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Kurs B Cours

6. Manipulation von Listen
B Manipulation de listes

Die Gliederung dieses Kurses folgt in groben Ziigen dem Buch von Nancy
Blachman: A Practical Approach....
Hinweis: Kapitel 6 lesen!
Run mit WIN+Mathematica Version 5.2

B L'articulation de ce cours correspond a peu pres a celle du livre de Nancy
Blachman: A Practical Approach....
Indication: Lire le chapitre 6.
Testé avec Mathematica version 5.2+WIN

WIR94/98/99/2000/2007 // Copyright Rolf Wirz

6.0. Einleitung
I Introduction

Listen - wassind Listen - wasist das?
B Deslistes- qu'est - ce?
In[1]:= ?7?Li st
{el, e2, ... }is alist of elenents. Mehr...

Attributes[List] = {Locked, Protected}

Eingabe einer Liste:
B Entrer une liste:

In[2]:= list0O = {5, 4.78, a, 8 + vy, Sin[x], D
I nteger, x->E}

Qut[2]= {5, 4.78, a, 8x+y, Sin[x], D, Integer, X - e}

Oft gibt Mathematica auch Listen aus. Beispiel:
B Mathematica sort souvent des listes. Exemple:
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In[3]:

Sol ve[{2x + By == 19, 3x + 7y == 27}]

Qut [ 3] {{x->2, y->3}}

Hier ist eine Liste mit einer Liste ausgegeben worden.
B Ici onasorti uneliste qui contient une liste.

Ebenso z.B. bei "Options':
B Egalement p.ex. avec "Options":
In[4]:= Options[N ntegrate]

Qut[4]= {AccuracyCGoal — w, Conpil ed - True, Eval uati onMonitor - None, GaussPoi nts — Aut omati c,
MaxPoi nts - Aut omati ¢, MaxRecursi on - 6, Met hod - Aut omati ¢, M nRecursi on - 0,
Preci si onGoal - Autonatic, SingularityDepth -4, Wrki ngPreci si on - Machi nePreci si on}

Hier ist eine Liste ausgegeben worden.
B Ici onasorti uneliste.

6.1. Erzeugung von Listen
B Générer des listes

6.1.1. Befehle
B Ordres

Zur Erzeugung von Listen stehen verschiedene Befehle zur Verfigung:
B Pour créer des listes on aplusieurs ordres a disposition:

In[5]:= ??Range
Range[i max] generates the list {1, 2, ... , imax}. Range[im n, inax] generates
the list {imn, ... , imax}. Range[inin, imax, di] uses step di. Mehr...
Attribut es[Range] = {Li stabl e, Protected}
In[6]:= ??Tabl e
Tabl e[expr, {imax}] generates a list of imax copies of expr. Table]
expr, {i, imax}] generates a |list of the values of expr when i runs from
1 to imax. Table[expr, {i, imn, imax}] starts with i = imn. Tabl e[expr,
{i, imn, imax, di}] uses steps di. Table[expr, {i, imn, imax}, {j, jmn,
jmax}, ... ] gives a nested list. The |ist associated with i is outernost. Mehr...

Attributes[Tabl e] = {Hol dAI' |, Protected}

In[7]:= ??Array

Array[f, n] generates a list of length n, with elenents f[i]. Array|
f, {nl, n2, ... }] generates an nl by n2 by ... array of nested lists,
with elements f[il, i2, ... ]. Array([f, {(nl, n2, ... }, {rl, r2, ... }]

generates a list using the index origins ri (default 1). Array[f, dims,
origin, h] uses head h, rather than List, for each | evel of the array. Mehr...

Attributes[Array] = {Protected}
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6.1.2. Erzeugung einer Liste mit "Range"
I Créer une liste avec "Range"

Beispiele: B Exemples:

In[8]:= Range[ 5]

at[8]= {1, 2, 3, 4, 5}
In[9]:= Range[ 7. 896]
at[9]= {1, 2, 3, 4, 5, 6, 7}
In[10]: = Range[ 6, 12]

Qut [ 10] {6, 7, 8, 9, 10, 11, 12}

In[11]:= Range[3.4, 8.7]

Qut [ 11] (3.4, 4.4, 5.4, 6.4, 7.4, 8.4}
In[12]:= Range[3.4, 8.7, 1.2]

Qut[12]= (3.4, 4.6, 5.8, 7., 8.2}

6.1.3. Erzeugung einer Liste mit "Table"
B Générer des listes avec "Table"

Beispiele: B Exemples:

In[13]:= Tabl e[ hoi, {6}]

Qut[13]= ¢{hoi, hoi, hoi, hoi, hoi, hoi}
In[14]:= Table[i!,{i, 6}]

Qut[14]= {1, 2, 6, 24, 120, 720}

In[15]:= Table[3i,{i, 6, 14}]

Qut[15]= {18, 21, 24, 27, 30, 33, 36, 39, 42}
In[16]:= Table[i,{i, 4, 40, 5}]

Qut [ 16] {4, 9, 14, 19, 24, 29, 34, 39}

In[17]:= Table[{i, i72},{i, 5}]

aut[17]= {{1, 1}, {2, 4}, {3, 9}, {4, 16}, {5, 25}}

In[18]:= Table[a[i] + b[j], {i, 1, 3}, {j., 4, 6}]

Qut [ 18] af[l] +b[5], a[l] +b[6]},

+b[5], a[2] +b[6]}, {a[3] +b[4], a[3] +b[5], a[3] +b[6]}}

]

{{a[l] +b[4],
+b[4], a[2

{a[2] [

Dasist eine Liste von Listen, d.h. eine Matrix.
Zur besseren Darstellung verwenden wir "MatrixForm™:
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B Clest uneliste delistes, c'est-a-dire une matrice.
Pour plus de clarté nous utilisons "MatrixForm"

In[19]:= MatrixForni %

Qut[19]// Matri xForme
af[l] +b[4] af[l]+b[5] a[l] +b[6]
a[2] +b[4] a[2] +b[5] a[2] +b[6]
a[3] +b[4] a[3]+b[5] a[3]+b[6]

Ein Iterator kann auch von einem andern abhangen:
B Un itérateur peut aussi dépendre d'un autre:

In[20]:= Table[a[i] + b[j], {i, 1, 3}, {j, i, 6}]

Qut [ 20] {{a[l] +b[1], a[l] +b[2], a[1l] +b[3], a[l] +b[4], a[l] +b[5], a[l] +b[6]},
{a[2] +b[2], a[2] +b[3], a[2] +b[4], a[2] +b[5], a[2] +b[6]},

{a[3] +b[3], a[3] +b[4], a[3] +b[5], a[3] +b[6]}}

In[21]:= MatrixForn{%

Qut[21]// Matri xFor m=

{a[l] +b[1], a[1] +b[2], a[l] +b[3], a[l] +b[4], a[l] +b[5], a[l] +b[6]}
{a[2] +b[2], a[2] +b[3], a[2] +b[4], a[2] +b[5], a[2 b[6]}
{a[3] +b[3], a[3] +b[4], a[3 b(5], a[3 b[6]}

6.1.4. "Array"
I "Array"”

Mit "Array" kann man eine symbolische Matrix erzeugen:
B Avec"Array" on peut créer une matrice symbolique:

In[22]:= O ear[a]

In[23]:= Array[a, {2, 3}]

Qut[23]= {{a[l, 1], a[l1, 2], a[l1, 3]}, {a[2, 1], a[2, 2], a[2, 3]}}

In[24]:= MatrixForn{ %

Qut[24]// Matri xForm=
arl, 17 afl, 21 ajfi, 3]
(a[z, 1] af2, 2] a[2, 3]

In[25]:= a = 17; Array[a,{2, 3}] // MatrixForm

Qut[25]// Matri xForme
17(1, 17 171, 2] 171, 3]
1712, 17 172, 2] 172, 3]
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6.2. Umordnen von Listen
I Ranger autrement des listes

6.2.1. Befehle
I Ordres

In[26]:= ??Sort

Sort [list] sorts the elenents of list into canonical
order. Sort[list, p] sorts using the ordering function p. Mehr...

Attributes[Sort] = {Protected}
In[27] : = ??Reverse
Reverse[expr] reverses the order of the elenents in expr. Mehr...

Attributes[Reverse] = {Protected}

In[28]:= ??Rot at eLeft

Rot at eLeft [expr, n] cycles the elements in expr n positions to the left.
Rot at eLeft [expr] cycles one position to the left. RotatelLeft [expr, {nl,
n2, ... }] cycles elenments at successive levels ni positions to the |eft. Mehr...

Attributes[RotatelLeft] = {Protected}

In[29]:= ??Rot at eRi ght

Rot at eRi ght [expr, n] cycles the elenents in expr n positions to the right.
Rot at eRi ght [expr ] cycles one position to the right. RotateRight[expr, {nl,
n2, ... }] cycles elements at successive levels ni positions to the right. Mehr...

Attributes[Rot at eRi ght] = {Protected}
In[30]:= ??Pernutations

Pernut ations[list] generates a list of all possible pernutations of the elenents in |ist.
Mehr...

Attributes[Pernutations] = {Protected}

In[31]:= ??Drop

Drop[list, n] gives list withits first n elenments dropped. Drop[li st,
-n] gives list with its last n elenents dropped. Drop[list, {n}] gives list
with its nth el enent dropped. Drop[list, {m n}] gives list with elenents m
through n dropped. Drop[list, {m n, s}] gives list with elenents mthrough
nin steps of s dropped. Drop[list, seql, seq2, ... ] gives a nested list in
whi ch el ements specified by seqi have been dropped at level i in Iist. Mehr...

Attributes[Drop] = {NHol dRest, Protected}
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In[32]:= ??Take

Take[list, n] gives the first n elenents of list. Take[list, -n] gives the last n el enents of

list. Take[list, {m n}] gives elenents mthrough n of list. Take[list, {m n,
s}] gives elements mthrough n in steps of s. Take[list, seql, seq2, ... ] gives a
nested |ist in which el ements specified by seqi are taken at level i in |list. Mehr...

Attributes[Take] = {NHol dRest, Protected}
In[33]:= ??First
First [expr] gives the first element in expr. Mehr...

Attributes[First] = {Protected}
In[34] : = ??Last
Last [expr] gives the last elenent in expr. Mehr...

Attributes[Last] = {Protected}

In[35]:= ??Part

expr [[i ]] or Part [expr, i] gives the ith part of expr. expr[[-i]]
counts fromthe end. expr [[0]] gives the head of expr. expr[[i, j, ... 1]
or Part [expr, i, j, ... ] is equivalent to expr[[i]] [[J]] ... . expr[[
(i1, i2, ... } 1] gives a list of the parts il, i2, ... of expr. Mehr...

Attributes[Part] = {NHol dRest, Protected, ReadProtected}
In[36] : = ??Rest
Rest [expr] gives expr with the first el enent renoved. Mehr...
Attributes[Rest] = {Protected)}
In[37]:= ??Sel ect

Select [list, crit] picks out all elements ei of list for which crit[ei] is True. Select]|
list, crit, n] picks out the first n elements for which crit[ei] is True. Mehr...

Attributes[Sel ect] = {Protected}

6.2.2. Anwendungen
I Applications

Hier einige Beispiele:

B Voici quelques exemples:

In[38]:= listA = Tabl e[ Randon{ | nteger, {0, 12}],{16}]
out[38]= {3, 0,5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}
In[39]:= Sort[listA]

Qut[39]= {0, 1, 1, 1, 2, 2, 3, 3, 3, 5 6, 6, 8, 10, 11, 12}
In[40]:= Union[listA]

aut[40]= (0, 1, 2, 3, 5, 6, 8, 10, 11, 12}
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"Sort" sortiert die Liste, "Union" sortiert sie auch, eliminiert aber Duplikate
von Elementen.
B "Sort" trielaliste, "Union" latrie aussi, mais élimine les doubles des é éments.

In[41]: = Reverse[listA]

Qt[41]= {1, 10, 3, 11, 2, 3, 2, 8, 6, 6, 1, 1, 12, 5, O, 3}

In[42]:= RotatelLeft[% 3]

ut[42]= (11, 2, 3, 2, 8, 6, 6, 1, 1, 12, 5, 0, 3, 1, 10, 3}

In[43]:= RotateRi ght[% 4]

ut[43]= (3, 1, 10, 3, 11, 2, 3, 2, 8, 6, 6, 1, 1, 12, 5, 0}

In[44]:= Pernmutations[{a, b, c}]

Qut[44]= ({17, b, ¢}, {17, ¢, b}, {b, 17, ¢}, (b, ¢, 17}, {c, 17, b}, {c, b, 17}}

In[45]:= Pernutations[{a, b, b}]

Qut[45]= {{17, b, b}, {b, 17, b}, {b, b, 17}}

6.3. Erweiterung und Verkirzung von Listen
I Allonger et raccourcir des listes

6.3.1. Befehle
I Ordres

Probiere aus: B Essaie

In[46]:= ?Append
Append[expr, elem gives expr with el emappended. Mehr...
In[47] := ?AppendTo
AppendTo[s, el em] appends elemto the value of s, and resets s to the result. Mehr...
In[48]:= ?Drop
Drop[list, n] gives list withits first n elenments dropped. Drop[li st,
-n] gives list with its last n elenments dropped. Drop[list, {n}] gives list

with its nth el enent dropped. Drop[list, {m n}] gives list with elenents m
through n dropped. Drop[list, {m n, s}] gives list with elenents mthrough

nin steps of s dropped. Drop[list, seql, seq2, ... ] gives a nested list in
whi ch el ements specified by seqi have been dropped at level i in Iist. Mehr...
In[49]:= ?Insert

Insert [list, elem n] inserts elemat positionninlist. If nis negative,
the position is counted fromthe end. Insert [expr, elem {i, j, ... }]
inserts elemat position {i, j, ... } in expr. Insert[expr, elem {{i1,
i1, ...}, {i2,j2, ... }, ... }] inserts elemat several positions. Mehr...
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In[50]:= ?Prepend
Prepend[expr, elem] gives expr with el em prepended. Mehr...
In[51]:= ?PrependTo
PrependTo[s, elem prepends elemto the value of s, and resets s to the result. Mehr...
In[52]:= ?Rest
Rest [expr] gives expr with the first el enent renpved. Mehr...
In[53]:= ?Take
Take[list, n] gives the first n elenents of list. Take[list, -n] gives the last n elenments of
list. Take[list, {m n}] gives elenents mthrough n of list. Take[list, {m n,
s}] gives elements mthrough n in steps of s. Take[list, seql, seq2, ... ] gives a
nested |ist in which el enents specified by seqi are taken at level i in list. Mehr...
In[54]:= ?First
First[expr] gives the first element in expr. Mehr...
In[55]:= ?Last

Last [expr] gives the last elenent in expr. Mehr...

In[56] := ?Part

expr [[i ]] or Part [expr, i] gives the ith part of expr. expr[[-i]]
counts fromthe end. expr[[0]] gives the head of expr. expr[[i, j, ... 1]
or Part [expr, i, j, ... ] is equivalent to expr[[i]] [[J]] ... . expr[[
(i1, i2, ... } 1] gives a list of the parts i1, i2, ... of expr. Mehr...

In[57]:= ?Sel ect

Select [list, crit] picks out all elements ei of list for which crit[ei] is True. Select]|
list, crit, n] picks out the first n elements for which crit[ei] is True. Mehr...

6.3.2. Beispiele
I Exemples

Probiere aus: B Essaie

In[58]:= Print[listA];
Rest[listA]

(3,0,5 12,1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}
Qut[59]= {0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

Wasist passiert?
B Que sest-il passe?

I n[60] :
Drop[listA, 10]

aut[60]= (3, 2, 11, 3, 10, 1}
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In[61]:= Drop[listA, -5]

ut[61]= (3, 0, 5 12, 1, 1, 6, 6, 8, 2, 3)

In[62]:

Drop[listA {2}]

Qut [ 62] {3, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

In[63]:= Drop[listA {1}]

at[63]= {0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

In[64]:= Drop[listA {3}]

Qut [ 64] {3, 0, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

In[65]:= Drop[listA, {1,8}]

Qut [ 65] {8, 2, 3, 2, 11, 3, 10, 1}

In[66]:= Drop[listA {4,12}]

aut[66]= (3, 0, 5, 11, 3, 10, 1}

In[67]:= Take[listA, 4]

aut[67]= {3, 0, 5, 12}
In[68]:= Take[listA, -6]
at[68]= {3, 2, 11, 3, 10, 1}

In[69]:= Take[listA {4, 6}]

t[69]= {12, 1, 1}
In[70] : = Append[listA, 99]
at[70]= {3, 0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1, 99}

In[71]:= Prepend[listA, 100]

at[71]= {100, 3, O, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

In[72]:= Insert[listA 999, 4]
t[72]= {3, 0, 5, 999, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}
In[73]:= listA

at[73]1= {3, 0, 5 12, 1, 1, 6, 6, 8 2, 3, 2, 11, 3, 10, 1}

Bei all diesen Operationenist "listA" unverdndert geblieben. Nicht aber bei den folgenden Operationen:
B Pendant toutes ces opérations "listA" n'a pas changé. Celan'est pas le cas pour les opérations suivantes:

In[74]:= Print[listA];
AppendTo[ | i stA, 2000]

(3,0,5 12,1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1}

at[75]= {3, 0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1, 2000}
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In[76] := PrependTo[listA, 555]

Qut [ 76] {555, 3, 0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1, 2000}

6.4. Zahlung der Elemente einer Liste
B Compter les éléments d'une liste

6.4.1. Befehle:
I Ordres:

Probiere aus: B Essae:

In[77]: = ?Length
Lengt h[expr] gives the nunber of elenents in expr. Mehr...
In[78]:= ?Di nensi ons

Di mensions[expr] gives a list of the dinensions of expr. Dinmensions|
expr, n] gives a list of the dinensions of expr down to | evel n. Mehr...

6.4.2. Anwendungen
I Applications

In[79]:= Length[listA]

Qut[79]= 18

In[80]:= Length[{a, 4, 278, t"2 + 2t - 6, matrix}]

Qut[80]= 5

In[81]:= Length[{{a, 4, 278, t"2 + 2t - 6, matrix},
li stA}]

Qut[8l]= 2

In[82]:= Dinmensions[{{a, 4, 278, t"2 + 2t - 6, matrix},
listA}]

ut[82]= {2}

In[83]:= Dinmensions[{{a, 4, 278, t"2 + 2t - 6, matrix},
listA}, 0]

Qut[83]= {}

In[84]:= Dimensions[{{a, 4, 278, t"2 + 2t - 6, matrix},
listA}, 1]

Qut[84]= {2}
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In[85]:= Dinmensions[{{a, 4, 278, t"2 + 2t - 6, matrix},
listA, 2]

Qt[85]= {2}

In[86]:= MatrixForni{{a, 4, 278, t"2 + 2t - 6, matrix},

listA]

Qut[86]// Matri xFor m=
(17, 4, 256, -6+2t +t2, matrix}
(555, 3, 0, 5, 12, 1, 1, 6, 6, 8, 2, 3, 2, 11, 3, 10, 1, 2000}

In[87]:= Dinmensions[{{a, 4, 2”8, t~"2 + 2t - 6},
{1, 2, 3, 4}}, 2]

Qt[87]= {2, 4}

In[88]:= MatrixForni{{a, 4, 27”8, t~2 + 2t - 6},

{1, 2, 3, 4}}]

Qut[88]// Matri xFor m=
17 4 256 -6+2t +t2
1 2 3 4

6.5. Zusammenflgen von Listen, Beziehungen
zwischen Listen
I Assemblage de listes, relations entre listes

6.5.1. Befehle
I Ordres

Probiere aus. B Essaie

In[89]:= ?Conpl ement

Conpl enent [eal |, el, e2, ... ] gives the elenents in eall which are not in any of the ei.
Mehr...

In[90]:= ?Uni on
Union[listl, list2, ... ] gives a sorted list of all the distinct

el ements that appear in any of the listi. Union[list] gives a sorted version
of a list, in which all duplicated el enents have been dropped. Mehr...

In[91]:= ?Join

Join[listl, list2, ... ] concatenates |lists together. Join
can be used on any set of expressions that have the same head. Mehr...

In[92]:= ?Intersection

Intersection[listl, list2, ... ] gives a sorted list of the elenents common to all the listi.
Mehr...
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6.5.2. Anwendungen
I Applications
In[93]:= Complement[{1, 2, 3, 4, 5},{1, 2, 3}]

Qut[93]= {4, 5)

In[94] := Intersection[{a, b, c, d, e, f},
{d, e, f i

ut[94]= {d, e, f}

In[95]:= Union[{a, b, ¢, d, e, f},

Qut [ 95]

{17, b, ¢, d, e, f, g, h, i, ], k}

Inf[96]:= Union[{1, 1, 1, 1, 2, 1, 3, 3, 3, 2, 4, 2, 4, 4,
3, 3, 3}]

t[96]= {1, 2, 3, 4}

In[97]:= Join[{a, b, c, d, e, f},{d, e, f, g, h, i, j, k}]

Qut[97]= {17, b, c, d, e, f, d, e, f, g, h, i, ], k}

In[98]:= Join[{1, 2, 1, 1, 2, 2},{1, 2, 2, 1, 3, 2, 1,
3, 3}]

t[es]= {1, 2,1, 1, 2 2, 1,2 2, 1,3, 2,1, 3, 3}

In[99]:= Union[{1, 2, 1, 1, 2, 2},{1, 2, 2, 1, 3, 2, 1,

3, 3}]

auit[99]= {1, 2, 3}

6.6. Veranderung der Form einer Liste
0§ Changer la forme d'une liste

6.6.1. Befehle
B Ordres

Probiere aus: B Essae:
In[100]: =

?Fl atten

Flatten[list] flattens out nested lists. Flatten[list, n] flattens
to level n. Flatten[list, n, h] flattens subexpressions with head h. Mehr...
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In[101]: =
?Partition

Partition[list, n] partitions list into non-overlapping sublists of length n. Partitionflist

n, d] generates sublists with offset d. Partition[list, {nl, n2, ... }] partitions
a nested list into blocks of size n1 x n2 x .... Partition[list, {nl, n2, ... },
{d1, d2, ... }] uses offset di at level i inlist. Partition[list, n, d, {kL, kR}]

specifies that the first elenent of |ist should appear at position kL in the first
sublist, and the last elenent of |ist should appear at or after position kR in the
last sublist. If additional el enents are needed, Partition fills themin by treating
list as cyclic. Partition[list, n, d, {kL, kR}, x] pads if necessary by repeating
the element x. Partitionflist, n, d, {kL, kR}, {x1, x2, ... }] pads if necessary by
cyclically repeating the elenents xi. Partition[list, n, d, {kL, kR}, {}] uses no
paddi ng, and so can yield sublists of different lengths. Partition[list, nlist, dlist
(klistL, klistR}, padlist] specifies alignnments and padding in a nested |ist. Mehr...

In[102]: =
?Tr anspose
Transpose[list] transposes the first two levels in |list

Transpose[list, {nl, n2, ... }] transposes list so that the levels 1
2, ... inlist correspond to levels nl, n2, ... in the result. Mehr...

6.6.2. Anwendungen
I Applications

In[103]: =
vectorl = Range[ 10]

Qut[103] =
(1, 2, 3, 4, 5,6, 7, 8 9, 10}

In[104]: =
matrix1 = Partition[vectorl, 5]

Qut [ 104] =
({1, 2, 3, 4, 5}, {6, 7, 8, 9, 10}}

In[105]: =
Mat ri xFor nf mat ri x1]

Qut[105]// Matri xForme
1 2 3 4 5
6 7 8 9 10

In[106]: =

matrix2 = Partition[vectorl, 4]
Qut[106] =

{{1, 2, 3, 4}, {5 6, 7, 8}}
In[107]: =

matri x3 = Partition[vectorl, 3]

Qut [ 107] =
{{1, 2, 3}, {4, 5, 6}, {7, 8, 9}}
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In[108]: =

matri x4 = Partition[vectorl, 2.5]

Partition::ilsnp: Single or list of positive nachine-size integers
expected at position 2 of Partition[{l, 2, 3, 4, 5, 6, 7, 8, 9, 10}, 2.5]. Mehr ...

Qut [ 108] =

Partition[{l, 2, 3, 4, 5, 6, 7, 8, 9, 10}, 2.5]

Wasist passiert?
B Que sest-il passé?

In[109]: =

Partition[{1, 35, 432, 2, 5467, 4, 3, 987, 87},

3]

Qut [ 109] =

{{1, 35, 432}, {2, 5467, 4}, {3, 987, 87}}
In[110]: =

Partition[{1, 2, 3, 4, 5 6, 7}, 3, 1]
out[110] =

{1, 2, 33, {2, 3, 4}, (3, 4, 5}, {4, 5, 6}, {5, 6, 7}}
In[111]: =

Partition[{{1, 2, 3}, {4, 5, 6}, {7, 8, 9},

{a, b, c}}, 2, 1]

Qut[111] =

{{{1, 2, 3}, {4, 5, 6}}, {{4, 5 6}, (7,8, 9}}, {{7,8, 9},
In[112]: =

Print[matrix1];

Flatten[ matri x1]

{{1, 2, 3, 4, 5}, {6, 7, 8, 9, 10}}
out[113] =

{1, 2, 3, 4, 5, 6, 7, 8,9, 10}
In[114]: =

m={{1, 2, 3, a},{4, 5 6, b}}
Qut[114] =

{{1, 2, 3, 17}, {4, 5, 6, b}}
In[115]: =

Transpose[ n
Qut[115] =

{{1, 4}, {2, 5}, {3, 6}, {17, b}}

{17, b, c}}}
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In[116]: =
Print[MatrixFornim];
Mat ri xFor n{ Transpose[ m ]

1 2 3 17
(456b)

Qut[117]// Matri xFor me=

1 4
2 5
3 6
17 b

6.7. Elemente herauspicken
I Choisir quelques éléments

6.7.1. Befehle
I Ordres

Oben sind schon "First", "Last" und "Part erwahnt worden.

B Plushaut on adéanommé "First", "Last", et "Post".

6.7.2. Anwendungen
I Applications

In[118]: =

listel ={a, b, ¢, d, e, f, g}
Qut[118] =

{17, b, c, d, e, f, g}
In[119]: =

First[listel]

Qut[119] =
17

In[120]: =
Last[listel]

Qut [ 120] =
g

In[121]:

listel[[4]]

Qut [ 121]

In[122]: =

Print[{listel[[2]],listel[[3]],listel[[4]],

listel[[5]]}]

{b, c, d, e}
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In[123]: =
listel[[ Range[2, 5] ]]

Qut[123] =
(b, c, d, e}

In[124] : =
arrayl = Array[a, {2, 2}]

Qut[124] =
({1711, 13, 171[1, 21}, {17[2, 1], 17[2, 2]}}

In[125]: =
arrayl[[2]]

Qut[125] =
(17[2, 17, 17[2, 2]}

In[126]: =
arrayl[[1, 2]]

Qut[126] =
171, 2]

6.8. Auswahl von Daten
B Choisir des données

6.8.1. Befehle
B Ordres

Probiere aus: B Essaie

In[127]: =
?Sel ect

Select [list, crit] picks out all elements ei of list for which crit[ei] is True. Select|
list, crit, n] picks out the first n elements for which crit[ei] is True. Mehr...
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In[128]:=
?*Q
System”
Ar gunent Count Q Matri xQ
ArrayQ Menmber Q
At onQ NaneQ
DigitQ Nunber Q
EllipticNoneQ Nureri cQ
EvenQ OddQ
Exact Nunber Q Opti onQ
FreeQ O deredQ
Hyper geonet ri cPFQ PartitionsQ
| nexact Nurmber Q Pol ynomi al Q
I nt eger Q PrimeQ
I nt er val Menber Q SameQ
I nverseEl |'i pti cNomeQ Stri ngFreeQ
Legendr eQ St ri nghMat chQ
LetterQ StringQ
Li nkConnect edQ Synt axQ
Li nkReadyQ Tensor Q
Li stQ TrueQ
Lower CaseQ UnsaneQ
Machi neNurmber Q Upper CaseQ
Mat chLocal NaneQ Val ueQ
Mat chQ Vect or Q
In[129]: =
?DigitQ
DigitQ[string] yields True if all the characters in the string
are digits in the range 0 through 9, and yields Fal se otherw se. Mehr...
In[130]: =
?IntegerQ
IntegerQexpr] gives True if expr is an integer, and Fal se ot herw se. Mehr...
In[131]: =
?letterQ
LetterQ[string] yields True if all the characters
inthe string are letters, and yields Fal se ot herwi se. Mehr...
In[132]: =
?Lower CaseQ
Lower CaseQ[string] yields True if all the characters in
the string are | ower -case letters, and yields Fal se ot herw se. Mehr...
In[133]: =

?Machi neNunber Q

Machi neNunber Qexpr] returns True if expr is a machine-
precision real or conplex nunber, and returns Fal se ot herwi se. Mehr...
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I n[ 134]

I n[135]:

I n[136] :

I n[137]:

I n[138]:

I n[139]:

I n[ 140] :

In[141]:

In[142]:

I n[ 143] :

I n[144]:

?Matri xQ

Matri xQ[expr] gives True if expr is a list of lists or a two-di nensi onal SparseArray object
that can represent a matrix, and gives Fal se otherw se. Matri xQ[expr, test] gives True
only if test yields True when applied to each of the matrix elenents in expr. Mehr...

?NameQ

NanmeQ["string"] yields True if there are any synbol s whose
names match the string pattern given, and yields Fal se ot herwi se. Mehr...

?Nunber Q

Nunber Q(expr ] gives True if expr is a nunber, and Fal se ot herwi se. Mehr...

?2QddQ

QddQ[expr] gives True if expr is an odd integer, and Fal se ot herwi se. Mehr...

?EvenQ

EvenQlexpr] gives True if expr is an even integer, and Fal se ot herw se. Mehr...

?Pri meQ

PrimeQlexpr] yields True if expr is a prime number, and yields Fal se ot herwi se. Mehr...

?Upper CaseQ

Upper CaseQ[string] yields True if all the characters in
the string are upper-case letters, and yields Fal se ot herw se. Mehr...

?Val ueQ

Val ueQ[expr] gives True if a value has been defined for expr, and gives Fal se ot herw se.

Mehr...

?VectorQ

VectorQ[expr] gives True if expr is a list or a one-di nensi onal SparseArray object, none of
whose el ements are thenselves |ists, and gives Fal se otherw se. VectorQ[expr, test]
gives True only if test yields True when applied to each of the elenents in expr. Mehr...

?Positiv*

Positive[x] gives True if x is a positive nunber. Mehr...

?Negat *

Negative[x] gives True if x is a negative nunber. Mehr...
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6.8.2. Anwendungen
I Applications

Probiere aus: B Essae:

In[145]: =
Member Q| i stel, 3]
Qut[145] =
Fal se
In[146]: =
Menmber I istel, a]
Qut [ 146] =
True
In[147]: =
menge = {-4, 3, 5.678, enl, Emm, 4, 0, -2, -4,
Pi, 27(1/2)}
Qut [ 147] =
{-4, 3, 5.678, enil, Emm, 4, 0, -2, -4, n, 2}
In[148]: =
Sel ect [ menge, Positive]
Qut [ 148] =
{3, 5.678, 4, r, \/?}
In[149]: =
Select[{a, b, ¢, d, X, y, z}, Positive]
Qut[149] =

{17}

Bel "Select” steht also hinten das Selektionskriterium. Solche Kriterien kann man selbst definieren. Beispiel:
B Quant a"Select", le critére de sélection se trouve alafin. On peut définir soi-méme de tels critéres. Exemple:

In[150]: =

?Pr eci si on

Precision[x] gives the effective number of digits of precision in the nunber x. Mehr...
In[151]: =

?===

lhs === rhs yields True if the expression

Ihs is identical to rhs, and yields Fal se otherw se. Mehr...

In[152]: =

exakt[x_] := Precision[x] === Infinity
In[153]: =

Select[{-6, O, 3, 3.1414333, 1.111111, Pi, E,

N[ Sqrt[2], 10], 5.66}, exakt]

Qut [ 153] =

{-6, 0, 3, 1, e}
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6.9. Rechnen mit Listen
B Calculer avec des listes

6.9.1. Befehle
I Ordres
In[154] : =
?2Sum
Sum(f, {i, imax}] evaluates the sumof the expressions f as
evaluated for each i from1l to imax. Sumf, {i, imn, imax}] starts with
i =imn Sum(f, (i, imn, imax, di }] uses steps di. Sum(f, {i, imn,
imax}, {j, jmn, jmax}, ... ] evaluates a sumover nultiple indices. Mehr...
In[155]: =
?Pl us

X +Yy + z represents a sumof ternms. Mehr...

In[156]: =
?Apply

Apply[f, expr] or f @@ expr replaces the head of expr by f. Apply[f, expr
| evel spec] repl aces heads in parts of expr specified by | evel spec. Mehr...

6.9.2. Wie man's macht:
I C'est ainsi que cela se fait:

In[157]: =
Sunin”2, {n, 7}]
Qut[157] =
140
In[158]: =
mei neDaten = {3.4, 6.1, 5.3}
Qut [ 158] =
(3.4, 6.1, 5.3}
In[159]: =
Sun mei neDaten[[n]], {n, Length[neineDaten]}]
Qut [ 159] =
14.8
In[160]: =

Plus[1, 1, 1, 1, 1]

Qut [ 160] =
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In[161] : =
Plus[1, 2, 3, 4, 5]

Qut[161] =

15
In[162]: =

Plus[a, b, c, d]
Qut[162] =

17+b+c+d
In[163]: =

Plus[{a, b, c, d}]
Qut[163] =

{17, b, ¢, d}

In[164]: =
??Pl us

X +Yy + z represents a sumof ternms. Mehr...

Attributes[Plus] = {Flat, Listable, NumericFunction, Oneldentity, Orderless, Protected}

Default [Plus] :=0

"Plus" hat das Attribut "Listable".
B "Plus’ al'attribut "Listable".

In[165]: =
??Li stabl e

Listable is an attribute that can be assigned to a synbol f to indicate that the function f
shoul d autonatical |y be threaded over lists that appear as its argunents. Mehr...

Attributes[Listable] = {Protected}

"Plus" auf eine Liste angewandt addiert nur ein Element, ndmlich die Liste selbst. Wie nun "Plus" aber auf die Elemente
anwenden? - So:
B "Plus' appliqué a une liste additionne seulement un élément, c'est-a-dire la liste méme. Comment appliquer "Plus"
aux éléments? - Ainsi:
In[166]: =

Apply[Plus, {a, b, c, d}]
Qut [ 166] =

17+b+c +d

Was geht nun schneller, "Sum™ oder "Plus" ?
B Qu'est-ce qui est plusrapide, "Sum" ou "Plus'?

In[167]: =
Ti m ng[ Appl y[ Pl us, Range[500]]]

Qut[167] =
{0. Second, 125250}
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In[168]: =
Ti ming[ Sunin, {n, 500}]]

Qut[168] =
{0. Second, 125250}

6.10. Auf Listen anwendbare arithmetische
Funktionen
I Fonctions arithmétiques applicables a des
listes

Beispiele
I Exemples

Wir wenden "Log" auf eine Liste an:
B Nous appliquons "Log" auneliste:

In[169]: =

??Log

Log[z] gives the natural logarithmof z ¢

| ogarithmto base e). Log[b, z] gives the logarithmto base b. Mehr...

Attributes[Log] = {Li stabl e, Numeri cFunction, Protected}
In[170]: =

Log[{1, 2, 3, 4, 5, 6, 7}]
Qut[170] =

{0, Log[2], Log[3], Log[4], Log[5], Log[6], Log[7]}
In[171]: =

N[ %4
Qut[171] =

{0., 0.693147, 1.09861, 1.38629, 1.60944, 1.79176, 1.94591}
Oder mit "Sinus":

B Ouavec"Snus':

In[172]: =
Sin[{1, 2, 3, 4, 5 6, 7}]
Qut[172] =
{Sin[l], Sin[2], Sin[3], Sin[4], Sin[5], Sin[6], Sin[7]}
In[173]: =
Sin[{1, 2, 3, 4, 5 6, 7}] // N
Qut[173] =
{0. 841471, 0.909297, 0. 14112, -0.756802, -0.958924, -0.279415, 0.656987}
Oder "Plus":

B Ou"Plus":
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Engi neeri ngForm
Excl udedFor ns

In[174]: =
?Pl us
X +Yy + z represents a sumof terns. Mehr...
In[175]: =
?* For n¥
System”
Account i ngFor m Mat hMLFor m
BaseFor m Mat ri xFor m
Bi nar yFor mat Nunber For m
Bl ankFor m Nunber For mat
BoxFor nfFor mat Types CQut put Form
CFor m Cut put For nDat a
Col onForm CQut put ToQut put For m
Col umFor m CQut put ToSt andar dFor m
ConmonDef aul t For mat Types PaddedFor m
Def aul t For mat Type Par ent For m
Def aul t For mat TypeFor Styl e Past eBoxForm nli neCel | s
Def aul t I nl i neFor mat Type Poi nt For m
Def aul t | nput For mat Type Pol ynomi al Form
Def aul t Qut put For mat Type PrecedenceForm
Def aul t Text For mat Type Pri nt Form
Def aul t Text | nl i neFor mat Type Pronpt For m
Di spl ayForm Real Bl ockFor m
DOSText For mat Ret ur nl nput For nPacket
EdgeFor m Rul eFor m

ScientificForm
SequenceForm

FaceForm Set BoxFor nNanesPacket
Fi | eFor nat ShowShor t BoxFor m
Font For m SpaceForm

For mat St andar dForm

For mat Rul es StringForm

For mat Type Styl eForm

For mat TypeAut oConver t Synt axFor m

For mat Val ues Tabl eForm

For mBox TeXForm

For mBoxOpt i ons Text Form
FortranForm Tradi ti onal Form
Ful | Form TreeForm

Hol dFor m Val ueForm

Hori zont al Form Vertical Form

| nput Aut oFor nat $BoxFor s

| nput Form

| nput ToBoxFor nPacket
I nput Tol nput For m

| nput ToSt andar dFor m
Li neFor m

LongFor m

$Expor t For mat s
$For mat Type

$I nport For mat s
$Qut put For ns
$Pri nt For ns

$Suppr essl nput For mHeads
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In[176]: =
Ful l Fornfa + b]

Qut[176]// Ful | For me

Pl us[17, b]
In[177]: =

Plus[{1, 2, 3, 4}, {a, b, c, d}]
Qut[177] =

{18, 2+b, 3+c, 4+d}
In[178]: =

{1, 2, 3, 4} + {a, b, c, d}
out[178] =

{18, 2+b, 3+c, 4+d}

Attribute einiger Funktionen:
B Attributs de quelques fonctions:

In[179]: =
Attributes[{Exp, Log, Sin, Cos, Plus, Tinmes}]
Qut[179] =
{{Li stabl e, NunericFunction, Protected, ReadProtected},
{Li stabl e, Nureri cFunction, Protected},
{Li stabl e, Nureri cFunction, Protected}, {Listable, NunericFunction, Protected},
{Flat, Listable, NunmericFunction, Oneldentity, Orderl ess, Protected},
{Flat, Listable, NumericFunction, Oneldentity, Orderl ess, Protected}}
In[180]: =
Attributes[Attri butes]
Qut [ 180] =

{Hol dAI'l , Listable, Protected}

"Attributes' hat also auch das Attribut "Listable".
B "Attributes’ adonc aussi I'attribut "Listable".

6.11. Listable und Map
I Listable et Map

6.11.1. Befehle
B Ordres

Probiere: B Essaie:
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I n[181]:

In[182]:

I n[183]:

6.11.

22Map

Map[f, expr] or f /@ expr applies f to each element on the first level in expr. Map[
f, expr, levelspec] applies f to parts of expr specified by |evel spec. Mehr...

Attributes[Map] = {Protected}

Options[Map] = {Heads - Fal se}

?Li stabl e

Listable is an attribute that can be assigned to a synbol f to indicate that the function f
shoul d autonatical |y be threaded over lists that appear as its argunents. Mehr...

?Apply

Apply[f, expr] or f @@ expr replaces the head of expr by f. Apply[f, expr,
| evel spec] repl aces heads in parts of expr specified by |evel spec. Mehr...

2. Anwendungen
I Applications

Es gibt zwei Wege, eine Funktion auf eine Liste anzuwenden: mit "Listable" als Attribut und mit der Funktion "Map".

Probiere:

B |l y adeux fagons d'appliquer une fonction & une liste: avec I'attribut "List" et avec lafonction "Map". Essaie:

I n[184] :

Qut [ 184]

I n[185]:

fi{1, 2, 3, 4, 5 6}]

fr{1, 2, 3, 4, 5, 6}]

?f

d obal " f

fist nicht "Listable".
B Fn'est pas"Listable"

I n[186]:

Qut [ 186]

Map[f, {1, 2, 3, 4, 5, 6}]

{fr1y, fr2y, £33, 141, f[5), f[6]}

So geht's! Oder so:

1 Voila

I n[ 187] :

Qut [ 187]

Quains:

Map[f, a x*2 + b x + c]

frc)] +f[bx]+f[17x?)
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Map wirkt auf die Teile eines Ausdrucks! Beachte:

B Map aun effet sur les parties d'une expression! Remarque:

In[188]: =

Map[f, {a, b, c, d, e}]
Qut[188] =

(f (171, f[b], f[c], f[d], fle]}
In[189]: =

Apply[f, {a, b, c, d, e}]
Qut[189] =

f[17, b, c, d, e]

Mit Apply wird f angewandt auf die Elemente der Menge als Ganzes, wéhrend mit Map digjenige Menge gebildet wird,

die als neue Elemente die Funktionswerte der einzelnen alten Elemente enthélt.
B Avec Apply on applique f aux éléments de |I'ensemble comme un tout, tandis qu'avec Map on forme I'ensemble qui
contient en tant qu'é éments nouveaux les val eurs des fonctions des vieux ééments.

Statt Apply und Map kann man auch /@ und @@ benutzen. Beispiele:
B On peut employer aussi /@ et @@ au lieu de Apply et Map. Exemple:

In[190]: =

fl@a, b, c, d, e}
Qut[190] =

{f (171, f [b], flc], f[d], f[e]}
In[191]: =

f@ada, b, c, d, e}
Qut[191] =

f[17, b, c, d, e]
In[192]: =

Sinf@0, Pi, 2 Pi, 2, 3, 4, 5, 6}
Qut[192] =

{0, 0, 0, Sin[2], Sin[3], Sin[4], Sin[5],
In[193]: =

fi[x_, y_,z_]:= Sin[x z"2] Cos[y]
In[194]: =

flad1l, 2, 3}
Qut[194] =

Cos[2] Sin[9]
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6.12. Formatierung von Listen
I Formater des listes

6.12.1. Befehle
I Ordres

Probiere; B Essaie:

In[195]: =
?Col umFor m
Col umForm {el, €2, ... }] prints as a colum with el above e2, etc. Col umFormli st
hori z] specifies the horizontal alignnent of each el ement. Col umFormli st,
horiz, vert] also specifies the vertical alignment of the whole col um. Mehr...
In[196]: =
?Matri xForm
MatrixFormlist] prints with the el enents of list arranged in a regular array. Mehr...
In[197]: =

?Tabl eForm
Tabl eForm[list] prints with the elenents of |list arranged in an array of rectangular cells

Mehr...

6.12.2. Beispiele

I Exemples
In[198]: =
?Bi nomi al
Bi nomial [n, m] gives the binomal coefficient. Mehr
In[199]: =
pascal [n_]:= Table[Binomal[n, i],{i, 0, n}]
In[200]: =
pascal [ 5]
Qut [ 200] =
{1, 5, 10, 10, 5, 1}
In[201]: =
Tabl e[ pascal [n], {n, 0, 5}]
Qut[201] =
({13, (1, 1y, {1, 2, 13, {1, 3, 3, 1}, {1, 4, 6, 4, 1}, {1, 5, 10, 10, 5, 1}}
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In[202]: =
Col uimFor n{ Tabl e[ pascal [n], {n, 0, 5}]]
Qut[202] =
{1}
{1, 1}
{1, 2, 1}
{1, 3, 3, 1}
{1, 4, 6, 4, 1}
{1, 5, 10, 10, 5, 1}
In[203]: =
Col uimFor n{ Tabl e[ pascal [n], {n, 0, 5}],
Qut [ 203] =
{1}
{1, 1}
{1, 2, 1}
{1, 3, 3, 1}
{1, 4, 6, 4, 1}
{1, 5, 10, 10, 5, 1}
I n[204]: =
Col uimFor n{ Tabl e[ pascal [n], {n, 0, 5}],
Qut[204] =
{1}
{1, 1}
{1, 2, 1}
{1, 3, 3, 1}
{1, 4, 6, 4, 1}
{1, 5, 10, 10, 5, 1}
In[205]: =
Col uimFor n{ Tabl e[ pascal [n], {n, 0, 5}],
Qut [ 205] =
{1}
{1, 13}
{1, 2, 1}
{1, 3, 3, 1}
{1, 4, 6, 4, 1}
{1, 5, 10, 10, 5, 1}
I n[206] : =

Tabl eFor n{ Tabl e[ pascal [n], {n, 0, 5}]]

Qut [ 206] / / Tabl eFor m=

1

1 1

1 2 1

1 3 3 1

1 4 6 4 1

1 5 10 10 5 1

Cent er]

Ri ght ]

Left]
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I n[207]: =
Mat ri xFor nf Tabl e[ pascal [n],{n, 0, 5}]]

Qut [207]// Matri xFor me=
{1}
{1, 1}
{1, 2, 1}
{1, 3, 3, 1}
{1, 4, 6, 4, 1}
{1, 5, 10, 10, 5, 1}

In[208]: =
Matri xForni Table[n - i,{i,5},{n, 5}]]
Qut [208]// Matri xFor m=
0 1 2 3 4
-1 0 1 2 3
-2 -1 0 1 2
-3 -2 -1 0 1
-4 -3 -2 -1 0

"Putzmaschine" einsetzen
I Employer la "machine de nettoyage"
In[209]: =

(* dd Form Remove["d obal " @"] *)

In[210]: =
Renmove["d obal ™ "]



