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Preface 3

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 * 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 — 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
interlude” to replace all "r" in a text with "I" 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, what’s for?"

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 — 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 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

L 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.
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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" . 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. ° 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" ¢, 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, | 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.

configure as a GraphPad width: L))

LCIETTEN 300 JCOIETEN 245 245 245 )
add @I vertices to graph on

add &ITP random edges to graph on|[TSCE e

add
mean | of vector
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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 added—and 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 MIT’s Scheme 7 language, based on the "CS Bible" "Structure and Interpretation of Computer Pro-
grams"® 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. | 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. Let’s see...

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 “Machine learning with Arthur&Ina °” and the Snap!-fork
SQL-Snap! . 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!" 1 — and of course, in the Snap!-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 with
SciSnap!. Depending on the application, they two will take turns. Alberto ** will take care
of the more scientific applications, Hilberto  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! -Mascot. Whether that’s true? One does not know!

I would like to thank Jens Monig 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 DeepL?® translation program. | would probably never have
finished without it.

I hope you enjoy working with SciSnap!.

Gottingen, on 2022.3.22

@J/%L

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

8 https://mitpress.mit.edu/sites/default/files/sicp/full-text/book/book.html
% as well as other materials on http://emu-online.de

10 http://snapextensions.uni-goettingen.de/

1 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

5 https://www.deepl.com/translator
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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 | 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 - | port library

but in this case without Hilberto. The second is recom- T ——
mended if an existing project is to be extended with World Map
. Text Costumes
SciSnap! functionalities. el
nimation
. Pixels
SciSnap! works with a set of JavaScript libraries stored A S

Frequency Distribution Analysis

i Datab:
on a server. They are loaded automatically by the block atabase
Words, sentences

start SciSnap! before Snap! is reconfigured to Strings. Mull ine input
primitives
SciSnap! which can be recognized e.g. by the changed Streams (azy lists)

Web services access (https)
Create variables
Bitwise operators

logo. You can find SciSnap! in the Snap! libraries in the
File menu. If you load the blocks from another server,

SciSnap! v2

then you must explicitly allow access to JavaScript exten- Serial Ports
. . . . MQTT
sions in the settings menu in case Shap! does not trust Signada (Network remote control)
= » ]
the server.
Ry Y

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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New Blocks in the Standard Palettes

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:

costume of >

costume of "".object Stage

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

ing operations.

copy of costume >

copy of costume (| my costume

Provides a copy of a costume.

new costume ETP ETP €D EXP EED

|

Provides a costume of the specified size and color.

copy current costume of [(QESICRG

thisSprite
theStage
anotherSprite

stumes

!

Adds a copy of the current costume to the costume list
of the sprite or stage.

import Sprite

Imports a sprite that was exported as an XML file.

remove this sprite

Deletes the calling sprite.

A block from the Snap! libraries: Replaces a nested
block sequence with a somewhat clearer structure.

Ldatetime 3

-~

2022-01-15T15:49:29 )

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

cal purposes.

datetime: Jlll & secondstoday

Julian Date
decimal years
days this year

hours today
minutes today
| seconds today

hours this year
minutes this year
seconds this year

Provides date and times based on the standard for-

mat.

input dialog on [ESnchd with title [{T}
and items B

input dialog on 71 B T Y Dateneingabe-der-Farbe:

and items | list

Dateneingabe der Farbe: (click on it)

1: Rot
2. Grn
3 Blau

0] [o]

‘Gn'.'ln )

Simple input dialog by selecting the desired answer

with the mouse.
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0.7620777336213176 )
y

Generates random numbers between 0 and 1.

3.141592653589793 )
T

Returns TT.

2.718281828459045 )
)

Returns Euler’s number.

1.24
(UGN 12357 RGN 2 JCIOS \"I—)

Rounds a number to the specified number of decimal
digits.

Returns the factorial of a natural number.

(€)W
(S B

Calculates a binomial coefficient.

thi
substring of from &P to € ‘/Is—)

Returns the specified part of a string.

String
111 |thisString ‘/—)

" delete ELR

all
first |

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

THISSTRING
upper case JHSSTRING J

Converts a string to uppercase.

thisstrin
AT s B ThisString “/_g)

Converts a string to lowercase.

write text to TXT-file

Saves a text in the specified file in the download direc-
tory of the browser.

mring mthisString. “';)

Returns the position of the first character of the first
occurrence of the specified substring in a string.

_thatString
‘replace all guem with [GET mthisString'

all
first

Replaces one substring in another, either in all places
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 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 F,},,‘,»:q,_,[.ﬁ_ T haaaatanePad width: @0

sprites", e.g. as ImagePad. The local variables myProp- height: &P coloi thisSprte |: 245

erties and myData are created and some useful presets theStage

are made for the properties. The properties are usually anotherSprite

grouped into groups, e.g. costume properties (costume- T EESEIRES - nyData oL

Properties) or the way to draw lines (lineProperties). All | l/fuse (0 17255 FLLEC B 0 ihisSprite v

blocks that require a specific configuration initially check thisSprite

the typeOfConfiguration property of the sprite they are ;hnft’;i%gprite

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

played. The groups of properties can be changed with the ”Irf‘f ﬂ: rrf‘flfff_a’ f_”af;_’a’” :

corresponding blocks. ,H.'%Em,: ,—1?'0' ,’-@ 7750 W fiisSprite = gc:;:g:ous
dash-dot
dot-dot

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:

Using the libraries, configurated sprite K libraries
. N (vector [ ]
they import data from I \ e i g
L ¢ J The libraries provide “':?“"“f"‘::""‘." o 41D
_fi “ImagePad myProperties ) . (matdofivccraus]E
e Image-files = a9 blocks for graphical (GRS
. 1 typeOfConfiguration Image e e el =
e Textfiles B o = representation of data, (franspose B
i 3 lineProperties B .. . Tlinear operation il © W
[ ] SQL'q ueries ft) dataProperties S ed iti ng ta bles, a pplyl ng (polynomial interpolation for points £
5  imageProperties T S
° JSON-files 6 SIMPLE T statistical OperatlonS, -
7 BITPIX 18 | = -
. 8 NAXIS 2 i (solve § *x=§
° CSV-fl IeS ) NAXIST 138 solvi ng SVStems of “apply Gauss method to matrix g
10 NAXIS2 158 equations' read file
o . " E:‘::'S"SE F:\; write to CSV-file
- = A . (select rows of where
ImagePad myData column &P is lessthan |l
23040  items ‘ e P i Snap!Data
: oty &
2 ( without duplicates
3 [ ranges | of column &I} and &
N cr0 | of
e | [ normalized by mean

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.
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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!.

= =
SciSnap!Messages
SciSnap!Properties

Loads the JavaScript library of SciSnap!. Creates the
SciSnap! logo and the mapped global variables. Enlar-
ges the stage to 800x600 pixels.

set SciSnap! global variables and properties

Creates the global SciSnap! variables and sets some
SciSnap! properties.

"SciSnap! GRS TG A minValue -

typeOfData
width

height
minValue
maxValue
columns

rows
maxSetValue

Reads a property.

set SciSnap! global property to i

Allows to change or to create a property.

headline

show global message title:

) FECE A theMessage

theMessage

oK)

Creates a message window in the middle of the screen.

report SciSnap! error

Reports an error, if possible, via the current sprite and
enters it into SciSnap!Messages.

- |
L is | a vector

vector

transposed-vector

matrix

table

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

comparisonOperator
interval

listOflntervals

numericallList

Tests an element to see if it belongs to a SciSnap!
type.
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is the global @ X property [ e =il
VT O ET T MathPad B ==

Tests whether a global or local property exists and
whether it has the specified value.

Switch to SciSnap! logo

Replaces the Snap! logo with the SciSnap! logo.

import library to category

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:

=

a1 F Returns a vector of arbitrary di-
d 2 [
d 3 F

length: 3 Y,

mension with given values.

vector §D & & W

fd « F Returns a vector of arbitrary di-
' mension with random values in
the specified range.

vector dim @& with random
components range P to y

A B Returns the matrix from the
! 2 specified vectors.
3 5 )
matrix of vectors (\'/ =
> A Returns a matrix of arbitrary di-
1 8 4 2 mension with random values in
& x @ matrix with random 2 7 3 iy .
components range “ to V' 2 the speC|f|ed range.
3 A B Matrices and vectors can be
B S ! transposed.
2 4 3
o X 9 matrix with random
3 10 9
transpose components range 1 ‘to /10 | ~ - L
el o s = W Returns one of the specified
. properties of a vector.
min
max
minpos
maxpos
number
sum
mean
median dom ) _757.4476000000002 )
A variance | of vector g P -
variance 2 b 2d
standard-deviation
| softmax

Between scalars, vectors and
matrices the assigned opera-
tions can be executed. Since

linear operation (Z-T// G €D €D 8% vector (4 (5 16 vectors can be processed with
the standard arithmetic opera-
tors of Snap! there are no sep-

with random - ; arate blocks for them.

linear operatio

transpose A7CCTN 4 W5 W6

Applies a matrix to a list of

apply E to points B points (see example).
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i} 0.5833333333333335 8
¥4 0.3333333333333333 J8
%) 0.4166666666666667 |3

vector dim P with random v

length: 3

I components range P to EP

Calculates the solution to a sys-
tem of linear equations.

apply Gauss method to matrix | 34

. compor

item @ of

apply Gauss method to matrix

components rx

o o = B
o = o m

- o o0

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.

list £ [

For polynomials you can calcu-
late function values.

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

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:

polynomial interpolation for points

matrix of ors

{ vector @D €

apply l’:'.

“mi
points [y ector @ @

vector ) &

vector D &P
vector (0 )

vector &P &

T 2 X 2 )
vector &9 &
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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 z=a+ b i or the polar form z = r - e!®. 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.

complex B Cartesian style

Returns a complex number in Cartesian form.

complex B polar style

Returns a complex number in polar form.

complex (2  + (3 *j ITIET AR

Example of format conversion.

complex real-part

| of B

absolute-value
real-part
imaginary-part
phase
conjugate

The components of a complex number can be ac-
cessed - regardless of their format.

complex B + i
+

*

And, of course, you can calculate with them.

Example for a multiplication:

= :
il complexNumberCartesianStyle )

¥4 0.4641016151377553 |8
=}l 7.196152422706632 |1
v
length: 3 o

Moomplexf? + 3 * fmcomplex 2 *eAril30 ) -
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4.2.3 The MathPad

configure sprite QEENICRd as a MathPad

width: height: color:

Configures a sprite as a MathPad and draws a
3-dimensional coordinate system centered in
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.

BTG EET S T ET g sP 8l costumeProperties vmthisSprite v.

Reads a MathPad property.

set MathPad costume properties width:

height: color:
offsets: ) P on

Sets the costume properties of a MathPad 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 the
specified values. If "onlyPoints" is set, only the
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 an
object described by a list of vectors on a Math-
Pad.

Example:

configure sprite [QES|NCRd as a MathPad

width: @ height: ELP color: P &€ &€
TGO < € O @

plot vector

on MathPad [T hd Change startpoint? @x

plot vector | vector o 9 6

CLICTEN 0 N 255 N 0 ]

on MathPad [QERICRd Change startpoint? ®x

Y
» 8.0
\ y
b1
N\ 40
\
\
20 80
\ 8.0
N\ 4
. P>
5.0 6.0 -40 -2, 20 40 6.0 80 «x
-2.0
-40 -20
8.0
-8.0
-40
+-8.0
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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 of
starting at ‘. by Newton “s method

@le - @e®

starting at @fJ) by Newton ‘s method

root of

_1.732050807568981 )

Root calculation

method. The term must be entered with a gray

according to Newton's

ring ("ringified").
Example: Calculation of the root of
flx) = x3

— 3x, start at x=1.

sequence element (

sequence element | @B /

(€D )

0.24253562503633297 )

Calculation of a sequence element. The term
must be entered with a gray ring ("ringified").

Example: 17th element of the sequence =

\

elements of sequence 4'1

first o

4

9

first [P elements of sequence [ o / of

P 0.7071067811865475 §

k1 0.5773502691896258 8

] 0.4472135954999579 [
(3] 0.4082482904638631 §
¥4 0.3779644730092272 |8
L] 0.35355339059327373 [

(lt] 0.31622776601683794

length: 10

Returns the first n elements of a sequence as a
list.

Example: The first 10 elements of the se-

uence .
q NG

sequence of secant slopes for (
at @ calculated with sequence

sequence of secant slopes for || =

sequence

2

£19.679012345679011 8

£19.37890625 §

51 9.241600000000027 8
21 9.167438271604919 8|
74 9.122865472719647 |8

11 9.093994140625 |3

] 9.074226489864445

(1) 9.060099999999771 8
A

length: 10

Sequence of secant slopes in a point. The se-
guence 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 f(x) = x3 — 3x, calculated with the

1
sequence F .

-2.9999999999 )

Numerical calculation of the derivative in a
point. The term must be entered with a gray
ring ("ringified").

Example: Calculation of the derivative of
f(x) = x3 — 3x 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

1
of the series %120 = =

180 Whn )

I | cos | of

calculated with @[ intervals

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=f0n cos x dx (with conversion to degrees)
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( frequency_spectrum g

frequency_spectrum
complex_FFTdata
JAFFT_of FFTdata

Calculation of fast Fourier transformation (FFT)
as well as their inverses (iFFT). Alternatively,
the data of the frequency spectrum are calcu-
lated.

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

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

b(N,p, k) = (1]\(]) cpk (1 —p)N K

Calculates the cumulative distribu-
tion function of the binomial distri-

B x= &P (N= @D r= CXD )

_0.7360989291000002
-~

bution.

Probabilities of the hypergeometric
distribution

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

() (o

()

h(N,M,n k) =

05
Hx= @ (N- €D M- @ n- © ) P

Calculates the cumulative distribu-
tion function of the hypergeometric
distribution.

0.0011890367806258928 )

p(8= k= &) ) Ve

Probabilities of the Poisson distri-

bution

k.,-0

e
k!

0
p(6,k) =

0.9999799325063756

RSk 2 JICEK 005 DY .~

Calculates the cumulative distribu-
tion function of the Poisson distri-
bution.

PEIGCRCDENR 1 RER 3 PN 2 )

0.1875 )

Probabilities of the Pareto distribu-
tion

_ k- xmink .
pareto(Xmin, k, x) = kL

X 2 Xmin; 0 sonst

Probabilities of the normal distribu-
tion
_(x=w?

0.24197072451914337
nx=EP =@ o= € ) Pa / e 2%

no o) = e
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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.

il set B
5 A B c D s
] et |
10
3 1 2 Peter B ;
: 4 1 A =
—_— 5_ - i
set of { [l A [ (list [ [T 1y 4 1 -Infinity
d I
setof (x| ((M<@ |y JECil b _
\ j :
length: 5 v,)

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

set of {x| < Pas | ) BIocks)for defining sets (as described
above).
setof {x|]( .}

Returns "true" if the element is an el-

T e [ 2

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 setl is subset of set2,
otherwise "false".

Returns "true" if setl = set2, other-

wise "false".
element (888 2 text 12,3 Petra,[car,blue],0} Represents the elements of a set "a bit
more readable".
4 A B c D E Creates the corresponding list of ele-
d .
> I ments from a text. Lists are bracketed
3 3 4 " "o
i square" in the text, sets are brack-
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 the SciSnap!Properties.

Sets the limit up to which predicates

set SciSnap! global property to or interval sizes are checked, if neces-
sary.
Returns the first n elements of a set as
B .
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| @LIINAS <

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

& clements of (( set1 | set2

element ({ set1 2 set of {

2 A B c D
—_— 1 -Infinity < < 3
item @K of set of {x| [ B<3 € f { 2 3 < < 5
7
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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.

SciSnap!Data

Because number structures such as vectors and matrices are imple-

11 A B Cc D E
mented in the math library, the data library is largely limited to ta- 1 partylyear 2010 2011 2014 2020
bles as an additional structure. Their rows and columns can be 2 :22 j :2 2: ;_:3
identified either by their numbers or the identifiers of the first col- : i:z fg 2? ;2 :
umn or row. Columns can additionally be named with capital letters 6  NZT 45 25 48 49
(A..Z). If a number is required as identifier (i.e. not the column or ; ﬁ_or's zf 2; :z 22
row number), then a double cross (#) must be placed in front of the 15; i’:‘(‘f ‘: :‘; :j :’;
number as identifier, e.g. #123. 1 zzr 2 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 further

— table operations).

length: 00~

empty table 1

3
1
2
3

Returns a table of the specified size, initialized with a
starting value.

o o o »
o o o W

W
@ x @ table initialized with ] ¥ s
new @& by ) table with labels: [

Returns a table of the specified size without contents,
name age but with column headers.

4
1
2
3
4

new @ by € table with labels: oy

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

copy of B as references, you can use this block to avoid unin-
tended changes to the original.

import table-(CSV)-data S

- The block imports tables, image data or SQL data into
e Sl table-(CSV)-data -
costume-(RGB)-data the global variable SciSnap!Data, with which the other
SQL-(query)-data blocks of the library work by default.
FITS-data

Example: Importing a table using the file selection dia-

import table-(CSV)-data | from

filepicker v RGBT ET LD ETE] IOg'

Writes a table to a file of the browser's download area
write to CSV-file
under the specified name.

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

Returns n randomly distributed points of the specified
range.
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random points near H- -
between and @ range @

&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

@& random points near a straight x-range &) € PRI T IRELEES
gradient P y-axis-intercept @& range EP y

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 f(x) = x — 2.

&P random points near |

between @3 and @ 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

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 f(x) = x? — 4.

transpose table or list B

Returns a transposed table or list as result, i.e. one in
which rows and columns have been interchanged.

CAICmAn, Data

column
column-headers

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

] with first item? v@

last &1 AnB F
numberOrName

do zzT 8

length: 10 ¥

E

column | [EIRDTEIRd of EEENETIBER with first item? @ x ‘7—/

Returns a row or column of the specified table.

Example: The first column of the example table without
the header.

delete row

=~+arQrName v {]#SciSnap!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 the
example table.

numberOrNamelnumberOrNamemSCiSnap!Data .

21
element of ) o

Returns the specified table element.

Example: Result of the party KKA in 2011.

1

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

Sets the value in a table cell.

columns i

from row [ to

(] 8 SciSnap!Data
e NGB numberOrName Bl last 3 A B @
1 AAB 57 1"
2 ACB 9 28
columns of 3 BAD 50 38

Returns the specified range of rows.

Example: Results of the three specified parties from
2010 and 2020.
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subsection of RGB-data

from numl - ple-data

LN numberOrName fnumbert o o+riv_data

Returns a section of a table, matrix, list or image data
given by the two points "left-top" and "right-bottom".

‘select rows of SciSnap!Data BV TEE
column is less-than

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

less-than
greater-than
equal-to
different-from

D
22
29

E
1"
28

column [ is less-than [ 3

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

Example: All election results with parties starting with
"A",

count values in B

vector dim LI with random

count values in
components range P to & B

Counts the occurrence of the values of a list.

entropy of B

components range &P to &

o - 1.5953908561592889
e vector dim @[ with random _/—)

Determines the entropy of a list.

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

[ 3 Peter | without duplicates

Removes duplicates from a list.

of [SciSnap!Data

_considering first item?

normalized by mean

1

mean
max
number
sum
median
softmax

0.366412213740458 §

¥4 0.6412213740458015
] 2.015267175572519 §

51 0.9770992366412213

b,

length: 4

v
A

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.

SlehEREE] compressed with
factor @) by averaging

€ x € matrix with random
components range &P to ELD
factor @) by averaging

compressed with

Compresses a vector or matrix with the specified factor
by averaging.

487 4608

mean | pooling of

compoenents range ) to

492.1696  522.8128

518.08

501.6
514 2176

x @D matrix with random 479.1072 5005152 519.0928
4917824 498.9328  495.3808

483.7241
488.2761
502.150
502.7291

with stride @

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.

sort B with predicate

Sorts a list using the specified predicate.
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ascending @ > considering headline? @ x

----- ami of EREITIER

of column of L2 >
grouped by column [J considering headline? @x

RIEEE ] sorted by column

ascending v@ considering headline? v@

12 A ] c o
1 paryyear 2010 20m 2014 2020
2 AAB a7 62 22
3 AAB 57 62 22
4 YKL 5 60 41
5  ACB E 55 29
6 TIL 61 36 46
7 CAG 18 34 a5
& BAD 50 a3 10
8 LOH 53 27 43
10 NzZT 45 25 48
1M KKa 12 21 66

SciSnap!Data [ELG EL IS Y 12 zzT 26 12 39

Jlumn considering headline?

10 A B

1 value mean
2 AAB 57
3 ACB 9
4 BAD 50
5 CAG 18
6

7

8

9

GG T T #2010 M@l SciSnap! Data

grouped by column [] considering headline? @x

ose table or list = L E R TR

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.

of EEIENEE] considering headline? .><

AR W numberOrName [ 1

nsidering headline?

ranges
covariance
correlation

of column gzl and gkl

0.047376831823748154

Returns ranges, covariance and correlation between two
table columns.

Example: Correlation between the years 2010 and 2011.

regression line parameters of

regression line parameters of ESleEhE[dIE]E]

41 0.9902951104347184

P4 0.31005583661222125

length: 2

v

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.

& next neighbors of B
1, M SciSnap!Data

convolution kernel B applied

O bE ] width &[NP height ELP

image
table

10 A B
1 -8 8
2 64 41
3 4 27
a ] 30
5 -3 -37
6 -100 60
7 o4 13
8 -

9

3
3
9

&P -means clustering for FEIEBEE

with Euclidean metrics

PRIV Y U P P

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.

& -means clustering for EEIEREEE] with metric

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

DBSCAN clustering for Clusters data according to the density based DBSCAN
radius @i minMembers &P method.

decision tree ID3 for B Returns a decision tree for the specified data, con-
with labeled data in last column structed using the ID3 method.

- - Classifies data using an ID3 tree.
classify B with ID3-tree B
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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.

configure SQL

Configures SciSnap! for SQL access. For this, >
the global variable SQLData is created and i
the initial properties are set. The sprite that

executes the command will take the costume SQLDis-
connected if it exists.

is SQL configured?

Returns "true" if the configuration is correct, otherwise

connect to database server

"false".

Connects to a database server whose address —
is in the script. This should be reset, e.g. as lo \L/I,
calhost, if the default server is not used. If the =S

connection attempt is successful, the executing sprite
will take the costume SQLConnected if it is present.

import SQL-data from B to SQLData

import SQL-data from
exec SQL-command = o[ v b 0] WHERE | to

Imports a table into the SQLData data space.

Example: Import of a query result.

SQLData

T <napex_example IR
?] snapex_school B

<] snapex_world f

{ snapextensions_db1

3 snapextensions_db2 f

6

length: 6 Y,

read databases Jig ’

&

Returns a list of currently available databases.

choose database no. @&

Selects one of the existing databases.

T atiours |
d kurse [
 schueler f

length: 3 Y,

read tables Jg

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

attributes of table no. y

Returns a list of attributes of the specified table.

DISTINCT

SELECT * FROM kurse
FROM [T | WHERE . *,—)

SELECT g4

Block for generating simple SQL queries that can be ex-

ecuted by the exec SQL-command block.

ASC | LIMIT &P

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.

N ()

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

meration.

D CTEL_D

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.
configure as a PlotPad width: P The command must be executed once before working
height: €I color: 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-
- thisSprite w =GR o ; ’
wise "false".
S BTG G55 5 costumeProperties o —lthic Snrita s L] |
typeOfConfiguration
typeOfData
costumeProperties : : :
inoPropertios Sets one of the properties in myProperties to the
markerProperties ra
dataProperties specified value.
scaleOffsets
labels
ranges
scaleProperties

T oostumeProperties v -l hisSnrita +
typeOfConfiguration
typeOfData
costumeProperties
lineProperties L. .
markergmpemes Returns one of the properties in myProperties.
dataProperties
scaleOffsets
labels
ranges
_scaleProperties

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

back color: @€ZED EZED €ZED front color: GECD &ECD &LZD Sets the costume properties of the specified target.
offsets: {) EP on

set PlotPad line properties style: continuous g

width:=\ @I color: BN D D on’ [TECTTITR GURTIINN

SZEE?QL 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

Ofgﬁ'te Sets the marker (datapoint) properties of the specified

+_plus target.

X_ex

square
triangle

set PlotPad scale properties precision: & &

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

set PlotPad labels on [QIEEICR4 tO

title: titleheight: EEP . .
x-label: xLabelheight: €I Sets the label properties of the specified target.

y-label: yLabelheight: &)

S— Sets the distances of the coordinate axes from the
set PlotPad offsets from edges on

edges.
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with border? @x. of KP pretty formatted? v@

1) |thisSprite =

set PlotPad ranges for x: @E['D &P y: &P €D

Sets the ranges of the axes of the coordinate system.

=G LGTE T ringified operatortorpolynomial R G R T HthisSprite «

Adds a function graph to the PlotPad, given as a list of
polynomial coefficients or as a "ringified" term.

add dataplot of numeric data: [\/sEiE] to PlotPad [GIESJICRd

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

add dataplot of mixed data:
y-scale? v@ x-scale? v@ to 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.

add histogram of with @[ groups
pretty formated? v@ to PlotPad

Adds a histogram to the PlotPad.

add axes and scales to PlotPad [QIESJiiChg

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.

clear plot of || Gl

Deletes the PlotPad without changing the other pre-
sets.

set pretty ranges on PlotPad |GlES]iiEhg

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

pretty values for a PlotPad from [P

to [P with &P intervals

Returns values for "pretty" labels of the axes.

get ranges for PlotPad [QES Gk

from with border XKD

Redetermines the ranges, calculated from the data.

ranges of 2-dim table B

Returns the ranges of a two-dimensional table.

"convert value to coordinate

of PlotPad

Returns the conversion of a numerical value into coor-
dinates of the plotpad or the coordinate system used.

PlotPad costume-coordinates g

costume-coordinates
' graph-coordinates

Example 3:
Simple plot of data: B

x: P y: € width: ELP height: P
title: [j 1abels: | B

line: continuous | marker: square | color: P &P &P

Converts the mouse position into costume or graph
coordinates.

Simple plot program for data.

Example:

configure as a PlotPad width: I[P
height: color: [ 245

set PlotPad ranges for x: &P E1D v: &ED €D

with border? @ . of KPP pretty formatted? v@

"11; thisSprite

™

add graph | ( sin | of @ | to PlotPad

add axes and scales to PlotPad
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4.6 The ImagePad Library

ImagePads are used to display image data, i.e. to generate images. Measurements can be made in these images

using the mouse - for example, a section can be created through the image. In addition, some of the usual opera-

tions for drawing lines, rectangles, circles, and texts are available. In addition, grids can be displayed, and opera-

tions can be performed on grids. The coordinate system on ImagePads is the usual one for images: the origin is

in the upper left corner and the y-axis is directed downwards.

configure RN MarameaeaaePad width:

height: P color

thisSprite
theStage
~anotherSprite

Configures a sprite or the stage as ImagePad. The name
of "anotherSprite" must be specified if required. The
command must be executed once before working with a
sprite as ImagePad. The target of the call takes a rec-
tangular costume with the specified dimensions and col-
ors.

e Teen D7

Returns "true" if the configuration is correct, otherwise
"false".

thisSprite

theStage

anotherSprite

ImagePadProperty costumeProperties Bl cCrrite, = B

typeOfConfiguration
typeOfData
costumeProperties
lineProperties
dataProperties
imageProperties
gridProperties
gridColors

Returns one of the properties in myProperties.

Set ImagePadProperty (e Vi Cla(ele L (LR

typeOfConfiguration
typeOfData
costumeProperties
lineProperties
dataProperties
imageProperties
gridProperties
gridColors

Sets one of the properties in myProperties to the spec-
ified value.

set ImagePad costume properties width: LI

height2 P back color 220 &5 #2550
offsets: ) P on

Sets the costume properties of the specified target.

set ImagePad line properties style: continuous

width: &P color: £ € €

fill color: 180 o1} |thisSprite v

continuous
dashed
dash-dot
dot-dot

Sets the line properties of the specified target.

set ImagePad grid properties on [QESJlCAd
horizontal cells: I[P vertical cells: P

Sets the values for the dimensions of the grid.

f to ImagePad

3 1og? @ on

false-color
RGB

Creates an image from the image data on a ImagePad.

import costume(RGB)data —
Tto-myDataon’ [HIENJiIEl costume(RGB)data
FITSData

currentCostume
filepicker
list with dimensions at top

Imports image data to myData oft he specified sprite.
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draw line from &P &P to EL5P &L on
draw rectangle from &I &LP to P &ILP on
fill rectangle from &P &IP to ELED &SP on
draw circle center: (100 NETITEA 20 N1
fill circle center: &[LP &LLP radius: EEP on

draw text at GI5P €D height: &

horizontal? v@ on [ 0

Elementary drawing operations.

‘ draw list of points as circles ﬁ (11| [thisSprite v
circles
squares

Draws a list of "points" as circles or squares. Attention:
JS-coordinates are used!

T 1 [insprite ~ | 00 255 1/ 100 1/ 50

Sets a pixel of the costume to the specified value.

RGEat & &P on TSN

Returns the value of a pixel of the costume.

set image value of myData at & &P

"~ fthisSprite + |

Sets an image point in the data space to the specified
value.

image value of myData at &) &P on TN

Returns the value of an image point from the data space.

' image-value

image-value
costume-coordinates
slice-data

line-data

circle-data
brightness

cell-value

Returns image data using the mouse: individual image
values, image coordinates, sections through the image,
end points of a line or data of a circle, brightness values
from a range or a grid value. The image data must be lo-
cated in myData.

affine transformation of costume
by B --> B

Returns the result of an affine transformation of a cos-
tume described by specifying three original points and
three image points.

brightness around &P ELLP within radius ELP

of myData of ImagePad [(IEE]Ch4

Returns the total brightness around a pixel in the speci-
fied radius.

fill all cells on range x: &P y: &D

randomly with numbers @

Randomly fills the cells of a grid with one of the specified
numbers.

set cell value on [T hd to &P by mouse

Set cell contents using the mouse.

set cell value on at &) €D to & with grid lines? v®

Direct setting of cell contents.

‘ ‘iood as torus? @ <. of & &P on [EETITNe
Moore
vonNeumann

Determines the specified neighborhood of a grid cell.

all cells on [[ESNihd as torus? v@® swapped &P times

randomly inside radius & range x: &P y: &)

Randomly swaps the values of grid cells with those of
neighboring cells from the specified range.

all cells on as torus? v@ with value

take value @ if number of surrounding value ) is greater-than
else take value ) with noise? @ of &P %
range x: & TEN v: €D

Replaces the cell values from the specified range under
the specified conditions.

.aII cells on [(EENICRd as torus? v @ take sum §

of surrounding cells x: &P y: &

Replaces the cell values from the specified range with
the result of the specified aggregate function.
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a9 F]) to G else

combine grid1 B and grid2 B by valuei= &P or

Superposes two grids using the specified operation.

apply Wolfram automaton no &fi to grid B
with colors for 0: &P and 1: &P

Applies the operations of the given linear Wolfram au-

tomaton on a grid from the first line to all following ones.

Examples:

configure as an ImagePad width: LI

height: (€D color: €Z5) €25 €5

repeat &0
—_

draw circle center: ' pick random &P to €D " pick random &P to E1D

pick random &[D to LD ‘on

configure as an ImagePad width: P

height: @I color: @259 €19 LD

switch to costume albategnius

import costume(RGB)data | from currentCostume

to (1)1 thisSprite v

on by mouse

set SciSnap!Data | to f: slice-data

configure as an ImagePad width: 0P
height=\ &1 color= 750 €75 #Z5D

set ImagePad grid properties on [FSI(Chd

horizontal cells: vertical cells: &L

fill all cells on [ESNICRd range x: &P T2 v: &9

randomly with numbers &P

set cell value on at @D &P to &P with grid lines? @

|

{
set myData Jto|

with colors for 0: @ and 1: &P
add grid on with grid lines? @x

fapply Wolfram automaton no &P to grid myData
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4.6 Die GraphPad-Bibliothek

Graphs are one of the most powerful models in computer science. With their help, complex systems can be stud-
ied, especially the effect of the interconnection of numerous similar subsystems. However, the algorithms re-
quired for this, such as breadth-first search or routing, are themselves non-trivial, so it seems reasonable to pro-
vide them as basic commands in order to concentrate the work on the modeling itself. This is exactly the purpose
of the GraphPads.

Configures a sprite or the stage as a GraphPad. The
name of "anotherSprite" must be specified if required.

configure as a GraphPad width: The command must be executed once before working
height: @I color: with a sprite as GraphPad. The target of the call takes a

rectangular costume with the specified dimensions and

colors.

s Returns "true" if the configuration is correct, otherwise
thisSprite

theStage "false".
anotherSprite
‘ et GraphPadProperty Sty yicRg - I
g:pegggo?figuraﬂon Sets one of the properties in myProperties to the spec-
peOfData
costumeProperties ified value.
vertexProperties
_edgeProperties
"raphPadProperty costumeProperties
typeOfConfiguration
typeOfData Returns one of the properties in myProperties.
costumeProperties
vertexProperties
_edgeProperties

set GraphPad costume properties width: @I

300 T Sets the costume properties of the specified target.

set GraphPad verte operties minSize:
= e insize: €D Sets the vertex (node) properties of the specified target.

growing? v @ showsContent? @ <. on (IFSIche

set GraphPad edge properties lineWidth: &

“ L0 o o el B LU B | | Sets the edge properties of the specified target.
showsWeight? @x. on

Adds n vertices (nodes) to the graph at random posi-
add &P random vertices to graph on ( ) grap P

tions.

s — PEpe— Adds one vertex (node) to the graph at the specified po-

sition.

move vertex &P of graph on to (100 1 | Moves a vertex (node) to the specified position.

add &P random edges to graph on Adds n random edges to the graph.

T P yr—— Adds an edge to the graph between the specified verti-

ces (nodes).

Draws the graph. Colors connected vertices (nodes) in
draw graph on the same color. If you draw on the stage, the initial back-
ground image remains, e.g. to be able to use maps.

delete vertex &) of graph on Deletes a vertex (node) of the graph.

delete edge from vertex §JP to vertex &P
af graphion Deletes an edge of the graph.
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weight of edge from vertex P to vertex . . .
of graph on G Returns the weight of an edge, if possible.

change weight of edge from vertex &P to vertex &P

to @ of graph on Changes the weight of an edge, if possible.

ask for new weight of graph on Asks for a new edge weight.

ask for new start vertex width of graph on Asks for a new start vertex size.

content of vertex @) of graph on Returns the content of a vertex (node).

change content of vertex &) to [l of graph on Changes the content of a vertex (node).

ask for new vertex content in graph on [QEElChd Asks for a new vertex (node) content.

set marker of vertex &) of graph on i ke Marks a vertex (node).

remove marker of vertex &P of graph on [IERN N Removes the marking of a vertex (node)_

remove all markers of graph on [IESICh Removes all markers in the graph.

depth first search of content i Depth-first search for a content starting from the vertex
aasinaladveced Soosaihlon with the specified number

breadth first search of content [Jj Breadth-first search for a content starting from the ver-
starting at vertex &) of graph on tex with the specified number.

distance on from vertex &P to vertex &P Spatial distance between two vertices on the sprite.

Shortest path between two vertices in the graph.

L T e ey | List of all shortest paths from a vertex to all connected
to all connected vertices of graph on vertices in the graph.

vertexnumber at &P &P of graph on (TR Number of a vertex at the given position on the sprite.
Converts stage coordinates to graph (JS-style) coordi-
point @) P on sprite/stage = point on graph

nates.

Returns the number of the vertex with the specified con-
vertexnumber of in graph of P

tent.
vertexnumber of graph on [EEICRAaaiazecscaynosition
thisSprite Returns the number of the node at the mouse position.
theStage
anotherSprite

Examples:

configure as a GraphPad width: L)

GOTTEN 300 SCCTETAN 245 M 245 M 245

add @[[P random vertices to graph on
\ —

add @IIP random edges to graph on EENi hd

mean | of vector 5.544303797468355 )

(list of all shortest paths in graph from vertex &P .
ol
=Tl (B - to all connected vertices of graph on [EEICAd iEh

first item? v@
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4.7 The NeuralNetPad Library

The basic principles of neural networks are simple and obvious, but the learning procedures of the systems with

their discrete gradient descent and the associated partial derivatives are not so easy to understand for those who

are distant from mathematics. In particular, it is not so easy to understand what a neural network has actually
learned. The SciSnap!NNPadLibrary is intended to enable the handling of neural networks on an intermediate
level between very small and really large networks. It illustrates the values of the edges by coloring, where positive

values are shown in green and negative values in red colors. Small values tend to be black. The library facilitates

the creation and training of fully connected perceptron nets.

configure [Tl hd as a NeuralNetPad width: LD

300 NLI[iT

Configures a sprite or the stage as NNPad. The name of
"anotherSprite" must be specified if required. The com-
mand must be executed once before working with a
sprite as NNPad. The target of the call takes a rectan-
gular costume with the specified dimensions and colors.

thisSprite

theStage
anotherSprite

Returns "true" if the configuration is correct, otherwise
"“false".

LNV R T g s"l netProperties 1 Heim O ths

typeOfConfiguration
typeOfData
costumeProperties
netProperties

Sets one of the properties in myProperties to the spec-
ified value.

NNPadProperty [ el

typeOfConfiguration
typeOfData
costumeProperties
netProperties

Returns one of the properties in myProperties.

set NNPad costume properties width: LD

height: €D color: € €5 €
offsets: @D € on

Sets the costume properties of the specified target.

set NNPad properties numberOfLayers: @@ layerWidth: &P

imageWidth: @IP imageHeight: &P on

Sets the layer properties of the specified target.

NN add new weights for &) layers of width &P on

Adds random weights for an NN of the specified width
and depth.

NN output of R atarer with input B on

Returns the output of the nth layer of the NN for the
specified input vector.

NN show status with input B on

Displays the status of the network for the specified in-
put vector in color-coded form.

teach NN with input E and target output B by back-

propagation with learning factor X on

Trains the NN for the given input vector to achieve the
given output vector.
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Example: A neural network is trained to produce the specified pattern when the numbers 1 to 20 are applied to
the inputs.

configure as a NeuralNetPad width: [P
height: color:

NN add new weights for @ layers of width @& on
repeat

teach NN with input { numbers from P to @ and target output

(291 o o -1 o ool + oo oo ol |f-1§-1 -1 §0 §o Jjo RSN LTS
LR R R 0.1 XL WthisSprite «

NN show status with input ' numbers from &P to &P on [ENChd
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5 Data Import and Export

Snap! can import a number of data formats directly. This can be done by "dropping" ap-
propriate files onto the Snap! window or importing them by right-clicking on a Variablen-

+ narmal

Watcher!®. Both work well with text, CSV and JSON files. Other text file formats like FITS ’ :irg’:r
can also be imported this way, asking if you are serious. Exporting works the same way. slider min...
slider max...

The data will then end up in the download folder of the browser. If you want to do the
same programmatically, use the option read file with filepicker. A file manager window
appears where you select the file as usual. After that the data will be imported.

The essential task remains to assign this data to the §8
SciSnap!Data variable and set the corresponding T - - .

properties in SciSnap!Properties. This is done by the Lo Scisnap tc?nl?slti-é\ces(VR)g;;adata
following block, which imports data from outside into the SQL-(query)-data
SciSnap!Data area. This can be image data, table data or FITS-data

the data of the current costume. This is stored as a table

of RGB values.

Example: False color image

Using an ImagePad, an image (source: [NASA]) is saved
and redisplayed with false colors.

configure [ESCEd as an ImagePad width: @
height: €D color: €25 € €1

switch to costume Saturn

import costume(RGB)data | from
(- |myData (+1; | [thisSprite v

add image of [YPLE) to ImagePad
e L0 0255 LG €T ) thisSprite v

Example: CSV Import

Almost 600000 records from a CSV file are read in about | SciSnap!Properties SciSnapiData
X 8 A B 577704 A B c |
10 SECOHdS. The propertles are set. 1 typeOfData table 1 tripduration  starttime stoptime
2 width not set 2 695  2013-06-01(2013-06-0
- 3 height not set 3 693  2013-06-01 (2013-06-0
|mP0rt table'(CSV)'data from 4 minvalue  notset 4 2059  2013-06-01 (2013-06-0
. . = 5 123 2013-06-01 (2013-06-0

l 5 maxValue not set
fllepleer M O SCISnap.Data 6 columns 15 6 1521 2013-06-01 (2013-06-0
7 rows 577704 7 2028 2013-06-01(2013-06-0
8 maxSetValue 500 8 2057  2013-06-01 (2013-06-0
L ~ 20 N4 NG N4 (N2 Na e

16 A variable watcher is obtained by checking the box next to the variable.
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Example: SQL Import

If we have access to an SQL server, we can also import data
from it. In our case, we use the SciSnap! SQL library to
import the results of a query into the SQLData variable.
In doing so, the data is converted into table form and its
relevant properties such as number of columns and rows,
... are reset in the SciSnap!Properties.

configure SQL
connect to database server

choose database no. &

exec SQL-command
S2ide | w IName| AVG ( |Punkte )

schueler.|D_Nummer | |hatkurs.ID_Nummer

Inatiurs kursnummer |5 [ Ma%"|

GROUP BY [Th0) | "HAVING .~ ORDER BY W.\"[-NQCTTTY}

FROM

AND

WHERE

DESC

Example: JSON Import

Again, the easiest way is to simply "drop" a JSON file into the Snap! window.

But it can also be done automatically. First of all, we look for interesting JSON
data and of course choose the statistics of baby names in New York City for
this - what else. The appropriate block for this is again import <table data>
from < filepicker> to SciSnap!Data. The result is a list with two columns and

two rows, the metadata and the actual data. Because we
are interested in these we replace the original data with
the element (2] 2) of the table. Of course, we looked at the
individual elements in table form beforehand to check
what we loaded there in the first place. From the many
columns we copy the three interesting ones into a new
table, add column headers and import the result back into
SciSnap!Data.

import table(CSV)data | from

to SciSnap!Data

set SciSnap!Data | to element of
set table |to empty table
( TN of |SciSnap!Data witl
elumn of
. of witl
list number

from

add column Jui2 v @) to (fable

add column (table
add column
add column-headers to (table

import table(CSV)-data
(table to SciSnap!Data

The result:

19419 baby names - Who would have thought it!

4 7Sci$napIProperties - / sQLData
16 A B 10 A B
1 typeOfData table 1 Kirsche 13.7500
2 width not set 2 Pogenberg 13.5000
3 height not set 3 Rassin 13.5000
4 minValue notSet 4 Karbel 12.7500
5 maxValue notSet 5 Krahn 12.0000
6  columns 2 6 Rawe 12.0000
7 rows 10 7 Gallus 11.7500
8 maxSetValue 500 8 Ruf 11.5000
9 typeOfConfic saL 9 Boemmel 11.5000
10 connection https://snape 10 Vestmann 11.0000
11 connected m &
12 databases B
13 currentDatatsnapex_schc >
14 tables B ‘-.—’.
15 currentTable \_Q_/
16 attributes B
A
/ SciSnap!Data
2 A B
1 meta B
2 data B
" table
19419 A B C
1 gender name number
2 FEMALE Olivia 172
< FEMALE Chloe 112
4 FEMALE Sophia 104
5 FEMALE Emily 99
6 FEMALE Emma 99
7 FEMALE Mia 79
8 FEMALE  Charlotte 59
2] FEMALE Sarah 57
10 FEMALE Isabella 56
11 FEMALE Hannah 56
12 FEMALE Grace 54
13 FEMALE Angela 54
14 FEMALE Ava 53
15 FEMALE Joanna 49
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Examples: Data import by mouse

In many cases, especially with images, it is advantageous o777 [thisSprite v -t 101001 ([l bl e | 400 ’

to read in data using the mouse. For this purpose, i iliel 300 FELBiel 245 245 T 245

ImagePads have a block that can be used to determine [ttt EC T,
image values, image coordinates, the data on a section | Lil:lis  KEeENTEEEIEEIER {01 el eles (1=

to |myData (1) |thisSprite »

through the image, the start and end points of a line, the =
center and radius of a circle, and the summed brightness L& data_| to Culthissprite > 7 "'"”m]

values together with their number in a circle. As an

example, the height of ancient columns is to be measured.
For this purpose, the costume image of the ImagePad
with the columns is imported and then measured with the
mouse (yellow line).

data
2 A B
1 122 42
2 125 172 |

As a second example for measuring with the mouse we 2571 fthisSprite v 1110l b 400 ’

. L . siaht: { color: ¢ / /

want to measure the total brightness inside a circle [l 300 Flbint 245 T 245 I 245

around a star photo (source: [HOU]). import FITSData_| from fiepicker |
tao ImyData "1 thisSprite »

add image Ci—m to ImagePad
min/max: P &L Iog? v @lon S hd

set data | to { brightness | on ESN Rd by r-.c-ma]

For grayscale images like FITS we get the total brightness
and the number of measured pixels, for RGB images we

get the brightness of the three colors and the number of ‘
pixels.
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The export of data again can be done directly from a
variable watcher.

For scripts there are two new blocks write <table> to
CSV file <filename> and write string <string> to file
<filename>. The results end up in the browser's
download folder, as usual in Snap! The two blocks allow
to automate the data exchange with spreadsheet
programs or text files, for example to save the results of
data processing.

~

( data
98 A
1 1.2
2 6
3 11
4 16
5 21

\ o

B
188.4
231.2
185.4
144.2

27.4

slider min...
slider max...

e normal
o large
o slider

import...
raw data...
export...
blockify

write EERIENBER] to CSV-file

write text [GIEREW to TXT-file (Rl
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6 Math related Examples

6.1 Representation of complex numbers

The operations with complex numbers can be easily illustrated in SciSnap! by using the MathPad: a sprite con-

figuration that allows to quickly represent, for example, complex numbers as arrows. Since the complex plane has

two dimensions, we need to change the default (3 dimensions), then we represent two complex numbers and

their sum in different colors.

Create the MathSprite sprite as MathPad in the specified
size and color. Then set dimension etc.

Draw the first number in green, moving the starting point.

Draw the second number in blue. Then move the starting
point back to the origin.

Draw the sum in red from the origin.

Since this is a mathematical example, of course Hilberto's
contribution must be adequately acknowledged by his co-
representation.

configure sprite as a MathPad
width: [P height: color:

set MathPad properties linewidth: @ onlyPoints? @x

dimension: @) maxvalue: @ startPoint: I D &P
on

plot complex-number | (LIRS SRS SERAD color: £ o
on MathPad [(EEChd Change startpoint? v

plot complex-number | (LT SEEP @5 - D color: £ & EBD
on MathPad [Ntk Change startpoint? v@
set MathPad properties lineWidth: §€ onlyPoints? @x

dimension: @) maxValue: @ startPoint: £ €D &

([} WthisSprite =

p‘lut complex-number
LI d complex @3 + @ * i |7 | complex &P + &P * i ) color:
(0 N0 )

on MathPad [(FSTihd Change startpoint? @x

2.0

-30
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6.2 Affine transformation of a triangle in R?

We define a triangle by its vectors. Then we define three
points in the plane and three image points to which these
are to be mapped.

Then we create a two-dimensional MathPad, change the
maximum value of the axes and draw the triangle in red.
To its position vectors we apply the affine transformation
and draw the result in blue. Since coordinate transfor-
mations are something for physics, Alberto presents the
result.

set triangle

configure sprite [[FENChd as a MathPad

width: EIED height: ELLD color: EE) EB) €B)

set MathPad properties lineWidth: @) onlyPoints? @x
dimension: @ maxvalue: @[iP startPoint: P &P &P
(.1 NthisSprite v

plot object-of |(triangle’ color: &£ &P &

on MathPad [IINCRd Change startpoint? @ x

affine transformation of (triangle
by (sourcePoints --> (targetPoints for MathPad

plot object-of |(image color: ) €D ED

on MathPad [T Rd Change startpoint? @x

set image | to

0 £0 - 20 40 60 80 x

7 R
2 .k. 40
v >
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6.3 Rotation of a pyramid in R3

First, of course, we want to draw a pyramid. We definethe = = (=T st [3 [0 o

CageD Clgad

base and the top by location vectors. set top | to list [ § @

We have them drawn by first drawing the base area, then

lines from its corners to the top. A

configure sprite as a MathPad y
width: @I height: ELP color: EE) €5 €5
ﬁlut object-of |(base color: &5 &P &P

on MathPad Change startpoint? @x 20 80

60
set MathPadProperty Sel0iI&d of [QIESHICR to | list ofo’ o
[ 20 ’

40 -40 2 20 40 6.0 80 x

plot lineto | (€op’ color: &5 € & e
on MathPad Change startpoint? v

40 20

plot lineto |list ] [ [ color: o O 20

on MathPad Change startpoint? v 0

plot lineto | list [ E] [ color: o O
on MathPad Change startpoint? v@

- r ~
plot line-to | (top color: o © y OO
on MathPad [[BSMiCRd Change startpoint? v@ -~

For rotations around the axes we need the three rotation

20

matrices Dy, Dy and D-. For a rotation around the x-axis by [ESEHZEs o0
set Dx | to

90° we can apply the matrix directly to the base surface. |ErErar cr : —
Then we let draw the side lines to the rotated point by e 01t 0 (o TERER) (s SRRy

list [ (sin | of (alpha cos | of (alpha

multiplying the rotation matrix with the transposed

matrix of vectors

location vectors of the points. Since we - mathematically | e BRSSO DHOREIS G s tist @ @ @
. . . list | neg uf B (cos | of (alpha
correct - multiply matrices with column vectors and get Laloha ]

set Dz |to

column vectors as results, we have to transpose them |ErGrcar=rn
list ( cos | of (alpha neg Jof 0]

again to get normal location vectors. -
list (sin | of (alpha = (cos |of (alpha [J list 1 0 @

So in total:

plot object-of | (& i base ) color: ) & ©
on MathPad Change startpoint? @x

set MathPadProperty SEiGeiihd of [Eii-hd to

[ Dx | - transpose ( list [ [§ §

plot line-to inear operation (Dx * | | ¥

color: L (0]

on MathPad [[EEiChd Change startpoint? v

plot line-to
— — , 80
| transpose N[O MRS transpose {143 o o] / 80

0 e o ; P
on MathPad [N Rd Change startpoint? v@ 20 0.0 20 .
x

plot line-to

tran linear operation (Bx * transpose list i € @
{0 N 255 N0 )

on MathPad [[EEiCRd Change startpoint? v

plot line-to linear operation ( Dx

color: P o
on MathPad Change startpoint? v@
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6.4 Graph of normal distribution

Using the PlotPad, the graph of the normal distribution is drawn. To do this, we create a clone of Hilberto, con-
figure it as PlotPad and create the graph.

Normal Distribution

set PlotPad | to [a new clone of myself | 05

- — == - T Al
configure ' PlotPad as a PlotPad width: €D

height: €D color: €25 €D €5 04 F =
set PlotPad labels on ' PlotPad to

title: [ERUET titleheight: EED

x-label: [l xLabelheight: € ~03r 5
y-label: yLabelheight: €D g

set PlotPad ranges for x: €& @ v: € €& x 02 E
with border? @ . of K pretty formatted? v@ =

on ' PlotPad

S 01 | b
addgraph! n (x=@ p=CP o= @ ) to PlotPad ' PlotPad

add axes and scales to PlotPad ' PlotPad 0.0 > . l A .
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6.5 Cartesian product of three sets

First of all, we create three sets with names, possible ages

set names | to set of { [ETEEN
set ages | to ' set of { b3
set professions | to set of {

and occupations:

8 A B c
. 1 Hansen u teacher
From these sets we can now form the Cartesian product 2 Hansen 34 bikkiayer
3 Hansen 34 retailer |
of names, ages, and occupations: a) tansen | 34 | wger
5 Hansen 25 teacher
6  Hansen 25 bricklayer
7 Hansen 25 retailer
8 Hansen 25 lawyer |
9 Hansen 46 teacher |
10 Hansen 46 bricklayer |
11 Hansen 46 retailer |
12 Hansen 46 lawyer |
13 Hansen 51 teacher |
14 Hansen 51 bricklayer |
15  Hansen 51 retailer
16 Hansen 51 lavyer |
17 Peterson 34 teacher
18 Peterson 34 bricklayer
19  Peterson a4 retailer |
20 Psterson 34 lawyer
21 Peterson 25 teacher :
item @ of ((names | | ages ) x | (professions | alaiCic B RN 1= 00,

And thus nothing stands in the way of a transition to the topic of "relational databases", for example.
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6.6 Representation of a set of points and the regression line

Using the Data tools, we create 100 random points
scattering around a straight line with gradient m=0.5 and
intercept b=0. We plot the obtained points in a diagram.

Random Data
35 T T T T

T T

25 F

J"ar
20 F o
15 F E

In addition, the regression line is also drawn.

Random Data

35 T T T T T T

20 F

25 F 7

20 5
= B 7

10 F R

5 F -

0 F 3

5 . - L . - .

&P random

oints
sl 2o i gradient ‘E Y

configure as a PlotPad width:
height: color:

set PlotPad labels on to

title: titleheight: EEP
x-label: [l xLabelheight: &
y-label: yLabelheight: &)

set PlotPad line properties style: continuous \

width: & color: &3 €D €D on

set PlotPad marker properties style: o _circle | width: a

color: &P connected? @x. on
set PlotPad ranges for x: 0 50 A0 (30 )

with border? v@ of XP pretty formatted? v@

() | |thisSprite +

add dataplot of numeric data: ( points to PlotPad
add axes and scales to PlotPad

set PlotPad line properties style: continuous

width: @@ color: £ € on

add graph regression line parameters of (points |to PlotPad [(IESCR4
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6.7 Interpolation polynomial through n points

We want to generate a data set of 100 points that scatter around a given function. We display these points in a
diagram. We then select three points by clicking on the corresponding locations with the mouse and placing a red
marker there. After that we draw an interpolation polynomial in red through these three points. Since this is a
"mathematical" project, Hilberto is responsible for it.

First of all, the random points: €D random points near [(EEED

between &P and & range E

set data | to

After that we configure the current sprite to the PlotPad
and draw the points.

configure [(EEN0Ckd as a PlotPad width: EILP

Random Data and Interpolation LT o00 FETTAR 206 M 245 245,
3 T T T T L set PlotPad labels on [IEECRd to
n - title: titleheight: GED
x-label: [l xLabelheight: &P
1F ad y-label: yLabelheight: &I
. 4
oF @ S set PlotPad marker properties style: triangle | width: &3
4k ‘f“‘. .‘kh 3 color: i) &P P connected? @x. on
> ok “‘ ~ “‘ 2 * 3 get ranges for PlotPad
e a & from (data ' with border KD
3 F B aa -
» a® faay ‘N‘:A { set pretty ranges on PlotPad
- A A o
s a ‘:‘n:' 4 add dataplot of numeric data: (data to PlotPad
P ' ) . : set n_|to [l \d scales to PlotPad

1
-6 -4 -2 0 2 4 6 set points | to list
set PlotPad line properties style: continuous

width: @) color: &) €D &P on

set PlotPad marker properties style: o _circle = width: a

Now we select the three points and plot them in the o Fo W T i [nssorie =

diagram right away. repeat until - 'n = [
Random Data and Interpolation vl et
T T T T T add (PlotPad graph-coordinates | on by mouse ' to (points
2E . 3 >a:l:ld dataplot of numeric data: ' points to PlotPad
1k :‘5 = change n | by &P
& Y wait (0.5  secs

1 F ° a o}‘ e
ﬁ“t a a
> 2EF L= st E
a ‘ ke
3 F A 3
a® Say SAte 0y
-4 F -~ A “ -
S5k 4 Tat 3
‘6 1 L 1 L L
-6 -4 -2 0 2 4 6
And last we add the interpolation polynomial. set PlotPad line properties style: continuous
width: @ color: (0 00 10l
Random Data and Interpolation a.dd graph polynomial interpolation for points ( points |to PlotPad
2k
1 -
o =
14 F
> 2 F
3 F
4 F
5 E
‘6 'l L L ' L
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Tasks:
1. a: Generate "point clouds" scattering around other polynomials.
b: Asin the example, specify some points in these clouds through which an interpolation polynomial is to be
drawn.
c: Let draw these polynomials.
2. a: Experiment with the number of points you select. Do the results get better when you select more points?
b: Generate "point clouds" that scatter around non-rational function graphs (trigonometric, ...). Can you also
describe these by interpolation polynomials?
¢: Formulate a rule for when and how to use interpolation polynomials in a meaningful way - and why just so.
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6.8 Approximation of a tangent by secants

We want to show that a sequence of secant slopes | EEREE ) 0 0 IETE

. f . configure ' PlotPad as a PlotPad width: {500 |
converges against the gradient of the tangent line at a | s e

point. To do this, we configure a sprite called PlotPad as | it irme et

{15 [Sequence-of-Secant-Slopes £ {4 (- (11 1| 4 18 |
PlotPad and draw the graph of a function, here: x-label: (il xtabelheight: G

y-label: [l yLabelheight: §[

set PlotPad line properties style: continuous

— . y3 .
y= 0;3 x°—=3-x. width: &P color: &P €D P on PlotPad

. set PlotPad ranges for x: &9 @ v: €D €D

We want to draw a sequence of secants near the right [ EEEEC 0 B L0 01 W ST FUE T )
on PlotPad

minimum, which approach the tangent. Of course we | =

. o . add graph | ({XD: @ ~ @ ) - (€7@ to PiotPad PlotPad

need a point (Xo|yo) near the minimum to do this: -

add axes and scales to PlotPad ' PlotPad

set x0 | to

5 Sequence of Sekant Slopes

set y0 | to

We may as well draw it.

set PlotPad line properties style: continuous

width: &P color: & &P LP on PlotPad

set PlotPad marker properties style: o_circle | width: &)

color: @53 &P P connected? @x. on [ PlotPad

add dataplot of numeric data: list [list = () yo to PlotPad
PlotPad

. 2
As sequence to approach the point we choose a,, = o

and we let generate the first 20 elements .

set sequence | to | first i elements of sequence | (D / @

The rest is also simple: we have the secant slopes calcu-

6
lated ...
set secantSlopes | to
sequence of secant slopes for || ((EES @ ~ @ ) - (B
at (x0 calculated with sequence (sequence 12 = Sequ'ence of lsekant S!opes =
. . L -
... and the secants drawn in color gradations. L
- 8 r e
for (i = &B to LD
s\et PlotPad line properties style: continuous I 1
width: &P color: - (&5 +(qp et L 1
PlotPad
add graph ({item (i’ of (secantSlopes E5 @ - (x0 J + (yo o 7
PlotPad ' PlotPad S 0 -
. _#
2 F 4
4} -
5} .
-8 F .
-10
-6 6
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The whole thing - with result - once again in one piece:

set PlotPad | to | -a new clone of myself sequenoe of Sekant s|°pes
énnfigure PlotPad as a PlotPad width: P E 2 2
height: @I color:
set PlotPad labels on ' PlotPad to

{1 [Sequence-of-Secant-Slopes | 111~ [~ 1|1+ 18
x-label: [Jll xLabelheight: 8
y-label: yLabelheight: &P

set PlotPad line properties style: continuous

width: &) color: P &P P on PlotPad
set PlotPad ranges for x: &3 & y: &L €D

with border? @ of (K pretty formatted? v@
on | PlotPad 2

addgraph (€D 1 @ ~© ) - @@ to PlotPad ' PlotPad 0

add axes and scales to PlotPad ' PlotPad 2
set x0 | to

————— —_—
set v0 | to | (KD x0 ~ & ] - (€6

set PlotPad line properties style: continuous

width: &) color: &) &P €P on  PlotPad

set PlotPad marker properties style: o circle | width: @&
color: @& P P connected? @ = on  PlotPad

add dataplot of numeric data: list (|- x0 y0 to PlotPad
PlotPad

set sequence |to | first @I elements of sequence | P / @

set secantSlopes | to

sequence of secant slopes for \"’(B 10 ©)-@e
at (x0 calculated with sequence ( sequence

o i = &P to &1

| set PlotPad line properties style: continuous

dth: &P color: | €& - (@1 & + (@i

PlotPad

add graph \ item (i = of (secantSlopes @ - x0

| PlotPad ' PlotPad

1. In addition, have the "correct" tangent drawn in the diagram.

2. Choose as sequence for the secant calculation other sequences approaching the point (xo|yo) from the
other or both sides.

3. a: Similarly, illustrate the calculation of roots using the Newton method.

b: Select some cases where the procedure works well or hardly or not at all.
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6.9 Finite series

We want to approximate some of the common mathematical constants and functions via series expansions - and

also try out how long you actually have to calculate to get good results.

Let's start with m. In a compendium of formulas '’ or on
Wikipedia ¥ we can find a formula for calculating : the

Leibniz-series:
n

T (=)
4 (2-i+1)
i=0
We can implement it directly in SciSnap!. But when is the
result actually "good"?

To answer this question we create a table.

table

7 A B ©

1 k 107k Pi

2 1 10 3.232315809405594

3 2 100 3.1514934010709914

4 3 1000 3.1425916543395442

5 4 10000 3.1416926435905346

6 5 100000 3.1416026534897203 i
7 6 1000000  3.1415936535887745

<

Actually, it is strange that one must calculate so long for
so little improved accuracy. You might do something like
that in rainy Hanover in 1673 to avoid having to go for a
walk - but now? We just try the BIGNUM library from
Snap! for exact calculations with Scheme numbers.
Then the calculation takes even longer and we get amaz-

ing results that don't look like .

After a long search, we discover the fraction bar in the
middle, although it is no longer visible in the second line.
Scheme numbers are exact fractions and not floating-
point numbers. We therefore have the exact Scheme
numbers converted to inexact floating point represen-
tation before we enter them into the table.

17 Ask your grandpa what it is.
18 https://en.wikipedia.org/wiki/Leibniz_formula_for_n

setri o @ x =/ (@) /(@< 116
-0

set table

to new P by P table with labels: IPi|

( Ak
i -@
1

to (table

list (k' (@ED ~ k(P

add row

-

With a million summands you have to wait a bit for

the result!

USE BIGNUMS v @

to new P by P table with labels: [§ IPi

set table

Ak

i -0
=
to (table

add row | [(list (k> (4

-

table

4 A B Cc
1 3 10"k Pi
2 1 10 47028692/14549535
3 2 100 83045196830509303158683517284785813712182370576101074756%
L 4 3 1000  46377101660551899927084599752418331815510707995197713370¢ J

add row (Scheme number inexact | of (Pi

list (k (@I ~ (k

(table

table
4 A B (&
1 k 107k Pi
2 1 10 3.2323158094055926
3 2 100 3.15149340107099
4 3 1000 3.1425916543393395
< 4D J
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Despite the effort, the results are almost the same as before. Thus, the poor convergence behavior of the series
is not due to the inaccuracies of the standard arithmetic of a programming language (here: JavaScript), but to its

structure. Good to know! @

Tasks:

1. Find out the meaning of the terms "scheme numbers" and "floating point numbers".
2. Look for other series expansions for 7, which converge better than the Leibniz series.
3. Find and implement a series expansion for Euler's number e.

4. Inform yourself about reasons to calculate with the accuracy of Scheme numbers instead of that for floating
point numbers.

5. Write scripts for the series expansion of trigonometric functions, e.g. sin(x), cos(x), ... Note that the angle must
be specified in radians.
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6.10 Application of the Taylor series to the mathematical pendulum

A very illustrative application of series expansions is the simulation
of a mathematical pendulum, i.e. a string pendulum. Usually, one
works there with the approximation that for small angles the value
of the sine (in radians) corresponds approximately to the value of its
argument - i.e. one breaks off the series expansion of the sine func-
tion after the first summand. Let's take a closer look: We get the
force FasF = —G -sing = —m - g - sing accelerating the ball on
the circular path. According to the basic equation of mechanics, this

force is equal to the inertial force m - § = m - a. If we use the relation

F=-m.g.sin @ | N
for the angle in radians ¢ = %, we get gsin @ ! ¢ .
s 9. gn
¢ I @ .
. . . . G=m.g
For small angles the approximate sin ¢ = ¢ is valid and thus
s~-9.4 I
L r;n m:mn.u
osar (00| (LEED)
Let's see if this works! First of all we simulate the "real" =B E %
pendulum movement by taking the acceleration from the w
current position, from it we determine the change of the
velocity and from it again the new position. We put the

datainto a list plotdatal. Some further quantities like the

length of the pendulum and the initial displacement are

when clicked

given by variables in the slider view. First of all, we plot pe

the initial situation: A pen draws required lines, and the switch to costume ball
pendulum hangs on the ceiling of the lab, of course. rs;t plotdata | to | list
[set o Jto

P=

3

clear

% estart)
[

go to x: | x-position | of Ceiling + o x
| y'position | of Ceiling - G 4 cos | of lll

Ft;l Pen |to ( draw line from ball to c
.

.
reset timer

repeat until - 't > (maxTime

—
warp

[set t |to get time in sec
| to | get time in sec -

‘5 to (plotdatal

ﬁ"ange do_| byl neg | of [/ L * Now we start: We measure the current deflection and the

[c;angeL\by" &N n ) x (dp time and write both values into the list of measured
(= -

go to x: [[ xpositon | of Coiing | 1T 7| values. Then we calculate the current acceleration, which
(positon | of Ceiing | 1B changes the angular velocity, and from that the new angle.

After that we let draw the new situation. And this again
and again.
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To this arrangement we add another sprite as PlotPad: ¢ &

the Plotter. It is fast enough to display the current data in [t insspre -0 TR 700 |
height: color:

real time. Therefore we insert the block for it into the Prssrs T

simulation loop of the pendulum. 25 PlEEar (Sl o isSerte - |7

. {11 = Simulation*and-nth-grade-Taylor-approximation-fpr-a-mathematical-pendulum 5115 S T TE

: xLabelheight: &

set PlotPad line properties style: continuous

width: &P color: £ £P &P on FERd

plotdatal  to PlotPad

Hjangle RUELELETTIEN 16 ]
set PlotPad ranges for x: ) 'maxTime y: (i [lIi pstart ) - @

gsStart + &
with border? @x. of K pretty formatted? v@
on p

aEd dataplot of numeric data:

s;et PlotPad marker properties style: none | width: a
color: 1) &P &P connected? v on SR

add axes and scales to PlotPad

(/O (e €T Alberto is visibly thrilled that this is working out so well!

= e W

Simulation for a mathematical pendulum

angle

L4 o8

time /s

But the real goal was to see how good the approximation Eanad dorvorox 1By
is. For this purpose we introduce a second data list N
plotdata2 as well as an "approximated" angle pApprox

and the corresponding angular velocity. The "real" angle

@ and the approximated one start with the same value. 7@@
Then we measure the "real" deflection of the pendulum | "o =~
and calculate the approximated value. We draw both in

the diagram - the calculated value in red. 7032

You can see that the approximation is quite good at the
beginning, but diverges with the real-time values as time

goes on.

angle
£§38o88

time/s
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This can be done better!

Instead of the linear approximation, we choose the Taylor series of the sine, of which we use n sums as approxi-
mation. We specify n as slider variable.

n 2i+1 3 5
=N (i,
sme Z;( Darni=? 3t
i=

We can copy this directly into SciSnap!:

Together with the conversion of angles into radians we ob- il S
tain for the angular acceleration:

Already with an extension of the approximation by one se- Simulation and nth grade Taylor approximation for a mathematical pendulum

3
ries element (i.e. —%) the deviation from the measured

angle

values are no longer visible in the diagram. ol _ )
0 5 10 15 20 25 30
time/s
Tasks:
1. Let the simulation run longer and notice when - depending on the number of summands of the Taylor series

- deviations appear.

2. Do the same for different start angles of the pendulum.
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6.11 Fourier expansion for a square wave signal with numerical inte-

gration

One way to represent a 27 -periodic function f(x) is the Fourier representation

oo 21
1
f)=ag+ ) (ay-cos(k-x)+by-sin(k-x)) ag=—-| f(x) dx

21 2
1 1
ay =E-f f(x)-cos(k-x)-dx by =E-f f(x)-sin(k-x)-dx; k=1,23,..
0 0

We want to determine the coefficients for the series expansion of a rectangular signal purely numerically and

test how the length of the series expansion affects the accuracy of the results.

First of all we need a square wave signal with period 27. A function that returns this, would be e.g.

-1 if (xmod2m—m) >0

f(x)=[ 1 if (xmod2r—m)<0
0 otherwise

Of course, let's look at this in the diagram before we

think it is a square wave signal:

éonﬁgure as a PlotPad width: &P
height: XD color: €759 €D €D

set PlotPad labels on EZTRY to

L1 CET T Fourier-Series with: B Bl-Elements-of-a:Rectangle-Signal titleheight: €D
x-label: [l xLabelheight: €[

y-label: [l yLabelheight: €[

set PlotPad ranges for x: &ID €ID v: € €
with border? @ <. of KW pretty formatted? v@®
(.1 4PlotPad v

add graph f to PlotPad
add axes and scales to PlotPad

True so.

Now, for each value of X, we need to calculate the first n

coefficients of the Fourier series. For this we use the
block for numerical integration.

f . _ 1 o . . _
So, let's try it for ay = p— fo f(x) - dx . Since we al
ready have the "ringified term" for the function f, we can
simply write off:

For the other coefficients we have to complete the
trigonometric terms and obtain for

calculated with @ intervals

20
15
10
05
> 00
-05
-10
-15

-20

s 5Fourler Series with 50 Elements of a Rectangle Signal

> [] _then K] else

then [1 else [0

calculated with intervals

> Pdn

set a0 [to| (VS & < (D ) x 5 dx

calculated with @i intervals

calculated with @i intervals
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These terms now only have to be summed up: set resut | to a0
for[i =@Bto n
This gives us the following script in total.

change result | by

m (i of(ak E& cos
Fourier series of f( (x# =0 ) with 'n# =10 elements

script variables a0 (ak bk ! result tem (i of (bk ER sin

=

r;port result

e x (i
to (@1 x0)x LT &
o
calculated with @& intervals

We have two "screws" in it, which we can turn: on the one
hand the number n of the terms of the Fourier series can
be changed, on the other hand the number i of the
intervals in the numerical integration. The effects of
changes can be easily observed if we randomly draw
values from the range of values of X and plot the result
together with the function f. Deviations then show up
immediately.

set n | to EY

set data |to list

set PlotPad marker properties style: o circcle | width: &

color: @5 &P LP connected? @ = on JEZER

forever
set x |to \{ random [.¢ @ =10 |

data

add | |54 x | Fourier series of f( (X ) with(n elements to

[ add dataplot of numeric data: data  to PlotPad
calculated with @[I intervals
bk

set result | to a0
for(i &P to n
change result | by

{ item (i of(ak

‘ item (i of (bk

|- —
report result

n summands i intervals result comment

3 5Fouﬂer Series with 50 Elements of a Rectangle Signal

f: 3 ' ' 3 Actually quite

10 = 1 good except for
50 100 > :: i ] "slips" that are at

b L ; the jump points

sk ]

Ao S e of the function.
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. 5Fourier Series with 50 Elements of a Rectangle Signal
20 .
15 F 'Y .
10
0s . % B . That should be
50 50 > o0k ol o o ®o °
ost | clear.
Ty
a5k . . .. 3
i O s
-10 -8 6 -4 -2 0 2 - 6 8 10 12
X
Better, but only
Fourier Series with 50 Elements of a Rectangle Signal X
» B slightly better
15k 3 than with 100
10
0s summands.
50 200 W
05
-1.0
A5 F b
£ I A A
-10 -8 B -4 2 0 2 - 6 8 10 12
X
) . - Worse, but only
= Fourier Series with 25 Elements of a Rectangle Signal
ook ] marginally worse
. than with 50 sum-
mands.
25 200
0 2 - 6 é 10 12
X
., Fourier Series with 10 Elements of a Rectangle Signal Perhaps quite a
good compromise
between accuracy
10 100 - and computation
K time require-
%' ments.
X
. Fourier Series with 5 Elements of a Rectangle Signal In many cases,
=l i this is probably
still acceptable.
5 75 >
? % o e e e
10 8 5 -4 2 0 2 4 6 8 10 12
x

You can see that the accuracy required depends on the task.

For example, are slips at the jump points acceptable

or is it precisely there that precision is important? It can also be seen that very different effects can be achieved

with the same effort.




6

Math related Examples 63

Tasks:

1.

a:

b:

Give function terms for a triangular signal, a signal made of peaks, .... Have the function graphs drawn.
Calculate the Fourier series for the signals.

Experiment as shown to find a reasonable tradeoff between accuracy and computation time require-
ments.

Create tables with the data for a triangle signal, a signal from peaks, ... using the function terms.
Output the signals through the speaker.

Generate the corresponding tables using Fourier series of different quality and listen to them as sounds as
well. Do you perceive any differences?

Find out about applications of Fourier series.
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6.12 Drawing a function and its derivatives

We want to use a PlotPad to display a function and its first two derivatives in different colors and line styles. To
do this, we create a new sprite, switch to its script area, and configure it appropriately. The function terms are
specified once as a "ringified" operator, then twice as a list of polynomial coefficients.

configure as a PlotPad width: 1P
height: @ color: 5P { 245

Function and Derivatives
set PlotPad labels on to 12

L] ] L] T I ] T T T L]

title: titleheight: GED \
x-label: [l xLabelheight: §P 10 } 4
y-label: [l yLabelheight: €[
set pretty ranges on PlotPad (IS4 8 r ':
sét PlotPad line properties style: continuous | 6 F .
width: @B color: €D €D €D on (TN
-~ - — - - ‘ - -
add graph | (XD ~©® ) -@7@® toPriotrad TSI

S P —— e ll =2 B
set PlotPad line properties style: dashed =,
width: @) color: €D (D €D on gk ]

add graph list [F] [ to PlotPad [(ESYITh 2 F

=
set PlotPad line properties style: dot-dot

width: € color: € € €D on
add graph list @3 ] to PlotPad 6 F
add axes and scales to PlotPad

Tasks:

1. Plot different types of functions (trigonometric functions, logarithms, polynomials, ...) as graphs on a PlotPad.
2. Complete the function graphs with their derivatives.

3. Select different ranges of values, precision of the number representation and text sizes and labels for the rep-

resentations.
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6.13 Random experiments on the binomial distribution

Since the work here is really mathematical, we ask Gundolf de Jong, the talented young mathematician, for his

help. On the one hand, he is to perform random experiments, on the other hand, he is to evaluate the experiments

and compare them with the corresponding binomial distribution. To do this, of course, he generates a diagram.

For the experiments, Gundolf needs red and green balls

that can be numbered. These are supplied to him by a
sprite called Ball, which can be asked for appropriate
copies.

9 init experiment with red= red # = 3 green= green # = 7 balls

set balls | to list

repeat’ red
add
call 9 new Ball at @ @ color [l number @  of Bal
with inputs ' pick random @SEGP to &P | pick random LD to &P | T
to ( balls
=
-
repeat green
add
call 9 new Ball at @ @ color [l number @  of Bal

with inputs pick random EEIP to pick random &I to
green [0

to { balls

After the execution of RALLC L CLITIETENENEN s S 7 HEE

Gundolf is still quite alone in the room with his balls. He
therefore begins to experiment: from his 10 balls he ran-
domly takes one and checks its color. If it is red, he counts
the ball and puts it back. He does this 10 times each and
calls the whole thing an experiment. He performs these
experiments n times and divides the number of red balls
drawn by the total number of experiments. He returns the
result.

show binomial distribution of N= ‘N # = 10 p=

\;varp
set SciSnap!Data | to list
for k= @D to €D

add k) b(N=(N p=(p k=(k ) to ( SciSnap!Data
[l ="
configure as a PlotPad width: €I
height: €D color: €2 €D €D

set PlotPad labels on to
7 { A BinomialDistributionfor-N=10,-p=0.3 R { L LT AN 18 |

x-label: xLabelheight: €[
y-label: J0FY3] yLabelheight: [P
set PlotPad ranges for x: £ €D v: € €D

with border? @ x. of {XP pretty formatted? v@
1 HPlotPad v

set PlotPad line properties style: continuous

width: &P color: €3 €D € on [

set PlotPad marker properties style: o _circle | width: @B

color: @5 €D P connected? v@ on

aad dataplot of numeric data: SciSnap!Data to PlotPad [{[JGETRS
add axes and scales to PlotPad

° new Ball at ‘x # = 100 y # =50 color " color = red number
n#=0

script variables ' ball

switch to costume ( color
if*  costume # =[J

switch to costume white

if_ is'n a number |2
s“et number to@
clse
| ;et number | to [
'gn tox:(x y:(y
hif shown?
sct bal | to (EREI e myselt

set bal | to (a new clone of myself
hide

o
report ball

v result of ‘n# =100 experiments

script variables ' results  hits | k
warp

set results | to list
[

for(i | = & to G

add [[52Ci - €D '@ to (results

—

repeat n

set hits | to
if| costume# | of item ( pick random &P to §LP of (balls
change hits | by &I

replace item@of-.]- u) hits 7 results ) with
item @B of (1:=1)) hits |.i results + &

Lo =
for (i = &P to D

replace item E&& of ul i Jui results | with

item @& of | i Ji results /'n

- -
report ' results
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After that, he can draw a plot on a Sprite PlotPad showing S SRt i Cit s BIEC i LoD

the corresponding binomial distribution in red. He then

show binomial distribution of N= &[P p=
set PlotPad marker properties style: square | width: &

draws the result of n=1000 experiments in green on top. o (o255 K0 Rl cel B Gl

set PlotPad line properties style: continuous

width: @ color: €D €= €D on

add dataplot of numeric data: ¥ result of @LLP experiments | to PlotPad

Binomial Distribution for N=10, p=0.3

b(N,p k)

Tasks:

1.

N

Change the rules of the game: Do not put the picked balls back, change the number of balls in total, per color
or related to the number of drawn balls. Define what counts as a "success".

Plot the results on graphs. Find out about the expected distribution and enter it as well. Discuss deviations if
necessary.
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6.14 Fast Fourier Transformation (FFT)

The FFT (Fast Fourier Transform) is an efficient algorithm to calculate the Discrete Fourier Transform (DFT) of a
vector. A discrete periodic frequency spectrum is assigned to the data. It is one of the standard methods, e.g. for
scientific and technical applications. It is better to read about the details elsewhere before using the corresponding
SciSnap! block. At this point we want to describe the procedure by a Snap! script and then demonstrate the
possibilities of the SciSnap! block by some examples.

Let the shape of a function be given by a sequence of function values. We can imagine their generation as a reading
of the function value in regular intervals, e.g. in the case of a time-dependent signal in certain time intervals. This
is called sampling. However, only the function values, not the "interpolation points", go into the calculation of
the FFT. This vector is now repeatedly halved by dividing it by even and odd indices until only single function values
are left. From these the DFT is then generated by new combinations. Since this division is only possible for vector
lengths of 2N, a vector of other length must be completed before processing to this length by appending e.g. zeros.
The algorithm then works as follows?®:

FFT (vector) //index starts with 0

n = length of wvector

if n<=1 result = vector as complex number

else halve vector into two vectors even and odd with even resp.
odd indices and apply FFT to these:
even = FFT (values with even index)
odd FFT (values with odd index)
for m from 0 to n/2-1 do

result, = evengtodd,*e ?mm/n
result, ;.= even,—odd,*e2min/n
return result

To illustrate the processes, we first need training data on

n# =10 training data for FFT sampled with (f Hz

which we can test the FFT. For the sake of simplicity, we ¢

script variables (t (result (dt
superpose two sine functions and add the value 3. Let's

take a look at the result. |sct resun_Jtal it

I’s..ett to [d
[setdt [to @B /(f

repeat n

show training data data :

s«r:"ript variables pl;tai

X add [[E2E
set plotpad | to {a new clone of Hilberto
et
configure ' plotpad as a PlotPad width: €D
height: € color: €5 €5 €D

set PlotPad labels on  plotpad to

title: titleheight: GED
x-label: (Jil]l xLabelheight: [P

y-label: il yLabelheight: €[

;et PlotPad marker properties style: none | width: (5 ) 1 z i ini
e L s \;\/e set the sample frequency to 100 Hz and determine the training
—— e ata.

= = -
get ranges for PlotPad ' plotpad
from | data  with border X

result
»

c.hange t
N -
report ' result

set pretty ranges on PlotPad ' plotpad set samplefrequency | to I

set SciSnap!Data | to

add dataplot of numeric data: data | to PlotPad bﬂlgt'ﬁa'a
R @& training data for FFT sampled with (sampleFrequency Hz

add axes and scales to PlotPad piofpa&

show training data { SciSnap!Data

19 Source: Wikipedia https://de.wikipedia.org/wiki/Schnelle_Fourier-Transformation
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training data for FFT

So this is what the function looks like. To the second
column of training data - the sampled function values - we
apply the FFT algorithm as described. We can transfer it
directly to SciSnap!.

FFT with SciSnap! blocks of vector

) ——— |

FFT with SciSnap! blocks of vector (data :

script variables EvenPart ;:lddPart evenResult

warp
set n

[T -

if-'n <

|to length | of (data

oddResult ' n

column

of (SciSnap!Data’ with first item? ¥@

If the vector passed has length one, it is returned as a

(003 list | complex | item @B of (data’ + @ * i

set evenPart | to
FFT with SciSnap! blocks of vector

keep items | ¢ m = [l  input names: [ value

' index

complex number in SciSnap! format.

The data is divided into two parts with even and odd indi-
ces, respectively, to each of which the FFT is recursively

from ( data

set oddPart | to
FFT with SciSnap! blocks of vector

keep items | < ({index 1.(1: &3 = [ input names:

from ( data

set evenResult |to list
set oddResult |to list
I~ o= —
for '’k =&Pto n /€
complex ' item(k of (evenPart +

item (i of (oddPart | |
complex @B * eri m I (

complex ' item (k of ( evenPart
( 4 item (k of (oddPart |~ I

oddResult

add

report append ' evenResult

Das Ergebnis sehen wir uns fir (hier:

FFT with SciSnap! blocks of vector
PEd of (SciSnapiData’ with first item? v@

column

‘ value ! index

evenResult

to  oddResult

applied.

The two halves of the result are put together as de-

scribed ...

... and returned appended.

nur) 8 Funktionswerte an.

8 A B c

1 complexNumberCartesianStyle 48.96931370990699 [}

2 complexNumberCartesianStyle -3.8922516608711244  B.164322519753798
3 complexNumberCartesianStyle -3.4812560903797785 3.334362008251132
4 complexNumberCartesianStyle -3.4121839517945776 1.377837140911721
5 complexNumberCartesianStyle -3.3979303038160324 o

6 complexMumberCartesianStyle -3.4121839517945767 -1.377837140911721
7 complexNumberCartesianStyle -3.4812560903797785 -3.334362009251132
8 complexNumberCartesianStyle  -3.8922516608711235  -8.164322519753798

o

\},

But what should we do with it?
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For a frequency spectrum, we are not interested in the total complex numbers, but (mostly) only their amounts.

We obtain these, for example, by converting the numbers into the polar form and then splitting off the imaginary

part - and the first column with the type at the same time. We scale these values in such a way that the amplitudes

of the partial functions result correctly, and before these values we insert the associated frequencies.

With the result we can have the frequency diagram
drawn. If we sample 4096 values with 100 Hz and run the
procedure as described, we get a nice spectrum.

FFTresuIt
T Ly AT P | pE e ) ]
il -
4 F B
3 F 3
Q
= 4
S2f !
1 F -
o b L_JL 3
1 1 1 1 1 1
0 1 2 3 4 5
f

The absolute term with the value 3 as well as the sine
functions of 1 Hz and 2 Hz with the amplitudes 5 are
clearly visible.

Fourier transformations must also be reversible (iFFT).
For this, the imaginary parts, the phases, are required af-
ter all. The SciSnap! block for FFTs therefore contains the
three corresponding options. With its help we get the
spectrum we are looking for much easier. And also the
meowing from the Snap! sounds ("cat") can be analyzed

quickly.
FFT result
0.06 |- -
004 | .
o
2
©
>
0.02 A
000 i

-600 600 1800 3000 4200 5400

frequency_spectrum | of [ samples  of sound Cat sampled with

show fft data
samplerate | of sound Cat Hz

from fMin= P to fMax= (S

set fiiData | to

map | complex E polar style over

column | PR] of [ FFT with SciSnap! blocks of vector
column of (SciSnaplData with first item? v@

with first item? v@

set length |to length | of (fftData
set fiiData |to map / { length over  fftData

replace item @9 of (fftData  with [ item of (fftbata |/ €D

set fiiData | to
map

report st (i L sampicFrequency ) / length valiie

input names: ( value (index
over ( fftData

show fft data (fftData  from fMin= P to fMax=

set sampleFrequency | to [

set SciSnap!Data | to
training data for FFT sampled with (sampleFrequency Hz

show training data { SciSnap!Data

show fft data
frequency spectrum | of | column of (SciSnap!Data with first item? v@
sampled with ( sampleFrequency Hz

from fMin= P to fMax=

frequency spectrum g

frequency_spectrum
complex_FFTdata
JIFFT_of_FFTdata

show fft data (data : from fMin= ‘fMin # =0 to fMax=
fMax = 100

script variables | ;Iotpad pldtDbté
plotData | to empty table

= &P to length | of (data

f item @B of (01 L. data

add ‘/Ji:m i /Ji data | to/ plotData

I

set plotpad | to | ‘a new clone of Hllben~_|

configure plotpad as a PlotPad width: m
helght {300 JCOICTEN 245 W 245 W 245

set PlotPad Iabels on plotpad to
L CAFFTresult RO EL I TEN 18 )
x-label: [l xLabelheight: 3
y—label value S7TELTEILEILTAN 16

set PlotPad marker properties style: none | width: (5 )
color @ © € connected? v® on plotpad

get ranges for PlotPad plotpad
from plotData  with border XD

set pretty ranges on PlotPad plotpad

add dataplot of numeric data: plotData to PlotPad plotpad
add axes and scales to PlotPad plotpad
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FFTs are not only used for sounds, but also for image |l -t il e

~
switch to costume Indien

processing. We take the three color channels of an image p—— ———

as vectors, apply the FFT operation in each case and cut | - Fmmp do i e

off the higher frequencies, for example. The result is then FEIE= 0
. complex_FFTdata | of  column | [d of with first item? v@
composed of three color channels created by iFFT from RN hCc e

he altered fr ncy values. The results ar ite [
the alte ed equency alues e results are qu te complex_FFTdata | of  column of with first item? v@
"modern" sampled with (sampleFrequency Hz

g_!t blue |to

i complex_FFTdata | of | column of [ENENBER with first item? v@

If you leave only 5% of the low frequencies, you can still camoted with (EEEEERRETD 1z
see a surprising number of details. So the higher

. . . . I f ‘red
frequencies are responsible for the finer details. from row fl to EEE

columns of (green

from row [ to ENEd

columns of (Blue
blie e from row [ to

replace item (i’ of (red with m

replace item (i of (green’ with (EARIEED

of (blue with (G20 G20
)

set red IO‘.iFFT_uf_FFTdata of (red sampled with {sampleFrequency Hz

Fl& green | to

FFT of FFTdata | of (green  sampled with (sampleFrequency Hz

replace item (i

[—s\:t blue |to iFFT_of FFTdata |of (blue sampled with (sampleFrequency Hz

r:etm to empty table

add coumn | (red) to (artPhoto

With 2% it becomes already more difficult: an "Easter el Rl L L
add coumn | (blue to (artPhoto

. " ;
p|CtUre . add column | {2l of [SciSnap!Data with first item? €7 ) FTR - 0000

switch to costume (artPhoto

And at 1%? Have a guess!

Tasks:

1.

Generate different function waveforms from sine/cosine functions. Then experiment with different sample
rates and numbers of sample points to generate frequency spectra. In each case, compare your results with
the expected result - which you know.

N

Create spectra of different sounds, e.g. from instruments, tuning forks, speech, singing, ...
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6.15 A simple image compression method with FFT

In the last section we saw that images processed with FFT are actually still quite recognizable, even though a large
part of the higher frequencies has been "cut off". We can take advantage of this to reduce the storage space
required by images without losing too much of the image quality. However, it is still a lossy compression technique.
Parts of JPEG?® compression work similarly.

Our method shall work as follows: We specify a compres-

) compress image (image = myCostume to (compressionRate # = 50
sion rate compressionRate and the costume of a sprite %

. . . ipt variables -
as parameter image. Then we determine the pixels of the ageData | numberofvalidFrequencies | numberOfEmptyFrequencies

image as imageData. Now we can calculate how many | el L Rl il e U
frequencies should be "valid" at the desired compression. | = i cosme

We call the result numberOfValidFrequencies. The re- ||| [ETs - s s

maining numberOfEmptyFrequencies are later set to
zero and used to "fill up" the FFT result to the correct
length. To halfway preserve the contrast range of the orig-
inal image, we also determine the value ranges of the

three color channels rangesRed, rangesGreen and

v
set numberOfValidFrequencies

| round length | of (imageData | x ‘compressionRate |/ L]

rangesBlue. Together with the width and height of the =

set _numberOfEmptyFrequencies \tu

image, we store these data, from which the image is later || EEEISIEIECr Coe ) GRS s

b

reconstructed, in a list. We add the FFTs of the three colors [ ie 1 el =M LUl L,

of (imageData considering headline? ve

to this list, but we only store the "valid" number of them. [ el (™ tem - of () Yitem "= - of ()
The compressed image thus has the format: = rangesGreen | to! lis of €% - help

—

et help | to "a"des_| of column B and 4]
width height 2 of (imageData’ considering headline? v@

numberOfValidFrequencies | numberOfEmptyFrequencies SISO item (1~ of () flitem (2 - of (LT

N report
min red max red append

min green max green

ist | width | of costume current height | of costume current

ist | numberOfValidFrequencies 'numbeerEmptvFrequem:ies
min blue max blue \ rangesRed | rangesGreen | rangesBlue

H columns of

i complex_FFTdata | of | column | [l of (imageData) with first item? v@
'

led with H
data of the three color channels as complex numbers sampled with @B Hz

from row fl to (numberofValidFrequencies
columns of

complex_FFTdata | of | coumn | B of (imageData  with first item? v@
sampled with @ Hz
We can assign this data to a variable and export its con- from row i to (HIGESONANEIARSINGD
columns of
tent, for example, or we can write directly to a file. complex_FFTdata | of | column of (imageData) with first item? v@

sampled with @) Hz
from row [J to (numberoOfvalidFrequencies

When decompressing the image, we have to read the stored data and fill the three color channels with the com-
plex number zero. After that, they are transformed back into real number sequences with iFFT and assembled
into pixels. We afford ourselves some additional luxury: since we have stored the original value ranges of the color
channels, we stretch the colors, which are also reduced by the reduced number of frequencies in their value range,
back to the original range.

20 https://de.wikipedia.org/wiki/JPEG
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uncompress compressed image ! imageData :

script variables
i width  height | numberOfValidFrequencies

numberOfEmptyFrequencies ' pixels | emptyData rangesOfOriginal
help 'min max ' f

\harp

set width |to item it -7 imageData

set height | to item @K o LGRS imageData

delete @B of (imageData

set numberOfvalidFrequencies | to  item @D of (=) &K imageData

set numberOfEmptyFrequencies | to ' item @R of (1, @K .7 imageData

delete @ of (imageData
set rangesOfOriginal | to list
repeat &P

add ((i:-,) @14 ./ imageData | to (rangesOfOriginal

delete B of (imageData
: S

set empiyDala | to list

set | | to

S

repeat until* i >/ numberOfEmptyFrequencies
ETe list [o][o] to ( emptyData

| change | | by 1]

set pixels | to list

set help | to
iFFT_of FFTdata | of
append
columns [ of (imageData
from row [l to (numberofValidFrequencies

sampled with ) Hz

copy of ( emptyData

set min | to min | of vector { help

set max |to max | of vector (help

add column
map

item @K of (1. @) -7 rangesOfOriginal ' : E & - min '

over ( help
to ( pixels

set help | to
iFFT_of FFTdata | of
append
columns fl B  of (imageData

from row (| numberOfValidFrequencies +ﬂ to copy of (emptyData

& x numberofvalidFrequencies

sampled with @) Hz
s..zt min | to min | of vector { help
set max |to max | of vector ( help
P
item @K of (') @2 - rangesOfOriginal
item @K of ({11 @K9\" 1 rangesOfOriginal

add column
map

item & of () @&X2 -7 rangesOfOriginal ‘ : ﬂ & - min '

over ( help
to ( pixels
set help | to
iFFT_of FFTdata | of
columns I @  of (imageData

append  from row m numberOfValidFrequencies ) + &B to FERd

copy of { emptyData
sampled with ) Hz

s‘et min | to' min | of vector ( help

set max | to max | of vector ( help
[ to

item of ({21 MERI 7 rangesOiOriginal

1| @RS i rangesOfOriginal

-add column

map

item @ of (1. @& -/ rangesOforiginal ) +
over { help

to ( pixels

set pixels | to map I‘:pﬂrt append B | ii;;@ over ( pixels

A Nl
report new costume ( pixels width (width height ( height

read out and delete image dimensions

read number of valid or deleted frequencies
and delete

read out and delete original color ranges

create a list with complex zeros of the correct length

iFFT for the red channel

determine current limits of the red color channel

expand the red channel to the original values and insert it into

the pixel list

iFFT for the green channel

determine current limits of the green color channel

expand the green channel to the original values and insert it

into the pixel list

iFFT for the blue channel

determine current limits of the blue color channel

expand the blue channel to the original values and insert it

into the pixel list

insert transparency values and export the costume
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For the test we give Hilberto a picture as a costume and compress it increasingly.

Original 20 % 40 % 60 % 80 %

There we go!

Tasks:
1. Experiment with different image types (portrait, landscape, ...) and compression ratios.
2. Learn about compression methods for images and other data.

3. Invent better compression methods for images, e.g. by not simply truncating frequency ranges, but by limiting
yourself to the "essential" frequencies, ...
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6.16 A simple sound compression method with FFT

Since all data must be in digital form, it doesn't really matter what kind of data is processed with the FFT. So we

can compress sound data just as well. It is even easier if we limit ourselves to one channel. Again, this is a lossy

compression method. Parts of the MP3 compression?! work similarly.

Our method should work as follows: We specify a com-
pression rate compressionRate and a sound as parame-
ter sound. Then we determine the samples of the image
as samples. If it should be a sound with several channels,
then we take from these only the first one. Now we can
calculate how many frequencies should be "valid" for the
desired compression. We call the result numberOfValid-
Frequencies. The remaining numberOfEmptyFrequen-
cies are later set to zero and used to "fill up" the FFT result
to the correct length. The compressed sound thus has the
format:

sample rate

numberOfValidFrequencies

numberOfEmptyFrequencies

sound data as complex numbers

When decompressing the sound, we have to read the
stored data and fill up the sound data with the complex
number zero. After that they are transformed back to real
number series with iFFT and returned as reconstructed
sound.

set sound

to item @& of 'my sounds

play sound
uncompress compressed sound €1 IS Sound ) NSRS

Up to a compression of about 15% | hardly hear any differ-

ences. But maybe you are younger.

Tasks:

compress sound (sound to (compressionRate # =50 %

script variables - -
numberOfEmptyFrequencies | numberOfValidFrequencies | samples

result

warp
=

report [ERROR -sound-required!

set samples of sound { sound

[ -
if* is item @K of (samples

to' samples
alist |?

set samples | to row of (samples ' with first item? v@

set numberOfvalidFrequencies | to

round length | of (samples  x i:ompressionl!ate / 7100

set numberOfEmptyFrequencies | to

length | of { samples —"humberOﬂralidFrequencies

set result | to
columns F § of
complex_FFTdata
Hz

from row [l to (numberofvalidFrequencies

of (samples sampled with [ samplerate | of sound | sound

insert | samplerate | of sound sm at m of ( result
I insert ( numberOfValidFrequencies at @K of (result
[ insert (| numberOfEmptyFrequencies at m of ( result
hr:nurl:“?ult

uncompress compressed sound | soundData :

s\crit variables

(frequency ( numberOfValidFrequencies ""numberOfEmptyFrequencis

warp

set frequency |to item @) of (soundData
bdelete of (soundData
set numberOfvalidFrequencies | to  item B9 of (soundData
' delete of (soundData
set numberOfEmptyFrequencies | to item of (soundData

delete of ( soundData

repeat "-numberOfEmptvFrequem:ies

add ([Z26E

to | soundData

report iFFT of FFTdata  of (soundData sampled with (frequency Hz

1. Record music, speech, other noises as sounds and convert them to WAV files. Import the sounds to SciSnap!.

2. Experiment with the compression method. Have the results evaluated by different people.

3. Learn about the MP3 (and other) compression method for sounds.

21 https://de.wikipedia.org/wiki/MP3
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7 Data related Examples

7.1 Data plot of points scattering around a function graph

We create some data points close to the graph to f(x) = Random Data
x3 — x and plot them on a PlotPad. To make them appear S

L] N L]

nicely ordered, we sort the points before creating the plot,
and because it's Sunday, we connect them in rainbow col-
ors.

import table-(CSV)-data | from

. andom poin o3 oA =
€D 1o ol - L4 to SciSnap!Data
between 5 ‘and /5 ‘range /2 |

sorted by column [

i IDat: - 3 - -
il SciSnapiDala _pkg ascending v@ considering headline? v@

=
configure [(ESN R4 as a PlotPad width: LI
height: color:

g;t ranges for PlotPad [(IEEICRd
from | SciSnap!Data  with border {XB
set pretty ranges on PlotPad

set PlotPad labels on to

title: titleheight: P
x-label: xLabelheight:

y-label: yLabelheight: &I
~
set PlotPad line properties style: rainbow

width: € color: €D & €D on
set PlotPad marker properties style: square | width: (5 )
color: ) &P &P connected? v® on

add dataplot of numeric data: | SciSnap!Data to PlotPad
add axes and scales to PlotPad (S ke
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7.2 Histogram of random values

We again create random points scattering around the graph to f(x) = x3 — x, but this time we choose only the
first column as the data set. From these values we let create a histogram with 10 columns.

P e L — Histogram of Random Data
T L] T

: ( -~ 65 T '
T~ lof @D random points near m [} with first
between @ and & range &

item? 47 )
to SciSnap!Data
configure [ESYRd as a PlotPad width:
height: color:

~—
set PlotPad labels on [[FSTRd to

title: titleheight: E
x-label: xLabelheight: &I

y-label: [Nl yLabelheight: €D =

add histogram of ' SciSnap!Data  with groups
pretty formated? v@ to PlotPad

add axes and scales to PlotPad
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7.3 Plot of mixed data

Text data are often combined with numerical data. An

example would be the sales data of different [BlstlPeirsen o arRlist Carcen [13 <pRlist [Hansen 17 «p Hlist [Pausen [2
ist Joreon (15

configure as a PlotPad width:

. . height: color: (245
these graphically, then, for example, the x-axis must be T p—

. . avic i title: AP titleheight: EEP
labeled with text data, while the y-axis is treated as B st abed rom text-data (data. at column €D

max. textwidth &) column spacing EP
y-label: ELEERTTAN 16 §
mixed data block of the PlotPad. In this case, the stage is = e i s
width: &I color: (o ¥o X1
to serve as the PIOtPad set PlotPad marker properties style: triangle | width: 15
color: P &5 €D connected? v® on

representatives in one year in an area. If we want to plot

xLabelheight: §3
before. To create the graph we use the add dataplot of

set PlotPad scale properties precision: € P

textheight: §F)) &FP number of intervals: £ €L

" Sales 2022 (/| theStage v
set PlotPad ranges for x: ) @ v: & €D

. | J with border? @ = of {XP pretty formatted? v @

A (L |theStage ~ |

- . ~
L T N add dataplot of mixed data: ' data
““-—.__‘ P N y-scale? v@ x-scale? @ . to PlotPad [[TSEr N
* R N add axes and scales to PlotPad
K . __——A

2 b

Sales  k§

Petersen Carlsen Hansen Paulsen Johnson
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7.46 NY CitiBike Tripdata 1: Correlations

As an example of how to use the blocks, let's "dig" a bit into a larger, freely available dataset: the New York CitiBike
rental data (NY citibike tripdata: https://www.citibikenyc.com/system-data).

. (“Scisnap!Data
We load the data, extract it, and get CSV data of | = = = = - = = ; 0
. . . "ns n 1 tripduration startime  stoptime start station istart station istart station Istart station lend station icend station rend station lieng
rather blg a slze, which we load "in one SWOop 2 695  2013.06-01(2013-06-01( 444  Broadway & 40.7423543-73.9891507 434 O Ave & W 140.74317446.74.0
. . 3 693 2013-06-01 (2013-06-01 ( 444 Broadway & 40.7423543 -73.9891507 434 9 Ave & W 140. 74317445—74,_
i nto t he SC]Sn ap' d ata a rea, t he SC| Sn ap | Data 4 2059  2013-06-01(2013-06-01( 408  Hicks St & M40.6951284E-73 9959506 406  Hicks St & M4Q 59512545-73:
5 123 2013-06-01 (2013-06-01 ( 475 E 15 St & Irv40.7352427€-73.9875856 262 Washington 40.6917823 —73._
Va rla ble We get a | most 600 000 records 6 1521 2013-06-0112013-06-01( 2008  Little West S40.7056925¢-74.0167768 310 State St & 3\40.5392694:—?3._
* ’ * 7 2028 2013-06-01 (2013-06-01 ( 485 W 37 St & 5 40.7503800¢-73.9833898 406 Hicks St & M40.6951284¢£-73.
8 2057 2013-06-01 (2013-06-01 ( 285 Broadway & 40.73454567-73.9907414 532 S5PI&S5 40.710451 —73:
- 9 369 2013-06-01 (2013-08-01 ( 509 9 Ave & W 2 40.7454973 -74.0019713 521 8 Ave & W 340.7509673<-7 3.4
Impo.-t table-(CSV)-data ‘ from 10 1829 2013-06-01 (2013-06-01 ( 265 Stanton St &40.7222934€-73.9914753 436 Hancock St 600.68216564—73:
i i 1 1 " 829 2013-06-01(2013-06-01 ( 404 9 Ave & W 1.40.7405826 -74.0055086 303 Mercer St & 40.7236273¢-7 3.
fl IepICker hd to SCIsna p = Data 12 1316 2013-06-01 (2013-06-01 ( 423 W 54 St & 9 40.76584941-73.9869050 314 Cadman Pla: 40.69383 —71£
13 1456 2013-06-01 (2013-06-01 ( 502 Henry St & € 40.714215 -73.981346 532 S5PI&S5 40.710451 ~73_.
14 386 2013-06-01 (2013-06-01 ( 241 DeKalb Ave 40.6898103£-73.9749312 365 Fulton St & (40. 5822316(-?3;
H H 15 924 2013-08-0112013-08-01 ( 486 Broadway & 40.7462009 -73.9885572 521 8 Ave & W 340.7509673<-7 3!
Thelr COI u m n headers We Spllt Off from the ta ble' 16 1233 2013-06-01(2013-06-01 ( 527 E 33 St& 2/ 40.744023 -73.976056 296 Division St &40.71413085—73:
17 512 2013-06-01 (2013-06-01 ( 309 Murray St & 40.7149787 -74.013012 300 Shevchenko 40.728145 —7%.
— - = _7Anianin aar ich & dn 720946 | 241 )
set headlines |to' row | [Kd of EEEETIBEE with first item? @ (Eeteminata headlines
577704 A B I . -
1 tripduration  gender | tripduration £
2 895 1 2em:m
H H H 3 693 1
These data can be analyzed in very different ways. We will do N . ] stoptime B
. T . 5 123 1 L1 start station id §
this later, but for now we will limit ourselves to the question of . . =
. 2028 0 ] start station name §
whether there is a correlation between gender and loan a 2087 1 (] start station latitude
9 369 1 N -
duration. Obviously, we only need columns 1 and 15 for this, so 0 e 1 s‘a" station longitude |
1 829 1 end station id §
we delete the other columns. ORI | W8 K cnd station name
(9 end station latitude §
8 scisnapmaia Al <O'U™"* of result = -
e from row [ to 4 1 B £ii} end station longitude ¥
1 value mean ¥4 bikeid
. . 2 0 1753.298818€ ‘! usertype &
First of all, let's look at the mean values for the different genders ||, | oessearms
: & 1] birth year
. . . 4 2 1233.2484452
(0: unknown, 1 male, 2: female): 1 ¥ [ gender F
| ToTTgTT—T =y Y,

mean | of column of
grouped by column [J] considering headline? v That's what we thought|

set result | to

And what about the correlation? First, we delete the data

select rows of EEERETIDMERE] where

set SciSnap!Data | to -
P column is different-from | [i]

with the "unknown" gender. There are still about 340,000
data records left. For these, we calculate the correlation

- correlation | of column and
coefficient between column 1 and 2 - and get the result [EESEEEERT RS considering headline? @x

rosu y

shown opposite.

And what does this number want to tell us now??? We

don't know - but we can read up and learn!


https://www.citibikenyc.com/system-data
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7.5 New York Citibike Tripdata 2: usage of bikes

Let's take a look at who actually rides a bike in New York. To do this, we TS SEE AR WER | from
download the rental data from NY Citibike for a month onto the computer, to SciSnap!Data
which are the almost 600,000 data records already mentioned. Let's take a

closer look.

577704 A B (03 D E 7 G H | J K L M N (o]
1 tripduration  starttime = stoptime start station istart station istart station Istart station lend station icend station nend station lzend station Ic  bikeid usertype  birth year gender
2 695  2013-06-01(2013-06-01( 444  Broadway & 40.7423543-73.9891507 434 O Ave & W 140.7431744¢-74.0036644 19678  Subscriber 1983 1
3 693 2013-06-01 (2013-06-01 ( 444 Broadway & 40.7423543 -73.9891507 434 9 Ave & W 140.7431744¢-74.0036644 16649 Subscriber 1984 1
4 2059  2013-06-01(2013-06-01 ( 406 Hicks St & M40.6951284£-73.9959506 406 Hicks St & M40.6951284£-73.9959506 19599 Customer NULL 0
5 123 2013-06-01 (2013-06-01 ( 475 E 15 St & Irv40.7352427¢€-73.9875856 262 Washington 40.6917823 -73.9737299 16352 Subscriber 1960 1
6 1521 2013-06-01(2013-06-01( 2008  Little West S40.7056925¢-74.0167768 310  State St & S140.68926942-73.9891286 15567  Subscriber 1983 1
Tf 2028  2013-06-01(2013-06-01( 485 W 37 St &5 40.7503800¢-73.9833898 406  Hicks St & M40.6951284£-73.9959506 18445  Customer NULL 0
8 2057  2013-06-01 (2013-06-01 ( 285 Broadway & 40.73454567-73.9907414 532 S5PI&S5 40.710451 -73.960876 15693 Subscriber 1991 1

Of course, we still need to find out from the source what the data actually

result
means - that is, look at the metadata. For the gender we learn that 0: un- 4 A B
known, 1: male and 2: female. For the columns "tripduration" and "gender" 1 value mean
. 2 0 1753,2988186817752
we determine some data:
3 1 1063.5487225418608
We already know the average duration of borrowing, based on gender, from 2 1233.249445298994

the last example.

Let's see if they are lazier on Broadway: set resut [to

mean | of vector

column of : vy With first item? Y@
{ ) column 444
11118 1380.553088413 -
- =4

| see. Probably Central Park is even worse! set resut | to

mean | of vector

. rows of |SciSnap!Data W
. column
(20114 2230.303350254 )

umn with first item? v@
All right. All prejudices do not have to be true.

Tasks:

But maybe only the women at Central Park ride their bikes more. Check it out.
There is not only one rental station at Central Park. Determine appropriate averages for the entire area.
Are there actually rental data for other parts of the city? Do a search and compare the results with Manhattan.

P W N R

Determine the average borrowing times per weekday, in total and for individual stations. Are there differ-
ences? Why?

5. Above, the mean borrowing time was calculated in relation to gender. You could also do it the other way
around. Would that be complete nonsense or are there questions for which that would make sense?
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7.6 New York Citibike Tripdata 3: World Map Library

Even in New York, bicycling has become "hip" and the borrowing data can be loaded as CSV files. We do this as in

the previous examples with this dataset. Since we also want to create graphics, we configure a sprite as PlotPad.

Let's see where you can rent bicycles. For the overview we
extract the rental stations from the total list, e.g. by
grouping them by the name of the starting station (column
5) and selecting only this column as the result. We still get
337 stations. Since geographical longitude and latitude of
the borrowing stations are given, it makes sense to use the
World Map Library of Snap!. We write a small block for
this, which displays the surroundings of a borrowing

station as a map.

After that, we look for the data of a station ...

data of station 'n # = 444

item @ of E

report find first item | ¢ in { SciSnap!Data

.. and thus set up the list of coordinates of the stations

set coordinates | to ! get coordinates

get coordinates

:
script variables ' result | stationData

to list
— &P to iength

to| data of station ' item (i

set result

[P
for | i of ( stations
R

set stationData of ( stations

tions x of @ longitude item @ of (stationData

[ y of @ latitude |tem m of / stationData item XD of (stationData

to (result

e =
report ' result

show all citibike stations

of (coordinates

= “ to" length

item @B of (ii:
item EBY of

go to x: | il coordinates y:

810000 1ol coordinates

22

import table-(CS

. read file 1) to SciSnap!Data

set stations | to

column

n tnpdurat\on of | SciSn, |Data
mn con

with first item? @x

load NYCityMap at station (n # = 444

script variables / stationdata
set stationdata | to

find first item | ¢

item X of E

in { SciSnap!Data

sét @ style to OpenStreetMap |

set @ to lon: item of (stationdata lat: item & of (stationdata

set @) zoom to ELP

o
Soh Avnue
w X SheqSreety
< N e aningtoy s
-3 : 3 4y, Avenie- 1,
e A T A s ,;7;,».,.,."
nagsany e T e e Sy /
!‘_lv.',x S Times (JI
"~' .f Sausre mmm‘ , f ;
Wi o ’S
N &éi"(\ » u::‘::n
A e &

28eh Street "L :\\
R Ay street Ll &

0t Stredt

SN

©, e Sirwet

23ed Strvat . :
< on sereet o,

2300 Siveat ¥ )
- .
18th Street 2drd Street
i

4 2
mn eet 2360 Streat

"

Frah sursetly

A
With this data we can send Hilberto to the individual
positions and ask him to leave circles there with the

oadway-' L TEL
Catayette [y

stamp block, for example.
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At least in midtown Manhattan, | don't think we have to worry about finding a borrowing station!

22 This will take some time!
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7.7 New York Citibike Tripdata 4: Lending diagrams

Let's take a closer look at the rental station Broadway -

. selection = lendings at station (n # = 444
corner 41 Street (No. 465). To do this, we pull all records
from the total list that start or end at this station. That's

5054 operations this month. Times are entered in this list

if * ( selection

L1 keep items | < item @K of B from ( SciSnap!Data

along with the date. We can throw this out (split with " ")

report NI NS item X of B from { SciSnap!Data

and reduce it to the hour (split with ":"). We then have a

numerical scale with the unit "hour". Now we can see
what is going on at the station in the individual hours of lendings g k444 4

the day. lendings
returns

set lendingData | to
reduce time columns of

reduce time columns of (data :

append | lendings | at station retums | at station P
script variables | result

warp
'flendlngnau M\ »s'et result | to list

5054 A B c add column olimnw |1 v of L E=Hw 2 v@®) to (result

1 627 00 00 ] add L — T

= 586 00 00 map | item @D of | split item @XD of (spiit [ by I by B4

3 601 oo oo coumn | PRd of {(data’ with first item? v@

4 993 05 05 result

5 34966 o7 17 s e

& 2314 10 n map | item @D of | split’ item @& of (split lf by 34 by K4

7 843 11 "

o 250 12 12 column | ERd of (data’ with first item? v@

result
9 707 12 12 : . 0 =
dd c olumn ¥ of t: with first 2 <4 s

10 344 13 13 rj*’u)lumn column = (5 ~ of 71~ with fir. o (resul

1 2177 13 13 NigRaE result

12 2156 13 13

13 670 13 13 And we can represent this graphically as usual. We
:: 2;20 1: 1: simply count how many there were in each hour of

1394 1 1

16 820 16 16 the day.
17 13@49 18 o0

set plotdata | to

number | of column [] of (lendingData
grouped by column F] considering headline? v@

From this we build a diagram.
Activities at Broadway & W 41 St

configure as a PlotPad width:
height: color: w0
set PlotPad labels on to

title: | join item of (1L V&ES" ! lendingData

titleheight: &P
x-label: B xLabelheight: &3

VA ET T Bl number-of-activities [§ 7 =L LA 16
set PlotPad ranges for x: P &3 v: &P
max | of vector  coumn | Fd of (plotdata with first item? @x

with border? @ > of KPP pretty formatted? v@
on

number of activities
g g

8

set PlotPad marker properties style: o ciccle | width: &

color: £ &P € connected? v @ on (ESTiCha
add dataplot of numeric data: ' plotdata to PlotPad [WES[Chd
add axes and scales to PlotPad

o
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Of course, we can combine that into one block, still leaving open the decision of whether we want to record
borrowings, returns, or both.

Diagram for ! selection = lendings at station id

set lendingData | to

[if*  selection = EXMrY | then

reduce time columns of H
lendings
CE T S returns [ then
reduce time columns of { > = at station
reduce time columns of returns
append | lendings | at station [ n returns | at station ( n
number | of column [ of lendingData bOth

lotdat
el piokiata g grouped by column [ considering headline? v@

éonﬁgure as a PlotPad width: @E[P
height: €D color: €250 €5 €5 aggregate data

set PlotPad labels on to
title: | join item @2 of (111, R4 { lendingData

titleheight: P
x-label: xLabelheight: [

y-label: yLabelheight: G
set PlotPad ranges for x: o ¥24 A0 )

max | of vector | column | FRd of (plotdata’ with first item? @x
with border? @ x. of {XI) pretty formatted? v@
on [T Activities at Broadway & W 29 St
set PlotPad marker properties style: o cicle | width: @ T T T T

color: P &P €P connected? v@ on
add dataplot of numeric data: ' plotdata to PlotPad
add axes and scales to PlotPad

create diagram

w
o

A few streets away, it looks very similar. Is this a general %
©

pattern? s ]
]
o
E
=
[ =

hour
e Activities Broadway & W 49 St - Activities Broadway & W 60 St

number of activities
number of activities

25 25

hour

Well, at Central Park people get up later and the tourists are not there yet. But the museums always close at the
same time.
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So, what can our programs learn from this data?

For example, we could predict from the usual departures and arrivals as well as the actual stock whether enough
bikes will be returned to a station in time or whether it would be better to transport some there.

We could determine from mean path lengths which batteries are being used for eBikes.

We could determine whether women or men are more likely to borrow the bikes at a particular time of day and
then make sure the supply is right. We could do the same for the age of the borrowers.

We could determine the borrowing data per bike and predict when repairs will be due. We could also do this as
a function of the location of the stations, for example.

We could try to generalize distributions from some stations so that predictions for others can be derived from
them. So, when museums close at Central Park, the program can "learn" from the old data in which districts
bikes are likely to be dropped off and when and warn if there are not enough free slots there.

etc.

Tasks:

1. Break down the stations' activities according to arrivals and departures.

2. Write a forecasting function that warns when there is a threat of a bike shortage at a station in the next few

hours.

For specific stations, graphically represent the connections to the most selected drop-off stations on the map
by direct lines. Choose line thickness according to the number of borrows and colors according to the station.
Do clusters form?

With the help of correlations, determine whether there are correlations in the borrowing behavior (e.g. with
regard to the times of day, the location, ...) with the gender, the age, the status of the borrowers. You may
need to replace the data with numerical data beforehand - similar to the times. Discuss possible consequences.
For a small section of Midtown (where everything is nice and rectangular), determine the coordinates of the
street corners. Then develop a router that shows the shortest path to the nearest Citibike station.
Borrowing rates depending on the time of day show some ‘ _
differences in different areas of Manhattan. Examine simi-
larities and differences systematically and try to explain the | N
results. : ' :
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7.8 Income data from the US Census Income Dataset (Quelle: [Census])

We want to dig into some data and therefore download the Census Income Dataset from the net.?3 The corre-
sponding CSV file can be loaded from the file directory in SciSnap!Data and displayed immediately. It contains
32562 records. Double-clicking or right-clicking on it and selecting "open in dia- import table-(CSV)-data | from

log..." shows all columns. to SciSnap!Data

32562 A B Cc D E F G H | J K L M
1 age workclass final weight education education-numarital-statu occupation relationship race sex capital-gain capital-loss hours-per-\
2 39 State-gov 77516 Bachelors 13 Never-marri Adm-clerica Not-in-famil: ~ White Male 2174 0 40
) 50 Self-emp-nc 83311 Bachelors 13 Married-civ- Exec-manay Husband White Male 0 0 13
4 38 Private 215646 HS-grad 9 Divorced Handlers-clt Not-in-famil. ~ White Male 0 0 40
5 53 Private 234721 11th 7 Married-civ- Handlers-cli  Husband Black Male 0 0 40
6 28 Private 338409 Bachelors 13 Married-civ- Prof-special Wife Black Female Q Q 40
7 37 Private 284582 Masters 14 Married-civ- Exec-manag Wife White Female ] 0 40
8 49 Private 160187 9th 5 Married-spc Other-servic Not-in-famill  Black Female ] ] 16
9 52 Self-emp-nc 209642 HS-grad 9 Married-civ- Exec-manay Husband White Male 0 0 45
10 31 Private 45781 Masters 14 Never-marri Prof-special Not-in-famil ~ White Female 14084 Q 50
11 42 Private 159449 Bachelors 13 Married-civ- Exec-mana; Husband White Male 5178 ] 40
12 37 Private 280464  Some-colleg 10 Married-civ- Exec-mana; Husband Black Male ] ] 80

Which correlations could be found in this?

Our data blocks don't help that much at first, because they mostly process numeric data. If we want to use them,
we have to scale the columns in such a way that numerical contents result. In the simplest case, we replace texts
with numerical values - and should think carefully about what consequences this might have with regard to their
interpretation.

Let's start with the last column: Income values are given [FriETEs - RN of EEEEREE] with first item? @

set income \tu

for only two ranges: less than or greater than $50,000. We

map
assign values 1 and 2 to these ranges. (Or O and 1, or -1 report [ hen [1 else || then & cise ll )
and +1, or 0 and 100, or ... over (income
Would these changes have consequences? To avoid changing the original data, we create a FESSEILEIEN
variable income and store the changed values there by copying column 15 (income) without 3;150‘:’ L‘f_&fn
the first value (the heading) into this variable and then using the map...over... block to change 1502 = .
the contents. Anyway, that's what we try to do. Unfortunately, when we look at the result again zzgj %
as a table, we only get the unchanged column 13. 1805 (S

- —— o |
What's going on? We look at the first element of in- (Y~ RF =) T w0 B
come and check if it is a string. It is, but it is longer 7 :zgg %
than we thought: length of text item @ of (income EI0N  <=50K |

(CON  <=50K |

If we split them at the spaces, we see what's going on:
leading spaces have crept in. Those crooks!

split item @D of (income

2 This is one of the training datasets for machine learning.
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So we have to throw out the set income |to coumn | [ERd of EEEREEEEE] with first item? @ “'-income
32561

set income | to

leading blanks before. This works items

map‘ report item @ of ( split | by K over (income

now: our variable income now

s;t income | to

only contains the values 1 and 2,

as we can quickly check by M_l:port if 4 [=[<=50x | then [T els
|Ooking at it. over ( income

What does this income now depend on?

Maybe from age? We combine column 1 (age) and our [peipg i pesmrs

modified income column into a new table called testdata. FrEREI Rl leolimn s |2 + (of |SciSnapiData with first item? ( B> Ri)
(testdata

add coumn | (income’ to (testdata

We describe the relationship between age and income by the correlation | testdata

coefficient. The calculation is simple: 32561 A B
1 39 1
. . correlation | of column [l and 2 50 1
SEY conrelation cosflicient_{iEY) of (testdata’ considering headline? v@

3 38 1
, 4 53 1
And what does that mean? (_correlation coefficient [(F<I1XTE1ER ) 5 28 1
6 a7 1

Tasks:

1. Find out the meaning of the correlation coefficient and interpretation of the obtained value. What does the
value "0.2340..." mean?

2. In this case, does the correlation coefficient depend on the type of numerical scaling of the data (1 and 2, -1
and 1, ...)? Check.

3. Determine other correlation coefficients, e.g. between education and income, country of origin and income,
marital status and income, country of origin and occupation, ...

4. Find out if and when the scaling of non-numerical data can have an influence on the result.
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7.9 Covid-19 data analysis

We upload the Johns Hopkins University Covid-19 data % A B g g : G
1 Covid-10 Infections from 1.3.2020
from 2020/3/1 to 2020/4/19 for four counties to the data 2 origin: Johns-Hopkins-University
3
section of SciSnap! and get: 4 Infected
B Date Day Germany Italy USA China
. . . . 6 1.3. 1 19 1694 43 79826
Since we are only interested in the pure data, we pick out ; ., 2 152 2036 p 80026
8 3.3. 3 190 2502 88 80151
the relevant data range for a country. = . e | 30m  v17 | mozr
10 5.3. 5 402 3858 186 80422
subsection of table-data | in from 1 ea 6 641 4636 232 80573
set data |to B to 12 73 7 797 5883 351 80652
13 8.3. 8 900 7375 489 80699
14 9.3. 9 1146 g172 535 80735
- da'a Y 186 10.3. 10 1567 10149 892 80757
16 11.3. 11 1968 12462 1214 80785
51 A B | 17 123 12 2747 12462 1596 80793
1 Da German 18 13.3. 13 3677 17660 1647 80801
Y i 19 14.3. 14 4587 21157 2656 80827
2 1 119 on 152 15 RR1R 24747 272R ANRAR
Ly
3 2 152
4 3 190 )
Covid-Data Germany
5 4 264 150000 R y—r—
we__S 402 v o :
|
Let's first get an overview of this: 112500 1
0 " - 3750~ —~
configure as a PlotPad width: @I o
height:\€[) color: €25 €250 €25 g oot R
set PlotPad labels on [TSChd to -ﬁg g ]
title: titleheight: G |
x-label: xLabelheight: EIP ¥so0f- -
y-label: yLabelheight: §E t
8750 =
set PlotPad ranges for x: @ &P y: &

with border? @ <. of KPP pretty formatted? @ x 0
11 [thisSprite + 0
set PlotPad line properties style: continuous

width: & color: £ &P €D on

set PlotPad marker properties style: none | width: 6

color: & &P &P connected? v@ on

set PlotPad scale properties precision: P €P
textheight: §F3 &P number of intervals: ELP €D
L1 HthisSprite v

add dataplot of numeric data: ( data | to PlotPad [N 0
add axes and scales to PlotPad [(IESJiiCh4

day

Then let's try it with a semi-logarithmic representation ...

add column

of column |[Ed of (data’ with first item? @x

... pick out the two interesting columns ...

columns of (data
from row H to

set data | to

... and fit the graph: We show the semi-logarithmically plotted data and the regression lines for the two halves of
the data.
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configure [IESI R4 as a PlotPad width: EILP 3
height: LD color: €2 € €D Covid-Data Germany semi-logarithmic
set PlotPad costume properties width: IR height: £ LS J :
back color: €59 &5 front color: £ € &
offsets: ) &P on

set PlotPad labels on to

[~ Covid-Data-Germany-semi-logarithmic S ([ [=([+ |, £ 18 |
x-label: [EYl xLabelheight: &)

y-label: yLabelheight: &)

set PlotPad ranges for x: {I) &P v: & €D
with border? @ > of X pretty formatted? @ x
on

In(infected)

set PlotPad line properties style: continuous

width: & color: €D €D € on

set PlotPad marker properties style: none | width: &9

color: P £P &P connected? v @ on LIRS

set PlotPad scale properties precision: &P €
textheight: §F) € number of intervals: NP €D 0 8 17 25 33 42
o

L day

o

select rows of (data’ where

- to PlotPad
column [ is less-than |

add dataplot of numeric data:

s.et PlotPad line properties style: confinuous
width: & color: & €D £ on TR

add graph
regression line parameters of

PlotPad [ESICR

set PlotPad line properties style: continuous
width: & color: P 0 NI lthisSprite =

add graph

That's when hope arose!

regression line parameters of

CIRTCE HthisSprite v |
add axes and scales to PlotPad

Tasks:

1. Plot the data for the other countries as well.
2. Try to determine whether there are correlations between the data series.
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7.10 Star spectra [UniGOE]

Stars shine in different colors because they have different
temperatures. In addition, the spectra differ in their

set data | to read file with filepicker

#nm Flux(10mW/m2/nm) for star HD 116608 i

absorption lines. We want to investigate this a little more  starname o 351.00 8.1860e-13 0.3586
351.14 8.1770e-13 0.3584

closely.

351.28 8.3890e-13 0.3680
351.42 8.4400e-13 0.3704
351.56 8.3100e-13 0.3649
351.70 8.3270e-13 0.3659

We get some star spectra (source: [UniGOE]) and save them as a text file. We 351,84 8.9740e13 0.3682

351.98 8.3200e-13 0.3661

read such a file and split it into a list data. The first line contains the star name 352.12 8.0760e-13 0.3555

352.26 7.8450e-13 0.3456
352.40 7.6290e-13 0.3363

after the column labels. We isolate it and save it as starname. 352,54 7.6040e.13 0.3354

We now know what the star is called. If you search for it
on the Internet, you will find a lot of information about it.
So that we can repeat the loading process with other data,
we encapsulate it in its own block. After its execution, the
actual star data are available as a lightly prepared table.
Unpleasant about it is the strongly different magnitude of
the data in the two columns. We therefore normalize the
second column using the mean value and store the result
as normalizedData.

data normalizedData
B 2799 A B

1 35100 8.1860e-13 0.3586 1 351.00 0.89653745"
“ 351.14 8.1770e-13  0.3584 2 351.14 0.89555176<
3 35128 8.3890e-13  0.3680 3 351.28 0.91877017¢
4 35142 8.4400e-13  0.3704 4 351.42 0.92435574(
] 35156 83100e-13  0.3649 5 351.56 0.910118032
6 351.70 8.3270e-13  0.3659 ] 351.70 0.911979887
7 351.84 8.3740e-13  0.3682 7 351.84 0.91712736¢
8 351.98 8.3200e-13  0.3661 8 351.98 0.911213241
2 8.0760e-13 9 352.12 0.88449016°

352.26 0.85919085"

352.40 0.83553435:

s
.
P starname [;[sRE[ 710

The normalized data can be used to quickly create a plot
on a PlotPad.

show spectrum

configure as a PlotPad width: @

height: @I color: €D €D €5

set PlotPad labels on to

title: ' join starname titleheight: &9

x-label: xLabelheight: €[
y-label: yLabelheight: €[

set PlotPad ranges for x: @0 v: D €
with border? @ . of KPP pretty formatted? v@
1 PlotPad v

set PlotPad marker properties style: none | width: &
color: €D €D €P connected? v@® on

add dataplot of numeric data: normalizedData | to PlotPad
add axes and scales to PlotPad

352.68 7.6470e-13 0.3375

. 353.528...

set data | to( split(data by

set stamame | to! get starname from [ item @B of (data

get starname from | text

script variables ' result

set result | to ! split text by K4

item @& of (result g >d

(114 join item @2 of (result. [ item @B of (result
(L8 join ' item @D of (result [ item @B of (result

load star data

set data | to ! split read file with filepicker by
s\et stamame | to! get starname from | item &K of (data
delete m of ( data

set data |to map Qplit N by R4 over (data

delete CEE of (data

delete column of (data

s;et nommalizedData | to ' list

add column r mn. m of

normalizedData

add column

{ coumn | BB of (data’ with first item? v @ lIicl[F
normalizedData

Spectrum of HD 116608

35 T

25 | 3 =5

20 | 4

normalized flux

05 =

0.0 L L L L L
300 400 500 600 700 800

wavelength / nm
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One can see well the sloping course with some striking absorption lines. But do we need all spectral data at all for
this insight? Maybe it is enough to reduce the amount of data by averaging. We introduce a compression factor
compressionRate and complete the script before the diagram generation.

Spectrum of HD 116608 compression rate 5

show spectrum with compression rate | compressionRate # = 1 35

.

script variables | compressedData

30 F -

normalizedData compressed with

RN compressedbata g factor { compressionRate by averaging 25 F

configure as a PlotPad width: P

GO 400 NECTETAN245 W 245 W 245 )

set PlotPad labels on to

title: ' join starname compressionRate
titleheight: &P

x-label: xLabelheight:

y-label: yLabelheight: &3 10
set PlotPad ranges for x: &GP y: £ £ Z .’é.‘
with border? @>. of KPP pretty formatted? v@ 05 >
on

set PlotPad marker properties style: none | width: €3 00 - L

L
300 400 500 600 700 800
color: connected? v@ on _F‘IotPad -
oo wavelength / nm

20 -

normalized flux

add dataplot of numeric data; | compressedData to PlotPad
add axes and scales to PlotPad [JEGEERS

The factor 5 does not change much. So let's keep trying.

Spectrum of HD 116608 compression rate 10 Spectrum of HD 116608 compression rate 50 Spectrum of HD 116608 compression rate 100

35 35 a5

30 b 1 30 f ] 30 f

25 | 4 25 F ] 25 F 1
5 3 5
= 20F = 20} 4 = 20} 4
3 3 B
N N N
'E 15 F E 15 F 1 ?EB 15 F B
2 2 2

10 F 10 F 1 10 F R

05 0s | 4 05 | ]

00 . . R L . 00 " s R N " 0 A I . o N

300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
wavelength / nm wavelength / nm wavelength / nm

It can be seen that the temperature-dependent course of the spectrum is hardly changed. Only the absorption
lines are lost. Thus, the type of the spectrum should be described by an interpolation polynomial of e.g. 4th
degree.

set PlotPad line properties style: continuous |

width: &) color: (0 o JC
-

[Etpotationynolvnoniiak foruiiian] add graph interpolation polynomial for ( normalizedData |to PlotPad

script variables | polynomialData | compressedData PlotPad +
- [————— data compressed with
pres factor @[i5P by averaging a8 Spectrum of HD 116608
N o T T T T
set polynomialData | to ' list
Ll item &K i compressedData | to ( polynomialData
25 | 4
add
1101 round l| length | of { compressedData /“ uf compressedData
to { polynomialData 5 20 n
,. I ———————— =
item [z | x[wunu- length | of (compressedData / @B || [/
add \ to 8 sl ]
compressedData N
= ™
polynomialData g
— 2 10 1
] LU0 D x NTLEN | length | of (compressedData |/ o of c
compressedData
polynomialData 05 F -
TN item &8 i compressedData | to { polynomialData
report polynomial interpolation for points { polynomialData 0.0
300

wavelength / nm
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So, this works very well! If we log the polynomial parameters at the same time during the examination, then we
can easily distinguish the star types on the basis of the parameter ranges.

7 A B c D E F

1 star name a4 ad a2 al al

2 HD 116608 -1.2493580327340172e-9 0.0000022868621087800814 -0.0024595798574251786 0.9103088865090065 0.91030888650900865

3 HD 158659 1.565259017017166e-10 -3.963032080178107e-7 0.0003879661846290463 -0.17622312866994078 -0.17622312866994078
4 HD 10032 -7.27005023271818e-10 0.000001694929847991264 -0.001462425925103779 0.5500801501694278 0.5500801501694278

5  HD 28099 -4.0018935572381893e-10 9.399457129604594e 7 -0.0008209889485783107 0.3141072191721327 0.3141072191721327

6 HD 23524 -8.18301248511472e-11 2.3253458278204257e-T -0.00024615800544876965 0.11348374825256708 0.11348374829256708
T HD 260655 6.248027476637483e-10 -0.000001337322548726115 0.0010450333683869723 -0.3486709605339992 -0.3486709605339992

If you feed a neural network with the polynomial coefficients, it quickly learns to roughly assign a diagram to a
star type. The program can "learn" on the basis of the old data which parameter intervals belong to which star
classes. If one enters the data of a new star, then it determines the coefficients of the polynomial and gives after-
wards a well-founded prognosis, around which kind of star it could concern.

Spectrum of HD 116608 Spectrum of HD 158659 Spectrum of HD 10032
r Y Saag stk et

normalized flux
normalized flux

400 501 6 m 300 400 500 600 700 800 300 200 500 600 700 800

wavelength/nm wavelength / nm wavelength / nm
Spectrum of HD 28099 Spectrum of HD 23524 Spectrum of HD 260655
35 T v . 15 - e e 3s
30 30 | 30
25 25 5
= x x
< 20 = 20| 2 20
® w P ® 15
E g’ £
s 5 3
=
c = 10 | 0
os | ] 05
0.0, 00, .
300 400 500 600 700 800 300 400 500 600 700 800
wavelength / nm wavelength / nm wavelength / nm

Tasks:

1. Setupaninterpolation polynomial of as low a degree as possible for each of the uncompressed spectrum data.
Which points should be chosen for this? Are there any differences between these polynomials and the results
of the procedure shown above?

Develop a script that assigns an unknown spectrum to one of the types that have appeared so far.
Develop a procedure to examine the most prominent absorption lines in more detail. Plot them magnified for
stars of the same class and try to determine differences "automatically". Discuss your ideas before realization.
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7.11 Flu wave simulation

We want to simulate an influenza wave in the simplest possible way, controlled by only two parameters: Sero-
conversion time is the time between infection and transition to immunity, and the infection radius indicates the
distance at which other people are infected. Other parameters such as the probability of infection should be
added. The simulation consists of 200 "persons" of only one species, symbolized by colored circles: Green for
healthy, Red for infected and Yellow for immune. The individuals scurry around, encountering and infecting each
other. After the seron conversion period, they become immune. Hilberto has little to do: he sets a few initial
values and logs the percentage of infected at one-second intervals. If needed, he can generate a graph of the
recorded data.

when clicked ‘ show diagram

start SciSnap!

script variables "‘Iplotpad

set plotpad | to a new clone of myself

set seroconversionTime | to

L

set infectionRadius to

tell plotpad [to!| show |

when I receive go!

set data | to list
forever
add

list

timer

configure ( plotpad | as a PlotPad width:

height: €T color: @ZED &1 €D

set PlotPad marker properties style: none | width: (5 |

color: & €9 &P connected? v@® on ' plotpad

get ranges for PlotPad  plotpad
from ( data | with border XD

length
costume'name | of Sllsick i1yl my othersprites

{ 200 ] S
set pretty ranges on PlotPad ( plotpad

to ( data

set PlotPad labels on ' 'plotpad to

title: titleheight: §EP
x-label: xLabelheight: E3)
y-label: yLabelheight:

add dataplot of numeric data: { data | to PlotPad ( plotpad

add axes and scales to PlotPad / plotpad

Somewhat more active is a person, so a sprite that serves
as a template for the other 199 clones. Since these are |~ W -ir

supposed to be healthy at the beginning, it assumes the [
go to x: ( pick random TP to &P y: ( pick random FIIP to EIP

n " H H
healthy" costume, creates the clones, resets the timing D P ——————

and gives a start signal. It also changes to the "sick" |ISrmstmm-

costume. Thus it is the starting point of the infection. repeat GEED
create a clone of

:switch to costume sick
set time | to ﬂ
: reset timer

I;?oadcast go! |

The generated clones take a random position, set their

when I start as a clone
speed to a random value and the previous disease
go to x: ( pick random to y: ( pick random &ZIP to EIP

duration to -1, because they are still healthy. .
set v | to ! pick random i to &P

set time | to
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After receiving the start signal, a person turns a little and

moves. If it hits the edge, then it bounces off it.

If the person is sick, then he determines his neighbors. If

they are healthy and close enough, then they get sick.

If the person has been sick for a while, then see if the se-

roconversion time is up. If it is, she become immune.

That's it!
— )
L.o;'.':y.L e .;,... o‘.. ° °
° .o ..Oo.. ° (o) ‘..
o (o] .)‘ e © e ©
e e ° o @ 0
° @ o © o ®00°°g ° @
o ol @ ©,0% o
@ oo & ®_o0 8o
0 o © 50l o d® Pge o
© o .. 0 .‘... ®
% S e, o°% %00
WOVl e e
@, )
o s o o ® %0 %o
Tasks:

when I receive go!

script variables ""Jneighhours

turn @ ( pick random @I to &5 degrees
move (v steps

-
if on edge, bounce

(&  costume # =

| warp
|~

| | set neighbours | to my neighbors

= &P to length | of (neighbours

- f ﬁext costume
tell item (i of (neighbours  to -
set time

switch to costume immune

ton

A typical diagram of the course of infection:

O - =~
O O ~ @ ~n -
O Ratio of Infected ~
g T T T T T T T \d \_1
030 F 3 O
i 025 F .
020 F ]
S 015fF &
i
( 010 F & 8
(  oosk 1D
3 5
0.00 E O
1 L 1 1 L L '
0 10 20 30 40 50 60 O
time / sec

b - e - _

1. Persons do not fall ill every time they come into contact with diseased persons. Introduce a probability of

infection.

2. There are different persons, e.g. those who wear protective masks - or not. Take this into account in the simu-

lation.

3. People's mobility is also different, some stay mostly at home while others travel around the world. Take that

into account in the simulation.

4. Viruses also evolve with time. Every now and then, mutations arise that cause a different likelihood of infection.

Take this into account in the simulation.
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8 Graphic related Examples

8.1 Simple random graphic

We simply draw 100 randomly chosen graphic elements on top of each other.

configure [(TSCRd as an ImagePad width: LI
LCIETAY 300 SCBTETAN 245 I 245 245 )

for(i = €D to EID

set type |to ! pick random &P to
set r | to pick random P to EP
set g | to! pick random P to

set b | to ! pick random P to EIP

set ImagePad line properties style: continuous
width: pick random &P to &P color:'r ‘g b

fill color: EELD 180 [T [thisSprite v

draw line from pick random P to LP  pick random P to ELP to
pick random &P to pick random ) to &£1P on (ESTIER

draw rectangle from pick random ) to P = pick random &P to ELP
to pick random &P to &P  pick random &P to ELP on [FSTNi R

fill rectangle from pick random P to EEP | pick random &P to ELP to
pick random &P to ELP | pick random &P to ELP on (FSTICRd

draw circle center: pick random &) to 5P  pick random &P to ELP
radius: ' pick random & to “.1 \thisSprite |

fill circle center: pick random P to P ' pick random &P to ELP
radius: ' pick random & to € on (TR

draw text (B at  pick random &) to 1P = pick random &P to ELP

height: ' pick random & to G
horizontal? v @ on FSNChe

else
draw text [FIF] at ' pick random & to €GP  pick random &P to

height: ' pick random &P to G
horizontal? @ > on STk

| e RN

Tasks:

1. Search the web for images by Piet Mondrian.
Try to create similar random images on the Im-
agePad.

2. Using a "vanishing point", you can create im-
ages in which objects appear to move "from
back to front". Try it.
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8.2 False color image of a lunar crater

We import the image data from a FITS file and then display it as a false-color image.

configure as an ImagePad width: @0

(ET 300 JAIPTAL 245 W 245 I 245 )

import FITSData | from filepicker
to 11 [thisSprite +

add falsecolor | image of to ImagePad
min//max: @ lag? v ® on

8.3 Slice through an image of the lunar crater Tycho
https://www.spektrum.de/fm/912/thumbnails/Mond0.jpg.2996657.jpg

configure as an ImagePad width: 0P
height: CLICTEN 245

switch to costume Tycho

import costume(RGB)data | from currentCostume

to 511 fthisSprite v
set data | to { slice-data | on [QEESJICAd by mouse

. data
376

2

~N OO O BB W N 2
D R W N = O B
I M 00 00 [ [M 00 @
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8.4 Shadow lengths in the lunar crater Tycho

We create an image of the lunar crater on an ImagePad, import its data and create a slice through the image
using the mouse. We plot the data values of the section line on a PlotPad. From this and some additional data,
the shadow lengths can be calculated.

configure as an ImagePad width: €I

height: €1 color: €I €59 €5

switch to costume Tycho

Representation of the crater image on the ImagePad.

set size to P %

-
f import costume(RGB)data |from currentCostume |

(£ myData G0 [ihisSprite ~

set data |to( sicedata | on [AEJ7ICR4 by mouse

;et data to
map Data recording with the mouse.
rej
“z of = Conversion of RGB values to gray values.
of vector
LR Y item @3 of B ) LE @R item €X of B
£5 i item € of B

over {data

data compressed with
factor @& by averaging

set Plsprie_| to (Eieicianelal myseh | Data compression with a factor of 5.

configure | PlotSprite as a PlotPad width: &P

height: '300 JCOIGTEN 245 N 245 W 245 |

get ranges for PlotPad ' PlotSprite . .

from | data | with border €D Generate a plot on a second sprite configured as a Plot-

s;et pretty ranges on PlotPad ' PlotSprite

set data |to

set PlotPad marker properties style: none | width: @& Pad'
color: D) &P P connected? Y@ on PlotSprite
add dataplot of numeric data: data to PlotPad PlotSprite
add axes and scales to PlotPad ' PlotSprite
T T T T T
200 3
150 =
100 1
50 - —
0 b 1 1 1 L -

0 50 100 150 200
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8.5 Display of image data as histogram

An RGB image is loaded, decomposed into grayscale, and
the normalized distribution of the image values is dis-
played as a histogram on a new PlotPad. We find the ac-
tual image as the costume of an additional sprite called
"ThePicture".

First of all we load the image into the data area
SciSnap!Data:

import costume-(RGB)-data | from

[ costume of ( object ThePicture | to SciSnap!Data

We obtain 120,000 RBG values.

We convert these into gray values.

set SciSnap!Data

map _ £ item @ED of B |+ item &R of B Io

over | SciSnap!Data

Then we create a PlotSprite as a clone of the current sprite and configure it as a PlotPad. On this we create the
histogram.

set PlotSprite | to \a new clone of myself Hism‘gram ?f an Irr\age

17556 T T
configure [ PlotSprite | as a PlotPad width: €D 15168}
LECTTEN 300 JCOTCTAN 245 245 ) e
set PlotPad labels on  PlotSprite |to % 101k
title: titleheight: GED z
x-label: xLabelheight: EI S 8003 |
VA EL T B number-of-pixels 1 == [ ETL T 16 | - P
— o
add histogram of ( SciSnap!Data | with &) groups - o
pretty formated? v @) to PlotPad ( PlotSprite =
S 838
add axes and scales to PlotPad [ PlotSprite ) ) ) ) )
-50 0 50 100 150 200

gray value

Tasks:

1. Search the web for different sets of data. Display them or parts of them graphically.

2. Automate histogram generation by adding a new block histogram of <costume>. Compare the histograms of
typical image types. To what extent is it possible to compare images in this way, or where might difficulties
arise?

3. Inthe same diagram, represent the three colors of an RGB image by graphs and/or histograms.
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8.6 Simulation of a planetary transit in front of a sun

We look for a nice picture of the sun (source: [SchulAstro])
and load it as a costume of a sprite. To make it look more
like outer space, we enlarge the stage and color it black. If
we also draw the planet, we get the following picture.

The planet should pass in front of the sun as a black circle.
When we draw such a circle, we change the actual image
of the sun. Therefore, we draw a copy newCostume from
this image, on which we draw after that. Our planet should
move from the very left a little bit outside of the image
(x=-2r) to the very right (x=image width+2r) on the
height y. We can also specify the radius r of the planet.

We can determine the current brightness of this arrange-
ment without too many copying processes by subtracting
the brightness of the pixels covered by the planet from the
total brightness determined at the beginning. For this pur-
pose, we import the image of the sun into the data area
myData and determine the brightness around the center
of the image in the radius "half image width" as well as the
number of pixels involved. brightness around provides
the summed gray value as well as this number. From these
values we calculate the average brightness of the "slightly
darkened" sun and store it together with the current posi-
tion in the variable transitData.

Parallel to the transit, a diagram is to be created in which
we can follow the results "live". For this purpose, we cre-
ate another sprite, which we call PlotPad and which we
configure accordingly. We wrap the necessary commands
for this in a block called new transit diagram.

-

‘ new transit diagram at y: “‘fy#=120

set PlotPad | to (@ new clone of myself

configure [ PlotPad | as a PlotPad width: @&
height: ERpEolor: €D €50 €5

set PlotPad labels on [ PlotPad | to

title:  join Cy titleheight: €D
x-label: xLabelheight: &P

y-label: yLabelheight: [

set PlotPad marker properties style: none | width: &P
color: &P €9 €P connected? v@® on  PlotPad

set PlotPad ranges'for x: &80 €0 v: E279 75D
with border? @ >~ of KPP pretty formatted? v @
on  PlotPad

add axes and scales to PlotPad ( PlotPad

tell PlotPad [to| go to x: ) y: |

configure as an ImagePad width: I
height: €D color: €5 €D €5

set ImagePad costume properties width: I
height: &P back color: &P € P

offsets: &) P on

switch to costume theSun
set newCostume |to copy of costume' my costume

import costume(RGB)data | from | newCostume
to on

set maxBrightness | to
: brightness around &F5P §F5P within radius &L
item @K of
| of myData of ImagePad

go to x: P y: €ED

planet transit at y: ) with planet r: §LP

~

planet transit at y: "_y#= 120 with planet r: r# =10

N ————————————
script variables  pixel ightness | transitData
ﬁew transit diagram at y: [y

sﬁitch to costume theSun

- brightness around within radius
@SR brighiness _pEQ | of myData of ImagePad

set pixel |to item @K of (brightness
set transitData | to list

for(x |= &B x'r tol width
’

of costume current + (& o
switch to costume theSun
-

set newCostume | to! copy of costume my costume

switch to costume (newCostume

brightness around x |y  within radius r
| of myData of ImagePad
Flﬁ circle center:

on
add l list &7 ‘ > item @K of (brightness ' / (pixel
to "'t;ansitl:lata
"add dataplot of numeric data: transitData | to PlotPad  PlotPad

set brightness | to

y  radi
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transitData

Then we write a block that determines the brightness data
as described and refreshes the diagram in parallel. The
result corresponds roughly to one of the methods used to

find exo-planets.

w
@
]
c
=
S
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8.7 Affine transformation of an image

In the ImagePad library we find a block that allows to F..’ﬁ[r'_.rz firﬁfrlf-’ﬁrmﬁffﬁr'- of costume IcurrentCostume)
by H > E

ure [ESTICR] as an ImagePad width: 1)

make affine transformations in an image by mapping three

points to three others - and all other points accordingly.
The current costume of a sprite is taken as the image.

We want to mirror an image vertically at the center line. —
list

We load the image - here: of a church - and select corre-
sponding points at the edges. These combine them to the
two lists source and target.

Finally, we create a clone of the ImagePad and ask it to

display the transformed image as a costume. _ affine transformation of costumechrremcastumejy,-,g}_:
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8.8 Kernel application for edge detection

We configure a sprite as an ImagePad and change to the 0t (1= imageWithEdges v |~ £ 1010 (iF (- (G HE 400
e 300 (GOLIGIAS 245 1 245 ' 245

switch to costume {51 R object Image

- import costume(RGB)data | from currentCostume |
On this image data we apply the Laplace kernel “Ziiinai - (finissprite «

1 1 1

1 -8 1] using the block convolution kernel applied ELIAVCINCHN I ENSET T
1 1 1

of the Data tools and store the result in the variable data.

costume of an ancient temple. We import this image into
the myData data area of the ImagePad.

to table | LD IPEE] width height

set data | to

convolution kernel | list {EARBIED (E3pE D (EApE DL
applied "

to image (myData width | width | of costume current height

( height | of costume curent
add image of to ImagePad

Ve 0 W 255 NLhell E¥ G imageWithEdges +

We display the result as a new costume. For comparison,
a second sprite represents the original image.

Tasks:

1. Images are sometimes a bit "flat". This is because they do not use the full range of values for the three color
channels from 0 to 255.
a: Develop a method to determine and display the value range of an image.
b: Develop a method to exploit the full range of values, i.e. map black pixels to 0, bright pixels to 255.
¢: Summarize the method in a new block, which is passed the costume of a sprite and returns the improved
costume as result.

2. a: On pictures, you can try to find "faces" by highlighting related areas of a color range, e.g. "orange", and
erasing the rest of the picture. Try to develop a new block for this.
b: Using a kernel, the edges of such areas can be isolated. Find out about suitable kernels on the web, for
example, and try them out for the purpose mentioned.
c: Faces are often "oval". Try to distinguish faces from other "orange" objects in this way.

3. a: Really artistic photos are black and white, of course. If you don't have any, you can create grayscale images
from RGB images. Do this.
b: It looks even more artistic if the photos are "hard", that is, have a very strong contrast. Experiment a bit!
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8.9 Diffusion in the grid model

If you put some paint into a container of water, the paint particles slowly disperse into the surrounding water.
This is called diffusion. We can imagine the process as an exchange process in which paint particles exchange
places with water particles - and of course particles of the same kind also exchange places, but you can't see that.

In the grid model we symbolize water particles with the =ClE 7 fthisSprite v =0 = [0 1l 400
. height: @0 color: #2750 &5 &5

value for blue (9) and color with the value for red (4). We —
configure a sprite as ImagePad and initialize the grid with orizontal cells: @D vertical cells: @il
dimensions 400x400. After that all grid cells get the value il = [ =[5 o thisSprite v | == e f 1 xMax o 20 1 | fyMax

) . ndomly with numbers &P |
9 and then the ones in the center get the value 4. The grid =

) _ N N ’ 101 thisSprite LR 175 12255 175 1225

can now be displayed - with a red "block of paint" in the th numbers & 210
center. ‘add grid [IEETY on [RTR with gridlines2 @ </ J

After that, diffusion starts by randomly swapping the
values of the grid cells with neighbors. For one cell this is
a simple process, but for our 160,000 cells it is a bit
complex. SciSnap! therefore has its own block, which
executes the process of this "heat movement" for all cells
n times:

B ERG T WthisSprite w BEER LT

<7 }-..-;---.r(_
&P range x: &P =

1 mes
r: & yMaxJ

We simply assign the result to the data area of the grid
myData and redisplay the result. We repeat these
operations again and again.

o ' tn thisSprite « B 50 s
( side radius &B range x: & [T v: &9 T
[ myData thisSprite « [ es? :BJ
Overall our script is: And after a few cycles our color spot looks like this,
- [thisSprite = a ' 400 for example:
L 400 WL, 245 | 245 ([ 245
thisSprite »
&ITD vertical cells: @5
[thisSprite ~ 1 HxMax A1 HyMax !
g 4
thisSprite v 7 |1 175 W25 00 175 M225)
L ers £
myData thisSprite + . B |
)
- I thisSprite ~ ™ & times
& range x: €0 T v: €0 T

myData thisSprite = [ es? @, |
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8.10 Ferromagnetism as a Grid Automaton

Self-organization processes often occur in cellular autom- onfiaure T T g
ata due to the interaction of neighboring cells. We want to [i-ELIH0400 FEEl (245 11245 1245 |

build a simplified version of the Ising model?* of ferro- 0 il clbll Dl e
horizontal cells: I[P vertical cells: ELLP

fill all cells on range x: &P v: &P

tary magnets, e.g., atoms with a magnetic moment, ran- [E0GEG G E (4 0T

magnetism. To do this, we imagine a grid of small elemen-

domly oriented up or down. We encode the direction with | ZEE L ImyData ©1:thisSprite ~ TG T EEE L B

the colors green (7) and red (4). So, the beginning of the
script is very similar to the previous one.

Now we assume that elementary magnets are
opportunists: their behavior simply follows the majority of
their neighbors. If the majority of elementary magnets in
the neighborhood is oriented upwards, then the small
magnet will also be oriented upwards, otherwise it will be
oriented downwards. Because such queries are common
in lattice automata, there is an own SciSnap! block.

all cells on as torus? v @ with value
take value 8 if number of surrounding value e is greater-than a

else take value @ with noise? @ = of & %
range x: & [ v: €D

The term "noise" is used to describe a noise that randomly
"tilts" the specified percentage of cells.

Thus, as in the last example, the new states of the lattice
automaton can be repeatedly calculated and displayed. 5

s\_et myData | to
Altogether we get the following script and after some || [0l finisSprite v |1 020 €T )01 any +

X X X . X take value &P if number of surrounding value &P is greater-than | &
passes the displayed result, in which "intertwined" larger else take value @ with noise? @x. of LB %
range x: &P y: €9

[add grid on [ESTTRd with grid lines? @
e

areas arise, which align themselves in an external
magnetic field and strengthen it. The grid behaves like a
ferromagnet. Strong noise, which physically corresponds
to an increased temperature, disturbs the magnetization
until it collapses at high values.

configure as an ImagePad width: 1P
height: EIEP color: (245 11245 |

set ImagePad grid properties on [0l
horizontal cells: I[P vertical cells: EIXP

~
fill all cells on range x: &P I v: €D
(7

randomly with numbers &3
add grid on with grid lines? @x.

forever

set myData |to

[all cells on as torus? v@ with value

take value @ if number of surrounding value @B is greater-than | @B
else take value @@ with noise? @ of EIP %

range x: & v: @

S
[add grid on [MESIChd with grid lines? @ x
I

24 https://de.wikipedia.org/wiki/lsing-Modell
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8.11 Conway’s Game of Life

A famous example of cellular automata is the Game of Life by John Horton Conway from 1970(!!). It consists
of a two-dimensional cellular automaton containing living cells (black) and dead cells (white). The game proceeds
according to three rules:

Rule 1: a white cell with exactly three black neighbors becomes black (alive).
Rule 2: black cells with less than two black neighbors die of loneliness, so they become white.

Rule3: black cells with more than three black neighbors die of overpopulation, so they become white.

Other cells do not change.

With the SciSnap! blocks for grids it is easy to create @ |l ijit:[\1- |thisSprite = | = =1 4t c e (=i f 400
S . height: @0) color: @250 &2 75
Conway automaton. Instead of filling it randomly with =
. . set ImagePad grid properties on m
values, we could also just create white cells and then e s o 4o

fill all cells on [ESNICRA range x: r1 |xMax v: & |yMax
n “

randomly with numbers &P &

change cells with the mouse:

add grid |[AYBEE) on [AESNiced with grid lines? @J

if ( on |thisSpritev by r‘.mr:rr—,m ’
[—rﬁ.." cell value on IW to &3 by mouse

else |
[:Ef: cell value on IS ad to &P by mouse J
- )

Since the three rules should only have an effect on the
following generation, we have to partially cache the
results. We create a variable additions for this purpose.
We fill this variable with the newly created cells. For this
we apply rule 1 to the grid and subtract the old values:

‘combine grid1

all cells on [thisSprite v as torus? | _E¥ with value [3+ J
s

take value 71 if number of surrounding value 1 is [equalto~ "3
else take value "3 with noise? [ E» of "5 %
range x: 1 [xMax \'H fT yMax

grid2  myData | by valuei= G} and | value2= €3 to €D eise &
 —

ue &P if number of surrounding value &P is smaller-than | 3 tal lue &P if num
© % value @B with

e value fT with noise? of
21 MxMax y: i yMax

e

1 [ els:

add grid [T on [FSTIRA with grid lines? <@ |
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From this we build the overall script and run the game. After a few generations, stable patterns and objects that
move are formed. Use your mouse to create patterns that you expect to be special (or search for them on the

web).

configure as an ImagePad width: @I
height: LD color: (245 1245 ]

set ImagePad grid properties on [T hd

horizontal cells: L} vertical cells: gL

fill all cells on range x: @B [T v: & [T

randomly with numbers &I &

add grid on [(ESTrRd with grid lines? v@.
forever
se_t additions | to
combine gridl
all cells on [thisSprite + as torus? €7 ) with value [3+
take value /1 if number of surrounding value /1 is [equalo> /3
else take value 3 with noise?  F* of /5 %
range x: (1 [xMax yz 1 [yMax
| grid2 ' myData | by value1l= @ and_| value2= €D to &D else ED
I
set myData | to

(all cells on as torus? v@ with value (K3
take value &P if number of surrounding value & is smaler-than | @
else take value &) with noise? @ of &P %

ange x: @ FITTY - @ T2
:‘;t myData | to

all cells on as torus? v@ with value (K

take value P if number of surrounding value &P is greater-than | D
else take value &) with noise? @< of €& %

\range x: @ [T vi € T

se_t myData | to
I combine gridl  myData and grid2 additions by valuel= &P o | value2=

& to €D clsc &

e
add grid on [T with grid lines? v@
'S
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8.12 A cellular automaton as a soft focus device

In some cases, it is desirable to modify an image as a whole or in parts, e.g. to run a soft focus over it that creates

an adjustable blur. One reason could be to make faces or car license plates unrecognizable. We will try this with

our grid operations.

First of all, let's choose a nice picture, here of New York at
night with dimensions 600x400, and represent it as a
sprite costume.

Since our grid only takes simple numbers, we turn the
image into a grayscale image, use it as a new costume, and
import it back into myData. We save the result in the
variable data.

import costume(RGB)data | from
to myData on |thisSpritev
add m image of lm to ImagePad

min/max: &9 &5 log? @ <. on (TR

—

import  costume(RGB)data_| from currentCostume |
to myData on W

Now we get really serious. We create a grid with the image

dimensions, select the first column of the saved image
data (the remaining two color columns are identical, after
all) and transform it back into a matrix - with reshape. The
result ends up in myData. Thus suitable grid values are
available.

set ImagePad grid properties on [itha
width | of costume current
height | of costume cument

reshape (mlurnn of@ with first item? Y@ to

horizontal cells: vertical cells:

height | of costume cument width | of costume current

We can now apply one of the grid operations to this grid.
We decide to take the mean values of the surrounding cell
values in radius 4 as new cell values. This should create
some blurring without making the image unrecognizable.

We now reassemble an image from the grid values by con-
verting the grid back to a single column (with reshape),
appending two identical columns to it and the transpar-
ency value per row 255. The result then corresponds to a
Snap! pixel representation of a costume. We therefore
display it directly on the sprite.

configure |thisSpri[ev as an ImagePad width: &)
! 450 "ohlhie ! 245 0 245 F 245

switch to costume NY

o (il celis on GRS as torus? @ take mean |
set myData | to | 25 0 ing celis x- & [xMax Bl 1 NyMaxlent el 4

switch to costume ( myData
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The entire script then is:

T HthisSprite w S EAF Pad width: &)

1e8 450 BCLIG 245 245 245

GB)data | fron
thisSprite v

g im: of [IPER to ImagePad

A0 W 255 NERER BT ithisSprite v

set myData | to | 2l celis on (XTI s & 0> E*’*ﬁ - J’ range 4, mean

range 10, mean

range 4, max

Tasks:

1. Scale the gray values to the range 0 to 9 (that of the nine grid colors) and display the image as a color image
in the grid.

2. Find a picture with faces. Make only the faces unrecognizable.
3. Find a picture with car license plates. Make only the license plates unrecognizable.

4. Experiment a bit. Maybe it will become real art! @
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8.13 Linear Wolfram automata

One of the most famous examples from the field of cellular automata are the linear automata of Stephen Wolf-
ram?. A linear grid automaton is a series of cells that can take two different values, which we can choose to be 0
and 1. Wolfram always considers three adjacent cells, constructs a dual number from the three cell values - which
in this case can only be between 0 and 7 - and assigns a number to the subsequent state of the middle cell of this
combination, which is 0 or 1, respectively. With these specifications there are 28=256 different linear automata of
this kind. The number of the automaton indicates directly its functionality. Wolfram draws below each other the
respective assignment of the grid cells. The temporal order then runs from top to bottom and results in a two-
dimensional grid. Inform yourself about the details of the processes elsewhere.

Since Wolfram automata are quite computationally (=5nIi0VGTANT EGEah a0 L 30 s
expensive (and so interesting @), there is a separate ik calCIEETTE €D and 1: &D

block for them in SciSnap! With its help, we quickly e RS e o e i
DD

create a script that generates and displays all Wolfram & i fe0 iiitas Hae 265 10
set ImagePad grid properties on
automata one after the other. As "seed" for the [[iizenicletifireoo i EaFEa00 ]

automaton we choose a single 1 in the middle of the first

£ N I R (11 W Wolframe-Automaton-No.» i

line. Enclosed are some results: Pﬁ - range x: € v &
randomly with numbers
rs:t cell value on at NP &P to £ with grid lines? @ >

. apply Wolfram automaton no P to grid (IITEED
SEEEEER it colors for 0: /3 and 1: 74 o8

with grid lines? @ x

Wolfram Automaton No. 73

Wolfram Automaton No. 150
i o
AT,
AT, 4
Wolfram Automaton No. 193
P
Py 4 4%

25 [Wolfram]
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9 SQL Examples

9.1 Working with the SQL library

The SQL tools can be used to access either one of the configure SQL

sample databases or other data sources. The configure

SQL block creates a global variable SQLData and sets

some preferences. The block connect to database

p
server connects to the server of the sample databases. If
the sprite Hilberto with his costumes is available, then it

1
2
changes into a server symbol and shows by a "lamp" 3
4
5

whether the connection is established. If you want to use

snapextensions_db1 |8
other servers, you have to change the server address and S pSEEnEa
other settings in this block. With read databases you get 6 m .

. . ] length: 6 z
a list of available databases. Select one of these with FETIE TS
choose database no. ...

In practice you need the details of the tables of the used choose database no. €

database all the time. If you assign the table attributes of

set data | to (attributes of table no. &P

a variable one after the other and display them with "open

in dialog", you can place the corresponding table data in
the SciSnap! window and start with the queries.

items. 19
| hathurs | 1
| kurse | ursthemal
L¥snapextensions_db1 3] ! M 4
i snapextensions_db2| e 5
6 § BN Steatsang

7

:MKonfession|
9
10
1
gidan_der_BG,
Kl Sekll_seit

6 items
il snapex_example
2

&
1
snapex_school 2
3

Vorname

3 snapex_world

=)

Example: The course title and rating for all of a learner's
courses, sorted by grade in descending order,

are searched for.

Crestilts. for (EReR 10 A B
connect to database server 1 Das Thema : 14
choose database no. &
import SQL-data from 2 Das Thema: 14
exec SQL-command

WHERE 3 Das Thema: 14

4 Das Thema: 14

5 Das Thema: 13

GROUP BY . HAVING ___ ORDER BY DESC | LIMIT &I 6 Das Thema: 13

- 7 Abschluss d¢ 13
report SQLData

8 Russisch 13

9 Philosophisc 1

10 Was soll mai " /J

results for T

: - .
Example: For statistical purposes, the schueler table is to be (- pr— afrikanisch,1 JB
searched according to different criteria. 2 B

Jirakisch,1 J§
iranisch,1 )2
russisch.3 J8

4
5
6 B
v
@ length: 6 /)
el
-~

search in "schueler” for /! criterion

SELECT [ ~ i) 4» FROM [schueler 4 » WHERE

GROUP BY (C7IT1)) 4> HAVING < ORDER BY » [ASC

LIMIT

search in "schueler” for SeEIEEl]
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9.2 Simple SQL query

We want to ask the topics of all English courses in a school database. / SQLData

22 A B
tanﬁgure SQL 1 Problemsan En 31
connect to database server 2 Problemsan En 32
choose database no. &3 3 Landeskund  en 31
import SQL-data from 4 Fantasyand  en 32
exec SQL-command 5 Fantasyand en 33
CIU=e 1|~ |Kursthema |kursnummer FROM WHERE | to sQLData 6 Landscapes En41
kursnummer LIKE I"En%" 7 Landscapes En42
8 Shakespearc en 41

9 Educationin en 42
10 Educationin  en 43
11 The Short St En 11

/ sQLData )
10 A B
1 Rassin 12.5000
2 Schmitt 12.5000
3 Wuchtig 12.2500
4  Frugich 12.0000
5 Knusel 12.0000
6
7
8
9

9.3 More complex SQL query

Request to a school database: search for the best results in English.

configure SQL
Pfaffner 11.7500

Zinn 11.7500
Reinsberg  11.5000
Krahn 11.2500

t;nnect to database server
choose database no. &3

ort SQL-data from
exec SQL-command

10  Tohler 11.2500
S=U=s 1| v |name| AVG ( FROM WHERE
schueler.ID_nummer' = |hatkurs.ID_nummer  » AND ° |hatkurs.kursnummer 5142

GROUP BY [EliY |’ HAVING . ORDER BY (L\'[c ) DESC
LIMIT &0

to SQLData
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10 Graph Examples

10.1 Mean distance in a random graph (small worlds)

We calculate the mean distance of the vertices in a graph

where first all vertices and then all edges have been
created.

configure as a GraphPad width:
height: P color: &5 €D

—
add random vertices to graph on

~—

add random edges to graph on S R DT LSRR

o\
report
mean | of vector
ma
mean | of vector
. list of all shortest paths in graph from vertex &

to all connected vertices of graph on with first

column

item? v@

L7 numbers from © 1 ko MEGRTIRETE T

10.2 Mean distance in a scalefree graph (small worlds)

We compute the average distance between the vertices in
a graph where alternating vertices and edges have been

created.

configure [[ETRd as a GraphPad width: I

height: color:

| add @ random vertices to graph an
Fa\dd &P random edges to graph on [ESYCR 2.264408602150537 )
~ ——— K

report

mean | of vector
map
mean | of vector

column | PR of |

item? v@

list of all shortest paths in graph from vertex @

to all connected vertices of graph on with  fiest

LI numbers from 1 to RO TEE
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10.3 Edges per vertex histogram in a random graph

configure STk as a GraphPad width: TP

height: €1 color: &5 &5 €5

add random vertices to graph on
add @ random edges to graph on

\

—_—
set PlotPad | to (@ new clone of myself

-
configure | PlotPad  as a PlotPad width: &5
height: color: EZEP

set PlotPad labels on ' PlotPad to

title: titleheight:
x-label: MM xLabelheight: &1
y-label; yLabelheight: €D

add his_l:ngram of

map| length | of “HzH from -

(adjacencyMatrix
groups -
pretty formated? v@ to PlotPad ' PlotPad

Edges per Node

— .
add axes and scales to PlotPad ' PlotPad

Number of vertices

1 1 L 1 1 1 1

2 3 4 5 6
Number of edges

o
-
-~

10.4 Edges per vertex histogram in a scalefree graph

configure S as a GraphPad width:
height: €I color: €5 {245 ]

-
add &P random vertices to graph on

e —
add &P random edges to graph on IS ke
-
=)

set PlotPad | to(a new clone of myself

configure ' PlotPad as a PlotPad width:
LCETTE 300 JEEIETEN 245 W 300 245 ]

set PlotPad labels on ' PlotPad 'to

title: titleheight: &EP

x-label: xLabelheight: 3
y-label: yLabelheight: 3

~_
add histogram of

map| length Df[ : from =

{ -adjacencvlllatrix
groups )
pretty formated? v @ to PlotPad ' PlotPad

Edges per Node

~ .
add axes and scales to PlotPad ' PlotPad

50 + R

Number of vertices

L L I i 1 1

4 6 8 10 12
Number of edges

o
(X]



10 Graph Examples 112

10.5 Breadth and depth search in a family tree

We create a family tree as a directed graph without edge

weights simply by arranging and connecting the
appropriate vertices. This is cumbersome, but simple. Just
some fiddling.

new family tree
configure [EIT T as a GraphPad width:
height: color:

set GraphPad vertex properties minSize: &[J
growing? @ <. showsContent? v@® on

set GraphPad edge properties lineWidth: )
color: i &P P directed? v @ weighted?
showsWeight? @ <. on

new vertex at &P &P content: T on graph of
new vertex at EI{P &P content: ZM] on graph of
;dd edge from vertex &P to vertex &P to graph on
new vertex at &) &I0P content: [[EI] on graph of
add edge from vertex )P to vertex &P to graph on
new vertex at 0D &P content: on graph of
add edge from vertex 3 to vertex &P to graph on
new vertex at &P content: on graph of
add edge from vertex 3 to vertex &P to graph on
new vertex at §ITP &LP content: [RIEENE on graph of
add edge from vertex &P to vertex P to graph on
new vertex at &I content: ENE on graph of
add edge from vertex &P to vertex @ to graph on
new vertex at @FEP P content: on graph of
add edge from vertex & to vertex &P to graph on
new vertex at &3P &P content: on graph of
add edge from vertex & to vertex P to graph on
e e &) &0 content: XD on graph of
add edge from vertex &) to vertex &P to graph on
new vertex at (i) @&NIP content: on graph of
add edge from vertex &) to vertex &P to graph on

In this tree we can now solve all kinds of tasks. For example, we could ask whether a person is an ancestor of
another. For this we need the number of the start node, which we determine with

vertexnumber of X% in graph of . The rest is done either by the block for the breadth search or

the block for the depth search.

is (parent = Carla ancestor of ! child =Mary ?

g v Of
7A Carla found in vertex 9 B

script variables | result

set resutt |to
breadth first search of content ' parent
Sel el o vertexnumber of (2 TILT in graph of [FamilyTree » JLIiC T

o s Lis [T ancestor of T 2 I
~ is [¢£]iE] ancestor of [FEICY 2
draw graph on

-

report ' result
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In breadth first and depth first search, the visited vertices are marked and become red when the graph is re-

drawn. This shows the differences of the two search methods quite clearly.

Depth first search Breadth first search
[ Peter | Peter
[ Mary] Mary
Hans “Wolfgang] ['F;aula] / }u a t\{m \Pm a
Car Carla
[Anders] [Anna] [Anders | [Anna |

Tasks:

1. Determine the number of generations the relationship exists, if it exists at all.

2. Make lists of a person's relatives, e.g., parents, grandparents, aunts, brothers-in-law @,

3. a: Develop a script for creating a decision tree, e.g. for classifying animals or plants: In each case, it is asked
whether it is a particular specimen or, if not, what question can be used to distinguish the named one from
the current one ("Does it have four legs?"). Either the specimen or the question is entered into the tree.

b: Let others test your result. Try to estimate from what amount of data in the tree it would be senseful to use
such a program.

c: Decision trees play a role in certain applications of machine learning (Decision Tree Classification). Learn
about the method and its applications.
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10.6 A graphlab

new |1 verlex 10 vertices |1 edgel 10 edgesverlex by ick |edge by icks repant_|direcled edges?

To be able to experiment with graphs easily, we build a wilh weighis?
small graph lab that allows to set the parameters of the phot weigh

growing vertices?

start vertex width

graph - i.e. to be weighted, directed, ... - directly. The lab e

uses the stage as a GraphPad. Everything is controlled by [Belelssdge
move vertex
Gundolf de Jong, the gifted young mathematician.

We want to insert a few buttons to be used either as a
simple button or as a switch. To make it not too compli-
cated, we build a simple template. Each button has an in-
scription, can be activated (or not) and can serve as a
switch (or not). According to these specifications, a cos-

tume of the right size can be created, which the button,
configured as ImagePad, will display. For the buttons, the
possibility to move them (draggable) should be turned off.

new button costume label: (label textheight: ' textheight # = 50
nl backcolor: ‘r # = 255 g # = 255 b # = 225

The activity of the button is largely realized by calls to the script variables ( width ( height
GraphPad blocks. These are simply attached to the cor- e -

responding script. On mouse clicks on the stage, it then = e T

reacts to the presets. ;onﬁgure [ESYTRd as an ImagePad width: width
height: height color: r 'g b

- draw text label at € ' height — @GP height: textheight
horizontal?z v@ on

draw rectangle from & &P to ' width — @) ' height — P on
fthisSprite v |

when I am clicked

add whattodo!  ~
if | isAswitch

| set isActive | to < not (isActive

v

when I receive init buttons
== S ELE N G button©label
T

set isActive \ to < .false

a template for new buttons
broadcast disable all other switches P Yz

rv;it (0.1 JECLH
Fs:t isActive | to < true .

[ >
new button costume label: {label textheight: EJP

PECTCOIRTEN 225 W 255 M 225 ]

set isAswitch | to < frue '

new button costume label: (label textheight: &P

backcolor:

new button costume label: (label  textheight: E&EP

backcolor: 255 ]

For example, if the button for inserting nodes is activated hen T am cioret_|

if isActive | of bVertexByMouseclick

in the place of a mouse click, then the stage can cause the

new vertex at mouse x | mouse y |content: ll on graph of

appropriate thing to happen. stop [ifiEserpt
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10.7 Tree search in the graph lab

We set the parameters for a tree: directed edges, starting
node size 10. Then we position some nodes using the
mouse (vertex by mouseclick), enter their contents
(change content), which are not ordered, and then
arrange the nodes with the mouse so that the edges are
visible and the contents are readable (move vertex).

In this tree, starting from the root, we search for the node
with the content Barcelona, once by breadth first search,
then by depth first search. To do this, we call the
corresponding block and repaint the tree. The nodes
marked during the traverse are then displayed in red. With
the help of the block remove all markers of Graph they can
be removed again.

[ - oF )

el Barcelona found in vertex 10 J8

breadth first search of content FEIFEIE] length: 2 ;

starting at vertex @) of graph on [T hd M

The same with depth first search:
-

e OF
E Barcelona found in vertex 10 |3
-

depth first search of content length: 2 7

starting at vertex &) of graph on

new |1 vertex 10 vertices |1 edge 10 edges|vertex by mouseclick |edge by mouseclicks |repaint

¢

|directed edges?
with weights?
change weight
show weight
growing vertices?
start vertex width
|show content
|change content
delete vertex
|delete edge

move vertex

[new 1 vertex 10 vertices |1 edge|10 edges|vertex by mouseclick |edge by mouseclicks |repaint

\ Koeln

I Amsterdam | Berlin]

[Muenchen| l Bonn | Paris

‘ Hamm ]
Barcelona

Madrid

Rom |

directed edges?
with weights?
'changa weight ]
|show weight
growing vertices?
|start vertex width
[show content
|change content
'delste vertex
|delete edge
move vertex

new |1 vertex 10 vertices |1 edge|10 edgesvertex by mouseclick |edge by mouseclicks |repaint

IAmsterdam| | Berlin|

[Muenchen | I _E%

{ Hamm J l
Barcelona
Madrid
[Rom |

|directed edges?
with weights?
change weight
show weight
growing vertices?
start vertex width
|show content
|change content
delete vertex
|delete edge

maove vertex
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10.8 The graph lab with world map library

We load the Word Map Library, set the current location and a suitable == @ style to OpenStreetMap

zoom factor. On it, we want to create the graph of the closer @ . S

show current location
surroundings, in which we will determine the most favorable paths
between the locations. The graph should not be directed, but it should = @ zoom to €&

roughly show the relative distances. We get the following picture.

In this we first click on the places that are relevant for our [/ o e teseicecesiennsy o i
traffic network (vertex by mouseclick), especially the LN ey N e L
\ / ", B0 ., 2 X% start vertex width
cities. Then we create the desired edges (edge by | - wgdog, | 13 {show content
e DAy A J [change content
j \ S Roflrp i s <. delete vertex
mouseclick). G\ N e tF i\ oelete odge
| \/ ) v,ﬁ“[’@“'w"‘!" move vertex
‘ [ivociod odges? N - i1 :

with weights? 3 3 2\ . \
7L |change weight T poori AR \ 2% el
"x.,.}}‘ |show weight . ‘
5 . growing vertices?
)| start vertex width
) & show content
i J |change content
LR . delete vertex
| ol |delete edge
|move v:mx

Click on start
vertex.

" _,;,\_-‘ M weight
“\..growing vertices?
start vertex width

; & {;Oww content

3 J |change content

DAY +-_delete vertex

| L |delete edge
movefv\arlax i

Where we can of course also display the vertex numbers
(show content).

With the help of the graph, various questions can now be
answered:

e How far is it (in our units) from Braunschweig (#4) to
Siegen (#14)?

shortest path in graph from vertex “

69)
~

to vertex 7 on (S h 212 ‘:‘ :1’
2 2 50
e How faris Hannover (#21) from Erfurt (#17)?? 3 3 68
4 4 67
: \ﬂ_) 5 5 7
distance on [T Rd from vertex &P to vertex EIP . - "
7 7 92
8 8 85
e After we have entered at least one city name ... R 89
10 10 72
change content of vertex §EP to of graph on 1 1 68
12 12 58
... we can start a breadth first search from Munster (#7). B 13 64
14 14 69
15 15 78
| v OF 16 16 66
¥4 Jena found in vertex 18 |8 17 17 Py
breadth first search of content length; 2 ; & 18 0
starting at vertex &P of graph on v 19 19 5
20 20 22
21 21 76

list of all shortest paths in graph from vertex ‘B 22 22 54 )

e Where to go from Jena (#18)? to all connected vertices of graph on -
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11 Machine Learning Examples

11.1 A simple perceptron as a graph

We want to ask Hilberto to use a GraphPad to illustrate  c1ick on input neurons!
how a simple Perceptron 2® works. To do this, he is to
place three input nodes on the left of the image. in the

middle sits the actual perceptron with a jump function
that transmits either +1 or -1 to the output neuron on the i 1

right of the image. All in all, this is a directed graph with 2048
edge weights. Hilberto sets this up quickly: he creates a
new sprite called Perceptron and configures it properly. 1 0.12 O 5

configure as a GraphPad width: @Ip)

height: €L color: €Z5) € €5

set GraphPad vertex properties minSize: @)

growing? @ <. showsContent? v@ on 1

set GraphPad edge properties lineWidth: P
color: ) P P directed? v@® weighted? v@®
showsWeight? v@ on

Then he adds specified vertices of the perceptron net. new vertex at &I content: [] on graph of
new vertex at §§E1P &P content: [] on graph of
new vertex at @S &P content: [] on graph of
new vertex at i) &P content: on graph of
new vertex at 1P &P content: &] on graph of

Only the edges are missing, first with random weights. add edge from vertex &I to vertex &P to graph on
add edge from vertex €3 to vertex &3 to graph on

Hilberto assembles the blocks into a script and labels the Ficer e s Hoieiois Boviorl o

. . . add edge from vertex &3 to vertex &) to graph on Tk
whole thing, and of course he ensures a consistent situa- | - :
change weight of edge from vertex & to vertex &P

tion by letting the perceptron compute through once. to| round (( @ x (LI [SI&D) to @D digits | of graph an
r‘;‘hange weight of edge from vertex @) to vertex P
to round \6 x (CLELND A& to @ digits |of graph on
l.;-hange weight of edge from vertex P to vertex P

to round 6 x (CLEELD (D to @ digits | of graph on
-

change weight of edge from vertex €3 to vertex &P

to @B of graph on

calculate output
clear

Tl Click-onsinputsneurons! BErN 20 |

26 https://en.wikipedia.org/wiki/Perceptron
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The output of the network is determined by multiplying
the values of the input neurons by the corresponding edge
weights and summing the results. After that the result is
compared with the value of the jump function in neuron
4. Depending on the result, the value of the last edge and
the value of the output neuron is set.

However, the perceptron is also supposed to work in the
following way: when an input neuron, i.e. a vertex on the
left side, is clicked, it is supposed to change its value. To
do this, we convert the mouse coordinates when clicked
into sprite coordinates and then ask for the node number.
If it is one of the three input neurons, then we change its
value - and let recalculate.

Ready.

when I am clicked
script variables | vertexNr
warp

set vertexNr
| ==

if

to [ vertexnumber of graph on at mouse position

is ( vertexNr 'a number |2

if € ETL L 3]] and(__ vertexNr

if * ( content of vertex vertexNr of graph on

-8

change content of vertex 'vertexNr to (Ml of graph on
else

change content of vertex vertexNr to EJll of graph on

calculate output

Tasks:
1.
2.

Can the perceptron also work as an XOR? Try it!

calculate ' output

content of vertex @ of graph on T4 = X

weight of edge from vertex &P to vertex [

of graph on

ontent of vertex @3 of graph on
l’v weight of edge from vertex @) to vertex [

of graph on

' content of vertex &P of graph on
If weight of edge from vertex &) to vertex [J

of graph on
(content of vertex @3 of graph on
Eange weight of edge from vertex &P to vertex &
to &P of graph on
mange content of vertex &P to (MM of graph on

else

change weight of edge from vertex P to vertex &P

to @B of graph on

change content of vertex @ to

M of graph on

rt;aw graph on

Hilberto himself is amazed that it can be done so easily.

Add a way to change the value of the jump function of the central neuron.

Add a way to change the edge weights of the three input neurons to the central neuron.

. Change the edge weights and/or the jump function so that the perceptron works as an AND.
Change the edge weights and/or the jump function so that the perceptron works as an OR.
Change the edge weights and/or the jump function so that the perceptron works as an NAND.

. Change the edge weights and/or the jump function so that the perceptron works as an NOR.

Search the literature for reasons why some circuits can be well realized by perceptrons and others not.
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11.2 A simple learning perceptron

We now change the configuration a bit to teach the perceptron Click on input or target-value neurons!
how to learn. To do this, we introduce another vertex, a "target Click on sprite to learn!

vertex", under the output vertex, which displays "the correct"

results, which in turn can be changed by clicking on it. If there is 1

a difference between the values of the output vertex and the 093

target vertex, the weights are changed until the "correct" result

is obtained. 1 098 0 5 -t <1

What to change?

When creating the net, only the new vertex must be inserted. 1 1

start SciSnap!

configure as a GraphPad width: @I
height: €I color: €D € €5

set GraphPad vertex properties minSize: 1P
growing? @ < showsContent? v@ on

§et GraphPad edge properties lineWidth: &P
color: i) €D P directed? v@ weighted? v@

showsWeight? v@ on

new vertex at SE'D) &I1P content: [ on graph of
new vertex at &ED €D content: f] on graph of
new vertex at @) @I1P content: f] on graph of
new vertex at ) ) content: {fj on graph of

new vertex at @E) P content: X] on graph of
new vertex at §EP @ILP content: K] on graph of h
de edge from vertex @ to vertex &3 to graph on
add edge from vertex & to vertex &P to graph on
add edge from vertex &) to vertex P to graph on
add edge from vertex @3 to vertex &P to graph on
change weight of edge from vertex P to vertex €

to round (: @ x &P to @ digits of graph on

change weight of edge from vertex @B to vertex €P

to round [ @ x “ to @ digits of graph on

change weight of edge from vertex &P to vertex P

&P to @ digits | of graph on

change weight of edge from vertex P to vertex &P

to @B of graph on

e — And at the click event on the GraphPad it has to be

i size @D checked if a vertex or the pad was hit. In the second
go to x: v: €I
write size @)
go to x: y:

case, learning starts.
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And how is learned?

If the values of the two neurons on the right of the image
differ, then we change the weights on the edges of the in-
put neurons until the correct result is obtained.

More precisely: We give a value to each of the three input
neurons. Then, we set the desired value on the target neu-
ron by clicking on it as well. Finally, we click anywhere on
the GraphPad and watch it learning.

Tasks:

learn by changing weights

script variables | myContent yourContent delta

set myContent | to | content of vertex 6 T ET LG M Perceptron v
set yourContent | to { content of vertex @& of graph on

if ©  myContent # | yourContent

([ ‘ myContent >  yourContent

set defta | to K]
else

set delta | to K]

repeat until - ' myContent = ' yourContent

if * ( content of vertex i of graph on > [

c‘hange weight of edge from vertex i to vertex &3
to

"-weight of edge from vertex i to vertex []
. of graph on

digits

of graph on

else

round 7 delta

c:hange weight of edge from vertex i to vertex &P
to

e ‘ ight of edge from vertex i  to vertex [J

. of graph on

— delta
digits
of graph on

calculate output

set yourContent | to ( content of vertex &) of graph on

1. Add a way to implement learning by making changes to the value of the jump function in the inner neuron.

Does this always work?

3. Train the network so that the perceptron works as an AND.

4. Train the network so that the perceptron works as an OR.

5. Train the network so that the perceptron works as an NAND.

6. Train the network so that the perceptron works as an NOR.

7. Can the perceptron also work as an XOR? Try it!
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11.3 Training of a neural network

A neural network of width 4 with two layers (plus input EEREEEEEE
. X X configure as a NeuralNetPad width:
layer) is generated and trained to deliver as output a 1 on  [EEFIAL 200 XRIPTa 245 W 245 W 245 )
the left and a -1 on the right, with zeros in between, when SaEEERERTEEIENON 2 O COCRTEEN s B0

the vector of numbers 1 to 4 is input. It is to be noted that

<
teach NN with input ( numbers from @ to P and target output

not the exact output values, but on the left the largest and tist f @ [ by back-
propagation with learning factor ) on

on the rlght the smallest must be Supplled. [NN show status with input ( numbers from P to €P on

The output of the net before training:

¥ rr305z3500552000|
o ssansasosnonon |
Yo rsrosozmeroras)
{orrrsonrrsaaers o

NN output of layer with input { numbers from @B to @ on (3 length: 4 y

‘4

thisSprite v

Training states after every 20 training steps:

A A A

0.5277586070745496 |1l
0.5521002768260623
0.34392970102568626 i

NN output of layer with input { numbers from &P to € on @ length: 4 /J
thisSprite v

The output of the net after training:

0.7816390127483683 L

1
2
3
4

N

‘(

The positions of the largest or smallest value of the output can be determined directly using the Math tools:

maxpos | of vector
NN output of EFE4 layer with input  numbers from &P to @ on
thisSprite +

minpos | of vector
NN output of layer with input | numbers from &P to € on
thisSprite +




11 Machine Learning Examples 122

11.4 Traffic sign recognition with a neural network of perceptrons

"Deep" neural networks dominate the discussion about current "artificial intelligence". These are mostly "fully
connected" networks consisting of several perceptron layers. "Fully connected" means that all neurons in one
layer are connected to all of the next layer. Each connection is assigned a weight that indicates its influence on
the connected perceptron - but you'd better read about that elsewhere.

Let's consider a network consisting of three layers, which receives as input the pixels of an actual 20 M pixel photo,
i.e. 2x107 pixels. The input layer consists of 3x2x107 MB numerical values between 0 and 255 (if we omit the
transparency byte). To the next layer there are then (6x107)?=3.6x10% connections - and then two more times. In
total, 3x3.6x10%%, i.e. about 10 weights would have to be determined - a completely utopian task for "normal"
computers. So, we will have to limit ourselves to somewhat smaller neural networks.

One way to train perceptron networks is to present them input vectors and the desired output at the same time.
The network then computes the output resulting from the available, initially randomly chosen weights, and deter-
mines the difference to the given result. Starting from the last layer of results, it then "backpropagates" the
weights so that its output fits the given result "slightly better". This procedure is called backpropagation. You
should also read more about this elsewhere. The trained network results from many such corrections. "Learning"
therefore means to adjust the parameters (the weights) based on many examples. With the help of these param-
eters, the net determines an output vector from the input vector: it calculates a function value. Our Neural-
NetPad can simulate and train such perceptron networks.

The weights form a total tensor with m layers consisting of nxn matrices. NeuralNetPads should therefore mas-
ter linear algebra. The only new feature is the softmax function which can be used to scale
input vectors, for example. You should also inform yourself about this.

The dimensioning and initial assignment of the network =gy weights for @ layers of width € on

are done in the block add new weights. With this block
we can create a new neural net of any size with random
initial weights. In this case it has width 3 and depth 2.

Since displaying the many numbers would be rather NN show status with input B on
confusing and also hardly informative, the connecting
lines (the edges) are color-coded according to the values
of the associated weights: from full green for large positive
values to black for small amounts to red negative weights.
Since initially only positive numbers are drawn at random,
a new net is predominantly green. It shows what results

from the calculations with the input vector to be specified.

The vertices of the net are color coded like the edges. At the bottom, the elements of the input vector are shown
as small rectangles. The inner layers form colored circles and the last layer is again shown as an output layer in
rectangular form. The direction of the calculation from bottom to top is shown by the arrow on the far right. Since
you can easily rotate sprites, the direction can of course also be displayed differently.
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A simple initial configuration would thus result in:

Often you need the results of the last or an inner layer of
the net. These can be calculated with the help of the out-
put of... block for a given input. Since the color coding
does not necessarily show the largest or smallest element
clearly, this can be determined with the help of the ...of
vector... block.

The training of the net is done with the help of the block
teach NN ... by backpropagation with a learning factor to
be specified. The learning factor may be somewhat larger
at the beginning, and then be reduced.

We want to train a neural network (NN) to recognize 12
different traffic signs. To do this, we search for images of
these traffic signs in the network and reduce them to the
format 100 x 100 pixels. Now they can be displayed well
on the screen, but the 10,000 pixels are of course much
too much as inputs for a NN.

To bring the amount of data within tolerable limits, we
reduce the pixels to a 2x2 format by mean-pooling, i.e.
we average the color pixels in each of the four quadrants
of the image. The 30,000 values of the traffic sign image
thus become 12.

Because it is a difficult problem, this time Alberto takes
the overall control.

configure [IESSAd as a NeuralNetPad of width

height color 25D €5 €5
N
NN add new weights for @) layers of width & on

NN show status with input / list [ ' ion

NN output of [E& R T A= W thisSprite v

1
last

maxpos | of vector B

teach NN with input B and target output B by back-
propagation with learning factor KPP on
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To start, Alberto gives the NN sprite a new costume. Then
when clicked

he creates the weights for a new (here: 12x1) net in the garasraes

NN. This he lets draw with a (still nonsensical) input. Then [EE R ERE

he sends the NN to a well chosen place in the upper center  [EERbEEEINN = EEEET I LECRTT R 600
P bp height: @D color: €ZED €5 €D

tell NN | to! | go to x: D y: €D

and does the same with the traffic sign below. Finally

some variables are set to 0. We will need them later. _
| gotox: @ y:
set size to @EIP % ||

NN add new weights for )P layers of width §FP on ['Ed

tell TraficSign | to

NN show status with input  numbers from &P to §3 on
s\et numberoftests | to E]

s\et actual costume | to [i]

s\et recognized costume |

;et success | to m

set in% | to 0]

;et learning rate | to @]

s\et success | to El

set numberoftests @ to E]

Alberto first needs to reduce the amount of image values s G CEE e i

using the pooling operation. To apply the operation, he

import costume-(RGB)-data | from

must import the image data. Then he can convert them, R p T
delete the dimensions of the reduced image specified at ﬁ; sata | tg me2n | pooling of
the front of the list, and return the result. We summarize || with stride €
everything in a new block pooling of <costume>. | detete € or Gl
delete @ of (data
report { data
4 A B € D
1 1762016 611332  59.3068  200.328
2 176.0848 59.7848  50.4004 20043
3 1714432 53.4512 53.4504 199.512
_ = - 4 169.4336 43.096 454232 199.41 /
pooling of costume | costume of | object TrafiicSign S %

The color values of the reduced image are assembled by

input data

Alberto into an input vector. These are modeled with the .

script variables data [ result

softmax function of the Data tools in order to exclude i

unfavorable input values. set data |to| pooling of costume | costume of ' object TrafficSign
|— —
set result | to' list

Jf item (i of (data to ( result

[Iepnrt sofimax | of vector ( result
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Accordingly, the training vector in training data can be
determined with the searched output values of the NN. In
our case, all values should be 0 except for the one
corresponding to the costume number of the traffic sign.

The NN receives two new methods learn from... and test
with... When learning, the position of the place with the
largest output value of the NN is determined and
compared with the current costume number of the traffic
sign. If these values do not match, then learning
continues.

For testing, the same operation is performed only once.

Now we have everything together to let Alberto work
reasonably.

A teaching operation consists of determining a random
costume number with the corresponding costume change.
Then the learning process of the NN is started with new
input and target data. The passes are counted.

For testing, a similar procedure is followed: The costume
is changed and it is checked whether the NN calculates the
correct costume number. If this is the case, then everyone
is happy. The percentage of correct attempts is
determined.

Multiple learning and test runs can then be easily triggered.

to [

set numberoftests

set success | to [1
repeat

set number of tests

répeat G

Jﬁéach the net
I

to [

\_fe?.t the net
- x

training data
= P
script variables ( result

set result \'to " list (] o] ] [ [ (] 1 1 1 o [ [

»

r.eplace item (actual costume of (result’ with

report’ result

2

learn from (input : output :

warp
set recognized costume | to

maxpos | of vector | NN output of layer with input (input on (K

repeat until © ' recognized costume = actual costume

teach NN with input (input and target output { output by back-
propagation with learning factor (( learning rate / &[0 on (0B

NN show status with input (input on (54

set recognized costume | to

maxpos | of vector | NN output of EERd layer with input (input on (K4

| teach  the net
~
warp
‘ set actual costume | to [ pick random “ to m
Fell TrafficSign .| 0| switch to costume (actual costume
=
CETO NG input data N5 training data

[ change numberoftests | by @

test the net
warp

to | pick random &) to EFP

set actual costume

(lell TrafficSign | to | | switch to costume (actual costume

o
if
/| maxpos | of vector | NN output of EERd layer with input {input data on (K4

= [ actual costume

by &9

by &9
set in% |to| round [ ‘success / number of tests [ @IID) to @B digits

change success

b
change number of tests
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After several hundred training runs with a higher learning rate and again with a lower one for fine tuning, we
achieve recognition rates of up to 100%.

actual costume (00 recognized costume (00 number of tests (1100

XUAEPX

learning rate m

Tasks:

1. Train asingle-layer network with different learning rates and numbers of learning passes. Determine the recog-
nition rate as a percentage in each case.

Plot the results from 1. graphically using a PlotPad.

Experiment with multi-layer NNs. Will the results be better?

Increase the length of the input vector by changing pooling. Will the results be better?

Increase the number of recognizable signs by allowing more than one 1 in the output.

iAW
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11.5 Under- and Overfitting

Machine learning uses training data to adjust the parameters of a function so that other values are predicted well
- if everything works well. So, you build a prediction tool, a kind of "telescope" for data.

One might think that the more customizable parameters a function contains, the better it is. But this is not the
case. On the one hand, (1.) more parameters require more training data and training runs, i.e. more learning time;
on the other hand, (2.) an "unsuitable" number of parameters can also prevent "good" solutions. For both we give
an example.

Re 1: In the neural network for traffic sign recognition (last example), we achieve very good results with one layer.
If we increase the number of layers and leave the number of training runs the same, then the recognition rate
decreases drastically.

(actual costume [ ) (reco me (00 ) number of tests ({70 (actual costume [T ) (_recognized costume (1) ) (number oftests (€T )
\ N \ Al . 4
\\ ~ D )/ /
PV 3 )/ \/
/ Z . \
7 : / 7 X N o =
learning rate “ learning rate

y"! 22D

Re 2: If the training data is well reproduced by the function, it does not mean that this is also true for other data.

It depends very much on the kind of function that is generated. As application we choose the example polynomial
interpolation.

The task is: With the help of training data, the coefficients of a polynomial are adjusted so that OTHER data are
predicted as well as possible.

To do this, we need to generate data that will be used to _ _
g set data |to random points near 02 x m - o

calculate an interpolation polynomial. This time the task between (@) and @) range €

is done by Hilberto. He generates data that scatter around
2 configure as a PlotPad width: @GP
the parabola 0,5 * x“ — 3. height: P color: (a5
We configure a second sprite next to Hilberto named | #Eictioiis _t°
title: titleheight: §EP
PlotPad as PlotPad and plot the data on it. x-label: xLabelheight: €3

y-label: yLabelheight: §&)
As a "workhorse" we choose the PlotPad. If necessary, we [ == /im0 e i 0 (/5 il 5 25
with border? @ <. of KPP pretty formatted? v@

(11 HPlotPad v

import the required functionality from other libraries.

set PlotPad marker properties style: triangle | width: &

color: P &P &P connected? @ < on NG R
add dataplot of numeric data: { data | to PlotPad i he
add axes and scales to PlotPad [JNiElRd
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This is already enough to show the data. Under- and Overfitting
25 . . : T
20 F e
1Y
15 [ =
a
S 10 1
[0
>
5 La 1
L a
0 L :‘.. -
[ a & A
L a &
'5 A | L L 1
0 1 2 3 4 5
X
We first try the interpolation with a regression line. Under- and Overfitting
set PlotPad line properties style: continuous ] = i ! ! ! '
width: @3 color: &5 € &P on [
add graph regression line parameters of (data to PlotPad 2 C >
15
This actually looks quite nice, but it doesn't properly fit on E 10
the sides. > 5 !
oF
. . . . . '5 s —
So, we try it with a polynomial interpolation. 0

First of all, we choose three random pairs from the - ) — —

interpolation polynom for ‘m# =3 random points in
training data, determine the interpolation polynomial and
draw it. Because we want to experiment further, we
generalize the solution to a polynomial through n points. PEERRoR-mposeve kil = Lo
The results depend on which points were caught. Here is B

a bad and a quite good result.
repeat unfil*  length | of { points

i data | to points

set PlotPad line properties style: continuous |

width: €3 color: €3 LD €D on

set PlotPad marker properties style: o cicle | width: &I

color: P &P &P connected? @ <. on

add dataplot of numeric data: ' points to PlotPad

add graph polynomial interpolation for points ( points | to PlotPad [JlGEERS

Under- and Overfitting - Under- and Overfitting
25 . . : : ' ' ' '
20 [ A 20 a—
r a
15 | 15 7
; 5 E
B 10 o g 10
= >
5 F 5 a .
[ a
o fF 0 & -
L a &
L 'y
5 " 5 . L L L
0 0 1 2 3 4 5
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Now we're getting brave! Instead of three points, we
choose 5. After all, we want to do a good job! That works
halfway in the middle, and then - oops!

Maybe we just have to use more points. Let's try 10. The
polynomials run through more points, but they "take off"
at the edges.

. Under- and Overfitting

20

15

10

yabel

Well, then with all the points!

You can see that as the degree of the polynomial in-
creases, there is more training data directly on the graph,
but that in between, the wild oscillations of the polyno-
mial only "predict" nonsense values.

The quality of what we learn therefore depends very
much on how we deal with deviations. We have to decide
which inaccuracies in detail are tolerable so that the fore-
cast as a whole becomes reliable. If the degree of the po-
lynomial is too small, we speak of underfitting, if it is too
high, of overfitting.

Tasks:

yabel

yabel

yabel

25

Under- and Overfitting

20 F

10

25

15

25 [

20

Under- and Overfitting

]

W

1. Discuss different ways of defining a "good" degree of the interpolation polynomial (i.e., its highest power).

2. Formulate your results so precisely that they can be realized as scripts.

3. Test the scripts on different data sets.
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11.6 Classification in the HR-diagram accordimg to the kNN method

In the Hertzsprung-Russel-Diagram (see Wikipedia) the
luminosity of stars is plotted above their stellar class. The
result is a kind of line from left-top to right-bottom, the
"main sequence". On this line stars like the Sun are
predominant. Right-top above the main row we find the
red giants, left-bottom below the main row the white
dwarfs. That's enough for now. (Image source: [HR])

We want to classify new stars in this diagram using the k-
nearest neighbor (KNN) method: We generate as train-
ing data a list of stars with their coordinates (simply as im-
age coordinates in the diagram) and their type. If we want
to classify a new star, we determine its position in the di-
agram and find the nearest k (e.g. k=5) neighbors. Then
we determine the most frequently appearing star type in
this list. We assign it to the new star.

First of all, we need an image of the Hertzsprung-Russel-

Diagram ([HR]). We import this into Snap! as a costume w

of an ImagePad and generate the required data from it.

configure [MESCh4 as an ImagePad width: LI
Since we want to draw on the image, we work with a copy [ [iitli1 /300 \LIGIf 245 f 245 [ 245

switch to costume HR-diagram
We obtain the training data by specifying a star type and [EIILHRCRLET L copy of costume l

then clicking on some points in the diagram that corre- |07 from ’
spond to this type. ‘o1 myData (11 |thisSprite v

et sarpata | to. list |

set m {41 star-typesinput-(type-space-key) I

of the HR diagram in order not to change the original.

After that we can classify new stars by clicking and labeling

' )

them.

We set some properties for the display and draw a circle -
at the location of the star. Then we determine the five [ it
nearest neighbors and the number of occurrences of their |57 | starType | ta m J

type. As a result, we delete the headings and sort the list
in descending order. The type of the new star is the first = enter | key pressed J

element in the first line. We write this next to the star.

if HTCﬁrrE) —|startype-input(type-space-key) > }

r':rzf: m to |star classification I
-

else J

r':fzf: m to |star typesinput*(type*space-key) J

g

J

costume-coordinates | on [T by mc -,-,-_*-”
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The result:

script variables | neighbours Eshrtvpes ._=tvpe

™ draw type of star (point :
& malh seqbence Star .,

width: € color: €53 € ©
IR IR 255 255 W 180 M1 thisSprite +

fill circle center: item & of (point item @K of (point | radius: & on
fthisSprite

" number | of column [ of (nReighbolirs
set startypes | fo grouped by column [J considering headline? v@

delete €K of (startypes

"."startvpes sorted by column
ascending @ % considering headli

@ white d\kﬁﬂ N
N 4 e N\
@ white dwa({\

xt' type |t GID + item @B of (point | | item @ of (point
12
12

EXT )T thisSprite ~

Tasks:

Add the newly classified stars to the sample list so that they are included in further classifications.
Draw different colored dots in the right places on the sprite for the different types of stars, instead of labeling
them.

3. Runthe process for randomly selected points. Does the
same pattern always emerge? Do completely different
or similar patterns emerge? What does it depend on?
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11.7 Decision trees according to the ID3 method

A decision tree reproduces the process by which "experts" arrive at a decision. A simple example is the children's
game "Guessing animals", where questions are asked one after the other ("Does it have four legs?", "Does it have
fur?", "Is it the Easter bunny?", ...), which exclude more and more animals until either one remains or there is a
dispute. In our case, the expert knowledge manifests itself in the form of classified data, where the classification
should be in the last column - for simplicity as a binary decision. From these data sets, a decision tree is con-
structed, which other, not yet "labeled" data can traverse in order to be classified. One method for constructing
such trees is the ID3 method (Iterative Dichotomiser 3)?’. It creates wide trees that can be traversed quickly by
calculating the entropy of the individual attributes.

A decision tree consists of nodes and edges that start from a root. The nodes connected layer by layer by edges
are either inner nodes, from which still further edges start, or leaves, which mark the end of a branch. In the
tree construction it must be decided in which order the attributes are used, which promises the largest infor-
mation gain at a certain point. Usually, the information gain is calculated with the help of the entropy, which gives
information about the "disorder" of a system. If we know the proportion p of an attribute value, then the entropy
Sisdefined as S(p) = —p - Inp. For an attribute A with n attribute values with proportions p;, the entropy is then
the sum of the partial entropies: S(4) = X7, S(p;) = — Y= p; - Inp;. The information gain that comes from
deciding on an attribute value is given by the weighted entropy gain = ?:1% - p; - Inp;. You should look else-

where for the details of the procedure!

To construct and query decision trees, SciSnap! has three blocks in the Data tools. The entropy of a list is deter-

mined by the block GEUilIIAIA=D , constructs the tree, and the tree is queried
with @EEEELVASET LR DEETEEN=D .

As an example, let's explore whether there are "secret" Sl
) . . . . import table-(CSV)-data | from
relationships hidden from our untrained eyes in the [iepcke - EEEEEIEDITE

oot data | to empty table

PRI N ool [ ipauration ~ of [ScisnapiData With first item? (_E» X3
it could be that the borrowing data can be used to infer EZZ

add column

| reduce time column ' column of with first item? @x
to (data

We load the full dataset with 577703 elements, which we P

"smooth" somewhat by omitting the location data (lati- [t EEIER] ot ERETANR] with first tem? @

=
tude and longitude), because the borrowing stations result  [PEFIESESEE G Jotar siaton - |of [scsnapiDatz with first item? (3 K03
. (data

from the other data. We shorten the time scales to the S ——s R e’aiiL
add column | { z:iluln of [SciSnap!Data with first item? (_E¥
hour of the day, as in the other examples, and we delete EXEE

the unlabeled data (gender unknown :Iloll). add column | {{ <l of [SciSnap!Data with first item? ( E» K73

(data

NYCitibike data you've already encountered. For example,

the gender of the borrowers. Let's try it.

add column ‘f:r‘;ulumn of [SciSnap!Data with first item? [ E» ET
(data

EL 1 WS RN [COlUmn [oikeid » Of [SciSnap!Data with first item? (_E» F2 11
add column | £zl of [SciSnap!Data with first item? (_E» K0

(data

add column | { il of |SciSnap!Data with first

(data

add column | {Z:ligl of [SciSnap!Data wit!

set data | to keep items [T item of B [ from (data

27 J.R. Quinlan, 1986



11 Machine Learning Examples

133

For training, use an abbreviated dataset with 1,000
borrowing records, i.e. to construct the decision tree. For
this we simply pull 1,000 records from the total dataset.

Then the ID3 tree is created from the data. This takes
some time, here: 35.2 seconds.

After that we test the tree with randomly selected data
from the training dataset. This should do the job.

test ID3-tree ( decisionTree with tests @[iP of dataset ( training set

It does.

n # = 1000

create training set with elements from

warp
s‘et training set | to  list
.
repeat n
add ({21! pick random & to length | of (dataset

training set
- =

create training set with @[2P elements from ( data

set decisionTree

Now we use the full data set with all records, of which 336,955 are still left after filtering. Maybe this

shows the incredible power of "artificial intelligence"??

test ID3-tree ( decisionTree with tests ELLIP of dataset ( data

Well. By pure guessing we would have been much better!
Either the Al we created, the decision tree, has no uncanny
power at all, or the data were unsuitable for the question,
or we are dealing with a typical overfitting, because the
training data are perfectly identified, but the rest almost
not at all. Look for the reason!

At least we learned how to construct and use a decision
tree. One must be grateful!

test ID3-tree ' tree with tests 'n# =1 of dataset

script variables “item [ successfulTests :

set successfulTests | to o]
set i |to

5

repeat until* ‘i >'n

to item of (dataset

set item

item (KD of [ split classify {item ' with ID3-tree (tree

by
item @EER of (item

by &

change successfulTests

-i' dataset | to

to decision tree ID3 for | ﬂtraining set
with labeled data in last column

100% )
~

dataset :

12% ,
~

dataset :

by &9

change i

Fport ]uin round [ (successfulTests /s 'n |2 @IE0] EB (%
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11.8 k-means-Clustering

The Data tools palette provides blocks for k-means clus-
tering, but they (of course) only provide the final result.
The method is used to distribute k centers among n data
points in such a way that the resulting k groups are as
evenly distributed as possible and the distances to the
centers are minimal. An example may be a housing estate
in which k distribution centers are to be established, e.g.,
for telephone connections or electrical energy. In this case
the Euclidean distance will be taken, but other metrics are
possible, e.g. along existing roads or the Levenshtein
distance.

We want to illustrate the entire process here. To do this,
we create a set of, for example, 100 random points with
"JavaScript coordinates" to which we append the cluster
number. This is initially "-1", because no clustering has
taken place yet. For this we create "k", e.g. 5, "centers".
Points and centers are displayed as circles or squares on
the stage. The colors, initially gray, determine the cluster
numbers.

create n#=3 centers

n random points with ranges x:
set centers |to S
@D v: €D EID inside of a square
set centerPaths | to ' list
for(i = &P to lengh

add

of { centers

(20 @ES 7 item (i of (centers | (111 €% I/ item (i = of (centers

to ( centerPaths

add @ to (1201 L./ centers

show (centers as centers v@

show (data : as centers [ asCenter? ?

script variables ' color

for each ( point in (data

set color

—
set ImagePad line properties style: continuous

width: & color: P &P €
fill color: item &K of (color

L1 lltheStage ~ |

if asCenter?

to ' rgb of  item &K of (point

item @9 of (color | item Y of (color

[ &raw_list of points
list [ 154 item B2 of (point
size: @[ on
;lse
["draw list of points
list ([ item IR of (point
& on

item @& of (point as squares

item of ( point as circles | size:

create ‘n # = 100 typ = randomlyScattered points

warp
~
| RS B randomlyScattered

n random points with ranges x: &
t SciSnap!Dat: t
aet Sasnapilaia - y: 6 % inside of a square

11 - ST N randomlyScatteredOn3Circle
set n |to! round { n VA€M
n random points with ranges x: a

y: (5 ] inside of a circle
n random points with ranges x:
E y: a @B inside of a circle
n random points with ranges x: &5

y: €& @D inside of a circle

set SciSnap!Data | to| append

111 88 57 Bl randomlyScatteredOn2ConcentricCircles

set n |to! round { n V€D

set SciSnap!Data | to
& x n  random points with ranges x: §[P
v: & inside of a ring

N random points with ranges x:

@D v: €D €D inside of a circle

append

for each (item in (SciSnap!Data
add [-1 to (170

show (SciSnap!Data as centers @ x

(n (L& = [ _then else [i]

(if-'n <@ _thenEH else [ (i

it (n LU = A then i else [

configure [(FNEFhd as an ImagePad width:

height: (D color: €Z5D €D
(LT Co00 JEETEAL 245 (245 [ 245

e o o ° ° ° ° :
® L ® °
L]
°
& - ® e L .'
L] ° A [ ] °
] .‘ A : .
: ° e ¢ ° e °
... ..
° ° 'P o °
e ° F A " ° o
L]
a L] . . ]
° » . . °
° °
® ;. *
= L] . [ ]
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We number the centers and enter their coordinates in a

list centerPaths so that we can track their movements. show center paths

script variables ! Vpath ( color

The k-means method now determines the nearest center

for each point and colors the points in its color. WA | of (eeiiterz

set path |to' item i of (centerPaths

set ImagePad line properties style: continuous
width: &P color: € € ©
JILCEIETE 180 1180 1180 [CT

build clusters

script variables ' minDistance ' n | nearestCenter | distance

for each ( point in ( SciSnap!Data ( —_——————
draw line from  item & of (=11 n i path
set minDistance | to gl

item @2 of (1E1 1 I path to
item @2 of (13111 ‘n + &P i path

item @B of L= (n '+ & 57 path ) lon TS a

set nearestCenter | to [

{Je =l center 1) centers

change n | by &P

set distance | to .

((item @B of (point. 1 item @R of (center  show (centers as centers v@®

{l item @K of (point item KD of (center }

I { item & of (point | tem @9 of (center
item @ of (point. TN i Now the centers are moved to the center of the set of
P W - points assigned to them. The new positions are entered in
set nearestCenter | to the pOSition list.

set minDistance | &

adjust centers
1 4ER9 O/ point |\/i1] nearestCenter L

.

I script variables | cluster
show (SciSnap!Data as centers @x L

\;varp
set n | to E

In summary we get:

for each (| center in/centers

change n | by &B

select rows of SEEEFIPERE] where
column [ is equal-to |{item X9 of (center

configure [(FSEFhd as an ImagePad width:
height: P color:

I;uild clusters

set cluster | to

tem /1 v of N5 ) with

adJUSt centers sum | of vector | coumn | [IBd of (cluster with first item? v@® |/

show center paths

length | of { cluster

m (2 ~ of () with
o o o sum | of vector column | PR of (cluster with first item? v@ |/
® o o
Oo o (] ;b %o length | of (cluster
- © b o o 9 add (7] item &K i center item &X) | center
© % ° o = ° item (n of ( centerPaths
o o o o
o] o]
(o] o
o o % o .
o © o o e % In most cases, of course, we have not yet achieved an
(-] . . .
@ i o ® . even distribution among the centers. Therefore, the
o . . . . .
, ® . o procedure is continued until there are no more shifts in
& Lo "‘/I . .| the centers..
o %o ° . o
o . . finished?
ooO o . . f ... ol
[ - 'Y for each (item in ( centerPaths

if!  item @EERD of (item | # item| length |of (item | — &) of (item
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We get the result:

configure (TSN as an ImagePad width:

(L0600 JCLIEIAY 245 I 245 245 )

create @[ randomlyScattered | points

N
create @) centers

repeat until . finished?

configure [(FSERERd as an ImagePad width:
height: P color:

| —t
build clusters

|

adjust centers
==
_show center paths

<

-~} Mk-means-Clustering-finished! B 1§ e secs

Using the existing blocks, we could of course have obtained the result a bit simpler - but just without representing

the process:

configure as an ImagePad width:

UCELTE 600 JCEIETAN 245 N 245 245 ]

set SciSnap!Data | to

& -means clustering for

y2 (5 (595 |
with Euclidean metrics

show (SciSnap!Data as centers @ x

Let's take a quick look at the distribution of points among
the five clusters:

set distribution to

new @B by @B table with Iabels: EITT
)

item &K of E

1 keep items | ¢ from ( SciSnap!Data

to ( distribution

The result is encouraging. If it were a matter of distrib-
uting telephone switchboards, then the construction

crews could come now.

. S ° °
L ]
L] A . ® .
. . - e
L[] . [ ]
e " ee °e o °
. . e o
- .
o
o = o . O = ° . o o
o & P °, o o
(=]
0 © ° & o K b o
OO o o
o o o A
o - ° o
e
e e
(] [ ]
) ® s o® o ©
( distribution )
& A B
1 cluster number of members
2 1 20
3 2 A
4 3 20
5 4 20
6 5 19
u 4 i
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11.9 Clustering according to the DBSCAN method

The DBSCAN (density based spatial clustering of applications with noise) method tries to identify "density is-
lands" in the data space. Before starting the procedure, two parameters must be selected: a radius specifies up
to which distance points are to be considered "neighboring", and a minimum group size specifies from which
number on a group of points is to be considered. The process goes through all data points and determines their
neighboring points with the help of the radius. If enough are available, then all found neighbors are examined
again for neighborhoods. If these are large enough, they are added to the original one. In this way, a coherent
"point cloud" of related points is created - a cluster. If not all data points have been recorded, the next unprocessed
data point is added and a new cluster number is assigned.

We create a point distribution and select any point from | ZCLUE N CliheStage » L EGEEEEETTETEL 400
b yP height: € color: € €5 €3
it. We count its neighbors within the radius (Figure 2) and FfSsisme 0 0 0
get 5 neighbors. If this is enough, we add their | DD random points with ranges x: D D

y: & inside of a ring

neighborhoods to the original one - if they are large &l oo Xor o b s
enough (Fig 3) y: inside of a circle

warp

for each (item  in (SciSnap!Data

1 AT A 2 Nle 2 3 e .
¢ td :.. S ° : ° :
® .‘o' ° o ".o. S e 0% ':. ;.'... L ‘:: . :. ;-'...
o".o .' .0.. :0 N, 0.. * el .. AP
... ..o .: 5 .,. -...o Orig O .'.‘l...l ..: [
o0 o -~ oo ; i o R <
\:' . e he oy ° 0:’ .'..... oy * l:’ .‘.-:. oy
] ° 4-‘ '... '.o ) ° 'o'. '... D.o Fl ° # ‘.r. -.o
°te \-':' :‘ 'o 5 °%e .':-‘i:‘ . S LN 19 op o °
° - L) \‘..O'l..i ‘. ° 3 “\‘..O"..' ] . - &"ot' 143 ¢ ‘
0:. %% *’ g (L T ...0' ':. [ ¥ ...0'
® oo . 0 © ®00° L ° ®o .
(Y e .‘ ° .‘ .
LY 53 ° oo °s, LI s,
a0 - e . 5 -
S S - A IR LI
XY b0 o3 oo Yo od LXY foo o
This process continues until no sufficiently large new neighborhoods are 4 ‘.-" '.'_. :;..'
= o 0% -. '.o‘
found (Figure 4). If some points do not have enough neighbors, then they .-:“..-..' oss o,
are called outliers (noise) and are not clustered (Fig. 4, gray dots). v wé o - .
° .. ¢ : ° “.I
& Pl ° o ®
Asyou can see, DBSCAN often forms different clusters than the k-means w3 s:"#'-' T
method, as in this case. If one uses clustering to classify unclassified data, - R .;':',
a system may "learn" quite different things in unsupervised learning - de- ° ;:'-' o o :._
° 5 @ do * pe
pending on the method used! os  fe e §

For somewhat larger data sets, it is useful to use the DBSCAN clustering for ... block available in SciSnap! which

works according to the following procedure.

DBSCAN clustering for radius &P minMembers &P
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So let's implement the procedure.

First, the set of points is created and assigned to the
SciSnap!Data variable. The points are drawn.

Then we set some initial values and draw the starting
point.

The first neighborhood is calculated and displayed.

After that, the DBSCAN procedure starts: For all points in
the neighborhood, their neighborhoods are determined,
checked and, if necessary, transferred to the old neighbor-
hood. If necessary, the generation of the next cluster is
started.

The two additional blocks used are ...

extended ' neighbourhood of { neighbours :

<

script variablethewNeighbours (@ boint

warp
N

to [

repeat until G >

set point | to item (i’

& [ item &R of (point

replace item &R of (point  with [i]

set i

length | of heighbours

of ( neighbours

set newNeighbours | to ! neighbourhood of ( point

if < ' length | of ( newNeighbours |={ minSize

for each  newPoint

r -

if ¢ not

in ( newNeighbours
(neighbours contains ( newPoint

add { newPoint to ( neighbours

replace item @9 of (point with (cluster#

' by €D

change i

report ' neighbours

configure [[TSENRd as an ImagePad width: L0 -
height: €D color: €D €D €5
set SciSnaplData | to
random points with ranges x:
y: 6 @ inside of a ring

@[ random points with ranges x: ELP EP
y: ELD TP inside of a circle

create points VA

append

warp

for each ({ item

in ( SciSnap!Data

! item
. =2
draw list of points SciSnap!Data |as cicles | size: &3 on [Tk

to ] IR
to 0]
to @
to item I of (SciSnap!Data

set clustent

radius set start values and choose first point

set minSize
set point

set ImagePad line properties style: continuous
width: P color: P P

fill color: &9 € €D on T==rTad

draw list of points list | point

size: & on [(CSrCRd

set neighbours | to  neighbourhood of ( point -

calculate and show first
neighbourhood Y/

as circles

set firstNeighbours | to copy of ( neighbours

set ImagePad line properties style: continuous

width: & color: £ £ £

fill color: ) €D €D on TN

ciraw list of points ' firstNeighbours |as circles | size: 4 on [TEE N4
warp

< ( minSize

if*  length | of ( neighbours

replace item of (point with

set ImagePad line properties style: continuous
width: & color: & € &
fill color: &FTH & &LTH on

draw list of points list point as circles | size: ) on
else
change custer# | by &

replace item @B of (point with ( cluster#
set neighbours | to' extended neighbourhood of ( neighbours

set ImagePad line properties style: continuous |
width: &P color: P & O
fill color: B € €& on

draw list of points neighbours  as circles | size: £ on
set ImagePad line properties style: continuous

width: &P color: & € P
fill color: € €53 €D on

draw list of points ' firstNeighbours 'as circles

size: €D on

set ImagePad line properties style: continuous

width: & color: & &P &
fill color: © O on

draw list of points list | point

Tl 5 T theStage v

as circles

..and

neighbourhood of p :

‘report

. value =
keep items 4

input names: | value

item @K? of
item @& of
item @R of

< radius

input names: | item
9[- SciSnap!Data
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11.10 Outlier detection according to the DBSCAN method

In many cases, it is not the clusters that are interesting, but rather the outliers, i.e. data that "do not
fit the grid", that are conspicuous. The DBSCAN method is well suited for this, because it does not
cluster "outlying" points (outlier detection).

We create suitable random data, i.e. two "heaps" and |CLLIUETC ftheStage v | =0 2l S EL CEA TR TTE 400 |
LEICNTE300 JCOTETET 245 7245 I 245 ]

some points scattered over the stage, some of which are
set SciSnap!Data | to

on the outside. We cluster this data using the DBSCAN || @D random points with ranges x: € €D
block. 397 635 9999834606 2882031 2 05 Caon ol - R

398 606.007918¢513 3301656 2 append random (el with Gl 3

399 558.450258€512.274097¢ 2 y: D inside of a circle ‘

400 656.9891106590.342389 2 (@D random points with ranges x: € G5

. 57 2 y: & @& inside of a square

402 79 527 2 B

e = = show (SciSnap!Data  in &ID

404 518 245 2

405 61 201 1

406 426 325 2

407 o8 204 1

408 501 347 2

409 165 304 1

DBSCAN clustering for radius &P minMembers EP

From this list, we pick out the outliers as non-clustered
"noise" and display the points in red. We combine the
blocks for this purpose.

keep items [ item @ED of B | < [ from

show in

DBSCAN clustering for FEEISBEE radius i) minMembers &P

@00 o e .‘ %t o
L)
The example is of course unrealistic in its shortness. But if ) L)
we look at parameters of e-mails such as the structure of e ': .:: 0.. e
the header, number of addressees, type of attachments, '...‘:°°.‘.: e%e®, *
keywords, ..., then we come into the realm of real applica- :' :.,.“..! s ;'r:
tions, such as spam detection. o .: . ";@“:’: °
@ ° @
Two things follow from these considerations: = ‘.:'. ::..g.‘.ﬁ < g *
o 8 %\& 00, o °
e On the one hand, the data obviously have to be pro- 3\..?‘ o &% * o
cessed heavily in order to be represented in a suitable ‘es 2
high-dimensional space. Procedures must be devel- ‘ :: "."v
oped to assign a vector to the data points - and vice :. b ..°
versa. The actual clustering thus is no longer the focus 2 - S % "::'.‘ o .
at all: it is only a step within the process. Qe &

e On the other hand, the number of parameters increases the number of dimensions of the data
space, so that the available data hardly have any neighbors around them. This curse of dimen-
sionality can only be countered if an extremely large amount of data is available. We have another
example of how machine learning is not only about the technology of the computers, but also about
the availability of data.
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11.11 DNA-Clustering with Levenshtein distance

DNA studies often rely on dissecting the DNA, examining
DNA snippets, and reassembling the DNA if necessary. In
this case, we want to dissect a "soup" with different DNA
snippets into three similar groups, where the distance of
the DNA sequences is measured using the Levenshtein
distance for strings.

DNAs consist of sequences of bases A, C, G and T (see lit-
erature). Since our blocks work with averaging and thus
with numbers, we map such sequences to an n-dimen-
sional space whose coordinates take only the values 1 to
4. So we have to map DNAs to such vectors, process them
and transform back.

We start by generating the DNA snippets. We limit them
all to the length of 20 and form three clusters using the
Levenshtein metric.

After that, the three clusters are extracted and the cluster
number is detached.

Then, the vectors of the clusters can be translated back
into base sequences.

For testing, we form the mean Levenshtein distances
within a cluster and between two clusters.

mean  of vector 10.879206048148338 )

map
mean  of vector
map

Levenshtein-distance of (DNAL' and (DNA2 | input names: ' DNA2
over { cluster3

input names: | DNA1
over (cluster3

All right - at least they differ a little.

about n# = 100 DNA-snippets with length (laenge # = 20

script variables ' DNA result ' zz

warp
set result |to list
[ -
repeat n
set DNA to i
repeat
set zz | to' pick random &P to €D

set DNA

add (DNA to (result
N =
|report result’ without duplicates

start SciSnap!
set SciSnaplData | to about [P DNA-snippets with length €&P
set clusteredData | to

&) -means clustering for | map [ DNA [l — vector | over (SciSnap!Data
with metric
Levenshtein-distance of ( Vektor E — DNA and ( Vektor E — DNA

select rows of ( clusteredData where

set cluster1 | to ;
column m is equal-to

select rows of ( clusteredData’ where

set cluster2 | to =
column [EH is equaito | A

select rows of (clusteredData  where

set cluster3 | to =
column Bl is equaito | §

delete column | [ESBd of (clusterl
delete column | [EXIRd of (cluster2
delete coumn | [EX%d of (cluster3

set clusterl | to map |  Vektor E — DNA over ( clusterl
set cluster2 | to map | Vektor E — DNA over ( cluster2

set cluster3 | to map |/ Vektor E — DNA - over (cluster3

mean  of vector 11.803689064558629 )

map
mean | of vector
map
Levenshtein-distance of (DNAL' and (DNA2' | input names: | DNAZ
over (cluster3

input names: | DNA1

over ( cluster2
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11.12 Character recognition with a Convolutional Neural Network

The immense number of parameters in fully connected perceptron networks and the consequent need for huge
amounts of training data has led to other network variants to drastically reduce this number. One of these is
Convolutional Neural Networks (CNNSs), in which the amount of input data to the perceptron network is re-
duced. This type of network is used very successfully in image and speech recognition, for example.

CNNs reduce the amount of data by first applying several kernels in a multi-step process that filters out certain
properties of e.g. an image (edges, oval surfaces, ...) and thus results in several feature maps that usually have
the same size as the original. This first increases the amount of data. Afterwards, a nonlinear activation function
(reLU) is usually applied to the feature maps, followed by a pooling operation that reduces the amount of data
again. Mostly this is max-pooling, where the maximum value is determined from a section of the data. If you do
this with a "window" that is moved over the feature map with a certain step size (stride), then each pooling step
generates a value of the next, reduced feature map.

/
!
[

/
A
A
'

\\~;: ~~ k- -
the original pooling pooling perceptron
convolution convolution network
(3 kernels) (3 kernels)

As an example, let's take a kernel that filters vertical lines: it colors a point white if there is a second pixel next to
the point, otherwise black. In the "folded" image we can then recognize vertical lines of the original as bright spots.
If it does not matter so much where exactly these lines are, then we do not lose too much information in pooling.
A white spot in a feature map after various pooling processes then means: "There was a vertical line somewhere
in this area." Based on such data from several feature maps, it can then be deduced, for example, that a horizontal
line, i.e. a corner, was also located there. If we had searched for "beige" areas as well as "oval" shapes, then the
chance of identifying faces would not be so bad at all.

We now want to build a model for such a CNN that can distinguish the handwritten digits zero and one. For this
we use the Data tools for auxiliary operations, an ImagePad for the actual image and - of course - a Neural-
NetPad for the perceptron network at the end of the chain. Another "normal" sprite named Alberto will control
the operations. To make the model easier to use, we add some buttons as well as a pen to make the interface
clearer. In the screen shot, the image to be analyzed is at the top of the box, while the neural network displays its
result at the bottom. In between, the various intermediate layers are scrolled through and displayed from top to
bottom. As a bonus, the model includes the possibility to draw your own numbers. It should be noted that the
convolution operations "search vertical line" or "search horizontal line" are not well suited for digit recognition,
but they are well comprehensible in the image.
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Our CNN is trained with 10 digits each from 64x64 pixels
for the zeros and ones. Then it is supposed to "recognize"
these as well as other handwritten ones. Actually, we
would have to train several kernels of our CNN specifically
for this task. Instead, we take only two known kernels for
the recognition of vertical and horizontal lines, because
by the restriction to two everything can be displayed on
the screen and the results are even halfway interpretable.
(The recognition rate, however, suffers heavily from this!)
Thus, only the perceptron network with four input values
is trained.

In the adjacent image, after two stages of reduction, four
feature maps of 16x16 pixels each are left, each of which
has been run through the operations Convolution 2>
reLU = Max-Pooling twice: on the far left with the ker-
nel for vertical lines, then with both kernels in different
order, and finally twice with the kernel for horizontal
lines. The numbers below indicate the mean value of the
brightness measured over the entire image. If we apply
this to different digits, then the possibility of measuring
differences between zeros and ones becomes apparent,
despite the very simple procedure.

Let's look at the functionalities of the individual objects:

The ImagePad provides the data of a new costume as a
basis for analysis. To do this, it creates a "first layer" as a
list first layer, which consists of two copies of itself. On
each of these it applies a convolution with two different
kernels. After that a few lines are drawn.

[ initialize ) ( train the net ) ( next costume ) (stop leamning )(dnw digit (o/x))

tearing (X9 ) current digit [ leaming factor (0
training cicles [N 4
convolution: " .

e " .

pooling (stride:4): [} "]

convolution: [ I |
relLU: m l
pooling (stride: 4): *

final feature maps: _ ‘ ; 4

means: m m

recognized digit: — < - +$

pd

> & B

NN thePen binitilize bTrain bNextCos bStoples bDraw ImagePac SketchPa

e -
ElE

:

O
THf O - =

B8 f1ER =R SES <

5kl
N » (Bl

apply convolution kernel “f_nr#: 1 to myself

import costume(RGB)data | from
to [IPEE] on |th\sSpme -
set myDaia |to

convolution kernel | item ’ﬁ of (kernels' applied

to image |(myData) width (width | of costume current | height

( heignt | of costume current |

[_:et myData | to (convert (myData to FITS normalized by

L:t myData |to ma { @ x & | over (myData

set ImagePadProperty [FrRRE R of LS k4 t0 FIE |

add gray |image of [YEEE to ImagePad
min/max: P €5 I0g2 ® = on (ESTT
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After that, each copy must pass through a reLU (rectified
linear unit), which serves as an activation function. In this
case, negative values are simply set to zero.

apply reLU to myself

seript variables | typeOfData

to ( ImagePadProperty [TEIEECRd of

set typeOfData
set myData | to
map

if © ' typeOfData

| ¥ typeOfData = [

report
map

report {1 TN color § input names: | color

over g

input names: ' item

over | myData

add gray |image of to ImagePad
min/max: P eI E¥ C T fthisSprite v

Finally, a pooling operation is performed to reduce the
amount of data. As an example the pooling operation with
the four sprites of the second level is given.

apply maxpooling to myself

import costume-(RGB)-data | from

to SciSnap!Data

max | pooling of SlGSiE[disEIc]
with stride @

import costume(RGB)data | from

L myData (1]
| — —
add gray | image of to ImagePad
| min/max; @ € log? ® - on [T

Alberto, as the controller of the whole thing, has to ask
the ImagePad to change the costume and analyze it af-
terwards. In doing so, he strictly adheres to the specifica-
tions for CNN's.

first convolution

warp

run 9 write [l at @ @ size @
with inputs
}

to list

of thePen

set firstlayer
I

copy of ImagePad ' object ImagePad

add JI5

copy of ImagePad ' object ImagePad

tell element [ [ of (first layer |to
apply convolution kernel &) to myself
set size to @I %
go to x: y:

N

tell element @ [ of (first layer |to

apply convolution kernel @) to myself

set size to LD %
go to x: y:

run Ydrawrect @ @ @ @
with inputs [EFH

of thePen

second pooling with stride 4

kA EX X ESY )
TN T 2 pooling:(stride:+4): -390 §-10 20

copy of ImagePad element [l A of (second layer

of thePen

copy of ImagePad ' element of (second layer
: copy of ImagePad element of ( second layer

copy of ImagePad element [ A of (second layer

second layer
=

to ( first layer

apply maxpooling to myself

tell element [ of ( second layer
i ~ g0 to x: GED v: €

[—-

apply maxpooling to myself

tell element d F of (second layer
go to x: y: @

[

apply maxpooling to myself

tell element of (second layer

go to x: @D v: @

[= —

apply maxpooling to myself

tell element [ E of (second layer

go to x: ED v: €

when clicked

broadcast delete all clones

set learning | to ¢ .false__.--
\

set leaming factor | to i
Sel Jeaming facior 10 &E

to [1]

set training-cicles

tell Image to ;
switch to costume Eins0

initializeNN

zinalyze image first time? v@

go to x: P y: €D
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The initialize method only takes care of drawing the lines
on the stage. The other methods work with two layers of
the CNN, first layer and second layer, each containing
the versions of the digits that appear on the stage. So that
they do not interfere with each other, they work with cop-
ies of the ImagePad, not clones.

After the required copies have been created, they are
asked by Alberto to perform the respective CNN opera-
tion. Finally, the clones of the last level, which are now
quite small (4x4 pixels), are displayed in a greatly enlarged
form as "final feature maps". These are used to train the
neural network.

The neural network in the form of a NeuralNetPad is
supposed to generate the largest output at output 1 for
zeros and at output 4 for ones. This is of course completely
arbitrary. The current output value is determined by the
function output with <input>. With its components the
net can be trained, if we succeed in determining the
average values from the last level of second layer. We still
model these suitably with the softmax function.

input values

script variables | result
set result | to list

R =

for([i =Dt @
of vector

mean

add to

convert myData | of element (i ' B of (second layer’ to FITS

result

\

set mean1 item @K of (result

set mean2 item @& of (result

item &) of (result

set mean3

set meand item of ( result

report softmax | of vector ( result

analyze image first time? firstTime? ?
initialize
first convolution
f\irst reLU
first pooling with stride 4
s:econd convolution
‘second relLU

s\econd pooling with stride 4

§how final feature maps first time? (firstTime?

run | Q draw all lines | of thePen

if* not (learning

output with (input :

report

of vector ' NN output of llast « | layer with input (input on NN |

maxpos

train NN to ‘n# =1

N
script variables | result
by &

to < @ false

set inputs | to ' input values

inputs [ targetOutputs i targetResult

change training cicles
set ready fornext process

set result | to output with ( inputs

set targetOutputs

set targetResult

to list{ @ B 0
[to O

set targetOutputs | to list [l @ [ [
to

set targetResult

repeat until < ( result = targetResult ’ orm

teach NN with input (inputs and target output ( targetOutputs by back-
propagation with learning factor (( learning factor / §[iP on [T

NN show status with input (inputs on

set result

-

LET T

to  output with ( inputs
by &

show result

true .

set readyfornextprocess | to ¢
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And - did the network learn anything?
Let's write a number:

Had luck!

Tasks:

( initialize ) ( train the net ] ( next costume ] (nop learning )(drawdigll (0/1))

(_tearning ,J\ current digit

(_training cicles ]
convolution: m D
e E

pooling (stride:4): 0] =]

convolution: m = | =2
relU: m = |a =2
pooling (stride: 4): * 2 C

final feature maps: n q q

recognized digit: @ < L] +$

pd

1. Generate a list of 16 values from the final feature maps.

2. Analyze this list by a neural network of width 16.

3. Test whether the recognition rate increases, especially of
newly written digits. If yes: how do you justify the effect?

4. Also experiment with multilayer neural networks.
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11.13 Reinforcement learning / Q learning

In reinforcement learning, an agent learns from experience, i.e., it performs actions that are followed by reac-
tions. From these he learns. The reactions must be available for each state of the agent in its environment and
each of its actions at the moment when the agent performs the corresponding action. They are usually called
rewards, and they can be positive or negative. As a whole, they define the goal of the learning process. One way
of reinforcing learning is Q-learning. Check out the literature on reinforcement learning, Bellman's optimality prin-
ciple, Markov chains, and Q-learning.

In our example, we want to let a small robot (as a yellow square) drive around R function
in an environment (realized as a grid) as an agent, where it should drive to a
charging station (green square) when needed without plowing through the tulip
bed (red squares). We formulate this goal using a reward function (R-function)
that holds a reward for each grid element that the robot gets when it enters
the field. For "normal" fields we define the reward as -1 (because of the
necessary travel distance), for the charging station as +10 (sic!) and for the tulip
bed as -15 (because there is a lot of trouble when entering). If the robot tries
to leave the garden, it gets -10 as a penalty, but stays in the field.

We limit the actions that the robot can perform to steps to the left, right, up and down (stored in that order). For
each of these actions we now have to decide what happens.We choose as strategy the Q-function, which tries to
maximize the robot's profit, i.e. to keep negative rewards small and to collect positive ones. In each case, the
robot chooses the action that promises it maximum profit. Please refer to the literature for more information!

Q(state, action) = reward (state, action) + y - Q(follow — up state, optimal action in follow — up state)
(y is an damping factor between 0 and 1)

We realize our project in a 10x10 grid, which we display on
the stage, configured as ImagePad. Next to the R-function

we draw the (positive or negative) maximum value of the

igure [(TSZrTRd as an ImagePad width: @10}
T 300 JCGIGTAY 245 W 245 W 245

| draw text [TVETT) at QLD GED height: €33
ho ~[ 3T JrT [thestage ~

{757 Jmax-of-Qefunction (13 450 I 150 MICIETTEN 20
3 «)"-ﬁ hheStage v

R function max of Q function set Riunction |to @D x @D table initialized with

1=
. - set = m l of =

four Q-values in the same color representation. We

transfer the robot to the side of the Q-function.

gamma

set element [ [ of (Rfunction’ to
: set element [ [ of (Rfunction to
‘ set element [§ [ of (Rfunction’ to

| set element [§ [ of (Rfunction’ to §H

‘} show R values starting at gD EEPD
[:t Qfunction | to| €5 x €D table initialized with (list ] §] { @
mow max Q values starting at P P
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Roby now has to explore his environment, i.e. he walks
around the grid and calculates the optimal Q-values, as far
as this is possible with the previous data. So that this does
not take too long, we let him run through the rows of the
grid in a loop starting at the top right. After one pass, the
Q function looks like this.

R function &R max of Q function

You can see that the information about the positive
reward at the top-right has "dissipated" from there in the
lattice, i.e. has spread weakened to the surrounding cells.
In their Q-function is now stored the information in which
direction Roby should move in order to succeed. Also the
surroundings of the tulip bed were marked as extremely
unpleasant, and there, where nothing else is going on, at
least the negative experiences with the edge are recorded.

Let's do another pass!

R function =  maxofQfunclion

The positive news has continued to spread slowly

(because of the damping factor), while the rest of the field
cannot get any worse.

We can add a few more of these searches to it.

‘

~
set direction | to [
forever
show max Q values starting at 1P &P
show roby at (x (y
warp
=
set rewards |to list
ifx =
b P —
add B to (rewards
else
B

roby explores the grid starting at (x#=1 (y#=1

(Csamma / @ 1

max | of vector elem 'y of"'qum:tinrl
element (x — & (y of (Rfunction

{rewards

if- (x =0

add E[ to (rewards
L

&P (v of (Qfunction
element ((x + @B (¥ of (Rfunction
(rewards
it 'y =M
add EIJ to (rewards

element (x

(rewards

max | of vector element (X ((y + @ of (Qfunction

element (x' (y + @B of (Rfunction
(rewards
L

¥

set element (x ; of ( Qfunction to ( rewards

warp

[— O
if ¢ (direction =
=
| change x | by €D
else
‘ change x | by &P

if

|set x | to [

[— —
‘ set direction \tn ﬂ

i

e e 0 X 1 )
else

| change y | by €

if ‘x <M
T
‘setx to

| s
‘ set direction \tu E

| roby explores the grid starting at &) €

else

| change y | by €D
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After several passes, nothing changes in this R function gamma max of Q function
representation. The Q function is constructed. We can

now test whether Roby can quickly find its way to the
charging station without causing major damage on the
way.

results in the following path:

max of Q function

roby looks for power starting at x#=1 y #=1

script variables ( rewards ( direction

repeat untl Cx AT =ra o LA

show max Q values starting at

show roby at (x (y
i

set direction |to' maxpos | of vector  element (x (¥ of (Qfunction

——

warp
Y Ceirection I =no = 1010
change g by @&

So Roby has learned to get to his destination quickly D - T )
without causing any damage. Hilberto is happy about the change + oy &

it  direction g and {y LAY

::hange y | by &B

little one!

change y Ibv @

T

show max Q values starting at {GED EED

=how roby at(x (y
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Notes

1. SciSnap! is not made for small displays, but it runs fine on a larger monitor. @

2. The examples in this script are mainly intended to show different ways of using the SciSnap! libraries. It is not
their task to give examples for good teaching, but hopefully they give hints on which level to work.

3. Accordingly, this script largely lacks examples that the learners can use to find and work on their own problem
areas and solutions. If you have any "best-practice" examples, | would be grateful if you could point them out
to me. Perhaps a collection of them could be created.

4. The libraries certainly still contain errors and possibilities for improvement. | would also be grateful for hints

on this.

For the rest, go for it!
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