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Preface

The development of computer tools, especially in the field of programming languages, has made rapid progress in
recent decadesFor example, graphical programmifanguages have been developed that allow beginners to
work on small projects on their own very quickly without having to worry about syntax quirk, @ty 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 reverss. Accordingly, tools likBcratch  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 setyhich 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 hréxperienced as helpful by the beginners. An example may

be the drawing oNassiShneiderman diagrantqstructograms), which sometimes have to be made begwripts

are developed, e.g. in Scratgleven though graphical languages illustrate the atbaric 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
inteNI dzRS¢ (G2 NBLIX I OlSand tfiu§ proguddy'Chingse" ltextsi Saasequentlyjitiie "shccesses” in
programming lessons are also largely unchanged. Because independent problem solving with the resulting produc
pride is as rare as meaningful@izations 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 | learn thi,lwii Q& T2 NK b

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 stagef learning are fairly simple. They usually involve a sequence of commands, often within a
loop, that lists some alternatives in sequentéthis is the case, then do so." If such scripts are nevertheless to
provide meaningful experiences, then the mlentary commands used a few¢ 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 halleaging 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 instructiust a few years ago, measuring with
computers was something for specialists. Today, almost every school has a set of sensor boards that children worl
with. It is actually hard to understand why the new possibilities hardly appear in the field of algoritBnies.
random numbers are still sorted evords 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, standdaViations, ... groped 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 relationsigxs,with one or a few

! 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 codlbe 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 questi@ms, the
swersof which concern the learners themselves.

1. A goal ofSciSnap! is therefore to provide appropriate libraries in varioiislds such as image processing,
diagramming, mathematics, data analysis and databases, graphs or neural networks.

A (unfortunately) current example: economic, geograp’
ical, sociabr content relationships can be represented t
graphs. If appropriate commands are available, then t
creation and representation of such a (here: randor
graph inSciSnap! requires only three commandscén-
figure a sprite, create n nodes, and then ndamly se-
lected edges®. If we consider the links as contacts b
tween persons, then the question is how many intermec
ate contacts can spread infections during pandemic tim
Thus, we compute the shortest paths between the node .
"For each nodecomputethe shortest paths to all other ‘
nodes and enter therm alist". For these results, we cal

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

from this we calculate the overall mean val@élgorith- S — P ———————
mically, it's a typical beginner's problentuh through a [[i=tT5 300 JCEEAL 245 ([ 245 [ 245 |

simple loop. In terms of content, we have found ways t(=EE 100 SERiEEai et TE LG

discuss a current social problem, "small worlgjs§ocial [FEEL100 Heltrcerie et e iien
networks, friendships or customeaupplier relationships.
Teaching has become more relevant.

+:'fr_lz(;r_+ﬁ’r7;_|1r,f_+r.f'++
script variables { means

Starting withSnap!7.0 there is the possibility to create orF = Sy

delete additional palettes. This significantly increases t = @ (-

add

overview. Nobody will need all of the eight partly exter s

sive libraries o8ciSnap!2 as well as the categoryy own | WEEESEEL T o verteas of o e et with firt
blocks at the same time. Neverthelesgitl not split them | £ 1

up further, because you can switch off the ones you do|

need with one clickRemove a category.from the file

menu). However, the first threesgiSnap! globals, Math

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

standard pé#ettes should not be omitted.

It's not the goal oBciSnap! to present readymade applicationsRather, it provides powerful commands that can

be used to build applicationg\in example of this are the "Sketchpads": costumes for arbitrary sprites ctdle,

on which sketches can be created quiclKlynction graphs, images, charts, or histograms can be created with a
few commands, and scales are addeshd deleted when it gets too crowdetihis makes it possible, for example,

to illustrate mathematicalelationships, such as showing the effect of operators on complex nuniberfioped

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 usableoth as a tool and as a development environment.

4 Pseudocodeconfigure GraphPad, add 100 vertices, add 100 edges
5 Pseudocodemeans=list, for i=1 t@00(add mean of row i of distances to means), mean=mean of means
8 https://en.wikipedia.org/wiki/Smaklworld_experiment
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Snap! is not only a fantastic development tool, but it is based on a fantastic con&sg graphical reimplemen-

tation of MI T 6 s S’dahgmapebased on the "CS BibleStructure and Interpretation o€omputer Pro-
grams'® by Abelson et.al., it is conceptually far superior to many of the most common programming languages.
Although it's not very fastSnap! is runningfast enough to be used fluidly in educational settings.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. | 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 gro8p$.Q4 a4 SS ®d

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

This script contains a description of the possibilitieS@&nap! as well as some examples explaining the intended
use.The libraries are based on the experienigh & achine learningvith Arthur&Ina® and the Snap!-fork
SQL-Snap! *°. They were supplemented by numerous mathematical operators, SQL, sketchpads, neural net-
works and graphs. A detailed descriptiorSofap! with a lot of examples can be found &dmputer Science with
Snap! 1 ¢ and of course, in th&nap!-manual?. 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 wit
SciSnap!. Depending onte application, thg two will take turns Alberto 2 will take care

of the more scientific applicationslilberto 4 of mathematical and datariented oneslf

one is active, the other can rest a bgoth claimsto be distant relatives oAlonzo, the  /
Snap'-al 3020 2 KSGKSNJ GKFGQ&a GNHzSK hyS R?2

| would like to thank Jens Monig and especially Rick Hessman for his contributithies to
PlotPad, their support and the numerous discussions and suggestimd.many thanks
for the wonderful help of theDeepL?® translation program. | would probably never have
finished withoutit.

I hope you enjoy working witBciSnap!.

Gottingen,on 2022.3.22

{ﬂa%/éj\

7 https://en.wikipedia.org/wiki/MIT/GNU_Scheme

8 hitps://mitpress.mit.edu/sites/default/files/sicp/fulitext/book/book.html
9as well as other materials dttp://emu-online.de

10 http://snapextensions.ungoettingen.de/

11 http://ddi -mod.unigoettingen.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
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1  StartingSciSnap! 9

1 Starting SciSnap!

SciSnap! consists of a collection of quite norm&hap! blocks, arranged in eight palettes, which differ in their
functionality. Another paletteMy 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 wo@flcoursenobody needs all palettes

at the same time; nevertheless | left them in one package, because3rap!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 frst 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 staBciSnap! is to simply call the corresponding link
https://snap.berkeley.edu/snap/snap.htmi#present:Username=emodrow&ProjectName=SciSn&apdti[dode

Of couse, theSciSnap! blocks can be loaded instead w_

but in this case withouHilberto. The second is recom-  [zicispoies
mended if an existing project is to be extended witl | worldMap

Text Costumes

SciSnap! functionalities. feiiSreecy

Animation
Pixels

SciSnap! works with a set of JavaScript libraries store( | fuecome ,
requency Distribution Analysis
on a server. Thegre loaded automatically by the block
Words, sentences

Database
start SciSnap! before Snap! is reconfigured to | |Stings Mutilineinput
APL primitives

SciSnap! which can be recognized e.g. by the change | Streams (lazy lists)

Bar charts

logo. You can findciSnap! in the Snap! libraries in the | | [/e0 services access (htws)
File menu. If you load the blocks from another serve

Bitwise operators

L . SciSnap! v2

then you must explicitly allow access to JavaScript ext€ | serial ports
. . . . MQTT
Sions In the%tnngs menu In CaSSnap! does not trust Signada (Network remote control)
= »
the server
Import Cancel | Y

We will go through this with an example: The goal is t. )

work with the SQL blocks and the palette for custo
blocks. It should also be possible to create diagrams.

1. Step Either we loadSciSnap! as a hormalSnap! li-
brary (without Hilberto) or we loadSciSnap!

from the Snap! cloud
https://snap.berkeley.edu/sap/snap.html#present:Useame=
emodrow&ProjectName=SciSnap!2&editMode

(as a project wittHilberto). We get the adjacent
screen. There we enable JavaScript as needecgss

2. Step We delete the last threS&ciSnap! palettes using
the file menu Remove a category).ln any case
we click on thestart SciSnap! button. As are-
sult, we get a SQL working environment, in th
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 oBciSnap! are located irnthe standard palettes because they logically belong there. They mostly
complement the functionality that is already there anywahese are the following blocks

Provides the costume of a sprite, for example for pg
ing operations

costume of >

costume of | object Stage ~
copy of costume > ;§
copy of costume | my costume o -

new costume ETP ETP €D EXP EED

Provides aopy of a costume

l Provides a costume of the specified size and color

Adds a copy of the current costume to the costume

thisSprite of the sprite or stage
theStage

anotherSprite

import Sprite Imports a sprite that was exported as an XML file

remove this sprite Deletes the calling sprite

A block from theSnap! libraries: Replaces a neste
block sequence with a somewhat clearer structure

Date and time in standard format, e.g. for astronor
cal purposes

[aatetime Jog

datetime: Jlll & secondstoday

Provides date and times based on the standfod

mat.
Julian Date
decimal years
days this year
hours this year
minutes this year
seconds this year
hours today
minutes today

| seconds today

————— with title [[7N Sl'mple input dialog by selecting the desired ans
and items E with the mouse

(LT IHGIEIGT T WthisSprite v WL RaliElDateneingabesder-Farbe: @ Gran )
and items | list

Dateneingabe der Farbe: (click on it)

1: Rot
2. Grln
3 Blau

] [ok]
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0.7620777336213176 )
T

Generates random numbers between 0 and 1

3.141592653589793 )
T

Returns” .

2.718281828459045 )
Y

ReturnsEuleQ & Yy dzY 6 S NX

1.24
(UGN 12357 RGN 2 JCIOS \‘I—)

Rounds a number tthe specified number of decimaé
digits.

Returns the factorial of a natural number

(€)W
(S B

Calculates a binomial coefficient

thi
)

Returns the specified part of a string

String
111 |thisString ‘/—)

" delete ELR

all
first |

Deletes a substring in another, either in all places
the first one

THISSTRING
upper case JASSTRNG

Converts a string to uppercase

thisstrin
lower case LSl \/_g)

Converts a string to lowercase

write text to TXT-file

Saves a text in the specified file in the download di
tory of the browser

mring mthisString. “'7/)

Returns the position of the first character of the fif
occurrence of the specified substring istang.

_thatString
‘replace all guem with [GET mthisString'

all
first

Replaces one substring in another, either in all plg
or the first one

get label from text-data FERIEIBREE] at column &P

max. textwidth @) column spacing &P

Creates a label for coordinate system axes from a
umnwith texts.
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3 The Structure of SciSnap-Sprites

The first part ofSciSnap! consists of four libraries that are generally applicabl8riap! scripts SciSnap! glob-

als, Math tools, Data tools, SQL tools). The other four libraries work with speltjaconfigured spritesRlotPad,
ImagePad, GraphPad, NNPad). The reason for this is that the properties foNauralNet are very different

from those for &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 idi8nap!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 @lotPad to have its own data area that is independent of, for example, that ofritegePad to which

the diagrams refer.

Each sprite and the stage can be configured as "spe = T S aacaiakiaocPad width: @

sprites”, e.g. atmagePad. The local variablemyProp- height: &P coloi thisSprite |\ 245

erties and myData are createdand some useful presets theStage

are made for the propertiesThe properties are usually anotherSprite

grouped into groups, e.g. costume propertieagtume- |-, image of [[TBI to ImagePad

Properties) or the way to draw linedifieProperties). All |/l (0 17255 FELEL B L fihisSprite »

blocks that require a specific configuration initiatlyeck ::issstprite
eStage

the typeOfConfiguration property of the sprite they are
to work with. If this is not correct, an error message is dis-

anotherSprite

played.The groups of properties can be changed with th e Dl s ‘
' width: & color: @B P L ‘
corresponding blocks. fill color: @EDD GED €ED on [TSTd piva

e

dash-dot
dot-dot

The structure of thesciSnap! 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 gate segments. Metadata usually consist of diction-
aries- names with assigned values (e.gecording date: 20182/24"). Examples of this structure a¢TS files
[FITS], which are standard in astrophysics but are also used in the Vatican LibP¥E@images from cell
phones. Here, too, therare metadata (image size, degree of compression, date taken, ...), without which image
generation would not be possible.

We adapt this structure by assigning two local variablesSgoi&nap! sprite, each contiming the dataifhyData)

and the data descriptiomtyProperties). 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 pnypedjeesties 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 sitable 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 images Barpbse, 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 ches quite differently, so that the moons are barely visible. All these changes must be done
in the pixels of the current costume of ti8nap! sprite without affecting the image data itself.
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Because tables can be represented very nice§niap!, this form of representation is not implemented addition-
ally. Instead, the data typable is implemented with many of the common operations in the fieldath science
(table operations, correlation calculation, affine transformations, solving systerirseaf equations, ...), which
can handle sufficiently fast even larger amounts of data.

SinceSciSnap! (currently) contains about 250 new blocks, they have been grouped according to their function-
ality and distributed to different libraries and sprite dgurations:a Math tools libraries for different areas of
mathematics (60 blocks), @ata tools library (8 blocks) for handling the actual data, amagePad for image
processing45 blocks), aPlotPad for graphical representations {blocks), dNeuralNetPad for perceptron net-
works (11 blocks)an SQL library for database queries §blocks) and &raphPad for graph theory applications
(35blocks) In addition there are the already mentioned blocks in the standard palett&nap!. All blocks are
global and contain the target of the operatioti&Sprite, theStage or the name of another sprite). Objeoti-

ented calls are therefore largely unnecessary.

The configured sprites have the following structure

Using the libraries, libraries

they import data from

configurated sprite ¢
N “:fectnr.
(vector dim @ with random

Imagefiles
Textfiles
SQLgueries
JSONiles
CSMiles

X

= =4 =4 4 -4 -

leagePad costume [#0

ImagePad myProperties
27 A 8

1 typeOfConfiguration Image

2 typeOfData FIT,
3 lineProperties g

4 dataProperties B

5  imageProperties =]

6 SIMPLE T

7 BITPIX 18
8 NAXIS 2

9 NAXIS1 138
10 NAXIS2 158
" EXPTIME 0.1
10 STATUS RAY

“ImagePad myData
23040 items

1 1279
1340
1535

:

B weN

The libraries provide
blocks for graphical
representation of data,
editing tables, applying
statistical operations,
solving systems of
equations, ....

components range P to P

( matrix of vectors

(€D x @B matrix with random
onpofients iangs G 0 GTD

(transpose B

linear operation i - |l

( polynomial interpolation for points £

“apply H to points

(solve g *x=§

‘apply Gauss methad to matrix g

read file

write to CsV-file

[ select rows of where

column &P is less-than | [l

mean | of column @ of FERIETARET
y column &P

without duplicates

[ ran column EP and @
of

(EESETREE normalized by mean

Most blocks get their parameters (image size, value ranges, colors, ...) from the dictioyRargperties. The
preset properties allow to use blocks for creating graphics, diagrams, ... without too many parametenglifiése
do not fit, the properties are changed either individually or in groups
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4  The SciSnapkLibraries

In the following, the libraries arpresented in tabular form. More extensive examples, which mostly use several
libraries, follow afterwards

TheSciSnap! libraries- like all block libraries ddnap! - 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
(2B ¢][e]l/ @l import library to category can be used for this purposkly own blocks is intended for theown

blocks.

4.1 Blocks ofthe SiSnap! global#alette

In this palette there are blocks for the configurationSzfiSnap!.

U SciSnap!Data Loads the JavaScript library ®iSnap!. Creates the
SciSnap!Messages SciSnap! logo and the mapped global variabl&slar-
SciSnap!Properties ges the stage to 800x600 pixels.

Creates the globaciSnap! variablesand sets some

SciSnap! properties.

Reads a property

start SciSnap!

set SciSnap! global variables and properties

"SciSnap! GRS TG A minValue -

typeOfData
width

height
minValue
maxValue
columns

rows
maxSetValue

set SciSnap! global property to il Allows to change or to create a property

show global message title: headline Creates a messagéndow in the middle of the screer

) FECE A theMessage theMessage

oK)

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

report SciSnap! error _ .
y = SR enters it intoSciSnap!Messages.

Tests an element to see if it belongs tdSaiSnap!

vector type

transposed-vector

matrix

table

complex-number
complex-number-Cartesian-style
complex-number-polar-style
set

comparisonOperator
interval

listOflntervals

numericallList

- |
L is | a vector
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is the global @ property Tests whether a global or local propemxists and
with value present ? whether it has the specified value.
Replaces th&nap! logo with theSciSnap! logo.
Switch to SciSnap! logo P p-lod p-log
Imports a library into the specified palette. All blog
import library to category [
e Y b should belong to the same category!
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4.2 TheMath Library

4.2.1 Linear Algebra

SciSnap! works with vectors and matrices and the common operations on thH&woth are represented as lists or
lists of lists, and both can be in transposed fofrhe following blocks work with them

.
]
-

length: 3 Y,

vector € € € ¥

Returns a vector of arbitrary d
mension with given values.

vector dim @& with random
components range P to ELP

Returns a vector of arbitrary d
mension with random values i
the specified range.

ot o vctors C=3EMEIED (= EREID

~

2
1
2

LA

-~

Returns the matrix from the
specified vectors.

2
1
2

~ o >

& x @ matrix with random

components range P to y 2

Returns a matrix of arbitrary d
mension with random values i
the specified range

transpose 73 x /2 matrix with random
ransp components range / 1 to / 10

\ml\)—‘m

o »

0 w = @

Matrices and vectors can b
transposed.

min
max
minpos
maxpos
number
sum
mean

median
variance

variance |

standard-deviation
| softmax

Returns one of the specifie
properties of a vectar

3 x (2 matrix with random
components range 1 to / 10

transpose
apply E to points B

linear operation

Between scalars, vectorand
matrices the assigned oper:
tions can be executed. Sing
vectors can be processed wi
the standard arithmetic opera|
tors of Snap! there are no sej
arate blocks for them

Applies a matrix to a list g
points (see example).
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il 0.5833333333333335 8
1 0.3333333333333333
%) 0.4166666666666667 |3

vector dim with random
© length: 3 v

I components range P to EP e

Calculates theolution to a sys
tem of linear equations.

B (o3
g B
2 3
A B (o}
1 0 0
item @ of . o 1 0
apply Gauss method to matrix‘ 6 ‘ o mat 0 0 1

-omponents ri

The block returns several da
of the passed matrix: the posg
bly diagonalized matrix, it
rank, whether column swap
have occurred and the currer
order of the columns. If only
the diagonalized matrix is of in
terest, then we look at the firs
element of the result.

mial interpolation for points

2 list f 08 list list E] [1]

Calculates the coefficients (
the polynomial through n
points.

For polynomials you can calc
late function values.

affine transformation of B
by B --> B for MathPad

Performs an affine transfor
mation in the plane for a list o
points, e.g. a image, de-
scribed by the assignment (
three points to three others
(see example).

Examples

polynomial interpolation for points

matrix of vectors
{ vector @D € vector ) & vector &P &

) vector §D &P
matrix of vectors
vector &P &P

poanis [ vector P

T 2 X 2 )

apply (':'.u rix of v

vector &P &
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4.2.2 ComplexNumbers

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. InSciSnap! complex numbers are represented agl@ment lists, where the first entry denotes the
format of the number: either the "Cartesian” style ¢ ©JQor the polar formad 1 22 . There are input

blocks for these two forms

complex @€ + € * i Returns a complex number Cartesian form.

complex @ * eri 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.

complex B Cartesian style Returns a complex number in Cartesian form
complex E polar style Returns acomplex number in polar form

complex 2 + /3 *i Briians Example of format conversion.

complex real-part | of B

absolute-value The componentsof a complex number can be a|
real-part cessed regardless of their format.
imaginary-part
phase
conjugate

+

And, of course, you can calculate with them.

Examplefor a multiplication @ complexNumbercartesianstyle JEl
2 -

k)l 7.196152422706632 |
A g

length: 3 o
Mmmplexf? + 3 * rmcomplex 2 *eAril30 ) - =
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4.2.3 TheMathPad

configure sprite QEENICRd as a MathPad

width: height: color:

Configures a sprite as a MathPad and draw
3-dimensional coordinate system centered
the middle.

is [WESlICRd @ MathPad?

Test on MathPad configuration.

e A VBT R T sl costumeProperties w [l flthisSprite v BTN |

Sets a MathPad property.

L ELOLEET G T T STl costumeProperties vmthisSprite v'

Readsa MathPad property.

set MathPad costume properties width:

height: color:
offsets: ) P on

Sets the costume properties of a M&dd to
the specified values.

set MathPad properties lineWidth: ) onlyPoints? @x

dimension: P maxvalue: P startPoint: P EP P
on

Sets the line properties of a MathPad to t
specified values. If "onlyPoints" is set, only
endpoints are drawn.

add centered axes to a MathPad on [ESChd

Draws the coordinate system on a MathPad

plot vector
on MathPa

ange startpoint? @x

complex-number
line-to
object-of

Draws a vector, a complex number, a line or|
object described by a list of vectors a Math-
Pad.

Example

configure sprite [QES|NCRd as a MathPad

width: @ height: ELP color: P &€ &€
M ve :
CHGOL < € O O

plot vector

on MathPad [T hd Change startpoint? @x

~

vector (0 (5 (5

color: €D € @

on MathPad [QERICRd Change startpoint? ®x

Y
'S 80
\ y
\ 40
\
20 8.0
\ 8.0
A 4
d
50 6.0 -40 -2 20 40 8.0 80 «x
-2.0
-40 -20
8.0
-8.0
-40
+-50
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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 ofa derivative at a given point.

Root calculation according to Newton

root of ( i
starting at @ by Newton s method method. The term must be entered with a gr

1.732050807568981 ring ("ringified").
root of I‘ f? ~ /—) g ("ring )

starting at o by Newton s method _&Exam Ie Calc‘ulatlon of theoot of
Qw W ow start at x=1.

— Calculation of a sequence element. The te
sequence element | (&) ] . e

— — must be entered with a gray ring ("ringiél").
sequence element || &I / (17 B) ‘/—)

Example 17th element of the sequence= 8

Returns the first n elements of a sequence 3

first @) elements of sequence ( 1 | list
0707 1067811865475 & '

k] 0.5773502691896258 |8
4|

1 0.4472135954999579
(1 0.4082482904638631
¥/ 0.3779644730092272 |8
] 0.35355339059327373 2
9 : .
1] 0.31622776601683794 Example The first 10 elements of the st
length: 10 >

first [ elements of sequence [l o / &

nce—.
que CeV|

— Sequence of secant slopes in a point. The
sequence of secant slopes for |

at @ calculated with sequence g% quence can also be specified explicitly in 1
£ 679012345679011 E form of a list.The term must be entered with

£19.37890625 §

[] 9.241600000000027 [§ gray ring ("I’ingified").
5] 9.167438271604919 |8 . .
Example 10 secant slopes near the point wi

vl 9.122865472719647 |8
x=2 forQw w ow, calculated with the

] 9.074226489864445

(1) 9.060099999999771 8
A

length: 10

sequence of secant slopes for ({ -

at @ calculated with sequence
p

sequence—.

Numerical calculation of the derivative in g
point. The term must be entered with a gr:
() D ring ("ringified"). . o
Example Calculation of the derivative of
"Qw ® owat x=0.

Calculates the sum of a finite series. The tg
must be entered with a gray ring ("ringified"
Example The sum of the first 1000 elemen

of the serieB —.

Numerical calculation of an integral using t
trapezoidal method. The term must be enter
with a gray ring ("ringified").
_-0.228728892196614e-16 ) i i

Example Calculation of the integral
F= AT ¢ cwith conversion to degrees)

culated with @[] intervals

1| cos |t 180 WAn ) x

calculated with @[ intervals
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' frequency_spectrum g

frequency_spectrum
complex_FFTdata

JAFFT_of FFTdata lated.

Calculation of fast Fourier transformation (FH
as well as their inverses (iFFAJternatively,
the data of the frequency spectrum are cald

4.2.5 Statistics

For statistical applicatiorSciSnap! contains a number dlistributions. Correlation calculation, variances etc. are

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

0.1937102445000001
b(N= E[D p= (XD - @ ) MV

Probabilities of the binomial distr
bution

7 o 0 ‘
w0 MhQ TQ:)] Jop 1

0.7360989291000002 )
RSk ' XCEK 10 B5K 0.1 B -

Calculates the cumulative distribt
tion function of the binomial distri-
bution.

0.4166666666666667
h(N= @D M= € n- @ k- € ) 3% /

Probabilities of the hypergeometri
distribution

N e o J
Q0D rEhQ

05
Hx= @ (N- €D M- @ n- © ) P

Calculates the cumulative distribl
tion function of the hypergeometrig
distribution.

0.0011890367806258928 )

p(8= k= @D ) Mg

Prdbabilities of the Poisson distr
bution

=R ——

_0.9999799325063756

ek 2 JICEK 005 DY .~

Calculates the cumulative distribl
tion function of the Poisson distr
bution.

0.1875 )

pareto (xmin= @P k= EP x= @ )

Probabilities of the Pareto distriby
tion

P 0 ¢ A
Nnowi @ éhkw (b—l’]

W w Nu €¢¢i o

0.24197072451914337 )
n (x= §D v= P o= &P ) Ve

Probabilities of the normal distribuy
tion
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4.2.6 Sets

Sets are implemented i8ciSnap! as 5element lists.In the implementation, my goal was to deal with infinite

sets as far as possible. For this, sdfined by predicates were somewhat neglect&ad. create a set, one can
enumerate the element§l,car,true} define them via predicatgx|x<5} or enter rangeg-Infinity<x<=2}The first
element of a set contains the typesgt'), 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 ontaining 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, tisé elements are described by intervals. For this purpose, e.g.
predicates are converted into interval lists.

(] set [
5 A B C D
2 :
| [ tue @)
2
3 1 2 Peter B
4
4 length: 0 Y
—_— 5 . g Y
set of { [l A [ (list [ [T L — Z 1__cInfinity —
—— - 4 =
set of {x| f(l <A length: 5 4 1 -Infinity
length: 5 Y )

set of {x| CRITE> = |x < | Fhd } B%

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 fae.g. interval operations do not appear in the palettes. You can find them when you select
blocks to export

TR e PRI | 5ok 1o s (B deser
above).
setof {x|]( .}

T e [ 2

Returns "true" if the element is an €|
ement of the set, otherwise "false".
The basic set @rations for calculat{
ing the intersection, union, differenc
of sets, or theCartesian product.

Returns "true" if setl is subset of set
otherwise "false".
Returns "true" if setl = set2, othe

is B = M 2

wise "false".
2,3,Pet blue],0
12,3 Petra,[car,blue], 0} Represents the elements of a setbia
more readable".
4 A B c D E Creates the corresponding list of el
1 — .
1 : | ments from a text. Lists are bracketg
3 3 4 n "o
i square" in the text, sets are brac
4 set MJ [ E ; q
text [FIROICRERE] o elements B : = eted "curIy".
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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 8wSnap!Properties.

Sets the limit up to which predicate

set SciSnap! global property to or interval sizes are checkefineces-
sary.
Returns the first n elements of a set
° a list.
blue

@D eclements of (set’ (numbers £ |N)

Examples
set set1 |to setof { [ 8 Al &8 ™
set set2 | to set of {x| (< N=03

set set3 | to ' set of {x| @@LLIVAS

&P elements of "__‘"j"'seti il | set2 ) (numbers £ |N)

& eclements of _(_;‘"-setl [{'set2 ) (numbers £ [N) &

element ff""setl ) set of { ¥

2 A B c D
e 1 -Infinity < < 3
item @E9 of set of {x| | € F { » 2 3 < < 5
7
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4.3 TheDataLibrary

The data library oSciSnap! 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 statisticantitiessuch as the covariance or
correlations. In addition, there are some blocks foe gtandard machine learning methods

SciSnap!Data

Because number structures such as vectors and matrices are in

1
mented in themath library, the data library is largely limited tta- 11 Parts:vear 20810 2;11 2;:4 ZOEZO
bles as an additional structure. Their rows and columns can i :22 E;? :2 2: ;_;
identified either by heir numbers or the identifiers of the first col : i:z fg 2? ;z :2’
umn or row. Columns can additionally be named with capital lett( | e nzr 45 25 48 a9
(A..2). If a number is required as identifier (i.e. not the column ; ﬁ_or's 2? 2; :z 22
row number), then a double cros#)(must be placed in front of the 15; iﬁf ‘: Z‘; :j f;
number as identifier, e.g#123. " zzT 26 12 39 56

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 furth

— table operations).

length: 00~

empty table J¥

3
1
2
3

A B
0 0 Returns a table of the specified size, initialized with
8 2 p starting value.
-
R . Returns a table of the specified size without conter
rame  age but with column headers.

4
1
2
3
4

new @ by € table with labels: oy

Returns a copy of a list or table. SirBreap! assigns listg
copy of B as references, you can use this block to avoid u
tended changes to the original.

import table-(CSV)-data S

to scis RN Thhe ?IOCT |mpor‘lts tébles’l image (-jita :.r hS?]L dz;ta
costume-(RGB)-data the global variabl&ciSnap!Data, with which the other
2d (query)-data blocks of the library work by default

Exampe: Importing a table using the file selection di
to SciSnap!Data log.

import table-(CSV)-data | from

Writes a table to a file of the browser's download ar
under the specified name

write to CSV-file

random points with ranges x:
y: @D inside of a square g

Returns n randomly distributed points of the specifi
range
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&P random points near a straight x-range &P &

gradient P y-axis-intercept i range &P

5 A B

1 4.69556782£3.48795425¢
2 1.90752348£0.55636141¢
3 4.9815268643.197651331
4 -3.98045004-5.22996453
5 4.7971570552.657115332

@& random points near a straight x-range & &

gradient P y-axis-intercept @& range EP

Returns n points scattering around a straight line, gi
by slope and 3axis intercept, in a range bounded
"range”.Mostly used for tes.

Example 5points scattering arounfQ  ® ¢.

&P random points near
between @&P and &P range &

5 A B
1 3.18966283¢6.80909137¢
2 -4 5304083216.3888286¢
3 -1.883359930.44061073¢
4 -0.13908176-4.69285960

5 1.884148011-0.20689252

random points near ‘l"‘- -
between and @ range @

Returns n points that scatter around an arbitrdanc-
tion, given by its "ringified" operators, in a ran
bounded by "range"Mostly used for tests.

Beispiel 5points scattering aroundo @ T.

transpose table or list B

Returns a transposed table or list as result, age in
which rows and columns have been interchanged

CAICmAn, Data

column
column-headers

Adds a row, a column or column headers to the speci
table. Missing elements are added with empty conte
"overhanging" are ignored

] with first item? v@

last
numberOrName

length; 10, %)

PR hd of EEENENBEE] with first item? @ X ”/—)

E

column

Returns a row or column of the specified table.

Example The first column of the example table witho
the heackr.

GG = 9rOrName ¥ Rei#lSciSnap!Data

row
column

delete column | m [LiflSciSnap!Data

Deletes a row or column from the specified table.

Example Deletes the column for the year 2010 from t
example table

numberOrNamelnumberOrNamemSCiSnap!Data .

21 )
element of P

Returns the specified table element.

ExampleResult of the party KKA in 2011

L AET R BN AnumberOrName fnumberOrName Rl #lSciSnap!Data S &N

1

Sets the value in a table cell

columns . :18SciSnap!Data

e NGB numberOrName Bl last 3 A B @
1 AAB 57 1"
2 ACB 9 28

columns of 3 BAD 50 a8

from row H to

Returns the specified range of rows.

Example Results of the three specified parties frg
2010 and 2020
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subsection of RGB-data

from ] oot

LN numberOrName fnumbert o o+riv_data

list-data
RGB-data
FITS-data

Returns a section of a table, matrix, list or image d
given by the two points "leftop” and "rightbottom".

select rows of SciSnap!Data BV, =[]
column is less-than g

less-than
greater-than
equal-to

2 A B (o]
1 AAB 57 62
select rows of where PSRV 9 55

different-from

D
22
29

E
1"
28

column [ is less-than [

Returns selected rows of a table that satisfy the speci
criterion.

Example All election results with parties starting wit
IIAII'

count values in B

vector dim LI with random

count values in
components range P to & B

Counts the occurrence of thealuesof a list

entropy of B

vector dim @[ with random

entropy of
ropy components range &P to &

_1.5953908561592889

Determines the entropy of a list

SciSnap!Data R4 LIV [FT6] [Tef- ] {15

Removes duplicates from a list

b,

[ 3 Peter | without duplicates §&
SciSnap!Data [l LI ELTFLT NI EET)
mean
max
number
sum
median

softmax

1 0.366412213740458 §

¥4 0.6412213740458015
] 2.015267175572519 §

51 0.9770992366412213

length: 4

v
A

Normalize a vector by dividing it by the mean, maximt
number, sum, median of its values or by applying
softmax function

Example Results of the party KKA, "normalized"” by {
mean value

ering fi em? | TP
SlehEREE] compressed with
factor @) by averaging
6 x e matrix wifh randém

components range &P to ELD
factor @) by averaging

compressed with

Compresses a vector or matrix with the specifiadtor
by averaging

492.1696  522.8128
487 4608 518.08

479.1072  500.5152
491.7824  498.9328

x @I matrix with random
compoenents range ) to

mean | pooling of

501.6
514.2176
519.0028
496.3808

483.7241
488 2761
502.150
502.7291

with stride @

Returns a table that has been compressed by naatx
meanpooling withstride n. The dimensions of the ne
table are passed before the result. Well applicable to
age data

Example A matrix of 100x100 random numbers is co
pressed with stde 25.

sort B with predicate

Sorts a list using the specified predicate
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RIEEE ] sorted by column

ascending v@ considering headline? v@

Returns a table sorted iascending or descending ord

oA s ¢ o = by the specified column
1 partylyear 2010 201 2014 2020
2 AAB &7 62 22 "
3 AAB 57 62 22 11
4 YKL 5 60 41 18
5 ACB ] 55 29 28
6 TTL 61 36 46 24
7 CAG 18 34 45 61
B BAD 50 33 10 36 .
s ton s x a @ ExampleThe election results sorted by the year 2011
10 NZT 45 25 48 49
1 KKA 12 21 66 3z
sorted by column 12 zzT 26 12 39 56

ascending @ > considering headline? @ x

----- ami of EREITIER

slumn considering headline?

Returns minimum, maximum, number, swn average
of the first specified column of data, grouped by the s
ond. The headings can be includedr not.

value mean

mean | of column of Exam Ies
s cotkn il (NG s At Il esd R - The mean values for 2010, grouped by party

mean| o column [T of ot T XA i apibata) The mean values for 2010, grouped by party
ETHECE

grouped by column [J considering headline? @x

Returns rangegovariance and correlation between tw
table columns

covariance
correlation

correlation | of column and ooararessiszsrasisd s | ExampleCorrelation between the years 2010 and 20]

of EEIENEE] considering headline? .><

regression line parameters of Returnsgradientand yaxis intercept of the regressio
o sesacy line through the specified data

J Example Regression line through 10 random poin
S| scattering around a straight line
k-nearest neighbor (kNN) method in two dimensions

regression line parameters of .o

& next neighbors of B

S ciSnap!Data machine learning.
Example HRdiagram

eenunluEple e It plie Returns the result of a convolution, applied either tg
_ table or to image data
Image .
table | Examplesedge detection CNN

&P -means clustering for FEIEBEE

with Euclidean metrics

10 table miBerrnEe] width &GP height ELLD

T Clustering of rmlimensional data with the -kneans
I method. The Euclidean distance is taken as the me
.y Cluster numbers arappended to the data
7 54 -13 2

Y Ptz

3
3
9

(710 random points with ranges for x: { 100/ 100 |y ( -100 1/ 100 |

with Euclidean metrics

Clustering with any metric
Example DNSClusteringwith Levenshteimmetric.

&P -means clustering for IR with metric {
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Levenshtein-distance of EENIE MSunday.

Returns the Levenshtein distance between two string

DBSCAN clustering for ElESIE]IEIE!

radius @i minMembers &P

Clusters data according to the denslipased DBSCA
method.

decision tree ID3 for B

with labeled data in last column

Returns a decision tree fathe specified data, con
structed using the ID3 method.

Classifies data using an ID3 tree.
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4.4 TheSQLLibrary

TheSQL library contains most of the commands required 8QL queries §elect). OtherSQL statements can
be entered directly into theexec SQL-command block. Howeverin this caseyou must have the appropriate
access rights. The library works wilglobal varikle SQLData, which prevent the data stored in them from
conflicting with that of other spritesThe variable is created automatically during configuration.

Similar to theMath and Data blocks, theSQL blocks do not work with a specific sprite or stage. However, each
call first checks whethe®ciSnap! has been successfully configured 8L access. If this is not the case, an error
message is displayedor reporter blocks as the result of the funatiaall, for command blocks as the output of
the calling sprite as well as in tlBiSnap! collection box for error messag&siSnap!Messages.

ConfiguresSciSnap! for SQL access. For thit

the global variableSQLData is created and —
the initial propertiesare set. The sprite that .
executes the commandill takethe costumeSQLDis-
connected if it exists.

configure SQL

Returns "true" if the configuration is correct, otherwi

is SQL configured?
"false".

Connects to a database server whose addre -

is in the script. This should be reset, e.gloas ~ —

connect to database server J calhost, if the default server is not used. If the N
- connection attempt is successful, the executing sp

will take the costume&QLConnected if it is present.

Imports a table into th&SQLData data space

import SQL-data from H to SQLData |
T -
import SQL-data from

exec SQL-command (S - T ke MOTTTICAY) ) Examplelmport of a query result

8 snapex_schoot |
8 <nape_wora J
M napestensions_do1 |
M napestensions_abz |
1 st |

: - . length: 6 Y )

Returns a list of currently available databases

read datab

o)

choose database no. &3 ] Selects one of the existing databases.

Returns a list of the tables of the selected database.
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choose table no. &P Selects one of the existing tables

attributes of table no. &P

Tio_Nummer B Returns a list of attributes of the specified table.
3 kursnummer |

ot ]
Trune &

length: 4 %)

attributes of table no. &P W

DISTINCT

SELECT * FROM kurse
SELECT g4 ' FROM [Ty WHERE - ‘/—)

Block for generating simple SQL queries that can be
ecuted by theexec SQL-command block.

Block for generating complex SQL queries that cai
executed by theexec SQL-command block.

ASC | LIMIT &

Block for executing SQL statements for a database.
statements can be generated tselect blocks or en-
tered directly

B »CPBE CEBE > Predicates for the execution of comparisons

GO DA 0T DA 0 | Predicates for the execution of logical operations
ey Predicate forchecking a string pattetn
CM:D Predicate to check if an element is included in an €

meration.

m m m Aggregate functions.
sum () X counT ( Il )
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The followingSciSnap! libraries work with locally configuresbecial 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 apecial sprite. For this purpose they are configured accordingly by creat-
ing two local variablemyData and myProperties and filling them with initial values. The commands that refer

to aspecial sprite all containthe 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 hands friocedure largely eliminates objeatiented 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 inage iamd plotted in a graph, the
ImagePad and thePlotPad 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 changedt 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 lineso 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 ThePlotPadLibrary

PlotPads are used to display graphs, histograms, etc. The cuBei8nap!PlotPad Library was heavily designed
by Rick Hessman, especially thé’rettyPrinting and theline styles are from him.Many thanks for that!

Configures a sprite or the stage asPtPad. The
name of ‘anotherSprit& must be specified if required

configure as a PlotPad width: P The command must be exated once before working
height: €I color: with a sprite as #lotPad. The target of the calbkes
a rectangular costume with the specified dimensiq
and colors.
Returns "true" if the configuration is correct, othe
is a PlotPad? eturns g
wise "false".
| set LRG3 =15 |costumeProperties w-—=ilthicQurita = L2
typeOfConfiguration
typeOfData
t P rti . . .
inoProperies Sets one of the properties imyProperties to the
markerProperties '
dataProperties specified value.
scaleOffsets
labels
ranges
scaleProperties

costumeProperties v &l f*hieSnrita w

| PlotPadProperty
typeOfConfiguration
typeOfData
costumeProperties
';::ri;‘:g‘:;‘;;iies Returns one of the properties myProperties.
dataProperties
scaleOffsets
labels

ranges
_scaleProperties

set PlotPad costume properties width: [P height: &P

CEUNCHET 245 W 245 W 245 MICHISCEICIA 180 M 180 M 180 Sets the costume properties of the specified target
offsets: i) P on

set PlotPad line properties style: continuous g

s Sets the line properties of the specified target.

dot-dot
rainbow
inverse-rainbow

set PlotPad marker properties style: square

color: D) P P connected? @ <. on [N
o_circle Sets thamarker @atapoind properties of the specifieq

._point
+_plus target.
X_ex

square
triangle

set PlotPad scale properties precision: & &

textheight: §FP &FP number of intervals: LD &P Sets the scale properties of the specified target.
on

set PlotPad labels on [QIEEICR4 tO

title: titleheight: &P . .
x-label: xLabelheight: @) Sets the label properties of the specified target.

y-label: yLabelheight: &)

Setsthe distances of the coordinate axes from t
edges.

set PlotPad offsets from edges on [QIESiiThg
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Sets the ranges of the axes of tbeordinate system.

Adds a function graph to thelotPad, given as a list o
polynomial coefficients or as a "ringified" term.

Adds a data plot for a twdimensional data table tg
the PlotPad.

Adds a data plot to thelotPad for a two-dimensional
table containing texts in the first column and nume
cal values in the second.

Adds a histogram to thBlotPad.

Adds axes and scales to tRéotPad. Depending or
your preference, you can also add this block to the
tual plot @mmands at the end.

Deletes thePlotPad without changing the other pre
sets.

Sets the rangesf the axesso that ‘pretty” labels are
on the axes.

Returns values forgretty" labels of the axes.

Redetermines the ranges, calculated from thada.

Returns the ranges of a twdimensional table.

Returns the conversion of a numerical value into cq
dinates of theplotpad or the coordinate systernsed

Converts the mouse position into costume or gra
coordinates.

Simple plotprogram for data.

Example



