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Evei' sin= SAS first appeami on microcomputers, users have been 

concerned about maximal aftbnlabIo performance. Much of this is 

due 10 1he filet that &AS is very n=aouroo-intcnsive; SAS will tax any 

machine upon which it runs. 

PcrusaI of the SUOI proceedings since 1983 and the SAS-L Iistserv 

archives Iesds 10 many tips on tuning SAS. This paper highlights 

tbaae lips and inlaJnixes thcIIJI with the authots penonaJ experience. 

PetfomJance tuning (and thadOrc, benchmarking) is an extremely 

complex and confusing task. The ideal SAS set-up is not only 

dependaltupon 1he sysImt bardwam and sotlwalc but also upon the 

types of tasks that the user pcd'orms with SAS. Due 10 the 

coofounding of these performance factors, it is impossible 10 define 

a act of perl'ormancc guidelines applicable 10 all uscn. JnsIl:ad, this 

pap:rwiJllistl'CQOll'llllCll that could be followed by most uscn. 
Mileage may vary; the RIICIcr should concentrate on the themes 

presented herein and be prepared 10 do some se1f-tcsting. 

.Areas for TuniDg 
An iDside-out approach that must be tbIIowed when tuning SAS 

under MierosoJt Wmdows (mdeed, on any computing platform). 

FiIst, the user must address hardwamllOllSiderations. Next. the link 

bctwccn the hanlwam and the applioation sotlwaIc must be tuned. 

For this papcc, that means DOS and how WUIdows sits atop DOS. 

After those matters 8I'C n:solved. the user must tweak the SAS 

configuration (usually through the CONFlG.8AS IDd 

AUTOEXEC.SAS files). These first fOur Jaycrs of perfonnanc:c 
tuning often need addressing only _ during the lifiltime of a 

machine; thus the user should be willing 10 spend some time 

invesIigating alfcrnatives. YmaIly, the user should Iesm as much as 

possible about the SAS IIDguagc itsel£ Indeed, the most dramatic 

performanc:c cnhancemcnls 8I'C often the result of the user writing 

better SAS code. 

Hardware 
Leta assume you 8I'C a new Microsoft Wmdows SAS user and you 

wish to purchase a new computer specifically for running SAS. 

FortcnateIy, SAS is not a unique softwII'C package', Uly system that 

runs SAS fairly well will also perfonn fairly well for most other 

~pacIragcs A good sIalting point is 10 examine the hardware 

requirements listed in Table 1. 

Whenever a new version ofSAS goes into production, it sc:em.s that 

the user community cries out that SAS is demanding at or beyond 

the state of the art. SAS under Microsoft Wmdows was no 

cxc:cpfion. It is good, though, when sotlwaIc pushes the envelope of 

hardW8l'O development CPU performUIcc continues 10 double 

approximately every 18 months. Dramatic price drops have 

coincided with JeCcnt size incrancnts for hard disk drives. RAM 

memory has stayed at affordable Icve1s. A $2000 machine (cirI:a 

Marcb 1995) can now run SA8 very nicdy for most users. 
Moreover, in just three years time that machine will seem very 

outdaled. 

Table 1 main1y desIs with minimal requirements for the SAS System. 

Butwhat arc the IIlCOfDIIIeIlde amounts? A good pIacc 10 start is 10 

. _inc Technicsl Notes TS330 and TS423 available ftom SAS 

Jnsti1utc. Included in those noII:s arc the foUowing rccommcndaticns 

• Buy the fastest processor (CPU) your budget will allow. CPU 

speed is measured in megabcrtz(mz). The order of performance is 

(move down the columns then to the right): 

Pent! un 9Om: 
Pent I l1li 66mz 
Pent iUII 60aIz 
80486DX/4 100mz 
80486DX/4 75mz 

80486DX2 33/66mz 
803860lC2 50mz 
80486DlCZ 25/5Omz 
80486DlC 40 mz 
80486DlC 33mz 

80386DlC 40mz 
80486DlC 25mz 
80386DlC 33IR 
80386DX25mz 
80386DX 16 lIZ 

Note 1: The current rapid Iwdwarc evolution bas produc:cd choices 

not Iistcd above. ExInpoIate as appropria1rJ. 

Note2: Ditrcrences between any adjacent CPUs in list may only be 

slight 

• Insist on CPU cache memory. WhiIc fasts matbines seem to 

benefit mosl tiom Iargc CPU caches, more than 256k doesn't appear 
to boost peri'onnancc significantly. Some literature articles indicate 

diminishing returns beyond 64k. 

• Buy the best Iwd disk drive your budget wiD allow. SAS is very 

disk intensive. Some 1bings 10 consider: 

Table 1. 

DOS version 
Windows version(s) 
Sl_st CPU 
Math coprocessor 
Memory 

lIini_ 
aid-ranse use 
high performanee 

Requirements for $AS Under Microsoft Windows 

Release 6.08 
Systm 5.0 or Mgher 
3.1 
1614hz 386 
hi ghl y recGlllDeucJed 

6 lDeSabytes 
8 lDeSabytes 
12 or more JDegabytes 

Release 6.10 (TS019) 
5.0 cr higher 
3.1 cr Windows for Workgroups 3.11· 
33Mhz 386 
required 

8 lDeSabytes 
10 megabytes 
12 or more lDeSabytes 

*Windows or WIN32s Operati~ Systllll ext_iQll 1.15.111 later requi red with either Windows 3.1 or Windows for Workgroups. 

The extension is provided with the $AS distribution software. 
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-Size No matter how much you plan, you'll never have enough hard 
disk spage. Not only do your applications and data neccI room on the 
disk, Wmdows and SAS also \I8C the disk: for temporary filcs and 
memmy. So look at it this way: if'you arc even 1 megabyte short of 
having c:nough disk space, you will constan1Iy have to deal with disk 
IIIIIIIagaIICIIt and will rue the day you cut comcrs on this item. 

-Transfer Rate This is the rate at wbicb the bard disk: will transfer 
data IIICISlImI in McgabytWsecond (mblscc). Hisher values arc 
better • 

• Accc8s rune An average ofhow fiIst the bard disk: can find the 
requested data. Lowcrvalues arc better. 

N* 3: Bolh lI:cbnieaI notes state SCSI drives tend to be faster than 
their eountmparls. Recent ad_ts in bard drives have 
produced a new type called Enbsnecd IDE (EIDE). These drives 
tend to have good performance at a1fordable prices. 
Note 4: I.algerdrives 1IcmI to be faster drives. However, do not think 
that bigger is necessarily the route to CoDow. Since the SAS system 
is bigbly eonfigwable, it is often times possible to get auperior 
pcrlbrmam:o with multiple slower, amaDcr phyaical drives (not 
partiIionsl) than a single large drive. See the section "Configuring 
SAS"below. 

• Buy a large amount ofRA.M 1IIeIIIOIY. How mucb is enough? 
y 0\1 should .. dramatic apccd inCRllSClas you add memory to the 
12 or 16 ~ lcveIs. Speed incR:aacs will be \css noticeable 
thereafter, depending on how you utilize the addi1ionaI memory 
beyond 16 megabytes. 1l'oMvcr, you will be atrordcd some 
intmaling DOS, WUIIIowa, and SAS systems options as you btcak 
beyond 16 megabytes. Some users could benefit BUbstantially from 
Iqer IIIIlOIIIl1s of memory. 

• Consider a c:acbing bard disk: contIOIlcr. Caches save flequently 
requested data in memory. Since SAS is WI)' disk-intcnsive, 
lUbdanIiaIin=aIes in pmormance arc~ accn when caching 
is uIilizcd. HantwIIRO caches such as thoae found on controIlen tend 
toOlJt.pldxm ~caches that uIiJize RAM memmy. However, 
the mrmoJY fiIuod on cachins controllers tends to be more expensive 
than standard RAM memory. 

Note s: U8III1I should examine the types ofSAS tasks they tend to 
perform. If tasks tend to be compute-intcnsive (c.g, 1arge 1incar 
models or simu1atiuns). budget allocations should swing toward more 
expensive CPU.. If tasks tend to be more input-output intensive 
(e.g., RadingIwriting large IIIIlOUIIts of data via DATA steps), 
expenditures should center more towanIa bard disks and memory 
caches. 

• Consider a computer that \I8C8 a new technology other than the 
standard ]SA bus. HowDver, these bWICS tend to cost more (as do 
their adapters) and do1Iara -.ld be spent more advantageously on 
other items in this 6st. 

• Consider a video accelerator board. WUIdowa applications benefit 
llanelldously ~thevidco board has its own gmpbics processor 
aod can..nwthe _ quiebr. This wiIlligbten the load on the 
main CPU and aUow it to attend to other things. Scrccn-intcnsive 
tasks such as spinning a plot with SASlInsight will benefit greatly 
from such Iuu'dwan:. 

Some of the abovI! options (such as adding RAM memory) should be 
considmd by tboso users already owning machines. AdditionaUy, it 
may be JIIlIISiIRto upgrade the CPU chip in the existing machine at 
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a fair\y nominal cost. Be a\II'lR, 1bougb. that a CPU upgrade win only 
marginally improve performance if' none of the other influencing 
components are also cubanced. 

DOS ConfJgUl'lltioD 

After obtaining the best available Iwdware, we move 01\ to tune 
DOS. An operatiDs sysImI interfaces all other software to the 
computer hardware. As such, it must be as cflicicnt as possible. 
AmongtheRCOlMlCllc1ationa listed in TccbnicaI Note TS423 arc as 
fol1ows: 

• Don't load drivers orterminatc and stay ready programs (TSRa) in 
1he upper tneIJIOIY blocks (1he addseaa range of memory between 640 
kilobyte and 1 megabyte.) With the introduction of DOS S.O,DOS 
users wen: provided with an upper mcmoty b10clt provider JIIIIled 
EMM386.EXE. Unfortunately, if a II8Cf exploits the capabilities of 
BMM386.EXE to provide cxpandcd arul addilional conventional 
memory, 1he1lSllr is bampaing the opcsation ofWmdows. Wandowl 
looks at the upper memory address range for fiee spaee to op1imizc 
its own perfDnnanee. Fortunately, if users uPfll'ade to DOS 6.x. they 
will possess a valuable utility, MEMMAKER. MEMMAICER. 
optimizes memory, even to the point or reserving nccesaary upper 
memotyblocks forWmdows. 

• Usc the 1atest HlMEM.SYS driver in your CONFIG.SYS tile. If 
you have upgraded DOS since installing WuuIows. usc 1he 
HlMEM.SYS driver that came with DOS. 

• Make _you have enough file bandies. SettheFILES-to 3() or 
higher in the CONFIO.sys file. In practice, a value of SO or larger 
is often needed. 

• Make _you have enough bufl'cts. Set the BtlFFERS- to 20 if 
you don't have any disk caching software IoadccI. If you're using 
SMARlDRV.EXE or other disk: caching software, do not usc a 
value: larger than 10. 

• Make_you haveenoogb ales. Iftbere is no STACKS option 
listed in )'OUt CONFIG,SYS file, then it dcf'auIts to STACKS-9,12S. 
Wmdows worIcs better if'the STACKS arc 9,256. 

Note 6: Some users may get better performance with STACKS set 
to 0, 0 without loss ofWmdows stability. 

• If you do not have a bllllfwarc caching disk: controIlcr, make _ 
you have a disk caching utility loaded.. DOS S and 6 come with 
SMARlDRV.EX£, a solid performer. The size of the disk: cacbc 
should be no less 1han 2S6 kilobytes. Caches 1arger than 2 mepbyte 
provide little gain at aD and sometimes actuaDy petform worse 1han 
smaller caches. 

• Check for doub\e.buffi:ring. If you have loaded SMARTDRV.sys 
in your. CONFIG.8YS tile, go to the DOS prompt and type 
SMARTORV. A tabk will be presen1ccl that list eacb drive 01\ your 
system. The column on the extmne right of the list shows wbcthcr 
or not the drive needs to be double-butI'cml. If 110, conauIl the 
SMARlDRV DOS documentation and make the appropriate 
changes. 

Note 7: Doublc-butrerlng can slow performance; so, if the table 



shows that you don't need it, JeJJIOve the SMARTDRV.sYS line 

from your COIItig.sys. Keep the SMARTDRV clisk cache active 

though by leaving the appropriam lim: in your AUTOEXEC.BAT 

file. 

• Usc a hard diskdctiagmcntl:r regularly. Vemon 6.xofOOS comes 

with a prosram. calIfKI DEFRAG which can be used to defragment 

your bani disk driw. Routine compaction of your hard disk CIISUI'CS 

nest-optimal pcrfonnance. 

W'mdows ConrJg\ll'&tion 
We IIIC now balf-waythrough the "one-time" tuning steps. We now 

deal with Microsoft Wmdows, which is our graphical user interlBce 

(GUl). Among the rceonuncnda1ions &Ie: 

• Optimize your Wmdows clisk usage. Fmd the Wmdows Control 

Panel icon and se1eet it. Double-click. the 386 Enhanced Icon and 

look at the following items: 
- On the right side of the dialog that appe8lS, select Virtual 

McmoIy. Click the Change button within that disIog box. Another 

cIiaIog box will appear. Under theNewSize option,you should sec 

a cheek box and the words Usc 32-BitDisk.Acecss. Wmdows 3.1 

supports the standanb introdugcd by Western Digi1al for 1003 

eontronen. By using 32-bit acc:css, WlIldows 3.1 can achieve 

1Ianendous performance gains on machines having this 1Mlc of disk 

controller. HDwcver, this can cause major disk access problems on 

IIOIIIe machines. Proceed with caution by backing up all the data on 

the hard drive just in _ you faI1 into the not-totally-eompatible 

estcgoJy. 
- Wlihin the Change dialog box, check your swap file to sec if it is 

permanent. Having a pennanent swap file can increase your 
perfimnanec. . 

- Make 111ft your swap file is installed on the tiIstest hard disk drive 

you have available on YOID' sysIan. 

• Do not usc a patIIm1 baekaJound. PatIml bsckgrounds can !educe 

your Wmdows Syajan Rcsounles. Use a color bscksround instead. 

• RwI only one application at a time. Eaeh application you bring up 

will require resources which won't be available to the other 

applications that ue COIICUII'CIItIy numing under Wmdows. Less 

_means sIowerprocessing in SAS. Jfyou absolutely need to 

do other things, try to do simple things while SAS is numing in the 

bac:kgtound lib won! processing or filling in the rows and columns 

of a spresdshm. 

Note 8. Isn't it a pity that Wmdows doesn't support multi-tasking 

better? Otherwise, why don't we just use a tssk-switcher iustesd? 

$AS CoD figuration 

Oncofthcnicestfeatures of the SAS System is the ability to tsiIor it 

for individual needs. It is easy to CI'CIItI:I an amy of CONFIG.SAS 

and AUl'OEXEC.SAS files for specific: tasks. Moreover. since SAS 

op!ioIls tend to be additive, it is easy to change settings "on.the-fly" 

within a psrticuIar session. Among the recommendations listed in 

TcchnicaI Note TS-330 and found in the SAS-L Iistserv ardUvcs ue 

ssfollows: 
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• Upgrade to BAS 6.10. Speed gains ueusua1lyobserved for both 
DATA steps and PROCedures. 

• If you must use SAS 6.08, usc popup menus (ss opposed to a 

menu bar) in the individual SAS windows (e.g., program editor or 

log) to save Wmdows resources. 

Note 9: Menu bars in incIividual SAS windows ue not available in 

version 6.10. 

• Optimize the ststemcnts within CONFIG.SAS tile. You may cclit 
this fiIc: with any editor that can wort with ASCII files (make a 

bsek-up firstll). The main statements to examine: 

- The load image searoh paths (which will appear something Iikc 

this): -PATH ( 
1sssroot\I:oJe\saseM 
!SASROOTIBASE\SASEXE 
1SASR00T\AF\SASBXE 
ISASROOl\GRAPH\SASEXE 
!SASROO1\FSP\SASEXE 
!SASROOT\STATlSASEXE 
) 

This statement specifies the sesn:h order of the modules 

(PROCedurcsand otherparisofthc SAS System). As such. you will 

want your IIIOJC hcaviIy used produets Iistcd nearer to the top. Since 

the CORE produet reaJIy cIiRcts all SAS worlc, it makes sense to 

pIai:e it at the top of the list Make similar changes to the -8ASMSG 

and -SASHELP ststemcnts. 
- Change the SORTSIZE option to ~ a Iatger block of 

memory to sort in. The ddlwJt is Im(egsbym). Jfyou have 8 or 

more megabytes of memory. set this option to 2m (even higher u 

you go to 12 or more megsbytcs). The statements to change in the 

CONFlG.SAS file: 
f8 set the default size of memory to use for sorting -, 

-sortsizelm 

Note 10: You can also specify this value for a specific sort by 

setting the appropriate parameter in the PROC SORT ststemcnt 

• Set the AutoSerol\ value to 0 for the LOG window. When set this 

waY. no text will be displayed in the LOG window until after the 

procedure is complete. Procedwes that write to the log a lot will 

ineressc in speed. 

• Set the AutoScroD value to Max for the OUTPUT window. This 

delays writing output to the OUTPUT window until the procedure 
has finished. . 

Note 11: You can set either of these values through the Options -> 

Preferences popup menu c:hoiccs or by typing the AUTOSCROIL 

# (# is the desired value) on the command line in the appropriate 

SAS window. Do not tmgettoissuethc WSA VB command to make 

the change permanent if using the latter method. 

• If you are running only production-type SAS jobs, remember to 

tum olfthc following options (useful only when debugging or tuning 

SAScodc): 

Option Dcseription 

oplist Show settings ofSAS system options in BAS 
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Show autoexce fiIc in log 
Write pcrformanc:c stats to log 
Write pcribrmancc stats in expanded fonn 
Maintain and print timing stats (Don't usc this 
withvicws) 
Show memoty report 
Show source code in the Jog 
Show included source code in the Jog 
Show Bllltcmenlll generated by macro facility 

• Ifa IIIICOIId pbysical disk cIri~ exists, usc it for your SAS work fiIcs 
(LD., tanponaySAS datasets and 8CfIItch work spIIIlCI). In such cases, 
itia otlcn a good idea to place aJl applications on one physical cIri~ 
(e.g.,driw C). Tbcn,. assuming tho ~ physical cIri~ is dri~ D, 
modify the following line in your CONFIG.SAS fiIc to be: 
1* Setup the detiwlt SAS System user work directory ., 
-work d.-Isaswork 

• If a substantial amount of RAM is available (usuaJly, the mentOI)' 
beyond 16 megabylm not aJlocatcd to a disk cadle), consider 
creating a RAM drift. DOS users can easiJy set one up using 
RAMDRlVE.SYS. Whatia the besl:way to usc the RAM dri~? The 
_ to that one is up for debate. 

- Some users. particularly thoae who generally haft IIIIIIIIl datasets, 
can cIircet their worJc directory to the RAM drift (see abaft 
1UlF"'im)' G!cat speed eoham:cmenlll can be achieved. Howcftf, 
aincc temponuy filea can IIIlOUIIIIIIate quite rapidly, it is not difticult 
to fiB the RAM drift and thereby crashing SAS. 
-A IIIIfcr use daRAM drive that would benefit aU users would be to 
copy your SAS DU's to that drift. Setting up a BAT fiIc to run 
SAS will facilitate this type of use. Assuming that SAS is stored on 
the C ~ in the ISAS directory and that the RAM drift is D:, the 
batch filewilllooJc something like this (caJl it RUNSASBAT): 

IlOp)' c:Isas\core\sasdll d:\ 
sas 

and the following change would be found in the CONFIG.SAS file: 
1* Set scan:h path for host dlIa ., 
-pathdll d:\ 

If additional RAM ~ spIIIlCI is avaiJable, usc the LOADLIST option 
to obtain a Jisting of the SAS imqes you usc during your SAS 
HSSions. ModifY the BAT file to IlOp)' those images to the RAM 
drift and modify the CONFIG.SAS fiIc to search the dri~ for 
modules. For example, if you moved three PROCs to the RAM drift 
D:, your-PAm statements would now look like: 

-PAm ( 
d:\ 
~\sascxe 
!SASROO'I\BASEISASEXE 
!SASROOT\AF'SASEXE 
!SASROOT\GRAPH\SASBXE 
!SASR00TIFSP'1SASEXE 
!SASROOT'ISTAT\SASEXE 

) 

SASCode 
When you reach this point in the insitJe.out tuning approach, you 
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have dealt with aU systems mattcn. Your hardwarelsotlwsre 
environment wiD be ncsr- optimal. Now comes tho bad newa. You 
have to Jcsrn how to write good SAS code, puticuIady if you deal 
with 1arge da1ascts or create code for production environments. 
Fortunately, the SUGI proceedings are just fiIIl of articles providing 
good advice on this topic. Just look for 1itIes addressing the SAS 
compiler, the program data vector (PDV), or the SAS supervisor. 

As a starting point, consider that most SAS code tends to be 
inputIoutput bound. This tip was recently acen on the SAS-L Iistscrv 
archive: 

- Usc LENGm sbdmIent to minimize variable lengths. Particularly 
usctUl when dealing with integer-valued variables. 

Note 12. StricIIy spcsking, you should only usc numeric variables for 
thoae fields requiring aritIuncIic manipuiatB. For clescriptive or 
catcgoricaI values, ~ thoae reprcscntcd using digi1ll, are best 
handled as character variables. 

- Usc DROPIKEEP statcrnenlll to minimize observation length. 

- Only SORT when necessuy. 

- Read raw data only once; make usc of permanent SAS da1ascts. 

- Create multiple datascts tiom the one datastcp if possible. 

- Use WHERE statement with procedures. Often 1\0 need to create 
a subset of data with a DATA step. 

- Usc the _NULL_ datastcp ifnot cmding a new SAS dataset. 

- Compress some large SAS datascts, but beware that comprasion 
can usc more space. 

- Develop & test programs on a small subset of the data. Usc 
OPTIONS QBS=oO;to check the syntax ofa program and OPTIONS 
OBScn where n is a relatively smaU vaIuc to c:heck the logic of the 
code. 
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