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CHAPTER 1
INTRODUCTION

1.1 MANUAL SCOPE

The PDP-11/24 System Technical Manual provides an explanation of
the PDP-11/24 system as well as system installation, checkout, and
troubleshooting information. The manual primarily explains the

central processor operation. Although there 1is some component
description, the manual does not detail the operation of all
components in the system. For more details on individual

components, the reader should refer to the appropriate manual (s)
in the table of Related Documentation (Table 1-1).

1.2 SYSTEM OVERVIEW

A block diagram of a typical PDP-11/24 system configuration is
provided in Figure 1-1. Most of the components and peripherals
communicate with each other on the UNIBUS. The UNIBUS is a high
speed bus which transfers addresses, data, and control
information. An additional bus, Extended UNIBUS (EUB), is
provided between the Central Processor and memory. The EUB allows
for the rapid transfer of 22-bit address information between the
Central Processor and memory. Each device, including nmemory
locations, processor registers and peripheral device registers, is
assigned an address on the UNIBUS. This allows all peripheral
registers to be manipulated as easily as memory locations by the
Central Processor.

1.3 PDP-11/24 CENTRAL PROCESSOR

Figure 1-2 provides a block diagram of PDP-11/24 central processor
(KDF11-UA). The KDF1l1l-UA is a hex width multi-layer module (8.5"
X 15.0") which contains the following features: '

Central Processor Base Machine

Memory Management Unit (MMU)

Floating Point Processor (FPP) option

Commercial Instruction Set Processor (CISP) option
Two Serial Line Interfaces (SLU)

Line Frequency Interrupt Real Time Clock

Extended UNIBUS (EUB)

O 000000

The Central Processor base machine contains the Central Processor
base machine hybrid, Data chip and Control chip mounted on one 40
pin package, as well as various other support logic contained on
the module such as buffers and the PAX 1latch. The central
processor base machine hybrid contains the PDP-11 register file,
the ALU, and microprogram storage. The MMU chip contains all the
logic necessary for address relocation as well as 16-bit working
registers and 64-bit accumulators necessary for the execution of
floating point instructions. The remaining floating point logic is
contained on the floating point processor control hybrid. An
additional hybrid containing 6 chips is used for the execution of
CIS instructions. The two major buses which provide for the
transfer of information within the CP are the Microinstruction Bus
(MIB) and the Data/Address Lines (DAL).

1-1



Table 1-1 Related Documentation

Title

Document Number

PDP-11 Processor Handbook

PDP-11 Peripherals Handbook

PDP-11 Terminals and Communication Handbook

PDP-11 Bus Handbook

M9312 Bootstrap/Terminator Module

Technical Manual
MS11-L MOS Memory User's Guide
BAl1l1-L Technical Manual

BA11-A Technical Manual

EK-M9312-TM-001

EK-MS11L-UG-001
EK-BAl11L-TM-001

EK-BA11A-TM-001
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The MIB contains either control and status information or
microinstructions from the control store. The DAL contains either
Data/Address information or service information. The type of
information present on the MIB and DAL is specified by the time
state (Phase Time and Phase Bar Time) the CPU is in. A more
detailed explanation of the CPU time states and internal buses is
provided in Chapter 4. In addition to the MIB and DAL another
information bus is included in the CPU. The BDAL (Buffered Data/
Address Lines) is also used for the transfer of data/address
information. It provides a buffered data/address bus which
transfers information between the DAL, line time clock, serial
line units and the Unibus. Each section of the CPU is explained
in the following paragraphs.

1.3.1 CPU Data and Control Chips

The CPU Data Chip contains the PDP-11 register file, the ALU and
conditional branching 1logic. The Data Chip performs all
arithmetic and 1logical functions, handles all data/address
transfers (except relocation) with the external busses and
operates most of the signals used for interchip communication and
external system control. The Control Chip contains the
microprogram and most of the microcontrol 1logic used in the
PDP-11/24. Both the CPU Data Chip and Control Chip are mounted on
a single 40 pin multilayer ceramic hybrid IC.

1.3.2 Memory Management

The KDF11-UA central processor also contains a Memory Management
Unit (MMU chip) which maps 16 bit virtual addresses to the
appropriate 18 bit or 22 bit physical addresses. The mapping
scheme takes place automatically and is transparent to the user.
The MMU contains the necessary status registers and Active page
registers (PAR/PDR register pairs) as well as access error
detection capability. The MMU chip also contains the registers
needed for storage of various information for floating point
operations.

The memory management unit is useful in a multiprogramming
environment. The processor can operate in two modes, kernel and
user. When in the kernel mode, the program has complete control
and can execute all instructions. Monitors and supervisory
programs are executed in this mode. The user mode allows memory
protection in a multi-user operating system. This prevents the
program from executing instructions which could modify the kernel
program, halt the computer or use memory space assigned to the
kernel or to other users. Chapter 5 provides a complete
description of the memory management system as implemented by the
PDP-11/24.

1.3.3 Operator's Console

The operator's console provides the communication link between the
user and the processor. Although the PDP-11/24 does not have the
traditional "lights and switches" console, Octal Debugging
Technique (ODT) exists as a portion of the microcode which allows



the processor to respond to commands and information entered via
an ASCII terminal. The terminal emulates the capabilities found
on "lights and switches" consoles. Communication between the user
and the processor is via a stream of ASCII characters interpreted
by the processor as console commands. Chapter 3 provides a
detailed explanation of the console operations.

The actual PDP-11/24 console does however, have a minimum number
of switches and lights which perform basic functions and provide
some system status information. Chapter 3 provides an explanation
of the PDP-11/24 operator's console.

1.3.4 Serial Line Units

The Serial Line Units (SLUl and SLU2) provide two serial ASCII
interfaces for the central processor. SLUl is reserved for use by
the system console. SLUl may be used as a general purpose serial
line unit. A typical application of this SLU is the connection of
a TuU58 DECtape II unit. The SLUs accept serial data from the
console terminal and TU58, convert it to parallel data, and
transfers the data onto the BDAL. The SLUs also accept parallel
data from the BDAL for serial conversion and transfer to the
console terminal and TU58. Both SLUs contain the registers
necessary for data transfers. Section 4.6 contains a detailed
explanation of the SLUs and their associated logic.

1.3.5 Line Time Clock

The Line Time Clock is contained on the central processor module
and provides the system with timing information at fixed intervals
of 16.7 msec (6fHz line) or 20.0 msec (50Hz line). The PDP-11/24
line time clock is KW1ll-L compatible except that the "ready" bit
is automatically cleared when the LTC interrupts. Accuracy 1is
dependent on the accuracy of the 1line frequency. When the
interrupt mode is enabled an interrupt is generated for each cycle
of the line frequency. When in the noninterrupt mode, a monitor
bit in the status register is tested under program control. Each
time the program notes that the bit has been set it must clear the

bit and note the passage of time. A description of the line time
clock is provided in Section 4.7.

1.3.6 Bootstrap

The PDP-11/24 contains either an M9312 Bootstrap/Terminator Module
or the optional UNIBUS Map Module (M7134) which contains
equivalent logic. Either module contains 512 words of read only
memory (ROM) which can be wused for diagnostic routines and
bootstrap programs. Five sockets allow the user to interchange
ROMs, enabling various peripheral devices to be bootstrapped.
Diagnostics and the different bootstrap programs are selectable
through the offset switch bank located on each module.



Bootstraps may be initiated in three ways:
1. Pressing the Boot Switch on the operator's console.

2. System power-up (if enabled via jumper W2 on the CPU
module).

3. Programmers console "load address and start" sequence
(the programmer 1loads the starting address of a
particular bootstrap routine).

Refer to the M9312 Bootstrap/Terminator Technical Manual for a
complete description of the M9312. The UNIBUS Map Option (M7134)
is described in Chapter 6 of this manual.

1.3.7 UNIBUS Termination

The UNIBUS is a transmission line and must be terminated at both
ends. The CPU module provides the termination for one end of the
UNIBUS and either the M9312 Bootstrap/Terminator Module (in
versions of the PDP-11/24 without the optional UNIBUS Map Module)
or an M9302 Terminator Module (in versions of the PDP-11/24 with
the UNIBUS Map Option) must be installed at the other end of the
UNIBUS to complete the termination.

1.3.8 MS11-L MOS Memory System .
The MS1l-L metal oxide semiconductor (MOS), random access memory
(RAM) is designed to be used with the PDP-11 UNIBUS or special
buses with additional addressing capability such as the 22-bit EUB
used in the PDP-11/24. The MS1l-L provides storage for 18-bit
words (16 data bits and 2 parity bits). There are two versions of
the MS11-L (Table 1-2) which differ only by the total memory
capacity available on the module. The maximum memory capacity of
the PDP-11/24 is determined by both the packaging of the system
and the options installed (see Table 1-3).

The MS11-L consists of a single, hex-height module (M7891) that
contains the UNIBUS interface, timing and control logic, refresh
logic and a MOS storage array. The module also contains logic to
generate and check parity, and a control and status register
(CSR) .

A complete description of the MS11-I MOS memory is provided in the
MS11-L MOS Memory User's Guide.

1.3.9 Floating Point Processor

The KEF1l1-A Floating Point Processor (FPP) is a microcode option
for the KDF11-UA processor. Floating point instructions
supplement integer arithmetic instructions such as MUL and DIV
which are contained in the standard PDP-11/24 instruction set.
The FPP allows floating point operations to be executed 5 to 19
times faster than equivalent software routines as well as
conserving memory space. Floating point instructions provide for
both single precision (32-bit) and double precision (64-bit)
operands. The PDP-11/24 FPP implements the same floating point

1-7



Table 1-2 MSll-L Versions

Option Module Storage

Designation Designation Capacity

MS11-LB M7891-BA 128KB (64KW X 18-bit)
MS11-LD M7891-DA 256KB (128KW X 18-bit)

Table 1-3 Memory Capacity

Version of Maximum Total Number of
PDP-11/24 Capacity Memory Modules*
PDP-11/24 without 256KB 1

KT24 option, mounted (128KW)
in BAll-L or BAll-A

Box

PDP-11/24 with KT24 768KB 3%*
option, mounted (384KW)

in BAll-L Box

PDP-11/24 with KT24 1024KB 4
option, mounted (512KW)

in BAll-A Box

*Based on MS11-LD.
** 3 modules maximum in any combination.



instruction set found on the PDP-11/34, 11/44, 11/70 and other
PDP~11 processors. A complete description of the FPP and floating
point instructions is provided in Chapter 7.

1.3.10 Commercial Instruction Set Processor

The KEF11-B Commercial Instruction Set Processor (CIspP) 1is a
microcode option for use with the PDP-11/24 processor. The CISP
significantly extends the capability of the PDP-11/24 in the area
of commercial data processing. The Commercial Instruction Set
(CIS) is a series of instructions for manipulating byte strings
and performing decimal arithmetic. These instructions provide
improved COBOL performance, text editing and word processing
capabilities. The KEF1l1-B is completely software compatable with
the KE44-A CISP used with the PDP-11/44 processor. A complete
description of the PDP-11/24 CISP is provided in Chapter 8.

1-9



1.4 GENERAL-PURPOSE REGISTERS

The data chip contains eight 16-bit general-purpose registers that
provide for a variety of functions. These registers can serve as
accumulators, index registers, autoincrement registers,
autodecrement registers, or as stack pointers for temporary
storage of data. Arithmetic operations can be freely mixed from
general registers, memory locations or device registers. Figure
1-3 identifies the eight 16-bit general registers R@ through R7.

Registers R6 and R7 are dedicated. R6 serves as the hardware stack
pointer (SP) and contains the location (address) of the last entry
on the stack. Two stack pointers actually exist; the selection of
which stack pointer is to be used is determined by the processor
operating mode. Thus the Kernel and User programs have
independent hardware stacks. Register R7 serves as the
processor's program counter (PC) and contains the address of the
next instruction to be executed. It is normally used for
addressing purposes only and not as an accumulator. Register
operations are internal to the processor and do not require bus
cycles (except for instruction fetch); all memory and peripheral
device data transfers do require bus cycles and longer execution
time. Thus, general registers used for processor operations result
in faster execution times.

1.5 ADDRESSING MEMORY AND PERIPHERALS

The KDF11-UA processor uses 16-bit data paths throughout. These
same data paths are also used to construct operand and instruction
addresses. Octal notation is used to describe information on the
data paths.

A word is divided into a high byte and a low byte as shown in
Figure 1-4.

Word addresses are always even numbered. Byte addresses can be
either even or odd numbered. Low bytes are stored at
even numbered memory locations and high bytes at odd numbered
memory locations. Thus, it is convenient to view memory in either
of the ways shown in Figure 1-5.

The full 16-bit data path allows a program to specify operand
addresses (i.e., virtual addresses) anywhere within a 64K byte
range or 32K word range. This virtual address range is fixed by
the instruction format and cannot be changed by the user.

For applications that require more than 32K words of physical
address, such as multiprogramming and/or timesharing applications,
the Memory Management Unit (MMU) makes additional addressing bits
available. These bits allow up to 1920K memory words to be
physically addressed by the processor. This additional addressing
capability is part of the standard memory management within the
KDF11-UA architecture. Use of more than 128KW of memory in the
PDP-11/24 requires the optional UNIBUS Map Module to be installed.
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1.6 ADDRESSING MODES

Much of the flexibility of the KDF1l1l-UA is derived from its wide
range of addressing capabilities. Addressing modes include
sequential forward or backward addressing, address indexing,
indirect addressing, absolute 16-bit word and 8-bit byte
addressing, and stack addressing. Variable-length instruction
formatting allows a minimum number of words to be used for each
addressing mode. The result is efficient use of program storage
space. For more details on addressing modes refer to the PDP-11
Processor Handbook.

1.7 INSTRUCTION SET

The KDF11-UA instruction set provides over 4¢0@¢ powerful
instructions. As a comparison, consider that most other (i.e.,
accumulator-oriented) 16-bit processors require three separate
instructions to execute a common double-operand instruction (e.g.,
ADD) .

Conventional Approach:

LDA A Load contents of memory location A into accumulator.
ADD B Add contents of memory location B to accumulator.
STA B Store result at location B.

By contrast, the KDF1ll-UA can fetch both operands, execute, and
store the result in one instruction.

KDF11-UA Approach:

ADD A, B Add contents of location A to location B; store results
at location B.

This greater efficiency not only saves memory space and time, but
also improves processor speed since fewer instruction fetches are
required.

Another major advantage to the KDF1ll-UA instruction set 1is the
absence of special-purpose input/output instructions. Special I/0
instructions are unnecessary since peripheral device registers are
accessed in the same way as main memory locations. This approach
to handling I/0 devices allows the normal instruction set to be
used to test and/or manipulate the various I/0 device register
bits. For example, a compare instruction can test status bits
directly in the I/0 device register without bringing them into
memory or disturbing any of the general registers; control bits
can be set, cleared, or shifted as is most convenient; and
peripheral data can be arithmetically or logically altered when
received at the device register and before being stored in memory.
Refer to PDP-11 Processor Handbook for a complete description of
the instruction set and its utilization.



l.8 CONFIGURATION

The PDP-11/24 processor is contained in either the BAll-L [13.3 cm
(5 1/4 inch)] mounting box or the BAll-A [26.67 cm (10 1/2 inch)]
mounting box. Table 1-4 lists the basic processor configurations
available. Table 1-5 lists the hardware options.

1.8.1 BAll-L Mounting Box

The BAll-L [13.3 cm (5 1/4 inch)] mounting box contains the
PDP-11/24 nine slot backplane with the system modules installed,
and the H777-UA, -UB power supply and fans to provide cooling for
the modules and power supply. A front bezel is attached to the
front of the mounting box and contains the operator's control
panel and ventilating slots to allow the entry of air.

1.8.2 BAl11-A Mounting Box

The BAll-A [26.67 cm (18 1/2 inch)] mounting box contains the
PDP-11/24 nine slot backplane with the system modules installed,
the H714¢-AA, -AB power supply and a fan assembly. The fan
assembly contains three fans and provides cooling for the modules
and power supply. A front bezel is attached to the front of the
mounting box and contains the operator's control panel and
ventilating slots to allow the entry of air. In addition to the
PDP-11/24 backplane, the BAll-A mounting box has the space to
mount an additional 4 system units of equipment. The system units
may be backplanes for specific controllers (e.g., DH1l1l, RH1ll, or
RK611) or general purpose backplanes (e.g., DD11-CK or DD11-DK).

1.8.3 System Configurations

Three hardware configurations are available as packaged systems
(Figure 1-6). Each system is available with a variety of software
packages.

RX@2 Packaged System - This system contains a PDP-11/24 in a 13.3
cm (5 1/4 in) BAll-L mounting box and a dual RX@2 floppy disk unit
providing 1 MB of storage. This system is packaged in a 101 cm (49
in) high, 54.29 cm (21.38 in) wide, 76.2 cm (39 in) long cabinet.

RL@2 Packaged System - This system contains a PDP-11/24 in a 13.3
cm (5 1/4 in) BAll-L mounting box and two RL@2 cartridge disk
drives. This provides 20 MB of removable hard disk storage. This
system is packaged in a 101 cm (48 in) high, 69.55 cm (27.38 in)
wide, 76.2 cm (30 in) long cabinet.

RK@7 Packaged System - This system contains a PDP-11/24 in a 26.67
cm (18 1/2 in) BAll-A mounting box and two RK@7 cartridge disk
drives. This provides 56 MB of online storage and the ability to
incorporate 1 MB of main memory. Each unit is packaged in a 101 cm
(46 in) high, 54.29 cm (21.38 in) wide, 76.2 cm (30 in) 1long
cabinet. '

1-15



Table 1-4 Basic Processor Configurations

Designation Description

PDP-11/24-AA, -AB* Contains a CPU, 128KB of MS1l1l-L MOS Memory,
M9312 Bootstrap and BAll-L mounting box.

PDP-11/24-AC,-AD* Contains a CPU, 256KB of MS1ll-L MOS Memory,
M9312 Bootstrap and BAll-L mounting box.

PDP-11/24-BC,-BD* Contains a CPU, 256KB of MS1ll-L MOS Memory,
M9312 Bootstrap and BAll-A mounting box.

*The second designation is the 24@ Vac version

Table 1-5 Hardware Options

Option Description

KEF11-A Floating Point Processor (LSI chip package)

KEF11-B Commercial Instruction Set Processor (LSI chip
package)

KT24 Unibus Map/Bootstrap Module

M93@2 Unibus Terminator Module

MS11-L _ MOS Memory
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1.9 PDP-11/24 BACKPLANE

The PDP-11/24 backplane provides the electrical connections
between the modules in the system. The PDP-11/24 processor must
use its own backplane. The DD11-CK, -DK or -PK cannot be used to
hold the PDP-11/24 processor module. The backplane consists of
nine hex slots for module placement. The following guidelines must
be followed for module placement (refer to Figure 2-21):

o The CPU module (M7133) must be installed in slot 1.

o M9312 Bootstrap/Terminator or UNIBUS cable must only be
installed in slot 9.

o) NPR (DMA) options must be installed in slots 7 or 8. If
installed in other slots, the NPG jumper wire from CAl to
CB1l must be removed.

o Non-NPR options must be installed in slots 3, 4, 5, 6 or
9. If installed in other slots a wire must be added to
carry NPG. This wire should connect CAl to CBl.

o All empty slots, except slot 2, must have grant cards.

o Slots 7 and 8 must have double-height grant cards, (G7273)
in rows C and D.

Slots 3, 4, 5, 6 and 9 may use single-height grant cards
(G727A or G7278) in row D or double-height grant cards in
rows C and D.

1.10 SPECIFICATIONS

Table 1-6 lists the specifications for the PDP-11/24. Tables 1-7
and 1-8 list the power (voltage and amps) supplied by the power
supplies contained in the BAll-L and BAll-A mounting boxes. The
voltages designated with a 'B' are memory voltages and are backed
up by the optional battery back-up unit when it is installed in
the system. Detailed specifications for peripheral devices
supplied with these units are contained in the wuser's guide
associated with the device.



Table 1-6 PDP-11/24 Specifications

Characteristic Description

AC Power
BAll-L Mounting Box:

PDP-11/24-AA, -AC 1¢4-127 Vrms, 47-63 Hz, 1 phase power, 5
amps rms maximum @ 12¢ Vac

PDP-11/24-AB, -AD 208-258 Vrms, 47-63 Hz, 1 phase power,
2.5 amps rms maximum @ 240 Vac

BAl1l-A Mounting Box:

PDP-11/24-BC 99-128 Vrms, 47-63 Hz, 1 phase power, 16
amps rms maximum at 120 Vac

PDP-11/24-BD 18¢9-256 Vrms, 47-63 Hz, 1 phase power, 9
amps rms maximum at 24@ Vac

Mechanical
Size:
BAll-L Box is 13.5 cm high X 42.21 cm wide X 69
: cm deep (5.25" X 16.62" X 26"). The
BAll-L mounts in a standard 48 cm (19")
rack.
BAll-A Box is 26.3 cm high X 42.21 cm wide X 69
cm deep (10.35" X 16.62" X 25%). The
BAll-A mounts in a standard 48 cm (19")
rack.
Weight
BAll-L 20 Kg (45 lbs.)
BAll-A 32 Kg (70 1bs.)

Operating Environment

The BAll-L and BAll-A mounting boxes with PDP-11/24 CPU have
the same operating and non-operating environment
specifications.

Temperature 5°C to 50°C (41°F to 122°F)
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Table 1-6 PDP-11/24 Specifications (Cont)

Characteristic Description
Humidity lﬂg of 953 with a maximum wet bulb of
Bg C (83.9 F) and a minimum dew point of
2°C (36 F)
Altitude to 2.4 Km (8000 ft.)

Non-Operating Environment

Temperature -4¢°c to 80°C (—4ﬂ°F to l76°F)
Humidity to 95% (noncondensing)
Al titude to 9.1 Km (30,000 ft.)




Table 1-7 BAll-L DC Power

Regulator Voltage Amps
Main +5V 32A
(70-12909)
MOS +5B 4A
(54-11601) +15B 2A*
-15B 2A%*
+15V 1A%
-15V 1A*
COMM +15V 3A
(54-13764) -15Vv 3A

* The sum of these currents must not exceed 4 amps.

Table 1-8 BAll-A DC Power

Voltage Amps

+5V 120A
+15V 2A
-15v 3A
+5B 1gA
+12B 4A
-12B 1A

The main +5V must be derated according to the +15V and -15V
consumption:

I = 120 - 5 (I

+5 -1) =5 (I_,.~-1)

+15 15
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CHAPTER 2
INSTALLATION

2.1 GENERAL -

This chapter provides the information necessary for site
preparation, unpacking, inspection, and first-time start-up of the
basic PDP-11/24 system.

2.2 SITE CONSIDERATIONS

The computer room environment should have an air distribution
system that provides cool, well-filtered, humidified air. The room
air pressure should be kept higher than that of adjacent areas to
prevent dust infiltration.

Computer area environment can have a substantial effect upon the
overall reliability of the system. Temperature cycling and
thermal gradients induce temporary or permanent microscopic
changes in materials that can affect performance or endurance.
High temperatures tend to increase the rate of deterioration for
nearly every material. High absolute humidity (dew point) causes
moisture absorption that can result in dimensional and handling
changes in paper and plastic media (line printer paper, cards,
paper tape, magnetic tape, etc.)

Low humidity allows static electricity to build up, while lack of
air cleanliness results in dust that reduces tape life and leads
to excessive head wear and early data errors in all moving
magnetic storage media (tapes and disks). This combination of
static electricity and airborne dust is especially detrimental to
magnetic tapes.

Vibration can also cause slow degradation of mechanical parts and,
when severe, may cause errors on disks and tapes.

Hardware errors can also be caused by electromagnetic interference
(EMI). EMI sources that have been known to cause failures include:
radar installations, lightning strikes, power transmission lines,
vehicle ignition systems, broadcast transmitters, arc welders,
etc.

2.2.1 Humidity and Temperature

The PDP—ll/%4 system is designed to operate in a temperature range
of 5° ¢ (41° F) to 50° ¢ (122° F) at a relative humidity of 18 to
95 percent, as 1long as no condensation occurs. In system
configurations that use magnetic tape units, card readers, disks,
etc., refer to the appropriate manual for their specifications.
Nominal operating conditions for a system configuration are a
temperature of 20° ¢ (70 F) and a relative humidity of 45
percent.

2.2.2 Air-Conditioning
When used, computer room air-conditioning equipment should conform
to the requirements of the Standard for the 1Installation of



Air-Conditioning and Ventilating Systems (Non-Residential)
N.F.P.A. No. 90A, as well as the requirements of the Standard for
Electronic Computer Systems, N.F.P.A. No. 75.

2.2.3 Acoustical Damping

Some peripheral devices (such as line printers and magnetic tape
transports) are quite noisy. In installations that use a group of
high noise 1level devices, an acoustically damped ceiling will
reduce the noise.

2.2.4 Lighting

If CRT peripheral devices are part of the system, the illumination
surrounding these peripherals should be reduced to enable the
operator to conveniently observe the display.

2.2.5 Special Mounting Conditions

If the system will be subjected to rolling, pitching, or vibration
of the mounting surface (e.g., aboard ship), the cabinetry should
be securely anchored to the installation floor by mounting bolts.
Since such installations require modifications to the cabinets,
DEC must be notified when the order 1is placed so that the
necessary modifications can be made.

2.2.6 Static Electricity

Static electricity can be an annoyance to operating personnel and
can (in extreme cases) affect the operational characteristics of
the PDP-11/24 system and related peripheral equipment. If
carpeting is installed on the computer floor, it should be of a
type designed to minimize the effects of static electricity.
Flooring consisting of metal panels, or flooring with metal edges,
should be adequately grounded.

2.3 ELECTRICAL REQUIREMENTS

The PDP-11/24 system can be operated from a 120/24@ Vac, 47 to 63
Hz power source. The primary ac operational voltages should be
within the defined tolerances. The primary power outlets at the
installation site must be compatible with the PDP-11/24 primary
power input connectors. Refer to the related BAll-L or BAll-A
mounting box manual for details concerning power requirements.

The types of connectors used with the PDP-11/24 depends on the
mounting box (BAll-A, BAll-L) or cabinet configuration and whether
the system is configured for 120 Vac or 240 Vac operation. Figure
2-1 shows the connectors used with the BAll-A and BAll-L mounting
boxes. Figure 2-2 shows the connectors used on the 874-D, E Power
Controller.

2.3.1 System Grounding

The PDP-11/24 3-prong power connector, when inserted into a
properly wired receptacle, grounds the computer chassis. It is
unsafe to operate the computer unless the case is grounded because



PIN SIDE PIN SIDE
GROUND GROUND
(GRN/YEL) (GRN/YEL)
(BLUE) (BLUE)
PHASE
PHASE (BRN)
(BRN)
120V 20A 240V, 15A
MALE PLUG MALE PLUG
BA11-AA BA11-AB
NEMA = POWER
DESIGNATION | RATING DIGITAL PART NO.
520 P 120V, 20A 12-15183—-00
5—20 R 12--12265-00 * *
6-15P 90-08853—00
6—15R 240V, 16A 12—-11204-01 * *
*P=PLUG
R= RECEPTACLE
**DUAL RECEPTACLE OUTLET
NEUTRAL GROUND GROUND
OR RETURN
PHASE
120V 15A 240V 15A
MALE PLUG MALE PLUG
BA11-L BA11-L
NEMA* POWER
DESIGNATION RATING DIGITAL PART NO.
5—15P 120V, 16A 90—08938-00
5—-15 R 12—05351—00 * *
6-15 P 240V, 15A 90—-08853—00
6—15 R 12—-11204—01 * *
*P=PLUG

‘R = RECEPTACLE
**DUAL RECEPTACLE OUTLET

Figure 2-1
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Connector Specifications for BAll-A and BAll-L



RECEPTACLE (FEMALE)

PHASE OR
NEUTRAL PLUG (MALE)

(NEUTRAL
PREFERRED)

PHASE OR
NEUTRAL

\ NEMA L6-30R \ NEMA L6-30P

240 V USED WITH THE 874—E

EARTH
GROUND

RECEPTACLE (FEMALE) PLUG (MALE)

WHITE
NEUTRAL

PHASE

EARTH

GROUND .
\\ NEMA L5-30R \\7 NEMA L5-30P
120 V USED WITH THE 874-D
CONNECTOR SPECIFICATIONS

MODEL PLUG RECEPTACLE (SUPPLIED BY CUSTOMER)
NUMBER POWER RATING | NEMA CODE NEMA CODE | DECPART NO.

874-D 120V 30A L5-30P L5-30R 1211194

874—E 240 V 20A L6-30P L6-30R 1211191

TK-6461

Figure 2-2 874-D, -E Connector Specifications



normal current leakage from the power supply flows to the 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 a voltmeter, or to
notify your Field Service representative.

Computer systems are often sensitive to the interference present
on some ac power lines. If the computer is to be installed in an
electrically noisy environment, it is necessary to provide primary
power to the computer on a separate power line from 1lighting,
air-conditioning, etc., so that computer operation is not affected
by voltage surges or fluctuations.

2.4 UNPACKING

The system equipment, associated devices, and cabinets are
packaged and shipped in reinforced cartons and are protected
internally by foam inserts and polyethylene bags. Accessories and
supplies such as documentation, magnetic tape or disks connecting
cables and hardware are packaged in separate containers. Before
unpackaging any carton, remove the packing list from the container
and check to ensure that the items ordered are listed. When the
items are unpackaged, use the list to check that all the items are
contained in the package. The unpacking information for consoles,
printers, disk drives and magnetic tape is contained in the user's
guide supplied with each device.

NOTE
Retain the packaging materials and
shipping containers in the event that
reshipping is required.

2.4.1 PDP-11/24-AA,AC,BC Unit Removal

The units are packaged in reinforced cartons and are protected by
foam inserts and by a polyethylene bag as shown in Figure 2-3. To
remove the unit from the container, perform the following
procedure.

CAUTION
The PDP-11/24-BC unit weighs
approximately 34 kg (75 1lbs). Use care
"when lifting the unit from the carton.

1. Open the leaves of the outer carton by cutting the tape
at the seams.

2. Remove the inner carton from the foam protector.

3. Open the leaves of the inner carton by cutting the tape
at the seams.

4. Remove the two (2) top protectors.
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5. Remove the unit from the box.
6. Remove the unit from the polyethylene bag.

7. Inspect the unit for visible damage and to ensure that
the contents are complete.

2.4.2 PDP-11/24 System Cabinet Removal

The PDP-11/24 system cabinets are attached to a wooden base,
covered with a polyethylene bag and enclosed by a carton as shown
in Figure 2-4. To remove the unit, perform the following
procedures. ‘

1. Cut the polyester straps used to secure the carton to the
base.
2. Slide the carton up and away from the cabinet.

3. Remove the polyethylene bag from the cabinet.

4, Remove the bolts that hold the the wooden base to the
bottom of the cabinet.

5. Remove the cabinet from the wooden base and set the
cabinet in its operating location.

2.5 INITIAL INSPECTION

After unpacking the computer extend the wire frame assembly
containing the 1logic and power subassemblies for the BAll-L
(5 1/4") mounting box or remove the top and bottom covers on the
BAll-A (1@ 1/2") mounting box. Examine the following areas:

1. Check the overall appearance for scratches, dents,
chipped paint, dust, etc.

2. Check for loose or missing hardware (i.e., screws, nuts,
etc.).

3. Toggle the front panel switch and operate the keyswitch
to make certain they operate freely and are unrestricted.

4, Examine the backplane for bent pins.
5. Check the power and console harness for proper connection
to the power supply and front console.
2.6 INSTALLATION

2.6.1 BAll-L Installation
The BAll-L mounting box is designed to be installed in a standard
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Figure 2-4 PDP-11/24 System Cabinet Unpacking



48.26 cm (19 inch) rack or cabinet using its own integrated
mounting envelope/slider assembly (Figure 2-5).

To install the BAll-L box, perform the following steps:
1. Remove all shipping brackets.

2. Remove the mounting frame (Figure 2-5) from the mounting
envelope. This is done by pulling the mounting frame
forward until the safety catches are engaged. When the
safety catches are engaged, press in on the locking tabs
located on both sides of the mounting frame and remove
the frame from the mounting envelope.

3. Locate and install the mounting envelope in the rack or
cabinet as shown in Figure 2-6, using the 1#-32 screws
and KEP nuts supplied with the unit.

4. Slide the mounting frame into the mounting envelope. The
safety catches must be pressed in so the wire frame can
be inserted in to the mounting envelope.

5. Attach the ground lead from the mounting frame to the
rack or cabinet rail.

2.6.2 BAll1-A Installation

The BA1ll-AA,-AB mounting box is designed to be installed within a
standard 48.26 cm (19 inch) rack or cabinet on slide mounting
assemblies as shown in Figure 2-7.

A slide kit is available (part number 12-16971) and includes one
each of the following items: left and right index plates and
mounting hardware; 1left and right slide assembly and mounting
hardware; and a BAll-A top cover.

The index plates supplied with the kit are to be mounted onto the
sides of the BAll-AA,-AB mounting box and permit the box to be
tilted on the slides for servicing.

2.6.2.1 Index Plate Mounting -- To install the index plates
refer to Figure 2-8 and perform the following procedures.

1. Position the right index plate onto the pawl as shown.
The index plate mounting tab protrudes away from the side
of the box.

2. Insert the pivot screw and tighten with a screwdriver.

3. Ensure that the index plate rotates freely when the
locking pawl is released.

4. Perform steps 1 through 3 for the left index plate.
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2.6.2.2 Slide Assembly Mounting -- One of two types of slide
assemblies is provided with the slide kit option: a single-channel
slide set or a double-channel slide set. Figure 2-9 shows each
type mounted to the BAll-AA, -AB unit and fully extended from the
cabinet. The mounting location of the slides will vary depending
on the type of slide. Figure 2-10¢ shows a typical H961 standard
cabinet with the PDP-11/24-BC,-BD unit. The mounting 1location
holes of the single-channel slides for each 26.67 cm (16.5 inch)
unit are indicated in Figure 2-10¢. When installing double-channel
slides, the hole location numbers will be decreased by two for the
same mounting position of the units.

Figure 2-11 shows the hardware and installation of a
single-channel slide assembly. The double-channel slide assembly
is mounted in a similar manner. To install the slide assembly
perform the following procedures.

1. Position the left slide against the left front and left
rear cabinet rail as shown.

2. Insert one 10-32 screw and washer through the top hole in
the slide bracket, through the hole in the front rail and
into the top threaded hole in the nut plate. Do not
tighten.

3. Perform the same procedures in step 1 and step 2 at the
left rear rail of the cabinet.

4, Insert one 1@-32 screw and washer through the second hole
from the bottom in the slide bracket, through the hole in

the front rail and into the nut plate. Tighten both
screws in the front rail.

5. Perform the same procedure in step 4 at the left rear
rail of the cabinet.

6. Perform steps 1 through 5 to install the remaining slide
onto the right side of the cabinet.
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2.6.2.3 Mounting Box to Slide Installation -- Figure 2-12 shows
the method and hardware used to install the mounting box onto the
slide mounting bracket. Perform the following procedures.

1. Extend the left and right slide channels to their maximum
position at the front of the cabinet. When fully
extended, the channels will be held in place by the slide
hold lever shown in Figure 2-9.

2. Carefully 1ift the mounting box over and above the
extended slides and set the index plate over the slide
mounting bracket on each side of the box. The index plate
alignment tabs will engage the sides of the slide
mounting brackets.

NOTE
When the slides are fully extended, it
may be necessary to force the ends of
the slides inward toward the sides of
the mounting box.

3. Insert the three 8-32 screws through the left index plate
tab and into the threaded holes of the slide mounting

bracket.
4. Perform the same procedure in step 3 for the right index
plate.
2.6.3 PDP-11/24 System Cabinet Installation

The PDP-11/24 System Cabinet is supplied with four rollers on the
bottom frame and four leveler feet. The cabinet can be positioned
alone or attached to another H964@ series cabinet. To install the
PDP-11/24 System Cabinet, perform the following steps:

1. Roll the system cabinet into position.

2. Open the rear door of the cabinet. Use a 4 mm (5/32 inch)
hex wrench to release the door fastener (Figure 2-13).

3. Remove the ground wire connected between the door and the
cabinet frame.

4. Slide the retractable hinge pin down until the top of the
door is released.

5. Tilt the top of the door away from the cabinet and 1lift
the door until the lower hinge pin is removed from the
hole in the lower right bracket.

6. Remove the rear door.
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9.

10.

11.

12,

13.

Remove the shipping brackets supplied with the devices
mounted in the cabinet. Shipping brackets are painted
orange. If the system contains RL@2's make certain the
black bracket attached to the top unit is not removed.

NOTE
Retain all shipping brackets in the
event reshipping is required.

Loosen the two 1/4-20 screws and washers that attach the
right and left brackets to the cabinet frame.

Remove and retain the right and left brackets.

Remove the left and right side panels by grasping each
panel by the ends at the front and back of the cabinet
and lifting the panel up approximately 2.5 cm (1 in.) to
disengage the panel. Pull the panel away from the
cabinet to remove it and disconnect the ground wire
attached to each panel.

Install the leveler feet supplied with the cabinet (see
figure 2-14) by performing the following steps:

a. Screw a locking nut onto each leveler foot.

b. Screw each (4) leveler foot into a leveler nut.

‘c. Slide each nut and leveler foot assembly into a slot

located at each corner of the cabinet base.

Install the stabilizer bar supplied with the cabinet (see
Figure 2-15) by performing the following steps:

a. Screw a leveler foot into the stabilizer bar.

b. From the back of the cabinet, insert the stabilizer
arm into the channel located on the bottom of the
cabinet.

c. Remove the retaining cable and screw from the back of
the cabinet base and attach the retaining cable to
the underside of the stabilizer arm. .

NOTE
The retaining cable is used to limit the
forward extension of the stabilizer arm.

If an additional expander cabinet is a part of the
system, it should be attached to the system cabinet at
this time. Refer to Paragraph 2.6.3.1 for instructions.
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14.

15.

l6.

17.

18.

19.

2@.

21.

22.

2.6.3.1

Reconnect the ground wires and then replace the left and
right side panels that were removed in step 140.

Replace the brackets that were removed in steps 8 and 9
and tighten the 1/4-20 bolts.

Tilt the rear door and insert the lower hinge pin into
the lower right bracket.

Move the top of the rear door toward its mounting
position while holding the retractable hinge pin down.

Release the retractable hinge pin when the pin is aligned
with the hole in the top of the cabinet frame.

Reconnect the ground wire to the cabinet frame.
Close the rear door of the cabinet.

With the cabinet(s) in final position, adjust the leveler
feet (Figure 2-16) on all cabinets for contact with the
floor to prevent movement and then tighten the lock nut
on each foot. Adjust the leveler foot on each stabilizer
arm for smooth sliding contact with the floor.

Installation of terminals and peripheral devices (disc
drives, tape drives, printers, etc.) should be done at
this time.

Expander Cabinet Installation -- The following steps
should be performed when joining H9640 series cabinets.

Perform Steps 3 through 6 and Steps 8 and 9 of paragraph
2.6.3 for both the system cabinet and add-on cabinet.

Remove the 1left side panel on the system cabinet by
grasping the panel by the ends at the front and back of
the cabinet and lift up approximately 2.5 cm (1 inch) to
disengage the panel. Pull the panel away from the cabinet
to remove it. Disconnect the ground wire from the panel.

Remove the expansion panel from the add-on cabinet and
install on the system cabinet by positioning the panel
over the key buttons as shown in Figure 2-17. Drop panel
in place.

Remove the left side panel from the add-on cabinet.

Install the leveler feet supplied with the add-on cabinet
(see Figure 2-14) by performing the following steps:

a. Screw a lock nut onto each leveler foot.

b. Screw each (4) leveler foot into a leveler nut.
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Figure 2-16 Leveler Feet Adjustment



VA"
/ 900000000 o
/ : Z‘ :,,
P O9O00000COD00000000000 0000000/

d

~

Figure 2~17 Add-On Panel Installation

TK-6464



19.

11.

12.

13.

14.

15.

2.6.3.2
cabinet

c. Slide each leveler foot and nut assembly into the
appropriate slot located at each corner of the base.

Install the left side panel removed in Step 4.
Position cabinets as shown in Figure 2-18,

Engage top rear key button of the expansion cabinet in
the key slots of the expansion panel.

Push cabinets together to engage the front top key button
as shown in Figure 2-18.

Pull the expansion cabinet forward to lock the key
buttons in the key slots.

Remove the front door and bottom front filler panel on
each cabinet by performing the following steps:

a. If the cabinet has a front door it is removed in the
same manner as the back door of the unit. Refer to
steps 2 through 6 of paragraph 2.6.3.

b. If the cabinet has a bottom front filler panel this
panel is removed by removing the two screws located
at the bottom of the panel and then removing the
panel. Disconnect any ground wire.

Bolt cabinets together at the bottom front of the
cabinets by sliding the interconnecting bar behind the
front edge of the expander panel as shown in Figure 2-19.
Install screws and tighten.

Bolt cabinets together at the bottom rear of the
cabinets: place the interconnecting bar over the
hinge/end panel locking brackets as shown in Figure 2-20.
Position screws and tighten.

Replace any doors or filler panels that were removed by
performing the following steps:

a. If a door was removed perform steps 16 through 20 of
paragraph 2.6.3.

b. If a filler panel was removed, put the panel back in
place and install the screws removed in step 1llb.

Perform steps 14 .through 20 of paragraph 2.6.3 for the
add-on cabinet.

Stabilizer Installation -- When the PDP-11X24 system
(BA1l1l-A) does not have another cabinet attached to it, a

stabilizer bar (option no. H9544-MJ) must be attached to the rear
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of the unit to prevent the cabinet from tilting to the side when
the BAll-A box is raised to the service position.

Figure 2-21 shows the mounting position and hardware used to
install the base stabilizer to the PDP-11X24 system cabinet. To
mount the stabilizer, perfprm the following steps:

1. Position the left and right coupler over the collars on
the base stabilizer as shown.

2. Slide the stabilizer under the rear of the cabinet to its
normal mounting position.

3. Insert the mounting screw and washer, through the plate,
through the slot in the frame, and into the threaded hole
of the coupler. Do not tighten.

4. To level the cabinet, turn the coupler by inserting the
shank of a screwdriver through the hole, in the direction
desired.

5. Insert the shim into the location as shown.

6. Tighten the mounting screw with a 2 cm (13/16 inch)
box-end wrench while holding the coupler in posititon
with the screwdriver.

2.7 MODULE UTILIZATION IN A TYPICAL SYSTEM

The PDP-11/24 processor module uses its own backplane (PN
70-16905) and can not use a DD11-CK, DD1ll1-DK, or DD11-PK. Figure
2-22 shows the module utilization of the PDP-11/24 processor
backplane.

o M9312 Bootstrap/Terminator Module or UNIBUS cable must
only be installed in slot 9.

o} NPR (DMA) options must only be installed in slots 7 or 8.

o Non-NPR options must only be installed in slots 3,4,5,6,
or 9,

o All empty slots except slot 2, must have grant cards.

Slots 7 and 8 must have a double height grant card
(G7273) in rows C and D. ‘

Slots 3, 4, 5, 6, and 9 may use a single height grant
card (G727A or G7279) in row D or a double height grant
card in rows C and D.

2.8 MODULE JUMPER AND SWITCH CONFIGURATIONS

2.8.1 CPU Module (M7133)
The CPU Module contains two switch packs and 14 jumper 1leads.



MOUNTING

COUPLER,:
- TO

COLLAR I
\

BASE
STABILIZER

TK-4388

Figure 2-21 Cabinet Stabilizer Mounting

N
I

32



M7133 PROCESSOR

M7134 UNIBUS MAP OPTION OR MEMORY

7 .
/ /// 4 R SI:C
\\\\\\\\ NPRJ'SPC'S
3\\\\\\\ NPR?PC'S

= EXTENDED UNIBUS (EUB)

==
N = MODIFIED UNIBUS (MUD)

Figure 2-22 PDP-11/24 Module Utilization

© [e¢] ~ [=)] 18] £ w N -



Figure 2-23 shows the location of the Jjumpers and switches
contained on the CPU module. Table 2-1 lists the function of the
jumper leads. With the exception of E124 S5 and S6, the two swtich
packs are used to configure the Serial Line Units. S5 of El124 when
ON enables the field service maintenance mode on SLUl. This allows
the looping of the received data back to the transmitter via the
parallel data bus. When OFF, normal SLU operation is enabled. S6
of E124 is used to determine UNIBUS addressing: When ON, S6 allows
just the top 128K addresses to go to the UNIBUS. When OFF, the
lower 18 bits of every address go to the UNIBUS.

Serial Line Units (SLU) -- The PDP-11/24 CPU Module contains two
serial 1line wunits. Serial Line Unit 1 (SLUl) is used by the
console terminal. Serial Line Unit 2 (SLU2) is a general purpose
serial line unit which can be used for a second terminal, a serial
line printer, a TU58 DECtape II cartridge tape drive or other
similar devices. The two switch packs (E135, E124) and jumpers W1,
W4 and W9-W13 are used to configure the SLUI.

Switches 81-58 of E135 are used select the various baud rates
generated by the two baud rate generators contained on the CPU
module. Table 2-2 lists the baud rates and their switch settings.

SLUl transmit and receive baud rates are selected by S1-S4 of
E124. Table 2-3 lists the switch settings and baud rate selected.

SLU2 transmit and receive baud rates are selected by jumper leads
W4, W9-W13. Table 2-4 lists the baud rates and their respective
jumper configuration.

Table 2-5 1lists the jumper 1lead configuration for setting the
number of stop bits on SLUl and selecting and enabling parity in
SLUl and SLU2.

It is recommended to set SLU 1l's transmit/receive baud rate to
baud rate 1 and SLU 2's transmit/receive baud rate to baud rate 2.
Thus baud rate 1 controls SLU 1 and baud rate controls SLU 2.
Other baud rate configurations can be used; for a more detailed
explanation of the baud rate logic and set-up refer to paragraph
4.7.3 of this manual.

2.8.2 M9312 Bootstrap/Terminator Module

The M9312 Bootstrap/Terminator Module is configured for use in the
PDP-11/24 by 12 jumper leads (W1l-W1l2). Five sockets on the M9312
are used to hold the ROMs which contain diagnostic routines and
bootstrap programs used with the PDP-11/24 and its associated
peripheral devices. Figure 2-24 shows the location of the jumpers
and ROM sockets on the M9312 module. For a more detailed
explanation of the M9312 refer to the M9312 Bootstrap/Terminator
Module Technical Manual (EK-M9312-TM).

2.8.2.1 M9312 Jumper Configuration -- For use in the PDP-11/24,
the jumpers on the M9312 module should be configured according to
Table 2-6.
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Table 2-1 CPU Module Jumper Lead Selection

Jumper Function
CPU:
W2 Controls power-up action
IN = Boot on power-up
OUT = Power-up via location 245 provided the
optional battery bacéup unit is
installed and functioning.
W3 Controls Kernel Halt Enable
IN = In kernel mode allows HALT instruction
to be executed. In all other modes, a
HALT instruction traps to location lﬂs
OUT = All halt instructions trap to location
1@8 (except during power-fail)
Wl4 Selects boot address when boot on power-up is
enabled.
IN = 165000
OUT = 1730@68
SLU:

Wl Determines number of stop bits in SLU1l

IN = One stop bit
OUT = Two stop bits

For manufacturing tests, the number of
stop bits defaults to one.

W4, Select SLU2 Receiver and Transmitter baud rate
W9-13
W5-8 Determines parity of SLUs




Table 2-2 Baud Rate Selection

Switch E135

Baud Rate 1 5 6 7 8
Baud Rate 2 1l 2 3 4
Baud Rate* 50 ON ON ON ON
75 ON ON ON OFF
110 ON ON OFF ON
134.5 ON ON OFF OFF
150 ON OFF ON ON
200 ON . OFF ON OFF
300 , ON OFF OFF ON
600 ON OFF OFF OFF
1200 OFF ON ON ON
1800 OFF ON ON OFF
2000 OFF ON OFF ON
2409 OFF ON OFF OFF
3600 OFF OFF ON ON
4800 OFF OFF ON OFF
9600 . OFF OFF OFF ON
19200 : OFF OFF OFF OFF

* For manufacturing tests, the baud rates default to 1920@ baud.

Table 2-3 SLUl1l Baud Rate Selection

E124
Transmit 2 1
Receive 3 4
T Baud Rate 1 ON OFF -

@ Baud Rate 2 OFF ON_

Table 2-4 SLU2 Baud Rate Selection

Jumpers
Transmit Wll Wlg W13
Receive WO W12 W4
T Baud Rate 1 IN ouT~ ouT
“ Baud Rate 2 OUTgyT IN 12,/ OUT @3y %
19.2K Baud OouT ouT IN




Table 2-5 Serial Line Unit Jumper Lead Selection

Jumper Lead

Function

SLUl

Wl

W5

W6

SLU2

NONE;
fixed at 1

W7//OQT/

W8

Selects the number of stop bits
IN = One stop bit”
OUT = Two stop bits

For manufacturing tests, the number
of stop bits defaults to one.

When IN, parity detection is enabled.
When OUT, parity detection is
disabled.

When IN, odd parity will be
generated.

When OUT, even parity will Dbe
generated. '
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Table 2-6 M9312 Jumper Configuration in PDP-11/24

Jumper Configuration
W1l-W5 ouT

W6 ouT

W7 IN

W8 ouT

Wo-10 IN

Wll-12 ouT




2.8.2.2 M9312 ROMs -- The M9312 contains a CPU diagnostic ROM
socket (E20), which accepts the PDP-11/24 CPU Diagnostic ROM, and
four device boot ROM sockets (E32, E33, E34 and E35) which accept
device bootstrap ROMs. The CPU diagnostic ROM checks the
performance of the central processor and main memory when power is
initially applied to the system or when a device bootstrap is
initiated.

The device bootstrap ROMs contain device-dependent programs that
will load programs from a selected peripheral device into main
memory. The number and type of ROMs installed are dependent upon
the devices in the system. A bootstrap program is initiated by the
operator from the console terminal when selected by the BOOT
position of the toggle switch on the front panel or via ODT. The
processor executes the bootstrap program directly without the
operator keying in the initial program.

Table 2-7 lists the location of the CPU diagnostic and bootstrap
loader ROMs and the starting addresses associated with each. The
selection of starting address determines whether the CPU
diagnostic will be performed when the bootstrap program is
initiated. The second devices 1listed in the table are for
selecting a second device bootstrap program contained in the same
ROM as the first device bootstrap program. Switches S1 through 510
at location E37 of the M9312 module select the starting address of
the bootstap program. Switch Sl determines the upper three digits
of the starting address as follows:

Sl
Sl

ON (165XXX) (Boot to ODT [console mode])
OFF (173XXX) (Boot selected device)

Switch S2 on the M9312 module must be off for operation with the

Switches S3 through S10 are bits <@8:01> of the starting address.
The position of the bootstrap ROMs on the module must be
sequential, starting with BT1 and progressing to BT4 as listed in
Table 2-8.

For example:

To select an RL@2 installed in the second ROM location (E33) and
run the CPU diagnostic program, set the switches as follows.

RL@1/@2 ROM in location E33 (Device ROM 1)
Run diagnostics and then boot RL@2

CPU g 2 g 6
@ %) g{1]|o g1 0|0 1 1
E37 S1 s2 S3 S4 S5 S6 S7 S8 S9 S10



Table 2-7 CPU Diagnostic and Bootstrap Loader ROM Addresses

S1<1> S1 <3:10>
First Second Second
Device Device Device
ROM CPU All 23-755A9 23-756A9
Location Diagnostic ROMs RP@24/5/6 TU55/56
RM@2/3
23-7608A9
TTY tape
No o4l XXXXXXXXX XXXXXXXXX
oDT Oon XXXXXXXXX AXXXXXXXX
Yes P06 XXXXXXXXK XXXXXXXXX
Device No poa P50 934
ROM Off
#1 Yes 206 p52 236
Device No 204 250 234
ROM Off
#2 Yes 206 252 236
- Device No 494 450 434
ROM Off
#3 Yes 406 452 436
Device No 604 650 634
ROM Off
#4 Yes 606 652 636

Table 2-8 Bootstrap ROM Locations

Bootstrap ROM

IC Location

Device
Device
Device
Device

> W N

E35
E33
E34
E32

N
|

42



#=0FF
1=0N

Table 2-9 1lists the part numbers for available bootstrap ROMs.
Some of the ROMs contain more than one device program. The DDCMP
bootstrap loaders for the communication devices DL11, DMC-11, DUll
and DUP-11 are supplied in three ROMs for each device.

2.8.3 UNIBUS Map Module (M7134)

The UNIBUS Map module is an option available with the PDP-11/24
that gives the PDP-11/24 22-bit addressing capability through the
use of a UNIBUS map. The module also contains an M9312 compatible
bootstrap and a voltage monitor similar to that used in the
PDP-11/44. The UNIBUS map module shown in Figure 2-25 contains 12
jumper lead locations and two switch packs located at E6 and ESS8.

2.8.3.1 UNIBUS Map Module Juhper Leads and Memory Page Selection
-- Table 2-10¢ lists the function of the jumper leads on the UNIBUS
Map module.

Jumper leads TP1-TPl@0 and W3-W7 specify the lower and upper limit,
respectively, of a set of UNIBUS addresses not mapped to main
memory (asserted on the UNIBUS only). Except for the I/0 page,
every UNIBUS address not in this set is mapped to main memory
(asserted on the memory bus) by the UNIBUS map. Devices on the
UNIBUS should be addressed only in unmapped or I/0 page address
space.,

When the upper and lower 1limits are set to the same octal bank
(page) number, every non-I/0 page address is mapped to main
memory. Most Digital supplied configurations conform to this case.
However, systems with UNIBUS memory or I/0 devices that are
located in the UNIBUS memory region require changes to be made to
the mapping jumpers.

Table 2-11 lists the jumper leads selections for the lower limit
of the set of unmapped addresses. UNIBUS addresses from zero to
just below this limit are mapped to main memory. The octal bank
number in this table is the first bank of the unmapped set, except
when the lower and upper limits are set to the same bank number,
in which case only the I/0 page is unmapped.

Table 2-12 lists the jumper selections for the upper limit of the
set of unmapped addresses. UNIBUS addresses above this limit and
below 760 00@ are mapped to main memory. The octal bank number in
this table is the first mapped bank after the ummapped set, except
when it is bank 37, the I/O page (always unmapped).

The following example describes the jumper selections for 3 pages
(12K words) of UNIBUS device addresses immediately preceding the

1/0 page.

1. Page (bank) 37 is the I/0 page; therefore, the three page
to be unmapped are 34, 35, and 36.

2-43



Table 2-9 Device ROM Part Numbers

Device Mnemonic ROM Part Number
Paper Tape:

ASR 33 TT 23-760A9

PC@5 PR

DECnet Down-Line Load:

DDCMP (D1-11) XL 23-926A9
23-927A9
23-928A9
DDCMP (DMC-11) XM 23-862A9
23-863A9
23-864A9
DDCMP (DU-11) XU 23-868A9
23-869A9
23-870A9
DDCMP (DUP-11) XW 23-865A9
23-866A9
23-867A9
Disks:
RK@3/05 DK 23-756A9
TU55/56 DT
RK06/07 DM 23-752A9
RLOL1/02 DL 23-751A9
RP@2/%3 DP 23-755A9
RP24/05/06 DB
RM@2/03 DB
RSA3/04 DS 23-759A9
RX01 DX 23-753A9
RX@2 DY 23-811A9
Tapes:
TS@4 MS 23-764A9
TUlQ9,TE1@,TS@#3  MT 23-758A9
TU10/45/77,TE16 MM 23-757A9
TUS58* * DD 23-765A9
TU6GQ cT 23-761A9

* DECtape I
** DECtape II
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Table 2-19¢

UNIBUS Map Module Jumper Lead Functions

Jumper Lead

Function

W3-W7

TP1-TP1@*

TP11-TP12%

W13

UNIBUS Map page number, upper limit
UNIBUS Map page number, lower limit

When OUT, diagnostic ROM enabled,
normally OUT

When 1IN, diagnostic ROM enabled,
normally IN

* These jumpers are wire wrap posts. Example: a jumper IN consists
of connecting TPl to TP2 or TP5 to TP6 and so on. A jumper OUT
consists of removing the connection.



Table 2-11 UNIBUS Map Jumper Leads, Lower Limit

Lv-¢

Lowest Address Decimal Octal Jumper Leads

in Unmapped Set K Words Bank T1-TP2 TP3-TP4 TP5-TP6 TP7-TP8 TP9-TP10
None 124 37 Out Out Out Out Out
74¢ 000 120 36 Out out out Out In
720 000 116 35 Out Out Out In Oout
700 000 112 34 Out Out Out In In
660 000 108 33 Out Out In Out Out
640 000 104 32 Out Out In Out In
620 000 100 31 Out Out In In Out
600 000 96 30 Out Out In In In
560 0060 92 27 Out In Out Out Out
540 0009 88 26 Out ‘ In Oout Out In
520 000 84 25 Out In Out In Out
500 0090 80 24 Out In Out In _ In
460 000 76 23 out In In Out out
440 000 72 22 Out In In Out In
420 000 68 21 Out In In In Out
400 0009 64 20 Out In In In In
360 900 60 17 In Out Out Out Out
340 000 56 16 In Out out Out In
320 000 52 15 In Oout Out In Oout
300 000 48 14 In out Out In In
260 000 44 13 In Out In Out out
240 000 40 12 In out In Out In
220 000 36 11 In Out In In Out
200 000 32 18 In Out In In In
160 000 28 g7 In In Out Out out
140 009 24 76 In In Out Out In
120 0600 20 @5 In In Out In Out
100 000 16 g4 In In Out In In
g6p 000 12 @3 In In In Out Out
gag 000 @8 a2 - In In In Out In
820 200 g4 21 In In In In out

000 000 0 00 In In In In In




Table 2-12 UNIBUS Map Jumper Leads, Upper Limit

g8¥-2

Highest Address Decimal Octal Jumper
in Unmapped Set K Words Bank W3 w4 W5 wWé W7
757 777 124 37 Out out Out out , Out
737 777 129 36 Out Out Out Out In
717 777 116 35 Out Out Out In Out
677 777 112 34 Out Out Out In In
657 777 108 33 Out out In Out Out
637 777 104 32 Out out In out In
617 777 100 31 Out Oout In In out
577 777 96 38 Out Out In In In
557 777 92 27 out In out out out
537 777 88 26 Out In Out Out In
517 777 84 25 Out In Out In Out
477 777 84 24 Out In Out In In
457 777 76 23 Oout In In Out Out
437 777 72 22 Out In In Out In
417 777 68 21 Out In In In Out
377 777 64 20 Out In In In In
357 777 60 17 In Out Out Out out
337 777 56 16 In Out out Out In
317 777 ' 52 15 In Out out In Out
277 777 48 14 In Out Out In In
257 777 44 13 In Out In Out Out
237 777 a0 12 In Out In Out In
. 217 777 36 11 In Out In In Out
177 777 32 10 In Out In In In
157 777 28 Q7 In In Out out Cut
137 777 24 g6 In In Out Out In
117 777 20 @5 In In out In out
@77 777 16 g4 In In - Qut In In
@57 777 12 /K] In In In out Out
‘@37 777 g8 @2 In In In Out In
017 777 P4 gl In In In In : Out

None 0a 00 In In In In In




2. Read jumper settings for TPl@ through TPl from the lower
limit (Table 2-11) at bank 34, the first unmapped bank:
TP1-TP2 = out, TP3-TP4 = out, TP5-TP6 = out, TP7-TP8 =
in, and TP9-TP1g = in.

3. Read jumper settings for W7 through W3 from the upper
limit (Table 2-12) at bank 37, the next bank after the
unmapped set desired (34, 35, and 36): W3 = out, W4 =
out, W5 = out, W6 = out, and W7 = out.

Notice that the upper limit "Decimal K Words" amount minus the
lower limit "Decimal K Words" amount is equal to 12K Words. This
is the size of the area desired.

2.8.3.2 Diagnostic and Bootstrap Loader ROMs -- The UNIBUS Map
module contains a CPU diagnostic ROM and provides four sockets for
the installation of device bootstrap ROMs. The CPU diagnostic ROM
checks the performance of the central processor and main memory
when power 1is initially applied to the system or when a device
bootstrap program is initiated.

The device bootstrap ROMs contain device-dependent programs that
will load device programs from a selected peripheral device into
main memory. The number and type of ROMs that are installed are
dependent upon the devices included in the system. A boostrap
program is initiated by the operator from the console terminal
when selected by the BOOT position of the toggle switch on the
front panel or when requested via ODT. The processor executes the
bootstrap program directly without the operator keying in the
initial program.

Table 2-7 lists the location of the CPU diagnostic and bootstrap
ROMs and the starting addresses associated with each. The
selection of the first device starting address determines whether
the CPU diagnostic will be performed when the bootstrap program is
enabled. The second devices listed in the table are for selecting
a second device bootstrap program contained in the same ROM as the
first device bootstrap program. Switches S1, and S3 through S1¢ at
location of ES58 the UNIBUS map module select the starting address
of the bootstrap program. Switch S1 determines the starting
address of the upper three digits as follows:

Sl
S1

ON (165 XXX) (boot to ODT [console mode])
OFF (173 XXX) (boot a device)

Switch S2 enables or disables the reading of the boot ROMs on the
UNIBUS map module. The switch settings are as follows:

52
S2

ON (Boot ROMs readable)
OFF (UNIBUS Map boot ROMs cannot be read)

Switches S3 through S1¢ are bits <08:01> of the starting address.



The position of the bootstrap ROMs on the module must be
sequential, starting with BTl and progressing to BT4 as listed on
Table 2-13.

For example:

To select an RLO2 installed in the second ROM location (E89) and
run the CPU diagnostic program set the switches as described in
the following example.

RLZ1/62 ROM in location E89 (Device ROM 2)
Run diagnostics and then boot RL@2

CPU /] 2 ) 6
— A - - AN -~ - ~
@ ) 2 1 2 0 ? 0 1 1
E58 Sl s2 83 S4 S5 S6 S7 58 59 S10
@ = OFF
1 = ON

Table 2-9 lists the part numbers for the available bootstrap ROMs .
Some of the ROMs contain more than one device progam. For example,
the RP@2/03, RPP4/5/6, and RMP2/3 bootstrap programs are contained
in one ROM. Other devices may require more than one ROM. The
DDCMP bootstrap loaders for the communication devices DL11,
DMC-11, DUll and DUP-11 are supplied in three ROMs for each
device.

2.8.3.4 Voltage Monitor Switch Selection -- Table 2-14 lists the
function of the switches associated with the voltage monitor
circuit on the UNIBUS Map module. The normal switch configurations
for the BAll-L and BAll-A mounting boxes are shown in Table 2-15.

2.9 INITIAL POWER-UP AND SYSTEM CHECKOUT
This section describes the procedure to be followed for the
initial power-up of and operator introduction to the 11/24.

2.9.1 Power Check

Verify that the outlet(s) into which you will plug the 11/24 is
supplying the correct voltage that the computer system is
configured for., If in doubt, consult field service or your
electrician.

If the 11/24 is part of a packaged system, place each of the power
controller circuit breakers in the "OFF" (@) position (See Figure
2-26). Insert each of the power cords into the appropriate
outlets. The neon lamp(s) on each power controller should
illuminate.

2.9.2 Power-UuUp

Ensure that the toggle switch on each power control is in the
"REMOTE" position. Ensure that the CPU keyswitch is in the "DC
OFF" position and that each of the individual unit switches and/or
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Table 2-13 Bootstrap ROM Locations

Location Bootstrap ROM

E75 Device 1

E89 Device 2

E82 Device 3

E83 Device 4
Table 2-14 Voltage Monitor Switch Selection

Switch (E6)

Function

Sl

S2

S3

S4

Selects +5B voltage monitor output
diagnostic purposes

ON - Connected to monitor circuit

OFF - Isolated from monitor circuit

Selects =-15A voltage monitor output
diagnostic purposes

ON - Connected to monitor circuit

OFF - Isolated from monitor circuit

Selects the expected memory voltage

ON - +15B (BAll-L)
OFF - +12B (BAll-A)

for

for

Selects +15B or +12B (determined by S3)
voltage monitor output for diagnostic

purposes
ON - Connected to monitor circuit
OFF - Isolated from monitor circuit

Table 2-15 Voltage Monitor Switch Settings

Switch

Mounting Box

BAll-L BAll1-A

51
52
53
54

ON ON
ON . ON
ON OFF
ON ON
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circuit breakers 1is "ON" on all equipment in the system. The
circuit breaker in the BAll-L mounting box is made accessible by
pulling the CPU out of the wrap-around approximately 5 inches. The
circuit breaker on the BAll-A mounting box is located at the back
of the unit. Place each of the power controller circuit breakers
in the "ON" (1) position.

Place the CPU "“HALT/CONT/BOOT" switch in the "“HALT" position.
Place the keyswitch in the "LOCAL" position. All units in the
computer system should now power-up. If any units do not, verify
that the power contol bus is properly routed from the CPU to each
power control in turn. Verify also that each power control is in
the "REMOTE" position and that its circuit breaker is ON (1).
Verify that all unit switches and/or circuit breakers are on.

If the CPU has powered-up successfully, the front-panel "DC ON"
LED should be illuminated and the "RUN" light should have flashed.
The CPU has now halted so the console terminal should now be
displaying the ODT prompt:

nnnnnn
@

where nnnnnn is an octal number representing the updated program
counter.

At this point, the user has complete control of the 11/24 via
Console ODT. The following procedure is recommended, both to
verify operation of the 11/24 and to familiarize yourself with its
operation.

The 11/24 contains diagnostics in the form of a ROM. These
diagnostics are run whenever the system is bootstrapped. They may
be invoked in either of two ways:

1. Momentarily place the "HALT/CONT/BOOT" switch in the
"BOOT" position, then return it to "CONT".

2. | Type 165000G at the console terminal.

Both of these actions cause the CPU to begin executing
instructions starting at location 16500@. These instructions
verify correct operation of the CPU, the memory, and the Console
Serial Line (SLUl). When complete, the terminal will print out the
system memory size. This should conform to the expected memory
size. Table 2-16 provides the translation from the octal memory
size to bytes and words.

The 11/24 will now attempt to boot up the device selected by an
internal switchpack. This is usually the main mass storage device
on the system. Sections 2.8.2 and 2.8.3 of this chapter contain
information on the set up of this switch pack. The setting of the
switch pack may be over-ridden by starting at other addresses.



Table 2-16 Memory Diagnostic Size Indication

Printout Memory Size

02400000 128K Bytes 64K Words
21000000 256K 128K
02000000 512K 256K
p3000000 768K 384K
040000009 1024K 512K




Refer to sections 2.8.2 and 2.8.3 for a description of this
function.

At this point, you should load your diagnostic media (typically
RX02 floppy disk or RL@2 cartridge disk) into drive ¢ and take the
necessary action to bring the media on 1line. Write-protect the
diagnostic media if possible. The selected device will be
bootstrapped as soon as it is ready and XXDP+, the diagnostic
monitor, should present its introductory message.

The console terminal (typically) contains the following dialogue
(Text typed by the user is underlined):

165000

@l65000G01000000

(The XXDP+ introductory message)

Diagnostics or chains of diagnostics may now be run. Specific
information on the PDP-11/24 diagnostics is available in Chapter 9
of this manual. Information on XXDP+ is available in the XXDP+

User's Guide (AC-F348D-MC).






CHAPTER 3
PDP-11/24 OPERATION

3.1 CONSOLE OPERATION

PDP-11/24 system communication between the user and the system is
provided by the operator's console (Figure 3-1) and the console
terminal which emulates the functions found on the traditional
"lights and switches" console. The PDP-11/24 operator's console
has a minimum number of lights and switches which perform basic
functions and provide system status information.

3.1.1 Operator's Console Switches
The operator's console contains two switches: POWER and

HALT/CONT/BOOT. The function of each switch and its effect on
System operation is explained below.

Power (4-position rotary keyswitch)

DC OFF DC power is removed from the system; contents
of MOS memory are lost and system cooling fans
are off.

LOCAL Power 1is applied to the system; Enables all

functions and normal operation.

LOC DSBL Power 1is present throughout the system
however, the HALT/BOOT switch is disabled and
the "Break" key on the terminal will not halt

the CPU.

STDBY DC power to most of the computer is off but DC
Power is applied to MOS memory to avoid data
loss.

WARNING
The DC OFF position does not remove ac
power from the system. AC power is
removed only by disconnecting the line
cord.

HALT/CONT/BOOT (3 position toggle switch)

HALT Halts the ©processor after all pending
interrupts and aborts have been serviced.

CONT Continue; The processor is enabled for normal
operation, however, it will not begin
executing instructions until commanded to from
the console.






BOOT Initializes the system; The processor will
’ begin executing instructions contained in the
hardware bootstrap.

When the boot switch is pressed or optionally on power-up
(depending on a jumper setting in the CPU) the CPU begins
executing instructions contained in the bootstrap ROMs. These
instructions are diagnostics which test the CPU as well as other
components in the system. On successful completion of the
diagnostics, the instructions will bootstrap a device selected by
the settings of the internal boot switches. If an error is
detected by the diagnostics, the failing routine will cause a
halt.

When the HALT/BOOT switch is in the HALT position, the system will
boot up to ODT (Octal Debugging Technique). If the ODT prompt
character (@) 1is not received on the console terminal move the
switch to the BOOT position, then to the HALT position, then
back to the CONT position. The switch should not, ordinarily, be
left in the HALT position.

3.1.2 Operator's Console Indicators
The four LEDs (RUN, DC ON, BATT and PROC) on the operator's
console provide status information about the system. This

information is described below.
RUN ON Processor is fetching instructions.

OFF Processor has halted or is waiting for an
interrupt.

DC ON ON Indicates that dc power is available but
does not imply that the power is within
the required levels, unless the UNIBUS
Map option is installed.

FLASHING The voltage monitor on the optional
UNIBUS Map module has detected a voltage
out of tolerance.

OFF Main +% V is absent.

BATT OFF Battery voltage is below the minimum
level required to maintain the contents
of MOS memory, battery backup is switched
off, or the battery backup unit is not
present in the system.



SLOW FLASH Battery is charging and the voltage is
above the minimum level required to
maintain contents of MOS memory if power
is removed. The amount of time that
memory will be retained will depend on
the amount of charge on the battery. The
flash rate is fixed and does not vary
with the charge rate of the battery.

FAST FLASH Indicates that primary power has been
lost and the battery is discharging while
maintaining MOS memory contents. The
flash rate is fixed and does not indicate
the charge 1level remaining on the
battery.

CONTINUOUS ON Battery is present and fully charged.

PROC ON Processor is the current UNIBUS master.
OFF Processor is not the current UNIBUS
master.
3.2 Console Terminal

The console terminal provides the communication link between the
user and the processor. Although the PDP-11/24 does not have a
traditional "lights and switches" console, ODT provides an
equivalent function. It allows the processor to respond to
commands and information entered via an ASCII terminal.
Communication between the user and the processor takes place via
ASCII characters interpreted as console commands. The console
terminal addresses lie between 77756@8 and 777566,. These
addresses are generated in microcode and- cannot be chgnged. The
hardware associated with the console terminal is described in
Section 4.6.

3.2.1 ODT OPERATION

The processor's microcode operates the serial line interface in
half-duplex mode. Program I/0 techniques are used rather than
interrupts. When the ODT microcode is printing characters using
the output side of the interface, the microcode is not monitoring
the input side for incoming characters. Any characters coming in
at this time may be lost. The UART chip may indicate overrun
errors, but the microcode does not check any error bits in the
interface, Therefore, users should not type ahead to ODT because
those characters will not be recognized. In addition, if another
processor is at the other end of the interface, it must obey
half-duplex operation. No input characters should be sent until
ODT has finished outputting.



Upon entry to ODT the RBUF register will be read using a DATI and
the character present in the buffer will be ignored. This is done
so that erroneous characters or user program characters are not
interpreted by ODT as a command.

The input sequence for ODT is as follows.

l.

2.

Test RCSR bit 7 (Done Flag) using DATI and if a =zero,
continue testing.

If RCSR bit 7 is a 1, read low byte of RBUF using a DATI.

The output sequence of ODT is:

l.

2.

3.2.2
ODT mode
10

20

30

Test XCSR bit 7 (Done Flag) using a DATI and if a zero,
continue testing.

If XCSR bit 7 1is a 1, write XBUF using a DATO. The
character is in the low byte and data in the high byte is
undefined (The high byte is ignored by the Serial Line
Unit).

If the interrupt enable (bit 6) in XCSR 1is set, an
interrupt will be created to the software when the ODT
command "P" is used. A "G" command will initialize the
1/0 system, clearing all the interrupt enables in
peripherals and thus not cause an interrupt.

ODT ENTRY CONDITIONS
may be entered as follows.

Execution of a HALT instruction in kernel mode, provided
the ENABLE KERNEL HALT jumper is installed.

Placing the HALT/BOOT switch in the HALT position and the
key switch in the LOCAL position.

Pressing the "Break" key on the console terminal and the
key switch in the LOCAL position.

Upon entry, ODT causes the following initialization:

1)

2)

3)

Perform a DATI from RBUF (input data buffer at 777562)
and then ignore the character present in the buffer. This
operation is done so that erroneous characters or user
program characters are not interpreted by ODT as a
command.

Print a <CR> and <LF>

Print the contents of the PC (program counter) in 6
digits.



4) Print a <CR> and <LF>
5) Print the prompt character, "@"

6) Enter a wait loop for terminal input. The DONE flag (bit
7) in RCSR at 1777756@8 is constantly being tested via a
DATI by the processor- for a "1". If it's a "@", the
processor keeps testing.

3.3 ODT COMMAND SET

The ODT command set is described in the following paragraphs. The
commands are a subset of ODT-11 and use the same command
character. Table 3-1 provides a list of the command set. ODT has
19 internal states. For each state only specific characters are
recognized as valid inputs, other inputs invoke a response of
"2" . This is done to protect the user from accidentally destroying
data via a syntax error. These states are described at the end of
this section for reference.

The parity bit (bit 7) on all input characters is ignored (i.e.,
not stripped) by ODT and if the input character is echoed, the
state of the parity bit is copied to the output buffer (XBUF).
Output characters internally generated (e.g., <CR>) by ODT have
the parity bit equal to zero. All commands are echoed except for
<LF>.

In order to describe the use of a command, other commands will be
mentioned before they have been defined. For the novice user, this
section should be scanned first for familiarization and then
re-read for detail. The word "location", as used in this section,
refers to a bus address, processor register, or processor status
word (PS). Bus addresses must be supplied as 18-bit addresses
(i.e., the PSW, if accessed by its address, must be accessed via
location 777776 and not 177776). The user's entry will be shown
underlined while the response from the processor will not be
underlined.

/ (ASCII @57_,) Slash

This comman% is used to open an address, processor register, or
processor status word and is normally preceded by other characters
which specify a location. In response to /, ODT will print the
contents of the location (i.e., six characters) and then a space
(ASCII 4¢). After printing is complete, ODT will wait for either
new data for that location or a valid close command. The space
character is issued so that the location's contents and possible
new contents entered by the user are legible on the terminal.

Example: @Q@01000/012525 <SPACE> where:
@ = ODT prompt character
PR1PPP = octal location in the bus address space desired
by the user (leading 2zeros are not required).
/ = command to open and print contents of location
#12525 = contents of octal location 1000
<SPACE> = space character generated by ODT
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Table 3~-1 Console Command Language
Symbol Octal Value Definition
/ 257 Opens a bus address, processor
(slash) register, or processor status
word.
CR 215 Closes an open location.
(Carriage Return)
LF @12 Closes an open location and
(Line Feed) opens the next contigious
location (Bus addresses
incremented by two, processor
registers incremented by one).
$ Q44
" or
R 122 Followed by a register number
(Internal Register) or "S8", opens that specific
Designator) processor register ("s"
represents the processor status
word) .
G 187 Starts program execution at the
(Go) location entered immediately
before G. Causes a bus
initialization.
P 120 Resumes execution of a program
(Proceed) without initializing the bus.
Control-S P23 Displays a portion of memory

(Binary Dump)

more efficiently than "“/" or
<LF> commands (not a normal
user command) .




The / command can be used without a location specifier to verify
the data just entered into a previously opened location. The /
will be recognized only if it entered immediately after a prompt
character. A / issued immediately after the processor enters ODT
mode will cause a ?<CR>, <LF>, to be printed because a location
has not been opened.

Example: @lp@@/012525 <SPACE> 1234 <CR><CR><LF>
@/001234 <SPACE> .

where:

first line = new data of 1234 entered into 1location
1608 and location closed with <CR>

second line = a / was entered without a 1location

specifier. The previous location was
reopened to reveal that the new contents
were correctly entered into memory.

CR (ASCII ﬂ158) Carriage Return
This command 1is used to close an open location. If a 1location's
contents are to be changed, the user should precede the <CR> with
the new data. If no change 1is desired, <CR> will close the
location without altering its contents.
Example: @R2/0#432]1 <SPACE> <CR> <CR> <LF>

@

Processor register R2 was opened and no change was desired so the
user issued <CR>. In response to the <CR>, ODT echoed <CR> and
printed <CR>, <KLF> and @.

Example: @ R2/00#4321 <SPACE> 1234 <CR> <CR> <LF>
@

In this case, the user desired to change R2, the new data, 1234,
was entered before issuing the <CR>. ODT deposited the new data in
the open location and closed the location. ODT echoes the <CR>
entered by the user and then prints <CR>, <LF>,@.

LF (ASCII @12,) Line Feed

This command %s used to close an open location and then open the
next contiguous location. Bus addresses and processor registers
will be incremented by two and one, respectively. If the PS is
open when a <LF> is issued, it will be closed and a <CR>, <LF>, @
will be printed; no new location will be opened. If the open
location's contents are to be changed, the new data should precede
the <LF>. If no data is entered, the location is closed without
being altered.

Example: @R2/123456 <SPACE> <LF> <CR> <LF>
R3/054321 <SPACE>



In this case, the user entered <KLF> with no data preceding it. In
response, ODT closed R2 and then opened R3. When a user has the
last register, R7, open, and issues <LF>, ODT will "roll over" to
the beginning register, R@. When the user has the last address of
a 32KW segment open and issues <LF>, ODT will open the first
location of that same segment. If the user wishes to cross the
32KW boundary, he must re-enter the address for the desired 32KW
segment. (i.e. —-- ODT is modulo 32KW). This operation is the same
as that found on other PDP-11 consoles.

Example: QR7/000800 <SPACE> <LF> <CR> <LF>
of register R@/123456 <SPACE>
'‘rollover'

Example: @577776/90008001 <SPACE> <LF> <CR> <LF>
of memory 400000/125252 <SPACE>
'rollover!

Unlike other commands, ODT will not echo the <LF>
(ASCII @12.,). Instead it will print <CR>, then <LF> so
that tele€§pe printers operate properly. In order to
make this easier for ODT to decode, ODT will also not
echo ASCII 000 gp2_ or 21@.,. It responds to these 3

14
characters wit@ ? <C§>, <LF>? @

$ (ASCII P44_) or R (ASCII 122_) Internal Register Designator
Either char%cter when followgd by a register number, 0 to 7, or
the PSW designator, S, will open that specific processor register.

The $ character is recognized to be compatible with ODT-11. The R
character was introduced for the convenience of one key stroke and
being representative of what it does.

Example: @ S@/000123 <SPACE> <CR>
Example: @ RO/00P123 <SPACE> <LF>
R1/0854321 <SPACE>

If more than one character (digit or S) is after the "R" or "S$",
ODT will use the last character as the register designator. An
exception: If the last register designator equals @77, ODT will
open the PSW rather than R7.

Stack Pointer

R6, the stack pointer, deserves special attention. Two stack
pointers actually exist; one for the kernel mode and one for the
user mode. The selection of which stack pointer is to be used is
based on the current mode bits of the PSW (bits <15:14>).

Example: @ RS/ 140008 <SP>XCR>XLF>; The machine is in the user
mode
@ R6/ 123456 <SP>XCR>XLF>; The user stack pointer is
examined
@ RS/ 140000 <SP>@LKCR>KLF>; The machine 1is forced into
the kernel mode
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@ R6/ 001000 <SP>XCR><LF>; The kernel stack pointer is
T examined
@ RS/ 000000 <SP>14000B<KCR><LF>; The machine is returned
to the user mode

S (ASCII 123,) Processor Status Word

This designa%or is for opening the PSW (processor status word) and
can only be used after the user has entered an "R" or "$" register
designator.

Example: @RS/180377 <SPACE> § <CR> <CR> <LF>
@/000020 <SPACE>

Note the trace bit (bit 4) of the PS can't be modified by the
user. This is done so that PDP-11 program debug utilities (e.g.,
ODT-11) which use the T bit for single stepping will not be
accidentally harmed by the user.

If the user issues a <LF> while the PS is open, the PS will be
closed and ODT will print <CR>, <LF> @. No new location is opened
in this case.

G (ASCII 107,) Go

This commanc? is used to start program execution at a location
entered immediately before the "G". This function is equivalent to
the "LOAD ADDRESS" and "START" switch sequence on other PDP-11
consoles.

Example: @ 200G <NULL> <NULL>
The ODT sequence for a "G" is:

1. Print two nulls (ASCII 0¢0,) so that the bus initialize
which follows will not flu%h the "G" character from the
double buffered UART chip in the serial line interface.

2. Load R7 (PC) with the entered data. If no data is
entered, @ is used. (In the above example, R7 will equal
P@@8200 and that is where program execution will begin).

3. The PSW, (and Floating Point Status register if the MMU
is present), will be cleared to 0.

4. The bus will be initialized. Logic on the CPU module
asserts BUS INIT for approximately 100 msec.

5. The processor will enter the service state. If there are
any service conditions present, they will be processed.



If the BUS HALT L signal is asserted, the processor will
re-enter the ODT state. This feature can be practically
used to initialize a system without starting a program
(R7 is altered). To single step a program issue a "G" and
then successive "p" commands, all done with the halt
switch in the "HALT" position. '

P (ASCII 120_) Proceed

This comman is wused to resume execution of a program and
corresponds to the "CONTINUE" switch on other PDP-11 consoles. No
programmer visible machine state is altered using this command.

Example: @ P

Program execution resumes at the place pointed to by R7. After
the "P" is echoed, the ODT state is 1left and the processor
immediately enters the state to fetch the next microinstruction.
If the HALT signal is asserted, it will be recognized <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>