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A Kt4OWLEDGZ-BAS~O APPROAC~4 TO USiNG ETF1 . CY ZSTMATION IN PROGRAM SYNTHES S

~~~~~~~~~~~~~~~ Laoor$ory /I _ / Staniora 1Jniversity/ -__..—~ —— Stanford, Caiilornt. 94305

This paper aescr ibes a syst em f o r using ef ficiency 4nowleoge in program synthesis. Th, system, catted LiBRA. uses a
COmOinhliOfl of isnOwl.dg.-aasbo ‘uiea and algeoraic coat es t im ates to Comoare pOtential program imoleinentation,.
Efficiency~ linOwledge a used t o control the selection of algorithm aria Oat , structure implementat ions aria the
acolication of Potinseireg t ransfo rmst ioin . Prototypes of programming constructs and of cost estimat ton teclrniaues
are used t o simplify the efficiency analysis process aria to assist in the acouisiliori of slttciency enowledg. associated
with new cooing knowleoge. LiBRA ‘las peen used to guiae th. selection of ‘nple mentef,oria for severa l programs
that ciasai f y, retrieve iMormaliats, sort, ano generate prime num bers.

I NTRO~IJCTt0N

Efficiency considerations of ten mod~~ confficting demenos ~~ • 
Criurneration. The ~nowleage in both the cooing ~u.s and

~rcgr ~m synthesis system. On the one band, a syn th es is syst em Ot t i c ency rules permits he cpr’,truct,on Of program s sing .iSt S ,
must produc e an effic ient target language progremi on the oth er , arrays, lasri so les , property .ct s, ono s ev ers i enumerat ion .
it must produce that tar get code in a r.esoriaol. amour t of ti,,,, porting, Mid seercliin, constructs. The target programs are
and without running out of stora ge. This paper otscusaee . wr itte n in a ~ub5et ot INTERUSP.
system that takes middle groumo between the extremes of fl yost oi the rules are rio t specitic to the target language. For
constructing alt possible programs that rne t the specif ication and —sam ple, flier. are 5 or 10 rules that gradually refine a set rh o
picking the ‘nost elficienl, and 2) using default imolementatiOris. a ha,,, tab le. ai’d then a few l anguage specific ru les ior refining
The systUm, called USRA, use, a ~riowf edge base of .lficteriey the hash aol, into USP. Although the teneral paraalgm is
rui.g to guide the construction of reiet,vely ettk ,enf target refinement from abstract to more ~elai~ea Program oescriotions.
language programe in a reasonabl, amount of tim.. IIBRA WOl k~ tr ansform ation s such as combininu neste~ Otociss Of coos Pr
fr om a more abstr act specil icat,o,, and considers a wider range nested loope are also aitOw~d. UB~A decices wreitier or ~ot io
of t arget-language imolementettons than aptumvng c soilers. apply such a transformation just as it decides wnicis ot severs
~.4any choices must be mad., and making a good decision r,sinement~ t o apply, by looKing at the gioow execution Cost
depends on a global v iew of the progrem. The ~~get estimates or by aooiying heuristiCs.programs are riot guarant~~d to be optimal, but the
effici ency know ledge i, designed to allow the flexibility of trading UBRA and the cooing rules function together both as the
of f target-program effici ency for speed and C*mpICtVIW. synthesis phaje of the PSI program sy ntheei s sy stem (2) aria as
in the synt hesis Process. an independent syntnesi* system. Figure 1 shows a simplified

view of th, synthesis phase ar,d its raiation t o the rest of PSI.
Th. basic paradigm is heuristiC searc h f hrougn a set Of nio,w Cnd The other modules of the PSI syste m allow the cascr,Dtiofl of
more complete program de,criptiCn~. Estimate, Of the programs by English dialogue or by examol es Or traces, and
executIon costs of program im..lamentatione are ~~~ ~ tra nslate t he specification iri t O a co mot ete hign-iev.I ianguage
evaluation function, in the seereti. Symbotic, a gebraic description. A specif ication in this high evil isri guage can ,iso
program analysis is used to estimate the execution cost,. be given airestly to the syntriesis phase.‘(nowledge about the time and stor age costs of data
st ructures and Ooerattans is used to choo,e comoinatioris of
algorithm, and eat s reores,ntatiOns and to control the
apolication of optimizing transformetions. Rules about
plausible implementations are used to prune the search tree.
LIBRA h*~ been been used to guide the construction of _______________

several variants of programs hat retrieve information, sort, USER
‘ 0- 

_  
_ _  I 

_ _

ctassify, and generate prime number,, ,I, fl LISRA ~II 1 _______ ~~ ~~~~2. BACICGROUNO ram —. t Iproc 
_________LIBPA is an extension of an interocttve orograiw synttiesis syst em ~0.sCriDt iOFi J I Coding e f f i c ien tthat generates imotementaflons in a aid ançsage by a series

of transformetlors arid refi nement, of program oeecriatton,, ru les J prog ram

L..L.i catted coding ‘ulas. The knowledge base of cooing rule, wee I I
developed by ~erstow ~I J. The knowledge base allowe programs

,_...J in the area of synsooflc processing to be specified in terms of
constructs inctuding sets, mappings, s.f operat ions, _._~ Figur. I. A UBRA’; eye stew .4 program ~yMhesis in PSI

LL~ 3. PREVi EW

______________________ 
UBRA chooses from among .oo iiCaQle refi nemen ts ri the

C..3 ~ . 
—— know ledg, base of cooin g ruies Itirougn adoitional set , of ruies
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‘so resentati on . ~ovnsr (6] osti ndsd Low ’s -work to the sataction A Somew hat SihisOlif ted dsacr ip tto ri Oh t t s e Shiarc ’s dtrstsgy IS: Dick
of ass Ocl alive da f a structures and also ailOwed this tatectiori of a Progra m imotemen lalion tO were on, ~icr a efin s mets t ass
•.dunC ant representati ons, “ lsij rst ic* t000l will’s t o consi de r within t t tet ieolem.nt ation , Dtc k a cooin& ‘uie t o acit iavo that
‘sdundant rspr .senlatio ns and about ot her cOst—hraoeOff lash , and f inally to oty ho cooing ruts and any associate d
a,sunIOtiOns -w ere carefu lly tsote~ n the d.sc rip tt on Of the ilf iCtsncy rules.
sy ste m , but we re not asoresuad ae noependent rub e in the
s y s tem imoienisntaliois. Search-resourco-euanaayr ’snt rule, Cr1008. a Progra m

~nOtpinental,On and t hen a part  Of that PrOgram o work on.
Severa l d it f arersl search str ateg ies Isave beets silas, Low end Ths5e rules aSsIgn prIOritieS to taslis to ensure that the tas es are
~Ovt’e? US. lu ll cii i’seing lillong Ilts ostim af ed costs of the target carri ed Out w i lh,n the lt nshs of this resources.
or og rams to c t’toos. an moiementation, iSOr;snglern us.. a
Dynamic programming atgorithm sp,~ifi cetly altered to choose When refin ing a part of a Program . all relavarit cooing rules are
slt ’uC t u?ss Por large tiles. W.gbrsil ~7) gtvss sorss u.s-Dies of ‘stri evud and tested for aoo t icaeiltly . Plavs,a/.-.mci.m.ntafion
the use of pertormanc a analysis tO drive a proira m ru/os are Isad to help pen ce wr’icrh cooing ru le to apoty. These
Irsns f orn,ation proces s, L18RA repra~~nt s it s resource . rule, contain precOmout.o ana lys es ano are used to reSt rIC t he
‘nanagsi, ,eist strategy irs rub s. Ct”. of the rules, which sugges ts possi ble coøiusg rules t o hose that see m reaso naole ‘n the gevs n
COnjidef 111015 oh this high Potenti al impact CiCislOnj f irst , is program salu atlOhs , thupis pruning the searc h tres.
sim ilar P a he tscnn’oues usia by WegOreit and h loiginatern. Somptimea sev eral cooing rule. seen. plausible. SeDars t e
Ssv ,rat Oths, tooroache, to the problem of dale structur, program deacriolion, are s at uo anD -o f inert , then conloareo
sat ic tiOn save been aeon. The SElL protec t rg~ ~~~ ~ ,,~

,, using the cost ss ti n.atss oshermlnee py cost-an al vtss P&Ios.
t raoitional OptImizing torisoiler approach to c hoos, set Sss rch—fesoi j ce” manaf .msnh and plaus ie ls- ’moi emenh at ioni rules
eorpssn tat iOisi based 015 C small set at alternatives. Ttsc may call on the cost-anaivsis rules b r  ~ymoolic ireCut On cost

systit els desCrIbSO irs (9~ and ( l Oj  attempt to st atcn ris000lting estimat es to cord er. diffe rent imoieme ntul ons and idanti ty
stru Cture S with Ii’s user 5 ‘seas. An unsOlVed Di’OOlsm in t his pOt lrltial bot t lon scis s in thus target program ss acu tt on .
approach i~ luow ‘0 comoins sev ersi iisodetiiusg stru cture s ittd ohs 5.1 Aseugni isg priorutics to dsc is ioh ’seorss ent alien,

Since all imol eanen hatio ns cannd t I,. co ns loared -‘I ecual dotat ,.5. A RAU EWORK ~OR ET~ C)ENCY ES1’tMAfiON the quality of the Oscisions Depends On the orair n -wnlcfl they
LIOPA was dss tgrlsd to euobdu’p the taesi o .iit y oh comoining are consider ed arid thus depth to Snitch t i’ie cOl ’issquenc es are
art alyh i c aria krsowb.Ogs-oa$ed approach.. to efficiency espiorad be,or. making a consu,s,tm.nf. The searcl ’t- ’eso urce-
est ,mat ior ,. Th, basic dea in thu framework ii hst,~riij ic searc h eanegsiisant rules us. scheduling arid -.source allocation to
through a tr ue of partia lly implies-teØ program a (lone, balance thu. hirlal Progr am p.rrorniencu with has coal of choosing
Efficiency rut.. f ree 118PA are used to cOtstrdl the search a :  to and cOuiatructlisg Its. implementation s.
add effici ency-anal ysis inf~rmatt on to (ha Program eascriptiora, ru*-~~ er ’tng riI~* detsr’mtns the ordering f~r stteeottngCoding ruts, Prom 9srs)ow ’s erowledge base are used to retina th fferssil refinement testis, Order ing principies iriciude sips-si ngt he program o.scriol ioas into a more concr .ts S5eCriPttOli. comeS.. programming constructs , such as S~J8SE7 ,arty to
‘rh. root ‘ieee of the search Ir.e is the initial program oxpose chlo,cse , arid postponing choices at refinement ruts. and
poec ifi cati on and Itss leaf ‘sods. are target language programs, low l.v.l coding det ails until the tri apor CecillOns save been made.
Each of Ph. ‘i” te rraio iate b o ss  is a oartis.ly isiotemsntud version 

~~~~~~~~~~~~~ i.~ find an orb., f or considering the dictsbons
~f the Onlir. program, Thai ord.r In whic h r.finsmsnti are
c orssideria at facts the suotre . that is constructed. This focus of tha t must be t~~~.. One of t hese rules suggests allocati ng Pie

lIio5( resources to the decisions that ars i ksiy to lead toatt ent ion for rst,n•esnt may b, ih,wtsd to a part icular part of ~~~ botth,nechia and making lIsps, decisions first. Section 5.3program, but comparisons bstwe,n nodeg are baaad On glaeal descr ibs. how the.. ?Wg#, pot~nf lit impact decis ions era
evecut son cpsts , The trss of partial program itsipbemsistatiorss, identified LI8PA makes an id~ustment to thu pote nt iat impact ofeach with an agsisd e of Synthesis tasks, serves as I werespacs a decision to rsfhe c t thus accuracy ~t ~osl ustt niatss Per thef or rscareSng t his stat, of the saarcn (i.e FigurS 2 bites.), current level of program development ano the eso ected cost of

______________________________________ 
comoteting the raftnemsnf proces s . Without this, a highly relii’imp
iili olehiierltatbon nu;PII be abersdOnud in tav o r of a very sOsPrac t

I_ S.arctu-r’uaoures—e.n aqeaen t rules descri ption with a slig htly bett.r optimistic .s t imat. that is
probaoly nob achievabl..

~ 5.2 Applying pfsueiblo-implemsiitsiioui ruts,
I Thu. plasjs ible—mo lesssnta t ion rules ‘is UB~ a~ describ e thus

I PIai,a ej ~~le,, I I ~~~~ 
I 

~~~~~~ I sitijattoris under which data structure i iisOtehitlnPatipOs are
aporoai’iats , when differen t sorting operati ons are otauaiole, andI I i.ot e.ehut.tiOt’a t ._.

~..u4 in,slye leI  I ~~~~~ I when to cOnsider using mor, than erie reo reg ,ntafi o ,s for a oaf.rufus rules shrucftsr s. This knowledge is used to com pare ‘spl amenfat ions
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