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7KLV�JXLGH�FRQWDLQV�LQIRUPDWLRQ�RQ�WKH�DGYDQFHG�IXQFWLRQDOLW\�RI�WKH�
+3 ��*��,W�LV�D�VXSSOHPHQW�WR�WKH�3RFNHW�*XLGH�DQG�8VHUªV�*XLGH�WKDW�LV�
VKLSSHG�ZLWK�WKH�+3 ��*�

Material covered
7KLV�JXLGH�FRQWDLQV�WKH�IROORZLQJ�LQIRUPDWLRQ�

� &KDSWHU����(QWHULQJ�FRPPDQGV�FRQWDLQV�LQIRUPDWLRQ�RQ�WKH�
GLIIHUHQW�ZD\V�WKDW�\RX�FDQ�HQWHU�DQG�XVH�FRPPDQGV�

� &KDSWHU����6\VWHP�IODJV�FRQWDLQV�LQIRUPDWLRQ�RQ�XVLQJ�WKH�+3 ��*ªV�
IODJV��DQG�WKH�FRPPDQGV�WR�FRQWURO�WKHP�

� &KDSWHU����&RPPDQG�OLQH�RSHUDWLRQV�LOOXVWUDWHV�KRZ�WR�XVH�WKH�
FRPPDQG�OLQH�HGLWRU�

� &KDSWHU����7KH�VWDFN�H[SODLQV�KRZ�WR�RSHUDWH�WKH�FDOFXODWRU�LQ�531�
PRGH��DQG�KRZ�WR�PDQLSXODWH�REMHFWV�RQ�WKH�VWDFN�

� &KDSWHU����0DWULFHV�DQG�OLQHDU�DOJHEUD�GHVFULEHV�DGYDQFHG�PDWUL[�
RSHUDWLRQV��DQG�KRZ�WR�VROYH�OLQHDU�DOJHEUD�SUREOHPV�XVLQJ�PDWULFHV�

� &KDSWHU����8QLW�REMHFWV�FRQWDLQV�LQIRUPDWLRQ�RQ�XVLQJ�WKH�8QLWV�
DSSOLFDWLRQ�WR�ZRUN�ZLWK�XQLWV�LQ�PDWKHPDWLFDO�RSHUDWLRQV�

� &KDSWHU����&RQVWDQWV�OLEUDU\�FRQWDLQV�LQIRUPDWLRQ�RQ�WKH�OLEUDU\�RI�
SK\VLFDO�FRQVWDQWV�WKDW�\RX�FDQ�DFFHVV�DQG�XVH�LQ�FDOFXODWLRQV�

� &KDSWHU����1XPEHU�EDVHV�FRQWDLQV�LQIRUPDWLRQ�RQ�ZRUNLQJ�ZLWK�
ELQDU\��RFWDO�DQG�KH[DGHFLPDO�QXPEHU�EDVHV��DQG�ZRUNLQJ�ZLWK�ELQDU\�
LQWHJHU�DULWKPHWLF�

� &KDSWHU����/LVWV�DQG�VHTXHQFHV�FRQWDLQV�LQIRUPDWLRQ�RQ�FUHDWLQJ�
DQG�ZRUNLQJ�ZLWK�OLVWV�DQG�VHTXHQFHV�

� &KDSWHU�����$GYDQFHG�SORWWLQJ�RSWLRQV�SURYLGHV�DGGLWLRQDO�
LQIRUPDWLRQ�RQ�FUHDWLQJ�DQG�PDQLSXODWLQJ�SORWV�

� &KDSWHU�����0HPRU\�FRQWDLQV�LQIRUPDWLRQ�RQ�VWRULQJ�DQG�UHWULHYLQJ�
GDWD��XVLQJ�OLEUDU\�REMHFWV��DQG�KRZ�WKH�+3 ��*�PDQDJHV�PHPRU\�

� &KDSWHU�����'DWH�DQG�WLPH�DULWKPHWLF�GHVFULEHV�KRZ�WR�ZRUN�ZLWK�
GDWHV�DQG�WLPHV�

� &KDSWHU�����&XVWRPL]DWLRQ�GHVFULEHV�KRZ�WR�FXVWRPL]H�WKH�
NH\ERDUG��DQG�KRZ�WR�FUHDWH�PHQXV�
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� &KDSWHU�����&RPSXWHU�DOJHEUD�FRPPDQGV�GHVFULEHV�HDFK�RI�WKH�
FRPSXWHU�DOJHEUD�FRPPDQGV�WKDW�WKH�FDOFXODWRU�FRQWDLQV��DQG�ZKDW�
HDFK�FRPPDQG�GRHV�

The HP 49G documentation set
7KH�+3���*�GRFXPHQWDWLRQ�VHW�LV�D�PL[WXUH�RI�KDUG�FRS\�GRFXPHQWDWLRQ�
DQG�GRFXPHQWDWLRQ�DYDLODEOH�IURP�WKH�+3�&DOFXODWRUV�ZHE�VLWH��

<RX�FDQ�ILQG�DOO�RI�WKH�GRFXPHQWDWLRQ�IRU�WKH�+3 ��*�RQ�WKH�+3�
&DOFXODWRUV�ZHE�VLWH��DW�WKH�IROORZLQJ�DGGUHVV�

KWWS���ZZZ�KS�FRP�FDOFXODWRUV�JUDSKLQJ���JBLQIR�KWPO

7KH�+3 ��*�GRFXPHQWDWLRQ�VHW�LV�PDGH�XS�RI�WKH�IROORZLQJ�FRPSRQHQWV�

� 8VHUªV�*XLGH��DYDLODEOH�ZLWK�WKH�FDOFXODWRU�

� 3RFNHW�*XLGH��DYDLODEOH�ZLWK�WKH�FDOFXODWRU�

� $GYDQFHG�7RSLFV��EHLQJ�FKDSWHUV���WR����RI�WKLV�PDQXDO��DQG�DYDLODEOH�
IURP�WKH�ZHE�VLWH�

� &$6�&RPPDQGV��EHLQJ�FKDSWHU����RI�WKLV�PDQXDO��DQG�DYDLODEOH�IURP�
WKH�ZHE�VLWH�

� 2WKHU�&RPPDQGV�$�WR�)��DYDLODEOH�IURP�WKH�ZHE�VLWH�

� 2WKHU�&RPPDQGV�*�WR�3��DYDLODEOH�IURP�WKH�ZHE�VLWH�

� 2WKHU�&RPPDQGV�4�WR�=��DYDLODEOH�IURP�WKH�ZHE�VLWH�

NOTICE

7KLV�PDQXDO�DQG�DQ\�H[DPSOHV�FRQWDLQHG�KHUHLQ�DUH�SURYLGHG�DV�LV�DQG�DUH�VXEMHFW�WR�FKDQJH�

ZLWKRXW�QRWLFH��([FHSW�WR�WKH�H[WHQW�SURKLELWHG�E\�ODZ��+HZOHWW�3DFNDUG�&RPSDQ\�PDNHV�QR�

H[SUHVV�RU�LPSOLHG�ZDUUDQW\�RI�DQ\�NLQG�ZLWK�UHJDUG�WR�WKLV�PDQXDO�DQG�VSHFLILFDOO\�GLVFODLPV�

WKH�LPSOLHG�ZDUUDQWLHV�DQG�FRQGLWLRQV�RI�PHUFKDQWDELOLW\�DQG�ILWQHVV�IRU�D�SDUWLFXODU�SXUSRVH�

DQG�+HZOHWW�3DFNDUG�&RPSDQ\�VKDOO�QRW�EH�OLDEOH�IRU�DQ\�HUURUV�RU�IRU�LQFLGHQWDO�RU�

FRQVHTXHQWLDO�GDPDJH�LQ�FRQQHFWLRQ�ZLWK�WKH�IXUQLVKLQJ��SHUIRUPDQFH�RU�XVH�RI�WKLV�PDQXDO�

DQG�WKH�H[DPSOHV�KHUHLQ��

��+HZOHWW�3DFNDUG�&RPSDQ\�������$OO�ULJKWV�UHVHUYHG�
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Entering commands

7KHUH�DUH�D�QXPEHU�RI�ZD\V�\RX�FDQ�HQWHU�D�FRPPDQG�

� E\�SUHVVLQJ�WKH�NH\�RU�NH\V�IRU�WKH�FRPPDQG

� E\�VHOHFWLQJ�WKH�FRPPDQG�IURP�D�VXEMHFW�VSHFLILF�PHQX

� E\�VHOHFWLQJ�WKH�FRPPDQG�IURP�WKH�FRPPDQG�FDWDORJ

� E\�W\SLQJ�WKH�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

Keyboard entry
7KH�PRVW�FRPPRQO\�QHHGHG�FRPPDQGV�FDQ�EH�HQWHUHG�GLUHFWO\�IURP�WKH�
NH\ERDUG�E\�SUHVVLQJ�RQH�RU�WZR�NH\V��)RU�H[DPSOH��WR�HQWHU�WKH�6,1�
FRPPDQG��SUHVV�WKH�s�NH\��WR�HQWHU�WKH�/2*�FRPPDQG��SUHVV�>ý��
6HH�FKDSWHU���RI�WKH�8VHUªV�*XLGH�IRU�DQ�H[SODQDWLRQ�RI�HDFK�NH\�RQ�WKH�
+3 ��*�NH\ERDUG�

Subject-specific menus
7KH�+3 ��*�SURYLGHV�D�QXPEHU�RI�PHQXV�WKDW�OLVW�MXVW�WKRVH�FRPPDQGV�
UHOHYDQW�WR�D�VSHFLILF�WRSLF��

)RU�H[DPSOH��DOO�WKH�SURJUDPPLQJ�FRPPDQGV�DUH�FROOHFWHG�WRJHWKHU�RQ�
WKH�SURJUDPPLQJ�PHQX��<RX�DFFHVV�WKLV�PHQX�E\�SUHVVLQJ�<N�

2WKHU�VXEMHFW�VSHFLILF�PHQXV�LQFOXGH�D�

� PDWK�PHQX��<P�

� V\PEROLF�VROYH�PHQX��<&�

� H[SRQHQWLDO�DQG�ORJDULWKP�PHQX��<*�

� WULJRQRPHWU\�PHQX��>û�

� FDOFXOXV�PHQX��<$�

� DOJHEUD�PHQX��>ú�

� PDWULFHV�PHQX��<%�

� VWDWLVWLFV�PHQX��>÷�

� FRQYHUW�PHQX��<^�
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� XQLWV�PHQX��>ø�

� DULWKPHWLF�PHQX��<!�

� FRPSOH[�QXPEHU�PHQX��>ó�

� EDVH�PHQX��>ì��

7KHVH�VXEMHFW�VSHFLILF�PHQXV�KDYH�NH\V�DOORFDWHG�WR�WKHP�RQ�WKH�
NH\ERDUG�

7KHUH�DUH�PDQ\�RWKHU�VXEMHFW�VSHFLILF�PHQXV��)RU�H[DPSOH��WKH�PDWK�
PHQX�DQG�WKH�YDULRXV�&RPSXWHU�$OJHEUD�6\VWHP�VXE�PHQXV�FDQ�EH�
VHOHFWHG�IURP�WKH�$SSOLFDWLRQV�PHQX�

�� 3UHVV�g�

7KH�$SSOLFDWLRQV�PHQX�LV�GLVSOD\HG�

�� 3UHVV�[�

7KH�ODVW�SDJH�RI�WKH�$SSOLFDWLRQV�PHQX�LV�GLVSOD\HG�

�� +LJKOLJKW�WKH�PHQX�\RX�ZDQW¦0$7+�RU�&$6¦DQG�SUHVV�2.�RU�\�

%RWK�PHQXV�DUH�PDGH�XS�RI�VHYHUDO�VXE�PHQXV��HDFK�OLVWLQJ�WKH�
FRPPDQGV�RI�UHOHYDQFH�WR�D�SDUWLFXODU�DUHD�RI�PDWKHPDWLFV�

7KH�V\PEROLF�PHQX��GLVSOD\HG�E\�SUHVVLQJ�p��SURYLGHV�D�VHULHV�RI�VXE�
PHQXV�HDFK�OLVWLQJ�WKH�PRUH�FRPPRQO\�XVHG�FRPPDQGV�RI�UHOHYDQFH�WR�D�
SDUWLFXODU�DUHD�RI�PDWKHPDWLFV��DOJHEUD��DULWKPHWLF��FDOFXOXV�DQG�VR�RQ�

Sub-menus

6RPH�HQWULHV�RQ�D�VXEMHFW�VSHFLILF�PHQX�
DUH�VKRUWFXWV�WR�VXE�PHQXV��)RU�H[DPSOH��
SUHVVLQJ�<P�GLVSOD\V�WKH�0$7+�PHQX��
7KH�ILUVW�LWHP�RQ�WKH�0$7+�PHQX�LV�9(&725��
7KH�WZR�SHULRGV�DIWHU�WKH�ZRUG�§9(&725¨�
LQGLFDWHV�WKDW�WKHUH�LV�D�IXUWKHU�PHQX��7KLV�
IXUWKHU�PHQX�OLVWV�FRPPDQGV�RI�UHOHYDQFH�WR�YHFWRU�PDWKHPDWLFV��VXFK�DV�
$%6��'27��&5266��HWF��
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Entering a command from a sub-menu
�� :LWK�WKH�PDLQ�PHQX�GLVSOD\HG��KLJKOLJKW�WKH�QDPH�RI�WKH�VXE�PHQX�

<RX�FDQ�GR�WKLV�E\�

� SUHVVLQJ�]�XQWLO�WKH�VXE�PHQX�QDPH�LV�KLJKOLJKWHG�RU

� SUHVVLQJ�WKH�QXPEHU�NH\�WKDW�FRUUHVSRQGV�WR�WKH�QXPEHU�RI�WKH�
VXE�PHQX��)RU�H[DPSOH��WR�KLJKOLJKW�WKH�5($/�VXE�PHQX�LQ�WKH�
DERYH�H[DPSOH�\RX�FRXOG�SUHVV����

�� 3UHVV 2.�RU�\�

7KH�VXE�PHQX�LV�GLVSOD\HG�

�� +LJKOLJKW�WKH�QDPH�RI�WKH�FRPPDQG�\RX�ZDQW�WR�HQWHU�

<RX�FDQ�GR�WKLV�E\�

� SUHVVLQJ�]�XQWLO�WKH�FRPPDQG�QDPH�LV�KLJKOLJKWHG�RU

� SUHVVLQJ�WKH�QXPEHU�NH\�WKDW�FRUUHVSRQGV�WR�WKH�QXPEHU�RI�WKH�
FRPPDQG��

�� 3UHVV 2.�RU�\�

,I�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH��WKH�FRPPDQG�\RX�VHOHFWHG�DSSHDUV�
RQ�WKH�FRPPDQG�OLQH�UHDG\�IRU�\RX�WR�VSHFLI\�DUJXPHQWV�

,I�\RX�DUH�ZRUNLQJ�LQ�531�PRGH��WKH�UHVXOW�RI�WKH�FRPPDQG�DSSHDUV�RQ�
WKH�VWDFN�

Entering a command from a function key menu

$�VXEMHFW�VSHFLILF�PHQX�FDQ�WDNH�WKH�IRUP�RI�D�FKRRVH�OLVW��DV�GHVFULEHG�LQ�
WKH�SUHYLRXV�VHFWLRQ��RU�D�IXQFWLRQ�NH\�PHQX��$�IXQFWLRQ�NH\�PHQX�LV�RQH�
WKDW�DSSHDUV�DFURVV�WKH�ERWWRP�RI�WKH�VFUHHQ��ZLWK�LWHPV�FKRVHQ�IURP�WKH�
PHQX�E\�SUHVVLQJ�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�NH\��a�WR�f���7KLV�LV�
H[SODLQHG�LQ�FKDSWHU���RI�WKH�8VHUªV�*XLGH�
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Command catalog
7KH�+3 ��*�SURYLGHV�D�VLQJOH�FKRRVH�OLVW�WKDW�FRQWDLQV�DOO�LWV�FRPPDQGV��
7KLV�LV�FDOOHG�WKH�FRPPDQG�FDWDORJ�

Displaying the command catalog
�� 3UHVV�N��

$�FKRRVH�OLVW�LV�GLVSOD\HG��7KLV�LV�WKH�
FRPPDQG�FDWDORJ�

�� /RFDWH�WKH�FRPPDQG�WKDW�\RX�ZDQW�WR�
HQWHU���6HH�WKH�QH[W�VHFWLRQ��

�� 3UHVV 2.�RU \�

,I�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH��WKH�FRPPDQG�\RX�VHOHFWHG�
DSSHDUV�RQ�WKH�FRPPDQG�OLQH�UHDG\�IRU�\RX�WR�VSHFLI\�DUJXPHQWV�

,I�\RX�DUH�ZRUNLQJ�LQ�531�PRGH��WKH�UHVXOW�RI�WKH�FRPPDQG�DSSHDUV�RQ�
WKH�VWDFN�

Locating a command in the command catalog

7KHUH�DUH�WZR�ZD\V�WR�ORFDWH�D�FRPPDQG�LQ�WKH�FRPPDQG�FDWDORJ�

� E\�VFUROOLQJ

� E\�VHDUFKLQJ�RQ�WKH�ILUVW�FKDUDFWHU�RU�ILUVW�IHZ�FKDUDFWHUV�RI�WKH�
FRPPDQG�

Scrolling through the catalog

7R�VFUROO�WKURXJK�WKH�FRPPDQG�FDWDORJ��SUHVV�WKH ]�RU�[�NH\V��.HHS�
GRLQJ�VR�XQWLO�WKH�FRPPDQG�\RX�ZDQW�LV�KLJKOLJKWHG�

<RX�FDQ�XVH�WKH�VKLIW�NH\V�LQ�FRQMXQFWLRQ�ZLWK�WKH�DUURZ�NH\V�WR�VFUROO�
PRUH�TXLFNO\�WKURXJK�WKH�FDWDORJ��)RU�H[DPSOH�

>��GLVSOD\V�WKH�ODVW�FRPPDQG�LQ�WKH�FDWDORJ

>��GLVSOD\V�WKH�ILUVW�FRPPDQG

>��GLVSOD\V�WKH�QH[W�SDJH�RI�FRPPDQGV

>��GLVSOD\V�WKH�SUHYLRXV�SDJH�RI�FRPPDQGV�

7KH�QXPEHU�RI�FRPPDQGV�GLVSOD\HG�SHU�SDJH�LV�GHWHUPLQHG�E\�IODJ�¥����
:KHQ�VHW¦ZKLFK�LV�WKH�GHIDXOW¦WKH�FRPPDQGV�DUH�GLVSOD\HG�LQ�WKH�PLQL�
IRQW��7KLV�JLYHV�\RX�VL[�FRPPDQGV�SHU�SDJH��,I�IODJ�¥���LV�FOHDUHG��WKH�
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FRPPDQGV�DUH�GLVSOD\HG�LQ�\RXU�FXUUHQWO\�VHOHFWHG�V\VWHP�IRQW��,I��IRU�
H[DPSOH��\RX�KDYH�FKRVHQ�6\VWHP���DV�\RXU�FXUUHQW�V\VWHP�IRQW��\RX�ZLOO�
VHH�RQO\�IRXU�FRPPDQGV�SHU�SDJH�

Searching for a command in the command catalog

7KH�PDMRULW\�RI�FRPPDQGV�FDQ�EH�VHOHFWHG�IURP�WKH�FRPPDQG�FDWDORJ�E\�
VHDUFKLQJ�RQ�WKH�ILUVW�FKDUDFWHU�RI�WKH�FRPPDQGªV�QDPH�

�� 3UHVV�WKH�NH\V�IRU�WKH�ILUVW�FKDUDFWHU¦RU�ILUVW�IHZ�FKDUDFWHUV¦RI�WKH�
FRPPDQGªV�QDPH�

)RU�H[DPSOH��WR�ILQG�WKH�+$/)7$1�FRPPDQG��W\SH�` +�RU�
`` +$�

7KH�ILUVW�FRPPDQG�ZLWK�D�QDPH�VWDUWLQJ�ZLWK�WKH�OHWWHU�RU�OHWWHUV�\RX�
W\SHG�ZLOO�EH�KLJKOLJKWHG�

�� ,I�WKH�FRPPDQG�\RX�ZDQW�LV�QRW�KLJKOLJKWHG��SUHVV ]�XQWLO�WKH�
FRPPDQG�LV�KLJKOLJKWHG�

1RWH�WKDW�WKH�ILUVW�FKDUDFWHU�RI�D�FRPPDQGªV�QDPH�PD\�EH�

� DQ�XSSHU�FDVH�FKDUDFWHU��IRU�H[DPSOH��6,1�

� D�ORZHU�FDVH�FKDUDFWHU��IRU�H[DPSOH��UUHI���RU�

� D�V\PERO��IRU�H[DPSOH�→7$*��

7KH�W\SH�RI�WKH�ILUVW�FKDUDFWHU�GHWHUPLQHV�WKH�EHVW�ZD\�WR�VHDUFK�IRU�WKH�
FRPPDQG�

Upper case: LI�WKH�FRPPDQG�\RX�ZDQW�WR�ILQG�EHJLQV�ZLWK�DQ�XSSHU�FDVH�
OHWWHU��\RX�PXVW�SUHVV�` EHIRUH�SUHVVLQJ�WKH�NH\�IRU�WKDW�OHWWHU��,I�\RX�
LQWHQG�WR�VHDUFK�E\�W\SLQJ�WKH�ILUVW�IHZ�FKDUDFWHUV�RI�WKH�FRPPDQG�QDPH��
\RX�ZLOO�QHHG�HLWKHU�WR�

� KROG�WKH�` NH\�GRZQ�ZKLOH�\RX�NH\�DOO�WKH�FKDUDFWHUV��RU�

� ORFN�WKH�DOSKD�NH\ERDUG�EHIRUH�\RX�W\SH�WKH�FKDUDFWHUV�

Lower case: LI�WKH�FRPPDQG�\RX�ZDQW�WR�ILQG�EHJLQV�ZLWK�D�ORZHU�FDVH�
OHWWHU��\RX�PXVW�SUHVV `< EHIRUH�SUHVVLQJ�WKH�NH\�IRU�WKDW�OHWWHU��)RU�
H[DPSOH��SUHVVLQJ�`< 5�GLVSOD\V�WKH�USP�FRPPDQG�

Non-alphabetic characters: LI�WKH�FRPPDQG�\RX�ZDQW�WR�ILQG�EHJLQV�ZLWK�D�
QRQ�DOSKDEHWLF�FKDUDFWHU��SUHVV�WKH�NH\V�IRU�WKDW�FKDUDFWHU��)RU�H[DPSOH��
WR�VHDUFK�IRU�→7$*��W\SH�>)��7KH�ILUVW�FRPPDQG�ZLWK�D�QDPH�WKDW�
VWDUWV�ZLWK�→ LV�GLVSOD\HG���,Q�WKLV�H[DPSOH��\RX�QHHG�WR�SUHVV ]�XQWLO�
→7$*�LV�KLJKOLJKWHG��
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:KLOH�WKH�DOSKD�NH\ERDUG�LV�DFWLYH��\RX�FDQ�DOVR�VHDUFK�IRU�D�FRPPDQG�
WKDW�EHJLQV�ZLWK�D�VSHFLDO�FKDUDFWHU�E\�W\SLQJ�WKDW�FKDUDFWHU�DQG�WKHQ�RQH�
RU�PRUH�RI�WKH�QH[W�DOSKDEHWLFDO�FKDUDFWHUV�

7KH�NH\VWURNHV�IRU�QRQ�DOSKDEHWLF�FKDUDFWHUV�FDQ�EH�IRXQG�LQ�WKH�
&KDUDFWHUV�FDWDORJ��)RU�H[DPSOH��WKH�NH\VWURNHV�IRU�Σ�DUH >�DQG�6��
7KHUHIRUH��WR�VHDUFK�IRU�WKH�Σ��FRPPDQG�LQ�WKH�FRPPDQG�FDWDORJ��\RX�
GLVSOD\�WKH�FDWDORJ�DQG�SUHVV�>�6��

7KH�&KDUDFWHUV�FDWDORJ¦DFFHVVHG�E\�SUHVVLQJ�>ô¦LV�H[SODLQHG�LQ�
FKDSWHU���RI�WKH�8VHUªV�*XLGH�

1RWH�WKDW�\RX�FDQ�LPSRUW�DGGLWLRQDO�FRPPDQGV�IURP�WKLUG�SDUW\�
FRPPDQG�OLEUDULHV��:KHQ�D�OLEUDU\�LV�DWWDFKHG��WKH�FRPPDQGV�LQ�WKH�
OLEUDU\�ZLOO�DSSHDU�LQ�WKH�FRPPDQG�FDWDORJ��,I�DQ\�VXFK�FRPPDQG�EHJLQV�
ZLWK�D�FKDUDFWHU�WKDW�LV�QRW�DYDLODEOH�GLUHFWO\�IURP�WKH�+3 ��*�NH\ERDUG��
\RX�ZLOO�QRW�EH�DEOH�WR�VHDUFK�IRU�WKH�FRPPDQG�

Typing commands
,Q�DGGLWLRQ�WR�VHOHFWLQJ�D�FRPPDQG�IURP�WKH�FRPPDQG�FDWDORJ�RU�IURP�D�
PHQX��\RX�FDQ�DOVR�HQWHU�D�FRPPDQG�E\�W\SLQJ�LWV�QDPH�RQ�WKH�FRPPDQG�
OLQH�

)RU�H[DPSOH��WR�IDFWRUL]H�DQ�H[SUHVVLRQ�ZKLOH�LQ�DOJHEUDLF�PRGH��\RX�
FRXOG�

�� W\SH�``)$&725<_

�� HQWHU�WKH�H[SUHVVLRQ

�� SUHVV�\�

7R�IDFWRUL]H�DQ�H[SUHVVLRQ�ZKLOH�LQ�531�PRGH��\RX�FRXOG�

�� HQWHU�WKH�H[SUHVVLRQ�RQWR�OHYHO���RI�WKH�VWDFN

�� W\SH�``)$&725

�� SUHVV�\�

(YHU\�FRPPDQG�IRXQG�LQ�WKH�FRPPDQG�FDWDORJ�FDQ�EH�HQWHUHG�GLUHFWO\�
IURP�WKH�NH\ERDUG�

6RPH�FRPPDQG�QDPHV�FRQWDLQ�VSHFLDO�FKDUDFWHUV��IRU�H[DPSOH��→�DQG�
Σ���7KH�&KDUDFWHUV�FDWDORJ¦DFFHVVHG�E\�SUHVVLQJ�>ô DQG H[SODLQHG�
LQ�FKDSWHU���RI�WKH�8VHUªV�*XLGH¦VKRZV�WKH�NH\VWURNHV�QHHGHG�WR�HQWHU�
VSHFLDO�FKDUDFWHUV�
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Chapter 2

System flags

6\VWHP�IODJV�SURYLGH�\RX�ZLWK�VRPH�FRQWURO�RYHU�KRZ�WKH�+3 ��*�EHKDYHV�
DQG�GLVSOD\V�LQIRUPDWLRQ��)RU�H[DPSOH��E\�VHWWLQJ�IODJ�¥����\RX�FDQ�ORFN�
WKH�DOSKD�NH\ERDUG�E\�SUHVVLQJ�`�RQFH�UDWKHU�WKDQ�WZLFH��&OHDULQJ�IODJ�
¥���UHWXUQV�WKH�PRGH�WR�LWV�GHIDXOW�VHWWLQJ��ZKHUH�`�PXVW�EH�SUHVVHG�
WZLFH�WR�ORFN�WKH�DOSKD�NH\ERDUG��

Displaying system flags
�� 3UHVV�h�WR�GLVSOD\�WKH�&DOFXODWRU�

0RGHV�LQSXW�IRUP�

�� 3UHVV�)/$*6�

7KH�6\VWHP�)ODJV�OLVW�LV�GLVSOD\HG��$�WLFN�
WR�WKH�OHIW�RI�D�IODJ�QXPEHU�LQGLFDWHV�WKDW�WKH�IODJ�LV�VHW��,I�WKH�VSDFH�WR�
WKH�OHIW�RI�D�IODJ�QXPEHU�LV�HPSW\��WKH�IODJ�LV�FOHDU��)URP�WKLV�VFUHHQ�
\RX�FDQ�VHW�RU�FOHDU�DQ\�IODJ�LQ�WKH�OLVW�

7KH�6\VWHP�)ODJV�OLVW�LV�QRW�D�OLVW�RI�DOO�WKH�V\VWHP�IODJV��$V�D�JHQHUDO�UXOH��
IODJV�WKDW�DUH�OLNHO\�WR�EH�FKDQJHG�RIWHQ�FDQ�EH�VHW�RU�FOHDUHG�RQ�YDULRXV�
LQSXW�IRUPV��ZKHUH�WKH\�DUH�PRUH�UHDGLO\�DFFHVVLEOH��)ODJV�WKDW�ZLOO�UDUHO\�
EH�FKDQJHG�DUH�OLVWHG�LQ�WKH�6\VWHP�)ODJV�OLVW�

)RU�H[DPSOH��IODJ�¥���GHWHUPLQHV�ZKHWKHU�WKH�FDOFXODWRU�LV�LQ�DOJHEUDLF�RU�
531�PRGH��$V�WKLV�LV�D�IODJ�WKDW�PDQ\�XVHUV�DUH�OLNHO\�WR�ZDQW�WR�FKDQJH�
IURP�WLPH�WR�WLPH��LW�LV�DFFHVVLEOH�IURP�DQ�LQSXW�IRUP��WKH�&DOFXODWRU�
0RGHV�LQSXW�IRUP��GHVFULEHG�LQ�FKDSWHU���RI�WKH�8VHUªV�*XLGH���%HFDXVH�LW�
LV�DFFHVVLEOH�IURP�DQ�LQSXW�IRUP��IODJ�¥���LV�QRW�OLVWHG�LQ�WKH�6\VWHP�)ODJV�
OLVW���7KHUH�DUH�VRPH�H[FHSWLRQV�WR�WKLV�JHQHUDO�UXOH��ZLWK�VRPH�IODJV�
DFFHVVLEOH�ERWK�IURP�DQ�LQSXW�IRUP�DQG�IURP�WKH�6\VWHP�)ODJV�OLVW��

$OO�WKH�V\VWHP�IODJV¦QRW�MXVW�WKRVH�RQ�WKH�6\VWHP�)ODJV�OLVW¦DUH�OLVWHG�
DQG�GHVFULEHG�LQ�WKH�+3 ��*�3RFNHW�*XLGH�
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Setting and clearing flags

Method 1

8VH�WKLV�PHWKRG�RQO\�LI�WKH�IODJ�\RX�ZDQW�WR�FKDQJH�LV�OLVWHG�LQ�WKH�6\VWHP�
)ODJV�OLVW�

�� :LWK�WKH�6\VWHP�)ODJV�OLVW�GLVSOD\HG��KLJKOLJKW�WKH�IODJ�WKDW�\RX�ZDQW�WR�
VHW�RU�FOHDU�

<RX�FDQ�GR�WKLV�E\�HLWKHU�

� SUHVVLQJ�WKH�]�RU�[�NH\V�XQWLO�WKH�IODJ�\RX�ZDQW�LV�KLJKOLJKWHG�RU

� W\SLQJ�WKH�ILUVW�GLJLW�RI�WKH�QXPEHU�RI�WKH�IODJ�

6HH�WKH�SUHYLRXV�VHFWLRQ�IRU�LQVWUXFWLRQV�RQ�GLVSOD\LQJ�WKH�IODJV�

�� 3UHVV�&+.��

,I�WKH�IODJ�ZDV�VHW�EHIRUH��LW�LV�FOHDUHG��LI�LW�ZDV�FOHDU�EHIRUH��LW�LV�QRZ�
VHW�

�� 3UHVV�2.�RU�\�WR�UHWXUQ�WR�WKH�&DOFXODWRU�0RGHV�VFUHHQ�DQG�2.�RU�
\ DJDLQ�WR�UHWXUQ�WR�\RXU�GHIDXOW�VFUHHQ�

Method 2

,I�\RX�NQRZ�WKH�QXPEHU�RI�WKH�V\VWHP�IODJ�\RX�ZDQW�WR�FKDQJH��\RX�FDQ�
FKDQJH�WKH�IODJ�IURP�WKH�FRPPDQG�OLQH��7KH�V\QWD[�\RX�XVH�GHSHQGV�RQ�
WKH�RSHUDWLQJ�PRGH�\RX�KDYH�FKRVHQ��DOJHEUDLF�RU�531�

,Q�DOJHEUDLF�PRGH��WKH�V\QWD[�LV�

FRPPDQG�IODJ��

,Q�531�PRGH��HQWHU�WKH�IODJ�RQ�WKH�ILUVW�OHYHO�RI�WKH�VWDFN�DQG�WKHQ�HQWHU�
WKH�DSSURSULDWH�FRPPDQG��7KH�FRPPDQG�IRU�VHWWLQJ�D�IODJ�LV�6)�DQG�WKH�
FRPPDQG�IRU�FOHDULQJ�D�IODJ�LV�&)���7KH�IODJ�FRPPDQGV�DUH�GHVFULEHG�RQ�
SDJH �����

)RU�H[DPSOH��WR�VHW�IODJ�¥���LQ�DOJHEUDLF�PRGH��\RX�HQWHU�6)�¥����DQG�
SUHVV�\��,Q�531�PRGH��\RX�HQWHU�¥���RQWR�OHYHO���RI�WKH�VWDFN��HQWHU�6)�
RQWR�WKH�FRPPDQG�OLQH�DQG�SUHVV�\�

6LPLODUO\��WR�FOHDU�IODJ�¥���LQ�DOJHEUDLF�PRGH��\RX�HQWHU�&)�¥����DQG�SUHVV�
\��,Q�531�PRGH��\RX�HQWHU�¥���RQWR�OHYHO���RI�WKH�VWDFN��HQWHU�&)�RQWR�
WKH�FRPPDQG�OLQH�DQG�SUHVV�\�

<RX�FDQ�XVH�WKLV�PHWKRG�WR�VHW�DQG�FOHDU�DOO�IODJV��QRW�MXVW�WKRVH�OLVWHG�RQ�
WKH�6\VWHP�)ODJV�OLVW�
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Setting or clearing several flags at once

,Q�DOJHEUDLF�PRGH��WKH�V\QWD[�LV�

FRPPDQG�^OLVW`�

,Q�531�PRGH��HQWHU�D�OLVW�RI�WKH�IODJV�\RX�ZDQW�WR�VHW�RU�FOHDU�RQ�WKH�ILUVW�
OHYHO�RI�WKH�VWDFN�DQG�WKHQ�HQWHU�WKH�DSSURSULDWH�FRPPDQG�

)RU�H[DPSOH��WR�VHW�IODJV�¥���DQG¥���LQ�DOJHEUDLF�PRGH��\RX�HQWHU�
6)�^¥���¥��`��DQG�SUHVV�\��,Q�531�PRGH��\RX�HQWHU�̂ ¥���¥��`�RQWR�OHYHO�
��RI�WKH�VWDFN��HQWHU�6)�RQWR�WKH�FRPPDQG�OLQH�DQG�SUHVV�\���1RWH�WKDW�
LQ�DOJHEUDLF�PRGH��\RX�PXVW�HQWHU�D�FRPPD�EHWZHHQ�WKH�HOHPHQWV�LQ�D�OLVW��
,Q�531�PRGH��\RX�FDQ�HQWHU�D�FRPPD�RU�D�VSDFH��

6LPLODUO\��WR�FOHDU�IODJV�¥���DQG¥���LQ�DOJHEUDLF�PRGH��\RX�HQWHU�
&)�^¥���¥��`��DQG�SUHVV�\��,Q�531�PRGH��\RX�HQWHU�^¥���¥��`�RQWR�
OHYHO���RI�WKH�VWDFN��HQWHU�&)�RQWR�WKH�FRPPDQG�OLQH�DQG�SUHVV�\�

Method 3

7KH�IODJV�WKDW�\RX�DUH�OLNHO\�WR�QHHG�WR�FKDQJH�FDQ�EH�FKDQJHG�IURP�
YDULRXV�LQSXW�IRUPV��DV�H[SODLQHG�RQ�SDJH ������7R�FKDQJH�RQH�RI�WKHVH�
IODJV��GLVSOD\�WKH�DSSURSULDWH�LQSXW�IRUP��SODFH�WKH�FXUVRU�LQ�WKH�IODJ�ILHOG�
DQG�SUHVV�&+.��,I�WKH�IODJ�ZDV�VHW�EHIRUH��LW�LV�FOHDUHG��LI�LW�ZDV�FOHDU�EHIRUH��
LW�LV�QRZ�VHW���$�WLFN�PDUN�LQ�WKH�ILHOG�LQGLFDWHV�WKDW�WKH�IODJ�LV�VHW��

([DPSOHV�RI�IODJV�WKDW�FDQ�EH�VHW�IURP�LQSXW�IRUPV�LQFOXGH�RSHUDWLQJ�
PRGH��QXPEHU�IRUPDW��DQJOH�PHDVXUH��FRRUGLQDWH�V\VWHP��EHHS��NH\�FOLFN��
NHHS�ODVW�VWDFN��WH[WERRN�PRGH��DQG�FORFN�W\SH��7KHVH��DQG�QXPHURXV�
RWKHU�IODJV��DUH�DFFHVVLEOH�E\�SUHVVLQJ�h�

(GLWLQJ�LQSXW�IRUPV�LV�GHVFULEHG�LQ�GHWDLO�LQ�FKDSWHU���RI�WKH�8VHUªV�*XLGH�
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Flag commands
7KH�IODJ�FRPPDQGV�DUH�OLVWHG�DQG�H[SODLQHG�LQ�WKH�WDEOH�EHORZ��7KH�IODJ�
FRPPDQGV�HQDEOH�\RX�WR�VHW�DQG�FOHDU�IODJV�DV�ZHOO�DV�KDYLQJ�D�YDOXH�
UHWXUQHG�WKDW�LQGLFDWHV�WKH�VWDWXV�RI�D�VSHFLILHG�IODJ����LI�WKH�IODJ�LV�VHW����LI�
WKH�IODJ�LV�FOHDU�

Table 2-1 Flag commands

User flags
<RX�FDQ�DOVR�DSSO\�WKH�FRPPDQGV�OLVWHG�LQ�WKH�WDEOH�DERYH�WR�XVHU�IODJV��
�8VHU�IODJV�DUH�PDLQO\�XVHG�LQ�SURJUDPPLQJ��

8VHU�IODJV�DUH�SRVLWLYH�QXPEHUV��ZKLOH�V\VWHP�IODJV�DUH�QHJDWLYH�QXPEHUV��
�,Q�WKH�6\VWHP�)ODJV�OLVW¦GLVFXVVHG�RQ�SDJH ���¦WKH�V\VWHP�IODJV�DUH�
VKRZQ�DV�SRVLWLYH�QXPEHUV��+RZHYHU��ZKHQ�\RX�DUH�VHWWLQJ��FOHDULQJ��DQG�
WHVWLQJ�V\VWHP�IODJV��\RX�PXVW�VSHFLI\�WKH�IODJ�DV�D�QHJDWLYH�QXPEHU��

<RX�KDYH�DFFHVV�WR�����XVHU�IODJV��<RX�FDQ�VHW��FOHDU��DQG�WHVW�WKHP�WKH�
VDPH�ZD\�DV�ZLWK�V\VWHP�IODJV��)RU�H[DPSOH��WR�FOHDU�IODJ����WKDW�\RXU�
SURJUDP�KDV�VHW��\RX�LVVXH�WKH�FRPPDQG�&)�����

Command Description

6) 6HWV�WKH�VSHFLILHG�IODJ�

&) &OHDUV�WKH�VSHFLILHG�IODJ�

)6" 5HWXUQV�WUXH�����LI�WKH�VSHFLILHG�IODJ�LV�VHW�DQG�IDOVH�����LI�WKH�
IODJ�LV�FOHDU�

)&" 5HWXUQV�WUXH�����LI�WKH�VSHFLILHG�IODJ�LV�FOHDU�DQG�IDOVH�����LI�WKH�
IODJ�LV�VHW�

)6"& 7HVWV�WKH�VSHFLILHG�IODJ��UHWXUQV�WUXH�����LI�LW�LV�VHW�RU�IDOVH�����LI�
LW�LV�FOHDU��DQG�WKHQ�FOHDUV�LW�

)&"& 7HVWV�WKH�VSHFLILHG�IODJ��UHWXUQV�WUXH�����LI�LW�LV�FOHDU�RU�IDOVH�����
LI�LW�LV�VHW��DQG�WKHQ�FOHDUV�LW�
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Command line operations

7KH�FRPPDQG�OLQH�LV�ZKHUH�\RX�HQWHU�DQG�HGLW�FRPPDQGV�DQG�REMHFWV��
7KH�+3 ��*�SURYLGHV�QXPHURXV�WRROV�WR�DVVLVW�\RX�ZKHQ�ZRUNLQJ�RQ�WKH�
FRPPDQG�OLQH��6RPH�RI�WKHVH�WRROV�KDYH�WKHLU�RZQ�NH\��RWKHUV�FDQ�EH�
VHOHFWHG�IURP�WKH�FRPPDQG�OLQH�HGLWRUªV�7RRO�PHQX��

Activating the command line
7KH�ZD\�\RX�DFWLYDWH�WKH�FRPPDQG�OLQH�GHSHQGV�RQ�ZKHWKHU�\RX�LQWHQG�WR�
FUHDWH�D�QHZ�REMHFW�RU�HGLW�DQ�H[LVWLQJ�REMHFW�

7R�FUHDWH�D�QHZ�REMHFW��MXVW�VWDUW�W\SLQJ��7KH�FRPPDQG�OLQH�LV�DFWLYDWHG�DV�
VRRQ�DV�\RX�VWDUW���:KLOH�\RX�FDQ�FUHDWH�PRVW�REMHFWV�IURP�WKH�FRPPDQG�
OLQH��PDQ\�REMHFWV�DUH�EHVW�FUHDWHG�XVLQJ�VSHFLILF�DSSOLFDWLRQV��)RU�
H[DPSOH��LW�ZLOO�XVXDOO\�EH�HDVLHU�WR�FUHDWH�DQ�H[SUHVVLRQ�XVLQJ�(TXDWLRQ�
:ULWHU��RU�D�PDWUL[�XVLQJ�0DWUL[�:ULWHU��

7R�HGLW�DQ�H[LVWLQJ�REMHFW�RQ�WKH�FRPPDQG�OLQH��VHOHFW�WKH�REMHFW�IURP�
KLVWRU\�RU�IURP�WKH�VWDFN�DQG�

� LQ�DOJHEUDLF�PRGH��SUHVV�\�

� LQ�531�PRGH��SUHVV�(',7�

1RWH�WKDW�SUHVVLQJ�(',7�LQ�DOJHEUDLF�PRGH�DFWLYDWHV�ZKDWHYHU�DSSOLFDWLRQ�
LV�EHVW�VXLWHG�WR�HGLWLQJ�WKH�W\SH�RI�REMHFW�\RX�VHOHFWHG��QRW�WKH�FRPPDQG�
OLQH�HGLWRU��)RU�H[DPSOH��LI�\RX�VHOHFWHG�DQ�H[SUHVVLRQ��SUHVVLQJ�(',7�
DFWLYDWHV�(TXDWLRQ�:ULWHU��7R�HGLW�WKH�REMHFW�RQ�WKH�FRPPDQG�OLQH��\RX�
PXVW�SUHVV�\�
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Positioning the cursor
:KHQ�HGLWLQJ�WKH�REMHFW�RQ�WKH�FRPPDQG�OLQH��\RX�ZLOO�DOPRVW�DOZD\V�
QHHG�WR�UHSRVLWLRQ�WKH�FXUVRU�

Main methods: single-line command line

3UHVV {�RU�}�WR�PRYH�WKH�FXUVRU�OHIW�RU�ULJKW�UHVSHFWLYHO\�

7R�JR�GLUHFWO\�WR�WKH�ODVW�FKDUDFWHU�RQ�WKH�FRPPDQG�OLQH��SUHVV�<��RU�
>��

7R�JR�GLUHFWO\�WR�WKH�ILUVW�FKDUDFWHU�RQ�WKH�FRPPDQG�OLQH��SUHVV�<��RU�
>��

Main methods: multi-line command line

,Q�PXOWLOLQH�HQWULHV¦IRU�H[DPSOH��EORFNV�RI�SURJUDPPLQJ�FRGH¦SUHVV�[�
RU�]�WR�PRYH�WKH�FXUVRU�WR�WKH�SUHYLRXV�RU�QH[W�OLQH�UHVSHFWLYHO\�

7R�JR�GLUHFWO\�WR�WKH�HQG�RI�WKH�ODVW�OLQH��SUHVV�>��

7R�JR�GLUHFWO\�WR�SRVLWLRQ�[�LQ�WKH�ODVW�OLQH��ZKHUH�[�LV�WKH�QXPEHU�RI�
FKDUDFWHUV�WKH�FXUVRU�LV�IURP�WKH�VWDUW�RI�WKH�FXUUHQW�OLQH��SUHVV�<��

7R�JR�GLUHFWO\�WR�WKH�VWDUW�RI�WKH�ILUVW�OLQH��SUHVV�>��

7R�JR�GLUHFWO\�WR�SRVLWLRQ�[�LQ�WKH�ILUVW�OLQH��ZKHUH�[�LV�WKH�QXPEHU�RI�
FKDUDFWHUV�WKH�FXUVRU�LV�IURP�WKH�VWDUW�RI�WKH�FXUUHQW�OLQH��SUHVV�<��
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Helpful commands and sub-menus
/LNH�DOO�RWKHU�+3 ��*�DSSOLFDWLRQV��WKH�FRPPDQG�OLQH�HGLWRU�KDV�LWV�RZQ�
7RRO�PHQX��7KLV�PHQX�LV�GLVSOD\HG�E\�SUHVVLQJ�i ZKLOH�WKH�FRPPDQG�
OLQH�LV�DFWLYH��WKDW�LV��ZKLOH�WKH�FXUVRU�LV�EOLQNLQJ���<RX�WKHQ�VHOHFW�D�
FRPPDQG�E\�SUHVVLQJ�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�NH\�

7KH�FRPPDQGV�WKDW�SURYLGH�ZD\V�RI�SRVLWLRQLQJ�WKH�FXUVRU�DUH�

←6.,3 0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�ZRUG�
�WKDW�LV��WR�WKH�EHJLQQLQJ�RI�WKH�ZRUG�LQ�ZKLFK�WKH�FXUVRU�
LV�FXUUHQWO\�SODFHG���,I�SUHVVHG�DJDLQ��WKH�FXUVRU�PRYHV�WR�
WKH�EHJLQQLQJ�RI�WKH�SUHYLRXV�ZRUG�LI�WKHUH�LV�RQH�

6.,3→ 0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�QH[W�ZRUG��RU�WR�
WKH�HQG�RI�WKH�ZRUG�LI�WKHUH�LV�QR�QH[W�ZRUG���

→%(* 0RYHV�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�WKH�VHOHFWLRQ�RU��LI�
QRWKLQJ�LV�VHOHFWHG��WR�WKH�EHJLQQLQJ�RI�WKH�FRPPDQG�OLQH��
�,Q�PXOWLOLQH�HQWULHV��WKH�EHJLQQLQJ�RI�WKH�FRPPDQG�OLQH�LV�
WKH�EHJLQQLQJ�RI�WKH�ILUVW�OLQH�RI�WKH�HQWU\��

→(1' 0RYHV�WKH�FXUVRU�WR�WKH�HQG�RI�WKH�VHOHFWLRQ�RU��LI�QRWKLQJ�
LV�VHOHFWHG��WR�WKH�EHJLQQLQJ�RI�WKH�FRPPDQG�OLQH�

*272 7KH�*272�PHQX�SURYLGHV�WKUHH�XVHIXO�FRPPDQGV�

Go to line: WKLV�FRPPDQG�VHQGV�WKH�FXUVRU�WR�WKH�VWDUW�RI�
WKH�OLQH�ZKRVH�QXPEHU�\RX�VSHFLI\�

Go to position: WKLV�FRPPDQG�VHQGV�WKH�FXUVRU�WR�WKH�
SRVLWLRQ�\RX�VSHFLI\��EHLQJ�WKH�VSHFLILHG�QXPEHU�RI�
FKDUDFWHUV¦LQFOXGLQJ�VSDFHV¦IURP�WKH�VWDUW�RI�WKH�
FRPPDQG�OLQH��

6HH�§&RPPDQG�OLQH�LQIRUPDWLRQ¨�RQ�SDJH �����IRU�
LQVWUXFWLRQV�RQ�KRZ�WR�ILQG�WKH�SRVLWLRQ�RI�D�FKDUDFWHU�RQ�
WKH�FRPPDQG�OLQH�

Labels: WKLV�GLVSOD\V�D�OLVW�RI�ODEHOV�LQ�WKH�REMHFW�RQ�WKH�
FRPPDQG�OLQH��,I�\RX�KLJKOLJKW�D�ODEHO�LQ�WKH�OLVW�DQG�SUHVV�
2.�RU�\��WKH�FXUVRU�LV�VHQW�WR�WKH�VWDUW�RI�WKDW�ODEHO�

$�ODEHO�LV�DQ\�VWULQJ�RI�FKDUDFWHUV�WKDW�EHJLQV�ZLWK�DQ�
DVWHULVN��/DEHOV�DUH�SDUWLFXODUO\�XVHIXO�LQ�SURJUDPPLQJ�
FRGH��ZKHUH�WKH\�FDQ�EH�XVHG�WR�QDPH�GLVFUHWH�EORFNV�RI�
FRGH�
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),1' 7KH�)LQG�FRPPDQG�LV�RQ�WKH�6HDUFK�VXE�PHQX��<RX�FDQ�
XVH�WKLV�FRPPDQG�WR�VHQG�WKH�FXUVRU�WR�WKH�FKDUDFWHU�RU�
FKDUDFWHU�VWULQJ�\RX�VSHFLI\��6HH�§)LQG¨�RQ�SDJH ����IRU�
PRUH�LQIRUPDWLRQ�

Selecting characters
7KH�+3 ��*�SURYLGHV�D�QXPEHU�RI�FRPPDQGV�WKDW�ZRUN�RQ�VHOHFWHG�WH[W�
�VXFK�DV�FRS\�DQG�FXW���7R�VHOHFW�FKDUDFWHUV��\RX�PDUN�WKH�EHJLQQLQJ�RI�
WKH�VHOHFWLRQ�DQG�WKH�HQG�RI�WKH�VHOHFWLRQ�

�� 3RVLWLRQ�WKH�FXUVRU�DW�WKH�EHJLQQLQJ�RI�\RXU�VHOHFWLRQ��

6HH�§3RVLWLRQLQJ�WKH�FXUVRU¨�RQ�SDJH ����IRU�D�GHVFULSWLRQ�RI�YDULRXV�
ZD\V�WR�SRVLWLRQ�\RXU�FXUVRU�

�� 3UHVV�>å�

�� 3RVLWLRQ�WKH�FXUVRU�DW�WKH�HQG�RI�\RXU�VHOHFWLRQ�

�� 3UHVV�>��

<RXU�VHOHFWLRQ�LV�QRZ�KLJKOLJKWHG�

Copy, cut, and paste
�� 6HOHFW�WKH�FKDUDFWHUV�WKDW�\RX�ZDQW�WR�FRS\�RU�FXW�

7KLV�LV�H[SODLQHG�RQ�SDJH �����DQG�LQ�FKDSWHU���RI�WKH�8VHUªV�*XLGH�LI�
\RX�DUH�VHOHFWLQJ�SDUWV�RI�DQ�H[SUHVVLRQ�LQ�WKH�(TXDWLRQ�:ULWHU��

�� 'R�RQH�RI�WKH�IROORZLQJ�

� WR�FRS\�WKH�FKDUDFWHUV��SUHVV�>���RU

� WR�FXW�WKH�FKDUDFWHUV��SUHVV�>��

�� 3RVLWLRQ�\RXU�FXUVRU�ZKHUH�\RX�ZDQW�WR�SDVWH�WKH�FKDUDFWHUV�\RX�KDYH�
FRSLHG�RU�FXW�

6HH�§3RVLWLRQLQJ�WKH�FXUVRU¨�RQ�SDJH ����IRU�D�GHVFULSWLRQ�RI�ZD\V�WR�
SRVLWLRQ�\RXU�FXUVRU�

�� 3UHVV�>ñ�

�3UHVVLQJ>��ZLWKRXW�ILUVW�SUHVVLQJ�>å FDXVHV�DOO�
FKDUDFWHUV�WR�WKH�OHIW�RI�WKH�FXUVRU�WR�EH�VHOHFWHG��7KHUHIRUH��LI�
\RX�ZDQW�WR�VHOHFW�DOO�FKDUDFWHUV�WR�WKH�OHIW�RI�WKH�FXUVRU��SUHVV�
>� DW�VWHS���DERYH�DQG�LJQRUH�WKH�UHPDLQLQJ�VWHSV
Page 3-4 Command line operations



A
dvanced topics
Editing the command line

Deleting characters

7KH�VLPSOHVW�ZD\�WR�GHOHWH�D�FKDUDFWHU�LV�WR�SRVLWLRQ�WKH�FXUVRU�WR�WKH�
LPPHGLDWH�ULJKW�RI�WKH�FKDUDFWHU�DQG�SUHVV�H�

2WKHU�ZD\V�RI�GHOHWLQJ�FKDUDFWHUV�DUH�SURYLGHG�E\�FRPPDQGV�RQ�WKH�7RRO�
PHQX�IRU�WKH�FRPPDQG�OLQH�HGLWRU��7KH�PHQX�LV�GLVSOD\HG�E\�SUHVVLQJ�
i ZKHQ�WKH�FRPPDQG�OLQH�LV�DFWLYH��7KHVH�FRPPDQGV�DUH�

←'(/ 'HOHWHV�WKH�FKDUDFWHUV�IURP�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�
WKH�FXUUHQW�ZRUG��WKDW�LV��WR�WKH�EHJLQQLQJ�RI�WKH�ZRUG�LQ�
ZKLFK�WKH�FXUVRU�LV�FXUUHQWO\�SODFHG���,I�SUHVVHG�DJDLQ��
WKH�HQWLUH�SUHYLRXV�ZRUG�LV�GHOHWHG�LI�WKHUH�LV�RQH�

>←'(/ 'HOHWHV�DOO�FKDUDFWHUV�IURP�WKH�FXUVRU�WR�WKH�VWDUW�RI�WKH�
OLQH�

'(/→ 'HOHWHV�WKH�FKDUDFWHUV�IURP�WKH�FXUVRU�WR�WKH�EHJLQQLQJ�RI�
WKH�QH[W�ZRUG��RU��LI�WKHUH�LV�QR�QH[W�ZRUG��WR�WKH�HQG�RI�
WKH�FXUUHQW�ZRUG��

>'(/→ 'HOHWHV�DOO�FKDUDFWHUV�IURP�WKH�FXUVRU�WR�WKH�HQG�RI�WKH�
OLQH�

'(/�/ 'HOHWHV�DOO�FKDUDFWHUV�RQ�WKH�FXUUHQW�OLQH�

5(3/$&( 7KHUH�DUH�YDULRXV�UHSODFH�RSWLRQV�RQ�WKH�6HDUFK�PHQX��
7KHVH�RSWLRQV�HQDEOH�\RX�WR�VHDUFK�IRU�WKH�FKDUDFWHUV�\RX�
ZDQW�WR�GHOHWH�DQG�UHSODFH�WKHP�ZLWK�QRWKLQJ��WKHUHE\�
GHOHWLQJ�WKRVH�FKDUDFWHUV��

7KH�UHSODFH�RSWLRQV�DUH�GLVFXVVHG�RQ�SDJH ����
Command line operations Page 3-5



A
dv

an
ce

d 
to

pi
cs
Inserting characters

%\�GHIDXOW��DQ\�FKDUDFWHU�\RX�HQWHU�RQ�WKH�FRPPDQG�OLQH�ZLOO�EH�LQVHUWHG�
EHWZHHQ�WKH�FKDUDFWHUV�RQ�HLWKHU�VLGH�RI�WKH�FXUVRU��7R�UHSODFH�FKDUDFWHUV�
UDWKHU�WKDQ�LQVHUW�WKHP��\RX�GH�DFWLYDWH�LQVHUW�PRGH��(DFK�FKDUDFWHU�\RX�
HQWHU�ZLOO�WKHQ�UHSODFH¦WKDW�LV��RYHUZULWH¦WKH�FKDUDFWHU�GLUHFWO\�EHORZ�
WKH�FXUVRU�

7R�GH�DFWLYDWH��RU�DFWLYDWH��LQVHUW�PRGH�

�� :LWK�WKH�FRPPDQG�OLQH�DFWLYH��SUHVV�i�

�� ,I�WKH�,16�FRPPDQG�LV�QRW�GLVSOD\HG��SUHVV�
l�XQWLO�LW�LV�

$�VPDOO�VTXDUH�WR�WKH�ULJKW�RI�WKH�
FRPPDQGªV�ODEHO¦DV�LQ�WKH�H[DPSOH�RQ�
WKH�ULJKW¦LQGLFDWHV�WKDW�LQVHUW�PRGH�LV�
DFWLYH�

7KH�VKDSH�RI�WKH�FXUVRU�DOVR�LQGLFDWHV�ZKHWKHU�\RX�DUH�LQ�UHSODFH�
PRGH��FXUVRU�LV�D�OHIW�SRLQWLQJ�DUURZ��RU�LQVHUW�PRGH��FXUVRU�LV�D�ILOOHG�
UHFWDQJOH��

�� 3UHVV�,16�WR�VZLWFK�LQVHUW�PRGH�RQ�RII�RU�RQ�

Editing complex objects

,Q�PDQ\�FDVHV�\RX�ZLOO�ILQG�WKH�PHWKRGV�RXWOLQHG�LQ�WKH�SUHYLRXV�WZR�
VHFWLRQV�ZHOO�VXLWHG�WR�HGLWLQJ�FRPPDQG�OLQH�REMHFWV��+RZHYHU��ZKHQ�\RX�
QHHG�WR�HGLW�D�FRPSOH[�REMHFW��\RX�PLJKW�ILQG�LW�HDVLHU�WR�LVRODWH�MXVW�WKDW�
SDUW�RI�WKH�REMHFW�\RX�ZDQW�WR�HGLW��7R�GR�WKLV��PDNH�VXUH�WKDW�WKH�7RRO�
PHQX�IRU�WKH�FRPPDQG�OLQH�HGLWRU�LV�GLVSOD\HG���3UHVV�i�LI�LW�LV�QRW��

�� 6HOHFW�WKH�SDUW�RI�WKH�REMHFW�WKDW�\RX�ZDQW�WR�HGLW��

6HH�§6HOHFWLQJ�FKDUDFWHUV¨�RQ�SDJH ����IRU�LQVWUXFWLRQV�

�� ,I�WKH�(',7�FRPPDQG�LV�QRW�GLVSOD\HG��SUHVV�l�XQWLO�LW�LV�

�� 3UHVV�(',7�

<RXU�VHOHFWLRQ�QRZ�DSSHDUV�RQ�WKH�FRPPDQG�OLQH�E\�LWVHOI��7KH�UHVW�RI�
WKH�REMHFW�KDV�QRW�EHHQ�GHOHWHG��LW�LV�MXVW�QRW�YLVLEOH�ZKLOH�\RX�HGLW�\RXU�
VHOHFWLRQ�

�� (GLW�WKH�HQWU\�RQ�WKH�FRPPDQG�OLQH�

�� 3UHVV�\�

7KH�REMHFW�\RX�VWDUWHG�ZLWK�LV�UHGLVSOD\HG��VKRZLQJ�WKH�FKDQJHV�\RX�
PDGH�DW�VWHS���DERYH�
Page 3-6 Command line operations



A
dvanced topics
Evaluating components of the command line

,I�WKHUH�LV�D�FRPSRQHQW�RI�\RXU�REMHFW�WKDW�FRXOG�EH�HYDOXDWHG¦VXFK�DV�D�
PDWKHPDWLFDO�H[SUHVVLRQ¦\RX�FDQ�VHOHFW�WKH�FRPSRQHQW�DQG�HYDOXDWH�LW��
7KH�UHVXOW�RI�WKH�HYDOXDWLRQ�UHSODFHV�WKH�FRPSRQHQW�

7R�HYDOXDWH�D�FRPSRQHQW��PDNH�VXUH�WKDW�WKH�7RRO�PHQX�IRU�WKH�FRPPDQG�
OLQH�HGLWRU�LV�GLVSOD\HG���3UHVV�i�LI�LW�LV�QRW��

�� 6HOHFW�WKH�FRPSRQHQW�RI�WKH�REMHFW�WKDW�\RX�ZDQW�WR�HYDOXDWH��

6HH�§6HOHFWLQJ�FKDUDFWHUV¨�RQ�SDJH ����IRU�LQVWUXFWLRQV�

�� ,I�WKH�(;(&�FRPPDQG�LV�QRW�GLVSOD\HG��SUHVV�l�XQWLO�LW�LV�

�� 3UHVV�(;(&�

7KH�FRPSRQHQW�LV�HYDOXDWHG��LI�SRVVLEOH��DQG�WKH�UHVXOW�UHSODFHV�WKH�
FRPSRQHQW�

Suspending editing

<RX�FDQ�VXVSHQG�HGLWLQJ�WKH�FRPPDQG�OLQH�DQG�UHWXUQ�WR�LW�ODWHU��
SHUIRUPLQJ�RWKHU�RSHUDWLRQV�LQ�WKH�PHDQWLPH��7R�GR�WKLV��PDNH�VXUH�WKDW�
WKH�7RRO�PHQX�LV�GLVSOD\HG���3UHVV�i�LI�LW�LV�QRW��

�� ,I�WKH�+$/7�FRPPDQG�LV�QRW�GLVSOD\HG��SUHVV�l�XQWLO�LW�LV�

�� 3UHVV�+$/7�

<RXU�GHIDXOW�VFUHHQ�LV�UHGLVSOD\HG��<RX�FDQ�QRZ�XVH�WKH�FDOFXODWRU�WR�
SHUIRUP�RWKHU�RSHUDWLRQV�

:KLOH�\RX�KDYH�DQ�HGLWLQJ�VHVVLRQ�VXVSHQGHG��WKH�DQQXQFLDWRU�+/7�
DSSHDUV�LQ�WKH�VWDWXV�DUHD�RI�\RXU�GHIDXOW�VFUHHQ��SURYLGLQJ�WKDW�\RX�
KDYH�QRW�KLGGHQ�WKH�VWDWXV�DUHD��

�� 3UHVV�<:�WR�UHWXUQ�WR�WKH�FRPPDQG�OLQH�\RX�HDUOLHU�VXVSHQGHG�

<RX�ZLOO�QRWLFH�WKDW�WKH�FRQWHQWV�RI�WKH�FRPPDQG�OLQH�KDYH�QRW�EHHQ�
DIIHFWHG�E\�WKH�RSHUDWLRQV�\RX�SHUIRUPHG�VLQFH�VXVSHQGLQJ�HGLWLQJ�

�:KLOH�\RX�KDYH�RQH�FRPPDQG�OLQH�HGLWLQJ�VHVVLRQ�VXVSHQGHG��
\RX�FDQ�VXVSHQG�DQRWKHU��,Q�IDFW��\RX�FDQ�VXVSHQG�DQ\�QXPEHU�RI�
FRPPDQG�OLQH�HGLWLQJ�VHVVLRQV��

:KHQ�\RX�KDYH�PRUH�WKDQ�RQH�HGLWLQJ�VHVVLRQ�VXVSHQGHG��
SUHVVLQJ�<:�UHWXUQV�\RX�WR�WKH�PRVW�UHFHQWO\�VXVSHQGHG�
VHVVLRQ��3UHVVLQJ�<:�DJDLQ�UHWXUQV�\RX�WR�WKH�VHFRQG�PRVW�
UHFHQWO\�VXVSHQGHG�VHVVLRQ��DQG�VR�RQ�
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Find and replace

7KH�+3 ��*�SURYLGHV�D�QXPEHU�RI�VHDUFK�DQG�UHSODFH�FRPPDQGV�WR�KHOS�
\RX�HGLW�PXOWLOLQH�REMHFWV��VXFK�DV�DUUD\V�DQG�SURJUDPV���7KHVH�DUH�
DYDLODEOH�IURP�WKH�6HDUFK�PHQX��ZKLFK�LV�D�VXE�PHQX�RI�WKH�7RRO�PHQX��

�� :LWK�DQ�REMHFW�RQ�WKH�FRPPDQG�OLQH��SUHVV�i��

�� 3UHVV�l�WR�GLVSOD\�WKH�VHFRQG�SDJH�RI�WKH�7RRO�PHQX�

�� 3UHVV�6($5&+�

$�FKRRVH�OLVW�DSSHDUV�OLVWLQJ�WKH�ILQG�DQG�
UHSODFH�RSWLRQV�

Find

7KLV�FRPPDQG�VHDUFKHV�WKURXJK�WKH�REMHFW�
RQ�WKH�FRPPDQG�OLQH�DQG�KLJKOLJKWV�WKH�ILUVW�LQVWDQFH�RI�D�FKDUDFWHU�RU�
FKDUDFWHU�VWULQJ�WKDW�PDWFKHV�\RXU�VHDUFK�VWULQJ��WKDW�LV��WKH�FKDUDFWHU�RU�
FKDUDFWHU�VWULQJ�\RX�VSHFLI\��

�� ,I�QHFHVVDU\��SRVLWLRQ�WKH�FXUVRU�DW�WKH�EHJLQQLQJ�RI�WKH�REMHFW�RQ�WKH�
FRPPDQG�OLQH�

�� 'LVSOD\�WKH�6HDUFK�PHQX��PDNH�VXUH�WKDW�RSWLRQ �¦)LQG¦LV�
KLJKOLJKWHG�DQG�SUHVV�2. RU�\��

7KH�)LQG�LQSXW�IRUP�LV�GLVSOD\HG�

�� (QWHU�WKH�FKDUDFWHU�RU�FKDUDFWHU�VWULQJ�
WKDW�\RX�ZDQW�WR�ILQG�

7KH�FKDUDFWHUV�\RX�W\SH�DSSHDU�QHDU�WKH�
ERWWRP�RI�WKH�LQSXW�IRUP�

�� 3UHVV�2.�RU�\�WR�SODFH�WKH�FKDUDFWHUV�\RX�KDYH�W\SHG�LQWR�WKH�
6HDUFK�)RU�ILHOG�

7KH�FXUVRU�LV�QRZ�SRVLWLRQHG�LQ�WKH�&DVH�6HQVLWLYH�ILHOG��%\�GHIDXOW��WKH�
)LQG�FRPPDQG�SHUIRUPV�D�FDVH�VHQVLWLYH�VHDUFK��WKDW�LV��DQ�XSSHU�FDVH�
FKDUDFWHU�LV�FRQVLGHUHG�D�GLIIHUHQW�FKDUDFWHU�WR�LWV�ORZHU�FDVH�
FRPSDQLRQ�

�7KH�)LQG�FRPPDQG�EHJLQV�VHDUFKLQJ�IURP�WKH�SRVLWLRQ�RI�WKH�
FXUVRU��7KHUHIRUH��LI�\RXU�FXUVRU�LV�QRW�DW�WKH�VWDUW�RI�WKH�REMHFW��
WKHUH�LV�D�ULVN�WKDW�WKH�)LQG�FRPPDQG�ZLOO�QRW�ILQG�\RXU�VHDUFK�
VWULQJ�HYHQ�WKRXJK�WKDW�VWULQJ�LV�LQ�WKH�REMHFW��,W�LV�LPSRUWDQW��WKHQ��
WKDW�\RX�SRVLWLRQ�WKH�FXUVRU�DW�WKH�VWDUW�RI�WKH�REMHFW�LI�\RX�ZDQW�
WR�ILQG�DOO�RFFXUUHQFHV�RI�\RXU�VHDUFK�VWULQJ��
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�� ,I�\RX�GR�QRW�ZDQW�D�FDVH�VHQVLWLYH�VHDUFK��SUHVV�&+.��

7KH�WLFN�LQ�WKH�&DVH�6HQVLWLYH�ILHOG�LV�GHOHWHG��<RXU�VHDUFK�ZLOO�QRZ�
ORRN�IRU�ERWK�WKH�XSSHU�FDVH�DQG�ORZHU�FDVH�YHUVLRQV�RI�WKH�FKDUDFWHUV�
\RX�HQWHUHG�LQWR�WKH�6HDUFK�)RU�ILHOG�

�� 3UHVV�2.�RU�\�WR�EHJLQ�WKH�VHDUFK�

,I�\RXU�VHDUFK�VWULQJ�LV�IRXQG��LW�ZLOO�EH�KLJKOLJKWHG�RQ�WKH�FRPPDQG�
OLQH��RWKHUZLVH�D�PHVVDJH�LV�GLVSOD\HG�LQIRUPLQJ�\RX�WKDW�\RXU�VHDUFK�
VWULQJ�FDQQRW�EH�IRXQG�

1RWH�WKDW�WKH�)LQG�FRPPDQG�ZLOO�ORRN�IRU�\RXU�VHDUFK�VWULQJ�DV�ERWK�D�
ZKROH�ZRUG�DQG�DV�SDUW�RI�D�ORQJHU�ZRUG��)RU�H[DPSOH��D�VHDUFK�IRU�$%�
ZRXOG�EH�VDWLVILHG�E\�WKH�VWULQJ�'�$%����<RX�FDQQRW�VHW�WKH�+3 ��*�WR�
SHUIRUP�RQO\�ZKROH�ZRUG�VHDUFKHV�

Find next

7KH�REMHFW�\RX�DUH�VHDUFKLQJ�IRU�PLJKW�FRQWDLQ�PRUH�WKDQ�RQH�LQVWDQFH�RI�
\RXU�VHDUFK�VWULQJ��7R�ILQG�WKH�QH[W�LQVWDQFH�

�� 'LVSOD\�WKH�6HDUFK�PHQX�

�� 7\SH����RU�SUHVV�]�XQWLO�),1'�1(;7�LV�KLJKOLJKWHG��

�� 3UHVV�2.�RU�\�

,I�\RXU�VHDUFK�VWULQJ�LV�IRXQG��LW�LV�KLJKOLJKWHG�RQ�WKH�FRPPDQG�OLQH��
RWKHUZLVH�D�PHVVDJH�LV�GLVSOD\HG�LQIRUPLQJ�\RX�WKDW�QR�IXUWKHU�
LQVWDQFHV�RI�\RXU�VHDUFK�VWULQJ�FDQ�EH�IRXQG�

1RWH�WKDW�WKH�+3 ��*�GRHV�QRW�FRQWLQXH�VHDUFKLQJ�IURP�WKH�EHJLQQLQJ�RI�
WKH�REMHFW�RQFH�LW�KDV�UHDFKHG�WKH�HQG�
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7KH�5HSODFH�FRPPDQG�VHDUFKHV�WKURXJK�WKH�REMHFW�RQ�WKH�FRPPDQG�OLQH�
DQG�KLJKOLJKWV�WKH�ILUVW�LQVWDQFH�RI�D�FKDUDFWHU�RU�FKDUDFWHU�VWULQJ�WKDW�
PDWFKHV�\RXU�VHDUFK�VWULQJ��WKDW�LV��WKH�FKDUDFWHU�RU�FKDUDFWHU�VWULQJ�\RX�
VSHFLI\���<RX�FDQ�WKHQ�UHSODFH�WKDW�VWULQJ�ZLWK�DQRWKHU�VWULQJ�

7KH�5HSODFH�FRPPDQG�EHJLQV�VHDUFKLQJ�IURP�WKH�SRVLWLRQ�RI�WKH�FXUVRU��
7KHUHIRUH��LI�\RXU�FXUVRU�LV�QRW�DW�WKH�VWDUW�RI�WKH�REMHFW��WKHUH�LV�D�ULVN�WKDW�
WKH�5HSODFH�FRPPDQG�ZLOO�QRW�ILQG�\RXU�VHDUFK�VWULQJ�HYHQ�WKRXJK�WKDW�
VWULQJ�LV�LQ�WKH�REMHFW��,W�LV�LPSRUWDQW��WKHQ��WKDW�\RX�SRVLWLRQ�WKH�FXUVRU�DW�
WKH�VWDUW�RI�WKH�REMHFW�LI�\RX�ZDQW�WR�ILQG�DOO�RFFXUUHQFHV�RI�\RXU�VHDUFK�
VWULQJ�

�� ,I�QHFHVVDU\��SRVLWLRQ�WKH�FXUVRU�DW�WKH�EHJLQQLQJ�RI�WKH�REMHFW�RQ�WKH�
FRPPDQG�OLQH�

�� 'LVSOD\�WKH�6HDUFK�PHQX�

�� 7\SH����RU�SUHVV�]�XQWLO�5(3/$&(���LV�KLJKOLJKWHG���

�� 3UHVV�2. RU�\��

7KH�)LQG�5HSODFH�LQSXW�IRUP�LV�GLVSOD\HG�

�� (QWHU�WKH�FKDUDFWHU�RU�FKDUDFWHU�VWULQJ�
WKDW�\RX�ZDQW�WR�UHSODFH�

7KH�FKDUDFWHUV�\RX�W\SH�DSSHDU�QHDU�WKH�
ERWWRP�RI�WKH�LQSXW�IRUP�

�� 3UHVV�2.�RU�\�WR�SODFH�WKH�FKDUDFWHUV�\RX�KDYH�W\SHG�LQWR�WKH�
6HDUFK�)RU�ILHOG�

�� (QWHU�WKH�FKDUDFWHU�RU�FKDUDFWHU�VWULQJ�WKDW�\RX�ZDQW�WR�VXEVWLWXWH�IRU�
WKH�VHDUFK�VWULQJ�

7KH�FKDUDFWHUV�\RX�W\SH�DSSHDU�QHDU�WKH�ERWWRP�RI�WKH�LQSXW�IRUP�

�� 3UHVV�2.�RU�\�WR�SODFH�WKH�FKDUDFWHUV�\RX�KDYH�W\SHG�LQWR�WKH�
5HSODFH�%\�ILHOG�

7KH�FXUVRU�LV�QRZ�SRVLWLRQHG�LQ�WKH�&DVH�6HQVLWLYH�ILHOG��%\�GHIDXOW��WKH�
5HSODFH�FRPPDQG�SHUIRUPV�D�FDVH�VHQVLWLYH�VHDUFK��WKDW�LV��DQ�XSSHU�
FDVH�FKDUDFWHU�LV�FRQVLGHUHG�D�GLIIHUHQW�FKDUDFWHU�WR�LWV�ORZHU�FDVH�
FRPSDQLRQ�

�� ,I�\RX�GR�QRW�ZDQW�D�FDVH�VHQVLWLYH�VHDUFK��SUHVV�&+.��

7KH�WLFN�LQ�WKH�&DVH�6HQVLWLYH�ILHOG�LV�GHOHWHG��<RXU�VHDUFK�ZLOO�QRZ�
ORRN�IRU�ERWK�WKH�XSSHU�FDVH�DQG�ORZHU�FDVH�YHUVLRQV�RI�WKH�FKDUDFWHUV�
\RX�HQWHUHG�LQWR�WKH�6HDUFK�)RU�ILHOG�
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��� 3UHVV�2.�RU�\�WR�EHJLQ�WKH�VHDUFK�

,I�\RXU�VHDUFK�VWULQJ�LV�IRXQG��LW�ZLOO�EH�KLJKOLJKWHG�RQ�WKH�FRPPDQG�
OLQH��RWKHUZLVH�D�PHVVDJH�LV�GLVSOD\HG�LQIRUPLQJ�\RX�WKDW�\RXU�VHDUFK�
VWULQJ�FDQQRW�EH�IRXQG�

��� ,I�\RX�GRQªW�ZDQW�WR�UHSODFH�WKH�FXUUHQW�VHOHFWLRQ�EXW�ZDQW�WR�FRQWLQXH�
ORRNLQJ�IRU�\RXU�VHDUFK�VWULQJ��VHOHFW�),1'�1(;7�IURP�WKH�6HDUFK�PHQX�
DQG�UHSHDW�WKLV�SURFHGXUH�IURP�VWHS����

,I�\RX�ZDQW�WR�UHSODFH�WKH�FXUUHQW�VHOHFWLRQ�ZLWK�WKH�VSHFLILHG�
VXEVWLWXWH�WHUP��\RX�KDYH�IRXU�RSWLRQV�WR�FKRRVH�IURP�

� UHSODFH�WKH�FXUUHQW�VHOHFWLRQ��RSWLRQ���RQ�WKH�6HDUFK�PHQX�

� UHSODFH�WKH�FXUUHQW�VHOHFWLRQ�DQG�ILQG�WKH�QH[W�LQVWDQFH�RI�WKH�
VHDUFK�VWULQJ��RSWLRQ���RQ�WKH�6HDUFK�PHQX�

� UHSODFH�WKH�FXUUHQW�VHOHFWLRQ�DQG�DOO�RWKHU�LQVWDQFHV�RI�WKH�VHDUFK�
VWULQJ��PRYLQJ�WKH�FXUVRU�IURP�LQVWDQFH�WR�LQVWDQFH�LQ�WKH�SURFHVV�
�RSWLRQ���RQ�WKH�6HDUFK�PHQX�

� UHSODFH�WKH�FXUUHQW�VHOHFWLRQ�DQG�DOO�RWKHU�LQVWDQFHV�RI�WKH�VHDUFK�
VWULQJ�ZLWKRXW�PRYLQJ�WKH�FXUVRU�IURP�LQVWDQFH�WR�LQVWDQFH��RSWLRQ�
��RQ�WKH�6HDUFK�PHQX���$W�WKH�HQG�RI�WKLV�UHSODFH�RSHUDWLRQ��WKH�
FXUVRU�LV�SRVLWLRQHG�DW�WKH�SODFH�RI�WKH�ODVW�FKDQJH�

2SWLRQ��¦)DVW�UHSODFH¦LV�VLJQLILFDQWO\�IDVWHU�LI�WKH�REMHFW�\RXU�DUH�
VHDUFKLQJ�IRU�H[WHQGV�RYHU�PDQ\�OLQHV��DV�LQ�WKH�FDVH�RI�D�ODUJH�
SURJUDP��

��� 'LVSOD\�WKH�6HDUFK�PHQX�DQG�FKRRVH�WKH�UHSODFH�RSWLRQ�\RX�ZDQW�

��� 3UHVV�2.�RU�\�WR�EHJLQ�WKH�UHSODFH�RSHUDWLRQ�
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Command line information
7KH�FRPPDQG�OLQH�HGLWRU�7RRO�PHQX�DOVR�
SURYLGHV�JHQHUDO�LQIRUPDWLRQ�DERXW�WKH�
REMHFW�RQ�WKH�FRPPDQG�OLQH�DQG�WKH�SRVLWLRQ�
RI�WKH�FXUVRU��7R�VHH�WKLV�LQIRUPDWLRQ��SUHVV�
,1)2��$�VFUHHQ�HQWLWOHG�§&RPPDQG�/LQH¨�
DSSHDUV�

7KH�ILHOGV�RQ�WKLV�VFUHHQ�DUH�

��/LQHV 7KH�QXPEHU�RI�OLQHV�RYHU�ZKLFK�WKH�REMHFW�H[WHQGV�

;�SRVLWLRQ 7KH�QXPEHU�RI�FKDUDFWHUV�IURP�WKH�VWDUW�RI�WKH�OLQH�WR�WKH�
SRVLWLRQ�RI�WKH�FXUVRU�

<�SRVLWLRQ 7KH�QXPEHU�RI�WKH�OLQH�LQ�ZKLFK�WKH�FXUVRU�LV�SODFHG�

3RVLWLRQ 7KH�QXPEHU�RI�WKH�FKDUDFWHUV�IURP�WKH�VWDUW�RI�WKH�REMHFW�
WR�WKH�SRVLWLRQ�RI�WKH�FXUVRU�

/LQH�6L]H 7KH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�OLQH�RQ�ZKLFK�WKH�FXUVRU�
LV�SODFHG�

7H[W�6L]H 7KH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�REMHFW�

6WN�6L]H 7KH�QXPEHU�RI�REMHFWV�LQ�KLVWRU\��RU�RQ�WKH�VWDFN��

0HP��.%� 7KH�DPRXQW�RI�IUHH�PHPRU\�

&OLS�6L]H 7KH�QXPEHU�RI�FKDUDFWHUV�RQ�WKH�FOLSERDUG��WKDW�LV��WKH�
QXPEHU�RI�FKDUDFWHUV�\RX�ODVW�FRSLHG�RU�FXW��

6HO��6L]H 7KH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�FXUUHQW�VHOHFWLRQ�
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<RX�FDQ�VHW�WKH�VW\OH�RI�D�FRPPDQG�OLQH�HQWU\�WR�EROG��LWDOLF��XQGHUOLQHG��RU�
LQYHUWHG��RU�WR�DQ\�FRPELQDWLRQ�RI�WKHVH�FKDUDFWHULVWLFV��<RX�FDQ�DOVR�
FKRRVH�D�GLIIHUHQW�IRQW�IRU�WKH�HQWU\��7R�GR�WKLV��PDNH�VXUH�WKDW�WKH�
FRPPDQG�OLQH�LV�DFWLYH�DQG�WKH�7RRO�PHQX�IRU�WKH�FRPPDQG�OLQH�HGLWRU�LV�
GLVSOD\HG���3UHVV�i�LI�LW�LV�QRW��

�� ,I�WKH�67</(6�FRPPDQG�LV�QRW�GLVSOD\HG��SUHVV�l�XQWLO�LW�LV�

�� 3UHVV�WKH�IXQFWLRQ�NH\�WKDW�FRUUHVSRQGV�WR�WKH�VW\OH�\RX�ZDQW�WKH�
FRPPDQG�OLQH�WR�KDYH�

� a�IRU�%2/'

� b�IRU�,7$/,&

� c�IRU�81'(5/,1('

� d�IRU�,19(57('

� e�WR�GLVSOD\�WKH�IRQWV�OLVW�IURP�ZKLFK�\RX�FDQ�FKRRVH�D�GLIIHUHQW�
IRQW�

�� 3UHVV�f�IRU�(',7�WR�UHWXUQ�WR�WKH�7RRO�PHQX�IRU�WKH�FRPPDQG�OLQH�
HGLWRU�

1RWH�WKDW�VW\OHV�DUH�UHWDLQHG�ZKHQ�WKH�REMHFW�DSSHDUV�RQ�KLVWRU\�RU�RQ�WKH�
VWDFN�RQO\�LI�WKDW�REMHFW�LV�D�VWULQJ��WKDW�LV��HQFORVHG�ZLWKLQ�LQYHUWHG�
FRPPDV��
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The Stack

7KH�+3 ��*�NHHSV�D�UHFRUG�RI�WKH�REMHFWV�\RX�HQWHU�DQG�WKH�UHVXOWV�RI�\RXU�
RSHUDWLRQV��,Q�DOJHEUDLF�PRGH�WKLV�UHFRUG�LV�FDOOHG�KLVWRU\��LQ�531�PRGH�LW�
LV�FDOOHG�WKH�VWDFN��

Using the stack
(QWULHV�RQ�WKH�VWDFN�DUH�QXPEHUHG��DV�LQ�WKH�
H[DPSOH�DW�WKH�ULJKW���$Q�HQWU\�RQ�WKH�VWDFN�LV�
UHIHUUHG�WR�DV�EHLQJ�RQ�D�SDUWLFXODU�OHYHO��7KH�
OHYHO�LV�WKH�QXPEHU�RI�WKH�OLQH�RQ�ZKLFK�WKH�
HQWU\�DSSHDUV��,Q�WKH�H[DPSOH�DW�WKH�ULJKW�����
LV�RQ�OHYHO������LV�RQ�OHYHO���� �LV�RQ�OHYHO�
���DQG�VR�RQ�

,I�\RX�DUH�ZRUNLQJ�LQ�531�PRGH��\RX�ZLOO�XVH�WKH�VWDFN�WR�SHUIRUP�
FDOFXODWLRQV��,Q�GRLQJ�VR��\RX�QHHG�WR�EH�DZDUH�RI�GLIIHUHQFHV�EHWZHHQ�WKH�
ZD\�FDOFXODWLRQV�DUH�SHUIRUPHG�DQG�GLVSOD\HG�LQ�531�PRGH�DQG�LQ�
DOJHEUDLF�PRGH��,Q�531�PRGH�

� $�FRPPDQG�WKDW�UHTXLUHV�DUJXPHQWV¦WKDW�LV��D�FRPPDQG�WKDW�QHHGV�
REMHFWV�WR�DFW�RQ¦WDNHV�LWV�DUJXPHQWV�IURP�WKH�VWDFN��7KHUHIRUH��WKH�
DUJXPHQWV�PXVW�EH�SUHVHQW�EHIRUH�\RX�H[HFXWH�WKH�FRPPDQG��RQH�
DUJXPHQW�SHU�OHYHO�DQG�LQ�WKH�FRUUHFW�RUGHU���7KHUH�LV�RQH�H[FHSWLRQ��
ZKHQ�WKH�FRPPDQG�WDNHV�RQO\�RQH�DUJXPHQW��\RX�FDQ�H[HFXWH�WKH�
FRPPDQG�ZLWK�WKH�DUJXPHQW�RQ�WKH�FRPPDQG�OLQH��QRW�RQ�WKH�VWDFN��

� $�FRPPDQGªV�DUJXPHQWV�DUH�UHPRYHG�IURP�WKH�VWDFN�ZKHQ�WKH�
FRPPDQG�LV�H[HFXWHG��7KH�DUJXPHQWV�DUH�UHSODFHG�E\�WKH�UHVXOW�RI�WKH�
FDOFXODWLRQ�

,Q�FRQWUDVW��LQ�DOJHEUDLF�PRGH�\RX�VSHFLI\�\RXU�DUJXPHQWV�DIWHU�\RX�HQWHU�
WKH�FRPPDQG��DQG�WKH�FRPPDQG�DQG�LWV�DUJXPHQWV�DUH�UHWDLQHG�LQ�KLVWRU\�
WRJHWKHU�ZLWK�WKH�UHVXOW�RI�WKH�FDOFXODWLRQ�

)RU�H[DPSOH��WR�ILQG�WKH�FXEH�RI�����\RX�QHHG�WR�VSHFLI\�WZR�DUJXPHQWV��
WKH�QXPEHU������DQG�WKH�LQGH[������,Q�DOJHEUDLF�PRGH��\RX�HQWHU�

��q�\

����
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,Q�531�PRGH��\RX�HQWHU�

��\�\q

,Q�RWKHU�ZRUGV��LQ�531�PRGH����DQG���DUH�
HQWHUHG�RQWR�WKH�VWDFN�EHIRUH�WKH�FRPPDQG�
LV�HQWHUHG�����PXVW�EH�RQ�OHYHO���DQG���RQ�
OHYHO���EHIRUH�WKH�FRPPDQG�LV�H[HFXWHG�

6WULFWO\�VSHDNLQJ��WKH�ODVW��RU�RQO\��DUJXPHQW�GRHV�QRW�QHHG�WR�EH�RQ�WKH�
VWDFN�EHIRUH�\RX�H[HFXWH�D�FRPPDQG�LQ�531�PRGH��<RX�FDQ�H[HFXWH�D�
FRPPDQG�ZLWK�WKH�ODVW��RU�RQO\��DUJXPHQW�VWLOO�RQ�WKH�FRPPDQG�OLQH��
7KHUHIRUH��WKH�VHFRQG�\�LQ�WKH�H[DPSOH�LPPHGLDWHO\�DERYH�FDQ�EH�
RPLWWHG��+RZHYHU��DQ\�DUJXPHQW�VWLOO�RQ�WKH�FRPPDQG�OLQH�ZKHQ�D�
FRPPDQG�LV�H[HFXWHG�ZLOO�QRW�EH�GLVSOD\HG�RQ�WKH�VWDFN�LI�\RX�XQGR�WKH�
FRPPDQG��ZKLFK�\RX�FDQ�GR�E\�SUHVVLQJ�>ò���7KHUHIRUH��LI�\RX�WKLQN�
\RX�PD\�QHHG�WR�XQGR�D�FRPPDQG�DQG�EH�DEOH�WR�VHH�DOO�WKH�DUJXPHQWV��
\RX�VKRXOG�SXW�DOO�WKH�DUJXPHQWV�RQWR�WKH�VWDFN�EHIRUH�H[HFXWLQJ�WKH�
FRPPDQG�

Example stack calculations

Using a one-argument command
�� ,I�WKH�DUJXPHQW�LV�QRW�DOUHDG\�RQ�OHYHO���RI�WKH�VWDFN��HQWHU�WKH�

DUJXPHQW�RQWR�WKH�FRPPDQG�OLQH��DQG��RSWLRQDOO\��RQWR�WKH�VWDFN���,I�
WKH�DUJXPHQW�LV�DOUHDG\�RQ�OHYHO���RI�WKH�VWDFN��JR�VWUDLJKW�WR�VWHS���

�� ([HFXWH�WKH�FRPPDQG�

([DPSOH��7R�FDOFXODWH�

�� (QWHU����DQG�SUHVV�\�

�� 3UHVV�s�

7KH�UHVXOW�RI�VLQ����LV�QRZ�RQ�OHYHO���RI�WKH�VWDFN��7KLV�UHVXOW�FDQ�EH�
XVHG�DV�WKH�DUJXPHQW�RI�D�IXUWKHU�FRPPDQG�ZLWKRXW�WKH�UHVXOW�QHHGLQJ�
WR�EH�PDQXDOO\�HQWHUHG�

�� 3UHVV�y�

1RWH�WKDW�LI�\RX�JHW�D�V\PEROLF�DQVZHU�ZKHQ�\RX�ZDQWHG�D�QXPHULFDO�
DQVZHU��SUHVV�>���7KH�V\PEROLF�DQVZHU�LV�HYDOXDWHG�

�
��VLQ

�����������������
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Using a multi-argument command

Method 1

�� (QWHU�WKH�DUJXPHQWV��SUHVVLQJ�\ DIWHU�HDFK�RQH�

�� ([HFXWH�WKH�FRPPDQG�

([DPSOH��7R�FDOFXODWH����á���

�� (QWHU����DQG�SUHVV�\�

�� (QWHU����DQG�SUHVV�\�

���LV�QRZ�RQ�OHYHO���RI�WKH�VWDFN�DQG����LV�
RQ�OHYHO���

�� 3UHVV���

,Q�WKLV�H[DPSOH��WKH�RUGHU�LQ�ZKLFK�\RX�HQWHU�WKH�DUJXPHQWV�GRHV�QRW�
DIIHFW�WKH�DQVZHU��+RZHYHU��WKLV�LV�QRW�DOZD\V�WKH�FDVH�ZLWK�WZR�DUJXPHQW�
FRPPDQGV��,Q�WKH�FXEH�H[DPSOH�RQ�SDJH �����WKH�UHVXOW�RI�HQWHULQJ�WKH���
EHIRUH�WKH����LV�WKH���UDLVHG�WR�WKH�SRZHU�RI�����D�YHU\�GLIIHUHQW�UHVXOW�WR����
UDLVHG�WR�WKH�SRZHU�RI����2WKHU�H[DPSOHV�ZKHUH�WKH�RUGHU�\RX�HQWHU�WKH�
DUJXPHQWV�LV�LPSRUWDQW�LQFOXGH�VXEWUDFWLRQ��GLYLVLRQ��DQG�WKH�SHUFHQWDJH�
FRPPDQGV������&+��DQG��7��

Method 2

,Q�PHWKRG���DERYH��HDFK�DUJXPHQW�LV�HQWHUHG�RQWR�LWV�RZQ�OHYHO�RI�WKH�
VWDFN�EHIRUH�WKH�FRPPDQG�LV�H[HFXWHG��$QRWKHU�ZD\�LV�WR�HQWHU�DOO�WKH�
HOHPHQWV�RQWR�WKH�FRPPDQG�OLQH�VHSDUDWLQJ�HDFK�ZLWK�D�VSDFH��(LWKHU�

� SUHVV�\�WR�SODFH�WKH�DUJXPHQWV�RQWR�WKH�VWDFN�DQG�WKHQ�H[HFXWH�
\RXU�FRPPDQG�RU

� H[HFXWH�\RXU�FRPPDQG�ZLWK�WKH�DUJXPHQWV�VWLOO�RQ�WKH�FRPPDQG�OLQH�

([DPSOH��7R�FDOFXODWH�

�� (QWHU��������F��

�� 3UHVV�\�

�� 3UHVV�>ð�

6WHS���FDQ�EH�RPLWWHG�LI�\RX�ZLOO�QRW�ZDQW�WR�XQGR�WKH�FRPPDQG�DQG�VHH�
WKH�DUJXPHQWV��3UHVVLQJ�>ò�ZLWKRXW�KDYLQJ�ILUVW�SODFHG�WKH�DUJXPHQWV�
RQ�WKH�VWDFN�GHOHWHV�DOO�UHFRUG�RI�WKH�FRPPDQG��WKH�UHVXOW�DQG�WKH�
DUJXPHQWV��2Q�WKH�RWKHU�KDQG��LI�\RX�SODFH�WKH�DUJXPHQWV�RQ�WKH�VWDFN�
EHIRUH�H[HFXWLQJ�WKH�FRPPDQG��SUHVVLQJ�ò�GHOHWHV�WKH�UHVXOW�EXW�
UHGLVSOD\V�WKH�DUJXPHQWV�

�������
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Multi-command calculations

%HFDXVH�WKH�UHVXOW�RI�D�FDOFXODWLRQ�LV�UHWDLQHG�RQ�WKH�VWDFN��\RX�FDQ�HDVLO\�
SHUIRUP�FRPSOH[�FDOFXODWLRQV�E\�DFFXPXODWLQJ�WKH�UHVXOWV�RI�VXE�
FDOFXODWLRQV�RQ�WKH�VWDFN�DQG�WKHQ�WUHDWLQJ�WKHVH�UHVXOWV�DV�WKH�DUJXPHQWV�
LQ�D�IXUWKHU�FDOFXODWLRQ�

([DPSOH��7R�FDOFXODWH�

�� (QWHU���<R�

7KH�UHVXOW¦���¦DSSHDUV�RQ�OHYHO���RI�WKH�VWDFN�

�� (QWHU����DQG�SUHVV�\�

�� (QWHU����DQG�SUHVV�\�

�� 3UHVV���

7KH�SURGXFW�RI����DQG���¦���¦DSSHDUV�RQ�OHYHO����DQG�WKH�SUHYLRXV�
UHVXOW¦���¦LV�QRZ�OHYHO���

�� 3UHVV���

7KH�WZR�SUHYLRXV�UHVXOWV¦���¦DQG����¦DUH�QRZ�WUHDWHG�DV�WKH�
DUJXPHQWV�LQ�D�IXUWKHU�RSHUDWLRQ��7KLV�RSHUDWLRQ�UHSODFHV�WKH�
DUJXPHQWV�ZLWK�WKH�UHVXOW�RI�WKH�RSHUDWLRQ��WKDW�LV��WKH�GLIIHUHQFH�
EHWZHHQ�WKH�ILUVW�UHVXOW�DQG�WKH�VHFRQG�

��
�

�� ��×( )– �
�
����
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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�$� �4847��ZKHUH�
47�LV�WKH�WUDQVSRVH�RI�PDWUL[�4��
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< %�)$&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��

Keys (Continued) Description
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Chapter 6

Unit objects

7KH�8QLWV�DSSOLFDWLRQ�FRQWDLQV�D�FDWDORJ�RI�����XQLWV�WKDW�\RX�FDQ�FRPELQH�
ZLWK�UHDO�QXPEHUV�WR�FUHDWH�XQLW�REMHFWV��,W�DOVR�SURYLGHV�\RX�ZLWK�WRROV�WR�
PDQLSXODWH�XQLW�REMHFWV�

7KH�8QLWV�DSSOLFDWLRQ�HQDEOHV�\RX�WR�

� FRQYHUW�XQLWV¦IRU�H[DPSOH��\RX�FDQ�FRQYHUW�WKH�XQLW�REMHFW���BIW�WR�
���BLQ�RU������BP

� IDFWRU�XQLWV¦IRU�H[DPSOH��\RX�FDQ�IDFWRU���B:�ZLWK�UHVSHFW�WR��B1�
DQG�UHWXUQ���B1P�V

� FDOFXODWH�ZLWK�XQLWV¦IRU�H[DPSOH��\RX�FDQ�DGG���BIW�V�WR���BPSK�DQG�
UHWXUQ������BPSK�

Overview of the Units application
7KH�FDOFXODWRUªV�XQLWV�DUH�EDVHG�RQ�WKH���EDVH�XQLWV�RI�WKH�,QWHUQDWLRQDO�
6\VWHP�RI�8QLWV��6,���P��PHWHU���NJ��NLORJUDP���V��VHFRQG���$��DPSHUH���.�
�NHOYLQ���FG��FDQGHOD���DQG�PRO��PROH���7KH�+3���*�PDNHV�XVH�RI�WZR�
DGGLWLRQDO�EDVH�XQLWV��U��UDGLDQ��DQG�VU��VWHUDGLDQ���7KH�UHPDLQLQJ�����
XQLWV�DUH�FRPSRXQG�XQLWV��WKDW�LV��XQLWV�GHULYHG�IURP�WKH���EDVH�XQLWV�

)RU�H[DPSOH��LQ��LQFK��LV�GHILQHG�DV������P��DQG�)G\��)DUDGD\��LV�GHILQHG�
DV�������$V���6HH�DSSHQGL[�%�RI�WKH�8VHUªV�*XLGH�IRU�D�FRPSOHWH�OLVWLQJ�RI�
WKH�EXLOW�LQ�XQLWV�DQG�WKHLU�6,�YDOXHV��

8QLWV�DUH�JURXSHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV��

7KHVH�FDWHJRULHV�FDQ�EH�FKRVHQ�IURP�WKH�8QLWV�PHQX��GLVSOD\HG�E\�
SUHVVLQJ > ø��

length area volume time

speed mass force energy

power pressure temperature electric current

angle light radium viscosity
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Unit objects
$�XQLW�REMHFW�KDV�WZR�SDUWV��D�UHDO�QXPEHU�DQG�D�XQLW�H[SUHVVLRQ��D�VLQJOH�
XQLW�RU�PXOWLSOLFDWLYH�FRPELQDWLRQ�RI�XQLWV���7KH�WZR�SDUWV�DUH�OLQNHG�E\�
WKH�XQGHUVFRUH�FKDUDFWHU�B��)RU�H[DPSOH���BLQ����LQFKHV��DQG������BJDO�K�
�������86�JDOORQV�SHU�KRXU��DUH�XQLW�REMHFWV��/LNH�RWKHU�REMHFW�W\SHV��D�XQLW�
REMHFW�FDQ�EH�SODFHG�RQ�WKH�VWDFN��VWRUHG�LQ�D�YDULDEOH��DQG�XVHG�LQ�
DOJHEUDLF�H[SUHVVLRQV�DQG�SURJUDPV�

:KHQ�\RX�SHUIRUP�D�XQLW�FRQYHUVLRQ��WKH�+3���*�UHSODFHV�WKH�ROG�XQLW�
H[SUHVVLRQ�ZLWK�WKH�QHZ�XQLW�H[SUHVVLRQ�\RX�VSHFLI\��DQG�DXWRPDWLFDOO\�
PXOWLSOLHV�WKH�QXPEHU�E\�WKH�DSSURSULDWH�FRQYHUVLRQ�IDFWRU�

2SHUDWRUV�LQ�XQLW�REMHFWV�IROORZ�WKLV�RUGHU�RI�SUHFHGHQFH�

�� ����

�� A

�� *�DQG�/

)RU�H[DPSOH���BP�VA��LV���PHWHUV�SHU�VHFRQG�VTXDUHG��DQG��B�P�V�A��LV���
VTXDUH�PHWHUV�SHU�VHFRQG�VTXDUHG�

To create a unit object
�� .H\�LQ�WKH�QXPEHU�SDUW�RI�WKH�XQLW�REMHFW�

�� 3UHVV�>�Q�

�� 3UHVV�> ø WR�GLVSOD\�WKH�8QLWV�PHQX�

�� 3UHVV�[�RU�]�XQWLO�WKH�FDWHJRU\�RI�WKH�XQLW�LV�KLJKOLJKWHG�

�� 3UHVV�2.�RU�\�

�� 3UHVV�[�RU�]�XQWLO�WKH�XQLW�LV�KLJKOLJKWHG�

�� 3UHVV�2.�RU�\�

�� )RU�FRPSRXQG�XQLWV��UHSHDW�IURP�VWHSV���IRU�HDFK�DGGLWLRQDO�XQLW�LQ�WKH�
XQLW�H[SUHVVLRQ��SUHFHGLQJ�HDFK�ZLWK����z��RU�q�DV�UHTXLUHG�

,Q�DGGLWLRQ�WR�WKH�PHWKRG�RXWOLQHG�DERYH��\RX�FDQ�FUHDWH�D�XQLW�REMHFW�LQ�
531�PRGH�E\�DVVHPEOLQJ�LW�IURP�FRPSRQHQWV�RQ�WKH�VWDFN�

,I�\RX�NQRZ�WKH�XQLW�DEEUHYLDWLRQ��\RX�FDQ�W\SH�LW�GLUHFWO\�RQ�WKH�
FRPPDQG�OLQH�LQVWHDG�RI�VHOHFWLQJ�LW�IURP�WKH�8QLWV�PHQX��1RWH�
WKDW�XQLW�QDPHV�DUH�FDVH�VHQVLWLYH��IRU�H[DPSOH��+]��KHUW]��PXVW�EH�
W\SHG�ZLWK�DQ�XSSHUFDVH�+�DQG�D�ORZHUFDVH�]�
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To assemble a unit object from the stack
�� 3ODFH�WKH�QXPEHU�SDUW�RI�WKH�XQLW�REMHFW�RQ�OHYHO���RI�WKH�VWDFN�DQG�WKH�

XQLW�H[SUHVVLRQ�RQ�OHYHO���

7KH�XQLW�H[SUHVVLRQ�PXVW�EH�LQ�WKH�IRUPDW�QBXQLW�ZKHUH�Q�LV�DQ\�UHDO�
QXPEHU�DQG�XQLW�LV�WKH�XQLW�DEEUHYLDWLRQ��OE��LQ��P��HWF���

�� ([HFXWH�WKH�→81,7�FRPPDQG�

<RX�FDQ�H[HFXWH�WKH�→81,7�FRPPDQG�E\�

� SUHVVLQJ�> ø�722/6�→81,7

� VHOHFWLQJ�LW�IURP�WKH�FRPPDQGV�FDWDORJ��N�→81,7��RU

� SUHVVLQJ�>)``81,7\�

)RU�H[DPSOH��HQWHULQJ����RQ�OHYHO�����BIW�RQ�OHYHO���DQG�H[HFXWLQJ�WKH�
→81,7�FRPPDQG�UHWXUQV���BIW�

Unit prefixes

<RX�FDQ�DOVR�LQVHUW�D�XQLW�SUHIL[�LQ�IURQW�RI�D�XQLW�WR�LQGLFDWH�D�SRZHU�RI�
WHQ��7KH�IROORZLQJ�WDEOH�OLVWV�WKH�DYDLODEOH�SUHIL[HV���7R�NH\�LQ�µ��SUHVV�
` > 0��

Unit Prefixes

Prefix Name Exponent Prefix Name Exponent

Y yotta +24 d deci –1

Z zetta +21 c cent –2

E exa +18 m milli –3

P peta +15 µ micro –6

T tera +12 n nano –9

G giga +9 p pico –12

M mega +6 f femto –15

k or K kilo +3 a atto –18

h or H hecto +2 z zepto –21

D deka +1 y yocto –24
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Converting units
7KH�+3���*�SURYLGHV�WZR�FRPPDQGV�IRU�FRQYHUWLQJ�XQLW�REMHFWV�IURP�RQH�
XQLW�RI�PHDVXUHPHQW�WR�DQRWKHU�

� &219(57

� 8%$6(�

7KH�&219(57�FRPPDQG¦ZKLFK�UHTXLUHV�WZR�DUJXPHQWV¦FDQ�EH�XVHG�WR�
FRQYHUW�RQH�W\SH�RI�XQLW�WR�DQ\�RWKHU�VLPLODU�XQLW��7KH�8%$6(�FRPPDQG¦
ZKLFK�UHTXLUHV�RQO\�RQH�DUJXPHQW¦LV�XVHG�WR�FRQYHUW�D�XQLW�REMHFW�WR�LWV�
HTXLYDOHQW�6,�EDVH�XQLW��IHHW�WR�PHWUHV��NQRWV�WR�PHWUHV�SHU�VHFRQG��DQG�VR�
RQ�

7KH�IROORZLQJ�H[DPSOHV�LOOXVWUDWH�KRZ�WR�FRQYHUW�XQLWV�LI�\RX�DUH�ZRUNLQJ�
LQ�DOJHEUDLF�PRGH��7KH�VWHSV�WR�IROORZ�LI�\RX�DUH�ZRUNLQJ�LQ�531�PRGH�DUH�
JLYHQ�DW�WKH�HQG�RI�WKH�SURFHGXUH�

To convert from one unit to another
�� 3UHVV�> ø�722/6�&219(57�

�� (QWHU�WKH�XQLW�REMHFW�ZLWK�WKH�XQLWV�WKDW�\RX�ZDQW�WR�FRQYHUW�

([DPSOH����BP

�� 3UHVV�>I�

�� (QWHU�D�XQLW�REMHFW�ZLWK�WKH�XQLWV�\RX�ZDQW�WKH�ILUVW�XQLW�REMHFW�
FRQYHUWHG�WR�

([DPSOH���BIW

,W�GRHV�QRW�PDWWHU�ZKDW�YDOXH�\RX�JLYH�WR�WKH�QXPEHU�SDUW�RI�WKLV�XQLW�
REMHFW�

�� 3UHVV�\�
([DPSOH�UHVXOW���������������BIW

,Q�531�PRGH��IROORZ�VWHSV�������DQG��.

,I�\RX�DUH�FRQYHUWLQJ�DQ�DQJOH�PHDVXUHPHQW�WR�XQLWV�RI�WKH�VDPH�
W\SH�DV�\RXU�FXUUHQW�DQJOH�PHDVXUHPHQW�VHWWLQJ��\RX�FDQ�RPLW�WKH�
XQLW�H[SUHVVLRQ�DW�VWHS���DERYH�

)RU�H[DPSOH��LI�\RXU�FXUUHQW�DQJOH�PHDVXUHPHQW�VHWWLQJ�LV�UDGLDQV��
\RX�FDQ�FRQYHUW�����BDUFPLQ�WR�UDGLDQV�E\�HQWHULQJ�
&219(57�����BDUFPLQ�����DQG�SUHVVLQJ�\�
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To convert units to SI base units

7KH�&219(57�FRPPDQG�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�FDQ�EH�XVHG�WR�
FRQYHUW�WR�DQ\�VSHFLILHG�XQLWV��6,�XQLWV�RU�RWKHUZLVH��,I�\RX�ZDQW�WR�
FRQYHUW�D�XQLW�REMHFW�WR�LWV�HTXLYDOHQW�6,�EDVH�XQLWV��WKH�8%$6(�FRPPDQG�LV�
TXLFNHU��DV�LW�UHTXLUHV�MXVW�RQH�DUJXPHQW�

�� 3UHVV�> ø�722/6�8%$6(�

�� (QWHU�WKH�XQLW�REMHFW�ZLWK�WKH�XQLWV�WKDW�\RX�ZDQW�WR�FRQYHUW�

6HH�§7R�FUHDWH�D�XQLW�REMHFW¨�RQ�SDJH�����IRU�LQVWUXFWLRQV�RQ�FUHDWLQJ�
XQLW�REMHFWV�

([DPSOH�����BIW

�� 3UHVV�\�
([DPSOH�UHVXOW���������BP

,Q�531�PRGH��IROORZ�VWHSV���DQG��.

Calculating with units
7KH�+3���*�OHWV�\RX�H[HFXWH�PDQ\�DULWKPHWLF�RSHUDWLRQV�ZLWK�XQLW�
REMHFWV��MXVW�DV�\RX�ZRXOG�ZLWK�UHDO�QXPEHUV�

� DGGLWLRQ�DQG�VXEWUDFWLRQ��GLPHQVLRQDOO\�FRQVLVWHQW�XQLWV�RQO\�

� PXOWLSOLFDWLRQ�DQG�GLYLVLRQ

� LQYHUVLRQ

� UDLVLQJ�WR�D�SRZHU

� SHUFHQWDJH�FDOFXODWLRQV��GLPHQVLRQDOO\�FRQVLVWHQW�XQLWV�RQO\�

� FRPSDULVRQV�RI�YDOXHV��GLPHQVLRQDOO\�FRQVLVWHQW�XQLWV�RQO\�

� WULJRQRPHWULF�RSHUDWLRQV��SODQDU�DQJXODU�XQLWV�RQO\�

:KHUH�SRVVLEOH��XQLWV�DUH�DXWRPDWLFDOO\�FRQYHUWHG�GXULQJ�WKH�FDOFXODWLRQ��
,Q�VXFK�FDVHV��WKH�UHVXOW�LV�H[SUHVVHG�LQ�WKH�XQLWV�RI�WKH�ODVW�XQLW�REMHFW�
HQWHUHG�

1RWH�WKDW�VRPH�RSHUDWLRQV�UHTXLUH�FHUWDLQ�XQLW�REMHFWV�WR�EH�HQFORVHG�LQ�
SDUHQWKHVHV�LI�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH��7KLV�LV�LOOXVWUDWHG�LQ�WKH�
H[DPSOHV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�

<RX�FDQ�DOVR�XVH�WKH�8%$6(�FRPPDQG�WR�FRQYHUW�DQ�DQJOH�
PHDVXUHPHQW�XQLW�WR�UDGLDQV�
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7KH�WULJRQRPHWULF�RSHUDWLRQV�6,1��&26��DQG�7$1��RSHUDWH�RQO\�RQ�XQLW�
REMHFWV�ZLWK�SODQDU�DQJXODU�XQLWV��UDGLDQV��U���GHJUHHV������JUDGV��JUDG���
DUF�PLQXWHV��DUFPLQ���RU�DUF�VHFRQGV��DUFV��

7HPSHUDWXUH�XQLWV�UHTXLUH�VSHFLDO�DWWHQWLRQ��VHH�§:RUNLQJ�ZLWK�
WHPSHUDWXUH�XQLWV¨�RQ�SDJH�����

Sample unit calculations

7KH�IROORZLQJ�H[DPSOHV�DVVXPH�WKDW�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH�

6XEWUDFWLRQ��7R�VXEWUDFW���LQ�IURP��IW�

�� (QWHU��BIW�

�� 3UHVV���

�� (QWHU���BLQ�

�� 3UHVV�\�

7KH�DQVZHU�LV��BLQ��1RWH�WKDW�WKH�DQVZHU�WDNHV�WKH�XQLWV�RI�WKH�ODVW�
HQWHUHG�XQLW�REMHFW��,I�\RX�KDG�VXEWUDFWHG��IW�IURP���LQ��WKH�DQVZHU�
ZRXOG�EH�LQ�IHHW�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

8QLW�PXOWLSOLFDWLRQ�DQG�GLYLVLRQ��7R�PXOWLSO\���IW�E\���IW�DQG�GLYLGH�
WKH�UHVXOW�E\���GD\V�

�� (QWHU����BIW��

1RWH�WKDW�ZKHQ�\RX�DUH�LQ�DOJHEUDLF�PRGH�DQG�PXOWLSO\LQJ�RU�GLYLGLQJ�
XQLW�REMHFWV��RU�UDLVLQJ�D�XQLW�REMHFW�WR�D�SRZHU��WKH�XQLW�REMHFW�PXVW�EH�
HQWHUHG�LQ�SDUHQWKHVHV���7KH�RQH�H[FHSWLRQ�LV�WKH�ODVW�XQLW�REMHFW�\RX�
VSHFLI\��

�� 3UHVV���

�� (QWHU����BIW��

�� 3UHVV�z�

�� (QWHU��BG�

1RWH�WKDW�WKH�ODVW�XQLW�REMHFW�GRHV�QRW�QHHG�WR�EH�HQWHUHG�LQ�
SDUHQWKHVHV�

�� 3UHVV�\�

7KH�DQVZHU�LV����BIW��G�

,Q�531�PRGH��IROORZ�VWHSV�������������DQG����3DUHQWKHVHV�DUH�QRW�UHTXLUHG�
DURXQG�XQLW�REMHFWV�LQ�531�PRGH�
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3RZHUV��7R�FXEH��IW�V�

�� (QWHU���BIW�V��

1RWH�WKDW�ZKHQ�\RX�DUH�LQ�DOJHEUDLF�PRGH�DQG�UDLVLQJ�D�XQLW�REMHFW�WR�D�
SRZHU��WKH�XQLW�REMHFW�PXVW�EH�HQWHUHG�LQ�SDUHQWKHVHV�

�� 3UHVV�q�

�� (QWHU���

�� 3UHVV�\�

7KH�DQVZHU�LV��BIW��V�

,Q�531�PRGH��IROORZ�VWHSV�������DQG����3DUHQWKHVHV�DUH�QRW�UHTXLUHG�
DURXQG�XQLW�REMHFWV�LQ�531�PRGH�

3HUFHQWDJHV��7R�ILQG�ZKDW�SHUFHQWDJH�RI����FP��LV��LQ���

�� 3UHVV�<P5($/��7�

�� (QWHU��BLQA��

�� 3UHVV�>I�

�� (QWHU����BFPA��

�� 3UHVV�\�

7KH�DQVZHU�LV���������������

,Q�531�PRGH��IROORZ�VWHSV�������DQG���
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Factoring unit expressions
7KH�8)$&7�FRPPDQG�IDFWRUV�RQH�XQLW�ZLWKLQ�D�XQLW�REMHFW��UHWXUQLQJ�D�
XQLW�REMHFW�ZKRVH�XQLW�H[SUHVVLRQ�FRQVLVWV�RI�WKH�IDFWRUHG�XQLW�DQG�WKH�
UHPDLQLQJ�6,�EDVH�XQLWV�

To factor units within a unit expression
�� 3UHVV�> ø�722/6�8)$&7

�� (QWHU�WKH�XQLW�REMHFW�ZLWK�WKH�RULJLQDO�XQLWV�

([DPSOH����BSGO�

�� 3UHVV�>I�

�� (QWHU�DQ\�QXPEHU��VXFK�DV����DQG�DWWDFK�WKH�XQLWV�\RX�ZDQW�WR�IDFWRU�
RXW�

([DPSOH���BNJ�

�� 3UHVV�\�

$QVZHU���������������BNJP�V��

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

Working with temperature units
7KH�+3���*�OHWV�\RX�ZRUN�ZLWK�WHPSHUDWXUH�XQLWV�LQ�WKH�VDPH�ZD\�WKDW�
\RX�ZRUN�ZLWK�RWKHU�XQLWV��+RZHYHU��\RX�QHHG�WR�EH�DOHUW�WR�WKH�GLIIHUHQFH�
EHWZHHQ�WHPSHUDWXUH�OHYHO�DQG�WHPSHUDWXUH�GLIIHUHQFH��)RU�H[DPSOH��D�
WHPSHUDWXUH�OHYHO�RI���&�PHDQV�§WKH�IUHH]LQJ�SRLQW�RI�ZDWHU¨��EXW�D�
WHPSHUDWXUH�GLIIHUHQFH�RI���&�PHDQV�§QR�FKDQJH�¨

:KHQ��&�RU��)�UHSUHVHQWV�D�WHPSHUDWXUH�OHYHO��WKH�WHPSHUDWXUH�LV�D�XQLW�
ZLWK�DQ�DGGLWLYH�FRQVWDQW����&� ��������.��DQG���)� ��������5��%XW�ZKHQ�
�&�RU��)�UHSUHVHQWV�D�WHPSHUDWXUH�GLIIHUHQFH��WKH�WHPSHUDWXUH�LV�D�XQLW�
ZLWK�QR�DGGLWLYH�FRQVWDQW����&� ���.��DQG���)� ���5�
Page 6-8 Unit objects



A
dvanced topics
Converting temperature units

&RQYHUVLRQV�EHWZHHQ�WKH�IRXU�WHPSHUDWXUH�VFDOHV��.���&���)��DQG��5��
LQYROYH�DGGLWLYH�FRQVWDQWV�DV�ZHOO�DV�PXOWLSOLFDWLYH�IDFWRUV��7KH�DGGLWLYH�
FRQVWDQWV�DUH�LQFOXGHG�LQ�D�FRQYHUVLRQ�ZKHQ�WKH�WHPSHUDWXUH�XQLWV�UHIOHFW�
DFWXDO�WHPSHUDWXUH�OHYHOV��DQG�DUH�LJQRUHG�ZKHQ�WKH�WHPSHUDWXUH�XQLWV�
UHIOHFW�WHPSHUDWXUH�GLIIHUHQFHV�

� 3XUH�WHPSHUDWXUH�XQLWV��OHYHOV���,I�ERWK�XQLW�H[SUHVVLRQV�FRQVLVW�RI�
D�VLQJOH��XQSUHIL[HG�WHPSHUDWXUH�XQLW�ZLWK�QR�H[SRQHQW��WKH�&219(57�
FRPPDQG�SHUIRUPV�DQ�DEVROXWH�WHPSHUDWXUH�VFDOH�FRQYHUVLRQ�ZKLFK�
LQFOXGHV�WKH�DGGLWLYH�FRQVWDQWV�

� &RPELQHG�WHPSHUDWXUH�XQLWV��GLIIHUHQFHV���,I�HLWKHU�XQLW�
H[SUHVVLRQ�LQFOXGHV�D�SUHIL[��DQ�H[SRQHQW��RU�DQ\�XQLW�RWKHU�WKDQ�D�
WHPSHUDWXUH�XQLW��WKH�&219(57�FRPPDQG�SHUIRUPV�D�UHODWLYH�
WHPSHUDWXUH�XQLW�FRQYHUVLRQ�ZKLFK�LJQRUHV�WKH�DGGLWLYH�FRQVWDQWV�

7KH�WZR�H[DPSOHV�EHORZ�LOOXVWUDWH�WKHVH�GLIIHUHQFHV�

([DPSOH��� &RQYHUW����&�WR��)�

�� 3UHVV�> ø�722/6�&219(57�

�� (QWHU���B�&�

�� 3UHVV�>I�

�� (QWHU��B�)�

,W�GRHV�QRW�PDWWHU�ZKDW�YDOXH�\RX�JLYH�WR�WKH�QXPEHU�SDUW�RI�WKLV�XQLW�
REMHFW�

�� 3UHVV�\�
7KH�DQVZHU�LV���B�)�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���
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([DPSOH��� &RQYHUW����&�PLQ�WR��)�PLQ�

1RWH�WKDW�XQOLNH�LQ�WKH�ILUVW�H[DPSOH��LQ�WKLV�H[DPSOH�D�UHODWLYH�
WHPSHUDWXUH�FRQYHUVLRQ�ZLOO�EH�SHUIRUPHG�

�� 3UHVV�> ø�722/6�&219(57�

�� (QWHU���B�&�PLQ�

1RWH�WKDW��&�PLQ�LV�QRW�DYDLODEOH�LQ�WKH�XQLWV�FDWDORJ�DQG�VR�PXVW�EH�
FUHDWHG��<RX�FDQ�VHOHFW��&�IURP�WKH�XQLWV�FDWDORJ��DQG�WKHQ�SUHVV�z�
DQG�W\SH�§PLQ¨�WR�FRPSOHWH�WKH�FRPSRXQG�XQLW���1RWH�WKDW�PLQ�PXVW�
EH�HQWHUHG�LQ�ORZHU�FDVH��

�� 3UHVV�>I�

�� (QWHU��B�)�PLQ�

,W�GRHV�QRW�PDWWHU�ZKDW�YDOXH�\RX�JLYH�WR�WKH�QXPEHU�SDUW�RI�WKLV�XQLW�
REMHFW�

�� 3UHVV�\�
7KH�DQVZHU�LV���B�)�PLQ�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���
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Constants library

7KH�FRQVWDQWV�OLEUDU\�FRQWDLQV�D�FROOHFWLRQ�RI�FRPPRQO\�XVHG�SK\VLFDO�
FRQVWDQWV�DQG�TXDQWLWLHV��<RX�FDQ�XVH�WKHP�LQ�HTXDWLRQV�DQG�SURJUDPV��

7KH�IROORZLQJ�WDEOH�OLVWV�WKH�FRQVWDQWV�LQ�WKH�RUGHU�WKH\�DSSHDU�LQ�WKH�
OLEUDU\�

Abbrev-
iation

Description Value (SI)

1$ $YRJDGURªV�QXPEHU ���������(���JPRO¥�

N %ROW]PDQQ�FRQVWDQW ��������(¥���-�.

9P 0RODU�YROXPH ��������O�JPRO

5 8QLYHUVDO�JDV�FRQVWDQW ��������-��JPROµ.�

6WG7 6WDQGDUG�WHPSHUDWXUH �������.

6WG3 6WDQGDUG�SUHVVXUH ��������N3D

σ 6WHIDQ�%ROW]PDQQ�FRQVWDQW �������(¥��:��P�µ.��

F 6SHHG�RI�OLJKW�LQ�YDFXXP ����������P�V

ε� 3HUPLWWLYLW\�RI�YDFXXP �������������(¥���)�P

µ� 3HUPHDELOLW\�RI�YDFXXP �������������(¥��+�P

J $FFHOHUDWLRQ�RI�JUDYLW\ ��������P�V�

* *UDYLWDWLRQDO�FRQVWDQW �������(¥���P���V�µNJ�

K 3ODQFNªV�FRQVWDQW ���������(¥���-µV

KEDU 'LUDFªV�FRQVWDQW ����������(¥���-µV

T (OHFWURQ�FKDUJH ����������(¥���&

PH (OHFWURQ�UHVW�PDV ���������(¥���NJ

TPH T�PH �������������&�NJ
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PS 3URWRQ�UHVW�PDVV ���������(¥���NJ

PSPH PS�PH �����������

α )LQH�VWUXFWXUH�FRQVWDQW �������������

φ 0DJQHWLF�IOX[�TXDQWXP ����������(¥���:E

) )DUDGD\�FRQVWDQW ����������&�JPRO

5∞ 5\GEHUJ�FRQVWDQW �������������P¥�

D� %RKU�UDGLXV �������������QP

µ% %RKU�PDJQHWRQ ���������(¥���-�7

µ1 1XFOHDU�PDJQHWRQ ���������(¥���-�7

λ� 3KRWRQ�ZDYHOHQJWK��FK�H� ����������QP

I� 3KRWRQ�IUHTXHQF\��H�K� ���������(���+]

λF &RPSWRQ�ZDYHOHQJWK ��������������QP

UDG ��UDGLDQ ��UDGLDQ

WZRπ �π�UDGLDQV ��������������UDGLDQV

DQJO �LQ�WULJ�PRGH ����

F� :LHQ�GLVSODFHPHQW�FRQVWDQW ������������Pµ.

NT N�T ��������������-��.µ&�

ε�T ε��T �����������)��Pµ&�

Tε� TεR ���������(¥���)µ&�P

εVL 'LHOHFWULF�FRQVWDQW ����

εR[ 6L2��GLHOHFWULF�FRQVWDQW ���

,� 5HIHUHQFH�LQWHQVLW\ ���������������:�P�

Abbrev-
iation

Description Value (SI)
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To view the constants library
�� 3UHVV�g�&2167$176�/,%�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHS���RQO\�

To view the value and units of a particular constant
�� +LJKOLJKW�WKH�FRQVWDQW�ZKRVH�YDOXH�\RX�ZDQW�WR�VHH��

<RX�FDQ�HLWKHU�SUHVV�]�RU�[�XQWLO�WKH�FRQVWDQW�LV�KLJKOLJKWHG��RU�SUHVV�
`�IROORZHG�E\�WKH�ILUVW�FKDUDFWHU�RI�WKH�FRQVWDQWªV�DEEUHYLDWLRQ��)RU�
H[DPSOH��WR�TXLFNO\�ILQG�WKH�DFFHOHUDWLRQ�RI�JUDYLW\��HQWHU�`�<�*��
�7KH�OHIW�VKLIW�NH\�LV�QHHGHG�EHFDXVH�WKH�DEEUHYLDWLRQ�IRU�WKH�
GHFHOHUDWLRQ�RI�JUDYLW\�LV�D�ORZHU�FDVH�J��

�� 3UHVV�9$/8(�

7KH�QXPHULFDO�YDOXH�RI�WKH�FRQVWDQW�LV�GLVSOD\HG�

�� ,I�WKH�XQLWV�DUH�QRW�GLVSOD\HG�DQG�\RX�ZLVK�WR�VHH�WKHP��SUHVV�81,76�

�� ,I�6,�XQLWV�DUH�GLVSOD\HG�DQG�\RX�SUHIHU�LPSHULDO�XQLWV��SUHVV�(1*/��
�$OWHUQDWLYHO\��LI�LPSHULDO�XQLWV�DUH�GLVSOD\HG�DQG�\RX�SUHIHU�WR�VHH�6,�
XQLWV��SUHVV�6,��

To copy a constant to the stack or history
�� +LJKOLJKW�WKH�FRQVWDQW�ZKRVH�YDOXH�\RX�ZDQW�WR�FRS\��

<RX�FDQ�HLWKHU�SUHVV�]�RU�[�XQWLO�WKH�FRQVWDQW�LV�KLJKOLJKWHG��RU�SUHVV�
`�IROORZHG�E\�WKH�ILUVW�FKDUDFWHU�RI�WKH�FRQVWDQWªV�DEEUHYLDWLRQ�

�� ,I�\RX�ZDQW�WR�FRS\�WKH�YDOXH�DQG�LWV�XQLWV��GLVSOD\�WKH�XQLWV���,I�WKH�
XQLWV�DUH�QRW�GLVSOD\HG��SUHVV�81,76��

�� 3UHVV�→67.�

2QFH�FRSLHG�WR�WKH�VWDFN�RU�KLVWRU\��\RX�FDQ�LQFOXGH�WKH�YDOXH�RU�XQLW�
REMHFW�LQ�FDOFXODWLRQV�

7R�UHWXUQ�WR�WKH�VWDFN�RU�KLVWRU\��SUHVV�48,7�RU�G�
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To include a constant in an algebraic 
expression
<RX�FDQ�LQFOXGH�D�FRQVWDQW�LQ�DQ�H[SUHVVLRQ�\RX�DUH�FUHDWLQJ�RQ�WKH�
FRPPDQG�OLQH�RU�LQ�(TXDWLRQ�:ULWHU�

�� $W�WKH�SRVLWLRQ�LQ�WKH�H[SUHVVLRQ�ZKHUH�\RX�ZDQW�WR�LQFOXGH�D�FRQVWDQW��
W\SH�&2167�

�� 3UHVV�<_�

�� :LWK�WKH�FXUVRU�EHWZHHQ�WKH�SDUHQWKHVHV��W\SH�WKH�DEEUHYLDWLRQ�IRU�WKH�
FRQVWDQW��

)RU�H[DPSOH������&2167�J��

:KHQ�WKH�H[SUHVVLRQ�LV�HYDOXDWHG��WKH�FRQVWDQW�LV�DOVR�HYDOXDWHG���,Q�WKH�
DERYH�H[DPSOH��WKH�DQVZHU��LQ�6,�XQLWV��LV����������BP�V���
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Chapter 8

Number bases

Entering and displaying binary integers
<RX�FDQ�HQWHU�DQG�GLVSOD\�LQWHJHUV�LQ�RQH�RI�IRXU�IRUPV�

� GHFLPDO��EDVH����

� KH[DGHFLPDO��EDVH����

� RFWDO��EDVH����RU�

� ELQDU\��EDVH�����

<RX�XVH�WKH�SRXQG�V\PERO�����WRJHWKHU�ZLWK�D�VXIIL[�WR�LQGLFDWH�WKH�EDVH�RI�
D�QXPEHU��7KH�VXIIL[HV�DUH�

G��GHFLPDO�

K��KH[DGHFLPDO�

R��RFWDO��DQG

E��ELQDU\��

)RU�H[DPSOH�������G����%�K�������R��DQG�����������E�DUH�DOO�ZD\V�RI�
UHSUHVHQWLQJ������,Q�WKLV�JXLGH��QXPEHUV�UHSUHVHQWHG�LQ�WKLV�ZD\�DUH�FDOOHG�
ELQDU\�LQWHJHUV�UHJDUGOHVV�RI�WKHLU�EDVH�

7KH�FXUUHQW�EDVH�VHWWLQJ�GHWHUPLQHV�ZKLFK�EDVH�LV�XVHG�WR�GLVSOD\�
LQWHJHUV�

2Q�WKH�+3���*��ELQDU\�LQWHJHUV�FDQ�WDNH�IURP���WR����ELWV��GHSHQGLQJ�RQ�
WKH�FXUUHQW�ZRUGVL]H��

To set the base

7R�VHW�WKH�EDVH��VHOHFW�WKH�DSSURSULDWH�FRPPDQG�IURP�WKH�FRPPDQG�
FDWDORJ��N��

� '(&��WR�VHW�WKH�EDVH�WR�GHFLPDO�

� +(;��WR�VHW�WKH�EDVH�WR�KH[DGHFLPDO�

� 2&7��WR�VHW�WKH�EDVH�WR�RFWDO�

� %,1��WR�VHW�WKH�EDVH�WR�ELQDU\��
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7KH�VHWWLQJV�IRU�IODJV�¥���DQG�¥���GHWHUPLQH�WKH�FXUUHQW�EDVH��7KH�'(&��
+(;��2&7��DQG�%,1�FRPPDQGV�FRQWURO�WKH�VHWWLQJV�RI�WKHVH�IODJV�

$Q�DQQXQFLDWRU�RQ�\RXU�GHIDXOW�VFUHHQ�LQGLFDWHV�WKH�FXUUHQW�EDVH�VHWWLQJ�

To set the wordsize
�� 3UHVV�>ì67:6�

�� .H\�LQ�WKH�QHZ�ZRUGVL]H��IURP���WR�����

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV���DQG���

,I�D�ELQDU\�LQWHJHU�DUJXPHQW�H[FHHGV�WKH�FXUUHQW�ZRUGVL]H��WKH�H[FHVV�
OHDGLQJ�ELWV�DUH�GURSSHG�EHIRUH�WKH�FRPPDQG�LV�H[HFXWHG��,I�QHFHVVDU\��
UHVXOWV�DUH�DOVR�WUXQFDWHG��

To recall the current wordsize
�� 3UHVV�>ì �5&:6�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHS���RQO\��

To enter a binary integer
�� 3UHVV�<@�

�� (QWHU�WKH�YDOXH�RI�WKH�ELQDU\�LQWHJHU�

�� (QWHU�WKH�VXIIL[�WKDW�LQGLFDWHV�WKH�EDVH�\RX�ZDQW�WR�XVH��G��K��R��RU�E��
<RXU�HQWU\�PXVW�EH�D�ORZHU�FDVH�FKDUDFWHU��

�� 3UHVV�\�

Flag settings for 
number bases

–11

Set Clear

–12
Set Hex Bin

Clear Oct Dec

6WHS���LV�RSWLRQDO�LI�WKH�EDVH�\RX�ZDQW�WR�XVH�LV�WKH�VDPH�DV�WKH�
FXUUHQW�EDVH�VHWWLQJ�
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%LQDU\�LQWHJHUV�DUH�GLVSOD\HG�RQ�WKH�+3 ��*�
ZLWK�D�VSDFH�DIWHU�WKH���VLJQ��<RX�GR�QRW�QHHG�
WR�HQWHU�D�VSDFH�ZKHQ�FUHDWLQJ�D�ELQDU\�
LQWHJHU��

,I�\RX�VSHFLI\�D�EDVH�RWKHU�WKDQ�WKH�FXUUHQW�
EDVH�VHWWLQJ��WKH�+3���*�FRQYHUWV�WKH�ELQDU\�
LQWHJHU�\RX�HQWHUHG�WR�DQ�LQWHJHU�WR�WKH�EDVH�RI�WKH�FXUUHQW�VHWWLQJ��,I�\RX�
ZDQW�WR�VHH�WKH�ELQDU\�LQWHJHU�\RX�HQWHUHG��SUHVV�< M�

)RU�H[DPSOH��LI�\RXU�FXUUHQW�EDVH�VHWWLQJ�LV�KH[DGHFLPDO�DQG�\RX�HQWHU�
� ����E��WKH�FDOFXODWRU�GLVSOD\V�\RXU�HQWU\�DV���'K��7R�VHH�\RXU�HQWU\��
SUHVV�< M��<RXU�HQWU\�LV�DW�WKH�WRS�RI�WKH�OLVW�RI�ODVW�IRXU�H[HFXWHG�
FRPPDQGV�

Binary integer arithmetic

To add, subtract, multiply, or divide two binary integers
�� (QWHU�WKH�ILUVW�ELQDU\�LQWHJHU�

�� 3UHVV�WKH�NH\�IRU�WKH�RSHUDWLRQ�\RX�ZDQW�WR�SHUIRUP��= � � RU z�

�� (QWHU�WKH�VHFRQG�ELQDU\�LQWHJHU�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

7KH�WZR�ELQDU\�LQWHJHUV�GR�QRW�KDYH�WR�EH�WR�WKH�VDPH�EDVH�

7KH�DQVZHU�LV�H[SUHVVHG�LQ�WKH�FXUUHQW�EDVH�VHWWLQJ��DQG�WKH�WZR�
DUJXPHQWV�DUH�FRQYHUWHG�WR�WKDW�VHWWLQJ�

1RWH�WKDW�DQ\�UHPDLQGHU�IURP�D�GLYLVLRQ�LV�ORVW�DQG�WKH�DQVZHU�LV�
WUXQFDWHG�WR�EH�DQ�LQWHJHU�

To find the negative of a binary integer
�� 3UHVV�N�1(*�

�� (QWHU�WKH�ELQDU\�LQWHJHU�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV���DQG���

7KH�QHJDWLYH�RI�D�ELQDU\�QXPEHU�LV�LWV�WZRªV�FRPSOHPHQW��DOO�ELWV�LQYHUWHG�
DQG���DGGHG��
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To convert a binary integer to a different number base
�� 3UHVV�N�Q��ZKHUH�Q�LV�WKH�FRPPDQG�WKDW�UHSUHVHQWV�WKH�EDVH�\RX�

ZDQW�WR�FRQYHUW�WR��'(&��%,1��+(;��RU�2&7�

�� (QWHU�WKH�ELQDU\�LQWHJHU�

�� 3UHVV�\�

)RU�H[DPSOH��WR�FRQYHUW�������E�WR�KH[DGHFLPDO��HQWHU�+(;�������E��DQG�
SUHVV�\�

,Q�531�PRGH��IROORZ�VWHSV���DQG���

1RWH�WKDW�FRQYHUWLQJ�D�ELQDU\�LQWHJHU�WR�D�GLIIHUHQW�QXPEHU�EDVH�DOVR�
FKDQJHV�WKH�EDVH�VHWWLQJ�WR�WKH�EDVH�WKDW�\RX�FRQYHUWHG�WKH�LQWHJHU�WR�

To convert a binary integer to a real number
�� 3UHVV�>ì%→5��

�� (QWHU�WKH�ELQDU\�LQWHJHU�

)RU�H[DPSOH�����$K�

�� 3UHVV�\�

7KH�DQVZHU�LV����

,Q�531�PRGH��IROORZ�VWHSV���DQG���

To convert a real number to a binary integer
�� 6HW�WKH�EDVH�WR�WKH�W\SH�WKDW�\RX�ZDQW�WR�FRQYHUW�WR��6HH�§7R�VHW�WKH�

EDVH¨�RQ�SDJH�����

�� 3UHVV�>ì5→%��

�� (QWHU�WKH�UHDO�QXPEHU�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV���DQG���

,I�QHFHVVDU\��WKH�UHDO�QXPEHU�LV�URXQGHG�WR�DQ�LQWHJHU�EHIRUH�FRQYHUWLQJ��
1HJDWLYH�UHDO�QXPEHUV�DUH�FRQYHUWHG�WR�����DQG�UHDO�QXPEHUV�
≥ ��������������á������DUH�FRQYHUWHG�WR�WKH�ODUJHVW�ELQDU\�LQWHJHU�
�� ))))))))))))))))+��IRU�H[DPSOH��
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Using Boolean operators
7KH�+3 ��*�SURYLGHV�D�QXPEHU�RI�FRPPDQGV�WKDW�HQDEOH�\RX�WR�SHUIRUP�
%RROHDQ�RSHUDWLRQV�DQG�FRPSDULVRQV�RQ�ELQDU\�LQWHJHUV��7KHVH�
FRPPDQGV¦DYDLODEOH�E\�SUHVVLQJ�>ì/2*,&¦DUH�LOOXVWUDWHG�LQ�WKH�
IROORZLQJ�WDEOH��7KH�LQSXW�V\QWD[�VKRZQ�DVVXPHV�WKDW�\RX�DUH�LQ�DOJHEUDLF�
PRGH�

Commands
Examples

Input Output

AND Logical bit-by-bit 
AND of two arguments. 
Compares corresponding 
bits and returns true (1) if 
both bits are 1.

# 1100b AND # 1010b # 1000b

NOT Returns the one’s 
complement of the argu-
ment. Each bit in the result 
is the complement of the 
corresponding bit in the 
argument.

NOT (#111b) #111111110000ba

a.This answer assumes that the wordsize has been set to 12.

OR Logical bit-by-bit OR 
of two arguments. Com-
pares corresponding bits 
and returns true (1) if either 
bit is 1.

# 1100b OR # 1010b # 1110b

XOR Logical bit-by-bit 
exclusive OR of two argu-
ments. Compares corre-
sponding bits and returns 
true (1) if only one of the 
bits is 1.

# 1101b XOR # 1011b # 110b
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Manipulating bits and bytes
7KH�IROORZLQJ�FRPPDQGV�HQDEOH�\RX�WR�PDQLSXODWH�ELQDU\�LQWHJHUV�RQH�ELW�
RU�RQH�E\WH�DW�D�WLPH��7KH�FRPPDQGV�DUH�DYDLODEOH�E\�SUHVVLQJ�>ì%,7�
25�>ì%<7(��8QOHVV�RWKHUZLVH�VWDWHG��HDFK�H[DPSOH�DVVXPHV�WKH�
ZRUGVL]H�LV�VHW�WR����

Commands
Example

Input Output

ASR Arithmetic Shift Right. Per-
forms 1 bit arithmetic right shift. 
The most significant bit is regener-
ated.

# 1100010b # 110001b

RL Rotate Left. Binary integer 
rotates left one bit. (The example 
assumes that the wordsize is 4.)

# 1100b # 1001b

RLB Rotate Left Byte. Binary inte-
ger rotates left one byte.

# FFFFh # FFFF00h

RR Rotate Right. Binary integer 
rotates right one bit. (The example 
assumes that the wordsize is 4.)

# 1101b # 1110b

RRB Rotate Right Byte.
Binary integer rotates right one 
byte.

# A0B0C0h C0A0B0h

SL Shift Left. Binary integer shifts 
left one bit.

# 1101b # 11010b

SLB Shift Left Byte. Binary integer 
shifts left one byte.

# A0B0h # A0B000h

SR Shift Right. Binary integer 
shifts right one bit.

# 11011b # 1101b

SRB Shift Right Byte. Binary inte-
ger shifts right one byte.

# A0B0C0h # A0B0h
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Chapter 9

Lists and Sequences

Creating Lists

To enter a list from the keyboard

�� 3UHVV��� 7KH�EUDFHV�LQGLFDWH�WKH�EHJLQQLQJ�DQG�HQG�RI�D�OLVW�

�� (QWHU�WKH�HOHPHQWV�RI�WKH�OLVW��VHSDUDWLQJ�HDFK�ZLWK�D�FRPPD��>I��

�� 3UHVV�\�

1RWH�WKDW�WKH�OLVW�LV�GLVSOD\HG�ZLWKRXW�FRPPDV�

To assemble a list from a set of stack objects

,I�\RX�DUH�ZRUNLQJ�LQ�531�PRGH��\RX�FDQ�DVVHPEOH�D�OLVW�IURP�D�
FRQWLJXRXV�VHW�RI�REMHFWV�DOUHDG\�RQ�WKH�VWDFN�

�� (QWHU�WKH�REMHFWV�RQ�WKH�VWDFN��RU�SODFH�WKHP�DW�WKH�ERWWRP�RI�WKH�
VWDFN��OHYHO����OHYHO����DQG�VR�RQ��

�� (QWHU�WKH�QXPEHU�RI�REMHFWV�\RX�ZDQW�LQ�WKH�OLVW�RQ�WKH�ILUVW�OHYHO�RI�WKH�
VWDFN�

�� ([HFXWH�WKH�→/,67�FRPPDQG�WR�FRQYHUW�WKH�REMHFWV�WR�D�OLVW�

7KH�72�/,67�FRPPDQG�FDQ�EH�H[HFXWHG�E\�SUHVVLQJ�<N�/,67�→/,67�

To append a new object to the beginning of a list
�� (QWHU�RU�VHOHFW�WKH�QHZ�REMHFW�

�� 3UHVV�=�

�� (QWHU�RU�VHOHFW�WKH�OLVW�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���
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To append a new object to the end of a list
�� (QWHU�RU�VHOHFW�WKH�OLVW�

�� 3UHVV�=�

�� (QWHU�RU�VHOHFW�WKH�QHZ�REMHFW�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

List Processing

To apply a one-argument command to each element in a 
list

7KH�RUGHU�LQ�ZKLFK�\RX�HQWHU�WKH�FRPPDQG�DQG�WKH�OLVW�GHSHQGV�RQ�WKH�
W\SH�RI�IXQFWLRQ�LW�LV��SUHIL[�RU�SRVWIL[�

$�SUHIL[�IXQFWLRQ�LV�RQH�ZKRVH�QDPH�RU�DEEUHYLDWLRQ�XVXDOO\�FRPHV�
EHIRUH�LWV�DUJXPHQWV��IRU�H[DPSOH��6,1�[��DQG�64�[��\��

$�SRVWIL[�IXQFWLRQ�LV�RQH�ZKRVH�QDPH�RU�DEEUHYLDWLRQ�XVXDOO\�FRPHV�
DIWHU�LWV�DUJXPHQWV��IRU�H[DPSOH�����

7KH�IROORZLQJ�H[DPSOH�VKRZV�KRZ�WR�WKH�DSSO\�D�RQH�DUJXPHQW�SUHIL[�
FRPPDQG�WR�D�OLVW�LI�\RX�DUH�ZRUNLQJ�LQ�DOJHEUDLF�PRGH��7KH�WDEOH�EHORZ�
WKH�H[DPSOH�JLYHV�WKH�RUGHU�RI�WKH�VWHSV�IRU�SRVWIL[�IXQFWLRQV��DQG�IRU�
ZKHQ�\RX�DUH�ZRUNLQJ�LQ�531�PRGH�

�� (QWHU�RU�VHOHFW�WKH�FRPPDQG�

)RU�H[DPSOH��64���

�� (QWHU�RU�VHOHFW�WKH�OLVW�

)RU�H[DPSOH��64�^�������`��

�� 3UHVV�\�

7KH�DQVZHU�LV�D�QHZ�OLVW��ZLWK�HDFK�HOHPHQW�WKH�VTXDUH�RI�HDFK�HOHPHQW�
LQ�WKH�RULJLQDO�OLVW��^���������`�
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,I�\RX�DUH�H[HFXWLQJ�D�SRVWIL[�IXQFWLRQ��RU�ZRUNLQJ�LQ�531�PRGH��WKH�VWHSV�
\RX�VKRXOG�WDNH�DUH�JLYHQ�LQ�WKH�IROORZLQJ�WDEOH�

$QRWKHU�H[DPSOH��7R�ILQG�WKH�IDFWRULDO�RI�������DQG���ZKLOH�ZRUNLQJ�LQ�
DOJHEUDLF�PRGH�

�� (QWHU�RU�VHOHFW�WKH�OLVW��^�������`�

�� 6HOHFW�WKH�IDFWRULDO�FRPPDQG��<P�352%$%,/,7<��

�� 3UHVV�\�

7KH�DQVZHU�LV�^����������`��

To add corresponding elements of two lists
�� (QWHU�RU�VHOHFW�WKH�ILUVW�OLVW�

)RU�H[DPSOH��^�������`�

�� 6HOHFW�WKH�$''�FRPPDQG�

<P/,67�$''

�� (QWHU�WKH�VHFRQG�OLVW�

)RU�H[DPSOH��^���¥���¥�`�

7KH�QXPEHU�RI�HOHPHQWV�LQ�WKH�VHFRQG�OLVW�PXVW�EH�WKH�VDPH�DV�WKH�
QXPEHU�RI�HOHPHQWV�LQ�WKH�ILUVW�OLVW�

�� 3UHVV�\�

7KH�DQVZHU�LV�^�������`�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

Prefix Postfix

Algebraic 1, 2, 3 2, 1, 3

RPN 2, 3, 1 2, 1
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To concatenate two lists

7R�FRQFDWHQDWH�WZR�OLVWV�LV�WR�IRUP�D�OLVW�PDGH�XS�RI�WKH�HOHPHQWV�RI�ERWK�
OLVWV��7KH�RUGHU�RI�WKH�HOHPHQWV�LQ�HDFK�VXE�OLVW�LV�SUHVHUYHG�

�� (QWHU�WKH�OLVW�ZKRVH�HOHPHQWV�ZLOO�IRUP�WKH�ILUVW�SDUW�RI�WKH�
FRQFDWHQDWHG�OLVW�

)RU�H[DPSOH��^�������`

�� 3UHVV�=�

�� (QWHU�WKH�OLVW�ZKRVH�HOHPHQWV�ZLOO�IRUP�WKH�ODWWHU�SDUW�RI�WKH�
FRQFDWHQDWHG�OLVW�

)RU�H[DPSOH��^�������`�

�� 3UHVV�\�

7KH�DQVZHU�LV�^����������������`�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

To subtract, multiply, or divide corresponding elements of 
two lists
�� (QWHU�WKH�ILUVW�OLVW�

�� 3UHVV��� �� RU�z�

�� (QWHU�WKH�VHFRQG�OLVW�

7KH�QXPEHU�RI�HOHPHQWV�LQ�WKH�VHFRQG�OLVW�PXVW�HTXDO�WKH�QXPEHU�RI�
HOHPHQWV�LQ�WKH�ILUVW�OLVW�

�� 3UHVV�\�

,Q�531�PRGH��IROORZ�VWHSV�������DQG���

)RU�H[DPSOH��^�������`���^������¥�`�\LHOGV�^�������¥��`�
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Applying a function or program to a list
7KH�'2/,67�FRPPDQG�HQDEOHV�\RX�WR�UXQ�SURJUDPV�RU�H[HFXWH�IXQFWLRQV�
RQ�JURXSV�RI�OLVWV��

To run a program or execute a function on lists

:KHQ�\RX�DUH�RSHUDWLQJ�RQ�D�QXPEHU�RI�OLVWV¦HVSHFLDOO\�ORQJ�OLVWV¦LW�
PD\�EH�HDVLHU�DQG�FOHDUHU�LI�\RX�DUH�LQ�531�PRGH��DV�LQ�WKH�FDVH�RI�WKH�
IROORZLQJ�H[DPSOH��

�� (QWHU�WKH�OLVWV�

�� (QWHU�WKH�QXPEHU�RI�OLVWV�WR�EH�RSHUDWHG�RQ��7KLV�QXPEHU�LV�WKH�QXPEHU�
RI�HOHPHQWV�LQ�HDFK�OLVW�RSHUDWHG�RQ�LQ�HDFK�LWHUDWLRQ�RI�WKH�IXQFWLRQ�RU�
SURJUDP�

�� (QWHU�D�SURJUDP�RU�IXQFWLRQ�

�� ([HFXWH�'2/,67�

([DPSOH� �$SSO\�WKH�IXQFWLRQ�GHILQHG�E\�DQ����EQ�á�FQ��WR�WKUHH�OLVWV��
D��E��DQG�F�

�� (QWHU�WKH�OLVWV�

)RU�H[DPSOH��^����������`��^����������`��DQG�^�����������`�

�� (QWHU�WKH�QXPEHU�RI�OLVWV�WR�EH�RSHUDWHG�RQ��IRU�H[DPSOH�����

�� (QWHU�WKH�IXQFWLRQ�

������

�� ([HFXWH�WKH�'2/,67�FRPPDQG�

<N/,67�352&('85(6�'2/,67

7KH�DQVZHU�LV�^��������������`�

To apply a procedure sequentially to elements of a list

7KH�'268%6�FRPPDQG�HQDEOHV�\RX�WR�DSSO\�D�SURJUDP�RU�IXQFWLRQ�WR�WKH�
HOHPHQWV�LQ�WKH�OLVW�RQH�DIWHU�WKH�RWKHU��,Q�531�PRGH��WKH�SURFHGXUH�LV�

�� (QWHU�WKH�OLVW�

�� (QWHU�WKH�IUDPH�LQGH[��7KLV�LV�WKH�QXPEHU�RI�HOHPHQWV�DIIHFWHG�E\�HDFK�
LWHUDWLRQ�RI�WKH�IXQFWLRQ��)RU�H[DPSOH��HQWHULQJ���ZRXOG�WDNH���
HOHPHQWV�IURP�WKH�OLVW�DQG�XVH�WKHP�DV�DUJXPHQWV�IRU�WKH�IXQFWLRQ�

�� (QWHU�D�SURJUDP�RU�IXQFWLRQ�

�� ([HFXWH�'268%6�
Lists and Sequences Page 9-5


	Material covered
	The HP�49G documentation set
	NOTICE

	operations.pdf
	Keyboard entry
	Subject-specific menus
	Sub-menus
	Entering a command from a sub-menu
	Entering a command from a function key menu

	Command catalog
	Displaying the command catalog
	Locating a command in the command catalog
	Scrolling through the catalog
	Searching for a command in the command catalog


	Typing commands

	flags.pdf
	Displaying system flags
	Setting and clearing flags
	Method 1
	Method 2
	Setting or clearing several flags at once
	Method 3

	Flag commands
	User flags

	editing.pdf
	Activating the command line
	Positioning the cursor
	Main methods: single-line command line
	Main methods: multi-line command line

	Helpful commands and sub-menus
	Selecting characters
	Copy, cut, and paste
	Editing the command line
	Deleting characters
	Inserting characters
	Editing complex objects
	Evaluating components of the command line
	Suspending editing
	Find and replace
	Find
	Find next
	Replace


	Command line information
	Styles


	stack.pdf
	Using the stack
	Example stack calculations
	Using a one-argument command
	Using a multi-argument command
	Method 1
	Method 2

	Multi-command calculations


	matrix.pdf
	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


	units.pdf
	Overview of the Units application
	Unit objects
	To create a unit object
	To assemble a unit object from the stack
	Unit prefixes

	Converting units
	To convert from one unit to another
	To convert units to SI base units

	Calculating with units
	Sample unit calculations

	Factoring unit expressions
	To factor units within a unit expression

	Working with temperature units
	Converting temperature units


	constants.pdf
	To view the constants library
	To view the value and units of a particular constant

	To copy a constant to the stack or history
	To include a constant in an algebraic expression

	binary.pdf
	Entering and displaying binary integers
	To set the base
	To set the wordsize
	To recall the current wordsize
	To enter a binary integer

	Binary integer arithmetic
	To add, subtract, multiply, or divide two binary integers
	To find the negative of a binary integer
	To convert a binary integer to a different number base
	To convert a binary integer to a real number
	In RPN mode: follow steps 2 and 1.

	To convert a real number to a binary integer

	Using Boolean operators
	Manipulating bits and bytes

	lists.pdf
	Creating Lists
	To enter a list from the keyboard
	To assemble a list from a set of stack objects
	To append a new object to the beginning of a list
	To append a new object to the end of a list

	List Processing
	To apply a one-argument command to each element in a list
	To add corresponding elements of two lists
	To concatenate two lists
	To subtract, multiply, or divide corresponding elements of two lists

	Applying a function or program to a list
	To run a program or execute a function on lists
	To apply a procedure sequentially to elements of a list
	To execute a function on every element of a list

	List Manipulations
	Sequences
	To generate a sequence
	To find the sum of the elements in a finite list
	To find the product of the elements in a finite list
	To find the set of first differences of a finite sequence


	plotting.pdf
	Labelling and relocating the axes
	To label the coordinate axes with the variable names
	To label the axes with user-defined labels
	To have the axes intersect at a point other than (0,0)

	Plotting programs
	Examples

	Plotting range vs. display range
	To check the current size of PICT
	To change the size of PICT
	To keep the same scaling:


	To use computed values for plotting or display ranges
	Saving and Restoring Plots
	To save the current plot picture in a variable
	To view a plot picture stored in a variable
	To save a reconstructable version of the current plot
	To reconstruct a plot from its stored version


	memory.pdf
	How memory is structured
	Accessing port contents
	Backup objects
	Backing up and restoring HOME
	Backing up
	Restoring

	Storing and deleting backup objects

	Using data in backup objects
	Library objects
	Installing and attaching a library
	Deleting a library

	How the HP 49G manages memory
	Port 0
	Port 1
	Port 2

	To list a port’s contents, and find free memory


