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Executive Summary

This report describes various techniques used to scale a large
commercial web-based application such as J.D. Edwards

OneWorld® Xe using the J.D. Edwards interactive Web/HTML
benchmark running on IBM eServer iSeries servers featuring POWER4
processors.

This test successfully executed 14,148 concurrent user sessions in a
multi-tiered environment. Response times were sub-second, easily
meeting the J.D. Edwards certification criterion of 2 seconds.

Two different configurations were tested, to validate different customer
requirements.
* AVirtual Three Tier (V3T) environment was initially scaled
vertically to 11,065 users at 0.34 seconds response time
* A Physical Three Tier (P3T) environment was used to then
scale horizontally to 14,148 users at 0.55 seconds.

The V3T environment used two IBM eServer iSeries model 870s, each
with 16 processors and 64 GB memory connected to an IBM eServer
iSeries model 890 with 32 processors with 256 GB of memory. The
P3T environment used five IBM eServer iSeries model 870s, each with
16 processors and 64 GB of memory each connected to an IBM
eServer iSeries model 890 with 32 processors and 256 GB of memory.

During the course of this test, the iSeries model 870s were initially
shipped as 8-way systems, with the IBM Capacity on Demand feature,
which allowed the number of processors to be increased to 16 without
any interruption to processing.

In the J.D. Edwards benchmark environment for Xe, actual OneWorld
HTML clients were used to generate a real workload to be processed
by the enterprise and web servers. By doing so, this benchmark
provides a realistic measure of J.D. Edwards performance and
demonstrates the suitability of the IBM eServer iSeries as a superior
platform for e-Business applications.

These results reflect the speed and scalability of servers based on IBM
POWERA4 processing technology, the advantages of a well-balanced
configuration, and the ability to harness IBM eServer iSeries Capacity
on Demand.
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Background Information

The primary objective of the benchmark was to demonstrate the
outstanding scalability of the iSeries POWER4-based server platform
running OneWorld Xe SP20 B1 in a WebSphere HTML environment.

A secondary objective was to determine and document the scaling
techniques used, so that customers can use similar methods to design
and implement large commercial systems to cater for upwards of
10,000 web-based users.

Highlights

The Virtual 3 Tier Benchmark and the Physical 3 Tier Benchmark have
eclipsed all previous J.D. Edwards benchmarks in scalability and
response time. Below is a table which compares recent benchmarks,
as certified by J.D. Edwards.

IBM V3T
(June IBM V3T IBM V3T
Sun P3T (Feb  2001) SP14 (April 2003) (June 2003)
2003) SP17 Webp SP20B1 SP20 B1
Users 8,969 6,020 11,065 14,148
CPUs 168 72 64
Technology UltraSparc Il ISTAR POWER4 112 POWER4
750MHz 500MHz 1.3GHz 1.3GHz
Users/CPU 53 84 173 126
Web 65%
CPU Web/App 67%  App/DB Web 62% Web/App 55%
Utilization % DB 80% 65% App/DB 74% DB 51%
Resp. Time (s) 1.46 1.16 0.34 0.55
Users per 150 376 1250 1415
WebSphere WebSphere WebSphere  WebSphere WebSphere
JVM 35 35 4.0 4.0
0S/400
OS/Version Solaris 8 V4R5 DB2 0S/400 V5R2  OS/400 V5R2
DB/Version Oracle 8 ubB DB2 UDB DB2 UDB

The significant improvement in response time (from 1.16 seconds in
2001, to 0.34 seconds in 2003) can be attributed to a number of

factors:

 IBM POWER4 processor technology: Running Java" and C
application code can benefit significantly from a faster CPU.
POWERA4 chips also enable the processing of multiple instruc-
tions on a single clock cycle. iSeries uses a 64-bit implemen-
tation of POWERA4 technology, which allows WebSphere ap-
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plications written in Java to scale better and to be more easily
managed with increased 1/0O bandwidth. As can be seen in the
chart above, the number of users per processor has increased
considerably.

High performance disk subsystem: The disk subsystem is
based around an Ultra-wide SCSI architecture and uses PCI-X
bus structure. Each subsystem uses a #2757 PCI-X Ultra
RAID Disk Controller with 235MB of write cache, and fifteen
10,000 RPM 17.54 GB disk units, operating in a RAID-5 con-
figuration. In 2001, we saw an average disk service time (con-
troller service time plus disk service time plus queuing) of 3-5
milliseconds. This had decreased to an average 1-2 millisec-
onds using latest disk adapter and disk unit technology.

High performance and scalable HTTP server (powered by
Apache): In this benchmark, iSeries has proven itself as a
scalable and high performance web server. In the Virtual 3 Tier
environment, each iSeries model 870 16-way was able to
process HTML requests from over 5,500 concurrent web cli-
ents. These requests were nontrivial dynamic requests involv-
ing complex web pages and javascript. On average, the total
system was handling an average of 2.9 million hits per hour,
and peaking at over 3.6 million hits per hour. This workload
processes 17 different transactions, so it is not simple static
surfing, but more complex active interaction, similar to placing,
for example, an order with 10 line items on a web site.
WebSphere 4.0 (with Java 1.3) has been shown to scale
higher than WebSphere 3.5, conserving resources, through
vertical scaling. Also the use of WebSphere cloning has im-
proved fault tolerance. WebhSphere 4.0 and Java on iSeries
have been shown to perform as a very reliable platform, when
stressed under heavy workloads.

Capacity on Demand allows a non-disruptive way on gaining
more processing power, especially in compute intensive envi-
ronments such as a Java application server. This would allow
customers to handle peaks in their workloads, in a cost effec-
tive way, while avoiding downtime caused by a hardware up-

grade.
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Vertical scaling using Virtual Three Tier, gave the most effi-
cient use of CPU power (users per CPU), while Physical Three
Tier allows a module way to scale horizontally. There is an in-
herent overhead in using Physical Three Tier, since there are
more communication links (and TCP/IP stacks) to traverse,
and overall this was estimated to use an additional 15% of
CPU resources. Similar overheads have been observed on
other hardware platforms (however there has been no scien-
tific evidence published to-date, other than this paper, to sup-
port this hypothesis).
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J.D. Edwards n-Tier Architecture

At a high level, the architecture of the benchmark environment con-
sisted of various tiers:

» The Database Server, accessed either through a high-level
SQL interface (XDA) or through Java Data-Base Connection
(JDBC).

e« The OneWorld Xe Application Server which contains the J. D.
Edwards business logic.

 The WebServer handles client requests from a web browser
interface, such as Microsoft’s Internet Explorer, using hyper-
text Markup Language (HTML). The WebServer uses IBM
WebSphere middleware to forward HTTP requests to Java
servlets which interface to the OneWorld Xe Application Server
and generate HTML responses to the web client.

The concept of n-tier architecture gives considerable flexibility in the
placement of each tier. In this series of benchmarks, two different
configurations were used.

» Virtual Three Tier, where the OneWorld Xe Application Server
is on the same system as the Database Server, and

» Physical Three Tier where the OneWorld Application Server is
located on a different system to the Database Server.
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Virtual Three Tier Configuration using IBM eServer iSeries
Systems

Three IBM eServer iSeries systems (two model 870 16-way systems
and one model 890 32-way) were used, connected by 1 Gbps high
speed fibre optics. Each CPU operated at 1.3Ghz and shared 2 MB of
L2 cache. They were built using IBM copper interconnect technology
and silicon-on-insulator for higher speed and lower heat dissipation.
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Environment

Database Server and Application Server: The IBM eServer iSer-
ies model 890 with 32 processors, was configured with 256 GB of
main memory and 225 disk arms in Raid-5 sets giving a useful ca-
pacity of 3.42 TB.

Webservers: Two IBM eServer iSeries model 870 were config-
ured each with 64 GB of main memory and 90 disk arms in Raid-5
protected sets giving a useful capacity of 1.37 TB.
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Software:
* OneWorld Xe SP20 B1

» WebSphere 4.0.5
e OS/400® - V5R2 Cum 4

e Mercury Loadrunner 7.51

Network: Each Web server was connected to the Enterprise
server by 1 Gbps Ethernet adapters. The 1 Gbps Ethernet connec-
tions are point-to-point, full duplex over optical fiber cables. These
lines had relatively light utilization (<8%), maximizing communica-
tion throughput and minimizing delay.

Loadrunner Agent PCs: (simulating web users) were connected
to a Cisco router in a full duplex 1 Gbps Ethernet network.

Database

All IBM eServer iSeries models are shipped with an integrated
DB2 database which was used to store all test data. The test data-
base simulates a generic mid-to-large scale customer, matching
J.D. Edwards' target market of customers with $200 million to $2
billion in annual revenues. It does not reflect any particular cus-
tomer or industry, but has the flexibility to model a mixture of Dis-
tribution, Manufacturing and Financial users. The table sizes re-
quired to model a large customer were determined based on the
experience of J.D. Edwards field and corporate personnel.
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Physical Three Tier Configuration using IBM eServer iSeries

Systems

The Physical Three-tier Configuration was the same as the Virtual
Three-tier except as noted. Six IBM eServer iSeries systems (five
model 870 16-way systems and one model 890 32-way) were used ,
connected by 1 Gbps high speed fibre optics.
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Environment

Database Server: The IBM eServer iSeries model 890 with 32
processors, was configured with 256 GB of main memory and 225
disk arms in Raid-5 sets giving a useful capacity of 3.42 TB.

Web and Application Servers: Five (5)IBM eServer iSeries
model 870s were configured each with 64 GB of main memory and
90 disk arms in Raid-5 protected sets giving a useful capacity of
1.37 TB.

Use of IBM eServer iSeries Capacity on Demand

In our initial scaling tests, the iSeries model 870s where supplied as 8-
way systems with the 8/16 Capacity on Demand feature. As we began
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to ramp-up, we started to over utilize the CPUs. Instead of adding
more 8-way 870’s, we decided to activate the Capacity on Demand
features, to increase the number of available CPUs to 16.

The activation process was straightforward and took only minutes once
the upgrade key was supplied by IBM. Here are the steps required:

1. Verify the target system has the Capacity on Demand feature

2. Collect Capacity on Demand information using System Service
Tool (SST) utility

3. Send Capacity on Demand data to IBM

4. Receive upgrade key from IBM (assume payment terms have
been met)

5. Copy key into iSeries Capacity on Demand SST screen

6. Use Partition Management (another SST screen) to add new
processors

An IPL was not required, resulting in zero downtime. Capacity on
Demand is available for purchase two ways — as a permanent in-

crease (one time charge) or an on/off increase (paid for on a daily
basis).
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Vertical Scaling versus Horizontal Scaling

Many J.D. Edwards customers choose to run OneWorld Xe in a virtual
three-tier configuration, with the OneWorld Xe application running on
the same system as the Database server. This has certain advantages
compared to running a physical three-tier configuration.

First, systems management becomes simpler, since there are less
systems to manage. There is less hardware and software. Second,
reliability is increased, as there are less components to fail (iSeries
incorporates many features to increase reliability, such as redundant
power supplies and the use of Raid-5 disk subsystems, giving it one of
the highest levels of availability in the industry). Third, efficiency is
greater, when running in a Virtual three-tier configuration.

In the iSeries implementation of OneWorld Xe, when running a virtual
three-tier configuration, requests for data from the OneWorld Xe
application server are made through a call level interface to DB2. This
has the effect of using less CPU and providing a faster response time.
In our tests, we used about 15% less CPU and our average response
time was approximately 0.2 seconds faster.

Why then deploy physical three-tier environments? For enterprise
customers who need to run large numbers of concurrent users, the
Enterprise Database Server in a virtual three-tier configuration may
begin to reach its limits of scalability.

To give the Enterprise Database Server more capacity, using

J.D. Edwards n-tier technology, we can offload the OneWorld Xe
application to another node. In the testing outlined in this paper, we
actually offloaded a copy of the OneWorld Xe code onto each of the
five Web server systems. By doing this we have created a convenient
way of horizontal scaling. Capacity can be increased by adding more
Web/Application server building blocks. The theoretical limit to scaling
now becomes the Database Server and its ability handle SQL re-
guests.

In summary, our recommendation is to scale vertically initially for ease
of management, reliability and efficiency, but consider horizontal
scaling for outright capacity.

WebSphere Cloning - Performance and Fault Tolerance
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During this test, various WebSphere configurations were trialled. We
wanted to not only maximize WebSphere performance but also provide
a high degree a fault tolerance.

WebSphere Advanced Server Version 4 (5722-WS4) on iSeries uses a
64-bit Java Virtual Machine (JVM). This has considerable advantages
over a 32-bit JVM implementation, since more objects can be ad-
dressed, and greater vertical scaling can be obtained. We found when
using a 12GB initial Heap (which expands up to 20GB during our
tests) that it was possible to scale a single instance of the WebSphere
application up to 3,000 concurrent users.

However, to improve fault tolerance we decided to use WebSphere
feature for cloning of instances. To do this, the current instance is
promoted to a group, then the group can be cloned as many times as
required, with each clone inheriting properties from the group. When
this is done, the Apache plug-in, that directs HTML traffic to Web-
Sphere, is able to redirect traffic to another clone, if for any reason any
clones fail. We standardized on two clones, each handling 1,500 users,
with initial heap sizes of 6GB. We also found that by building in this
extra parallelism, we obtained slightly better response time. So on
each of five iSeries 870 systems, we had two clones, giving us a
theoretical maximum of 15,000 users. This could easily be increased
by re-tuning our clones to a higher user count.

Be aware that creating extra instances impacts memory and CPU,
since extra copies of many objects are pinned in memory. Using two
clones (and VMS) per system provided us with a good balance
between performance, efficiency and fault tolerance. As a footnote, it
would have been possible to use multiple copies of Apache as well to
enhance fault tolerance, but we did not test this environment.
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Design of a High Bandwidth Network

In both virtual three-tier and physical three-tier environments, large
amounts of data are transported between tiers. When designing the
network, it is important to engineer sufficient bandwidth to minimize
transit time and lower response time. Often for a small additional cost,
routes can be replaced with point-to-point communications, which can
increases data throughput, while reducing latency and eliminating
some risk due to failure of communications subsystems.

Early in the project, we made a decision to use 1 gigabit per second
(Gbps) ethernet for all communications. It would have been convenient
to arrange for all equipment to be connected on a single router.
However, based on data collected from our pilot test system, we
calculated that this system would become overloaded at high user
levels.

Ouir first decision was to introduce multiple networks, where independ-
ent data was moved to separate networks. For the HTML traffic from
the Loadrunner agents (simulating thousands of browser clients), it
was imperative to use a high speed router, because each Loadrunner
agent PC must be able to send data to any of the WebServers.

Our second decision was to use point-to-point connections for dedi-
cated networks from the Web Servers to the Application/Database
Server or from the Web/Application Servers to the Database Server. In
the schematics above, for both environments, point-to-point fiber
connections were used. In both V3T and P3T environments there was
no requirement for communication between the WebServers or
Web/Application Servers, so effectively they have their own private
network to the Application/Database Server (V3T) or Database Server
(P3T).

Extra communication adapters were required on the iSeries 890
system, but there was a savings in routers. Each link runs at 1 Gbps,
full duplex, with zero latency, and only transfers data relevant to that
link. Using more adapters on the iSeries 890 results in more data being
simultaneously transferred, since there is two 1 Gbps dedicated
networks in V3T and five 1 Gbps dedicated networks in P3T. One
caveat, is that the Application/Database Server (V3T) or Database
Server (P3T) must have adequate bus bandwidth to support this
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number of high-speed Ethernet adapters (the iSeries model 890 can
support a theoretical maximum of 128 high speed adapters).

One final point is that high speed Ethernet adapters usually support a
defacto frame size standard called “jumbo” frames, which can be up to
8996 bytes long. In the connections between iSeries systems, we used
this maximum size to reduce the number of frames, and CPU required
to transmit the frames. The frames transferred between iSeries
systems mostly contained database row data. The older Ethernet
standard of 1492 bytes for each frame would have resulted in more
frames being sent and greater CPU overhead. Smaller frames were
found to be adequate for communications between the agents PCs
and the Web Servers.

In summary, separate the networks to increase communication
bandwidth, and where prudent, use point-to-point connections and
large frame sizes to increase throughput.
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WebSphere, HTTP and OneWorld Xe Scaling Techniques

There are many actions which can be taken to scale OneWorld Xe on
iSeries. In fact there is an IBM Redbook, which covers many of these
actions in detail (see bibliography). Here are some of the key actions to
take, with relation to WebSphere Application Server 4.0, Advanced
Edition for iSeries (5733-WA4), HTTP Server for iSeries (powered by
Apache) and OneWorld Xe SP20 B1 for iSeries.

Make sure you are running enough threads and jobs to sup-
port the number of users, that you anticipate, to be concur-
rently running on the different tiers.

In HTTP Server (powered by Apache), set the number of
threads to approximately 50% of the number of concurrent us-
ers that you expect to be running. In our case it was set to
1500 threads per HTTP server.

In WebSphere, there are a number of settings which allow
more threads to start. From the Administration console, in the
Web Container Service, you can set the Minimum thread size
to 50% of the users per instance, the Maximum thread size to
100% of users per instance and in the HTTP transport, set
maximum keep alives to 100% of the users per instance. In the
Session Manager Service, change the Maximum in-memory
session count to 90% of users per instance (or clone if you
are using WebSphere cloning).

WebSphere has an option in the Administrators Console to set
the initial heap size for the Java Virtual Machine (JVM). Try us-
ing a value of 4 MB per user. On iSeries do not set a maximum
heap value, the iSeries JVM automatically handles this. If your
heap is too small you may see excessive CPU consumed by
the Java Garbage Collector. If your heap is too big it may
cause excessive Input/Output (1/O) to disk through page fault-
ing.

OW Java Application Server code uses JDBC as one of its
ways of accessing DB2. It is possible to pre-start jobs which
service these DB2 JDBC requests, through an iSeries CL
Command. We found that a number equal to 40% of the con-
current users was sufficient, since the iSeries implementation
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uses WebSphere connection pooling. Here is an example
where we change the number of jobs to 1000:
CHGPJE SBSD(QUSRWRK) PGM(QZDASOINIT) INLJOBS(1000)

 OneWorld Xe has a number of kernel server jobs which han-
dle transaction processing. It is important to have enough ker-
nel jobs to service your transaction workload. In our testing, we
used the following guidelines. We used one call object kernel
job per 7.5 users, one network kernel job per 20 call object
kernel jobs, and one security server for every 100 users.

The values above are offered as starting points only, and should be
tested for suitability before being placed in production. More informa-
tion on configuration, tuning and performance can be found in the

references in the Bibliography and from J.D. Edwards Knowledge
Garden at www.jdedwards.com.
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Conclusion

This paper has documented the enormous steps forward in scalability
of IBM eServer iSeries when running J.D. Edwards OneWorld Xe
software. Advances in technology, both hardware and software, have
come together to provide a powerful platform to scale commercial web

based applications, while providing outstanding response time for a
web based client.

While today few customers run applications with more than 10,000
concurrent users, as more applications are ported to a browser
interface, the number of users will increase, often with unpredictable
peaks. By demonstrating that over 14,000 concurrent web-based users
can easily be handled, with room for growth, customers can feel
comfortable in knowing that IBM eServer iSeries when running J.D.
Edwards OneWorld Xe can scale to meet their future workloads.
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