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1. INTRODUCTION

CENTRAL
PROCESSOR

OPERATORS' CONSOLES

Figure 1-1. The Central Processor and Operator's Console

The UNIVAC 1108 System — the logical, program compatible successor to the UNIVAC

1107 Computer — is an integration of system-oriented hardware design, imaginative develop-
ment, and programming technology. The result is a system that effectively knows no appli-
cation boundaries. It is equally effectual in real-time, scientific, or data processing
environments, and is capable of adjusting dynamically to any one or a mixture of these
environments.

All system operations are coordinated and controlled by a versatile executive system
having full real-time, multiprogramming, and multiprocessing capabilities, but possessing
the simplicity of a monitor system.

The following description introduces the UNIVAC 1108 Multi-Processor System organization,
hardware components, and programming system,
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2.1.

2.2,

SYSTEM DESCRIPTION ]

GENERAL

The UNIVAC 1108 System is a general purpose, high performance unit- and multi-processor
system, making good use of the latest advances in computer design, systems organization,

and programming technology. Its modular structure permits the selection of systems components
to fulfill most efficiently the speed and capacity requirements for applications ranging from

a basic job-shop system to the comprehensive public utility computing complex.

As the workload increases, this modularity also enables the addition of input/output sub-
systems and main storage and even additional processors to provide the full multi-processor
system. Among the principal features of the 1108 System are:

B Common resource systems organization

® Equality among multiple UNIVAC 1108 Central Processors

m Multiple input/output controllers

m Large, modular, parity-checked, high speed main storage

® Overlapped and interleaved main storage access

B Redundancy among systems components :
[ ]

Program address relocation
Storage protection

m Partial-word addressability in 6, 9, 12, and 18-bit portions as well as full-word (36
bits) and double-word (72 bits) addressing.

m High speed, random access, auxiliary storage
m Privileged mode for the Executive system

® Guard mode for user programs.

SYSTEM COMPONENTS

The UNIVAC 1108 System is organized to allow multiple processors to perform, a
number of tasks simultaneously under the direction of a common Executive control
system. A multi-processor system requires a much higher degree of modularity in
organization than does a unit-processor system. It must be divisible into individual
logical components with the following properties:

Each system component must have more than one access path
Priority logic must resolve possible access conflicts

® The failure of any individual component must not prevent continued operation of
the system

B System components must be logically removable for servicing without disabling the

system. Q

The system is constructed of six types of components:

e

28di

Central Processors

Input/Output Contrallers

Main Storage Modules

Auxiliary Storage Subsystems
System Interconnection Components

Peripheral Subsystems

Central Processor

Each processor can perform all functions required for the execution of instructions
including arithmetic, input/output, and Executive control. In a multi-processor
configuration, all processors are equal — the test of a true multi-processor system.
Included in each processor is its own set of 125-nanosecond integrated circuit
control registers providing multiple accumulators, index registers, input/output
access control registers, and special-use registers,

Input/Output Controller

The Input/Output Controller (Figure 2—1) is an independent processor utilized in
multi-processor systems to expand the input/output capabilities of the system. It
includes:

Up to sixteen high speed input/output channels
Independent access to main storage
m Data chaining
B Sixteen poin;er registers
® Sixty-four external function and ISI data Access Control Registers

192 communications Access Control Registers
®m An optional 256 additional communications Access Control Registers.

- T 7 71
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Figure 2=1. The Input/Output Controller
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Main Storage

The main storage of the UNIVAC 1108 System is expandable in 65,536-word
increments up to a maximum of 262,144 thirty-six bit words. The main storage
read/restore cycle time is 750 nanoseconds. Up to four logical banks for instruction/
data reference overlapping provide the capability for an effective cycle time of 375
nanoseconds. In addition, two-way interleaving of storage modules is provided to
reduce the probability of access conflicts.

Auxiliary Storage

The auxiliary magnetic drum storage subsystems are an integral part of each UNIVAC
1108 System. Up to eight FH-432 or FH-1782 magnetic drums, or any combination of
the two types, may be attached to one or two control units. Both types of drum can
transfer data at 1,440,000 characters per second. The average access time of the
FH-432 is 4.3 milliseconds; that of the FH-1782 is 17 milliseconds.

Interconnection Components

It is an essential characteristic of multi-processor systems that there must be
provision for sharing of all of main storage and all I/0 subsystems by all processors
in the system. This sharing must be on the basis of both established priorities and
reactive priorities that may change during processing. In the 1108 System, Multiple
Module Access Units (MMA) provide this access to the storage modules by several
processors, and the Shared Peripheral Interface (SPI) similarly enables the sharing
of I/0 subsystems.

Shared Peripheral Interface

The Shared Peripheral Interface (SPI) controls the access of up to four input/
output channels to units in a shared peripheral subsystem (see Figure 2-2).
Access to shared peripheral subsystems is determined primarily by time of request,
If two requests are made simultaneously, the Central Processor or Input/Qutput
Controller on the lower numbered SPI Input/QOutput channel receives priority. In
case of a busy condition, or a priority conflict, the Executive automatically stacks
the request until the SPI channel is available. First-level queuing is handled in
the SPI itself. The Executive stacks longer queues and keeps track of the number
of I/0 function requests outstanding.

Input/output subsystems may be either single- or dual-channel, as is illustrated in
Figures 2—2 and 2-3. Single-channel subsystems perform one I/0 operation at a
time and therefore require one control unit, one 1/0 channel, and, in multiprocessor
systems, only one SPI. Dual channel subsystems can execute two operations
simultaneously using different peripheral units in the subsystem. Both of these
operations may originate in the same processor or they may come from different
processors.

Different processors can be connected to such a dual-channel subsystem through
two SPI Units. Two input/output channels from each Processor or Input/Output
Controller take separate paths. The failure of an SPI or one of the pair of Control
Units affects only one of the two paths to a peripheral subsystem. Therefore, all
peripheral units are still accessible through the second SPI and Control Unit.

1108 CPU CHANNELS
OR 10C CHANNELS

SHARED
PERIPHERAL
INTERFACE
(SP1)

CONTROL UNIT

PERIPHERAL

SUBSYSTEM

PERIPHERAL DEVICES

FH-432/1782 Drums

FASTRAND Mass Storage

UNISERVO VI C Magnetic Tape Units
UNISERVO VIII C Magnetic Tape Units
Card Read/Punch

Printers

Communications Terminal Module Controller
Word Terminal Synchronous

1004 Subsystem

Figure 2-2. Shared Peripheral Interface (SPI), Single-Channel Subsystem




1108 CPU CHANNELS
OR 10C CHANNELS

Figure 2—3. Shared Peripheral Interface (SPI), Dual-Channel Subsystem
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Figure 2—4, Multiple Module Access Unit

Multiple Module Access Unit

The Multiple Module Access Units (MMA) allow the sharing of individual storage
modules by up to three Central Processors and two Input/Qutput Controllers on a |
fixed priority basis. (See Figure 2—4.)

The MMA recognizes the storage access requests on a priority basis with the lower
channel retaining the higher priority. Input/Output Controllers which require higher
priority are therefore connected to the lower numbered interfaces. Upon recognition
of a storage access request the MMA connects the address lines, the CPU or 10C
data lines, and the write control signals to the storage module. The MMA then
sends the storage acknowledgement back to the recognized processor and provides
the drive necessary to transfer the data to the processor requesting it.

Availability Control Unit

Because of the system availability requirement the multi-processor system must
have a means for partitioning the system for specific jobs or for maintenance
purposes. The Availability Control Unit (ACU) performs this and related functions
as follows:

Partitions the multiprocessor system hardware into independent systems.

Takes units off-line for maintenance without disrupting operation of the rest of
the system.

® Protects main storage in event of a power failure in the CPU or 10C.
B Automatically initiates a recovery sequence after a failure.

The ACU partitions the hardware into specific configurations by disabling and
enabling the interface between units. It can set up as many as three logically
independent configurations which run concurrently under control of the Executive
system. The possible configurations can be pre-specified for a given site. At the
same time the ACU can take units off-line for maintenance.



The ACU is an independent unit with its own power supply logically situated
between the peripheral subsystems, the central processors, input/output controllers,
and main storage. (See Figure 2—7.) It can interface with three Central Processors
through one 1/0 channel of each, two IOC’s, four banks of main storage, and six
multiple-access peripheral subsystems. Additional peripheral subsystems, to a
maximum of 24, can be added in groups of six. The ACU includes a control panel,
physically located at the operator’s console, that indicates all partitioning currently
in effect and also shows which units are off line. It also has manual controls to
switch units on or off line.

The automatic recovery sequence is based on a resettable system timer in the ACU.
The period of this timer can be set to times varying from one to fifteen seconds,
Unless the Executive system resets this timer within its period, the ACU assumes
that a catastrophic malfunction has occurred and it initiates an automatic recovery
sequence. The processor can then interrogate the ACU to determine which units

are on line and available for use.

2.2.6. Operator's Control Conscle

The UNIVAC 1108 Operator’s Control Console subsystem is a free-standing input/
output device for directing and monitoring the operation of the CPU. A multi-processor
configuration includes one console subsystem for each CPU. The various activities
of the system can be apportioned among the available consoles so that the total
system will be utilized to best advantage. The console is always connected to
input/output channel 15.

The basic Control Console includes the following components:

® Keyboard and CRT Display

The keyboard and CRT display enable the operator to monitor the performance of
the system. The keyboard is a standard four-bank keyboard which can generate 63
Fieldata codes. A row of eight interrupt keys is located immediately above it.
The CRT can display 16 lines of 64 characters each.

B UNIVAC Pagewriter

The UNIVAC Pagewriter provides a hard copy of all messages for a permanent
record of all completed transactions between the operator and the Executive
system. The Pagewriter prints lines of up to 80 characters each at a rate of 25
characters per second.

® Day Clock

The day clock on the consocle displays the time of day in hours, minutes, and
hundredths of minutes. It furnishes the time of day to the CPU every 600 milli-
seconds and sends a day clock interrupt signal to the CPU every 6 seconds.
The day clock may be manually disabled from the operator’s console.

On a multi-processor system, any one day clock may be selected to be active
either externally or by program.

«.

2.3,

m Operator's Control and Display Panel

The Operator’s Control and Display panel includes fault, disable, and mode
indicators for its CPU and associated main storage modules; displays and controls
associated with selecting and releasing jumps and stops, with the Program Address
Counter and Memory Select Register, and with the time display of the day clock. It
also includes system controls associated with the CPU and subsystems which are
logically connected to the CPU.

m Additional Features

An auxiliary right- or left-wing console to accommodate control/display panels
for Communications Terminal Module Controller subsystems can alse be included.

CONFIGURATIONS

The introduction of the UNIVAC 1108 System with its many components provides a
most flexible system. The many configurations of individual components are almost
limitless. Figures 2—5, 2—6, and 2—7 illustrate typical possibilities.
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Figure 2—5. Unit Processor Sysfem with Noninterleaved Storage
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3.

3.1.

MAIN STORAGE

GENERAL

The main storage of the UNIVAC 1108 Multi-Processor System is a high performance, fast
access repository for instructions and data, Its design fully supports the concepts of
multiprogramming, multiprocessing, modularity, and reliability around which the entire
UNIVAC 1108 Multi-Processor System is constructed. Among its featured characteristics
are:

m 750 nanosecond read/restore cycle time

B 65,536, 131,072, 196,608 or 262,144 thirty-six-bit words
B Parity checking on all storage references

B Access by up to three processors and two [0C's

® Modular expansion two, four, six or eight 32,768-word modules (one, two, three, or four
65,536-word module pairs or banks)

B Hardware storage protection — lockout boundaries establishable in 512-word increments

B Relative addressing and dynamic program relocatability through program base registers

B On-line serviceability — module pairs may be removed for servicing without stopping
the entire system .

o ) .
® Overlapping/interleaved main storage access to boost processor performance and to
minimize access conflicts among processors,

While these features are all discussed generally as storage features, many of them such as
relative addressing, storage protection, overlapping/interleaving are actul:all\-' functions of
each processor. With proper multiprocessor system organization, the main st;)rage then
becomes a set of components of the system which are allocatable in the Same manner as
peripheral devices. In realizing this objective, the design departs from the traditional
close integration of the processor and the storage elements in the following ways.

B The main storage is composed of independently accessible modules, vet it presents a
continuous addressing structure to the processors,

B In order to service more than one processor, a method of establishing priority among

processors (CPU’s and 10C’s) at each module is provided in case two or more processors
attempt to reference the same module simultaneously.

B To ensure that a processor will wait for access to storage, the processaor and the
module communicate on a request/acknowledge basis.

Juds

3:3

With these considerations in mind, the storage modules (via the MMA) become passive
components which perform the following functions:

m Grant storage access to a number of processors on a pric;rity basis.

B Accept an address from any processor,

B Store or retrieve a word at that address.

® Issue an acknowledgement signifying that a storage reference has been completed

m Check parity on all data and deliver an interrupt signal to the processor requesting
access should a parity error occur.

This processor module relationship has significant advantages for the immediate as well
as the future needs of the system. Addition of processors or banks of storage is simplified.
It becomes a simple matter to add processors or storage elements, or to replace them with
improved equipment, module by module, as technology advances.

STORAGE MODULE

The basic storage module includes 32,768 words of ferrite core array. Each word is

36 bits long, and carries two additional parity bits in nonaddressable levels, one

bit for each half word. The main components of the module are a 15-bit address

register, a 36-bit read/restore register, parity checking circuits, and request/acknowledge
circuits,

The 15-bit address register of each storage module provides addressing for 32,768
words. Since an 18-bit address is generated within the processor at each storage
reference, three bits are available for selection of one of the eight possible storage
modules. 5

Parity is checked on reading or calculated on writing for each storage access. If a
parity error is detected, the storage bank sends a parity error interrupt signal to the
processor which it is currently serving, and rewrites the word in its incorrect form to
ensure subsequent data errors when the word is again referenced. Preservation of the
error in this way facilitates fault location, since the Executive can determine whether
the failure is transient or is associated with a marginal or complete failure of the
module.

MULTIPLE MODULE ACCESS UNIT

In a multiprocessor system, an MMA unit is connected between each pair of main
storage modules and the processors which may reference it. The MMA unit furnishes
five priority-ordered processor connection paths (one for each CPU and one for each
10C) to each of the modules of the pair. Should an access conflict occur among
processors, the MMA grants storage access to the processor have the highest pri-
ority, then the next, and so on. Communications between a processor and a single
storage module can, therefore, be asynchronous; if the storage module is busy
servicing one processor, a passive wait cycle is induced in others of lower priority
that may be referencing it. Because a delay in honoring an input/output transfer can
result in an undesirable “‘go-around’’ on drum, reread or rewrite on tape, or actual
loss of data in the case of real-time input, [/0 Controllers are ordinarily attached
to the higher priority inputs of the MMA, followed by CPU’s, which have built-in
precedence of 1/0 over computational activities.

13




3.4. PACKAGING

Two 32,768-word storage modules (module pair) within a single cabinet constitute a
bank. An adjacent cabinet contains DC power supplies for operation of the bank and
the associated MMA.

3.5. STORAGE CAPACITY

Available storage capacity ranges from 65,536 words to the system maximum of
262,144 words, in steps of 65,536 words, according to the following:

65,536 words (two modules) — Minimum for unit processor system
131,072 words (four modules) — Minimum for multiprocessor system
196,608 words (six modules)

262,144 words (eight modules)

3.6. ADDRESSING

Two special techniques for referencing the main storage modules are used to increase
processor performance and to reduce the occurrence of multiprocessor access conflicts,
The first, called overlapping, enables the CPU to retrieve the current operand and the
next instruction simultaneously; the second, called interleaving, enables two processors
(CPU’s, I0C’s, or CPU and IOC) to access a pair of modules with minimum access
conflicts.

3.6.1. Overlapping

The CPU can determine whether its current operand and next instruction lie in
different storage modules, and if they do it retrieves the two words in parallel, at
an effective 100% performance increase.

The overlapping feature permits the separation of the instruction and data of a
program into separate physical banks. Furthermore, the base register of the CPU
allows either the instruction or data area of a program to be relocated independently —
a significant advantage in storage compacting to overcome program fragmentation.

3.6.2. Interleaving

Interleaving is a method of addressing a main storage module pair (bank) in an
even/odd fashion. It significantly reduces storage access conflicts in a multi-
processor system, and thereby increases overall system performance. With inter-
leaving, one module of a pair contains all even numbered locations and the other
contains all odd numbered locations. Thus, in a fully-expanded eight module system,
modules 0, 2, 4, 6 are referenced for even addresses while modules 1, 3, 5, 7 ate
referenced for odd. The even/odd module pairs consist of modules 0 and 1, 2 and 3,
4 and 5, and 6 and 7.
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For a practical example, substitute the letters A, B, C, D for the modules contained

in two banks, and assume data are being stored sequentially by a program. (The

same assumption may be made for instructions being executed sequentially by the
same program.) With the overlapping feature, assume processor number 1 starts
executing instructions and retrieving data, with the instruction area in bank 1 and

the data area in bank 2. For simplicity, assume the starting instruction and data
addresses are at even numbered locations. The processor will then reference module
A-B-A-B. . . for sequential instructions, and C-D-C-D. . . for sequential data locations.
In any single storage interval, either modules A-C or B-D will be busy while their
alternates will be idle. If another processor starts an identical process, but referencing
an odd address to begin with, both processors may run concurrently without one
impeding the operation of the other.

Assuming that both processors in the above example started at even addresses, the
processor with lower priority passively waits one storage cycle after which the two
are again in synchronization and may operate simultaneously.

STORAGE PROTECTION

To prevent inadvertent program reference to out-of-range storage addresses, the 1108
processor includes a hardware storage protection feature. The controlling element in
this feature is the Storage Limits Register, the contents of which are as follows:

INSTRUCTION AREA DATA AREA

35

UPPER LOWER UPPER LOWER
BOUNDARY BOUNDARY BOUNDARY BOUNDARY

L

21 |26 18 (17 918 0

3 i

The Storage Limits Register (SLR) can be loaded by the Executive system to establish
allowable operating areas for the program currently in execution. These areas are

termed the program instruction (I) and data (D) areas. Before control is given to a
particular program, the Executive loads the SLR with the appropriate I and D boundaries.

Before each main storage reference, the processor performs a limits check on the
address, comparing against the limits of either the I or D field of the SLR. An out-
of-limits address generates a guard mode interrupt, thereby allowing the Executive
to regain control and take appropriate action.

Storage Protection Modes

The Executive system can establish two diffegent modes of storage protection by
means of control fields in the Processor State Register (PSR) described in Section 4.
Normally, the Executive itself operates in open mode; that is, the Storage Limits
Register may be loaded but the PSR is set to disregard this, and the Executive can
reference any location in main storage.

15




3.7.1.1. Privileged Mode

Another mode can be established in the PSR for privileged programs. This
privileged mode protects against out-of-bounds writes. Privileged programs (such
as real-time programs or Executive-controlled subroutines) may enter non-alterable
(re-entrant) subroutines, which are part of the Executive. Though these privileged
programs are assumed to be thoroughly checked out, the system is still fully
protected against unexpected occurrences since write protection is in effect.

3.7.1.2. User Program Mode

3.8.

In the user program mode, read, write, and jump storage protection is in effect.
Therefore, user programs are limited to those areas assigned by the Executive.

If the user program reads, writes, or jumps to an out-of-limits address, an interrupt
returns control to the Executive for remedial action.

Read/jump protection allows the Executive to stop the program at the point of

error, terminate it, and provide diagnostic information to the programmer thereby
minimizing wasted time and smoothing the checkout process.

A particular advantage of read/jump protection is that classified (confidential)
programs can be confidently mn together; they are fully protected from audit
(inadvertent or otherwise) by other programs.

RELATIVE ADDRESSING

Relative addressing is a feature of great significance in multiprogramming, time-
sharing, and real-time operations, for it allows storage assignments for one program
(the one going into execution) to be changed dynamically by the Executive to provide
continuous storage for operation of another program, and it permits programs to
dynamically request additional main storage according to processing needs. An
additional advantage is that systems programs stored in auxiliary storage may be
brought in for operation in any available area without complicated relocation
algorithms.

Relative addressing is provided for through base registers contained within the CPU.
Two separate registers control the basing of the program instruction and data bank,
and a third register controls the selection of the appropriate base register,

4.1.

4.2,

4. 1108 PROCESSOR

GENERAL

The UNIVAC 1108 Central Processor Unit (CPU) is the principal component of the UNIVAC
1108 Multi-Processor system and, generally, the one by which the entire system is identi-
fied. It can operate under Executive or user program modes of control; it performs both
arithmetic and logical operations; and it accommodates and supervises up to 16 input/
output channels.

PRINCIPAL SECTIONS

The processor is logically divided into six interacting sections each of which is
identified and briefly described below.

m Control Registers — The CPU has 128 program-addressable control registers
used for arithmetic operations, indexing, and input/output buffer control.
.

m Arithmetic Section — This section contains the adder registers, and control
circuits necessary for performing fixed and floating point arithmetic, partial-word
selection, shifting, logical operations, and tests.

m Control Section — This section provides the basic control and logic for instruc-
tion decoding and execution. It includes the Program Address Counter used
for the sequential accession of instructions; the Program Control Register in which
instructions are staticized for execution; and the Processor State Register (PSR),
which determines various processor operating modes. The Control Section also
services interrupts.

® Input/Output Section — This section controls and multiplexes data flow
between main storage and 16 input/output channels. It includes an interrupt
priority network and paths to peripheral subsystems for both function signals
and data.

® Indexing Section — This section contains parallel index adders and threshold

test circuitry. It is used generally for processor control functions, operand
address development, program relocation, and input/output transfer control.

B Storage Class Control Section — The Storage Class Control section receives
the final operand address from the index adder and establishes address and
data paths to one of eight possible storage modules. Storage Class Control
also determines whether a final address refers to a control register.
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4.3. INSTRUCTION WORD FORMAT @ . 4.3.7. Address Field

The u field normally specifies the operand address. However for certain instructions
it holds constants. For example, the shift instructions use the seven least signif-
icant bit positions to hold the shift count. In all instructions, the value in the u

i field may be modified by the contents of an index register.

The format of the 1108 instruction word is illustrated below followed by an explanation
of each field. Some fields have more than one meaning depending on the class of
instruction.

4.4. CONTROL REGISTERS

35 101729 76125 22121 18117/16115 0 The 128 program-addressable control registers are grouped to provide multiple index
registers, accumulators, input/output access control registers, and special registers

4.3.1. Function Code : (see Figure 4-1).

The control registers consist of 36-bit integrated-circuit registers, with a basic cycle

These six bits specify the operation to be performed. For function codes above 70g,
time of 125 nanoseconds. Two parity bits are included with each control register.

the f and j fields are combined to produce a 10-bit function code. An illegal function

code generates an interrupt.
Effective use of multiple accumulators and index registers for the development and

use of constants, index values, and operands substantially improves performance.
UNIVAC 1108 compilers, for example, perform significantly better through multiple
For function codes less than 70g, the j designator specifies partial-word or immediate- register usage, and can produce highly efficient code.

operand selection. (See Figure 4-2 for specific partial-word selections.)

4.3.2. Partial-Word or Immediate-Operand Designator

In the following descriptions only programmable registers are discussed. The Executive,
4.3.3. Control Register Designator through modes established by the Processor State Register, has exclusive use of the
duplicate set of control registers as well as the Access Control Registers indicated

The four-bit a field designates which control register, within a group selected by by the shaded avess: in Figure 4—1

the function code, is involved in the operation. For some operations, the a field

refers to an arithmetic register; for others, it refers to either an index register or

some other control register. In input/output instructions, it specifies the channel 6 .
and its associated input or output access control register. For function code 70g b T

the a and j designators together address one of the 128 control registers.

4.4.1. Index Registers

Control register locations 00—15 are Index Registers and have the following format:

.
Xi Xm
35 MODIFIER INCREMENT OR DECREMENT 18117 INDEX MODIFIER 0

4.3.4. Index Register Designator

The x field specifies one of the 15 index registers to be used in address modification,.
When register 00 is designated, indexing is suppressed.

The Xm portion of the index register is an 18-bit modifier to be added to the base
4.3.5. Index Modification Designator operand address of the instruction. The Xi portion of the index word updates the

Xm portion, after base operand address modification.
The h field controls modification of the index value (Xm) by the increment field

(,Xi) after indexing (599‘4_4_1), Ifh & 1, the right .hélf c.;f th.e index register is modi- Index register modification is specified by a 1 bit in the h field of the instruction,
fied by the contents of its left half; if h = 0, modification is suppressed. : while indexing itself is specified by a nonzero value in the x field. Both functions
take plac ithin the basic instruction execution cycle.
4.3.6. Indirect Address Designator e l o

The i designator controls the use of indirect addressing during instruction execution. When cascaded indirect addressing is used in a programmed operation, full indexing

If i =0, the instruction functions normally. If i = 1, the 22 least significant bit

positions of the instruction (x, h, i and u fields) are replaced in the instruction i
register with the contents of the 22 least significant bit positions of (U). Indirect

addressing continues as long as i = 1 with full indexing capability at each level.

capabilities are provided at each level. Indirect addressing replaces the x, h, i and
u portions of the instruction register, beginning with a new indexing cycle for each
cascaded sequence. This process continues until the i field is zero.

Index Register 00, while program addressable, stores the contents of the Processor
State Register (PSR) upon occurrence of an interrupt. Since its contents are over-
written at each interrupt, it is not generally useful for programming purposes.
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4.4.2.

4.4.3.

4.4 4.

4.4.4.1,

Arithmetic Accumulators

Control register locations 12-27 are arithmetic accumulators, for programmed storage
of arithmetic operands and results. The computation is performed in other registers

within the arithmetic section.

Depending upon the instruction, use of the accumulators results in a variety of
word formats. Double precision instructions and a number of logical instructions
reference two contiguous accumulators, i.e., A and A + 1. In arithmetic operations,
A + 1 always holds the least significant part of an operand or result. Some
instructions, such as single precision floating point operations, call on a one-
word operand from memory but produce a two-word result in the specified A

and A + 1.

Access Control Registers

Control register locations 32—63 are Input and Output Access Control Registers
(ACR’s). They are guard mode protected and may be referenced only by the
Executive. Formats of the Access Control Words are detailed in Section 5.

The word-by-word transmission of data over an I/0O channel is governed by the
contents of the ACR’s. Two ACR’s, one for input and one for output, are assigned
to each of the sixteen channels. Input ACR’s (locations 32—47) control input
data transfers while output ACR’s (locations 48—-63) govern the transmission of

output data and Function Words.

When an input/output operation is initiated, the programmed ACR word is loaded
into the ACR corresponding to the channel associated with the specified peripheral

unit.

Registers

The sixteen control register locations 64-79 are R Registers. The first three of
these (R0, R1, R2) have specified functions and formats as described below. The
remaining R Registers are not specifically assigned,; typically they are used as
loop counters, transient registers, or storage for intermediate values or constants.

RO — Real Time Clock

35

UNASSIGNED

18417

CLOCK COUNT

20

This register is initially loaded by the program. The contents are then decremented
once each 200 microseconds. A real time clock interrupt occurs when the clock
count goes through zero. Thus, if the clock is initially loaded with the value 5000,

an interrupt occurs in exactly one second.

OCTAL DECIMAL
0 _ _ _ _ _ _ PROCESSOR STATE REGISTER (TEMP_STORAGE) _ __ _ _0]
1 1
Xi Xm 15 INDEX REGISTERS (X)
s v o e e e wall B e e p e P s s s s e
14 12 .
e o A OVEREAR)
20 16
16 ACCUMULATORS (A)
33 27
34 28 -
37 31 4 UNASSIGNED
40 : 32 *16 OUTPUT ACCESS
G W(WORD COUNT) V(BUFFER ADDRESS) CONTROL RERISTERS
OR OR
ESI IDENTIFIER
- INPUT IDENTIFIER OUTPUT IDENTIFIER = REAISTERS
60 48
G W Y #16 QUTRUT ACCESS
CONTROL REGISTERS
77 63
00 _ . _REAL-TIMECLOCK 64
lot____ _ __ __ _ REPEAT COUNTREGISTER 65
102 ____ _ MASK REGISTER _ _ _ _ _ _ _ _ _ | 66 ] 16 SPECIAL REGISTERS (R)
¢ 67
Y UNASSIGNED
117 79
B L R AR B
s e _REPEAT COUNTREGISTER o o o oo 81
L O NS e . | MASK REGISTER __ __ __ ___ __ ____ _ _ .82 16 SPECIAL REGISTERS (Rg)
123 83
UNASSIGNED
137 95
jfag  NONCIROEXING REGISTERMMAN. o0 o0 o BB o o neaen
141 97 _
Xi Xm 15 INDEX REGISTERS (Xg)
[ . I S T, ) T e = =l B e e s —eee
154 108
157 i1 (OVERLAP)
160 112
16 ACCUMULATORS (Ag)
173__ oy im,, DO IS
174 124
o ey 4 UNASSIGNED
- 36 BIT + PARITY -
= EXECUTIVE (GUARD MODE PROTECTED)
“See 5.2.

Figure 4=1. Centrol Register Address Assignments
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4.4.4.2. R1 — Repeat Counter

‘_ . 4.5.1. The Adder

The adder in the 1108 Processor is a one's complement subtractive adder for 36-hit

or 72-bit operations. For purposes of analysis and debugging, the programmer may
UNASSIGNED REPEAT COUNT (k) manually simulate the computer operation by simple binary or octal addition.

35 18]17 0 f

Two special internal designators associated with the arithmetic adder are the
overflow designator and the carry designator. The fixed point addition and subtraction
instructions, single and double precision, are the only instructions which affect
these two designators.

The Repeat Counter controls repeated operations such as Block Transfer and
Search instructions, To execute a repeated instruction k times, the repeat counter
is loaded with k prior to the execution of the instruction.

I
‘ Before the execution of one of these instructions both designators are cleared. The
4.4.4.3. R2 — Mask Register s overflow designator is set upon generation of a significant bit in the sign position.
Thus a positive result from two negative quantities or a negative result from two
. positive quantities sets the overflow designator. The carry designator is set when-
ever an end-around carry is generated. This indicates the involvement of a negative

Guantity as one of the operands.

The Mask Register functions as a filter in determining which portions of words
are to be tested in repeated masked search operations or in logical comparisons.
(U) is compared to (A) only with respect to those positions which contain one’s
in the Mask Register. In repeated masked search operations, both the Mask

Register and the Repeat Counter are loaded prior to executing the search command.
¢ : é ® | After the instruction has been performed, the designators remain either set or clear

4.5, ARITHMETIC SECTION { until another of the designated arithmetic instructions is initiated. Both designators
' are set in time to be tested immediately after the specified instruction has been
In the UNIVAC 1108 System the manipulation of data (addition, subtraction, multiplication, executed.
division, shifting) takes place in the arithmetic section of the central processor. During
the execution of an arithmetic instruction, storage registers within the arithmetic When an interrupt occurs, the hardware stores the settings of the carry and overflow
section itself are used for actual computation. The arithmetic section has the following designators in the Processor State Register (see 4.6.1) and control passes to the
characteristics: Executive system. This information is automatically returned to the designators
€ . when the Executive returns control to the interrupted program.
B On fixed point, single precision instructions the j designator selects all or a portion
of one of the operands (half, third, quarter or sixth waord) for use in the arithmetic 4.5.2. Arithmetic Accumulators
operation. *

The sixteen arithmetic accumulators can be addressed directly by the programmer
and are available for storing operands and results of arithmetic computations, These
| arithmetic accumulators should not be confused with the non-addressable transient
[ registers contained within the arithmetic section itself used in actual computation.

® Special split-word arithmetic instructions provide for simultaneous addition or
subtraction of corresponding half or third words of the two operands.

B When a shift matrix is used, a multiposition shift requires the same time as a one | . )
. . . p. ! i . [ With the Add to X and Add Negative to X instructions, the index registers also act
place shift. Right and left shifts of single or double length operands can be speci- 1t i th . ‘th ) - ;
fied. Left shifting is logical (zeros are filled to the right). Right shifts may be g8 ACCUmEEions e same mannen a ¢ anthmetic registers
either logical lgebraic (sign bits are fill ft). ; 2
¢ ICRAERLGIRR (sig s il e 1ot | 4.5.3. Partial-Word Transfers

B Sixteen arithmetic registers in the control register section, acting as sixteen | To minimize shifting and masking and to allow computation based on selected
accumulators, allow parallel and cumulative computation. Full double precision portions of words, the 1108 System permits the transfer of partial words into and
floating point arithmetic is provided.

S

out of the arithmetic section in a varying pattern (see Figure 4-2).

m When the results of arithmetic operations are in double-length form, they are By selecting the coding of the j designator in the instruction word and bit 17 of
automatically stored in consecutive control registers and are available for [ the Processor State Register a programmer may transfer a chosen portion of an
retrieval as double-length results. | operand to or from a control register or the arithmetic section. The transfer to an

arithmetic register may also be accompanied by sign extension for subsequent
® Alphanumeric comparisons utilizing the Mask Register allow any selection of [

bits in one 36-bit word, to be directly compared with corresponding bits of |
another word,

arithmetic operations, depending on the j designator.
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4.5.4.

4.5.5.

; PSR BIT POSITIONS OF BIT POSITIONS OF
BIT 17 (U= A, X, or R (A), (X), o (R)—=U
00 - 35-00 —= 35-00 35-00 —= 35-00
01 - 17-00 —=  17-00 17-00 —= 17-00
02 - 35-18 —= 17-00 17-00 —= 35-18
03 - 17-00 —= S 17-00 17-00 —= 17-00
04 0 35-18 —=§ 17-00 17-00 —= 35-18
1 26-18 —=  08-00 0800 — 16-18
05 0 11-00 —= S 11-00 11-00 — 11-00
1 08-00 —e  08-00 08-00 08-00
06 0 23-12 —= § 11-00 11-00 —e 23-12
1 17-09 —=  08-00 0800 —s 17-09
07 0 35-24 —= S 11-00 11-00 —= 35-24
1 35-27 —=  08-00 08—00 —= 35-27
10 - 05-00 —=  05-00 0500 —= 05-00
11 - 11-06 —  05-00 05-00 —= 1106
12 - 17-12 —=  05-00 05-00 —= 17-12
13 - 23-18 —=  05-00 05-00 —= 23-18
14 B 29-24 —  05-00 05-00 —= 29-24
15 - 35-30 —=  05-00 05-00 — 35-30
16 - 18 bits*—=  17-00 NO TRANSFER
17 B 18 bits* == § 17-00 NO TRANSFER

*1fx=0,h,i, and u are transferred
IFx 0, u+ (X )y is transferred

S = Sign Extension, where the sign is that of the j-determined final contents of A.
Figure 4=2, J-Determined Partiol Ward Operation.

Split-Word Arithmetic

The System can perform addition and subtraction of half words or third words
simultaneously. The right halves of two operands, for example, are added and the

sum is stored in the right half of the selected accumulator. At the same time, the

left halves of the same two operands are added and the result is stored in the left
half of the same accumulator. There is no carry interaction between the halves.

The same holds true for thirds of words. Each partial word operates as an independent
arithmetic register, with its own end-around carry.

Shifting

The System can perform both single-length shifting (36 bits) or double-length
shifting (72 bits), treating the latter as if operating with a single 72-bit register.

A high speed shift matrix makes execution time independent of the number of places
involved in the shift, which means that an operand can be shifted from 0 to 72
positions in one storage cycle time.

Six types of shift operations are provided.
m Right Circular — bits shifted out at the right reappear at the left.

B Left Circular — bits shifted out at the left reappear at the right.

m Right Logical — zeros replace bits shifted out of the most significant positions.

m Left Logical — zeros replace bits shifted out of the least significant positions.

®m Right Algebraic — sign bits replace bits shifted out of the most significant
positions.

m Scale-Factor Shift — a single or double accumulator left shift which positions
the word and simultaneously counts the number of shifts required until

4.5.6. Double Precision Fixed Point Arithmetic
The System provides 72-bit, double precision fixed point addition and subtraction.
Operands are processed as if they occupied a single 72-bit register. Bit 71, the
high order bit, is the sign bit.
In addition, several arithmetic instructions produce two-word results. With fixed
point multiplication, a double-length product is stored in two arithmetic registers
for integer and fractional operations. Integer and fractional division is performed
upon a double-length dividend with the quotient retained in A and the remainder
retained in A + 1.
4.5.7. Floating Point,Arithmetic

The System is equipped with an extensive hardware repertoire of floating point
instructions. If the arithmetic is single precision, the range is from 1038 to 10737
with eight-digit precision. The word formats are given below.
Source Operand Format

]

G EXPONENT FIXED POINT PART

N

3534 27126 0
Result Format

j ;

ﬁ EXPONENT FIXED POINT PART G EXPONENT FIXED POINT PART

N
35134 27{26 0 35134 27126 0
WORD 1 WORD 2
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In a single-precision floating point operation word 1 is the more significant portion
of the result. Word 2 contains the less significant portion. Mathematical error
tracing can determine how much accuracy is being lost in calculations using this
format. The least significant word is displaced 27 bits to the right of the binary
point in the significant word. Hence, its exponent is always adjusted by —27. The

two-word result of this single precision operation is developed in two contiguous
Arithmetic Registers.

If the arithmetic is double precision, the range is from 10307 to 10-308 with 18
digit precision. The values are expressed in two adjacent words, as shown in the

following format.

Source and Result Format

=00—w|

£,
o

I
EXPONENT FIXED POINT PART
25(24 0]35 0

Full double precision operations do not require a repeated sign and exponent in the
36 least significant bits.

:n any of the floating point formats the exponent can assume a range of values as
ollows:

Single precision (8 bits): 000-255
Double precision (11 bits): 0000-2047

To express negative exponents, the hardware biases or floats the exponent on a

midvalue. The sign bit of the floating peint word applies to the fixed point part.
The true and biased ranges of the exponent are as follows:

True Biased
Single precision 128 to +1274¢ 0 — 2551
Double precision —1024q to +1023; 0 — 204719

A positive fixed point part is normally assumed to be in range % to 1. Such a value
places a 1 bit in the most significant bit position. When this condition exists, the
floating point number is said to be normalized. A negative fixed point part causes
the entire floating point word to be complemented, and a 0 appears in this position.

Floating point instructions are also provided for the following operations.

Determining differences in exponents.

Packing and unpacking exponents and fixed point parts (single and double
precision).

Conversion — Single to double precision
Double to single precision

EXECUTIVE SYSTEM CONTROL FEATURES

To maintain the multiprogramming and multiprocessing environment the Executive must
have complete control of the entire 1108 system. Special hardware features are provided
to permit this control.

The multiprogramming and multiprocessing capabilities of the system are based upon
Guard Mode operation. In this mode certain instructions, registers, and storage locations
are available for the exclusive use of the Executive System. Under the guard mode,
unrelated programs cannot interact.

Processor State Register

The Processor State Register (PSR) stores a 36-bit representation of various states
and conditions affecting the current operations of the Processor. By means of this
register the Executive sets up control modes for itself, governs the operation of
worker programs, and registers status information concerning worker programs when
it regains control in consequence of interrupts. Figure 4-3 explains in detail the
significance of each bit of the PSR.

The Executive uses a special instruction, Load Processor State Register, for load
PSR, and governing the following functions and conditions:

Program base addresses

Quarter word operations in the processor

Carry and overflow status

Guard Mode

Storage protection mode

1107 compatibility mode

Floating point underflow mode (double precision operations)
Base register suppression

Control register process selection

IBM* 7090 floating point compatibility mode

The contents of the PSR are stored automatically as soon as an interrupt occurs.
Program carry and overflow status are first registered in PSR and then its contents
are transferred to Control Register location 00 (Index Register zero). The PSR is
then force-cleared in preparation for Executive operations. The Executive saves the
contents of Control Register 00 so that it can reinstate conditions as control is
returned to the program that was interrupted.

*Registered trademark of International Business Machines Corporation.
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INSTRUCTION BANK
BASE REGISTER

B /B, SELECTION

REGISTER
QUARTER WORD DATA BANK BASE
MODE REGISTER
| NOT USED
|
D FIELD By Be Bp
35 7] 2% 11711615 9|8 0
315[313 2b 31 sh2o, "’zli
Do CARRY DESIGNATOR
b1 OVERFLOW DESIGNATOR
D2 GUARD MODE AND STORAGE PROTECTION
D3 WRITE GNLY STORAGE PROTECTION
1107 COMPATIBILITY
D& DOUBLE PRECISION UNDERFLOW
o CONTROL REGISTER SELECTION
b7 BASE REGISTER SUPPRESSION
3} FLOATING-PCINT ZERD
D FIELD
D8 7090 FLOATING-POINT COMPATIBILITY MODE D3 WRITE-ONLY STORAGE PROTECTION

D7

D6

D5

D4

=0 Clears exponent to zero when a fixed point part
equal to zero is generated
=1 Produces relative floating point 0

BASE REGISTER SUPPRESSION

=0 Allows contents of Base Registers to be added to
every U address,

=1 Base Register addition on storage reference is
suppressed when instruction i-designator = 1,

CONTROL REGISTER SECTION

=0 Selects User Program control Register Set
(Locations 00-374, 100-117g)

=1 Selects Executive Control Register Set (Locations
120-177g)

The Executive passes control to User Programs with

bit 33 = 0, which selects the worker set. An interrupt

forces this bit to 1 after (PSR) has been transferred

to X0, making the upper Control Registers available

to the Executive.

DOUBLE PRECISION UNDERFLOW — Double Precision
Floating Point Operations

=0 Interrupts on D.P. Floating Underflow

=1 Clears results to zero and continues

This is a program-requestable option which is set up
for the program by the Executive.

1107 COMPATIBILITY MODE

=0 1108 Mode — Full Range Addressing

=1 The upper two bits of the effective address (U)
are stripped, allowing 1107 program compatibility
with the 1108, In this mode, only 65,536 words
of storage are available.

=0 Read, Write and Jump storage protection under

=1

Guard Mode
Write Protection Only under Guard Mode

D2 GUARD MODE
=0 Guard Mode off. All instructions and storage

references to Access Control Registers (40-773),
the Real Time Clock (100g) and Executive
Control Registers (120—1??8h are permitted.
Guard Mode on, Invalidates all instructions and
control register references described above to
enforce the integrity of the system. Only when
Guard Mode is on are the contents of the

storage limits register effective in storage
protection. (If D3 = 1, there is no read or

jump protection.)

D1 OVERFLOW DESIGNATOR

=1

Atithmetic Overflow at time of interrupt.

D0 CARRY DESIGNATOR

=1

Arithmetic Carry at time of interrupt

OTHER FIELDS

0-8 BASE REGISTERS. These registers
9-15 provide the absolute base address values

18-26 on which programs ‘‘float'" in storage
during execution.
17 QUARTER-WORD MODE BIT

=1 Quarter-word mode effective

=0 Quarter-word mode not effective.

Figure 4=3. Processor State Register Format
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4.6.2,

4.6.3.

Interrupts

The interrupt network of the UNIVAC 1108 System is extensive. It is the means of
effecting real time, multiprogramming and time-sharing operations on the system.

The interrupt is a control signal generated by either a peripheral subsystem (external
interrupt) or the control section of the central processor. Specific interrupt locations
are assigned within the lower regions of main storage for each condition. These
interrupt locations are programmed to capture the interrupted address and enter
interrupt response subroutines in the Executive System. The synchronization of
input/output activities and response to real time situations is accomplished through
some of these interrupts.

Other interrupts are provided for certain error conditions within the central processor.

These may result from a programming fault such as an illegal instruction, a main
storage parity error, or a user program violation such as an attempt to write into a
protected area of storage or a violation of guard mode. These fault interrupts are
used by the Executive to initiate remedial or terminating action when they are
encountered. Table 4—1 lists the fixed-address assignments. Note that they are all
interrupt locations except for 200g through 202g, which receive status words, and
216g, which stores the day clock count.

Guard Mode

The Guard Mode prevents user programs from executing any of the instructions
listed below. These are reserved for the Executive. It also protects certain locations
in main storage reserved for Executive operations.

Guard Mode is established by the Load Processor State Register instruction.
Execution of this instruction with the appropriate PSR bit pattern is the only way
that Guard Mode can be made operative and provides the only direct access to the
PSR. Under Guard Mode, an attempt to perform any of the privileged instructions or
functions listed below results in a processor interrupt.

Load Processor State Register
Load Storage Limits Register
Initiate Interprocessor Interrupt
Select Interrupt Location

Load Channel Select Register
Halt Instructions

All I/0 Instructions

Disabling of 1/0 interrupts for more than 100 microseconds

Attempting to write into any of the Executive control registers (32—64 or 80-127)

Guard Mode is disabled by the occurrence of any interrupt. This stores the contents
of PSR in user Index Register 0, clears certain bit positions of the PSR, sets D6 =1L,

and establish Executive Mode operation.
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Status Code for External Interrupt on CPU #0
Status Code for External Interrupt on CPU #1
Status Code for External Interrupt on CPU #2

1/0 ESI Access Control Register Parity Error

1/0 IS Access Control Register Parity Error

Status Code for External Interrupt an Unit Processor

Main Storage Parity Error Interrupt (Bank #1)
Main Storage Parity Etror Intarrupt (Bank #2)
Main Storage Parity Error Interrupt (Bank #3)
Control Register Parity Error Interrupt

DECIMAL OCTAL
ADDRESS ADDRESS FIXED ASSIGNMENT
128 200
129 201
130 202
131-135 203-207 Not Used
136 210 Power Loss Intercupt
137 211
Interrupt
138 212
i Interrupt
133 213 1/0 Data Parity Error Interrupt
140-141 214-5 Not Used
142 216 Day Clock Count
143 217 Day Clock Interrupt
144 220 ISI Input Monitor Interrupt
145 221 IS1 Output Monitor Interrupt
146 222 I1S1 Function Monitar Interrupt
147 223 IS1 External Interrupt
148 224 ESI Input Monitor Interiupt
149 225 ESI Output Monitor Interrupt
150 226 Not Used
151 227 ESI External Interrupt
152 230
(not used by multiprocessor)
153 231 Real Time Clock Interrupt
154 232 Interprocessor Interrupt #0
155 233 Interprocessor Interrupt #1
156 234 Not Used
157 235
158 236
159 237
160 240
161 241 Iltegal Instruction Interrupt
162 242 Executive Return Interrupt
163 243 Guard Mode Interrupt
164 244 Test and Set Interrupt
165 245 Floating Point Underflow Interrupt
166 246 Floating Point Overflow Interrupt
167 247 Divide Fault Intarrupt
Last address -1

Main Storage Parity Error Interrupt (Bank #0)

Table 4-1. Fixed-Address Assignments

S
~3

INSTRUCTION REPERTOIRE

The UNIVAC 1108 Processor is provided with an unusually powerful and flexible
instruction repertoire. Many 1108 instructions are effectively accessed and completed
in the time of one storage cycle, In addition to a complete set of instructions including
an extremely fast set of single and double precision floating point instructions, the
repertoire includes a group which permits fast and simplified control by the Executive
System operating in a multiprogramming or multiprocessing environment.

In the following discussion, the instructions in the 1108 repertoire are grouped by
functional class to illustrate the power of the repertoire. Appendix C lists them
numerically by octal code stating exactly what each one does. The octal codes are
listed here to facilitate reference to Appendix C.

4.7.1. Data Transfer Instructions

To load the Arithmetic registers:

Load A 10
Load Negative A 11
Load Magnitude A 12
Load Negative Magnitude A 13

To load the Index and R registers:

Load R 23
Load X 27
Load X Modifier 26
Load X Increment 46

To load two "Arithmetic registers with one instruction:

Double Load A 71,13
Double Load Negative A 71,14
Double Load Magnitude A 71,15

To store the Arithmetic registers:

Store A 01
Store Nepgative A 02
Store Magnitude A 03

To store other control registers

Store X 06
Store R 04

To store two Arithmetic registers with one instruction:
Double Store A 71 12
Two special purpose transfers:

Store Zero 05
Block transfer, repeat 22

- e




Double Precision

32

Any transfer instructions, except double-length transfers, move selected parts f '
of v:;ords. That is, Ithe partial-word feature allows any sixth, quarter, third, or half Double Precision Floating Add 76,10
wor to Ibe loat%et% into the lower. portion of an arithmetic register, when using Load Double Precision Floating Add Negative 76,11
instructions. Similarly, wht'en using a Store instruction any sixth, quarter, third Double Precision Floating Multiply 76,12
or half w?rd can be tran§m1tted from the lower portion of an arithmetic register, 1 Double Precision Floating Divide 76,14
index register, or R Register to main storage. Double Load and Convert to Floating 76,15
4.7.2. Fixed Point Arithmetic Miscellaneous
Single-word operations on arithmetic registers: Magnitude of Characteristic Difference to Upper 76,06
Add 45 A Characteristic Difference to Upper 76,07
Add Negative A i; Floating Expand and Load 76,16
Add Magnitude to A 16 Floating Compress and Load 76,17
Add Negative Magnitude to A 17 Index Regi I .
Add Upper 20 4.7.4. Index Register Instructions
Add 'Negative Upper 21 These instructions can be used when modifying, loading, or storing the contents
Multiply Integer 30 of Index registers:
Multiply Single Integer 31
Multiply Fractional 32 Add to X 24
Divide Integer 34 Add Negative to X 25
Divide Single Fractional 35 Load X Modifier 26
Divide Fractional 36 Load X 27
Store X 06
Double length operations on two arithmetic registers: Load X Increment 46
o ) ] Load Modifier and Jump 74,13
Double PreCfoon foed Po¥nt Add 71,10 Test Less or Equal to Modifier 47
Double Precision Fixed Point Add Negative 71,11 Jump Modifier Greater and Increment 74,12
Special format operations: These instruttions address the appropriate index register. Four of the index
Add Hslves 79 04 registers are overlapped with the arithmetic registers; thus all arithmetic instiuc-
Add Negative Halves 72:05 tions, such as multiply or shift, can operate directly on these four index registers.
Add Thirds 72,06 o ] )
Add Negative Thirds 72.07 .7.5. Logical Instructions
d r
e ; 24 The logical or Boolean operations are defined by the following truth tables.
Add Negative to X 25 :
473, Plogting Point Atithiietis Logical AND Inclusive OR Exclusive OR
o ] 0 1 0 i 0 1
Th.e repertoire includes both single and double precision floating point operations, 0 0 0 0 0 1 0 0 1
using one-word and two-word operands, respectively, One’s complement arithmetic
is used,. 1 0 1 1 1 1 1 0
Single Precision The three simple logical instructions are:
Floating Add 76,00 Logical OR 40
Floating Add Negative 76,01 Logical Exclusive OR 41
Floating Multiply 76,02 Logical AND 42
Floating Divide 76,03
Load and Unpack Floating 76,04 One special replace instruction is also logical:
Load and Convert to Floating 76.05
g Masked Load Upper 43

Several other instructions such as the Repeated Masked Searches employ logical

operations in combination with other functions,
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418, \SUitt lustinetions ‘ . 4.7.8. Unconditional Jump Instructions
Th_e twelve shift functions include circular, logical, and algebraic shifts. Circular 3 These instructions transfer control to the location specified by the indexed u address.
shifts are end-around. Logical shifts fill in zeros on the end opposite the shift
direction, whereas algebraic shifts fill in sign bits. The shift count (from 0 through 4 Store Location and Jump 2,01
72 places) is taken from the u field (indexed when specified) of the shift instruction. Load Modifier and Jump 4,13
Right shift instructions 4.7.9. Conditional Jump Instructions
Single Shift Circular 73 00 These instructions make a comparison and if a specific condition is met, they
Double Shift Circular 73:01 transfer program control to the instruction location specified by u. If not, the next
Single Shift Logical 73 02 instruction in sequence is executed.
D - . !
Siiu?‘;esi};;ft;;ozlbc:l 73,03 Jump on Greater and Decrement 70 *
i, o e P 73,04 Double Preciston Zeso Jump 71,16
i 73,05 Jump on Positive and Shift 72,02
Left shift instructions .}ump 22 DZI:%:UVQ i Shift ;i'gg
ump ’
Load Shift and Count 7306 Jump on Non Zero 74,01
Double Load Shift and Count 73 07 Jump on Positive 74,02
Left Single Shift Circular 73,10 Jump on Negative 74,03
Left Double Shift Circular 73 11 Jump on Keys 74,04
Left Single Shift Logical 73,12 Halt on Keys and Jump 74,05
Left Double Shift Logical 73 13 Jump on No Low Bit 74,10
g Jump on Low Bit 74,11
4.7.7. Repeated-Search Instructions Jump Modifier Greater and Increment 74,12
) : Jump on Overflow 74,14
Search‘ instructions operate as repeated comparison operations, comparing the value ‘:,'I . Jump on No Overflow 74,15
atu W.‘l.th that in A. They skip the next instruction when a specified condition is ' Jump on Carry 74,16
met or take the next instruction in sequence when the repeat count in R1 reaches Jump on No Carry 74,17
2840 Jump on'Input Channel Busy 75,02
Jump on Output Channel Busy 75,06
Algebraic (Sign considered) Jump on Function in Channel 75,12
Search for Equal 62 e : 3 : s
Seateh i Not Egtal 4 The j and a designators specify one of 128 control registers,
Search for Less or Equal 64 : 2
Suaich Por Grates i5 4.7.10. Test (Or Skip) Instructions
Search for Within Range 66 These instructions make a comparison and if the specified condition is met, the
Search for Not Within Range 67 next instruction is skipped. If not, the next instruction is executed.
Masked Algebraic (Sign Considered) Test Even Parity 44
p 2 Test Odd Parity 45
Masked Search for Equal 71 Test Less or Equal to Modifier 47
,00 q
Masked Search for Not Equal 71,01 Test for Zero 50
Masked Search for Less or Equal 71,02 _ Test for Non Zero 51
Masked Search for Greater 71.03 1 Test for Equal 52
Masked Search for Within Range 71,04 Test for Not Equal 53
Masked Search for Not Within Range 71,05 Test for Less or Equal 54
Test for Greater 55
Masked Alphanumeric (Unsigned) Test for Within Range 56
: Test for Not Within Range 57
Masked Alphanumeric Search for Less or Equal 71,06 Test for Positive 60
Masked Alphanumeric Search for Greater 71,07 Q . Test for Negative 61
. Double Precision Test Equal 7117
34




4.7.11. Executive System Control Instructions

This group of instructions allows proper Executive System control of programs
operating in a multiprogramming and multiprocessing environment.

Executive Return 72,11
Store Channel Number 72,14
Load Processor State Register 72,15
Load Storage Limits Register 72,16
Initiate Interprocessor Interrupt 73,14
Select Interrupt Locations 73,15
Load Channel Select Register/Load Last

Address Register 73,16
Prevent All I/0 Interrupts and Jump 72,13
Allow All 1/0 Interrupts and Jump 74,07

These instructions are used for establishing Processor State, storage limits

boundaries, interrupt locations, identification of I/O channels, and interprocessor
communication and task assignment.

4.7.12. Input/Output Instructions

This group of instructions allows the program (usually the Executive System) to
initiate, test and control input/output operations. Monitored instructions interrupt
the program when the indicated transfer is completed.

L.oad Input Channel 75,00
Load Input Channel and Monitor 75,01
Jump on Input Channel Busy 75,02
Disconnect Input Channel 75,03
Load Output Channel 75:04
Load Qutput Channel and Monitor 75,05
Jump on Output Channel Busy 75,06
Disconnect QOutput Channel 75,07
Load Function in Channel 75,10
Load Function in Channel and Monitor 7541
Jump on Functipn in Channel 75,12
Allow All Channel External Interrupts 75,14
Prevent All Channel External Interrupts 75,15

4.7.13. Other Instructions

Execute 72,10
No Operation 74,06
Test and Set 73.17
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5.3

5. PROCESSOR INPUT/OUTPUT
CONTROL SECTION

GENERAL DESCRIPTION

The input/output control section of the CPU controls transmission of data between main
storage and the peripheral subsystems. It communicates with a peripheral subsystem over
one of 16 bidirectional input/output channels. Data is transmitted with all 36 bits of a
word in parallel; thus each channel has 72 data lines (36 input and 36 output) plus control
signal lines. Although most peripheral subsystems use both input and output lines, data
flows in only one direction on a channel for a specific 1/0 instruction.

The 1/0 control section acts as a small processor to operate many peripheral subsystems
concurrently. A programmed I/0 instruction selects a specified channel and 1/0 device on
the selected channel, and sets up the required conditions for a given activity. From that
point on, the I/0 control section automatically controls transmission of data to or from the
subsystem at its natural speed. When a subsystem requests a word, the I/0O control section
refers to an access control word which specifies the location in main storage to or from
which data is to be transferred.

PERIPHERAL CONTROL

Input and output can be performed in either of two modes: Externally Specified Index
(ESI) for multiplexed data communications devices, and Internally Specified Index
(ISI) for other types of peripheral equipment. All I/O channels except channel 15,
which is always assigned to the control console, can operate in either mode depending
on the setting of a mode switch associated with each channel.

INTERNALLY SPECIFIED INDEX MODE

Each channel operates in one of three states: input, output, and function. Input and
output are the data transmission states. The function state is actually an output
state during which the processor sends one or more function words to the subsystem.
Each function word specifies an operation to be performed by the subsystem.

The actual word-by-word transmission (regardless of transfer state) is governed by

an access control word stored in an Access Control Register. Two of these registers,
one for input and one for output, are assigned to each I/0 channel (see Figure 4-1,
registers 40g to 77g).
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