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ABSTRACT: The advantages and limitations of APL\360 and OS/360 are outlined and 
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library containing FORTRAN programs that in a limited sense simulate the results 
of seme of the more commonly used APL functions is described and listed for 
interested users. 
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1. 

INTRODUCTION 

From its inception, the APL language and the APIA360 time sharing 

system have attracted a host of dedicated followers. The mathematical 

compactness and explicitness of the language and the interactive features 

of the system appeal to technical users who do not require the memory, 

speed, and greater flexibility of the more cumbersome OS/360 compatible 

languages. Users can debug APL programs as they are written and can test 

complicated logical branching operations step by step. These features make 

APL\360 very attractive to a wide range of users. 

However, APL\360 suffers from limitations which can be serious under 

certain circumstances. The relatively small workspaces normally available 

and the terminal related input/output restrictions limit the range of 

programming problems which can be undertaken. An even more serious, though 

less recognized, consideration is the waste in CPU time in executing APL 

programs whose FORTRAN counterparts involve significant use of the loop 

mode. Since APL recompiles each instruction at execution, such operations 

are costly and cai rt»ult in severe drains on the system. 

Although limited to somewhat more cumbersome languages, OS/360 avoids 

the above restrictions. Problems involving an order of magnitude more 

storage, speed, or input/output are very easily undertaken. An APL compiler 

which would allow a user to run APL on OS, would therefore be very desirable 

and would combine the best features of both. Until such a compiler is 

developed, an alternative less ambitious approach, is to translate APL 

programs directly to FORTRAN (or some other OS compatible language) by 

providing equivalent operations. This report gives simple prescriptions 

or rules for doing this in a limited sense and shows that APL/FORTRAN 

translations can be accomplished fairly easily. 



2. 

TRANSLATION 

Since APL is a function-based language, it is convenient to assemble 

a library of FORTRAN analogs of the APL functions. With a complete library 

one could, in principle, translate an APL program by coding an appropriate 

series of calls in FORTRAN. Because of the inherent differences in the two 

languages, however, serious problems arise in accumulating such a library. 

The APL functions are very general and can accommodate arguments of different 

types (logical, integer, or real) and different dimensions (scalar, vector, 

or matrix). Since there is nothing comparable to this in FORTRAN, we must 

specify the argument type and make the subroutines general enough to accommo¬ 

date different dimensionality. This necessitates a different subroutine for 

each type of argument allowed. 

A list of implemented programs is shown in Appendix 1. Although the 

list is far from complete, analogs of almost all APL functions can be written, 

in addition, the library contains some non-APL analogs like DELETI and RAKDOM 

which have been found to be very useful. Subroutines, wherever possible, 

are given names that Identify them with their APL analogs. When more than 

one type of argument is allowed, the last letter of the subroutine name 

Identifies the argument type. Although the subroutines In the library were 

designed to accomodate arrays with a mari mum llmensionallty of two, they can 

be very easily extended If necessary. In any erne, the maximum dimensionality 

of all arrays is clearly indicated In the argument lists. 

One can immediately see from the Translation Table that there Is no 

analog of the APL function R»0 which gives the size of the array upon which 

It acts. Since a TORTEAN analog would be very difficult (If at all possible) 

to implement, the lengths of all arrays are c.refuly traced throughout a 

translation. Whenever an array Is introduced, its corresponding RHO Is 
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defined. It is updated at every step in the program where it is subject to 

change. Multidimensional arrays must have the appropriate number of RHO's 

associated with them. (With some practice and discipline, this is not as 

difficult as it might seem.) To simplify matters all variables beginning 

with the letter R can be assumed to be integer by using the FORTRAN statement 

IMPLICIT INTEGER*4 (R). Thus, a vector A will have associated with it at all 

times, an integer RHOA which contains the instantaneous length of A. If A 

is an empty vector, RHOA=*0. 

Another difficulty arises from the array dimensioning requirement in 

FORTRAN. Since FORTRAN demands the reservation of a specific block of core 

storage for the exclusive use of each array used, we are forced to examine 

the arrays and to reserve enough storage to accommodate the maximum lengths 

involved. Since maximum array lengths can depend upon input data or upon 

random number generation (e.g., in problems involving stochastic processes), 

care must be taken to reserve adequate storage. In such cases it is necessary 

to design internal protection against exceeding array sizes. A simple test 

of the value of RHO of the array in question at the update points of the 

program, and the printing of a warning message when dimensions have been 

exceeded, can be very useful. 

In an actual translation it is advisable to retain, whenever possible, 

the variable names used in the original and to reserve the statement numbers 

used in the APL program to locate the corresponding points in the FORTRAN 

program. The first considerations leads to the recommendation that all vari¬ 

ables be defined in type statements so as to avoid difficulties due to the 

traditional FORTRAN implicit specification of variable type (according to the 

first character of the variable name). These two simple prescriptions have 

been found to be very useful in achieving trouble-free translations. 
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4. 

The APL distinction between local and global variables is very easily 

accommodated in FORTRAN by using COMMON. That is, global variables passed 

from program to program are simply put in a named COMMON. The usual FORTRAN 

rules for arrays in COMMON must, of course, be followed so that all COMMON 

areas have the same size in all pertinent programs. 

A very simple example of an actual translation is shown in Appendix 2. 

Included is the listing of an APL program DISTR which is used to study the 

distribution of the elements in a vector L (and RD, a round-off program used 

in DISTR), and the listing of the FORTRAN translation. It is known that the 

elements of L are integers and that it is very unlikely that the maximum will 

ever exceed 100. The translation proceeds from right to left, top to bottom. 

Notice that the length of all arrays (including the temporary arrays TP and 

TMP) are traced throughout and are updated whenever they are used in calls to 

the translation library subroutines MAXI, IOTA, OUTEQI, and SDMI. In this case 

the APL original had no statement names and the statement numbering prescription 

was not used. The global variables VAR, XB, and N which are needed in other 

routines were put in the COMMON block CMDSTR. 

RESULTS AND CONCLUSIONS 

Experience has shown that with the translation library and the outlined 

prescriptions, fairly intricate APL programs can be translated with a minimum 

number of coding errors. Furthermore, this can be accomplished without ever 

having detailed knowledge of the actual function of the program. A copy of the 

APL original, and an indication of the input data type and range provide sufficient 

information for a translation. / 

Although our experience is limited, several sophisticated APL programs 

involving random-walk simulations of natural etream networks have been success¬ 

fully translated. The APL originals involved approximately 80 statements while 

! ' 
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the FORTRAN programs consist of approximately 650 statements. Thus each APL 

statement required approximately 8 FORTRAN statements. This count, of course, 

does not include the translation library. 

Preliminary tests on translated programs indicate a gain of a factor of 30 

in CPU time, i.e., translated programs (involving loop modes) run over 30 times 

faster than the original APL programs. Thus, for the sake of economy, and to 

ease the load on the system, routine APL programs which require large amounts 

of CPU time should be translated and run on OS. 

We conclude by reiterating that APL/FORTRAN translations ccan be done 

mechanically and can achieve a 30-fold reduction in CPU time. Therefore APL 

users should seriously consider translations. In addition, FORTRAN users 

might consider writing and debugging in APL and translating to FORTRAN. 
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6. 
APPENDIX 1 

TRANSLATION TABLE 

ROUTINE 

CA TU C ,A ,RHOA ,B ,RHOB) 

catr(c.a ,rhoa ,p .RÿQin 

DATEUR) 

DFLETKA ,RHOA ,B *0 ,RROC) 

deletrea ,ruoa ,b,c.ruoc) 

UROPHB.N ,A ,RHOA) 

DROP RU ,N ,A ,RH0A ) 

IOTA ( A ,RUOA ) 

KEEPIU ,N ,A ,RROA ) 

KEEP RU ,N ,A .RUCA) 

MA XIU ,A , RU OAX , RHO A X ) 

MAXR( B ,A tRHOAX tRHOAY) 

membh c .a ,rhoa ,b ,rhobx ,rhoby ) 

MEMBUC.A .RUGA ,B UH03X .RHOBX) 

C .4 .RHOA ,B ,RHOBX ,RIIOBX) 

MIN K B ,A ,RHOAX ,RHOAX ) 

MINRi B ,A ,RHOAX ,RHOAX) 

N0T( B ,A ,RH OAX t RH OA Y ) 

ORDUPIU ,A .RHOAX.RHOAY ) 

ORDUPPiP ,A ,RHOAX,RHOAY) 

ORDWNIU.A .RHOAX.RHOAY) 

QRDWNRiB ,A ,RHOAX .RHOAY) 

OUTEQH c ,A ,RHOA ,B .RHOB ) 

OUTEQRi C ,A ,RHOA ,B ,RHOB) 

.. 

APL EQUIVALENT 

C*-A ,B 

JP+X2S (SIMILAR) 

A*-( ~4 cP ) /A 

B+-N + A 

p*r/A 

C+A e.B 

B+1A 

C*-A o . =B 

-.-. lÉHUÉMiMBÉailBdMkHMÉM .—...... 



7. 

OUTPLI( C ,/l ,RHOA ,B ,RHOB ) 

OUTPLR(C,A,RHOA,B,RHOB) 

OUTPRIyC,A ,RHOA ,3,RHOB) 

OUTPRR(C,A,RHOA ,B,RHOB) 

RAND(A ,B) 

RANDOIHA ,RHOA ) 

RANKH C ,A ,RHOA ,B , RH OP) 

RANKR(C ,A ,RHOA ,P ,RHOB) 

REVU B ,A ,RHOAX ,RHOAY) 

REVR(B ,A ,RHOAX ,RHOAY) 

rothb ,n,a ,rhoax ,rhoay) 

rotr(.b ,n ,a .RHOAX.RHOAY) 

SLINK 

STRUCK B ,RHOBY.RHOBX ,A ,RHOA) 

STRUCR(B ,RHOBY ,RHOBX ,A ,RHOA ) 

SUMKB ,A ,RHOAX ,RHOAY) 

SUMR(B ,A ,RHOAX ,RHOAYJ^ 

TIME(IT) 

C+A» .+B 

C+A°.*B 

B+-7A 

A-*-A [RIIOA?RHOA ] 

0/11 3 

04>j4 

P-NQA 

SETLINK (SIMILAR) 

B+-(RH0BY ,RH0BX)qA 

B+-+/A 

JOI20 (SIMILAR) 
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APPENDIX 2 

EXAMPLE UE apl/fortran TRANSLATION 

vz;iiiÄ[ü]v 
V Dliii'Ii LiAiXM-,Xb2iPiU 

L 1 J -►( 0=/K^pL ) / 0 
L 2 J JK«-+/( /¿)«* .=/» 
La J XD+-(+/X*\Ài't)iN 
L4] AÖ2^(t/Xx( i/W)*2)t¿K 
Lb] tí*-A.bxíJ+-Xb* Xb + VAtí+Áli2-XB*2 
Lb J '¿>/i HP Lb bl'LL 'ib 
L 7 J 1HUAÜ ’ 1a 
[8 J öi.’V’ 'î3 //1A’*Ü.5 
La] ' Ulb'i'ÜlbUTIOii 
L1ü J 'bHOB 
LU J ' ChbCK 

V 

VAÜLUJV 
V ti+U HD V 

LU 10*-Z>)*LU . S + ^IO*^ 
V 
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SUBROUTINE DISTRI(L,KHOL) 
IMPLICIT INTEGER*4 (R) 
INTEGER** XM,SUMTP,L<I)»TP(100),TMP(100,100),X(100) 
REAL** R 

COMMON /CMDSTR/ VAR,XBtN 
M = R H 0 L 
TF(N.EO.O) RETURN 
CALL MAXI (XM » L » KHOL » 1) 
RHOTP=XM 
IF(XM.LE.IOO) GO TO 2 
WRITE(6,1 ) 

1 FOR MAT ( • ARRAY LENGTHS EXCEED STORAGE LIMIT IN DISTRI'I 
RETURN 

2 CONTINUE 
CALL IOT6( T P» RHOTP) 
CALL OUTEOI(TMP,TP»RHOTP,L»RHOL) 

RTMPXsRHOL 
RIMPY =RHOT P 
CALL SUMI (X»TMPtRTMPX»RTMPY) 
RHOX=RTMPY 
RHOTP=XM 
CALL IOTA ( T P tRHOT P) 
00 3 I =11 RHOTP 

3 TP ( I ) =X( I )*TP(I ) 
CALL SUMI<SUMTP,TP,RHOTP,1) 
X B =FLOAT (SUMT P)/FLOAT(N) 
RHOTP=XM 
CALL IO!A(TP,RHOTP) 
DO * 1*1 » RHOT P 

* TP ( I ) =X( I )*TP(I )**2 
CALL SUMI (SUMTP t TP»RHOTP»1) 
XB2=FL0AT(SUMTP)/FLOAT(N) 

* 

7 
R 

9 
10 

VAR=XB2-XB**2 
P=XB/(XB-VAR) 
SOVAR = SORT(VAR ) 
R=XB*P 
WRITE(6»5) N 
WR ITE(6 » 6) XB 
WR ITE(6t 7 ) SOVAR 
WR I TF ( i> »8 ) < XU) , 1 = 1 ,RHOX ) 
WR I TE(6 * 9 ) P 
WRITE<6,10) R 
FORMAT!• 
FORMAT ( ' 
FORMAT!• 
FORMAT!• 
FORMAT!' 
FORMAT!• 
RETURN 

SAMPLE SIZE * 
MEAN = 
STD DEV 
DISTRIBUTION* 
PROB = 
CHECK 

' 110) 

tFlO.5) 
tFlO.5) 
,1616) 
,F10.5) 
,F10.5) 

END 




