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Matrices and linear algebra

7KH�+3���*�KDV�H[WHQVLYH�FDSDELOLWLHV�IRU�HQWHULQJ�DQG�PDQLSXODWLQJ�
DUUD\V��$Q�DUUD\�REMHFW�FDQ�EH�D�YHFWRU�RU�PDWUL[��

0DQ\�RI�WKH�PDWUL[�RSHUDWLRQV�GHVFULEHG�LQ�WKLV�FKDSWHU�DOVR�DSSO\�WR�
YHFWRUV��:KHUHYHU�WKLV�LV�WKH�FDVH��WKH�PRUH�JHQHUDO�WHUP�DUUD\�LV�XVHG�
LQVWHDG�RI�PDWUL[�

%\�GHIDXOW��0DWUL[�:ULWHU�ZLOO�LQWHUSUHW�D�RQH�URZ�DUUD\�DV�D�YHFWRU�UDWKHU�
WKDQ�DV�D�PDWUL[��,I�\RX�ZDQW�D�RQH�URZ�DUUD\�LQWHUSUHWHG�DV�DQ�DUUD\��SUHVV�
9(&�ILUVW�

)RU�LQVWUXFWLRQV�RQ�KRZ�WR�FUHDWH�DQ�DUUD\¦DQG�KRZ�WR�RSHQ�DQ�DUUD\�LQ�
0DWUL[�:ULWHU¦VHH�FKDSWHU���RI�WKH�8VHUªV�*XLGH�

Matrix Writer operations
7KH�IROORZLQJ�VXPPDUL]HV�WKH�RSHUDWLRQV�WKDW�DUH�DYDLODEOH�LQ�0DWUL[�
:ULWHU�

To move around an array

0HWKRG����XVLQJ�DUURZ�NH\V

3UHVV�WKH�DUURZ�NH\V�WR�PRYH�WKH�FXUVRU�IURP�FHOO�WR�FHOO��

<RX�FDQ�SUHVV�>�EHIRUH�DQ�DUURZ�NH\�WR�PRYH�WKH�FXUVRU�GLUHFWO\�WR�DQ�
RXWHUPRVW�URZ�RU�FROXPQ��

� > ��PRYHV�WKH�FXUVRU�WR�WKH�ODVW�FROXPQ

� > ��PRYHV�WKH�FXUVRU�WR�WKH�ILUVW�URZ

� > ��PRYHV�WKH�FXUVRU�WR�WKH�ILUVW�FROXPQ

� > ��PRYHV�WKH�FXUVRU�WR�WKH�ODVW�URZ�
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0HWKRG����WKH�*272�FRPPDQG

�� 3UHVV�*272�

7KH�0DWUL[�:ULWHU�LQSXW�IRUP�LV�GLVSOD\HG�

1RWH�WKDW�WKH�*272�FRPPDQG�LV�RQ�WKH�VHFRQG�SDJH�RI�WKH�0DWUL[�
:ULWHU�PHQX��VR�\RX�PD\�QHHG�WR�SUHVV�l�WR�GLVSOD\�LW�

�� (QWHU�WKH�URZ�QXPEHU�RI�WKH�FHOO�\RX�ZDQW�WR�JR�WR�

�� 3UHVV�\�

�� (QWHU�WKH�FROXPQ�QXPEHU�RI�WKH�FHOO�\RX�ZDQW�WR�JR�WR�

�� 3UHVV�\�

�� 3UHVV�2.�RU�\�

7KH�PDWUL[�LV�UHGLVSOD\HG�DQG�WKH�FXUVRU�LV�QRZ�LQ�WKH�FHOO�ZKRVH�URZ¥
FROXPQ�FRRUGLQDWHV�\RX�VSHFLILHG�

To edit an array
�� 0RYH�WKH�FXUVRU�WR�D�FHOO�WR�EH�HGLWHG�

6HH�WKH�SUHYLRXV�VHFWLRQ�IRU�LQVWUXFWLRQV�RQ�FXUVRU�PRYHPHQW�

�� 3UHVV�(',7�

7KH�FRQWHQWV�RI�WKH�FHOO�DUH�FRSLHG�WR�WKH�FRPPDQG�OLQH�

�� 0DNH�\RXU�FKDQJHV�

�� 3UHVV�\�WR�PRYH�\RXU�FKDQJHV�IURP�WKH�FRPPDQG�OLQH�WR�WKH�FHOO�

�� 5HSHDW�IURP�VWHS���LI�\RX�ZDQW�WR�FKDQJH�RWKHU�FHOOV�

�� 3UHVV�\�WR�FORVH�0DWUL[�:ULWHU�DQG�SODFH�WKH�FKDQJHG�DUUD\�RQ�WKH�
FRPPDQG�OLQH��RU�SUHVV���WR�FORVH�0DWUL[�:ULWHU�DQG�GLVFDUG�\RXU�
FKDQJHV��

,I�\RX�GLVFDUGHG�\RXU�FKDQJHV��LJQRUH�WKH�QH[W�VWHS�

�� 3UHVV�\�DJDLQ�WR�VDYH�\RXU�FKDQJHV�

,I�\RX�ZDQW�WR�FRPSOHWHO\�FKDQJH�WKH�FRQWHQWV�RI�WKH�FHOO��\RX�FDQ�
GR�VR�ZLWKRXW�ILUVW�SUHVVLQJ�(',7��-XVW�VWDUW�W\SLQJ�WKH�QHZ�
FRQWHQWV��:KDW�\RX�W\SH�DSSHDUV�RQ�WKH�FRPPDQG�OLQH�
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To make the cells narrower or wider
� 3UHVV�←:,'�WR�PDNH�WKH�FHOOV�QDUURZHU�

0RUH�FROXPQV�DUH�GLVSOD\HG�

� 3UHVV�:,'→�WR�PDNH�WKH�FHOOV�ZLGHU�

)HZHU�FROXPQV�DUH�GLVSOD\HG�

1RWH�WKDW�WKHVH�FRPPDQGV�PRGLI\�WKH�ZLGWK�RI�DOO�FROXPQV��QRW�MXVW�WKH�
FROXPQ�ZLWK�WKH�KLJKOLJKWHG�FHOO�

To control how the cursor moves after an entry

%\�GHIDXOW��WKH�FXUVRU�PRYHV�WR�WKH�DGMDFHQW�FHOO�LQ�WKH�QH[W�FROXPQ�DIWHU�
\RX�SODFH�DQ�REMHFW�LQ�D�FHOO��<RX�FDQ�FKDQJH�WKLV�VHWWLQJ�LQ�RQH�RI�WZR�
ZD\V�

� 7R�PDNH�WKH�FXUVRU�PRYH�WR�WKH�DGMDFHQW�FHOO�LQ�WKH�QH[W�URZ�DIWHU�
HQWU\��SUHVV�*2↓�
$�VPDOO�ER[��n��DSSHDUV�EHVLGH�WKH�FRPPDQG�RQ�WKH�PHQX�

� 7R�SUHYHQW�WKH�FXUVRU�IURP�DGYDQFLQJ�DW�DOO�DIWHU�HQWU\��SUHVV�*2→ DQG�
*2↓ XQWLO�QHLWKHU�FRPPDQG�VKRZV�D�ER[��n��EHVLGH�LW�RQ�WKH�PHQX�

7KH�VHWWLQJ�\RX�FKRRVH�UHPDLQV�WKH�PRGH�RI�FXUVRU�PRYHPHQW�XQWLO�\RX�
FKDQJH�WKH�VHWWLQJ�DJDLQ�

7R�UHWXUQ�WR�WKH�GHIDXOW�VHWWLQJ��SUHVV�*2→ XQWLO�D�ER[��n��DSSHDUV�EHVLGH�
LW�RQ�WKH�PHQX�

,I�\RX�ZDQW�WR�FKDQJH�WKH�ZD\�WKH�FXUVRU�PRYHV�WKURXJK�DQ�DUUD\��PDNH�
\RXU�FKDQJH�EHIRUH�HQWHULQJ�REMHFWV�LQWR�WKH�DUUD\��2QFH�\RX�VWDUW�HQWHULQJ�
REMHFWV��WKH�ZD\�WKH�FXUVRU�PRYHV�FDQQRW�EH�FKDQJHG�
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Manipulating columns and rows

To insert a column

�� 0RYH�WKH�FXUVRU�WR�WKH�FROXPQ�ZKHUH�\RX�ZDQW�WKH�QHZ�FROXPQ�WR�
DSSHDU�

�� 3UHVV��&2/��$�FROXPQ�RI�]HURV�LV�LQVHUWHG�

1RWH�WKDW�WKH��&2/�FRPPDQG�LV�RQ�WKH�VHFRQG�SDJH�RI�WKH�PHQX��VR�
\RX�PD\�QHHG�WR�SUHVV�l�WR�GLVSOD\�LW�

To add a column to the right of the last column of data

�� 0RYH�WKH�FXUVRU�WR�WKH�ULJKW�RI�WKH�ODVW�FROXPQ�RI�GDWD�

3UHVVLQJ�> }�ZLOO�PRYH�WKH�FXUVRU�GLUHFWO\�WR�WKH�ODVW�FROXPQ�RI�GDWD��
<RX�WKHQ�SUHVV�}�WR�PRYH�WR�WKH�QH[W�FROXPQ�

�� (QWHU�DQ�REMHFW�

�� 3UHVV�\�WR�PRYH�\RXU�REMHFW�WR�WKH�KLJKOLJKWHG�FHOO�

7KH�UHVW�RI�WKH�FROXPQ�ILOOV�ZLWK�]HURV�DQG�\RXU�DUUD\�QRZ�LQFOXGHV�WKLV�
QHZ�FROXPQ�

To delete a column

�� 0RYH�WKH�FXUVRU�WR�WKH�FROXPQ�\RX�ZDQW�WR�GHOHWH�

�� 3UHVV�¥&2/��

1RWH�WKDW�WKH�¥&2/�FRPPDQG�LV�RQ�WKH�VHFRQG�SDJH�RI�WKH�PHQX��VR�\RX�
PD\�QHHG�WR�SUHVV�l�WR�GLVSOD\�LW�

To insert a row

�� 0RYH�WKH�FXUVRU�WR�WKH�URZ�ZKHUH�\RX�ZDQW�WKH�QHZ�URZ�WR�DSSHDU�

�� 3UHVV��52:��$�URZ�RI�]HURV�LV�LQVHUWHG�

1RWH�WKDW�WKH��52:�FRPPDQG�LV�RQ�WKH�VHFRQG�SDJH�RI�WKH�PHQX��VR�
\RX�PD\�QHHG�WR�SUHVV�l�WR�GLVSOD\�LW�

<RX�FDQ�DOVR�DGG�D�FROXPQ�WR�DQ�DUUD\�ZLWKRXW�XVLQJ�0DWUL[�:ULWHU��
6HH�§7R�LQVHUW�RQH�RU�PRUH�QHZ�FROXPQV�LQWR�DQ�DUUD\¨�RQ�SDJH���
���

<RX�FDQ�DOVR�DGG�D�URZ�WR�DQ�DUUD\�ZLWKRXW�XVLQJ�0DWUL[�:ULWHU��
6HH�§7R�LQVHUW�RQH�RU�PRUH�QHZ�URZV�LQWR�D�PDWUL[¨�RQ�SDJH������
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To add a row below the bottom row of data

�� 0RYH�WKH�FXUVRU�WR�WKH�URZ�EHORZ�WKH�ODVW�URZ�RI�GDWD�

3UHVVLQJ�> ��ZLOO�PRYH�WKH�FXUVRU�GLUHFWO\�WR�WKH�ODVW�URZ�RI�GDWD��
<RX�WKHQ�SUHVV�]�WR�PRYH�WR�WKH�QH[W�URZ�

�� (QWHU�DQ�REMHFW�

�� 3UHVV�\�WR�PRYH�\RXU�REMHFW�WR�WKH�KLJKOLJKWHG�FHOO�

7KH�UHVW�RI�WKH�URZ�ILOOV�ZLWK�]HURV�DQG�\RXU�DUUD\�QRZ�LQFOXGHV�WKLV�
QHZ�URZ�

To delete a row

�� 0RYH�WKH�FXUVRU�WR�WKH�URZ�\RX�ZDQW�WR�GHOHWH�

�� 3UHVV�¥52:��

To delete the contents of a selection of cells

�� 0RYH�WKH�FXUVRU�WR�WKH�ILUVW�FHOO�LQ�WKH�JURXS�RI�FHOOV�\RX�ZDQW�WR�
GHOHWH�

�� 3UHVV�> å�WR�VHOHFW�%(*,1�

�� 0RYH�WKH�FXUVRU�WR�WKH�ODVW�FHOO�LQ�WKH�JURXS�RI�FHOOV�\RX�ZDQW�WR�GHOHWH�

�� 3UHVV�> ��WR�VHOHFW�(1'�

7KH�FHOOV�EHWZHHQ�\RXU�EHJLQQLQJ�DQG�HQG�FHOO�DUH�QRZ�KLJKOLJKWHG�

�� 3UHVV�'(/�WR�GHOHWH�WKH�FRQWHQWV�RI�WKH�KLJKOLJKWHG�FHOOV�

7KH�'(/�FRPPDQG�GRHV�QRW�OHDYH�WKH�VHOHFWHG�FHOOV�HPSW\��,QVWHDG��WKH�
FRQWHQWV�RI�D�FHOO�DUH�UHSODFHG�ZLWK�D�]HUR�
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Summary of Matrix Writer operations

Key Description

(',7 3ODFHV�WKH�FRQWHQWV�RI�WKH�FXUUHQW�FHOO�RQ�WKH�FRPPDQG�OLQH�
IRU�HGLWLQJ�

9(& )RU�RQH�URZ�DUUD\V��WRJJOHV�EHWZHHQ�YHFWRU�HQWU\�DQG�PDWUL[�
HQWU\��,I�WKLV�FRPPDQG�LV�VHOHFWHG��RQH�URZ�DUUD\V�DUH�
HQWHUHG�RQWR�WKH�FRPPDQG�OLQH�DV�YHFWRUV��H[DPSOH��
> � � � @���LI�LWªV�QRW�VHOHFWHG��RQH�URZ�DUUD\V�DUH�HQWHUHG�DV�
PDWULFHV��H[DPSOH��>>�������@@��

←:,' 'HFUHDVHV�WKH�ZLGWK�RI�DOO�FHOOV�

:,'→ ,QFUHDVHV�WKH�ZLGWK�RI�DOO�FHOOV�

*2→ 6HWV�OHIW�WR�ULJKW�HQWU\�PRGH��7KH�FXUVRU�PRYHV�WR�WKH�QH[W�
FROXPQ�DIWHU�GDWD�HQWU\�

*2↓ 6HWV�WRS�WR�ERWWRP�HQWU\�PRGH��7KH�FXUVRU�PRYHV�WR�WKH�
QH[W�URZ�DIWHU�GDWD�HQWU\�

�52: ,QVHUWV�D�URZ�RI�]HURV�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ�

¥52: 'HOHWHV�WKH�FXUUHQW�URZ�

�&2/ ,QVHUWV�D�FROXPQ�RI�]HURV�DW�WKH�FXUUHQW�FXUVRU�SRVLWLRQ�

¥&2/ 'HOHWHV�WKH�FXUUHQW�FROXPQ�

→67.� &RSLHV�WKH�FXUUHQW�FHOO�WR�KLVWRU\��OHYHO���RI�WKH�VWDFN��

*272� 0RYH�WKH�FXUVRU�WR�D�VSHFLILHG�FHOO�

'(/� 5HSODFH�WKH�FRQWHQWV�RI�VHOHFWHG�FHOOV�ZLWK�]HURV�
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Advanced matrix operations

Creating special matrices

To create an array filled with a given constant

�� 6HOHFW�WKH�&RQVWDQW�$UUD\�FRPPDQG��

< %�&5($7(�&21

�� )RU�WKH�ILUVW�DUJXPHQW�RI�WKH�FRPPDQG��HQWHU�HLWKHU�

� D�OLVW�FRQWDLQLQJ�WKH�GLPHQVLRQV�RI�WKH�GHVLUHG�FRQVWDQW�DUUD\��
{ URZV��FROXPQV }�RU

� DQ�H[LVWLQJ�DUUD\�

�� )RU�WKH�VHFRQG�DUJXPHQW��HQWHU�WKH�FRQVWDQW�WKDW�\RX�ZDQW�LQ�WKH�DUUD\�

�� 3UHVV�\��

7KH�UHVXOW�LV�DQ�DUUD\�RI�WKH�GLPHQVLRQV�\RX�HQWHUHG��RU�RI�WKH�
GLPHQVLRQV�RI�WKH�VSHFLILHG�DUUD\��ILOOHG�ZLWK�WKH�VSHFLILHG�FRQVWDQW�

To create an identity matrix

�� 6HOHFW�WKH�,GHQWLW\�0DWUL[�FRPPDQG��

< %�&5($7(�,'1

�� (QWHU�HLWKHU�

� D�QXPEHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�URZV�DQG�FROXPQV�\RX�ZDQW�
LQ�WKH�LGHQWLW\�PDWUL[�RU

� DQ�H[LVWLQJ�DUUD\�

�� 3UHVV�\�

7KH�UHVXOW�LV�DQ�LGHQWLW\�PDWUL[�RI�WKH�VSHFLILHG�GLPHQVLRQV��WKDW�LV��D�
VTXDUH�PDWUL[�ZLWK�]HUR�IRU�DOO�HOHPHQWV�H[FHSW�WKH�GLDJRQDO�HOHPHQWV��
ZKLFK�DUH�DOO����
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To create an array filled with random integers

�� 6HOHFW�WKH�5DQGRP�0DWUL[�FRPPDQG��

< %�&5($7(�5$10

�� (QWHU�HLWKHU�

� D�OLVW�FRQWDLQLQJ�WKH�GLPHQVLRQV�RI�WKH�GHVLUHG�UDQGRP�PDWUL[��
{ URZV��FROXPQV }�RU

� DQ�H[LVWLQJ�DUUD\�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�UDQGRP�DUUD\�RI�WKH�VSHFLILHG�GLPHQVLRQV��RU�RI�WKH�
GLPHQVLRQV�RI�WKH�VSHFLILHG�DUUD\���7KH�HOHPHQWV�DUH�LQWHJHUV�ZLWKLQ�
WKH�UDQJH�¥��WR���

Assembling matrices

To assemble a matrix by rows from a series of vectors

�� 6HOHFW�WKH�5RZV�WR�0DWUL[�FRPPDQG��

< %�&5($7(�52:�52:→
�� (QWHU�HDFK�YHFWRU�LQ�WKH�RUGHU�\RX�ZDQW�WKHP�WR�DSSHDU�LQ�WKH�PDWUL[��

(QWHU�WKH�URZ���YHFWRU�ILUVW��WKHQ�WKH�URZ���YHFWRU��DQG�VR�RQ��
VHSDUDWLQJ�HDFK�YHFWRU�ZLWK�D�FRPPD�

�� (QWHU�WKH�QXPEHU�RI�URZV�LQ�WKH�GHVLUHG�PDWUL[�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�PDWUL[�FRPSRVHG�RI�WKH�YHFWRUV�\RX�HQWHUHG�

To assemble a matrix by columns from a series of vectors

�� 6HOHFW�WKH�&ROXPQV�WR�0DWUL[�FRPPDQG��

< %�&5($7(�&2/801�&2/→
�� (QWHU�HDFK�YHFWRU�LQ�WKH�RUGHU�\RX�ZDQW�WKHP�WR�DSSHDU�LQ�WKH�PDWUL[��

(QWHU�WKH�FROXPQ���YHFWRU�ILUVW��WKHQ�WKH�FROXPQ���YHFWRU��DQG�VR�RQ��
VHSDUDWLQJ�HDFK�YHFWRU�ZLWK�D�FRPPD�

�� (QWHU�WKH�QXPEHU�RI�FROXPQV�LQ�WKH�GHVLUHG�PDWUL[�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�PDWUL[�FRPSRVHG�RI�WKH�YHFWRUV�\RX�HQWHUHG�
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To assemble a matrix with a particular diagonal from a vector

�� 6HOHFW�WKH�9HFWRU�WR�0DWUL[�'LDJRQDO�FRPPDQG��

< %�&5($7(�',$*→
�� (QWHU�WKH�YHFWRU�FRQWDLQLQJ�WKH�GLDJRQDO�HOHPHQWV�

�� (QWHU�HLWKHU�

� D�OLVW�FRQWDLQLQJ�WKH�GLPHQVLRQV�RI�WKH�GHVLUHG�PDWUL[��{URZV�
FROXPQV}�RU

� D�UHDO�QXPEHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�URZV�DQG�FROXPQV�LQ�WKH�
GHVLUHG�VTXDUH�PDWUL[�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�PDWUL[�RI�WKH�GHVLUHG�GLPHQVLRQV�XVLQJ�WKH�HOHPHQWV�RI�
WKH�YHFWRU�DV�WKH�GLDJRQDO�HOHPHQWV�RI�WKH�PDWUL[��,I�WKH�YHFWRU�
FRQWDLQV�PRUH�GLDJRQDO�HOHPHQWV�WKDQ�DUH�QHHGHG�WR�FUHDWH�WKH�PDWUL[��
WKH�H[WUD�HOHPHQWV�DUH�GLVFDUGHG��,I�WKH�YHFWRU�GRHV�QRW�FRQWDLQ�
HQRXJK�HOHPHQWV�WR�FRPSOHWH�WKH�PDWUL[��WKH�XQGHILQHG�GLDJRQDO�
HOHPHQWV�DUH�VHW�WR�]HUR�

To assemble a matrix from a sequence of elements

�� 6HOHFW�WKH�6WDFN�WR�$UUD\�FRPPDQG��

< N�7<3(�→$55<

�� (QWHU�WKH�HOHPHQWV�LQ�URZ�PDMRU�RUGHU�

5RZ�PDMRU�RUGHU�EHJLQV�ZLWK�WKH�ILUVW�HOHPHQW��WKH�HOHPHQW�LQ�URZ���
DQG�FROXPQ�����7KH�QH[W�HOHPHQW�LV�WKH�QH[W�RQH�LQ�WKH�URZ��,I�WKHUH�DUH�
QR�PRUH�HOHPHQWV�LQ�WKH�URZ��WKH�QH[W�HOHPHQW�LV�WKH�ILUVW�HOHPHQW�LQ�
WKH�QH[W�URZ��DQG�VR�RQ�

�� (QWHU�D�OLVW�FRQWDLQLQJ�WKH�GLPHQVLRQV�RI�WKH�GHVLUHG�PDWUL[��{URZV��
FROXPQV}�

�� 3UHVV�\�WR�DVVHPEOH�WKH�PDWUL[�

)RU�H[DPSOH��→$55<�������������^����`��UHVXOWV�LQ� 1 2

3 4
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Disassembling matrices

To disassemble a matrix into its elements

�� 6HOHFW�WKH�2EMHFW�WR�6WDFN�FRPPDQG��

< N�7<3(�2%-→
�� (QWHU�RU�VHOHFW�WKH�PDWUL[�\RX�ZDQW�WR�GLVDVVHPEOH�

�� 3UHVV�\��

7KH�PDWUL[�LV�GLVDVVHPEOHG�LQ�URZ�PDMRU�RUGHU��$�OLVW�LQGLFDWLQJ�WKH�
GLPHQVLRQV�RI�WKH�PDWUL[�LV�DOVR�UHWXUQHG�

To disassemble a matrix into row vectors

�� 6HOHFW�WKH�0DWUL[�WR�5RZV�FRPPDQG��

< %�&5($7(�52:�→52:

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�\RX�ZDQW�WR�GLVDVVHPEOH�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�OLVW�RI�URZ�YHFWRUV��ILUVW�URZ�WR�ODVW���DQG�WKH�QXPEHU�RI�
URZV�LQ�WKH�PDWUL[�

To disassemble a matrix into column vectors

�� 6HOHFW�WKH�0DWUL[�WR�&ROXPQV�FRPPDQG��

< %�&5($7(�&2/801�→&2/

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�\RX�ZDQW�WR�GLVDVVHPEOH�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�OLVW�RI�FROXPQ�YHFWRUV��ILUVW�FROXPQ�WR�ODVW���DQG�WKH�
QXPEHU�RI�FROXPQV�LQ�WKH�PDWUL[�

To extract the vector of diagonals from a matrix

�� 6HOHFW�WKH�0DWUL[�'LDJRQDO�WR�$UUD\�FRPPDQG��

< %�&5($7(�→',$*

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�YHFWRU�ZKRVH�HOHPHQWV�ZHUH�WKH�GLDJRQDO�HOHPHQWV�RI�
WKH�PDWUL[�
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Inserting rows and columns

To insert one or more new rows into a matrix

�� 6HOHFW�WKH�,QVHUW�5RZ�FRPPDQG��

< %�&5($7(�52:�52:�

�� (QWHU�RU�VHOHFW�WKH�DUUD\�\RX�ZDQW�WR�PRGLI\�

�� (QWHU�WKH�YHFWRU�RU�PDWUL[�WKDW�\RX�ZDQW�WR�LQVHUW�

$Q�LQVHUWHG�DUUD\�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�FROXPQV�DV�WKH�DUUD\�
LQWR�ZKLFK�LW�LV�EHLQJ�LQVHUWHG�

�� (QWHU�WKH�URZ�QXPEHU�\RX�ZDQW�WKH�ILUVW��RU�RQO\��LQVHUWHG�URZ�WR�EH�

�� 3UHVV�\�

7KH�URZV�EHQHDWK��DQG�LQFOXGLQJ��WKH�URZ�VSHFLILHG�DW�VWHS���DUH�
SXVKHG�GRZQ�WR�PDNH�URRP�IRU�WKH�LQVHUWHG�URZV�

To insert one or more new columns into an array

�� 6HOHFW�WKH�,QVHUW�&ROXPQ�FRPPDQG��

< %�&5($7(�&2/801�&2/�

�� (QWHU�RU�VHOHFW�WKH�DUUD\�\RX�ZDQW�WR�PRGLI\�

�� (QWHU�WKH�YHFWRU�RU�PDWUL[�WKDW�\RX�ZDQW�WR�LQVHUW�

$Q�LQVHUWHG�DUUD\�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�URZV�DV�WKH�DUUD\�LQWR�
ZKLFK�LW�LV�EHLQJ�LQVHUWHG�

�� (QWHU�WKH�FROXPQ�QXPEHU�\RX�ZDQW�WKH�ILUVW��RU�RQO\��LQVHUWHG�FROXPQ�
WR�EH�

�� 3UHVV�\�

�� 7KH�FROXPQV�WR�WKH�ULJKW�RI��DQG�LQFOXGLQJ��WKH�FROXPQ�VSHFLILHG�DW�VWHS�
��DUH�SXVKHG�WR�WKH�ULJKW�WR�PDNH�URRP�IRU�WKH�LQVHUWHG�FROXPQV�

<RX�FDQ�DOVR�DGG�URZV�WR�DQ�DUUD\�XVLQJ�0DWUL[�:ULWHU��6HH�§7R�
LQVHUW�D�URZ¨�RQ�SDJH�����

<RX�FDQ�DOVR�DGG�FROXPQV�WR�DQ�DUUD\�XVLQJ�0DWUL[�:ULWHU��6HH�§7R�
LQVHUW�D�FROXPQ¨�RQ�SDJH�����
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Extracting rows and columns

To extract a particular row from an array

�� 6HOHFW�WKH�'HOHWH�5RZ�FRPPDQG��

< %�&5($7(�52:�52:¥

�� (QWHU�RU�VHOHFW�WKH�DUUD\�ZLWK�WKH�URZ�\RX�ZDQW�WR�H[WUDFW�

�� (QWHU�WKH�QXPEHU�RI�WKH�URZ�\RX�ZDQW�WR�H[WUDFW�

�� 3UHVV�\�

7KH�UHVXOW�LV�WKH�DUUD\�ZLWKRXW�WKH�H[WUDFWHG�URZ��DQG�WKH�H[WUDFWHG�
URZ�DV�D�YHFWRU�

To extract a particular column from an array

�� 6HOHFW�WKH�'HOHWH�&ROXPQ�FRPPDQG��

< %�&5($7(�&2/801�&2/¥

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�ZLWK�WKH�FROXPQ�\RX�ZDQW�WR�H[WUDFW�

�� (QWHU�WKH�QXPEHU�RI�WKH�FROXPQ�\RX�ZDQW�WR�H[WUDFW�

�� 3UHVV�\�

7KH�UHVXOW�LV�WKH�PDWUL[�ZLWKRXW�WKH�H[WUDFWHG�FROXPQ��DQG�WKH�
H[WUDFWHG�FROXPQ�DV�D�YHFWRU�

Swapping rows and columns

To swap two rows in an array

�� 6HOHFW�WKH�5RZ�6ZDS�FRPPDQG��

< %�&5($7(�52:�56:3

�� (QWHU�RU�VHOHFW�WKH�DUUD\�ZLWK�WKH�URZV�\RX�ZDQW�WR�VZDS�

�� (QWHU�WKH�QXPEHU�RI�WKH�RQH�RI�WKH�URZV�\RX�ZDQW�WR�VZDS�

�� (QWHU�WKH�QXPEHU�RI�WKH�RWKHU�URZ�\RX�ZDQW�WR�VZDS�

�� 3UHVV�\�

7KH�UHVXOW�LV�WKH�DUUD\�ZLWK�WKH�WZR�VSHFLILHG�URZV�VZDSSHG�
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To swap two columns in an array

�� 6HOHFW�WKH�&ROXPQ�6ZDS�FRPPDQG��

< %�&5($7(�&2/801�&6:3

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�ZLWK�WKH�FROXPQV�\RX�ZDQW�WR�VZDS�

�� (QWHU�WKH�QXPEHU�RI�WKH�RQH�RI�WKH�FROXPQV�\RX�ZDQW�WR�VZDS�

�� (QWHU�WKH�QXPEHU�RI�WKH�RWKHU�FROXPQ�\RX�ZDQW�WR�VZDS�

�� 3UHVV�\�

7KH�UHVXOW�LV�WKH�DUUD\�ZLWK�WKH�WZR�VSHFLILHG�FROXPQV�VZDSSHG�

Extracting and replacing elements of matrices

To extract the element at a specified position

�� 6HOHFW�WKH�*HW�(OHPHQW�FRPPDQG��

< %�&5($7(�*(7

�� (QWHU�RU�VHOHFW�WKH�DUUD\�ZLWK�WKH�HOHPHQW�\RX�ZDQW�WR�H[WUDFW�

�� (QWHU�HLWKHU�

� D�OLVW�FRQWDLQLQJ�WKH�URZ�QXPEHU�DQG�FROXPQ�QXPEHU�RI�WKH�
HOHPHQW�\RX�ZDQW�WR�H[WUDFW��RU

� WKH�SRVLWLRQ�QXPEHU¦WKDW�LV��URZ�PDMRU�QXPEHU¦RI�WKH�HOHPHQW�
\RX�ZDQW�WR�H[WUDFW�

�� 3UHVV�\�

7KH�UHVXOW�LV�WKH�H[WUDFWHG�HOHPHQW�

To replace an element at a specified position

�� 6HOHFW�WKH�3XW�(OHPHQW�FRPPDQG��

< %�&5($7(�387

�� (QWHU�RU�VHOHFW�WKH�DUUD\�ZLWK�WKH�HOHPHQW�\RX�ZDQW�WR�UHSODFH�

�� (QWHU�HLWKHU�

� D�OLVW�FRQWDLQLQJ�WKH�URZ�QXPEHU�DQG�FROXPQ�QXPEHU�RI�WKH�
HOHPHQW�\RX�ZDQW�WR�UHSODFH��RU

� WKH�SRVLWLRQ�QXPEHU¦WKDW�LV��URZ�PDMRU�QXPEHU¦RI�WKH�HOHPHQW�
\RX�ZDQW�WR�UHSODFH�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�PRGLILHG�DUUD\�
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Characterizing matrices

0DWUL[�FDOFXODWLRQV�DUH�RIWHQ�VHQVLWLYH�WR�VSHFLDO�FKDUDFWHULVWLFV�RI�WKH�
PDWULFHV�XVHG��7KH�+3���*�KDV�D�QXPEHU�RI�FRPPDQGV�WKDW�UHWXUQ�
FKDUDFWHULVWLFV�RI�PDWULFHV��1RWH�WKDW�VRPH�FRPPDQGV�DUH�RQO\�GHILQHG�
IRU�VTXDUH�PDWULFHV��VRPH�IRU�DQ\�UHFWDQJXODU�PDWUL[�

Commands for characterizing matrices

Keys Description

< %�23(5$7,216�6,=( 5HWXUQV�WKH�GLPHQVLRQV�RI�WKH�DUUD\�
�WKDW�LV��WKH�QXPEHU�RI�URZV�DQG�
QXPEHU�RI�FROXPQV��

< %�23(5$7,216�$%6 5HWXUQV�WKH�)UREHQLXV�QRUP�RI�D�PDWUL[�
DQG�WKH�(XFOLGHDQ�OHQJWK�RI�D�YHFWRU��
WKH�VTXDUH�URRW�RI�WKH�VXPV�RI�WKH�
VTXDUHV�RI�WKH�DEVROXWH�YDOXHV�RI�WKH�
HOHPHQWV�

< %�23(5$7,216�6150 �5HWXUQV�WKH�VSHFWUDO�QRUP�RI�D�PDWUL[��
7KH�VSHFWUDO�QRUP�RI�D�PDWUL[�LV�HTXDO�
WR�WKH�ODUJHVW�VLQJXODU�YDOXH�RI�WKH�
PDWUL[��6DPH�DV�$%6�IRU�D�YHFWRU�

< %�23(5$7,216�5150 5HWXUQV�WKH�URZ�QRUP�RI�D�PDWUL[��7KH�
URZ�QRUP�RI�D�PDWUL[�LV�WKH�PD[LPXP�
YDOXH��RYHU�DOO�URZV��RI�WKH�VXPV�RI�WKH�
DEVROXWH�YDOXHV�RI�DOO�HOHPHQWV�LQ�D�URZ��
7KH�URZ�QRUP�RI�D�YHFWRU�LV�WKH�
PD[LPXP�DEVROXWH�YDOXH�RI�LWV�
HOHPHQWV�

< %�23(5$7,216�&150 �5HWXUQV�WKH�FROXPQ�QRUP�RI�D�PDWUL[��
7KH�FROXPQ�QRUP�RI�D�PDWUL[�LV�WKH�
PD[LPXP�YDOXH��RYHU�DOO�FROXPQV��RI�
WKH�VXPV�RI�WKH�DEVROXWH�YDOXHV�RI�DOO�
HOHPHQWV�LQ�D�FROXPQ��7KH�FROXPQ�
QRUP�RI�D�YHFWRU�LV�WKH�VXP�RI�WKH�
DEVROXWH�YDOXHV�RI�LWV�HOHPHQWV�
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< %�23(5$7,216�65$' 5HWXUQV�WKH�VSHFWUDO�UDGLXV�RI�D�VTXDUH�
PDWUL[��7KH�VSHFWUDO�UDGLXV�LV�WKH�
DEVROXWH�YDOXH�RI�WKH�ODUJHVW�HLJHQYDOXH�
RI�WKH�PDWUL[�

< %�23(5$7,216�&21' 5HWXUQV�WKH�FROXPQ�QRUP�FRQGLWLRQ�
QXPEHU�RI�D�VTXDUH�PDWUL[��7KH�
FRQGLWLRQ�QXPEHU�LV�GHILQHG�WR�EH�WKH�
SURGXFW�RI�WKH�FROXPQ�QRUP�RI�D�VTXDUH�
PDWUL[�DQG�WKH�FROXPQ�QRUP�RI�LWV�
LQYHUVH�

< %�23(5$7,216�5$1. 5HWXUQV�DQ�HVWLPDWH�RI�WKH�UDQN�RI�D�
PDWUL[��7KH�UDQN�RI�D�PDWUL[�LV�HTXDO�WR�
WKH�QXPEHU�RI�QRQ�]HUR�VLQJXODU�YDOXHV�
RI�WKH�PDWUL[��,I�IODJ�¥���LV�FOHDU�
�GHIDXOW���5$1.�WUHDWV�DQ\�FRPSXWHG�
VLQJXODU�YDOXH�OHVV�WKDQ���¥���WLPHV�WKH�
VL]H�RI�WKH�ODUJHVW�FRPSXWHG�VLQJXODU�
YDOXH�DV�]HUR��,I�IODJ�¥���LV�VHW��5$1.�
FRXQWV�DOO�QRQ�]HUR�VLQJXODU�YDOXHV�QR�
PDWWHU�ZKDW�WKHLU�VL]H��

< %�23(5$7,216�'(7 5HWXUQV�WKH�GHWHUPLQDQW�RI�D�VTXDUH�
PDWUL[��'(7�FKHFNV�IODJ�¥����DQG�ZLOO�
UHILQH�LWV�FRPSXWHG�YDOXH�RQO\�LI�¥���LV�
FOHDU��GHIDXOW���

< %�23(5$7,216�75$&( 5HWXUQV�WKH�WUDFH�RI�D�VTXDUH�PDWUL[��
7KH�WUDFH�RI�D�PDWUL[�LV�HTXDO�WR�WKH�
VXP�RI�WKH�GLDJRQDO�HOHPHQWV�DQG�DOVR�
HTXDO�WR�WKH�VXP�RI�WKH�HLJHQYDOXHV�RI�
WKH�PDWUL[�

Keys (Continued) Description
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Transforming matrices

To transpose a matrix

�� 6HOHFW�WKH�DSSURSULDWH�7UDQVSRVH�0DWUL[�FRPPDQG�

� < P�0$75,;�0$.(�751��LI�\RX�ZDQW�WKH�FRQMXJDWH�WUDQVSRVH�RI�D�
FRPSOH[�PDWUL[���RU

� < %�23(5$7,216�75$1��LI�\RX�ZDQW�WUDQVSRVLWLRQ�ZLWKRXW�
FRQMXJDWLRQ��

�� (QWHU�RU�VHOHFW�WKH�DUUD\�\RX�ZDQW�WR�WUDQVSRVH�

�� 3UHVV�\�WR�WUDQVSRVH�WKH�PDWUL[�

7KH�ILUVW�URZ�RI�WKH�RULJLQDO�PDWUL[�LV�QRZ�WKH�ILUVW�FROXPQ��WKH�RULJLQDO�
VHFRQG�URZ�LV�QRZ�WKH�VHFRQG�FROXPQ�DQG�VR�RQ�

To invert a square matrix

�� 3UHVV�y�

�� (QWHU�RU�VHOHFW�WKH�DUUD\�\RX�ZDQW�WR�LQYHUW�

�� 3UHVV�\�WR�WUDQVSRVH�WKH�PDWUL[�

To change the dimensions of an array

�� 6HOHFW�WKH�5HGLPHQVLRQ�$UUD\�FRPPDQG��

< %�&5($7(�5'0

�� (QWHU�RU�VHOHFW�WKH�DUUD\�WKDW�\RX�ZDQW�WR�UHGLPHQVLRQ�

�� (QWHU�D�OLVW�FRQWDLQLQJ�WKH�QHZ�GLPHQVLRQV�RI�WKH�DUUD\��
^ URZ� FROXPQ `�

�� 3UHVV�\�

(OHPHQWV�IURP�WKH�RULJLQDO�DUUD\�DUH�SODFHG�LQ�URZ�PDMRU�RUGHU�LQWR�
WKH�QHZO\�GLPHQVLRQHG�DUUD\��,I�WKHUH�DUH�IHZHU�HOHPHQWV�LQ�WKH�QHZ�
DUUD\�WKDQ�LQ�WKH�RULJLQDO�RQH��WKH�H[FHVV�HOHPHQWV�DUH�GURSSHG��,I�
WKHUH�DUH�PRUH�HOHPHQWV�LQ�WKH�QHZ�DUUD\�WKDQ�LQ�WKH�RULJLQDO�RQH��WKH�
PLVVLQJ�HOHPHQWV�DUH�ILOOHG�ZLWK�]HURV��RU�������LI�WKH�DUUD\�LV�FRPSOH[��

)RU�H[DPSOH��5'0� ��^���`��UHVXOWV�LQ�� �1 2

3 4

1 2 3 4

0 0 0 0

0 0 0 0
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More matrix arithmetic

6LPSOH�PDWUL[�DULWKPHWLF�LV�FRYHUHG�LQ�FKDSWHU���RI�WKH�+3���*�8VHUªV�
*XLGH��7KLV�VHFWLRQ�FRYHUV�VRPH�RI�WKH�RWKHU�DULWKPHWLF�RSWLRQV�

To change the sign of each element in a matrix

�� 3UHVV�w_��

�� :LWK�WKH�FXUVRU�EHWZHHQ�WKH�SDUHQWKHVHV��HQWHU�RU�VHOHFW�WKH�PDWUL[�

�� 3UHVV�\�

To multiply a matrix and vector

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�

�� 3UHVV���

�� (QWHU�RU�VHOHFW�WKH�YHFWRU�

7KH�QXPEHU�RI�HOHPHQWV�LQ�WKH�YHFWRU�PXVW�HTXDO�WKH�QXPEHU�RI�
FROXPQV�LQ�WKH�PDWUL[�

�� 3UHVV�\��

To divide an array by a square matrix

�� (QWHU�RU�VHOHFW�WKH�DUUD\�

�� 3UHVV�z�

�� (QWHU�WKH�VTXDUH�PDWUL[�

7KH�QXPEHU�RI�URZV�LQ�WKH�PDWUL[�PXVW�HTXDO�WKH�QXPEHU�RI�URZV�LQ�
WKH�DUUD\�

�� 3UHVV�\�
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Transforming complex matrices

To combine two real matrices into a complex matrix

�� 6HOHFW�WKH�5HDO�WR�&RPSOH[�FRPPDQG��

< P�&203/(;�5→&

�� (QWHU�RU�VHOHFW�WKH�UHDO�PDWUL[�WKDW�ZLOO�EHFRPH�WKH�UHDO�SDUW�RI�WKH�
FRPSOH[�PDWUL[�

�� (QWHU�RU�VHOHFW�WKH�UHDO�PDWUL[�WKDW�ZLOO�EHFRPH�WKH�LPDJLQDU\�SDUW�RI�
WKH�FRPSOH[�PDWUL[�

7KLV�PDWUL[�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�DV�WKH�PDWUL[�HQWHUHG�DW�
VWHS���

�� 3UHVV�\��

7KH�WZR�UHDO�PDWULFHV�DUH�FRPELQHG�WR�IRUP�D�FRPSOH[�PDWUL[�

To split a complex matrix into two real matrices

�� 6HOHFW�WKH�&RPSOH[�WR�5HDO�FRPPDQG��

< P�&203/(;�&→5

�� (QWHU�RU�VHOHFW�WKH�FRPSOH[�PDWUL[�WKDW�\RX�ZDQW�WR�VSOLW�

�� 3UHVV�\��

7KH�UHVXOW�LV�WZR�UHDO�PDWULFHV�IRUPHG�IURP�WKH�FRPSOH[�PDWUL[�

To conjugate each element of a complex matrix

�� 6HOHFW�WKH�&RQMXJDWH�IXQFWLRQ��

> &203/(;�&21-

�� (QWHU�RU�VHOHFW�WKH�FRPSOH[�PDWUL[�WKDW�\RX�ZDQW�WR�FRQMXJDWH�

�� 3UHVV�\��

To extract the matrix of real parts from a complex matrix

�� 6HOHFW�WKH�5HDO�3DUW�IXQFWLRQ��

> &203/(;�5(

�� (QWHU�RU�VHOHFW�WKH�FRPSOH[�PDWUL[�ZKRVH�UHDO�FRPSRQHQWV�\RX�ZDQW�
WR�H[WUDFW�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�PDWUL[�FRPSULVLQJ�MXVW�WKH�UHDO�FRPSRQHQWV�RI�WKH�
FRPSOH[�PDWUL[�
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To extract the matrix of imaginary parts from a complex matrix

�� 6HOHFW�WKH�,PDJLQDU\�3DUW�IXQFWLRQ��

> &203/(;�,0

�� (QWHU�RU�VHOHFW�WKH�FRPSOH[�PDWUL[�ZKRVH�LPDJLQDU\�FRPSRQHQWV�\RX�
ZDQW�WR�H[WUDFW�

�� 3UHVV�\��

7KH�UHVXOW�LV�D�PDWUL[�FRPSULVLQJ�MXVW�WKH�LPDJLQDU\�FRPSRQHQWV�RI�WKH�
FRPSOH[�PDWUL[�

Linear algebra topics
7KH�XVH�RI�PDWUL[�IXQFWLRQV�WR�VROYH�V\VWHPV�RI�OLQHDU�HTXDWLRQV�LV�
FRYHUHG�LQ�FKDSWHU���RI�WKH�+3���*�8VHUªV�*XLGH��7KLV�VHFWLRQ�FRYHUV�
RWKHU�LPSRUWDQW�OLQHDU�DOJHEUD�FRPPDQGV�

Eigenvalues and eigenvectors

$�VTXDUH��Q á Q��PDWUL[�$�LV�VDLG�WR�KDYH�DQ�HLJHQYDOXH�λ�DQG�D�
FRUUHVSRQGLQJ�HLJHQYHFWRU [ LI�$[� �λ[�

(LJHQYDOXHV�DUH�WKH�URRWV�RI�WKH�FKDUDFWHULVWLF�HTXDWLRQ¦GHW�$�¥�λ,�� �
�¦ZKLFK�LV�D�SRO\QRPLDO�RI�GHJUHH�Q��7KXV��$�KDV�Q�HLJHQYDOXHV��DOWKRXJK�
WKH\�DUH�QRW�DOZD\V�GLVWLQFW��(DFK�HLJHQYDOXH�KDV�D�FRUUHVSRQGLQJ�
HLJHQYHFWRU�

7KH�+3���*�DOORZV�\RX�WR�FRPSXWH�HLWKHU�WKH�HLJHQYDOXHV�RQO\��D�IDVWHU�
FRPSXWDWLRQ��RU�ERWK�WKH�HLJHQYDOXHV�DQG�WKHLU�FRUUHVSRQGLQJ�
HLJHQYHFWRUV�

To compute the eigenvalues for a square matrix
�� 6HOHFW�WKH�(LJHQYDOXHV�FRPPDQG�

< %�(,*(19(&725�(*9/

�� (QWHU�RU�VHOHFW�WKH�VTXDUH��Q�á Q��PDWUL[�ZKRVH�HLJHQYDOXHV�\RX�ZDQW�
WR�FDOFXODWH�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�YHFWRU�RI�Q�HLJHQYDOXHV�
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To compute the eigenvalues and eigenvectors for a square 
matrix
�� 6HOHFW�WKH�(LJHQYDOXHV�DQG�(LJHQYHFWRUV�FRPPDQG�

< %�(,*(19(&725�(*9

�� (QWHU�RU�VHOHFW�WKH�VTXDUH��Q�á Q��PDWUL[�ZKRVH�HLJHQYDOXHV�DQG�
HLJHQYHFWRUV�\RX�ZDQW�WR�FDOFXODWH�

�� 3UHVV�\�

7KH�UHVXOW�LV�DQ�Q�á�Q�PDWUL[�RI�HLJHQYHFWRUV�DQG�DQ�Q�HOHPHQW�YHFWRU�
RI�HLJHQYDOXHV��

To compute the singular values of a matrix
�� 6HOHFW�WKH�6LQJXODU�9DOXHV�FRPPDQG�

< %�)$&725,=$7,21�69/

�� (QWHU�RU�VHOHFW�WKH�PDWUL[�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�YHFWRU¦RI�OHQJWK�0,1�P�Q�¦RI�WKH�VLQJXODU�YDOXHV�RI�
WKH�PDWUL[��7KH�YDOXHV�DUH�UHWXUQHG�LQ�QRQ�LQFUHDVLQJ�RUGHU��
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To decompose or factor a matrix

7KH�+3���*�RIIHUV�D�VHW�RI�PDWUL[�GHFRPSRVLWLRQ�DQG�IDFWRUL]DWLRQ�WRROV�
WKDW�\RX�FDQ�XVH�HLWKHU�DORQH�RU�LQ�SURJUDP�URXWLQHV�WR�VROYH�VSHFLDOL]HG�
SUREOHPV��7KHVH�WRROV�DUH�H[SODLQHG�LQ�WKH�IROORZLQJ�WDEOH�

Keys Description

< %�)$&725,=$7,21�/8 &URXW�/8�'HFRPSRVLWLRQ��7KLV�
SURFHGXUH�LV�XVHG�LQ�WKH�SURFHVV�RI�
VROYLQJ�DQ�H[DFWO\�GHWHUPLQHG�V\VWHP�
RI�OLQHDU�HTXDWLRQV��LQYHUWLQJ�D�PDWUL[��
DQG�FRPSXWLQJ�WKH�GHWHUPLQDQW�RI�D�
VTXDUH�PDWUL[��,W�IDFWRUV�WKH�VTXDUH�
PDWUL[��$��LQWR�D�ORZHU�WULDQJXODU�
PDWUL[�/��DQ�XSSHU�WULDQJXODU�PDWUL[�8�
FRQWDLQLQJ�RQHV�RQ�LWV�GLDJRQDO��DQG�D�
SHUPXWDWLRQ�PDWUL[�3�VXFK�WKDW�
3$  /8�

< %�)$&725,=$7,21�/4 /4�)DFWRUL]DWLRQ��7KLV�FRPPDQG�
IDFWRUV�DQ�P á Q�PDWUL[�$�LQWR�DQ�P á Q�
ORZHU�WUDSH]RLGDO�PDWUL[�/��DQ�Q á Q�
RUWKRJRQDO�PDWUL[�4��DQG�DQ�P á P�
SHUPXWDWLRQ�PDWUL[�3�VXFK�WKDW�
3$  /4�

< %�)$&725,=$7,21�45 �45�)DFWRUL]DWLRQ��7KLV�FRPPDQG�
IDFWRUV�DQ�P á Q�PDWUL[�$�LQWR�DQ�P á 
P�RUWKRJRQDO�PDWUL[�4��DQ�P á Q�XSSHU�
WUDSH]RLGDO�PDWUL[�5��DQG�DQ�Q á Q�
SHUPXWDWLRQ�PDWUL[�3�VXFK�WKDW�
$3  45�

< %�)$&725,=$7,21�
6&+85

6FKXU�'HFRPSRVLWLRQ��7KLV�
FRPPDQG�IDFWRUV�D�VTXDUH�PDWUL[�$�
LQWR�DQ�RUWKRJRQDO�PDWUL[�4�DQG�DQ�
XSSHU�WULDQJXODU�PDWUL[��RU��LI�$�LV�UHDO�
YDOXHG��WKH�XSSHU�TXDVL�WULDQJXODU�
PDWUL[��8�VXFK�WKDW�$� �4847��ZKHUH�
47�LV�WKH�WUDQVSRVH�RI�PDWUL[�4��
Matrices and linear algebra Page 5-21



A
dv

an
ce

d 
to

pi
cs
< %�)$&725,=$7,21�69' �6LQJXODU�9DOXH�'HFRPSRVLWLRQ��7KLV�
FRPPDQG�IDFWRUV�DQ�P á Q�PDWUL[�$�
LQWR�DQ�P á P�RUWKRJRQDO�PDWUL[�8��DQ�
Q á Q�RUWKRJRQDO�PDWUL[�9��DQG�D�YHFWRU�
6�RI�WKH�VLQJXODU�YDOXHV�RI�$�VXFK�WKDW�
$� �86©9��ZKHUH�6©�LV�WKH�P á Q�PDWUL[�
IRUPHG�E\�XVLQJ�WKH�HOHPHQWV�RI�6�DV�LWV�
GLDJRQDO�HOHPHQWV��
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	Matrix Writer operations
	To move around an array
	To edit an array
	To make the cells narrower or wider
	To control how the cursor moves after an entry
	Manipulating columns and rows
	To insert a column
	To add a column to the right of the last column of data
	To delete a column
	To insert a row
	To add a row below the bottom row of data
	To delete a row
	To delete the contents of a selection of cells


	Summary of Matrix Writer operations
	Advanced matrix operations
	Creating special matrices
	To create an array filled with a given constant
	To create an identity matrix
	To create an array filled with random integers

	Assembling matrices
	To assemble a matrix by rows from a series of vectors
	To assemble a matrix by columns from a series of vectors
	To assemble a matrix with a particular diagonal from a vector
	To assemble a matrix from a sequence of elements

	Disassembling matrices
	To disassemble a matrix into its elements
	To disassemble a matrix into row vectors
	To disassemble a matrix into column vectors
	To extract the vector of diagonals from a matrix

	Inserting rows and columns
	To insert one or more new rows into a matrix
	To insert one or more new columns into an array

	Extracting rows and columns
	To extract a particular row from an array
	To extract a particular column from an array

	Swapping rows and columns
	To swap two rows in an array
	To swap two columns in an array

	Extracting and replacing elements of matrices
	To extract the element at a specified position
	To replace an element at a specified position

	Characterizing matrices
	Commands for characterizing matrices

	Transforming matrices
	To transpose a matrix
	To invert a square matrix
	To change the dimensions of an array

	More matrix arithmetic
	To change the sign of each element in a matrix
	To multiply a matrix and vector
	To divide an array by a square matrix

	Transforming complex matrices
	To combine two real matrices into a complex matrix
	To split a complex matrix into two real matrices
	To conjugate each element of a complex matrix
	To extract the matrix of real parts from a complex matrix
	To extract the matrix of imaginary parts from a complex matrix


	Linear algebra topics
	Eigenvalues and eigenvectors
	To compute the eigenvalues for a square matrix
	To compute the eigenvalues and eigenvectors for a square matrix
	To compute the singular values of a matrix
	To decompose or factor a matrix


