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FOREWORD

This manual describes the PDP-11/05 and PDP-11/10 Computers. The PDP-11/05 and
PDP-11/10 are electrically identical. The PDP-11/05 is specified for the Original
Equipment Manufacturer (OEM) market and the PDP-11/10 is specified for the end user

market.

The PDP-11/05 is available in two versions: one provides a maximum of 8K words of core
memory and the other provides a maximum of 16K words of core memory. The PDP-11/10

is available only with a maximum of 8K words of core memory.

This manual is divided into four parts.

Part 1 Computer Description

Part 2 KD11-B Processor

Part 3 MMI11-K, MM11-L Memories
Part 4 Power Supply

Chapter outlines of each part are shown below.

Part 1 COMPUTER DESCRIPTION

Chapter 1 Computer Components
Chapter 2 Unibus
Chapter 3 Unpacking and Installation

Chapter 4 Operation
Part 2 KD11-B PROCESSOR

Chapter 1 General Description
Chapter 2 Instruction Set
Chapter 3 Console Description
Chapter 4 Detailed Description
Chapter 5 Microprogram Control

Chapter 6 Maintenance



Part 3 MM11-K, MMT11-L MEMORIES

Chapter 1 General Description
Chapter 2 Detailed Description
Chapter 3 Maintenance

Part 4 POWER SUPPLY
Chapter 1 General Description
Chapter 2 Detailed Description
Chapter 3 Maintenance

A bound volume of engineering drawings is supplied with each computer.

The following related documents are valuable as references.

PDP-11/05, 11/10 Processor Handbook

PDP-11 Peripherals and Interfacing Handbook

PDP-11 Paper-Tape Software Programming Handbook
(Document No. DEC-11-GGPB-D)



PART 1

Computer Description



CHAPTER 1
COMPUTER COMPONENTS

1.1 INTRODUCTION

This chapter briefly describes the major components of the computer, It includes module
utilization diagrams for both computer configurations and a backplane connector and pin

designation diagram,

1.2 COMPUTER COMPONENTS

The computer consists of a mounting box, console, processor, core memory, prewired back-
plane, power supply, fans, and interconnecting cables. The processor is contained on two

modules, and each 4K or 8K memory is contained on three modules.

1.2.1 KD11-B Processor

The processor modules are M7260 Data Paths and M7261 Control Logic and Microprogram.
They are hex height modules and measure 8 1/2 in. long x 15 in. high. A hex height

module contains six edge-connectors (A-F),
All the processor functional components are contained on these modules, as shown below.

The M7260 Data Path Module contains:

Data path logic

Processor status word logic

Auxiliary arithmetic logic unit control
Instruction register and decoding logic
Serial communications line interface



The M7261 Control Logic and Microprogram Module contains:

Internal address detecting logic
Stack control logic

Unibus control logic
Priority arbitration logic
Unibus drivers and receivers
Micro branch logic

Micro program counter
Control store logic

Power fail logic

Line clock

Processor clock

The serial communications line (SCL) interface is directly connected to the desired serial
communications device. It can operate ot speeds of 110-300 baud and is program com-
patible with the KL11 Teletype Control Interface option. The SCL is compatible with the
LA30 DECwriter at 30 characters per second, the VT05 Alphanumeric CRT Display Termi-
nal at 30 characters per second, and the Teletype Model 33 ASR at 10 characters per

second.

The line time clock (LTC) allows the program to measure time by sensing the 50 Hz or 60
Hz ac line frequency. This clock is program compatible with the KW11-L Line Time Clock

option,

The line time clock and the serial communications line interface are not connected to the
Unibus. They use an internal bus and can be addressed only by the processor and the con-

sole,

1.2,2 Core Memory

The PDP-11/05 is available in two versions: one provides a maximum of 8K words of core
memory and the other provides a maximum of 16K words of core memory. The PDP-11/10
is availabie oniy with a maximum of 8K words of core memory, A separate add-on core
memory system (ME11-L) is available to provide an additional 8K, 16K, or 24K words of
core memory., A PDP-11/05 or PDP-11/10 processor provides program control for a max-
imum of 32K words of memory; therefore, the self-contained memory plus the MET1-L must

not be greater than 32K words.
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1.2,2,1 Memory Organization = The memory is organized in 16-bit words consisting of
two 8-bit bytes. The bytes are identified as low and high. The memory contains 8192
words or 16,384 bytes; therefore, 16,384 locations are assigned. The address locations
are specified as 6-digit octal numbers, The 16,384 locations for the 8K memory are desig~
nated 000000 through 037777.

Each byte is addressable and has its own address location: low bytes are even numbered
and high bytes are odd numbered. Words are addressed at even numbered locations only,
and the high (odd) byte is automatically included. Consecutive words are therefore found

in even numbered addresses.

The PDP-11 address word contains 18 bits A <17:00>, which provides the capability of ad=
dressing 262,144 (256K) locations (bytes) or 131,072 (128K) words. The basic processor
provides 16 bits (A <15:00>) of address information, which handles 65,536 (64K) bytes or
32,768 (32K) words. During an addressing operation, if bits A <15:13>are all 1s, bits

A <17:16> are forced to 1s, which relocates the last 8K bytes (4K words) to become the
highest locations accessed by the bus. These top 4,096 word locations are reserved for
peripheral and register addresses, and the user therefore has 28,672 (28K) words of memory

to program,

1.2.2.2 Memory Specifications = The core memory is a read/write, random access, coin-
cident current type with a cycle time of 900 ns and an access time of 400 ns. It is orga-
nized in a 3D, 3~wire planar configuration, Word length is 16 bits, and the memory is
offered in two word capacities: model MM11-K contains 4096 words and model MM11-L
contains 8192 words. Each memory is contained on three modules called the control,
driver, and stack. For the MM11-K memory, the stack module is H213; H214 is the stack
module for the MM11-L memory, The G110 Control Module and the G231 Driver Module

are the same for both modeis.

1.2.3 Power Supply

The power supply consists of a dc regulator module, transformer, and fan, mounted in a
chassis, It is installed in the computer mounting box. The power supply converts 115V or
230V, 47-63 Hz line voltage to three reguiated dc voltages that are used by the processor,

memory, and optional modules. The regulated voltages are:

1-1-3



+5V at 17A
=15V at 6A
+15V at 1A

An associated component, the power control, provides the ac line voltage to the power
supply and cooling fans. The power control is installed in the rear panel of the computer
mounting box. It consists of a line cord, circuit breaker, and output connector, A model

is available for each of the two line voltages (115V or 230V), as shown below.

Power Control

Part Number Rating
BCO5H 7A at 115V/47-63 Hz
BCO05J 4A ot 230V/47-63 Hz

The power supply provides three additional outputs, Signal LTC L is the Line Time Clock
signal that drives the line time clock., The BUS AC LO L and BUS DC LO L signals

actuate the processor power fail-auto restart circuitry.

1.2.4 Backplane

The backplane is a connector assembly into which the computer modules are plugged. It
provides interconnections between the Unibus, processor, memory, and optional modules.
The interconnections are made via a printed circuit board and wirewrapped pins that are

part of the backplane assembly.

There are two versions of the computer (8K memory and 16K memory). The backplane is
wired differently for each version, As a result, the modules must be installed in specific
locations as shown in Figure 1-1 for the 16K version and Figure 1-2 for the 8K version.
These illustrations show the backplane as viewed from the module side. The slots are num-
bered 1 through 9 from top to bottom, and the connectors are lettered A through F from
left to right.

Configuration 1 is the 16K version (Figure 1-1). Unibus M930 Terminator Modules are in-
stalled in slots A2-B2 and A5-B5. If other peripherals are to be connected to the com-
puter, the terminator module in slot A2-B2 must be replaced with a BC11A Unibus cable,
“and a terminator module must be installed in the last device in the system., Slot C1-F1
provides the only space for a small peripheral controller. If this slot is not used, a G727

Grant Continuity Module must be installed in slot D1, If a small peripheral controller is
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to be installed, the G727 module must be removed first, Slots A1 and B1 are wired for
the KM11 Maintenance Module, The core memories (3 modules each) are physically inter-

changeable as systems.

Configuration 2 is the 8K version (Figure 1-2), Unibus M930 Terminator Modules are in-
stalled in siots A3-B3 and A5-B5. if required, a BCT1A Unibus cabie can be instaiied in
place of the terminator in slot A3-B3, Slots C1-F1, C2-F2, C3-F3, and C4-F4 can be
used for small peripheral controllers. Slot A1-B1 is wired for a DF11T Communications Line
Adapter that provides signal conditioning for communications devices using signals that are
not TTL compatible. Slots A2 and B2 are wired for the KM11 Maintenance Module.

Figure 1-3 shows the backplane connector block configuration as viewed from the wirewrap
pin side. The pin arrangement for each connector biock is identical. It represents the
total pins (36) available on the double-sided edge connector of a single height module.

Connector A1 is shown in detail.

1.3 ME11-L CORE MEMORY SYSTEM

Additional core memory is available for the computer in the ME11-L self-contained add-on
core memory system. The basic MET1-L consists of an 8K MMT11-L memory and power sup=
ply installed in a mounting box. It is expandable to 16K words or 24K words maximum by
adding one or two more MM11-L memories. The ME11-L uses the same backplane construc-
tion as the computer. Nine slots are provided, and they are wired fo accommodate three
MM11-L memories. These core memories (3 modules each) are physically interchangeable
as systems and as individual modules within a system for troubleshooting purposes. If only
one memory is used, the modules must be installed in the three bottom slots (humbers 7, 8,
and 9).

1.4 EXTENSION MOUNTING BOX

Additional interface logic for the computer is installed in an extension mounting box iden=
tical to those used for the rest of the PDP=11 Family. A rack-mounted box (BA11-ES) or
a tabletop box (BA11-EC) can be used. The mounting box contains cooling fans, filter,
and power cord, Space is provided to install six system units and an H720 Power Supply.
Details of the extension mounting box, system units, and H720 Power Supply are included
in the PDP-11 Peripherals and Interfacing Handbook.,
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SLOT,

KM11 KM11
MAINT MAINT

PERIPHERAL CONTROLLER
GRANT CONTINUITY CARD G727 (SLOT D1)

UNIBUS TERMINATOR M930
OR EXTERNAL UNIBUS CABLE

MEMORY STACK H213 (4K) OR (8K)

MEMORY DRIVER 623

MEMORY CONTROL G110

UNIBUS TERMINATOR M930

MEMORY STACK H213 (4K) OR (8K)

MEMORY DR

IVER G231

MEMORY CONTROL G110

KD11-B PROC

ESSOR M7261

KD11-B PROC

ESSOR M7260

CONNECTOR

Figure 1-1 Module Utilization Diagram For Configuration 1 (16K)
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SLOT

1 DF11 COMMUNICATIONS PERIPHERAL CONTROLLER
LINE ADAPTER OR GRANT CONTINUITY CARD G727 (SLOT DY)
2 KM11 KM11 PERIPHERAL. CONTROLLER
MAINT MAINT OR GRANT CONTINUITY CARD G727 (SLOT D2)
3 UNIBUS TERMINATOR M930 OR PERIPHERAL CONTROLLER
EXTERNAL UNIBUS CABLE OR GRANT CONTINUITY CARD G727 (SLOT D3)
4 BLANK PERIPHERAL CONTROLLER
OR GRANT CONTINUITY CARD G727 (SLOT D4)
5 UNIBUS TERMINATOR MS30 MEMORY STACK H213 (4K) OR H214 (8K)
6 MEMORY DRIVER G213
7 MEMORY CONTROL G110
8 KD11-B PROCESSOR M7261
9 KD11-B PROCESSOR M7260

CONNECTOR

Figure 1-2 Module Utilization Diagram For Configuration 2 (8K)
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Figure 1-3 Computer Backplane Connector and Pin Designations
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CHAPTER 2
UNIBUS

2.1 INTRODUCTION

This chapter describes in general the operation of the Unibus.

The following documents, in conjunction with this manual, will aid the reader in under-

standing interface techniques and the overall PDP-11 system,

a. PDP-11/05-11/10 Processor Handbook
b. PDP-11 Peripherals and Interfacing Handbook
c. Digital Logic Handbook

All communication between PDP-11 system components is through the high-speed Unibus.
The Unibus operational concepts are vital fo the understanding of the hardware and soft-

ware implications of the Unibus.

2.2 UNIBUS STRUCTURE

The Unibus is a single, common path thai connects the processor, memory and all periphe~
rals. Addresses, data, and control information are transmitted along the 56 lines of the

bus.

Every device on the Unibus employs the same form of communication; thus, the processor
uses the same set of signals to communicate with memory and with peripheral devices.
Peripheral devices also communicate with the processor, memory, or other peripheral

devices via the same set of signals.
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All instructions applied to data in memory can be applied equally well to data in periphe-
ral device registers, enabling peripheral device registers to be manipulated by the pro-
cessor with the same flexibility as memory. This feature is especially powerful, con-
sidering the capability of PDP-11 instructions to process data in any memory location as

though it were an accumulator.

2.2.1 Bidirectional Lines

Most Unibus lines are bidirectional, allowing input lines to also be driven as output lines.
This is significant in that a peripheral device register can be either read or can be used
for transfer operations. Thus, the same register can be used for both input and output

functions.

2.2.2 Master-Slave Relationship

Communication between two devices on the bus is a master-slave relationship. During any
bus operation, one device has conirol of the bus. This device, the bus master, controls
the bus when communicating with another device on the bus, the salve. A typical example
of this relationship is the processor, as the master, transferring data to memory, as slave.
Master-slave relationships are dynamic. The processor, for example, passes bus control to

a disk. The disk, as master, then communicates with a slave memory.

The Unibus is used by the processor and all 1/0 devices; thus, a priority structure deter-
mines which device gains control of the bus. Consequently, every device on the Unibus
capable of becoming bus master has an assigned priority. When two devices capable of

becoming bus master have identical pricrity velues and simultaneously request use of the

bus, the device that is electrically closest to the bus receives control.

2.2.3 Interlocked Communication

Communication on the Unibus is interlocked between devices. Each control signal issued

by the master device must be acknowledged by a response from the slave to complete the
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transfer. Consequently, communication is independent of the physical bus length and the
response time of the master and slave devices. The maximum transfer rate on the Unibus,
with optimum device design, is one 16-bit word every 400 ns or 2.5 million 16-bit words

per second.

2.3 PERIPHERAL DEVICE ORGANIZATION AND CONTROL

Peripheral device registers are assigned addresses similar to memory; thus, all PDP-11 in-
structions that address memory locations can become 1/O instructions, enabling data
registers in peripheral devices to take advantage of all the arithmetic power of the

processor .

The PDP-11 controls devices differently than most computer systems. Control functions
are assigned fo a register address, and then the individual bits within that register can
cause control operations to occur. For example, the command to make the paper-tape
reader read a frame of tape is provided by setting a bit (the reader enable bit) in the
control register of the device. Instructions such as MOV and BIS may be used for this
purpose. Status conditions are also handled by the assignment of bits within this register,

and the status is checked with TST, BIT, and CMP instructions.

2.4 UNIBUS CONTROL ARBITRATION

The Unibus is capable of performing two basic and parallel tasks in order to allow trans-
fers by multiple peripherals at maximum speed. The first is the actual transfer of data be-
tween the current bus master and its addressed slave. The second is the selection of the
next bus master, the peripheral which, as soon as the bus becomes free, will be allowed
to assert control. It is important to note that the granting of future mastership is in no
way influenced by either the current master or its method of obtaining the bus. It is this
fact which allows these functions to be performed in parallel and allows transfers on the

bus at a maximum rate.
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2.4.1 Priority Transfer Requests

To gain mastership of the Unibus, a peripheral must first make a request to the processor
for the bus and then wait for its selection. The processor contains the logic necessary to
arbitrate these requests because normally there are several requests pending at any given

time.

There are two classes of requests: Bus Requests and Non Processor Requests. A Bus Request
(BR) is simply a request by a peripheral to obtain control of the Unibus with the under-
standing by the processor that the peripheral may end its use of the bus with a processor
interrupt. An interrupt is a command to the processor to begin executing a new routine
pointed to by a location selected by a device. A Non Processor Request (NPR) is similarily
a request for the bus, but with the exception that it may not interrupt the processor. Since
the granting of an NPR cannot affect the execution of the processor, it can occur during
or between instructions. BRs however, by possibly causing execution to be diverted to a
totally new routine, can only be granted between instructions. In this way, NPRs are

assigned priority over any BR.

Between Bus Requests, there are four levels of priority created by four separate requests
lines. These are assigned priority levels 4 through 7. BR4 is the lowest and BR7 is the
highest. These levels are associated with the program controlled priority level of the
processor controlled by bits 7, 6, and 5 of the processor status register. Only BRs on a
priority level higher than the level of the processor are eligible for receiving a bus grant.
Thus, during high priority program tasks, all or selected Unibus requests (hence interrupts)

can be inhibited by raising the level of the processor priority.

Another form of priority arbitration occurs through the system configuration. When the
processor grants a request, the grant travels along the bus until it reaches the first re-
questing device which terminates the grant. Therefore, along the same grant line, the
device electrically nearest the processor has the highest priority. Also note that in the
KD11-B, the internal line clock is logically the last device on BR6, and the serial

communication line interface is logically the last device on BR4.

I-2-4



After a requesting device receives a bus grant it asserts its selection as next bus master until
the bus is free, thus inhibiting other requests from being granted. When the bus becomes
free, the selected device asserts control of the bus and relinquishes its selection as next

bus master so that the priority arbitration among pending requests may continue.

2.4.2 Processor Interrupts

After gaining control of the bus through a BR, a device can perform one or more transfers
on the bus and/or request a processor interrupt. This is typically requested after a device
has completed a given task, for instance typing a character or completing a block data
transfer through NPRs. If a peripheral wishes to interrupt the processor, it must assert the
interrupt after gaining control of the bus but before relinquishing its selection as next bus
master. Thus the processor knows that it still shouldn't continue to fetch the next instruc-
tion, but must wait for the interrupt to be completed. Along with asserting the interrupt,
the device asserts the unique memory address, known as the interrupt vector address, con-
taining the starting address of the device service routine. Address vector +2 contains the
new PSW to be used by the processor when beginning the service routine. After recogniz-
ing the interrupt, the processor reads the vector address and saves it in an internal register.
It then pushes the current PSW and program counter onto the stack and loads the new PC

and PSW from the vector address specified. The service routine is then executed.

NOTE

These operations are performed automatically and no device
polling is required to determine which routine to execute.

The device service routine can cause the processor to resume the interrupted process by
executing the return from interrupt, RTI, instruction which pops the top two words from

the processor stack and transfers them back to the PC and PS registers.

2.4.3 Data Transfers

After asserting control of the Unibus, the device does not release control until it has com-

pleted either one or more data transfers or an interrupt. Typically, only one transfer is
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completed each time the device gains control of the bus because few single devices can
give or receive information at the maximum Unibus rate. Holding the bus for multiple

transfers inhibits other devices from using the bus.

A transfer is initiated by the master device asserting a slave address and control signals
on the bus and a master or address validity signal. The appropriate slave recognizes the
valid address, reads or writes the data, and responds with a fransfer complete signal. The
master, recognizes the transfer complete, sends or accepts data and drops the address
validating signal. It then can assert a new address and repeat the process or release con-

trol of the bus completely.

The importance of this type of structure is that it enables direct device to device transfers
without any interaction from the central processor. An NPR device, such as a high speed
CRT display, can gain fast access to the bus and transfer data at high rates while refresh-

ing itself from memory without slowing down the processor.
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CHAPTER 3

UNPACKING AND INSTALLATION

3.1 INTRODUCTION

The computer is shipped ready to operate in either a protective box or a 19-inch cabinet.
Unless required by peripherals, there are no special shipping mounts internal to the com-
puter. Prior fo final electrical testing each computer is thermal cycled, vibrated, and

subjected to mechanical shock with all modules in place.

Basic computers are shipped in the package illusirated in Figure 3-1. Sufficient hardware

is included in the shipping carton to rack mount the computer.

3.2 UNPACKING

The basic computer should be carefully removed from its box. Slide mounts are attached to
the computer, but mounting screws are packed in a bag located in the same box. Also
included is one 83600 SCL (Serial Communication Line) cable and two keys for the console
lock. The 83600 SCL cable has a Berg 127009-0, 40-pin connector on one end that
matches the SCL output connector on the computer. The other end of the 83600 SCL cable
terminates in a Mate-N-Lock 1209340 that matches that used on the VT05, LA30, and
ASR Teletype Model 33.

If the computer was ordered as a system with options requiring small peripheral controllers,
the controllers may be inside the computer box. Small peripheral controllers are used to
interface options such as line printers and paper-tape reader/punches as well as to imple-

ment programmable clocks and bootstrap loaders.
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FOLDED CORRUGATED
LAMINATED CEE

PDP-11/05

BEZEL PROTECTOR
POLYETHYLENE BAG
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SET UP OUTER CARTON WITH
INTERIOR PIECES
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Figure 3-1 Computer Packaging
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After removing the computer from its package, it should be inspected for damage. It is

advisable fo save the packing carton in cas= it is necessary to return the unit for service.

3.3 MECHANICAL DESCRIPTION

mountable slide and console. The removable top cover of the mounting box is fastened by

four Cam-Lock screws. The removable side panel is fastened by four Phillips-head screws.

Figure 3-3 shows the mounting box with the top cover removed. The backplane unit divides
the power supply from the memory and processor side of the mounting box. The internal
SCL cable runs from the backplane under the power supply unit to the rear of the mounting

box.

Figure 3-4 depicts the mounting box with top cover and side panel off, and the processor
and memory modules plugged in. In this case, the computer is a Configuration 2 machine,
using an MM11-L, 8K memory unit. Three small peripherals are shown with the external
cables attached. A G727 Grant Continuity Card is in the top peripheral slot and a M930
Unibus Terminator Card is in slot A3, B3 (Figure 3-6 also). In Figure 3-5, the Unibus

cable is in place, replacing the Unibus terminator card.

Figure 3-6 shows the mounting box without any modules. The path of the console cable is
under the M7260 Processor Module. The cable then comes over to plug into the top of the
M7260. The module guides aid in inserting the modules into the proper slots.

Figure 3-7 is a rear view of the mounting box with attached rack-mountable slides. If the
computer contains any peripheral controllers outside the mounting box, the Unibus is ex-
tended from under the top cover. The power control circuit breaker protects the power
supply from overload. It is rated at 7A for 110 V units or 4A on 230 V. The SCL connector

and ac remote power control connectors are also shown.
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REMOVABLE SIDE PANEL REMOVABLE TOP COVER
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SLIDE GUIDE [~
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Figure 3-2 Computer Mounting Box
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BACKPLANE UNIT PROCESSOR MEMORY SIDE

COMPUTER
FAN

FRONT

POWER
CONTROL
CHASSIS
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. POWER SUPPLY FAN POWER SUPPLY INTERNAL SCL CABLE

Figure 3-3 Computer Box With Top Cover Removed
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FRONT

SLIDE RELEASE PERIPHERAL CABLE CONSOLE CABLE SMALL PERIPHERAL CONTROLLER

Figure 3-4 Computer Box with Top and Side Covers Removed
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UNIBUS CABLE AND UNIBUS CABLE CLAMP

Figure 3-5 Computer Chassis (showing both
peripheral cables and the Unibus)
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CENTER
GUIDE SLOT D SLOT E

4

SLOT A SLOT B SLOT C

SLOT F
MODULE
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FRONT
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CONSOLE CABLE CLAMP
CONSOLE CABLE CONNECTOR

Figure 3-6 Mounting Box Without Modules
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UNIBUS

POWER CONTROL,LINE CORD AND
CIRCUIT BREAKER ASSEMBLY

BESEL HOLE

CABINET POWER
CONTROL CONTACTS

UNIVERSAL I/0
CABLE CLAMP

SCL CABLE
(LETTER ON CONNECTOR
FACE UP)

Figure 3-7 Rear of Computer Showing Cable Strain Reliefs
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3.4 INSTALLATION

The computer mounts in a standard 19-inch wide by 20-inch deep equipment bay. The
computer is mounted on slides for easy service. To mount the unit, first attach the fixed
portion of the slides to the cabinet; the fixed portion of the slides can be removed from

the computer by actuating the slide release shown in Figure 3-4.

Be sure to mount the slides so that the fixed guides are parallel and level with the ground.

3.4.1 Mounting Computer on Installed Slides

Once the slide guides have been securely fastened in the cabinet using all eight screws,
lift the computer and slide it carefully onto the slide guides until the slide release locks.
Carefully lift the slide release and push the computer fully into the rack, being careful

not to tear any existing cabling.

The computer should then be fully extended until the slide release locks. As shown in
Figure 3-4, the panel on the module side of the computer should be removed to permit
installation of 1/0O cables and the Unibus if required. The panel is removed by loosening

and removing four Phillips-head screws.

3.4.2 Securing Computer to Cabinet Rack

If the rack-mounted computer is used in a moving environment, it must be secured to the
cabinet rack to prevent the machine from moving on its slides. This option, if desired, is
implemented as follows:

1. Remove the console bezel from the computer by removing the four screws

at the rear of the bezel, being careful not to tear the cable that connects
the console and processor.

2. Drill the partial 7/32 inch holes at each top inside corner of the bezel
through from the rear of the bezel (Figure 3-7).

3. Counter-bore the 7/32 inch holes at the front of the console bezel
1/2 inch in diometer.

4. Replace the console bezel.
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5. Use two 10-32 x 2 inch Phillips-hecad screws and two Tinnerman nuts to secure
the computer to the cabinet rack through the bezel holes af the desired rack
position.

6. To make the 10-32 x 2 inch Phillips-head screws captive, notch a 1/8 inch
long segment in each 10-32 x 2 inch Phillips-head screw just above the
threads and insert a 1/8 1.D. O-Ring in each notch.

3.4.3 Installation of 1/O Cables

Flat and round 1/O cables should be fed through the Universal I/0 cable clamp shown in
Figure 3-6 for strain relief. They should then be connected to the appropriate small
peripheral controllers. Note that the strain relief clamp prevents tension on the cables
from damaging the connector block inside the computer. The wide Unibus cable, if
required, should be folded as shown in Figure 3-5 and routed over and through a clamp
attached to the top of the fan as shown in Figure 3-7. Note that there is a guide extend-

ing from the fan that prevents the Unibus cable from blocking air flow to the computer.

As shown in Figure 3-4, systems in which the Unibus is terminated in the computer box

must have an M230 Terminator Card in slot A3-B3 as well as slot A5-B5.

3.5 INTERCHANGEABLE PERIPHERAL SLOTS

Note that the four peripheral slots in Configuration 2 are identical; therefore, it is possible
to arrange the small peripheral controllers for the best mechanical convenience. For in-
stance, if it is necessary to diagnose a failure in a small peripheral controller, it may be
convenient to place the selected option in the top slot where its components will be

exposed.

3.6 SIDE AND TOP COVER INSTALLATION

Figures 3-4 and 3-5 show the computer ready for installation of the side cover. Note that
the console cable is folded into a flat loop in order to clear the side cover. Attached to the
side cover is the continuation of the left-hand slide. All four 8- 32 screws that hold the
cover in place should be inserted and tightened securely. The top cover can now be in-

stalled using the four Cam-Lock screws.
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3.7 AC POWER SUPPLY CONNECTION

Computers designed for use on 115 Vac circuits are equipped with a three-prong connector,
which when inserted into a properly wired 115 Vac outlet grounds the case of the computer.
It is unsafe to operate the computer unless the case is grounded because normal leakage

current from the power supply flows into metal parts of the chassis.

If the integrity of the ground circuit is questionable, the user is advised to measure the

potential between the computer case and a known ground with an ac voltmeter.

3.7.1 Connecting to Voltages Other than 115V

The computer will operate at voltages ranging from 95V to 135V and from 190V to 270V
(47 Hz - 63 Hz), providing the proper power control is attached to the computer. The
computer is ordered for nominal voltages of 115V or 230V. The standard three-prong
connector for 115V is identical with that found on most household appliances. A standard

three-prong connector is also used for 230V.

On installations outside of the United States or where the National Electrical code does

not govern building wiring, the user is advised to proceed with caution.

3.7.2 Quality of AC Power Source

The computer is a complex electronic device. Computer systems consisting of CPU, memory,
and peripherals are often sensitive to the interference present on some ac power lines. If

a computer system is to be installed in an electrically "noisy" environment, it may be
necessary fo condition the ac power line. DEC Field Service engineers can assist customers

in determining if their ac line is satisfactory.

3.8 CABINET POWER CONTROL

Provisions have been made for the computer switch to operate a cabinet power control.

This feature permits the computer key lock switch to control the power supply for peripherals
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attached to the computer (refer to Part 4). The power control contacts are closed when the
key lock switch is in the POWER or PANEL LOCK positions. The wiring diagram for a
typical cabinet power control systems is shown in Figure 3-8. The power control contacts

of the computer may be used to switch a maximum of 230V at 4A.

SWITCHED AC

o |
=, =_______ = _| | POwER . = L= ==
s = = I XL CIRCUIT I = ==
LINE CORD
| (TO BLDG -
KU7 AC POWER) =
N1 CABINET
=) 1 |CORNER, r 1
| " T0 MOTOR | 1 | | |
T | | T0 '
POWER |— POWER |—
' CONTROL | SONTROLLER I I CONTROL | SONTROLLER
I CiRcUIT —cOFER, Il— CIRCUIT |—EOWER
) i CONSOLE !
| 1 a e 1 1 _| Pty 1
o l (] - O-}---~ J_-
|°2 2V=v22v' 2 2 ‘I“°2 o2l | '
3 3 3 3 Jdol® o 3l of .
l ST e Tt ]
DISK SYSTEM _ PROCESSOR
L.____....__.' —1-O i o4— l__.._..__.__
1

POWER CONTROL BUS SWITCH

[
o
|
|
L

CABINET THERMOSTAT @ L{o

3

I>>>|
=z
o

H-i2z5

[s

Figure 3-8 Typical Cabinet Power Control System Wiring Diagram

3.9 INSTALLATION CERTIFICATION

Once the computer has been installed, it is seriously recommended that a system diagnostic
be run to ensure that the equipment operates correctly and that installation has been
properly performed. Because system configurations widely vary, no one diagnostic will com-

pletely exercise all the attached devices.
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It is recommended that the MAINDEC User's Manual that comes with the diagnostic pack-
age be consulted for the appropriate diagnostic to be run, depending upon the attached
devices. The MAINDEC User's Manual lists the devices that each diagnostic will exercise.
The three system exercisers presently available are T17 System Exerciser (MAINDEC-11-
DZKAP) for relatively small systems, General Test Program (MAINDEC-11-DZQGA) for
medium to large systems, and Communications Test Program (MAINDEC-11-DZQCA) for
communications-oriented systems. At least one of the above diagnostics and, if appropri-

ate, the other two, should be used to verify system operation.

Once the diagnostic is selected, the respective diagnostic write-up should be consulted
for specific operating instructions. If the user is not familiar with console operation and/or
procedures for loading paper tapes, he should read Part 1, Chapter 4, Operation of this

manual.

3.10 WARRANTY SERVICE (Domestic Only)

If the machine is still covered under the 30 day return~-to-factory warranty, and it is
desired to return it for factory service, the following procedure should be used. If the
machine is no longer on warranty, the local DEC Field Service office should be contacted.
1. Call the Maynard, Massachusetts Repair Depot, Telephone 617-897-5111,
X4079 or X2135.

2. The caller will receive an RA (Return Authorization ) number, which must
appear on the shipping label of the package being returned.

3. Package the machine in an equivalent shipping container, similar to the
one the computer arrived in. If possible, use the original computer
shipping container.

4. Send the machine to the following address:
Digital Equipment Corporation
146 Main Street
Maynard, Massachusetts 01754
Atten: Depot Repair, Bldg. 21-4

RA # XXXX
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CHAPTER 4
OPERATION

4.1 INTRODUCTION

This chapter assumes that the computer is installed and connected to the ac power line, i
is also assumed that the reader has access to the appropriate diagnostic materials, and a
copy of the absolute loader paper tape. It is further assumed that the user is using paper
tapes to load software and diagnostics. For systems that have mass storage services, i.e.,
Disks or DEC tape, the user should refer to the appropriate software manuals for mass stor-

age operating systems.

4,2 POWER SWITCH OPERATION

The key-lock power switch shown in Figure 4-1 has three positions.

OFF - Fully counterclockwise
POWER - 90° clockwise from OFF
PANEL LOCK - 180° clockwise from OFF

In the OFF position, ac power is removed from the primary of the computer power supply,
and the cabinet power control contacts are open-circuited. In the other two positions, the
ac power is applied to the computer power supply and the cabinet power control contacts
are short-circuited. In the POWER position, the console function switches (the right

six switches in Figure 4-1) are fully operative. In the PANEL LOCK position, the con-
sole function switches have no effect on the computer's operation. PANEL LOCK is used

to secure a running computer from mischievous tampering.

4,3 FUNCTION SWITCHES

The right six switches in Figure 4-1 are called function switches. They are listed below

in order of their appearance from left—to-right.



FUNCTION SWITCHES KEY LOCK

Figure 4-1 Console lllustrating Switch Movements
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]

. LOAD ADDress

2, EXAMine

3. CONTinue

4, ENABLE/HALT
5. START

6. DEPosit

Function switches 1 through 5 are actuated by being depressed as shown by the ENABLE/
HALT switch in Figure 41, The DEPosit switch must be lifted for actuation. All of the
function switches with the exception of ENABLE/HALT are spring loaded and return to

their rest state when released.

4,4 ADDRESS/DATA SWITCHES
The 16 ADDRESS/DATA switches are to the left of the function switches in Figure 4-1.

These two position switches represent a manually set flip~flop register with up position re-
presenting a logical 1 and the down position a logical 0. The ADDRESS/DATA switches
may be used in conjunction with the function switches or in conjunction with a program
stored in the computer's memory. The ADDRESS/DATA switches are often referred to a
""the Switch Register'' in DEC documentation. In Figure 4-1, the contents of the Switch

Register is equal to 2008 because bit 7 is set to a 1 and all others are set to a 0.

4,5 CONSOLE INDICATORS

There are 17 indicators on the computer console. The contents of the 16 ADDRESS/DATA
lights either represent a 16-bit Unibus address or the contents of a 16-bit Unibus Address.
Note that the state of the ADDRESS/DATA lights is defined only when the computer RUN

light is not illuminated.

4,6 OPERATION CONSOLE

The following paragraphs describe the operation of the function switches. Table 4-1 in-
dicates the meaning of the ADDRESS/DATA lights for all cases where the contents of these
lights are defined.
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Table 4-1

Significance of ADDRESS/DATA Indicators

Action

Qualification

Information Displayed In
ADDRESS/DATA Indicators

POWER ON

LOAD ADDRESS

EXAMINE

DEPOSIT

RUN LIGHT ON
PROGRAM HALT

PROGRAM
EXECUTION

1. ENABLE/HALT switch
in HALT position

2. ENABLE/HALT switch
in ENABLE position

LOAD ADDRESS switch
depressed

1. EXAM switch depressed

2. EXAM switch released

1. DEP switch raised

2. DEP switch released

1. ENABLE/HALT switch
in HALT position

2. HALT instruction
executed

3. Double bus error which
is two successive at-
tempts to access non ex=
istant memory or improper
odd byte address.

1. START switch depressed

2, CONT swiich depressed

1. Contents of location

(24)g

2, Undefined. Depends on
contents of memory

Contents of Switch Register

1. Unibus address that is
to be examined.

2. Contents of Unibus ad-
dress that was examined.

1. Unibus address that is
to be deposited.

2, Contents of Switch Reg-
ister which is the data
deposited,

Undefined

1. Address of instruction to
be executed when CONT
switch is actuated.

2, Same as 1.

3. Contents of Program
Counter (R7) ot time
when double bus error
occurred,

1. Address of Last Load
address

2. Address of instruction to
be executed.

I-4-4



4,6.1 LOAD ADDRess Switch

Depressing the LOAD ADDRess switch when the computer is halted causes the contents of
the Switch Register to be stored in a temporary register within the computer. This data is
also displayed in the ADDRESS/DATA lights for verification. The LOAD ADDRess opera-

tion:

1. Selects a Unibus address for a subsequent EXAM operation.
2. Selects a Unibus Address for a subsequent DEPosit operation.

3. Selects the starting address of a program,

4,6.2 EXAM Switch

The EXAM switch permits the display of the contents of a cell in the Unibus address space
in the ADDRESS/DATA lights. To examine a 16-bit cell, first select the appropriate ad-
dress in the Switch Register and depress the LOAD ADDRess switch, Then depress and re-
lease the EXAM switch,

The contents of the selected address will then be displayed in the ADDRESS/DATA lights.

Several features are built into the examine function to aid in programming the computer.

1. While the EXAM switch is depressed, the address to be examined is
displayed. The data itself is displayed when the switch is released.

2, If the EXAM switch is repedatedly depressed, the Unibus address is
incremented by two on each* depression. This permits the examina-
tion of a list of addresses without repeated LOAD ADDRess opera-
tions,

3. If on attempt is made to examine non-existent memory, it is neces-
sary to perform the initialize operation explained in Paragraph 4.7.

4, Only full words are displayed in the ADDRESS/DATA lights; thus,
bit 0, the byte address bit, is ignored when using the EXAM switch
with the following exception. Note that the general registers are
located on byte addresses. Therefore, when examining the general
registers, address bit O is recognized and the increment feature is

modified such that sequential registers may be examined by repeated
use of the EXAM switch,

Note that the EXAM switch has no effect while the computer is in the RUN state or when
the key operated power switch is in the PANEL LOCK position.

*The Unibus address is incremented by one when examining general registers.
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4.6.3 DEPosit Switch

The physical operation of the DEP switch requires that it be lifted for actuation. The DEP
switch permits the contents of the Switch Register to be deposited in a Unibus address,
which is typically specified by a previous LOAD ADDRess operation. To deposit the in-
struction BRANCH SELF (7778) in location 2008, first set the Switch Register to 2008 as
shown in Figure 4-1 and actuate the LOAD/ADDRESS switch. Set the Switch Register to
7774 then lift and release the DEPosit switch.

Several additional features are built into the deposit function:

1. While the DEP switch is actuated, the Unibus address to be effected is
displayed in the ADDRESS/DATA lights. When the switch is released,

the data deposited is displayed for verification.

2. If the DEP switch is repeatedly depressed, the Unibus address is incre-
mented by two on each*® depression. This permits the depositing of an
entire program with only one LOAD ADDRess operation.

3. If an attempt is made to deposit into non-existent memory, it is neces=
sary to perform the initialize operation explained in Paragraph 4.1.

4. All deposit operations affect full 16-bit words. Bit 0 of the address is
used only when depositing into general registers, Otherwise, bit 0 of
the address is ignored on deposit operations.

*The Unibus address is incremented by one when depositing into general registers,

4,6.4 ENABLE/HALT Switch

Place the ENABLE/HALT switch in the HALT position (Figure 4-=1); the computer will halt
at the end of the current instruction, providing the switch is not in the PANEL LOCK posi-
tion. All interrupts and traps will be executed prior to halting. This switch may be used
in conjunction with the CONT switch to step through programs (Paragraph 4.6.6). With
the ENABLE/HALT switch in the ENABLE position, programs may be executed once started
by:

1. The START switch.
2. The CONTinue switch.

3. The Auto-Restart power-up sequence.
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4.6.5 START Switch
The sequence for starting a program from the console is as follows:

. Set the starting address of the program in the Switch Register.
. Depress the LOAD ADDRess switch.
. Position the ENABLE/HALT switch in the ENABLE position.

N =

How

. Depress and release the START switch.

While the START switch is depressed, the following actions occur.
1. An initialize signal is generated on the Unibus. This initialize signal
serves to reset all peripherals.
2, The Program Status Word is reset to zero,

3. The program counter, R7, is loaded with the last address loaded with
the LOAD ADDRess switch.

When the START switch is released, program execution begins with the instruction con-

tained in the location specified by R7 and the RUN light is turned on, If the ENABLE/
HALT switch is in the HALT position, the computer remains in the HALT state following

the release of the START switch,

Observe the following cautions when using the start switch:

CAUTIONS

1. If the keylock is not in the PANEL LOCK position,
depressing the START switch while a program is run-
ning initializes the computer system and restarts the
program,

2. It is good practice to precede every program START
with a LOAD/ADDRess operation.

3. A program should not be started at an odd address.
If a program is started at an odd address the first
fetch operation will be aborted and an odd address
trap wirl be attempted. If the stack pointer, R6, is
not properly set up, the program in memory may be
destroyed.

4.6.6 CONTINUE Switch

The CONTinue switch is used to continue a program without altering the program counter,
R7, or the machine state. To continue a halted program, depress and release the
CONTINUE switch. The program is resumed when the CONTinue switch is released.
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The CONT switch is used with the ENABLE/HALT switch to step through programs one in-
struction at a time. If the CONTinue switch is actuated while the ENABLE/HALT switch
is in the HALT position (Figure 4-1), a single instruction will be executed, Note that in-
terrupts are serviced in single instruction mode. In single step mode, the address of the

next instruction fo be executed is displayed in the lights.

4.7 UNCONDITIONAL COMPUTER AND UNIBUS INITIALIZATION

Unconditional initialization of the computer system most often arises due to an attempt to
Examine from or Deposit into non-existent memory from the console, However, a peri-
pheral or processor error may occur that can only be overcome by initializing the system
from the console. The procedure is simply to depress the START switch with the ENABLE/
HALT switch in the HALT position,

4.8 LOADING PROGRAMS FROM PAPER TAPE

When the computer is first received, the content of its memory is not defined (it *'knows""
absolutely nothing, not even how to receive paper-tape input). However, the computer
can accept data when toggled directly into core using the console switches. The Boot-
strap Loader program is the first program to be loaded, and therefore must be toggled into
core, The Loaders described in this section facilitate the loading of programs from the
either low- or high-speed paper-tape readers. The low-speed reader is part of the Tele-
type Model 33 ASR and is operated via the SCL, The high-speed reader is DEC part num-
ber PC-11,

The Bootstrap Loader program instructs the computer to accept and store in core data that
is punched on paper tape in bootstrap format. The Bootstrap Loader is used to load very
short paper-tape programs of 162g 16-bit words or less (primarily the Absolute Loader and
Memory Dump Programs). Programs longer than 1628 16-bit words must be assembled into
absolute binary format using the PAL-11A Assembler and loaded into memory using the
Absolute Loader.

The Absolute Loader (Paragraph 4.8.2) is a system program that enables data punched on
paper~tape in absolute binary format to be loaded into any available memory bank, It is
used primarily to load the paper-tape system software (excluding certain subprograms) and
object programs assembled with PAL-11A,



The loader programs are loaded into the upper nost area of available memory so that they
will be available for use with system and user programs. When writing programs, the loca-
tions used by the loaders should not be used without restoring their contents; otherwise, the

loaders will have to be reloaded because the object program will have altered them.

Memory dump programs are used to print or punch the contents of specified areas of mem-
ory., For example, when developing or debugging user programs it is often necessary to

get a copy of the program or portions of memory. There are two dump programs supplied

in the paper~tape software system: DUMPIT, which prints or punches the octal represen-
tation of all or specified portions of memory; and DUMPAB, which punches all or specified

portion of memory in absolute binary format suitable for loading with the Absolute Loader.

4.8.1 The Bootstrap Loader

The Bootstrap Loader should be loaded (toggled) into the highest memory bank. The loca-
tions and corresponding instructions of the Bootstrap Loader are listed in Table 4-2 and

explained below.

Table 4-2
Bootstrap Loader Instructions

Location Instruction
xx7744 016701
xx7746 000026
xx7750 012702
xx7752 000352
xx7754 005211
xx7756 105711
xx 7760 100376
xx7762 116162
xx7764 000002
xx7766 xx7400
xx7770 005267
xx7772 177756
xx7774 000765
xx7776 YYYYY

In Table 4-2, xx represents the highest available memory bank. For example, the first
location of the Loader would be one of the following, depending of memory size, and xx

in all subsequent locations would be the same as the first.



Note in Table 4-3 that the contents of location xx7766 should reflect the appropriate mem-

ory bank in the same manner as the preceding locations.

Table 4-3
Memory Bank Assignments
Location Memory Bank Memory Size
017744 0 4K
037744 1 8K
057744 2 12K
077744 3 16K
117744 4 20K
137744 5 24K
157744 6 28K

The contents of location xx7776 (YYYYYY in the Instruction column of Table 4~2) should
contain the device status register address of the paper-tape reader to be used when loading
the bootstrap formatted tapes. Either paper—tape reader may be used, and each is speci-
fied as follows:

Teletype Paper-Tape Reader - 177560
High-Speed Paper-Tape Reader - 177550

4.8.1.1 Loading the Loader Into Memory - With the computer initialized for use as de-
scribed in Paragraph 4.7 toggle in the Bootstrap Loader as explained below.
1. Set xx7744 in the Switch Register (SR) and press LOAD ADDRess
(xx7744 will be displayed in the indicators).
2, Set the first instruction, 016701, in the SR and lift DEPosit
(016701 will be displayed in the indicators).
NOTE

When depositing data into consecutive words, the
DEPosit automatically incremenis the address o the
next word,

3. Set the next instruction, 000026, in the SR and lift DEPosit,
Continue to deposit subsequent instructions.

4, Deposit the desired device status register address in location xx7776,
the last location of the Bootstrap Loader.

1-4-10



It is a good programming practice to verify that all instructions are stored correctly, This

is done by proceeding at step 6 below.

6. Set xx7744 in the SR and press LOAD ADDRess.

7. Press and release EXAMine (the octal instruction in location xx7744
will be displayed in the indicators so that it can be compared to the
correct instruction, 016701), If the instruction is correct, proceed
to step 8, otherwise go to step 10,

8. Press EXAMine. The instruction of the location displayed in the AD-
DRESS/DATA indicators with the switch depressed will be displayed
when the switch is released. Compare the indicator contents to the
instruction at the proper location.

9. Repeat step 8 until all instructions have been verified or go to step
10 whenever the correct instruction is not displayed.

Whenever an incorrect instruction is displayed, it can be corrected by performing steps 10
and 11,

10. With the incorrect instruction displayed in the ADDRESS/DATA
register, set the correct instruction in the SR and lift DEPosit,
The contents of the SR will be deposited in the location dis-
played with the key lifted.

11.  Press EXAMine to ensure that the instruction was correctly stored.
12, Proceed at step 9 until all instructions have been correctly veri-
fied.
The Bootstrap Loader is now in core. The procedures above are illustrated in the flow
chart of Figure 4-2,

4.8.2 Loading Bootstrap Tapes

Any paper-tape punched in bootstrap format is referred to as a bootstrap tape and is loaded
into memory using the Bootstrap Loader. Bootstrap tapes begin with about two feet of
special bootstrap leader code (ASCII code 351, not blank leader tape as is required by the
Absolute Loader).

With the Bootstrap Loader in memory, it will load the bootstrap tape into memory starting
anywhere between location xx7400 and location xx7743, i.e., 1628 words. The paper-
tape input device used is that which is specified in location xx7776. Bootstrap tapes are

loaded into memory as explained below,
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All
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?

11-1219
Figure 4-2 Loading and Verifying the Bootstrap Loader

1. Set the ENABLE/HALT switch to HALT,

2. Place the bootstrap tape in the specified reader with the special boot-
strap leader code over the reader sensors (under the reader station).

3. Set the SR to xx7744 (the starting address of the Bootstrap Loader) and
press LOAD ADDRess.

4, Set the ENABLE/HALT switch to ENABLE,

5. Press START. The bootstrap tape will pass through the reader as data
is being loaded into memory.

6. The bootstrap tape stops after the last frame of data (Figure 4-5) has
been read into memory. The program on the bootstrap is now in mem-

ory.

The procedures above are illustrated in the flowchart of Figure 4-3,
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Stops at End of Data
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Figure 4-3 Loading Bootstrap Tapes Into Memory

If the bootstrap tape does not read in immediately ofter depressing the START switch, it is

due to any one of the following reasons:

. Bootstrap Loader not correctly loaded.

. Using the wrong input device.

. Code 351 not directly over the reader sensors.

. Bootstrap tape not properly positioned in reader,

AHWN —

4.8.1,3 Bootstrap Loader Operation = The Bootstrap Loader source program is shown be-
low. The starting address in the example denotes that the Loader is to be loaded into mem-

ory bank zero (a 4K system).
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017744
017750

017754
017756

017760
017762
017770
017774
017776

000001
000002
017400
017744

016701
000026
012702
000352
005211
105711

100376
116162
000002
017400
005267
177756
000765

000000

START:
LOOP:

ENABLE:
WAIT:

BRNCH:
DEVICE:

R1=%1 ;USED FOR THE DEVICE

;ADDRESS

R2 %2 ;USED FOR THE LOAD AD-
;DRESS DISPLACEMENT

LOAD=17400 ;DATA MAY BE LOADED NO
;LOWER THAN THIS

.~17744 ;START ADDRESS OF THE
;BOOTSTRAP LOADER

MOV DEVICE,R1 ; PICK UP DEVICE ADDRESS,
;PLACE IN R1

MOV #,-LOAD+2,R2 ; PICK UP ADDRESS
;DISPLACEMENT

INC@ R1 ;ENABLE THE PAPER TAPE

TSTD@R1 ;READER
;WAIT UNTIL FRAME

BPL WAIT ;1S AVAILABLE

MOVB 2 (R1),LOAD (R2) ;STORE FRAME READ
;FROM TAPE IN MEMORY

INC LOOP+2 ;INCREMENT LOAD ADDRESS
;DISPLACEMENT

BR LOOP ;GO BACK AND READ MORE
;DATA

0 ;ADDRESS OF INPUT DEVICE

The Bootstrap Loader source program is a brief but fairly complex example of the PAL-11A

Assembly Language. Explanations of the program and PAL-11A are found in the PDP11
Paper-Tape Software Programming Handbook, DEC-11-GGPB-D,

4,8.2 The Absolute Loader

The Absolute Loader is a system program that enables data punched on paper-tape in abso-

lute binary format to be loaded into any memory bank. It is used primarily to load the

paper-tape system software (excluding certain subprograms) and object programs assembled
with PAL-11A, The major features of the Absolute Loader include:

1. Testing of the checksum on the input tape to ensure complete, accurate

loads.

2., Starting the loaded program upon completion of loading without addi-
tional user action, as specified by the .END in the program just loaded.

3. Specifying the load address of position independent programs ot load-
time rather than at assembly time, by using the desired Loader switch
register option,
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4,8.2.1 Loading the Loader Into Memory - The Absolute Loader is supplied on punched
paper—tape in bootstrap format. Therefore, the Bootstrap Loader is used to load the Abso-
lute Loader into memory. It occupies locations xx7474 through xx7743, and its starting
address is xx7500. The Absolute Loader program is 7210 words long, and is loaded ad-

jacent to the Bootstrap Loader.

4.8.2.2 Lloading Absolute Tapes = Any paper-tape punched in absolute format is referred
to as an absolute tape, and is loaded into memory using the Absolute Loader. When using

the Absolute Loader, there are two methods of loading available: normal and relocated.

A'normal load occurs when the data is loaded and placed in memory according to the load
addresses on the object tape. It is specified by setting bit 0 of the Switch Register to 0
immediately before starting the load. There are two types of relocated loads.
a. Loading to continue from where the loader left off ofter the previous
load. ‘

This type is used, when the object program being loaded is contained
on more than one tape. It is specified by setting the Switch Register
to 000001 immediately before starting the load.

b. Loading into a specific area of memory.,

This is normally used when loading position-independent programs.

A position-independent program is one that can be loaded and run
anywhere in available memory. The program is written using the po-
sition-independent instruction format. The type of load is specified
by setting the Switch Register to the LOAD ADDRess and adding 1
to it (i.i., setting bit 0 to 1), .

Optional Switch Register settings for the three types of loads are listed below.

Switch Register

Type of Load Bits T-14 Bit 0
Normal (ignored) 0
Relocated = continue 0
loading where left off
Relocated - load in nnnnn 1
specified area of memory (specified

address)
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The absolute tape may be loaded using either of the paper-tape readers. The desired
reader is specified in the last word of available memory (xx7776). The input device status
word may be changed at any time prior to loading the absolute tape. With the Absolute
Loader in memory as explained in Paragraph 4.8.1.2, absolute tapes are loaded as ex~-

plained below.

1. Set the ENABLE/HALT switch to HALT.

To use an input device other than that used when loading the Absolute
Loader, change the address of the device status word (in location
xx7776) to reflect the desired device, i.e., 177560 for the Teletype
reader or 177550 for the high-speed reader.

2, Set the SR to xx7500 and press LOAD ADDR,
3. Set the SR to reflect the desired type of load.

4. Place the absolute tape in the proper reader with blank leader tape
directly over the reader sensors.

5. Set ENABLE/HALT to ENABLE,

6. Press START. The absolute tape will begin passing through the reader
station as data is being loaded into memory.

If the absolute tape does not begin passing through the reader station, the Absolute Loader
is not in memory correctly. Therefore, reload the loader and start over at step 1 above.
If it halts in the middle of the tape, a checksum error occurred in the last block of data

read in.

Normally, the absolute tape will stop passing through the reader station when it encounters
the transfer address as generated by the statement .END, denoting the end of a program.

If the system halts after loading, check that the low byte of RO is 0.* If so, the tape is
correctly loaded. If not 0, a checksum error has occurred in the block of data just loaded,
indicating that some data was not correctly loaded. The tape should be reloaded starting

at step a above.

When loading a continuous relocated load, subsequent blocks of data are loaded by placing

the next tape in the appropriate reader and pressing the CONTinue switch,

The Absolute Loader may be restarted at any time by starting ot step 1,

*To read RO, LOAD ADDRess 177700 and press EXAM,
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4,.8.3 Memory Dumps

A memory dump program is a system program that enables the contents of all or any speci-
fied portion of memory to be dumped (print or punch) onto the Teletype printer and/or
punch, line printer, or high-speed punch. There are two dump programs available in the
paper=tape software system:

a. DUMPIT, which dumps the octal representation of the contents of

specified portions of memory onto the teleprinter, low-speed punch,
high-speed punch, or line printer.

b. DUMPAB, which dumps the absolute binary code of the contents of
specified portions of memory onto the low-speed punch or high-speed
punch,

Both dump programs are supplied on punched paper tape in bootstrap and absolute binary
formats., The bootstrap tapes are loaded over the Absolute Loader as explained in Para-
graph 4.8.1.3. The absolute binary tapes are position independent and may be loaded and
run anywhere in memory as explained in Paragraph 4.8.2,2, DUMPIT and DUMPAB are

very similar in function, and differ primarily in the type of output they produce.

4,8.3.1 Operating Procedures = Neither dump program will punch leader or trailer tape,
but DUMPAB will always punch ten blank frames of tape at the start of each block of data
dumped.

The operating procedures for both dump programs follow:

1. Select the dump program desired and place it in the reader specified
by location xx7776 (Paragraph 4.8.1s>.

2. If a bootstrap tape is selected, load it using the Bootstrap Loader,
Paragraph 4.8.1.2. When the computer halts go to step 4.

3. If an absolute binary tape is selected, load it using the Absolute
Loader (Paragraph 4.8.2.2), relocating as desired.

Place the proper start address in the Switch Register, press LOAD
ADDRess )and START. (The start addresses are shown in Paragraph
4,8.3.3.

4, When the computer halts, enter the address of the desired output
device status register in the Switch Register and press CONTinue
(low-speed punch and teleprinter = 177564; high-speed punch =
177554; line printer = 177514),
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5. When the computer halts, enter in the Switch Register the address
of the first byte to be dumped and press CONTinue. This address
must be even when using DUMPIT,

6. When the computer halts again enter in the Switch Register the
address of the last byte to be dumped and press CONTinue. When
using the low-speed punch, set the punch to ON before pressing
CONTinve.

7. Dumping will now proceed on the selected output device.

8. When dumping is complete, the computer will halt.

If further dumping is desired, proceed to step 5. If is not necessary to respecify the output
device address except when changing to another output device. In such a case, proceed

to the second paragraph of step 3 to restart.

If DUMPAB is being used, a transfer block must be generated as described below. If a
tape read by the Absolute Loader does not have a transfer block, the loader will wait in
an input loop. In such a case, the program may be manually initiated., However, this
practice is not recommended because there is no guarantee that load errors will not occur

when the end of the tape is read.

The transfer block is generated by performing step 5 with the transfer address in the Switch
Register, and step 6 with the transfer address minus 1 in the Switch Register, If the tape
is not to be self-starting, an odd-numbered address must be specified in step 5 (000001,

for exarhple).

The dump programs use all eight general registers and do not restore their original contents,
Therefore, ofter a dump the general registers should be loaded as necessary prior to their

use by subsequent programs,

4,8.3.2 Output Formats = The octal output from DUMPIT is in the following format:
xooxaxx YYYYYY YYYYYY YYYYYY YYYYYY YYYYYY YYYYYY

Where xxxxxx is the address of the first location printed or punched, and YYYYYY are

words of data, the first of which starts at location xxxxxx. This is the format for every

line of output. There are only eight words of data per line, but there can be as many

lines as needed to complete the dump.

The output from DUMPAB is in absolute binary, as explained in Paragraph 4.8.2.3.
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4,8,3.3 Storage Maps - The DUMPIT program is 87 words long. When used in absolute

format, the storage map is as shown in Figure 4-4,

xx7776

Bootstrap Loader
xx7744

Absolute Loader
xx7500
xx7474 Loader Stack Space

xxxxxx+256
DUMPIT

XXXXXX

Two-word Stack Space

xxxxxX = desired load address = start address
Figure 4-4 Absolute Format

When used in bootstrap format the storage map is as shown in Figure 4-5,

- xx7776
Bootstrap Loader
xx7744
DUMPIT
start
address = xx7440
xx7473 Two-word Stack Space

Figure 4-5 Bootstrap Format

4.9 INSTALLATION TESTING

There exists a hierarchy of diagnostics for testing the processor, memory, and DEC manu-
factured peripherals. A summary of these diagnostics and the recommended order of running

them is contained in their respective program listings supplied with each diagnostic and

1-4-19



packaged in each PDP-11/05 software kit.

4,10 SCL BAUD RATE ADJUSTMENT

The SCL baud rate is adjusted at the factory to a nominal 110 baud. It may be necessary
to adjust the SCL baud rate in the field in order for the equipment to operate properly.

The range of adjustment is 110 to 300 baud. The best and most convenient method of ad-
justing the SCL clock when there is a printing terminal attached to the SCL line is as fol-

lows:

Load in the diagnostic test T-17 using the Absolute Loader.

LOAD ADDRess ’2008.

Set the Switch Register equal to 3768.

Adjust the potentiometer on the bottom processor module, M7260,
until a consistent type-out appears.

WD =
L I N

5. Turn the potentiometer counterclockwise until the typeout fails.

6. Then turn the potentiometer clockwise until the type-out again
fails counting the tums,

7. Finally, turn the potentiometer counterclockwise until the setting
is mid-way between the failure points.

Alternatively, it is possible to observe the SCL clock output by placing the M7260 module
on extenders and probing E8406 with an oscilloscope. The clock frequency should be ad-
justed by turning the potentiometer on the M7260 module to equal 16 times the desired
baud rate. For instance, the SCL clock frequency for 110 baud is 1760 Hz with a period
of 568 ps, Note that the SCL clock is designed to operate terminals. For critical or
high-speed applications, the SCL may be driven by an external clock. The maximum baud
rate is 10 kHz which requires a clock rate of 160 kHz., DEC standard diagnostics are not

guaranteed at SCL baud rates exceeding 300 baud.
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PART 2
KD11-B Processor



CHAPTER 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

Part |l provides both general and detailed descriptions of the KD11-B processor and its
console, a description of the PDP-11 instruction set, a description of the KD11-B micro-

program, and maintenance information. The various chapters of Part Il are outlined below:

Chapter 1 - General Description
Chapter 2 - Insiruction Set
Chapter 3 - Console Description
Chapter 4 - Detailed Description
Chapter 5 - Microprogram Control
Chapter 6 - Maintenance

The general description of the KD11-B consists of defining the processor and illustrating its
use with its peripherals and the Unibus. The KD11-B processor print set found in the

Engineering Drawing Manual is often referenced in the KD11-B logic description.

1.2 KD11-B DEFINITION

The KD11-B is program compatible with the KA11 used in the PDP-11/15 and PDP-11/20,
although the KD11-B executes instructions somewhat more slowly. The instruction set of
KD11-B is described in detail in Chapter 2 along with some slight differences between the
KD11-B and the KA11 (PDP-11/20).
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Physically the KD11-B consists of two 8-1/2 x 15 inch modules, the M7260 and M7261.
Each module contains approximately 100 dual-in-line integrated circuits of the 14-, 16-,
and 24-pin variety. There is one MOS-LSI 40-pin integrated circuit used on the M7260.
This MOS circuit is the Serial Communication Line (SCL) receiver and transmitter. All
other integrated circuifs used on the KD11-B are bipolar. The connections between the

two modules occur through the backplane.

The KD11-B programmer's console interfaces to the processor via a 40-conductor cable that

is attached to the M7260 module. The console is described in detail in Chapter 3.

1.3 KD11-B AND THE UNIBUS

The processor is interfaced with memory and most peripherals by the Unibus as shown in
Figure 1-1. The KD11-B is capable of arbitrating both Bus Requests (BR) and Non-

Processor Requests (NPR) as they are asserted onto the Unibus by the connected peripherals.

< CONSOLE ) ScL LINE

/L— CLOCK
KD11-8 | :
PROCESSOR INTERNAL BUS
MEMORY
U
PERIPHERAL N
(ANALOG/ !
DIGITAL 8
CONVERTER) Y
i
i
1
|
|
PERIPHERAL

(DISK)
l\ / 1-1199

Figure 1-1 KD11-B With Interconnections to Memory
and Peripherals
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The line clock and the serial communications line (SCL) do not interface with the pro-
cessor via the Unibus in the traditional PDP-11 sense; both connect to the KD11-B through
an internal bus. For most programs, these peripherals are indistinguishable from their
appearance on other PDP-11 implementations. In other werds, the program may access the
line clock and the serial communications line by using instructions that move data to and

from the Unibus address specified for these peripheral options in the PDP-11 Peripheral

and Interfacing Handbook. These Unibus addresses are as follows:

1. Line Clock Status Register Address = 177546

2. SCL Receiver Status Register Address = 177560

3. SCL Receiver Buffer Register Address = 177562
4, SCL Transmitter Status Register Address = 177564
5. SCL Transmitter Buffer Register Address = 177566

However, it is not possible for the line clock and the serial communications line (SCL) to
be addressed by any devices attached to the Unibus other than the KD11-B processor. For
example, it is not possible to perform NPRs to the serial communications line from another

peripheral such as the DECtape unit.

The serial communications line input/output is available for connection to such devices as
the LA30 DECwriter, the VT05 CRT Terminal, or the Model 33 ASR Teletype. These SCL
input/output signals interface at the fingers of the processor's M7260 module via a Berg

connector located on the rear of the computer chassis as shown in Chapter 3 of Part [.

1.4 KD11-B AS AN INSTRUCTION INTERPRETER
Figure 1-2 illustrates the division of the KD11-B into Unibus control and instruction

interpreter. This division is significant because in the KD11-B the Unibus Control is

implemented as a block of logic that is relatively independent of the rest of the processor.

In Figure 1-3, the instruction interpreter is further divided into a Data Path (DP), a
Data Path Control (DPC), and a Control Store (CS). Whenever power is applied to the
computer, the DPC continually executes a program that is stored in the CS. All instruc-

tions, interrupt sequences, and console functions are performed by the DPC when executing
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a microprogram contained in the CS. The Unibus control and the DP are facilities used by
the DPC in the course of performing its tasks. The program contained in the CS is referred

to as the microprogram,

AN

INSTRUCTION UNIBUS
INTERPRETER CONTROL

NV

11=1213

UNIBUS

Figure 1-2 KD11-B Processor Block Diagram

DATA
CONTROL DATA
STORE PATH PATH
(cs) CONTROL (P}
(DPC)

1-1214

Figure 1-3 Instruction Interpreter Block Diagram

1.5 KD11-B PRINT SET

Throughout the remainder of Part Il frequent reference will be made to the drawings in the
KD11-B print set located in the Engineering Drawing Manual (refer to Table 6~1 in Part I1).

Each print with its respective engineering drawing number is listed as follows:

1. The Data Path (M7260): D-CS-M7260-0-01 (9 sheets, DPA to DPHI1)

1-1-4



2. The Conirol Module (M7261): D-CS-M7261-0-01 (11 sheets, CONA to
CONJ)

The Console: D-CS5-5409766-0-1

Microprogram Flow Listing: K-MP-KD11-B-1

Microprogram Symbolic Listing: K-MP-KD11-B-2

Microprogram Binary Listing: K-MP-KD11-B-3

Microprogram Cross Reference Listing: K-MP-KDI 1-B-4
Read-Only Memory Maps (ROM): K-RL-M7260-8, K-RL-M7261-8

0 N o0 O A W

For this discussion, the prints are referenced by the designations DPA through DPH for the
M7260, and CONA through CONF for the M7261. As a general rule, all small scale inte-
grated circuits are shown as individual logic equivalent gates or flip-flops, with pin

numbers designated. Figure 1-4 shows an example of a positive NAND gate and a D-type

DPG CAL SOURCE { —— 1
- 1 5338 3 DPF SOP L
DPF AUX CONTROL H ]

a) 2 Input Positive Nand Gate.

DPE R59 H
10
09

12 oo DPETDELUNH
8
OD——DPE TDE L (1) L

flip-flop.

DPE T BIT (1) H

09
[0—— DPE T DE L (O) L

1
c Q
108 ok T DE L (0} H

OPF LOAD IR L

b) Typical 7474 Flip-Fiop
11-1198

Figure 1-4 Typical Small Scale Integrated Circuit Representations
The "E094" contained within the gate (Figure 1-4) indicates the physical location of the
dual-in=line integrated circuit on the appropriate module. Integrated circuits pins are

referenced using the notation E09403. The first three digits after the "E" refer to the
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location of the integrated circuit on the module, and the next two digits are the pin num-
ber on that integrated circuit. The prefix of the output signal, in this case DPF, indicates
the print name on which the gate appears; the prefix on names of input signals indicates

the print page from which the input signal originates, i.e., DPG, DPF. The particular gate
illustrated in Figure 1-4 appears on drawing F (D-CS-M7260-0-01, sheet 7). The gate
appearing on print DPF is physically located on the M7260 module; however, the input
signals come from prints DPG and DPF, and therefore the input signals originate on the
M7260 module. Note that signal names with the prefix CONC might originate on CONC
or CONCI. Similarly, signal names with the prefix DPH might originate on DPH or DPHI1,

Figure 1-4 depicts a typical 7474 flip-flop that appears on drawing DPE (D-CS-M7260-0-01,
sheet 6). Several important points are shown: the name of the flip-flop (TDEL); the print

it appears on (DPE); and its physical location (E091). Four possible output signal names

are available from the flip-flop's two physical outputs:

Physical Output Signal Names
Q DPE TDEL (1)H

DPE TDEL (1)L

Q DPE TDEL (0)L

DPE TDEL ()L

To clock a 7474 flip-flop there must be a pulse input of some duration (tp) to the clock pin.
The clock signal for the 7474 flip-flop is shown in Figure 1-5. Note that the signal DPF
LOAD IR L is a negative-going pulse. Since the 7474 flip-flop is clocked on the rising
edge of a signal, the flip-flop T DEL is clocked on the trailing edge of DPF LOAD IR L.

+3V

FLIP-FLOP ALTERED ON
TRAILING EDGE OF SIGNAL.

ov

et —

1-1201

Figure 1-5 DPF LOAD IRL Signal
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1.5.1 Medium and Lorge Scale Integrated Circuit Representations

MSI and LSl integrated circuits (Figure 1-6) are represented in the KD11-B print set as
rectangles with inputs on the left and outputs on the right. Control lines often enter the

IC from the bottom. The functional description of the KD11-B MSI and LS ICs is contained

. .
in Appendix A,

CONTROL OQUTPUTS

—A

"4 T 7 15
A=8  Cour G B
" 18 B3
3 p13)
19d A3
20d B2
f, P11
21d a2 24181
INPUTS < ALU L QUTPUTS
22d Bi E18 5
f, D10
23d !
01d
fO D 09
L02G -
$3 S2 S1 So M Cin

T

03 04 05 06 08 07
. v J
CONTROL INPUTS

11-1197

Figure 1-6 ALU, MSI Circuit Type 74181 Representation

1.5.2 Microprogram Documentation

The microprogram is documented at three levels in the print set. The first level is the
Microprogram Flow Listing (K-MP-KDN-B-1). At this level, the microprogram is described
in terms of register transfers. The Microprogram Symbolic Listing (K-MP-KD11-B-2) shows
how the microprogram accomplishes each step. (References in the microprogram listing are
symbolic, e.g., scratch pad address = R7). The binary equivalent is shown in the Micro-
program Binary Listing (K-MP-KD11-B-3), which actually shows the binary contents of
each word of the microprogram. The Microprogram Cross Reference Listing lists the micro-

program by address (K-MP-KD11-B-4). The microprogram is discussed in detail in Chapter 5.
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1.5.3 Read-Only Memory (ROM) Maps

Figure 1-7 is a typical ROM map lisﬁ‘ng. ROM map listings for the ROMs used in the

KD11-B processor are provided in the Engineering Drawing Manual (K-RL-M7260-8 and
K-RL-M7261-8).
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022
g23
g24
@25
g2

227
€32
234
g32
g33
34
225
€36
€37

/(
e/t
re/ 0

=¥8 (PIN #9)

=Yé& (PIN #6)

CONA INT TRAN SYNC L
sY7 (PIN #7) CONA REG ADDR L
CONA RECEIVE I,

tre/C =y¥5 (PIN #5) CONA TRANSMIT |

tree/(

2Y4 (PIN #4) CONA LOAD MODEM PSW |

ttere/( =Y3 (PIN #3) CONA [OAD L CLK PSW

treret/( =Y2 (PIN #2) CONG SP WRITE L
sreeere/{ =YLl (PIN #1) CONG LOAD PSW L
I EEFE R ER) O0CTAL
EpCBA treeetes DATA
Ap200 11111111 377
2p001 11114111 377
Ag210 11111111 377
2p711 11111111 377
p100 21111112 176 PSW ,TRAN OUT BAz177776
dg101 11111114 377 PSW ,TRAN OUT,BAR
2@112 21111011 173 LCLK ,TRANOUT
2p111 11111111 377 | CLK ,TRANOUT,BaAR
Aq200 221111021 275 GR<RZ:R17> ,TRANOUT BA=1777XX
21201 101141111 277 GR<RE:R17> ,TRANOUT,BAR
310319 Pl111111 177 00D BYTE (LCLKAYK/TP)
71011 11111111 377
21102 11111114 377
21101 11111111 377
211160 2i111111 177 SWR ,TRANOUT BA=177570
1111 11111114 377 SWR .TRANOUT,BAR
1p0020 212412111 127 TKS ,TRANOUT BA=177560
12921 11211111 337 TKS ,TRANOUT,BAR
10210 2l10@111 147 TPS ,TRANOUT BA=177564
12911 111g1114 357 TPS ,TRANOUT,BAR
10180 91211111 137 TKB ,TRANOUT BA=2177562
1p101 11211111 337 TKB .TRANOUT,BAR
1110 @l1p1111 157 TPB ,TRANOUT BAz477566
17111 111pg1111 357 TPB ,TRANOUT,BAR
11200 11111111 377
11001 11111111 877
11219 11111111 377
11211 11111111 377
11100 11111111 377
11101 11111111 377
111310 11111118 377
11111 11111111 377
?'f"ff
tete/( A(PIN #10) 1S CONA TRAN OUT L
ter/( B(PIN #11) 1S Y3 OF F@25
++/( C(PIN #12) 1S Y2 OF F@25
/¢ D(PIN #13) IS Y1 OF F@25
/¢ E(PIN #44) 1S Y4 QOF FP25

Figure 1-7 E068 ROM Map Example
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CHAPTER 2
INSTRUCTION SET

2.1 INTRODUCTION

The KD11-B is defined by its instruction set. The sequences of processor operations are
selected according to the instruction decoding. This chapter contains tables that describe
the PDP-11 instructions and instruction set addressing modes. A detailed description of
the instruction set and addressing modes is contained in the PDP=11/05-11/10 Handbook.
Instruction set differences between the PDP-11/05-11/10 and PDP-11/20 are listed in
Table 2-8.

2,2 ADDRESSING MODES

2.2.1 Introduction

Data stored in memory must be accessed and manipulated. Data handling is specified by
a PDP-11 instruction (MOV, ADD etc.) which usually indicates:

a. The function (operation code).

b. A general purpose register for locating the source operand and/or a general
purpose register for locating the destination operand,

c. An addressing mode (to specify how the selected register(s) is to be used).

A large portion of the data handled by a computer is usually structured (in character
strings, in arrays, in lists efc.). Thus, the PDP-11 is designed to handle structured data
efficiently and flexibly. The general registers may be used with an instruction in any of

the following ways:

a. Asaccumulators, The data to be manipulated resides within the register,

b. As pointers, The contents of the register are the address of the operand,
rather than the operand itself.

c. As pointers that automatically step through core locations. Automatically
stepping forward through consecutive core locations is termed autoincrement
addressing; automatically stepping backwards is termed autodecrement ad-
dressing. These modes are particularly useful for processing tabular data.
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d. As index registers. In this instance, the contents of the register and the
word following the instruction are summed to produce the address of the
operand, This allows easy access to variable entries in a list,

PDP-11s also have instruction addressing mode combinations that facilitate temporary data
storage structures for convenient handling of data that must be frequently accessed. This
is known as the ''stack''.

In the PDP-11 any register can be used as a ''stack pointer'' under program control; how-
ever, certain instructions associated with subroutine linkage and interrupt service auto-
matically use Register 6 as a '*hardware stack pointer''. For this reason, Ré is frequently
referred to as the ''SP'',

Two types of instructions utilize the addressing modes: Single operand and double operand.

Figure 2-1 shows the formats of these two types of instructions, The addressing modes are
listed in Table 2-1,

) *x ¥* HHN
1 I i 1 ¥ I 1 1 T 1 : 1 i
MODE | @ Rn
1 1 L | 1 | 1 1 i | 1 I 1
. 15 y 6 , 5 4 3 . 2 0
OP CODE DESTINATION ADDRESS FIELD
*=SPECIFIES DIRECT OR INDIRECT ADDRESS
#%=SPECIFIES HOW REGISTER WILL BE USED
s = SPECIFIES ONE OF 8 GENERAL PURPOSE REGISTERS
(a)
*% * RN *H * FeeA
T T T T ] T ] T T
OP CODE MODE |, @ Rn MODE i @ Rn
1 i i 1 ] 1 1 L
15 12 1 10 9 8 6 5 4 3 2 0
\ v A v —
SOURCE ADDRESS FIELD DESTINATION ADDRESS FIELD

»=DIRECT/DEFERRED BIT FOR SOURCE AND DESTINATION ADDRESS
#x= SPECIFIES HOW SELECTED REGISTERS ARE TO BE USED
*xx = SPECIFIES A GENERAL REGISTER

(b)

1n-1227

Figure 2-1 Addressing Mode Instruction Formats
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Table 2-1
Addressing Modes

BCI:;S;Y Name As;;r:;l:;l;(ar Function
DIRECT MODES

000 Register Rn Register contains operand,

010 | Autoincrement (Rn) + Register contains address of operand. Regis-
ter contents incremented after reference.

100 | Autodecrement -(Rn) Register contents decremented before reference
register contains address of operand,

110 Index X(Rn) Value X (stored in a word following the instruc-
tion) is added to (Rn) to produce address of
operand. Neither X nor (Rn) are modified.

DEFERRED MODES

001 Register Deferred | @Rn Register contains the address of the operand.

or (Rn)

011 Avutoincrement @(Rn) + Register is first used as a pointer to A word

Deferred containing the address of the operand, then
incremented (always by 2; even for byte in-
structions).

101 Autodecrement @-(Rn) Register is decremented (always by two; even
for byte instructions) and then used as a pointer
to a word containing the address of the operand,

111 Index Deferred @X(Rn) Value X (stored in a word following the instruc
tion) and (Rn) are added and the sum is used as
a pointer to a word containing the address of
the operand. Neither X nor (Rn) are modified.

PC ADDRESSING

010 Immediate #n Operand follows instruction,

011 | Absolute @A Absolute address follows instruction.

110 | Relative A Address of A, reldative to the instruction, fol-
lows the instruction.,

111 Relative Deferred! @A Address of location containing address of A,

relative to the instruction follows the instruc-
tion,

Rn = Register
X, n, A =next program counter (PC) word (constant)
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2,2,2 Instruction Timing

The PDP-11 is an asynchronous processor in which, in many cases, memory and processor

operations are overlapped. The execution time for an instruction is the sum of a basic in-

struction time and the time to determine and fetch the source and/or destination operands.

" Table 2-2 shows the addressing times required for the various modes of addressing source

and destination operands. All times stated are subject to £10% variation.

Table 2-2

Addressing Times
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