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Performaw- %x#wering/Management of a Large REXX 
~~~ ~ 

.\. ( '1'1 1 consumption  and excessive l / O  demands 

' I ' h c x  issues hccame the driving force  behind the 
prrtortnancc effort. 

.~ 

Approach 

Xfoct pcxformance  methodologies  advocate  (cor- 
reel Iy ) the application of performance  engineering 
t o  systrms in their early  developmental stages. 'They 
c.-onccntratc largely on  new systems and  not  on 
rxisting  systems. 

1\11 cx:rmple o f  such a methodology is that of Soft- 
\\tar(. I'ctformance lhgineering [ 1 ] (Sl'lli). Closer 
cxalnitntion of the  mrthods  encapsulated in this 
tnctllodology highlighted a considerable  degree of 
npplicahility to cxiqting  systems also. For  this 
rc:~son, S W ,  together with our own methods 
fornxd the basis o f  our  approach to the perform- 
: I I ~  r fTort  . 

I'ffort Allocation 

Wl;. Mrthods 

S1'1; is a methodology which  advocates t.hc applica- 
tion of performance atxdysis in the  devclopment of 
.;oftware  systcms.  It  provides a sensihle  method for 
t he production of software that will meet certain 
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I .  

2.  

3 .  

4. 

5. 

Adoptcd Iknchmark 

. Singlc  uscr on a singlc  processor.  ’[’his  has 
bwn cxtcndcd  recently to include  two 
proccssors communicating  with each othcr  for 
;I  subset  of  transactions. 

’ 1 ’ 1 ~  twnchmark is an evolving  experiment under- 
going  changc as the softwarc  undergoes  modificn- 
fjons : m t  the user workloads  shift. 

Application of thc SPK principles 

‘I’hr SPI: Iksign Principles  are  a  formalization of 
~hr pcrlormancc  knowlcdgc of  expcrienccd  per- 
fi)rnmnncr. engineers. 

‘ l ‘hc principles  of SPE were intcnded primarily for 
soffuf:rrc cwation,  hut we have found sornc of them 
t o  br cqually  applicahlc t o  a project  which has 
Imtlcrgcwc significant  dcvcloprnent  work. I Iowevcr, 
i t  is conccded that  thc  application of the principles 
i s  :I mort painful  cxcrcise at  the  later stages o f  a 
pt-odtlct’s cvolution. 

‘I’hc design  principlcs have since formed the basis of 
o u r  pcrformancc guidclincs which we providc to 
ollr o\vn and  other  dcvclopment groups in thc  lah. 

Wc n o w  dcscrihe thosc  adopted principlcs that 
\vcrc pnrticularly applicable to the existing  systcrn 
:l!lci cxntnplcs of that applicability. 

I ,  ’I’hc Iixinp-Point principle states  that  the  con- 
nection  hc.twwn the data and the requircd  rcsult 
should bc established as early as possible in the 
prc.cssing providd  that  the cost of rctaining 
that connection  ran hc justified. 

‘ l l ~ e  product uses  flat files as its file system. 
\lie found scvcral cases where the  product 
\v:~s accessing thtr same  control files, several 
tirncs in the  samc  transaction  sometimes 
for  thc  samc  inform, ‘1 t‘  ion. 

According to the principle,  it  made  morc 
performance  scnsc to read  selected files or 
scctions of files into  storage  at  initisliza- 
tion.  Data was storcd in a REXX array o f  
thr form x.y,  whcre y was the  kcy.  Subsc- 
qucnt retrieval of information was then 
done  from  storage with  great  efficiency. 

Application  of  this  principle  was  morc 
appropriate to the service  machincs  whcrc 
initia1iz:ltion timc was not a concern. 
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which associates it logically with thc 
cnntrol fiir. 

'l'his  means  that  thc recciving nodc has thc 
duplicate  ovcrhrnd of proccssing  two spool 
lilcs for cxch form  data filc and o f  cstnh- 



3 .  'Ihc (:cntcring principle advocatrs  the idctltifi- 
cation of thc  dominant workload fttnctions ~ n r l  
the minimization of thtbir  procrssing 

A further  application of  tht: centering p i n -  
ciplc is of course  within  cach of the  domi- 
nant  transact.ions.  This  pcrfnrmancc 
relincmcnt  idmtificd the clomin:tnt proc- 
csscs within  the dominant  transactions. 
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server in a scrial fashion.  Thc  authori- 
zation scrvcr is architected to a largc cxtent 
o n  thc basis that  the  data server has com- 
pletcd its proccssing successfully. 

‘ 1 . 0  involve  the  data servcr i n  somc s o r t  of 
parallcl proccssing  with  the client was not 
considcrcd feasible because  of  the  major 
architectural difficulties. 

Ilowcvcr, in thc  case  of  thc  client-to- 
authorization  servcr,  a  change  has bcen 
prototypcd whcre control is handed back 
t o  lhe clicnt at  a  much earlier stage after 
come  prcliminary  processing for appro- 
priate  transactions  (Approval  and J;inal 
Approval) as shown in Figurc 3 on 
pngc 1. 
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'I'hc server continues  processing  asynchro- 
nously to the clicnt. 7'hc  ultimate  outcome 
of the transaction is recorded, as I I S I I ~ I ~  in :I 

clicnt log file. 

Iirom a client point of view, this reduces 
the  transaction time very significantly 
(1'1-'1'0) with little architectural  impact on 
thc server. iVaturdly, thr  improvrment is 
mnximiscd whcrr  there is no qucllc t o  thr 
server and is diminished  according t o  tlw 
nrlrnher of rcqursts in the queur.  

5 .  The lnstrrlmcnting principle encourages  the 
instrumentation of the  system XF the  means of 
measuring and controlling  prrfnrmanrc. 

'I-his is a control  principle which does not 
directly improve  software  performancc 

'I'his  principle was originally not part of the 
SPF, methodology but was subscqucntly 
includctl because of its cssential role in thc per- 
formance effort 

Further  discussion of this  principlc and  ihe 
entire  mcasuremcnt  process is contintled Iatcr 

o the r  important  lessons  were  lcamed  which wcrc 
ph:rscd into  thc  approach at different stages  across 
thr  cntirc cffort. 

i\lrastlrmwnts 

I,'or cxisting  systems,  measurements  are  thc  key to 
S I I C ' C ~ S S .  They provided  us  with  an  execution know- 
Ictlgc o f  the system  enabling us to model  thc 
y t r m .  'I'his model in turn  allowed us to decide on 
t11r typcs of  change  rcquircd.  Measurements  wcrc 
also thc kry  t o  undcrstanding  the  success  or  failure 
o r  l h r  1:hnngcs. 

I;,xprricmcc and  results  have  illustrated  a  number of 
important  lessons: 

1 ,  I;irstly, the  importance of a proper measurc- 
mcnt system is apparently  not  obvious  to  most 
pcople.  Oftcn  developers  express a sense of 
incredulity  when asked if the system  they  had 
developed  had  been  measured [SI. 

2. \Vherc  a  satisfactory  measurement proccss is 
not part o f  the  approach, succcss is very 
dcpcndent on intuition  and  luck  and this is not 
:I \'cry scientific way t o  proceed. 



' I ' h c  rncasurement  process should usr as many 
performance  indicators as i5  prxti(~t1 t o  vcrify :I 

pcrformancc  prediction. A singlc irdicator of 
performance (likc rttcponsc time) can he w r y  
misleading. 

l?arly  measurements of lcss than  complctc 
efforts are imperative. I7,ven though thcsc will 
often t x  contested on the grounds that  further 
pcrformance funiqg w i l l  follow, they providc a n  
early warning  system which i s  often well- 
foundcd. 

'I'he mcasurement  proccss itsrlf is dcscrihctl later. 

1,ang:uagc 

Most of  the prociuct was writtcn i n  I I I .XX, thc 
remainder in C .  An important guiding  principlr 
which \vc adopted (and not just for languagc con- 
siderations) was that of hcncfit /cost  maximization. 

It's important  to maximize thc bcncfit/cost  ratio 
where the benefit is the  cstimated  improvcrncnt i n  
performance to  thc  customer, rneasuretl by the 
benchmark  and  the cost is the rcsourcc necdctl l o  
develop  and  maintain  that  change. 

In general, the Cl' and (:MS commands and other 
external  modules and  not the RI7XX instructions 
were responsible  for thr substantial part of the 
product.  Sample  transactions  show  that thc 
R I X X  instructions accorlnt for lcss than 2010 o f  
the total. I n  addition,  poor  pcrformancc was n o f  
caused hy poor RlSXX coding hut by  lack o f  pcr- 
formancc sensitivity in the original dcsign stages 
with some  notahlc  exceptions. 'I'his was also horn(* 
out by informal  discussions in the area of R I i X X  
performnncc with Mikc  ("owlishaw. 

'The main  exceptions  wrrc  thc use o f  keyed array,  
which is a vcry slick  way of searching  for data, 
rather  than  the traditional hin:try search tcchniqrw 
and  the removal of Interpret  stntemrnts to makr 
the  codc  compilahlc. 

Conversion of thc C code to Rl:,XX made good 
pcrform:mce scnsc bccalusc of the way that the t w o  
languages interact diffcrcntly with (:I' and ('MS 
and some of this  task has already hecn accom- 
plished in  l'ffort 1 .  'l'his  change  from <. to RIJXX 
has the  :dditional benefit of easier maintainability. 

Othcr  improvements within R I I X X  wcrc hcttrr 
mnnngrmcnt of storage and i n  particular thc tlrop- 

ping of storage  when  appropriate  togethcr w i t h  the 
cornpletc specification of CP and CMS commands 
without  ambiguity. 

('hanging IIT;,XX variablc  and  procedure names, 
positioning  of  routines within the program, the use 
of onc particular RI'XX built-in  function over 
anothcr were found  to be examples o f  high cost - 
l o w  hrncfit  changes. 

Ixploratory Prototyping 

We scized thc opportunity to deviate from the 
standard  practice of a documcntcd low lcvel design 
13) prototyping  the tlcsigned performance changcs. 
'Illis approach allowcd  us to  measure  progress  at  a 
ct:rgt- milch carlier than would have bccn possible 
w i t 1 1  the  traditional  phased  approach. 

I t  :tlso appears, based on a causal analysis  of  soft- 
\I::lrc dcfccts found so far,  that  the  prototyping 
madc a very positive impact on the quality  of the 
soft ware shipped. 

We strongly  advocate prototyping as the hcst way 
t o  managc  performance  engineering of an cxisting 
systcm. 

Othcr ltcms 

I:or the first effort and  hecause of resource con- 
ctraints, measurements were confined to  a 4381 
processor  running VMISP.5. This was rcstrictivc 
and n o t  very representative. 'I'he second cffort has 
cxtcndcd the  mcasurement  proccss to  a 3083 
rllnninp VMIXA and a 3090 running VMjFSA.  

A comprehensive  report [4] was  created of thc 
rrctllts o f  the first effort. 'I'his formcd the hasis of 
tliccussions which were held  with the Pcrforrnance 
team in the I J 3 M  VM l ~ h o r a t o r y  in Fmdicott,  who 
rcactcd vcry positively t o  the  depth of analysis  and 
ovrrall  approach. 'I'hc report  has  also hccn sent to 
a l l  internal  product sites to  inform  and  encourage 
them t o  upgrade to  the latest release. 

'l'hc  hrnchmark  continucs  to be based on a single 
tlscr and on a singlc processor  for  most of its ttans- 
xtions.  The  authors believe that  some  modeling  of 
multiple uscrs is a kcy arca  for  the  futurc which will 
help particularly in the area of capacity  planning  for 
our  customers. 

1 ~unctionnl  Jcvelopment work of the  product has 
continucd  alongside the performance effort.  J3ot.h 



Measurement Process 
__ - -. . . 

ITor this reason, the  modeling effort is reduced  and 
the measurement effort increased. 

I .  Performance Refinement 

The initial stagcs  of thc measuremcnt process 
involvcd a breakdown of the  dominant  trans- 
actions  into  their  suh-components. ’l’hcsc sllh- 
components  then became thc subject of‘ 
analysis through a limitcd set o f  unsophisti- 
cated measurements of virtual (”.I’ll time, Start 
1 / 0  and  response  time. ’I’his provided (IS with 
important initial cxccution data of the system. 

Of course, the  lIl;,XX language with its rich 
tracing  functions  and its end-user friencilincss, 
lends itself  very wvell t o  this  type of appronch. 

\ v i t h  ~ h c  othcr guiding  principles (Sl’lt nnd 
Ilcrlcfit/(:ost)  alrcady referred to, hccarne the 
Iwsis of the  performance design changcs. 

2. Prototyping 

’l‘hc  main  features o f  the  proposed dcsign 
changcs werc prototyped  at a very high level 
and a new sct of measurements  obtained. ‘I’hcse 
tnrnsmcmcnts  formed  the basis of the target. 
ohjectivcs for each  transaction  within thc 
hcmchmark which together with the dcsign 
ch:rngcs constituted  the initial dcsigrl document. 
‘I‘his  was  subsequently  approvcd by a sclcctcd 
list of cxtcrnnl and  internal reviewers. 

’I‘his nllowcd our  customers  an early indication 
of thr  ~nagnitude of the performance  improvc- 
lncnt s that  could be anticipated  and  an  inccn- 
t i v c  t o  agree t o  the resource  investment. 

I n  this fashion,  the rcfinement and limitcd pro- 
totyping  provided us to a large extcnt with thc 
ncccssary data t o  dciine the pcrformancc SPCC- 

ification. ‘I’hc same  type of data collection is 
also advocated  under  the S I T  methodology, 
although  the  manner of collection is n a t u d y  
tliffcrcnt for ncw  software  systems. 

As part o f  the second design stage (refcrrccl to  
in the IBM phased approach  as  low level 
dcsign) the  prototyping exercise was  continucd 
at a lower lcvel with the  prototype being more 
closcly aligned to  the ultimate implemcntahn. 

‘l‘hr  prototyping excrcise was really a prc- 
rrquisitc to  the mc;wuremcnt  process and  they 
eomplcmentcd each other very successfully. 

I n  :t fcw instances  predictions were madc for 
sotnc of the  performance  metrics bawd solcly 
o n  the  software  execution  graphs of thc  trans- 
:tctions. ‘I’hcsc predictions were then  comparcd 
\ v i t h  actual  results from  the  prototyping cxer- 
cisc and were used as a theoretical  validation  of 
thr prototyping  results. 

13nsic rncasurcments  were periodically taken 
during  the  prototyping  and modifications made 
whcrc there were any  deviations  from  the 
objectives.  This design stage bccarne a highly 
itcrativc  process and  emphasised  the cngi- 
nccring approach  to  the  whole  problem. 

3.  l h t a  Collection 

Itvcn though  the  instrumentation was an  ink- 
g a l  part of the cntirc performance  devclopmcnt 
cyclc, it wasn’t until thc changcs had hcen 



designed and  implemented  that  the  more  con- 
trolled mcasurcrnent  cxperimcnts werc con- 
ducted using acquirrct customer  data. 

‘I’hc entire  mcasurcmcnt proccss is a complex 
onc where thcrc are so many  contributing 
factors. We adoptcd a numhcr of approxhcs t o  
makc it as realistic; a s  possible  within the 
working  constraints. We conccde  that  further 
enhancements arc hoth dcsirablc and necessary. 

Probes wcrc inserted at appropriatc part.; 01’ 
the  end-user  and service machines t o  track 
the  metrics which  included  Virtual (11’1 I 
time,  Start I / O  , Response  time, free 
Virtual  Storage  and  System 1,oad. ‘I’hcsc 
probes were positioned to  capture the 
mctrics  for 

a. ‘T’he ‘I’otal 1;nd-1 Jscr Component 
which  includes  thc  waiting  for a scrvicr 
machinc  to respond (a) 

b. ’I’he ‘I’otal Service machinc Compo- 
nent  for both servers (b) 

c. ‘]‘he Intcrface  part of the ‘I’otal Ilnd- 
IJser Component  (c, c i a,  a-c .’: h) 

The system was triggered once certain 
initial conditions  had  heen set up. ‘I’hesc 
conditions were based on varied customcr 
input,  Thcy included  directory size, number 
of forms in progrcss, sizcs of critical control 
files which were typiad of a customrr 
installation. 

a. An old  and ncw installation was sct up 
on  the same C P 1 1  and  both were trig- 
gercd simultaneously  for a givcn  sct 0 1  
benchmark  mcasurements 

b. On othcr  occasions,  mcasuremcnts o f  
the o l d  and ncw irnplcmentations  wcrr 
interwoven in the following manncr - 
(old,  new, o l d ,  new, old, nrw) 

c. All controlled  measurements were run 
at  off-pcak  times 

4. lntcrpretation and Evaluation 

Existing  tools were used and new ones dcvel- 
oped to  enhance  thc measurement process. 

KF,YPI,AY is an IRM internal usc t o o l  
which  runs on OS/2 and  executes x sct of 

pre-defincd  keystrokes on a host  machine. 
KRYI’IAY has  been  used to execute the 
defined benchmark usually at a dcferred 
point in time  (off-peak), switch  betwcen 
different  systems  (old and  new)  dynam- 
ically,  collect the results and invoke the 
othcr developed  tools to  analysc the results. 

KTIYP1,AY has  been  instrumental in pro- 
viding a fully automated  measurcmcnt 
process  where it can  he triggered during 
off-pcak  working  hours  and  thc following 
morning a summary of the rcsults taken  at 
off-pcak is available on  the disk of the 
requestor. The interpretation of and  judgc- 
mcnts  about  these results is still an  impor- 
tant  and necessary follow-up  step. 

We  have also developed  extensive IXT;,XX 
tools to analysc the collected  results. 

The results  over a number of runs of the 
benchmark  arc  treated as follows 

- The lowest and highest 10% of the 
runs are  ignored  leaving thc middle 
80% for  interpretation in  order to weed 
out extreme  results. 

- T’his remainder is averaged and a com- 
parison  made  between  the old and new 
implementation. 

- Occasionally, we measure a control 
which is identical  within both  thc old 
and  thc ncw  implementations  and  nor- 
malize the results with respect t o  this 
control.  Both  the  normalized  and  the 
unnormalized  results  are  thcn  intcr- 
preted  and  compared. 

Interpretation of measurement  data is 
something  which  improves with  perform- 
ance analysis  cxperience,  familiarity  with 
the  actual task of data  interpretation  and 
knowledge  of the software under investi- 
gation. ’T’he key  is to  treat  results  with 
caution  and respect and  the goal is t o  try to 
get reasonable  consistency  in  your  results. 

An  important  point  to  look  out  for is per- 
turbation  of  the results  by the  mcasurc- 
ment system itself. This is best checked by 
comparing  the results of the  probed system 
with the system without  any  probes. 

Management of the vast amounts of  mcas- 
urement  data is important.  We used a 
summary file to reference the  data 



'I'hc  targcts  prototypcd for thc  the original pcrform- 
ance cffort (I 'ffort I )  werc hascd on  the  thrce 
rnctrics of clapscd  tirnc, virtual CJ'IJ tirnc  and start. 
I / ( ) .  'J'hcsc mctrics  wcrc  used  for all thc 
lxnchmark  transactions  throughout  hoth  pcrform- 
:mcc efforts as a mcans o f  gauging out succcss. 

Wc havc  reprcscnted a summary of the  rcsults i n  
thc  following  diagram  (plcasc rcfcr to  I?gurc 4 011 

page xvi and  Figure 5 on page xvi) for  hoth  thc 
cnd  uscr and the scrvicc machines as follows: 

1.  Prototypcd  targct  results  for llffort 1 .  

2. Actual achieved  results for I l f f o r t  1. 

3.  Prototypcd  results for I'ffort 2 + actud 
achievcd  results for I'ffort 1. 

A morc  dctailed  account of the  actual  rcsults  from 
I ' f f o r t  1 is contained in a scparatc  report [4 J. 

'l'he  rcsults  arc  prcscnted as a "!" reduction  on  the 
hase at thc  start  of Ilffort 1 .  

Conclusion 

'I'hc rnairl c:onclusions o f  the  approach  arc : 

I .  

2. 

3.  

4. 

A number of SPT: methods  can  be  applied. 
with significant succcss, to existing softwarc 
products.  'I'his is particularly  true of a REX>( 
product which lends itself to in-depth  analysis. 

I'rototyping is v c y  necessary in  predicting  pcr- 
formancc rcsults.  I'rototyping  also  had a signif- 
icant impact  on  the  quality  of  the  softwarc 
shipped. 

Wc can not over emphasize  the  importance of 
measuring  results  from  an  early stage in  the 
development cycle. ('onstant  re-measuring of 
rcsults cnsures  that  performance  degradation is 
n o t  allowcd to creep  into  the  project at any 
stage. RF.XX m).ths Lvhich had  been  presented 
to 11s as ways to improve  performance. eg. 
('odc  tuning, were  discarded by the measure- 
ment  approach. 

'I'hc kc? to finding  what  works on !-our 
product is through  study of the SPF methodol- 
ogics, analysis of the  areas  of  your  product 
\vllcrc the)- can  he  applied  and  then  measurc- 
mcnt of  the  results  that  can  be achieved t o  
tlcterminc  their cost effectiveness. 

Apart from  the significant performance  improvc- 
mcnt I hc driw for  imprnvcd  product  perfomlnncc 
h:19 also produced  the  folloning : 

I .  

7. 

. .  1 



I 
4. Pcrlbrmancc  cnginecring, as part of thc dcvc.1- 

opmcnt cycle, highlightcd  within the group : t n d  
the I ,ahoratory. 

In retrospect,  thc kcy t o  stmcss has  bcrn i n  thc 
overall approach.  ’I’hc t l s c  o f  SI’E principlcs :is :I 

guiding  force,  the adoption of an cxploratory  proto- 
typing  approach  togcthcr  with a significant invccl- 
ment in thc  measuremcmt process h:tve hccn thc 

crit ic.:ll s~lcccss factors. ‘I’hc enginccring conwpts or  
dcsign, measurement. and  assessmcnt i n  an iterative 
faqllion, haw been thc kernel  of the cntirc 
approach. 

I n  conclusion, wc have proven that the usc (11‘SI’E 
mcthodologics togcthcr with our own  methods  to 
irnprovc  the pcrformanncc of an existing I i l lXX 
prot11lr.t wcre both worthwhile and practical. 
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