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Foreword

The AS/400 system is a new generation of
general-purpose, mid-range systems from ism.
With more than 1/4 million customers worldwide,
the product family that established the small and
intermediate business computing standard is now
setting a new standard with the AS/400 system. It
has been designed and built to combine the
strengths of its predecessors. This includes the
System/36’s large application portfolio and wide
range of connectivity options, and the
System/38’s programmer productivity, advanced
architecture, and integrated data base.

Significant new function has been added to
enhance ease of use and connectivity and to
support IBM's Systems Application Architecture
(saa), online education, and direct electronic
customer-to-iBm support. The AS/400 system has
been designed to provide growth potential for
future applications, including applications with
graphics, voice, and image capabilities. The
architecture also preserves customers’
application and education investments by
providing easy migration for most applications.
The hardware, with its expanded range, is setting
new standards in quality and reliability while using
the latest in 1BM's vLSI, main storage, and disk
technology. This has all been accomplished in a
hardware family managed by a single operating
system.

Such an undertaking provided many
programming, engineering, and manufacturing
challenges during development. This publication is
a collection of articles on the design and
development of the AS/400 system. The AS/400
System Overview provides a high-level look at
some of these advances, followed by three main
sections: Programming, Engineering, and
Manufacturing. These articles were written by 78
of the more than 2,000 technical and professional
people who work in these areas. They describe
some of the innovation, technology, and design,
and thus some of the advantages, built into the
AS/400 system.

James E. Coraza
Director of Advanced Systems

1BM Application Business Systems
Rochester, Minnesota



Preface

The articles in this publication are not intended to
replace 1Bm technical manuals in describing the
capabilities of the system components and how to
use them. The articles are for general technical
communications purposes only; they do not
represent an IBM warranty or commitment to
specific capabilities in the referred-to products.
These articles describe the AS/400 system at the
time of announcement and will not be updated.

The publication is the result of the efforts of many
pecple, but special acknowledgement is due to:
Vicki J. Gervickas, editing; Michael L. Horsman,
graphics; Wayne A. Larson, engineering; Richard
J. Lindner, programming; Frederick R.
Oeltjenbruns, manufacturing; John C. Kaplan,
system support; Roger L. Taylor, system
development; and Herbert B. Michaelson,
publications consultant. They provided significant
help with photography and graphics, as well as
shaping both the publication and the individual
articles.
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AS/400 System Overview

Provides an overview of AS/400 underlying concepts and a high-level view of technical innovations incorporated in the system.

Ronald O. Fess, Kenneth R. Reid, C. David Truxal, and Richard J. Lindner

Introduction

The AS/400™ system is a broad new family of
general purpose mid-range systems. The system
architecture was developed to provide a total
solution to computing needs. It employs today’s
hardware technologies, combined using state-of-
the-art engineering processes, to create a family
of models tailored to a broad range of business
needs. This system sets new standards for
usability, performance, reliability, productivity,
simplicity, and training, while offering solutions
that allow it to grow with the needs of a business.
The entire family is managed by a single operating
system that provides complete end-user
consistency and application portability across all
models.

The AS/400 system provides many integrated
features that form the foundation for a productive
and extendable computing system. Operating
System/400™ (OS/400™) provides a
comprehensive, fully integrated set of batch and
interactive work management functions that make
processing application programs efficient and
productive. Business operations are
complemented by the integrated office products
and sophisticated communications components
of this system, which effectively employ attached
personal computers and other systems within a
network to provide maximum data availability. The
0S/400 data management facilities provide a full
range of data description capabilities and a
consistent interface for application access to data.
All data resides in a single integrated relational
data base, with powerful query features that make

information readily available. These facilities,
combined with a range of high-level language
compilers and utilities, provide customers with a
set of highly productive application development
tools. System utilities and system management
facilities, such as message handling, spooling,
and diagnostic support, make operating the
system convenient and easy to understand.

Moving from predecessor systems to the AS/400
system is also convenient. Within OS/400,
environments are available for easy migration of
most System/36 and System/38 applications,
files, and procedures. These environments make
the applications appear as if they are running on
System/36 or System/38, thereby preserving the
customer’s previous investment in applications
and in the training to use them. This means an
extensive application base already exists to meet
business needs, while additional applications are
being developed to capitalize on AS/400
advantages. The system also allows gradual
conversion of existing applications to take
advantage of the advanced AS/400 system
capabilities as the user’s business needs dictate.

Many software, microcode, and hardware
innovations, plus the iBM strategic Systems
Application Architecture™ (saA™), make the
AS/400 system a product for the future. sAA
conformance will allow application movement to
and from other conforming systems, with
application users shielded from the underlying
hardware and software differences.

System Concepts

The AS/400 system is designed and built as a
total system, integrating i1Bm hardware and
software components to provide optimal usability,
performance, and reliability while reducing costs.
Three basic system concepts form the underlying
structures that give this system its advanced
characteristics. The first is the layered machine
architecture, which isolates the effects of change
and makes the system function extendable in a
manner transparent to the end user. The second
is its object orientation, which permits an
instruction interface that is consistent across a
wide range of supervisory and computational
instructions. This allows the operation and use of
machine resources through logical names,
independent of the underlying hardware
specifications or characteristics. The third concept
is the single-level addressability of all storage.
This allows transparent storage addressing,
making both main and auxiliary storage appear
contiguous. This, coupled with its object
orientation, allows dynamic object creation, use,
and extendability, and permits storage and disk
additions without affecting customer applications.

Layered Machine Architecture

The AS/400 system insulates users from
hardware characteristics through the layered
machine architecture. This layered architecture
raises the level of the machine interface, creating
a high-level machine instruction set that is
independent of the underlying implementation.
Figure 1 shows the hardware with horizontal and
vertical microcode layers that comprise the high-
level machine. The horizontal microcode (HMC)



layer implements the internal hardware instruction
set, while the vertical microcode (vmc) implements
the machine interface (M) architecture of the
system. The high-level machine provides many of
the basic supervisory and resource management
functions traditionally found in operating systems.
Microcode runs faster than higher-level programs,
so applications realize this gain when functions
they use are implemented in microcode. The high-
level machine provides the user with full
multitasking, integrated security, automatic paging
of programs and data, interlanguage calls with
dynamic binding, interactive debugging,
addressability for 2**48 (281 trillion) bytes of
storage, and re-entrant programs (all users share
a single copy of the program instructions). The
machine interface allows implementation flexibility
below it; therefore, machine performance and
resources can be optimized by implementing
function within the layer in which it operates most
efficiently. Many validity and authorization checks
are done by the machine microcode so software
components can make simplifying assumptions
about their input and operational requirements. As
new hardware and software technologies emerge,
they can be employed without affecting
applications.

=
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Vertical Microcode Layer Machine

y -

Horizontal Microcode Layer

Hardware

RSLL350-3

Figure 1 AS/400 Layered Architecture

Object Orientation

Everything on the system that can be stored or
retrieved is contained in an object. Objects exist to
make users independent of the implementation
techniques and addressing structure used in the
machine. The high-level machine is designed to
treat everything the same through the use of a
generic object structure. Although programs are
run, files are read or written, and queues
communicate results between processes or
between a process and a device, they all have
many of the same basic needs, such as storage
space and security protection.

All objects are structured (as shown in Figure 2)
with a common object header and a type-
dependent functional portion. This permits the
system to perform standard object-level functions
on all objects, as well as permitting each object to
be tailored for its own purposes. A create
instruction is used to produce each object in a
standard format. This process is called
encapsulation and, once created, the object’s
internal format is not apparent to the user. The
only exception to this is the space object, which is
designed to allow storage of and operation upon
byte-oriented operands such as character strings
and numeric values. Object management
functions ensure objects are used correctly,
preventing inadvertent modification and ensuring
they are available for subsequent operations.

With the object as the container for all stored data,
machine interface instructions can handle
everything in a consistent manner. Each object
has an object-type identifier that determines how it
can be used when retrieved. Complex system
components combine several types of primary
objects to provide composite objects. These
composite objects are the constructs generally
visible to the user; they are easier to understand
and control because the complexity is handled by
the system. For example, a physical file is a user
construct that is made up of a data space object

Owner Object

Pub Authority Header
{(common)

Object Type
Subtype

Object Offset e o »

Object-
Specific
Header
(optional)

Functional
Object
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Figure 2 Structure of Generic Object

that stores the data, a cursor object that provides
addressability into the data space, and optionally,
a data-space-index object that provides logical
ordering to records stored in the data space. By
combining primary objects, high system quality
can be achieved because proven functions are
used, and system performance can be optimized
by carefully tuning highly used functions.

Single-Level Storage

A single, device-independent addressing
mechanism handles main storage and all auxiliary
storage utilization. The system’s directory
contains virtual addresses rather than real disk
locations. To run a program, the user simply calls
the named program. This causes the high-level
machine to automatically resolve the address and
verify the user’s authorization. The underlying
virtual storage addressing mechanism ensures
the program gets loaded into main storage and
control is passed to the loaded address. In effect,
the system branches to the program’s address.
Similarly, for data, a program considers data to be
at its virtual address and the machine handles all



input and output operations transparently. For
performance considerations, the system supports
capabilities, called pointers, that contain an
address and authorization for repeated access to
an object.

Virtual addressing is completely independent of
an object’s physical location, and the type,
capacity, and number of disk units on the system.
A data base file may be stored by distributing it
across several locations on several disk units, yet
its records will have contiguous virtual addresses.
As a result, multiple extent files appear to have
just one extent, and unused spaces on a disk do
not have to be gathered together to use them.
Users have the advantage of being able to leave
disk space management to the system.

AS/400 Software

The AS/400 system software contains advanced
solutions for mid-range computer systems. These
solutions are built upon the system concepts and
their advantages are exhibited in many ways.
Examples include the OS/400 user interface that
makes the functions of the system visible and
easy to use; AS/400 Office that provides a
powerful environment for the control of business
office operations, and integrates the use of
personal computers; the system'’s advanced
communications facilities that allow it to
communicate with other systems in a business
environment that often includes multiple office
locations; and the operational control and system
support capabilities that efficiently manage the
system in a complex business environment.

0S§/400 User Interface

Although many traditional operating system
functions are performed by the high-level
machine, OS/400 makes them easy to use.
Simplified menus, commands, and help
information are available to make the system easy
to learn and make the user comfortable with its
operation and control. A broad set of languages

and utilities provide the support for effectively
applying the system to business needs. Special
functions make it easy to migrate from a
System/36 or a System/38 to the AS/400 system.
Figure 3 shows the relationship of operating
system functional areas within the AS/400 system
structure.

System functions are accessed through
consistent, easy-to-use menus and commands
with extensive online help and prompts readily
available. Fast path (menu bypass) capabilities are
also supported for experienced users. To support
these capabilities an advanced User Interface
Manager (uiMm) is an integral part of OS/400. The

UIM, Common User Access -
System/36 Menus/Prompts/Help/Search Index
Menus
Commands AS/400 System System/38
Commands Commands
Operating
System/400
OCL Dialog Manager CL
RPG H Presentation Services, SQL, RPG i}
SFGR RPG, COBOL, Pascal, BASIC, PL/ DDS
ICF/COMM/APPN System Support/Alert
/
CCIiOM
N
High-
System/36 Environment Level
Machine
Vertical Microcode (VMC)

Horizontal Microcode (HMC)

Hardware

Figure 3 AS/400 System Structure
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UM is a device-independent display definition and
presentation facility used by the system to provide
a consistent interface, to enforce saa interface
standards, and to ensure consistent future user
interface extensions. The System contains
knowledge about functional dependencies; when
an interactive request is made to the system, it
uses that knowledge to tailor the prompts so only
valid options are displayed. The um supports
context-sensitive help information throughout the
system. This help provides a consistent level of
descriptive information that pertains to the field on
which the cursor is positioned and is tailored to
the task being performed.

0S5/400 is designed to support interactive use in
multiple national languages for worldwide
application. Textual data is stored separately from
operational program code, permitting a system to
operate concurrently in many national languages.
The urm selects the appropriate language and
shows online displays, messages, and help
information, based on the user’s profile cbject.
The national language textual data can be
updated or medified while the system is
operational. Facilities used by the system to
produce an international system are also available
to customers for application development.

System facilities are available through a command
interface. The comprehensive control language
{cL) provides interactive users and application
programs consistent access to system functions.
This extendable, high-level interface has a
consistent syntax for operational, programming,
and maintenance functions. cL can be compiled to
perform complex operational functions, and the
resulting cL programs may call or be called from
any high-level language program. They may also
access the data base and they may communicate
directly to users through displays and prompts. In
additicn to cL interfaces, the AS/400 system has
provided various application program interfaces

(aPis) that allow customers to tailer functions for
their business needs.

Another interface is the system’s Structured
Query Language/400 (saL), a strategic SAA
interface to the system’s integrated relational data
base. saL is integrated into the system using the
same system services for security, locking, data
storing, and retrieving that are used by all other
AS/400 products. This allows the user to access
the AS/400 data base with saL language
statements, utilities, or conventional high-level
language read, write, and update statements. The
system supports a comprehensive locking
strategy at the object and record levels to allow
multiple users to view, access, and modify the
same files at the same time, through any interface,
without losing data integrity. With this data base,
the AS/400 system has the ability to access a
single data representation using multiple logical
views, providing advantages in application
programming productivity, quality, and security.

Powerful data and file definition languages provide
the external interfaces supporting data base,
device, and communications files. File definitions,
stored as objects on the system, provide the
framework for independence between device files
and data base files, allowing data to be optionally
directed to a device or the data base through cL
commands. The file definition languages describe
data externally from the application programs.
Once a file is defined, its definition can be used by
many application programs. The data definition
facilities were designed in cenjunction with
0S/400 data management, the high-leve!
languages, and the high-level machine object-
oriented functions. Together, these system
functions give the application programs a very
consistent data management interface. The high-
level machine permits the system to perform
typical application-data validity checking and
formatting, thus improving performance

significantly and providing more advantages in
programming productivity and application quality.

Special support exists within 057400 that allows
applications to operate as though they were
running on a System/36 or System/38, making it
easy to migrate end users and most application
programs to and from the AS/400 system. A
System/36 environment exists that consists of a
machine definition, commands, procedures, files,
and a set of control blocks, which are added to a
job when the associated user-profile object has a
System/36 attribute specified. This attribute
informs the system that it should operate in a
manner consistent with a System/36. Users
without the attribute in their profile can issue a cL
command to initiate the System/36 environment.
The System/36 environment runs like a
subsystem within OS/400, not as an emulator,
therefore, the user does not pay the performance
penalty nhormally associated with an emulator.

Similarly, a System/38 envircnment supports
running System/38 user applications. This
environment is established when a program has
the System/38 attribute. System/38 programs run
as part of AS/400 jobs and use System/38
command syntax, command definitions, and
function. This attribute is automatically established
when an object is restored on an AS/400 system
from a System/38, so applications can run without
change. Objects can also be created with this
attribute.

Office Environment and Personal Computers
AS/400 Office can help control the flow of work in
an office. It is an integrated office services
package that contains support for word
processing (including text, graphics, and image
processing), calendars, electronic mail, personal
directories, and office administration. Its user
interface includes full suspend-and-resume
capability from all office functions, permitting



users to suspend any office function, initiate other
functions, and later resume any previously
suspended function. Customer applications called
through the Office menu may be suspended or
resumed as well, The office user interface is
consistent with the rest of the system, including
panel formatting and context-sensitive help
throughout.

The AS/400 system structure and high-level
machine have been used to optimize office
performance and simplicity. The linguistic spelling
features have been implemented in vmc for
improved performance, and the support for
electronic mail uses the networking support within
the operating system and vmc, making the
communications hardware complexity transparent
to office workers. Office functions are designed in
compliance with saa guidelines using strategic 1iBM
architectures. AS/400 Office contains a Document
Interchange Architecture (Dia) library. The
documents conform to the Document Content
Architecture for future compatibility, and are
distributed using sna distributed services (SNADS}.
APls are furnished with the system, allowing
applications to use these office services directly.

Personal computers have been integrated into
AS/400 Office through cooperative processing
techniques, which distribute the work between the
System Processor and the personal computer.
Also, system support allows the AS/400
document library to serve as a filing system for
the personal computer with data location made
transparent to the pc application programs.

The method used to attach personal computers to
the AS/400 system is transparent to the
applications running cn them. They can be
aftached by either twinaxial cable, synchronous
data link communications (SbLC), or the 1BM
Token-Ring Network. A router that runs on the
personal computer controls all communications to
host AS/400 systems. pPc applications behave

consistently in all hardware environments. The
router also allows the personal computer to have
multiple sessions active with one or more host
systems in the communications network. Office
support, called work station function, running cn
the personal computer provides an interface for
applications that wish to communicate with
multiple host systems. Work station functicn also
improves graphics performance by automatically
requesting increased communications packet
size, and improves graphics appearance by
providing attributes to the host AS/400 system
that allow it to tailor the graphics data stream to
the display capabilities.

Cooperative processing techniques have also
been used for host-dependent display stations,
with text precessing distributed between the
System Processor and the work station input/
output {1;0) processors.

Advanced Communications Facilities
Communications between systems is vitally
important in the complex business environment of
today, with the need to distribute information and
have cooperative access with good control.
AS/400 communications facilities give users the
advantage of being able to communicate with
other systems through automatic features that
ease the management of complex
communications networks. The key to this
advantage is the advanced, extendable
coemmunications structure that provides
independence from the specifics of
communications protocols. This is important to
the portability and simplicity of application
programs. The AS/400 system achieves
independence by integrating the industry’s
standard protocols into its communications
structure and through the intersystem
communications function (crF) within AS/400 data
management. ICF does the protocol-specific
processing. Through the use of OS/400 data
definition facilities and the communications

function manager, it provides a high-level interface
for communications.

ICF uses the advanced peer-to-peer networking
{aPPN} support, which is an extension of the
Systems Network Architecture (sna) networking
function of the vmc layer. ApPN provides
automated functions like locating a remote
resource, selecting the best data transmission
route, activating a non-configured logical unit (Lu}
description, and automatically adapting the data
transmission pacing and the transmission priority
to optimize resources.

Automated functions are essential to
communications usability. As the scope of
business operation increases, the performance of
the communications support also becomes
critical. The pretocol independence built into the
AS/400 communications structure achieves a
performance advantage through the use of
separate ;0 processors that relieve the System
Processor from the compute-intensive burdens of
communications data handling. The structure is
extendable to accommodate the hardware and
processing techniques of the future. As
communications speeds and bandwidths
increase, the benefits can become available to
application programs without affecting their
operational interfaces.

The interprocess communications facility and bus
transport mechanism (shown in Figure 3) are new
170 architectures for data communications
between the System Processor and the 110
processors. They operate in the vMmc layer, and
together make the transport mechanisms
transparent to the communicating processes. The
interprocess communications facility provides the
logical connection between pairs of
communicating processes, and the bus transport
mechanism provides the transport services used
by the interprocess communications facility to
transport data across the ;o bus. The bus



transport mechanism is unaware of the content or
format of the data. Device-specific or ;0
processor-specific data structures are moved
transparently, with processing left to the
processes running in the System Processor or ;o
processors.

Operational Control and System Support

The AS/400 system is shipped with the necessary
user profiles, subsystem descriptions, device files,
and other objects that make the system ready to
use when installed. Additional tailoring of the
system can be done at any time using the system
menus or the command interface. Devices can be
added without disrupting end users, using the
concurrent configuration support to create the
necessary configuration objects. Local devices
¢an be attached to the system and automatically
configured when they are powered on.

Online education is available, allowing users to
learn at their own pace. These onling courses,
combined with the message help text and natural
language, online search-index capability, are
designed to provide education to users when it is
needed, directly on their display stations.

The AS/400 system eliminates the need for
separate resource management subsystems that
impose functional restrictions and inconsistent
interfaces on users. The high-level machine
manages the flow of work and the allocation of
system resources, supporting concurrent
processing of batch, interactive, and transaction-
oriented applications.

To protect data, security, which is the
responsibility of the user, can be tailored to match
user's needs or the controls to which the user is
accustomed. A wide range of security levels are
available, from inactive to full security, authorizing
specific users to specific objects. Various degrees
of user authorization can be selected between
these two extremes. Security can be administered

by specifying the list of users authorized to each
object and the level of authority for each user. Or,
it may be administered by specifying the list of
objects authorized to each user and the level of
authority the user has to each object. Features
allow either methed to be used, accomplishing the
same end result. The machine performs all
authority checking when an instruction first
addresses a secure object. This gives excellent
performance and transparency to application
programs.

Advanced support facilities maximize availability of
the system using sophisticated problem detection,
isolation, and analysis techniques, and an
innovative help network for commonly asked
questions and answers. A set of electronic
support functions have been integrated into the
AS5/400 system to help users identify problems.
vMC and HMC support components record and
report vital data about the hardware, software,
and system conditions at the first indication of a
failure. This information allows O5/400 functions
to analyze and isolate a problem and electronically
report it to the 1BM service and support systems.

AS/400 Hardware

The AS/400 system hardware architecture
complements the OS/400 software, efficiently
supporting the high-level machine interface and
system concepts. The engineering design
employs the latest technologies, achieving
dramatic performance and capacity improvements
over predecessor systems, while providing
competitively priced systems across the entire
mid-range.

Figures 4 and 5 depict the AS/400 hardware
structures. Two hardware structures are
specifically designed to allow an extensive range
of models and 10 devices that fulfill customer
price and performance requirements. The smaller
models are intended for use in a quiet office and
fit inconspicuously in an office corner or beside a

desk. The larger models are comprised of
hardware components installed in a rack for
expandability within a confined space. Together
they provide an initial family of six models offering
moere than a seven-fold range in throughput
performance. Main storage uses I1sM's latest 1
megabit production storage technology. The disk
storage offered on the AS/400 system features
1BM’s most advanced disk units where ail track
accessing and positioning is controlled by a
separate microprocessor, thereby freeing the
System Processor to do more application work.

The key elements in developing this broad range
of hardware were the leading-edge processor
implementation using very large scale integration
(vLsi) logic, the storage and disk unit technologies
employed, and the sophisticated development
tools used to design and test the system. Just as
05/400 supports the saa architecture, using
common software products to increase
application portability, the AS/400 hardware uses
common hardware components and 1/0
microcode to provide 0OS/400 portability across
the product family.

The System Processor communicates with
independently functioning 170 processors over a
high-speed bus for direct data access. Main
storage access for the System Processor is
provided by virtual-address translation (vaT)
hardware that converts virtual addresses to main
storage addresses. Address translation tables in
main storage and a translation look-aside buffer in
hardware provide high-speed assistance for
mapping from virtual to real main storage
addresses. The System Processor has a 32-bit
data path and 48-bit addressing that can provide
direct access to 281 trillion bytes of storage. It is
implemented with a software and hardware
architecture that can accommodate up to 64-bit
addressing. If the future need arises, changing to
the 64-hit addressing can be transparent to
05/400 and application software. This addressing

7
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model, coupled with single-level storage, provides
the basis for independence from disk unit and
storage characteristics and eliminates the need
for disk management at the application level.
While the industry implements 32-bit
architectures, the AS/400 system’s 64-bit
architecture goes beyond to accommodate the
needs of future applications with voice, image,
and artificial intelligence capabilities.

The System Processor fetches 42-bit HMC
machine instructions from the random access
memory (Ram) control storage and can perform
8-, 16-, or 32-bit operations. Most machine
instructions use one processor cycle. The
processor cycles vary from 60 to 120 nano-
seconds, depending on the model. The high-
speed horizontal microcode provides good
performance characteristics with a very flexible
approach to creating vmc instructions. This layer
of microcode isolates the rest of the system from
the hardware characteristics. This will allow future
performance, capacity, and cost improvements to
the hardware without disrupting the operating
system or customer applications. The use of
microcode layers with built-in interfaces also
permits movement of functions into high-speed
hardware implementations as technologies
advance.

Control storage is implemented in two sizes, 4K
and 8K words. This allows trade-offs between
cost and performance and is one of the
techniques used to provide different price and
performance options within AS/400 system
models. Control storage is more costly than main
storage but is significantly faster; therefore, the 8K
control-storage system costs more than the 4K
system but offers better overall system
performance. In the low-cost 4K control-storage
design, additional machine instructions are stored
in main storage and the processor fetches these
instructions from main storage rather than control
storage.
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To optimize system throughput and response
time, it was necessary for i8m to match
technologies. The latest high-density storage
technology is used as the basis for main storage
and is available at two performance levels (80- and
120-nanosecond access times). The data path to
main storage is 8 bytes in width, and capacities
vary from 2 megabytes to 96 megabytes,
depending on the model. In each model,
processor speed is balanced against main
storage and control storage access times and
sizes to achieve optimal performance.
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Each system also includes a Service Processor
that starts the system and performs system
maintenance functions, such as fault isolation,
error detection, error reporting, and System
Processor service utilities. The Service Processor
also provides the interface to the control panel
and power control functions.

To preserve 1BM's traditional leadership in system
reliability, availability, and serviceablilty, new
methodologies were defined to analyze and
implement hardware quality and reliability. Ease of

service has been designed into the AS/400
system’s online diagnostic capabilities and service
publications. The system’s functionally packaged
hardware and electronic support features provide
the capabilities for responsive service dispatching.

The larger AS/400 models are designed to
provide maximum performance and capacities
using dedicated 1/0 controllers for disk, tape, and
diskette units, for communications and token-ring
network lines, for locally attached work stations
and printers, and for the Service Processor.
These are shown in Figure 4.

The smaller AS/400 models are designed to
provide the lowest-possible entry price, with
competitive performance and capacity. The base
configuration has 10 and Service Processor
functions combined in one 170 processor. As
additional 170 devices are required, individual

I/0 processors are added to support

additional local work stations and printers or
communications lines. These are shown in
Figure 5.

Conclusions

The AS/400 system is 1BM's richest, most
competitive mid-range system offering. It provides
broad function and a wide capacity range, with an
advanced architecture and operating system that
span an entire family of hardware. It features
state-of-the-art data base capabilities, productive
features for application'developers, and
distributed processing capabilities accessed
through an easy-to-use interface that is based on
the saa Common User Access interface. It is an
outstanding office system that integrates the
personal computer with general-purpose
systems.

This system preserves customer investment in
education and most application programs, with
environments that make most application source



portable to and from predecessor systems. The
advanced facilities of 05/400, including
sephisticated communicaticns and netwerking
functions, can be employed gradually as business
needs require. Computer-aided problem
diagnostics and online education advance the
meaning of customer support.

Consistent implementation of the 1BM saa
standards and products fortify this product family
with strategic products today. The AS/400 system
features hardware and software extendability to
accommaodate demanding applications of the
future.

™ AS/400, Operating System/400, 05/400, Systems
Application Architecture, and Saa are trademarks of
International Business Machines Corporation.
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An Integrated User Interface

Describes a new dimension in user interface consistency and advancements that increase ease of use and simplify work activities.

J. Howard Botterill, Dennis A. Charland, and John Y. Harrington

Introduction

The AS/400™ system spans the range of small to
intermediate systems. It addresses the needs of
the single-user environment, as well as complex
environments with many work stations and many
users. The user interface is simple and self-
guiding for new users, and is efficient and

productive for professional data processing users.

Although the system is new and advanced, the
interface is based on the proven ease-of-use
techniques and system-wide consistency of
predecessor systems. It is a single integrated
interface that combines the strengths of user-
friendly menus, self-directing entry displays,
extensive help, powerful list displays, a
comprehensive command set, and an underlying
object structure.

While retaining these proven techniques, the
AS/400 system provides major enhancements
resulting in greater ease of use, productivity, and
flexibility. It expands interface consistency to
include consistency with other 1BM systems and
between dependent work stations and attached
personal computers.

The interface is designed to be flexible to address
the broad spectrum of new and experienced
users. This has been achieved by providing a
primary method of interacting (usually choosing
from a set of numbered choices) and alternative,
fast-path methods for more proficient users.
These alternative techniques, which include
specifying multiple actions at one time, taking a
direct path to any menu, and entering commands
directly, can be used in combination with the
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primary method of interaction. They are designed
so that users can easily graduate to them, using
the same terminology, options, and order of
specification as in the primary method. In this way,
the interface grows with the user.

The menus provided with the system have also
been improved. These menus allow the user to
operate in action-object or object-action
sequence, where the action identifies the task and
the object is the item the user wants to operate
on. (The object may not be an AS/400 object type.)
After selecting the type of object (such as file,
document, or program), users are presented with
a list of objects of that type. On the list of objects,
the user can type the number representing a
desired action (like change or delete) next to one
or more of the objects. The user can stay on that
list of objects and follow that action with other
action requests. As an added feature, a list display
has a blank list entry that can be used when the
name of the object is known. The user can type
the action and the name of an object, without
having to find the object in the list. In this same
way, the user can create a new object by typing
the number representing create and the desired
name in the blank list entry.

While the list displays allow the new or occasional
user to simply identify one action to be performed
on an object, users, as they graduate to needing
more function, can request actions to be
performed on multiple objects. These actions can
all be of the same type, or they can be different
actions requested on different objects. When an
action is requested that requires additional

information, like the options for a print request, an
entry display is presented requesting only the
required and frequently used options. The more
advanced, special purpose choices are available
by pressing a function key. In this way, new or
infrequent users are not intimidated by the full
function. They only have to deal with the
frequently used options that have meaning to
them.

At any time, users can ask for assistance by
pressing the Help key. Help is provided in the form
of online text describing the field or display area
the user is currently using. From that first help
display, a function key can be pressed to getto a
Search Index function. This Search Index function
is a significant advancement. It allows users to
request more information by supplying, in their
own words, a description of what they want to
know. In response, they receive a list of topics
from the index that satisfies their request; from
this list they can choose the ones they want
displayed. In this way, the valuable tool of an index
is automated by providing a word search into the
help information that addresses the entire system.

These fundamental features of the AS/400 user
interface allow users to initially use the system
with little training, continue to use it occasionally,
or become highly efficient users.

New Dimensions of Consistency

A consistent user interface is very important to the
ease of use of any system. With the increase in
networking and the use of personal computers,
which allow the user to interact with different host



systems or the personal computer itself, has
come the need for consistency beyond the
individual system.

With the agdvent of the AS/400 system and
Operating System/2™ (0S/2™) for the personal
computer, iBM introduces new dimensions in
gonsistency: consistency between different
systems and between attached personai
computers and dependent work stations. The set
of rules and conventions that defines this
consistency is called Common User Access (Cua)
and is part of 1I8m's Systems Application
Architecture™ (saa™). Much of the cua interface
originates from the ease-of-use characteristics of
the System/3X family of products [1], with
enhancements 1o improve the interfaces on both
attached personal computers and dependent
work stations and make them more similar,
without compremising the potential of the
personal computer interface. cua establishes
IBMs direction for the future in terms of user
interface and ease of use. (For more informaticn
On CuA, see the 18M publication on cua [2])

The AS/40Q interface on both dependent work
stations, like the 319x display stations and
personal computers emulating them, and on the
attached personal computers (provided by
AS/400 PC Support) is based on cua. This means
that a personal computer will have the same
function key assignments for common dialog
functions, whether it is talking to an AS/400
system or functioning as a stand-alone personal
computer. For example, F3 is used for exit, F4 for
prompt, and F12 to return to the previcus display
on AS/400 work stations as well as 1BM's New CUA-
conferming 0S/2 and System/370 products.

The AS/400 systern and cua consistency goes
beyond function keys to dialog design and
interaction. Dialog technigues such as single
selection, value entry, list handling, and help are
also consistent between the AS/400 system and

the new personal computer products. Whether
users are using OS/2 personal computer software
or the AS/400 interface on a personal computer

or a dependent work station, they can interact in
similar ways. This is shown graphically in Figure 1.
For example, if a user wants to select from several

Common on the AS/400 Syslem and 05/2:
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Figure 1 CUA Consistency Batween the AS/400 System and 08/2

13



choices, the choices are presented in a common
format in a window or full display. Users select
their choice by typing its number or by pointing to
it with the mouse. (A mouse is not available on the
dependent display stations.) Similarly, the entry
displays, information displays, and list displays are
formatted and operate in the same way
throughout the AS/400 interface, as well as being
consistent with the appearance and operation of
the same type of displays on other cua-
conforming products.

The resulting consistency between systems
complying with cua makes it possible for users to
count on a common way of interacting, regardless
of what system type of devica is being used.

Menus

A comprehensive set of menus allows users to
quickly identify and select the type of object to
waork with or the task to perform. The type of
object may be a file, a document, a job, or mail, as
shown in Figure 2. The task, for example, may be
an office task, an application, a system operation,
Or a programming task. Some choices show
lower-level menus, with a more refined grouping
of choices.

In this way, the interface can accommodate eithet
action {task) or object requests. Usually task
choices go to a task-specific entry display. Object
requests usually result in displaying a list of the
requested type of objects to which the user is
authorized. On the list display, one or more
actions can be requested on the displayed
objects. In sither the task or object case, the user
need not know any commands, keywords, or
option names. Where needed, the system
presents an entry panel with multiple fill-in-the-
blank prompts. If a single choice is needed, a
menu is presented,
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Specific menus are provided for common groups
of tasks, such as office, programming, and
operation. A new User Tasks menu is provided for
users who are not data-processing professionals
and do not need the full function of the other
specialized menus (see Figure 3). For example,
such users may use this menu to send a message
to a co-worker (option 3) or check on their printed
output (option 5) without having to be trained as a
system operator.

O N
USER User Tasks

System: CHICAGO
Select one of the following:

i. Display or change your job

Dispiny messages

Send a message

Submit & job

Work with your spooled output files
work with your batch Jjobs

Display or change your library list
Change your passworc

Change your user profile

CwENve s wN

90. Sign off

Selection or command

am=>

F3=Exit Fa=Prompt F9=Retrieve Fl2=Previous F13 User support
F16=System main menu

\ J/
RSLL360-2

Figure 3 User Tasks Menu

A command line is provided on most system
menus. Individuals who use the system frequently
can display any menu by typing Go and the menu
name. Other commands can be entered on the
command line to request functions without using
the menu option paths or leaving the current
display. For example, EDTDOC entered on the
command line of any menu (as shown in Figure 2)
runs the Edit Document function.

List Displays

When a type of object is requested on a menu or
by using a command, a list of objects, including
type and attribute information, is displayed.

(Figure 2 shows a menu request resulting in a list
of documents.) A list display provides a
convenient means to perform actions directly on
objects, without having to recall and enter an
object’'s name for each action. An action option
field precedes each entry, and the action options
supported are shown in the upper instruction
area. Actions are requested by entering an option
number in the field preceding the object. Figure 4
shows the list of documents with a 5 ([l typed
next to LETTERS to request a display of the content
of LETTERS.

In the key areas of data definition, query, and
office, the AS/400 system introduces enhanced
list displays with an input-capable list entry at the
top of a list (see Figure 4, B} ). This entry allows
users to type the name of an object, along with
the action option, without having to roll to the
object or leave the list area. It also allows a
request to be typed to create an object that is not
in the list. The user can perform these actions in

~
List of Documents
Type opfions (and Document), press Enter.
l=Credte 2=Revise 3=Copy A4=Delete 5=Display 6=print  8=Detaiis
option Document  Subject Revised Types
: INVENTOR  Inventory for warehouse 10/22/87  DOCUMENT
e INVENTSM  Inventory summary 3/24/87 DOCUMENT
= LETTERL Letter to ABC CORP 12/01/87  MEMO
s LETTERZ Memo to J R Scruttle 12/03/87  MEMO
i‘- LETTER3 Memo to J R Scruttle 12/04/87  MEMO
e LETTERG Letter to Rundle Price 9/5/87 MEMO
S MEMOJHB Memo to J H Bottle 10/28/87  MEMO
)0 MONTHLY Monthly accounting summary 12/01/87  DOCUMENT
e MONTHLYD  Monthly detafl for November 12/02/87  DOCUMENT
y OLOMONTH  Last month's detail - Oct 11/02/87  DOCUMENT
Y REPORTYE  Year end report 11/30/87  DOCUMENT
Mare.
Command or parameters
>
FI=Ex{t FA=Prompt FS=Refresh Fl2=Previous
g 4
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Figure 4 Example of List Display
with Extended Entry

conjunction with other actions on objects in the
list.

Entry Displays

Entry displays, which allow users to fill in the
blanks, are provided when more details are
needed after a task is selected. Figure 5 shows an
entry display for a print request. The entry
displays are straightforward and require a
minimum of user interaction. They have a single
column of entry fields, each preceded by a simple
descriptive phrase (called a field prompt) and
followed by a list or description of the acceptable
values for that field. The values can be numeric
values for fixed, non-command choices or actual
command values, like *NONE, for command
prompt-entry displays.

The user is asked to respond only to required and
frequently used option choices. Default values are
already entered in the fields. Choices that are only
required in some situations are not initially
presented. They are presented on a following
display if it is determined, based on the initial
responses, that more choices are indeed
necessary. For example, if a copy request refers
to a diskette file, only diskette-related options
follow. Tape or data base options are not shown.
This tailoring of the entry displays based on user
responses is called intelligent prompting. The
system tailors the prompts based on user
responses. The displays are also layered. The
fields that are less-frequently used because they
are for advanced function are not initially shown.
They can be requested by pressing F15
(Additional options). Each of these techniques
results in users not having to analyze the
individual fields or choices that do not apply to
their task.

The fields on an entry display take two forms. The
first form is an entry field, which requests a user-
supplied value, like a name (see Figure 5, Kl ). An
underscore shows the value’s maximum length.
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For certain entry fields that accept a name, the
system can show a list of the objects to which the
user is authorized. F4 for list is shown to the right

E] - Selection by
Typing Mnemonic

Kl - Entry Field B - selection by
—’ Typing a Number

F4 with Cursor
on Document
Name Field

B - Reguested List

f

RSLL361-1

Figure 5 Entry Display to Selection List
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of these fields, and will request the list display (see
Figure 5, E0 ). The user can then make a selection
from the list rather than typing the name.

The second type of field on an entry display is a
selection field that allows a selection from a fixed
set of choices. The choices are numbered as
shown in Figure 5, B , unless the choice is a
value that has significance by itself, as in the case
of a command parameter value. The user need
only type the number for the desired choice in the
same fashion as on a menu. When the prompt
requires a Yes or No response, Y and N are
accepted for Yes and No, as shown by E¥in
Figure 5. In the case of command prompt-entry
displays, the actual parameter values are
accepted and are listed to the right of the entry
field, like *REPLACE, *ADD, Or *MERGE.

Command Level Support

While the display interface of the AS/400 system
is carefully designed not to require a knowledge of
commands, and even to hide commands, most
actions result in a command being processed (see
Figure 2, bottom). The terminology for the options
and choices shown on displays closely matches
the terminology for the corresponding spelled-out
names of commands and parameters. This,
coupled with the availability of a command line on
most menus (see Figure 3) and list displays (see
Figure 4), makes it very easy for users to begin
using the command fast-path approach for
frequently requested functions. A user who knows
the command can enter it instead of taking menu
options. The same entry displays that are
presented if that function is selected by number
from a menu or list display are available when
entering commands. The entry displays can be
requested at any point in typing the command by
pressing F4. Any parameters already typed are
carried over and filled in on the entry displays.
Defaults are shown in the entry fields for any
parameters not specified.

Online Help Information

Even with a flexible user interface, the time will
come when a user does not understand how to
use a display or how to get started on a task.
Through the AS/400 help facility, supporting
information is immediately at hand.

The help structure defined in iBM's CuA combines
help on displays with a help index. The AS/400
help facility provides comprehensive display help
and advances the help index concept by giving
users a search capability.

The AS/400 help facility provides the type of
information users need to complete their
immediate task, not a long discussion on how the
system or a function works. Rather than duplicate
printed manuals, the help facility takes advantage
of what the computer does best: provide quick
access to specific information. The key to quick
access is the information-module concept. All help
information is in the form of small building blocks,
called information modules, that provide specific
bits of information. A single information module
can be used individually, or linked together with
other information modules in different
combinations or sequences.

As shown in Figure 6, the help facility makes use
of the information-module approach to provide
both context-sensitive help (based on cursor
position) and a searchable index of help topics.
Context-sensitive help is provided for all displays
by associating specific help areas on each display
with specific information modules. When a user
presses a Help key, the help facility displays the
information module associated with the area
where the cursor is currently positioned. For
example, when the cursor is on a specific line or
field, field help is provided, as shown by i
Figure 6. When the cursor is in other, nonspecific
areas of a display, extended help is provided, as
shown by ] . The extended help consists of
information modules on the use of the display as a
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Figure 6 How a User Gets Help

whole, in addition to all of the field help modules
describing the use of individual fields. The
modules are linked together so that users can
move forward and backward through them to see
all help for the display. If users initially received
help for a specific field, they can get the extended
help by pressing a function key (F2).

The help linked to specific displays and fields
provides the immediate assistance a user needs
to interact successfully with each display. Through
the Search Index function, users can get the big
picture of how to perform a task that may
encompass multiple displays, or, if needed, an
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explanation of a concept or term they do not
understand. Furthermore, the users can ask for
the information in their own words, not just the
terms used by the system.

Search Index provides a set of online indexes, one
for Operating System/400™ (OS/400™) and
others for application packages. The index
searched is determined by the product being used
at the time the search is requested. If AS/400
Office is being used, the Office index is searched.
The index consists of a list of topics, each of
which is linked to one or more information
modules.

As shown in Figure 6, a user can request Search
Index from help by pressing a function key (F11).
Although the index is used most effectively by
entering search words, the user has the option of
viewing the entire index by simply not entering
words. If the user does enter search words, each
of the words (except for words used as simple
connectors, such as the or of) is matched against
tables of keywords and synonyms, and a list of
the topics that best match the user-entered words
is displayed.

Figure 7 shows an example of a user searching
the Office index. The user enters MOVE WORDS.
The search process compares MOVE with the
keyword and synonym tables and finds matches
for MOVING and POSITIONING. Similarly, comparing
WORDS with the keyword and synonym tables
finds matches for TEXT and LINES. As a result, the
user is presented with a list of topics on MOVING
TEXT and POSITIONING LINES.

Conclusions

The AS/400 system takes the familiar and proven
features of current systems and introduces many
state-of-the-art advancements in work station
ease of use.

The AS/400 system introduces new dimensions in
user interface consistency and offers consistency
with the future direction of other 1IBM sAA systems.
Even more importantly, it introduces consistency
between attached personal computers and
dependent work stations, without compromising
the potential and strengths of either.

An improved list display is used to simplify
creating and working with objects. It allows
actions to be performed directly on the objects in
the list or by typing the name. This allows all
actions to be performed from within the list area,
simplifying and streamlining work.
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Search Index

Search Indax allaws you you to tell the system to search
for specific Information.

1. Type the phrase or words to search for.

2. Press Enter.

When you press Enter, the system searches for toplcs
related to the words you supplied and displays a Tist
of topics found.

If you do not type anything, the system will display
a 1ist of all avallable topics.

Type words to search for, press Enter.
MOVE WORDS

F3=Exit Fl2=Previous

Enter

Index for AS/400 Office

Position cursor, type option, press Enter.
S5=View topic 6=Print topic

Opt  Topic

Moving & block of text

Moving a single 11ne of text

Moving different blocks of text to the same location
Moving different lines of text to the same lacation
Moving text left or right

Moving underlined or highlighted text

Positioning 1ines on a display

Or to search agafn, type new words, press Enter.
MOVL WORDS

F3=Exit F1li=A11 topfecs Fl2=Previous

\ J

RSLL365-2

Figure 7 Example of Search Index Displays

Whenever an action is requested that requires
additional information, an entry display is provided
that layers the request, with frequently used
options presented first, and then, on request,
more advanced options. Options whose
applicability depends on other responses are
presented only if appropriate.

At any time users can ask for help and receive text
describing the current field. In addition, they can
request more information by typing words
describing what they want to know. In response,
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they receive a list of topics that satisfy their
request, from which they can choose the ones
displayed.

With the introduction of the AS/400 system comes
an advanced integrated user interface that spans
the comprehensive facilities of this mid-range
system. The user interface is designed to be used
by a broad spectrum of users, and provides them
with interface capabilities not previously available
to users of general-purpose computers. The
interface is designed to allow each user to grow in
productivity, using menus, layered entry displays,
list displays, and command lines that are backed
by a sophisticated indexed help structure. The
interface capabilities can continue to be extended
with other methods of interaction as cua is
extended, preserving consistency between CuA-
complying products and a state-of-the-art
interface.
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An Integrated Data Base

Describes the AS/400 integrated data base that can appear as multiple, interface-specific data bases using a single data base manager and

storage representation.

Mark J. Anderson and Richard L. Cole

Introduction

The AS/400™ data base is different from
traditional system data bases because of its
innovative design which integrates the data base
with the operating system software and integrates
support for several different interfaces into a
single data base manager. The design goal for the
AS/400 data base manager was to support
application migration from the System/36 and
System/38, provide Systems Application
Architecture™ (saa™) support, and allow for future
data base enhancements. Therefore, the disk data
management interface of the System/36 and the
data base interface of the System/38 are
supported as an integral part of the AS/400 data
base. Also, the interactive data definition utility
(iIobu) and the saa data base interface, called
structured query language (saL), provides data
dictionary and relational data base interfaces to
the AS/400 data base. The single, generalized
data base manager understands all functions
necessary for these interfaces, ensures they
conform to their definitions, and coordinates their
interaction.

Choosing an Integrated Data Base

An integrated data base design allows
applications written for each interface to coexist
and operate using the same data. Because a
single data base system manages a single
storage representation of data, users may choose
the interface appropriate to the application they
are building. For example, an application
containing embedded saL can be used to do

20

queries or mass updates, while another
application using the more efficient AS/400 data
base techniques could be used to randomly
update records. Also, programmers with a
System/38 background can use the Operating
System/400™ (OS/400™) System/38 environment
support to create and manage data base files,
while other users could use the simpler ipbu
interface.

The traditional approach to satisfy these diverse
requirements is to build separate, independent
data base data management systems for each
interface. This approach requires data to be
replicated in each data base. Besides the obvious
disadvantage of outdated or inconsistent data
between the separate data bases, users are
burdened with extracting data from one data base
and moving it into another. Even when a single
representation of data is maintained, the
traditional system has separate, nonintegrated
data base managers. These multiple data base
managers are not coordinated and, between
them, lack data integrity, concurrency, and
usability.

An integrated data base is easier to manage.
Support for a single data base means that saving
data, journaling data base changes, recovering
data, controlling data authorizations, and so on,
are much easier because only one set of system
functions or commands must be learned. Other
implementations require users to learn new data
base object management procedures for each
data base product.

Also, a single data base avoids redundant control
requirements. For example, with nonintegrated
data base managers, users denied access to data
in one interface might obtain it through another,
unless all independent interfaces had been
similarly restricted. Any function used by a
particular interface that has persistent operational
ramifications, or any constraint (such as an index
that enforces the uniqueness of key values) that is
applied through one interface, is enforced through
all interfaces. For example, once a file is
journaled, all changes to the file’s data are
journaled, regardless of which interface started
journaling or which interface is changing the data.

Additionally, an integrated data base provides
users with a much easier way to migrate from one
interface to another. For example, a System/36
user that wishes to modify an RPG Il application to
take advantage of the additional capabilities of
embedded saL can do so one program at a time.
The converted program can be used concurrently
with any of the unconverted programs. If the
traditional approach had been chosen, the
complete set of programs and all files would need
to be converted at the same time, because a
migrated application either has a separate data
base or an incompatible data base manager.
Having to convert all an application’s programs
and files at the same time makes it impractical to
use new functions in current applications.

In addition to improving end-user productivity, the
integrated data base approach allows for more
productive systems software development. The



integrated approach implements any given
function only once instead of once for every
interface. Because the functions of each interface
overlap one another, the amount of logic required
to develop and maintain the system's data base
support is decreased.

AS/400 Data Base Data Management

AS/400 data base data management has facilities
to define and manipulate data, process queries,
maintain file cross-referencing, record data base
changes, and manage transactions. These
facilities are part of 05/400 and are general
enough to provide an integrated mechanism for
data storage and access.

The data base is made up of two types of files:
physical and logical. Physical files contain the
actual data and may be considered tables, having
records for rows and fields for columns. All
records in a physical file have the same field
attributes and record length. A logical file provides
alternative definitions of data to support
application-data independence and to avoid
redundancy. Logical files allow users to see
records in different sequences, select subsets of
records from physical and logical files, map fields
to different data types, reorder fields, and select
subsets of fields.

The four categories of iogical files are:

Simple logical files that map data from a single
physical file to another logical record definition.

Join logical files that define a single record
definition built from fields of multiple physical files.

Multiple format logical files that allow access to
several physical files, each with its own record
format definition.

View logical files that are created by the saL
CREATE VIEW statement and define a single record

definition built from fields of multiple physical and
other view logical files.

Records are stored in physical files in the
sequence that they were added (arrival sequence;).
All file types can access records in arrival
sequence. Physical files and simple, join, and
multiple format logical files can use indexes to
access records in logical sequences based on the
contents of data fields (keyed sequence). Fields
controlling the logical sequence of records are
called key fields,

The data description of a file can be contained
within the programs that use the file, can be part
of the file itself, and can be in an 1obu data
dictionary. If the file is described only by the
programs that use it, it is called a program-
described file. Program-described files cannot be
processed by programs like the Query utilities that
rely on the data base to provide field definitions.

Several methods can be used to describe files to
the AS/400 data base. One of these is data
description specifications (DDs). Using pos, users
can describe all types of data base files except
view |ogical files. These definitions are then used
to create the file. View logical files and physical
files can be created using SQL CREATE statements.
A file created with DDs or saL is called an
externally described file and has its field
definitions stored with it. Externally described files
can be accessed by utilities like Query and they
permit programmers to simplify programs by
leaving out data definitions the files can supply.
(For more information, see the article Application
Development Support.)

Ancther way of describing files to the AS/400 data
base is to use iDpu. Files created from iobu
definitions are calied dictionary-described files.
Like externally described files, dictiohary-
described files can be used by programs that
require files with field definitions. If a program-

described file already exists, ibou can link a
definition to it. This makes the file dictionary like
the Qiuery described, and usable by program
utilities. If an externally described file already
exists, (Dou can also incorporate that file's
definition.

Powerful data manipulation functions are provided
by the data base. Non-keyed files can be
processed sequentially by arrival sequence or
randomly by relative record number. Keyed files
can be processed sequentially by arrival or keyed
sequence, or randomly by relative record number
or key value. Records can be added, deleted, or
updated. A file can be cleared of data, physically
reorganized using a specified physical or logical
file's keyed sequence (recrganizatich may also
remove deleted records from the file), or initialized
with a set of deleted or default record images.

Query processing allows relational selecting,
projecting, joining, grouping, and ordering of
records. The integrated support provides a single
source for query validation, optimization, and
implementation of saL statement processing,
several end-user Query utilities (including those
utilities running in the System/36 and System/38
environments), and other system functions. This
level of integration is possible because the system
interface to the query support is independent of
any user interface, and is functionally capable of
supporting all user interfaces, Each user query is
compiled or interpreted into this system interface.

Data base files are managed with generic
functions that rename, move, change the
attributes of, authorize, and save them. These
functions are generic in the sense that, not only
the data base files, but all user objects on the
AS/400 system, are managed using the same
commands and utilities. A single set of generic
functions can exist because the AS/400 data base
manager is part of the AS/400 system. These
generic functions can be used by any data base
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interface and changes made in one take affect in
all.

The AS/400 data base manager maintains a set of
files that contain basic attribute and cross-
reference information about all files. These files,
like any other data base file, can be queried by
users. The cross-reference information tells which
data dictionary describes each dictionary-
described file, how files are interrelated, and how
they are dependent on each other. The data base
manager uses this cross-reference information to
build catalogs for the saL interface and to
generate reports on where data definitions are
used for IDDU.

Journaling records changes that users make to
data. Users may use the journal to: help recover if
a file is damaged; decrease the time required to
save; provide an audit trail or activity report; and
provide job accounting information. The AS/400
data base can treat multiple changes to a file's
data as a single transaction. At the end of the
transaction, the changes can be committed or
rolled back. When the system or job ends
abnormally, any uncommitted changes are
automatically rolled back.

Data Base Interfaces

AS/400 data base uses a single operating system-
level representation for all files and an integrated
set of functions to operate on those files. The files
and functions are available to any interfaces that
can support them. Figure 1 shows this structure
of interfaces to the AS/400 data base.

While all facilities are available to all interfaces,
some use a subset of them. For example,
because the syntax of the saL language cannot
describe multiple format files (files composed of
more than a single record definition), such files are
not allowed in libraries created to hold saL files.
The AS/400 data base manager can ensure the
consistency of the saL interface because it knows
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the file types that are not allowed and the libraries
created primarily to hold saL files.

System/36 Disk Data Management Interface
System/36 disk data management supports four
basic file types: sequential, keyed, direct, and
alternative index. Sequential and direct files are
implemented as simple non-keyed AS/400
physical files having no field-level definition.
System/36 keyed files are implemented as keyed
AS/400 physical files that contain fields as
required to represent the key definitions.
Alternative index files are simple logical files.

Because of the integrated data base, users of the
System/36 environment can access files created
using other interfaces. A System/36 application
that can migrate need not know whether the file
was created from within the System/36
environment or System/38 environment, using

saL or Ibpu. This level of transparency in the
interface is possible because the AS/400 data
base manager understands all types of data base
files; the System/36 file support is an integral part
of the data base manager. (For more information
about the System/36 environment, see the article
The System /36 Environment.)

System/38 Data Base Data Management
Interface

The System/38 data base interface uses all of the
AS/400 file types except view logical files. The
data definition, data manipulation, query
processing, generic object functions, file
journaling, and commitment control used by the
System/38 interface are all subsets of the AS/400

support.

Again, because the System/38 file support is part
of the integrated data base manager, the

Operating System/400

System/36
Environment

System/38
Environment

AS/400 IDDU sSQL
Data Base Interface Interface
Interface

System/36
Disk Data
Management
Interface

System/38
Data Base
Interface

Figure 1 Interface to AS/400 Data Base
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System/38 data base is not restricted to files
created using the System/38 data base interface.
All files may be processed regardless of the
interface used to create the file.

Interactive Data Definition Ultility Interface

1oou is an enhanced version of the System/36
data dictionary utility and is a central repository for
data definitions. Field, record format, and file
definitions can be created and managed
independently, and files can be created from these
stored definitions.

The 1DDU data dictionary can be used in a passive
or an active mode. In passive mode, users must
keep data definitions synchronized with the files
they describe. The 1bbu support provided on the
System/36 was primarily passive. Users could
unlink, change, and relink a file's definition without
restructuring its data.

The AS/400 ioou data dictionaries are used in an
active mode, where the system keeps the
definitions synchronized with the files they
describe. If a file is created using 1DoU data
definitions or an externally described file is
described by a data dictionary (created through
some other interface such as bDS or SQL CREATE
statements), the AS/400 data base manager
automatically reflects to the data dictionary
changes made to the file. The data base manager
knows that a file is linked to a data dictionary, and
therefore can maintain consistency between them.
Users are prevented from modifying definitions
while the definitions represent externally
described files.

IDou data dictionaries are made up of a set of
related data base files that contain the definitions.
Therefore, users can query the data definitions in
a dictionary or access them from a program.
However, the data base files containing the data
dictionary are protected from direct changes by
users.

Files created by iopu are externally described, and
so have a copy of their definitions stored with
them. Therefore, accessing the data dictionary is
not necessary for data base operations, and
dictionary contention problems are avoided. The
files are then portable, allowing another AS/400
system without a data dictionary to use them.

Structured Query Language intertace

AS/400 Structured Query Language/400 provides
the 1BM saa data base interface and is an
implementation of the relational data model that
describes operations on tables, rows, and
columns. saL supports powerful data definition
and data manipulation statements. For example,
the saL CREATE viEw statement can create an
alternative view of a sales representatives’ salary
table that presents average salaries by
department. Or, a single sQL upPDATE statement
can add 10% to the salaries of sales
representatives who exceed their quota by 50%.
On the System/38 or System/36, the same
functions require program logic.

saL statements can be issued interactively or
embedded in application programs. Depending on
the type of statement, either type of use results in
a call to the data base query support to run it or
generate an intermediate representation of the
query statement for storage with the program for
later processing.

saL-created tables are implemented as non-keyed
physical files, saL views are view logical files, and
saL indexes are simple keyed logical files. The
implementation of saL views is particularly
interesting because it combines a data base file
with AS/400 Query. When an saL view is queried
or opened using any interface, the data base
manager calls query processing to perform the
relational functions defined for the view.

Files created using saL can only exist in special
libraries created using the SQL CREATE DATABASE

statement. These saL libraries contain a journal, a
journal receiver, an 10ou data dictionary, and
logical files, constituting a catalog that describes
saL-created files. The AS/400 data base manager
prevents any file that cannot be described by the
catalog (such as program-described files and
certain logical files) or that cannot be processed
bv sai {such as multiple format logical files) from
being createa. restored, or moved into a library
created using saL. This ensures the catalog
contains only relational files and that it completely
describes the files in the data base.

Any table created using saL is automatically
journaled so commitment control can be used.
Any file created into an saL library (using saL or
any other interface), moved into an saL library, or
restored into an saL library is automatically
described by the catalog because the AS/400
data base manager incorporates the file’'s
definitions into the data dictionary.

Files in saL libraries can be accessed using other
interfaces. Also, saL statements can be used on
files in libraries not created to hold saL files,
thereby allowing access of files created using any
other interface.

Conclusions
The AS/400 system’s innovative approach to data
base system integration offers flexibility for:

» Meeting today's requirements of compatibility
and coexistence with existing systems.

« Improving data definition and query facilities
using Iobu and saL.

« Staging conversion of existing applications to
incorporate enhanced functions.

* Meeting future application requirements by

allowing data created using one interface to be
accessed by another.
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Future applications require support for increased
transaction rates, very large data bases,
distributed data base management, and so on.
Support and management of these and other
features is simplified and enabled as a result of
the AS/400 integrated data base manager.
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Application Development Support

Describes the features of the AS /400 application development support, which allow productive application development.

Gary R. Karasiuk

Introduction

The AS/400™ system contains an advanced set of
tools and system functions that enable users to
productively develop applications. Highlights
include integrated data base functions, the source
editor, compilers and the debugger, and work
station support. Specifically, productivity is
improved by:

« Using externally described data to reduce
redundant data descriptions and pass
information across the different phases of
application development. In our model of the
application development life cycle, the phases
are: requirements, analysis and design,
produce, build and test, and release and
control. [1]

+ Integrating the source editor with the system
(and especially the compilers) to improve the
productivity of the produce phase.

« Integrating the debugger with the system to
improve the productivity of the test phase.

¢ Accommodating users with different system
backgrounds (System/36 and System/38).

Shared Data Descriptions

One of the important software development
trends of the 1980’s is the simplification of
application programming by moving some of the
code from procedural programs into a declarative
form, which is usually a part of the data model
description. This results in two clear advantages:
reusability and simplicity. One example of
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reusability is moving data descriptions out of the
program and into the data model. This allows
users to have a single authoritative source for
their data descriptions. This simplifies
maintenance, as users can be assured they are
looking at the correct description, and if they
choose to change the description, they are
changing the only occurrence of the description.
This improves the quality of the application,
because different data descriptions do not exist
for the same piece of data, and also reduces the
amount of coding. In a conventional system, if a
user had an application with 10 programs that
accessed the same file, and wished to add a
validity check to one of the fields, the user would
have to add additional logic to each of the 10
programs. If the validity check could be added to
the data model, it would only have to be added
once, as is the case with the AS/400 file model
and its use of externally described data. Device
files on the AS/400 system contain externally
described data, which is stored with the file when
it is created.

All device files can be described at a field level,
with field attributes such as data type and length.
Options exist that allow specification of such
things as descriptive text and field validation
parameters for each field. The normal unit of data
transferred by a program is a record, which is
made up of one or more associated fields. This
collection of fields is called a record format. This
information is entered only once and then is used

by other components in the system (see Figure 1).

Many of the devices on the AS/400 system
support the common file model, and thus allow
input/output (1/0) redirection. Some of the different
device file types are physical (for storing data);
logical (different views of physical data); display
(for displays); printer (for page formats); and
communications (for data exchange). Applications,
for the most part, can be written so that they are
unaware of the underlying device file type.
Consequently, files can be overridden at run time.
One novel use of this capability is to replace
display files with communications files, to provide
for automatic testing of interactive applications.

A typical application development scenario
illustrates how data descriptions are passed in the
AS/400 system from the design phase to the
produce phase:

1. The internal data definitions needed by the
application are entered into a reference file.

2. The screen design aid (spa), a utility for
designing displays, is used to define
application displays. The fields to appear on
the displays can have their definitions included
from the reference file, to ensure consistent
definitions of the same data. Integrity
information stored with the reference fields
ensures that integrity checks are performed
when the display file is accessed. Also,
displays can be quickly strung together to
form a simple prototype of the application,
allowing for early end-user feedback.



3. The physical and logical files are created,
again with some of the field definitions from
the reference file.

4. The compilers (RPG, coBOL, command
language (cL), Ly, and BAsIC) have language
extensions to extract data definitions from
files and convert (back translate) them to
high-level language data structures. (See
Figure 2 for an example of back translation.)
Compiler directives specify which record
formats are to be back-translated.

5. Other utilities also make use of the externally
described data. The data file utility (DrFu)
creates applications that add, delete, and
update data records. AS/400 Query creates
reports that include features such as
breakline processing, sorting, and
summation. Using the externally described
data, Query, for example, could extract the
column headings that appear on the final
reports from the files. Both brFu- and Query-
generated programs are used to supplement
the other high-level language programs in the
application (typically RPG Or COBOL).

The AS/400 file model also makes it easier for the
application developer to take advantage of system
function, and thereby save application code. This
is a natural result of the clean interface between
application programs and files. The savings in
application logic (code) is shown in these two
examples:

Subfile Support: The logic of scrolling lists of items
on the work station can be handled by the system
through subfile support. It is the system that
processes the positioning of the list. The
application need only define the characteristics of
the subfile, such as the maximum number of items
in the list and the format of a line in the list.

Step 1
Create File

Step 2
Create Displays

Reference
File

»

Display
File

Step 3
Create Data Base Files

Physical and I

Logical Files o

Step 4

v

Compiler

Source
Statements

Step 5
Add DFU and
Query Applications

Data Update
and
Query Apps

Compiled
Programs

Figure 1 Shared Data Descriptions

Select/Omit Support: The logic of identifying a
subset of data base records can be handled by
the system through data base select/omit
support. This saves the applications from reading
all of the records in a file and performing their own
selection logic.

The System Editor

The AS/400 system has chosen to concentrate on
the produce phase of the application development
model. As a result, the editor is well-integrated
into the system. The editor on the AS/400 system
is the source entry utility (SEV).

RSLL409-4

The editor is integrated with the compilers with its
syntax-checking support. All of the languages on
the system support interactive syntax checking.
The editor is responsible for determining the
syntactic boundaries of the statement, and the
compiler is responsible for the actual syntax
checking of the statement. Splitting up the
function in this manner has three advantages.
First, syntax checking is consistent from the
user’s perspective, because only the editor is
responsible for the end-user interface. The
options that control syntax checking are the same
for all languages. Second, the compiler syntax
checkers and the interactive syntax checkers are
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The following is an example of a payroll record description in DDs.

A R PAYREC

A NAME S0A

A ADDRESS 100A

A

A SALARY 8 2

A

A DEDUCT P2 EDTWRD('§
A

TEXT('ORDER RECORD")

TEXT('Full Nome")

TEXT('Street Address')

50A COLHDG('Street' 'Address")
TEXT("Annual Salary') EDTCDECT *)
COLHDG('Annua!l" 'Salary")

0. &R")

TEXT('Deductions')

This is the way the description would be automatically expanded by the PL/I compiler.

OCL 1 PAYROLL-RECORD,
%INCLUDE PAYROLL (PAYREC,RECORD,PR-);

J et T x/
/% PHYSICAL FILE: PAYROLL.KARSLIB x/
/+ FILE CREATION DATE: 87/10/13 x/
/% RECORD FORMAT: PAYREC %/
/+ RECORD FORMAT SEQUENCE 1D: 37B899FF85E16 x/
[¥ - ORDER RECORD-- === === m e m oo x/
5 PR-NAME CHAR(50) | /% Full Name x/
15 PR-ADDRESS  CHAR(100), /% Street Address x/
15 PR-SALARY CHAR(B, 2), /* Annual Salary x/
15 PR-DEDUCT DEC(7,2): /% Deductions %/

Figure 2 Sample Back Translation

less likely to diverge because both products are
developed together. In fact, in some cases, the
syntax checking is performed by the early phases
in the compiler. And, finally, the structure of the
editor is simpler.

The main limitation of this approach is that not all
syntax (and few semantic) errors can be detected
due to the statement-by-statement nature of the
syntax checking. Also, due to the richness of
some of the languages, it is difficult to quickly
determine the statement boundaries. In the case
of pLy, heuristic methods were needed to
determine the statement boundaries.
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The editor also supports prompts for different
languages. The language prompt support varies
by type of language. For cL, the system prompt
function is called from inside the editor to provide
very complete statement prompts. The prompt
function provides command formatting, layered
prompts, and context-sensitive help text. (See the
article An Integrated User Interface for more
information on the system prompter.) For RPG, the
prompt function provides field-level support for
each of the RpPG specifications, again with context-
sensitive help; for Basic, the prompt function calls
the BAsIC session manager. Other languages have
simpler prompt support.

The editor also supports a split-screen mode,
where a compiler listing can be browsed on one
half of the display while corrections are being
made to the corresponding source member on the
other half.

Debugging

The AS/400 system has an integrated symbolic
debugger that is built into the microcode and into
Operating System/400™ (OS/400™). One of the
unique characteristics of the AS/400 debugger
(such as, setting and stopping at breakpoints) is
that only a small performance penalty is paid
when using it. The debugger’s high-level
performance is achieved through the event
mechanism that is built into the system
microcode. (An event is signaled by the system
each time an instruction is processed so that
08/400 can monitor the progress of the code
being run.) Programs that are compiled with the
debugging option turned on (which is the default)
have debugging tables that are generated along
with the object code. (These debugging tables do
occupy additional storage.) Users that always
generate the debugging tables as a part of the
compile step have the flexibility to debug any
program in their application without having to
recompile.

The debugger supports all of the common
debugging functions:

» Set breakpoints at high-level language
statement numbers

+ Display and change high-level language
variables

* Issue any command while stopped at a
breakpoint

* Trace



The debugging support allows users to closely
monitor the application’s processing. It also
increases the value of a testing session, as the
user can temporarily correct many types of errors
(by changing variables and issuing system
commands), allowing other errors to be found
before the program must be recompiled.

Through group job support, the user can have the
editor running in one group job and a debugging
session in another. The user can hot key between
the jobs as the need arises, allowing simpler
errors to be corrected while debugging.

Another system feature that aids in the debugging
phase is dynamic binding. The design of the
AS/400 system makes the link-edit step
unnecessary, allowing the user to compile and
run. Corrections can be compiled into test
libraries, which, for the programmer, are placed
ahead of the production libraries. Program calls
are resolved at processing time, causing the test
versions to be called. This allows programmers to
test corrections without having to have a separate
test version of the entire application. At the same
time, others can continue to use the production
level of the application.

Accommodating Different User Sets

A unigue requirement for the AS/400 system was
the need to accommodate users from the
System/36 and the System/38. The application
development support enhances the functional
richness and ease of use of these two systems by
providing consistency, flexibility, and the ability to
migrate easily.

End-user interface changes were made to all of
the application development support. The goal
was to make all of the products more consistent
and, thus, easier to use. Another goal was to
make the application development support more
consistent across 1BM’s entire product line,
including Multiple Virtual Storage (Mvs), Virtual

Machine (vm), and Operating System/2™ (0s/2™).
With these changes came additional ease-of-use
features, such as more online help information
and better field prompts.

Additionally, calling the application development
support has been made more flexible. Users now
have three ways of calling this support: through
the programming development manager (a utility
that presents the user’s programming objects in
list form), the command shell, or the
Programmer’s Menu. The programming
development manager allows users to look at
their programming objects (files, programs, and
the like) and then select the appropriate function.
Many of the functions have been generalized,
such as the compile function, which can be
applied to any source type. The programming
development manager also allows users to create
their own user-defined functions that can then
easily be applied in any of the programming
development manager lists. So, users can apply
functions to objects (through the programming
development manager), objects to functions
(through the Programmer’s Menu), or both at the
same time (through commands).

To accommodate the wide difference in user-
experience levels, some products have expert
modes, which remove some of the help
information from the display to make more room
for the user's data. For example, the
programming development manager allows the
user to turn off displaying the options and the
command keys to allow more room for the object
list, thereby showing 17 items on the display
instead of eight. And, some products support a
fast path. The pru fast path bypasses many of the
normal bru prompts (the system picks
appropriate defaults), allowing simple DFu
applications to be generated quickly.

And, finally, to make the migration from
System/38 and System/36 easier, multiple dialects

of the various languages were added. For most
applications, this enables System/38 and
System/36 users to recompile their existing
programs unchanged. This has also been
extended to the screen specification languages,
where both the screen format generator (SFGR on
System/36) and pps (System/38) are supported.

AS/400 utilities also support these additional
languages. Screen design aid supports creating
SFGR source as well as bDbs source. DFU runs
applications that were created using System/36
DFU.

The AS/400 Migration Aids were developed to
facilitate moving applications, system data, and
user data from the System/36 and System/38 to
the AS/400 system. This product allows some
migration work to be done ahead of time by
providing an extensive set of facilities that run on
the System/36 or the System/38. These facilities
include:

 Analysis reports, which will find the programs
that require change to recompile successfully.
Individual source statements are flagged with
either warning or error messages, allowing the
user to identify the problem areas.

« System reports, which show the amount of data
to be migrated. They also show what has and
has not been migrated or analyzed. This allows
the migration to be performed in stages.

« A facility for automatically determining the
source type (such as rpG, coBOL, Query) for
source members that did not have a source
type previously specified.

« A facility for reconstructing source from
compiled menu, message, and SFGR objects.
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Conclusions

The thrust of the AS/400 application development
support is to provide an integrated set of tools
that focus on the produce phase of the
development model. The more complex
applications of the future will need advanced tools
to achieve the necessary productivity and quality.
The future will see more emphasis placed cn the
other phases, especially the analysis and design
and build and test phases.

A secondary thrust of the application development
support is to move function out of procedural
programs and into declarative forms, and also to
take advantage of system functicn. This is an
initial step toward controlling the complexity of
application programs. The application
development support provides a base set of
function that meets the challenges of today and is
expandable to meet the challenges of the future.
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The System/36 Environment

Describes an environment which supports System/36 applications and users on the AS /400 system.

John A. Modry, Peter J. Heyrman, and Steven A. Dahl

Introduction

The System/36 environment is a feature of the
AS/400™ system that supports developing and
running System/36 applications that use
procedures, Operation Control Language (ocL)
statements, utilities, menus, messages, and
application program interfaces (Apis). Most
System/36 applications can be easily migrated to
the System/36 environment and just as easily
migrated back to System/36. A number of
challenges were faced in providing equivalent
function and interfaces with a preceding system
while still taking advantage of the new function
and improved usability of the AS/400 system.

The primary design goal of the System/36
environment was to allow System/36 applications
to work on the AS/400 system, both functionally
and in terms of the interfaces seen by the users of
the applications, without requiring source code
changes. The System/36 environment is
operating system support that is designed to
provide System/36-equivalent function, using
underlying AS/400 facilities and constructs
wherever possible. Any AS/400 function can
access, update, delete, and rename the migrated
objects from a System/36. The user’'s compiled
programs, messages, display formats, data file
utility (oFu) programs, files, libraries, and so forth,
are all AS/400 programs or objects when being
accessed or run by the system. Two significant
advantages of the System/36 environment
approach are:

» The performance of the System/36
environment is approximately the same as
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using equivalent Operating System/400™
(OS/400™) function.

» The System/36 environment provides access to
AS/400 functions. This allows most System/36
applications to be expanded to use AS/400
commands and programs without requiring that
the application programs be rewritten, and
allows interactive users to call AS/400
commands and programs while in the
System/36 environment.

A variety of approaches were used to design the
System/36 environment. For some functions, the
complete System/36 design was used and re-
implemented for the AS/400 system. For other
functions, extensions were incorporated at
various points within the AS/400 system to
provide the functional equivalent of System/36
support. In some cases, System/36 user
interfaces were extended to be more functional
and to achieve consistency across the entire
AS/400 system. The different approaches blend
together to produce a System/36 environment on
the AS/400 system that provides support for
System/36 applications, while maximizing
performance, usability, and extendibility.

Structure

The System/36 environment consists of AS/400
objects that represent various parts of a
System/36 application, as well as the programs,
objects, and the like that support the System/36
environment.

Object Structure
On System/36, applications are stored in files and
libraries. Four types of library members exist:

* Source members contain editable information
that is input to another process, such as a
compilation. Examples of source members are
high-level language source statements,
message source, and display format source.

» Procedure members contain ocL statements
that are similar in function to control language
(cL) statements on the AS/400 system.
System/36 procedures are interpreted by the
System/36 Reader/Interpreter.

» Load members are the internal form for objects,
such as compiled programs, display formats,
message members, and configurations.

» Subroutine members are the output from a
process such as compilers, Query, or bFu. On
System/36, program subroutines are combined
to create load members.

Figure 1 maps some key System/36 objects to
AS/400 objects.

On the AS/400 system, source and procedure
members are mapped to source files so a single
editor can change source statements,
procedures, CL program source statements, and
so forth. This eliminates the need to learn multiple
editors to change source members.



System/36 Object

AS/400 Object

Library

Library

Source Member

Member of Source File QS36SRC

Procedure Member

Member of Source File QS36PRC

Compiled Program (RPG Il and COBOL) Program
Subroutine Member Program
Compiled Display File Display File

Compiled Message Member

Message File

File (Sequential, Direct, and Indexed)

Physical File in Library QS36F

Alternative Index

Logical File in Library QS36F

Virtual Disk Shared Folder in Library QDOC
Folder Folder in Library QDOC
Documents Documents in Library QDOC

Data Dictionary

Data Dictionary and a Set of Files Within a Library

Library #LIBRARY

Libraries #LIBRARY and QSSP

Figure 1 Mapping of System/36 to AS/400 Objects

Support has been provided to handle the special
System/36 attributes for an object. For example,
the System/36 procedure attributes (such as
multiple requesting terminal (MRT) indicator, and
log statement indicator) and System/36 source
attributes (such as never-ending-program (Nep)
indicator, and maximum number of MRT
requestors) are supported. In addition to the
existing System/36 attributes, new attributes were
defined. One of these attributes indicates that a
program was compiled for the System/36
environment and must be run in the System/36
environment.

User profiles on the AS/400 system support all of
the System/36 user profile attributes, including:
initial sign-on menu, initial sign-on procedure or
program, initial current library, mandatory-menu
attribute, and mandatory procedure or program
attribute. In addition, a new user profile attribute
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indicates if a user’s job should have access to
System/36 environment functions.

The library structure for the System/36
environment has been changed from the library
structure of System/36. On System/36, the
system library, #LIBRARY, contains all of the 1BM-
supplied objects for the System/36 operating
system (System Support Program, or ssp).
Because #LIBRARY is always checked when
searching for objects, customers often place
applications that are used by many users in
#LIBRARY. On the AS/400 system, library assp
contains all of the 1IBM-supplied programs,
procedures, and files for the System/36
environment, and #LIBRARY is used to hold user
applications. This two-library approach allows
new operating system releases to be installed
without affecting the applications in #LIBRARY.

To maintain information about the System/36
environment, a System/36 definition object has
been created (object type *s36). This object
includes information about:

- Display stations, printers, the diskette unit, and
tape units to be used in the System/36
environment.

The System/36 environment maps the AS/400
10-character device names to two-character
names. This allows System/36 applications that
use the two-character device names to be
migrated to the System/36 environment.

e System/36 environment file information.
The default library that contains files is Qs3er.
This library name can be changed with the
System/36 environment definition support.

« Session information.
This includes information on items such as the
default library for a display station, the printer
associated with a display station, and so on.

e Spool information.

This includes printer lines per page, characters
per inch, default forms 1o, and so on.

e MRT security information.

This information defines how the System/36
environment controls access to resources used
by an MRT.

Tailoring of the System/36 Environment
Tailoring the System/36 environment is an
extension of the AS/400 configuration process.
Because the System/36 environment assumes
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default values for all of the System/36
environment definitions, this tailoring process is
optional. The user can tailor the System/36
environment to meet specific needs using the
Change System/36 Environment command.

On the AS/400 system, all jobs operate in a
subsystem (the AS/400 concept of a subsystem
should not be confused with the System/36
concept of an Interactive Communications Feature
(SsP-ICF) subsystem). Jobs running in a subsystem
can be controlled independently of jobs in other
subsystems. The System/36 environment support
is an element of the AS/400 subsystem support.
The System/36 environment sets up the
necessary control blocks that allow the System/36
environment to maintain information about the
current subsystem and the System/36
environment. This includes a lists of procedures,
MRTs, and other subsystem information.

When starting a subsystem, the System/36
environment determines if a System/36
environment definition object exists. If the object
does not exist, the System/36 environment
automatically creates the object and supplies
default values for all of the definition information.
These defaults include defining System/36
environment display stations, printers, the diskette
unit, and tape units based on the AS/400
hardware configuration.

In addition to automatically creating the
System/36 environment definition object,
hardware devices are automatically added to the
System/36 environment definition object when
they are added to the AS/400 system. When a
display station, printer, diskette unit, or tape unit is
added or removed from the system, the AS/400
configuration support notifies the System/36
environment, which changes the System/36
environment information for that device. This
combination of the AS/400 support and
System/36 environment support allows
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customers to attach a new input/output (1/0)
device and immediately start using it.

In addition to the definition process of the
System/36 environment, customers have the
opportunity at initial program load (ipL) to change
certain system values to tailor their system. One
of the system values determines if all user profiles
should be given access to the System/36
environment. This allows the system administrator
to set a single value instead of setting the
System/36 environment attribute in multiple user
profiles. The System/36 environment system
value can be overridden by the individual user
profile. Another system value specifies whether
the system should create device names in the
two-character System/36 format or the 10-
character AS/400 format.

Accessing the System/36 Environment
These three ways are used to access System/36
environment functions:

 For users who always want to operate in the
System/36 environment, a special environment

Mandatory Menu
and/or Procedure

attribute can be set in their user profiles to
indicate that the user is a System/36
environment user. When a System/36
environment user signs on the system, the user
has access to all functions available in the
System/36 environment. Similarly, if a
System/36 environment user submits a batch
job, the batch job has access to all System/36
environment functions.

For users who occasionally need access to the
System/36 environment, two commands (Start
System/36 Environment and End System/36
Environment) are provided that allow a user to
enter and return from the System/36
environment.

For users who occasionally need to run a single
System/36 environment procedure, a command
(Start System/36 Environment Procedure) is
provided that accesses the System/36
environment, runs the procedure, and
automatically returns users to their previous
environment.

Individual Objects
Within a Library
and Folder

File, Library, Folder

Password

o 0 e i = il =

W

Non-Secure f

| |

System/36
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]

Figure 2 AS/400 Security Time Line
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Security

To accommodate both the broad range of security
requirements and the differing levels of
sophistication of a given customer, the System/36
implemented security so that users can progress
through the levels of security as their
requirements change. As shown in Figure 2, the
user can begin with no security and, as
requirements change, progress to requiring
passwords and menu security, and eventually to
secured libraries and files.

This same philosophy has been adopted and
expanded on the AS/400 system. The security
administrator can use AS/400 authorization lists
to grant and revoke security levels to libraries or
objects within a library for groups of individuals.
Different levels of security can be selected by the
security administrator (unsecured, password and
menu, full object-level). The user can grant rights
to an individual user or to a group of users for a
set of objects. The administrator can, in turn,
selectively exclude members of a group from a
given resource. The System/36 support for
securing a data base file when it is created is
provided on the AS/400 system using authority
holders. (For a broader discussion on how
System/36 security capabilities have been
incorporated into the AS/400 security architecture,
see the article Security.)

User Interface

The user interface consists of the way the user
accesses a function and the information seen
while the function is running. The System/36
environment supports the System/36 interface
used to access a function. The same commands,
messages, and other interfaces to System/36 are
supported. System/36 users do not have to be
retrained to run System/36 environment functions.

Because many System/36 environment functions
call AS/400 support, a single interface can be
used to manage the system. For example, the

AS/400 display to manage currently running jobs
is the same as the System/36 environment
display. (For more information on the AS/400 user
interface, see the article An Integrated User
Interface.)

The expanded library search list facilities of
0S/400 allow multiple national languages to be
supported at the same time. The System/36
environment uses this support for displaying such
items as messages, menus, and display formats.
(For additional information, see the article
Software Design to Support National Languages.)

Operator Control Commands

System/36 operator control commands, such as
Status Print and Change Print, are used by
programmers, operators, and gen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>