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Happiness is like a wind, at times blowing through the consciousness,
filling the individual with delight and inspiration to live.
One ought to capture this windp locate its sourcs, and try to multiply them.
Then, in times of darkness, these sources may be opened, flooding the individual with exhilaration.
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Preface

This document is intended to give the reader the knowledge required to use all major features of AlgoS
2.0, an advanced numerical mathematical software developed by Andreas Rejbrand. More information
about the software is available atvww.algosim.se You show not be afraid of contactinghe develo-
er/author atandreas@rejbrand.sén case you have any questions or comments.
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The Main Window

The Main Window is divided into four parts. To the left there is a column of buttons. These control the
global behaviour of the applicgion. From the top to the bottom, these are

A Complex Mode
If active (orange) AlgoSim will assume the user is working with the entire number systemra-
ther than 5. For the vast majority of cases, it does not matter whether Complex Mode is on orff
all real calculations will work in Complex Mode, and most complex calculations will work in Real
Mode. But there are cases where this setting really matters. For instance, if you try to compute
arcsin(2) in Real Mode, you will get an error, because there is neal numberwsatisfying the
equatonORI ¢8 )1 #1711 Pl A@ -1TAAh EI xAOAOh AOAOETjc¢qQ xEI
1.31695789692ti.

A Approximate Eq.
If active (orange), very small numbers will be approximated by zero. In most cases this is desir

ble. ForET OOAT AAh ET ! POl GEI AOA %N 85.42100086043(ME-20f A qQ E Tmh
in normal mode, due to rounding errors. However, if you are working with very small numbers,
OOAE AO OEA Al Ai AT OAOU AEAOCAR OE dstnhtiudeBdOi 1T 1 AOONK

mode, for if you do, all these small numbers will be treated as equal to zero!

A Num. Digits = N
Click this button to set the number of digits that are displayed in outputs. The maximum number
of digits is 18.

A Basis Vect. Notation
If active (orange)the notation

will be used instead of 0 8 iy when it comes to vectors.

A True Sets
If active (orange), AlgoSim will make sure that a set does not contain the same element more than
one time. When you add an element to a sétthis option is on, AlgoSim will iterate through all
existing elements in the set to see if the new element already belongs to the set. If it does, the
Ol Axo AT AT AT O xEI1 110 AA AAAAA O1 OEA OAOG8 ) £ OE
set may very well contain the same element more than once. In most cases, when you work with
sets as mathematical sets, yogof coursez want to usethis option. However, there are cases
where this option needs to off. First, it does take quite some timea perform the check in large
sets, so when working with huge sets (of points, for instance), you might want to disable thip-0
tion. Also, if you have a set that you will use to draw a small number of points connected by
straight lines, you might actuallywant the same element (point) to occur more than once.

A Modular Arithm. Offf N
Click this button to start counting moduloN8 41 AEOAAIT A OEA 1 POEITh Al EAE
rather than a positive integer.

A Full Screen

If active (orange), the MainwWindow will occupy the entire computer screen, rather than just a
window. In AlgoSim, entering fultscreen is also possible by maximizing the Main Window.
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A Modular Messages

If active (orange), error messages will not be printed out in the console (as norraeutput), but
will rather be displayed in modal message boxes.

A Quick Plot

Displays the Quick Plot dialog box. The standard way of plotting function graphs is described in
great detail this document. The Quick Plot function is a nestandard way of plotting 2D function
graphs. It does not allow any fine control over the plotting process, but is very simple and comve
ient to use. Feel free to use this function for quick plotting of simple graphs.

A Programs
Displays the Programs menu, from which you can exete, create, and browse AlgoSim programs.

The largest panel in the Mainwindow is the Console Here you enter commands and here the results are
displayed. To the right there are two panelsimaging and Variables. In Imaging graphical output is ds-
played,i.e. 2D spaces, 3D spaces, and bitmaps. In Variables all variables are displayed, together with their
data types and (optional) descriptionsIf you double-click somewhere in the list view of variables, the
advanced variable manager window will appear. Fnm this it is easy to search and export variables.

B Algosim = | B ||

clearView3(1)

sif —identExists("t")
t = choiceDialog("parabolic", "spherical")
Approximate Eq. sendif

;if t € {"parabolic", "spherical"}
Lo, D = 1 t = choiceDialog("parabolic”, “spherical")

rendif

:if t = "parabolic"

mirrorFunction = "y,
;elself t = "spherica

mirrorFunction = "y, z" » "-sqrt(256 - y™2 - z"2)
;endif

Modular Arithm. Off SurfParamCurve (mirrorFunction(y, z

drawSurfParamCurves ("mirror”, “"colour:red")
Full Screen

;iterate y:-8:8:2, z:-8:8:2

mFyz = mi Function(y, z)
drawlLine3((20, y, z), (mFyz, vy, z), "colour:grey

Quick Plot... grad = (diff("mirrorFunction(y, z)", "y", y), di
tangentl 0

Programs

normal / mal) - normal

reflection = i nt + 2-normal real number

endpoint = (mFy. flection a'ns ta-b'Lr: b

drawLine3((mFyz, vy, end mirror set
senditerate

<

To showr/hide the left-most column of buttons, press F5.
To show both the Console and the Imaging/Variables column (as default), press F2.
To show only the Console, and not the Imaging/Variables columpress F3.

To show only the Imaging panel, and not the console or the variables panel, press F4.
To toggle fulkscreen mode on/off, press F11.

D>y > >

8/110



11 CT 3Ei ¢8m 50A080

Performing Calculations
Below the fundamental data types in AlgoSinare listed.

A Real/Complex Number s
2AAT 100 AROO AOA A1 OAOAA AO OOOAI h OOEiI Cc OEA DPAOE
tive real number, place theunary i ET O O -6prefig dperlor before the number, as in21. No-
OEAA OEAO OEA Ol-oc@U OERIOOA Of ®EBAOIOEAG AET AOU [ ET OO0

Complex numbers are constructed from real numbers by means of complex addition and multipl
cation, and the predefined constantQthe imaginary unit. For instancepne may write 5 + &i. Us-
ing the complex exponential function, complex numbers may also be entered in polar form:

o® Wi T 0 ¢ AP i

A Real/Complex Vectors
Vectors are entered using the pralefined vector creator circumfix operator , which canbe in-
serted by Ctrl+E (as in ector). For instance, 2,5, 2 or 5t'Q0, 5 . Vectors can be added, and
multiplied by a scalar. The scalar product may either be written6g) or 6 t 0 where 6 and U are
real or complex vectorsThe cross praluct is written 6 0.

A Real/Complex Matrices
Matrices are entered as vectors of vectors using the same operator, inserted using Ctrl+E Each
vector in the vector is arow in the matrix. For instance, the orthogonal projection on the plane
G Tinsa may be represented by the matrix 1,0,0, 0,1,0, 0,0,0 .Matrices can be
added, multiplied by a scalar, and matrices may be multiplied to each other. They may also be
raised to any integer power; a negative power indicates the computation of theverse matrix,
which commutes with and nonzero power of the matrix.In particular, to compute the inverse of
the matrix 0, simplywrite 6”(-1). A matrix may be multiplied with a vector from the rightz this is
very important because this may be considered a linear transformatioifOf course, the vector is
then considered to be a column matrix.JFor a real matrixd® (A asterisk) means the transpse,
and for a complex matrixd® means the Hermitian transpose, the adjoint matrix, or the conjugate
transpose. If you only wish to transpose a complex matrix, use the command transpose(A).

A Strings
A string is a piece of texg an array of Unicode charactersA string is represented by double
NOT OAORh OOAE /[stingOrakk beladdeditd efrh diterd ahd the product between a
natural number £ and a string is equal to the string plus itsel§ times.

A Sets
A set is a collection of other objects x OEOOAT a Ah Ah Ah 8h o xEAOA Ah
set. A set may contain any AlgoSim object except otheetsand sounds. The binary operators
(union), Z (intersection), » (set difference), and x (Cartesian product) are all fundamental sepe
erators. However, x only works for sets of numbers, because the elements in the Cartesiandsro
uct must be valid AlgoSim objed, and avectoris indeed a valid AlgoSim object.

A Pixmaps
A pixmap is a raster (bitmap) image, like an illustration, or a photograph of Albus Dumbledore.
Pixmaps may be saved as BMPNG (recommended), and PM files, and BMP, PNG, PM, and XBM
image files may be imported.
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A Sounds
A sound is a sampled waveform, likéhe ones found on audio compact discs. Sounds may be
saved as WAV (PCMiles, and such files may also be importedOrdered) sets (of real numbers),
such as the image of a function likém O E 10 may be converted to sounds, and played using the
computAO8 O OPAAEAOOS

A Tables
A table is a twedimensional array of strings, possiby with per-cell formatting.

A Logical Values (true or false)
Valid operators include™ ,” , X, and —.

A Structures (advanced)
Structures are objects that contain named members, eacti which has a value: either a number, a
string, a boolean, or another structureFor instance, thedate function returns a structure with
the membersyear, month , day, etc. To obtain the value of a particular member, use the colop-o
erator, as inGns:yead Custom structures can be created by means of ticeeateStruct function.

Keyboard Input

By now you have probably asked yourself how to enter characters that are not on your keyboard. Of

course you could use some standard method, such @sarmap, but this would be extremely tedious. &

OEAOR ET '1CIi3EIi OPAAEAI REDODAABKOEGT AOCKAATADA OAA ABU 7@
been input, followed by a noralphanumeric character (such as a space, a bracket, a comma, a coltm) e

it is replaced by the actual character. For instance, to enter, simpy OUB&T Bi 16 AO OEA Ai 1 O1 1.
a table ofall pre-defined codes

\c © \Gamma . \mu , \Upsilon ’
\r ® \delta . \Mu ) \phi }
\tm \Delta ’ \nu . \Phi )
\interrobang \epsilon _ \Nu ’ \chi _
\deg ° \Epsilon ’ \Xi , \Chi :
\alef \zeta s \Xi ° \psi .
\numero \Zeta h \omikron H \Psi '
\benzene \eta . \Omicron - \omega ~
\keyboard \Eta ~ \pi . \Omega '
\floralheart \theta ) \Pi N \OmegaPi

\h \Theta B \rho . \cdot

\hbar \iota . \Rho ' \times x
\alpha ‘ \lota - \sigma . \mult x
\Alpha 3 \kappa . \Sigma ’ \cross x
\beta . \Kappa N \tau R \minus

\Beta _ \lambda i \Tau h \forall

\gamma ] \Lambda ' \upsilon . \complement
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\partial
\exists
\nexists
\emptyset
\nabla

\in

\nin
\contains
\ncontains
\qed
\endofproof
\product
\sum
\plusminus %

\pm

I+

\minusplus
\mp
\setminus
\squareroot
\sqrt

\infinity

\inf
\proportionalto
\proportional
\prop
\rightangle
\angle
\parallelto
\parallel
\nparallelto
\nparallel
\and

\or

\xor

\not -

\intersection
\intersect
\isect

\union
\subset
\subseteq
\subsetneq
\superset
\superseteq
\supersetneq
\integral

\int

\iint

\iiint

\cint

\ciint

\ciiint
\therefore
\because

\assign

\definition
\def
\eqdef
\geq
\notequalto
\notequal
\ne

<>

1=

\leq

\le

\geq
\ge

>=
\muchlessthan
<<

\muchgreaterthan

>>
\cdots

\dots

\approx
\napprox
\approxeq
\approxlt
\approxgt
\permille

\R

\Q

\Z

\N

\C

\H

\leftarrow
\larr

\uparrow
\uarr
\rightarrow
\rarr
\downarrow
\darr
\leftrightarrow
\Irarr
\updownarrow
\udarr
\Leftarrow
\Larr

\Uparrow

11 Ci 3EI

\Uarr
\Rightarrow
\Rarr
\Downarrow
\Darr
\Leftrightarrow
\LRarr
\Updownarrow
\UDarr

\leftoverrightarrow

\lorarr
\leftoverrightharpoo
n
\lorhar
\mapsto
\to

->
\Ifloor
\If
\rfloor
\rf
\Iceil
\lc
\rceil
\rc
\dot
\ortho
\lvect
\lv
\rvect
\rv
\vect
\v

\uparr Q
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\ oplus W | = s

The symbolstAT A p AOA O ATii1T1T OEAO OEAU AAT AA AT OAOAA xE
this key once is inserted. Twice and x is inserted, and the third time * is inserted. In addition, the first

OEi A Ul O -&x&yAihina® EnfusGignz is inserted, and the second time thenary minus sign-
is inserted.

Furthermore, vectorbrackets  are inserted by Ctrl+E, sebrackets{} by Ctrl+S and intervalbrackets|]
with Ctrl+l. Ceiling brackets (round up)A [#re inserted by Ctrl+U, and floor brackets (round down} -by
Cur+D.4 EA A@gbi 1T A1 OEAOCEIT T DPAOAOI O » EO ET OAOOAA AU #0O0I ¢

Variables and Functions

Two very important concepts are thevariable and thefunction. To declare a variable named MyVar and

assign the value MyVal to it, simply write MyVah MyVal, suchasch 2tAn 8 EA A E AhGhA AEGA CETAOA OOA A
AU OUDPEIT ¢ 0Od, aoTo dellatela functior, usk the bingnp fénction creator operatom , which

takes a commaseparated string of independent variables (function arguments) and an expression (also a

string) in these variables, and assign the function toreidentifier. A function may accept any type of A

goSim variable, and may return a value of any type. The types need not be specified in advanced, and the

very same function may work with inputs of different types, as well as it may output data of different

types depending on the input. For instance,

doubl ex"tw"2 B%
double(100)

double( 3,) 1, 4
double( "test ")

willreturn 200, 6, 2, h 8AT A OOA 00 0O AledolioingiécteLaXubdiidh A itwo Bara-
bles:

The Exponentiation Operator

47 xOEOA OAOU 1 AOCA AT A OAOU Oi All 106i AAOOGR OEA Agpil
EAT AUs 4EA Agbi 1 ATl OEAGEITT 1 PAOAOTI O EO Al ET £E@ 1 PAOAC
instance, the restmass ofaA 1 AAOOT 1 EGo go8himdolEh viMAOO T £ OEA 0061 EO

Base-d Calculations

You can use the #infix operator to enter non-negative integers in any number base, such as binary (base

2), octal (base 8)and hexadecimal (base 16), rather than in démal (base 10), as usual. The bask digits

OO0AA AOA nmh ph ¢h oh th vh oh xh ¢h wh 'h "h #h 8h 8h
36. For example, 567#10, FF#16, 100042, 43HA2#20, and 43HA2#16 will return 567, 255, 8, 671)@&nd

OEA AOOI O | AQOAKEACE HA BAAGA 6 OOAA ET AAOA podh OAODPA
To write a given decimal number in bas&) notation, use the functiontoBaseN, which takes a non

negative integer and a base as arguments. For instance, toBaseN(255, 1) wi OAOOOT 0& &6 8

Aborting a Slow Procedure

Some calculations take very long time to complete, of course. You can abort the current computation by
DOAOGOET ¢ OEA O! AT O nismill $tadp échiréeat thiedd, sd yoddan ihput a new ao-
mand.
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The following screenshots illustrate how elementary calculations are performed in AlgoSirRefer to the
Reference section of this document for the details regarding each used function.
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