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A
dvanced topics

Kapitel 5

Matrizen und lineare Algebra

'HU�+3���*�HQWKlOW�HLQH�9LHO]DKO�YRQ�)XQNWLRQHQ�]XP�(LQJHEHQ�XQG�
%HDUEHLWHQ�YRQ�)HOGHUQ��%HL�HLQHP�)HOGREMHNW�NDQQ�HV�VLFK�XP�HLQHQ�
9HNWRU�RGHU�HLQH�0DWUL[�KDQGHOQ��

=DKOUHLFKH�GHU�LQ�GLHVHP�.DSLWHO�EHVFKULHEHQHQ�0DWUL[RSHUDWLRQHQ�VLQG�
HEHQIDOOV�DXI�9HNWRUHQ�DQZHQGEDU��,Q�GLHVHP�)DOO�ZLUG�GHU�DOOJHPHLQHUH�
$XVGUXFN�)HOG�DQVWHOOH�YRQ�0DWUL[�YHUZHQGHW�

0DWUL[:ULWHU�LQWHUSUHWLHUW�VWDQGDUGPl�LJ�HLQ�)HOG�PLW�HLQHU�=HLOH�DOV�
9HNWRU�XQG�QLFKW�DOV�0DWUL[��:HQQ�6LH�HLQ�HLQ]HLOLJHV�)HOG�DOV�0DWUL[�
LQWHUSUHWLHUHQ�P|FKWHQ��GU�FNHQ�6LH�]XHUVW�9(&�

)�U�$QZHLVXQJHQ�]XP�(UVWHOOHQ�YRQ�)HOGHUQ�¥�XQG�]XP�gIIQHQ�HLQHV�
)HOGHV�LQ�0DWUL[:ULWHU�¥�VLHKH�.DSLWHO���GHV�%HQXW]HUKDQGEXFKV�

MatrixWriter-Operationen
'HU�IROJHQGH�$EVFKQLWW�HQWKlOW�HLQH�hEHUVLFKW��EHU�GLH�LQ�0DWUL[:ULWHU�
YHUI�JEDUHQ�2SHUDWLRQHQ�

Bewegungen in einem Feld

0HWKRGH����3IHLOWDVWHQ

'U�FNHQ�6LH�GLH�3IHLOWDVWHQ��XP�GHQ�&XUVRU�YRQ�HLQHU�=HOOH�QXU�QlFKVWHQ�
]X�EHZHJHQ��

6LH�N|QQHQ�YRU�GHP�'U�FNHQ�HLQHU�3IHLOWDVWH�GLH�7DVWH�>�GU�FNHQ��XP�
GHQ�&XUVRU�GLUHNW�LQ�GLH�HUVWH�RGHU�OHW]WH�=HLOH�E]Z��6SDOWH�]X�EHZHJHQ��

� > ��YHUVFKLHEW�GHQ�&XUVRU�LQ�GLH�OHW]WH�6SDOWH�

� > ��YHUVFKLHEW�GHQ�&XUVRU�LQ�GLH�HUVWH�=HLOH�

� > ��YHUVFKLHEW�GHQ�&XUVRU�LQ�GLH�HUVWH�6SDOWH�

� > ��YHUVFKLHEW�GHQ�&XUVRU�LQ�GLH�OHW]WH�=HLOH�
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0HWKRGH����%HIHKO�*272

�� 'U�FNHQ�6LH�*272�

'LH�(LQJDEHPDVNH�§0DWUL[:ULWHU¨�ZLUG�DQJH]HLJW�

%HDFKWHQ�6LH��GDVV�VLFK�GHU�%HIHKO�*272�DXI�GHU�]ZHLWHQ�6HLWH�GHV�
0HQ�V�§0DWUL[:ULWHU¨�EHILQGHW��6LH�P�VVHQ�X�8��l�GU�FNHQ��XP�GHQ�
%HIHKO�DQ]X]HLJHQ�

�� *HEHQ�6LH�GLH�=HLOHQQXPPHU�GHU�JHZ�QVFKWHQ�=HOOH�HLQ�

�� 'U�FNHQ�6LH�\�

�� *HEHQ�6LH�GLH�6SDOWHQQXPPHU�GHU�JHZ�QVFKWHQ�=HOOH�HLQ�

�� 'U�FNHQ�6LH�\�

�� 'U�FNHQ�6LH�2.�RGHU�\�

'LH�0DWUL[�ZLUG�HUQHXW�DQJH]HLJW��'HU�&XUVRU�EHILQGHW�VLFK�QXQ�LQ�GHU�
=HOOH�PLW�GHQ�DQJHJHEHQHQ�=HLOHQ�6SDOWHQ�.RRUGLQDWHQ�

Bearbeiten eines Feldes
�� 6HW]HQ�6LH�GHQ�&XUVRU�LQ�GLH�]X�EHDUEHLWHQGH�=HOOH�

,P�YRUKHULJHQ�$EVFKQLWW�ZLUG�EHVFKULHEHQ��ZLH�6LH�GHQ�&XUVRU�
EHZHJHQ�

�� 'U�FNHQ�6LH�(',7�

'HU�,QKDOW�GHU�=HOOH�ZLUG�LQ�GLH�%HIHKOV]HLOH�NRSLHUW�

�� 1HKPHQ�6LH�GLH�bQGHUXQJHQ�YRU�

�� 'U�FNHQ�6LH�\��XP�GLH�bQGHUXQJHQ�YRQ�GHU�%HIHKOV]HLOH�LQ�GLH�=HOOH�
]X�VHW]HQ�

�� :HQQ�6LH�ZHLWHUH�=HOOHQ�lQGHUQ�P|FKWHQ��ZLHGHUKROHQ�6LH�GLH�6FKULWWH�
DE�6FKULWW���

�� 'U�FNHQ�6LH�\��XP�0DWUL[:ULWHU�]X�VFKOLH�HQ�XQG�GDV�JHlQGHUWH�
)HOG�LQ�GLH�%HIHKOV]HLOH�]X�VHW]HQ��RGHU�GU�FNHQ�6LH����XP�
0DWUL[:ULWHU�]X�VFKOLH�HQ�XQG�GLH�bQGHUXQJHQ�]X�YHUZHUIHQ��

:HQQ�6LH�,KUH�bQGHUXQJHQ�YHUZRUIHQ�KDEHQ��N|QQHQ�6LH�GHQ�QlFKVWHQ�
6FKULWW�LJQRULHUHQ�

�� 'U�FNHQ�6LH�\�HUQHXW��XP�GLH�bQGHUXQJHQ�]X�VSHLFKHUQ�

:HQQ�6LH�GHQ�,QKDOW�GHU�=HOOH�YROOVWlQGLJ�lQGHUQ�P|FKWHQ��
EUDXFKHQ�6LH�KLHU]X�QLFKW�]XHUVW�(',7�GU�FNHQ��*HEHQ�6LH�HLQIDFK�
GHQ�QHXHQ�,QKDOW�HLQ��'HU�QHXH�,QKDOW�ZLUG�LQ�GHU�%HIHKOV]HLOH�
DQJH]HLJW�
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Ändern der Zellenbreite
� 'U�FNHQ�6LH�←:,'��XP�GLH�=HOOHQ�VFKPDOHU�]X�PDFKHQ�

(V�ZHUGHQ�PHKU�6SDOWHQ�DQJH]HLJW�

� 'U�FNHQ�6LH�:,'→��XP�GLH�=HOOHQ�EUHLWHU�]X�PDFKHQ�

(V�ZHUGHQ�ZHQLJHU�6SDOWHQ�DQJH]HLJW�

%HDFKWHQ�6LH��GDVV�GLHVH�%HIHKOH�GLH�%UHLWH�DOOHU�6SDOWHQ�YHUlQGHUW��QLFKW�
QXU�GLH�%UHLWH�GHU�6SDOWH�PLW�GHU�PDUNLHUWHQ�=HOOH�

Steuerung der Cursorbewegung nach einer Eingabe

'HU�&XUVRU�ZLUG�VWDQGDUGPl�LJ�]XU�EHQDFKEDUWHQ�=HOOH�LQ�GHU�QlFKVWHQ�
6SDOWH�EHZHJW��QDFKGHP�6LH�HLQ�2EMHNW�LQ�HLQH�=HOOH�JHVHW]W�KDEHQ��6LH�
N|QQHQ�GLHVH�(LQVWHOOXQJ�PLW�HLQHU�GHU�EHLGHQ�IROJHQGHQ�0HWKRGHQ�
lQGHUQ�

� 8P�GHQ�&XUVRU�QDFK�GHU�(LQJDEH�LQ�GLH�EHQDFKEDUWH�=HOOH�LQ�GHU�
QlFKVWHQ�=HLOH�]X�EHZHJHQ��GU�FNHQ�6LH�*2↓�
(LQ�NOHLQHV�.lVWFKHQ��n��ZLUG�QHEHQ�GHP�%HIHKO�LP�0HQ��DQJH]HLJW�

� 8P�JDQ]�]X�YHUKLQGHUQ��GDVV�GHU�&XUVRU�QDFK�HLQHU�(LQJDEH�EHZHJW�
ZLUG��GU�FNHQ�6LH�*2→ XQG�*2↓��ELV�QHEHQ�NHLQHP�GHU�EHLGHQ�%HIHKOH�
HLQ�.lVWFKHQ��n��LP�0HQ��DQJH]HLJW�ZLUG�

'LH�DXVJHZlKOWH�(LQVWHOOXQJ�EOHLEW�DOV�0RGXV�GHU�&XUVRUEHZHJXQJ�ELV�]XU�
QlFKVWHQ�bQGHUXQJ�GHU�(LQVWHOOXQJ�HUKDOWHQ�

8P�]XU�6WDQGDUGHLQVWHOOXQJ�]XU�FN]XNHKUHQ��GU�FNHQ�6LH�*2→��ELV�HLQ�
.lVWFKHQ��n��QHEHQ�GHP�%HIHKO�LP�0HQ��DQJH]HLJW�ZLUG�

:HQQ�6LH�GLH�&XUVRUEHZHJXQJ�LQ�HLQHP�)HOG�lQGHUQ�P|FKWHQ��P�VVHQ�6LH�
GLH�bQGHUXQJ�YRU�GHU�(LQJDEH�YRQ�2EMHNWHQ�LQ�GDV�)HOG�YRUQHKPHQ��
6REDOG�6LH�2EMHNWH�HLQJHEHQ��NDQQ�GLH�&XUVRUEHZHJXQJ�QLFKW�JHlQGHUW�
ZHUGHQ�
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Manipulieren von Spalten und Zeilen

Einfügen einer Spalte

�� %HZHJHQ�6LH�GHQ�&XUVRU�]X�GHU�6SDOWH��LQ�GHU�GLH�QHXH�6SDOWH�DQJH]HLJW�
ZHUGHQ�VROO�

�� 'U�FNHQ�6LH��&2/��(LQH�6SDOWH�PLW�1XOOHQ�ZLUG�HLQJHI�JW�

%HDFKWHQ�6LH��GDVV�VLFK�GHU�%HIHKO��&2/�DXI�GHU�]ZHLWHQ�6HLWH�GHV�
0HQ�V�EHILQGHW��6LH�P�VVHQ�X�8��l�GU�FNHQ��XP�GHQ�%HIHKO�
DQ]X]HLJHQ�

Hinzufügen einer Spalte rechts von der letzten Spalte mit Daten

�� %HZHJHQ�6LH�GHQ�&XUVRU�UHFKWV�YRQ�GHU�OHW]WHQ�6SDOWH�PLW�'DWHQ�

:HQQ�6LH�> }�GU�FNHQ��ZLUG�GHU�&XUVRU�GLUHNW�]XU�OHW]WHQ�6SDOWH�PLW�
'DWHQ�EHZHJW��'U�FNHQ�6LH�QXQ�}��XP�]XU�QlFKVWHQ�6SDOWH�]X�JHKHQ�

�� *HEHQ�6LH�HLQ�2EMHNW�HLQ�

�� 'U�FNHQ�6LH�\��XP�GDV�2EMHNW�LQ�GLH�PDUNLHUWH�=HOOH�]X�VHW]HQ�

'HU�5HVW�GHU�6SDOWH�ZLUG�PLW�1XOOHQ�JHI�OOW�XQG�,KU�)HOG�HQWKlOW�MHW]W�
GLHVH�QHXH�6SDOWH�

Löschen einer Spalte

�� %HZHJHQ�6LH�GHQ�&XUVRU�]X�GHU�]X�O|VFKHQGHQ�6SDOWH�

�� 'U�FNHQ�6LH�¥&2/��

%HDFKWHQ�6LH��GDVV�VLFK�GHU�%HIHKO�¥&2/�DXI�GHU�]ZHLWHQ�6HLWH�GHV�
0HQ�V�EHILQGHW��6LH�P�VVHQ�X�8��l�GU�FNHQ��XP�GHQ�%HIHKO�
DQ]X]HLJHQ�

Einfügen einer Zeile

�� %HZHJHQ�6LH�GHQ�&XUVRU�]X�GHU�=HLOH��LQ�GHU�GLH�QHXH�=HLOH�DQJH]HLJW�
ZHUGHQ�VROO�

�� 'U�FNHQ�6LH��52:��(LQH�=HLOH�PLW�1XOOHQ�ZLUG�HLQJHI�JW�

6LH�N|QQHQ�HLQH�6SDOWH�DXFK�RKQH�0DWUL[:ULWHU�LQ�HLQ�)HOG�
HLQI�JHQ��6LHKH�§(LQI�JHQ�YRQ�HLQHU�RGHU�PHKUHUHQ�QHXHQ�6SDOWHQ�
LQ�HLQ�)HOG¨�DXI�6HLWH������
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%HDFKWHQ�6LH��GDVV�VLFK�GHU�%HIHKO��52:�DXI�GHU�]ZHLWHQ�6HLWH�GHV�
0HQ�V�EHILQGHW��6LH�P�VVHQ�X�8��l�GU�FNHQ��XP�GHQ�%HIHKO�
DQ]X]HLJHQ�

Hinzufügen einer Zeile unterhalb der letzten Zeile mit Daten

�� %HZHJHQ�6LH�GHQ�&XUVRU�]XU�=HLOH�XQWHUKDOE�GHU�OHW]WHQ�=HLOH�PLW�
'DWHQ�

:HQQ�6LH�> ��GU�FNHQ��ZLUG�GHU�&XUVRU�GLUHNW�]XU�OHW]WHQ�=HLOH�PLW�
'DWHQ�EHZHJW��'U�FNHQ�6LH�QXQ�]��XP�]XU�QlFKVWHQ�=HLOH�]X�JHKHQ�

�� *HEHQ�6LH�HLQ�2EMHNW�HLQ�

�� 'U�FNHQ�6LH�\��XP�GDV�2EMHNW�LQ�GLH�PDUNLHUWH�=HOOH�]X�VHW]HQ�

'HU�5HVW�GHU�=HLOH�ZLUG�PLW�1XOOHQ�JHI�OOW�XQG�,KU�)HOG�HQWKlOW�MHW]W�
GLHVH�QHXH�=HLOH�

Löschen einer Zeile

�� %HZHJHQ�6LH�GHQ�&XUVRU�]X�GHU�]X�O|VFKHQGHQ�=HLOH�

�� 'U�FNHQ�6LH�¥52:��

Löschen des Inhalts einer Auswahl von Zellen

�� %HZHJHQ�6LH�GHQ�&XUVRU�]XU�HUVWHQ�=HOOH�LQ�GHU�*UXSSH�GHU�]X�
O|VFKHQGHQ�=HOOHQ�

�� 'U�FNHQ�6LH�> å��XP�%(*,1�DXV]XZlKOHQ�

�� %HZHJHQ�6LH�GHQ�&XUVRU�]XU�OHW]WHQ�=HOOH�LQ�GHU�*UXSSH�GHU�]X�
O|VFKHQGHQ�=HOOHQ�

�� 'U�FNHQ�6LH�> ���XP�(1'�DXV]XZlKOHQ�

'LH�=HOOHQ�]ZLVFKHQ�GHU�HUVWHQ�XQG�OHW]WHQ�=HOOH�VLQG�QXQ�PDUNLHUW�

�� 'U�FNHQ�6LH�'(/��XP�GHQ�,QKDOW�GHU�PDUNLHUWHQ�=HOOHQ�]X�O|VFKHQ�

'HU�%HIHKO�'(/�KDW�QLFKW�]XU�)ROJH��GDVV�GLH�DXVJHZlKOWHQ�=HOOHQ�OHHU�
VLQG��6WDWWGHVVHQ�ZLUG�GHU�,QKDOW�HLQHU�=HOOH�PLW�HLQHU�1XOO�HUVHW]W�

6LH�N|QQHQ�HLQH�=HLOH�DXFK�RKQH�0DWUL[:ULWHU�LQ�HLQ�)HOG�HLQI�JHQ��
6LHKH�§(LQI�JHQ�YRQ�HLQHU�RGHU�PHKUHUHQ�QHXHQ�=HLOHQ�LQ�HLQH�
0DWUL[¨�DXI�6HLWH������
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Übersicht über die MatrixWriter-Operationen

Taste Beschreibung

(',7 6HW]W�GHQ�,QKDOW�GHU�DNWXHOOHQ�=HOOH�]XU�%HDUEHLWXQJ�LQ�GLH�
%HIHKOV]HLOH�

9(& 6FKDOWHW�EHL�HLQ]HLOLJHQ�)HOGHUQ�]ZLVFKHQ�9HNWRU��XQG�
0DWUL[HLQJDEH�XP��:HQQ�6LH�GLHVHQ�%HIHKO�DXVZlKOHQ��
ZHUGHQ�HLQ]HLOLJH�)HOGHU�DOV�9HNWRUHQ�LQ�GLH�%HIHKOV]HLOH�
HLQJHJHEHQ��%HLVSLHO��> � � � @���:HQQ�6LH�GLHVHQ�%HIHKO�QLFKW�
DXVZlKOHQ��ZHUGHQ�HLQ]HLOLJH�)HOGHU�DOV�0DWUL]HQ�
HLQJHJHEHQ��%HLVSLHO��>>�������@@��

←:,' 9HUULQJHUW�GLH�%UHLWH�DOOHU�=HOOHQ�

:,'→ (UK|KW�GLH�%UHLWH�DOOHU�=HOOHQ�

*2→ 6WHOOW�GHQ�(LQJDEHPRGXV�YRQ�OLQNV�QDFK�UHFKWV�HLQ��'HU�
&XUVRU�ZLUG�QDFK�GHU�'DWHQHLQJDEH�]XU�QlFKVWHQ�6SDOWH�
EHZHJW�

*2↓ 6WHOOW�GHQ�(LQJDEHPRGXV�YRQ�REHQ�QDFK�XQWHQ�HLQ��'HU�
&XUVRU�ZLUG�QDFK�GHU�'DWHQHLQJDEH�]XU�QlFKVWHQ�=HLOH�
EHZHJW�

�52: )�JW�HLQH�=HLOH�PLW�1XOOHQ�DQ�GHU�DNWXHOOHQ�&XUVRUSRVLWLRQ�
HLQ�

¥52: /|VFKW�GLH�DNWXHOOH�=HLOH�

�&2/ )�JW�HLQH�6SDOWH�PLW�1XOOHQ�DQ�GHU�DNWXHOOHQ�&XUVRUSRVLWLRQ�
HLQ�

¥&2/ /|VFKW�GLH�DNWXHOOH�6SDOWH�

→67.� .RSLHUW�GLH�DNWXHOOH�=HOOH�LQ�GHQ�+LVWRU\�6SHLFKHU��(EHQH���
DXI�GHP�6WDFN��

*272� %HZHJW�GHQ�&XUVRU�]X�HLQHU�DQJHJHEHQHQ�=HOOH�

'(/� (UVHW]W�GHQ�,QKDOW�GHU�DXVJHZlKOWHQ�=HOOHQ�PLW�1XOOHQ�
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Erweiterte Matrixoperationen
'LH�9HUIDKUHQ�LQ�GLHVHP�$EVFKQLWW�VHW]HQ�YRUDXV��GDVV�6LH�VLFK�LP�
DOJHEUDLVFKHQ�0RGXV�EHILQGHQ��:HQQ�6LH�LP�531�0RGXV�VLQG��lQGHUQ�6LH�
GLH�9HUIDKUHQ�LQVRZHLW��GDVV�6LH�GLH�$UJXPHQWH�YRU�GHP�%HIHKO�HLQJHEHQ��
�'LH�%HIHKOVUHIHUHQ]�GHV�+3���*�KLOIW�EHL�GHU�VFKQHOOHQ�%HVWLPPXQJ�GHU�
(LQJDEHUHLKHQIROJH�GHU�$UJXPHQWH��

Erstellen von speziellen Matrizen

Erstellen eines Feldes mit einer angegebenen Konstante

�� :lKOHQ�6LH�GHQ�%HIHKO�§&RQVWDQW�$UUD\¨��

< %�&5($7(�&21

�� *HEHQ�6LH�DOV�HUVWHV�$UJXPHQW�GHV�%HIHKOV�HLQHV�GHU�EHLGHQ�IROJHQGHQ�
HLQ�

� HLQH�/LVWH�PLW�GHQ�'LPHQVLRQHQ�GHV�JHZ�QVFKWHQ�
.RQVWDQWHQIHOGHV��{ =HLOHQ��6SDOWHQ }

� HLQ�YRUKDQGHQHV�)HOG�

�� *HEHQ�6LH�DOV�]ZHLWHV�$UJXPHQW�GLH�JHZ�QVFKWH�.RQVWDQWH�I�U�GDV�
)HOG�HLQ�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQ�)HOG�PLW�GHQ�HLQJHJHEHQHQ�'LPHQVLRQHQ��RGHU�
GHQ�'LPHQVLRQHQ�GHV�DQJHJHEHQHQ�)HOGHV��XQG�GHU�DQJHJHEHQHQ�
.RQVWDQWH�

Erstellen einer Einheitsmatrix

�� :lKOHQ�6LH�GHQ�%HIHKO�§,GHQWLW\�0DWUL[¨��

< %�&5($7(�,'1

�� *HEHQ�6LH�)ROJHQGHV�HLQ�

� HLQH�=DKO�I�U�GLH�JHZ�QVFKWH�$Q]DKO�GHU�=HLOHQ�XQG�6SDOWHQ�LQ�GHU�
(LQKHLWVPDWUL[�RGHU

� HLQ�YRUKDQGHQHV�)HOG�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQH�(LQKHLWVPDWUL[�PLW�GHQ�DQJHJHEHQHQ�
'LPHQVLRQHQ��G�K��HLQH�TXDGUDWLVFKH�0DWUL[��GHUHQ�(OHPHQWH�¥�PLW�
$XVQDKPH�GHU�'LDJRQDOHQ�¥�DXV�1XOOHQ�EHVWHKW��$OOH�'LDJRQDOHPHQWH�
VLQG����
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Erstellen eines Feldes mit Zufallsganzzahlen

�� :lKOHQ�6LH�GHQ�%HIHKO�§5DQGRP�0DWUL[¨��

< %�&5($7(�5$10

�� *HEHQ�6LH�)ROJHQGHV�HLQ�

� HLQH�/LVWH�PLW�GHQ�'LPHQVLRQHQ�GHU�JHZ�QVFKWHQ�=XIDOOVPDWUL[��
{ =HLOHQ��6SDOWHQ } RGHU

� HLQ�YRUKDQGHQHV�)HOG�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQ�=XIDOOVIHOG�PLW�GHQ�HLQJHJHEHQHQ�'LPHQVLRQHQ�
�RGHU�GHQ�'LPHQVLRQHQ�GHV�DQJHJHEHQHQ�)HOGHV���'LH�(OHPHQWH�VLQG�
*DQ]]DKOHQ�]ZLVFKHQ�¥��XQG���

Erstellen von Matrizen

Erstellen einer Matrix aus Zeilen von Vektoren

�� :lKOHQ�6LH�GHQ�%HIHKO�§5RZV�WR�0DWUL[¨��

< %�&5($7(�52:�52:→
�� *HEHQ�6LH�GLH�9HNWRUHQ�LQ�GHU�5HLKHQIROJH�HLQ��LQ�GHU�VLH�LQ�GHU�0DWUL[�

DXIJHI�KUW�ZHUGHQ�VROOHQ��*HEHQ�6LH�GHQ�9HNWRU�LQ�=HLOH���]XHUVW�HLQ��
JHIROJW�YRQ�GHP�9HNWRU�LQ�=HLOH���XVZ��7UHQQHQ�6LH�GLH�9HNWRUHQ�GXUFK�
.RPPDV�

�� *HEHQ�6LH�GLH�$Q]DKO�GHU�=HLOHQ�LQ�GHU�JHZ�QVFKWHQ�0DWUL[�HLQ�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQH�0DWUL[��GLH�DXV�GHQ�HLQJHJHEHQHQ�9HNWRUHQ�
EHVWHKW�

Erstellen einer Matrix aus Spalten von Vektoren

�� :lKOHQ�6LH�GHQ�%HIHKO�§&ROXPQV�WR�0DWUL[¨��

< %�&5($7(�&2/801�&2/→
�� *HEHQ�6LH�GLH�9HNWRUHQ�LQ�GHU�5HLKHQIROJH�HLQ��LQ�GHU�VLH�LQ�GHU�0DWUL[�

DXIJHI�KUW�ZHUGHQ�VROOHQ��*HEHQ�6LH�GHQ�9HNWRU�LQ�6SDOWH���]XHUVW�HLQ��
JHIROJW�YRQ�GHP�9HNWRU�LQ�6SDOWH���XVZ��7UHQQHQ�6LH�GLH�9HNWRUHQ�
GXUFK�.RPPDV�

�� *HEHQ�6LH�GLH�$Q]DKO�GHU�6SDOWHQ�LQ�GHU�JHZ�QVFKWHQ�0DWUL[�HLQ�

�� 'U�FNHQ�6LH�\��
'DV�(UJHEQLV�LVW�HLQH�0DWUL[��GLH�DXV�GHQ�HLQJHJHEHQHQ�9HNWRUHQ�
EHVWHKW�
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Matrizen und lineare Algebra Seite 5-9

A
dvanced topics

Erstellen einer Matrix mit einer bestimmten Diagonalen aus einem 
Vektor

�� :lKOHQ�6LH�GHQ�%HIHKO�§9HFWRU�WR�0DWUL[�'LDJRQDO¨��

< %�&5($7(�',$*→
�� *HEHQ�6LH�GHQ�9HNWRU�PLW�GHQ�'LDJRQDOHOHPHQWHQ�HLQ�

�� *HEHQ�6LH�)ROJHQGHV�HLQ�

� HLQH�/LVWH�PLW�GHQ�'LPHQVLRQHQ�GHU�JHZ�QVFKWHQ�0DWUL[��{=HLOHQ��
6SDOWHQ}�RGHU

� HLQH�UHHOOH�=DKO�I�U�GLH�$Q]DKO�GHU�=HLOHQ�XQG�6SDOWHQ�LQ�GHU�
JHZ�QVFKWHQ�TXDGUDWLVFKHQ�0DWUL[�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQH�0DWUL[�PLW�GHQ�JHZ�QVFKWHQ�'LPHQVLRQHQ�XQG�
GHQ�(OHPHQWHQ�GHV�9HNWRUV�DOV�'LDJRQDOHOHPHQWH��:HQQ�GHU�9HNWRU�
PHKU�'LDJRQDOHOHPHQWH�HQWKlOW��DOV�]XP�(UVWHOOHQ�GHU�0DWUL[�
HUIRUGHUOLFK�LVW��ZHUGHQ�GLH��EHUIO�VVLJHQ�(OHPHQWH�YHUZRUIHQ��:HQQ�
GHU�9HNWRU�ZHQLJHU�'LDJRQDOHOHPHQWH�HQWKlOW��DOV�]XP�(UVWHOOHQ�GHU�
0DWUL[�HUIRUGHUOLFK�LVW��ZHUGHQ�GLH�XQGHILQLHUWHQ�'LDJRQDOHOHPHQWH�
GXUFK�1XOOHQ�HUVHW]W�

Zusammensetzen einer Matrix aus Elementen

�� :lKOHQ�6LH�GHQ�%HIHKO�§6WDFN�WR�$UUD\¨��

< N�7<3(�→$55<

�� *HEHQ�6LH�GLH�(OHPHQWH�LQ�]HLOHQZHLVHU�5HLKHQIROJH�HLQ�

'LH�]HLOHQZHLVH�5HLKHQIROJH�EHJLQQW�PLW�GHP�HUVWHQ�(OHPHQW��GDV�
(OHPHQW�LQ�=HLOH���XQG�6SDOWH�����'DV�QlFKVWH�(OHPHQW�LVW�GDV�QlFKVWH�
LQ�GHU�=HLOH��:HQQ�NHLQH�ZHLWHUHQ�(OHPHQWH�LQ�GHU�=HLOH�YRUKDQGHQ�
VLQG��LVW�GDV�QlFKVWH�(OHPHQW�GDV�HUVWH�LQ�GHU�QlFKVWHQ�=HLOH�XVZ�

�� *HEHQ�6LH�HLQH�/LVWH�PLW�GHQ�'LPHQVLRQHQ�GHU�JHZ�QVFKWHQ�0DWUL[�
HLQ��{=HLOHQ��6SDOWHQ}�

�� 'U�FNHQ�6LH�\��XP�GLH�0DWUL[�]X�HUVWHOOHQ�

%HLVSLHO��→$55<�������������^����`��HUJLEW� 1 2

3 4
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Seite 5-10 Matrizen und lineare Algebra

A
dv
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to
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cs

Auflösen einer Matrix

Auflösen einer Matrix in ihre Elemente

�� :lKOHQ�6LH�GHQ�%HIHKO�§2EMHFW�WR�6WDFN¨��

< N�7<3(�2%-→
�� *HEHQ�6LH�GLH�DXI]XO|VHQGH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'LH�0DWUL[�ZLUG�LQ�]HLOHQZHLVHU�5HLKHQIROJH�DXIJHO|VW��(LQH�/LVWH�PLW�
GHQ�'LPHQVLRQHQ�GHU�0DWUL[�ZLUG�HEHQIDOOV�DQJH]HLJW�

Auflösen einer Matrix in Zeilenvektoren

�� :lKOHQ�6LH�GHQ�%HIHKO�§0DWUL[�WR�5RZV¨��

< %�&5($7(�52:�→52:

�� *HEHQ�6LH�GLH�DXI]XO|VHQGH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQH�/LVWH�PLW�=HLOHQYHNWRUHQ��HUVWH�ELV�OHW]WH�=HLOH��
XQG�GLH�$Q]DKO�GHU�=HLOHQ�LQ�GHU�0DWUL[�

Auflösen einer Matrix in Spaltenvektoren

�� :lKOHQ�6LH�GHQ�%HIHKO�§0DWUL[�WR�&ROXPQV¨��

< %�&5($7(�&2/801�→&2/

�� *HEHQ�6LH�GLH�DXI]XO|VHQGH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQH�/LVWH�PLW�6SDOWHQYHNWRUHQ��HUVWH�ELV�OHW]WH�6SDOWH��
XQG�GLH�$Q]DKO�GHU�6SDOWHQ�LQ�GHU�0DWUL[�

Extrahieren des Diagonalvektors einer Matrix

�� :lKOHQ�6LH�GHQ�%HIHKO�§0DWUL[�'LDJRQDO�WR�$UUD\¨��

< %�&5($7(�→',$*

�� *HEHQ�6LH�GLH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQ�9HNWRU��GHVVHQ�(OHPHQWH�GLH�'LDJRQDOHOHPHQWH�
GHU�0DWUL[�VLQG�
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Matrizen und lineare Algebra Seite 5-11

A
dvanced topics

Einfügen von Zeilen und Spalten

Einfügen von einer oder mehreren neuen Zeilen in eine Matrix

�� :lKOHQ�6LH�GHQ�%HIHKO�§,QVHUW�5RZ¨��

< %�&5($7(�52:�52:�

�� *HEHQ�6LH�GDV�]X�lQGHUQGH�)HOG�HLQ�RGHU�ZlKOHQ�6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�GHQ�HLQ]XI�JHQGHQ�9HNWRU�E]Z��GLH�HLQ]XI�JHQGH�0DWUL[�HLQ�

(LQ�HLQJHI�JWHV�)HOG�PXVV�GLHVHOEH�$Q]DKO�YRQ�6SDOWHQ�DXIZHLVHQ�ZLH�
GDV�)HOG��LQ�GDV�HV�HLQJHI�JW�ZLUG�

�� *HEHQ�6LH�GLH�=HLOHQQXPPHU�I�U�GLH�HUVWH��RGHU�HLQ]LJH��HLQJHI�JWH�
=HLOH�HLQ�

�� 'U�FNHQ�6LH�\�

'LH�=HLOHQ�XQWHUKDOE��XQG�HLQVFKOLH�OLFK��GHU�LQ�6FKULWW���DQJHJHEHQHQ�
=HLOH�ZHUGHQ�QDFK�XQWHQ�YHUVFKREHQ��XP�3ODW]�I�U�GLH�HLQJHI�JWHQ�
=HLOHQ�]X�PDFKHQ�

Einfügen von einer oder mehreren neuen Spalten in ein Feld

�� :lKOHQ�6LH�GHQ�%HIHKO�§,QVHUW�&ROXPQ¨��

< %�&5($7(�&2/801�&2/�

�� *HEHQ�6LH�GDV�]X�lQGHUQGH�)HOG�HLQ�RGHU�ZlKOHQ�6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�GHQ�HLQ]XI�JHQGHQ�9HNWRU�E]Z��GLH�HLQ]XI�JHQGH�0DWUL[�HLQ�

(LQ�HLQJHI�JWHV�)HOG�PXVV�GLHVHOEH�$Q]DKO�YRQ�=HLOHQ�DXIZHLVHQ�ZLH�
GDV�)HOG��LQ�GDV�HV�HLQJHI�JW�ZLUG�

�� *HEHQ�6LH�GLH�6SDOWHQQXPPHU�I�U�GLH�HUVWH��RGHU�HLQ]LJH��HLQJHI�JWH�
6SDOWH�HLQ�

�� 'U�FNHQ�6LH�\�

�� 'LH�6SDOWHQ�UHFKWV�YRQ��XQG�HLQVFKOLH�OLFK��GHU�LQ�6FKULWW���
DQJHJHEHQHQ�6SDOWH�ZHUGHQ�QDFK�UHFKWV�YHUVFKREHQ��XP�3ODW]�I�U�GLH�
HLQJHI�JWHQ�6SDOWHQ�]X�PDFKHQ�

6LH�N|QQHQ�=HLOHQ�DXFK�PLW�0DWUL[:ULWHU�LQ�HLQ�)HOG�HLQI�JHQ��
6LHKH�§(LQI�JHQ�HLQHU�=HLOH¨�DXI�6HLWH�����

6LH�N|QQHQ�6SDOWHQ�DXFK�PLW�0DWUL[:ULWHU�LQ�HLQ�)HOG�HLQI�JHQ��
6LHKH�§(LQI�JHQ�HLQHU�6SDOWH¨�DXI�6HLWH�����
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Seite 5-12 Matrizen und lineare Algebra

A
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Extrahieren von Zeilen und Spalten

Extrahieren einer bestimmten Zeile von einem Feld

�� :lKOHQ�6LH�GHQ�%HIHKO�§'HOHWH�5RZ¨��

< %�&5($7(�52:�52:¥

�� *HEHQ�6LH�GDV�)HOG�PLW�GHU�]X�H[WUDKLHUHQGHQ�=HLOH�HLQ�RGHU�ZlKOHQ�6LH�
GDV�)HOG�DXV�

�� *HEHQ�6LH�GLH�1XPPHU�GHU�]X�H[WUDKLHUHQGHQ�=HLOH�HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�)HOG�RKQH�GLH�H[WUDKLHUWH�=HLOH�XQG�GLH�H[WUDKLHUWH�
=HLOH�DOV�9HNWRU�

Extrahieren einer bestimmten Spalte von einem Feld

�� :lKOHQ�6LH�GHQ�%HIHKO�§'HOHWH�&ROXPQ¨��

< %�&5($7(�&2/801�&2/¥

�� *HEHQ�6LH�GDV�)HOG�PLW�GHU�]X�H[WUDKLHUHQGHQ�6SDOWH�HLQ�RGHU�ZlKOHQ�
6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�GLH�1XPPHU�GHU�]X�H[WUDKLHUHQGHQ�6SDOWH�HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQH�0DWUL[�RKQH�GLH�H[WUDKLHUWH�6SDOWH�XQG�GLH�
H[WUDKLHUWH�6SDOWH�DOV�9HNWRU�

Austauschen von Zeilen und Spalten

Austauschen von zwei Zeilen in einem Feld

�� :lKOHQ�6LH�GHQ�%HIHKO�§5RZ�6ZDS¨��

< %�&5($7(�52:�56:3

�� *HEHQ�6LH�GDV�)HOG�PLW�GHQ�DXV]XWDXVFKHQGHQ�=HLOHQ�HLQ�RGHU�ZlKOHQ�
6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�GLH�1XPPHU�YRQ�HLQHU�GHU�EHLGHQ�DXV]XWDXVFKHQGHQ�=HLOHQ�
HLQ�

�� *HEHQ�6LH�GLH�1XPPHU�GHU�DQGHUHQ�DXV]XWDXVFKHQGHQ�=HLOH�HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�)HOG��EHL�GHP�GLH�EHLGHQ�DQJHJHEHQHQ�=HLOHQ�
DXVJHWDXVFKW�VLQG�
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Matrizen und lineare Algebra Seite 5-13

A
dvanced topics

Austauschen von zwei Spalten in einem Feld

�� :lKOHQ�6LH�GHQ�%HIHKO�§&ROXPQ�6ZDS¨��

< %�&5($7(�&2/801�&6:3

�� *HEHQ�6LH�GLH�0DWUL[�PLW�GHQ�DXV]XWDXVFKHQGHQ�6SDOWHQ�HLQ�RGHU�
ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� *HEHQ�6LH�GLH�1XPPHU�YRQ�HLQHU�GHU�EHLGHQ�DXV]XWDXVFKHQGHQ�
6SDOWHQ�HLQ�

�� *HEHQ�6LH�GLH�1XPPHU�GHU�DQGHUHQ�DXV]XWDXVFKHQGHQ�6SDOWH�HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�)HOG��EHL�GHP�GLH�EHLGHQ�DQJHJHEHQHQ�6SDOWHQ�
DXVJHWDXVFKW�VLQG�

Extrahieren und Ersetzen von Elementen in Matrizen

Extrahieren des Elements in einer angegebenen Position
�� :lKOHQ�6LH�GHQ�%HIHKO�§*HW�(OHPHQW¨��

< %�&5($7(�*(7

�� *HEHQ�6LH�GDV�)HOG�PLW�GHP�]X�H[WUDKLHUHQGHQ�(OHPHQW�HLQ�RGHU�
ZlKOHQ�6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�)ROJHQGHV�HLQ�

� HLQH�/LVWH�PLW�GHU�=HLOHQ��XQG�6SDOWHQQXPPHU�GHV�]X�
H[WUDKLHUHQGHQ�(OHPHQWV�RGHU

� GLH�3RVLWLRQVQXPPHU��=HLOHQSRVLWLRQ��GHV�]X�H[WUDKLHUHQGHQ�
(OHPHQWV�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�GDV�H[WUDKLHUWH�(OHPHQW�

Ersetzen des Elements in einer angegebenen Position
�� :lKOHQ�6LH�GHQ�%HIHKO�§3XW�(OHPHQW¨��

< %�&5($7(�387

�� *HEHQ�6LH�GDV�)HOG�PLW�GHP�]X�HUVHW]HQGHQ�(OHPHQW�HLQ�RGHU�ZlKOHQ�
6LH�GDV�)HOG�DXV�
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Seite 5-14 Matrizen und lineare Algebra
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�� *HEHQ�6LH�)ROJHQGHV�HLQ�

� HLQH�/LVWH�PLW�GHU�=HLOHQ��XQG�6SDOWHQQXPPHU�GHV�]X�HUVHW]HQGHQ�
(OHPHQWV�RGHU

� GLH�3RVLWLRQVQXPPHU��=HLOHQSRVLWLRQ��GHV�]X�HUVHW]HQGHQ�
(OHPHQWV�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�JHlQGHUWHV�)HOG�

Matrixeigenschaften

0DWUL[EHUHFKQXQJHQ�VLQG�RIW�YRQ�GHQ�VSH]LHOOHQ�(LJHQVFKDIWHQ�GHU�
MHZHLOLJHQ�0DWUL]HQ�DEKlQJLJ��'HU�+3���*�YHUI�JW��EHU�HLQH�$Q]DKO�YRQ�
%HIHKOHQ��GLH�(LJHQVFKDIWHQ�YRQ�0DWUL]HQ�DQ]HLJHQ��%HDFKWHQ�6LH��GDVV�
HLQLJH�%HIHKOH�QXU�I�U�TXDGUDWLVFKH�0DWUL]HQ�GHILQLHUW�VLQG��ZlKUHQG�
DQGHUH�ZLHGHUXP�DXI�EHOLHELJH�0DWUL]HQ�DQJHZHQGHW�ZHUGHQ�N|QQHQ�

Befehle für Matrixeigenschaften

Tasten Beschreibung

< %�23(5$7,216�6,=( *LEW�GLH�'LPHQVLRQHQ�GHV�)HOGHV�DQ�
�G�K��GLH�$Q]DKO�GHU�=HLOHQ�XQG�
6SDOWHQ��

< %�23(5$7,216�$%6 *LEW�GLH�)UREHQLXV�1RUP�HLQHU�0DWUL[�
XQG�GLH�(XNOLGLVFKH�/lQJH�HLQHV�
9HNWRUV�DQ��GLH�4XDGUDWZXU]HO�GHU�
6XPPH�GHU�4XDGUDWH�GHU�DEVROXWHQ�
:HUWH�GHU�(OHPHQWH�

< %�23(5$7,216�6150 *LEW�GLH�6SHNWUDOQRUP�HLQHU�0DWUL[�DQ��
'LH�6SHNWUDOQRUP�HLQHU�0DWUL[�LVW�GHU�
JU|�WH�6LQJXOlUZHUW�GHU�0DWUL[��
'HUVHOEH�%HIHKO�ZLH�$%6�HLQHV�9HNWRUV�

< %�23(5$7,216�5150 *LEW�GLH�=HLOHQQRUP�HLQHU�0DWUL[�DQ��
'LH�=HLOHQQRUP�HLQHU�0DWUL[�LVW�GHU�
PD[LPDOH�:HUW���EHU�DOOH�=HLOHQ��GHU�
6XPPHQ�GHU�DEVROXWHQ�:HUWH�DOOHU�
(OHPHQWH�LQ�HLQHU�=HLOH��'LH�=HLOHQQRUP�
HLQHV�9HNWRUV�LVW�GHU�PD[LPDOH�DEVROXWH�
:HUW�VHLQHU�(OHPHQWH�
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Matrizen und lineare Algebra Seite 5-15

A
dvanced topics

< %�23(5$7,216�&150 *LEW�GLH�6SDOWHQQRUP�HLQHU�0DWUL[�DQ��
'LH�6SDOWHQQRUP�HLQHU�0DWUL[�LVW�GHU�
PD[LPDOH�:HUW���EHU�DOOH�6SDOWHQ��GHU�
6XPPHQ�GHU�DEVROXWHQ�:HUWH�DOOHU�
(OHPHQWH�LQ�HLQHU�6SDOWH��'LH�
6SDOWHQQRUP�HLQHV�9HNWRUV�LVW�GLH�
6XPPH�GHU�DEVROXWHQ�:HUWH�VHLQHU�
(OHPHQWH�

< %�23(5$7,216�65$' *LEW�GHQ�6SHNWUDOUDGLXV�HLQHU�
TXDGUDWLVFKHQ�0DWUL[�DQ��'HU�
6SHNWUDOUDGLXV�LVW�GHU�DEVROXWH�:HUW�GHV�
JU|�WHQ�(LJHQZHUWV�GHU�0DWUL[�

< %�23(5$7,216�&21' *LEW�GLH�6SDOWHQQRUP�.RQGLWLRQV]DKO�
HLQHU�TXDGUDWLVFKHQ�0DWUL[�DQ��'LH�
.RQGLWLRQV]DKO�LVW�GDV�3URGXNW�GHU�
6SDOWHQQRUP�HLQHU�TXDGUDWLVFKHQ�
0DWUL[�XQG�GHU�6SDOWHQQRUP�LKUHU�
LQYHUVHQ�0DWUL[�

< %�23(5$7,216�5$1. *LEW�HLQHQ�6FKlW]ZHUW�I�U�GHQ�5DQJ�
HLQHU�0DWUL[�DQ��'HU�5DQJ�HLQHU�0DWUL[�
LVW�GLH�$Q]DKO�GHU�6LQJXOlUZHUWH�HLQHU�
0DWUL[�XQJOHLFK�1XOO��:HQQ�)ODJ�¥���
QLFKW�JHVHW]W�LVW��6WDQGDUGHLQVWHOOXQJ���
EHWUDFKWHW�5$1.�MHGHQ�EHUHFKQHWHQ�
6LQJXOlUZHUW�NOHLQHU�DOV���¥���PDO�GLH�
*U|�H�GHV�JU|�WHQ�EHUHFKQHWHQ�
6LQJXOlUZHUWV�DOV�1XOO��:HQQ�)ODJ�¥���
JHVHW]W�LVW��]lKOW�5$1.�DOOH�
6LQJXOlUZHUWH�XQJOHLFK�1XOO�
�XQDEKlQJLJ�YRQ�LKUHU�*U|�H���

< %�23(5$7,216�'(7 *LEW�GLH�'HWHUPLQDQWH�HLQHU�
TXDGUDWLVFKHQ�0DWUL[�DQ��'(7�
�EHUSU�IW�)ODJ�¥���XQG�YHUEHVVHUW�GHQ�
EHUHFKQHWHQ�:HUW�QXU��ZHQQ�)ODJ�¥���
QLFKW�JHVHW]W�LVW��6WDQGDUGHLQVWHOOXQJ���

< %�23(5$7,216�75$&( *LEW�GLH�6SXU�HLQHU�TXDGUDWLVFKHQ�
0DWUL[�DQ��'LH�6SXU�HLQHU�0DWUL[�LVW�
VRZRKO�GLH�6XPPH�GHU�
'LDJRQDOHOHPHQWH�DOV�DXFK�GLH�6XPPH�
GHU�(LJHQZHUWH�GHU�0DWUL[�

Tasten (Fortsetzung) Beschreibung
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Seite 5-16 Matrizen und lineare Algebra
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Transformieren von Matrizen

Transponieren einer Matrix

�� :lKOHQ�6LH�GHQ�HQWVSUHFKHQGHQ�%HIHKO�]XP�7UDQVSRQLHUHQ�YRQ�
0DWUL]HQ�

� < P�0$75,;�0$.(�751��I�U�GLH�NRQMXJLHUWH�WUDQVSRQLHUWH�0DWUL[�
HLQHU�NRPSOH[HQ�0DWUL[�

� < %�23(5$7,216�75$1��I�U�GLH�WUDQVSRQLHUWH�0DWUL[�RKQH�
.RQMXJDWLRQ��

�� *HEHQ�6LH�GDV�]X�WUDQVSRQLHUHQGH�)HOG�HLQ�RGHU�ZlKOHQ�6LH�GDV�)HOG�
DXV�

�� 'U�FNHQ�6LH�\��XP�GLH�0DWUL[�]X�WUDQVSRQLHUHQ�

'LH�HUVWH�=HLOH�GHU�XUVSU�QJOLFKHQ�0DWUL[�LVW�QXQ�GLH�HUVWH�6SDOWH��GLH�
]ZHLWH�=HLOH�GHU�XUVSU�QJOLFKHQ�0DWUL[�LVW�QXQ�GLH�]ZHLWH�6SDOWH�XVZ�

Invertieren einer quadratischen Matrix

�� 'U�FNHQ�6LH�y�

�� *HEHQ�6LH�GLH�]X�LQYHUWLHUHQGH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�
DXV�

�� 'U�FNHQ�6LH�\��XP�GLH�0DWUL[�]X�LQYHUWLHUHQ�

Ändern der Dimensionen eines Feldes

�� :lKOHQ�6LH�GHQ�%HIHKO�§5HGLPHQVLRQ�$UUD\¨��

< %�&5($7(�5'0

�� *HEHQ�6LH�GDV�)HOG�HLQ��GHVVHQ�'LPHQVLRQHQ�6LH�lQGHUQ�P|FKWHQ��RGHU�
ZlKOHQ�6LH�GDV�)HOG�DXV�

�� *HEHQ�6LH�HLQH�/LVWH�PLW�GHQ�QHXHQ�'LPHQVLRQHQ�GHV�)HOGHV�HLQ��
^ =HLOHQ��6SDOWHQ�`�

�� 'U�FNHQ�6LH�\�

'LH�(OHPHQWH�GHV�XUVSU�QJOLFKHQ�)HOGHV�ZHUGHQ�LQ�]HLOHQZHLVHU�
5HLKHQIROJH�LQ�GDV�)HOG�PLW�GHQ�QHXHQ�'LPHQVLRQHQ�HLQJHI�JW��:HQQ�
GDV�QHXH�)HOG�ZHQLJHU�(OHPHQWH�DOV�GDV�XUVSU�QJOLFKH�)HOG�HQWKlOW��
ZHUGHQ�GLH��EHUIO�VVLJHQ�(OHPHQWH�YHUZRUIHQ��:HQQ�GDV�QHXH�)HOG�
PHKU�(OHPHQWH�DOV�GDV�XUVSU�QJOLFKH�)HOG�HQWKlOW��ZHUGHQ�GLH�
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IHKOHQGHQ�(OHPHQWH�GXUFK�1XOOHQ��RGHU�EHL�HLQHP�NRPSOH[HQ�)HOG�
GXUFK��������HUVHW]W�

%HLVSLHO��5'0� ��^���`��HUJLEW� �

Erweiterte Rechenoptionen mit Matrizen

*UXQGOHJHQGHV�5HFKQHQ�PLW�0DWUL]HQ�ZLUG�LQ�.DSLWHO���GHV�+3���*�
%HQXW]HUKDQGEXFKV�HUOlXWHUW��'LHVHU�$EVFKQLWW�EHKDQGHOW�ZHLWHUH�
5HFKHQRSWLRQHQ�

Ändern der Vorzeichen aller Elemente in einer Matrix

�� 'U�FNHQ�6LH�w_��

�� 6HW]HQ�6LH�GHQ�&XUVRU�]ZLVFKHQ�GLH�.ODPPHUQ��*HEHQ�6LH�GLH�0DWUL[�
HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\�

Multiplizieren einer Matrix und eines Vektors

�� *HEHQ�6LH�GLH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH���

�� *HEHQ�6LH�GHQ�9HNWRU�HLQ�RGHU�ZlKOHQ�6LH�GHQ�9HNWRU�DXV�

'LH�$Q]DKO�GHU�(OHPHQWH�GHV�9HNWRUV�PXVV�PLW�GHU�$Q]DKO�GHU�
0DWUL[VSDOWHQ��EHUHLQVWLPPHQ�

�� 'U�FNHQ�6LH�\��

Dividieren eines Feldes durch eine quadratische Matrix

�� *HEHQ�6LH�GDV�)HOG�HLQ�RGHU�ZlKOHQ�6LH�GDV�)HOG�DXV�

�� 'U�FNHQ�6LH�z�

�� *HEHQ�6LH�GLH�TXDGUDWLVFKH�0DWUL[�HLQ�

'LH�$Q]DKO�GHU�0DWUL[]HLOHQ�PXVV�PLW�GHU�$Q]DKO�GHU�=HLOHQ�GHV�)HOGHV�
�EHUHLQVWLPPHQ�

�� 'U�FNHQ�6LH�\�

1 2

3 4

1 2 3 4

0 0 0 0

0 0 0 0
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Transformieren von komplexen Matrizen

Erstellen einer komplexen Matrix aus zwei reellen Matrizen 

�� :lKOHQ�6LH�GHQ�%HIHKO�§5HDO�WR�&RPSOH[¨��

< P�&203/(;�5→&

�� *HEHQ�6LH�GLH�UHHOOH�0DWUL[�HLQ��GLH�GHU�5HDOWHLO�GHU�NRPSOH[HQ�0DWUL[�
ZHUGHQ�VROO��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� *HEHQ�6LH�GLH�UHHOOH�0DWUL[�HLQ��GLH�GHU�,PDJLQlUWHLO�GHU�NRPSOH[HQ�
0DWUL[�ZHUGHQ�VROO��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

'LHVH�0DWUL[�PXVV�GLHVHOEHQ�'LPHQVLRQHQ�ZLH�GLH�LQ�6FKULWW���
HLQJHJHEHQH�0DWUL[�EHVLW]HQ�

�� 'U�FNHQ�6LH�\��

'LH�EHLGHQ�UHHOOHQ�0DWUL]HQ�ZHUGHQ�]X�HLQHU�NRPSOH[HQ�0DWUL[�
NRPELQLHUW�

Trennen einer komplexen Matrix in zwei reelle Matrizen

�� :lKOHQ�6LH�GHQ�%HIHKO�§&RPSOH[�WR�5HDO¨��

< P�&203/(;�&→5

�� *HEHQ�6LH�GLH�]X�WUHQQHQGH�NRPSOH[H�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�
0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�VLQG�]ZHL�UHHOOH�0DWUL]HQ��GLH�DXV�GHU�NRPSOH[HQ�0DWUL[�
JHELOGHW�ZHUGHQ�

Konjugieren aller Elemente einer komplexen Matrix

�� :lKOHQ�6LH�GLH�)XQNWLRQ�§&RQMXJDWH¨��

> &203/(;�&21-

�� *HEHQ�6LH�GLH�]X�NRQMXJLHUHQGH�NRPSOH[H�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�
GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

Extrahieren der Matrix der Realteile aus einer komplexen Matrix

�� :lKOHQ�6LH�GLH�)XQNWLRQ�§5HDO�3DUW¨��

> &203/(;�5(

�� *HEHQ�6LH�GLH�NRPSOH[H�0DWUL[�HLQ��GHUHQ�UHHOOH�.RPSRQHQWHQ�
H[WUDKLHUW�ZHUGHQ�VROOHQ��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�
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�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQH�0DWUL[��GLH�QXU�DXV�GHQ�UHHOOHQ�.RPSRQHQWHQ�GHU�
NRPSOH[HQ�0DWUL[�EHVWHKW�

Extrahieren der Matrix der Imaginärteile aus einer komplexen Matrix

�� :lKOHQ�6LH�GLH�)XQNWLRQ�§,PDJLQDU\�3DUW¨��

> &203/(;�,0

�� *HEHQ�6LH�GLH�NRPSOH[H�0DWUL[�HLQ��GHUHQ�LPDJLQlUH�.RPSRQHQWHQ�
H[WUDKLHUW�ZHUGHQ�VROOHQ��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\��

'DV�(UJHEQLV�LVW�HLQH�0DWUL[��GLH�QXU�DXV�GHQ�LPDJLQlUHQ�
.RPSRQHQWHQ�GHU�NRPSOH[HQ�0DWUL[�EHVWHKW�

Weiterführende Informationen zur linearen 
Algebra
'LH�9HUZHQGXQJ�GHU�0DWUL[IXQNWLRQHQ�]XP�/|VHQ�YRQ�OLQHDUHQ�
*OHLFKXQJVV\VWHPHQ�ZLUG�LQ�.DSLWHO���GHV�+3���*�%HQXW]HUKDQGEXFKV�
HUOlXWHUW��'LHVHU�$EVFKQLWW�EHKDQGHOW�ZHLWHUH�ZLFKWLJH�%HIHKOH�GHU�
OLQHDUHQ�$OJHEUD�

Eigenwerte und Eigenvektoren

(LQH�TXDGUDWLVFKH��Q á Q��0DWUL[�$�EHVLW]W�GHQ�(LJHQZHUW�λ�XQG�GHQ�
]XJHK|ULJHQ�(LJHQYHNWRU [��IDOOV�$[� �λ[�

(LJHQZHUWH�VLQG�GLH�1XOOVWHOOHQ�GHU�FKDUDNWHULVWLVFKHQ�*OHLFKXQJ�GHW�$�¥�
λ,�� ����'D�HV�VLFK�KLHUEHL�XP�HLQ�3RO\QRP�GHV�*UDGHV�Q�KDQGHOW��EHVLW]W�$�
Q��QLFKW�QRWZHQGLJHUZHLVH�YRQHLQDQGHU�YHUVFKLHGHQH��(LJHQZHUWH��-HGHU�
(LJHQZHUW�EHVLW]W�HLQHQ�]XJHK|ULJHQ�6DW]�YRQ�(LJHQYHNWRUHQ�

'HU�+3���*�HUP|JOLFKW�QXU�GLH�%HUHFKQXQJ�GHU�(LJHQZHUWH��VFKQHOOHUH�
%HUHFKQXQJ��RGHU�GLH�%HUHFKQXQJ�GHU�(LJHQZHUWH�XQG�LKUHU�]XJHK|ULJHQ�
(LJHQYHNWRUHQ�

Berechnen der Eigenwerte einer quadratischen Matrix
�� :lKOHQ�6LH�GHQ�%HIHKO�§(LJHQYDOXHV¨�

< %�(,*(19(&725�(*9/

�� *HEHQ�6LH�GLH�TXDGUDWLVFKH��Q�á Q��0DWUL[�HLQ��GHUHQ�(LJHQZHUWH�
EHUHFKQHW�ZHUGHQ�VROOHQ��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�
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�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�9HNWRU�PLW�GHQ�Q�(LJHQZHUWHQ�

Berechnen der Eigenwerte und Eigenvektoren einer 
quadratischen Matrix
�� :lKOHQ�6LH�GHQ�%HIHKO�§(LJHQYDOXHV�DQG�(LJHQYHFWRUV¨�

< %�(,*(19(&725�(*9

�� *HEHQ�6LH�GLH�TXDGUDWLVFKH�0DWUL[��Q�á Q��HLQ��GHUHQ�(LJHQZHUWH�XQG�
(LJHQYHNWRUHQ�EHUHFKQHW�ZHUGHQ�VROOHQ��RGHU�ZlKOHQ�6LH�GLH�0DWUL[�
DXV�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQH�Q�á�Q�0DWUL[�PLW�(LJHQYHNWRUHQ�XQG�HLQ�Q�
GLPHQVLRQDOHU�9HNWRU�PLW�GHQ�(LJHQZHUWHQ��

Berechnen der Singulärwerte einer Matrix
�� :lKOHQ�6LH�GHQ�%HIHKO�§6LQJXODU�9DOXHV¨�

< %�)$&725,=$7,21�69/

�� *HEHQ�6LH�GLH�0DWUL[�HLQ�RGHU�ZlKOHQ�6LH�GLH�0DWUL[�DXV�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQ�9HNWRU��GHU�/lQJH�0,1�P�Q���GHU�6LQJXOlUZHUWH�
GHU�0DWUL[��'LH�:HUWH�ZHUGHQ�LQ�QLFKWDXIVWHLJHQGHU�5HLKHQIROJH�
DQJHJHEHQ��
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Zerlegen oder Faktorisieren einer Matrix

'HU�+3���*�HQWKlOW�PHKUHUH�:HUN]HXJH�]XP�=HUOHJHQ�XQG�)DNWRULVLHUHQ�
YRQ�0DWUL]HQ��GLH�HQWZHGHU�DOOHLQ�RGHU�LQ�3URJUDPPHQ�]XP�/|VHQ�
VSH]LHOOHU�3UREOHPH�YHUZHQGHW�ZHUGHQ�N|QQHQ��'LHVH�:HUN]HXJH�ZHUGHQ�
LQ�GHU�QDFKIROJHQGHQ�7DEHOOH�HUOlXWHUW�

Tasten Beschreibung

< %�)$&725,=$7,21�/8 &URXW�/8�=HUOHJXQJ��'LHVHV�
9HUIDKUHQ�ZLUG�]XP�/|VHQ�YRQ�H[DNW�
EHVWLPPWHQ�OLQHDUHQ�
*OHLFKXQJVV\VWHPHQ��,QYHUWLHUHQ�HLQHU�
0DWUL[�XQG�%HUHFKQHQ�GHU�
'HWHUPLQDQWH�HLQHU�TXDGUDWLVFKHQ�
0DWUL[�YHUZHQGHW��'LH�TXDGUDWLVFKH�
0DWUL[��$��ZLUG�LQ�HLQH�XQWHUH�
'UHLHFNVPDWUL[�/��HLQH�REHUH�
'UHLHFNVPDWUL[�8�PLW�(LQVHQ�DXI�GHU�
'LDJRQDOHQ�XQG�HLQH�
3HUPXWDWLRQVPDWUL[�3�]HUOHJW��ZREHL�
3$  /8�

< %�)$&725,=$7,21�/4 /4�=HUOHJXQJ��'LHVHU�%HIHKO�]HUOHJW�
HLQH�P á Q�0DWUL[�$�LQ�HLQH�XQWHUH�
WUDSH]I|UPLJH�P á Q�0DWUL[�/��HLQH�
RUWKRJRQDOH�Q á Q�0DWUL[�4�XQG�HLQH�P�
á P�3HUPXWDWLRQVPDWUL[�3��ZREHL�
3$  /4�

< %�)$&725,=$7,21�45 45�=HUOHJXQJ��'LHVHU�%HIHKO�]HUOHJW�
HLQH�P á Q�0DWUL[�$�LQ�HLQH�
RUWKRJRQDOH�P á P�0DWUL[�4��HLQH�
REHUH�WUDSH]I|UPLJH�P á Q�0DWUL[�5�
XQG�HLQH�Q á Q�3HUPXWDWLRQVPDWUL[�3��
ZREHL�$3  45�
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< %�)$&725,=$7,21�
6&+85

6FKXU�=HUOHJXQJ��'LHVHU�%HIHKO�
]HUOHJW�HLQH�TXDGUDWLVFKH�0DWUL[�$�LQ�
HLQH�RUWKRJRQDOH�0DWUL[�4�XQG�HLQH�
REHUH�'UHLHFNVPDWUL[��RGHU��IDOOV�$�
HLQH�UHHOOH�0DWUL[�LVW��HLQH�REHUH�4XDVL�
'UHLHFNVPDWUL[��8��ZREHL�$� �4847�
�47�LVW�GLH�WUDQVSRQLHUWH�0DWUL[�GHU�
0DWUL[�4��

< %�)$&725,=$7,21�69' 6LQJXOlUZHUW�=HUOHJXQJ��'LHVHU�
%HIHKO�]HUOHJW�HLQH�P á Q�0DWUL[�$�LQ�
HLQH�RUWKRJRQDOH�P á P�0DWUL[�8��HLQH�
RUWKRJRQDOH�Q á Q�0DWUL[�9�XQG�HLQHQ�
9HNWRU�6�GHU�6LQJXOlUZHUWH�YRQ�$��
ZREHL�$� �86©9��6©�LVW�GLH�P á Q�
0DWUL[�PLW�GHQ�(OHPHQWHQ�YRQ�6�DOV�
'LDJRQDOHOHPHQWH��

Tasten (Fortsetzung) Beschreibung
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