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STANFORD ARTIFICIAL INTELLIGENCE PROJECT 
Memo No. 20 

SOURCE LANGUAGE OPTIMIZATION OF 
FOR-LOOPS 

by R. Reddy 

August 17, 1964 

Abstract: Program execution time can be reduced, by a 
considerable amount, by optimizing the 'For­
loops' of Algol Programs. By judicious use of 
index-registers and by evaluating all the sub­
expressions whose values are not altered within 
the 'For-loop', such optimization can be achieved. 

In this project we develop an algorithm to optimize 
Algol Programs in List-structure form and generate 
a new source language program, which contains the 
"desired contents in the index registers" as a 
part of the For-clause of the For-statement and 
additional statements for evaluating the same 
expressions outside the 'For-loop'. This 
optimization is performed only for the innermost 
'For-loops' . 

The program is written entirely in LISP. Arrays 
may have any number of subscripts. Further 
array declarations may have variable dimensions. 
(Dynamic allocation of storage). 

The program does not try to optimize arithmetic 
expressions (This has already been extensively 
investigated) . 

The research reported here was supported in part by the Advanced 
Research Project Agency of the Office of the Secretary of Defense. 
(SD-183 ) 
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Definitions: 

Definitions of those phrases which are considered unique to this 
report are given here. Please refer to Algol 60 report for any others, 
not explicitly defined. 

Left list: 

A list of all variables, simple or subscripted, that occur to the 
left of an assignment statement within a For-loop i.e. list of 
all variables whose value is altered within the For-loop explicitly. 

Array - reference list: 

List of all subscripted variables that occur within a For-loop. 

I-coefficient: 

Given any subscripted variable we can consider subscript as 
consisting of two parts, one that alters every time around the 
For-loop and the other that remains constant during the execution 
of the 'For-loop'. The first, which is assumed to be dependent upon 
the control variable of the 'For-loop' shall be called I-coefficient. 

Constant Coefficient: 

The second part above shall be called constant coefficient. 

Control Variable: 

Variable that controls the number of repetitions of the For-loop. 

i 
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SOURCE LANGUAGE OPTIMIZATION OF FOR LOOPS 

by Ro Reddy 

Introduction: 

For programs which are to be used over and over again it is 
desirable to have an efficient object program. However, to achieve 
this, when using Algol-type languages, one requires the use of highly 
sophisticated compilers 0 Such sophistication usually means relatively 
long compilation times for a given program. One approach suggested 
to remedy this is to have large core-memory so that both the program and 
the compiler are resident within the core memory. Then, one can 
recognize large numbers of special cases and generate efficient object 
code within a reasonable amount of time. 

In the absence of such a large machine, one has to decide which 
parts of the program use up a major portion of the total execution 
time and try to optimize those parts. In a large number of programs 
'For-loops', and arithmetic expressions, usually contribute most to 
the execution timeo 

Usually not much can be done with regard to arithmetic expressions. 
When one needs the same expression in two parts of the program, and when 
the value of the expression remains unchanged in between, one can save 
some time by storing the result in a temporary location and using it 
when requiredo However, when these occur explicitly within an arithmetic 
expression there is no reason to suppose that the programmer is not 
intelligent enough to recognize them! However, there are obvious cases, 
like exponentiation, where some compilers use log and antilog routines 
when it would have been (perhaps) optimal to use direct multiplication. 

In programs using subscripted variables, determination of the 
effective addresses of the subscripted variables usually contributes 
a fair amount to the total execution time, if one attempts to evaluate 
them individuallyo Attempts have been made to use the index registers 
to speed-up the evaluation. However, one soon runs out of index regis­
ters and has to determine how to optimally allocate index registers so 
as to minimize the execution time. Many times, the subscripts of a 
variable are expression rather than simple variables. Although such 
subscript expressions may look radically different it might be possible 
to evaluate all of them by use of a single index registero For example, 
consider three arrays of dimensions A[O:9, 0:20], B[0:4, 0:15], 
C[0:500]o Within a For-loop, with I as a controlled variable, let there 
exist the following array references A[I + 3,J],B[2I ~ 7,K], C[10I-9] 
where J and K remain unchanged within the For-loopo Assuming that the 
arrays are stored row-wise (ioe., the last subscript varying most 
rapidly) their effective addresses with respect to zeroth elements 
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are given by A[IOI + (-J + 30)], B[IOI + (K + 35)] and e[IOI - 9]. 
Within the For-loop only the value of I is changed every time around the 
loop. Thus, by initializing addresses to A[J + 30], B[K + 35] and 
C[ -9] before entering the For·-loop and having the value (lOI) within 
an index register we can treat the 'above variables the same way as the 
simple variables. 

However, the whole problem of subscript evaluation is complicated 
by the following facts: 

10 We may have no way of knovTing whether or not the values of 
J and K(in the aoove example) are altered within the 'For-loop' ego 
they may be altered while executing a procedure call 'from within' 
the 'For-loop' 0 

2. If we know that K and J are altered then the only way out is, 
of course, to evaluate the subscripted variable every time around the 
For-loop. 

30 ·We may not have enough index registers to satisfy the require­
ments. 

4. Since we can have any number of subscripts the problem becomes 
more complex. 

5. Dynamic allocation of storage in Algol will mean that we 
don't know the array sizes at the time of compilation and would have 
to test for equality of the symbolic expressions that result during 
the subscript evaluation. 

In the following section we outline a procedure that attempts to 
handle ~he above difficulties. 
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Procedure : 

Consider an n·-dimensional array x ;lith the following upper and 
l ower bounds 

•• £ ' U ) 
n n 

I n Algol ;re assume that arrays are stored rOl'I - ;r:be L e. , the last 
subscr ipt varies most rapidly. Anyt~me x is referred to \>lithin the 
program (with n subscripts), the subscripL part may be replaced by an 
equivalent single subscript as sho;rn below. 

x [ I l , 12 , ••. . . In) 

= x[In - £n + (Un_l - £n- l + l)(In_l - £n - l + (Un_2 - £n- 2 + 1 ) 

By writing D = U - £ + 1 
n n n 

= xlI - £ + D 1(1 1 - £ + D 2(1 2 - £ 2 + . .. + n n n- n- n-l n - n - n-

(12 - £2 + D1Il ))) .. )] 

= x[In + Dn_l(In_l + D
n

_2(In_2 + ..• (12 + D1I))) ..• ) -

(in + Dn_l (£n- l + Dn_2 (£n- 2 + .... · (£2 + Dl£l ) ) ) ''')) (1 ) 

The second part of the subscript expression conta~ns only the 
constants of the array and can be evaluated at the time of execution 
of t he 'Array Declaration' statement (i.e., ;rhen the storage is 
allocated f or the given array). Thus, ~nstead of having the address 
of the fi r st location of array x in its property list we can have 
the addres s of x [£ + D 1(£ 1 + D 2 (£ 2 + •.. +(£2 + Dl£l))'" )). n n- n- n- n-
(Note t hat this is the address of x[O,O, .•. O) which itself may not be 
a valid i ndex). 

Thus hereafter ;re shall concern ourselves with the evaluation 
of the first part of the subscript expression only. 

can be rewritten as 

xl I + D I 1 + D 1 D 2 I 2 + ..• + D 1 D 2 D 3· .. Dl1l ) ( 2 ) n n- 1 n- n- n- n- n- n - n-



Hhich is a more convenient form to operate 'di th since D's and I ' s may 
be numbers or symbolic expressions . (Note that the D. represents the 
i - th dimension) . Each I can nOH be subgrouped intol t Ho parts ; the 
I - coefficient I' (the co~fficient of the control- variable of the For 
lOop) and the constant coefflcient C. Re'~iting (2) He have 

x[(I~ + Dn _l I~_ l + Dn _l Dn _2 I~ _ 2 + . . .. + Dn_l ••. DII1) + 

NOli He consider the problem of 'For - loops' 'llthin ' For - loops' , 
Hhich may go to any level. Obviously the innermost ' For - loop' will be 
repeated the maximum number of times, "lhi ch we shall try to optimize 
here . 

It is poss ible to consider the other 'For-loops' also in the 
optimization process , but programs get larger and more compllcated. 
For effective optimization In such cases , it becomes desirable to have 
the hard'lare capability of adding a number of index reglsters to a 
given address . OtherHise , only optimizatlon that can be achieved 
for the outer ' For - loops' is the evaluatlon of those subscripted variables 
which do not involve the control -variables of 10'der levels. 

For a given ' For~ loop ' "le scan the program and form t HO lists. 
A left-parts list , the list of all the variables that occur to the left 
of an assignment statement and an Array- reference list, the list of 
all the subscripted variables that occur >Ii thin the ' For - statement' . 
Any subscripted variable "hose subscripts occur in the left -parts list 
(i. e . , "lhose value is changed every time the For - loop is excuted) or 
l-lhich contains non- standard operators (like procedure operators and 
operator s other than +, - , x) or ",hlch contain subscript expressions 
>lhich are not; amenable to simpllflcation to single subscript form are 
removed from the Array- reference list . The remaining array references 
are transformed to Single subscript form . All those "i th the same 
I - coefficient (coefficient of the control variable of the 'For - l oop') 
are grouped together in the form given by equation 3. The I - coefficient 
of each group is r eplaced by a neH generated variable and the generated 
variable is added to the For- clause for index register assignment. 
The constant coefficient part can be evaluated outs i de the For - loop , 
since by choice none of the subscripts occur in the left -parts list. 
Hmlever , this 'may not be necessary if the constant coefficient happens 
to be a number or a simple variable . vThen it is an expre s sion , i t · 
is evaluated outslde the For- loop and a ne" generated symbol replace s 
it . Identical expressions are evaluated only once outside the For - loop. 

The "hole program is no'" regrouped together 
except for changes in the subscripted varlables . 
contain the folloHing information for use of the 
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1. Original for clause. 

2. Functions of (the I-coefficient that should be evaluated and 
placed in Index-registers. 

3.4 Frequency of occurence of each of the above functions to 
facilitate optimal assignment of index registers. 

In front of the 'For-loop' some more assignment statements are 
added, if requi~ed, to evaluate constant coefficient expressions whose 
value remains unchanged within the 1For-loop'. 

Algol ·in List Structure Form~ 

To facilitate analysis of the program by using Lisp language, 
Algol programs are assumed to have been written·in Lisp-Algol fGrm. 
Some of the pertinent details are given in the following page. 

The following example illustrates how a matrix multiplication 
routine coded in Algol 60, would appear when transcribed into Lisp­
Algol code. 

Integer J,K,I; Real Sum; 

Real Array A[1:20, l~20J, B[1:20, 1:40], c[l:40, 1:20]; 

For I ~ 1 step 1 until 20 do 

For 3 ~l step 1 until 20 do begin 

A[I,J] ~ 0; 
Fot K ~l step 1 until 40 do 

A[I,3] ~A[I,J] + B[I,K] ® C(K,J]; End; 

«Declare '(Integer J K I) 
(Real Sum) 
(Real Array (A ( 1 20)( 1 20)) (B ( 1 20) (1 40» 

(C (1 40) ( 1 20))) 
(For (I (Step 1 1 20» 

(For (3 (Step 1 1 20) 
«~(tAIJ)O) 
. (For (K (Step 1 1 40» , 

( ~ ( J, A I J ) ( + (~A I J) ( ® (J B I K) (tc K 3»» 
) . 

) 
) 

» 
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SALIENT FEATURES OF ALGOL IN LIST FORM 

ALGOL 

Variable A, SIGMA, 

Subscnpted Variable A[ I , J , K + 3 ] 

Expressions E <Expression> operator <Expression> 

Statements S 

1) assignment; 

2) cond~ tj.onal 

3) Go to 

4) FOT 

5) Procedure P 

Compound Statement 

Block 

Label 

Operators 

b<-a....:Expre s s~on> 

If P then S 
If P t.hen S else R 

GO TO <Label> 

For I<-a
l

, a
2

, • . • a
n 

DO S 

r'or l~ st.ep E 1IDtoil 
1 2 

P(a
l

, a
2

, . •• a
n

) 

CS<- Begin S18
2 

.• . Sn End 

<Block> <- (Declaratwns ; CS) 

X:S 

+ , - J x, / , DIV , *, MOD 

LISP- ALGOL 

A, SIGM.I\. •••.• 

C(A I J (+ K3)) 

(Operat;or operandl • . • operandn) 

(~(<-a(Expression))) 

(IFD P S) 
(1FT F' S R) 

(GOTO Labe 1 ) 

(FOR (I a
l 

a
2 

. . . • a
n

) S) 

(FOR (1 (STEP El E2 E
3

)) S) 

(p a 1 a2 • • .an ) 

(S1 32" '\) 
((DECLARE (Int.eger ,. ) (Real . • ) 

(Integer Array • . • ) ... ) Sl S~ .. S ) 
c: n 

(LABEL X) S 

M- exp + , - , x , / , DIV , *, MOD 
S-exp PLUS , MINUS , DIFF'ERENCE , TThlliS , 
DIV , POWER , MOD 



Analyze [p, AD] : 

P is the program to be optllTG zea 

AD is "the 11. s t of arrays encount,=!"ed so far ~, 

Analyze makes use of all the rem:UDJ cg [ou~ines tc optImIze the 
program. It scans thro·:tgh each ~ tatem.ent and takes the follmri ng 
actions : 

1. I f t he sta~emenc cs a 'Declaration' then It modlflES ltS AD 
list if ne cessary. 

2. I f it IS a cor:d,clo .. al s1.atem.ent It proceeds to analyze 1.he 
statement, same as P. 

3 . If it .lS a For .. stacernen't and lt is the lrlnermost For·- loop then 
it proceeds to Op~lml.Ze 1 t ~y "SElg '-OFST. OtherWl.se It. proceeds to 
analyze it the same as P 

4. If It lS a compc-l.<'.d st3.t.ement. analyze H the same as F. 

5. Ot,herwise '-..e. , H the stat.e'ller,t happer.s to be a bas l c 
statement llke aSSignment., go to . prOCEdure eLc. ~nalyze proceeds to 
examlne the next statement 

Analyze [p, ad] If null [p] !hE~ NIL else 1i e q[caar[p]; DECLARE] 

then cons[car[pl; analYZE [[:drlpl; dec [cdadpl; adll] ~!~~_.!:.[ 

eq[caar[p], IFT: v' eq[cHr[p] , 

[cdar [p], ad]]; analyze Lcdr[p ] 

[.if inner l oop [caddar[ p J] Il1.§.;;. 

IF-D] V:en cons [cons[caar[ p ] ; analyze 

ad ] else iZ eq[ caar[p] , FOR] then 

3.,[,pEnd [Fors" [cdar I. p ] ; ad] ; analyze 

[cdr[p], adll else cons [CO!1S [ca3.! [p 1, cons [cadar [p] analyze 

[cddar [ pJ.; ad] ll; analyze [cdr ~ p], adll] else cons [car [p l; 

analYZe [cdr [p ] , ad ]] 

Innerloop [p] . 

Inner loop is a predlcate wr,:!.ch IS true 1 c P 
does not con t ain any Ifor l statemE:nts -withlL lto 
determine whether a gl ven 'for' stateme~1t lS the 
stat ement. 

Inner loop ((Declare (Inceger I J») 
(Fm (11 23) <-A (I) e» 
( <-- Sln-l A( J ) » ~ F 
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Innerloop « (-K I) 
(IFD ( = I J) (GO TO K)) 
( (- (A I J) 0)) = *T* 

Innerloop [p] = If null [p] then TRUE else if i [atom [car[p]]] 

then innerloop [car[p]] /\ innerloop [cdr [p]] else if eq[car[p], 

FOR] then FALSE else if eq [car[p], IFD] /\ eq[car[p], IFT] then 

innerloop [cddr[p]] else TRUE 

DEC [L, AD]: 

Given a list o~ declarations L, Dec scans the list and picks up 
all the array declarations, modifies the dimensions so that we have 
sizes of each dimension of the arrayo In the calculation of the 
address of an array the last dimension of the arr~y plays no part. Thus 
the result only has the remaining array dimensions. 

DEC [«Integer N) 
(Real Element Sum) 
(Real Array (x 1 10)) (A (1 20) (1 20)) 

(R (0 10) ( 0 N))) 
(Integer Array (I (-5 10) (-5 10) (10 20) (0 N}(6 24)))) NIL] 

= [(I 16 16 ll( -N( -1))) (x) (A 20) (R 11)] 

M-exp 

Dec[£,ad] = If null [£] then ad else if eq[cadar[£]; ARRAY] then 

Dec[cdr[£]; nconc[change[cddar[£]; ad] else Dec[cdr[£], ad] 

CHANGE [p] 

Given a list of upper and lower bounds of the dimensions of 
the array, change looks at each dimension, subtracts the lower dimension 
from the upper of all but the last dimension and forms a new list. 

Example 

Change [«x (1 20)) (A (1 20) (1 20)) (R (0 10) ( 0 N)))] = 

«x) (A 20) (R 11)) 

M-exp 

Change [p] = maplist [p; x[[c]; cons [caar[c]; maplis [cdar[e]; ~[[~]; 

8 
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If onep[caar[d]] then cadar[d] else numberp[caar[d]] then [if numberp 

[cadar[d]] then [cadar[d] - [caar[d] -1]] else list [DIFFERENCE; 

cadar[D]; [caar[d] -1]]] else if numberp[cadar[d]] then list [DIFFERENCE; 

[cadar[d] + 1]; caar[d]] else 

list [DIFFERENCE; cadar[d]; list[DIFFERENCE; caar[d]; 1]] 

MAPLIS[X, FN]: 

Same as Maplist except it ignores the last element of the list X. 

Maplis [x;fn] = If null [cdr [x]] then NIL else cons [fn[x]; maplis 

[cdr[x]; fn]] 

FORST [L, AD]: 

L is a For Statement to be optimized. 

AD is list of Arrays with their dimensions. 

FORST performs the following functions: 

1. If statement to be repeated is a Block then it modifies its AD 
as required. 

2. Selects all the array references in L that it can modify by using 
Tear. 

,. Converts them to singly subscripted variables by using Transform. 

4. Collects together array references that have the same I-coefficient 
by using pairequal. 

5. Assigns a new symbol for each different I-coefficients occuring 
in the program. 

If the constant coefficients are expressions that can be 
evaluated outside the for loop profitably, it does so. At that stage 
it looks for equivalent constant-coefficient expressions and represents 
them by the same symbol. 

6. Produces a new program substituting these symbols created in place 
of the expression. 

9 
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M-exp 

Forst [£, ad] = ~[c]; generate [cadr [£]; car [£]; [~[[a]; 

pairequa pair[a; transform[caar[ll; a;cllll [Te~[llllll 
DECLARE] then dec[caadr[£],ad] else ad] 

TEAR [p]: 

Given any list P of Algol statements Tear scans through the 
statements and produces a list of all array references in P that have', 
Regular subscripts (see under function Regular). The array references 
are numbered depending on which statement they occur in. This is 
mainly for future use in case one does have sufficient number of 
index registers and wishes to determine optimal allocation of index 
register as computation proceeds through the For loop. 

M-exp 

Tear [p] = ){[c~ular [car[c]; cadr[c]~tearit [p,O]] 

TEARIT . [p, NO]: 

Each statement of P is numbered and by the use of Formlist all 
the array references (numbered) and all the elements whose value is altered 
within P (left-list) are formed. 

Example 

Tearit .[(( ~ (J,A I J) ( + (J,A I J) (x (~B I K) (J,C: K J)))) 

( ~ K ( + I 3)) 

(1FT ( = (~A I J) 0) (~.J,A I J) I) (~ A I J) 0)) 0] 

results in 

[ ( ( J, A I J) K (J A I J) (J,A I J)) 

( ( J, A I J). 0 ) ( (J, A I J). 0) (( J BIK). 0) (( ~ C K J). ° ) 
((~ A I J).2) ((J, A I J).2))] 

M-exp 

TeaIit [p, no] = If null [p] then list [NIL;NIL] else join [formlist 

[car[p]; NIL;NIL; no]; tearit [cdr[p]; no + 1] 

10 
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FORMLIST [ P L A NO] 

P: Any statment or expression 
L: Left-list elements encountered so far 
A: Array references encountered so far 
NO: Number of this statement 

Formlist recursively scans compound statement~, assignment statements 
etc. to pick up all the array references and L~ft-list elements. 

Formlist « ~ ( ~ A I J) ( + (J, A I J) (x (~B I K) (J, C K J»»: 

NIL; NIL; 0) 
= Formlist « + A I J) ( + (J, A I J) (x (J, B I K) (j.. C K J»»; 

( ( J A I J»; NIL; 0 ) 

= Formlist « + (J. A I J) (x( J,.B I K) (J, C K J»» «J A I J»; 

«(J, A I J). 0»;0) 

and so on 

= «(j,A I J» «(~A I J).O) «J.-A I J).O) «.j, B I K).O) «J.,.C K J).O» 

Formlist [p, £, u, no] = 

If atom [p] then list [£,a] else if [atom[car[p]]] then join [formlist 

[car[p], £ u, no]; formlist [cdr[p], £, a, no]] else if eq [car [p], 

ASSIGN] then formlist [cdr[p], cons[cadr[p],£], a, no] 

else if eq[car[p], DARROW] then list [£, cons [cons[p, no],a]] else if 

eq[car[p], DECLARE] then list [£,a] else formlist [cdr [p],l,a,no] 

JOIN (L·,M): 

L is a list of lists 

M is a list of lists 

Join appends the elements of L to the corresponding elements of M 

Example 

Join « (A) ( A B) (A B C» « X y z) ( X Y z) ( y z X») 

= « A X Y Z) (A B X Y z) C/i B C Y Z X» 

11 
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M-exp 

join [l,m] = if null [1] then NIL else cons [append [car[l]; car em]]; 

join [cdr[l]; cdr em]]] 

REGULAR [L,A] 

L is the left-list of the For-statement 

A is the list of all array references in the For-statement 

Any array reference is regular if it satisfies the following 
conditions: 

1) No subscript is an element in the left list i.e., the value of 
it is not modified with the For-loop. 

2) It is an arithmetic expression of one of the following categories. 

a. Constant or a Variable not contained in the left-list 

b. '(x aaaaa)I i.e., Product of Variables 

c. ,(± ( a or b) ( a or b))' i.e. Sum or difference of Pfoducts 
or Variables 

d. '(_(a or b))' i.e. negation of Products or Variables. 

Example 

REGULAR [(K J (J. A I J) SUM); (( (J X ( + M 3)). 2 ) (( J, B I L (X 3 N)). 3 ) 

((l A I J).3))] 

= «(( !X ( + M 3)) • 2) ((! B I L ( X 3 N )).3)) 

M-exp . 

Regular [£;.a] = If null [I] then NIL else [if reg[cddaar [a]; 1] 

then cons [caar [a]; regular [1; cdr [a]] else regular [l,cdr[a]] 

REG [E L]: 

E list of all subscript elements of one array-reference 

L is the left list 

REG is a predicate which is true if each element of E satisfies conditions 
(1) and (2) listed under 'REGULAR'. 

12 
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Examples 

Reg [( I L (X 3N)) (K J (l A I J) SUM)] = T 

Reg [(I J) ( K J (J A I J) SUM)] = F 

M-exp 

Reg [a,£] = null[a]V [regl[car[a],£]l\reg [cdr[a],£]] 

REGl (E L] 

E is one of the subscripts of an array-reference 

L is the left-list 

Regl is a predicate which is true if element E satisfies conditions 
1 and 2 of Regular 

Examples 

Regl [( + M 3) (K J (J, A I J) SUM)] = T 

Regl[ J (K J (~ A I J) SUM)] = F 

M-exp 

Regl[e,£] = If atom [£~ then 1 number [e,£] else if member [car[l]; 

(DIFFERENCE PLUS)] then reg2[cadr[£]~~ reg 2[caddr[E];£] else if 

member [car[l]; (TIMES MINUS)] then reg2 [e,£] else FALSE 

REG2[E L] 

L is the left list 

E must be of the form (2a) or (2b) given under Regular 

Reg 2 is a predicate which is true if E of the form above (i.eo variable 
or product of variables) 

Examples 

Reg 2 « + M 3) ( K J (~A I J) SUM) F 

Reg 2( (X M 3) ( K J (J, A I J) SUM) = T 

M-exp 

Reg2[e,£] • 

13 
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If atom [e] then 1 [member [e,£]] else if eq [car [e], MINUS] then 

reg2 [cadr[e]; £] else if eq [car[e], TIMES] then reg 3 [cdr[e],£] 

else reg 2[car[e],£]l\reg 2 [cdr[e],£] 

REG 3 [ E L] 

L is the left list 

E must be list elements of the form (2a) given under Regular 

Reg 3 is true ifE is a list containing elements which are either 
constants or variables not contained in L. 

Example 
I 

Reg 3 ( M ( K J (J A I J) SUM» = T 

Reg 3 (J ( 'K J (J, A I J) SUM» = F. 

M-exp 

Reg 3[e,£] 

If null [e] then TRUE else atom [car[e]]1\ 1 [member [car[e],£]]!\ 
reg3 [cdr [e] ,;£] 

TRANSFORM [I L A]: 

A major routine in the program. L contains list of all array 
references within the FOR statement. Using the dimensions of each 
of the arrays L is transformed to a singly subscripted array whose 
subscript is split into two parts: the I-coefficient and the constant 
coefficient. The result is a list «IC CC) .•• (IC CC» which contains 
one element for each Array reference. 

Example 

Transform [I; «l. X I) (J X( + I 3» (J, A. I J) (J A J I) (J, X(+ (x 20 I) 

3 » (J, A (+ I 4) J»; « A 20) (X ) ) ] 

results in « 1 NIL) ( 1'3) ( 20 J) (1 (x 2OJ» (203) (20 (+J 80») 

M-exp 

Transform [i,£,a] = If null [£] then NIL else cons [coeff [split 

[i; cddar [£]];NIL; NIL; sassoc [cadar[£], a, NIL]]; transform [i,cdr 

[£], a]] 
14 
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JOINA[ L M ]: 

When a given subscript is an expression one may have to 
analyze subexpressions separately, so that the I-coefficients and 
constant coefficient may have to be combined together to form one 
I-coefficient and one constant coefficient. This is done by joina. 

Example 

((NIL (+ J 3)) (( + 3 K) NIL)) (( + 3K) (+ J 3) 

M-exp 

joina [.£ ,m] : 

If null [£] then NIL else cons [(If null [car[£]] then car [m] 

else if null [car[m] then car [£] else list [car [£]; car[m]]); 

joina [cdr[£]; cdr[m]]] 

SPLIT (I L): 

Given an array reference with a number of subscripts split converts 
each subscript to I-coefficient and constant coefficient form by the 
use of spli tao 0 • 

Example 

Split ((+I 3) J) ( (I 3) (NIL J)) 

M-exp 

Split [i,.£]: 

If null L£] then NIL else cons [splita[i;car[£]]; split[i; cdr[£]]] 

SPLITA(I E): 

Given an expression E (one of the subscript elements), splita 
examines E and separates it into 2 expressions the I-coefficient 
part and the constant coefficient part. 

Examples : 

Splita [I; (+ (x 3 I)b)] =(36); Splita [I;(+ (x 3 J I) (-(x I3»)] 

= (((x 3 J)-3) NIL) 
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M-exp 

Splita[i,e] = 

If atom [e] then [if eq[i;e] then list [1; NIL] else list [NIL;e]] else if 

eq[car[e]; TIMES] then [if member [i, cdr[e]] then list [simpmpy [efface 

[i,cdr[e]]; NIL; 1]; NIL] else list [NIL; simpmpy [cdr[~]; NIL"l]] else if 

eq[car[e]; DIFFERENCE] then joina [splita[i, cadr[e]]; then joina 

[splita[i, cadr[e]]; splita [i, list [MINUS; caddr [ell]] else if 

eq [car [e); MINUS) then>-[[cV maplist [c; )..[ [a); If null [car [all 

then NIL else if numberp [carta)) then minus [carla)) else list 

[MINUS; car [a]]]] [splita [i; cadr e]]else joina [splita [i, cadr [ell; 

split a [i; caddr [e]]] 

COEFF [S, I, C, L]: 

This function takes subscripts s(in modified form) and computes 
I-coefficient I and constant coefficient C using the dimensions of 
the array as given by L. 

Example: 

,A[l:20, 1:20] and A[(I + 1); (I + 1)] is referred to coeff «( 1 1) 

(1 1» NIL NIL (20» = (21 21» 

Coeff «( 1 NIL) ( NIL J) (NIL K» NIL NIL (20 20» = 

(400 (PLUS (TIMES 20 j) k» where B[I,J,K] is 20 X 20 X 10 matrix 

M-exp 

coeff[s, i, c, £] = If null [cdr[s]] then list [simpsum [caar[s]; i]; 

simpsum [cadar [s];c]] else coeff [cdr[s]; cons[simpmul[caar[s],£], i]; 

cons [simpmul [cadar [s], £]; c]; cdr [£]] 

SIMPSUM (A I): 

We wish to add the terms in A and I to give a result of the form 
'number + (sumbolic exp)'. However A can have different list structures 
requiring different action. Eg. '3' '(-J)' '(x 5 J)' ,(+ 3 K)' ,« X 3 K)J)' 

16 
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(The last term is equivalent to ,( + (X 3 K) J)') 

Example 

Simpsum (( + J 3) ( 20 K 4)) = Simplus (( J :3 20 K 4) NIL 0) 

= (Plus 'Z7 J K) 

M-exp 

Simpsum [a,i] = If atom [a]V member [carra]; (TD1ES MINUS)] then 

simplus [cons [a,i}, NIL, 0] else if eq [carra]; PLUS] then simplus 

[append [cdr[a],i]; NIL; 0] else simplus [append [a;i], NIL, 0] 

SIMPLUS [S,V, C]: 

Same as .simpmpy except we test if C = 0 instead of 1 and even if 
some elements are null we continue processing. 

Examples: 

Simplus (( 20 5 17) NIL 0) = 42 

Simplus (( 20 6<. J 4)4 -3 (-K)) NIL 0) 

= (Plus 21 (X J 4) (-K)) 

M-exp 

Simplus. [s,v,c] = If null [s] then [if zerop[c] then [if null [v] 

then N:(L ~ if null [cdr [v]] then car [v] else cons [PLUS; v]] else 

[if null [v] then c else cons [PLUS; cons [c,v]]]] else if numberp 

[car[s]] then simplus [cdr[s]; v; [car[s] + c]] else if null [car[s]] 

then, simplus [cdr[s]; v; c] else if 1 [atom[car[s]] I\eq[caar[s]; 

PLUS] then simplus [append [cdar [s]; cdr [s]]; v; c] else simplus 

[cdr[s]; cons[car'[s] ;v]; c] 

SIMPMUL [A, I] : 

'We wish to multiply elements of A and I to give a single resulting 
product list simplified. Terms 'I' are either numbers or S-expressions 

: :that have already been simplifiedo However A can be an atom or 

17 
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,( x 3 J)' or' ( + 5 K)' or ,( ( X 5 J) K)' = ,( + ( X 5 J) K)'. All the 
terms are multiplied together (using distributive law if necessary) to 
arrive at the simplified product. 

Example 

Simpmul «( X 5 J) K) (20 20» = (Simpmul ( X 5 J) (20 20» + (Simpmul 

K(20 20) = (+(X2000 J) (X 400 K» 

M-exp 

Simpmul [a,£] = If atom [a] then simpmpy [cons [a,l]; NIL; 1 ] else if 

eq [car[a];TIMES] then simpmpy [append [cdr[a],l]; NIL; 1] else if 

eq [carra]; PLUS] then simpmul [cdr[a]; l] else if eq[car[a], MINUS] 

then list [MINUS; simpmul [cadr[a];£] else simplus [list [simpmul 

[car [a];£]; simpmul [cadr [a]; £]]; NIL; 0] 

SrnPMPY [S, V, C] 

Gives simplified form of result of multiplication of the elements in 
list S. V is used to store the variables (S~exp) in S and C is a 
number containing the successive multiplier as the routine scans S. 
At the end the following cases are handled. 

1. 

2. 

~ No Variable list 

No Constant ~ 1 element 

"" There is Variable list-------
------ more then 1 

No Variable list 

There is a constant-~ 
~ere is a Variable list 

Examples: 

Simpmpy (5 J 20 20 ) = (x 2000 J) 

Simpmpy (5 20 20) = 2000 

M-exp 

Simpmpy [s,v,c] = If null [s] then [if onep [c] then [if null [v] then 

18 



r 
r r r 
r 
r 
r 
r 
r 
r 
r-­
r 
r 
r 
r 
r 
r 
r 
( 
r 

NIL else if null [ cdr[ v] then car [ v] else cons [TlMES, v]] else 

[if null [v] then c else cons [TIMES; cons [c; v]]]] else if 

numberp [car[s]] then simpmpy [cdr [s]; vjtimes [car[s],c]] else if 

null [car[s]] then NIL else simpmpy [cdr[s]; cons [car[s];v];c] 

PAIREQUAL [L]: 

List L contains each array reference with its I-coefficient and constant 
coefficient. We use Pairequal to scan through L and group together 
all those array re;ferences which ha.ve the same I-coefficient. 

Example: 

Pairequal ( ( ( J, X I) I NIL) «! X ( + (X 20 I) 3)) 20 3) 

( (l A I J) 20 J) ( (l X (+ I 3) I 3) 

( ( J, A (+ I 4) J) 20 (+ J 80)) « J. A J I) I (X 20 J))) 

results in 

[ ( ( (J- A J I) I (X 20 J)) « Jr X ( + I 3)) I 3) « J, X I) I NIL)); 

( ( ( J, A ( + I 4) J) 20( + J 80)) ( (J A I J) 20 J) 

( (J,X ( + 20 I) 3)) 20 3))] 

M-exp 

Pairequal [1] = If null [1] then NIL else;" [[c]; cons [car[c]; 

pairequal [cadr [c]]]] [equals [cadar [1]; cdr [1]; list [car [1] 

NIL] ] 

EQUALS[A, B, X, Y]: 

If the array reference (car b) has the same I-coefficient as the 
array references in X(given by a) then add it to list X else to list 
Y. Repeat for all the array references in list b. 

Thus given any I-coefficient 'a' equals separates the array 
reference list into two lists, those that have 'a' as their I-coefficient 
and those that do not. 
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Equals [20; «(J A I J) 20 J) 

( (./;X I) 1 NIL) 

«JX (+ I 3) 1 3) 

( «J, X ( X 20 I)) 20 NIL)); NIL] 

results in 

M-exp 

[ ( ( ( J, A( + I 4) J) 20( + J 80)) 

( ( .L A I J) 20 J) 

( ( J, X (X 20 I)) 20 NIL )); 

« (1 X ( + I 3) 1 3) « J,X I) 1 NIL))] 

Equals [a; b; x; y] = If null [b] then list [x;y] else if same 

[a; cadar [£]] then equals [a; cdr [b]; cons [car [b]; x]; y] 

else equals [a; cdr [b]; x; cons [car [ ]; y]] 

SAME [a; b]: 

Given any two arithmetic expressions Same checks to see if they 
are equal. However, the terms in expressions need not be in the 
same order. The operator must be the same and the operands must 
have a one- to-one correspondence between them (commutativity of 
arithmetic expressions is used. However, no effort: is made to check 
for equality under distributivity). 

Example: 

Same [( + ( X 20 I) 30 (-J) ( + A 20)) ( + (-J) ( X 20 I) ( + A 20) 30)] 

= *T* 

M-exp 

Same [a,b] = If atom [a] then equal [a,b] else if atom [b] then 

FALSE else eq [car [a]; car [b]]A mapq [cdr [a]; cdr [b]] 
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'MAPQ [A, B]: 

Given lists of operands A and B, Mapq attemtps to find a one-to-one 
co1rrespondence betweem tnenl.It, is true if there exists a 1-1 relation 
between A and B else false. 

Examples 

Mapq [( 30 ( + A 20)) « + A 20) 30)] = T 

Mapq [( 3 0 ( + A 20)) « X A 20) (+ A 20) 30)] = F 

M-exp 

Mapq [a,b] = If null [a] 1\ null [b] then TRUE else if null [a] V null 

[b] then FALSE else mapq [cdr [a]; 'mapa [car [a]; b; NIL]] 

MAPA [A, B, X]: 

Given an expression 'A' Mapa scans B to see if there exists an equivalent 
expression in B. If so, the result is a list of all the elements of B 
except the one equivalent to A. If there is no element equal to A then 
the result is 'NIL r • 

Examples 

Mapa (20 (J 20 K 40) NIL) = ( J K 40) 

Mapa ( 20 ( J K 40)) = NIL 

M-exp 

mapa [a, b ,x] If null [b] then NIL else if same [a, car [b]] then 

repend [x; cdr [b]] else mapa [a; cdr [b]; cons [car [b]; x]] 

REPEND [A, :aJ: 

Adds the elements of list 'Au to list 'B'. Similar to append but 
the elements are added in the reverse order. 

Example 

Repend [( J ( +,20 K) L); (30 (x 3 J))] 

= (L (+ 20 K) J 30 ( x 3 J)) 
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M-exp 

Repend [a,b] = 

If null [a] then b else repend [cdr [a], cons [car [a], b]] 

GENERATE [FS, FC, L] 

Generate is a major routine to the program. Its main purpose is to 
create a modified program of the innermost 'FOR' loop (generating a 
'FOR CLAUSE' which can be used direclty in the Index register assignment.) 
Given the old FOR Statement FS, For Clause FC and List of Pairs L 
it generates a modified For Statement. L is a list of all the sub­
scripted variables referenced, grouped so that all the subscripts that 
have the same coefficient of I (control variable of the For Statement) 
are together. Each element in L is a dotted pair of Array Reference. 
Equivalent Single Subscript (which in turn is a dotted pair of I­
coefficient and constant coefficient). 

~-exp 

Generate [fs; fc; I] = 

e
[[ ]; conc [gent [cadr [b]]; list [conc [gene [cddr [b]; fc; car 

[fc]]; list [sublis [car [b]; fs]]]]] 

~[[a]; cone [genb [ car [a] ; NIL; NIL]; cdr [a]]] 

[gena [I; NIL; NIL; NIL]]] 

GENB [L NIL] 

Given a list of all the array references, GENE scans through their 
constant coefficients and replaces where desirable (when there, exists 
an S-exp which can. be evaluated outside the FOR loop) by an atomic 
symbol in N and the corresponding atomic symbols and S-exp are dotted 
together to form list 1L (Index list). 

Example: 

Genb [«(i.A I ( X 20 J» GOOOl2 ( * 20 J» 
( ( J, A I J) GOOO 12 J) 

( (t X ( + ( X 20 I) 3')) GOOOl2 3) 

«t A J I) GOOOll ( X 20 J) 

( ( .i X ( + I 3) GOOOII 3) 

« .L X I) GOOOll NIL)); Nil; Nil] 
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results in 

\J ( ( (J, X I) • (J X GOOOll)) 

(! X ( + I 3)) . (J X ( + GOOOll 3)) 

(J, A J I). (t A ( + GOOOll G00013)) 

( l X ( + ( X 20 I) 3)).' (~ X (+ G00012 3)) 

( J A I J) . (t A (+ G00012 J) ) 

( l A I ( X 20 J)). ( t A (+ G00012 G00013))), 

« X 20 J). G00013 ) ] 

M-exp 

Genb [1, n, i1] = 

If null [11 then list [n; ill else )- [[c~enb [cdr [11; cons 

[gend [car [1]; car [c]]; n]; cadr [c]]] [gene [caddar [1]; i1]] 

Sassoc [x, y, u]: 

Same as the one in the Lisp 1.5 Manual except it uses equal instead 
of eq for greater flexibility. 

M-exp 

sassoc [x, y, u] = If null [y] then u else if equal [caar [y]; n] 

then cdar [y] else sassoc [n, cdr [y], u] 

GENC [L, IL ]: 

Given the constant coefficient L of the array element being processed 
GENC determines whether there exists an equivalent expression for which 
a symbol has been created or whether it is necessary to create a new 
symbol (of ·course if the coefficient is atom there is no need for 
any more simplication). Result is (symbol. Index list). Symbol may 
be the generated symbol or same as L (if Number or NIL). 

Examples: 

gen c [( X 20 J) « ( X 20 J) . G00013))] = (G00013, ( ( (X 20 J). G00013))) 

gen d 3 « ( X 20 J). G00013))] = ( 3 « ( X 30 J). GOOOl3))) 

gem [ ( + J 3) « ( X 20 J). G00013))] = 

(G00014 «( X 20 J). G0001~ « + J 3). Gooo14))) 
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M-exp 

genc [I; it] = 

If atom [l] then list [I; it] else 

)\[Jl; g null [al ~ )([ 

[g~S 1 else list [a, illl 

[sassoc [I; it; NIL]] 

]; list [b; cons [cons [I; b]; it]] 

GEND [L, N] 

Given L, the (array reference. I-coefficient. Constant coefficient) 
this juction forms a new array reference dotted with the old one all 
ready for substitution into the program. 

Example: 

Gend [( ( J A I ( X 20 J)) G00012 ( X 20 J)); GOOOI3) 

= «J A I ( X 20 J)). (L A (+ GOOOl2 GOOOI3))) 

M-exp 

Gend [I, n] = 

If null [n] then cons [car [I]; list [caar [I]; cadar [I]; cadr [I]]] 

else if null [cadr [I]] then cons [car [I]; list [caar [I]; cadar [I], n]] 

else cons [car [I]; list [caar[£]; cadar [I]; list [PLUS; cadr [I]; n]]] 

GENA [L, N, FL, FR]: 

Given a list L of array references grouped so that all those with 
the same I-coefficient are together GENA recursively replaces equivalent 
I-coefficients (Via FORML) by a single atomic symbol in List Nand 
the new symbol~ created and their equivalent S-expressions are formed 
into lists of dotted pairs FL. Result is (N FL FR) N is a single list 
( () for equal groups are now removed). FR gives the frequency of 
occurrence of each I-coefficient which may be used in the optimal 
assignment of storage. 

Example: 

Gena [«( l X I) I NIL) 

«Lx ( + I 3)) 1 3) I-coefficient = I 

( ( l A J I) I ( X 20 J))) 
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( (J,X ( + ( x 20 I) 3» 20 3) 

( (! A I J) 20 J) 

«J,A ( + I 4) J) 20 (+ J 80»); NIL; NIL] 

results in 

( ( ( ( J., A ( + I 4) J) G00012 ( + J 80» 

( ( J. A I J G00012 JO 

( (J X 20 I) 3» G0012 3) 

( ( J., A J I GOOOll ( X 20 JOO 

( ( J, X ( + I 3») GOOOll 3) 
. . 

« J, X I) GOOOll NIL» « G00012. 20) (GOOOll.l» 
(FREQUENCY (G00012 3) (GOOOl13») 

M-exp 

gena [I; n; fi; fr] = 

If null [I] then list [n, fi; cons [FREQUENCY; fr]] else if null 

[cadaar [i]] then gena [cdr [i]; append [car[£]; n]; fi; fr] 

else ~ [[c ; gena [cdr [I], formi [car [I]; c; n]; cons [cons [c; 

cadar [I]]; fi]; cons [list [c; count [car [I]]; fr]] [gensym] 

COUNT [L]: 

Counts the number of elements (or S-expressions) in the list L 

Example 

Count (A B (DARROW X Y I») = 3 

M-exp 

Count [£] = 

If null [£] then 0 else 1 + count [cdr [I]] 
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FORML [L, C, N] 

Given a list L of array references whose I-coefficients are the same 
Formi replaces the I-coefficients by the atomic symbol given by C 
and forms the new list in N 

Formi [( ( ( ~ X I) 1 NIL) 

((J,X ( + I 3)) 1 3) 

(( LA J I) 1 ( X 20 J))); GOOOll; NIL] 

gives [( (( t X I) GOOOll NIL) 

( (,L, X ( + I 3)) GOOOll 3) 

(( l- A J I GOOOll ( X 20 J))] 

M-exp 

Formi [i; c; n] = 

If null [i] then n else 

formi [cdr [£]; c; cons [list [caar [£]; c; caddar [£]]; n]] 

GENE [L, FC, I]: 

Given a list L of all the functions of I, the control variable that 
would be desirable to have in index registers, gene forms an extend 
For-clause of the original For-clause FC and the control variable L 
is a list of dotted pairs. 
Example: 

Gene [(((G0001.60)(G0002.J)(G0003 Plus J 20)) (FREQUENCY (GOOOl 4) 
(G0002 1)(G0003 5))) ( I step 1, l", 20) I] 

~ (FOR ((I step 1 1 20) 

( ~GOOOl ( X 60 I)) 

( ~ G0002 ( X J I)) 

( ~ G0003 ( X ( + J 20) I ))) 

(FREQUENCY (GOOOl 4 )(G0002 1)(G0003 5"))) 
M-exp 

gene [1, fc, i] = 
list [FOR; conc [fc; maplist [car [£] ; ~[[a]; list [ASSIGN; 

caar [a]; list [TIMES; cdar [a]; i]]]; cdr [1]] 
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GENF [L]: 

Given a list L containing all the constant-coefficient expressions 
required in the evaluation of subscripts that could be more effectively 
perfor~ed ·outside (because (1) they donot change within the FOR ' 
loop (2) they are ev.aluated more than once within the For-loop), 
GENF generates a number of assignment statements assigning the value 
of t~e expression to. a' given symbol. . 

Example: 

genf «( GOOIO TIMES J K) (G0012 PLUS (TIMES, J) 5») 

-7 « r GOOIO (x J K» 

( ~ G0012 ( "+ ( X , J) 5») 

M-exp 

genf [.e] = 

Maplist [.e~ I'[[a]; list [ASSIGN; cdar [a]; caar [a]]] 

27 



~ ~ ~ ~ ~ .--, ~ ,.----, ~ .---, ~ ~ ~ ~ ~ ~ ~ ~ , 
" 

j 

A01831SliSP lHIN 400RAJ REDDY CS 239 
EXECUTION. LIBRARY P~OGRAM---LISP 

TEST 

[VALQUOTE OPERATOR AS OF 1 MARCH 1961. INPUT LISTS NOW BEING READ. 

FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 
(( (ANALYSE (LAMBDA (P AO) (COND ((NULL P' NIL' {(EQ (CAAR P) (QUOTE DECLARE» (CONS (CAR P) {ANALYSE (COR P) 
(DEC (CDAR P) AD»» ((OR (EQ (CAAR P) (QUOTE 1FT) {EQ (CAAR P) (QUOTE IFD») (CONS (CONS (CAAR P) (ANALYSE 
(CDAR P) AD» (ANALYSE (CDR P) AD») ((EQ (CAAR P) (QUOTE FOR)) (COND (INNERLOOP (CADDAR P) (APPENO (FORST 
(CDAR P) AD) (ANALYSE (COR P) AD)) (T (CONS (CONS (CAAR P) (CONS (CADAR P) (ANALYSE (CDDAR P) AD») (ANALYSE 
(COR P) AD»))) ((NOT (ATOM (CAAR P))) {CONS (ANALYSE (CAR P) AD) (ANALYSE (COR P) AD»' {T (CONS (CAR P) ( 
ANALYSE (COR P' AD)))) lINNERLOGP (LAMBDA (P) (COND (NULL P) T) ((NOT (ATOM (CAR P»' (AND lINNERLOOP (CAR 
JI,) (INNERLOOP (COR P)}» (EQ (CAR P) (QUOTE FOR) F) ((OR (EO (CAR P) (QUOTE [FT») (EO (CAR P) (QU01E [FD»)) 
(JNNERLOOP (CDD~ P») (T T»» (Dt;C (LAMt:1DA (L AD) (COND «(NULL L) AD) «(EQ (CADAR L) (QUOTE ARRAY» (DEC ( 
COR L) (NCONC (CHANGE (CDDAR L») AD)) (T (DEC (CDR L) AD»»)) (CHANGE (LAMBDA (PI (MAPLIST P (FUNCTION (LAMBDA 
(C) (CONS (CAAR C) (MAPLIS (CDAR C) (FUNCTION (LAHBDA (D) (COND «(ONEP (CAAR 0)) (CADAR en) ((NUMB~RP (CAAR 
D») (COND ((NUMBERP (CADAR D» (DIFFERENCE (CAOA~ 0) (SUBl (CAAR 0)))) (T (LIST (QUOTE DIFFERENCE) (CADAR D) 
(SUBl (CAAR 0»))) ((NUMBERP (CAD!\R D» (LIST (QUOTE DIFFERENCE) (ADDl (CADAR 0)- (CAAR 0») (T (LIST (OUOTE 

~ DIFFERENCE) (CADAK 0) (LIST (QUOTE DIFFERENCE) (CAAR D) 1))))))))))))) (~A.PLIS (LAMBDA (X FN.J (CUNO ((NULL 
(CDR X» NIL) (T (CO~S (FN X) (MAPLIS (COR X) FN»)))))) . 

END OF EVALQUOTE, VALUE IS 
(ANALYSE INNERLOOP DEC CHANGE MAPLIS) 

FUNCTION EVALQUOTE HAS ~EEN ENTERED, ARGUMENTS •• 
DEFINE 
(((FORST (LAMBDA (L AD) ((LAMBDA (C) (GENERATE (CAOR L) (CAR L) ((LAM~DA (A) (PAIREQUAL (PAIR A (TRANSFORM 
(cAAR L) A C»») (TEAP. (CADR L) (~APLIST C (FUNCTION (LAMBDA (J) (cAAR J)))})))) (COND ((EQ (OUOTE DECLARE) 
(CAAAOR L» (DEC (CAADR L) AD» (T AD»») (TEAR (LM1BDA (P A) ((LAMBDA (C) (eK (REGULAR (CAR C) (CADR C)) NIL 
A» (TEARIT PO)) (OK (LAMBDA (L N A) (COND (NULL L) N) «(MEMBE~ (CADAR L) A) (OK (COR L) (CONS (CAR L) 
N) A» IT (OK (CDR L) N A»») ITI:ARIT (LAMBDA (P NO) (CONO (NULL P) (lIST NIL NIL» (T (JOIN (FORMLIST (CAR 
P) NIL NIL NO) (TEARIT (COR P) (ADDI NO»)))) (FORMLIST (LAMUDA (P L A NO) (CONI) ((ATor~ P) (LIST L A») ((NOT 
(ATOM (CAR P)) (JOIN (FORMLIST (CAR P) NIL NIL NO) (FORMLIST (COR P) L A NO») ((EQ (CARP) (QUOTE ASSIGN) 
(FORMLIST (COR P) (CONS (CADR P) L) A NO) «(EQ (C4R P) (QUUTE DARROW» (LIST L (CONS (CO~JS P NO) A)) «(EQ 
(CAR P) (QUOTE DECLARE» (LIST L An (T (FORMLIST (COR P) L A NO»») (JOIN (LAt4BDA (L H) (caND ((NULL L) NIL) 
n (CONS (APPEND (CAR L) (CAR M)) (JOIN (COK L) (COR ~»))))) (REGULAR (LAMeDA (L A) (COND ((NULL f\) NIL) ( 
, (COND «(REG (CDOAAR A) L) (CONS (CAAR A) (REGULAR L.(CDR A»») n (ReGULAR L (CDR ,\»»»))) (REG (LAMBDA 
(A L) (OR (NULL A) (AND (REGl (CAR A) L) (REG (COR A) L))))) (REGl (LAfJ.BDA (E L)(COND ((ATOM E) (NOT (MEMBER 
E L») (MEMBER (CAR E) (QUOTE (DIFFERENCE PLUS») (AND (REG2 (CADR E) L) (REG2 (CADDR E) L») ((MEMBER (CAR 
[J (QUOTE (T[MES MIr~US») (REG2 E L» (T F»» (REG2 (LAMljDA (E L) (CO~O ((ATCH E) (NOr (twlEMBER E L») ((EQ 
(CAR E) (QUOTE MINU!i» (REG2 (CAOR E) U) ((EQ (CAR E) (QUOTE TIMES» (REG3 (CeR E) L») (T (AND {REG2 (CAR 
E) L) (REG2 (COR E) L»))) (REG3 (LAMBDA (E L) (CONO (NULL c) T) IT (AND (ATOM (CAR E» (NOT (MEMBER (CDR 
E) L1) (REG3 (COR E) l»»»» 
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END OF EVALQUOTE, VALUE IS •• 
(FORST TEAR OK TEARIT FORMLIST JOIN REGULAR REG REGl REG2 REG3) 

FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 
«(TRANSFORM (LAMBDA (I L A) (COND «(NULL L) NIL) (T (CONS (COEFF (SPLIT I (CDDAR L») NIL NIL (SASSOC (CADAR 
U A NIL» (·TRANSFORM I (COR L) An)))) (SPLIT (LAMBDA (J L) (CONO lCNULL L) NIL) (T (CONS (SPLITA I (CAR L)) 
(SPLIT ( (COR L)n»)) (SPLITA (LAMBDA (I E) (COND ((ATOM E) (COND ((EQ I E) (LIST (QUOTE 1) NIL)) (T (LIST NIL 
E»))) «(EQ (CAR E) (QUOTE TIMES» (COND ((MEMBER I (CDR E») (LIST (SIMPt'.PY (EFFACE I (COR E» NIL 1) NIL» 
(T (LIST NIL (SIMPMPV (COl{ E) NIL U»))) ((EO (CAR E) (QUOTE DIFFERENCE)) (JOINA (SPLITA I (CADR E» (SPLITA 
I (LIST (QUOTE MINUS) (CADDR E»)) «EQ (CAR E) (QUOTE MINUS)' ((L.AMBDA (C) (MAPLIST C (FUNCTION (LAMBDA ( 
A) (COND ((NULL (CAR A)' NIL) (NUMSERP (CAK Al) (MINUS (CAR A»)) (T {LIST (QUOTE MINUS) (CAR A»)'»» (SPLITA 
1 (CADR E)I» (T (JOINA (SPLITA I (CADR E» (SPLITA I (CADDR E»»)') (JOINA (LAMBDA (L M) (COND «(NULL L) NIL) 
IT (CONS (COND ((NULL (CAR L» (CAR H) ((NULL (CAR M» (CAR L» (T (LIST (CAR L) (CAR M)))) (JOINA (COR L) 
(COR M))))))) (COEFF (LAMBDA(S I C L) (COfllD «(NULL (CDR S) (LIST (SI~PSUM (CAAR S) I) (SIMPSUM (CADAR S) 
C») (T (COEFF (CDR·S) (CONS (SIMPMUL (CAAR S) U I) (CONS (SIMPMUL (CADAR S) L) C, (CDR L»»" (SIMPSUM ( 
LAMBDA (A IJ (COND (((J~ (ATOM A) (MEMBER (CAR A) (QUOTE (TIMES MINUS)))) (SIMPLUS (CONS A I) NIL 0') ((EQ ( 
CAR A) (QUOTE PLUS·') (SH1PLUS (APPEND (COR A) I) NIL 0" (T (SIMPLUS (APPEND A () NIL 0'»') (SIMPMUL (LAMBDA 
(A L) (CCND ((ATOM A) (SIHPMPY (CGNS A L) NIL 1)' ((fQ (C.4R A) (QUOTE TIMES)' (SIMPMPV (APPEND (COR A) L) NIL 
1) (lEe (CAR A) (QUOTE PLUS)' (SIMPMUL (CDR A) L» ((EQ (CAR A' (QUOTE MINUS)) (LIST (QUOTE MINUS) (SIMPMUL 
(CADR A) L»' (T (SIMPLUS (LIST (SIMPMUL (CAR A' U (SIMPMUL (CADR A) L») NIL 0)')' 'SI~PLUS (LAMBDA (S V 
C, (COND ((NULL S, (COND (ZEROP C, (COND ((NULL V, ~IL' ((NULL (COR V») (CAR V) (T (CONS (QUOTE PLUS) V)) 
(T (COND ((NULL V) C) (T (CONS (QUOTE PLUS) (CONS C V)))),) ((NU~BERP (CAR S,) (SIMPLUS (CDR S) V (PLUS (CAR 

~ SI C»)) ((NULL (CAR S)) (SIMPLUS (CDR S) V C)' ((AND P~(JT (ATO,., (CAR S))) (EO (CAAR S) (QUOTE PLUS))) (SIMPLUS 
(APPEND (CDAR S) (CDR S)) V C») (T (SIMPLUS (CDR S) (CONS (CAR S) V) C))))) (SIfo'PMPV (LAMBDA (S V C, (COND 
((NULL S) (CONO ((ONE? C) (COND ((NULL V) NIL) ((NULL (CDR V» (CAR V)) (T (CONS (QUOTE TIMES) V»)" (T (COND 
((NULL V) C) (T (CONS (QUOTE TIMES) (CONS C V)",», ((i'JUM8EKP (CAR S» (SIMP"',PY (CDR S, V (TIMES (CAR S) C)) 
((NULL (CAR S)' NIL) (T (Sl-MPMPY (COR S) (CONS (CAR S) V) C),))))) 

END OF EVALQUOTE, VALUE IS •• 
(TRANSFORM SPLIT SPLITA JOINA COEFF SIMPSUM SIMPMUL SIMPLUS SIMPMPY) 

FUNCTICN EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
DEF INE 
« (PAIREOUAL (LAMBDA (L) (CONO (cr~ULL L) NIL) (T (LAMBDA (C) (CONS (CAR C) (PAIREQUAL (CADR C»» (EQUALS 
(CADAR L) (CDR L' (LIST (CAR L)) NIL»))))) (EQUALS (tAMBDA (A b X Y) (COND ((NULL B) (LIST' x V)' ((SAME A ( 
CADAR B') (EQUALS A (COR B) (CeNS (CAR B' X) V») (T. (EQUALS A (CDR B) X (CONS (CAR B) V),",) (SAME (LAMbDA . 
(A B' (COND ((ATOM A' (EQUAL A B) ((ATOM B' F) (T (AND (EQ (CAR A' (CAR B) (MAPQ (CDR A) (CDR B)'»)" (MAPQ 
(LAMBDA (A BJ (COND (AND (NULL A) (NULL B) I T) (OR (NULL A) (NULL B') F) (T (MAPQ (CDR A) (MAPA (CAR A' B NIL)'»» 
(MAPA (LAMBDA (A H X) (COND ((NULL B) NIL) «(SAME A (CAR B» (REPENO X (CDR B)') (T (MAPA A (COR B' (CONS ( 
CAR B) X)))))) (REPEND (LAMBDA (A 6) (COND ((NULL A) S) (T (REPEND (CDR A) (CONS (CAR A) BI)'»))) 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. fULL WORDS 1408 fREE 2910 PUSH DOWN DEPTH 115 

END OF EVALQUOTE, VALUE IS •• 
(PAIREQUAL EQUALS SAME MAPQ MAPA REPENO) 
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FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 
(((GENERATE (LAMBDA (FS FC L) ((LAMBDA (B) (CONC (GENF (CADR B)) (LIST (CONC (GENE (CDDR B) FC (CAll FC)) (LIST 
(SUBLIS (CAR B) F!))))) ((LAMBDA (A) (CONC (GENS (CAR A) NIL NIL) (CDR A)) (GENA L NIL tIIIL NIL))))) (GENB 
(LAM8DA (L NIL) (CONO ((NULL L) (LIST NIL») (T ((LAMBDA (C) (GENB (COR L) (CONS (GEND (CAR L) (CAR C)) N) 
(CADR C)) (GENC (CAOI)AR L) IL))))) (GENC (LAMBDA (L III (COND ((ATOM L) (LIST L IL) (T ((LAMBDA (A) (COND 
((NULL A) ((LAMBDA (B) (LIST B (CONS (CONS L S) IL»)) (GENSYM))) n (liST AIL)))) (SASSOC L IL NIL)))))) ( 
GEND (LAMBDA (L N) (COr'lO ((NULL N) (CONS (CAR L) (LIST (CAAR L) (CADAR L) (CADR L)))) ((NULL (CAOR L)) (CONS 
(CAR L) (LIST (CAAR L) (CAOAR L) h») (f (CONS (CAR L) (LIST (CAAR L) (CADAR L) (LIST (QUOTE PLUS) (CADR L) 
N)I))))) (SASSOC (LAMBDA (X Y U) (COND ((NULL V) NIL) ((EQUAL (CAAR Y) X) (CDAR YI) (T (SASSOC X (COR V) U))))) 
(GENA (LAMBDA (l N FL FR) (COND ((NULL'L) (LIST N FL (CONS (QUOTE FREQUENCY) FR))) ((NULL (CADAAR L)) (GENA 
(COR L) (APPEND (CAR l) ~) FL FR) J (T ((LAMBDA (C) (GENA (CDR U (FO~ML (CAR L) C N) (CONS (CONS C (CADAAR 
l)) FL) (CONS (LIST C (COUNT (CAR L»)) FR») (GENSVM»))) (COUNT (LAMbDA (L) (CONO ((NULL L) 0) (T (AODl ( 
COUNT (CDR L)))) (FORMl (LAMBDA (L C N' (CONO ((NULL l) N) n (FGRMl (COR L) C (CONS (LIST (CAA? L) C (CADDAR 
L») N)))))) (GENE (LAMBDA (L FC I) (LIST (QUOTE FOR) (CONC FC (MAPLIST (CAR L) (FUNCTION (LAMBDA (A) (LIST 
(QUOTE ASSIGN) (CAAR A) (LIST (QUOTE TIMES) (CDAR A) IJ»)) (CDR L))) (GENF (LAr-'BDA (L) (MAPLIST L (FUNCTION 
(LAMBDA (A) (LIST ,(QUOTE ASSIGN) (eDAR A) (CAAR A»)))))) 

END OF EVALQUOTE, VALUE IS •• 
(GENERATE GE~B GENC GEND SAssoe GE~A COUNT FORML GENE GENF) 

FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
ANALYSE 
(( (DECLARE CINTEGt:.R J K I) (REAL SUM) (REAL ARRAV (A (l 20) 11 20)) (8 (1 20) (1 40») (C (l 40) (1 20»)) ( 
FOR (I (STEP 1 1 20») (FOR (J (STEP 1120» ((ASSIGN (DARROW A I J) 0) (FOR (K (STEP 1 140)) «ASSIGN (DARROW 
A I J) (PLUS (DARROW A I J) (TIMES (DARROW B I K) (DARROW C K J»» (ASSIGN P (PLUS I 3» (1FT (EOUAL (DARROW 
A I J) 0) (ASSIGN (DARROW A I J) 1) (ASSIGN (DARROW A I J) 0»»»)) (WRITE SUM C») NIL) 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

END OF EVALQUOTE, VALUE IS •• 

FULL WORDS 1406 FREE 

FULL WORDS 1400 FREE 

2851 PUSH DOWN DEPTH 

2185' PUSH DOWN DEPTH 

((DECLARE (INTEGER J K I) (REAL SuM) (REAL ARRAV (A (1 20) (1 20» (B (1 20) (1 40) (C (l 40) (1 20»» (FOR 
1I (STEP 1 1 20» (FOR (J (STEP 1 1 20» (ASSIGN (DARROW A I J) 0) (ASSIGN GOOOl3 (PLUS (TIMES 20 I) J») ( 
ASSIGN G00012 (TIMES 20 I)) (FOR (K (STEP 1 1 40) (ASSIGN GOOOll (TIMES 40 KI) (ASSIGN G00010 (TIMES 1 K» 
(FREQUENCY (G00011 1) (GOOOI0 1)') «ASSIGN (DARROW A G00013) (PLUS (DARROW A G00013) (TIMES (DARROW B (PLUS 
GOOOI0 G00012) (DARROW C (PLUS GeeOll J»)))) (ASSIGN P (PLUS I 3» (1FT (EQUAL (DARROW A GOOOI3) 0) (ASSIGN 
(DARROW A G00013) 1) ,(ASSIGN (OARROW A G00013) 0»»»)) (WRITE SUM C)) 

266 

183 
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FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS •• 
ANALYSE 
(((DECLARE (REAL ARRAY (R (16) (16)) IA (1 6) (l 6» (C II 12) II N»)) (INTEGER ARRAY IX 11 10) (1 10) 11 
N) (1 15» (Y 11 10) (0 9) (1 N)l) (INTEGER I J K l) (REAL TEMP» (FOR (I (STEP 113» (FOR (J (STEP 111) 
((ASSIGN K (PLUS (ASSIGN L (TIMES 3 1) J» (ASSIGN (DARROW R I J) (DARROW C K (PLUS (TIMES 3 I) J») (ASSIGN 
(DARROW R (PLUS I 3) (PLUS J 3» (DARROW R I J» (ASSIGN (DARROW R (PLUS I 3) JI 0»)>> (FOR (I (STEP 1 1 3» 
(FOR (J (STEP 1 1 3» ((ASSIGN (DARROW A (PLUS I 3) J) (DARRO~ R (PLUS J 3) I» (ASSIGN (DARROW A (PLUS J 3) 
(PLUS 13)) (DARROW R I J»»)) (FeR II (STEP 1 1 6» (FOR (J (STEP 116') ((ASSIGN (DARROW A I J) (DARROW 
R J I)) (ASSIGN (DA~ROW A I J) (DARROW R (DIFFERENCE 7 II (DIFFERENCE 7 J»)) (ASSIGN (DARROW A I J) (DARROW 
R (DIFFERENCE 7 II J)I (ASSIGN (DARROW A I J, (DARROW R I (OIFFERENCE 7 J)I»)I (FOR (I (STEP 1 1 10» ((ASSIGN 
(DARROW X I J K 1) (DARROW Y I J I\) (ASSIGN (DARROW X (PLUS 13) (TII'.ES I J) (PLUS K 1) I) (TIMES (DARROW 
Y 1 (PLUS (TIMES 10 I) JI (PLUS K 1) (DARROW X (DIFFERENCE (TIMES I 3) 4) (MINUS I) K 1)))))) NIL) 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTEREO AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

GARBAGE COLLECTOR ENTERED AT 04316 OCTAL. 

END OF EVALQUOTE, VALUE IS •• 

FULL WORDS 1409 FREE 2899 PUSH DOWN DEPTH 

F~LL WORDS 1400 FREE 2B83 PUSH DOWN DEPTH 

FUll WORDS 1400 FREE 2863 PUSH DOWN DEPTH 

FULL WORDS 1388 FREE 2740 PUSH DOWN DEPTH 

FULL WORDS 1381 FREE 2684 PUSH DOWN DEPTH 

FULL WORDS 1371 FREE 2652 PUSH DOWN DEPTH 

FULL WORDS 1368 FREE 2549 PUSH DOWN DEPTH 

FULL WOROS 1364 FREE 2516 PUSH DOWN DEPTH 

FULL WORDS 1354 FREE 2429 PUSH DOWN OEPTH 

((DECLARE (REAL ARRAY (R (1 6) (1 6» (A (1 6) (1 6» (C (1 12) (1 N)) (INTEGER ARRAY (X (1 10) (1 10) (1 
N) (1 15» (Y (1 10' (0 9) (1 N»)) (INTEGER I J K L) (REAL TEMP» (FOR (I (STEP 1 1 3» (ASSIGN G00017 (PLUS 

195 

164 

209 

202 

216 

117 

231 

246 

208 

21 (TIMES 6 1)1) (ASSIGN G00016 (TI~ES 6 (» (ASSIGN GOOOI5 (PLUS 18 (TIMES 6 (») (FOR (J (STEP 1 1 I) (ASSIGN 
G00014 (TIMES 1 J» (FREQUENCY (GCOOI4 4») «(ASSIGN K (PLUS (ASSIGN L (TIMES 3 I» J» (ASSIGN (DARROW R ( 
PLUS G00014 G00016» (nARROW C K (PLUS (TIMES 3 I) J»)) (ASSIGN (DARROW R (PLUS G00014 G00017» (DARROW R ( 
PLUS G00014 G00016»)) (ASSIGN (DARROW R (PLUS G00014 GOOOlS) 0»» (FOR (I (STEP 1 1 3» (ASSICN G00023 (PLUS 
18 (TIMES 6 I») (ASSIGN G00022 (TIMES 6 I» (ASSIGN G00021 (PLUS 21 I» (ASSIGN G00020 (PLUS 18 I» (FOR ( 
J (STEP 1 1 3) (ASSIGN G00019 (T(~ES 6 J» (ASSIGN G00018 (TIMES 1 J» (FREQUENCY (G00019 2) (G00018 2») ( 
(ASSIGN (DARROW A (PLUS G00018 GOC023)' (DARROW R (PLUS GOQ019 G00020») (ASSIGN (DARROW A (PLUS G0001Q G00021» 
(DARROW R (PLUS G00018 G00022»»» (FOR (I (STEP 1 1 6» (ASSIGN G00030 (PLUS 49 (MINUS (TI~ES 6 I»» (ASSIGN 
G00029 (PLUS 1 (TIMES 6 I») (ASSIGN G00028 (PLUS 42 (MINUS (TI~ES 6 I»» (ASSIGN G00021 (TIMES 6 I» (FUR 
(J (STEP 1 1 6) (ASSIGN G00026 (TIMES 6 J» (ASSIGN G00025 (TIMES 1 J» (ASSIGN GOOp24 (TIMES -1 J» (FREQUENCY 
(G00026 1) (G00025 5) (G00024 2»)) «ASSIGN (04R~OW 4 (PLUS G00025 G00027» (DARROW R (PLUS G00026 I») (ASSIGN 
(DARROW A (PLUS G00025 G00021)' (DARROW R (PLUS G00024 G00030») (ASSIGN (DARROft A (PLUS G00025 G00021» (DA~ROW 
R (PLUS G00025 G00028») (ASSIGN (DARROW A (PLUS G00025 G00027») (PARRGW R (PLUS G00024 G00029»))) (ASSIGN 
G00040 (PLUS 1 (TIMES -400 N) (TI~ES N K)} (ASSIGN G00039 (PLUS 1 (TIMES 10 N J) (TIMES N K»l (ASSIGN G00038 
(PLUS 1 (TIMES 10 J) K» (ASSIGN G00031 (PLUS (TIMES 10 J) K» (ASSIGN G00036 (PLUS (TIMES 300 N) (TIMES N 
K) N» (FOR (I (STEP 1 1 10) (ASSIGN G0003S (TI~ES (PLUS 1 (TIMES 100 N) (TIMES 10 N J) I» (ASSIGN G00034 
(TIMES 100 I» (ASSIGN G00033 (TI~ES 200 I» (ASSIGN G00032 (TI~ES (TIMES 100 N) I» (ASSIGN G00031 (TIMES 
(PLUS (TIMES 300 N) (TIMES -10 N» 1» (FREQUENCY (G0003S 1) (G00034 1) (G00033 1) (G00032 1) (GOOOll I»)) 
((ASSIGN (DARROW X (PLUS G00032 G00039» (DARROW Y (PLUS G00034 G~0037») (ASSIGN (DARROW X (PLUS G00035 G00036» 
(TIMES (OARROW Y (PLUS G00033 G00038» (DARROW x (PLUS G00031 G00040)))) 

~ 



TEST RESULTS: 

The following two program were run to illustrate the use of the 
program. The input and output are given belmr in M-expression form. 

Matrix multiplication routine; 

Anaylze [ 

(( Declare ( Interger J K I) 

(Real Sum) 

(Real Array (A ( 120) ( 1 20» (B ( 1 20) (140» 

(C (1 40) ( 1 20» » 

(For ( I (Step 1 1 20 » 

(For (J (Step 1. 1 20» 

(( <-- ( P I J) 0) 

(For ( K (Step 1 1 40 » 

( <-- (.L,A I J ) ( + ( t- A I J) (® O B I K) ( J, C K J» » 

) 

) 
» ; NIL] results in 

(( Declare ( Integer J K I) 

(Real Sum) 

(Real Array (A (1 20) ( 1 20» (B( l 20)(1 40» (C(1 40) 

(1 20» » 

(For ( I (Step 1 1 20 » 

(For (J (Step 1 1 20» 

(( <-- ( J, A I J ) 0 ) 

( <-- G00012 ( + ( X 20 I) J ) ) 

(For (K ( step 1 1 40) ( <-- GOOOll ( 040 K» ( <-- G0010 (0 1 K» 

(Frequency (GOOOll 1) (G0010 1 » ) 

32 



( <-- ( 1 A GOO0l2) ( + (t A G00012 ) ( QO (1., B( + G00010 G0012)) 

( t c (+ GOOOll J)) ) ) ) ) ) ) ) ) 

Example 2: 

Analyze [ 

(( Declare (Real Array (R ( 1 6 ) ( 1 6)) (A ( 1 6 ) ( 1 6 ) ) (C (1 12) ( 1 N))) 

( Integer Array (X ( 1 10) ( 1 10)(1 N) ( 1 15)) (Y(l 10)(09) 

(1 N))) 

(Integer I J K L) 
( Real Temp)) 

(For ( I (step 1 13)) 

(For (J (Step 1 1 I)) 

(( <--K ( + ( <--L {(8) 3 I)) 3) ) 

( <-- ( J, R I J) U c K L)) 

( <--(J"R (+ I 3 ) ( + J 3 )) ( 1 R I J) ) 

( <-- (J"R (+ I 3) J) 0 ) 

) ) ) 

(For (I (Step 1 1 3 )) 

(For (J (Step 1 13 ) ) 

(( <-- (J,A (+ I 3) J) (J; R ( + J 3 ) I )) 

( <-- (J,- A ( + J 3 ) (+ I 3 )) ( J, R I J )) 

) ) ) 

(For (I (Step 1 1 6) ) 

(For ( J (Step 1 1 6) ) 

(( <-- (,J,A I J ) (J., R J I) ~ 

( <-- (p I J ) (J, R ( - 7 I) ( - 7 I))) 

( <-- (,[A I J) (J" R ( ~ 7 I) J)) 

( <-- U A I J) ( .1, R I ( - 7 J ))) 

) ) ) 
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( For (I (Step 1 1 10» 

«~ (.L.XIJKl)(j,YIJK» 

(~ (J., X ( + I 3) ( ~ I J ) ( + K 1) I) (~ (L Y I (+ (X 10 I) J) (+ K 1» 

(t X ( - ( ® I 3) 4) (- I) K 1))) 

))); NIL] 

Result of Example 2 

« Declare (Real Array (R (.1 6)(1 6)(A (1 6)(1 6»)(C (1 12)(1 N))) 

(Integer Array (X (1 10)(1 10)(1 N)(l 15))(Y(1 10)(0 9)(1 N))) 

(Integer I J K L) 

(Real Temp)) 

(For (I (Step 1 1 3)) 

(. ~ G00017 (+ 21 (X 6 I))) 

( .~ G00016 (x 6 I)) 

( ~G00015 ( + 18 ( x 6 I))) 

(For (J (Step 1 1 I)(G00014 ( ® 1 J))(Frequency (Gooo14))) 

« ~ K (+ ( ~ L (X 3 I) 3)) 

»)) 

( ~ ( i R( +Gooo14 Gooo16) (j,.C K L)) 

( ~ ( .L R ( + G00014 GOOl?) (.1, R ( + G00014 G0016))) 

( ~ (J, R( + G00014 G00015) 0) 

(For (I (Step 1 1 3)) 

( ~ G00023 ( + 18 ( ~ 6 I »)) 

( ~ G00022 ( ® 6 I)) 

( ~ G00021 ( + 21 ;r)) 



r 
r 
~ ~ ... 

r 
r 
r 
r 
r 
r 
r 
r-~ 

r 
r 
r 
r 
r 
r 
r 

r 

») 

( (- G00020 ( + 18 I» 

(For (J (Step 1 1 3) ( (- G00019 ( <&l 6 J)} «- G00018 - ( ~ 1 J)) 

(Frequency (G00019 2) (G00018 2») 

« (- (..L A ( + G00018 G00023 (! R ( + G00019 G00020») 

( (- (J A ( + G00019 G00021) (J, R (+ G00018 G00022)) 

(For (I (Step 1 1 6») 

( (- G00030 (+ 49 ( - (® 6 I)) 

( (- G00029 ( + 7 ( ® 6 I))) 

( (- G00028 (+ 42 ( - ( ® 6 I»» 

( (- G00027 ( ~ 6 I) 

(For (J (Step 1 1 6) ( (- G00026 (® 6 I) «- G00025 (@ 1 J» 

( (- G00024 ( X -1 J) ) (Frequency(G00026 1)(G00025 5 ) (G00024 2)) 

« (- ( t A (+ G00025 G00027»( J"R (+G00026 I»)) 

( (- ( l A (+ G00025 G00027» (t R( +G00024 G00030») 

( (- ( J A (+ G00025 G00027» (L R (+ G00025 Goo028») 

( (- ( J A (+G00025 G00027)) (J. R ( + 000024 G00029») )) 

(G00040 (+ 1 ( ® - 400 N) ( ® N K») 

(G00039 ( + 1 «(g)10 N J) ( @N K») 

( (-G00038 (+ 1 ( «)10 J) K» 

( (- G00037 (+ ( ® 10 J) K) 

( (-G00036 ( + «(8)300 N) (0N K ) N» 

(For (I (Step 1 1 10) ( (- G00035 «(l) (+ 1 (0100 N)( ©10 N J» I» 

( (- G00034 (@' 100 I» ( (- G00033 (® 200 I» ( (- G00032 

( ~ ( ~ 100 N) I» 

( (- G00031 ( ® ( + (® 300 N) ( ® - 10 N» I» 
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(Frequency (G00035 1)(G00034 1)(G00033 1) (G00032 1)(G00031 1») 

« r (1 X ( + G00032 G00039» (J, y ( + G00034 Gooo47 ») 

( r ( J 'X ( + G00034 G00036 » ( ® (J, y ( + G00033 G00038 » 

( ~ X ( + G00031 Gooo40» »») 



r 
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r 
r 
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r 
r 
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CONCLUSION: 

We have seen how program execution time can be minimized by 
modifying the subscripted variables to single subscript form and re­
cognizing equivalent expressions so that they need to be evaluated 
only once. 

One of our objectives was to modify the source language program 
to reflect the above changes and yet keep it machine independent. 
Thus the additions to the program are also in Algol-statement form. 
Thus a computer which does not have index registers can still make 
use of the information provided to generate a better object code. 

It is not anticipated that one will use this whole program as 
a sub-program in a compiler. That would unnecessarily involve many 
more scans of the program than required. However, many of the routines 
can be used to perform their appropriate functions within a more 
generalized set-up, which would generate the object code at the 
same time. 

The following interesting aspects could not be investigated 
because they are outside the scope of the present investigation: 

1. Optimal allocation of index registers: It is obvious that 
there will be usually more index expressions that have to be stored 
in index registers than index registers themselves. One way to 
allocate them is by using the Frequency statement of the modified 
program. Another would be to scan through the For-loop and see if 
some index expressions are required only in the first half and others 
in the latter half of the For-loop; i.e., determine the bounds of 
usage of index-expressions. 

2. Relax the restriction that we do not try to optimize those 
variables whose subscripts contain variables that occur in the Left­
list of the For-loop. This in turn raises numerous other problems 
which in their generalized form seem to involve more bookkeeping. 

3. In the present set-up we assume that 'procedure calls' do not 
alter the value of the I-coefficients and constant coefficients of 
the subscripted variables within the For-loop. In the general case 
it is not obvious whether this assumption is a valid one. One would 
have to require the programmer to include another declaration state­
ment to indicate ·that a particular part is not to be optimized. 
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