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ADDENDUM TO CGTM No. 186

WORMON

AN OS/VS2 WOBKING SET MONITOR

The foll>wing options can now be specified as parameters to
WORMON:

ELAPTINE

This causes the time scale %o use absolute elapsed
wvall-clock time rather than any pseudo-clock. The three
time-scale choices are thus:

CPUTIME only the cputime used by the measured progran ‘ ﬂn‘

REALTIMB cputime used by the measured program plus voluntary
wait time.

cputime used by the measured program,
cputime used by WORMON,

voluntary wait time,

involuntary wait time

ELAPTIME elapsed time

+ + 4+ il

VSPAGING

This causes WORMON to monitor the paging algoritha that VS
uses, rather than imposing the more deterministic working-set
aljorithm., The resulting graph will display virtual nmemory
allocation and real memory residency as functioans of time. The
graphs will vary considerably depending on the activity in the
system at the time, but when Dboth VSPAGING and ELAPTIME are
spacified, the true real-memory utilization by the Jjob will be
measured.

L. Shustek
18 July 1977
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VS WORKING SET MONITOR

One of the difficulties with a global page allocation
strategy as used by 0S/VvS2 is that the paging behavior of a
job depends not only on the characteristics of the Jjob, but
also on the activity in the system at the time the job is
run. This makes it difficult to estimate the real aesory
requiresents of a job in a vay that can be used to improve
prograa behavior.

A useful systes—iadependent measure of a program's real
memory requirement is the size of the “working set™, which is
intended to be the number of real memory pages that the
program needs to run efficiently at any point in its
execution., Pormally, the size of the working set at time T
is defined as the number of different pages that the program
has referenced in the time interval from T-TAU to T, The
parameter TAU is called the vorking-set vindow size, and
basically controls how much past history is to be used to
compute the current working set. Any pages that are 'older’
than TAU are considered to Le unnecessary for the program's
execution and hence not part of the working set. The working
set algorithm has been nmuch discussed in the literature

(1-8].

WOBNON is a system that wvatches the executicn of an
arbitrary program running under 0S/VS2R1 at SLAC and tracks
the size of its working set. The output is a plot of the
vorking set size versus time, wvhere time can be defined as
either the cpu time used by the job, or a combination of both
cpu and voluntary vait time. In addition to the working set
size, the plot also shows the virtual memory allocation and
paging I/0 activity as a function of time. A separate
histogram is also produced vhich shows how many times each

virtual page vas referenced.

WORNOW works by attaching the locad module to be measured
as a subtask and periodically examining it ae it rung, nueh
like PROGLOOK (5]. At every tick of a clock it has
established, WORNON looks at the pages that are currently in
real memory for the job., If it sees a page that was not
there before, it records it as a nev member of the working
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set. At the same time it locks the page into real nsemory
(via an 0S nmacro), resets the hardware reference bit which
records whether the page has been accessed, and records the
current time. Por pages vwhich wvere in the workimg set
already, it checks to see vhether the reference bit is still
cleared and if the page has been unreferenced for longer than
TAU. If so, it removes it from the working set and umlocks
the page so that VS can eventually transfer it to disk if it
continues to remain unreferenced. Whenever the working set
changes, a record is written on a disk file for later use by
a plotting prograns.

The records written to disk contain two other fielas
which are later plotted. One is the number of paging I/0
operations vhich were required simce the last record. This
is not the same as the number of changes of the working set
because pages vwhich left the working set but vere not
sodified by the program need not be revritten to the paging
file. WORNMON uses the “change” bLbit wsaintained by the
hardware to determine if a rage has been changed. The other
field in the disk file record is the number of virtual mesmory
pages that are allocated by the program at the current time.
This will vary as the progras gets and releases buffers or
dynamically links to other prograss.

A WORMON runm comsists of twc job steps. The first step
executes the program to be measured and creates a temporary
file with records describing the paging activity. <The second
step reads the file and plots the results using TOP DBRAWER
(6] and the Unified Graphics system [7].

various parameters can be specified on the EXEC card for
the WORNON measurement program in the first step. Parameters
are free-form, separated by comsas and,s/or blanks. A number
(represented by nnn in the following description) consists of
one to five decimal digits.

PGH=xxxx (Default: PGN=MAIN)

This specifies the name of the load module which WORMON
is to measure. If the program is not in one of the standard
system libraries, the STEPLIB DD card should point to the
library which contains the progras.

CPUTINE or REALTINME (Default: BEALTINE)

This controls vhat WORMON is to use as a time scale for
detersiniag vhen a page has been in the working set too long.
REALTINE means that both the CPU time used by the program and
its voluntary vait time should be considered. The resultiag
graph reflects the fact that the working set will decrease
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vhile the program 1is wvaitiag for I/0 or some other event.
CPUTINE means that only the CPU time, and not voluntary wait
tise, is to be used for the tiseline. With either option,
the CPU time used by HORNON itself and any vait time caused
by other jobs in the system are not included in the timeline.

The disadvantage of BREALTINE is that the amount of time
that the progras waits for 1,0 will vary sosewhat from rum to
run and so the amsount by wvhich the working set decreases will
change. For most prograss this effect is negligible, so
REALTINE is recosaended because it is a more realistic model
of the true characteristics of the progras as seea by the
systen. Por prograss vhich have a lot of voluntary wait tise
{such as most of the realtise network systesms) specifying
REALTINE is important so that the plot correctly reflects the
release of real semory during idle periods. In some cases it
say be wuseful to specify CPUTINE in order to minimize
differences between runs of WORNON so0 that the effect of
progras changes can be more easily seen.

TAU=nnn (Default: TAU=200)

This specifies the working set window size in
silliseconds. Baking TAU larger has the effect of smoothing
the data with a 1low-pass filter and raising the average
working set size. Baking TAU ssaller will make the graph
sore °'spikey’ and lower the average vorking set size. |
reasosable range for TAU is between 50 and 1000.

DBLTI-nni (Default: DELTA=20)

This specifies the time in milliseconds betweenm updating
the working set. This should be at least a factor of S or so
smaller than TAU so that the resclution in deteramining the
working set is reasonable. HNaking this too small wvill cause
excessive use of CPU time for the measurement itself, and
also create an excessive number of records to be gemerated
for the plotting program. If the measured progras is going
to execute for a very long time (wvhere time is defimed by the
CPUTINE/REALTIAR optiom) this nusber should be increased.

TICK=nnn (Default: TICK=18)

This specifies the real (elapsed, wall «clock) time in
silliseconds between avakenings of WORNON to see vhat the
measured job is up to. It is sufficient to make this just a
bit smaller than DELTA in most cases. It doesn't make much
sense to make TICK smaller than about 5 since the systea
overhead in processing the interrupt caused by the timer tick
is at least several millisecoads.
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If any parameters are to be passed to the program which
is being nmeasured, they should be added to the end of the
paraneters to WORMON follovwing a slash (/).

Bxaaples of WORNON parameters:
PARN='PGN=SHOBOL"®
PARN='PGE=REALTINE,TAU=800,DBLTA=50,TICK=45/0ET"

PARE=*/FOOBAR’



JCL FOR RUNNING WORMON

The JCL for rumaing WOBNON to produce plots on the
versatec printer is shown below. You may wamt to modify it
to: ~

(1) Add paraseters for ROBNON d: the measured progras

(2) 1244 to the STEPLIB concateatation to specify a 1load
module library which contains the progranm

(3) Add DD cards for the executing program where indicated

// JOB

//%EAIR  TYIPE=VS2

//VORNON EXEC EGH=HORNON,FARN=*'' <--PARNES TO BORNON GO HERER
/7%

//% 8¢ JORHNON #*%3 VOBKING SET HONITOR

/7% |

//STRPLIB DD DSN=WYL.CG.1JS.LCADNODS,DISP=SHR

/7% <-- ADD STEPLIB CONCATENATIONS HERE -->
//VWORPRINT DD SYSOUT=A --- OUTPUT PROM WORMON ---
//WORDATA DD UNIT=SYSDA,DISP=(,PASS),DSN=88USDATA,
// SPACE= (TRK, (80, 20) ,RLSE)

//SISUDUNP DD SYSOUT=A

VI bd ,

//7% ==> DDCARDS POR THE EXECUTING PROGERAN GO HERE <--
//% .
//BLOT BXEC LOALGO,GOPRN=*V12FP ', (SELECT VERSATEC)
/7*

//% %%3% PLOT STEP &%

/7%

// LKEDPRN='SIZE=400K"*,

V{4 LKEDLB1=*WYL.CG.RBC.LOADBODS’,

// LKEDLB2='WYL.CG.RCB.UGFINLIE*,

// GOSL1=°"WYL.CG.RCB.UGRUNLIB',

/7/ GOBGN=450K

//60.SYSLIN DD DSN=WYL.CG.LJS.LCADMODS (WORMONP) ,DISP=SHR
//60.FT01F001 DD DSH=EEWSDATA,LISP=(OLD,DELETE)
//60.UGDEVICE DD SIYISOUI=P,

// DCB= (RECFN=PEA,LRECL=134,BLKSIZE=1340)

.7 Y1
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If you wish to produce plot cutput which can be 1listed
directly on a Tektronix 8013 tersinal, use the following JCL
instead (remember to change the name of the plot dataset):

/7 JOB
//7*8AIN  TYIPE=VS2
//WOREON EXRC PGE=WORMON,EARN='' <--PARES TO WORNON GO HERE

//%

//7% **¢ HORNON sss WORKING SET NONITOR

//* '

//STBPLIB DD [CSE=WYL.CG.LJS.LCADEODS,DISP=SHR

/7% <== ADD STEPLIB CONCATENATIONS HERE -->
//VOBRERINT DD SISOUT=A === CUTPUT FRON WORMNON ---
//WORDATA DD UNIT=SYSDA,DISP=(,PASS),DSE=EENSDATA,
/7 SPACE=(TRK, (40,20) ,RLSE)

//SISUDUNP DD SYSCUT=A

/7" ’ .

//% ==> DDCARDS FOR THE EXBCUTING PROGRAN GO HERB <--
/7%

//PLOT BXBC LOADGO,GOPRM=°', (SELECT 4013 PLOTS BY DEFAULT)

/7%

//% %8% PLOT STRP $ss

/7%

//  LEEDPRE='SIZE=A00K®,

// LKEDLB1='WYL.CG.RBC.LOADRNODS',

// LEKEDLB2='WYL.CG.RCB.UGFINLIE',

// GOSL1='WYL.CG.RCB.UGRUNLIB',

//  GORGE=450K | |
//GO.SYSLIN DD DSN=WYL.CG.LJS.LCADNODS (HORNONP) ,DISP=SHR
//G0.PT01P001 DD DSN=88WSDATA,DISP=(OLD,DELETE)
//60.UGDEVICE DD DSN=WYL.GG.UUU.P, <-- CHANGE T0 YOUR ACCOUNT
// DISP=(NBW,KEEP), |

// VOL=SER=SCROO1,UNIT=DISK,SPACE=(TRK, (10,5,3)),

// DCB= (RECPN=PB,LRECL=80,BLKSIZE=1600)



BOTES

e The sample JCL above <can De found ia
WYL.CG.LJS.LIB#WORNON oOn cat.

e WORPRINT is a print file which will contain messages
generated by WORNOE as it smeasures the program. The file
characteristics are PBA/133/1330.

e WORDATA is the file which is transsitted to the
plottiag progras. ?%he file characteristics are FB/16/1600.

e Other graphics devices supported by the Unified
Graphics system can be used sisply by specifying the name of
the device in the GOPRE for the plot step and changing the
UGDBVICE ddcard appropriately. (See the TOP DRAWBR [6] or
Unified Graphics [7) sanuals for details.)

e If the program you wish to measure is not already a
load wmodule, you may wish to add jodb steps at the beginning
of the job to create the 1lcad sodule. Por inmstance, to
seaswure a FORTRAN program you can add

//7 BXIEC PORTECL
//FORT.SYSIN DD ¢
-~ your progras --

after the JOB card, vhich creates a tesporary 1load
module containing your progras. That load sodule can be made
available to WORMON by adding

// DD DSH=8EGOSET,DISP=(OLD,DELETRE)

to the STEPLIB concatenation in the HORNMON step.
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Sample WORMON Output

(A) Measurement Summary

#ANAS WORMON ***** WORKING SET MONITOR
6:39 P.M. TUESDAY JUNE 28, 1977
OPTIONS SBPECIFIED: PGM=PORTRANKH.

MODULE "PORTRANH" WILL BE ATTACHED
TIME SCALE WILL INCLUDE ONLY CPU TIME

===> TASK HAS TERMINATED WITH RETURN CODE 9990894

MEASUREMENT SUMMARY:
2@ MSEC WORKING SET. WINDOW SIZE
2§ MSEC SAMPLING INTERVAL
18 MSEC REALTIME INTERRUPT INTERVAL
329 K BYTE REGION WAS MONITORED
7.764 PAGES WERE EXAMINED
3,556 CALLS TO IEAPTRV WERE REQUIRED ‘
# PAGES DISAPPEARED THROUGH FREEMAINS
43 CHANGED PAGES WERE REMOVED FROM THE WORKING SET
91 WORKING SET INCREASES
46 WORKING SET DECREASES
91 PAGE FIXES WERE DONE
4 PAGE FIXES HAD TO BE WAITED FOR
2,417 REFERENCE BIT RESETS
46 PAGE PREES WERE DONE
361 TIMER TICKS WERE REQUESTED
97 DELTA INTERVALS WERE SAMPLED
¥ DELTA INTERVALS WERE LOST
23 DUPLICATE RECORDS WERE SUPPRESSBED
7,721 MSEC ELAPSED TIME
178 MSEC CPU TIME USED BY WORMON
79 MSEC VOLUNTARY WAIT TIME

1,946 MSEC CPU TIME USED BY THE MEASURED PROGRAM

L2 2 1 1] CIAD Whwawn
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VIRTUAL PAGE UTILIZATI@N

(¢) Virtual Page Utilization
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