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Preface 

The development of computer tools, especially in the field of programming languages, has made rapid progress in 

recent decades. For example, graphical programming languages have been developed that allow beginners to 

work on small projects on their own very quickly without having to worry about syntax quirks, etc. If only a limited 

time is available for learning programming, this is a decisive step forward, because the relationship between the 

practice of using the programming tool (the programming environment incl. language) and the content work prac-

tically reverses. Accordingly, tools like Scratch 1 from MIT or Snap! 2 from UCB are used successfully in schools 

and universities. 

So, although a lot has happened with the tools, the content in programming courses looks surprisingly unchanged. 

Simple "tasks" are set, which largely serve only to practice the dealing with algorithmic basic structures and data 

structures, without going beyond that. In addition, there are often working techniques that make sense for large 

projects with many participants, but which are hardly experienced as helpful by the beginners. An example may 

be the drawing of Nassi-Shneiderman diagrams 3 (structograms), which sometimes have to be made before scripts 

are developed, e.g. in Scratch ς even though graphical languages illustrate the algorithmic structure through their 

blocks themselves. That is exactly what they were developed for (among other things). One can imagine the en-

thusiasm of the learners, e.g. if they have to add some numbers and calculate the tax to be added or as a "funny 

inteǊƭǳŘŜέ ǘƻ ǊŜǇƭŀŎŜ ŀƭƭ ϦǊϦ ƛƴ ŀ ǘŜȄǘ ǿƛǘƘ Ϧl" and thus produce "Chinese" texts. Consequently, the "successes" in 

programming lessons are also largely unchanged. Because independent problem solving with the resulting product 

pride is as rare as meaningful applications that explain parts of the learners' world, often only those learners feel 

addressed who are "interested in computers" anyway. The others, i.e. most of them, also meet the requirements, 

but they rightly ask themselves: "Why should I learn this, wƘŀǘΩǎ ŦƻǊΚϦ 

The objection that you can only treat elementary examples with beginners is not to be dismissed. Although with 

graphical languages there is much more time for actual problem solving, the algorithms that are developed inde-

pendently at this stage of learning are fairly simple. They usually involve a sequence of commands, often within a 

loop, that lists some alternatives in sequence: "If this is the case, then do so." If such scripts are nevertheless to 

provide meaningful experiences, then the elementary commands used ς a few ς must be "powerful," and it is 

necessary for the teachers to be imaginative in order to teach "interesting" problems at an elementary level. 

This is not a new insight: In the days of the Nassi Shneiderman diagrams, it was a challenging task to draw an 

oblique line on a technical device such as a screen or printer. Since corresponding graphics commands were de-

veloped, it has been a trivial problem that is dealt with one instruction. Just a few years ago, measuring with 

computers was something for specialists. Today, almost every school has a set of sensor boards that children work 

with. It is actually hard to understand why the new possibilities hardly appear in the field of algorithmics. A few 

random numbers are still sorted or words are converted to capital letters instead of "digging" into sets of data 

using similarly simple scripts or searching books or images for characteristic structures. To be precise: if charac-

teristic features such as means, standard deviations, ... grouped by characteristics such as the place of residence, 

gender or occupation of the parents can be determined in a data set with one command, there is enough space in 

the rest of the algorithm e.g. searching for correlations or graphing the relationships, also with one or a few 

 
1 https://scratch.mit.edu/ 
2 https://snap.berkeley.edu/ 
3 This type of diagram was developed in 1972. For chronological classification: one year later, the first microprocessor 
was launched with the Intel 4004. This may speak for the timeless importance of structograms, but it may also indi-
cate that changes could be considered after 50 years. 

https://www.google.com/search?rlz=1C1CHBF_deDE715DE715&sxsrf=ALeKk01TjD7l3NXW0kI9vKVxfCQhGdlW5Q:1612545881260&q=Nassi-Shneiderman-Diagrammen&spell=1&sa=X&ved=2ahUKEwiqtL7DodPuAhWOlhQKHSz0BkwQkeECKAB6BAgOEDU
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commands. Above all, however, these possibilities can raise current and obviously important questions, the an-

swers of which concern the learners themselves. 

1. A goal of SciSnap! is therefore to provide appropriate libraries in various fields such as image processing, 

diagramming, mathematics, data analysis and databases, graphs or neural networks.  

A (unfortunately) current example: economic, geograph-

ical, social or content relationships can be represented by 

graphs. If appropriate commands are available, then the 

creation and representation of such a (here: random) 

graph in SciSnap! requires only three commands: "con-

figure a sprite, create n nodes, and then n randomly se-

lected edges" 4. If we consider the links as contacts be-

tween persons, then the question is how many intermedi-

ate contacts can spread infections during pandemic times. 

Thus, we compute the shortest paths between the nodes: 

"For each node: compute the shortest paths to all other 

nodes and enter them in a list". For these results, we cal-

culate the mean values per node in a simple loop, and 

from this we calculate the overall mean value. 5 Algorith-

mically, it's a typical beginner's problem: "run through a 

simple loop". In terms of content, we have found ways to 

discuss a current social problem, "small worlds" 6, social 

networks, friendships or customer-supplier relationships. 

Teaching has become more relevant. 

Starting with Snap!7.0 there is the possibility to create or 

delete additional palettes. This significantly increases the 

overview. Nobody will need all of the eight partly exten-

sive libraries of SciSnap!2 as well as the category my own 

blocks at the same time. Nevertheless, I did not split them 

up further, because you can switch off the ones you don't 

need with one click (Remove a category... from the file 

menu). However, the first three (SciSnap! globals, Math 

tools and Data tools) as well as some new blocks in the 

standard palettes should not be omitted.  

It's not the goal of SciSnap! to present ready-made applications. Rather, it provides powerful commands that can 

be used to build applications. An example of this are the "Sketchpads": costumes for arbitrary sprites or the stage, 

on which sketches can be created quickly. Function graphs, images, charts, or histograms can be created with a 

few commands, and scales are addedτand deleted when it gets too crowded. This makes it possible, for example, 

to illustrate mathematical relationships, such as showing the effect of operators on complex numbers. It is hoped 

that these examples will encourage learners to create even other, perhaps better, applications that use algorith-

mic methods in different fields. 

2. SciSnap! should be usable both as a tool and as a development environment. 

 
4 Pseudocode: configure GraphPad, add 100 vertices, add 100 edges 
5 Pseudocode: means=list, for i=1 to 100(add mean of row i of distances to means), mean=mean of means 
6 https://en.wikipedia.org/wiki/Small-world_experiment 
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Snap! is not only a fantastic development tool, but it is based on a fantastic concept. As a graphical reimplemen-

tation of MITôs Scheme 7 language, based on the "CS Bible" "Structure and Interpretation of Computer Pro-

grams"8 by Abelson et.al., it is conceptually far superior to many of the most common programming languages. 

Although it's not very fast, Snap! is running fast enough to be used fluidly in educational settings. Its built-in 

visualization capabilities make it ideal for simulations. The prototypical inheritance used makes basic computer 

concepts directly tangible. Nevertheless, it is largely underrated, probably because of the similarity of its interface 

to Scratch. I hope, therefore, that making libraries available that are intended more for projects in high school or 

in the first semesters of college will have a positive effect on its distribution to these age groups. [ŜǘΩǎ ǎŜŜΦΦΦ 

3. SciSnap! is intended for higher grades of school as well as for undergraduate study. 

This script contains a description of the possibilities of SciSnap! as well as some examples explaining the intended 

use. The libraries are based on the experience with άaachine learning with Arthur&Ina 9έ and the Snap!-fork 

SQL-Snap! 10. They were supplemented by numerous mathematical operators, SQL, sketchpads, neural net-

works and graphs. A detailed description of Snap! with a lot of examples can be found at "Computer Science with 

Snap!" 11 ς and of course, in the Snap!-manual12. The presented concepts have been and will be used in classes 

and in beginner lectures at the university. 

Oh, and of course there are also two little helpers that will assist in your work with 

SciSnap!. Depending on the application, they two will take turns. Alberto 13 will take care 

of the more scientific applications, Hilberto 14 of mathematical and data-oriented ones. If 

one is active, the other can rest a bit. Both claims to be distant relatives of Alonzo, the 

Snap! -aŀǎŎƻǘΦ ²ƘŜǘƘŜǊ ǘƘŀǘΩǎ ǘǊǳŜΚ hƴŜ ŘƻŜǎ ƴƻǘ ƪƴƻǿΗ 

I would like to thank Jens Mönig and especially Rick Hessman for his contributions to the 

PlotPad, their support and the numerous discussions and suggestions. And many thanks 

for the wonderful help of the DeepL15 translation program. I would probably never have 

finished without it. 

I hope you enjoy working with SciSnap!. 

                                                                                                      Göttingen, on 2022.3.22 

 
7 https://en.wikipedia.org/wiki/MIT/GNU_Scheme 
8 https://mitpress.mit.edu/sites/default/files/sicp/full-text/book/book.html 
9 as well as other materials on http://emu -online.de 
10 http://snapextensions.uni-goettingen.de/ 
11 http://ddi -mod.uni-goettingen.de/InformatikMitSnap.pdf 
12 https://snap.berkeley.edu/snap/help/SnapManual.pdf 
13 he works in astrophysics with Rick Hessman 
14 https://de.wikipedia.org/wiki/David_Hilbert 
15 https://www.deepl.com/translator 

http://emu-online.de/
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1 Starting  SciSnap! 

SciSnap! consists of a collection of quite normal Snap! blocks, arranged in eight palettes, which differ in their 

functionality. Another palette My own blocks is for your own programs. In addition, there is a sprite named 

Hilberto with a few costumes, but it is not necessary for the blocks to work. Of course, nobody needs all palettes 

at the same time; nevertheless I left them in one package, because from Snap!7.0 on it is possible with a few 

clicks to delete the not needed parts quickly and to save the changed configuration as a new working environment.  

The first four palettes contains blocks that can be used directly. Except for the SQL commands, they should not be 

deleted. The commands of the other four palettes each refer to sprites that have been configured with the first 

block of the palette - to SketchPads for diagrams, images, graphs, or neural networks. These palettes can be 

deleted depending on the needs in the project. 

The easiest way to start SciSnap! is to simply call the corresponding link. 

https://snap.berkeley.edu/snap/snap.html#present:Username=emodrow&ProjectName=SciSnap!2.0&editMode 

Of course, the SciSnap! blocks can be loaded instead - 

but in this case without Hilberto. The second is recom-

mended if an existing project is to be extended with 

SciSnap! functionalities. 

SciSnap! works with a set of JavaScript libraries stored 

on a server. They are loaded automatically by the block 

start SciSnap! before Snap! is reconfigured to 

SciSnap! which can be recognized e.g. by the changed 

logo. You can find SciSnap! in the Snap! libraries in the 

File menu. If you load the blocks from another server, 

then you must explicitly allow access to JavaScript exten-

sions in the settings menu in case Snap! does not trust 

the server.  

We will go through this with an example: The goal is to 

work with the SQL blocks and the palette for custom 

blocks. It should also be possible to create diagrams. 
 

1. Step: Either we load SciSnap! as a normal Snap! li-

brary (without Hilberto) or we load SciSnap! 

from the Snap! cloud 
 https://snap.berkeley.edu/snap/snap.html#present:Username= 

emodrow&ProjectName=SciSnap!2&editMode  

 (as a project with Hilberto). We get the adjacent 

screen. There we enable JavaScript as needed. 

 

2. Step: We delete the last three SciSnap! palettes using 

the file menu (Remove a category...). In any case 

we click on the start SciSnap! button. As a re-

sult, we get a SQL working environment, in the 

picture with the result of a first query.  

 

https://snap.berkeley.edu/snap/snap.html%23present:Username=emodrow&ProjectName=SciSnap!2.0&editMode
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2 New Blocks in the  Standard  Palette s 

Some blocks of SciSnap! are located in the standard palettes because they logically belong there. They mostly 

complement the functionality that is already there anyway. These are the following blocks: 

 

 

 

Provides the costume of a sprite, for example for pool-

ing operations. 

 Provides a copy of a costume. 

 

 

 
Provides a costume of the specified size and color. 
 

 Adds a copy of the current costume to the costume list 

of the sprite or stage. 

 

 
Imports a sprite that was exported as an XML file. 

 
Deletes the calling sprite. 

 A block from the Snap! libraries: Replaces a nested 

block sequence with a somewhat clearer structure. 

 

 
 

 Date and time in standard format, e.g. for astronomi-

cal purposes. 

 

 Provides date and times based on the standard for-

mat. 

 

 

 

 

 

 

 

Simple input dialog by selecting the desired answer 

with the mouse. 
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 Generates random numbers between 0 and 1. 

 

 
Returns “. 

 

 

 
Returns EulerΩǎ ƴǳƳōŜǊΦ 

 

 

 
Rounds a number to the specified number of decimal 

digits. 

 

 
Returns the factorial of a natural number. 

 

 

 
Calculates a binomial coefficient. 

 

 

 Returns the specified part of a string. 

 

 

Deletes a substring in another, either in all places or 

the first one. 

 
  

 Converts a string to uppercase. 

 

 Converts a string to lowercase. 

 

 Saves a text in the specified file in the download direc-

tory of the browser. 

 Returns the position of the first character of the first 

occurrence of the specified substring in a string. 

 Replaces one substring in another, either in all places 

or the first one. 

 

 

 Creates a label for coordinate system axes from a col-

umn with texts. 
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3 The Structure of  SciSnap!-Sprites  

The first part of SciSnap! consists of four libraries that are generally applicable in Snap! scripts (SciSnap! glob-

als, Math tools, Data tools, SQL tools). The other four libraries work with specially configured sprites (PlotPad, 

ImagePad, GraphPad, NNPad). The reason for this is that the properties for a NeuralNet are very different 

from those for a PlotPad. In addition, such "special sprites" must have their own data areas in which, for example, 

image data can be stored. A global data area can be found in the SciSnap!Data variable, which e.g. the blocks of 

the Data tools library use in the default case. For the creation of diagrams, on the other hand, it makes more 

sense for a PlotPad to have its own data area that is independent of, for example, that of the ImagePad to which 

the diagrams refer. 

Each sprite and the stage can be configured as "special 

sprites", e.g. as ImagePad. The local variables myProp-

erties  and  myData are created and some useful presets 

are made for the properties. The properties are usually 

grouped into groups, e.g. costume properties (costume-

Properties) or the way to draw lines (lineProperties). All 

blocks that require a specific configuration initially check 

the typeOfConfiguration property of the sprite they are 

to work with. If this is not correct, an error message is dis-

played. The groups of properties can be changed with the 

corresponding blocks.   

 

The structure of the SciSnap! sprites is thus based on the idea of documented data sets consisting of two parts: 

the metadata describing the structure and content context of the data (e.g. number format, image dimensions, 

recording device, recording date, ...) and the associated pure data segments. Metadata usually consist of diction-

aries - names with assigned values (e.g., "recording date: 2018/12/24").  Examples of this structure are FITS files 

[FITS], which are standard in astrophysics but are also used in the Vatican Library, or JPEG images from cell 

phones. Here, too, there are metadata (image size, degree of compression, date taken, ...), without which image 

generation would not be possible.  

We adapt this structure by assigning two local variables to a SciSnap! sprite, each containing the data (myData) 

and the data description (myProperties). These variables can be filled by importing data from different sources 

(SQL query, text file, CVS file, JSON file, FITS file, direct assignment, ...), whereby the properties myProperties are 

to be adapted to the respective data. On the other hand, this can also be done "by hand". With the help of these 

properties, data can be converted into graphical representations (graph, data plot, histogram, image, ...), whereby 

either myData or another suitable table is selected as source. 

It is important that the image generation does not change the original data. If, for example, an image of Jupiter is 

used to determine the distances of its moons, then these must at least be visible in the image. For this purpose, a 

false color image can be generated after setting some parameters. In this image Jupiter itself will appear rather 

unstructured. If, on the other hand, one wants to examine the "eye" of the planet more closely, then the 

parameters must be chosen quite differently, so that the moons are barely visible. All these changes must be done 

in the pixels of the current costume of the Snap! sprite without affecting the image data itself.  
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Because tables can be represented very nicely in Snap!, this form of representation is not implemented addition-

ally. Instead, the data type table is implemented with many of the common operations in the field of data science 

(table operations, correlation calculation, affine transformations, solving systems of linear equations, ...), which 

can handle sufficiently fast even larger amounts of data. 

Since SciSnap! (currently) contains about 250 new blocks, they have been grouped according to their function-

ality and distributed to different libraries and sprite configurations: a Math tools libraries for different areas of 

mathematics (60 blocks), a Data tools library (38 blocks) for handling the actual data, an ImagePad for image 

processing (25 blocks), a PlotPad for graphical representations (27 blocks), a NeuralNetPad for perceptron net-

works (11 blocks), an SQL library for database queries (26 blocks) and a GraphPad for graph theory applications 

(35 blocks). In addition there are the already mentioned blocks in the standard palettes of Snap!. All blocks are 

global and contain the target of the operation (thisSprite, theStage or the name of another sprite). Object-ori-

ented calls are therefore largely unnecessary. 

The configured sprites have the following structure:   

 

 

 

 

 

 

 

 

 

 

Most blocks get their parameters (image size, value ranges, colors, ...) from the dictionary myProperties. The 

preset properties allow to use blocks for creating graphics, diagrams, ... without too many parameters. If the values 

do not fit, the properties are changed either individually or in groups. 

configurated sprite 

  

Using the libraries, 

they import data from 

¶ Image-files 

¶ Text-files 

¶ SQL-queries 

¶ JSON-files 

¶ CSV-files 

¶ Χ 

libraries 

The libraries provide 

blocks for graphical 

representation of data, 

editing tables, applying 

statistical operations, 

solving systems of 

equations, .... 
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4 The SciSnap!-Libraries  

In the following, the libraries are presented in tabular form. More extensive examples, which mostly use several 

libraries, follow afterwards. 
 

The SciSnap! libraries - like all block libraries of Snap! - have been assigned to palettes and saved. If the palette 

of a block does not yet exist, then it is created during loading. If a library is to be loaded into another palette, then 

the block can be used for this purpose. My own blocks is intended for the own 

blocks. 

4.1 Blocks of the SciSnap! globals Palette 

In this palette there are blocks for the configuration of SciSnap!.  

 

 Loads the JavaScript library of SciSnap!. Creates the 

SciSnap! logo and the mapped global variables. Enlar-

ges the stage to 800x600 pixels. 

 Creates the global SciSnap! variables and sets some 

SciSnap! properties. 

 Reads a property. 

 

 

 

 

 

 

 Allows to change or to create a property. 

 Creates a message window in the middle of the screen. 

 

 

 

Reports an error, if possible, via the current sprite and 

enters it into SciSnap!Messages. 

 Tests an element to see if it belongs to a SciSnap! 

type. 
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 Tests whether a global or local property exists and 

whether it has the specified value. 

 Replaces the Snap! logo with the SciSnap! logo. 

 

 Imports a library into the specified palette. All blocks 

should belong to the same category! 
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4.2 The Math Library  

4.2.1 Linear Algebra  

SciSnap! works with vectors and matrices and the common operations on them. Both are represented as lists or 

lists of lists, and both can be in transposed form. The following blocks work with them: 

 

Returns a vector of arbitrary di-

mension with given values. 

 

Returns a vector of arbitrary di-

mension with random values in 

the specified range. 

 

Returns the matrix from the 

specified vectors. 

 

Returns a matrix of arbitrary di-

mension with random values in 

the specified range. 

 

Matrices and vectors can be 

transposed. 

 

Returns one of the specified 

properties of a vector. 

 

 

 

Between scalars, vectors and 

matrices the assigned opera-

tions can be executed. Since 

vectors can be processed with 

the standard arithmetic opera-

tors of Snap! there are no sep-

arate blocks for them. 

 

 

Applies a matrix to a list of 

points (see example). 
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Calculates the solution to a sys-

tem of linear equations. 

 

The block returns several data 

of the passed matrix: the possi-

bly diagonalized matrix, its 

rank, whether column swaps 

have occurred and the current 

order of the columns. If only 

the diagonalized matrix is of in-

terest, then we look at the first 

element of the result. 

 

Calculates the coefficients of 

the polynomial through n 

points. 

 

For polynomials you can calcu-

late function values. 

 

Performs an affine transfor-

mation in the plane for a list of 

points, e.g. an image, de-

scribed by the assignment of 

three points to three others 

(see example). 

 

Examples: 

 

 

 

 

 

 

  



4 The SciSnap!-Libraries      18 

 

 

4.2.2 Complex Numbers  

If you are planning more extensive operations with complex numbers, you should consider using the Scheme li-

brary of Snap! (Bignums-library). SciSnap! is intended more for complex arithmetic as well as illustration of 

operations. In SciSnap! complex numbers are represented as 3-element lists, where the first entry denotes the 

format of the number: either the "Cartesian" style  ᾀ ὥ ὦϽὭ  or the polar form ᾀ ὶϽὩ . There are input 

blocks for these two forms. 

 
Returns a complex number in Cartesian form. 

 
Returns a complex number in polar form. 

If necessary, these forms of representation can be converted into each other, and arithmetic operations can be 

performed. 

 
Returns a complex number in Cartesian form. 

 
Returns a complex number in polar form. 

 
Example of format conversion. 

 

The components of a complex number can be ac-

cessed - regardless of their format. 

 

And, of course, you can calculate with them. 

Example for a multiplication:  
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4.2.3 The MathPad 

 

Configures a sprite as a MathPad and draws a 

3-dimensional coordinate system centered in 

the middle. 

 Test on MathPad configuration. 

 Sets a MathPad property. 

 
Reads a MathPad property. 

 Sets the costume properties of a MathPad to 

the specified values. 

 

 

Sets the line properties of a MathPad to the 

specified values. If "onlyPoints" is set, only the 

endpoints are drawn. 

 Draws the coordinate system on a MathPad. 

 

Draws a vector, a complex number, a line or an 

object described by a list of vectors on a Math-

Pad. 

 

Example: 
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4.2.4 Numerical Methods  

The library contains some blocks for dealing with sequences, series, secants, integrals and roots, as well as the 

calculation of a derivative at a given point. 

 

 

Root calculation according to Newton's 

method. The term must be entered with a gray 

ring ("ringified"). 

Example:  Calculation of the root of 

Ὢὼ ὼ σὼ, start at x=1. 

 

 

Calculation of a sequence element. The term 

must be entered with a gray ring ("ringified"). 

Example: 17th element of the sequence  
Ѝ
 Ȣ 

 
 

Returns the first n elements of a sequence as a 

list. 

 

 

 

Example: The first 10 elements of the se-

quence  
Ѝ

 . 

 

 

Sequence of secant slopes in a point. The se-

quence can also be specified explicitly in the 

form of a list. The term must be entered with a 

gray ring ("ringified"). 

Example: 10 secant slopes near the point with 

x=2 for Ὢὼ ὼ σὼ, calculated with the 

sequence   . 

 

 

Numerical calculation of the derivative in a 

point. The term must be entered with a gray 

ring ("ringified"). 

Example:  Calculation of the derivative of 

Ὢὼ ὼ σὼ at x=0. 

 

 

Calculates the sum of a finite series. The term 

must be entered with a gray ring ("ringified"). 

Example:  The sum of the first 1000 elements 

of the series В  . 

 

 

Numerical calculation of an integral using the 

trapezoidal method. The term must be entered 

with a gray ring ("ringified"). 

Example:  Calculation of the integral 

F=᷿ ÃÏÓὼ Ὠὼ (with conversion to degrees) 
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4.2.5 Statistics 

For statistical applications SciSnap! contains a number of distributions. Correlation calculation, variances etc. are 

implemented in the data library, binomial coefficients and factorials can be found in the operators palette. 

 

Probabilities of the binomial distri-

bution 

ὦὔȟὴȟὯ
ὔ

Ὧ
ϽὴϽρ ὴ  

 

Calculates the cumulative distribu-

tion function of the binomial distri-

bution. 

 

Probabilities of the hypergeometric 

distribution 

ὬὔȟὓȟὲȟὯ
Ͻ

 

 

Calculates the cumulative distribu-

tion function of the hypergeometric 

distribution. 

 

Probabilities of the Poisson distri-

bution 

ὴ—ȟὯ
— ϽὩ

ὯȦ
 

 

Calculates the cumulative distribu-

tion function of the Poisson distri-

bution. 

 

Probabilities of the Pareto distribu-

tion 

ὴὥὶὩὸέὼ ȟὯȟὼ
ὯϽὼ

ὼ
Ƞ 

ὼ ὼ Ƞπ ίέὲίὸ 

 

Probabilities of the normal distribu-

tion 

ὲὼȟ‘ȟ„
Ὡ

Ѝς“„
Ƞ 

 

 

 Calculation of fast Fourier transformation (FFT) 

as well as their inverses (iFFT). Alternatively, 

the data of the frequency spectrum are calcu-

lated. 
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4.2.6 Sets 

Sets are implemented in SciSnap! as 5-element lists. In the implementation, my goal was to deal with infinite 

sets as far as possible. For this, sets defined by predicates were somewhat neglected. To create a set, one can 

enumerate the elements {1,car,true}, define them via predicates {x|x<5} or enter ranges {-Infinity<x<=2}. The first 

element of a set contains the type ("set"), the second contains a predicate indicating whether it is a "numeric" set 

(i.e., all elements are numbers), the third is either empty or enumerates elements, the fourth may contain a list of 

intervals containing the set elements, and the last may contain a predicate. Compound predicates are again lists 

which contain the Boolean operator ("NOT", "OR", "AND") in the first element and then one or two predicates, 

which again may be compound. If possible, the list elements are described by intervals. For this purpose, e.g. 

predicates are converted into interval lists. 

 

 

 

 

 

 

For further work with sets, the known set operations are available. If predicates are used, then only numbers and 

strings are useful as elements. If the sets can be described by intervals, then the operations are not limited. About 

20 auxiliary blocks for e.g. interval operations do not appear in the palettes. You can find them when you select 

blocks to export. 

 Blocks for defining sets (as described 

above). 

 
Returns "true" if the element is an el-

ement of the set, otherwise "false". 

 

The basic set operations for calculat-

ing the intersection, union, difference 

of sets, or the Cartesian product. 

 
Returns "true" if set1 is subset of set2, 

otherwise "false". 

 
Returns "true" if set1 = set2, other-

wise "false". 

 
Represents the elements of a set "a bit 

more readable". 

 

Creates the corresponding list of ele-

ments from a text. Lists are bracketed 

"square" in the text, sets are brack-

eted "curly". 

 



4 The SciSnap!-Libraries      23 

 

 

Some operations have to be performed with finite sets, e.g. to enumerate set elements. For this reason there is 

an upper bound for set elements, which is set by the SciSnap!Properties. 

 

Sets the limit up to which predicates 

or interval sizes are checked, if neces-

sary. 

 

Returns the first n elements of a set as 

a list. 

 

 

 

 

 

 

Examples: 
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4.3 The Data Library 

The data library of SciSnap! on the one hand serves for the direct manipulation of also larger data sets, on the 

other hand for the evaluation of data, e.g. for the computation of statistical quantities such as the covariance or 

correlations. In addition, there are some blocks for the standard machine learning methods.  

Because number structures such as vectors and matrices are imple-

mented in the math library, the data library is largely limited to ta-

bles as an additional structure. Their rows and columns can be 

identified either by their numbers or the identifiers of the first col-

umn or row. Columns can additionally be named with capital letters 

(A..Z). If a number is required as identifier (i.e. not the column or 

row number), then a double cross (#) must be placed in front of the 

number as identifier, e.g. #123. 

The following examples refer to a table that contains "party names" as the first column, followed by "election 

results" in the years indicated. 

 

Returns an empty table (as a start structure for further 

table operations). 

 

Returns a table of the specified size, initialized with a 

starting value. 

 Returns a table of the specified size without contents, 

but with column headers. 

 

 

 

Returns a copy of a list or table. Since Snap! assigns lists 

as references, you can use this block to avoid unin-

tended changes to the original. 

 

 

The block imports tables, image data or SQL data into 

the global variable SciSnap!Data, with which the other 

blocks of the library work by default. 

Example: Importing a table using the file selection dia-

log. 

 
Writes a table to a file of the browser's download area 

under the specified name. 

 

Returns n randomly distributed points of the specified 

range.  
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 Returns n points scattering around a straight line, given 

by slope and y-axis intercept, in a range bounded by 

"range". Mostly used for tests. 

 

 

Example: 5 points scattering around Ὢὼ ὼ ς. 

 

 

Returns n points that scatter around an arbitrary func-

tion, given by its "ringified" operators, in a range 

bounded by "range". Mostly used for tests. 

 

 

Beispiel: 5 points scattering around Ὢὼ ὼ τ. 

 
Returns a transposed table or list as result, i.e. one in 

which rows and columns have been interchanged. 

 

Adds a row, a column or column headers to the specified 

table. Missing elements are added with empty content, 

"overhanging" are ignored. 

 

 

Returns a row or column of the specified table. 

 

 

 

 

 

Example: The first column of the example table without 

the header. 

 

 

Deletes a row or column from the specified table. 

 

Example: Deletes the column for the year 2010 from the 

example table. 

 

 

Returns the specified table element. 

 

Example: Result of the party KKA in 2011. 

 Sets the value in a table cell. 

 

 

Returns the specified range of rows. 

 

Example: Results of the three specified parties from 

2010 and 2020. 
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Returns a section of a table, matrix, list or image data 

given by the two points "left-top" and "right-bottom". 

 

 

Returns selected rows of a table that satisfy the specified 

criterion. 

 
Example: All election results with parties starting with 

"A". 

 

Counts the occurrence of the values of a list. 

 Determines the entropy of a list. 

 

 

 Removes duplicates from a list. 

 

 

 

 

Normalize a vector by dividing it by the mean, maximum, 

number, sum, median of its values or by applying the 

softmax function. 

 

Example: Results of the party KKA, "normalized" by the 

mean value. 

 

Compresses a vector or matrix with the specified factor 

by averaging. 

 

 

Returns a table that has been compressed by max- or 

mean-pooling with stride n. The dimensions of the new 

table are passed before the result. Well applicable to im-

age data. 

Example: A matrix of 100x100 random numbers is com-

pressed with stride 25. 

 Sorts a list using the specified predicate. 
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Returns a table sorted in ascending or descending order 

by the specified column. 

 

 

 

Example: The election results sorted by the year 2011. 

 

 

 

Returns minimum, maximum, number, sum or average 

of the first specified column of data, grouped by the sec-

ond. The headings can be included - or not. 

 

 

 

 

 

Examples:  

The mean values for 2010, grouped by party. 

 

The mean values for 2010, grouped by party. 

 

Returns ranges, covariance and correlation between two 

table columns. 

 
 

Example: Correlation between the years 2010 and 2011. 

 

 

 

Returns gradient and y-axis intercept of the regression 

line through the specified data. 

Example: Regression line through 10 random points 

scattering around a straight line. 

 

k-nearest neighbor (kNN) method in two dimensions for 

machine learning. 

Example: HR-diagram 

 

Returns the result of a convolution, applied either to a 

table or to image data. 

Examples: edge detection, CNN 

 

 

Clustering of n-dimensional data with the k-means 

method. The Euclidean distance is taken as the metric. 

Cluster numbers are appended to the data. 

 
Clustering with any metric. 

Example: DNS-Clustering with Levenshtein metric. 
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 Returns the Levenshtein distance between two strings. 

 Clusters data according to the density based DBSCAN 

method. 

 

Returns a decision tree for the specified data, con-

structed using the ID3 method. 

 Classifies data using an ID3 tree. 
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4.4 The SQL Library 

The SQL library contains most of the commands required for SQL queries (select). Other SQL statements can 

be entered directly into the exec SQL-command block. However, in this case you must have the appropriate 

access rights. The library works with a global variable SQLData, which prevent the data stored in them from 

conflicting with that of other sprites. The variable is created automatically during configuration. 

Similar to the Math and Data blocks, the SQL blocks do not work with a specific sprite or stage. However, each 

call first checks whether SciSnap! has been successfully configured for SQL access. If this is not the case, an error 

message is displayed - for reporter blocks as the result of the function call, for command blocks as the output of 

the calling sprite as well as in the SciSnap! collection box for error messages SciSnap!Messages. 

 

Configures SciSnap! for SQL access. For this, 

the global variable SQLData is created and 

the initial properties are set. The sprite that 

executes the command will take the costume SQLDis-

connected if it exists. 

 
Returns "true" if the configuration is correct, otherwise 

"false". 

 

Connects to a database server whose address 

is in the script. This should be reset, e.g. as lo-

calhost, if the default server is not used. If the 

connection attempt is successful, the executing sprite 

will take the costume SQLConnected if it is present. 

 

Imports a table into the SQLData data space. 
 

Example: Import of a query result. 

 

Returns a list of currently available databases. 

 

 

 

 

 

 

 

 
Selects one of the existing databases. 

 

Returns a list of the tables of the selected database. 
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Selects one of the existing tables. 

 

Returns a list of attributes of the specified table. 

 

 

 

 

 

Block for generating simple SQL queries that can be ex-

ecuted by the exec SQL-command block. 

 

Block for generating complex SQL queries that can be 

executed by the exec SQL-command block. 

 

Block for executing SQL statements for a database. The 

statements can be generated by select blocks or en-

tered directly. 

 Predicates for the execution of comparisons. 

 Predicates for the execution of logical operations. 

 Predicate for checking a string pattern. 

 
Predicate to check if an element is included in an enu-

meration. 

 
Aggregate functions. 
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The following SciSnap! libraries work with locally configured special sprites. These are conceptually derived 

from sketchpads, so they are used for making sketches, experimenting, trying out the effect of commands, etc. 

If the pad is too full, then a new "page" is taken from it and work continues. 

Each sprite and the stage can serve as a special sprite. For this purpose they are configured accordingly by creat-

ing two local variables myData and myProperties and filling them with initial values. The commands that refer 

to a special sprite all contain the target of the operation - i.e. a sprite or the stage. Before executing the instruc-

tions, it is checked in each case whether the target has been configured correctly. After that, the local data and 

properties of the target are used. On the one hand, this procedure largely eliminates object-oriented calls, which 

greatly lengthen the instruction blocks if data must be passed, and on the other hand, it keeps the data local to 

the sprites that the operations concern. For example, if data is measured in an image and plotted in a graph, the 

ImagePad and the PlotPad can work independently with their own data and properties. The initial settings make 

it possible to work with halfway reasonable default settings. If the result shows that other settings would make 

more sense, then the default settings are changed - but only then. This way of working makes it possible to get by 

with relatively few parameters for the individual blocks. The properties are largely grouped together, for example 

the properties of the lines to be drawn. This means that they can be transferred or read "in one go" and their 

number is kept within limits. 
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4.5 The PlotPad Library 

PlotPads are used to display graphs, histograms, etc. The current SciSnap!PlotPad Library was heavily designed 

by Rick Hessman, especially the PrettyPrinting and the line styles are from him. Many thanks for that! 

 

Configures a sprite or the stage as a PlotPad. The 

name of "anotherSprite" must be specified if required. 

The command must be executed once before working 

with a sprite as a PlotPad. The target of the call takes 

a rectangular costume with the specified dimensions 

and colors. 

 
Returns "true" if the configuration is correct, other-

wise "false". 

 

Sets one of the properties in myProperties to the 

specified value. 

 

Returns one of the properties in myProperties. 

 
Sets the costume properties of the specified target. 

 

Sets the line properties of the specified target. 

 

Sets the marker (datapoint) properties of the specified 

target. 

 

Sets the scale properties of the specified target. 

 

Sets the label properties of the specified target. 

 
Sets the distances of the coordinate axes from the 

edges. 
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Sets the ranges of the axes of the coordinate system. 

 
Adds a function graph to the PlotPad, given as a list of 

polynomial coefficients or as a "ringified" term. 

 
Adds a data plot for a two-dimensional data table to 

the PlotPad. 

 

Adds a data plot to the PlotPad for a two-dimensional 

table containing texts in the first column and numeri-

cal values in the second. 

 
Adds a histogram to the PlotPad. 

 

Adds axes and scales to the PlotPad. Depending on 

your preference, you can also add this block to the ac-

tual plot commands at the end. 

 

Deletes the PlotPad without changing the other pre-

sets. 

 

Sets the ranges of the axes so that "pretty" labels are 

on the axes. 

 
Returns values for "pretty" labels of the axes. 

 
Redetermines the ranges, calculated from the data. 

 Returns the ranges of a two-dimensional table. 

 

Returns the conversion of a numerical value into coor-

dinates of the plotpad or the coordinate system used. 

 

Converts the mouse position into costume or graph 

coordinates. 

 

Simple plot program for data. 

Example: 

 

  


