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Abstract 
This paper will attempt to answer the question: “Does it make sense for me to run WebSphere® Application 
Server in a z/VM® DCSS for my IBM System z® Linux® guests?”  This paper will help you decide whether running 
WebSphere in a DCSS is right for you. 

Answering this question involves several factors that we address in this paper: 

 What is a DCSS? 
 How difficult is it to setup WebSphere in a DCSS? 
 How much memory and spool space will this consume? 
 How much memory is saved for each Linux guest? 
 Are there performance advantages? 
 How do you add fixes to WebSphere when it’s in a DCSS? 

 

Summary 
A z/VM Discontiguous Saved Segment (or DCSS) is a technology that has been in z/VM for many decades. The 
DCSS is a block of memory that can be attached to many Linux guests, so that they can all share it. For this 
paper, we load the DCSS with the WebSphere source tree, in an Execute in Place (xip) file system. This file 
system allows Linux guests to execute binary files directly from the XIP filesystem, rather than first retrieving the 
file from disk and loading it into guest memory. This means that any executable files in the XIP/DCSS do not 
consume memory in the Linux guests that use them, but use the common memory of the DCSS. 

We found distinct advantages to using a DCSS for WebSphere, if your circumstances are right. The advantages 
are: 

 Lowered memory footprint for WebSphere. We found a savings of 10-15 MB per JVM. 
This means that for every JVM you have in a Linux guest, you can lower the Linux guest size by 10-15 MB. 
This small savings can however substantially lower z/VM memory pressure in an overcommitted LPAR with 
hundreds of JVMs. 

 Improved performance for WebSphere startup. We found an improvement of 90% when starting a 
WebSphere application server. There was no noticeable improvement when running applications. 

The disadvantages are: 

 Memory is consumed in z/VM central storage (cstore). Those parts of the DCSS that are read by Linux 
guests are first moved to cstore. If there is little memory pressure in the z/VM LPAR, those memory pages 
will stay in cstore. If there is memory pressure, most pages will be migrated to xstore, or back to spool, but 
we found that about 50MB of cstore remains used to back the pages being used by WebSphere in the Linux 
guests. 

 Time and effort to setup and maintain WebSphere in a DCSS. 
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So when is it “worth it” to setup WebSphere in a DCSS?  

 If you want to save memory, and you have at least 4 JVMs, then you will break even on the memory. (Each 
JVM saves about 10-15 MB of memory in the Linux guest, and WebSphere in a DCSS consumes 50 MB of 
memory in cstore). If you have more than 7 JVMs then you will save 10-15 MB of cstore memory for each 
additional JVM. 

 If you want to improve WebSphere Application Server startup time, and have several Linux guests that will 
access the WebSphere binaries.  
 
Note that after an IPL of z/VM, the first guest that accesses the binaries in the DCSS may not see a 
performance improvement. This is because z/VM is loading (from spool to cstore) those DCSS pages that 
the guest is accessing. Once those pages are in cstore, subsequent guests who access them will see a 
performance improvement. 

 If you want the control that comes with having one copy of WebSphere that is shared among many Linux 
guests. (If you are already implementing shared binaries on disk, then moving to shared binaries in a DCSS 
is a small step.) 
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Chapter One: What is a DCSS and the XIP file system 
A z/VM DCSS is a block of memory that can be attached to many Linux guests, so that they can all share it. This 
memory block must use a special file system called the eXecute in Place (xip) file system, which allows Linux 
guests to execute binary files directly from the XIP file system, rather than first retrieving the file from disk and 
loading it into guest memory.  Any file that is needed by the Linux kernel and resides in the DCSS does not 
require a disk read, since to Linux these files are “already in memory”.  Any executable files in the XIP/DCSS do 
not have to be loaded into Linux kernel memory, as they are also “already in memory” to Linux. This means that 
executable files do not consume memory in the Linux guests that use them, but use the common memory of the 
DCSS. 

Please read “How to use Execute-in-Place Technology with Linux on z/VM” and “Large Discontiguous Saved 
Segments (DCSS) under Linux” from the appendix for a good introduction to DCSS concepts. 

Required Software Levels: 

 z/VM 5.4 Large DCSS support. A DCSS can now be up to 512 GB in size, which exceeds the prior limitation 
of 2 GB.  

 Linux kernel level 2.6.26 contains the updated dcssblk driver needed to handle large DCSS’. This was 
shipped in SLES11 (which is now out of service, and which gave us some testing problems, so we 
recommend SLES11 SP1) and also in RHEL6. 

Chapter Two:  Loading WebSphere Application Server into a DCSS. 
There are already some excellent papers that contain the detailed instructions you need to create a DCSS and 
load WebSphere into it, so we will not reproduce those instructions here. Please read the papers from the 
appendix:  

1. “How to use Execute-in-Place Technology with Linux on z/VM” for instructions on how to create the DCSS. 

2. “Large Discontiguous Saved Segments (DCSS) under Linux” for instructions on how to create the DCSS and 
load WebSphere into it.  That paper defines several DCSS’ of both types SR and SN.  For loading 
WebSphere into a DCSS you need define only a single DCSS of type SR. 
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However, we do want to point out the key steps required and how those may differ from the above papers when 
using a DCSS just for WebSphere. 

1. Start with a Shared binaries installation of WebSphere Application Server. Refer to the paper in the 
appendix: “Sharing a WebSphere Application Server V7 installation among many Linux for IBM System z 
systems.” This is required so that you will have a WebSphere install directory 
(/opt/IBM/WebSphere/AppServer) on a disk and configured to run in read-only mode. This also gives you 
some experience running a shared binary implementation of WebSphere before you move to the next step 
of placing those shared binaries in a DCSS. 

2. As described in that paper, you will perform the following steps from a “master” Linux guest, which has 
write access to the WebSphere install disks and to the DCSS. 

3. Define a DCSS of type SR. This type of DCSS contains Read-Only data and is persistent across IPLs of 
z/VM. It is stored in z/VM spool space. 

4. The DCSS will be 2 GB in size. This is required to hold the 1.7 GB WebSphere install tree. As you create 
new DCSS’ later to hold newer versions of WebSphere you will find that you need more space than this to 
hold WebSphere plus the fixpacks you have applied, but we can’t tell you exactly how much space as it 
depends on the specific fixpack and how many have been applied. Be aware that the backups directory in 
the WAS install tree gets rather large if you apply multiple fix packs, and you may want to purge those 
directories to save space. 
 
This means that you may have to increase your standard spool space to hold this DCSS and the many 
versions of it you may create in the future. Also remember that your spool space needs to be at least double 
the size of your DCSS, because when a DCSS is edited, z/VM makes a copy of it in spool.  When the DCSS 
is saved then the old copy is removed as soon as the number of guests referencing it reaches zero. 

5. Copy the shared WebSphere binary tree (with the environment variables changed as stated in “Sharing a 
WebSphere Application Server V7 installation among many Linux for IBM System z systems.”) into the 
DCSS. You can use the same directory name (/opt/IBM/WebSphere/AppServer) in the DCSS.  A different 
name and a symbolic link to it were used in “Large Discontiguous Saved Segments (DCSS) under Linux” so 
that the testing team could easily switch the Linux guest back and forth from using WebSphere in the DCSS 
to using WebSphere installed on disk. You don’t need to do that. 

6. Now login to each Linux guest that will be using the DCSS, and mount the DCSS to those guests. 

  6



WebSphere Application Server in a z/VM DCSS 
 

How much of the WebSphere binary tree should be loaded into the DCSS? 
In this test we loaded the entire WebSphere install tree into the DCSS. That is the entire 
/opt/IBM/WebSphere/AppServer directory. The paper in the appendix, “Large Discontiguous Saved Segments 
(DCSS) under Linux”, also loaded this same directory into the DCSS.  

We considered loading only two subdirectories, so that less spool space is required for the DCSS. 

Directory Space Required 

/opt/IBM/WebSphere/AppServer 1.7 GB 

/opt/IBM/WebSphere/AppServer/java 
This is the directory that holds the java binaries. 

135 MB 

/opt/IBM/WebSphere/AppServer/bin 
This is the directory that holds the WebSphere binaries. 

37 MB 

 
But we never tested with these last two subdirectories. Mainly because we found that z/VM only loads into 
memory those files in the DCSS that are being referenced – so un-referenced files in the DCSS never consume 
z/VM memory. The DCSS does consume spool space, where the source of the DCSS is stored. See further 
discussion on this topic below, in Chapter Three. 

Chapter Three:  Performance Results 
We observed these results: 
 The WebSphere install tree used 1.7 GB of spool space. 

 When the DCSS was active and being used by guests we observed that 400 MB of pages in the DCSS had 
been loaded into z/VM cstore. Over time most of those pages were moved to xstore, and 50 MB of pages 
stayed in cstore.  The reason most pages moved to xstore is that one of our IBM test LPARs was heavily 
overcommitted on memory, and z/VM paged out those pages of the DCSS that it was no longer using. At 
Huntington all 400 MB stayed in cstore, because this LPAR had no memory pressure to force z/VM to page 
DCSS pages out of cstore.  The bottom line here is that a maximum of 50 MB of z/VM cstore will be used to 
run WebSphere in a DCSS. 

 We observed that the memory (VSZ) of the Java™ process running WebSphere on the Linux guest was 
reduced by approximately 10-15 MB. This same reduction was observed when running a Deployment 
Manager, a Node Agent, or an Application Server. 

 The time required to start an Application Server improved from approximately 90 seconds to approximately 
10 seconds – a 90% improvement in startup time. This was observed on the Huntington Bank test machines. 
This improvement was observed when starting a Deployment Manager, a Node Agent, or an Application 
Server. 
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Reducing Guest Memory 
Even though you are only saving about 15 MB per JVM with a DCSS, that savings can add up if you are running 
dozens or hundreds of JVMs in an LPAR, as many of our customers do. 

To get the most benefit from this memory saving you should reduce the Linux guest size by a corresponding 
amount.  For example, if you have a guest with a node agent and 5 application servers, that totals 6 JVMs. 6 x15 
= 90 MB savings.  So you can reduce the Linux guest size by 90 MB when using a DCSS.  

Small memory reductions like these may be too little to induce an administrator to reduce the guest size. Your 
guests have to be very accurately sized in order to make this memory savings real. You can decide whether 
your organization will be sizing your Linux guests this accurately to make it worth the effort to reduce the guest 
size. 

But even if you do not reduce the size of your Linux guests, the number of guest pages that have to be backed 
by z/VM decreases slightly when using a DCSS, easing the paging load in an overcommitted LPAR. The 15 MB 
savings per JVM can result in z/VM having to back fewer pages for each guest.  We observed this causing a 
slight easing of the paging rate. (See “Large Discontiguous Saved Segments (DCSS) under Linux”  
Determining the memory saving using a DCSS  Paging Statistics) 

How much of the WebSphere binary tree should be loaded into the DCSS? 

We began this discussion in Chapter Two, so let’s finish it here. 

We recommend loading the entire WebSphere install tree (/opt/IBM/WebSphere/AppServer) into the DCSS.  
The advantages of doing this are: 

 Ease in creating the DCSS, and ease of maintenance. It’s much simpler to install the entire WebSphere 
install tree into the DCSS than to install just a subdirectory. This eliminates having to setup your Linux 
guests to use part of the WebSphere binary tree from the DCSS and part from disk. Adding a fixpack to 
WebSphere is simpler also, in that you now have one place (the DCSS) to add the fixpack. 

 Decreased Application Server startup time. We observed startup times at Huntington decrease from 90 
seconds to as little as 10 seconds for all profile types (DMGR, node agent, or application server).  
 
We expect that the vast majority of this improvement is due to Linux not having to read and load 
WebSphere and Java executables from disk. But we also expect that some improvement is due to 
WebSphere being able to read it’s configuration files faster than if it was reading from disk. 
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 Remember that the first guest to start WebSphere after an IPL of z/VM will not see these performance 
improvements, because z/VM has to read in those DCSS pages being accessed by the guest from spool 
space into cstore.  

 Maximize the chances to reduce the memory footprint of the WebSphere Application Server. The more 
files that can be loaded from the DCSS, the less local memory is used by each Application Server. Since 
only those pages of the DCSS that are referenced by Linux guests are loaded into z/VM cstore, there is no 
cstore memory that is wasted by having a very large DCSS. (There may be some waste due to 4K blocks 
being used for spool.) 

The disadvantages are: 

 More spool space is required to store the DCSS. WebSphere’s install directory requires at least 1.7GB of 
space on the spool packs. If spool space is at a premium on your system, then you may wish to look at 
only loading into the DCSS one of the subdirectories listed in chapter two. But then you would not be 
getting all the advantages above. 

 
Chapter Four:  Maintaining WebSphere in a DCSS 
To add WebSphere fixpacks to the DCSS, we suggest using a process very similar to the one detailed in 
“Sharing a WebSphere Application Server V7 installation among many Linux for IBM System z systems” in 
chapter 5 “Apply Service to WebSphere”.  
 
In short, you would:  

1. Create another binary tree for WebSphere, copied from the source tree you use for the current DCSS.  

2. Apply the WebSphere fix pack to that copied source tree. Now you have two source trees on your 
writable master disk (or separate disks, as you wish) one holding the current version of WebSphere that 
is in the DCSS (version N), and one holding the version of WebSphere with the fixpack installed (version 
N+1). 

3. Create another DCSS and load the version N+1 source tree into it. Remember to make sure you have 
enough spool space to hold this DCSS. 

4. Now go to each Linux guest using the version N DCSS, unmount the DCSS, and instead mount the 
version N+1 DCSS. 
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Appendix 1:  Referenced Documents 

Published How to get it Title 

Sharing a WebSphere Application Server V7 
installation among many Linux for IBM System z 
systems 
Instructions for how to configure WAS so that it can be 
run from a read-only shared disk. 

March 2010 ibm.com/support/techdocs/atsmastr.nsf/
WebIndex/WP101817 
 

How to use Execute-in-Place Technology with Linux 
on z/VM – SC34-2594-01 
Step by step instructions for creating a DCSS. 

March 2010 public.dhe.ibm.com/software/dw/linux390
/docu/l26dhe01.pdf 

Large Discontiguous Saved Segments (DCSS) under 
Linux.  
Step by step instructions for loading WAS in a DCSS. 
Note that this paper also loads DB2® in the same 
DCSS. 

Expected 
1Q2011 

ibm.com/developerworks/linux/linux390/p
erf/index.html  

DCSS Above 2 GB 
Contains good info on using monitoring tools to gauge 
the value of a DCSS 

 www.vm.ibm.com/perf/reports/zvm/html/5
40dcss.html  

Tips on Configuring VM Memory.  
Discussion of cstore vs. xstore among other things. 

 www.vm.ibm.com/perf/tips/storconf.html 
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Contributors 
Bruce Gilkes: System z Linux IT Specialist 
Juergen Doelle: System z Linux performance test 
Jon vonWolfersdorf: z/VM Advanced Technical Support 

Huntington Bank Brent Halsey 
Huntington Bank Middleware Infrastructure Manager 
brent.halsey@huntington.com or brent.halsey@gmail.com 
 
Mike Lange  
Huntington Bank Middleware Admin 
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Contributors 
Chris Cerda: Middleware Admin 
Jason Guyer: Linux Admin 
Ron Davis: zVM Admin 

Novell Mark Post 
Novell Global Technical Support 
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