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Abstract

In thisnotewe describeawayto useexternal(e.g.C-) functionswithin aPASCAL-XSC
programto manipulatedynamicandflexible arrays. Using this ideamalesit possibleto
useexternallibrariesin a PASCAL-XSC programor to implementoperationsiot available
in PASCAL-XSC ike bit operationsRuntime comparisonshav thatthisis alsoaway to
createvery muchfastercodefor computationsvhich do not needXSC enhancementigke
intenval operations.

1 Indroduction

In standardPASCAL, thesizeof every structuremustbe known at compiletime. In PASCAL-
XSC onecanusedynamicandflexible arrays(see[1] for details)in the casethatthe sizeof an
arrayis known at run time, not at compiletime. To give a dynamicarrayasanargumentto a
function,it mustbedeclarecasdatatype:

type darray = dynamc array[*] of real;
With afunctionheadetike
function DoSonmething ( x : darray; Size : integer ) : SoneType;

avariableof a dynamicarrayof sometype canbe givenasanargumentto thefunctionwhere
thesizeof thearrayshouldbe givenasfurtheramgumentto be known in the function.

If onewantsto usethiskind of datastructuran anexternalfunctionwrittenin anotheprogram-
ming languagge.g. in C), onehasto write aninterfacebetweenPASCAL-XSC andthe other
programminganguagewhich works for thosedynamicarrays. This may be usefulif thereis
a function or a library available which is written in a programminglanguagdike C andit is
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not possibleor meanstoo muchwork to translatethe sourcecodeto PASCAL-XSC. Another
intentioncanbe the needfor doing bit operationson dynamicarrays,whatcannot be donein
PASCAL-XSC. Also it may be wantedto do somebasicwork muchfasterthanit is possible
with PASCAL-XSC functions.

My intentionfor solving this problemwasa library with somematrix routinesfor sparsema-
triceswritten in C, | wantedto usein a PASCAL-XSC program. Whentrying to write an
interfacebetweenmy PASCAL-XSC programandthe library to usePASCAL-XSC dynamic
arraysthereariseda problem: Fromprogrammergoint of view dynamicarraysarelike PAS-
CAL arrayswith animprovedfunctionality But in internalrepresentatiothey areno arrays.
Theinternalstructurecontainsnmuchmoreinformationaboutthe arraythanjustthevalues.

2 Interface

First we have to mentionthat PASCAL-XSC doesnot usestandardPASCAL stackorderfor
function or procedurearguments.The stackorderof agumentgo C functionsis usedinstead.
Soit is not neccassaryo swap the algumentsof a functionwhencombiningfunctionswritten
in PASCAL-XSCandin C.

Giving anargumentto a (Standardr XSC) PASCAL functionwith avaluethatcanbechanged
by the functionis practisedusuallyby declaringthe agumentasvar parameter The way to

giveanargumentfor avar parameteto thefunctionis to putapointerto theargumentvariable
(the addressf the variable)on the stack. This is not a part of the PASCAL standardput the

normally practisedmplementatiorof a PASCAL compiler

The internalrepresentatioof dynamicandflexible arraysis not an array but it containsthe
arraydatain anarray Giving the first elementof suchan arrayasan argumentto a function
which hasthis agumentdeclaredasvar amgumentis exactly the sameas giving the pointer
to this first elementof the arrayto the function. Thatis the way C functionshandlearrays
resp. pointersin functions. This meansthata C function expectingan argument’i nt  *x’
correspond$o a PASCAL-XSC functionwith a’var x : i nt eger’ agumentdeclaration.
This kind of function canbe calledin a PASCAL-XSC statemenwith the agumentx|[ 1] ,
wherex is anintegerarray Finally we have to take carethatthe datawithin thearrayis usedin
therigth way. This meanghatsizeandorderof the useddatatypeshave to bethesamein both
programmindanguages.

Thelengthof anarraycannotbedeterminedy theC function,it hasto begivenasanadditional
agument.

Integer, realand char arrays
The PASCAL i nt eger (32 bit), real (64 bit) andchar (8 bit) typesusuallaymatchthe

C typesi nt , doubl e andchar. SothesePASCAL typescanbe useddirectly within a C
function.



Inter val arrays

A PASCAL-XSCi nt erval typeis astructure(a PASCAL r ecor d) with two components
calledi nf andsup. Both componentsarer eal types.An arrayof typei nt er val canbe
seenasar eal arrayof doublesizewith alternating nf andsup componentsAccessinghe
dataof aPASCAL-XSCi nt er val arrayfrom aC functioncanbedonein two ways:

e Definingani nt er val structurein C with two doubl e componentanddeclaringthe
C functionwith anagument'i nt er val *".

e Declaringthe C functionwith a’doubl e *’ agumentandusingits even components
for thei nf valuesandthe odd componentdor the sup values(arraysin C startwith
index 0).

3 Exampleandtests

Theexampledescribedherearenotvery usefulin generallt justdescribeshewayto createan
interfaceandis intendedo showv theideabehind.

Whatwe do hereis to usea C functionto computethe sumof all component®f a PASCAL-
XSC real dynamicarray This could all be donewithin PASCAL-XSC, but this is just an
example.We will alsodo thiswith aPASCAL-XSC functionto compareuntime.

Firstwe needthe C function:

/* vsumc */
doubl e vsum ( double *v, int n ) {

int i;

doubl e sunm=0.0, *p;

for (i =0, p=vVv; i <n; i+t p++)
sum += *p;

return (sum;

}

This C file hasto be compiledusingthe C compiler(andmaybecreatingvery fastcode).
Next we needa PASCAL-XSC modulein which the (external)functionis declared:

{ external.p }
nodul e external;
gl obal function vsum ( var v : real ; n . integer ) : real;
external vsum
begi n
{ do nothing here }
end.



Now we canlook atthemain PASCAL-XSCfile:

program ct est;

use external;

const N = 1000000;

var x : dynamic array[1l..N of real;

i : integer;
begi n
for i :=1to Ndo x[i] :=1i;
witeln ("sumis : ', vsum (x[1], N));
end.

To link PASCAL-XSC moduleswith C obejctfiles, it is helpfulto usetheb commandn dxsc
to createa batchfile for compilingandlinking. To link your own objectfiles to the PASCAL-
XSC objectfiles to getthebinary, this batchfile canbe usedby addingthe neededbjects.

On a SUN workstationrunning with Solaristhe following commandsamnay be usedfor the
examplegivenabove:

cc -c -fast vsumc

nksc external.p

pxsc ctest.p

CC -0 ctest ctest.c external.o vsum o $PXSC SYS/ stdnod. o \
$PXSC SYS/rts.a -1 m

| testedheimplementatiordescribedabore andcomparedheruntime with animplementation
in PASCAL-XSC only ona SUN UltraSFARC with 360MHz. Onecall of the C functionwith

anarraywith onemillion elementdookaroundd.032secondsA PASCAL-XSCfunctiondoing
the same(computingthe sumof onemillion componentsheeded.496secondsyhichis 15

timesslower.

Themainreasondor thelarge differencearethe following:
e Combiningpointerarithmeticsandloop optimizationin C producesery fastcode.

e Every accesdo dynamicarray componentsn PASCAL-XSC is preceededy a bound
check,i.e.thearrayindex is comparedvith theallocatedarraysize.
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