAR) specifies a channel number from 0-77,. A
channel address may be chosen in one of two ways. It can be specified by the con-
tent of bits 6-11 of the AC or by incrementing the content of the CAR.

MULTIPLEXER SPECIFICATIONS

Indicators: Six binary indicators on the front panel give visual indication of the
selected channel.

Multiplexer Switching Time: The time required to switch from one channel to any
program-specified channel, or to select the next adjacent channel when the content
of the CAR is incremented is 2.5 microseconds. This time is measured from when
either a select or increment command is received.

Both the converter and multiplexer circuits are constructed entirely of FLIP CHIP
modules. Both the Type 138E converter and the Type 139E Multiplex Control (imple-

mented to 24 input channels) circuits can be contained in one standard 64-connector
module mounting panel.
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The following 10T commands have been assigned to the Type 138E/139E converter
system:

SKIP ON A-D FLAG (ADSF)
Octal Code: 6531
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The A-D converter flag is sensed, and if it contains a binary 1 (indicating
that the conversion is complete) the content of the PC is incremented by one so that
the next instruction is skipped.

Symbol: If A-D Flag = 1,then PC +1 => PC
CONVERT ANALOG VOLTAGE TO DIGITAL VALUE (ADCV)
Octal Code: 6532
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: This time is a function of the accuracy and word length switch setting
as listed in Table 2.

Operation: The A-D converter flag is cleared, the analog input voltage is converted to
a digital value, and then the A-D converter flag is set to 1. The number of binary bits

in the digital-value word and the accuracy of the word is determined by the preset
switch position.

Symbol: 0 => A-D Flag at start of conversion, then
1 => A-D Flag when conversion is done.

READ A-D CONVERTER BUFFER (ADRB)
Octal Code: 6534
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The converted number contained in the converter buffer (ADCB) is trans-
ferred into the AC as a normalized word (shifted into the most significant bits), unused
bits of the AC are cleared, and the A-D converter flag is cleared.

Symbol: ADCB = > AC
0 => A-D Converter Flag

CLEAR MULTIPLEXER CHANNEL (ADCC)
Octal Code: 6541
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The channel address register (CAR) of the multiplexer is cleared in prepara-
tion for setting of a new channel.

Symbol: 0 => CAR



SET MULTIPLEXER CHANNEL (ADSC)
Octal Code: 6542
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The channel address register of the multiplexer is set to the channel
specified by bits 6 through 11 of the AC. A maximum of 64 single-ended or 32 differen-
tial input channels can be used.

Symbol: AC 6-11 => CAR

INCREMENT MULTIPLEXER CHANNEL (ADIC)
Octal Code: 6544
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the channel address register of the multiplexer is incre-
mented by one. If the maximum address is contained in the register when this command
is given, the minimum address (00) is selected.

Symbol: CAR +1 => CAR

A program to cycle through all channels of the converter a given number of times,

storing the conversion values at successive core memory locations can be written as
follows:

LOOP, ADIC JINCREMENT CAR
ADCV /INITIATE CONVERSION
ADSF /WAIT FOR FLAG
JMP.-1
ADRB /READ A-D CONVERTER BUFFER

DCA | Z 10 /STORE RESULT IN ADDRESS SPECIFIED
/BY AUTO-INDEX REGISTER 10

ISZ CNTR /INCREMENT CYCLE COUNTER

JMP LOOP /REPEAT CYCLE
JEND OF LOOP

Executive of this program loop takes 25.5 microseconds plus the conversion time,
which is 35 microseconds maximum. Therefore, the worst case conditions for this

routine require a 60.5-microsecond execution time and a minimum conversion rate
of 16.5 kc.
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CHAPTER 7

DIGITAL-TO-ANALOG CONVERTER
TYPE AAO1A

The general purpose Digital-to-Analog Converter Type AAO1A converts 12-bit binary
computer output numbers to analog voltages. The basic option consists of three
channels, each containing a 12-bit digital buffer register and a digital-to-analog con-
verter (DAC). Digital input to all three registers is provided, in common, by one 12-bit
input channel which receives bussed output connections from the PDP-8 accumulator.
Appropriate precision voltage reference supplies are provided for the converters.

One 10T microinstruction simultaneously selects a channel and transfers a digital
number into the selected register. Each converter operates continuously on the content
of the associated register to provide an analog output voltage.

Type AAO1A options can be specified in a wide range of basic configurations; e.g., with
from one to three channels, with or without output operational amplifiers, and with
internally or externally supplied reference valtages. Configurations with double buffer
registers in each channel are also available.

Each single-buffered channel of the equipment is operated by a single I0T command.
Select codes of 55, 56, and 57 are assigned to the AAO1A, making it possible to
operate nine single-buffered channels or various configurations of double-buffered
channels. A typical instruction for the AAO1A is:

LOAD DIGITAL-TO-ANALOG CONVERTER 1 (DAL1)

Octal Code: 6551

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the accumulator is loaded into the digital buffer register of
channel 1.

Symbol: AC => DAC1

The analog output voltage of a standard converter is from ground to —9.9976 volts
(other voltages are available in equipment containing output operational amplifiers).
All binary input numbers are assumed to be 12 bits in length with negative numbers
represented in 2's complement notation. An input of 4000, yields an output of ground
potential; an input of 0000, yields an output of —5 volts; and an input of 1777, yields
an output of —10 volts minus the analog value of the least significant digital bit.
Output accuracy is =0.01259% of full scale and resolution is 0.025% of full scale
value. Response time, measured directly at the converter output, is 3 microseconds
for a full-scale step change to 1 least significant bit accuracy. Maximum buffer register
loading rate is 2 megacycles.



CHAPTER 8
DISPLAY EQUIPMENT

Cathode-ray tube display equipment available for use with the PDP-8 includes the
Oscilloscope Display Type 34D and the Precision Display Type 30N. The Light Pen Type
370 operates with either of these devices.

Oscilloscope Display Type 34D

Type 34D is a two axis digital-to-analog converter and an intensifying circuit, which
provides the Deflection and Intensify signals needed to plot data on an oscilloscope.
Coordinate data is loaded into an X buffer (XB) or a Y buffer (YB) from bits 2 through
11 of the accumulator. The binary data in these buffers is converted to a —10 to O
volt Analog Deflection signal. The 30-volt Intensify signal is connected to the grid
of the oscilloscope CRT. The duration of this signal, and hence the intensity of the
point displayed, is determined by a 2-bit brightness register (BR). The content of
the BR controls timing circuits that establish nominal durations of 1-, 2-, or 4-micro-
second for the Intensify signal. The BR is loaded from a number contained in the
appropriate |IOT instruction. Application of power to the computer or pressing of the
START key resets the BR to the maximum brightness. Points can be plotted at approxi-
mately a 30-kilocycle rate. The instructions for this display are:

CLEAR X COORDINATE BUFFER (DCX)
Octal Code: 6051
Event Time: 1

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The X coordinate buffer is cleared in preparation for receiving new X-axis
display data.

Symbel: 0 => XB

CLEAR AND LOAD X COORDINATE BUFFER (DXL)
Octal Code: 6053

Event Time: 1,2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The X cordinate buffer is cleared, then loaded with new X-axis data from
bits 2 through 11 of the AC.

Symbol: 0 => XB
AC2-11 = > XB
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CLEAR Y COORDINATE BUFFER (DCY)
Octal Code: 6061
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The Y coordinate buffer is cleared in preparation for receiving new Y-axis
display data.

Symbol: 0 => YB

CLEAR AND LOAD Y COORDINATE BUFFER (DYL)
Octal Code: 6063
Event Time: 1, 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The Y coordinate buffer is cleared then loaded with new Y-axis data from
bits 2 through 11 of the AC.

Symbol: 0 => YB
AC2-11 =>YB

INTENSIFY (DIX)
Octal Code: 6054
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Intensify the point defined by the content of the X and Y coordinate buffers.
This command can be combined with the DXL command.

Symbol: None

INTENSIFY (DIY)
Octal Code: 6064
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Intensify the point defined by the content of the X and Y coordinate buffers.
This command is identical to the DIX command except that it can be combined with
the DYL command.

Symbol: None



X COORDINATE SEQUENCE (DXS)
Octal Code: 6057
Event Time: 1,2,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: This command executes the combined functions performed by the DXL and
DIX commands. The X coordinate buffer is cleared then loaded from the content of
AC2 through AC11, then the point defined by the content of the X and Y buffers is
intensified.

Symbol: 0 => XB

AC2-11 => XB
then intensify

Y COORDINATE SEQUENCE (DYS)
Octal Code: 6067

Event Time: 1,2,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: This command executes the combined functions performed by the DYL and
DIY commands. The Y coordinate buffer is cleared, then loaded from the content of bits
AC2 through 11, then the point defined by the content of the X and Y coordinate buffers

is intensified.
Symbol: 0 => YB
AC2-11 =>YB
then intensify
SET BRIGHTNESS CONTROL (DSB)
Octal Code: 607X

Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The brightness register (BR) is loaded from the content of bits 10 and 11
of the instruction. When the instruction is 6075 the minimum brightness (0.4 micro-
second) is set, when 6076 the medium brightness (0.8 microsecond) is set, and when
6077 the maximum brightness (3.0 microseconds) is set.

Symbol: MB10-11 = >BR

The following program sequence to display a point assumes that the coordinate data is
stored in known addresses X and Y .

X,
Y,
BEG, CLA
TAD X /LOAD AC WITH X

DXL /CLEAR AND LOAD XB
CLA

TAD Y /LOAD AC WITH Y
DYS /CLEAR AND LOAD YB, DISPLAY POINT
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Precision CRT Display Type 30N

Type 30N functions are similar to those of the Type 34D Oscilloscope Display in
plotting points on a self-contained 16-inch cathode ray tube. A 3-bit brightness register
is contained in Type 30N to control the duration of the Intensify signal supplied to
the CRT. The content of this register specifies the brightness of the point being dis-
played according to the following scale:

BR Content Intensity
3 brightest
2
1
0] average
7
6
5
4 dimmest

The BR register is loaded by jam transfer (transfer ones and zeros so that clearing
is not required) from the AC by the instruction:

LOAD BRIGHTNESS REGISTER (DLB)
Octal Code: 6074
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The brightness register (BR) is loaded by a jam transfer of information
contained in bits 9 through 11 of the AC.

Symbol: AC9-11 => BR

All other instructions and the instruction sequence are similar to those used in the
Type 34D.

Light Pen Type 370

The light pen is a photosensitive device which detects the presence of information
displayed on a CRT. If the light pen is held against the face of the CRT at a point
displayed, the display flag will be set to a 1. The light pen display flag is connected
into the computer instruction skip facility. The commands are:

SKIP ON DISPLAY FLAG (DSF)
Octal Code: 6071
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the display flag is sensed, and if it contains a 1 the content
of the PC is incremented by one so that the next sequential instruction is skipped.

Symbol: If Display Flag = 1, then PC +1 => PC



CLEAR THE DISPLAY FLAG (DCF)
Octal Code: 6072
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The display flag is cleared in preparation for sensing another point on
the CRT.

Symbol: 0 = > Display Flag
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CHAPTER 9

INCREMENTAL PLOTTER AND CONTROL
TYPE 350B

Four models of California Computer Products Digital Incremental Recorder can be
operated from a DEC Type 350 Increment Plotter Control. Characteristics of the four
recorders are:

Step Paper
CCP Size Speed Width
Model (inches) (steps/minute) (inches)
563 0.01 or 0.005 12,000 31
565 0.01 or 0.005 18,000 12

The principles of operation are the same for each of the four models of Digital Incre-
mental Recorders. Bidirectional rotary step motors are employed for both the X and Y
axes. Recording is produced by movement of a pen relative to the surface of the graph
paper, with each instruction causing an incremental step. X-axis deflection is produced
by motion of the drum; Y-axis deflection, by motion of the pen carriage. Instructions
are used to raise and lower the pen from the surface of the paper. Each incremental
step can be in any one of eight directions through appropriate combinations of the
X and Y axis instructions. All recording (discrete points, continuous curves, or symbols)
is accomplished by the incremental stepping action of the paper drum and pen carriage.
Front panel controls permit single-step or continuous-step manual operation of the
drum and carriage, and manual control of the pen solenoid. The recorder and control
are connected to the computer program interrupt and instruction skip facility.

Instructions for the recorder and control are:

SKIP ON PLOTTER FLAG (PLSF)
Octal Code: 6501
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The plotter flag is sensed, and if it contains a 1 the content of the PC is
incremented by one so the next sequential instruction is skipped.

Symbol: If Plotter Flag = 1, then PC +1 => PC



CLEAR PLOTTER FLAG (PLCF)
Octal Code: 6502
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The plotter flag is cleared in preparation for issuing a plotter operation
command.

Symbol: 0 = > Plotter Flag

PEN UP (PLPU)
Octal Code: 6504
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: The plotter pen is raised from the surface of the paper.

Symbol: None

PEN RIGHT (PLPR)
Octal Code: 6511
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: The plotter pen is moved to the right in either the raised or lowered position.

Symbol: None

DRUM UP (PLDU)
Octal Code: 6512
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The plotter paper drum is moved upward. This command can be combined
with the PLPR and PLDD commands.

Symbol: None

79



80

DRUM DOWN (PLDD)
Octal Code: 6514
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: The plotter paper drum is moved downward.

Symbol: None

PEN LEFT (PLPL)
Octal Code: 6521
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The plotter pen is moved to the left in either the raised or lowered position.

Symbol: None

DRUM UP (PLUD)
Octal Code: 6522
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The plotter paper drum is moved upward. This command is similar to
command 6512 except that it can be combined with the PLPL or PLPD commands.

Symbol: None

PEN DOWN (PLPD)
Octal Code: 6524
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: The plotter pen is lowered to the surface of the paper.

Symbol: None

Program sequence must assume that the pen location is known at the start of a routine
since there is no means of specifying an absolute pen location in an incremental plotter.
Pen location can be preset by the manual controls on the recorder. During a subroutine,
the PDP-8 can track the location of the pen on the paper by counting the instructions
that increment position of the pen and the drum.



CHAPTER 10

CARD READER AND CONTROL
TYPE CRO1C

The Card Reader and Control Type CRO1C reads standard 12-row, 80-column punched
cards at a maximum rate of 100 cards per minute. Cards are read by column, begin-
ning with column 1. One select instruction starts the card moving past the read station.
Once a card is in motion, all 80 columns are read. Data in a card column is sensed by
mechanical star wheels which close an electrical contact when a hole (binary 1) is
detected. Column information is read in one of two program selected modes: alpha-
numeric and binary. In the alphanumeric mode the 12 information bits in one column
are automatically decoded and transferred into the least significant half of the accumu-
lator as a 6-bit Hollerith code. Appendix 2 lists the Hollerith card codes. In the binary
mode the 12 bits of a column are transferred directly into the accumulator so that the
top row (12) is transferred into ACO and the bottom row (9) is transferred into AC11.
A punched hole is interpreted as a binary 1 and no hole is interpreted as a binary O.

Three program flags indicate card reader conditions to the computer. The data ready
flag rises and requests a program interrupt when a column of information is ready to be
transferred into the AC. A read alphanumeric or read binary command must be issued
within 1.5 milliseconds after the data ready flag rises to prevent data loss. The card done
flag rises and requests a program interrupt when the card leaves the read station. A new
select command must be issued within 25 milliseconds after the card done flag rises to
keep the reader operating at maximum speed. Sensing of this flag can eliminate the
need for counting columns, or combined with column counting can provide a check for
data loss. The reader-not-ready flag can be sensed by a skip command to provide indi-
cation of card reader power off, no card in the read station, or that a reader failure
has been detected. When this flag is raised the reader cannot be selected and select
commands are ignored. The reader-not-ready flag is not connected to the program inter-
rupt facility and cannot be cleared under program control. Manual intervention is
required to clear the reader-not-ready flag. Instructions for the CRO1C are:

SKIP ON DATA READY (RCSF)

Octal Code: 6631
Event Time: 1
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The content of the data ready flag is sensed, and if it contains a 1 (indi-
cating that information for one card column is ready to be read) the content of the
PC is incremented by one so the next sequential instruction is skipped.

Symbol: If Data Ready Flag = 1,then PC + 1 => PC
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READ ALPHANUMERIC (RCRA)

Octal Code: 6632

Event Time: 2

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The 6-bit Hollerith code for the 12 bits of a card column are transferred
into bits 6 through 11 of the AC, and the data ready flag is cleared.

Symbol: AC6-11 V Hollerith Code => AC6-11
0 = > Data Ready Flag

READ BINARY (RCRB)

Octal Code: 6634

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The 12-bit binary code for a card column is transferred directly into the AC,
and the data ready flag is cleared. Information from the card column is transferred into
the AC so that card row 12 enters ACO, row 11 enters AC1, row O enters AC2, . . . . and
row 9 enters AC 11.

Symbol: ACV Binary Code => AC
0 => Data Ready Flag
SKIP ON CARD DONE FLAG (RCSP)

Octal Code: 6671

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the card done flag is sensed, and if it contains a 1 (indi-
cating that the card has passed the read station) the content of the PC is incremented
to skip the next sequential instruction.

Symbol: If Card Done Flag = 1, then PC + 1 => PC
SELECT CARD READER AND SKIP IF READY (RCSE)

Octal Code: 6672

Event Time: 2

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the reader-not-ready flag is sensed and if it contains a 1
(indicating that the card reader is ready for programmed operation) the PC is incre-



mented to skip the next sequential instruction; a card is started towards the read
station from the feed hopper; and the card done flag is cleared. If the reader-not-ready
flag contains a O (indicating power is off or no card is in the read station) card selection
(motion) does not occur and the skip does not occur.

Symbol: If Reader-Not-Ready Flag = 1,then PC + 1 => PC
0 => Card Done Flag

CLEAR CARD DONE FLAG (RCRD)

Octal Code: 6674

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The card done flag is cleared. This command allows a program to stop
reading at any point in a card deck.

Symbol: 0 => Card Done Flag

A logical instruction sequence to read cards is:

START, RCSE /START CARD MOTION AND SKIP IF READY
JMP NOT RDY /JUMP TO SUBROUTINE THAT TYPES OUT
/“CARD READER MANUAL INTERVENTION

/REQUIRED" OR HALTS

NEXT, RCSF /DATA READY?

IMP . —1 /NO, KEEP WAITING

RCRA or RCRB JYES, READ ONE CHARACTER OR ONE
/COLUMN

DCA | STR /STORE DATA

RCSD JEND OF CARD?

JMP NEXT /NO, READ NEXT COLUMN

JMP OUT JYES, JUMP TO SUBROUTINE THAT CHECKS
JCARD COUNT OR REPEATS AT START FOR
JNEXT CARD

No validity or registration checking is performed by the CRO1C. A programmed validity
check can be made by reading each card column in both the alphanumeric and the
binary mode (within the 1.5 millisecond time limitation), then performing a compari-
son check.

Before commencing a card reading program energize the reader, load the feed hopper
with cards, and manually feed the first card to the read station. The function of the
manual controls and indicators are as follows (as they appear from right to left on
the card reader):
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Control or Indicator
ON/OFF switch

AUTO/MAN switch

REG switch

SKIP switch

CHECK READER indicator
READY indicator

CARD RELEASE pushbutton

Function

Controls the application of primary power to the
reader. When power is applied, the reader is ready
to respond to operation of the other keys or pro-
grammed commands.

Controls card reading. In the manual position this
switch disables the card feed mechanism so that
cards must be manually placed on the read table
and registered by pressing the REG key. In the
automatic position card motion from the feed hop-
per through the read station is under program
control.

When the AUTO/MAN switch is in the AUTO posi-
tion the REG key is used to feed the first card to
the read station. When the AUTO/MAN switch is
in the MAN position the REG key is used to feed
a card manually placed on the read table.

This key is not connected on the CRO1C and has
no effect on equipment operation.

This lamp is not connected on the CRO1C.

Lights when the reader is energized and cards are
present in the feed hopper. The plastic card cover
should always be used on top of a deck of cards
to assure that the ready switch and indicator are
activated.

When pressed, this pushbutton (adjacent to the
read station) releases a card already in the read
station.



CHAPTER 11
CARD READER AND CONTROL TYPE 451

The Card Reader and Control Type 451A operates at a rate of 200 cards per minute,
and the Type 451B operates at a rate of 800 cards per minute. Cards are read column
by column. Column information is read in either alphanumeric or binary mode. The
alphanumeric mode converts the 12-bit Hollerith code of one column into the 6-bit
binary-coded decimal-code with code validity checking. The binary mode reads a 12-bit
column directly into the PDP-8. Approximately one percent of the computer program
running time is required to execute a routine that reads the 80 columns of information
at the 200 cards per minute rate.

The control of the card reader differs from the control of other input devices, in that
the timing of the read-in sequence is dictated by the device. When the command to
fetch a card is given, the card reader reads all 80 columns of information in sequence.
To read a column, the program must respond to a flag set as each new column is
started. The instruction to read the column must come within 2.2 milliseconds of the
flag at 200 cards per minute, or must come within 400 microseconds at 800 cards
per minute. The commands for either card reader are:

SKIP ON CARD READER FLAG (CRSF)
Octal Code: 6632

Event Time: 2
Indicators: |0T. FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the card reader flag is sensed, and if it contains a 1 (indi-
cating that a card column is present for reading) the content of the PC is incremented
by one so that the next sequential instruction is skipped.

Symbol: If Card Reader Flag = 1, then PC = 1 = > PC

READ CARD EQUIPMENT STATUS (CERS)
Octal Code: 6634
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the card reader flag and status levels are transferred into
the content of bits AC6 through AC9. The AC bit assignments are:

AC6 = Flagis set to 1 (the flag rises after reading each of the 80 rows).
AC7 — Card done.

AC6 = Not ready (covers not in place, power is off, START pushbutton has not
been pressed, hopper is empty, stacker is full, a card is jammed, a validity
check error has been detected, or the read circuit is defective).

AC9 = End of the file (EOF) (hopper is empty and operator has pushed EOF
pushbutton).

Symbol: Status = > AC6-9

85



86

READ CARD READER BUFFER (CRRB)
Octal Code: 6671
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the card column buffer (CCB) is transferred into the AC and
the card reader flag is cleared. One CRRB command reads either alphanumeric or
binary information.

Symbol: CCB => AC

SELECT ALPHANUMERIC (CRSA)
Octal Code: 6672
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The card reader alphanumeric mode is selected and a card is started moving
past the read heads. Information read into the CCB is in 6-bit alphanumeric form
(the Hollerith code representing the decoded 12 row character in one column).

Symbol: None

SELECT BINARY (CRSB)
Octal Code: 6674

Event Time: 3
Indicators: 10T, FETCH, PAUSE

Operation: The card reader alphanumeric mode is selected and a card is started mov-
ing past the read heads. Information read into the CCB is in 12-bit binary form.

Symbols: None

Upon instruction to read the card reader buffer, the content of the 12-bit CCB is
transferred into the AC. In the alphanumeric mode a 6-bit Hollerith code is transferred
into AC6 through AC11 and ACO through AC5 are cleared. In the binary mode the
binary content of the 12 bits (or rows) in a card column are transferred into the AC
so that row X is read into ACO, row Y into AC1, row O into AC2 . . . . and row 9 into
AC11. The made is specified by either the CRSA or CRSB command and can be
changed while the card is being read.



CHAPTER 12
CARD PUNCH CONTROL TYPE 450

The Card Punch Control Type 450 permits operation of a standard IBM Type 523 Sum-
mary Punch with the PDP-8. Punching can occur at a rate of 100 cards per minute.
Cards are punched one row at a time at 40-millisecond intervals.

The card punch dictates the timing of a read-out sequence, much as the card reader
controls the read-in timing. When a card leaves the hopper, all 12 rows are punched at
intervals of 40 milliseconds. Punching time for each row is 24 milliseconds, leaving
16 milliseconds to load the buffer for the next row. A card punch flag indicates that
the buffer is ready to be loaded. The commands for the card punch control are:

SKIP ON CARD PUNCH FLAG (CPSF)
Octal Code: 6631
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The card punch flag is sensed, and if it contains a binary 1 (indicating that
the punch buffer is available and can be loaded) the content of the PC is incremented by
one so the next sequential instruction is skipped.

Symbol: If Card Punch Flag = 1, then PC + 1 =>. PC

CARD EQUIPMENT READ STATUS (CERS)
Octal Code: 6634
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the card punch flag and the status of the Card Punch Error
signal in the control are transferred into bits 10 and 11 of the AC, respectively.

Symbol: Card Punch Flag = > AC10
Card Punch Error = > AC11

CLEAR PUNCH FLAG (CPCF)
Octal Code: 6641
Event Time: 1
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The card punch flag is cleared in preparation for giving a selector punch
command.

Symbol: 0 = > Card Punch Flag
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SELECT CARD PUNCH (CPSE)

Octal Code: 6642
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The card punch is selected and a card is transported to the 80-column
punch die from the hopper.

Symbol: None

LOAD CARD PUNCH (CPLB)

Octal Code: 6644

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the AC is transferred into a portion of the 80-bit card punch
row buffer (CPB). Seven CPLB commands are required to fill the CPB.

Symbol: AC > CPB

Since 12 bits are transmitted with each 10T instruction, seven IOT instructions must
be issued to load the 80-bit row buffer. The first six loading instructions fill the first 72
bits (or columns); the seventh loads the remaining 8 bits of the buffer from AC bits 4
through 11. After the last row of punching is complete, 28 milliseconds are available
to select the next card for continuous punching. If the next card is not requested in
this interval, the card punch will stop. The maximum rate of the punch is 100 cards
per minute in continuous operation. A delay of 1308 milliseconds follows the command
to select the first card; a delay of 108 milliseconds separates the punching of cards
in continuous operation.

The card punch flag is connected to the program interrupt and to bit 10 of the CERS
instruction. Faults occurring in the punch are detected by status bit 11 of the CERS
and signify the punch is disabled, the stacker is full, or the hopper is empty.

A program sequence to punch 12 rows of data on a card can be written as follows,
assuming the data to be punched in each row is stored in seven consecutive core
memory locations beginning in location 100. The program begins in register PNCH.



PNCH,

LP1,

LP2,

LOC,

RCNT,
GPCT,
TEM1,
TEM2,

CLA
CERS
RAR
SZL
JMP CPERR
CPSE
CLA
TAD LOC
DAC 10
TAD RCNT
DCA TEM1
CLA
TAD GPCT
DCA TEM2
CPSF
JMP . -1
CLA
TAD | 10
CPLB
ISZ TEM2
JMP LP2
ISZ TEM1
JMP LP1
HLT
77

14
,,;7
0
0

JREAD CARD STATUS

/ROTATE PUNCH ERROR BIT (AC11)

/INTO LINK

/PUNCH ERROR?

JYES, JUMP TO PUNCH ERROR SEQUENCE
/NO, SELECT CARD PUNCH

/INITIALIZE CARD IMAGE

JINITIALIZE 12 ROW COUNTS
/INITIALIZE 7 GROUPS PER ROW

/SENSE PUNCH LOAD AVAILABILITY

/7 GROUPS OF 12 BITS PER ROW
/LOAD BUFFER

/TEST FOR 12 ROWS

/END PUNCHING OF 1 CARD
/LOCATION OF CARD IMAGE
/12 ROWS PER CARD

/7 GROUPS PER ROW

/ROW COUNTER

/GROUP COUNTER
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CHAPTER 13

AUTOMATIC LINE PRINTER AND CONTROL
TYPE 645

The line printer can print 300 lines of 120 characters per minute. Each character is
selected from a set of 64 available, by a 6-bit binary code (Appendix 2 lists the ASCII
character specified for each code). Each 6-bit code is loaded separately into a core
storage printing buffer (LPB) from bits 6 through 11 of the AC. The LPB is divided into
two 120-character sections. To load one section of the LPB requires 120 load instruc-
tions. A print command causes the characters specified by the last-loaded section of
the LPB to be printed on one line. As printing of one section of the LPB is in progress,
the other section can be reloaded. After the last character in a line is printed, the
section of the LPB from which characters were just printed is cleared automatically.
The section of the LPB that is loaded and printed is alternated automatically within the
printer and is not program specified.

The line printer can load characters into the LPB at a 10-microsecond rate, clears one
section of the LPB in 3 to 6 milliseconds, and moves paper at the rate of one line every
18 milliseconds. When transfer of one code into the LPB is completed, the line printer
done flag rises to indicate that the printer is ready to receive another code. When
printing of the last character of a section of the LPB is completed, the line printer done
flag rises and causes a program interrupt to request reloading of that section of the
LPB. A line printer error flag rises and causes a program interrupt if the line printer
detects an inoperative condition (printer power off, control circuits not reset, paper
supply low, etc.).

A 3-bit format register (FR) in the printer is loaded from bits 9 through 11 of the AC
during a print command. This register selects one of eight channels of a perforated
tape in the printer to control spacing of the paper. The tape moves in synchronism
with the paper until a hole “is sensed in the selected channel to halt paper advance.
A recommended tape has the following characteristics:

FR Code Paper Tape

(Octal) Spacing Track
0 1 line 2
1 2 lines 3
2 3 lines 4
3 6 lines (1/4 page) 5
4 11 lines (1/2 page) 6
5 22 lines (3/4 page) 7
6 33 lines (line feed) 8
7 top of form 1

The IOT microinstructions which command the line printer are:



SKIP ON LINE PRINTER ERROR (LSE)

Octal Code: 6651

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of line printer error flag is sensed, and if it contains a binary 1,
indicating that an error has been detected, the content of the PC is incremented by one
so that the next sequential instruction is skipped.

Symbol: If Line Printer Error Flag = 1, then PC + 1 ==> PC

CLEAR PRINTER BUFFER (LCB)

Octal Code: 6652

Event Time: 2

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Both sections of the line printer buffer are cleared in preparation for re-
ceiving new character information.

Symbol: 0 => LPB

LOAD PRINTER BUFFER (LLB)

Octal Code: 6654

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: A section of the printer buffer is loaded from the content of bits 6 through
11 of the AC, then the AC is cleared.

Symbol: AC6 -- 11 == > LPB, then 0 => AC

SKIP ON LINE PRINTER DONE FLAG (LSD)

Octal Code: 6661

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the line printer done flag is sensed and if it contains a binary
1 the content of the PC is incremented by one so that the next sequential instruction is
skipped.

Symbol: If Line Printer Done Flag = 1, then PC + 1 => PC

91



92

CLEAR LINE PRINTER FLAGS (LCF)

Octal Code: 6662

Event Time: 2

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The line printer done and error flags are cleared

Symbol: 0 = > Line Printer Done Flag
0 == > Line Printer Error Flag

CLEAR FORMAT REGISTER (LPR)

Octal Code: 6654
Event Time: 3
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The line printer format register (FR) is cleared then loaded from the con-
tent of bits 9 through 11 of the AC, and the AC is cleared. The line contained in the
section of the printer buffer (LPB) loaded last is printed. Paper is advanced in accord-
ance with the selected channel of the format tape if the content of AC8 is a 1. If AC8

is a O paper advance is inhibited.

Symbol: 0 => FR
AC9 — 11 => FR
0 =>AC
The content of half of the LPB is printed

If AC8 = 1, then advance paper according to format tape channel FR

The following routine demonstrates the use of these commands in a sequence which
prints an unspecified number of 120-character lines. This sequence assumes that the
printer is not in operation, that the paper is manually positioned for the first line of
print, and that one-character words are stored in sequential core memory locations

beginning at 2000. The PRINT location starts the routine.

PRINT, LCB JINITIALIZE PRINTER BUFFER
CLA
TAD LOC JLOAD INITIAL CHARACTER ADDRESS
DCA 10 JSTORE IN AUTO-INDEX REGISTER
LRPT, TAD CNT /JINITIALIZE CHARACTER COUNTER
DCA TEMP
LOOP, LSD JWAIT UNTIL PRINTING BUFFER READY
JMP LOOP
LCF JCLEAR LINE PRINTER FLAG
TAD | 10 JLOAD AC FROM CURRENT CHARACTER
/ADDRESS
LLB JLOAD PRINTING BUFFER
ISZ TEMP JTEST FOR 120 CHARACTERS LOADED
JMP LOOP



LOC,
CNT,
TEMP,
FRM,

TAD FRM
LPR

JMP LRPT
1777
—170

0

10

JLOAD SPACING CONTROL AND

/PRINT A LINE

/JUMP TO PRINT ANOTHER LINE
JINITIAL CHARACTER ADDRESS —1
JCHARACTER COUNTER = 120 DECIMAL
JCURRENT CHARACTER ADDRESS
/SPACING CONTROL AND FORMAT
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CHAPTER 14
SERIAL MAGNETIC DRUM SYSTEM TYPE 251

The Type 251 Serial Magnetic Drum System is a standard option that serves as an
auxiliary data storage device. Information in the PDP-8 can be stored (written) in the
drum system and retrieved (read) in sectors of 128 computer words. After program
initialization, sectors are transferred automatically between the computer core memory
and the drum system, transfer of each word being interleaved with the running com-
puter program under control of the computer data break facility. A word is transferred
in parallel (12 bits at a time) and is read or written around the surface of the drum
serially (one bit at a time). Within the drum system words consist of 12 information
bits and a parity bit. Parity bits are generated internally during writing, and are read
and checked during reading. Each word is transferred in about 66 microseconds; a
sector transfer is completed in 8.2 milliseconds. Average access time is 8.65 milli-
seconds (17.3 milliseconds maximum). Track and sector format on the drum surface
is such that all transfers require the same amount of time, so track and sector are
specified together as an 11-bit address for 128 words.

Drum systems are available with 8, 16, 32, 64, 128. 192, or 256 tracks; each track
holds 8 sectors of 128 13-bit words. The various drum system capacities are desig-
nated by a letter suffix to the system type number as follows: Type 251A, 8K words;
251B, 16K words; 251C, 32K words:; 251D, 65K words; 251E, 131K words; 251F,
196K words; and 251G, 262K words.

Indicator lamps on a front panel usually display the content of the four major registers
and the status of control flip-flops. The major registers are:

Drum Core Location Counter (DCL): A 15-bit register which addresses the next core
memory location to or from which a word is to be transferred. As a word is transferred,
DCL is incremented by one.

Drum Address Register (DAR): An 11-bit register which addresses the drum track and
sector which is currently transferring data. The eight most significant bits of the DAR
specify the track and the least significant three bits specify a sector on that track.
At the completion of a successful sector transfer (error flag is 0) DAR is incremented
by one.

Drum Final Buffer (DFB): A 12-bit register under control of the data break facility which
is a buffer between the memory buffer register and the drum serial buffer. During writ-
ing, the DFB holds the next word to be written. During reading, the DFB stores the word
just read from the drum until it is transferred to the PDP-8.

Drum Serial Buffer (DSB): A 14-bit register which contains a data word and two control
bits. It is a serial-to-parallel converter during drum reading, and a parallel-to-serial
converter during drum writing. Information is read from the drum into DSB serially and
transferred to DFB in parallel. During drum writing, a word is transferred in parallel
from DFB into DSB and written serially around the drum.

Instructions
The commands for the drum system are as follows:
LOAD DRUM CORE LOCATION COUNTER AND READ (DRCR)
Octal Code: 6603
Event Time: 1,2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds



Operation: The core memory location information in the AC is transferred into the
DCL and the drum is prepared to read one sector of information for transfer to the
specified core memory location.*

Symbol: AC => DCL
1 = > Read Control

Clears the AC after execution
LOAD DRUM CORE LOCATION COUNTER AND WRITE (DRCW)
Octal Code: 6605
Event Time: 1,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The core memory location information in the AC is transferred into the
DCL and the drum is prepared to write on one sector the information beginning at the
specified core memory address.*

Symbol: AC = > DCL
1 = > Write Control

Clears the AC after execution

CLEAR DRUM FLAGS (DRCF)
Octal Code: 6611

Event Time: 1

Indicators: 10T, FETCH, PAUSE on computer and COMPLETION FLAG and ERROR
FLAG on the drum system become dark.

Execution Time: 3.75 microseconds
Operation: Both completion flag and error flag are cleared

Symbol: 0 = > Completion Flag
0 = > Error Flag

LOAD PARITY AND DATA ERROR (DREF)
Octal Code: 6612
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of both the parity error and data timing error flip-flops of the
drum control is transferred into bits ACO and AC1, respectively. The command allows
the program to evaluate the cause of an error flag setting.

Symbol: Parity Error = > ACO
Data Timing Error = > AC1

*The sector, track, and core memory address are suitably incremented and allow transfer of
the next sequential sector without respecifying addresses. The DRCN instruction must be given
within 50 microseconds after the completion flag is set to 1 during the previous sector.
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LOAD THE TRACK AND SECTOR (DRTS)
Octal Code: 6615

Event Time: 1, 3
Indicators: |0OT, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Track and sector information in bits 1-11 of the AC is transferred into the
DAR, the completion and error flags are cleared, and a transfer (reading or writing)
is begun.

Symbol: AC1-11 — > DAR
0 = > Completion Flag
0 = > Error Flag

SKIP ON DRUM ERROR (DRSE)
Octal Code: 6621
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The error flag is sampled and if it contains a O (indicating no error has been
detected) the PC is incremented to skip the next instruction.

Symbol: If Error Flag = 0, then PC -~ 1 => PC

SKIP ON DRUM COMPLETION (DRSC)
Octal Code: 6622
Event Time: 2
Indicators: I0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The completion flag is sampled and if it contains a 1 (indicating a sector
transfer is complete) the PC is incremented to skip the next instruction.

Symbol: If completion Flag = 1,then PC -1 => PC

INITIATE NEXT TRANSFER (DRCN)
Octal Code: 6624
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Both the error and completion flags are cleared, then the transfer of the
next sector is initiated.

Symbol: O = > Error Flag
0 = > Completion Flag
then start transfer



Programming

Two instructions cause the transfer of a 128-word sector. The first (DRCR or DRCW)
specifies the initial core memory location of the transfer and the direction of the
transfer (drum-to-core or core-to-drum). The second instruction (DRTS) specifies the
track and sector address and initiates the transfer. Transfer of each word is under
control of the computer data break facility and completion of a sector transfer is
indicated by a completion flag that causes a program interrupt.

The eight most significant bits of a drum address select one of 256 tracks; the three
least significant bits select one of eight sectors on the track. A 300-microsecond gap
identifies the beginning of a track (sector 0). Even numbered sectors (0, 2, 4, and 6)
are recorded consecutively following the 300-microsecond gap. A 50-microsecond gap
identifies the beginning of the odd number sectors (sector 1). Odd numbered sectors
(1, 3, 5. and 7) are recorded consecutively following the 50-microsecond gap. This
format allows the transfer of two consecutively numbered sectors in one drum revolu-
tion, provided the continuation instruction (DRCN) is issued in the first 50 micro-
seconds after the drum flag rises to indicate completion of a sector transfer. The
program interrupt subroutine can easily determine that the drum system caused an
interrupt, check the number of sectors transferred, check for drum errors by sampling
the error flag, and issue the continuation instruction in 50 microseconds.

Because the selection of a track read-write head requires 200 microseconds stabiliza-
tion time, a new track must be specified during the first 200 microseconds of the
300-microsecond gap for continuous transferring. If selected tracks and sectors are
consecutive, uninterrupted transferring may be programmed merely by specifying con-
tinuation, since the drum system address and the core memory address are auto-
matically incremented. However, if a data timing or parity error occurs, the track and
sector number is not advanced and operations stop at the conclusion of a sector
transfer. This feature allows the program to sense for error conditions and to locate
the track and sector at which transmission fails.

The drum completion flag is set to 1 upon completion of a sector transfer, causing a
program interrupt. The flag is cleared either by a clear flag instruction (DRCF) or
automatically when one of two transfer instructions (DRTS, DRCN) is given.

The error flag, which should be checked at the completion of each transfer, indicates
either of the following conditions:

(1) That a parity error has been detected after reading from drum to core.

(2) That the Break Request signal from the drum system was not answered within the
required 66-microsecond period. This condition occurs either because other devices
with higher priority are being serviced by the data break facility, or because an
instruction requiring longer than 66 microseconds for completion is in progress
when the break request is made. In reading from the drum, a data word is incorrect

in core memory. In writing on the drum, the next word has not been received from
the computer.

The following program examples indicate the operation of the drum system in single
and multiple sector transfers.
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SUBROUTINE TO TRANSFER (READ) ONE SECTOR

READ

CLA

TAD ADDR
JMS READ
0

0

0

DRCR
TAD | READ
DRTS

DRSC
JMP . —1
DRSE

JMP ERR
ISZ READ
JMP | READ

/CALLING SEQUENCE
/INITIAL CORE MEMORY ADDRESS

JTRACK AND SECTOR ADDRESS
JRETURN

/DRCW TO WRITE
JLOAD AC WITH TRACK AND SECTOR ADDRESS

/DONE?

/NO

JERRORS? ,

/JUMP TO ERROR CHECK ROUTINE

JRETURN

SUBROUTINE TO TRANSFER SUCCESSIVE (TWO) SECTORS

READ,

CLA

TAD ADDR
JMS READ
0

0

0

DRCR

TAD | READ
DRTS

DRSC
JMP . —1
DRSE

JMP ERR
DRCN

DRSC

JMP .1
DRSE

JMP ERR
ISZ READ
JMP | READ

/CALLING SEQUENCE
/INITIAL CORE MEMORY ADDRESS

JTRACK AND SECTOR ADDRESS
/RETURN

/DRCW TO WRITE
/LOAD AC WITH TRACK AND SECTOR ADDRESS

/DONE?

/NO

/ERRORS?

JJUMP TO ERROR CHECK ROUTINE
JCLEAR FLAGS, CONTINUE TRANSFER
JOF NEXT SECTOR

/RETURN



CHAPTER 15
DECTAPE SYSTEMS

The DECtape system is a standard option for the PDP-8 which serves as an auxiliary
magnetic tape data storage facility. The DECtape system stores information at fixed
positions on magnetic tape as in magnetic disk or drum storage devices, rather than
at unknown or variable positions as is the case in conventional magnetic tape systems.
This feature allows replacement of blocks of data on tape in a random fashion without
disturbing other previously recorded information. In particular, during the writing of
information on tape, the system reads format (mark) and timing information from
the tape and uses this information to determine the exact position at which to record
the information to be written. Similarly, in reading the same mark and timing informa-
tion is used to locate data to be played back from the tape.

This system has a number of features to improve its reliability and make it exception-
ally useful for program updating and program editing applications. These features are:
phase or polarity sensed recording on redundant tracks, bidirectional reading and
writing, and a simple mechanical mechanism utilizing hydrodynamically lubricated tape
guiding (the tape floats on air and does not touch any metal surfaces).

DECtape Format

DECtape utilizes a 10-track read/write head. Tracks are arranged in five nonadjacent
redundant channels: a timing channel, a mark channel, and three information channels.
Redundant recording of each character bit on nonadjacent tracks materially reduces
bit drop outs and minimizes the effect of skew. Series connection of corresponding
track heads within a channel and the use of Manchester phase recording techniques,
rather than amplitude sensing techniques, virtually eliminate drop outs.

The timing and mark channels control the timing of operations within the control unit
and establish the format of data contained on the information channels. The timing
and mark channels are recorded prior to all normal data reading and writing on the
information channels. The timing of operations performed by the tape drive and some
control functions are determined by the information on the timing channel. Therefore,
wide variations in the speed of tape motion do not affect system performance. Infor-
mation read from the mark channel is used during reading and writing data, to
indicate the beginning and end of data blocks and to determine the functions per-
formed by the system in each control mode.

During normal data reading, the control assembles 12-bit computer length words
from four successive lines read from the information channels of the tape. During
normal data writing, the control disassémbles 12-bit words and distributes the bits
so they are recorded on four successive lines on the information channels. A mark
channel error check circuit assures that one of the permissible marks is read in every
six lines on the tape. This 6-line mark channel sensing requires that data be recorded
in 12-line segments (12 being the lowest common multiple of 6-line marks and 4-line
data words) which correspond to three 12-bit words.

99



100

TIMING TRACK | N

MARK TRACK | ! [ t .0 o0 o 1 t ' o o o i ' { o o o ' U t o
INFORMATION TRACK | P00 bk e 0 0k 0 a1 e e
INFORMATION TRACK 2 ©o f 0 1 0 1 1 0 1 0 1 0 © 0 ¥+ 4 F 0 1 4 o 0 1

. . £
INFORMATION TRACK 3 b0t 00 LR " A R e 1t 0 0 0

s ' T 38"

INFORMATION TRACK 1A :
(Some 08 1T 1) o 1 ! O+ 0 1. 1+ 0 06 0 F 0 b U L o 1 0 1 0
INFORMATION TRACK 2A t 0+ 0 4 6 1 1 @ F B 4 0 0 0 L + t 9 4 1 1 o
(Same as 1T 2) i
INFORMATION TRACK 3A : ¥ . REDUNDANT
(Some os 1T 3) i 0 1 0 1 0 1 o ‘I 0 1 0. 1 0 4 0 t 1.0 o0 TRACKS

MARK TRACK 1A
(Some as MT [}

TIMING TRACK 1A
(Some as TT 1)

Figure 9 DECtape Track Allocations
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A tape contains a series of data blocks that can be of any length which is a multiple
of three 12-bit words. Block length is determined by information on the mark channel.
Usually a uniform block length is established over the entire length of a reel of tape
by a program which writes mark and timing information at specific locations. The
ability to write variable-length blocks is useful for certain data formats. For example,
small blocks containing index or tag information can be alternated with large blocks
of data. (Software supplied with DECtape allows writing for fixed block lengths only.)

Between the blocks of data are areas called interblock zones. The interblock zones
consist of 30 lines on tape before and after a block of data. Each of these 30 lines
is divided into five 6-line control words. These 6-line control words allow compati-
bility between DECtape written on any of DEC's 12-, 18-, or 36-bit computers. As used
on the PDP-8, only the last four lines of each control word are used.

Block numbers normally occur in sequence from 1 to N. There is one block

numbered O and one block N-+1. Programs are entered with a statement of the first
block number to be used and the total number of blocks to be read or written. The
total length of the tape is equivalent to 849,036 lines which can be divided into any
number of blocks up to 4096 by prerecording of the mark track. The maximum number
of blocks is determined by the following equation in which Ny = number of blocks and
Nw = number of words per block (Nv, must be divisible by 3).

212112
(N. 1 15)

DECtape format is illustrated in Figures 9 through 12.

NB = ‘2

DECtape Dual Transport Type 555

and
DECtape Control Type 552

The Type 555 Dual DECtape Transport consists of two logically independent tape
drives, capable of handling 3.5-inch reels of 0.75-inch magnetic tape. Bits are recorded
at a density of 350 +55 bits per track inch at a speed of over 80 inches per second
on the 260-foot length of a reel. Each line on the tape is read or written in approxi-
mately 335 microseconds. Simultaneous writing occurs in three channels (three pairs
of redundant information tracks), while reading occurs in the mark and timing channels
(two pairs of redundant tracks).

The Type 552 DECtape Control operates up to four 555 transports (8 drives) to
transfer binary information read from the tape into 12-bit computer words approxi-
mately every 13315 microseconds. In writing, the control disassembles 12-bit com-
puter words so that they are written at four successive lines on tape. Transfers between
the computer and the control always occur in parallel for a 12-bit word. Data transfers
use the data break facilities of the computer. As the start and end of each block are
detected by the mark track detection circuits, the control raises a DECtape (DT) flag
which causes a computer program interrupt. The program interrupt is used by the
computer program to determine the block number and when it determines that the
forthcoming block is the one selected for a data transfer, it selects the read or write
control mode. Each time a word is assembled or the DECtape is ready to receive a
word from the computer, the control raises a data flag. This flag is connected to the
computer data break facility to signify a break request. Therefore, when the desired
block is detected, the data flag causes a data break and initiates a transfer. By using
the mark track decoding circuits and data break facility in this manner, computation
in the main computer program can continue during tape operations.
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Data Buffer (DB): This 12-bit register serves as a storage buffer for data to be
transferred between DECtape and the computer memory buffer register. During a
read operation information sensed from the tape is transferred into the DB from the
read/write buffer and is transferred to the computer during a data break cycle. During
a write operation the DB received information from the computer and transfers it to
the read/write buffer for disassembly and recording on tape. In this manner the DB
synchronizes data transfers by allowing transfers between itself and the read/write
buffer as a function of the tape timing.

Read/Write Buffer (R/WB): This 12-bit register is composed of three 4-bit shift
registers. During reading, one bit from each information track is read into a separate
segment of the R/WB and shifted right or left as a function of the direction of tape
movement. When four tape positions have been read, the content of the R/WB
is set into the DB as an assembled 12-bit computer word. During writing, the
contents of each segment of the R/WB is shifted serially to the write register (one bit
from each of the three segments of the R/WB is transferred into the write register at
a time to provide the data to be written at one line) for recording on tape.

Write Register: A 3-bit register which is alternately loaded from the R/WB and
complemented to write the phase-coded information on tape.

Select Register: This 4-bit register is loaded under program control to specify
the tape drive selected for operation from the control unit. A single Type 522

DECtape Control can select the drives of four Type 555 Dual DECtape Transports
(eight tape drives).

Motion Register: This 2-bit register contains a go/stop flip-flop and a forward/
reverse flip-flop which control the motion of the selected tape drive. The register is
set under program control.

Longitudinal Parity Buffer (LPB): This 6-bit register performs a parity check of
the information in the three information tracks. The check essentially reads the
number of binary zeros in each half of a 12-bit data word and forms a parity bit to
be recorded in the checksum control word at the end of the data block. This is
effected by setting the information read from two consecutive tape positions into the
LPB and then complementing a bit of the LPB if the corresponding bit of the R/WB
contains a 0. After reading a block of data the LPB holds a number which indicates
the parity of bits 0 and 6, 1 and 7, etc. A 1 in the LPB at this time indicates odd
parity and a O indicates even parity. When a block of data has been read correctly the
LPB contains all binary ones. If the LPB does not contain all ones when a block of data
has been read, the parity or mark track error flip-flop is set to 1.

Memory Address Counter (MAC): This 12-bit register specifies an address in computer
core memory to be used for each word transfer. During program initialization.
the starting address of a transfer is set into MAC from the computer accumulator.
During the transfer, the address contained in MAC is transferred into the computer
memory address register for each data word. The contents of MAC is incremented by
1 at the conclusion of each word transfer so that the transfers occur between succes-
sive addresses of computer core memory and tape, regardless of tape direction.

Window (W): This 9-bit register serves as a control signal generator for the
DECtape system. The mark track data is stored in the W and control signals are
generated as a function of the mode of operation in progress and the contents of
the W. For example, in the search mode when the W detects a block mark, control
signals are generated to raise the DECtape (DT) flag to indicate the presence of a
block number in the DB and signals the start of data block to the computer.



Device Selector (DS): The device selector is a gating circuit which produces the 10T
pulses necessary to initiate operation of the DECtape system and strobe information
into the computer.

Dectape Flag (DT): This flip-flop serves as an indicator of DECtape system operation
to the computer and is connected to the computer program interrupt facility. The
function of the DT flag is determined by the control mode in operation at the time,
as follows:

a. In the search mode the DT flag rises each time a block mark (block number)
is read to indicate the beginning of a new block and to allow programmed
determination of the block number which just passed the read/write head.

b. In the read data or write data modes the DT flag rises at the end of each
block to indicate the end of a data block. Under these conditions the computer
program can sense for this flag to determine when the transfer is complete.

c. In the read all bits or write all bits modes the DT flag rises to indicate
completion of each 12-bit word transfer. Since block marks are not observed
in these modes, this flag can be used by the computer program to count the
number of words transferred as a means of determining tape location.

Error Flag: This flag is raised by four error conditions. When the flag rises it initiates
a program interrupt to allow the computer interrupt subroutine to determine the
condition of the 552 control by means of a read status command. The four error
conditions indicated are:

a. End: The tape of the selected transport is in the end zone and tape motion
I1s stopped automatically. Under these conditions end is an error if it is
not expected by the program in process or is a legitimate signal used to
indicate the end of a normal operation (such as rewind) if it is anticipated
by the program. If the transport is not selected when the tape enters the
end zone this signal is not given, tape motion is not stopped automatically.
and the tape can run off the end of the reel.

b. Timing Error: The program was not able to keep pace with the tape transfer
rate or a new motion or select command was issued before the previous
command was completely executed.

f‘)

Parity or Mark Track Error: Indicates that during the course of the previous
block transfer a data parity error was detected, or one or more bits have
been picked up or dropped out from either the timing track or the mark track.

d. Select Error: Signifies that a tape transport unit select error has occurred
such that more than one transport in the system have been assigned the same
select code or that no transport has been assigned the programmed select code.

Therefore, a select error indicates an error by the operator, a timing error is a program
error, and a parity or mark channel error indicates an equipment malfunction. Under
certain conditions the end may also be an indication of equipment malfunction.

Data Flag: This flag is raised each time the DECtape system is ready to transfer a
12-bit word with the computer. When raised, the flag produces a computer data break.
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INSTRUCTIONS

DECtape system commands are microinstructions of the PDP-8 input-output transfer
(I0T) instruction, as listed in the following paragraphs:
LOAD SELECT REGISTER (MMLS)
Octal Code: 6751
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The unit select register (USR) is loaded from the content of bits 2 through
5 of the AC, the DECtape flag (DT) is cleared, and a delay is initiated. Loading of
the USR involves relay switching which takes approximately 70 milliseconds. When
the delay expires the DT flag is set as an indication that loading of the USR is
complete and the next DECtape instruction can be given.

Symbol: AC2-5 = > USR
1 = > DT when done

LOAD MOTION REGISTER (MMLM)
Octal Code: 6752
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The motion register (MR) is loaded from the content of bits 7 and 8 of the
AC, the DECtape flag is cleared, and a 70 millisecond delay is initiated. When the
delay expires the DT flag is set, indicating that loading of the MR is completed and
the next DECtape instruction can be given.

Symbol: AC7-8 = > MR
1 = > DT when done

LOAD FUNCTION REGISTER (MMLF)
Octal Code: 6754

Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The function register (FR) is loaded from the content of bits 9 through
11 of the AC, then the AC is cleared. Octal decoding of these three bits establish
the following DECtape control modes:

0 = Move 4 = Write data
1 = Search 5 = Write all bits
2 = Read data 6 = Write mark and timing
3 = Read all bits
Symbol: AC9-11 => FR,
then 0 => AC

LA
Octal Code: 6761 SKIP ON DECTAPE FLAG (MMSF)

Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the DECtape flag is sensed, and if it contains a binary 1,
the content of the PC is incremented by one so the next instruction is skipped.

Symbol: 1f DT = 1,then PC + 1 => PC



CLEAR MEMORY ADDRESS COUNTER (MMCC)

Octal Code: 6762

Event Time: 2

Indicators: I0T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The memory address counter (MAC) is cleared.

Symbol: 0 = > MAC

LOAD MEMORY ADDRESS COUNTER (MMLC)

Octal Code: 6764

Event Time: 3

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: A transfer of binary ones is performed from the content of the AC into the

memory address counter, then the AC is cleared.

Symbol: ACV MAC = > MAC
then O = > AC

SKIP ON ERROR FLAG (MMSC)

Octal Code: 6771

Event Time: 1

Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the error flag is sensed, and if it contains a 1 (signifying
that an error has been detected) the content of the PC is incremented by one so the

next sequential instruction is skipped.
Symbol: If Error Flag —= 1. thenPC ~ 1 => PC

CLEAR FLAGS (MMCF)
Octal Code: 6772
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: Both the DECtape and error flags are cleared.
Symbol: 0 => DT, Error Fiag

READ STATUS (MMRS)
Octal Code: 6774

Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
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Operation: The condition of the status levels is transferred into bits O through 7 of
the AC. The AC bit assignments are:

ACO = DT flag

ACl = Error flag

AC2 = End (selected tape at end point)

AC3 = Timing error

AC4 - Reverse tape direction

AC5 = Go

AC6 = Parity or mark track error

AC7 - Select error

Symbol: Status Levels V ACO-7 = > ACO-7
CONTROL MODES

The seven modes of operation loaded into the function register during the MMLF
command are used as follows:

Il

Move: Initiates movement of the selected transport tape in either direction. Mark
channel errors are inhibited in this mode.

Search: As the tape is moved in either direction, sensing a block mark causes both
the data flag and the DT flag to rise. The data flag causes a computer data break
to deposit the block number in core memory at the address held in MAC. The DT flag
initiates a program interrupt to cause the program to jump to a subroutine which is
responsible for checking the block numbers by using either the block number stored
during this operation or by counting the number of times the DT flag rises.

Read Data: A block of data is read in either direction, the data flag rises to cause a
data break each time a 12-bit word is to be transferred, and the DT flag is raised to
initiate a program interrupt at the end of the data block. The program is responsible
for controlling tape motion at the end of a block transfer and must stop motion or
change the content of the function register when the DT flag rises. The transport
continues reading until taken out of the read data mode.

Read All Bits:In this mode of operation the three information channels in data blocks
and interblock zones are continuously read and transferred to the computer. This mode
is similar to the read data mode except that the DT flag rises each time the data flag
rises. The read all bits mode is used to read an unusual tape format which is not
compatible with the read data mode. The DT flag is inhibited from causing a program
interrupt in this mode

Write Data: A block of data is written on tape in either direction, the data flag is raised
to effect each transfer, and the DT flag is raised at the end of the block as in the read
data mode.

Write All Bits: This special mode of operation is used to write information at all posi-
tions, disregarding blocks (such as in writing block numbers). The mode is similar to
the read all bits mode for writing. The DT flag does not cause a program interrupt in
this mode.

Write Mark and Timing: Ths mode is used to write on the timing and mark channels
to establish or change block length.

PROGRAMMED OPERATION

Prerecording of a reel of DECtape, prior to its use for data storage, is accomplished
in two passes. During the first pass, the timing and mark channels are placed on the
tape. During the second pass, forward and reverse block mark numbers, the standard
data pattern, and the automatic parity checks are written. Since part of the data word



must be reserved to produce the mark channel, it is impossible to write intelligent data
in the information channels at the same time. For this reason, the two passes are re-
quired. Prerecording utilizes the write timing and mark channel control mode and a
manual switch in the control which permits writing on the timing and mark channels,
activates a clock which produces the timing channel recording pattern, and enables
flags for program control. Unless both this control mode and switch are used simul-
taneously, it is physically impossible to write on the mark or timing channels. A red
indicator lights on all transports associated with the control when the manual switch is
in the “‘on’’ position. Under these conditions only, the write register and write amplifier
used to write on information channel 0 (bits O, 3, 6, and 9) is used to write on the
mark channel.

Two PDP-8 I0T microinstructions initiate operation of the DECtape system: the first
(MMMM) loads the select register, motion register, and function register by means
of instruction 6757 (combining MMLS, MMLM, and MMLF) and the second command
(MMML is 6766, combining MMCC and MMLC) loads the MAC with the core memory
address to be used to store the block number during searching. After initiating opera-
tion of the DECtape system, the program should always check for errors immediately
by means of the MMSC instruction. This instruction should also be used at the conclu-
sion of each transfer. A program should always start the DECtape system in the
search mode to locate the block number selected for a transfer, then when the block
number has been located the transfer is accomplished by loading the function register
with the read data or write data mode.

In searching, each block number is read by the transport and is transferred to the
control. The control raises the DT flag upon receipt of each block number and stores
the number in the computer core memory at the address contained in MAC. The
computer program, then samples the DT flag and either counts the number of blocks
passed or reads the block number from core memory and compares it with the number
it is seeking. The results of the data obtained in this way are used to further control
the search operation. Upon determining that the forthcoming block is the one selected
for a data transfer, the program loads the function register with either the read data
or write data mode. Entering another mode discontinues the search mode. The starting
address to be used for the first core memory address of the transfer is then set into
the MAC by the computer.

When the start of the data position of the block is detected the data flag is raised to
initiate a data break each time the DECtape system is ready to transfer a 12-bit word.
Therefore. the main computer program continues running but is interrupted approxi-
mately every 13313 microseconds during a data break for the transfer of a word.
Transfers occur between DECtape and successive core memory locations, commencing
at the address previously set into MAC. The number of words transferred is determined
by the size of the selected tape block. At the conclusion of the block transfer the
DT flag is raised and a program interrupt occurs. The interrupt subroutine checks the
DECtape error flag to determine the validity of the transfer and either initiates a
search for the next information to be transferred or returns to the main program.

During all normal writing transfers, a checksum (the 6-bit exclusive OR of the words
in the data block) is computed automatically by the control and is automatically
recorded as one of the control words in the interblock zone immediately following the
end of the data block. This same checksum is used during reading to determine that
the data playback and recognition takes place without error.
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Any one of the eight tape drives may be selected for use by the program. After using
a particular drive. the program can stop the drive currently being used and select a
new drive. or can select another drive while permitting the original selection to con-
tinue running. This is a particularly useful feature when rapid searching is desired,
since several transports may be used simultaneously. Caution must be exercised
however, for although the earlier drive continues to run. no tape end detection or
other sensing takes place. Automatic end sensing that stops tape motion occurs in
all modes. but only in the selected tape drive.

Whenever either the motion or select code is changed, the program must wait until
the DT flag is set to 1 before giving another motion or selection command. In other
words, to prevent a timing error all operations of the currently selected drive must be
completed before issuing a new select code.

DECtape Transport Type TU55
and
DECtape Control Type TCOI

A DECtape system configuration contains up to eight TU55 transports operated from
one TCO1 control. All data transfers occur between the computer and the control and
are effected by the three-cycle data break facility. A 12-bit data buffer in the control
synchronizes transfers between the TCO1 and the PDP-8 data break facility. Data read
from four consecutive lines on tape by the transport are assembled into 12-bit words
by a read/write buffer in the control for transfer to the computer. Data loaded into the
control from the computer is disassembled by the read/write buffer and supplied to
the transport for writing on four lines of tape.

Transfer of command and control signals between the computer and the control is
effected by normal 10T instructions. Small registers and control flip-flops in the TCO1
are joined to serve as two status registers for the transfer of command and control
information with the PDP-8 accumulator. Bit assignments of these registers is indi-
cated in Figure 13 and Figure 14 .

DECTAPE TRANSPORT TYPE TU55

The TUS5 is a bidirectional magnetic-tape transport consisting of aread/write head
for recording and playback of information on five channels of the tape. Connections
from the read/write head are made directly to the external control which contains the
read and write amplifiers.

The logic circuits of the TU55 control tape movement in either direction over the read/
write head. Tape drive motor control is exercised completely through the use of solid
state switching circuits to provide fast reliable operation. These switching circuits con-
tain silcon controlled rectifiers which are controlled by normal DEC diode and tran-
sistor logic circuits. These circuits control the torque of the two motors which transport
the tape across the head according to the established function of the device, i.e., go,
stop, forward. or reverse. In normal tape movement, full torque is applied to the forward
or leading motor and a reduced torque is applied to the reverse or trailing motor to keep
proper tension on the tape. Since tape motion is bidirectional, each motor serves as
either the leading or trailing drive for the tape, depending upon the forward or reverse
control status of the TU55. A positive stop is achieved by an electromagnetic brake



mounted on each motor shaft. When a stop command is given, the trailing motor brake

latches to stop tape motion. Enough torque is then applied to the leading motor to take
up slack in the tape.

Tape movement can be controlled by commands originating in the computer and
applied to the TU55 through the TCO1 DECtape Control, or can be controlied by com-
mands generated by manual operation of rocker switches on the front panel of the
transport. Manual control is used to mount new reels of tape on the transport, or as a
quick maintenance check for proper operation of the control logic in moving the tape.

DECTAPE CONTROL TYPE TCO1

The TCO1 DECtape Control operates up to eight TU55 DECtape Transports. Binary
information is transferred between the tape and the computer in 12-bit computer words
approximately every 13315 microseconds. In writing, the control disassembles 12-bit
computer words so that they are written at four successive lines on tape. Transfers
between the computer and the control always occur in parallel for a 12-bit word. Data
transfers use the three-cycle data break facility of the computer. As the start and end
of each block of data are detected by the mark track detection circuits, the control
raises a DECtape control flag (DTCF) which requests a computer program interrupt.
The program interrupt is used by the computer program to determine the block num-
ber. When it determines that the forthcoming block is the one selected for a data
transfer it establishes the appropriate read or write function. Each time a word is
assembled or the DECtape system is ready to receive a word from the computer, the
control raises a data flag (DF). This flag is connected to the computer data break
facility to request a data break. Therefore, when each 12-bit computer word is assem-
bled, the data flag causes a transfer via the three-cycle data break. By using the mark
channel decoding circuits and the data break in this manner, computation in the main
computer program can continue during DECtape operations.

Four program flags in the control serve as condition indicators and request originators.

DECtape Flag (DT): This flag indicates the active/done status of the current function
and is connected to the instruction skip facility.

Data Flag (DF): This flag requests a data break to transfer a block number into the

computer during a search function, or when a data word transfer is required during a
read or write function.

DECtape Control Flag (DTCF): This flag, when enabled by a binary 1 in bit 9 of status
register A, requests a program interrupt if either the DECtape flag or the error flag is set.

Error Flag (EF): Detection of any non-operative condition by the control sets this flag
in status register B and stops the selected transport. The error conditions indicated
by this flag are:

a. Mark Track Error: This error occurs any time the information read from the
mark channel is erroneously decoded.

b. End of Tape: The end zone on either end of the tape is over the read head.

c. Select Error: This error occurs a few microseconds after loading status reg-
ister A to indicate any one of the following conditions:
1. Specifying a unit select code which does not correspond to any transport
select number, or which is set to multiple transports.

2. Specifying a write function with the WRITE ENABLED/WRITE LOCK switch
in the WRITE LOCK position on the selected transport.
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Specifying an unused function code (i.e. AC6-8 = 111).

Specifying any function except read all with the NORMAL/WRTM/RDMK
switch in the RDMK position.

Specifying any function except write timing and mark track with the
NORMAL/WRTM/RDMK switch in the WRTM position.

Specifying the write timing and mark track function with the NORMAL/
WRTM/RDMK switch in a position other than WRTM.

d. Parity Error: This error occurs during a read data function if the longitudinal

parity over the entire data word, the reverse checksum, and the checksum
is not equal to 1.

e. Timing Error: This error indicates a program fault caused by one of the fol-
lowing conditions:

1.

2.

3.

A data break did not occur within 66 microseconds of the data break
request.

The DT flag was not cleared by the program before the control attempted
to set it.

The read data or write data function was specified while a data block was
passing the read head.

INSTRUCTIONS

Instructions for a TCO1/TU55 system are microprogrammed commands of the PDP-8
10T instruction and are defined as follows:

Octal Code:

Event Time:

READ STATUS REGISTER A (DTRA)

6761
1

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The content of status register A is loaded into the accumulator by an OR
transfer. The AC bit assignments are:

ACO-2

= Transport unit select number

AC3(0) = Forward

AC3(1) = Reverse

AC4(0) = Stop

AC4(1) = Go

AC5(0) = Normal mode
AC5(1) = Continuous mode

AC6-8
AC6-8
AC6-8
AC6-8
AC6-8
AC6-8
AC6-8
AC6-8

= Move function

= Search function

= Read data function

Read all function

Write data function

= 5 = Write all function

= 6 = Write timing and mark tracks function
= 7 = Unused (causes a select error if issued)

I

W= O

Il

AC9(0) = DECtape control flag and error flag disabled from causing a program

interrupt



AC9(1) = DECtape control flag and error flag enabled to cause a program
interrupt

Symbol: ACO-9 V Status Register A= > ACO0-9

CLEAR STATUS REGISTER A (DTCA)

Octal Code: 6762

Event Time: 2

Indicators: |0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: Status register A is cleared. The DECtape control and error flags are
undisturbed.

Symbol: 0 => Status Register A

LOAD STATUS REGISTER A (DTXA)
Octal Code: 6764
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The exclusive OR of the content of bits O through 9 of the accumulator is
loaded into status register A, and bits 10 and 11 of the accumulator are sampled to
control clearing of the error and DECtape flags, respectively. Loading status register A
from ACO-9 establishes the transport unit select code, motion control, function, and
enables or disables the DECtape control flag to request a program interrupt as de-
scribed in the DTRA instruction. The sampling of AC10 and AC11 is as follows:

AC10(0) = Clear all error flags
AC10(1) = All error flags undisturbed
AC11(0) = Clear DECtape flag
AC11(1) = DECtape flag undisturbed

Symbol: ACO-9 V Status Register A = >> Status Register A

It AC10 = O, then 0 => EF Flag
If AC11 = O, then 0 = > DT Flag

SKIP ON FLAGS (DTSF)
Octal Code: 6771

Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of both the error flags and the DECtape control is sampled, and

if any flag contains a binary 1, the content of the program counter is incremented by
one to skip the next sequential instruction.

Symbol: If EF Flag = 1 VDTCF Flag = 1, then PC + 1 => PC
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READ STATUS REGISTUS B (DTRB)
Octal Code: 6772
Event Time: 2
Indicators: |0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of status register B is loaded into the accumulator by an OR
transfer. The AC bit assignments are:

ACO = Error flag (Error flag = mark track error V end of tape V select error V
parity error V timing error)

AC1 = Mark track error

AC2 = End of tape

AC3 = Select error

AC4 = Parity error

AC5 = Timing error

AC6-8 = Memory field

AC9-10 = Unused

AC11 = DECtape flag

Symbol: AC V Status Register B = > AC

LOAD STATUS REGISTER B (DTLB)
Octal Code: 6774

Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The memory field register portion of status register B is loaded by an OR
transfer from the content of bits 6 through 9 of the accumulator.

Symbol: AC6-8 V Memory Field = > Memory Field

CONTROL MODES

The DECtape system operates in either the normal or continuous mode, as determined
by bit 5 of status register A during a DTXA command. Operation in each mode is as
follows:

Normal (NM): Data transfers and flag settings are controlled by the tormat of infor-
mation on the tape.

Continuous (CM): Data transfers and flag settings are controlled by a word count (WC)
read from core memory during the first cycle of each three-cycle data break; and by
the tape format.

FUNCTIONS

The DECtape system performs one of seven functions, as determined by the octal
digit loaded into status register A during a DTXA command. These functions are:

Move: Initiates movement of the selected transport tape in either direction. Mark
channel decoding is inhibited in this mode except for end of tape.



Search: As the tape is moved in either direction, sensing a block mark causes a data
transfer of the block number. If the word count overflows (WCQ) in either NM or CM,
the DT flag is set and causes a program interrupt. After finding the first block number,
the CM can be used to avoid all intermediate interrupts between the current and the
desired block number. This makes a virtually automatic search possible.

Read Data: This function is used to transfer blocks of data into core memory with the
transfer controlled by the tape format. In NM the DT flag is set at the end of a block
and causes a program interrupt. In CM transfers stop when the word count overflows,
the remainder of the block is read for parity checking, and then the DT flag is set.

Read All: Read all is used to read tape in an unusual format, since it causes all lines
to be read. In NM the DT flag is set at each data transfer. In CM the DT flag is set when
WCO occurs. In either case the DT flag causes a program interrupt.

Write Data: This function is used to write blocks of data with the transfer controlled
by the standard tape format. After WCO occurs, zeros are written in all lines of the tape
to the end of the current block. Then the parity checksum for the block is written. The
DT flag rises as the in the read data function.

Write All: The write all function is used to write an unusual tape format (e. g., block
numbers). The DT flag raisings are similar to the read all function.

Write Timing and Mark Track: This function is used to write on the timing and mark
tracks. This permits blocks to be established or block lengths to be changed. The DT
flag raisings are also similar to the read all function. This function is illegal unless a
manual switch in the control is on.

PROGRAMMED OPERATION

Prerecording of a reel of DECtape, prior to its use for data storage, is accomplished
in two passes. During the first pass, the timing and mark channels are placed on the
tape. During the second pass, forward and reverse block mark numbers, the standard
data pattern, and the automatic parity checks are written. These functions are per-
formed by the DECTOG program. Prerecording utilizes the write timing and mark chan-
nel function and a manual switch on the control which permits writing on the timing
and mark channels, activates a clock which produces the timing channel recording
pattern, and enables flags for program control. Unless both this control function and
switch are used simultaneously, it is physically impossible to write on the mark or
timing channels. A red indicator lamp on the control lights when the manual NORMAL/
WRTM/RDMK switch is in the WRTM position. Under these conditions only, the write
register and write amplifier used to write on information channel 1 (bits O, 3, 6, and 9)
is used to write on the mark channel. This operation of prerecording need only be per-
formed once for each reel of DECtape.

There are two registers in the TCO1 DECtape Control that govern tape operation and
provide status information to the operating program. Status register A (see Figure 13)
contains three unit selection bits, two motion bits, the continuous mode/normal mode
bit, three function bits, and three bits that control the flags. Status register B (see
Figure 14) contains the three memory field bits and the error status bits. PDP-8 I0T
microinstructions are used to clear, read, and load these registers. In addition, there
is an 10T skip instruction to test control status.
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ENABLE DECTAPE
CONTROL

NORMAL / FLAG TC CAUSE CLEAR/CLEAR
TRANSPORT UNIT CONTINUOUS A PROGRAM DECTAPE
SELECT NUMBER MODE INTERRUST FLAG

- o N —~M —~M —M
o 1 2 3 4 5 6 7 8 9 10 1

;V_/\_\,__/ N ~ J —
FORWARD/ STOP/ FUNCTION CLEAR/CLEAR
REVERSE GO A ERROR

A- - N FLAGS

MOTION 0= MOVE 5= WRITE ALL
) 1 = SEARCH 6= WRITE TIMING

2 = READ DATA AND MARK TRACKS

3:READ ALL 7=UNUSED (CAUSES

4 = WRITE DATA SELECT ERROR)

Figure 13 DECtape Status Register A Bit Assignments

ERROR END OF PARITY MEMORY DECTAPE
FLAG TAPE ERROR FIELD FLAG
A
~— — ~— s — T
0 1 2 3 4 5 6 7 8 9 10 K

—_— e Y

MARK SELECT TIMING UNUSED
TRACK ERROR ERROR
ERROR

Figure 14 DECtape Status Register B Bit Assignments

Since all data transfers between DECtape and PDP-8 memory are controlled by the
data break facility, the program must set the word count (WC) and current address
(CA) registers (locations 7754 and 7755 respectively) before a data break. After ini-
tiating a DECtape operation, the program should always check for error conditions (a
program interrupt would be initiated if the error flag is enabled and if the program
interrupt system is enabled). The DECtape system should be started in the search
function to locate the block number selected for transfer and then, when the correct

block is found, the transfer is accomplished by programmed setting of the WC, CA,
and status register A.

When searching, the DECtape control reads only block numbers. These are used by
the operating program to locate the correct block number. In NM, the DECtape flag
is raised at each block number. In CM, the DECtape flag is raised only after the word
count reaches zero. The current address is not incremented during searching and the
block number is placed in core memory at the location specified by the content of the
CA. Data is transferred to or from the PDP-8 core memory from locations specified by
the CA register; which is incremented by one before each transfer.

When the start of the data position of the block is detected, the data flag is raised to
initiate a data break request to the data break facility each time the DECtape system
is ready to transfer a 12-bit word. Therefore, the main computer program continues
running but is interrupted approximately every 13315 microseconds for a data break
to transfer a word. Transfers occur between DECtape and successive core memory
locations specified by the CA. The initial transfer address -1 is stored in the CA by an
initializing routine. The number of words transferred is determined only by tape format
in NM, or by tape format and the word count in CM. At the conclusion of the data
transfer the DT flag is raised and a program interrupt occurs. The interrupt subroutine



checks the DECtape error bits to determine the validity of the transfer and either initi-
ates a search for the next information to be transferred or returns to the main program.

During all normal wriiing transfers, a checksum (the 6-bit logical equivalence of the
words in the data block) is computed automatically by the control and is automatically
recorded as one of the control words immediately following the data portion of the
block. This same checksum is used during reading to determine that the data playback
and recognition take place without error.

Any one of the eight tape transports may be selected for use by the program. After
using a particular transport, the program can stop the transport currently being used
and select another transport, or can select another transport while permitting the
original selection to continue running. This is a particularly useful feature when rapid
searching is desired, since several transports may be used simultaneously. Caution
must be exercised however, for although the original transport continues to run, no
tape end detection or other sensing takes place. Automatic end sensing that stops tape
motion occurs in all functions, but only in the selected tape transport.

The following is a list of timing considerations for programmed operations. (Ns = the
number of block numbers to be read in the search function and continuous mode,
counting through the one causing the WCO. Only the block number causing the WCO
requests a program interrupt. Ny == number of words transferred + the number of
words per block. If the remainder = 0, use the next larger whole number. N, = num-
ber of words transferred.)

Operation Timing
Answer a data break request Up to 66 microseconds, =30%
Word transfer rate One 12-bit word every 133 microseconds, +=309%
Block transfer rate One 129-word block every 18.2 milliseconds, +=30%
Start time 375* milliseconds, =20%
Stop time 375* milliseconds, +=20%
Turn around time 375* milliseconds, =20%

Change function from search to 400 microseconds, =309%
read data for the current block
after DT flag from block number
Change function from search to 400 microseconds, =30%
write data for current block
after DT flag from block number
Change function from read data 1000 microseconds, ==30%
to search for the next block after
DT flag from transfer completion
Change function from writé data 1000 microseconds, +=30%
to search for next block after
DT flag from transfer completion
DECtape flag rises

In continuous mode

Move function Never

Search function (Ns) x (18.2 milliseconds, ==309%)

Read data function (Np) x (18.2 milliseconds, =309%)

Read all function (N.) x (133 microseconds, +=309%)
Write data function (Np) x (18.2 milliseconds, +=309%)

Write all function (N,) x (133 microseconds, =309%)
Write T & M function (N,) x (133 microseconds, =309%)

* These times are typical but not accurately controlled.
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Operation Timing

In normal mode

Move function Never

Search function Every 18.2 milliseconds, ==309%
Read data function Every 18.2 milliseconds, ==309%,
Read all function Every 133 microseconds, +=309%
Write data function Every 18.2 milliseconds, =30%
Write all function Every 133 microseconds, +=30%
Write T & M function Every 133 microseconds, +=309%

Software

Three types of programs have been developed as DECtape software for the PDP-8:

a. Subroutines which the programmer may easily incorporate into a program
for data storage, logging, data acquisition, data buffering (queing), etc.

b. A library calling system for storing named programs on DECtape and a means
of calling them with a minimal size loader.

c. Programs for preformatting tapes controlled by the content of the switch
register to write the timing and mark channels, to writ block formats, to exer-
cise the tape and check for errors, and to provide ease of maintenance.

Program development has resulted in a series of subroutines which read or write any
number of DECtape blocks, read any number of 129-word blocks as 128 words (one
memory page), or search for any block (used by read and write, or to position the
tape). These programs are assembled with the user’s program and are called by a
JMS instruction. The program interrupt is used to detect the setting of the DECtape
flag, thus allowing the main program to proceed while the DECtape operation is being
completed. A program flag is set when the operation has been completed. Thus, the
program effectively allows concurrent operation of several input/output devices along
with operation of the DECtape system. These programs occupy two memory pages
(400, = 256, words).

The library system has the following features: First and perhaps foremost, the system
leaves the state of the computer unchanged when it exits. Second, it calls programs by
name from the keyboard and allows for expansion of the program file stored on the tape.
Finally, it conforms to existing system conventions, namely, that all of memory, except
for the last memory page (7600,-77775), is available to the programmer. This conven-
tion ensures that the Binary Loader program (paper tape), and/or future versions of
this loader, can reside in memory at all times.

The PDP-8 DECtape library system is loaded by a 17 -instruction bootstrap routine
that starts at address 7600,. This loader calls a larger program into the last memory
page, whose function is to preserve on the tape, the content of memory from 6000,
through 75774, and then load the INDEX program and the directory into those same
locations. Since the information in this area of memory has been preserved, it can be
restored when operations have been completed. The basic system tape contains the
following programs:

a. INDEX: Typing this word causes the names of all programs currently on file
to be typed out.

b. UPDATE: Allows the user to add a new program to the files. Update queries
the operator about the program’s name, its starting address, and its location
in core memory.

c. GETSYS: Generates a skeleton library tape on a specified DECtape unit.
d. DELETE: Causes a named file to be deleted from the tape.



Starting with the basic library tape, the user can build a complete file of his active
programs and continuously update it. One of the uses of the library tape may be illus-
trated as follows:

A program is written in PDP-8 FORTRAN that is to be used repeatedly. The programmer
may call the FORTRAN compiler from the library tape and with it, compile the program,
obtaining the object program. The FORTRAN operating system may then be called from
the library tape and used to load the object program. At this time the library program
UPDATE is called, the operator defines a new program file (consisting of the FORTRAN
operating system and the object program), and adds it to the library tape. As a result,
the entire operating program and the object program are now available on the DECtape
library tape.

The last group of programs, called DECTOG, is a collection of short routines controlled
by the content of the switch register. It provides for the recording of timing and mark
channels and permits block formats to be recorded for any block length. Patterns may
be written in these blocks and then read and checked. Writing and reading is done in
both directions and checked. Specified areas of tape may be ‘‘rocked” for specified
periods of time. A given reel of tape may thus be thoroughly checked before it is used
for data storage. These programs may also be used for maintenance and checkout
purposes.
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CHAPTER 16

AUTOMATIC MAGNETIC TAPE CONTROL
TYPE 57A
Functional Description

This control buffers, compiles, synchronizes, and controls data transfers between up
to eight magnetic tape transports and the PDP-8, using program interrupts and data
breaks. Each transport requires a small interface circuit for connection to the control.
The interface required and the characteristics of the transports that can be connected
to the 57A are:

Tape
Speed Densities
Transport (ips) (bpi) Interface
DEC Type 50 75 200/556 Type 520
DEC Type 545 45 200/556/800 Type 521
IBM Model 729lI, IV 75 200/556 Type 552
IBM Model 7330* 36 200/556 Type 552
IBM Model 729V, VI 1125 200/556/800 Type 552

The following functions are controlled by various combinations of 10T instructions:

Write Space Backward
Write End of File Rewind

Write Blank Tape Rewind/Unload
Read Write Continuous
Read Compare Read Continuous
Space Forward

Tape transport motion is governed by one of two control modes: normal, in which
tape motion starts upon command and stops automatically at the end of the record;
and continuous, in which tape motion starts on command and continues until stopped
by the program as a function of synchronizing flags if status conditions appear.

All data transfers are under control of the PDP-8 data break facility; and commands
issued during a transfer control.operate, and monitor Type 57A functions by means
of the PDP-8 program interrupt facility. Assembled 12-bit PDP-8 data words pass
between the computer MB and the control final data buffer register. The core memory
address of each word transferred is specified to the computer MA by the control current
address register. Use of the program interrupt facility allows the main computer
program to continue during long tape operations without running in a loop which
waits for tape flags. The program interrupt subroutine for Type 57A loads the AC
with numbers, then issues IOT instructions to the control. Specific tape control modes
are interpreted from the content of the AC during somelOT instructions. In addition,
the current address (CA) register and the word count (WC) registers of the control
are loaded from the AC.

Tape functions can be monitored by the program either during or at the end of an
operation. They can be altered during operation to a limited degree. The control senses
for several types of possible error condition throughout an operation. The results of
this sensing can be interrogated by the subroutine at any time.

Two crystal clocks are used to generate one of three character writing rates, depending

*With restrictions



on the density (200, 556, 800) specified by the program. In writing or reading, a
composite 12-bit binary word passes between the computer and the control; that is,
bits O through 5 constitute one tape character, and bits 6 through 11 constitute a
second tape character.

In normal operation, six IOT commands initiate reading or writing of one record. When
the word count exceeds the number stored in the WC, the transport is stopped and
the control is free for another command. In continuous operation, any number of
records is written or read without the need for further transport commands except stop.

The following automatic safeguards are inherent in the design of Type 57A:

END POINT

If the end pointis reached during reading or writing,the controlignores the end point and
finishes the operation (ample tape is allowed). Beyond the end point tape commands
specifying forward direction are illegal and the tape will not respond to such com-

mands. If the end point is passed during spacing, the transport is shut down regardless
of word count.

LOAD POINT

If the load point is reached during back spacing the transport is stopped regardless
of word count. At load point, a space back command is legal, and the tape may be
unloaded. When the write command is given at load point, the tape is erased 3 inches
beyond the load point before writing the first record. After giving a read command
at the load point, the read logic is disabled until the load point marker passes the
read head, then the read logic is enabled.

WRITE LOCK RING

Without the write lock ring in the tape reel, writing is illegal and the transport will
not respond to a write command.

FORMAT CONTROL

If the PDP-8 halt command is given during normal reading or read comparing, the
tape proceeds to the end of record, and the control shuts down the transport. If a
halt is given in continuous reading or read comparing the transport will proceed to
end of tape and shut down. If a halt command is given in normal spacing, the trans-
port will proceed to EOR and shut down. If halt is given during continuous spacing,
the transport will proceed until WC overflows or until it senses a file marker, load
point, or end point, then shut down.

If halt is given during writing in the normal mode, the last word to be transferred
is written, the rest of the record is written as zeros, and the transport is shut down.
If halt is given during writing in the continuous mode, the record is completed; then
zeros are written to the end of the tape. If a WC overflow occurs during a normal
read or read compare, the transport proceeds to EOR before shutting down.

Instructions

The functions of Type 57A Automatic Magnetic Tape Control are controlled by combi-
nations of the following IOT instructions:
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SKIP ON TAPE CONTROL READY (MSCR)
Octal Code: 6701

Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The Tape Control Ready signal level is sampled, and it is in the binary 1
status, indicating the tape control is free to accept commands, the content of the PC is
incremented by one so that the next sequential instruction is skipped.

Symbol: If Tape Control Ready = 1, then PC + 1 => PC

CLEAR AND DISABLE (MCD)
Octal Code: 6702

Event Time: 2
Indicators: |0T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The job done flag, command register, word count overflow (WCO) flag, and
end of record (EOR) flag are cleared. This instruction should be immediately preceded
by the two instructions CLA and TAD (4000) to obtain the operation indicated. Both
the WCO and EOR flags are connected to the program interrupt facility.
Symbol: Inhibit Job Done Flag

0 => Command Register, WCO, EOR

TAPE SELECT (MTS)
Octal Code: 6706
Event Time: 2, 3
Indicators: I0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The job done flag is inhibited from causing a program interrupt and clear
the WCO and EOR flags are cleared. Then select the transport unit, the mode of parity,
and the bit density from the content of the AC. The AC bit assignments are:

AC1(0) = High sense level

AC1(1) = Low sense level

AC2(0) = 200 or 556 bpi density

AC2(1) = 800 or 550 bpi density

AC8(0) = 200 bpi density

AC8(1) = 556 bpi density

AC2 AC8 Density
0 0 200
0 1 556
1 0 800
1 1 556



AC7(0) = Even parity (BCD)

AC7(1) = Odd parity (binary)

AC9-11 = These three bits select one of eight
tape units, addresses O through 7.

Symbol: Inhibit Job Done Flag
0 => WCO, EOR
AC1-11 = > Select Status

SKIP ON TAPE UNIT READY (MSUR)
Octal Code: 6711
Event Time: 1
Indicators: I0T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The selected tape transport ready (TTR) status is sampled, and if the
transport is ready the content of the PC is incremented by one and the next instruction
is skipped. The selected unit must be free before the following MTC command is given.
Symbol: If TTR = 1,then PC + 1 => YPC

TERMINATE CONTINUOUS MODE (MNC)
Octal Code: 6712
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The CONTINUE flip-flop in the control is cleared to establish the Normal
mode of operation, then the AC is cleared. This command should be immediately

preceded by CLA and TAD commands to load the AC with the number 4000 to obtain
the operation indicated.

Symbol: 0 => CONTINUE, AC
LOAD TAPE COMMAND (MTC)
Octal Code: 6716
Event Time: 2,3
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The tape command register is loaded from the content of bits 3 through
6 of the AC. Bit 6 selects the motion mode and bits 3 through 5 are decoded as follows:
AC6(0) = Normal
AC6(1) = Continuous
AC3-5 = 0 = No operation
1 = Rewind
2 = Write
3 = Write end of file (EOF)
4 = Read compare
= Read
Space forward
= Space backward

NoO o
i

Symbol: AC3-6 = > Tape Command Register
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SKIP ON WCO FLAG (MSWF)
Octal Code: 6721

Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the word count overflow (WCO) flag is sensed, and if it con-
tains a 1 the content of the PC is incremented by one so the next instruction is skipped.

Symbol: 1f WCO = 0, the PC +1 => PC

DISABLE THE WCO FLAG (MDWF)
Octal Code: 6722

Event Time: 2

Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The WCO flag is inhibited from causing a program interrupt.
Symbol: None

CLEAR WCO FLAG (MCWF)
Octal Code: 6722

Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The WCO flag is cleared. This instruction should be immediately preceded
by commands that load the number 2000 into the AC to obtain the indicated operation.

Symbol: 0 => WCO

ENABLE WCO FLAG (MEWF)
Octal Code: 6722

Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The WCO flag is enabled to cause a program interrupt upon word count
overflow. To obtain this operation the MEWF command must be immediately preceded
by a sequence that loads the number 4000 into the AC.

Symbol: None

INITIALIZE WCO FLAG (MIWF)
Octal Code: 6722

Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The WCO flag is initialized. To obtain the operation the MIWF command
must be immediately preceded by commands that load the number 6000 into the AC.

Symbol: None



SKIP ON EOR FLAG (MSEF)
Octal Code: 6731
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the EOR flag is sensed, and if it contains a 1 the content of
the PC is incremented by one so the next instruction is skipped.

Symbol: If EOR = 1,then PC + 1 => PC

DISABLE ERF FLAG (MDEF)
Octal Code: 6732
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: Operation of the ERF flag is inhibited.
Symbol: None

CLEAR THE ERF FLAG (MCED)
Octal Code: 6732
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The ERF flag is cleared to O in preparation for returning to the main pro-
gram from the program interrupt subroutine. This command must be immediately

preceded by commands that load the number 2000 into the AC to obtain the indi-
cated operation.

Symbol: 0 => ERF

ENABLE ERF FLAG (MEEF)
Octal Code: 6732
Event Time: 2
Indicators: 10T, FETCH, PAUSE

Execution Time: 3.75 microseconds

Operation: The ERF flag is enabled. This command must be immediately preceded by
commands that load the number 4000 into the AC to obtain the indicated operation.

Symbol: None
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INITIALIZE ERF FLAG (MIEF)
Octal Code: 6732
Event Time: 2
Indicators: I0T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The ERF flag is initialized by clearing and enabling. This command must be
immediately preceded by commands that load the number 6000 into the AC to obtain
the operation indicated.

Symbol: None

READ TAPE STATUS (MTRS)
Octal Code: 6734
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The condition of tape status levels is loaded into the AC. This command
must be immediately preceded by a command that clears the AC to obtain a valid
information transfer. The AC bit assignments are:
ACO = Data request late
AC1 = Tape parity error
AC2 = Read compare error
AC3 = End of file flag set
AC4 = Write lock ring out
AC5 = Tape at load point
AC6 = Tape at end point
AC7 = Tape near end point (Type 520)
AC7 = Last operation write (Type 521 and 522 interfaces)
AC8 = Tape near load point (Type 520)
AC8 = Write echo (Type 522 interface)
AC8 = B control using transporting (Type 521 interface
with multiplex transport)
AC9 = Transport rewinding
AC10 = Tape miss character
AC11 = Job done flag interrupt

Symbol: Status Levels => ACO-11

CLEAR CURRENT COUNT (MCC)
Octal Code: 6741
Event Time: 1
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The current address register (CA) and word count register (WC) are both
cleared.

Symbol: 0 => CA, WC



READ WORD COUNT (MRWC)
Octal Code: 6742
Event Time: 2
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds
Operation: The content of the AC is transferred into the word count register.
Symbol: AC = > WC

READ CURRENT ADDRESS (MRCA)
Octal Code: 6744
Event Time: 3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The content of the current address register is transferred into the AC. This
command does not clear the AC and must be preceded by a command that clears the
AC to obtain a valid information transfer.

Symbol: CAV AC => AC

LOAD CURRENT ADDRESS (MCA)
Octal Code: 6745
EventTime: 1,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: The current address register and word count register are both cleared, then
the content of the AC is transferred into the current address register.
Symbol: 0 => CA, WC

AC => CA

Programming

The following seven control modes are programmed in use of the Type 57A:

WRITE NORMAL

One of two characters, N words and one or two characters, or N words can be written
in BCD mode. When writing BCD, convert all characters (00s) to (12s). The WCO flag
is set during the writing of the next to last word in a record. In a one-word transfer
only, the WCO flag is set before the data transfer begins. The ERF flag is set when the
EOR (check character) is written. Parity is read and compared while writing.

The data request late bit will be set if the PDP-8 does not transfer a new word to or
from the control before another data request is given. When a 522 interface is being
used, a write echo status appears if the character zero (00s) is written BCD.
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WRITE END OF FILE (EOF)

The end of the marker is written 17, BCD. It is automatically detected during reading or
spacing. One instruction, MTC, initiates this operation, carries it out, and stops the
transport WCO does not occur. The ERF flag is set when the EOR (check character)
is detected. CA and WC are not modified.

WRITE BLANK TAPE

To write three inches of blank tape, the program gives a write EOF command and
then a space backward command. In either case CA and WC are not modified.

READ NORMAL

One or two characters, N words and one or two characters, or N words can be read
in either parity mode. The WCO flag is set during the record when the specified word
count is exceeded. The ERF flag is set when the EOR (check character) is detected.
Parity errors may be read by examining the appropriate tape status bit.

When reading in BCD mode, convert all 12, to 00,. When readin in binary mode
and an EOF is detected, the parity error status bit will be set. If while reading,
a character does not appear within the allotted time, the miss character status bit
will be set.

READ COMPARE

Words from tape may be compared against consecutive on non-consecutive locations
in core memory for equality. An inequality sets the read compare error flag and the
CA holds the location of the inequality. Read compare is like read, except that WCO
occurs before the last word is compared. The ERF is always set at EOR. Should WCO
occur before EOR, the ERF will be set upon comparison of the last word and at EOR.

SPACE

Spacing forward or backward one record is automatic and does not modify the CA
or WC. Spacing N records in either direction can be done on the Continuous mode, and
continues until a WCO occurs or EFF is encountered, whichever comes first. If CA
is cleared initially, it will contain the record count and may be examined by the pro-
gram. The program may command stop prematurely with MNC, after which the tape
stops as soon as EOR is seen. The parity error flag will be set if a parity error is detected.

REWIND, REWIND/UNLOAD

Rewind and rewind/unload do not require the use of CA, WC, data interrupt mode, or
program interrupt mode. Rewind/unload is selected by specifying rewind and Con-
tinuous mode. The transport will not respond to a forward command for 12 milliseconds
after the tape has been rewound and stopped at load point.



All operations begin with the program events indicated in the following basic program
sequence. When the main program branches to this sequence (having received for
example, a high priority data break request from the tape control), the control and
transport are interrogated for availability (MSCR, MSUR) and if ready are instructed to
carry out the specified task (MTS, MTC). If the task is one of the eight listed in the
instruction list under MTC, the MSCR instruction completes the program sequence;
if not, the program branches at BEGIN to another routine (write, read, etc.), returning

afterwards to WAIT in the basic program.

BEGIN,

WAIT,

When programming in the interrupt mode, the TCR flag causes an interrupt in the
operating program and the flag may be tested by using the MSCR instruction. The
TCR flag must be cleared with the MCD command before dismissing the interrupt.
WCO and ERF flags must be disabled before dismissing the interrupt with the option

MSCR
JMP.—1

CLA
TAD (1A — 1
MCA
CLA
TAD (— N + 1

MRWC
CLA
TAD (
MTS

MSUR
JMP. -1

MTC

MSCR
JMP.—1

HLT

/SKIP IF TAPE CONTROL FREE

/TAPE CONTROL NOT FREE, JUMP BACK TO
/MSCR INSTRUCTION

/LOAD AC WITH INITIAL ADDRESS MINUS ONE
/TRANSFER AC TO CA

/LOAD AC WITH COMPLEMENT OF NUMBER OF

/WORDS TO BE TRANSFERRED PLUS ONE
/TRANSFER AC TO WC

/LOAD AC WITH SELECTED INFORMATION®*

/TRANSFER AC TO CONTROL WITH PARITY
/DENSITY AND UNIT NUMBER

/SKIP IF TAPE TRANSPORT READY

/TRANSPORT NOT READY, JUMP BACK TO
/MSUR INSTRUCTION

/TRANSFER AC TO CONTROL WITH COMMAND
/AND TAPE MOTION MODE

/WAIT FOR TAPE FUNCTION TO COMPLETE

/TAPE FUNCTION NOT COMPLETE, JUMP
/BACK TO MSCR

/OPERATION COMPLETION

of clearing or not clearing the flags.
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CHAPTER 17
MAGNETIC TAPE SYSTEM TYPE 580

The Magnetic Tape System Type 580 is a semi-automatic data storage system that
can be used with the PDP-8. One tape control and one magnetic tape transport con-
stitute the Type 580 system. Data transmission is under program control, while the
timing of motion delays, end-of-record delays, write clock pulses, etc., is automatic.
Densities are 200 and 556 bits per inch (selected by program), and maximum transfer
rate is 25,000 characters per second. Format is compatible with IBM NRZI in either
binary or BCD parity mode.

The control contains a 12-bit data buffer, which accumulates the data word in both
reading and writing, and a 9-bit command register. All commands, data, and status
indications are transferred to or from the computer accumulator.

The system performs the following functions:

Write

Read forward

Read reverse

Space forward (one or N records)
Space reverse (one or N records)
Rewind

Write real time (one word at a time)
Read real time (one word at a time)

These functions are specified by the presence or absence of ones in the accumulator
as shown in the following list:

AC1 (0) = Sets the SPACE flip-flop, also enables the interrupt
AC3(1l)  Setsthe GO flip-flop

AC4(1) = Establish write function
AC5(0) - Establish even parity (BCD)
AC5(1) = Establish odd parity (binary)
AC6(1) == Establish read function

AC7(0) = Establish the reverse direction
AC7(1) = Establish the forward direction

AC8(0) == Select density of 200 BPI
AC8(1) = Select density of 556 BPI

AC10(1) = Set rewind
ACL1(1) - Set the REAL TIME flip-flop

When the desired function has been encoded in the accumulator, an 10T instruction
is given to initiate the pulses that carry out the function. There are nine 10T micro-
instructions for the Type 580 system, as follows:
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TAPE SYSTEM INITIALIZE FUNCTION AND MOTION (TIFM)
Octal Code: 6707
EventTime: 1,2,3
Indicators: 10T, FETCH, PAUSE
Execution Time: 3.75 microseconds

Operation: All tape control registers are cleared, the command register is loaded from
bits 1 through 11 of the AC, and motion delays are initiated. The bit assignments of
the command register are:

AC1 = Space

AC3 = Go

AC4 = Write

AC5 = Parity mode (0O = even, 1 = odd)
AC6 = Read

AC7 = Direction (0O = reverse, 1 = forward)
AC8 = Density (0 = 200 BPI, 1 = 556 BPI)
AC10 = Rewind
AC11 Real time

Symbol: 0 => All Control Registers
AC1-11 = > Command Registers

I

TAPE SYSTEM READ (TSRD)
Octal Code: 6715
Event Time: 13
Indicators: 10T, FETCH<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>