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CICS hot-pooling for Java applications – hints
and tips

INTRODUCTION

CICS Transaction Server for OS/390 Release 1.3 (CICS TS 1.3)
provides major performance improvements for Java application
programs compiled using the Enterprise Toolkit for OS/390 Compiler
and Binder (also known as the High Performance Java compiler or
HPJ) via a technique known as ‘hot-pooling’. Support for hot-
pooling within CICS TS 1.3 was shipped and enabled via PTF
UQ44003.

This article provides guidance on various aspects of hot-pooling
utilization.

STACK AND HEAP STORAGE CONSIDERATIONS

For non hot-pooled Java programs, the -lerunopts option on the HPJ
command (used to compile and bind the program) can specify values
such as the Language Environment (LE) stack size. For hot-pooled
programs, CICS provides User Replaceable Module (URM)
DFHAPH8O, where values such as stack and heap are specified.
DFHAPH8O has default initial settings of 128KB for stack storage
and 4MB for heap storage.

Since garbage collection is disabled for hot-pooled programs, heap
storage usage will grow with each reuse of an LE enclave until CICS
determines that the enclave should be terminated and a new one
created. This process is handled automatically, and is one of the
factors that determines the lifetime of a hot-pooled enclave environment
within CICS. You should therefore review the heap storage requirement
for your Java programs (see below). 4MB of heap storage may be
insufficient for your object requirements, and you will therefore need
to increase the heap value specified within DFHAPH8O to provide a
larger object storage capacity for the hot-pooled programs.
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DFHAPH8O is an optional URM. If it is not available for use, CICS
provides default settings for the lerunopt parameters used for the hot-
pooled enclaves. These defaults are hard-coded within CICS itself. It
should be noted that CICS TS 1.3 PTF UQ46069 has modified the
hard-coded default value for stack storage from 4KB to 128KB. This
makes the hard-coded default stack size the same as that given as the
example stack size specification within DFHAPH8O. A 4KB stack
size can lead to GETMAINs for additional stack storage by LE when
a hot-pooled program is being executed, if this initial stack amount
is insufficient for the program’s needs. Such additional GETMAINs
represent an increase in CPU utilization. For this reason, you should
ensure PTF UQ46069 is applied to avoid additional GETMAIN calls/
CPU overhead, if DFHAPH8O is not being used.

LE OPTIONS AND STORAGE REPORTING

You can obtain reports on LE options and storage usage for hot-
pooled Java programs by respectively specifying RPTO(ON) and
RPTS(ON) within DFHAPH8O. Note that the supplied version of
DFHAPH8O has these settings commented-out within the source.
This means that use of the default DFHAPH8O will not generate
option and storage reports. If you wish to produce such reports whilst
setting up and testing programs in a hot-pooled environment,
uncomment the two lines in the DFHAPH8O source code.

Specifying RPTO(ON) and RPTS(ON) results in additional
processing overhead, since the report information is written to
transient data queue CESE by LE when the reports are generated at
each enclave termination. Requesting both options can result in
approximately 200 writes to the CESE queue when one pair of reports
is generated.

The supplied definition for CESE is as an extrapartition transient data
queue that relates to destination CEEMSG.

DETERMINING HEAP STORAGE USAGE

To determine the heap usage for an enclave, one approach is to set the
initial heap size in DFHAPH8O to a small value (eg 4KB). Set
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RPTS(ON) as well, by uncommenting it within DFHAPH8O. The
first run of a hot-pooled program will use more than this amount of
heap, and so force an enclave termination. Analysis of the report
generated from RPTS(ON) shows how much heap storage was
actually required by this run of the program. Some example figures
are given below:
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The storage report shows that in this example 3,174,072 bytes were
required for the test run. The amount includes both the initial set-up
of the function references for the DLLs used by the program, along
with the object storage used by the execution of the program itself.
Now set the initial heap size to its intended value (eg 10MB). Re-run
the program until another report is generated (as the result of a
subsequent enclave termination after a number of reuses of the
environment). This time, the example report is as follows:
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In this example, it had been observed from analysis of the CICS trace
that 57 runs of the hot-pooled program managed to use the enclave
before it was terminated. So, 10514808-3174072 = 7340736 bytes
were used by the last 56 runs, therefore each run used 131KB of heap
storage on average for (for example) object storage.

DSA LIMITS AND MAXOPENTCBS VALUES

A CICS task running a hot-pooled Java program uses an LE enclave
and an H8 Open TCB, managed by the Open Transaction Environment
(OTE). Once a task has linked to a hot-pooled program, it maintains
use of this TCB/enclave until the end of task. Each hot-pooled enclave
within CICS is associated with a particular H8 TCB. The maximum
throughput of hot-pooled transactions in a CICS region can therefore
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be determined by dividing the number of available H8 TCBs by the
average transaction response time. The number of concurrent H8
TCBs that may coexist within a single CICS region depends on the
available storage for that system. The main restriction for this is
below-the-line (< 16MB) storage, from both the CICS DSAs and the
CICS Private Area storage within the address space.

Using the default LE options as provided within URM DFHAPH8O,
an H8 TCB and its associated LE enclave require 6KB of below-the-
line CICS Private Area storage and 20KB of below-the-line CICS
DSA storage. This storage is in addition to any existing storage
requirements that the CICS system may have.

The CICS-supplied statistics transaction STAT can be used when
calculating current storage availability in both the CICS DSA and
CICS Private Area storage. The following example was taken from
such a STAT transaction for a CICS system that was to be used as a
hot-pooled application-owning region:
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Not all the available storage should be used when calculating how
many H8 TCBs could exist in a CICS system. To provide sufficient
relief from unexpectedly high demands on storage, a DSA buffer of
approximately 500KB is recommended to be left. Therefore, assuming
that 400KB of CICS DSA may be used by hot-pooled transactions, the
example shows that (400K / 20K), or 20 H8 TCBs, could coexist with
this CICS region’s available DSA.

In the same example, using STAT to return CICS Private Area storage
usage shows:

��	3������������������3�	��-���-���4� �/5****�� +���,

1,990KB would support the 120KB requirement for 20 H8 TCBs.
Again, it is recommended that a 500KB buffer of free CICS Private
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Area storage be left when determining Private Area availability for
hot-pooling use.

OTE system tuning parameter MAXOPENTCBS limits the total
number of concurrent Open TCBs that may exist in a given CICS
TS 1.3 system. Assuming JVMs are not being used (ie no J8 TCBs
exist), MAXOPENTCBS therefore reflects the total number of H8
TCBs that can coexist within a single CICS region. Therefore,
attention needs to be paid to ensure that MAXOPENTCBS is not set
to too high a value, and that the optimum balance between CICS DSA
and Private Area storage needs to be found.

Note that you should use statistics taken at times of peak system
activity when making this determination, since you need to know the
peak storage requirements for the current system set-up, when
determining what additional storage availability may be exploited by
hot-pooling transactions. Note also that other subsystems (eg DB2)
will utilize CICS Private Area storage too.

The CICS Performance Guide gives further detailed information on
Java hot-pooling, and on storage tuning within a CICS system in
general.

SUMMARY

The DSA limit should be adjusted to its optimum value, and then
MAXOPENTCBS be set to the lesser of (DSA available - 500KB)/
20KB or (Private Area available - 500KB)/6KB. If this calculation
yields too low a number of H8 TCBs to satisfy transaction throughput
requirements, one possibility is to spread the applications across
multiple CICS Java Application Owning Regions (JORs).

Readers wishing to discuss the material in this article further are
welcome to contact me via e-mail, at andy_wright@uk.ibm.com.

Andy Wright
CICS Change Team
IBM (UK) © IBM 2001
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CICS load module information

Ken Rogers, one of our CICS Update readers, e-mailed the following
query:

I am trying to remember the CICS transaction utility that will tell me:

1 What CICS load libraries a given CICS load module is located
in.

2 Which one is currently being executed.

3 What the concatenation of load libraries is for a given CICS
region.

I think the easiest way to answer this question is to lead you through
a set of CICS CPSM screen shots. CPSM (CICSPlex System Manager)
supplies data from all attached CICS address spaces running in a TSO
address space on the same plex as the set of CICS address spaces.

So to specifically answer Ken’s question above, go into a TSO
session, fire up the CSPM TSO End User Interface, and issue the
PROGRAM command, which, after Enter is pressed, will provide the
screen shown below:
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If we wanted information on program EYUTVOMD, tab down the
display till the cursor is under its name and hit Enter. The following
detail screen results:
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The answer to question 2 lies in the RPL number – 8 in this case. Tab
down to this field and hit Enter. The following screen results,
detailing the RPL concatenation; so 8 maps to BLDBSF.PLUXA
.SEYULOAD – so answering question 3:
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To find which libraries a given program is located in, you could use
the above list of libraries and search them via the library list utility
under TSO (via cut and paste into a split screen). An alternative
programming solution could use the EXEC CICSPlex SM application
Programming Interface – see CICS Update, Utilizing the power of the
CICSPlex SM Web User Interface, Issue 191, October 2001.

Andy Krasun
IBM (UK) © IBM 2001
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Displaying Temporary Storage queues

CICS provides CEBR as the standard transaction for the visualization
of temporary storage queues. However, you must know beforehand
the name of the queue you want to browse. If you are not sure what
queue you are looking for, then it can be difficult to find what you
want, specially if the number of queues in the system is large.

To solve this problem, I created a program that shows all the TS
queues in a CICS region, along with each one’s characteristics, as you
can see below. To browse a queue, just put the cursor in the respective
line and press Enter. The queue browsing is limited to the first 78
characters of each line, but that should be sufficient in most cases. If
you need more complete browsing, then call CEBR for that queue.
When you are in the visualization screen, you can jump directly to a
specific line item by placing the desired item number in the Item Nr
field that appears on top of it.

This application consists of a program (TSVIEW) and two BMS
maps – one to show the queue names (TSVIEW1) and the other to
display them (TSVIEW2). You can assign TSVIEW any transaction
you want, because the program always returns to whatever transaction
it was called by.

An example of the queue list screen is shown below:
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Circle CICS TS 1.3 control blocks wall chart

Circle, famous for its control blocks wall chart, has just
completed the CICS TS 1.3 version. This is the most
comprehensive yet, covering all the new Web and Sockets
blocks and their connectivity, plus much more. To see a
thumb-nail of the chart, go to www.circle-group.com To
order your copy please contact: USA: Ezriel@circle-us.com
Tel: (973) 890-9331; rest of the world: elaine@circle-
group.com Tel: +44 (0)1273 721123.
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Support for the COBOL SORT verb in CICS

This article describes the process which resulted in the creation of a
CICS-compatible SORT routine, callable from general purpose
COBOL programs via the SORT verb.

BACKGROUND

Some time ago I wrote a program that lists the terminals acquired by
a CICS region, including information about running (or next)
transaction code, user-id, and user names. The program returned the
information in the order returned by CICS from the INQUIRE
TERMINAL NEXT commands.

It became obvious that the program could be more useful, especially
for fairly large sets of data (up to several hundred or more terminals),
if the data could be sorted into other sequences, such as user name,
terminal-id, network-id, or user-id.

I investigated alternatives to determine what was the easiest way to
sort small amounts of data in CICS, and found from the COBOL
manuals that the SORT verb is supported under CICS when using
COBOL for OS/390 and VM.

Having found this, and knowing that I really didn’t want to build a sort
program from scratch, I proceeded to write the COBOL code to
implement an in-store sort using input and output procedures, as
required for use within CICS.

The first test failed dismally, which is when I discovered that COBOL
doesn’t actually implement a sort. It just builds an interface to the
DFSORT (or compatible) module ‘SORT’. My program received an
abend because the SORT program could not be loaded.

I took a typically male approach at this point, trying to fix the problem
without reading the manuals (a bad mistake). I ended up adding the
system library containing DFSORT to my DFHRPL concatenation,
and then to STEPLIB as well. At first look, this approach seemed to
work. The abend went away, the data came back to the program
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sorted, and I had the output I wanted. I was a bit concerned though that
there was a long delay whenever I called the sort. Further investigation
found even more problems. During the several seconds which even a
small sort (<10 records) was taking, all work within the CICS region
was suspended. It was clear that I had a problem.

Finally doing what I should have earlier and returning to the manuals,
I found that DFSORT does not have a CICS-compatible routine, and
I was doing an MVS sort in my CICS region, hogging the QR TCB
for the life of the sort. This was when I discovered that IBM does not
provide a CICS-compatible sort module.

I found that third parties do have sorts for CICS available (I believe
that CA-CICSort and possibly Syncsort provide a routine) but my site
was not a user, and I could not justify the expense.

I was left with two alternatives. I could implement a callable sort, and
throw out the COBOL SORT verb, or I could implement a DFSORT
and CICS-compatible sort routine myself.

I suspect that the former option would have been more sensible.

I built the sort routine.

DESIGN

Once I had decided to write the SORT module, I needed to find out
what its interface should look like so that I could interface successfully
with COBOL. My first attempt at this failed dismally. I asked IBM to
provide the details I would need, pointing out to them that as their
COBOL manual said that it was compatible with CICS, but they
didn’t provide a routine, they should at least give me enough
information so that I could write the routine. After a wait of some
weeks, I received a note from the change team saying that the
information was proprietary and was not released to customers.

Back to the manuals again, after realizing that the DFSORT manuals
document how to write the E15 and E35 exits routines so that
DFSORT can call them. This gave me what I needed. All I needed to
do was build a program that would correctly interface with routines
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built to the E15 and E35 specifications in the manual.

After several test routines, which I used to determine which interface
(24 or 31-bit) COBOL was using, and exactly how the sort parameter
text was formatted, I got down to writing the interface code. I ended
up with a program that could be called by COBOL, would call the E15
exit to obtain all the records, and would then call the E35 exit to return
the records back to the program. Now I just had to solve my original
problem – how was I going to sort the data?

SORT ALGORITHM

Realizing that sorting algorithms are well documented, I went to my
university texts, and found samples of various sorts. I looked at
implementing a shell sort and a heap sort, for which I had Pascal code
available, but then realized that someone else may already have
answered my need. I didn’t find anything on the CBT tape, but I did
find a CICS sort routine in the November 1990 edition of CICS
Update, Issue 60. That program implemented a tag-key quick sort,
which suited my purposes, so I downloaded the source and adapted
it for my program.

The original TSQ sort program on which the sort component here is
based was credited to Safran Menachem, Systems Programmer,
Mivtachim Computers (Israel), © Xephon 1990. It is downloadable
from Xephon’s Web site at www.xephon.com/cics.

The routine has not been changed in any significant way except to add
EXEC CICS SUSPEND calls after every hundred or so iterations.
This is to ensure that a call to sort does not monopolize the QR TCB,
or become vulnerable to an AICA abend.

Debug output is written to a TD queue. The name of the queue is coded
in the program (at my site we have a standard debugging destination
called NBUG).

USAGE

This routine is designed to be invoked from a COBOL program using
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the SORT verb, and the example below shows that usage. It should
work correctly when called by any program meeting its interface
requirements for invocation and E15/E35 exits. It is, however, very
sensitive to the format of the parameter text and cannot handle free
format input.

The following extract from a COBOL program shows how the sort
can be invoked:

OO

�9�0�1;0��0��'�%��;9*

:�(�1%;9�<;(*

L�1111111111111111111111111111111111111111L

'�(�%��'&� 1';<�1��</�9�(1:�(�

�''�?9��;�';<�:�(�*

&����&�C�'�;9*

L�1111111111111111111111111111111111111111L

:�(��'�%��;9*

L�1111111111111111111111111111111111111111L

'&�'&� 1';<�1��</�9�(1:�(�*

� �'&� 1';<�1��</�9�(1<�%;<&*

�$�'&� 1(;9?1,�=*

 ��'&� 1'�;<�1,�=*

 $�'&� 1'�;<�1,�=1����%���#�*

 ��'&� 1,�=1:�((�<���%�A�"�"�*

�$�'&� 1&���1�<��*

 ��'&� 1&���15=�����%�A

;%%0<'� ��;�����

&���9&�9?�;9�<�%(�9*
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�<;%�&0<��&�C�'�;9*
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%;/�0���';<�1:�(�1'�D��2�90/<�%'

�9&1%;/�0��

%;/�0���';<�1%;<�1'�D��2

��';<�1:�(�1'�D��L�<�%(�9�

�9&1%;/�0��

OO

';<��'&� 1';<�1��</�9�(1:�(�

;9�&�'%�9&�9?�,�=�'&� 1(;9?1,�=
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*
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A 1';<�1�9�0�*

L�11111111111111111111111111111111111111111
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��<:;</�A  1<�(��'�1<�%;<&
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C�<=�9?�90/<�%'�:<;/� �5=� 
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L�11111111111111111111111111111111111111111111111

�A��

*P

PERFORMANCE

Once I had completed and proved the routine, I wrote a test program
so that I could analyse the performance of the sort. The following table
shows approximate CPU times for a range of sorts. As with all CPU
time statements, the numbers have to be taken with a pinch of salt, but
the relationship between the tests should hold true, no matter what
sort of CPU you are running on.

Figure 1 shows total transaction times for a test transaction with tests
of small (260 byte) and large (10,000 byte) records. Figures were
produced for a range of sort file sizes, from 5 records to 5000 records.
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Because of performance evaluation during this testing, the routine
will not sort sets of more than 5000 records. Sorts of large amounts
of data (greater than the size of ECDSA) can make CICS go SOS, and
so were eliminated from the test.

DOCUMENTATION REFERENCE

In writing this routine, I referred to the IBM COBOL manuals and the
DFSORT programming guide:

• COBOL for OS/390 and VM, Language Reference, SC26-9046-
03

• COBOL for OS/390 and VM, Programming Guide, SC26-9049-
04

#Records Key length Record length Initial order CPU time (milliseconds)
5 8 260 In order 6.5
5 8 260 Reversed 4.6
50 8 260 In order 19
50 8 260 Reversed 20
500 8 260 In order 180

500 8 260 Reversed 179
5000 8 260 In order 2,600
5000 8 260 Reversed 2,700
5 250 260 In order 4.7
5 250 260 Reversed 4.7

50 250 260 In order 19
50 250 260 Reversed 20
500 250 260 In order 184
500 250 260 Reversed 185
5000 250 260 In order 3,600

5000 250 260 Reversed 3,400
5 8 10000 In order 4.8
5 8 10000 Reversed 4.9
50 8 10000 In order 22
50 8 10000 Reversed 22

500 8 10000 In order 209
500 8 10000 Reversed 211
5 250 10000 In order 4.8
5 250 10000 Reversed 5.1
50 250 10000 In order 23

50 250 10000 Reversed 23
500 250 10000 In order 213
500 250 10000 Reversed 214

Figure 1: Transaction times
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• DFSORT, Application Programming Guide, SC33-4035-17.

SOFTWARE PREREQUISITES

The program has been tested with COBOL for OS/390 and VM V1.2
and V2.1. It runs with CICS V4.1. I have no reason to expect problems
with any version of CICS/TS, although it has not been tested there
because my company has not yet implemented it. Software was:

• COBOL for MVS and VM

• Language Environment

• CICS V4.1 or higher.

Restrictions:

• Maximum key length = 250 bytes

• Maximum record length = 32000 bytes

• Key type = character (only)

• Maximum number of keys = 1

• Duplicate result order = undefined

• Sufficient storage for all keys to be stored in main memory
(approximately 1.2MB at the extreme limit).

POSSIBLE ENHANCEMENTS

The program could be enhanced to remove many of its restrictions.
The parser of the sort parameters is extremely primitive, and is
optimized to the parameter text produced by COBOL with a very
restricted subset of available options. A more flexible parser, together
with the ability to implement the options, would make the routine
more generally useful.

Many COBOL SORT verb options are not supported. These include
multiple keys, the Duplicates In Order phrase, data types for the
keys except for characters and others. These features could be added
to the program, but would require a rewrite of the sort algorithm. It
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probably needs to have a generalized comparison routine, rather than
the distributed comparisons used at various points in the current
implementation. An enhanced parser is also needed, so that the more
extensive parameter text required to control these options can be
interpreted.

The following features would provide useful additions to the tool:

• Implementation of several sort algorithms.

• Selection of an appropriate sort algorithm based on the input data
set size.

• Selectable alternative collating sequences.

PROBLEMS

The data to be sorted is stored in a temporary storage queue. As
implemented here, a MAIN TS queue is used. This can cause a
problem, because the NOSUSPEND option is implemented only for
auxiliary TS calls. If the data overflows the available ECDSA, then an
SOS will occur in ECDSA, and the region will hang. The call could
be changed to remove the MAIN option. This will require an increased
TS dataset size, and increase the elapsed time for many sorts. It will,
however, mean that the sort cannot send the region SOS, so it should
probably be implemented without the MAIN option.

The original implementation of this program (inherited from the base
sort function design) was targeted at an application that could run
only against a terminal. The temporary storage queue used to save the
data while the sort was in progress was named using the EIBTRMID
to provide ‘uniqueness’. A subsequent implementation of the routine
ran in a program that was initiated by an MQSeries message. This
program ran without a primary facility. On several occasions, data
belonging to two separate transactions was intermingled by sorts
operating concurrently.

This has been resolved by changing the temporary storage queue
name so that EIBTASKN is used in the name instead of EIBTRMID.
As an additional precaution, an enqueue is performed against the
queue name before entering the sort. If the enqueue fails, a failure
return code is passed back to the application.



    33© 2001. Reproduction prohibited. Please inform Xephon of any infringement.

SORT ASSEMBLER
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Editor’s note: this article will be concluded in the next issue.

Neil Casey
Senior Systems Programmer (CICS and MQSeries)
National Australia Bank (Australia) © National Australia Bank 2001 
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Need help with a CICS problem or
project?

Maybe we can help:

• If it’s on a topic of interest to other subscribers, we’ll
commission an article on the subject, which we’ll
publish in CICS Update, and which we’ll pay for –
it won’t cost you anything.

• If it’s a more specialized, or more complex, problem,
you can advertise your requirements (including one-
off projects, freelance contracts, permanent jobs,
etc) to the thousands of CICS professionals who visit
CICS Update’s home page every week. This service
is also free of charge.

Visit the CICS Update Web site, http://www.xephon.com/
cics, and follow the link to Opportunities for CICS
specialists.



CICS news

Micro Focus International has announced
enhancements to Component Generator that
enable users to access CICS data and
business processes across the latest platform
technology. These updates include support
for WAP and J2ME protocols for wireless
devices and support for mapping mainframe
data to XML Document Type Definitions
(DTDs).

Component Generator enables IT
organizations to capture complete CICS
business processes and produce components
in the form of JavaBeans, EJBs, COM, and
XML.

Component Generator generates the entire
component, middleware, and back-end
source code needed to access CICS
applications. The company claims that no
hand coding or changes to legacy systems are
required.

There’s now wireless connectivity to CICS
applications and business workflows through
WAP- and J2ME-enabled devices, including
Palm, PocketPC, and mobile phones.

For further information contact:
Merant, Abbey View, Everard Close, St
Albans, Herts, AL1 2PS, UK.
Tel: 01727 812812.
URL: http://www.microfocus.com.

* * *

IBM has announced the second release of
z/OS, with enhancements in IP networking,
Internet and intranet security, and distributed
print management for the Web.

A new function in the InfoPrint Server
feature is designed to make it easy to
incorporate legacy transaction programs into
a printing infrastructure and to get output to
the people who need it.

Infoprint Server converts SCS data and 3270
output from CICS, IMS, and other VTAM
application programs directly to any PCL
printer in the network. A new function
enables transmission of output as e-mail.

For further information contact your local
IBM representative.
URL: http://www.ibm.com/servers/eserver/
zseries.

* * *

Xephon is holding a one-day conference
entitled CICS Update 2001 at the Radisson
SAS Portman hotel, London, on 11
December 2001.

For further details about CICS Update 2001,
or information about Xephon’s complete
range of seminars and conferences, call
01635 33823 or browse www.xephon.com/
events.
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