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On the Genesis c¢f Complex Programs Jd. T. Schwart:

Certain ‘classes of programs are very much more complicated
than the direct statements of the problems which they solva;
it is interesting to ask how and why this complexity arises.’

‘Let us begin by.cbnsidering optimize;s; in many ways, this

subclass of complex programs can typify the whole class.

The probhlem which an optimizer O solves is: given a program P
(perhaps one written in an abstract languave}, transform it
into an equivalent but more efficient program 0O(P}; for
example, we may want O(P) to process:.a few typical data cets
ten, or one-hundred,.timesAas fast as P if this is possitle.

A skilled programmer wWill 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 cf O(P) is completely
out of the question in every case, since such calculatiorn
would involve a mathematically vast number of steps, e.g-.

might require generation of all programs provably_equivaient

to P, foliowed by numerous efficiency tests of the progrems

~generated. -

To overcome this difficulty one proceeds as follows. A

collection of transformations t which send programs P intoc

equivalent programs P’ is devised. _ The transformations t

are chosen 80 as to map programs P intc more efficient
programs P ; however, to be sure that tP is more efficient
than P one may have to be sure that some associated cordi-
tion C;(P) ie satisfied. The applicability of a particular
transforumation ¢t may oaly be guaranteed if some associeated

boolean condition CZ(P) is satisfied. let C.= ; i C;

to optimize a program P one then wants to apply an appropri-
ate seguence tn.untl of the transfermaticns t to it; this
sequence must be chosen in such & way as to ensure that

cj+1(tj"°tl P} is always satisfied. It is of course nct
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feasible to investigate all possible arrancensnts of all the
- transformations t. Instead, roughly the following schemec can
be used: from P, precalculate a seugence ti“..t; of trans-

formations t such that Ci {P) = C; (t ...t P) for every
1 012 1k

subsequance il"‘ik of 1...m ¢« This allows the applicability
. of a particular transformation t; to be decided independently
of what other transformatibns of the sequernce t;...té are
applied. Then all t; for which Cj(P) is true can be applied
to P.

The routine which precalculates ' tj....t, £rom P can
appropriately be called an organiging framework for the optimi-
zatin process. ’ ‘

The masg of transformations devised to ensure effectiveness
of an optimizer process like that just sketched can and will
grow unboundedly in size as optimizing transformations aimed at
new, ever fiper aspects of programs are developed. Moreover,
as one increases the number and variety of transformations which
© an organizing framework must coordinate, the A
complexity of the framework itself will increase. This increase
will be compounded by the fact that optimizer efficiency
becomes steadily mersa important as the number of allcwed trans-
formaticnz is increased, since then more and more conditicns
C.(P} need to be calculated. Since P cannot be gpeeded up
by more than a iimiting constant factor, the amount cf effort
one is willing to expend on these calculations is limited.

This as more and subtler transformations are admitted to con-
sidératicn, cne will feel rompelled to calculate their
associated conditions (P) in more ingenious and complex
ways, 2.9. by devising global program functicns which can be
calculated efficiently, and from which the conditions j(P)
can be cealculated with special rapidity. One cannot expect

to pirocesd verxy fax along this complicating path before reaching an

absolute limit of programmability. This makes it clear that

O
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Coptimizay design, iilke muvhematics, must vltimataly cess
the fortuitous discovery of lucky cases; more spacifical Iy,
cases in which one can define classes of particulariy s’mole
traﬂsforﬂattens having notably henefirial effects on progran

Lien i

efficiency, especially if the applicability of t!

formations can be checked with exceptional ezse.

The sitﬁet on that we have depicted arises in conneciion
with‘prcgrams other than optimizers. For examuie, error
correction problems can be cast intc the following form:

A string P f{which may ke 'incorrect'} is given, and one wi.shes
to find *he c¢losest correct 2tring t6 P, or, &% aay rats, &
correct string P' which is not much further from P than the
closest c@rtect string. Here the distancs batwean two st./ings
can, e‘gny hbe measurad in terms of the nutber of symbols n
which they differ, and string correctness can be defined by
use of some sort of formal grammar, to which additiocnal

%

programmed ‘semantic conditions® C(P) = true may be appended.

P

Comprehensive exploration of the whole neighberhood of T s
infeasibie; instead cf this. one devises ¢ set of transiorma-
tions t {‘errer correctors’) sach of which maps P inte o

string & which iz closer to nein

g corzest. Xach of thest
transformations will only te applicable and spproprizte i
gome associated conditica O, {F} ig satisfied: so in formal

. i’ .
terms thisg situabion resambples that digoussed alave.

Another problem which can be cast into much the vame fouv

] a A s
dation.

ig that of algenriic meai;

In tackling pyonlexs L this zort, the progvan dagigas
aims to weadh {ow surpassi) e humen level of problem Tompes
v axoceding the inits of prograwmsbiiity. =
ul iv working toward this goal is o collect znd

cl&ssify the various technigues which play an lsportant

riticular claws of problems,

¥

rele in he treatment of some o
xr

and then %o devius & gensral, programmapic approach which
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comipates il (or ub any zwt& GOEg O URESE UvSuliqud.

Thig very problemsped sific -";;3_;3:«::&_«5“:.'& ie open to an imro;-:"“ L
ctrategic objection: it is inextensible, especialiy sin

-4t always tends to operate near the boundary o nrogrammabilitj;
Yf ¢hera 15 a 1arg@r hope implicit in this approach, it is

thet significant simplification in many perticular areas will
eventually come ouf of separsies detailed probliem solutions,
sventually &allowling thess zepavzte solutions to he welded
together into vegy brosd multi-functicnal systomg. By cortrast,
gn ‘artificial intelligence’ approach will insist from the

start on primitiveness of method; only grudeincly will conplex
problem-spascific material be admittsd., At the pregent tine,
founder amidst eificiency problans.

C&‘

'%his,appra&ch will amost alway
The hope. implicit in it iz that by'devising particularly .
powexrful generaliizations. by discovering particularly foriwnate
problem repxeséntationg, xd by building very gzaneral mechanisms fox
the digaatibn of probier specific material this inefficienc

san be overcome. |



