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This is the
fourth part of a
series on IBM's
midrange com-
puter family,
the AS/400.

The AS/400

design incorpo-
rates a number
of advanced con-
cepts that con-
tribute to highly
productive appli-
cation develop-
ment. These in-
clude a high-level
machine interface, object-oriented de-
sign, single-level addressability, highly
integrated system functions, an integrat-
ed relational database and advanced en-
gineering. ! :

These architectural features effective-
ly hide the complexity of the system
from programmers, operators and users
through the use of a single system inter-
face. This results in a substantial reduc-
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tion in the cost of ownership of the sys-

tem, particularly in support areas such
as systems programming, database sup-
port, network management, operations
and software. | B2 HE

The architecture of the AS/400 de- |

fines a logical machine instruction set at
a very high level, as illustrated in the
figure. This high-level instruction set is
called the machine interface, Many func-
tions traditionally performed by main-
frame operating systems are supported
as basic instructions in the machine in-
terface. For example, “Create Object” is
a single machine-interface instruction.

The high-level interface isolates appli-
cations developers from machine imple-
mentations. The approach accommo-
dates changes in the machine’s underly-
ing technology without any impact on
applications, ' ' 7 = P
No Conversion Necessary o

In effect, applications developed on
current models of the AS/400 will be
able to take advantage of new technolo-
gies without requiring conversion.

The AS/400 is an object-oriented sys-
tem. Programs, data files, queues, librar-
ies, device descriptions, user profiles—
all are autonomous objects that interact
by passing messages to one another, Ac-
cess to objects is by object name rather
than object location—a key characteris-
tic of object-oriented systems. The ob-
Ject-oriented design of the AS/400 frees
the applications programmer from low-
level concerns with information retriev-
al and storage. It also provides a uni-
form interface to all objects, a high de-
gree of data protection and integrity,
and powerful security features,

An object can be visualized as a con-
tainer holding information, Objects con-
sist of a functional Pportion and an asso-
ciated
tion of an object stores a definition of
the object, which includes the object
name, object type and object authoriza-
tion. In this way, the AS/400 ensures
that only operations valid for the object
type are performed against the object,

and only authorized users gain access to
the obj
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On the AS/400, single-level
addressability makes main memory and
mass storage appear to the programmer
as a single, enormous pool of memory.
All objects are accessed by name; pro-
grams and database objects are shared
rather than having individual copies for
each user, and all objects appear to be !
permanently resident in a single large
memory. Single-level storage frees the
applications developer from disk- and
memory-management constraints, and

serious disadvantage. If one storage de-
vice fails and the data on it cannot be
recovered, it may be necessary to ;eload
all the data on all the storage devices on
the system, because a segment of nearly
every object on the system may well
have been resident on the damaged de-
vice. Very long recovery times are the
inevitable result.

IBM has sought to address this prob-
lem on the System/38 and AS/400 by
improving the reliability of direct-access
storage devices, providing recovery-sup-
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and inconsistencies. Becausg each soft-
ware component in conven'tlonal sys-
tems is a self-contained entity, functions
found in one component may be repeat-
ed in others. In addition, h1gh!y tramgd
support personnel with specialized skills
are needed to manage and control each
specialized software component.

The AS/400 was designed from the
ground up to be an interactive, multi-
user machine. Architectural features
such as single-level addressabi'lity are
particularly well-suited to an interac-

storage space, The functional por- °

allows an application to be independent '
of the configuration of the target | :
platform. ¥ ¢

Single-level addressability requires a :
very large virtual-memory address to ac-

The AS/400's High

port aids such as joumaliqg and .
“i checksum protection, and mtroducmg
specialized data-recovery utilities to its

evel Machine Interface

Instruction Set Off-Loads Functions from the
Operating System to the Hardware

A function in
a program
running at
this layer...

Applications

User-
Interfaces

+.IS translated
here to a higher-
level instruction
set. Fewer oper-
ations are re-

uired to executée
the function.

Atthis Ievel,\E

Instructions | ard
are translated LI (TET

into microcode...
Hardwate Mictocode

Functions of the High-level Machine Intetface:

* Reduces the number of operations the machine must perform
+ Insulates the applications and operating system from the hardware

AS/400
Operating System

...which is then
executed by the
machine.
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The AS/400 was designed from the ground up to be an inter-
active, multiuser machine. Architectural JSeatures such as
Singlelevel addressability are well-suited to that environment,
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commodate all the primary and second- '
ary storage on the system. The AS/400 s!‘
supports a 48-bit address that allows '
more than 28] trillion bytes of informa-
tion to be individually addressed. This is |
significantly larger than the maximum
31-bit address supported on IBM's Sys- !
tem/370 mainframes, f '
IBM intends to expand the AS/400
even more. Already the AS/400 design |
supports expansion to a 64-bit address
that can access more than 18 quintillion
bytes of virtual memory. Thus, the | !
AS/400 is positioned to exploit new /)
high-capacity storage technologies as '
they become available during the 1990s, |
Single-level addressability does have a

maintain mirror-image copies of files on-
line are a logical next step.

Focus on Integration, Simplicity
Integration and simplicity are the cen-
tral elements of the AS/400 design.
Many functions implemented with sepa-
rate systems-software products on tradi-
tional mainframe systems are integrated
!into the AS/400 hardware and operat-
ing-system software, These integrated
| functions include transaction processing,
! database and resource management, sys-
tem security and communications,
In contrast, the layered software com-
. ponents of conventional mainframe Sys-
tems result in an overlap of functions
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technical-support personnel. Facilities to

tive, multiuser environment.

All application programs on the
AS/400 are automatically compiled as
re-entrant modules, so one physical copy
of the code is shared by multiple users
of the program. This provides efficient
use of storage, and transaction-process-
ing support is fully integrated with thg
operating-system software. No expensive
specialists or laborious tricks of coding
are required. Most significantly for us-
ers, interactive processing on the
AS/400 does not “go down.” The norm is
100 percent reliability.

Integrated Relational Database
The AS/400 database-management
-system is based on the relational model,
and is integrated with both the operat-
ing system and the machine. This pro-
vides efficient performance for the in-

formation system because operations
are performed below the machine-inter-
face level in a combination of microcode
and hardware. Moreover, the integrity
of the data is guaranteed because of the
integration of security at the object
level.

The database implementation sup-
ports two kinds of files: physical and
logical. A physical file is a data struc-
ture consisting of rows (or records) and
columns (or fields), each having the
same field attributes and record length.
Logical files provide alternative views of
the database and may be created dy-
namically. This flexibility of function, in
combination with the performance and
integrity of the AS/400, provides strong
support for user information-retrieval
Systems and contributes to a reduction
in data redundancy.

The AS/400 hardware incorporates a
number of sophisticated engineering fea-
tures not usually found in midrange

Wwith a cycle time of 60 nanoseconds,
and megabit memory chips,

The AS/400 has been called the SAA
machine. Next week 'l €xamine the ex-
tent to which the AS/400 has been inte-
grated with IBM’s Systems Application
Architecture. B
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