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Certain classes of programs are very much more complil'ated 

than the direct statements. of t.he problems which they soJ.v.a; . 

it is interesting to ask how and why. this complexity ariE,e.'3 •. 

Let us beg~n by considering optimizers; in many, ways, this 
• •• • • w 

subclass o~ complex programs can typify the whole class. 

The problem which an optimizer O solves is: gi·;re::1 ~ progr.am P 

(perhaps one.written in an abstract language) , tr.:msfonn it 

into an equivalent but more efficient program o (P}; for 

example., we may want_O(P) to process.a few typical data Eets 

ten,. or one-hundred, times as fast as P if this is possitl,2a. 

A skilled programmer will be able to solve this kind of problem 

without difficulty, if P is not too large.· But naive calcula

tion of O(P) directly from the definition of O(P} is comple~ely 

out of the question in every case, since s1.:ch calculatior. 

would involve a mathematically vast nwnber of steps, e.g. 

might require generation of all progr~ provably equiva}ent 

to P, followed by numerous efficiency test:::: of the progr.:,ms 

. generated. 

To overcome this difficulty one proceeds as follows. A 

col.lection of transformations t. which send programs Pinto 

equivalen1; programs P' is devised. The transformations t 

are chosen so as to map programs P into more efficient 

programs P ; however, to be sure that tP is more efficient 

than P cme may have to be sure that some associated cor,di-

' tion et (P) iEi satisfied. The applicability of a parti( u.l.ar 

transformation t may only be guaranteed if some ass:Jcictcd 
II 

boolean condition et (P) is satisfied. 

to optimize a program P one then wants to apply an appr,)pri-· 

ate sequence tn ••• t 1 of the transformations t to it; tr:i:~ 

sequence must be chor:;en in such H way as tc ensure that 

Cj+l (tj •• o t 1 P) is always satisfied. It is of course net 
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feasible to investigate al.l possible arran~ements of ,,.lJ th,:,~ 

transformntions t. Instead, roughly the following scheme can 
" r be used: from P, precalculate a aeuqence t 1 ., •. tm of trims-

formation~ t such tha~ ci (P) • c. (t~ •.. t! P) for ever:y 
1 1 1 2 ~k 

•~s$quence 1
1

., .. ~ ik · ·of L .. m • This allows the applicability· 

' . of a pe.rti.cula.r transfonna.tion t. to be decided independently 
J ' t of wh&t other transformations of the sequence t t are 1 · • · n ; 

ap~lied~ The.n all tj for which cj (P) is true can be applied 

to P. 
The routine which p~ecalculates ·. 't1 .... t~ from P can 

appropriately be called an o~ganising fPamework for the optimi

zatin process .. 
The maGs of transformations devised to ensure effect.i.veness 

of an optimizer process like that just sketched can and will 

grow unboundedly in size as optimizing transformations aimed at 
new, ever finer aspects of programs are developed. Moreover, 

as one increases t.he number and variety of transformations which 

an organirdng fl::~.mework must coordinate, the 

complexity of th,;3 framework itself wi 11 increase. This increase 

will be compounded by the fact ·that optimizer efficiency 

becomes steadily mora important as the number of allowed trans
formations is incre·ased, since then more and more conditions 

Cj(P) need to be calculated. Since P cannot be speeded up 

by more than a limiting constai1t factor, the ru~ount of effort 

one is willing to expend on these calculations is limited. 

Thus as m:>re a.."'ld subtler transformations are admitted to con·

sideration, one will feel compelled to calculc1te -their 

associated conditions C. {P) in more ingenious and complex 
J 

\i'ays, e.g. by dev'ising global program functions which can be 

calcul~~ed efficiP-ntly, and from which the conditions C. (P) 
J 

can be c2l.culat11d w:i. th special rapidity,- One cannot expect 

t.o proceed very fa!.: along this complicating path before ),:-eachin.g an. 

absolute lim.:tt of programmab:i.J.ity. This makes it clear th~t 
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the fortai.tous discovery cf lucky cases; nore sp-~cifi.cc:,: 1/ f 

cases in which one can define classes of particularly s:· tn.:d.e: 

transfoi'Tl.latio.na h~ving not..:lbly beneficial effect,,_:; on pn 1g·::2.rr; 

effj_cie.ncy, especially if the applicability of these trc.:r:·::·· 

formatioirw can bG check1:~d w:i. th. 8Xceptional easl~. 

The s:f,t:uertion, t.11.at. ·w~ have d,-'lpicted arises tn connec·: i.:,z-i 

with pi7ogra.u other than optimizers. For examp 1€, er:ror 

correctim1 problG:ms -ccm be caet into the foll..-1wing fo:r;ri: 

A- string P {which may be I incor:("e!ct ~) io ~d ~.1en e md one, w,_,shes 

to find "-;,,11e closest corre•.Jt ,qtr.:Lng to P, er, a·':. a.ny rats, a 

correct. Bt.rLr1g P' which i.s not rai.:ich ft1.rt?1,er -from P than the 

closest correct Btringo He:c·e the distan;.:E, bet,-1een two s t . .--i:ngs 

can, e .. g .. , he measurad in terms of the :number of symbolE -:·n 

which ~ey differ, and string correct.i'le,s.3 ca.11 be definec by 

use of some sort of formal qramma.r, to which additional 

progr~d 'seman.tic .:-:c.nditicns ~ C (P) "" true may be aprer>.ded" 

Compreh~nsi\'<ia e>q,loratior; of the whole neighbm:hood of r . s 

infeasible; .instead of. this: one devisc-?s i.: set. of trans 1':Lma-· 

tions t. { 'error. correcto~a 1
) ,,~ac}:l .. of wh:i eh map;:.; P i.ntc ,'. 

transformations will only be applicable ,;:nd r,.pproprir.;te i:• 

laome a.ssociated cond.1. t.1.0:r. C,_ (F} is sati2 I:1.ed; EO in fo:n:r '.-,,: 
\, 

terms b~is situation re~,;;::~mbles -:J-,.,1t diecu,::s<:::d a•.,cve. 

Another. prohlc~m h'hich can D(~ cant i.nto riiuch the t:ame fc:.1., 

ii; t.hat of alS,;',~tH'.':a].1:; !UU'.1 ),F<,L~.ti_:,n, • 

method r::se,fu:J. iri t-::..">:tkJn,:J· t,.::,\.i:i'.~s;: this g•:ul i.s '.:.c ;~:,)J.1€-2:ct ::1.cd 

classify thu vai::-J.o~s _ tedi.n.ique.s- w:1:Lch ;;,1uy m: ::.rnpo:::taHL 

role ln ·\ht:J. t.::::t:,),::it:r.:1E:.nt: of srn,J"" ;~: :irl:,ic-ulac cla~ G o:': prcb1.c: ;1-:: r 

a:.i"1d tht~n to devht•2: a !a-e,,1.;:·r.;i.l, progra!T'J1abl£ app::o.s.ch whi,_::, 



to.mitaatl';;.1:1 ~,,il (DJ: ... ,'t ,1x.1y :I.ft.0: J~.,:,:n.) .:if t-1'11:::.:.:ii; -.::.:·,1,,n;,;.qu.:.,11 .. 

'.th.is very p:iroblcm-specif~e ap_in::s:~fh is open t.o. an. ;Lmpo:.ct.:-u: i::. 

('.t~.utegic obj~ctioa: it is i:-1extt~na:i.ble r esp£i1:ially sincr:: 

, it always C&nda to opera.ta nea:t· the boundary en: prograrJn1i:t .i Ji ty. 

If there ia a larg~lr hope implicit iri this ~,ppioach, it. is 

-r.:hs.i; significant. si.nplificati.:;n in many part:loular areas -wi:..l 

,aven·tually coma oiJ.t of separ~te dtJ.tailed prr.::blem solutionc, 

~v,entually ail.lowing t.h.es£, sepa:t·r.!,te sol1.1t.ione to he weldec, 

t:ogethe.r into vaxy broi:id ulult:L--f\mction_a.l systf!,ms. By cor: t:-::·ast, 

is:n ~ artifi!CJial intelligence' approach will insist from tht::-

e.:tart on p;:·imitiva,,..ness of method; c,nly gx·ud?ingly will cot1;p),ex 

r,roblerc-·aJ:X-~cific ma.t~ria-1 be adm.:.i.tted. At the p~::esent tit.11 .. 

this approach will arrost aJ.ways founder amidst efficiency p:r.·oblc:-:1v.;. 

~ihe hope" implio.it in it J.a t.hE-t by· devising part.icularly 

powerful generali2.ations ,, by discovering pa1~tic,.1larly for~ 1..u1atr~ 

problem representertions, and by bnilding vs1.y genet·a.l mechanisms for 

the digast.i.on of problem apecific material this inefficiE .. ncy 

~a..."l be ovezoome ~ 


