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1 Introduction

Rascalis basedon an extremely modularapproach;de-
pendingon the users needs,various powerful modules
can be compiledinto the system. Thus Rascalcan be
a light-weighttool aswell asa very powerful computa-
tional system.This userdocumentatioris createdduring
compilationanddescribegheincludedfeatures.

2 Basic Usage

Invoking the programleadsto a promptwhereyou can
enterexpressions.The expression®or definitionsarebe-
ing evaluatedassoonyou presgreturn.A semicoloratthe
endsuppresseary output.As anexample:

>5+2

7
>5+2;
>

Variablesare also supportedwherethe namesare case-
sensitve alphabetidettersandmay be followed by num-
bers.An assignmenis doneusingthe equalsign:

>MyVariable2=7;

>MyVariable2*MyVariable2
49

>

Undefinedvariablesarealwaysassumedo beintegerze-
ros.

The usercanalsodefinefunctionsof onevariable(n-ary
functionscan be implementedusing vectorsor matrices
asamguments). The namesfollow the samerulesasthe
namef variables:

>MyNiceFunction17(x)=x*x+5*x;
>MyNiceFunction17(2)

14
>

The semicolonat the end of the definition is mandatory
and the calling-methodis “call by variable”, similar to

parametric*#define’s in C++ with the differencethat
changesn the operand-ariablesarenot forwardedto the

original variable. Of coursefunctionscanbe nestedand
invokedwith ary data-typelf thedata-typedoesnot sup-
portacertainoperationanerroroccurs.

Conditionalexpressionganberealizedusingthe C-style
“?."-operator:

>5==372.3:17
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3.2 Strings

17
>abs(X)=x>07?x:-X;
>abs(-18)

18
>abs(12)

12
>

If the conditionbeforethe questionmarks true, thefirst
expressionis returned,elsethe second.In contrastto C
theresult-typesof thetwo alternatvesherecanbediffer-
ent, alsoboth alternatvesare computedbeforethe deci-
siontakesplace thusrecursionsarenot possible.

You canexit Rascalby entering“quit” followedby are-
turn.

If Rascalwascompiledusingthe “libreadline”, thenyou
may usethe cursorkeys to flip backto commandsand
resultsfrom before,aswell asbenefitof commandcom-
pletition usingthe “tab”-key.

Furthermorethe different modulespredefinefunctions,
which aredocumentedh thefollowing sections.

3 Basic Data Types

Rascalhasa genericsubsystemwhich supportantegers,
doublesstringsandmatrices.

3.1 Integersand Doubles

Simplenumbersare beinginterpretedasintegers,which
in this versionof Rascalare representeds integerson
theunderlyingcomputerarchitectureNo roundingerrors
will occur, but undetecteaverflovs mayoccur

All operandslike +,-*/,",% are defined for
integers and doubles,togetherwith standardfunctions
sin, cos, tan, cot, asin, acos, atan,
acot, sinh, cosh, tanh, coth, asinh,
acosh, atanh, acoth, log, exp, sqrt,

sqgr . A postfix! computeshe factorial of the operand
(currentlyjustin integer).

The values can be compared using the operators
=== <, <=>>= , logical expressioncan be con-
nectedusing&,| andthelogical negation™.

3.2 Strings

Mostly stringsareusedinternally, asanexampleall data-
typeshave afunctioncalledoutput  which defineshow
valuesof thattype canbeprintedonthescreen.

Besidesstrings can be used as "evaluation variable":
As all the standardoperatorsand functionsare also de-
finedfor strings,onecandetermingheexpressiorRascal
would evaluateif theargumentonly hadbeenarealvalue.

Stringsareenclosedn quotes:

>T(X)=X*X+2*X;

>f(f("y"))
yrY+25(y)yry+25(y)+ 25 (y*y+2*(y))"

>

But the operators==,!=
strings.

are still usedto comparetwo

3.3 Generic Matrices and Vectors

In Rascalectorsarejustmatriceswith eitherjustonerow
or onecolumn. You canentera matrix by usingbraclets,

Usingdoubleprecisionfloating-pointnumbersovercomes Wherevalueswithin aline areseparatedy spaceslines

this problem,but roundingerrorsmayoccut A numberis

beinginterpretedas a floating-pointnumberwhen there
is a decimal-pointwithin or at the end of the number
and/oran exponent. As an example 1.234e+12 rep-
resentsl.234 - 10+12. Be warnedthat thereis no exact
representatioffior 0.1 and mary mary othernumbersin

binaryfloating-pointrepresentations.

areseparatetdy semicolonsmatricesof samesizecanbe
addedandsubtractedisingthe usualoperators:

>A=[1 2:3 45 6]
[1 23 45 6]

>B=[-3 -4;2 7;2 9
3 -42 72 9
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>A+B >T(X)=[x*x;x+2];

[[2 -2;5 11;7 15] >f(8)

>A-B [64;10]

[4 61 -3;3 -3] >f([L 2;3 4))

> [[7 10;15 22];[3 2;3 6]

>f[1 2;3 4]

Scalarsanbemultiplied to thematricesandtwo matrices ([ 10;15 22];[3 23 6]]
can be multiplied if the numberof columnsof the first >g(})=x(1)+x(2)*x(3);
matcheghe numberof rows of the second Dividing by a >g[12 -5 2]
matrix meanamultiplying with theinverse of coursethis 2
is only definedfor quadratiomatrices. >

Typesusingthe matrix inversionmustbe ableto be com-
paredto integers. If thereis no inverse,an empty matrix 4

is beingreturned. Integer Fractions

S[1 21[3:4] With this module, Rascal supportsinteger fractions,
[11] ' whichis analternatve to usingfloating-pointnumbers:
. *
>L2PE 4] >1/3-(2I7)/(3/8)
[3 4,6 8] 3/7
>A=[1 3;4 13]; SAS[1 2:3 4];
>1/A S1/A ' '
(13 -3-4 1 [2 132 -1/2]
>[2 0,0 3J/A >1.0/A
[26 -6;-12 3] [_'2 115 -0.5]
S R ;1. .

Thecellsof matricescanbeof ary type;hereanexample  aAs you canseeary operatiorwith adoublewill roundthe
for aninteger, double,matrix, stringmatrix: fraction to the next floating-pointnumber The fractions
are normalizedin eachstep,only the numeratorcan be

>A=[1 2.34;[1 23 4] "hu'; negative.
>A(1,2 i i
2.(340)0 00 The standard-operatorand functions shouldbe defined

for fractions,thusthe usershouldnt feel ary difference

Now A lookslike thefollowing: betweenfractionsand doubles,but that the latter is less

accurate.
1 2.34 Still theabilitiesof thefractionsarelimited to theabilities
A= ( L2 ) » b of theunderlyinginteger, thefollowing is likely to happen
3 4 on 32 bit-CPUs:
And thevalueatcell 1,2is 2.34. >1/65536+1/65535
The summationof matricesand scalarsis definedasthe -131071/65536
additionbetweerthe matrix andtheidentity of samesize >

timesthe scalar vectorvaluedfunctionscanbe defined
easily andcells of vectorscanbe accessedo definen- Currentlyfractionsuselong long int internally, but usethe
ary functions: usualint outputroutines.
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5 Generic Complex Arithmetics

This moduleintroducescomplex arithmeticsto Rascal.
Complex numbersanbecreatedy usingthe"complex”-

functionandit is often handyto definethe purelyimagi-
nary constant. As soon: hasbeendefined,Rascaluses
¢ for output. Politically correctyou mayalsousej asthe
imaginaryunit.

>complex(1,2)+3
complex(4,2)

>i=complex(0,1);

>(5+3*%0)*(2+i)
(7+4%)

>

Therealandimaginarypartof a complex numbercanbe
accessetlk e the cellsof vectors:Thefirst cell is thereal,
the secondthe imaginaryvalue. Additionally like matri-
cescomplex valuescan consistof all differenttypesof
data. The "transpose'dbf a comple valueis the complec
conjugate.

>f(x)=x*x(1)+x(2);

>f(complex("x",4))
complex("x*x+4","4*(x)")

>(2+3*complex(0,1))’
complex(2,-3)

Thefollowing standardunctionsaredefinedfor complex:

exp, log, pow, sqrt, sin, cos, tan,

cot, asin, acos, atan, acot, sinh,

cosh, tanh, coth, asinh, acoth, atanh,
acoth . The function arg computesthe argument,

the function abs the absolutevalue. The standard
functions sqrt, pow for integers and doubles are
beingoverriddenby the correspondingomplex versions.

Thelog representshe main value of the naturalloga-
rithm, thepow(a,b) ora’b isevaluatedasa® = et1n @,
thesqrt(a) asa? andtherestis determinecbasedon
thesefunctionsandthe pendant®n thereal axis.

Onecouldalsodefinea comple< out of matrices put this
is not advisableasthis easily getsconfusingand Rascal

preferscomplex valueswithin matrices.You shouldalso
be aware that naively plugging interval-datatypesnto a
genericcomplex datatypewill not yield verified results:
As anexamplethearg functionhasto be treateddiffer-
ently, andmostotherstandardunctionsdependn this.

6 Generic Taylor Arithmetics

This concepbfferstheopportunityto accuratelycompute
derivativesof functions. Therelationshipbetweerthe re-

sulting vectorandthe derivative atthe evaluationpointis

thefollowing:

faylor[z100...]) = [f(z) fl(lx) f 2('30) ]
As anexamplef(z) = 2£2 with f'(z) = _ﬁ5

>f(X)=(x+2)/(x-1);

>f(taylor[2 1))
taylor[4 -3]
>X(u)=taylor[u 1];
>f(X(0))
taylor[-2 -3]
>

Togetherwith the string arithmeticthis modulecanalso
be usedto determingformulasfor the derivatives:

>f(x)=(x+2)/(x-1);
>X(u)=taylor[u
>H(X("2"))

taylor["(z+2)/(z-1)"
"(1-(z+2)/(z-1))/(z-1)"]
>

1];

the following
sqr,  exp,

Besidesthe basic operations+,-,*,/
standardfunctions are defined: sqrt,
log, pow, sin, cos, tan, cot, asin,
acos, atan, acot, sinh, cosh, tanh,
coth, asinh, acosh, atanh, acoth . Of
coursethe datatypeyou put into the taylor arithmetic



10 QUESTIONS?

should have definedthesefunctionsaswell. The cells
canbeaccessethesameway lik e thecellsof vectors.

It is alsopossibleto definea functionwhich computeghe
derivative of anarbitraryfunctionat anarbitrarypoint:

>D(X)=X(1)(taylor[X(2)
>D[sqr;5]
10

1)(2);

As the derivative of "square"is two timesthe argument,
this resultis correct.

7 Longlntegers

Thismoduleintroducedongintegersto Rascalthelength
of the numbersis just limited by the available memory
This moduleoverridesthe integer parsingrountine, thus
it replaceghe datatypantegerwhereeer possible.

>100!
933262...0000

>2°278
485667...4544

Theresultsabove wereshortened.

Thedivision betweerlong integersandintegersresultsin
anintegerdivision, theremaindeicanbe computedusing
themodulooperator

The function longrandom(n)  createsa long pseudo
randomnumberwith about7n to 8n digits.

8 LongInteger Fractions

With this module,Rascalsupportdong integerfractions,
whichis analternatve to usingfloating-pointnumbers:

>1/3-(2/7)/(3/8)
-3/7

>A=[1 2;3 4]

>1/A

[2 132 -1/2]
>1.0/A
[2 1,15 -0.5]

As you canseeary operationwith adoublewill roundthe
fraction to the next floating-pointnumber The fractions
are normalizedin eachstep, only the numeratorcan be
negative.

The standard-operatorand functions should be defined
for fractions,thusthe usershouldnt feel ary difference
betweenfractionsand doubles,but that the latter is less
accurate.

Astheunderlyingdatatypearelongintegers fractionscan
getaslargeasmuchtime or memoryyou have:

>1/2"100+1
126765...5377/126765...5376

Again above numbersvereshortened.

9 Plotting functions
Usinggnuplotrascalcanplot functions:

>f(X)=(x"3)/30-2*x+2;
>plot[f;-10;10;0.1];

This will plot the function f from -10 to 10, computing
valueswith stepsized.1. Thisis averybasicplotting sup-
port andit is likely that the syntaxwill changein later
versions.

10 Questions?

Sendquestions,deas,hints and congratulationgo ras-
cal @ritterbusch.de.
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11 Licence

This programis free software; you can redistritute it
and/omodify it underthetermsof theGNU GeneraPub-
lic Licenseaspublishedby the FreeSoftwareFoundation;
eitherversion2 of the License,or (at your option) ary
laterversion.

This programis distributedin the hopethatit will be use-
ful, but WITHOUT ANY WARRANTY; withouteventhe
implied warrantyof MERCHANTABILITY or FITNESS
FORA PARTICULAR PURPOSESeethe GNU General
PublicLicensefor moredetails.

You should have receved a copy of the GNU General
PublicLicensealongwith thisprogramjf not,write to the
FreeSoftware Foundation,Inc., 59 TemplePlace- Suite
330,Boston,MA 02111-1307USA.



