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PDP-15 Systems offer comprehensive solutions
to real-time data problems. They combine new
design concepts with a wide array of traditional
features that spring from Digital’s years of
leadership in the medium-scale scientific com-
puter field. Both elements share the common
purpose of simplifying the user’s tasks in a
demanding real-time environment.

Since certain types of data-handling tasks re-
quire specific hardware and software configura-
tions, Digital has developed four standard
PDP-15 Systems, ranging in power from the
modestly priced basic PDP-15/10 to the real-
time disk monitor environment of the
PDP-15/40. At every level, the capabilities of the
hardware are under the control of a monitor
designed specifically for them.

The software systerns were designed around the
hardware with the user environment in mind.
The principal design objectives were to provide
(a) a system that is convenient for the user to
implement and that affords the user access to
the full power of the hardware, (b) a system
that allows the user to easily integrate his appli-
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cations programs and special peripheral device
handlers without forcing him to become a sys-
tems programmer and (c) a system that can
expand naturally with any additional hardware
the user purchases. PDP-15 Systems software
allows the user to move from a very basic
machine to a sophisticated system environment
without the cost and complication of repro-
gramming at each upward step.

The hardware systems were designed with sever-
al functional objectives in mind. Among these
are the complete autonomy beiween central
processor, input/output processor, and memory,
so that processing and 1/O operations can occur
concurrently in overlapping cycles; TTL
integrated-circuit construction for high relia-
bility; fast internal speeds, including an 800-ns
memory cycle time, to meet the demands of
real-time data processing; core memory expan-
sion to 131,072 words for future growth; and a
sophisticated memory-protect system for multi-
user integrity. Peripheral device handling and
interfacing to other instruments are easily
accomplished, and system growth potential is
virtually unlimited with the modular structure
of PDP-15 Monitor systems.



SYSTEM DESCRIPTIONS

PDP-15/10: Basic System

The PDP-15/10 is the first level PDP-15 System.
The system’s design provides limited budget
users access to the power, speed, and 18-bit
word length of PDP-15 hardware, in the expec-
tation that the system can later be expanded to
take full advantage of the advanced software
capabilities inherent in the system’s design.

Hardware includes 4,096 18-bit words of core
memory and a Model ASR33 Teletype console
teleprinter. The system has the rapid PDP-15
800-ns memory cycle time which provides 1.6-us
add capability. Facilities for later expansion are
prewired into the system; additional memory
and peripherals can be plugged in as they are
required.

Software is governed by the COMPACT Pro-
gramming System, a complete package including
Assembler, Editor, Octal Debugging Technique,
and mathematical and utility routines. All are
designed to function in a 4096 word system.
The software offers complete upward compati-
bility at the source level and field-proven relia-
bility. Programs written for execution under
COMPACT may also run, with little or no
modification, within all PDP-15 system levels up
through PDP-15/30 and PDP-15/40 BACK-
GROUND/FOREGROUND systems.

PDP-15/20: Advanced Monitor System

PDP-15/20 is an 8,192-word mass storage ori-
ented system designed for research and engineer-
ing environments where real-time data acqui-
sition and control tasks are combined with
program development and testing.

Program development, debugging, and modifi-
cation are all handled under monitor control,
virtually ending intermediate operations. Unique
real-time input/output routines can also be in-
tegrated into the system monitor to accelerate
set-up and recovery.

Users are spared the task of writing system
software to handle input/outputs to all standard
system peripherals, since appropriate routines
are supplied with the monitor. The net result is
that even inexperienced computer users can get
their applications programs ‘“‘on the air” in a
minimum of time.

PDP-15/20 hardware facilities include not only
8,192-words of core memory and high-speed
paper-tape facilities but also a DECtape control
unit and two tape transports for convenient
mass-memory storage. DECtape is Digital’s com-
pact, inexpensive answer to the problems of
program and data storage. A single pocket-sized
reel of tape can accommodate up to 150,000
words of information. The extra-heavy duty
KSR35 Teletype unit is included in the
PDP-15/20 configuration to guarantee a high
degree of reliability under the strain of con-
tinued heavy use. Also included is the extended
arithmetic element described in Chapter 3. This
unit facilitates high-speed multiplication, divi-
sion, shifting, normalization, and register mani-
pulation.

The 15/20 Advanced Monitor System provides
not only mass-memory supervisory control but
also complete device independence, so that pro-
grams need not be limited to the use of certain
specified input/output devices. Simple 1/O state-
ments control data handling; and the selection
of physical devices is determined at run time on
the actual machine, not when the program is
written. This system also allows for easy integra-
tion of real-time I/O level subroutines as new
devices are added.

The Advanced Monitor permits two types of
user interaction. These are (a) batch processing
for routine production jobs and (b) keyboard
interaction so that the user operates the system
with simple commands typed at the keyboard.

Other Advanced Monitor features which utilize
processor options, include a real-time clock con-
trol and a priority interrupt control.

All Advanced Monitor functions, and the variety
of additional system software routines available,



have a single aim: to make the system as
approachable as possible to users who want
“hands-on” interaction, yet as automatic as
possible in terms of taking care of routine
elements in programming.

PDP-15/30 BACKGROUND/
FOREGROUND System

The PDP-15/30 System was designed to meet
the demands of research, engineering, and
industrial environments, where one or more
real-time tasks typically require continuous re-
sponsiveness from the computer but do not use
100% of its capacity.

Under the control of the PDP-15/30 BACK-
GROUND/FOREGROUND Monitor, real-time
tasks are handled in the computer foreground
and have immediate call on the system’s re-
sources via interrupts. Background time (time
left over between service calls for the real-time
tasks) is available for program development and
testing or other lower priority computation.

The PDP-15/30 Background/Foreground system
contains 16,384 words of core memory and all
the devices standard for the PDP-15/20. In
addition, PDP-15/30 Systems are equipped with
a memory protect system, a real-time clock,
automatic priority interrupt, a third DECtape
transport and a second on-line teletype for
background use.

The Background portion of the PDP-15/30
System encompasses the Advanced Monitor
functions and capabilities: Macro assembler
(MACRO-15), FORTRAN IV, FOCAL-15, EDIT,
DDT (Dynamic Debugging Technique), DUMP
for off-line debugging, PIP-15 for interdevice
file transfers, S-GEN (System Generator), link-
ing and loading, and interactive file access. In
addition, the BACKGROUND/FOREGROUND
Monitor contains all the supervisory controls
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necessary for concurrent processing of back-
ground and foreground tasks.

In addition to the Advanced Monitor programs
and routines, PDP-15/30 users (and all other
PDP-15 system users) can draw on the consider-
able program library and applications knowledge
of DECUS (the Digital Equipment Computer
Users Society), the second largest and most
active computer users’ group in the world.
DECUS members share in the exchange of pro-
grams and technical papers at regularly
scheduled meetings throughout the year. Pro-
ceedings of society meetings are published and
distributed to members under Digital sponsor-
ship.

PDP-15/40 Disk-Oriented BACKGROUND/
FOREGROUND System

PDP-15/40 Disk-Based Background/Foreground
System fulfills the demands of industrial and
engineering environments where the need for a
background/foreground mode of operation is
compounded by the necessity for large random-
access files.

The PDP-15/40 System with 24,576 words of
core memory, high-speed paper-tape facilities,
and DECtape storage, also incorporates a DEC-
disk control and two random access DECdisk
files. The two disks, whose storage capacity of
524,288 18-bit words can be expanded to
2,097,152 words, permit high-speed overlays
chaining and system and user loading.

Other hardware features of the PDP-15/40 in-
clude a memory protect system, background
Teletype and a real-time clock.

The Disk-Oriented BACKGROUND/
FOREGROUND Monitor System handles all the
functions of the 15/30 BACKGROUND/
FOREGROUND Monitor in an open/ended
high-speed disk environment.






INTRODUCTION

Digital Equipment Corporation’s PDP-15 Sys-
tems are 18-bit fixed word-length, general pur-
pose, binary digital computers. These systems
are highly reliable, flexible, and complex tools
which, together with their monitor systems and
line of peripherals, can be used to help solve
such diverse problems as data acquisition, pro-
cess control instrumentation, scientific computa-
tion and man-machine communications.

This manual furnishes the reader with enough
background information to familiarize himself
with the PDP-15 System’s present and potential
capabilities.

PDP-15 HIGHLIGHTS

Complete System Autonomy

The basic PDP-15 System has an organization
consisting of three autonomous subsystems -
Central Processor, Memory, and I/O Processor -

each with independent timing and control logic.
Communication between these subsystems is

CHAPTER 1
GENERAL DESCRIPTION

accomplished through the use of an effective,
asynchronous, request scheme. This subsystem
autonomy facilitates wide-scale expansion of the
system, increased throughput, high capacity, re-
liability and maintainability. With this approach,
there is no concern about obsolescence; new
subsystems incorporating the latest develop-
ments in computer technology can be added
readily, without affecting either program com-
patibility or the operation of other subsystems.

Central Processor Autonomy - The full capa-
bility for controlling and executing the stored
program is centered in the system’s Central
Processor. The Central Processor, by virtue of its
control autonomy, coordinates its own opera-
tion with that of other subsystems, thus pro-
viding supervisory control over the PDP-15.

As the main unit in this integrated control, the
Central Processor contains arithmetic and con-
trol logic hardware for a wide range of opera-
tions. These include high-speed, fixed-point
arithmetic with a hardware multiply and divide
option, extensive test and branch operations
implemented with special hardware registers,
high-speed input/output instructions, and other
arithmetic and control operations.
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The basic processor includes a number of major
registers for processor-memory communications,
a program counter, an accumulator, an index
register and a limit register. Two 18-bit registers
are used for memory buffer functions. This
allows for processor overlap with memory cycle
time, and effects faster instruction execution
times.

Memory Autonomy - Independent read/write
control and buffer logic in each memory bank
establishes complete autonomy for the memory.
This means that memories of different cycle
times can be used together, and also provides for
the expansion beyond 32,768 words.

Input/Output (1/0) Processor Autonomy - The
I/O Processor has prime responsibility for con-
trolling intercommunications between external
system devices and the PDP-15 Memory or
Central Processor. This third autonomous sub-
system of the PDP-15 System contains eight
data channels which may use either single-cycle
block transfer devices or multi-cycle devices.
The I/O Processor also contains an addressable
I/O bus and provisions to add a real-time clock
and an automatic priority interrupt system.

The 1/O Processor operates in parallel with the
system’s Central Processor and grants external
devices access to PDP-15 Memory through the
single- or multi-cycle data channels.

Real-Time Capabilities

The unique combination of a powerful processor
and a very fast autonomous I/O section with
such real-time features as an 8-level, 32 channel,
automatic priority interrupt system coupled
with a range of monitor systems, gives the user
exceptional real-time capabilities on his PDP-15.

System Reliability

To ensure system reliability, options such as
power fail detection, memory relocation, mem-
ory protection and memory parity are all avail-
able on the PDP-15 System.
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Hardware Reliability, Maintainability and Low
Cost

A combination of such engineering considera-
tions as worst-case design criteria for propaga-
tion delays, over-voltage and over-current pro-
tection, point-of-load regulator cards, minimal
cable lengths, and extensive control panel
(where twenty-four 18-bit groups of signals can
be displayed including all major registers and
buses), proven TTL logic, single time-state
stepping and automatic checkout procedures
provide the PDP-15 with two key characteristics.
It is an extremely reliable and easily maintain-
able digital computer.

SUMMARY OF PDP-15 CHARACTERISTICS

Description - Programmed Data Processor - fixed
18-bit word length, parallel mode, autonomous
operation, TTL circuitry.

Instruction List - Five basic instruction groups:

Memory Reference

Operate

Input/Output Transfer
Register Control/Transfer
Extended Arithmetic Element

Core Memory - 800-ns magnetic core memory
expandable to 32,768 words; expansion with
4096 word pages or 8192 word memory banks;
independent bank read/write control; provision
for expansion beyond 32,768 words to 131,072
words built in.

Fixed Point Arithmetic (1’s and 2’s Comple-
ment) - 18-bit ADD in 1.6 us 18-bit multiply* in
7.0 us, 18-bit divide* in 7.25 us.

Addressing - Single level indirect addressing;
direct addressing to 4,096 words, indirect ad-
dressing to 32,768 words, indexed to 131,072
words. In bank mode, direct addressing to 8,192
words and indirect to 32,768 words.

*With extended arithmetic element.



Indexing - 1 index register, 8 auto-increment
locations.

Input/Output - Up to 8 bidirectional channels
communicating directly between the I/O bus
and memory; addressable I/O bus normally ser-
vices up to 42 device controllers.

Interrupt System - Basic machine has one pro-
gram interrupt line. As an option there is an
8-level (4 hardware and 4 software) 32-channel
Automatic Priority Interrupt that is expandable
to eight devices per hardware level: priority can
be changed dynamically under program control.

System Console - Includes facility to display
twenty-four 18-bit groups of signals including all
major registers and buses of the processor and
1/O section. These displays provide both pro-
gramming and maintenance information.

Non-Existent Memory Trap - Accessing non-
existent memory is sensed by a timer performing
a watch-dog function. The user is informed of
such errors through an API (level 0) or PI
interrupt.

Real-Time Clock - Core location 00007 can be
incremented by a user determined frequency.
The real-time clock interrupts control the CPU
when location 00007 overflows.

Peripheral Equipment - Includes paper-tape sta-
tion, card readers, line printers, magnetic tape
controllers, disk systems, displays, processors,
A/D and D/A equipment and communications
equipment.

Options - Extended Arithmetic Element, Power
Fail, Memory Protection, Memory Parity, Mem-
ory Relocation, Real-Time Clock, Automatic
Priority Interrupt system.

Operating Environmental Specifications

Equipment Temperature Relative Humidity
Processor 00 to 500C 10% - 95%
Typical System* 100 to 359C 25% - 75%

*Includes paper tape station, card reader, magnetic tape, line-printer, etc.

Power Requirements

Voltage (AC) Frequency (Hz) é:f::ﬁ:
(+ 15%) (¥2 Hz) (A)
100 50 33
115 50 30
200 50 18
215 50 17
230 50 16
120 60 29
240 60 16
NOTE

Maximum average current includes the 7.5 A that two Type ASR or KSR Teletypes draw through
the power control. The above figures represent average (maximum) line current of systems with
memory, two Teletypes and maximum internal options connected.
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Three autonomous subsystems - Central Proces-
sor, Memory, and I/O Processor - operating
together under console control define the
PDP-15 System. Coupled to the PDP-15 I/O
Processor and serviced under the jurisdiction of
the Monitor systems, an extensive line of peri-
pherals including mass storage, displays, data
communications and data acquisition equipment
combine to form the PDP-15 System. Figure 2-1
illustrates the relationship of each computer
subsystem and the peripherals to the entire
complex.

CENTRAL PROCESSOR

The Central Processor functions as the heart of
the computer by carrying on bidirectional com-
munication with both Memory and the 1/O
Processor. Provided with the capability of per-
forming all required arithmetic and logical op-
erations, the Central Processor plays the major
role in the control and execution of the stored
program. It accomplishes this with an extensive
complement of registers, control lines and logic
gates.

CHAPTER 2
PDP-15 SYSTEM ORGANIZATION

MEMORY

The Memory, second of the three autonomous
subsystems, is the primary storage area for com-
puter instructions and system data. Memory is
organized into pages which are paired into mem-
ory banks. Each page has 4096 18-bit binary
words of high-speed random-access magnetic
core storage. Each bank is an asynchronous unit
of 8192 words; expansion capability to 32,768
words (four banks) is provided for each PDP-15
System. Any word in Memory can be addressed
by either the Central Processor or the [/O
Processor. The CPU has provisions to address up
to 131,768 words of core memory. The autono-
my of the memory system allows mixing banks
with different cycle times.

I/O PROCESSOR

The third autonomous subsystem satisfies the
peripheral data transfer needs. A diverse line of
system peripherals available to the PDP-15 re-
quire this processor to interface three modes of
input/ output:
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Single cycle block data transfer; blocks of
data transfer at rates up to one million
words per second.

Multicycle block data transfer; blocks of
data transfer at rates up to 250,000 words
per second for input and 181,000 words
per second for output.

Program controlled data transfers; single
word transfers to/from the accumulator in
the Central Processor

The I/O Processor provides timing, control and
data lines for information transfers between
memory or the Central Processor and the periph-

eral devices, it also includes provision for such
options as the Automatic Priority Interrupt Sys-
tem and the Real-Time Clock.

SYSTEM PERIPHERALS

The PDP-15 System Peripherals range from sim-
ple input/output Teletypes to sophisticated in-
teractive display processors. These peripherals
communicate with the PDP-15 I/O Processor via
one 72-wire bidirectional cable called the com-
mon 1/O bus.

Figure 2-1 depicts the peripherals available with
the PDP-15 Systems.
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CHAPTER 3

CENTRAL PROCESSOR ORGANIZATION

SUMMARY OF CHARACTERISTICS

Description - 18-bit parallel operation, autono-
mous operation, fixed-point signed and unsigned
arithmetic (1’s and 2’s complement)

Instruction Types -

Memory Reference

Operates

Register Transfer and Control
Extended Arithmetic Element
Input/Output Transfer

Indexing - 1 index register, 1 limit register, 8
auto-increment locations

Timing -

Typical Instructions Execute Time

18-bit ADD 1.6 us

18-bit Multiply * 7.0 us

18-bit Divide* 7.25 us

36-bit Shift* 7.25 us

36-bit Normalize* 7.25 us
*With EAE

CENTRAL PROCESSOR DESCRIPTION

The Central Processor (CPU) is the nerve center
for control and execution of stored programs.
By coordinating its own operation with that of
other subsystems, it provides supervisory control
over the PDP-15 System.

The Central Processor contains arithmetic and
control logic hardware for a wide range of
operations. These include high-speed fixed-point
arithmetic with a hardware multiply and divide
option, extensive test and branch operations
implemented with special hardware registers,
high-speed input/output instructions and other
arithmetic and control operations.

The PDP-15 Central Processor contains several
major registers for processor-memory communi-
cations, a program counter, an instruction regis-
ter, an accumulator, an index register, and a
limit register.

The CPU performs calculations and data process-
ing in a parallel binary mode through step-by-
step execution of individual instructions. Both
the instructions and the data on which the
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instructions work are stored in the core memory
of the PDP-15. The arithmetic and logical opera-
tions necessary for the execution of all instruc-
tions are performed by the arithmetic unit oper-
ating in conjunction with central processor regis-
ters. Figure 3-1 shows a simplified block diagram
of the Central Processor.

Arithmetic Unit (AU)

The PDP-15 arithmetic unit handles all Boolean
functions and contains an 18-bit, 100-ns adder.
The arithmetic unit acts as the transfer path for
inter-register transfers and shift operations.

Instruction Register (IR)

Accepts the six most-significant bits of each
instruction word fetched from memory. Of
these bits, the four most-significant constitute
the operation code, the fifth signals when the
fetched instruction indicates indirect addressing,
and the sixth indicates indexing.

Accumulator (AC)

This 18-bit register retains the result of arithme-
tic/logical operations for the interim between
instructions.

For all program-controlled input-output trans-
fers, information is transferred between core
memory and an external device through the AC.
The AC can be cleared and complemented. Its
contents can be rotated right or left with the
Link (see below). The contents of the memory,
buffered through the memory input 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 opera-
tions AND and exclusive OR, the result remain-
ing in the AC. The inclusive OR can be per-
formed between the AC and the accumulator
switches on the operator console (through the
data switch register) and the result left in the
AC.
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Data Switch Register

The data switch register receives an 18-bit word
through the console bus from data switches on
the console. This register buffers the informa-
tion so that the console may either be attached
to the processor or operated remotely through
cabling.

Link (L)

This 1-bit register is used to extend the arithme-
tic capability of the accumulator. In 1’s comple-
ment arithmetic, the Link is an overflow indica-
tor; in 2’s complement arithmetic, it logically
extends the accumulator to 19 bits and func-
tions as a carry register. The program can check
overflow into the Link to simplify and speed up
single- and multi-precision arithmetic routines.
The Link can be cleared and complemented and
its state sensed independent of the accumulator.
It is included with the accumulator in rotate
operations and in logical shifts.

Program Counter (PC)

The program counter determines the program
sequence (the order in which instructions are
performed). This 18-bit register contains the
address of the memory cell from which the next
instruction is to be taken. The least-significant
15 bits are used for addressing 32,768 words of
core memory. The remaining 3 bits provide the
capability to address memory systems greater
than 32,768 words.

Operand Address Register (OA)

The operand address register contains the effec-
tive address of the location where data is cur-
rently being fetched.

Memory Input and Output Buffer Register (MI)
and MO)

Information is read from a memory cell into the
memory input register and is interpreted as
either an instruction or a data word. Informa-
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Figure 3-1. Central Processor, Simplified Block Diagram



tion is read from the Central Processor into
memory through the memory output register
and is interpreted as either an address or a data
word. The use of two 18-bit registers for mem-
ory buffer functions allows processor overlap
with memory cycle time to decrease execution
time and to allow autonomous operation of the
CPU and memory.

Index Register (XR)

This 18-bit register is used to perform indexing
operations with no increase in instruction time.
An indexed operation adds the contents of the