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3 BASIC DATA TYPES

Variablesare also suppeted, wheie the names are case-
sensitve alphaletic lettersandmay be followed by num-
bers.An assignmenis doneusingthe equal sign:

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

>

able2

Undefiredvariablesarealwaysassumedo beintegerze-
ros.

The usercanalsodefinefunctionsof onevariable(n-ary
functions canbe implemente usingvectos or matrices
asamguments). The namesfollow the samerulesasthe
namef variabes:

>MyNiceFu nction17(x  )=x*x+5%*x;
>MyNiceFu nction17(2 )

14

>EvalAtl2 (F)=F(12);

>EvalAtl2 (sqr)

144

The semicolonat the end of the definitionis mandatoy
and the calling-methodis “call by varialle”, similar to
paranetric “#define”s in C++ with the differencethat
changsin theoperaul-vaiablesarenotforwardedto the
original variable Of coursefunctions canbe nestedand
invokedwith ary data-ty. If thedata-typedoesnotsup-
portacertainopertion,anerroroccus. Thelastexampe
shavs how functiors can be usedas variables,herethe
function valueof “squaré at 12 wascomputed.

Conditioral expressios canberealizedusingthe C-style
“?."-operator:

>5==372.3 :17

17

>abs(x)=x >0?x:-x;
>abs(-18)

18

>abs(12)

12

>

If the condtion before the questionmark is true, the first
expressions returred, elsethe second.In contrastto C
theresult-typesof thetwo alterndivesherecanbediffer-
ent, alsoboth alternatves are compued before the deci-
siontakesplace thusrecusionsarenotpossible.

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

If Rascalwascompiledusingthe“libreadine”, thenyou
may usethe cursorkeys to flip backto comnmandsand
resultsfrom before, aswell asberefit of commainl com-
pletition usingthe“tab™key.

Furthernore the different modules preddine functions,
which aredocunentedin thefollowing sections.

3 Basic Data Types

Rascahasa genericsubsystemywhich suppots integers,
doubes, stringsandmatrices.

3.1 Integersand Doubles

Simplenunbersarebeinginterpetedasintegers, which
in this versionof Rascalare representedas integers on
theundetying computerarchitectue. No roundingerrois
will occur but undeectedoverflovs mayoccur

Usingdoube precisiorfloatingpointnumbersovercome
this problem, but roundingerrorsmayoccur A nunberis
beinginterpetedas a floatingpoint numker whenthere
is a decimépoint within or at the end of the numker
and/oran exporent. As an examge 1.234e+1 2 rep-
resentsl.234 - 1017'2. Be warnedthat thereis no exact
representatio for 0.1 andmary mary othernumkersin
binaryfloating-pint represetations.

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

sqgr . A postfix! computesthe factoral of the operan
(currenly justin integer).
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3.3 GenericMatricesandVectos

The values can be compmred using the operatos
==,I=<,< =>>= | logicd expressioncan be con-
nectedusing&,| andthelogical negation”™ .

3.2 Strings

Mostly stringsareusedinternally asanexamge all data-
typeshave a fundion calledoutput  which defineshow
valuesof thattype canbe printedonthescreen.

Besidesstrings can be used as "evaluation varialde":

As all the standardoperates and functions are also de-
finedfor strings,onecandetermire the expressiorRascal
would evaluateif theargumentonly hadbeenarealvalue.

Stringsareenclosedn quaes:

Sf(X)=X*x  +2*X;

>f(f("y") )

YYH2E( YPYRYH2E (0 Y2 (yry+2 K(y)”
>strlen(f  (f("y")))

49

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

3.3 Generic Matrices and Vectors

In Rascalectasarejustmatriceswith eitherjustonerow
or onecolumn. You canentera matrix by usingbraclets,
wherevalueswithin a line areseparatedby spaceslines
areseparatethy semicolos. matricesof samesizecanbe
addedandsubtrated usingthe usualopeators:

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

>B=[-3 -4;2 72 9]
3 -42 72 9

>A+B

[2 -25 11;7 15]
>A-B

4 61 -3;3 -3]

>rows(A)

3
>cols(A)
2
>size(A)
3

Scalarscanbe multiplied to the matricesandtwo matri-
cescanbemultipliedif thenumkber of coluimsof thefirst

matcheghe numter of rows of the second.Dividing by

a matrix mears multiplying with the inverse,of course
this is only definedfor quadatic matrices. The func-

tionsrows, cols, size returnthenunmberof rows,

columrs and maximum of the two valuesof a matrix or

vector

Typesusingthe matrix inversionmustbe ableto be com-
paredo integers.If thereis noinverse,anemptymatrixis
beingreturred. You may compute the deterninantusing
thedet function.

>[1 2134 ]
[11]

>[1;2]3 4]
[ 46 8]
>A=[1 3;4 13];
>det(A)

1

>1/A

[13 -3;-4 1]
>[2 0,0 3JA
[26 -6;-12 3]
>

Thecellsof matricescanbeof ary type; hereanexanple
for aninteger, dowble, matrix, stringmatrix:

>A=[1 2.34;1
>A(1,2)
2.340000

2;3 4] "hu’;

Now A lookslik e thefollowing:
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And thevalueatcell 1,2is 2.34.

The summatio of matricesandscalarsis definedasthe
additionbetweerthe matrix andtheidentity of samesize
timesthe scalar Vectorvaluedfunctions canbe defined
easily alsowith multiple aguments.

>f)=[x*  x;x+2];
>f(8)
[64;10]
>t 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

Thesupprt for loopsis experimental-t is verylikely that
thesyntaxwill chargein future releases.

Rascabuppots C(++)-styleloopstoacertainextend The
syntaxis

for(  <initiali zation>
<expressi on 1> ) <express ion

<condi tion> ;
2>

First theinitialization expressionis beingevaluated-this
shouldbeusedto initialize the variableusedfor theloop.
If the given condtion is truethenexpression2 and1 are
evaluatel (in thatorde) until the condtion is falseafter
theevaluation of 1. Have alook atthis examge:

>sum=0;

>for(x=1;

>sum
4950

X<10;x++)  sum=sum-+kx;

Theabove exanmple computesthe sumof thenumbes be-
tween0 and10. If youwould like to seetheintermedate
results Jeave outthe semicolorat theendof thefor state-
ment:

>sum=0;for(
sum=sum-+x

1

3

6

10

15

21

28

36

45

x=1;x<10;x  ++)

In contrasto C(++) thereis no "comnma-opeator" in ras-
calyet, thusyou cannotuseit in for-statemets. Sorry

5 Signals

You can interrypt runring computationsin Rascal by
sendinga SIGINT signal-justpressCTRL-C. Rascawill
thentry to stopall compuations. If you pressCTRL-C
againbefae Rascalwasableto getbackto theinteractve
shell,Rascalwill terminde.

If youpressCTRL-Cwhile youarein theinteractveshell,
Rascalill beepyouandtermirateif yourepeat/oursig-
nal.

Thusif you "for"-statementioesnt seemto terminateor
youweretrying to compue thefactorialof "100000", just
press<CTRL-Candyouwon't loseyouwork donebefore.

6 Generic Complex Arithmetics

This module introducescomplex arithmetics to Rascal.
Comple« nunmberscanbecreatedy usingthe"complex'-
functionandit is oftenhandy to definethe purelyimagi-
nary constant. As sooni hasbeendefinal, Rascaluses
1 for output. Politically correctyou mayalsouse; asthe
imaginaryunit.

>complex(1, 2)+3
complex(4, 2)
>ji=complex( 0,1);
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>(5+3*)*
(7+4%)
>

(2+)

Therealandimaginay partof acomgex numbe canbe As anexamplef(z)

accessetikethecellsof vectas: Thefirst cell is thereal,
the secondheimaginay value. Additionally like matri-
cescompex values can consistof all different typesof
data. The"transpee" of a comgex value is the compex
conjugate.

SfX)=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)

Thefollowing standad functiors aredefinal for compex:

exp, log, pow, sqrt, sin, cos, tan,
cot, asin, acos, atan, acot, sinh,
cosh, tanh, coth, asinh, acoth, atanh,
acoth . The function arg compites the agument,

the fundion abs the absolutevalue. The standard
functions sqrt, pow for integes and doules are
beingoverriddenby the correspadingcompgex versiors.

Thelog representshe main value of the naturalloga-
rithm,thepow(a, b) ora’b isevaluatedasa® = e*'"@,
thesqrt(a) asa? andtherestis determired basedon
thesefunctiors andthe pendantson thereal axis.

Onecoud alsodefinea complex out of matrices put this

is not advisableasthis easily getsconfusing and Rascal
prefes comple valueswithin matrices.You shouldalso
be awarethat naively plugging interval-datatypesnto a
geneit comple datatye will not yield verified results:
As anexamplethearg function hasto betreateddiffer-

ently, andmostotherstandardunctiors depenl onthis.

7 Generic Taylor Arithmetics

This concet offers the opporturity to accuratel}compue
derivativesof functions. Therelationshipbetweerthere-
sulting vectorandthe derivative at the evaluationpointis
thefollowing:

f(taylor[z 100...]) = [f(z) fll(,x) f2(!$) ]
= 22 with f'(2) = — 22
>f(x)=(x+2)  /(x-1);
>f(taylor[2 1))
taylor[4  -3]
>X(u)=taylo rfu 1J;
>f(X(0))
taylor[-2 -3]
>

Togetherwith the string arithmeticthis module canalso
be usedto deternine formulasfor the derivatives:

>f(x)=(x+2)  /(x-1);
>X(u)=taylo rlu 1];
>H(X("2"))

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

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

As you canseethereis a short-c to this functionality,
but you canonly compue thefirst derivatives,for higher
orderderivativesyou needto usetaylor by youself.

Besidesthe basic opeations +,-,*,/
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
should have definedthesefunctions aswell. The cells
canbeaccessethesameway lik e the cells of vectos.

the following
sqr, exp,

It is alsopossibleto definea functionwhich compuesthe
derivative of anarbitray function atanarbitrary point:

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

taylor[X(2 ) 1](2);

As the derivative of "squae" is two timesthe argument,
this resultis correct.
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8 LonglIntegers

Thismoduleintroducesongintegersto Rascalthelength
of the nunbersis just limited by the available memoy.
This module overridesthe integer parsingrountine, thus
it replaceghedataty integerwhereeer possible.

>100!

933262.. .0000
>2°278

485667.. .4544

Theresultsabore wereshorterd.

Thedivision betweerongintegess andintegers resultsin
anintegerdivision, theremairdercanbecompuedusing
themoduo operator

The function longrando m(n) createsa long pseudo
randon numbe with about7n to 8n digits.

9 LonglInteger Fractions

With this module, Rascalsupprtslong integer fractiors,
whichis analternatve to usingfloatingpointnumbers:

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

>A=[1 2;3 4]

>1/A

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

[2 1;15 -0.5]
>

As youcanseeary opeationwith adoube will rourd the
fractionto the next floating-mint numter. The fractiors
are nomalizedin eachstep,only the numeratorcanbe
negaive.

The standarebpertorsand functiors shouldbe defined
for fractiors, thusthe usershouldnt feel ary difference
betweenfractiors anddoubles, but that the latter is less
accurate.

Astheunderlyingdatatypearelongintegers fractiorscan
getaslargeasmuchtime or memay you have:

>1/2"100+1

126765..5 377/126765 ...5376

Again abore numlkerswereshortered.

10 Plotting functions
Usinggnupld rascalcanplot functions:

>f(X)=(x"3)
>plot[f;-10

/30-2*x+2;
;10;0.1];

This will plot the function f from -10to 10, computing
valueswith stepsizéd.1. Thisis avely basicplotting sup-
port andit is likely that the syntaxwill chang in later
versions.

11 Questions?

Sendquestions, ideas, hints and congatulationsto ras-
cal @ritterbusch.de.

12 Licence

This progam is free software; you can redistritute it
and/omodfy it underthetermsof theGNU GeneraPub-
lic LicenseaspuHishedby the FreeSoftwareFourdation;
eitherversion 2 of the License,or (at your option) ary
laterversion.

This prog-amis distributedin the hopethatit will beuse-
ful, but WITHOUT ANY WARRANTY; withouteventhe
implied warrantyof MERCHANTABILITY or FITNESS
FORA PARTICULAR PURPOSESeetheGNU General
PublicLicensefor moredetails.

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



