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CHAPTER 1
INTRODUCTION

1.1 SCOPE

This manual provides operation and maintenance information for the Programmed Data Pro-
cessor PDP-9, manufactured by Digital Equipment Corporation, Maynard, Massachusetts. The manual
consists of two volumes, Volume I containing Chapters 1 through 4, and Volume II containing Chapter 5.
Volume I describes the basic computer system (Chapter 1) and discusses the logic circuits in terms of the
computer's instruction repertoire (Chapter 3). Manual operations (Chapter 2) and maintenance consider-
ations (Chapter 4) are also included. Volume II contains a complete set of engineering drawings for the

basic computer system; customer-ordered options are treated in separate option instruction manuals.

1.2 PURPOSE

This manual is one of several documents related to the PDP-9. It provides the user with a
basic understanding of the system capabilities. The levels of discussion assume that the user is familiar
with the technology of similar computer systems. For complete and comprehensive coverage in his area

of interest, the user should refer to the documents listed in Table 1-1 at the end of this chapter.

1.3 PHYSICAL DESCRIPTION

With the exception of the KSR 33 Teletype Unit, the basic PDP-9 (Figure 1-1) is self-contained
in a single DEC Type CAB-31 metal cabinet. Four casters permit cabinet mobility. No special power
sources, air conditioning or floor bracing are required. The teletype unit is supplied with its own mount-
ing stand. Figure 1-2 shows the front and rear dimensional views of the PDP-9 layout.

Logic modules are mounted in three wings at the rear of the cabinet. These wings, each
measuring approximately 22 in. by 30 in., swing out as a single door for module access. The wings also
include self-contained cooling fans and marginal-check switches. The top wing holds the 8,192-word
core memory system, the middle wing the central processor, and the bottom wing the 1/O control section.
Each wing has its own switched power-distribution system at the marginal-check switches on the fan
housings.

Several commonly-purchased options are prewired into the wings. The core memory wing
contains memory parity provisions for use with an optional 19-bit core stack. The central processor
wing is prewired for the extended arithmetic element option. The 1/O control wing is prewired for the

DEC Type 34H Oscilloscope Display Control, the automatic priority interrupt, and the power failure
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detection options. Control logic for memory extension, memory parity, and memory protection options
is housed in two mounting panels above the paper tape reader/punch. Two remaining panels above these

house the DMA multiplexer option.

Figure 1-1 Programmed Data Processor PDP-9

1-2
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1.4 FUNCTIONAL DESCRIPTION

The PDP-9 (Figure 1-3) is a general-purpose, solid-state digital computer designed for data
handling in a scientific laboratory, a computation center, or in a real-time process control system. The
system is a single-address, 18-bit computer using 1s complement arithmetic which is program-convertible
to 2s complement notation to facilitate multiple-precision operations. Indirect addressing to one level
and autoindexing features afford programming flexibility. The 8,192-word core memory provides random-
access to any word within 1 ps.

The I/O bus system accommodates up to 64 low-speed peripheral devices under program con-
trol, up to 8 high=speed devices optionally multiplexed in 8 device-controlled data channels (DCH), and
up to 28 devices in an optional 32-channel automatic priority interrupt (API) system. The program-
controlled transfer system includes the Teletype, the paper tape reader, the paper tape punch, and the

real-time clock as basic furnished equipment. Program-controlled transfer operations include program




interrupt (PI), 1/O skip, and 1/O status checking facilities. The real-time clock (RTC) is located in
the 1/O control section of the computer. When turned on, the RTC permits programming of long delays
by incrementing a counter in core memory 60 times per second (50 times for 50-cycle powered machines).

A program interrupt occurs when the preset count is reached.

MEMORY EXTENDED AUTOMATIC
EXTENSION | ARITHMETIC PRIORITY
CONTROL | ELEMENT «| INTERRUPT #
1/0
DIRECTMEMORYN 8,192 -WORD CENTRAL KSR-33
ACCESS BUS 'MEMORY MEMORY BUS PROCESSOR CONTROL 1/0 BUS TELEPRINTER
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[ T i T OTHER OPTIONS
DESIGNED
[ |

J_bd_ L

# OPTIONAL ACCESSORIES
Figure 1-3 PDP-9 System Configuration, Block Diagram

The memory bus provides for the addition of up to three memory expansion modules for a total
of 32,768 words of memory. The direct memory access (DMA) bus permits direct access to core memory
on a cycle-stealing basis for up to three extremely fast (up to 1,000,000 wps) peripheral devices via the
DMA channel.

Two DEC Type 709 Power Supplies produce all required dc operating voltages from a single
source of 120V or 240V, 60-cycle, single-phase power. The supply input transformers can be tapped
for operation with 50-cycle power. The supplies provide +10V and =15V for use throughout the basic
PDP-9 system; one supply also provides =30V to the core memory system, and the other provides +10V
and =30V to the paper tape punch. A variable 0 to 20V output checks the operation of the computer
under marginal power supply limits. By substituting this output for the normal +10V and =15V outputs,
the technician can rapidly troubleshoot an existing fault or forecast a future system failure.

Input ac power to the supplies is controlled from a DEC Type 841A Power Control Unit attached
to one of the supplies. The 841A contains the ac input power receptacle and associated circuit breaker.

The console POWER switch must be ON for application of ac power to the supplies.




1.5 OPTIONS

Appendix A lists all central processor, core memory, and 1/O options available for use with

the basic PDP-9. Separate manuals on specific options are supplied per individual customer purchases.

1.6 REFERENCE DOCUMENTS AND PROGRAMS

Tables 1-1 through 1-3 at the end of this chapter list the standard documents and program

tapes supplied with the basic PDP-9. Others may be furnished as appropriate to customer requirements.

1.7 REFERENCE CONVENTIONS

In the interest of effective text presentation and readability this manual observes certain ref-
erence conventions noted below.

a. Numerical Notation = Unless otherwise indicated, all binary number representations are
in octal notation.

b. Circuit References - All references to logic signals include the module type designation,
module location code, and output pin designation; viz., Pulse Amplifier B602-E26D means that module
B602 is located in rack E, slot 26, and the output signal is taken from pin D. All racks are designated
alphabetically from left to right as viewed from the module mounting side. All module mounting slots
are numbered 01 through 40 from top to bottom. Modules are mounted horizontally in the slots. Dual-
width modules carry dual location designations; e.g., G219-AB16AF, where AF designates pin F in the
A slot of dual slot location AB.

c. Signal Mnemonics = Uncommon mnemonics are explained parenthetically the first time
that they are mentioned in the discussion; e.g., KDN (key deposit next). A glossary of all signal mne-
monics and their logic drawing origins is provided in Chapter 5.

d. [Illustrations - References to in-text illustrations include the chapter prefix number--
Figure 3-10 is the tenth illustration in Chapter 3.

e. Drawings - Logic drawings are identified in the text by a literal prefix code and a single
numeric; e.g., drawing KC20(2), where KC denotes a central processor drawing and the parenthetic
portion denotes sheet 2 of a multiple-sheet drawing. Other literals are: MC, core memory drawings,
and KD, 1/O control drawings. Complete drawing codes appear on the drawings themselves. See also
Section 1.9.

1.8 TERMINOLOGY

Terms used frequently throughout the text are defined below. Others are defined within the
discussions themselves.

a. Augmented Instruction = An instruction word (OPR,IOT) that does not contain an address
of an operand in core memory. The portion of the instruction usually reserved for an address contains
micro-coded computer commands. These commands are executed during either normal (OPR) or extended
(IOT) computer fetch cycles, as opposed to Memory Reference Instruction.

b. Control Memory - The magnetic storage device in the central processor which issues
timed, sequential gating levels to process or execute the instruction. The levels are strobed out of the
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read-only control memory in the form of 36-bit process words, each bit representing a gate-on or gate-
off condition. Process word storage locations are addressed on the basis of the decoded instruction word
op codes and previous processing results. Up to four process words may be extracted within any 1 ps
computer cycle.

c. Core Memory - The major storage device containing the computer program and the results
of program execution. Sometimes referred to as the main memory, as opposed to Control Memory .

d. Core Memory Cycle - The 1 ps read/restore or read/modify/write cycle during which a
word is extracted, then restored or modified, and written into core memory. The word may be an in-
struction word, an effective address word, or a data word (operand).

e. Computer Fetch Cycle = The 1 ps period during which a core memory cycle extracts and
restores an instruction word. Instruction words are addressed sequentially by an incrementing program
counter (PC) in the central processor, unless otherwise stipulated by program developments.

f. Computer Defer Cycle - The 1 ps period during which a core memory cycle extracts and
restores an effective address word. A defer cycle follows a fetch cycle whenever the fetched instruction
word contains an indirect address. If the indirect address refers to auto-index locations 10-17 in core
memory, the effective address is incremented by 1 during defer; the operand is taken from the location
designated by the incremented effective address during the Computer Execute Cycle.

g. Computer Execute Cycle = The 1 ps period during which a core memory cycle extracts
and restores an operand addressed by a memory reference instruction word or by an effective address word.
The operand is manipulated in the computer in accordance with the op code of the instruction word, and
the result is stored in core memory. The result may be the original operand, or may be an operand modi-
fied by the manipulating processes. In the latter case, the original operand is lost.

h. Computer IAQ Cycle - The 1 ps execute period for certain instructions which ignore and
replace completely the operands that they address, as opposed to the modifying operations of the normal
Computer Execute Cycle.

i. Direct Address = The effective address in a memory reference instruction word of a loca-
tion in core memory which contains an operand.

i. Effective Address - The actual address of an operand in core memory. The effective
address may be a direct address in a memory reference instruction word, or an address in core memory
which is addressed by an indirect address in a memory reference instruction word.

k. Indirect Address - The address in a memory reference instruction word of a location in
core memory which contains an effective address.

. Memory Reference Instruction - An instruction word containing a direct address or an
indirect address of an operand in core memory, as opposed to Augmented Instruction.

m. Op Code - Operation code. A portion of a memory reference instruction word or an aug-
mented instruction word that defines the operation to be executed.

n. Program Break = An exit from the main program into a device service routine requested
by one of several sources below and granted by the central processor upon completion of the current ex-
ecute cycle, in the following descending order of priority.

DMA channel breaks
DCH breaks
RTC breaks
. API breaks
PI breaks




1.9

ENGINEERING DRAWINGS AND CIRCUIT SCHEMATICS

A complete set of engineering drawings and module circuit schematics is delivered with the

PDP-9. Chapter 5 contains a set of reduced engineering drawings applicable to the basic system only

indexed by their drawing number codes. Logic symbols used on the drawings are defined in the Logic
Handbook, Document C-105.

In isolated cases of custom-design or late design changes, the logic drawings appearing in

Chapter 5 may conflict with those furnished with the system. The furnished drawings always reflect the

system as delivered, and therefore take precedence over tlie drawings in Chapter 5.

1.10

1.10.1

1.10.2

SYSTEM SPECIFICATIONS

Dimensions

Cabinet Height
Cabinet Width
Cabinet Depth
Shelf Widtt
Shelf Depth
Door Clearance (Rear)
Cabinet Weight
Teletype Height
Teletype Width
Teletype Depth
Teletype Weight

Operating Characteristics

Power Requirements

Power Consumption
Power Receptacle
Power Supply outputs

Logic Levels

Tested Temperature Range

Relative Humidity Range

Heat Dissipation

69-1/8 in.
32-1/2 in.
27-3/4 in.
32-1/2 in.
22 in.
31 in.
750 Ib.
8-3/8 in.
18-5/8 in.
18-1/2 in.
40 Ib.

120V+15%, 60 cps+2%, single-phase, 17-30A
or 230V+15%, 50 cps+2%, single-phase, 17-30A

2 KW

Hubbell Twistlock, flush, 250V, 30A
+10, =15, =30, +20 Vdc

0V = logic 0, -3V = logic 1
55-122°F

10-95%

6830 Btu/hr
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1.10.3  Functional Characteristics

Word Length 18 bits plus optional memory parity bit

Cycle Time 1 ps (1.2 ps with parity)

Core Memory Operation Read/restore or read/modify/write cycle

Core Memory Capacity 8,192 words expandable to 32,768 words

Core Memory Access Single direct-addressing in any 8,192-word memory

bank; single indirect-addressing from one bank to
another

Computation Rate 500,000 additions/s

KSR 33 Teletype 10 char/s

DEC PCO02 Paper Tape Reader 300 char/s

DEC PCO3 Paper Tape Punch 50 char/s

Real-Time Clock 60 pps (50 pps for 50-cycle powered system)

Program-Controlled 1/O Capacity Up to 64 devices, 4 mode selections each device

API Channel Capacity Up to 28 devices

Data Channel Capacity Up to 8 devices

Direct Memory Access Channel Up to 3 devices

Capacity

Table 1-1
Related Documents
DISITJL::;ZT Title Publisher

C-105 Logic Handbook DEC
F-95 PDP-9 User Handbook DEC
DEC-00-1P2A-D Paper Tape Reader PC02, Instruction Manual DEC
DEC-9A-BSAA-D PDP-9 Software Summary DEC
DEC-9A-GSAA-D PDP-9 Advanced Software System DEC
DEC-9A-SFA0-D PDP-9 FAST System DEC
DEC-9A-USA0-D PDP-9 Multianalyzer Programs DEC
DEC-9B-GSAA-D PDP-9 Basic Software System DEC

Bulletin 273B

Bulletin 1184B KSR 33 Teletype, Parts

Manual

KSR 33 Teletype, Technical Manual

Paper Tape Punch Model 500, Maintenance

Instruction Manuals, Optional Equipment

Teletype Corp.
Teletype Corp.
Royal McBee Corp.

DEC

1
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Table 1-2
System Program Tapes

Number* Program Number* Program
ABAA-PU | Symbolic Assembler FSDA-PA Divide S.P. Signed
AFT1-PU | FORTRAN II Compiler FSDB-PA Divide S.P. Unsigned
AFT2-PU FORTRAN II Assembler FSMA-PA Multiply S.P. Signed
AFT3-PU | FORTRAN II OTS FSMB-PA Multiply S.P. Unsigned
AFT5-PU FORTRAN II IO Library LFFA-PA F.F. Loader
AFT6-PU | FORTRAN II 6DD Library LRTA-PH RIM Loader
AFT7-PU | FORTRAN II 9DD Library POT1-PU Teletype Octal Dump (SA:22)
CDDA-PU | DDT POT2-PU Teletype Octal Dump (SA:17300)
CT1A-PU | Extended Trace PT1A-PA TIC TOC
ESSA-PU Symbolic Editor PTMA-PU Master Tape Dumplicator
FC2A-PA | CAL Handler Type II PYP1-PU RIM Puncher (SA: 0100)
FC3A-PA | CAL Handler Type III PYP2-PU RIM Puncher (SA: 17000)
FCRA-PA | CAL Handler Revised QDPA-PA Double Precision Integer Test
FCXA-PA | Execute Subroutine QF1A-PA FORTRAN II Operating Test
FODA-PA | Decimal Integer Print QFPA-PA Floating Point Test
FOOA-PA| Octal Print Subroutine SDPA-PA Double Precision Integer Package
FOTA-PA | Teletype Output Package SFPA-PA Floating Point Package
*PA - Paper Tape ASCII
PH - Paper Tape Hardware Read-In
PU - Paper Tape Funny Format
Table 1-3
Maintenance Program Documents
Number Program
9A-D0O1A-PH Instruction Test Part |
9A-D02A-PH Instruction Test Part 11
9A-DOBA-PH ISZ Test
9A-DOCA-PH Memory Address Test
9A-DODB-PH JMP Self Test
9A-DOEA-PH JMP-Y Interrupt Test
9A-DOFA-PH JMS-Y Interrupt Test
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Table 1-3 (cont)
Maintenance Program Documents

Number Program
9A-D1AA-PH Basic Memory Checkerboard
9A-D1BA-PH Extended Memory Checkerboard
9A-D2BA-PH TTY Test
9A-D2CB-PH High Speed Reader Test
9A-D2DB-PH Punch Test
9A-D7AB-PH Basic Exerciser




CHAPTER 2
OPERATION

2.1 SCOPE

This chapter contains operating information, tabular descriptions of system controls and

indicators, and programming considerations for the PDP-9 operator.

2.2 STANDARD CONTROLS AND INDICATORS

The following sections list and define standard manual controls and indicators, arranged as
to the system elements: operator console, marginal-check and maintenance panels, paper tape reader/

punch, teletype, power control, and core memory banks.

2.2.1 Operator Console

Table 2-1 lists the functions of the standard controls and indicators shown in Figure 2-1.
Other controls and indicators are optional and are not listed here. Indicators on the console show the
existing states of specific register bits and control flip=flops by illuminating for binary 1s and extinguish-
ing for binary Os. The console can be electrically locked by a conirol on the maintenance panel
(Figure 2-2) to prevent accidental alteration of the program in progress. While the console is locked,
operation of any key or switch (with the exception of the DATA switches) will not be detected by the

system.

sarct £xn £RRoR pic
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5
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Figure 2-1 Operator Console
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Table 2-1

Operator Console, Controls and Indicators

Name

Function

START key

1/O RESET key

PROGRAM STOP key

CONTINUE key

EXAMINE/EXAMINE NEXT key

DEPOSIT/DEPOSIT NEXT key

Three positions: off (center), operate (down, spring-loaded
return), and locking (up). Depressing START starts program
execution at the location specified by the ADDRESS
switches. Up position for MAINT functions, Table 2-2,

Two positions: off (center) and operate (down, spring-
loaded return). Depressing key clears all I/O device flags,
all central processor registers except program counter (PC),
and turns off the real-time clock and program interrupt
facility.

Two positions: off (center) and operate (down, spring=
loaded return). Depressing key halts program operation at
completion of the current instruction.

Three positions: off (center), operate (down, spring-loaded
return), and locking (up). Depressing key resumes program
execution from the point at which it stopped. Up position
for use with REPT, SING STEP, SING INST switches.

Three positions: off (center), EXAMINE (up, spring-loaded
return), and EXAMINE NEXT (down, spring-loaded return).
Raising the key to EXAMINE transfers the contents of the
memory location specified by the ADDRESS switches to the
memory buffer register (MB). After the transfer, the computer
stops, and the MB contents can be viewed in the MEMORY
BUFFER indicator. The contents of the ADDRESS switches
transfer to the arithmetic register (AR) for viewing in the
REGISTER indicator. Depressing the key to EXAMINE NEXT
increments the contents of the AR by 1 and transfers the contents
of the newly addressed memory location to the MB. Using
EXAMINE NEXT after EXAMINE facilitates monitoring of
sequential memory locations as the ADDRESS switches need
only be set the first time to the lowest memory location.

Three positions; off (center), DEPOSIT (up, spring=-loaded
return), and DEPOSIT NEXT (down, spring=loaded return).
Raising the key deposits the contents of the DATA switches
into the memory location specified by the ADDRESS switches.
After the transfer, the contents of the ADDRESS switches
appear in the AR as the address of the memory location into
which the data was entered. Depressing the key increments
the AR contents by 1, and deposits the contents of the DATA
swifches into the memory location specified by the new ad-
dress. Using DEPOSIT NEXT after DEPOSIT facilitates
entering data in sequential memory locations as the
ADDRESS switches need only be set the first time to the
lowest order address.
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Table 2-1 (cont)
Operator Console, Controls and Indicators

Name - Function

READ IN key Two positions: off (center) and operate (down, spring-
loaded return). Depress the key to initiate read-in of paper
tape punched in binary code. (Three é-bit lines form one
18-bit word.) Storage of words begins at the memory loca-
tion specified by the ADDRESS switches. At the completion
of tape read-in, the computer reads and executes the last

word stored. Read-in occurs at the selected repeat speed
(see REPEAT SPEED).

REPEAT SPEED switch With REPT switch up, REPEAT SPEED establishes one of five
selected speeds at which certain manual operations repeat
without operator intervention. The repeat speeds range from
approximately 8 us (position 5) to 60 ms. Switch must be
placed in position 5 during READ IN operations.

REPT switch and indicator The up position causes operations initiated by START,
CONTINUE, SING STEP, SING INST, or READ IN to
repeat. REPEAT SPEED establishes the rate of repetition.
Also used for MAINT function, Table 2-2. The indicator

lights when the switch is up.

REGISTER DISPLAY switch Twelve-position switch. Each position selects a specific
and REIGSTER indicator register to display its contents in the REGISTER indicator.
Display is enabled only when the machine stops. The
standard register selections are as follows.

RDR Displays contents of paper-tape reader
buffer.
TTI Displays contents of teletype keyboard

buffer in the eight least-significant in-
dicator lamps.

STATUS Displays status of I/O device flags con-
nected to status checking facility
(Table 3-3).

I/O ADDR Displays address word from address lines
of 1/O bus for DCH and optional API

operations in the 15 least significant in-
dicator lamps.

I/0O BUS Displays data word on /O bus to/from
any device using the bus.

AC Displays contents of the AC.
AR Displays contents of the AR.
PC Displays contents of the PC in the 13 least

significant indicator lamps, status of LINK,
memory extend mode, memory protect mode,
EPC in the five most significant lamps.
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Table 2-1 (cont)

Operator Console, Controls and Indicators

Name

Function

POWER switch

CLK switch and indicator

SING STEP switch and indicator

SING INST switch

ADDRESS switches (3-17)

DATA switches (0-17)

PRGM STOP indicator
INSTRUCTION indicator
DATA indicator

PIE indicator

LINK indicator
MEMORY BUFFER indicator

Controls application of primary power to power supplies,
fans, teletype motor, tape punch motor, and interfaced
optional external devices.

The down position allows the program to enable the real-
time clock. The indicator lights when the clock is enabled.

The up position halts the program by preventing the initia-
tion of the next memory cycle (except during DCH oper-
ations, which cannot be single-stepped). The indicator
lights when the switch is up.

The up position halts the program after completion of one
instruction. The indicator lights when the switch is up.

Establish a 15-bit core memory address to be entered in the
PC by operation of the START key, or in the AR by oper=-
ation of the EXAMINE or DEPOSIT key. Up position for

a 1 bit, down position for a 0 bit.

Establish an 18-bit data or instruction word to be entered
into memory by DEPOSIT or DEPOSIT NEXT, or to be en-
tered in the AC by a programmed OAS or LAS instruction,
Up position for a 1 bit, down position for a 0 bit.

Lights when the program halts.

The five indicator bits reveal the current op code in the
IR (instruction register). A lighted indicator lamp denotes
a 1 bit, extinguished lamp a 0 bit.

Lights to indicate that data is being transferred between
core memory and a DCH device.

Lights when the program interrupt facility has been enabled
by program control.

Shows the content of the LINK register.

Shows the contents of the MB (memory buffer) register.

2.2.2 Marginal Check Panel and Maintenance Panel

These panels (Figure 2-2) are concealed behind the hinged red cover on the left of the

cabinet. Table 2-2 details the functions of the panel-mounted controls and indicators.




Figure 2-2 Marginal Check Panel and Maintenance Panel

Table 2-2

Marginal Check and Maintenance Panels, Controls and Indicators

Name

Function

Voltmeter*

Selector switch*

Variac control knob*

TOTAL HOURS meter

Selector switch

Marginal Check Panel

Indicates the marginal-check voltage output of the 709
Power Supply. The center of the scale (0V) equates with
the reference voltage selected, +10 or =15 Vdc. The right
side of the scale indicates an increase in magnitude beyond
the selected voltage. The left side indicates a decrease.

Three positions:

OFF Removes the marginal check voltages from
the computer system.

+10 MC Selects the +10V marginal check output.
-15 MC Selects the =15V marginal check output.

Adjusts the marginal check voltage above or below the
selected reference voltage.

Indicates to the nearest tenth of an hour the cumulative

"power on" time of the system. Meter counts from 00000.0
to 99999.9 hr.

Maintenance Panel

Five positions:

LOCK Electrically locks the console controls
(except DATA switches).

NORMAL Console is unlocked; all controls effective.

MAINT With the switch in this position and the

START key and REPT switch up, the built=in

*Used with internally-mounted marginal check switches; see Chapter 4.

2-5




Table 2-2 (cont)
Marginal Check and Maintenance Panels, Controls and Indicators

Name

Function

Selector switch (cont)

EXAMINE

DEPOSIT

Maintenance Panel (cont)

maintenance test program circulates a self-
incrementing count through all active CP
registers to verify register operation and in-
ternal transfer-path gating. The test pro-
ceeds at the rate selected by the console

REPEAT SPEED switch.

With console REPT switch off (down), simu-
lates the console EXAMINE function. With
REPT switch up, simulates console EXAMINE-
REPT function.

With console REPT switch off (down), simu-
lates the console DEPOSIT function. With
REPT switch up, simulates console DEPOSIT-
REPT function.

2.2.3 Paper Tape Reader/Punch

The PCO9 Tape Reader/Punch appears in Figure 2-3. The PCO9 consists of the PC02 Tape
Reader (left) and the PCO3 Tape Punch (right). Table 2-3 lists the tape reader/punch controls and

their functions.

Figure 2-3

Paper Tape Reader/Punch PC09
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Table 2-3

Tape Reader/Punch, Controls and Indicators

Name

Location

Function

FEED button

POWER button

and indicator

FEED button

Reader

Punch

Punch

Depressing button advances tape without reading. Spring=
loaded release position allows program control or manual
control or read-in operations.

Off position simulates PUN NO TAPE condition. On posi=
tion removes the condition. Indicator lights when tape is
secured and button is pressed to on position.

Depressing button advances tape and punches feed holes.
Off, spring=loaded release position, allows program control
of punching operations. POWER indicator extinguishes
when button is pressed to on position.

2.2.4 Teletype Unit

The KSR 33 Teletype Unit appears in Figure 2-4. Table 2-4 lists the teletype controls and

their functions.

Figure 2-4 KSR 33 Teletype Unit
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Table 2-4
Teletype Controls

Name Function

Teletype keyboard Supplies input data to the computer and/or the page printer,
depending on the setting of the LINE/OFF/LOCAL switch.

LINE/OFF/LOCAL switch Controls the application of primary power to the Teletype
and controls data connection between the Teletype and the
central processor. In the LINE position, the Teletype is
energized and connected as an 1/O device to the computer.
In the OFF position the teletype motor is de=energized but
the logic circuits remain energized. In the LOCAL position
the Teletype is energized for off-line operations, breaking
the signal connections to the computer. Use of the Teletype
requires that the computer be energized through the console

POWER switch.

2.2.5 Power Control 841A

Figure 2-5 illustrates the Power Control 841A. Table 2-5 lists the controls and functions.
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Figure 2-5 Power Control 841A




Table 2-5
Power Control 841A, Controls and Indicators

Name Function
Circuit Breaker CB1 Protects primary power source from overloads due to failure
of 709 Power Supplies.
ON Indicators I1, 12 Indicate the presence of primary power at the input plug
(P1).
LOCAL/REMOTE switch S1 LOCAL position applies primary power in conjunction with

CB1, the console POWER switch, and the maintenance panel
switch to the basic computer system power supplies, fans,
etc. REMOTE position for use with 841A units located in
optional free=standing equipment cabinets.

2.2.6 Core Memory Banks

Two selector switches, SW3 and SW4, are located at the rear of each core memory bank.
These must be preset to the particular memory bank assignment. The down positions designate 0, up
positions designate 1 in binary fashion. Selections are as follows: 00, bank 0; 01, bank 1; 10, bank 2;

11, bank 3.

2.3 OPERATING PROCEDURES

Several methods are available for loading or unloading PDP-9 information, as described in
the PDP-9 User Handbook, F=95. The method used depends upon the form of the information, time
limitations, and the peripheral equipment connected to the computer. The following procedures are
basic to any PDP=9 configuration. Although used infrequently, they are valuable in preparing the

initial programs and learning the functions of machine input/output transfers.

2.3.1 Manual Data Storage and Modification

The manual controls on the console permit storage or modification of programs and data.
These facilities are used primarily in the manual storage of the Read=In Mode Loader (RIM) program
and other programs in the read=in mode format.

The stored RIM Loader program automatically reads data into PDP=9 memory from perforated
paper tape in RIM format when the ADDRESS switches are set to the RIM Loader starting address and
the START key is pressed. The RIM tape format is further described in the PDP=9 User Handbook and
in Digital Program Library descriptions. The RIM Loader program is listed in Table 2-6 for convenience

as an exercise in manual data storage. To store the RIM Loader manually in PDP=9 core memory:




a. Turn the maintenance panel switch to NORMAL and the console POWER switch ON.

b. Set the console ADDRESS switches to correspond with the address of the first word to be
stored. (In the case of the RIM Loader program, this is 17762.)

c. Set the DATA switches to correspond with the binary equivalent of the first word. (In
the case of the RIM Loader program, this is 0.)

d. Momentarily lift the DEPOSIT/DEPOSIT NEXT key to deposit the word in memory.

e. Display the contents of the AR in the REGISTER indicator by turning the REGISTER
DISPLAY selector to the AR position. The contents of the MB are automatically displayed in the
MEMORY BUFFER indicator. Observe that the MB contains the data word just deposited, and that
the AR contains the address of the core memory cell in which the word was deposited.

f. Store all additional data words by momentarily pressing the DEPOSIT/DEPOSIT NEXT
key to the DEPOSIT NEXT position after each successive data word has been set into the DATA switches.
The contents of the AR will increment by 1 during each DEPOSIT NEXT operation, thus setting up the
address of the core memory cell to be used for the next operation.

g. To recheck the loaded program, set the ADDRESS switches to the starting address and
momentarily set the EXAMINE/EXAMINE NEXT key to the EXAMINE position. After the first core
memory cell has been checked at the MEMORY BUFFER indicator, the remaining cells may be ex-
amined in sequence by repeatedly setting the key to the EXAMINE NEXT position without regard to
the ADDRESS switch settings. By repeating steps b through d using the address of the cell in question,
it is possible to alter the contents of any cell.

Table 2-6
Read-In Mode (RIM) Loader Program

Address Content Tag Mnemonic Comments

17762 0 R, /READ ONE BINARY WORD

17763 700101 RSF /WAIT FOR WORD TO COME IN
17764 617763 JMP .-1 /

17765 700112 RRB /READ BUFFER CONTENTS INTO AC
17766 700144 RSB /READ ANOTHER WORD INTO BUFFER
17767 637762 JMP IR /EXIT SUBROUTINE

17770 700144 GO, RSB /ENTER HERE, START READER

17771 117762 G, JMS R /GET NEXT BINARY WORD

17772 057775 DAC OUT /

17773 417775 XCT OUT /EXECUTE CONTROL WORD

17774 117762 JMS R /GET DATA WORD

17775 0 OuT, 0 /STORE DATA WORD

17776 617771 JMP G /CONTINUE

2.3.2 Storing Binary Data Using READ IN Key

Hardware Read=in (HRI) tapes (including the RIM Loader tape) can be loaded directly into
core memory without the need of a prestored program, by using the following procedure.

a. Turn the maintenance panel switch to NORMAL and the console POWER switch ON.




b. Load the tape into the tape storage bin to the right of the tape reader; the tape must
be positioned with its feed holes toward the inside and the title end exiting from the bin first. Raise
the snap-action tape retainer. Place the title end of the tape across the tape platform with the feed
holes engaged by the feed-hole sprocket. Lower the tape retainer to secure the tape in the reading
position.

c. Press the FEED button above the tape feed platform momentarily to insure proper tape
alignment and observe that the tape is fan-folding properly into the left-hand storage bin.

d. Set the ADDRESS switches to the starting address to be used for the program as it is
stored in core memory.

e. Press the READ IN key. The tape will be read automatically. When tape motion stops,
depress the FEED button to completely advance the tape into the left-hand storage bin.

f.  Channel 8 on binary format tapes is always punched: channel 7 is punched only in the
last line of the last word to stop tape motion and to conclude the read=in operation. The program just
read can be made self-starting by making this last word a JMP instruction to the starting address of the
program. When the JMP instruction is read, it is interpreted as the current instruction to be executed
and thus starts the program. If the tape is not self-starting, the last instruction is a HLT. To inifiate
the program, set the starting address into the ADDRESS switches and press the START key.

2.3.3 Storing Data Under Program Control

Information can be stored or modified in the computer automatically only by executing pro-
grams previously stored in memory. For example, having the RIM Loader stored in core memory allows
the loading of RIM format tapes, as follows.

Turn the maintenance panel switch to NORMAL and the console POWER switch ON.
b. Insert the tape in the tape reader, following the instructions in Section 2.3.2b.
c. Using the ADDRESS switches, set the starting address of the RIM Loader program (17770).

d. Press and release the console START key. The tape is read and stored automatically.

2.3.4 Assembling Programs

Programs prepared in binary format and written in symbolic language can be assembled into
binary, machine~language program tapes as described in appropriate Digital Program Library documents,
as follows:

a. Turn the maintenance panel switch to NORMAL and the console POWER switch ON.

b. Store the RIM Loader program, either manually or by use of the READ IN key, as pre-
viously described.

c. Load the assembler program into core memory by means of the assembler tape. Since
the assembler tape is in RIM format, it can be loaded by method described in Section 2.3.3. When
the tape has been read, the AC should contain all Os. If it does not, a checksum error has been de-
tected, showing improper storage of the program. When this occurs, the tape must be rerun until the
AC finally contains all Os at the conclusion of the loading process. Repeated errors indicate defects
in either the assembler tape or the PDP=9 system.



d. Insert the symbolic language tape to be converted into machine~language, binary-format,
into the tape reader.

e. Put the starting address of the assembler program into the ADDRESS switches on the con-
sole. (Set DATA switch 10 up to indicate ASCII, or down to indicate FIODEC code.)

f. Press and release the CONTINUE key.
g. When assembly is complete, the assembler will stop with all 1s in the AC.

2.3.5 Teletype Code

The 8-bit code used by the KSR 33 Teletype is the American Standard Code for Information
Interchange (ASCII), modified. A complete description of the code and the manner in which it is

read appears in Section 3.9.1.

2.3.6 Local Teletype Operation

The Teletype can be used as an ordinary typewriter as follows:

a. Turn the maintenance panel switch to NORMAL and the console POWER switch ON.
b. Set the teletype LINE/OFF/LOCAL switch to LOCAL.
c. Type the desired information on the page printer using the teletype keyboard.

2.3.7 Maintenance Programs

Diagnostic programs are designed to test specific functions within the computer system. These
routines are available as perforated paper tapes in hardware read-in mode (HRI) format. Each diagnostic
routine is accompanied by a description of the program, procedures for using the program, and infor-
mation on analyzing the results to locate specific failures. Applications of these routines are indicated
in Chapter 4, as they apply to preventive or corrective maintenance of the PDP-9 system. To exercise

these routines the user should be familiar with the machine programming described in the User Handbook.



CHAPTER 3
SYSTEM DESCRIPTION

3.1 COMPUTER ORGANIZATION

Figure 3-1 illustrates the basic organization of the PDP-9 computer system. Employing a
transfer bus system, data is jam-transferred (no logic delays) between registers at dc levels to minimize

timing problems.

3.1.1 Central Processor

The central processor section of the computer includes the active registers and control elements

described below.

3.1.1.1 Control Memory (CM) - The CM issues all sequences of internal processes required to fetch

and execute a program's instructions, to effect operation of I/O channels, and to respond to operator
commands from the console. It is a very fast, read-only, prewired magnetic core storage unit. A con-
trol register (CR) in the CM addresses the magnetic core matrix drivers to make the CM deliver specific
processing gate levels to the transfer busses and to the active registers. The CR supplies new address in-
formation to the CM based on the instruction to be executed and on the conditions sensed by the previous

process levels.

3.1.1.2 Adder (ADR) - The 18-bit ADR functions as a fast, nonstoring adder-subtractor for arithmetic
operations, and as a common transfer bus for all inter-register transfers and shift operations. A 19th-bit
adder link (ADRL) transfers the content of the arithmetic register link (LAR) to the accumulator register
link (LINK) and vice-versa when those registers are used mutually for arithmetic operations. The ADR

operates at a 5 mc rate for a transfer time for 200 ns and a carry time of less than 5 ns per stage.

3.1.1.3 Accumulator (AC) - The 18-bit AC retains the result of arithmetic/logical operations during

the interim between instructions. The AC contents can be cleared, complemented, rotated right, or
rotated left. The contents of the memory buffer (MB) register can be added to the contents of the AC
and the result left in the AC. The contents of the AC and MB registers can be combined in the ADR by
logical AND or exclusive OR instructions, the result left in the AC. An inclusive OR can be formed in
the ADR between the AC contents and the DATA switches on the console, and the result left in the AC.
For program-controlled input data transfers, information is transferred from an external device to the

AC via the I/O bus.
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Figure 3-1 System Block Diagram, Basic PDP-9
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3.1.1.4 AC Link (LINK) - This 1-bit register is used to extend the arithmetic capability of the AC.

In 1s complement arithmetic, it is an overflow indicator; in 2s complement arithmetic, it extends the
AC to 19 bits and functions as a carry register. The program can check overflow into the LINK to greatly
simplify and speed up single and multiple precision arithmetic routines. The LINK can be cleared and

complemented and its state sensed independent of the AC. It is included with the AC in rotate operations.

3.1.1.5 Arithmetic Register (AR) - The AR functions with the AC to perform arithmetic and logical

operations. It accepts and stores the contents of the AC for manipulation through the ADR; the results
are then deposited in the AC. The AR is not accessible to the programmer. The 19th-bit AR link (LAR)
stores the content of the AC link (LINK). For program-controlled output data transfers, information is

transferred from the AR to an external device via the I/O bus.

3.1.1.6 Optional Multiplier-Quotient Register (MQ) - The 18-bit MQ register is part of the optional

extended arithmetic element (EAE). The MQ holds the multiplier during multiply operations and re-
ceives the low-order 18-bits of the resulting product. During divide operations, it holds the low-order
18-bits of the dividend, and at the completion of the divide operation, it contains the quotient. It

can also be used as an extension of the AC for 36-bit shift operations.

3.1.1.7 Program Counter (PC) - The PC determines the program sequence; i.e., the order in which

instructions are executed. This 13-bit register contains the address of the core memory cell from which
the next instruction is to be taken. Addition of extended memory options adds two extended program

counter (EPC) bits to the system addressing scheme.

3.1.1.8 Instruction Register (IR) - The IR accepts the five most-significant bits of each instruction

fetched from core memory. The four most-significant bits constitute the instruction operation code

(op code). The fifth bit indicates whether the instruction contains a direct (effective) address of an
operand to be manipulated, or an indirect address of a location in core memory which contains the ef-
fective address. These bits are decoded during the fetch cycle to determine the CM sequence necessary

to execute the instruction.

3.1.1.9 Memory Buffer Register (MB) = All information transferred into or out of core memory passes

through the MB. During a fetch cycle, instructions are read from a memory cell into the MB and are
rewritten into the cell as the instruction is retained in the MB for decoding and later execution. During
an execute cycle, the operand addressed by the instruction is fetched from a memory cell and placed in

the MB. The operand is then rewritten into the memory cell undisturbed or modified, in accordance with



the operation called for by the instruction. The MB also serves as a buffer for both information transfers

between core memory and an external device, and address transfers between the PC and the MA (see

Section 3.1.2).

3.1.2 Core Memory System

The PDP-9 core memory uses a new design concept (2-1/2 D) for speed, compactness, and
reliability; it operates with a complete cycle time of 1 ps. Each 8, 192-word core memory package
contains a core stack, sense amplifiers, drivers, and a 13-bit memory address (MA) register. The MA
addresses the memory location to be used for data retrieval or storage. System core memory can be ex-
panded from the basic 8,192 words up to 32,768 words in 8, 192-word increments. Such expansion re-
quires the implementation of the memory extension option to extend the PDP-9 addressing capability.

Each PDP-9 memory package has a two-port capability for data entry and retrieval. One
port, connected to the CP/memory interface, services the central processor. The other allows a peri-
pheral device direct and immediate access to memory for very fast data transfers (up to 1,000,000 wps)
via the direct memory access (DMA) channel. A device request for DMA service has priority over a
processor or program request. The latter is deferred until DMA operation terminates. An optional DMA
Multiplexer MPO9A permits servicing ot up to three DMA peripherals and assigns each a fixed priority.

The PDP=9 offers four modes for addressing core memory: direct addressing, indirect address-
ing, autoindexing, and extended mode addressing for optional extended memory modules. Addresses of
locations (memory word registers) in the basic 8,192-word core memory stack are 00000 through 17777.
For systems having additional core memory modules, the basic module is referred to as bank 0 and sub-
sequent modules are referred to as bank 1, bank 2, and bank 3. Their addresses are 20000 through 37777
for bank 1, 40000 through 57777 for bank 2, and 60000 through 77777 for bank 3. Programs prepared
for the PDP-9 should reserve locations 00000 through 00077 as specified in Table 3-1.

Table 3-1
Reserved Core Memory Locations
Address Purpose
00000 Stores the contents of the PC, LINK, optional EPC, extend mode option
status, and memory protection option status during a program interrupt.
00001 Stores the first instruction to be executed following a program interrupt,
normally a JMP.
00002-00006 Currently unused
00007 ' Stores real-time clock count
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Table 3-1 (cont)

Reserved Core Memory Locations

Address Purpose

00010-00017 Autoindex registers

00020 Stores the contents of the PC, LINK, optional EPC, extend mode option
status, and memory protection option status upon execution of a CAL
instruction.

00021 Stores the first instruction to be executed following a CAL instruction.

" 00022-00027 Currently unused

00030-00037 Four pairs of word counter/current address registers for use with data channels
0,1, 2, and 3.

00040-00077 Store unique entry instructions for each of 32 optional automatic priority
interrupt channels.

3.1.2.1 Direct Addressing - Directly addressed memory reference instructions (bit 04 = 0, Figure 3-2)

take the 13-bit address (05 to 17) specified in their instruction words as the effective address of the
memory register which contains the required operand. The 13-bit address allows direct addressing of up
to 8,192 locations in a currently addressed memory bank. Locations in memory banks other than that

currently addressed must be accessed by indirect addressing.

3.1.2.2 Indirect Addressing - Indirectly addressed memory reference instructions (bit 04 = 1, Figure

3-2) take the 13-bit address (05 to 17) specified in their instruction words not as the effective address of
the memory register containing the operand, but as the address of the memory register which contains
the effective address. For example, the instruction

LAC 100
directs the computer to load the contents of memory register 100 into the AC. But the instruction

LAC 1100
directs the computer to load the contents of the memory register addressed by the contents of memory
register 100 into the AC. Indirect addressing adds one computer cycle (Defer) to the instruction execu-

tion time, during which the effective address of the operand is fetched.

3.1.2.3 Autoindexing = When any one of core memory locations 00010 through 00017 is indirectly ad-
dressed, the contents of that location are automatically incremented by 1, and the result is taken as the
effective address of the instruction. Incrementing is accomplished with no additional instruction execu-
tion time. Such autoindexing operations are effective only when the locations are indirectly addressed.

When directly addressed, the locations contain operands just as any other memory locations.
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OPERATION

CODE=00g-60g ADDRESS
r S Al r A A}
o 1 2 3 |4 5 6 |7 |8 |9 |01t |12 1314|1516 |17
——
INDIRECT
ADDRESS FLAG
(1-INDIRECT)

Figure 3-2 Memory Reference Instruction Word Format

3.1.2.4 Extend Mode Addressing - Installation of additional memory packages requires the memory

extension control option for addressing a memory location outside the currently addressed memory bank.

3.1.3 1/O Control

The 1/O control section includes logic for program-controlled transfers between the central
processor and as many as 64 devices. Program-controlled transfers make use of program interrupt, 1/0O
skip, and I/O status checking facilities. A real-time clock installed in the 1/O section as part of the
basic equipment operates at 60 pps (50 pps for 50-cycle powered systems), and is tied to the program
interrupt facility and the API option. The /O control sectionalso allows operation of up to 8 devices
connected to 8 data channels (DCH), and up to 28 devices in 32 optional API channels, multiplexed at
8 priority levels.

All of the above operate off the bidirectional 1/O bus, which serially links the central pro-
cessor to the peripheral devices. Devices with high transfer rates, such as DECtape, magnetic tape and
drums normally use DCH access to core memory, in order that they operate at their maximum transfer
rates. Slower asynchronous devices such as line printers, teletype keyboards and punched card equip-
ment may operate at their maximum speeds through the use of the API option under program control.

Some timed transfer devices can operate independently of the central processor after they
have been set in operation. These devices are normally connected to the DCH to transfer a block of
data words at a time. Once the program has supplied information about the location and size of the
data block, the DCH takes over the responsibility of effecting the actual transfer. Separate parallel

buffers are provided in the device controls interfaced to the 1/O bus.

3.2 INSTRUCTION WORD FORMATS

The PDP-9 has two general instruction groups: memory reference (single-address) instructions,
and augmented (no-address) instructions. The latter group has three subclasses: operate (OPR) instruc-
tions, input/output transfer (IOT) instructions, and optional extended arithmetic element (EAE) instruc-

tions.
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3.2.1 Memory Reference Instructions

Memory reference instructions (Figure 3-2) consist of anopcode, an indirect address bit, and
an address. The op code, bits 00-03, specifies one of 13 memory reference instructions. The indirect add-
ress bit, 04, indicates whether the |3-bit address, 05 to |7, is a direct address (bit 04 = 0), or an indirect
address (bit 04 = I). If direct addressing is indicated, the addressed memory location contains the required
operand. If indirect addressing is indicated, the addressed memory location contains the address of the re-
quired operand. In either case, the address of the memory location containing the operand is the "effect-
ive address " for the instruction.

3.2.2 Augmented Instructions

3.2.2.1 Operate - OPR instructions (op code 74) are used to sense and/or alter the contents of the AC
and LINK. Typical functions (Figure 3-3) are: conditional or unconditional skips; complementing, set-
ting, clearing, or rotating the contents of the AC and LINK jointly or separately. A HLT instruction is
included. OPR instructions are fetched and executed in one computer cycle, the actions being specified
by the microprogramming of bits 04 to 17 in the instruction word. Each of the 14 bits can effect a unique
response; hence, they are "microinstructions" to the computer. The important feature of the OPR class

is its microprogramming capability where two or three microinstructions can be combined in one instruc-

tion word, and therefore be executed sequentially during one computer cycle.

IF BIT 8 IFBIT?7
ROTATE 1 1S1
POSITION IF ',__A___ﬁ —r—

CLA BIT IS O, SZL SNA  SPA ~ HLT RTR  RTL CML

OPERATION IF BIT 2 POSITIONS IF BIT IFBIT IFBIT IF BIT IFBIT IF BIT IF BIT

CODE 74 IS 1 IF1 IS1 1S1 IS 1 IS 1 1S1 ISt IS 1
A \ —A— —A— A A A A — A — A —

o|t |2 |3 |4 5 6 |7 |8 12 |13 | 14| 15| 16 [ 17

— — —— [ W S — ——
LAW CLL REVERSE RAR RAL OAS CMA
IF BIT SKIP IF BIT IF BIT IFBIT IF BIT
IS 1 SENSING I$1 IS 1 1IS1 IS1
OF BITS
9,10,11 IF IF BlT 7
B|T 81S1

IF BIT IF BIT IF BIT
1S1 1s1 ISt

IFBIT 8
IS0

Figure 3-3 OPR Instruction Word Format

3.2.2.2 Input/Output Transfer - IOT instructions (op code 70) initiate transmission of signals via the

I/O bus to control peripheral equipment, sense their status, and effect information transfers between
them and the central processor. Each instruction contains an 8-bit device selection code, bits 06 through

13, and a command code, bits 14 through 17 (Figure 3-4). Bits 06 through 11 of the device selection
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code perform the primary device selection among up to é4 devices while bits 12 and 13 select an oper-
ational mode or subdevice. Selection logic in a device's interface responds only to its preassigned code.
The command code, bits 14 through 17, is capable of being microprogrammed to clear the AC and to

issue up to three sequential command pulses to the I/O devices via the 1/O bus.

GENERATE
CLEAR AC AN I0OP 2
OPERATION DEVICE AT EVENT PULSE AT EVENT
CODE 70 SELECTION TIME 1 TIME 2
A ) Is A ~ — ——

0 1 2134 |5 |6 | 7|89 |10]|11]|12]13|14 | 15|16 |17

—_— —_— — —
UNUSED SUB-DEVICE GENERATE GENERATE
SELECTION AN IOP 4 AN IOP 1

PULSE AT PULSE AT
EVENT TIME EVENT TIME
3 1

Figure 3-4 1OT Instruction Word Format

Execution of an 10T instruction requires four computer cycles consisting of an instruction fetch
cycle and three execute cycles of 1 ps duration each, designated event times 1, 2, and 3 (Figure 3-5).
Only the fetch cycle contains a core memory read/write cycle. Thereafter, the core memory is idle until
completion of the IOT execute cycles. Bit 17 generates an IOP1 pulse during event time 1. Bits 16
and 15 generate IOP2 and IOP4 pulses during event times 2 and 3, respectively. 1OT skip instructions
are microprogrammed to produce an IOPT pulse for testing a device status flag. IOP2 pulses are normally
used to effect programmed transfers of information from a device to the central processor. Because the
AC serves as the data register for input transfers, the "clear AC" microinstruction (bit 14) is usually
microprogrammed with the IOP2 microinstruction; this combination clears the AC at the start of event
time 1, then strobes in the new information with IOP2 during event time 2. The IOP pulses trigger IOP

flip-flops which remain set for the event time duration.

3.2.2.3 Optional EAE - The EAE option adds the hardware necessary to implement the EAE instructions.
This class of instructions (op code 64) performs high-speed data manipulation and multiply-divide oper-

ations as specified by microprogramming individual instructions.
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Figure 3-5 1OT Instruction Cycles

3.3 DATA FORMATS

The PDP-9 uses three notations to represent signed data. They are sign and magnitude, 1s
complement, and 25 complement. In each, bit 0, or the most-significant bit of a single- or multi-

precision data word, serves as the sign indicator: 0 for a positive quantity, 1 for a negative quantity.

3.3.1 Sign and Magnitude Notation

In sign and magnitude notation, quantities of equal magnitude but opposite signs differ only
in the content of the sign-indicator bit; i.e., the positive number contains a 0 in bit 0, and the negative

number contains a 1 in bit 0. For example: S

+131 07110 :)ll 1 111 111 111 ]112
-131 071]O 111 1110 111 11t 117 1112

Observe that conversion of a positive number to a negative number, and vice versa, requires only that

the sign bit be complemented; the magnitude bits are not affected.

3.3.2 Complement Notations

In both complement notations (1s and 2s), the sign indicator (bit 0) is O for positive quantities
and 1 for negative quantities. The 1s complement of a quantity is equivalent to the logical complement
of its magnitude and sign; i.e., all binary 1s are replaced by Os and all binary Os are replaced by 1s.

The 2s complement of a quantity is equivalent to its 1s complement, plus 1 added to the lowest order,



or least-significant bit. Positive quantities in either notation have identical representations. For ex-

ample, +15__ is represented in a PDP-9 data word as

10

S

000 000 000 000 001 111
in either 1s or 25 complement notation. The 1s complement of —1510 is represented by

S

111 111 111 111 110 000

The 2s complement of —1510 appears as

s
111 111 111 111 110 001

Zero has two representations in 1s complement notation:

"‘0]0 s
000 000 000 000 000 OOO2
and
-0 s
10 ARIRIEERITERERIRERIRIIN
2s complement notation has one representation for zero:
+O1O s

000 000 000 000 000 OOO2

In 25 complement notation minus zero likewise appears in binary form as
10 :
000 000 000 000 000 OOO2
since complementing each bit and then adding 1 to the low order bit results in the propogation of an
arithmetic carry through the entire word, as follows:

+01 0 000 000 000 000 000 OOO2

is complemented to be

T 111 11 11 111 111
+ 1

adding 1

results in -010 s
000 000 000 000 000 OOO2
The binary 1 carried out of the sign bit "overflows" the 18-bit capacity of the PDP-9 word. Since two
identical representations of 0 are ambiguous to the computer, convention has adopted the +0 2s comple-
ment notation representation of 0.
Table 3-2 indicates the representations in 1s and 2s complement notation of a range of num-

bers from +5 to -5; a five-bit word is used for simplicity.
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Table 3-2

Complementary Numbers

Number 1s Complement 2s Complement

+5 00101 00101

+4 00100 00100

+3 00011 00011

+2 00010 00010

+1 00001 00001

+0 00000 00000

-0 11111 Not considered
-1 11110 11111

-2 11101 11110

-3 11100 11101

-4 11011 11100

-5 11010 11011

3.3.3 Data Words

PDP-9 hardware and software capabilities include add, subtract, multiply, divide, and rotate
of data in single- and multi-precision formats. For signed data words, bit O serves as the sign indicator,
with a 0 for a positive quantity, and a 1 for a negative quantity. A signed single-precision data word
includes a sign bit and 17 magnitude bits (Figure 3-6a). A signed double-precision data word consists
of two computer words or a total of 36 bits (Figure 3-6b). The first word contains the sign bit and the 17
most-significant bits; the second word contains the 18 least-significant bits. The words are normally

stored in consecutively addressed core memory locations for ease of programming.

3.3.3.1 Magnitudes of Data Words - For 1s complement signed and sign-and-magnitude notations, the

permissible magnitude of any quantity, X is in the range of

@< x < 2

where n is the number of bits allocated to the storage of data in a data word. For a single-precision

data word (sign bit and 17 data bits), this relationship becomes

@< x < 24

or

=181 071, < X < +181 071,

For 2s complement signed notation, the permissible magnitude of any quantity, X, is in the range of

_2n-1 < X < 2n—1_]




where n is again the number of bits allocated to the storage of data. A single-precision data word has

the range

17 <X < 7

or

-131 072, . < X < +131 071

10— 10

The position of the decimal point is implied in the above ranges.

SIGN

0-POSITIVE
1- NEGATIVE SIGNED NUMBER
/_JR( A N

o i 2 3 |4 5|6 |7 |8 |9 (10|11 |12 1314|1516 |17

a. Single-Precision Data

1st WORD
SIGN
0-POSITIVE
1— NEGATIVE
o | i 2 3 |4 5| 6|7 |8 |9 |10|11 |12 |13 | 14|15 16 |17
v
S Y
MOST SIGNIFICANT HALF
2nd WORD
LEAST SIGNIFICANT HALF
r A —

o|t1t |2 |3 (4 | 5|6 |7 8|9 (10|11 |12|13|[14]15]| 16 17

b. Double-Precision Data

Figure 3-6 Data Word Format

3.3.3.2  Floating-Point Formats - Floating-point representation of a binary number consists of two parts:

the exponent and the mantissa. The mantissa is a fraction with the binary point assumed to be positioned
between the sign bit and the most significant data bit. The mantissa is always stored in a normalized
state; i.e., leading Os are eliminated from the binary representation so that the high order bit is always
a 1. The exponent as stored represents the power of 2 by which the mantissa is multiplied to obtain the
number's value for use in computation.

The PDP-9 floating-point software system offers two modes for storage of floating-point num-

bers: three-word mode and two-word mode. Three-word mode requires three memory locations for storage



of a floating-point binary number (Figure 3-7a). The exponent, a signed 17-bit integer in 2s complement
notation, occupies the first word, or memory location. The mantissa, a 35-bit quantity in sign and
magnitude notation, is stored in the second and third words. The sign of the mantissa is stored in the
high-order bit of the second word.

Two-word mode requires two memory locations for storage of a floating-point binary number,
(Figure 3-7b). The exponent, an 8-bit integer in 2s complement notation, and its sign occupy the 9
high-order bits of the first word. The mantissa, a 26-bit quantity in sign and magnitude notation, is
stored in the 9 low-order bits of the first word and in the 17 low-order bits of the second word. The sign

of the mantissa is stored in the high-order bit of the second word.

WORDS (2's COMPLEMENT IF NEGATIVE)
1 S EXPONENT
0 1 17
2 S MANTISSA (SIGN CHANGE IF NEGATIVE)
0 1 17
3 MANTISSA
0 17

a. Three-Word Mode

WORDS (2'S COMPLEMENT IF NEGATIVE)

1 S EXPONENT MANTISSA

2 S MANTISSA (SIGN CHANGE IF NEGATIVE)

b. Two-Word Mode

Figure 3-7 Floating Point Data Format

3.3.4 Scaling

For the maintenance technician interested in arithmetic data handling, the PDP-9 User Hand-

book F=95 contains further information on scaling considerations for fixed-point arithmetic, and descriptions




of the addition and subtraction processes. Multiply and divide processes are presented in the "Mathe-
matical Subroutines" section of the Basic Software System Reference Manual, DEC-9B-GSAA-D. This
document also includes descriptions of single- and multiple-precision arithmetic, plus the use of the

floating-point software system.,

3.4 CONTROL MEMORY SYSTEM

The control memory (CM) system in the central processor is a read-only, linear-select mag-
netic core system which issues 36-bit "process words" to a control register (CR) composed of core-sensing
flip~flops. A 6-bit control memory address (CMA) included in each process word addresses the next pro-
cess word location in control memory. The remaining 30 bits comprise the data-path gating levels which
implement the execution of instructions and also specify the timing of control memory readout. The CMA
may be modified by conditions sensed during the processes, or gating levels, issued by the previous pro-
cess word. The CM issues up to four such process words per computer cycle in a sequence which is
largely determined by the previous processing results. A CONTinue bit in the previous process word
determines if another process word shall follow; an SM (start memory) bit determines if a main core mem-

ory cycle shall follow, concurrent with another process word.

3.4.1 Organization

Figure 3-8 is a functional block diagram of the control memory system. The system consists
of CM timing logic, drawing KC16; two G210 Address Selectors, on drawing KC17, driving the MCO%A
Control Memory core array, drawing KC18(2); and 36 core-sensing control register Flip-Flops B213,
drawing KCI9.

The importance of keeping the control memory processes synchronized with the main core
memory cycles may readily be appreciated. Both the main memory cycle and the control memory timing
are started by the logical AND of the main clock (CLK) which produces CM CLK pulses every 1 us while
the processor is running, and a start memory (SM) level from a CM sense flip-flop that is always set in
the last CM process word during any computer cycle (fetch, defer, execute, 1A0). The last CM process
word in an execute cycle always contains the SM level and address 21 in the CM sense flip-flops. The
next computer cycle must, of course, be a fetch cycle, and the next CM process word will be extracted
from address 21. Both of these are initiated by SM (1) and CM CLK. The CM reads out the process word
from address 21, which contains gating levels to load the PC with the address of the next sequential in-
struction, and also contains CONTinue, a level which retriggers the CM timing chain. The address con-
tained in process word 21 will have been presented to the Address Selectors G210, and will always be
address 12. The CM will now extract the process word at address 12. During this process the main core

memory reads the instruction word into the MB and the op code portion into the IR.
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Figure 3-8 Control Memory System, Block Diagram

The process word in CMA12 does not contain a CONT (1) bit, so another CM extraction does
not follow immediately. In this instance, the CM timing must wait for the main core memory's MEM
STROBE for retriggering.

The address selectors contain positive drive and negative sink transistor switches operating in
complementary pairs to send drive current through 1 of 64 lines in the control memory array. Each line
is threaded through all 36 cores in series; the direction of the winding determines the state a core will
assume when the line is driven. Core windings in one direction induce positive voltages in their respec-
tive sense lines, setting the sense flip-flops in the control register. Core windings in the other direction
induce negative voltages, resetting the flip-flops. The sense flip-flops set andreset on the CM STROBE
from the CM timing chain.

The processes of the fetch cycle determine whether the next cycle shall be a defer, IAO, or
execute. Certain instructions also demand that the next cycle be another fetch. Whatever the case,
the address in the third process word commands the extraction of the appropriate cycle entry word.

As shown in Figure 3-8, the address in the control register may be preempted by manual oper-
ations from the console, where the levels KIOA3-A5 perform the CM addressing function. See Manual
Control, Section 3.7. Section 3.5 explains in detail the functions of all process words in executing the
computer instructions. Drawing KCI8(l) is the Control Memory Program Chart in which one process word

(LOC column) addresses the next (JMP column) in the main flow of execution, with conditional branching




from the main flow as a result of sampling certain events. The BITS column lists those bits that are 1s in
each word, and the JMP column lists the location in control memory of the next sequential word. The
SYNC column contains the bits that control the initiation of the next process (CONT) or cycle (SM).
Drawings KC3 through KCé are the flow diagrams for the processes. Numbers within the pro-
cess word blocks indicate the CM addresses from which the words are taken. Below each block are the
results of the processes. Note that some bits of the process word can be operated on by hardware exter-

nal to the control memory system as a result of conditional events, denoted by dotted lines.

3.4.2 Timing and Control

CM timing logic is shown on drawing KC16. Any of the following five conditions can start the
timing chain to produce CM CURRENT and CM STROBE.

a. KEY INIT POS

b. CM CLK ASM (1) A AM SYNC BUS(0)

c. CM STROBE A CONT (1)

d. MEM STROBE A CONT (0)

e. IO RESTART

The following is a general description of the functions that these conditions control. Detailed
descriptions and timing diagrams are found in the referenced sections.

KEY INIT POS occurs during manual entry of address and/or data words from the console
switches (Section 3.7). This pulse starts the chain to extract a series of manual entry process words from
locations 00-07 using the KIO levels for CM addressing. The switches are used to set the starting address
of a program into the MB, for example. In this case, the last manual entry process word contains SM (1)
and address 21 for the subsequent fetch-entry process word.

CM CLK A SM (1) starts the timing chain to extract the entry word of any computer cycle con-
currently with a core memory cycle (Section 3.5).

CM STROBE A CONT (1) starts the chain to extract the second word, and MEM STROBE A
CONT (0) extracts the third, in any computer cycle. For execute cycles, CM STROBE A CONT (1) is
allowed to extract a fourth. The determining factor for the number of words extracted is the status of the
CONT flip-flop in the current process word.

For 1OT instructions, 10 RESTART extracts a process word after an extended 3 pus execute
period (Section 3.5.8). This word prepares the computer for the next fetch cycle.

For manual READ IN operations, 1O RESTART extracts a process word when the tape reader
reads a hole in channel 7 (Section 3.7.4.9). This word also prepares the computer for the next fetch

cycle.
The optional EAE logic also retriggers the chain with IO RESTART. Refer to the EAE Instruction

Manual .




3.4.3 Control Memory MCO%A

Control Memory MCO9%A is a quadruple-height module containing the linear core array. The
Control Memory Wiring Matrix, drawing KC18(2), is a practical representation of the 64 drive lines
threading the cores that induce s into the sense lines. Inreality, all drive lines thread all 36 cores
serially in specific 1 and 0 winding patterns to produce 64 separate and distinct 36-bit words. Complete
wiring patterns of the MCO9A are detailed in drawings MC1 through MCé6, delivered with the system.
At CM CURRENT time, the address selectors supply drive current through one selected line. At CM
STROBE time, the core states are transferred to the sense flip-flops from the sense lines, CMSL00-35.

3.4.4 Address Selectors G210

Two double-height Address Selector Modules G210, drawing KC17, perform control meméry
line selection by decoding the CM address and turning on line drive-current in response to the CM CUR-
RENT pulse from the CM timing logic, drawing KC16. Each module contains four drive-select and four
sink-select switches, connected together to form an 8 by 8 coordinate matrix. Input address decoding
gates turn on a pair of complementary switches to connect a ground to one end of the selected line and
a negative sink to the other. The module is similar to the G219 Address Selector Modules in core memory.
Figure 3-9 is a simplified schematic of the drive selection circuits for line 21, containing the
fetch-entry process word. In this case, the active switch pair is located entirely within one module, EF20.

Although selection of some lines makes use of a switch in each module, the logic is identical.
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Figure 3-9 CM Line Selection, Line 21
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For the fetch entry word extraction, the address in control register bits CMAQ0-05 is 21. In
Figure 3-9 CMAQO (0), CMAOI (1), and the level from BI69-F2IE are all negative. On drawing KCI7,
the output at BI69-F2IE comes from the paralleled NAND gates controlling address bit 02. The output
is negative because each of the four paralleled gates is disabled: the IR sampling is disabled by a grounde
input from NOR gate R111-F24N, the DCH and API gate is disabled by the absence of EXT (1), etc.

The negative levels are applied to the input decoding gates at transistor Q14. Likewise, the 03, 04,
and 05 parallel gates are disabled and the consequent negative levels are applied to the input decoding
gates at transistor Q5.

CM CURRENT enables the Q14 and Q5 gates to turn on these transistors. The resulting current-
surges through transformers T8 and T3 turn on Q16 and Q7. The emitter of Q16 goes to ground and the
collector of Q7 rises to the -15V supply voltage. The Q16 emitter output at EK is the CMP02 connection
to one end of core drive line 21; the Q7 collector output at FM is the CMGO1 connection to the other
end. Current flows through the line from CMP02 to CMGOT .

3.4.5 Current Sources

The control memory system is powered by the +10, =15V computer supply. The =15V output
supplies the drive current via the address selector switches. Maximum current is limited purely by the
inductance of the drive lines to 200 mA, inducing positive or negative signals of 2V (with 5V flyback) in

the sense lines. The idealized waveforms are shown in Figure 3-9.

3.5 CENTRAL PROCESSOR LOGIC

The discussions that follow correlate the CP logic with the execution of computer instructions.
The functions common to most instructions; i.e., fetch cycle, defer cycle, autoindexing, are treated as
an introduction to the individual execute cycle descriptions. Flow charts and timing diagrams supplement

the text.

3.5.1 Fetch Cycle

The computer enters the fetch cycle from the BGN process word (10) in control memory. This
is always the last word extracted from control memory during the current execute cycle of a running pro-
gram (Section 3.5.6). The BGN word contains PCO, SM, and the "next CM address, " CMA21. The
ground level PCO(1) is NORed at R111-E22HJ to produce a negative A MB level, drawing KC19(2).

A MB is NANDed with SM(1) of the BGN word, MEM DONE from core memory, and RUN (1) from the
clock and run logic, drawing KCIO(l). The NAND gate output at R111-E22N produces 1 —> MBI at
Pulse Amplifier B602-E23D when MEM DONE of the execute cycle occurs. The 1—> MBI pulse sets the
MBI flip-flop in control memory. Under these conditions PCO(1) and MBI(1) transfer the address in the
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PC to the MB via the A bus, ADR, and O bus. MAJAM WORDand MAJAM DIGIT in core memory
transfer this address from the MB to the MA (Section 3.6.3). The BGN word remains in the CM sense
flip-flops until SM(1) and the next CLK pulse (CM CLK) generate CM STROBE to extract the fetch entry
process word at CM location 21.

Figure 3-10 is the timing diagram for the fetch cycle and Figure 3-11 is the flow diagram. At
CLK time in the BGN process, CM CLK and SM(1) produce CM CURRENT and CM STROBE in the CM
timing chain, drawing KC16, to extract the fetch entry word. This is the first of three process words
to be extracted during the 1-ps fetch cycle period or interval between CLK pulses. CLK and SM(1) also

start the core memory cycle.
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Figure 3-10 Fetch Cycle Timing
The fetch entry word contains MBO, +1, PCI, CONT, and CMAT12. The address placed in

the MB by rhe BGN process is still there; MBO(1) gates it onto the B bus, and the B bus contents go di-
rectly into the ADR on drawing KC21. Process +1(1) produces CI17, drawing KC14, which initiates a
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carry into ADR17 on KC21(3), in effect incrementing the address in the ADR by 1. NOSH (no shift)
gates the incremented address onto the O bus, drawing KC20. NOSH from KC13 is present at all times
other than during shifting (SHL, SHR) operations. PCI(1) places the incremented address in the PC and
resets the SKIP and AUT INX flip-flops, drawing KC14. Unless otherwise modified, by the execution;
of certain instructions, this is the address (PC+1) to be entered into the MB by the next BGN word of the
impending execute cycle.

The CM STROBE that extracted the fetch entry word also restarts the <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>