
BACK TO MAIN MENU

TABLE OF CONTENTS

Commentary
“I Write the Songs . . .”

By George Noren

Database
DB2 for AIX

By Gene Kligerman and Ming Wu

INFORMIX On-Line Dynamic Server
By  David Clay

Oracle Data Warehouse
By Sandra Lee

SYBASE for IBM RS/6000 SMP Servers
By Josh Bersin

Optimizing Databases for SMP
By Stephen Horn and D. Britton Johnston

AIX
The NetView Association Invites Vendors to Participate

By Larry Kuntz and Donna Bowie-Conway

POWER2 Server Performance Analysis
By Maurice T. Franklin, Jacob Thomas, and Sohel R. Saiyed

The TTY Subsystem in SMP
By Eddie Ho, Lance Russell, James Partridge, and Gavin Derwin

SystemGuard Processors For Remote Operations
By Kanti C. Shah and David F. Rittinger

Porting Fortran Between Cray and the IBM RS/6000
By Emad ElHamahmy and Luc Chamberland

Object-Oriented Programming
Building an OO Development Environment on AIX

By Michael J. Branson and Eric N. Herness

Building Object-Oriented Frameworks
By Deborah Adair

POWER Notes
AIX 4.1 Packaging

Overview of AIX 3.2.5 Common Mode

D I G I T A L  V E R S I O N

1995
FEBRUARY



s

.

COMMENTARY“I Write 
the Songs...”
In the last issue (November 1994) we dis-
cussed Symmetric Multiprocessing (SMP)
from the viewpoint of the designers who
made the components play together in the

“SMP Band.” In this issue, we hear from the solu-
tion developers who are “writing the songs” for
the SMP Band to play. These developers, who
saw the advantages of the SMP architecture, are
writing their programs to capitalize on those
advantages.

Because database programs are among the
most demanding applications for computer
resources, it is not surprising that the first SMP-
enabled applications to appear are database pro-
grams. We asked the database developers to tell
us about the SMP design experience and how
their programs exploit the SMP architecture to
satisfy their customer’s needs. This issue includes
five articles from some major database developer
to give you a taste of what it’s like to work in the
SMP environment.

If you’re interested in OOP, you will want to
read the detailed description of the OO tools
environment used in a large OO project in IBM’s
Rochester programming lab (“Building a Compre-
hensive OO Development Environment on AIX”)
And be sure to look at “Building Object-Oriented
Frameworks”—Part 1 of a two-part article from
Taligent (Part 2 will appear in the next issue of
AIXpert).

Because it discusses features and options of
the XL Fortran compiler, Fortran programmers
may find the article about porting from a Cray®

computer to be useful even if they are not cur-
rently running on Cray hardware. System admin-
istrators should read the TTY subsystem article,
and hardware mavens can brush up on POWER2
performance and learn about the SystemGuard™
processors in the new SMP machines from IBM.
February 1995
Anyone who writes code for, or administers a
network should also take a look at the NetView
Association article.

What’s New
In this issue we are inaugurating a new feature

that we hope will be helpful in your work with
AIX. In the PowerNotes column we will try to
keep you up to date on the latest tips and news
for AIX® developers. Be sure to read that column
and let us know how you like it. 

We’ve heard from readers who were tired of
ripping off the cover of their AIXpert so that their
friends could submit a subscription. So, we are
introducing a new subscription form in this issue.
You can tear out the form without damaging 
the magazine. Use the convenient self-mailer to
either subscribe or give us your comments about
the magazine. 

George Noren

George Noren, IBM Corporation, Internal Zip 2830, 11400
Burnet Road, Austin, TX 78758. Internet: geo@austin.ibm.com.
Since joining IBM in September 1979, Mr. Noren has written
manuals for System/34, System/36™, and AIX on both the RT®

and RISC System/6000® platforms, and was a member of the
InfoExplorer™ design team. He has also worked as system
administrator for several AIX server machines and their clients,
and is currently responsible for the Prototype Evaluation Labs
in Austin. Mr. Noren studied engineering at Illinois Institute 
of Technology, holds a BA in English from the University of
Minnesota and an MBA from St. Edwards University in Austin.
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Gene  Kligerman

Ming Wu

DB2 
for AIX 

By Gene Kligerman and Ming Wu
This article describes the capabilities of IBM DATABASE 2™
for AIX (DB2 for AIX) in uniprocessor and SMP environ-
ments. It highlights the enhancements incorporated into
Version 2.1, provides an introduction to the DB2 process
architecture, and discusses performance issues. 

DB2® is an integrated family of Relational
Database Management Systems (RDBMSs)
for a variety of platforms, including
MVS™, VM, VSE, OS/400®, OS/2®, AIX,

Sun® Solaris®, and HP/UX. IBM plans to support
additional platforms in the future.

Introduction
IBM brings the dependability, integrity, and
proven design of DB2 to the UNIX® environment.
DB2 for AIX delivers reliable performance, high
availability, outstanding recoverability features,
and seamless access to DB2 on the host through
the DB2 Distributed Database Connection.

DB2 for AIX has many features to help cus-
tomers fine-tune application performance while
ensuring data integrity: a cost-based optimizer,
stored procedures, row blocking, compound SQL,
multiple levels of concurrency, and a granular
locking scheme.

Advanced recovery features protect data, even
between backups. High availability is achieved
through online backup. DB2 for AIX delivers full
transaction support, ensuring that transactions are
completed normally before changing any data.
Row-level locking and declarative referential
integrity contribute to even safer data handling.

DB2 for AIX supports an SQL that is compati-
ble with DB2 for MVS. Since it also provides an
interface that is similar to DB2 on other plat-
forms, DB2 applications and skills are easily
transferred to a client-server environment. DB2
for AIX also supports a wide variety of
BACK TO C
applications running on DOS, Windows™, OS/2,
AIX, HP/UX, and Solaris clients. New applications
can be developed on these clients using DB2
software developers’ kits, which have a variety of
languages and access methods.

Both DB2 Version 1 and Version 2 support
AIX Versions 3.2.4, 3.2.5, and 4.1.1 (in uniproces-
sor and SMP environments). Because Symmetric
Multiprocessor (SMP) hardware supported by AIX
became available after DB2 Version 1 and before
Version 2, the implementation of SMP support
differs slightly between the two DB2 versions. 

DB2 Version 1 Support of AIX 4.1
DB2 Version 1 was architected as a multiprocess-
ing application, with each asynchronous unit of
activity implemented as an AIX process. 

DB2 creates AIX processes called database
agents that each manage one database connec-
tion. The DB2 Database Administrator (DBA) can
specify a maximum number of database agents
(the total number of users that can connect to the
database) and the maximum number of concur-
rent agents (the number of agents that can active-
ly execute SQL statements simultaneously). If
more connections are attempted than the maxi-
mum value allows, the additional agents must
wait. This enables a DBA to control the use of
system resources.

Since DB2 was implemented as a multiprocess-
ing application from the beginning, it was not
necessary to redesign the product to support the
new AIX SMP environment.

When DB2 Version 1 was first released in
October 1993, it supported AIX 3.2.4, AIX 3.2.5,
and uniprocessor IBM RISC System/6000s avail-
able at the time. Providing support for the new
SMP machines has two implications.
ONTENTS
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A key advantage

of IBM’s SMP

architecture is the

direct portability

of most software

developed for

uniprocessors.
◆ DB2 must support AIX 4.1.1 in both uniproces-
sor and SMP environments.

◆ DB2 must use the new AIX 4.1.1 operating sys-
tem services to enable it to run safely in an
SMP environment.

Supporting AIX 4.1.1 was easy because DB2
uses only standard AIX interfaces that are highly
compatible with AIX 3.2.5. IBM verified DB2’s
support for AIX 4.1 in a uniprocessor environment
by successfully running a full regression test.

The main advantage of IBM’s SMP architecture
is the direct portability of most software devel-
oped for uniprocessors. Few changes were
required for DB2 Version 1 to support the SMP
environment. Care was taken to ensure that
SMP-enabling of DB2/6000™ did not affect the
performance of the uniprocessor DB2 installa-
tions. The multiprocessing architecture of DB2
Version 1 provided a ready-made basis for
exploiting SMP.

Two changes were necessary for Version 1 of
DB2 to support SMP hardware under AIX 4.1:

◆ The code was modified to use the new latch-
ing services that were introduced in AIX 4.1 to
serialize access to shared DB2 data structures.

◆ The DB2 installation process was modified to
ensure that the code installed was appropriate
for the level of operating system (AIX Version
3.2.4, 3.2.5, or 4.1.1) and hardware (uniproces-
sor or SMP).

DB2 for AIX Version 2.1
DB2 for AIX Version 2, with improved features
and performance enhancements, is accompanied
by a rich suite of tools for database administra-
tion and performance tuning. At the time this arti-
cle is being written (January 1995), DB2 for AIX
Version 2.1 is in beta testing with customers
worldwide. DB2 for AIX Version 2 comes as a
single binary that supports all levels of AIX—from
3.2.4 to 4.1.1 and beyond—ensuring that all users
can benefit equally from the DB2 for AIX Version
2 performance and functional enhancements. 

Highlights of Version 2 are described in the
following sections.

Innovative Multimedia and Object-Oriented Applications 
Extensions to the relational capability of DB2
enable multimedia objects to be manipulated and
object-oriented programming techniques to be
used to increase programmer productivity and
data integrity. These extensions include the fol-
lowing.
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◆ User-Defined Functions (UDFs), User-Defined
Triggers (UDTs), check constraints, and Large
Objects (LOBs)

◆ The ability to write recursive SQL queries so
that a single SQL statement can replace
complex application logic in applications such
as bills-of-material processing and path expres-
sion queries

Flexible Management of Large Databases
Managing very large databases (limited only by
the size of physical storage) is easier when a
database can be partitioned into separately man-
aged parts called tablespaces. DB2 Version 2 has
enhancements for large database administration
and improved database availability, including 
the following:

◆ Ability to place tables, indexes, and LOBs into
different tablespaces, and flexibility in assign-
ing storage devices to tablespaces, enabling
administrators to maximize database avail-
ability and performance

◆ Support for online or offline backup and
recovery of all or part of the database using
tablespaces

◆ Support for backup and recovery utilities using
several devices in parallel, reducing the time
for these activities

◆ A high-speed load utility to perform bulk load-
ing of data into tables

Distributed Applications and Data Replication 
With DB2 for AIX Version 2.1 and accompanying
products, the application developer and database
administrator have great flexibility in distributing
data and applications across various workstation
and host platforms. Enhancements in this area
include the following:

◆ Support for Distributed Relational Database
Architecture™ Application Server (DRDA™ AS)
to provide access to DB2 databases on AIX and
OS/2 from MVS, VM, and OS/400 applications

◆ Support for data replication products such as
Data Propagator™ Non-Relational, Data Propa-
gator Relational, and DataRefresher™, enabling
extensive data replication facilities from DB2
for MVS, DB2/400™, IMS, and VSAM to AIX
and OS/2 DB2 databases

◆ Distributed Unit of Work (DUOW), also
known as two-phase commit support
BACK TO CONTENTS



Figure 1.   The DB2 process model architecture

The DB2 Architecture

IPC

System

Controller

TCP/IP

APPC

Other




Shared 

Memory

and

Seamphores

TCP/IP

APPC

Other

Idle Agent Pool

Upper

Applications DB2 EDUs (per DB instance)

Communication

LIsteners


(1 per protocol)

Active Agents

I/O Servers

Async Page

Cleaners 





Logger

per (specific) requesst EDUs (eg. backup)

Media Writers

per client EDUs per active DB2 database EDUS
Performance
The new SQL optimizer architecture uses sophis-
ticated techniques to transform complex queries
into their most efficient form and to accurately
determine the best access path to data. Support
for I/O prefetch and parallel I/O further improves
the performance of Online Transaction Process-
ing (OLTP) applications, decision-support appli-
cations, and database utilities.

DB2 Version 2 Architecture
The architecture of DB2 Version 2 incorporates
Engine Dispatchable Units (EDUs), the funda-
mental dispatching unit for all asynchronous
activities performed by the DB2 database engine.
BACK TO CO
EDUs are a logical concept. Physically, they
are implemented as either processes or threads
depending on the platform. In the OS/2 environ-
ment, EDUs are implemented as threads within a
single process. In the AIX environment, EDUs are
implemented as AIX processes. Although AIX 4.1
provides thread support, the need to support
DB2 under AIX 3.2 (which does not have thread
support) dictates the use of processes in DB2 for
AIX Version 2. Threads will be used in the future
on thread-efficient platforms.

The DB2 engine creates different types of
EDUs for specific tasks.
February 1995
NTENTS



Us are the fund-

ental dispatching

it for all asyn-

ronous activities

rformed by the

B2 database engine.
◆ System controller: The master EDU controls
the starting and stopping of DB2 and owns the
shared resources.

◆ Agents: An agent EDU is assigned to every
connected client application. A pool of idle
agents can be defined. When a new database
connection is made, one of these idle agents is
dispatched to handle the connection. Using
idle agents reduces the connect time of appli-
cations to the database.

◆ Asynchronous page cleaners: EDUs off-load
buffer page writing operations from the agent
EDU executing the SQL query. This eliminates
the need for the agent EDU to wait synchro-
nously until modified pages are written from
the buffer to disk to make room for query
data. Using asynchronous page cleaners is par-
ticularly advantageous for user environments
in which the arrival of database requests is
irregular. The page cleaners take advantage of
lulls in database activity to flush buffer pages
to disk in preparation for future requests.

◆ I/O servers: These EDUs perform parallel I/O
and big-block reads, which can dramatically
improve performance in decision-support
environments. For example, if DB2 is perform-
ing a table scan, I/O server EDUs will be used
to prefetch multiple pages in a single request
(sequential prefetch). I/O server EDUs are also
invoked by the DB2 index manager to prefetch
data based on an index sequence (index
prefetch). The big-block read capability (read-
ing several disk pages using a single I/O
request) can reduce the CPU overhead and
improve query response time.

◆ Media writers: The capability to perform
backup and recovery using multiple devices in
parallel is built into the DB2 engine. DB2 dis-
patches media writer EDUs to perform the
backup and recovery operations in parallel,
dramatically reducing the elapsed time to per-
form these functions. The high-speed load util-
ity also uses media writer EDUs to store data
directly onto disk, bypassing all the processing
normally associated with SQL INSERT state-
ments.

◆ Communication listeners: One communica-
tion listener EDU is assigned to each type of
communications protocol supported by DB2,
such as Interprocess Communications (IPC) for
local clients, and Advanced Program-to-Pro-
February 1995
gram Communications (APPC), TCP/IP, and
others for remote clients.

◆ Database logger: The logger EDU writes a log
of the changes to the database data performed
by agents for user applications. There is one
logger EDU for each DB2 database controlled
by the DB2 instance.

DB2 has no concept of checkpoints. Unlike
other open systems databases, DB2 does not
have performance degradations at periodic inter-
vals to flush buffer pages to disk and to commit
the changes to the log. All committed transactions
are guaranteed to be recoverable, preserving the
Atomicity, Consistency, Isolation, and Durability
(ACID) transaction properties of the DB2 data-
base.

Figure 1 illustrates the DB2 process model
architecture. The circles represent EDUs (process-
es under AIX). A DB2 instance is a single system
that controls one or more DB2 databases. The
System Controller is responsible for creating all
DB2 EDUs, including communication listeners,
media writers, and idle agents.

When a user application attempts to connect
to a DB2 database, an appropriate communica-
tion listener will detect the conversation attempt,
and assign one of the idle agents (or create a
new agent) to own the connection and perform
database work.

The database is inactive (no runtime resources
assigned to it) until at least one user is connected
to it. The System Controller activates a database
at the time of the first connect to it by creating
the EDUs associated with a database and assign-
ing resources to it.

Each DB2 database has a logger EDU and a
configurable number of I/O servers and asyn-
chronous page cleaners. All database EDUs and
allocated memory are released when the last
application disconnects from the database. 

Media writer EDUs are created when a specific
task needs to be done, such as backup or recov-
ery, which differs from other DB2 EDUs.

DB2 Performance Results
In January 1995, IBM announced the completion
of industry-standard TPC-C benchmark testing of
DB2 for AIX Version 2.1. 

A RISC System/6000 POWERserver™ R24,
which has a single POWER2 processor and DB2
for AIX Version 2.1 achieved 1,470.06 transactions
per minute (tpmC) at $896.22/tpmC on the TPC-C
benchmark. The transaction rate of 1,470 tpmC
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DB2 Version 2
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environments.
tops the previous best-reported uniprocessor
result by 31%, which is on IBM’s RISC Sys-
tem/6000 POWERserver 59H with Sybase SQL
Server Version 10.0.1

On the TPC-C benchmark, DB2’s new result is
the highest of any uniprocessor using either
open-system or proprietary databases, and tops
many of the multiprocessor systems. 

The IBM solution of DB2 and POWERserver
R24 achieves 22% better tpmC than an eight-
processor Sun SPARCserver® 1000E (1,204 tpmC
at $890/tpmC) using Sybase® SQL Server 10, 13%
better tpmC than a four-processor AT&T® 3555/4
(1,296 tpmC at $1,040/tpmC) using INFORMIX®

On-Line 5.03, and 5% better tpmC than a two-
processor HP™ Model H70 (1,403 tpmC at
$758/tpmC) using SQL Server 10.0.1.

These TPC-C results show the excellent trans-
action processing performance of DB2 for AIX
Version 2.1. The test demonstrates sustained
rapid response time under a heavy workload
from 1,280 users accessing a large database con-
figured with 124 gigabytes of disk. DB2 demon-
strates that it can take on the challenge of
managing data in very demanding environments.

DB2 for AIX Version 2.1 has been designed to
exploit the capabilities of both SMP and
uniprocessor architectures to deliver excellent
performance and sustained scalability as more
SMP processors are added to the system. (Note:
Measurements of DB2 performance under AIX
SMP show outstanding performance; however,
they were not completed at press time. Therefore,
official numbers were not available for this arti-
cle. For additional information, contact one of the
authors of this article or your IBM marketing rep.) 

The AIX Journaled File System (JFS) was used
to manage DB2 data on disk during the TPC-C
benchmark. The excellent performance of AIX
JFS in the heavy workload TPC-C scenario was
instrumental in achieving the outstanding TPC-C
performance results above.

For ultimate performance and flexibility, DB2
for AIX Version 2.1 users can choose between
three mechanisms for managing data on disk: AIX
JFS, logical volumes managed by the AIX Logical
Volume Manager (LVM), or physical devices man-
aged directly by the DB2 database.

SQL Optimizer Technology
DB2 Version 2 features can increase the perfor-
mance of transactional and decision-support
workloads in both SMP and uniprocessor envi-
ronments. DB2 Version 2 benefits do not stop
there. For a database to perform well on complex
BACK TO C
decision-support workloads, it is not enough to
merely work harder by parallelizing operations,
off-loading processing to ancillary processors, and
relying on faster CPUs and disks. Working smarter
is also essential, and this is exactly what the DB2
SQL optimizer technology is designed to do.

All of IBM’s relational database offerings on 
all platforms have always had a cost-based SQL
optimizer. The cost-based optimizer eliminates
the need for tailoring the query to the operational
environment. Without a cost-based optimizer,
poor response times and significant unnecessary
work could result.

The increasing importance of decision-support
applications is resulting in more complex data-
base queries. These queries may have been writ-
ten by end users, generated by automatic tools,
or produced by the many point-and-click applica-
tion interfaces popular in DOS, Windows, OS/2,
and UNIX environments.

The DB2 optimizer incorporates a sophisticat-
ed query rewrite phase that automatically trans-
forms a complex query into a different query that
is analyzed to generate the best possible access
plan to the data. As a result, the end user does
not need to be concerned with coding the opti-
mal SQL query.

The Version 2 optimizer also looks at many
alternatives in its search for the best query execu-
tion plan. In addition, it engages more sophisti-
cated techniques of modeling the cost of different
ways to fetch data from disk. All these techniques
can result in an order-of-magnitude performance
improvement for complex queries as compared
to existing SQL optimizer technology.

The power of choosing the best access plan is
not free—it takes time. To allow users the flexi-
bility of balancing the time spent in generating
the access plan versus the execution time, users
can specify the class of optimization techniques
that the DB2 optimizer should apply during
access plan generation. Users can also specify the
optimization class for the whole application or for
an individual SQL statement.

Tools for Managing Performance
To assist database administrators and developers
in obtaining the best possible performance from
the database under a variety of operating condi-
tions, IBM has developed two new tools: DB2
Visual Explain and DB2 Performance Monitor.

DB2 Visual Explain
An easy-to-use, graphical tool, DB2 Visual
Explain provides details about the access plan
February 1995
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Figure 2.   DB2 Visual Explain
chosen by the DBMS optimizer to access data.
DB2 Visual Explain supports Version 2 of DB2 for
AIX with these capabilities:

◆ Graphical presentation of Explain output.
Explain output, which reveals the SQL access
plan chosen by the optimizer, is usually textual
or tabular in nature. For most SQL statements,
this output is difficult to interpret.

DB2 Visual Explain presents this output in an
easy-to-understand graphical format. Relation-
ships between database objects such as tables
and indices are instantly clear, as are various
operations—such as table scans and sorts—
that the optimizer has chosen for accessing the
data. With this information, users can tune the
structure of their databases for maximum
efficiency and performance.

◆ Detailed optimizer information. DB2 Visual
Explain provides optimizer information to
inform the user of the cost of executing the
SQL statements. This information includes I/O
and CPU cost estimates for each operation,
bind-time, and current table statistics.

An administrator or developer can easily iden-
tify the most expensive operation for a given
SQL statement and focus on tuning that opera-
tion. For example, tuning might consist of cre-
ating an index that would avoid the expense
of a full table scan.

◆ What-if modeling capability for SQL state-
ments. With DB2 Visual Explain, users can
model the effect of various changes in the
database environment on SQL statements. For
example, a user can determine the estimated
time needed to execute a query in a produc-
tion environment with a million rows—all
without the need to add data to a test environ-
ment of 100 rows.

Figure 2 shows a graphical representation of
an SQL query that is optimized by DB2 to pro-
duce an access plan. The rectangles represent
database tables, while the ovals represent data-
base operations such as table scans, index scans,
joins, or sorts. The graphical presentation of the
access plan makes it easy to identify possible SQL
problems. For example, creating an index would
eliminate the requirement to do a full table scan.
Users can click on any access plan object (in this
case, SCAN 42) and view the access plan details
associated with the operation.
February 1995
DB2 Performance Monitor for AIX
The Performance Monitor provides comprehen-
sive performance data collection, viewing, report-
ing, analysis, and alerting capabilities for Version
2 of DB2 for AIX.

◆ Comprehensive, flexible data collection.
DB2 Performance Monitor for AIX supports
more than 200 performance attributes includ-
ing buffer pool, lock and deadlock, sorting,
communication, agent, and logging informa-
tion. Data is shown for database managers,
databases, tablespaces, tables, connections,
transactions, and statements.

Support for two types of performance data,
snapshot and event, also provides flexibility.
Snapshot data measures performance charac-
teristics at times, while event data summarizes
performance attributes for a certain duration
(for example, from the time a statement begins
executing to the time it completes).

For a statement event, for example, the DB2
Performance Monitor can monitor the start and
stop time, total CPU time, total number and
CPU time of sorts, rows read and written, and
the SQLCA for the statement. For dynamic state-
ments, the SQL statement text is also captured.
BACK TO CONTENTS
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Figure 3.   Performance Monitor
◆ Easy-to-use, intuitive viewing and report-
ing. Collected data can be viewed in real time
and recorded for later playback and analysis.
Recorded data can also be loaded into an SQL
performance database for further querying and
reporting.

When viewing data, users have the option of
graphical or textual presentation. Graphical
User Interface (GUI) views help users interpret
complex data, while textual output provides
information for reporting and archival purposes

◆ Powerful data analysis capabilities. With
DB2 Performance Monitor for AIX, users can
customize measurements with spreadsheet-like
formulas. For example, rather than monitoring
an absolute measurement, a user can monitor
a ratio calculated from two related measure-
ments. A variety of formulas are supported,
including functions such as average, minimum
and maximum.

DB2 Performance Monitor for AIX has a starter
set of commonly used measurements so users
can perform useful monitoring immediately.
Data can be analyzed to filter out only those
records applicable to certain database objects
or to a certain period. For example, users trac-
ing a performance problem can quickly focus
on event records applicable to a given data-
base.

The data produced by the DB2 Performance
Monitor can be stored in a DB2 database, pro-
viding an opportunity for additional analysis.
For example, event records showing I/O cost
for every statement in a given application can
be sorted in descending order, quickly identi-
fying the most expensive statements.
BACK TO CO
Robust alerting capabilities. For any perfor-
mance measurement, users can define excep-
tion conditions by specifying a threshold
value. When that value is reached, the user
can specify any or all of the following actions:

-Notification through a window or audible
alarm
-Logging of a record in a log file
-Execution of a command or program
-Notification to a management product such as
NetView®

With a comprehensive, flexible, yet easy-to-use
rray of monitoring options, administrators and
evelopers have a powerful tool to aid in perfor-
ance tuning and problem determination.
Figure 3 shows, in graph form, the level of

atabase activity over the last five minutes using
elected indicators of database performance.

ummary
B2/6000 has the following benefits in both
niprocessor and SMP environments:

Solid architecture. DB2 can support many
users in client-server OLTP and decision-
support environments without compromising
the efficient use of system resources.

Excellent performance. DB2 for AIX can
handle sustained rapid response time under a
heavy workload from hundreds of users
accessing a large database. 

Good scalability.  As the number of proces-
sors increase, DB2 for AIX takes advantage of
them, resulting in greater throughput.

ene Kligerman, IBM Canada, 1150 Eglinton Avenue 
ast, Toronto, Ontario, Canada, M3C 1H7. Internet:
enie@vnet.ibm.com. Mr. Kligerman is currently a planner for
he DB2 for AIX Version 2.1 server. He has a BSc and an MSc
n Computer Science from the University of Toronto.

ing Wu, IBM Canada, 1150 Eglinton Avenue East, 
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orkstation DB2 performance group. She has an MASc in
lectrical  Engineering and a BASc in Engineering Science
rom the University of Toronto. 
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INFORMIX On-Line
Dynamic Server

By David Clay
The INFORMIX On-Line Dynamic Server 7.1 on AIX 4.1
was released in December 1994. This server represents th
culmination of Informix’s efforts to build a new server
architecture aimed at maximizing DBMS performance and
utility on Symmetric Multiprocessor (SMP) machines. On-
Line Dynamic Server 7.1 features Dynamic Server Archi-
tecture with Parallel Data Query (PDQ). Version 7.1
functionality includes parallel scans, joins, aggregates,
index builds, backup, restore, and recovery. It also
includes a mechanism for horizontal table partitioning and
global resource control for decision-support queries.

T he Informix SMP capability is not just an
extension to an old architecture: it is a
fundamental redesign of the server. A
look at the evolution of Informix servers,

beginning with Version 5.0, provides a better
understanding of the advantages of the INFORMIX
On-Line Dynamic Server 7.1 architecture.

On-Line 5.0 Server Architecture
The On-Line 5.0 engine is SMP-enabled to benefi
many Online Transaction Processing (OLTP)
applications. Version 5.0 architecture has one
operating system process for each connected
client, shown in Figure 1. The SMP operating sys
tem can schedule several of these server process-
es simultaneously, thereby achieving some level
of parallelism. The engine processes coordinate
their access to shared resources, such as the
buffer cache and logging services, using a high-
performance mutual-exclusion mechanism. This
works well, as shown by the large number of
published TPC benchmark results using
INFORMIX On-Line 5.0. For example, in October
1993, INFORMIX On-Line 5.0 achieved a TPC-C
rate of 726.13 tpm on a RISC System/6000
(RS/6000™) Model 590 running AIX.
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Of course, some drawbacks to this architecture
exist. One is that the number of operating system
processes increases as the number of clients
increases. This results in an increase in process
context switches. A second drawback is that a
single-user session cannot use more than one
processor to work on a large query.

Dynamic Server Multithreaded Architecture
Version 6.0 of On-Line Dynamic Server addresses
the first drawback. Dynamic Server Architecture
(DSA) is a multithreaded architecture in which
many threads are multiplexed over a few server
processes. The number of server processes is typi-
cally smaller than the number of physical proces-
sors on the SMP machine, as shown in Figure 2.
Each user session gets a thread that can be sched-
uled on one of the Informix server processes
rather than getting its own dedicated process.

A thread has a much smaller context than a
process, and thread switches can be done with-
out entering the operating system kernel. Thus, 
a thread-context switch time is a small fraction of
a process-context switch time. This is advanta-
geous because Database Management Systems
(DBMSs) spend much of their time context
switching. 

This time savings represents only part of the
advantage of multithreading. More significantly,
the server can schedule threads according to the
best use of the server. For example, suppose
1,000 clients are each supported by one thread in
the server. If one thread obtains an exclusive lock
on a critical centralized resource such as the log
buffer, a DSA server process can guarantee that
the thread will not be context-switched while
holding the critical resource. 

This guarantee cannot be made in a DBMS
which implements this using 1,000 server
processes. From time to time, the operating
ONTENTS
February 1995



The query engine

was completely

rewritten for

Version 7.1.

Shared Memory

Buffers, Locks, and so on

• • •

• • •

Figure 1.  Two processes per user

Two Processes Per User
system will time-switch a process holding a criti-
cal lock. The processes allowed to run in its
place will simply note that they cannot obtain the
lock and give up the processor to the next
process, which does the same, and so on. As the
number of user sessions increases, the problem
becomes worse. Some, but not all, of these prob-
lems can be alleviated using a Transaction Pro-
cessing (TP) monitor in a process-based system.
This requires a considerable investment in TP
software, additional application development
time and complexity, and additional administra-
tive costs.

Figure 3 illustrates the performance of On-Line
5.0 (a process-based server) versus On-Line
Dynamic Server 6.0 (a thread-based server) as the
number of user sessions increases. With On-Line
Dynamic Server 6.0, the throughput remains sta-
ble as the number of clients increases.

Informix’s Dynamic Architecture has been
shown to be scalable for OLTP workloads; that is,
physical processors can be added to handle larg-
er workloads so that the processing time remains
the same. This helps to fulfill one of the promises
of SMP: when a system runs out of horsepower,
capacity can easily be expanded by plugging in
more processors. SMP scalability is difficult to
February 1995
achieve in a DBMS because of many internal con-
currency problems that arise, particularly as the
number of physical processors becomes large. 

In addition to a radically new architecture, On-
Line Dynamic Server 6.0 also included some new
performance features: parallel backup, parallel
recovery, parallel index build, configurable read
ahead, and dictionary cache.

PDQ Architecture
The multithreading subsystem that made its debut
in Version 6.0 is the ideal platform on which to
build a parallel query capability. Thread creation,
destruction, and synchronization is much more
efficient than the corresponding functions for
operating system processes, making it practical to
quickly map several threads to a query. However,
many other structural changes to queries are
required before the thread mechanism can be
used effectively on a single query. The iterator
model and the exchange iterator are two such
structural changes.

The Iterator Model 
The query engine was completely rewritten for
Version 7.1 to conform to an iterator model. Iter-
ators are self-contained software objects that
BACK TO CONTENTS
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Dynamic Server Architecture
accept a stream of tuples from one or two anony-
mous sources, usually another iterator or iterator
pair, and produce a transformed stream of tuples.
Specific iterators are scan, nested loop join, sort
merge join, hash join, union, sort, and aggregate.
The iterator model allows complex queries to be
structured by stringing together the appropriate
iterators into a tree structure as shown in Figure
4. It also facilitates parallelism because iterators
can be easily duplicated to make a new instance
of the iterator. The OnPerf Graphical User Inter-
face (GUI) monitoring utility that ships with the
server actually draws the iterator tree and allows
the user to view the flow of tuples through the
tree as the query executes.

New iterator algorithms were also introduced
in Version 7.1. Aggregation (count, sum, avg,
min, max) is done using a unique hashing algo-
rithm that is much faster than the previous algo-
rithm. Hash joins have been slow to appear in
commercial products. Hash joins are frequently
much faster than sort merge joins, because they
only require that a hash table be built on the
smaller of the two inputs. The larger input does
not need to be organized in a particular way. Sort
merge joins require that both inputs be sorted,

which can be very costly.

BACK TO CO
The scan iterator, used to read table data from
the disk, has many improvements over earlier
systems such as “light scan” functionality, which
often allows full-table scans to bypass the buffer
cache. Predicates are “pushed down” and evaluat-
ed directly in the disk buffer. Using these meth-
ods, tables can be sequentially scanned at
maximum hardware disk rates, typically in the 2
MB to 5 MB per-second range. This is unusually
fast for a Relational DBMS (RDBMS).

The Exchange Iterator
The mechanism for launching and managing par-
allel threads is the exchange iterator, first
described as part of Goetz Graefe’s experimental
Volcano DBMS. A special exchange iterator can
initiate new threads and copy iterator instances
into the new threads. It can also perform pipe
fitting between iterator instances and manage the
data flow using buffering and back pressure to
equalize the speed between producer and con-
sumer threads. This pipe fitting includes a reparti-
tioning mechanism described below and shown
in Figure 5. 
February 1995
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Data Partitioning
To parallelize queries, tables and intermediate
results must be divided into partitions. The DBA
partitions permanent tables using extensions to
the create table statement. Internal temporary
tables are partitioned by the DBMS. The Informix
terminology for horizontal partitioning of tables
across many disk devices is fragmentation.
Tables can be fragmented by round robin, a
range of key values, or an arbitrary series of
expressions. Indexes can be fragmented in the
same way as tables. The SQL syntax for creating
tables and indexes and altering tables is extended
to allow for establishing and changing fragmenta-
tion schemes. Figure 6 shows examples of the
syntax.

Table or index scans are parallelized by start-
ing a scan thread for each fragment. Another
advantage to table and index fragmentation
includes logical partitioning by range or expres-
sion. This allows the query engine to eliminate
certain fragments based on the where clause of a
query. For example, if a table is partitioned by
entry date and a query searches for a range of
entry dates, not all of the table’s disks will need
to be scanned. 

A fragment is an ideal unit of backup—another
advantage of fragmentation. When a disk crashes,
only the affected fragment must be restored, not
the entire table. The unaffected fragments remain
structurally intact, and queries may proceed
against the table even though part of the table 
is unavailable. SQL syntax is provided to skip
unavailable fragments on read-only queries.

Fragmentation can be used to accommodate
very large tables. It is not practical to store a
single table of several hundred gigabytes as a
single structural entity, because it sometimes
forces the DBMS to read, update, or restore the
table as a unit.

Partitioning of Intermediate Results
Depending on the requirements of an individual
iterator, tuples may need to be repartitioned on-
the-fly. The exchange iterator does this. For exam-
ple, when a hash join is parallelized, there will be
several instances of the hash join iterator, each
with two parallelized inputs. In the simplest case,
these inputs will be table scans. The results of the
parallel scans should be divided among the join
threads so that each unique join key value always
goes to the same join thread. This is done by a
highly efficient hashing algorithm that is built into
the exchange iterator. Exchange takes tuples from
the scan thread, then hashes on the join key to
February 1995 BACK TO CONTENTS
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Create table account fragment by expression
(column specifications. . .>
fragment by expression

account_num <100,000 in account_space1,
account_num <200,000 in account_space2,
remainder in account_space_remainder;

Create index account_index on account (account_num)
fragment by expression

account_num <50,000 in index_space1,
account_num <200,000 in index_space2,
remainder in index_space_remainder;

}

Figure 6.   Example of syntax for establishing
fragmentation

Figure 5.  Parallelized iterator tree showing 
exchange pipelines
determine which join instance will receive the
tuple. Aggregation and sort merge join iterators
also require hash partitioning.

Partitioning in this way can cause data skew,
which occurs when values of a join or group by
key are not uniformly distributed. For example, to
count inhabitants of the United States by state, the
thread handling New York would be much busier
than the thread handling Alaska. The PDQ engine
has several unique strategies for dealing with this
situation and can adjust to it dynamically.

Resource Management
With PDQ, queries can be assigned a query prior-
ity ranging from 0 to 100 to indicate the percent
of DBMS resources (such as CPU, memory, and
scan bandwidth) that should be allocated to the
query. CPU resources are controlled by limiting
the number of threads assigned to a query. The
number of threads varies with the query priority
and the number of server processes, which repre-
sents the maximum degree of parallelism. 

Performing queries that contain sorts, joins,
and aggregates is highly dependent on memory
availability. Since most commercial DBMSs
(including On-Line 5.0 and On-Line Dynamic
Server 6.0) have no way to allot memory among
queries, they take the conservative approach of
never using too much. Although this allows more
queries to make adequate progress without
impacting each other, it does not facilitate run-
ning large queries that could benefit from large
memory allocations. On-Line Dynamic Server 7.1
has mechanisms for adjusting the size of the
memory pool used for large queries, the maxi-
mum number of concurrent large queries, and
the relative priority of the queries, so that the
memory can be apportioned among them. Since
these mechanisms are dynamic, the availability of
resources to large decision-support queries can
be dialed down during periods when the OLTP
load is high.

Performance 
The ultimate measure of a parallel DBMS imple-
mentation is its performance. Figures 7 and 8
show speed-up curves for two simple queries.
Speed-up is measured by using more CPUs with-
out varying the amount of data. A perfect speed-
up curve is a hyperbola (not a straight line)
showing that execution time is reduced to 1/n x t
when resources are increased n times.
February 1995
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Scan Performance 
Figure 7 shows the speed-up curve for a parallel
select varying the number of disks. The differ-
ence between the top On-Line 5.0 line and the
lower On-Line Dynamic Server 7.1 line is due to
the algorithmic improvements described above.
The On-Line 5.0 line does not show speed up
because 5.0 was not parallelized for scans. The
“Best Possible” line was obtained by running a
small UNIX program that performed raw reads in
a tight loop. The disks in this experiment could
deliver about 2 MB per second, so the scan
speeds shown were limited by the disk hardware,
not the DBMS software.

Hash Join Performance 
Figure 8 shows the speed-up curve for a parallel
hash join varying the number of disks and CPUs.
Again, speed-up is excellent, and the perfor-
mance of On-Line Dynamic Server 7.1 surpasses
On-Line 5.0. The rightmost point indicates that a
speed-up of approximately seven is obtained
with eight times the resources.

Future Products 
A follow-on product scheduled for release in
early 1996 will provide parallel load and unload
utilities. These utilities will be capable of I/O to
multiple external devices, and come with a GUI
interface and built-in conversion routines for han-
dling data from many sources. Numerous server
performance enhancements will permit the load-
ing and unloading of data from the database at
disk speeds.

Informix’s Dynamic Server Architecture is cur-
rently being extended to encompass loosely cou-
pled systems such as IBM’s SP2™. Many
applications will never need a platform this large,
but for those that do, DSA provides a growth
path from the SMP platform. The new server
product, On-Line Dynamic Server 8.0, is planned
to be available in mid-1995.

David Clay, Informix Software, Inc., 921 S.W. Washington
Avenue, Portland, OR 97205. Internet: davec@informix.com.
Mr. Clay, an engineering manager in the Servers and Connec-
tivity Division, was the project leader of the Informix parallel
query project. He is currently extending the Informix engine
to massively parallel, shared-nothing architectures such as
IBM’s SP2. Mr. Clay has a BA in Mathematics from Michigan
State University and an MS in Computer Science from Cleve-
land State University in Ohio.
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The Oracle Data
Warehouse 

By Sandra Lee
This article describes how parallel processing software such
as Oracle7, in combination with multiprocessing hardware
such as the IBM RISC System/6000 Symmetric Multi-
processor (SMP), provides a Decision-Support Systems
(DSS) solution that will help companies predict future
trends and growth opportunities that will give them a com-
petitive edge in the marketplace. 

I n an ever-changing marketplace, collected
data about a corporation becomes a very
valuable asset. The effect of decisions
based on this data can have a significant

effect on the organization and can be a key to
gaining and keeping a competitive edge in the
marketplace. In recent years, a market for Deci-
sion Support Systems (DSS) has emerged to help
companies use their stored data. 

Most companies have an Information Systems
(IS) organization made up of Operational Systems
and DSS that deals with corporate data. An Oper-
ational System performs Online Transaction Pro-
cessing (OLTP) functions such as order entry,
work scheduling, and financial systems. OLTP
gathers and stores organizational data from the
day-to-day operations part of running the busi-
ness. DSS applications, on the other hand, are
responsible for providing consolidated data for
making decisions about the day-to-day and
long-term workings of an organization. Although
such decisions influence the business, they are
not directly involved with the actual running of
the business.

In the past, many DSS analysts inefficiently
gathered data. For example, a marketing director
from a retail clothing company who wanted to do
a targeted marketing campaign would ask the
DSS analyst for the results of a complex query:
“Who are all the people who spent more than
$300 using credit cards after the interest rate
February 1995
increase in the four geographical regions of the
United States?”

The DSS analyst would then turn to four
regional Operational IS groups (or machines) to
get a snapshot of the requested data. The snap-
shots obtained from the Operational IS groups
would invariably be taken at different points in
time, and sometimes from different data models.
For example, the Western Region might track
customers who used credit but not dates of pur-
chases, while the Northern Region may track cus-
tomer purchase dates but not method of
payment. Additional research would be necessary
to provide requested information not stored in
that region’s database. In short, this process of
getting results from multiple sources with redun-
dant and overlapping extracts would be very
time-consuming with a high rate of errors.

Extracting inconsistent data from multiple data-
bases is only one problem faced by DSS. The
intensive CPU usage required by DSS to do com-
plex read-only transactions of massive amounts of
data is another challenge. Furthermore, OLTP and
DSS use logically separate data. To address these
issues, some companies began providing expen-
sive proprietary query database computers, pio-
neering the technique of separating OLTP from
DSS. Data from the OLTP computers was separat-
ed and consolidated on a query database com-
puter. All DSS transactions would be run against
the DSS consolidated query database. The objec-
tive of separating OLTP and DSS onto separate
computers was to speed transaction processing as
well as ease the painful searching for data from
several different sources.

Nevertheless, OLTP and DSS remain intimately
linked. Consolidating data from company-wide
OLTP systems, and perhaps from external
sources, constitutes the core of DSS. The term
data warehousing describes the collection, trans-
formation, and distribution of data useful to
BACK TO CONTENTS
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decision-makers. With the right tools, company
decision-makers can exploit massive amounts of
diverse data to respond quickly and flexibly to
rapidly changing customer needs and competitive
environments.

In the retail clothing company example above,
it would have been more efficient for the DSS
analyst to run a DSS application against a consoli-
dated data warehouse that contained information
from the four geographical regions plus credit
card information loaded from external sources.
The resulting data would have been integrated
and organized into a consistent form, providing a
much faster query result with a high degree of
accuracy. 

Parallel Processing in the Data Warehouse 
Hardware and software for a data warehouse must
support several, often conflicting, requirements.

Hardware requirements for a data warehouse
vary depending on the size of the warehouse that
needs to be created. Considerations include the
volume of data to be kept online in primary stor-
age, the size of the storage subsystem supported
by the hardware architecture, and the memory
and processor requirements for running batch
jobs or long-running complex queries. Access to
external storage media or machines may also be
important in considering the time needed to load
data into the warehouse.

The data warehouse software must support
both complex preplanned queries and small ad
hoc requests. Easy information addition and
updating, and fast query performance are essen-
tial.

Both hardware and software technology devel-
oped in recent years are beginning to address
these DSS requirements.

Server Architectures
Until recently, data warehouse applications were
limited to only those projects that could justify
the high cost of implementing a data warehouse.
Existing server technology generally did not pro-
vide cost-effective access to enterprise data
because of architectural limitations.

Lack of client-server functionality for users to
perform ad hoc data access and analysis has lim-
ited the usefulness of mainframes for data ware-
housing. In addition, mainframe performance has
not kept up with the processing power needed to
mine enterprise data.

Specialized approaches, such as proprietary
query-processing systems, have provided
improved query performance, but at a
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price/performance ratio that is often expensive.
For example, the cost per gigabyte of disk stor-
age on a proprietary query processor can be up
to four times that of an open system. Lack of
openness also deterred many companies from
implementing these systems.

Open systems have provided dramatic
improvements in price/performance for OLTP
applications and offer the best support for client-
server data access. However, with uniprocessors,
response time for queries has been limited by the
speed of a single CPU, and the performance of
complex queries in an online or batch environ-
ment cannot meet application requirements.

With parallel processing machines, the limita-
tions of uniprocessors have been significantly
overcome for data warehousing applications. By
providing multiple processors, performance and
response times for complex queries, data loads,
and index creation against large data sets are
reduced. The price/performance of open systems
has improved by 400% during the last ten years
alone. Open multiprocessor systems are the only
server platforms that can keep pace with users’
processing demands and provide adequate inter-
operability, data access tools, and data distribu-
tion.

IBM’s RISC System/6000 Symmetric Multi-
processors (RS/6000 SMPs) fill a large market
need in DSS applications. RS/6000 SMPs, initially
offered with four CPUs and scaling up to eight,
provide multiple processors at a reasonable price
and respectable performance on high-end
machines. When IBM incorporates the PowerPC™
604 and the 620 chipsets into the RS/6000 family,
performance should increase even more. If the
data warehousing capacity provided by these
RS/6000 SMPs becomes insufficient, IBM will also
provide HACMP/6000™ SMPs—loosely clustered
SMPs similar to the HACMP/6000 uniprocessors—
and massively parallel SP/2s.

Parallel Software
Although open systems, particularly multiproces-
sors, have made excellent gains in price/perfor-
mance, the primary architectural limitation of the
DBMS software—until recently—was the inability
to take advantage of multiple processors in per-
forming typical DSS operations. Another weak-
ness of traditional Database Management Systems
(DBMSs) was an inability to use multiple memo-
ries not shared by CPUs.

In recent years, DBMSs have made great
strides in parallel processing. Parallel processing
allows a task to be broken into many smaller
February 1995
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Figure 1.   The data warehousing process
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tasks that are performed simultaneously. This is
unlike traditional serial processing in which a sin-
gle CPU executes instructions from a single
shared memory, one task at a time. Because tasks
are smaller and shared among several CPUs in
parallel processing, a particular task is finished
much more quickly, improving response time and
increasing the amount of processing that can be
done in a given amount of time. 

Although parallel processing has been used for
CPU-intensive scientific and analytic applications,
it has not been widely used in commercial appli-
cations because of the difficulty in parallelizing
applications. The difficulty lies in structuring tasks
so that certain steps can be executed in parallel,
while ensuring that the sequencing is preserved
for steps that must be executed serially.

Oracle7
Traditional DBMSs, such as Oracle7, now provide
parallel processing capabilities that are appropriate
in a commercial DSS environment with SMP and
Massively Parallel Processing (MPP) architectures.

The Oracle7 database has a successful history
on SMP systems. Oracle7’s Parallel Query Option
(PQO), Parallel Server, and interoperability
enable Oracle7 to support application integration,
distributed operations, and mixed application
workloads—all part of DSS.
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Since it offers excellent price/performance on
open systems hardware and is architected to
serve a wide variety of enterprise computing
needs, Oracle7 PQO is an attractive alternative to
specialized DBMSs for data warehousing.
Oracle7’s PQO processes database requests in
parallel, reducing response time for complex
queries and for queries against large databases
with data warehouses.

The Oracle® Parallel Server enables the Oracle7
DBMS to use multiple nodes on a uniprocessor
such as the RS/6000, as well as clusters of multi-
processors such as IBM’s upcoming HACMP SMP
cluster. Cluster support provides high availability,
thereby allowing access to data as needed with
reduced database downtime. IBM’s HACMP clus-
tering technology permits nodes to be taken down
and serviced without affecting the entire system.

Oracle7 runs on many platforms, including the
full range of IBM AIX offerings. With Oracle’s
Gateway technology, Oracle can also access lega-
cy data from other databases and flat files on a
variety of different platforms while supporting
OLTP and DSS on hardware best suited for a
company’s particular needs.

Creating the Oracle Data Warehouse
There are several steps in creating a data ware-
house, which will be more than just a collection
BACK TO CONTENTS
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of OLTP data. Careful design, maintenance, and
good data retrieval tools are essential for a data
warehouse to be a valuable component of DSS. 

Figure 1 provides an overview of the process-
ing of operational data into functional data for
decision support. Day-to-day operational data
entered into a traditional OLTP database is
extracted, filtered, and then loaded into a DSS
system. From there, the data is extracted by appli-
cations for decision-support use.

Designing the Warehouse 
Although good DSS software will improve the

performance and usefulness of a data warehouse,
careful database design is crucial to its effective-
ness. A good data warehouse must support both
preplanned decision-support applications and ad
hoc queries relating items that may have little in
common, such as linking payment methods with
a particular zip code. 

The data warehouse model must also address
the conflicting goals of system flexibility and data
delivery performance. Flexibility is required to be
able to add tables and attributes of primary data
and summaries. Quick query response is also
required since it determines the number of analy-
ses that can be performed and the amount of
data that can be fed to a presentation package for
dynamic data representations. 

Although these issues are common to all rela-
tional databases, the primarily read-only nature of
a data warehouse permits some specialized opti-
mization techniques, such as generating summa-
rized data tables for frequent query paths.
Information in data warehouses can be summa-
rized within the database as well. Such summa-
rized data can be used for simple, ad hoc queries
while the more detailed information can be used
in complex, prewritten queries. 

An IS organization designing a data warehouse
must decide what type of data should go into the
warehouse based on the type of information most
often used, the type of queries that will be run,
what information should be summarized, and 
so on.

Loading and Maintaining the Warehouse 
Data that will eventually be stored in the data
warehouse must first be extracted from the OLTP
database. The data is then filtered to remove
unwanted information and possibly combined
with data from other databases or files. At times,
additional data such as a date or location may be
added, or the data may be converted to allow
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comparisons with similar data, such as converting
all revenues to U.S. dollars.

The example retail clothing company’s data
warehouse would contain information from the
four IS regions that has been massaged into the
same form and contains the same information.
For example, the data warehouse would include
purchase date and method of payment for all cus-
tomers in all geographic regions. Additional credit
information from external sources, such as a
credit card company, may also be added to the
data warehouse.

Once OLTP data is extracted and filtered, it
must be loaded into the DSS database. The time
required to load data into a data warehouse can
be a critical factor in the success of a data ware-
house system, especially for maintenance.
Maintenance can require periodic incremental
updates of the data in the warehouse: adding or
changing data that has been changed since the
last update of the warehouse. Periodically, a com-
plete refresh of the data in the warehouse may
also be needed.

Oracle7’s parallel data-loading capability
speeds the creation and maintenance of the data
warehouse, particularly when adding or updating
information. Oracle7’s PQO provides a parallel
load function that uses the already efficient direct
path of SQL*Loader. Oracle7 Direct Path Loader
bypasses SQL processing to load data directly
into database tables. Rows of a single table can
be loaded simultaneously by different processors.
Multiple sessions running SQL*Loader use the
direct path capability to load data simultaneously
into the same table. Each SQL*Loader session acts
independently, producing near-linear scaling of
performance and reducing the time required for
data loading. In one test on a 16-processor sys-
tem, scaling of more than 95% was measured for
the Oracle7 Direct Path Loader. While this result
is spectacular, it must be remembered that highly
parallel systems are highly tunable. The data
warehouse must be carefully designed and tuned
for best results.

Parallel indexes, which can be created either
during the data loading process or just after load-
ing, are often needed in a large database such as
a data warehouse. Indexing speeds creation and
reconfiguration of a data warehouse. Oracle7’s
PQO includes a parallel index feature. It automat-
ically executes a CREATE INDEX command in par-
allel across multiple CPUs by parallelizing the
table scan and sort associated with index cre-
ation. Oracle7’s parallel index function provides
good scaling, but it is important to remember that
February 1995
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Figure 2.   Query processing on uniprocessor versus multiprocessor
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index creation performance is heavily dependent
on the amount of sort area available for each of
the index build processes.

Data in the data warehouse constantly
changes. New information must be added, old
data updated, and the data warehouse itself may
have to be rearranged for better performance on
changed query needs. To do this, data replica-
tion—the maintenance of several consistent
copies of data across different databases—is nec-
essary. The data warehouse must be synchro-
nized with data in the OLTP database, and
summarized data within the data warehouse must
be kept consistent.

Oracle7’s data replication capability helps data
warehouse maintenance. Oracle7 can transparent-
ly replicate data to and from all databases used to
store data, including OLTP databases, DSS data-
bases, and combined OLTP/DSS databases. Using
the Oracle Gateway product, Oracle7 can access
data stored in non-Oracle databases or flat files.

Using the Warehouse
Retrieval and presentation of contents by DSS

applications will determine the worth of the data
warehouse. The design of the data warehouse is
key to efficiently using the indexes, summary
data, and other tuning techniques that ensure
rapid retrieval of desired data. The data is more
valuable if both anticipated and unanticipated
data requests can be rapidly completed. As non-
operational data is added to the data warehouse,
there will be many unanticipated queries. 

Oracle7’s PQO is essential to obtaining full
value from the data warehouse. It speeds queries
by splitting a complex query into smaller parts
that can be processed in serial, as shown in Fig-
ure 2. Oracle7 also ensures contention-free
queries whether or not the queries are parallel, so
users attempting to write data do not block users
attempting to read data, and vice versa. For more
information about Oracle7’s PQO, see the May
1994 AIXpert (“Oracle Parallel Technology
Empowers AIX Systems,” page 37). 

Data retrieval also presents query results from
the data warehouse. To create customized DSS
applications for retrieving data, Oracle provides
CASE and the Cooperative Development Environ-
ment (CDE) tools. Tools such as Oracle Forms and
Oracle Reports enable application developers to
create interfaces to retrieve the results of prewrit-
ten complex queries into a particular format.
Oracle also provides end-user query tools, such as
Oracle Data Browser or Oracle Data Query, for ad
February 1995

hoc queries without the need for users to know
underlying database structures. Oracle supports
hundreds of third-party tools, giving companies a
wide range of tools choices to fit their require-
ments.

Today, computer technology is fueling the
emergence of data warehousing as an essential
component of successful businesses. Parallel pro-
cessing software such as Oracle7 in combination
with multiprocessing hardware like the RS/6000
SMP, provide a DSS solution that will help compa-
nies predict future trends and growth opportuni-
ties, and give them a competitive edge in the
marketplace.

Sandra Lee, Oracle Corporation, 500 Oracle Parkway, Box
659406, Redwood Shores, CA 94065. Internet:
shlee@us.oracle.com. Ms. Lee is the product line  marketing
manager for the AIX platform at Oracle. She has BA degrees in
Computer Science and English from the University of California
at Berkeley and a graduate degree from Boston University.
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Josh Bersin

SYBASE for IBM
RS/6000 SMP Servers

By Josh Bersin
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UNIX SMP Scalability
This article discusses Sybase’s SQL Server 10 architecture
for the IBM RISC System/6000 PowerPC-based SMP
servers. It describes the scalable high-performance 
SYBASE architecture for AIX and how it can be used in the
development of large-scale, mission-critical client-server
applications. 

SYBASE SQL Server 10 is the latest genera-
tion of Sybase’s client-server Relational
Database Management System (RDBMS)
servers. SQL Server has been available

since 1987, and through a joint development and
marketing relationship with Microsoft®, it has
been widely adopted in the industry on over
150,000 RISC and PC server systems. Symmetric
Multiprocessor (SMP) support became available
with Release 4.8, which shipped in 1990.

Sybase’s view of the client-server market is sti
unique in the industry. The key to high perfor-
mance client-server applications is the ability to
deliver multithreaded high performance in the
server with advanced capabilities for transaction
integrity. Stored procedures, triggers, and data-
base Remote Procedure Calls (RPCs) have made
this possible.

Stored procedures and triggers are server-base
applications that encompass shared business logi
similar to CICS™ transactions. They are compiled
and resident in shared memory for maximum per
formance. They implement SQL and other func-
tions, and protect access to the data from across
the network.

In the SYBASE architecture, all database users
are viewed as clients. Clients can execute SQL or
RPCs to access data directly or to invoke stored
procedures. Clients can run on PCs, UNIX work-
stations, Macintoshes®, or even IBM mainframes.

This powerful architecture, coupled with
BACK TO C

Sybase’s unique multithreaded RDBMS server, has
created an entire development environment for
new applications. The RDBMS environment offers
much more than just relational access—it offers
scheduling, multithreading, memory manage-
ment, online backup, built-in networking, and a
variety of security functions. On a system such as
the RISC System/6000 (RS/6000) PowerPC SMP,
SQL Server provides a total client-server program-
ming and deployment environment.

SMP Hardware Architectures
SMP systems implement multiple processors shar-
ing a single memory. To deliver a single systems
image, they have cache coherence features incor-
porated—ensuring that one processor does not
write over the memory being used by another.
The key challenge in the design of these systems
is scalability. The hardware and operating system
must be designed to minimize contention and
locking as additional processors are added. Most
UNIX SMP systems today scale well up to four
processors, but then tail off significantly after that,
ONTENTS
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Figure 1.  Typical UNIX SMP scalability—
operating system throughput
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Figure 4.  RS/6000 with SYBASE System 10 running

TPC-C Workload 
Most measurements of scalability measure
operating system-level tasks. The key features in
client-server applications are scalability of trans-
actions-per-second and number of users, while
maintaining response time at a subsecond level.
Sybase, realizing the demands of SMP architec-
tures, specifically designed an implementation of
SQL Server for optimum scalability in the Online
Transaction Processing (OLTP) environment. 

SYBASE Architecture
The key innovation in SQL Server is the
single-process multithreaded architecture (see
Figure 2). SQL Server uses a single database
process per CPU with an optimized thread model
within the process. The SQL Server itself handles
network connections, scheduling, and memory
management within the database process.

Scalability
This single-process multithreaded architecture
results in an RDBMS server that scales to thou-
sands of concurrent users on RS/6000 systems. 
As workload is added, SQL Server achieves uni-
form subsecond response time with almost no
degradation. 

Alternative database architectures implement
multiple processes, producing much higher sys-
tem overhead and greater resource utilization.   

The net result is a performance characteristic
that provides predictable, scalable throughput,
and subsecond response time as user load is
added, shown in Figure 3.

High-Performance OLTP on PowerPC SMP
Based on benchmarks being performed at the time
this article was written, SYBASE is already achiev-
ing very high performance and throughput on the
new IBM SMP systems (Model J30 4-Way SMP with
TPC-C transactions), as shown in Figure 4.

Support for Many Online Users
SYBASE’s architecture, coupled with compiled
and memory-resident stored procedures, allows
very large numbers of users to be supported with
predictable subsecond response time. A key fea-
ture making this possible is Sybase’s internal
threading architecture. The SQL Server’s internal
threads allow individual users to run within the
RDBMS process, using less than 60 KB of
memory per user.

The SQL Server can support hundreds to thou-
sands of users in an online environment on the
RS/6000 SMP products. Based on expected per-
formance of the PowerPC family, we have esti-
February 1995 BACK TO CONTENTS
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Figure 6. SYBASE System 10 Backup Server
architecture

SYBASE System 10 Backup Server 
mated the online performance of SQL Server on
the PowerPC to scale to thousands of users, as
shown in Figure 5.

Support for Very Large Databases (VLDBs)
One major problem facing customers as their
applications grow is the support of large databas-
es (tens to hundreds of gigabytes online). The
critical issues to support such databases include
high-speed online backup, support for mixed
workloads (OLTP and queries), and complex
queries that access large amounts of data.

Over the last ten years, Sybase has developed
features and capabilities to support VLDBs. Most
BACK TO CO
important is the SYBASE Backup Server, which is
shipped with every copy of SQL Server. The
SYBASE Backup Server is a separate UNIX
process that can run on any SMP processor. It
provides online parallel database backup to a
variety of tape devices. Backup Server runs while
the SQL Server is operating, backing up over 90%
of the transactions that execute during the back-
up process. Backup Server has been bench-
marked on SMP systems backing up online
databases at over 40 GB per hour. Figure 6 shows
the Backup Server architecture.

Support for Complex Queries and Mixed Workloads
As databases grow larger, it becomes increasingly
important to support mixed workload: high-
volume OLTP and growing loads of queries and
batch reports. This environment requires the
RDBMS to interact efficiently with the operating
system so the SMP capabilities of the system can
be efficiently utilized to balance the workload.
SQL Server’s Virtual Server Architecture (VSA)
efficiently accommodates this requirement.

Sybase Interactive Query Accelerator
A different strategy is often needed for complex
queries. When a database reaches tens of giga-
bytes in size, random queries can often monopo-
lize an entire CPU and I/O channel for extended
lengths of time. This naturally contends with sys-
tem needs for online applications.

Sybase recently announced the availability of
the SYBASE Interactive Query Accelerator
(Expressway Technologies), which provides a
fully indexed copy of the SQL Server database for
direct query access at very high speeds. The
Query Accelerator allows queries to access index-
es against the database on any field, regardless of
query, to minimize both CPU and disk access for
queries. It exploits the large memory and SMP
capacity of the PowerPC server to maximize
throughput—and provides speed-up from 400 to
more than 1,000 times normal for SQL queries
against the database. 

SQL Server VSA for SMP
In the RS/6000 SMP, the SQL Server VSA enables
the customer to load multiple servers (up to the
number of processors) that function as a single
server. Each process can send threads to any
CPU, allowing the system to maximize use of the
computing resources. Since the customer can
allocate as many database engines as needed, the
February 1995
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SYBASE SQL Server/VSA Architecture
system can be partitioned between RDBMS pro-
cessing and other system use. 

This architecture has many advantages: 

◆ Maximizes use of the system by dispatching
low-overhead threads to any available CPU. 

◆ Allows customers to tune the system. If only
two CPUs are needed for SQL Server, customer
only create two engines. As more are needed,
the system can be reconfigured to add capacity

◆ Allows SQL Server to efficiently manage mixed
workloads of OLTP and queries by dispatching
tasks to separate CPUs and minimizing con-
tention.

Compared to other RDBMS architectures, only
a minimum number of AIX processes are used,
allowing excellent performance and scalablity. 

Managing SYBASE System 10 on the IBM SMP 
In the SYBASE SQL Server VSA architecture (see
Figure 7), the system can be tailored for any
particular workload. The client systems and
administrator see the VSA as a single SQL Server
accessing a single database. When the SQL Serve
is brought up, the administrator determines the
number of engines to be loaded. Each engine is
an SQL Server process, sharing single thread and
run queues.

There should be no more engines than CPUs,
and the number of engines should be increased
until optimum performance is reached. The
engines dispatch client tasks to their appropriate
processors using a single queue and shared mem
ory, presenting a single virtual server. As addi-
tional engines are added, system performance
will improve—increasing demand on I/O and
other system resources. As the number of engine
is increased, the system should have enough bal-
anced disk to handle the increased workload.

In this symmetric architecture, each engine can
run on any CPU. If a CPU is busy, available tasks
will be dispatched to any available CPU. If the
number of SQL Server engines is less than the
total number of CPUs (usually recommended),
there will always be available CPUs for additiona
applications on the system.

SQL Server Task Management in SMP
The SYBASE SQL Server documentation describes
the actual task management in the SMP.  Here is
a simple description of the process:

1. A client application issues a login request.
In response, SQL Server creates a user task to

handle work from the client.

February 1995
2. The client presents SQL Server with work to
do—a series of Transact-SQL commands.

3. SQL Server adds the client’s user task to the
runnable task queue. The server engines compete
for the user task at the head of the task queue.

4. The engine executes each step until the task
completes or blocks, while waiting for I/O or
locking. When the task blocks, it yields the server
engine to run other user tasks. Once the block is
resolved, the user task is again added to the
runnable task queue.

5. After the task blocks for the last time, it con-
tinues executing until it finishes. Then the user
task yields the server engine and moves to the
sleeping task queue until the client presents the
server with more work. 

Josh Bersin, Sybase, Inc., 6475 Christie Avenue, Emeryville,
CA 94608. Internet: joshua.bersin@sybase.com. Mr. Bersin
manages Sybase’s product and marketing strategy for the IBM
product line. He has a BS from Cornell University, an MS from
Stanford University, and an MBA from the University of Cali-
fornia at Berkeley.
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The NetView
Association Invites

Vendors to Participate
By Larry Kuntz and Donna Bowie-Conway
In September 1994, IBM announced a major leap forward
in network management framework technology with new
versions of NetView for AIX and NetView for OS/2. (A new
version of NetView for OSF/1® was also announced for
Digital Equipment Corporation’s POLYCENTER® Manager.)

Multiple Database Support
One key strength of NetView for AIX is its sup-
port for multiple relational databases, including
DB2, INFORMIX, Ingres®, Oracle, SYBASE, and
Rdb. The new NetView for AIX also includes
other enhancements:

◆ Continuous operator access—one NetView con
sole can take over for another during outages

◆ A rich set of Application Programming Inter-
faces (APIs)

◆ An improved end-user interface

◆ New trap delivery facilities

For vendors that provide network managemen
products and services, these new functions repre
sent exciting opportunities. For example, network
management applications can now write to, and
read from, the most popular databases in the
industry. Continuous operator access offers an
opportunity for applications to perform automat-
ed operations and around-the-clock network
monitoring.

Your network and systems management appli-
cations can exploit the richest set of APIs in the
industry, including General Topology Manager
(GTM), end-user interface, Simple Network Man-
agement Protocol (SNMP), event filtering, and the
BACK TO C
industry-standard X/Open™ Management Proto-
col (XMP) API. 

Serving Third-Party Vendors
The NetView Association has experienced nearly
a three-fold increase in the number of third-party
applications made available by association mem-
bers since October 1994. As the number contin-
ued to grow, Network World magazine noted that
NetView now ranks first in the total number of
applications—moving ahead of its two main com-
petitors, Hewlett-Packard’s® OpenView™ and
Sun’s SunNet Manager.

Continuing its steady growth, the NetView
Association enrolled its 200th member in Novem-
ber 1994. Jointly sponsored by IBM and Digital
Equipment Corporation as part of their unique
development and marketing partnership, the
association was established to enrich the manage-
ment capabilities of the NetView product line. Its
members provide the additional management
functions that customers need to ensure their
communications and telecommunications equip-
ment and systems are effectively managed.

NetView Association members are third-party
vendors who develop applications, vendors who
develop SNMP-based communications products,
and service providers such as consultants and
systems integrators. Member services include the
following:

◆ Technical support via telephone and E-mail

◆ Technical updates about IBM management
products

◆ Not-for-sale software loans
ONTENTS
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◆ Referrals to classes about NetView program-
ming

◆ Listing your product or service in the NetView
Association Catalog, which is distributed to the
IBM and Digital sales teams

◆ A subscription to ViewPoints magazine, which
contains news about the NetView products,
the association, and its members

◆ Invitations to the NetView Association Annual
Meeting

◆ Loans of RISC System/6000 and Alpha/AXP
hardware

◆ Testing and distribution for Management Infor-
mation Bases (MIBs)

◆ A certification program to verify that applica-
tions are integrated with NetView

◆ The opportunity for vendors to demonstrate
their certified applications at trade shows

Membership is free of charge, and most of the
services listed are provided at no cost.

The NetView Association Annual Meeting, held
in the Spring in North Carolina, brings together
association members from all over the world to
air concerns, make suggestions, learn about IBM’s
and Digital’s plans for NetView, and do business
with each other.

Membership in NetView Association is open to
all third-party vendors who develop management
applications software or tools, or provide services
related to network or systems management. IBM
and Digital see your membership as a “win-win”
proposition: you receive assistance in developing
and marketing your product, and IBM and Digital
benefit from having the number-one network
management platform as measured by the
breadth and quality of vendor applications.

To join the NetView Association or for more
information, send a note to Larry Kunz at
ldkunz@vnet.ibm.com or call the association's
hotline at 919-543-2939. 

Larry Kuntz and Donna Bowie-Conway are development
managers with the NetView Association. IBM Corporation,
Box 12195, Research Triangle Park, NC 27709.
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AIX 4.1 Packaging

Filesets
AIX 4.1 has approximately 2,200 pack-
ages called filesets that can be separately
installed. For example, the bos.rte.up
fileset contains the uniprocessor kernel
and the bos.rte.archive fileset contains
archive commands such as tar, cpio,
and backup. This new packaging allows
installation of only what is necessary, gen-
erally requiring less disk space than AIX
Version 3. Since each fileset can be ser-
viced separately, fixes for AIX 4.1 are
smaller and more localized. Fixes are
delivered in fileset packages and are
cumulative; that is, each new level of a
fileset contains all previous changes.

VRMF
In AIX 3.2, Program Temporary Fix (PTF)
numbers were used for revision control,
making it difficult to determine the level of
a system component. In AIX 4.1, Version
Release Modification Fix (VRMF) levels are
used for revision control. For example, the
AIX 4.1.1 bos.rte.up fileset had a VRMF
of 4.1.1.0, indicating Version 4, Release
1, Modification Level 1, Fix Level 0.

Version number: Incremented to indicate
a new product. For example, AIX Version
4 is a different product from AIX Version
3. New versions contain major functional
enhancements and typically come two or
more years apart.

Release number: Incremented to show a
product enhancement; we expect new
releases of AIX Version 4 will come
approximately one year apart.

Modification level: Incremented for two
reasons: accumulation of maintenance
and support of new processors or devices.
Neither the maintenance nor the new sup-
port enhances the behavior of the product
on existing systems. When the modifica-
tion level is adjusted, the fix level is reset
to zero. We expect modification levels of
AIX Version 4 three to six months apart.

Continued on next page
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Fix level: Incremented when a fix is added to a
fileset. When the modification level is adjusted,
the fix level is reset to zero. Fixes for AIX Version
4 are produced on customer demand.

Maintenance and fix levels for AIX Version 4 do
not change application interfaces; applications
that are written to documented interfaces should
function identically on different maintenance
and fix levels.

Costs 
Customers are charged when upgrading to a
new version or release. There is no charge for
maintenance or fixes, although there may be a
media charge unless the fix is obtained electron-
ically through FixDist.

When to Update to the Next Level 
Here are guidelines for updating to the next
level:

◆ Update to the next fix level only when
requiring a fix for a particular problem.

◆ Update to the next maintenance level when
you need support for new hardware or
want to apply preventive maintenance

◆ Update to the next version or release to take
advantage of new or enhanced function

Overview of AIX 3.2.5 
Common Mode 
When an application is compiled on AIX,
libraries are bound statically within the applica-
tion. In AIX 3.2.5 and prior releases, these stat-
ic libraries were compiled in Power Mode.
When the application is run on a PowerPC, the
Power instructions in those static libraries will be
emulated in software. The application will run
successfully, but the emulation may decrease
performance slightly.

Compiling in Common Mode generates com-
mon binaries between the POWER, POWER2,
and PowerPC processors. By building an appli-
cation using this feature, the static libraries that
are bound in the application will be compiled in
full Common Mode. Since the application will
have been built on AIX 3.2.5, it will be fully
compatible with AIX 3.2.5. Also, since future
releases of AIX will preserve the upward binary
compatibility of executables wherever possible,
the applications built using this feature will run
well on future releases of AIX, including AIX
4.1.1.

We recommend that AIX Version 3.2.5 plus the
above feature be the development platform for
applications intended to run on AIX Version
3.2.x and AIX Version 4.1.1. In AIX Version
3.2.5, the IBM XL C Version 1.3, C Set ++ Ver-
sion 2.1, XL Fortran Version 3.1, and XL Pascal
Version 1.1.3 compilers support the common
mode of compilation. 

Important Note: This toolkit of libraries will pro-
vide full common mode if your application is
compiled in common mode or if you do not
bind shared libraries statically (override the
shared attribute).

For more information, refer to the document All
About AIX 4.1. Information is also available
through IBM’s World Wide Web server on the
Internet. To access, open the following URL: 
http://www.austin.ibm.com/services/ven-
dors/aix41/aix41.html. 

To receive the AIX 3.2.5 Common Mode
Static Libraries, send a note to

ibmspsc@austin.ibm.com or call the SPSC
Support Line at 1-800-445-3440.
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Optimizing Databases
for SMP

By Stephen Horn and D. Britton Johnston
This article highlights the advantages of SMP in a transac-
tion processing, database environment. It also takes an 
in-depth look at techniques for optimizing database scala-
bility and enhancing database performance in an SMP
environment.

IBM’s combination of the PowerPC Architec-
ture™ and the AIX 4.1 Symmetric Multipro-
cessing (SMP) capability is an example of an
industry-wide commitment to support this

new style of computing with complementary
open hardware and system software offerings.
Unlike past technology trends, vendors are trying
to exploit the advantages of SMP and limit the
disruptions of technology change. User organiza-
tions and software vendors can also facilitate this
transition. By becoming more knowledgeable
about SMP, they can leverage the technology to
achieve its maximum benefit. Nowhere is SMP’s
leverage potentially greater than in database man-
agement.

SMP Advantages
Although SMP originated in scientific computing,
its true advantages are in transaction processing
and databases. The greatest advantage is the ability
of different CPUs to handle multiple tasks simulta-
neously. Opportunities for parallelism exist
throughout database management. Multiple disks,
users, records, and requests can often be accessed,
serviced, updated, and satisfied at the same (or
nearly the same) time. SMP can deliver the greatest
performance boost for this type of application. The
big win occurs with databases because transaction
loads and data structures can usually be parti-
tioned so that more processing can be handled
simultaneously.

The challenge of SMP is to effectively deliver
the power of multiple CPUs working in parallel.
Increasing the total number of processors increas-
February 1995
es the total processing power of a system—but
not necessarily its throughput. All SMP systems
follow a curve of diminishing returns, in which
the extra throughput achieved by adding more
CPUs becomes smaller with the addition of each
CPU, as shown in Figure 1. This fall-off is due to
the extra overhead of coordinating tasks among
CPUs. 

A system is considered scalable if its through-
put increases in direct proportion to the number
of CPUs added (as indicated by the 45° dotted
line in Figure 1). The goal of optimization is to
maintain the scalability curve near the 45° opti-
mum (or 1:1 scalability) for as long as possible
(Figure 2) using techniques at the system, data-
base, and application levels.

Techniques for Optimizing SMP Performance 
In an SMP machine, multiple CPUs execute multi-
ple program flows called threads through a com-
mon memory state, as shown in Figure 3. Shared
memory implies that more than one CPU can
execute instructions from the same in-memory
binary image and can access data from the same
memory-resident structure. 

The operating system controls the regions of
memory that are accessed, when they are
accessed, and which applications can access
them. Most operating systems, however, grant
limited memory allocation rights to applications.
In fact, one benefit of an SMP-enabled Database
Management System (DBMS) should be to hide
the details of SMP so that applications can move
unaltered from a uniprocessor machine to an SMP
machine.

The key variables for optimizing database scal-
ability in an SMP system are techniques for defer-
ring or avoiding I/O, reducing memory
contention, reducing locking overhead, and per-
forming work in parallel.
BACK TO CONTENTS
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Figure 1.   SMP scalability without performance optimization
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Figure 2.   SMP scalability with performance optimization

Scalability With Performance Optimization
Most DBMSs have features that manage (and
allow users to manage) one or more of these per-
formance parameters. The next section describes
ways that applications can enhance database per-
formance.

Enhancing Performance
The best way to optimize performance on a multi-
CPU system is to start with a database that is
already optimized for a single-CPU system. Many
benefits automatically transfer to SMP by affecting
one or more of the variables listed above.

Fine-Grain Locking 
When one transaction locks a portion of memory,
other transactions that depend on that portion of
memory cannot complete. A fine-grain locking
strategy limits the amount of memory and the
length of time that memory is locked—thereby
reducing its potential contention with other trans-
actions. Three techniques to increase locking
granularity are described below.

◆ Multiple shared-memory locks. Each data
structure in shared memory can be controlled
by its own lock rather than by a common lock
shared with other data structures. Therefore, a
client attempting to update the lock table to
lock a record does not need to wait for anoth-
er client process to finish updating the transac-
tion table. Both processes can proceed in
parallel. The resulting decrease in contention
for shared memory can have a significant
impact on throughput and response times, par-
ticularly on SMP machines with many users
accessing the databases concurrently.

◆ Granular transactions. Only the parts of a
transaction that write data require exclusive
access to in-memory resources. By locking the
data for only part of the transaction (that is, by
making transactions more granular), the lock
time can be dramatically reduced, and more
transactions can use the same collection of in-
memory structures at the same time. 

IBM’s AIX 4.1 provides a special feature that
supports granular transactions, an operating
system feature that database system vendors
should exploit. The AIX SMP architecture
requires software-assisted cache coherency. By
design, a database retains sufficient informa-
tion to know when to resynchronize memory.
By keeping this feature turned off until it is
specifically required, the DBMS can further
February 1995
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SMP System Architecture
reduce overhead in concurrent transaction pro-
cessing on an SMP machine. 

◆ Record-level locking. DBMSs that lock at the
page or block level encounter serious con-
tention problems when a transaction touches
more than a few records. Since they must lock
an entire block, all records in the block are
locked for the duration of the transaction, pos-
sibly including tens or thousands of records
not affected by the transactions. As more trans-
actions begin, the frequency of contention
increases exponentially, resulting in a massive
gridlock of transactions waiting for needed
records. This can devastate response time and
throughput. If a transaction only locks a partic-
ular record, the frequency of contention is dra-
matically reduced.

Multiserver Operation
The ability of a DBMS to operate across multiple
copies of itself against the same database is called
multiserver operation. Organizations do not nec-
essarily need an SMP machine to run multiple
servers for the same database. In a distributed
database, for example, separate physical databas-
es stored at different locations in the network can
be automatically linked together into a single log-
ical database accessible to all tools and applica-
tions. However, the SMP machine with its
multiple CPUs provides an ideal environment in
which to run multiple servers. Users can achieve
the parallelism of multiple servers without extra
network overhead.

Multithreaded Operation 
Multithreaded operation enables a server to
accept multiple instruction streams from several
clients simultaneously. Just as they have used
multiple servers, organizations have run multi-
threaded DBMSs prior to SMP. The technique
reduces CPU idle time (such as when a CPU
waits for a disk I/O to complete) and serves mul-
tiple users concurrently. The architecture comes
into its own, however, when threads have more
than one CPU on which to execute, and can do
so at the same time.

Spin Locks
Processes typically employ an operating system
structure called a semaphore to request service
from each other. Semaphores manage a queue of
processes waiting for shared resources. When the
resource is freed, the next process in the queue is
granted access. In an SMP environment, sema-
phores can mean inefficient communication.
February 1995
They generally involve the operating system and
may require that one process sleep until the
resource is ready for it (when it can then be reac-
tivated by the operating system). 

A spin lock differs from a semaphore. With
spin locks, each process performs its own test for
a requested resource. If the resource is being
used, the process goes through a series of retries
(the “spin”), checking for availability of the
resource until it meets a preset (tunable) thresh-
old, after which it resorts to a semaphore. The
requesting process never has to relinquish its
place in the run queue, go through the operating
system, or change states (sleep/wake)—saving
considerable time.

Asynchronous Page Writers (APWs) 
This strategy also reduces the time that applica-
tion processes spend waiting for resources such
as disks. APWs are independent processes that
periodically write updated database and log-file
buffers to disk. If a server process needs to reuse
a buffer, there is a high probability that a page
writer has already written it to the disk. This
means that the server process almost never has to
perform its own I/O. APWs can be self-tuning to
adjust the number of APWs that are active, the
frequency in which they scan the buffer pool for
modified pages, and the frequency in which they
write dirty pages to disk.

Opportunistic Record Buffering 
Another way to reduce disk I/O is to pack
records from multiple transactions into a single
network message to the client. This technique
BACK TO CONTENTS



also dramatically reduces the amount of network
traffic, thereby speeding up disk accesses that are
needed.

Larger Buffer Pool 
The larger the memory buffer available to the
DBMS, the more of the database that can be kept
in memory. With more memory available, the
probability is reduced that a particular part of
memory will be required by two processes at the
same time, thereby reducing the frequency of
contention. A larger buffer pool also increases the
likelihood that data will be held in memory,
rather than on disk, so that the frequency of con-
tentions caused by disk I/Os is also reduced.

What Programmers Can Do 
With database-centered applications, application
designers can always do things to maximize per-
formance. One is to eliminate hot spots—those
places within the database that the application
constantly targets for retrieval or update purpos-
es. If every CPU constantly searches for the same
data, all but one CPU will be left waiting in line—
regardless of the strategies employed by system
designers to avoid or reduce those waits.

BACK TO C
The most significant aspect under a program-
mer’s control is the selection of the machine,
operating system, and DBMSs themselves. Know
the SMP scalability curve for the particular config-
uration of hardware and software you are consid-
ering. Ask the vendors if they provide special
features to extend that curve and if those features
play off each other. SMP is a natural for database
applications. Be certain that your DBMS is a nat-
ural for SMP.

Stephen Horn, Progress Software Corporation, 14 Oak Park,
Bedford, MA 01730. Internet: stephen.horn@progress.com. Mr.
Horn is the database product manager for  Progress® Software.
He has over 20 years of experience in developing applications
and systems software in databases and transaction processing.
He has a BA in Operations Research from the University of
Massachusetts.

D. Britton Johnston, Progress Software Corporation, 
14 Oak Park, Bedford, MA 01730. Internet:
britt.johnston@progress.com. Mr. Johnston is the database
development manager for Progress Software. He has worked 
on design and implementation of various RDBMSs for ten
years. Mr. Johnston has a BS in Computer Engineering from
the University of Connecticut.
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Eric N. Herness

Michael J. Branson

Building an OO
Development

Environment on AIX
By Michael J. Branson and Eric N. Herness

Project Description
The project that drove the development of

this toolset was a large operating systems
development endeavor. Because of the
nature of this project, not all of our findings
may be relevant to other projects. Here are
the key characteristics that made our project
unique.

◆ C++ was the implementation language for
this project. Some tools are optimized to
C++ and some problems may be unique
to this development environment.

◆ It is a large-scale, object-oriented develop-
ment project—150 direct programmers
and dozens of affected programmers and
supporting staff. The new C++ code writ-
ten has more than 7,000 classes and more
than one million lines of source code.
About 12,000 compiles occur on the net-
work each day.

◆ In addition, other smaller projects use the
development environment, which adds
hundreds of other users—making scalabili-
ty a top priority.

◆ A legacy system is involved, so new C++
code had to interact with the old proce-
dural code.

◆ There is no Graphical User Interface (GUI)
component. 
This article describes an Object-Oriented (OO) development
tools environment for a large OO project in IBM’s pro-
gramming lab in Rochester, Minnesota. It outlines the find-
ings and outcomes, the types of tools assembled, the
source of those tools, customizations made, and feedback
received from users. It describes what did and did not
work, and the requirements that led to the tools environ-
ment described.

T his article provides a behind-the-scenes
view of the tools environment necessary
to support a large OO development pro-
ject. A complete Object-Oriented Pro-

gramming (OOP) environment includes a
methodology supported by processes, tools, and
an OOP language. Constructing a tools environ-
ment for a large-scale OOP project requires a
variety of resources and a unique set of skills.
Effectively deploying object technology requires
timely and effective delivery of scalable tools
environments. 

The OO Development Strategy
The OO development process must be integrated
with a toolset that enables developers to be pro-
ductive. The proper use of OO development
tools is not as obvious as traditional tools
because many are new, and there has not been a
lot of experience with their use. Like traditional
programming, developers depend on a process to
guide them in using the tools.

Tools used in OO development must relate to
the development methods and the development
process used within a project. Tools by them-
selves do not replace a methodology or a
BACK TO CONTENTSFebruary 1995
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process. They are used to practice a methodology
and to complete the deliverables of the
development process. 

Environment
The development environment includes the base
hardware and software configurations used for
development. It also encompasses the target exe-
cution environments of the software being devel-
oped. It is common to use a variety of hardware
platforms with various operating systems to
develop software products.

The environment and the tools are interdepen-
dent. For example, if the development worksta-
tions are a given, the tools must run on them. If,
on the other hand, you are purchasing new
equipment and base platform software, you
should be influenced by where the OO develop-
ment tools run best. The target execution envi-
ronment also affects the requirements for
compilers and build tools. 

Other Factors in the Transition to OO
Other elements essential to successful object-
oriented development include education and
training, the development process, and the devel-
opment culture. Fundamental changes must occur
in how software development is done when tran-
sitioning to object-orientation. 

The development culture reflects changes
experienced by the developers in the transition to
OOP. Some workstation-based tools that accom-
pany the OO development process are the most
leading-edge tools available today—often moti-
vating developers. On the other hand, tools used
for OO development are so different from tradi-
tional tools that they require new thinking by
developers. Discovering that you not only need
new tools, but also a new toolbox, can be very
frightening.

Integrating Tools with OO Development
There are many different OO methods. 1,2,3,4

Although each method takes a different approach
BACK TO CO

1Booch, Grady. Object-Oriented Analysis and Design with App
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2Rumbaugh, James; Blaha, Michael; Premerlani, William; Eddy
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5Branson, Michael and Herness, Eric. “The Object-Oriented De
Nov-Dec 1993.

6Herness, Eric. “Object-Oriented Analysis and Design.” AIXper
to development, there are similarities between
them. To define a toolset that supports the
methodology choices of a diverse set of develop-
ers, a method-independent development process
must be considered. A method framework lists
the steps performed during development. 5,6 The
following steps characterize the assumptions
made by our team about the OO development
process.

◆ Derive candidate classes and objects. This
step encompasses domain analysis to produce
candidate classes and objects. Refining and
building a design model is more productive
when candidate classes and objects are plenti-
ful. Getting candidate classes and objects
means understanding the problem domain and
the requirements. It means carefully communi-
cating with users of the system being built and
with others having domain experience.

◆ Build and refine a design model of those
classes and objects. The specific notation
selected affects the exact name for this model;
we call it the design model.

◆ Build additional validation models to veri-
fy the evolving design. Proceed with this
step after a reasonable model of classes and
objects has been formulated. These methodol-
ogy-dependent models deal with more dynam-
ic and functional elements of the design than
the static model of the previous step. These
models view the design model differently and
help to validate and refine it.

◆ Leverage existing classes, patterns, and
frameworks. Available class libraries are
leveraged to describe the design and enable
implementation. As details are added to the
design model and other models are generated,
the influx of components from the reusable
class libraries continues.

◆ Develop the class interfaces. Creating the
code-level interfaces to the classes can be an
NTENTS
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additional verification step that may stimulate
changes to the design done in previous steps.

◆ Implement the classes. Finally, probe the
design decisions that have been encapsulated
and left in the implementation. As implementa
tions are written, additional small abstractions
will be extracted. As additional uses for the
component library are found, they should be
reflected back into the design model.

◆ Iterate through the steps until the design i
robust. Concurrency and iteration are inheren
in the OO process. Each step can begin after a
reasonable pass at the previous step has been
made. A truly incremental and iterative proces
will take multiple passes through each step,
producing workable code at the end of each
pass. Second and succeeding passes will
require less time in the earlier steps and more
time in the latter, until a stable working system
is attained.

The nature of the activities in an OO method
framework require support from nontraditional
tools. Figure 1 illustrates these activities and lists
the kinds of tools that would be used to perform
them. All of these tools must be available and
integrated to support a large-scale object-oriented
development project.

OO Tools
Many types of tools are needed to support OO
development. Often, stand-alone products only
work in isolation; many are not built to effectivel
support anything but small undertakings. 

The following sections describe our tool
choices and the customizations necessary to
make the toolset both integrated and supportive
of large-scale development. 

CASE Tools 
CASE tools are essential to deploy OO technolo-
gy to a large project successfully. CASE tools that
support analysis and design are helpful in the
“Build Design Model” activity in Figure 1. They
also support constructing additional models that
validate the static model as shown in the “Build
Validation Models” in Figure 1. Some CASE tools
are optimized to one notation and method, while
other tools can be used for several method and
notation pairs.

The chosen CASE tool must not only support
generating the appropriate models, but must also
February 1995

7Herness, Eric and Mitchell, Todd. “Using Cadre Teamwork f
ference Proceedings (January 1993).
be integrated into the tools environment. Ideally
the CASE tool would accomplish the following
objectives:

◆ Enable the developer to browse or edit the
code that a class diagram models directly from
the class diagram

◆ Load any code generated by the tool directly
into the Configuration Management (CM) syste

◆ Generate diagrams from the code in the CM
system

◆ Enable multiple users to work on a set of
design models simultaneously 

◆ Control the design data by using the same CM
and version control mechanism as the code 

Besides integrating with the rest of the envi-
ronment, the CASE tool should have a minimum
set of additional characteristics: 

◆ Scalable to support large projects in the thou-
sands-of-classes range 

◆ Have an underlying dictionary to allow the
same entity to appear on multiple diagrams,
but be defined only once

◆ Check for semantic inconsistencies between
models and diagrams

CASE tools must work with the documentation
tools to easily generate the deliverables of devel-
opment process activities. This may require some
customization of the base CASE tool.

Variations on the Booch method were chosen
for most of our development work. While
methodology choice and application did vary, th
Booch notation was agreed upon as a common
documentation mechanism. When the project
began in early 1992, no commercially available
CASE tools supported Booch that met our
requirements. 

We used Cadre’s® Teamwork® CASE tool that
supported traditional development as an interim
measure. Conventions were established and cus
tomizations were made to allow developers to
build class diagrams and object diagrams using
the traditional models available in Teamwork.
When Rational ROSE™ became robust enough,
developers moved to ROSE, which better sup-
ported object-orientation7.
BACK TO CONTENTS
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• CASE Tools

• Class diagrams editor

• Class specification editor

• Language-sensitive Editor

• Documentation Tools

• Prototyping Tools

1. Derive Candidate Classes and Objects
• CASE Tools









• Documentation Tools

• Prototyping Tools 

• Class diagrams
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3. Build Vaildation Models

 CASE Tools


• Object-diagrams

• Data-Flow Diagrams

• State-Transition Diagrams

• State-Event Matrices

5. Class Interfaces

 • Code Analyzer


• Class Browser

• Language-Sensitive Editor

• Compiler

6. Implementations

 • Language-Senitive Editor


• Debugger

• Compiler

 • Compile Next Error


• Compiler

Frameworks

Domain

Foundation
• Class Library

• Class Browser

4. Leverage Existing Classes

X Cross Life Cycle Tools
• Tool Integration Platform

• Configuration Management    (library control, version mgmt. & build)

• Product Management             (project tracking & metrics)

Figure 1.   Object-oriented development—tool view

OO Tools
Our Customizations of CASE Tools
We made the following specific customizations to
Teamwork:

◆ Class specifications. To tailor the Entity-
Relationship Diagram (ERD) editor to our
needs when working with class diagrams, we
redefined the data dictionary to be used for
Booch class specifications. 

◆ Information model. We chose the ERD edi-
tor, also known as the Information Model (IM)
BACK TO CO
editor to support class diagrams. Our users
required an option for building Booch-like
class diagrams. To make the data-dictionary
editor more user-friendly, we added a pull-
down menu that uses the SDE Work-
bench/6000-based editor to edit or add text to
the data-dictionary entries. 

Documentation. To obtain documentation for
a design, we added a pull-down menu to 
February 1995
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retrieve all the notes and data-dictionary
entries for a diagram, then send this informa-
tion and the diagram to files that can be
embedded into an inspection package. This
enables the developer to obtain all document
tion for a design with one menu command.

To translate class diagram information to C++
code files and to develop diagrams and code
together in an iterative process, we added to bo
CASE tools the feature of bringing up an edit ses
sion on a file that corresponds to a class on the
diagram. This is done by selecting a class on a
class diagram, then selecting either Edit Source o
Edit Header from a pull-down menu. 

When this feature is integrated with SDE Work
Bench/6000 and CMVC/6000, a search file (a spe
cial local customization made to the CMVC/6000
environment that will be described later) finds th
file in CMVC/6000 when you select a class to edi
its header or source code. The ability to check a
file in and out of CMVC/6000 was added to the
editor’s pull-down menus.

Making the transition from Teamwork to ROSE
was simple since we could reuse much of the cu
tomization. Developers demanded more support
for the Booch notation and the semantic checkin
provided by Rational ROSE. To customize ROSE,
we ported the customizations for editing source
and header files. Supporting documentation
required additional work because the open inter-
faces to ROSE are not the same as in Teamwork.

When we moved to Rational ROSE, we neede
a mechanism to allow multiple users to access th
same set of design diagrams. Diagrams were
locked at the individual level with Teamwork.
Because ROSE does semantic checks across dia-
grams, it locks at the project level. Since this was
not acceptable for our purposes, we integrated
ROSE with our configuration management system
allowing users to check out portions of a project
they are working on. 

It was considered too large an investment for
us to add to ROSE the capability of generating
code from design models. Although customizing
CASE tools is difficult, it is not impossible, and
yields benefits to the developers. If CASE tools
are too hard to use, they will not be used, and
that leads to a whole different set of problems.

Class Browser
Reuse is key to the OO development process. A
class browser is used to understand the class
library and the system that is being constructed.

The “Leverage Existing Classes” in Figure 1 high-

February 1995
lights the key role of the class browser: to assist
in the search for existing reusable components
and to analyze other classes for possible inclusion
into the reuse library. 

Integrating the class browser into the CM sys-
tem is essential to finding reusable classes that
emerge as the project proceeds.

Initially, we began using the C Set++ for AIX:
Source Code Browser. Users rejected this browser
after many attempts to adopt it for the following
reasons:

◆ This browser requires classes to be compilable.
It also requires a program to be written that
uses any classes that will be browsed, because
the compiler generates browser information.
Although this requirement originally sounded
harmless, we found that it made browsing
code under development or browsing new
code from an outside source very difficult.

◆ Since this browser offers a wealth of inform-
tion and our project is large, a single browser
session on all classes in the project is impossi-
ble to get running. Once it begins running, the
performance is unacceptable.

◆ Our users did not like the GUI to this browser,
so we developed our own browser. We pro-
duced a tool that did not exhibit the same
problems as described above. The new brows-
er was developed with considerable input
from our user community. One key reason for
the success of this browser is that it does not
try to do everything that the C Set++ for AIX:
Source Code Browser attempted to do. This
yields much better performance and requires
less from the user.

We may still use the C Set++ for AIX: Source
Code Browser after the project is completed and
in maintenance mode. It provides valuable infor-
mation about the overall program structure, the
use of classes, methods, and so on. This browser
has also matured significantly since our project
began.

Code Analyzer
The code analyzer tool analyzes the interface and
implementations written in the target language. It
typically looks for inappropriate or high-risk use
of language features. It should be tailored to
enforce local coding conventions. The code ana-
lyzer must be able to do the following: 
BACK TO CONTENTS
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debugging support than the project’s execution
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include tools for
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◆ Robustly parse and semantically understand
standard C++ code

◆ Issue messages about source code that violates
coding conventions

◆ Issue messages about source code that violate
the rules of good semantic C++ programming,
and warn about traps and pitfalls of the lan-
guage

◆ Issue messages about syntax errors

◆ Tailor analysis to your project’s standards and
conventions

◆ Allow messages to be tailored

◆ Turn off messages about included files

◆ Suspend analysis of certain messages directly
in the source code

Together with the CASE tools, the code analyz-
er is among the tools most closely integrated with
the development process. Our OO development
process shows that output from code analysis is
required in addition to reviewing the models that
are output from the CASE tools and the actual
code. The code analyzer, therefore, must easily
analyze a series of interfaces separately, or a
series of interfaces and associated implementa-
tions. This output must be easily integrated with
the documentation tools that are used to build
the various design packages.

Flexibility is another required characteristic of
the code analyzer. As coding conventions evolve
and additional rules of analysis are determined,
the analyzer must be easily modified to accom-
modate them.

Our project used a C++ code analyzer that we
developed locally to enforce minor conventions
such as naming, program structure, and so on.
We also used the code analyzer to help program-
mers avoid some of the traps and pitfalls of C++.
The analyzer was used to promote the use of C++
as an OOP language and to address considera-
tions of the execution environment of the code
being developed.

The code analyzer is a good educational tool
for less-experienced C++ programmers. But some
developers reject the “opinions” of such a tool
until they are burned in a significant enough way
to illustrate the importance of the analyzer.

Documentation Tools
Documentation tools must work together with the
CASE and CM tools. Depending on the vehicle
used to distribute and review the evolving
BACK TO CO
bject-oriented design, separate tools may be
ecessary. The key is simple design packages,
ersioning of design information, and flexibility in
roviding the necessary outputs. It is essential
hat developers focus on OO development rather
han document creation. 

Another consideration is the possibility of
nline verifications. Tools that make this easy will
ncourage additional inspection of material and
an have a positive impact on the overall project.

Our project used traditional mainframe-based
ocumentation tools and augmented them with
iagrams from the CASE tools. Since generating
eview packages is still a manual task in our envi-
onment, each developer performed this task dif-
erently, often leveraging some of the CASE tool
ustomizations that were described earlier.
lthough some online design and code inspec-

ions occurred, traditional review meetings with
ardcopy material are still the norm.

roject Management
roject management tools assist in tracking
nspections and collecting data related to the
uality and productivity of the development pro-
ct. Tight integration to the development process

s required.
Dependency management capabilities are

ssential in project management tools. The incre-
ental nature of the development process pro-
uces many dependencies. Understanding these
ependencies is key to managing OO software
evelopment projects. The tools must provide
anagement with the necessary information.
Some tools were effective when used as

lways, but others often required creativity in
dapting them to the new methodology. We con-
inue to use traditional project management tools
ecause we considered supporting developers a
igher priority than improved project manage-
ent tools.

rototyping Tools
rototyping tools include tools for creating user
nterfaces, requirements validation, or design
xploration. These tools should use the same lan-
uage and class libraries as the final product,
hen possible.
No specific prototyping tool was available to

ur developers, but AIX (the target execution
latform) has been used for prototypes. The soft-
are being developed will ultimately execute on
nother target, but AIX has been more conve-
ient during prototypical stages. AIX has better
February 1995
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platform, and the tasks of linking and loading are
much simpler.

Language-Sensitive Editors
A language-sensitive editor can provide assistance
in reading and writing code and should be inte-
grated with the CM, debugger, compiler, and
CASE tools.

Our project uses the ez editor and related tools
from the Andrew Toolkit. This editor provides a
source view of C++ code that is knowledgeable
of the language and its syntax. The editor formats
different C++ constructs according to how the
developer chooses to view the source. The
source code editor is common between the CASE
tools, CM tool, code analyzer, compiler, browser,
and the debugger.

Class Library
A basic tool in the OO development environment
is a foundation class library that contains types or
classes that support basic data structures such as
lists, queues, and stacks. The library should be
optimized to the execution environments that are
being targeted. Many foundation class libraries
are available in the market today.

A GUI class library may also be necessary,
depending on the domain of the system being
built.

Our project has a foundation class library that
was retargeted for the project’s execution envi-
ronment. The library supports the same interfaces
for our prototyping and execution platforms.
Applicable frameworks were not available at the
start of the project. The development environ-
ment is currently being extended to better sup-
port development with frameworks.

Compiler
The compiler must be integrated into the CM and
the build system. Integration with the editor and
build system should support compile/next-error, a
feature that places the user in the correct position
within the source code when a compiler error
message is selected. 

Translators from C++ to C were used in the
early stages of the project because no C++ com-
pilers were available to support the execution tar-
get. Today, we use a common compiler front-end
with support for multiple execution targets (to
allow for prototyping).

Debugger
An integrated source-level debugger is essential
for integrating the compiler, editor, and CM. The
February 1995
debugger must support object-orientation, not
just offer what traditional debuggers have offered
for years.

Our project used locally built debuggers to
support our execution target. No commercially
available debuggers support this target. Currently,
the debugger on our prototyping platform is bet-
ter than the debugger on the final execution plat-
form because of the graphical way that the
debugger on the prototyping platform displays
objects. As debugger work continues, this differ-
ence in debuggers should diminish.

Most projects should be able to leverage com-
mercially available debuggers, provided that they
are open and can be integrated with the rest of
the toolset.

Tool Integration Platform
The tool integration platform enables the integra-
tion of the rest of the tools described in this sec-
tion. Tool-to-tool communication allows different
tools to work together. Developers may look to a
single source for all the tools at their disposal.
The IBM AIX SDE WorkBench/6000 is an exam-
ple of this type of tool, which becomes necessary
because of the large number of tools and devel-
opers involved in a large-scale OO development
project.

We integrated many tools into a single tool
integration platform. Some tools required much
work, while others offered integration with our
platform as a feature.

We chose the IBM AIX SDE Workbench/6000
(Workbench/6000) to integrate tools. Each tool 
in the environment is registered with Work-
Bench/6000, which facilitates tool-to-tool commu-
nication and keeps developers focusing on the
tasks of software development rather than the
underlying tools that make up the environment.
Developers do tasks necessary for development.
Tools are launched by the system that support
the tasks.

Three types of tools are involved in the Work-
Bench/6000 environment:

◆ Tools shipped with SDE WorkBench/6000:
The basic tools shipped with the Work-
bench/6000 environment were modified to
meet our requirements for function and our
local preferences. First, we developed a
replacement for the Workbench/6000 Develop-
ment Manager (DM). This DM has more
function than the product version and is more
tightly coupled to our CM tool. Next, we
upgraded our local editor to support the
BACK TO CONTENTS
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necessary Editor Broadcast Message Server
(BMS) messages. This gave our developers
integrated support for the same editor that
they were using before the release of the
Workbench/6000-based environment.

◆ Tools already integrated into SDE Work-
Bench/6000: Integrating this type of tool is
straightforward. Installation scripts normally
accompany the tool and update the control file
necessary to run the tool in an integrated mode
For example, control information found in the
.softinit file and softypes directory is usual-
ly updated by these scripts. We use the Andrew
File System (AFS®) and have a global version o
these files that contain default values. We were
often forced to modify these scripts to accom-
modate our distributed environment.

◆ Tools locally or vendor-developed that are
not integrated: These tools required the mos
integration work. Vendor tools that were not
yet integrated were a problem. We were usual
ly unable to support all of the BMS messages
required for a simple encapsulation because
we did not have the source code for the tools.
We defined a separate tool class for the class
browser and Teamwork CASE to support start-
ing the tool from either the Tool Manager or
Development Manager. 

It was easier to integrate locally owned tools
because we controlled the source code. We inte-
grated these to provide a consistent view of the
tools development environment. Many develop-
ers were familiar with a consistent, integrated
toolset on a mainframe they had used in previou
projects. Having many tools with different user
interfaces and usage semantics is very confusing.
By integrating them, we could eliminate some
confusion. Educating developers about these
tools makes the transition easier.

Configuration Management
The CM system required for OO development is
very important. Many previously described tools
leverage the CM system to provide versioning
and check-in/checkout capability—both essential
in a large software project.

Object-oriented projects put pressure on the
CM system to support iteration and the structure
of an object-oriented system. This is necessary to
effectively manage the source code, design the
artifacts of the development process, and pro-
duce builds or drivers on a timely basis.
BACK TO C
Our project initially used a Workbench/6000
integrated version of Revision Control System
(RCS) called softrcs, but we quickly needed more
capability than this entry-level tool provided.
Migration to a customized CMVC/6000 gave us
more functions and enabled us to control access
to files and to structure our project so we could
continue to support a growing number of devel-
opers. We combined CMVC/6000 with AFS and
much add-on code to formulate our CM solution.

Before explaining the customization, a brief
overview of the file tree is necessary. Our project
worked with the hierarchical directory structure
and used directory names to provide partitioning
of the large amounts of data inherent in a project
of this size. A strong relationship exists between
directory names and the family—release and
component qualifiers required for CMVC/6000.
We architected the structure of the source file
tree to match the high-level architecture of the
system being constructed. This relationship
enables developers to navigate, and easily, or at
least methodically, find interfaces or implementa-
tions of the various classes that make up the sys-
tem. There are architected places for interfaces
that are exported from categories, highly reusable
components, and local scoped classes. This facili-
tates reuse and provides a structure to understand
the system.

Beyond this structure, the incremental devel-
opment process requires that various levels of
source code be worked on simultaneously. One
driver can be in a test phase, while another is
being coded, while yet a third may be in the
design phase. All will have active code. Reducing
developer confusion in this area and providing
flexible compilation options were key goals.

Locating the right file (header file or imple-
mentation) is a complicated task that must be
done efficiently. The compilation process and the
CASE tools require this searching capability.

Once the basic structure was in place, and
tools supported the movement and location of
code within this structure, the make-based compi-
lation model was modified to support the hierar-
chical structure and the various versions of source
code that might be required for doing builds. 

A complex set of new tools was written so
developers did not have to deal directly with make
files, while also providing fast and intelligent build
capabilities that leveraged our distributed comput-
ing resources. Automated dependency analysis
also eliminated build failures due to inaccurate
information that might be supplied by developers
February 1995
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Tool Category Phase 1 Phase 2 Phase 3 Phase 4

Editor ATK’s ez ATK’s ez ATK’s ez ATK’s ez

Compiler Internal tool Internal tool Internal tool Internal tool
(Prototype platform) (Prototype platform) (Prototype platform) (Prototype platform)

(Beta for target) (Target platform) (Target platform)

CASE Teamwork Teamwork Teamwork Teamwork
(Not integrated) ROSE ROSE

Library Control softrcs CMVC/6000 CMVC/6000 CMVC/6000

Debugger Internal tool Internal tool Internal tool
(Prototype platform) (Prototype platform) (Prototype platform)

(Beta for target) (Beta for target)

Class Library Internal tool Internal tool Internal tool
(Prototype platform) (Prototype platform) (Prototype platform)

(Target platform) (Target platform)

Browser C Set++ for AIX: C Set++ for AIX: C Set++ for AIX:
Source Code Browser Source Code Browser Source Code Browser

Internal browser

Code Analyzer Internal tool Internal tool Internal tool
(Not integrated)

Figure 2.   Phases of tool evolution

Tool Evolution
the basic CMVC/6000 product. Once completed,
we had a complicated, yet usable environment
that supports many developers.

Customization was critical to allow us to struc-
ture the files for developers to use while also
supporting large-scale compilation throughput
requirements necessary for doing full-driver and
user-oriented builds. 

The Development Platform
The choice of the development platform—where
these tools run—is a key part of the OO develop-
ment paradigm. This choice is influenced by the
execution environments for the system being
built and by the availability of the various tools
on particular platforms. Our experience shows
that a high-powered workstation on each devel-
oper’s desk supported by a high-speed LAN is a
critical part of the infrastructure necessary for the
OO development process to be successfully uti-
lized. This environment and the associated tools
needed to support the OO development process
must be understood, planned for, budgeted for,
and appropriately integrated. 

The next section describes which tools were
available as the toolset moved from a loosely
February 1995
bound set of independent tools to an integrated
OO development environment.

Tools Environment Evolution
The development environment evolved over time.
The resources to develop, acquire, and integrate
these tools were limited, so tools support was
offered on a just-in-time basis. The iterative nature
of the process, however, required that the toolset
become completely available very quickly. Figure
2 shows the development phases of  the toolset. 

Phase 1. This phase allowed developers to
design and code in a flexible environment. Some
developers were apprehensive about moving to
object-orientation and could not begin work until
there was some sign of a real compiler on the
execution platform. We delivered this to help the
early adopters of the project with their design
and prototyping. They also needed help in get-
ting more developers accustomed to OOP. 

Phase 2. The second phase was based on
experiences and feedback from users of the first
toolset. Although more complete, this toolset still
lacked robustness, integration, and target support.
A compiler that worked on the final target plat-
form was necessary to show that the toolset

could support this project adequately.

BACK TO CONTENTS
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Moving to CMVC/6000 was also key in this
phase. It was important to reach the final code
repository as quickly as possible to reduce the
future costs of migration. The code analyzer, clas
library, and class browser gave developers a com
plete toolset. Although integration was still lack-
ing, getting these types of tools to developers wa
important so we could assess their value to the
project and make our support and customization
investments wisely. Since this was our first very
large C++ project, some tools were not demande
by the developers, probably because they were
unaware of them. It was our responsibility to
make them aware of as many tools as possible.

Phase 3. This phase delivered the Rational
ROSE CASE tool. Teamwork, with conventions
for Booch-notation diagrams, no longer met our
needs. As more developers moved from analysis
to design and code, we needed the additional
notation and function provided by ROSE.

The rest of the toolset was enhanced and inte
grated based on problems we encountered as th
toolset was used. Simplifying the workflow asso-
ciated with the development activity was driving
enhancements in this phase.

Phase 4. This is the toolset we use today. We
are still working on the compiler’s optimization
capability. We have made performance improve-
ments, but the number of developers is also
increasing. Because of this, performance work
continues. 

Future Directions
Use of the environment results in many sug-

gestions for improvement. As the focus shifts
from creating components to reusing them, the
tools environment will also have to evolve.

Incremental compilation. Technology exist
for incremental compilation and the requirement
for it are usually obvious. In an environment like
ours, it is a challenge to manage the information
model and data storage requirements for the
incremental compile scenario. We believe this
requires fine-grained object management capabil
ties that are not yet available in OO tools envi-
ronments that support hundreds of users.

Frameworks. The use of frameworks is also
increasing. Framework development places
added requirements on many tools, such as
browsers, and requires additional types of tools
that are not in our existing environment.

CASE technology. A round-trip forward and
reverse engineering capability, properly integrat-
ed into the CM environment, can give more
BACK TO C

power to developers. 
Formal measurements and tools. The met-
rics required for OO development are still not
crisply defined. Good progress, however, is being
made in this area, and the tools challenge will
soon be to gather and present these measure-
ments effectively.

Tighter integration between design tools
and the CM system. With the necessary tool
interfaces, the overall design of the system as
described in the design tools can be the basis for
organizing data in the CM system. The CM tool,
on the other hand, can also be the repository for
the design data. Our future goal is to keep all rel-
evant development data (design, code, metrics,
and others) in the same logical location in the CM
system. All must be versioned, found, reused, and
fed into the system build process.

Conclusion
Constructing and successfully deploying a devel-
opment tools environment for large-scale OO
development is a major undertaking, and requires
many different organizations to cooperate in
order to build the appropriate infrastructure. 

Object-oriented technology can effectively
solve many small to medium-sized programming
problems. The concepts of object-orientation can
also be applied, with careful planning and invest-
ment, to the large-scale problems being solved by
the large software development organizations
prevalent in business today. The object-oriented
paradigm has great potential for building high-
quality software systems when it is effectively
complemented with an industrial-strength tools
environment. Customization for an organization’s
development needs will always be necessary, but
hopefully products will evolve to allow for easy
customization and integration.

Michael J. Branson, IBM Corporation, AS/400 Division, 3605
Highway 52 N., Rochester, MN 55901. Internet:
mjb@rchvmw3.vnet.ibm.com. Mr. Branson is an advisory pro-
grammer, tools strategist, and object-oriented consultant to
internal projects in Rochester. He has a BS in Computer Sci-
ence from Purdue University.

Eric N. Herness, IBM Corporation, Personal Software Prod-
ucts Division, 3605 Highway 52 N., Rochester, MN 55901.
Internet: herness@vnet.ibm.com. Mr. Herness is a senior pro-
grammer working in object-oriented systems development. He
has a BS in Business Administration from the University of
Wisconsin at Eau Claire and an MBA from the Carlson School
of Management at the University of Minnesota.
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POWER2 Server
Performance Analysis

By Maurice T. Franklin, Jacob Thomas, and Sohel R. Saiyed
This article compares the relative performance strengths o
two IBM POWER2 Architecture servers so that our cus-
tomers can make more informed comparisons between
these systems.

T his article compares the performance of
two POWER2 Architecture™ implementa
tions: the RISC System/6000 (RS/6000)
590 and RS/6000-59H. Although the two

servers operate at the same clock frequency, thei
designs are different. Figure 1 shows the key
characteristics of these servers.

Both servers (590 and 59H) are identical at the
processor level, making them completely binary
compatible. Both can execute up to six instruc-
tions (one branch, one conditional register, two
fixed-point, and two floating-point) per cycle and
have the same Instruction cache (I-cache) size (3
KB). The key differences between the two are in
memory hierarchy: Data cache (D-cache) size,
D-cache line length, presence of an L2 (sec-
ondary) cache, and memory bus bandwidth (the
590 D-cache is configured for a 256 KB and 8-
word memory interface only if a system has at
least four memory cards; otherwise, it will oper-
ate with a 128 KB cache and a 4-word memory
interface). Another difference between the two
systems is cost; the 59H has a higher list price
than the 590. 

POWER2 Performance Monitor
Every system based on the POWER2 Architecture
includes an embedded hardware performance
monitor. The monitor consists of 22 hardware
counters that can count particular events as they
occur on the POWER2 processor, and a control
register that allows users to select which events
to monitor at any given time. The monitor pro-
vides many useful performance measurements,
including the number of elapsed cycles and exe-
February 1995
cuted instructions, counts of cache and TLB miss-
es, and utilizations of execution elements. The
counters can be accessed using a special AIX ker-
nel extension to obtain a precise view of the
system behavior when a program is executing—
while having a negligible impact on the
performance of the program. 

Benchmarks Measured
We analyzed the performance of three classes of
workloads: floating point, integer, and Online
Transaction Processing (OLTP). Three industry-
standard benchmarks—SPECfp92™, SPECint92™,
and the TPC-C benchmark—were selected to rep-
resent these three workloads. We believe these
benchmarks represent the real workloads found
in major segments of the server market world-
wide.

The SPECfp92 benchmark suite, published by
the Standard Performance Evaluation Corporation
(SPEC™), has five single-precision (32-bit) and
nine double-precision (64-bit) floating-point pro-
grams. The suite represents the floating-point
intensive workloads frequently encountered in
workstation environments. Most codes in the
suite consist of highly repetitive loops that oper-
ate on large sets of data accessed systematically. 

A well-designed memory subsystem is key to
the performance of this workload on the super-
scalar POWER2 processor, which can execute up
to four floating-point operations per cycle. The
fixed-point units, which also handle floating-point
memory loads and stores, can perform two oper-
ations per cycle. The double-precision codes put
an additional load on the memory subsystem
since fewer of the 8-byte operands can be held in
the D-cache, possibly requiring more frequent
memory accesses.

SPECint92, an integer benchmark published by
SPEC, consists of six integer workloads chosen
BACK TO CONTENTS
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Characteristic RS/6000 Model 590 RS/6000 Model 59H

Clock frequency 66.7 MHz 66.7 MHz

Processor interface 8 Words 8 Words

Instruction cache size 32 KB 32 KB

Data cache/line size 256 KB/256 B* 128 KB/128 B

L2 cache N/A 1 MB

Memory interface 8 Words* 4 Words

* Assumes four or eight memory cards

Figure 1.   Key characteristics of the RS/6000 models
measured
cessing. Unlike the SPECfp92 workload, in which
the combination of floating-point and fixed-point
units can rapidly consume the data, SPECint92
workloads are less sensitive to memory design
since the two fixed-point units alone must exe-
cute all the arithmetic and memory load/store
instructions, limiting the rate of memory refer-
ences. Also, since integer data is only four bytes
wide, the stress on the memory subsystem is less
than for double-precision floating-point data.

The TPC-C benchmark simulates OLTP work-
loads. TPC-C, like the commercial workloads it
represents, consists primarily of integer opera-
tions (such as pointer manipulation) with few
repetitive loops and many branches to parts of
the code not recently referenced. The OLTP exe-
cutables are large (typically greater than 1 MB)
and complex (two to three million instructions
per transaction). As a result, the set of unique
instruction addresses that are referenced with
every transaction (the instruction footprint) is
large. The combination of branching behavior
and code path length makes the I-cache design a
significant performance factor when executing
the TPC-C workload.

These benchmark codes have a compilation
aspect to their performance, which for many code
can often be improved by code optimization. Cus-
tomers can use the RS/6000 compilers (C Set++ fo
AIX/6000 and AIX XL Fortran Compiler/6000) to
perform advanced optimizations. Preprocessors
such as KAP™ (Kuck and Associates, Inc.) and
VAST™ (from Pacific-Sierra Research Corporation)
are also available to optimize source programs. W
used these products to increase the performance
of the benchmarks within the rules specified by
SPEC and the TPC-C council.
BACK TO C
Processor Design Impact on Performance
The design differences between the two POWER2
servers center on the memory hierarchy. The
Model 590 has a high-capacity Level-1 (L1)
D-cache and an 8-word interface to memory, but
no L2 cache. Model 59H has a large L2 cache (1
MB) with a smaller L1 D-cache and a 4-word
interface to the memory. The L2 cache on the 59H
is a combined instruction and data cache.

One key aspect of processor performance is
the cache miss rate and miss penalty. Cache miss
rates for a particular cache design (set associativi-
ty, cache size, and line size) vary between work-
loads depending on their memory reference
pattern (for both data and instructions). For exam-
ple, frequent non-localized branches increase the
I-cache miss rate, while noncontiguous data refer-
ences increase the D-cache miss rate. The cache
miss penalty is the number of cycles to service a
cache miss. The penalty depends on whether the
missing item (instruction or data) is fetched from
the L2 cache (requiring only a few cycles) or
memory (a dozen or more cycles).

Another key aspect of processor performance
is the degree to which a processor can perform
instructions in a few cycles with as much paral-
lelism as possible. This aspect of performance
depends on the sequence of instructions encoun-
tered and the processor’s superscalar design. The
memory hierarchy and superscalar design aspects
determine the average number of Instructions Per
Cycle (IPC) completed by the processor during
the execution of a workload. Since the 590 and
59H are identical at the processor level, only the
changes in the memory hierarchy design affect
the IPC. Lower miss rates or reduced penalties (or
both) increase the IPC. Since the 590 and 59H
have the same clock frequency, a higher IPC
results in faster execution of the workload.

Performance Analysis
This section analyzes the relative cache miss rates
and IPC of the three workloads gathered using
the performance monitor. To highlight the perfor-
mance differences, we show the relative
increase/decrease in cache miss rates and IPCs.

Figure 2 compares the relative D-cache miss
rates for the 59H and 590 for each of the
SPECfp92 programs. The first column lists the
name of the benchmark program. The second
column shows the 59H to 590 L1 D-cache miss
ratio: values greater than 1.0 indicate a 59H L1
D-cache miss rate higher than the 590 L1 D-cache
miss rate. Column 3 shows the 59H L2 to 59H L1
February 1995
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Figure 2.   Floating-point relative cache miss rates and
IPC (SPECfp92)

F

Data Miss Data Miss
Ratio Ratio IPC Ratio

Workload 59H L1/590 L1 59H L2/59H L1 59H/590

wave5 2.69 0.44 0.96
alvinn 0.71 0.12 1.15
ear 1.14 0.59 1.00
mdljsp2 19.50 0.06 0.99
swm256 1.91 0.90 0.96

spice 2.47 0.21 0.97
doduc 16.00 0.14 1.03
mdljdp2 3.00 0.07 0.99
tomcatv 2.00 0.83 0.96
ora 7.60 0.65 1.00
su2cor 3.18 0.29 0.96
hydro2d 5.06 0.18 0.97
nasa7 1.57 0.38 1.13
fpppp 3.20 0.13 1.01

Data Miss Data Miss
Ratio Ratio IPC Ratio

Workload 59H L1/590 L1 59H L2/59H L1 59H/590

espresso 3.00 0.32 1.02
li 2.50 0.10 1.01
eqntott 1.92 0.22 1.05
compress 2.29 0.20 0.99
sc 4.66 0.23 1.01
gcc 3.00 0.35 1.07
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D-cache miss ratio. Although the 59H L2 cache is
a combined instruction and data cache, only the
data miss rate is included in the ratio presented in
column 3 (the I-cache miss rate is insignificant,
generally for SPECfp92). Those ratios that are
close to 1.0 in column 3 imply high 59H L2 data
miss rates, with most of the misses from the L1
also missing in the L2 and going to memory. The
IPC ratios of the two servers are presented in the
fourth column. For benchmarks with IPC ratios
less than 1.0, the 590 is better than the 59H.

Figure 2 clearly shows that the smaller D-cache
on the 59H generally results in much higher miss
rates than on the 590 for this workload. The high
ratios in column 3 indicate that the 1 MB L2 on
the 59H is not large enough for many of these
benchmarks. Since the penalty to resolve refer-
ences from the L2 is several cycles (compared to
one cycle from the L1), a low miss rate from the
L2 (low ratios in column 3) may not completely
offset the high L1 miss rate of the 59H. Consider-
ing the IPC comparisons, the 59H can almost
match and even occasionally exceed the 590’s
performance on these programs. Nonetheless, the
L2 only marginally compensates for the smaller
L1; in fact, the 590 is 4% faster on the overall
SPECfp92 than the 59H. As a result, Model 590
has a slight performance and a significant
price/performance advantage for this type of
workload.

Figure 3 shows similar data for SPECint92
benchmarks. SPECint92 is moderately dependent
on the L1 D-cache for high performance, but to a
lesser extent than SPECfp92.

For the integer workloads, the 59H to 590 data
cache miss ratios are smaller than some of the
very large ratios (16.00 or 19.50) seen in some
floating-point benchmarks (Figure 2). The L2 miss
ratios are small for all SPECint92 benchmarks;
therefore, most 59H L1 misses are L2 cache hits.
For this type of workload, the caching of D-cache
lines by the L2 effectively compensates for the
smaller L1 D-cache on the 59H system. The over-
all performance of the two models is very compa-
rable on this type of workload (the 59H is less
than 1% faster), but Model 590 clearly leads in
price/performance.

Figure 4 shows the same comparative data as
the preceding figures for the TPC-C benchmark,
with one significant addition. To highlight the
importance of the I-cache for this type of work-
load, column 4 gives the L1 I-cache to L2 Instruc-
tion miss ratio on the 59H. The L1 I-cache miss
rates of the 59H and the 590 are roughly the
February 1995
ame since both servers have the same size (32
B) I-cache, and so they are not compared. Since
e 59H L2 cache is a combined cache, the 59H
cache misses may be L2 hits. On the 590 sys-
m, all I-cache misses are resolved by accessing
ain memory.
As column 4 in Figure 4 indicates, most

cache misses on the 59H are resolved by the L2.
his implies the 59H design is highly effective in
ducing the I-cache miss penalty, thus improving
is workload’s IPC. Since memory delays domi-
ate TPC-C performance, these improvements
ignificantly increase the IPC and overall perfor-
ance of this type of workload. The resulting

6% improvement in performance seen in Figure
 is dramatically higher than the overall through-

igure 3.   Integer relative cache miss rates and 
IPCs (SPECint92)
BACK TO CONTENTS
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Figure 4.  Transaction processing relative cache 
miss rates and IPCs

Data Miss Data Miss Instruction Miss Instructions Per
Ratio Ratio Ratio Cycle
59H L1/ 59H L2/ 59H L2/ 59H/590

Workload 590 L1 59H L1 59H L1

TPC-C 1.96 0.62 0.15 1.16
put changes of the other two workloads. When
comparing configured system costs for workloads
such as TPC-C, the 59H also has a clear
price/performance edge over the 590. Therefore,
the TPC-C workload—better than either SPECfp92
or SPECint92—illustrates the benefits of the
design trade-offs made to the POWER2 imple-
mentation in the Model 59H to enhance its com-
mercial performance.

Conclusion
All POWER2 Architecture implementations are
identical at the processor level, differing only in
memory hierarchy and bandwidth. These differ-
ences have varying impacts on the performance,
depending on the characteristics of the work-
loads. The SPECfp92 workload type relies on a
large D-cache and high memory bandwidth, and
is handled slightly better by the Model 590.  Gen-
erally, Model 590 exceeds the performance of the
new 59H on traditional floating-point intensive
workloads at a considerable cost advantage.  

The middle ground for the memory design
trade-off is seen in the SPECint92 workloads, in
which the D-cache size is less critical, and the
addition of an L2 can consistently, though mar-
ginally, improve performance. For such work-
loads, the two systems often have similar
performance. For a transaction processing work-
load, the benefits of adding an L2 cache to the
Model 59H are substantial and outweigh the 
loss due to the smaller D-cache and narrower
bandwidth. For TPC-C and similar workloads
characterized by large and complex integer
manipulation code, the POWER2 Model 59H is
clearly the best choice for a high-performance
server, delivering higher performance and
price/performance.  

Together, these two POWER2 Architecture
servers—both based on the same superscalar RISC
technology and each with memory designs highly
tuned to particular customer workload require-
ments—deliver world-class performance at com-
petitive prices in their respective market segments
BACK TO CO
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TTY Subsystem 
in SMP 

By Eddie Ho, Lance Russell, James Partridge, and Derwin Gavin
The AIX 4.1 multi-user terminal I/O subsystem has been
reengineered to operate in a Symmetric Multiprocessor
(SMP) environment. This includes the overall subsystem
migration from BSD to System V Release 4 using the
Streams framework. The new Streams-based TTY sub-
system conforms to the new interface and standard and
offers additional flexibility to meet today’s multi-user
system requirements.

A IX is a multi-user operating system that
can be accessed by hundreds of users.
The TTY subsystem is the part of kernel
responsible for the data path between

the running application and all I/O devices. The
originating devices for AIX that use this subsys-
tem can be grouped into three classes: 

◆ Networked/virtual devices including aix-
term, xterm, or applications such as
telnet/rlogin

◆ Physical devices attached directly or through
a multiport asynchronous adapter (Physical
devices include ASCII terminals, serial printers,
plotters, modems, and data collecting
devices—any device with an RS-232 interface.)

◆ System console with low-function terminal
(lft) emulation, primarily used as a terminal
console for booting the system and for initial
administration use

AIX 4.1 is SMP-enabled, providing serialized
access to common data structures and efficiently
using Streams and MP resources. As a result, pro-
tocol modules or device drivers have scalable
performance on any processor. Other highlights
of AIX 4.1 TTY subsystem include the following: 

◆ Supports a single open-system terminal disci-
pline (POSIX™) instead of three different fla-
vors (BSD, AT&T, and POSIX), thereby
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eliminating confusion for administrators select-
ing a discipline 

◆ Supports ISA bus-based native ports in the
widely used RS/6000 Model 40P

◆ Supports the three native ports in the SMP
hardware with console mirroring

◆ Supports native serial ports, the 8-port adapter,
the 16-port adapter, and the 128-port asyn-
chronous controller that is currently available
in AIX 3.2

◆ Supports both BSD and AT&T pseudo-TTYs
and their naming conventions, enabling appli-
cations to fully use the AT&T TTY functionality

◆ Supports the following communication proto-
cols:
- Terminals, printers, and plotters
- Modems
- Communication applications such as Serial
Line Internet Protocol (SLIP), Asynchronous
Terminal Emulation (ATE), and Communica-
tion Utility (CU)

Most existing application interfaces are com-
patible with AIX 4.1 except those using the IBM
PC-RT® or IBM PC-specific ioctls. Equivalent
functionality is provided using the standard inter-
faces, which allows your AIX 3.2 terminal I/O
application to be migrated to AIX 4.1 without
recompiling.

Figure 1 summarizes the AIX multi-user envi-
ronment. 

Streams Overview
Streams is a flexible set of tools for developing
UNIX system communication services. It defines a
generic message-driven queuing interface and
provides a framework and tools for implementing
communication services, such as a network pro-
BACK TO CONTENTS
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Figure 1.   AIX multi-user environment

AIX Multi-User Environment
tocol stack. Streams does not impose any specif
network architecture—it is simply a framework.
The framework includes the following compo-
nents:

◆ Stream Head: Part of the stream that inter-
faces to the user process

◆ Stream Modules: Kernel-level routines that
implement the behavior of the supported pro
tocol suite

◆ Stream Device Driver: The driver that han-
dles the data between an external I/O or
pseudo device and the AIX kernel 

Figure 2 illustrates a simple transport model
using Streams. 
BACK TO C
Benefits of Streams 
Streams is a standard interface for developing
modular, portable, networking layers that reuse
code from different communications protocols. It
facilitates the rapid growth of communications
services. The Streams framework on AIX 4.1 con-
forms to OSF/1 Version 1.2. There are several
benefits to Streams-based communication: 

◆ The user application can customize the proto-
col stack in real-time by making the code path
more efficient and direct for the application.
For example, during printer configuration ses-
sions, the printer discipline module is pushed
rather than the terminal discipline module.

◆ Various protocol layers and device drivers can
be shared and mixed without predetermined
February 1995
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Figure 2.   Streams model

Streams Model
restrictions based on the application require-
ments. For example, all terminal devices share
the terminal discipline module, including the
lft emulation.

◆ Runtime protocols can be substituted by the
user application. For example, in the remote
TCP/IP (SLIP) environment, the discipline
module replaces the SLIP module in order to
meet the protocol requirement. 

TTY Subsystem Infrastructure 
The TTY subsystem has many modules that con-
form to the Streams architecture. Applications
define the stream stack based on a set of port
requirements during the special file-open phase.
Conversely, the stack is destroyed when the spe-
cial file is closed, such as when the device is dis-
connected. The stack structure consists of the
following:

◆ Stream head: Required for all stream stacks, it
processes user requests; it is common to all
Streams devices regardless of the nature of the
implementation

◆ Line discipline module: Implements the ses-
sion functions and supports the following
types of protocols:
– Terminal discipline (ldterm)—used by all ter-

minal sessions, including lft emulation
– Serial printer discipline (sptr)—used by all

printer sessions except the parallel printer
support

– TCP/IP discipline for serial lines (SLIP)

◆ Streams end: Represents hardware-specific
device drivers, including both Micro Channel®

and ISA boards, and pseudo device drivers
such as pseudo-TTY

The stream stack can contain other modules:

◆ Ioctl processing provides transparent ioctl
processing before passing the message down-
stream.

◆ Console mirroring echos data from one seri-
al port to another serial port (only applicable
on SMP hardware with three serial ports).

◆ Data mapping allows I/O data to be
remapped to a different value when a mis-
match between the terminal hardware and the
application’s code page occurs. Typical envi-
ronments include non-ISO-8859-1 ASCII termi-
nals that are incompatible with the application
February 1995
or IBM Code Page 850 applications that are
being accessed from an ISO 8859-1 terminal.

◆ Code Page 932 converter converts input data
from Code Page 932 to IBM EUC-JP and vice
versa; these modules will be pushed on the
stack whenever the system locale is set to IBM
932 in Japan.

Figure 3 summarizes the construction of each
protocol stack during runtime.

Changes to Commands in AIX 4.1 
The AIX 4.1 stty command supports a single
comprehensive discipline (POSIX) as defined by
Open Software Foundation® (OSF®). This elimi-
nates the need for AIX Version 3 subcommands,
such as stty-berk, stty-att, and stty-bsd,
which are therefore removed. Manipulation
options (such as add, del, disp, and get), that
accompany each subcommand are also removed.

An equivalent interface is provided via the
Streams framework. For example, instead of
using stty get to view the protocol stack, use
the strconf command. 
BACK TO CONTENTS
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Typical Stream Protocol Stacks
AIX 4.1 Header File 
The AIX 4.1 header files are the same as in AIX
Version 3:

◆ ioctl.h for BSD and AT&T programming
interface

◆ termios.h for POSIX interface

◆ termio.h for AIX compatibility interface

An additional header file termiox.h is used
for the new extensions to supplement the exist-
ing header files.

AIX 4.1 Programming Interface 
The major programming interface changes are in
two areas.
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◆ Removes some PC-RT interfaces (tcgcsmap,
tcscsmap, txgbaud, txsbaud) if there is an
equivalent interface using the POSIX standard.

◆ Replaces ioctls that conflict with the Streams
architecture (txaddcd, txdelcd, txgetcd,
txsetld) with Streams ioctls such as i_push,
i_pop, and i_list.

Maintaining Port State Information for a TTY 
In AIX Version 3, TTY port attributes, such as line
speed and character size, were persistent regard-
less of how the TTY driver specified those attrib-
utes. In AIX 4.1, TTY attributes specified using
the ioctl() system call, the tcsetattr() rou-
tine, or the stty command persist only until the
TTY driver processes a close() system call. The
TTY attributes specified using the System Man-
agement Interface Tool (SMIT) or the chdev com-
mand set new TTY default values that are
persistent until replaced by newer default values.
The examples in Figure 4, which assume that
tty1 has been defined via SMIT to have a line
speed of 38,400 bits per second, illustrate the
behavior differences between AIX 3.2 and 4.1.

To summarize, SMIT and the chdev command
set the default set of attributes, which persists
across sessions and during reboots. The stty
command tcsetattr() interface sets the runtime
attributes for only as long as the device is open.

Differences in AIX 4.1 Pseudo-TTY (PTY) 
Pseudo-TTY is the pseudo-driver used for net-
work terminal communication, such as the
telnet or rlogin command. There are two
major differences in PTY usage for Version 4.1:
TTY naming and usage conventions, and the con-
figuration of AT&T PTYs. 

Pseudo-TTY Naming and Usage Conventions 
AIX Version 4.1 supports both BSD and AT&T
PTY conventions. The key element of AIX 4.1
PTY is moving toward the OSF®standard and
departing from the AIX Version 3 mixed BSD and
AT&T naming standard. AIX 4.1 implements clone
devices. The AIX Version 3 PTY implementation
uses multiplexed files and allows a non-conven-
tional mixing of BSD and AT&T naming.

AT&T Naming Convention and Calling
Sequence: AT&T naming has one master—a
clone driver—and n slaves. The PTY driver man-
ages the connection between master and slave.
When a user process opens a PTY line, it must
follow this sequence: 
ONTENTS

1. Open the master (/dev/ptc).
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Example 1: Changing Port Speed on Current Port

User Actions Version Results
1. Log in to tty1. AIX.3.2.5 Line speed is 2400 bps.
2. Issue stty 2400 from the terminal AIX 4.1 Line speed defaults to the SMIT attribute—38,400 bps.
3. Log out.
4. Log in again.

Example 2: Changing Port Speed on Different Port

User Actions Version Results
1. The tty1 is idle and there is no AIX 3.2.5 tty1 is set to 2400 bps by step 2, resulting in the

getty process running on it. cat command displaying the data using 2400 bps.
2. Issue stty 2400 < /dev/tty1 AIX 4.1 tty1 is closed in step 2 by the stty command.

from User 1 at another terminal. tty1 is returned to the SMIT default of 38,400 bps; 
3. Issue cat /etc/motd > /dev/tty1 thus, the cat command will attempt to display the

from User 2 at another terminal. data using 38,400 bps.

Figure 4.    Examples of port state changes
2. Read the name of the slave associated, call-
ing ttyname()for example, /dev/pts/n
(n=0,...,n-1 where n is a PTY-config-
urable parameter).

3. Open the slave.
Each time a user process calls ttyname(), it

gets the first free slave (for example, if the first
slave free is the slave number 4, it gets
/dev/pts/4). The slave cannot be opened before
a master because the user process in AT&T nam-
ing would not know the name of the slave before
opening the master.

BSD Naming Convention: The master and
slave have the same number in BSD naming. The
connection between master and slave is deter-
mined by a naming convention. Since each maste
has its associated slave, a user process can first
open either the master or the slave. The order is
not important and there is no clone master.

AIX 4.1 PTY Naming and Usage: All AIX 4.1
applications should be using the AT&T naming
convention—the OSF standard. Although AIX 4.1
supports the BSD naming convention to facilitate
BSD migration, the BSD and AT&T naming con-
ventions cannot be mixed, even though this is
allowed in AIX Version 3.

AT&T PTY Configuration 
AIX Version 3 system administrators do not have
to control the number of AT&T PTYs from the
SMIT PTY configuration panel; they are automati-
February 1995
cally generated based on demand. The maximum
number of PTYs is based on system resources,
such as the number of inodes. In AIX 4.1, the
SMIT configuration controls the number of 
AT&T PTYs, with a default of 256. System admin-
istrators must allocate more PTYs if needed by
the application.
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SystemGuard
Processors for Remote

Operations
By Kanti C. Shah and David F. Rittinger
This article describes the operation of the SystemGuard
processor shipped with every IBM SMP system. Using the
SystemGuard processor, system administrators can man-
age the server operations locally or remotely—even when
the network, operating system, or individual hardware
components are not functioning. 

IBM’s Symmetric Multiprocessor (SMP) prod-
ucts are designed to be servers in commer-
cial environments. Commercial servers,
shared by many users, typically run critical

applications in which data integrity and availabili-
ty are very important. Since many servers operate
in unattended or remote locations, providing
remote diagnostics and service is important while,
at the same time, protecting access to sensitive
data.

IBM’s SMP family of servers includes a System-
Guard processor as a standard feature, making it
possible to manage the server operations locally
or remotely. In addition, it automatically alerts
IBM service personnel to system problems and
allows troubleshooting to be performed remotely.

Some reliability, availability, and serviceability
features of IBM SMP products are as follows:

◆ Data integrity: Extensive parity checking is
used on system cache memory and all internal
and external buses. All IBM SMP systems use
Error Checking and Correcting (ECC) memory
subsystems.

◆ Low downtime: Hot pluggable/swappable
disk drives are available on the Model J, which
increases the uptime for the system.
BACK TO CO
Remote maintenance: All facilities that can
be accessed locally are accessible remotely.
Menu-driven maintenance sessions aid in
quick diagnosis and fault isolation.

Critical problems are automatically reported to
the technical support/service center for fast
turnaround and service. The SMP system can
operate with less than a full complement of
resources (such as CPUs and memory), there-
by increasing availability. Performance is
reduced, but the system can remain opera-
tional until repairs are made.

All remote accesses are password-protected at
several levels. There is a quick disconnect fea-
ture in case of an attempted intrusion. A
remote session can be mirrored at a local site
or administration center.

Quick fault isolation: Firmware-resident diag-
nostics are run when certain failures prevent
the system from booting. Stand-alone diagnos-
tics provide for quick and efficient disk and
I/O fault isolation. Since online diagnostics can
execute concurrently with applications and
predict potential failures, preventive mainte-
nance can be scheduled.

Configurability: Permissible accesses are con-
figurable via user settings in offline mode and
from AIX service aids. An interface between
internal firmware and the operating system
makes these tasks transparent to users and
fully executable from System Management
Interface Tool (SMIT), service aids, or the com-
mand line.
NTENTS
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Server initialization
Power system management
Power-On Self Tests (POSTs)
System configuration
Boot/Initial Program Load (IPL) process management
Diagnostics testing
Firmware updating
Electronic-mode switching (Normal, Secure, Service)
Error handling
Automatic server recovery
Remote operation
Remote maintenance
Automatic problem reporting
Security parameters

Figure 1.   Server functions controlled by Support
Processor
SystemGuard Processor
The SystemGuard processor controls the server
functions listed in Figure 1.

Firmware in the SMP servers (independent of
the operating system) interfaces with the System-
Guard processor to perform the following types
of functions:

◆ Power system management
◆ Interface with operator panel
◆ Vital Product Data (VPD) management
◆ Management of test system during POST
◆ IPL process control
◆ Offline maintenance sessions
◆ Remote service access

SystemGuard Processor Access
The SystemGuard processor operates on separate
power from the server, so administrators can
work with the SystemGuard processor even when
the server is off.

The SMP servers include three asynchronous
serial ports. Two ports can attach consoles, either
locally or remotely, to support operations and
maintenance functions; the third port can attach
an Uninterruptible Power Supply (UPS). These
serial ports can also be used for other customer
applications when they are not being used for the
functions described above.

The SystemGuard processor can be accessed
with an ASCII terminal (or PC with terminal emu-
lation) that is locally or remotely connected to
one of the serial ports. With a modem on two
ports, IBM service personnel can remotely con-
nect to one serial port while a system administra-
tor monitors activity from the other serial port.
Therefore, all remote console activity is mirrored
so it can be monitored locally. Customers can
control all access authorization using authoriza-
tion flags, passwords, and mirroring of console
sessions.

A system administrator can display and change
the system operating mode (Normal, Secure, Ser-
vice), issue a power-on command, and monitor
the hardware boot sequence from an ASCII termi-
nal, either locally or remotely. These functions
remove the need for on-site personnel to perform
operations such as turning keys, pushing buttons,
and reading display codes at the operator panel.

The SystemGuard processor interfaces to the
main system processor via interrupts, with polling
aided by a mail box in NVRAM and a JTAG bus
for initialization, and logging out machine interna
states if a catastrophic hardware error halts the

system operation. 
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The interface to the operator panel, power sys-
tem, and VPD EEPROMs is through the
industry-standard I2C bus. A local, proprietary
system-specific bus interfaces with programmed-
code ROMs, flash EEPROM, NVRAM, and other
direct and system I/Os, such as Time of Day
(TOD), serial ports, and diskette drive.

Stand-by Mode
When the server is turned on, the SystemGuard
processor executes built-in core tests to ensure all
base components are functioning. By reading the
VPD, it sets up a configuration table that is used
to schedule Power-On Self Tests (POSTs).

In Standby mode, using menu-driven mainte-
nance sessions, IBM service personnel—either
locally or remotely, if remote access is
authorized—can perform problem determination
functions such as the following:

Electronic mode setting: If the machine’s
key is in normal position, the system can be
placed in Service mode electronically from either
a local or remote console. Maintenance menus
are accessible only in Service mode. The Standby
menu is displayed when a preset keyword is
entered.

Read/display system configuration: Server
configuration data can also be electronically read
and displayed on the operator panel LCD by acti-
vating the reset button, or displayed on the
attached console.

Set configuration: Processor and memory can
be disabled or deconfigured under user control.
The expansion units can be configured logically
and physically.
BACK TO CONTENTS
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Setting operational and test mode flags:
Options can be set to bypass maintenance menus
in Service mode and proceed with IPL, bypass
POSTs, perform extended tests, and so on.

Other functions: Service personnel can also
enable/disable remote service authorization,
read/write NVRAM, read TOD, verify (read/write)
operator panel display functions, check power
system status, adjust voltage margins, and verify
that power can be applied to the system unit and
attached devices.

The following sections describe three phases
completed by the SMP system before booting the
operating system.

Power-On Phase
The power-on sequence can be started using one
of three methods:

◆ Power-on push button on the operator panel

◆ Power-on command string from a local or
remote console

◆ Preprogrammed TOD parameter

This last power-on feature is useful in saving
energy during service-off hours, while allowing
the system to be ready well before the service-on
time begins.

System Initialization Phase 
When the power-on sequence begins, the Sys-
temGuard processor starts the INIT phase. This
initializes all system hardware and establishes the
system configuration tables for various hardware
components such as the CPU or Central Electron-
ic Complex (CEC), memory boards, and Micro
Channel adapters.

Firmware Update Phase 
Normally, the system uses the code resident in
the flash EEPROM. But if the SystemGuard
processor determines that its checksum is not
valid and cannot update the firmware (the key is
not in service position or the correct diskette is
not installed), the system will detour to the back-
up EPROM. Although the backup firmware has
limited functionality, it allows the system to boot
the operating system in uniprocessor mode.
Then, the AIX filesystem and tools can restore or
rebuild the firmware in the flash EEPROM. These
operations are also possible from a remote cen-
ter. In service mode, if a diskette is inserted in
the drive, the SystemGuard processor will auto-
matically update the flash EEPROM.
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Power-On Self Tests
The integrity of each principal hardware compo-
nent is tested by running POST diagnostics. If 
an error is detected by any of these quick-
confidence POSTs, extended POSTs are run to
further isolate the problem.

The SystemGuard processor or the main sys-
tem processor runs these tests, but the test system
is entirely managed by the SystemGuard proces-
sor. The SystemGuard processor schedules and
launches each POST on a selected system proces-
sor and gathers the results. Any errors that occur
are logged and the test sequence continues. The
operator panel display and the consoles indicate
test progress. The SystemGuard processor per-
forms the self tests on directly attached I/O ports
(not Micro Channel adapters or devices attached
to I/O ports), the power system, and fan connec-
tions. The main processor complex executes the
POST on I/O ports shared with the SystemGuard
processor, cache, memory subsystem, interrupt
system, SCSI adapters, and LAN adapters. Memo-
ry sharing, cache coherency, system I/O sharing,
and arbitration are also verified in multiprocessor
mode.

The failure of a non-critical server component,
such as one of the processors or a memory seg-
ment, does not prevent the server from booting
AIX. The SystemGuard processor deconfigures
failing resources, so the IPL can continue using
any available processor. This is a significant
enhancement to system availability. Replacing a
failed component can be done later.

During POST, all memory is tested, optimum
memory address mapping and interleaving are
determined and configured, and an IPL control
block including memory map is built for the
operating system.

Critical errors, such as failing access tests to
minimum resources, no functioning processors,
insufficient working memory, or a parity error on
any bus may prevent the server from booting.
Not only are such severe errors reported on the
consoles attached, but a trouble call is also auto-
matically placed to the remote service center (if
the system is configured for call home and appro-
priate authorization flags are set).

Service Mode
If the power-on sequence was initiated with the
system operating mode set to Service, the hard-
ware boot sequence can display the maintenance
menu or continue to IPL in Service mode. If the
system boots in Service mode, the operator can
February 1995
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choose single-user mode, diagnostic mode, or the
RAM filesystem. Once exited from a single-user
mode, the INIT default allows the operator to
enter the normal multi-user mode.

In Service mode, an offline maintenance menu
provides two levels of access—general mainte-
nance and customer-privileged access—to set
passwords and remote authorization parameters.

From the offline maintenance menu, a system
administrator or authorized IBM service represen-
tative (local or remote) can set hardware configu-
ration data, display hardware error-log
information, enable or disable the service con-
sole, perform a system reset, issue a power-off
command, select the device from which the sys-
tem should continue booting, run internal diag-
nostic tests, display or change system parameters,
or select the language for maintenance menus
(English, German, Spanish, French, Swedish, Nor-
wegian, Belgium/Dutch, or Italian).

The menu-driven interface allows the adminis-
trator to define the command strings or pass-
words that must be entered to remotely power-on
the system. They can set voltage margins, security
access passwords, phone numbers, and
service-line speeds. Special reserved commands
modify VPD EEPROMs after a field upgrade.
Administrators can also disable or enable remote
power-on command strings. 

Offline diagnostics are resident in the system—
independent of the operating system—and can be
performed even if the system fails to boot the
operating system. Offline diagnostics allow the
administrator to build a test suite consisting of a
sequence of resident tests, and to select specific
test parameters for stressing the system or isolat-
ing a fault. Extensive diagnostic tests can verify
whether the server can boot AIX, whether all
installed resources are functioning, and whether
the resources can be shared by the server’s
processors. Tests to verify the wiring interconnects
across printed wiring assemblies can be run.

These offline diagnostics tests can be run in a
loop mode, or they can be halted on every error
and continue upon user command. These tests
can display detailed test status messages on the
consoles. If the test results are accumulated, they
can be analyzed later using maintenance aid pro-
cedures to identify a failing replaceable unit. 

Automatic Problem Reporting
During the hardware boot sequence, the System-
Guard processor controls the running of Built-In
Self Test (BIST) and POST routines to ensure that
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hardware components, such as CPUs, ECC mem-
ory, and data paths are operating properly. If the
test routines encounter a failure that prevents the
machine from booting, the SystemGuard proces-
sor automatically reports a problem to the IBM
Service organization. A problem management
record will automatically be opened in the IBM
RETAIN system (an automated system for tracking
problems and dispatching service personnel),
which is monitored by the IBM Support Center.
The IBM Support Center can log in remotely, per-
form maintenance, and run diagnostics.

Security
All remote operations, maintenance, and automat-
ic problem-reporting functions of the SMP prod-
uct family have access authorizations that the
customer can control, including the following: 

◆ Attachment of remote consoles

◆ Activation of automatic problem reporting

◆ The ability to dial-in to the server to perform
remote operations or maintenance

◆ Customer-assigned command strings to enable
power-on and power-off

◆ Customer and maintenance passwords to con-
trol function access

◆ Console mirroring that allows the activity on
the remote service console to be visible on the
customer console

◆ The ability to disable remote sessions immedi-
ately by resetting flags or changing system
operating mode 

The SMP system also maintains an event log of
all call-out and login attempts.

Console Mirroring 
During offline sessions before AIX is up, and dur-
ing the online runtime phase in Service mode,
the serial port device drivers allow mirroring of
both consoles. Input is accepted from both of
them, and output is sent to both.

SystemGuard Processor Interaction With AIX
The SystemGuard processor communicates with
AIX using a specialized protocol. Interacting with
AIX, the SystemGuard processor can control auto-
matic server recovery, allow a technician to
remove and replace hot-plug disk drives (on
Model J), select server operating mode (Normal,
Secure, or Service), configure CPUs (processor
BACK TO CONTENTS
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start, stop, disable, and enable), alter the System-
Guard processor operating parameters, manage
flash EEPROM update, log single-bit correctable
memory errors and failing addresses, monitor sta-
tus of server fans and temperature sensors, and
control system shutdown, power off, reset, and
restart.

If a severe hardware component failure is
detected in a CPU or an unrecoverable memory
error occurs, the SystemGuard processor will
automatically scan the internal and boundary
states of the processor and memory subsystem
complex for later analysis. It will initiate server
recovery by running internal tests, deconfiguring
the failing resource, and then rebooting AIX.
Using the surv_m command, the SystemGuard
processor can monitor the AIX heartbeat. If the
operating system hangs and cannot generate the
heartbeat, the SystemGuard processor will detect
this condition and automatically initiate a reboot
of AIX, if the operator has enabled surveillance
mode.

Using selections from the AIX Diagnostic Ser-
vice Aids menus, a system administrator can dis-
play and alter numerous server parameters, such
as server operating mode, CPU allocation and
deallocation, security parameters (flag settings,
passwords, console visibilities), and Support
Processor dial-in and dial-out telephone numbers

Summary
The SystemGuard processor ensures that sys-

tem administrators and authorized service person
nel have access and control of the server, even
BACK TO C
when the network, operating system, or individ-
ual hardware components are not functioning.

The capability of remote operations for
power-on, power-off, reset, system operating
mode, and display of operator panel messages
eliminates the need for personnel on-site, elimi-
nates travel to unattended locations, enhances
system administrator productivity, and improves
system availability.

The automatic recovery functions of the server
reduce the time needed to identify problems and
improve system availability. 

With hardware failures reported auto-
matically—directly to the IBM Service organiza-
tion—and the ability of IBM service personnel to
remotely access configuration data, error logs,
and run diagnostics for problem determination,
server downtime and serviceability timeframes
are reduced and system availability is improved.

Kanti C. Shah, IBM Corporation, 11400 Burnet Road, Austin,
TX 78758. Mr. Shah, an advisory engineer, has been involved
in various phases of design and testing of the SMP family of
products. He has a BS in Electrical Engineering from Sardar
Patel University in India and an MS in Electrical Engineering
from the University of California at Berkeley.

David F. Rittinger, IBM Corporation, 11400 Burnet Road,
Austin, TX 78758. Mr. Rittinger is a senior service planner
involved in the remote support strategy and Reliability, Avail-
ability, and Serviceability (RAS) architecture testing of SMP.
He has an MBA from Fairleigh Dickinson University in New
Jersey.
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OOPBuilding
Object-Oriented

Frameworks
Part 1

By Deborah Adair
By using frameworks1, Taligent®, Inc.–an independent
joint venture of Apple® Computer, IBM, and Hewlett-
Packard–is realizing the full promise of object technology.
A framework defines the behavior of a collection of
objects, providing an innovative way to reuse software
designs and code. Part 1 of this two-part series describes
different types of frameworks and how they are used and
addresses organizational concerns that impact framework
development. Part 2 will outline a process for identifying
and designing frameworks. 

T his article presents a process for develop-
ing frameworks and highlights four
important guidelines:

◆ Derive frameworks from existing problems and
solutions

◆ Develop small, focused frameworks

◆ Build frameworks using an iterative process
driven by client2 participation and prototyping

◆ Treat frameworks as products by providing
documentation and support, and by planning
for distribution and maintenance
February 1995

1A framework is a set of prefabricated software building bloc
cific computing solutions. Taligent has designed framework
media, and database access. With frameworks, software de
write an application. Frameworks are built from a collectio
can be reused.

2This article is written from the viewpoint of framework deve
might use a framework that you developed.

© Copyright 1994. Taligent, Inc. All rights reserved. Reprinted
While the process and techniques discussed
are ideal for developing in the Taligent Common-
Point™ application system, they can also be
applied to other object-oriented programming
projects.

This article is intended primarily for software
developers and designers in commercial, corpo-
rate, and higher education software development
organizations. However, hardware designers,
strategic technology planners, and technical man-
agers might also find it useful. 

Understanding Frameworks
A framework captures the programming expertise
necessary to solve a particular class of problems.
Programmers purchase or reuse frameworks to
obtain such problem-solving expertise without
having to develop it independently.

Framework Development 
Developing a framework differs from developing
a stand-alone application. A successful framework
solves problems that appear different from the
problem that justified its creation. The problem-
solving expertise must be captured so that it is
independent of both the original problem and the
future solutions in which it is used; however,
BACK TO CONTENTS

Deborah Adair

ks that programmers can use, extend, or customize for spe-
s for system software functions, such as networking, multi-
velopers do not have to start from scratch each time they
n of objects, so both the design and code of a framework

lopers. We use the term “client” to refer to developers who

 with permission.
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Figure 1.   Library framework continuum

Library Framework Continuum
each program that uses the framework should
appear to be the one for which it was designed.

Developers must clearly identify the class of
problem that a framework addresses. For your
clients to adapt the framework to new problems,
they must understand the solution the framework
provides and how to incorporate it into their
programs. Because others have to understand
how to use your frameworks, it is critical that you
follow good software design practices.

Describing Frameworks 
While clear differences exist between class
libraries and frameworks, some libraries exhibit
framework-like behavior, and some frameworks
can be used like class libraries. As shown in Fig-
ure 1, this can be viewed as a continuum, with
traditional class libraries at one end and sophisti-
cated frameworks at the other.

Frameworks can be characterized by the prob-
lem domains that they address, as well as by their
internal structure.

Framework Domains
The problem domain that a framework addresses
can encompass application, domain, or support
functions.

◆ Application frameworks encapsulate exper-
tise applicable to many programs. These
frameworks encompass a horizontal slice of
functionality that can be applied across client
domains. Current commercial Graphical User
Interface (GUI) application frameworks, which
BACK TO CO
support the standard functions required by all
GUI applications, are one type of application
framework. (The Apple MacApp™ system and
Borland’s OWL™ system are two such frame-
works.)

Domain frameworks encapsulate expertise
in a particular problem domain. These frame-
works encompass a vertical slice of functionali-
ty for a specific client domain. Examples of
domain frameworks include a control systems
framework for developing manufacturing con-
trol applications, a securities trading frame-
work, a multimedia framework, or data access
framework.

Support frameworks provide system-level
services, such as file access, distributed com-
puting support, and device drivers. Application
developers typically use support frameworks
directly or after modification by systems
providers. Support frameworks can be cus-
tomized, such as developing a new file system
or device driver.

The Taligent CommonPoint application frame-
orks extend across all three categories. Similar-

y, you can create frameworks that capture your
wn problem-domain expertise. Whether you are
eveloping custom applications in a corporate
etting or developing a suite of commercial
pplications as a software vendor, building and
sing frameworks can increase productivity. The
rameworks you build will usually be domain or
pplication frameworks.
February 1995
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Figure 2.    Using and extending a framework

Extending the Framework
◆ Derive from contents class and override DrawCon-

tents 

Extending the framework to draw an X instead of
the default check 

class TXMarkContent : public TBoxContent{
public:

virtual void DrawContents(TGrafPort&port) 
}; 
void 
TxMarkContent::DrawContents(TGrafPort&port) 
{ 

TLine line1(TGPoint(0,0),TGPoint(10,10)) 
Tline line2(TGPoint(10,0),TGPoint (0,10)) 
line1.Draw(port) 
line2.Draw(port); 

} 

Using the Framework
◆ Set box color 
◆ Give box contents 
◆ Draw box and contents 

Drawing a default check box 

TBox box; 
box.SetColor(TRGBColor(0,1,0); 
TCheckContents check; 
box.SetContents(check); 
box.Draw(); 
Framework Structures
Identifying the high-level structure of a frame-
work makes it easier to describe the behavior of
the framework and provides a starting point for
designing framework interactions. For example,
some frameworks are manager-driven—a single
controlling function triggers most framework
actions. You call the controlling function to start
the framework, and the framework creates the
necessary objects and calls the appropriate func-
tions to perform a specific task.

An application framework generally uses a
manager object to take input events from the user
and distribute them to the other objects in the
framework. 

Another categorization, based on how a frame-
work is used, is whether you derive new classes
or instantiate and combine existing classes. 

Architecture-driven frameworks rely on inheri-
tance for customization. Clients customize the
behavior of the framework by deriving new class-
es from the framework and overriding member
functions.

Data-driven frameworks rely primarily on
object composition for customization. Clients cus-
tomize the behavior of the framework by using
different combinations of objects. The objects that
clients pass into the framework affect what the
framework does, but the framework defines how
the objects can be combined.

Frameworks that are heavily architecture-
driven can be difficult to use because they
require a substantial amount of code to be writ-
February 1995
ten. Purely data-driven frameworks are generally
easy to use, but they can be limiting.

One approach for building frameworks that
are both easy to use and extensible is to provide
an architecture-driven base with a data-driven
layer. Most frameworks provide ways for clients
to use the built-in functionality and also modify
that functionality. Typically, clients use a frame-
work’s built-in functionality by instantiating class-
es and calling their member functions. Clients
extend and modify a framework’s functionality by
deriving new classes and overriding member
functions.

Figure 2 shows a simple example of using and
extending a framework. Suppose you have a sim-
ple framework that supports, among other things,
drawing shapes. Clients might use it to draw a
check box or extend it to draw other types of
boxes. 

Maximizing Framework Benefits
The key to maximizing the benefits of writing
frameworks is to get as many developers as pos-
sible using them. Frameworks are a long-term
investment; the benefits gained from developing
frameworks are not necessarily immediate
because framework designers need more time to
create a framework than a procedural library, and
clients need more time to learn a framework than
a procedural library.
BACK TO CONTENTS



Managing Dependencies 
Projects can often be divided into several separate
frameworks and assigned to small teams. If it
takes more than three or four programmers to
produce a framework, it can probably be split into
a set of smaller frameworks. Teams of two to four
are usually more effective than teams of one,
unless the single programmer is both an experi-
enced framework developer and a domain expert.

Working with several small teams has its
challenges:

◆ Programmers are focused on one aspect of a
large project and might not understand all the
interrelationships and client implications.

◆ Architectural consistency must be maintained
across teams.

◆ Dependencies between frameworks can create
bottlenecks.
BACK TO C

Designing Successful Frameworks
Successful frameworks have the following char-
acteristics:

◆ Complete—Frameworks support features
needed by clients and provide default imple-
mentations and built-in functionality where
possible. Provide concrete derivations for
the abstract classes in your frameworks and
default member function implementations to
make it easier for your clients to understand
the framework and allow them to focus on
the areas that they need to customize.

◆ Flexible—Abstractions can be used in dif-
ferent contexts.

◆ Extensible—Clients can easily add and
modify functionality. Provide hooks so your
clients can customize the behavior of the
framework by deriving new classes.

◆ Understandable—Client interactions with
the frameworks are clear, and the frame-
works are well documented. Follow stan-
dard design and coding guidelines and
provide sample applications that show the
use of each framework. If the developers
who build frameworks and those who use
them follow the same guidelines, it facilitates
reuse in both directions.
There are several ways to alleviate these prob-
lems:

◆ Appoint a project architect who maintains the
“big picture” and ensures that the frameworks
ultimately work together.

◆ Follow standard design and coding guidelines.

◆ Decouple the frameworks by isolating the
dependencies in intermediary classes.

Often when one framework requires the ser-
vices of another, the connection can be imple-
mented through an interface or server object.
Then, only one object is dependent on the other
framework. Until the other framework can sup-
port the necessary operations, the intermediary
class provides stub code that allows the rest of
the framework to be tested. Loosely coupled
frameworks are generally more flexible from the
client’s perspective.
February 1995
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The most important consideration when
designing frameworks is ease of use for the
client programmer. From the client’s perspec-
tive, an easy-to-use framework performs useful
functions with no effort. The framework works
with little or no client code, even if the default
implementations are simply placeholders, and it
supports small, incremental steps to get from
the default behavior to sophisticated solutions.
However, it is harder for clients to work
around bad abstractions than invent their own.
If you do not know how to solve a problem in
a reusable way inside your framework, leave it
out.

A framework does not necessarily have to
meet all of these requirements to be successful;
but if it does, it will be easier to convince other
programmers to use the framework. When you
design a framework, also look for ways to min-
imize the potential for client errors and
enhance portability:

◆ Simplify clients’ interactions with the frame-
work to help prevent client errors. Make any
client requirements as clear as possible in
both your interfaces and documentation.

◆ Isolate platform-dependent code for easier
portability of your framework. Designing for
portability reduces the impact of porting on
your clients.



Reuse does not

just happen; your

organization must

actively support

and encourage it.

Taligent Standards
Early on, Taligent realized the need for
common coding standards throughout the
company. The chief architect began compil-
ing a list of do’s and don’ts that were
required reading for all new engineers. This
compilation has evolved into Taligent‘s
Guide to Designing Programs: Well-Man-
nered Object-Oriented Design in C++, pub-
lished by Addison-Wesley. This book,
which contains the guidelines followed by
the Taligent engineers in the development
of the Taligent CommonPoint application
system, provides an excellent basis for your
own coding standards.
This approach can also be used to isolate
platform-dependent code or code that accesses a
specific application’s framework. To use different
platforms or application frameworks, only one
piece of the framework needs to be changed.
Intermediaries can also be used to access legacy
data or non-framework services.

Delivering Your Framework as a Product 
Even if your framework will only be used inter-
nally, it must be treated like a product. Docu-
menting your framework is an important step in
the development cycle, but you must also plan
how the finished product will be distributed and
supported.

To use your frameworks, other developers
need to know that they exist and how to access
them. Unless a process is established for provid-
ing and distributing frameworks, it is difficult for
other developers to use them. Reuse does not just
happen; your organization must actively support
and encourage it. One way to do this is to reward
programmers for writing and distributing frame-
works that others can use. Even more important,
reward the programmers who use them.

Ideally, all frameworks are kept in a central
repository, and a repository manager is responsi-
ble for notifying clients about new frameworks
and updates to old ones. With a large enough
repository, selecting the appropriate frameworks
becomes an integral part of developing new pro-
gram solutions.

To realize the benefits they can provide, your
organization must commit resources to support
frameworks. You must be able to assist your
clients and respond to their problems and
requests.

Over the lifetime of a framework, the cost of
supporting it actually becomes a benefit—the
support cost of one framework with three depen-
dent applications will be less than the cost of
supporting three independent applications with
duplicate code. The more applications that use a
framework, the larger the savings. Over the long
term, using frameworks can reduce support and
maintenance costs.

Early in its life, a framework will probably
require routine maintenance to fix bugs and
respond to client requests. Over time, even the
best framework will probably need to be updated
to support changing requirements.

Part 2, which will appear in the May 1995
issue, will focus on developing frameworks. For
February 1995
the latest information on Taligent, explore the
World Wide Web page //http:www.taligent.com.
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Luc Chamberland

Porting Fortran
Between Cray and the

IBM RS/6000
By Emad ElHamahmy and Luc Chamberland
XL Fortran Version 3 includes several extensions that
enable developers to port their CRAY Fortran code with
minimal recoding. Using the compiler options and routines
described in this article will make your move from CRAY1
to the RISC System/6000 as easy as possible.

Most of the language extensions dis-
cussed in this article can be coded
using Fortran 90, which is supported
in XL Fortran Version 3. When you are

writing new code, adhering to Fortran 90 is
preferable because it ensures portability across
any platform that supports Fortran 90. Of course,
to port code that has already been written, using
the extensions would likely require fewer
changes than recoding your applications.

You can use the following XL Fortran compiler
options and features to meet your porting needs.

The -qintsize Option
The -qintsize compiler option sets the default
size of integer and logical data entities whose
sizes are not explicitly declared. This option
allows you to port code easily from 16-bit and
64-bit machines to 32-bit machines.

For example, the following declaration explic-
itly specifies that x has a size of 8 bytes:

integer(8) x

But the next declaration specifies that the
default integer size be provided for x. For XL For-
tran, the default size of integer/logical entities is
four bytes, while for CRAY it is eight bytes.
BACK TO CO

1All references to CRAY in this article refer to the Y-MP™ hardw
nteger x

If -qintsize=8 is specified at compile time, x
 declared as a 64-bit entity. This ensures that
ery large numbers (larger than the maximum
nteger(4) value) are not inadvertently truncat-
d because of a different default size.

The -qintsize option affects the following: 

Integer/logical literals that do not specify kind
type parameters

Default integer/logical data objects and func-
tions

Intrinsic function results of type default inte-
ger/logical

Typeless constants in integer contexts

Fortran 90 alternative to the -qintsize

ption: The Fortran 90 KIND intrinsic function
turns the kind type parameter of an argument.
 specifies the representation method for the
rgument. You can then use the kind type para-
eter when declaring entities. For example,

nteger (kind=kind(0)) x 

dicates that the size of x is the default integer
ze for the compiler. Compiled by a CRAY
ompiler, x is 8 bytes long; compiled by XL
ortran, x is 4 bytes long.

To ensure that entities have similar value
nges without specifying platform-specific infor-
ation during type declaration (such as a kind
pe parameter), use the Fortran 90
ELECTED_INT_KIND intrinsic function. This func-
on returns a kind type parameter value of an
NTENTS
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Subscription Function
none Does not promote or pad any objects that share

storage.  This is the default for -qautodbl
dbl4 Promotes 4-byte floating-point objects, including

objects composed of these objects, to 8-byte
objects.  For example, a complex(4) object is
promoted to complex(8).

dbl8 Promotes 8-byte floating-point objects (including
objects composed of these objects) to 16-byte
objects.

dbl Performs the same promotions as both dbl4 and
dbl8.

Figure 1.    Suboptions to promote objects

Subscription Function
dblpad4 Performs dbl4 promotion, and also pads objects

of other types (except character) if they possibly
share storage with promoted objects.

dblpad8 Performs dbl8 promotion, and also pads objects
of other types (except character) if they possibly
share storage with promoted objects.

dblpad Performs the promotions and padding done by
both dblpad4 and dblpad8.

Figure 2.    Suboptions to pad objects

| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
0 4 8 16 32 64

COMPLEX (16) (padded)

COMPLEX (8) (promoted)
COMPLEX (4) (promoted)
REAL (16) (padded)
REAL (8) (promoted)
REAL (4) (promoted)
INTEGER (8) (padded)
INTEGER (4) (padded)
CHARACTER (16)  

The dashed lines represent the padding.

Figure 3.    Storage relationships with -qautodbl=dblpad
integer data type that represents all integer value
n in the range -10R < n < 10R. For example:

integer (kind=selected_int_kind(18)) x
! XL Fortran kind type parameter: 8
! CRAY kind type parameter: 8

The -qrealsize Option
Similar to -qintsize, the -qrealsize compiler
option sets the default size of real and complex
entities whose sizes are not explicitly declared.
The default real size in XL Fortran is 4 bytes,
while the default on the CRAY products is 8
bytes.

Keep in mind that the precision of entities of
type DOUBLE PRECISION is twice that of the
default real size. Thus, if you specify
-qrealsize=8, DOUBLE PRECISION entities hav
a default size of 16 bytes.  Similarly, the size of
complex and double complex entities is affected
because they are formed from parts of type real

Fortran 90 alternative to the -qrealsize

option: As for integer entities, the KIND intrinsic
function is an alternative way to ensure portabili
ty for real entities:

real (kind=kind(0.0)) r

KIND(0.0) always returns the kind type para-
meter of the processor’s default real size.

Similarly, the SELECTED_REAL_KIND intrinsic
function returns the kind type parameter value o
a real data type with a minimal decimal preci-
sion and exponent range.

The -qautodbl Option
Use the -qautodbl compiler option to convert
single-precision entities to double-precision
entities, and double-precision entities to
extended-precision entities. Figure 1 shows sub-
options. 

To help maintain proper storage relationships
when code is ported, some suboptions will pad
as well as promote objects, shown in Figure 2.

NOTE: The -qrealsize is disregarded if you
compile with both the -qautodbl and -qreal-
size options.

Figure 3 illustrates promotion and padding
using -qautodbl=dblpad. Figure 4 shows how
data types are mapped in memory when 
-qautodbl=dblpad is used.
BACK TO CONTENTSFebruary 1995
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@process autodbl(dblpad)
complex(4) x8      /(1.123456789e0,2.123456789e0)/
real(16) r16(2)    /1.123q0,2.123q0/
integer(8) i8(2)   /1000,2000/
character*5 c(2)  /”abcde”,”12345”/
common /named/ x8,r16,i8,c
end

@process autodbl(none)
subroutine s()

complex(8) x8
real(16) r16(4)
integer(8) i8(4)
character*5 c(2)
common /named/ x8,r16,i8,c

x8    = (1.123456789d0,2.123456789d0)   ! promotion occurred
r16(1) = 1.123q0                         ! padding occurred
r16(3) = 2.123q0                         ! padding occurred
i8(1) = 1000                            ! padding occurred
i8(3) = 2000                            ! padding occurred
c(1) = “abcde”                         ! no padding occurred
c(2) = “12345”                         ! no padding occurred

end subroutine s

Figure 4.   Mapping of data types with -qautodbl=dblpad

Figur

postion
with XL

pointer
p = p+
Integer Pointers
Integer pointers are the XL Fortran version of
CRAY pointers. XL Fortran integer pointers refer
ence the address of a variable, which enables a
program to step through part of storage or over-
lay parts of storage. The following example
represents an XL Fortran integer pointer:

pointer (p,x)

The p is the integer pointer, which reference
the address of x, a variable or array declarator
(generally called the pointee)

An integer pointer is a scalar variable of type
integer(4) that cannot have a type explicitly
assigned to it. The integer pointer can be used i
BACK TO C

e 5.    Pointer arithmetic: XL Fortran and CRAY F

1 2 3 4 8

initial memory position of p

 of p+1

 Fortran

position of p+1

with CRAY

 (p,e)

1

any expression or statement in which an
integer(4) can be used.

The XL Fortran compiler does not allocate stor-
age for the pointee. Storage is associated with the
pointee at execution time by assigning the
address of a block of storage to the pointer.

The following subsections describe the differ-
ences you must consider when porting Fortran
code between CRAY and the RISC System/6000.

Pointer Size
XL Fortran integer pointers are 4 bytes in size,
whereas CRAY pointers are 8 bytes.  If an
absolute address is assigned to a pointer, ensure
that the address can fit in four bytes of storage
and that it is valid on the RS/6000.

Incrementing/Decrementing Pointers
Adding or subtracting an integer n to an integer
pointer increments (or decrements) the value of
the pointer by n bytes. Adding or subtracting an
integer n to a CRAY pointer increments (or decre-
ments) the value of the pointer by n words. To
maintain compatibility when porting, multiply the
value of n (CRAY words) by the size of the
RS/6000 machine word size (8 bytes). Figure 5
shows the differences between a pointer incre-
menting using XL Fortran and CRAY Fortran.
February 1995
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integer big_array(100)
integer element, dim_size
integer array1(5), array2(5), array3(10)
pointer (p1,array1)
pointer (p2,array2)
pointer (p3,array3)
! Assign storage to array1
p1 = loc(big_array)
! Initialize array1
array1 = (/1,3,5,7,9/)
! Assign storage to array2
p2 = p1 + 5
! Initialize array2
array2 = (/2,4,6,8,10/)
! array3 holds data of array1 and array2
p3 = loc(big_array)
if ((array3(3) .ne. 5) .or. (array3(8) .ne. 6)) stop 1
! Increment the area of storage where array1 begins by 2 words
p1 = p1 + 2
element = array1(5)
if (element .ne. 4) stop 2
end

Figure 6.    Original CRAY code
To port the code segment in Figure 5 to XL
Fortran, modify the assignment statement as fol-
lows:

integer, parameter :: word_size = 8
p = p + (word_size*1)

LOC Intrinsic 
The LOC intrinsic function returns the address of a
pointee. This function is useful for finding the
address of a variable and assigning it to the inte-
ger pointer of another pointee (overlaying the
storage of the two variables). 

Figures 6 and 7 show the modifications
required when porting code from CRAY to XL
Fortran.

Fortran 90 alternative to Integer Pointers:
To dynamically dimension arrays in Fortran 90,
use deferred-shape array specifications, and then
explicitly allocate memory for the arrays as
shown below:

integer, dimension(:), allocatable :: 
array

I = 5
allocate(array(5))
array = (/1,2,3,4,5/)
deallocate(array)
end

Service and Utility Procedures
XL Fortran supports several CRAY procedures as
industry extensions. Some of these are described
below. These procedures (except for CLOCK_)
have the same names as the corresponding CRAY
routines.

clock_: The clock_ function returns the time
in hh:mm:ss format. (The XL Fortran routine is
CLOCK_, not clock, because the libc library of
AIX already contains a clock routine).

date: The date function returns the system
date in mm/dd/yy format.

irtc: The irtc function returns an integer(8)
value of the number of nanoseconds elapsed
since the initial value of the machine’s real-time
clock, as follows:

integer(8) :: a,b,elapsed,irtc,x=3
a = irtc()
do m = 1,20000
x = x**2

end do
b = irtc()
elapsed = b-a     ! elapsed = 33052928

rtc: The rtc function returns a real(8) value
of the number of seconds elapsed since the initial
value of the machine’s real-time clock. Figure 8

shows an example.
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timef: The timef function returns the elapsed
time in milliseconds since the first instance timef
was called. The first instance timef is called and
the value 0.0d0 is returned. Figure 9 shows an
example.

jdate: The jdate function returns the system
Julian date in yyddd format.

Fortran 90 alternatives to CRAY Fortran
functions: You can use the DATE_AND_TIME
intrinsic function to access date and time informa-
tion, and the SYSTEM_CLOCK intrinsic function to
inquire on your system clock.

CVMGx Procedures
XL Fortran supports conditional vector merge
functions similar to the CRAY. These functions
take three arguments. The values returned
depend on the result of the test that is done on
the third argument. The first argument is returned
if the test done on the third argument is true. The
second argument is returned if the test done on
the third argument is false. When the arguments
are arrays, testing is done on an element-by-
element basis.

The conditional vector merge functions are as
follows:

CVMGP Test for positive values or zero
CVMGM Test for negative values
CVMGZ Test for zero values
CVMGN Test for nonzero values
CVMGT Test for logical true values
BACK TO CONTENTS
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real(8) :: a,b,elapsed,rtc,x=2.0
a = rtc()
do m = 1,20000

x = x**2
end do
b = rtc()
elapsed = b-a   ! loop required 0.846355768456422978e-02

Figure 8.  Using the rtc function

real(8) elapsed, timef
elapsed = timef()     ! elapsed = 0.0d0
do m = 1,20000

a = a**2
end do
elapsed = timef()     ! elapsed = 15.2616500997857362

Figure 9.  Using the timef function

! CRAY
r = cvmgp(1.0,2.0,3.0)    ! r = 32-bit representation of 1.0
i = cvmgp(1.0,2.0,3.0)    ! i = 32-bit representation of 1.0

! i = 1065353216
! XL Fortran
r = cvmgp(1.0,2.0,3.0)    ! r = 32-bit representation of 1.0
i = cvmgp(1.0,2.0,3.0)    ! i = int(1.0)

! i = 1

Figure 10.  CVMGx procedure

@process intsize(8)               !<——- Added code
integer big_array(100)
integer element, dim_size
integer array1(5), array2(5), array3(10)
pointer (p1,array1)
pointer (p2,array2)
pointer (p3,array3)
integer word                      !<——- Added code
parameter (word = 8)              !<——- Added code
! Assign storage to array1
p1 = loc(big_array)
! Initialize array1
array1 = (/1,3,5,7,9/)
! Assign storage to array2
p2 = p1 + 5*word                  !<——- Modified code
! Initialize array2
array2 = (/2,4,6,8,10/)
! array3 holds data of array1 and array2
p3 = loc(big_array)
if ((array3(3) .ne. 5) .or. (array3(8) .ne. 6)) stop 1
! Increment the area of storage where array1 begins by 2 words
p1 = p1 + 2*word                  !<——- Modified code
element = array1(5)
if (element .ne. 4) stop 2
end

Figure 7.    CRAY code (Figure 6) ported to the RS/6000



Code Using CVMGx Routines
integer i
integer i_a(3)
integer array_t(3), array_f(3), mask(3)
i = cvmgp(1.0,2.0,3.0)        ! i = 1
array_t(1) = 1
array_t(2) = 2
array_t(3) = 3
array_f(1) = 4
array_f(2) = 5
array_f(3) = 6
mask(1)=7
mask(2)=0
mask(3)=8
i_a = cvmgz(array_t,array_f,mask)   ! i_a(1)=4, i_a(2)=2, 

! i_a(3)=6
end

Fortran 90 Alternative
integer :: i
integer, dimension(3) :: i_a
integer, dimension(3) :: array_t, array_f, mask
i = merge(1.0,2.0,3.0 >= 0.0)           ! i = 1
array_t = (/1,2,3/)
array_f = (/4,5,6/)
mask = (/7,0,8/)
i_a = merge(array_t,array_f,mask == 0)  ! i_a = (/4,2,6/)
end

Figure 11.  CVMGx functionality in Fortran 90
Be cautious when you are porting code to XL
Fortran. Although the CVMGx routines accept
integer and real arguments, these arguments and
the function return type are interpreted as
Boolean data types on a CRAY. Since XL Fortran
does not have a Boolean data type, the argument
and function return types are treated as integer,
logical, or real intrinsic data types (as shown in
Figure 10). The only place the user would see a
difference between the XL Fortran and CRAY
behavior is if the function is referenced in an
assignment or expression where type conversion
is expected to occur.

Fortran 90 alternative to CRAY CVMGx
intrinsic functions: Use the Fortran 90 MERGE
intrinsic function instead of the CVMGx intrinsic
functions. Figure 11 shows the same function
implemented using the XL Fortran extensions and
Fortran 90 intrinsic functions.

Summary
XL Fortran Version 3 supports a variety of fea-
tures to facilitate your porting needs, including
several industry extensions found in CRAY prod-
ucts. Also, because XL Fortran fully supports For-
tran 90, you can modify your code for portability
to any platform that supports this latest Fortran
standard.

For more information about porting, contact
AIX Support Family at callaix@vnet.ibm.com or
1-800-CALL-AIX (U.S. and Canada only).
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