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CHAPTER 1
SYSTEM INTRODUCTION

The PDP-—9® programmed data processing system is a general purpose computer, incorporating FLIP CHIP
hybrid integrated circuits throughout. The PDP-9 features:

High performance at low cost

Demonstrated reliability

Simple input/output interfacing

Extensive software

Flexible, high capacity, input/output provisions coupled with a complete line of peripheral equipment
allow system planning to satisfy a variety of applications. PDP-9 can be easily configured to perform
equally well the role of central data processing facility, control element, or satellite processor. The
ease with which its modular hardware and software adapt to the requirements of data acquisition, process
control, and on-line processing in real-time environments makes it the ideal small scale system for

scientific and industrial use.

The PDP-9 system is a single address, fixed word length (18 bits), parallel binary computer. The min-
imum system configuration( see frontispiece ) has 8192 words of core memory storage; paper tape input
at 300 cps and output at 50 cps; console teleprinter keyboard input and printer output at 10 cps; and a

real-time clock.

The system readily interfaces to optional peripherals such as punched card equipment, line printers,
magnetic tape transports, analog-to-digital converters, digital-to-analog converters, CRT displays, data
communication equipment, and magnetic drum and disc systems. Equipment of special design is easily
adapted for interfacing to the PDP-9. The FLIP CHIP module line offers proven reliability plus simple,
inexpensive fabrication of compatible interface controls for special equipment, or for the special-
purpose equipment itself. Peripherals can be interfaced to the system as processing requirements expand,

without modification of the central processor.

CHARACTERISTICS

Complete cycle time of 1 psec for the random access, ferrite core memory .

Real-time clock generates a clock pulse every 16.7 msec (every 20 msec for 50 Hz systems) to increment

a time counter stored in system memory. The counter initiates a program interrupt when a programmed

preset time interval is completed. The clock can be enabled or disabled under program control.

®

PDP is a registered trademark of the Digital Equipment Corporation.
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True direct addressing is provided for all 8192 18-bit word locations in the basic core memory module

configuration or any memory module appended to the system. The system allows indirect addressing up
to the memory expansion limit of 32,768 locations. Core memory is expanded in increments of 8192
words. Memory parity can be optionally included. With the parity option, memory cycle time is ap-
proximately 1.2 usec. System software expands to make efficient use of all available core memory

storage.

Power failure protection can be optionally implemented to protect against data loss due to internal

power interruptions. With this option, the PDP=9 is unaffected by power interruptions of less than
25 msec duration. In the event of a longer interruption, the option can save the active register con-
tents and automatically restart the interrupted program at a specified address when power is restored.
Without the "power failure protection" option, power interruptions of 10 msec duration, or longer,

may result in loss of active register contents and memory contents.

Automatic readin is provided of binary-coded programs from paper tape via the paper tape reader. A

user-initiated and hardware-implemented control transfers 18-bit words (three tape lines) from tape to
a block of sequentially addressed core memory locations, and executes the instruction defined by the

fast word without further user intervention.

A built-in test program, user-initiated and hardware-implemented, circulates a self-incrementing count

through all central processor registers for the purpose of validating both their operation and the internal
transfer paths. The user can monitor and verify register operation by observing the respective register

display on the control console.

All input/output transfers are executed in parallel bytes up to 18 bits in length. The system's I/O

facilities can service data transfer rates up to one million bytes per second.

Bidirectional input/output bus is provided for program controlled data/command transmissions between

the central processor and up to 256 external devices. All program controlled 1/O transfers pass through
the central processor's accumulator (AC), the 18~bit primary arithmetic register. Memory referencing

instructions convey data between the AC and system core memory. IOT (input/output transfer) instruc-
tions select appropriate devicas and effect the data transfer between the AC and information registers in

the devices.

Four buffered data channels allow fast, non-overlapping data transmission between system core memory

and four devices interfaced to the 1/ O bus. Data channel transfers occur via the memory buffer (MB)
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register in the central processor and do not disturb the contents of other major registers in the processor.
Thus, a data channel transfer suspends rather than interrupts execution of the program in progress. The
maximum transfer capacity of the data channel facility is between 250,000 and 333,333 words per second,
depending on the mix of input and output transfers (each output transfer steals four machine cycles; each
input transfer steals three cycles). Provisions are made in system memory for word counter registers and
current address registers unique to each data channel. The data channel facility can be expanded for

multiplexed servicing of up to four additional devices.

Direct memory access channel (DMA) bypasses the central processor, allowing direct, cycle stealing,

data transmission between core memory locations and external devices via a separate entry port fo system
memory module(s). DMA transfers have priority over all other system actions. An optional multiplexer/

adapter will interface to and allocate priority of service among up to three devices.

Program interrupt control frees the program in progress from the necessity of monitoring the status of

peripheral devices. The program continues until a device signals a request for service. A subroutine,
entered automatically upon the processor's granting of the interrupt request, stores the interrupted pro-
gram's status, determines the device making the request, and transfers control to the appropriate service
subroutine. At completion of the device servicing, the interrupted program is restored to control. The

program interrupt control facility is suitable for those peripheral devices having low data rates.

Multilevel automatic priority interrupt option (API) affords immediate access to device handling and

data handling subroutines on a ranked priority basis. Of the eight priority levels added by this option
the four higher levels are assigned to device use, and the lower four are assigned to software use. The
priority levels are fully nested; i.e., a higher priority request can interrupt in-process servicing of a
lower priority. The restoration of an interrupted service subroutine does not require additional pro-
gramming considerations. Likewise, the return to an interrupted main program segment is easily im-

plemented.

The granting of priority interrupt requests, at completion of the current instruction, is rated above pro-
gram and program interrupt activity and below data channel or direct memory access channel

activity, or real-time clock counting.

*

The API system has 32 channels of which 28 are allocated to external device interrupting (hardware
priority levels) and 4 are allocated to programmed interrupting (software priority levels). A channel
assignment defines the core memory location of the unique entry to an interrupt subroutine. Device

channels function independently of priority; up to eight device channels may be assigned to the same



priority level. Device channels also may be multiplexed without limit, in which case the channel

address defines the entry to a search routine rather than unique entry to one routine.

Additional provisions include dynamic reallocation of device priority level assignments (device control
must be designed with logic circuits to accomplish reassignment) and programmed raising of the active

interrupt to a priority level higher than the normal assignment, when the situation requires exclusion of
interrupt requests at specific priority levels. The API is program enabled or disabled. Specific devices

can be inhibited from irterrupting by appropriate control inputs to their interfaces.

The basic machine has fixed-point hardware capabsility and floating-point software capability for per-

forming binary arithmetic in 1s and 2s complement notations. Floating-point software offers choice of
6 or 9 decimal digit precision. The program library supplied includes extensive repertoire of multi- and

single-precision subroutines.

Add or subtract (complementary addition) is performed in 2 usec with fetch of operand from effectively
addressed core memory location. Overflow indication is furnished for 1s complement addition where

17 .
absolute value of algebraic summed result exceeds capacity of the accumulator (2" = 1). Algorithms
for 2s complement addition and subtraction treat overflow from accumulator as a carry into a 1-bit

register called the "link".

Extended arithmetic element option offers fast, flexible, hardware execution of the following as signed

or unsigned functions:

Shifting the contents of the primary arithmetic registers (AC or MQ), right or left, in 2 to
17 psec.

Normalizing the quantity in the primary arithmetic registers; i.e., shifting the contents left
to remove leading binary Os for the purpose of preserving as many significant bits as possible.

Time required is 2 to 17 psec.
Multiplication in 3 to 11 usec.

Division, including integer and fractional, in 3 to 12 pusec. Divide overflow indication is

furnished when division would produce quotient exceeding 2]7 - 1 magnitude.



DESIGN

The compactness of the PDP~9 affords maximum computing facility in a minimum of space; its modular
construction provides for ease of system growth to meet future processing requirements -- external devices
and additional core memory append with minimum effort and no effect on the central processor.

(Section 4, Interface, presents complete details on interfacing special purpose or user-designed external
devices to the PDP-9 input/output facilities.) PDP-9 is completely self-contained, and does not re-
quire special air conditioning or humidity control. Internal power supplies generate all required oper-
ating voltages from a single input source of 115-volt, 60-Hz single-phase power. Systems can be supplied

to operate with 50 Hz power at a variety of voltage levels.

CONFIGURATIONS

The basic PDP-9 configuration (figure 1-1) consistsof the following.
1. Central processor with integrated control console, work shelf and chair.

2. Core memory stack of 8192 18-bit words. Includes interface connection for direct

memory access of memory locations by high data rate peripherals.

3. Three peripheral devices: a 300 character/second paper tape reader; a 50 character/
second paper tape punch; and an input/output teleprinter, Teletype Model KSR 33.
(Teletype Model KSR 35 can be optionally supplied and is recommended for applications

where extreme use is to be made of the teleprinter's output function.)
4, Real-time clock.

5. Input/output facilities: 1/O bus, four data channels, direct memory access channel,
program interrupt control, I/O status word provision, and conditional skip on external

device status.
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Figure 1-1 Basic PDP-9



The PDP-9 expands into a variety of configurations by:

Increasing system core memory from the basic-supplied 8192 words up to 32,768 words in

increments of 8192 words. Memory parity may be optionally added.

Adding peripheral equipment selected from the PDP-9 line, or interfacing the system to

special purpose or user-designed equipment.

Interfacing a basic or expanded PDP-9 to a data processing complex.

Incorporating central processor options to increase the system's computing and data

handling power.

Figure 1-2 illustratesa typical expanded PDP-9 system .
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Figure 1-2 Expanded PDP-9 System Configuration, Block Diagram
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CHAPTER 2
SOFTWARE SYSTEMS

PDP-9 offers two complete software systems, PDP=9 BASIC and PDP-9 ADVANCED, plus an extensive

library of arithmetic subroutines, utility programs, and maintainence and diagnostic routines.

PDP-9 BASIC software functions in a paper tape input/output environment (i.e., source and object
forms of programs reside on paper tape) with its field-tested components running in stand-alone fashion

to provide the user with powerful single-job capabilities.

PDP-9 ADVANCED software is an all-new package of systems and utility programs, combining the
latest concepts in device-independent programming with the power of FORTRAN IV and a macro as-

sembler. PDP-9 ADVANCED software will be available July 1967 in the following two compatible

versions:

Under control of a simple input/output monitor for basic PDP-9s with paper tape input/
output or card input. This version will greatly expand the single-job capabilities avail-

able with PDP-9 BASIC software.

In a more sophisticated monitor environment for all PDP-9s with some form of auxiliary
bulk storage (DECtape, magnetic tape, disc, or drum). This latter version will permit
device-independent programming under control of a keyboard monitor and a sophisticated

input/output programming system.

PDP-9 BASIC SOFTWARE

PDP-9 BASIC software includes a FORTRAN II Compiler, Symbolic Assembler, Dynamic Debugging
Technique (DDT) program, and Symbolic Tape Editor. All are designed to operate as stand-alone
systems in a paper tape input/output environment. PDP-9 BASIC software is fully documented in

PDP-9 BASIC Software Systems (DEC-9B-GSAA-D).

FORTRAN I

The PDP-9 FORTRAN II compiler is designed to operate on an 8,192-word system with Teletype, paper
tape reader, and punch (the minimum standard PDP-9 system). FORTRAN II object programs may
utilize additional available memory to store dimensioned arrays and COMMON data, and can list on

line printers. The principal components of the FORTRAN II system are:

2-1



e Compiler
® FORTRAN Assembler
® Object-Time System

® Library, including routines for input/output, 6-decimal-digit arithmetic, and 9-decimal-
digit arithmetic

® Linking Loader

The compiler accepts input in the FORTRAN II language and produces output in an intermediate lan-
guare acceptable to the FORTRAN assembler. The assembler accepts the compiler output and produces
a binary relocatable version of the program plus a binary version of the linking loader. Approximately

4000] 0 locations are available for program and data storage.

When ready to execute a program, the user loads the main program and any subprograms required,
followed by any standard functions available in the subroutine library . After the total program has
been entered in core, the object-time system is loaded and the program is executed. The object-time
system includes an interpretive system for floating-point arithmetic, a translator for format statements,
routines such as fixed-to-floating-point conversion, and the input/output routines. The object-time
system occupies approximately 4000]0 locations and must be in memory while a FORTRAN II program

is being executed.
Among the important features of the PDP-9 FORTRAN II system are:
e The ability to intermix symbolic assembly language coding with FORTRAN statements.

® Floating-point constants with either 6- or 9-decimal-digit accuracy (selectable).

® Fixed-point constants with values up to + 131,071.

Mixed mode expressions.

Arrays of up to four dimensions and subscripting to any level.

FUNCTION and SUBROUTINE statements.

Symbolic Assembler

The PDP-9 Symbolic Assembler, in one pass, translates symbolic source programs into binary object
programs. Although designed to operate on a minimum PDP-9 configuration, it can assemble PDP-9

programs for any size PDP-9 system.



PDP-9 symbolic level coding allows the programmer to simplify the coding task using mnemonic codes
for the instructions and symbolic names for addresses or locations. Pseudo-operation codes are available
to give commands to the assembler causing it to set aside data areas, change state, or produce fixed

sequences of instructions.

In the assembly phase, the source program is read line by line and converted to proper binary format.
Mnemonic codes are translated to their binary equivalent, and symbolic addresses are replaced by
actual addresses. At the end of the assembly phase, any undefined symbols encountered are reported

to the operator.

Dynamic Debugging Technique

The Dynamic Debugging Technique (DDT) program for the PDP-9 is a versatile tool for program check-
out and modification. Occupying the upper 20008 locations in core memory, it allows an operator to

load a program and run all or selected portions of it under strict supervision.

With DDT, breakpoints may be inserted or deleted, registers may be examined and altered, patches
may be inserted and punched out in a form acceptable to the loader, and printouts may be obtained at
critical junctures. By loading and utilizing the object program's symbol table, DDT may employ

symbolic references to all locations, instructions, and variables.

Control of DDT and program examination and modification are obtained via the Teletype keyboard and
paper tape punch. Simple commands are available to allow the operator to insert a break-point at any
location, specify the number of iterations to be accomplished before it halts the program, and start the
program at any point. Other commands allow the operator to "open" or examine any location, alter

it if he wishes, "close" the register, remove the breakpoint, and punch out loadable binary tapes.

These patch tapes eliminate the necessity of correcting symbolic tapes and reassembling.

Symbolic Tape Editor

The Symbolic Tape Editor is designed to facilitate the preparation and correction of symbolic source

tapes.

The editor reads sections of symbolic tape info memory and makes them available for examination,
correction, and punch-out. Corrections, new text, and commands to the Editor program are made via
the Teletype keyboard. Tape input and output may be specified to be in either ASCII or FIODEC

code.
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The information to be edited is stored in a text buffer which occupies all of memory not utilized by

the Editor program; in an 8,192-word PDP-9 the buffer will hold approximately 16,000 characters.

Symbolic programs are punched on paper tape in blocks separated by form-feed holes; each block may
have as many lines as the programmer desires. Editor commands are available to read a block into
core, examine one or more lines, list the entire buffer, clear the buffer, append new text to the

end of the buffer, delete or replace lines, and punch out all or any portion of the buffer. Combination
commands are available to facilitate tape duplication. New tapes may be created by clearing the

buffer, appending new text to the empty buffer, and punching out the buffer on tape.

PDP-9 ADVANCED SOFTWARE

PDP-9 ADVANCED software is an all-new completely relocatable software package combining
sophisticated programming features with flexibility and ease of use. Available to PDP-9 users in
July, 1967, this new package includes a FORTRAN IV compiler, a macro assembler, an on-line
debugging system, a symbolic editor, a peripheral interchange program, a linking loader, an input/

output programming system, and a monitor.

Two versions of the PDP-9 ADVANCED software system will be made available: a simple input/output
monitor system with paper tape input/output and the option of punched card input facilities for basic
PDP-9 users. The system will also include a more sophisticated monitor-based, device-independent
system for PDP-9s with one or more forms of auxiliary bulk storage (magnetic tape, DECtape, disc,

or drum). Both systems will be compatible.

Paper Tape (or Card) System

Basic or extended-memory PDP-9 systems without auxiliary bulk storage use the FORTRAN 1V compiler,
macro assembler (MACRO-9), debugging system (DDT-9), Symbolic Editor, Peripheral Interchange
Program (PIP-9), and Linking Loader under the control of the Input/Output Monitor. Only paper tape
input/output or card input is provided. All systems programs have full features, are completely re-
locatable, and handle or produce relocatable code. Maximum utilization will be made of optional
central processor featues, such as the Extended Arithmetic Element and Automatic Priority Interrupt,

when they are available.

Device-Independent System

The inclusion of bulk storage in a PDP-9 will allow the use of the keyboard monitor-based, device-

independent version of PDP-9 ADVANCED software. The minimum bulk storage requirements are:
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2 DECtape transports (TU55) and control (TC02), or
2 IBM-compatible transports (TU 20 or equivalent) and control (TC59), or

1 disc system and control

With the addition of one of these forms of bulk storage to a PDP-9 system, the Keyboard Monitor (KM-9),
and the Input/Output Programming System (IOPS) can be used to automatically store, retrieve, load

and execute PDP-9 programs. With this device-independent version of PDP-9 ADVANCED software,

the user can call his system programs from any bulk storage device (designated the system device),
compile or assemble from any input device to any proper output device, and (optionally) obtain listings
on any printing device or magnetic tape. By using the keyboard monitor fo change the system and

object program device assignment tables, the operator may designate at load time which devices shall
serve as system device, object program storage, and data input and output devices. The linking loader,
with access to the input/output programming system, automatically loads the input/output programs

required by the device assignment tables.

System Components

The component packages of the new PDP-9 ADVANCED software system are described briefly below.
More complete descriptions will be found in the individual language specification or operator's manual

for each program.

FORTRAN 1V

The PDP-9 FORTRAN 1V compiler is a two-pass system which accepts statements written in the FORTRAN
language and produces relocatable object code capable of being loaded by the linking loader program.
It is fully compatible with USA FORTRAN 1V, as defined in the USA Standard X3.9-1966, with the
exception of the following few features which were modified to allow the compiler to operate in

8,192 words of core storage:
1. Complex arithmetic will not be available.
2. Adjustable array dimensions will not be allowed.
3. Blank COMMON will be treated as named COMMON.,
4. The implied DO feature will be deleted from the DATA statement.

This FORTRAN 1V compiler operates with the PDP-9 program interrupt facility enabled and generates
real-time programs that both operate with the program interrupt enabled and can work in conjunction

with assembly language programs that recognize and service real-time devices. Subroutines written in
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either FORTRAN 1V or the Macro Assembler language can be loaded with and called by FORTRAN IV
main programs. Comprehensive source language diagnostics are produced during compilation; a symbol

table is generated for use in on-line debugging.

Macro Assembler (MACRO-9)

With the Macro Assembler, PDP-9 users are able to utilize highly sophisticated macro generating and
calling facilities within the context of a symbolic assembler. Among the more prominent features of

MACRO-9 are:
1. The ability to define and call nested and recursive macros.
2. Conditional assembly based on the computational results of symbols or expressions.
3. Repeat functions.
4. A variety of fixed- and floating-point symbolic formats for constants.
5. Boolean manipulation.
6. Optional octal and symbolic listings.

7. Three forms of radix control (binary, octal, decimal) and two text modes (ASCII and
6-bit trimmed ASCII).

8. Global symbols for easy linking of separately assembled programs.

9. Choice of output format: relocatable, absolute binary (checksummed); full binary (un-

checksummed), capable of being loaded via the READ IN key (console).

10. Ability to call input/output system macros which expand into IOPS calling sequences.

Debugging System (DDT-9)

DDT-9 adds the flexibility of relocatability and real-time operation to the capabilities of PDP-9
BASIC DDT. With it, the user may load and operate his program in a real-time environment while
maintaining strict control over running of each section. DDT-9 allows the operator to insert and
delete break-points, examine and change registers, patch programs, and search for specific constants

or word formats.

The DDT break-point features allows for the insertion and simultaneous use of up to four break-points,

and any one or all of these break-points may be removed with a single keyboard command. The search



facility allows the operator to specify a search through any part, or all of an object program with print-
out of the locations of all registers that are equal (or unequal) to a specified constant. This search

feature also works for portions of words as modified by a mask.

With DDT-9, registers may be examined and modified in either instruction format or octal code, and
addresses may be specified in symbolic relative, octal relative, or octal absolute. Patches may be

inserted in either source language or octal.

Symbolic Editor

The Symbolic Editor of the PDP-9 ADVANCED software system provides the ability to read symbolic
text from any input device (paper tape reader, card reader, disc, drum, DECtape, magnetic tape,
etc.), to examine and correct it, and to write it on any output device. It can also be used to create

new symbolic programs.

The Editor operates on lines of symbolic text, delimited by carriage return (C/R) characters and or-
ganized into blocks or pages. These lines can be read into a buffer, selectively examined, deleted,
or modified, and written out. New text may be substituted, inserted, or appended. Among the types

of commands available to the operator through the Symbolic Editor are:

1. Input Operations

a. Read a page of text.
b. Read n lines of text.
¢. Skip a page of text.
d. Skip n lines of text.

2. Examination Operations

Print the entire buffer.

a.
b. Print n pages.

c¢. Print lines n through m.

d. Print line n.

e. Print the entire buffer without comments.

f. Print lines n through m without comments.
Print line n without comments.
Search for and print the next location symbol.

i. Back up and print the previous line.
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3. Editing Operations

a. Delete line n.
Delete lines n through m.
c. Append text,
d. Insert text before line n.
e. Change line n.
f. Change lines n through m.
g. Read the next n lines and insert them after line m in the buffer.
h. Erase the buffer.

Move a line.

—

4. Output Operations

a. Output the entire buffer.
b. Output line n.

Output lines n through m.

(]

d. Punch a form feed.

Several commands which combine input and output commands are also available to the user. With these,
the buffer may be cleared and a new page automatically read in after the output of an edited page,
or one or more pages may be read and punched in one operation (for duplication of sections of a

symbolic tape).

Peripheral Interchange Program (PIP-9)

The primary function of PIP-9 is to facilitate the manipulation and transfer of data files from any input
device to any output device. It can be used to update file descriptions, delete, insert, or combine
files, perform code conversions, rewind tapes, and retrieve storage space that is no longer required

by a file device.

Linking Loader

The Linking Loader has the task of loading any PDP-9 FORTRAN IV or MACRO-9 object program which
exists in relocatable or absolute format. Among its tasks are loading and relocation of programs,
loading of called subroutines, retrieval and loading of implied subroutines and IOPS routines, and

loading and relocation of the necessary symbol tables.
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Input/ Output Programming System (IOPS)

IOPS provides a standardized programming interface to all input/output devices in a PDP-9 system.
Symbolic input/output unit assignments allow users' programs to select /O devices specified symbolic-
ally to the macro assembler or the FORTRAN IV compiler. IOPS consists of a modular collection of
relocatable input/output and utility subroutines which transmit data to and from peripheral devices
and make data readily available for processing. IOPS data and file handling routines include device

independence for all systems programs.

Specifically, IOPS provides the user with three levels of 1/O programs.

1. Device handling - providing the basic subroutines to allow the user to operate a

device, doing code conversion where required.

2. Data handling - providing the data buffering and internal line and character

transmission facilities.
3. File handling - providing for the manipulation of named files on the system level.

IOPS completely eliminates the need for the programmer to program the standard peripheral devices.
The programmer is no longer concerned with input/output problems such as timing, overlap, and the
differences in the characteristics of peripheral devices. This permits him to concentrate on his pri-

‘mary task, the processing of data inside the computer.

IOPS is coded on a modular basis to allow addition of new devices and modifications to the handling
of current devices. It requires considerably less effort to modify an IOPS subprogram then to revise
individual input/output sections to fit a new configuration. By the use of IOPS, programs can be

changed more rapidly to fit the expanding configurations.

Input/Output Monitor

The simple input/output monitor includes the device assignment tables and input/output routines
necessary for programs being run on PDP-9s without bulk storage. The function of the monitor is to
handle all input and output for system programs or users' programs so that the programmer need not be
concerned with device or data manipulation routines. Normally only paper tape input/output or card

input is allowed by the input/output monitor.

Keyboard Monitor (KM=9)

The Keyboard Monitor allows convenient single job processing through commands to the console tele-

printer. Its primary functions are: to allow the user direct and immediate access to system user
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programs stored on bulk storage devices; to faciliatate the creation and storage of new programs by
the user; and to allow input/output device-independent programming with "load-time" specification

of peripherals.

KM-9 consists of a bootstrap loader, a keyboard listener program, a monitor command decoder, IOPS

routines, an error diagnostic program, and device assignment tables (DATs).

The bootstrap loader always resides in upper memory and is responsible for loading the monitor into
lower memory. Return calls from system or user programs cause restoration of control to the Monitor.
The keyboard listener (KLIST) accepts input commands from the teletype and handles Monitor initial-

ization and bookkeeping.

The Monitor command decoder (MCD) recognizes requests for system programs and loads the system

loader to bring in the requested program. In response to keyboard commands, it also manipulates the
device assignment tables to provide the device-independent programming features. The Monitor IOPS
include data handling subroutines, and device handlers and interrupt service routines for the Teletype
keyboard and printer. The routines for the system device will also be present with the Keyboard Monitor,

but all other IOPS routines will be stored on the system device until required by object programs.

The Monitor also contains device assignment tables. The purpose of the DATs is to relate logical /O units
to the actual hardware devices. Each input or output reference within a system or user program refers to a
position in a device assignment table. This table, in turn, contains a device assignment for each table entry
that may be used. Since the contents of the tables can be altered by commands to the Keyboard Monitor,

actual 1I/O devices may be changed without altering the program references to these devices.

Expansion of PDP-9 Advanced Software System

The above-mentioned features of the PDP-9 ADVANCED software system will all be ready for release
in July, 1967. Included in the initial system design, but not scheduled for completion until a later

date are:

® Time-shared use of the PDP-9 by a protected priority foreground program and an unprotected
system or user background program. This feature will utilize a background/foreground
monitor and will require 16,384 words of core, bulk storage, and the memory protection

option.

® Batfch processing from any peripheral device, including the ability to accept monitor

commands from any system input device,



Although these features will not be available with the initial versions of PDP-9 ADVANCED software,

all necessary provisions have been made for them in the system programs.

MAINDEC DIAGNOSTIC PROGRAMS

MAINDEC diagnostic programs are provided for locating hardware malfunctions within the processor,

memory, and I/O equipment.

These programs are designed to make troubleshooting fast and straightforward by selectively exercising
every circuit in the machine. Instructions and procedures for loading, operating, and interpreting the
results of diagnostic tests are written in clear, simple language, so that beginning maintenance tech-

nicians can use them easily.

Detailed error messages are printed out to tell the technician exactly which instruction, or bit con-
figuration, has failed. Error codes direct the troubleshooter to specific modules when a fault con-

dition is detected.

The program consists of two parts: the Basic Processor Test and the Extended Processor Test. The Basic
Test incrementally checks the entire instruction repertoire, performing 1500 unique tests, and in each
case, halts with specific instructions for the troubleshooter. If the Basic Test fails to detect the
trouble, the Extended Test uses random number techniques to test the logic for many combinations of
data manipulation and addressing problems, runs memory test patterns, performs system tests on 1/O

devices and controls, and many other tests.

A valuable tool for check-out and troubleshooting, MAINDEC diagnostics contribute to the high pro-
ductivity of the PDP-9 by minimizing downtime.



The major functional components of the PDP-9 system are the central processor, core memory, and input/

output facilities. This chapter discusses these components and the options offered for each.

CHAPTER 3
SYSTEM ORGANIZATION

CENTRAL PROCESSOR UNIT

Figure 3-1 illustrates the internal organization of the PDP-9 central processor. Employing a transfer bus
system, data is jam-transferred between registers at DC levels to minimize timing problems (level logic

is used instead of pulse logic in the central processor). All active registers use simple circuit designs

(no logical delays).

ADR
FROM 8 BUS A BUS
SYSTEM
MEMORY f f A * f
REGISTER OUTPUT GATES
TO SYSTEM MEMORY
- MB L AC AR PC MQ
REGISTER INPUT GATES
0 BUS
I1/0 IN
1/0 ouT
- DRV

Figure 3-1 Central Processor-Major Register Organization

Control Elements (not illustrated) that govern the gating of information transfers include:

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

fetched from memory. The four most significant bits constitute the operation code and, when
decoded, indicate the entry point to the control memory microinstruction sequence necessary to

effect system response. The fifth bit signals when the fetched instruction indicates indirect

addressing.
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Control Memory (CM) = The CM stores all sequences of internal microinstructions required to

fetch and execute a program's instructions, to effect operation of the data channels, and to re-
spond to operator commands initiated at the control console. It is a very fast, read-only,

magnetic-core storage unit, prewired with the sequences.

Control Register (CR) - The CR delivers gate control signals to the transfer busses and to the

active registers. The register supplies new address information to the CM based on conditions

sensed.

Major registers in the processor are:

Adder (ADR) - The 19-bit ADR functions as a fast adder for arithmetic operations, and as the
transfer path for all inter-register transfers and shift operations. It also increments the PC and
MB registers, as required. Entry to the ADR is via the A bus and/or the B bus, under control
of CR-developed gating control levels. The ADR operates at a 5 mc rate to provide an inter-

register transfer time of 200 nsec.

Accumulator (AC) - The AC, an 18-bit register, retains the result of arithmetic/logical opera=

tions for the interim between instructions. The AC can be cleared and complemented. Its
contents can be rotated right or left with the link. The contents of the memory buffer register
can be added to the contents of the AC with the result left in the AC. The contents of both
registers can be combined by the logical operations AND and exclusive OR, the result remain-
ing in the AC. The inclusive OR can be formed between the AC and the Data switches on the
operator console and the result left in the AC. For all program controlled transfers, informa-

tion is transferred between core memory and an external device through the accumulator.

Link (L) = This 1-bit register is used to extend the arithmetic capability of the accumulator. In
1s complement arithmetic, the link is an overflow indicator; in 2s complement arithmetic, it
logically extends the AC to 19 bits and functions as a carry register. The program can check
overflow into the link from the accumulator 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 and in logical shifts.

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

operations. It is not accessible to the programmer. Iis operation is a function of the micro-

instruction sequences in the CM.



Multiplier-Quotient Register (MQ) = The optionally implemented extended arithmetic element
(EAE) adds the logic of the MQ to the basic PDP-9. The MQ is 18 bits long and holds the

multiplier during multiplying instructions and receives the low-order 18 bits of the resulting pro-
duct. During division operations it holds the low-order 18 bits of the dividend and, at the com=
pletion of the divide instruction, it contains the quotient. It can also be used as an extension

of the AC for 36-bit shift operations and for data normalizing operations.

Program Counter (PC) - The PC determines the program sequence; that is, the order in which

instructions are performed. This 13-bit register contains the address of the memory cell from
which the next instruction is to be taken. Addition of the memory extension control option ex-

pands the PC to 15 bits for the addressing of up to 32,768 locations.

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

through the 18-bit MB. Information is read from a memory cell into the MB and rewritten into
the cell in one cycle time. Instructions and data are brought from core memory into the MB for
processing. The MB serves also as a buffer for information transferred between core memory and

an external device in data channel transfers.

CORE MEMORY

The PDP-9 core memory utilizes a new design concept for speed, compactness, and reliability; it operates
with a complete cycle time of 1.0 usec. Each 8,192-word core memory module contains a core stack,
sense amplifiers, drivers, and a memory address (MA) register. The MA sets up the memory location

(address) to be used for data retrieval or storage.

System core memory can be expanded from the basic 8,192 words up to 32,768 words in 8,192-word in-
crements. Such expansion requires implementation of the optional Memory Extension Control, Type

KGO9A to extend the PDP-9 addressing capability.

Each PDP-9 memory module has a two-port capability for data entry and retrieval. One port, connecting
to the memory bus, services the processor. The other port allows a peripheral device direct and immediate
access to memory for fast data transfers via a direct memory access (DMA) bus. A device request for DMA
service has priority over a processor request. The latter is deferred until DMA operation terminates. The

optional Multiplexer Adapter, Type DMO9A permits concurrent servicing of up to three DMA peripherals

and assigns each a fixed priority.



INPUT/OUTPUT FACILITIES

The following text briefly describes the input/output facilities provided with the PDP=9 in its minimum
(basic) configuration. Detailed descriptions concerning the operation and use of these facilities are

presented in chapter 9, Input/Output Operations.

Basic PDP-2 1I/O facilities include:

1. A 1/O bus system which chain links all the device controls for all peripheral devices to

the central processor unit (CPU).

2. A data channel control governing concurrent (non-overlapping) operation of four data

channels.

3. A direct memory access (DMA) channel offering true, cycle-stealing access to system

memory locations.
4. A program interrupt control.
5. An 1/O status-read provision.

6. A conditional skip-on-device=status provision.

The PDP-9 apportions I/O control between the CPU and the various device controls interfaced to the
I/O facilities. The complexity of any device control is thus a function of the type of device and of
the facilities which it must make use of to accomplish its system purpose. This scheme has several

benefits for the user.
1. It negates the need for expensive 1/0 processors or controllers.

2. The structure of the 1/O system can be expanded or reconfigured at anytime without mod-

ification of the CPU.

3. User-designed or special purpose equipment can be easily interfaced to the PDP=9 through

the inexpensive fabrication of the required device control units.

Peripheral equipment may either be asynchronous with no timed transfer rates or synchronous with a timed-
transfer rate. Devices such as the CRT displays, teleprinter-keyboard, and the line printer can operate
at any speed up to the maximum without loss of efficiency. These asynchronous devices remain on and
ready to accept data; they do not turn themselves off between transfers. Devices such as magnetic tape,
DECtape, the serial drum, and card equipment are timed=transfer devices and must operate at or near

their maximum speeds to be efficient.
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The 1/O bus consists of command lines and bidirectional data lines for use in accomplishing program-
controlled transfers or data channe! transfers; plus the use of the program interrupt control, the I/O
status-read and conditional skip~on-device-status provisions, and the Automatic Priority Interrupt system
option Type KFO9A, if implemented. The program-controlled mode functions with single word or byte
(up to 18 bits, parallel) transfers made under control of programmed instructions. The data channel mode

permits block transfers at high speed without interruption of the program in progress.

The DMA channel is a separate 1/O data path, permitting direct access to system memory locations for
high data rate devices such as magnetic drum and disc systems. This facility enables the transfer of data
at rates up to one million words or bytes per second. It operates on a true cycle-stealing basis.
All I/O data transfers function within the precedence of the following priority structure.

1. Direct memory access channel requests (highest priority)

2. Data channel requests

3. Real time clock counting (clock is considered to be an 1/O device).

4, Priority inferrupts, 8 levels (optional)

5. Program interrupts

6. Main program in progress (lowest priority)
A higher priority request for service interrupts any in-process service of a lower priority at the end of
the current instruction, or, in the case of the DMA channel, at the end of the current memory cycle.
Program interrupts and priority interrupts require that the main program transfer control to specific
service subroutines. These routines restore control to the program at completion of the service interval.

Computer-granted breaks satisfy data channel requests; i.e., program execution is delayed but not dis-

turbed while the data channel transfers information between memory and the requesting device via the MB.

Program Conirolled Transfers

Program controlled transfers are made by IOT (input/output transfer) instructions contained in the main
program or in service subroutines. These instructions are microcoded to effect response only for a par-
ticular device. The microcoding includes issuing a unique device selection code and appropriate
processor-generated pulses fo initiate the specified operation. All program controlled transfers are

executed through the accumulator (AC) in parallel bytes up to 18 bits in length.



For an "out" transfer, the program reads a data word from memory into the AC. A subsequent 10T
instruction places the data on the bus, selects the device, and causes it to enter the word in its data
buffer register. For an "in" transfer, the process reverses. An IOT instruction selects the device and
causes the contents of its data buffer to be gated onto the I/O bus. In turn, the word is strobed into the

AC and read, by the program, into memory .

Conditional Skip on Device Status

The PDP-9 order code has in its IOT family a group of instructions for testing the status of peripherals.

An instruction of this type directs the processor to either skip or proceed to the next instruction asa result of
the test. The feature can be thought of as programmed decision making. For example, a program accept-
ing typed input from the console teleprinter might make use of the following sequence in a "teleprinter"

service subroutine.

KSF /SKIP NEXT IF CHARACTER IN BUFFER
JMP -1 /RECHECK KEYBOARD BUFFER
KRB /READ BUFFER INTO AC

Although simple to implement, 1/O servicing of this form adds to a program's "overhead" as the subroutine

remains in the two-instruction loop until the skipping condition is satisfied.

Input/ QOutput Read Status

The input/output read status facility provides for programmed interrogation of external device status.
Upon execution of an IORS (input/output read status) instruction, the states of those device flags (done,
busy, not ready, etc.) interfaced to the facility by the 1/O bus are transferred to specific assigned bit
positions of the AC. The program may check for specific flag conditions or the user may view the flag

states as selectively displayed in indicators on the control console. For bit assignments, see Figure 9-1.

Program Interrupt

The program interrupt (PI) facility offers a more efficient method of /O servicing. The computer con-
tinues with execution of a program until a previously selected peripheral signals that it is ready. At

that time, the program in process interrupts and transfers control to a service subroutine. When completed,
the subroutine restores the computer to the status prior to the interrupt, allowing the interrupted program
segment to continue. Where multiple peripherals are connected to the PI, a search routine with device

status testing (skipping) instructions must be added to determine which device initiated the interrupt



request. This routine transfers control to the appropriate I/O service subroutine. The PI is itself
considered an I/O device in that a program or subroutine thereof can include instrbctions for enabling
or disabling the facility. When disabled, the PI ignores all services requests. Such requests normally
remain on-line, however, and are answered when the PI is again enabled. The Pl is automatically dis-
abled when an interrupt request is honored. The inferrupt-accessed subroutine is responsible for re-

activating the facility.

Data Channels

The four data channels included in the basic PDP-9 1/O facilities employ the 1/O bus system for block
data transfers between core memory and high data rate peripherals such as DECtape and standard magnetic
tape transports. The data channel control can concurrently service up to four devices, and can be ex-
panded to service up to eight devices. The priority of service is established by the hardware interface.
Data channel requests for service are answered upon completion of the instruction currently being ex-
ecuted by the computer. An in-process data channel transfer cannot be inferrupfed by a data channel
request of lower priority, but it can be interrupted by a direct memory access channel request for service
at completion of the current machine cycle. An interrupted data channel transfer continues with comple-
tion of the DMA channel action. On-~line data channel requests for service are answered inturn on the

basis of their priority relationship.

Each data channe! functions with processor-granted breaks to interleave its transfers with execution of
the program in progress. These transfers occur via the MB and do not disturb the contents of other active
registers in the processor (AC, PC, etc.). Data is read into memory in three machine cycles and out of
memory in four cycles (the additional cycle allows 1/O bus settling and the setting of control gates prior

to the strobing of the data word into the device's buffer register).

The block transfer is initiated by an IOT (input/output transfer) instruction following initialization of a
word count register and a current address register, both held in sequential memory locations for each
data channel (30, 318 for data channel 0; 32, 33 for 1; 34, 35 for 2; and 36, 37 for 3). The word count
register is initialized to minus the number of words to be transferred plus one. The current address regis-
ter is initialized to the starting address minus one of the sequential block of memory locations which are

to deliver data to or receive data from the peripheral device.

When the data channel request is granted by the processor, the device transmits the address of its data
channel word count register. During the first cycle, the contents of this register are incremented by

one and then the effective address of the current address register is established. In the second cycle,



the contents of the current address register are incremented by one to establish the effective address
of the memory location delivering or receiving the data word. During the third cycle, or fourth cycle

in the case of out transfers, the actual data transfer occurs.

The device continues to request service until it receives an indication that the block transfer has been
completed. At that time, it can initiate a program interrupt to access a subroutine for the re-initializa-
tion of the data channel's word count and current address registers. Because the block transfers are
automatic in nature, the programmer need only concern himself with providing the appropriate subroutine
or subroutines to initialize the data channels as required by the program's use of the data channel con-

nected peripheral.

Direct Memory Access Channel

The direct memory access (DMA) facility bypasses the computer to provide a data path between system
core memory and high-speed peripherals (up to three devices can be concurrently serviced by the addi-
tion of an optional multiplexer which establishes a priority relationship for the devices). The DMA

"cycle stealing” basis; i.e., a device request for service defers execution of the

channel functions on a
main program or an 1/O transfer operation in process for one memory cycle, during which time a word
is transferred to or from core memory. Execution resumes upon completion of the transfer cycle. The
DMA channel accesses memory through its own entry port to each memory module. DMA-~interfaced

devices are also interfaced to the 1/O bus for programmed initialization of the data transfer parameters.

Add-to-Memory Capability

This capability permits incrementing the contents of an externally specified memory location in one
memory cycle, or adding the contents of an external register to the contents of a memory word in four
memory cycles. A device on the DCH system can request these actions by signaling on appropriate

lines of the I/O bus. These features were originally included in the extra-cost KHOSA option.

The increment capability (MB+ 1) is commonly used when data in histogram form is desired (such as
pulse height analysis data). After each data point is developed by external hardware, it is placed on
the address lines (thereby specifying a memory location) and an Increment MB request is made. An I/O

OVFLO pulse is returned to the device if the increment causes the specified word to go to zero.

The request for an increment cycle is honored after completion of the current instruction. If successive
increments are requested, one instruction of the current program will be executed between each incre-

ment break.
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The add-to-memory capability is used in signal averaging where on successive scans through an inde-
pendent variable (such as time), the data from the dependent variable (such as voltage) is added into
that already collected. Data placed on the data lines is added to the contents of the location specified
by the data channel current address counter. A DATA OVFLO pulse is returned to the device if the

sum exceeds 2]8—1 .

The request for an add-to-memory operation is honored after completion of the current instruction. If

successive requests are made, they will be honored back-to-back, every four memory cycles.

OPTIONS

Incorporation of the following options expands the data processing capabilities of the basic PDP-9 system,
provides increased efficiency for input/output operations, and simplifies the programming and execution

of arithmetic operations.

Extended Arithmetic Element, Type KEO9A

The extended arithmetic element facilitates high-speed multiplication, division, shifting, normalizing,
and register manipulation. Installation of the EAE adds an 18-bit multiplier quotient register (MQ) to

the computer as well as a 6-bit step counter register (SC). The contents of the MQ are displayed by the
REGISTER indicators on the operator's console when the REGISTER DISPLAY control is in the MQ position.
The option and the basic computer cycle operate asynchronously, permitting computations to be performed
in the minimum possible time. Further, the EAE instructions are microcoded so that several operations
can be performed by one instruction to simplify arithmetic programming. Average multiplication time

is 11 psec; average division time is 12 psec. The PDP=-9 program library offers a complete package of
single~ and multi-precision routines for use with this option. EAE instructions are described in chapter 7,

Instructions.

Memory Extension Control, Type KGO%A

The memory extension control allows expansion of PDP-9 core memory from 8,192 to 32,768 words in in-
crements of 8,192 words. The option includes a 2-bit extended program counter, a 2-bit extended memory
address register, and an extend mode control. Locations outside the current 8,192-word field are accessed
by indirect addressing while in the extend mode. In this mode, bits 3=17 in the effective address of anin-
directly addressed instruction specify the memory bank number (bits 3 and 4) and the memory address (bits
5=17). If not in the extend mode, bits 3 and 4 of the effective address are ignored and the bank number

is taken from the extended program counter. Instructions for the option are discussed in chapter 6 under



Extend Mode Addressing. The state (i.e., on or off) of the mode is automatically saved in the event of a
program interrupt, or CAL or JMS instruction (refer to chapter 6 under "reserved addresses", page 6-7).

A program intferrupt disables the extend mode. The saved state can be automatically restored by the in-
struction sequence of DBR followed immediately by JMP I, where the address for the latter instruction is
00000, 00020, or Y for, respectively, a program interrupt, CAL, or JMS (Y refers to the address previously
specified by the JMS instruction).

Additional Core Memory

Up to three 8, 192-word core memory modules, Type MMO%A, MMO09B, and MMO9C respectively, may
be added to a PDP-9 for expansion of random-access storage up to 32,768 18-bit words. The memory

extension control Type KGO%A is required.

Memory Parity, Type MPO9

The option adds a 19th bit to each of the words in a 8, 192-word core memory module. These bits retain
the parity indication for their associated words. Parity is generated when a word is entered in memory
and checked when the word is read out of its memory location. Detection of a parity error can initiate
a program interrupt or halt execution of the program, as the programmer selects (refer to chapter 10,

Controls and Indicators). Systems with memory parity have a 1.2 psec memory cycle time.

The 10T instructions associated with memory parity are as follows:

Octal Code Mnemonic Function
702701 SPE Skip on parity error
702702 CPE Clear parity error
702704 Force wrong parity (maintenance only)

Memory Parity must be built into the basic PDP-9. It is not available as a field-installed option.

Power Failure Protection, Type KPO9A

The basic PDP-9 is not affected by power interruptions of less than 10 msec duration. Active registers
in the processor (AC, AR, PC, etc.) will lose their contents for interrupts of longer duration but memory
is not disturbed. The power failure protection option extends the period of nonaffect by power interruption

to 25 msec. In addition, the option provides for the saving of active register contents in the event of
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longer power interrupts and the automatic restart of the system when power is restored. The restart feature
is switch-selected by the operator to be enabled or disabled. When enabled, the program in progress re-
sumes execution at location 00000. The system must be operating with the program interrupt facility en-
abled to sense the option's initiation of a program inferrupt to save the register contents at the time of

the line power failure. The option adds the following instruction:
Octal Code Operation

703201 Skip next instruction if power-low flag is set.

Memory Protection Option Type KX09A

The memory protection feature establishes a foreground/background environment for PDP-9 processing
activity by specifying the boundary between protected (lower) and unprotected (upper) regions of system
core memory. Allocation of memory locations (in increments of 1024 words) to the protected region is
dynamic and program controlled. A Boundary Register, added by the option, stores the location of the

upper limit of the protected region. It is loaded from bits 3-7 of the AC by a MPLS instruction.

The KXO09A monitors the instruction about to be executed, and transfers control to a monitor program
(should the instruction be in the category of "illegal instructions") before the instruction is executed.
If a program tries to reference a nonexistent memory bank, the KX0%A, if it has been enabled, transfers

control to the monitor program.

The memory protect (or user mode) may be enabled either by programmed instruction, or by placing the

PRTCT switch on the console UP, and pressing the START key. When enabled, the option will trap the

following:
107 Input/Qutput
CAF Clear All Flags
XCT of XCT Chained Execute Instructions
HLT Halt
OAS/LAS Load AC From Data Switches

References to nonexistent memory

References to locations below the boundary Iimit

Trapping causes the execution of an effective JMS instruction after the machine cycle that attempts to
violate. The address referenced by the effective JMS instruction will be location absolute 20 if the
program interrupt facility is disabled, or location absolute 0 if the program interrupt facility is enabled.

The Violation Flag is set.



The NonExistent Memory Flag is also set if the violation was caused by a program or DCH reference to

nonexistent memory. A DMA reference to nonexistent memory is not detected by the KX09A.

User mode is disabled in the following ways:

I/O Reset Key

The detection of a violation

CAL Instruction (which never causes a violation)
A Program Interrupt

An API Interrupt

If user mode is enabled when an API breck starts, and the API Channel Address contains a HLT, OAS,
or IOT =~ rather than the normal JMS - that instruction will be inhibited, user mode will be disabled

in the normal fashion and no violation will be detected.

If user mode is disabled when a reference to nonexistent memory is made, the NonExistent Memory Flag
is set, no trap occurs, and the program continues after a one microsecond pause. If a reference to non-

existent memory occurs when user mode is enabled, the Violation Flag is also set and the trap occurs.

HLT, OAS and IOT instructions are totally inhibited when the memory protect option is enabled. If
the HLT or OAS is combined with any other operate group instruction (micro-programming), the other
parts of the operate group instruction are executed before the trap. (The exception is SKP which is not

executed - see Example 2.) The second XCT in a chain of XCT instructions is trapped before execution.

The state of the protect mode (a "1" for user mode) is stored in bit 2 the storage word by those oper-
ations that save the state of the machine (CAL, JMS, PI). The stored PC will contain one more than
the location of the violating instruction, except for JMP to a protected area. In this case, the stored

PC will contain the Protected address.

The sole operator control is the PRTCT switch, which has an indicator above it. This indicator lights
when in user mode. The PRTCT switch is used in conjunction with the START key to establish the proper
mode at the beginning of program execution. If the switch is UP, then the program is started in user

mode. The switch has no further effect.

The 1O RESET key clears the boundary register, Violation and NonExistent Memory Flags, and user mode

(i.e., memory protect is turned off).



The option adds the following instructions to the PDP-9.

Mnemonic Octal Code Function

MPSNE 701741 Skip on NonExistent Memory Flag. The NonExistent
Memory Flag is set whenever the processor attempts to
reference a nonexistent area of core. For a 32K
machine, the flag would never get set.

MPSK 701701 Skip on Violation Flag. The Memory Protect Violation
Flag will be set whenever the execution of an instruction
has violated the provision of memory protection (see

above).

MPEU 701742 Enter user (protect) mode. Memory protect mode will be
entered at the end of the next instruction that is not an
IOT.

MPCV 701702 Clear Violation Flag.

MPCNE 701744 Clear NonExistent Memory Flag.

MPLD 701704 Load the memory protection boundary register with the

contents of AC3—7. The boundary register will store
the number of 1024 word blocks to be protected.

Associated with the option are the following additional indicators, as shown below, mounted above the

marginal check panel.

OOO0O00O00OO0

PRVN NEXM USMD BR 3 BR4 BRS BR6 BR7

PRVN: Lights when Violation flag is raised.
NEXM: Lights when Nonexistent Memory flag is raised.
USMD: Lights to indicate that the memory protect mode (user mode) has been

entered. Logically identical to the light above the PRTCT switch on
the console.

BR 3 Indicate the upper limit (in 1K increments of the protected region.)
through
BR7
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Examples

Example 1
76
77 Main Program
100 XCT 200
200 XCT 247
247 LAC 250

Should the main program reach location 100 with the user mode ON, the second XCT at location 200
will violate, and control will transfer to location 20 (assuming program interrupt facility is off). The
contents of the PC (101) together with the state of the link, Extend Mode and User Mode will be stored

in location 20, and the next instruction taken from location 21.

Example 2
76
77 Main Program
100 XCT 200
200 HLT SKP

Here, the HLT will cause the violation, (one XCT is allowed). The SKP will be ignored and the PC
will be stored as 101,

Example 3
76
77 Main Program
100 XCT 200
200 HLT CLA

Same as Example 2 except the AC will be cleared before the trap occurs.
Example 4

Assume boundary to be at address 2000, protection is for register O through 1777,

400 3000
3000 TAD I 400

This is legal, although address 400 (which is below the boundary) has been referenced, because the

final reference is above the boundary.



Example 5
Boundary again at address 2000

400 1000
3000 TAD T 400

This will be trapped, as address 1000 was the final reference, and address 1000 is below the boundary.

Automatic Priority Interrupt, Type KFO9A

The automatic priority interrupt (API) system adds eight additional levels of programming priority to the
PDP-9. The upper four levels are assigned to devices and are initiated by flags (interrupt requests) from
these attached devices. The lower four levels are assigned to the programming system and are initiated
by software requests. The priority network insures that high data rate or critical devices will always
interrupt slower device service routines while holding still lower priority interrupt requests off line until
they can be serviced. The API identifies the source of the interrupt directly, eliminating the need for a

service routine to flag search.

The key elements in an interface to the API are priority level and channel. Each 1/O device interfaced
to the API is assigned to one of the four device priority levels so as to maximize performance of the I/O

system.

The channel assignment of every device and software request is fixed and cannot be changed. Each of
the 32 channels has a corresponding channel address in core memory. This address contains a JMS in-
struction to the service subroutine. The execution of 1 out of 32 unique JMS instructions is the API's

method of directly identifying which source caused the interrupt.

The API operates in the following manner. An 1/O device requests service by transmitting an interrupt
request signal to the processor on a line corresponding to its specific, preassigned priority level. If this
priority level is higher than the priority of the device which requested the currently active program
segment, an interrupt is granted to the new device. Upon receipt of the grant signal, the device trans-
mits its channel-address back to the processor. The processor executes the instruction in the specified
memory address; this is always a JMS to the device service subroutine. The new priority level is re-
membered and no further servicing of this or lower priority levels is permitted until the device service

subroutine is exited.

The hardware insures that simultaneous requests by multiple devices are handled in the proper priority

sequence. If interrupt requests occur at different priority levels, the highest priority request will be
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serviced first. If multiple interrupt requests occur af the same priority level, the device closest on the
bus to the processor will be serviced first. The entire API system may be enabled or disabled with a
single instruction; however, many devices provide facility to separately connect and disconnect their

flags from the interrupt.

The chief advantage of this API system lies in the proper use of the software levels. In the real-time
environment, it is necessary to maintain data input/output flow, but it is not possible to perform long,
complex calculations at priority levels which shut out these data transfers. With the API, a high

priority data input routine which recognizes the need for the complex calculation can call for it with

a software level interrupt. Since the calculation is performed at a lower priority than the data handling,
the latter can go on undisturbed. Further, there is no need to interface the data collection routine with
the lowest priority (background) program which may run independently of the real-time system. Refer to

chapter 9 for descriptions of the API instructions and the programming considerations.
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CHAPTER 4
PERIPHERALS

This chapter describes both the standard peripherals and the optional peripherals offered with PDP-9.
Information regarding the instruction word format and the coding of the IOT (input/output transfer)

instructions can be found in chapter 7 under IOT Instructions.

STANDARD INPUT/OUTPUT EQUIPMENT

Standard input/output equipment supplied with each PDP-9 system consists of a Teletype and control,

perforated tape reader and control, and a perforated tape punch and control.

Teletype Model 33 KSR and Control

The Teletype Model 33 KSR (keyboard send receive) can be used to type in or print out information at

a rate of up fo ten characters per second. Signals transferred between the 33 KSR and the keyboard
printer 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 zeros and ones in the control
and computer. The start mark and subsequent eight character bits are represented by single units of time

duration followed by a two-unit stop space.

Each of the 64 printing characters and 32 control characters are represented by an8-bit standard ASCII
code. The Teletype eight-level character code is listed in the appendix 2. As the teleprinter input
and output functions are logically separate, the programmer can consider the printer and keyboard as

individual devices. The console teletype interface is half duplex.

The keyboard and teleprinter device flags are interfaced to the 1/0O skip facility, the program interrupt
control, and to bits 3 and 4, respectively, of the IORS (input/output read status) word. (Refer to
chapter 9, 1/O Operations, for a discussion on use of the IORS word.) The state of these bits can be
seen in the REGISTER indicators when the machine is in the stop condition and the REGISTER DISPLAY
control is in the STATUS position.

Keyboard

The keyboard control contains a 8=bit buffer which assembles and holds the code for the last character
struck on the keyboard. The keyboard flag becomes a 1 to signify that a character has been assembled

and is ready for transfer to the accumulator. This flag may be cleared by command.
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The keyboard instructions are:

Mnemonic " Octdl
Symbol Code
KSF 700301
KRB 700312

Teleprinter

Operation
Executed

Skip if the keyboard flag is set to 1, If the flag is a O, the
next instruction is executed. If it is 1, the next instruction
is skipped. The flag is set only when a character has been

completely assembled by the buffer.

Read the keyboard buffer. The content of the buffer is
placed in bits 10-17 of the cleared AC and the keyboard
flag is cleared. Bits 0-9 of the AC remain cleared.

The teleprinter control contains an 8-bit buffer which receives a character code from AC bits 10 through

17. The buffer receives the 8-bit code from the AC in parallel and transmits it to the teleprinter serially.

When the function called for by the 8-bit code has been executed, the teleprinter flag is set to 1. This

flag is connected to the computer program interrupt and input/output skip facility. It is cleared by pro-

grammed command, The instructions for the teleprinter are:

Mnemonic Octal

_Symbol Code
TSF 700401
TCF 700402
TLS 700406

Operation
Executed
Skip the next instruction if the teleprinter flag is set to 1,

Clear the teleprinter flag,

Load printer buffer. The content of AC bits 10-17 are
placed in the buffer. The flag is cleared before transmission
takes place and is set when the character has been printed.

A TLS instruction should not be executed until a TSF instruction verifies that the teleprinter flag is set.

The teleprinter requires 110.04 msec to complete the action called for by an entered character code

(print a character, line feed, carriage return, etc.). The teleprinter flag is again set at the end of this

interval. The time between teleprinter flags is available to'the program.

NOTE: The keyboard has priority over the teleprinter; i.e., if a key is struck
while the teleprinter buffer is transmitting a character code to the Teletype,
the character code relating to the struck key will be entered in the keyboard
buffer and the keyboard flag will be set to initiate a program interrupt. The
disruption of the teleprinter function will garble the character code being
sent to the Teletype from the teleprinter buffer. The Teletype action defined
by this garbled code is unpredictable. Thus, one character of output data is

lost.
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Perforated Tape Reader

The perforated tape reader and its associated control are designed and manufactured by the Digital
Equipment Corporation. The reader functions with a stepping motor and feed-hole drive to photo-
electrically sense 8-channel paper tape at the rate of 300 characters per second. The control requests
reader motion, transfers data from the reader to the reader buffer register, and signals the computer
when the buffer has assembled data for input to the computer. In order to maintain maximum reader

speed (300 cps), a new select IOT must be issued within 1.67 msec.

Data may be read from tape in either alphanumeric or binary modes, as determined by 10T select in-
structions. In the alphanumeric mode (figure 4~1a), each select instruction causes one line of tape,
consisting of eight bits, to be read and placed right justified in the 18-bit buffer register. In the

binary mode (figure 4-1b), each select instruction causes three lines of tape to be read. Six bits of
each tape line read are assembled in the buffer to form one 18-bit computer word. The seventh bit of

a tape line is ignored. A line is not read, however, unless the eighth bit is punched. A "reader buffer"

instruction transfers the contents of the reader buffer to the computer's accumulator.

Reader facilities include a right-hand bin for supply of the tape being read, a left~hand bin for receiving
the tape, and a feed-through control to complete passage of the tape into the receiving bin following the

readin operation. A snap-action tape retainer on the reader platform allows simple tape loading.

Primary power is made available to the reader when the computer POWER control is set to ON. All

operations of the reader are under program control.

The tape reader device flag is interfaced to the I/O skip facility, the program interrupt control, and

to bit T of the IORS (input/output read status) word. The tape~reader-no-tape flag* is interfaced to bit
8 of the IORS word. (Refer to chapter 9, 1/O Operations, for a discussion on use of the IORS word.)
The state of these status bits can be seen in the REGISTER indicators when the machine is the stop con-

dition and the REGISTER DISPLAY control is in the STATUS position.

*Note: all program tapes should be provided with trailers (i.e., sections of feed-hole only punched tape)
since the reader may not halt immediately upon detection of a no-tape indication. Reading of a non-
trailered tape will result in the entry of invalid data as the reader indexes beyond the end of tape point.
A no-tape condition, in addition to setting the tape-reader-no-tape flag, sets the reader flag to initiate
a program interrupt.
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in Alphanumeric Mode
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b. Tape Format and Reader Buffer Register Bit Assignments
In Binary Mode

Figure 4-1 Perforated Tape Formats

*Note: In hardware readin mode, channel 7 must be punched in line 3 of last data word or read will
not stop (refer to chapter 10 for description of the READ IN key).

4-4



Tape Reader IOT Instructions - Observe the following sequence for instructions required to effect the

transfer from paper tape to the AC,
1. Select the mode and clear the buffer, *
2. Wait for reader flag (indicates that buffer has been loaded).

3. Transfer buffer contents to the AC.

Mnemonic Octal Operation
Symbol Code Executed
RSF 700101 Skip the next instruction if reader flag isa 1. v
RCF 700102 Read reader buffer. Clear reader flag, then inclusively OR
) contents of reader buffer into the AC. RB V AC -~ AC
RRB 700112 Read reader buffer. Clear reader flag. Clear AC and then

transfer contents of reader buffer to AC. RB - AC

RSA 700104 Select reader in alphanumeric mode. One 8-bit character
is read and placed in the reader buffer (right justified). The
reader flag is cleared before the character is read. When
transmission is complete, the flag is set to 1.

RSB 700144 Select reader in binary mode. Three 6-bit characters are
read and assembled in the reader buffer. The flag is cleared
during assembly and set when character assembly is completed.

Tape Reader Use

In loading tape for readin, observe the following practices:

1. Raise the tape retainer and load the tape into the right-hand bin with channel one
(figure 4-1) toward the rear. Place several folds of the tape leader in the left-hand bin
and position the tape on the platform with the feed holes engaged by teeth of the drive

gear. Snap the retainer down.

2. Momentarily depress the tape feed control. This action corrects any misalignment

of the tape with respect to the drive teeth, and it clears the reader out-of-tape flag.

3. Set the address switches (numbered 3-17 on the console) to the starting address for
the readin and depress the I/O Reset key and then the READ IN key to initiate reading of

the tape.

*Note: A programmed check of tape presence (i.e., not a no-tape condition) may precede this sequence
(refer to 1ORS discussion in chapter 9).
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Perforated Tape Punch

The perforated tape punch unit, packaged on the same chassis as the tape reader, consists of a solid-
state control and a mechanical punch mechanism. It perforates paper tape at the rate of 50 characters
per second. When the punch is selected by an IOT instruction, data in the accumulator is transferred

to the punch buffer and then without further instruction punched in the tape.

A magazine for unpunched tape and a box for tape chad are located internally. Both are accessible
when the reader-punch drawer is pulled forward on its slides. Power for the punch motor is available
when the computer POWER conftrol is in the ON position. The motor runs only when the punch has been
selected, however. Operation of the punch is by programmed instructions. An out-of-tape switch, on
the punch mechanism and through which the unpunched tape passes, closes to inhibit punch operation

when approximately one inch of tape is left.

The paper tape punch device flag is interfaced to the 1/O skip facility, the program interrupt control,
and to bit 2 of the IORS (input/output read status) word. The tape-punch-no-tape flag* is interfaced
to bit ? of the IORS word. (Refer to chapter 9, 1/O Operations, for a discussion on use of the IORS
word.) The state of these status bits can be seen in the REGISTER indicators when the machine is in

the stop condition and the REGISTER DISPLAY control is in the STATUS position.

Information is handled by the punch in either alphanumeric or binary modes. In the alphanumeric mode
each select instruction causes one line of tape, consisting of eight bits to be punched. Each hole
punched in a tape channel corresponds to a binary 1 in the appropriate bit of the punch buffer. A feed
hole is punched for each command, even if the buffer contains all zeros. The correlation between tape
channels and accumulator bits shown in figure 4-1a applies to the tape punch in alphanumeric mode.

In the binary mode each select instruction causes one line of tape, consisting of eight bits, to be punched.
Holes are punched in channels 6 through 1 as a function of binary ones in bits 12 through 17 of the
accumulator, respectively. Channel 8 is always punched and channel 7 is normally not punched, thereby

_conforming to standard binary tape information format.

*Note: The tape-punch-no-tape condition will not initiate a program interrupt.
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Tape Punch IOT Instructions

Mnemonic Octal Operation

Symbol Code Executed

PSF 700201 Skip the next instruction if the punch flag is set to 1.

PCF 700202 Clear the punch flag.

PSA 700204 Punch a line of tape in alphanumeric mode. The punch flag
is immediately cleared and then set when punching is com-
plete.

PSB 700244 Punch a line of tape in binary mode. The punch flag is im-

mediately cleared and then set when punching is complete.

NOTE: The following microcoded instruction causes the punching of
just a feed hole.

PSA+ 10 700214 Clear AC and punch a feed hole.

Use of Paper Tape Punch

The paper tape punch is operated by programmed instructions. The functions of the buttons located on

the punch enclosure are included here for user convenience.

FEED Button = while the button isdepressed, the punch produces feed hole only punched tape for

tape leader or trailer purposes.

Out-of-Tape Button - this button functionally inhibits program use of the punch by simulating the out-

of-tape condition for the punch. Since punch 1/O routines normally verify that the punch out-of-tape
flag is not set before selecting the device, this simulation permits the user to replenish the tape magazine
when its contents have been exhausted, splice the new tape to the existing tape (the FEED button can

be used to produce whatever length of feed hole tape is necessary), and then deactivate the out-of-tape
flag at his convenience. Without this provision, the punch could be programoperated the instant that

the out-of-tape switch on the punch mechanism opened as the new tape was fed in.

OPTIONAL PERIPHERALS

Card Reader and Control Type CROIE

This device reads standard 12-row, 80-column punched cards at a nominal rate of 100 cards per minute.
The cards are read by columns, beginning 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. A punched hole is interpreted
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as a one and no hole as a zero. Column information is read in either alphanumeric or binary modes.
In the alphanumeric mode holes (bits) in a column are interpreted as a Hollerith character code (see

appendix 2). These bits are translated into a 6-bit card reader code for the character which is read
by the read data instruction. In the binary mode the 12 bits of each column are accepted directly as

a 12 - bit binary number and are transferred into AC bits 6 through 17, where row 9 is represented in

AC]7.

In alphanumeric mode, each column is encoded as follows:
a. Rows 1-9 four-bit BCD set (low order).
b. Rows 12, 11, 0 are encoded into two high-order bits as follows:
The most significant bit is the inclusive OR of row 12-zone and row 11-zone.

The second most significant bit is the inclusive OR of row 12-zone and row 0-zone.

The resultant code is IBM compatible tape BCD, provided blank column (code 00) and 0 punch (code 20)

are interchanged by the program.

Card Reader Operation

Holes in a card column are sensed by mechanical star wheels in the reader. With the power ON/OFF
switch in the ON postion and the AUTO/MANUAL switch in the AUTO position, the CROTE reader is
under program control. To read cards under program control, it is necessary to have a card positioned
at the read station. The REG (register) switch is used to feed the first card from the hopper to the read

station after which card input is under program control.

The function of controls and indicators on this card reader is described in table 4-1.



TABLE 4-1 CARD READER CROTE CONTROLS AND INDICATORS

Control or Indicator Function

ON/OFF switch This switch controls the application of primary power to the
reader. When the power is applied, the reader is ready to
respond to operation of the other keys or computer command
signals.

AUTO/MAN switch In the manual position this switch mechanically disables the
automatic card feed mechanism. In the auto position card
reading under program control is enabled.

REG switch The register switch on a reader is used to manually feed the
first card to the read station.

SKIP switch This key is not connected on the CROTE and has no effect on
equipment operation.

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

READY indicator This indicator lights when cards are present in the card
hopper.

Programming

Three flags are associated with the CROTE card reader: data ready, card done, and reader not ready.
The data ready and card done flags are interfaced to the interrupt facility (normally the program inter-

rupt control). The states of the three flags can be sensed by skip instructions.

Data Ready - when a column of data is ready to be transferred to the AC, the data ready flag is set.
A read data 10T instruction must be issued within 1.5 msec of the setting of the data ready flag to

prevent loss of the data.

Card Done - when the end of a card is sensed, the card done flag is set. A new select IOT instruction
must be issued within 25 msec if the reader is to operate at maximum speed. This provision may be used

in place of column counting, or combined with column counting, to check data loss.

Reader Not Ready - the reader not ready flag is set and may be sensed under the following conditions:

Power off
Card not in read station

Hardware failure



The reader not ready flag cannot be cleared by program control; manual intervention is required. When
the flag is set, the select 10T is ignored. The reader remains ready between consecutive cards; it nor=

mally becomes not ready after reading of the last card.

The logical program sequence fro reading cards is:
1. Check reader ready (RCSR).
2. Select the mode of reading; the select instruction also moves a new card intc position at
the read station.
3. Respond to the setting of the data ready flag (or card done flag). This may be done by per-
mitting either flag fo interrupt the computer program or by program looping on the status of
the flag.
4. Read the data called for by the select instruction. The data ready flag is cleared as the
data is read.

5. After finalcardis read, clear the card done flag (RCLD).

The CROIE Card Reader does not perform a validity or registration check of column data. A validity
check may be programmed, however, to occur in the interval of 1.5 msec between data flag settings as
column data are read into the buffer. For example, it is possible to read a column in alphanumeric mode,
deposit the column data in memory, and then read the same column in the binary mode for comparison

with a table of valid codes residing in memory .

TABLE 4-2 CARD READER CROTE IOT INSTRUCTIONS

Mnemonic Octal Operation
Symbol Code Executed
RCSF 706701 Skip (the next instruction in sequence) on data ready flag.
RCSD 706721 Skip on card done flag.
RCSR 706741 Skip on reader ready.*
706702 Clear data flag, and inclusively OR column into AC]2_]7
in alphanumeric mode.
RCRA 706712 Clear AC; clear data ready flag and read column into
AC]2_]7 in alphanumeric mode.
706742 Clear data ready flag, and inclusively OR column into
AC6—17 in binary mode.

*The skip is enabled if the reader not ready flag is not set. If the reader is not ready (not ready flag
is set), neither selection nor skip occurs,
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TABLE 4-2 CARD READER CROIE IOT INSTRUCTIONS (continued)

Mnemonic Octal Operation
Symbol Code Executed
RCRB 706752 Clear AC; clear data ready flag and read column into
AC¢_17 in binary mode.
RCSE 706704 Select card reader and initiate card motion if reader is
ready; clear card done flag.
RCLD 706724 Clear card done flag.

Card reader IOT instructions can be microcoded (i.e., combined to form one instruction word). For

example:

706713 Skip on data ready flag; clear AC and read column in
alphanumeric mode.

706753 Skip on data ready flag; clear AC and read column in
binary mode.

706725 Skip on card done flag and clear card done flag.

706745 Skip on reader ready and select reader.

706765 Skip if both card done and reader ready conditions are

present, and select reader.

Refer to chapter 7, Instructions, for a discussion of the microcoding capability of PDP-9 10T

instructions.
Card Reader and Control Type CR02B

Overall Description

The CRO2B Card Reader reads 80 column, 12-row punched cards at rates up to 200 cards per minute.

A select instruction starts a card moving past the read station. Information is transferred into a 12-bit
register, one column at a time, and a column flag is set. Upon sensing the column flag, the computer
reads the data register into the AC, under program control. Once a card is selected, all 80 columns
must be read. The card may be selected in either of two modes. In the binary mode, information is
transferred into the data register directly as 12 rows of information. In the alphanumeric mode, the

12 rows of information are encoded into Hollerith card code and transferred into the data register as a

6-bit code.

Operation

The read sequence is started by the issuance of a select command. Once the command to select a card

is given, the card reader reads all columns in sequence. To read a column, the program must respond
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to a column ready flag and read the data buffer with o read buffer command. The read buffer command
must be given within 2.0 msec after the column flag is set or the data will be incorrect. The read buffer

command clears the column flag.

Once a card is selected, a new select instruction can be used to change the mode from alpha to binary
or vice versa. If the change is from binary to alphanumeric or if a select alphanumeric command is given
when the card is already selected in alphanumeric, the column data is reread into the data buffer. This

reread must occur within 200 psec of the column flag to guarantee accuracy.

There are four flags associated with the CRO2B Card Reader. These flags are the column flag, card done
flag, end-of-file flag, and the not ready flag. The card done and column flags are connected to the
program interrupt and may be individually tested by skip instructions. The column flag indicates column
data is in the data register ready to read. The column flag is set by data available and is cleared by
the read column register command. The card done flag is set when a card is completely read, and is
cleared by either of the select commands. The end-of-file (EOF) level is set by the EOF button on the
reader or the hopper empty condition and is cleared by the hopper full condition or the EOF button.

The EOF button is an on-off, push-push button. The EOF level may be skip tested. It is used to in-
dicate to the program that the last card of the current deck in the reader has been read. The not ready
level indicates that the card reader is in the not ready condition. This may be caused by a read check,
feed check, or by the start button not having been depressed. The not ready condition may be tested

with a skip instruction.

TABLE 4-3 CARD READER CR02B IOT INSTRUCTIONS

Mnemonic Octal Operation
Symbol Code Executed
CRSF 706701 Skip if column flag is set
CRSD 706721 Skip if card done flag is set
DRSD 706741 Skip if reader is ready
CREF 706761 Skip if EOF flag is set
706702 Inclusive or buffer to the AC and clear column flag
CRRB 706712 Clear the AC, inclusive or buffer into the AC, clear
column flag
CRSA 706704 Select alphanumeric mode. A card is selected and the

alphanumeric mode is set. If card is already selected
when this command is given, a data reread will occur.
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TABLE 4-3 CARD READER CR02B IOT INSTRUCTIONS (continued)

Mnemonic Octal Operation
Symbol Code Executed
CRCD 706724 Clear card done flag
CRSB 706744 Select binary mode. A card is selected and the binary
mode is set.

DATA FORMATS

Binary
Unchanged
AC BIT 012345 6 78 910 11 12 13 14 15 16 17
CARD ROW 12101 2 3 4 5 6 7 8 9
ALPHA
AC BIT Q012345 6 78910 11, 12 13 14 15 16 17,
USAGE Unchanged Unchanged Character Code

(The Hollerith character code is given in the Appendix, page A2-6.)

Operator Control and Status

TABLE 4-4 CONSOLE LIGHTS, BUTTONS, AND SWITCHES

Light Color Meaning

NOT READY white On whenever the reader is unavailable to the
computer. Turned on by STOP button, empty
hopper, full stacker, malfunction (read check,
feed check, or validity check when the
VALIDITY ON switch is activated), or a power-
on sequence. Turned off by pressing the START

button.
READ CHECK red Turned on by the failure in the read circuitry.
Turned off by pressing the RESET button.
FEED CHECK red Turned on when a card fails to reach the read

station in the prescribed time. Turned off by pres-
sing RESET. Reader motors stop when this light
comes on.
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TABLE 4-4 CONSOLE LIGHTS, BUTTONS, AND SWITCHES (continued)

Light Color Meaning

VALIDITY CHECK red Turned on when VALIDITY ON switch is activated
and an invalid punch combination is read in the
alphanumeric mode. Turned off by pressing RESET.

Button or Switch Meaning
POWER ON Turns power on to reader and control logic. Button

lights green when power is'on. NOT READY light
also comes on.

POWER OFF Turns power off to reader.

START Turns off NOT READY light and places reader in
the ready condition if the check lights are off.

STOP Turns on the NOT READY light and places the

reader in the not ready condition. If the reader
is in operation when this button is pressed, the
reader stops when the current card runs out fo the
stacker.

RESET Turns off the three red check lights (READ CHECK,
FEED CHECK, and VALIDITY CHECK). Does not
place the reader in the ready condition; does not

turn off the NOT READY light.

END OF FILE Signals an end-of-file condition to the computer
when this button is pressed and the hopper is empty.
Has no effect if the hopper is not empty. The but-
ton lights white when an end-of-file condition is
present. The light is extinguished when cards are
placed in the hopper.

VALIDITY ON When this switch is on, validity check errors stop
the reader (see VALIDITY CHECK light above).
When off, validity check errors do not stop the
reader. Alternately pressing the button turns the
switch on and off. When on, the button lights
yellow.

Automatic Line Printer Type 647

The Type 647 Automatic Line Printer prints text in lines of up to 120 characters at a maximum rate of
300 lines per minute for the 647D or 600 lines per minute for the 647E. Printing is performed by
solenoid-actuated hammers. The typeface is engraved on the surface of the continuously rotating drum.
A b4-character set is provided. Models are available with up to 160 columns and a printing rate of

1000 lines per minute.
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Information is fransferred from computer to printer through a printer interface, which contains a core
buffer in which a line to be printed is assembled character by character. Each character is represented
by a 6-bit binary code. When a print cycle is initiated, the core buffer is scanned each time a row
on the drum comes up to the print station. As the characters are printed, the corresponding core buffer
positions are cleared so that at the completion of the print cycle the buffer is clear and ready for the

next line.

A print cycle is initiated by a command from the program. Depending on the distribution and number of
different characters in the line to be printed, a print cycle may take from about 48 to 180 milliseconds,

not including vertical spacing of the paper.

Vertical movement of the paper is under control of a punched format tape. Eight program-selectable

channels determine the amount of vertical spacing by sensing the punches in the tape. Spacing may be
performed at the completion of a print cycle. The paper and tape then move until a hole in the tape is
sensed. The table below shoes the increments punched on the standard format tape. The user may also

create his own formats for which a special punch is available.

AC Bits Tape

15-17 Channel Spacing Increment
0 2 Every line
1 3 Every 2nd line
2 4 Every 3rd line
3 5 Every 6th line
4 6 Every 11th line (1/6 page)
5 7 Every 22nd line (1/3 page)
6 8 Every 33rd line (1/2 page)
7 1 Top of next form

Note that spacing is referenced from the top of the form. A space of one line requires 9 milliseconds,
Longer skips vary in time, the first taking 9 msec and 2 to 3 msec for every line thereafter. The spacing

increments assume a page format of 66 lines.

Operating Controls and Indicators

With the exception of the main power switch and certain test pushbuttons, all of the operating controls
are located on two panels. The main panel is at the left on the front of the printer; the auxiliary panel
is at the rear on the same side of the machine. The function of line printer controls and indicators is

specified in table 4-5.
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TABLE 4-5 LINE PRINTER CONTROLS AND INDICATORS

Control or Indicator

Function

TRACTOR INDEX

PAPER LOW ALERT

NO PAPER

YOKE OPEN

ALARM STATUS

ON, OFF

START

STOP

TEST PRINT

TOP OF FORM

Used for aligning the forms with the format tape when new
paper is loaded. This pushbutton works only when the printer

is offdine.

This red indicator lights when the end of the paper is about
to pass through the drag devices below the printer yoke. An
alarm signal issent to the computer at the same time.

When the end of the paper has passed out of the forms tractors,
this indicator lights red, and an alarm signal is sent to the
computer.

When the printer yoke is open, this red indicator lights. An
interlock prevents all but the TOP OF FORM and TRACTOR
INDEX controls from operating.

Whenever an alarm signal is generated, this red indicator
lights.

These pushbuttons control application of primary power to the
functioning parts of the printer. The main power switch must
be turned on for these switches to function. The rest of the
controls operate only after ON has been pressed.

Places the printer on-line; it is then ready to receive infor-
mation and print it.

Takes the printer off-line as soon as the buffer is clear. If
there is information in the buffer, the printer remains on-line
until after the next clear buffer instruction or the completion
of the next print cycle. When the printer goes off-line, an
alarm signal is sent to the computer.

This pushbutton is used for maintenance at the printer and is
not used in normal operation.

Moves the paper to the top of the next page. This pushbutton
works only when the printer is off-line.

In addition to the above paper low alert, no paper, and yoke open alarms, an alarm can be generated

by a failure in any part of the printer; such a failure automatically takes the printer off-line.

Programming

A line to be printedis assembled in the printer buffer character by character from left to right. When

the line is complete, a program command initiates the print cycle. When the cycle is finished, the

paper may or may not be spaced vertically. Suppressing vertical movement makes underscoring and
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overbarring possible. When spacing is performed, the printer buffer becomes available approximately

4 milliseconds before the paper comes to a stop. The program may begin assembling the next line during

this time.

Three loading instructions allow the program to transfer one, two, or three characters at a time from
the AC to the printer buffer. If more than one character is transferred, the characters in the most sig-

nificant bits of the AC are transferred before characters in less significant bits.

The buffer loading instructions perform the inclusive OR transfer of the contents of the AC and the
current positions of the printer buffer. Thus, the buffer must be clear before a new line is loaded.
Clearing is done automatically during the print cycle; an instruction is provided for initializing the

interface and clearing the buffer before starting to print.

The capacity of the printer buffer is 120 characters. The program must keep track of the number of

characters transferred; if more than 120 are sent, the done flag is not set.

Two flags are associated with the Type 647: done and error. The done flag is set at completion of an
IO0T-initiated function. The error flag is set when an alarm signal occurs and can be reset only when
the alarm condition is removed. The done flag is connected fo the program interrupt control. Both the

done flag and the error flag may be sensed by skip instructions.

The logical sequence for use of the line printer is as follows:
1. Check the error flag (LSEF).
2. Clear the printing buffer (LPCB)* .
3. Load the printing buffer (and the spacing buffer, if required)*.

4. Print the contents of the printing buffer (since the printing buffer is automatically cleared*,

step 2 may be omitted from the sequence after an initial print cycle has been executed).

The instructions listed in table 4-6 are added with the Type 647 Automatic Line Printer.

*The program must wait for the done flag setting before issuing a new command to the line printer.
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- TABLE 4-6 LINE PRINTER TYPE 647E

Mnemonic Octal Operation
Symbol Code Executed
LSDF 706501 Skip if the DONE flag is set.
LPCB 706502 Clear the DONE flag, clear control print buffer, enable

DONE interrupt, initiate a clear sequence in the hue
printer. Set the DONE flag when the clear sequence is

finished.
*LPDI 706504 Disable DONE flag interrupt.
706522 Clear DONE flag.
706542 Clear DONE flag.
706562 Clear DONE flag.
LPL2 706526 Load printing buffer with two characters; clear DONE

flag; the contents of AC 6-11 and AC 12-17 are trans-
ferred to the printing buffer as 6-bit bytes in that order.
The DONE flag will be set when the load sequence is
finished.

LPPS 706646 Print and Space. This instruction accomplishes the com-
bined actions of LPPB and LPLS instructions. The DONE
flag is cleared; the contents of AC 15-17 are transferred
to the spacing buffer; the contents of the printing buffer
are printed; the paper is spaced vertically; the printing
and spacing buffers are cleared; the DONE flag is set
upon completion.

*LPEI 706664 The DONE flag interrupt is enabled.

LPLD 706546 Load the printing buffer with three characters. The DONE
flag is cleared; the contents of AC 0-5, 6-11, and 12-17
are transferred as 6-bit bytes into the printing buffer in
that order. The DONE flag is set at the completion of the
load sequence.

LPL1 706566 Load the printing buffer with one character; clear DONE
flag; the contents of AC 12-17 are transferred as a 6-bit
byte into the printing buffer. The DONE flag is set at
the completion of the load sequence.

LPEF 706601 Skip if the ERROR flag is set.
LPCF 706602 Clear DONE flag.

706622 Clear DONE flag.

706642 Clear DONE flag.

706662 Clear DONE flag.

*These instructions have been added to the Line Printer command set to allow enabling and disabling
of the interrupt. Since power clear returns the system to the interrupt enabled condition programs gen-
erated for the PDP-7 line printer (647B), which does not have these instructions, will run correctly.
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TABLE 4-6 LINE PRINTER TYPE 647E (continued)

Mnemonic Octal Operation
Symbol Code Executed
LPPB 706606 Select printer and initiate printing. The DONE flag is

cleared; the contents of the printing buffer are printed;
the printing buffer is cleared; the DONE flag is set when
the printing sequence is completed.

LPLS 706626 Load spacing buffer and space; the DONE flag is cleared;
the contents of AC 15-17 are transferred into the spacing
buffer; the paper is spaced vertically according to the
format selected; the spacing buffer is cleared; the DONE
flag is set.

Incremental Plotter and Control Type 350

A California Computer Products Digital Incremental Recorder can be operated with a DEC Type 350

Increment Plotter Control. Characteristics of the available models are:

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

The principles of operation are the same for each of the models. 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 record-
ing (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 program interrupt and 1/O skip facilities.

The instructions for this equipment are listed in table 4-7.
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TABLE 4-7 INCREMENTAL PLOTTER AND CONTROL INSTRUCTIONS

Mnemonic Octal Operation
Symbol Code Executed
PLSF 702401 Skip if plotter flggisa 1.
PLCF 702402 Clear plotter flag.
PLPU 702404 Plotter pen up. Raise pen off of paper.
PLPR 702421 Plotter pen right.
PLDU 702422 Plotter drum (paper) upward.
PLDD 702424 Plotter drum (paper) downward.
PLPL 702441 Plotter pen left.
PLUD 702442 Plotter drum (paper) upward. (same as 702422)
PLPD 702444 Plotter pen down. Lower pen on to paper.

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 computer can track the location of the

pen on the paper by counting the instructions that increment position of the pen and the drum.

Oscilloscope Display Type 34H

Type 34H is a two-axis digital-to-analog converter and an intensifying circuit, which provides the de-
flection 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 8 through 17 of the accumulator. The binary data in these
buffers is converted to a =10 to O volt analog deflection signal. The 30-volt, 10-microsecond intensify
signal is connected to the grid of the oscilloscope CRT. Points can be plotted at apprdximately a 30-
kilocycle rate. The IOT instructions for this display are identical to those for the Precision CRT Display
Type 30D, described under the following heading, with the exception of the DLB command. The 34H
has a 2-bit brightness register (BR), the contents of which specify the degree of brightness for the point

being displayed. The following indicates the intensity scale.

BR Contents Intensity Level
0 no display
1 dimmest
2 average
3 brightest

The instruction 700704 |loads the BR with the contents of AC bits 16 and 17.
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Precision CRT Display Type 30D

The Type 30D displays points on the face of a cathode ray tube. Each point is located by its X- and
Y-coordinates in a square array whose origin is in the lower left corner of the CRT screen. The array

contains 1024 points on a side and measures 9-1/4 by 9-1/4 inches square.

The X- and Y-coordinates each have a 10-bit buffer which is loaded from bits 8-17 of the AC. In
addition, there is a 3-bit brightness register (BR) which is loaded from bits 15-17 of the AC. The con-
tent of this buffer specifies the brightness of the point being displayed as designated on the following
scale. The five brightest intensities are easily visible in a normally lighted room; the dimmest can be

seen in a darkened room.

BR Contents Intensity Level

3 brightest

2

1

0 average

7

6

5

4 dimmest

The X- and Y-coordinate buffers (XB and YB) are loaded separately. Each may be loaded without
intensifying the CRT. The usual procedure is to load one buffer, then load the second buffer and select
in one instruction. The Type 30D requires 50 microseconds to display a point. No flag is associated

with this operation.

The 10T instructions for the Type 30D display are listed in table 4-8.

TABLE 4-8 OSCILLOSCOPE AND PRECISION DISPLAY INSTRUCTIONS

Mnemonic Octal Operation
Symbol Code Executed
DXL 700506 Load the X-coordinate buffer from AC8—17 AC8-]7 > XB.
DXS 700546 Load the X-coordinate buffer and display the point specified
by the XB and YB.
DYL 700606 Load the Y-coordinate buffer from AC8—17 AC8-17 >YB.
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TABLE 4-8 OSCILLOSCOPE AND PRECISION DISPLAY INSTRUCTIONS (continued)

Mnemonic Octal Operation
Symbol Code Executed
DYS 700646 Load the Y-coordinate buffer and display the point specified
by the XB and YB.
DXC 700502 Clear the X-coordinate buffer.
DYC 700602 Clear the Y-coordinate buffer.
DLB 700706 Load the brightness register from bits 15-17 of the AC.

Note: This instruction clears the display flag associated
with the light pen.

DSF 700501 Skip if display (light pen) flag is a 1.
DCF 700702 Clear display (light pen) flag.

PRECISION INCREMENTAL DISPLAY TYPE 340C

The Type 340C Precision Incremental Display is designed to permit rapid plotting of adjacent points, as
in vectors and geometric figures. Adjacent points are plotted at a rate of 1.5 microseconds per point.
Point locations are specified on a 9-3/8 inch square raster by any of the 1024 X and 1024 Y coordinate

addresses. The origin is at the lower left corner of the raster.

Plotting information is taken from sequential locations of core memory. Five word formats are used
to display data in one of four modes. The location of the first word of the data is specified by the

contents of bits 5-17 of the AC. The five word formats are as follows:

Parameter Word  Specifies the mode of display of the next word in sequence, the scale and intensity

of the display, and status of the light pen.

Point Mode Word  Specifies an X- or Y-coordinate, light pen status, and the mode of the following

word. Used for displaying random (non-sequential) points. Random points are displayed at the slower

rate of 35 microseconds per point.

Vector Mode Word  Specifies the magnitude and direction of the X- and Y -components of a vector.

An escape bit determines whether or not the following word will be a parameter word.

Vector Continue Mode Word  As in the vector mode, this format specifies magnitude and direction of

components, but the vector is continued until the edge of the grid is encountered.
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Increment Mode Word  From a currently displayed point, this word specifies the direction in which the

next adjacent point is to be displayed. Four increments are specified by a single word.

Instructions added to the computer with the Type 340C are designated in table 4-9.

TABLE 4-9 PRECISION INCREMENTAL DISPLAY INSTRUCTIONS

Mnemonic
Symbol

Octal
Code

Operation
Executed

IDLA

IDVE

IDHE

IDSI

IDSP

IDRS

IDRD

IDRA

IDRC

IDSC

IDCF

700606

700501

701001

700601

700701

700504

700614

700512

700712

701012

700704

Load address and select. The content of bits 5-17 of the
AC are placed in the display address counter (DAC) and
the display is started.

Skip on vertical edge violation. If the top or bottom edge
of the grid is encountered (except in vector continue mode),
the display stops and an interrupt occurs if the PIC is
enabled.

Skip on horizontal edge violation. If the right or left
edge of the grid is encountered (except in vector continue
mode), the display stops and an interrupt occurs if the PIC
is enabled.

Skip on stop interrupt. This flag is connected to the pro-
gram interrupt.

Skip if light pen flag is set. When the photomultiplier light
pen senses a displayed point, the pen flag is set. The flag
is connected to the program interrupt.

Continue display. After a light pen interrupt, this command
causes the display fo resume at the point indicated by the
content of the DAC.

Restart display. After a stop code interrupt, this command
causes the display to resume at the point indicated by the
content of the DAC.

Read display address. Transfers the address in the DAC to
AC bits 5-17.

Read X and Y coordinates. The content of bits 0-8 of the
XB is transferred into AC0-8 and the content of bits 0-8 of
the YB is transferred into AC9-17.

Read address save register (ASR). Transfer contents of ASR
into AC bits 5-17.

Clear display control. All flags and interrupts are cleared.

A complete programming manual for the 340C display is available as DECUS No. 7-13.
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Type 342 Character Generator - This device plots standard ASCII code characters on a 35-dot matrix

in one of four sizes on the Type 340C Display. Average plotting time is 35 psec per character. Two

b64~character sets are available.

Type 343 Monitor Display - This display is used for remote observation of data displayed on the Type
340C Display.

Photomultiplier Light Pen Type 370

The high-speed light pen is a photosensitive device which senses displayed points on the face of the
CRT. The Type 370 uses a fiber optic light pipe and photomultiplier system, which gives the pen a
response time approximately five times faster than that of a photodiode. If the pen is held in front of a
point displayed on the face of the CRT, it transmits a signal which sets the display flag to 1. The Type
370 is equipped with a mechanical shutter which prevents the sensing of unwanted information while
positioning the pen. Variable fields of view are obtained by means of a series of interchangeable tips
with fixed apertures. The IOT instructions for the light pen are listed with the display option instruc-

tion lists.

Analog-to-Digital Converter and Multiplexer Type AFO1B

The General Purpose Multiplexed A/D Converter Type AFOIB is used with PDP=9 computer to multiplex
up to 64 analog signals and to convert the signals to binary numbers. It replaces the older Type 138E/

13%E system.

A/D Converter

The A/D converter is a general-purpose successive-approximation type with the following characteristics:

Accuracy See table 4-10 (includes all linearity and temperature
errors).

Conversion Time: See table 4-10.

Aperture: Same as Conversion time without AH02 Sample and

Hold option.
Converter Recovery Time: None.

Analog Input:
Voltage range 0 to ~10v standard. (See table for amplifier or
sample and hold options.)

Loading £1 pa and 125 pf for standard input.

The word-length switch selects the following A/D Converter Characteristics:
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TABLE 4-10 A/D CONVERTER CHARACTERISTICS

Word Length Max Switching Conversion Time
(No. of bits) Point Error® (psec)
6 +£1.6% 9.0
7 £0,8% 10.4
8 +0.4% 12.0
9 +0.2% 13.5
10 +0.1% 18.0
11 +0.05% 25.0
12 +£0,025% 35.0

* +1/2 LSB for quantizing error.,

Provision is made for using the Type A400 Sample and Hold Amplifier (AHO2 option) between the multi-
plexer output and A/D converter input to reduce the effective aperture to less than 150 nsec. The
Type A400 may also be used to scale the signal input to cccépr £10v, £5v, or 0 to +10v. The Type
A200 amplifier (AHO3 option) may be substituted for the Type A400 to accomplish the same signal scal-

ing without reducing the effective aperture.

Both the AHO2 and AHO3 options may be used to obtain high input impedance and small aperture. All
power is contained in the Type AFO1 for the amplifier and/or sample and hold options.

Five convenience switches are mounted on the control indicator panel: a power switch to control the

AC power to the Type AFO1 System, an ADC pushbutton switch to initiate a conversion manually; a CLR
pushbutton switch to set the multiplexer address to channel 0 manually; an index pushbutton to increment
the multiplexer address manually; and a rotary word-length switch to select the word length, conversion

accuracy, and conversion time.

The control indicator panel also contains twelve indicators to display the contents of the ADC buffer,

six indicators to display the current multiplexer address, and a power off-on indicator.

Multiplexer Switches

The multiplexer can include from 1 to 16 Type A121 Switch Modules. Each module contains four single-
pole, high speed, insulated gate FET switches with appropriate gating. The Type A121 Switches are
arranged as a 64=channel group of series-switch single-pole switches with a separate continuous ground
wire for each signal input. The switched signal input wire and the continuous ground for each channel
are run as twisted pairs to the input connectors mounted on the rear panel. The continuous grounds for

all channels are terminated at the high quality ground of the AFOIB System.

4-25



Specifications (Measured at input connector)

Input signal (max) £10v
Input current (max) 1.0 ma
"On" offset voltage 0

"On" resistance (max) 450 ohms
"Off" ledkage (max) 10 na
Turn-on delay 150 nsec
Turn-off delay 250 nsec
Settling time to 1-LSB (source Z < 1 ohm) <2 psec

OEeraHon

The Type AFOIB System may be operated in either the random or sequential address modes. In the ran-

dom address mode, the control routes the analog signal from any selected channel to the A/D converter
input. In the sequential address mode, the multiplexer control advances its channel address by one each
time an index command is received. After indexing through the maximum number of channels implemented,

the address is returned to 0.

The multiplexer switch settling time is preset within the control to initiate the conversion process auto-
matically after a channel has been selected in either the random or sequential address mode. Two sepa-
rate A/D Convert I/O Transfer Commands may also initiate one or more conversions on a currently
selected channel. Conversion times listed in the word-length table are increased by 2 psec when multi-
plexer channels are switched to allow for settling times of the analog signal at the multiplexer output.
(This time is increased by 5 usec when AHO3 is used.) Each successive conversion on a selected channel

requires only the time shown in table 4~10.

TABLE 4-11 AFO1B A/D CONVERTER AND MULTIPLEXER IOT INSTRUCTIONS

Mnemonic Octal Operation
Symbol Code Executed
ADSF 701301 Skip if converter flag is set. This flag is connected to the

program interrupt.

ADSC 701304 Select and convert. The converter flag is cleared and a
conversion of an incoming voltage is initiated. When the
conversion is complete, the converter flag is set.

ADRB 701312 Read converter buffer. Places the content of the buffer in
the AC, left adjusted. The remaining AC bits are cleared.
The converter flag is cleared.
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TABLE 4-11 AFO01B A/D CONVERTER AND MULTIPLEXER IOT INSTRUCTIONS (continued)

Mnemonic Octal Operation>

Symbol Code Executed

ADSM 701103 Select MX channel. The content of AC are placed
. 12-17
in the MAR.

ADIM 701201 Increment channel address. The content of the MAR is
incremented by 1. Channel 0 follows channel 778.

ADRM 701212 Read MAR into AC o 17

General Purpose Analog-To-Digital Converter Type 138E

The Type 138E is a successive approximation converter that measures a O to 10 volt analog input signal
and provides a binary output indication of the amplitude of the input signal. Output indication ac-
curacy is a function of the conversion times and is determined by a switch on the front panel. Each of
the seven rotary switch positions establishes an output word length, conversion accuracy, and conversion
time for operation of the converter. Overall conversion error equals switching point error plus a quan-
tization error of £1/2 the digital value of the least significant bit (LSB). Converter characteristics

selected for each switch position are specified in table 4-12.

TABLE 4-12 GENERAL PURPOSE A-TO-D CONVERTER CHARACTERISTICS

Word Length Maximum Switching Conversion Time
(In Bits) Point Error® (In usec)
6 £1,6% 9.0
7 +0.8% 10.5
8 +0.4% 12.0
9 +0.2% 13.5
10 +0.1% 17.0
11 +0.05% 25.0
12 +0.,025% 35.0

* +1/2 LSB for quantizing error.

The converter circuits are constructed entirely of FLIP CHIP modules. Both the Type 138E Converter
and the Type 13%E Multiplex Control (implemented to 24 input channels) circuits can be contained in

one standard é4-connector module mounting panel.
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The instructions for the Type 138E converter are:

Mnemonic Octal Operation
Symbol Code Executed
ADSF 701301 Skip if converter flag is set. This flag is connnected to

the program interrupt.

ADSC 701304 Select and convert. The converter flag is cleared and a
conversion of an incoming voltage is initiated. When the
conversion is complete, the converter flag is set.

ADRB 701312 Read converter buffer. Places the content of the buffer in
the AC, left adjusted. The remaining AC bits are cleared.
The converter flag is cleared.

Converter Specifications

Monotonicity: Guaranteed for all settings
Aperture Time: Same as conversion time

Converter Recovery Time: None

Analog Input: 0to =10 volts is standard. Bipolar or specific amplitude range input can be accommo-
dated 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 0 to =10 volt input.

Digital Output: A signed 6- to 12-bit binary number in 2's complement notation. A 0 volt input
yields a digital output number of 40008; a =5 volt input produces 00008; and a =10 volt input gives

an output of 37778. Unsigned and 1's complement outputs are available on special order. Binary ones
are represented by DEC standard negative logic level signals (=3 volts) and binary zeros are represented

by DEC standard ground logic level signals.

Controls: Binary readout indicators and a seven position rotary switch for selecting word length and

converrer accuracy are provided on the front panel.

Multiplexer Control Type 139E

The Type 139E is intended for use with the Type 138E system in applications where the PDP-9 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 Series Multiplex Switch FLIP CHIP modules.
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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 appropriate 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 individual 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, re-
turning 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 multiplexer address register (MAR) specifies a channel number from 0-778. A channel address
may be chosen in one of two ways. It can be specified by the content of bits 12-17 of the AC by

incrementing the content of the MAR. The following IOT instructions are used:

Mnemonic Octal Operation

Symbol Code Executed

ADSM 701103 Select MX channel. The content of AC are placed
. 12-17
in the MAR.

ADIM 701201 Increment channel address. The content of the MAR is in-
cremented by 1. Channel 0 follows channel 778.

ADRM 701212 Read MAR into AC]2-17'

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 MAR is incremented is 2.5

microseconds. This time is measured from when either a select or increment command is received.

Multiplex Channel Input: Six signal lines accept DEC standard logic levels of 0 and -3 volts, with 0

volts for assertion. A pulse or level change clears and strobes the channel data lines to load the MAR.
The input accepts DEC standard 70-nancsecond or 400-nanosecond positive pulses (referenced to =3
volts). Readin occurs at the positive transition of the pulse and should not occur until 400 nanoseconds

after the channel address lines have settled.

Increment Channel Input: The increment MAR input accepts standard DEC 70-nanosecond or 400-

nanosecond positive pulses (referenced to =3 volts).
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Digital-to-Analog Converter Type AAOTA

This general purpose digital-to-analog converter 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 converter. Digital input to all three buffer registers is provided in
common by one 12-bit input channel which interfaces to the PDP-9 1/O bus. Appropriate precision

voltage reference supplies are provided for the converters.

One 10T instruction simultaneously selects a channel and transfers a binary number into the selected
buffer register. Each converter operates continuously on the contents of its associated buffer register
to produce an analog output voltage. The analog output voltage of a standard converter is from ground

to =9.9976 volts (other voltage ranges are available).

All inputs to the converter are assumed to be 12 bits in length with negative numbers represented in

2s complement notation. An input of 40008 yields an analog output of ground potential; an input of
OOOO8 yields an output of =5 volts; and an input of 17778 yields an output of =10 volts minus the analog
value of the least significant bit of the input. Output accuracy is + 0.0125% of full scale; resolution

is 0.025% of full scale value. Response time, measured directly at the converter output, is 3 micro-
seconds for a full-scale step change to 1 least significant bit accuracy. Maximum buffer register

loading rate is 2 MHz.

Type AAOTA Converters can be specified in a variety of basic configurations: with from one to three
channels, with or without output operational amplifiers, and with internally or externally supplied
reference voltages. Converters can be also supplied with two buffer registers per each channel. This
provision permits program control to load the outer buffer register of each channel with an appropriate
binary number and then effect a simultaneous transfer of these contents into the inner buffer registers

for simultaneous conversion to a summed analog voltage.

A typical instruction for the AAOIA is:

Mnemonic Octal Code Function
DALI 705501 Load digital-to-analog converter 1. The

contents of the AC are entered in the
digital buffer register of channel 1.

The variety of possible configurations makes it necessary that the user, or interface designer, define the
appropriate instructions and append them to the symbol table of the Symbolic Assembler of the BASIC

Software system.
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Multi-station Teletype Control Type LTO%A

Addition of the LTO9A option to the PDP-9 expands the machine's Teletype facility to accommodate
several Teletype units (KSRs and ASRs may be used interchangeably). Operation of the LTO9A facility

is in full-duplex mode. Each Teletype line added contains logical elements which are functionally
identical to those of the control for the standard unit. Instructions and programming considerations are,
therefore, similar to those of the standard unit. The following device selection codes have been assigned

for four lines of LTO9A equipment.

Line Teleprinter Keyboard
] 40 41
2 42 43
3 44 45
4 46 47

Instruction mnemonics for the Teletype units must be defined by the user and appended to the PDP-9
BASIC Symbolic Assembler. Typically, the mnemonics are derived by suffixing "LT" and the line number
to the mnemonics for the standard unit. For example, the instruction KSF (skip on keyboard flag) could

be represented by KSFLT2 for an instruction to "skip on keyboard flag of line 2."

Relay Buffer Type DROPA

The Type DROYA is a computer output device that allows data in the computer to control external
electrical equipment through relays. The relay buffer consists of an 18-bit flip-flop register, an
18-bit relay register, filters to reduce noise due to contact bounce, and a patchboard. Under pro-
gram control the flip-flop register can be set to correspond to the content of the accumulator and can

be cleared. The commands for the relay buffer are as follows:

Mnemonic Octal Operation
Symbol Code Executed
ORC 702101 Clear output relay buffer flip-flop register.
ORS 702104 Set output relay buffer flip-flop register to correspond

with the contents of the accumulator.
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Interprocessor Buffers DB?9A and DB9SA

Overall Description

The DBY9A and DB98A are bidirectional interprocessor data buffers which operate through the data

channel facilities or with programmed data transfers. The DB99A will buffer two PDP=9s together, and
the DB98A will buffer one PDP-% and one PDP-8. Data may be transferred through the accumulator or
data channel, or both simultaneously in full duplex operation. Accumulator word transfer rates as high

as 100 ke and data channel rates as high as 110 ke may be achieved.

General Performance

There are two basic paths of data flow in the DB9?, and DB?8. One path is from accumulator to accu-
mulator using programmed data transfers and the other path is memory to memory utilizing the data chan-
nel facilities of both machines. A single register at each interface is used for both types of data transfer

and the inputs to these registers are multiplexed.

Programmed Transfers = Programmed transfers of data occur between the accumulators of the computers

involved. This mode of data transfer is used primarily for transmission of control parameters while the
data channel system is simultaneously handling a full duplex (bidirectional) data transfer; however, the
programmed data transfer system can also be used as the primary data transmission method. The super-
visory overhead of operating this system will be significantly higher, however, and the transfer rates

will be slightly lower.

Data Channel Transfers = Data channel transfers can occur between computers in simultaneous full duplex

fashion. The standard channel facilities are utilized (three cycle Data Break on the PDP-8; DCH on

the PDP-9). The access of data to be transmitted and the storage of data received is supervised by the
hardware. Each interface has two data channels, one for data transmission and one for data reception.
Each data channel is assigned two memory locations to contain the word count and address registers for

the channel. The transmit channel is assigned locations 22 and 23 and the receive channel is assigned

locations 24 and 25,

PDP~% IOT Instructions for DBY%2A

Octal Mnemonic Operation
702201 PBNF Skip if no interrupting flag of this device is set.
702202 - Inclusive or command status register into the AC.
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PDP~9 10T Instructions for DBY%A (cont)

Octal Mnemonic Operation

702212 PBRS Read command status register into the AC.

702204 PBXS Exclusive or the contents of the AC into the command
status register.

702221 PBNB Skip if data register not busy.

702222 - Clear data register if data register not busy.

702224 - Or the AC to data register if data register not busy and set,
the transmit flag and not busy level and clear the receive
flag.

702241 PBTF Skip if transmit flag is set.

702242 Inclusive or data register into the AC, set receive flag and

clear transmit flag if the transmit flag is set.

702252 PBRD Read data register into the AC, set receive flag and clear
transmit flag if the transmit flag is set.

Useful PDP-9 Microinstructions

Octdl Mnemonic Operation
702227 PBTL Skip and load data register from the AC, and set transmit

flag, and receive flag, if all data register not busy.

702253 PBRL Skip if transmit flag is set and read data register into the
AC and set receive flag and clear transmit flag, all if
transmit flag is set.

702226 PBLD Clear and load data register from the AC if the not busy
level is set.

PDP-8 IOT Instructions for DB98SA

Octal Mnemonic Operation
6601 PBNF Skip if no interrupting flag of this device is set.
6602 PBRS Or command status register into the AC.
* 6604 PBXS Exclusive or the contents of the AC (into the command
status register).
6611 PBNB Skip if data register not busy.
6612 PBTF Skip if transmit flag is set.
6615 PBLD Load data register from the AC set transmit flag, and clear
receive flag. All if data register not busy.
6616 PBRD Skip if transmit flag is set, read data register into the AC

set receive flag and clear transmit flag.

*If the AC=0 when this command is given the not busy flag will be set to the not busy condition, the CS
register will be unchanged.
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Bit Correspondence ~ The bit correspondence for data words in the DBP8A is given below:

POP-98Bit | 01 2 | 345 678 | 91011 12 13 14 [ 15 16 17
PDP-8 Bit 0123 45 6 7 8 9 10 11
Command=Status Register Configuration
PDP-8 PDP-9
BIT BIT MEANING
11 17 Transmit flag
10 16 Receive flag
9 15 Transmit word count overflow flag
8 14 Receive word count overflow flag
7 13 Enable not busy flag interrupt
6 12 Enable transmit and receive flag interrupts
5 11 Enable data channel overflow interrupts
4 10 Enable receive data channel
3 9 Select transmit data channel
Not in 8 Not busy flag. This flag may be manipulated by the
PDP-8 CS XOR 