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ADDENDUM TO CGTM No. 186 

WORMON 

AN OS/VS2 WORKING SET MONITOR 

The foll~wing ~pti~ns can now be specified as parameters to 
WORMON: 

ELAPTI!!E 

This causes the tiae scale to 
v!ll-clock time rather than any 
tiae-scale choices are thus: 

use absolute elapsed 
pseudo-clock. The three 

:PUTIHE only the cputime used by the aeasured program 

REALTIME cputime used by the measured p~ogral plus v~lunt~ry 
wait time. 

ELAPTIME elapsed time = cputime used by the .easured progr~m, 
+ cputime used by WDR!!ON, 
+ voluntary wait ti.e, 
+ involuntary wait time 

VSl>lGING 

This causes WOR~OH to monitor the paging algoritha that vs 
uses, rather than i.posing the more deterministic working-set 
alloritha. The resulting graph will display virtual me.orr 
allocation and real memory residency as fUDctions of tiae. rhe 
gClphs will vary considerably depending on the activity in the 
system at the time, but when both VSPAGING and EL1PTIKE are 
specified, the true real-memory utilization by the job vi11 be 
mea.sured. 

L. Shustek 
18 July 1977 
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Oae of the difficulties with. global page allocatioD 
stratagy as used by 05/'52 is that tbe paging babaYior of a 
job depeaas Dot ODly aD tb. characteristics of the job, bat 
also on the actiYity iD tbe .yst.a at the tia. tbe job is 
rUDe fhis .ake. it difficult to esti.ate the real ••• or, 
Eeqair ••• nts of a job iD a vay that can be .a.a to iaproY. 
progEa. behayior. 

A useful .ystea-iadependeDt aeaaure of • prograa's real 
ae.ory requireaeDt is the s1z8 of the -.orkiDg .at-, vblch ia 
inteDaea to b. the Du.ber of real a •• ory pages that the 
prograa nee4. to rUD efflcielltly at aD, poiDt iD ita 
oecatiOD. lora.lly, th. size of tbe workiDg .. t at tia. ., 
18 a.fined as th. nuaber of differaat pag •• that the progra • 
• as referenced iD the tia. interYal fro. f-fAO to~. rhe 
para •• tar '10 is callea t.e workiDg-.et window ai •• , aad 
basically cORtrola bow a.c. paat bistory 1s to be •• ea to 
co.pate tbe curreat workiDg .et. lny page. that are 'older' 
tbaa rio are cODaidered to te uDDecessary for the prograa'. 
esecation and heDc. Dot part of the worting set. !he working 
set a190ritba bas been auch discussea 1n tbe literature 
[1-11 ). 

101101 is a syst •• that watches the esecutioD of an 
arbitrarJ prograa rUDDiDg aDder 05/'5211 at 5LIC aDd tracks 
t.e size of its worting set. the oatpat-is a plot of the 
worting set size yersus ti •• , vhere ti.e caD be aefiDed as 
either the cputia. ased b, the job, or a co.biDatioD of botb 
cpa aD4 voluDtary va it tiae. ID addition to the workiDg set 
size, the plot also sho •• the virtual .e.ory allocation aDd 
paging 1/0 actiYity as a faactioD af ti... 1 .eparate 
histogra. 1s also produced whicb shows bow aaD, tiaes each 
Yirt.al page vas refereDced. 

80B10. worts by attachiDg the loaa .odule to be •• asurea 
a8 a subtast aDd periodicall, eraliling it II it raIl, lael 
1ik. PBOGLOOK (5]. It eyery tick of a clock it has 
established, 808101 looks at the pages that are carrently iD 
real aeaory for the job. If it sees • page that ••• Dot 
there befor., it recoras it a8 a Dew ••• ber of tbe vorkiD9 
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.. t. It the s ••• ti •• it lock. the pa9. i.~o real ••• orr 
(yla aD OS •• cro). re.eta the hard.are EefereDce bit •• 1c~ 
records wheth.r the pa,. ha. ~.e. acces.ea, ana recora. the 
carreat ti.e. ror pag.. wbieh •• re iD t.e worki., .et 
already, it e •• ct. to s ••••• th.z the refere.ce bit i. still 
Glear.d aad if the page ha. beeD Qnreferenced for lODger than 
!10. If so, it r •• oy.s it fro. the wortiD, •• t ana •• locka 
the page 80 that'S can e.eDtually traDsfer lt to dist if it 
cODtiDU.. to re.aia aDrefereDcea. Ihe.e.er the wortiD! .et 
ch.ag •• , a record is writteD on • disk file for later u.. by 
a plotti., progra •• 

~h. recora. .rit~.D to dist cODtala two other fielas 
which are later plotted. ODe i8 the au.ber of pa91D9 I/O 
operations which •• re r.gairea aiaee the l.st recora. thi. 
i. Dot ~. •••• as the Da.ber of chaD,.. of the .0rtiD, •• t 
beea... pag.. .bich left th. workiDg .et bat w.re Dot 
.oaifi.a by the progr.. Deed Dot be r •• ritten to th. pa9i., 
fil.. 10lBOI use. the ·chaDge- ~lt .aintal •• d by th. 
haraware to deter.iDe if a page has heeD chan,ea. ~h. other 
field 1a th. aiel filerecoEd is th. D •• ber of ylrtaal ••• ory 
page. that are allocatea ~J tb. progr •• at th. carr.at ti ••• 
~hls wlll yary aa t •• progE •• gets aad r.l..... baff.r. or 
arDa.icallr lint. to other protr •••• 

1 10 •• 01 raa CODslsts of two job steps. ~.e 
execat.. the pro9r.. to ~. • ••• ared .Dd er •• t •• 
fil •• ith record. a •• cribiDg the pagiDg aeti.it,. 
atep re.d8 the file aad plots the resulta a.iD, 
(61 aDd tb. Baifiea Graphics s,st •• [7]. 

first etep 
a t •• porarr 
~h. ..coaa 

to. DB •••• 

'arious para.atars caD be speeifiea OD the _lie card for 
the 10al01 .e.sure •• Dt pr09E •• iD the first step. Para.eters 
are free-for., separated by eo •• a. aDd/or blaDta. 1 Du.ber 
~epr8 •• nted by DDD in the followin9 aescriptioD) eon.iata of 
one to fiye aeci •• l digits. 

PGI-sssz (Defaalt: PGR-IIII) 

this specifies the Da •• of the load .odul •• hic' 10BI01 
18 to .eaBure. If the progra8 is Dot iD ODe of t.e staDdard 
.,ste. libraries, t~e S!IPtII DD card shoala poiut to the 
librar, .hieh cODtaiD. the progra •• 

crOTIII or BI1L~I!1 (Default: 111LtIIIB) 

fhis cODtrols what 10lBOI i8 to ase as a ti.. scal. for 
aeter.iniag wheD a page has a,.eD in the wOEkiD9 set too lODge 
BI1L!IBI •• aDB that both the CPO ti •• aBed by the proqra. a.a 
it. Yoluatarr wait ti8e 8.0811 ~e eODaia.red. ! •• resalti., 
graph reflects t.e fact that the .ortiDg .et _ill decrea.e 
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·.il. the progEa. I. ..itia, fOE 1/0 OC .0 •• oth.r e ••• t. 
e'U!Ia. a ... B that o.ly the CIU tia.. ana aot YOIDatarr wait 
ti •• , i. to be •••• for th. ti •• line. lit •• ither optloa, 
the CPU tl •• u •• 4 br 101.01 it •• lf aal aar .alt ti.. caa •• a 
br oth.r job. i. t ••• J.t.. .r. Dot iDCl.a.a 1. t •• tl •• 1i ••• 

,.. ai •• a ••• ta,. of I11ttI11 i. th.t th. ..o.at of tl •• 
that the protra. .aita for 1/0 will yary .o ••••• t fro. ran to 
rua aaa 80 th ••• 08.t by .'Ic.· th •• 0Etiag •• t a.cr ...... il1 
chaDge. ror ao.t progr... this effect 1. ne,llt1bl •• so 
Illt!ll. i. r.co •••• 4 •• b.caaa. it i. a .ore r •• li.tic a04.l 
of the true charact.ri.tic. of the pro,raa •• .... by th. 
BJat... Por progra ••• bic •••••• lot of .olaatarr .ait ti •• 
_ach aa .oat of the r.alti.. .et.ork .rate •• , .pacifyi., 
IIIL!!a. i. i.portaat 80 t •• t the plot correctly refl.cta th. 
r.l •••• of real a •• orr aariB, iiI. perioas. I. 80 •• c •••• it 
aay be a •• fal to .peclfr CIOtla. 1. orler to .lal.1 •• 
4iff.reac .. bet .... rans of 101101 so that tb. .ff.ct of 
progr •• cha., •• ca. b. aore ••• i1y ••• D. 

!lO-.Dn (Def •• lt: "0-200, 

~bl. specifies the vOEkiDg .et wia40w si.. 1 • 
• illi.aconda. lakiDg ~'U larger ha. the effect of .aoothiD9 
the aata wit. a low-paa. filter aDa raiaiDg tbe a.erag • 
.arkiDg set si... lakiDg tlU •• aller vill .ake the 9raph 
aore -.pik.y· aDa lo •• r the ••• Eage .orkiDg •• t .1... & 
re •• oaable raDg_ for flO i. b.t.... 50 ana 1000. 

DBt!I-D.. (D.fault: DBt!1-20, 

Thi •• pecifies tbe tiae iD ail1i.eGODda b.t •••• apdating 
the .orki., •• t. ~hi. ahoula be at le.st a f.ctor of 5 or 80 
••• 11.r thaD ~10 .0 that tl. r •• olatio. iD aet.r.iaiag the 
workiDg aet ia re •• oD •• 1.. lakiD9 this too ... 11 .il1 cau •• 
eKc ••• iwe u.e of CPO ti •• fOE the .easureaeDt it.elf, aDd 
also create aD esc ••• iye DuabeE of records to b. , ••• r.tea 
for the plottin9 p~09ra.. If the aea.u~.a progra. 1. 901D9 
to e •• cut. for • yery 10D, ti.. .where tia. is defi •• 4 by the 
CPU!III/I11L!III optioa) thia Duaber .hould be iDcr •••• d. 

TICI-DDD (D.f.u1t: ~ICI=18) 

fhis specifi •• the real Celep.ed, •• 11 clock) tl.. ia 
.iIli •• CODaS het •• e. a.ateDiD,. of 101101 to see wbat t •• 
•••• ured job is ap to. It is sufficieDt to .ake this just a 
bit •• aller thaD DILt' iD .oat ca.es. It aOe.D't aaka .aeh 
•• n.. to aake TICI •• all.r tbaD about 5 siDee th. syat •• 
o.erb.a4 in proce.8iDg the iaterrupt caa... by t.. ti.er tick 
ia at l.ast .e.eral .llli •• co.ds. 
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If an, par ••• ter. are to be p •••• 1 to t.. progra. .~lck 
i. bela, ." •• EeI, ~h., .'oa1a b. aaa.a to ~.e 8.4 of the 
para •• teE. to 10.101 followi_, •• l •• ~ (/). 

Is •• pl .. of 101101 para •• teE.: 

1111-'PGI-SIOIOL' 

1111·'PG8-.11L'III.'IO·'OO.DIL'I·50,'ICI·.5/'.~· 

1118-'/POOIII' 
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Jet fOI IUI.I.G 101.01 

~h. Jet fOE r ••• iD9 101101 ~o ,roaac. plo~. OD t~. 
y.~ •• tec priat.E 1 •• bow. ~.10.. Iou •• y •• at to .ollfJ it 
to: 

,1, lia para •• ter. for 101101 or t •••••• ar.a pr09E •• 

C2J 144 to the SI •• LI8 cODe.teatatioD to .,eci!J • loa • 
• oau1. 1ibr.ry •• 1eh eoatai.. th. ,rogE •• 

e3) lid DD cara. for the .seeatlDg progr •• wher. iDdle.t.a 

II JOB 
II-Ill. ~1'.·YS2 
11101101 IIIC PGI.IOIIO.,PII.··· (--PillS ~O 10 •• 0. QO Bill 
II· 
II. • •• VOIIOI ••• 101111' 51! 1011'01 
II· 
IIS~.PtIB DD DSla'IL.CG.tJS.t01DIOD$,DISP·SBI 
II· 
IIIOIPIII~ 
11101D1'l1 
II 
IISISODOI' 
II· 

(-- IDD Sfl'tII COICltIIIIIO.S BII. --) 
DD S'SOO~.1 --- OO~.U' .101 10.801 ---
DD O'I!.S'SDI,mISp.(,PISS"DSI.IIWID1~1. 
S.ICI-('.I,,'O.20',ltSI, 
DD SISOO!-. 

II. --) DDCllDS POI ~BI IIICO!II8 'IOGIII GO Bill (--
II· 
IIPLO! II Ie LOlfGO,GOPlla t '12Pp 
II· 
11* ••• PLOt SliP ••• 
II· 
II LIID'.8··5111-'001·, 
II LIIDLB1·'Wtt.CG.IBC.LOIDIODS·, 
II tIIDLB2·"It.CG.ICB.OC;I"ltIS', 
II G05L1·'llt.CG.BCB.OGBOllIB', 
II GOIGJ='501 

" (SltIC~ 'BaSltIC) 

IIGO.5ISLII DD DSI·IIL.CG.t~S.t01DftODS(10IftOIP"DISP·SBI 
IIGO.Pt01P001 DD DSI-".SDI'I,DISP·(OLD,DILI~B) 
IIQO.UaDlfXCI DO SISOU~-P, 
II DCB-CIICPI='EJ,LIICL-13',BlISIIB-1340, 
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If roa .1.b to proaac. plot cat pat •• icb ca. b. list" 
directly OD a '.ttroalz t013 t.E.iDal •••• the follo.la, ~ct 
in.t.a •• r •••• ~.E to c •• n,_ t •••••• of t •• plot dat ••• t,: 

II .lOB 
II.IIII ~IP.·'S2 
11101101 IIIC lel·IOIIOI.IIII-·' (--PI •• S ~O 101101 80 811. 
1/* 
II. • •• 101101 ••• 101111' SI' 10lItOI 
II· 
IIS'.'LII DD CSI.ltL.CG.L~S.tOIDIODS,DISP·SBI 

II­
IIIOIIII'~ 
1IIOIDITI 
II 
1151S0DOI' 
II-

<-- 100 S~IPtIB CO'Cl~I'IIIO'S Bill --) 
DD SISOU'-' --- oa!IO! rial 101101 ---
DD OIIt.SISDI.DIS'.(,PISS',DSI.SS.SD'!I. 
SPICI-(!II,.40,20 •• I'SI) 
DD 5IS00'-1 

II- --> DOC liDS POI ~.I IS.COtlle PIOCIII CO 811. <--
II· 
IIPLO! ISIC L01DGO.GOPII···. (SltIC! '013 Pt~S II D •• IO", 
II-
II. _ •• ItO! SI.P ••• 
II· 
II I.IID'II-·SIII·'OOI'. 
II tIIDLB1.'llt~CG.IBC.LOIDIODS·. 
II I.IIDLB2-'lll.CQ.ICB.UQ"ILIE'. 
II 905L1·'IIL.C8.ICB.OGIOl11B'. 
II GOlal·,sol 
IIGO.SlstII DD DSI.llt.ce.LJS.10IDIODS(IOIIOI',.DIS'.SBI 
IIGO.r~01P001 DD DSI-SIISDltl,DISP·COLD,DILB'I) 
1100.OGDI'ICI DO DSI.IIL.GG.OUU.P, <-- CIIICI '0 loal ICCOU.' 
II DISP-,III.III'" 
II fOL-Sla-SCI001,OII!=DISI,SPICI-(!II,(10,5.3", 
II DCB- (1Ierla I8,LIBet-aO ,ILI5111-'600, 
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10tiS 

• ,~. • •• ,1e JeL abow. ca. b. foaaa 
IIL.C&.LJI.LII'IO •• OI oa cat. 

• IO ••• XI~ i. a p~1nt file .~lcb .ill co.~.i. • •••• , .. 
9 ••• r:a~.4 bJ 10 •• 01 a. it •••• ar •• tb. progra.. tt •• fl1. 
cbaract.ristics .~ •• 11/133/1330. 

• IOIDltl 1. t.. file _bieh 1. tr •••• l~~.a ~o ~k. 
plott1., ,c0tr... tb. file c •• r:act.ri.tlc •• re P8/16/1600. 

• Otbec grapbics aeylce. ..pportea bJ tb. 8nifl •• 
Grapbic •• ,.t.. caD be used 81.ply by speclfyi., t.. .... of 
the ae.ic. 1n th. QOP.I fOE tbe plot step •• a C ••• ,iDg t •• 
IGII'ICI aac.rel .ppropriately. .Se. t •• fOW DI1... ('] or 
la1fiaa Graphic. [1) ••••• 1. fOE a.tal1s., 

• If the progr •• JOu _lab to aea •• re i. Dot alre.ay • 
loaa aoaale. Joa •• r .i •• to aad job steps at tl. be,ia.ing 
of the job to create tl. 10aa aoau1e. .or i.staDce. to 
..... E. a '0.'111 progr.. you ca. a4a 

II .SIC PO.'ICL 
II.OII.SISII DO • 

-- ro.r 'J:ogta. 

after the J08 cara. which cre.tes a t •• por.ry 10 •• 
a04ale contai8ing Jour progE... flat 10aa 80aal. ca. be .aa. 
a.ail •• l. to 101.01 by aa4189 

II DD DSI-&'GOSI'.DISP=COLD.DILI~I) 

to the SIBILIB CODcateDatioD iD the 101101 step. 
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Samp Ie WORMON Output 

(A) Measurement Summary 

••••• tIO.., ••• **. WORKIRG sir MO.I'1'OR 

TUB8DAY J'O'BI 28, 1'77 

OP1'IO.8 8PICI'IED r PGK-POR'1'RAJIJi '; 

JmDULI "PORTRIllH" WILL BE AT'l'ACHBD 
TIKI SCALI: WILL I.CLUDE 01U.Y CPU Tno: 

---) 'l'ASX B.U TERKD1A'l'BD WITH RBTlHm CODB •••••• 

DJUlUllBMBRT SUMMARY I 

2 •• MaSC WORKING 8ST:WlM)OW SIBB 

2. DEC SAMPLmG IJlTBRVAL 

18 MaIC REALTIME INTERRUPT Ilft'BRVAL 

32. K BYTE· REGION ~S ~RITO_BD 

7,768 PAGES WERE EXAMIJlBD 

3,556 CALLS TO IBAPTRV'WBRI RBOUIdD 

• PAGES DISAPPEARED THRoUGH !'nEMAln 

"3 CHANG!D PAGEl WERB REMOVED, FROM 'I'D lIODlJI8 8n 

'1 WOlUCING SET INCR:£ASBS 

"6 WOIUCING SET DECREASES 

91 PAGE FIXES WERE DONE 

g PAGE FIXES BAD TO BE w.AITED PCR 

2,"17 REFERENCE BIT RESETS 

"6 PAGE PREES WERE DONE 

361 TIMER TICKS WERE RBOUES'l'BD 

97 DELTA INTERVALS WERE SAMPLBD 

g DELTA INTERVALS WERE LOST 

23 DUPLICATE RECORDS WERE SUPPRESSED 

7,721 MaEC ELAPSED TIME 

178 MaEe CPU TIME USED BY WORMOR 

79 MSEC VOLUNTARY WAtT T~ME 

1,94& MSEC CPU TIME USED BY THE MEASURBD PROGRAM 

.**** CIAO ***** 
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VIRTUAL SIZE, W0RKING SET SIZEp AND 1/0 R-A TE 
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(c) Virtual Page Utilization 
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