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1 Introduction

Rascalis basedon an extremelymodularapproach;de-
pendingon the user’s needs,variouspowerful modules
can be compiled into the system. Thus Rascalcan be
a light-weight tool aswell asa very powerful computa-
tional system.This userdocumentationis createdduring
compilationanddescribestheincludedfeatures.

2 Basic Usage

Invoking the programleadsto a prompt whereyou can
enterexpressions.Theexpressionsor definitionsarebe-
ing evaluatedassoonyoupressreturn.A semicolonat the
endsuppressesany output.As anexample:

>5+2
7

>5+2;
>

Variablesarealsosupported,wherethe namesarecase-
sensitive alphabeticlettersandmaybefollowedby num-
bers.An assignmentis doneusingtheequalsign:

>MyVariable2=7;
>MyVariable2*MyVariable2

49
>

Undefinedvariablesarealwaysassumedto beintegerze-
ros.

Theusercanalsodefinefunctionsof onevariable( � -ary
functionscanbe implementedusingvectorsor matrices
asarguments).The namesfollow the samerulesas the
namesof variables:

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

14
>

The semicolonat the endof the definition is mandatory
and the calling-methodis “call by variable”, similar to
parametric“#define”s in C++ with the differencethat
changesin theoperand-variablesarenot forwardedto the
original variable. Of coursefunctionscanbe nestedand
invokedwith any data-type.If thedata-typedoesnotsup-
port acertainoperation,anerroroccurs.

ConditionalexpressionscanberealizedusingtheC-style
“?:”-operator:

>5==3?2.3:17
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17
>abs(x)=x>0?x:-x;
>abs(-18)

18
>abs(12)

12
>

If the conditionbeforethe questionmarkis true, the first
expressionis returned,elsethe second.In contrastto C
theresult-typesof thetwo alternativesherecanbediffer-
ent, alsoboth alternativesarecomputedbeforethe deci-
siontakesplace,thusrecursionsarenotpossible.

You canexit Rascalby entering“quit” followedby a re-
turn.

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

Furthermorethe different modulespredefinefunctions,
which aredocumentedin thefollowing sections.

3 Basic Data Types

Rascalhasa genericsubsystem,which supportsintegers,
doubles,stringsandmatrices.

3.1 Integers and Doubles

Simplenumbersarebeinginterpretedasintegers,which
in this versionof Rascalare representedas integerson
theunderlyingcomputerarchitecture.No roundingerrors
will occur, but undetectedoverflowsmayoccur.

Usingdoubleprecisionfloating-pointnumbersovercomes
thisproblem,but roundingerrorsmayoccur. A numberis
being interpretedasa floating-pointnumberwhen there
is a decimal-pointwithin or at the end of the number
and/oran exponent. As an example1.234e+12 rep-
resents

���������
	��
�������
. Be warnedthat thereis no exact

representationfor
�����

andmany many othernumbersin
binaryfloating-pointrepresentations.

All operands like +,-,*,/,ˆ,% 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,
sqr . A postfix ! computesthe factorialof the operand
(currentlyjust in integer).

The values can be compared using the operators
==,!=,<,<=,>,>= , logical expressioncan be con-
nectedusing&,| andthelogicalnegation˜ .

3.2 Strings

Mostly stringsareusedinternally, asanexampleall data-
typeshave a functioncalledoutput which defineshow
valuesof thattypecanbeprintedon thescreen.

Besidesstrings can be used as "evaluation variable":
As all the standardoperatorsand functionsarealso de-
finedfor strings,onecandeterminetheexpressionRascal
wouldevaluateif theargumentonly hadbeenarealvalue.

Stringsareenclosedin quotes:

>f(x)=x*x+2*x;
>f(f("y"))

"y*y+2*(y)*y*y+2*(y)+2*(y*y+2*(y))"
>

But the operators==,!= are still usedto comparetwo
strings.

3.3 Generic Matrices and Vectors

In Rascalvectorsarejustmatriceswith eitherjustonerow
or onecolumn.You canentera matrix by usingbrackets,
wherevalueswithin a line areseparatedby spaces,lines
areseparatedby semicolons.matricesof samesizecanbe
addedandsubtractedusingtheusualoperators:

>A=[1 2;3 4;5 6]
[1 2;3 4;5 6]

>B=[-3 -4;2 7;2 9]
[-3 -4;2 7;2 9]
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>A+B
[-2 -2;5 11;7 15]

>A-B
[4 6;1 -3;3 -3]

>

Scalarscanbemultipliedto thematricesandtwo matrices
can be multiplied if the numberof columnsof the first
matchesthenumberof rowsof thesecond.Dividing by a
matrix meansmultiplying with theinverse,of coursethis
is only definedfor quadraticmatrices.

Typesusingthematrix inversionmustbeableto becom-
paredto integers. If thereis no inverse,anemptymatrix
is beingreturned.

>[1 2]*[3;4]
[11]

>[1;2]*[3 4]
[3 4;6 8]

>A=[1 3;4 13];
>1/A

[13 -3;-4 1]
>[2 0;0 3]/A

[26 -6;-12 3]
>

Thecellsof matricescanbeof any type;hereanexample
for aninteger, double,matrix,stringmatrix:

>A=[1 2.34;[1 2;3 4] "hu"];
>A(1,2)

2.340000

Now � lookslike thefollowing:

��� �� � ��� ���� ������ � !#"�$%!'&(
And thevalueat cell 1,2 is 2.34.

The summationof matricesandscalarsis definedasthe
additionbetweenthematrix andtheidentity of samesize
timesthe scalar. vectorvaluedfunctionscanbe defined
easily, andcells of vectorscanbe accessedto define � -
ary functions:

>f(x)=[x*x;x+2];
>f(8)

[64;10]
>f([1 2;3 4])

[[7 10;15 22];[3 2;3 6]]
>f[1 2;3 4]

[[7 10;15 22];[3 2;3 6]]
>g(x)=x(1)+x(2)*x(3);
>g[12 -5 2]

2
>

4 Integer Fractions

With this module, Rascal supports integer fractions,
which is analternative to usingfloating-pointnumbers:

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

>A=[1 2;3 4];
>1/A

[-2 1;3/2 -1/2]
>1.0/A

[-2 1;1.5 -0.5]
>

As youcanseeany operationwith adoublewill roundthe
fraction to the next floating-pointnumber. The fractions
are normalizedin eachstep,only the numeratorcanbe
negative.

The standard-operatorsand functionsshouldbe defined
for fractions,thus the usershouldn’t feel any difference
betweenfractionsanddoubles,but that the latter is less
accurate.

Still theabilitiesof thefractionsarelimited to theabilities
of theunderlyingInteger, thefollowing is likely to happen
on 32 bit-CPUs:

>1/65536+1/65535
-131071/65536

>

Currentlyfractionsuselong long int internally, but usethe
usualint outputroutines.
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5 Generic Complex Arithmetics

This module introducescomplex arithmeticsto Rascal.
Complex numberscanbecreatedby usingthe"complex"-
functionandit is oftenhandyto definethepurely imagi-
naryconstant) . As soon ) hasbeendefined,Rascaluses) for output.Politically correctyou mayalsouse* asthe
imaginaryunit.

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

>i=complex(0,1);
>(5+3*i)*(2+i)

(7+4*i)
>

Therealandimaginarypartof a complex numbercanbe
accessedlike thecellsof vectors:Thefirst cell is thereal,
the secondthe imaginaryvalue. Additionally like matri-
cescomplex valuescan consistof all different typesof
data.The"transpose"of a complex valueis thecomplex
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)

Thefollowingstandardfunctionsaredefinedfor 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 thecorrespondingcomplex versions.

The log representsthe main valueof the naturalloga-
rithm, thepow(a,b) or aˆb is evaluatedas +�,-�/.0,21 3%4 ,
thesqrt(a) as +657 andtherestis determinedbasedon
thesefunctionsandthependantson therealaxis.

Onecouldalsodefinea complex out of matrices,but this
is not advisableasthis easilygetsconfusingandRascal

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

6 Generic Taylor Arithmetics

Thisconceptofferstheopportunityto accuratelycompute
derivativesof functions.Therelationshipbetweenthere-
sultingvectorandthederivativeat theevaluationpoint is
thefollowing:

8:9<;>=0?A@�B�CED F �G�H�I�E�E� JLK � D 8:9<F K 8%MN9<F K��O 8%M MN9<F K��O �E�
� J
As anexample

8:9PF K �RQ �S�Q�T � with
8%MN9<F K �VU WX Q�T ��Y 7 :

>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
beusedto determineformulasfor thederivatives:

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

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

Besidesthe basic operations+,-,*,/ the following
standardfunctions are defined: sqrt, sqr, exp,
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
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10 QUESTIONS?

shouldhave definedthesefunctionsas well. The cells
canbeaccessedthesameway like thecellsof vectors.

It is alsopossibleto defineafunctionwhichcomputesthe
derivativeof anarbitraryfunctionat anarbitrarypoint:

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

10

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

7 Long Integers

Thismoduleintroduceslongintegersto Rascal,thelength
of the numbersis just limited by the availablememory.
This moduleoverridesthe integer parsingrountine,thus
it replacesthedatatypeintegerwhereeverpossible.

>100!
933262...0000

>2ˆ278
485667...4544

Theresultsabovewereshortened.

Thedivisionbetweenlong integersandintegersresultsin
anintegerdivision, theremaindercanbecomputedusing
themodulooperator.

The function longrandom(n) createsa long pseudo
randomnumberwith about Z � to [ � digits.

8 Long Integer Fractions

With this module,Rascalsupportslong integerfractions,
which is analternative to usingfloating-pointnumbers:

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

>A=[1 2;3 4];
>1/A

[-2 1;3/2 -1/2]
>1.0/A

[-2 1;1.5 -0.5]
>

As youcanseeany operationwith adoublewill roundthe
fraction to the next floating-pointnumber. The fractions
are normalizedin eachstep,only the numeratorcanbe
negative.

The standard-operatorsand functionsshouldbe defined
for fractions,thus the usershouldn’t feel any difference
betweenfractionsanddoubles,but that the latter is less
accurate.

As theunderlyingdatatypearelongintegers,fractionscan
getaslargeasmuchtimeor memoryyouhave:

>1/2ˆ100+1
126765...5377/126765...5376

Again abovenumberswereshortened.

9 Plotting functions

Usinggnuplotrascalcanplot functions:

>f(x)=(xˆ3)/30-2*x+2;
>plot[f;-10;10;0.1];

This will plot the function
8

from -10 to 10, computing
valueswith stepsize0.1.This is averybasicplottingsup-
port and it is likely that the syntaxwill changein later
versions.

10 Questions?

Sendquestions,ideas,hints and congratulationsto ras-
cal@ritterbusch.de.
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11 LICENCE

11 Licence

This programis free software; you can redistribute it
and/ormodify it underthetermsof theGNU GeneralPub-
lic Licenseaspublishedby theFreeSoftwareFoundation;
either version2 of the License,or (at your option) any
laterversion.

Thisprogramis distributedin thehopethatit will beuse-
ful, but WITHOUT ANY WARRANTY; withouteventhe
impliedwarrantyof MERCHANTABILITY or FITNESS
FORA PARTICULAR PURPOSE.SeetheGNU General
PublicLicensefor moredetails.

You shouldhave received a copy of the GNU General
PublicLicensealongwith thisprogram;if not,write to the
FreeSoftwareFoundation,Inc., 59 TemplePlace- Suite
330,Boston,MA 02111-1307,USA.
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