











Chapter 5

Tools and User Interfaces

5.1

5.1.1

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 no 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 graphic tool VCam. This package is rounded off by the hypertext
system HyTgX, with which the complete MuPAD documentation, including the
on-line help, is made available on the screen.

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 a Basic Window (see figure 5.1) appears on the screen, which
consists of two components:
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e a row of buttons and

e a text window for input and output.
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Figure 5.1: XMuPAD-Basic Window

Furthermore the MuPAD kernel is invoked as a son process on the UNIX level.
XMuPAD’s function can be divided into three phases, which are typical for inter-

active systems:

1. During the input-phase the user enters commands into the text window.
This phase is started with the output of the MuPAD prompt character (>>).
It is ended with the <Return> key.

2. During the evaluation-phase the input of the first phase is evaluated.

3. The third and final phase is the output of the solutions MuPAD has calcu-
lated.
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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, systenm is
only suitable for interactive use. With textinput and input further windows, in
which the desired text can be entered, are opened.

HyTgX

HyTgX is a hypertext system based on the TEX 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. HyTgX 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
HyTEX opened.

HyTgX-Window

The HyTEX window (see figure 5.2) contains a INTgX 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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If all the commands contained in this table are entered, and if the ponding input is

propetly ended by a semicolon, the rerult ir:

@ 333 + 42666; 4T6-83384; 45%678; 46/678; 2°66; sign(-6);
abz(-5); max(4%, 5, 6); min(-2, 6, T8); fact(43); round(3.5);
ceil(%.3); floor(4.3); trunc(8/3); frac(2/3); floav(2/3);
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We chore 10 many corumands simmltancously in order to show that they may extend over
sevezal lines i the end of Ene is marked by & backslash (| ); however this is not necessary
i MuPAD runs under the X.interface or on the Macintorh.

We have seen that MuPAD comumands ate ended by a semitolon, however, if a command
it ended with a colon, the output generated by that command does not appear on the
sereen. For example, the input of

[»>] 333 + 42586: ar6-38324: 450678: 27661 sign(-5): abs(-5):
max(%, 5, 6): min(-2, 6, T8): fact(43): ceil(%.3): floor(4.3):
romd(3.5): trunc(8/3): 1rac(8/3): floas(8/3):

tesults in no output at all

Qutput can be influenced not only by uiing the lggvimnmml variable | | PRETTY_PRIDT |
but alio by [TEXTUIDTH ] controlling the width of in. and output-liner. Output, even when
suppreised by use of the colon, is accensible either by ¥, ¥n, or The percentage

Figure 5.2: HyTEX-Window

words are framed with a box. With this references to other passages in the text,
also called nodes, are marked. Generally, these contain further information to the
thus framed text. By clicking such a box, the user jumps to the corresponding
node. In this way, the user has the possibility, with individually chosen cross-
references, to “skip® through the document. A second form of Hyper-Link is to
be found in the top line of the HyTEX window. With these buttons the user can
jump to the next or previous chapter, paragraph, etc..

If the user has made such a jump he will naturally want to return as quickly as
possible to his starting page after reading the extra information. For this purpose
there is the return button, with which the user can return to the page he was on
before the “Hyper-jump®.
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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.

Help-Pages

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

help("igcd");
or the short form
7iged

Then, in HyTgX 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.

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 kernel, 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 a separate tool. It enhances the operational convenience by:
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B HyTex 105
NextPase) PrevPame) Fatun) Pam.) Sewtho) : Qut)
Contents | Helpindsx | Naw Faatures | Appendix = |

STANDARD-LmMRARY 1n7

B igcd - greatest common divisor of integers

Calling sequence:

iged(integer, integer ...)

Parameter:

integer — ganse Zahl

Sammary:
iged compuier the greatest tommon divisor of a sequente of integers. iged returns 0 if
all it"s argumments are 0,

iged giver an error, if one of it's arguments is a non-integer number, e.g. a floating. point,
a rational or a complex number.

If one of the arg ts is & ical datum, then iged returns the function call
with evaluated arguments.

(3] igeat-10, &);
2

53] a:=t420,122 8984 428: igeda);

4

See also:

[igiex] (]

Figure 5.3: Help-Page for igcd

e Simplifying the input of debug commands
e Visually processing the information provided by the debugger

e Simultancously displaying the source text and program output in separate
windows

With the command
mdx [options] file

the debugger front-end is started. The options -H sizel, size2, size3 are available.
With sizel, size2, size3 the heights (in pixel) of the three windows; source text,
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command and display, are given. A good setting is the choice -H 300, 200, 150.
If a file file is transfered this is interpreted as MuPAD program code and evaluated.
The front-end can be seen in figure 5.4. It consists of five windows:

il MuPAD Debugger E
File displayed : bmm Displayed lines: 1 —19
Stopped at line : 14 Procedure : bizartite_matching

bipartite_matching:=proc(V,U,EDGE)

local v, erg. A, Q. mate. exposed. label. init.
build_qQ, hnld_l« augment, loop:

begin

L

fnit := proc(v. U. EDGE)

local v;

begin
for v in V do exposed[v] := 0: end_
A = (1: build_A(V,U,EDCE); build Q(v u LEDGE):
1000(V,1,EDGED:

end_proc:

build_A := proc(V,U,EDCE)
Tocal v, u, edge;
begin
for edge in EDGE do
v i= op(edge,1); u := op(edge,2);
if mate[u] = 0 then exposed(v] := u ot

Cont ) ) Stap) Stopat  Wheré] Upj Goteproc:,

- quit Print)  Display)  Clear)  Clearall) Down) Execute:

Enter procadura <b|nar(1te_matcmnq>. B

args = (vi, v2, v3, w4, v5, v6}, ful, u2, ul, uvd, uS, us), (lvi, u\
11, Ivi, u2l, [v2,v2]. [vi. vdl, [v3, u2l. fv3, udl, (vd, udl, vz, usi, \
5, u3i, (%6, u2i. [v, usi, (v, val, Tvd, ubl, [v5, uST, [v8, ubl. (vé.\

us])
proc depth = 1
mdx>s
mdx
Varslon 1.2

Figure 5.4: mdx-Window

Status presents general information about the current state. This contains, among
other things, the line number, in which the program was stopped, and the
file which is displayed in the source-text window.

Source-text shows the file which is currently being processed. If a file was spec-
ified in the call then that file is displayed in this window. Otherwise, this
window remains empty until a read command is executed. In the course
of the program execution, the text passage which contains the line in which
the program was stopped, is shown. Which text passage the window should
display the user can also explicitly determine with the goto proc button.

Buttons Debugger commands which are often used can also be executed by click-
ing with the mouse. Commands which are not included can be entered di-
rectly into the command window with the kevboard.
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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 line. The debugger then stops at
the line that is next to be executed. If 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: ¢

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.

If the debugger stops then the line in which it stopped (Stopped at:), in
which file this line 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 line 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.

Up Short 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 click 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 click 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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Display Short form: D name_1 .. 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 directly 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(parameter)

the given parameters are evaluated, the graphic 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 graphic 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 the title, the coordinate 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 (see figure 5.5), in which the graphic is plotted, there are graphics
manipulation windows for two and three dimensional scenes. With the aid of these
windows, the user is able to manipulate existing graphics and on the other hand,
can interactively generate new graphics. For the latter, a call of plot2d or plot3d
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) VCam: Basewindow

Sceng + ) Kadity., ) Save.. ) Gl tEoitles

Figure 5.5: VCam-Base Window

without arguments or the selection of Graphics in the XMuPAD tools menu is the
appropriate method. These open the base window with an empty drawing area.

A menu, in which the user can choose between create 2D-scene and create 3D-
scene, is concealed behind the button scene. If the user chooses the latter a
graphics manipulation window for a three dimensional scene is opened (see figure
5.6). All of the previously listed characteristics can be set here. In the upper
part of the window the scene-specific characteristics are set, in the lower (larger)
part the characteristics of the objects are shown and can be chosen. The desired
settings can be entered in the window and by activating the plot button a plot3d
command with the relative parameters is produced. This command is transfered
to MuPAD for evaluation, the graphics data are calculated and finally drawn in
the drawing area of the basic window. Hence it is possible to start new graphic
commands (and with this new MuPAD processes) from VCam.

To illustrate this interactive procedure we shall construct an example graphic, in
which we shall make the neccessary entries step by step. At the same time we
shall introduce some of the many possible settings. We have given ourselves the
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Figure 5.6: Graphic Manipulation Window for a 3D-Scene

task of drawing a scene which consists of a sphere. We need to start with the
object specific characteristics. Firstly, we add an empty object by clicking the
Add button. Further activation of this button results in new objects being added.
With Object-No the user then chooses the object whose setting he wants to alter.
If this object has a name this is entered under Title. Later, this title can be
positioned anywhere in the drawing area. With Mode we can determine the type
of the object to be surface. Other possibilities are: 3d curve (Curve), Contour
diagram (Contour) and List for a list of points.

Depending on the chosen type, we can determine the plot-style (Style). For a
surface we have the choice between Points (only the calculated sample points are
drawn), WireFrame (wireframe model), HiddenLine (hidden lines are not shown),
ColorPatches (like HiddenLine, only the surfaces (the so called patches) which
constitute the graphic, are colored) and Transparent (like ColorPatches, only the
patches are filled with a pattern. By using different patterns for different objects
a feeling of transparency can be ereated). Dependent on the chosen style under
Mesh the user can choose if the parameter lines are to be drawn in one direction
only or in both directions. For our sphere we choose a hidden line model with
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color patches and parameter lines in both directions.

With the buttons Color, starting at and ending at we can choose the color of
the object. For our model we only have to set the color of the mesh and for the
patches.

The other settings are all concerned with the parameters of the object. For our
choice (the sphere) we have to give three functions x, y and z each dependent on
two variables u and v. These determine the x-, y- and z-coordinates of the object.
For our sphere we choose spherical coordinates and define the parametrization as
follows:

x(u,v) := sin(u) * cos(v)
y(u,v) := sin(u) * sin(v)
z(u,v) := cos(u)

We set the range for u and v under Range as 0 < uw < Pl and —PI < v < PI,
and with Grid we determine the number of sample points for both variables. To
get a first impression, we choose 10 in both directions.

At first we do not change anything in the scene specific setttings, instead we press
the Plot-Button to draw the graphic. The result is:

Figure 5.7: Sphere, first attempt

However, this does not look like a sphere. The problem is the small number of
sample points. We could increase them with Grid, but this results in additional
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parameter lines being drawn. An alternative to this is to increase the Smooth-
ness factor. With this, additional sample points can be stipulated that lead to
interpolation between two visible plot points. We set the smoothness to 2 in both
directions, press plot again and are rewarded with a much smoother representation
of a sphere:

Figure 5.8: Smoothness = [2,2]

Now we should consider the scene specific characteristics. As with individual
objects we can also give each scene a name. If coordinate axes are wanted these
are chosen under Axes. With Perspective we can, as might be expected, change
the perspective. This is determined by two points: CameraPoint and FocalPoint.
The CameraPoint determines where the camera stands, FocalPoint gives the point
to which the camera is directed. The user can choose between an automatic or
manual perspective. The latter opens the perspective window in which the user
can explicitly give both points, or the perspective can be altered with convenient
sliders. The scaling routine to be used is chosen with the help of Scaling. With
Zooming the visible part of the graphic can be changed. If manual is chosen then
the graphic can be enlarged or scaled down step by step in a new window (Zooming
Window). Further possible settings are grouped under properties. Among these
are the axes legends and fonts for scene and object titles.



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, together 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
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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
iged
igcdex
ilcm
isprime
ithprime
max

min
modp, mods
nextprime
0

phi
powermod
random
round
sign
taylor

trunc

LIST OF FUNCTIONALITY ITEMS PROVIDED BY THE SYSTEM

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 ¢-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

coeff delivers the coefficients of a polynomial

degree degree of a polynomial

degreevec delivers the exponent of the leading term of a polyno-
mial

divide division of two polynomials

evalp evaluation of a polynomial

expr conversion of a polynomial into an expression

genpoly generates a polynomial by a p-adic expansion

icontent content of a polynomial

iszero recognizes the zero polynomial

lcoeff returns the leading coefficient of a polynomial

lmonomial returns the leading monomial of a polynomial

lterm returns the leading term of a polynomial

mapcoeffs applies a function to the coefficients of a polynomial

multcoeffs multiplies the coefficients of a polynomial with a factor

norm norm of a polynomial

nterms number of terms of a polynomial

nthcoeff the n-th coefficient of a polynomial

nthmonomial the n-th monomial of a polynomial

nthternm the n-th term of a polynomial

pdivide pseudo division of two polynomials

poly generation of a polynomial

Poly yields the domain of polynomials

tcoeff the lowest coefficient of a polynomial

Combinatoric functions

permute - permutations of a list

Generation of data structures

array - definition of an array
built_in ~ 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 — protocol of a MuPAD-session
read - read-in and execution of a file
textinput — asks for interactive input of text
TEXTWIDTH - width of a line

write — saves values of variables in a file

Line Editor line editor for the terminal version

Manipulation of strings

expr2text - converts MuPAD-expressions to strings
strlen - length of a string

strmatch - comparison of two strings

substring - access to parts of a string

tbl2text - converts tables to strings

text2tbl - converts strings to tables

text2expr - converts strings to MuPAD-expressions
text2list - converts strings to lists

Functions with respect to procedures

args — access to the parameters of a procedure

return - exit from a procedure

testargs ~ controls the parameter check
Statistics

bytes - amount of memory used

rtime - measuring real time

time - measuring real CPU time

stack - stack



Debugging

debug
ERRORLEVEL
error
trace

traperror

Parallelism

global
readpipe
readqueue
topology
writepipe

writequeue

Varia

help
reset
sysname

system

LIST OF FUNCTIONALITY ITEMS PROVIDED BY THE 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

191

execution of a command from the operating system
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Library Packages

Grébner Basis

Orthogonal Polynomials

Griébner Basis

groebner

groebner:
groebner:

groebner:

:gbasis
:normalf

:spoly

Orthogonal Polynomials

orthpoly

orthpoly:
orthpoly:
orthpoly:
orthpoly:
orthpoly:
orthpoly:
orthpoly:

:chebyshevl
:chebyshev2
:gegenbauer
:hermite
:jacobi
:laguerre

:legendre

Introduction for Grébner basis package
compute reduced Grébner 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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12 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
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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

El4
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
eval 40, 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

for 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
matching 134
shortest paths 131
greatest common divisor
integers 12
polynomials 127

HISTORY 9
history 8
hold 25, 40

I14
identifiers 15, 151
if 48, 155
ifactor 12
igedex 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
concatenation 22
indexing 23

local variables 43

logical operators 153

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

M-code 56

macro parallelism 161
MAXLEVEL 38

micro parallelism 160
mod 12

monitoring 84, 94

net variables 161
next 51, 54
nextprime 13
NIL 16

nops 33

norm 127

null 25

object oriented programming 26
on-line help 173
op 32, 33
operands 32, 154
number 154
path 32
zero 32
operators
1 27
arithmetical 153
concatenation 22, 153

logical 153
range 153
relational 153
sequence 153
sets 153

parallelism 160
macro 161
micro 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
polymorphic algorithms 26
polynomials 17, 152
coefficient rings 18, 152
Expr 18
ged 127
IntMod 18
orthogonal 128
poly 17
pretty-printer 6
PRETTY_PRINT 6
print 55
proc 41
procedures 41, 158
body 41
call 151
environment variables 44
evaluation 48, 164
formal parameters 41
global variables 43, 158
interrupting 52
local variables 43, 158
options 45, 158, 159
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parameters
actual 158
formal 158
remember table 45
return value 159
program manipulation 137
programming
language 40
object oriented 26
prompt, >> 5
protocol 56

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 1565
case 52, 157
for 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
eval 40, 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
igedex 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
protocol 56
random 19
read 56
reset 16
sqrt 13

subs 34
subsex 36
subsop 33, 35
text2expr 61
text2list 60
text2tbl 60
textinput 55
time 10
trunc 10
type 25

val 39

write 56

tables 24, 152
indexing 25
Taylor polynomials 118
text2expr 61
text2list 60
text2tbl 60
textinput 55
TEXTWIDTH 8
time 10
transcendental
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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