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1 Intr oduction

Rascalis basedon an extremely modular approach; de-
pending on the user’s needs,various powerful 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 BasicUsage

Invoking the program leadsto a prompt whereyou can
enterexpressions.Theexpressionsor definitionsarebe-
ing evaluated assoonyoupressreturn. A semicolonatthe
endsuppressesany output. As anexample:
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3 BASIC DATA TYPES

>5+2
7
>5+2;
>

Variablesarealsosupported, where the names arecase-
sensitive alphabetic lettersandmaybefollowedby num-
bers.An assignmentis doneusingtheequal sign:

>MyVariab le2=7;
>MyVariab le2*MyVari able2
49
>

Undefinedvariablesarealwaysassumedto beintegerze-
ros.

Theusercanalsodefinefunctionsof onevariable( � -ary
functions canbe implemented usingvectors or matrices
asarguments). The namesfollow the samerulesas the
namesof variables:

>MyNiceFu nction17(x )=x*x+5*x;
>MyNiceFu nction17(2 )
14
>EvalAt12 (F)=F(12);
>EvalAt12 (sqr)

144

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 coursefunctions canbenestedand
invokedwith any data-type. If thedata-typedoesnotsup-
portacertainoperation,anerroroccurs. Thelastexample
shows how functions canbe usedasvariables,herethe
function valueof “square” at 12wascomputed.

Conditional expressions canberealizedusingtheC-style
“?:”-operator:

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

>abs(-18)
18
>abs(12)
12
>

If the condition before thequestionmark is true, the first
expressionis returned, elsethe second.In contrastto C
theresult-typesof thetwo alternativesherecanbediffer-
ent, alsobothalternatives arecomputed before the 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 asbenefit of command com-
pletitionusingthe“tab”-key.

Furthermore the different modules predefine functions,
whicharedocumentedin thefollowing sections.

3 BasicData Types

Rascalhasa genericsubsystem,which supports integers,
doubles,stringsandmatrices.

3.1 Integersand Doubles

Simplenumbersarebeinginterpretedasintegers, which
in this versionof Rascalare representedas integers on
theunderlying computerarchitecture. No roundingerrors
will occur, but undetectedoverflows mayoccur.

Usingdoubleprecisionfloating-pointnumbersovercomes
thisproblem, but roundingerrorsmayoccur. A numberis
being interpretedasa floating-point number whenthere
is a decimal-point within or at the end of the number
and/oran exponent. As an example 1.234e+1 2 rep-
resents

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

representation for
�����

andmany many othernumbers in
binaryfloating-point representations.

All operands like +,-,*,/ ,ˆ,% are defined for
integers and doubles, together with standardfunctions
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3 BASIC DATA TYPES 3.3 GenericMatricesandVectors

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
(currently just in integer).

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

3.2 Strings

Mostly stringsareusedinternally, asanexample all data-
typeshave a function calledoutput which defineshow
valuesof thattypecanbeprintedon thescreen.

Besidesstrings can be used as "evaluation variable":
As all the standardoperators and functionsarealsode-
finedfor strings,onecandetermine theexpressionRascal
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))"
>strlen(f (f("y")))

49

But the operators ==,!= arestill usedto compare two
strings. The strlen function returnsthe lengthof the
string.

3.3 Generic Matrices and Vectors

In Rascalvectorsarejustmatriceswith eitherjustonerow
or onecolumn. Youcanentera matrixby 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]

>A+B
[-2 -2;5 11;7 15]

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

>rows(A)
3

>cols(A)
2

>size(A)
3

Scalarscanbe multiplied to the matricesandtwo matri-
cescanbemultipliedif thenumberof columnsof thefirst
matchesthenumber of rows of the second.Dividing by
a matrix means multiplying with the inverse,of course
this is only definedfor quadratic matrices. The func-
tions rows, cols, size returnthenumberof rows,
columns andmaximum of the two valuesof a matrix or
vector.

Typesusingthematrix inversionmustbeableto becom-
paredto integers.If thereis noinverse,anemptymatrixis
beingreturned. You maycompute thedeterminantusing
thedet function.

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

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

>A=[1 3;4 13];
>det(A)

1
>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
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6 GENERICCOMPLEXARITHMETICS

Now � lookslike thefollowing:

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

The summation of matricesandscalarsis definedasthe
additionbetweenthematrixandtheidentityof samesize
timesthe scalar. Vectorvaluedfunctions canbe defined
easily, alsowith multiplearguments.

>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,y,z) =[x+y*z x*z];
>g(12,-5, 2)

[2 24]
>

4 Loops

Thesupport for loopsis experimental-it is verylikely that
thesyntaxwill changein future releases.

RascalsupportsC(++)-styleloopstoacertainextend. The
syntaxis

for( <initiali zation> ; <condi tion> ;
<expressi on 1> ) <express ion 2>

First the initialization expressionis beingevaluated-this
shouldbeusedto initialize thevariableusedfor theloop.
If thegiven condition is truethenexpression2 and1 are
evaluated (in that order) until the condition is falseafter
theevaluation of 1. Havea look at this example:

>sum=0;
>for(x=1; x<10;x++) sum=sum+x;
>sum

4950

Theaboveexample computesthesumof thenumbersbe-
tween0 and10. If youwould like to seetheintermediate
results,leaveout thesemicolonat theendof thefor state-
ment:

>sum=0;for( x=1;x<10;x ++)
sum=sum+x

1
3
6
10
15
21
28
36
45

In contrastto C(++) thereis no "comma-operator" in ras-
cal yet, thusyoucannotuseit in for-statements. Sorry.

5 Signals

You can interrupt running computations in Rascalby
sendingaSIGINT signal-justpressCTRL-C.Rascalwill
thentry to stopall computations. If you pressCTRL-C
againbeforeRascalwasableto getbackto theinteractive
shell,Rascalwill terminate.

If youpressCTRL-Cwhileyouarein theinteractiveshell,
Rascalwill beepyouandterminateif yourepeatyoursig-
nal.

Thusif you "for"-statementdoesn’t seemto terminateor
youweretrying to computethefactorialof "100000", just
pressCTRL-Candyouwon’t loseyouworkdonebefore.

6 Generic ComplexArithmetics

This module introducescomplex arithmetics to Rascal.
Complex numberscanbecreatedby usingthe"complex"-
functionandit is oftenhandy to definethepurelyimagi-
naryconstant) . As soon ) hasbeendefined, Rascaluses) for output.Politically correctyou mayalsouse* asthe
imaginaryunit.
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8 GENERICTAYLOR ARITHMETICS

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

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

(7+4*i)
>

Therealandimaginary partof a complex number canbe
accessedlike thecellsof vectors: Thefirst cell is thereal,
thesecondthe imaginary value. Additionally like matri-
cescomplex values canconsistof all different typesof
data.The"transpose"of a complex value is thecomplex
conjugate.

>f(x)=x*x (1)+x(2);
>f(comple x("x",4))

complex( "x*x+4","4 *(x)")
>(2+3*com plex(0,1)) ’

complex( 2,-3)

Thefollowingstandard functionsaredefined for complex:
exp, log, pow, sqrt, sin, cos, tan,
cot, asin, acos, atan, acot, sinh,
cosh, tanh, coth, asinh, acoth, atanh,
acoth . The function arg computes the 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 +-,.�0/1,32 4%5 ,
thesqrt(a) as +768 andtherestis determinedbasedon
thesefunctions andthependantson therealaxis.

Onecould alsodefinea complex out of matrices,but this
is not advisableasthis easilygetsconfusing andRascal
prefers complex valueswithin matrices.You shouldalso
be aware that naively plugging interval-datatypesinto a
generic complex datatype will not yield verified results:
As anexamplethearg function hasto betreateddiffer-
ently, andmostotherstandardfunctions depend onthis.

7 Generic Polynomial Arithmetics

This module introducespolynomials in one variable to
Rascal. You may createpolynomials by the "poly"-

function, but it is very usefulto assignthevariableX the
monome1*Xˆ1. Thenyoucaneasilyenterthepolynomi-
als.

>X=poly("X" );
>p=2*X+X*X+ 4

Xˆ2+2*X+4
>p*p

Xˆ4+4*Xˆ3+ 12*Xˆ2+16* X+16

You canevaluatethepolynomialslike functions, aswell
ascompute thederivate polynomial.

>p(2)
12

>p’
2*X+2

>p’(2)
6

With this arithmeticsyou mayeasilycomputepowers of
polynomial expressions or compute shiftedpolynomials:

>q=(3-X)ˆ4
Xˆ4-12*Xˆ3 +54*Xˆ2-10 8*X+81

>q(X+2)
Xˆ4-4*Xˆ3+ 6*Xˆ2-4*X+ 1

For polynomialstheevaluation, derivation,addition, sub-
straction,equality, inequality andpowering by aninteger
aredefined.

8 Generic Taylor Arithmetics

Thisconcept offerstheopportunity to accuratelycompute
derivativesof functions.Therelationshipbetweenthere-
sultingvectorandthederivative at theevaluation point is
thefollowing:

9;:=<?>1@BA�C�DFE G �7�H�I�F�F� JLK � E 9;:=G K 9%MN:=G K��O 9%M MN:=G K��O �F�� J
As anexample

9;:=G K �QP �R�P�S � with
9 M :=G K �UT VW P�S �YX 8 :
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9 C-XSCINTERVAL ARITHMETICS

>f(x)=(x+ 2)/(x-1);
>f(taylor [2 1])

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

taylor[- 2 -3]
>

Together with the string arithmeticthis modulecanalso
beusedto determineformulasfor thederivatives:

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

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

"(1-(x+2 )/(x-1))/( x-1)"

As you canseethereis a short-cut to this functionality,
but you canonly compute thefirst derivatives,for higher
orderderivativesyouneedto usetaylor by yourself.

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 datatype you put into the taylor arithmetic
shouldhave definedthesefunctions as well. The cells
canbeaccessedthesameway like thecellsof vectors.

It is alsopossibleto defineafunction whichcomputesthe
derivativeof anarbitraryfunction at 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.

9 C-XSC Inter val Arithmetics

This module includes the C-XSC Interval Arithmetics
into Rascal.Youcanfind moreinformationabout C-XSC
at http:// www.xsc.de .

Intervals canbe constructedout of integersanddoubles
usingtheconstructor Interva l or thebracket-notation:

>a=Interval (1,2)
[ 1.000000 , 2.000000 ]

>b=[3,4]
[ 3.000000 , 4.000000 ]

>c=Interval (.1)
[ 0.099999 , 0.100001 ]

Notethat[12] woulddenotea
�.Z[�

matrix,notapoint
interval. It seemsto be confusing that c is not a point
interval, but the actualvalue 0.1 cannot be represented
using the binary floating point representation,thus it is
correctto represent this valueasanactualinterval. This
moduleoverridestheparsingof floatingpoint numbersto
achieve this. For compatibility reasonsyou canstill also
usethestringconstructor:

>alternativ eC=Interva l(".1,.1")
[ 0.099999 , 0.100001 ]

You cancompute the intersectionof two intervals using
the&-operator, theconvex hull usingthe |-operator. The
relationaloperators<,<=,>,>=canbeusedto computethe
relations\^]F_^]`^]Fa .

You canaccessthe upperandlower boundary of an in-
terval using the functions sup, inf , the middle point
usingmid andthediameterwith thehelpof thefunction
diam .

>sup(a)
2.000000

>mid(a)
1.500000

The following standard functions are defined for in-
tervals: abs, exp, log, pow, sqrt, sqr,
sin, cos, tan, cot, asin, acos, atan,
acot, sinh, cosh, tanh, coth, asinh,
acoth, atanh, acoth .

Theoutput format canbeconfiguredusingthe
Precision(w idth,digit s) command:
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11 C++ TOOLBOX FORVERIFIED COMPUTING

>Precisio n(15);pi=a tan([1,1])* 4
[3.14159 2653589787 ,3.14159265 3589801]

>diam(pi)
1.287858 708565182E -014

As youcanseedoublesareformattedaccordingly.

10 Plotting functions

Usinggnuplot rascalcanplot functions:

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

This will plot the function
9

from -10 to 10, computing
valueswith stepsize0.1.

Parametric plotsaredone asfollows:

>spiral(t )=[t*sin(t *pi*t)
t*cos(t*p i*t)];
>pplot[sp iral,0,2,0 .1];

Lastbut not leastrascalcandosurfaceplots:

>g(x,y)=x *x-y*y;
>splot[g; -2;2;-3;3; .2;.1];

Theoutput of plotsmaybesavedin postscriptfiles using
theplotOutput function:

>plotOutp ut("surfac e.ps");
>splot[g; -2;2;-3;3; .2;.1];

This is verybasicplottingsupport andit is likely thatthe
syntaxwill changein laterversions.

11 C++ Toolbox for Verified Com-
puting

This modules includesseveralalgorithmsof theToolbox
into rascal.Pleasereferto thebook

R.Hammer, M. Hocks,U. Kulisch,D. Ratz:C++Toolbox
for Verified Computing I - Basic Numerical Problems.
Springer-Verlag,Heidelberg, New York, 1995.

or the webpage http:// www.xsc.de/ for more in-
formation.

In Rascalyoumayenterhelp toolbox to checkwhat
toolboxmodulesareincluded.

11.1 Evaluation of Polynomials

Thefunction RPolye val( b , c ) evaluatestherealpoly-
nomial b at c at maximum accuracy, even in the neigh-
borhood of a root wherecancellationdooms anordinary
floating-point evaluation.

The function returns a vector with the entries
[ d ; )ed ; )ec ; /f1f ] where d is the result of a Horner
schemeevaluation, )ed representsa maximum accuracy
enclosure,)ec thenumber of iterationsneededand /f1f an
eventual error message. The function rpeval( b , c )
just returns theresultinginterval.

>X=poly("X" );
>p=(X-2)ˆ4

Xˆ4-8*Xˆ3+ 24*Xˆ2-32* X+16
>p(2.0001)

-3.5527136 788E-015
>RPolyEval( p,2.0001)

[-3.552713 6788E-
015;[1.0000 000000E-
016,1.00000 00001E-016 ];2;""]
>rpeval(p,2 .0001)

[1.0000000 000E-
016,1.00000 00001E-016 ]

11.2 Zerosof ComplexPolynomials

The function CPolyZ ero( b , c ) computesverified en-
closuresof the rootsof a complex polynomial b starting
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12 QUESTIONS? 11.4 LinearOptimization

from c by enclosingthezerosin narrow bounds. Theco-
efficientsof thedeflatedpolynomialarealsoenclosed.

The function returnsa vector with entries [ d ; b ; /gf1f ]
where d is a complex enclosure of the root closeto c ,b the complex enclosureof the reducedpolynomial and/gf1f represents aneventual error messages.Thefunctions
cpzero( b , c ) andcpreduce ( b , c ) just return theen-
closureof theroot or of thereduced polynomial.

>X=poly(" X");p=Xˆ4-
(5+3*i)*X ˆ3+(6+7*i) *X*X-(54-
22*i)*X+1 20+90*i;
>CPolyZer o(p,1+i)

[([ 1.4142135 623,
1.4142135 624]+[ 2.8284271 247,
2.8284271 248]*i);

Xˆ3+([-3 .585786437 7,
-3.585786 4376]+[-0. 1715728753, -
0.1715728 752]*i)*Xˆ 2

+([ 1.4142135 623,
1.4142135 624]+[ -3.384776 3109,-
3.3847763 108]*i)*X

+([-42.4 264068712, -
42.426406 8711]+[
21.213203 4355,21.21 32034356]*i );""]
>cpzero(p ,4)

([4.9999 999999,5.0 000000001]+ [-
2.2569491 536E-
036,2.256 9491536E-0 36]*i)

11.3 Linear Systemsof Equations

Thefunction LinSolve( � , h ) computesa verifiedso-
lution to the square linear system�ji G �kh for a real
squarematrix � andrealvector h basedonaNewton-like
methodfor anequivalentfixed-pointproblem.

Thefunctionreturnsavectorwith entries[
G
; lFm �-n ; /gfgf ]

where
G

representstheverifiedenclosureorexactsolution
to thesystem,lom �-n a condition number estimateand /gf1f
aneventual errormessage.Thefunction linsys( � , h )
just returnstheresultingvector enclosure.

>A=1.*Boo throydDeck er(6);

>b=[1;2;3;4 ;5;6];
>Precision( -10);
>(1/A)*b

[0;1;-2;3. 0000000001 ;-
4.000000000 2;5.000000 0005]
>LinSolve(A ,b)

[[0;1;-2;3 ;-
4;5];112890 625.000855 57;""]
>A*linsys(A ,b)-b

[0;0;0;0;0 ;0]

11.4 Linear Optimization

The functions RevSimplex[ � ; h ; l ] and
LinOpt[ � ; h ; l ; prq;c�+#f1c ] determine the optimal
solution of the linear optimizationproblem: Maximizes �tlou'i G where �vi G �wh and

Gyx �
. LinOpt

validatesthe solution and determines enclosures of the
trueoptimalsolutionset.

RevSimplex returns a vector with entries
[
G
; z ; s ; /gf1f ] where

G
denotes the optimal solu-

tion vector, z the optimal basicindex set,which canbe
usedas ho{c�+�f1c for LinOpt , s the optimal value and/f1f might containan error message.LinOpt returns a
vector[ s ; | ; } ; � m ; /gf1f ] where s is theencloseof the
optimalvalue, | is a matrix which no linesrepresent the
different index vectors, } a matrix which linesrepresent
thedifferentsolutionvectorsand/gf1f again is theeventual
errormessage.

>Precision( -10);A=[1 0 1 0 0;0
1 0 1 0;100 18 0 0 1];
>b=[50;200; 5000];c=[5 0;9;0;0;0];
>S=RevSimpl ex[A;b;c]

[[14;200;3 6;0;0];[1; 3;2];2500;" "]
>LinOpt[A;b ;c;S(2)]

[2500;[1 2 3;1 2 4;1 3 4];[14
200 36 0 0;50 0 0 200 0;50 0 0
200 0];3;"" ]

12 Questions?

Sendquestions, ideas,hints andcongratulationsto ras-
cal@ritterbusch.de.
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13 LICENCE

13 Licence

This program is free software; you can redistribute it
and/or modify it underthetermsof theGNU General Pub-
lic Licenseaspublishedby theFreeSoftwareFoundation;
eitherversion2 of the License,or (at your option) any
laterversion.

Thisprogramis distributedin thehope thatit will beuse-
ful, but WITHOUT ANY WARRANTY; without eventhe
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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