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Chapter 1. Executive overview

This publication presents a comprehensive view of the Series/1 computing
family, its programming, and support services.

This overview introduces you to the Series/1 features and functions, and
summarizes the information that is detailed in subsequent chapters.

Chapter 1. Executive overview 1-1
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The IBM Series/1 is a family of low-cost, high-performance, small computers
widely known for their price/performance, configuration flexibility, and
communications capabilities. These computers are designed to handle
general-purpose, commercial, and sensor-based applications in a
multiprogramming environment.

Series/1 offers a modular approach to computing—an approach you can
tailor to match your needs for equipment, programs, and services.

The Series/1 hardware menu offers a variety of standard rack-mounted and
free-standing processing units, fixed and removable storage media, fast and
efficient input/output attachments, plus attachment features that allow you
to attach a wide range of non-IBM terminals and equipment.

With its powerful architecture, Series/1 can handle a variety of applications
efficiently and effectively. This architecture includes:

e An efficient cycle-steal channel for servicing input/output devices

e Microprocessor device control for reducing the channel burden for most
I/O units

e A comprehensive interrupt structure for high response and minimum
overhead

e An extensive instruction set that provides flexibility for a variety of
applications.

Series/1 I/O architecture contains a system interface of high functional
content and integrity. Up to 256 individually addressable I/O devices (both
standard and custom-built) may be attached to a Series/1 system.

Series/1 software offers an extensive choice of systems programs and
productivity tools. Programmers can select and implement only those
functions needed to meet their application needs.

You can choose from two primary full-function operating systems: the
Realtime Programming System (RPS) or the Event Driven Executive (EDX).
In addition, Control Program support is available for those who wish to
develop applications with a tailored control program.
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A wealth of application programs from both IBM and non-IBM sources is
available to address many of your specific operational requirements.
High-level languages can support diverse application requirements, such as
transaction processing, commercial jobs, and sensor-based data handling.

Series/1 hardware and software are available to meet a broad range of
requirements for communications with host systems, other Series/1’s,
printers, and terminals (including the IBM Personal Computer). A number
of specific program tools are available for unique system requirements.

Series/1 Communications

Token
Ring

Industry
Network BN Devices

Whenever you acquire a Series/1 computer, you gain an added value-
dependable, efficient service when and as you need it.

This service capability rests on IBM’s commitment to reliability,
availability, and serviceability. IBM service starts with the designer at the
drawing board, and includes strict quality control procedures in product
development and manufacture, plus a variety of training and diagnostic
tools. In the event of a problem, skilled IBM Customer Engineer can
provide service around the clock from a nationwide network of service
support locations.

Chapter 1. Executive overview 1-3
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Series/1 architecture
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Series/1 hardware and internal architecture have been designed to meet the
performance and reliability levels necessary for demanding realtime and
sensor-based operations.

Bipolar LSI! and CMOS? logic circuitry are used extensively in the Series/1.
They consume little power and are fast, reliable, and compact. SAMOS?,
NMOS?, or MOSFET* N-channel storage provides fast access and processing
power comparable to much larger computers.

The 16-bit processor architecture provides a comprehensive range of
instructions, multiple addressing modes, efficient use of storage and a
powerful priority interrupt structure.

Series/1 logic cards offer considerable flexibility in the choice of terminal
devices, and digital and analog connections to initiate and control activities
and processes. The attachment cards plug into the data channel, allowing
ease of change and servicing.

1 Large-scale integration.

2 Silicon aluminum metal-oxide semiconductor.

3 N-channel metal-oxide silicon.

4 Metal-oxide semiconductor field-effect transistor.

5 Complementary metal-oxide semiconductor.
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Series/1 processors and features

A choice of compatible processors, available in several models, allows for
nondisruptive expansion of your computing facilities, and they are flexible
enough to accommodate your requirements now and in the future.

All processors have a basic operator console (the Series/1 System Units use
a soft console via the keyboard), an optional programmer’s panel. power

. failure/restart, base power, four priority interrupt levels, and a powerful
-t instruction set. Using new technologies, the processor, storage, address
relocation translator function, and clock/comparator are combined on a
single processor card.

The 4956 processors are upward compatible with the 4954, with
enhancements to support more demanding computing requirements.
Additional processor features include read-only storage protection and
floating-point (with 30 instructions and four 64-bit registers per level). The
4956 also provides single-bit correction and double-bit detection for storage
errors (ECC).

The processors offer a choice of storage size and attachment possibilities.
Standard processor storage is available from a minimum of 64 kilobytes (1
kilobyte =1024 bytes) to 2048 kilobytes. Processor average instruction times
range from approximately 7.4 microseconds to 1.53 microseconds.

Processor selection depends on individual job requirements. For example.
the more powerful and internally faster 4956 processor might be used to
handle program development or complex operations when more than one
program is active, or for fast data transfer operations. A desk-top Series/1
System Unit, on the other hand, might be used for remote computer
installations in a distributed data processing environment, or where the
emphasis is on batch or single application use.

I/O devices are attached through I/O feature cards installed in the
processor or optional I/O expansion unit. Up to 256 individual devices, both
standard and custom-built, may be addressed by the Series/1. With the
exception of printers, display stations, and System Units, all Series/1 units
fit into an IBM 4997 Rack Enclosure or EIA® standard 19-inch rack.

An optional customer access panel provides quick-disconnect for a timer, a
teletypewriter, and connectors for four integrated digital input/digital
output or customer direct program control features.

6 Electronics Industries Association.

Chapter 1. Executive overview 1-D
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Series/1 offers a choice of communication capabilities to allow wide
flexibility. Communication features are contained in feature cards that
plug into the processor data channel or the 4987—a programmable
communications unit. Three line disciplines may be used—binary
synchronous communications (BSC), asynchronous communications control
(ACC), and synchronous data link control (SDLC). In addition, a
high-speed Local Communications Controller allows multiple Series/1’s to
be attached on a ring in a peer-to-peer relationship.

SDLC and BSC communication can support sophisticated communications
links, including system-to-system and system-to-host-computer, with the
Series/1 acting as a terminal or device network controller. BSC single line
also allows the user to perform an initial program load (IPL) of the Series/1
from a remote host. ASCII communication is supported for connection of
inexpensive terminals like the IBM 3161 or 3163 ASCII Display Stations.

Ring-connected processors offer the basis for a variety of applications
including distribution of functions and sharing of data among autonomous
applications.

These communication capabilities can be used independently or
simultaneously to enable the user to choose the processors, connection
method, and devices best suited to a particular application.

Series/1 I/O and system support units

Series/1 I/O devices include disk and diskette units, magnetic tape units,
line and matrix printers, and display stations. Many of the attachment
features for these devices are equipped with cycle-stealing microprocessor
controllers that permit device overlapping and reduce processor workload.

The versatility of your 4956 configuration may be expanded through I/O
feature locations in the 4959 Input/Output Expansion Unit and/or the 4965
Storage and I/O Expansion Unit. (The Series/1 System Units contain
integrated disks and diskettes.)

Two types of direct access storage are available with Series/1: high-speed,
large-capacity, fixed-disk storage and inexpensive, removable-diskette
storage.

The 4963 Disk Subsystem and the 4967 High Performance Disk Subsystem
offer storage capacity ranging from 58 million bytes up to 358 million bytes
per unit. A cache feature offers the potential of significant disk throughput
improvement. Cache is standard on the 4967, 4965 Model E00, and 4956
Models G10, H10, and J00; it is optional on the integrated disks of the 4965
Model 60D and 4956 Models 31D, 61D, and E70. A cache function is
provided by the software for the Series/1 System Units.

1-6 IBM Series/1 Digest
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With the 4964 Diskette Unit and the 4965 Storage and I/O Expansion Unit,
you have an easily usable and flexible means of storing and distributing
data and programs.

The 4968 Autoload Streaming Magnetic Tape Unit is a high-performance,
large-capacity, full-function streaming magnetic tape unit. The 4968
provides for fast, convenient save/restore of data on medium-to-large disks.
A 200-megabyte disk can be saved on three reels of tape in approximately 30
minutes. The autoload function makes tape handling easy even for an
inexperienced operator.

The 5225 and 5262 printers are line-impact printers that are especially
suited for heavy duty printing requirements, such as the production of
lengthy report listings, daily work status printouts, and batch listings of
daily transactions.

The 4224, 4975, and 5224 are tabletop matrix printers capable of producing
high-quality printouts and accepting multipart paper. The 4224 and 4975
offer an option of printing correspondence-quality output including
proportional spacing. You can define the character sets you need for
particular jobs. Typical uses might include printed reports on the status of
an operation, messages from a remote terminal, invoices, packing lists, and
letters.

The 5219 is a tabletop serial-impact printer that provides letter-quality
printing, extensive type-style selection, and a choice of continuous forms or
cut-sheet paper feeding.

The 4201 Proprinter and the 4202 Proprinter XL are available for use with
the Series/1 System Unit. In addition, they can be used as low-cost system
printers for the Event Driven Executive Operating System.

Display station options underline the versatility of Series/1. The 316X
ASCII Display Stations provide low-cost ASCII devices suitable for many
applications requiring local or remote terminals. Custom graphics and a
choice of keyboards distinguish the 4978 Display Station. All are tabletop
units, accommodating a maximum of 1920 characters on the display screen.

The 5230 Data Collection units record data, which can vary from time
recording to a comprehensive system for cost and work status accounting.

With the 4982 Sensor Input/Output Unit, Series/1 can control a wide range
of sensor-based or event-driven applications, such as machine status
reporting or alarm/contact sensing (digital signal), and temperature and
voltage measurements (analog signal).

Chapter 1. Executive overview 1-7
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The 4987 Programmable Communications Subsystem provides power and
control facilities for expanded communications versatility in the Series/1.
The subsystem has the capacity for multiple line disciplines in a single
communications unit and can provide a cost alternative for the user of
large numbers of communications lines.

The 4993 Series/1-System/370 Termination Enclosure and its companion
channel attachment feature allow a Series/1 to be channel-attached to IBM
System/370 for high-speed data transfer. The Series/1-to-Personal Computer
Channel Attachment feature allows Series/1 to be an effective gateway and
server system in an IBM Personal Computer network. Series/1 modular
units may be mounted in the IBM 4997 Rack Enclosure or EIA standard
19-inch rack. IBM offers four models of rack enclosures, in two sizes, with
either plain or decorative filler covers. A primary power-distribution
system is included.

Until now, we’ve looked only at hardware—its power, modularity, and
sophistication. But Series/1 hardware is complemented by programming
support and high-level languages that emphasize efficient and productive
use of your Series/1.

IBM Series/1 programming support

Programming that offers a wide range of support is available for the
Series/1:

e Operating systems that support batch, transaction driven,
communications, and realtime applications

e Programs for preparing application programs to execute under control
* of an IBM operating system or under a specialized operating system

e BASIC, COBOL, FORTRAN, Pascal, and PL/I high-level language
support

e Modules that provide I/O device support and other supervisory control
functions for building an operating system and applications

® Programming packages for such needs as energy management,
intelligent data entry, and text entry.

1-8 IBM Series/1 Digest
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IBM Series/1 support services

The IBM commitment to your equipment and programming does not end
with a parts and labor warranty—it is just beginning.

You can choose one of several maintenance plans, matching your selection
to your requirements and your budget.

Skilled IBM customer service representatives are backed by a country-wide
parts distribution network that locates the nearest parts and gets them to
you quickly. Customer engineers are equipped with a variety of portable
diagnostic tools to help pinpoint faults rapidly. Programming support
advice and assistance in development and writing of tailored operating
systems and application programs are provided, as available under a
systems engineering contract. IBM education and training courses are
available if you need them, to help you get the most from your Series/1 with
the least delay. There are courses for different levels of personnel,
including systems support, programming, and operation staff. A range of
training courses includes classroom teaching and self-study, a method by
which a student works at his or her own pace.

Series/1 is a “mix and match” system. You determine the modules you
require — equipment, programming, and service. The combinations are
practically unlimited.

Note: Additional information about the Series/1 product line is in the IBM
Series|1 Pocket Digest, GX34-0104. The Pocket Digest contains the Series/1
prices and examples of Series/1 configurations, which were formerly
published in this Digest.

Chapter 1. Executive overview 1-9
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Chapter 2. Series/1 architecture

The 16-bit processor architecture of the Series/1 provides a comprehensive
range of instructions, multiple addressing modes, efficient use of storage,
and a powerful priority interrupt structure.

With the Series/1, you have considerable flexibility in systems building,
because the architecture is open-ended and not tied to any particular task,
job, or device.

And the structural and logical stability enables you to adapt a system more
easily to your changing requirements.

Note: The architecture of the Series/1 System Unit is similar to the

architecture of the 4956, although there are minor differences. This chapter
refers to the 4956 architecture.
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The Series/1 architecture supports either small High reliability is designed into the Series/1
or complex systems requirements. A modular through the use of proven technology such as
computing system, it is a flexible base on which bipolar LSI technology in the processor and
to build your system and achieve: MOSFET, SAMOS, and NMOS logic in main
storage.
e High performance and rich function at an
attractive price Suitable for applications ranging from
conventional data processing to sensor-based
e A high standard of reliability and applications like energy management, the
serviceability through the use of proven Series/1 is a comprehensive computer—meeting
technology. the needs of installations requiring either a

single computer or multiple small computers.
System design overview To achieve this flexibility, the Series/1 design is
) ) . modular and compact—most units fit into an
The Series/1 offers a variety of data processing IBM 4997 Rack Enclosure or an EIA standatd
I/O devices and attachment capabilities that 19-inch rack. Series/1 components occupy
include: either the full width or a half width in a rack
enclosure. And if a system requires space for
modular units beyond the capacity of a single
rack, multiple racks can be bolted together to
form a multibay enclosure. Included in an IBM
4997 Rack Enclosure is a primary power panel
for distributing ac power to the individual units
installed in the enclosure.

[
= B
|

e Sensor I/O equipment
e (Communication lines

e (Customer devices.
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Another option available is a stand-alone unit.
Instead of being rack-mounted, the 4956
processors with integrated disk units can be
housed in a tabletop Stand-Alone Enclosure
(feature number 4520 or 4521).

For greater flexibility, individual I/O
attachment features, processor features, and
some storage additions are constructed on
multilayer printed-circuit cards. These circuit
cards can be selectively plugged into sockets on
the back panel of certain modular units. By
selecting the desired units, and functions, you
can tailor a system to your needs.

The processor unit contains the processor card,
data channel, processor storage, basic console,
a power supply, and card sockets for plugging
in processor features, storage additions, and I/O
attachment feature cards. When greater I/O
capacity is needed, I/O expansion units are
available. These units contain both a power
supply and card sockets for additional data
channel feature cards, and some models include
additional disk and diskette capacity.

Series/1 System Unit

Processor

Expanding the capability of the Series/1 are
various input/output devices and attachment
features. Attachment feature cards allow
attachment of:

e Data processing I/O devices
e (Communications lines
e User I/O devices and instruments

e Sensor I/O units.

I/O attachment feature cards and integrated
communications feature cards plug into the
processor or input/output expansion unit.
Attachment features are not necessarily limited
to a single function. Some features offer
multiple attachment combinations. A
programmable communications subsystem also
provides for attachment of communications
features. Sensor I/O feature cards plug into the
sensor I/O unit. In this way, individual devices
are attached to the processor and main storage
via the data channel, with the channel
directing the flow of information.

The following figures are block diagrams of a
Series/1 system:

data
channel

Terminal
host
adapter

Optional
terminal
host
adapter

Communication
features

Printer
attachment
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Series/1 processor
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Processor data
channel

Series/1 rack-
mounted units

Multifunction
attachment
feature

Communications
attachment
features

Programmable
communications
controller feature

System/370

FUEHEEETEEE

Series/1-System 370
channel attachment
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Sensor /0
attachment
feature
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Series/1-to-PC
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Channel
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Processor structure
Main storage

Main storage holds the data and instructions
for applications to be processed on the Series/1.
The basic unit of information is the byte (eight
binary data bits plus an associated parity bit).

The 4956 has error checking and correcting
storage; single-bit errors are corrected, and
double-bit errors are detected.

On other processors, odd parity by byte is
maintained throughout storage. On reads from
storage, an even parity causes a machine check
error. The Series/1 instruction set addresses
bytes either separately or grouped together.
Instructions can refer to bits, bytes, byte
strings, words, or doublewords as data operands
to allow efficient, flexible use of storage.

Addressing main storage: Each byte location
in main storage is directly addressable. Byte
locations in storage are numbered
consecutively, starting with location 0; each
number is considered to be the address of the
corresponding byte. Storage addresses are
16-bit unsigned binary numbers, which give a
direct addressing range of 0 to 65,535 bytes.
The storage address relocation translator
function is required to address storage above
65.536 bytes. With the translator function, a
portion of the 16-bit address and an address key
are used as a logical address to generate either
a 19-bit, 20-bit, or 21-bit physical address.

Storage protection: When the translator is
enabled, a read-only bit can be assigned to any
given block of storage. This protection is from
any problem state program. Supervisor state
can write to any location in storage.

Storage mapping: In a multiprogramming
system the storage address relocation translator
function can provide the means to assign
separate storage pages to individual programs
and data and to prevent unauthorized access to
this storage. Data or program sharing among
separate tasks can also be accommodated, using
the facilities of the translator. For example,
users can share reentrant code or establish

intertask communications. This allows the
translator to support a flexible
multiprogramming environment, while
providing safeguards to prevent accidental or
intentional destruction of application or system
programs.

The relocation translator function permits
addressing main storage locations beyond 64
kilobytes (KB) and facilitates dynamic storage
relocation on a 2KB-block basis. When the
translator function is enabled, the read-only
protection is under control of the translator.

Using the translator function, tasks on each of
the four Series/1 priority levels can address
three separate storage maps through three
address keys. For each priority level, one of
these keys can be used to address a map for
fetching instructions, a second key can be used
to address a map for all data not defined by the
first key, and a third key can address a map for
source operands in storage-to-storage
operations. In addition, each I/O device has an
address key used in cycle-stealing operations
that enables the user to directly assign a
storage map to a given I/O device.

The three address keys point to stacks of
hardware translator segmentation registers. On
the 4956, eight stacks of segmentation registers
are provided (16 on the 4956 E, H, J, and K
models), each stack containing 32 segmentation
registers, for a total of 256 and 512. Each of
these segmentation registers defines a 2KB
segment of storage. Once loaded, each stack of
segmentation registers can contain a complete
map of up to 64KB scattered in 2KB physical
segments. Privileged supervisor instructions
set or change the address space keys and the
contents of the segmentation registers.

This arrangement allows programs to be
scattered throughout storage. It also allows
users to access common data or programs by
loading more than one segmentation register
with the same 2KB segment address. In a
multitasking environment, the existence of a
separate stack of segmentation registers for
each address key value removes the need to
save and restore the storage map and allows
fast task switching.

Chapter 2. Series/1 architecture 2-5
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The 4956 E, H, J, and K models also have eight
stacks of I/O segmentation registers.

Instruction set

The Series/1 family of processors has microcode
that permits a rich instruction set of up to 182
individual instructions. Additionally, 30
floating-point instructions are available with
the optional floating-point feature of the 4956
Processors (a reduced speed version is standard
on the Series/1 System Units). Series/1
instructions operate on bit, byte, word,
doubleword, and variable field-length byte
operands. Many of the instructions operate in
multiple operand types.

Instruction formats: Series/1 instruction
formats allow the following types of address
arguments, operand locations, and data types.
These formats are intended to show function
only and not assembler coding.

Address arguments:

R The effective address is the register
R.

(R) The effective address is the contents
of the register R.

(R)+ The effective address is the contents

of the register R. After an
instruction uses it, the contents of
the register are increased by the
number of bytes addressed by the

instruction.

A An address value.

A+(R) The effective address is the contents
of the register R added to the address
A.

(R)* The effective address is the contents

of storage at the address defined by
the contents of register R.

(A +(R))* The effective address is the contents
of storage at the address defined by
the contents of register R added to
the address A.

A¥* The effective address is the contents
of storage at the address defined by
A.

D+ (R)* The effective address is the contents
of storage at the address defined by
the contents of R added to the value
of the displacement D.

2-6 IBM Series/1 Digest

(D + (R))* The effective address is the contents
of storage at the address obtained by
adding the contents of R to the value
of the displacement D.

D2+ (D1 The effective address is calculated

+ (R))* as follows: the contents of the
register R are added to the value of
the displacement D1 to form an
address. The contents of that storage
location are added to the value of D2
to form the effective address.

Operand locations:

Register-immediate (R-I)
Storage-immediate (S-I)
Register-register (R-R)
Storage-register (S-R)
Register-storage (R-S)
Storage-storage (S-S).

Data types:

Bit

Byte

Byte field
Word
Doubleword

Function examples:

Move

Add

Subtract
Multiply
Divide

Test

Compare
AND

OR

Exclusive OR

Most instructions in their basic format are one
word; expanded address modes use two or three
words, as required. Series/1 instructions use 11
possible combinations of addressing modes; a
maximum of four can be implemented for any
one instruction.

The instruction set offers the programmer a
wide choice of powerful instructions. For
example, with variable field length instructions,
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up to 64KB of storage can be moved with one
instruction.

Supervisor state: Series/1 instructions are
executed in either supervisor state or problem
state. This facility gives the Series/1 user
another built-in feature to protect critical
system functions. For example, privileged or
supervisor state instructions are those that
control input/output, interrupt level processing,
storage protection, address space management,
and other system resources and functions. Only
when the processor enters the supervisor state
as a result of an interrupt or immediately after
initial program load can these sensitive types of
instructions be run.

Registers: Series/1 has eight general-purpose
registers for each of the four priority interrupt
levels. These registers have no predefined or
preassigned function and can be assigned
dynamically by the programmer.” Any
general-purpose register can be used as an
accumulator, index pointer, or index register.
In addition, the optional floating-point feature
has four registers.

Stacking: The Series/1 stacking mechanism
provides two types of stacking facilities—data
stacking and linkage stacking. There is no
restriction, except storage size, on the number
of stacks the programmer can define. An
interrupt condition signals a full or an empty
stack, protecting the programmer against errors
in managing stacks.

B

Principles of Operation, GA34-0152.

The data stacking facility provides an efficient
and simple way to handle last-in/first-out stacks
of data items, and/or parameters in main
storage. The data items, or parameters, are
stack elements. For a given queue or stack,
each element is one, two, or four bytes wide.
Instructions for each element size—byte, word,
or doubleword—are provided to push an element
into a stack (register to storage) and pop an
element from a stack (storage to register).

Linkage stacking provides an easy method for
linking subroutines to a calling program. A
stack one word wide, is used for saving and
restoring the status of general registers and for
allocating dynamic work areas. The Store
Multiple instruction stores the contents of the
registers into the stack and reserves a
designated number of bytes in the stack as a
work area. The Load Multiple and Branch
instruction reloads the registers, releases the
stack element, and causes a branch back to the
calling program.

Instruction set summary: For arithmetic
operations the Series/1 includes hardware
multiply/divide with byte, word, or doubleword
operations. The floating-point feature (optional
on the 4956), includes separate instructions to
perform single-precision (32 bit) and
double-precision (64-bit) operations. A summary
at the end of this section highlights the
completeness of the Series/1 instruction set,
which provides the programming flexibility
usually found only in larger systems.

Registers one and seven have special usages with certain instructions; consult the /BM Series/1
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Instruction set

Operand types

I-R I-R 1-S R-R S-R/R-S S-S
Double- Double-
Byte Word Word Word Byte Word word Byte Word word

Number of
instructions Function

Arithmetic,
logical,

99 data move
Add X X
Subtract X X
Multiply
Divide

x
x

x
X X X X

X X X X

X X X X
x
x

Add w/carry
Subtract w/carry
Add carry
Subtract carry

Reset bits (NAND)
Set bits (OR)

XOR

Test under mask

X X X X X X X
x
X
x
x
x
x

X X X X X

Compare X
Complement X
AND X

x
x

Move X X X X X X X X X
Load X
Store X
Load address X
Load and zero X
Interchange X
Push/pop X X X
Variable-field
3 length
Move %2
Compare equal X:
Compare not equal %2

x

Computed
Single- | Double- | Single- | Double-
18 Shift word word word word

Left circular X X X X
Left logical X X
Right logical X X
Right arithmetic X X
Left logical-count

X X X X
X X X X

23 System data Set Copy Set I Copy

Current level X
Indicators X X
Mask

Segment registers

Storage key

Level status block

In process flags

PSW

Address key X X X
Console data lights X

Console data buffer X

Clock X
Comparator X X

X X X X
X X X X X X X

x

's-R only.
2R-S only.
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Instruction set (continued)

Number of
instructions Function

4 Bit manipulation

Test

Test and set
Test and reset
Test and invert

2 Multiple register

Load multiple and
branch
Store multiple

7 Control

Supervisor call

Level exit

Enable

Disable

Stop

Diagnose

Interchange operand
keys

1 1/0
Operate 1/O
15 Branch/jump

Branch/jump unconditional

Branch/jump and link

Branch and link short

Branch/jump on (not) condition

Branch on (not) condition code

Branch on (not) overflow

Branch indexed short

Jump on count

Address resolution with indirect branch

Single- Double-
precision precision
30 Floating-point (32-bit) (64-bit)

Load X
Store

Add

Subtract
Multiply

Divide

Add register
Subtract register
Multiply register
Divide register
Move register
Compare register
Load integer®
Store integer®
Load level block
Store level block

X X X X X X X X X X x X XX

X X X X XX X XXX XXX

3Single-precision is 16 bits.
Double-precision is 32 bits.
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Interrupt structure

Efficient operation of a processor depends on
prompt response to both internal and external
events. Series/1 recognizes two general types of
interrupts, those from external
events—input/output interrupts—and those from
internal events—class interrupts.

Priority interrupts: Series/1 architecture allows
16 preemptive priority interrupt levels.
However, four priority interrupt levels are
provided on the Series/1 processors. Associated
with each level is a bank of hardware registers
(16 bits each), an instruction address register,
an address key register, and a level status
register that includes a set of result indicators.
This is the level status block. If floating-point
is installed, there are also four 64-bit
floating-point registers per level.

When switching between levels occurs, the
information contained in the “interrupted-from”
hardware level status block is automatically
preserved; as a result, it is not necessary to
store the status indicators and general-purpose
registers in main storage. Automatic vectoring
to the service routine for a given device is
accomplished by the eight-bit device addresses,
providing 256 direct interrupt entry points.

No program polling of devices is required to
accept the interrupt or identify the device.
Assignment of a given device to an interrupt
level is under program control and can be
dynamically reassigned in response to system
conditions. Masking and acceptance of priority
interrupts by the processor are under program
control on the basis of all four levels, one or
more individual levels, or one or more
individual devices.

The Series/1 interrupt structure, with its
separate register stacks and unique
double-vectored interrupt addressing, greatly
facilitates efficient interrupt handling. The
preemptive interrupt structure, and particularly
the replication of registers on a per-level basis,
1s a significant asset in applications requiring
multitask structures.
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Class interrupts: Class interrupts provide a
means of alerting the system to the occurrence
of certain classes of errors or exception
conditions. Class interrupts may occur on any
of the four priority interrupt levels; the class
interrupts preempt operation of the system on
the appropriate priority level until the class
interrupt condition has been reset.

There are eight types of class interrupts:
e Machine check

e Program check

e Power/thermal warning

e Supervisor call

e Soft exception trap

e Trace

e Console

e C(Clock.

Only the power/thermal warning, console, and
the clock class interrupts can be disabled under
program control. Identification and status
information about the exception or error is
provided in the processor status word. With
this information, the program may be able to
recover in a manner that allows normal
processing to continue with minimum
disruption.

The trace class interrupt provides an
instruction trace mechanism to ease program
debugging. Instruction tracing may occur on
any priority interrupt level. When trace is
turned on, a unique class interrupt occurs prior
to each instruction. Upon exit from the trace
routine, the next instruction is run and the
process repeats until the trace is turned off.

Special supervisor state instructions are
available to control interrupt processing.
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Data channel

Series/1 provides a data channel interface for
all input/output devices; up to 256 devices can
be addressed.

The data channel is asynchronous and
multidropped, allowing the attachment of
devices with various speeds and technologies.
All Series/1 data channel signal lines are TTL
(transistor-transistor logic) level compatible.

The processor data channel supports direct
program control operations, cycle-steal
operations, and interrupt servicing.

Direct program control operations: Direct
program control input/output operations
involve a separate I/O command from the
processor for each data item transferred across
the channel. The data can consist of one byte
or one word. The operation might or might not
terminate in an interrupt. Direct program
control is an easy way to transfer data. It also
allows the programmer to maintain data
transfer in line with the program, for example,
for conversational or slower speed operations.

Cycle-steal operations: Cycle-stealing, in
contrast to direct program control, once
initiated, involves no interaction on the part of
the processor during the transfer of a block of
information between main storage and a device.
During a cycle-steal operation, the data channel
and the I/O device handle many of the functions
performed by the processor during a direct
program-controlled operation. An Operate I/O
instruction can initiate cycle-stealing data
transfers of up to 65,535 bytes between main
storage and a device. Cycle-steal operations are
overlapped with processing operations. Word
or byte transfers, command and data chaining,
burst mode, and program-controlled interrupts
can be supported. All cycle-steal operations
terminate with an interrupt.

Burst mode involves the dedication of the
channel for the entire time of the data transfer.
In this case, all other devices are locked out of
the channel,

permitting high-speed data transfer at the
maximum rate the main storage and the
channel can accommodate.

Command chaining allows the programmer to
sequence an I/O device through a set of
operations. A processor interrupt occurs after
the successful execution of the last operation or
on an exception condition.

Cycle-steal devices include the disk, diskette,
magnetic tape, display stations or terminals,
printers, communications features and
subsystem, System/370 channel attachment
feature, and Series/1-to-Personal Computer
channel attachment feature.

Interrupt servicing: Interrupt requests from the
devices, along with cycle-steal requests, are
presented and polled on the interface
concurrently with data transfers.

The initial program load interrupt from a
processor device or a binary synchronous
communications line from a remote host
computer is also supported.

The channel provides comprehensive error
checking, including time-outs, sequence
checking, and parity checking. It consists of
the following major line groups:

e Address bus — A bidirectional bus used for
device selection and for passing commands
to devices during Operate I/O instructions.
The address bus is also used for passing
main storage addresses from the devices to
the channel during cycle-steal data
transfers.

Data bus — A bidirectional bus used for
passing data and control information to or
from devices during Operate I/O
instructions. The data bus is also used for
passing device addresses and an interrupt
information byte to the processor during
interrupt acceptance.

e Control lines — Unidirectional lines and
buses used for (1) interrupt and cycle-steal
requests, (2) condition code and status
reporting, (3) resets, and (4) basic control of
sequences.
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In the Series/1, the data channel acts in a During data transfer, the channel checks data
primary-secondary relationship with attached parity, both incoming and outgoing. Storage
1/O devices; the data channel is always the protection (if applicable), address translation (if
primary. This significant characteristic gives applicable), and address validity checking are
the Series/1 positive control during I/O also operative during data transfer.

operations. The data channel verifies device

attachment and the status of the device relative The parallel operation of the address bus, the
to the channel function to be performed. It data bus, and control lines allows polling
ensures that the addressed device is installed concurrent with data transfer.

and 1s capable of processing a command. The
channel validates the device command and
initiates the data transfer.

IBM 4956 Processor
Relocation
Storage translator
function
Processor Channel
l I | Optional 1/0 Channel
5 floating attachment repower
| _Basic console_ | point feature feature
Programmer console
1/0O device
IBM 4959 1/0 Expansion Unit
7 L
J vy
| | I8 | I
Channel 1/0 1/0
repower attachment attachment
feature feature feature
1/0 device 1/0 device 4956 i
4 Processor with
To additional 1/0 a 4959
expansion units Input/Output
Expansion Unit
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Series/1 reliability, availability, and
serviceability

Reliability, availability, and serviceability
(RAS) are primary design objectives of IBM
products and are part of the IBM development
cycle from the earliest stages of product
development. In the Series/1, IBM has used
proven technology with known performance and
serviceability characteristics.

In addition to using state-of-the-art technology,
extensive checking circuits and microcode are
built into the system to detect machine
malfunctions. Microprocessors are employed in
the processor and in each cycle-steal 1/O
adapter, except the 4962 disk attachment and
the System 370 channel attachment. These
small, stored program processors not only
provide the logical control and coordination
between the device and the processor but also
provide a diagnostic capability to the system.
Microdiagnostic routines have been built into
the microprocessors to check the operational
integrity of the processor, channel, and I/O
adapters that contain the microprocessors.

The microdiagnostic routines operate
automatically when the system is powered on.
Various tests are activated, depending on which
action invoked the test.

The microdiagnostic routines:

1. Validate integrity of processor data flow.
Write in and then read back a specified bit
pattern in all of main storage.

Note: The Realtime Programming System’s
(RPS) bootstrap loader validates the
integrity of all installed primary storage (up
to 64KB). Those versions of RPS that
support storage above 64KB verify the
presence of the storage address relocation
translator function and validate secondary
storage integrity (above 64KB).

Validate the integrity of the device
controller by running through all the
microinstructions in the microcontroller
and then comparing an accumulated check
digit to a pre-programmed check digit.

LW

4. Validate the integrity of the data channel.

If an error is detected in the processor or data
channel, the operator is alerted before an
attempt is made to use the system. If a problem
is detected in an I/O attachment feature, an
error condition is presented to the user the first
time the device is addressed.

Provided connections between modules pass
this self-diagnostic test, the system link to IPL
(initial program load) takes place.
Self-diagnosis then passes from the hardware
level to the program level where the operating
system may monitor operations, detect errors
and retry the operation, and log all detected
errors to disk or diskette for later examination
by maintenance personnel.

During system operation, an important
reliability consideration is the integrity of data
within the system. Parity checking of storage
and channel, addressing-boundary restrictions,
storage protection and a privileged instruction
set help to ensure accurate processing of data.
In addition, the Series/1 utilizes error checking
and correcting storage (corrects all single-bit
errors and detects all double-bit errors) on the
4956. If system errors or exception conditions
do occur, a class interrupt could result.

Fm
I .:
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The 4956 processors contain an error log that
provides a history of the 64 most current errors
that have occurred since the power was
switched on. This information is available to
the customer engineer through the
programmer’s console or the Diagnose
instruction and is useful in isolating the cause
of a particular problem. At power-on, all 64
entries in the error log are cleared.

At the input/output level of the system, IBM
has incorporated capabilities into the
attachment features and into the devices
themselves to help ensure reliability of the
hardware and the data. The following are
examples of checks that are built into the
attachment features:

e Condition codes — Each time an Operate
I/O instruction is issued, the device,
controller, or channel immediately reports
to the processor a condition code pertaining
to processing of the I/O command.

On devices that present interrupts,
condition codes are again presented with
the I/O interrupt to further define the exact
status of the I/O operation.

e Interrupt status byte (ISB) — If an error
condition exists after an I/O operation (for
example, a channel parity check), detailed
information on the nature of the error is
presented in the ISB.

Further residual parameters from the device
are also available in the device status
words, which can be brought into storage by
doing a Start Cycle Steal Status operation.
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e Redundancy checking — Vertical
redundancy checking (VRC), longitudinal
redundancy checking (LRC), and cyclic
redundancy checking (CRC), as applicable,
are done by the various I/O adapters. For
example, the disk and diskette units both
generate CRC characters by sector for both
the sector ID fields and data fields.

The ACC control features provide LRC and
VRC checking on receive data—the BSC
features offer CRC with EBCDIC and
LRC/VRC with ASCII. The 4987
Programmable Communications Subsystem
can provide VRC, LRC, or CRC.

The Series/1 processors contain circuitry to
provide continuous power verification (that is,
circuitry to monitor the source voltage and the
output voltage of the power supply).

If the source voltage drops, a power/thermal
warning class interrupt occurs, and if the
voltage drops below a certain point
(approximately 80 Vac or 160 Vac), the system
shuts off. Upon restoration of the mainline
voltage, the system automatically switches
power back on and, if the IPL switch is set to
auto-IPL, the system automatically performs
another IPL. The IPL bootstrap program can
be coded to reload a selected program and
processing resumes. This automatic restart
feature makes the system particularly viable for
use in a remote or unattended location.

If the error occurs as a result of a failure in the
power supply or its load, or as a result of a
thermal condition, the system shuts off and
remains off until it is manually restored.
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Chapter 3. Series/1 processors and features

Series/1 offers many compatible processors—the 4956 processors and the
entry-level desk-top Series/1 System Units, which are available in several
models. The processors differ mainly in storage size and speed, with the
4956 J and K models offering 2 megabytes of onboard storage and the
greatest internal speed. Processor models also differ in the number of I/O
features that may be attached.

Features that enhance reliability and performance include power fail
detect/auto restart, storage protection for complex application
environments and program development, error checking and correcting
storage, and optional floating-point feature for mathematical and scientific
calculations.

Adding one or more 4959 Input/Output Expansion Units or 4965 Storage and
Input/Output Expansion Units to your 4956 provides I/O attachment
capacity beyond that in the Series/1 processor.

Attachment features provide a wide range of device and system attachment
to the Series/1. Specifically covered in this chapter are features for
attaching 5200 Series printers, multiple work stations, and non-IBM
devices. The Multifunction Attachment and various communications
features are also covered.

Note: Programming support refers to the latest version and release level

that was announced at the time this document was printed. Programming
support is available under separate license.
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4956 Processor specifications (Model B10)

Operating characteristics

Storage cycle time 550 nanoseconds

Average instruction

time (weighted)

Storage read/write

access time (typical) 400 nanoseconds

Maximum aggregate

data rate for multiple

cycle-stealing devices 2.42 megabytes per
second

2.3 microseconds

Physical characteristics

Height 356 millimeters (14 in.)
Width 483 millimeters (19 in.)
Depth 476 millimeters (18.75 in.)
Weight 22.7 kg (50 1b)

Shipping weight 42.2 kg (93 1b)

Environmental conditions

Heat output/hour
Cooling

Operating temperature
10—40.6°C (50— 105°F)
8—80%

500 watts (2157 BTU)
Forced air

Operating humidity

3-2 IBM Series/1 Digest

Power reqilirements (at full load)

115 volts 6.0 amperes
120 volts 5.8 amperes
208 volts 3.3 amperes
230 volts 3.0 amperes
240 volts 2.9 amperes
Frequency 60+0.5 Hz
kVA 0.70

Phase 1

Branch circuit 15 amperes

Programming support

e Event Driven Executive
e Realtime Programming System.

Prerequisites

None required.



Standard features

e High-performance Series/1 processor

e 1024 kilobytes (KB) main storage

e Up to 512KB of main storage directly
addressable

e Instruction set (179 instructions)

implemented in microcode

Four priority interrupt levels

Eight general-purpose registers per level

Byte-addressable storage

Error checking and correcting storage

Clock/comparator

Error log

Self-contained power supply that includes

communications power

Power failure detect/auto restart

Eight address spaces available to software

e Data channel

— Up to 256 I/O devices directly
addressable

— Direct program control or cycle-steal
operation

— Data transfer on byte or word basis

— All data checked for parity on a byte
basis

— Data transfer at 2.42 megabytes per
second (maximum aggregate).

The processor is a full-width unit with 13 I/O
feature locations. It is a modular unit that
mounts in a 4997 Rack Enclosure or an EIA
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