
Listen

à Listen im alltäglichen Umgang mit Mathematica 

ClearAll@"Global‘*"D

SolveAx2 � 1, xE
88x ® -1<, 8x ® 1<<

Solve@82 x + 4 y � 6, x - y � 0<, 8x, y<D
88x ® 1, y ® 1<<

PlotB:Sin@xD, �����������������������
Sin@3 xD

3
, �����������������������
Sin@5 xD

5
>, 8x, 0, Π<F
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� Iteratoren

TableAi2, 83<E

9i2, i2, i2=

TableAi2, 8i, 3<E
81, 4, 9<
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TableAi2, 8i, 2, 4<E
84, 9, 16<

TableBi2, :i, 2, 4, ���
1

2
>F

:4, ������25

4
, 9, ������

49

4
, 16>

TableAi2, 8i, 4, 2, -1<E
816, 9, 4<

Range@5D
81, 2, 3, 4, 5<

Range@3, 5D
83, 4, 5<

Range@3, 5, 0.3D
83., 3.3, 3.6, 3.9, 4.2, 4.5, 4.8<

� Listen erzeugen

l = 81, 2, 3, 4, 5<
81, 2, 3, 4, 5<

l = TableAx2, 8x, 0, 4<E
80, 1, 4, 9, 16<

MapAð2 &, Range@0, 4DE
80, 1, 4, 9, 16<

l = TableAx2, 8x, 0, 50, 10<E
80, 100, 400, 900, 1600, 2500<

l = Table@xy, 8x, 0, 3<, 8y, 2, 4<D
880, 0, 0<, 81, 1, 1<, 84, 8, 16<, 89, 27, 81<<

l = Table@Table@xy, 8y, 2, 4<D, 8x, 0, 3<D
880, 0, 0<, 81, 1, 1<, 84, 8, 16<, 89, 27, 81<<
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l �� Grid

0 0 0
1 1 1
4 8 16
9 27 81

Table@nm, 8n, 1, 3<, 8m, 1, n<D
881<, 82, 4<, 83, 9, 27<<

Table@Table@nm, 8m, 1, n<D, 8n, 1, 3<D
881<, 82, 4<, 83, 9, 27<<

l := Table@f@xnD, 8n, 1, 5<D;
l

9f@xD, fAx2E, fAx3E, fAx4E, fAx5E=

f@x_D := x3;
l

9x3, x6, x9, x12, x15=

Table@x@iD, 8i, 1, 5<D
8x@1D, x@2D, x@3D, x@4D, x@5D<

Array@x, 5D
8x@1D, x@2D, x@3D, x@4D, x@5D<

l = 881, 2<, 83, 4, 5<, 86, 7, 8, 9<<;

Length@lD
3

Length@lP3TD
4

Length@a + b + cD
3

Depth@8a, b, c<D
2

Depth@lD
3
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8Depth@a + b cD, Depth@a + b�cD<
83, 4<

Depth@8a, b, c + d<D
3

� Auf Listenelemente zugreifen

l = 8a, b, c, d<;

lP2T
b

lP-1T
d

lP0T
List

Ha + bLP0T
Plus

lP82, 4<T
8b, d<

Part@l, 2D
b

Part@l, 82, 4<D
8b, d<

Part@l, Range@2, 4DD
8b, c, d<

lP2 ;; 4T
8b, c, d<

l = 88a, b, c<, 8d, e, f<, 8g, h, i<<;

l �� Grid
a b c
d e f
g h i
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lP1T
8a, b, c<

lP1, 3T
c

Part@l, 1, 3D
c

lP82, 3<, 81, 2<T
88d, e<, 8g, h<<

Part@l, 82, 3<, 81, 2<D
88d, e<, 8g, h<<

l = :1, a, bc,
�!!!!!
3 >;

8Head@lD, First@lD, Last@lD<

:List, 1,
�!!!!!
3 >

Head@a + bD
Plus

� Funktionen und Listen

ClearAll@"Global‘*"D

Map@f, 8a, b, c<D
8f@aD, f@bD, f@cD<

f �� 8a, b, c<
8f@aD, f@bD, f@cD<

5 8a, b, c<
85 a, 5 b, 5 c<

Attributes@PlusD
8Flat, Listable, NumericFunction, OneIdentity, Orderless, Protected<

8a, b, c< + 8d, e, f<
8a + d, b + e, c + f<
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l = TableB ������������
i

i + 1
, 8i, 5<F

: ���1
2
, ���
2

3
, ���
3

4
, ���
4

5
, ���
5

6
>

l �� N
80.5, 0.666667, 0.75, 0.8, 0.833333<

x81,2,3,4,5<

9x, x2, x3, x4, x5=

Apply@f, 8a, b, c<D
f@a, b, cD

f �� 8a, b, c<
f@a, b, cD

Map@f, a + b + cD
f@aD + f@bD + f@cD

f �� g@a, b, cD
g@f@aD, f@bD, f@cDD

Apply@f, a + b + cD
f@a, b, cD

f �� g@a, b, cD
f@a, b, cD

� Listen manipulieren

ClearAll@"Global‘*"D

l = 81, 2, 3, 4<;

Append@l, 7D
81, 2, 3, 4, 7<

l

81, 2, 3, 4<

Prepend@l, 7D
87, 1, 2, 3, 4<

listen.nb 6



8First@lD, Rest@lD<
81, 82, 3, 4<<

Join@81, 2, 3, 4<, 86, 4, 5, 3<D
81, 2, 3, 4, 6, 4, 5, 3<

l = 888a, b<, 8c, d<<, 88e, f<, 8g, h<<<;

Flatten@lD
8a, b, c, d, e, f, g, h<

Flatten@l, 1D
88a, b<, 8c, d<, 8e, f<, 8g, h<<

l = Table@Random@Integer, 100D, 850<D;
Partition@l, 5D
8884, 80, 9, 32, 99<, 818, 29, 75, 14, 84<, 878, 8, 47, 81, 34<,
80, 66, 95, 83, 69<, 822, 47, 11, 39, 59<, 862, 42, 91, 80, 66<,
818, 16, 100, 66, 66<, 893, 48, 89, 27, 49<, 899, 6, 90, 31, 50<, 86, 85, 7, 15, 59<<

lPðT & �� Table@5 i + j, 8i, 0, 9<, 8j, 1, 5<D
8884, 80, 9, 32, 99<, 818, 29, 75, 14, 84<, 878, 8, 47, 81, 34<,
80, 66, 95, 83, 69<, 822, 47, 11, 39, 59<, 862, 42, 91, 80, 66<,
818, 16, 100, 66, 66<, 893, 48, 89, 27, 49<, 899, 6, 90, 31, 50<, 86, 85, 7, 15, 59<<

l = 88a, b, c<, 8d, e, f<<
88a, b, c<, 8d, e, f<<

Thread@lD
88a, d<, 8b, e<, 8c, f<<

Transpose@lD
88a, d<, 8b, e<, 8c, f<<

lP81, 2<, ðT & �� Range@3D
88a, d<, 8b, e<, 8c, f<<

81, 2, 3< + 8a, b, c<
81 + a, 2 + b, 3 + c<

81, 2, 3< � 8a, b, c<
81, 2, 3< � 8a, b, c<

81, 2, 3< == 8a, b, c< �� Thread
81 � a, 2 � b, 3 � c<
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glsys = 8x + y, y - z, z + 2 x< == 81, 2, 3<;
glsys �� Thread
8x + y � 1, y - z � 2, 2 x + z � 3<

Solve@glsys, 8x, y, z<D
88x ® 4, y ® -3, z ® -5<<

� Substitutionslisten

ClearAll@"Global‘*"D

gls = 9x2 + y � 3, y2 + x � 3=

9x2 + y � 3, x + y2 � 3=

sol = Solve@gls, 8x, y<D

:8x ® -1, y ® 2<, 8x ® 2, y ® -1<,

:x ® ���1
2
J-1 -�!!!!!!!!13 N, y ® ���

1

2
J-1 -�!!!!!!!!13 N>, :x ® - ���1

2
+ �������������

�!!!!!!!!
13

2
, y ® ���

1

2
J-1 +�!!!!!!!!13 N>>

Map@8x, y< �. ð &, solD

:8-1, 2<, 82, -1<, : ���1
2
J-1 -�!!!!!!!!13 N, ���1

2
J-1 -�!!!!!!!!13 N>, :- ���1

2
+ �������������

�!!!!!!!!
13

2
, ���
1

2
J-1 +�!!!!!!!!13 N>>

8x, y< �. sol

:8-1, 2<, 82, -1<, : ���1
2
J-1 -�!!!!!!!!13 N, ���1

2
J-1 -�!!!!!!!!13 N>, :- ���1

2
+ �������������

�!!!!!!!!
13

2
, ���
1

2
J-1 +�!!!!!!!!13 N>>

MapATableAxi + yi, 8i, 1, 4<E �. ð &, solE �� Expand

:81, 5, 7, 17<, 81, 5, 7, 17<, :-1 -�!!!!!!!!13 , 7 +
�!!!!!!!!
13 , -10 - 4

�!!!!!!!!
13 , 31 + 7

�!!!!!!!!
13 >,

:-1 +�!!!!!!!!13 , 7 -
�!!!!!!!!
13 , -10 + 4

�!!!!!!!!
13 , 31 - 7

�!!!!!!!!
13 >>

TableAxi + yi, 8i, 1, 4<E �. sol �� Expand

:81, 5, 7, 17<, 81, 5, 7, 17<, :-1 -�!!!!!!!!13 , 7 +
�!!!!!!!!
13 , -10 - 4

�!!!!!!!!
13 , 31 + 7

�!!!!!!!!
13 >,

:-1 +�!!!!!!!!13 , 7 -
�!!!!!!!!
13 , -10 + 4

�!!!!!!!!
13 , 31 - 7

�!!!!!!!!
13 >>

à Beispiel: Nullstellen eines Polynoms über Zp

ClearAll@"Global‘*"D
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primeList = Select@Range@50D, PrimeQD
82, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47<

werteTafel = TableA9x, ModAx3 + x + 1, 31E=, 8x, 0, 30<E
880, 1<, 81, 3<, 82, 11<, 83, 0<, 84, 7<, 85, 7<, 86, 6<, 87, 10<,
88, 25<, 89, 26<, 810, 19<, 811, 10<, 812, 5<, 813, 10<, 814, 0<, 815, 12<,
816, 21<, 817, 2<, 818, 23<, 819, 28<, 820, 23<, 821, 14<, 822, 7<, 823, 8<,
824, 23<, 825, 27<, 826, 26<, 827, 26<, 828, 2<, 829, 22<, 830, 30<<

Select@werteTafel, ðP2T � 0 &D
883, 0<, 814, 0<<

Map@ðP1T &, %D
83, 14<

SelectARange@0, 30D, ModAð3 + ð + 1, 31E � 0 &E
83, 14<

sol@p_?PrimeQD := SelectARange@0, p - 1D, ModAð3 + ð + 1, pE � 0 &E

?sol

Global‘sol

sol@p_?PrimeQD := SelectARange@0, p - 1D, ModAð13 + ð1 + 1, pE � 0 &E

sol@13D
87<

8ð, sol@ðD< & �� primeList

882, 8<<, 83, 81<<, 85, 8<<, 87, 8<<, 811, 82<<, 813, 87<<, 817, 811<<, 819, 8<<, 823, 84<<,
829, 826<<, 831, 83, 14<<, 837, 825<<, 841, 8<<, 843, 838<<, 847, 825, 34, 35<<<

9ð, FactorAx3 + x + 1, Modulus ® ðE= & �� primeList

992, 1 + x + x3=, 93, H2 + xL I2 + x + x2M=, 95, 1 + x + x3=,
97, 1 + x + x3=, 911, H9 + xL I5 + 2 x + x2M=, 913, H6 + xL I11 + 7 x + x2M=,
917, H6 + xL I3 + 11 x + x2M=, 919, 1 + x + x3=, 923, H19 + xL I17 + 4 x + x2M=,
929, H3 + xL I10 + 26 x + x2M=, 931, H17 + xL2 H28 + xL=, 937, H12 + xL I34 + 25 x + x2M=,
941, 1 + x + x3=, 943, H5 + xL I26 + 38 x + x2M=, 847, H12 + xL H13 + xL H22 + xL<=

à Beispiel: Punkte auf einer elliptischen Kurve über Zp

ClearAll@"Global‘*"D
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l1 = Table@8x, y<, 8x, 0, 10<, 8y, 0, 10<D;
Short@l1, 4D
8880, 0<, 80, 1<, 80, 2<, 80, 3<, 80, 4<, 80, 5<, 80, 6<, 80, 7<, 80, 8<, 80, 9<, 80, 10<<,
�9�, 8810, 0<, 810, 1<, 810, 2<, 810, 3<, 810, 4<,
810, 5<, 810, 6<, 810, 7<, 810, 8<, 810, 9<, 810, 10<<<

l2 = Join �� l1;
Short@l2, 5D
880, 0<, 80, 1<, 80, 2<, 80, 3<, 80, 4<, 80, 5<, 80, 6<, 80, 7<, 80, 8<,
80, 9<, 80, 10<, 81, 0<, 81, 1<, 81, 2<, 81, 3<, 81, 4<, 81, 5<,�87�,
89, 5<, 89, 6<, 89, 7<, 89, 8<, 89, 9<, 89, 10<, 810, 0<, 810, 1<, 810, 2<,
810, 3<, 810, 4<, 810, 5<, 810, 6<, 810, 7<, 810, 8<, 810, 9<, 810, 10<<

ec11 = SelectAl2, ModAðP2T2 - ðP1T3 - 1, 11E � 0 &E
880, 1<, 80, 10<, 82, 3<, 82, 8<, 85, 4<, 85, 7<, 87, 5<, 87, 6<, 89, 2<, 89, 9<, 810, 0<<

ec11 = SelectAJoin �� Table@8x, y<, 8x, -5, 5<, 8y, -5, 5<D, ModAðP2T2 - ðP1T3 - 1, 11E � 0 &E
88-4, -5<, 8-4, 5<, 8-2, -2<, 8-2, 2<,
8-1, 0<, 80, -1<, 80, 1<, 82, -3<, 82, 3<, 85, -4<, 85, 4<<

ListPlot@ec11, PlotStyle ® PointSize@0.02DD

-4 -2 2 4

-4

-2

2

4

ec@p_?PrimeQD :=

SelectAJoin �� Table@8x, y<, 8x, p<, 8y, p<D, ModAðP2T2 - ðP1T3 - 1, pE � 0 &E

primeList = Select@Range@50D, PrimeQD; Map@8ð, Length@ec@ðDD< &, primeListD
882, 2<, 83, 3<, 85, 5<, 87, 11<, 811, 11<, 813, 11<, 817, 17<, 819, 11<,
823, 23<, 829, 29<, 831, 35<, 837, 47<, 841, 41<, 843, 35<, 847, 47<<
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à Teillisten und Muster

� Select, MatchQ und Cases

l = :1, a, bc, d3, e + f,
�!!!!!
3 >;

Cases@l, __D

:bc, d3,
�!!!!!
3 >

Select@l, MatchQ@ð, __D &D

:bc, d3,
�!!!!!
3 >

CasesAl, x_y_IntegerE

9d3=

SelectAl, MatchQAð, __IntegerE &E

9d3=

CasesAl, x_y_Integer ® x2 yE

9d6=

SelectAl, MatchQAð, __IntegerE &E �. x_y_Integer ® x2 y

9d6=

DeleteCases@l, __D
81, a, e + f<

Select@l, ! MatchQ@ð, __D &D
81, a, e + f<

u = 12 H1 + xL5 �� Expand
12 + 60 x + 120 x2 + 120 x3 + 60 x4 + 12 x5

Cases@u, 12 __D

912 x5=

Cases@u, __ _D

960 x, 120 x2, 120 x3, 60 x4, 12 x5=
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Select@u, MatchQ@ð, _ __D &D

60 x + 120 x2 + 120 x3 + 60 x4 + 12 x5

List �� %

960 x, 120 x2, 120 x3, 60 x4, 12 x5=

l

� Weitere Listenkommandos

Cases@l, _SymbolD
8a<

Count@l, _SymbolD
1

MemberQ@l, _TimesD
False

FreeQ@l, _PowerD
False

FreeQ@l, _TimesD
True

Count@u, _TimesD
5

MemberQ@u, _PowerD
False

FreeQ@u, _PowerD
False

� Zusammengesetzte Muster und Defaultmuster

l = 95, x2, ab+c, Ha + bLc+d=;

Clear@fD;
f@x__D := x + 3;
Map@f, lD
8f@5D, 3 + x, 3 + a, 3 + a + b<

listen.nb 12



Clear@fD;
f@x : __D := x + 3;
Map@f, lD
9f@5D, 3 + x2, 3 + ab+c, 3 + Ha + bLc+d=

l = 91, x, x2, a, a x, a x2=;

Cases@l, x_D

9x2=

Cases@l, x_.D

9x, x2=

Cases@l, _ x_.D

9a x, a x2=

Cases@l, _. x_.D

9x, x2, a x, a x2=

à Spezielle listenbasierte Datenstrukturen

� Mengen

ClearAll@"Global‘*"D

l1 = 81, 2, 3, 4<; l2 = 86, 5, 4, 3<; l3 = 81, 3, 2, 1, 2<;

l1 Ü l2
81, 2, 3, 4, 5, 6<

Union@l3D
81, 2, 3<

l3 Ü 8<
81, 2, 3<

l1 Ý l2
83, 4<

Complement@l1, l2D
81, 2<
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MemberQ@l1, 1D
True

� Vektoren und Matrizen

ClearAll@"Global‘*"D

VectorQ@v = 81, 2, 3<D
True

VectorQ@881<, 82, 3<<D
False

MatrixQ@881, 2<, 83, 4<<D
True

MatrixQ@881, 2<, 83, 4, 5<<D
False

m = 881, 2, 3<, 84, 5, 6<, 87, 8, 9<, 810, 11, 12<<;
m �� MatrixForm
i

k

jjjjjjjjjjjj

1 2 3
4 5 6
7 8 9
10 11 12

y

{

zzzzzzzzzzzz

m.v �� MatrixForm

i

k

jjjjjjjjjjjj

14
32
50
68

y

{

zzzzzzzzzzzz

v.v

14

Dimensions@mD
84, 3<

Hml = Transpose@mDL �� MatrixForm

i

k
jjjjjjj
1 4 7 10
2 5 8 11
3 6 9 12

y

{
zzzzzzz

ml �� Dimensions
83, 4<

à
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Weitere Beispiele

� Komplexe Zahlen in Real− und Imaginärteil aufspalten

ClearAll@"Global‘*"D

l = Table@Random@ComplexD, 85<D
80.0330212 + 0.465473 ä, 0.155084 + 0.88999 ä,
0.821288 + 0.221346 ä, 0.144917 + 0.0909742 ä, 0.223424 + 0.8069 ä<

Table@8Re@lPiTD, Im@lPiTD<, 8i, Length@lD<D
880.0330212, 0.465473<, 80.155084, 0.88999<,
80.821288, 0.221346<, 80.144917, 0.0909742<, 80.223424, 0.8069<<

Map@ 8Re@ðD, Im@ðD< &, lD
880.0330212, 0.465473<, 80.155084, 0.88999<,
80.821288, 0.221346<, 80.144917, 0.0909742<, 80.223424, 0.8069<<

8Re@ðD, Im@ðD< & �� l

880.0330212, 0.465473<, 80.155084, 0.88999<,
80.821288, 0.221346<, 80.144917, 0.0909742<, 80.223424, 0.8069<<

8Re@lD, Im@lD< �� Thread
880.0330212, 0.465473<, 80.155084, 0.88999<,
80.821288, 0.221346<, 80.144917, 0.0909742<, 80.223424, 0.8069<<

� Komplexe Zahlen aus zwei Listen konstruieren

ClearAll@"Global‘*"D

l = 8Table@Random@D, 85<D, Table@Random@D, 85<D<
880.523902, 0.616014, 0.421656, 0.194263, 0.85307<,
80.231122, 0.0517396, 0.461006, 0.957623, 0.667823<<

Table@lP1, iT + I lP2, iT, 8i, Length@lP1TD<D
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

ðP1T + I ðP2T & �� Thread@lD
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

Map@Apply@ð1 + I ð2 &, ðD &, Transpose@lDD
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<
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Thread@8lP1T, lP2T<D �. 8x_, y_< -> x + I y

80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

Apply@Hð1 + I ð2L &, lD
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

Thread@Hð1 + I ð2L &@lP1T, lP2TDD
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

Hð1 + I ð2L &@lP1T, lP2TD
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

lP1T + I lP2T
80.523902 + 0.231122 ä, 0.616014 + 0.0517396 ä,
0.421656 + 0.461006 ä, 0.194263 + 0.957623 ä, 0.85307 + 0.667823 ä<

� Gleitender Durchschnitt

ClearAll@"Global‘*"D

l = Table@Random@Integer, 20D, 810<D
817, 11, 3, 0, 1, 10, 11, 6, 11, 12<

sublists = Table@lPi + Range@4DT, 8i, 0, 6<D
8817, 11, 3, 0<, 811, 3, 0, 1<, 83, 0, 1, 10<,
80, 1, 10, 11<, 81, 10, 11, 6<, 810, 11, 6, 11<, 811, 6, 11, 12<<

Partition@l, 4, 1D
8817, 11, 3, 0<, 811, 3, 0, 1<, 83, 0, 1, 10<,
80, 1, 10, 11<, 81, 10, 11, 6<, 810, 11, 6, 11<, 811, 6, 11, 12<<

sums = Apply@Plus, ðD & �� sublists

831, 15, 14, 22, 28, 38, 40<

Apply@Plus, sublists, 81<D
831, 15, 14, 22, 28, 38, 40<

sums�4

: ������31

4
, ������
15

4
, ���
7

2
, ������
11

2
, 7, ������

19

2
, 10>

gleitenderDurchschnitt@l_List, n_Integer?Hð > 0 &LD :=

HApply@Plus, ðD & �� Table@lPi + Range@nDT, 8i, 0, Length@lD - n<DL�n
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l1 = Table@8x, 2 Sin@xD + Random@D<, 8x, 0, Π, 0.01<D;

l2 = gleitenderDurchschnitt@l1, 20D;

p1 = ListLinePlot@l1, AxesOrigin ® 80, 0<D;
p2 = ListLinePlot@l2, AxesOrigin ® 80, 0<D ;
GraphicsGrid@88p1, p2<<D
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0.5
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