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6LFKHUXQJVREMHNWH� ������������������������������������������������������������������������������� ����

6LFKHUQ�XQG�:LHGHUKHUVWHOOHQ�YRQ�+20(����������������������������������� ����
6SHLFKHUQ�XQG�/|VFKHQ�YRQ�6LFKHUXQJVREMHNWHQ����������������������� ����

9HUZHQGHQ�YRQ�'DWHQ�LQ�6LFKHUXQJVREMHNWHQ���������������������������������� ����
%LEOLRWKHNHQREMHNWH� ���������������������������������������������������������������������������� ����
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3RUW��� ����������������������������������������������������������������������������������������������� ����

$Q]HLJHQ�GHV�,QKDOWV�HLQHV�3RUWV�XQG�GHV�YHUI�JEDUHQ�6SHLFKHUV� ����
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'LHVHV�+DQGEXFK�HQWKlOW�,QIRUPDWLRQHQ��EHU�GLH�HUZHLWHUWHQ�)XQNWLRQHQ�
GHV�7DVFKHQUHFKQHUV�+3 ��*�XQG�GLHQW�DOV�(UJlQ]XQJ�]XU�.XU]DQOHLWXQJ�
XQG�]XP�%HQXW]HUKDQGEXFK��GLH�LP�/LHIHUXPIDQJ�GHV�+3 ��*�HQWKDOWHQ�
VLQG�

Themen
'LHVHV�+DQGEXFK�HQWKlOW�IROJHQGH�,QIRUPDWLRQHQ�

� .DSLWHO����§(LQJHEHQ�YRQ�%HIHKOHQ¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�
GLH�XQWHUVFKLHGOLFKHQ�2SWLRQHQ�]XP�(LQJHEHQ�XQG�9HUZHQGHQ�YRQ�
%HIHKOHQ�

� .DSLWHO����§0RGXVIODJV¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GLH�
9HUZHQGXQJ�GHU�)ODJV�GHV�+3 ��*�XQG�GLH�HQWVSUHFKHQGHQ�%HIHKOH�

� .DSLWHO����§%HIHKOV]HLOHQRSHUDWLRQHQ¨��EHVFKUHLEW�GHQ�
%HIHKOV]HLOHQHGLWRU�

� .DSLWHO����§'HU�6WDFN¨��HUOlXWHUW�GHQ�7DVFKHQUHFKQHUEHWULHE�LP�
531�0RGXV�XQG�GDV�0DQLSXOLHUHQ�YRQ�2EMHNWHQ�DXI�GHP�6WDFN�

� .DSLWHO����§0DWUL]HQ�XQG�OLQHDUH�$OJHEUD¨��EHVFKUHLEW�K|KHUH�
0DWUL[RSHUDWLRQHQ�XQG�GDV�/|VHQ�YRQ�3UREOHPHQ�GHU�/LQHDUHQ�$OJHEUD�
PLW�+LOIH�YRQ�0DWUL]HQ�

� .DSLWHO����§(LQKHLWHQREMHNWH¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GLH�
$QZHQGXQJ�§8QLWV¨�]XP�$UEHLWHQ�PLW�(LQKHLWHQ�LQ�PDWKHPDWLVFKHQ�
2SHUDWLRQHQ�

� .DSLWHO����§.RQVWDQWHQELEOLRWKHN¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GLH�
%LEOLRWKHN�GHU�SK\VLNDOLVFKHQ�.RQVWDQWHQ��DXI�GLH�6LH�]XJUHLIHQ�XQG�
GLH�6LH�LQ�%HUHFKQXQJHQ�YHUZHQGHQ�N|QQHQ�

� .DSLWHO����§%DVLV¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GDV�$UEHLWHQ�PLW�GHU�
%LQlU���2NWDO��XQG�+H[DGH]LPDOEDVLV�XQG�GDV�5HFKQHQ�PLW�
%LQlUJDQ]]DKOHQ�

� .DSLWHO����§/LVWHQ�XQG�)ROJHQ¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GDV�
(UVWHOOHQ�XQG�$UEHLWHQ�PLW�/LVWHQ�XQG�)ROJHQ�

� .DSLWHO�����§(UZHLWHUWH�3ORW�2SWLRQHQ¨��HQWKlOW�]XVlW]OLFKH�
,QIRUPDWLRQHQ��EHU�GDV�(UVWHOOHQ�XQG�0DQLSXOLHUHQ�YRQ�3ORWV�
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� .DSLWHO�����§6SHLFKHU¨��HQWKlOW�,QIRUPDWLRQHQ��EHU�GDV�6SHLFKHUQ�
XQG�$EUXIHQ�YRQ�'DWHQ��GLH�9HUZHQGXQJ�YRQ�%LEOLRWKHNVREMHNWHQ�XQG�
GLH�6SHLFKHUYHUZDOWXQJ�GHV�+3 ��*�

� .DSLWHO�����§5HFKQHQ�PLW�'DWXP�XQG�8KU]HLW¨��EHVFKUHLEW�GDV�
$UEHLWHQ�PLW�'DWXP�XQG�8KU]HLW�

� .DSLWHO�����§%HQXW]HUVSH]LILVFKH�$QSDVVXQJ¨��EHVFKUHLEW�GLH�
$QSDVVXQJ�GHU�7DVWDWXUEHOHJXQJ�XQG�GLH�(UVWHOOXQJ�YRQ�0HQ�V�

� .DSLWHO�����§&RPSXWHU�$OJHEUD�%HIHKOH¨��EHVFKUHLEW�DOOH�
&RPSXWHU�$OJHEUD�%HIHKOH�XQG�GLH�)XQNWLRQ�GHU�HLQ]HOQHQ�%HIHKOH�

Der Dokumentationssatz des HP 49G
'HU�'RNXPHQWDWLRQVVDW]�GHV�+3���*�XPIDVVW�VRZRKO�JHGUXFNWH�
'RNXPHQWDWLRQ�DOV�DXFK�2QOLQH�'RNXPHQWH�DXI�GHU�:HEVLWH�I�U�+3�
7DVFKHQUHFKQHU��

6LH�ILQGHQ�GLH�'RNXPHQWDWLRQ�I�U�GHQ�+3 ��*�DXI�GHU�:HEVLWH�I�U�+3�
7DVFKHQUHFKQHU�XQWHU�GHU�IROJHQGHQ�$GUHVVH�

KWWS���ZZZ�KS�FRP�FDOFXODWRUV

'HU�'RNXPHQWDWLRQVVDW]�GHV�+3 ��*�EHVWHKW�DXV�GHQ�IROJHQGHQ�
.RPSRQHQWHQ�

� %HQXW]HUKDQGEXFK�LVW�LP�/LHIHUXPIDQJ�GHV�7DVFKHQUHFKQHUV�
HQWKDOWHQ�IF

� .XU]DQOHLWXQJ�LVW�LP�/LHIHUXPIDQJ�GHV�7DVFKHQUHFKQHUV�HQWKDOWHQ�

� (UZHLWHUWH�7KHPHQ�XPIDVVW�.DSLWHO���ELV����GHV�YRUOLHJHQGHQ�
+DQGEXFKV�XQG�VWHKW�DXI�GHU�:HEVLWH�]XU�9HUI�JXQJ�

� &$6�%HIHKOH�XPIDVVW�.DSLWHO����GHV�YRUOLHJHQGHQ�+DQGEXFKV�XQG�VWHKW�
DXI�GHU�:HEVLWH�]XU�9HUI�JXQJ�

HINWEIS

'DV�YRUOLHJHQGH�+DQGEXFK�XQG�DOOH�GDULQ�HQWKDOWHQHQ�%HLVSLHOH�ZHUGHQ��VR�ZLH�VLH�VLQG��]XU�
9HUI�JXQJ�JHVWHOOW��8QDQJHN�QGLJWH�bQGHUXQJHQ�YRUEHKDOWHQ��0LW�$XVQDKPH�GHU�
JHVHW]OLFKHQ�*HZlKUOHLVWXQJ�JLEW�+HZOHWW�3DFNDUG�&RPSDQ\�NHLQH�DXVGU�FNOLFKHQ�RGHU�
VWLOOVFKZHLJHQGHQ�*DUDQWLHQ�MHJOLFKHU�$UW�KLQVLFKWOLFK�GLHVHV�+DQGEXFKV�XQG��EHUQLPPW�
LQVEHVRQGHUH�NHLQH�VWLOOVFKZHLJHQGHQ�*DUDQWLHQ�XQG�%HGLQJXQJHQ�LQ�%H]XJ�DXI�
0DUNWJlQJLJNHLW�RGHU�(LJQXQJ�I�U�HLQHQ�EHVWLPPWHQ�=ZHFN��+HZOHWW�3DFNDUG�&RPSDQ\�LVW�
QLFKW�KDIWEDU�I�U�LUJHQGZHOFKH�)HKOHU�RGHU�I�U�1HEHQ��RGHU�)ROJHVFKlGHQ�LQ�=XVDPPHQKDQJ�
PLW�GHU�%HUHLWVWHOOXQJ��/HLVWXQJ�RGHU�9HUZHQGXQJ�GLHVHV�+DQGEXFKV�XQG�GHU�GDULQ�
HQWKDOWHQHQ�%HLVSLHOH��

��+HZOHWW�3DFNDUG�&RPSDQ\�������$OOH�5HFKWH�YRUEHKDOWHQ�
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A
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Kapitel 1

Eingeben von Befehlen

6LH�N|QQHQ�HLQHQ�%HIHKO�DXI�YHUVFKLHGHQH�:HLVHQ�HLQJHEHQ�

� GXUFK�'U�FNHQ�GHU�7DVWH�Q��I�U�GHQ�%HIHKO

� GXUFK�$XVZDKO�GHV�%HIHKOV�DXV�HLQHP�WKHPHQVSH]LILVFKHQ�0HQ�

� GXUFK�$XVZDKO�GHV�%HIHKOV�DXV�GHP�%HIHKOVNDWDORJ

� GXUFK�(LQJHEHQ�GHV�%HIHKOV�LQ�GLH�%HIHKOV]HLOH�

Tastatureingabe
'LH�DP�KlXILJVWHQ�EHQ|WLJWHQ�%HIHKOH�N|QQHQ�6LH�GLUHNW�GXUFK�'U�FNHQ�
YRQ�HLQHU�RGHU�]ZHL�7DVWHQ��EHU�GLH�7DVWDWXU�HLQJHEHQ��%HLVSLHOH��'U�FNHQ�
6LH�]XU�(LQJDEH�GHV�%HIHKOV�6,1�GLH�7DVWH�s��GU�FNHQ�6LH�]XU�(LQJDEH�
GHV�%HIHKOV�/2*�GLH�7DVWHQ�>ý��6LHKH�.DSLWHO���GHV�
%HQXW]HUKDQGEXFKV�I�U�HLQH�(UNOlUXQJ�GHU�HLQ]HOQHQ�7DVWHQ�DXI�GHU�
7DVWDWXU�GHV�+3 ��*�

Themenspezifische Menüs
'HU�+3 ��*�HQWKlOW�]DKOUHLFKH�0HQ�V��GLH�QXU�GLH�%HIHKOH�HQWKDOWHQ��GLH�
I�U�HLQ�EHVWLPPWHV�7KHPD�UHOHYDQW�VLQG��

%HLVSLHOVZHLVH�ZHUGHQ�DOOH�3URJUDPPLHUEHIHKOH�LP�3URJUDPPLHUPHQ��
DXIJHI�KUW��6LH�N|QQHQ�GLHVHV�0HQ��GXUFK�'U�FNHQ�YRQ�<N DXIUXIHQ�

:HLWHUH�WKHPHQVSH]LILVFKH�0HQ�V�VLQG�

� 0DWK��0DWKHPDWLN���<P�

� 6\PEROLF�6ROYH��V\PEROLVFKH�/|VXQJHQ���<&�

� ([SRQHQWLDO�DQG�/RJDULWKP��([SRQHQWLDO��XQG�
/RJDULWKPXVIXQNWLRQHQ���<*�

� 7ULJRQRPHWU\��7ULJRQRPHWULH���>û�

� &DOFXOXV��,QILQLWHVLPDOUHFKQXQJ���<$�

� $OJHEUD��>ú�

� 0DWULFHV��0DWUL]HQ���<%�

� 6WDWLVWLFV��6WDWLVWLN���>÷�
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� &RQYHUW��.RQYHUWLHUHQ���<^�

� 8QLWV��(LQKHLWHQ���>ø�

� $ULWKPHWLF��$ULWKPHWLN���<!�

� &RPSOH[�1XPEHU��.RPSOH[H�=DKOHQ���>ó�

� %DVH��%DVLV���>ì��

'LHVHQ�WKHPHQVSH]LILVFKHQ�0HQ�V�VLQG�VSH]LHOOH�7DVWHQ�DXI�GHU�7DVWDWXU�
]XJHRUGQHW�

'DU�EHU�KLQDXV�HQWKlOW�GHU�+3 ��*�]DKOUHLFKH�DQGHUH�WKHPHQVSH]LILVFKH�
0HQ�V��%HLVSLHOVZHLVH�N|QQHQ�GLH�8QWHUPHQ�V�GHV�0HQ�V�§0DWK¨�XQG�GLH�
YHUVFKLHGHQHQ�&RPSXWHU�$OJHEUD�6\VWHP�8QWHUPHQ�V�LP�0HQ��
§$SSOLFDWLRQV¨�DXVJHZlKOW�ZHUGHQ�

�� 'U�FNHQ�6LH�g�

'DV�0HQ��§$SSOLFDWLRQV¨�ZLUG�DQJH]HLJW�

�� 'U�FNHQ�6LH�[�

'LH�OHW]WH�6HLWH�GHV�0HQ�V�§$SSOLFDWLRQV¨�ZLUG�DQJH]HLJW�

�� 0DUNLHUHQ�6LH�GDV�JHZ�QVFKWH�0HQ��¥�0$7+�RGHU�&$6�¥�XQG�GU�FNHQ�
6LH�2.�RGHU�\�

%HLGH�0HQ�V�EHVWHKHQ�DXV�YHUVFKLHGHQHQ�8QWHUPHQ�V��GLH�MHZHLOV�GLH�
UHOHYDQWHQ�%HIHKOH�HLQHV�EHVWLPPWHQ�%HUHLFKV�GHU�0DWKHPDWLN�
DXII�KUHQ�

'DV�V\PEROLVFKH�0HQ���GDV�GXUFK�'U�FNHQ�YRQ�p�DQJH]HLJW�ZLUG��
YHUI�JW��EHU�HLQH�5HLKH�YRQ�8QWHUPHQ�V��GLH�MHZHLOV�GLH�DP�KlXILJVWHQ�
YHUZHQGHWHQ�%HIHKOH�I�U�HLQHQ�EHVWLPPWHQ�%HUHLFK�GHU�0DWKHPDWLN�
DXII�KUHQ��$OJHEUD��$ULWKPHWLN��,QILQLWHVLPDOUHFKQXQJ�XVZ�

Untermenüs

0DQFKH�(LQWUlJH�LQ�HLQHP�
WKHPHQVSH]LILVFKHQ�0HQ��VLQG�
$EN�U]XQJHQ�]X�8QWHUPHQ�V��:HQQ�6LH�
EHLVSLHOVZHLVH�<P�GU�FNHQ��ZLUG�GDV�
0HQ��0$7+�DQJH]HLJW��'DV�HUVWH�(OHPHQW�
LP�0HQ��0$7+�LVW�9(&725��'LH�EHLGHQ�
3XQNWH�QDFK�GHP�:RUW�9(&725�ZHLVHQ�DXI�HLQ�ZHLWHUHV�0HQ��KLQ��'LHVHV�
8QWHUPHQ��I�KUW�UHOHYDQWH�%HIHKOH�I�U�GDV�5HFKQHQ�PLW�9HNWRUHQ�DXI��]�%��
$%6��'27��&5266�XVZ���
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Eingeben eines Befehls von einem Untermenü aus
�� =HLJHQ�6LH�GDV�+DXSWPHQ��DQ�XQG�PDUNLHUHQ�6LH�GHQ�1DPHQ�GHV�

8QWHUPHQ�V�

)�KUHQ�6LH�KLHU]X�HLQHQ�GHU�EHLGHQ�IROJHQGHQ�6FKULWWH�DXV�

� 'U�FNHQ�6LH�]��ELV�GHU�1DPH�GHV�8QWHUPHQ�V�PDUNLHUW�LVW�

� 'U�FNHQ�6LH�GLH�HQWVSUHFKHQGH�=LIIHUQWDVWH�I�U�GLH�1XPPHU�GHV�
8QWHUPHQ�V��6LH�N|QQHQ�EHLVSLHOVZHLVH���GU�FNHQ��XP�GDV�
8QWHUPHQ��5($/�LP�RELJHQ�%HLVSLHO�]X�PDUNLHUHQ�

�� 'U�FNHQ�6LH�2.�RGHU�\�

'DV�8QWHUPHQ��ZLUG�DQJH]HLJW�

�� 0DUNLHUHQ�6LH�GHQ�1DPHQ�GHV�JHZ�QVFKWHQ�%HIHKOV�

)�KUHQ�6LH�KLHU]X�HLQHQ�GHU�EHLGHQ�IROJHQGHQ�6FKULWWH�DXV�

� 'U�FNHQ�6LH�]��ELV�GHU�1DPH�GHV�%HIHKOV�PDUNLHUW�LVW�

� 'U�FNHQ�6LH�GLH�HQWVSUHFKHQGH�=LIIHUQWDVWH�I�U�GLH�1XPPHU�GHV�
%HIHKOV��

�� 'U�FNHQ�6LH�2.�RGHU�\�

:HQQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�DUEHLWHQ��ZLUG�GHU�DXVJHZlKOWH�%HIHKO�
LQ�GHU�%HIHKOV]HLOH�DQJH]HLJW�XQG�6LH�N|QQHQ�GLH�$UJXPHQWH�DQJHEHQ�

:HQQ�6LH�LP�531�0RGXV�DUEHLWHQ��ZLUG�GDV�(UJHEQLV�GHV�%HIHKOV�DXI�GHP�
6WDFN�DQJH]HLJW�

Eingeben eines Befehls von einem Funktionstastenmenü 
aus

(LQ�WKHPHQVSH]LILVFKHV�0HQ��NDQQ�HLQH�$XVZDKOOLVWH��ZLH�LP�YRUKHULJHQ�
$EVFKQLWW�EHVFKULHEHQ��RGHU�HLQ�)XQNWLRQVWDVWHQPHQ��VHLQ��(LQ�
)XQNWLRQVWDVWHQPHQ��LVW�HLQ�0HQ���GDV�XQWHQ�DXI�GHU�$Q]HLJH�
HLQJHEOHQGHW�ZLUG��'LH�(OHPHQWH�LP�0HQ��ZHUGHQ�GXUFK�'U�FNHQ�GHU�
HQWVSUHFKHQGHQ�)XQNWLRQVWDVWH��a�ELV�f��DXVJHZlKOW��)�U�GHWDLOOLHUWH�
,QIRUPDWLRQHQ�KLHU]X�VLHKH�.DSLWHO���GHV�%HQXW]HUKDQGEXFKV�
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Befehlskatalog
'HU�+3 ��*�YHUI�JW��EHU�HLQH�$XVZDKOOLVWH��GLH�DOOH�%HIHKOH�HQWKlOW��'LHVH�
/LVWH�ZLUG�DOV�%HIHKOVNDWDORJ�EH]HLFKQHW�

Anzeigen des Befehlskatalogs
�� 'U�FNHQ�6LH�N��

(LQH�$XVZDKOOLVWH�ZLUG�DQJH]HLJW��'LHV�
LVW�GHU�%HIHKOVNDWDORJ�

�� 6XFKHQ�6LH�GHQ�JHZ�QVFKWHQ�%HIHKO��
�6LHKH�QlFKVWHQ�$EVFKQLWW��

�� 'U�FNHQ�6LH�2.�RGHU \�

:HQQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�DUEHLWHQ��ZLUG�GHU�DXVJHZlKOWH�
%HIHKO�LQ�GHU�%HIHKOV]HLOH�DQJH]HLJW�XQG�6LH�N|QQHQ�GLH�$UJXPHQWH�
DQJHEHQ�

:HQQ�6LH�LP�531�0RGXV�DUEHLWHQ��ZLUG�GDV�(UJHEQLV�GHV�%HIHKOV�DXI�
GHP�6WDFN�DQJH]HLJW�

Suchen eines Befehls im Befehlskatalog

6LH�N|QQHQ�PLW�]ZHL�YHUVFKLHGHQHQ�0HWKRGHQ�QDFK�HLQHP�%HIHKO�LP�
%HIHKOVNDWDORJ�VXFKHQ�

� GXUFK�6FUROOHQ

� GXUFK�6XFKHQ�QDFK�GHP�E]Z��GHQ�HUVWHQ�=HLFKHQ�GHV�%HIHKOV�

Scrollen durch den Katalog

'U�FNHQ�6LH�GLH�7DVWHQ ]�RGHU�[��XP�GXUFK�GHQ�.DWDORJ�]X�VFUROOHQ��ELV�
GHU�JHZ�QVFKWH�%HIHKO�PDUNLHUW�LVW�

6LH�N|QQHQ�GLH�8PVFKDOWWDVWHQ�]XVDPPHQ�PLW�GHQ�3IHLOWDVWHQ�YHUZHQGHQ��
XP�VFKQHOOHU�GXUFK�GHQ�.DWDORJ�]X�VFUROOHQ��%HLVSLHO�

>��]HLJW�GHQ�OHW]WHQ�%HIHKO�LP�.DWDORJ

>��]HLJW�GHQ�HUVWHQ�%HIHKO

>��]HLJW�GLH�QlFKVWH�6HLWH�GHU�%HIHKOH

>��]HLJW�GLH�YRUKHULJH�6HLWH�GHU�%HIHKOH�

'LH�$Q]DKO�GHU�SUR�6HLWH�DQJH]HLJWHQ�%HIHKOH�ZLUG�DQKDQG�YRQ�)ODJ�¥���
IHVWJHOHJW��:HQQ�GDV�)ODJ�JHVHW]W�LVW��6WDQGDUGHLQVWHOOXQJ���ZHUGHQ�GLH�
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Eingeben von Befehlen Seite 1-5

A
dvanced topics

%HIHKOH�LQ�.OHLQVFKULIW�XQG�SUR�6HLWH�VHFKV�%HIHKOH�DQJH]HLJW��:HQQ�
)ODJ�¥���QLFKW�JHVHW]W�LVW��ZHUGHQ�GLH�%HIHKOH�LQ�GHU�DNWXHOO�JHZlKOWHQ�
6\VWHPVFKULIW�DQJH]HLJW��:HQQ�EHLVSLHOVZHLVH�6\VWHP���DOV�DNWXHOOH�
6\VWHPVFKULIW�JHZlKOW�LVW��ZHUGHQ�QXU�YLHU�%HIHKOH�SUR�6HLWH�DQJH]HLJW�

Suchen nach einem Befehl im Befehlskatalog

'LH�PHLVWHQ�%HIHKOH�LP�%HIHKOVNDWDORJ�N|QQHQ�6LH�ZlKOHQ��LQGHP�6LH�
QDFK�GHQ�GHP�HUVWHQ�=HLFKHQ�GHV�%HIHKOVQDPHQV�VXFKHQ�

�� 'U�FNHQ�6LH�GLH�7DVWH�Q��GHV�GHU�HUVWHQ�=HLFKHQ�V��GHV�
%HIHKOVQDPHQV�

%HLVSLHO��8P�GHQ�%HIHKO�+$/)7$1�]X�VXFKHQ��JHEHQ�6LH�` +�RGHU�
`` +$�HLQ�

'HU�HUVWH�%HIHKO�PLW�HLQHP�1DPHQ��GHU�PLW�GHQ�GHP�HLQJHJHEHQHQ�
%XFKVWDEHQ�EHJLQQW��ZLUG�PDUNLHUW�

�� :HQQ�GHU�JHZ�QVFKWH�%HIHKO�QLFKW�PDUNLHUW�LVW��GU�FNHQ�6LH ]��ELV�GHU�
%HIHKO�PDUNLHUW�LVW�

%HDFKWHQ�6LH��GDVV�GDV�HUVWH�=HLFKHQ�HLQHV�%HIHKOV�)ROJHQGHV�VHLQ�NDQQ�

� HLQ�*UR�EXFKVWDEH��]�%��6,1��

� HLQ�.OHLQEXFKVWDEH��]�%��UUHI��RGHU�

� HLQ�6\PERO��]�%��→7$*��

'HU�7\S�GHV�HUVWHQ�=HLFKHQV�EHVWLPPW�GLH�EHVWH�0HWKRGH�]XU�6XFKH�QDFK�
QDFK�GHP�%HIHKO�

*UR�EXFKVWDEHQ::HQQ�GHU�JHZ�QVFKWH�%HIHKO�PLW�HLQHP�*UR�EXFKVWDEHQ�
EHJLQQW��P�VVHQ�6LH�GLH�7DVWH�` YRU�GHU�7DVWH�I�U�GHQ�%XFKVWDEHQ�
GU�FNHQ��:HQQ�GLH�6XFKH�QDFK�GHQ�HUVWHQ�SDDU�=HLFKHQ�GHV�
%HIHKOVQDPHQV�HUIROJHQ�VROO��P�VVHQ�6LH�HLQHQ�GHU�IROJHQGHQ�6FKULWWH�
DXVI�KUHQ�

� +DOWHQ�6LH�GLH�7DVWH�` JHGU�FNW��ZlKUHQG�6LH�DOOH�=HLFKHQ�HLQJHEHQ��

� $NWLYLHUHQ�6LH�GLH�$OSKD�7DVWDWXU��EHYRU�6LH�GLH�=HLFKHQ�HLQJHEHQ�

Kleinbuchstaben::HQQ�GHU�JHZ�QVFKWH�%HIHKO�PLW�HLQHP�.OHLQEXFKVWDEHQ�
EHJLQQW��P�VVHQ�6LH�GLH�7DVWH�`< YRU�GHU�7DVWH�I�U�GHQ�%XFKVWDEHQ�
GU�FNHQ��%HLVSLHO��:HQQ�6LH�`< 5�GU�FNHQ��ZLUG�GHU�%HIHKO�USP�
DQJH]HLJW�

Nicht alphabetische Zeichen::HQQ�GHU�JHZ�QVFKWH�%HIHKO�PLW�HLQHP�QLFKW�
DOSKDEHWLVFKHQ�=HLFKHQ�EHJLQQW��P�VVHQ�6LH�GLH�7DVWHQ�I�U�GDV�=HLFKHQ�
GU�FNHQ��%HLVSLHO��8P�QDFK�→7$*�]X�VXFKHQ��JHEHQ�6LH�>) HLQ��'HU�
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Seite 1-6 Eingeben von Befehlen
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HUVWH�%HIHKO�PLW�HLQHP�1DPHQ��GHU�PLW�→ EHJLQQW��ZLUG�DQJH]HLJW���6LH�
P�VVHQ�EHL�GLHVHP�%HLVSLHOV ]�GU�FNHQ��ELV�→7$*�PDUNLHUW�LVW��

:HQQ�GLH�$OSKD�7DVWDWXU�DNWLYLHUW�LVW��N|QQHQ�6LH�DXFK�QDFK�HLQHP�%HIHKO�
VXFKHQ��GHU�PLW�HLQHP�6RQGHU]HLFKHQ�EHJLQQW��LQGHP�6LH�GDV�=HLFKHQ�XQG�
GDQQ�HLQHQ�RGHU�PHKUHUH�GHU�QlFKVWHQ�%XFKVWDEHQ�HLQJHEHQ�

'LH�7DVWHQNRPELQDWLRQHQ�I�U�QLFKW�DOSKDEHWLVFKH�=HLFKHQ�VLQG�LP�.DWDORJ�
§&KDUDFWHUV¨�DXIJHI�KUW��%HLVSLHO��'LH�7DVWHQNRPELQDWLRQ�I�U�Σ�LVW >�XQG�
6��:HQQ�6LH�LP�%HIHKOVNDWDORJ�GHQ�%HIHKO�Σ��VXFKHQ��]HLJHQ�6LH�GHQ�
.DWDORJ�DQ�XQG�GU�FNHQ�6LH�>�6��

'HU�.DWDORJ�§&KDUDFWHUV¨��DXI�GHQ�6LH�GXUFK�'U�FNHQ�YRQ�>ô�
]XJUHLIHQ��ZLUG�LQ�.DSLWHO���GHU�%HQXW]HUKDQGEXFKV�HUOlXWHUW�

6LH�N|QQHQ�]XVlW]OLFKH�%HIHKOH�DXV�%HIHKOVELEOLRWKHNHQ�YRQ�
'ULWWKHUVWHOOHUQ�LPSRUWLHUHQ��:HQQ�HLQH�%LEOLRWKHN�DQJHI�JW�LVW��ZHUGHQ�
GLH�%HIHKOH�GHU�%LEOLRWKHN�LP�%HIHKOVNDWDORJ�DQJH]HLJW��:HQQ�HLQHU�GLHVHU�
%HIHKOH�PLW�HLQHP�=HLFKHQ�EHJLQQW��GDV�QLFKW�GLUHNW�DXI�GHU�7DVWDWXU�GHV�
+3 ��*�YHUI�JEDU�LVW��N|QQHQ�6LH�QLFKW�QDFK�GHP�%HIHKO�VXFKHQ�

Eingeben von Befehlen
=XVlW]OLFK�]XU�$XVZDKO�HLQHV�%HIHKOV�DXV�GHP�%HIHKOVNDWDORJ�RGHU�HLQHP�
0HQ��N|QQHQ�6LH�HLQHQ�%HIHKO�HEHQIDOOV�HLQJHEHQ��LQGHP�6LH�VHLQHQ�
1DPHQ�LQ�GHU�%HIHKOV]HLOH�HLQJHEHQ�

6R�]HUOHJHQ�6LH�EHLVSLHOVZHLVH�HLQHQ�$XVGUXFN�LP�DOJHEUDLVFKHQ�0RGXV�

�� *HEHQ�6LH�``)$&725<_�HLQ�

�� *HEHQ�6LH�GHQ�$XVGUXFN�HLQ�

�� 'U�FNHQ�6LH�\�

6R�]HUOHJHQ�6LH�HLQHQ�$XVGUXFN�LP�531�0RGXV�

�� *HEHQ�6LH�GHQ�$XVGUXFN�LQ�(EHQH���GHV�6WDFNV�HLQ�

�� *HEHQ�6LH�``)$&725�HLQ�

�� 'U�FNHQ�6LH�\�

$OOH�LP�%HIHKOVNDWDORJ�DXIJHI�KUWHQ�%HIHKOH�N|QQHQ�6LH�GLUHNW��EHU�GLH�
7DVWDWXU�HLQJHEHQ�

(LQLJH�%HIHKOVQDPHQ�HQWKDOWHQ�6RQGHU]HLFKHQ��]�%��→�XQG�Σ���'HU�
.DWDORJ�§&KDUDFWHUV¨�¥�DXI�GHQ�6LH�GXUFK�'U�FNHQ�YRQ�>ô ]XJUHLIHQ�
XQG�GHU�LQ�.DSLWHO���GHV�%HQXW]HUKDQGEXFKV�HUOlXWHUW�ZLUG�¥�]HLJW�GLH�I�U�
GLH�(LQJDEH�YRQ�6RQGHU]HLFKHQ�HUIRUGHUOLFKHQ�7DVWHQNRPELQDWLRQHQ�
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Modusflags Seite 2-1

A
dvanced topics

Kapitel 2

Modusflags

0RGXVIODJV�ELHWHQ�,KQHQ�HLQH�JHZLVVH�.RQWUROOH��EHU�GDV�9HUKDOWHQ�GHV�
+3 ��*�XQG�GLH�$Q]HLJH�YRQ�,QIRUPDWLRQHQ��%HLVSLHO��:HQQ�6LH�)ODJ�¥���
VHW]HQ��N|QQHQ�6LH�GLH�$OSKD�7DVWDWXU�DNWLYLHUHQ��LQGHP�6LH�`�HLQPDO�
VWDWW�]ZHLPDO�GU�FNHQ��:HQQ�)ODJ�¥���QLFKW�JHVHW]W��DXIJHKREHQ��LVW��
NHKUW�GHU�0RGXV�]X�VHLQHU�6WDQGDUGHLQVWHOOXQJ�]XU�FN��`�PXVV�
]ZHLPDO�JHGU�FNW�ZHUGHQ��XP�GLH�$OSKD�7DVWDWXU�]X�DNWLYLHUHQ��

Anzeigen von Modusflags
�� 'U�FNHQ�6LH�h��XP�GLH�(LQJDEHPDVNH�

§&DOFXODWRU�0RGHV¨�DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�)/$*6�

'LH�/LVWH�§6\VWHP�)ODJV¨�ZLUG�DQJH]HLJW��
(LQ�+lNFKHQ�OLQNV�YRQ�HLQHU�)ODJ�1XPPHU�]HLJW�DQ��GDVV�GDV�)ODJ�
JHVHW]W�LVW��(LQH�QLFKW�PDUNLHUWH�)ODJ�1XPPHU�]HLJW�HLQ�DXIJHKREHQHV�
)ODJ�DQ��6LH�N|QQHQ�DXI�GLHVHU�$Q]HLJH�DOOH�)ODJV�LQ�GHU�/LVWH�VHW]HQ�
RGHU�O|VFKHQ�

'LH�/LVWH�§6\VWHP�)ODJV¨�I�KUW�QLFKW�DOOH�0RGXVIODJV�DXI��$OV�DOOJHPHLQH�
5HJHO�JLOW��)ODJV��GLH�ZDKUVFKHLQOLFK�RIW�JHlQGHUW�ZHUGHQ�P�VVHQ��N|QQHQ�
DXI�GHQ�YHUVFKLHGHQHQ�(LQJDEHPDVNHQ�JHVHW]W�RGHU�JHO|VFKW�ZHUGHQ��GD�
VLH�GRUW�OHLFKWHU�]XJlQJOLFK�VLQG��)ODJV��GLH�VHOWHQ�JHlQGHUW�ZHUGHQ�
P�VVHQ��ZHUGHQ�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�DXIJHI�KUW�

)ODJ�¥���EHVWLPPW�EHLVSLHOVZHLVH��RE�VLFK�GHU�7DVFKHQUHFKQHU�LP�
DOJHEUDLVFKHQ�RGHU�531�0RGXV�EHILQGHW��'D�GLHVHV�)ODJ�
K|FKVWZDKUVFKHLQOLFK�KlXILJ�JHlQGHUW�ZLUG��LVW�HV��EHU�HLQH�
(LQJDEHPDVNH�]XJlQJOLFK��QlPOLFK�GLH�(LQJDEHPDVNH�§&DOFXODWRU�0RGHV¨�
�VLHKH�.DSLWHO���GHV�%HQXW]HUKDQGEXFKV���'D�)ODJ�¥����EHU�HLQH�
(LQJDEHPDVNH�]XJlQJOLFK�LVW��ZLUG�HV�QLFKW�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�
DXIJHI�KUW���'LHVH�DOOJHPHLQH�5HJHO�JLOW�I�U�PDQFKH�)lOOH�QLFKW��GD�HLQLJH�
)ODJV�VRZRKO��EHU�HLQH�(LQJDEHPDVNH�DOV�DXFK�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�
]XJlQJOLFK�VLQG��

$OOH�0RGXVIODJV�¥�QLFKW�QXU�GLH�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�¥�ZHUGHQ�LQ�GHU�
+3 ��*�.XU]DQOHLWXQJ�DXIJHI�KUW�XQG�EHVFKULHEHQ�
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Setzen und Aufheben von Flags

Methode 1

9HUZHQGHQ�6LH�GLHVH�0HWKRGH�QXU��ZHQQ�GDV�]X�lQGHUQGH�)ODJ�LQ�GHU�/LVWH�
§6\VWHP�)ODJV¨�DXIJHI�KUW�LVW�

�� :HQQ�GLH�/LVWH�§6\VWHP�)ODJV¨�DQJH]HLJW�ZLUG��PDUNLHUHQ�6LH�GDV�]X�
VHW]HQGH�E]Z��DXI]XKHEHQGH�)ODJ�

)�KUHQ�6LH�KLHU]X�HLQHQ�GHU�EHLGHQ�IROJHQGHQ�6FKULWWH�DXV�

� 'U�FNHQ�6LH�GLH�7DVWHQ�]�RGHU�[��ELV�GDV�JHZ�QVFKWH�)ODJ�
PDUNLHUW�LVW�

� *HEHQ�6LH�GLH�HUVWH�=LIIHU�GHU�)ODJ�1XPPHU�HLQ�

'HU�YRUKHULJH�$EVFKQLWW�EHVFKUHLEW��ZLH�6LH�)ODJV�DQ]HLJHQ�N|QQHQ�

�� 'U�FNHQ�6LH�&+.��

:HQQ�GDV�)ODJ�YRUKHU�JHVHW]W�ZDU��LVW�HV�MHW]W�JHO|VFKW��ZHQQ�HV�
JHO|VFKW�ZDU��LVW�HV�MHW]W�JHVHW]W�

�� 'U�FNHQ�6LH�2.�RGHU�\��XP�]XU�$Q]HLJH�§&DOFXODWRU�0RGHV¨�
]XU�FN]XNHKUHQ��'U�FNHQ�6LH�2.�RGHU�\ HUQHXW��XP�]XU�
6WDQGDUGDQ]HLJH�]XU�FN]XNHKUHQ�

Methode 2

:HQQ�6LH�GLH�1XPPHU�GHV�]X�lQGHUQGHQ�0RGXVIODJV�NHQQHQ��N|QQHQ�6LH�
GDV�)ODJ�YRQ�GHU�%HIHKOV]HLOH�DXV�lQGHUQ��'LH�]X�YHUZHQGHQGH�6\QWD[�LVW�
YRP�JHZlKOWHQ�%HWULHEVPRGXV�DEKlQJLJ��DOJHEUDLVFK�RGHU�531�

'LH�6\QWD[�ODXWHW�LP�DOJHEUDLVFKHQ�0RGXV�ZLH�IROJW�

%HIHKO�)ODJ��

*HEHQ�6LH�LP�531�0RGXV�GDV�)ODJ�DXI�GHU�HUVWHQ�(EHQH�GHV�6WDFNV�XQG�
GDQQ�GHQ�HQWVSUHFKHQGHQ�%HIHKO�HLQ��'HU�%HIHKO�]XP�6HW]HQ�HLQHV�)ODJV�
LVW�6)�XQG�]XP�$XIKHEHQ�HLQHV�)ODJV�&)���'LH�)ODJ�%HIHKOH�ZHUGHQ�DXI�
6HLWH�����EHVFKULHEHQ��

%HLVSLHO��:HQQ�6LH�)ODJ�¥���LP�DOJHEUDLVFKHQ�0RGXV�VHW]HQ�P|FKWHQ��
JHEHQ�6LH�6)�¥����HLQ�XQG�GU�FNHQ�6LH�\��*HEHQ�6LH�LP�531�0RGXV�
¥���DXI�(EHQH���GHV�6WDFNV�XQG�6)�LQ�GHU�%HIHKOV]HLOH�HLQ��'U�FNHQ�6LH�
DQVFKOLH�HQG�\�

:HQQ�6LH�)ODJ�¥���LP�DOJHEUDLVFKHQ�0RGXV�DXIKHEHQ�P|FKWHQ��JHEHQ�6LH�
&)�¥����HLQ�XQG�GU�FNHQ�6LH�\��*HEHQ�6LH�LP�531�0RGXV�¥���DXI�
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Modusflags Seite 2-3

A
dvanced topics

(EHQH���GHV�6WDFNV�XQG�&)�LQ�GHU�%HIHKOV]HLOH�HLQ��'U�FNHQ�6LH�
DQVFKOLH�HQG�\�

6LH�N|QQHQ�GLHVH�0HWKRGH�]XP�6HW]HQ�XQG�$XIKHEHQ�DOOHU�)ODJV�
YHUZHQGHQ��QLFKW�QXU�I�U�GLH�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�

Gleichzeitiges Setzen und Aufheben von mehreren Flags

'LH�6\QWD[�ODXWHW�LP�DOJHEUDLVFKHQ�0RGXV�ZLH�IROJW�

%HIHKO�^/LVWH`�

*HEHQ�6LH�LP�531�0RGXV�GLH�/LVWH�GHU�]X�VHW]HQGHQ�RGHU�DXI]XKHEHQGHQ�
)ODJV�DXI�GHU�HUVWHQ�(EHQH�GHV�6WDFNV�XQG�GDQQ�GHQ�HQWVSUHFKHQGHQ�
%HIHKO�HLQ�

%HLVSLHO��:HQQ�6LH�)ODJV�¥���XQG�¥���LP�DOJHEUDLVFKHQ�0RGXV�VHW]HQ�
P|FKWHQ��JHEHQ�6LH�6)�^¥���¥��`��HLQ�XQG�GU�FNHQ�6LH�\��*HEHQ�6LH�LP�
531�0RGXV�^¥���¥��`�DXI�(EHQH���GHV�6WDFNV�XQG�6)�LQ�GHU�%HIHKOV]HLOH�
HLQ��'U�FNHQ�6LH�DQVFKOLH�HQG�\���%HDFKWHQ�6LH��GDVV�6LH�LP�
DOJHEUDLVFKHQ�0RGXV�HLQ�.RPPD�]ZLVFKHQ�]ZHL�(OHPHQWH�LQ�HLQHU�/LVWH�
HLQJHEHQ�P�VVHQ��6LH�N|QQHQ�LP�531�0RGXV�HLQ�.RPPD�RGHU�
/HHU]HLFKHQ�HLQJHEHQ��

:HQQ�6LH�)ODJV�¥���XQG�¥���LP�DOJHEUDLVFKHQ�0RGXV�O|VFKHQ�P|FKWHQ��
JHEHQ�6LH�&)�^¥���¥��`��HLQ�XQG�GU�FNHQ�6LH�\��*HEHQ�6LH�LP�531�
0RGXV�^¥���¥��`�DXI�(EHQH���GHV�6WDFNV�XQG�&)�LQ�GHU�%HIHKOV]HLOH�HLQ��
'U�FNHQ�6LH�DQVFKOLH�HQG�\�

Methode 3

'LH�)ODJV��GLH�6LH�ZDKUVFKHLQOLFK�lQGHUQ�P�VVHQ��VLQG��EHU�YHUVFKLHGHQH�
(LQJDEHPDVNHQ�]XJlQJOLFK��ZLH�DXI�6HLWH�����EHVFKULHEHQ���=HLJHQ�6LH�
]XP�bQGHUQ�HLQHV�GLHVHU�)ODJV�GLH�HQWVSUHFKHQGH�(LQJDEHPDVNH�DQ��
VHW]HQ�6LH�GHQ�&XUVRU�LQ�GDV�)ODJ�)HOG�XQG�GU�FNHQ�6LH�&+.��:HQQ�GDV�
)ODJ�YRUKHU�JHVHW]W�ZDU��LVW�HV�MHW]W�DXIJHKREHQ��ZHQQ�HV�DXIJHKREHQ�ZDU��
LVW�HV�MHW]W�JHVHW]W���(LQ�+lNFKHQ�LP�)HOG�]HLJW�DQ��GDVV�GDV�)ODJ�JHVHW]W�
LVW��

)ODJV��GLH��EHU�(LQJDEHPDVNHQ�JHVHW]W�ZHUGHQ�N|QQHQ��XPIDVVHQ�
(LQVWHOOXQJHQ�I�U�GHQ�%HWULHEVPRGXV��GDV�=DKOHQIRUPDW��GHQ�
:LQNHOPRGXV��GDV�.RRUGLQDWHQV\VWHP��GDV�7RQVLJQDO��GHQ�7DVWHQWRQ��GDV�
6SHLFKHUQ�GHV�OHW]WHQ�6WDFNV��GHQ�/HKUEXFKPRGXV�XQG�GLH�8KU��'LHVH�
VRZLH�]DKOUHLFKH�DQGHUH�)ODJV�VLQG�GXUFK�'U�FNHQ�YRQ�h�]XJlQJOLFK�

'DV�%HDUEHLWHQ�YRQ�(LQJDEHPDVNHQ�ZLUG�GHWDLOOLHUW�LQ�.DSLWHO���GHV�
%HQXW]HUKDQGEXFKV�EHVFKULHEHQ�
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Flag-Befehle
'LH�)ODJ�%HIHKOH�VLQG�LQ�GHU�QDFKVWHKHQGHQ�7DEHOOH�DXIJHI�KUW�XQG�
EHVFKULHEHQ��'LH�)ODJ�%HIHKOH�GLHQHQ�]XP�6HW]HQ�XQG�$XIKHEHQ�YRQ�)ODJV�
VRZLH�]XU�$XVJDEH�HLQHV�:HUWV��GHU�GHQ�6WDWXV�GHV�MHZHLOLJHQ�)ODJV�DQJLEW��
���ZHQQ�GDV�)ODJ�JHVHW]W�LVW�����ZHQQ�GDV�)ODJ�QLFKW�JHVHW]W�LVW�

Tabelle 2-1 Flag-Befehle

Benutzerflags
6LH�N|QQHQ�GLH�LQ�GHU�RELJHQ�7DEHOOH�DXIJHI�KUWHQ�%HIHKOH�DXFK�DXI�
%HQXW]HUIODJV�DQZHQGHQ���%HQXW]HUIODJV�ZHUGHQ�KDXSWVlFKOLFK�EHL�GHU�
3URJUDPPLHUXQJ�YHUZHQGHW��

%HQXW]HUIODJV�VLQG�SRVLWLYH�=DKOHQ��ZlKUHQG�0RGXVIODJV�QHJDWLYH�=DKOHQ�
VLQG���'LH�0RGXVIODJV�ZHUGHQ�LQ�GHU�/LVWH�§6\VWHP�)ODJV¨�¥�VLHKH�6HLWH�����
¥�DOV�SRVLWLYH�=DKOHQ�DQJH]HLJW��6LH�P�VVHQ�GLH�0RGXVIODJV�MHGRFK�EHLP�
6HW]HQ��/|VFKHQ�XQG�7HVWHQ�DOV�QHJDWLYH�=DKOHQ�DQJHEHQ��

6LH�KDEHQ�=XJULII�DXI�����%HQXW]HUIODJV��6LH�N|QQHQ�%HQXW]HUIODJV�JHQDX�
ZLH�0RGXVIODJV�VHW]HQ��O|VFKHQ�XQG�WHVWHQ��%HLVSLHO��:HQQ�6LH�GDV�YRQ�
,KUHP�3URJUDPP�JHVHW]WH�)ODJ����DXIKHEHQ�P|FKWHQ��ZHQGHQ�6LH�GHQ�
%HIHKO�&)�����DQ�

Befehl Beschreibung

6) 6HW]W�GDV�DQJHJHEHQH�)ODJ�

&) /|VFKW�GDV�DQJHJHEHQH�)ODJ�

)6" *LEW�§ZDKU¨�����DXV��ZHQQ�GDV�DQJHJHEHQH�)ODJ�JHVHW]W�LVW��
XQG�§IDOVFK¨������ZHQQ�GDV�DQJHJHEHQH�)ODJ�DXIJHKREHQ�LVW�

)&" *LEW�§ZDKU¨�����DXV��ZHQQ�GDV�DQJHJHEHQH�)ODJ�DXIJHKREHQ�
LVW��XQG�§IDOVFK¨������ZHQQ�GDV�DQJHJHEHQH�)ODJ�JHVHW]W�LVW�

)6"& 7HVWHW�GDV�DQJHJHEHQH�)ODJ��*LEW�§ZDKU¨�����DXV��ZHQQ�GDV�
)ODJ�JHVHW]W�LVW��XQG�§IDOVFK¨������ZHQQ�GDV�)ODJ�DXIJHKREHQ�
LVW��XQG�KHEW�GDV�)ODJ�DXI�

)&"& 7HVWHW�GDV�DQJHJHEHQH�)ODJ��*LEW�§ZDKU¨�����DXV��ZHQQ�GDV�
)ODJ�DXIJHKREHQ�LVW��XQG�§IDOVFK¨������ZHQQ�GDV�)ODJ�JHVHW]W�
LVW��XQG�KHEW�GDV�)ODJ�DXI�
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A
dvanced topics

Kapitel 3

Befehlszeilenoperationen

'LH�%HIHKOV]HLOH�LVW�GHU�%HUHLFK��LQ�GHP�6LH�%HIHKOH�XQG�2EMHNWH�HLQJHEHQ�
XQG�EHDUEHLWHQ�N|QQHQ��'HU�+3 ��*�YHUI�JW��EHU�]DKOUHLFKH�:HUN]HXJH�
]XP�$UEHLWHQ�LQ�GHU�%HIHKOV]HLOH��(LQLJH�GLHVHU�:HUN]HXJH�YHUI�JHQ��EHU�
HLJHQH�7DVWHQ��DQGHUH�ZLHGHUXP�N|QQHQ�LP�0HQ��§7RRO¨�GHV�
%HIHKOV]HLOHQHGLWRUV�DXVJHZlKOW�ZHUGHQ��

Aktivieren der Befehlszeile
'LH�$UW�GHU�$NWLYLHUXQJ�GHU�%HIHKOV]HLOH�LVW�GDYRQ�DEKlQJLJ��RE�HLQ�QHXHV�
2EMHNW�HUVWHOOW�RGHU�HLQ�YRUKDQGHQHV�2EMHNW�EHDUEHLWHW�ZHUGHQ�VROO�

:HQQ�6LH�HLQ�QHXHV�2EMHNW�HUVWHOOHQ�P|FKWHQ��IDQJHQ�6LH�HLQIDFK�PLW�GHU�
(LQJDEH�DQ��'LH�%HIHKOV]HLOH�ZLUG�VRIRUW�DNWLYLHUW���6LH�N|QQHQ�]ZDU�GLH�
PHLVWHQ�2EMHNWH�LQ�GHU�%HIHKOV]HLOH�HUVWHOOHQ��YLHOH�2EMHNWH�ZHUGHQ�MHGRFK�
DP�EHVWHQ�DQKDQG�YRQ�VSH]LILVFKHQ�$QZHQGXQJHQ�HUVWHOOW��%HLVSLHO��(V�LVW�
HLQIDFKHU��HLQHQ�$XVGUXFN�PLW�(TXDWLRQ:ULWHU�RGHU�HLQH�0DWUL[�PLW�
0DWUL[:ULWHU�]X�HUVWHOOHQ��

:HQQ�6LH�HLQ�YRUKDQGHQHV�2EMHNW�LQ�GHU�%HIHKOV]HLOH�EHDUEHLWHQ�P|FKWHQ��
ZlKOHQ�6LH�GDV�2EMHNW�LP�+LVWRU\�6SHLFKHU�RGHU�DXV�GHP�6WDFN�DXV�XQG�
JHKHQ�6LH�ZLH�IROJW�YRU�

� 'U�FNHQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�\�

� 'U�FNHQ�6LH�LP�531�0RGXV�(',7�

%HDFKWHQ�6LH��GDVV�GDV�'U�FNHQ�YRQ�(',7�LP�DOJHEUDLVFKHQ�0RGXV�GLH�
$QZHQGXQJ�DNWLYLHUW��GLH�I�U�GLH�%HDUEHLWXQJ�GHV�DXVJHZlKOWHQ�2EMHNWV�
DP�EHVWHQ�JHHLJQHW�LVW��XQG�QLFKW�GHQ�%HIHKOV]HLOHQHGLWRU��%HLVSLHO��:HQQ�
6LH�HLQHQ�$XVGUXFN�DXVZlKOHQ�XQG�(',7�GU�FNHQ��ZLUG�(TXDWLRQ:ULWHU�
DNWLYLHUW��:HQQ�6LH�GDV�2EMHNW�LQ�GHU�%HIHKOV]HLOH�EHDUEHLWHQ�P|FKWHQ��
P�VVHQ�6LH�\�GU�FNHQ�
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Positionieren des Cursors
:HQQ�6LH�HLQ�2EMHNW�LQ�GHU�%HIHKOV]HLOH�EHDUEHLWHQ��P�VVHQ�6LH�IDVW�LPPHU�
GHQ�&XUVRU�QHX�SRVLWLRQLHUHQ�

Wichtigste Methoden: einzeilige Befehlszeile

'U�FNHQ�6LH {�RGHU�}��XP�GHQ�&XUVRU�QDFK�OLQNV�E]Z��UHFKWV�]X�
SRVLWLRQLHUHQ�

8P�GLUHNW�]XP�OHW]WHQ�=HLFKHQ�LQ�GHU�%HIHKOV]HLOH�]X�JHKHQ��GU�FNHQ�6LH�
<��RGHU�>��

8P�GLUHNW�]XP�HUVWHQ�=HLFKHQ�LQ�GHU�%HIHKOV]HLOH�]X�JHKHQ��GU�FNHQ�6LH�
<��RGHU�>��

Wichtigste Methoden: mehrzeilige Befehlszeile

'U�FNHQ�6LH�EHL�PHKU]HLOLJHQ�(LQJDEHQ��]�%��%O|FNH�PLW�
3URJUDPPLHUFRGH��GLH�7DVWH�[�RGHU�]��XP�GHQ�&XUVRU�DXI�GLH�YRUKHULJH�
E]Z��QlFKVWH�=HLOH�]X�VHW]HQ�

8P�GLUHNW�]XP�(QGH�GHU�OHW]WHQ�=HLOH�]X�JHKHQ��GU�FNHQ�6LH�>��

8P�GLUHNW�]XU�3RVLWLRQ�[�LQ�GHU�OHW]WHQ�=HLOH�]X�JHKHQ��ZREHL�[�GLH�$Q]DKO�
GHU�=HLFKHQ�YRP�$QIDQJ�GHU�DNWXHOOHQ�=HLOH�]XP�&XUVRU�LVW��GU�FNHQ�6LH�
<��

8P�GLUHNW�]XP�$QIDQJ�GHU�HUVWHQ�=HLOH�]X�JHKHQ��GU�FNHQ�6LH�>��

8P�GLUHNW�]XU�3RVLWLRQ�[�LQ�GHU�HUVWHQ�=HLOH�]X�JHKHQ��ZREHL�[�GLH�$Q]DKO�
GHU�=HLFKHQ�YRP�$QIDQJ�GHU�DNWXHOOHQ�=HLOH�]XP�&XUVRU�LVW��GU�FNHQ�6LH�
<��
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Nützliche Befehle und Untermenüs
'HU�%HIHKOV]HLOHQHGLWRU�YHUI�JW�ZLH�DOOH�DQGHUHQ�$QZHQGXQJHQ�GHV�
+3 ��*��EHU�HLQ�HLJHQHV�0HQ��§7RRO¨��'LHVHV�0HQ��ZLUG�GXUFK�'U�FNHQ�
YRQ�i DQJH]HLJW��ZlKUHQG�GLH�%HIHKOV]HLOH�DNWLYLHUW�LVW��G�K���ZHQQ�GHU�
&XUVRU�EOLQNW���6LH�N|QQHQ�GDQQ�HLQHQ�%HIHKO�GXUFK�'U�FNHQ�GHU�
HQWVSUHFKHQGHQ�)XQNWLRQVWDVWH�DXVZlKOHQ�

)ROJHQGH�%HIHKOH�]XP�3RVLWLRQLHUHQ�GHV�&XUVRUV�VWHKHQ�]XU�$XVZDKO�

←6.,3 %HZHJW�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�DNWXHOOHQ�:RUWV�
�G�K��DQ�GHQ�$QIDQJ�GHV�:RUWV��LQ�GHP�VLFK�GHU�&XUVRU�
PRPHQWDQ�EHILQGHW���%HL�HUQHXWHP�'U�FNHQ�ZLUG�GHU�
&XUVRU�DQ�GHQ�$QIDQJ�GHV�YRUKHULJHQ�:RUWV��IDOOV�
YRUKDQGHQ��EHZHJW�

6.,3→ %HZHJW�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�QlFKVWHQ�:RUWV�
�RGHU�DQ�GDV�(QGH�GHV�:RUWV��IDOOV�NHLQ�QlFKVWHV�:RUW�
YRUKDQGHQ�LVW���

→%(* %HZHJW�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHU�$XVZDKO�RGHU��IDOOV�
QLFKWV�DXVJHZlKOW�LVW��DQ�GHQ�$QIDQJ�GHU�%HIHKOV]HLOH��
�%HL�PHKU]HLOLJHQ�(LQJDEHQ�LVW�GHU�$QIDQJ�GHU�
%HIHKOV]HLOH�GHU�$QIDQJ�GHU�HUVWHQ�=HLOH�GHU�(LQJDEH��

→(1' %HZHJW�GHQ�&XUVRU�DQ�GDV�(QGH�GHU�$XVZDKO�RGHU��IDOOV�
QLFKWV�DXVJHZlKOW�LVW��DQ�GHQ�$QIDQJ�GHU�%HIHKOV]HLOH�

*272 'DV�0HQ��*272�YHUI�JW��EHU�GUHL�Q�W]OLFKH�%HIHKOH�

Go to line��'LHVHU�%HIHKO�EHZHJW�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�
GHU�=HLOH��GHVVHQ�1XPPHU�6LH�DQJHJHEHQ�KDEHQ�

Go to position��'LHVHU�%HIHKO�EHZHJW�GHQ�&XUVRU�DQ�GLH�YRQ�
,KQHQ�DQJHJHEHQH�3RVLWLRQ��G�K��GLH�DQJHJHEHQH�$Q]DKO�
YRQ�=HLFKHQ��HLQVFKOLH�OLFK�/HHU]HLFKHQ��YRP�$QIDQJ�GHU�
%HIHKOV]HLOH��

6LHKH�§%HIHKOV]HLOHQLQIRUPDWLRQHQ¨�DXI�6HLWH������I�U�
,QIRUPDWLRQHQ��ZLH�6LH�GLH�3RVLWLRQ�HLQHV�=HLFKHQV�LQ�GHU�
%HIHKOV]HLOH�EHVWLPPHQ�N|QQHQ�

Labels��+LHUEHL�ZLUG�HLQH�/LVWH�GHU�%HVFKULIWXQJHQ�GHV�
2EMHNWV�LQ�GHU�%HIHKOV]HLOH�DQJH]HLJW��:HQQ�6LH�HLQH�
%HVFKULIWXQJ�LQ�GHU�/LVWH�PDUNLHUHQ�XQG�2.�RGHU�\�
GU�FNHQ��ZLUG�GHU�&XUVRU�DQ�GHQ�$QIDQJ�GHU�%HVFKULIWXQJ�
EHZHJW�
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(LQH�%HVFKULIWXQJ�LVW�HLQH�EHOLHELJH�=HLFKHQIROJH��GLH�PLW�
HLQHP�6WHUQFKHQ��
��EHJLQQW��%HVFKULIWXQJHQ�VLQG�
LQVEHVRQGHUH�EHL�GHU�3URJUDPPLHUXQJ�Q�W]OLFK��GD�VLH�]XU�
%H]HLFKQXQJ�YRQ�HLQ]HOQHQ�%O|FNHQ�YRQ�&RGH�YHUZHQGHW�
ZHUGHQ�N|QQHQ�

),1' 'HU�%HIHKO�§)LQG¨�LVW�LP�8QWHUPHQ��§6HDUFK¨�YHUI�JEDU��
6LH�N|QQHQ�GLHVHQ�%HIHKO�YHUZHQGHQ��XP�GHQ�&XUVRU�]X�
GHP�DQJHJHEHQHQ�=HLFKHQ�E]Z��GHU�DQJHJHEHQHQ�
=HLFKHQIROJH�]X�EHZHJHQ��6LHKH�§'HU�%HIHKO�§)LQG¨¨�DXI�
6HLWH�����I�U�ZHLWHUH�,QIRUPDWLRQHQ�

Auswählen von Zeichen
'HU�+3 ��*�YHUI�JW��EHU�]DKOUHLFKH�%HIHKOH��GLH�DXI�DXVJHZlKOWHQ�7H[W�
DQJHZHQGHW�ZHUGHQ��]�%��.RSLHUHQ�XQG�$XVVFKQHLGHQ���0DUNLHUHQ�6LH�
]XP�$XVZlKOHQ�YRQ�=HLFKHQ�GHQ�$QIDQJ�XQG�GDV�(QGH�GHU�$XVZDKO�

�� 3RVLWLRQLHUHQ�6LH�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHU�$XVZDKO��
6LHKH�§3RVLWLRQLHUHQ�GHV�&XUVRUV¨�DXI�6HLWH�����I�U�HLQH�%HVFKUHLEXQJ�
GHU�YHUVFKLHGHQHQ�0HWKRGHQ�]XU�3RVLWLRQLHUXQJ�GHV�&XUVRUV�

�� 'U�FNHQ�6LH�>å�

�� 3RVLWLRQLHUHQ�6LH�GHQ�&XUVRU�DQ�GDV�(QGH�GHU�$XVZDKO�

�� 'U�FNHQ�6LH�>��

,KUH�$XVZDKO�LVW�QXQ�PDUNLHUW�

Kopieren, Ausschneiden und Einfügen
�� :lKOHQ�6LH�GLH�]X�NRSLHUHQGHQ�E]Z��DXV]XVFKQHLGHQGHQ�=HLFKHQ�

'LHVHU�9RUJDQJ�ZLUG�DXI�6HLWH�����HUNOlUW��XQG�LQ�.DSLWHO���GHV�
%HQXW]HUKDQGEXFKV��ZHQQ�6LH�7HLOH�HLQHV�$XVGUXFNV�LQ�
(TXDWLRQ:ULWHU�DXVZlKOHQ��

�� *HKHQ�6LH�ZLH�IROJW�YRU�

� 'U�FNHQ�6LH�>���XP�GLH�=HLFKHQ�]X�NRSLHUHQ�

� 'U�FNHQ�6LH�>���XP�GLH�=HLFKHQ�DXV]XVFKQHLGHQ�

:HQQ�6LH>��GU�FNHQ��RKQH�]XHUVW�>å ]X�GU�FNHQ��ZHUGHQ�
DOOH�=HLFKHQ�OLQNV�YRP�&XUVRU�DXVJHZlKOW��:HQQ�6LH�DOOH�=HLFKHQ�
OLQNV�YRP�&XUVRU�DXVZlKOHQ�P|FKWHQ��GU�FNHQ�6LH�LP�RELJHQ�
6FKULWW���>� XQG��EHUVSULQJHQ�6LH�GLH�UHVWOLFKHQ�6FKULWWH�
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�� 3RVLWLRQLHUHQ�6LH�GHQ�&XUVRU�DQ�GLH�6WHOOH��DQ�GHU�6LH�GLH�NRSLHUWHQ�
E]Z��DXVJHVFKQLWWHQHQ�=HLFKHQ�HLQI�JHQ�P|FKWHQ�

6LHKH�§3RVLWLRQLHUHQ�GHV�&XUVRUV¨�DXI�6HLWH�����I�U�HLQH�%HVFKUHLEXQJ�
GHU�0HWKRGHQ�]XU�3RVLWLRQLHUXQJ�GHV�&XUVRUV�

�� 'U�FNHQ�6LH�>ñ�

Bearbeiten der Befehlszeile

Löschen von Zeichen

'LH�HLQIDFKVWH�0HWKRGH�]XP�/|VFKHQ�HLQV�=HLFKHQV�LVW��GHQ�&XUVRU�GLUHNW�
UHFKWV�YRP�=HLFKHQ�]X�SRVLWLRQLHUHQ�XQG�H�]X�GU�FNHQ�

:HLWHUH�0HWKRGHQ�]XP�/|VFKHQ�YRQ�=HLFKHQ�ZHUGHQ�GXUFK�GLH�%HIHKOH�LP�
0HQ��§7RRO¨�GHV�%HIHKOV]HLOHQHGLWRUV�JHERWHQ��'DV�0HQ��ZLUG�GXUFK�
'U�FNHQ�YRQ�i EHL�DNWLYLHUWHU�%HIHKOV]HLOH�DQJH]HLJW��)ROJHQGH�%HIHKOH�
VWHKHQ�]XU�$XVZDKO�

←'(/ /|VFKW�GLH�=HLFKHQ�YRP�&XUVRU�ELV�]XP�$QIDQJ�GHV�
DNWXHOOHQ�:RUWV��G�K��ELV�]XP�$QIDQJ�GHV�:RUWV��DXI�GDV�
GHU�&XUVRU�PRPHQWDQ�JHVHW]W�LVW���%HL�HUQHXWHP�'U�FNHQ�
ZLUG�GDV�JHVDPWH�YRUKHULJH�:RUW��IDOOV�YRUKDQGHQ��
JHO|VFKW�

>←'(/ /|VFKW�DOOH�=HLFKHQ�YRP�&XUVRU�ELV�]XP�$QIDQJ�GHU�=HLOH�

'(/→ /|VFKW�GLH�=HLFKHQ�YRP�&XUVRU�ELV�]XP�$QIDQJ�GHV�
QlFKVWHQ�:RUWV��RGHU�ELV�]XP�(QGH�GHV�DNWXHOOHQ�:RUWV��
IDOOV�NHLQ�QlFKVWHV�:RUW�YRUKDQGHQ�LVW��

>'(/→ /|VFKW�DOOH�=HLFKHQ�YRP�&XUVRU�ELV�]XP�(QGH�GHU�=HLOH�

'(/�/ /|VFKW�DOOH�=HLFKHQ�LQ�GHU�DNWXHOOHQ�=HLOH�

5(3/$&( 'DV�0HQ��§6HDUFK¨�YHUI�JW��EHU�]DKOUHLFKH�2SWLRQHQ�]XP�
(UVHW]HQ��0LW�GLHVHQ�2SWLRQHQ�N|QQHQ�6LH�GLH�]X�
O|VFKHQGHQ�=HLFKHQ�VXFKHQ�XQG�DQVFKOLH�HQG�GLHVH�
=HLFKHQ�GXUFK�NHLQH�QHXHQ�=HLFKHQ�HUVHW]HQ��ZRGXUFK�
GLH�=HLFKHQ�JHO|VFKW�ZHUGHQ��

'LH�2SWLRQHQ�]XP�(UVHW]HQ�ZHUGHQ�DXI�6HLWH�����
HUOlXWHUW�
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Einfügen von Zeichen

6WDQGDUGPl�LJ�ZLUG�MHGHV�DXI�GHU�%HIHKOV]HLOH�HLQJHJHEHQH�=HLFKHQ�
]ZLVFKHQ�GHQ�=HLFKHQ�DXI�EHLGHQ�6HLWHQ�GHV�&XUVRUV�HLQJHI�JW��:HQQ�6LH�
=HLFKHQ�HUVHW]HQ�VWDWW�HLQI�JHQ�P|FKWHQ��GHDNWLYLHUHQ�6LH�GHQ�
(LQI�JHPRGXV��-HGHV�HLQJHJHEHQH�=HLFKHQ�HUVHW]W��G�K���EHUVFKUHLEW��QXQ�
GDV�=HLFKHQ�GLUHNW�XQWHUKDOE�GHV�&XUVRUV�

6R�GHDNWLYLHUHQ��RGHU�DNWLYLHUHQ��6LH�GHQ�(LQI�JHPRGXV�

�� 'U�FNHQ�6LH�EHL�DNWLYLHUWHU�%HIHKOV]HLOH�
i�

�� :HQQ�GHU�%HIHKO�,16�QLFKW�DQJH]HLJW�LVW��
GU�FNHQ�6LH�l��ELV�GHU�%HIHKO�DQJH]HLJW�
ZLUG�

(LQ�NOHLQHV�4XDGUDW�UHFKWV�QHEHQ�GHU�
%HVFKULIWXQJ�GHV�%HIHKOV��ZLH�LP�%HLVSLHO�UHFKWV��]HLJW�DQ��GDVV�GHU�
(LQI�JHPRGXV�DNWLYLHUW�LVW�

'LH�)RUP�GHV�&XUVRUV�]HLJW�HEHQIDOOV�DQ��RE�GHU�(UVHW]XQJVPRGXV�
�&XUVRU�LVW�HLQ�/LQNVSIHLO��RGHU�(LQI�JHPRGXV��&XUVRU�LVW�HLQ�JHI�OOWHV�
5HFKWHFN��DNWLYLHUW�LVW�

�� 'U�FNHQ�6LH�,16��XP�GHQ�(LQI�JHPRGXV�DXV��E]Z��HLQ]XVFKDOWHQ�

Bearbeiten von komplexen Objekten

,Q�GHQ�PHLVWHQ�)lOOHQ�VLQG�GLH�LQ�GHQ�YRUKHULJHQ�EHLGHQ�$EVFKQLWWHQ�
EHVFKULHEHQHQ�0HWKRGHQ�JXW�JHHLJQHW��XP�2EMHNWH�LQ�GHU�%HIHKOV]HLOH�]X�
EHDUEHLWHQ��:HQQ�6LH�MHGRFK�HLQ�NRPSOH[HV�2EMHNW�EHDUEHLWHQ�P�VVHQ��LVW�
HV�ZDKUVFKHLQOLFK�HLQIDFKHU��QXU�GHQ�]X�EHDUEHLWHQGHQ�7HLO�GHV�2EMHNWV�]X�
EHWUDFKWHQ��6WHOOHQ�6LH�KLHU]X�VLFKHU��GDVV�GDV�0HQ��§7RRO¨�GHV�
%HIHKOV]HLOHQHGLWRUV�DQJH]HLJW�LVW���'U�FNHQ�6LH�i��IDOOV�GDV�0HQ��QLFKW�
DQJH]HLJW�ZLUG��

�� :lKOHQ�6LH�GHQ�]X�EHDUEHLWHQGHQ�7HLO�GHV�2EMHNWV�DXV��
6LHKH�§$XVZlKOHQ�YRQ�=HLFKHQ¨�DXI�6HLWH�����I�U�$QZHLVXQJHQ�

�� :HQQ�GHU�%HIHKO�(',7�QLFKW�DQJH]HLJW�LVW��GU�FNHQ�6LH�l��ELV�GHU�
%HIHKO�DQJH]HLJW�ZLUG�

�� 'U�FNHQ�6LH�(',7�

1XU�,KUH�$XVZDKO�ZLUG�QXQ�DXI�GHU�%HIHKOV]HLOH�DQJH]HLJW��'HU�5HVW�
GHV�2EMHNWV�ZXUGH�QLFKW�JHO|VFKW��VRQGHUQ�LVW�OHGLJOLFK�EHLP�
%HDUEHLWHQ�GHU�$XVZDKO�QLFKW�VLFKWEDU�
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Befehlszeilenoperationen Seite 3-7

A
dvanced topics

�� %HDUEHLWHQ�6LH�GHQ�(LQWUDJ�LQ�GHU�%HIHKOV]HLOH�

�� 'U�FNHQ�6LH�\�

'DV�XUVSU�QJOLFKH�2EMHNW�ZLUG�HUQHXW�DQJH]HLJW�XQG�HQWKlOW�GLH�LQ�
6FKULWW���REHQ�GXUFKJHI�KUWHQ�bQGHUXQJHQ�

Auswerten von Komponenten in der Befehlszeile

:HQQ�HLQH�EHVWLPPWH�.RPSRQHQWH�GHV�2EMHNWV��]�%��HLQ�PDWKHPDWLVFKHU�
$XVGUXFN��DXVJHZHUWHW�ZHUGHQ�NDQQ��N|QQHQ�6LH�GLH�.RPSRQHQWH�
DXVZlKOHQ�XQG�DXVZHUWHQ��'LH�.RPSRQHQWH�ZLUG�GXUFK�GDV�(UJHEQLV�GHU�
$XVZHUWXQJ�HUVHW]W�

6WHOOHQ�6LH�]XP�$XVZHUWHQ�HLQHU�.RPSRQHQWH�VLFKHU��GDVV�GDV�0HQ��
§7RRO¨�GHV�%HIHKOV]HLOHQHGLWRUV�DQJH]HLJW�LVW���'U�FNHQ�6LH�i��IDOOV�GDV�
0HQ��QLFKW�DQJH]HLJW�ZLUG��

�� :lKOHQ�6LH�GLH�DXV]XZHUWHQGH�.RPSRQHQWH�GHV�2EMHNWV�DXV��

6LHKH�§$XVZlKOHQ�YRQ�=HLFKHQ¨�DXI�6HLWH�����I�U�$QZHLVXQJHQ�

�� :HQQ�GHU�%HIHKO�(;(&�QLFKW�DQJH]HLJW�LVW��GU�FNHQ�6LH�l��ELV�GHU�
%HIHKO�DQJH]HLJW�ZLUG�

�� 'U�FNHQ�6LH�(;(&�

'LH�.RPSRQHQWH�ZLUG��IDOOV�P|JOLFK��DXVJHZHUWHW�XQG�GXUFK�GDV�
(UJHEQLV�HUVHW]W�

Unterbrechen der Bearbeitung

6LH�N|QQHQ�GDV�%HDUEHLWHQ�GHU�%HIHKOV]HLOH�YRU�EHUJHKHQG�XQWHUEUHFKHQ�
XQG�VSlWHU�ZHLWHUI�KUHQ��XP�LQ�GHU�=ZLVFKHQ]HLW�ZHLWHUH�2SHUDWLRQHQ�
GXUFK]XI�KUHQ��6WHOOHQ�6LH�KLHU]X�VLFKHU��GDVV�GDV�0HQ��¨7RRO¨�DQJH]HLJW�
LVW���'U�FNHQ�6LH�i��IDOOV�GDV�0HQ��QLFKW�DQJH]HLJW�ZLUG��

�� :HQQ�GHU�%HIHKO�+$/7�QLFKW�DQJH]HLJW�LVW��GU�FNHQ�6LH�l��ELV�GHU�
%HIHKO�DQJH]HLJW�ZLUG�

�� 'U�FNHQ�6LH�+$/7�

'LH�6WDQGDUGDQ]HLJH�ZLUG�QXQ�HUQHXW�DQJH]HLJW��6LH�N|QQHQ�GHQ�
7DVFKHQUHFKQHU�MHW]W�I�U�DQGHUH�2SHUDWLRQHQ�YHUZHQGHQ�

:HQQ�6LH�HLQH�%HDUEHLWXQJVVLW]XQJ�XQWHUEURFKHQ�KDEHQ��ZLUG�GHU�
,QGLNDWRU�+/7�LP�6WDWXVEHUHLFK�GHU�6WDQGDUGDQ]HLJH�HLQJHEOHQGHW�
�IDOOV�GHU�6WDWXVEHUHLFK�QLFKW�DXVJHEOHQGHW�LVW��
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�� 'U�FNHQ�6LH�<:��XP�HUQHXW�]XU�%HIHKOV]HLOH�]XU�FN]XNHKUHQ�
6LH�VHKHQ��GDVV�GHU�,QKDOW�GHU�%HIHKOV]HLOH�GXUFK�GLH�2SHUDWLRQHQ��GLH�
VHLW�GHU�8QWHUEUHFKXQJ�GHU�%HDUEHLWXQJ�GXUFKJHI�KUW�ZXUGHQ��QLFKW�
JHlQGHUW�ZXUGH�

Suchen und Ersetzen

'HU�+3 ��*�YHUI�JW��EHU�HLQH�5HLKH�YRQ�%HIHKOHQ�]XP�6XFKHQ�XQG�
(UVHW]HQ�I�U�GDV�%HDUEHLWHQ�YRQ�PHKU]HLOLJHQ�2EMHNWHQ��]�%��)HOGHU�XQG�
3URJUDPPH���'LHVH�%HIHKOH�VLQG�LP�0HQ��§6HDUFK¨��GDV�HLQ�8QWHUPHQ��
GHV�0HQ�V�§7RRO�(GLW¨�LVW��YHUI�JEDU�

�� 'U�FNHQ�6LH�i��ZHQQ�VLFK�HLQ�2EMHNW�LQ�GHU�%HIHKOV]HLOH�EHILQGHW�

�� 'U�FNHQ�6LH�l��XP�GLH�]ZHLWH�6HLWH�GHV�0HQ�V�§7RRO¨�DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�6($5&+�

(LQH�$XVZDKOOLVWH�PLW�GHQ�2SWLRQHQ�]XP�
6XFKHQ�XQG�(UVHW]HQ�ZLUG�DQJH]HLJW�

Der Befehl “Find”

'LHVHU�%HIHKO�GXUFKVXFKW�GDV�2EMHNW�LQ�GHU�
%HIHKOV]HLOH�XQG�PDUNLHUW�GDV�HUVWH�9RUNRPPHQ�HLQHV�=HLFKHQV�RGHU�HLQHU�
=HLFKHQIROJH��GDV�GLH�PLW�,KUHU�6XFK]HLFKHQIROJH��G�K��GDV�GLH�DQJHJHEHQH�
=HLFKHQ�E]Z��=HLFKHQIROJH���EHUHLQVWLPPW�

6LH�N|QQHQ�EHOLHELJ�YLHOH�%HDUEHLWXQJVVLW]XQJHQ�GHU�%HIHKOV]HLOH�
XQWHUEUHFKHQ��G�K���ZlKUHQG�6LH�HLQH�%HDUEHLWXQJVVLW]XQJ�GHU�
%HIHKOV]HLOH�XQWHUEURFKHQ�KDEHQ��N|QQHQ�6LH�HLQH�ZHLWHUH�6LW]XQJ�
XQWHUEUHFKHQ��

:HQQ�6LH�PHKU�DOV�HLQH�%HDUEHLWXQJVVLW]XQJ�XQWHUEURFKHQ�KDEHQ��
GU�FNHQ�6LH�<:��XP�]XU�]XOHW]W�XQWHUEURFKHQHQ�6LW]XQJ�
]XU�FN]XNHKUHQ��:HQQ�6LH�HUQHXW�<:�GU�FNHQ��NHKUHQ�6LH�]X�
GHU�GDYRU�XQWHUEURFKHQHQ�6LW]XQJ�]XU�FN�XVZ�

'HU�%HIHKO�§)LQG¨�EHJLQQW�GLH�6XFKH�DQ�GHU�&XUVRUSRVLWLRQ��:HQQ�
GHU�&XUVRU�DOVR�QLFKW�DP�$QIDQJ�GHV�2EMHNWV�SRVLWLRQLHUW�LVW��
EHVWHKW�GLH�*HIDKU��GDVV�GHU�%HIHKO�§)LQG¨�,KUH�6XFK]HLFKHQIROJH�
QLFKW�ILQGHW��REZRKO�GLHVH�LP�2EMHNW�YRUKDQGHQ�LVW��$XV�GLHVHP�
*UXQG�LVW�HV�ZLFKWLJ��GDVV�6LH�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�
2EMHNWV�SRVLWLRQLHUHQ��ZHQQ�6LH�DOOH�9RUNRPPHQ�,KUHU�
6XFK]HLFKHQIROJH�ILQGHQ�P|FKWHQ�
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A
dvanced topics

�� 3RVLWLRQLHUHQ�6LH�JJI��GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�2EMHNWV�LQ�GHU�
%HIHKOV]HLOH�

�� 5XIHQ�6LH�GDV�0HQ��§6HDUFK¨�DXI��6WHOOHQ�6LH�VLFKHU��GDVV�2SWLRQ ���
§)LQG¨��PDUNLHUW�LVW��'U�FNHQ�6LH�2. RGHU�\��
'LH�(LQJDEHPDVNH�§)LQG¨�ZLUG�DQJH]HLJW�

�� *HEHQ�6LH�GDV�GLH�]X�VXFKHQGH�=HLFKHQ�
E]Z��=HLFKHQIROJH�HLQ�
'LH�YRQ�,KQHQ�HLQJHJHEHQHQ�=HLFKHQ�
ZHUGHQ�XQWHQ�DXI�GHU�(LQJDEHPDVNH�
DQJH]HLJW�

�� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�HLQJHJHEHQHQ�=HLFKHQ�LQ�GDV�)HOG�
§6HDUFK�)RU¨�]X�VHW]HQ�
'HU�&XUVRU�LVW�QXQ�LP�)HOG�§&DVH�6HQVLWLYH¨�SRVLWLRQLHUW��'HU�%HIHKO�
§)LQG¨�I�KUW�VWDQGDUGPl�LJ�HLQH�6XFKH�DXV��EHL�GHU�GLH�*UR���XQG�
.OHLQVFKUHLEXQJ�EHDFKWHW�ZLUG��G�K���HLQ�*UR�EXFKVWDEH�ZLUG�DOV�HLQ�
DQGHUHV�=HLFKHQ�DOV�GHU�HQWVSUHFKHQGH�.OHLQEXFKVWDEH�DXIJHIDVVW�

�� :HQQ�6LH�HLQH�6XFKH�GXUFKI�KUHQ�P|FKWHQ��EHL�GHU�GLH�*UR���XQG�
.OHLQVFKUHLEXQJ�QLFKW�EHDFKWHW�ZLUG��GU�FNHQ�6LH�&+.��
'DV�+lNFKHQ�LP�)HOG�§&DVH�6HQVLWLYH¨�ZLUG�JHO|VFKW��%HL�,KUHU�6XFKH�
ZHUGHQ�QXQ�VRZRKO�GLH�*UR���DOV�DXFK�GLH�.OHLQEXFKVWDEHQ�GHU�
=HLFKHQ��GLH�6LH�LP�)HOG�§6HDUFK�)RU¨�HLQJHJHEHQ�KDEHQ��
EHU�FNVLFKWLJW�

�� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�6XFKH�]X�VWDUWHQ�
:HQQ�,KUH�6XFK]HLFKHQIROJH�JHIXQGHQ�ZXUGH��ZLUG�VLH�LQ�GHU�
%HIHKOV]HLOH�PDUNLHUW��$QGHUHQIDOOV�ZLUG�HLQH�0HOGXQJ�DQJH]HLJW��GDVV�
GLH�6XFK]HLFKHQIROJH�QLFKW�JHIXQGHQ�ZHUGHQ�NDQQ�

%HDFKWHQ�6LH��GDVV�GHU�%HIHKO�§)LQG¨�GLH�6XFK]HLFKHQIROJH�VRZRKO�DOV�
*DQ]ZRUW�DOV�DXFK�DOV�7HLO�HLQHV�OlQJHUHQ�:RUWV�VXFKW��%HLVSLHO��(LQH�
6XFKH�QDFK�$
%�]HLJW�HEHQIDOOV�GLH�GLH�=HLFKHQIROJH�'�$
%���DQ��6LH�
N|QQHQ�GHQ�+3 ��*�QLFKW�DXI�DXVVFKOLH�OLFK�*DQ]ZRUWVXFKHQ�HLQVWHOOHQ�
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Der Befehl “Find next”

'DV�YRQ�,KQHQ�GXUFKVXFKWH�2EMHNW�NDQQ�PHKU�DOV�QXU�HLQ�9RUNRPPHQ�GHU�
6XFK]HLFKHQIROJH�HQWKDOWHQ��6R�ILQGHQ�6LH�GDV�QlFKWH�9RUNRPPHQ�

�� 5XIHQ�6LH�GDV�0HQ��§6HDUFK¨�DXI�

�� 'U�FNHQ�6LH����RGHU�GU�FNHQ�6LH�]��ELV�),1'�1(;7�PDUNLHUW�LVW��

�� 'U�FNHQ�6LH�2.�RGHU�\�
:HQQ�,KUH�6XFK]HLFKHQIROJH�JHIXQGHQ�ZXUGH��ZLUG�VLH�LQ�GHU�
%HIHKOV]HLOH�PDUNLHUW��$QGHUHQIDOOV�ZLUG�HLQH�0HOGXQJ�DQJH]HLJW��GDVV�
NHLQH�ZHLWHUHQ�9RUNRPPHQ�GHU�6XFK]HLFKHQIROJH�JHIXQGHQ�ZHUGHQ�
N|QQHQ�

%HDFKWHQ�6LH��GDVV�GHU�+3 ��*�GLH�6XFKH�QLFKW�DP�$QIDQJ�GHV�2EMHNWV�
IRUWVHW]W��QDFKGHP�GDV�(QGH�GHV�2EMHNWV�HUUHLFKW�LVW�

Der Befehl “Replace”

'HU�%HIHKO�§5HSODFH¨�GXUFKVXFKW�GDV�2EMHNW�LQ�GHU�%HIHKOV]HLOH�XQG�
PDUNLHUW�GDV�HUVWH�9RUNRPPHQ�HLQHV�=HLFKHQV�E]Z��HLQHU�=HLFKHQIROJH��
GDV�GLH�PLW�,KUHU�6XFK]HLFKHQIROJH��G�K��GDV�GLH�DQJHJHEHQH�=HLFKHQ�E]Z��
=HLFKHQIROJH���EHUHLQVWLPPW��6LH�N|QQHQ�GLH�=HLFKHQIROJH�GDQQ�GXUFK�
HLQH�DQGHUH�=HLFKHQIROJH�HUVHW]HQ�

'HU�%HIHKO�§5HSODFH¨�EHJLQQW�GLH�6XFKH�DQ�GHU�&XUVRUSRVLWLRQ��:HQQ�GHU�
&XUVRU�DOVR�QLFKW�DP�$QIDQJ�GHV�2EMHNWV�SRVLWLRQLHUW�LVW��EHVWHKW�GLH�
*HIDKU��GDVV�GHU�%HIHKO�§5HSODFH¨�,KUH�6XFK]HLFKHQIROJH�QLFKW�ILQGHW��
REZRKO�GLHVH�LP�2EMHNW�YRUKDQGHQ�LVW��$XV�GLHVHP�*UXQG�LVW�HV�ZLFKWLJ��
GDVV�6LH�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�2EMHNWV�SRVLWLRQLHUHQ��ZHQQ�6LH�
DOOH�9RUNRPPHQ�,KUHU�6XFK]HLFKHQIROJH�ILQGHQ�P|FKWHQ�

�� 3RVLWLRQLHUHQ�6LH�GHQ�&XUVRU�DQ�GHQ�$QIDQJ�GHV�2EMHNWV�LQ�GHU�
%HIHKOV]HLOH��IDOOV�HUIRUGHUOLFK��

�� 5XIHQ�6LH�GDV�0HQ��§6HDUFK¨�DXI�

�� 'U�FNHQ�6LH����RGHU�GU�FNHQ�6LH�]��ELV�5(3/$&(���PDUNLHUW�LVW���

�� 'U�FNHQ�6LH�2. RGHU�\��

'LH�(LQJDEHPDVNH�§)LQG�5HSODFH¨�ZLUG�
DQJH]HLJW�

�� *HEHQ�6LH�GDV�GLH�]X�HUVHW]HQGH�=HLFKHQ�
E]Z��=HLFKHQIROJH�HLQ�

'LH�YRQ�,KQHQ�HLQJHJHEHQHQ�=HLFKHQ�
ZHUGHQ�XQWHQ�DXI�GHU�(LQJDEHPDVNH�
DQJH]HLJW�
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dvanced topics

�� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�HLQJHJHEHQHQ�=HLFKHQ�LQ�GDV�)HOG�
§6HDUFK�)RU¨�]X�VHW]HQ�

�� *HEHQ�6LH�GDV�=HLFKHQ�E]Z��GLH�=HLFKHQIROJH�HLQ��GLH�I�U�GLH�
6XFK]HLFKHQIROJH�HUVHW]W�ZHUGHQ�VROO�
'LH�YRQ�,KQHQ�HLQJHJHEHQHQ�=HLFKHQ�ZHUGHQ�XQWHQ�DXI�GHU�
(LQJDEHPDVNH�DQJH]HLJW�

�� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�HLQJHJHEHQHQ�=HLFKHQ�LQ�GDV�)HOG�
§5HSODFH�E\¨�]X�VHW]HQ�
'HU�&XUVRU�EHILQGHW�VLFK�QXQ�LP�)HOG�§&DVH�6HQVLWLYH¨��'HU�%HIHKO�
§5HSODFH¨�I�KUW�VWDQGDUGPl�LJ�HLQH�6XFKH�DXV��EHL�GHU�GLH�*UR���XQG�
.OHLQVFKUHLEXQJ�EHDFKWHW�ZLUG��G�K���HLQ�*UR�EXFKVWDEH�ZLUG�DOV�HLQ�
DQGHUHV�=HLFKHQ�DOV�GHU�HQWVSUHFKHQGH�.OHLQEXFKVWDEH�DXIJHIDVVW��

�� :HQQ�6LH�HLQH�6XFKH�GXUFKI�KUHQ�P|FKWHQ��EHL�GHU�GLH�*UR���XQG�
.OHLQVFKUHLEXQJ�QLFKW�EHDFKWHW�ZLUG��GU�FNHQ�6LH�&+.��
'DV�+lNFKHQ�LP�)HOG�§&DVH�6HQVLWLYH¨�ZLUG�JHO|VFKW��%HL�,KUHU�6XFKH�
ZHUGHQ�QXQ�VRZRKO�GLH�*UR���DOV�DXFK�GLH�.OHLQEXFKVWDEHQ�GHU�
=HLFKHQ��GLH�6LH�LP�)HOG�§6HDUFK�)RU¨�HLQJHJHEHQ�KDEHQ��
EHU�FNVLFKWLJW�

��� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�6XFKH�]X�VWDUWHQ�

:HQQ�,KUH�6XFK]HLFKHQIROJH�JHIXQGHQ�ZXUGH��ZLUG�VLH�LQ�GHU�
%HIHKOV]HLOH�PDUNLHUW��$QGHUHQIDOOV�ZLUG�HLQH�0HOGXQJ�DQJH]HLJW��GDVV�
GLH�6XFK]HLFKHQIROJH�QLFKW�JHIXQGHQ�ZHUGHQ�NDQQ�

���:HQQ�6LH�GLH�DNWXHOOH�$XVZDKO�QLFKW�HUVHW]HQ��VRQGHUQ�QDFK�GHU�
QlFKVWHQ�6XFK]HLFKHQIROJH�VXFKHQ�P|FKWHQ��ZlKOHQ�6LH�),1'�1(;7�LP�
0HQ��§6HDUFK¨�XQG�ZLHGHUKROHQ�6LH�GLH�6FKULWWH�DE�6FKULWW����
:HQQ�6LH�GLH�DNWXHOOH�$XVZDKO�PLW�GHP�DQJHJHEHQHQ�(UVDW]DXVGUXFN�
HUVHW]HQ�P|FKWHQ��VWHKHQ�,KQHQ�YLHU�2SWLRQHQ�]XU�$XVZDKO�
� (UVHW]HQ�GHU�DNWXHOOHQ�$XVZDKO��2SWLRQ���LP�0HQ��§6HDUFK¨�
� (UVHW]HQ�GHU�DNWXHOOHQ�$XVZDKO�XQG�6XFKHQ�QDFK�GHP�QlFKVWHQ�

9RUNRPPHQ�GHU�6XFK]HLFKHQIROJH��2SWLRQ���LP�0HQ��§6HDUFK¨�
� (UVHW]HQ�GHU�DNWXHOOHQ�$XVZDKO�XQG�DOOHU�DQGHUHQ�9RUNRPPHQ�GHU�

6XFK]HLFKHQIROJH��ZREHL�GHU�&XUVRU�]X�MHGHP�9RUNRPPHQ�EHZHJW�
ZLUG��2SWLRQ���LP�0HQ��§6HDUFK¨�

� (UVHW]HQ�GHU�DNWXHOOHQ�$XVZDKO�XQG�DOOHU�DQGHUHQ�9RUNRPPHQ�GHU�
6XFK]HLFKHQIROJH��RKQH�GDVV�GHU�&XUVRU�]X�MHGHP�9RUNRPPHQ�
EHZHJW�ZLUG��2SWLRQ���LP�0HQ��§6HDUFK¨���$P�(QGH�GLHVHU�
2SHUDWLRQ�]XP�(UVHW]HQ�EHILQGHW�VLFK�GHU�&XUVRU�DQ�GHU�OHW]WHQ�
bQGHUXQJ�

2SWLRQ����§)DVW�UHSODFH¨��LVW�EHGHXWHQG�VFKQHOOHU��ZHQQ�GDV�
GXUFKVXFKWH�2EMHNW�PHKU]HLOLJ�LVW��]�%��EHL�HLQHP�JUR�HQ�3URJUDPP��
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��� 5XIHQ�6LH�GDV�0HQ��§6HDUFK¨�DXI�XQG�ZlKOHQ�6LH�GLH�JHZ�QVFKWH�
2SWLRQ�]XP�(UVHW]HQ�

��� 'U�FNHQ�6LH�2.�RGHU�\��XP�GLH�2SHUDWLRQ�]XP�(UVHW]HQ�]X�VWDUWHQ�

Befehlszeileninformationen
'DV�0HQ��§7RRO¨�GHV�%HIHKOV]HLOHQHGLWRUV�
HQWKlOW�HEHQIDOOV�DOOJHPHLQH�,QIRUPDWLRQHQ�
�EHU�GDV�2EMHNW�LQ�GHU�%HIHKOV]HLOH�XQG�GLH�
3RVLWLRQ�GHV�&XUVRUV��:HQQ�6LH�GLHVH�
,QIRUPDWLRQHQ�VHKHQ�P|FKWHQ��GU�FNHQ�6LH�
,1)2��'LH�$Q]HLJH�§&RPPDQG�/LQH¨�ZLUG�
HLQJHEOHQGHW�

'LHVH�$Q]HLJH�HQWKlOW�IROJHQGH�)HOGHU�

��/LQHV 'LH�$Q]DKO�GHU�=HLOHQ�GHV�2EMHNWV�

;SRVLWLRQ 'LH�$Q]DKO�GHU�=HLFKHQ�YRP�$QIDQJ�GHU�=HLOH�ELV�]XU�
&XUVRUSRVLWLRQ�

<SRVLWLRQ 'LH�1XPPHU�GHU�=HLOH��LQ�GHU�VLFK�GHU�&XUVRU�EHILQGHW�

3RVLWLRQ 'LH�$Q]DKO�GHU�=HLFKHQ�YRP�$QIDQJ�GHV�2EMHNWV�ELV�]XU�
&XUVRUSRVLWLRQ�

/LQH�6L]H 'LH�$Q]DKO�GHU�=HLFKHQ�LQ�GHU�=HLOH��LQ�GHU�VLFK�GHU�&XUVRU�
EHILQGHW�

7H[W�6L]H 'LH�$Q]DKO�GHU�=HLFKHQ�LP�2EMHNW�

6WN�6L]H 'LH�$Q]DKO�GHU�2EMHNWH�LP�+LVWRU\�6SHLFKHU��RGHU�DXI�
GHP�6WDFN��

0HP��.%� 'HU�IUHLH�6SHLFKHUSODW]�

&OLS�6L]H 'LH�$Q]DKO�GHU�=HLFKHQ�LQ�GHU�=ZLVFKHQDEODJH��G�K��GLH�
$Q]DKO�GHU�]XOHW]W�NRSLHUWHQ�RGHU�DXVJHVFKQLWWHQHQ�
=HLFKHQ��

6HO��6L]H 'LH�$Q]DKO�GHU�=HLFKHQ�LQ�GHU�DNWXHOOHQ�$XVZDKO�
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Befehlszeilenoperationen Seite 3-13

A
dvanced topics

Schriftstile

6LH�N|QQHQ�GHQ�6FKULIWVWLO�I�U�GLH�(LQJDEH�LQ�GLH�%HIHKOV]HLOH�DXI�
)HWWGUXFN��.XUVLYVFKULIW��8QWHUVWUHLFKHQ�RGHU�,QYHUWLHUXQJ�E]Z��HLQH�
EHOLHELJH�.RPELQDWLRQ�GLHVHU�6WLOH�HLQVWHOOHQ��6LH�N|QQHQ�I�U�GLH�(LQJDEH�
DXFK�HLQH�DQGHUH�6FKULIWDUW�DXVZlKOHQ��6WHOOHQ�6LH�KLHU]X�VLFKHU��GDVV�GLH�
%HIHKOV]HLOH�DNWLYLHUW�XQG�GDV�0HQ��¨7RRO¨�GHV�%HIHKOV]HLOHQHGLWRUV�
DQJH]HLJW�LVW���'U�FNHQ�6LH�i��IDOOV�GDV�0HQ��QLFKW�DQJH]HLJW�ZLUG��

�� :HQQ�GHU�%HIHKO�67</(6�QLFKW�DQJH]HLJW�LVW��GU�FNHQ�6LH�l��ELV�GHU�
%HIHKO�DQJH]HLJW�ZLUG�

�� 'U�FNHQ�6LH�GLH�HQWVSUHFKHQGH�)XQNWLRQVWDVWH�I�U�GHQ�JHZ�QVFKWHQ�
6FKULIWVWLO�LQ�GHU�%HIHKOV]HLOH�

� a�I�U�%2/'��)HWWGUXFN�

� b�I�U�,7$/,&��.XUVLYVFKULIW�

� c�I�U�81'(5/,1('��8QWHUVWUHLFKHQ�

� d�I�U�,19(57('��,QYHUWLHUXQJ�

� e�]XU�$Q]HLJH�HLQHU�/LVWH�PLW�6FKULIWDUWHQ��DXV�GHU�6LH�HLQH�DQGHUH�
6FKULIWDUW�DXVZlKOHQ�N|QQHQ�

�� 'U�FNHQ�6LH�f�I�U�(',7��XP�]XP�0HQ��§7RRO¨�GHV�
%HIHKOV]HLOHQHGLWRUV�]XU�FN]XNHKUHQ�

%HDFKWHQ�6LH��GDVV�GLH�6FKULIWVWLOH�EHL�GHU�$Q]HLJH�GHU�2EMHNWH�LP�+LVWRU\�
6SHLFKHU�RGHU�DXI�GHP�6WDFN�QXU�EHLEHKDOWHQ�ZHUGHQ��ZHQQ�GDV�2EMHNW�
HLQH�=HLFKHQIROJH�LVW��DOVR�LQ�+RFKNRPPDV�HLQJHVFKORVVHQ�LVW��
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Der Stack Seite 4-1

A
dvanced topics

Kapitel 4

Der Stack

'HU�+3 ��*�SURWRNROOLHUW�GLH�YRQ�,KQHQ�HLQJHJHEHQHQ�2EMHNWH�XQG�GLH�
(UJHEQLVVH�,KUHU�2SHUDWLRQHQ��,P�DOJHEUDLVFKHQ�0RGXV�KHL�W�GLHVH�
$XI]HLFKQXQJ�+LVWRU\�6SHLFKHU��LP�531�0RGXV�6WDFN��

Verwenden des Stacks
'LH�(LQWUlJH�LP�6WDFN�VLQG�QXPPHULHUW�
�VLHKH�%HLVSLHO�UHFKWV���-HGHU�(LQWUDJ�LP�
6WDFN�YHUI�JW��EHU�HLQH�EHVWLPPWH�(EHQH��
'LH�(EHQH�LVW�GLH�1XPPHU�GHU�=HLOH��LQ�GHU�
VLFK�GHU�(LQWUDJ�EHILQGHW��,P�%HLVSLHO�UHFKWV�
EHILQGHW�VLFK����DXI�(EHQH������DXI�(EHQH����

�DXI�(EHQH���XVZ�

:HQQ�6LH�LP�531�0RGXV�DUEHLWHQ��YHUZHQGHQ�6LH�GHQ�6WDFN�]XU�
'XUFKI�KUXQJ�YRQ�%HUHFKQXQJHQ��6LH�P�VVHQ�KLHUEHL�GLH�8QWHUVFKLHGH�
EHL�GHU�'XUFKI�KUXQJ�XQG�$Q]HLJH�GHU�%HUHFKQXQJHQ�LP�531��XQG�
DOJHEUDLVFKHQ�0RGXV�EHDFKWHQ��531�0RGXV�

� (LQ�%HIHKO��GHU�$UJXPHQWH�HUIRUGHUW�¥�G�K��HLQ�%HIHKO��GHU�2EMHNWH�
EHQ|WLJW�¥��EHUQLPPW�VHLQH�$UJXPHQWH�DXV�GHP�6WDFN��$XV�GLHVHP�
*UXQG�P�VVHQ�GLH�$UJXPHQWH�YRU�GHU�$XVI�KUXQJ�GHV�%HIHKOV�
YRUKDQGHQ�VHLQ��HLQ�$UJXPHQW�SUR�(EHQH�XQG�LQ�GHU�NRUUHNWHQ�
5HLKHQIROJH���(V�JLEW�HLQH�$XVQDKPH��:HQQ�GHU�%HIHKO�QXU�HLQ�
$UJXPHQW�HUIRUGHUW��N|QQHQ�6LH�GHQ�%HIHKO�DXVI�KUHQ��ZHQQ�GDV�
$UJXPHQW�LQ�GHU�%HIHKOV]HLOH�XQG�QLFKW�DXI�GHP�6WDFN�LVW��

� 'LH�$UJXPHQWH�HLQHV�%HIHKOV�ZHUGHQ�QDFK�GHU�$XVI�KUXQJ�GHV�%HIHKOV�
YRP�6WDFN�HQWIHUQW�XQG�GXUFK�GDV�(UJHEQLV�GHU�%HUHFKQXQJ�HUVHW]W�

,P�*HJHQVDW]�GD]X�JHEHQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�,KUH�$UJXPHQWH�
QDFK�GHU�(LQJDEH�GHV�%HIHKOV�HLQ��'HU�%HIHKO�XQG�VHLQH�$UJXPHQWH�
ZHUGHQ�]XVDPPHQ�PLW�GHP�(UJHEQLV�GHU�%HUHFKQXQJ�LP�+LVWRU\�6SHLFKHU�
JHVSHLFKHUW�

:HQQ�6LH�EHLVSLHOVZHLVH�GLH�GULWWH�3RWHQ]�YRQ����EHUHFKQHQ�P|FKWHQ��
P�VVHQ�6LH�]ZHL�$UJXPHQWH�HLQJHEHQ��GLH�=DKO������XQG�GLH�3RWHQ]������,P�
DOJHEUDLVFKHQ�0RGXV�JHEHQ�6LH�GLHV�ZLH�IROJW�HLQ�

��q�\

8745
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,P�531�0RGXV�JHEHQ�6LH�)ROJHQGHV�HLQ�

��\�\q

$QGHUV�DXVJHGU�FNW��,P�531�0RGXV�ZHUGHQ�
���XQG���DXI�GHP�6WDFN�HLQJHJHEHQ��EHYRU�
GHU�%HIHKO�HLQJHJHEHQ�ZLUG�����PXVV�DXI�
(EHQH���XQG���DXI�(EHQH���VHLQ��EHYRU�GHU�%HIHKO�DXVJHI�KUW�ZLUG�

'DV�OHW]WH��RGHU�HLQ]LJH��$UJXPHQW�PXVV�VWUHQJ�JHQRPPHQ�YRU�GHU�
$XVI�KUXQJ�HLQHV�%HIHKOV�LP�531�0RGXV�QLFKW�DXI�GHP�6WDFN�VHLQ��6LH�
N|QQHQ�HLQHQ�%HIHKO�DXVI�KUHQ��ZlKUHQG�GDV�OHW]WH��RGHU�HLQ]LJH��
$UJXPHQW�QRFK�LQ�GHU�%HIHKOV]HLOH�LVW��$XV�GLHVHP�*UXQG�NDQQ�GDV�]ZHLWH�
\�LP�%HLVSLHO�REHQ�ZHJIDOOHQ��(LQ�$UJXPHQW��GDV�VLFK�MHGRFK�EHL�GHU�
$XVI�KUXQJ�HLQHV�%HIHKOV�LQ�GHU�%HIHKOV]HLOH�EHILQGHW��ZLUG�QLFKW�DXI�GHP�
6WDFN�DQJH]HLJW��ZHQQ�GHU�%HIHKO�U�FNJlQJLJ�JHPDFKW�ZLUG��GU�FNHQ�6LH�
KLHU]X�>ò���:HQQ�6LH�DOVR�P|JOLFKHUZHLVH�HLQHQ�%HIHKO�U�FNJlQJLJ�
PDFKHQ�P�VVHQ�XQG�GDEHL�LQ�GHU�/DJH�VHLQ�P|FKWHQ��DOOH�$UJXPHQWH�]X�
VHKHQ��VROOWHQ�6LH�YRU�GHU�$XVI�KUXQJ�GHV�%HIHKOV�DOOH�$UJXPHQWH�DXI�GHQ�
6WDFN�VHW]HQ�

Beispiele für Stack-Berechnungen

Verwenden eines Befehls mit einem Argument
�� :HQQ�VLFK�GDV�$UJXPHQW�QLFKW�EHUHLWV�DXI�(EHQH���GHV�6WDFNV�EHILQGHW��

JHEHQ�6LH�GDV�$UJXPHQW�LQ�GLH�%HIHKOV]HLOH�HLQ��XQG�ZDKOZHLVH�DXI�GHQ�
6WDFN���:HQQ�VLFK�GDV�$UJXPHQW�EHUHLWV�DXI�(EHQH���GHV�6WDFNV�
EHILQGHW��IDKUHQ�6LH�PLW�6FKULWW���IRUW�

�� )�KUHQ�6LH�GHQ�%HIHKO�DXV�

%HLVSLHO��%HUHFKQXQJ�YRQ�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�\�

�� 'U�FNHQ�6LH�s�

'DV�(UJHEQLV�YRQ�VLQ����EHILQGHW�VLFK�QXQ�DXI�(EHQH���GHV�6WDFNV�XQG�
NDQQ�DOV�$UJXPHQW�HLQHV�VSlWHUHQ�%HIHKOV�YHUZHQGHW�ZHUGHQ��RKQH�
GDVV�6LH�GHQ�:HUW�PDQXHOO�HLQJHEHQ�P�VVHQ�

�� 'U�FNHQ�6LH�y�

:HQQ�6LH�DQVWHOOH�HLQHU�QXPHULVFKHQ�$QWZRUW�HLQH�V\PEROLVFKH�HUKDOWHQ��
GU�FNHQ�6LH�>���'LH�V\PEROLVFKH�$QWZRUW�ZLUG�DXVJHZHUWHW�

1
30sin

-------------
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Der Stack Seite 4-3

A
dvanced topics

Verwenden eines Befehls mit mehreren Argumenten

Methode 1

�� *HEHQ�6LH�GLH�$UJXPHQWH�HLQ��'U�FNHQ�6LH�QDFK�MHGHP�$UJXPHQW�
\�

�� )�KUHQ�6LH�GHQ�%HIHKO�DXV�

%HLVSLHO��%HUHFKQXQJ�YRQ����á���

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�\�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�\�

���EHILQGHW�VLFK�QXQ�DXI�(EHQH���GHV�
6WDFNV�XQG����DXI�(EHQH���

�� 'U�FNHQ�6LH���

,Q�GLHVHP�%HLVSLHO�VSLHOW�GLH�5HLKHQIROJH��LQ�GHU�6LH�GLH�$UJXPHQWH�
HLQJHEHQ��NHLQH�5ROOH��'LHV�WULIIW�MHGRFK�QLFKW�DXI�DOOH�%HIHKOH�PLW�]ZHL�
$UJXPHQWHQ�]X��,Q�GHP�%HLVSLHO�DXI�6HLWH�����LVW���KRFK����GDV�(UJHEQLV��
ZHQQ���YRU����HLQJHJHEHQ�ZLUG�¥�HLQ�ZHVHQWOLFKHU�8QWHUVFKLHG�]X����KRFK�
���:HLWHUH�%HLVSLHOH��EHL�GHQHQ�GLH�(LQJDEHUHLKHQIROJH�GHU�$UJXPHQWH�
ZLFKWLJ�LVW��VLQG�6XEWUDNWLRQ��'LYLVLRQ�XQG�GLH�3UR]HQWEHIHKOH������&+�
XQG��7��

Methode 2

%HL�GHU�REHQ�EHVFKULHEHQHQ�0HWKRGH���ZLUG�MHGHV�$UJXPHQW�DXI�VHLQH�
HLJHQH�6WDFN�(EHQH�HLQJHJHEHQ��EHYRU�GHU�%HIHKO�DXVJHI�KUW�ZLUG��(LQH�
DQGHUH�0HWKRGH�LVW��DOOH�(OHPHQWH�GXUFK�.RPPDV�JHWUHQQW�LQ�GLH�
%HIHKOV]HLOH�HLQ]XJHEHQ��6LH�N|QQHQ�GDQQ�HQWZHGHU�

� \�GU�FNHQ��XP�GLH�$UJXPHQWH�DXI�GHQ�6WDFN�]X�VHW]HQ��XQG�
DQVFKOLH�HQG�GHQ�%HIHKO�DXVI�KUHQ�RGHU

� GHQ�%HIHKO�DXVI�KUHQ��ZlKUHQG�VLFK�GLH�$UJXPHQWH�QRFK�LQ�GHU�
%HIHKOV]HLOH�EHILQGHQ�

%HLVSLHO��%HUHFKQXQJ�YRQ�

�� *HEHQ�6LH��������F���HLQ�

�� 'U�FNHQ�6LH�\�

�� 'U�FNHQ�6LH�>ð�

6FKULWW���NDQQ�ZHJIDOOHQ��ZHQQ�6LH�GHQ�%HIHKO�QLFKW�U�FNJlQJLJ�PDFKHQ�
XQG�GLH�$UJXPHQWH�QLFKW�VHKHQ�P|FKWHQ��:HQQ�6LH�>ò�GU�FNHQ��RKQH�
GLH�$UJXPHQWH�]XHUVW�DXI�GHQ�6WDFN�]X�VHW]HQ��ZHUGHQ�DOOH�'DWHQVlW]H�GHV�

5314413
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%HIHKOV��GDV�(UJHEQLV�XQG�GLH�$UJXPHQWH��JHO|VFKW��:HQQ�6LH�GLH�
$UJXPHQWH�MHGRFK�YRU�GHU�$XVI�KUXQJ�GHV�%HIHKOV�DXI�GHQ�6WDFN�VHW]HQ�
XQG�ò�GU�FNHQ��ZLUG�GDV�(UJHEQLV�]ZDU�JHO|VFKW��DEHU�GLH�$UJXPHQWH�
ZHUGHQ�ZLHGHU�DQJH]HLJW�

Berechnungen mit mehreren Befehlen

'D�GDV�(UJHEQLV�HLQHU�%HUHFKQXQJ�DXI�GHP�6WDFN�YHUEOHLEW��N|QQHQ�6LH�
SUREOHPORV�NRPSOH[H�%HUHFKQXQJHQ�DXVI�KUHQ��LQGHP�6LH�GLH�(UJHEQLVVH�
GHU�=ZLVFKHQEHUHFKQXQJHQ�DXI�GHP�6WDFN�VSHLFKHUQ�XQG�DOV�$UJXPHQWH�
LQ�GHQ�ZHLWHUHQ�%HUHFKQXQJHQ�YHUZHQGHQ�

%HLVSLHO��%HUHFKQXQJ�YRQ�

�� *HEHQ�6LH���<R HLQ�

'DV�(UJHEQLV�������ZLUG�DXI�(EHQH���GHV�6WDFNV�JHVHW]W�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�\�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�\�

�� 'U�FNHQ�6LH���

'DV�3URGXNW�YRQ����XQG����������HUVFKHLQW�DXI�(EHQH���XQG�GDV�
YRUKHULJH�(UJHEQLV�������DXI�(EHQH���

�� 'U�FNHQ�6LH���

'LH�EHLGHQ�YRUKHULJHQ�(UJHEQLVVH������XQG������ZHUGHQ�MHW]W�DOV�
$UJXPHQWH�LQ�HLQHU�ZHLWHUHQ�%HUHFKQXQJ�EHKDQGHOW��'LHVH�2SHUDWLRQ�
HUVHW]W�GLH�$UJXPHQWH�GXUFK�GDV�(UJHEQLV�GHU�2SHUDWLRQ��G�K��GXUFK�
GLH�'LIIHUHQ]�GHV�HUVWHQ�XQG�]ZHLWHQ�(UJHEQLVVHV�

13
2
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AUG.book  Page 4  Sunday, March 5, 2000  10:42 AM



Matrizen und lineare Algebra Seite 5-1

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������

AUG.book  Page 4  Sunday, March 5, 2000  10:42 AM



Matrizen und lineare Algebra Seite 5-5

A
dvanced topics

%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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A
dvanced topics

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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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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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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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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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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�� *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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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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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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A
dvanced topics

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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A
dvanced topics

�� '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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Seite 5-20 Matrizen und lineare Algebra
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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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Matrizen und lineare Algebra Seite 5-21

A
dvanced topics

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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Einheitenobjekte Seite 6-1

A
dvanced topics

Kapitel 6

Einheitenobjekte

'LH�$QZHQGXQJ�§8QLWV¨�HQWKlOW�HLQHQ�.DWDORJ�YRQ�����0D�HLQKHLWHQ��GLH�
6LH�]XVDPPHQ�PLW�UHHOOHQ�=DKOHQ�NRPELQLHUHQ�N|QQHQ��XP�
(LQKHLWHQREMHNWH�]X�HUVWHOOHQ��'DU�EHU�KLQDXV�VWHOOW�GLH�$QZHQGXQJ�
:HUN]HXJH�]XP�0DQLSXOLHUHQ�GHU�(LQKHLWHQREMHNWH�EHUHLW�

'LH�$QZHQGXQJ�§8QLWV¨�HUP|JOLFKW�IROJHQGH�2SHUDWLRQHQ�

� .RQYHUWLHUHQ�YRQ�(LQKHLWHQ��%HLVSLHO��6LH�N|QQHQ�GDV�(LQKHLWHQREMHNW�
��BIW�LQ����BLQ�RGHU������BP�NRQYHUWLHUHQ�

� )DNWRULVLHUHQ�YRQ�(LQKHLWHQ��%HLVSLHO��6LH�N|QQHQ���B:�UHODWLY�]X��B1�
IDNWRULVLHUHQ�XQG�HUKDOWHQ���B1
P�V�DOV�(UJHEQLV�

� 5HFKQHQ�PLW�(LQKHLWHQ��%HLVSLHO��6LH�N|QQHQ���BIW�V�]X���BPSK�
DGGLHUHQ�XQG�HUKDOWHQ������BPSK�DOV�(UJHEQLV�

Überblick über die Anwendung “Units”
'LH�(LQKHLWHQ�GHV�7DVFKHQUHFKQHUV�EDVLHUHQ�DXI�GHQ���%DVLVHLQKHLWHQ�GHV�
,QWHUQDWLRQDOHQ�0D�HLQKHLWHQV\VWHPV��6,���P��0HWHU���NJ��.LORJUDPP���V�
�6HNXQGH���$��$PSHUH���.��.HOYLQ���FG��&DQGHOD��XQG�PRO��0RO���'HU�+3�
��*�YHUZHQGHW�DX�HUGHP�]ZHL�ZHLWHUH�%DVLVHLQKHLWHQ��U��5DGLDQW��XQG�VU�
�6WHUDGLDQW���'LH�UHVWOLFKHQ�����(LQKHLWHQ�VLQG�]XVDPPHQJHVHW]WH�
(LQKHLWHQ��GLH�YRQ�GHQ���%DVLVHLQKHLWHQ�DEJHOHLWHW�VLQG�

%HLVSLHOVZHLVH�VLQG�§LQ¨��=ROO��DOV��������P�XQG�§)G\¨��)DUDGD\��DOV�������
$
V�GHILQLHUW���6LHKH�$QKDQJ�&�GHV�%HQXW]HUKDQGEXFKV�I�U�HLQH�
YROOVWlQGLJH�/LVWH�GHU�YHUI�JEDUHQ�(LQKHLWHQ�XQG�LKUHU�6,�:HUWH��

'LH�(LQKHLWHQ�VLQG�LQ�GLH�IROJHQGHQ�.DWHJRULHQ�XQWHUWHLOW��

Länge Fläche Raum Zeit

Geschwin-
digkeit Masse Kraft Energie

Leistung Druck Temperatur Elektrischer Strom

Winkel Licht Radio-
aktivität Viskosität
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Seite 6-2 Einheitenobjekte
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'LH�.DWHJRULHQ�N|QQHQ�LP�0HQ��§8QLWV¨��GDV�6LH�GXUFK�'U�FNHQ�YRQ�> 
ø�DXIUXIHQ��DXVJHZlKOW�ZHUGHQ�

Einheitenobjekte
(LQ�(LQKHLWHQREMHNW�EHVWHKW�DXV�HLQHU�UHHOOHQ�=DKO�XQG�HLQHP�
(LQKHLWHQDXVGUXFN��HLQH�HLQ]HOQH�(LQKHLW�RGHU�PXOWLSOLNDWLY�YHUNQ�SIWH�
(LQKHLWHQ���GLH�GXUFK�GDV�8QWHUVWUHLFKXQJV]HLFKHQ�§B¨�PLWHLQDQGHU�
YHUEXQGHQ�VLQG��%HLVSLHO���BLQ����=ROO��XQG������BNSK��������.LORPHWHU�SUR�
6WXQGH��VLQG�(LQKHLWHQREMHNWH��'LH�(LQKHLWHQREMHNWH�N|QQHQ�¥�ZLH�DOOH�
2EMHNWW\SHQ�¥�DXI�GHQ�6WDFN�JHVHW]W��LQ�HLQHU�9DULDEOHQ�JHVSHLFKHUW�XQG�LQ�
DOJHEUDLVFKHQ�$XVGU�FNHQ�XQG�3URJUDPPHQ�YHUZHQGHW�ZHUGHQ�

:HQQ�6LH�HLQH�(LQKHLWHQNRQYHUWLHUXQJ�GXUFKI�KUHQ��HUVHW]W�GHU�+3���*�
GHQ�DOWHQ�(LQKHLWHQDXVGUXFN�GXUFK�GHQ�DQJHJHEHQHQ�QHXHQ�$XVGUXFN�
XQG�PXOWLSOL]LHUW�GLH�=DKO�DXWRPDWLVFK�PLW�GHP�HQWVSUHFKHQGHQ�
8PUHFKQXQJVIDNWRU�

)�U�2SHUDWRUHQ�LQ�(LQKHLWHQREMHNWHQ�JLOW�IROJHQGH�5DQJIROJH�

�� ����

�� A

�� *�XQG�/

%HLVSLHO���BP�VA��LVW���0HWHU�SUR�6HNXQGH��XQG��B�P�V�A��LVW���

4XDGUDWPHWHU�SUR�6HNXQGH��

Erstellen eines Einheitenobjekts
�� *HEHQ�6LH�GHQ�=DKOHQWHLO�GHV�(LQKHLWHQREMHNWV�HLQ�

�� 'U�FNHQ�6LH�>�Q�

�� 'U�FNHQ�6LH�> ø��XP�GDV�0HQ��§8QLWV¨�DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�[�RGHU�]��ELV�GLH�.DWHJRULH�GHU�(LQKHLW�PDUNLHUW�LVW�

�� 'U�FNHQ�6LH�2.�RGHU�\�

�� 'U�FNHQ�6LH�[�RGHU�]��ELV�GLH�(LQKHLW�PDUNLHUW�LVW�

�� 'U�FNHQ�6LH�2.�RGHU�\�
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Einheitenobjekte Seite 6-3

A
dvanced topics

�� :LHGHUKROHQ�6LH�EHL�]XVDPPHQJHVHW]WHQ�(LQKHLWHQ�GLH�6FKULWWH�DE�
6FKULWW���I�U�MHGH�ZHLWHUH�(LQKHLW�LP�(LQKHLWHQDXVGUXFN��ZREHL�MHGHU�
(LQKHLW�ZLH�HUIRUGHUOLFK����z E]Z��q�YRUDQJHVWHOOW�ZLUG�

=XVlW]OLFK�]XU�REHQ�EHVFKULHEHQHQ�0HWKRGH�N|QQHQ�6LH�(LQKHLWHQREMHNWH�
LP�531�0RGXV�HUVWHOOHQ��LQGHP�6LH�GDV�2EMHNW�DXV�.RPSRQHQWHQ�DXI�GHP�
6WDFN�]XVDPPHQVWHOOHQ�

Erstellen eines Einheitenobjekts aus dem Stack
�� 6HW]HQ�6LH�GHQ�=DKOHQWHLO�GHV�(LQKHLWHQREMHNWV�DXI�(EHQH���GHV�6WDFNV�

XQG�GHQ�(LQKHLWHQDXVGUXFN�DXI�(EHQH���

'HU�(LQKHLWHQDXVGUXFN�PXVV�GDV�)RUPDW�QB(LQKHLW�KDEHQ��ZREHL�Q�
HLQH�EHOLHELJH�UHHOOH�=DKO�XQG�(LQKHLW�GLH�$EN�U]XQJ�GHU�(LQKHLW��P��
LQ��OE�XVZ���LVW�

�� )�KUHQ�6LH�GHQ�%HIHKO�→81,7�DXV�

'DV�N|QQHQ�6LH�IROJHQGHUPD�HQ�WXQ�

� GXUFK�'U�FNHQ�YRQ�> ø�722/6�→81,7�

� GXUFK�$XVZlKOHQ�DXV�GHP�%HIHKOVNDWDORJ��N�→81,7��RGHU

� GXUFK�'U�FNHQ�YRQ�>)``81,7\�

%HLVSLHO��:HQQ�6LH����DXI�(EHQH���XQG��BP�DXI�(EHQH���HLQJHEHQ�XQG�GHQ�
%HIHKO�→81,7�DXVI�KUHQ��LVW�GDV�(UJHEQLV���BP�

:HQQ�6LH�GLH�$EN�U]XQJ�GHU�(LQKHLW�NHQQHQ��N|QQHQ�6LH�GLHVH�
GLUHNW�LQ�GHU�%HIHKOV]HLOH�HLQJHEHQ��6LH�P�VVHQ�GLH�(LQKHLW�GDQQ�
QLFKW�DXV�GHP�0HQ��§8QLWV¨�DXVZlKOHQ��%HDFKWHQ�6LH��GDVV�EHL�
(LQKHLWHQQDPHQ�QDFK�GHU�*UR���XQG�.OHLQVFKUHLEXQJ�
XQWHUVFKLHGHQ�ZLUG��%HLVSLHO��§+]¨��+HUW]��PXVV�PLW�HLQHP�JUR�HQ�
§+¨�XQG�HLQHP�NOHLQHQ�§]¨�HLQJHJHEHQ�ZHUGHQ�
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Einheitenpräfixe

6LH�N|QQHQ�HLQHU�(LQKHLW�DXFK�HLQ�(LQKHLWHQSUlIL[�YRUDQVWHOOHQ��XP�HLQH�
=HKQHUSRWHQ]�DQ]XJHEHQ��,Q�GHU�IROJHQGHQ�7DEHOOH�VLQG�GLH�YHUI�JEDUHQ�
3UlIL[H�DXIJHI�KUW���'U�FNHQ�6LH�` > 0��XP�µ�HLQ]XJHEHQ���

Konvertieren von Einheiten
'HU�+3���*�YHUI�JW��EHU�%HIHKOH�]XP�.RQYHUWLHUHQ�YRQ�
(LQKHLWHQREMHNWHQ�YRQ�HLQHU�0D�HLQKHLW�LQ�HLQH�DQGHUH�

� &219(57

� 8%$6(�

'HU�%HIHKO�&219(57��GHU�]ZHL�$UJXPHQWH�EHQ|WLJW��NDQQ�YHUZHQGHW�
ZHUGHQ��XP�HLQHQ�(LQKHLWHQW\S�LQ�HLQH�EHOLHELJH�lKQOLFKH�(LQKHLW�]X�
NRQYHUWLHUHQ��'HU�%HIHKO�8%$6(��GHU�QXU�HLQ�$UJXPHQW�EHQ|WLJW��ZLUG�
YHUZHQGHW��XP�HLQ�(LQKHLWHQREMHNW�LQ�GLH�lTXLYDOHQWH�6,�%DVLVHLQKHLW�]X�
NRQYHUWLHUHQ��)X��LQ�0HWHU��.QRWHQ�LQ�0HWHU�SUR�6HNXQGH�XVZ�

'LH�IROJHQGHQ�%HLVSLHOH�YHUDQVFKDXOLFKHQ��ZLH�(LQKHLWHQ�LP�
DOJHEUDLVFKHQ�0RGXV�NRQYHUWLHUW�ZHUGHQ��'LH�HQWVSUHFKHQGHQ�6FKULWWH�LP�
531�0RGXV�ZHUGHQ�DP�(QGH�MHGHV�9HUIDKUHQV�DXIJHI�KUW�

Einheitenpräfixe

Präfix Name Exponent Präfix Name Exponent

Y Yotta +24 d Dezi –1

Z Zetta +21 c Zenti –2

E Exa +18 m Milli –3

P Peta +15 µ Mikro –6

T Tera +12 n Nano –9

G Giga +9 p Piko –12

M Mega +6 f Femto –15

k oder K Kilo +3 a Atto –18

h oder H Hekto +2 z Zepto –21

D Deka +1 y Yocto –24
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Einheitenobjekte Seite 6-5

A
dvanced topics

Konvertieren von einer Einheit in eine andere
�� 'U�FNHQ�6LH�> ø�722/6�&219(57�

�� *HEHQ�6LH�GDV�(LQKHLWHQREMHNW�PLW�GHQ�]X�NRQYHUWLHUHQGHQ�(LQKHLWHQ�
HLQ�
%HLVSLHO����BP

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�HLQ�(LQKHLWHQREMHNW�PLW�GHQ�(LQKHLWHQ�HLQ��LQ�GLH�GDV�HUVWH�
(LQKHLWHQREMHNW�NRQYHUWLHUW�ZHUGHQ�VROO�
%HLVSLHO���BIW
'HU�:HUW�GHV�=DKOHQWHLOV�GHV�(LQKHLWHQREMHNWV�LVW�LUUHOHYDQW�

�� 'U�FNHQ�6LH�\�
(UJHEQLV�I�U�GDV�%HLVSLHO���������������BIW

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG�� DXV.

Konvertieren von Einheiten in SI-Basiseinheiten

'HU�LP�YRUKHULJHQ�$EVFKQLWW�HUOlXWHUWH�%HIHKO�&219(57�NDQQ�YHUZHQGHW�
ZHUGHQ��XP�LQ�EHOLHELJH�DQJHJHEHQH�(LQKHLWHQ��RE�6,�(LQKHLWHQ�RGHU�
DQGHUH�(LQKHLWHQ��]X�NRQYHUWLHUHQ��:HQQ�6LH�HLQ�(LQKHLWHQREMHNW�LQ�GLH�
lTXLYDOHQWH�6,�%DVLVHLQKHLW�NRQYHUWLHUHQ�P|FKWHQ��LVW�GHU�%HIHKO�8%$6(�
MHGRFK�VFKQHOOHU��GD�6LH�QXU�HLQ�$UJXPHQW�HLQJHEHQ�P�VVHQ�

�� 'U�FNHQ�6LH�> ø�722/6�8%$6(�

�� *HEHQ�6LH�GDV�(LQKHLWHQREMHNW�PLW�GHQ�]X�NRQYHUWLHUHQGHQ�(LQKHLWHQ�
HLQ�
6LHKH�§(UVWHOOHQ�HLQHV�(LQKHLWHQREMHNWV¨�DXI�6HLWH�����I�U�$QZHLVXQJHQ�
]XP�(UVWHOOHQ�YRQ�(LQKHLWHQREMHNWHQ�
%HLVSLHO�����BIW

�� 'U�FNHQ�6LH�\�
(UJHEQLV�I�U�GDV�%HLVSLHO���������BP

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

:HQQ�6LH�HLQ�:LQNHOPD��LQ�(LQKHLWHQ�GHVVHOEHQ�7\SV�ZLH�,KUH�
DNWXHOOH�:LQNHOPD�HLQVWHOOXQJ�NRQYHUWLHUHQ�P|FKWHQ��N|QQHQ�6LH�
GHQ�(LQKHLWHQDXVGUXFN�LQ�6FKULWW���REHQ�ZHJIDOOHQ�ODVVHQ�

%HLVSLHO��:HQQ�,KUH�DNWXHOOH�:LQNHOPD�HLQVWHOOXQJ�§5DGLDQW¨�LVW��
N|QQHQ�6LH�����BDUFPLQ�LQ�5DGLDQW�NRQYHUWLHUHQ��LQGHP�6LH�
&219(57�����BDUFPLQ�����HLQJHEHQ�XQG�\�GU�FNHQ�
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Rechnen mit Einheiten
0LW�GHP�+3 ��*�N|QQHQ�6LH�]X�(LQKHLWHQREMHNWHQ�]DKOUHLFKH�
DULWKPHWLVFKH�2SHUDWLRQHQ�LQ�JOHLFKHU�:HLVH�ZLH�DQ�UHHOOHQ�=DKOHQ�
GXUFKI�KUHQ�

� $GGLWLRQ�XQG�6XEWUDNWLRQ��QXU�(LQKHLWHQ�JOHLFKHU�'LPHQVLRQ�

� 0XOWLSOLNDWLRQ�XQG�'LYLVLRQ

� 8PNHKUZHUWH

� 3RWHQ]LHUHQ

� 3UR]HQWUHFKQXQJHQ��QXU�(LQKHLWHQ�JOHLFKHU�'LPHQVLRQ�

� 9HUJOHLFKH�YRQ�:HUWHQ��QXU�(LQKHLWHQ�JOHLFKHU�'LPHQVLRQ�

� 7ULJRQRPHWULVFKH�2SHUDWLRQHQ��QXU�)OlFKHQZLQNHOHLQKHLWHQ�

'LH�(LQKHLWHQ�ZHUGHQ��ZHQQ�P|JOLFK��EHL�GHU�%HUHFKQXQJ�DXWRPDWLVFK�
NRQYHUWLHUW��,Q�GLHVHQ�)lOOHQ�ZLUG�GDV�(UJHEQLV�LQ�GHQ�(LQKHLWHQ�
DXVJHGU�FNW��GLH�EHL�GHU�(LQJDEH�GHV�OHW]WHQ�(LQKHLWHQREMHNWV�YHUZHQGHW�
ZXUGHQ�

%HDFKWHQ�6LH��GDVV�PDQFKH�2SHUDWLRQHQ�EHVWLPPWH�(LQKHLWHQREMHNWH�LQ�
.ODPPHUQ�HUIRUGHUQ��ZHQQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�DUEHLWHQ��'LHV�
ZLUG�LQ�GHQ�%HLVSLHOHQ�LP�QlFKVWHQ�$EVFKQLWW�EHVFKULHEHQ�

'LH�WULJRQRPHWULVFKHQ�2SHUDWLRQHQ�6,1��&26�XQG�7$1�VLQG�QXU�DXI�
(LQKHLWHQREMHNWH�PLW�)OlFKHQZLQNHOHLQKHLWHQ�DQZHQGEDU��5DGLDQW��U���
*UDG������*RQ��JUDG���%RGHQPLQXWHQ��DUFPLQ��RGHU�%RJHQVHNXQGHQ�
�DUFV��

7HPSHUDWXUHLQKHLWHQ�P�VVHQ�JHVRQGHUW�EHWUDFKWHW�ZHUGHQ��6LHKH�
§$UEHLWHQ�PLW�7HPSHUDWXUHLQKHLWHQ¨�DXI�6HLWH�����

6LH�N|QQHQ�DXFK�GHQ�%HIHKO�8%$6(�YHUZHQGHQ��XP�HLQH�
:LQNHOPD�HLQKHLW�LQ�5DGLDQW�]X�NRQYHUWLHUHQ�
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Einheitenobjekte Seite 6-7

A
dvanced topics

Beispiele für Berechnungen mit Einheiten

%HL�GHQ�IROJHQGHQ�%HLVSLHOHQ�ZLUG�YRUDXVJHVHW]W��GDVV�6LH�LP�
DOJHEUDLVFKHQ�0RGXV�DUEHLWHQ�

6XEWUDNWLRQ��6XEWUDNWLRQ�YRQ����=ROO�YRQ���)X��

�� *HEHQ�6LH��BIW�HLQ�

�� 'U�FNHQ�6LH���

�� *HEHQ�6LH���BLQ�HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW��BLQ��%HDFKWHQ�6LH��GDVV�LP�(UJHEQLV�GLH�(LQKHLW�
GHV�]XOHW]W�HLQJHJHEHQHQ�(LQKHLWHQREMHNWV�YHUZHQGHW�ZLUG��+lWWHQ�6LH�
��)X��YRQ����=ROO�VXEWUDKLHUW��ZlUH�GDV�(UJHEQLV�LQ�)X��DQJH]HLJW�
ZRUGHQ�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

0XOWLSOLNDWLRQ�XQG�'LYLVLRQ�PLW�(LQKHLWHQ��0XOWLSOLNDWLRQ�YRQ����)X��
PLW����)X��XQG�'LYLVLRQ�GHV�(UJHEQLVVHV�GXUFK���7DJH�

�� *HEHQ�6LH����BIW��HLQ�

%HDFKWHQ�6LH��GDVV�6LH�(LQKHLWHQREMHNWH�LP�DOJHEUDLVFKHQ�0RGXV�EHL�
GHU�0XOWLSOLNDWLRQ��'LYLVLRQ�RGHU�3RWHQ]LHUXQJ�LQ�.ODPPHUQ�VHW]HQ�
P�VVHQ���'LH�HLQ]LJH�$XVQDKPH�LVW�GDV�]XOHW]W�HLQJHJHEHQH�
(LQKHLWHQREMHNW��

�� 'U�FNHQ�6LH���

�� *HEHQ�6LH����BIW��HLQ�

�� 'U�FNHQ�6LH�z�

�� *HEHQ�6LH��BG�HLQ�

%HDFKWHQ�6LH��GDVV�GDV�OHW]WH�(LQKHLWHQREMHNW�QLFKW�LQ�.ODPPHUQ�
JHVHW]W�ZHUGHQ�PXVV�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����BIW��G�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������������XQG���DXV��,P�531�0RGXV�
P�VVHQ�(LQKHLWHQREMHNWH�QLFKW�LQ�.ODPPHUQ�JHVHW]W�ZHUGHQ�
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3RWHQ]HQ���IW�V�KRFK���

�� *HEHQ�6LH���BIW�V��HLQ�
%HDFKWHQ�6LH��GDVV�6LH�GDV�(LQKHLWHQREMHNW�LP�DOJHEUDLVFKHQ�0RGXV�
EHL�GHU�3RWHQ]LHUXQJ�LQ�.ODPPHUQ�VHW]HQ�P�VVHQ�

�� 'U�FNHQ�6LH�q�

�� *HEHQ�6LH���HLQ�

�� 'U�FNHQ�6LH�\�
'DV�(UJHEQLV�ODXWHW��BIW��V�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV��,P�531�0RGXV�
P�VVHQ�(LQKHLWHQREMHNWH�QLFKW�LQ�.ODPPHUQ�JHVHW]W�ZHUGHQ�

3UR]HQWVlW]H��%HUHFKQXQJ��ZLHYLHO�3UR]HQW���=ROO��YRQ�����FP��LVW�

'U�FNHQ�6LH�<P5($/��7�

� *HEHQ�6LH��BLQA��HLQ�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH����BFPA��HLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW���������������

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�
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Einheitenobjekte Seite 6-9

A
dvanced topics

Faktorisieren von Einheitenausdrücken
'HU�%HIHKO�8)$&7�IDNWRULVLHUW�HLQH�(LQKHLW�LQQHUKDOE�HLQHV�
(LQKHLWHQREMHNWV�XQG�JLEW�HLQ�(LQKHLWHQREMHNW�ZLHGHU��GHVVHQ�
(LQKHLWHQDXVGUXFN�DXV�GHU�IDNWRULVLHUWHQ�(LQKHLW�XQG�GHQ�YHUEOHLEHQGHQ�
6,�%DVLVHLQKHLWHQ�EHVWHKW�

Faktorisieren von Einheiten innerhalb eines 
Einheitenausdrucks
�� 'U�FNHQ�6LH�> ø�722/6�8)$&7�

�� *HEHQ�6LH�GDV�(LQKHLWHQREMHNW�PLW�GHQ�XUVSU�QJOLFKHQ�(LQKHLWHQ�HLQ�

%HLVSLHO����BSGO�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�HLQH�EHOLHELJH�=DKO��]�%�����HLQ�XQG�I�JHQ�6LH�GLH�(LQKHLWHQ�
DQ��GLH�KHUDXVIDNWRULVLHUW�ZHUGHQ�VROOHQ�

%HLVSLHO���BNJ�

�� 'U�FNHQ�6LH�\�

(UJHEQLV���������������BNJP�V��

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Arbeiten mit Temperatureinheiten
'HU�+3���*�HUP|JOLFKW�GDV�$UEHLWHQ�PLW�7HPSHUDWXUHLQKHLWHQ�DXI�
GLHVHOEH�:HLVH��ZLH�6LH�PLW�DQGHUHQ�(LQKHLWHQ�DUEHLWHQ��6LH�P�VVHQ�MHGRFK�
]ZLVFKHQ�GHU�HLJHQWOLFKHQ�7HPSHUDWXU�XQG�GHU�7HPSHUDWXUGLIIHUHQ]�
XQWHUVFKHLGHQ��%HLVSLHO��(LQH�7HPSHUDWXU�YRQ����&�EHGHXWHW�
§*HIULHUSXQNW�YRQ�:DVVHU¨��ZlKUHQG�HLQH�7HPSHUDWXUGLIIHUHQ]�YRQ����&�
§NHLQH�bQGHUXQJ¨�EHGHXWHW�

:HQQ��&�RGHU��)�HLQH�7HPSHUDWXU�DQJHEHQ��LVW�GLH�7HPSHUDWXU�HLQH�
(LQKHLW�PLW�HLQHU�DGGLWLYHQ�.RQVWDQWH�����&� ��������.�XQG����)� ��������
�5��:HQQ��&�RGHU��)�MHGRFK�HLQH�7HPSHUDWXUGLIIHUHQ]�DQJHEHQ��LVW�GLH�
7HPSHUDWXU�HLQH�(LQKHLW�RKQH�DGGLWLYH�.RQVWDQWH����&� ���.�XQG���)� �
��5�
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Konvertieren von Temperatureinheiten

.RQYHUWLHUXQJHQ�]ZLVFKHQ�GHQ�YLHU�7HPSHUDWXUVNDOHQ��.���&���)�XQG��5��
EHLQKDOWHQ�VRZRKO�DGGLWLYH�.RQVWDQWHQ�DOV�DXFK�PXOWLSOLNDWLYH�)DNWRUHQ��
'LH�DGGLWLYHQ�.RQVWDQWHQ�ZHUGHQ�EHL�GHU�.RQYHUWLHUXQJ�EHU�FNVLFKWLJW��
ZHQQ�GLH�7HPSHUDWXUHLQKHLWHQ�GLH�HLJHQWOLFKH�7HPSHUDWXU�DQJHEHQ��XQG�
ZHUGHQ�LJQRULHUW��ZHQQ�GLH�7HPSHUDWXUHLQKHLWHQ�7HPSHUDWXUGLIIHUHQ]HQ�
DQJHEHQ�

� (FKWH�7HPSHUDWXUHLQKHLWHQ��7HPSHUDWXU���:HQQ�EHLGH�
(LQKHLWHQDXVGU�FNH�MHZHLOV�DXV�HLQHU�HLQ]LJHQ�7HPSHUDWXUHLQKHLW�RKQH�
3UlIL[�XQG�RKQH�([SRQHQW�EHVWHKHQ��I�KUW�GHU�%HIHKO�&219(57�HLQH�
DEVROXWH�7HPSHUDWXUVNDOHQNRQYHUWLHUXQJ�GXUFK��EHL�GHU�GLH�DGGLWLYHQ�
.RQVWDQWHQ�EHU�FNVLFKWLJW�ZHUGHQ�

� .RPELQLHUWH�7HPSHUDWXUHLQKHLWHQ��7HPSHUDWXUGLIIHUHQ]HQ���
:HQQ�HLQHU�GHU�EHLGHQ�(LQKHLWHQDXVGU�FNH�HLQ�3UlIL[��HLQHQ�
([SRQHQWHQ�RGHU�HLQH�DQGHUH�(LQKHLW�DOV�7HPSHUDWXU�HLQVFKOLH�W��I�KUW�
GHU�%HIHKO�&219(57�HLQH�UHODWLYH�7HPSHUDWXUHLQKHLWHQNRQYHUWLHUXQJ�
GXUFK��EHL�GHU�GLH�DGGLWLYHQ�.RQVWDQWHQ�LJQRULHUW�ZHUGHQ�

'LHVH�8QWHUVFKLHGH�ZHUGHQ�DQKDQG�GHU�EHLGHQ�QDFKVWHKHQGHQ�%HLVSLHOH�
GHXWOLFK�

%HLVSLHO��� .RQYHUWLHUXQJ�YRQ����&�LQ��)�

�� 'U�FNHQ�6LH�> ø�722/6�&219(57�

�� *HEHQ�6LH���B�&�HLQ�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH��B�)�HLQ�

'HU�:HUW�GHV�=DKOHQWHLOV�GHV�(LQKHLWHQREMHNWV�LVW�LUUHOHYDQW�

�� 'U�FNHQ�6LH�\�
'DV�(UJHEQLV�ODXWHW���B�)�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�
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%HLVSLHO��� .RQYHUWLHUXQJ�YRQ����&�PLQ�LQ��)�PLQ�

%HDFKWHQ�6LH��GDVV�KLHU�LP�*HJHQVDW]�]XP�HUVWHQ�%HLVSLHO�HLQH�UHODWLYH�
7HPSHUDWXUNRQYHUWLHUXQJ�DXVJHI�KUW�ZLUG�

�� 'U�FNHQ�6LH�> ø�722/6�&219(57�

�� *HEHQ�6LH���B�&�PLQ�HLQ�

%HDFKWHQ�6LH��GDVV��&�PLQ�QLFKW�LP�(LQKHLWHQNDWDORJ�YHUI�JEDU�LVW�XQG�
VRPLW�HUVWHOOW�ZHUGHQ�PXVV��6LH�N|QQHQ��&�DXV�GHP�(LQKHLWHQNDWDORJ�
DXVZlKOHQ��GDQQ�z�GU�FNHQ�XQG�§PLQ¨�HLQJHEHQ��XP�GLH�
]XVDPPHQJHVHW]WH�(LQKHLW�]X�HUVWHOOHQ���%HDFKWHQ�6LH��GDVV�PLQ�LQ�
.OHLQEXFKVWDEHQ�HLQJHJHEHQ�ZHUGHQ�PXVV��

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH��B�)�PLQ�HLQ�

'HU�:HUW�GHV�=DKOHQWHLOV�GHV�(LQKHLWHQREMHNWV�LVW�LUUHOHYDQW�

�� 'U�FNHQ�6LH�\�
'DV�(UJHEQLV�ODXWHW���B�)�PLQ�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�
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Konstantenbibliothek Seite 7-1

A
dvanced topics

Kapitel 7

Konstantenbibliothek

'LH�.RQVWDQWHQELEOLRWKHN�EHVWHKW�DXV�HLQHU�6DPPOXQJ�KlXILJ�
YHUZHQGHWHU�SK\VLNDOLVFKHU�.RQVWDQWHQ�XQG�*U|�HQ��6LH�N|QQHQ�GLHVH�
.RQVWDQWHQ�LQ�*OHLFKXQJHQ�XQG�3URJUDPPHQ�YHUZHQGHQ��

'LH�IROJHQGH�7DEHOOH�I�KUW�GLH�.RQVWDQWHQ�LQ�LKUHU�5HLKHQIROJH�LQ�GHU�
%LEOLRWKHN�DXI�

Abkürzung Beschreibung Wert in SI-Einheiten

1$ $YRJDGURVFKH�.RQVWDQWH ���������(���JPRO¥�

N %ROW]PDQQ�.RQVWDQWH ��������(¥���-�.

9P 1RUPPROYROXPHQ ��������O�JPRO

5 0ROJDVNRQVWDQWH ��������-��JPROµ.�

6WG7 1RUPWHPSHUDWXU �������.

6WG3 1RUPGUXFN ��������N3D

σ 6WHIDQ�%ROW]PDQQVFKH�
.RQVWDQWH

�������(¥��:��P�µ.��

F /LFKWJHVFKZLQGLJNHLW�LP�
9DNXXP

����������P�V

ε� (OHNWULVFKH�)HOGNRQVWDQWH �������������(¥���)�P

µ� 0DJQHWLVFKH�)HOGNRQVWDQWH �������������(¥��+�P

J 1RUPIDOOEHVFKOHXQLJXQJ ��������P�V�

* *UDYLWDWLRQVNRQVWDQWH �������(¥���P���V�µNJ�

K 3ODQFNVFKH�.RQVWDQWH ���������(¥���-µV

KEDU 'LUDF�.RQVWDQWH ����������(¥���-µV

T /DGXQJ�GHV�(OHNWURQV ����������(¥���&

PH 5XKHPDVVH�GHV�(OHNWURQV ���������(¥���NJ

AUG.book  Page 1  Sunday, March 5, 2000  10:42 AM



Seite 7-2 Konstantenbibliothek

A
dv

an
ce

d 
to

pi
cs

TPH T�PH �������������&�NJ

PS 5XKHPDVVH�GHV�3URWRQV ���������(¥���NJ

PSPH PS�PH �����������

α )HLQVWUXNWXUNRQVWDQWH �������������

φ 0DJQHWLVFKH�)OXVVNRQVWDQWH ����������(¥���:E

) )DUDGD\�.RQVWDQWH ����������&�JPRO

5∞ 5\GEHUJ�.RQVWDQWH �������������P¥�

D� %RKUVFKHU�5DGLXV �������������QP

µ% %RKUVFKHV�0DJQHWRQ ���������(¥���-�7

µ1 .HUQPDJQHWRQ ���������(¥���-�7

λ� :HOOHQOlQJH�GHV�3KRWRQV�
�FK�H�

����������QP

I� )UHTXHQ]�GHV�3KRWRQV��H�K� ���������(���+]

λF &RPSWRQ�:HOOHQOlQJH ��������������QP

UDG ��5DGLDQW ��5DGLDQW

WZRπ �π�5DGLDQWHQ ��������������5DGLDQWHQ

DQJO �LP�WULJRQRPHWULVFKHQ�
0RGXV

����

F� :LHQVFKH�
9HUVFKLHEXQJVNRQVWDQWH

������������Pµ.

NT N�T ��������������-��.µ&�

ε�T ε��T �����������)��Pµ&�

Tε� T
εR ���������(¥���)µ&�P

εVL 'LHOHNWUL]LWlWVNRQVWDQWH ����

εR[ 6L2��'LHOHNWUL]LWlWVNRQVWDQWH ���

,� %H]XJVLQWHQVLWlW ���������������:�P�

Abkürzung Beschreibung Wert in SI-Einheiten
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Anzeigen der Konstantenbibliothek
�� 'U�FNHQ�6LH�g�&2167$176�/,%�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�QXU�6FKULWW���DXV�

Anzeigen des Wertes und der Einheiten einer bestimmten 
Konstante
�� 0DUNLHUHQ�6LH�GLH�.RQVWDQWH��GHUHQ�:HUW�6LH�DQ]HLJHQ�P|FKWHQ��

6LH�N|QQHQ�HQWZHGHU�]�RGHU�[�GU�FNHQ��ELV�GLH�.RQVWDQWH�PDUNLHUW�
LVW��RGHU�GU�FNHQ�6LH�]XHUVW�`�XQG�GDQQ�GDV�HUVWH�=HLFKHQ�I�U�GLH�
$EN�U]XQJ�GHU�.RQVWDQWH��%HLVSLHO��:HQQ�6LH�GLH�
1RUPIDOOEHVFKOHXQLJXQJ�VFKQHOO�ILQGHQ�P|FKWHQ��JHEHQ�6LH�`�<�*�
HLQ���'LH�/LQNVXPVFKDOWWDVWH�LVW�HUIRUGHUOLFK��GD�GLH�$EN�U]XQJ�I�U�GLH�
9HU]|JHUXQJ�GHU�6FKZHUNUDIW�HLQ�NOHLQHV�J�LVW��

�� 'U�FNHQ�6LH�9$/8(�
'HU�QXPHULVFKH�:HUW�GHU�.RQVWDQWH�ZLUG�DQJH]HLJW�

�� :HQQ�GLH�(LQKHLWHQ�QLFKW�DQJH]HLJW�ZHUGHQ�XQG�6LH�GLHVH�DQ]HLJHQ�
P|FKWHQ��GU�FNHQ�6LH�81,76�

�� :HQQ�GLH�6,�(LQKHLWHQ�DQJH]HLJW�ZHUGHQ�XQG�6LH�GDV�(QJOLVFKH�
0D�V\VWHP�EHYRU]XJHQ��GU�FNHQ�6LH�(1*/���:HQQ�DQGHUHUVHLWV�GLH�
HQJOLVFKHQ�0D�HLQKHLWHQ�DQJH]HLJW�ZHUGHQ�XQG�6LH�6,�(LQKHLWHQ�
EHYRU]XJHQ��GU�FNHQ�6LH�6,��

Kopieren einer Konstante auf den Stack oder 
in den History-Speicher
�� 0DUNLHUHQ�6LH�GLH�.RQVWDQWH��GHUHQ�:HUW�6LH�NRSLHUHQ�P|FKWHQ��

6LH�N|QQHQ�HQWZHGHU�]�RGHU�[�GU�FNHQ��ELV�GLH�.RQVWDQWH�PDUNLHUW�
LVW��RGHU�GU�FNHQ�6LH�]XHUVW�`�XQG�GDQQ�GDV�HUVWH�=HLFKHQ�I�U�GLH�
$EN�U]XQJ�GHU�.RQVWDQWH�

�� :HQQ�6LH�GHQ�:HUW�XQG�GLH�(LQKHLWHQ�NRSLHUHQ�P|FKWHQ��]HLJHQ�6LH�GLH�
(LQKHLWHQ�DQ���:HQQ�'LH�(LQKHLWHQ�QLFKW�DQJH]HLJW�ZHUGHQ��GU�FNHQ�
6LH�81,76��

�� 'U�FNHQ�6LH�→67.�

1DFK�GHP�.RSLHUHQ�DXI�GHQ�6WDFN�E]Z��LQ�GHQ�+LVWRU\�6SHLFKHU�N|QQHQ�
6LH�GHQ�:HUW�E]Z��GDV�(LQKHLWHQREMHNW�LQ�%HUHFKQXQJHQ�YHUZHQGHQ��:HQQ�
6LH�]XP�6WDFN�RGHU�+LVWRU\�6SHLFKHU�]XU�FNNHKUHQ�P|FKWHQ��GU�FNHQ�6LH�
48,7�RGHU�G�
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Einfügen einer Konstante in einen 
algebraischen Ausdruck
6LH�N|QQHQ�HLQH�.RQVWDQWH�LQ�HLQHQ�$XVGUXFN�HLQI�JHQ��GHQ�6LH�LQ�GHU�
%HIHKOV]HLOH�RGHU�LQ�(TXDWLRQ:ULWHU�HUVWHOOHQ�

�� *HEHQ�6LH�DQ�GHU�6WHOOH�LP�$XVGUXFN��DQ�GHU�6LH�GLH�.RQVWDQWH�HLQI�JHQ�
P|FKWHQ��&2167�HLQ�

�� 'U�FNHQ�6LH�<_�

�� 6HW]HQ�6LH�GHQ�&XUVRU�]ZLVFKHQ�GLH�.ODPPHUQ�XQG�JHEHQ�6LH�GLH�
$EN�U]XQJ�I�U�GLH�.RQVWDQWH�HLQ��

%HLVSLHO������
&2167�J��

'LH�.RQVWDQWH�ZLUG�]XVDPPHQ�PLW�GHP�$XVGUXFN�DXVJHZHUWHW���,P�
%HLVSLHO�REHQ�LVW�GDV�(UJHEQLV�LQ�6,�(LQKHLWHQ����������BP�V���
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Kapitel 8

Basis

Eingeben und Anzeigen von Binärganzzahlen
6LH�N|QQHQ�*DQ]]DKOHQ�LQ�HLQHU�GHU�IROJHQGHQ�YLHU�)RUPHQ�HLQJHEHQ�XQG�
DQ]HLJHQ�

� 'H]LPDO��%DVLV����

� +H[DGH]LPDO��%DVLV����

� 2NWDO��%DVLV����

� %LQlU��%DVLV�����

9HUZHQGHQ�6LH�GDV�5DXWHQ�6\PERO�����]XVDPPHQ�PLW�HLQHP�GHU�
IROJHQGHQ�6XIIL[H��XP�GLH�%DVLV�HLQHU�=DKO�DQ]X]HLJHQ�

G��GH]LPDO�

K��KH[DGH]LPDO�

R��RNWDO�

E��ELQlU��

%HLVSLHO�������G����%�K�������R�XQG�����������E�VLQG�DOOHV�
5HSUlVHQWDWLRQHQ�YRQ������,Q�GLHVHP�+DQGEXFK�ZHUGHQ�=DKOHQ��GLH�DXI�
GLHVH�:HLVH�GDUJHVWHOOW�ZHUGHQ��XQDEKlQJLJ�YRQ�LKUHU�%DVLV�DOV�
%LQlUJDQ]]DKOHQ�EH]HLFKQHW�

'LH�DNWXHOOH�%DVLVHLQVWHOOXQJ�EHVWLPPW��ZHOFKH�%DVLV�]XU�$Q]HLJH�YRQ�
*DQ]]DKOHQ�YHUZHQGHW�ZLUG�

$XI�GHP�+3���*�N|QQHQ�%LQlUJDQ]]DKOHQ�MH�QDFK�GHU�DNWXHOOHQ�:RUWOlQJH�
��ELV����%LWV�ODQJ�VHLQ��

Einstellen der Basis

:lKOHQ�6LH�GLH�%DVLV�PLW�GHP�HQWVSUHFKHQGHQ�%HIHKO�DXV�GHP�
%HIHKOVNDWDORJ��N��DXV�

� '(&��'H]LPDOEDVLV�

� +(;��+H[DGH]LPDOEDVLV�

� 2&7��2NWDOEDVLV�

� %,1��%LQlUEDVLV��

AUG.book  Page 1  Sunday, March 5, 2000  10:42 AM



Seite 8-2 Basis

A
dv

an
ce

d 
to

pi
cs

'LH�(LQVWHOOXQJHQ�YRQ�)ODJV�¥���XQG�¥���EHVWLPPHQ�GLH�DNWXHOOH�%DVLV��
'LH�%HIHKOH�'(&��+(;��2&7�XQG�%,1�VWHXHUQ�GLH�(LQVWHOOXQJHQ�GLHVHU�
)ODJV�

(LQ�,QGLNDWRU�DXI�GHU�6WDQGDUGDQ]HLJH�JLEW�GLH�DNWXHOOH�%DVLVHLQVWHOOXQJ�
DQ�

Einstellen der Wortlänge
�� 'U�FNHQ�6LH�>ì67:6�

�� *HEHQ�6LH�GLH�QHXH�:RUWOlQJH�HLQ��YRQ���ELV�����

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

:HQQ�GDV�$UJXPHQW�GHU�%LQlUJDQ]]DKO�GLH�DNWXHOOH�:RUWOlQJH�
�EHUVFKUHLWHW��ZHUGHQ�GLH��EHUVFK�VVLJHQ�I�KUHQGHQ�%LWV�YRU�GHU�
$XVI�KUXQJ�GHV�%HIHKOV�YHUZRUIHQ��'LH�(UJHEQLVVH�ZHUGHQ��IDOOV�
HUIRUGHUOLFK��HEHQIDOOV�JHN�U]W��

Abrufen der aktuellen Wortlänge
�� 'U�FNHQ�6LH�>ì �5&:6�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�QXU�6FKULWW���DXV��

Eingeben einer Binärganzzahl
�� 'U�FNHQ�6LH�<@�

�� *HEHQ�6LH�GHQ�:HUW�GHU�%LQlUJDQ]]DKO�HLQ�

Flag-Einstellungen 
für Zahlenbasis

–11

Gesetzt Nicht 
gesetzt

–12

Gesetzt HEX BIN

Nicht
gesetzt

OCT DEC
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�� *HEHQ�6LH�GDV�6XIIL[�I�U�GLH�]X�YHUZHQGHQGH�%DVLV�HLQ��G��K��R�RGHU�E��
,KUH�(LQJDEH�PXVV�HLQ�.OHLQEXFKVWDEH�VHLQ��

�� 'U�FNHQ�6LH�\�

%LQlUJDQ]]DKOHQ�ZHUGHQ�DXI�GHP�+3 ��*�PLW�
HLQHP�/HHU]HLFKHQ�QDFK�GHP�6\PERO���
DQJH]HLJW��6LH�P�VVHQ�EHL�GHU�(UVWHOOXQJ�
HLQHU�%LQlUJDQ]]DKO�NHLQ�/HHU]HLFKHQ�
HLQJHEHQ��

:HQQ�6LH�HLQH�DQGHUH�%DVLV�DOV�GLH�DNWXHOOH�
%DVLVHLQVWHOOXQJ�DQJHEHQ��NRQYHUWLHUW�GHU�+3���*�GLH�%LQlUJDQ]]DKO�LQ�
HLQH�*DQ]]DKO�LQ�GHU�%DVLVGDUVWHOOXQJ�GHU�DNWXHOOHQ�(LQVWHOOXQJ��:HQQ�6LH�
GLH�YRQ�,KQHQ�HLQJHJHEHQH�*DQ]]DKO�DQ]HLJHQ�P|FKWHQ��GU�FNHQ�6LH�< 
M�

%HLVSLHO��:HQQ�GLH�DNWXHOOH�%DVLVHLQVWHOOXQJ�GLH�+H[DGH]LPDOEDVLV�LVW�XQG�
6LH�� ����E�HLQJHEHQ��]HLJW�GHU�7DVFKHQUHFKQHU�,KUH�(LQJDEH�DOV���'K�DQ��
:HQQ�6LH�,KUH�(LQJDEH�VHKHQ�P|FKWHQ��GU�FNHQ�6LH�< M��'LH�(LQJDEH�
ZLUG�REHQ�DXI�GHU�/LVWH�GHU�YLHU�OHW]WHQ�DXVJHI�KUWHQ�%HIHKOH�DXIJHI�KUW�

Rechnen mit Binärganzzahlen

Addieren, Subtrahieren, Multiplizieren und Dividieren von 
zwei Binärganzzahlen
�� *HEHQ�6LH�GLH�HUVWH�%LQlUJDQ]]DKO�HLQ�

�� 'U�FNHQ�6LH�7DVWH�I�U�GLH�JHZ�QVFKWH�2SHUDWLRQ��=� �� � RGHU z�

�� *HEHQ�6LH�GLH�]ZHLWH�%LQlUJDQ]]DKO�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

'LH�EHLGHQ�%LQlUJDQ]]DKOHQ�P�VVHQ�QLFKW�GLHVHOEH�%DVLV�KDEHQ�

'DV�(UJHEQLV�ZLUG�LQ�GHU�DNWXHOOHQ�%DVLVHLQVWHOOXQJ�DXVJHGU�FNW�XQG�GLH�
EHLGHQ�$UJXPHQWH�ZHUGHQ�]X�GHU�(LQVWHOOXQJ�NRQYHUWLHUW�

%HDFKWHQ�6LH��GDVV�GHU�5HVW�EHL�HLQHU�'LYLVLRQ�YHUZRUIHQ�XQG�GDV�(UJHEQLV�
DXI�HLQH�*DQ]]DKO�JHN�U]W�ZLUG�

6FKULWW���LVW�RSWLRQDO��ZHQQ�GLH�]X�YHUZHQGHQGH�%DVLV�PLW�GHU�
DNWXHOOHQ�%DVLVHLQVWHOOXQJ��EHUHLQVWLPPW�
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Bestimmen des Negativen einer Binärganzzahl
�� 'U�FNHQ�6LH�N�1(*�

�� *HEHQ�6LH�GLH�%LQlUJDQ]]DKO�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

'DV�1HJDWLYH�HLQHU�%LQlU]DKO�LVW�LKU�=ZHLHUNRPSOHPHQW��$GGLHUHQ�YRQ���
]XP�(LQHUNRPSOHPHQW��

Konvertieren einer Binärganzzahl in eine andere 
Basisdarstellung
�� 'U�FNHQ�6LH�N�Q��ZREHL�Q�GHU�%HIHKO�I�U�GLH�%DVLVGDUVWHOOXQJ�LVW��LQ�

GLH�6LH�NRQYHUWLHUHQ�P|FKWHQ��'(&��%,1��+(;�RGHU�2&7�

�� *HEHQ�6LH�GLH�%LQlUJDQ]]DKO�HLQ�

�� 'U�FNHQ�6LH�\�

%HLVSLHO��:HQQ�6LH�������E�LQ�GLH�+H[DGH]LPDOGDUVWHOOXQJ�NRQYHUWLHUHQ�
P|FKWHQ��JHEHQ�6LH�+(;�������E��HLQ�XQG�GU�FNHQ�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

%HDFKWHQ�6LH��GDVV�EHL�GHU�.RQYHUWLHUXQJ�HLQHU�%LQlUJDQ]]DKO�LQ�HLQH�
DQGHUH�%DVLVGDUVWHOOXQJ�DXFK�GLH�%DVLVHLQVWHOOXQJ�DXI�GLH�%DVLV�JHlQGHUW�
ZLUG��LQ�GLH�GLH�*DQ]]DKO�NRQYHUWLHUW�ZXUGH�

Konvertieren einer Binärganzzahl in eine reelle Zahl
�� 'U�FNHQ�6LH�>ì%→5��

�� *HEHQ�6LH�GLH�%LQlUJDQ]]DKO�HLQ�

%HLVSLHO�����$K�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�
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Konvertieren einer reellen Zahl in eine Binärganzzahl
�� 6WHOOHQ�6LH�GLH�%DVLV�DXI�GLH�JHZ�QVFKWH�%DVLVGDUVWHOOXQJ�HLQ��6LHKH�

§(LQVWHOOHQ�GHU�%DVLV¨�DXI�6HLWH�����

�� 'U�FNHQ�6LH�>ì5→%��

�� *HEHQ�6LH�GLH�UHHOOH�=DKO�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

'LH�UHHOOHQ�=DKOHQ�ZHUGHQ��IDOOV�HUIRUGHUOLFK��YRU�GHU�.RQYHUWLHUXQJ�]X�
HLQHU�*DQ]]DKO�JHUXQGHW��1HJDWLYH�UHHOOH�=DKOHQ�ZHUGHQ�]X�����XQG�UHHOOH�
=DKOHQ�≥ ��������������á������ZHUGHQ�]XU�JU|�WHQ�%LQlUJDQ]]DKO��]�%��
� ))))))))))))))))+��NRQYHUWLHUW�
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Verwenden von Booleschen Operatoren
'HU�+3 ��*�HQWKlOW�]DKOUHLFKH�%HIHKOH�]XU�'XUFKI�KUXQJ�YRQ�%RROHVFKHQ�
2SHUDWLRQHQ�XQG�I�U�9HUJOHLFKH�YRQ�%LQlUJDQ]]DKOHQ��'LHVH�%HIHKOH�VLQG�
GXUFK�'U�FNHQ�YRQ�>ì/2*,&�YHUI�JEDU�XQG�ZHUGHQ�LQ�GHU�
QDFKVWHKHQGHQ�7DEHOOH�EHVFKULHEHQ��%HL�GHU�DQJH]HLJWHQ�(LQJDEHV\QWD[�
ZLUG�YRUDXVJHVHW]W��GDVV�6LH�VLFK�LP�DOJHEUDLVFKHQ�0RGXV�EHILQGHQ�

Befehle
Beispiele

Eingabe Ausgabe

AND Logische bitweise 
UND-Verknüpfung von 
zwei Argumenten. Vergle-
icht die entsprechenden Bits 
und ist wahr (1), falls beide 
Bits 1 sind.

# 1100b AND # 1010b # 1000b

NOT Gibt das Einerko-
mplement des Arguments 
wieder. Jedes Bit im Ergeb-
nis ist das Komplement des 
entsprechenden Bits im 
Argument.

NOT (#111b) #111111110000ba

a.Bei diesem Ergebnis wird vorausgesetzt, dass die Wortlänge 12 ist.

OR Logische bitweise 
ODER-Verknüpfung von 
zwei Argumenten. Vergle-
icht die entsprechenden Bits 
und ist wahr (1), falls eines 
der beiden Bits 1 ist.

# 1100b OR # 1010b # 1110b

XOR Logische bitweise 
exklusive ODER-Verknüp-
fung von zwei Argu-
menten. Vergleicht die 
entsprechenden Bits und ist 
wahr (1), falls nur eines der 
beiden Bits 1 ist.

# 1101b XOR # 1011b # 110b
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Manipulieren von Bits und Bytes
'LH�IROJHQGHQ�%HIHKOH�HUP|JOLFKHQ�GLH�ELW��RGHU�E\WHZHLVH�0DQLSXODWLRQ�
YRQ�%LQlUJDQ]]DKOHQ��6LH�N|QQHQ�DXI�GLH�%HIHKOH�GXUFK�'U�FNHQ�YRQ�
>ì%,7�25�>ì%<7(�]XJUHLIHQ��:HQQ�QLFKW�DQGHUV�DQJHJHEHQ��ZLUG�
EHL�MHGHP�%HLVSLHO�HLQH�:RUWOlQJH�YRQ����YRUDXVJHVHW]W�

Befehle
Beispiel

Eingabe Ausgabe

ASR (Arithmetic Shift Right). 
Führt eine arithmetische Verschie-
bung um 1 Bit nach rechts durch. 
Das höchstwertige Bit wird regen-
eriert.

# 1100010b # 110001b

RL (Rotate Left). Binärganzzahl 
rotiert ein Bit nach links. (Im 
Beispiel wird eine Wortlänge von 4 
vorausgesetzt.)

# 1100b # 1001b

RLB (Rotate Left Byte). Binär-
ganzzahl rotiert ein Byte nach links.

# FFFFh # FFFF00h

RR (Rotate Right). Binärganzzahl 
rotiert ein Bit nach rechts. (Im 
Beispiel wird eine Wortlänge von 4 
vorausgesetzt.)

# 1101b # 1110b

RRB (Rotate Right Byte). Binär-
ganzzahl rotiert ein Byte nach 
rechts.

# A0B0C0h C0A0B0h

SL (Shift Left). Binärganzzahl wird 
um ein Bit nach links verschoben.

# 1101b # 11010b

SLB (Shift Left Byte). Binärganz-
zahl wird um ein Byte nach links 
verschoben.

# A0B0h # A0B000h

SR (Shift Right). Binärganzzahl 
wird um ein Bit nach rechts ver-
schoben.

# 11011b # 1101b
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SRB (Shift Right Byte). Binärganz-
zahl wird um ein Byte nach rechts 
verschoben.

# A0B0C0h # A0B0h

Befehle (Fortsetzung)
Beispiel

Eingabe Ausgabe
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Kapitel 9

Listen und Folgen

Erstellen von Listen

Eingeben einer Liste über die Tastatur
�� 'U�FNHQ�6LH��� 'LH�JHVFKZHLIWHQ�.ODPPHUQ�]HLJHQ�GHQ�$QIDQJ�XQG�

GDV�(QGH�HLQHU�/LVWH�DQ�

�� *HEHQ�6LH�GLH�(OHPHQWH�GHU�/LVWH�HLQ��7UHQQHQ�6LH�GLH�(OHPHQWH�GXUFK�
.RPPDV��>I��

�� 'U�FNHQ�6LH�\�

%HDFKWHQ�6LH��GDVV�GLH�/LVWH�RKQH�.RPPDV�DQJH]HLJW�ZLUG�

Erstellen einer Liste von Stack-Objekten

:HQQ�6LH�LP�531�0RGXV�DUEHLWHQ��N|QQHQ�6LH�HLQH�/LVWH�YRQ�
EHQDFKEDUWHQ�2EMHNWHQ�DXI�GHP�6WDFN�HUVWHOOHQ�

�� *HEHQ�6LH�GLH�2EMHNWH�DXI�GHQ�6WDFN�HLQ��RGHU�VHW]HQ�6LH�GLH�2EMHNWH�
XQWHQ�DXI�GHQ�6WDFN��(EHQH����(EHQH���XVZ���

�� *HEHQ�6LH�GLH�JHZ�QVFKWH�$Q]DKO�GHU�2EMHNWH�LQ�GHU�/LVWH�DXI�(EHQH���
GHV�6WDFNV�HLQ�

�� )�KUHQ�6LH�GHQ�%HIHKO�→/,67�DXV��XP�GLH�2EMHNWH�LQ�HLQH�/LVWH�
XP]XZDQGHOQ�

6LH�N|QQHQ�GHQ�%HIHKO�72�/,67�DXVI�KUHQ��LQGHP�6LH�<N�/,67�→/,67�
GU�FNHQ�

Anhängen eines neuen Objekts an den Anfang einer Liste
�� *HEHQ�6LH�GDV�QHXH�2EMHNW�HLQ�RGHU�ZlKOHQ�6LH�GDV�2EMHNW�DXV�

�� 'U�FNHQ�6LH�=�

�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�
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Anhängen eines neuen Objekts an das Ende einer Liste
�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

�� 'U�FNHQ�6LH�=�

�� *HEHQ�6LH�GDV�QHXH�2EMHNW�HLQ�RGHU�ZlKOHQ�6LH�GDV�2EMHNW�DXV�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Verarbeiten von Listen

Anwenden eines Befehls mit einem Argument auf jedes 
Element in einer Liste

'LH�(LQJDEHUHLKHQIROJH�GHV�%HIHKOV�XQG�GHU�/LVWH�LVW�YRP�)XQNWLRQVW\S�
DEKlQJLJ��3UlIL[�RGHU�3RVWIL[�

(LQH�3UlIL[IXQNWLRQ�LVW�HLQH�)XQNWLRQ��GHUHQ�1DPH�RGHU�$EN�U]XQJ�
�EOLFKHUZHLVH�YRU�GHQ�$UJXPHQWHQ�VWHKW��%HLVSLHO��6,1�[��XQG�64�[��\��

(LQH�3RVWIL[IXQNWLRQ�LVW�HLQH�)XQNWLRQ��GHUHQ�1DPH�RGHU�$EN�U]XQJ�
�EOLFKHUZHLVH�QDFK�GHQ�$UJXPHQWHQ�VWHKW��%HLVSLHO�����

'DV�IROJHQGH�%HLVSLHO�]HLJW��ZLH�6LH�LP�DOJHEUDLVFKHQ�0RGXV�HLQHQ�
3UlIL[EHIHKO�PLW�HLQHP�$UJXPHQW�DXI�HLQH�/LVWH�DQZHQGHQ��'LH�7DEHOOH�LP�
$QVFKOXVV�DQ�GDV�%HLVSLHO�JLEW�GLH�5HLKHQIROJH�GHU�6FKULWWH�I�U�
3RVWIL[IXQNWLRQHQ�RGHU�EHLP�$UEHLWHQ�LP�531�0RGXV�DQ�

�� *HEHQ�6LH�GHQ�%HIHKO�HLQ�RGHU�ZlKOHQ�6LH�GHQ�%HIHKO�DXV�

%HLVSLHO��64���

�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

%HLVSLHO��64�^�������`��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�LVW�HLQH�QHXH�/LVWH��LQ�GHU�MHGHV�(OHPHQW�GDV�4XDGUDW�GHV�
HQWVSUHFKHQGHQ�(OHPHQWV�LQ�GHU�XUVSU�QJOLFKHQ�/LVWH�LVW��^���������`�
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:HQQ�6LH�HLQH�3RVWIL[IXQNWLRQ�DXVI�KUHQ�RGHU�LP�531�0RGXV�DUEHLWHQ��
VLQG�GLH�HQWVSUHFKHQGHQ�6FKULWWH�LQ�GHU�QDFKIROJHQGHQ�7DEHOOH�DXIJHI�KUW�

:HLWHUHV�%HLVSLHO��%HVWLPPHQ�GHU�)DNXOWlW�YRQ������XQG���LP�
DOJHEUDLVFKHQ�0RGXV�

�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV���^�������`�

�� :lKOHQ�6LH�GHQ�%HIHKO�I�U�GLH�)DNXOWlW��<P�352%$%,/,7<��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�^����������`��

Addieren der entsprechenden Elemente zweier Listen
�� *HEHQ�6LH�GLH�HUVWH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

%HLVSLHO��^�������`�

�� :lKOHQ�6LH�GHQ�%HIHKO�$''�

<P/,67�$''

�� *HEHQ�6LH�GLH�]ZHLWH�/LVWH�HLQ�

%HLVSLHO��^���¥���¥�`�

'LH�$Q]DKO�GHU�(OHPHQWH�LQ�EHLGHQ�/LVWHQ�PXVV��EHUHLQVWLPPHQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�^�������`�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Präfix Postfix

Algebraisch 1, 2, 3 2, 1, 3

RPN 2, 3, 1 2, 1
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Verknüpfen von zwei Listen

%HLP�9HUNQ�SIHQ�YRQ�]ZHL�/LVWHQ�HUVWHOOHQ�6LH�HLQH�/LVWH��GLH�DXV�GHQ�
(OHPHQWHQ�GHU�EHLGHQ�/LVWHQ�]XVDPPHQJHVHW]W�LVW��'LH�MHZHLOLJH�
5HLKHQIROJH�GHU�(OHPHQWH�LQ�GHQ�8QWHUOLVWHQ�EOHLEW�HUKDOWHQ�

�� *HEHQ�6LH�GLH�/LVWH�HLQ��GHUHQ�(OHPHQWH�GHQ�HUVWHQ�7HLO�GHU�
YHUNQ�SIWHQ�/LVWH�ELOGHQ�

%HLVSLHO��^�������`

�� 'U�FNHQ�6LH�=�

�� *HEHQ�6LH�GLH�/LVWH�HLQ��GHUHQ�(OHPHQWH�GHQ�]ZHLWHQ�7HLO�GHU�
YHUNQ�SIWHQ�/LVWH�ELOGHQ�

%HLVSLHO��^�������`�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�^����������������`�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Subtrahieren, Multiplizieren oder Dividieren der 
entsprechenden Elemente zweier Listen
�� *HEHQ�6LH�GLH�HUVWH�/LVWH�HLQ�

�� 'U�FNHQ�6LH��� �� RGHU�z�

�� *HEHQ�6LH�GLH�]ZHLWH�/LVWH�HLQ�

'LH�$Q]DKO�GHU�(OHPHQWH�LQ�EHLGHQ�/LVWHQ�PXVV��EHUHLQVWLPPHQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

%HLVSLHO��^�������`���^������¥�`�HUJLEW�^�������¥��`�
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Anwenden einer Funktion oder eines 
Programms auf eine Liste
'HU�%HIHKO�'2/,67�GLHQW�]XU�$XVI�KUXQJ�YRQ�3URJUDPPHQ�RGHU�
)XQNWLRQHQ�DXI�*UXSSHQ�YRQ�/LVWHQ��

Ausführen eines Programms oder einer Funktion auf Listen

:HQQ�6LH�PHKUHUH��LQVEHVRQGHUH�ODQJH��/LVWHQ�EHDUEHLWHQ��LVW�GDV�$UEHLWHQ�
LP�531�0RGXV�P|JOLFKHUZHLVH�HLQIDFKHU�XQG��EHUVLFKWOLFKHU��ZLH�GDV�
QDFKVWHKHQGH�%HLVSLHO�]HLJW��

�� *HEHQ�6LH�GLH�/LVWHQ�HLQ�

�� *HEHQ�6LH�$Q]DKO�GHU�]X�EHDUEHLWHQGHQ�/LVWHQ�DQ��'LHVH�=DKO�LVW�GLH�
$Q]DKO�GHU�(OHPHQWH��GLH�LQ�MHGHU�/LVWH�EHL�MHGHU�,WHUDWLRQ�GHU�)XQNWLRQ�
RGHU�GHV�3URJUDPPV�EHDUEHLWHW�ZHUGHQ�

�� *HEHQ�6LH�HLQ�3URJUDPP�RGHU�HLQH�)XQNWLRQ�HLQ�

�� )�KUHQ�6LH�'2/,67�DXV�

%HLVSLHO� $QZHQGXQJ�GHU�PLW�DQ����EQ�á�FQ��GHILQLHUWHQ�)XQNWLRQ�
DXI�GLH�GUHL�/LVWHQ�D��E�XQG�F�

�� *HEHQ�6LH�GLH�/LVWHQ�HLQ�

%HLVSLHO��^����������`��^����������`�XQG�^�����������`�

�� *HEHQ�6LH�$Q]DKO�GHU�]X�EHDUEHLWHQGHQ�/LVWHQ�HLQ��]�%�����

�� *HEHQ�6LH�GLH�)XQNWLRQ�HLQ�

��
����

�� )�KUHQ�6LH�GHQ�%HIHKO�'2/,67�DXV�

<N/,67�352&('85(6�'2/,67

'DV�(UJHEQLV�ODXWHW�^��������������`�

Sequentielles Anwenden einer Prozedur auf Elemente einer 
Liste

'HU�%HIHKO�'268%6�GLHQW�]XU�$XVI�KUXQJ�HLQHV�3URJUDPPV�RGHU�HLQHU�
)XQNWLRQ�DXI�DXIHLQDQGHUIROJHQGH�(OHPHQWH�GHU�/LVWH��,P�531�0RGXV�
JHKHQ�6LH�IROJHQGHUPD�HQ�YRU�

�� *HEHQ�6LH�GLH�/LVWH�HLQ�
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�� *HEHQ�6LH�GHQ�)UDPH�,QGH[�HLQ��'HU�)UDPH�,QGH[�LVW�GLH�$Q]DKO�GHU�
(OHPHQWH��GLH�EHL�MHGHU�,WHUDWLRQ�GHU�)XQNWLRQ�YHUZHQGHW�ZHUGHQ��
%HLVSLHO��:HQQ�6LH�HLQH���HLQJHEHQ��ZHUGHQ���(OHPHQWH�LQ�GHU�/LVWH�DOV�
$UJXPHQWH�GHU�)XQNWLRQ�YHUZHQGHW�

�� *HEHQ�6LH�HLQ�3URJUDPP�RGHU�HLQH�)XQNWLRQ�HLQ�

�� )�KUHQ�6LH�GHQ�%HIHKO�'268%6�DXV�

%HLVSLHO� %HVWLPPHQ�GHV�JOHLWHQGHQ�0LWWHOZHUWV�YRQ���(OHPHQWHQ�
I�U�^���������������`�

�� *HEHQ�6LH�GLH�/LVWH�HLQ�

�� *HEHQ�6LH�GHQ�)UDPH�,QGH[�HLQ�

,Q�GLHVHP�%HLVSLHO�LVW�GHU�)UDPH�,QGH[����GD�6LH�GHQ�'XUFKVFKQLWW�YRQ�
MHZHLOV�]ZHL�=DKOHQ�EHVWLPPHQ�P|FKWHQ�

�� *HEHQ�6LH�GDV�3URJUDPP�HLQ�

���������

�� )�KUHQ�6LH�GHQ�%HIHKO�'268%�DXV�

<N/,67�352&('85(6�'268%6�

'DV�(UJHEQLV�ODXWHW�^������������`�

Ausführen einer Funktion auf jedes Element in einer Liste

'HU�%HIHKO�675($0�GLHQW�]XU�UHNXUVLYHQ�$QZHQGXQJ�HLQHU�)XQNWLRQ�DXI�
MHGHV�(OHPHQW�LQ�GHU�/LVWH��'HU�%HIHKO�YHUZHQGHW�GLH�HUVWHQ�EHLGHQ�
(OHPHQWH�DOV�$UJXPHQWH��I�KUW�HLQH�)XQNWLRQ�DXV��YHUZHQGHW�GDV�
(UJHEQLV�XQG�GDV�QlFKVWH�(OHPHQW�DOV�$UJXPHQWH��I�KUW�GLH�)XQNWLRQ�
HUQHXW�DXV�XVZ���ELV�GLH�$UJXPHQWH�HUVFK|SIW�VLQG�

,P�531�0RGXV�JHKHQ�6LH�IROJHQGHUPD�HQ�YRU�

�� *HEHQ�6LH�GLH�/LVWH�HLQ�

%HLVSLHO��^�����������`�

�� *HEHQ�6LH�HLQ�3URJUDPP�RGHU�HLQH�)XQNWLRQ�HLQ��GDV�E]Z��GLH�]ZHL�
$UJXPHQWH�EHQ|WLJW�XQG�HLQ�(UJHEQLV�DXVJLEW�

%HLVSLHO����
���

�� )�KUHQ�6LH�675($0�DXV�
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<N�/,67�352&('85(6�675($0�

,Q�GLHVHP�%HLVSLHO�PXOWLSOL]LHUW�GLH�)XQNWLRQ�DOOH�(OHPHQWH�LQ�GHU�/LVWH��
'DV�(UJHEQLV�ODXWHW�����

6LH�N|QQHQ�DXFK�GHQ�%HIHKO�I�U�GDV�/LVWHQSURGXNW�YHUZHQGHQ��XP�GDV�
3URGXNW�DOOHU�(OHPHQWH�LQ�HLQHU�/LVWH�]X�EHVWLPPHQ��6LHKH�§%HVWLPPHQ�
GHV�3URGXNWV�GHU�(OHPHQWH�LQ�HLQHU�HQGOLFKHQ�/LVWH¨�DXI�6HLWH������

Manipulieren von Listen
'LH�IROJHQGHQ�)XQNWLRQHQ�GLHQHQ�]XU�0DQLSXODWLRQ�GHU�(OHPHQWH�LQ�HLQHU�
/LVWH�

Funktion Beschreibung

<P /,67�6257 Sortiert die Elemente in einer Liste in aufsteigender 
Reihenfolge. Im RPN-Modus muss die Liste auf Ebene 
1 sein.

<P /,67�5(9/,67 Kehrt die Reihenfolge der Elemente in einer Liste um. 
Im RPN-Modus muss die Liste auf Ebene 1 sein.

<N/,67�(/(0(176�
+($'

Gibt das erste Element der Elemente in einer Liste 
wieder. Im RPN-Modus muss die Liste auf Ebene 1 
sein.

<N/,67�(/(0(176�7$,/ Gibt mit Ausnahme des ersten Elements alle 
Elemente in einer Liste wieder. Im RPN-Modus muss 
die Liste auf Ebene 1 sein. 

<N/,67�(/(0(176�*(7 Gibt das Element in einer Liste wieder (Argument 1/
Ebene 2), das sich an einer angegebenen Position 
befindet (Argument 2/Ebene 1). Beispiel: 
*(7({1, 4, 7, 8}, 3) ergibt 7, da 7 das dritte Element in 
der Liste ist.

<N/,67�(/(0(176�*(7, Ähnlich wie der Befehl *(7 (siehe oben), gibt jedoch 
zusätzlich die angegebene Positionsnummer um 1 
erhöht (und die ursprüngliche Liste) wieder. Beispiel: 
*(7,({1, 4, 7, 8}, 3) ergibt {1, 4, 7, 8}, 4 (angegebene 
Positionsnummer + 1) und 7 (drittes Element in der 
Liste).
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<N/,67�(/(0(176�387 Ersetzt ein Element an einer angegebenen Position 
(Argument 2/Ebene 2) einer Liste (Argument 1/Ebene 
3) durch ein neues Element (Argument 3/Ebene 1). 
Beispiel: 387({1, 2, 3}, 2, 5) ergibt {1, 5, 3}.

<N/,67�(/(0(176�387, Ähnlich wie der Befehl 387 (siehe oben), gibt jedoch 
zusätzlich die angegebene Positionsnummer um 1 
erhöht wieder. Beispiel: 387,({1, 2, 3}, 2, 5) ergibt 
{{1, 5, 3}, 3}.

<N/,67�(/(0(176�6,=( Gibt die Anzahl der Elemente in einer Liste wieder. Im 
RPN-Modus muss die Liste auf Ebene 1 sein.

<N/,67�(/(0(176�326 Gibt die Position des ersten Vorkommens eines 
Elements (Argument 2/Ebene 1) in einer angegebenen 
Liste (Argument 1/Ebene 2) wieder. Beispiel:
326({2, 4, 6, 1, 2, 3, 4}, 4) ergibt 2 (da das erste 
Vorkommen von 4 an Position 2 in der Liste ist.

<N/,67�2%-→ RPN-Befehl zum Auflösen einer Liste in ihre Elemente. 
Gibt (auf Ebene 1) die Anzahl der Elemente in der Liste 
wieder. Jedes Element wird auf eine andere Stack-
Ebene gesetzt.

<N/,67�68% Erstellt eine Unterliste der Elemente in einer Liste 
(Argument 1/Ebene 3) ab einer bestimmten Position 
(Argument 2/Ebene 2) bis zu einer anderen Position 
(Argument 3/Ebene 1). Beispiel: 
68%({1, 2, 3, 4, 5}, 2, 4}) ergibt {2, 3, 4}.

<N/,67�5(3/ Ersetzt die Elemente in einer Liste (Argument 1/ 
Ebene 3) durch die Elemente einer anderen Liste 
(Argument 3/Ebene 1) ab einer angegebenen Position 
(Argument 2/Ebene 2). Beispiel: 
5(3/({6, 7, 8, 2}, 2, {1, 2, 3}) ergibt {6, 1, 2, 3 }.

Funktion (Fortsetzung) Beschreibung
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Folgen
)ROJHQEHIHKOH�GLHQHQ�]XU�DXWRPDWLVFKHQ�(UVWHOOXQJ�HLQHU�/LVWH�GXUFK�GLH�
ZLHGHUKROWH�$XVI�KUXQJ�HLQHU�)XQNWLRQ�RGHU�HLQHV�3URJUDPPV�

Erstellen einer Folge

,P�DOJHEUDLVFKHQ�0RGXV�

�� *HEHQ�6LH�GHQ�%HIHKO�I�U�GLH�)ROJHQEHUHFKQXQJ�DQ�

<N�/,67�352&('85(6�6(4�

�� *HEHQ�6LH�GLH�)XQNWLRQ�RGHU�GDV�3URJUDPP��RGHU�GHQ�HQWVSUHFKHQGHQ�
1DPHQ��HLQ�

�� *HEHQ�6LH�GHQ�1DPHQ�GHU�,QGH[YDULDEOHQ�HLQ�

�� *HEHQ�6LH�GHQ�6WDUWZHUW�GHU�9DULDEOHQ�HLQ�

�� *HEHQ�6LH�GHQ�(QGZHUW�GHU�9DULDEOHQ�HLQ�

�� *HEHQ�6LH�GLH�6FKULWWJU|�H�GHV�,QNUHPHQWV�HLQ�

'LH�$Q]DKO�GHU�HUVWHOOWHQ�(OHPHQWH�LVW�GHU�*DQ]]DKOWHLO�YRQ
��(QGZHUW�¥�6WDUWZHUW��6FKULWWJU|�H������

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���������������XQG���DXV�

%HLVSLHO�(UVWHOOXQJ�HLQHU�/LVWH�GHU�4XDGUDWH�GHU�*DQ]]DKOHQ�YRQ����ELV�
���

�� 'U�FNHQ�6LH�<N�/,67�352&('85(6�6(4�

�� *HEHQ�6LH�>õ<RO}} HLQ�XQG�GU�FNHQ�6LH�>I�
%HDFKWHQ�6LH��GDVV�+RFKNRPPDV�DOV�7UHQQ]HLFKHQ�I�U�GDV�
DOJHEUDLVFKH�2EMHNW�HUIRUGHUOLFK�VLQG�

�� *HEHQ�6LH�O�HLQ�XQG�GU�FNHQ�6LH�>I�
[�LVW�GLH�9DULDEOH��GLH�EHL�MHGHU�,WHUDWLRQ�DXVJHZHUWHW�ZLUG�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�>I�
���LVW�GHU�6WDUWZHUW��G�K��GHU�EHL�GHU�HUVWHQ�,WHUDWLRQ�YHUZHQGHWH�:HUW�

�� *HEHQ�6LH����HLQ�XQG�GU�FNHQ�6LH�>I�
���LVW�GHU�(QGZHUW��G�K��GHU�EHL�GHU�OHW]WHQ�,WHUDWLRQ�YHUZHQGHWH�:HUW�

�� *HEHQ�6LH���HLQ�
��LVW�GLH�6FKULWWJU|�H��G�K��GHU�:HUW��XP�GHQ�GHU�6WDUWZHUW�QDFK�MHGHU�
,WHUDWLRQ�HUK|KW�ZLUG�
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�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�^�����������������������`�

:HQQ�6LH�LQ�6FKULWW���DOV�6FKULWWJU|�H���HLQJHEHQ��ZLUG�MHGH�]ZHLWH�
*DQ]]DKO�LP�DQJHJHEHQHQ�%HUHLFK�EHL�GHU�,WHUDWLRQ�YHUZHQGHW��'DV�
(UJHEQLV�ODXWHW�LQ�GLHVHP�)DOO�^�������������`�

Bestimmen der Summe der Elemente in einer endlichen 
Liste
�� :lKOHQ�6LH�GHQ�%HIHKO�I�U�GLH�/LVWHQVXPPH�

<P�/,67�6/,67

�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

%HLVSLHO��^�������`�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Bestimmen des Produkts der Elemente in einer endlichen 
Liste
�� :lKOHQ�6LH�GHQ�%HIHKO�I�U�GDV�/LVWHQSURGXNW�

<P�/,67�3/,67

�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

%HLVSLHO��^�������`�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����

,P�531�0RGXV��6FKULWWH���XQG���DXVI�KUHQ�

Bestimmen der ersten Differenzen einer endlichen Folge

'LH�HUVWHQ�'LIIHUHQ]HQ�GHU�/LVWH�{�[��[����[
Q
�}�VLQG�DOV�

{�[��¥�[����[
Q
¥[

Q¥��} GHILQLHUW�

�� :lKOHQ�6LH�GHQ�%HIHKO�I�U�GLH�/LVWHQGLIIHUHQ]�

<P�/,67�'/,67
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�� *HEHQ�6LH�GLH�/LVWH�HLQ�RGHU�ZlKOHQ�6LH�GLH�/LVWH�DXV�

%HLVSLHO��^����������������`�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�^�����������`�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�
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Kapitel 10

Erweiterte Plot-Optionen

Beschriften und Verschieben der Achsen

Beschriften der Koordinatenachsen mit Variablennamen

'LH�1DPHQ�GHU�XQDEKlQJLJHQ�XQG�DEKlQJLJHQ�9DULDEOHQ�XQG�GLH�
.RRUGLQDWHQ��LQ�EHQXW]HUGHILQLHUWHQ�(LQKHLWHQ��GHU�JU|�WHQ�XQG�NOHLQVWHQ�
DQJH]HLJWHQ�:HUWH�I�U�MHGH�9DULDEOH�N|QQHQ�QDFK�GHP�3ORWWHQ�KLQ]XJHI�JW�
ZHUGHQ��'LH�IROJHQGH�$EELOGXQJ�]HLJW�%HVFKULIWXQJHQ��GLH�QDFK�GHP�
3ORWWHQ�YRQ�\ � � [��¥���KLQ]XJHI�JW�ZXUGHQ��IDOOV�GLH�
6WDQGDUGHLQVWHOOXQJHQ�YHUZHQGHW�ZHUGHQ�

%HVFKULIWHQ�GHU�$FKVHQ�

�� 'U�FNHQ�6LH�(',7�

�� 'U�FNHQ�6LH�l��XP�GLH�]ZHLWH�6HLWH�GHV�)XQNWLRQVWDVWHQPHQ�V�
DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�/$%(/�

6LH�P�VVHQ�P|JOLFKHUZHLVH�GDV�0HQ��DXVEOHQGHQ��XP�GLH�XQWHUVWH�
%HVFKULIWXQJ�DXI�GHU�YHUWLNDOHQ�$FKVH�]X�VHKHQ��6LH�N|QQHQ�GDV�0HQ��
GXUFK�'U�FNHQ�YRQ�=�RGHU���DXVEOHQGHQ�XQG�GXUFK�'U�FNHQ�YRQ�= 
RGHU�� ZLHGHU�DQ]HLJHQ�
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Beschriften der Achsen mit benutzerdefinierten 
Beschriftungen
�� :lKOHQ�6LH�GHQ�%HIHKO�$;(6�DXV�GHP�%HIHKOVNDWDORJ��N��

�� *HEHQ�6LH�HLQH�/LVWH�PLW�GHQ�KRUL]RQWDOHQ�XQG�YHUWLNDOHQ�
$FKVHQEHVFKULIWXQJHQ�DOV�=HLFKHQIROJHQ�HLQ��{��KRUL]RQWDOH�
%HVFKULIWXQJ���YHUWLNDOH�%HVFKULIWXQJ��}.

%HLVSLHO��$;(6�^�<HDUV����(DUQLQJV�`��

�� 'U�FNHQ�6LH�\��XP�GLH�%HVFKULIWXQJHQ�]X�VSHLFKHUQ�

�� 'U�FNHQ�6LH�< C��XP�GHQ�3ORW�ZLHGHU�DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�(',7�

�� 'U�FNHQ�6LH�l��XP�GLH�]ZHLWH�6HLWH�GHV�)XQNWLRQVWDVWHQPHQ�V�
DQ]X]HLJHQ�

�� 'U�FNHQ�6LH�/$%(/�

Festlegens des Achsenschnittpunkts an einem anderen 
Punkt als (0,0)
�� :lKOHQ�6LH�GHQ�%HIHKO�$;(6�DXV�GHP�%HIHKOVNDWDORJ��N��

�� *HEHQ�6LH�HLQH�NRPSOH[H�=DKO�HLQ��GLH�GHQ�QHXHQ�6FKQLWWSXQNW�
GDUVWHOOW�

%HLVSLHO��$;(6��������

�� 'U�FNHQ�6LH�\��XP�GHQ�QHXHQ�6FKQLWWSXQNW�]X�VSHLFKHUQ�

�� 'U�FNHQ�6LH�HQWZHGHU�<A��<B�RGHU�<D�

�� 'U�FNHQ�6LH�(5$6(�

�� 'U�FNHQ�6LH�'5$:�
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'LH�IROJHQGH�$EELOGXQJ�VWHOOW�GHQVHOEHQ�3ORW�ZLH�LQ�GHU�YRUKHULJHQ�
$EELOGXQJ�GDU��GLH�$FKVHQ�VFKQHLGHQ�VLFK�MHGRFK�MHW]W�EHL�[� ��XQG�\� ��

Plotten von Programmen
6LH�N|QQHQ�HLQ�3URJUDPP�SORWWHQ��ZHQQ�GDV�3URJUDPP�NHLQH�(LQJDEHQ�
DXV�GHP�6WDFN�YHUZHQGHW��GLH�XQDEKlQJLJH�9DULDEOH�LP�3URJUDPP�
YHUZHQGHW�XQG�JHQDX�HLQH�=DKO�RKQH�7DJ�DXI�GHQ�6WDFN�]XU�FNJLEW�

Beispiele

� 5HHOOHV�(UJHEQLV��bTXLYDOHQW�]X�GHQ�$XVGU�FNHQ�I�[��
�)XQNWLRQVGLDJUDPPH��XQG�U�θ���3RODUNRRUGLQDWHQ�'LDJUDPPH���
%HLVSLHO��'DV�3URJUDPP�

« IF 'X<0' THEN '3*X^3-45X^2+350' ELSE 1000 END »

SORWWHW�I�[�� ��[�¥��[�������IDOOV�[����XQG�I�[�� �������IDOOV�[≥��
6SHLFKHUQ�6LH�GDV�3URJUDPP�LQ�(4��ZlKOHQ�6LH�GLH�DXWRPDWLVFKH�
6NDOLHUXQJ�XQG�]HLFKQHQ�6LH�GHQ�3ORW�

� .RPSOH[HV�(UJHEQLV��bTXLYDOHQW�]X��[�W���\�W���
�3DUDPHWHUGDUVWHOOXQJHQ���%HLVSLHO��'DV�3URJUDPP

« 't^2-2' →NUM 't^3-2t+1' →NUM R→C »

SORWWHW�GLH�SDUDPHWULVFKHQ�*OHLFKXQJHQ�[� �W�¥��XQG�[� �W�¥�W���

6SHLFKHUQ�6LH�GDV�3URJUDPP�LQ�(4��GHILQLHUHQ�6LH�t�DOV�XQDEKlQJLJH�
9DULDEOH��ZlKOHQ�6LH�GLH�DXWRPDWLVFKH�6NDOLHUXQJ�XQG�]HLFKQHQ�6LH�GHQ�
3ORW�
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Plot-Bereich und Anzeigebereich
'HU�3ORW�%HUHLFK�LVW�GHU�%HUHLFK�GHU�XQDEKlQJLJHQ�9DULDEOHQ���EHU�GHQ�GLH�
DNWXHOOH�*OHLFKXQJ�DXVJHZHUWHW�ZLUG��:HQQ�6LH�GHQ�3ORW�%HUHLFK�QLFKW�
DQJHEHQ��YHUZHQGHW�GHU�+3���*�GHQ�[�$FKVHQ�$Q]HLJHEHUHLFK��GXUFK�
;51*�RGHU�+�9,(:�DQJHJHEHQ��DOV�3ORW�%HUHLFK��6LH�N|QQHQ�MHGRFK�HLQHQ�
3ORW�%HUHLFK�DQJHEHQ��GHU�VLFK�YRP�[�$FKVHQ�$Q]HLJHEHUHLFK�
XQWHUVFKHLGHW�

� %HL�3RODUNRRUGLQDWHQ�'LDJUDPPHQ�XQG�3DUDPHWHUGDUVWHOOXQJHQ�
EHVWHKW�NHLQH�%H]LHKXQJ�]ZLVFKHQ�GHU�XQDEKlQJLJHQ�9DULDEOHQ�XQG�GHU�
[�$FKVHQ�9DULDEOHQ��6LH�N|QQHQ�VRPLW�GHQ�3ORW�%HUHLFK�DQJHEHQ��XP�
GHQ�%HUHLFK�GHU�XQDEKlQJLJHQ�9DULDEOHQ�IHVW]XOHJHQ�

� %HL�:DKUKHLWVZHUW��XQG�.HJHOVFKQLWW�'LDJUDPPHQ�N|QQHQ�6LH�GLH�=HLW�
]XP�3ORWWHQ�YHUN�U]HQ��LQGHP�6LH�3ORW�%HUHLFKH�DQJHEHQ��GLH�NOHLQHU�
DOV�GLH�[��XQG�\�$FKVHQ�$Q]HLJHEHUHLFKH�VLQG��%HL�GLHVHQ�3ORW�7\SHQ�LVW�
HV�HUIRUGHUOLFK��GDVV�6LH�GLH�DEKlQJLJH�9DULDEOH�HLQJHEHQ��6LH�N|QQHQ�
HLQHQ�3ORW�%HUHLFK�DQJHEHQ��GHU�VLFK�YRP�\�$FKVHQ�$Q]HLJHEHUHLFK�
XQWHUVFKHLGHW�

6LH�N|QQHQ�3,&7��EHU�GLH�6WDQGDUGJU|�H�YRQ�����[����3L[HO�KLQDXV�
YHUJU|�HUQ�XQG�HQWZHGHU�GLH�GLHVHOEHQ�[��XQG�\�6NDOLHUXQJVIDNWRUHQ�
EHKDOWHQ��GHU�$Q]HLJHEHUHLFK�ZLUG�KLHUGXUFK�YHUJU|�HUW��RGHU�GHQVHOEHQ�
$Q]HLJHEHUHLFK�EHKDOWHQ��GLH�6NDOLHUXQJ�ZLUG�KLHUGXUFK�YHUJU|�HUW�XQG�
GHU�3ORW�HUVFKHLQW�DXVHLQDQGHUJH]RJHQ��

Überprüfen der aktuellen Größe von PICT
�� 'U�FNHQ�6LH�<K��XP�GHQ�%HIHKO�§5HFDOO¨�DXV]XZlKOHQ�

�� *HEHQ�6LH�3,&7�HLQ�

�� 'U�FNHQ�6LH�\��

'LH�0HOGXQJ�§*UDSKLF�%UHLWH�á�+|KH¨�ZLUG�PLW�GHQ�DNWXHOOHQ�
'LPHQVLRQHQ�YRQ�3,&7�DQJH]HLJW�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

bQGHUQ�GHU�*U|�H�YRQ�3,&7

Beibehalten der Skalierung: 

�� 'U�FNHQ�6LH�<N�3,&7�3'0��XP�GHQ�%HIHKO�3,&7�',0(16,21�
DXV]XZlKOHQ�
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�� *HEHQ�6LH�HLQH�NRPSOH[H�=DKO�HLQ��XP�GLH�.RRUGLQDWHQ��LQ�
EHQXW]HUGHILQLHUWHQ�(LQKHLWHQ��HLQHU�(FNH�YRQ�3,&7�DQ]XJHEHQ�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�HLQH�NRPSOH[H�=DKO�HLQ��XP�GLH�.RRUGLQDWHQ��LQ�
EHQXW]HUGHILQLHUWHQ�(LQKHLWHQ��GHU�(FNH�YRQ�3,&7�DQ]XJHEHQ��GLH�GHU�
LQ�6FKULWW���ZHLWHU�REHQ�GHILQLHUWHQ�(FNH�GLDJRQDO�JHJHQ�EHUOLHJW�

%HLVSLHO��3'0��¥��¥�����������

�� 'U�FNHQ�6LH�\�

'U�FNHQ�6LH�<C��XP�GLH�(UJHEQLVVH�GHU�1HXGLPHQVLRQLHUXQJ�YRQ�
3,&7�DQ]X]HLJHQ�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

%HLEHKDOWHQ�GHU�$Q]HLJHEHUHLFKH�

�� 'U�FNHQ�6LH�<N�3,&7�3'0��XP�GHQ�%HIHKO�3,&7�',0(16,21�
DXV]XZlKOHQ�

�� *HEHQ�6LH�HLQH�%LQlUJDQ]]DKO�HLQ��XP�GLH�KRUL]RQWDOH�*U|�H�YRQ�3,&7�
LQ�3L[HO�DQ]XJHEHQ�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�HLQH�%LQlUJDQ]]DKO�HLQ��XP�GLH�YHUWLNDOH�*U|�H�YRQ�3,&7�LQ�
3L[HO�DQ]XJHEHQ�

%HLVSLHO��3'0�����K����)K��

�� 'U�FNHQ�6LH�\�

'U�FNHQ�6LH�<C��XP�GLH�(UJHEQLVVH�GHU�1HXGLPHQVLRQLHUXQJ�YRQ�
3,&7�DQ]X]HLJHQ�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

'DV�(UJHEQLV�GHV�%HIHKOV�3',0�LVW�YRP�.RRUGLQDWHQW\S�
�EHQXW]HUGHILQLHUWH�(LQKHLWHQ�RGHU�3L[HO��DEKlQJLJ��REZRKO�EHLGH�)RUPHQ�
GLH�*U|�H�YRQ�3,&7�lQGHUQ�
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Verwenden von berechneten Werten für Plot- 
und Anzeigebereiche
�� 0DUNLHUHQ�6LH�DXI�GHU�(LQJDEHPDVNH�§3ORW�:LQGRZ¨�GDV�%HUHLFKVIHOG��

GHVVHQ�:HUW�6LH�EHUHFKQHQ�P|FKWHQ�

�� 'U�FNHQ�6LH�l&$/&�

�� )�KUHQ�6LH�GLH�JHZ�QVFKWH�%HUHFKQXQJ�GXUFK�

�� :HQQ�GDV�(UJHEQLV�NHLQH�UHHOOH�=DKO�LVW��NRQYHUWLHUHQ�6LH�GDV�(UJHEQLV�
GXUFK�'U�FNHQ�YRQ�>��

�� 'U�FNHQ�6LH�2.��XP�]XU�(LQJDEHPDVNH�3ORW�:LQGRZ�]XU�FN]XNHKUHQ��
'DV�(UJHEQLV�GHU�%HUHFKQXQJ�ZLUG�LP�LQ�6FKULWW���PDUNLHUWHQ�)HOG�
DQJH]HLJW�

Speichern und Wiederherstellen von Plots
(LQ�3ORW�EHVWHKW�DXV�PHKUHUHQ�.RPSRQHQWHQ�

� 3ORW�'LDJUDPP��G�K��HLQ�*UDILNREMHNW��

� DNWXHOOH�*OHLFKXQJ�HQ���LQ�GHU�UHVHUYLHUWHQ�9DULDEOHQ�(4�JHVSHLFKHUW��

� DNWXHOOH�3ORW�3DUDPHWHU��LQ�GHU�UHVHUYLHUWHQ�9DULDEOHQ�33$5�XQG�EHL�
GUHLGLPHQVLRQDOHQ�3ORWV�LQ�93$5�JHVSHLFKHUW��

� )ODJ�(LQVWHOOXQJHQ�]XP�)HVWOHJHQ�GHU�3ORW��XQG�$Q]HLJHRSWLRQHQ�

6LH�N|QQHQ�EHOLHELJH�RGHU�DOOH�3ORW�.RPSRQHQWHQ�LQ�HLQHU�9DULDEOHQ�
VSHLFKHUQ��XP�GLH�.RPSRQHQWHQ�VSlWHU�DE]XUXIHQ��+LHU�]ZHL�Q�W]OLFKH�
+HUDQJHKHQVZHLVHQ�

� 6SHLFKHUQ�6LH�QXU�GDV�3ORW�'LDJUDPP�LQ�HLQHU�9DULDEOHQ��'LHVHU�
9RUJDQJ�LVW�HLQIDFK��VLHKH�XQWHQ���DEHU�MHGHV�3ORW�'LDJUDPP�EHQ|WLJW�
FD����.%�6SHLFKHU�

� 6SHLFKHUQ�6LH�DNWXHOOHQ�(4���33$5���93$5���IDOOV�HUIRUGHUOLFK��XQG�
)ODJ�(LQVWHOOXQJHQ�LQ�HLQHU�/LVWH��6LHKH�§6SHLFKHUQ�HLQHU�
UHNRQVWUXLHUEDUHQ�9HUVLRQ�GHV�DNWXHOOHQ�3ORW�'LDJUDPPV¨�DXI�6HLWH����
���'HU�3ORW�NDQQ�GXUFK�GXUFK�:LHGHUKHUVWHOOHQ�DOOHU�GLHVHU�:HUWH�
UHNRQVWUXLHUW�ZHUGHQ���6LHKH�§5HNRQVWUXLHUHQ�HLQHV�3ORWV�YRQ�GHU�
JHVSHLFKHUWHQ�9HUVLRQ¨�DXI�6HLWH�������
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Erweiterte Plot-Optionen Seite 10-7

A
dvanced topics

Speichern des aktuellen Plot-Diagramms in einer Variablen
�� =HLJHQ�6LH�GHQ�3ORW�DQ�XQG�GU�FNHQ�6LH�k�

(LQH�.RSLH�GHV�3ORWV�ZLUG�LP�+LVWRU\�6SHLFKHU�JHVSHLFKHUW�

�� 'U�FNHQ�6LH�G��ELV�6LH�]XP�+LVWRU\�6SHLFKHU�]XU�FNNHKUHQ�

�� 'U�FNHQ�6LH�k�

�� *HEHQ�6LH�HLQHQ�1DPHQ�I�U�GHQ�3ORW�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���������XQG���DXV�

Anzeigen eines in einer Variablen gespeicherten Plot-
Diagramms
�� 'U�FNHQ�6LH�j�

�� 'U�FNHQ�6LH�GLH�HQWVSUHFKHQGH�)XQNWLRQVWDVWH�I�U�GLH�9DULDEOH�PLW�
GHP�3ORW�'LDJUDPP�

6LH�P�VVHQ�X�8��l PHKUPDOV�GU�FNHQ��XP�GLH�JHZ�QVFKWH�9DULDEOH�
DQ]X]HLJHQ��XQG�9HU]HLFKQLVVH�ZHFKVHOQ��IDOOV�VLFK�GLH�9DULDEOH�QLFKW�
LP�DNWXHOOHQ�9HU]HLFKQLV�EHILQGHW�

�� 'U�FNHQ�6LH�]��XP�GHQ�3ORW�DQ]X]HLJHQ�

Speichern einer rekonstruierbaren Version des aktuellen 
Plot-Diagramms
�� 'U�FNHQ�6LH�QDFK�GHP�=HLFKQHQ�GHV�3ORWV�G��XP�]XU�

6WDQGDUGDQ]HLJH�]XU�FN]XNHKUHQ�

�� 'U�FNHQ�6LH�<��

�� 'U�FNHQ�6LH�j�

�� 'U�FNHQ�6LH�(4�

�� 'U�FNHQ�6LH�>I�

�� 'U�FNHQ�6LH�33$5�

�� 'U�FNHQ�6LH�>I�

�� 'U�FNHQ�6LH�EHL�HLQHP�GUHLGLPHQVLRQDOHQ�3ORW�93$5�XQG�>I�

�� 'U�FNHQ�6LH�N�5&/)�

��� 'U�FNHQ�6LH�}��ELV�VLFK�GHU�&XUVRU�DX�HUKDOE�GHU�/LVWH�EHILQGHW�

��� 'U�FNHQ�6LH�k�
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��� *HEHQ�6LH�HLQHQ�1DPHQ�I�U�GLH�/LVWH�HLQ�

��� 'U�FNHQ�6LH�\�

Rekonstruieren eines Plots von der gespeicherten Version

'LHVHU�9RUJDQJ�ZLUG�DP�HLQIDFKVWHQ�LP�531�0RGXV�DXVJHI�KUW�

�� 'U�FNHQ�6LH�j�

�� 'U�FNHQ�6LH�GLH�)XQNWLRQVWDVWH�I�U�GLH�9DULDEOH��GLH�GLH�JHVSHLFKHUWH�
9HUVLRQ�GHU�3ORW�.RPSRQHQWHQ�HQWKlOW�

�� 'U�FNHQ�6LH�<N�7<3(�2%-→��XP�GLH�/LVWH�DXI]XO|VHQ�XQG�GLH�
.RPSRQHQWHQ�DXI�GHQ�6WDFN�]X�VHW]HQ�

�� 'U�FNHQ�6LH�H��XP�GDV�2EMHNW�DXI�(EHQH���]X�O|VFKHQ��'LHVHV�2EMHNW�
LVW�GLH�$Q]DKO�GHU�(OHPHQWH�LQ�GHU�XUVSU�QJOLFKHQ�/LVWH�XQG�ZLUG�EHL�
GLHVHP�9HUIDKUHQ�QLFKW�EHQ|WLJW��'DV�QHXH�2EMHNW�DXI�(EHQH���EHVWHKW�
DXV�GHQ�DNWXHOOHQ�)ODJ�(LQVWHOOXQJHQ�EHLP�6SHLFKHUQ�GHU�3ORW�
.RPSRQHQWHQYDULDEOHQ�

�� 'U�FNHQ�6LH�N�672)��XP�GLH�)ODJ�(LQVWHOOXQJHQ�]XU�FN]XVHW]HQ��
%HDFKWHQ�6LH��GDVV�GLH�DNWXHOOHQ�)ODJ�(LQVWHOOXQJHQ�YHUZRUIHQ�ZHUGHQ�

�� 'U�FNHQ�6LH�EHL�HLQHP�GUHLGLPHQVLRQDOHQ�3ORW�>õ��JHEHQ�6LH�93$5�
HLQ�XQG�GU�FNHQ�6LH�k��XP�93$5�DXI�GLH�YRUKHULJHQ�:HUWH�
]XU�FN]XVHW]HQ�

�� 'U�FNHQ�6LH�>õ��JHEHQ�6LH�33$5�HLQ�XQG�GU�FNHQ�6LH�k��XP�
33$5�DXI�GLH�YRUKHULJHQ�:HUWH�]XU�FN]XVHW]HQ�

�� 'U�FNHQ�6LH�>õ��JHEHQ�6LH�(4�HLQ�XQG�GU�FNHQ�6LH�k��XP�(4�DXI�
GHQ�YRUKHULJHQ�:HUW�]XU�FN]XVHW]HQ�

�� 'U�FNHQ�6LH�<A�(5$6(�XQG�'5$:��XP�GHQ�3ORW�QHX�]X�]HLFKQHQ�
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Speicher Seite 11-1
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Kapitel 11

Speicher

'LHVHU�$EVFKQLWW�EHVFKUHLEW�GLH�6SHLFKHUVWUXNWXU�GHV�+3���*��+LHU�ZLUG�
HUOlXWHUW��ZLH�6LFKHUXQJVREMHNWH�YRQ�'DWHQ��GLH�6LH�VSHLFKHUQ�P|FKWHQ��
HUVWHOOW�ZHUGHQ�XQG�ZLH�%LEOLRWKHNHQ�YHUZHQGHW�ZHUGHQ��XP�GLH�
)XQNWLRQDOLWlW�GHV�7DVFKHQUHFKQHUV�]X�HUZHLWHUQ�

Speicherstruktur
'HU�+3���*�YHUI�JW�LQVJHVDPW��EHU�����0%�6SHLFKHU��GHU�IROJHQGHUPD�HQ�
XQWHUWHLOW�LVW�

� ��0%�ZLUG�I�U�GDV�%HWULHEVV\VWHP�YHUZHQGHW�

� ����0%�ZHUGHQ�I�U�GLH�YRQ�,KQHQ�DQJHJHEHQHQ�2SHUDWLRQHQ�XQG�]XP�
6SHLFKHUQ�YRQ�'DWHQ��GLH�HUKDOWHQ�EOHLEHQ�VROOHQ��YHUZHQGHW��'HU�+3�
��*�EHQ|WLJW�]XU�'XUFKI�KUXQJ�YRQ�2SHUDWLRQHQ�PLQGHVWHQV�����%\WH�
IUHLHQ�6SHLFKHU�

'HU�6SHLFKHU�GHV�+3��*�JOLHGHUW�VLFK�LQ���%HUHLFKH�

� +20(�9HU]HLFKQLV

� 3RUW����LP�§)LOH�0DQDJHU¨�DOV�,5$0�EH]HLFKQHW

'DV�+20(�9HU]HLFKQLV�XQG�3RUW���WHLOHQ�VLFK�GHQVHOEHQ�
6SHLFKHUEHUHLFK��G�K���MH�PHKU�'DWHQ�6LH�LP�+20(�9HU]HLFKQLV�
VSHLFKHUQ��GHVWR�ZHQLJHU�'DWHQ�N|QQHQ�LQ�3RUW���JHVSHLFKHUW�ZHUGHQ�
�XQG�XPJHNHKUW���'LH�*HVDPWJU|�H�GHU�2EMHNWH�LQ�GLHVHQ�EHLGHQ�
%HUHLFKHQ�GDUI�����.%�QLFKW��EHUVFKUHLWHQ�

� 3RUW����LP�§)LOH�0DQDJHU¨�DOV�(5$0�EH]HLFKQHW

3RUW���NDQQ�ELV�]X�����.%�'DWHQ�HQWKDOWHQ�

� 3RUW����LP�§)LOH�0DQDJHU¨�DOV�)/$6+�EH]HLFKQHW

3RUW���NDQQ�ELV�]X������.%�'DWHQ�HQWKDOWHQ��

'DV�+20(�9HU]HLFKQLV��3RUW���XQG�3RUW���VLQG�7HLO�YRP�5$0��:HQQ�NHLQH�
%DWWHULHQ�LP�7DVFKHQUHFKQHU�VLQG��N|QQHQ�GLH�'DWHQ�LP�5$0�YHUORUHQ�
JHKHQ��$FKWHQ�6LH�GDUDXI��GDVV�6LH�GHQ�7DVFKHQUHFKQHU�EHLP�$XVZHFKVHOQ�
GHU�%DWWHULHQ�QLFKW�OlQJHU�DOV�]ZHL�0LQXWHQ�RKQH�%DWWHULHQ�ODVVHQ�

'LH�'DWHQ�LQ�3RUW���ZHUGHQ�LP�)ODVK�520�JHVSHLFKHUW��'LHVH�'DWHQ�
EHQ|WLJHQ�NHLQH�%DWWHULHQ�XQG�EOHLEHQ�VHOEVW�GDQQ�HUKDOWHQ��ZHQQ�GHU�
7DVFKHQUHFKQHU�ODQJH�=HLW�RKQH�%DWWHULHQ�LVW�
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,P�*HJHQVDW]�]XP�+20(�9HU]HLFKQLV�NDQQ�GHU�3RUW�6SHLFKHU�QLFKW�LQ�
9HU]HLFKQLVVH�XQWHUWHLOW�ZHUGHQ��(LQ�3RUW�NDQQ�QXU�]ZHL�2EMHNWW\SHQ�
HQWKDOWHQ��

� 6LFKHUXQJVREMHNWH

� %LEOLRWKHNHQREMHNWH�

Zugreifen auf den Port-Inhalt
6LH�N|QQHQ�GHQ�§)LOH�0DQDJHU¨�YHUZHQGHQ��XP�DXI�GHQ�,QKDOW�GHU�LQ�GHQ�
3RUWV�JHVSHLFKHUWHQ�9DULDEOHQ�]X]XJUHLIHQ��6LH�N|QQHQ�(LQ]HOKHLWHQ��EHU�
GLH�9HUZHQGXQJ�GHV�§)LOH�0DQDJHU¨�LP�%HQXW]HUKDQGEXFK�QDFKVFKODJHQ�

6LH�N|QQHQ�HEHQIDOOV�GXUFK�'U�FNHQ�YRQ�>ö�DXI�GHQ�,QKDOW�GHU�
%LEOLRWKHNHQ�XQG�3RUWV�]XJUHLIHQ��(LQ�)XQNWLRQVWDVWHQPHQ��PLW�GHQ�
YHUI�JEDUHQ�%LEOLRWKHNHQ�XQG�3RUWV�ZLUG�DQJH]HLJW�

� :HQQ�6LH�GHQ�,QKDOW�HLQHV�3RUWV�DQ]HLJHQ�P|FKWHQ��GU�FNHQ�6LH�GLH�
HQWVSUHFKHQGH�)XQNWLRQVWDVWH�I�U�GHQ�3RUW��'HU�,QKDOW�ZLUG�DOV�
)XQNWLRQVWDVWHQPHQ��DQJH]HLJW�

� :HQQ�6LH�DXI�GLH�)XQNWLRQHQ�LQ�HLQHU�%LEOLRWKHN�]XJUHLIHQ�P|FKWHQ��
GU�FNHQ�6LH�GLH�HQWVSUHFKHQGH�)XQNWLRQVWDVWH�I�U�GLH�%LEOLRWKHN��'LH�
)XQNWLRQHQ�ZHUGHQ�DOV�)XQNWLRQVWDVWHQPHQ��DQJH]HLJW��:HQQ�6LH�HLQH�
)XQNWLRQ�DXVI�KUHQ�P|FKWHQ��GU�FNHQ�6LH�GLH�HQWVSUHFKHQGH�
)XQNWLRQVWDVWH�I�U�GLH�)XQNWLRQ�

Sicherungsobjekte
6LH�N|QQHQ�LP�$OOJHPHLQHQ�6LFKHUXQJVREMHNWH�]XP�ODQJIULVWLJHQ�
6SHLFKHUQ�YRQ�'DWHQ�YHUZHQGHQ��6LFKHUXQJVREMHNWH�VLQG�VSH]LHOOH�.RSLHQ�
YRQ�2EMHNWHQ�DXV�GHP�+20(�9HU]HLFKQLV��%HDFKWHQ�6LH�GLH�IROJHQGHQ�
3XQNWH�]X�6LFKHUXQJVREMHNWHQ�

� 6LFKHUXQJVREMHNWH�N|QQHQ�QXU�LP�3RUW�6SHLFKHU�YRUKDQGHQ�VHLQ��

� 6LH�N|QQHQ�GHQ�,QKDOW�HLQHV�6LFKHUXQJVREMHNWV�QLFKW�lQGHUQ��

� 6LH�N|QQHQ�HQWZHGHU�HLQ�HLQ]HOQHV�7DVFKHQUHFKQHUREMHNW�RGHU�HLQ�
NRPSOHWWHV�9HU]HLFKQLV�DOV�6LFKHUXQJVREMHNW�VSHLFKHUQ��6LH�N|QQHQ�
NHLQ�6LFKHUXQJVREMHNW�I�U�DXVJHZlKOWH�2EMHNWH�LQ�HLQHP�9HU]HLFKQLV�
HUVWHOOHQ��

'HU�+3���*��EHUZDFKW�GLH�,QWHJULWlW�YRQ�6LFKHUXQJVREMHNWHQ��:HQQ�6LH�
HLQ�6LFKHUXQJVREMHNW�LQ�HLQHP�3RUW�HUVWHOOHQ��EHUHFKQHW�GHU�+3���*�DXV�
GHQ�%LQlUGDWHQ�LP�2EMHNW�HLQHQ�&5&�:HUW��&\FOLF�5HGXQGDQF\�&KHFN��
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]\NOLVFKH�5HGXQGDQ]�hEHUSU�IXQJ���(LQ�&5&�:HUW�LVW�GLH�DXV�GHQ�'DWHQ�
EHUHFKQHWH�3U�IVXPPH��'LHVHU�:HUW�ZLUG�PLW�GHP�2EMHNW�JHVSHLFKHUW�

:HQQ�6LH�HLQ�6LFKHUXQJVREMHNW�ZLHGHUKHUVWHOOHQ��EHUHFKQHW�GHU�
7DVFKHQUHFKQHU�GHQ�&5&�:HUW�HUQHXW�XQG�YHUJOHLFKW�GLHVHQ�:HUW�PLW�GHP�
XUVSU�QJOLFKHQ��%HL�XQJOHLFKHQ�&5&�:HUWHQ�ZDUQW�6LH�GHU�
7DVFKHQUHFKQHU��GDVV�GLH�'DWHQ�EHVFKlGLJW�VLQG�

6LH�N|QQHQ�GHQ�§)LOH�0DQDJHU¨�lKQOLFK�ZLH�EHL�QRUPDOHQ�
7DVFKHQUHFKQHUREMHNWHQ�]XP�.RSLHUHQ�XQG�/|VFKHQ�YRQ�
6LFKHUXQJVREMHNWHQ�YHUZHQGHQ��'DU�EHU�KLQDXV�VWHKHQ�VSH]LHOOH�%HIHKOH�
]XP�0DQLSXOLHUHQ�YRQ�6LFKHUXQJVREMHNWHQ�]XU�9HUI�JXQJ�

Sichern und Wiederherstellen von HOME

6LH�N|QQHQ�GHQ�,QKDOW�GHV�NRPSOHWWHQ�+20(�9HU]HLFKQLVVHV�LQ�HLQHP�
6LFKHUXQJVREMHNW��HLQVFKOLH�OLFK�DOOHU�9DULDEOHQ�XQG�DOOHU�YRQ�,KQHQ�
HUVWHOOWHQ�7DVWHQEHOHJXQJHQ�XQG�$ODUPH��VLFKHUQ�XQG�ZLHGHUKHUVWHOOHQ�

Sichern

*HEHQ�6LH�)ROJHQGHV�HLQ��XP�GDV�+20(�9HU]HLFKQLV�LP�531�0RGXV�]X�
VLFKHUQ�

:Port-Nummer: Sicherungsobjekt-Name ARCHIVE

*HEHQ�6LH�)ROJHQGHV�HLQ��XP�GDV�+20(�9HU]HLFKQLV�LP�DOJHEUDLVFKHQ�
0RGXV�]X�VLFKHUQ�

ARCHIVE(:Port-Nummer: Sicherungsobjekt-Name�

Wiederherstellen

*HEHQ�6LH�)ROJHQGHV�HLQ��XP�GDV�+20(�9HU]HLFKQLV�LP�531�0RGXV�
ZLHGHUKHU]XVWHOOHQ�

:Port-Nummer: Sicherungsobjekt-Name RESTORE

%HLVSLHO��:HQQ�6LH�GDV�+20(�9HU]HLFKQLV�DOV�0(,1+20(�LQ�3RUW���
VLFKHUQ�P|FKWHQ��YHUZHQGHQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�GHQ�IROJHQGHQ�
%HIHKO�

ARCHIVE(:2: MEINHOME)

*HEHQ�6LH�)ROJHQGHV�HLQ��XP�GDV�+20(�9HU]HLFKQLV�LP�DOJHEUDLVFKHQ�
0RGXV�ZLHGHUKHU]XVWHOOHQ�

RESTORE(:Port-Nummer:Sicherungsobjekt-Name)
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:HQQ�6LH�GLH�6LFKHUXQJVNRSLH�GHV�+20(�9HU]HLFKQLVVHV�YRP�YRUKHULJHQ�
%HLVSLHO�ZLHGHUKHUVWHOOHQ�P|FKWHQ��YHUZHQGHQ�6LH�GHQ�IROJHQGHQ�%HIHKO�

RESTORE(:2:MEINHOME)

Speichern und Löschen von Sicherungsobjekten

=XP�(UVWHOOHQ�HLQHV�6LFKHUXQJVREMHNWV�VWHKHQ�GUHL�0HWKRGHQ�]XU�
9HUI�JXQJ�

� 9HUZHQGHQ�6LH�GHQ�§)LOH�0DQDJHU¨��XP�GDV�2EMHNW�LQ�HLQHQ�3RUW�]X�
NRSLHUHQ��%HL�GLHVHU�0HWKRGH�HUKlOW�GDV�6LFKHUXQJVREMHNW�GHQVHOEHQ�
1DPHQ�ZLH�GDV�XUVSU�QJOLFKH�2EMHNW�

� 9HUZHQGHQ�6LH�GHQ�%HIHKO�672��XP�GDV�2EMHNW�LQ�HLQHQ�3RUW�]X�
NRSLHUHQ��XQG�ZHLVHQ�6LH�HLQHQ�1DPHQ�]X��(LQ]HOKHLWHQ��EHU�GHQ�
%HIHKO�672�ILQGHQ�6LH�LQ�GHU�%HIHKOVUHIHUHQ]��7HLO�'��

� 9HUZHQGHQ�6LH�GHQ�%HIHKO�$5&+,9(��XP�HLQH�6LFKHUXQJVNRSLH�GHV�
+20(�9HU]HLFKQLVVHV�]X�HUVWHOOHQ��XQG�ZHLVHQ�6LH�GHP�
6LFKHUXQJVREMHNW�HLQHQ�1DPHQ�]X��6LH�N|QQHQ�(LQ]HOKHLWHQ��EHU�GHQ�
%HIHKO�$5&+,9(�LQ�GHU�%HIHKOVUHIHUHQ]��7HLO�%�QDFKVFKODJHQ�

=XP�/|VFKHQ�HLQHV�6LFKHUXQJVREMHNWV�DXV�HLQHP�3RUW�VWHKHQ�]ZHL�
0HWKRGHQ�]XU�9HUI�JXQJ�

� 9HUZHQGHQ�6LH�GHQ�§)LOH�0DQDJHU¨��XP�GDV�2EMHNW��ZLH�HLQ�QRUPDOHV�
7DVFKHQUHFKQHUREMHNW��]X�O|VFKHQ�

� 9HUZHQGHQ�6LH�GHQ�%HIHKO�385*(�

¥ 9HUZHQGHQ�6LH�LP�531�0RGXV�GLH�IROJHQGH�6\QWD[�
:Port-Nummer: Sicherungsobjekt-Name PURGE

¥ 9HUZHQGHQ�6LH�LP�DOJHEUDLVFKHQ�0RGXV�GLH�IROJHQGH�6\QWD[�
PURGE(:Port-Nummer: Sicherungsobjekt-Name)

%HLVSLHO��6R�N|QQHQ�6LH�HLQ�6LFKHUXQJVREMHNW�QDPHQV�§6,&+(51¨�
DXV�3RUW���O|VFKHQ�
PURGE(:1: SICHERN)

:HQQ�6LH�GLH�6LFKHUXQJVNRSLH�HLQHV�+20(�9HU]HLFKQLVVHV�
ZLHGHUKHUVWHOOHQ���EHUVFKUHLEW�GDV�6LFKHUXQJVYHU]HLFKQLV�GDV�
DNWXHOOH�+20(�9HU]HLFKQLV�XQG�GHVVHQ�,QKDOW��$OOH�
XQJHVLFKHUWHQ�'DWHQ�JHKHQ�YHUORUHQ�
1DFK�GHU�:LHGHUKHUVWHOOXQJ�HLQHV�+20(�9HU]HLFKQLVVHV�ZLUG�
GHU�7DVFKHQUHFKQHU�QHX�JHVWDUWHW��'HU�,QKDOW�GHV�+LVWRU\�
6SHLFKHUV�E]Z��GHV�6WDFNV�JHKW�YHUORUHQ��
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6LH�N|QQHQ�HLQ�6LFKHUXQJVREMHNW�ZLHGHUKHUVWHOOHQ��LQGHP�6LH�GHQ�§)LOH�
0DQDJHU¨�]XP�.RSLHUHQ�GHV�2EMHNWV�LQ�GDV�+20(�9HU]HLFKQLV�
YHUZHQGHQ��:HQQ�6LH�HLQ�6LFKHUXQJVREMHNW�ZLHGHUKHUVWHOOHQ���EHUSU�IW�
GHU�+3���*�GLH�,QWHJULWlW�GHV�2EMHNWV��+LHU]X�ZLUG�GHU�&5&�:HUW�
EHUHFKQHW�XQG�PLW�GHP�&5&�:HUW�YHUJOLFKHQ��GHU�PLW�GHP�
6LFKHUXQJVREMHNW�JHVSHLFKHUW�ZXUGH��%HL�EHVFKlGLJWHQ�'DWHQ�ZLUG�HLQH�
)HKOHUPHOGXQJ�DQJH]HLJW�

Verwenden von Daten in Sicherungsobjekten
6LH�N|QQHQ�GHQ�,QKDOW�HLQHV�6LFKHUXQJVREMHNWV�QLFKW�lQGHUQ��6LH�N|QQHQ�
GHQ�,QKDOW�MHGRFK�EHL�2SHUDWLRQHQ�YHUZHQGHQ��:HQQ�GDV�
6LFKHUXQJVREMHNW�EHLVSLHOVZHLVH�HLQ�3URJUDPP�HQWKlOW��N|QQHQ�6LH�GDV�
3URJUDPP�DXVI�KUHQ��:HQQ�GDV�6LFKHUXQJVREMHNW�HLQHQ�:HUW�I�U�HLQH�
9DULDEOH�HQWKlOW��N|QQHQ�6LH�GLH�9DULDEOH�LQ�2SHUDWLRQHQ�YHUZHQGHQ�

6LH�N|QQHQ�GHQ�§)LOH�0DQDJHU¨�ZLH�EHL�QRUPDOHQ�2EMHNWHQ�]XP�$Q]HLJHQ�
HLQHV�:HUWV��GHU�LQ�HLQHP�6LFKHUXQJVREMHNW�JHVSHLFKHUW�LVW��RGHU�]XP�
$XVI�KUHQ�HLQHV�3URJUDPPV��GDV�LQ�HLQHP�6LFKHUXQJVREMHNW�JHVSHLFKHUW�
LVW��YHUZHQGHQ�

6LH�N|QQHQ�DXFK�HLQ�2EMHNW�YRQ�GHU�%HIHKOV]HLOH�DXV�ZLH�IROJW�DXVI�KUHQ�

� ,P�531�0RGXV�

¥ *HEHQ�6LH�)ROJHQGHV�HLQ��XP�HLQ�6LFKHUXQJVREMHNW�DXV]XZHUWHQ�

:Port-Nummer: Sicherungsobjekt-Name Variablenname 
EVAL

¥ *HEHQ�6LH�)ROJHQGHV�HLQ��XP�HLQ�6LFKHUXQJVREMHNW�LQ�GLH�
%HIHKOV]HLOH�DXI]XUXIHQ�

:Port-Nummer: Sicherungsobjekt-Name Variablenname 
RCL

� ,P�DOJHEUDLVFKHQ�0RGXV�

¥ *HEHQ�6LH�)ROJHQGHV�HLQ��XP�HLQ�6LFKHUXQJVREMHNW�DXV]XZHUWHQ�

EVAL(:Port-Nummer: Sicherungsobjekt-Name 
Variablenname)

¥ *HEHQ�6LH�)ROJHQGHV�HLQ��XP�HLQ�6LFKHUXQJVREMHNW�LQ�GLH�
%HIHKOV]HLOH�DXI]XUXIHQ�

RCL(:Port-Nummer: Sicherungsobjekt-Name 
Variablenname

6LH�N|QQHQ�DXFK�>ö�YHUZHQGHQ��VLHKH�§=XJUHLIHQ�DXI�GHQ�3RUW�,QKDOW¨�
DXI�6HLWH�������
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:HQQ�6LH�YHUJHVVHQ�KDEHQ��LQ�ZHOFKHP�3RUW�HLQ�6LFKHUXQJVREMHNW�
JHVSHLFKHUW�LVW��N|QQHQ�6LH�GDV�6\PERO�§	¨�DQVWHOOH�GHU�3RUW�1XPPHU�
YHUZHQGHQ��'HU�+3 ��*�GXUFKVXFKW�GDQQ�DOOH�3RUWV�XQG�GDV�+20(�
9HU]HLFKQLV��

6LH�N|QQHQ�DXFK�DQKDQG�YRQ�7DJV�DXI�HLQHQ�3RUW�YHUZHLVHQ�

§(¨�XQG�§(5$0¨�YHUZHLVHQ�DXI�3RUW���

§)¨�XQG�§)520¨�YHUZHLVHQ�DXI�3RUW���

Bibliothekenobjekte
(LQH�%LEOLRWKHN�LVW�HLQH�6DPPOXQJ�YRQ�2EMHNWHQ�]XU�(UZHLWHUXQJ�GHU�
)XQNWLRQDOLWlW�GHV�7DVFKHQUHFKQHUV��6LH�N|QQHQ�2EMHNWH�LQ�HLQHU�
%LEOLRWKHN�DXVI�KUHQ��MHGRFK�ZHGHU�DQ]HLJHQ�QRFK�EHDUEHLWHQ��6LH�N|QQHQ�
%LEOLRWKHNHQ�YRQ�YHUVFKLHGHQHQ�:HEVLWHV�KHUXQWHUODGHQ�

Installieren oder Anhängen einer Bibliothek

*HKHQ�6LH�]XP�,QVWDOOLHUHQ�HLQHU�%LEOLRWKHN�ZLH�IROJW�YRU�

�� .RSLHUHQ�6LH�GLH�%LEOLRWKHN�LQ�GDV�+20(�9HU]HLFKQLV�

¥ 9HUZHQGHQ�6LH�EHLP�.RSLHUHQ�YRQ�HLQHP�3&�GDV�&RQQHFWLYLW\�.LW�

¥ 9HUZHQGHQ�6LH�EHLP�.RSLHUHQ�YRQ�HLQHP�DQGHUHQ�7DVFKHQUHFKQHU�
GDV�9HUELQGXQJVNDEHO�I�U�7DVFKHQUHFKQHU�

�� ,QVWDOOLHUHQ�6LH�GLH�%LEOLRWKHN�LQ�HLQHP�3RUW�

9HUZHQGHQ�6LH�]XP�,QVWDOOLHUHQ�GHU�%LEOLRWKHN�LQ�HLQHP�3RUW�GLH�
QDFKIROJHQGHQ�%HIHKOH��,Q�GHQ�%HIHKOHQ�LVW�Q�GLH�1XPPHU�GHV�3RUWV��LQ�
GHP�6LH�GLH�%LEOLRWKHN�VSHLFKHUQ�P|FKWHQ��XQG�
Bibliotheksvariable LVW�GHU�1DPH�GHU�9DULDEOHQ�PLW�GHU�
%LEOLRWKHN��6LH�KDEHQ�GLHVH�9DULDEOH�EHLP�.RSLHUHQ�GHU�%LEOLRWKHN�LQ�
GDV�+20(�9HU]HLFKQLV�HUVWHOOW�

¥ ,P�531�0RGXV��Bibliotheksvariable�EHILQGHW�VLFK�DXI�6WDFN�
(EHQH����

Port-Nummer STO

¥ ,P�DOJHEUDLVFKHQ�0RGXV�
STO(Bibliotheksvariable, Port-Nummer)
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�� +lQJHQ�6LH�GLH�%LEOLRWKHN�DQ��(LQH�%LEOLRWKHN�HQWKlOW�LP�$OOJHPHLQHQ�
HLQH�VSH]LHOOH�5RXWLQH�]XP�$QKlQJHQ��'LHVH�5RXWLQH�ZLUG�EHLP�
1HXVWDUW�GHV�7DVFKHQUHFKQHUV�DXVJHI�KUW��=XP�1HXVWDUWHQ�GU�FNHQ�
6LH�GLH�7DVWHQ�;�XQG�c�JOHLFK]HLWLJ�XQG�ODVVHQ�6LH�VLH�ORV��

9HUZHQGHQ�6LH�GHQ�%HIHKO�$77$&+��XP�HLQH�%LEOLRWKHN�RKQH�1HXVWDUW�
DQ]XKlQJHQ��(LQ]HOKHLWHQ��EHU�GHQ�%HIHKO�$77$&+�ILQGHQ�6LH�LQ�GHU�
%HIHKOVUHIHUHQ]��7HLO�%��

(LQLJH�%LEOLRWKHNHQ�P�VVHQ�LQ�3RUW���JHVSHLFKHUW�ZHUGHQ��:HLWHUH�
,QIRUPDWLRQHQ�ILQGHQ�6LH�LQ�GHU�'RNXPHQWDWLRQ�GHU�%LEOLRWKHN�

(LQH�%LEOLRWKHN�YHUI�JW��EHU�HLQH�%LEOLRWKHNHQQXPPHU��'HU�
7DVFKHQUHFKQHU�YHUZHQGHW�GLHVH�1XPPHU�]XP�9HUZHLV�DXI�GLH�
%LEOLRWKHN��'LH�1XPPHU�GHU�%LEOLRWKHN�ZLUG�LP�§)LOH�0DQDJHU¨�DOV�
§/[[[[¨�DQJH]HLJW��ZREHL�[[[[�GLH�%LEOLRWKHNHQQXPPHU�LVW��

Löschen einer Bibliothek

9HUZHQGHQ�6LH�]XP�/|VFKHQ�HLQHU�%LEOLRWKHN�DXV�HLQHP�3RUW�GLH�
IROJHQGHQ�%HIHKOH��,Q�GHQ�%HIHKOHQ�LVW�Port-Nummer�GLH�1XPPHU�GHV�
3RUWV��LQ�GHP�6LH�GDV�2EMHNW�JHVSHLFKHUW�KDEHQ��XQG�Bib-Nummer�GLH�
1XPPHU�GHU�%LEOLRWKHN��GLH�6LH�O|VFKHQ�P|FKWHQ�

� ,P�531�0RGXV�
:Port-Nummer: Bib-Nummer PURGE

� ,P�DOJHEUDLVFKHQ�0RGXV�
PURGE(:Port-Nummer: Bib-Nummer)

Speicherverwaltung im HP 49G
,P�IROJHQGHQ�$EVFKQLWW�ZLUG�EHVFKULHEHQ��ZLH�GHU�7DVFKHQUHFKQHU�GHQ�
6SHLFKHU�LQ�GHQ�YHUVFKLHGHQHQ�3RUWV�YHUZDOWHW�

Port 0

3RUW���XQG�GDV�+20(�9HU]HLFKQLV�WHLOHQ�VLFK�GHQVHOEHQ�6SHLFKHUEHUHLFK��
G�K���LQ�3RUW���JHVSHLFKHUWH�2EMHNWH�UHGX]LHUHQ�GHQ�YHUI�JEDUHQ�
%HQXW]HUVSHLFKHU�XQG�LP�%HQXW]HUVSHLFKHU�JHVSHLFKHUWH�2EMHNWH�
UHGX]LHUHQ�GHQ�LQ�3RUW���YHUI�JEDUHQ�6SHLFKHUEHUHLFK��
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Port 1

3RUW���YHUI�JW��EHU�HLQHQ�����.%�JUR�HQ�6SHLFKHUEHUHLFK��$XIJUXQG�GHU�
6SHLFKHUVWUXNWXU�LQ�3RUW���N|QQHQ�6LH�NHLQH�2EMHNWH�JU|�HU�DOV�����.%�
VSHLFKHUQ��GD�GHU�6SHLFKHU�LQ�:LUNOLFKNHLW�DXV�]ZHL�JHWUHQQWHQ�
6SHLFKHUEHUHLFKHQ�j�����.%�EHVWHKW��'LH�2EMHNWH�P�VVHQ�LQ�HLQHP�GHU�
EHLGHQ�%HUHLFKH�JHVSHLFKHUW�ZHUGHQ�

:HQQ�6LH�JUR�H�2EMHNWH�VSHLFKHUQ�P|FKWHQ��NDQQ�HV�GDKHU�GHQ�$QVFKHLQ�
KDEHQ��GDVV�DXVUHLFKHQG�6SHLFKHU�LQ�3RUW���]XU�9HUI�JXQJ�VWHKW��GHU�
7DVFKHQUHFKQHU�GDV�6SHLFKHUQ�GHV�2EMHNWV�MHGRFK�QLFKW�]XOlVVW��ZHQQ�GDV�
2EMHNW�JU|�HU�DOV�GHU�YHUI�JEDUH�3ODW]�LQ�HLQHP�GHU�EHLGHQ�%HUHLFKH�LVW��

Port 2

3RUW���LVW�7HLO�GHV�)ODVK�520��:LH�EHL�3RUW���N|QQHQ�NHLQH�2EMHNWH�JU|�HU�
DOV�����.%�JHVSHLFKHUW�ZHUGHQ��)ODVK�520�LVW�LQ���%HUHLFKH�PLW�MHZHLOV�
����.%�XQG�HLQHQ�%HUHLFK�PLW����.%�JHJOLHGHUW�

'LH�0HWKRGH��GLH�GDV�6\VWHP�]XU�9HUZDOWXQJ�GHV�)ODVK�520�HLQVHW]W��
NDQQ�GLH�2SHUDWLRQHQ�LQ�3RUW���X�8��EHHLQWUlFKWLJHQ��%HLP�/|VFKHQ�YRQ�
'DWHQ�P�VVHQ�MHZHLOV�����.%�JUR�H�%HUHLFKH�JHO|VFKW�ZHUGHQ��(LQ]HOQH�
2EMHNWH�N|QQHQ�QLFKW�JHO|VFKW�ZHUGHQ��:HQQ�6LH�HLQ�2EMHNW�DXV�GHP�
)ODVK�520�O|VFKHQ��ZLUG�GDV�2EMHNW�DOV�JHO|VFKW�JHNHQQ]HLFKQHW��QLPPW�
MHGRFK�LPPHU�QRFK�6SHLFKHUSODW]�HLQ�

:HQQ�6LH�HLQ�2EMHNW�LP�)ODVK�520�VSHLFKHUQ�P|FKWHQ��PXVV�GDV�6\VWHP�
LQ�PDQFKHQ�)lOOHQ�GLH�DOV�JHO|VFKW�JHNHQQ]HLFKQHWHQ�'DWHLHQ�HQWIHUQHQ��
+LHU]X�ZHUGHQ�DOOH�QLFKW�JHNHQQ]HLFKQHWHQ�'DWHLHQ�LQ�GHQ�
$UEHLWVVSHLFKHU�NRSLHUW��GDV�JHVDPWH�)ODVK�520�JHO|VFKW�XQG�GLH�QLFKW�
JHNHQQ]HLFKQHWHQ�2EMHNWH�]XU�FN�LQ�GDV�)ODVK�520��EHUWUDJHQ�

-H�QDFK�*U|�H�GHU�LP�)ODVK�520�JHVSHLFKHUWHQ�'DWHQ�VLQG�I�U�GLHVH�
2SHUDWLRQ�ELV�]X�����.%�5$0�HUIRUGHUOLFK��:HQQ�QLFKW�JHQXJ�5$0�IUHL�LVW��
WULWW�HLQ�)HKOHU�DXI�XQG�GLH�IROJHQGH�0HOGXQJ�ZLUG�DQJH]HLJW��
Ins. Mem. Need x bytes. 

,Q�GLHVHP�)DOO�P�VVHQ�6LH�]XP�6SHLFKHUQ�GHV�2EMHNWV�PLQGHVWHQV�[�%\WHV�
5$0�IUHL�PDFKHQ�

Anzeigen des Inhalts eines Ports und des 
verfügbaren Speichers
6LH�N|QQHQ�GHQ�%HIHKO�39$56�YHUZHQGHQ��XP�GHQ�,QKDOW�HLQHV�6SHLFKHUV�
DQ]X]HLJHQ��'HU�%HIHKO�39$56�JLEW�HLQH�/LVWH�PLW�GHU�3RUW�1XPPHU��GHP�
1DPHQ�MHGHV�2EMHNWV�LP�3RUW�XQG�GHQ�YHUI�JEDUHQ�6SHLFKHUSODW]�LP�3RUW�
ZLHGHU�
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Kapitel 12

Datum und Uhrzeit

Datums- und Uhrzeitformate
'LH�IROJHQGH�7DEHOOH�HQWKlOW�GLH�I�U�GHQ�+3 ��*�YHUI�JEDUHQ�'DWXPV��XQG�
8KU]HLWIRUPDWH��$OV�%HLVSLHO�ZLUG����������8KU�DP�����0lU]������
YHUZHQGHW�

Tabelle 12-1: Datums- und Uhrzeitformate

Einstellen des Datums- und Uhrzeitformats
�� 'U�FNHQ�6LH�> ç�

�� 'U�FNHQ�6LH�]]��XP�GLH�)XQNWLRQ�6(7�7,0(��'$7(����]X�PDUNLHUHQ��
XQG�GU�FNHQ�6LH�GDQQ�2.�

�� 'LH�(LQJDEHPDVNH�6(7�7,0(�$1'�'$7(�ZLUG�DQJH]HLJW�

�� 'U�FNHQ�6LH�GLH�HQWVSUHFKHQGHQ�3IHLOWDVWHQ��XP�GDV�]X�lQGHUQGH�
)RUPDWIHOG�]X�PDUNLHUHQ�

'LH�)RUPDWIHOGHU�VLQG�GLH�EHLGHQ�)HOGHU�JDQ]�UHFKWV�DXI�GHU�$Q]HLJH�

�� bQGHUQ�6LH�GDV�)RUPDW��

6LH�N|QQHQ�KLHU]X�HQWZHGHU�w�GU�FNHQ��ELV�GDV�JHZ�QVFKWH�)RUPDW�
DQJH]HLJW�ZLUG��RGHU�&+226�GU�FNHQ�XQG�HLQ�)RUPDW�DXV�HLQHU�/LVWH�
YRQ�2SWLRQHQ�DXVZlKOHQ�

�� :HQQ�6LH�HLQ�DQGHUHV�)RUPDW�lQGHUQ�P|FKWHQ��ZLHGHUKROHQ�6LH�GLH�
6FKULWWH�DE�6FKULWW���

Uhranzeige Format Zahlenformat

'DWXP�

���������� 0RQDW�7DJ�-DKU ��������

���������� 7DJ�0RQDW�-DKU ���������

8KU]HLW�

��������3 ���6WXQGHQ �������

�������� ���6WXQGHQ �������
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�� :HQQ�6LH�IHUWLJ�VLQG��GU�FNHQ�6LH�2.��

'LH�(LQJDEHPDVNH�ZLUG�JHVFKORVVHQ��GDV�'DWXP�XQG�GLH�8KU]HLW�
ZHUGHQ�LQ�GHQ�JHZlKOWHQ�)RUPDWHQ�DQJH]HLJW�

Datums- und Uhrzeitwerkzeuge
,P�0HQ��§7LPH¨�VWHKHQ�]DKOUHLFKH�:HUN]HXJH�]XP�$UEHLWHQ�PLW�'DWXP�
XQG�8KU]HLW�]XU�9HUI�JXQJ��

Anzeigen des Menüs “Time”

=XP�=XJULII�DXI�GLHVHV�0HQ��VWHKHQ�]ZHL�2SWLRQHQ�]XU�9HUI�JXQJ�

� 'U�FNHQ�6LH�>ç�722/6�

� +DOWHQ�6LH�>�JHGU�FNW��ZlKUHQG�6LH�ç�GU�FNHQ�

Kopieren des Datums auf den Stack oder in den History-
Speicher
�� =HLJHQ�6LH�GDV�0HQ��§7LPH¨�DQ��VLHKH�REHQ��

�� 'U�FNHQ�6LH�'$7(�

�� 'U�FNHQ�6LH�\�

'DV�'DWXP�ZLUG�LP�=DKOHQIRUPDW�DQJH]HLJW��VLHKH�7DEHOOH�DXI�6HLWH�
������

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Kopieren der Uhrzeit auf den Stack oder in den History-
Speicher
�� =HLJHQ�6LH�GDV�0HQ��§7LPH¨�DQ��VLHKH�REHQ��

�� 'U�FNHQ�6LH�7,0(�

6LH�N|QQHQ�DXFK�GLH�IROJHQGH�0HWKRGH�]XP�(LQVWHOOHQ�GHV�'DWXPV�
XQG�GHU�8KU]HLW�YHUZHQGHQ�

6LH�N|QQHQ�DXFK�GDV�'DWXP�HLQVWHOOHQ��LQGHP�6LH�GHQ�%HIHKO�
→'$7(�DXVI�KUHQ��XQG�GLH�8KU]HLW�HLQVWHOOHQ��LQGHP�6LH�GHQ�
%HIHKO�→7,0(�DXVI�KUHQ�
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�� 'U�FNHQ�6LH�\�

'LH�8KU]HLW�ZLUG�LP�=DKOHQIRUPDW�DQJH]HLJW��VLHKH�7DEHOOH�DXI�6HLWH�
������

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Rechnen mit Daten

Addieren von Tagen zu einem bestimmten Datum
�� *HEHQ�6LH�GDV�'DWXP�LP�=DKOHQIRUPDW�HLQ��VLHKH�7DEHOOH�DXI�6HLWH����

���

%HLVSLHO������������G�K������0lU]�������

�� 'U�FNHQ�6LH�N�'$7(��

�� *HEHQ�6LH�HLQH�UHHOOH�=DKO�HLQ��GLH�GLH�$Q]DKO�GHU�7DJH�GDUVWHOOW��GLH�6LH�
]XP�LQ�6FKULWW���HLQJHJHEHQHQ�'DWXP�DGGLHUHQ�P|FKWHQ�

%HLVSLHO�����

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�����������G�K�����$SULO�������

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Subtrahieren von Tagen von einem bestimmten Datum
�� *HEHQ�6LH�GDV�'DWXP�LP�=DKOHQIRUPDW�HLQ��VLHKH�7DEHOOH�DXI�6HLWH����

���

%HLVSLHO������������G�K������0lU]�������

�� 'U�FNHQ�6LH�N�'$7(��

�� *HEHQ�6LH�HLQH�UHHOOH�=DKO�HLQ��GLH�GLH�$Q]DKO�GHU�7DJH�GDUVWHOOW��GLH�6LH�
YRP�LQ�6FKULWW���HLQJHJHEHQHQ�'DWXP�VXEWUDKLHUHQ�P|FKWHQ�

%HLVSLHO�����

�� 'U�FNHQ�6LH�w�

'LHVH�7DVWH�NRQYHUWLHUW�GLH�LQ�6FKULWW���HLQJHJHEHQH�$Q]DKO�GHU�7DJH�LQ�
HLQH�QHJDWLYH�=DKO��GDPLW�EHLP�$QZHQGHQ�GHV�%HIHKOV�'$7(��7DJH�
VXEWUDKLHUW�ZHUGHQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW�����������G�K������)HEUXDU�������

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���������XQG���DXV�
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Bestimmen der Anzahl der Tage zwischen zwei Daten
�� 'U�FNHQ�6LH�N�''$<6�

�� *HEHQ�6LH�GDV�HUVWH�'DWXP�LP�=DKOHQIRUPDW�HLQ��VLHKH�7DEHOOH�DXI�
6HLWH�������

%HLVSLHO������������G�K������0lU]�������

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�GDV�]ZHLWH�'DWXP�HEHQIDOOV�LP�=DKOHQIRUPDW�HLQ�

%HLVSLHO������������G�K������0DL�������

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Rechnen mit Uhrzeiten
6LH�N|QQHQ�PLW�8KU]HLWHQ�LP�'H]LPDOIRUPDW�RGHU�LP�+06�)RUPDW�
DUEHLWHQ��(LQH�=DKO�LP�+06�)RUPDW�ZLUG�DOV�+�0066V�DQJH]HLJW��ZREHL�

+� �1XOO�RGHU�PHKU�=LIIHUQ�]XU�'DUVWHOOXQJ�GHU�$Q]DKO�GHU�6WXQGHQ

00� �=ZHL�=LIIHUQ�]XU�'DUVWHOOXQJ�GHU�$Q]DKO�GHU�0LQXWHQ

66� �=ZHL�=LIIHUQ�]XU�'DUVWHOOXQJ�GHU�$Q]DKO�GHU�6HNXQGHQ

V� �=ZHL�RGHU�PHKU�=LIIHUQ�]XU�'DUVWHOOXQJ�GHU�6WHOOHQ�KLQWHU�GHP�.RPPD�
GHU�6HNXQGHQ�

Konvertieren der Uhrzeit im Dezimalformat in das HMS-
Format
�� 'U�FNHQ�6LH�N�→+06�

�� *HEHQ�6LH�GLH�8KU]HLW�LP�'H]LPDOIRUPDW�HLQ�

%HLVSLHO���������G�K����XQG�����6WXQGHQ��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����������G�K����6WXQGHQ����0LQXWHQ�XQG����
6HNXQGHQ��

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�
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Konvertieren der Uhrzeit im HMS-Format in das 
Dezimalformat
�� 'U�FNHQ�6LH�N�+06→�

�� *HEHQ�6LH�GLH�8KU]HLW�LP�+06�)RUPDW�HLQ�

%HLVSLHO����������G�K����6WXQGHQ�����0LQXWHQ�XQG����6HNXQGHQ��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW������������6WXQGHQ�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Addieren von Uhrzeiten im HMS-Format
�� 'U�FNHQ�6LH�N�+06��

�� *HEHQ�6LH�HLQH�8KU]HLW�LP�+06�)RUPDW�HLQ�

%HLVSLHO����������G�K����6WXQGHQ�����0LQXWHQ�XQG����6HNXQGHQ��

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�GLH�DQGHUH�8KU]HLW�HEHQIDOOV�LP�+06�)RUPDW�HLQ�

%HLVSLHO����������G�K����6WXQGHQ�����0LQXWHQ�XQG����6HNXQGHQ��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����������G�K�����6WXQGHQ����0LQXWHQ�XQG����
6HNXQGHQ��

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Subtrahieren von Uhrzeiten im HMS-Format
�� 'U�FNHQ�6LH�N�+06¥�

�� *HEHQ�6LH�HLQH�8KU]HLW�LP�+06�)RUPDW�HLQ�

%HLVSLHO����������G�K����6WXQGHQ�����0LQXWHQ�XQG���6HNXQGH��

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�GLH�DQGHUH�8KU]HLW�HEHQIDOOV�LP�+06�)RUPDW�HLQ�

%HLVSLHO�����������G�K����6WXQGHQ�����0LQXWHQ�XQG������6HNXQGHQ��

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW����������G�K����6WXQGHQ����0LQXWHQ�XQG������
6HNXQGHQ��

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�
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Systemzeit
'LH�6\VWHP]HLW�ZLUG�LQ�7DNWHQ�JHPHVVHQ��-HGHU�7DNW�GDXHUW��������
6HNXQGH��'LH�6\VWHP]HLW�NDQQ�LQ�HLQH�6WDQGDUG]HLW��VRZRKO�LP�'H]LPDO��
DOV�DXFK�+06�)RUPDW��NRQYHUWLHUW�ZHUGHQ�

Anzeigen der Systemzeit
�� 'U�FNHQ�6LH�>ç�722/6�7,&.6�

�� 'U�FNHQ�6LH�\�

'LH�6\VWHP]HLW�ZLUG�DOV�%LQlU]DKO�DQJH]HLJW�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWW���DXV�

'HU�%HIHKO�7,&.6�LVW�]XP�0HVVHQ�GHU�YHUVWULFKHQHQ�=HLW�Q�W]OLFK��

Konvertieren der Systemzeit in das HMS-Format
�� 'U�FNHQ�6LH�<P�%$6(�%→5�

�� *HEHQ�6LH�GLH�6\VWHP]HLW�DOV�%LQlU]DKO�HLQ�

%HLVSLHO�����'����(��')��K�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�GLHVHV�6FKULWWV�LVW�GLH�lTXLYDOHQWH�UHHOOH�=DKO�GHU�
DQJHJHEHQHQ�6\VWHP]HLW�

�� 'U�FNHQ�6LH�z�

�� *HEHQ�6LH����������HLQ�

'DV�(UJHEQLV�GLHVHV�6FKULWWV�LVW�GLH�DQJHJHEHQH�6\VWHP]HLW�LQ�
'H]LPDOVWXQGHQ�������������������

�� 'U�FNHQ�6LH�N�→+06�

�� 'U�FNHQ�6LH�m�

�� :lKOHQ�6LH�GDV�(UJHEQLV�YRQ�6FKULWW���

'LHVHV�(UJHEQLV�VROOWH�MHW]W�GDV�$UJXPHQW�GHV�%HIHKOV�→+06�VHLQ�

�� 'U�FNHQ�6LH�\�

'DV�(UJHEQLV�ODXWHW������������������G�K�������������6WXQGHQ�����
0LQXWHQ�XQG����6HNXQGHQ��

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������������XQG���DXV�
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Berechnen der verstrichenen Zeit in Sekunden
�� 'U�FNHQ�6LH�>ç�722/6�7,&.6��XP�GHQ�%HJLQQ�GHU�=HLWPHVVXQJ�

YRU]XEHUHLWHQ�

�� 'U�FNHQ�6LH�\��XP�GLH�=HLWPHVVXQJ�]X�EHJLQQHQ�

�� 'U�FNHQ�6LH�>ç�722/6�7,&.6��XP�GDV�(QGH�GHU�=HLWPHVVXQJ�
YRU]XEHUHLWHQ�

�� 'U�FNHQ�6LH�\��XP�GLH�=HLWPHVVXQJ�]X�EHHQGHQ�

�� 'U�FNHQ�6LH���

�� 'U�FNHQ�6LH�m�

�� :lKOHQ�6LH�GDV�(UJHEQLV�YRQ�6FKULWW���

�� 'U�FNHQ�6LH�\�]ZHLPDO�

�� 'U�FNHQ�6LH�<P�%$6(�%→5�

���:lKOHQ�6LH�GDV�(UJHEQLV�YRQ�6FKULWW���

��� 'U�FNHQ�6LH�\�

��� 'U�FNHQ�6LH�z�

��� *HEHQ�6LH������HLQ�

��� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������DXV��GU�FNHQ�6LH�i�67$&.�
6:$3�XQG�I�KUHQ�6LH�DQVFKOLH�HQG�6FKULWWH����������XQG����DXV�
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Benutzerspezifische Anpassung Seite 13-1

A
dvanced topics

Kapitel 13

Benutzerspezifische Anpassung

Erstellen von Menüs
'HU�+3���*�HUP|JOLFKW�GLH�(UVWHOOXQJ�HLQHV�EHQXW]HUGHILQLHUWHQ�0HQ�V��
'DV�0HQ��NDQQ�%HVFKULIWXQJHQ�I�U�2SHUDWLRQHQ��%HIHKOH�XQG�ZHLWHUH�
2EMHNWH��GLH�6LH�HUVWHOOHQ�RGHU�QDFK�:XQVFK�JUXSSLHUHQ��HQWKDOWHQ�

(LQ�EHQXW]HUGHILQLHUWHV�0HQ��ZLUG�PLW�GHU�UHVHUYLHUWHQ�9DULDEOH�&67�
JHNHQQ]HLFKQHW��6LH�N|QQHQ�VRPLW�HLQ�EHQXW]HUGHILQLHUWHV�0HQ��HUVWHOOHQ��
LQGHP�6LH�HLQH�/LVWH�YRQ�0HQ�HOHPHQWHQ�PLW�§&67¨�EHQHQQHQ��6LH�N|QQHQ�
DXFK�GHQ�%HIHKO�0(18�YHUZHQGHQ��XP�HLQH�/LVWH�LQ�&67�]X�VSHLFKHUQ�

(LQ�EHQXW]HUGHILQLHUWHV�0HQ��LVW�HLQH�$UW�)XQNWLRQVWDVWHQPHQ���G�K���GLH�
0HQ�HOHPHQWH�EHILQGHQ�VLFK�XQWHQ�DXI�GHU�$Q]HLJH�XQG�N|QQHQ�GXUFK�
'U�FNHQ�GHU�HQWVSUHFKHQGHQ�)XQNWLRQVWDVWH�DXVJHZlKOW�ZHUGHQ�

6LH�N|QQHQ�HLQ�EHQXW]HUGHILQLHUWHV�0HQ���G�K��HLQH�&67�9DULDEOH��LQ�MHGHP�
9HU]HLFKQLV�HUVWHOOHQ��6RPLW�NDQQ�MHGHV�9HU]HLFKQLV�HLQ�DQGHUHV�
EHQXW]HUGHILQLHUWHV�0HQ��HQWKDOWHQ�

Erstellen eines benutzerdefinierten Menüs
�� *HEHQ�6LH�HLQH�/LVWH�PLW�%HVFKULIWXQJ�2EMHNW�3DDUHQ�HLQ��HLQ�3DDU�I�U�

MHGHV�0HQ�HOHPHQW��

'LH�6\QWD[�I�U�MHGHV�%HVFKULIWXQJ�2EMHNW�3DDU�LVW�^�§%HVFKULIWXQJ¨��
2EMHNW�`��6LH�VROOWHQ�GDV�2EMHNW�DXFK�LQ�+RFKNRPPDV�VHW]HQ��XP�GDV�
$XVZHUWHQ�GHV�2EMHNWV�]X�YHUKLQGHUQ��-HGHV�3DDU�LVW�HLQH�8QWHUOLVWH�
LQQHUKDOE�GHU�+DXSWOLVWH�

(V�JLEW�PHKUHUH�2EMHNWW\SHQ��]�%��9DULDEOHQQDPHQ��3URJUDPPH��
=HLFKHQIROJHQ�XQG�(LQKHLWHQREMHNWH��%HLVSLHOH��

^^"PA�"��’ �BPAV’ `��^" 92/" ��92/80(`��^" 7,0(" ��’ 7,0(��’ ``

,Q�GLHVHQ�%HLVSLHOHQ�VLQG�GLH�0HQ�HOHPHQWH�PLW�PA���92/�E]Z��7,0(�
EHVFKULIWHW��,P�HUVWHQ�%HLVSLHO�ZLUG�GHU�.XELNPHWHUHLQKHLWHQDXVGUXFN�
HLQJHI�JW��LP�]ZHLWHQ�%HLVSLHO�ZLUG�GLH�=HLFKHQIROJH�§92/80(¨�
HLQJHI�JW�XQG�LP�GULWWHQ�%HLVSLHO�ZLUG�GLH�DNWXHOOH�8KU]HLW�DQJHJHEHQ�

�� 'U�FNHQ�6LH�}��XP�GHQ�&XUVRU�DX�HUKDOE�GHU�+DXSWOLVWH�]X�VHW]HQ�

�� 'U�FNHQ�6LH�k�
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�� *HEHQ�6LH�&67�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

Anzeigen eines benutzerdefinierten Menüs
�� 'U�FNHQ�6LH�< H�

'LH�0HQ�EHVFKULIWXQJHQ�ZHUGHQ�XQWHQ�DXI�GHU�$Q]HLJH�HLQJHEOHQGHW��6LH�
N|QQHQ�DXI�HLQ�0HQ�HOHPHQW�]XJUHLIHQ��LQGHP�6LH�GLH�HQWVSUHFKHQGH�
)XQNWLRQVWDVWH�GU�FNHQ�

Anpassen der Tastatur

6LH�N|QQHQ�DOOHQ�7DVWHQ�DXI�GHU�7DVWDWXU��HLQVFKOLH�OLFK�$OSKDWDVWHQ�XQG�
XPJHVFKDOWHWHQ�7DVWHQ��DOWHUQDWLYH�7DVWHQEHOHJXQJHQ�]XZHLVHQ�XQG�VRPLW�
GLH�7DVWDWXU�,KUHQ�VSH]LILVFKHQ�$QIRUGHUXQJHQ�HQWVSUHFKHQG�DQSDVVHQ�

,KUH�DQJHSDVVWH�7DVWDWXU�KHL�W�%HQXW]HUWDVWDWXU�XQG�LVW�DNWLYLHUW��ZHQQ�
6LH�VLFK�LP�%HQXW]HUPRGXV�EHILQGHQ�

Benutzermodus

Aktivieren des Benutzermodus
� :HQQ�6LH�QXU�HLQH�2SHUDWLRQ�DXI�GHU�%HQXW]HUWDVWDWXU�DXVI�KUHQ�

P|FKWHQ��GU�FNHQ�6LH�<~�

� :HQQ�6LH�PHKUHUH�%HIHKOH�DXI�GHU�%HQXW]HUWDVWDWXU�DXVI�KUHQ�
P|FKWHQ��GU�FNHQ�6LH�<~<~���:HQQ�6LH�<~�HUQHXW�
GU�FNHQ��ZLUG�GLH�%HQXW]HUWDVWDWXU�GHDNWLYLHUW��

'LH�7DVWHQNRPELQDWLRQ�<~ LVW�HLQ�'UHLZHJVFKDOWHU��lKQOLFK�ZLH�GLH�
7DVWH�`���:HQQ�6LH�GLH�7DVWHQNRPELQDWLRQ�HLQPDO�GU�FNHQ��ZLUG�GHU�
%HQXW]HUPRGXV�QXU�I�U�GLH�QlFKVWH�2SHUDWLRQ�DNWLYLHUW��:HQQ�6LH�GLH�
7DVWHQNRPELQDWLRQ�MHGRFK�]ZHLPDO�GU�FNHQ��ZLUG�GHU�%HQXW]HUPRGXV�I�U�
DOOH�IROJHQGHQ�2SHUDWLRQHQ�DNWLYLHUW�XQG�HLQ�GULWWHV�'U�FNHQ�LVW�]XP�
'HDNWLYLHUHQ�GHV�0RGXV�HUIRUGHUOLFK��:HQQ�6LH�GHQ�%HQXW]HUPRGXV�I�U�
DOOH�QDFKIROJHQGHQ�2SHUDWLRQHQ�GXUFK�QXU�HLQPDOLJHV�'U�FNHQ�YRQ�
<~ DNWLYLHUHQ�P|FKWHQ��VHW]HQ�6LH�)ODJ�¥���
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Zuweisen von benutzerdefinierten Tasten

6LH�N|QQHQ�HLQHU�EHQXW]HUGHILQLHUWHQ�7DVWH��HLQVFKOLH�OLFK�
XPJHVFKDOWHWHQ�7DVWHQ��%HIHKOH�XQG�DQGHUH�2EMHNWH�]XZHLVHQ�

Zuweisen eines Objekts zu einer benutzerdefinierten Taste

�� 'U�FNHQ�6LH�N�$61�

�� *HEHQ�6LH�GDV�2EMHNW�HLQ��GDV�GHU�EHQXW]HUGHILQLHUWHQ�7DVWH�
]XJHZLHVHQ�ZHUGHQ�VROO�

�� 'U�FNHQ�6LH�>I�

�� *HEHQ�6LH�GHQ�7DVWHQFRGH�I�U�GLH�EHQXW]HUGHILQLHUWH�7DVWH�HLQ��

'HU�&RGH�EHVWHKW�DXV�HLQHU�=HLOHQQXPPHU��HLQHU�6SDOWHQQXPPHU�XQG�
GHP�8PVFKDOWVWDWXV��%HLVSLHO�������]HLJW�GLH�7DVWH�LQ�=HLOH���XQG�6SDOWH�
��DQ��ZHQQ�GLH�7DVWH�`�JHGU�FNW�ZLUG��VLHKH�IROJHQGH�$EELOGXQJ��

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������XQG���DXV�

;;�;

Benutzerdefinierte Tastencodes

Tastaturspaltennummer

Tastaturzeilennummer

0 oder 1 = nicht umgeschaltet
2 = links umgeschaltet
3 = rechts umgeschaltet
4 = Alpha
5 = links umgeschaltet Alpha
6 = rechts umgeschaltet Alpha

Beispiel: 23,4 = `i
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Zuweisen eines Befehls zu einer benutzerdefinierten Taste

�� 'U�FNHQ�6LH�N�672.(<6�

�� *HEHQ�6LH�LQ�.ODPPHUQ�HLQH�/LVWH�PLW�GHP�%HIHKOVQDPHQ�DOV�HUVWHV�
(OHPHQW�¥�LQ�+RFKNRPPDV�JHVHW]W�¥�XQG�GHP�EHQXW]HUGHILQLHUWHQ�
7DVWHQFRGH�DOV�]ZHLWHV�(OHPHQW�HLQ�

'LH�EHQXW]HUGHILQLHUWHQ�7DVWHQFRGHV�ZHUGHQ�LQ�GHU�$EELOGXQJ�REHQ�
HUOlXWHUW�

%HLVSLHO��672.(<6�^©7,0(��ª������`��

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Aufheben der Zuweisung einer benutzerdefinierten Taste

1DFKGHP�6LH�HLQH�EHQXW]HUGHILQLHUWH�7DVWH�]XJHZLHVHQ�KDEHQ��EOHLEW�GLH�
=XZHLVXQJ�J�OWLJ��ELV�6LH�GLH�7DVWH��PLW�GHQ�%HIHKOHQ�$61�RGHU�672.(<6��
QHX�]XZHLVHQ�RGHU�GLH�7DVWHQ]XZHLVXQJ�DXIKHEHQ��,Q�GLHVHP�)DOO�NHKUW�
HLQH�EHQXW]HUGHILQLHUWH�7DVWH�]X�LKUHU�6WDQGDUGIXQNWLRQ�]XU�FN�

�� 'U�FNHQ�6LH�N�'(/.(<6�

�� *HEHQ�6LH�GHQ�EHQXW]HUGHILQLHUWHQ�7DVWHQFRGH�HLQ�
'LH�EHQXW]HUGHILQLHUWHQ�7DVWHQFRGHV�ZHUGHQ�LQ�GHU�$EELOGXQJ�DXI�
6HLWH������EHVFKULHEHQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Deaktivieren der Tasten

Deaktivieren der Tasten im Benutzermodus

:HQQ�6LH�VLFK�LP�%HQXW]HUPRGXV�EHILQGHQ��N|QQHQ�6LH�GLH�7DVWHQ��GLH�
QLFKW�VSH]LHOO�EHOHJW�ZXUGHQ��G�K��DOOH�7DVWHQ�PLW�6WDQGDUGIXQNWLRQ��
IROJHQGHUPD�HQ�GHDNWLYLHUHQ�

�� 'U�FNHQ�6LH�N�'(/.(<6�

�� *HEHQ�6LH�6�HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

1DFK�GHU�'HDNWLYLHUXQJ�NDQQ�HLQH�7DVWH�DNWLYLHUW�ZHUGHQ��LQGHP�LKU�HLQH�
VSH]LHOOH�)XQNWLRQ�]XJHZLHVHQ�ZLUG��VLHKH�§=XZHLVHQ�HLQHV�2EMHNWV�]X�
HLQHU�EHQXW]HUGHILQLHUWHQ�7DVWH¨�DXI�6HLWH�������RGHU�LQGHP�GHU�
%HQXW]HUPRGXV��GXUFK�'U�FNHQ�YRQ�<~��GHDNWLYLHUW�ZLUG�
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Benutzerspezifische Anpassung Seite 13-5

A
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Aktivieren deaktivierter Tasten

�� 'U�FNHQ�6LH�N�'(/.(<6�

�� *HEHQ�6LH����1XOO��HLQ�

�� 'U�FNHQ�6LH�\�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH���XQG���DXV�

Abrufen und Bearbeiten von benutzerdefinierten 
Tastenbelegungen

Abrufen der aktuellen benutzerdefinierten Tastenbelegungen

�� 'U�FNHQ�6LH�N�5&/.(<6�

�� 'U�FNHQ�6LH�\

,P�531�0RGXV��)�KUHQ�6LH�6FKULWW���DXV�

'HU�%HIHKO�5&/.(<6�]HLJW�HLQH�/LVWH�DOOHU�DNWXHOOHQ�EHQXW]HUGHILQLHUWHQ�
7DVWHQEHOHJXQJHQ�DQ��-HGHV�]XJHZLHVHQH�2EMHNW�ZLUG�]XVDPPHQ�PLW�GHP�
HQWVSUHFKHQGHQ�%HQXW]HUWDVWHQFRGH�DXIJHI�KUW��:HQQ�GDV�HUVWH�(OHPHQW�
LQ�GHU�/LVWH�§6¨�LVW��VLQG�GLH�QLFKW�]XJHZLHVHQHQ�EHQXW]HUGHILQLHUWHQ�
7DVWHQ�DNWLYLHUW��DQGHUHQIDOOV�VLQG�GLH�7DVWHQ�GHDNWLYLHUW�

Bearbeiten der benutzerdefinierten Tastenbelegungen

�� 5XIHQ�6LH�GLH�DNWXHOOHQ�EHQXW]HUGHILQLHUWHQ�7DVWHQEHOHJXQJHQ�DE�
�VLHKH�YRUKHULJHQ�$EVFKQLWW��

�� 'U�FNHQ�6LH�]��XP�GHQ�%HIHKOV]HLOHQHGLWRU�]X�|IIQHQ�

�� %HDUEHLWHQ�6LH�GLH�JHZ�QVFKWHQ�7DVWHQEHOHJXQJHQ�

�� 'U�FNHQ�6LH�\�

�� 'U�FNHQ�6LH�N�672.(<6�

�� 'U�FNHQ�6LH�m�

�� :HQQ�GLH�/LVWH�GHU�EHQXW]HUGHILQLHUWHQ�7DVWHQEHOHJXQJHQ��GLH�6LH�
JHUDGH�EHDUEHLWHW�KDEHQ��QLFKW�PDUNLHUW�LVW��PDUNLHUHQ�6LH�GLH�/LVWH�

�� 'U�FNHQ�6LH�\�]ZHLPDO�

,P�531�0RGXV��)�KUHQ�6LH�6FKULWWH������������XQG���DXV�

:HQQ�6LH�GLH�7DVWHQ��GLH�]XU�5HDNWLYLHUXQJ�YRQ�7DVWHQ�RGHU�]XP�
9HUODVVHQ�GHV�%HQXW]HUPRGXV�HUIRUGHUOLFK�VLQG��]XZHLVHQ�RGHU�
GHDNWLYLHUHQ��EOHLEHQ�6LH�LP�%HQXW]HUPRGXV�VWHFNHQ��6LH�P�VVHQ�
LQ�GLHVHP�)DOO�GHQ�7DVFKHQUHFKQHU�QHX�VWDUWHQ��LQGHP�6LH�; 
JHGU�FNW�KDOWHQ��c�GU�FNHQ�XQG�ORVODVVHQ�XQG�GDQQ�;�
ORVODVVHQ�
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Computer-Algebra-Befehle Seite 14-1

A
dvanced topics

Chapter 14

Computer-Algebra-Befehle

Einführung
,Q�GLHVHP�%DQG�ZHUGHQ�GLH�&RPSXWHU�$OJHEUD�2SHUDWLRQHQ��GLH�LP�+3�
��*�]XU�9HUI�JXQJ�VWHKHQ��LP�'HWDLO�EHVSURFKHQ��

)�U�MHGH�2SHUDWLRQ�ZHUGHQ�IROJHQGH�,QIRUPDWLRQHQ�DXIJHI�KUW�

7\S�� )XQNWLRQ�RGHU�%HIHKO��)XQNWLRQHQ�N|QQHQ�DOV�7HLO�HLQHV�
DOJHEUDLVFKHQ�2EMHNWV�YHUZHQGHW�ZHUGHQ��'LHV�LVW�EHL�
%HIHKOHQ�QLFKW�P|JOLFK��$UEHLWHQ�PLW�)XQNWLRQHQ�RGHU�
%HIHKOHQ�LP�(TXDWLRQ:ULWHU��

� :HQQ�6LH�HLQH�)XQNWLRQ�DXI�HLQHQ�$XVGUXFN�
DQZHQGHQ��HUVFKHLQW�GLH�)XQNWLRQ�DOV�7HLO�GHV�
$XVGUXFNV��6LH�P�VVHQ�VLFKHUVWHOOHQ��GD��GHU�
$XVGUXFN�DXVJHZlKOW�LVW�XQG�DQVFKOLH�HQG�>ù�
GU�FNHQ��XP�GLH�)XQNWLRQ�DXI�GLH�$XVZDKO�
DQ]XZHQGHQ

� :HQQ�6LH�LP�(TXDWLRQ:ULWHU�HLQH�)XQNWLRQ�DXI�HLQHQ�
$XVGUXFN�DQZHQGHQ��ZLUG�GLHVHU�VRIRUW�DXVJHZHUWHW�

%HVFKUHLEXQJ�� (LQH�%HVFKUHLEXQJ�GHU�2SHUDWLRQ�

=XJULII�� 'DV�0HQ�IHOG�E]Z��GLH�$XVZDKOOLVWH��LQ�GHU�HLQH�
2SHUDWLRQ�JHIXQGHQ�ZHUGHQ�NDQQ��XQG�GLH�7DVWHQ��GLH�6LH�
GU�FNHQ�P�VVHQ��XP�GDUDXI�]X]XJUHLIHQ��)DOOV�VLFK�HLQH�
2SHUDWLRQ�LQ�HLQHP�8QWHUPHQ��EHILQGHW��ZLUG�GHU�1DPH�
GHV�8QWHUPHQ�V�LQ�.$3,7b/&+(1�QDFK�GHQ�7DVWHQ�
DXIJHI�KUW�

(LQJDEH�� 'DV�(LQJDEHDUJXPHQW�E]Z��GLH�(LQJDEHDUJXPHQWH��GLH�GLH�
2SHUDWLRQ�EHQ|WLJW��)DOOV�GLH�2SHUDWLRQ�PHKUHUH�
(LQJDEHDUJXPHQWH�HUIRUGHUW��ZHUGHQ�GLH�(LQ]HOKHLWHQ�GHU�
$UJXPHQWH�XQG�GLH�5HLKHQIROJH��LQ�GHU�6LH�VLH�DQJHEHQ�
P�VVHQ��DXIJHI�KUW��GLH�$UJXPHQWHQUHLKHQIROJH�I�U�GHQ�
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DOJHEUDLVFKHQ�0RGXV�XQG�GLH�6WDFNUHLKHQIROJH�I�U�GHQ�
531�0RGXV�

$XVJDEH�� 'LH�$XVJDEH��GLH�YRQ�GHU�2SHUDWLRQ�HU]HXJW�ZLUG�

� ,P�531�0RGXV�ZHUGHQ�GLH�$XVJDEHQ�LP�6WDFN�
DEJHOHJW��

� ,P�DOJHEUDLVFKHQ�0RGXV�ZHUGHQ�GLHVH�:HUWH�LQ�HLQH�
/LVWH�JHVFKULHEHQ��

� :LH�EHL�GHQ�(LQJDEHDUJXPHQWHQ�ZHUGHQ�GLH�$XVJDEHQ�
VRZRKO�I�U�GHQ�DOJHEUDLVFKHQ�0RGXV�XQG�GHQ�531��
0RGXV�EHVFKULHEHQ�

)ODJV�� *HQDX�,QIRUPDWLRQHQ��ZLH�GD�6HW]HQ�YRQ�)ODJV�GLH�
$UEHLWVZHLVH�GHU�)XQNWLRQ�RGHU�GHV�%HIHKOV�EHHLQIOX�W�

%HLVSLHO�� (LQ�%HLVSLHO�GHU�)XQNWLRQ�RGHU�GHV�%HIHKOV�

6LHKH�DXFK�� 9HUZDQGWH�)XQNWLRQHQ�RGHU�%HIHKOH�
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A
dvanced topics

Alphabetische Liste der Befehle

ABCUV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/|VXQJ�LQ�3RO\QRPHQ�]�X�XQG�Y�PLW�DX�EY� F
�]XU�FN��ZR�D�XQG�E�3RO\QRPH�VLQG�XQG�F�HLQ�:HUW�LVW�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�3RO\QRP��GDV�D�HQWVSULFKW�
(EHQH���$UJXPHQW����'DV�3RO\QRP��GDV�E�HQWVSULFKW�
(EHQH���$UJXPHQW����'HU�:HUW��GHU�F�HQWVSULFKW

$XVJDEH�� (EHQH���(OHPHQW����'LH�/|VXQJ��GLH�X�HQWVSULFKW�
(EHQH���(OHPHQW����'LH�/|VXQJ��GLH�Y�HQWVSULFKW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� )LQGH�HLQH�/|VXQJ�PLW�GHQ�3RO\QRPHQ�X�XQG�Y�I�U�GLH�
IROJHQGHQ�*OHLFKXQJ��

%HIHKO�� ABCUV(X^2+X+1,X^2+4,13)

(UJHEQLV�� {-(X+3),X+4}

6LHKH�DXFK�� ,$%&89
(*&'

x
2

x 1+ +( )u x
2 4+( )V+ 13=

P14CAS.fm  Page 3  Sunday, March 5, 2000  11:22 AM



Seite 14-4 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

ACOS2S

7\S�� %HIHKO

%HVFKUHLEXQJ��� )RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DFRV�[��LQ�
8QWHUDXVGU�FNHQ�GXUFK�π��²DVLQ�[��HUVHW]W�ZLUG�

=XJULII�� >û

(LQJDEH�� 'HU�$XVGUXFN��GHU�XPJHIRUPW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�

%HIHKO�� ACOS2S(ACOS(2/3)+ACOS(X))

(UJHEQLV�� π/2-ASIN(2/3)+π/2-ASIN(X)

6LHKH�DXFK�� $6,1�&
$6,1�7
$7$1�6

ADDTMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���$GGLHUW�]ZHL�$XVGU�FNH�RGHU�:HUWH�PRGXOR�GHP�
DNWXHOOHQ�0RGXO��

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�HUVWH�$XVGUXFN�
(EHQH���$UJXPHQW����'HU�]ZHLWH�$XVGUXFN�

$XVJDEH�� 'LH�6XPPH�]ZHLHU�$XVGU�FNH�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

arc
2
3
--- 

 cos arc x( )cos+
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 'U�FNH�GDV�(UJHEQLV�GHU�IROJHQGHQ�$GGLWLRQ�PRGXOR���
DXV�
�[���[������[����
+LQZHLV��9HUZHQGHQ�6LH�GLH�(LQJDEHPDVNH�µ&$6�
0RGHVµ��XP�GHQ�0RGXO�DXI���HLQ]XVWHOOHQ�

%HIHKO�� ADDTMOD(X^2+3*X+6,9*X+3)

(UJHEQLV�� X^2-2*X+2

ASIN2C

7\S�� %HIHKO

%HVFKUHLEXQJ��� )RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DVLQ�[��8QWHUDXVGU�FNH�
GXUFK�π��²DFRV�[��8QWHUDXVGU�FNH�HUVHW]W�ZHUGHQ�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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ASIN2T

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DVLQ�[��
8QWHUDXVGU�FNH�GXUFK�GDV�IROJHQGH�HUVHW]W�ZHUGHQ���

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

(

ATAN2S

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DWDQ�[��
8QWHUDXVGU�FNH�GXUFK�GDV�IROJHQGH�HUVHW]W�ZHUGHQ��

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²)ODJ�²���]XU�FNJHVHW]W��

x

1 x
2–

------------------
 
 
 

atan

x

x
2 1+

------------------
 
 
 

asin
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AXL

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�/LVWH�LQ�HLQ�)HOG�RGHU�HLQ�)HOG�LQ�HLQH�
/LVWH�XP�

=XJULII�� <^

(LQJDEH�� (LQH�/LVWH�RGHU�HLQ�)HOG�

$XVJDEH�� )DOOV�GLH�(LQJDEH�HLQH�/LVWH�LVW��ZLUG�GDV�HQWVSUHFKHQGH�
)HOG�]XU�FNJHJHEHQ��)DOOV�GLH�(LQJDEH�HLQ�)HOG�LVW��ZLUG�
GLH�HQWVSUHFKHQGH�/LVWH�]XU�FNJHJHEHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� :DQGOH�GLH�IROJHQGH�0DWUL[�LQ�HLQH�/LVWH�XP�

%HIHKO�� AXL([[0,1][1,0]])

(UJHEQLV�� {{1.0},{0.1}}

6LHKH�DXFK�� $;0

0 1

1 0
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AXM

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQ�QXPHULVFKHV�)HOG�LQ�HLQH�V\PEROLVFKH�
0DWUL[�XP�

=XJULII�� <%�23(5$7,216

(LQJDEH�� (LQ�)HOG�

$XVJDEH�� 'LH�HQWVSUHFKHQGH�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� $;/
�$;4

AXQ

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�TXDGUDWLVFKH��0DWUL[�LQ�GLH�
GD]XJHK|UHQGH�TXDGUDWLVFKH�)RUP�XP�

=XJULII�� <^

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�QïQ�0DWUL[�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�Q�9DULDEOH�
HQWKlOW�

$XVJDEH�� (EHQH���(OHPHQW����'LH�HQWVSUHFKHQGH�TXDGUDWLVFKH�
)RUP�
(EHQH���(OHPHQW����'HU�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO�� )LQGH�GLH�TXDGUDWLVFKH�)RUP��DXVJHGU�FNW�LQ�7HUPHQ�
PLW�[��\�XQG�]���GLH�]XU�IROJHQGHQ�0DWUL[�JHK|UW�

%HIHKO�� AXQ([[3,6,0][2,4,1][1,1,1]],[X,Y,Z])

(UJHEQLV��
{3*X^2+(8*Y+Z)*X+(4*Y^2+2*Z*Y+Z^2),[X,Y,
Z]}

6LHKH�DXFK�� *$866
4;$

CASCFG

7\S�� %HIHKO

%HVFKUHLEXQJ�� 6WHOOW�GLH�6WDQGDUGHLQVWHOOXQJHQ�GHV�&$6�0RGXV�ZLHGHU�
KHU��'LHVHU�%HIHKO�EHZLUNW�GDVVHOEH��ZLH�GDV�'U�FNHQ�
YRQ�5(6(7��ZlKUHQG�GLH�(LQJDEHPDVNH��&$6�0RGHV��
DQJH]HLJW�ZLUG�

=XJULII�� N�&$6&)*

CHINREM

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�6\VWHP�VLPXOWDQHU�3RO\QRPNRQJUXHQ]HQ�LP�
5LQJ�=>[@�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�9HNWRU�GHU�HUVWHQ�
.RQJUXHQ]��$XVGUXFN�XQG�0RGXO��
(EHQH���$UJXPHQW����(LQ�9HNWRU�GHU�]ZHLWHQ�
.RQJUXHQ]��$XVGUXFN�XQG�0RGXO��

$XVJDEH�� (LQ�9HNWRU�GHU�/|VXQJVNRQJUXHQ]��$XVGUXFN�XQG�
0RGXO��

3 6 0

2 4 1

1 1 1
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GLH�IROJHQGHQ�VLPXOWDQHQ�.RQJUXHQ]HQ�I�U�GDV�
3RO\QRP�X�

�PRG�[���
�PRG�[���

%HIHKO�� CHINREM([X^2+1,X+2],[X-1,X+3])

(UJHEQLV�� [X^3+2*X^2+5,-(X^2+5*X+6)]

6LHKH�DXFK�� ,&+,15(0

CURL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�5RWDWLRQ�HLQHU�GUHLGLPHQVLRQDOHQ�
9HNWRUIXQNWLRQ�]XU�FN�

=XJULII�� <$�'(5,9�$1'�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�GUHLGLPHQVLRQDOH�
9HNWRUIXQNWLRQ�PLW�GUHL�9DULDEOHQ��
(EHQH���$UJXPHQW����(LQ�)HOG��GDV�DXV�GUHL�9DULDEOHQ�
EHVWHKW�

$XVJDEH�� 'LH�5RWDWLRQ�GHU�GUHLGLPHQVLRQDOHQ�9HNWRUIXQNWLRQ�LQ�
%H]XJ�DXI�GLH�DQJHJHEHQHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GLH�5RWDWLRQ�GHU�IROJHQGHQ�9HNWRUIXQNWLRQ�

%HIHKO�� CURL([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

(UJHEQLV�� [2*X*Y,X^2,Y^2]

6LHKH�DXFK�� ',9��+(66

u x
2 1+≡

u x 1–≡

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=
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DERIV

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�SDUWLHOOHQ�$EOHLWXQJHQ�HLQHU�)XQNWLRQ�QDFK�
GHQ�DQJHJHEHQHQ�9DULDEOHQ�]XU�FN�

=XJULII�� <$ '(5,9��	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�)XQNWLRQ�RGHU�HLQH�/LVWH�
PLW�)XQNWLRQHQ�
(EHQH���$UJXPHQW����(LQH�9DULDEOH�RGHU�HLQ�9HNWRU�
DXV�9DULDEOHQ�

$XVJDEH�� (LQH�$EOHLWXQJ�RGHU�HLQ�9HNWRU�DXV�GHQ�$EOHLWXQJHQ�
GHU�)XQNWLRQ�E]Z��GHU�)XQNWLRQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�*UDGLHQWHQ�GHU�IROJHQGHQ�)XQNWLRQ�GHU�
UlXPOLFKHQ�9DULDEOHQ�[��\�XQG�]�

%HIHKO�� DERIV(2*X^2*Y+3*Y^2*Z+Z*X, [X,Y,Z])
EXPAND(ANS(1))

(UJHEQLV�� [4*Y*X+Z,2*X^2+6*Z*Y,X+3*Y^2]

6LHKH�DXFK�� '(59;

2x
2
y 3y

2
z zx+ +
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DERVX

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�$EOHLWXQJ�HLQHU�)XQNWLRQ�QDFK�GHU�DNWXHOOHQ�
9DULDEOHQ�]XU�FN�

=XJULII�� <$'(5,9��	�,17(*�

(LQJDEH�� (LQH�)XQNWLRQ�RGHU�HLQH�/LVWH�PLW�)XQNWLRQHQ��GLH�
GLIIHUHQ]LHUW�ZHUGHQ�VROOHQ�

$XVJDEH�� (LQH�$EOHLWXQJ�RGHU�HLQ�9HNWRU�DXV�GHQ�$EOHLWXQJHQ�
GHU�)XQNWLRQ�E]Z��GHU�)XQNWLRQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� '(5,9

DESOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�EHVWLPPWH�JHZ|KQOLFKH�'LIIHUHQWLDOJOHLFKXQJHQ�
HUVWHU�2UGQXQJ�I�U�GLH�DNWXHOOH�9DULDEOH�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�'LIIHUHQWLDOJOHLFKXQJ�HUVWHU�
2UGQXQJ�
(EHQH���$UJXPHQW����'LH�)XQNWLRQ��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO��

$XVJDEH�� 'LH�/|VXQJ�GHU�*OHLFKXQJ��HQWZHGHU�\�DOV�)XQNWLRQ�
YRQ�[�RGHU�[�DOV�)XQNWLRQ�YRQ�\�RGHU�[�XQG�\�DOV�
)XQNWLRQHQ�HLQHV�3DUDPHWHUV��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� /|VH�GLH�IROJHQGH�'LIIHUHQWLDOJOHLFKXQJ�

%HIHKO�� DESOLVE(d1Y(X)+2*Y(X)=EXP(3*X),Y(X))

(UJHEQLV�� {Y(X)=(1/5*EXP(5*X)+C0*)(1/EXP(X)^2)}

6LHKH�DXFK�� /'(&

DIV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�'LYHUJHQ]�HLQHU�9HNWRUIXQNWLRQ�]XU�FN�

=XJULII�� <$'(5,9��	�,17(*�

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG��GDV�HLQH�
9HNWRUIXQNWLRQ�GDUVWHOOW�
�(EHQH���$UJXPHQW����(LQ�)HOG��GDV�DXV�GHQ�9DULDEOHQ�
EHVWHKW�

$XVJDEH�� 'LH�'LYHUJHQ]�GHU�9HNWRUIXQNWLRQ�LQ�%H]XJ�DXI�GLH�
DQJHJHEHQHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GLH�'LYHUJHQ]�GHU�IROJHQGHQ�9HNWRUIXQNWLRQ�

%HIHKO�� DIV([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

(UJHEQLV�� Y*2*X+X^2+Y^2

6LHKH�DXFK�� &85/��+(66

y′ x( ) 2y x( )+ e
3x=

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=
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DIV2

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�HLQH�HXNOLGLVFKH�'LYLVLRQ�]ZHLHU�$XVGU�FNH�
GXUFK��%HL�GLHVHP�%HIHKO�VWHKW�GHU�VFKULWWZHLVH�0RGXV�
]XU�9HUI�JXQJ��

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
�(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� (EHQH���(OHPHQW����'HU�4XRWLHQW�
�(EHQH���(OHPHQW����'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )�KUH�GLH�IROJHQGH�'LYLVLRQ�DXV�

%HIHKO�� DIV2(X^2+X+1,2*X+4)

(UJHEQLV�� {1/2(X-1),3}

DIV2MOD

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�HLQH�HXNOLGLVFKH�'LYLVLRQ�]ZHLHU�$XVGU�FNH�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�GXUFK�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� (EHQH���(OHPHQW����'HU�4XRWLHQW�
(EHQH���(OHPHQW����'DV�5HVWJOLHG�

x
2

x 1+ +
2x 4+

-----------------------
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GDV�(UJHEQLV�YRQ� �PRGXOR�GHP�

6WDQGDUGPRGXO���
%HIHKO�� DIV2MOD(X^3+4,X^2-1)

(UJHEQLV�� {X X+1}

DIVIS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/LVWH�YRQ�'LYLVRUHQ�HLQHV�3RO\QRPV�RGHU�
HLQHU�JDQ]HQ�=DKO�]XU�FN�

=XJULII�� <!

(LQJDEH�� (LQ�3RO\QRP�RGHU�HLQH�JDQ]H�=DKO�

$XVJDEH�� (LQH�/LVWH��GLH�GLH�$XVGU�FNH�RGHU�JDQ]HQ�=DKOHQ�
HQWKlOW��GLH�JHQDX�LQ�GLH�(LQJDEH�JHWHLOW�ZHUGHQ�
N|QQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�'LYLVRU�GHV�IROJHQGHQ�3RO\QRPV�

%HIHKO�� DIVIS(X^2+3*X+2)

(UJHEQLV�� {1,X+1,X+2,X^2+3*X+2}

6LHKH�DXFK�� DIV2

x
3 4+

x
2 1–

--------------

x
2 3x 2+ +
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DIVMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���7HLOW�]ZHL�$XVGU�FNH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� 'HU�4XRWLHQW�GHU�7HUPH�PRGXOR�GHP�DNWXHOOHQ�0RGXO��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 7HLOH��[���[���GXUFK�[����PRGXOR�GHP�
6WDQGDUGPRGXO���

%HIHKO�� DIVMOD(5*X^2+4*X+2,X^2+1)

(UJHEQLV�� -((X^2-X+1)/X^2+1))

DIVPC

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQ�7DO\RU�3RO\QRP�I�U�GHQ�4XRWLHQWHQ�]ZHLHU�
$XVGU�FNH�]XU�FN�

=XJULII�� <$�/,0,76�	�6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�LP�=lKOHU�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�LP�1HQQHU�
(EHQH���$UJXPHQW����'HU�*UDG�GHV�7DO\RU�3RO\QRPV�

$XVJDEH�� 'DV�7DO\RU�3RO\QRP�GHV�4XRWLHQWHQ�]ZHLHU�$XVGU�FNH�
EHL�[� ���XQG�PLW�GHP�DQJHJHEHQHQ�*UDG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GDV�7DO\RU�3RO\QRP�YLHUWHQ�*UDGHV�I�U�GDV�
IROJHQGH�

%HIHKO�� DIVPC(X^3+4*X+12,11*X^11+1,4)

(UJHEQLV�� 12+4*X+X^3

EGCD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�EHL�]ZHL�JHJHEHQHQ�3RO\QRPHQ�X�XQG�Y�GLH�
3RO\QRPH�D��E�XQG�F�]XU�FN��PLW�
DX�EY F
,Q�GLHVHU�*OHLFKXQJ�LVW�F�GHU�JU|�WH�JHPHLQVDPH�7HLOHU�
�'LYLVRU��YRQ�X�XQG�Y�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�HQWVSULFKW�X�LQ�
GHU�*OHLFKXQJ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�HQWVSULFKW�Y�LQ�GHU�
*OHLFKXQJ�

$XVJDEH�� (EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�F�LQ�GHU�
*OHLFKXQJ�
(EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�D�LQ�GHU�
*OHLFKXQJ�
(EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�E�LQ�GHU�
*OHLFKXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x3 4x 12+ +

11x11 1+
-----------------------------
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%HLVSLHO��� 6XFKH�GLH�3RO\QRPH�I�U�D��E�XQG�F��ZREHL�F�GHU�JU|�WH�
JHPHLQVDPH�7HLOHU�YRQ�X�XQG�Y�LVW�XQG�]ZDU�VR�GD��

%HIHKO�� EGCD(X^2+1,X-1)

(UJHEQLV�� {2,1,-(X+1)}

6LHKH�DXFK�� ,(*&'

EPSX0

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���(UVHW]W�DOOH�.RHIIL]LHQWHQ�LQ�HLQHP�3RO\QRP��GHUHQ�
$EVROXWEHWUDJ�NOHLQHU�LVW�DOV�GHU�%HWUDJ��GHU�LQ�GHU�
9DULDEOHQ�(36�JHVSHLFKHUW�LVW��GXUFK����'HU�%HWUDJ�LQ�
(36�PX��NOHLQHU�DOV���VHLQ�

=XJULII�� N

(LQJDEH�� (LQ�3RO\QRP�

$XVJDEH�� 'DV�3RO\QRP��EHL�GHP�GLH�HQWVSUHFKHQGHQ�
.RHIIL]LHQWHQ�GXUFK���HUVHW]W�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

u x2 1+( ) v x 1–( )+ c=
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EULER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ��� *LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�$Q]DKO�GHU�JDQ]HQ�
=DKOHQ��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�XQG�WHLOHUIUHPG�]X�
LKU�VLQG���(XOHUVFKH�Φ�)XQNWLRQ��

=XJULII�� <! ,17(*(5

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'LH�$Q]DKO�GHU�SRVLWLYHQ�JDQ]HQ�=DKOHQ��GLH�NOHLQHU�DOV�
GLH�JDQ]H�=DKO�XQG�WHLOHUIUHPG�]X�LKU�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

EXLR

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�UHFKWH�XQG�OLQNH�6HLWH�HLQHU�*OHLFKXQJ�DOV�
GLVNUHWH�$XVGU�FNH�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQH�*OHLFKXQJ�

$XVJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�DXI�GHU�OLQNHQ�
6HLWH�GHV��� ���=HLFKHQV�LQ�GHU�XUVSU�QJOLFKHQ��
*OHLFKXQJ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�DXI�GHU�UHFKWHQ�
6HLWH�GHV��� ���=HLFKHQV�LQ�GHU�XUVSU�QJOLFKHQ��
*OHLFKXQJ�

)ODJV��� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 7HLOH�GLH�IROJHQGH�*OHLFKXQJHQ�LQ�LKUH�EHLGHQ�
.RPSRQHQWHQDXVGU�FNH�
VLQ�[� �[�\

%HIHKO�� EXLR(SIN(X)=5*X+Y)

(UJHEQLV�� {SIN(X) 5*X+Y}

EXPAN

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN��'LHVHU�%HIHKO�LVW�LGHQWLVFK�PLW�GHP�%HIHKO�
(;3$1'��(U�ZXUGH�DXIJHQRPPHQ��XP�GLH�
$EZlUWVNRPSDWLELOLWlW�PLW�GHQ�7DVFKHQUHFKQHUQ�GHU�
+3�����6HULH�]X�JHZlKUOHLVWHQ�

=XJULII�� N

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� (;3$1'
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EXPAND

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�E]Z��HLQ�)HOG�PLW�$XVGU�FNHQ�

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�RGHU�)HOG�
PLW�$XVGU�FNHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN��

%HIHKO�� EXPAN((X^2+2*X+1)/(X+1))

(UJHEQLV�� X+1

6LHKH�DXFK�� (;3$1

EXPANDMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN�PRGXOR�GHP�DNWXHOOHQ�0RGXO��

=XJULII�� <!�02'8/2

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�PRGXOR�
GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x
2 2x 1+ +( )

x 1+
-------------------------------
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%HLVSLHO��� (QWZLFNOH�GHQ�IROJHQGHQ�$XVGUXFN�XQG�JLE�GDV�
(UJHEQLV�PRGXOR����6WDQGDUGHLQVWHOOXQJ�I�U�PRGXOR��
DQ�

%HIHKO�� EXPANDMOD((X+3)*(X+4))

(UJHEQLV�� X^2+X

EXPLN

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�GLH�WULJRQRPHWULVFKHQ�7HUPH�LQ�HLQHQ�$XVGUXFN�
PLW�H[SRQHQWLHOOHQ�XQG�ORJDULWKPLVFKHQ�7HUPHQ�XP�

=XJULII�� <^

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� )RUPH�GHQ�IROJHQGHQ�$XVGUXFN�XP�XQG�YHUHLQIDFKH�
GDV�(UJHEQLV�PLW�GHP�%HIHKO�(;3$1'�

%HIHKO�� EXPLN(2*COS(X^2))
EXPAND(ANS(1))

(UJHEQLV��

6LHKH�DXFK�� 6,1&26

x 3+( ) x 4+( )

2 x
2( )cos

EXP i·X2( )
2

1+

EXP i··X2( )
-------------------------------------
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FACTOR

7\S�� %HIHKO

%HVFKUHLEXQJ���)DNWRULVLHUW�HLQ�3RO\QRP�RGHU�HLQH�JDQ]H�=DKO�

� 'LHVH�)XQNWLRQ�GU�FNW�HLQ�3RO\QRP�DOV�3URGXNW�QLFKW�
IDNWRULVLHUEDUHU�3RO\QRPH�DXV��

� 'LHVH�)XQNWLRQ�GU�FNW�HLQH�JDQ]H�=DKO�DOV�3URGXNW�
YRQ�3ULP]DKOHQ�DXV�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�RGHU�HLQH�JDQ]H�=DKO�

$XVJDEH�� 'HU�IDNWRULVLHUWH�$XVGUXFN�RGHU�GLH�DOV�3URGXNW�YRQ�
3ULP]DKOHQ�GDUJHVWHOOWH�JDQ]H�=DKO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )DNWRULVLHUH�GDV�IROJHQGH�

%HIHKO�� FACTOR(X^2+5*X+6)

(UJHEQLV�� (X+2)(X+3)

6LHKH�DXFK�� (;3$1'

x
2 5x 6+ +
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FACTORMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)DNWRULVLHUW�HLQ�3RO\QRP�PRGXOR�GHP�DNWXHOOHQ�0RGXO��
'HU�0RGXO�PX��NOHLQHU�DOV�����XQG�HLQH�3ULP]DKO�VHLQ�

=XJULII�� <!�02'8/2

(LQJDEH�� 'HU�$XVGUXFN��GHU�IDNWRULVLHUW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�IDNWRULVLHUWH�$XVGUXFN�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )DNWRULVLHUH�GHQ�IROJHQGHQ�$XVGUXFN�PRGXOR�GHP�
6WDQGDUGPRGXO���
[���

%HIHKO�� FACTORMOD(X^2+2)

(UJHEQLV�� (X+1)*(X-1)

FACTORS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQHQ�:HUW�RGHU�HLQHQ�$XVGUXFN�HLQH�/LVWH�GHU�
3ULPIDNWRUHQ�XQG�LKUHU�9LHOIDFKKHLWHQ�]XU�FN�

=XJULII�� <!

(LQJDEH�� (LQ�:HUW�RGHU�HLQ�$XVGUXFN�

$XVJDEH�� (LQH�/LVWH�YRQ�3ULPIDNWRUHQ�GHV�:HUWHV�RGHU�
$XVGUXFN��LQ�GHU�KLQWHU�MHGHP�)DNWRU�VHLQH�9LHOIDFKKHLW�
DXIJHI�KUW�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO����� 6XFKH�GLH�3ULPIDNWRUHQ�YRQ�����
%HIHKO�� FACTORS(100)

(UJHEQLV�� {5 2. 2 2.}

%HLVSLHO���� 6XFKH�GLH�QLFKW�UHGX]LHUEDUHQ�)DNWRUHQ�YRQ��

%HIHKO�� FACTORS(X^2+4*X+4)

(UJHEQLV�� {X+2,2.}

FCOEF

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�)HOG�PLW�:XU]HOQ�XQG�9LHOIDFKKHLWHQ�
3ROHQ�HLQ�UDWLRQDOHV�3RO\QRP�PLW�GHQ�DQJHJHEHQHQ�
:XU]HOQ��3ROHQ�XQG�9LHOIDFKKHLWHQ�]XU�FN��GDV�DOV�
I�KUHQGHQ�.RHIIL]LHQWHQ�HLQH����KDW�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQ�)HOG�LQ�GHU�)RUP�>:XU]HO����9LHOIDFKKHLW�3ROH����
:XU]HO����9LHOIDFKKHLW�3ROH��������@�'LH�9LHOIDFKKHLW�3RO�
PX��HLQH�JDQ]H�=DKO�VHLQ��(LQH�SRVLWLYH�=DKO�
NHQQ]HLFKQHW�HLQH�9LHOIDFKKHLW��(LQH�QHJDWLYH�=DKO�
NHQQ]HLFKQHW�HLQHQ�3RO�

$XVJDEH�� 'DV�UDWLRQDOH�3RO\QRP�PLW�GHQ�DQJHJHEHQHQ�:XU]HOQ�
XQG�9LHOIDFKKHLWHQ�3ROHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�UDWLRQDOH�3RO\QRP�HQWVSUHFKHQG�GHU�
IROJHQGHQ�0HQJH�YRQ�:XU]HOQ�XQG�3ROHQ�
���������²�

%HIHKO�� FCOEF([1,2,3,-1])

(UJHEQLV�� (X-1)^2/(X-3)

6LHKH�DXFK�� )52276

x2 4x 4+ +
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FOURIER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ��� *LEW�GHQ�Q�WHQ�.RHIIL]LHQW�HLQHU�NRPSOH[HQ�)RXULHU�
5HLKHQHQWZLFNOXQJ�]XU�FN��'LH�9DULDEOH�PERIODE�PX��
LP�DNWXHOOHQ�3IDG�VHLQ�XQG�/��GLH�3HULRGH�GHU�
(LQJDEHIXQNWLRQ��HQWKDOWHQ

=XJULII�� <$�'(5,9��	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN
�(EHQH���$UJXPHQW����'LH�=DKO�Q�GHV�.RHIIL]LHQWHQ��
GHU�]XU�FNJHJHEHQ�ZHUGHQ�VROO�

$XVJDEH�� 'HU�Q�WH�)RXULHU�.RHIIL]LHQW�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��G�K��)ODJ�²
����PX��JHVHW]W�VHLQ�

FROOTS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�UDWLRQDOHV�3RO\QRP�HLQ�)HOG�PLW�GHQ�
:XU]HOQ�XQG�3ROHQ�XQG�GHQ�MHZHLOLJHQ�9LHOIDFKKHLWHQ�
]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQ�UDWLRQDOHV�3RO\QRP�

$XVJDEH�� (LQ�)HOG�LQ�GHU�)RUP�>:XU]HO����9LHOIDFKKHLW����)HOG����
9LHOIDFKKHLW��������@
(LQH�QHJDWLYH�9LHOIDFKKHLW�]HLJW�HLQHQ�3RO�DQ�
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W���'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�
HLQJHVWHOOW�VHLQ��)ODJ�²���]XU�FNJHVHW]W��
:HQQ�GHU�NRPSOH[H�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�)52276�VRZRKO�QDFK�NRPSOH[HQ�DOV�
DXFK�QDFK�UHHOOHQ�/|VXQJHQ��

:HQQ�GHU�1lKHUXQJVPRGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�)52276�QDFK�QXPHULVFKHQ�:XU]HOQ�

6LHKH�DXFK�� )&2()

FXND

7\S�� %HIHKO

%HVFKUHLEXQJ���7HLOW�HLQ�2EMHNW�LQ�HLQHQ�=lKOHU�XQG�HLQHQ�1HQQHU�DXI�

=XJULII�� N

(LQJDEH�� (LQ�%UXFK�RGHU�HLQ�2EMHNW��GDV�DOV�%UXFK�DXVJHZHUWHW�
ZLUG�

$XVJDEH�� 'DV�2EMHNWH��LQ�=lKOHU�XQG�1HQQHU�DXIJHWHLOW�
(EHQH���(OHPHQW����'HU�=lKOHU�
��(EHQH���(OHPHQW����'HU�1HQQHU�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� *LE�GHQ�=lKOHU�XQG�1HQQHU�GHV�IROJHQGHQ�$XVGUXFNV�
]XU�FN�

%HIHKO�� FXND((X-3)^2/(Z+4))

(UJHEQLV�� (EHQH���(OHPHQW����(X-3)^2
(EHQH���(OHPHQW����Z+4

x 3–( )2

z 4+
------------------
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GAUSS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�'LDJRQDOGDUVWHOOXQJ�HLQHU�TXDGUDWLVFKH�)RUP�
]XU�FN�

=XJULII�� <%�48$'5$7,&�)250

(LQJDEH�� (EHQH���$UJXPHQW����'LH�TXDGUDWLVFKH�)RUP�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�GLH�
XQDEKlQJLJHQ�9DULDEOHQ�HQWKlOW�

$XVJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG�PLW�GHQ�.RHIIL]LHQWHQ�
GHU�'LDJRQDOHQ�
(EHQH���$UJXPHQW����(LQH�0DWUL[�3��GHUHQ�
TXDGUDWLVFKH�)RUP�GDUJHVWHOOW�ZLUG�DOV�37'3��ZREHL�GLH�
'LDJRQDOPDWUL[�'�GLH�.RHIIL]LHQWHQ�GHU�
'LDJRQDOGDUVWHOOXQJ�HQWKlOW�
(EHQH���$UJXPHQW����'LH�'LDJRQDOGDUVWHOOXQJ�GHU�
TXDGUDWLVFKHQ��)RUP�
(EHQH���$UJXPHQW����(LQH�/LVWH�GHU�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�V\PEROLVFKH�*DX�VFKH�TXDGUDWLVFKH�)RUP�
I�U�GDV�IROJHQGH�

%HIHKO�� GAUSS(X^2+2*A*X*Y,[X,Y])

(UJHEQLV�� {[1,-A^2] [[1,A][0,1]],-
(A^2*Y^2)+(A*Y+X)^2,[X,Y])

6LHKH�DXFK�� $;4
4;$

x2 2axy+
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GCD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�2EMHNWH�
]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�RGHU�HLQ�2EMHNW��
GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�
(EHQH���$UJXPHQW����(LQ�$XVGUXFN�RGHU�HLQ�2EMHNW��
GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�YRQ������XQG�
���

%HIHKO�� GCD(2805,99)

(UJHEQLV�� 33

6LHKH�DXFK�� *&'02'
(*&'
,(*&'
/&0
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GCDMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���6XFKW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�
3RO\QRPH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRPDXVGUXFN�
(EHQH���$UJXPHQW����(LQ�3RO\QRPDXVGUXFN�

$XVJDEH�� 'HU�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�$XVGU�FNH�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� *&'

HADAMARD

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�GLH�HOHPHQWHZHLVH�0XOWLSOLNDWLRQ�]ZHLHU�
0DWUL]HQ�GXUFK��+DGDPDUG�3URGXNW��

=XJULII�� <% 23(5$7,216

(LQJDEH�� (EHQH���$UJXPHQW����0DWUL[���
(EHQH���$UJXPHQW����0DWUL[���
'LH�0DWUL]HQ�P�VVHQ�YRQ�GHU�JOHLFKHQ�2UGQXQJ�VHLQ�

$XVJDEH�� 'LH�0DWUL[��GLH�GDV�(UJHEQLV�GHU�0XOWLSOLNDWLRQ�
GDUVWHOOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GDV�+DGDPDUG�3URGXNW�GHU�IROJHQGHQ�EHLGHQ�
0DWUL]HQ�

�XQG�

%HIHKO�� HADAMARD([[3,-
1,2][0,1,4]],[2,3,0][1,5,2]]

(UJHEQLV�� [[6,-3,-0][0.5.8]]

HALFTAN

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQHQ�$XVGUXFN�XP��LQGHP�VLQ�[���FRV[��XQG�
WDQ[��8QWHUDXVGU�FNH�GXUFK�WDQ�[����7HUPH�HUVHW]W�
ZHUGHQ

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

HERMITE

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�Q�WH�+HUPLWH�3RO\QRP�]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'HU�HQWVSUHFKHQGH�3RO\QRPDXVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

3 1– 2

0 1 4

2 3 0

1 5 2
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%HLVSLHO��� 6XFKH�GDV�+HUPLWH�3RO\QRP���*UDGHV
%HIHKO�� HERMITE(4)

(UJHEQLV�� 16*X^4-48*X^2+12

HESS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�+HVVHPDWUL[�XQG�GHQ�*UDGLHQWHQ�HLQHV�
$XVGUXFNV�I�U�GLH�DQJHJHEHQHQ�9DULDEOHQ�DQ�

=XJULII�� <$�'(5,9�	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ�

$XVJDEH�� (EHQH���(OHPHQW����'LH�+HVVHPDWUL[�I�U�GLH�
DQJHJHEHQHQ�9DULDEOHQ�
(EHQH���(OHPHQW����'HU�*UDGLHQWHQ�I�U�GLH�
DQJHJHEHQHQ�9DULDEOHQ�
(EHQH���(OHPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� &85/
',9
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HILBERT

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�TXDGUDWLVFKH�+LOEHUW�0DWUL[�GHU�DQJHJHEHQHQ�
2UGQXQJ�]XU�FN�

=XJULII�� <% &5($7(

(LQJDEH�� (LQH�SRVLWLYH�JDQ]H�=DKO��GLH�GLH�2UGQXQJ�GDUVWHOOW�

$XVJDEH�� 'LH�+LOEHUW�0DWUL[�GHU�DQJHJHEHQHQ�2UGQXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�+LOEHUW�0DWUL[����2UGQXQJ�
%HIHKO��� HILBERT(3)

(UJHEQLV��

HORNER

7\S�� %HIHKO

%HVFKUHLEXQJ���:HQGHW�HLQ�+RUQHU�6FKHPD�DXI�HLQHP�3RO\QRP�DQ��
'DV�EHGHXWHW��I�U�HLQ�JHJHEHQHV�3RO\QRP�3�XQG�HLQH�
=DKO�U�JLEW�GHU�%HIHKO�+251(5�3��[²U��]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRP�3�
(EHQH���$UJXPHQW����(LQH�=DKO�U�

$XVJDEH�� (EHQH���(OHPHQW����3��[²U�
(EHQH���(OHPHQW����U�
(EHQH���(OHPHQW����3�U���GDV�5HVWJOLHG��GHU�'LYLVLRQ

1
1
2
--- 1

3
---

1
2
--- 1

3
--- 1

4
---

1
3
--- 1

4
--- 1

5
---
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�I�U�U ��GDV�(UJHEQLV�GHU�$QZHQGXQJ�HLQHV�
+RUQHU�6FKHPDV�DXI�GDV�IROJHQGH�3RO\QRP�

%HIHKO�� HORNER(X^2+X+1,3)

(UJHEQLV� (X+4,3,13)

I→R

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�JDQ]H�=DKO�LQ�HLQH�UHHOOH�=DKO�XP�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�JDQ]H�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�LQ�HLQH�UHHOOH�=DKO�
XPJHZDQGHOWH�JDQ]H�=DKO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 5→,

x
2

x 1+ +
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IABCUV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/|VXQJ�LQ�JDQ]HQ�=DKOHQ�X�XQG�Y�YRQ�DX���EY�
 �F�]XU�FN��ZREHL�D��E�XQG�F�JDQ]H�=DKOHQ�VLQG�

=XJULII�� <!�,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����'HU�:HUW�YRQ�D�
(EHQH���$UJXPHQW����'HU�:HUW�YRQ�E�
(EHQH���$UJXPHQW����'HU�:HUW�YRQ�F�

$XVJDEH�� (EHQH���(OHPHQW����'HU�:HUW�I�U�X�
(EHQH���(OHPHQW����'HU�:HUW�I�U�Y�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�I�U�GLH�IROJHQGH�*OHLFKXQJ�HLQH�JDQ]]DKOLJH�
/|VXQJ�
�D�����E� ��

%HIHKO�� IABCUV(6,11,3)

(UJHEQLV�� {6,-3}

6LHKH�DXFK�� $%&89

IBERNOULLI

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�Q�WH�%HUQRXOOLVFKH�=DKO�I�U�HLQH�JHJHEHQH�
JDQ]H�=DKO�]XU�FN�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�JDQ]H�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�HQWVSUHFKHQGH�Q�WH�
%HUQRXOOLVFKH�=DKO�I�U�GLH�JDQ]H�=DKO�

)ODJV�� 'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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IBP

7\S�� %HIHKO

%HVFKUHLEXQJ��� )�KUW�GLH�SDUWLHOOH�,QWHJUDWLRQ�HLQHU�)XQNWLRQ�GXUFK��'LH�
)XQNWLRQ�PX��DOV�3URGXNW�]ZHLHU�)XQNWLRQHQ�GDUJHVWHOOW�
ZHUGHQ�N|QQHQ��ZREHL�GLH�6WDPPIXQNWLRQ�HLQHU�GHU�
EHLGHQ�)XQNWLRQHQ�EHNDQQW�VHLQ�PX��
f(x) = u(x).v’(x)

%HDFKWHQ�6LH��GD��GLHVHU�%HIHKO�QXU�LP�531�0RGXV�YHUZHQGHW�ZHUGHQ�
NDQQ�

=XJULII�� <$'(5,9�	�,17(*

(LQJDEH�� (EHQH����'HU�,QWHJUDQG��DXVJHGU�FNW�DOV�3URGXNW�]ZHLHU�
)XQNWLRQHQ�u(x).v’(x)
(EHQH����'LH�6WDPPIXQNWLRQ�Y�[��GHU�HLQHQ�
.RPSRQHQWHQIXQNWLRQ�

$XVJDEH�� (EHQH����X�[�Y�[�
(EHQH�����X·�[�Y�[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� %HUHFKQH�GDV�IROJHQGH�PLWWHOV�SDUWLHOOHU�,QWHJUDWLRQ�

%HIHKO��� :HQGHQ�6LH�GHQ�%HIHKO�,%3�DQ�
� (EHQH����X*COS(X)

(EHQH����SIN(X)

(UJHEQLV��� (EHQH��� SIN(X).X
(EHQH����-SIN(X)

%HIHKO��� :HQGHQ�6LH�GHQ�%HIHKO�,179;�DXI�(EHQH����-SIN(X), 
an

(UJHEQLV�� (EHQH����SIN(X).X
(EHQH����COS(X)

%HIHKO����� 'U�FNHQ�6LH�=��XP�GDV�(UJHEQLV�]XP�:HUW�GHU�(EHQH���
KLQ]X]lKOHQ�XQG�GDV�(QGHUJHEQLV�]X�HUKDOWHQ�

x x( )cos xd∫
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(UJHEQLV�� SIN(X).(X)+COS(X)

6LHKH�DXFK�� ,179;
,17
35(9$/
5,6&+

ICHINREM

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�6\VWHP�PLW�]ZHL�JDQ]]DKOLJHU�.RQJUXHQ]HQ�
GXUFK�$QZHQGXQJ�GHV�&KLQHVLVFKH�5HVWVDW]HV�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHU�HUVWHQ�
9DULDEOHQ�XQG�GHP�0RGXO�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHU�]ZHLWHQ�
9DULDEOHQ�XQG�GHP�0RGXO�

$XVJDEH�� (LQ�9HNWRU�GHU�/|VXQJ��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GDV�IROJHQGH�.RQJUXHQ]V\VWHP��
�0RGXOR��
�0RGXOR��

%HIHKO�� ICHINREM([2,3],[1,5])

(UJHEQLV� [-4, 15]

6LHKH�DXFK�� &+,15(0

x 2≡
x 1≡
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IDIV2

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�]ZHL�JDQ]H�=DKOHQ�D�XQG�E�GHQ�JDQ]]DKOLJHQ�
7HLO�YRQ�D�E�XQG�GDV�5HVWJOLHG�U�]XU�FN�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����D�
(EHQH���$UJXPHQW����E�

$XVJDEH�� (EHQH���(OHPHQW����'HU�JDQ]]DKOLJH�7HLO�YRQ�D�E�
(EHQH���(OHPHQW����'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� *LE�GHQ�JDQ]]DKOLJHQ�7HLO�XQG�GDV�5HVWJOLHG�YRQ�
����������]XU�FN�

%HIHKO�� IDIV2(11632,864)

(UJHEQLV�� {13.400}

6LHKH�DXFK�� ',9�

IEGCD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�EHL�]ZHL�JDQ]HQ�=DKOHQ�[�XQG�\�GUHL�JDQ]H�=DKOHQ�
D��E�XQG�F�]XU�FN��I�U�GLH�JLOW�
D[�E\ F

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����[�
(EHQH���$UJXPHQW����\�

$XVJDEH�� (EHQH���(OHPHQW����F�
(EHQH���(OHPHQW����D�
(EHQH���(OHPHQW����E�
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� (*&'

ILAP

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�I�U�HLQHQ�
$XVGUXFN�]XU�FN��'HU�$XVGUXFN�PX��HLQHQ�UDWLRQDOHQ�
%UXFK�HUJHEHQ�

=XJULII�� <$ ',))(5(17,$/�(416

(LQJDEH�� (LQ�UDWLRQDOHU�$XVGUXFN�

$XVJDEH�� 'LH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�YRQ�

%HIHKO�� ILAP(1/(X-5)^2)

(UJHEQLV�� X*EXP(5*X)

1

x 5–( )2
------------------
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INT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�I�U�HLQH�JHJHEHQH�9DULDEOH�
DQ�HLQHP�JHJHEHQHQ�3XQNW�GLH�6WDPPIXQNWLRQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�
(EHQH���(OHPHQW����'HU�9DULDEOH�QDFK�DEJHOHLWHW�
ZHUGHQ�VROO�
(EHQH���(OHPHQW����'HU�3XQNW��DQ�GHP�GLH�
6WDPPIXQNWLRQ�EHUHFKQHW�ZHUGHQ�VROO��'HU�3XQNW�NDQQ�
HLQH�9DULDEOH�RGHU�HLQ�$XVGUXFN�VHLQ�

$XVJDEH�� %HUHFKQHW�GLH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�I�U�GLH�
JHJHEHQH�9DULDEOH��DQ�GHP�YRQ�,KQHQ�YRUJHJHEHQHQ�
3XQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK��� ,179;
5,6&+

INTVX

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���6XFKW�I�U�HLQH�)XQNWLRQ�GLH�6WDPPIXQNWLRQ�I�U�GLH�
DNWXHOOH�6WDQGDUGYDULDEOH�V\PEROLVFK��

=XJULII�� <$ '(5,9��	�,17(*

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GLH�6WDPPIXQNWLRQ�I�U�GDV�IROJHQGH�

%HIHKO�� INTVX(X^2*LN(X))

(UJHEQLV�� 1/3*X^3*LN(X)+(-1/9)X^3

6LHKH�DXFK�� ,%3
5,6&+
35(9$/

INVMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�,QYHUVLRQ�]ZHLHU�2EMHNWH�GXUFK�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <! 02'8/2

(LQJDEH�� (LQ�2EMHNW�

$XVJDEH�� 'DV�PRGXODUH�,QYHUVH�GHV�2EMHNWV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GDV�IROJHQGH�I�U�[�PRGXOR�GHP�6WDQGDUGPRGXO���

%HIHKO�� INVMOD(2)

(UJHEQLV�� -1

x
2

xln

2x 1≡( )
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IQUOT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�]ZHL�JDQ]H�=DKOHQ�GHQ�JDQ]]DKOLJHQ�
4XRWLHQWHQ�]XU�FN��'DV�KHL�W��GHU�%HIHKO�JLEW�I�U�]ZHL�
JDQ]H�=DKOHQ�D�XQG�E�GLH�JDQ]H�=DKO�T�]XU�FN��I�U�GLH�
JLOW�
D� �TE���U��XQG�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���(OHPHQW����'HU�'LYLGHQG�
(EHQH���(OHPHQW����'HU�'LYLVRU�

$XVJDEH�� 'HU�JDQ]]DKOLJH�4XRWLHQW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 4827

IREMAINDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�5HVWJOLHG�HLQHU�*DQ]]DKOGLYLVLRQ�]XU�FN

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�=lKOHU�
(EHQH���$UJXPHQW����'HU�1HQQHU�

$XVJDEH�� 'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� ,',9�

0 r b<≤
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ISPRIME?

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���hEHUSU�IW��RE�HLQH�=DKO�HLQH�3ULP]DKO�LVW�

=XJULII�� <! ,17(*(5

(LQJDEH�� (LQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� ���:DKU���IDOOV�GLH�=DKO�HLQH�3ULP]DKO�LVW�����)DOVFK��IDOOV�
QLFKW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 1(;735,0(��35(935,0(

JORDAN

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�GLH�(LJHQZHUWH��(LJHQYHNWRUHQ��GDV�
0LQLPDOSRO\QRP�XQG�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�
HLQHU�0DWUL[�

=XJULII�� <%(,*(19(&7256

(LQJDEH�� (LQH�Q�ï�Q�0DWUL[�

$XVJDEH�� (EHQH���(OHPHQW����'DV�0LQLPDOSRO\QRP�
�(EHQH���(OHPHQW����'DV�FKDUDNWHULVWLVFKH�3RO\QRP�
�(EHQH���(OHPHQW����(LQ�/LVWH�PLW�(LJHQUlXPHQ��GLH�
GXUFK�GLH�HQWVSUHFKHQGHQ�(LJHQZHUWH�JHNHQQ]HLFKQHW�
VLQG��HQWZHGHU�HLQ�9HNWRU�RGHU�HLQH�/LVWH�PLW�-RUGDQ�
.HWWHQ��GLH�DOOH�PLW�HLQH�(LJHQYHNWRU�HQGHQ��GHU�PLW�
�(LJHQ���EH]HLFKQHW�LVW��
�(EHQH���(OHPHQW����(LQ�)HOG�DXV�(LJHQZHUWHQ�PLW�
9LHOIDFKKHLWHQ

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LAGRANGE

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�:HUWHSDDU�GDV�LQWHUSROLHUWH�3RO\QRP�
QLHGULJVWHQ�*UDGHV�]XU�FN�

=XJULII�� $ULWKPHWLF� <!�32/<120,$/

(LQJDEH�� (LQH���ï�Q�0DWUL[�DXV�GHQ�Q�:HUWHSDDUHQ�

$XVJDEH�� 'DV�3RO\QRP��GDV�GDV�(UJHEQLV�GHU�/DJUDQJH�
,QWHUSRODWLRQ�GHU�'DWHQ�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�,QWHUSRODWLRQVSRO\QRP�I�U�GLH�'DWHQ���������������
������������

%HIHKO�� LAGRANGE( )

(UJHEQLV��

1 3 4 2

6 7 8 9

8x3 63x2– 151x 60–+
6

--------------------------------------------------------
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LAP

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�I�U�GLH�DNWXHOOH�6WDQGDUGYDULDEOH�HLQH�/DSODFH�
7UDQVIRUPDWLRQ�DXI�HLQHQ�$XVGUXFN�GXUFK�

=XJULII�� <$ ',))(5(17,$/�(416

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'LH�/DSODFH�7UDQVIRUPDWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�/DSODFH�7UDQVIRUPDWLRQ�YRQ�H[�
%HIHKO�� LAP(EXP(X))

(UJHEQLV�� 1/(X-1)

LAPL

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GHQ�/DSODFH�2SHUDWRU�HLQHU�)XQNWLRQ�I�U�HLQH�
9DULDEOHQOLVWH�]XU�FN�

=XJULII�� <$�'(5,9�	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW���(LQ�$XVGUXFN�
�(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�9DULDEOHQ�

$XVJDEH�� 'HU�/DSODFH�2SHUDWRU�GHV�$XVGUXFNV�I�U�GLH�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�XQG�YHUHLQIDFKH�GHQ�/DSODFH�2SHUDWRU�GHV�
IROJHQGHQ�$XVGUXFNV�

%HIHKO�� LAPL(EXP(X)*COS(Z*Y),[X,Y,Z])
EXPAND(ANS(1))

(UJHEQLV�� -((Y^2+Z^2-1)*EXP(X)*COS(Z*Y))

LCM

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�]ZHLHU�2EMHNWH�
]XU�FN�

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN��HLQH�=DKO�RGHU�
HLQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�
(EHQH���$UJXPHQW����(LQ�$XVGUXFN��HLQH�=DKO�RGHU�
HLQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� 'DV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�GHU�2EMHNWH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�GHU�IROJHQGHQ�
EHLGHQ�$XVGU�FNH�

[²�
%HIHKO�� LCM(X^2-1,X-1)

(UJHEQLV� X^2-1

6LHKH�DXFK�� *&'

ex zy( )cos

x
2 1–
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LCXM

7\S�� %HIHKO

%HVFKUHLEXQJ���(LQ�3URJUDPP�PLW�]ZHL�$UJXPHQWHQ��GDV�HLQH�0DWUL[�
PLW�GHU�DQJHJHEHQHQ�$Q]DKO�=HLOHQ�XQG�6SDOWHQ�
HUVWHOOW��DLM� �I�L�M��

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'LH�$Q]DKO�GHU�=HLOHQ��GLH�6LH�LQ�
GHU�UHVXOWLHUHQGHQ�0DWUL[�KDEHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'LH�$Q]DKO�GHU�6SDOWHQ��GLH�6LH�
LQ�GHU�UHVXOWLHUHQGHQ�0DWUL[�KDEHQ�P|FKWHQ�
(EHQH���$UJXPHQW����(LQ�3URJUDPP��GDV�]ZHL�
$UJXPHQWH�YHUZHQGHW�

$XVJDEH�� 'LH�UHVXOWLHUHQGH�0DWUL[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� (UVWHOOH�HLQH���ï���0DWUL[�PLW�DLM L��M�

%HIHKO�� LCXM(2,3,<<→I J ‘I+2*J’>>)

(UJHEQLV�� 3 5 7

4 6 8
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LDEC

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQH�OLQHDUH�'LIIHUHQWLDOJOHLFKXQJ�PLW�NRQVWDQWHQ�
.RHIIL]LHQWHQ�RGHU�HLQ�6\VWHP�OLQHDUHU�
'LIIHUHQWLDOJOHLFKXQJHQ�HUVWHU�2UGQXQJ�PLW�NRQVWDQWHQ�
.RHIIL]LHQWHQ��

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����)�U�HLQH�HLQ]HOQH�*OHLFKXQJ��GLH�
)XQNWLRQ�DXI�GHU�UHFKWHQ�6HLWH�GHU�*OHLFKXQJ��)�U�HLQ�
*OHLFKXQJVV\VWHP��HLQ�)HOG�DXV�GHQ�7HUPHQ��GLH�GLH�
DEKlQJLJH�9DULDEOH�QLFKW�HQWKDOWHQ�
(EHQH���$UJXPHQW����)�U�HLQH�*OHLFKXQJ��GDV�
]XJHK|ULJH�KRPRJHQH�3RO\QRP��)�U�HLQ�
*OHLFKXQJVV\VWHP��GLH�0DWUL[�PLW�GHQ�.RHIIL]LHQWHQ�
GHU�DEKlQJLJHQ�9DULDEOHQ�

$XVJDEH�� 'LH�/|VXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LEGENDRE

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�/HJHQGUH�3RO\QRP�Q�WHQ�*UDGHV�]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQH�JDQ]H�=DKO�Q�

$XVJDEH�� 'DV�Q�WH�/HJHQGUH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�/HJHQGUH�3RO\QRP���*UDGHV
%HIHKO�� LEGENDRE(4)

(UJHEQLV�� (35*X^4-30*X^2+3)/8

LGCD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�I�U�HLQH�/LVWH�
PLW�$XVGU�FNHQ�RGHU�:HUWHQ�]XU�FN�

=XJULII�� <!�

(LQJDEH�� (LQH�/LVWH�YRQ�$XVGU�FNHQ�RGHU�:HUWHQ�

$XVJDEH�� (EHQH���(OHPHQW����'LH�/LVWH�GHU�(OHPHQWH�
(EHQH���(OHPHQW����'HU�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�
GHU�(OHPHQWH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LIMIT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�*UHQ]ZHUW�HLQHU�)XQNWLRQ�EHL�$QQlKHUXQJ�DQ�
HLQHQ�JHJHEHQHQ�3XQNW�

=XJULII�� <$�/,0,76	6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�

� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�LQ�GHU�)RUP�[� �\��
ZREHL�[�GLH�9DULDEOH�LVW�XQG�\�GHU�:HUW�LVW��I�U�GHQ�GHU�
*UHQ]ZHUW�HUPLWWHOW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�*UHQ]ZHUW�GHV�$XVGUXFNV�DP�+lXIXQJVSXQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�IROJHQGHQ�*UHQ]ZHUW�

%HIHKO�� LIMIT((X^N-Y^N)/(X-Y), X=Y)

(UJHEQLV�� N*EXP(N*LN(Y))/Y

6LHKH�DXFK�� 6(5,(6

lim

x y→ 
  xn yn–

x y–
---------------
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LIN

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�$XVGU�FNH��GLH�H[SRQHQWLHOOH�7HUPH�
HQWKDOWHQ�

=XJULII�� ([SRQHQWLDO�DQG�ORJDULWKP��<*

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�OLQHDULVLHUWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /LQHDULVLHUH�GHQ�IROJHQGHQ�$XVGUXFN�

%HIHKO�� LIN(X*(EXP(X)*EXP(Y))^4)

(UJHEQLV�� X*EXP(4X+4Y)

LINSOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�OLQHDUHV�*OHLFKXQJVV\VWHP�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG�PLW�*OHLFKXQJHQ�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ��
QDFK�GHQHQ�JHO|VW�ZHUGHQ�VROO�

$XVJDEH�� (EHQH���(OHPHQW����'DV�*OHLFKXQJVV\VWHP�
(EHQH���(OHPHQW����(LQH�/LVWH�GHU�3LYRWSXQNWH�
(EHQH���(OHPHQW����'LH�/|VXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x e
x
e

y( )
4
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LNAME

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�9DULDEOHQQDPH�LQ�HLQHP�V\PEROLVFKHQ�
$XVGUXFN�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQ�V\PEROLVFKHU�$XVGUXFN�

$XVJDEH�� (LQ�9HNWRU��GHU�GLH�9DULDEOHQQDPHQ�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� /9$5

LNCOLLECT

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�$XVGUXFN�GXUFK�=XVDPPHQIDVVHQ�
ORJDULWKPLVFKHU�7HUPH�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�
��OQ�[��OQ�\��

%HIHKO�� LNCOLLECT(2(LN(X)+LN(Y))

(UJHEQLV�� LN(X^2+Y)
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LVAR

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/LVWH�GHU�9DULDEOHQ�LQ�HLQHP�DOJHEUDLVFKHQ�
2EMHNW�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQ�DOJHEUDLVFKHV�2EMHNW�

$XVJDEH�� (EHQH���(OHPHQW����'DV�DOJHEUDLVFKH�2EMHNW�
(EHQH���(OHPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ��GLH�
GDV�2EMHNW�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

MAD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�(LQ]HOKHLWHQ�HLQHU�TXDGUDWLVFKHQ�0DWUL[�]XU�FN��

=XJULII�� <%23(5$7,216

(LQJDEH�� (LQH�TXDGUDWLVFKH�0DWUL[

$XVJDEH�� (EHQH���(OHPHQW����'LH�'HWHUPLQDQWH�
�(EHQH���(OHPHQW����'DV�IRUPDOH�,QYHUVH�
�(EHQH���(OHPHQW����'LH�0DWUL[NRHIIL]LHQWHQ�GHV�
3RO\QRPV�S�GHILQLHUW�GXUFK�
�[L²D�S�[� P�[�L���ZREHL�D�GLH�0DWUL[�XQG�P�GDV�
FKDUDNWHULVWLVFKH�3RO\QRP�YRQ�D�LVW�
�(EHQH���(OHPHQW����'DV�FKDUDNWHULVWLVFKH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

P14CAS.fm  Page 53  Sunday, March 5, 2000  11:22 AM



Seite 14-54 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

MENUXY

7\S�� %HIHKO

%HVFKUHLEXQJ���=HLJW�HLQ�0HQ��GHU�)XQNWLRQVWDVWHQ�PLW�GHQ�
&RPSXWHU�$OJHEUD�%HIHKOHQ�LP�IHVWJHOHJWHQ�%HUHLFK�
DQ�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'LH�1XPPHU�GHV�HUVWHQ�%HIHKOV�
LQ�GHP�%HUHLFK��GHQ�6LH�DQ]HLJHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'LH�1XPPHU�GHV�OHW]WHQ�
%HIHKOV�LQ�GHP�%HUHLFK��GHQ�6LH�DQ]HLJHQ�P|FKWHQ�

$XVJDEH�� ,P�0HQ��GHU�)XQNWLRQVWDVWHQ��HLQH�/LVWH�PLW�DOOHQ�
&RPSXWHU�$OJHEUD�%HIHKOHQ�LQ�GHP�YRQ�,KQHQ�
IHVWJHOHJWHQ�%HUHLFK�

MODSTO

7\S�� %HIHKO

%HVFKUHLEXQJ���bQGHUW�GLH�0RGXOR�(LQVWHOOXQJ�DXI�GLH�DQJHJHEHQH�
=DKO��'LH�YRQ�,KQHQ�HLQJHVWHOOWH�=DKO��ZLUG�LQ�GHU�
(LQJDEHPDVNH�µ&$6�0RGHVµ�ZLGHUJHVSLHJHOW�

=XJULII�� <!�02'8/2

(LQJDEH�� 'HU�0RGXOZHUW��GHQ�6LH�HLQVWHOOHQ�P|FKWHQ�

$XVJDEH�� 'LH�0RGXOR�(LQVWHOOXQJ�ZLUG�DXI�GLH�DQJHJHEHQH�=DKO�
JHlQGHUW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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MULTMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�0XOWLSOLNDWLRQ�]ZHLHU�2EMHNWH�
GXUFK�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�=DKO�RGHU�HLQ�$XVGUXFN�
�(EHQH���$UJXPHQW����(LQH�=DKO�RGHU�HLQ�$XVGUXFN�

$XVJDEH�� 'DV�(UJHEQLV�GHU�PRGXODUHQ�0XOWLSOLNDWLRQ�GHU�EHLGHQ�
2EMHNWH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�3URGXNW�YRQ��[�XQG���[��PRGXOR�GHP�
6WDQGDUGPRGXO���

%HIHKO�� MULTMOD(2*X,38*X^2)

(UJHEQLV�� X^3

NEXTPRIME

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�QlFKVWH�
3ULP]DKO��GLH�JU|�HU�DOV�GLH�JDQ]H�=DKO�LVW��]XU�FN�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�JDQ]H�=DKO�

$XVJDEH�� 'LH�QlFKVWH�3ULP]DKO��GLH�JU|�HU�DOV�GLH�JDQ]H�=DKO�LVW�

%HLVSLHO��� 6XFKH�GLH�QlFKVWH�3ULP]DKO��GLH�JU|�HU�DOV�����LVW�
%HIHKO�� NEXTPRIME(145)

(UJHEQLV�� 149

6LHKH�DXFK�� ,635,0("
35(935,0(
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PA2B2

7\S�� %HIHKO

%HVFKUHLEXQJ���1LPPW�HLQH�3ULP]DKO�S��I�U�GLH�S ��RGHU� �PRGXOR�
��LVW�XQG�JLEW�HLQH�*DX�VFKH�=DKO�D���LE�]XU�FN��I�U�GLH�
S� �D����E��JLOW��'LHVH�)XQNWLRQ�LVW�]XU�)DNWRULVLHUXQJ�
YRQ�*DX�VFKHQ�=DKOHQ�Q�W]OLFK�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�3ULP]DKO�S��I�U�GLH�S ��RGHU� PRGXOR���JLOW

$XVJDEH�� (LQ�*DX�VFKH�=DKO�D�LE��I�U�GLH�JLOW��S D��E�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� *$866

PARTFRAC

7\S�� �%HIHKO

%HVFKUHLEXQJ���)�KUW�EHL�HLQHP�3DUWLDOEUXFK�HLQH�
3DUWLDOEUXFK]HUOHJXQJ�GXUFK�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� 'LH�3DUWLDOEUXFK]HUOHJXQJ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

p 1≡

p 1≡
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%HLVSLHO��� )�KUH�HLQH�3DUWLDOEUXFK]HUOHJXQJ�GHV�IROJHQGHQ�
$XVGUXFNV�GXUFK�

%HIHKO�� PARTFRAC(1/(X^2-1))

(UJHEQLV�� (-1+(1/X+^2))

PCAR

7\S�� %HIHKO

%HVFKUHLEXQJ�� *LEW�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�HLQHU�Q�[�Q�0DWUL[�
]XU�FN�

=XJULII�� <% (,*(19(&7256

(LQJDEH�� (LQH�TXDGUDWLVFKH�0DWUL[

$XVJDEH�� 'DV�FKDUDNWHULVWLVFKH�3RO\QRP�GHU�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�GHU�IROJHQGHQ�
0DWUL[�

%HIHKO�� PCAR([[5,8,16][4,1,8][-4,-4,-11]]

(UJHEQLV�� X^3+5*X^2+3*X-9

1

x2 1–
--------------

5 8 16

4 1 8

4– 4– 11–
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POWMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���(UKHEW�HLQ�2EMHNW��=DKO�RGHU�$XVGUXFN��]XU�
DQJHJHEHQHQ�3RWHQ]�XQG�GU�FNW�GDV�(UJHEQLV�PRGXOR�
GHP�DNWXHOOHQ�0RGXO�DXV�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'DV�2EMHNW�
(EHQH���$UJXPHQW����'HU�([SRQHQWHQ�

$XVJDEH�� 'DV�(UJHEQLV�GHV�2EMHNWV��GDV�PRGXOR�GHP�DNWXHOOHQ�
0RGXO��]XU�3RWHQ]�GHV�([SRQHQWHQ�HUKREHQ�ZXUGH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

PREVAL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�GLH�DNWXHOOH�6WDQGDUGYDULDEOH�GLH�'LIIHUHQ]�GHU�
)XQNWLRQVZHUWH�I�U�]ZHL�DQJHJHEHQH�:HUWH�GHU�
9DULDEOHQ�]XU�FN�

35(9$/�NDQQ�]XVDPPHQ�PLW�,179;�]XU�%HUHFKQXQJ�
EHVWLPPWHU�,QWHJUDOH�YHUZHQGHW�ZHUGHQ��6LHKH�GDV�
%HLVSLHO�XQWHQ�

=XJULII�� <$ '(5,9��	�,17(*�

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�)XQNWLRQ�
(EHQH���$UJXPHQW����'LH�XQWHUH�6FKUDQNH�
(EHQH���$UJXPHQW����'LH�REHUH�6FKUDQNH�
'LH�6FKUDQNHQ�N|QQHQ�$XVGU�FNH�VHLQ�

$XVJDEH�� 'DV�(UJHEQLV�GHU�%HUHFKQXQJ�
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� %HUHFKQH�GDV�IROJHQGH�

%HIHKO�� PREVAL(INTVX(X^3+3*X),0,3)

(UJHEQLV�� 135/4

PREVPRIME

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�QlFKVWH�
3ULP]DKO��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�LVW��]XU�FN�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�JDQ]H�=DKO�

$XVJDEH�� 'LH�QlFKVWH�3ULP]DKO��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�QlFKVWH�3ULP]DKO��GLH�NOHLQHU�DOV�����LVW�
%HIHKO�� PREVPRIME(145)

(UJHEQLV�� 139

6LHKH�DXFK�� ,635,0("
1(;735,0(

x
3 3x+( ) xd

0

3

∫
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PROPFRAC

7\S�� %HIHKO

%HVFKUHLEXQJ���7HLOW�HLQHQ�XQHFKWHQ�%UXFK��LQ�HLQHQ�JDQ]]DKOLJHQ�7HLO�
XQG�HLQHQ�%UXFK�DXI�

=XJULII�� <!

(LQJDEH�� (LQ�XQHFKWHU�%UXFK�RGHU�HLQ�2EMHNW��GDV�HLQHQ�
XQHFKWHQ�%UXFK�HUJLEW�

$XVJDEH�� (LQ�HFKWHU�%UXFK�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 'U�FNH�GDV�IROJHQGH�DOV�HFKWHQ�%UXFK�DXV��

%HIHKO�� PROPFRAC((X^3+4)/X^2)

(UJHEQLV�� X+(4/X^2)

PSI

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�GLH�3RO\JDPPDIXQNWLRQ�LQ�HLQHP�3XQNW��

=XJULII�� N

(LQJDEH�� (LQ�NRPSOH[HU�$XVGUXFN�

$XVJDEH�� 'LH�3RO\JDPPDIXQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x
3 4+

x2
--------------
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Psi

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�GLH�'LJDPPDIXQNWLRQ�LQ�HLQHP�3XQNW��'LH�
'LJDPPDIXQNWLRQ�LVW�GLH�$EOHLWXQJ�GHV�QDW�UOLFKHQ�
/RJDULWKPXV��OQ��GHU�*DPPDIXQNWLRQ��'LH�)XQNWLRQ�
NDQQ�IROJHQGHUPD�HQ�GDUJHVWHOOW�ZHUGHQ�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�NRPSOH[HU�$XVGUXFN
(EHQH���$UJXPHQW����(LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'LH�'LJDPPDIXQNWLRQ�LQ�GHP�DQJHJHEHQHQ�3XQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

PTAYL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�7DO\RU�3RO\QRP�EHL�[� �D�I�U�HLQ�DQJHJHEHQHV�
3RO\QRP�]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRP�3�
�(EHQH���$UJXPHQW����(LQH�=DKO�D�

$XVJDEH�� (LQ�3RO\QRP�4��]XP�%HLVSLHO�4�[�²�D� 3�[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

Ψ z( ) d
dz
----- Γ z( )ln( ) Γ′

z( )
Γ z( )
------------= =

P14CAS.fm  Page 61  Sunday, March 5, 2000  11:22 AM



Seite 14-62 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

QUOT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�4XRWLHQWHQWHLO�HLQHU�HXNOLGLVFKHQ�'LYLVLRQ�
]ZHLHU�3RO\QRPH�]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�=lKOHUSRO\QRP�
(EHQH���$UJXPHQW����'DV�1HQQHUSRO\QRP�

$XVJDEH�� 'HU�4XRWLHQW�GHU�HXNOLGLVFKHQ�'LYLVLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�4XRWLHQW�GHU�'LYLVLRQ� �

GXUFK� �

%HIHKO�� QUOT(X^3+6*X^2+11*X+6, X^2+5*X+6)

(UJHEQLV�� X+1

6LHKH�DXFK�� 5(0$,1'(5

QXA

7\S�� %HIHKO

%HVFKUHLEXQJ�� 'U�FNW�HLQH�TXDGUDWLVFKH�)RUP�LQ�0DWUL[IRUP�DXV�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�TXDGUDWLVFKH�)RUP�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

$XVJDEH�� (EHQH���(OHPHQW����'LH�TXDGUDWLVFKH�)RUP�LQ�
0DWUL[IRUP�DXVJHGU�FNW�
(EHQH���(OHPHQW����(LQ�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

x
3 6x

2 11x 6+ + +

x
2 5x 6+ +
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 'U�FNH�GLH�IROJHQGH�TXDGUDWLVFKH�)RUP�LQ�0DWUL[IRUP�
DXV��

%HIHKO�� QXA(X^2+X*Y+Y^2, [X,Y])

(UJHEQLV�� {[[1,1/2][1/2,1]],[X,Y]}

6LHKH�DXFK�� $;4
*$866

R→I

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�UHHOOH�=DKO�LQ�HLQH�JDQ]H�=DKO�XP�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�UHHOOH�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�UHHOOH�=DKO�LQ�HLQH�JDQ]H�=DKO�
XPJHZDQGHOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� ,→5

x
2

xy y
2+ +
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REF

7\S�� %HIHKO

%HVFKUHLEXQJ���5HGX]LHUW�HLQH�0DWUL[�LQ�GLH�7UHSSHQIRUP�

=XJULII�� <% /,1($5�6<67(06

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�lTXLYDOHQW�0DWUL[�LQ�7UHSSHQIRUP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 55()

REMAINDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�5HVWJOLHG�HLQHU�HXNOLGLVFKHQ�'LYLVLRQ�]ZHLHU�
3RO\QRPH�]XU�FN�

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�=lKOHUSRO\QRP�
(EHQH���$UJXPHQW����'DV�1HQQHUSRO\QRP�

$XVJDEH�� 'DV�5HVWJOLHG�GHU�HXNOLGLVFKHQ�'LYLVLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 4827
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REORDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���2UGQHW�EHL�HLQHP�JHJHEHQHQ�3RO\QRPDXVGUXFN�GLH�
9DULDEOHQ�HQWVSUHFKHQG�GHU�LP�%LOGVFKLUP��&$6�
0RGHV��DQJHJHEHQHQ�5HLKHQIROJH�GHU�([SRQHQWHQ��
HQWZHGHU�LQ�DXIVWHLJHQGHU�RGHU�DEIDOOHQGHU�
5HLKHQIROJH�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�3RO\QRPDXVGUXFN�
(EHQH���$UJXPHQW����'LH�9DULDEOH�QDFK�GHU�
XPJHRUGQHW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�XPJHRUGQHWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

RESULTANT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�5HVXOWDQWH�]ZHLHU�3RO\QRPH�I�U�GLH�DNWXHOOH�
9DULDEOHQ�]XU�FN��'DV�KHL�W��GHU�%HIHKO�JLEW�GLH�
'HWHUPLQDQWH�GHU�6\OYHVWHUVFKHQ�0DWUL]HQ�]ZHLHU�
3RO\QRPH�]XU�FN��

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'DV�HUVWH�3RO\QRP�
(EHQH���$UJXPHQW����'DV�]ZHLWH�3RO\QRP�

$XVJDEH�� 'LH�'HWHUPLQDQWH�GHU�EHLGHQ�0DWUL]HQ��GLH�GHQ�
3RO\QRPHQ�HQWVSUHFKHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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RISCH

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�V\PEROLVFKH�,QWHJUDWLRQ�HLQHU�)XQNWLRQ�
XQWHU�9HUZHQGXQJ�GHV�5LVFK�$OJRULWKPXV�GXUFK��
5,6&+�LVW�GHP�%HIHKO�,179;�lKQOLFK��QXU�N|QQHQ�6LH�
KLHUEHL�GLH�,QWHUJDWLRQVYDULDEOH�IHVWOHJHQ�

=XJULII�� <$�'(5,9��	�,17(*��

(LQJDEH�� (EHQH���$UJXPHQW����'LH�)XQNWLRQ��GLH�LQWHJULHUW�
ZHUGHQ�VROO�
(EHQH���$UJXPHQW����'LH�,QWHUJDWLRQVYDULDEOH�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�LQ�%H]XJ�DXI�GLH�
9DULDEOH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�6WDPPIXQNWLRQ�I�U�GLH�IROJHQGHQ�)XQNWLRQ�
I�U�\�

%HIHKO�� RISCH(Y^3-3*Y+2,Y)

(UJHEQLV�� 1/3*Y^3+3/2*Y^2+2*Y

6LHKH�DXFK�� ,%3
,17
,179;

y
2 3y 2+ +
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RREF

7\S�� %HIHKO

%HVFKUHLEXQJ���5HGX]LHUW�HLQH�0DWUL[�LQ�GLH�7UHSSHQQRUPDOIRUP�

=XJULII�� <% /,1($5�6<67(06

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� (LQH�lTXLYDOHQW�0DWUL[�LQ�7UHSSHQQRUPDOIRUP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

RREFMOD

7\S�� %HIHKO�

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�5HGXNWLRQ�]XU�7UHSSHQIRUP�HLQHU�
0DWUL[�GXUFK�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� N

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�PRGXODUH�0DWUL[�LQ�7UHSSHQQRUPDOIRUP��'HU�
0RGXOZHUW�ZLUG�LQ�GHU�(LQJDEHPDVNH�µ&$6�0RGHVµ�
HLQJHVWHOOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SERIES

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�JHJHEHQH�)XQNWLRQ�GLH�7D\ORUUHLKH��
GLH�DV\PSWRWLVFKH�(QWZLFNOXQJ�XQG�GHQ�*UHQ]ZHUW�I�U�
HQGOLFKH�XQG�XQHQGOLFKH�3XQNWH�

=XJULII�� <$ /,0,76�	�6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����'LH�)XQNWLRQ�I�[�
(EHQH���$UJXPHQW����'LH�9DULDEOH��IDOOV�GHU�
+lXIXQJVSXQNW���LVW��RGHU�HLQH�*OHLFKXQJ�[� �D��IDOOV�
GHU�+lXIXQJVSXQNW�D�LVW��
(EHQH���$UJXPHQW����'LH�2UGQXQJ�GHU�
5HLKHQHQWZLFNOXQJ��%HDFKWHQ�6LH�GDEHL�IROJHQGH�
3XQNWH�

� 'HU�0LQLPDOZHUW�LVW���XQG�GHU�0D[LPDOZHUW�LVW�����

� )DOOV�GLH�2UGQXQJ�HLQH�SRVLWLYH�RGHU�QHJDWLYH�UHHOOH�
=DKO�LVW��LVW�GLH�5HLKH�HLQVHLWLJ�

� )�U�EHLGVHLWLJH�5HLKHQHQWZLFNOXQJ�P�VVHQ�6LH�GLH�
2UGQXQJ�DOV�HLQH�ELQlUH�*DQ]]DKO�DQJHEHQ��]XP�
%HLVSLHO���G�

$XVJDEH�� (EHQH���(OHPHQW����(LQH�/LVWH��GLH�GHQ�EHLGVHLWLJHQ�
*UHQ]ZHUW��HLQHQ�1lKHUXQJVDXVGUXFN�GHU�)XQNWLRQ�
QDKH�GHP�+lXIXQJVSXQNW�XQG�GLH�2UGQXQJ�GHV�
5HVWJOLHGV�HQWKlOW��'LHVH�ZHUGHQ�LQ�7HUPHQ�HLQHV�
NOHLQHQ�3DUDPHWHUV�K�DXVJHGU�FNW�
(EHQH���(OHPHQW����(LQ�$XVGUXFN�I�U�K�LQ�7HUPHQ�GHU�
XUVSU�QJOLFKHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SEVAL

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQHQ�JHJHEHQHQ�$XVGUXFN�DOOH�
YRUKDQGHQHQ�9DULDEOHQ��GLH�GHU�$XVGUXFN�HQWKlOW�XQG�
VHW]W�GLHVH�GDQQ�ZLHGHU�LQ�GHQ�$XVGUXFN�HLQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� 'HU�$XVGUXFN�PLW�GHQ�EHUHFKQHWHQ�YRUKDQGHQHQ�
9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

SIGMA

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�GLH�GLVNUHWH�
6WDPPIXQNWLRQ�I�U�GLH�9DULDEOH��GLH�6LH�GHILQLHUHQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�
(EHQH���(OHPHQW����'HU�9DULDEOH�I�U�GLH�
6WDPPIXQNWLRQ�EHUHFKQHW�ZHUGHQ�VROO�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 6,*0$9;��5,6&+
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SIGMAVX

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�GLH�GLVNUHWH�
6WDPPIXQNWLRQ�I�U�GLH�DNWXHOOH�9DULDEOH�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 6,*0$��5,6&+

SIGNTAB

7\S�� %HIHKO�

%HVFKUHLEXQJ���7DEXOLHUW�GDV�9RU]HLFKHQ�HLQHU�UDWLRQDOHQ�)XQNWLRQ�I�U�
HLQH�9DULDEOH�

=XJULII�� N

(LQJDEH�� (LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� (LQH�/LVWH��GLH�GLH�3XQNWH�HQWKlOW��EHL�GHQHQ�GHU�
$XVGUXFN�GDV�9RU]HLFKHQ�lQGHUW��VR�ZLH�I�U�MHGHQ�
3XQNW�GDV�9RU]HLFKHQ�GHV�$XVGUXFNV�]ZLVFKHQ�GHQ�
3XQNWHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SIMP2

7\S�� %HIHKO

%HVFKUHLEXQJ�� �9HUHLQIDFKW�]ZHL�2EMHNWH�GXUFK�7HLOXQJ�GXUFK�LKUHQ�
JU|�WHQ�JHPHLQVDPHQ�7HLOHU�

=XJULII�� <!�

(LQJDEH�� (EHQH���$UJXPHQW����'DV�HUVWH�2EMHNW�
(EHQH���$UJXPHQW����'DV�]ZHLWH�2EMHNW�

$XVJDEH�� (EHQH���(OHPHQW����'DV�HUVWH�2EMHNW��JHWHLOW�GXUFK�
GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�
(EHQH���(OHPHQW����'DV�]ZHLWH�2EMHNW��JHWHLOW�GXUFK�
GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 7HLOH�GLH�IROJHQGHQ�$XVGU�FNH�GXUFK�LKUHQ�JU|�WHQ�
JHPHLQVDPHQ�7HLOHU�

%HIHKO�� SIMP2(X^3+6*X^2+11*X+6, X^3-7*X-6)

(UJHEQLV�� {X+3,X-3}

SINCOS

7\S�� %HIHKO�

%HVFKUHLEXQJ���:DQGHOW�NRPSOH[H�ORJDULWKPLVFKH�XQG�H[SRQHQWLHOOH�
$XVGU�FNH�LQ�$XVGU�FNH�PLW�WULJRQRPHWULVFKHQ�
7HUPHQ�XP�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�NRPSOH[HQ�OLQHDUHQ�XQG�
H[SRQHQWLHOOHQ�7HUPHQ�

x
3 6x

2 11x 6+ + +

x3 7x– 6–
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$XVJDEH�� 'HU�$XVGUXFN��EHL�GHP�NRPSOH[H�ORJDULWKPLVFKH�XQG�
H[SRQHQWLHOOH�8QWHUDXVGU�FNH�LQ�WULJRQRPHWULVFKH�XQG�
LQYHUVH�WULJRQRPHWULVFKH�$XVGU�FNH�XPJHZDQGHOW�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� 'U�FNH�HL[�LQ�WULJRQRPHWULVFKHQ�7HUPHQ�DXV�
%HIHKO�� SINCOS(EXP(i*X)

(UJHEQLV�� COS(X)+iSIN(X)

SOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���6XFKW�GLH�1XOOVWHOOHQ�HLQHV�]X�1XOO�JOHLFKJHVHW]WHQ�
$XVGUXFNV�RGHU�O|VW�HLQH�*OHLFKXQJ��

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�RGHU�GLH�
*OHLFKXQJ�
(EHQH���$UJXPHQW����'LH�9DULDEOH��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO�

$XVJDEH�� (LQH�/LVWH�YRQ�1XOOVWHOOHQ�RGHU�/|VXQJHQ�

)ODJV�� :HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���XQG�HV�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW��
JLEW�GLHVHU�%HIHKO�HLQH�1XOOLVWH�]XU�FN��DXFK�ZHQQ�HV�
1lKHUXQJVO|VXQJHQ�JLEW�

%HLVSLHO��� 6XFKH�GLH�1XOOVWHOOHQ�GHV�IROJHQGHQ�$XVGUXFNV�

%HIHKO�� SOLVE(X^3-X-9,X)

(UJHEQLV�� {X=2.24004098747}

6LHKH�DXFK�� 62/9(9;

x3 x– 9–
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SOLVEVX

7\S�� %HIHKO

%HVFKUHLEXQJ���6XFKW�I�U�GLH�DNWXHOOH�9DULDEOH�GLH�1XOOVWHOOHQ�HLQHV�
$XVGUXFNV�RGHU�O|VW�GLH�*OHLFKXQJ�I�U�GLH�DNWXHOOH�
9DULDEOH���9HUZHQGHQ�6LH�GLH�(LQJDEHPDVNH�µ&$6�
0RGHVµ��XP�GLH�DNWXHOOH�9DULDEOH�HLQ]XVWHOOHQ��

=XJULII�� <&

(LQJDEH�� (LQH�)XQNWLRQ�RGHU�*OHLFKXQJ�PLW�GHU�DNWXHOOHQ�
9DULDEOHQ�

$XVJDEH�� (LQH�/LVWH�YRQ�1XOOVWHOOHQ�RGHU�/|VXQJHQ�

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��
:HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���XQG�HV�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW��
JLEW�GLHVHU�%HIHKO�HLQH�1XOOLVWH�]XU�FN��DXFK�ZHQQ�HV�
1lKHUXQJVO|VXQJHQ�JLEW�

%HLVSLHO��� /|VH�GHQ�IROJHQGHQ�$XVGUXFN�I�U����ZREHL�;�GLH�
6WDQGDUGYDULDEOH�GHV�7DVFKHQUHFKQHUV�LVW�

%HIHKO�� SOLVEVX(X^3-X-9)

(UJHEQLV�� {X=2.2400}
%HDFKWHQ�6LH��GD��GLHVHV�%HLVSLHO��ZHQQ�GHU�H[DNWH�0RGXV�
HLQJHVWHOOW�LVW��HLQH�1XOOLVWH�]XU�FN�JLEW��GD�HV�I�U�GLHVH�
*OHLFKXQJ�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW�

6LHKH�DXFK�� 62/9(

x
3

x– 9–
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SUBST

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���(UVHW]W�HLQH�9DULDEOH�LQ�HLQHP�$XVGUXFN�GXUFK�HLQHQ�
:HUW��'HU�:HUW�NDQQ�QXPHULVFK�RGHU�HLQ�$XVGUXFN�
VHLQ��

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����'HU�:HUW�RGHU�$XVGUXFN��GHU�
HLQJHVHW]W�ZHUGHQ�VROO�

$XVJDEH�� 'HU�$XVGUXFN�QDFK�GHP�(LQVHW]HQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� (UVHW]H�LP�IROJHQGHQ�$XVGUXFN�[�GXUFK�[� �]���XQG�
ZHQGH��GDQQ�GHQ�%HIHKO�(;3$1'�DQ��XP�GDV�
(UJHEQLV�]X�YHUHLQIDFKHQ�

%HIHKO��� SUBST(X^2+3*X+7,X=Z+1)
EXPAND(ANS(1))

(UJHEQLV�� Z^2+5*Z+11

x
2 3x 7+ +
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SUBTMOD

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���)�KUW�HLQH�6XEWUDNWLRQ�PRGXOR�GHP�DNWXHOOHQ�0RGXO��
GXUFK�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'DV�2EMHNWH�RGHU�GLH�=DKO��YRQ�
GHU�VXEWUDKLHUW�ZHUGHQ�VROO�
(EHQH���$UJXPHQW����'DV�2EMHNWH�RGHU�GLH�=DKO��GLH�
VXEWUDKLHUW�ZHUGHQ�VROO�

$XVJDEH�� 'DV�(UJHEQLV�GHU�6XEWUDNWLRQ�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

SYLVESTER

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQH�V\PPHWULVFKH�0DWUL[�$�'�XQG�3�]XU�FN��
ZREHL�'�HLQH�'LDJRQDOPDWUL[�LVW�XQG�
$� �37'3

=XJULII�� N

(LQJDEH�� (LQH�V\PPHWULVFKH�0DWUL[�

$XVJDEH�� (EHQH���(OHPHQW����'LH�'LDJRQDOPDWUL[�'�
(EHQH���(OHPHQW����'LH�0DWUL[�3�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TABVAL

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQHQ�$XVGUXFN�XQG�HLQH�:HUWHOLVWH�GLH�
(UJHEQLVVH�GHU�6XEVWLWXWLRQ�GHU�6WDQGDUGYDULDEOH�GHV�
$XVGUXFNV�GXUFK�GLH�:HUWH�]XU�FN�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�DOJHEUDLVFKHU�$XVGUXFN�LQ�
7HUPHQ�GHU�DNWXHOOHQ�9DULDEOHQ�
(EHQH���$UJXPHQW����(LQH�:HUWHOLVWH��I�U�GLH�GHU�
$XVGUXFN�DXVJHZHUWHW�ZHUGHQ�VROO�

$XVJDEH�� (EHQH���(OHPHQW����'HU�DOJHEUDLVFKH�$XVGUXFN�
(EHQH���(OHPHQW����(LQH�/LVWH��GLH�]ZHL�/LVWHQ�HQWKlOW��
(LQH�:HUWHOLVWH�XQG�HLQH�/LVWH��GLH�GLH�HQWVSUHFKHQGHQ�
(UJHEQLVVH�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XEVWLWXLHUH������XQG���LQ� �

%HIHKO��� TABVAL(X^2+1,{1 2 3})

(UJHEQLV�� {{1 2 3}{2 5 10}}

TABVAR

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�UDWLRQDOH�)XQNWLRQ�GHU�DNWXHOOHQ�
9DULDEOHQ�GLH�9DULDWLRQVWDEHOOH��G�K��GLH�([WUHPZHUWH�
GHU�)XQNWLRQ�XQG�ZR�GLH�)XQNWLRQ�]X��XQG�DEQLPPW�

=XJULII�� N

(LQJDEH�� (LQH�UDWLRQDOH�)XQNWLRQ�GHU�DNWXHOOHQ�9DULDEOHQ�

x
2 1+
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$XVJDEH�� (EHQH���(OHPHQW����'LH�XUVSU�QJOLFKH�UDWLRQDOH�
)XQNWLRQ�
(EHQH���(OHPHQW����(LQH�/LVWH�DXV�]ZHL�/LVWHQ��'LH�
HUVWH�/LVWH�]HLJW�GLH�9DULDWLRQ�GHU�)XQNWLRQ��ZR�GLH�
)XQNWLRQ�]X��XQG�DEQLPPW��LQ�7HUPHQ�GHU�
XQDEKlQJLJHQ�9DULDEOHQ��'LH�]ZHLWH�/LVWH�]HLJW�GLH�
9DULDWLRQ�GHU�)XQNWLRQ�LQ�7HUPHQ�GHU�DEKlQJLJHQ�
9DULDEOHQ�
(EHQH���(OHPHQW����(LQ�JUDSKLVFKHV�2EMHNW��GDV�]HLJW��
ZLH�GLH�9DULDWLRQVWDEHOOH�EHUHFKQHW�ZXUGH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

TAN2SC

7\S�� %HIHKO

%HVFKUHLEXQJ���(UVHW]W�WDQ�[��8QWHUDXVGU�FNH�GXUFK�VLQ�[�����FRV��[��
RGHU����FRV��[���VLQ��[��

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

Y
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TAN2SC2

7\S�� %HIHKO�

%HVFKUHLEXQJ���(UVHW]W�WDQ�[��7HUPH�GXUFK�HLQHQ�$XVGUXFN�PLW�
VLQ��[����FRV��[��7HUPHQ�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�)ODJ�²�����6LQ�&RV�YRU]LHKHQ��KDW�$XVZLUNXQJHQ�
DXI�GDV�(UJHEQLV�

� :HQQ�)ODJ�²����JHVHW]W�LVW��VLQ���YRU]LHKHQ���
ZHUGHQ�7DQ�[��7HUPH�HUVHW]W�GXUFK�
��²�&RV��[��6LQ��[�

� :HQQ�)ODJ�²����]XU�FNJHVHW]W�LVW��&RV���YRU]LHKHQ���
ZHUGHQ�7DQ�[��7HUPH�HUVHW]W�GXUFK�
6LQ��[������&RV��[�

TAYLOR0

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���)�KUW�HLQH�7D\ORUHQWZLFNOXQJ�YLHUWHU�2UGQXQJ�HLQHV�
$XVGUXFNV�GXUFK�EHL�[� ���

=XJULII�� <$ /,0,76�	�6(5,(6

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'LH�7D\ORUHQWZLFNOXQJ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TCHEBYCHEFF

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�Q�WH�7FKHE\VFKHIIVFKH�3RO\QRP�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�Q�

$XVJDEH�� 'DV�Q�WH�7FKHE\VFKHIIVFKH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

TCOLLECT

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�3URGXNWH�LQ�HLQHP�WULJRQRPHWULVFKHQ�
$XVGUXFN�GXUFK�=XVDPPHQIDVVHQ�YRQ�6LQXV��XQG�
.RVLQXVWHUPHQ�XQG�GXUFK�.RPELQLHUHQ�YRQ�6LQXV��
XQG�.RVLQXVWHUPHQ�GHVVHOEHQ�$UJXPHQWV�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�WULJRQRPHWULVFKHQ�7HUPHQ�

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TEXPAND

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�WUDQV]HQGHQWH�)XQNWLRQHQ�

=XJULII�� <û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�
OQ�VLQ�[�\��

%HIHKO�� TEXPAND(LN(SIN(X+Y)))

(UJHEQLV�� LN(COS(Y)*SIN(X)+SIN(Y)* COS(X))

TLIN

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�XQG�YHUHLQIDFKW�WULJRQRPHWULVFKH�
$XVGU�FNH��%HDFKWHQ�6LH��GD��GLHV�)XQNWLRQ�QLFKW�GLH�
6LQXV��XQG�.RVLQXVWHUPH�GHVVHOEHQ�:LQNHOV�
]XVDPPHQID�W�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� /LQHDULVLHUH�XQG�YHUHLQIDFKH�GDV�IROJHQGH�

%HIHKO�� TLIN(COS(X)^4)

(UJHEQLV�� �1/8)*COS(4X)+(1/2)*COS(2X)+(3/8)

TRAN

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�7UDQVSRQLHUWH�HLQHU�0DWUL[�]XU�FN��

=XJULII�� <%�23(5$7,216

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�WUDQVSRQLHUWH�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W���'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�
HLQJHVWHOOW�VHLQ��)ODJ�²���]XU�FNJHVHW]W��

%HLVSLHO��7UDQVSRQLHUH�GLH�IROJHQGH�0DWUL[��

%HIHKO�� TRAN([[1,7][2,-3]@�

(UJHEQLV�� [[1.2][7,-3]]

TRIG

7\S�� %HIHKO�

%HVFKUHLEXQJ���:DQGHOW�NRPSOH[H�ORJDULWKPLVFKH�XQG�H[SRQHQWLHOOH�
8QWHUDXVGU�FNHQ�LQ�LKUH�HQWVSUHFKHQGHQ�
WULJRQRPHWULVFKHQ�$XVGU�FNH�XP�

=XJULII�� >û

(LQJDEH�� (LQ�NRPSOH[HU�$XVGUXFN�PLW�ORJDULWKPLVFKHQ�XQG�
RGHU�H[SRQHQWLHOOHQ�7HUPHQ�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

x( )cos( )4

1 7

2 3–
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� 'U�FNH�GDV�IROJHQGH�LQ�WULJRQRPHWULVFKHQ�7HUPHQ�DXV�

%HIHKO�� TRIG(LN(X+i))

(UJHEQLV��

TRIGCOS

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�WULJRQRPHWULVFKHQ�$XVGUXFN�GXUFK�
$QZHQGXQJ�GHU�*OHLFKKHLW�

*LEW�IDOOV�P|JOLFK�QXU�.RVLQXVWHUPH�]XU�FN�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�WULJRQRPHWULVFKHQ�7HUPHQ�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 75,*6,1

x i+( )ln

LN X
2 1+( ) 2 i ATAN

1
x
--- 

 ⋅ ⋅+

2
---------------------------------------------------------------------------

xsin( )2
xcos( )2+ 1=
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TRIGSIN

7\S�� %HIHKO�

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�WULJRQRPHWULVFKHQ�$XVGUXFN�GXUFK�
$QZHQGXQJ�GHU�*OHLFKKHLW��*LEW�IDOOV�P|JOLFK�QXU�
6LQXVWHUPH�]XU�FN�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 75,*&26

TRUNC

7\S�� %HIHKO

%HVFKUHLEXQJ���6FKQHLGHW�HLQH�5HLKHQHQWZLFNOXQJ�DE�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN��GHQ�6LH�
DEVFKQHLGHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN��QDFK�GHP�
DEJHVFKQLWWHQ�ZHUGHQ�VROO�

$XVJDEH�� 'HU�$XVGUXFN�GHU�(EHQH���$UJXPHQW����ZREHL�
7HUPHQ�K|KHUHU�RGHU�JOHLFKHU�2UGQXQJ�ZLH�LP�
$XVGUXFN�(EHQH���$UJXPHQW���HQWIHUQW�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

xsin( )2 xcos( )2+ 1=
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TSIMP

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�$XVGU�FNH�PLW�([SRQHQWLDOIXQNWLRQHQ�XQG�
/RJDULWKPHQ��

=XJULII�� ([SRQHQWLDO�DQG�ORJDULWKPV��<*

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 7(;3$1'
7/,1

VANDERMONDE

7\S�� %HIHKO

%HVFKUHLEXQJ���%LOGHW�DXV�HLQHU�/LVWH�PLW�2EMHNWHQ�HLQH�9DQGHUPRQGH�
0DWUL[��'DV�EHGHXWHW��GHU�%HIHKO�HUVWHOOW�I�U�HLQH�/LVWH�
PLW�Q�2EMHNWHQ�HLQH�Q�ï�Q�0DWUL[��'LH�L�WH�=HLOH�GHU�
0DWUL[�EHVWHKW�DXV�GHQ�(OHPHQWHQ�GHU�/LVWH��GLH�]XU�
3RWHQ]��L²���HUKREHQ�ZXUGHQ��

=XJULII�� <%�&5($7(

(LQJDEH��� (LQH�/LVWH�PLW�2EMHNWHQ�

$XVJDEH�� 'LH�HQWVSUHFKHQGH�9DQGHUPRQGH�0DWUL[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� %LOGH�DXV�GHU�IROJHQGHQ�/LVWH�PLW�2EMHNWHQ�HLQH�
9DQGHUPRQGH�0DWUL[�
^[��\��]`

%HIHKO�� VANDERMONDE({x,y,z})

(UJHEQLV��

VER

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�9HUVLRQVQXPPHU�XQG�GDV�)UHLJDEHGDWXP�GHV�
&RPSXWHU�$OJHEUD�6\VWHPV�]XU�FN�

=XJULII�� N

(LQJDEH�� .HLQH�(LQJDEH�HUIRUGHUOLFK�

$XVJDEH�� 'LH�9HUVLRQ�XQG�GDV�)UHLJDEHGDWXP�GHU�&RPSXWHU�
$OJHEUD�6\VWHP�6RIWZDUH�

XNUM

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQ�2EMHNW�RGHU�HLQH�/LVWH�PLW�2EMHNWHQ�
QlKHUXQJVZHLVH�LQ�GDV�QXPHULVFKH�)RUPDW�XP�

=XJULII�� N

(LQJDEH�� (LQ�2EMHNW�RGHU�HLQH�/LVWH�PLW�2EMHNWHQ�

$XVJDEH�� 'LH�2EMHNWH�LP�QXPHULVFKHQ�)RUPDW�

%HLVSLHO��� 6XFKH�GHQ�1lKHUXQJVZHUW�YRQ�π�����H�XQG��FRV����
%HIHKO�� XNUM({π/2,3*e,4*COS(2})
(UJHEQLV� {1,5707963268 8,15484548538 -

1,66458734619}

1 1 1

x y z

x2 y2 z2
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XQ

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�=DKO�RGHU�HLQH�/LVWH�PLW�=DKOHQ�DXV�GHP�
'H]LPDOIRUPDW�LQ�GDV�UDWLRQDOH�)RUPDW�XP��

=XJULII�� N

(LQJDEH�� (LQH�=DKO�RGHU�/LVWH�PLW�=DKOHQ�

$XVJDEH�� 'LH�=DKO�RGHU�/LVWH�PLW�=DKOHQ�LP�UDWLRQDOHQ�)RUPDW��

%HLVSLHO��� 'U�FNH�������LP�UDWLRQDOHQ�)RUPDW�DXV�
%HIHKO�� XQ(.3658)

(UJHEQLV� 1829/5000

ZEROS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQH�)XQNWLRQ�YRQ�HLQHU�9DULDEOHQ�GLH�
1XOOVWHOOHQ�RKQH�9LHOIDFKKHLW�]XU�FN�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����'LH�9DULDEOH��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO�

$XVJDEH�� 'LH�/|VXQJ�RGHU�/|VXQJHQ�I�U�GHQ�JOHLFK�1XOO�
JHVHW]WHQ�$XVGUXFN�

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��
'LH�IROJHQGHQ�)ODJ�(LQVWHOOXQJHQ�EHHLQIOXVVHQ�GDV�
(UJHEQLV�

� :HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���VXFKW�GLH�)XQNWLRQ�QXU�QDFK�H[DNWHQ�
/|VXQJHQ��'DGXUFK�ZLUG�P|JOLFKHUZHLVH�HLQH�
1XOOLVWH�]XU�FNJHJHEHQ��REZRKO�1lKHUXQJVO|VXQJHQ�
YRUKDQGHQ�VLQG�
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� :HQQ�GHU�1lKHUXQJVPRGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�GLH�)XQNWLRQ�QDFK�QXPHULVFKHQ�
:XU]HOQ�

� :HQQ�GHU�NRPSOH[H�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�GLH�)XQNWLRQ�VRZRKO�QDFK�UHHOOHQ�DOV�
DXFK�QDFK�NRPSOH[HQ�/|VXQJHQ�
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Index
A

$FKVHQ�EHVFKULIWHQ ����
$OJHEUD��OLQHDUH ����
$1' ���
bQGHUQ�GHU�'LPHQVLRQHQ�HLQHV�)HOGHV 

����
$Q]HLJHEHUHLFK ����
$XVVFKQHLGHQ ���
$XVZlKOHQ�YRQ�=HLFKHQ ���

B

%DVLV ���
ELQlU ���
(LQVWHOOXQJ ���
)ODJ�(LQVWHOOXQJHQ ���
+H[DGH]LPDO ���

%HDUEHLWHQ ���
)HOG ���

%HIHKOH
(LQJHEHQ ���, ���
6XFKHQ�QDFK ���

%HIHKOVNDWDORJ ���
%HIHKOV]HLOH ���
%HIHKOV]HLOHQEHDUEHLWXQJ ���
%HIHKOV]HLOHQLQIRUPDWLRQHQ ����
%HQXW]HUGHILQLHUWH�7DVWH

$XIKHEHQ�GHU�=XZHLVXQJ ����
=XZHLVHQ ����

%HQXW]HUGHILQLHUWHV�0HQ�
$Q]HLJHQ ����
(UVWHOOHQ ����

%HQXW]HUIODJV ���
%HQXW]HUPRGXV ����
%HQXW]HUVSH]LILVFKH�$QSDVVXQJ ����
%HQXW]HUWDVWDWXU ����
%HVFKULIWHQ�YRQ�$FKVHQ ����
%HVFKULIWXQJHQ ���

EHQXW]HUGHILQLHUW ����
%LEOLRWKHN

$QKlQJHQ ����
,QVWDOOLHUHQ ����
/|VFKHQ ����

%LEOLRWKHNVREMHNWH ����, ����
%LQlUJDQ]]DKO ���

(LQJHEHQ ���
.RQYHUWLHUXQJ�LQ ���
QHJDWLY ���
5HFKQHQ ���

%LWV ���
%RROHVFKH�2SHUDWRUHQ ���
%\WHV ���

C

&5& ����
&URXW�/8�=HUOHJXQJ ����
&XUVRUEHZHJXQJ

LQ�HLQHP�)HOG ���
&XUVRUSRVLWLRQLHUXQJ ���

D

'DWHQ
5HFKQHQ�PLW ����

'DWXP
$Q]HLJHQ ����
)RUPDW ����

'HDNWLYLHUHQ�GHU�7DVWHQ ����
'HWHUPLQDQWH ����

E

(LJHQYHNWRUHQ ����
(LJHQZHUWH ����
(LQI�JHQ ���
(LQKHLWHQ ���

)DNWRULVLHUHQ ���
.RQYHUWLHUHQ ���
5HFKQHQ�PLW ���
7HPSHUDWXU ���

(LQKHLWHQREMHNW ���
(LQKHLWHQSUlIL[ ���
(LQKHLWVPDWUL[ ���
(5$0 ����
(UVHW]HQ ���, ����
(UVWH�'LIIHUHQ]HQ ����
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F

)DNWRULVLHUHQ�HLQHU�0DWUL[ ����
)DNWRULVLHUHQ�YRQ�(LQKHLWHQ ���
)HOG ���

bQGHUQ�GHU�'LPHQVLRQ ����
'LPHQVLRQHQ ����
+LQ]XI�JHQ�YRQ�6SDOWHQ ���
+LQ]XI�JHQ�YRQ�=HLOHQ ���
/|VFKHQ�YRQ�6SDOWHQ ���
6SDOWHQQRUP ����
6SHNWUDOQRUP ����
=HLOHQQRUP ����

)ODJV ���
$XIKHEHQ ���
%DVLV ���
%HQXW]HU ���
6HW]HQ ���

)ODVK�520 ����, ����
)ROJHQ ���, ���
)RUPDWH

'DWXP�XQG�8KU]HLW ����

G

*DQ]]DKOHQ��ELQlU ���
*272 ���

H

+H[DGH]LPDO ���

I

,QYHUVH�0DWUL[ ����
,5$0 ����

K

.DWDORJ�GHU�%HIHKOH ���

.RPSOH[H�0DWUL[ ����

.RQMXJDWLRQ ����, ����

.RQVWDQWHQELEOLRWKHN ���

.RQVWDQWHV�)HOG ���

.RQYHUWLHUHQ�YRQ�(LQKHLWHQ ���

.RSLHUHQ ���

L

/LQHDUH�$OJHEUD ����
/LVWHQ ���

$QKlQJHQ�DQ ���
%HIHKOH ���
3URJUDPPLHUHQ ���
6RUWLHUHQ ���
6XPPLHUHQ�GHU�(OHPHQWH ����
9HUNQ�SIHQ ���

/|VFKHQ�YRQ�=HLFKHQ ���

M

0DWUL[ ���
$XIO|VHQ ����
'HWHUPLQDQWH ����
GLDJRQDO ���
(UVWHOOHQ ���
)DNWRULVLHUHQ ����
)UREHQLXV�1RUP ����
+LQ]XI�JHQ�YRQ�=HLOHQ ����
,QYHUWLHUHQ ����
NRPSOH[ ����
TXDGUDWLVFK ����
5DQJ ����
6SDOWHQQRUP�.RQGLWLRQ ����
6SHNWUDOUDGLXV ����
6SXU ����
7UDQVSRQLHUHQ ����
=HUOHJHQ ����
=XIDOO ���

0DWUL[��(LQKHLW ���
0DWUL[:ULWHU ���
0HQ�V

WKHPHQVSH]LILVFK ���
0RGXVIODJV ���

N

127 ���

O

2NWDO ���
25 ���
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P

3,&7��*U|�H ����
3ORW�%HUHLFK ����
3ORWV

$EUXIHQ ����
6SHLFKHUQ ����
:LHGHUKHUVWHOOHQ ����

3RUWV ����
� ����
� ����
� ����
,QKDOW ����

3RVWIL[IXQNWLRQ ���
3UlIL[IXQNWLRQ ���
3URJUDPPH�SORWWHQ ����

R

5DQJ ����
531 ���

S

6FKULIWVWLOH ����
6FKXU�=HUOHJXQJ ����
6LFKHUXQJVREMHNWH ����

6LFKHUXQJ ����
6SHLFKHUQ ����
9HUZHQGHQ�YRQ�'DWHQ�LQ�
6LFKHUXQJVREMHNWHQ ����

6LQJXOlUZHUW�=HUOHJXQJ ����
6RUWLHUHQ�YRQ�/LVWHQ ���
6SDOWHQ

$XVWDXVFKHQ�LQ�HLQHP�)HOG ����
([WUDKLHUHQ�YRQ�HLQHP�)HOG ����
+LQ]XI�JHQ�]X�HLQHP�)HOG ���
/|VFKHQ�DXV�HLQHP�)HOG ���

6SDOWHQQRUP ����
6SDOWHQQRUP�.RQGLWLRQ ����
6SHLFKHU ����

YHUI�JEDU ����
6SHNWUDOQRUP ����
6SHNWUDOUDGLXV ����
6SXU ����
6WDFN ���
6WDFN�%HUHFKQXQJHQ ���

6WUHDP ���
6XFKHQ ���, ���
6XFKHQ�XQG�(UVHW]HQ ���
6\VWHP]HLW ����

T

7HPSHUDWXUHLQKHLWHQ ���
7UDQVSRQLHUWH�0DWUL[ ����

U

8KU]HLWHQ
)RUPDW ����
)RUPDWNRQYHUWLHUXQJ ����
5HFKQHQ�PLW ����

8PJHNHKUWH�3ROQLVFKH�1RWDWLRQ�6LHKH�
531

V

9HNWRU ���

W

:LHGHUKHUVWHOOHQ ����
:RUWOlQJH ���

X

;25 ���

Z

=HLOHQ
$XVWDXVFKHQ�LQ�HLQHP�)HOG ����
([WUDKLHUHQ�YRQ�HLQHP�)HOG ����
+LQ]XI�JHQ�]X�HLQHP�)HOG ���
+LQ]XI�JHQ�]X�HLQHU�0DWUL[ ����

=HLOHQQRUP ����
=HLW

6\VWHP ����
YHUVWULFKHQH ����

=HUOHJHQ�HLQHU�0DWUL[ ����
=HUOHJXQJ

6FKXU ����
6LQJXOlUZHUW ����

=XIDOOVPDWUL[ ���
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