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INTROOUCnON 
SInce lhll Drsl inception of lhll SAS" DATA !l1IIp lanvuage and lis 
subsllquenlllVoluBon over lhll Y"llrs, "'" 8AS DATA slap 
IangulltJl! hlllll appearlld 10 be shnplll; )"II. II Olin IIIso be 
dl!!eepllvely complex. SorngHmas, thll mo!!1 obvfous chengllln 
SAS DATA IIt1!p Codll mill' make II dlfferllllClt In !hll behavtor or In 
ifill pllrformallClt of \hll program, or It may make no dlffllrllnce III 
all. somllll,",,!!, an obscurll changll cnn have a dramaBc effect 011 
ifill program's IlIBe/ency and performence. 

ThIs p"per will look III a number 0' nrlllll "'lit a SAs programmer 
CIIn utlnte 10 enhance the perlormllnce of 01\ TA step IIXllCUdon. 
Bolh execution Ume lind splICe wllh IEIIIpllet 10 program IIIlIcIency 
wm be considered and concrete stJgg9!l1fon!l wID be made. 

Whlln programming In \he SAS DI\TA aMp languagll or In!he 
SAS Inngu"lr' In 9"no.rlll, Ihll progrllmmllr hils 10 be awarll of 
how an nppncnUon Is devehlped so II! to obtain !hll graa""sl 
pos~1bI1I Amount 01 lIXIICudon IIrRcIp.ncy. lttlspllper hlghltghls 
areAl! In whIch lin AppRmllon progrnmmllr Olin InCOIlIl!OII Ihe 
,,'Pclency 01 hi!! !If1pncaUons lind arell!l In which "'e SAS DATA 
sIPp nnd lfIe SAS Syslllm ass.st In "'"IIIIIclllnt exacul!on of!hon 
appllcallons. 

EFFICIENCY MEASUREMENT 

To gllln nn undprslnndlng ollllRcfency. we must IIrsI look 1'1 how It 
'11 mllllwred. Therllllre Ive primary meniluremgnls "'III dltscrtba 
elnclP.ncy In ~nl\!l of program pelformllnClI: CPU lImll. elapsed 
Umll, 110. memory, and dAIII sterngll. Thll tlrsl two measuremants 
nrn M!llInnll mllnsurllmllnl!l, In that 1111"'" othlllS hnPllet "'"II In 
Olll! w!fY or nnother. Genllrlllly, wMn one mllll!luremenllll 
raduced or Incoea!llld,lt InI\Uenells "'II others In varyIng dllgree .. 

Wh!!11 nnnlyzing proIIfArllIllBclllncy and Its hnpaet upon 
pqrlormnncll, !wo pr'mary lElllource mllallUrmlenls 111'11 sought 
CPU and mllmory. Thasll mell!lurllmllnl<l descrtblld thll sltuallon 
of how to rnlnrnlze both thll Bme nnd !lpllell requlrllments of lin 
eX9CUflng prog;nm. II h a dllRcllI1 bnlAnCII to menngllllither onll 
so AS not to OV!lfIy InBuance thll olhnr or Impaet thll other 
meesuremenl!! 01110 and ellIPSIId lme. 

The performance meASUrllmml!! of 110 nnd dllta storagll lIIe 
dlreclly relat.o!d to thll volume of dalll lind hs pattern of access. 
The Inrgllr "'e Amount of dalll to ba proC>lll!l!led or "'e dllllfllll to 
which thll dRllIlue rnndomly IICCIIs~f'd has en Impeet on both 
measuram!!11l!!. In mo!!!lIIWIronmml!!. 110 does hava an Impaet 
Uflon "'e mpa~uramenl 01 elllplled lime, becaUIIII lor linch 110 
reque!!!, contrell!! rlll/nqul!lhlld by Ihll tl\lIIrs program to "'II 
operlltlng sys~m to perform reqUl!!lllld work. Thllrellre other 
'"efors exlelnJII 10 "'e execUllng progrnm !hili do hnpnet tha total 
",'nps!!!! lime rf'(Iu1rlld 10 IIXf'cUIII a program, but fillY 11111 not 
wllhln thll scope 0' "'Is discussion. 

USER coNTROllED EFFlaENclE9 

During app8eallon deVIIlopmllnl, thll deVII~ mustl1ava a 
thorough knowledgll 01 "'II requlrllmenl!! 0' "'II rllqtJllsled analy!!!1 
and nil nssoclated data. In "'Is secllon, b.tchnlqllt!9 IIrll discussed 
thlll M~lslln "'e Improvement of DVllfnD nppftCllUon IIllIclllncy. 
AreAS arll hlg"IIghllld nnd In mllny CMIlIO !llmplll IIxampl<3s of 
""ncllpls are prllsenllld. f(IIOIP In mind thlll linch of these 
suggeslIons may not be thll most approplalll In an sltuntlonl, II 
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each sugge!!llon Is completely dllpendllnt Uflon IIIIIIISPllcts of "'II 
app'callon requirements. 

011111 Stotega 

SAS data sets lIIe"'lI most efllelent $torage mechanism for data 
menaged by the SAS System In terms 01 CPU and 110 ovllrhead. 
Whllnever POSSIblIl, prllCII!I!I1ng and management 0' data should 
be accornphhed using SAS data sets. When this III not possible, 
lIIe SAS System does provfdll "'II cApabnlty to process and 
mana\lll data stored In lIXt9maf data formals, such as an IIx~mal 
dalablllll system or IIxlllmlll Illes. SASIACCESS'" sollware and 
DATA step vfllW!l provide 11111 ability to prOCIISS and mana\lllthls 
IIxternlll dala 

Many eppllcatlons rllqulrll !hll USII of summarization data 10 
provide additIonal anlllysls InformaUon. ElllcllIIlC1<3s can be gained 
by summarizing data In "'II minimal number of steps posslbfe. 
Thll SUMMARY proClldure Is one of "'II rna!!! widely used fools In 11111 SAS System to prov\d9 dala summllrlzallon. A slap can be 
dllRned so "'at PROC SUMMARY genera~s 1111 the 
turnmarfzatton data needed by subsequent steps. 

Consider 11111 foRowlng SllqUllncll 0' DATA and PROe steps with 
respect 10 using mullfple Invocattons of PROe SUMMARY to 
provfdlt !lummllllzalkm data. 

PROC SU~RY ~~:INPUT NWAY, 
CLASS X Y, 
VAR A: 
OUTPUT OUT:SUMMARY: 
RUN, 

~TA RBtORTr 
SET SUMHARY, 

RUN: 

tROC SUMMARY ~TA:INPUT NWAY; 
CLASS X Y, 
VAR tI, 
OUTPUT OUT=SUHMARY, 
RUN, 

~ROC CHART DATA=SUMMARY, 
VBAR B, 
RUN, 

Rather !han using two !laperate PROc SUMMARY sleps to 
provfde summarization InformaUon. both slep!l con be combined 
10 \IIIfIII1'Ate thll summarIzation In a single PROCSUMMARY step. 

PROC SUMMARY OATA=INPUT NWAY, 
cLASS X Y: 
VIIR A B: 
OUTPUT OUT=SUHMARY, 
RUN; 

OATA RBI'ORT: 
SET SUMMl\RYIDROP=B), 

PROC CHART DATA=SU~RY; 
VI!!IR Br 
RUNr 
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Placing dAI" Inlo a SAS dntll !l1II1s moM eflcll!nl MIlin tha 
mlnlmalllm!l\lnt oIlnlormndon Is !llMId. Ann1yralh8usa 01 
Vllflnble!l lind mmova lhoIIe thAI _ not ne8dad In fut1her 
processing In !lubsl'qlloml Job alnp!l. Effactlva usa 01 tha DROP 
and KEEP !llnIarnenl8 CIIn Improva the fl4Irlormenea 01 deta 
IICC8SS end data lloraga management. 

Data ~ocess'ng 

Whm proCE!~slng SAS dnta sl'll!!, It "'lmportantlo reduca Ih8 
number of vl!IlAbias thAI have 10 be processed. By reducing Ih8 
set of vmlAble!! r!lAd from R SAS dAI" Sal, r8ductlonsln tha 
amllllnlol CPU end mamory rasllllrces Ulmmllon can ba gained. 

When reading data !rom IIxtmn'" "Ia~ UlIlng the SAS DATA Slap 
INFllE st"tell1l!llt, effectfvll use 01 th!! INPUT slatl!rnenl can 
provtd!! rmuctlon!! In CPU utmm"on. "'nlmlta the !"lImber 01 
Relds proCl!!I!I",d by th" INPUT 1I1ntqmomt; this Is II1IIstl!!lpaclnlly 
trua with RX<.!d column Input record!!. It Is nol nacassnry 10 raed l1li 
INPUT ""ldll" only ona or two mil requlr"d for proce!l!llng. This 
tqchnlqug m .. y nol "" pO!l!l1b11!l with '!\t styla Input where nalds ar. 
saparated by dalmlftng cMractgrs, sud! as tha space characllJr. 

Assume thl! 10Howlng sample data are eontslned In the exlIJrnaf 
ma flIlerenca DATA: 

12111'tLE 
15FI" 
29PEIIR 

/' Rpad th .. dat.a ., 
UATII, 
INFlLE ['"T"; 
I NI'UT A 2. 9 SCUM';. C 12., 
1: tEl' A, 
Rt/tI: 

In th", ex:vnple nbova, noke thaI only vllrIlIbla A Is seved In tha 
outpUI dnlA sel. Thll progrllm can be molllfled So as 10 II11mInalll 
the INPUT oparatlon for tha Yllrlabla B. 

!lATII: 
HlFtLE llATII: 
ltIMrT ... 2./ 
RUN: 

A similar ~ehnlqu" CAn "I!lD bellpplfed 10 IIppftClldons thlll 
process dlliA In which thll dllta record" "re mAde up 01 mulHl'la 
_ord Iyp"'ll by r","l11ng only thll mlnfmal amount 01 dala 10 
d!lll!rmine the type 01 record thet Is 10 be processed. 

['"TII : 
ltIFI Lt 1111 Til : 
INPUT TYtt 2.1 
IF TVrE = 1 THEN 

WI1JT NIIME $cIfIlR2D, SCORE !i., 
ELr.E 
IF TIrE = '- 'MIEN 

lNI'IJT TEIIM $CIIIIR20. RIINK 5., 
RUN: 

Dala Subsellln!!: IF end WHERE Stlltemenle 

Reducing the numbar 01 obs!!Mlllona thaI a slap uses lor 
pocesslng elln be a vary ellaetfvll maAnS 01 increASIng th" 
I"'rformllncl! 01 II Job RI..". D!!pI!nrllng upon tha "tyle 01 dAIIJ 
!lubseftlng Incorpornl1!d In a SAS Job, the comblnfng 01 multiple 
dAIn subllAlllngAt"ps enn bl! V!lry banellelal. The use 01 th. DATA 
step subs!llllng tF and WHERE 'lnlllmenta can reduce the 
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8/IIIIIIrII 01 nla processed wfthln a single Job !l1ap. 

Th_1s ti vary Imparlan! dlsHncIIon between the subsetllng IF 
and tha WHERE atalllmanl that needs 10 be notacf. Th. 
subselllng IF selects dala based upon the evaluadon 01 the IF 
.xpresslon, afttK an observation has been complelely read Into 
the DATA step program, whefll as the WHERE slatement only 
!urfael!!l observallons 10 the DATA step program that meet th!l 
conditions 01 the WHERE eXJlf8S!lIon. SeiscHng one technique 
IIV!II ancther, whtt ll!!lpedlo performance conslderaftons, Is vary 
IIItIIcuII due 10 the unknown nalure 01 th. nlll and Its 
organflllHon. Generlllly, th. DATA step slJbs!lttlng IF Is Just as 
afIIcIenl as the WHERE statement; howaver, the WHERE 
IIlalllmenl elficlency Impad can be bell!lr realized by the use 01 
Indexes on th.1nput nla !181!1. 

bua 10 the levels In the DATA slep environment at which thll 
aubgelllng IF and WHERE statements operate, dlflerenc!19 In thll 
II!!Itllts of BY processing should be noted. Aft data are provld!ld 10 
a DATA step when the lIubs!llllng IF Is used, and the s!llIIng 0' 
th. BY variables FIRST. and LAST. values Is based upon l1li 
obs!lrvatlons conlalned In th!l dala sel. With !he WHERE 
atalllmanl, !he s!llllng oIth!l BY variables FIRST. and LAST. 
vatu!19 Is based Upon tha obsarvallons surfaced by th!l WHERE 
!ltalllmant evaluallon process. 

Indexes 

As suggasllJd In tha discussion 01 th!l WHERE statement, the 
definition and U!I!! Dllndexl!!I on SAS data s!119 CIIn prDvlda 
slgnlflcant perIormanell Improvements In th!l overan !lxecufton of 
a SAS data prttCI!!I9lng Job. Indexes are used 10 opftmlze tha 
r!ltrleval DI nta from SAS data sels when a step USI!!I the BY 
sllJtement 10 group dala Iogether Dr when WHERE statements or 
WHERE !lxpresslons ara used 10 subset the amlll/nl 01 data 
processed frDm a SAS nta S!lt. The DATA slep subs!lHfng IF 
currenfty eannot use th.lnformallDn conlaln8d In indeX<.!!! 10 assIst 
Ita analysIs. SOl vtews usa IndeXI!!I 10 optimize th!l processing 01 
data lable )DIns or Inlllractlons wfth other views. 

Arllhmatle and Logie 

Tha evaluallon 01 expressions Is th!l most widely used conslrUcl 
provtded by th!l SAS DATA step language. When performing 
axpr!lsslon evaluation It Is Imporl!lnl that evafuatlon 01 common 
axpresslons be mInimized as much as possible. Common 
axpresslon evalualon can wasllJ valuable amDUm 01 CPU nm!l. 

SlmDarIy, thll use 01 conslllnls rathar than constant expressions .... 
!lubsequent expr!lsslon evaluation can also be beneficial 10 the 
fl4Irformance 01 a OATA step program. Use DI the MACRO 
Illnguage and MACRO variables to popagallJ CDn!llants In place 
01 constant IIxpr!lsslons Is recDmmandl!ld. Condense constanl 
axpr!lsslon as much !IS posslbl!l, slnea the DATA step does 
perform Imlted canslent lIl!presslon evalualfDn between constants 
01 an arithmetic operadon, thllllgh this capability Is currenfty 
limited until mora specialIzed constant expfllsslon evaluation Is 
lupporlll!l. 

FDr mRny years, Impncll conv!lrslon operations hav@ nDt be!ln as 
efflclent during expr!lsslon evatuallon as one would !lxpact.:Over 
lime, many programm!lrs have found that the US!l 01 the 
PUTIINPUT functIon W8!I much more efflclenl al dale type 
conversIon than that provtdl!ld In nDrmal axpresslon evaluatlDn. 
Recent changes 10 tha DATA step envlronmant have made the 
PUTIINPUT IIJehnlque less elflelent than the Impled conversion 
due 10 code generafton opftmlzafton lechnlqu!l!l. current 
programs stnl funcIIon as they dD today, but as newappfteatlons 
are cfeveloped, keep this information In mind. 
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['ATA: 
LElIClTII ('KEY $ lOr 
R E'I'l\ IN til( F:Y 0 r 
('KEY: '1234567990'r 
IIKEY : ('KEV: 
('KEY : mEY, 
RUN: 

/' E"I,lld t. 'l'yp~ Cnnv"tl:lon udno +1 
/' INF1JT and "UT functions + I 

(lATA: 
LF.mTII CKEY $ 10: 
RF.TIIIN NKEV 0, 
C·F.EV = '1214';67"'10', 
NKEV : INtUT(C:KF.V.IO.J, 
(,KF:Y : rUT(NKEV,IO.I, 
ROO: 

The evalu:>llon 01 expres91on9 contAinIng missing valul'lS 19 
g"",,"IIIy very expAn!llva due to the r"'lulreml!nlll or detecting and 
reporting ml~~1ng vAlue IIXC!!pIIOM. Some host plntforms must 
check each IIrlthmelle DpfIIIInd for mls~1ng value!! In the 
g.",erAted code. while othm host plAtforms are a~RIsted by tha 
Roallng polnI rn.rdwftra to dlllllclnnd Rlgnalthe SAS System, 
thereby ellmlnntlng explicit mIssing vlllug checks In the gIIneralad 
code. In IIIthar cll911.the ptoptlgnfton or mIssing value!! during 
expression !!Vatuatlon 19 very expenslva over an. As a 
progralnrntlr, the ordllt' In which you IIJl'1CIfy the !!Valuafton 01 an 
expressIon can hIIve a slgnlllcMt Impnct upon the effects of 
missing value propllgntlon. By nnnlyzlng tha varlabla. InvoIvad In 
expressions \hal hllVll a hIgh probllbmty or incurring missing value 
propagnllon, ona can reorder tha I!xpreS!llon 10 as 10 mova tho!Ie 
varlabr..s 10 thal!l'ld of thll problllmllHr. 8XP,.,Isslon. By doing !1o, 
the e"ec~ 01 mIssIng value propngntlon are Imlted 10 a smaller 
seIDl exprgs!!lon gyalualon opmllllons. 

Assume thlllthe dlltll ~et DATA eonlnlns the varillblas A, e, and 
C and \hilt missing valuas ara pra~t only In variable A. 

['''T'' : 
~UM = A • B + (, 
RUN; 

In the example IIbove, the eddillon 01 varlnblas A and e gllneratas 
a mIssIng value whengyer vllrfllble A III missing. This missing 
value" propngAled Inlo th8 addillon 01 C to eompIgtethe 
expreS!llon !!Vllluallon. The_lulltlon ClIU!!" two missing value 
excepHons 10 occur, requiring the DATA IIlep 10 maintain 
information about the IoCIIllon of ench exception. 

By moYlng YlItfloJbIe A IIIter In the IIIIIIIlII'Ilon of the expression, lIIe 
number 01 mI~slng value IIXCAplont 19 r!llluced by one 
occurrence. Given thll ovlllheAd required 10 proa!SS a ml!lslng 
Vlllue excepMon, substnnnal savings In CPU Ulmzatlon can btl 
reaDzad. 

tJlI1'II, 
SET tJA1'II: 
SUM = B • ( • ~r 

RUN: 

As wIth mlS!llng Vlllull propngnHon, eXflllIsslon evaluaftOn orderln, 
~ hava A slgnmcnnt imPAct IIpon thl! p8rformance of !!V1I[utlon 
within condlfton'" SIa"'m,,"llIxprll~lI[on', Recent chnng" 10 the 
DATA ""'" com,,""'r hAYlllmprovad thllllflldmtC)' 01 evaluation of 
condlDonnl slnlamenls Ike the IF lind OOIWI-IENlSEtECT 
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etaleml!l'lts. TheM Irnpl'O'l9ments are due 10 th8 utilization of a 
tachnIqua, Boolean short circuiting, IIII1t raduees 11111 number «If 
AND and OR expressions lila! nead to be evalualad 10 datermlne 
tha TRUE 01' FALSE condlllons prasent In these two statements. 
Ordering the conditions In descending probabmty 01 occurr_ 
8IImInates lIIe nead for further !!VAluallon 01 expressions within 
condlllonal lltalBmI!I'Its by delactlng lIIat \he complete condlftonal 
8Xpr\lS!l1on Is TRUE 01' FALSE althe earliest point oI!!VaIutIon. 

Assume the fonowlng fraquencles al whIch lIIe variables 01' 
expressions A. B, and C are non zero valuM. 

II Freq(A) _ 10 

II Freq(\3) _ 513 

II Freq(C) _ 3004 

0111'11, 
IF A I B I ( TIlm 

RUN; 

WIth the example ahove, more nme Is spent evaluaDng the 
condlllons for A and B when the data have a hIgher probabmly 
th,.1 the C variable or expression has a hIgher numbllf or 
OCcurrl!l'lCIIII prasenl In the data. By changing the Otdllf 01 the IF 
condItion so thllt \ha ordllf 01 evaluaHon Is based upon the 
ellp8Cted occurrl!l'lce oIthll data, you can Improw ovaral 
p8rfonnanca 01 an axecullng DATA step program. 

DATA: 
IF ( I B I It TIlm •• , 

RUN, 

A similar programming construct can be usad lor condillonal 
lIYaluHon When mulually exclusive conditions emt In a SAS DATA 
step program. When only one condlHon can be true for a gfVIIn 
observation, use a series of IF· THENlElSE stalemenls or a 00 
SELECT group ralhal than a sertes 01 IF· THEN stalBments 
without ELSE statements. 

(lATA, 
SET DATA, 
IF X = 1 TIlEN 
IF X = 2 Tllm 
IF x = ) TIlEN 

RUNr 

DATA: 
SET DATA, 
IF X = 1 TIlm 
ELSE 
IF X '" 2 TIlm 
ELSE 
IF X '" 3 TIlEN 

RUN, 

Rather than testing thll varIable X In each IF IItalement, "IS more 
IIfftclenl to change thll Row 01 control 01 the IF stalBmI!I'It 
gyaluallon to take advantage 01 the mutuaRy exclusive condlllon9. 
By simply U!!Ing tha ELSE sta!9ment with tha IFfTHEN sllltament, 
addilional reductions In CPU utilization can btl reallzad. 
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[1""", 
!lET [III TIl I 
IF X = 1 11101 
EWlE 
IF X = 2 TlIDI 

RU", 

Th" ... fleellve UlIII II' IhlI DO !!!op lor ml1ny programming 
opmalk:lns III "xtrem~ Imp!Irlllnl. Tllo much evaMlon within II 
!!!lIp CIIn be In",nclent dull I!! thll WII~'" of valuable !!YStem 
le$!lUrCIIS. n""'- thll CIl"""nll! 01 II looping CIlMtruct to InCIYII 
consl:1nl mpre!lston!l or el!prln1slons n!l1 bAsed upon thelo!!p 
conlr!l' Y1Irlllb"'s, whllthm Irnpftcilly 01 expllcllly epecilled, '" 
1IU""ldll III thl'! loop contro'. Equnlly Important Is to order lIle 
evoIua"on olfF !ltntemenls In telms of dllscendlng pobabRlty 01 
use within a DO loop. 

[lAT" : 
r.ET ['''Til, 
[>0 I = I TO H, 

X = H • H: 
c = X • ~ORT(I', 

DIn: 
RUN, 

In th" exrunplellbove, IhlI clIlculnllon of thll verlabla X Is n!l1 
Inlluenced by Any vArlnbl .. chnngP!l during thll DO loop exacullon. 
By moving this cnlettlttllon IlUlslde of tha 00 Ic!op, addlllonal CPU 
savings can be IIIIInzad. 

tl7\TJ\: 
:; F.T I'll,.,.: 
X :: N • Nt 
110 I = I TO H: 

C = X • ~QRTrII, 

ENU, 
RIJN: 

011111 CompressIon 

" dllIk alorllgl'! SpAC9 III a _J!!I CIlnC'!m, the use of data 
campresalon 'echnlquH CM provtde Il solUtIon. ShmtenInIJ oItha 
"'"lIlh II' dalft stor1!d CIII1It11v.. a 11'901 Impact upon the Incurrad 
!ltol"lle coSlll. The use II' thl'! lENGTH !ltetemMI CM be tha 
IIAalelll technlqua of all. U~lng the leNGTH slal .. m,,"' with 
cha,neter irarlnbll'!!l1s 8/mpll!r thnn using the lENGTH slftlemenl 
to !lpeelfy !lhm' "'nglhs '01 nulnt",le YftII"bI9S becaUS9 01 the hosl 
plnlform flonllng polnl rep_IInln"on lind the desIred precision of 
the rP!lull. The r9slrlcllol1!t IIIth9 vnrlous hOltl plntformsls 
dI!leussed In thl! 'lENGTH Sla~l!nt"1n Chapter 9, 'SAS 
llInguagq Slatemllnls,"In SAS I.IIIlfU,.".: Ra~. Vllt!lfon e, 
FIrst Ed/lion. 

UsIng PROC FORMAT IormAt!! lind Inlormall! '" IIneadli shorter 
vlllul!!I 101 dala can be a very efll!e\lvll technIque lor data 
comprl!~Rlon. A similar, bul !limp"" technIque, Is to etora 
numl!rlC!I a~ charncll!r9. K~p In mind thtlt there \!III break·evC!A 
polnl wh!!le the s'ze IIlthll 'ormallftd numerle vtllua wtII be Iongel 
than that 0' tI numarle variable wlltt a shm! 'enllth In terms of 
physical storage rtlqufrllments. 

Wllh the Inlr!lductlon 01 Version II of the SAS System, thll eME 
110 !!nglne plovld!'!!l the cnp4b1111y '01 date camp_slon. The date 
COmplllss!!!n technIque IImplOYII!d uses /Un·length cllmplllsalon I!! 
reduce consecutfye !UnS II' bytes In'" a smaller numbm!ll dala 
by'e~ wIthIn nn obs"rvllllon. this dAta C!lmpresslon technique, II!I 
do moat cammClnIy used mlllh!!d!I. requlrlls additIonal CPU lind 
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mell1!ll)' Ie$IIUrCII!I to accomplish tha _glllllan! of the 
CClmpt"tlSSC!d data. 

VIews 

The use of SM vlC!W!I can ImprtlVC! the ertlclllney, II' a SAS step 
bul. mllre Impclrtently, views can IncreMe the evaRable 
PrtIgrammlng rss!IUrcss by IIIl!!wlng the views to be reused In 
multiple appllcallon!l. Vlows can be c!llfed onoo end then used In 
many steps within a single SAS J!!b or by mIIny !!IhC!r SAS J!!bs. 
ThelllllrllthrllB primaI)' IypH of vtews P'OYlded by the SAS 
System: Sal. DATA step, and SAS/ACCESS views. For IhIs 
discussion, only the Sal and DATA step view!! are cans/dl!lad. 

A sal vlew Is generally cheraeterlzed by II!t C!BSe 0' usa and 
exprft9tve power of the underlying sol language upon many 
data organl!tlUoo conslruotlol1!t. Many Sal querkls can be 
aeeompftshC!d using the SAS DATA step, but these qumles ere 
IIkl!ty to be more eompl9x til conleln a large set II' dlsllnel 
!!pmetlons thai are more emell!nlly pr!!CIIssed by the Sal 
I!nvtlonment than by using multiple step!! In tha DATA step 
language. 

DATA!ltep vlC!W!I fit well Into the SAS Syatem by a"!!WIng 
proglRmml!1!I to IInCIIpsufate eldsllng DATA step CIldC! '" luncIIon 
like SAS dtlta sets. In mllst c/rcumstenCIIS. thll USII of DATA step 
vlC!W!l reduces the creatllln 01 redundBnl data by pr!!vtdlnllthll 
date tJpCln demand. The Impclrtence!ll DATA step views I!! that 
thll view inherits the lull pllWC!I of the sAS date step language to 
lelrleve date fI"lIm 1IthC!r BAS date sels, SAS views, external mH, 
01 to dynamically IJC!nerate n. Whether the pl!/Iormanell 
eharac\erfs\IC!I of DATA step vIews Is the same 01 glllater than 
that !II IIlher SAS dale vl9'N!I Is hIghly dependC!l11 upon the C!XIICI 

nalurll of the step reading IhC! vlew, the options spC!cmed lor thll 
8tep snd tha mC!th!lds In whIch the IC!'C!leneed view oblelns or 
genmates Its data. An WHERE expresslort lIVlIIuallon Is handlad 
In the DATA step vlew rather than In thll SAS '10 Engine 
SUperv's!ll, thC!leby reducing the !lYerhealf of date m<M!ment 
belwC!C!n the 01\ TA step view and the SAS 110 Engloo SupC!lYlsor. 
Improvements '" thll management !II the vlC!W!I executlCln 
anvtronment have aI!I!I bllen made to laduce the Impact upon 
system rll!l1IU1CII!I. 

Stored pragrems 

The usa 0' slorlllf programs can elso proYldll beooflls to 
epplleatfon developers by l!ftmlnsllng compile lime !lYl!rhead of 
the DATA step pr!!grern, because IhC! afored prllgram does n!l1 
hllYC! '" be rllC!lmplled each lime It Is Invoked In s SAS Job. Stored 
programs can be complied IlUlsldll of the envIronmenl where It Is 
used, and a sIngle stored pr!!grem can be used by many SAS 
date prllCllS!lIng sppncallol1!t. As a side note, DATA step slored 
plllgrerns II1II used '" Implement the support 101 DATA step vllIW!I. 

A". 
Elfeellve use 0' DATA step arrays can provide a !lmall 
Impr!lYl!fnenl In !lYC!lallefflefeney when thC!Y are used 'n a DATA 
step pr!!gram. A DATA step array Is not a physlcslarray of dala 
but a IlIgteef mapplnll !lYel a set of variables dellned within tIle 
step. To Mslsi the DATA step complier In providing I!'ftelent 
support of array leferences, It Is Impoltentthal nil two errays 
share the slime verlables. The rIIeson !!Ir this Is thl! technIque 
emplOYl!d 10 gain IICCIISS lor reading and lIpda"ng thl! values 
IC!fereneed by the erray. Whlln one !II more varfables Is sharl!d 
belWC!en errays, more lime Is required'" navtgate to the aelUal 
storege Ioca\lons of the date. 
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0IIT11 , 
IIRRIIY II Al-1\5, 
IIRRAY III! 111-115 BI-B5, /. Aru'IV contains element •• / 

I· fr¢m the array II ., 

RU"'; 

As with array elllmml shll,Ing. th!! Slime eHeets are encounterad 
If the arrey contain!! both relMled lind unretalned variables. 01' In 
the case 01 chareeter variables If I!lemP.nts 01 the arreys are 01 a 
different length. Access costs to elemMts are Incrensed, because 
aW the elements cnnnot be conHguoU!lIy lllfocated and rnulIt be 
spread out In memory, th!!reby IIl1mlnnllng contiguous element 
eccess for reading and updating. 

[lIlTII: 
l.r.m1'll III-liS $ 10 III -BS no, 
Rr.1'J\IN III -(15, 
IIRlllIY IIIl III-liS BI-B5, /. IIrrllY """taln" p.hmp.nts " 

/" wlt.1t dHf .. r"nt ",hills and" 
I" "''''"d r"t . .,ln .. d and ./ 
I" unrp.talned variable. ., 

RUN; 

" the purpO!l" 01 arrA)'!! ~ to cnleulate InlormaHon, and the rasuh 
of tha calculallon!!llmlmms the nlled lor the values of.the array 
elP.II1enls to be 'lIVed, thllUS!! 01 _TEMPORARY_style alrll)'ll Is 
recomm!!nd"d. _TEMPORARY_arrays do nol require variables to 
be d"nn .. d !If mnnnlJlld but prllVklll thlt datIl SIorIl\JII to contain the 
array elements during arrey accessing and avaluallon. 

" Is highly ,,,commendad to ,eduellllf eliminate tha use II' the 
array of ""tfJ'!I CllflmJct that mllny older SitS programs mil)' 
contain. An example 01 thll IIrrtly of IIITII)'!I eonstruct Is as follows: 

!"'TII: 
IIRMY II I." 11\ -III 0, 
IIRRIIY RIJ) Bl-BIO, 
IIImA Y II 1\ /II II II, 
!lOt=lT02, 

rIO ,1 = 1 TO 10, 

All = I • ", 
£tIO, 

£tin, 

this old form 01 MItfIJ p,ote!!l1ng Is VIII)' eXpllnM to USe due to 
the requirements 01 the Implemantntlon 10 support It. Access \0 
the array elp.ments e!II1not be pn"rllll'1d as In·llne code but mull 
use external function calls 10 nnvfgate through complex data 
strucfure!l to gllin IlCee!lS 10 the underlyfng data. 

The arrAY of IIml)'l'l eXllmple clln be converted to use explicitly 
subscrfphld arrll)'S 10 provide bettllr per'ormance charaeterlstles. 

(""I'll: 
IIRRJlY A~(2.IOI 1181-11820, or II.ItRIIY 11.912,10', 
(1O r = 1 TO 2, 

!JO ., = \ TO 10, 
11912,10, = 1 ' ~, 

£tI[l: 
ENO; 

SAS CONTROLLEO EFFICIENciES 

In thl~ ~ecllon. ,"'ormAHon III pre~lInled describing the 
Invohtement of thlll SAS Systtlm eomponenl!t that mslslln the 
el.clency o. SAS program exllCUUon. The SAS System he! been 
modl.ad heAvily since 118 flrsl introduction to be as e'tlelanl as 
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possible, while al the same lime being !bte to provide a very 
robust set of teafura. and funetlonalllfee. 

sAS Data sets 

Tha '/0 Engine Supervisor and BASE engines have been 
modified \0 ",ovlde beller management 01 the data storage 
lllruetures. thereby reduclng tha overhead necessary 10 maintain 
user data. In pre. Version 8 gyslems, the overhead to manage a 
single observation was " bytes. When thelniUBI Version 8 01 the 
SAS System was Introduced, this overhead Increased by a lactor 

'of 3 to 12 bylas. WIth this substantlBl ClVerhead Increase, 
slgnlfleant performance problems In terms 0' CPU, I/O. and disk 
s!orege Were encountered arid tepmlad by many SAS sites. WlIh 
Release 6.07 01 the SAS System. the naw lean file format .or SAS 
data sets was introdUced, slgnHleanlly reducing the management 
overhead 01 each observation 10 a single bit 

Addldonal algorithmIc changes have Blso made significant strides 
In the reducllon 01 CPU and 110 resource utmzatlon when 
accel'slng data sets sequentially. The technique of fast pathlng 
redl/Ce!l the CPU overhead to gain access 10 an observation 
within a SAS data set. WIth fasl palhlng. access to the 
observation Is handled by Radlng a page 'rom the data sel and 
returning the tlrst observation IlUt 01 the data page. with 
subsequent observation accesses Justlneremenlfng poInters Into 
the data PBlJ#.! unm the number o. observations eonIained within 
the pal!" Is exhausled. AddtUonal observalton9 are retrlaved by 
reading the next data page and continuing the pointer 
manlpulaHon process. 

Changes to Ittll compression elgorlthms and to the number of 
buffers and their corraspondlng buffer Sl%98 also contribute to 
greater efllclency 01 SAS data Slit I/O. Belter choiCe!! for these 
vakr" WlII9 dalennlned and InstaRed as part 01 the BASE 110 
englnll with the introduction 01 Release 6.07 of the SAS S)'stem. 
The algorithm \J$ed for observation compression was opdmlzed to 
reduce the CPU rasources utmzed durlng both Itte compression 
arid decompression operaUons. 

External FII' 110 

As with Itte optimization 01 the SAS data sets. the last pathlng 
elgorlthm has been eppfted to Itte acCess 01 date 10 and from 
external til". In lact, the last pa\hlng technique was nlSt 
Introduced In the external tile '10 SlIppllft and later Incorporated 
Into the SAS I/O engine archllaefure. this support Is most 
neHceable when \J$lng the DATA step FILE and INFIlE 
statements \0 acee!lS data from extemallllas. 

The INPUT and PUT statement support for column I/O operations 
Is now genarehld In·llne as much as possible to reduce CPU 
rssOUlCll utlRzaIIon. 

tllITlII 
INPUT '10 X 2. 'x Y 5. +Y Z 3., 

Inlormals. Form .... Functions, and Subroutines 

A great deal oItlma has been spent In analyzing the performance 
01 these system level componants In an effort 10 Increasll their 
efficiency. Special allentlon was given to the conversion Iype 
formalB and Informals. dIJg to their use by other formats and 
Inlormats within the !!)'Stem. Over 100 formalB and InformalS wera 
Improved through the incorporation 01 chang" Identffied during 
!he per'ormance analysis process. On average. between 300% to 
400% In performance Improvemant gains have bean measured. 
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Th" lJ!Ie of func1lons by SAS appWcnllon dflvelopers Is th8 
_1n9111y of mAny nppRCftIfon!l. SpaelnllIlllInlfon '"" IIl1en given 
ID the _I COII"nOilIy lJ!Ied functions pravld!!d by the SAS 
Syslp.m. ModlftCftIloMID thllldl'nllllnd funetlon!llll1d subroullnes 
t!mftzed II ,",I (I,,1n of ImproW'll1111111D OVet 9S functions when 
compnrt!d ID RRlen!e 6.06 0' thl!! SAS SyMem Md a nel gnln ID 
over 50 functions when compared ID Raleasll S .• 8 0' tha SAS 
System. 

Mllllllllng Value Delecl1o" 

A9 pr!!YIDUllIy d1seussad In the U!ll'r conlroftAd A'"cleney aactlon, 
tha ordering of mlllslng Vnlull propRgnllon withIn II SAs 
expre!t!tlon CM hllVll tI !llgnlflcanllmpnct upon Iha utlllzalfon 0' 
CPU resOUfClfS. Addltlonll' !lysl!>m !evel chlll1g!!!l have 1I~!llsl9d In 
improving the deteclfon Md mAMg"ment of mlsAlng value 
dfltecllon, propngllllon, nnd rAporling. Th .. DATA IIIllp algorllhm 
for rnl!!sln9 vnful!lrncklng hnll blinn graAlly Improved by 
gqnernlln9 dlff!lfenlln·lne code Inlormntlon ID p,DVtda Immedlal9 
lrackln9 InformAllon ralhm thl!!n IJ!IIng sl!!l'Irch I!!lgorllhms 10 
delermlnlf Ihe IoCftIlon of ml!l!lln9 vnlue exceptions. Thesll 
changes have Imp,oved Ihl! prOCfl~91ng 0' mIssing varoa 
lIlCC!lpl1ons by 50%. ThE! lJ!Ie of thl! ERRORBlOCI< dala !I~ 
opl1on can "'AD provide pe,lorm:mcl! gnln!: by II!IHlng the DATA 
II\<!P Irack mI!lslng value exoeptlons on a complell! expressIon 
boundary rather thlll1 at Ihe lullalCplMS/on boundary within an 
expressIon, 

IF Slalemen'lI • Boolean Exptesslon 

The DATA s\<!p hAS also S@f1ll !llgnlllcnnllmprovemenls In Ihe 
n~a 01 Boohm" expr_Ion handling by 'ncorporllllng the 
opllmlzal1on technfque of BooleAn shorl clreulllng. This chl\ngg 
ImPR~ IIppRCIIl10ns when multiple condillonaf exp-ess1ons are 
found Iogl!ther In M IF or OOIWHENlSElECT sblteme"' where 
OR or AND operetors life u!I!!d. fin exempfe 01 such II eonslrUclls 
shown In Ihe following stalement 

IF VARI OR VAR2 OR VAR) OR VAR4 THEN 
NIT 'on .. or t.h .. ~.. I" t till"' : 

The Idlla ""hind Boohmn shott cIrcuiting Is ID !!lImInal!! redundant 
expressIon evBlUAtlon ft!I BArIy I'I!I pos!dbta durlng !ha evalutlllon 
0' !he IF eondlllon. ThB progrllmmllr CM Improve !he perlormonca 0' an nppDCfttlon that eonlllln!l Ihls styla of IF conditional logic by 
IInsurlng Ihe ordl!flng olth" AND lind OFt exptMlllonl proceads 
from It high ID low probnllmly 01 oeCllrnmce, 

Subexpr!l!l~Ion~ eonlalned wIthIn the IF condlllonnl logIc Iha' 
exhIbit side "fleels preventth!! Boollllln circuIting 01 eOf1dlllonal 
logic. A ~Id~ """et wllh _pect fo SAS expre!l!l1ons, Is 
chnraele,lz"d by ex"rl!l!~lon -.vnluAtlons thot must lie eveluated 
completply from one tt .. mIIon fo \he next and !he evalUAtion 
cnnnot be ~hort·elrculted. In thll SAS DATA liMp It Is lIl(J!ecllld 
thai sp"'elfte functions within lin "xp",~~1on are IIlways exeeUled 
r!!!JA,dlII99 of Ihl! polen""' for optlmtzAtlon. Speclllcafly, tha 
rAndom ntrrnl!llf functIons And !I)'l'I'''m 1I!IVllllunet1oni lIIe 
daslgnaled to be functlonslha' producll aide elleetl. 

IF x ' 5 ANII RAtlUNlIO, < ,S THEN '" 

The RANUNI(O) funcllon creatll!! II side e'fllct that requfres lifo be 
expcullld every lima 10 en_thllt the random numblll .\ream Is 
ganeraled In Ih!I same order es IIxpecl9d, 

Code Olnetellon Opllmlzatlons 

Code gllnmAllon optimIZAtion!! of the DATA IIlep compAer are 
eontlmmny Id!!ntlned lind plACed Info ~MvIce. Th""e chllftglltl 
p,ovfda for smaUer generated machIne code program. or 
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complied programs and IIeller utllzatlon of machlna tMDUtOlll. 

ElqIIIdIIy sullscrlp1ed arrays within the DATA step have also been 
optimIzed. this opllmlzatlon Is especially apparent when the 
subscript Is II COI1IJtanl value. In these cas!!S, the artily referllnClfS 
are prll·evaluated when Iha DATA step program Is eompDed, 
yielding CPU lJ!Ie Ihat Is roughly one-third what WIllI used In 
Rlllease 5.18 of Ihe SAS Sysl9m. Also, new with Version 6 01 the 
SAS Syslem Is DATA Sl!!p support tor multldlmensfonal expllcllly 
.ubsetIpted arrays, 

Usa of ImpRcllIy subscrlpled artays Is not recommended as their 
performance characle!lstles were not Improved IlI1d they lend ID 
use much more CPU resouroes than explIcitly subscripted IImIYS. 

Even !llmpIe 00 loops have been opllmlzed. AI Ihree forms 01 
Ioop!l (Iterallve, WHILE, UNTIL) exhibit Improvements In CPU 
utilization. Although" would requfre an enormous number 01 loop 
n!!lallons 10 achIeve e noUceable change In an appfteatlon, 
Improvements ID this area exempnfyas !he ef10rl given 10 
decreasing the CPU requirements wllhln Ihe DATA step. 

In many ClllaS, bit s,,"1ng IestIng Is now generated by the 0" TA 
step compfter rather Ihan using e function can 10 do the IIIsl. ThIs 
change appnes fo single characler tests as well as numeric value 
I!!tItI. Unlortunately, the Use of bli siring tesllng on characler 
slrlngs with II kmgIh greater than one stili exhibits a degredallon In 
performance. 

In !he mainframe environment, a lechnlqug thai was used fo 
IInhanoe the performance 01 the DATA step was the use of 
roullnes that do not require dynamic save areas (OSAs). These 
routines are more elllclant I!ecaUsa they de not require save 
areas ID be acquired when they Slar! or freed when they 
terminate. In order fo make soma roullnes not require a OSA, \hey 
ollen had fo be modlned such that cened routines were r!!located 
InlD higher level routines and, In some CllSeS, use 01 lIIIIometle 
SlDrage hed ID be reduced. SOUID!! code modlllcatlons were IlIso 
made In some cases 10 brIng small funetlon!lln·nne rather than 
calling them at an. Also, In the IIIl!lnfrarne envIronn1I!!nt, many of 
Ihe specIalized lunetlons ware optimized. These Improvements 
carne In Ihe form of reduced path length for the most common 
IJ!IIIS, bener lISe of !hll available Instrucllon !let, and removal of 
duplicate validation checks. 

There have been addltlona' opflmlzallons to the DATA s!l!p 
eompRer When IICIualllll!chlne Inslructlons are generated: 

• ChangllSln code generallon produces smaller programs. 

• leu CPU overhead Is Inet/rred during code generation. 

• Compile ama memcry was slgnlftcanlly reduced when Internal 
label descriptors were used. 

• SUM. LAG, and OIF funcIIons are now generated In·Dne. 

• Numerlc·lo-character end charaeter·lD·numerlc conversIons 
ere now generated In·nne. A p!!rformanca penally Is Incurred 
when USing PUTIINPUT functlon!l ID perform type conversion!!. 

In future releases, more and more DATA slep operallons wtit be 
performed In the genareted machine code. 
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ADDITIONAL PERFORMANCE INFORMATION 

There IIrllllllo numllrout lUning optlon!l Cboth SAS SySlllm 
opllons and DATA slllp opllllllll) thllt clln bit used to adJust the 
p<!rlormllnell dwaclllrlsttes ." thll DAtA slflp. The utll 01 the 
OA TA SIIIp options shllllld only b!t spqelRIId In completely lII!Jted 
produetlon IIppllcntlons lOllS to IIlImlnllte the I'Osslblllty that a 
codIng 01 "'glc problem In lin IIpplentlon progrllm dOe! not catIIle 
Inlllrnal dnlll corrupKon within tmprotllcllld mllns olthll program 
eX!!CIJ8on III1VIronmanl. A brlelllst 01 S_ ." thMII opI\Gns 
lollows: 

System Opllons 

BUFNO", Chnng!'!! thll numb« of fltIlIlII!I lI!Iocallld IIIr 
II given dalll .Ill. Prlmnrlly used for sllquentlal 
110 10 IIccommodate Iook·ahlled 110 
operation •. 

BUFOBS.. Ol"lllrmlMs thl! SAS dntn !lIt fltIllllr sIre 
b~!Jed upon thl! number 01 obslIMltlons 
requlISlIId 10 bll plnclld wIthIn I single bulfllr. 

IIUFStZE.. Sat the bUrrlllllzlI lor a given SAS data Sill. 

COMPRESS: Sp9d1l1lS whether obsllrvatlons written 10 thll 
dalll Slit alii compmssed. UndtlfSlsnd tfle 
_IS NfNllllllllrrrpfing to us, tflls optfon. 

REuse .. A eu~e space from deillted observations In a 
SAS data let. 

DATA step opUons 

ERnORBlOcK Track expressIon errolS acr09.the completll 
expression rathe, than at the subexprelslon 
111II1II. 

NOMISS Do not !IS"""atll code 10 check IIIr mll'sln9 
velues. On machine archllllclUr!!S where 
missing valull dlltacllon Is handled by the 
hardwme. any mI!!!I1ng vlllua except/on will 
clluse..., aband olthll DATA ltep program 
executing. 

NoSmnD 00 not pnllrllte code or support mamory to 
keep Irack of IIrror Ioeallons. 

NOSUBCHK Do not 911nerate codll 10 delllclll"1IY 
lubserfp"'g mars. Programmars mled to be 
very Clllllrut when U!1lng this opllon In that 
tmdetacllld subscripting operations could 
OVerwrltll mamory O'Jl!llde ." IhII array. 

DATA slllp options can b, Iptletnlld by "'Rowtng thll OA tA 
sllllllrnenl wtth a I (IoJward "ash) followed by thll option namas, 
ns for IIxample: 

nA~ TE~PT/NOSTMTIO NOSU8CHKr 

CONClUSIoN 

This paper has brlelly described !IIIme tl!ehnlqullS for thll SAS 
p,ogrmnmer 10 USIJ Dr that th .. SAS Systom uses to Mslst In tha 
developm~nt 0' eltletant DATA sl\!p programs. Inlllrmatlon was 
presented that II progrmnmllr cnn US!! 10 d .. vlllop DATA .1IIp 
progr"ms 10 oblD'n thll most optimAl pfulormanclI characlllrlsllcs 
possible. In'ormallon Will al!!o pre~""'1Id on how th8 SAS Syslllm 
p,oyfd~s IIddl"onall!!J~'s"'nell to enSUlII thlll thOSII programs can 
blJ executed In the mosllllnetant mann«. In IhII quest 10 obtafn 
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thll highest programming efllelllncy and lis daslred 1l1Iee'­
performance - both tha programmer and th. SAS System must 
work tollethlll to achIlIV8 thlll ultimate goal. 

A IInal nolll: SAS InslllUle Is dedicated 10 producing software 
products that ara ." tha hIghest quaRly and IIlltcfency. "YIIII ara 
aware of spaclllc problems with performancll ." thll SAS System, 
pllIlISlI do nol hesitate to brIng this to our attention so thai 
appropriate ac1Ion can bll taken for fulIlra product f91aases. 
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