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Rascalis basedon an extremdy moduar apprach; de-
pendirg on the users needs,various powerfu modues
10 C-XSC Stageered PrecisionReal Arithmetics 6 can be compiledinto the system. Thus Rascalcan be
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a light-weight tool aswell asa very powerful computa-
tional system.This userdocunentationis createdduring
complation anddescribesheincluded featues.

2 BasicUsage

Invoking the progam leadsto a prompt whereyou can
enterexpressions.The expressionsor definitiors arebe-
ing evaluatedassoonyoupresseturn.A semicolm atthe
endsuppessesry output. As anexanple:

>5+2
7
>5+2;
>

Variablesare also suppoted, whete 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.

Theusercanalsodefinefunctionsof onevariable(n-ary
functions canbe implemente using vectos or matrices
asarguments). The namesfollow the samerulesasthe
namef varialdes:

>MyNiceFu nctionl7(x  )=x*x+5%*X;
>MyNiceFu nctionl7(2 )

14

>EvalAtl2 (F)=F(12);

>EvalAtl2 (sqr)

144

The semicolonat the end of the definitionis mandatoy
and the calling-methodis “call by variabde”, similar to
paranetric “#define”s in C++ with the differencethat

changsin theopeand-\ariablesarenotforwardedto the
original vaiiable. Of coursefunctions canbe nestedand
invokedwith ary data-tye. If thedata-ty does notsup-
portacertainoperatio, anerroroccus. Thelastexanple
shavs how functions canbe usedas varialles, herethe
functionvalueof “square”at 12 wascomputed.

Conditiond expressioncanberealizedusingthe C-style
“?:"-operator:

>5==372.3:1 7

17

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

18

>abs(12)

12

>

If the condtion before the questionrark is true, the first
expressionis returred, elsethe second.In contrastto C
theresult-tymsof thetwo alterndivesherecanbediffer-
ent, alsoboth alternatves are compued before the deci-
siontakesplace thusrecusionsarenot possible.

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

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

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

3 BasicData Types

Rascahasa genericsubsystemywhich suppots integers,
doubes, stringsandmatrices.

3.1 Integersand Doubles

Simplenumbersarebeinginterpetedasintegers, which
in this versionof Rascalare representedas integers on
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3.3 GenericMatricesandVectos

theundelying compuerarchitectue. No roundng erras
will occur but undetectedbverflows mayoccur

Usingdouble precisiorfloatingpointnumbkersovercomes
this prodem, but rourding errois mayoccu. A numkeris
beinginterpretedas a floatingpoint nunber whenthere
is a decimal-pint within or at the end of the nunber
and/a an exponent. As an exanple 1.234e +12 rep-
resentsl.234 - 101!2. Be warnedthat thereis no exact
represetation for 0.1 andmary mary othernurnbersin
binaryfloatingpointrepresentations.

All operads like +,-*/, % are defined for
integers and doubes, togetherwith standadl functiors
sin, cos, tan, cot, asin, acos, atan,
acot, sinh, cosh, tanh, coth, asinh,
acosh, atanh, acoth, log, exp, sqrt,
sqgr . A postfix! conputesthe factorial of the opeand
(currently justin integel).

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

3.2 Strings

Mostly stringsareusedinternally, asanexamge all data-
typeshave a fundion calledoutput  which defineshow
valuesof thattype canbe printedon the screen.

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:

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

>f(f"y") )

YrYH2E( Y)YrYH2E( Y2 (yry+2 X(y)”
>strlen(f  (f("y")))

49

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

3.3 Generic Matrices and Vectors

In Rascalectasarejustmatriceswith eitherjustonerow
or onecolumn. You canentera matrix by usingbraclets,
wherevalueswithin aline are separatedby spaceslines
areseparatetly semicolonsmatricesof samesizecanbe
addedandsubtractedisingthe usualopeators:

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

>B=[-3 -4;2 7;2 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 inversionmustbeableto be com-
paredo integers.If thereis noinverse,anemptymatrixis
beingreturred. You may compute the deterninantusing
thedet function.

>[1 2][3:4 ]
[11]

>[1;2]3 4]
[3 46 8]
>A=[1 34 13];
>det(A)

1

>1/A

[13 -3;-4 1]
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>[2 0,0 3J/A
[26 -6;-12 3]
>

Thecellsof matricescanbeof ary type;hereanexamge
for aninteger, doulde, matrix, stringmatrix:

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

2;3 4] "hu';

Now A lookslik e thefollowing:

1 2.34
'A = ]‘ 2 ” ”
( 3 4 ) hu

And thevalueatcell 1,2is 2.34.

The summatio of matricesandscalarsis definedasthe
additionbetweerthe matrix andthe identity of samesize
timesthe scalar Vectorvaluedfunctions canbe defined
easily alsowith multiple arguments.

>f)=[x*  x;x+2];
>f(8)
[64;10]
>f[1 2,3 4]
[7 1015 225[3 23 6]]
>f[1  2;3 4]
[7 10;15 2253 23 6]
>g(X,y,z) =[x+y*z x*z];
>g(12,-5, 2)
[2 24]
>
4 Loops

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

Rascabuppots C(++)-styleloopstoacertainextend The
syntaxis

for(
<expressi

<condi tion> ;
2>

<initiali zation>
on 1> ) <express ion

First theinitialization expressionis beingevaluaed- this
shouldbe usedto initialize thevaiable usedfor theloop.
If the givenconditionis true thenexpression2 and1 are
evaluated(in that order)until the conditin is falseafter
theevaluationof 1. Have alook at this exampe:

>sum=0;
>for(x=1;x<
>sum

4950

10;x++4)  sum=sum-+x;

Theabove exampe compuesthesumof thenunbersbe-
tween0 and10. If youwould like to seetheintermediate
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 "comma-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,
RascaMwill beepyouandterminateif yourepeatyoursig-
nal.

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

This modue introdwces compex arithmeticsto Rascal.
Complex nunmberscanbecreatedy usingthe"complex'-
function andit is oftenhand to definethe purdy imagi-
nary constant. As sooni hasbeendefined,Rascaluses
i for outpu. Politically correctyou mayalsousej asthe
imaginay unit.

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

>

Therealandimaginay partof acomgex numbe canbe
accessetlkethecellsof vectas: Thefirst cell is thereal,
the secondthe imaginay value. Additionally like matri-
cescompex values canconsistof all different typesof
data. The"transp@e" of a comgex value is the comgex
conjuyate.

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 computes the amgument,

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’® = etn e,
thesqrt(a) asa? andtherestis determired basedon
thesefunctiors andthe pendantson therealaxis.

Onecoud alsodefinea complex out of matrices put this
is not advisableasthis easily getsconfusing and Rascal

preferscompex valueswithin matrices.You shouldalso
be awarethat naively pluggng intenal-datatygsinto a
genericcomplex datatyg will not yield verified results:
As anexanple thearg function hasto betreateddiffer-
ently, andmostotherstandardunctionsdependon this.

7 Generic Polynomial Arithmetics

This modde introducespolynomialsin one varialie to
Rascal. You may create polynomials by the "poly"-
function but it is very usefulto assignthe variableX the
monore 1*X" 1. Thenyou caneasilyenterthe polynomi-
als.

>X=poly("X" ),
Sp=2*X+X*X+ 4

X2+2*X+4
>p*p

X4+4*X"3+ 12*X"2+16* X+16

You canevaluate the polynomialslik e functiors, aswell
ascompue thederwate polynomial.

>p(2)
12

>p’
25X +2

>p’(2)
6

With this arithmeticsyou may easily compute powers of
polynamial expressios or compue shiftedpolynomials:

>q=(3-X)"4
X4-12%X"3  +54*X"2-10 8*X+81
>q(X+2)

X 4-4%X"3+  6*X°2-4*X+ 1

For polynomialsthe evaluatian, derivation,addtion, sub-
straction,equality, inequality andpowering by aninteger
aredefine.
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8 Generic Taylor Arithmetics

This concept offers the opporturity to accuratelycompue
derivativesof functions. Therelationshipbetweerthere-
sulting vectorandthe derivative at the evaluationpointis
thefollowing:

ftaylor[z100...]) = [f(z) fll(f’) fQ(!x) ]
As anexame f(z) = 215 with f'(z) = — 25t
>f(x)=(x+  2)/(x-1);
>f(taylor [2 1])
taylor[4 -3]
>X(u)=tay lor[u 1J;
>f(X(0))
taylor[- 2 -3]
>

Togethe with the string arithmeticthis modulecanalso
beusedto determindormuasfor thederivatives:

>f(x)=(x+  2)/(x-1);
>X(u)=tay lorfu 1J;
>f(X("z" )

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

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

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

Besidesthe basic operatios +,-,*,/
standardfunctions are definel: sqrt,
log, pow, sin, cos, tan, cot, asin,
acos, atan, acot, sinh, cosh, tanh,

coth, asinh, acosh, atanh, acoth . Of
coursethe datatyg you put into the taylor arithmetic
shouldhave definedthesefunctions aswell. The cells
canbeaccessethesameway lik e the cells of vectas.

the following
sqgr,  exp,

It is alsopossibleto definea function which computesthe
deriative of anarbitraryfundion atanarbitrarypoirt:

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

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

As the derivative of "squae" is two timesthe argument,
thisresultis correct.

9 C-XSC Interval Arithmetics

This module includesthe C-XSC Interval Arithmetics
into Rascal.You canfind more informationabou C-XSC
athttp://ww  w.xsc.de

Intends canbe constrieted out of integersanddoubes
usingtheconstretorInterva | orthebraclet-rotation:

>a=Interval  (1,2)
[ 1.000000 , 2.000000 ]
>h=[3,4]
[ 3.000000 , 4.000000 ]
>c=Interval  (.1)
[ 0.099999 , 0.100001 ]
Notethat[12]  woulddenoteal x 1 matrix,notapoint

interval. It seemsto be confusing that ¢ is not a point
interval, but the actualvalue 0.1 canna be represeted
using the binary floating point representation thusit is
correctto representhis valueasan actualinterval. This
moduleoveridestheparsingof floatingpoint numkersto
achieve this. For compatilility reasonsyou canstill also
usethestringconstrtor:

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

You cancompute the intersectionof two intervas using
the &-operator the corvex hull usingthe |-operator The
relationalopertors<,<=,>>=canbeusedto comptethe
relationsc, C, D, D.

You canaccesshe upperandlower bourdary of anin-
tenal usingthe functions sup, inf , the middle point
usingmid andthediametemwith the help of the function
diam .
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>sup(a)
2.000000

>mid(a)
1.500000

The following standardfunctions are definal for in-

tenals: abs, exp, log, pow, sgrt, sqr,
sin, cos, tan, cot, asin, acos, atan,
acot, sinh, cosh, tanh, coth, asinh,

acoth, atanh, acoth .

Theoutput format canbe configuedusingthe
Precision (width,dig its) commanl:
>Precisio

n(l5)pi=a tan([1,1)* 4

[3.14159 2653589787 ,3.14159265 3589801pinh,

>diam(pi)
1.287858 708565182E -014

As you canseedoubesareformatedaccodingly.

10 C-XSC Staggeed PrecisionReal
Arithmetics

This module includesthe C-XSC Staggeed Precision
Real Arithmeticsinto Rascal. You canfind moreinfor-
mationaboutC-XSCathttp:/ /www.xsc.de

This datatypeallows compuationsof arbitraryaccuacy
and supprts the same featues as the usual doubles
datatye.

Longrealsarecreatedusingthe LReal-corstructor:

>a=LReal( 1)

LReal(1)

>pi=atan( a)*4

LReal( 3.1415 926536)
>sin(pi)

LReal(2. 1657133478 E-0032)

>sin(LRea I(atan(1)* 4))
LReal(1. 2246467991 E-0016)

As you can seethe standardLReal has abouttwice as
mary accuratedigits than the usual doulde arithmetic.

Theaccurngy canbe corfiguredduring runtime usingthe
Stagprec -function

>Stagprec(2 );sin(atan (LReal(2))* 4)
LReal(2.16 57133478E- 0032)
>Stagprec(4 );sin(atan (LReal(1))* 4)
LReal(1.00 62790944E- 0064)
>Stagprec(8 );sin(atan (LReal(1))* 4)
LReal(1.11 04708942E- 0129)

Thefollowing standardundions aredefinedfor LReals:

abs, exp, log, pow, sqgrt, sqgr, sin,
cos, tan, cot, asin, acos, atan, acot,

cosh, tanh, coth, asinh, acoth,
atanh, acoth .

11 C-XSC Staggeed Precision In-
terval Arithmetics

This modue includesthe C-XSC Staggeed Precisionin-
terval Arithmeticsinto Rascal. You canfind moreinfor-
mationabou C-XSCathttp://lw  ww.xsc.de

Lintervals canbe constrictedout of integersanddoubes
usingtheconstretor Interval ~ or thebraclet-notatia,

whenatleastoneof theargumentss astaggerd precision
LReal:

>a=LInterva 1(1,2)

Linterval( 1.0000000 000,
2.000000000 0)

>p=[LReal(3 ),4]

Linterval( 3.0000000 000,
4.000000000 0)

>c=LInterva 1(.1)

Linterval( 0.0999999 999,
0.100000000 1)

As you canseethereareseveralwaysof definirg along
interval.

As with LRealstheaccurag of Lintervalscanbeadjusted
by invoking thefunctionStagprec .
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You can compte the intersectionof two long intenals 13 Long Integer Fractions
usingthe &-operator the convex hull usingthe|-opeator.

The rﬁlatu?rql operagrs <':<>:'>’>: canbe usedto COM-  \yith this modue, Rascalsuppats long integerfractions,
putetherelationsc, €, 3, 2. whichis analternatve to usingfloating-mint numkers:

You canaccesghe upper andlower bourdary of anlong

interva usingthefunctiors sup, inf , themiddlepoint >1/3-(2/7)/ (3/8)
usingmid andthe diamete with the help of the function -3/7
diam . >A=[1 2;3 4]
>1/A
[2 1;3)2 -1/2]
>sup(a) >1.0/A
LReal(2. 0000000000 ) [2 1,15 -0.5]
>mid(a) >

LReal(1. 5000000000 )

As youcanseeary operdion with adowblewill roundthe

The following standardfunctions are definedfor long fractionto the next floating:point number The fractiors
intervds: absl exp' |og, pOW, Sqrt, Sqr, are norrmlized in eaChStep, Only the numentor can be
sin, cos, tan, cot, asin, acos, atan, negdive.

acot, sinh, cosh, tanh, coth, asinh,

The standardsperates and fundions shouldbe defined
acoth, atanh, acoth .

for fractions, thusthe usershould’t feel ary difference
betweenfractionsand dowbles, but that the latter is less
accurate.

12 Long IntegerS Astheundelying datatypearelongintegers,fractionscan
getaslargeasmuchtime or memoy you have:

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

>1/2"100+1
126765..5 377/126765 ...5376

Again abore numlkerswereshortered.

>100!

933262.. .0000
>2°278

485667.. .4544

14 Plotting functions

Usinggnupld rascalcanplot functions:

Theresultsabore wereshortered. SfX)=(x"3)  /30-2*x+2;

Thedivision betweerongintegess andintegess resultsin >plot[f;-10  ;10;0.1];
anintegerdivision, theremairdercanbecompuedusing
themoduo opeator This will plot the function f from -10 to 10, computing

The function longrando m(n) createsa long pseudo valueswith stepsize). 1.

randon numbe with about7n to 8n digits. Parametricplotsaredore asfollows:
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152 Zerosof Complex Polyromials

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

Lastbut notleastrascalcando surfaceplots:

*X'y*y;
-2:2;-3;3;

>g(X,y)=x

>splot[g; 2;.1];

Theoutpu of plotsmaybe savedin postscripffiles using
theplotOutput function:

>plotOutp ut("surfac
>splotlg;  -2;2;-3;3;

e.ps");
.2;.1];

Thisis very basicplotting suppot andit is likely thatthe
syntaxwill changen laterversiors.

15 C++ Toolbox for Verified Com-
puting

This modulesincludesseveral algorithms of the Toolbox
into rascal.Pleasaeferto thebodk

R.HammerM. Hocks,U. Kulisch,D. Ratz: C++ Toolbox
for Verified Computingl - Basic Numerical Problens.
Springer-Verlag,Heidelbeg, New York, 1995

or the webpaye http://www.  xsc.de/ for morein-

formation.

In Rascalyoumayenterhelp toolbo x tocheckwhat

toolbax modulesareincluded.

15.1 Evaluation of Polynomials

ThefunctionRPolyeval (p, t) evaluatesherealpoly-
nomial p at ¢ at maximun accurag, evenin the neigh-
borhood of a root wherecancellatioo doons an ordinary
floatingpoint evaluation.

The function retuns a vectad with the entries
[ y; iy; it; err] where y is the result of a Horner

schemeevaluatian, iy representsa maximum accurag
enclosurejt the numker of iterationsneededanderr an
eventwal erra message. The function rpeval(  p, t)
justreturrs theresultingintend.

>X=poly("X" );
>p=(X-2)"4
X"4-8*X"3+
>p(2.0001)
-3.5527136
>RPolyEval(
[-3.552713
015;[1.0000
016,1.00000
>rpeval(p,2
[1.0000000
016,1.00000

24*X"2-32%  X+16
788E-015
p,2.0001)

6788E-

000000E-
00001E-016 1:2;"]
.0001)

00OE-
00001E-016 ]

15.2 Zerosof Complex Polynomials

The function CPolyZ ero( p, t) computesveified en-
closuresof the rootsof a comgex polynomial p starting
from ¢ by enclssingthe zerosin narrav bourds. The co-
efficientsof the deflatedpolynomial arealsoenclosed

The function returrs a vecta with entries[ y; p; err]

wherey is a comgex enclesure of the root closeto ¢,
p the compex enclosue of the redwced polynomial and
err representaneventual errormessagesrhefunctions
cpzero( p, t) andcpreduce( p, t) justreturntheen-
closureof theroot or of theredwedpolynomial.

>X=poly('X"  ):p=X"4-
(G+34)*X°3  +(B+TH)X  *X-(54-
22%)*X+120  +90%;

>CPolyZero( p,1+i)

[M 1.414213562 3,
1414213562 4]+ 2.828427124 7,
2.828427124 8]*);
X"3+([-3.5 857864377,
-3.58578643 76]+[-0.17
0.171572875 2]*i)*X"2
+( 1.414213562 3,
1.414213562 4]+[ -3.38477631 09,-
3.384776310 8]*i)*X

15728753, -
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+([-42.4
42.426406
21.213203
>cpzero(p

([4.9999
2.2569491
036,2.256

264068712, -
87111+

4355,21.21 32034356]% );"]
4)

999999,5.0 000000001+ [-
536E-

9491536E-0 36]*)

15.3 Linear Systemsof Equations

Thefunction LinSolve( A, b) compuesa verified so-
lution to the squae linear systemA x x = b for areal
squarematrix A andrealvectorb basednaNewton-like
methodfor anequvalentfixedpoint prodem.

Thefunctionreturrs avectorwith entrieq z; cond; err]
wherez represets theverifiedenclssureor exactsolution
to the system cond a condtion numbe estimateanderr
anevertual errormessageThefunction linsys( A, b)
justretumstheresultingvecta enclcure.

>A=1.*Boo throydDeck er(6);
>b=[1;2,3 ;4;56];

>Precisio  n(-10);

>(1/A)*b
[0;1;-2;
4.0000000
>LinSolve
[[0;1;-2
4;5];1128
>A*linsys
[0;0;0;0

3.00000000 01;-
002;5.0000 000005]
(Ab)

;35"

90625.0008 5557;™]
(A,b)-b

;0;0]

15.4 Linear Optimization

The functions RevSimplex (A, b, ¢) and
LinOpt( A, b, ¢, BStart) determire the optimal
solution of the linear optimizatian problem: Maximize
z = ¢l xxwhered xz = bandz > 0. LinOpt
validatesthe solution and determires enclosurs of the
true optimd solutionset.

RevSimple x returrs a vector with entries
[ x; v; z; err] where z denotesthe optimal solu-
tion vecta, v the optimal basicindex set, which canbe

usedas bstart for LinOpt , z the optimal value and
err might containan errormessageLinOpt retumsa
vector[ z; V; X; no; err] wherez is theenclseof the
optimalvalue,V is a matrix which nolinesrepresenthe
differert index vectas, X a matrix which linesrepresent
thedifferentsolutionvectos anderr agan is theevertual
errormessage.

>Precision(  -10);A=[1
101 0100 18 0 0 1J;

010 00

>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 O
200 03" ]

16 Questions?

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

17 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 progamis 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 receved a copy of the GNU General
PublicLicensealongwith this program;if not,write tothe
FreeSoftware Foundtion, Inc., 59 TemplePlace- Suite
330,Boston,MA 02111-1307,USA.
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