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Abstract:

The basics of set theory consists in sets, elements, lists, set-builder notation, subsets, equal
sets, the empty set, union, intersection, difference, symmetric difference and Cartesian
product.

Sets are one of the most fundamental concepts in mathematics but we can not calculate with
set operations and set relations on the ClassPad. On the other hand we can write in the text
mode with special symbols of the set theory in the ClassPad, e.g. € ,¢,U,N,\,C, &, #, ...

Thus some students of informatics tried to introduce the set theory in the operating system
version 3.05 (published 2010). They followed two ways of solution:

1. Create a so called Add-In for ClassPad to calculate with sets of real numbers.

2. Create a Basic-program for ClassPad to calculate with finite sets of numbers or words.

In the first case we use the set-builder notation {x/|...}, e.g. {xla<x<b} or {x|x=>c} or {x/|2,3,5}.
In the other case we use the notation “{2,3,5}” or “{x1,x2,x3}” or “{(a,b),(a,c),(2,¢),(d,4)}”
or“{Anna, Alan, Max, Marc, Tanja}” to fulfil set theory operations. Here we work with
strings. Thus we get no problems with system variables x1, x2, x3 or Max.

During the workshop the participants could download the new programs to their own
calculators or notebooks and check the new possibilities or they follow a demonstration with
the ClassPad Manager software.

1. The Add-In “Real Sets”

The students wrote a program in C* and used than the CASIO-SDK (software development
kid) to compile the source program into a ClassPad Add-In. The Add-In can be installed in a
handheld calculator but not in the PC-manager-software. Thus the students compiled their
program additional in an exe-file, which runs on a Windows-PC (Real_Sets.exe). Here we
need additional a special library, the ClassPadDLLgcc.dll, in the exe-file folder.
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The students created a special keyboard for the set theory!
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Now let us calculate some examples:
Letbe A = {x| 1,2,3,4,5,6}, B= {x| x>4} and C = {x| 0,1,2,3,4}

o W
Inputllnfo ‘u‘l.@l IInputlInfo vl.Bl B
Input: Input:
{2 %243 {x18:15253, 4%
- Result:

x| @viv2vave

Set: l(xlo! 1,2,3,4}

Input:
{x|x24}
Result:

[Set (abc FEEaE (LR

E1 B 3 1 i 1 B i E] E1 H | e

x| €212 |= <I=1> {2152:3:4,5,63
oy or o jAnd DO ?iT?LEVSV4VSv6}
aglelz| or v |And "lel

I~
I+

| @ | The output-window shows 3 results

o o

Inputfinfo vi.a| i Input]info vi.0| B

Input: Input:

{xl1;2,3;4,5,6}ﬂ{xlxé4}ﬂ{' ‘;6}“{1'1&4}“{1'3;1;2,3;4}

Result: Result:

x4}

(D] @ | AnNBNC

b o
Inputfinfo vi.a| #|| [input]info vi.8] B
Input: Input:
x| 1:2:3:4,5,670{x | xaq4 30l GEI x| x2d x| B, 1,2,3,4F

Result: Result:
x| BvIv2v3vead s T

L

Input: Input:
Cx]| 1325354, 5,6300x | x2430» {x|152:3:4,5,63N{x | x2430»
Result: Result:
Lxl4} x4
sl @ | AUBUC

For the empty set here we have the symbol @ and the full set (all real numbers) is Q.
Additionally we can calculate the complementary set in QQ by the help of the x-bar notation.
We can use brackets ( ... ) for multiple operations, e.g. AN(BUC).
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Input|info v1.a]

hd
InputlInfo wl, BI

hd
Inputllnfo vl BI

Input:

(x| QX\{x | <8}

Result:

{x|x>8}

Input: Set: [{xl<eIn{x]<2} wrona Input!
{%1x<8} Position: 4
Result:

{x|x28} [Set [abc]
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Sometimes we get an error message (we forgot x after | ).

hd hd

Input|info v1.8| Input]info v1.a|
Input:
{x | x<eN{x | x£2}
Result:

{x12£x<2.718282}

Set: [{xlafed x| xl2y |

[Set [abc] EEAEa
AABEAEEHEENE
{x|3 €21 =
o] ) or v |and n]oife
gle]z| or v |And a|n]e]

I~
I
~
L}
~

2. The program “menge” (see SA2011-workshop-Paditz.vcp)

After download the program in the library-folder of the ClassPad we can use it e.g. in the
eActivity-menu. The function menge has the syntax menge(“A”,”operation”,”B”) or
menge(“A”,”relation”,”B”). The result is stored in the variable BB and appears in a separate

window. At first have a look in the source text (Beta version 0.9).

Ny Edit Ctrl 1/0 Misc I:I N Datei Edit Einf. Aktion N Datei Edit Einf. Aktion
ED (A M [E[Eap]| (BEdbe] 2 Padddy] ] (B st & A2l 2]
menae N[R. B, C A="{1,2,43" A:="C1,2,42"
:ge&ge(ﬂ,%(:)l — "1,2,43" "{1,2,42
artin Apelt =" 4 " B:="{3,4,8,93"
’paditz@htw—dresden.,de B:=%(3,4,8,93 " " e N, 4,808,930
‘Beta-Yersion 8.9 (3)4:8,9) T
menge A, "V B> menge(A, "Wy B)
Local Eytmpstyisflyf2yk, done
t tmp ZUst N1y 2edy3,8,93"
ZUSTZsZUSt3s 5T A2s C2s (39 $<a%a 0 Ea 23
E?;-P?;EC (mth |abc [cat | 20 |EJENR]| ||cosmetic error:
- the elements are not in
If B = "x" nteaass)ii__@ the right order
Then Alifdfk|minl=ls|AE RS £1,2,3,4,8,9
i?iﬁf°4°"”n6@
‘Parse A .
Strlen AsE S(s|Z(C|2|v|n|E|B|(2|2|L the student has to improve
gtrEightﬂﬂéE—l,ﬂ S EINECREEERE the program!
t
reen (@67 | © | LEER JsvMEJExE]
Program Editor qin) Alae Standard Real Bog qn Alge Standard Real Bog qmy)
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Ny Datei Edit Einf. Aktion i

A:="{1,2,43"

B:="{3,4,8,93"

"3, 4,858,923
menge{A,"N"yB>

(B [zdd] e B [A]AY] [

"{1,2,43"

A:="{1,2,43"

12,43
B:="{3,4,8,93"

"3,4,8,9Y
menge(A,"-",B>

N Datei Edit Einf. Aktion iX:

(B [zds]] B [AfA] [

N Datei Edit Einf. Aktion iX:

(B [zdd| ] B [A]A] [2]

A:="{1,2,43"

"{1,2,43"
B:="{3,4,8,93"

"354,8,93"|

menge{A,"A",B)
done done done
BB EE EB
R "L,z "{152,3,8,9%
SCHMITTMENGE DIFFERENZMENGE SYMMETRISCHE DIFFERENZ
{43 {1,2%

C1:24348,92

Alge Standard Real Bog §uj

Alge Standard Real Bog qm]

Alge Standard Real Bog dm)

N Datei Edit Einf. Aktion

A:="{1,2,43"

"T1.2,42
B:="{3,4,8,93"

"3, 4,838,923
menge(A,"x"yB>

done
BB

"1y 30, (1,40, (1,80, (1"

(B [z e] & A2 [2]

114244,
3314y Sy 9,y
FRODUKTMEMNGE

{01330, 01,40,01,80,01,90,¢

the result window is not optimal

Ny Datei Edit Einf. Aktion

(B [z0dw] & [ACfAA] [2]

A:="{1,2,43"

"C1,2,42"
B:="{3,4,8,93"

"{3,4,8,93"
menge(H,"x"yB>
done
EB

01,30 (1540, (1,80, (1,90

result:

"1, 30, (1,40,(1,8),

(13903 0(2430,(2,40,

(2,80,0(2,92,(4,3),

Cdyddy (4380, (4,903

Alge Standard Real Bog gn)

B [exftoe| £ Pudrie] [P

"1y 2,43

N Datei Edit Einf. Aktion

B [eftoe] & Pudrile] P

(B [zdd ] & PadAdv] ]

A=="{1,2,423"

W Datei Edit Einf. Aktion 1%

"1y2,43 ™ " "
B:="{3,4,8,9" B:="{3,4,8,93" B:="{3,4,8,93" tlsdsd
"{3’4,8’9}" "(3,4,8,9}" II{3,4,8,9)II
menge(ﬂ,"=",B) menge(ﬂ,"E", A meﬁge(ﬁ,"c"sﬂ)
done done
BB EE BB
"false" "true'
8] 1] fal
MEMGEMGLEICHHEIT UMECHTE TEILMENGE ECHTE TEILMENGE
false true

false

Alae Standard Real Bog dm)

Alge Standard Real Bog dm)

Alae Standard Real Bog qn)

Now we can work with names:

Let be A:= “{Anna, Alan, Max, Marc, Tanja}” and B:= “{Anna, Paul, Max, Otto}”
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W File Edit Insert Action iX:

(B [zdddte] & PadAAv] [2]

W File Edit Insert Action :X:

H [zt | 2 Mﬂl

A:= “{Anna, Alan, Max, M

Incorrect Argument

A:= "{Anna,Alan, Max,Marc, »

[mth [abe [cat | 20 |EOEIE]
AHEBEEHEEERE R
HEEEIRERNENE =
~E e £ )
£l |FlE|f|a]cFl<[1]2]4
(TR A | Vel Va3 & 3|

| b7 |MATH] SPACE | &

Ala Standard Real Rad qm)

Alg Standard Rea

Ny File Edit Insert Action

(B [z | & |AC]AAY] [2]

A:= "{Anna,Alan, Max, Mar» |~
1nna, Alany Max, Marc, Tanj»
B:= "{Anna,Paul,Max, Ottcr

"{Annay Paul, Max, Otto 2"
menge{A, "Wy B>

W File Edit Insert Action X}

(B [zl | & PasArAv] 2]

A:= "{Anna,Alan, Max, Mar» |~

4nnas Alan, Max, Marc, Tani»

B:= "{Anna,Paul,Max, Ottcr
"{Anna, Paul, Max, Otto "

menge(A,"n",B>

4

done done
BB EE
1zyMarc, Tania, Paul, Otto" "{Anna, Max}"
inl
VEREINIGUNG SCHNITTMENGE
{Annay Alan, Max, Marc, Tanja, LAnna, Maxs

Alg Standard Real Rad qm)

Ala Standard Real Rad qm)

use the correct strings “...”

and so on.

3. The individual programs for one task (see SA2011-workshop-Paditz.vcp)
Another student has created 8 several single programs for one operation or relation.

Variable Manager [X] Variable Manager [ X] N File Edit Insert Action
Edit & All Search Edit Yiew All 3
Currd "library" Folder | library 11¥ars Blzdée B | ]
O eAct aVars|a O8ARYRank PRGM 1760|a Benutzung der
O main avars(] O8LINEqSys PRGM 1488 Set-Programme
&8SetCartF PRGM 15952 4
& 8Sethiff PRGM 13444 @ Michael Schneider
& §SetEqual PRGM 16824 2611,
&gSetinter PRGM 146688 paditz@htw-dresden. de
F8SetPSubs PRGM 11528 Yersion: 0.14Beta
& 8SetsShiff PRGM 14782
E8SetSubs PRI 9284 Set-Programme
L@menge PRGM 21460 Wahrheitswert—nuckgak’
(true/false):
SetEqual{) - Equality
{Gleichheit>
- v SetPSubs() - Proper
Subset (Echte Teilmenge)
NEUT NEUT SetSubs{)> - Subset
SetSubsC) -
Ala Standard Real Rad qm) Ala Standard Real Rad qm) Alg Standard Real Rad qm]

The programs have English names: SetUnion (for L), Setlnter (for N), SetDiff (for \),
SetSDiff (for A), SetCartP (for x), SetSubs (for <), SetPSubs (for <), SetEqual(for =).
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Let us check these programs. We idn’t need any operation or relation symbol. The syntax is as
follows: Set...(A,B), where the sets are given in strings “ “ but without brackets { and } .

The result is stored in the variable Result, the elements are in alpha-numerical order (sorted
by their ASCII-codes)

N File Edit Insert Action

N File Edit Insert Action N File Edit Insert Action

B[zl & [A2[AA] [ [(BLSz¢e] 2 Padrdle] ] [BLSzlbe] £ Fadae] [

Mengen-Rickgabe: A:="3,3,856,645,3,3,9" A:="5,3,8,6,6,5,3,3,9"

"5y 38465 655,3,3,9" "S53 338565655,3,3,9"
SetCartP¢) - Cartesian SetUnionCA, A SetDiff (A, A
Product (Kartesisches done done
Produkt? Result Result
SetDiff() - Difference "3, 556,8,93" g
(Differenz) o o

Setlnter() - Intersection
(Schnittmenge)
SetSDiff() - Symmetric
difference (Symmetrische
Differenz)

SetUnion(? — Union
(Yereiniguna?

Hinweis: Die
Ruckaabe-Mengen sind
alpha-numerisch sortiert.

Union (Yereiniquna) Difference (Differenz)
{3,5,6,8,9% ‘@z

Ala Standard Real Rad qm] Ala Decimal FReal Rad qm

Ala Decimal Real Rad qm]

N File Edit Insert Action

N File Edit Insert Action N File Edit Insert Action

(B ['Sz]de] & Padrdiv] ]| [(BLSzlbe] £ Padrdie] ]| [([BLSzl0e] 8 Padae] 2]

A="Sy2,8,6,6,5,3,3,9" |4 A:="033584656,5,3,3,9"

H:="5’ 3’8’ 6’6, 5’ 3, 3’9“
"5, 3 806965 5,3,3,9" 5.3 8 6s6,5,3,3,9" "5y 386.6,5,3,3,9"
B:="S, 3, 1" B:="S, 3, 1" B:="S, 3, 1"
“5,3! 1" "5,3! 1" "5!3! 1"
SetUnion(A, B> Setlnter (A, B> SetSDiff (A, B
done done done
Result : Result Result
"1,3,5,648,9% 3,5 "{1,6,6,8,93
ful ful o
Union (Yereinigung? Intersection (Schnittmenge) Symmetric difference (Symms
{1,3,5:6,8,9% {3,5% {1,6,6,8,9%

Alg Decimal Real Rad gmn) Ala Decimal Real Rad qn)

Ala Decimal Real Rad qm)

In the last result is a cosmetic error: double 6, better {1,6,8,9}. The student has to improve his

program. To simplify the result we use SetUnion(Result,Result) = Result. At first we get an
erTor message.

W File Edit Insert Action (X |V Edit IZ]' W File Edit Insert Action
(A ['Sz]te] & Padrdv] 3] (A [3z]w] & PadAA] 2
HE= Dy SsCs by by iy Sy 0y 7 [a] N Mo " in Stri oo [a]
"Sy 3y 86565y 3y 3, 9" [ alowedt o Result
Biavs, 3, 1" "C1y6y6 8y 9
U5, 3, 1" SetUnion{Result,Result)
SetSDiIff(A,B) done
done Result:="1,6,6,8,9"
Result "14646,8,9"
"$1,6,648,9% SetUnion{Result, Result)
Setlnion(Result, Result) E Cancel done [v
Union (Yereinigung?
{1,6,8,93

Ala Decimal Real Rad qn]

.

Ala Decimal Real Rad qm]
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Here we remark, that the input is without brackets { and }, but the result variable has
brackets!

=0 R O I T e = 1 O N T =

A:="ab,ba,d,c,a"

A:="ab,ba,dsc,a"

“ab,ba,d,c, a" "ab,ba,d,c,a"
Br=tz,yy " Br=z, 2t
Ilz,y, x!i "Z,y!x“
SetUnion{A, B> SetCartP(A, B>
done done
Result Result
"Casabsbascadyxy sz " asx)yayyds(ayz),y (ab P
Inl
Union (Vereiniguna? Cartesian Product (Kartesisc
{a,ab,ba,c,d,x,y,z} {(a,x), (a, y), (a, Z), (ab, X)’

Ala Decimal Real Rad qm) Ala Decimal Real Rad gm

4. Final remarks

During the learning process our students have good ideas to solve several problems in
development new programs. The final step is to check the new programs and improve the
errors, which appear during the first check of the new created programs. Here we have the
Add-In in the final version 1.0 but the other programs in a Beta version 0.9 and 0.14
respectively. Later we will publish some updates.

For the HP 50g calculator you can find set programs here (by Clemens Heuson)
http://www.heuson-software.de/heusoneng.htm

In the internet we have a nice symbolic and numeric calculator:
http://www.tusanga.com/
Here we can do set theory calculations too.

A next step could be to create a program for drawing Venn diagrams, cp.
http://en.wikipedia.org/wiki/Set %28mathematics%29

Download:
http://www.informatik.htw-dresden.de/~paditz/Set-Theory-SA2011.zip

The Set-Theory-SA2011.zip contains following parts:
- the Real_Sets.exe together with ClassPadDLLgcc.dll for a Windows-PC
- the CASIO ClassPad Add-in application: Real Sets.cpa
- the CASIO ClassPad Manager Virtual ClassPad File: SA2011-workshop-Paditz.vcp
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