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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 wind, to locate its sources, 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 AlgoSim 

2.0, an advanced numerical mathematical software developed by Andreas Rejbrand. More information 

about the software is available at www.algosim.se. You show not be afraid of contacting the develop-

er/author  at andreas@rejbrand.se in case you have any questions or comments.

http://www.algosim.se/
mailto:andreas@rejbrand.se
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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 application. From the top to the bottom, these are 

Á Complex Mode 

If active (orange) AlgoSim will assume the user is working with the entire number system ᴇ ra-

ther than ᴙ. For the vast majority of cases, it does not matter whether Complex Mode is on or off ɀ 

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 no real number ὼ satisfying the 

equation ÓÉÎὼ ςȢ )Î #ÏÍÐÌÅØ -ÏÄÅȟ ÈÏ×ÅÖÅÒȟ ÁÒÃÓÉÎɉςɊ ×ÉÌÌ ÒÅÔÕÒÎ ρȢυχπχωφσςφχω Ϻ 

1.31695789692ẗi. 

 

Á Approximate Eq.  

If active (orange), very small numbers will be approximated by zero. In most cases this is desira-

ble. For ÉÎÓÔÁÎÃÅȟ ÉÎ !ÐÐÒÏØÉÍÁÔÅ %ÑȢ -ÏÄÅȟ ÓÉÎɉʌɊ Ѐ πȟ ×ÈÅÒÅÁÓ ÓÉÎɉʌɊ Ѐ -5.42101086243ẗ10^-20 

in normal mode, due to rounding errors. However, if you are working with very small numbers, 

ÓÕÃÈ ÁÓ ÔÈÅ ÅÌÅÍÅÎÔÁÒÙ ÃÈÁÒÇÅȟ ÔÈÅ ÅÌÅÃÔÒÏÎ ÍÁÓÓȟ ÏÒ 0ÌÁÎÃËȭÓ ÃÏÎÓÔÁÎÔȟ ÙÏÕ Íust not use this 

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

 

Á Num. Digits = N 

Click this button to set the number of digits that are displayed in outputs. The maximum number 

of digits is 18. 

 

Á Basis Vect. Notation 

If active (orange) the notation 

 

Ἥ

ὺ
ể
ὺ

 

will be used instead of ὺȟȣȟὺ  when it comes to vectors. 

 

Á 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 set, if this 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 

ȰÎÅ×ȱ ÅÌÅÍÅÎÔ ×ÉÌÌ ÎÏÔ ÂÅ ÁÄÄÅÄ ÔÏ ÔÈÅ ÓÅÔȢ )Æ ÔÈÅ ÏÐÔÉÏÎ ÉÓ ÏÆÆȟ ÎÏ ÓÕÃÈ ÃÏÎÔÒÏÌ ÉÓ ÐÅÒÆÏÒÍÅÄȟ ÓÏ Á 

set may very well contain the same element more than once. In most cases, when you work with 

sets as mathematical sets, you ɀ of course ɀ want to use this option. However, there are cases 

where this option needs to off. First, it does take quite some time to perform the check in large 

sets, so when working with huge sets (of points, for instance), you might want to disable this op-

tion. Also, if you have a set that you will use to draw a small number of points connected by 

straight lines, you might actually want the same element (point) to occur more than once. 

 

Á Modular Arithm. Off/ N 

Click this button to start counting modulo NȢ 4Ï ÄÉÓÁÂÌÅ ÔÈÅ ÏÐÔÉÏÎȟ ÃÌÉÃË ÔÈÅ ÂÕÔÔÏÎ ÁÎÄ ÅÎÔÅÒ ȰÏÆÆȱ 

rather than a positive integer. 

 

Á Full Screen 

If active (orange), the Main Window will occupy the entire computer screen, rather than just a 

window. In AlgoSim, entering full-screen is also possible by maximizing the Main Window. 
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Á Modular Messages 

If active (orange), error messages will not be printed out in the console (as normal output), but 

will rather be displayed in modal message boxes. 

 

Á 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 non-standard way of plotting 2D function 

graphs. It does not allow any fine control over the plotting process, but is very simple and conven-

ient to use. Feel free to use this function for quick plotting of simple graphs. 

 

Á Programs  

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

 

The largest panel in the Main Window is the Console. Here you enter commands and here the results are 

displayed. To the right there are two panels: Imaging and Variables. In Imaging graphical output is dis-

played, i.e. 2D spaces, 3D spaces, and bitmaps. In Variables all variables are displayed, together with their 

data types and (optional) descriptions. If you double-click somewhere in the list view of variables, the 

advanced variable manager window will appear. From this it is easy to search and export variables. 

 

 

 

Á To show/hide the left-most column of buttons, press F5. 

Á To show both the Console and the Imaging/Variables column (as default), press F2. 

Á To show only the Console, and not the Imaging/Variables column, press F3. 

Á To show only the Imaging panel, and not the console or the variables panel, press F4. 

Á To toggle full-screen mode on/off, press F11. 
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Performing Calculations  
Below the fundamental data types in AlgoSim are listed. 

Á Real/Complex Number s 

2ÅÁÌ ÎÕÍÂÅÒÓ ÁÒÅ ÅÎÔÅÒÅÄ ÁÓ ÕÓÕÁÌȟ ÕÓÉÎÇ ÔÈÅ ÐÅÒÉÏÄ ȰȢȱ ÁÓ ÔÈÅ ÄÅÃÉÍÁÌ ÓÅÐÁÒÁÔÏÒȢ 4Ï ×ÒÉÔÅ Á ÎÅÇa-

tive real number, place the unary  ÍÉÎÕÓ ÓÉÇÎ Ȱ-ȱ prefix operator before the number, as in -21. No-

ÔÉÃÅ ÔÈÁÔ ÔÈÅ ÕÎÁÒÙ ÍÉÎÕÓ ÏÐÅÒÁÔÏÒ Ȱ-ȱ ÉÓ ÓÈÏÒÔÅÒ ÔÈÁÎ ÔÈÅ ÂÉÎÁÒÙ ÍÉÎÕÓ ÏÐÅÒÁÔÏÒ ȰϺȱ. 

 

Complex numbers are constructed from real numbers by means of complex addition and multipli-

cation, and the predefined constant Ὥ, the imaginary unit. For instance, one may write 5 + 2ẗi. Us-

ing the complex exponential function, complex numbers may also be entered in polar form: 

φẗὩͮ τẗὭ  ÏÒ φẗÅØÐ τẗὭ). 

 

Á Real/Complex Vectors  

Vectors are entered using the pre-defined vector creator circumfix operator , which can be in-

serted by Ctrl+E (as in vector) . For instance, 2, 5, 2  or 5ẗὭ, 0, 5 . Vectors can be added, and 

multiplied by a scalar. The scalar product may either be written όȿὺ or όẗὺ where ό and ὺ are 

real or complex vectors. The cross product is written  ό ὺ. 

 

Á Real/Complex Matrices  

Matrices are entered as vectors of vectors using the same operator , inserted using Ctrl+E. Each 

vector in the vector is a row in the matrix. For instance, the orthogonal projection on the plane 

ᾀ π in ᴙ  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 the inverse matrix, 

which commutes with and non-zero power of the matrix. In particular, to compute the inverse of 

the matrix ὃ, simply write ὃ̂ ( -1). A matrix may be multiplied with a vector from the right ɀ this is 

very important because this may be considered a linear transformation. (Of course, the vector is 

then considered to be a column matrix.) For a real matrix ὃᶻ (A asterisk) means the transpose, 

and for a complex matrix ὃᶻ 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). 

 

Á Strings  

A string is a piece of text ɀ an array of Unicode characters. A string is represented by double 

ÑÕÏÔÅÓȟ ÓÕÃÈ ÁÓ Ȱ(ÅÌÌÏ 7ÏÒÌÄȦȱȢ Strings may be added to each other, and the product between a 

natural number ὲ and a string is equal to the string plus itself ὲ times. 

 

Á Sets 

A set is a collection of other objectsȟ ×ÒÉÔÔÅÎ ɑ Áȟ Âȟ Ãȟ ȣȟ ɒ ×ÈÅÒÅ Áȟ Âȟ Ãȟ ȣ ÁÒÅ ÔÈÅ ÍÅÍÂÅÒÓ ÏÆ ÔÈÅ 

set. A set may contain any AlgoSim object except other sets and sounds. The binary operators ᷾ 

(union), ž (intersection),  ʌ(set difference), and × (Cartesian product) are all fundamental set op-

erators. However, × only works for sets of numbers, because the elements in the Cartesian prod-

uct must be valid AlgoSim objects, and a vector is indeed a valid AlgoSim object. 

 

Á Pixmaps 

A pixmap is a raster (bitmap) image, like an illustration, or a photograph of Albus Dumbledore. 

Pixmaps may be saved as BMP, PNG (recommended), and PM files, and BMP, PNG, PM, and XBM 

image files may be imported. 
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Á Sounds 

A sound is a sampled waveform, like the ones found on audio compact discs.  Sounds may be 

saved as WAV (PCM) files, and such files may also be imported. (Ordered) sets (of real numbers), 

such as the image of a function like ὸm ÓÉÎ‫ὸ, may be converted to sounds, and played using the 

computÅÒȭÓ ÓÐÅÁËÅÒÓȢ 

 

Á Tables 

A table is a two-dimensional array of strings, possibly with per -cell formatting. 

 

Á Logical Values (true or false)  

Valid operators include ᷈ , ᷉ , ẍ, and ¬. 

 

Á Structures (advanced)  

Structures are objects that contain named members, each of which has a value: either a number, a 

string, a boolean, or another structure. For instance, the date function returns a structure with 

the members year , month , day, etc. To obtain the value of a particular member, use the colon op-

erator, as in Ȱans:yearȱ. Custom structures can be created by means of the createStruct  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 as charmap, but this would be extremely tedious. Ra-

ÔÈÅÒȟ ÉÎ !ÌÇÏ3ÉÍ ÓÐÅÃÉÁÌ ÃÈÁÒÁÃÔÅÒÓ ÁÒÅ ÅÎÔÅÒÅÄ ÂÙ ÔÙÐÉÎÇ Ȱ\ÃÈÒÎÁÍÅȱ ÉÎ ÔÈÅ ÃÏÎÓÏÌÅȢ 7ÈÅÎ ÓÕÃÈ Á ÃÏÄÅ ÈÁÓ 

been input, followed by a non-alphanumeric character (such as a space, a bracket, a comma, a colon, etc.) 

it is replaced by the actual character. For instance, to enter ᷾, simply ÔÙÐÅ Ȱ\ÕÎÉÏÎȱ ÁÔ ÔÈÅ ÃÏÎÓÏÌÅȢ "ÅÌÏ× ÉÓ 

a table of all pre-defined codes.

\c © 

\r ® 

\tm  

\interrobang  

\deg ° 

\alef  

\numero  

\benzene  

\keyboard  

\floralheart  

\h  

\hbar  

\alpha  ̜

\Alpha  ˽

\beta  ̝

\Beta  ˾

\gamma  ̞

\Gamma  ˿

\delta  ̟

\Delta  ̀

\epsilon  ̠

\Epsilon  ́

\zeta  ̡

\Zeta  ̂

\eta  ̢

\Eta  ̃

\theta  ̣

\Theta  ̄

\iota  ̤

\Iota  ̅

\kappa  ̥

\Kappa  ̆

\lambda  ̦

\Lambda  ̇

\mu  ̧

\Mu  ̈

\nu  ̨

\Nu  ̉

\xi  ̩

\Xi  ̊

\omikron  ̪

\Omicron  ̋

\pi  ̫

\Pi  ̌

\rho  ̬

\Rho  ̍

\sigma  ̮

\Sigma  ̎

\tau  ̯

\Tau  ̏

\upsilon  ̰

\Upsilon  ̐

\phi  ̱

\Phi  ̑

\chi  ̲

\Chi  ̒

\psi  ̳

\Psi  ̓

\omega  ̴

\Omega  ̔

\OmegaPi  ̀

\cdot  

\times × 

\mult × 

\cross × 

\minus  

\forall  

\complement  
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\partial  

\exists  

\nexists  

\emptyset  

\nabla  

\in  

\nin  

\contains  

\ncontains  

\qed  

\endofproof  

\product  

\sum  

\plusminus ± 

\pm ± 

\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  

\qeq  

\notequalto  

\notequal  

\ne  

<>  

!=  

\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  

\lrarr  

\updownarrow  

\udarr  

\Leftarrow  

\Larr  

\Uparrow  

\Uarr  

\Rightarrow  

\Rarr  

\Downarrow  

\Darr  

\Leftrightarrow  

\LRarr  

\Updownarrow  

\UDarr  

\leftoverrightarrow

  

\lorarr  

\leftoverrightharpoo

n  

\lorhar  

\mapsto  

\to  

->  

\lfloor  

\lf  

\rfloor  

\rf  

\lceil  

\lc  

\rceil  

\rc  

\dot  

\ortho  

\lvect  

\lv  

\rvect  

\rv  

\vect  

\v  

\uparr Ὠ 



!ÌÇÏ3ÉÍ ςȢπ 5ÓÅÒȭÓ 'ÕÉÄÅ 

12/ 110 

\ oplus  ₩ =:  ‡

 

The symbols ẗ ÁÎÄ ϼ ÁÒÅ ÓÏ ÃÏÍÍÏÎ ÔÈÁÔ ÔÈÅÙ ÃÁÎ ÂÅ ÅÎÔÅÒÅÄ ×ÉÔÈ ÔÈÅ Ȱɕȱ ËÅÙ ÏÎ ÔÈÅ ËÅÙÂÏÁÒÄȢ )Æ ÙÏÕ ÐÒÅÓÓ 

this key once, ẗ is inserted. Twice and × is inserted, and the third time * is inserted. In addition, the first 

ÔÉÍÅ ÙÏÕ ÐÒÅÓÓ ÔÈÅ Ȱ-ȱ key, the binary  minus sign ɀ is inserted, and the second time the unary  minus sign - 

is inserted. 

Furthermore, vector brackets  are inserted by Ctrl+E, set brackets {} by Ctrl+S and interval brackets [] 

with Ctrl+I. Ceiling brackets (round up) ∆∏ are inserted by Ctrl+U, and floor brackets (round down) ∑− by 

Ctrl+D. 4ÈÅ ÅØÐÏÎÅÎÔÉÁÔÉÏÎ ÏÐÅÒÁÔÏÒ ᴻ ÉÓ ÉÎÓÅÒÔÅÄ ÂÙ #ÔÒÌϹ2Ȣ 

Variables and  Functions  

Two very important concepts are the variable and the function. To declare a variable named MyVar and 

assign the value MyVal to it, simply write MyVar ḧ  MyVal, such as ◖ ḧ 2ẗ ʌȢ 4ÈÅ ÃÈÁÒÁÃÔÅÒ Ȱḧȱ ÉÓ ÉÎÓÅÒÔÅÄ 

ÂÙ ÔÙÐÉÎÇ Ȱȡȱ ÆÏÌÌÏ×ÅÄ ÂÙ ȰЀȱȢ To declare a function, use the binary function creator operator m , which 

takes a comma-separated string of independent variables (function arguments) and an expression (also a 

string) in these variables, and assign the function to an identifier. A function may accept any type of Al-

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, 

double † " x"  ώ " 2₿x"  

double(100)  

double( 3, 1, 4)  

double( " test " )  

 

will return 200, 6, 2, 8ȟ ÁÎÄ ȰÔÅÓÔÔÅÓÔȱȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ The following declares a function in two varia-

bles: 

f † "x, y" ώ "3₿x + 5₿y" 

 

The Exponentiation Operator  

4Ï ×ÒÉÔÅ ÖÅÒÙ ÌÁÒÇÅ ÁÎÄ ÖÅÒÙ ÓÍÁÌÌ ÎÕÍÂÅÒÓȟ ÔÈÅ ÅØÐÏÎÅÎÔÉÁÔÉÏÎ ÏÐÅÒÁÔÏÒ ᴻ ɉÉÎÓÅÒÔÅÄ ÂÙ #ÔÒÌϹ2Ɋ ÉÓ ÖÅÒÙ 

ÈÁÎÄÙȢ 4ÈÅ ÅØÐÏÎÅÎÔÉÁÔÉÏÎ ÏÐÅÒÁÔÏÒ ÉÓ ÁÎ ÉÎÆÉØ ÏÐÅÒÁÔÏÒȟ ÁÎÄ ÁᴻÂ ÉÓ ÅØÁÃÔÌÙ ÅÑÕÉÖÁÌÅÎÔ ÔÏ ÁẗρπͮɉÂɊȢ &ÏÒ 

instance, the rest mass of an ÅÌÅÃÔÒÏÎ ÉÓ ωȢρπωσψςρυᴻ-σρ ÁÎÄ ÔÈÅ ÍÁÓÓ ÏÆ ÔÈÅ ÓÕÎ ÉÓ ρȢωψωρᴻσπȢ 

Base-╝ 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 decimal (base 10), as usual. The base-ὔ digits 

ÕÓÅÄ ÁÒÅ πȟ ρȟ ςȟ σȟ τȟ υȟ φȟ χȟ ψȟ ωȟ !ȟ "ȟ #ȟ ȣȟ 8ȟ 9ȟ :Ȣ (ÅÎÃÅ ÙÏÕ ÃÁÎ ÏÎÌÙ ×ÏÒË ×ÉÔÈ ÂÁÓÅÓ ÌÅÓÓ ÔÈÁÎ ÏÒ ÅÑÕÁÌ ÔÏ 

36. For example, 567#10, FF#16, 1000#2, 43HA2#20, and 43HA2#16 will return 567, 255, 8, 671002, and 

ÔÈÅ ÅÒÒÏÒ ÍÅÓÓÁÇÅ Ȱ4ÈÅ ÂÁÓÅ-. ÄÉÇÉÔ ( ÉÓ ÎÏÔ ÕÓÅÄ ÉÎ ÂÁÓÅ ρφȱȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

To write a given decimal number in base-ὔ notation, use the function toBaseN, which takes a non-

negative integer and a base as arguments. For instance, toBaseN(255, 16) wiÌÌ ÒÅÔÕÒÎ Ȱ&&ȱȢ 

Aborting a Slow Procedure  

Some calculations take very long time to complete, of course. You can abort the current computation by 

ÐÒÅÓÓÉÎÇ ÔÈÅ Ȱ!ÂÏÒÔ #ÏÍÐÕÔÁÔÉÏÎȱ ÂÕÔÔÏÎ. This will stop the current thread, so you can input a new com-

mand. 
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The following screenshots illustrate how elementary calculations are performed in AlgoSim. Refer to the 

Reference section of this document for the details regarding each used function. 
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!ÕÔÏÍÁÔÉÃ Ȱ!ÎÓȱ !ÒÇÕÍÅÎÔ (AAA)  

Some AlgoSim functions require no argument, such as date, time , and exit . But in AlgoSim, all functions 

must be called with a list of arguments, to differentiate functions from variables. Hence ɀ in principle ɀ one 

must add a dummy argument when calling such functions, as in 

date(0)  

 

However, this is a bit tedious. To overcome this problem, AlgoSim will automatically add the argument 

ȰÁÎÓȱ ÔÏ ÁÌÌ Ȱsimpleȱ ɉÓÅÅ Ȱ4ÅÃÈÎÉÃÁÌÌÙȱ ÂÅÌÏ×Ɋ function calls lacking argument. Thus you may write simply 

date  

 

The fact that ans is added, and not (for instance) 0, also makes it possible to apply a function to the latest 

output without adding any arguments at all, as in the following examples. 

 

 

Technically, if the command entered in the console 

Á is a valid identifier, and 

Á is not equal to the identifier (name) of a previously declared variable, 

then 

Á ÔÈÅ ÓÔÒÉÎÇ ȰɉÁÎÓɊȱ ×ÉÌÌ ÂÅ appended to the command, before it is executed by the kernel. 
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The Semicolon Operator  

In AlgoSim, the semicolon is a binary infix operator that returns ÔÈÅ ÌÁÓÔ ÏÐÅÒÁÎÄȢ &ÏÒ ÉÎÓÔÁÎÃÅȟ ȰυȠ φȠ ςȠ σȱ 

will return 3. This makes the operator ideal for evaluating several expressions on a single line. For in-

stance, 

a † 1; b † 2; c † 3 

 

will assign three variables on a single line of code. 
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Visualisation  
The perhaps most important feature of AlgoSim is its advanced capabilities when it comes to visualisation 

of data. In this section we will discuss all major approaches of two- and three-dimensional visualisation. 

The general idea is first to create a set, and then draw it. This separation in two steps makes the visualisa-

tion capabilities much more powerful, as a set may be drawn using the same methods independently on 

how the set was created. 

2D graphs 

A 2D graph is a set ὼȟώᶰᴙȡ  ώ Ὢὼȟὼɴ Ὀ  associated with a function Ὢ in a domain Ὀ. The graph 

is created by createGraph  and is drawn by, for instance, drawSet . For example, 

graph † createGraph(" sin(x) " , " x" , [ - 10, 10, 0.001])  

 

creates the graph of the function ὼm ÓÉÎὼ where ὼɴ ρπȟρπ. Because a set (in the computerȭÓ memory) 

cannot contain an infinite number of points, we must specify the resolution of the points in ρπȟρπ. In 

this case we choose 0.001 so that the domain becomes 

{ -10, -9.999, -9.998, -9.997, -9.996, -9.995, -ωȢωωτȟ ȣ }. 

In general, when it comes to simple curves, 0.001 is a good resolution. 

Now graph  is the graph of the sine curve in this interval. This set can be drawn by 

drawSet( " graph " )  

 

To make things a bit more interesting, we can also draw the axes, by using drawAxes(0) . We can also 

write  

drawSet( " graph " , " colour:red " )  

 

(instead of the line above) to let the graph be red. The result is shown in the screenshot below. 
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Notice that the coordinates of the cursor are shown in the orange panel. You can use the mouse (drag) to 

move the plane and you can use the scroll wheel to zoom in or out, indefinitely. If you zoom in enough, 

however, you will notice that the resolution 0.001 will become insufficient to make a solid curve. This can 

be compensated by using a higher resolution, or by using drawLines  instead of drawSet . drawLines 

works exactly like drawSet, except that straight lines are drawn connecting the discrete points in the set. 

In fact, it is good practice always to use drawLines instead of drawSet, because you then can lower the 

resolution (and hence making the computation must less intensive), often without any noticeable effect. 

2D parametrised curves  

Of course not all 2D curves can be written in the form ώ Ὢὼ. Rather, a general planar curve is the im-

age of a parametrisation function ὸm Ὂὸ ὼὸȟώὸ  in a domain Ὀᶳὸ. In other words, the curve is 

ὊὈ . In AlgoSim, the image of a set under a function is created by the extremely fundamental function 

createImage . The output of this function is ɀ of course ɀ a set and may be rendered using either drawSet 

or drawLines. As an example, let us draw the unit circle. 

clearView(0)  

circle † createImage(" sin(̻), cos(̻)" , " "̻ , [0, 2₿̓, 0.001]) 

drawLines( " circle " )  

 

A slightly more interesting example is the Euler spiral. 
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clearView(0)  

spiral † createImage(" FresnelC(t), FresnelS(t)" , " t " , [ - 10, 

10, 0.02])  

drawLines( " spiral " )  

 

 

Coloured Sets 

Now is the time to wonder if it is possible to create sets where each pixel has its own colour. This is very 

straight-forward in AlgoSim: to create a planar, coloured, curve, simply create a set  ὼȟώȟὧ  instead of a 

set  ὼȟώ  where ὧ is a colour code. To create a colour code, use the rgb  or hsv functions, which take the 

three RGB or HSV coordinates of the colour as arguments, respectively. Coloured sets are drawn with the 

functions drawColouredSet  and drawColouredLines , as one might expect. 

For example, let us create a coloured sine curve, where the hue of the pixel colour is a function of the x-

coordinate: 

sine † createImage(" x, sin(x), hsv(10₿x, 1, 1)" , " x" , [ - 10, 

10, 0.001]  

drawColouredLines( " sine " )  
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Or why not draw a thick, coloured unit circle? 

circle † createImage(" sin(̻), cos(̻), hsv(360₿̻/(2₿̓)), 1, 1" , 

" "̻ , [0, 2₿̓, 0.01])  

drawColouredLines( " circle " , " width: 24" )  

 

 

That was fun. 



!ÌÇÏ3ÉÍ ςȢπ 5ÓÅÒȭÓ 'ÕÉÄÅ 

 25/ 110 

3D surfaces 

A 3D graph is a set ὼȟώȟᾀᶰᴙȡ  ᾀ ὪὼȟώȟὼȟώᶰὈ  associated with a function Ὢ in a domain Ὀ. 

The graph is created by createGraph3  and is drawn by, for instance, drawSet3 . For example, 

sine † createGraph3(" sin(sqrt(x^2+y^2)) " , " x, y " , [ - 10, 10, 

0.1]^2)  

drawAxes3(0)  

drawSet3( " sine " )  

 

Of course drawSet3 could also be instructed to use a specific colour, point size, etc, as in the two-

dimensional case with drawSet. Also, a more general surface can be obtained by createImage instead of 

createGraph3. 

 

As you can see, even though the surface contains 40 000 points (try  

contents(sine)  
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ÔÏ ÓÅÅ ÔÈÉÓɊȟ ÉÔ ÌÏÏËÓ ÈÉÇÈÌÙ ȣ ȰÈÏÌÌÏ×ȱȢ  "ÕÔ ÅÖÅÎ ×ÏÒÓÅȟ ÉÆ ×Å ÉÎÃÒÅÁÓÅ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÐÏÉÎÔÓ ÓÏ ÔÈÁÔ ÉÔ ×ÉÌÌ 

become opaque at this magnification, the computation will  not only take too long time to complete, but the 

entire surface will  become white! We will only see the silhouette of the surface. A much better approach is 

to draw only the parameter curves of the surface. To this end, we change the domain from the filled 

square ρπȟρπ in the parameter plane to a netȢ 4ÈÉÓ ÉÓ ÑÕÉÔÅ ÃÌÅÖÅÒȟ ÉÓÎȭÔ ÉÔȩ 

clear View3(0)  

net † createNet(- 10, 10, 0.01, 1, - 10, 10, 0.01, 1)  

sine † createGraph3(" sin(sqrt(x^2+y^2)) " , " x, y " , net)  

drawAxes3(0)  

drawSet3( " sine " )  

 

The result looks much betterȟ ÄÏÎȭÔ ÙÏÕ ÔÈÉÎËȩ 

 

But, as you might have noticed, it took quite some time to compute the surface. And no wonder: 

contents(sine)  
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ÒÅÔÕÒÎÓ Ȱψτπτς ÒÅÁÌ ÖÅÃÔÏÒɉÓɊȱȢ The procedure would be much faster if we only computed the value of the 

function at some points, and then connected the parameter curves with straight lines (cf. drawSet vs. 

drawLines). 

In AlgoSim, the way of drawing the parameter curves of a surface is to use the special functions create-

SurfParamCurves  and drawSurfParamCurves . As an example: 

clearView3(0)  

sine † createSurfParamCurves(" x, y, sin(sqrt(x^2+y^2))" , " x, 

y" , - 10, 10, - 10, 10)  

drawAxes3(0)  

drawSurfParamCurves( " sine " )  
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This looks really good, and it was fast. Of course, there are also functions drawColouredSet3  and dra w-

ColouredSurfParamCurves . To use this, simply let create a set of four-dimensional vectors, the fourth 

component being the colour code of each pixel. 

clearView3(0)  

sine † createSurfParamCurves(" x, y, sin(sqrt(x^2+y^2)), 

hsv(180₿sin(sqrt(x^2+y^2)), 1, 1)" , " x, y " , - 10, 10, 

- 10, 1 0)  

drawAxes3(0)  

drawSurfParamCurves( " sine " )  

 

 

As an example of a 3D surface that is not a graph, we give the Möbius strip. 

clearView3(1)  

Möbius † createSurfParamCurves("5₿ (1 + 

0.5₿v₿cos(0.5₿u))₿cos(u), (1 + 
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0.5₿v₿cos(0.5₿u))₿sin(u), 0.5₿v₿sin(0.5₿u) ", "u, v", 

0, 2₿̓, ̓/36, ̓/12, - 1, 1.01, 0.05, 0.1)  

drawSurfParamCurves("Möbius")  

 

 

3D curves 

3D curves are not graphs, of course. Hence a three-dimensional curve must be given by parametrisation, 

i.e. the curve is the image of a one-dimensional domain under a three-dimensional, vector-valued, func-

tion. As an example, consider the circular helix. 

clearView3(0)  

helix † createImage(" 4₿cos(͉), 4₿sin(͉), ͉/2 ", "͉", [- 50, 50, 

0.01])  

drawAxes3(0)  

drawLines3("helix")  
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To make this a bit more interesting, we add some fuzz and colour. 

clearView3(0)  

helix † createImage(" 4₿cos(͉) + randomReal(1), 4₿sin(͉) + 

randomReal(1), ͉/2 + randomReal(1) , hsv(10₿,͉ 1, 

1) ", "͉", [- 50, 50, 0.01])  

drawAxes3(0)  

draw Coloured Lines3("helix")  
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Implicit Sets  

Some sets cannot even be parametrised. But even so, AlgoSim is able to create them. Implicit plotting 

means that you create a set of all points that satisfy a condition, usually an equation or inequality, in the 

spatial coordinates. Say you want to plot 

Ὓ ὼȟώᶰᴙȡÁÒÃÃÏÔÈὼώ ÓÉÎὼ ώ Ȣ 

This set is not possible to parameterise using any functions of self-respect. But AlgoSim can use a brute-

force iteration over a given rectangle in ᴙ   and using a given resolution, to find points in Ὓ. The function 

we need is createSet. Let us try this. 

clearView(0)  

S † createSet("arccoth(x₿y) < sin(x+y)") 

drawSet( " S" )  
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Non-Cartesian Coordinate Systems  

AlgoSim can also visualise data using non-Cartesian coordinate systems.  The procedure is rather simple. 

First create a set of points in the coordinate system of your choice, for instance a set of points ὶȟ‰  in 

polar coordinates. Then transform this set to the corresponding set of Cartesian coordinates, and then plot 

it. 

As an illustration , we can draw an Archimedean spiral ὶ ‰Ⱦτ in plane polar coordinates. 

clearView(0)  

spiral † createImage("/͗4 , ͗ ", " "͗, [0, 8₿̓, 0.001]) 

spiral † polarCoords(spiral) 

drawAxes(0)  

drawLines("spiral" , "colour:orange" )  
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A slightly more appealing curve is the Butterfly curve 

ὶ Ὡ ςÃÏÓτ— ÓÉÎ
ρ

ςτ
ς— “ Ȣ 

Let us render it. 

clearView(0)  

set † polarCoords(createImage(" exp(sin(̻)) ΅ 2₿cos(4₿̻) + 

sin((2₿̻ ΅ ̓)/24)^5, ̻ ", "̻", [0, 100, 0.01])) 

drawLines("set")  
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Thus, polarCoords  takes care of planar polar coordinates. But we also have cylindricalCoords  and 

sphericalCoords  that take care of three-dimensional cylindrical and spherical coordinates, respectively. 

Hence, an easy way to draw a cylinder of radius 4 (say) is to create a part of the ὶ τ plane in ὶȟ‰ȟᾀ 

space and then transform it to a cylinder in Cartesian ὼȟώȟᾀ space, as illustrated below. 

cylinder † createImage(" 4, r_1, r_2 ", "r", [0, 2₿̓, 0.1]×[- 5, 

5, 0.1])  

cylinder † cylindricalCoords(cylinder )  

drawSet3("cylinder")  

Complex Visualisation  

Visualisation in ᴇ is done by creating a set in ᴇ and then use complexCoords  to transform the set to ᴙ . 

As an example of this procedure, we will use a conformal mapping, more precisely a Möbius mapping. 

First we create an interesting set in ᴇ. Let us create a few circles and a line. 
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circle1 † createImage("4 + 2₿i + exp(i₿͉)", "͉", [0, 2₿̓, 

0.001])  

circle2 † createImage("- 3 ΅ 5₿i + 2₿exp(i₿͉)", "͉", [0, 2₿̓, 

0.001])  

circle3 † createImage("4₿exp(i₿͉)", "͉", [0, 2₿̓, 0.001]) 

line † createImage("1΅2₿i + t₿(1+i)", "t", [- 10, 10, 0.001])  

set † circle1   circle2   circle3   line 

 

Now we want to see how the set looks. To this end we write 

clearView(0)  

setR2 † complexCoords(set) 

drawAxes(0)  

drawSet("setR2")  

 

 

We consider the Möbius transformation 

ᾀm
ςᾀ Ὥ

Ὥᾀσ Ὥ
ȟ 

and implement it as 
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Möbius † "z" ώ "(2₿z + i)/(i₿z ΅ 3 + i)" 

 

Now we transform set. 

image † createImage("Möbius(z)", "z", set) 

 

Finally we look at the result. 

imageR2 † complexCoords(image) 

drawSet("imageR2", "colour:red")  

 

 

As we would expect, the four ᴇ-circles are mapped to four other ᴇ-circles (although one of the circles is 

very small, near the point Ὥ). In fact you can easily determine which circle the straight line was mapped 

to. (How?) 

Coloured Planes 

We end this chapter by describing an alternative to 3D graphs ᾀ Ὢὼȟώ. Instead of such a graph, Ὢ may 

be visualised by colouring each pixel ὼȟώ according to the value Ὢὼȟώ at that pixel. To accomplish this 

we only need to find a mapping from Ὢὼȟώ to a colour code, but this we have done before. The relevant 

AlgoSim functions are createColouredPlane  and drawColouredPlane . To illustrate these, we will con-

sider the problem of superposition of two idealised, circular water waves. Mathematically the waves are 
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͋ † "r" ώ "sin(4₿norm( 2, 2  ΅ r))/6" 

̩ † "r" ώ "sin(4₿norm( 0, 0  ΅ r))/6" 

 

and the superposition is 

S † "r" ώ "͋(r) + ̩(r)" 

 

We could visualise this using a graph; to compare the two methods, we will do this as well. Hence we type 

set † createSurfParamCurves(" x, y, S( x, y ), hsv(90 ΅ 

270₿S( x, y ), 1, 1) ", "x, y", - 10, 10, - 10, 10)  

drawColouredSurfParamCurves("set")  

 

 

We now try to produce a coloured plane instead. 
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set2 † createColouredPlane("hsv(90 ΅ 270₿S( x, y ), 1, 1)", - 10, 

10, 0.1, - 10, 10, 0.1)  

drawColouredPlane("set2")  

 

 

The Beauty of the Two -Step Approach 

By now the reader is acquainted with the way visualisation is performed in AlgoSim: one first creates a 

set, and then one draws it. One of the major benefits of this two-step approach is that we can create a set, 

and then transform it using whatever algorithm we want, and then draw the result, in precisely the same 

way as if we had not transformed the set at all. We will now give a couple of examples of this. 

First: let us draw a sine curve in space. 

sine † createImage(" x, 0, 3₿sin(x) ", "x", [- 10, 10, 0.001])  

 

This is a sine curve in the plane ώ π. Assume we want to rotate the curve, so it is contained in the plane 

ώ ᾀ π instead. This is done by applying the linear transformation 
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ὃ

ρ π π

π ρЍςϳ ρЍςϳ

π ρЍςϳ ρЍςϳ

Ȣ 

And so we do: 

A † 1, 0,0 , 0, 1/sqrt(2), - 1/sqrt(2) , 0, 1/sqrt(2), 

1/sqrt(2) 

sine2 † createImage("A₿v", "v", sine) 

defView3(0)  

drawLines3("sine2")  

 

 

As our second example, we consider the orthogonal projection 

ὃ
ρ π π
π ρ π
π π π

Ȣ 
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We will draw a few spheres and then project them: 

paramNet † createNet(0, ̓, 0.001, ̓/6, 0, 2₿̓, 0.001, ̓/6) 

sphere † "r, ̻, ͉" ώ " r₿sin(̻)₿cos(͉), r₿sin(̻)₿sin(͉), 

r₿cos(̻) " 

S1 † createImage("sphere(2, r_1, r_2) + 3, 3, 3 ", "r", 

paramNet)  

S2 † createImage("sphere(3, r_1, r_2) + 1, - 4, 4.3 ", "r", 

paramNet)  

S3 † createImage("sphere(1, r_1, r_2) + 6, 6, 3 ", "r", 

paramNet)  

spheres † S1   S2   S3 

shadows † createImage("A₿v", "v", spheres)  

defView3(0)  

drawSet3("spheres")  

drawSet3("shadows", "colour:grey")  
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Final Words on Visualisation  

As you have seen in the examples, clearView (0) is used to remove all drawings from the 2D visualisation 

window, and clearView3 (0) does the same on the 3D visualisation window. Slightly more sophisticated is 

defView (0) that first clears the 2D visualisation window, and then resets its initial range (i.e. ρπȟρπ) 

and draws the axes. defView3 (0) does the same thing on the 3D visualisation window. Yet another useful 

function is undo (0) which removes the most recently added object in the 2D window, and ɀ of course ɀ 

there is an undo3 (0) function as well. You might also be interested in the remov eDrawing , r e-

moveDrawing3 , redraw , and redraw3  functions. Please see the reference section in this document for 

their full documentation. 

By now you might be wondering how you can export an image rendered in AlgoSim. Actually, you should 

be wondering! After all, what fun is there to produce magnificent artwork, if you cannot share it? (Well, it 

is fun, but it is even more fun to share.) If you want to save the current 2D visualisation image, simply 

write  

saveViewAsBitmap(fn)  

 

×ÈÅÒÅ ȰÆÎȱ ÉÓ ÔÈÅ ÆÉÌÅ ÎÁÍÅ ÏÆ Ôhe output. You can save images in the 24-bit Windows Bitmap (BMP), Port-

able Network Graphics (PNG), and AlgoSim Pixmap (ASD) formats. In almost all cases, PNG is the best 

format, for PNG uses a highly efficient, but lossless, compression, and is supported on all computer plat-

forms. The image is saved in the format indicated by the file suffix (*.bmp, *.png, or *.asd, respectively). 

For instance, 

saveViewAsBitmap("C: \ Users \ Andreas Rejbrand \ Pictures \ image. png " )  

 

)Æ ÙÏÕ ×ÁÎÔ ÔÏ ÕÓÅ Á 7ÉÎÄÏ×Ó Ȱ3ÁÖÅ !Óȱ ÄÉÁÌÏÇ Âox instead of entering the file name in the console, use 

saveViewAsBitmap(fileSaveDialog(1))  

 

The resulting image will have the width and height of the 2D visualisation window. Because 

BMP/PNG/ASD is a raster graphics format (not vector graphics), you will not be able to scale the image. 

To resolve this, at least to some degree, you can specify the width and height of the output bitmap image: 

saveViewAsBitmap(fn, width, height)  

 

as in 

saveViewAsBitmap("C: \ Users \ Andreas Rejbrand \ Pictures \ image. png ", 

1680, 1680 )  

 

To save the current 3D image, simply use saveViewAsBitmap3  instead of saveViewAsBitmap; these func-

tions work exactly the same. 

You might also want to get an AlgoSim pixmap object with the image of the 2D/3D visualisation window. 

To get such an object, use getViewAsBitmap(0)  or getViewAsBitmap(w, h)  in the 2D case, and 

getViewAsBitmap3(0)  or getViewAsBitmap3(w, h)  in the 3D case. An algosim pixmap may be saved as 

a BMP file by means of savePixmapToFile(fn) . 

This concludes the chapter on graphical visualisation. 
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Physical Simulations  
In AlgoSim, it is possible to specify a vector field, and simulate particle motion in it. There are two ways to 

do this: 

Á A force-field.  The acceleration of the particle is a function of its spatial position. 

Á A flow.  The velocity of the particle is a function of its spatial position. 

Force Fields 

We begin to investigate force-fields. First of all, it might be nice to be able to visualise the field itself. This 

is done by plotting vectors at a discrete grid of points. Formally, a vector field in ὲ dimensions is a set of 

ςὲ-dimensional vectors, the first ὲ ÃÏÍÐÏÎÅÎÔÓ ÏÆ ÅÁÃÈ ÉÓ ÔÈÅ ÖÅÃÔÏÒȭÓ ÐÏÓÉÔÉÏÎȟ ÔÈÅ ÌÁÓÔ ὲ components 

being the vector itself. For instance, if the value of the vector field is ρȟς at the point υȟυᶰᴙ , then the 

vector ρȟςȟυȟυ is one of the members of the vector field set. Vector fields are created by createVecto r-

Field  and drawn by drawVectorField . 

We use a simple constant vector field as a first example; you might think of it as gravity or the electric field 

between two planar conductors hold at different voltages. 

vfield † createVectorField(" 0, - 1 ", "x, y", [- 10, 10]^2)  

drawVectorField("vfield" , "colour:#333333")  

 

Let us now simulate a ball in this field. The relevant function is computeParticleTrajectory . It takes the 

initial position and velocity of the ball as arguments, as well as the initial and final times, and the temporal 

resolution of the numerical integration. As an example, 

traj † computeParticleTrajectory(" 0, - 1 ", "r", - 8, 8 , 1, 

0 , 0, 100, 0.001) 

drawSet("traj")  

 

would draw the trajectory. However, to make things a bit more interesting, we can make the ball bounce 

when it hits the edges of the visualisation window, i.e. the box ρπȟρπ. We choose to let the ball retain 

80 % of its speed1 at each bounce. 

undo(0)  

traj † computeParticleTrajectory(" 0, - 1 ", "r", - 8, 8 , 1, 

0 , 0, 100, 0.001, - 10, 10, - 10, 10 , 0.8) 

drawSet("tra j")  

 

The output of this is shown below. 

                                                                    
1 Hence the ball retains 64 % of its kinetic energy. 



!ÌÇÏ3ÉÍ ςȢπ 5ÓÅÒȭÓ 'ÕÉÄÅ 

 43/ 110 

 

We can also animate the motion of the ball. 

animateTrajectory("traj", 70, false)  

 

The second argument is the speed of the animations (steps per frame), while the third argument will make 

the ball leave a trace if set to true. Unfortunately, however, due to technical limitations in the contempo-

rary art of printing, I am not able to display the animation on this page. 

Flows 

Flows work the same way as force-fields. The only exception is the integration: in a flow, the velocity of the 

particle is a function of its position. The new function computeFlowTrajectory  replaces computeParti-

cleTrajectory. Of course, computeFlowTrajectory will not need an initial velocity. As an example, we con-

sider a model of an oscillating chemical reaction. The ὼ- and ώ-axes are the concentrations of the two ma-

jor compounds. 

a † 2 

b † 3.001 
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clearView(1)  

setView( - 1/3, 4.5, - 1/3, 4.5)  

 

vectorField † createVectorField(" 1 + a₿x^2₿y ΅ b₿x΅x, - a₿x^2₿y 

+ b₿x ", "x, y", [0, 10, 0.25]^2) 

drawVectorField("vectorField", "colour:#333333")  

drawAxes(1)  

 

flow † computeFlowTrajectory(" 1 + a₿r_1^2₿r_2 ΅ b₿r_1 ΅ r_1, -

a₿r_1^2₿r_2 + b₿r_1 ", "r", 1, 4 , 0, 100, 0.01) 

drawLines("flow", "colour:gold")  

 

 

Of course this trajectory can be animated as well. (Try to play with ὥ and ὦ.)
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Auditory Visualisation  
In AlgoSim, you can also visualise data by means of waveform audio. AlgoSim can import and export WAV 

0#- ÆÉÌÅÓ ɉɕȢ×ÁÖɊȟ ÁÎÄ ÓÅÎÄ ×ÁÖÅÆÏÒÍ ÄÁÔÁ ÔÏ ÔÈÅ ÃÏÍÐÕÔÅÒȭÓ ÓÐÅÁËÅÒÓȢ ! ÓÏÕÎÄ És implemented as an own 

data type, but to create and edit waveform audio, column matrices are used. Hence you have to convert 

between column matrices and sounds. sndMatrixToSound  takes one column matrix and a sample rate, 

and return a sound object. sndGetSamples , on the other hand, takes a sound and returns the column ma-

trix.  As a first example, we generate a 2 s 400 Hz sine tone with a sampling frequency of 4 000 Hz. 

̀ † 400 

͌ † 2₿̓₿̀ 

A † 2^31 

snd † createImage("A₿sin(͌₿t)", "t", [0, 2, 1/4000])  

snd † sndMatrixToSound(setToMat(snd), 40 00)  

 

A more interesting example: 

̀ † 400 

͌ † 2₿̓₿̀ 

A † 2^31 

snd † createImage("A₿sin(͌₿(sin(t)₿t))", "t", [0, 4₿̓, 1/10000 ])  

snd † sndMatrixToSound(setToMat(snd), 10000) 

 

A faster way of creating a pure sine tone is to use the createSineTone  function. The tone above may for 

instance be created by 

createSineTone(400, 2)  

 

This way it is very easy to study, for instance, beat. Try 

s1 † createSineTone(400, 2) 

s2 † createSineTone(401, 2) 

s † sndSuperpose(s1, s2) 

 

where the function of sndSuperpose  ought to be obvious. 

MIDI Functions  

You can produce MIDI sounds, i.e. the sounds of 128 pre-defined musical instruments. This is very fun. To 

play a note, use note . The first argument is an integer in πȟρςχ and defines the note (~the frequency) of 

the note, while the second (optional) argument, also an integer in the same interval, determines the veloc-

ity (the volume, the intensity of the sound produced by the speakers). For some instruments, e.g. piano, 

this produce a tone with a small duration in time. Some instruments, however, will continue to produce 

the tone until you send the command noteOff  using the same arguments. To set the instrument, use 

changeInstrument , the first argument of which ɀ ÙÅÓȟ ÔÈÁÔȭÓ ÒÉÇÈÔ ɀ is an integer in πȟρςχ. The default 

ÉÎÓÔÒÕÍÅÎÔȟ ×ÉÔÈ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ πȟ ÉÓ Ȱ'ÒÁÎÄ !ÃÏÕÓÔÉÃ 0ÉÁÎÏȱȢ notes  plays a set of notes. 

Try these functions! For instance, try 

note(70)  
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Some More Functions in Focus 
So far we have only come across a few of the almost 500 functions built into AlgoSim. Here we let a few 

more functions glance in the spotlight. For full details on each function, see the reference section. 

Real and Complex Numbers 

The functions isPrime , nextPrime , prevPrime , Fibonacci , coprime , ceil , floor , round , trunc , frac , to-

tient , mod , divisors  etc. do exactly what one would expect. Notice that the ceil and floor of a number ὲ 

also may be written ổὲỖ and ỗὲỘ, respectively. Hence, technically speaking, ổỖ and ỗỘ are defined as circum-

fix operators. There is also an infix operator for coprime: ὥṶὦ returns true iff ὥ and ὦ are relatively 

prime. ὲȦ is ὲ-factorial, so that Ȧ is a postfix operator. Ϸ ÁÎÄ ϸ ÁÒÅ ÐÏÓÔÆÉØ ÏÐÅÒÁÔÏÒÓ ×ÉÔÈ ÔÈÅ ÏÂÖÉÏÕÓ 

functions, i.e. ὼm πȢπρὼ and ὼm πȢππρὼ, respectively. mod(a, b) adds or subtracts an integral number of 

ὦȭÓ from ὥ, so that the result lies within πȟὦ. ὥ | ὦ returns true if ὥ divides ὦ, and false otherwise. divisors 

returns the vector of divisors of the argument. 

The Iverson bracket notation [expr] is also very handy. [expr] returns 1 if expr is true, and 0 otherwise. 

Observe that both the Kronecker delta function and the rectangular function are special cases of the Iver-

ÓÏÎ ÂÒÁÃËÅÔȟ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÔÏ ÔÈÅ ÅØÐÒÅÓÓÉÏÎÓ ȰØЀÙȱ ÁÎÄ ȰØЄ-1/2  ᷈  ØЃρȾςȱȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

When it comes to elementary functions, AlgoSim got them all. sin, cos, tan, cot, sec, csc, arcsin, arccos, 

arctan, arccot, arcsec, arccsc, sinh, cosh, tanh, coth, sech, csch, arcsinh, arccosh, arctanh, arccoth, arcsech, 

arccsch, exp, ln, and sqrt are all defined for both real and complex arguments. 

For complex numbers, arg and abs return the argument and the modulus. All complex functions use the 

principal branch of the argument, i.e. ÁÒÇᾀɴ   “ȟ“  ᶅᾀɴ ᴇ. 

If Ὢ is a function and Ὓ is a set, it is not possible to compute the image of Ὓ under Ὢ by writing ὪὛ. [In-

deed, there are functions that really take a set as an argument, so it would be inconsistent to use this syn-

tax.] But as we have seen, we can use creÁÔÅ)ÍÁÇÅ ȰÆ Ø ȱȟ ȰØȱȟ 3 Ȣ 

Special functions include integrals such as erf (Error Function), erfc (Complementary Error Function), Ci 

(Cosine Integral), Si (Sine Integral), FresnelC (Fresnel Cosine Integral), FresnelS (Fresnel Sine Integral), 

and polynomials such as hermiteProb, hermitePhys, and Bernstein. We also have harmonicNumber, gam-

maFunction, and bessel. 

diffGraph and intGraph take a graph ὼȟώᶰᴙȡ  ώ Ὢὼ  as argument, and returns the graph of the 

derivative or integral, respectively. 

Vectors and Matrices  

When it comes to vectors, the functions norm , taxiNorm , maxNorm , pNorm , absVect, max, min , sum, 

mean, product , angle, and sort  are available. 

The functions identityMatrix  and zeroMatrix  return the identity matrix of size ὲ and the zero matrix of 

size ά ὲ, respectively. fillMatrix  returns a ά ὲ matrix with all entries set to a constant. computeM a-

trix  returns a ά ὲ matrix where the element ὭȟὮ is ὪὭȟὮ for some function Ὢ. This is a rather powerful 

function. For example, 

computeMatrix(12, 12, "m₿n", "m, n") 

 

returns the 12 by 12 multiplication table 
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◖   1    2    3    4    5    6    7    8    9   10   11   12 ◙ 
◗   2    4    6    8   10   12   14   16   18   20   22   24 ◦ 
◗   3    6    9   12   15   18   21   24   27   30   33   36 ◦ 
◗   4    8   12   16   20   24   28   32   36   40   44   48 ◦ 
◗   5   10   15   20   25   30   35   40   45   50   55   60 ◦ 
◗   6   12   18   24   30   36   42   48   54   60   66   72 ◦ 
◗   7   14   21   28   35   42   49   56   63   70   77   84 ◦ 
◗   8   16   24   32   40   48   56   64   72   80   88   96 ◦ 
◗   9   18   27   36   45   54   63   72   81   90   99  108 ◦ 
◗  10   20   30   40   50   60   70   80   90  100  110  120 ◦ 
◗  11   22   33   44   55   66   77   88   99  110  121  132 ◦ 
◘  12   24   36   48   60   72   84   96  108  120  132  144 ☺ 

 

We can also obtain a list of prime numbers: 

computeMatrix(1, 12, "prime(n)", "m, n")  

 

  2   3   5   7  11  13  17  19  23  29  31  37  

 

We can even create a numbered table of primes: 

computeMatrix(2, 12, "ifThen(m=1, n, prime(n))", "m, n")  

 

◖  1   2   3   4   5   6   7   8   9  10  11  12 ◙ 
◘  2   3   5   7  11  13  17  19  23  29  31  37 ☺ 

 

We have already seen toEchelonForm  and sysSolve. Other convenient functions include rank , rowScale, 

rowMove , rowAddMul , matRows  (the number of), getRow, matCols (the number of), and getCol. 

If ὃ is a vector, then A_i returns the Ὥth component of ὃ. If ὃ is a matrix, then A_ i, j  returns the i, j ele-

ment of the matrix. Technically, _ is an infix operator that takes two arguments, either a vector and a real 

number, or a matrix and a vector, and returns a number. 

Texts (strings)  

String functions include length , substring , strSplit , strPos , strLeft , strRight , strBeginsWith , 

strEndsWith , strContains , strReplaceAll , txtPos , txtBeginsWith , txtEndsWith , txtContains , and 

txtReplaceAll . In general, the str * functions are case-sensitive, whereas the txt * functions are not. 

When it comes to ciphers and encryption, we have ROT13, CaesarCipher, VigenèreEncrypt , and 

VigenèreDecrypt . RO13 is a simple involution, and the inverse of str m CaesarCipher(str, n) is str m Caes-

arCipher(str, -n) where ὲᶰπȟςυ᷊ ᴚ. But a text encrypted using the Vigenère algorithm, which uses a pass-

word, or key, to encrypt and decrypt the text, is a bit harder to crack without knowledge of the key. For fun, I 

challenge you to crack the following message (I hope no one succeeds): 

ggwormlmfmnuperdwetxwcwuucjtqyv  

Pixmaps 

Pixmap (bitmap) functions include pmInvert , pmToBitmap , pmFlipV , pmFlipH , pmRot90P , 

pmRot90N , pmRotateEx , pmRotate , pmShear, pmScale, pmToGreyscale , pmFixHue , pmToMon o-

chromatic , pmPixelate , pmTransform , pmMöbius , pmGetRect, pmHeight , pmWidth , pmGetRAMSize, 

pmShiftHue , pmResize, pmAddSizeToEdges, pmRemoveSizeFromEdges, pmBlend , pmContrast , 

pmInvertValue , pmInvertLightness , pmSwapBW, pmReplaceColour , pmRGBAdjustment , pmHSVAd-

justment  and many others, as well as loadPixma pFromFile  and savePixmapToFile . 
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Below is pmMöbius exemplified. A picture of a dog, a floorball ball and a red, vertical, bar in the grass is 

transformed using the standard Möbius transformation ᾀm ᾀ ρ ᾀ ρϳ . In the middle you see four 

circles, the inside of which are missing. These circles are the images of the four edges of the original image, 

the outside of which ɀ of course ɀ is undefined. 

 

Sounds and MIDI Functions  

Have a look at sndSuperpose, sndMakeMultichannel , sndSplitChannels , sndGetSampleRate, 

sndGetNumChannels, sndAppend , reduceSound  and sndGetNumSamples. There is also changeMid i-

Volume  and sendMidiMsg  (for low -ÌÅÖÅÌ ÉÎÔÅÒÁÃÔÉÏÎ ×ÉÔÈ ÔÈÅ ÃÏÍÐÕÔÅÒȭÓ ÓÏÕÎÄ ÃÁÒÄɊȢ 

More  

In the reference section, you will find all functions in AlgoSim. Have a look at them! 


























































































































