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Abstract

In thisnotewedescribeawaytouseexternal(e.g.C-) functionswithin aPASCAL-XSC
programto manipulatedynamicandflexible arrays. Using this ideamakesit possibleto
useexternallibrariesin aPASCAL-XSCprogramor to implementoperationsnotavailable
in PASCAL-XSClike bit operations.Runtimecomparisonsshow thatthis is alsoaway to
createvery muchfastercodefor computationswhich do not needXSC enhancementslike
interval operations.

1 Indr oduction

In standardPASCAL, thesizeof everystructuremustbeknown at compiletime. In PASCAL-
XSC onecanusedynamicandflexible arrays(see[1] for details)in thecasethatthesizeof an
arrayis known at run time, not at compiletime. To give a dynamicarrayasanargumentto a
function,it mustbedeclaredasdatatype:

type darray = dynamic array[*] of real;

With a functionheaderlike

function DoSomething ( x : darray; Size : integer ) : SomeType;

a variableof a dynamicarrayof sometypecanbegivenasanargumentto thefunctionwhere
thesizeof thearrayshouldbegivenasfurtherargumentto beknown in thefunction.

If onewantsto usethiskind of datastructurein anexternalfunctionwrittenin anotherprogram-
ming language(e.g. in C), onehasto write an interfacebetweenPASCAL-XSC andtheother
programminglanguage,which works for thosedynamicarrays.This maybeusefulif thereis
a function or a library availablewhich is written in a programminglanguagelike C andit is
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not possibleor meanstoo muchwork to translatethesourcecodeto PASCAL-XSC. Another
intentioncanbetheneedfor doingbit operationson dynamicarrays,whatcannot bedonein
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-
trices written in C, I wantedto usein a PASCAL-XSC program. When trying to write an
interfacebetweenmy PASCAL-XSC programandthe library to usePASCAL-XSC dynamic
arrays,thereariseda problem:Fromprogrammerspoint of view dynamicarraysarelike PAS-
CAL arrayswith an improvedfunctionality. But in internalrepresentationthey areno arrays.
Theinternalstructurecontainsmuchmoreinformationaboutthearraythanjust thevalues.

2 Interface

First we have to mentionthat PASCAL-XSC doesnot usestandardPASCAL stackorderfor
functionor procedurearguments.Thestackorderof argumentsto C functionsis usedinstead.
Soit is not neccassaryto swaptheargumentsof a functionwhencombiningfunctionswritten
in PASCAL-XSC andin C.

Giving anargumentto a(Standardor XSC)PASCAL functionwith avaluethatcanbechanged
by the function is practisedusuallyby declaringtheargumentasvar parameter. Theway to
giveanargumentfor avar parameterto thefunctionis to putapointerto theargumentvariable
(theaddressof thevariable)on thestack. This is not a partof thePASCAL standard,but the
normallypractisedimplementationof a PASCAL compiler.

The internal representationof dynamicandflexible arraysis not an array, but it containsthe
arraydatain an array. Giving the first elementof suchan arrayasan argumentto a function
which hasthis argumentdeclaredasvar argumentis exactly the sameasgiving the pointer
to this first elementof the array to the function. That is the way C functionshandlearrays
resp. pointersin functions. This meansthat a C function expectingan argument’int *x’
correspondsto aPASCAL-XSCfunctionwith a ’var x : integer’ argumentdeclaration.
This kind of function canbe called in a PASCAL-XSC statementwith the argumentx[1],
wherex is anintegerarray. Finally wehaveto takecarethatthedatawithin thearrayis usedin
therigth way. Thismeansthatsizeandorderof theuseddatatypeshave to bethesamein both
programminglanguages.

Thelengthof anarraycannotbedeterminedby theC function,it hasto begivenasanadditional
argument.

Integer, realand char arrays

The PASCAL integer (32 bit), real (64 bit) andchar (8 bit) typesusuallaymatchthe
C typesint, double andchar. So thesePASCAL typescanbe useddirectly within a C
function.
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Inter val arrays

A PASCAL-XSC interval type is a structure(a PASCAL record) with two components
calledinf andsup. Both componentsarereal types.An arrayof typeinterval canbe
seenasareal arrayof doublesizewith alternatinginf andsup components.Accessingthe
dataof aPASCAL-XSCinterval arrayfrom aC functioncanbedonein two ways:

� Defininganinterval structurein C with two double componentsanddeclaringthe
C functionwith anargument’interval *’.

� DeclaringtheC functionwith a ’double *’ argumentandusingits evencomponents
for theinf valuesandthe odd componentsfor thesup values(arraysin C startwith
index 0).

3 Exampleand tests

Theexampledescribedherearenotveryusefulin general.It justdescribesthewayto createan
interfaceandis intendedto show theideabehind.

Whatwe do hereis to usea C function to computethesumof all componentsof a PASCAL-
XSC real dynamicarray. This could all be donewithin PASCAL-XSC, but this is just an
example.Wewill alsodo this with aPASCAL-XSC functionto comparerun time.

First weneedtheC function:

/* vsum.c */
double vsum ( double *v, int n ) {

int i;
double sum=0.0, *p;
for ( i = 0, p = v; i < n; i++, p++ )
sum += *p;

return (sum);
}

ThisC file hasto becompiledusingtheC compiler(andmaybecreatingvery fastcode).

Next weneedaPASCAL-XSC modulein which the(external)functionis declared:

{ external.p }
module external;
global function vsum ( var v : real ; n : integer ) : real;

external vsum;
begin

{ do nothing here }
end.
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Now wecanlook at themainPASCAL-XSC file:

program ctest;
use external;
const N = 1000000;
var x : dynamic array[1..N] of real;

i : integer;
begin

for i := 1 to N do x[i] := i;
writeln (’sum is : ’, vsum (x[1], N));

end.

To link PASCAL-XSCmoduleswith C obejctfiles, it is helpful to usetheb commandin dxsc
to createa batchfile for compilingandlinking. To link your own objectfiles to thePASCAL-
XSC objectfiles to getthebinary, this batchfile canbeusedby addingtheneededobjects.

On a SUN workstationrunning with Solaris the following commandsmay be usedfor the
examplegivenabove:

cc -c -fast vsum.c
mxsc external.p
pxsc ctest.p
cc -o ctest ctest.c external.o vsum.o $PXSC_SYS/stdmod.o \

$PXSC_SYS/rts.a -lm

I testedtheimplementationdescribedaboveandcomparedtheruntimewith animplementation
in PASCAL-XSC only on a SUN UltraSPARC with 360MHz. Onecall of theC functionwith
anarraywith onemillion elementstookaround0.032seconds.A PASCAL-XSCfunctiondoing
thesame(computingthesumof onemillion components)needed0.496seconds,which is 15
timesslower.

Themainreasonsfor thelargedifferencearethefollowing:

� Combiningpointerarithmeticsandloopoptimizationin C producesvery fastcode.

� Every accessto dynamicarraycomponentsin PASCAL-XSC is preceededby a bound
check,i.e. thearrayindex is comparedwith theallocatedarraysize.
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