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a:=b; b:=c; c:=3;

the expression

level(a,1)

is evaluated to b and the expression

level(a,2)

MuPAD - A SUMMARY

to c. Also, the function level can be especially used to fully evaluate a variable
in a function.

context can be used for evaluation of arbitrary expressions in an "outer context".
Ir context is called in a procedure, then the argument, which can be of any type, is
firstly evaluated in the actual context. The result is then evaluated in the context,
from where the procedure has been called. For instance:

i := 2: a:= "a": b:= "b":
f := proc(x)
option hold;
local a,b;
begin

a := b; b := x;
print(x, context(x));
print(a, context(a));

end_proc:

By calling

f(i)

one gets the result

i, 2
b, "b"



Chapter 5

Tools and User Interfaces

5.1 Graphical User Interfaces under X-Windows

MuPAD is written in the programming language C. The executable code takes up
less than 1 MB space on a Sun Workstation. Constructed on a memory manage­
ment module, the kernel is the "heart" of the system. Here all the users input
is read and processed. In order to work with MuPAD DO special input or output
devices are needed. A keyboard and ASCII terminal are all that are neccessary.
If the user has a Sun SPARCstation with X-Windows or OpenWindows to work
with, then MuPAD is even easier to use. Under these window systems, the user­
friendly interfaces make working with MuPAD easier. These are XMuPAD, the
front-end of the actual kernel, the front-end mdx of the MuPAD debugger and
the interactive graphie tool VCam. This package is rounded off by the hypertext
system Hy'IEX, with which the complete MuPAD documentation, including the
on-line help, is made available on the screen.

5.1.1 XMuPAD

XMuPAD is a fully independent program. It has no knowledge of computer alge­
bra, It is implemented as an interface to the MuPAD kernel with the help of the
XView-Library. XMuPAD is invoked with the command

xmupad [options]

The only important option for the user is the -L option. The language of the
on-line documentation can be stipulated with this option. Possible parameters are
german or english.

After being called up aBasie Window (see figure 5.1) appears on the screen, which
consists of two components:
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• a row of but tons und

• a tcxt window für iuput a nd out put.

c ~ MuPAD
-,

Quit ) • i :lt':'!1T~ ;_'~ ) Status ) Settings r ) Tools f')
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1"_[_00 Copyright (e) 1992-93 by B. ruchsstetner • Automath
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11 11 untve rs f r v of Patlerbo rn . All rights reserved.
"-"

» diff(1n(x) / x.X$3) ;

- 4 - 4
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» fact( 120) ;
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".
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, Version 1.2 (6/ 1993) iJ

F tgurc 5.1: X~\' I tlPAD-ßasic \Vindow

Fur thermore t hc IvluPAD kcrncl is invokcd us u SOli proccss on t he UNIX lcvcl .

Xl\ luPAD's func tion can bc dividcd into t hrcc phas es, which urc typical for inter­
actl vc SyStCIIlS:

1. Durlug t hc input-phase t hc usor cntcrs comma nds into t hc tex t window.
T his ph asc is startcd wit h t he output of thc 1\llIPAD prompt cha ra ctc r (»).
It is cndcd wit h the < Return> kcy.

2. Durlug t he euuhuüion-phuse t hc input of thc first phase is eva luatcd.

:t T hc third und final phasc is the out put of thc solutlous ~luPAD has ca lcu­
lat cd .
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5.1.2

Input and output of commands takes place in the text window. In this the user
has a simple, mouse sensitive text editor at his disposal. By pressing <Return>
the previously entered text is read and passed to the kernel for evaluation. XMu­
PAD independently detects which text belongs to the current input. This can be
characters before or after the current cursor position. If the input line is ended
with <Enter> then a new line is started at this position, however, the entered
line is not passed to MuPAD for evaluation. In this way procedures or instruction
blocks can be entered.

By simply shifting the cursor to already present input and pressing <Return>
again this input is read and re-evaluated. If, in the mean time, identifiers have
been given new values, then these are taken into account during execution. In
the settings menu it can be determined if the old output is to be overwritten or
if the new output should be inserted (replace mode). In this menu it can also be
determined if jumping back to old input results only in a new evaluation of this
input, or the evaluation of all following input (recalculate mode). This offers a
very easy method of repeatedly carrying out an interactive entered sequence of
instructions, if neccessary, with altered starting values.

The functions of XMuPAD and MuPAD differ in a few points. These concern the
execution of the system functions system, textinput and input. With system a
new window is opened, in which a UNIX-Shell is made available and the parameter
of the system command is executed. In MuPAD the user gets no information
whether the command has been executed successfully or not. Thus, system is
only suitable for interactive use. With textinput and input further windows, in
which the desired text can be entered, are opened.

Hy'IEX

Hy'!EX is a hypertext system based on the '!EX system. It is used for the complete
on-line documentation. This includes the MuPAD reference manual and on-line
help, with help pages for each MuPAD command. Hy'IEX is started together
with XMuPAD as a son process but at first is only visible as an icon. Only on
an explicit inquiry from the user, by entering the appropriate help command, is
Hy'!EX opened.

5.1.2.1 Hy'IEX-Window

The Hy'IEX window (see figure 5.2) contains a M\TEX previewer, which is provided
with hypertext functions. The previewer gives various navigational possibilities
through the documentation.

Apart from the possibility of turning the pages forwards and backwards there is a
so called "Page-Slider" which enables the user to choose and jump to any page of
the document. But the actual highlights are the "Hyper-Links". In the text some
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Figur e 5.2: lIyTr.){-\Vindow

words nro fram ed wit h a box . \\' it h t his rcfcrenccs to ot her passagcs in th e tcx t ,
also callcd 1I0d~ , a re ma rked. Gcucrnlly, these contain furt her infor mat ion to the
thus fra med tcxt. Hy clickin g such a box. th e user jumps to th e co rres po ndi ng
1I0de. In t his way, the uscr has thc possibilit y, wit h individnully choseu cross­
rcfcrcnccs , to "skip' ' through thc do cument , A sece nd for m of Hyper-Link is to
be Iouud in t he to p linc of the lIyTt X window. \ Vit h thcsc but .tons t he uscr ca n
j um p to t he IICxt or previous chupter , parugruph, ot .c..

Ir t he usor lms madc such a jump he will natu ra lly wnnt to rc t ur u IL"'i qui ckly us
possiblc 10 his stnr t ing page uftc r rcadin g t ho extra infonuntion. For t his pnrposo
l iiere is lh e rctur u hn t ton, wit h \vhich th e user ca n rct ur u to t.hc page he W1L<; O ll

before t he " Hypcr-jum p".



GRAPHICAL USER INTERFACES UNDER X- WINDOWS 175

Many examples in the on-line documentation and tutorial are provided with a
button. By clicking these the user can copy the example input into the XMuPAD
window. Now the user can study this command once again, make any desired
changes and by pressing <Return>, it can be executed. In this way the user
can easily get to know MuPAD on the screen, without previous knowledge of the
MuPAD data structures and the MuPAD language syntax.

5.1.2.2 Help-Pages

As already mentioned above, beside the MuPAD-reference manual, the on-line help
system is also integrated in Hy'JEX. For example, in MuPAD or XMuPAD the user
can request information about the system function igcd () with the command

help("igcd");

or the short form

?igcd

Then, in Hy'JEX the corresponding page is opened (see figure 5.3). The exact
command syntax is described on such a help page, a short summary and some
examples for use are given, and jumps to the help pages of related functions or
commands are possible. Here, each example has also been given a button. Ana­
logue to text, the example is transfered to XMuPAD and written in the XMuPAD
text window. Now the user can study the example at his leisure, modify it if
neccessary and then carry it out by pressing <Return>. With this "Learning by
doing" the user quickly gains knowledge of the syntax to be used.

5.1.3 Debugging in MuPAD - mdx

MuPAD contains two possibilities of following the program run in detail. The trace
mode makes a protocol of the program run. In this mode the user has no influence
on the program execution. This possibility is, however, offered by the interactive,
line-oriented source code debugger, which has already been introduced in the sec­
tion 2.14. By running through the program step-by-step and setting breakpoints
the user has exact control over the execution of the program. Furthermore by &
displaying and altering identifiers the user also has the possibility of influencing !
the execution of the program. This debug mechanismus, which is integrated in
the MuPAD kerneI, has a character/line oriented user interface and offers, even
on a text-only output device (ASCII terminal), operational convenience and very
detailed information in text form. An interface based on OpenWindows, which of-
fers even more comfort, is the program mdx. This is not integrated in the MuPAD
kernel but it is aseparate tool. It enhances the operational convenience by:
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• Simplifying t hc input of dcbug commands

• Visually proccssing t hc infor mat ion provided by t he dcbuggcr

• Snnult nncously disp luyiu g t he sou rcc tcxt a nd progra m out put in separa te
windows

\Vith t he COIll1II1UU!

mdx [options ] Hk

t he debugger front-end is sta rred . Thc opt ions - H sizel, sizc2, sizc3 are uvnilnb lc.
\Vit h sizcl, size2, sizc:J t hc hcight s (in pixel) of t he t hr ee windows: SOl lfee tcx t,
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the pro gram W(L'i s toppcd. is shown. Which tcxt pessage the win dow should
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Command All output produced by the execution of a MuPAD program, and
some output evoked by debugger commands, is displayed in this window.
Both MuPAD and debugger input must be entered here.

Display The output of the variable values, which need to be permanently shown,
takes place in this window.

The source text, command and display windows all have a scrollbar on the right
hand side. This is to enable the user to see the entire text in each of these windows.

Naturally, in the X front-end, the identical commands, which can be used in the
terminal version of the debugger, are available. For most of the possible commands
there is a button or a special input panel. Of course, the user can also use the
terminal versions short form for the command in the command window. In the
following we would like to briefly present the commands.

Next Short form: n

Execution of all instructions in the current Une. The debugger then stops at
the line that is next to be executed. Ir one of the executed instructions of a
call contains a user defined function then this function is carried out without
the debugger stopping in it.

Step Short form: s

Analogue to next, only here the debugger stops in a user defined function.

Cont Short form: c

The program is carried out until it finds an instruction in a line that has
been given a breakpoint or until the program is completed. See also Stop at.

Ir the debugger stops then the Une in which it stopped (Stopped at:), in
which file this Une is (Displayed file:) and in which procedure it has
stopped (Procedure:) are shown in the status window. The source text
window contains the file passage in which the debugger stopped. Which
lines are contained in the window are given by Lines: . .. -- .... The
current Une is also inversely shown.

Goto proc Short form: g name

The specified procedure in the input field or the actual procedure is displayed
in the source text window.

Quit Short form: q

Terminates the execution of the MuPAD program, when the debugger is in
input mode. The debugger then reports Execution completed, and the user
is in the MuPAD input mode. Quit in the MuPAD input mode terminates
the debugger. An already running program can be halted with <Ctrl-C>.
The debugger is then in input mode.
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Execute Short form: e command

The specified MuPAD command is executed. The command need not only
contain single instructions, but can be made up of any number of instruction
sequences. One use is the interactive influencing of the program run by
changing the values of some variables.

Where Short form: w

All the procedures which were called between the beginning of the program
run and this point in time, are displayed in the terminal window. Apart
from the procedure names the user is also given information about the call
position in the form of a line number and a file name.

UpShort form: u

In the source text window that line is displayed, from which the procedure
shown so far was called. The debugger status lines are also brought up-to­
date. If the procedure that the user interactively entered has been reached,
then the message Top level reached is shown in the command window.

Down Short form: d

This can only be used when at least one up has occured. The procedure
is shown in the source text window from which the up was called. If the
current procedure, i.e. the procedure in which the debugger has stopped the
program run, has been reached then the message Bottom level reached
appears in the command window.

Clear all Short form: a

Deletes all breakpoints.

Clear Short form: C filename line

The user specifies the line in which the breakpoint is to be deleted with a
double dick of the mouse button.

Stop at Short form: S filename line

The user specifies the line in which the breakpoint is to be entered with a
double dick of the mouse button. In order to enter a breakpoint in a specific
procedure this must already have been loaded in the source text window.
See also Goto proc.

Print Short form: p expr: 1 ... expr_n

The user specifies the expression whose current value is to be shown by
marking the expression in the source text window with the mouse. The
value of the variable is then shown in the command window.
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5.1.4

Display Short form: D name_l .. name_n

The user specifies the variable whose value is to be shown by marking the
variable name in the source text window with the mouse. The value of the
variable is then shown in the display window. From this time on the current
value of the variable is permanently shown. However updating only takes
place when the debugger is in input mode, i.e, when the program run is
stopped.

List Short form: 1

Lists all breakpoints.

Each of the previously described commands, which can be executed by clicking
with the mouse on the appropriate button, can be direct1y entered into the com­
mand window with the keyboard.

VCam - The interactive MuPAD graphics

Exactly like the other user interfaces, the front-end VCam of the MuPAD graphics
is an independent tool. On starting XMuPAD it is also loaded but not yet visible.
On entering the command

plot2d (parameter) or plot3d (pararneter)

the given parameters are evaluated, the graphie data calculated and then trans­
fered to VCam to be depicted on the screen. For the calculation of graphics it
is necessary to enter the graphie object in parameter form even if this curve or
surface can be explicitly written down (see section 2.13).

The production of graphics is based on the photography process. To get a better
understanding the user should imagine that he wants to take a photo containing
specific information. Then objects with special features are grouped into a scene
together with other characteristics, which are valid for all objects. This scene is
now "photographed". The user must determine which parts are to be displayed
(Zooming), which measurements fixed (Scaling) and how these are to be marked
(Axes, Ticks, Labels), where the camera is positioned (Perspective) and which
lighting (Lighting) is to be used in the scene. The object features are determined
by thc titlc, the coordinatc functions, the parameter range, the plot style and the
colors. All these options can be given as arguments in a plot command. However,
it is much easier to set the characteristics interactively in VCam. Besides the
base window (sec figure 5.5), in which the graphie is plotted, there are graphics
manipulation windows for two and three dimensional scenes. With the aid of these
windows, thc user is able to manipulate existing graphics and on the other hand,
can intcractively generate new graphics. For the latter, a call of plot2d or plot3d
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V Cam: Bas ew l ndo w
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Figu ro 5.5: VCalll· ßasc W iudow

wit .hout a rgumont.s 01' t.ho sclcct ion 01' Crapbics in t hc Xr.IllPA D tools mcnu is the
nppro prlute mct.hod . These opcu Lhc besc wiudow wit. ha n cmpty drawing arcn.

A mc uu, in whlch thc uscr cnu cho osc bctwccn crcatc 2D-scene a nd create 30­
sccuc, is cc nccn lcd bchi ud Lhc hut t ön sccnc. Ir thc usor chooses thc lattcr a
gruphics munipul uti on wiudow for a t hrcc di mensional sccno is opcncd (sec figurc
5.6). All 01' t.hc prcviou sly list cd chnr uctcristics cuu bc sct here. In t he uppcr
pnrt 01' t hc wind ow t he sccnc-spccific cha rnctcrisücs are set, in the lowcr (Ia rgcr]
pa rt thc churuc torist.ics 01' th e objccts are showu nud ca n be chosen. T hc dcs ircd
scufugs cnn bc ente red in tl rc wlndow und hy ac tivating t hc plot but ton a plot 3d
conuunud wit h thc rclnt.ivc pa rameters is prod ucod. This com mand is transforcd
to j\IIIPA D for eva lua tiou, t .he grnphics data nrc calculatcd and fina lly d raw n in
thc d rawing a rca of t he bas ic wiudow. ll on cc it is possiblc to st a rt ucw grn phi c
com ma ud s (a nd ,vit h th is ncw j\lu PAD processes) from VCam.

To illust.ru tc t his internct.ivc proccd urc wo sha ll const ruct a n example gra phie, in
which wc shall tunke t hc nccccssnry cntrics step by stc p. At t he sumo t ime wo
shall introducc so mc of t.hc mauy possiblc sctt .i ngs . \Ve havc givcn oursolvcs thc
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.; VCa m: Th re edlmen slcnal sce ne

Title . prop~;t ie s.::') Reset ) ~

Reutf ne ~ Quk kOraw Axes ~ Persp ect lve ~ !Il

Scall ng ~ !!l l ooml ng ~ 111 llgh t ing ~ II

Objed.-f\,Io: 1 Delete )~

liUe

.' tode surrace Sty le .!J Colcepatches Mesh .!.J AndMe sh

Color ~ Halqht s ta rt ing at iiI e nd ing at 0

x( u. v) :- u

Y(u, v):- v

ztu, y) :- sln(u'"v)

Range Cr id Smoot hness

- PI <- ,~ <- PI ~!J~ O__~

- PI <- ",; c_ PI ~~~ O__ ~:J

Ftgurc 5.H: Graphie Manipulut.inn Window für u 3D-Sccne

tnsk of d rawing a scone which cons ists of a sphcre. \Vc nccd to st urt wit h t hc
oh jcct spccilic chn ructer ist .i cs. Ft rs tly, wc add a n cmpty obj cct by clicking thc
Adel but tou . Further uctivatic n of t his button res ults in now ob jccts bcing addcd .
W it h O hjcct-No th e usor t hcn chooscs t he ohjec t whosc se tt ing hc wants to al ter .
Ir t his ohjcc t has n na mc t his is ente red undcr Ti tlc. La tcr , t his ti tl e ca n bc
positi oncd unywhcrc in t he druwiug area. \Vith !\Iodc wo can dctcr mi ne t he type
of t hc objcc t to bc sur fnce . Ot her pos..sibilitics ure: 3d curvc [C urvc), Contour
d iagram [Contc ur} und List for a list of po ints .

Dopending Oll thc cho....cn ty pe , wo cau determine t he plot-style (Sty le). For a
surface we huvc thc choicc bcuvcc n Point s [only the ca lculatcd sample poin ts nro
druwn), \VircFra llle (wircfra me modcl), lIiddcnL ine [hiddcn lincs <He not ShOWII),
ColorPatc hcs (like lIi ddenLine, only t he surfaccs (t he so ca lled pat ches) which
const .it u t.c t hc gruphic, a rc colorcd) und Transparent (like ColorPa tches, only the
pat chcs nre fillcd wit h a pat torn. By using different pattcr ns for different objccts
a feeling of t m nspurcncy cnn bc crontcd). Dopendcut on the choscn sty le undcr
!\[cs lJ the usor cnn choosc if thc pnrnmcter lincs are to bc d rnw» in olle dircct ion
only or in both d irect.ions . For our sphcre we choosc u hid den linc model wit h
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color patchcs a nd paramctcr lincs in both dirccticns.

\Vith thc buttous Color, s tart ing at and cnding at wo can choosc t he color of
t hc object. For our model wo only have to sct t hc color of t hc mesh and for t he
pat elies .

T he ot hc r sct .tings aro all conccrued wi t.h tho parumctcr s of t he ob jcct. For our
choicc (t he sphere) wo havc to give thrcc functious X, J' und z each eiependent on
two variables u and v. These detcrrn iuc thc X- , y- und z-coorcliua tcs of t hc object.
For our sphcrc wo choosc sp hcrical coordiuatcs and dcfinc the panun ct riznt ion as
follows:

x Iu . v) : = s tn Iu) * cos Iv)
ytu ,v) : = s in(u) * atntv)
z Iu , v) : = cos Iu)

Wo sct t he raugo for 11 und v undcr Range ns 0 :S u :s: P I und - P I S v :s: P I ,
and wit h Gtid wo deter mi nc t he uumbor of sumplc point s for both variables. Ta
get a firs t im prcssio n, wc cho osc 10 in both dircct iou s.

At fir st wo da not change an yt hing in thc scono spccific sct t.tiugs, instoad we press
t he Plot-Button to draw t.hc graphi e. The rcsult is:

Figure 5.7: Sphcrc, first at.tempt

Howcver , t his docs not look likc a sphcrc . T he problern is t he s tunll numbcr of
samplo point s. \Ve co uld incrc asc t .hem with Grid, but this rcsults in additional
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param et er lincs bcing drawn. An al te rnative to t his is tu iucreasc t he Sm oot lJ­

IlCSS fuctcr. With thi s , addit ional samplc poin ts ca n bo st ipulatcd that lcad 1.0

inter po lat ion bctwcon two vis ible plot points. \Vc sc t t he smootbncss to 2 in bo t h
dircct.ions, prcs..s plot agni n and are rcwardcd wit h a much smcotbor rcprcscntation
ur a sphcrc:

Fignrc 5.8: Smoothness = [2,2]

Now wc should cousidor t he sccno spccific charactcr istics. As with individual
objccts wo ca n also givc euch sccnc a nnmc. Ircoordina tc uxos urc wa ntcd t hcsc
are choscn uu dcr Axcs. \Vith Pcrspccti vc wo cnn, us might bo expcc tcd , cha nge
t he pcrspcct ivc. T his is detcrmin cd hy two points: Ca mcraPo iut nnd Focall'oint .
'I'hc Camcral'oint dct crmiu cs whcrc thc ca mcra stunde, FocalPoint givcs thc point
to which t hc ca mera is d irccted. Thc usor cnn chooso bctwccn an automa t ic or
ma nua l pcrsp octl vo. Thc lauer opcns thc porspocu vo wlndow in whieh t hc usor
cnn cxplicitly givc hot h points , or t hc perspective ca n bc altered with convcnient
slidors. The sealing routinc to bc uscd is choscn wit h t he hclp of Scaling. \ Vit h
Zooming t hc visible part of t he graphie ean he cha nged. Ir man ual is chosc n then
tho gra phie ea n bc cnlargod or scalcd dow n stcp hy s tc p in a ncw window (Zoo ming
\ Viudow). Further possi blc settings are grouped under propcrtics. Among tbcsc
urc thc uxos legends an d Iont s for sccno nud ohjcct u rlcs.



Chapter 6

List of functionality items
provided by the system

The following is a short list of functions provided by the system at present. A de­
tailed description of their functionality and syntax is found, togethcr with various
examples, in the reference manual.

Standard Library

Arithmetic functions

Combinatoric functions

Manipulation of expressions

In- and output, graphics

Functions with respect to procedures

Debugging

Varia

185

Functions for polynomials

Generation of data structures

Evaluation of expressions

Manipulation of strings

Statistics

Parallelism
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Arithmetic functions

abs

ceil

D

diff

expand

fact

float

floor

frac

DIGITS

id

ifactor

igcd

igcdex

ilcm

isprime

ithprime

max

min

modp, mods

nextprime

o
phi

powermod

random

round

sign

taylor

trunc

absolute value

rounding from above

differential operator

differentiates an expression or polynomial

expansion of an expression

factorial

evaluation to a floating point number

rounding from below

fractional part of a number

number of digits for floating point numbers

identical function

factorization of an integer

greatest common divisor

extended Euclidean algorithm for integers

least commom multiple

primality test

delivers the i-th prime

maximum

minimum

functions for modular arithmetic

delivers the next prime following its argument

order term

Euler's qr.function

modular power

generation of a random number

rounding of a number

sign of a number

Taylor series expansion

integer part of a number
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Functions for polynomials

187

coeff

degree

degreevec

divide

evalp

expr

genpoly

i content

iszero

lcoeff

lmonomial

lterm

mapcoeffs

multcoeffs

norm

nterms

nthcoeff

nthmonomial

nthterm

pdivide

poly

Poly

tcoeff

delivers the coefficients of a polynomial

degree of a polynomial

delivers the exponent of the leading term of a polyno­
mial
division of two polynomials

evaluation of a polynomial

conversion of a polynomial into an expression

generates a polynomial by a p-adic expansion

content of a polynomial

recognizes the zero polynomial

returns the leading coefficient of a polynomial

returns the leading monomial of a polynomial

returns the leading term of a polynomial

applies a function to the coefficients of a polynomial

multiplies the coefficients of a polynomial with a factor

norm of a polynomial

number of terms of a polynomial

the n-th coefficient of a polynomial

the n-th monomial of a polynomial

the n-th term of a polynomial

pseudo division of two polynomials

generation of a polynomial

yields the domain of polynomials

the lowest coefficient of a polynomial

Combinatoric functions

permute permutations of a list

Generation of data structures

definition of an array

definition of objects of type DOM_EXEC
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domain

func_env

new

null

poly

table

LIST OF FUNCTIONALITY ITEMS PROVIDED BY THE SYSTEM

generation of a domain

definition of functional environments

generation of domain elements

delivers DOM_NULL

generation of a polynomial

definition of a table

Manipulation of expressions

anames

append

cattype

contains

context

domattr

domtype

extnops

extop

extsubsop

func

funcattr

genident

indets

index_val

load

map

nops

op

seq

sort

subs

subsex

subsop

testtype

returns the identifiers which are assigned

appends elements to a list

determines the data type

tests existence of an element

evaluates in another context

access to entries of a domain

determines the data type

number of operands of a domain element

returns the operands of a domain element

substitution of an operand in a domain element

considers an expression as function

access to the third argument of a DOM_FUNC_ENV

generates an unassigned identifier

determines the unassigned identifiers contained in an
expression

indexing without evaluation

returns those identifiers which have a value

applies a procedure to operands

number of operands of an expression

returns the operands of an expression

generates an expression sequence

sorts the elements of a list

substitution of complete subexpressions

extended substitution for arbitrary subexpressions

substitution of operands

checks the type of an expression
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type returns the type of an expression

Evaluation of expressions

bool

eval

evalassign

EVAL_STMT

history

HISTORY

hold

last

level

LEVEL

MAXLEVEL

val

Boolean evaluation

evaluation for some special functions

assignment to an evaluation of the left side

controls the evaluation of statements in expressions

exhibits the entries in the history table

length of history table

prevents evaluation

access to last values

defines the substitution depth for evaluations

defines substitution depth for identifiers

recognizes recursive definitions

value of an expression

In- and output, graphics

fclose

finput

fopen

fprint

ftextinput

input

loadlib

loadproc

PATH

pathname

plot2d

plot3d

PRETTY_PRINT

print

PRINTLEVEL

closes a file

read-in of MuPAD-expressions from a file

opens a file

prints output to a file

line oriented read-in from a file

asks for interactive input of MuPAD-expressions

loading of library procedures

loads a procedure

search paths for files

returns a machine independent path name

for graphical representation of 2-dimensional objects

for graphical representation of 3-dimensional objects

controls format of output

output to screen

printing depth for output of expressions and assign­
ments
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protocol

read

textinput

TEXTWIDTH

write

Line Editor

LIST OF FUNCTIONALITY ITEMS PROVIDED BY THE SYSTEM

protocol of a MuPAD-session

read-in and execution of a file

asks for interactive input of text

width of a line

saves values of variables in a file

line editor for the terminal version

Manipulation of strings

expr2text

strIen

strmatch

substring

tbI2text

text2tbl

text2expr

text2Iist

converts MuPAD-expressions to strings

length of astring

comparison of two strings

access to parts of astring

converts tables to strings

converts strings to tables

converts strings to MuPAD-expressions

converts strings to lists

Functions with respect to procedures

args

return

testargs

Statistics

bytes

rtime

time

stack

access to the parameters of a procedure

exit from a procedure

controls the parameter check

amount of memory used

measuring real time

measuring real CPU time

stack
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Debugging
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debug

ERRORLEVEL

error

trace

traperror

Parallelism

global

readpipe

readqueue

topology

writepipe

writequeue

Varia

help

reset

sysname

system

user controlled execution of procedures

controls the error check during evaluation

user defined error interrupt

protocols the execution of procedures

intercepts errors

access to net variables

reading from a pipe

reading from a queue

information about parallel structures

writing into a pipe

writing into a queue

access to a page of the help system

resetting a MuPAD-session

delivers the name of the operating system

execution of a command from the operating system
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Library Packages

LIST OF FUNCTIONALITY ITEMS PROVIDED BY THE SYSTEM

Gröbner Basis

Orthogonal Polynomials

Gröbner Basis

groebner

groebner::gbasis

groebner::normalf

groebner: :spoly

Orthogonal Polynomials

orthpoly

orthpoly::chebyshevl

orthpoly::chebyshev2

orthpoly::gegenbauer

orthpoly::hermite

orthpoly: : j acobi

orthpoly::laguerre

orthpoly::legendre

Introduction for Gröbner basis package

compute reduced Gröbner basis

reduced form modulo an ideal

compute the S polynomial of two polyno­
mials

Introduction for the library package for or­
thogonal polynomials

Chebyshev-polynomial of first kind

Chebyshev-polynomial of second kind

Gegenbauer-polynomial

Hermite-polynomial

Jacobi-polynomial

Laguerre-polynomial

Legendre-polynomial
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:8
:: 27
;8
# 151
_procdef 47

anames 124
append 22
arithmetical operators 153
arrays 22, 152

dimension 24
assignment 15
attributes

domains 27
functional environments 105

binary format 56
branch

case 52, 157
if 48, 155

break 51,53

case 52,157
code objects 101
coefficient rings 18, 152

Expr 18
IntMod 18

colon 8
combinatorics

permutations 129
comments, # 151
concatenation 22, 153

lists 22
constants 151

E 151
1151
NIL 151
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PI 151
context 114

data structure 31
operands 32
tree 31

data types 21, 154
arrays 22, 152
DOM_EXPR 15
DOM_FUNC_ENV 101
DOM_IDENT 15
DOM_NIL 25
DOM_NULL 25
DOM_POLY 17
expression sequences 23, 152
expressions 15, 152
identifiers 15, 151
lists 22, 152
polynomials 152
sets 22, 152
tables 24, 152
user defined 26

debug 86
debug mode 86
debugging 84, 175
degree 127
diff 118
differentiation 125
DIGITS 9
div 12
divide 127
domains 26, 137, 152

attributes 27
name 27
new 27
print 27



194

generator 137
overloading of system functions 28
reference effect 141

domattr 27
domtype 15, 21
DOM_EXPR 15
DOM_FUNC_ENV 101
DOM_IDENT 15
DOM_NIL 25
DOM_NULL 25
DOM_POLY 17

E 14
environment variables 6, 44, 159

DIGITS 9
ERRORLEVEL 33
EVAL_STMT 36, 122
HISTORY 9
LEVEL 38
MAXLEVEL 38
PRETTY_PRINT 6
TEXTWIDTH 8

ERRORLEVEL 33
eval40, 61
evalp 127
evaluation 36, 161

EVAL_STMT 36
of expressions 163
of procedures 164
of system functions 165
substitution depth 37
suppressing of, hold 25

EVAL_STMT 36, 122
expand 16
expansion 16
expr 17
expression sequences 23, 152
expression type 154
expressions 15, 152
extop 27

Fast Fourier Transformation 149
fclose 59
Fibonacci numbers 111

INDEX

file descriptor 59
finput 56
flattening 22, 147
float 9
fopen 59
f or in loop 50
for loops 49, 156
formal parameters 41
fprint 57
frac 10
ftextinput 56
funcattr 106
function call 151
functional environments 101, 119

attributes 105
functions see procedures

genident 108
global variables 43
graphical user interface 171
graphics 61
graphs 131

matehing 134
shortest paths 131

greatest common divisor
integers 12
polynomials 127

HISTORY 9
history 8
hold 25,40

I 14
identifiers 15, 151
if 48,155
ifactor 12
igcdex 12
indexing

arrays 23
expression sequences 23
lists 23
tables 25

input 55
IntMod(n) 18
isprime 13
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ithprime 12

last 8
LEVEL 38
level 39
lists 22, 152

appending an element 22
eoneatenation 22
indexing 23

loeal variables 43
logical operators 153
loops

for 49,156
interrupting 51
parallel 160
repeat 49, 157
step width 156
while 49, 157

M-eode 56
maero parallelism 161
MAXLEVEL 38
miero parallelism 160
mod 12
monitoring 84, 94

net variables 161
next 51, 54
nextprime 13
NIL 16
nops 33
norm 127
null 25

objeet oriented programming 26
on-line help 173
op 32,33
operands 32, 154

number 154
path 32
zero 32

operators
:: 27
arithmetieal 153
eoneatenation 22, 153

logical153
range 153
relational 153
sequence 153
sets 153

parallelism 160
maero 161
miero 160
net variables 161
pipes 161
queues 161

partial evaluation 9
path 32
permutations 129
phi 13
PI 14
pipes 161
plot2d 61
plot3d 67
plotting 61
poly 17
polymorphie algorithms 26
polynomials 17, 152

eoefficient rings 18, 152
Expr 18
ged 127
IntMod 18
orthogonal 128
poly 17

pretty-printer 6
PRETIY_PRINT 6
print 55
proc 41
proeedures 41, 158

body 41
eall151
environment variables 44
evaluation 48, 164
formal parameters 41
global variables 43, 158
interrupting 52
loeal variables 43, 158
options 45, 158, 159

195
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parameters
actual158
formal 158

remember table 45
return value 159

program manipulation 137
programming

language 40
object oriented 26

prompt, »5
protoco156

queues 161

random 19
read 56
reference effect 141
relational operators 153
remember mechanism 15
repeat loops 49, 157
reset 16
roots 13
runtime analysis 94
runtime errors 85

scoping
dynamic 159

semicolon 8
sequence operator 19
set operators 153
sets 22, 152

minus 23
union 23

sorting
straight insertion 130

sqrt 13
statements 155

assignments 155
case 52,157
f or in loop 50
for loops 49, 156
if 48,155
parallel 160
parallel block 161
repeat loops 49, 157

sequence of 113, 155
while loops 49, 157

step width 156
subs 34
subsex 36
subsop 33, 35
substitution 154

depth 37, 167
system functions

_procdef 47
anames 124
append 22
break 53
context 114
debug 86
degree 127
diff 118
divide 127
domattr 27
domtype 15, 21
eva140, 61
evalp 127
expand 16
expr 17
extop 27
fclose 59
finput 56
float 9
fopen 59
fprint 57
frac 10
ftextinput 56
funcattr 106
genident 108
history 8
hold 25,40
ifactor 12
igcdex 12
input 55
isprime 13
ithprime 12
last 8
level 39
next 54

INDEX
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nextprime 13
nops 33
norm 127
null 25
op 32,33
overloading of 28
phi 13
plot2d 61
plot3d 67
poly 17
print 55
protoco156
random 19
read 56
reset 16
sqrt 13
subs 34
subsex 36
subsop 33, 35
text2expr 61
text2list 60
text2tb160
textinput 55
time 10
trunc 10
type 25
val 39
write 56

tables 24, 152
indexing 25

Taylor polynomials 118
text2expr 61
text2list 60
text2tb160
textinput 55
TEXTWIDTH 8
time 10
transeendental

functions 13
numbers 13

tree 31
trunc 10
type 25

underline functions 98
user defined data types 26
user interface 171

debugger 175
graphics 180

val 39

while loops 49, 157
write 56

zero operand 32
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