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Introduction
7KLV�YROXPH�GHWDLOV�WKH�FRPSXWHU�DOJHEUD�RSHUDWLRQV�WKDW�DUH�DYDLODEOH�RQ�WKH�+3���*��

)RU�HDFK�RSHUDWLRQ��WKH�IROORZLQJ�GHWDLOV�DUH�SURYLGHG�

7\SH� )XQFWLRQ�RU�FRPPDQG��)XQFWLRQV�FDQ�EH�XVHG�DV�D�SDUW�RI�DQ�DOJHEUDLF�REMHFWV�DQG�
FRPPDQGV�FDQQRW��:KHQ�ZRUNLQJ�ZLWK�IXQFWLRQV�RU�FRPPDQGV�ZLWKLQ�(TXDWLRQ�:ULWHU�

� :KHQ�\RX�DSSO\�D�IXQFWLRQ�WR�DQ�H[SUHVVLRQ��WKH�IXQFWLRQ�DSSHDUV�DV�SDUW�RI�WKH�
H[SUHVVLRQ��<RX�QHHG�WR�HQVXUH�WKDW�WKH�H[SUHVVLRQ�LV�VHOHFWHG��WKHQ�SUHVV�>ù�WR�
DSSO\�WKH�IXQFWLRQ�WR�WKH�VHOHFWLRQ�

� :KHQ�\RX�DSSO\�D�FRPPDQG�WR�DQ�H[SUHVVLRQ�LQ�(TXDWLRQ�:ULWHU��LW�LV�HYDOXDWHG�
LPPHGLDWHO\�

'HVFULSWLRQ� $�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�

$FFHVV� 7KH�PHQX�RU�FKRRVH�OLVW�RQ�ZKLFK�DQ�RSHUDWLRQ�FDQ�EH�IRXQG��DQG�WKH�NH\V�WKDW�\RX�SUHVV�
WR�DFFHVV�LW��,I�WKH�RSHUDWLRQ�LV�RQ�D�VXE�PHQX��WKH�VXE�PHQX�QDPH�LV�LQ�60$//�&$3,7$/6�
DIWHU�WKH�NH\V�

,QSXW� 7KH�LQSXW�DUJXPHQW�RU�DUJXPHQWV�WKDW�WKH�RSHUDWLRQ�QHHGV��,I�WKH�RSHUDWLRQ�XVHV�PRUH�
WKDQ�RQH�LQSXW�DUJXPHQW��GHWDLOV�RI�WKH�DUJXPHQWV�DQG�WKH�RUGHU�LQ�ZKLFK�\RX�VXSSO\�
WKHP�DUH�SURYLGHG��DUJXPHQW�RUGHU�IRU�DOJHEUDLF�PRGH�DQG�VWDFN�RUGHU�IRU�531�PRGH�

2XWSXW� 7KH�RXWSXW�WKDW�WKH�RSHUDWLRQ�SURGXFHV�

� ,Q�531�PRGH��WKH�RXWSXWV�DUH�SODFHG�RQ�WKH�VWDFN��

� ,Q�DOJHEUDLF�PRGH��WKH�RXWSXWV�DUH�ZULWWHQ�WR�D�OLVW��

$V�ZLWK�WKH�LQSXW�DUJXPHQWV��WKH�RXWSXWV�IRU�ERWK�DOJHEUDLF�DQG�531�PRGH�DUH�
GHVFULEHG�

)ODJV� 'HWDLOV�RI�KRZ�IODJ�VHWWLQJV�DIIHFW�WKH�RSHUDWLRQ�RI�WKH�IXQFWLRQ�RU�FRPPDQG�

([DPSOH� $Q�H[DPSOH�RI�WKH�IXQFWLRQ�RU�FRPPDQG�

6HH�DOVR� 5HODWHG�IXQFWLRQV�RU�FRPPDQGV�



Command Reference: Part A (1.1) 1-3*R�WR�,QGH[

Computer algebra command categories
Algebra commands
(;3$1'�������������������������������� ���
)$&725 ��������������������������������� ���
/1&2//(&7 ������������������������ ���
/,1 ������������������������������������������ ���
62/9(������������������������������������ ���
68%67������������������������������������� ���
7(;3$1' ����������������������������� ���

Arithmetic commands
',9,6 �������������������������������������� ���
)$&7256 ������������������������������� ���
/*&'�������������������������������������� ���
6,03��������������������������������������� ���
3523)5$& ���������������������������� ���

Arithmetic Integer commands
(8/(5������������������������������������ ���
,→5����������������������������������������� ���
,&+,15(0���������������������������� ���
,',9� �������������������������������������� ���
,(*&'������������������������������������ ���
,4827������������������������������������ ���
,5(0$,1'(5 ���������������������� ���
,635,0(" ������������������������������� ���
1(;735,0(������������������������� ���
3$�%��������������������������������������� ���
35(935,0(�������������������������� ���
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Arithmetic Polynomial commands
$%&89 ����������������������������������� ��
&+,15(0������������������������������ ���
',9����������������������������������������� ���
(*&' ������������������������������������� ���
)$&725 ��������������������������������� ���
)&2()������������������������������������ ���
)52276 ��������������������������������� ���
*&' ���������������������������������������� ���
+(50,7( ������������������������������ ���
+251(5 ������������������������������� ���
/$*5$1*(�������������������������� ���
/&0����������������������������������������� ���
/(*(1'5(�������������������������� ���
3$57)5$&����������������������������� ���
36, ������������������������������������������� ���
4827 ������������������������������������� ���
5(0$,1'(5������������������������ ���

Arithmetic Modulo commands
$''702' ��������������������������� ��
',902'�������������������������������� ���
',9�02'������������������������������ ���
(;3$1'02'���������������������� ���
)$&72502'����������������������� ���
*&'02'������������������������������ ���
,1902'�������������������������������� ���
02'672 ������������������������������� ���
08/702'���������������������������� ���
32:02'������������������������������ ���
68%702'����������������������������� ���



Command Reference: Part A (1.1) 1-5*R�WR�,QGH[

Calculus commands
Derivation and integration commands
&85/ �������������������������������������� ���
'(5,9 ������������������������������������ ���
'(59;����������������������������������� ���
',9������������������������������������������ ���
)285,(5������������������������������� ���
+(66 ��������������������������������������� ���
,%3������������������������������������������� ���
,179;������������������������������������ ���
/$3/ ��������������������������������������� ���
35(9$/���������������������������������� ���
5(68/7$17 ������������������������� ���

Limits and series commands
',93& ������������������������������������ ���
/,0,7�������������������������������������� ���
6(5,(6 ����������������������������������� ���
7$</25�������������������������������� ���

Differential equations commands
'(62/9(������������������������������ ���
,/$3 ���������������������������������������� ���
/$3������������������������������������������ ���
/'(& �������������������������������������� ���

Exp and Lin commands
(;3/1 ����������������������������������� ���
/,1 ������������������������������������������ ���
/1&2//(&7 ������������������������ ���
7(;3$1' ����������������������������� ���
76,03 ������������������������������������� ���
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Matrix-related commands
Create
+,/%(57�������������������������������� ���
9$1'(5021'(���������������� ���

Operations
$;/ ����������������������������������������� ���
$;0���������������������������������������� ���
75$1�������������������������������������� ���
0$'���������������������������������������� ���
+$'$0$5'������������������������� ���

Quadratic form
$;4 ���������������������������������������� ���
*$866 ������������������������������������ ���
4;$ ���������������������������������������� ���
6</9(67(5 �������������������������� ���

Linear systems
/,162/9(����������������������������� ���
5()������������������������������������������ ���
55()��������������������������������������� ���

Eigenvector
-25'$1��������������������������������� ���
3&$5��������������������������������������� ���

Symbolic solve commands
'(62/9(������������������������������ ���
/'(& �������������������������������������� ���
/,162/9(����������������������������� ���
62/9(9; ������������������������������ ���
62/9(������������������������������������ ���
=(526������������������������������������ ���
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Trigonometry commands
$&26�6 ���������������������������������� ��
$6,1�&����������������������������������� ���
$6,1�7����������������������������������� ���
$7$1�6���������������������������������� ���
+$/)7$1������������������������������ ���
6,1&26 ���������������������������������� ���
7$1�6&���������������������������������� ���
7$1�6&��������������������������������� ���
7&2//(&7���������������������������� ���
7(;3$1' ����������������������������� ���
7/,1 ��������������������������������������� ���
75,* ��������������������������������������� ���
75,*&26 ������������������������������� ���
75,*6,1 �������������������������������� ���
76,03 ������������������������������������� ���
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Alphabetical command list
7KH�IROORZLQJ�SDJHV�FRQWDLQ�WKH�FRPPDQGV�LQ�DOSKDEHWLFDO�RUGHU��6HH�´&RPSXWHU�DOJHEUD�FRPPDQG�FDWH�
JRULHVµ�RQ�SDJH ��WR�YLHZ�WKH�FRPPDQGV�LQ�WKH�RUGHU�WKDW�WKH\�DSSHDU�RQ�WKH�PHQXV�

ABCUV
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�VROXWLRQ�LQ�SRO\QRPLDOV�X�DQG�Y�RI�DX�EY� F
ZKHUH�D�DQG�E�DUH�SRO\QRPLDOV��DQG�F�LV�D�YDOXH�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� /HYHO���$UJXPHQW����7KH�SRO\QRPLDO�FRUUHVSRQGLQJ�WR�D�
/HYHO���$UJXPHQW����7KH�SRO\QRPLDO�FRUUHVSRQGLQJ�WR�E�
/HYHO���$UJXPHQW����7KH�YDOXH�FRUUHVSRQGLQJ�WR�F�

2XWSXW� /HYHO���,WHP����7KH�VROXWLRQ�FRUUHVSRQGLQJ�WR�X�
/HYHO���,WHP����7KH�VROXWLRQ�FRUUHVSRQGLQJ�WR�Y�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� )LQG�D�VROXWLRQ�LQ�SRO\QRPLDOV�X�DQG�Y�IRU�WKH�IROORZLQJ�HTXDWLRQ�

&RPPDQG� ABCUV(X^2+X+1,X^2+4,13)

5HVXOW� {-(X+3),X+4}

6HH�DOVR� ,$%&89
(*&'

ACOS2S
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�DQ�H[SUHVVLRQ�E\�UHSODFLQJ�DFRV�[��LQ�VXEH[SUHVVLRQV�ZLWK�π��²DVLQ�[��

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� 7KH�H[SUHVVLRQ�WR�WUDQVIRUP�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

x
2

x 1+ +( )u x
2

4+( )V+ 13=



Command Reference: Part A (1.1) 1-9*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� 6LPSOLI\�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� ACOS2S(ACOS(2/3)+ACOS(X))

5HVXOW� π/2-ASIN(2/3)+π/2-ASIN(X)

6HH�DOVR� $6,1�&
$6,1�7
$7$1�6

ADDTMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� $GGV�WZR�H[SUHVVLRQV�RU�YDOXHV��PRGXOR�WKH�FXUUHQW�PRGXOXV��

$FFHVV� $ULWKPHWLF��<! 02'8/2

,QSXW� /HYHO���$UJXPHQW����7KH�ILUVW�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�VHFRQG�H[SUHVVLRQ�

2XWSXW� 7KH�VXP�RI�WKH�WZR�H[SUHVVLRQV��PRGXOR�WKH�FXUUHQW�PRGXOXV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� ([SUHVV�WKH�UHVXOW�RI�WKH�IROORZLQJ�DGGLWLRQ�LQ�PRGXOR���
�[���[������[����
1RWH��8VH�WKH�&$6�PRGHV�LQSXW�IRUP�WR�VHW�WKH�PRGXOR�WR��

&RPPDQG� ADDTMOD(X^2+3*X+6,9*X+3)

5HVXOW� X^2-2*X+2

arc
2
3
--- 

 cos arc x( )cos+
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ASIN2C
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�DQ�H[SUHVVLRQ�E\�UHSODFLQJ�DVLQ�[��VXEH[SUHVVLRQV�ZLWK�π��²DFRV�[��
VXEH[SUHVVLRQV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

ASIN2T
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�DQ�H[SUHVVLRQ�E\�UHSODFLQJ�DVLQ�[��VXEH[SUHVVLRQV�ZLWK�WKH�IROORZLQJ��

�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

(

ATAN2S
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�DQ�H[SUHVVLRQ�E\�UHSODFLQJ�DWDQ�[��VXEH[SUHVVLRQV�ZLWK�WKH�IROORZLQJ�

$FFHVV� 7ULJRQRPHWU\��>û

x

1 x
2–

------------------
 
 
 

atan

x

x
2 1+

------------------
 
 
 

asin



Command Reference: Part A (1.1) 1-11*R�WR�,QGH[

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²IODJ�²���FOHDU��

AXL
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�D�OLVW�WR�DQ�DUUD\��RU�DQ�DUUD\�WR�D�OLVW�

$FFHVV� &RQYHUW��<^

,QSXW� $�OLVW�RU�DQ�DUUD\�

2XWSXW� ,I�WKH�LQSXW�LV�D�OLVW��UHWXUQV�WKH�FRUUHVSRQGLQJ�DUUD\��,I�WKH�LQSXW�LV�DQ�DUUD\��UHWXUQV�WKH�
FRUUHVSRQGLQJ�OLVW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� &RQYHUW�WKH�IROORZLQJ�PDWUL[�WR�D�OLVW�

&RPPDQG� AXL([[0,1][1,0]])

5HVXOW� {{1,0},{0,1}}

6HH�DOVR� $;0

AXM
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�D�QXPHULF�DUUD\�WR�D�V\PEROLF�PDWUL[�

$FFHVV� 0DWULFHV��<%�23(5$7,216

,QSXW� $Q�DUUD\�

2XWSXW� 7KH�FRUUHVSRQGLQJ�PDWUL[�

0 1

1 0
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)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� $;/
$;4

AXQ
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�D�VTXDUH�PDWUL[�LQWR�WKH�DVVRFLDWHG�TXDGUDWLF�IRUP�

$FFHVV� &RQYHUW��<^

,QSXW� /HYHO���$UJXPHQW����$Q�QïQ�PDWUL[�
/HYHO���$UJXPHQW����$�YHFWRU�FRQWDLQLQJ�Q�YDULDEOHV�

2XWSXW� /HYHO���,WHP����7KH�FRUUHVSRQGLQJ�TXDGUDWLF�IRUP�
/HYHO���,WHP����7KH�YHFWRU�FRQWDLQLQJ�WKH�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� )LQG�WKH�TXDGUDWLF�IRUP��H[SUHVVHG�LQ�WHUPV�RI�[��\��DQG�]��DVVRFLDWHG�ZLWK�WKH�IROORZLQJ�
PDWUL[�

&RPPDQG� AXQ([[3,6,0][2,4,1][1,1,1]],[X,Y,Z])

5HVXOW� {3*X^2+(8*Y+Z)*X+(4*Y^2+2*Z*Y+Z^2),[X,Y,Z]}

6HH�DOVR� *$866
4;$

CASCFG
7\SH� &RPPDQG
'HVFULSWLRQ� 5HVWRUHV�WKH�GHIDXOW�&$6�PRGH�VHWWLQJV��7KLV�FRPPDQG�LV�HTXLYDOHQW�WR�SUHVVLQJ�5(6(7�ZKHQ�

WKH�&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

3 6 0

2 4 1

1 1 1



Command Reference: Part A (1.1) 1-13*R�WR�,QGH[

$FFHVV� N�&$6&)*

CHINREM
7\SH� &RPPDQG

'HVFULSWLRQ�� 6ROYHV�D�V\VWHP�RI�VLPXOWDQHRXV�SRO\QRPLDO�FRQJUXHQFHV�LQ�WKH�ULQJ�=>[@�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� /HYHO���$UJXPHQW����$�YHFWRU�RI�WKH�ILUVW�FRQJUXHQFH��H[SUHVVLRQ�DQG�PRGXOXV��
/HYHO���$UJXPHQW����$�YHFWRU�RI�WKH�VHFRQG�FRQJUXHQFH��H[SUHVVLRQ�DQG�PRGXOXV��

2XWSXW� $�YHFWRU�RI�WKH�VROXWLRQ�FRQJUXHQFH��H[SUHVVLRQ�DQG�PRGXOXV��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6ROYH�WKH�IROORZLQJ�VLPXOWDQHRXV�FRQJUXHQFHV�IRU�WKH�SRO\QRPLDO�X�

��PRG�[���
��PRG�[���

&RPPDQG� CHINREM([X^2+1,X+2],[X-1,X+3])

5HVXOW� [X^3+2*X^2+5,-(X^2+5*X+6)]

6HH�DOVR� ,&+,15(0

CURL
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�FXUO�RI�D�WKUHH�GLPHQVLRQDO�YHFWRU�IXQFWLRQ�

$FFHVV� &DOFXOXV��<$�'(5,9�$1'�,17(*

,QSXW� /HYHO���$UJXPHQW����$�WKUHH�GLPHQVLRQDO�YHFWRU�IXQFWLRQ�RI�WKUHH�YDULDEOHV��
/HYHO���$UJXPHQW����$Q�DUUD\�FRPSULVLQJ�WKH�WKUHH�YDULDEOHV�

2XWSXW� 7KH�FXUO�RI�WKH�YHFWRU�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�VSHFLILHG�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

u x
2

1+≡
u x 1–≡



1-14 Command Reference: Part A (1.1)*R�WR�,QGH[

([DPSOH� )LQG�WKH�FXUO�RI�WKH�IROORZLQJ�YHFWRU�IXQFWLRQ�

&RPPDQG� CURL([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

5HVXOW� [2*X*Y,X^2,Y^2]

6HH�$OVR� ',9
+(66

DERIV
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�SDUWLDO�GHULYDWLYHV�RI�D�IXQFWLRQ��ZLWK�UHVSHFW�WR�WKH�VSHFLILHG�YDULDEOHV�

$FFHVV� &DOFXOXV��<$ '(5,9��	�,17(*

,QSXW� /HYHO���$UJXPHQW����$�IXQFWLRQ�RU�D�OLVW�RI�IXQFWLRQV�
/HYHO���$UJXPHQW����$�YDULDEOH��RU�D�YHFWRU�RI�YDULDEOHV�

2XWSXW� 7KH�GHULYDWLYH��RU�D�YHFWRU�RI�WKH�GHULYDWLYHV��RI�WKH�IXQFWLRQ�RU�IXQFWLRQV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�JUDGLHQW�RI�WKH�IROORZLQJ�IXQFWLRQ�RI�WKH�VSDWLDO�YDULDEOHV�[��\��DQG�]�

&RPPDQG� DERIV(2*X^2*Y+3*Y^2*Z+Z*X, [X,Y,Z])
EXPAND(ANS(1))

5HVXOW� [4*Y*X+Z,2*X^2+6*Z*Y,X+3*Y^2]

6HH�DOVR� '(59;

DERVX
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�GHULYDWLYH�RI�D�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�YDULDEOH�

$FFHVV� &DOFXOXV��<$'(5,9��	�,17(*�

,QSXW� 7KH�IXQFWLRQ�RU�OLVW�RI�IXQFWLRQV�WR�EH�GLIIHUHQWLDWHG�

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=

2x
2
y 3y

2
z zx+ +



Command Reference: Part A (1.1) 1-15*R�WR�,QGH[

2XWSXW� 7KH�GHULYDWLYH��RU�D�YHFWRU�RI�WKH�GHULYDWLYHV��RI�WKH�IXQFWLRQ�RU�IXQFWLRQV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� '(5,9

DESOLVE
7\SH� &RPPDQG

'HVFULSWLRQ�� 6ROYHV�FHUWDLQ�ILUVW�RUGHU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�
YDULDEOH�

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� /HYHO���$UJXPHQW����$�ILUVW�RUGHU�GLIIHUHQWLDO�HTXDWLRQ�
/HYHO���$UJXPHQW����7KH�IXQFWLRQ�WR�VROYH�IRU��

2XWSXW� 7KH�VROXWLRQ�WR�WKH�HTXDWLRQ��HLWKHU�\�DV�D�IXQFWLRQ�RI�[�RU�[�DV�D�IXQFWLRQ�RI�\��RU�[�DQG�\�
DV�IXQFWLRQV�RI�D�SDUDPHWHU��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6ROYH�WKH�IROORZLQJ�GLIIHUHQWLDO�HTXDWLRQ�

&RPPDQG� DESOLVE(d1Y(X)+2*Y(X)=EXP(3*X),Y(X))

5HVXOW� {Y(X)=(1/5*EXP(5*X)+C0*)(1/EXP(X)^2)}

6HH�DOVR� /'(&

DIV
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�GLYHUJHQFH�RI�D�YHFWRU�IXQFWLRQ�

$FFHVV� &DOFXOXV��<$'(5,9��	�,17(*�

,QSXW� /HYHO���$UJXPHQW����$Q�DUUD\�UHSUHVHQWLQJ�D�YHFWRU�IXQFWLRQ�
/HYHO���$UJXPHQW����$Q�DUUD\�FRQWDLQLQJ�WKH�YDULDEOHV�

2XWSXW� 7KH�GLYHUJHQFH�RI�WKH�YHFWRU�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�VSHFLILHG�YDULDEOHV�

y′ x( ) 2y x( )+ e
3x=



1-16 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� )LQG�WKH�GLYHUJHQFH�RI�WKH�IROORZLQJ�YHFWRU�IXQFWLRQ�

&RPPDQG� DIV([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

5HVXOW� Y*2*X+X^2+Y^2

6HH�DOVR� &85/��+(66

DIV2
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�HXFOLGHDQ�GLYLVLRQ�RQ�WZR�H[SUHVVLRQV��6WHS�E\�VWHS�PRGH�LV�DYDLODEOH�ZLWK�WKLV�
FRPPDQG��

$FFHVV� $ULWKPHWLF��<!32/<120,$/

,QSXW� /HYHO���$UJXPHQW����7KH�GLYLGHQG�
/HYHO���$UJXPHQW����7KH�GLYLVRU�

2XWSXW� /HYHO���,WHP����7KH�TXRWLHQW�
/HYHO���,WHP����7KH�UHPDLQGHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 3HUIRUP�WKH�IROORZLQJ�GLYLVLRQ�

&RPPDQG� DIV2(X^2+X+1,2*X+4)

5HVXOW� {1/2(X-1),3}

DIV2MOD
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�HXFOLGHDQ�GLYLVLRQ�RQ�WZR�H[SUHVVLRQV�PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<!�02'8/2

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=

x
2

x 1+ +
2x 4+

-----------------------



Command Reference: Part A (1.1) 1-17*R�WR�,QGH[

,QSXW� /HYHO���$UJXPHQW����7KH�GLYLGHQG�
/HYHO���$UJXPHQW����7KH�GLYLVRU�

2XWSXW� /HYHO���,WHP����7KH�TXRWLHQW�
/HYHO���,WHP����7KH�UHPDLQGHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� )LQG�WKH�UHVXOW�RI� ��PRGXOR�WKH�GHIDXOW�PRGXOXV����

&RPPDQG� DIV2MOD(X^3+4,X^2-1)

5HVXOW� {X X+1}

DIVIS
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�OLVW�RI�GLYLVRUV�RI�D�SRO\QRPLDO�RU�DQ�LQWHJHU�

$FFHVV� $ULWKPHWLF��<!

,QSXW� $�SRO\QRPLDO�RU�DQ�LQWHJHU�

2XWSXW� $�OLVW�FRQWDLQLQJ�WKH�H[SUHVVLRQV�RU�LQWHJHUV�WKDW�H[DFWO\�GLYLGH�LQWR�WKH�LQSXW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�GLYLVRUV�RI�WKH�IROORZLQJ�SRO\QRPLDO�

&RPPDQG� DIVIS(X^2+3*X+2)

5HVXOW� {1,X+1,X+2,X^2+3*X+2}

6HH�DOVR� DIV2

DIVMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 'LYLGHV�WZR�H[SUHVVLRQV�PRGXOR�WKH�FXUUHQW�PRGXOXV�

x
3

4+

x
2

1–
--------------

x
2

3x 2+ +



1-18 Command Reference: Part A (1.1)*R�WR�,QGH[

$FFHVV� $ULWKPHWLF��<!�02'8/2

,QSXW� /HYHO���$UJXPHQW����7KH�GLYLGHQG�
/HYHO���$UJXPHQW����7KH�GLYLVRU�

2XWSXW� 7KH�TXRWLHQW�RI�WKH�WHUPV�PRGXOR�WKH�FXUUHQW�PRGXOXV��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 0RGXOR�WKH�GHIDXOW�PRGXOXV�����GLYLGH��[���[���E\�[����
&RPPDQG� DIVMOD(5*X^2+4*X+2,X^2+1)

5HVXOW� -((X^2-X+1)/X^2+1))

DIVPC
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�7D\ORU�SRO\QRPLDO�IRU�WKH�TXRWLHQW�RI�WZR�H[SUHVVLRQV�

$FFHVV� &DOFXOXV��<$�/,0,76�	�6(5,(6

,QSXW� /HYHO���$UJXPHQW����7KH�QXPHUDWRU�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�GHQRPLQDWRU�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�GHJUHH�RI�WKH�7D\ORU�SRO\QRPLDO�

2XWSXW� 7KH�7D\ORU�SRO\QRPLDO�DW�[� ���RI�WKH�TXRWLHQW�RI�WKH�WZR�H[SUHVVLRQV��WR�WKH�VSHFLILHG�
GHJUHH�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�IRXUWK�GHJUHH�7D\ORU�SRO\QRPLDO�IRU�WKH�IROORZLQJ�

&RPPDQG� DIVPC(X^3+4*X+12,11*X^11+1,4)

5HVXOW� 12+4*X+X^3

x
3

4x 12+ +

11x
11

1+
-----------------------------



Command Reference: Part A (1.1) 1-19*R�WR�,QGH[

EGCD
7\SH� &RPPDQG

'HVFULSWLRQ�� *LYHQ�WZR�SRO\QRPLDOV��D�DQG�E��UHWXUQV�SRO\QRPLDOV�X��Y��DQG�F�ZKHUH�
DX�EY F
,Q�WKH�HTXDWLRQ��F�LV�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�D�DQG�E�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/

,QSXW� /HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�FRUUHVSRQGLQJ�WR�D�LQ�WKH�HTXDWLRQ�
/HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�FRUUHVSRQGLQJ�WR�E�LQ�WKH�HTXDWLRQ�

2XWSXW� /HYHO���,WHP����7KH�UHVXOW�FRUUHVSRQGLQJ�WR�F�LQ�WKH�HTXDWLRQ�
/HYHO���,WHP����7KH�UHVXOW�FRUUHVSRQGLQJ�WR�X�LQ�WKH�HTXDWLRQ�
/HYHO���,WHP����7KH�UHVXOW�FRUUHVSRQGLQJ�WR�Y�LQ�WKH�HTXDWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�SRO\QRPLDOV�IRU�X��Y��DQG�F��ZKHUH�F�LV�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�D�DQG�E�VXFK�
WKDW�

&RPPDQG� EGCD(X^2+1,X-1)

5HVXOW� {2,1,-(X+1)}

6HH�DOVR� ,(*&'
$%&89

EPSX0
7\SH� )XQFWLRQ�

'HVFULSWLRQ�� 5HSODFHV�DOO�FRHIILFLHQWV�LQ�D�SRO\QRPLDO�WKDW�KDYH�DQ�DEVROXWH�YDOXH�OHVV�WKDQ�WKDW�KHOG�LQ�
WKH�YDULDEOH�(36��ZLWK����7KH�YDOXH�LQ�(36�PXVW�EH�OHVV�WKDQ���

$FFHVV� &DWDORJ��N

,QSXW� $�SRO\QRPLDO�

2XWSXW� 7KH�SRO\QRPLDO�ZLWK�FRQIRUPLQJ�FRHIILFLHQWV�UHSODFHG�ZLWK���

u x
2

1+( ) v x 1–( )+ c=



1-20 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

EULER
7\SH� )XQFWLRQ

'HVFULSWLRQ�� )RU�D�JLYHQ�LQWHJHU��UHWXUQV�WKH�QXPEHU�RI�LQWHJHUV�OHVV�WKDQ�WKH�LQWHJHU�WKDW�DUH�FR�SULPH�
ZLWK�WKH�LQWHJHU���(XOHU·V�Φ�IXQFWLRQ��

$FFHVV� <! ,17(*(5

,QSXW� $�QRQ�QHJDWLYH�LQWHJHU�

2XWSXW� 7KH�QXPEHU�RI�SRVLWLYH�LQWHJHUV��OHVV�WKDQ��DQG�FR�SULPH�ZLWK��WKH�LQWHJHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

EXLR
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�OHIW��DQG�ULJKW�KDQG�VLGHV�RI�DQ�HTXDWLRQ�DV�GLVFUHWH�H[SUHVVLRQV�

$FFHVV� &DWDORJ��N

,QSXW� $Q�HTXDWLRQ�

2XWSXW� /HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�WR�WKH�OHIW�RI�WKH�´ µ�VLJQ�LQ�WKH�RULJLQDO�HTXDWLRQ�
/HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�WR�WKH�ULJKW�RI�WKH�´ µ�VLJQ�LQ�WKH�RULJLQDO�HTXDWLRQ

)ODJV�� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6SOLW�WKH�IROORZLQJ�HTXDWLRQ�LQWR�LWV�WZR�FRPSRQHQW�H[SUHVVLRQV�
VLQ�[� �[�\

&RPPDQG� EXLR(SIN(X)=5*X+Y)

5HVXOW� {SIN(X) 5*X+Y}



Command Reference: Part A (1.1) 1-21*R�WR�,QGH[

EXPAN
7\SH� &RPPDQG

'HVFULSWLRQ�� ([SDQGV�DQG�VLPSOLILHV�DQ�DOJHEUDLF�H[SUHVVLRQ��7KLV�FRPPDQG�LV�LGHQWLFDO�WR�WKH�
(;3$1'�FRPPDQG��,W�LV�LQFOXGHG�WR�HQVXUH�EDFNZDUG�FRPSDWLELOLW\�ZLWK�WKH�+3����
VHULHV�FDOFXODWRUV�

$FFHVV� &DWDORJ��N

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�H[SDQGHG�DQG�VLPSOLILHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� (;3$1'

EXPAND
7\SH� &RPPDQG

'HVFULSWLRQ�� ([SDQGV�DQG�VLPSOLILHV�DQ�DOJHEUDLF�H[SUHVVLRQ�

$FFHVV� $OJHEUD��>ú

,QSXW� $Q�H[SUHVVLRQ��RU�DQ�DUUD\�RI�H[SUHVVLRQV�

2XWSXW� 7KH�H[SDQGHG�DQG�VLPSOLILHG�H[SUHVVLRQ�RU�DUUD\�RI�H[SUHVVLRQV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6LPSOLI\�WKH�IROORZLQJ�H[SUHVVLRQ��

&RPPDQG� EXPAN((X^2+2*X+1)/(X+1))

5HVXOW� X+1

6HH�DOVR� (;3$1

x
2

2x 1+ +( )
x 1+

-------------------------------



1-22 Command Reference: Part A (1.1)*R�WR�,QGH[

EXPANDMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� ([SDQGV�DQG�VLPSOLILHV�DQ�DOJHEUDLF�H[SUHVVLRQ��PRGXOR�WKH�FXUUHQW�PRGXOXV��

$FFHVV� <!�02'8/2

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�H[SDQGHG�DQG�VLPSOLILHG�H[SUHVVLRQ�PRGXOR�WKH�FXUUHQW�PRGXOXV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� ([SDQG�WKH�IROORZLQJ�H[SUHVVLRQ�DQG�JLYH�WKH�UHVXOW�PRGXOR����WKH�GHIDXOW�PRGXOR�
VHWWLQJ��

&RPPDQG� EXPANDMOD((X+3)*(X+4))

5HVXOW� X^2+X

EXPLN
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�WKH�WULJRQRPHWULF�WHUPV�LQ�DQ�H[SUHVVLRQ�WR�H[SRQHQWLDO�DQG�ORJDULWKPLF�
WHUPV�

$FFHVV� &RQYHUW��<^

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
&RPSOH[�PRGH�PXVW�EH�VHW��IODJ�²����VHW��

([DPSOH�� 7UDQVIRUP�WKH�IROORZLQJ�H[SUHVVLRQ�DQG�VLPSOLI\�WKH�UHVXOW�XVLQJ�WKH�(;3$1'�
FRPPDQG�

&RPPDQG� EXPLN(2*COS(X^2))
EXPAND(ANS(1))

x 3+( ) x 4+( )

2 x
2( )cos



Command Reference: Part A (1.1) 1-23*R�WR�,QGH[

5HVXOW�

6HH�DOVR� 6,1&26

FACTOR
7\SH� &RPPDQG

'HVFULSWLRQ�� )DFWRUL]HV�D�SRO\QRPLDO�RU�DQ�LQWHJHU�

� 7KH�IXQFWLRQ�H[SUHVVHV�D�SRO\QRPLDO�DV�WKH�SURGXFW�RI�LUUHGXFLEOH�SRO\QRPLDOV��

� 7KH�IXQFWLRQ�H[SUHVVHV�DQ�LQWHJHU�DV�WKH�SURGXFW�RI�SULPH�QXPEHUV�

$FFHVV� $OJHEUD��>ú

,QSXW� $Q�H[SUHVVLRQ�RU�DQ�LQWHJHU�

2XWSXW� 7KH�IDFWRUL]HG�H[SUHVVLRQ��RU�WKH�LQWHJHU�H[SUHVVHG�DV�WKH�SURGXFW�RI�SULPH�QXPEHUV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )DFWRUL]H�WKH�IROORZLQJ�

&RPPDQG� FACTOR(X^2+5*X+6)

5HVXOW� (X+2)(X+3)

6HH�DOVR� (;3$1'

FACTORMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� )DFWRUL]HV�D�SRO\QRPLDO�PRGXOR�WKH�FXUUHQW�PRGXOXV��7KH�PRGXOXV�PXVW�EH�OHVV�WKDQ�
�����DQG�D�SULPH�QXPEHU�

$FFHVV� $ULWKPHWLF��<!�02'8/2

,QSXW� 7KH�H[SUHVVLRQ�WR�EH�IDFWRUL]HG�

2XWSXW� 7KH�IDFWRUL]HG�H[SUHVVLRQ�PRGXOR�WKH�FXUUHQW�PRGXOXV�

EXP i·X
2( )

2
1+

EXP i··X
2( )

-------------------------------------

x
2

5x 6+ +



1-24 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )DFWRUL]H�WKH�IROORZLQJ�H[SUHVVLRQ�PRGXOR�WKH�GHIDXOW�PRGXOXV����
[���

&RPPDQG� FACTORMOD(X^2+2)

5HVXOW� (X+1)*(X-1)

FACTORS
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�D�YDOXH�RU�H[SUHVVLRQ��UHWXUQV�D�OLVW�RI�SULPH�IDFWRUV�DQG�WKHLU�PXOWLSOLFLWLHV�

$FFHVV� $ULWKPHWLF��<!

,QSXW� $�YDOXH�RU�H[SUHVVLRQ�

2XWSXW� $�OLVW�RI�SULPH�IDFWRUV�RI�WKH�YDOXH�RU�H[SUHVVLRQ��ZLWK�HDFK�IDFWRU�IROORZHG�E\�LWV�
PXOWLSOLFLW\�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH���� )LQG�WKH�SULPH�IDFWRUV�RI�����
&RPPDQG� FACTORS(100)

5HVXOW� {5 2. 2 2.}

([DPSOH��� )LQG�WKH�LUUHGXFLEOH�IDFWRUV�RI��

&RPPDQG� FACTORS(X^2+4*X+4)

5HVXOW� {X+2,2.}

FCOEF
7\SH� &RPPDQG

'HVFULSWLRQ�� )URP�DQ�DUUD\�RI�URRWV�DQG�PXOWLSOLFLWLHV�SROHV��UHWXUQV�D�UDWLRQDO�SRO\QRPLDO�ZLWK�D�
OHDGLQJ�FRHIILFLHQW�RI����ZLWK�WKH�VSHFLILHG�VHW�RI�URRWV�RU�SROHV��DQG�ZLWK�WKH�VSHFLILHG�
PXOWLSOLFLWLHV�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/

x
2

4x 4+ +



Command Reference: Part A (1.1) 1-25*R�WR�,QGH[

,QSXW� $Q�DUUD\�RI�WKH�IRUP�>5RRW����PXOWLSOLFLW\�SROH����5RRW����0XOWLSOLFLW\�SROH��������@�7KH�
PXOWLSOLFLW\�SROH�PXVW�EH�DQ�LQWHJHU��$�SRVLWLYH�QXPEHU�VLJQLILHV�D�PXOWLSOLFLW\��$�QHJDWLYH�
QXPEHU�VLJQLILHV�D�SROH�

2XWSXW� 7KH�UDWLRQDO�SRO\QRPLDO�ZLWK�WKH�VSHFLILHG�URRWV�DQG�PXOWLSOLFLWLHV�SROHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�UDWLRQDO�SRO\QRPLDO�FRUUHVSRQGLQJ�WR�WKH�IROORZLQJ�VHW�RI�URRWV�DQG�SROHV�
���������²�

&RPPDQG� FCOEF([1,2,3,-1])

5HVXOW� (X-1)^2/(X-3)

6HH�DOVR� )52276

FOURIER
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�QWK�FRHIILFLHQW�RI�D�FRPSOH[�)RXULHU�VHULHV�H[SDQVLRQ��7KH�PERIOD�YDULDEOH�
PXVW�EH�LQ�WKH�FXUUHQW�SDWK��DQG�VHW�WR�KROG�/��WKH�SHULRG�RI�WKH�LQSXW�IXQFWLRQ�

$FFHVV� &DOFXOXV�<$�'(5,9��	�,17(*

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ
/HYHO���$UJXPHQW����7KH�QXPEHU��Q��RI�WKH�FRHIILFLHQW�WR�UHWXUQ�

2XWSXW� 7KH�QWK�)RXULHU�FRHIILFLHQW�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
&RPSOH[�PRGH�PXVW�EH�VHW��WKDW�LV��IODJ�²����PXVW�EH�VHW�

FROOTS
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�D�UDWLRQDO�SRO\QRPLDO��UHWXUQV�DQ�DUUD\�RI�LWV�URRWV�DQG�SROHV��ZLWK�WKHLU�FRUUHVSRQGLQJ�
PXOWLSOLFLWLHV�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/



1-26 Command Reference: Part A (1.1)*R�WR�,QGH[

,QSXW� $�UDWLRQDO�SRO\QRPLDO�

2XWSXW� $Q�DUUD\�RI�WKH�IRUP�>5RRW����0XOWLSOLFLW\����5RRW����0XOWLSOLFLW\��������@
$�QHJDWLYH�PXOWLSOLFLW\�LQGLFDWHV�D�SROH�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU���1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
,I�FRPSOH[�PRGH�LV�VHW��IODJ�²����VHW���)52276�ORRNV�IRU�FRPSOH[�VROXWLRQV�DV�ZHOO�DV�
UHDO�VROXWLRQV��

,I�DSSUR[LPDWH�PRGH�LV�VHW��IODJ�²����VHW��)52276�VHDUFKHV�IRU�QXPHULF�URRWV�

6HH�DOVR� )&2()

FXND
7\SH� &RPPDQG

'HVFULSWLRQ�� 6SOLWV�DQ�REMHFW�LQWR�D�QXPHUDWRU�DQG�D�GHQRPLQDWRU�

$FFHVV� &DWDORJ��N

,QSXW� $�IUDFWLRQ��RU�DQ�REMHFW�WKDW�HYDOXDWHV�WR�D�IUDFWLRQ�

2XWSXW�7KH�REMHFW�VSOLW�LQWR�QXPHUDWRU�DQG�GHQRPLQDWRU�
/HYHO���,WHP����7KH�QXPHUDWRU�
/HYHO���,WHP����7KH�GHQRPLQDWRU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 5HWXUQ�WKH�QXPHUDWRU�DQG�WKH�GHQRPLQDWRU�RI�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� FXND((X-3)^2/(Z+4))

5HVXOW� /HYHO���,WHP���(X-3)^2
/HYHO���,WHP����Z+4

x 3–( )2

z 4+
-------------------



Command Reference: Part A (1.1) 1-27*R�WR�,QGH[

GAUSS
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�GLDJRQDO�UHSUHVHQWDWLRQ�RI�D�TXDGUDWLF�IRUP�

$FFHVV� 0DWULFHV��<%�48$'5$7,&�)250

,QSXW� /HYHO���$UJXPHQW����7KH�TXDGUDWLF�IRUP�
/HYHO���$UJXPHQW����$�YHFWRU�FRQWDLQLQJ�WKH�LQGHSHQGHQW�YDULDEOHV�

2XWSXW� /HYHO���$UJXPHQW����$Q�DUUD\�RI�WKH�FRHIILFLHQWV�RI�WKH�GLDJRQDO�
/HYHO���$UJXPHQW����$�PDWUL[��3��VXFK�WKDW�WKH�TXDGUDWLF�IRUP�LV�UHSUHVHQWHG�DV�37'3��
ZKHUH�WKH�GLDJRQDO�PDWUL[�'�FRQWDLQV�WKH�FRHIILFLHQWV�RI�WKH�GLDJRQDO�UHSUHVHQWDWLRQ�
/HYHO���$UJXPHQW����7KH�GLDJRQDO�UHSUHVHQWDWLRQ�RI�WKH�TXDGUDWLF�IRUP�
/HYHO���$UJXPHQW����$�OLVW�RI�WKH�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�*DXVVLDQ�V\PEROLF�TXDGUDWLF�IRUP�RI�WKH�IROORZLQJ�

&RPPDQG� GAUSS(X^2+2*A*X*Y,[X,Y])

5HVXOW� {[1,-A^2] [[1,A][0,1]],-(A^2*Y^2)+(A*Y+X)^2,[X,Y])

6HH�DOVR� $;4
4;$

GCD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�WZR�REMHFWV�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ��RU�DQ�REMHFW�WKDW�HYDOXDWHV�WR�D�QXPEHU�
/HYHO���$UJXPHQW����$Q�H[SUHVVLRQ��RU�DQ�REMHFW�WKDW�HYDOXDWHV�WR�D�QXPEHU�

2XWSXW� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

)ODJV� )RU�D�V\PEROLF�UHVXOW��FOHDU�WKH�&$6�PRGHV�1XPHULF�RSWLRQ��IODJ�²���FOHDU��

x
2

2axy+



1-28 Command Reference: Part A (1.1)*R�WR�,QGH[

([DPSOH�� )LQG�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI������DQG����
&RPPDQG� GCD(2805,99)

5HVXOW� 33

6HH�DOVR� *&'02'
(*&'
,(*&'
/&0

GCDMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� )LQGV�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�WZR�SRO\QRPLDOV�PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<!�02'8/2

,QSXW� /HYHO���$UJXPHQW����$�SRO\QRPLDO�H[SUHVVLRQ�
/HYHO���$UJXPHQW����$�SRO\QRPLDO�H[SUHVVLRQ�

2XWSXW� 7KH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�WKH�WZR�H[SUHVVLRQV�PRGXOR�WKH�FXUUHQW�PRGXOXV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� *&'

HADAMARD
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�DQ�HOHPHQW�E\�HOHPHQW�PXOWLSOLFDWLRQ�RI�WZR�PDWULFHV��+DGDPDUG�SURGXFW��

$FFHVV� 0DWULFHV��<% 23(5$7,216

,QSXW� /HYHO���$UJXPHQW����0DWUL[���
/HYHO���$UJXPHQW����0DWUL[���
7KH�PDWULFHV�PXVW�KDYH�WKH�VDPH�RUGHU�

2XWSXW� 7KH�PDWUL[�UHSUHVHQWLQJ�WKH�UHVXOW�RI�WKH�PXOWLSOLFDWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��



Command Reference: Part A (1.1) 1-29*R�WR�,QGH[

([DPSOH�� )LQG�WKH�+DGDPDUG�SURGXFW�RI�WKH�IROORZLQJ�WZR�PDWULFHV�

�DQG�

&RPPDQG� HADAMARD([[3,-1,2][0,1,4]],[2,3,0][1,5,2]])

5HVXOW� [[6,-3,-0][0,5,8]]

HALFTAN
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UDQVIRUPV�DQ�H[SUHVVLRQ�E\�UHSODFLQJ�VLQ�[���FRV�[��DQG�WDQ�[��VXEH[SUHVVLRQV�ZLWK�
WDQ�[����WHUPV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

HERMITE
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�QWK�+HUPLWH�SRO\QRPLDO�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/

,QSXW� $�QRQ�QHJDWLYH�LQWHJHU�

2XWSXW� 7KH�FRUUHVSRQGLQJ�SRO\QRPLDO�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�+HUPLWH�SRO\QRPLDO�ZLWK�GHJUHH���
&RPPDQG� HERMITE(4)

5HVXOW� 16*X^4-48*X^2+12

3 1– 2

0 1 4

2 3 0

1 5 2



1-30 Command Reference: Part A (1.1)*R�WR�,QGH[

HESS
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�+HVVLDQ�PDWUL[�DQG�WKH�JUDGLHQW�RI�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�VSHFLILHG�
YDULDEOHV�

$FFHVV� &DOFXOXV�<$�'(5,9�	�,17(*

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ�
/HYHO���$UJXPHQW����$�YHFWRU�RI�WKH�YDULDEOHV�

2XWSXW� /HYHO���,WHP����7KH�+HVVLDQ�PDWUL[�ZLWK�UHVSHFW�WR�WKH�VSHFLILHG�YDULDEOHV�
/HYHO���,WHP����7KH�JUDGLHQW�ZLWK�UHVSHFW�WR�WKH�YDULDEOHV�
/HYHO���,WHP����7KH�YHFWRU�RI�WKH�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� &85/
',9

HILBERT
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�VTXDUH�+LOEHUW�PDWUL[�RI�WKH�VSHFLILHG�RUGHU�

$FFHVV� 0DWULFHV��<% &5($7(

,QSXW� $�SRVLWLYH�LQWHJHU��UHSUHVHQWLQJ�WKH�RUGHU�

2XWSXW� 7KH�+LOEHUW�PDWUL[�RI�WKH�VSHFLILHG�RUGHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�RUGHU���+LOEHUW�PDWUL[�
&RPPDQG�� HILBERT(3)



Command Reference: Part A (1.1) 1-31*R�WR�,QGH[

5HVXOW�

HORNER
7\SH� &RPPDQG

'HVFULSWLRQ�� ([HFXWHV�D�+RUQHU�VFKHPH�RQ�D�SRO\QRPLDO��7KDW�LV��IRU�D�JLYHQ�SRO\QRPLDO�3��DQG�D�
QXPEHU�U��+251(5�UHWXUQV�3��[²U���U�$1'�3�U�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� /HYHO���$UJXPHQW����$�SRO\QRPLDO��3�
/HYHO���$UJXPHQW����$�QXPEHU��U�

2XWSXW� /HYHO���,WHP����3��[²U�
/HYHO���,WHP����U�
/HYHO���LWHP����3�U���WKH�UHPDLQGHU�RI�WKH�GLYLVLRQ�SURFHVV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )RU�U� ����ILQG�WKH�UHVXOW�RI�H[HFXWLQJ�D�+RUQHU�VFKHPH�RQ�WKH�IROORZLQJ�SRO\QRPLDO�

&RPPDQG� HORNER(X^2+X+1,3)

5HVXOWV� (X+4,3,13)

I→R
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�DQ�LQWHJHU�LQWR�D�UHDO�QXPEHU�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����$Q�LQWHJHU�

1
1
2
--- 1

3
---

1
2
--- 1

3
--- 1

4
---

1
3
--- 1

4
--- 1

5
---

x
2

x 1+ +



1-32 Command Reference: Part A (1.1)*R�WR�,QGH[

2XWSXW� /HYHO���,WHP����7KH�LQWHJHU�FRQYHUWHG�WR�D�UHDO�QXPEHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 5→,

IABCUV
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�VROXWLRQ�LQ�LQWHJHUV�X�DQG�Y�RI�DX���EY� �F��ZKHUH�D��E��DQG�F�DUH�LQWHJHUV�

$FFHVV� $ULWKPHWLF��<!�,17(*(5

,QSXW� /HYHO���$UJXPHQW����WKH�YDOXH�RI�D�
/HYHO���$UJXPHQW����WKH�YDOXH�RI�E�
/HYHO���$UJXPHQW����WKH�YDOXH�RI�F�

2XWSXW� /HYHO���,WHP����7KH�YDOXH�IRU�X�
/HYHO���,WHP����7KH�YDOXH�IRU�Y�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�D�VROXWLRQ�LQ�LQWHJHUV�RI�WKH�HTXDWLRQ�
�D�����E� ��

&RPPDQG� IABCUV(6,11,3)

5HVXOW� {6,-3}

6HH�DOVR� $%&89
,(*&'

IBERNOULLI
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�QWK�%HUQRXOOL�QXPEHU�IRU�D�JLYHQ�LQWHJHU�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����DQ�LQWHJHU�

2XWSXW� /HYHO���,WHP����7KH�FRUUHVSRQGLQJ�QWK�%HUQRXOOL�QXPEHU�IRU�WKH�LQWHJHU�



Command Reference: Part A (1.1) 1-33*R�WR�,QGH[

)ODJV� 1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

IBP
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�LQWHJUDWLRQ�E\�SDUWV�RQ�D�IXQFWLRQ��7KH�IXQFWLRQ�PXVW�EH�DEOH�WR�EH�UHSUHVHQWHG�
DV�D�SURGXFW�RI�WZR�IXQFWLRQV��ZKHUH�WKH�DQWLGHULYDWLYH�RI�RQH�RI�WKH�IXQFWLRQV�LV�NQRZQ�
f(x) = u(x).v’(x)

1RWH�WKDW�WKH�FRPPDQG�LV�GHVLJQHG�IRU�XVH�LQ�531�PRGH�RQO\�

$FFHVV� &DOFXOXV��<$'(5,9�	�,17(*

,QSXW� /HYHO����7KH�LQWHJUDQG�H[SUHVVHG�DV�D�SURGXFW�RI�WZR�IXQFWLRQV��u(x).v’(x)

/HYHO����7KH�DQWLGHULYDWLYH�RI�RQH�RI�WKH�FRPSRQHQW�IXQFWLRQV��Y�[��

2XWSXW� /HYHO����X�[�Y�[�
/HYHO�����X·�[�Y�[�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 8VH�LQWHJUDWLRQ�E\�SDUWV�WR�FDOFXODWH�WKH�IROORZLQJ�

&RPPDQG��� $SSO\�WKH�,%3�FRPPDQG�
/HYHO����X*COS(X)

/HYHO����SIN(X)

5HVXOW�� /HYHO��� SIN(X).X

/HYHO��� -SIN(X)

&RPPDQG��� $SSO\�WKH�,179;�FRPPDQG�WR�OHYHO����-SIN(X)

5HVXOW� /HYHO����SIN(X).X

/HYHO��� COS(X)

&RPPDQG����3UHVV�=�WR�DGG�WKH�UHVXOW�WR�WKH�YDOXH�DW�OHYHO���WR�REWDLQ�WKH�ILQDO�UHVXOW�
5HVXOW� SIN(X).(X)+COS(X)

6HH�DOVR� ,179;��,17��35(9$/��5,6&+

x x( )cos xd∫



1-34 Command Reference: Part A (1.1)*R�WR�,QGH[

ICHINREM
7\SH� &RPPDQG

'HVFULSWLRQ�� 6ROYHV�D�V\VWHP�RI�WZR�FRQJUXHQFHV�LQ�LQWHJHUV�XVLQJ�WKH�&KLQHVH�5HPDLQGHU�WKHRUHP�

$FFHVV� $ULWKPHWLF��<! ,17(*(5

,QSXW� /HYHO���$UJXPHQW����$�YHFWRU�RI�WKH�ILUVW�YDOXH�DQG�WKH�PRGXOXV�
/HYHO���$UJXPHQW����$�YHFWRU�RI�WKH�VHFRQG�YDOXH�DQG�WKH�PRGXOXV�

2XWSXW� $�YHFWRU�RI�WKH�VROXWLRQ��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6ROYH�WKH�IROORZLQJ�V\VWHP�RI�FRQJUXHQFHV�
�0RGXOR��
�0RGXOR��

&RPPDQG� ICHINREM([2,3],[1,5])

5HVXOWV� [-4, 15]

6HH�DOVR� &+,15(0

IDIV2
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�WZR�LQWHJHUV��D�DQG�E��UHWXUQV�WKH�LQWHJHU�SDUW�RI�D�E��DQG�WKH�UHPDLQGHU��U�

$FFHVV� $ULWKPHWLF��<! ,17(*(5

,QSXW� /HYHO���$UJXPHQW����D�
/HYHO���$UJXPHQW����E�

2XWSXW� /HYHO���,WHP����7KH�LQWHJHU�SDUW�RI�D�E�
/HYHO���,WHP����7KH�UHPDLQGHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 5HWXUQ�WKH�LQWHJHU�SDUW�DQG�WKH�UHPDLQGHU�RI�����������
&RPPDQG� IDIV2(11632,864)

5HVXOW� {13,400}

x 2≡
x 1≡



Command Reference: Part A (1.1) 1-35*R�WR�,QGH[

6HH�DOVR� ',9�

IEGCD
7\SH� &RPPDQG

'HVFULSWLRQ�� *LYHQ�WZR�LQWHJHUV�[�DQG�\��UHWXUQV�WKUHH�LQWHJHUV��D��E��DQG�F��VXFK�WKDW�
D[�E\ F

$FFHVV� $ULWKPHWLF��<! ,17(*(5

,QSXW� /HYHO���$UJXPHQW����[�
/HYHO���$UJXPHQW����\�

2XWSXW� /HYHO���,WHP����F�
/HYHO���,WHP����D�
/HYHO���,WHP����E�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� (*&'

ILAP
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�LQYHUVH�/DSODFH�WUDQVIRUP�RI�DQ�H[SUHVVLRQ��7KH�H[SUHVVLRQ�PXVW�HYDOXDWH�WR�
D�UDWLRQDO�IUDFWLRQ�

$FFHVV� &DOFXOXV��<$ ',))(5(17,$/�(416

,QSXW� $�UDWLRQDO�H[SUHVVLRQ�

2XWSXW� 7KH�LQYHUVH�/DSODFH�WUDQVIRUPDWLRQ�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�LQYHUVH�/DSODFH�WUDQVIRUP�RI�

&RPPDQG� ILAP(1/(X-5)^2)

1

x 5–( )2
-------------------



1-36 Command Reference: Part A (1.1)*R�WR�,QGH[

5HVXOW� X*EXP(5*X)

INT
7\SH� )XQFWLRQ

'HVFULSWLRQ�� &DOFXODWHV�WKH�DQWLGHULYDWLYH�RI�D�IXQFWLRQ�IRU�D�JLYHQ�YDULDEOH��DW�D�JLYHQ�SRLQW�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���,WHP����$�IXQFWLRQ�
/HYHO���,WHP����7KH�YDULDEOH�WR�REWDLQ�WKH�GHULYDWLYH�ZLWK�UHVSHFW�WR�
/HYHO���,WHP����7KH�SRLQW�DW�ZKLFK�WR�FDOFXODWH�WKH�DQWLGHULYDWLYH��7KLV�SRLQW�FDQ�EH�D�
YDULDEOH�RU�DQ�H[SUHVVLRQ�

2XWSXW� 7KH�DQWLGHULYDWLYH�RI�WKH�IXQFWLRQ�IRU�WKH�JLYHQ�YDULDEOH��DW�WKH�SRLQW�\RX�VSHFLILHG�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR�� ,179;
5,6&+

INTVX
7\SH� )XQFWLRQ

'HVFULSWLRQ�� )LQGV�WKH�DQWLGHULYDWLYH�RI�D�IXQFWLRQ�V\PEROLFDOO\��ZLWK�UHVSHFW�WR�WKH�FXUUHQW�GHIDXOW�
YDULDEOH��

$FFHVV� &DOFXOXV��<$ '(5,9��	�,17(*

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�DQWLGHULYDWLYH�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�DQWLGHULYDWLYH�RI�WKH�IROORZLQJ�

&RPPDQG� INTVX(X^2*LN(X))

5HVXOW� 1/3*X^3*LN(X)+(-1/9)X^3

x
2

xln



Command Reference: Part A (1.1) 1-37*R�WR�,QGH[

6HH�DOVR� ,%3��5,6&+��35(9$/

INVMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�PRGXODU�LQYHUVLRQ�RQ�DQ�REMHFW�PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<! 02'8/2

,QSXW� $Q�REMHFW�

2XWSXW� 7KH�PRGXODU�LQYHUVH�RI�WKH�REMHFW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6ROYH�WKH�IROORZLQJ�IRU�[��PRGXOR�WKH�GHIDXOW�PRGXOXV����
�

&RPPDQG� INVMOD(2)

5HVXOW� -1

IQUOT
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�LQWHJHU�TXRWLHQW�RI�WZR�LQWHJHUV��7KDW�LV��JLYHQ�WZR�LQWHJHUV��D�DQG�E��UHWXUQV�
WKH�LQWHJHU�T��VXFK�WKDW�
D� �TE���U��DQG�

$FFHVV� $ULWKPHWLF��<! ,17(*(5

,QSXW� /HYHO���,WHP����7KH�GLYLGHQG�
/HYHO���,WHP����7KH�GLYLVRU�

2XWSXW� 7KH�LQWHJHU�TXRWLHQW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 4827
,',9�

2x 1≡( )

0 r b<≤



1-38 Command Reference: Part A (1.1)*R�WR�,QGH[

IREMAINDER
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�UHPDLQGHU�RI�DQ�LQWHJHU�GLYLVLRQ�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�QXPHUDWRU�
/HYHO���$UJXPHQW����7KH�GHQRPLQDWRU�

2XWSXW� 7KH�UHPDLQGHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� ,',9�

ISPRIME?
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 7HVWV�LI�D�QXPEHU�LV�SULPH��

$FFHVV� $ULWKPHWLF��<! ,17(*(5

,QSXW� $Q�REMHFW�WKDW�HYDOXDWHV�WR�D�QXPEHU�

2XWSXW� ���7UXH��LI�WKH�QXPEHU�LV�SULPH�����)DOVH��LI�LW�LV�QRW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 1(;735,0(
35(935,0(

JORDAN
7\SH� &RPPDQG

'HVFULSWLRQ�� &RPSXWHV�WKH�HLJHQYDOXHV��HLJHQYHFWRUV��PLQLPXP�SRO\QRPLDO��DQG�FKDUDFWHULVWLF�
SRO\QRPLDO�RI�D�PDWUL[�

$FFHVV� 0DWULFHV��<%(,*(19(&7256

,QSXW� $Q�Q�ï�Q�PDWUL[�



Command Reference: Part A (1.1) 1-39*R�WR�,QGH[

2XWSXW� /HYHO���,WHP����7KH�PLQLPXP�SRO\QRPLDO�
/HYHO���,WHP����7KH�FKDUDFWHULVWLF�SRO\QRPLDO�
/HYHO���,WHP����$�OLVW�RI�FKDUDFWHULVWLF�VSDFHV�WDJJHG�E\�WKH�FRUUHVSRQGLQJ�HLJHQYDOXH�
�HLWKHU�D�YHFWRU�RU�D�OLVW�RI�-RUGDQ�FKDLQV��HDFK�RI�WKHP�HQGLQJ�ZLWK�DQ��(LJHQ���WDJJHG�
HLJHQYHFWRU��
/HYHO���,WHP����$Q�DUUD\�RI�WKH�HLJHQYDOXHV��ZLWK�PXOWLSOLFLWLHV

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

LAGRANGE
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�LQWHUSRODWLQJ�SRO\QRPLDO�RI�PLQLPXP�GHJUHH�IRU�D�SDLU�RI�YDOXHV�

$FFHVV� $ULWKPHWLF� <!�32/<120,$/

,QSXW� $�WZR�ï�Q�PDWUL[�RI�WKH�Q�SDLUV�RI�YDOXHV�

2XWSXW� 7KH�SRO\QRPLDO�WKDW�UHVXOWV�IURP�WKH�/DJUDQJH�LQWHUSRODWLRQ�RI�WKH�GDWD�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�DQ�LQWHUSRODWLQJ�SRO\QRPLDO�IRU�WKH�GDWD���������������������������

&RPPDQG� LAGRANGE( )

5HVXOW�

LAP
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�D�/DSODFH�WUDQVIRUP�RQ�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�GHIDXOW�
YDULDEOH�

$FFHVV� &DOFXOXV��<$ ',))(5(17,$/�(416

,QSXW� $Q�H[SUHVVLRQ�

1 3 4 2

6 7 8 9

8x
3

63x
2

– 151x 60–+
6

--------------------------------------------------------



1-40 Command Reference: Part A (1.1)*R�WR�,QGH[

2XWSXW� 7KH�/DSODFH�WUDQVIRUP�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�/DSODFH�WUDQVIRUP�RI�H[�
&RPPDQG� LAP(EXP(X))

5HVXOW� 1/(X-1)

LAPL
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�/DSODFLDQ�RI�D�IXQFWLRQ�ZLWK�UHVSHFW�WR�D�OLVW�RI�YDULDEOHV�

$FFHVV� <$�'(5,9�	�,17(*

,QSXW� /HYHO���$UJXPHQW���$Q�H[SUHVVLRQ�
/HYHO���$UJXPHQW����$�YHFWRU�RI�YDULDEOHV�

2XWSXW� 7KH�/DSODFLDQ�RI�WKH�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG��DQG�VLPSOLI\��WKH�/DSODFLDQ�RI�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� LAPL(EXP(X)*COS(Z*Y),[X,Y,Z])
EXPAND(ANS(1))

5HVXOW� -((Y^2+Z^2-1)*EXP(X)*COS(Z*Y))

LCM
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�OHDVW�FRPPRQ�PXOWLSOH�RI�WZR�REMHFWV�

$FFHVV� $ULWKPHWLF��<!32/<120,$/

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ��D�QXPEHU��RU�REMHFW�WKDW�HYDOXDWHV�WR�D�QXPEHU�
/HYHO���$UJXPHQW����$Q�H[SUHVVLRQ��D�QXPEHU��RU�REMHFW�WKDW�HYDOXDWHV�WR�D�QXPEHU�

e
x

zy( )cos



Command Reference: Part A (1.1) 1-41*R�WR�,QGH[

2XWSXW� 7KH�OHDVW�FRPPRQ�PXOWLSOH�RI�WKH�REMHFWV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�OHDVW�FRPPRQ�PXOWLSOH�RI�WKH�IROORZLQJ�WZR�H[SUHVVLRQV�

[²�
&RPPDQG� LCM(X^2-1,X-1)

5HVXOWV� X^2-1

6HH�DOVR� *&'

LCXM
7\SH� &RPPDQG

'HVFULSWLRQ�� )URP�D�SURJUDP�ZLWK�WZR�DUJXPHQWV��EXLOGV�D�PDWUL[�ZLWK�WKH�VSHFLILHG�QXPEHU�RI�URZV�
DQG�FROXPQV��ZLWK�DLM� �I�L�M��

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�QXPEHU�RI�URZV�\RX�ZDQW�LQ�WKH�UHVXOWLQJ�PDWUL[�
/HYHO���$UJXPHQW����7KH�QXPEHU�RI�FROXPQV�\RX�ZDQW�LQ�WKH�UHVXOWLQJ�PDWUL[�
/HYHO���$UJXPHQW����$�SURJUDP�WKDW�XVHV�WZR�DUJXPHQWV�

2XWSXW� 7KH�UHVXOWLQJ�PDWUL[��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� %XLOG�D���ï���PDWUL[�ZLWK�DLM L��M�

&RPPDQG� LCXM(2,3,<<→I J ‘I+2*J’>>)

5HVXOW�

x
2

1–

3 5 7

4 6 8



1-42 Command Reference: Part A (1.1)*R�WR�,QGH[

LDEC
7\SH� &RPPDQG

'HVFULSWLRQ�� 6ROYHV�D�OLQHDU�GLIIHUHQWLDO�HTXDWLRQ�ZLWK�FRQVWDQW�FRHIILFLHQWV��RU�D�V\VWHP�RI�ILUVW�RUGHU�
OLQHDU�GLIIHUHQWLDO�HTXDWLRQV�ZLWK�FRQVWDQW�FRHIILFLHQWV��

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� /HYHO���$UJXPHQW����)RU�D�VLQJOH�HTXDWLRQ��WKH�IXQFWLRQ�IRUPLQJ�WKH�ULJKW�KDQG�VLGH�RI�
WKH�HTXDWLRQ��)RU�D�V\VWHP�RI�HTXDWLRQV��DQ�DUUD\�FRPSULVLQJ�WKH�WHUPV�QRW�FRQWDLQLQJ�WKH�
GHSHQGHQW�YDULDEOHV�
/HYHO���$UJXPHQW����)RU�RQH�HTXDWLRQ��WKH�DX[LOLDU\�SRO\QRPLDO��)RU�D�V\VWHP�RI�
HTXDWLRQV��WKH�PDWUL[�RI�FRHIILFLHQWV�RI�WKH�GHSHQGHQW�YDULDEOHV�

2XWSXW� 7KH�VROXWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

LEGENDRE
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�QWK�GHJUHH�/HJHQGUH�SRO\QRPLDO�

$FFHVV� $ULWKPHWLF��<!�32/<120,$/

,QSXW� $Q�LQWHJHU��Q�

2XWSXW� 7KH�QWK�/HJHQGUH�SRO\QRPLDO�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�/HJHQGUH�SRO\QRPLDO�ZLWK�GHJUHH���
&RPPDQG� LEGENDRE(4)

5HVXOW� (35*X^4-30*X^2+3)/8



Command Reference: Part A (1.1) 1-43*R�WR�,QGH[

LGCD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�D�OLVW�RI�H[SUHVVLRQV�RU�YDOXHV�

$FFHVV� $ULWKPHWLF��<!�

,QSXW� $�OLVW�RI�H[SUHVVLRQV�RU�YDOXHV�

2XWSXW� /HYHO���,WHP����7KH�OLVW�RI�HOHPHQWV�
/HYHO���,WHP����7KH�JUHDWHVW�FRPPRQ�GLYLVRU�RI�WKH�HOHPHQWV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

LIMIT
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�OLPLW�RI�D�IXQFWLRQ�DV�LW�DSSURDFKHV�D�VSHFLILHG�YDOXH�

$FFHVV� &DOFXOXV��<$�/,0,76	6(5,(6

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ�

/HYHO���$UJXPHQW����$Q�H[SUHVVLRQ�RI�WKH�IRUP�[� �\��ZKHUH�[�LV�WKH�YDULDEOH�DQG�\�LV�WKH�
YDOXH�DW�ZKLFK�WKH�OLPLW�LV�WR�EH�HYDOXDWHG�

2XWSXW� 7KH�OLPLW�RI�WKH�H[SUHVVLRQ�DW�WKH�OLPLW�SRLQW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�IROORZLQJ�OLPLW�

&RPPDQG� LIMIT((X^N-Y^N)/(X-Y), X=Y)

5HVXOW� N*EXP(N*LN(Y))/Y

6HH�DOVR� 6(5,(6

lim

x y→ 
  x

n
y

n
–

x y–
----------------



1-44 Command Reference: Part A (1.1)*R�WR�,QGH[

LIN
7\SH� &RPPDQG

'HVFULSWLRQ�� /LQHDUL]HV�H[SUHVVLRQV�LQYROYLQJ�H[SRQHQWLDO�WHUPV�

$FFHVV� ([SRQHQWLDO�DQG�ORJDULWKP��<*

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�OLQHDUL]HG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� /LQHDUL]H�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� LIN(X*(EXP(X)*EXP(Y))^4)

5HVXOW� X*EXP(4X+4Y)

LINSOLVE
7\SH� &RPPDQG

'HVFULSWLRQ�� 6ROYHV�D�V\VWHP�RI�OLQHDU�HTXDWLRQV�

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� /HYHO���$UJXPHQW����$Q�DUUD\�RI�HTXDWLRQV�
/HYHO��$UJXPHQW����$�YHFWRU�RI�WKH�YDULDEOHV�WR�VROYH�IRU�

2XWSXW� /HYHO���,WHP����7KH�V\VWHP�RI�HTXDWLRQV�
/HYHO���,WHP����$�OLVW�RI�WKH�SLYRW�SRLQWV�
/HYHO���,WHP����7KH�VROXWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

x e
x
e

y( )
4



Command Reference: Part A (1.1) 1-45*R�WR�,QGH[

LNAME
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�YDULDEOH�QDPHV�FRQWDLQHG�LQ�D�V\PEROLF�H[SUHVVLRQ�

$FFHVV� &DWDORJ��N

,QSXW� $�V\PEROLF�H[SUHVVLRQ�

2XWSXW� $�YHFWRU�FRQWDLQLQJ�WKH�YDULDEOH�QDPHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� /9$5

LNCOLLECT
7\SH� &RPPDQG

'HVFULSWLRQ�� 6LPSOLILHV�DQ�H[SUHVVLRQ�E\�FROOHFWLQJ�ORJDULWKPLF�WHUPV�

$FFHVV� $OJHEUD��>ú

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�VLPSOLILHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6LPSOLI\�WKH�IROORZLQJ�H[SUHVVLRQ�
��OQ�[��OQ�\��

&RPPDQG� LNCOLLECT(2(LN(X)+LN(Y))

5HVXOW� LN(X^2+Y)

LVAR
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�D�OLVW�RI�YDULDEOHV�LQ�DQ�DOJHEUDLF�REMHFW�

$FFHVV� &DWDORJ��N

,QSXW� $Q�DOJHEUDLF�REMHFW�



1-46 Command Reference: Part A (1.1)*R�WR�,QGH[

2XWSXW� /HYHO���,WHP����7KH�DOJHEUDLF�REMHFW�
/HYHO���,WHP����$�YHFWRU�RI�WKH�YDULDEOHV�WKDW�WKH�REMHFW�FRQWDLQV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

MAD
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�GHWDLOV�RI�D�VTXDUH�PDWUL[��

$FFHVV� 0DWULFHV��<%23(5$7,216

,QSXW� $�VTXDUH�PDWUL[

2XWSXW� /HYHO���,WHP����7KH�GHWHUPLQDQW�
/HYHO���,WHP����7KH�IRUPDO�LQYHUVH�
/HYHO���,WHP����7KH�PDWUL[�FRHIILFLHQWV�RI�WKH�SRO\QRPLDO��S��GHILQHG�E\�
�[L²D�S�[� P�[�L��ZKHUH�D�LV�WKH�PDWUL[��DQG�P�LV�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�RI�D�
/HYHO���,WHP����7KH�FKDUDFWHULVWLF�SRO\QRPLDO�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

MENUXY
7\SH� &RPPDQG

'HVFULSWLRQ�� 'LVSOD\V�D�IXQFWLRQ�NH\�PHQX�RI�WKH�FRPSXWHU�DOJHEUD�FRPPDQGV�LQ�WKH�VSHFLILHG�UDQJH�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�QXPEHU�RI�WKH�ILUVW�FRPPDQG�LQ�WKH�UDQJH�WKDW�\RX�ZDQW�WR�
GLVSOD\�
/HYHO���$UJXPHQW����7KH�QXPEHU�RI�WKH�ODVW�FRPPDQG�LQ�WKH�UDQJH�WKDW�\RX�ZDQW�WR�
GLVSOD\�

2XWSXW� 2Q�WKH�IXQFWLRQ�NH\�PHQX��D�OLVW�RI�WKH�FRPSXWHU�DOJHEUD�FRPPDQGV�LQ�WKH�UDQJH�WKDW�\RX�
VSHFLILHG�



Command Reference: Part A (1.1) 1-47*R�WR�,QGH[

MODSTO
7\SH� &RPPDQG

'HVFULSWLRQ�� &KDQJHV�WKH�PRGXOR�VHWWLQJ�WR�WKH�VSHFLILHG�QXPEHU��7KH�QXPEHU�WKDW�\RX�VHW�LV�UHIOHFWHG�
LQ�WKH�&$6�0RGHV�LQSXW�IRUP�

$FFHVV� $ULWKPHWLF��<!�02'8/2

,QSXW� 7KH�PRGXOR�YDOXH�WKDW�\RX�ZDQW�WR�VHW�

2XWSXW� 7KH�PRGXOR�VHWWLQJ�LV�FKDQJHG�WR�WKH�VSHFLILHG�QXPEHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

MULTMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�PRGXODU�PXOWLSOLFDWLRQ�RI�WZR�REMHFWV��PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<! 02'8/2

,QSXW� /HYHO���$UJXPHQW����$�QXPEHU�RU�DQ�H[SUHVVLRQ�
/HYHO���$UJXPHQW����$�QXPEHU�RU�DQ�H[SUHVVLRQ�

2XWSXW� 7KH�UHVXOW�RI�PRGXODU�PXOWLSOLFDWLRQ�RI�WKH�WZR�REMHFWV��PRGXOR�WKH�FXUUHQW�PRGXOXV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�SURGXFW�RI��[�DQG���[���PRGXOR�WKH�GHIDXOW�PRGXOXV����
&RPPDQG� MULTMOD(2*X,38*X^2)

5HVXOW� X^3

NEXTPRIME
7\SH� )XQFWLRQ

'HVFULSWLRQ�� *LYHQ�DQ�LQWHJHU��UHWXUQV�WKH�QH[W�SULPH�QXPEHU�ODUJHU�WKDQ�WKH�LQWHJHU�

$FFHVV� $ULWKPHWLF��<!�,17(*(5

,QSXW� $Q�LQWHJHU�



1-48 Command Reference: Part A (1.1)*R�WR�,QGH[

2XWSXW� 7KH�QH[W�SULPH�QXPEHU�ODUJHU�WKDQ�WKH�LQWHJHU�

([DPSOH�� )LQG�WKH�FORVHVW��ODUJHU�SULPH�QXPEHU�WR�����
&RPPDQG� NEXTPRIME(145)

5HVXOW� 149

6HH�DOVR� ,635,0("
35(935,0(

PA2B2
7\SH� &RPPDQG

'HVFULSWLRQ�� 7DNHV�D�SULPH�QXPEHU��S��VXFK�WKDW�S ��RU� �PRGXOR����DQG�UHWXUQV�D�*DXVVLDQ�LQWHJHU�

D���LE�VXFK�WKDW�S� �D����E���7KLV�IXQFWLRQ�LV�XVHIXO�IRU�IDFWRUL]LQJ�*DXVVLDQ�LQWHJHUV�

$FFHVV� $ULWKPHWLF��<!�,17(*(5

,QSXW� $�SULPH�QXPEHU��S��VXFK�WKDW�S ��RU� �PRGXOR��

2XWSXW� $�*DXVVLDQ�LQWHJHU�D�LE�VXFK�WKDW�S D��E�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� *$866

PARTFRAC
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�SDUWLDO�IUDFWLRQ�GHFRPSRVLWLRQ�RQ�D�SDUWLDO�IUDFWLRQ�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� $Q�DOJHEUDLF�H[SUHVVLRQ�

2XWSXW� 7KH�SDUWLDO�IUDFWLRQ�GHFRPSRVLWLRQ�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

p 1≡

p 1≡



Command Reference: Part A (1.1) 1-49*R�WR�,QGH[

([DPSOH�� 3HUIRUP�D�SDUWLDO�IUDFWLRQ�GHFRPSRVLWLRQ�RI�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� PARTFRAC(1/(X^2-1))

5HVXOW� (-1+(1/X+^2))

PCAR
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�RI�DQ�Q�ï�Q�PDWUL[�

$FFHVV� 0DWULFHV��<% (,*(19(&7256

,QSXW� $�VTXDUH�PDWUL[�

2XWSXW� 7KH�FKDUDFWHULVWLF�SRO\QRPLDO�RI�WKH�PDWUL[�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�RI�WKH�IROORZLQJ�PDWUL[�

&RPPDQG� PCAR([[5,8,16][4,1,8][-4,-4,-11]])

5HVXOW� X^3+5*X^2+3*X-9

POWMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5DLVHV�DQ�REMHFW��QXPEHU�RU�H[SUHVVLRQ��WR�WKH�VSHFLILHG�SRZHU��DQG�H[SUHVVHV�WKH�UHVXOW�
PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<! 02'8/2

,QSXW� /HYHO���$UJXPHQW����7KH�REMHFW�
/HYHO���$UJXPHQW����7KH�H[SRQHQW�

2XWSXW� 7KH�UHVXOW�RI�WKH�REMHFW�UDLVHG�WR�WKH�H[SRQHQW��PRGXOR�WKH�FXUUHQW�PRGXOXV�

1

x
2

1–
--------------

5 8 16

4 1 8

4– 4– 11–



1-50 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

PREVAL
7\SH� )XQFWLRQ

'HVFULSWLRQ�� :LWK�UHVSHFW�WR�WKH�FXUUHQW�GHIDXOW�YDULDEOH��UHWXUQV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXHV�RI�D�
IXQFWLRQ�DW�WZR�VSHFLILHG�YDOXHV�RI�WKH�YDULDEOH�

35(9$/�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�,179;�WR�HYDOXDWH�GHILQLWH�LQWHJUDOV��6HH�WKH�
H[DPSOH�EHORZ�

$FFHVV� &DOFXOXV��<$ '(5,9��	�,17(*�

,QSXW� /HYHO���$UJXPHQW����$�IXQFWLRQ�
/HYHO���$UJXPHQW����7KH�ORZHU�ERXQG�
/HYHO���$UJXPHQW����7KH�XSSHU�ERXQG�
7KH�ERXQGV�FDQ�EH�H[SUHVVLRQV�

2XWSXW� 7KH�UHVXOW�RI�WKH�HYDOXDWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� (YDOXDWH�WKH�IROORZLQJ�

&RPPDQG� PREVAL(INTVX(X^3+3*X),0,3)

5HVXOW� 135/4

PREVPRIME
7\SH� )XQFWLRQ

'HVFULSWLRQ�� *LYHQ�DQ�LQWHJHU��ILQGV�WKH�FORVHVW�SULPH�QXPEHU�VPDOOHU�WKDQ�WKH�LQWHJHU�

$FFHVV� $ULWKPHWLF��<!�,17(*(5

,QSXW� $Q�LQWHJHU�

2XWSXW� 7KH�FORVHVW�SULPH�QXPEHU�VPDOOHU�WKDQ�WKH�LQWHJHU�

x
3 3x+( ) xd

0

3

∫



Command Reference: Part A (1.1) 1-51*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�FORVHVW��VPDOOHU�SULPH�QXPEHU�WR�����
&RPPDQG� PREVPRIME(145)

5HVXOW� 139

6HH�DOVR� ,635,0("
1(;735,0(

PROPFRAC
7\SH� &RPPDQG

'HVFULSWLRQ�� 6SOLWV�DQ�LPSURSHU�IUDFWLRQ�LQWR�DQ�LQWHJHU�SDUW�DQG�D�IUDFWLRQ�SDUW�

$FFHVV� $ULWKPHWLF��<!

,QSXW� $Q�LPSURSHU�IUDFWLRQ��RU�DQ�REMHFW�WKDW�HYDOXDWHV�WR�DQ�LPSURSHU�IUDFWLRQ�

2XWSXW� $�SURSHU�IUDFWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� ([SUHVV�WKH�IROORZLQJ�DV�D�SURSHU�IUDFWLRQ�

&RPPDQG� PROPFRAC((X^3+4)/X^2))

5HVXOW� X+(4/X^2)

PSI
7\SH� )XQFWLRQ�

'HVFULSWLRQ�� &DOFXODWHV�WKH�SRO\JDPPD�IXQFWLRQ�LQ�RQH�SRLQW��

$FFHVV� &DWDORJ��N

,QSXW� $�FRPSOH[�H[SUHVVLRQ�

2XWSXW� 7KH�SRO\JDPPD�IXQFWLRQ�

x
3 4+

x
2

--------------



1-52 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

Psi
7\SH� )XQFWLRQ�

'HVFULSWLRQ�� &DOFXODWHV�WKH�GLJDPPD�IXQFWLRQ�LQ�RQH�SRLQW��7KH�GLJDPPD�IXQFWLRQ�LV�WKH�GHULYDWLYH�RI�
WKH�QDWXUDO�ORJDULWKP��OQ��RI�WKH�JDPPD�IXQFWLRQ��7KH�IXQFWLRQ�FDQ�EH�UHSUHVHQWHG�DV�
IROORZV�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����$�FRPSOH[�H[SUHVVLRQ
/HYHO���$UJXPHQW����$�QRQ�QHJDWLYH�LQWHJHU�

2XWSXW� 7KH�GLJDPPD�IXQFWLRQ�DW�WKH�VSHFLILHG�SRLQW�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

PTAYL
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�7D\ORU�SRO\QRPLDO�DW�[� �D�IRU�D�VSHFLILHG�SRO\QRPLDO�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� /HYHO���$UJXPHQW����$�SRO\QRPLDO��3�
/HYHO���$UJXPHQW����$�QXPEHU��D�

2XWSXW� $�SRO\QRPLDO��4�VXFK�WKDW�4�[�²�D� 3�[��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

Ψ z( ) d
dz
----- Γ z( )ln( ) Γ′

z( )
Γ z( )
------------= =



Command Reference: Part A (1.1) 1-53*R�WR�,QGH[

QUOT
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�TXRWLHQW�SDUW�RI�WKH�(XFOLGHDQ�GLYLVLRQ�RI�WZR�SRO\QRPLDOV�

$FFHVV� $ULWKPHWLF��<! 32/<120,$/

,QSXW� /HYHO���$UJXPHQW����7KH�QXPHUDWRU�SRO\QRPLDO�
/HYHO���$UJXPHQW����7KH�GHQRPLQDWRU�SRO\QRPLDO�

2XWSXW� 7KH�TXRWLHQW�RI�WKH�(XFOLGHDQ�GLYLVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�TXRWLHQW�RI�WKH�GLYLVLRQ�RI� �E\� �

&RPPDQG� QUOT(X^3+6*X^2+11*X+6, X^2+5*X+6)

5HVXOW� X+1

6HH�DOVR� 5(0$,1'(5

QXA
7\SH� &RPPDQG

'HVFULSWLRQ� ([SUHVVHV�D�TXDGUDWLF�IRUP�LQ�PDWUL[�IRUP�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����$�TXDGUDWLF�IRUP�
/HYHO���$UJXPHQW����$�YHFWRU�FRQWDLQLQJ�WKH�YDULDEOHV�

2XWSXW� /HYHO���,WHP����7KH�TXDGUDWLF�IRUP�H[SUHVVHG�LQ�PDWUL[�IRUP�
/HYHO���,WHP����$�YHFWRU�FRQWDLQLQJ�WKH�YDULDEOHV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH� ([SUHVV�WKH�IROORZLQJ�TXDGUDWLF�IRUP�LQ�PDWUL[�IRUP�

&RPPDQG� QXA(X^2+X*Y+Y^2, [X,Y])

5HVXOW� {[[1,1/2][1/2,1]],[X,Y]}

x
3

6x
2

11x 6+ + + x
2

5x 6+ +

x
2

xy y
2

+ +



1-54 Command Reference: Part A (1.1)*R�WR�,QGH[

6HH�DOVR� $;4
*$866

R→I
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�D�UHDO�QXPEHU�WR�DQ�LQWHJHU�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����$�UHDO�QXPEHU�

2XWSXW� /HYHO���,WHP����7KH�UHDO�QXPEHU�FRQYHUWHG�WR�DQ�LQWHJHU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� ,→5

REF
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HGXFHV�D�PDWUL[�WR�HFKHORQ�IRUP�

$FFHVV� 0DWULFHV��<% /,1($5�6<67(06

,QSXW� $�PDWUL[�

2XWSXW� 7KH�HTXLYDOHQW�PDWUL[�LQ�HFKHORQ�IRUP�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 55()

REMAINDER
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�UHPDLQGHU�RI�WKH�(XFOLGHDQ�GLYLVLRQ�RI�WZR�SRO\QRPLDOV�

$FFHVV� $ULWKPHWLF��<!32/<120,$/



Command Reference: Part A (1.1) 1-55*R�WR�,QGH[

,QSXW� /HYHO���$UJXPHQW����7KH�QXPHUDWRU�SRO\QRPLDO�
/HYHO���$UJXPHQW����7KH�GHQRPLQDWRU�SRO\QRPLDO�

2XWSXW� 7KH�UHPDLQGHU�UHVXOWLQJ�IURP�WKH�(XFOLGHDQ�GLYLVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 4827

REORDER
7\SH� )XQFWLRQ

'HVFULSWLRQ�� *LYHQ�D�SRO\QRPLDO�H[SUHVVLRQ�DQG�D�YDULDEOH��UHRUGHUV�WKH�YDULDEOHV�LQ�WKH�H[SUHVVLRQ�LQ�
WKH�RUGHU�RI�SRZHUV�VHW�RQ�WKH�&$6�0RGHV�VFUHHQ��WKDW�LV��HLWKHU�LQ�LQFUHDVLQJ�RU�
GHFUHDVLQJ�RUGHU�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�SRO\QRPLDO�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�YDULDEOH�ZLWK�UHVSHFW�WR�ZKLFK�WKH�UHRUGHULQJ�LV�SHUIRUPHG�

2XWSXW� 7KH�UHRUGHUHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

RESULTANT
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�UHVXOWDQW�RI�WZR�SRO\QRPLDOV�RI�WKH�FXUUHQW�YDULDEOH��7KDW�LV��LW�UHWXUQV�WKH�
GHWHUPLQDQW�RI�WKH�6\OYHVWHU�PDWULFHV�RI�WKH�WZR�SRO\QRPLDOV��

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�ILUVW�SRO\QRPLDO�
/HYHO���$UJXPHQW����7KH�VHFRQG�SRO\QRPLDO�

2XWSXW� 7KH�GHWHUPLQHQW�RI�WKH�WZR�PDWULFHV�WKDW�FRUUHVSRQG�WR�WKH�SRO\QRPLDOV�



1-56 Command Reference: Part A (1.1)*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

RISCH
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�V\PEROLF�LQWHJUDWLRQ�RQ�D�IXQFWLRQ�XVLQJ�WKH�5LVFK�DOJRULWKP��5,6&+�LV�VLPLODU�
WR�WKH�,179;�FRPPDQG��H[FHSW�WKDW�LW�DOORZV�\RX�WR�VSHFLI\�WKH�YDULDEOH�RI�LQWHJUDWLRQ�

$FFHVV� &DOFXOXV�<$�'(5,9��	�,17(*��

,QSXW� /HYHO���$UJXPHQW����7KH�IXQFWLRQ�WR�LQWHJUDWH�
/HYHO���$UJXPHQW����7KH�YDULDEOH�RI�LQWHJUDWLRQ�

2XWSXW� 7KH�DQWLGHULYDWLYH�RI�WKH�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� )LQG�WKH�DQWLGHULYDWLYH�RI�WKH�IROORZLQJ�IXQFWLRQ��ZLWK�UHVSHFW�WR�\�

&RPPDQG� RISCH(Y^3-3*Y+2,Y)

5HVXOW� 1/3*Y^3+3/2*Y^2+2*Y

6HH�DOVR� ,%3
,17
,179;

RREF
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HGXFHV�D�PDUWUL[�WR�URZ�UHGXFHG�HFKHORQ�IRUP�

$FFHVV� 0DWULFHV��<% /,1($5�6<67(06

,QSXW� $�PDWUL[�

2XWSXW� $Q�HTXLYDOHQW�PDWUL[�LQ�URZ�UHGXFHG�HFKHORQ�IRUP�

y
2

3y 2+ +



Command Reference: Part A (1.1) 1-57*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

rref
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HGXFHV�D�PDUWUL[�WR�URZ�UHGXFHG�HFKHORQ�IRUP�

$FFHVV� 0DWULFHV��<% /,1($5�6<67(06

,QSXW� $�PDWUL[�

2XWSXW� /HYHO���$UJXPHQW����7KH�SLYRW�SRLQWV�

/HYHO���$UJXPHQW����$Q�HTXLYDOHQW�PDWUL[�LQ�URZ�UHGXFHG�HFKHORQ�IRUP�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

RREFMOD
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�PRGXODU�URZ�UHGXFWLRQ�WR�HFKHORQ�IRUP�RQ�D�PDWUL[��PRGXOR�WKH�FXUUHQW�
PRGXOXV�

$FFHVV� &DWDORJ��N

,QSXW� $�PDWUL[�

2XWSXW� 7KH�PRGXODU�URZ�UHGXFHG�PDWUL[��7KH�PRGXOR�YDOXH�LV�VHW�XVLQJ�WKH�0RGHV�&$6�LQSXW�
IRUP�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

SERIES
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�D�JLYHQ�IXQFWLRQ��FRPSXWHV�7D\ORU�VHULHV��DV\PSWRWLF�GHYHORSPHQW�DQG�OLPLW�DW�ILQLWH�
DQG�LQILQLWH�SRLQWV�

$FFHVV� &DOFXOXV��<$ /,0,76�	�6(5,(6



1-58 Command Reference: Part A (1.1)*R�WR�,QGH[

,QSXW� /HYHO���$UJXPHQW����7KH�IXQFWLRQ�I�[�
/HYHO���$UJXPHQW����7KH�YDULDEOH�LI�WKH�OLPLW�SRLQW�LV����RU�DQ�HTXDWLRQ�[� �D�LI�WKH�OLPLW�
SRLQW�LV�D��
/HYHO���$UJXPHQW����7KH�RUGHU�IRU�WKH�VHULHV�H[SDQVLRQ��1RWH�WKH�IROORZLQJ�SRLQWV�

� 7KH�PLQLPXP�YDOXH�LV����DQG�WKH�PD[LPXP�YDOXH�LV�����

� ,I�WKH�RUGHU�LV�D�SRVLWLYH�RU�QHJDWLYH�UHDO�QXPEHU��WKH�VHULHV�LV�XQLGLUHFWLRQDO�

� )RU�ELGLUHFWLRQDO�VHULHV�H[SDQVLRQV��\RX�QHHG�WR�JLYH�WKH�RUGHU�DV�D�ELQDU\�LQWHJHU��IRU�
H[DPSOH����G�

2XWSXW� /HYHO���,WHP����$�OLVW�FRQWDLQLQJ�WKH�ELGLUHFWLRQDO�OLPLW��DQ�H[SUHVVLRQ�DSSUR[LPDWLQJ�WKH�
IXQFWLRQ�QHDU�WKH�OLPLW�SRLQW��DQG�WKH�RUGHU�RI�WKH�UHPDLQGHU��7KHVH�DUH�H[SUHVVHG�LQ�
WHUPV�RI�D�VPDOO�SDUDPHWHU�K�
/HYHO���,WHP����$Q�H[SUHVVLRQ�IRU�K�LQ�WHUPV�RI�WKH�RULJLQDO�YDULDEOH�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

SEVAL
7\SH� )XQFWLRQ

'HVFULSWLRQ�� ,Q�WKH�JLYHQ�H[SUHVVLRQ��HYDOXDWHV�DQ\�H[LVWLQJ�YDULDEOHV�WKDW�WKH�H[SUHVVLRQ�FRQWDLQV�DQG�
VXEVWLWXWHV�WKHVH�EDFN�LQWR�WKH�H[SUHVVLRQ�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���,WHP����$Q�DOJHEUDLF�H[SUHVVLRQ�

2XWSXW� 7KH�H[SUHVVLRQ�ZLWK�H[LVWLQJ�YDULDEOHV�HYDOXDWHG�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

SIGMA
7\SH� )XQFWLRQ

'HVFULSWLRQ�� &DOFXODWHV�WKH�GLVFUHWH�DQWLGHULYDWLYH�RI�D�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�WKDW�\RX�
GHILQH�

$FFHVV� &DWDORJ��N



Command Reference: Part A (1.1) 1-59*R�WR�,QGH[

,QSXW� /HYHO���,WHP����$�IXQFWLRQ
/HYHO���,WHP����7KH�YDULDEOH�WR�FDOFXODWH�WKH�DQWLGHULYDWLYH�ZLWK�UHVSHFW�WR�

2XWSXW� 7KH�DQWLGHULYDWLYH�RI�WKH�IXQFWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 6,*0$9;��5,6&+

SIGMAVX
7\SH� )XQFWLRQ

'HVFULSWLRQ�� &DOFXODWHV�WKH�GLVFUHWH�DQWLGHULYDWLYH�RI�D�IXQFWLRQ�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�YDULDEOH�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���,WHP����$�IXQFWLRQ�

2XWSXW� 7KH�DQWLGHULYDWLYH�RI�WKH�IXQFWLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 6,*0$��5,6&+

SIGNTAB
7\SH� &RPPDQG

'HVFULSWLRQ�� 7DEXODWHV�WKH�VLJQ�RI�D�UDWLRQDO�IXQFWLRQ�RI�RQH�YDULDEOH�

$FFHVV� &DWDORJ��N

,QSXW� $Q�DOJHEUDLF�H[SUHVVLRQ�

2XWSXW� $�OLVW�FRQWDLQLQJ��WKH�SRLQWV�ZKHUH�WKH�H[SUHVVLRQ�FKDQJHV�VLJQ��DQG�IRU�HDFK�SRLQW��WKH�
VLJQ�RI�WKH�H[SUHVVLRQ�EHWZHHQ�WKH�SRLQWV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��



1-60 Command Reference: Part A (1.1)*R�WR�,QGH[

SIMP2
7\SH� &RPPDQG

'HVFULSWLRQ�� 6LPSOLILHV�WZR�REMHFWV�E\�GLYLGLQJ�WKHP�E\�WKHLU�JUHDWHVW�FRPPRQ�GLYLVRU�

$FFHVV� $ULWKPHWLF��<!�

,QSXW� /HYHO���$UJXPHQW����7KH�ILUVW�REMHFW�
/HYHO���$UJXPHQW����7KH�VHFRQG�REMHFW�

2XWSXW� /HYHO���,WHP����7KH�ILUVW�REMHFW�GLYLGHG�E\�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�
/HYHO���,WHP����7KH�VHFRQG�REMHFW�GLYLGHG�E\�WKH�JUHDWHVW�FRPPRQ�GLYLVRU�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 'LYLGH�WKH�IROORZLQJ�H[SUHVVLRQV�E\�WKHLU�JUHDWHVW�FRPPRQ�GLYLVRU�

&RPPDQG� SIMP2(X^3+6*X^2+11*X+6, X^3-7*X-6)

5HVXOW� {X+3,X-3}

SINCOS
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�FRPSOH[�ORJDULWKPLF�DQG�H[SRQHQWLDO�H[SUHVVLRQV�WR�H[SUHVVLRQV�ZLWK�
WULJRQRPHWULF�WHUPV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�ZLWK�FRPSOH[�OLQHDU�DQG�H[SRQHQWLDO�WHUPV�

2XWSXW� 7KH�H[SUHVVLRQ�ZLWK�ORJDULWKPLF�DQG�H[SRQHQWLDO�VXEH[SUHVVLRQV�FRQYHUWHG�WR�
WULJRQRPHWULF�DQG�LQYHUVH�WULJRQRPHWULF�H[SUHVVLRQV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
0XVW�EH�LQ�FRPSOH[�PRGH��IODJ�²����VHW��

([DPSOH�� ([SUHVV�HL[�LQ�WULJRQRPHWULF�WHUPV�

x
3

6x
2

11x 6+ + +

x
3

7x– 6–



Command Reference: Part A (1.1) 1-61*R�WR�,QGH[

&RPPDQG� SINCOS(EXP(i*X))

5HVXOW� COS(X)+iSIN(X)

SOLVE
7\SH� &RPPDQG

'HVFULSWLRQ�� )LQGV�]HURV�RI�DQ�H[SUHVVLRQ�HTXDWHG�WR����RU�VROYHV�DQ�HTXDWLRQ��

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� /HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�RU�HTXDWLRQ�
/HYHO���$UJXPHQW����7KH�YDULDEOH�WR�VROYH�IRU�

2XWSXW� $�OLVW�RI�]HURV�RU�VROXWLRQV�

)ODJV� ,I�H[DFW�PRGH�LV�VHW��IODJ�²����FOHDU��DQG�WKHUH�DUH�QR�H[DFW�VROXWLRQV��WKH�FRPPDQG�
UHWXUQV�D�QXOO�OLVW�HYHQ�ZKHQ�WKHUH�DUH�DSSUR[LPDWH�VROXWLRQV�

([DPSOH�� )LQG�WKH�]HURV�RI�WKH�IROORZLQJ�H[SUHVVLRQ�

&RPPDQG� SOLVE(X^3-X-9,X)

5HVXOW� {X=2.24004098747}

6HH�DOVR� 62/9(9;

SOLVEVX
7\SH� &RPPDQG

'HVFULSWLRQ�� )LQGV�]HURV�RI�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�YDULDEOH��RU�VROYHV�DQ�HTXDWLRQ�
ZLWK�UHVSHFW�WR�WKH�FXUUHQW�YDULDEOH���<RX�XVH�WKH�&$6�PRGHV�LQSXW�IRUP�WR�VHW�WKH�
FXUUHQW�YDULDEOH��

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� $�IXQFWLRQ�RU�HTXDWLRQ�LQ�WKH�FXUUHQW�YDULDEOH�

2XWSXW� $�OLVW�RI�]HURV�RU�VROXWLRQV�

)ODJV� )RU�D�V\PEROLF�UHVXOW��FOHDU�WKH�&$6�PRGHV�1XPHULF�RSWLRQ��IODJ�²���FOHDU��
,I�([DFW�PRGH�LV�VHW��IODJ�²����FOHDU��DQG�WKHUH�DUH�QR�H[DFW�VROXWLRQV��WKH�FRPPDQG�
UHWXUQV�D�QXOO�OLVW�HYHQ�ZKHQ�WKHUH�DUH�DSSUR[LPDWH�VROXWLRQV�

x
3

x– 9–



1-62 Command Reference: Part A (1.1)*R�WR�,QGH[

([DPSOH�� 6ROYH�WKH�IROORZLQJ�H[SUHVVLRQ�IRU����ZKHUH�;�LV�WKH�GHIDXOW�YDULDEOH�RQ�WKH�FDOFXODWRU�

&RPPDQG� SOLVEVX(X^3-X-9)

5HVXOW� {X=2.2400}

1RWH�WKDW�LI�H[DFW�PRGH�LV�VHW��WKLV�H[DPSOH�UHWXUQV�D�QXOO�OLVW�DV�WKHUH�DUH�QR�H[DFW�
VROXWLRQV�WR�WKH�HTXDWLRQ�

6HH�DOVR� 62/9(

SUBST
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 6XEVWLWXWHV�D�YDOXH�IRU�D�YDULDEOH�LQ�DQ�H[SUHVVLRQ��7KH�YDOXH�FDQ�EH�QXPHULF�RU�DQ�
H[SUHVVLRQ��

$FFHVV� $OJHEUD��>ú

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�YDOXH�RU�H[SUHVVLRQ�WR�EH�VXEVWLWXWHG�

2XWSXW� 7KH�H[SUHVVLRQ�ZLWK�WKH�VXEVWLWXWLRQ�PDGH�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� 6XEVWLWXWH�[� �]���IRU�[�LQ�WKH�IROORZLQJ�H[SUHVVLRQ��DQG�DSSO\�WKH�(;3$1'�FRPPDQG�
WR�VLPSOLI\�WKH�UHVXOW�

&RPPDQG� SUBST(X^2+3*X+7,X=Z+1)
EXPAND(ANS(1))

5HVXOW� Z^2+5*Z+11

SUBTMOD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�D�VXEWUDFWLRQ��PRGXOR�WKH�FXUUHQW�PRGXOXV�

$FFHVV� $ULWKPHWLF��<! 02'8/2

x
3

x– 9–

x
2

3x 7+ +



Command Reference: Part A (1.1) 1-63*R�WR�,QGH[

,QSXW� /HYHO���$UJXPHQW����7KH�REMHFW�RU�QXPEHU�WR�EH�VXEWUDFWHG�IURP�
/HYHO���$UJXPHQW����7KH�REMHFW�RU�QXPEHU�WR�VXEWUDFW�

2XWSXW� 7KH�UHVXOW�RI�WKH�VXEWUDFWLRQ��PRGXOR�WKH�FXUUHQW�PRGXOXV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

SYLVESTER
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�D�V\PPHWULF�PDWUL[�$��UHWXUQV�'�DQG�3�ZKHUH�'�LV�D�GLDJRQDO�PDWUL[�DQG�
$� �37'3

$FFHVV� &DWDORJ��N

,QSXW� $�V\PPHWULF�PDWUL[�

2XWSXW� /HYHO���,WHP����WKH�GLDJRQDO�PDUWUL[��'�
/HYHO�����,WHP����7KH�PDWUL[�3�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

TABVAL
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�DQ�H[SUHVVLRQ�DQG�D�OLVW�RI�YDOXHV��UHWXUQV�WKH�UHVXOWV�RI�VXEVWLWXWLQJ�WKH�YDOXHV�IRU�WKH�
GHIDXOW�YDULDEOH�LQ�WKH�H[SUHVVLRQ�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����$Q�DOJHEUDLF�H[SUHVVLRQ�LQ�WHUPV�RI�WKH�FXUUHQW�YDULDEOH�
/HYHO���$UJXPHQW����$�OLVW�RI�YDOXHV�IRU�ZKLFK�WKH�H[SUHVVLRQ�LV�WR�EH�HYDOXDWHG�

2XWSXW� /HYHO���,WHP����7KH�DOJHEUDLF�H[SUHVVLRQ�
/HYHO���,WHP����$�OLVW�FRQWDLQLQJ�WZR�OLVWV��D�OLVW�RI�WKH�YDOXHV�DQG�D�OLVW�RI�WKH�
FRUUHVSRQGLQJ�UHVXOWV�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��



1-64 Command Reference: Part A (1.1)*R�WR�,QGH[

([DPSOH�� 6XEVWLWXWH�������DQG���LQWR� �

&RPPDQG�� TABVAL(X^2+1,{1 2 3})

5HVXOW� {{1 2 3},{2 5 10}}

TABVAR
7\SH� &RPPDQG

'HVFULSWLRQ�� )RU�D�UDWLRQDO�IXQFWLRQ�RI�WKH�FXUUHQW�YDULDEOH��FRPSXWHV�WKH�YDULDWLRQ�WDEOH��WKDW�LV�WKH�
WXUQLQJ�SRLQWV�RI�WKH�IXQFWLRQ�DQG�ZKHUH�WKH�IXQFWLRQ�LV�LQFUHDVLQJ�RU�GHFUHDVLQJ�

$FFHVV� &DWDORJ��N

,QSXW� $�UDWLRQDO�IXQFWLRQ�RI�WKH�FXUUHQW�YDULDEOH�

2XWSXW� /HYHO���,WHP����7KH�RULJLQDO�UDWLRQDO�IXQFWLRQ�
/HYHO���,WHP����$�OLVW�RI�WZR�OLVWV��7KH�ILUVW�OLVW�LQGLFDWHV�WKH�YDULDWLRQ�RI�WKH�IXQFWLRQ�
�ZKHUH�LW�LV�LQFUHDVLQJ�RU�GHFUHDVLQJ��LQ�WHUPV�RI�WKH�LQGHSHQGHQW�YDULDEOH��7KH�VHFRQG�OLVW�
LQGLFDWHV�WKH�YDULDWLRQ�LQ�WHUPV�RI�WKH�GHSHQGHQW�YDULDEOH�
/HYHO���,WHP����$�JUDSKLF�REMHFW�WKDW�VKRZV�KRZ�WKH�YDULDWLRQ�WDEOH�ZDV�FRPSXWHG�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

TAN2SC
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HSODFHV�WDQ�[��VXE�H[SUHVVLRQV�ZLWK�VLQ�[�����FRV��[��RU����FRV��[���VLQ��[��

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

x
2

1+



Command Reference: Part A (1.1) 1-65*R�WR�,QGH[

TAN2SC2
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HSODFHV�WDQ�[��WHUPV�LQ�DQ�H[SUHVVLRQ�ZLWK�VLQ��[����FRV��[��WHUPV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
)ODJ�²����²�3UHIHU�VLQ�FRV�DIIHFWV�WKH�UHVXOW�

� ,I�IODJ�²����LV�VHW��3UHIHU�VLQ����WKHQ�7DQ�[��WHUPV�DUH�UHSODFHG�ZLWK�
��²�&RV��[��6LQ��[�

� ,I�IODJ�²����LV�FOHDU��SUHIHU�&RV����WKHQ�7DQ�[��WHUPV�DUH�UHSODFHG�ZLWK�
6LQ��[������&RV��[�

TAYLOR0
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 3HUIRUPV�D�IRXUWK�RUGHU�7D\ORU�H[SDQVLRQ�RI�DQ�H[SUHVVLRQ�DW�[� ���

$FFHVV� &DOFXOXV��<$ /,0,76�	�6(5,(6

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�7D\ORU�H[SDQVLRQ�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��



1-66 Command Reference: Part A (1.1)*R�WR�,QGH[

TCHEBYCHEFF
7\SH� )XQFWLRQ

'HVFULSWLRQ�� 5HWXUQV�WKH�QWK�7FKHE\FKHII�SRO\QRPLDO�

$FFHVV� &DWDORJ��N

,QSXW� $�QRQ�QHJDWLYH�LQWHJHU��Q�

2XWSXW� 7KH�QWK�7FKHE\FKHII�SRO\QRPLDO�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

TCOLLECT
7\SH� &RPPDQG

'HVFULSWLRQ�� /LQHDUL]HV�SURGXFWV�LQ�D�WULJRQRPHWULF�H[SUHVVLRQ�E\�FROOHFWLQJ�VLQH�DQG�FRVLQH�WHUPV��DQG�
E\�FRPELQLQJ�VLQH�DQG�FRVLQH�WHUPV�RI�WKH�VDPH�DUJXPHQW�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�ZLWK�WULJRQRPHWULF�WHUPV�

2XWSXW� 7KH�VLPSOLILHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

TEXPAND
7\SH� &RPPDQG

'HVFULSWLRQ�� ([SDQGV�WUDQVFHQGHQWDO�IXQFWLRQV�

$FFHVV� 7ULJRQRPHWU\��<û

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPDWLRQ�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��



Command Reference: Part A (1.1) 1-67*R�WR�,QGH[

([DPSOH�� 6LPSOLI\�WKH�IROORZLQJ�H[SUHVVLRQ�
OQ�VLQ�[�\��

&RPPDQG� TEXPAND(LN(SIN(X+Y)))

5HVXOW� LN(COS(Y)*SIN(X)+SIN(Y)* COS(X))

TLIN
7\SH� &RPPDQG

'HVFULSWLRQ�� /LQHDUL]HV�DQG�VLPSOLILHV�WULJRQRPHWULF�H[SUHVVLRQV��1RWH�WKDW�WKLV�IXQFWLRQ�GRHV�QRW�
FROOHFW�VLQ�DQG�FRV�WHUPV�RI�WKH�VDPH�DQJOH�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPDWLRQ�RI�WKH�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� /LQHDUL]H�DQG�VLPSOLI\�WKH�IROORZLQJ�

&RPPDQG� TLIN(COS(X)^4)

5HVXOW� �1/8)*COS(4X)+(1/2)*COS(2X)+(3/8)

TRAN
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�WUDQVSRVH�RI�D�PDWUL[��

$FFHVV� 0DWULFHV��<%�23(5$7,216

,QSXW� $�PDWUL[�

2XWSXW� 7KH�WUDQVSRVHG�PDWUL[�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU���1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH��7UDQVSRVH�WKH�IROORZLQJ�PDWUL[��

x( )cos( )4

1 7

2 3–



1-68 Command Reference: Part A (1.1)*R�WR�,QGH[

&RPPDQG� TRAN([[1,7][2,-3]@�
5HVXOW� [[1,2][7,-3]]

TRIG
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�FRPSOH[�ORJDULWKPLF�DQG�H[SRQHQWLDO�VXEH[SUHVVLRQV�LQWR�WKHLU�HTXLYDOHQW�
WULJRQRPHWULF�H[SUHVVLRQV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $�FRPSOH[�H[SUHVVLRQ�ZLWK�ORJDULWKPLF�DQG�RU�H[SRQHQWLDO�WHUPV�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��
0XVW�EH�LQ�&RPSOH[�PRGH��IODJ�²����VHW��

([DPSOH�� ([SUHVV�WKH�IROORZLQJ�LQ�WULJRQRPHWULF�WHUPV�

&RPPDQG� TRIG(LN(X+i))

5HVXOW�

TRIGCOS
7\SH� &RPPDQG

'HVFULSWLRQ�� 6LPSOLILHV�D�WULJRQRPHWULF�H[SUHVVLRQ�E\�DSSO\LQJ�WKH�LGHQWLW\�

5HWXUQV�RQO\�FRVLQH�WHUPV�LI�SRVVLEOH�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�ZLWK�WULJRQRPHWULF�WHUPV�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

x i+( )ln

LN X
2

1+( ) 2 i ATAN
1
x
--- 

 ••+

2
------------------------------------------------------------------------------

xsin( )2
xcos( )2+ 1=



Command Reference: Part A (1.1) 1-69*R�WR�,QGH[

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 75,*6,1��75,*7$1

TRIGSIN
7\SH� &RPPDQG

'HVFULSWLRQ�� 6LPSOLILHV�D�WULJRQRPHWULF�H[SUHVVLRQ�E\�DSSO\LQJ�WKH�LGHQWLW\�

5HWXUQV�RQO\�VLQH�WHUPV�LI�SRVVLEOH�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 75,*&26��75,*7$1

TRIGTAN
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HSODFHV�VLQ�DQG�FRV�WHUPV�LQ�D�WULJRQRPHWULF�H[SUHVVLRQ�ZLWK�WDQ�WHUPV�

$FFHVV� 7ULJRQRPHWU\��>û

,QSXW� $Q�H[SUHVVLRQ�

2XWSXW� 7KH�WUDQVIRUPHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 75,*&26��75,*6,1

xsin( )2
xcos( )2+ 1=



1-70 Command Reference: Part A (1.1)*R�WR�,QGH[

TRUNC
7\SH� &RPPDQG

'HVFULSWLRQ�� 7UXQFDWHV�D�VHULHV�H[SDQVLRQ�

$FFHVV� &DWDORJ��N

,QSXW� /HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�WKDW�\RX�ZDQW�WR�WUXQFDWH�
/HYHO���$UJXPHQW����7KH�H[SUHVVLRQ�WR�WUXQFDWH�ZLWK�UHVSHFW�WR�

2XWSXW� 7KH�H[SUHVVLRQ�IURP�/HYHO���$UJXPHQW����ZLWK�WHUPV�RI�RUGHU�JUHDWHU�WKDQ�RU�HTXDO�WR�
WKH�RUGHU�RI�WK�H[SUHVVLRQ�LQ�/HYHO���$UJXPHQW���UHPRYHG�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

TSIMP
7\SH� &RPPDQG

'HVFULSWLRQ�� 3HUIRUPV�VLPSOLILFDWLRQV�RQ�H[SUHVVLRQV�LQYROYLQJ�H[SRQHQWLDOV�DQG�ORJDULWKPV��

$FFHVV� ([SRQHQWLDO�DQG�ORJDULWKPV��<*

,QSXW� $Q�H[SUHVVLRQ

2XWSXW� 7KH�VLPSOLILHG�H[SUHVVLRQ�

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

6HH�DOVR� 7(;3$1'
7/,1

VANDERMONDE
7\SH� &RPPDQG

'HVFULSWLRQ�� %XLOGV�D�9DQGHUPRQGH�PDWUL[�IURP�D�OLVW�RI�REMHFWV��7KDW�LV��IRU�D�OLVW�RI�Q�REMHFWV��WKH�
FRPPDQG�FUHDWHV�DQ�Q�ï�Q�PDWUL[��7KH�LWK�URZ�LQ�WKH�PDWUL[�FRQVLVWV�RI�WKH�OLVW�LWHPV�
UDLVHG�WR�WKH�SRZHU�RI��L²����

$FFHVV� 0DWULFHV��<%�&5($7(

,QSXW� $�OLVW�RI�REMHFWV�



Command Reference: Part A (1.1) 1-71*R�WR�,QGH[

2XWSXW� 7KH�FRUUHVSRQGLQJ�9DQGHUPRQGH�PDWUL[��

)ODJV� ([DFW�PRGH�PXVW�EH�VHW��IODJ�²����FOHDU��
1XPHULF�PRGH�PXVW�QRW�EH�VHW��IODJ�²���FOHDU��

([DPSOH�� %XLOG�D�9DQGHUPRQGH�PDWUL[�IURP�WKH�IROORZLQJ�OLVW�RI�REMHFWV�
^[��\��]`

&RPPDQG� VANDERMONDE({x,y,z})

5HVXOW�

VER
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�&RPSXWHU�$OJHEUD�6\VWHP�YHUVLRQ�QXPEHU��DQG�GDWH�RI�UHOHDVH�

$FFHVV� &DWDORJ��N

,QSXW� 1R�LQSXW�UHTXLUHG�

2XWSXW� 7KH�YHUVLRQ�DQG�UHOHDVH�GDWH�RI�WKH�&RPSXWHU�$OJHEUD�6\VWHP�VRIWZDUH�

XNUM
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�DQ�REMHFW�RU�D�OLVW�RI�REMHFWV�WR�DSSUR[LPDWH�QXPHULF�IRUPDW�

$FFHVV� &DWDORJ��N

,QSXW� $Q�REMHFW�RU�OLVW�RI�REMHFWV�

2XWSXW� 7KH�REMHFWV�LQ�QXPHULF�IRUPDW�

([DPSOH�� )LQG�WKH�DSSUR[LPDWH�YDOXH�RI�π�����H��DQG��FRV����
&RPPDQG� XNUM({π/2,3*e,4*COS(2})

5HVXOWV� {1.5707963268 8.15484548538 -1.66458734619}

1 1 1

x y z

x
2

y
2

z
2



1-72 Command Reference: Part A (1.1)*R�WR�,QGH[

XQ
7\SH� &RPPDQG

'HVFULSWLRQ�� &RQYHUWV�D�QXPEHU��RU�D�OLVW�RI�QXPEHUV�LQ�GHFLPDO�IRUPDW��WR�UDWLRQDO�IRUPDW��

$FFHVV� &DWDORJ��N

,QSXW� $�QXPEHU��RU�D�OLVW�RI�QXPEHUV�

2XWSXW� 7KH�QXPEHU�RU�OLVW�RI�QXPEHUV�LQ�UDWLRQDO�IRUPDW��

([DPSOH�� ([SUHVV�������LQ�UDWLRQDO�IRUPDW�
&RPPDQG� XQ(.3658)

5HVXOWV� 1829/5000

ZEROS
7\SH� &RPPDQG

'HVFULSWLRQ�� 5HWXUQV�WKH�]HURV�RI�D�IXQFWLRQ�RI�RQH�YDULDEOH��ZLWKRXW�PXOWLSOLFLW\�

$FFHVV� 6\PEROLF�VROYH��<&

,QSXW� /HYHO���$UJXPHQW����$Q�H[SUHVVLRQ�
/HYHO���$UJXPHQW����7KH�YDULDEOH�WR�VROYH�IRU�

2XWSXW� 7KH�VROXWLRQ�RU�VROXWLRQV�IRU�WKH�H[SUHVVLRQ�HTXDWHG�WR���

)ODJV� )RU�D�V\PEROLF�UHVXOW��FOHDU�WKH�&$6�PRGHV�1XPHULF�RSWLRQ��IODJ�²���FOHDU��
7KH�IROORZLQJ�IODJ�²VHWWLQJV�DIIHFW�WKH�UHVXOW�

� ,I�([DFW�PRGH�LV�VHW��IODJ�²����LV�FOHDU���WKH�IXQFWLRQ�DWWHPSWV�WR�ILQG�H[DFW�VROXWLRQV�
RQO\��7KLV�PD\�UHWXUQ�D�QXOO�OLVW��HYHQ�LI�DSSUR[LPDWH�VROXWLRQV�H[LVW�

� ,I�$SSUR[LPDWH�PRGH�LV�VHW��IODJ�²����VHW���WKH�IXQFWLRQ�ILQGV�QXPHULF�URRWV�

� ,I�&RPSOH[�PRGH�LV�VHW�IODJ�²����VHW��WKH�IXQFWLRQ�VHDUFKHV�IRU�UHDO�DQG�FRPSOH[�
URRWV�
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1-74 Command Reference: Part B (1.1)*R�WR�,QGH[

Introduction
7KLV�YROXPH�GHWDLOV�WKH�+3���*�FRPPDQGV�DQG�IXQFWLRQV�WKDW�DUH�QRW�FRPSXWHU�DOJHEUD�VSHFLILF��6HH�
9ROXPH����&RPSXWHU�DOJHEUD�FRPPDQGV�DQG�IXQFWLRQV��IRU�LQIRUPDWLRQ�RQ�FRPSXWHU�DOJHEUD�FRPPDQGV�

)RU�HDFK�RSHUDWLRQ��WKH�IROORZLQJ�GHWDLOV�DUH�SURYLGHG�

7\SH� )XQFWLRQ�RU�FRPPDQG��)XQFWLRQV�FDQ�EH�XVHG�DV�D�SDUW�RI�DQ�DOJHEUDLF�REMHFWV�DQG�
FRPPDQGV�FDQQRW�

'HVFULSWLRQ� $�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�

$FFHVV� 7KH�PHQX�RU�FKRRVH�OLVW�RQ�ZKLFK�DQ�RSHUDWLRQ�FDQ�EH�IRXQG��DQG�WKH�NH\V�WKDW�\RX�SUHVV�
WR�DFFHVV�LW��,I�WKH�RSHUDWLRQ�LV�RQ�D�VXE�PHQX��WKH�VXE�PHQX�QDPH�LV�LQ�SMALL CAPITALS�
DIWHU�WKH�NH\V�

,QSXW�2XWSXW� 7KH�LQSXW�DUJXPHQW�RU�DUJXPHQWV�WKDW�WKH�RSHUDWLRQ�QHHGV��DQG�WKH�RXWSXWV�LW�SURGXFHV�

6HH�DOVR� 5HODWHG�IXQFWLRQV�RU�FRPPDQGV



Command Reference: Part B (1.1) 1-75*R�WR�,QGH[

A to B
ABS
7\SH� )XQFWLRQ
'HVFULSWLRQ� $EVROXWH�9DOXH�)XQFWLRQ��5HWXUQV�WKH�DEVROXWH�YDOXH�RI�LWV�DUJXPHQW�

$%6�KDV�D�GHULYDWLYH��6,*1��EXW�QRW�DQ�LQYHUVH�
,Q�WKH�FDVH�RI�DQ�DUUD\��$%6�UHWXUQV�WKH�)UREHQLXV��(XFOLGHDQ��QRUP�RI�WKH�DUUD\��GHILQHG�DV�
WKH�VTXDUH�URRW�RI�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�DEVROXWH�YDOXHV�RI�DOO�Q�HOHPHQWV��7KDW�LV�

$FFHVV� <Z

,QSXW�2XWSXW�

6HH�DOVR� 1(*��6,*1

ACK
7\SH� &RPPDQG
'HVFULSWLRQ� $FNQRZOHGJH�$ODUP�&RPPDQG��$FNQRZOHGJHV�WKH�ROGHVW�SDVW�GXH�DODUP�

$&.�FOHDUV�WKH�DOHUW�DQQXQFLDWRU�LI�WKHUH�DUH�ERWK�QR�RWKHU�SDVW�GXH�DODUPV�DQG�QR�RWKHU�
DFWLYH�DOHUW�VRXUFHV��VXFK�DV�D�ORZ�EDWWHU\�FRQGLWLRQ��
$&.�KDV�QR�HIIHFW�RQ�FRQWURO�DODUPV��&RQWURO�DODUPV�WKDW�FRPH�GXH�DUH�DXWRPDWLFDOO\�
DFNQRZOHGJHG�DQG�VDYHG�LQ�WKH�V\VWHP�DODUP�OLVW�

$FFHVV� > ç�722/6�$/50�$&.
6HH�DOVR� $&.$//

Level 1/Argument 1 Level 1/Item 1

[ → _[_
�[�\� →

[BXQLW → _[_BXQLW
>DUUD\@ → __DUUD\__

V\PE
 → 
$%6�V\PE�


zi
2

i 1=

n

∑

x
2

y
2

+



1-76 Command Reference: Part B (1.1)*R�WR�,QGH[

ACKALL
7\SH� &RPPDQG
'HVFULSWLRQ� $FNQRZOHGJH�$OO�$ODUPV�&RPPDQG��$FNQRZOHGJHV�DOO�SDVW�GXH�DODUPV�

$&.$//�FOHDUV�WKH�DOHUW�DQQXQFLDWRU�LI�WKHUH�DUH�QR�RWKHU�DFWLYH�DOHUW�VRXUFHV��VXFK�DV�D�ORZ�
EDWWHU\�FRQGLWLRQ��
$&.$//�KDV�QR�HIIHFW�RQ�FRQWURO�DODUPV��&RQWURO�DODUPV�WKDW�FRPH�GXH�DUH�DXWRPDWLFDOO\�
DFNQRZOHGJHG�DQG�VDYHG�LQ�WKH�V\VWHP�DODUP�OLVW�

$FFHVV� > ç�722/6�$/50�$&.
6HH�DOVR� $&.

ACOS
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� $UF�&RVLQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�YDOXH�RI�WKH�DQJOH�KDYLQJ�WKH�JLYHQ�FRVLQH�

)RU�D�UHDO�DUJXPHQW�[�LQ�WKH�GRPDLQ�²��≤�[�≤����WKH�UHVXOW�UDQJHV�IURP���WR�����GHJUHHV����WR�
π�UDGLDQV����WR�����JUDGV��
$�UHDO�DUJXPHQW�RXWVLGH�RI�WKLV�GRPDLQ�LV�FRQYHUWHG�WR�D�FRPSOH[�DUJXPHQW��]� �[����L��DQG�
WKH�UHVXOW�LV�FRPSOH[�
7KH�LQYHUVH�RI�&26�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�&26�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�WR�
WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�&26�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ

V�$&26�=���πQ�
7KH�IXQFWLRQ�$&26�LV�WKH�LQYHUVH�RI�D�SDUW�RI�&26��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�
RI�&26�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�&26�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��$&26�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�SRLQWV�
VHQW�E\�$&26�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�&26�IRUP�WKH�EUDQFK�FXWV�RI�$&26�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$&26�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�
IRU�WKH�FRPSOH[�YDOXHG�DUF�FRVLQH�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�
IXQFWLRQ�LV�XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�



Command Reference: Part B (1.1) 1-77*R�WR�,QGH[

7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�$&26��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�
ZKHUH�WKH�EUDQFK�FXWV�RFFXU��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�D�FXW��ZKLOH�WKH�IHDWKHUHG�
OLQHV�PDUN�WKH�RWKHU�VLGH�RI�D�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�RI�HDFK�FXW�
LV�PDSSHG�XQGHU�WKH�IXQFWLRQ�
7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�V�$&26�=���πQ��IRU�WKH�FDVH�V� ��DQG�Q�  ���
)RU�RWKHU�YDOXHV�RI�V��DQG�Q���WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�LV�WUDQVODWHG�WR�WKH�ULJKW�RU�
WR�WKH�OHIW��7DNHQ�WRJHWKHU��WKH�EDQGV�FRYHU�WKH�ZKROH�FRPSOH[�SODQH��ZKLFK�LV�WKH�GRPDLQ�RI�
&26�
9LHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�&26�LV�
UHVWULFWHG�WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�
DV�WKH�UHVWULFWHG�GRPDLQ�=  �[��\���&26�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�SODQH�LQ�
WKH�UDQJH�:  �X� Y�  &26�[��\��LQ�WKH�XSSHU�JUDSK�

$FFHVV� <T

,QSXW�2XWSXW�

6HH�DOVR� $6,1��$7$1��&26��,62/�

Level 1/Argument 1 Level 1/Item 1

] → DFRV�]

V\PE
 → 
$&26�V\PE�




1-78 Command Reference: Part B (1.1)*R�WR�,QGH[

ACOSH
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� ,QYHUVH�+\SHUEROLF�&RVLQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�LQYHUVH�K\SHUEROLF�FRVLQH�RI�WKH�

DUJXPHQW�
)RU�UHDO�DUJXPHQWV�[������$&26+�UHWXUQV�WKH�FRPSOH[�UHVXOW�REWDLQHG�IRU�WKH�DUJXPHQW�
�[� ���

–1

Domain:Z = (x,y)

10

Range:W = (u,v) = ACOS(x,y)

π0



Command Reference: Part B (1.1) 1-79*R�WR�,QGH[

7KH�LQYHUVH�RI�$&26+�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�&26+�VHQGV�PRUH�WKDQ�RQH�
DUJXPHQW�WR�WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�&26+�LV�H[SUHVVHG�E\�,62/�DV�WKH�
JHQHUDO�VROXWLRQ�

V�$&26+�=���πLQ�
7KH�IXQFWLRQ�$&26+�LV�WKH�LQYHUVH�RI�D�SDUW�RI�&26+��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�
GRPDLQ�RI�&26+�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�&26+�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��$&26+�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�
SRLQWV�VHQW�E\�$&26+�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�&26+�IRUP�WKH�EUDQFK�
FXWV�RI�$&26+�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$&26+�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�
IRU�WKH�FRPSOH[�YDOXHG�K\SHUEROLF�DUF�FRVLQH�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�
YDOXHG�IXQFWLRQ�LV�XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�
V\PPHWULHV��
7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�$&26+��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�
ZKHUH�WKH�EUDQFK�FXW�RFFXUV��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�WKH�FXW��ZKLOH�WKH�
IHDWKHUHG�OLQHV�PDUN�WKH�RWKHU�VLGH�RI�WKH�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�
RI�WKH�FXW�LV�PDSSHG�XQGHU�WKH�IXQFWLRQ�
7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�V�$&26+�=���πLQ��IRU�WKH�FDVH�V�� ���DQG�Q��
 ����)RU�RWKHU�YDOXHV�RI�V��DQG�Q���WKH�KRUL]RQWDO�KDOI�EDQG�LQ�WKH�ORZHU�JUDSK�LV�URWDWHG�WR�
WKH�OHIW�DQG�WUDQVODWHG�XS�DQG�GRZQ��7DNHQ�WRJHWKHU��WKH�EDQGV�FRYHU�WKH�ZKROH�FRPSOH[�
SODQH��ZKLFK�LV�WKH�GRPDLQ�RI�&26+�
9LHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�&26+�LV�
UHVWULFWHG�WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�KRUL]RQWDO�KDOI�EDQG�LQ�WKH�ORZHU�
JUDSK�DV�WKH�UHVWULFWHG�GRPDLQ�=� ��[��\���&26+�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�
SODQH�LQ�WKH�UDQJH�:� ��X��Y�� �&26+�[��\��LQ�WKH�XSSHU�JUDSK�

$FFHVV� >ß+<3(5%2/,&�$&26+



1-80 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $6,1+��$7$1+��&26+��,62/

Level 1/Argument 1 Level 1/Item 1

] → DFRVK�]

V\PE
 → 
$&26+�V\PE�


Domain:Z = (x,y)

Range:W = (u,v) = ACOSH(x,y)

iπ 

– iπ 

–1 0

0

1



Command Reference: Part B (1.1) 1-81*R�WR�,QGH[

ADD
7\SH� &RPPDQG
'HVFULSWLRQ� $GG�/LVW�&RPPDQG��$GGV�FRUUHVSRQGLQJ�HOHPHQWV�RI�WZR�OLVWV�RU�DGGV�D�QXPEHU�WR�HDFK�RI�

WKH�HOHPHQWV�RI�D�OLVW�
$''�H[HFXWHV�WKH���FRPPDQG�RQFH�IRU�HDFK�RI�WKH�HOHPHQWV�LQ�WKH�OLVW��,I�WZR�OLVWV�DUH�WKH�
DUJXPHQWV��WKH\�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�HOHPHQWV�DV�$''�ZLOO�H[HFXWH�WKH���
FRPPDQG�RQFH�IRU�HDFK�FRUUHVSRQGLQJ�SDLU�RI�HOHPHQWV��,I�RQH�DUJXPHQW�LV�D�QRQ�OLVW�REMHFW��
$''�ZLOO�DWWHPSW�WR�H[HFXWH�WKH���FRPPDQG�XVLQJ�WKH�QRQ�OLVW�REMHFW�DQG�HDFK�HOHPHQW�RI�
WKH�OLVW�DUJXPHQW��UHWXUQLQJ�WKH�UHVXOW�WR�WKH�FRUUHVSRQGLQJ�SRVLWLRQ�LQ�WKH�UHVXOW���6HH�WKH���
FRPPDQG�HQWU\�WR�VHH�WKH�REMHFW�FRPELQDWLRQV�WKDW�DUH�GHILQHG���,I�DQ�XQGHILQHG�DGGLWLRQ�LV�
HQFRXQWHUHG��D�%DG�$UJXPHQW�7\SH�HUURU�UHVXOWV�

$FFHVV� N�$''
,QSXW�2XWSXW�

6HH�DOVR� ∆/,67��Π/,67��Σ/,67

ADDTOREAL
7\SH� &RPPDQG
'HVFULSWLRQ� $GG�WR�5HDO�/LVW�/LVW�&RPPDQG��$GGV�WKH�VSHFLILHG�JOREDO�QDPH�WR�WKH�UHVHUYHG�YDULDEOH�

5($/$6680(��5($/$6680(�LV�D�OLVW�RI�WKH�JOREDO�YDULDEOHV�WKDW�ZLOO�EH�FRQVLGHUHG�E\�D�
&$6�RSHUDWLRQ�WR�UHSUHVHQW�UHDO�QXPEHUV�

$FFHVV� N�$''725($/
,QSXW�2XWSXW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^�OLVW��‘ ^�OLVW��‘ → ^�OLVWUHVXOW�‘
^�OLVW�‘ REMQRQ�OLVW → ^�OLVWUHVXOW�‘
REMQRQ�OLVW ^�OLVW�‘ → ^�OLVWUHVXOW�‘

Level 1/Argument 1 Level 1/Item 1


JOREDO
 →



1-82 Command Reference: Part B (1.1)*R�WR�,QGH[

ALOG
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� &RPPRQ�$QWLORJDULWKP�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�FRPPRQ�DQWLORJDULWKP��WKDW�LV�����

UDLVHG�WR�WKH�JLYHQ�SRZHU�
)RU�FRPSOH[�DUJXPHQWV�����[�\�� �HF[�FRV�F\���L�HF[�VLQ�F\�ZKHUH�F� �OQ����

$FFHVV� <V

,QSXW�2XWSXW�

6HH�DOVR� (;3��/1��/2*

AMORT
7\SH� �&RPPDQG
'HVFULSWLRQ� $PRUWL]H�&RPPDQG��$PRUWL]HV�D�ORDQ�RU�LQYHVWPHQW�EDVHG�XSRQ�WKH�FXUUHQW�DPRUWL]DWLRQ�

VHWWLQJV�
9DOXHV�PXVW�EH�VWRUHG�LQ�WKH�790�YDULDEOHV����<5��39��307��DQG�3<5���7KH�QXPEHU�RI�
SD\PHQWV�Q�LV�WDNHQ�IURP�WKH�LQSXW�WRJHWKHU�ZLWK�IODJ�²���

$FFHVV� <(�$025
,QSXW�2XWSXW�

6HH�DOVR� 790��790%(*��790(1'��7905227

AND
7\SH� )XQFWLRQ
'HVFULSWLRQ� $QG�)XQFWLRQ��5HWXUQV�WKH�ORJLFDO�$1'�RI�WZR�DUJXPHQWV�

:KHQ�WKH�DUJXPHQWV�DUH�ELQDU\�LQWHJHUV�RU�VWULQJV��$1'�GRHV�D�ELW�E\�ELW��EDVH����ORJLFDO�
FRPSDULVRQ�

Level 1/Argument 1 Level 1/Item 1

] → ��]


V\PE
 → 
$/2*�V\PE�


Level 1/Argument 1 Level 3/Item 1 Level 2/Item 2 Level 1/Item 3

Q → SULQFLSDO LQWHUHVW EDODQFH



Command Reference: Part B (1.1) 1-83*R�WR�,QGH[

� $Q�DUJXPHQW�WKDW�LV�D�ELQDU\�LQWHJHU�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV�DV�ORQJ�DV�WKH�FXUUHQW�
ZRUGVL]H��(DFK�ELW�LQ�WKH�UHVXOW�LV�GHWHUPLQHG�E\�FRPSDULQJ�WKH�FRUUHVSRQGLQJ�ELWV��ELW��
DQG�ELW���LQ�WKH�WZR�DUJXPHQWV�DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

:

� $Q�DUJXPHQW�WKDW�LV�D�VWULQJ�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV��XVLQJ���ELWV�SHU�FKDUDFWHU�
�WKDW�LV��XVLQJ�WKH�ELQDU\�YHUVLRQ�RI�WKH�FKDUDFWHU�FRGH���7KH�WZR�VWULQJ�DUJXPHQWV�PXVW�
KDYH�WKH�VDPH�QXPEHU�RI�FKDUDFWHUV�

:KHQ�WKH�DUJXPHQWV�DUH�UHDO�QXPEHUV�RU�V\PEROLFV��$1'�VLPSO\�GRHV�D�WUXH�IDOVH�WHVW��7KH�
UHVXOW�LV����WUXH��LI�ERWK�DUJXPHQWV�DUH�QRQ�]HUR��LW�LV����IDOVH��LI�HLWKHU�RU�ERWK�DUJXPHQWV�DUH�
]HUR��7KLV�WHVW�LV�XVXDOO\�GRQH�WR�FRPSDUH�WZR�WHVW�UHVXOWV�
,I�HLWKHU�RU�ERWK�RI�WKH�DUJXPHQWV�DUH�DOJHEUDLF�H[SUHVVLRQV��WKHQ�WKH�UHVXOW�LV�DQ�DOJHEUDLF�RI�
WKH�IRUP�V\PE��$1'�V\PE���([HFXWH�→180��RU�VHW�IODJ�²��EHIRUH�H[HFXWLQJ�$1'��WR�
SURGXFH�D�QXPHULF�UHVXOW�IURP�WKH�DOJHEUDLF�UHVXOW�

$FFHVV� >ì�/2*,&�$1'
WHVW�DQG

bit1 bit2 bit1 AND bit2

� � �

� � �

� � �

� � �



1-84 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 127��25���;25

ANIMATE
7\SH� &RPPDQG
'HVFULSWLRQ� $QLPDWH�&RPPDQG��'LVSOD\V�JUDSKLF�REMHFWV�LQ�VHTXHQFH�

$1,0$7(�GLVSOD\V�D�VHULHV�RI�JUDSKLFV�REMHFWV��RU�YDULDEOHV�FRQWDLQLQJ�WKHP��RQH�DIWHU�WKH�
RWKHU��<RX�FDQ�XVH�D�OLVW�WR�VSHFLI\�WKH�DUHD�RI�WKH�VFUHHQ�\RX�ZDQW�WR�DQLPDWH��SL[HO�
FRRUGLQDWHV��;�DQG��<���WKH�QXPEHU�RI�VHFRQGV�EHIRUH�WKH�QH[W�JURE�LV�GLVSOD\HG��GHOD\���DQG�
WKH�QXPEHU�RI�WLPHV�WKH�VHTXHQFH�LV�UXQ��UHS���,I�UHS�LV�VHW�WR����WKH�VHTXHQFH�LV�SOD\HG�RQH�
PLOOLRQ�WLPHV��RU�XQWLO�\RX�SUHVV���
7KH�DQLPDWLRQ�GLVSOD\V�3,&7�ZKLOH�GLVSOD\LQJ�WKH�JUREV��7KH�JUREV�DQG�WKH�DQLPDWH�
SDUDPHWHUV�DUH�OHIW�RQ�WKH�VWDFN�

$FFHVV� <N�*52%�$1,0$7(
,QSXW�2XWSXW�

L = level, A = argument, I = item

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�Q� �Q� → �Q�
·VWULQJ�µ ·VWULQJ�µ → ·VWULQJ�µ
7�)� 7�)� → ���
7�) 
V\PE
 → 
7�)�$1’�V\PE


V\PE
 7�) → 
V\PE�$1’�7�)



V\PE�
 
V\PE�
 → 
V\PE��$1’�V\PE�


LQ��.../A� L�/AQ�� L�/I�

JUREQ���JURE� QJUREV → VDPH�VWDFN
JUREQ���JURE� ^�Q�^�;�<�‘�GHOD\�

UHS�‘
→ VDPH�VWDFN



Command Reference: Part B (1.1) 1-85*R�WR�,QGH[

ANS
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOOV�WKH�QWK�DQVZHU�IURP�KLVWRU\�
$FFHVV� <|

,QSXW�2XWSXW�

6HH�DOVR� /$67$5*

APPLY
7\SH� )XQFWLRQ
'HVFULSWLRQ� $SSO\�WR�$UJXPHQWV�)XQFWLRQ��&UHDWHV�DQ�H[SUHVVLRQ�IURP�WKH�VSHFLILHG�IXQFWLRQ�QDPH�DQG�

DUJXPHQWV�
$�XVHU�GHILQHG�IXQFWLRQ�I�WKDW�FKHFNV�LWV�DUJXPHQWV�IRU�VSHFLDO�FDVHV�RIWHQ�FDQ
W�GHWHUPLQH�
ZKHWKHU�D�V\PEROLF�DUJXPHQW�[�UHSUHVHQWV�RQH�RI�WKH�VSHFLDO�FDVHV��7KH�IXQFWLRQ�I�FDQ�XVH�
$33/<�WR�FUHDWH�D�QHZ�H[SUHVVLRQ�I�[���,I�WKH�XVHU�QRZ�HYDOXDWHV�I�[���[�LV�HYDOXDWHG�EHIRUH�I��
VR�WKH�DUJXPHQW�WR�I�ZLOO�EH�WKH�UHVXOW�REWDLQHG�E\�HYDOXDWLQJ�[�
:KHQ�HYDOXDWHG�LQ�DQ�DOJHEUDLF�H[SUHVVLRQ��$33/<�HYDOXDWHV�WKH�DUJXPHQWV��WR�UHVROYH�ORFDO�
QDPHV�LQ�XVHU�GHILQHG�IXQFWLRQV��EHIRUH�FUHDWLQJ�WKH�QHZ�REMHFW�

$FFHVV� N�$33/<
,QSXW�2XWSXW�

6HH�DOVR� 4827(��_

ARC
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZ�$UF�&RPPDQG��'UDZV�DQ�DUF�LQ�3,&7�FRXQWHUFORFNZLVH�IURP�[θ��WR�[θ���ZLWK�LWV�FHQWHU�

DW�WKH�FRRUGLQDWH�VSHFLILHG�LQ�DUJXPHQW���RU�OHYHO���DQG�LWV�UDGLXV�VSHFLILHG�LQ�DUJXPHQW���RU�
OHYHO���

Level 1/Argument 1 Level 1/Item 1

Q → REMQ

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^�V\PE������V\PEQ�‘ 
QDPH
 → 
QDPH�V\PE������V\PEQ�




1-86 Command Reference: Part B (1.1)*R�WR�,QGH[

$5&�DOZD\V�GUDZV�DQ�DUF�RI�FRQVWDQW�UDGLXV�LQ�SL[HOV��HYHQ�ZKHQ�WKH�UDGLXV�DQG�FHQWHU�DUH�
VSHFLILHG�LQ�XVHU�XQLWV��UHJDUGOHVV�RI�WKH�UHODWLYH�VFDOHV�LQ�XVHU�XQLWV�RI�WKH�[��DQG�\�D[HV��:LWK�
XVHU�XQLW�DUJXPHQWV��WKH�DUF�VWDUWV�DW�WKH�SL[HO�VSHFLILHG�E\��[��\�����D��E���ZKHUH��D��E��LV�WKH�
UHFWDQJXODU�FRQYHUVLRQ�RI�WKH�SRODU�FRRUGLQDWH��[UDGLXV��[θ����7KH�UHVXOWDQW�GLVWDQFH�LQ�SL[HOV�
IURP�WKH�VWDUWLQJ�SRLQW�WR�WKH�FHQWUH�SL[HO�LV�XVHG�DV�WKH�DFWXDO�UDGLXV��U
��7KH�DUF�VWRSV�DW�WKH�
SL[HO�VSHFLILHG�E\��U
��[θ���
,I�[θ�� �[θ���$5&�SORWV�RQH�SRLQW��,I�_[θ��†�[θ�_�!����GHJUHHV���π�UDGLDQV��RU�����JUDGV��$5&�
GUDZV�D�FRPSOHWH�FLUFOH�

$FFHVV� <N3,&7�$5&
,QSXW�2XWSXW�

6HH�DOVR� %2;��/,1(��7/,1(

ARCHIVE
7\SH� &RPPDQG
'HVFULSWLRQ� $UFKLYH�+20(�&RPPDQG��&UHDWHV�D�EDFNXS�FRS\�RI�WKH�+20(�GLUHFWRU\��WKDW�LV��DOO�

YDULDEOHV���WKH�XVHU�NH\�DVVLJQPHQWV��DQG�WKH�DODUP�FDWDORJ�LQ�WKH�VSHFLILHG�EDFNXS�REMHFW�
��QSRUW�QDPH��LQ�5$0�RU�IODVK�520�
7KH�VSHFLILHG�SRUW�QXPEHU�FDQ�EH���WKURXJK����$Q�HUURU�ZLOO�UHVXOW�LI�WKHUH�LV�QRW�HQRXJK�
PHPRU\�LQ�WKH�VSHFLILHG�SRUW�WR�FRS\�WKH�+20(�GLUHFWRU\�
,I�WKH�EDFNXS�REMHFW�LV��,2�QDPH��WKHQ�WKH�FRSLHG�GLUHFWRU\�LV�WUDQVPLWWHG�LQ�ELQDU\�YLD�.HUPLW�
SURWRFRO�WKURXJK�WKH�FXUUHQW�,�2�SRUW�WR�WKH�VSHFLILHG�ILOHQDPH�
7R�VDYH�IODJ�VHWWLQJV��H[HFXWH�5&/)�DQG�VWRUH�WKH�UHVXOWLQJ�OLVW�LQ�D�YDULDEOH�

$FFHVV� <N0(025<�$5&+,9(
,QSXW�2XWSXW�

Level 4/Argument 1 Level 3/Argument 2 Level 2/Argument 3 Level 1/Argument 4 Level 1/Item 1

�[��\� [UDGLXV [θ� [θ� →
^��Q��P�‘ �QUDGLXV [θ� [θ� →

Level 1/Argument 1 Level 1/Item 1

�QSRUW��QDPH →
�,2��QDPH →



Command Reference: Part B (1.1) 1-87*R�WR�,QGH[

6HH�DOVR� 5(6725(

ARG
7\SH� )XQFWLRQ
'HVFULSWLRQ� $UJXPHQW�)XQFWLRQ��5HWXUQV�WKH��UHDO��SRODU�DQJOH�θ�RI�D�FRPSOH[�QXPEHU��[� \��

7KH�SRODU�DQJOH�θ�LV�HTXDO�WR�
� DWDQ�\�[�IRU�[�≥��
� DWDQ�\�[���π�VLJQ�\�IRU�[������5DGLDQV�PRGH
� DWDQ�\�[�������VLJQ�\�IRU�[������'HJUHHV�PRGH
� DWDQ�\�[�������VLJQ�\�IRU�[������*UDGV�PRGH
$�UHDO�DUJXPHQW�[�LV�WUHDWHG�DV�WKH�FRPSOH[�DUJXPHQW��[����

$FFHVV� >Ø

,QSXW�2XWSXW�

ARIT
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�D�PHQX�RI�DULWKPHWLF�FRPPDQGV�
$FFHVV� N�$5,7

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$6(��&03/;��',))��(;3	/1��62/9(5��75,*2

ARRY→
7\SH� &RPPDQG
'HVFULSWLRQ� $UUD\�WR�6WDFN�&RPPDQG��7DNHV�DQ�DUUD\�DQG�UHWXUQV�LWV�HOHPHQWV�DV�VHSDUDWH�UHDO�RU�FRPSOH[�

QXPEHUV��$OVR�UHWXUQV�D�OLVW�RI�WKH�GLPHQVLRQV�RI�WKH�DUUD\�
,I�WKH�DUJXPHQW�LV�DQ�Q�HOHPHQW�YHFWRU��WKH�ILUVW�HOHPHQW�LV�UHWXUQHG�WR�OHYHO�Q������QRW�OHYHO�
QP�������DQG�WKH�QWK�HOHPHQW�WR�OHYHO���

Level 1/Argument 1 Level 1/Item 1

�[��\� → θ

V\PE
 → 
$5*�V\PE�




1-88 Command Reference: Part B (1.1)*R�WR�,QGH[

$FFHVV� N�$55<→

,QSXW�2XWSXW�

L = level; I = item

)ODJV� 1RQH
6HH�DOVR� →$55<��'7$*��(4→��/,67→��2%-→��675→

→ARRY
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�$UUD\�&RPPDQG��5HWXUQV�D�YHFWRU�RI�Q�UHDO�RU�FRPSOH[�HOHPHQWV�RU�D�PDWUL[�RI�Q�ï�

P�UHDO�RU�FRPSOH[�HOHPHQWV�
7KH�HOHPHQWV�RI�WKH�UHVXOW�DUUD\�VKRXOG�EH�HQWHUHG�LQ�URZ�RUGHU��,I�RQH�RU�PRUH�RI�WKH�
HOHPHQWV�LV�D�FRPSOH[�QXPEHU��WKH�UHVXOW�DUUD\�ZLOO�EH�FRPSOH[�

$FFHVV� N�→$55<

,QSXW�2XWSXW�

6HH�DOVR� $55<→��/,67→��→/,67��2%-→��675→��→7$*��→81,7

ASIN
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� $UF�6LQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�YDOXH�RI�WKH�DQJOH�KDYLQJ�WKH�JLYHQ�VLQH�

)RU�D�UHDO�DUJXPHQW�[�LQ�WKH�GRPDLQ�²��≤�[�≤����WKH�UHVXOW�UDQJHV�IURP�²���WR�����GHJUHHV��²
π���WR��π���UDGLDQV��²����WR������JUDGV��
$�UHDO�DUJXPHQW�RXWVLGH�RI�WKLV�GRPDLQ�LV�FRQYHUWHG�WR�D�FRPSOH[�DUJXPHQW�]� �[����L��DQG�
WKH�UHVXOW�LV�FRPSOH[�

Level 1/Argument 1 LQP��/A� ... L�/AQP Level�/ItemQP��

>�YHFWRU�@ → ]������]Q ^�QHOHPHQW�‘
>>�PDWUL[�@@ → ]�������]QP ^�QURZ�PFRO�‘

LevelQP��/Argument� … Level �/Argument QP Level �/Argument QP�� Level �/Item �

�]��«�]Q QHOHPHQW → >�YHFWRU�@
�]���«�]QP ^�QURZ��PFRO�` → >>�PDWUL[�@@



Command Reference: Part B (1.1) 1-89*R�WR�,QGH[

7KH�LQYHUVH�RI�6,1�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�6,1�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�WR�
WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�6,1�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

ASIN(Z)*(-1)^n1+π*n1
7KH�IXQFWLRQ�$6,1�LV�WKH�LQYHUVH�RI�D�SDUW�RI�6,1��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�RI�
6,1�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�6,1�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�UHODWLRQ��
$6,1�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�SRLQWV�VHQW�E\�
$6,1�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�6,1�IRUP�WKH�EUDQFK�FXWV�RI�$6,1�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$6,1�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�
IRU�WKH�FRPSOH[�YDOXHG�DUF�VLQH�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�
IXQFWLRQ�LV�XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�$6,1��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�
ZKHUH�WKH�EUDQFK�FXWV�RFFXU��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�D�FXW��ZKLOH�WKH�IHDWKHUHG�
OLQHV�PDUN�WKH�RWKHU�VLGH�RI�D�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�RI�HDFK�FXW�
LV�PDSSHG�XQGHU�WKH�IXQFWLRQ�
7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�$6,1�=��²��AQ��πQ��IRU�WKH�FDVH�Q� ���)RU�RWKHU�
YDOXHV�RI�Q���WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�LV�WUDQVODWHG�WR�WKH�ULJKW��IRU�Q��SRVLWLYH��RU�
WR�WKH�OHIW��IRU�Q��QHJDWLYH���7DNHQ�WRJHWKHU��WKH�EDQGV�FRYHU�WKH�ZKROH�FRPSOH[�SODQH��ZKLFK�
LV�WKH�GRPDLQ�RI�6,1�
9LHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�6,1�LV�UHVWULFWHG�
WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�DV�WKH�
UHVWULFWHG�GRPDLQ�=  �[��\���6,1�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�SODQH�LQ�WKH�
UDQJH�
:  �X��Y�  6,1�[��\��LQ�WKH�XSSHU�JUDSK�



1-90 Command Reference: Part B (1.1)*R�WR�,QGH[

$FFHVV� <S

,QSXW�2XWSXW�

6HH�DOVR� $&26��$7$1��,62/��6,1

Level 1/Argument 1 Level 1/Item 1

] → DVLQ�]

V\PE
 → 
$6,1�V\PE�


–1

Domain:Z = (x,y)

10

Range:W = (u,v) = ASIN(x,y)

π–2
 π –– 2

0



Command Reference: Part B (1.1) 1-91*R�WR�,QGH[

ASINH
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� $UF�+\SHUEROLF�6LQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�LQYHUVH�K\SHUEROLF�VLQH�RI�WKH�DUJXPHQW�

7KH�LQYHUVH�RI�6,1+�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�6,1+�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�
WR�WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�6,1+�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

ASINH(Z)*(–1)^n1+ π*i*n1

7KH�IXQFWLRQ�$6,1+�LV�WKH�LQYHUVH�RI�D�SDUW�RI�6,1+��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�
RI�6,1+�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�6,1+�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��$6,1+�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�
SRLQWV�VHQW�E\�$6,1+�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�6,1+�IRUP�WKH�EUDQFK�FXWV�
RI�$6,1+�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$6,1+�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�IRU�WKH�
FRPSOH[�YDOXHG�$6,1+�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�IXQFWLRQ�LV�
XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
7KH�JUDSK�IRU�$6,1+�FDQ�EH�IRXQG�IURP�WKH�JUDSK�IRU�$6,1��VHH�$6,1��DQG�WKH�UHODWLRQVKLS�
DVLQK�]� �²L�DVLQ�L]�

$FFHVV� >ß+<3(5%2/,&�$6,1+
,QSXW�2XWSXW�

6HH�DOVR� $&26+��$7$1+��,62/��6,1+

ASN
7\SH� &RPPDQG
'HVFULSWLRQ� $VVLJQ�&RPPDQG��'HILQHV�D�VLQJOH�NH\�RQ�WKH�XVHU�NH\ERDUG�E\�DVVLJQLQJ�WKH�JLYHQ�REMHFW�WR�

WKH�NH\�[NH\��ZKLFK�LV�VSHFLILHG�DV�UF�S�

Level 1/Argument 1 Level 1/Item 1

] → DVLQK�]

V\PE
 → 
$6,1+�V\PE�




1-92 Command Reference: Part B (1.1)*R�WR�,QGH[

7KH�DUJXPHQW�[NH\�LV�D�UHDO�QXPEHU�UF�S�VSHFLI\LQJ�WKH�NH\�E\�LWV�URZ�QXPEHU�U��FROXPQ�
QXPEHU�F��DQG�SODQH��VKLIW��S��7KH�OHJDO�YDOXHV�IRU�S�DUH�DV�IROORZV�

2QFH�$61�KDV�EHHQ�H[HFXWHG��SUHVVLQJ�D�JLYHQ�NH\�LQ�8VHU�RU���8VHU�PRGH�H[HFXWHV�WKH�XVHU�
DVVLJQHG�REMHFW��7KH�XVHU�NH\�DVVLJQPHQW�UHPDLQV�LQ�HIIHFW�XQWLO�WKH�DVVLJQPHQW�LV�DOWHUHG�E\�
$61��672.(<6��RU�'(/.(<6��.H\V�ZLWKRXW�XVHU�DVVLJQPHQWV�PDLQWDLQ�WKHLU�VWDQGDUG�
GHILQLWLRQV�
,I�WKH�DUJXPHQW�REM�LV�WKH�QDPH�6.(<��WKHQ�WKH�VSHFLILHG�NH\�LV�UHVWRUHG�WR�LWV�VWDQGDUG�NH\�
DVVLJQPHQW�RQ�WKH�XVHU�NH\ERDUG��7KLV�LV�PHDQLQJIXO�RQO\�ZKHQ�DOO�VWDQGDUG�NH\�DVVLJQPHQWV�
KDG�EHHQ�VXSSUHVVHG��IRU�WKH�XVHU�NH\ERDUG��E\�WKH�FRPPDQG�6�'(/.(<6��VHH�
'(/.(<6���
7R�PDNH�PXOWLSOH�NH\�DVVLJQPHQWV�VLPXOWDQHRXVO\��XVH�672.(<6��7R�GHOHWH�NH\�
DVVLJQPHQWV��XVH�'(/.(<6�
%H�FDUHIXO�QRW�WR�UHDVVLJQ�RU�VXSSUHVV�WKH�NH\V�QHFHVVDU\�WR�FDQFHO�8VHU�PRGH��,I�WKLV�KDSSHQV��
H[LW�8VHU�PRGH�E\�GRLQJ�D�V\VWHP�KDOW��´ZDUP�VWDUWµ���SUHVV�DQG�KROG�;�DQG�c�
VLPXOWDQHRXVO\��UHOHDVLQJ�c�ILUVW��7KLV�FDQFHOV�8VHU�PRGH�

$FFHVV� N�$61
,QSXW�2XWSXW�

Plane, S Shift

��RU�� XQVKLIWHG

� < �OHIW�VKLIWHG�

� >��ULJKW�VKLIWHG�

� ‘ �DOSKD�VKLIWHG�

� ‘<��DOSKD�OHIW�VKLIWHG�

� ‘>��DOSKD�ULJKW�VKLIWHG�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM [NH\ →

6.(<
 [NH\ →



Command Reference: Part B (1.1) 1-93*R�WR�,QGH[

2XWSXW� 1RQH
6HH�DOVR� '(/.(<6��5&/.(<6��672.(<6

ASR
7\SH� &RPPDQG
'HVFULSWLRQ� $ULWKPHWLF�6KLIW�5LJKW�&RPPDQG��6KLIWV�D�ELQDU\�LQWHJHU�RQH�ELW�WR�WKH�ULJKW��H[FHSW�IRU�WKH�

PRVW�VLJQLILFDQW�ELW��ZKLFK�LV�PDLQWDLQHG�
7KH�PRVW�VLJQLILFDQW�ELW�LV�SUHVHUYHG�ZKLOH�WKH�UHPDLQLQJ��ZRUGVL]H�²���ELWV�DUH�VKLIWHG�ULJKW�
RQH�ELW��7KH�VHFRQG�PRVW�VLJQLILFDQW�ELW�LV�UHSODFHG�ZLWK�D�]HUR��7KH�OHDVW�VLJQLILFDQW�ELW�LV�
VKLIWHG�RXW�DQG�ORVW�
$Q�DULWKPHWLF�VKLIW�LV�XVHIXO�IRU�SUHVHUYLQJ�WKH�VLJQ�ELW�RI�D�ELQDU\�LQWHJHU�WKDW�ZLOO�EH�VKLIWHG��
$OWKRXJK�WKH�+3����PDNHV�QR�VSHFLDO�SURYLVLRQ�IRU�VLJQHG�ELQDU\�LQWHJHUV��\RX�FDQ�VWLOO�
LQWHUSUHW�D�QXPEHU�DV�D�VLJQHG�TXDQWLW\�

$FFHVV� >ì�%,7�$65
,QSXW�2XWSXW�

6HH�DOVR� 6/��6/%��65��65%

ATAN
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� $UF�7DQJHQW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�YDOXH�RI�WKH�DQJOH�KDYLQJ�WKH�JLYHQ�WDQJHQW�

)RU�D�UHDO�DUJXPHQW��WKH�UHVXOW�UDQJHV�IURP�²���WR�����GHJUHHV��²π���WR��π���UDGLDQV��²����
WR������JUDGV��
7KH�LQYHUVH�RI�7$1�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�7$1�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�WR�
WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�7$1�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

$7$1�=��πQ�
7KH�IXQFWLRQ�$7$1�LV�WKH�LQYHUVH�RI�D�SDUW�RI�7$1��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�
RI�7$1�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



1-94 Command Reference: Part B (1.1)*R�WR�,QGH[

� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�7$1�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��$7$1�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�SRLQWV�
VHQW�E\�$7$1�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�7$1�IRUP�WKH�EUDQFK�FXWV�RI�
$7$1�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$7$1�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXWV�
IRU�WKH�FRPSOH[�YDOXHG�DUF�WDQJHQW�IXQFWLRQ�RFFXU�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�
IXQFWLRQ�LV�XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�$7$1��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�
ZKHUH�WKH�EUDQFK�FXWV�RFFXU��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�D�FXW��ZKLOH�WKH�IHDWKHUHG�
OLQHV�PDUN�WKH�RWKHU�VLGH�RI�D�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�RI�HDFK�FXW�
LV�PDSSHG�XQGHU�WKH�IXQFWLRQ�
7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�$7$1�=��πQ��IRU�WKH�FDVH�Q�� ����)RU�RWKHU�YDOXHV�
RI�Q���WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�LV�WUDQVODWHG�WR�WKH�ULJKW��IRU�Q��SRVLWLYH��RU�WR�WKH�
OHIW��IRU�Q��QHJDWLYH���7DNHQ�WRJHWKHU��WKH�EDQGV�FRYHU�WKH�ZKROH�FRPSOH[�SODQH��ZKLFK�LV�WKH�
GRPDLQ�RI�7$1�
9LHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�7$1�LV�
UHVWULFWHG�WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�
DV�WKH�UHVWULFWHG�GRPDLQ�=  �[��\���7$1�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�SODQH�LQ�
WKH�UDQJH�:  �X��Y�  7$1�[� \��LQ�WKH�XSSHU�JUDSK��

$FFHVV� <U

,QSXW�2XWSXW�

6HH�DOVR� $&26��$6,1��,62/��7$1

Level 1/Argument 1 Level 1/Item 1

] → DWDQ�]

V\PE
 → 
$7$1�V\PE�




Command Reference: Part B (1.1) 1-95*R�WR�,QGH[

ATANH
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� $UF�+\SHUEROLF�7DQJHQW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�LQYHUVH�K\SHUEROLF�WDQJHQW�RI�WKH�

DUJXPHQW�
)RU�UHDO�DUJXPHQWV�_[_�!����$7$1+�UHWXUQV�WKH�FRPSOH[�UHVXOW�REWDLQHG�IRU�WKH�DUJXPHQW�
�[������)RU�D�UHDO�DUJXPHQW�[ ����DQ�,QILQLWH�5HVXOW�H[FHSWLRQ�RFFXUV��,I�IODJ�
²���LV�VHW��QR�HUURU���WKH�VLJQ�RI�WKH�UHVXOW��0$;5��PDWFKHV�WKDW�RI�WKH�DUJXPHQW�

Domain:Z = (x,y)

0

Range:W = (u,v) = ATAN(x,y)

π–2
 π –– 2

0

– i

i



1-96 Command Reference: Part B (1.1)*R�WR�,QGH[

7KH�LQYHUVH�RI�7$1+�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�7$1+�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�
WR�WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�7$1+�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

$7$1+�=��πLQ�
7KH�IXQFWLRQ�$7$1+�LV�WKH�LQYHUVH�RI�D�SDUW�RI�7$1+��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�
GRPDLQ�RI�7$1+�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�7$1+�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��$7$1+�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�
SRLQWV�VHQW�E\�$7$1+�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�7$1+�IRUP�WKH�EUDQFK�
FXWV�RI�$7$1+�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�$7$1+�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�IRU�WKH�
FRPSOH[�YDOXHG�$7$1+�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�IXQFWLRQ�LV�
XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV��
7KH�JUDSK�IRU�$7$1+�FDQ�EH�IRXQG�IURP�WKH�JUDSK�IRU�$7$1��VHH�$7$1��DQG�WKH�
UHODWLRQVKLS�DWDQK�]� �²L�DWDQ�L]�

$FFHVV� >ß+<3(5%2/,&�$7$1
,QSXW�2XWSXW�

6HH�DOVR� $&26+��$6,1+��,62/��7$1+

ATICK
7\SH� &RPPDQG
'HVFULSWLRQ� $[HV�7LFN�0DUN�&RPPDQG��6HWV�WKH�D[HV�WLFN�PDUN�DQQRWDWLRQ�LQ�WKH�UHVHUYHG�YDULDEOH�

33$5�
*LYHQ�[��$7,&.�VHWV�WKH�WLFN�PDUN�DQQRWDWLRQ�WR�[�XQLWV�RQ�ERWK�WKH�[��DQG�WKH�\�D[LV��)RU�
H[DPSOH����ZRXOG�SODFH�WLFN�PDUNV�HYHU\���XQLWV�RQ�ERWK�D[HV��

Level 1/Argument 1 Level 1/Item 1

] → DWDQK�]

V\PE
 → 
$7$1+�V\PE�




Command Reference: Part B (1.1) 1-97*R�WR�,QGH[

*LYHQ��Q��$7,&.�VHWV�WKH�WLFN�PDUN�DQQRWDWLRQ�WR��Q�SL[HOV�RQ�ERWK�WKH�[��DQG�WKH�\�D[LV��
)RU�H[DPSOH�����ZRXOG�SODFH�WLFN�PDUNV�HYHU\���SL[HOV�RQ�ERWK�D[HV�
*LYHQ�^�[��\`��$7,&.�VHWV�WKH�WLFN�PDUN�XQLW�DQQRWDWLRQ�IRU�HDFK�D[LV�LQGLYLGXDOO\��)RU�
H[DPSOH��^�������`�ZRXOG�PDUN�WKH�[�D[LV�DW�HYHU\�PXOWLSOH�RI����XQLWV��DQG�WKH�\�D[LV�DW�HYHU\�
PXOWLSOH�RI���XQLWV�
*LYHQ�^��Q��P�`�$7,&.�VHWV�WKH�WLFN�PDUN�SL[HO�DQQRWDWLRQ�IRU�HDFK�D[LV�LQGLYLGXDOO\��)RU�
H[DPSOH��^�������`�ZRXOG�PDUN�WKH�[�D[LV�HYHU\���SL[HOV��DQG�WKH�\�D[LV�HYHU\���SL[HOV�

$FFHVV� N�$7,&.
,QSXW�2XWSXW�

6HH�DOVR� $;(6��'5$;

ATTACH
7\SH� &RPPDQG
'HVFULSWLRQ� $WWDFK�/LEUDU\�&RPPDQG��$WWDFKHV�WKH�OLEUDU\�ZLWK�WKH�VSHFLILHG�QXPEHU�WR�WKH�FXUUHQW�

GLUHFWRU\��(DFK�OLEUDU\�KDV�D�XQLTXH�QXPEHU��,I�D�SRUW�QXPEHU�LV�VSHFLILHG��LW�LV�LJQRUHG�
7R�XVH�D�OLEUDU\�REMHFW��LW�PXVW�EH�LQ�D�SRUW�DQG�LW�PXVW�EH�DWWDFKHG��$�OLEUDU\�REMHFW�FRSLHG�
LQWR�5$0��VXFK�DV�WKURXJK�WKH�3&�/LQN��PXVW�EH�VWRUHG�LQWR�D�SRUW�XVLQJ�672�
6RPH�OLEUDULHV�UHTXLUH�\RX�WR�$77$&+�WKHP��
<RX�FDQ�DVFHUWDLQ�ZKHWKHU�D�OLEUDU\�LV�DWWDFKHG�WR�WKH�FXUUHQW�GLUHFWRU\�E\�H[HFXWLQJ�/,%6�
$�OLEUDU\�WKDW�KDV�EHHQ�FRSLHG�LQWR�5$0�DQG�WKHQ�VWRUHG��ZLWK�672��LQWR�D�SRUW�FDQ�EH�
DWWDFKHG�RQO\�DIWHU�WKH�FDOFXODWRU�KDV�EHHQ�WXUQHG�RII�DQG�WKHQ�RQ�DJDLQ�IROORZLQJ�WKH�672�FRPPDQG��
7KLV�DFWLRQ��RII�RQ��FUHDWHV�D�V\VWHP�KDOW��ZKLFK�PDNHV�WKH�OLEUDU\�REMHFW�´DWWDFKDEOH�µ�1RWH�
WKDW�LW�DOVR�FOHDUV�WKH�VWDFN��ORFDO�YDULDEOHV��DQG�WKH�/$67�VWDFN��DQG�LW�GLVSOD\V�WKH�722/�
PHQX���7R�VDYH�WKH�VWDFN�ILUVW��H[HFXWH�'(37+�→/,67�
QDPH
�672��
7KH�QXPEHU�RI�OLEUDULHV�WKDW�FDQ�EH�DWWDFKHG�WR�WKH�+20(�GLUHFWRU\�LV�OLPLWHG�RQO\�E\�WKH�
DYDLODEOH�PHPRU\��+RZHYHU��RQO\�RQH�OLEUDU\�DW�D�WLPH�FDQ�EH�DWWDFKHG�WR�DQ\�RWKHU�GLUHFWRU\��

Level 1/Argument 1 Level 1/Item 1

[ →
�Q →

^�[��\�` →
^��Q���P�‘ →



1-98 Command Reference: Part B (1.1)*R�WR�,QGH[

,I�\RX�DWWHPSW�WR�DWWDFK�D�VHFRQG�OLEUDU\�WR�D�QRQ�+20(�GLUHFWRU\��WKH�QHZ�OLEUDU\�ZLOO�
RYHUZULWH�WKH�ROG�RQH�

$FFHVV� N�$77$&+
,QSXW�2XWSXW�

6HH�DOVR� '(7$&+��/,%6

AUTO
7\SH� &RPPDQG
'HVFULSWLRQ� $XWRVFDOH�&RPPDQG��&DOFXODWHV�D�\�D[LV�GLVSOD\�UDQJH��RU�DQ�[��DQG�\�D[LV�GLVSOD\�UDQJH�

7KH�DFWLRQ�RI�$872�GHSHQGV�RQ�WKH�SORW�W\SH�DV�IROORZV�

Level 1/Argument 1 Level 1/Item 1

QOLEUDU\ →
�QSRUW��QOLEUDU\ →

Plot Type Scaling Action

)81&7,21 6DPSOHV�WKH�HTXDWLRQ�LQ�(4�DW����YDOXHV�RI�
WKH�LQGHSHQGHQW�YDULDEOH��HTXDOO\�VSDFHG�
WKURXJK�WKH�[�D[LV�SORWWLQJ�UDQJH��GLVFDUGV�
SRLQWV�WKDW�UHWXUQ��∞��WKHQ�VHWV�WKH�\�D[LV�
GLVSOD\�UDQJH�WR�LQFOXGH�WKH�PD[LPXP��

PLQLPXP��DQG�RULJLQ�

&21,& 6HWV�WKH�\�D[LV�VFDOH�HTXDO�WR�WKH�[�D[LV�VFDOH�

32/$5 6DPSOHV�WKH�HTXDWLRQ�LQ�(4�DW����YDOXHV�RI�
WKH�LQGHSHQGHQW�YDULDEOH��HTXDOO\�VSDFHG�
WKURXJK�WKH�SORWWLQJ�UDQJH��GLVFDUGV�SRLQWV�
WKDW�UHWXUQ��∞��WKHQ�VHWV�ERWK�WKH�[��DQG�\�
D[LV�GLVSOD\�UDQJHV�LQ�WKH�VDPH�PDQQHU�DV�IRU�

SORW�W\SH�)81&7,21�

3$5$0(75,& 6DPH�DV�32/$5�



Command Reference: Part B (1.1) 1-99*R�WR�,QGH[

$872�GRHV�QRW�DIIHFW��'�SORWV�
$872�DFWXDOO\�FDOFXODWHV�D�\�D[LV�GLVSOD\�UDQJH�DQG�WKHQ�H[SDQGV�WKDW�UDQJH�VR�WKDW�WKH�PHQX�
ODEHOV�GR�QRW�REVFXUH�WKH�UHVXOWDQW�SORW�
$872�GRHV�QRW�GUDZ�D�SORW�²�H[HFXWH�'5$:�WR�GR�VR�

$FFHVV� N�$872

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '5$:��6&$/(+��6&$/(��6&/Σ��6&$/(:��;51*��<51*

7587+ 1R�DFWLRQ�

%$5 6HWV�WKH�[�D[LV�GLVSOD\�UDQJH�IURP���WR�WKH�
QXPEHU�RI�HOHPHQWV�LQ�Σ’$7��SOXV����6HWV�
WKH�\�UDQJH�WR�WKH�PLQLPXP�DQG�PD[LPXP�
RI�WKH�HOHPHQWV��7KH�[�D[LV�LV�DOZD\V�

LQFOXGHG�

+,672*5$0 6HWV�WKH�[�D[LV�GLVSOD\�UDQJH�WR�WKH�PLQLPXP�
DQG�PD[LPXP�RI�WKH�HOHPHQWV�LQ�Σ’$7��6HWV�
WKH�\�D[LV�GLVSOD\�UDQJH�IURP���WR�WKH�QXPEHU�

RI�URZV�LQ�Σ’$7�

6&$77(5 6HWV�WKH�[�D[LV�GLVSOD\�UDQJH�WR�WKH�PLQLPXP�
DQG�PD[LPXP�RI�WKH�LQGHSHQGHQW�YDULDEOH�
FROXPQ��;&2/��LQ�Σ’$7��6HWV�WKH�\�D[LV�

GLVSOD\�UDQJH�WR�WKH�PLQLPXP�DQG�PD[LPXP�
RI�WKH�GHSHQGHQW�YDULDEOH�FROXPQ��<&2/��

Plot Type Scaling Action (Continued)



1-100 Command Reference: Part B (1.1)*R�WR�,QGH[

AXES
7\SH� &RPPDQG
'HVFULSWLRQ� $[HV�&RPPDQG��6SHFLILHV�WKH�LQWHUVHFWLRQ�FRRUGLQDWHV�RI�WKH�[��DQG�\�D[HV��WLFN�PDUN�

DQQRWDWLRQ��DQG�WKH�ODEHOV�IRU�WKH�[��DQG�\�D[HV��7KLV�LQIRUPDWLRQ�LV�VWRUHG�LQ�WKH�UHVHUYHG�
YDULDEOH�33$5��
7KH�DUJXPHQW�IRU�$;(6��D�FRPSOH[�QXPEHU�RU�OLVW��LV�VWRUHG�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�
UHVHUYHG�YDULDEOH�33$5��+RZ�WKH�DUJXPHQW�LV�XVHG�GHSHQGV�RQ�WKH�W\SH�RI�REMHFW�LW�LV�
� ,I�WKH�DUJXPHQW�LV�D�FRPSOH[�QXPEHU��LW�UHSODFHV�WKH�FXUUHQW�HQWU\�LQ�33$5�
� ,I�WKH�DUJXPHQW�LV�D�OLVW�FRQWDLQLQJ�DQ\�RU�DOO�RI�WKH�DERYH�YDULDEOHV��RQO\�YDULDEOHV�WKDW�DUH�
VSHFLILHG�DUH�DIIHFWHG�

DWLFN�KDV�WKH�VDPH�IRUPDW�DV�WKH�DUJXPHQW�IRU�WKH�$7,&.�FRPPDQG��7KLV�LV�WKH�YDULDEOH�WKDW�
LV�DIIHFWHG�E\�WKH�$7,&.�FRPPDQG�
7KH�GHIDXOW�YDOXH�IRU�$;(6�LV��������
$[HV�ODEHOV�DUH�QRW�GLVSOD\HG�LQ�3,&7�XQWLO�VXEVHTXHQW�H[HFXWLRQ�RI�/$%(/�

$FFHVV� N�$;(6�
,QSXW�2XWSXW�

6HH�DOVR� $7,&.��'5$:��'5$;��/$%(/

BAR
7\SH� &RPPDQG
'HVFULSWLRQ� %DU�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�%$5�

:KHQ�WKH�SORW�W\SH�LV�%$5��WKH�'5$:�FRPPDQG�SORWV�D�EDU�FKDUW�XVLQJ�GDWD�IURP�RQH�
FROXPQ�RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ’$7���7KH�FROXPQ�WR�EH�SORWWHG�
LV�VSHFLILHG�E\�WKH�;&2/�FRPPDQG��DQG�LV�VWRUHG�LQ�WKH�ILUVW�SDUDPHWHU�RI�WKH�UHVHUYHG�
YDULDEOH�Σ3$5��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�
KDV�WKH�IROORZLQJ�IRUP�

^��xmin, ymin���xmax, ymax� indep res axes ptype depend ‘

)RU�SORW�W\SH�%$5��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�

Level 1/Argument 1 Level 1/Item 1

�[��\� →
^��[��\���DWLFN��·[�D[LV�ODEHOµ��·\�D[LV�ODEHOµ�‘ →



Command Reference: Part B (1.1) 1-101*R�WR�,QGH[

� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�HLWKHU�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�KRUL]RQWDO�D[LV��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�
QDPH�DQG�WZR�QXPEHUV��ZLWK�WKH�VPDOOHU�RI�WKH�QXPEHUV�VSHFLI\LQJ�WKH�KRUL]RQWDO�
ORFDWLRQ�RI�WKH�ILUVW�EDU��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�EDU�ZLGWK�LQ�XVHU�XQLW�FRRUGLQDWHV��RU�D�ELQDU\�LQWHJHU�
VSHFLI\LQJ�WKH�EDU�ZLGWK�LQ�SL[HOV��7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�D�EDU�ZLGWK�RI���
LQ�XVHU�XQLW�FRRUGLQDWHV�

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�%$5�SODFHV�
WKH�FRPPDQG�QDPH�%$5�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�YHUWLFDO�D[LV��7KH�GHIDXOW�YDOXH�LV�<�
$�EDU�LV�GUDZQ�IRU�HDFK�HOHPHQW�RI�WKH�FROXPQ�LQ�Σ’$7��,WV�ZLGWK�LV�VSHFLILHG�E\�UHV�DQG�LWV�
KHLJKW�LV�WKH�YDOXH�RI�WKH�HOHPHQW��7KH�ORFDWLRQ�RI�WKH�ILUVW�EDU�FDQ�EH�VSHFLILHG�E\�LQGHS��
RWKHUZLVH��WKH�YDOXH�LQ��[PLQ��\PLQ��LV�XVHG��

$FFHVV� N %$5

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(



1-102 Command Reference: Part B (1.1)*R�WR�,QGH[

BARPLOT
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZ�%DU�3ORW�&RPPDQG��3ORWV�D�EDU�FKDUW�RI�WKH�VSHFLILHG�FROXPQ�RI�WKH�FXUUHQW�VWDWLVWLFV�

PDWUL[��UHVHUYHG�YDULDEOH�Σ’$7��
7KH�GDWD�FROXPQ�WR�EH�SORWWHG�LV�VSHFLILHG�E\�;&2/�DQG�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�LQ�
UHVHUYHG�YDULDEOH�Σ3$5��7KH�GHIDXOW�FROXPQ�LV����'DWD�FDQ�EH�SRVLWLYH�RU�QHJDWLYH��UHVXOWLQJ�
LQ�EDUV�DERYH�RU�EHORZ�WKH�D[LV��7KH�\�D[LV�LV�DXWRVFDOHG��DQG�WKH�SORW�W\SH�LV�VHW�WR�%$5�
:KHQ�%$53/27�LV�H[HFXWHG�IURP�D�SURJUDP��WKH�UHVXOWLQJ�SORW�GRHV�QRW�SHUVLVW�XQOHVV�
3,&785(��39,(:��ZLWK�DQ�HPSW\�OLVW�DUJXPHQW���RU�)5((=(�LV�VXEVHTXHQWO\�H[HFXWHG�

$FFHVV� N�%$53/27

,QSXW� 1RQH
2XWSXW� $�EDU�FKDUW�EDVHG�RQ�Σ'$7�
6HH�DOVR� )5((=(��+,673/27��3,&785(��39,(:��6&$753/27��;&2/

BASE
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�D�PHQX�RI�EDVLF�DOJHEUD�FRPPDQGV�
$FFHVV� N�%$6(

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $5,7��&03/;��',))��(;3	/1��62/9(5��75,*2

BAUD
7\SH� &RPPDQG
'HVFULSWLRQ� %DXG�5DWH�&RPPDQG��6SHFLILHV�ELW�WUDQVIHU�UDWH�

/HJDO�EDXG�UDWHV�DUH�������������������DQG�������GHIDXOW��
$FFHVV� N�%$8'

,QSXW�2XWSXW�
Level 1/Argument 1 Level 1/Item 1

QEDXGUDWH →



Command Reference: Part B (1.1) 1-103*R�WR�,QGH[

6HH�DOVR� &.60��3$5,7<��75$16,2

BEEP
7\SH� &RPPDQG
'HVFULSWLRQ� %HHS�&RPPDQG��6RXQGV�D�WRQH�DW�Q�KHUW]�IRU�[�VHFRQGV�

7KH�IUHTXHQF\�RI�WKH�WRQH�LV�VXEMHFW�WR�WKH�UHVROXWLRQ�RI�WKH�EXLOW�LQ�WRQH�JHQHUDWRU��7KH�
PD[LPXP�IUHTXHQF\�LV�DSSUR[LPDWHO\������+]��WKH�PD[LPXP�GXUDWLRQ�LV����������VHFRQGV��
$UJXPHQWV�JUHDWHU�WKDQ�WKHVH�PD[LPXP�YDOXHV�GHIDXOW�WR�WKH�PD[LPD�

$FFHVV� <N287�%((3
,QSXW�2XWSXW�

6HH�DOVR� +$/7��,1387��352037��:$,7

BESTFIT
7\SH� &RPPDQG
'HVFULSWLRQ� %HVW�)LWWLQJ�0RGHO�&RPPDQG��([HFXWHV�/5�ZLWK�HDFK�RI�WKH�IRXU�FXUYH�ILWWLQJ�PRGHOV��DQG�

VHOHFWV�WKH�PRGHO�\LHOGLQJ�WKH�ODUJHVW�FRUUHODWLRQ�FRHIILFLHQW�
7KH�VHOHFWHG�PRGHO�LV�VWRUHG�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��DQG�WKH�
DVVRFLDWHG�UHJUHVVLRQ�FRHIILFLHQWV��LQWHUFHSW�DQG�VORSH��DUH�VWRUHG�DV�WKH�WKLUG�DQG�IRXUWK�
SDUDPHWHUV��UHVSHFWLYHO\�

$FFHVV� N�%(67),7

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� (;3),7��/,1),7��/2*),7��/5��3:5),7

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

QIUHTXHQF\ [GXUDWLRQ →



1-104 Command Reference: Part B (1.1)*R�WR�,QGH[

BIN
7\SH� &RPPDQG
'HVFULSWLRQ� %LQDU\�0RGH�&RPPDQG��6HOHFWV�ELQDU\�EDVH�IRU�ELQDU\�LQWHJHU�RSHUDWLRQV���7KH�GHIDXOW�EDVH�

LV�GHFLPDO��
%LQDU\�LQWHJHUV�UHTXLUH�WKH�SUHIL[����%LQDU\�LQWHJHUV�HQWHUHG�DQG�UHWXUQHG�LQ�ELQDU\�EDVH�
DXWRPDWLFDOO\�VKRZ�WKH�VXIIL[�E��,I�WKH�FXUUHQW�EDVH�LV�QRW�ELQDU\��ELQDU\�QXPEHUV�FDQ�VWLOO�EH�
HQWHUHG�E\�XVLQJ�WKH�VXIIL[�E��WKH�QXPEHUV�DUH�GLVSOD\HG�LQ�WKH�FXUUHQW�EDVH��KRZHYHU��
7KH�FXUUHQW�EDVH�GRHV�QRW�DIIHFW�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�ELQDU\�LQWHJHUV�DV�XQVLJQHG�
ELQDU\�QXPEHUV�

$FFHVV� N�%,1

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '(&��+(;��2&7��67:6��5&:6

BINS
7\SH� &RPPDQG
'HVFULSWLRQ� 6RUW�LQWR�)UHTXHQF\�%LQV�&RPPDQG��6RUWV�WKH�HOHPHQWV�RI�WKH�LQGHSHQGHQW�FROXPQ��;&2/��

RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��WKH�UHVHUYHG�YDULDEOH�Σ’$7��LQWR��QELQV������ELQV��ZKHUH�WKH�
OHIW�HGJH�RI�ELQ���VWDUWV�DW�YDOXH�[PLQ�DQG�HDFK�ELQ�KDV�ZLGWK�[ZLGWK�
%,16�UHWXUQV�D�PDWUL[�FRQWDLQLQJ�WKH�IUHTXHQF\�RI�RFFXUUHQFHV�LQ�HDFK�ELQ��DQG�D���HOHPHQW�
DUUD\�FRQWDLQLQJ�WKH�IUHTXHQF\�RI�RFFXUUHQFHV�IDOOLQJ�EHORZ�RU�DERYH�WKH�GHILQHG�UDQJH�RI�[�
YDOXHV��7KH�DUUD\�FDQ�EH�VWRUHG�LQWR�WKH�UHVHUYHG�YDULDEOH�Σ’$7�DQG�XVHG�WR�SORW�D�EDU�
KLVWRJUDP�RI�WKH�ELQ�GDWD��IRU�H[DPSOH��E\�H[HFXWLQJ�%$53/27��
)RU�HDFK�HOHPHQW�[�LQ�Σ'$7��WKH�QWK�ELQ�FRXQW�QIUHT�ELQ�Q�LV�LQFUHPHQWHG��ZKHUH�

IRU�[PLQ���[���[PD[��ZKHUH�[PD[� �[PLQ����QELQV��[ZLGWK��
$FFHVV� N�%,16

n freqbinn IP
x xmin–

xwidth
-------------------=



Command Reference: Part B (1.1) 1-105*R�WR�,QGH[

,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� %$53/27��;&2/

BLANK
7\SH� &RPPDQG
'HVFULSWLRQ� %ODQN�*UDSKLFV�2EMHFW�&RPPDQG��&UHDWHV�D�EODQN�JUDSKLFV�REMHFW�RI�WKH�VSHFLILHG�ZLGWK�DQG�

KHLJKW�
$FFHVV� <N*52%�%/$1.
,QSXW�2XWSXW�

6HH�DOVR� →*52%��/&'→

BOX
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� %R[�&RPPDQG��'UDZV�LQ�3,&7�D�ER[�ZKRVH�RSSRVLWH�FRUQHUV�DUH�GHILQHG�E\�WKH�VSHFLILHG�

SL[HO�RU�XVHU�XQLW�FRRUGLQDWHV�
$FFHVV� <N3,&7�%2;
,QSXW�2XWSXW�

6HH�DOVR� $5&��/,1(��7/,1(

L�/A� L�/A� L�/A� L�/I� L�/I�

[PLQ [ZLGWK QELQV → >>�QELQ�������QELQ�Q�@@ >�QELQ�/�QELQ�5@

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�QZLGWK �PKHLJKW → JUREEODQN

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^��Q���P��‘ ^��Q���P��‘ →
�[���\�� �[���\�� →



1-106 Command Reference: Part B (1.1)*R�WR�,QGH[

BUFLEN
7\SH� &RPPDQG
'HVFULSWLRQ� %XIIHU�/HQJWK�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�+3���
V�VHULDO�LQSXW�EXIIHU�

DQG�D�VLQJOH�GLJLW�LQGLFDWLQJ�ZKHWKHU�DQ�HUURU�RFFXUUHG�GXULQJ�GDWD�UHFHSWLRQ�
7KH�GLJLW�UHWXUQHG�LV���LI�QR�IUDPLQJ��8$57�RYHUUXQ��RU�LQSXW�EXIIHU�RYHUIORZ�HUURUV�
RFFXUUHG�GXULQJ�UHFHSWLRQ��RU���LI�RQH�RI�WKHVH�HUURUV�GLG�RFFXU���7KH�LQSXW�EXIIHU�KROGV�XS�
WR�����E\WHV���:KHQ�D�IUDPLQJ�RU�RYHUUXQ�HUURU�RFFXUV��GDWD�UHFHSWLRQ�FHDVHV�XQWLO�WKH�HUURU�
LV�FOHDUHG��ZKLFK�%8)/(1�GRHV���WKHUHIRUH��Q�UHSUHVHQWV�WKH�GDWD�UHFHLYHG�EHIRUH�WKH�HUURU�
8VH�(550�WR�VHH�ZKLFK�HUURU�KDV�RFFXUUHG�ZKHQ�%8)/(1�UHWXUQV���WR�OHYHO���

$FFHVV� N�%8)/(1�
,QSXW�2XWSXW�

6HH�DOVR� &/26(,2��23(1,2��6%5.��65(&9��67,0(��;0,7

BYTES
7\SH� &RPPDQG
'HVFULSWLRQ� %\WH�6L]H�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�E\WHV�DQG�WKH�FKHFNVXP�IRU�WKH�JLYHQ�REMHFW�

,I�WKH�DUJXPHQW�LV�D�EXLOW�LQ�REMHFW��WKHQ�WKH�VL]H�LV�����E\WHV�DQG�WKH�FKHFNVXP�LV����
,I�WKH�DUJXPHQW�LV�D�JOREDO�QDPH��WKHQ�WKH�VL]H�UHSUHVHQWV�WKH�QDPH�DQG�LWV�FRQWHQWV��ZKLOH�WKH�
FKHFNVXP�UHSUHVHQWV�WKH�FRQWHQWV�RQO\��7KH�VL]H�RI�WKH�QDPH�DORQH�LV��������Q���ZKHUH�Q�LV�WKH�
QXPEHU�RI�FKDUDFWHUV�LQ�WKH�QDPH�

$FFHVV� <N0(025<�%<7(6
,QSXW�2XWSXW�

6HH�DOVR� 0(0

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

→ QFKDUV ���

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

REM → �QFKHFNVXP [VL]H



Command Reference: Part B (1.1) 1-107*R�WR�,QGH[

B→R
7\SH� &RPPDQG
'HVFULSWLRQ� %LQDU\�WR�5HDO�&RPPDQG��&RQYHUWV�D�ELQDU\�LQWHJHU�WR�LWV�IORDWLQJ�SRLQW�HTXLYDOHQW�

,I���Q�≥������������������EDVH������RQO\�WKH����PRVW�VLJQLILFDQW�GHFLPDO�GLJLWV�DUH�SUHVHUYHG�
LQ�WKH�UHVXOWLQJ�PDQWLVVD�

$FFHVV� >ì�%→5

,QSXW�2XWSXW�

6HH�DOVR� 5→%

Level 1/Argument 1 Level 1/Item 1

�Q → Q



1-108 Command Reference: Part B (1.1)*R�WR�,QGH[

C to D
CASE
7\SH� &RPPDQG
'HVFULSWLRQ� &$6(�&RQGLWLRQDO�6WUXFWXUH�&RPPDQG��6WDUWV�&$6(�«�(1'�FRQGLWLRQDO�VWUXFWXUH�

7KH�&$6(�«�(1'�VWUXFWXUH�H[HFXWHV�D�VHULHV�RI�FDVHV��WHVWV���7KH�ILUVW�WHVW�WKDW�UHWXUQV�D�WUXH�
UHVXOW�FDXVHV�H[HFXWLRQ�RI�WKH�FRUUHVSRQGLQJ�WUXH�FODXVH��HQGLQJ�WKH�&$6(�«�(1'�
VWUXFWXUH��$�GHIDXOW�FODXVH�FDQ�DOVR�EH�LQFOXGHG��WKLV�FODXVH�H[HFXWHV�LI�DOO�WHVWV�HYDOXDWH�WR�IDOVH�
7KH�&$6(�FRPPDQG�LV�DYDLODEOH�LQ�531�SURJUDPPLQJ�RQO\��<RX�FDQQRW�XVH�LW�LQ�DOJHEUDLF�
SURJUDPPLQJ�
7KH�&$6(�«�(1'�VWUXFWXUH�KDV�WKLV�V\QWD[�

&$6(

WHVW�FODXVH��7+(1�WUXH�FODXVH��(1’

WHVW�FODXVH��7+(1�WUXH�FODXVH��(1’

�

�

�

WHVW�FODXVHQ�7+(1�WUXH�FODXVHQ�(1’

GHIDXOW�FODXVH��RSWLRQDO�

(1’

:KHQ�&$6(�H[HFXWHV��WHVW�FODXVH��LV�HYDOXDWHG��,I�WKH�WHVW�LV�WUXH��WUXH�FODXVH��H[HFXWHV��WKHQ�
H[HFXWLRQ�VNLSV�WR�(1'��,I�WHVW�FODXVH��LV�IDOVH��WHVW�FODXVH��H[HFXWHV��([HFXWLRQ�ZLWKLQ�WKH�&$6(�
VWUXFWXUH�FRQWLQXHV�XQWLO�D�WUXH�FODXVH�LV�H[HFXWHG��RU�XQWLO�DOO�WKH�WHVW�FODXVHV�HYDOXDWH�WR�IDOVH��
,I�WKH�GHIDXOW�FODXVH�LV�LQFOXGHG��LW�H[HFXWHV�LI�DOO�WHVW�FODXVHV�HYDOXDWH�WR�IDOVH�

$FFHVV� <N%5&+�&$6(
,QSXW�2XWSXW�

6HH�DOVR� (1'��,)��,)(55��7+(1

Level 1/Argument 1 Level 1/Item 1

&$6(� →
7+(1� 7�) →
(1’ →
(1’ →



Command Reference: Part B (1.1) 1-109*R�WR�,QGH[

CEIL
7\SH� )XQFWLRQ
'HVFULSWLRQ� &HLOLQJ�)XQFWLRQ��5HWXUQV�WKH�VPDOOHVW�LQWHJHU�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�DUJXPHQW�
$FFHVV� �< P 5($/�&(,/
,QSXW�2XWSXW�

6HH�DOVR� )/225��,3��51'��751&

CENTR
7\SH� &RPPDQG
'HVFULSWLRQ� &HQWHU�&RPPDQG��$GMXVWV�WKH�ILUVW�WZR�SDUDPHWHUV�LQ�WKH�UHVHUYHG�YDULDEOH�33$5���[PLQ��

\PLQ��DQG��[PD[��\PD[���VR�WKDW�WKH�SRLQW�UHSUHVHQWHG�E\�WKH�DUJXPHQW��[��\��LV�WKH�SORW�FHQWHU��
7KH�FHQWHU�SL[HO�LV�LQ�URZ�����FROXPQ����ZKHQ�3,&7�LV�LWV�GHIDXOW�VL]H������ï�����
,I�WKH�DUJXPHQW�LV�D�UHDO�QXPEHU�[��&(175�PDNHV�WKH�SRLQW��[����WKH�SORW�FHQWHU�

$FFHVV� N�&(175
,QSXW�2XWSXW�

6HH�DOVR� 6&$/(

Level 1/Argument 1 Level 1/Item 1

[ → Q
[BXQLW → QBXQLW

V\PE
 → 
&(,/�V\PE�


Level 1/Argument 1 Level 1/Item 1

�[��\� →
[ →



1-110 Command Reference: Part B (1.1)*R�WR�,QGH[

CF
7\SH� &RPPDQG
'HVFULSWLRQ� &OHDU�)ODJ�&RPPDQG��&OHDUV�WKH�VSHFLILHG�XVHU�RU�V\VWHP�IODJ�

8VHU�IODJV�DUH�QXPEHUHG���WKURXJK������6\VWHP�IODJV�DUH�QXPEHUHG�²��WKURXJK�²�����6HH�WKH�
3RFNHW�*XLGH�IRU�D�OLVWLQJ�RI�+3����V\VWHP�IODJV�DQG�WKHLU�IODJ�QXPEHUV�

$FFHVV� <N7(67�&)
,QSXW�2XWSXW�

6HH�DOVR� )&"��)&"&��)6"��)6"&��6)

%CH
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3HUFHQW�&KDQJH�)XQFWLRQ��5HWXUQV�WKH�SHUFHQW�FKDQJH�IURP�[�WR�\�DV�D�SHUFHQWDJH�RI�[�

,I�ERWK�DUJXPHQWV�DUH�XQLW�REMHFWV��WKH�XQLWV�PXVW�EH�FRQVLVWHQW�ZLWK�HDFK�RWKHU��7KH�
GLPHQVLRQV�RI�D�XQLW�REMHFW�DUH�GURSSHG�IURP�WKH�UHVXOW��EXW�XQLWV�DUH�SDUW�RI�WKH�FDOFXODWLRQ�
)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�WR�WKH�
NH\ZRUG�HQWU\�RI���

$FFHVV� < P�5($/��&+

,QSXW�2XWSXW�

6HH�DOVR� ����7

Level 1/Argument 1 Level 1/Item 1

QIODJQXPEHU →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ����\�†�[��[
[ 
V\PE
 → 
�&+�[�V\PE�



V\PE
 [ → 
�&+�V\PE�[�


V\PE�
 
V\PE�
 → 
�&+�V\PE���V\PE��

[BXQLW \BXQLW → ����\BXQLW�²�[BXQLW��[BXQLW
[BXQLW 
V\PE
 → 
�&+�[BXQLW�V\PE�


V\PE
 [BXQLW → 
�&+�V\PE�[BXQLW�




Command Reference: Part B (1.1) 1-111*R�WR�,QGH[

CHOOSE
7\SH� &RPPDQG
'HVFULSWLRQ� &UHDWH�8VHU�'HILQHG�&KRRVH�%R[�&RPPDQG��&UHDWHV�D�XVHU�GHILQHG�FKRRVH�ER[�

&+226(�FUHDWHV�D�VWDQGDUG�VLQJOH�FKRLFH�FKRRVH�ER[�EDVHG�RQ�WKH�IROORZLQJ�VSHFLILFDWLRQV�

,I�\RX�FKRRVH�DQ�LWHP�IURP�WKH�FKRRVH�ER[�DQG�SUHVV�2.��&+226(�UHWXUQV�WKH�UHVXOW��RU�WKH�
REMHFW�LWVHOI�LI�QR�UHVXOW�LV�VSHFLILHG��WR�OHYHO���DQG���WR�OHYHO����,I�\RX�SUHVV����&+226(�
UHWXUQV����$OVR��LI�QSRV� ����&+226(�UHWXUQV���

$FFHVV� <N,1�&+226
,QSXW�2XWSXW�

L = level; A = argument; I = item

Variable Function

´SURPSWµ $�PHVVDJH�WKDW�DSSHDUV�DW�WKH�WRS�RI�FKRRVH�
ER[��,I�´SURPSWµ�LV�DQ�HPSW\�VWULQJ��´µ���QR�

PHVVDJH�LV�GLVSOD\HG�

^F��«�FQ` 'HILQLWLRQV�WKDW�DSSHDU�ZLWKLQ�WKH�FKRRVH�
ER[��$�FKRLFH�GHILQLWLRQ��F[��FDQ�KDYH�WZR�

IRUPDWV�
� REM��DQ\�REMHFW
� ^�REMGLVSOD\�REMUHVXOW�`��WKH�REMHFW�WR�EH�
GLVSOD\HG�IROORZHG�E\�WKH�UHVXOW�UHWXUQHG�
WR�WKH�VWDFN�LI�WKDW�REMHFW�LV�VHOHFWHG�

QSRV 7KH�SRVLWLRQ�QXPEHU�RI�DQ�LWHP�GHILQLWLRQ��
7KLV�LWHP�LV�KLJKOLJKWHG�ZKHQ�WKH�FKRRVH�ER[�
DSSHDUV��,I�QSRV� ����QR�LWHP�LV�KLJKOLJKWHG��
DQG�WKH�FKRRVH�ER[�FDQ�EH�XVHG�WR�YLHZ�

LWHPV�RQO\�

L�/A� L�/A� L�/A� L�/I� L�/I�

·SURPSWµ ^�F������FQ�‘ QSRV → REM�RU�UHVXOW ·�µ
·SURPSWµ ^�F������FQ�‘ QSRV → ·�µ



1-112 Command Reference: Part B (1.1)*R�WR�,QGH[

6HH�DOVR� ,1)250��129$/

CHR
7\SH� &RPPDQG
'HVFULSWLRQ� &KDUDFWHU�&RPPDQG��5HWXUQV�D�VWULQJ�UHSUHVHQWLQJ�WKH�FKDUDFWHU�FRUUHVSRQGLQJ�WR�WKH�

FKDUDFWHU�FRGH�Q�
7KH�FKDUDFWHU�FRGHV�DUH�DQ�H[WHQVLRQ�RI�,62���������&RGHV�����WKURXJK�����DUH�XQLTXH�WR�
WKH�+3����
7KH�GHIDXOW�FKDUDFWHU�n�LV�VXSSOLHG�IRU�DOO�FKDUDFWHU�FRGHV�WKDW�DUH�QRW�SDUW�RI�WKH�QRUPDO�+3�
���GLVSOD\�FKDUDFWHU�VHW�
&KDUDFWHU�FRGH���LV�XVHG�IRU�WKH�VSHFLDO�SXUSRVH�RI�PDUNLQJ�WKH�HQG�RI�WKH�FRPPDQG�OLQH��
$WWHPSWLQJ�WR�HGLW�D�VWULQJ�FRQWDLQLQJ�WKLV�FKDUDFWHU�FDXVHV�WKH�HUURU�&DQ
W�(GLW�&+5����
<RX�FDQ�XVH�WKH�&+$56�DSSOLFDWLRQ�WR�ILQG�WKH�FKDUDFWHU�FRGH�IRU�DQ\�FKDUDFWHU�XVHG�E\�WKH�
+3�����6HH�´(QWHULQJ�6SHFLDO�&KDUDFWHUVµ�LQ�FKDSWHU���RI�WKH�+3 ���8VHU
V�*XLGH�

$FFHVV� <N 7<3(�&+5
,QSXW�2XWSXW�

6HH�DOVR� 180��326��5(3/��6,=(��68%

CKSM
7\SH� &RPPDQG
'HVFULSWLRQ� &KHFNVXP�&RPPDQG��6SHFLILHV�WKH�HUURU�GHWHFWLRQ�VFKHPH�

/HJDO�YDOXHV�IRU�QFKHFNVXP�DUH�DV�IROORZV�
� ��GLJLW�DULWKPHWLF�FKHFNVXP�
� ��GLJLW�DULWKPHWLF�FKHFNVXP�
� ��GLJLW�F\FOLF�UHGXQGDQF\�FKHFN��GHIDXOW��
7KH�&.60�VSHFLILHG�LV�WKH�HUURU�GHWHFWLRQ�VFKHPH�WKDW�ZLOO�EH�UHTXHVWHG�E\�.*(7��3.7��RU�
6(1'��,I�WKH�VHQGHU�DQG�UHFHLYHU�GLVDJUHH�DERXW�WKH�UHTXHVW��KRZHYHU��WKHQ�D���GLJLW�
DULWKPHWLF�FKHFNVXP�ZLOO�EH�XVHG�

Level 1/Argument 1 Level 1/Item 1

Q → ·VWULQJµ



Command Reference: Part B (1.1) 1-113*R�WR�,QGH[

$FFHVV� N�&.60
,QSXW�2XWSXW�

6HH�DOVR� %$8'��3$5,7<��75$16,2

CLEAR
7\SH� &RPPDQG
'HVFULSWLRQ� &OHDU�&RPPDQG��5HPRYHV�DOO�REMHFWV�IURP�WKH�VWDFN�RU�KLVWRU\�

7R�UHFRYHU�D�FOHDUHG�VWDFN�RU�KLVWRU\��SUHVV�>ò�EHIRUH�H[HFXWLQJ�DQ\�RWKHU�RSHUDWLRQ��
7KHUH�LV�QR�SURJUDPPDEOH�FRPPDQG�WR�UHFRYHU�WKH�VWDFN�RU�KLVWRU\�

$FFHVV� >�

,QSXW�2XWSXW�

6HH�DOVR� &/9$5��385*(

CLKADJ
7\SH� &RPPDQG
'HVFULSWLRQ� $GMXVW�6\VWHP�&ORFN�&RPPDQG��$GMXVWV�WKH�V\VWHP�WLPH�E\�[�FORFN�WLFNV��ZKHUH������FORFN�

WLFNV�HTXDO���VHFRQG�
,I�[�LV�SRVLWLYH��[�FORFN�WLFNV�DUH�DGGHG�WR�WKH�V\VWHP�WLPH��,I�[�LV�QHJDWLYH��[�FORFN�WLFNV�DUH�
VXEWUDFWHG�IURP�WKH�V\VWHP�WLPH�

$FFHVV� >ç 722/6�&/.$'-
,QSXW�2XWSXW�

6HH�DOVR� →7,0(

Level 1/Argument 1 Level 1/Item 1

QFKHFNVXP →

LevelQ/Argument 1 ... Level 1/ArgumentQ LevelQ/Item 1 ... Level 1/ItemQ

REMQ����REM� →

Level 1/Argument 1 Level 1/Item 1

[ →



1-114 Command Reference: Part B (1.1)*R�WR�,QGH[

CLLCD
7\SH� &RPPDQG
'HVFULSWLRQ� &OHDU�/&'�&RPPDQG��&OHDUV��EODQNV��WKH�VWDFN�GLVSOD\�

7KH�PHQX�ODEHOV�FRQWLQXH�WR�EH�GLVSOD\HG�DIWHU�H[HFXWLRQ�RI�&//&'�
:KHQ�H[HFXWHG�IURP�D�SURJUDP��WKH�EODQN�GLVSOD\�SHUVLVWV�RQO\�XQWLO�WKH�NH\ERDUG�LV�UHDG\�IRU�
LQSXW��7R�FDXVH�WKH�EODQN�GLVSOD\�WR�SHUVLVW�XQWLO�D�NH\�LV�SUHVVHG��H[HFXWH�)5((=(�DIWHU�
H[HFXWLQJ�&//&'���:KHQ�H[HFXWHG�IURP�WKH�NH\ERDUG��&//&'�DXWRPDWLFDOO\�IUHH]HV�WKH�
GLVSOD\��

$FFHVV� <N287�&//&'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� ',63��)5((=(

CLOSEIO
7\SH� &RPPDQG
'HVFULSWLRQ� &ORVH�,�2�3RUW�&RPPDQG��&ORVHV�WKH�VHULDO�SRUW��DQG�FOHDUV�WKH�LQSXW�EXIIHU�DQG�DQ\�HUURU�

PHVVDJHV�IRU�.(550�
:KHQ�WKH�+3����WXUQV�RII��LW�DXWRPDWLFDOO\�FORVHV�WKH�VHULDO��EXW�GRHV�QRW�FOHDU�.(550��
7KHUHIRUH��&/26(,2�LV�QRW�QHHGHG�WR�FORVH�WKH�SRUW��EXW�FDQ�FRQVHUYH�SRZHU�ZLWKRXW�
WXUQLQJ�RII�WKH�FDOFXODWRU�
([HFXWLQJ�+3����.HUPLW�SURWRFRO�FRPPDQGV�DXWRPDWLFDOO\�FOHDUV�WKH�LQSXW�EXIIHU��KRZHYHU��
H[HFXWLQJ�QRQ�.HUPLW�FRPPDQGV��VXFK�DV�65(&9�DQG�;0,7��GRHV�QRW��
&/26(,2�DOVR�FOHDUV�HUURU�PHVVDJHV�IURP�.(550��7KLV�FDQ�EH�XVHIXO�ZKHQ�GHEXJJLQJ�

$FFHVV� N�&/26(,2
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %8)/(1��23(1,2



Command Reference: Part B (1.1) 1-115*R�WR�,QGH[

CLΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 3XUJHV�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
$FFHVV� N�&/Σ

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� 5&/Σ��672Σ��Σ+��Σ²

CLVAR
7\SH� &RPPDQG
'HVFULSWLRQ� &OHDU�9DULDEOHV�&RPPDQG��3XUJHV�DOO�YDULDEOHV�DQG�HPSW\�VXEGLUHFWRULHV�LQ�WKH�FXUUHQW�

GLUHFWRU\�
$FFHVV� N�&/9$5

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� 3*',5��385*(

CMPLX
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�D�PHQX�RI�FRPPDQGV�SHUWDLQLQJ�WR�FRPSOH[�QXPEHUV�
$FFHVV� N�&03/;

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $5,7��%$6(��',))��(;3	/1��62/9(5��75,*2



1-116 Command Reference: Part B (1.1)*R�WR�,QGH[

CNRM
7\SH� &RPPDQG
'HVFULSWLRQ� &ROXPQ�1RUP�&RPPDQG��5HWXUQV�WKH�FROXPQ�QRUP��RQH�QRUP��RI�WKH�DUUD\�DUJXPHQW�

7KH�FROXPQ�QRUP�RI�D�PDWUL[�LV�WKH�PD[LPXP��RYHU�DOO�FROXPQV��RI�WKH�VXP�RI�WKH�DEVROXWH�
YDOXHV�RI�DOO�HOHPHQWV�LQ�HDFK�FROXPQ��)RU�D�YHFWRU��WKH�FROXPQ�QRUP�LV�WKH�VXP�RI�WKH�
DEVROXWH�YDOXHV�RI�WKH�YHFWRU�HOHPHQWV��)RU�FRPSOH[�DUUD\V��WKH�DEVROXWH�YDOXH�RI�D�JLYHQ�
HOHPHQW��[��\��LV� �

$FFHVV� < %�23(5$7,216�&150
,QSXW�2XWSXW��

6HH�DOVR� &5266��'(7��'27��5150

→COL
7\SH� &RPPDQG
'HVFULSWLRQ� 7UDQVIRUPV�D�PDWUL[�LQWR�D�VHULHV�RI�FROXPQ�YHFWRUV�DQG�UHWXUQV�WKH�YHFWRUV�DQG�D�FROXPQ�

FRXQW��RU�WUDQVIRUPV�D�YHFWRU�LQWR�LWV�HOHPHQWV�DQG�UHWXUQV�WKH�HOHPHQWV�DQG�DQ�HOHPHQW�FRXQW�
→&2/�LQWURGXFHV�QR�URXQGLQJ�HUURU�

$FFHVV� < P�0$75,;�&2/�→&2/

< %�&5($7(�&2/801�→&2/

,QSXW�2XWSXW�

6HH�DOVR� &2/→��→52:��52:→

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@ → [FROXPQQRUP

Level 1/Argument 1 LevelQ��/Item 1 ... Level 2/Item 2 Level 1/Item 3

>>�PDWUL[�@@ → >�YHFWRU�@FRO� �>�YHFWRU�@FROQ QFROFRXQW
>�YHFWRU�@ → HOHPHQW� HOHPHQWQ QHOHPHQWFRXQW

x
2

y
2

+



Command Reference: Part B (1.1) 1-117*R�WR�,QGH[

COL→
7\SH� &RPPDQG
'HVFULSWLRQ� 7UDQVIRUPV�D�VHULHV�RI�FROXPQ�YHFWRUV�DQG�D�FROXPQ�FRXQW�LQWR�D�PDWUL[�FRQWDLQLQJ�WKRVH�

FROXPQV��RU�WUDQVIRUPV�D�VHTXHQFH�RI�QXPEHUV�DQG�DQ�HOHPHQW�FRXQW�LQWR�D�YHFWRU�ZLWK�WKRVH�
QXPEHUV�DV�HOHPHQWV�
$OO�YHFWRUV�PXVW�KDYH�WKH�VDPH�OHQJWK��7KH�FROXPQ�RU�HOHPHQW�FRXQW�LV�URXQGHG�WR�WKH�
QHDUHVW�LQWHJHU�

$FFHVV� < P�0$75,;�&2/�&2/→

< %�&5($7(�&2/801�&2/→

,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� →&2/��→52:��52:→

COL–
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOHWH�&ROXPQ�&RPPDQG��'HOHWHV�FROXPQ�Q�RI�D�PDWUL[��RU�HOHPHQW�Q�RI�D�YHFWRU���DQG�

UHWXUQV�WKH�PRGLILHG�PDWUL[��RU�YHFWRU��DQG�WKH�GHOHWHG�FROXPQ��RU�HOHPHQW��
Q�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU�

$FFHVV� < P�0$75,;�&2/�&2/−

< %�&5($7(�&2/801�&2/−

,QSXW�2XWSXW�

6HH�DOVR� &2/���&6:3��52:���52:²

LQ��/A� ... L�/A� L�/AQ�� Level 1/Item 1

>�YHFWRU�@FRO� >�YHFWRU�@FROQ QFROFRXQW → >>�PDWUL[�@@
HOHPHQW� HOHPHQWQ QHOHPHQWFRXQW → >�YHFWRU�@

Level 2/Argument 1 Level 1/Argument 2 Level 2/Item 1 Level 1/Item 2

>>�PDWUL[�@@� QFROXPQ → >>�PDWUL[�@@� >�YHFWRU�@FROXPQ

>�YHFWRU�@� QHOHPHQW → >�YHFWRU�@� HOHPHQWQ



1-118 Command Reference: Part B (1.1)*R�WR�,QGH[

COL+
7\SH� &RPPDQG
'HVFULSWLRQ� ,QVHUW�&ROXPQ�&RPPDQG��,QVHUWV�DQ�DUUD\��YHFWRU�RU�PDWUL[��LQWR�D�PDWUL[��RU�RQH�RU�PRUH�

HOHPHQWV�LQWR�D�YHFWRU��DW�WKH�SRVLWLRQ�LQGLFDWHG�E\�QLQGH[��DQG�UHWXUQV�WKH�PRGLILHG�DUUD\��
7KH�LQVHUWHG�DUUD\�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�URZV�DV�WKH�WDUJHW�DUUD\�
QLQGH[�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU��7KH�RULJLQDO�DUUD\�LV�UHGLPHQVLRQHG�WR�LQFOXGH�WKH�QHZ�
FROXPQV�RU�HOHPHQWV��DQG�WKH�HOHPHQWV�DW�DQG�WR�WKH�ULJKW�RI�WKH�LQVHUWLRQ�SRLQW�DUH�VKLIWHG�WR�
WKH�ULJKW�

$FFHVV� < P�0$75,;�&2/�&2/+

< %�&5($7(�&2/801�&2/+

,QSXW�2XWSXW�

6HH�DOVR� &2/²��&6:3��52:���52:²

COLCT
7\SH� &RPPDQG�
'HVFULSWLRQ� )DFWRUL]HV�D�SRO\QRPLDO�RU�DQ�LQWHJHU��,GHQWLFDO�WR�)$&725��VHH�YROXPH����&$6�&RPPDQGV��
$FFHVV� N�&2/&7
,QSXW�2XWSXW�

6HH�DOVR� (;3$1��)$&725��,62/��48$'��6+2:

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� >>�PDWUL[�@@� QLQGH[ → >>�PDWUL[�@@�
>>�PDWUL[�@@� >�YHFWRU�@FROXPQ QLQGH[ → >>�PDWUL[�@@�
>�YHFWRU�@� QHOHPHQW QLQGH[ → >�YHFWRU�@�

Level 1/Argument 1 Level 1/Item 1


V\PE�
 → 
V\PE�

[ → [

�[��\� → �[��\�



Command Reference: Part B (1.1) 1-119*R�WR�,QGH[

COLΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 6SHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH�DQG�GHSHQGHQW�YDULDEOH�FROXPQV�RI�WKH�FXUUHQW�VWDWLVWLFV�

PDWUL[��WKH�UHVHUYHG�YDULDEOH�Σ'$7��
&2/Σ�FRPELQHV�WKH�IXQFWLRQDOLW\�RI�;&2/�DQG�<&2/��7KH�LQGHSHQGHQW�YDULDEOH�FROXPQ�
QXPEHU�[[FRO�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��WKH�GHIDXOW�LV�����
7KH�GHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�[\FRO�LV�VWRUHG�DV�WKH�VHFRQG�SDUDPHWHU�LQ�WKH�
UHVHUYHG�YDULDEOH�Σ3$5��WKH�GHIDXOW�LV�����
&2/Σ�DFFHSWV�DQG�VWRUHV�QRQLQWHJHU�YDOXHV��EXW�VXEVHTXHQW�FRPPDQGV�WKDW�XVH�WKHVH�WZR�
SDUDPHWHUV�LQ�Σ3$5�ZLOO�FDXVH�HUURUV�

$FFHVV� N�&2/Σ
,QSXW�2XWSXW�

6HH�DOVR� %$53/27��%(67),7��&255��&29��(;3),7��+,673/27��/,1),7��/2*),7��/5��
35(';��35('<��3:5),7��6&$753/27��;&2/��<&2/

COMB
7\SH� )XQFWLRQ
'HVFULSWLRQ� &RPELQDWLRQV�)XQFWLRQ��5HWXUQV�WKH�QXPEHU�RI�SRVVLEOH�FRPELQDWLRQV�RI�Q�LWHPV�WDNHQ�P�DW�

D�WLPH�
7KH�IROORZLQJ�IRUPXOD�LV�XVHG�

7KH�DUJXPHQWV�Q�DQG�P�PXVW�HDFK�EH�OHVV�WKDQ�������,I�Q�P��]HUR�LV�UHWXUQHG�
$FFHVV� < P�352%$%,/,7<�&20%
,QSXW�2XWSXW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[FRO \FRO →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

Q P → &Q�P


V\PEQ
 P → 
&20%�V\PEQ�P�

Q 
V\PEP
 → 
&20%�Q��V\PEP�


Cn m,
n!

m! n m–( )!⋅
-------------------------------=



1-120 Command Reference: Part B (1.1)*R�WR�,QGH[

6HH�DOVR� 3(50���

CON
7\SH� &RPPDQG
'HVFULSWLRQ� &RQVWDQW�$UUD\�&RPPDQG��5HWXUQV�D�FRQVWDQW�DUUD\��GHILQHG�DV�DQ�DUUD\�ZKRVH�HOHPHQWV�DOO�

KDYH�WKH�VDPH�YDOXH�
7KH�FRQVWDQW�YDOXH�LV�D�UHDO�RU�FRPSOH[�QXPEHU�WDNHQ�IURP�DUJXPHQW���OHYHO����7KH�UHVXOWLQJ�
DUUD\�LV�HLWKHU�D�QHZ�DUUD\��RU�DQ�H[LVWLQJ�DUUD\�ZLWK�LWV�HOHPHQWV�UHSODFHG�E\�WKH�FRQVWDQW��
GHSHQGLQJ�RQ�WKH�REMHFW�LQ�DUJXPHQW���OHYHO���
� &UHDWLQJ�D�QHZ�DUUD\��,I�DUJXPHQW���OHYHO���FRQWDLQV�D�OLVW�RI�RQH�RU�WZR�LQWHJHUV��&21�
UHWXUQV�D�QHZ�DUUD\��,I�WKH�OLVW�FRQWDLQV�D�VLQJOH�LQWHJHU�QFROXPQV��&21�UHWXUQV�D�FRQVWDQW�
YHFWRU�ZLWK�Q�HOHPHQWV��,I�WKH�OLVW�FRQWDLQV�WZR�LQWHJHUV�QURZV�DQG�PFROXPQV��&21�UHWXUQV�D�
FRQVWDQW�PDWUL[�ZLWK�Q�URZV�DQG�P�FROXPQV��

� 5HSODFLQJ�WKH�HOHPHQWV�RI�DQ�H[LVWLQJ�DUUD\��,I�DUJXPHQW���OHYHO���FRQWDLQV�DQ�DUUD\��&21�
UHWXUQV�DQ�DUUD\�RI�WKH�VDPH�GLPHQVLRQV��ZLWK�HDFK�HOHPHQW�HTXDO�WR�WKH�FRQVWDQW��,I�WKH�
FRQVWDQW�LV�D�FRPSOH[�QXPEHU��WKH�RULJLQDO�DUUD\�PXVW�DOVR�EH�FRPSOH[�
,I�DUJXPHQW���OHYHO���FRQWDLQV�D�QDPH��WKH�QDPH�PXVW�LGHQWLI\�D�YDULDEOH�WKDW�FRQWDLQV�DQ�
DUUD\��,Q�WKLV�FDVH��WKH�HOHPHQWV�RI�WKH�DUUD\�DUH�UHSODFHG�E\�WKH�FRQVWDQW��,I�WKH�FRQVWDQW�LV�
D�FRPSOH[�QXPEHU��WKH�RULJLQDO�DUUD\�PXVW�DOVR�EH�FRPSOH[�

$FFHVV� < P�0$75,;�0$.(�&21
< %�&5($7(�21

,QSXW�2XWSXW�

6HH�DOVR� ,'1


V\PEQ
 
V\PEP
 → 
&20%�V\PEQ�V\PEP�


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^�QFROXPQV�` ]FRQVWDQW → >�YHFWRUFRQVWDQW�@
^�QURZV�PFROXPQV�‘ ]FRQVWDQW → >>�PDWUL[FRQVWDQW�@@
>�5�DUUD\�@ [FRQVWDQW → >�5�DUUD\FRQVWDQW�@
>�&�DUUD\�@ ]FRQVWDQW → >�&�DUUD\FRQVWDQW�@

QDPH
 ]FRQVWDQW →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1



Command Reference: Part B (1.1) 1-121*R�WR�,QGH[

COND
7\SH� &RPPDQG
'HVFULSWLRQ� &RQGLWLRQ�1XPEHU�&RPPDQG��5HWXUQV�WKH���QRUP��FROXPQ�QRUP��FRQGLWLRQ�QXPEHU�RI�D�

VTXDUH�PDWUL[�
7KH�FRQGLWLRQ�QXPEHU�RI�D�PDWUL[�LV�WKH�SURGXFW�RI�WKH�QRUP�RI�WKH�PDWUL[�DQG�WKH�QRUP�RI�
WKH�LQYHUVH�RI�WKH�PDWUL[��&21'�XVHV�WKH���QRUP�DQG�FRPSXWHV�WKH�FRQGLWLRQ�QXPEHU�RI�
WKH�PDWUL[�ZLWKRXW�FRPSXWLQJ�WKH�LQYHUVH�RI�WKH�PDWUL[�
7KH�FRQGLWLRQ�QXPEHU�H[SUHVVHV�WKH�VHQVLWLYLW\�RI�WKH�SUREOHP�RI�VROYLQJ�D�V\VWHP�RI�OLQHDU�
HTXDWLRQV�KDYLQJ�FRHIILFLHQWV�UHSUHVHQWHG�E\�WKH�HOHPHQWV�RI�WKH�PDWUL[��WKLV�LQFOXGHV�
LQYHUWLQJ�WKH�PDWUL[���7KDW�LV��LW�LQGLFDWHV�KRZ�PXFK�DQ�HUURU�LQ�WKH�LQSXWV�PD\�EH�PDJQLILHG�
LQ�WKH�RXWSXWV�RI�FDOFXODWLRQV�XVLQJ�WKH�PDWUL[�
,Q�PDQ\�OLQHDU�DOJHEUD�FRPSXWDWLRQV��WKH�EDVH����ORJDULWKP�RI�WKH�FRQGLWLRQ�QXPEHU�RI�WKH�
PDWUL[�LV�DQ�HVWLPDWH�RI�WKH�QXPEHU�RI�GLJLWV�RI�SUHFLVLRQ�WKDW�PLJKW�EH�ORVW�LQ�FRPSXWDWLRQV�
XVLQJ�WKDW�PDWUL[��$�UHDVRQDEOH�UXOH�RI�WKXPE�LV�WKDW�WKH�QXPEHU�RI�GLJLWV�RI�DFFXUDF\�LQ�WKH�
UHVXOW�LV�DSSUR[LPDWHO\�0,1������²ORJ���&21'���

$FFHVV� < P�0$75,;�1250$/,=(�&21'
< %�23(5$7,216�&21'

,QSXW�2XWSXW�

6HH�DOVR� 6150��65$'��75$&(

CONIC
7\SH� &RPPDQG
'HVFULSWLRQ� &RQLF�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�&21,&�

:KHQ�WKH�SORW�W\SH�LV�&21,&��WKH�'5$:�FRPPDQG�SORWV�WKH�FXUUHQW�HTXDWLRQ�DV�D�VHFRQG�
RUGHU�SRO\QRPLDO�RI�WZR�UHDO�YDULDEOHV��7KH�FXUUHQW�HTXDWLRQ�LV�VSHFLILHG�LQ�WKH�UHVHUYHG�
YDULDEOH�(4��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�
WKLV�IRUP�

^��xmin, ymin���xmax, ymax� indep res axes ptype depend ‘

)RU�SORW�W\SH�&21,&��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@PïQ → [FRQGLWLRQQXPEHU



1-122 Command Reference: Part B (1.1)*R�WR�,QGH[

� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²�����²������

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�������������

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�QDPH�DQG�
WZR�QXPEHUV�VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH�
�WKH�SORWWLQJ�UDQJH���7KH�GHIDXOW�YDOXH�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�SORWWHG�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�ELQDU\�LQWHJHU�VSHFLI\LQJ�WKH�LQWHUYDO�LQ�SL[HOV��
7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���SL[HO�

� D[HV�LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�LQWHUVHFWLRQ�RI�WKH�
KRUL]RQWDO�DQG�YHUWLFDO�D[HV��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�QXPEHU�DQG�WZR�VWULQJV�VSHFLI\LQJ�
ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�&21,&�
SODFHV�WKH�FRPPDQG�QDPH�&21,&�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<��
7KH�FXUUHQW�HTXDWLRQ�LV�XVHG�WR�GHILQH�D�SDLU�RI�IXQFWLRQV�RI�WKH�LQGHSHQGHQW�YDULDEOH��7KHVH�
IXQFWLRQV�DUH�GHULYHG�IURP�WKH�VHFRQG�RUGHU�7D\ORU
V�DSSUR[LPDWLRQ�WR�WKH�FXUUHQW�HTXDWLRQ��
7KH�PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��WKH�SORWWLQJ�UDQJH��FDQ�EH�
VSHFLILHG�LQ�LQGHS��RWKHUZLVH��WKH�YDOXHV�LQ��[PLQ��\PLQ��DQG��[PD[��\PD[���WKH�GLVSOD\�UDQJH��DUH�
XVHG��/LQHV�DUH�GUDZQ�EHWZHHQ�SORWWHG�SRLQWV�XQOHVV�IODJ�²���LV�VHW�

$FFHVV� N &21,&

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(



Command Reference: Part B (1.1) 1-123*R�WR�,QGH[

CONJ
7\SH� )XQFWLRQ
'HVFULSWLRQ� &RQMXJDWH�$QDO\WLF�)XQFWLRQ��&RQMXJDWHV�D�FRPSOH[�QXPEHU�RU�D�FRPSOH[�DUUD\�

&RQMXJDWLRQ�LV�WKH�QHJDWLRQ��VLJQ�UHYHUVDO��RI�WKH�LPDJLQDU\�SDUW�RI�D�FRPSOH[�QXPEHU��)RU�
UHDO�QXPEHUV�DQG�UHDO�DUUD\V��WKH�FRQMXJDWH�LV�LGHQWLFDO�WR�WKH�RULJLQDO�DUJXPHQW�

$FFHVV� > ó�&21-
,QSXW�2XWSXW�

6HH�DOVR� $%6��,0��5(��6&21-��6,*1

CONLIB
7\SH� &RPPDQG
'HVFULSWLRQ� 2SHQ�&RQVWDQWV�/LEUDU\�&RPPDQG��2SHQV�WKH�&RQVWDQWV�/LEUDU\�FDWDORJ��
$FFHVV� g�&2167$176�/,%5$5<
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &2167

CONST
7\SH� )XQFWLRQ
'HVFULSWLRQ� &RQVWDQW�9DOXH�&RPPDQG��5HWXUQV�WKH�YDOXH�RI�D�FRQVWDQW��

&2167�UHWXUQV�WKH�YDOXH�RI�WKH�VSHFLILHG�FRQVWDQW��,W�FKRRVHV�WKH�XQLW�W\SH�GHSHQGLQJ�RQ�
IODJ�²����6,�LI�FOHDU��(QJOLVK�LI�VHW��DQG�XVHV�WKH�XQLWV�GHSHQGLQJ�RQ�IODJ�²����XQLWV�LI�FOHDU��QR�
XQLWV�LI�VHW�

$FFHVV� N�&2167

Level 1/Argument 1 Level 1/Item 1

[ → [
�[��\� → �[��†\�

>�5�DUUD\�@ → >�5�DUUD\�@
>�&�DUUD\�@� → >�&�DUUD\�@�

V\PE
 → 
&21-�V\PE�




1-124 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &21/,%

CONT
7\SH� &RPPDQG
'HVFULSWLRQ� &RQWLQXH�3URJUDP�([HFXWLRQ�&RPPDQG��5HVXPHV�H[HFXWLRQ�RI�D�KDOWHG�SURJUDP�

6LQFH�&217�LV�D�FRPPDQG��LW�FDQ�EH�DVVLJQHG�WR�D�NH\�RU�WR�D�FXVWRP�PHQX�
$FFHVV� <:

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� +$/7��.,//��352037

CONVERT
7\SH� &RPPDQG
'HVFULSWLRQ� &RQYHUW�8QLWV�&RPPDQG��&RQYHUWV�D�VRXUFH�XQLW�REMHFW�WR�WKH�GLPHQVLRQV�RI�D�WDUJHW�XQLW�

7KH�VRXUFH�DQG�WDUJHW�XQLWV�PXVW�EH�FRPSDWLEOH��7KH�QXPEHU�SDUW�[��RI�WKH�WDUJHW�XQLW�REMHFW�
LV�LJQRUHG�

$FFHVV� < ^�81,76�722/6�&219(57
,QSXW�2XWSXW�

6HH�DOVR� 8%$6(��8)$&7��→81,7��89$/

Level 1/Argument 1 Level 1/Item 1


QDPH
 → [

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[�BXQLWVVRXUFH [�BXQLWVWDUJHW → [�BXQLWVWDUJHW



Command Reference: Part B (1.1) 1-125*R�WR�,QGH[

CORR
7\SH� &RPPDQG
'HVFULSWLRQ� &RUUHODWLRQ�&RPPDQG��5HWXUQV�WKH�FRUUHODWLRQ�FRHIILFLHQW�RI�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�

GDWD�FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ’$7��
7KH�FROXPQV�DUH�VSHFLILHG�E\�WKH�ILUVW�WZR�HOHPHQWV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��VHW�E\�
;&2/�DQG�<&2/��UHVSHFWLYHO\��,I�Σ3$5�GRHV�QRW�H[LVW��&255�FUHDWHV�LW�DQG�VHWV�WKH�
HOHPHQWV�WR�WKHLU�GHIDXOW�YDOXHV����DQG����
7KH�FRUUHODWLRQ�LV�FRPSXWHG�ZLWK�WKH�IROORZLQJ�IRUPXOD�

ZKHUH� LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�FROXPQ�Q��� LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�WKH�
FROXPQ�Q��� LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ�Q��� LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ�Q���
DQG�Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�&255
,QSXW�2XWSXW�

)ODJV� 1RQH
6HH�DOVR� &2/Σ��&29��35(';��35('<��;&2/��<&2/

COS
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� &RVLQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�FRVLQH�RI�WKH�DUJXPHQW�

)RU�UHDO�DUJXPHQWV��WKH�FXUUHQW�DQJOH�PRGH�GHWHUPLQHV�WKH�QXPEHU
V�LQWHUSUHWDWLRQ�DV�DQ�
DQJOH��XQOHVV�WKH�DQJXODU�XQLWV�DUH�VSHFLILHG�
)RU�FRPSOH[�DUJXPHQWV��FRV�[���L\�� �FRV[�FRVK\�²�L�VLQ[�VLQK\�

Level 1/Argument 1 Level 1/Item 1

→ [FRUUHODWLRQ

xin1
xn1

–( ) xin2
xn2

–( )
i 1=

n

∑

xin1
xn1

–( )2

i 1=

n

∑ xin2
xn2

–( )2

i 1=

n

∑

-----------------------------------------------------------------------------------

xin1
xin2

xn1
xn2



1-126 Command Reference: Part B (1.1)*R�WR�,QGH[

,I�WKH�DUJXPHQW�IRU�&26�LV�D�XQLW�REMHFW��WKHQ�WKH�VSHFLILHG�DQJXODU�XQLW�RYHUULGHV�WKH�DQJOH�
PRGH�WR�GHWHUPLQH�WKH�UHVXOW��,QWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ��RQ�WKH�RWKHU�KDQG��DOZD\V�
REVHUYH�WKH�DQJOH�PRGH��7KHUHIRUH��WR�FRUUHFWO\�LQWHJUDWH�RU�GLIIHUHQWLDWH�H[SUHVVLRQV�
FRQWDLQLQJ�&26�ZLWK�D�XQLW�REMHFW��WKH�DQJOH�PRGH�PXVW�EH�VHW�WR�5DGLDQV��VLQFH�WKLV�LV�D�
´QHXWUDOµ�PRGH��

$FFHVV� t

,QSXW�2XWSXW�

6HH�DOVR� $&26��6,1��7$1

COSH
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� +\SHUEROLF�&RVLQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�K\SHUEROLF�FRVLQH�RI�WKH�DUJXPHQW�

)RU�FRPSOH[�DUJXPHQWV��FRVK�[���L\�� �FRVK[�FRV\���L�VLQK[�VLQ\�
$FFHVV� > ß�+<3(5%2/,&�&26+

< P�+<3(5%2/,&�&26+
,QSXW�2XWSXW�

6HH�DOVR� $&26+��6,1+��7$1+

Level 1/Argument 1 Level 1/Item 1

] → FRV�]


V\PE
 → 
&26�V\PE�

[BXQLWDQJXODU → FRV��[BXQLWDQJXODU�

Level 1/Argument 1 Level 1/Item 1

] → FRVK�]


V\PE
 → 
&26+�V\PE�




Command Reference: Part B (1.1) 1-127*R�WR�,QGH[

COV
7\SH� &RPPDQG
'HVFULSWLRQ� &RYDULDQFH�&RPPDQG��5HWXUQV�WKH�VDPSOH�FRYDULDQFH�RI�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�

GDWD�FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ’$7��
7KH�FROXPQV�DUH�VSHFLILHG�E\�WKH�ILUVW�WZR�HOHPHQWV�LQ�UHVHUYHG�YDULDEOH�Σ3$5��VHW�E\�;&2/�
DQG�<&2/�UHVSHFWLYHO\��,I�Σ3$5�GRHV�QRW�H[LVW��&29�FUHDWHV�LW�DQG�VHWV�WKH�HOHPHQWV�WR�WKHLU�
GHIDXOW�YDOXHV����DQG����
7KH�FRYDULDQFH�LV�FDOFXODWHG�ZLWK�WKH�IROORZLQJ�IRUPXOD�

ZKHUH� �LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�FROXPQ�Q��� �LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�WKH�
FROXPQ�Q��� LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ�Q��� �LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ�Q���
DQG�Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�&29
,QSXW�2XWSXW�

6HH�DOVR� &2/Σ��&255��3&29��35(';��35('<��;&2/��<&2/

CR
7\SH� &RPPDQG
'HVFULSWLRQ� &DUULDJH�5LJKW�&RPPDQG��3ULQWV�WKH�FRQWHQWV��LI�DQ\��RI�WKH�SULQWHU�EXIIHU�

&5�VHQGV�WR�WKH�SULQWHU�D�VWULQJ�WKDW�HQFRGHV�WKH�OLQH�WHUPLQDWLRQ�PHWKRG��7KH�GHIDXOW�
WHUPLQDWLRQ�PHWKRG�LV�FDUULDJH�UHWXUQ�OLQHIHHG��7KH�VWULQJ�LV�WKH�IRXUWK�SDUDPHWHU�LQ�WKH�
UHVHUYHG�YDULDEOH�3573$5�

$FFHVV� N�&5
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '(/$<��2/'357��35/&'��3567��3567&��359$5��35�

Level 1/Argument 1 Level 1/Item 1

→ [FRYDULDQFH

1
n 1–
------------ xin1

xn1
–( ) xin2

xn2
–( )

i 1=

n

∑

xin1
xin2

xn1
xn2



1-128 Command Reference: Part B (1.1)*R�WR�,QGH[

CRDIR
7\SH� &RPPDQG
'HVFULSWLRQ� &UHDWH�'LUHFWRU\�&RPPDQG��&UHDWHV�DQ�HPSW\�VXEGLUHFWRU\�ZLWK�WKH�VSHFLILHG�QDPH�LQ�WKH�

FXUUHQW�GLUHFWRU\�
&5',5�GRHV�QRW�FKDQJH�WKH�FXUUHQW�GLUHFWRU\��HYDOXDWH�WKH�QDPH�RI�WKH�QHZ�VXEGLUHFWRU\�WR�
PDNH�LW�WKH�FXUUHQW�GLUHFWRU\�

$FFHVV� <N0(025<�',5(&725<�&5',5
,QSXW�2XWSXW�

6HH�DOVR� +20(��3$7+��3*',5��83',5

CROSS
7\SH� &RPPDQG
'HVFULSWLRQ� &URVV�3URGXFW�&RPPDQG��&5266�UHWXUQV�WKH�FURVV�SURGXFW�&� �$�ï�%�RI�YHFWRUV�$�DQG�%�

7KH�DUJXPHQWV�PXVW�EH�YHFWRUV�KDYLQJ�WZR�RU�WKUHH�HOHPHQWV��DQG�QHHG�QRW�KDYH�WKH�VDPH�
QXPEHU�RI�HOHPHQWV���7KH�+3����DXWRPDWLFDOO\�FRQYHUWV�D�WZR�HOHPHQW�DUJXPHQW�>�G���G��@�WR�
D�WKUHH�HOHPHQW�DUJXPHQW�>�G���G�����@��

$FFHVV� < P�9(&725�&5266
,QSXW�2XWSXW�

6HH�DOVR� &150��'(7��'27��5150

CSWP
7\SH� &RPPDQG
'HVFULSWLRQ� &ROXPQ�6ZDS�&RPPDQG��6ZDSV�FROXPQV�L�DQG�M�RI�WKH�DUJXPHQW�PDWUL[�DQG�UHWXUQV�WKH�

PRGLILHG�PDWUL[��RU�VZDSV�HOHPHQWV�L�DQG�M�RI�WKH�DUJXPHQW�YHFWRU�DQG�UHWXUQV�WKH�PRGLILHG�
YHFWRU�

Level 1/Argument 1 Level 1/Item 1


JOREDO
 →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�YHFWRU�@$ >�YHFWRU�@% → >�YHFWRU�@$�ï�%



Command Reference: Part B (1.1) 1-129*R�WR�,QGH[

&ROXPQ�QXPEHUV�DUH�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU��9HFWRU�DUJXPHQWV�DUH�WUHDWHG�DV�URZ�
YHFWRUV�

$FFHVV� < %�&5($7(�&2/801�&6:3
< P�0$75,;�&2/�&6:3

,QSXW�2XWSXW�

6HH�DOVR� &2/���&2/²��56:3

CYLIN
7\SH� &RPPDQG
'HVFULSWLRQ� &\OLQGULFDO�0RGH�&RPPDQG��6HWV�&\OLQGULFDO�FRRUGLQDWH�PRGH�

&</,1�FOHDUV�IODJ�²���DQG�VHWV�IODJ�²���
,Q�&\OLQGULFDO�PRGH��YHFWRUV�DUH�GLVSOD\HG�DV�SRODU�FRPSRQHQWV�

$FFHVV� N�&</,1
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� 5(&7��63+(5(

C→PX
7\SH� &RPPDQG
'HVFULSWLRQ� &RPSOH[�WR�3L[HO�&RPPDQG��&RQYHUWV�WKH�VSHFLILHG�XVHU�XQLW�FRRUGLQDWHV�WR�SL[HO�

FRRUGLQDWHV�
7KH�XVHU�XQLW�FRRUGLQDWHV�DUH�GHULYHG�IURP�WKH��[PLQ��\PLQ��DQG��[PD[��\PD[��SDUDPHWHUV�LQ�WKH�
UHVHUYHG�YDULDEOH�33$5�

$FFHVV� <N3,&7�&→3;

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� QFROXPQL QFROXPQM → >>�PDWUL[�@@�
>�YHFWRU�@� QHOHPHQWL QHOHPHQWM → >�YHFWRU�@�



1-130 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 3;→&

C→R
7\SH� &RPPDQG
'HVFULSWLRQ� &RPSOH[�WR�5HDO�&RPPDQG��6HSDUDWHV�WKH�UHDO�DQG�LPDJLQDU\�SDUWV�RI�D�FRPSOH[�QXPEHU�RU�

FRPSOH[�DUUD\�
7KH�UHVXOW�LQ�LWHP���OHYHO���UHSUHVHQWV�WKH�UHDO�SDUW�RI�WKH�FRPSOH[�DUJXPHQW��7KH�UHVXOW�LQ�
LWHP����OHYHO���UHSUHVHQWV�WKH�LPDJLQDU\�SDUW�RI�WKH�FRPSOH[�DUJXPHQW�

$FFHVV� <N7<3(�&→5

,QSXW�2XWSXW�

6HH�DOVR� 5→&��5(��,0

DARCY
7\SH� )XQFWLRQ
'HVFULSWLRQ� 'DUF\�)ULFWLRQ�)DFWRU�)XQFWLRQ��&DOFXODWHV�WKH�'DUF\�IULFWLRQ�IDFWRU�RI�FHUWDLQ�IOXLG�IORZV�

'$5&<�FDOFXODWHV�WKH�)DQQLQJ�IULFWLRQ�IDFWRU�DQG�PXOWLSOLHV�LW�E\����[H�’�LV�WKH�UHODWLYH�
URXJKQHVV�²�WKH�UDWLR�RI�WKH�FRQGXLW�URXJKQHVV�WR�LWV�GLDPHWHU��\5H�LV�WKH�5H\QROGV�QXPEHU��
7KH�IXQFWLRQ�XVHV�GLIIHUHQW�FRPSXWDWLRQ�URXWLQHV�IRU�ODPLQDU�IORZ��5H�≤�������DQG�WXUEXOHQW�
IORZ��5H�!��������[H�’�DQG�\5H�PXVW�EH�UHDO�QXPEHUV�RU�XQLW�REMHFWV�WKDW�UHGXFH�WR�
GLPHQVLRQOHVV�QXPEHUV��DQG�ERWK�QXPEHUV�PXVW�EH�JUHDWHU�WKDQ����

$FFHVV� N�'$5&<
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

�[��\� → ^��Q���P�‘

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

�[��\� → [ \
>�&�DUUD\�@ → >5�DUUD\�@� >5�DUUD\�@�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[H �’ \5H → ['DUF\



Command Reference: Part B (1.1) 1-131*R�WR�,QGH[

6HH�DOVR� )$11,1*

DATE
7\SH� &RPPDQG
'HVFULSWLRQ� 'DWH�&RPPDQG��5HWXUQV�WKH�V\VWHP�GDWH�
$FFHVV� >ç 722/6�'$7(
,QSXW�2XWSXW�

6HH�DOVR� '$7(���''$<6��7,0(��7675

→DATE
7\SH� &RPPDQG
'HVFULSWLRQ� 6HW�'DWH�&RPPDQG��6HWV�WKH�V\VWHP�GDWH�WR�GDWH�

GDWH�KDV�WKH�IRUP�00�’’<<<<�RU�’’�00<<<<��GHSHQGLQJ�RQ�WKH�VWDWH�RI�IODJ�²����00�
LV�PRQWK��’’�LV�GD\��DQG�<<<<�LV�\HDU��,I�<<<<�LV�QRW�VXSSOLHG��WKH�FXUUHQW�VSHFLILFDWLRQ�IRU�
WKH�\HDU�LV�XVHG��7KH�UDQJH�RI�DOORZDEOH�GDWHV�LV�-DQXDU\���������WR�'HFHPEHU����������

$FFHVV� >ç 722/6�→'$7(

,QSXW�2XWSXW�

6HH�DOVR� →7,0(

DATE+
7\SH� &RPPDQG
'HVFULSWLRQ� 'DWH�$GGLWLRQ�&RPPDQG��5HWXUQV�D�SDVW�RU�IXWXUH�GDWH��JLYHQ�D�GDWH�LQ�DUJXPHQW���OHYHO���

DQG�D�QXPEHU�RI�GD\V�LQ�DUJXPHQW���OHYHO���
,I�[GD\V�LV�QHJDWLYH��'$7(��FDOFXODWHV�D�SDVW�GDWH��7KH�UDQJH�RI�DOORZDEOH�GDWHV�LV�2FWREHU�
����������WR�'HFHPEHU����������

Level 1/Argument 1 Level 1/Item 1

→ GDWH

Level 1/Argument 1 Level 1/Item 1

GDWH →



1-132 Command Reference: Part B (1.1)*R�WR�,QGH[

$FFHVV� >ç 722/6�'$7(�
,QSXW�2XWSXW�

6HH�DOVR� '$7(��''$<6

DBUG
7\SH� 2SHUDWLRQ
'HVFULSWLRQ� 'HEXJ�2SHUDWLRQ��6WDUWV�SURJUDP�H[HFXWLRQ��WKHQ�VXVSHQGV�LW�DV�LI�+$/7�ZHUH�WKH�ILUVW�

SURJUDP�FRPPDQG�
'%8*�LV�QRW�SURJUDPPDEOH�

$FFHVV� N�'(%8*

,QSXW�2XWSXW�

6HH�DOVR� +$/7��1(;7

DDAYS
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOWD�'D\V�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�GD\V�EHWZHHQ�WZR�GDWHV�

,I�WKH�DUJXPHQW���OHYHO���GDWH�LV�FKURQRORJLFDOO\�ODWHU�WKDQ�WKH�DUJXPHQW����OHYHO���GDWH��WKH�
UHVXOW�LV�QHJDWLYH��7KH�UDQJH�RI�DOORZDEOH�GDWHV�LV�2FWREHU�����������WR�'HFHPEHU����������

$FFHVV� >ç 722/6�''$<6
,QSXW�2XWSXW�

6HH�DOVR� '$7(��'$7(�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

GDWH� [GD\V → GDWHQHZ

Level 1/Argument 1 Level 1/Item 1

©�SURJUDP�ª�RU�
SURJUDP�QDPH
 →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

GDWH� GDWH� → [GD\V



Command Reference: Part B (1.1) 1-133*R�WR�,QGH[

DEC
7\SH� &RPPDQG
'HVFULSWLRQ� 'HFLPDO�0RGH�&RPPDQG��6HOHFWV�GHFLPDO�EDVH�IRU�ELQDU\�LQWHJHU�RSHUDWLRQV���7KH�GHIDXOW�

EDVH�LV�GHFLPDO��
%LQDU\�LQWHJHUV�UHTXLUH�WKH�SUHIL[����%LQDU\�LQWHJHUV�HQWHUHG�DQG�UHWXUQHG�LQ�GHFLPDO�EDVH�
DXWRPDWLFDOO\�VKRZ�WKH�VXIIL[�G��,I�WKH�FXUUHQW�EDVH�LV�QRW�GHFLPDO��WKHQ�\RX�FDQ�HQWHU�D�
GHFLPDO�QXPEHU�E\�HQGLQJ�LW�ZLWK�G��,W�ZLOO�EH�GLVSOD\HG�LQ�WKH�FXUUHQW�EDVH�ZKHQ�LW�LV�HQWHUHG�
7KH�FXUUHQW�EDVH�GRHV�QRW�DIIHFW�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�ELQDU\�LQWHJHUV�DV�XQVLJQHG�
ELQDU\�QXPEHUV�

$FFHVV� N�'(&
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %,1��+(;��2&7��5&:6��67:6

DECR
7\SH� &RPPDQG
'HVFULSWLRQ� 'HFUHPHQW�&RPPDQG��7DNHV�D�YDULDEOH��VXEWUDFWV����VWRUHV�WKH�QHZ�YDOXH�EDFN�LQWR�WKH�

RULJLQDO�YDULDEOH��DQG�UHWXUQV�WKH�QHZ�YDOXH�
7KH�FRQWHQWV�RI�QDPH�PXVW�EH�D�UHDO�QXPEHU�RU�DQ�LQWHJHU��

$FFHVV� <N 0(025<�$5,7+0(7,&�'(&5
,QSXW�2XWSXW�

6HH�DOVR� ,1&5��672���672²

DEFINE
7\SH� &RPPDQG
'HVFULSWLRQ� 'HILQH�9DULDEOH�RU�)XQFWLRQ�&RPPDQG��6WRUHV�WKH�H[SUHVVLRQ�RQ�WKH�ULJKW�VLGH�RI�WKH� �LQ�

WKH�YDULDEOH�VSHFLILHG�RQ�WKH�OHIW�VLGH��RU�FUHDWHV�D�XVHU�GHILQHG�IXQFWLRQ�
,I�WKH�OHIW�VLGH�RI�WKH�HTXDWLRQ�LV�QDPH�RQO\��'(),1(�VWRUHV�H[S�LQ�WKH�YDULDEOH�QDPH�

Level 1/Argument 1 Level 1/Item 1


QDPH
 → [QHZ



1-134 Command Reference: Part B (1.1)*R�WR�,QGH[

,I�WKH�OHIW�VLGH�RI�WKH�HTXDWLRQ�LV�QDPH�IROORZHG�E\�SDUHQWKHWLFDO�DUJXPHQWV�QDPH��«�QDPHQ��
'(),1(�FUHDWHV�D�XVHU�GHILQHG�IXQFWLRQ�DQG�VWRUHV�LW�LQ�WKH�YDULDEOH�QDPH�

$FFHVV� <# 

,QSXW�2XWSXW�

6HH�DOVR� 672

DEG
7\SH� &RPPDQG
'HVFULSWLRQ� 'HJUHHV�&RPPDQG��6HWV�'HJUHHV�DQJOH�PRGH�

'(*�FOHDUV�IODJV�²���DQG�²����DQG�FOHDUV�WKH�5$'�DQG�*5$'�DQQXQFLDWRUV�
,Q�'HJUHHV�DQJOH�PRGH��UHDO�QXPEHU�DUJXPHQWV�WKDW�UHSUHVHQW�DQJOHV�DUH�LQWHUSUHWHG�DV�
GHJUHHV��DQG�UHDO�QXPEHU�UHVXOWV�WKDW�UHSUHVHQW�DQJOHV�DUH�H[SUHVVHG�LQ�GHJUHHV�

$FFHVV� N�'(*
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� *5$'��5$'

DELALARM
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOHWH�$ODUP�&RPPDQG��'HOHWHV�WKH�VSHFLILHG�DODUP�

,I�QLQGH[�LV����DOO�DODUPV�LQ�WKH�V\VWHP�DODUP�OLVW�DUH�GHOHWHG�
$FFHVV� >ç 722/6�$/50�'(/$/$50
,QSXW�2XWSXW�

)ODJV� 1RQH

Level 1/Argument 1 Level 1/Item 1


QDPH H[S
 →

QDPH�QDPH������QDPHQ� H[S�QDPH������QDPHQ�
 →

Level 1/Argument 1 Level 1/Item 1

QLQGH[ →



Command Reference: Part B (1.1) 1-135*R�WR�,QGH[

6HH�DOVR� ),1'$/$50��5&/$/$50��672$/$50

DELAY
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOD\�&RPPDQG��6SHFLILHV�KRZ�PDQ\�VHFRQGV�WKH�+3 ���ZDLWV�EHWZHHQ�VHQGLQJ�OLQHV�RI�

LQIRUPDWLRQ�WR�WKH�SULQWHU�
[GHOD\�VSHFLILHV�WKH�GHOD\�WLPH�LQ�VHFRQGV��7KH�GHIDXOW�GHOD\�LV�����VHFRQGV��7KH�PD[LPXP�
GHOD\�LV�����VHFRQGV���7KH�VLJQ�RI�[GHOD\�LV�LJQRUHG��VR�²��'(/$<�LV�HTXLYDOHQW�WR���'(/$<��
7KH�GHOD\�VHWWLQJ�LV�WKH�ILUVW�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�3573$5�
$�VKRUWHU�GHOD\�VHWWLQJ�FDQ�EH�XVHIXO�ZKHQ�WKH�+3 ���VHQGV�PXOWLSOH�OLQHV�RI�LQIRUPDWLRQ�WR�
\RXU�SULQWHU��IRU�H[DPSOH��ZKHQ�SULQWLQJ�D�SURJUDP���7R�RSWLPL]H�SULQWLQJ�HIILFLHQF\��VHW�WKH�
GHOD\�MXVW�ORQJHU�WKDQ�WKH�WLPH�WKH�SULQWKHDG�UHTXLUHV�WR�SULQW�RQH�OLQH�RI�LQIRUPDWLRQ��
,I�\RX�VHW�WKH�GHOD\�VKRUWHU�WKDQ�WKH�WLPH�WR�SULQW�RQH�OLQH��\RX�PD\�ORVH�LQIRUPDWLRQ��

$FFHVV� N�'(/$<
,QSXW�2XWSXW�

6HH�DOVR� &5��2/'357��35/&'��3567��3567&��359$5��35�

DELKEYS
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOHWH�.H\�$VVLJQPHQWV�&RPPDQG��&OHDUV�XVHU�GHILQHG�NH\�DVVLJQPHQWV�

7KH�DUJXPHQW�[NH\�LV�D�UHDO�QXPEHU�UF�S�VSHFLI\LQJ�WKH�NH\�E\�LWV�URZ�QXPEHU��LWV�FROXPQ�
QXPEHU��DQG�LWV�SODQH��VKLIW���)RU�D�GHILQLWLRQ�RI�SODQH��VHH�$61�
6SHFLI\LQJ���IRU�[NH\�FOHDUV�DOO�XVHU�NH\�DVVLJQPHQWV�DQG�UHVWRUHV�WKH�VWDQGDUG�NH\�DVVLJQPHQWV��
6SHFLI\LQJ�6�DV�WKH�DUJXPHQW�IRU�'(/.(<6�VXSSUHVVHV�DOO�VWDQGDUG�NH\�DVVLJQPHQWV�RQ�WKH�
XVHU�NH\ERDUG��7KLV�PDNHV�NH\V�ZLWKRXW�XVHU�NH\�DVVLJQPHQWV�LQDFWLYH�RQ�WKH�XVHU�NH\ERDUG��
�<RX�FDQ�PDNH�H[FHSWLRQV�XVLQJ�$61��RU�UHVWRUH�WKHP�DOO�XVLQJ�672.(<6���,I�\RX�DUH�VWXFN�
LQ�8VHU�PRGH�²�SUREDEO\�ZLWK�D�´ORFNHGµ�NH\ERDUG�²�EHFDXVH�\RX�KDYH�UHDVVLJQHG�RU�
VXSSUHVVHG�WKH�NH\V�QHFHVVDU\�WR�FDQFHO�8VHU�PRGH��GR�D�V\VWHP�KDOW��´ZDUP�VWDUWµ���SUHVV�DQG�
KROG�;�DQG�c�VLPXOWDQHRXVO\��UHOHDVLQJ�c�ILUVW��7KLV�FDQFHOV�8VHU�PRGH��

Level 1/Argument 1 Level 1/Item 1

[GHOD\ →



1-136 Command Reference: Part B (1.1)*R�WR�,QGH[

'HOHWHG�XVHU�NH\�DVVLJQPHQWV�VWLOO�WDNH�XS�IURP�����WR����E\WHV�RI�PHPRU\�HDFK��<RX�FDQ�IUHH�
WKLV�PHPRU\�E\�SDFNLQJ�\RXU�XVHU�NH\�DVVLJQPHQWV�E\�H[HFXWLQJ�5&/.(<6���'(/.(<6�
672.(<6�

$FFHVV� N�'(/.(<6
,QSXW�2XWSXW�

6HH�DOVR� $61��5&/.(<6��672.(<6

DEPND
7\SH� &RPPDQG
'HVFULSWLRQ� 'HSHQGHQW�9DULDEOH�&RPPDQG��6SHFLILHV�WKH�GHSHQGHQW�YDULDEOH��DQG�LWV�SORWWLQJ�UDQJH�IRU�

7587+�SORWV��
7KH�VSHFLILFDWLRQ�IRU�WKH�GHSHQGHQW�YDULDEOH�QDPH�DQG�LWV�SORWWLQJ�UDQJH�LV�VWRUHG�LQ�WKH�
UHVHUYHG�YDULDEOH�33$5�DV�IROORZV�
� ,I�WKH�DUJXPHQW�LV�D�JOREDO�YDULDEOH�QDPH��WKDW�QDPH�UHSODFHV�WKH�GHSHQGHQW�YDULDEOH�HQWU\�
LQ�33$5�

� ,I�WKH�DUJXPHQW�LV�D�OLVW�FRQWDLQLQJ�D�JOREDO�QDPH��WKDW�QDPH�UHSODFHV�WKH�GHSHQGHQW�
YDULDEOH�QDPH�EXW�OHDYHV�XQFKDQJHG�DQ\�H[LVWLQJ�SORWWLQJ�UDQJH�

� ,I�WKH�DUJXPHQW�LV�D�OLVW�FRQWDLQLQJ�D�JOREDO�QDPH�DQG�WZR�UHDO�QXPEHUV��RU�D�OLVW�
FRQWDLQLQJ�D�QDPH��DUUD\��DQG�UHDO�QXPEHU��WKDW�OLVW�UHSODFHV�WKH�GHSHQGHQW�YDULDEOH�HQWU\�

� ,I�WKH�DUJXPHQW�LV�D�OLVW�FRQWDLQLQJ�WZR�UHDO�QXPEHUV��RU�WZR�UHDO�QXPEHUV�IURP�OHYHOV���
DQG����WKRVH�WZR�QXPEHUV�VSHFLI\�D�QHZ�SORWWLQJ�UDQJH��OHDYLQJ�WKH�GHSHQGHQW�YDULDEOH�
QDPH�XQFKDQJHG���/$67$5*�UHWXUQV�D�OLVW��HYHQ�LI�WKH�WZR�QXPEHUV�ZHUH�HQWHUHG�
VHSDUDWHO\��

7KH�GHIDXOW�HQWU\�LV�<�

Level 1/Argument 1 Level 1/Item 1

[NH\ →
^�[NH\��������[NH\�Q�‘ →

� →

6
 →



Command Reference: Part B (1.1) 1-137*R�WR�,QGH[

7KH�SORWWLQJ�UDQJH�IRU�WKH�GHSHQGHQW�YDULDEOH�LV�PHDQLQJIXO�RQO\�IRU�SORW�W\SH�7587+��ZKHUH�
LW�UHVWULFWV�WKH�UHJLRQ�IRU�ZKLFK�WKH�HTXDWLRQ�LV�WHVWHG��DQG�IRU�SORW�W\SH�',))(4��ZKHUH�LW�
VSHFLILHV�WKH�LQLWLDO�VROXWLRQ�YDOXH�DQG�DEVROXWH�HUURU�WROHUDQFH�

$FFHVV� N�'(31'

,QSXW�2XWSXW�

6HH�DOVR� ,1'(3

DEPTH
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'HSWK�&RPPDQG��5HWXUQV�D�UHDO�QXPEHU�UHSUHVHQWLQJ�WKH�QXPEHU�RI�REMHFWV�SUHVHQW�RQ�WKH�

VWDFN��EHIRUH�'(37+�ZDV�H[HFXWHG���
$FFHVV� <N 67$&.�'(37+
,QSXW�2XWSXW�

DET
7\SH� &RPPDQG
'HVFULSWLRQ� 'HWHUPLQDQW�)XQFWLRQ��5HWXUQV�WKH�GHWHUPLQDQW�RI�D�VTXDUH�PDWUL[�

7KH�DUJXPHQW�PDWUL[�PXVW�EH�VTXDUH��'(7�FRPSXWHV�WKH�GHWHUPLQDQW�RI���ï���DQG���ï���
PDWULFHV�GLUHFWO\�IURP�WKH�GHILQLQJ�H[SUHVVLRQ�IRU�WKH�GHWHUPLQDQW��'(7�FRPSXWHV�WKH�
GHWHUPLQDQW�RI�D�ODUJHU�PDWUL[�E\�FRPSXWLQJ�WKH�&URXW�/8�GHFRPSRVLWLRQ�RI�WKH�PDWUL[�DQG�
DFFXPXODWLQJ�WKH�SURGXFW�RI�WKH�GHFRPSRVLWLRQ
V�GLDJRQDO�HOHPHQWV�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


JOREDO
 →
^�JOREDO�‘ →

^�JOREDO��\VWDUW��\HQG�‘ →
^\VWDUW��\HQG�‘ →

�\VWDUW \HQG →

Leveln…Level 1 Level 1

→ Q



1-138 Command Reference: Part B (1.1)*R�WR�,QGH[

6LQFH�IORDWLQJ�SRLQW�GLYLVLRQ�LV�XVHG�WR�GR�WKLV��WKH�FRPSXWHG�GHWHUPLQDQW�RI�DQ�LQWHJHU�PDWUL[�
LV�RIWHQ�QRW�DQ�LQWHJHU��HYHQ�WKRXJK�WKH�DFWXDO�GHWHUPLQDQW�RI�DQ�LQWHJHU�PDWUL[�PXVW�EH�DQ�
LQWHJHU��'(7�FRUUHFWV�WKLV�E\�URXQGLQJ�WKH�FRPSXWHG�GHWHUPLQDQW�WR�DQ�LQWHJHU�YDOXH��7KLV�
WHFKQLTXH�LV�DOVR�XVHG�IRU�QRQLQWHJHU�PDWULFHV�ZLWK�GHWHUPLQDQWV�KDYLQJ�IHZHU�WKDQ����
QRQ]HUR�GLJLWV��WKH�FRPSXWHG�GHWHUPLQDQW�LV�URXQGHG�DW�WKH�DSSURSULDWH�GLJLW�SRVLWLRQ�WR�
UHVWRUH�VRPH�RU�DOO�RI�WKH�DFFXUDF\�ORVW�WR�IORDWLQJ�SRLQW�DULWKPHWLF��
7KLV�UHILQLQJ�WHFKQLTXH�FDQ�FDXVH�WKH�FRPSXWHG�GHWHUPLQDQW�WR�H[KLELW�GLVFRQWLQXLW\��7R�
DYRLG�WKLV��\RX�FDQ�GLVDEOH�WKH�UHILQHPHQW�E\�VHWWLQJ�IODJ�²���

$FFHVV�  < %�23(5$7,216�'(7
< P�1250$/,=(�'(7

,QSXW�2XWSXW�

6HH�DOVR� &150��&5266��'27��5150

DETACH
7\SH� &RPPDQG
'HVFULSWLRQ� 'HWDFK�/LEUDU\�&RPPDQG��'HWDFKHV�WKH�OLEUDU\�ZLWK�WKH�VSHFLILHG�QXPEHU�IURP�WKH�FXUUHQW�

GLUHFWRU\��(DFK�OLEUDU\�KDV�D�XQLTXH�QXPEHU��,I�D�SRUW�QXPEHU�LV�VSHFLILHG��LW�LV�LJQRUHG�
$�5$0�EDVHG�OLEUDU\�REMHFW�DWWDFKHG�WR�WKH�+20(�GLUHFWRU\�PXVW�EH�GHWDFKHG�EHIRUH�LW�FDQ�
EH�SXUJHG��ZKHUHDV�D�OLEUDU\�DWWDFKHG�WR�DQ\�RWKHU�GLUHFWRU\�GRHV�QRW��$OVR��D�OLEUDU\�REMHFW�
DWWDFKHG�WR�D�QRQ�+20(�GLUHFWRU\�LV�DXWRPDWLFDOO\�GHWDFKHG��ZLWKRXW�XVLQJ�'(7$&+��
ZKHQHYHU�D�QHZ�OLEUDU\�REMHFW�LV�DWWDFKHG�WKHUH�

$FFHVV� N�'(7$&+
,QSXW�2XWSXW�

6HH�DOVR� $77$&+��/,%6��385*(

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → [GHWHUPLQDQW

Level 1/Argument 1 Level 1/Item 1

QOLEUDU\ →
�QSRUW��QOLEUDU\ →



Command Reference: Part B (1.1) 1-139*R�WR�,QGH[

DIAG→
7\SH� &RPPDQG
'HVFULSWLRQ� 9HFWRU�WR�0DWUL[�'LDJRQDO�&RPPDQG��7DNHV�DQ�DUUD\�DQG�D�VSHFLILHG�GLPHQVLRQ�DQG�UHWXUQV�

D�PDWUL[�ZKRVH�PDMRU�GLDJRQDO�HOHPHQWV�DUH�WKH�HOHPHQWV�RI�WKH�DUUD\�
5HDO�QXPEHU�GLPHQVLRQV�DUH�URXQGHG�WR�LQWHJHUV��,I�D�VLQJOH�GLPHQVLRQ�LV�JLYHQ��D�VTXDUH�
PDWUL[�LV�UHWXUQHG��,I�WZR�GLPHQVLRQV�DUH�JLYHQ��WKH�SURSHU�RUGHU�LV�^�QXPEHU�RI�URZV��QXPEHU�RI�
FROXPQV�`��1R�PRUH�WKDQ�WZR�GLPHQVLRQV�FDQ�EH�VSHFLILHG�
,I�WKH�PDLQ�GLDJRQDO�RI�WKH�UHVXOWLQJ�PDWUL[�KDV�PRUH�HOHPHQWV�WKDQ�WKH�DUUD\��DGGLWLRQDO�
GLDJRQDO�HOHPHQWV�DUH�VHW�WR�]HUR��,I�WKH�PDLQ�GLDJRQDO�RI�WKH�UHVXOWLQJ�PDWUL[�KDV�IHZHU�
HOHPHQWV�WKDQ�WKH�DUUD\��H[WUD�DUUD\�HOHPHQWV�DUH�GURSSHG�

$FFHVV� < %�&5($7(�',$*→

< P�0$75,;�0$.(�',$*→

,QSXW�2XWSXW�

→DIAG
7\SH� &RPPDQG
'HVFULSWLRQ� 0DWUL[�'LDJRQDO�WR�$UUD\�&RPPDQG��5HWXUQV�D�YHFWRU�WKDW�FRQWDLQV�WKH�PDMRU�GLDJRQDO�

HOHPHQWV�RI�D�PDWUL[�
7KH�LQSXW�PDWUL[�GRHV�QRW�KDYH�WR�EH�VTXDUH�

$FFHVV� <%�&5($7(�→',$*

<P�0$75,;�0$.(�→',$*

,QSXW�2XWSXW�

6HH�DOVR� ',$*→

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�DUUD\�@GLDJRQDOV ^�GLP�‘ → >>�PDWUL[�@@

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → >�YHFWRU�@GLDJRQDOV



1-140 Command Reference: Part B (1.1)*R�WR�,QGH[

DIFF
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�D�PHQX�RI�FDOFXOXV�FRPPDQGV�
$FFHVV� N�',))

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $5,7��%$6(��&03/;��(;3	/1��62/9(5��75,*2

DIFFEQ
7\SH� &RPPDQG
'HVFULSWLRQ� 'LIIHUHQWLDO�(TXDWLRQ�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�',))(4�

:KHQ�WKH�SORW�W\SH�LV�',))(4�DQG�WKH�UHVHUYHG�YDULDEOH�(4�GRHV�QRW�FRQWDLQ�D�OLVW��WKH�LQLWLDO�
YDOXH�SUREOHP�LV�VROYHG�DQG�SORWWHG�RYHU�DQ�LQWHUYDO�XVLQJ�WKH�5XQJH².XWWD²)HKOEHUJ�������
PHWKRG��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKH�
IROORZLQJ�IRUP�

^��xmin, ymin���xmax, ymax� indep res axes ptype depend ‘

)RU�SORW�W\SH�',))(4��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�OLVW��^�;�[��[I�`��FRQWDLQLQJ�D�QDPH�WKDW�VSHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH��DQG�
WZR�QXPEHUV�WKDW�VSHFLI\�WKH�LQLWLDO�DQG�ILQDO�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH��7KH�
GHIDXOW�YDOXHV�IRU�WKHVH�HOHPHQWV�DUH�^�;���[PD[�`�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�PD[LPXP�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV����,I�UHV�GRHV�QRW�HTXDO�]HUR��WKHQ�
WKH�PD[LPXP�LQWHUYDO�LV�UHV��,I�UHV�HTXDOV�]HUR��WKH�PD[LPXP�LQWHUYDO�LV�XQOLPLWHG�

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��,I�



Command Reference: Part B (1.1) 1-141*R�WR�,QGH[

WKH�VROXWLRQ�LV�UHDO�YDOXHG��WKHVH�VWULQJV�FDQ�VSHFLI\�WKH�GHSHQGHQW�RU�WKH�LQGHSHQGHQW�
YDULDEOH��LI�WKH�VROXWLRQ�LV�YHFWRU�YDOXHG��WKH�VWULQJV�FDQ�VSHFLI\�D�VROXWLRQ�FRPSRQHQW�
² ��VSHFLILHV�WKH�GHSHQGHQW�YDULDEOH��;�
² ��VSHFLILHV�WKH�GHSHQGHQW�YDULDEOH��<�
² Q�VSHFLILHV�D�VROXWLRQ�FRPSRQHQW�<Q
,I�D[HV�FRQWDLQV�DQ\�VWULQJV�RWKHU�WKDQ������RU�Q��WKH�’,))(4�SORWWHU�XVHV�WKH�GHIDXOW�VWULQJV�
��DQG����DQG�SORWV�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�KRUL]RQWDO�D[LV�DQG�WKH�GHSHQGHQW�
YDULDEOH�RQ�WKH�YHUWLFDO�

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�',))(4�
SODFHV�WKH�FRPPDQG�QDPH�',))(4�LQ�33$5�

� GHSHQG�LV�D�OLVW��^�<�\��[(UU7RO�`��FRQWDLQLQJ�D�QDPH�WKDW�VSHFLILHV�WKH�GHSHQGHQW�YDULDEOH�
�WKH�VROXWLRQ���DQG�WZR�QXPEHUV�WKDW�VSHFLI\�WKH�LQLWLDO�YDOXH�RI�<�DQG�WKH�JOREDO�DEVROXWH�
HUURU�WROHUDQFH�LQ�WKH�VROXWLRQ�<��7KH�GHIDXOW�YDOXHV�IRU�WKHVH�HOHPHQWV�DUH�^ < ��������`

(4�PXVW�GHILQH�WKH�ULJKW�KDQG�VLGH�RI�WKH�LQLWLDO�YDOXH�SUREOHP�<
�;)�;�<���<�FDQ�UHWXUQ�D�
UHDO�YDOXH�RU�UHDO�YHFWRU�ZKHQ�HYDOXDWHG�
7KH�',))(4�SORWWHU�DWWHPSWV�WR�PDNH�WKH�LQWHUYDO�EHWZHHQ�YDOXHV�RI�WKH�LQGHSHQGHQW�
YDULDEOH�DV�ODUJH�DV�SRVVLEOH��ZKLOH�NHHSLQJ�WKH�FRPSXWHG�VROXWLRQ�ZLWKLQ�WKH�VSHFLILHG�HUURU�
WROHUDQFH�[(UU7RO��7KLV�WROHUDQFH�PD\�KROG�RQO\�DW�WKH�FRPSXWHG�SRLQWV��6WUDLJKW�OLQHV�DUH�
GUDZQ�EHWZHHQ�FRPSXWHG�VWHS�HQGSRLQWV��DQG�WKHVH�OLQHV�PD\�QRW�DFFXUDWHO\�UHSUHVHQW�WKH�
DFWXDO�VKDSH�RI�WKH�VROXWLRQ��UHV�OLPLWV�WKH�PD[LPXP�LQWHUYDO�VL]H�WR�SURYLGH�KLJKHU�SORW�
UHVROXWLRQ�
2Q�H[LW�IURP�',))(4�SORW��WKH�ILUVW�HOHPHQWV�RI�LQGHS�DQG�GHSQG��LGHQWLILHUV��FRQWDLQ�WKH�ILQDO�
YDOXHV�RI�;�DQG�<��UHVSHFWLYHO\�
,I�(4�FRQWDLQV�D�OLVW��WKH�LQLWLDO�YDOXH�SUREOHP�LV�VROYHG�DQG�SORWWHG�XVLQJ�D�FRPELQDWLRQ�RI�
5RVHQEURFN�������DQG�5XQJH�.XWWD�)HKOEHUJ�������PHWKRGV��,Q�WKLV�FDVH�',))(4�XVHV�
55.67(3�WR�FDOFXODWH�\I��DQG�(4�PXVW�FRQWDLQ�WZR�DGGLWLRQDO�HOHPHQWV�
� 7KH�VHFRQG�HOHPHQW�RI�(4�PXVW�HYDOXDWH�WR�WKH�SDUWLDO�GHULYDWLYH�RI�<
�ZLWK�UHVSHFW�WR�;��
DQG�FDQ�UHWXUQ�D�UHDO�YDOXH�RU�UHDO�YHFWRU�ZKHQ�HYDOXDWHG�

� 7KH�WKLUG�HOHPHQW�RI�(4�PXVW�HYDOXDWH�WR�WKH�SDUWLDO�GHULYDWLYH�RI�<
�ZLWK�UHVSHFW�WR�<��
DQG�FDQ�UHWXUQ�D�UHDO�YDOXH�RU�D�UHDO�PDWUL[�ZKHQ�HYDOXDWHG�

$FFHVV� N�',))(4
,QSXW� 1RQH



1-142 Command Reference: Part B (1.1)*R�WR�,QGH[

2XWSXW� 1RQH
6HH�DOVR� $;(6��&21,&��)81&7,21��3$5$0(75,&��32/$5��5.)67(3��55.67(3��7587+

DISP
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\�&RPPDQG��'LVSOD\V�REM�LQ�WKH�QWK�GLVSOD\�OLQH�

Q�≤���LQGLFDWHV�WKH�WRS�OLQH�RI�WKH�GLVSOD\��Q�≥���LQGLFDWHV�WKH�ERWWRP�OLQH�
7R�IDFLOLWDWH�WKH�GLVSOD\�RI�PHVVDJHV��VWULQJV�DUH�GLVSOD\HG�ZLWKRXW�WKH�VXUURXQGLQJ�����
GHOLPLWHUV��$OO�RWKHU�REMHFWV�DUH�GLVSOD\HG�LQ�WKH�VDPH�IRUP�DV�ZRXOG�EH�XVHG�LI�WKH�REMHFW�ZHUH�
LQ�OHYHO���LQ�WKH�PXOWLOLQH�GLVSOD\�IRUPDW��,I�WKH�REMHFW�GLVSOD\�UHTXLUHV�PRUH�WKDQ�RQH�GLVSOD\�
OLQH��WKH�GLVSOD\�VWDUWV�LQ�OLQH�Q��DQG�FRQWLQXHV�GRZQ�WKH�GLVSOD\�HLWKHU�WR�WKH�HQG�RI�WKH�REMHFW�
RU�WKH�ERWWRP�RI�WKH�GLVSOD\�
7KH�REMHFW�GLVSOD\HG�E\�',63�SHUVLVWV�LQ�WKH�GLVSOD\�RQO\�XQWLO�WKH�NH\ERDUG�LV�UHDG\�IRU�LQSXW��
7KH�)5((=(�FRPPDQG�FDQ�EH�XVHG�WR�FDXVH�WKH�REMHFW�WR�SHUVLVW�LQ�WKH�GLVSOD\�XQWLO�D�NH\�
LV�SUHVVHG�

$FFHVV� <N 287�',63
,QSXW�2XWSXW�

6HH�DOVR� )5((=(��+$/7��,1387��352037

DO
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� '2�,QGHILQLWH�/RRS�6WUXFWXUH�&RPPDQG��6WDUWV�'2�«�817,/�«�(1'�LQGHILQLWH�ORRS�

VWUXFWXUH�
'2�«�817,/�«�(1'�H[HFXWHV�D�ORRS�UHSHDWHGO\�XQWLO�D�WHVW�UHWXUQV�D�WUXH��QRQ]HUR��UHVXOW��
6LQFH�WKH�WHVW�FODXVH�LV�H[HFXWHG�DIWHU�WKH�ORRS�FODXVH��WKH�ORRS�LV�DOZD\V�H[HFXWHG�DW�OHDVW�RQFH��
7KH�V\QWD[�LV�

’2 loop-clause 817,/ test-clause (1’

'2�VWDUWV�H[HFXWLRQ�RI�WKH�ORRS�FODXVH��817,/�HQGV�WKH�ORRS�FODXVH�DQG�EHJLQV�WKH�WHVW�
FODXVH��7KH�WHVW�FODXVH�PXVW�UHWXUQ�D�WHVW�UHVXOW�WR�WKH�VWDFN��(1'�UHPRYHV�WKH�WHVW�UHVXOW�IURP�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM Q →



Command Reference: Part B (1.1) 1-143*R�WR�,QGH[

WKH�VWDFN��,I�LWV�YDOXH�LV�]HUR��WKH�ORRS�FODXVH�LV�H[HFXWHG�DJDLQ��RWKHUZLVH��H[HFXWLRQ�UHVXPHV�
IROORZLQJ�(1'�

$FFHVV� <N %5$1&+�'2
,QSXW�2XWSXW�

6HH�DOVR� (1'��817,/��:+,/(

DOERR
7\SH� &RPPDQG
'HVFULSWLRQ� 'R�(UURU�&RPPDQG��([HFXWHV�D�´XVHU�VSHFLILHGµ�HUURU��FDXVLQJ�D�SURJUDP�WR�EHKDYH�H[DFWO\�

DV�LI�D�QRUPDO�HUURU�KDG�RFFXUUHG�GXULQJ�SURJUDP�H[HFXWLRQ�
'2(55�FDXVHV�D�SURJUDP�WR�EHKDYH�H[DFWO\�DV�LI�D�QRUPDO�HUURU�KDV�RFFXUUHG�GXULQJ�SURJUDP�
H[HFXWLRQ��7KH�HUURU�PHVVDJH�GHSHQGV�RQ�WKH�DUJXPHQW�SURYLGHG�WR�'2(55�
� QHUURU�RU��QHUURU�GLVSOD\�WKH�FRUUHVSRQGLQJ�EXLOW�LQ�HUURU�PHVVDJH�

� �HUURU��GLVSOD\V�WKH�FRQWHQWV�RI�WKH�VWULQJ���$�VXEVHTXHQW�H[HFXWLRQ�RI�(550�UHWXUQV�
�HUURU���(551�UHWXUQV��������K��

� ��DEDQGRQV�SURJUDP�H[HFXWLRQ�ZLWKRXW�GLVSOD\LQJ�D�PHVVDJH����'2(55�LV�HTXLYDOHQW�WR�
SUHVVLQJ���

$FFHVV� <N (5525�'2(55
,QSXW�2XWSXW�

6HH�DOVR� (550��(551��(55�

Level 1/Argument 1 Level 1/Item 1

’2 →
817,/ →
(1’ 7�) →

Level 1/Argument 1 Level 1/Item 1

QHUURU →
�QHUURU →
·HUURUµ →
� →



1-144 Command Reference: Part B (1.1)*R�WR�,QGH[

DOLIST
7\SH� &RPPDQG
'HVFULSWLRQ� 'R�WR�/LVW�&RPPDQG��$SSOLHV�FRPPDQGV��SURJUDPV��RU�XVHU�GHILQHG�IXQFWLRQV�WR�OLVWV�

7KH�QXPEHU�RI�OLVWV��Q��FDQ�EH�RPLWWHG�ZKHQ�WKH�ILUVW�RU�OHYHO���DUJXPHQW�LV�DQ\�RI�WKH�
IROORZLQJ�
� $�FRPPDQG�
� $�SURJUDP�FRQWDLQLQJ�H[DFWO\�RQH�FRPPDQG��H�J��©'83ª�
� $�SURJUDP�FRQIRUPLQJ�WR�WKH�VWUXFWXUH�RI�D�XVHU�GHILQHG�IXQFWLRQ�
7KH�ILQDO�DUJXPHQW����RU�OHYHO���REMHFW��FDQ�EH�D�ORFDO�RU�JOREDO�QDPH�WKDW�UHIHUV�WR�D�SURJUDP�
RU�FRPPDQG�
$OO�OLVWV�PXVW�EH�WKH�VDPH�OHQJWK�O��7KH�SURJUDP�LV�H[HFXWHG�O�WLPHV��RQ�WKH�LWK�LWHUDWLRQ��Q�
REMHFWV�HDFK�WDNHQ�IURP�WKH�LWK�SRVLWLRQ�LQ�HDFK�OLVW�DUH�HQWHUHG�RQ�WKH�VWDFN�LQ�WKH�VDPH�RUGHU�
DV�LQ�WKHLU�RULJLQDO�OLVWV��DQG�WKH�SURJUDP�LV�H[HFXWHG��7KH�UHVXOWV�IURP�HDFK�H[HFXWLRQ�DUH�OHIW�
RQ�WKH�VWDFN��$IWHU�WKH�ILQDO�LWHUDWLRQ��DQ\�QHZ�UHVXOWV�DUH�FRPELQHG�LQWR�D�VLQJOH�OLVW��

$FFHVV� <N /,67�352&('85(6�'2/,67
,QSXW�2XWSXW�

L = level; A = argument

6HH�DOVR� '268%6��(1'68%��168%��675($0

LQ��/A� ... L�/AQ²� L�/AQ�� L�/AQ�� Level 1/Item 1

^�OLVW�‘������^�OLVW�‘Q Q '�SURJUDP�“ → ^�UHVXOWV�‘
^�OLVW�‘������^�OLVW�‘Q Q FRPPDQG → ^�UHVXOWV�‘
^�OLVW�‘������^�OLVW�‘Q Q QDPH → ^�UHVXOWV�‘

^�OLVW�‘����� ^�OLVW�‘Q�� '�SURJUDP�“ → ^�UHVXOWV�‘
^�OLVW�‘����� ^�OLVW�‘Q�� FRPPDQG → ^�UHVXOWV�‘
^�OLVW�‘����� ^�OLVW�‘Q�� QDPH → ^�UHVXOWV�‘



Command Reference: Part B (1.1) 1-145*R�WR�,QGH[

DOSUBS
7\SH� &RPPDQG
'HVFULSWLRQ� 'R�WR�6XEOLVW�&RPPDQG��$SSOLHV�D�SURJUDP�RU�FRPPDQG�WR�JURXSV�RI�HOHPHQWV�LQ�D�OLVW�

7KH�UHDO�QXPEHU�Q�FDQ�EH�RPLWWHG�ZKHQ�WKH�ILUVW�DUJXPHQW�LV�RQH�RI�WKH�IROORZLQJ�
� $�FRPPDQG�
� $�XVHU�SURJUDP�FRQWDLQLQJ�D�VLQJOH�FRPPDQG�
� $�SURJUDP�ZLWK�D�XVHU�GHILQHG�IXQFWLRQ�VWUXFWXUH�
� $�JOREDO�RU�ORFDO�QDPH�WKDW�UHIHUV�WR�RQH�RI�WKH�DERYH�
7KH�ILUVW�LWHUDWLRQ�XVHV�HOHPHQWV���WKURXJK�Q�IURP�WKH�OLVW��WKH�VHFRQG�LWHUDWLRQ�XVHV�HOHPHQWV�
��WKURXJK�Q������DQG�VR�RQ��,Q�JHQHUDO��WKH�PWK�LWHUDWLRQ�XVHV�WKH�HOHPHQWV�IURP�WKH�OLVW�
FRUUHVSRQGLQJ�WR�SRVLWLRQV�P�WKURXJK�P���Q�†���
'XULQJ�DQ�LWHUDWLRQ��WKH�SRVLWLRQ�RI�WKH�ILUVW�HOHPHQW�XVHG�LQ�WKDW�LWHUDWLRQ�LV�DYDLODEOH�WR�WKH�
XVHU�XVLQJ�WKH�FRPPDQG�168%��DQG�WKH�QXPEHU�RI�JURXSV�RI�HOHPHQWV�LV�DYDLODEOH�XVLQJ�WKH�
FRPPDQG�(1'68%��%RWK�RI�WKHVH�FRPPDQGV�UHWXUQ�DQ�8QGHILQHG�/RFDO�1DPH�HUURU�LI�
H[HFXWHG�ZKHQ�'268%6�LV�QRW�DFWLYH�
'268%6�UHWXUQV�WKH�,QYDOLG�8VHU�)XQFWLRQ�HUURU�LI�WKH�REMHFW�DW�OHYHO���DUJXPHQW���LV�D�XVHU�
SURJUDP�WKDW�GRHV�QRW�FRQWDLQ�RQO\�RQH�FRPPDQG�DQG�GRHV�QRW�KDYH�D�XVHU�GHILQHG�IXQFWLRQ�
VWUXFWXUH��'268%6�DOVR�UHWXUQV�WKH�:URQJ�$UJXPHQW�&RXQW�HUURU�LI�WKH�REMHFW�DW�OHYHO���
DUJXPHQW���LV�D�FRPPDQG�WKDW�GRHV�QRW�DFFHSW���WR���DUJXPHQWV�RI�VSHFLILF�W\SHV��'83��527��
RU�→/,67��IRU�H[DPSOH��

$FFHVV� <N /,67�352&('85(6�'268%6
,QSXW�2XWSXW�

6HH�DOVR� '2/,67��(1'68%��168%��675($0

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

^�OLVW�‘� Q '�SURJUDP�“ → ^�OLVW�‘�
^�OLVW�‘� Q FRPPDQG → ^�OLVW�‘�
^�OLVW�‘� Q QDPH → ^�OLVW�‘�

^�OLVW�‘� '�SURJUDP�“ → ^�OLVW�‘�
^�OLVW�‘� FRPPDQG → ^�OLVW�‘�
^�OLVW�‘� QDPH → ^�OLVW�‘�



1-146 Command Reference: Part B (1.1)*R�WR�,QGH[

DOT
7\SH� &RPPDQG
'HVFULSWLRQ� 'RW�3URGXFW�&RPPDQG��5HWXUQV�WKH�GRW�SURGXFW�$Ã%�RI�WZR�DUUD\V�$�DQG�%��FDOFXODWHG�DV�

WKH�VXP�RI�WKH�SURGXFWV�RI�WKH�FRUUHVSRQGLQJ�HOHPHQWV�RI�WKH�WZR�DUUD\V�
%RWK�DUUD\V�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�
6RPH�DXWKRULWLHV�GHILQH�WKH�GRW�SURGXFW�RI�WZR�FRPSOH[�DUUD\V�DV�WKH�VXP�RI�WKH�SURGXFWV�RI�
WKH�FRQMXJDWHG�HOHPHQWV�RI�RQH�DUUD\�ZLWK�WKHLU�FRUUHVSRQGLQJ�HOHPHQWV�IURP�WKH�RWKHU�DUUD\��
7KH�+3����XVHV�WKH�RUGLQDU\�SURGXFWV�ZLWKRXW�FRQMXJDWLRQ��,I�\RX�SUHIHU�WKH�DOWHUQDWLYH�
GHILQLWLRQ��DSSO\�&21-�WR�RQH�DUUD\�EHIRUH�XVLQJ�'27�

$FFHVV� < % 9(&725�'27
< P�9(&725�'27

,QSXW�2XWSXW�

6HH�DOVR� &150��&5266��'(7��5150

DRAW
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 'UDZ�3ORW�&RPPDQG��3ORWV�WKH�PDWKHPDWLFDO�GDWD�LQ�WKH�UHVHUYHG�YDULDEOH�(4�RU�WKH�

VWDWLVWLFDO�GDWD�LQ�WKH�UHVHUYHG�YDULDEOH�Σ’$7��XVLQJ�WKH�VSHFLILHG�[��DQG�\�D[LV�GLVSOD\�UDQJHV�
7KH�SORW�W\SH�GHWHUPLQHV�LI�WKH�GDWD�LQ�WKH�UHVHUYHG�YDULDEOH�(4�RU�WKH�GDWD�LQ�WKH�UHVHUYHG�
YDULDEOH�Σ’$7�LV�SORWWHG�
'5$:�GRHV�QRW�HUDVH�3,&7�EHIRUH�SORWWLQJ��H[HFXWH�(5$6(�WR�GR�VR��'5$:�GRHV�QRW�GUDZ�
D[HV��H[HFXWH�'5$;�WR�GR�VR�
:KHQ�'5$:�LV�H[HFXWHG�IURP�D�SURJUDP��WKH�JUDSKLFV�GLVSOD\��ZKLFK�VKRZV�WKH�UHVXOWDQW�
SORW��GRHV�QRW�SHUVLVW�XQOHVV�3,&785(��39,(:��ZLWK�DQ�HPSW\�OLVW�DUJXPHQW���RU�)5((=(�
LV�VXEVHTXHQWO\�H[HFXWHG�

$FFHVV� N�'5$:
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $872��$;(6��'5$;��(5$6(��)5((=(��3,&785(��/$%(/��39,(:

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�DUUD\�$�@ >�DUUD\�%�@ → [



Command Reference: Part B (1.1) 1-147*R�WR�,QGH[

DRAW3DMATRIX
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZV�D��'�SORW�IURP�WKH�YDOXHV�LQ�D�VSHFLILHG�PDWUL[�

7KH�QXPEHU�RI�URZV�LQGLFDWHV�WKH�QXPEHU�RI�XQLWV�DORQJ�WKH�[�D[LV��WKH�QXPEHU�RI�FROXPQV�
LQGLFDWHV�WKH�QXPEHU�RI�XQLWV�DORQJ�WKH�\�D[LV��DQG�WKH�YDOXHV�LQ�WKH�PDWUL[�JLYH�WKH�PDJQLWXGHV�
RI�WKH�SORWWHG�SRLQWV�DORQJ�WKH�]�D[LV��,Q�RWKHU�ZRUGV��WKH�FRRUGLQDWHV�RI�D�SORWWHG�SRLQW�DUH�
�U��F��Y��ZKHUH�U�LV�WKH�URZ�QXPEHU��F�WKH�FROXPQ�QXPEHU�DQG�Y�WKH�YDOXH�LQ�WKH�FRUUHVSRQGLQJ�
FHOO�RI�WKH�PDWUL[�
<RX�FDQ�OLPLW�WKH�SRLQWV�WKDW�DUH�SORWWHG�E\�VSHFLILQJ�D�PLQLPXP�YDOXH��YPLQ��DQG�D�PD[LPXP�
YDOXH��YPD[���9DOXHV�LQ�WKH�PDWUL[�RXWVLGH�WKLV�UDQJH�DUH�QRW�SORWWHG��,I�DOO�YDOXHV�DUH�LQFOXGHG��
WKH�WRWDO�QXPEHU�RI�SRLQWV�SORWWHG�LV�U�ï�F�
2QFH�WKH�SORW�KDV�EHHQ�GUDZQ��\RX�FDQ�URWDWH�LW�LQ�YDULRXV�ZD\V�E\�SUHVVLQJ�WKH�IROORZLQJ�NH\V�

}�DQG�{�URWDWH�WKH�SORW�DURXQG�WKH�[�D[LV��LQ�GLIIHUHQW�GLUHFWLRQV�
[�DQG�]�URWDWH�WKH�SORW�DURXQG�WKH�\�D[LV��LQ�GLIIHUHQW�GLUHFWLRQV�
i DQG�l�URWDWH�WKH�SORW�DURXQG�WKH�]�D[LV��LQ�GLIIHUHQW�GLUHFWLRQV�

$FFHVV� N�)$67�'0$75,;
,QSXW�2XWSXW�

6HH�DOVR� )$67�'

DRAX
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZ�$[HV�&RPPDQG��'UDZV�D[HV�LQ�3,&7�

7KH�FRRUGLQDWHV�RI�WKH�D[HV�LQWHUVHFWLRQ�DUH�VSHFLILHG�E\�$;(6��$[HV�WLFN�PDUNV�DUH�VSHFLILHG�
LQ�33$5�ZLWK�WKH�$7,&.��RU�$;(6�FRPPDQG��'5$;�GRHV�QRW�GUDZ�D[HV�ODEHOV��H[HFXWH�
/$%(/�WR�GR�VR�

$FFHVV� N�'5$;
,QSXW� 1RQH
2XWSXW� 1RQH

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@ YPLQ YPD[ →



1-148 Command Reference: Part B (1.1)*R�WR�,QGH[

6HH�DOVR� $;(6��'5$:��/$%(/

DROP
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'URS�2EMHFW�&RPPDQG��5HPRYHV�WKH�OHYHO���REMHFW�IURP�WKH�VWDFN�
$FFHVV� <N 67$&.�'523
,QSXW�2XWSXW�

6HH�DOVR� &/($5��'5231��'523�

DROP2
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'URS���2EMHFWV�&RPPDQG��5HPRYHV�WKH�ILUVW�WZR�REMHFWV�IURP�WKH�VWDFN�
$FFHVV� <N 67$&.�'523�
,QSXW�2XWSXW�

6HH�DOVR� &/($5��'523��'5231

DROPN
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'URS�Q�2EMHFWV�&RPPDQG��5HPRYHV�WKH�ILUVW�Q�����REMHFWV�IURP�WKH�VWDFN��WKH�ILUVW�Q�REMHFWV�

H[FOXGLQJ�WKH�LQWHJHU�Q�LWVHOI��
$FFHVV� <N67$&.�'5231
,QSXW�2XWSXW�

Level 1 Level 1

REM →

Level 2 Level 1 Level 1

REM� REM� →

LevelQ�� ... Level 2 Level 1 Level 1

REM������REMQ Q →



Command Reference: Part B (1.1) 1-149*R�WR�,QGH[

6HH�DOVR� &/($5��'523��'523�

DTAG
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOHWH�7DJ�&RPPDQG��'7$*�UHPRYHV�DOO�WDJV��ODEHOV��IURP�DQ�REMHFW�

7KH�OHDGLQJ�FRORQ�LV�QRW�VKRZQ�IRU�UHDGDELOLW\�ZKHQ�WKH�WDJJHG�REMHFW�LV�RQ�WKH�VWDFN�
'7$*�KDV�QR�HIIHFW�RQ�DQ�XQWDJJHG�REMHFW�

$FFHVV� <N 7<3(�'7$*
,QSXW�2XWSXW�

6HH�DOVR� /,67→��→7$*

DUP
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'XSOLFDWH�2EMHFW�&RPPDQG��'83�UHWXUQV�D�FRS\�RI�WKH�DUJXPHQW��RU�WKH�REMHFW�RQ�OHYHO����
$FFHVV� <N 67$&.�'83
,QSXW�2XWSXW�

6HH�DOVR� '831��'83���3,&.

DUP2
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 'XSOLFDWH���2EMHFWV�&RPPDQG��'83��UHWXUQV�FRSLHV�RI�WKH�WZR�REMHFWV�RQ�OHYHOV���DQG���RI�

WKH�VWDFN�
$FFHVV� <N 67$&.�'83�

Level 1/Argument 1 Level 1/Item 1

WDJ�REM → REM

Level 1 Level 2 Level 1

REM → REM REM



1-150 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

L = level

6HH�DOVR� '83��'831��3,&.

DUPDUP
7\SH� 53/�&RPPDQG
'HVFULSWLRQ� 'XSOLFDWHV�DQ�REMHFW�WZLFH��
$FFHVV� 3N 67$&.�'83'83

,QSXW�2XWSXW�

6HH�DOVR� '83��1'831��'831��'83�

DUPN
7\SH� 531�&RPPDQG�
'HVFULSWLRQ� 'XSOLFDWH�Q�2EMHFWV�&RPPDQG��7DNHV�DQ�LQWHJHU�Q�IURP�OHYHO���RI�WKH�VWDFN��DQG�UHWXUQV�

FRSLHV�RI�WKH�REMHFWV�RQ�VWDFN�OHYHOV���WKURXJK�Q�����
$FFHVV� <N 67$&.�'831
,QSXW�2XWSXW�

L = level

6HH�DOVR� '83��'83���3,&.

L� L� L� L� L� L�

REM� REM� → REM� REM� REM� REM�

Level 1 Level 3 Level 2 Level 1

REM → REM REM REM

LL�� LL�…L� L� L� L L�Q L L�Q²� ... L� L�

REM� REM��«�REML²� REML Q → REM� REM������REML²� REML



Command Reference: Part B (1.1) 1-151*R�WR�,QGH[

D→R
7\SH� )XQFWLRQ
'HVFULSWLRQ� 'HJUHHV�WR�5DGLDQV�)XQFWLRQ��&RQYHUWV�D�UHDO�QXPEHU�UHSUHVHQWLQJ�DQ�DQJOH�LQ�GHJUHHV�WR�LWV�

HTXLYDOHQW�LQ�UDGLDQV�
7KLV�IXQFWLRQ�RSHUDWHV�LQGHSHQGHQWO\�RI�WKH�DQJOH�PRGH�

$FFHVV� < P�5($/�'→5

,QSXW�2XWSXW�

6HH�DOVR� 5→'

Level 1/Argument 1 Level 1/Item 1

[ → �π�����[

V\PE
 → 
’→5�V\PE�




1-152 Command Reference: Part B (1.1)*R�WR�,QGH[

E to F
e
7\SH� )XQFWLRQ
'HVFULSWLRQ� H�)XQFWLRQ��5HWXUQV�WKH�V\PEROLF�FRQVWDQW�H�RU�LWV�QXPHULFDO�UHSUHVHQWDWLRQ����������������

7KH�QXPEHU�UHWXUQHG�IRU�H�LV�WKH�FORVHVW�DSSUR[LPDWLRQ�WR����GLJLW�DFFXUDF\��)RU�
H[SRQHQWLDWLRQ��XVH�WKH�H[SUHVVLRQ�(;3�[��UDWKHU�WKDQ�HA[��VLQFH�WKH�IXQFWLRQ�(;3�XVHV�D�
VSHFLDO�DOJRULWKP�WR�FRPSXWH�WKH�H[SRQHQWLDO�WR�JUHDWHU�DFFXUDF\�

$FFHVV� ‘ <�(
< P�&2167$176�H
< P�&2167$176������������«

,QSXW�2XWSXW�

6HH�DOVR� (;3��(;30��L��/1��/13���0$;5��0,15��π

EDIT
7\SH� &RPPDQG
'HVFULSWLRQ� (GLW�&RPPDQG��0RYHV�VSHFLILHG�REMHFW�WR�WKH�FRPPDQG�OLQH�ZKHUH�LW�FDQ�EH�HGLWHG�
$FFHVV� N�(',7
6HH�DOVR� 9,6,7

EDITB
7\SH� &RPPDQG
'HVFULSWLRQ� (GLW�&RPPDQG��2SHQV�WKH�VSHFLILHG�REMHFW�LQ�WKH�PRVW�VXLWDEOH�HGLWRU��)RU�H[DPSOH��LI�\RX�

XVH�D�PDWUL[�DV�WKH�VSHFLILHG�REMHFW��WKH�FRPPDQG�RSHQV�LW�LQ�0DWUL[�:ULWHU�
$FFHVV� N�(',7
6HH�DOVR� 9,6,7

Level 1/Argument 1 Level 1/Item 1

→ 
H

→ �������������



Command Reference: Part B (1.1) 1-153*R�WR�,QGH[

EGV
7\SH� &RPPDQG
'HVFULSWLRQ� (LJHQYDOXHV�DQG�(LJHQYHFWRUV�&RPPDQG��&RPSXWHV�WKH�HLJHQYDOXHV�DQG�ULJKW�HLJHQYHFWRUV�

IRU�D�VTXDUH�PDWUL[�
7KH�UHVXOWLQJ�YHFWRU�(9DO�FRQWDLQV�WKH�FRPSXWHG�HLJHQYDOXHV��7KH�FROXPQV�RI�PDWUL[�(9HF�
FRQWDLQ�WKH�ULJKW�HLJHQYHFWRUV�FRUUHVSRQGLQJ�WR�WKH�HOHPHQWV�RI�YHFWRU�(9DO�
7KH�FRPSXWHG�UHVXOWV�VKRXOG�PLQLPL]H��ZLWKLQ�FRPSXWDWLRQDO�SUHFLVLRQ��

ZKHUH�GLDJ��(9DO��GHQRWHV�WKH�Q�ï�Q�GLDJRQDO�PDWUL[�FRQWDLQLQJ�WKH�HLJHQYDOXHV�(9DO�
$FFHVV� < % (,*(19(&725�(*9

< P�0$75,;�(*9
,QSXW�2XWSXW�

6HH�DOVR� (*9/

EGVL
7\SH� &RPPDQG
'HVFULSWLRQ� (LJHQYDOXHV�&RPPDQG��&RPSXWHV�WKH�HLJHQYDOXHV�RI�D�VTXDUH�PDWUL[�

7KH�UHVXOWLQJ�YHFWRU�/�FRQWDLQV�WKH�FRPSXWHG�HLJHQYDOXHV�
$FFHVV� < % (,*(19(&725�(*9/

< P�0$75,;�(*9/
,QSXW�2XWSXW�

6HH�DOVR� (*9

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

>>PDWUL[�@@$ → >>PDWUL[�@@(9HF >YHFWRU�@(9DO

Level 1/Argument 1 Level 1/Item 1

>>PDWUL[�@@$ → >YHFWRU�@(9DO

A EVec EVec diag EVal( )⋅–⋅
n A⋅

-------------------------------------------------------------------------------



1-154 Command Reference: Part B (1.1)*R�WR�,QGH[

ELSE
7\SH� &RPPDQG
'HVFULSWLRQ� (/6(�&RPPDQG��6WDUWV�IDOVH�FODXVH�LQ�FRQGLWLRQDO�RU�HUURU�WUDSSLQJ�VWUXFWXUH�

6HH�WKH�,)�DQG�,)(55�NH\ZRUG�HQWULHV�IRU�PRUH�LQIRUPDWLRQ�
$FFHVV� <N%5$1&+�(/6(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� ,)��&$6(��'2��(/6(��,)(55��5(3($7��7+(1��817,/��:+,/(

END
7\SH� &RPPDQG
'HVFULSWLRQ� (1'�&RPPDQG��(QGV�FRQGLWLRQDO��HUURU�WUDSSLQJ��DQG�LQGHILQLWH�ORRS�VWUXFWXUHV�

6HH�WKH�,)��&$6(��,)(55��'2��DQG�:+,/(�NH\ZRUG�HQWULHV�IRU�PRUH�LQIRUPDWLRQ�
$FFHVV� <N%5$1&+�(1'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� ,)��&$6(��'2��(/6(��,)(55��5(3($7��7+(1��817,/��:+,/(

ENDSUB
7\SH� &RPPDQG
'HVFULSWLRQ� (QGLQJ�6XEOLVW�&RPPDQG��3URYLGHV�D�ZD\�WR�DFFHVV�WKH�WRWDO�QXPEHU�RI�VXEOLVWV�FRQWDLQHG�LQ�

WKH�OLVW�XVHG�E\�'268%6�
5HWXUQV�DQ�8QGHILQHG�/RFDO�1DPH�HUURU�LI�H[HFXWHG�ZKHQ�'268%6�LV�QRW�DFWLYH�

$FFHVV� <N/,67�352&('85(6�(1'68%
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '268%6��168%



Command Reference: Part B (1.1) 1-155*R�WR�,QGH[

ENG
7\SH� &RPPDQG
'HVFULSWLRQ� (QJLQHHULQJ�0RGH�&RPPDQG��6HWV�WKH�QXPEHU�GLVSOD\�IRUPDW�WR�HQJLQHHULQJ�PRGH��ZKLFK�

GLVSOD\V�RQH�WR�WKUHH�GLJLWV�WR�WKH�OHIW�RI�WKH�IUDFWLRQ�PDUN��GHFLPDO�SRLQW��DQG�DQ�H[SRQHQW�
WKDW�LV�D�PXOWLSOH�RI�WKUHH��7KH�WRWDO�QXPEHU�RI�VLJQLILFDQW�GLJLWV�GLVSOD\HG�LV�Q�����
(QJLQHHULQJ�PRGH�XVHV�Q�����VLJQLILFDQW�GLJLWV��ZKHUH���≤�Q�≤������9DOXHV�IRU�Q�RXWVLGH�WKLV�
UDQJH�DUH�URXQGHG�XS�RU�GRZQ���$�QXPEHU�LV�GLVSOD\HG�RU�SULQWHG�DV�IROORZV�

(sign) mantissa ( (sign) exponent

ZKHUH�WKH�PDQWLVVD�LV�RI�WKH�IRUP��QQ�Q��Q«���ZLWK�XS�WR����GLJLWV�WRWDO��DQG�WKH�H[SRQHQW�KDV�
RQH�WR�WKUHH�GLJLWV�
$�QXPEHU�ZLWK�DQ�H[SRQHQW�RI�²����LV�GLVSOD\HG�DXWRPDWLFDOO\�LQ�VFLHQWLILF�PRGH�

$FFHVV� �N�(1*
,QSXW�2XWSXW�

6HH�DOVR� ),;��6&,��67'

EQW
7\SH� &RPPDQG
'HVFULSWLRQ� 2SHQV�(TXDWLRQ�:ULWHU��ZKHUH�\RX�FDQ�HGLW�DQ�H[SUHVVLRQ�

,I�WKH�REMHFW�\RX�VSHFLI\³RU�WKH�REMHFW�RQ�OHYHO��³LV�QRW�WKH�W\SH�RI�REMHFW�WKDW�FDQ�EH�HGLWHG�
LQ�(TXDWLRQ�:ULWHU��(4:�SODFHV�WKH�REMHFW�RQ�WKH�FRPPDQG�OLQH��ZKHUH�\RX�HGLW�LW�

$FFHVV� N�(4:

,QSXW�2XWSXW�

6HH�DOVR� (',7��(',7%��9,6,7��9,6,7%

Level 1/Argument 1 Level 1/Item 1

Q →

Level 1/Argument 1 Level 1/Item 1

H[S� → H[S�



1-156 Command Reference: Part B (1.1)*R�WR�,QGH[

EQ→
7\SH� &RPPDQG
'HVFULSWLRQ� (TXDWLRQ�WR�6WDFN�&RPPDQG��6HSDUDWHV�DQ�HTXDWLRQ�LQWR�LWV�OHIW�DQG�ULJKW�VLGHV�

,I�WKH�DUJXPHQW�LV�DQ�H[SUHVVLRQ��LW�LV�WUHDWHG�DV�DQ�HTXDWLRQ�ZKRVH�ULJKW�VLGH�HTXDOV�]HUR�
$FFHVV� <N 7<3(�(4→

,QSXW�2XWSXW�

6HH�DOVR� $55<→��'7$*��/,67→��2%-→��675→

ERASE
7\SH� &RPPDQG�
'HVFULSWLRQ� (UDVH�3,&7�&RPPDQG��(UDVHV�3,&7��OHDYLQJ�D�EODQN�3,&7�RI�WKH�VDPH�GLPHQVLRQV�
$FFHVV� N�(5$6(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '5$:

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2


V\PE� V\PE�
 → 
V\PE�
 
V\PE�

] → ] �


QDPH
 → 
QDPH
 �

[BXQLW
 → 
[BXQLW
 �

V\PE
 → 
V\PE
 �



Command Reference: Part B (1.1) 1-157*R�WR�,QGH[

ERR0
7\SH� &RPPDQG
'HVFULSWLRQ� &OHDU�/DVW�(UURU�1XPEHU�&RPPDQG��&OHDUV�WKH�ODVW�HUURU�QXPEHU�VR�WKDW�D�VXEVHTXHQW�

H[HFXWLRQ�RI�(551�UHWXUQV����K��DQG�FOHDUV�WKH�ODVW�HUURU�PHVVDJH�
$FFHVV� <N (5525�(55�
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '2(55��(550��(551

ERRM
7\SH� &RPPDQG
'HVFULSWLRQ� (UURU�0HVVDJH�&RPPDQG��5HWXUQV�D�VWULQJ�FRQWDLQLQJ�WKH�HUURU�PHVVDJH�RI�WKH�PRVW�UHFHQW�

FDOFXODWRU�HUURU�
(550�UHWXUQV�WKH�VWULQJ�IRU�DQ�HUURU�JHQHUDWHG�E\�'2(55��,I�WKH�DUJXPHQW�WR�'2(55�ZDV�
���WKH�VWULQJ�UHWXUQHG�E\�(550�LV�HPSW\��

$FFHVV� <N (5525�(550
,QSXW�2XWSXW�

6HH�DOVR� '2(55��(551��(55�

ERRN
7\SH� &RPPDQG
'HVFULSWLRQ� (UURU�1XPEHU�&RPPDQG��5HWXUQV�WKH�HUURU�QXPEHU�RI�WKH�PRVW�UHFHQW�FDOFXODWRU�HUURU�

,I�WKH�PRVW�UHFHQW�HUURU�ZDV�JHQHUDWHG�E\�'2(55�ZLWK�D�VWULQJ�DUJXPHQW��(551�UHWXUQV�
������K��,I�WKH�PRVW�UHFHQW�HUURU�ZDV�JHQHUDWHG�E\�'2(55�ZLWK�D�ELQDU\�LQWHJHU�DUJXPHQW��
(551�UHWXUQV�WKDW�ELQDU\�LQWHJHU���,I�WKH�PRVW�UHFHQW�HUURU�ZDV�JHQHUDWHG�E\�'2(55�ZLWK�
D�UHDO�QXPEHU�DUJXPHQW��(551�UHWXUQV�WKH�ELQDU\�LQWHJHU�FRQYHUVLRQ�RI�WKH�UHDO�QXPEHU��

$FFHVV� <N (5525�(551

Level 1/Argument 1 Level 1/Item 1

→ ·HUURU�PHVVDJHµ



1-158 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� '2(55��(550��(55�

EVAL
7\SH� &RPPDQG
'HVFULSWLRQ� (YDOXDWH�2EMHFW�&RPPDQG��(YDOXDWHV�WKH�REMHFW�

7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�HIIHFW�RI�WKH�HYDOXDWLRQ�RQ�GLIIHUHQW�REMHFW�W\SHV�
.

Level 1/Argument 1 Level 1/Item 1

→ �QHUURU

Obj. Type Effect of Evaluation

/RFDO�1DPH 5HFDOOV�WKH�FRQWHQWV�RI�WKH�YDULDEOH�

*OREDO�1DPH &DOOV�WKH�FRQWHQWV�RI�WKH�YDULDEOH�
� $�QDPH�LV�HYDOXDWHG�
� $�SURJUDP�LV�HYDOXDWHG�
� $�GLUHFWRU\�EHFRPHV�WKH�FXUUHQW�GLUHFWRU\�
� 2WKHU�REMHFWV�DUH�SXW�RQ�WKH�VWDFN�

,I�QR�YDULDEOH�H[LVWV�IRU�D�JLYHQ�QDPH��
HYDOXDWLQJ�WKH�QDPH�UHWXUQV�WKH�QDPH�WR�WKH�

VWDFN�

3URJUDP (QWHUV�HDFK�REMHFW�LQ�WKH�SURJUDP�
� 1DPHV�DUH�HYDOXDWHG��XQOHVV�TXRWHG��
� &RPPDQGV�DUH�HYDOXDWHG�
� 2WKHU�REMHFWV�DUH�SXW�RQ�WKH�VWDFN�



Command Reference: Part B (1.1) 1-159*R�WR�,QGH[

7R�HYDOXDWH�D�V\PEROLF�DUJXPHQW�WR�D�QXPHULFDO�UHVXOW��HYDOXDWH�WKH�DUJXPHQW�LQ�1XPHULFDO�
5HVXOW�PRGH��IODJ�²��VHW��RU�H[HFXWH�→180�RQ�WKDW�DUJXPHQW�

$FFHVV� >ø

,QSXW�2XWSXW�

6HH�DOVR� →180��6<6(9$/

/LVW (QWHUV�HDFK�REMHFW�LQ�WKH�OLVW�
� 1DPHV�DUH�HYDOXDWHG�
� &RPPDQGV�DUH�HYDOXDWHG
� 3URJUDPV�DUH�HYDOXDWHG�
� 2WKHU�REMHFWV�DUH�SXW�RQ�WKH�VWDFN�

7DJJHG ,I�WKH�WDJ�VSHFLILHV�D�SRUW��UHFDOOV�DQG�
HYDOXDWHV�WKH�VSHFLILHG�REMHFW��2WKHUZLVH��
SXWV�WKH�XQWDJJHG�REMHFW�RQ�WKH�VWDFN�

$OJHEUDLF (QWHUV�HDFK�REMHFW�LQ�WKH�DOJHEUDLF�H[SUHVVLRQ�
� 1DPHV�DUH�HYDOXDWHG�
� &RPPDQGV�DUH�HYDOXDWHG�
� 2WKHU�REMHFWV�DUH�SXW�RQ�WKH�VWDFN�

&RPPDQG��)XQFWLRQ��
;/,%�1DPH

(YDOXDWHV�WKH�VSHFLILHG�REMHFW�

2WKHU�2EMHFWV 3XWV�WKH�REMHFW�RQ�WKH�VWDFN�

Level 1/Argument 1 Level 1/Item 1

REM → �VHH�DERYH�

Obj. Type Effect of Evaluation (Continued)



1-160 Command Reference: Part B (1.1)*R�WR�,QGH[

EXP
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� ([SRQHQWLDO�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�H[SRQHQWLDO��RU�QDWXUDO�DQWLORJDULWKP��RI�WKH�

DUJXPHQW��WKDW�LV��H�UDLVHG�WR�WKH�JLYHQ�SRZHU�
(;3�XVHV�H[WHQGHG�SUHFLVLRQ�FRQVWDQWV�DQG�D�VSHFLDO�DOJRULWKP�WR�FRPSXWH�LWV�UHVXOW�WR�IXOO�
���GLJLW�SUHFLVLRQ�IRU�DOO�DUJXPHQWV�WKDW�GR�QRW�WULJJHU�DQ�XQGHUIORZ�RU�RYHUIORZ�HUURU�
(;3�SURYLGHV�D�PRUH�DFFXUDWH�UHVXOW�IRU�WKH�H[SRQHQWLDO�WKDQ�FDQ�EH�REWDLQHG�E\�XVLQJ�H�q��
7KH�GLIIHUHQFH�LQ�DFFXUDF\�LQFUHDVHV�DV�]�LQFUHDVHV��)RU�H[DPSOH�

)RU�FRPSOH[�DUJXPHQWV�
e(x,y) = excosy + iexsiny

$FFHVV� <Q

,QSXW�2XWSXW�

6HH�DOVR� $/2*��(;30��/1��/2*

z EXP(z) ez

� ������������� �������������

�� ������������� �������������

��� �������������(�� �������������(��

��� �������������(��� �������������(���

���� ������������(��� ������������(���

Level 1/Argument 1 Level 1/Item 1

] → H]


V\PE
 → 
(;3�V\PE�




Command Reference: Part B (1.1) 1-161*R�WR�,QGH[

EXPAN
7\SH� &RPPDQG
'HVFULSWLRQ� ([SDQG�3URGXFWV�&RPPDQG��5HZULWHV�DQ�DOJHEUDLF�H[SUHVVLRQ�RU�HTXDWLRQ�E\�H[SDQGLQJ�

SURGXFWV�DQG�SRZHUV��6DPH�DV�WKH�(;3$1'�FRPPDQG��VHH�YROXPH����&$6�&RPPDQGV��
$FFHVV� N�(;3$1
,QSXW�2XWSXW�

6HH�DOVR� &2/&7��(;3/$1'��,62/��48$'��6+2:

EXPFIT
7\SH� &RPPDQG
'HVFULSWLRQ� ([SRQHQWLDO�&XUYH�)LW�&RPPDQG��6WRUHV�(;3),7�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�UHVHUYHG�

YDULDEOH�Σ3$5��LQGLFDWLQJ�WKDW�VXEVHTXHQW�H[HFXWLRQV�RI�/5�DUH�WR�XVH�WKH�H[SRQHQWLDO�FXUYH�
ILWWLQJ�PRGHO�
/,1),7�LV�WKH�GHIDXOW�VSHFLILFDWLRQ�LQ�Σ3$5�

$FFHVV� N�(;3),7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %(67),7��/5��/,1),7��/2*),7��3:5),7

EXPM
7\SH� $QDO\WLF�)XQFWLRQ
'HVFULSWLRQ� ([SRQHQWLDO�0LQXV���$QDO\WLF�)XQFWLRQ��5HWXUQV�H[�²���

)RU�YDOXHV�RI�[�FORVH�WR�]HUR��(;30�[��UHWXUQV�D�PRUH�DFFXUDWH�UHVXOW�WKDQ�GRHV�(;3�[�²���
�8VLQJ�(;30�DOORZV�ERWK�WKH�DUJXPHQW�DQG�WKH�UHVXOW�WR�EH�QHDU�]HUR��DQG�DYRLGV�DQ�
LQWHUPHGLDWH�UHVXOW�QHDU����7KH�FDOFXODWRU�FDQ�H[SUHVV�QXPEHUV�ZLWKLQ���²����RI�]HUR��EXW�
ZLWKLQ�RQO\���²���RI����

Level 1/Argument 1 Level 1/Item 1

[ → [

V\PE�
 → 
V\PE�

�[��\� → �[��\�



1-162 Command Reference: Part B (1.1)*R�WR�,QGH[

$FFHVV� < P�+<3(5%2/,&�(;30
< *�(;30

,QSXW�2XWSXW�

6HH�DOVR� (;3��/13�

EYEPT
7\SH� &RPPDQG
'HVFULSWLRQ� (\H�3RLQW�&RPPDQG��6SHFLILHV�WKH�FRRUGLQDWHV�RI�WKH�H\H�SRLQW�LQ�D�SHUVSHFWLYH�SORW�

[SRLQW��\SRLQW��DQG�]SRLQW�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�[���\���DQG�]�FRRUGLQDWHV�DV�WKH�H\H�SRLQW�
IURP�ZKLFK�WR�YLHZ�D��'�SORW
V�YLHZ�YROXPH��7KH�\�FRRUGLQDWH�PXVW�DOZD\V�EH���XQLW�OHVV�WKDQ�
WKH�YLHZ�YROXPH
V�QHDUHVW�SRLQW��\QHDU�RI�<92/���7KHVH�FRRUGLQDWHV�DUH�VWRUHG�LQ�WKH�UHVHUYHG�
YDULDEOH�93$5�

$FFHVV� N�(<(37
,QSXW�2XWSXW�

6HH�DOVR� 180;��180<��;92/��;;51*��<92/��<<51*��=92/

F0λ
7\SH� )XQFWLRQ
'HVFULSWLRQ� %ODFN�%RG\�(PLVVLYH�3RZHU�)XQFWLRQ��5HWXUQV�WKH�IUDFWLRQ�RI�WRWDO�EODFN�ERG\�HPLVVLYH�

SRZHU�DW�WHPSHUDWXUH�[7�EHWZHHQ�ZDYHOHQJWKV���DQG�\ODPEGD��,I�XQLWV�DUH�QRW�VSHFLILHG��\ODPEGD�
KDV�LPSOLHG�XQLWV�RI�PHWHUV�DQG�[7�KDV�LPSOLHG�XQLWV�RI�.�
)�λ�UHWXUQV�D�GLPHQVLRQOHVV�IUDFWLRQ�

$FFHVV� N�)�λ

Level 1/Argument 1 Level 1/Item 1

[ → H[�†��

V\PE
 → 
(;30�V\PE�


Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

[SRLQW \SRLQW ]SRLQW →



Command Reference: Part B (1.1) 1-163*R�WR�,QGH[

,QSXW�2XWSXW�

FACT
7\SH� &RPPDQG
'HVFULSWLRQ� )DFWRULDO��*DPPD��)XQFWLRQ��)$&7�LV�WKH�VDPH�DV����6HH���
$FFHVV� 1RQH��0XVW�EH�W\SHG�LQ�
,QSXW�2XWSXW�

FANNING
7\SH� )XQFWLRQ
'HVFULSWLRQ� )DQQLQJ�)ULFWLRQ�)DFWRU�)XQFWLRQ��&DOFXODWHV�WKH�)DQQLQJ�IULFWLRQ�IDFWRU�RI�FHUWDLQ�IOXLG�

IORZV�
)$11,1*�FDOFXODWHV�WKH�)DQQLQJ�IULFWLRQ�IDFWRU��D�FRUUHFWLRQ�IDFWRU�IRU�WKH�IULFWLRQDO�HIIHFWV�
RI�IOXLG�IORZV�KDYLQJ�FRQVWDQW�WHPSHUDWXUH��FURVV�VHFWLRQ��YHORFLW\��DQG�YLVFRVLW\��D�W\SLFDO�
SLSH�IORZ��IRU�H[DPSOH���[[�’�LV�WKH�UHODWLYH�URXJKQHVV��WKH�UDWLR�RI�WKH�FRQGXLW�URXJKQHVV�WR�
LWV�GLDPHWHU���\5H�LV�WKH�5H\QROGV�QXPEHU��7KH�IXQFWLRQ�XVHV�GLIIHUHQW�FRPSXWDWLRQ�URXWLQHV�
IRU�ODPLQDU�IORZ��5H�≤�������DQG�WXUEXOHQW�IORZ��5H�!��������[[�’�DQG�\5H�PXVW�EH�UHDO�
QXPEHUV�RU�XQLW�REMHFWV�WKDW�UHGXFH�WR�GLPHQVLRQOHVV�QXPEHUV��DQG�ERWK�QXPEHUV�PXVW�EH�
JUHDWHU�WKDQ���

$FFHVV� N�)$11,1*

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

\ODPEGD [7 → [SRZHU
\ODPEGD 
V\PE
 → 
)�λ�\ODPEGD�V\PE�


V\PE
 [7 → 
)�λ�V\PE�[7�


V\PE�
 
V\PE�
 → 
)�λ�V\PE��V\PE��


Level 1/Argument 1 Level 1/Item 1

Q → Q�
[ → Γ�[�����


V\PE
 → 
�V\PE��




1-164 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� '$5&<

FAST3D
7\SH� &RPPDQG
'HVFULSWLRQ� )DVW��'�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�)$67��'�

:KHQ�SORW�W\SH�LV�VHW�WR�)$67�'��WKH�'5$:�FRPPDQG�SORWV�DQ�LPDJH�JUDSK�RI�D���YHFWRU�
YDOXHG�IXQFWLRQ�RI�WZR�YDULDEOHV��)$67�'�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�YDULDEOHV�(4��
93$5��DQG�33$5�
93$5�LV�PDGH�XS�RI�WKH�IROORZLQJ�HOHPHQWV�
^�[OHIW�[ULJKW��\QHDU��\IDU�]ORZ�]KLJK�[PLQ�[PD[��\PLQ��\PD[�[H\H��\H\H�]H\H�[VWHS��\VWHS�`
)RU�SORW�W\SH�)$67�'��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�

� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�

� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�

� [PLQ�DQG�[PD[�DUH�QRW�XVHG�

� \PLQ�DQG�\PD[�DUH�QRW�XVHG�

� [H\H��\H\H��DQG�]H\H�DUH�DUH�QRW�XVHG�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�
^��xmin, ymin���xmax, ymax��indep�res�axes�ptype�depend ‘

)RU�SORW�W\SH�)$67�'��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[[�' \5H → [IDQQLQJ
[[�' 
V\PE
 → 
)$11,1*�[[�'�V\PE�


V\PE
 \5H → 
)$11,1*�V\PE�\5H�


V\PE�
 
V\PE�
 → 
)$11,1*�V\PE��V\PE��




Command Reference: Part B (1.1) 1-165*R�WR�,QGH[

� �[PD[��\PD[��LV�QRW�XVHG�

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�)$67�'�
SODFHV�WKH�QDPH�)$67�'�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�)$67�'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(

FC?
7\SH� &RPPDQG
'HVFULSWLRQ� )ODJ�&OHDU"�&RPPDQG��7HVWV�ZKHWKHU�WKH�V\VWHP�RU�XVHU�IODJ�VSHFLILHG�E\�QIODJ�QXPEHU�LV�FOHDU��

DQG�UHWXUQV�D�FRUUHVSRQGLQJ�WHVW�UHVXOW�����WUXH��LI�WKH�IODJ�LV�FOHDU�RU����IDOVH��LI�WKH�IODJ�LV�VHW��
$FFHVV� <N 7(67�)&"
,QSXW�2XWSXW�

6HH�DOVR� &)��)&"&��)6"�)6"&��6)

FC?C
7\SH� &RPPDQG
'HVFULSWLRQ� )ODJ�&OHDU"�&OHDU�&RPPDQG��7HVWV�ZKHWKHU�WKH�V\VWHP�RU�XVHU�IODJ�VSHFLILHG�E\�QIODJ�QXPEHU�LV�

FOHDU��DQG�UHWXUQV�D�FRUUHVSRQGLQJ�WHVW�UHVXOW�����WUXH��LI�WKH�IODJ�LV�FOHDU�RU����IDOVH��LI�WKH�IODJ�
LV�VHW��$IWHU�WHVWLQJ��FOHDUV�WKH�IODJ�

$FFHVV� <N 7(67�)&"&

Level 1/Argument 1 Level 1/Item 1

QIODJ�QXPEHU → ���



1-166 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &)��)&"��)6"�)6"&��6)

FFT
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVFUHWH�)RXULHU�7UDQVIRUP�&RPPDQG��&RPSXWHV�WKH�RQH��RU�WZR�GLPHQVLRQDO�GLVFUHWH�

)RXULHU�WUDQVIRUP�RI�DQ�DUUD\�
,I�WKH�DUJXPHQW�LV�DQ�1�YHFWRU�RU�DQ�1�ï���RU���ï�1�PDWUL[��))7�FRPSXWHV�WKH�RQH�
GLPHQVLRQDO�WUDQVIRUP��,I�WKH�DUJXPHQW�LV�DQ�0�ï�1�PDWUL[��))7�FRPSXWHV�WKH�WZR�
GLPHQVLRQDO�WUDQVIRUP��0�DQG�1�PXVW�EH�LQWHJUDO�SRZHUV�RI���
7KH�RQH�GLPHQVLRQDO�GLVFUHWH�)RXULHU�WUDQVIRUP�RI�DQ�1�YHFWRU�;�LV�WKH�1�YHFWRU�<�ZKHUH�

IRU�N� �������«��1�²���
7KH�WZR�GLPHQVLRQDO�GLVFUHWH�)RXULHU�WUDQVIRUP�RI�DQ�0�ï�1�PDWUL[�;�LV�WKH�0�ï�1�PDWUL[�
<�ZKHUH�

IRU�N� �������«��0�²���DQG�O� �������«��1�²���
7KH�GLVFUHWH�)RXULHU�WUDQVIRUP�DQG�LWV�LQYHUVH�DUH�GHILQHG�IRU�DQ\�SRVLWLYH�VHTXHQFH�OHQJWK��
+RZHYHU��WKH�FDOFXODWLRQ�FDQ�EH�SHUIRUPHG�YHU\�UDSLGO\�ZKHQ�WKH�VHTXHQFH�OHQJWK�LV�D�SRZHU�
RI�WZR��DQG�WKH�UHVXOWLQJ�DOJRULWKPV�DUH�FDOOHG�WKH�IDVW�)RXULHU�WUDQVIRUP��))7��DQG�LQYHUVH�
IDVW�)RXULHU�WUDQVIRUP��,))7��
7KH�))7�FRPPDQG�XVHV�WUXQFDWHG����GLJLW�DULWKPHWLF�DQG�LQWHUPHGLDWH�VWRUDJH��WKHQ�URXQGV�
WKH�UHVXOW�WR����GLJLW�SUHFLVLRQ�

$FFHVV� < P�))7�))7

Level 1/Argument 1 Level 1/Item 1

QIODJ�QXPEHU → ���

Yk Xne
2π ikn

N
---------------–

n 0=

N 1–

∑= i, 1–=

Ykl xmne
2π ikm

M
----------------–

e

2π i ln
N

------------------–

n 0=

N 1–

∑
m 0=

M 1–

∑= i, 1–=



Command Reference: Part B (1.1) 1-167*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� ,))7

FILER
7\SH� &RPPDQG
'HVFULSWLRQ� 2SHQV�)LOH�0DQDJHU�
$FFHVV� < G

N�),/(5

,QSXW� 1RQH
2XWSXW� 1RQH

FINDALARM
7\SH� &RPPDQG
'HVFULSWLRQ� )LQG�$ODUP�&RPPDQG��5HWXUQV�WKH�DODUP�LQGH[�QLQGH[�RI�WKH�ILUVW�DODUP�GXH�DIWHU�WKH�VSHFLILHG�

WLPH�
,I�WKH�LQSXW�LV�D�UHDO�QXPEHU�GDWH��),1'$/$50�UHWXUQV�WKH�LQGH[�RI�WKH�ILUVW�DODUP�GXH�DIWHU�
������$0�RQ�WKDW�GDWH��,I�WKH�LQSXW�LV�D�OLVW�^�GDWH�WLPH�`��LW�UHWXUQV�WKH�LQGH[�RI�WKH�ILUVW�DODUP�
GXH�DIWHU�WKDW�GDWH�DQG�WLPH��,I�WKH�LQSXW�LV�WKH�UHDO�QXPEHU����),1'$/$50�UHWXUQV�WKH�ILUVW�
SDVW�GXH�DODUP�
)RU�DQ\�RI�WKH�WKUHH�DUJXPHQWV��),1'$/$50�UHWXUQV���LI�QR�DODUP�LV�IRXQG�

$FFHVV� >ç 722/6�$/50�),1'$/$50
,QSXW�2XWSXW�

6HH�DOVR� '(/$/$50��5&/$/$50��672$/$50

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@� → >�DUUD\�@�

Level 1/Argument 1 Level 1/Item 1

GDWH → QLQGH[
^�GDWH�WLPH�‘ → QLQGH[

� → QLQGH[



1-168 Command Reference: Part B (1.1)*R�WR�,QGH[

FINISH
7\SH� &RPPDQG
'HVFULSWLRQ� )LQLVK�6HUYHU�0RGH�&RPPDQG��7HUPLQDWHV�.HUPLW�6HUYHU�PRGH�LQ�D�GHYLFH�FRQQHFWHG�WR�DQ�

+3����
),1,6+�LV�XVHG�E\�D�ORFDO�.HUPLW�GHYLFH�WR�WHOO�D�VHUYHU�.HUPLW��FRQQHFWHG�YLD�WKH�VHULDO�SRUW��
WR�H[LW�6HUYHU�PRGH�

$FFHVV� N�),1,6+
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$8'��&.60��.*(7��3$5,7<��3.7��5(&1��5(&9��6(1'��6(59(5

FIX
7\SH� &RPPDQG
'HVFULSWLRQ� )L[�0RGH�&RPPDQG��6HWV�WKH�QXPEHU�GLVSOD\�IRUPDW�WR�IL[�PRGH��ZKLFK�URXQGV�WKH�GLVSOD\�

WR�Q�GHFLPDO�SODFHV�
)L[�PRGH�VKRZV�Q�GLJLWV�WR�WKH�ULJKW�RI�WKH�IUDFWLRQ�PDUN��GHFLPDO�SRLQW���ZKHUH���≤�Q�≤�����
�9DOXHV�IRU�Q�RXWVLGH�WKLV�UDQJH�DUH�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU���$�QXPEHU�LV�GLVSOD\HG�RU�
SULQWHG�DV�IROORZV�

(sign) mantissa

ZKHUH�WKH�PDQWLVVD�FDQ�EH�RI�DQ\�IRUP��+RZHYHU��WKH�FDOFXODWRU�DXWRPDWLFDOO\�GLVSOD\V�D�
QXPEHU�LQ�VFLHQWLILF�PRGH�LI�HLWKHU�RI�WKH�IROORZLQJ�LV�WUXH�
� 7KH�QXPEHU�RI�GLJLWV�WR�EH�GLVSOD\HG�H[FHHGV����
� $�QRQ]HUR�YDOXH�URXQGHG�WR�Q�GHFLPDO�SODFHV�RWKHUZLVH�ZRXOG�EH�GLVSOD\HG�DV�]HUR�

$FFHVV� �N�),;

,QSXW�2XWSXW�

6HH�DOVR� 6&,��67'

Level 1/Argument 1 Level 1/Item 1

Q →



Command Reference: Part B (1.1) 1-169*R�WR�,QGH[

FLASHEVAL
7\SH� &RPPDQG
'HVFULSWLRQ� (YDOXDWH�)ODVK�)XQFWLRQ�&RPPDQG��(YDOXDWHV�XQQDPHG�)ODVK�IXQFWLRQV�

8VLQJ�)/$6+(9$/�ZLWK�UDQGRP�DGGUHVVHV�FDQ�FRUUXSW�PHPRU\���QIXQFWLRQ�LV�RI�WKH�IRUP�
IIIIEEEK��ZKHUH�EEE�LV�WKH�EDQN�,'��DQG�IIII�LV�WKH�IXQFWLRQ�QXPEHU�

$FFHVV� N�)/$6+(9$/
,QSXW�2XWSXW�

6HH�DOVR� (9$/�/,%(9$/��6<6(9$/

FLOOR
7\SH� )XQFWLRQ
'HVFULSWLRQ� )ORRU�)XQFWLRQ��5HWXUQV�WKH�JUHDWHVW�LQWHJHU�WKDW�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�DUJXPHQW�
$FFHVV� < P 5($/�)/225
,QSXW�2XWSXW�

6HH�DOVR� &(,/��,3��51'��751&

FONT6
7\SH� )XQFWLRQ
'HVFULSWLRQ� )RQW�)XQFWLRQ��5HWXUQV�WKH�V\VWHP�)217��REMHFW��<RX�XVH�WKLV�LQ�FRQMXQFWLRQ�ZLWK�WKH�

→)217�FRPPDQG�WR�VHW�WKH�V\VWHP�IRQW�WR�W\SH���
$FFHVV� N

6HH�DOVR� )217���)217���→)217��)217→

Level 1/Argument 1 Level 1/Item 1

�QIXQFWLRQ →

Level 1/Argument 1 Level 1/Item 1

[ → Q
[BXQLW → QBXQLW

V\PE
 → 
)/225�V\PE�




1-170 Command Reference: Part B (1.1)*R�WR�,QGH[

FONT7
7\SH� )XQFWLRQ
'HVFULSWLRQ� )RQW�)XQFWLRQ��5HWXUQV�WKH�V\VWHP�)217��REMHFW��<RX�XVH�WKLV�LQ�FRQMXQFWLRQ�ZLWK�WKH�

→)217�FRPPDQG�WR�VHW�WKH�V\VWHP�IRQW�WR�W\SH���
$FFHVV� N

6HH�DOVR� )217���)217���→)217��)217→

FONT8
7\SH� )XQFWLRQ
'HVFULSWLRQ� )RQW�)XQFWLRQ��5HWXUQV�WKH�V\VWHP�)217��REMHFW��<RX�XVH�WKLV�LQ�FRQMXQFWLRQ�ZLWK�WKH�

→)217�FRPPDQG�WR�VHW�WKH�V\VWHP�IRQW�WR�W\SH���
$FFHVV� N

6HH�DOVR� )217���)217���→)217��)217→

FONT→
7\SH� )XQFWLRQ
'HVFULSWLRQ� 5HWXUQV�WKH�FXUUHQW�V\VWHP�IRQW��
$FFHVV� N

6HH�DOVR� )217���)217���)217�

→FONT
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6HW�IRQW�)XQFWLRQ��6HWV�WKH�V\VWHP�IRQW��<RX�XVH�WKLV�LQ�FRQMXQFWLRQ�ZLWK�RQH�RI�WKH�WKUHH�IRQW�

FRPPDQGV�WR�VHW�WKH�V\VWHP�IRQW��IRU�H[DPSOH��WKH�IROORZLQJ�FRPPDQG�VHWV�WKH�V\VWHP�IRQW�
WR�W\SH���
→FONT(FONT6)

$FFHVV� N

6HH�DOVR� )217���)217���)217���)217→



Command Reference: Part B (1.1) 1-171*R�WR�,QGH[

FOR
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� )25�'HILQLWH�/RRS�6WUXFWXUH�&RPPDQG��6WDUWV�)25�«�1(;7�DQG�)25�«�67(3�GHILQLWH�

ORRS�VWUXFWXUHV��
'HILQLWH�ORRS�VWUXFWXUHV�H[HFXWH�D�FRPPDQG�RU�VHTXHQFH�RI�FRPPDQGV�D�VSHFLILHG�QXPEHU�
RI�WLPHV�
� $�)25�«�1(;7�ORRS�H[HFXWHV�D�SURJUDP�VHJPHQW�D�VSHFLILHG�QXPEHU�RI�WLPHV�XVLQJ�D�
ORFDO�YDULDEOH�DV�WKH�ORRS�FRXQWHU��<RX�FDQ�XVH�WKLV�YDULDEOH�ZLWKLQ�WKH�ORRS��7KH�53/�
V\QWD[�LV�WKLV�
[VWDUW�[ILQLVK�)25�FRXQWHU�ORRS�FODXVH�1(;7�

7KH�DOJHEUDLF�V\QWD[�LV�WKLV�
)25��FRXQWHU�[VWDUW��[ILQLVK�ORRS�FODXVH�1(;7�

)25�WDNHV�[VWDUW�DQG�[ILQLVK�DV�WKH�EHJLQQLQJ�DQG�HQGLQJ�YDOXHV�IRU�WKH�ORRS�FRXQWHU��WKHQ�
FUHDWHV�WKH�ORFDO�YDULDEOH�FRXQWHU�DV�D�ORRS�FRXQWHU��7KHQ��WKH�ORRS�FODXVH�LV�H[HFXWHG��
FRXQWHU�FDQ�EH�UHIHUHQFHG�RU�KDYH�LWV�YDOXH�FKDQJHG�ZLWKLQ�WKH�ORRS�FODXVH��1(;7�
LQFUHPHQWV�FRXQWHU�E\�RQH��DQG�WKHQ�WHVWV�ZKHWKHU�FRXQWHU�LV�OHVV�WKDQ�RU�HTXDO�WR�[ILQLVK��,I�
VR��WKH�ORRS�FODXVH�LV�UHSHDWHG��ZLWK�WKH�QHZ�YDOXH�RI�FRXQWHU��

:KHQ�WKH�ORRS�LV�H[LWHG��FRXQWHU�LV�SXUJHG�

� )25�«�67(3�ZRUNV�MXVW�OLNH�)25�«�1(;7��H[FHSW�WKDW�LW�OHWV�\RX�VSHFLI\�DQ�
LQFUHPHQW�YDOXH�RWKHU�WKDQ����7KH�V\QWD[�53/�LV�
[VWDUW�[ILQLVK�)25�FRXQWHU�ORRS�FODXVH�[LQFUHPHQW�67(3�

7KH�DOJHEUDLF�V\QWD[�LV�

)25��FRXQWHU�[VWDUW�[ILQLVK�ORRS�FODXVH��67(3��[LQFUHPHQW�

)25�WDNHV�[VWDUW�DQG�[ILQLVK�DV�WKH�EHJLQQLQJ�DQG�HQGLQJ�YDOXHV�IRU�WKH�ORRS�FRXQWHU��WKHQ�
FUHDWHV�WKH�ORFDO�YDULDEOH�FRXQWHU�DV�D�ORRS�FRXQWHU��1H[W��WKH�ORRS�FODXVH�LV�H[HFXWHG��
FRXQWHU�FDQ�EH�UHIHUHQFHG�RU�KDYH�LWV�YDOXH�FKDQJHG�ZLWKLQ�WKH�ORRS�FODXVH��67(3�WDNHV�
[LQFUHPHQW�DQG�LQFUHPHQWV�FRXQWHU�E\�WKDW�YDOXH��,I�WKH�DUJXPHQW�RI�67(3�LV�DQ�DOJHEUDLF�
H[SUHVVLRQ�RU�D�QDPH��LW�LV�DXWRPDWLFDOO\�HYDOXDWHG�WR�D�QXPEHU�

7KH�LQFUHPHQW�YDOXH�FDQ�EH�SRVLWLYH�RU�QHJDWLYH��,I�WKH�LQFUHPHQW�LV�SRVLWLYH��WKH�ORRS�LV�
H[HFXWHG�DJDLQ�ZKHQ�FRXQWHU�LV�OHVV�WKDQ�RU�HTXDO�WR�[ILQLVK��,I�WKH�LQFUHPHQW�LV�QHJDWLYH��WKH�
ORRS�LV�H[HFXWHG�ZKHQ�FRXQWHU�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�[ILQLVK�

:KHQ�WKH�ORRS�LV�H[LWHG��FRXQWHU�LV�SXUJHG�

$FFHVV� <N %5$1&+�)25



1-172 Command Reference: Part B (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 1(;7��67$57��67(3

FP
7\SH� )XQFWLRQ
'HVFULSWLRQ� )UDFWLRQDO�3DUW�)XQFWLRQ��5HWXUQV�WKH�IUDFWLRQDO�SDUW�RI�WKH�DUJXPHQW�

7KH�UHVXOW�KDV�WKH�VDPH�VLJQ�DV�WKH�DUJXPHQW�
$FFHVV� < P�5($/�)3
,QSXW�2XWSXW�

6HH�DOVR� ,3

FREEZE
7\SH� &RPPDQG
'HVFULSWLRQ� )UHH]H�'LVSOD\�&RPPDQG��)UHH]HV�WKH�SDUW�RI�WKH�GLVSOD\�VSHFLILHG�E\�QGLVSOD\�DUHD��VR�WKDW�LW�LV�

QRW�XSGDWHG�XQWLO�D�NH\�LV�SUHVVHG�
1RUPDOO\��WKH�VWDFN�GLVSOD\�LV�XSGDWHG�DV�VRRQ�DV�WKH�FDOFXODWRU�LV�UHDG\�IRU�GDWD�LQSXW��)RU�
H[DPSOH��ZKHQ�+$/7�VWRSV�D�UXQQLQJ�SURJUDP��RU�ZKHQ�D�SURJUDP�HQGV��DQ\�GLVSOD\HG�
PHVVDJHV�DUH�FOHDUHG��7KH�)5((=(�FRPPDQG�´IUHH]HVµ�D�SDUW�RU�DOO�RI�WKH�GLVSOD\�VR�WKDW�LW�
LV�QRW�XSGDWHG�XQWLO�D�NH\�LV�SUHVVHG��7KLV�DOORZV��IRU�H[DPSOH��D�SURPSWLQJ�PHVVDJH�WR�SHUVLVW�
DIWHU�D�SURJUDP�KDOWV�WR�DZDLW�GDWD�LQSXW�

Level 2/ Level 1 Level 1/Item 1

)25�[VWDUW [ILQLVK →
1(;7 →
)25�[VWDUW [ILQLVK →
67(3 [LQFUHPHQW →
67(3 
V\PELQFUHPHQW
 →

Level 1/Argument 1 Level 1/Item 1

[ → \
[BXQLW → \BXQLW

V\PE
 → 
)3�V\PE�




Command Reference: Part B (1.1) 1-173*R�WR�,QGH[

QGLVSOD\�DUHD�LV�WKH�VXP�RI�WKH�YDOXH�FRGHV�IRU�WKH�DUHDV�WR�EH�IUR]HQ�

6R��IRU�H[DPSOH��)5((=(����IUHH]HV�WKH�KLVWRU\�VWDFN�FRPPDQG�OLQH�DUHD��)5((=(����
IUHH]HV�WKH�VWDWXV�DUHD�DQG�WKH�KLVWRU\�VWDFN�FRPPDQG�OLQH�DUHD��DQG�)5((=(����IUHH]HV�DOO�
WKUHH�DUHDV��
9DOXHV�RI�QGLVSOD\�DUHD�≥���RU�≤���IUHH]H�WKH�HQWLUH�GLVSOD\��DUH�HTXLYDOHQW�WR�YDOXH�����7R�IUHH]H�
WKH�JUDSKLFV�GLVSOD\��\RX�PXVW�IUHH]H�WKH�VWDWXV�DQG�VWDFN�FRPPDQG�OLQH�DUHDV��E\�HQWHULQJ�
����RU�WKH�HQWLUH�GLVSOD\��E\�HQWHULQJ����

$FFHVV� <N 287�)5((=(
,QSXW�2XWSXW�

6HH�DOVR� &//&'��',63��+$/7

FS?
7\SH� &RPPDQG
'HVFULSWLRQ� )ODJ�6HW"�&RPPDQG��7HVWV�ZKHWKHU�WKH�V\VWHP�RU�XVHU�IODJ�VSHFLILHG�E\�QIODJ�QXPEHU�LV�VHW��DQG�

UHWXUQV�D�FRUUHVSRQGLQJ�WHVW�UHVXOW�����WUXH��LI�WKH�IODJ�LV�VHW�RU����IDOVH��LI�WKH�IODJ�LV�FOHDU�
$FFHVV� <N 7(67�)6"
,QSXW�2XWSXW�

6HH�DOVR� &)��)&"��)&"&��)6"&��6)

Display Area Value Code

6WDWXV�DUHD �

+LVWRU\�6WDFN�&RPPDQG�OLQH�DUHD �

0HQX�DUHD �

Level 1/Argument 1 Level 1/Item 1

QGLVSOD\DUHD →

Level 1/Argument 1 Level 1/Item 1

QIODJ�QXPEHU → ���



1-174 Command Reference: Part B (1.1)*R�WR�,QGH[

FS?C
7\SH� &RPPDQG
'HVFULSWLRQ� )ODJ�6HW"�&OHDU�&RPPDQG��7HVWV�ZKHWKHU�WKH�V\VWHP�RU�XVHU�IODJ�VSHFLILHG�E\�QIODJ�QXPEHU�LV�

VHW��DQG�UHWXUQV�D�FRUUHVSRQGLQJ�WHVW�UHVXOW�����WUXH��LI�WKH�IODJ�LV�VHW�RU����IDOVH��LI�WKH�IODJ�LV�
FOHDU��$IWHU�WHVWLQJ��FOHDUV�WKH�IODJ�

$FFHVV� <N 7(67�)6"&
,QSXW�2XWSXW�

6HH�DOVR� &)��)&"��)&"&��)6"��6)

FUNCTION
7\SH� &RPPDQG
'HVFULSWLRQ� )XQFWLRQ�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�)81&7,21�

:KHQ�WKH�SORW�W\SH�LV�)81&7,21��WKH�'5$:�FRPPDQG�SORWV�WKH�FXUUHQW�HTXDWLRQ�DV�D�
UHDO�YDOXHG�IXQFWLRQ�RI�RQH�UHDO�YDULDEOH��7KH�FXUUHQW�HTXDWLRQ�LV�VSHFLILHG�LQ�WKH�UHVHUYHG�
YDULDEOH�(4��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�
WKH�IRUP�

^��xmin, ymin���xmax, ymax� indep res axes ptype depend�‘

)RU�SORW�W\SH�)81&7,21��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�QDPH�DQG�
WZR�QXPEHUV�VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH�
�WKH�SORWWLQJ�UDQJH���7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�SORWWHG�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�ELQDU\�LQWHJHU�VSHFLI\LQJ�WKH�LQWHUYDO�LQ�SL[HOV��
7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���SL[HO�

Level 1/Argument 1 Level 1/Item 1

QIODJ�QXPEHU → ���



Command Reference: Part B (1.1) 1-175*R�WR�,QGH[

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�)81&7,21�
SODFHV�WKH�QDPH�)81&7,21�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�YHUWLFDO�D[LV��7KH�GHIDXOW�YDOXH�LV�<�
7KH�FXUUHQW�HTXDWLRQ�LV�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�YDULDEOH�VSHFLILHG�LQ�LQGHS��7KH�PLQLPXP�
DQG�PD[LPXP�YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��WKH�SORWWLQJ�UDQJH��FDQ�EH�VSHFLILHG�LQ�LQGHS��
RWKHUZLVH��WKH�YDOXHV�LQ��[PLQ��\PLQ��DQG��[PD[��\PD[��WKH�GLVSOD\�UDQJH��DUH�XVHG��/LQHV�DUH�
GUDZQ�EHWZHHQ�SORWWHG�SRLQWV�XQOHVV�IODJ�²���LV�VHW�
,I�(4�FRQWDLQV�DQ�H[SUHVVLRQ�RU�SURJUDP��WKH�H[SUHVVLRQ�RU�SURJUDP�LV�HYDOXDWHG�LQ�
1XPHULFDO�5HVXOWV�PRGH�IRU�HDFK�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WR�JLYH�WKH�YDOXHV�RI�WKH�
GHSHQGHQW�YDULDEOH��,I�(4�FRQWDLQV�DQ�HTXDWLRQ��WKH�SORWWLQJ�DFWLRQ�GHSHQGV�RQ�WKH�IRUP�RI�
WKH�HTXDWLRQ��DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

,I�IODJ�²���LV�VHW��DOO�HTXDWLRQV�DUH�SORWWHG�VLPXOWDQHRXVO\�
,I�WKH�LQGHSHQGHQW�YDULDEOH�LQ�WKH�FXUUHQW�HTXDWLRQ�UHSUHVHQWV�D�XQLW�REMHFW��\RX�PXVW�VSHFLI\�
WKH�XQLWV�E\�VWRULQJ�D�XQLW�REMHFW�LQ�WKH�FRUUHVSRQGLQJ�YDULDEOH�LQ�WKH�FXUUHQW�GLUHFWRU\��)RU�
H[DPSOH��LI�WKH�FXUUHQW�HTXDWLRQ�LV�;��BP��DQG�\RX�ZDQW�;�WR�UHSUHVHQW�VRPH�QXPEHU�RI�
LQFKHV��\RX�ZRXOG�VWRUH��BLQ��WKH�QXPEHU�SDUW�RI�WKH�XQLW�REMHFW�LV�LJQRUHG��LQ�;��)RU�HDFK�
SORWWHG�SRLQW��WKH�QXPHULFDO�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�LV�FRPELQHG�ZLWK�WKH�VSHFLILHG�
XQLW��LQFKHV�LQ�WKLV�H[DPSOH��EHIRUH�WKH�FXUUHQW�HTXDWLRQ�LV�HYDOXDWHG��,I�WKH�UHVXOW�LV�D�XQLW�
REMHFW��RQO\�WKH�QXPEHU�SDUW�LV�SORWWHG�

Form of Current 
Equation

Plotting Action

H[SU� �H[SU (DFK�H[SUHVVLRQ�LV�SORWWHG�VHSDUDWHO\��7KH�
LQWHUVHFWLRQ�RI�WKH�WZR�JUDSKV�VKRZV�ZKHUH�

WKH�H[SUHVVLRQV�DUH�HTXDO�

QDPH� �H[SU 2QO\�WKH�H[SUHVVLRQ�LV�SORWWHG�

LQGHS� �FRQVWDQW $�YHUWLFDO�OLQH�LV�SORWWHG�



1-176 Command Reference: Part B (1.1)*R�WR�,QGH[

$FFHVV� N�)81&7,21
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)$67�'��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(



*R�WR�,QGH[
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1-178 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

Introduction
7KLV�YROXPH�GHWDLOV�WKH�+3���*�FRPPDQGV�DQG�IXQFWLRQV�WKDW�DUH�QRW�FRPSXWHU�DOJHEUD�VSHFLILF��6HH�
9ROXPH����&RPSXWHU�DOJHEUD�FRPPDQGV�DQG�IXQFWLRQV��IRU�LQIRUPDWLRQ�RQ�FRPSXWHU�DOJHEUD�FRPPDQGV�

)RU�HDFK�RSHUDWLRQ��WKH�IROORZLQJ�GHWDLOV�DUH�SURYLGHG�

7\SH� )XQFWLRQ�RU�FRPPDQG��)XQFWLRQV�FDQ�EH�XVHG�DV�D�SDUW�RI�DQ�DOJHEUDLF�REMHFWV�DQG�
FRPPDQGV�FDQQRW�

'HVFULSWLRQ� $�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�

$FFHVV� 7KH�PHQX�RU�FKRRVH�OLVW�RQ�ZKLFK�DQ�RSHUDWLRQ�FDQ�EH�IRXQG��DQG�WKH�NH\V�WKDW�\RX�SUHVV�
WR�DFFHVV�LW��,I�WKH�RSHUDWLRQ�LV�RQ�D�VXE�PHQX��WKH�VXE�PHQX�QDPH�LV�LQ�SMALL CAPITALS�
DIWHU�WKH�NH\V�

,QSXW�2XWSXW� 7KH�LQSXW�DUJXPHQW�RU�DUJXPHQWV�WKDW�WKH�RSHUDWLRQ�QHHGV��DQG�WKH�RXWSXWV�LW�SURGXFHV�

6HH�DOVR� 5HODWHG�IXQFWLRQV�RU�FRPPDQGV



Command Reference: Part C, G-P (1.1) 1-179*R�WR�,QGH[

G to K
GET
7\SH� &RPPDQG
'HVFULSWLRQ� *HW�(OHPHQW�&RPPDQG��5HWXUQV�IURP�WKH�DUJXPHQW���OHYHO���DUUD\�RU�OLVW��RU�QDPHG�DUUD\�

RU�OLVW��WKH�UHDO�RU�FRPSOH[�QXPEHU�]JHW�RU�REMHFW�REMJHW�ZKRVH�SRVLWLRQ�LV�VSHFLILHG�LQ�DUJXPHQW�
��OHYHO���
)RU�PDWULFHV��QSRVLWLRQ�LV�LQFUHPHQWHG�LQ�URZ�RUGHU�

$FFHVV� <N /,67�(/(0(176�*(7
,QSXW�2XWSXW�

6HH�DOVR� *(7,��387��387,

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>>�PDWUL[�@@ QSRVLWLRQ → ]JHW
>>�PDWUL[�@@ ^�QURZ��PFROXPQ�` → ]JHW

QDPHPDWUL[
 QSRVLWLRQ → ]JHW

QDPHPDWUL[
 ^�QURZ��PFROXPQ�` → ]JHW
>�YHFWRU�@ QSRVLWLRQ → ]JHW
>�YHFWRU�@ ^QSRVLWLRQ�` → ]JHW

QDPHYHFWRU
 QSRVLWLRQ → ]JHW

QDPHYHFWRU
 ^QSRVLWLRQ�` → ]JHW
^�OLVW�` QSRVLWLRQ → REMJHW
^�OLVW�` ^QSRVLWLRQ�` → REMJHW

QDPHOLVW
 QSRVLWLRQ → REMJHW

QDPHOLVW
 ^QSRVLWLRQ�` → REMJHW



1-180 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

GETI
7\SH� &RPPDQG
'HVFULSWLRQ� *HW�DQG�,QFUHPHQW�,QGH[�&RPPDQG��5HWXUQV�IURP�WKH�DUJXPHQW���OHYHO���DUUD\�RU�OLVW��RU�

QDPHG�DUUD\�RU�OLVW��WKH�UHDO�RU�FRPSOH[�QXPEHU�]JHW�RU�REMHFW�REMJHW�ZKRVH�SRVLWLRQ�LV�VSHFLILHG�
LQ�DUJXPHQW���OHYHO����DORQJ�ZLWK�WKH�ILUVW��OHYHO����DUJXPHQW�DQG�WKH�QH[W�SRVLWLRQ�LQ�WKDW�
DUJXPHQW�
)RU�PDWULFHV��WKH�SRVLWLRQ�LV�LQFUHPHQWHG�LQ�URZ�RUGHU�

$FFHVV� <N /,67�(/(0(176�*(7,
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� *(7��387��387,

GOR
7\SH� &RPPDQG
'HVFULSWLRQ� *UDSKLFV�25�&RPPDQG��6XSHULPSRVHV�JURE��RQWR�JUREWDUJHW�RU�3,&7��ZLWK�WKH�XSSHU�OHIW�

FRUQHU�SL[HO�RI�JURE��SRVLWLRQHG�DW�WKH�VSHFLILHG�FRRUGLQDWH�LQ�JUREWDUJHW�RU�3,&7�
*25�XVHV�D�ORJLFDO�25�WR�GHWHUPLQH�WKH�VWDWH��RQ�RU�RII��RI�HDFK�SL[HO�LQ�WKH�RYHUODSSLQJ�
SRUWLRQ�RI�WKH�DUJXPHQW�JUDSKLFV�REMHFW�

L�/A� L�/A� L�/I� L�/I� L�/I�

>>�PDWUL[�@@ QSRVLWLRQ� → >>�PDWUL[�@@ QSRVLWLRQ� ]JHW
>>�PDWUL[�@@ ^�QURZ��PFROXPQ�`� → >>�PDWUL[�@@ ^�QURZ��PFROXPQ�`� ]JHW

QDPHPDWUL[
 QSRVLWLRQ� → 
QDPHPDWUL[
 QSRVLWLRQ� ]JHW

QDPHPDWUL[
 ^�QURZ��PFROXPQ�`� → 
QDPHPDWUL[
 ^�QURZ��PFROXPQ�`� ]JHW
>�YHFWRU�@ QSRVLWLRQ → >�YHFWRU�@ QSRVLWLRQ� ]JHW
>�YHFWRU�@ ^QSRVLWLRQ��`� → >�YHFWRU�@ ^QSRVLWLRQ��`� ]JHW

QDPHYHFWRU
 QSRVLWLRQ� → 
QDPHYHFWRU QSRVLWLRQ� ]JHW

QDPHYHFWRU
 ^QSRVLWLRQ��` → 
QDPHYHFWRU ^QSRVLWLRQ��`� ]JHW
^�OLVW�` QSRVLWLRQ� → ^�OLVW�` QSRVLWLRQ� REMJHW
^�OLVW�` ^QSRVLWLRQ��` → ^�OLVW�` ^QSRVLWLRQ��`� REMJHW

QDPHOLVW
 QSRVLWLRQ� → 
QDPHOLVW
 QSRVLWLRQ� REMJHW

QDPHOLVW
 ^QSRVLWLRQ��` → 
QDPHOLVW
 ^QSRVLWLRQ��`� REMJHW



Command Reference: Part C, G-P (1.1) 1-181*R�WR�,QGH[

,I�WKH�ILUVW�DUJXPHQW��VWDFN�OHYHO����LV�DQ\�JUDSKLFV�REMHFW�RWKHU�WKDQ�3,&7��WKHQ�JUREUHVXOW�LV�
UHWXUQHG�WR�WKH�VWDFN��,I�WKH�ILUVW�DUJXPHQW��OHYHO����LV�3,&7��QR�UHVXOW�LV�UHWXUQHG�WR�WKH�VWDFN�
$Q\�SRUWLRQ�RI�JURE��WKDW�H[WHQGV�SDVW�JUREWDUJHW�RU�3,&7�LV�WUXQFDWHG�

$FFHVV� <N *52%�*25
,QSXW�2XWSXW�

)ODJV� 1RQH
6HH�DOVR� *;25��5(3/��68%

GRAD
7\SH� &RPPDQG
'HVFULSWLRQ� *UDGV�0RGH�&RPPDQG��6HWV�*UDGV�DQJOH�PRGH�

*5$'�FOHDUV�IODJ�²���DQG�VHWV�IODJ�²����DQG�GLVSOD\V�WKH�*5'�DQQXQFLDWRU�
,Q�*UDGV�DQJOH�PRGH��UHDO�QXPEHU�DUJXPHQWV�WKDW�UHSUHVHQW�DQJOHV�DUH�LQWHUSUHWHG�DV�JUDGV��
DQG�UHDO�QXPEHU�UHVXOWV�WKDW�UHSUHVHQW�DQJOHV�DUH�H[SUHVVHG�LQ�JUDGV�

$FFHVV� h�$1*/(�0($685(�*5$'6
N�*5$'

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '(*��5$'

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

JUREWDUJHW ^��Q��P�` JURE� → JUREUHVXOW
JUREWDUJHW �[��\� JURE� → JUREUHVXOW
3,&7 ^��Q��P�` JURE� →
3,&7 �[��\� JURE� →



1-182 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

GRIDMAP
7\SH� &RPPDQG
'HVFULSWLRQ� *5,'0$3�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�*5,'0$3�

:KHQ�SORW�W\SH�LV�VHW�*5,'0$3��WKH�'5$:�FRPPDQG�SORWV�D�PDSSLQJ�JULG�UHSUHVHQWDWLRQ�
RI�D���YHFWRU�YDOXHG�IXQFWLRQ�RI�WZR�YDULDEOHV��*5,'0$3�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�
YDULDEOHV�(4��93$5��DQG�33$5�
93$5�KDV�WKH�IROORZLQJ�IRUP�

{xleft� xright� ynear� yfar� zlow� zhigh� xmin� xmax� ymin� ymax� xeye� yeye� zeye� xstep� ystep}

)RU�SORW�W\SH�*5,'0$3��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�

� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�

� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�

� [PLQ�DQG�[PD[�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�LQSXW�UHJLRQ
V�ZLGWK��7KH�GHIDXOW�YDOXH�LV�
�²�����

� \PLQ�DQG�\PD[�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�LQSXW�UHJLRQ
V�GHSWK��7KH�GHIDXOW�YDOXH�LV�
�²�����

� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�\RX�YLHZ�
WKH�JUDSK�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG��7KHVH�FDQ�EH�XVHG�LQVWHDG�RI��RU�LQ�FRPELQDWLRQ�ZLWK��5(6�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKH�IROORZLQJ�
IRUP�

^��xmin, ymin����xmax, ymax�� indep� res� axes� ptype� depend `

)RU�SORW�W\SH�*5,'0$3��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�

� �[PD[��\PD[��LV�QRW�XVHG�

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�SORWWHG�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�ELQDU\�LQWHJHU�VSHFLI\LQJ�WKH�LQWHUYDO�LQ�SL[HOV��
7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���SL[HO�



Command Reference: Part C, G-P (1.1) 1-183*R�WR�,QGH[

� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�*5,'0$3�
SODFHV�WKH�FRPPDQG�QDPH�*5,'0$3�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�*5,'0$3
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��+,672*5$0��3$5$0(75,&��3$5685)$&(��

3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��:,5()5$0(��<6/,&(

→GROB
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�*UDSKLFV�2EMHFW�&RPPDQG��&UHDWHV�D�JUDSKLFV�REMHFW�IURP�D�VSHFLILHG�REMHFW��ZKHUH�

WKH�DUJXPHQW�QFKDU�VL]H�VSHFLILHV�WKH�FKDUDFWHU�VL]H�RI�WKH�REMHFW�
QFKDU�VL]H�FDQ�EH�������VPDOO������PHGLXP���RU����ODUJH���QFKDU�VL]H� ���LV�WKH�VDPH�DV�QFKDU�VL]H� ����
H[FHSW�IRU�XQLW�REMHFWV�DQG�DOJHEUDLF�REMHFWV��ZKHUH���VSHFLILHV�WKH�(TXDWLRQ�:ULWHU�
DSSOLFDWLRQ�SLFWXUH�

$FFHVV� N�→*52%

,QSXW�2XWSXW�

6HH�DOVR� →/&'��/&'→

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM QFKDUVL]H → JURE



1-184 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

GROBADD
7\SH� &RPPDQG

'HVFULSWLRQ�� &RPELQHV�WZR�JUDSKLF�REMHFWV�

$FFHVV� &DWDORJ��N
,QSXW�2XWSXW�

GXOR
7\SH� &RPPDQG
'HVFULSWLRQ� *UDSKLFV�([FOXVLYH�25�&RPPDQG��6XSHULPSRVHV�JURE��RQWR�JUREWDUJHW�RU�3,&7��ZLWK�WKH�

XSSHU�OHIW�FRUQHU�SL[HO�RI�JURE��SRVLWLRQHG�DW�WKH�VSHFLILHG�FRRUGLQDWH�LQ�JUREWDUJHW�RU�3,&7��
*;25�LV�XVHG�IRU�FUHDWLQJ�FXUVRUV��IRU�H[DPSOH��WR�PDNH�WKH�FXUVRU�LPDJH�DSSHDU�GDUN�RQ�D�
OLJKW�EDFNJURXQG�DQG�OLJKW�RQ�D�GDUN�EDFNJURXQG��([HFXWLQJ�*;25�DJDLQ�ZLWK�WKH�VDPH�
LPDJH�UHVWRUHV�WKH�RULJLQDO�SLFWXUH�
*;25�XVHV�D�ORJLFDO�H[FOXVLYH�25�WR�GHWHUPLQH�WKH�VWDWH�RI�WKH�SL[HOV��RQ�RU�RII��LQ�WKH�
RYHUODSSLQJ�SRUWLRQ�RI�WKH�DUJXPHQW�JUDSKLFV�REMHFWV�
$Q\�SRUWLRQ�RI�JURE��WKDW�H[WHQGV�SDVW�JUREWDUJHW�RU�3,&7�LV�WUXQFDWHG�
,I�WKH�ILUVW��OHYHO����DUJXPHQW��WKH�WDUJHW�JUDSKLFV�REMHFW��LV�DQ\�JUDSKLFV�REMHFW�RWKHU�WKDQ�
3,&7��WKHQ�JUREUHVXOW�LV�UHWXUQHG�WR�WKH�VWDFN��,I�WKH�ILUVW��OHYHO����DUJXPHQW�LV�3,&7��QR�UHVXOW�
LV�UHWXUQHG�WR�WKH�VWDFN�

$FFHVV� <N *52%�*;25
,QSXW�2XWSXW�

6HH�DOVR� *25��5(3/��68%

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

*52%� *52%� → *52%�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

JUREWDUJHW ^��Q���P�` JURE� → JUREUHVXOW
JUREWDUJHW �[��\� JURE� → JUREUHVXOW
3,&7 ^��Q���P�` JURE� →
3,&7 �[��\� JURE� →



Command Reference: Part C, G-P (1.1) 1-185*R�WR�,QGH[

HALT
7\SH� &RPPDQG
'HVFULSWLRQ� +DOW�3URJUDP�&RPPDQG��+DOWV�SURJUDP�H[HFXWLRQ�

3URJUDP�H[HFXWLRQ�LV�KDOWHG�DW�WKH�ORFDWLRQ�RI�WKH�+$/7�FRPPDQG�LQ�WKH�SURJUDP��7KH�+/7�
DQQXQFLDWRU�LV�WXUQHG�RQ��3URJUDP�H[HFXWLRQ�LV�UHVXPHG�E\�H[HFXWLQJ�&217��WKDW�LV��E\�
SUHVVLQJ�<:���([HFXWLQJ�.,//�FDQFHOV�DOO�KDOWHG�SURJUDPV�

$FFHVV� <N 581�	�'(%8*�+$/7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &217��.,//

HEAD
7\SH� &RPPDQG
'HVFULSWLRQ� )LUVW�/LVWHG�(OHPHQW�&RPPDQG��5HWXUQV�WKH�ILUVW�HOHPHQW�RI�D�OLVW�RU�VWULQJ�
$FFHVV� <N&+$56�+($'
,QSXW�2XWSXW�

6HH�DOVR� 7$,/

HEADER→
7\SH� &RPPDQG
'HVFULSWLRQ� +HDGHU�VL]H��5HWXUQV�WKH�FXUUHQW�VL]H�RI�WKH�KHDGHU�LQ�OLQHV�
$FFHVV� N

6HH�DOVR� →+($'(5

Level 1/Argument 1 Level 1/Item 1

^�REM��������REMQ�` → REM��
´VWULQJµ → ´HOHPHQW�µ



1-186 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

→HEADER
7\SH� &RPPDQG
'HVFULSWLRQ� +HDGHU�VL]H��6HWV�WKH�FXUUHQW�VL]H�RI�WKH�KHDGHU�LQ�OLQHV�����������RU���OLQHV�
$FFHVV� N

6HH�DOVR� →+($'(5

HEX
7\SH� &RPPDQG
'HVFULSWLRQ� +H[DGHFLPDO�0RGH�&RPPDQG��6HOHFWV�KH[DGHFLPDO�EDVH�IRU�ELQDU\�LQWHJHU�RSHUDWLRQV���7KH�

GHIDXOW�EDVH�LV�GHFLPDO��
%LQDU\�LQWHJHUV�UHTXLUH�WKH�SUHIL[����%LQDU\�LQWHJHUV�HQWHUHG�DQG�UHWXUQHG�LQ�KH[DGHFLPDO�EDVH�
DXWRPDWLFDOO\�VKRZ�WKH�VXIIL[�K��,I�WKH�FXUUHQW�EDVH�LV�QRW�KH[DGHFLPDO��WKHQ�\RX�FDQ�HQWHU�D�
KH[DGHFLPDO�QXPEHU�E\�HQGLQJ�LW�ZLWK�K��,W�ZLOO�EH�GLVSOD\HG�LQ�WKH�FXUUHQW�EDVH�ZKHQ�LW�LV�
HQWHUHG�
7KH�FXUUHQW�EDVH�GRHV�QRW�DIIHFW�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�ELQDU\�LQWHJHUV�DV�XQVLJQHG�
ELQDU\�QXPEHUV�

$FFHVV� N�+(;
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %,1��'(&��2&7��5&:6��67:6

HISTOGRAM
7\SH� &RPPDQG
'HVFULSWLRQ� +LVWRJUDP�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�+,672*5$0�

:KHQ�WKH�SORW�W\SH�LV�+,672*5$0��WKH�'5$:�FRPPDQG�FUHDWHV�D�KLVWRJUDP�XVLQJ�GDWD�
IURP�RQH�FROXPQ�RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���7KH�FROXPQ�LV�
VSHFLILHG�E\�WKH�ILUVW�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��XVLQJ�WKH�;&2/�FRPPDQG���
7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKH�IRUP�

^��xmin, ymin���xmax, ymax� indep res axes ptype depend `



Command Reference: Part C, G-P (1.1) 1-187*R�WR�,QGH[

)RU�SORW�W\SH�+,672*5$0��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�HLWKHU�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�KRUL]RQWDO�D[LV��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�
QDPH�DQG�WZR�QXPEHUV�WKDW�VSHFLI\�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�GDWD�WR�EH�
SORWWHG��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�ELQ�VL]H��LQ�XVHU�XQLW�FRRUGLQDWHV��RU�D�ELQDU\�LQWHJHU�
VSHFLI\LQJ�WKH�ELQ�VL]H�LQ�SL[HOV��7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�WKH�ELQ�VL]H�WR�EH�
�����RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VSHFLILHG�PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�GDWD�

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�
+,672*5$0�SODFHV�WKH�FRPPDQG�QDPH�+,672*5$0�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�YHUWLFDO�D[LV��7KH�GHIDXOW�YDOXH�LV�<�
7KH�IUHTXHQF\�RI�WKH�GDWD�LV�SORWWHG�DV�EDUV��ZKHUH�HDFK�EDU�UHSUHVHQWV�D�FROOHFWLRQ�RI�GDWD�
SRLQWV��7KH�EDVH�RI�HDFK�EDU�VSDQV�WKH�YDOXHV�RI�WKH�GDWD�SRLQWV��DQG�WKH�KHLJKW�LQGLFDWHV�WKH�
QXPEHU�RI�GDWD�SRLQWV��7KH�ZLGWK�RI�HDFK�EDU�LV�VSHFLILHG�E\�UHV��7KH�RYHUDOO�PD[LPXP�DQG�
PLQLPXP�YDOXHV�IRU�WKH�GDWD�FDQ�EH�VSHFLILHG�E\�LQGHS��RWKHUZLVH��WKH�YDOXHV�LQ��[PLQ��\PLQ��DQG�
�[PD[��\PD[��DUH�XVHG�

$FFHVV� N�+,672*5$0
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��3$5$0(75,&��3$5685)$&(��

3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��:,5()5$0(��<6/,&(



1-188 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

HISTPLOT
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZ�+LVWRJUDP�3ORW�&RPPDQG��3ORWV�D�IUHTXHQF\�KLVWRJUDP�RI�WKH�VSHFLILHG�FROXPQ�LQ�WKH�

FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�GDWD�FROXPQ�WR�EH�SORWWHG�LV�VSHFLILHG�E\�;&2/�DQG�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�LQ�
WKH�UHVHUYHG�YDULDEOH�Σ3$5��,I�QR�GDWD�FROXPQ�LV�VSHFLILHG��FROXPQ���LV�VHOHFWHG�E\�GHIDXOW��
7KH�\�D[LV�LV�DXWRVFDOHG�DQG�WKH�SORW�W\SH�LV�VHW�WR�+,672*5$0�
+,673/27�SORWV�UHODWLYH�IUHTXHQFLHV��XVLQJ����ELQV�DV�WKH�GHIDXOW�QXPEHU�RI�SDUWLWLRQV��7KH�
5(6�FRPPDQG�OHWV�\RX�VSHFLI\�D�GLIIHUHQW�QXPEHU�RI�ELQV�E\�VSHFLI\LQJ�WKH�ELQ�ZLGWK��7R�
SORW�D�IUHTXHQF\�KLVWRJUDP�ZLWK�QXPHULFDO�IUHTXHQFLHV��VWRUH�WKH�IUHTXHQFLHV�LQ�Σ'$7�DQG�
H[HFXWH�%,16�DQG�WKHQ�%$53/27�
:KHQ�+,673/27�LV�H[HFXWHG�IURP�D�SURJUDP��WKH�JUDSKLFV�GLVSOD\��ZKLFK�VKRZV�WKH�
UHVXOWDQW�SORW��GRHV�QRW�SHUVLVW�XQOHVV�3,&785(��39,(:��ZLWK�DQ�HPSW\�OLVW�DUJXPHQW���RU�
)5((=(�LV�VXEVHTXHQWO\�H[HFXWHG�

$FFHVV� N�+,673/27
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$53/27��%,16��)5((=(��3,&785(��39,(:��5(6��6&$753/27��;&2/

HMS–
7\SH� &RPPDQG
'HVFULSWLRQ� +RXUV�0LQXWHV�6HFRQGV�0LQXV�&RPPDQG��5HWXUQV�WKH�GLIIHUHQFH�RI�WZR�UHDO�QXPEHUV��

ZKHUH�WKH�DUJXPHQWV�DQG�WKH�UHVXOW�DUH�LQWHUSUHWHG�LQ�KRXUV�PLQXWHV�VHFRQGV�IRUPDW�
7KH�IRUPDW�IRU�+06��D�WLPH�RU�DQ�DQJOH��LV�+�0066V��ZKHUH�
� +�LV�]HUR�RU�PRUH�GLJLWV�UHSUHVHQWLQJ�WKH�LQWHJHU�SDUW�RI�WKH�QXPEHU��KRXUV�RU�GHJUHHV��
� 00�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�PLQXWHV�
� 66�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�VHFRQGV�
� V�LV�]HUR�RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�WKH�
GHFLPDO�IUDFWLRQDO�SDUW�RI�VHFRQGV�

$FFHVV� >ç 722/6�+06²



Command Reference: Part C, G-P (1.1) 1-189*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� +06→��→+06��+06�

HMS+
7\SH� &RPPDQG
'HVFULSWLRQ� +RXUV�0LQXWHV�6HFRQGV�3OXV�&RPPDQG��5HWXUQV�WKH�VXP�RI�WZR�UHDO�QXPEHUV��ZKHUH�WKH�

DUJXPHQWV�DQG�WKH�UHVXOW�DUH�LQWHUSUHWHG�LQ�KRXUV�PLQXWHV�VHFRQGV�IRUPDW�
7KH�IRUPDW�IRU�+06��D�WLPH�RU�DQ�DQJOH��LV�+�0066V��ZKHUH�
� +�LV�]HUR�RU�PRUH�GLJLWV�UHSUHVHQWLQJ�WKH�LQWHJHU�SDUW�RI�WKH�QXPEHU��KRXUV�RU�GHJUHHV��
� 00�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�PLQXWHV�
� 66�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�VHFRQGV�
� V�LV�]HUR�RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�WKH�
GHFLPDO�IUDFWLRQDO�SDUW�RI�VHFRQGV�

$FFHVV� >ç 722/6�+06�
,QSXW�2XWSXW�

6HH�DOVR� +06→��→+06��+06²

HMS→
7\SH� &RPPDQG
'HVFULSWLRQ� +RXUV�0LQXWHV�6HFRQGV�WR�'HFLPDO�&RPPDQG��&RQYHUWV�D�UHDO�QXPEHU�LQ�KRXUV�PLQXWHV�

VHFRQGV�IRUPDW�WR�LWV�GHFLPDO�IRUP��KRXUV�RU�GHJUHHV�ZLWK�D�GHFLPDO�IUDFWLRQ��
7KH�IRUPDW�IRU�+06��D�WLPH�RU�DQ�DQJOH��LV�+�0066V��ZKHUH�
� +�LV�]HUR�RU�PRUH�GLJLWV�UHSUHVHQWLQJ�WKH�LQWHJHU�SDUW�RI�WKH�QXPEHU��KRXUV�RU�GHJUHHV��
� 00�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�PLQXWHV�
� 66�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�VHFRQGV�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

+06� +06� → +06��²�+06�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

+06� +06� → +06����+06�



1-190 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

� V�LV�]HUR�RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�WKH�
GHFLPDO�IUDFWLRQDO�SDUW�RI�VHFRQGV�

$FFHVV� >ç 722/6�+06→
,QSXW�2XWSXW�

6HH�DOVR� →+06��+06���+06²

→HMS
7\SH� &RPPDQG
'HVFULSWLRQ� 'HFLPDO�WR�+RXUV�0LQXWHV�6HFRQGV�&RPPDQG��&RQYHUWV�D�UHDO�QXPEHU�UHSUHVHQWLQJ�KRXUV�

RU�GHJUHHV�ZLWK�D�GHFLPDO�IUDFWLRQ�WR�KRXUV�PLQXWHV�VHFRQGV�IRUPDW�
7KH�IRUPDW�IRU�+06��D�WLPH�RU�DQ�DQJOH��LV�+�0066V��ZKHUH�
� +�LV�]HUR�RU�PRUH�GLJLWV�UHSUHVHQWLQJ�WKH�LQWHJHU�SDUW�RI�WKH�QXPEHU�
� 00�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�PLQXWHV�
� 66�DUH�WZR�GLJLWV�UHSUHVHQWLQJ�WKH�QXPEHU�RI�VHFRQGV�
� V�LV�]HUR�RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�WKH�
GHFLPDO�IUDFWLRQDO�SDUW�RI�VHFRQGV�

$FFHVV� > ç 722/6�→+06

,QSXW�2XWSXW�

6HH�DOVR� +06→��+06���+06²

HOME
7\SH� &RPPDQG
'HVFULSWLRQ� +20(�'LUHFWRU\�&RPPDQG��0DNHV�WKH�+20(�GLUHFWRU\�WKH�FXUUHQW�GLUHFWRU\�
$FFHVV� N�+20(
,QSXW� 1RQH

Level 1/Argument 1 Level 1/Item 1

+06 → [

Level 1/Argument 1 Level 1/Item 1

[ → +06



Command Reference: Part C, G-P (1.1) 1-191*R�WR�,QGH[

2XWSXW� 1RQH
6HH�DOVR� &5',5��3$7+��3*',5��83',5

i
7\SH� )XQFWLRQ
'HVFULSWLRQ� L�)XQFWLRQ��5HWXUQV�WKH�V\PEROLF�FRQVWDQW�L�RU�LWV�QXPHULFDO�UHSUHVHQWDWLRQ���������
$FFHVV� <M

,QSXW�2XWSXW�

6HH�DOVR� H��0$;5��0,15��π

IDN
7\SH� &RPPDQG
'HVFULSWLRQ� ,GHQWLW\�0DWUL[�&RPPDQG��5HWXUQV�DQ�LGHQWLW\�PDWUL[��WKDW�LV��D�VTXDUH�PDWUL[�ZLWK�LWV�GLDJRQDO�

HOHPHQWV�HTXDO�WR���DQG�LWV�RII�GLDJRQDO�HOHPHQWV�HTXDO�WR���
7KH�UHVXOW�LV�HLWKHU�D�QHZ�VTXDUH�PDWUL[��RU�DQ�H[LVWLQJ�VTXDUH�PDWUL[�ZLWK�LWV�HOHPHQWV�UHSODFHG�
E\�WKH�HOHPHQWV�RI�WKH�LGHQWLW\�PDWUL[��DFFRUGLQJ�WR�WKH�DUJXPHQW�
� &UHDWLQJ�D�QHZ�PDWUL[��,I�WKH�DUJXPHQW�LV�D�UHDO�QXPEHU�Q��D�QHZ�UHDO�LGHQWLW\�PDWUL[�LV�
UHWXUQHG��ZLWK�LWV�QXPEHU�RI�URZV�DQG�QXPEHU�RI�FROXPQV�HTXDO�WR�Q�

� 5HSODFLQJ�WKH�HOHPHQWV�RI�DQ�H[LVWLQJ�PDWUL[��,I�WKH�DUJXPHQW�LV�D�VTXDUH�PDWUL[��DQ�
LGHQWLW\�PDWUL[�RI�WKH�VDPH�GLPHQVLRQV�LV�UHWXUQHG��,I�WKH�RULJLQDO�PDWUL[�LV�FRPSOH[��WKH�
UHVXOWLQJ�LGHQWLW\�PDWUL[�ZLOO�DOVR�EH�FRPSOH[��ZLWK�GLDJRQDO�YDOXHV�������

� ,I�WKH�DUJXPHQW�LV�D�QDPH��WKH�QDPH�PXVW�LGHQWLI\�D�YDULDEOH�FRQWDLQLQJ�D�VTXDUH�PDWUL[��
,Q�WKLV�FDVH��WKH�HOHPHQWV�RI�WKH�PDWUL[�DUH�UHSODFHG�E\�WKRVH�RI�WKH�LGHQWLW\�PDWUL[�
�FRPSOH[�LI�WKH�RULJLQDO�PDWUL[�LV�FRPSOH[��

$FFHVV� < %�&5($7(�,'1
< P�0$75,;�0$.(�,'1

Level 1/Argument 1 Level 1/Item 1

→ 
L

→ �����



1-192 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &21

IF
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� ,)�&RQGLWLRQDO�6WUXFWXUH�&RPPDQG��6WDUWV�,)�«�7+(1�«�(1'�DQG�,)�«�7+(1�«�

(/6(�«�(1'�FRQGLWLRQDO�VWUXFWXUHV�
&RQGLWLRQDO�VWUXFWXUHV��XVHG�LQ�FRPELQDWLRQ�ZLWK�SURJUDP�WHVWV��HQDEOH�D�SURJUDP�WR�PDNH�
GHFLVLRQV�
� ,)�«�7+(1�«�(1'�H[HFXWHV�D�VHTXHQFH�RI�FRPPDQGV�RQO\�LI�D�WHVW�UHWXUQV�D�QRQ]HUR�
�WUXH��UHVXOW��7KH�V\QWD[�LV�
,)�WHVW�FODXVH�7+(1�WUXH�FODXVH�(1'

,)�EHJLQV�WKH�WHVW�FODXVH��ZKLFK�PXVW�UHWXUQ�D�WHVW�UHVXOW�WR�WKH�VWDFN��7+(1�UHPRYHV�WKH�
WHVW�UHVXOW�IURP�WKH�VWDFN��,I�WKH�YDOXH�LV�QRQ]HUR��WKH�WUXH�FODXVH�LV�H[HFXWHG��2WKHUZLVH��
SURJUDP�H[HFXWLRQ�UHVXPHV�IROORZLQJ�(1'�

� ,)�«�7+(1�«�(/6(�«�(1'�H[HFXWHV�RQH�VHTXHQFH�RI�FRPPDQGV�LI�D�WHVW�UHWXUQV�D�
WUXH��QRQ]HUR��UHVXOW��RU�DQRWKHU�VHTXHQFH�RI�FRPPDQGV�LI�WKDW�WHVW�UHWXUQV�D�IDOVH��]HUR��
UHVXOW��7KH�V\QWD[�LV�
,)�WHVW�FODXVH�7+(1�WUXH�FODXVH�(/6(�IDOVH�FODXVH�(1'

,)�EHJLQV�WKH�WHVW�FODXVH��ZKLFK�PXVW�UHWXUQ�D�WHVW�UHVXOW�WR�WKH�VWDFN��7+(1�UHPRYHV�WKH�
WHVW�UHVXOW�IURP�WKH�VWDFN��,I�WKH�YDOXH�LV�QRQ]HUR��WKH�WUXH�FODXVH�LV�H[HFXWHG��2WKHUZLVH��
WKH�IDOVH�FODXVH�LV�H[HFXWHG��$IWHU�WKH�DSSURSULDWH�FODXVH�LV�H[HFXWHG��H[HFXWLRQ�UHVXPHV�
IROORZLQJ�(1'�

,Q�53/�PRGH��WKH�WHVW�FODXVH�FDQ�EH�D�FRPPDQG�VHTXHQFH��IRU�H[DPSOH��$�%�≤��RU�DQ�DOJHEUDLF�
�IRU�H[DPSOH��¶Α�≤ Β�·��,I�WKH�WHVW�FODXVH�LV�DQ�DOJHEUDLF��LW�LV�DXWRPDWLFDOO\�HYDOXDWHG�WR�D�QXPEHU�
�→180�RU�(9$/�LVQ
W�QHFHVVDU\��

$FFHVV� <N %5$1&+�,)

Level 1/Argument 1 Level 1/Item 1

Q → >>�5�PDWUL[LGHQWLW\�@@
>>�PDWUL[�@@ → >>�PDWUL[LGHQWLW\�@@

QDPH
 → >>�PDWUL[LGHQWLW\�@@



Command Reference: Part C, G-P (1.1) 1-193*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &$6(��(/6(��(1'��,)(55��7+(1

IFERR
7\SH� &RPPDQG
'HVFULSWLRQ� ,I�(UURU�&RQGLWLRQDO�6WUXFWXUH�&RPPDQG��6WDUWV�,)(55�«�7+(1�«�(1'�DQG�,)(55�«�

7+(1�«�(/6(�«�(1'�HUURU�WUDSSLQJ�VWUXFWXUHV�
(UURU�WUDSSLQJ�VWUXFWXUHV�HQDEOH�SURJUDP�H[HFXWLRQ�WR�FRQWLQXH�DIWHU�D�´WUDSSHGµ�HUURU�RFFXUV�
� ,)(55�«�7+(1�«�(1'�H[HFXWHV�D�VHTXHQFH�RI�FRPPDQGV�LI�DQ�HUURU�RFFXUV��7KH�
V\QWD[�RI�,)(55�«�7+(1�«�(1'�LV�
,)(55�WUDS�FODXVH�7+(1�HUURU�FODXVH�(1'

,I�DQ�HUURU�RFFXUV�GXULQJ�H[HFXWLRQ�RI�WKH�WUDS�FODXVH�

� 7KH�HUURU�LV�LJQRUHG�

� 7KH�UHPDLQGHU�RI�WKH�WUDS�FODXVH�LV�GLVFDUGHG�

� 7KH�NH\�EXIIHU�LV�FOHDUHG�

� ,I�DQ\�RU�DOO�RI�WKH�GLVSOD\�LV�§IUR]HQ¨��E\�)5((=(���WKDW�VWDWH�LV�FDQFHOHG�

� ,I�/DVW�$UJXPHQWV�LV�HQDEOHG��WKH�DUJXPHQWV�WR�WKH�FRPPDQG�WKDW�FDXVHG�WKH�HUURU�DUH�
UHWXUQHG�WR�WKH�VWDFN��3URJUDP�H[HFXWLRQ�MXPSV�WR�WKH�HUURU�FODXVH�

7KH�FRPPDQGV�LQ�WKH�HUURU�FODXVH�DUH�H[HFXWHG�RQO\�LI�DQ�HUURU�LV�JHQHUDWHG�GXULQJ�
H[HFXWLRQ�RI�WKH�WUDS�FODXVH�

� ,)(55�«�7+(1�«�(/6(�«�(1'�H[HFXWHV�RQH�VHTXHQFH�RI�FRPPDQGV�LI�DQ�HUURU�
RFFXUV�RU�DQRWKHU�VHTXHQFH�RI�FRPPDQGV�LI�DQ�HUURU�GRHV�QRW�RFFXU��7KH�V\QWD[�RI�
,)(55�«�7+(1�«�(/6(�«�(1'�LV�
,)(55�WUDS�FODXVH�7+(1�HUURU�FODXVH�(/6(�QRUPDO�FODXVH�(1'

Level 1/Argument 1 Level 1/Item 1

,) →
7+(1 7�) →
(1'
,)
7+(1 7�) →
(/6( →
(1' →



1-194 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,I�DQ�HUURU�RFFXUV�GXULQJ�H[HFXWLRQ�RI�WKH�WUDS�FODXVH��WKH�VDPH�VL[�HYHQWV�OLVWHG�DERYH�
RFFXU�

,I�QR�HUURU�RFFXUV��H[HFXWLRQ�MXPSV�WR�WKH�QRUPDO�FODXVH�DW�WKH�FRPSOHWLRQ�RI�WKH�WUDS�
FODXVH�

$FFHVV� <N (5525�,)(55�,)(55
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &$6(��(/6(��(1'��,)��7+(1

IFFT
7\SH� &RPPDQG
'HVFULSWLRQ� ,QYHUVH�'LVFUHWH�)RXULHU�7UDQVIRUP�&RPPDQG��&RPSXWHV�WKH�RQH��RU�WZR�GLPHQVLRQDO�

LQYHUVH�GLVFUHWH�)RXULHU�WUDQVIRUP�RI�DQ�DUUD\�
,I�WKH�DUJXPHQW�LV�DQ�1�YHFWRU�RU�DQ�1�ï���RU���ï�1�PDWUL[��,))7�FRPSXWHV�WKH�RQH�
GLPHQVLRQDO�LQYHUVH�WUDQVIRUP��,I�WKH�DUJXPHQW�LV�DQ�0�ï�1�PDWUL[��,))7�FRPSXWHV�WKH�WZR�
GLPHQVLRQDO�LQYHUVH�WUDQVIRUP��0�DQG�1�PXVW�EH�LQWHJUDO�SRZHUV�RI���
7KH�RQH�GLPHQVLRQDO�LQYHUVH�GLVFUHWH�)RXULHU�WUDQVIRUP�RI�DQ�1�YHFWRU�<�LV�WKH�1�YHFWRU�;�
ZKHUH�

IRU�Q� �������«��1�²���
7KH�WZR�GLPHQVLRQDO�LQYHUVH�GLVFUHWH�)RXULHU�WUDQVIRUP�RI�DQ�0�ï�1�PDWUL[�<�LV�WKH�0�ï�1�
PDWUL[�;�ZKHUH�

IRU�P� �������«��0�²���DQG�Q� �������«��1�²���
7KH�GLVFUHWH�)RXULHU�WUDQVIRUP�DQG�LWV�LQYHUVH�DUH�GHILQHG�IRU�DQ\�SRVLWLYH�VHTXHQFH�OHQJWK��
+RZHYHU��WKH�FDOFXODWLRQ�FDQ�EH�SHUIRUPHG�YHU\�UDSLGO\�ZKHQ�WKH�VHTXHQFH�OHQJWK�LV�D�SRZHU�
RI�WZR��DQG�WKH�UHVXOWLQJ�DOJRULWKPV�DUH�FDOOHG�WKH�IDVW�)RXULHU�WUDQVIRUP��))7��DQG�LQYHUVH�
IDVW�)RXULHU�WUDQVIRUP��,))7��

Xn
1
N
---- Yke

2π ikn
N

---------------

k 0=

N 1–

∑= i, 1–=

Xmn
1

MN
--------- Ykle

2π ikm
M

----------------
e

2π i ln
N

------------------

l 0=

N 1–

∑
k 0=

M 1–

∑= i, 1–=



Command Reference: Part C, G-P (1.1) 1-195*R�WR�,QGH[

7KH�,))7�FRPPDQG�XVHV�WUXQFDWHG����GLJLW�DULWKPHWLF�DQG�LQWHUPHGLDWH�VWRUDJH��WKHQ�URXQGV�
WKH�UHVXOW�WR����GLJLW�SUHFLVLRQ�

$FFHVV� < P�))7�,))7
,QSXW�2XWSXW�

6HH�DOVR� ))7

IFT
7\SH� &RPPDQG
'HVFULSWLRQ� ,)�7+(1�&RPPDQG��([HFXWHV�REM�LI�7�)�LV�QRQ]HUR��'LVFDUGV�REM�LI�7�)�LV�]HUR�

,)7�OHWV�\RX�H[HFXWH�LQ�VWDFN�V\QWD[�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�RI�WKH�,)�«�7+(1�«�
(1'�FRQGLWLRQDO�VWUXFWXUH��7KH�´WUXH�FODXVHµ�LV�REM�LQ�DUJXPHQW����OHYHO����

$FFHVV� <N %5$1&+�,)7
,QSXW�2XWSXW�

6HH�DOVR� ,)7(

IFTE
7\SH� )XQFWLRQ
'HVFULSWLRQ� ,)�7+(1�(/6(�)XQFWLRQ��([HFXWHV�WKH�REM�LQ�DUJXPHQW���RU�OHYHO���LI�7�)�LV�QRQ]HUR��

([HFXWHV�WKH�REM�LQ�DUJXPHQW���RU�OHYHO���LI�7�)�LV�]HUR�
,)7(�OHWV�\RX�H[HFXWH�LQ�VWDFN�V\QWD[�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�RI�WKH�,)�«�7+(1�«�
(/6(�«�(1'�FRQGLWLRQDO�VWUXFWXUH��7KH�́ WUXH�FODXVHµ�LV�REMWUXH�LQ�DUJXPHQW���RU�OHYHO����7KH�
´IDOVH�FODXVHµ�LV�REMIDOVH�LQ�DUJXPHQW���RU�OHYHO����
,)7(�LV�DOVR�DOORZHG�LQ�DOJHEUDLF�H[SUHVVLRQV��ZLWK�WKH�IROORZLQJ�V\QWD[�

,)7(�test,true-clause,false-clause�

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@� → >�DUUD\�@�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

7�) REM → ,W�GHSHQGV�



1-196 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

:KHQ�DQ�DOJHEUDLF�FRQWDLQLQJ�,)7(�LV�HYDOXDWHG��LWV�ILUVW�DUJXPHQW�WHVW�LV�HYDOXDWHG�WR�D�WHVW�
UHVXOW��,I�LW�UHWXUQV�D�QRQ]HUR�UHDO�QXPEHU��WUXH�FODXVH�LV�HYDOXDWHG��,I�LW�UHWXUQV�]HUR��IDOVH�FODXVH�
LV�HYDOXDWHG�

$FFHVV� <N %5$1&+�,)7(
,QSXW�2XWSXW�

6HH�DOVR� ,)7

IM
7\SH� )XQFWLRQ
'HVFULSWLRQ� ,PDJLQDU\�3DUW�)XQFWLRQ��5HWXUQV�WKH�LPDJLQDU\�SDUW�RI�LWV�FRPSOH[�DUJXPHQW�

,I�WKH�DUJXPHQW�LV�DQ�DUUD\��,0�UHWXUQV�D�UHDO�DUUD\��WKH�HOHPHQWV�RI�ZKLFK�DUH�HTXDO�WR�WKH�
LPDJLQDU\�SDUWV�RI�WKH�FRUUHVSRQGLQJ�HOHPHQWV�RI�WKH�DUJXPHQW�DUUD\��,I�WKH�DUJXPHQW�DUUD\�
LV�UHDO��DOO�RI�WKH�HOHPHQWV�RI�WKH�UHVXOW�DUUD\�DUH�]HUR�

$FFHVV� > ó�,0
,QSXW�2XWSXW�

6HH�DOVR� &→5��5(��5→&

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

7�) REMWUXH REMIDOVH → ,W�GHSHQGV�

Level 1/Argument 1 Level 1/Item 1

[ → �
�[��\� → \

>�5�DUUD\�@ → >�5�DUUD\�@
>�&�DUUD\�@ → >�5�DUUD\�@

V\PE
 → 
,0�V\PE�




Command Reference: Part C, G-P (1.1) 1-197*R�WR�,QGH[

INCR
7\SH� &RPPDQG
'HVFULSWLRQ� ,QFUHPHQW�&RPPDQG��7DNHV�D�YDULDEOH��DGGV����VWRUHV�WKH�QHZ�YDOXH�EDFN�LQWR�WKH�RULJLQDO�

YDULDEOH��DQG�UHWXUQV�WKH�QHZ�YDOXH�
7KH�YDOXH�LQ�QDPH�PXVW�EH�D�UHDO�QXPEHU�RU�DQ�LQWHJHU�

$FFHVV� <N 0(025<�$5,7+0(7,&�,1&5
,QSXW�2XWSXW�

6HH�DOVR� '(&5

INDEP
7\SH� &RPPDQG
'HVFULSWLRQ� ,QGHSHQGHQW�9DULDEOH�&RPPDQG��6SHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH�DQG�LWV�SORWWLQJ�UDQJH�

7KH�VSHFLILFDWLRQ�IRU�WKH�LQGHSHQGHQW�YDULDEOH�QDPH�DQG�LWV�SORWWLQJ�UDQJH�LV�VWRUHG�DV�WKH�
WKLUG�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��,I�WKH�DUJXPHQW�WR�,1'(3�LV�D�
� *OREDO�YDULDEOH�QDPH��WKDW�QDPH�UHSODFHV�WKH�LQGHSHQGHQW�YDULDEOH�HQWU\�LQ�33$5�
� /LVW�FRQWDLQLQJ�D�JOREDO�QDPH��WKDW�QDPH�UHSODFHV�WKH�LQGHSHQGHQW�YDULDEOH�QDPH�EXW�
OHDYHV�XQFKDQJHG�DQ\�H[LVWLQJ�SORWWLQJ�UDQJH�

� /LVW�FRQWDLQLQJ�D�JOREDO�QDPH�DQG�WZR�UHDO�QXPEHUV��WKDW�OLVW�UHSODFHV�WKH�LQGHSHQGHQW�
YDULDEOH�HQWU\�

� /LVW�FRQWDLQLQJ�WZR�UHDO�QXPEHUV��RU�WZR�UHDO�QXPEHUV�IURP�OHYHOV���DQG����WKRVH�WZR�
QXPEHUV�VSHFLI\�D�QHZ�SORWWLQJ�UDQJH��OHDYLQJ�WKH�LQGHSHQGHQW�YDULDEOH�QDPH�XQFKDQJHG��
�/$67$5*�UHWXUQV�D�OLVW��HYHQ�LI�WKH�WZR�QXPEHUV�ZHUH�HQWHUHG�VHSDUDWHO\��

7KH�GHIDXOW�HQWU\�LV�;�
$FFHVV� N�,1'(3

Level 1/Argument 1 Level 1/Item 1


QDPH
 → [LQFUHPHQW



1-198 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� '(31'

INFORM
7\SH� &RPPDQG
'HVFULSWLRQ� 8VHU�'HILQHG�'LDORJ�%R[�&RPPDQG��&UHDWHV�D�XVHU�GHILQHG�LQSXW�IRUP��GLDORJ�ER[��

,1)250�FUHDWHV�D�VWDQGDUG�GLDORJ�ER[�EDVHG�XSRQ�WKH�IROORZLQJ�VSHFLILFDWLRQV�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


JOREDO
 →
^�JOREDO�` →

^�JOREDO�[VWDUW�[HQG�` →
^[VWDUW�[HQG�` →

[VWDUW [HQG� →

Variable Function

´WLWOHµ 7LWOH��7KLV�DSSHDUV�DW�WKH�WRS�RI�WKH�GLDORJ�
ER[�



Command Reference: Part C, G-P (1.1) 1-199*R�WR�,QGH[

^V���V��«�VQ` )LHOG�GHILQLWLRQV��$�ILHOG�GHILQLWLRQ��V[��FDQ�
KDYH�WZR�IRUPDWV��´ODEHOµ��D�ILHOG�ODEHO��RU�

^ ´ODEHOµ�´KHOS,QIRµ�W\SH��W\SH��«�W\SHQ�`��D�ILHOG�
ODEHO�ZLWK�RSWLRQDO�KHOS�WH[W�WKDW�DSSHDUV�
QHDU�WKH�ERWWRP�RI�WKH�VFUHHQ��DQG�DQ�
RSWLRQDO�OLVW�RI�YDOLG�REMHFW�W\SHV�IRU�WKDW�
ILHOG��,I�REMHFW�W\SHV�DUHQ
W�VSHFLILHG��DOO�

REMHFW�W\SHV�DUH�YDOLG��)RU�LQIRUPDWLRQ�DERXW�
REMHFW�W\SHV��VHH�WKH�7<3(�FRPPDQG�

:KHQ�FUHDWLQJ�D�PXOWL�FROXPQ�GLDORJ�ER[��
\RX�FDQ�VSDQ�FROXPQV�E\�XVLQJ�DQ�HPSW\�OLVW�
DV�D�ILHOG�GHILQLWLRQ��$�ILHOG�WKDW�DSSHDUV�WR�
WKH�OHIW�RI�DQ�HPSW\�ILHOG�DXWRPDWLFDOO\�

H[SDQGV�WR�ILOO�WKH�HPSW\�VSDFH�

IRUPDW )LHOG�IRUPDW�LQIRUPDWLRQ��7KLV�LV�WKH�QXPEHU�
FRO�RU�D�OLVW�RI�WKH�IRUP�^�FRO�WDEV�`��FRO�LV�WKH�
QXPEHU�RI�FROXPQV�WKH�GLDORJ�ER[�KDV��DQG�
WDEV�RSWLRQDOO\�VSHFLILHV�WKH�QXPEHU�RI�WDE�
VWRSV�EHWZHHQ�WKH�ODEHOV�DQG�WKH�KLJKOLJKWHG�
ILHOGV��7KLV�OLVW�FDQ�EH�HPSW\��FRO�GHIDXOWV�WR���

DQG�WDEV�GHIDXOWV�WR���

^�UHVHWV�` 'HIDXOW�YDOXHV�GLVSOD\HG�ZKHQ�5(6(7�LV�
VHOHFWHG��6SHFLI\�UHVHW�YDOXHV�LQ�WKH�OLVW�LQ�WKH�
VDPH�RUGHU�DV�WKH�ILHOGV�ZHUH�VSHFLILHG��7R�
VSHFLI\�QR�YDOXH��XVH�WKH�129$/�FRPPDQG�
DV�D�SODFH�KROGHU��7KLV�OLVW�FDQ�EH�HPSW\�

^�LQLW�` ,QLWLDO�YDOXHV�GLVSOD\HG�ZKHQ�WKH�GLDORJ�ER[�
DSSHDUV��6SHFLI\�LQLWLDO�YDOXHV�LQ�WKH�OLVW�LQ�WKH�
VDPH�RUGHU�DV�WKH�ILHOGV�ZHUH�VSHFLILHG��7R�
VSHFLI\�QR�YDOXH��XVH�WKH�129$/�FRPPDQG�
DV�D�SODFH�KROGHU��7KLV�OLVW�FDQ�EH�HPSW\�

Variable (Cont.) Function



1-200 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,I�\RX�H[LW�WKH�GLDORJ�ER[�E\�VHOHFWLQJ�2.�RU�\��,1)250�UHWXUQV�WKH�ILHOG�YDOXHV�^�YDOV�`�
LQ�LWHP���RU�OHYHO����DQG�SXWV�D���LQ�LWHP���RU�OHYHO�����,I�D�ILHOG�LV�HPSW\��129$/�LV�UHWXUQHG�
DV�D�SODFH�KROGHU���,I�\RX�H[LW�WKH�GLDORJ�ER[�E\�VHOHFWLQJ�&$1&(/�RU�b��,1)250�UHWXUQV���

$FFHVV� <N,1�,1)250
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� &+226(��,1387��129$/��7<3(

INPUT
7\SH� &RPPDQG
'HVFULSWLRQ� ,QSXW�&RPPDQG��3URPSWV�IRU�GDWD�LQSXW�WR�WKH�FRPPDQG�OLQH�DQG�SUHYHQWV�WKH�XVHU�DFFHVV�

WR�VWDFN�RSHUDWLRQV�
:KHQ�,1387�LV�H[HFXWHG��WKH�VWDFN�RU�KLVWRU\�DUHD�LV�EODQNHG�DQG�SURJUDP�H[HFXWLRQ�LV�
VXVSHQGHG�IRU�GDWD�LQSXW�WR�WKH�FRPPDQG�OLQH��7KH�FRQWHQWV�RI�´VWDFN�SURPSWµ�DUH�GLVSOD\HG�
DW�WKH�WRS�RI�WKH�VFUHHQ��'HSHQGLQJ�RQ�WKH�VHFRQG�DUJXPHQW��OHYHO�����WKH�FRPPDQG�OLQH�PD\�
DOVR�FRQWDLQ�WKH�FRQWHQWV�RI�D�VWULQJ��RU�LW�PD\�EH�HPSW\��3UHVVLQJ�\�UHVXPHV�SURJUDP�
H[HFXWLRQ�DQG�UHWXUQV�WKH�FRQWHQWV�RI�WKH�FRPPDQG�OLQH�LQ�VWULQJ�IRUP�
,Q�LWV�JHQHUDO�IRUP��WKH�VHFRQG�DUJXPHQW��OHYHO����IRU�,1387�LV�D�OLVW�WKDW�VSHFLILHV�WKH�FRQWHQW�
DQG�LQWHUSUHWDWLRQ�RI�WKH�FRPPDQG�OLQH��7KH�OLVW�FDQ�FRQWDLQ�RQH�RU�PRUH�RI�WKH�IROORZLQJ�
SDUDPHWHUV��LQ�DQ\�RUGHU�
� �FRPPDQG�OLQH�SURPSW���ZKRVH�FRQWHQWV�DUH�SODFHG�RQ�WKH�FRPPDQG�OLQH�IRU�SURPSWLQJ�
ZKHQ�WKH�SURJUDP�SDXVHV�

� (LWKHU�D�UHDO�QXPEHU��RU�D�OLVW�FRQWDLQLQJ�WZR�UHDO�QXPEHUV��WKDW�VSHFLILHV�WKH�LQLWLDO�FXUVRU�
SRVLWLRQ�RQ�WKH�FRPPDQG�OLQH�
² $�UHDO�QXPEHU�Q�DW�WKH�QWK�FKDUDFWHU�IURP�WKH�OHIW�HQG�RI�WKH�ILUVW�URZ��OLQH��RI�WKH�
FRPPDQG�OLQH��$�SRVLWLYH�Q�VSHFLILHV�WKH�LQVHUW�FXUVRU��D�QHJDWLYH�Q�VSHFLILHV�WKH�UHSODFH�
FXUVRU����VSHFLILHV�WKH�HQG�RI�WKH�FRPPDQG�OLQH�VWULQJ��

L�/A� L�/A� L�A� L�/A� L�/A� L�/I� L�/I�

´WLWOHµ ^V��V������VQ�` IRUPDW ^UHVHWV�` ^LQLW�` → ^�YDOV�` �
´WLWOHµ ^V��V������VQ�` IRUPDW ^UHVHWV�` ^LQLW�` → �



Command Reference: Part C, G-P (1.1) 1-201*R�WR�,QGH[

² $�OLVW�WKDW�VSHFLILHV�WKH�LQLWLDO�URZ�DQG�FROXPQ�SRVLWLRQ�RI�WKH�FXUVRU��WKH�ILUVW�QXPEHU�
LQ�WKH�OLVW�VSHFLILHV�D�URZ�LQ�WKH�FRPPDQG�OLQH����VSHFLILHV�WKH�ILUVW�URZ�RI�WKH�
FRPPDQG�OLQH���WKH�VHFRQG�QXPEHU�FRXQWV�E\�FKDUDFWHUV�IURP�WKH�OHIW�HQG�RI�WKH�
VSHFLILHG�OLQH����VSHFLILHV�WKH�HQG�RI�WKH�FRPPDQG�OLQH�VWULQJ�LQ�WKH�VSHFLILHG�URZ��$�
SRVLWLYH�URZ�QXPEHU�VSHFLILHV�WKH�LQVHUW�FXUVRU��D�QHJDWLYH�URZ�QXPEHU�VSHFLILHV�WKH�
UHSODFH�FXUVRU�

� 2QH�RU�PRUH�RI�WKH�SDUDPHWHUV�$/*��α��RU�9��HQWHUHG�DV�XQTXRWHG�QDPHV�
² $/*�DFWLYDWHV�$OJHEUDLF�3URJUDP�HQWU\�PRGH�
² α�VSHFLILHV�DOSKD�ORFN�
² 9�YHULILHV�LI�WKH�FKDUDFWHUV�LQ�WKH�UHVXOW�VWULQJ��UHVXOW���ZLWKRXW�WKH���GHOLPLWHUV��
FRPSRVH�D�YDOLG�REMHFW�RU�REMHFWV��,I�WKH�UHVXOW�VWULQJ�FKDUDFWHUV�GR�QRW�FRPSRVH�D�
YDOLG�REMHFW�RU�REMHFWV��,1387�GLVSOD\V�WKH�,QYDOLG�6\QWD[�ZDUQLQJ�DQG�SURPSWV�DJDLQ�
IRU�GDWD�

<RX�FDQ�FKRRVH�WR�VSHFLI\�DV�IHZ�DV�RQH�RI�WKH�DUJXPHQW����OHYHO���OLVW�SDUDPHWHUV��7KH�GHIDXOW�
VWDWHV�IRU�WKHVH�SDUDPHWHUV�DUH�
� %ODQN�FRPPDQG�OLQH�
� ,QVHUW�FXUVRU�SODFHG�DW�WKH�HQG�RI�WKH�FRPPDQG�OLQH�SURPSW�VWULQJ�
� 3URJUDP�HQWU\�PRGH�
� 5HVXOW�VWULQJ�QRW�FKHFNHG�IRU�LQYDOLG�V\QWD[�
,I�\RX�VSHFLI\�RQO\�D�FRPPDQG�OLQH�SURPSW�VWULQJ�IRU�WKH�VHFRQG�DUJXPHQW��OHYHO�����\RX�GRQ
W�
QHHG�WR�SXW�LW�LQ�D�OLVW�

$FFHVV� <N ,1�,1387
,QSXW�2XWSXW�

6HH�DOVR� 352037��675→

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

´VWDFN�SURPSWµ ´FRPPDQG�OLQH�SURPSWµ → ´UHVXOWµ
´VWDFN�SURPSWµ ^�OLVWFRPPDQG�OLQH�` → ´UHVXOWµ



1-202 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

INV
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� ,QYHUVH����[��$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�UHFLSURFDO�RU�WKH�PDWUL[�LQYHUVH�

)RU�D�FRPSOH[�DUJXPHQW��[��\���WKH�LQYHUVH�LV�WKH�FRPSOH[�QXPEHU�

0DWUL[�DUJXPHQWV�PXVW�EH�VTXDUH��UHDO�RU�FRPSOH[���7KH�FRPSXWHG�LQYHUVH�PDWUL[�$���
VDWLVILHV�$�ï�$��� �,Q��ZKHUH�,Q�LV�WKH�Q�ï�Q�LGHQWLW\�PDWUL[��

$FFHVV� y

,QSXW�2XWSXW�

6HH�DOVR� 6,19���

IP
7\SH� )XQFWLRQ
'HVFULSWLRQ� ,QWHJHU�3DUW�)XQFWLRQ��5HWXUQV�WKH�LQWHJHU�SDUW�RI�LWV�DUJXPHQW�

7KH�UHVXOW�KDV�WKH�VDPH�VLJQ�DV�WKH�DUJXPHQW�
$FFHVV� < P�5($/�,3
,QSXW�2XWSXW�

6HH�DOVR� )3

Level 1/Argument 1 Level 1/Item 1

] → ��]
>>�PDWUL[�@@ → >>�PDWUL[�@@²�


V\PE
 → 
,19�V\PE�

[BXQLW → ��[B��XQLW

Level 1/Argument 1 Level 1/Item 1

[ → Q
[BXQLW → QBXQLW

V\PE
 → 
,3�V\PE�


x

x
2

y
2

+
---------------- y–

x
2

y
2

+
----------------,

 
 
 



Command Reference: Part C, G-P (1.1) 1-203*R�WR�,QGH[

ISOL
7\SH� &RPPDQG
'HVFULSWLRQ� ,VRODWH�9DULDEOH�&RPPDQG��5HWXUQV�DQ�DOJHEUDLF�V\PE��WKDW�UHDUUDQJHV�V\PE��WR�´LVRODWHµ�WKH�

ILUVW�RFFXUUHQFH�RI�YDULDEOH�JOREDO�
7KH�UHVXOW�V\PE��LV�DQ�HTXDWLRQ�RI�WKH�IRUP�JOREDO� �H[SUHVVLRQ��,I�JOREDO�DSSHDUV�PRUH�WKDQ�RQFH��
WKHQ�V\PE��LV�HIIHFWLYHO\�WKH�ULJKW�VLGH�RI�DQ�HTXDWLRQ�REWDLQHG�E\�UHDUUDQJLQJ�DQG�VROYLQJ�V\PE��
WR�LVRODWH�WKH�ILUVW�RFFXUUHQFH�RI�JOREDO�RQ�WKH�OHIW�VLGH�RI�WKH�HTXDWLRQ�
,I�V\PE��LV�DQ�H[SUHVVLRQ��LW�LV�WUHDWHG�DV�WKH�OHIW�VLGH�RI�DQ�HTXDWLRQ�V\PE�� ���
,I�JOREDO�DSSHDUV�LQ�WKH�DUJXPHQW�RI�D�IXQFWLRQ�ZLWKLQ�V\PE���WKDW�IXQFWLRQ�PXVW�EH�DQ�DQDO\WLF�
IXQFWLRQ��WKDW�LV��D�IXQFWLRQ�IRU�ZKLFK�WKH�+3����SURYLGHV�DQ�LQYHUVH��7KXV�,62/�FDQQRW�VROYH�
,3�[� ��IRU�[��VLQFH�,3�KDV�QR�LQYHUVH�
,62/�LV�LGHQWLFDO�WR�62/9(��VHH�YROXPH����&$6�&RPPDQGV��

$FFHVV� < & ,62/

,QSXW�2XWSXW�

6HH�DOVR� &2/&7��(;3$1��48$'��6+2:��62/9(

KERRM
7\SH� &RPPDQG
'HVFULSWLRQ� .HUPLW�(UURU�0HVVDJH�&RPPDQG��5HWXUQV�WKH�WH[W�RI�WKH�PRVW�UHFHQW�.HUPLW�HUURU�SDFNHW�

,I�D�.HUPLW�WUDQVIHU�IDLOV�GXH�WR�DQ�HUURU�SDFNHW�VHQW�IURP�WKH�FRQQHFWHG�.HUPLW�GHYLFH�WR�WKH�
+3�����WKHQ�H[HFXWLQJ�.(550�UHWULHYHV�DQG�GLVSOD\V�WKH�HUURU�PHVVDJH���.HUPLW�HUURUV�QRW�
LQ�SDFNHWV�DUH�UHWULHYHG�E\�(550�UDWKHU�WKDQ�.(550��

$FFHVV� N�.(550
,QSXW�2XWSXW�

6HH�DOVR� ),1,6+��.*(7��3.7��5(&1��5(&9��6(1'��6(59(5

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PE�
 
JOREDO
 → 
V\PE�


Level 1/Argument 1 Level 1/Item 1

→ ´HUURU�PHVVDJHµ



1-204 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

KEY
7\SH� &RPPDQG
'HVFULSWLRQ� .H\�&RPPDQG��5HWXUQV�D�WHVW�UHVXOW�DQG��LI�D�NH\�LV�SUHVVHG��UHWXUQV�WKH�URZ�FROXPQ�ORFDWLRQ�

[Q�P�RI�WKDW�NH\��
.(<�UHWXUQV�D�IDOVH�UHVXOW�����WR�LWHP����VWDFN�OHYHO����XQWLO�D�NH\�LV�SUHVVHG��:KHQ�D�NH\�LV�
SUHVVHG��LW�UHWXUQV�D�WUXH�UHVXOW�����WR�LWHP����VWDFN�OHYHO����DQG�[Q�P�WR�LWHP����VWDFN�OHYHO�����
7KH�UHVXOW�[Q�P�LV�D�WZR�GLJLW�QXPEHU�WKDW�LGHQWLILHV�WKH�URZ�DQG�FROXPQ�ORFDWLRQ�RI�WKH�NH\�
MXVW�SUHVVHG��8QOLNH�:$,7��ZKLFK�UHWXUQV�D�WKUHH�GLJLW�QXPEHU�WKDW�LGHQWLILHV�DOSKD�DQG�
VKLIWHG�NH\ERDUG�SODQHV��.(<�UHWXUQV�WKH�URZ�FROXPQ�ORFDWLRQ�RI�DQ\�NH\�SUHVVHG��LQFOXGLQJ�
<��>��DQG `�

$FFHVV� <N ,1�.(<
,QSXW�2XWSXW�

6HH�DOVR� :$,7��.(<(9$/

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

→ [Q�P �
→ �



Command Reference: Part C, G-P (1.1) 1-205*R�WR�,QGH[

KEYEVAL
7\SH� &RPPDQG

'HVFULSWLRQ�� $FWLRQV�WKH�VSHFLILHG�NH\�SUHVV�

<RX�LQSXW�D�QXPEHU��LQ�WKH�IRUPDW�DE�F��WKDW�UHSUHVHQWV�WKH�NH\��,Q�WKH�QXPEHU�DE�F�

� D�LV�WKH�URZ�FRRUGLQDWH�QXPEHU��ZKHUH�URZ���LV�WKH�OHIW�PRVW�URZ�

� E�LV�WKH�FROXPQ�QXPEHU��ZKHUH�FROXPQ���LV�WKH�WRS�PRVW�FROXPQ�

� F�LV�WKH�VKLIW�VWDWH�RI�WKH�NH\��WKDW�LV��ZKHWKHU�LW�LV�QRUPDO��DOSKD�VKLIWHG��OHIW�VKLIWHG�
DQG�VR�RQ��7KH�VKLIW�VWDWH�UHSUHVHQWDWLRQV�DUH�DV�IROORZV�

���1RUPDO�IXQFWLRQ�
���/HIW�VKLIW�IXQFWLRQ�
���5LJKW�VKLIW�IXQFWLRQ�
���$OSKD�IXQFWLRQ�
���$OSKD�OHIW�VKLIW�IXQFWLRQ�
���$OSKD�ULJKW�VKLIW�IXQFWLRQ�

$FFHVV� &DWDORJ��N
,QSXW�2XWSXW�

([DPSOH�� 7XUQ�WKH�FDOFXODWRU�RII�XVLQJ�D�FRPPDQG��
&RPPDQG� KEYEVAL(101.3)

5HVXOW� 7KH�FDOFXODWRU�LV�WXUQHG�RII�

→KEYTIME
7\SH� &RPPDQG
'HVFULSWLRQ� 6HWV�D�QHZ�NH\WLPH�YDOXH�

.H\WLPH�LV�WKH�WLPH�DIWHU�D�NH\SUHVV�GXULQJ�ZKLFK�IXUWKHU�NH\SUHVVHV�ZLOO�QRW�EH�DFWLRQHG��,W�
LV�PHDVXUHG�LQ�WLFNV��,I�\RX�H[SHULHQFH�NH\�ERXQFH��\RX�FDQ�LQFUHDVH�WKH�YDOXH�RI�NH\WLPH�

$FFHVV� N .(<7,0(→

Level 1/Argument 1 Level 1/Item 1

QQ�Q →



1-206 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�$OVR� .(<7,0(→

KEYTIME→
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�WKH�FXUUHQW�NH\WLPH�YDOXH�

.H\WLPH�LV�WKH�WLPH�DIWHU�D�NH\SUHVV�GXULQJ�ZKLFK�IXUWKHU�NH\SUHVVHV�ZLOO�QRW�EH�DFWLRQHG��,W�
LV�PHDVXUHG�LQ�PLOOLVHFRQGV��,I�\RX�H[SHULHQFH�NH\�ERXQFH��\RX�FDQ�LQFUHDVH�WKH�YDOXH�RI�
NH\WLPH�

$FFHVV� N .(<7,0(→

,QSXW�2XWSXW�

6HH�$OVR� →.(<7,0(

KGET
7\SH� &RPPDQG
'HVFULSWLRQ� .HUPLW�*HW�&RPPDQG��8VHG�E\�D�ORFDO�.HUPLW�WR�JHW�D�.HUPLW�VHUYHU�WR�WUDQVPLW�WKH�QDPHG�

REMHFW�V��
7R�UHQDPH�DQ�REMHFW�ZKHQ�WKH�ORFDO�GHYLFH�JHWV�LW��LQFOXGH�WKH�ROG�DQG�QHZ�QDPHV�LQ�DQ�
HPEHGGHG�OLVW��)RU�H[DPSOH��^^�$$$�%%%�``�.*(7�JHWV�WKH�YDULDEOH�QDPHG�$$$�EXW�
FKDQJHV�LWV�QDPH�WR�%%%��^^�$$$�%%%�`�&&&�`�.*(7�JHWV�$$$�DV�%%%�DQG�JHWV�&&&�
XQGHU�LWV�RZQ�QDPH���,I�WKH�RULJLQDO�QDPH�LV�QRW�OHJDO�RQ�WKH�+3�����HQWHU�LW�DV�D�VWULQJ��

$FFHVV� N�.*(7

Level 1/Argument 1 Level 1/Item 1

WLPH →

Level 1/Argument 1 Level 1/Item 1

→ WLPH



Command Reference: Part C, G-P (1.1) 1-207*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %$8'��&.60��),1,6+��3$5,7<��5(&1��5(&9��6(1'��6(59(5��75$16,2

KILL
7\SH� &RPPDQG
'HVFULSWLRQ� &DQFHO�+DOWHG�3URJUDPV�&RPPDQG��&DQFHOV�DOO�FXUUHQWO\�KDOWHG�SURJUDPV��,I�.,//�LV�

H[HFXWHG�ZLWKLQ�D�SURJUDP��WKDW�SURJUDP�LV�DOVR�FDQFHOHG�
&DQFHOHG�SURJUDPV�FDQQRW�EH�UHVXPHG�
.,//�FDQFHOV�RQO\�KDOWHG�SURJUDPV�DQG�WKH�SURJUDP�IURP�ZKLFK�.,//�ZDV�H[HFXWHG��LI�DQ\��
&RPPDQGV�WKDW�KDOW�SURJUDPV�DUH�+$/7�DQG�352037�
6XVSHQGHG�SURJUDPV�FDQQRW�EH�FDQFHOHG��&RPPDQGV�WKDW�VXVSHQG�SURJUDPV�DUH�,1387�DQG�
:$,7�

$FFHVV� < N�581�	�'(%8*�.,//
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &217��'2(55��+$/7��352037

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
´QDPHµ →

^�QDPHROG�QDPHQHZ�` →
^�QDPH������QDPHQ�` →

^^�QDPHROG�QDPHQHZ�`�QDPH�����` →



1-208 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

L to N
LABEL
7\SH� &RPPDQG�
'HVFULSWLRQ� /DEHO�$[HV�&RPPDQG��/DEHOV�D[HV�LQ�3,&7�ZLWK�[��DQG�\�D[LV�YDULDEOH�QDPHV�DQG�ZLWK�WKH�

PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�GLVSOD\�UDQJHV�
7KH�KRUL]RQWDO�D[LV�QDPH�LV�FKRVHQ�LQ�WKH�IROORZLQJ�SULRULW\�RUGHU�
�� ,I�WKH�D[HV�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�LV�D�OLVW��WKHQ�WKH�[�D[LV�HOHPHQW�IURP�
WKDW�OLVW�LV�XVHG�

�� ,I�D[HV�SDUDPHWHU�LV�QRW�D�OLVW��WKHQ�WKH�LQGHSHQGHQW�YDULDEOH�QDPH�LQ�33$5�LV�XVHG�
7KH�YHUWLFDO�D[LV�QDPH�LV�FKRVHQ�LQ�WKH�IROORZLQJ�SULRULW\�RUGHU�
�� ,I�WKH�D[HV�SDUDPHWHU�LQ�33$5�LV�D�OLVW��WKHQ�WKH�\�D[LV�HOHPHQW�IURP�WKDW�OLVW�LV�XVHG�
�� ,I�D[HV�LV�QRW�D�OLVW��WKHQ�WKH�GHSHQGHQW�YDULDEOH�QDPH�IURP�33$5�LV�XVHG�

$FFHVV� N�/$%(/
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $;(6��'5$:��'5$;

LABEL
7\SH� &RPPDQG�
'HVFULSWLRQ� /DEHO�$[HV�&RPPDQG��/DEHOV�D[HV�LQ�3,&7�ZLWK�[��DQG�\�D[LV�YDULDEOH�QDPHV�DQG�ZLWK�WKH�

PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�GLVSOD\�UDQJHV�
7KH�KRUL]RQWDO�D[LV�QDPH�LV�FKRVHQ�LQ�WKH�IROORZLQJ�SULRULW\�RUGHU�
�� ,I�WKH�D[HV�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�LV�D�OLVW��WKHQ�WKH�[�D[LV�HOHPHQW�IURP�
WKDW�OLVW�LV�XVHG�

�� ,I�D[HV�SDUDPHWHU�LV�QRW�D�OLVW��WKHQ�WKH�LQGHSHQGHQW�YDULDEOH�QDPH�LQ�33$5�LV�XVHG�
7KH�YHUWLFDO�D[LV�QDPH�LV�FKRVHQ�LQ�WKH�IROORZLQJ�SULRULW\�RUGHU�
�� ,I�WKH�D[HV�SDUDPHWHU�LQ�33$5�LV�D�OLVW��WKHQ�WKH�\�D[LV�HOHPHQW�IURP�WKDW�OLVW�LV�XVHG�
�� ,I�D[HV�LV�QRW�D�OLVW��WKHQ�WKH�GHSHQGHQW�YDULDEOH�QDPH�IURP�33$5�LV�XVHG�

$FFHVV� N�/$%(/
,QSXW� 1RQH



Command Reference: Part C, G-P (1.1) 1-209*R�WR�,QGH[

2XWSXW� 1RQH
6HH�DOVR� $;(6��'5$:��'5$;

LANGUAGE→
7\SH� &RPPDQG
'HVFULSWLRQ� /DQJXDJH��6HWV�WKH�ODQJXDJH�IRU�WKLQJV�VXFK�DV�HUURU�PHVVDJHV����IRU�(QJOLVK����IRU�)UHQFK��

DQG���IRU�6SDQLVK�
$FFHVV� N

6HH�DOVR� →/$1*8$*(

→LANGUAGE
7\SH� &RPPDQG
'HVFULSWLRQ� /DQJXDJH��5HWXUQV�WKH�ODQJXDJH�WKDW�LV�FXUUHQWO\�VHW�
$FFHVV� N

6HH�DOVR� →/$1*8$*(

LCD→
7\SH� &RPPDQG
'HVFULSWLRQ� /&'�WR�*UDSKLFV�2EMHFW�&RPPDQG��5HWXUQV�WKH�FXUUHQW�VWDFN�DQG�PHQX�GLVSOD\�DV�D�����ï�

���JUDSKLFV�REMHFW��
$FFHVV� <N*52%�/&'→

,QSXW�2XWSXW�

)ODJV� 1RQH
6HH�DOVR� →*52%��→/&'

Level 1/Argument 1 Level 1/Item 1

→ JURE



1-210 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

→LCD
7\SH� &RPPDQG
'HVFULSWLRQ� *UDSKLFV�2EMHFW�WR�/&'�&RPPDQG��'LVSOD\V�WKH�VSHFLILHG�JUDSKLFV�REMHFW�ZLWK�LWV�XSSHU�OHIW�

SL[HO�LQ�WKH�XSSHU�OHIW�FRUQHU�RI�WKH�GLVSOD\�
,I�WKH�JUDSKLFV�REMHFW�LV�ODUJHU�WKDQ�����ï�����LW�LV�WUXQFDWHG�

$FFHVV� N�→/&'

,QSXW�2XWSXW�

6HH�DOVR� %/$1.��→*52%��/&'→

LIBEVAL
7\SH� &RPPDQG
'HVFULSWLRQ� (YDOXDWH�/LEUDU\�)XQFWLRQ�&RPPDQG��(YDOXDWHV�XQQDPHG�OLEUDU\�IXQFWLRQV�

8VLQJ�/,%(9$/�ZLWK�UDQGRP�DGGUHVVHV�FDQ�FRUUXSW�PHPRU\���QIXQFWLRQ�LV�RI�WKH�IRUP�OOOIIIK��
ZKHUH�OOO�LV�WKH�OLEUDU\�QXPEHU��DQG�III�WKH�IXQFWLRQ�QXPEHU�

$FFHVV� N�/,%(9$/
,QSXW�2XWSXW�

6HH�DOVR� (9$/��6<6(9$/

LIBS
7\SH� &RPPDQG
'HVFULSWLRQ� /LEUDULHV�&RPPDQG��/LVWV�WKH�WLWOH��QXPEHU��DQG�SRUW�RI�HDFK�OLEUDU\�DWWDFKHG�WR�WKH�FXUUHQW�

GLUHFWRU\�
7KH�WLWOH�RI�D�OLEUDU\�RIWHQ�WDNHV�WKH�IRUP�/,%5$5<�1$0(���'HVFULSWLRQ��$�OLEUDU\�ZLWKRXW�D�
WLWOH�LV�GLVSOD\HG�DV�����

$FFHVV� N�/,%6

Level 1/Argument 1 Level 1/Item 1

JURE →

Level 1/Argument 1 Level 1/Item 1

�QIXQFWLRQ →



Command Reference: Part C, G-P (1.1) 1-211*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $77$&+��'(7$&+

LINE
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 'UDZ�/LQH�&RPPDQG��'UDZV�D�OLQH�LQ�3,&7�EHWZHHQ�WKH�LQSXW�FRRUGLQDWHV�
$FFHVV� <N 3,&7�/,1(
,QSXW�2XWSXW�

)ODJV� 1RQH
6HH�DOVR� $5&��%2;��7/,1(

Level 1/Argument 1 Level 1/Item 1

→ ^´WLWOHµ��QOLE��QSRUW������´WLWOHµ��QOLE��QSRUW�`

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�[���\�� �[���\�� →
^��Q����P�` ^��Q����P�` →



1-212 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

ΣLINE
7\SH� &RPPDQG
'HVFULSWLRQ� 5HJUHVVLRQ�0RGHO�)RUPXOD�&RPPDQG��5HWXUQV�DQ�H[SUHVVLRQ�UHSUHVHQWLQJ�WKH�EHVW�ILW�OLQH�

DFFRUGLQJ�WR�WKH�FXUUHQW�VWDWLVWLFDO�PRGHO��XVLQJ�;�DV�WKH�LQGHSHQGHQW�YDULDEOH�QDPH��DQG�
H[SOLFLW�YDOXHV�RI�WKH�VORSH�DQG�LQWHUFHSW�WDNHQ�IURP�WKH�UHVHUYHG�YDULDEOH�Σ3$5�
)RU�HDFK�FXUYH�ILWWLQJ�PRGHO��WKH�IROORZLQJ�WDEOH�LQGLFDWHV�WKH�IRUP�RI�WKH�H[SUHVVLRQ�UHWXUQHG�
E\�Σ/,1(��ZKHUH�P�LV�WKH�VORSH��[�LV�WKH�LQGHSHQGHQW�YDULDEOH��DQG�E�LV�WKH�LQWHUFHSW�

$FFHVV� N∆/,1(

,QSXW�2XWSXW�

6HH�DOVR� %(67),7��&2/Σ��&255��&29��(;3),7��/,1),7��/2*),7��/5��35(';��35('<��
3:5),7��;&2/��<&2/

LINFIT
7\SH� &RPPDQG
'HVFULSWLRQ� /LQHDU�&XUYH�)LW�&RPPDQG��6WRUHV�/,1),7�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�

Σ3$5��LQGLFDWLQJ�WKDW�VXEVHTXHQW�H[HFXWLRQV�RI�/5�DUH�WR�XVH�WKH�OLQHDU�FXUYH�ILWWLQJ�PRGHO�
/,1),7�LV�WKH�GHIDXOW�VSHFLILFDWLRQ�LQ�Σ3$5�

$FFHVV� N�/,1),7
,QSXW� 1RQH

Model Form of Expression

/,1),7 P[���E

/2*),7 P�OQ�[����E

(;3),7 EHP[

3:5),7 E[P

Level 1/Argument 1 Level 1/Item 1

→ 
V\PEIRUPXOD




Command Reference: Part C, G-P (1.1) 1-213*R�WR�,QGH[

2XWSXW� 1RQH
6HH�DOVR� %(67),7��(;3),7��/2*),7��/5��3:5),7

LININ
7\SH� )XQFWLRQ
'HVFULSWLRQ� /LQHDU�7HVW�)XQFWLRQ��7HVWV�ZKHWKHU�DQ�DOJHEUDLF�LV�VWUXFWXUDOO\�OLQHDU�IRU�D�JLYHQ�YDULDEOH�

,I�DQ\�WZR�VXEH[SUHVVLRQV�FRQWDLQLQJ�D�YDULDEOH��QDPH��DUH�FRPELQHG�RQO\�ZLWK�DGGLWLRQ�DQG�
VXEWUDFWLRQ��DQG�DQ\�VXEH[SUHVVLRQ�FRQWDLQLQJ�WKH�YDULDEOH�LV�DW�PRVW�PXOWLSOLHG�RU�GLYLGHG�E\�
DQRWKHU�IDFWRU�QRW�FRQWDLQLQJ�WKH�YDULDEOH��WKH�DOJHEUDLF��V\PE��LV�GHWHUPLQHG�WR�EH�OLQHDU�IRU�
WKDW�YDULDEOH�
/,1,1�UHWXUQV�D���LI�WKH�DOJHEUDLF�LV�OLQHDU�IRU�WKH�YDULDEOH��DQG�D���LI�QRW�

$FFHVV� <N 7(67�/,1,1
,QSXW�2XWSXW�

LIST→
7\SH� &RPPDQG
'HVFULSWLRQ� /LVW�WR�6WDFN�&RPPDQG��7DNHV�D�OLVW�RI�Q�REMHFWV�DQG�UHWXUQV�HDFK�REMHFW�WR�D�VHSDUDWH�OHYHO��

DQG�UHWXUQV�WKH�WRWDO�QXPEHU�RI�REMHFWV�WR�LWHP�Q����VWDFN�OHYHO����
7KH�FRPPDQG�2%-→�DOVR�SURYLGHV�WKLV�IXQFWLRQ��

$FFHVV� N�/,67→
,QSXW�2XWSXW�

6HH�DOVR� $55<→��'7$*��(4→��→/,67��2%-→��675→

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PE
 
QDPH
 → ���

Level 1/Argument 1 LevelQ��/Item��... Level�/ItemQ Level�/ItemQ��

^�REM�������REMQ�` → REM����� REMQ Q



1-214 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

→LIST
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�/LVW�&RPPDQG��7DNHV�Q�VSHFLILHG�REMHFWV�DQG�UHWXUQV�D�OLVW�RI�WKRVH�REMHFWV�
$FFHVV� N�→/,67

,QSXW�2XWSXW�

6HH�DOVR� →$55<��/,67→��→675��→7$*��→81,7

∆LIST
7\SH� &RPPDQG
'HVFULSWLRQ� /LVW�'LIIHUHQFHV�&RPPDQG��5HWXUQV�WKH�ILUVW�GLIIHUHQFHV�RI�WKH�HOHPHQWV�LQ�D�OLVW�

$GMDFHQW�HOHPHQWV�LQ�WKH�OLVW�PXVW�EH�VXLWDEOH�IRU�PXWXDO�VXEWUDFWLRQ�
$FFHVV� < P�/,67�∆/,67

,QSXW�2XWSXW�

6HH�DOVR� Σ/,67��Π/,67��675($0

LevelQ��/Argument� …Level �/Argument Q Level �/Argument Q�� Level 1/Item 1

REM��«�REMQ Q → ^�REM���«��REMQ�`

Level 1/Argument 1 Level 1/Item 1

^�OLVW�` → ^�GLIIHUHQFHV�`



Command Reference: Part C, G-P (1.1) 1-215*R�WR�,QGH[

ΠLIST
7\SH� &RPPDQG
'HVFULSWLRQ� /LVW�3URGXFW�&RPPDQG��5HWXUQV�WKH�SURGXFW�RI�WKH�HOHPHQWV�LQ�D�OLVW�

7KH�HOHPHQWV�LQ�WKH�OLVW�PXVW�EH�VXLWDEOH�IRU�PXWXDO�PXOWLSOLFDWLRQ�
$FFHVV� < P�/,67�Π/,67

,QSXW�2XWSXW�

6HH�DOVR� Σ/,67��∆/,67��675($0

ΣLIST
7\SH� &RPPDQG
'HVFULSWLRQ� /LVW�6XP�&RPPDQG��5HWXUQV�WKH�VXP�RI�WKH�HOHPHQWV�LQ�D�OLVW�

7KH�HOHPHQWV�LQ�WKH�OLVW�PXVW�EH�VXLWDEOH�IRU�PXWXDO�DGGLWLRQ�
$FFHVV� <P /,67�Σ/,67

,QSXW�2XWSXW�

6HH�DOVR� Π/,67��675($0

LN
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 1DWXUDO�/RJDULWKP�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�QDWXUDO��EDVH�H��ORJDULWKP�RI�WKH�DUJXPHQW�

)RU�[� ���RU���������DQ�,QILQLWH�5HVXOW�H[FHSWLRQ�RFFXUV��RU��LI�IODJ�²���LV�VHW��²0$;5�LV�
UHWXUQHG�
7KH�LQYHUVH�RI�(;3�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�(;3�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�WR�
WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�(;3�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

/1�=���πLQ�

Level 1/Argument 1 Level 1/Item 1

^�OLVW�` → SURGXFW

Level 1/Argument 1 Level 1/Item 1

^�OLVW�` → VXP



1-216 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

7KH�IXQFWLRQ�/1�LV�WKH�LQYHUVH�RI�D�SDUW�RI�(;3��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�RI�
(;3�VXFK�WKDW�
� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�
� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��
7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�(;3�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�
UHODWLRQ��/1�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�SRLQWV�
VHQW�E\�/1�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�(;3�IRUP�WKH�EUDQFK�FXWV�RI�/1�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�/1�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�UHJLRQV�
ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�IRU�WKH�
FRPSOH[�YDOXHG�QDWXUDO�ORJ�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�IXQFWLRQ�LV�
XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�/1��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�ZKHUH�
WKH�EUDQFK�FXW�RFFXUV��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�WKH�FXW��ZKLOH�WKH�IHDWKHUHG�OLQHV�
PDUN�WKH�RWKHU�VLGH�RI�WKH�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�RI�WKH�FXW�LV�
PDSSHG�XQGHU�WKH�IXQFWLRQ�
7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�/1�=���πLQ��IRU�WKH�FDVH�Q� ���)RU�RWKHU�YDOXHV�
RI�Q���WKH�KRUL]RQWDO�EDQG�LQ�WKH�ORZHU�JUDSK�LV�WUDQVODWHG�XS��IRU�Q��SRVLWLYH��RU�GRZQ��IRU�
Q��QHJDWLYH���7DNHQ�WRJHWKHU��WKH�EDQGV�FRYHU�WKH�ZKROH�FRPSOH[�SODQH��ZKLFK�LV�WKH�GRPDLQ�
RI�(;3�



Command Reference: Part C, G-P (1.1) 1-217*R�WR�,QGH[

<RX�FDQ�YLHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�(;3�

LV�UHVWULFWHG�WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�YHUWLFDO�EDQG�LQ�WKH�ORZHU�JUDSK�
DV�WKH�UHVWULFWHG�GRPDLQ�=� ��[�\���(;3�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�SODQH�LQ�
WKH�UDQJH�:� ��X�Y�� �(;3�[�\��LQ�WKH�XSSHU�JUDSK�

$FFHVV� >ï

Domain:Z = (x,y)

0

Range:W = (u,v) = LN(x,y)

 – iπ 

iπ 

0



1-218 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $/2*��(;3��,62/��/13���/2*

LNP1
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 1DWXUDO�/RJ�RI�[�3OXV���$QDO\WLF�)XQFWLRQ��5HWXUQV�OQ��[�������

)RU�YDOXHV�RI�[�FORVH�WR�]HUR��/13��[��UHWXUQV�D�PRUH�DFFXUDWH�UHVXOW�WKDQ�GRHV�/1�[�����
8VLQJ�/13��DOORZV�ERWK�WKH�DUJXPHQW�DQG�WKH�UHVXOW�WR�EH�QHDU�]HUR��DQG�LW�DYRLGV�DQ�
LQWHUPHGLDWH�UHVXOW�QHDU����7KH�FDOFXODWRU�FDQ�H[SUHVV�QXPEHUV�ZLWKLQ��������RI�]HUR��EXW�
ZLWKLQ�RQO\���²���RI����
)RU�YDOXHV�RI�[���²���DQ�8QGHILQHG�5HVXOW�HUURU�UHVXOWV��)RU�[ ²���DQ�,QILQLWH�5HVXOW�
H[FHSWLRQ�RFFXUV��RU��LI�IODJ�²���LV�VHW��/13��UHWXUQV�²0$;5��

$FFHVV� < P�+<3(5%2/,&�/13�
,QSXW�2XWSXW�

6HH�DOVR� (;30��/1

LOG
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� &RPPRQ�/RJDULWKP�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�FRPPRQ�ORJDULWKP��EDVH�����RI�WKH�

DUJXPHQW�
)RU�[ ��RU���������DQ�,QILQLWH�5HVXOW�H[FHSWLRQ�RFFXUV��RU��LI�IODJ�²���LV�VHW��QR�HUURU���/2*�
UHWXUQV�²0$;5��
7KH�LQYHUVH�RI�$/2*�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�$/2*�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�
WR�WKH�VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�$/2*�LV�H[SUHVVHG�E\�,62/�DV�WKH�JHQHUDO�VROXWLRQ�

Level 1/Argument 1 Level 1/Item 1

] → OQ�]

V\PE
 → 
/1�V\PE�


Level 1/Argument 1 Level 1/Item 1

[ → OQ��[�����

V\PE
 → 
/13��V\PE�




Command Reference: Part C, G-P (1.1) 1-219*R�WR�,QGH[

/2*�=���πLQ���������������
7KH�IXQFWLRQ�/2*�LV�WKH�LQYHUVH�RI�D�SDUW�RI�$/2*��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�
RI�$/2*�VXFK�WKDW����HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG����HDFK�SRVVLEOH�UHVXOW�LV�
DFKLHYHG��7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�$/2*�DUH�FDOOHG�WKH�SULQFLSDO�YDOXHV�RI�WKH�
LQYHUVH�UHODWLRQ��/2*�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFLSDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�
SRLQWV�VHQW�E\�/2*�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�GRPDLQ�RI�$/2*�IRUP�WKH�EUDQFK�FXWV�
RI�/2*�
7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3����IRU�/2*�]��ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�
UHJLRQV�ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�IRU�WKH�
FRPSOH[�YDOXHG�/2*�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�IXQFWLRQ�LV�
XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
<RX�FDQ�GHWHUPLQH�WKH�JUDSK�IRU�/2*�]��IURP�WKH�JUDSK�IRU�/1��VHH�/1��DQG�WKH�
UHODWLRQVKLS�ORJ�]� �OQ�]���OQ����

$FFHVV� >ý

,QSXW�2XWSXW�

6HH�DOVR� $/2*��(;3��,62/��/1

LOGFIT
7\SH� &RPPDQG
'HVFULSWLRQ� /RJDULWKPLF�&XUYH�)LW�&RPPDQG��6WRUHV�/2*),7�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�UHVHUYHG�

YDULDEOH�Σ3$5��LQGLFDWLQJ�WKDW�VXEVHTXHQW�H[HFXWLRQV�RI�/5�DUH�WR�XVH�WKH�ORJDULWKPLF�FXUYH�
ILWWLQJ�PRGHO�
/,1),7�LV�WKH�GHIDXOW�VSHFLILFDWLRQ�LQ�Σ3$5��

$FFHVV� N�/2*),7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %(67),7��(;3),7��/,1),7��/5��3:5),7

Level 1/Argument 1 Level 1/Item 1

] → ORJ�]

V\PE
 → 
/2*�V\PE�




1-220 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

LQ
7\SH� &RPPDQG
'HVFULSWLRQ� /4�)DFWRUL]DWLRQ�RI�D�0DWUL[�&RPPDQG��5HWXUQV�WKH�/4�IDFWRUL]DWLRQ�RI�DQ�P�ï�Q�PDWUL[��

/4�IDFWRUV�DQ�P�ï�Q�PDWUL[�$�LQWR�WKUHH�PDWULFHV�
� /�LV�D�ORZHU�P�ï�Q�WUDSH]RLGDO�PDWUL[��
� 4�LV�DQ�Q�ï�Q�RUWKRJRQDO�PDWUL[�
� 3�LV�D�P�ï�P�SHUPXWDWLRQ�PDWUL[��
:KHUH�3�ï�$� �/�ï�4�

$FFHVV� < %�)$&725,=$7,21�/4
< P�0$75,;�)$&7256�/4

,QSXW�2XWSXW�

6HH�DOVR� /64��45

LR
7\SH� &RPPDQG
'HVFULSWLRQ� /LQHDU�5HJUHVVLRQ�&RPPDQG��8VHV�WKH�FXUUHQWO\�VHOHFWHG�VWDWLVWLFDO�PRGHO�WR�FDOFXODWH�WKH�

OLQHDU�UHJUHVVLRQ�FRHIILFLHQWV��LQWHUFHSW�DQG�VORSH��IRU�WKH�VHOHFWHG�GHSHQGHQW�DQG�
LQGHSHQGHQW�YDULDEOHV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���
7KH�FROXPQV�RI�LQGHSHQGHQW�DQG�GHSHQGHQW�GDWD�DUH�VSHFLILHG�E\�WKH�ILUVW�WZR�HOHPHQWV�LQ�
WKH�UHVHUYHG�YDULDEOH�Σ3$5��VHW�E\�;&2/�DQG�<&2/��UHVSHFWLYHO\���7KH�GHIDXOW�LQGHSHQGHQW�
DQG�GHSHQGHQW�FROXPQV�DUH���DQG�����7KH�VHOHFWHG�VWDWLVWLFDO�PRGHO�LV�WKH�ILIWK�HOHPHQW�LQ�
Σ3$5��/5�VWRUHV�WKH�LQWHUFHSW�DQG�VORSH��XQWDJJHG��DV�WKH�WKLUG�DQG�IRXUWK�HOHPHQWV��
UHVSHFWLYHO\��LQ�Σ3$5��
7KH�FRHIILFLHQWV�RI�WKH�H[SRQHQWLDO��(;3),7���ORJDULWKPLF��/2*),7���DQG�SRZHU��3:5),7��
PRGHOV�DUH�FDOFXODWHG�XVLQJ�WUDQVIRUPDWLRQV�WKDW�DOORZ�WKH�GDWD�WR�EH�ILWWHG�E\�VWDQGDUG�OLQHDU�
UHJUHVVLRQ��7KH�HTXDWLRQV�IRU�WKHVH�WUDQVIRUPDWLRQV�DSSHDU�LQ�WKH�WDEOH�EHORZ��ZKHUH�E�LV�WKH�
LQWHUFHSW�DQG�P�LV�WKH�VORSH��7KH�ORJDULWKPLF�PRGHO�UHTXLUHV�SRVLWLYH�[�YDOXHV��;&2/���WKH�

Level 1/Argument 1 Level 3/Item 1 Level 2/Item 2 Level 1/Item 3

>>�PDWUL[�@@$ → >>�PDWUL[�@@/ >>�PDWUL[�@@4 >>�PDWUL[�@@3



Command Reference: Part C, G-P (1.1) 1-221*R�WR�,QGH[

H[SRQHQWLDO�PRGHO�UHTXLUHV�SRVLWLYH�\�YDOXHV��<&2/���DQG�WKH�SRZHU�PRGHO�UHTXLUHV�SRVLWLYH�
[��DQG�\�YDOXHV�

$FFHVV� N�/5
,QSXW�2XWSXW�

6HH�DOVR� %(67),7��&2/Σ��&255��&29��(;3),7��Σ/,1(��/,1),7��/2*),7��35(';��35('<��
3:5),7��;&2/��<&2/

LSQ
7\SH� &RPPDQG
'HVFULSWLRQ� /HDVW�6TXDUHV�6ROXWLRQ�&RPPDQG��5HWXUQV�WKH�PLQLPXP�QRUP�OHDVW�VTXDUHV�VROXWLRQ�WR�DQ\�

V\VWHP�RI�OLQHDU�HTXDWLRQV�ZKHUH�$�ï�;� �%�
,I�%�LV�D�YHFWRU��WKH�UHVXOWLQJ�YHFWRU�KDV�D�PLQLPXP�(XFOLGHDQ�QRUP�__;__�RYHU�DOO�YHFWRU�
VROXWLRQV�WKDW�PLQLPL]H�WKH�UHVLGXDO�(XFOLGHDQ�QRUP�__$�ï�;�²�%__��,I�%�LV�D�PDWUL[��HDFK�
FROXPQ�RI�WKH�UHVXOWLQJ�PDWUL[��;L��KDV�D�PLQLPXP�(XFOLGHDQ�QRUP�__;L__�RYHU�DOO�YHFWRU�
VROXWLRQV�WKDW�PLQLPL]H�WKH�UHVLGXDO�(XFOLGHDQ�QRUP��__$�ï�;L�²�%L__�
,I�$�KDV�OHVV�WKDQ�IXOO�URZ�UDQN��WKH�V\VWHP�RI�HTXDWLRQV�LV�XQGHUGHWHUPLQHG���DQ�LQILQLWH�
QXPEHU�RI�VROXWLRQV�H[LVW��/64�UHWXUQV�WKH�VROXWLRQ�ZLWK�WKH�PLQLPXP�(XFOLGHDQ�OHQJWK�
,I�$�KDV�OHVV�WKDQ�IXOO�FROXPQ�UDQN��WKH�V\VWHP�RI�HTXDWLRQV�LV�RYHUGHWHUPLQHG���D�VROXWLRQ�
WKDW�VDWLVILHV�DOO�WKH�HTXDWLRQV�PD\�QRW�H[LVW��/64�UHWXUQV�WKH�VROXWLRQ�ZLWK�WKH�PLQLPXP�
UHVLGXDOV�RI�$�ï�;�²�%�

$FFHVV� < %�23(5$7,216�/64
< P�0$75,;�/64

Model Transformation

/RJDULWKPLF \� �E���P�OQ�[�

([SRQHQWLDO OQ�\�� �OQ�E����P[

3RZHU OQ�\�� �OQ�E����P�OQ�[�

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

→ ,QWHUFHSW��[� 6ORSH��[�



1-222 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� /4��5$1.��45���

LU
7\SH� &RPPDQG
'HVFULSWLRQ� /8�'HFRPSRVLWLRQ�RI�D�6TXDUH�0DWUL[�&RPPDQG��5HWXUQV�WKH�/8�GHFRPSRVLWLRQ�RI�D�VTXDUH�

PDWUL[�
:KHQ�VROYLQJ�DQ�H[DFWO\�GHWHUPLQHG�V\VWHP�RI�HTXDWLRQV��LQYHUWLQJ�D�VTXDUH�PDWUL[��RU�
FRPSXWLQJ�WKH�GHWHUPLQDQW�RI�D�PDWUL[��WKH�+3����IDFWRUV�D�VTXDUH�PDWUL[�LQWR�LWV�&URXW�/8�
GHFRPSRVLWLRQ�XVLQJ�SDUWLDO�SLYRWLQJ�
7KH�&URXW�/8�GHFRPSRVLWLRQ�RI�$�LV�D�ORZHU�WULDQJXODU�PDWUL[�/��DQ�XSSHU�WULDQJXODU�PDWUL[�
8�ZLWK�RQHV�RQ�LWV�GLDJRQDO��DQG�D�SHUPXWDWLRQ�PDWUL[�3��VXFK�WKDW�3�ï�$� �/�ï�8��7KH�UHVXOWV�
VDWLVI\�3�ï�$�≅�/�ï�8�

$FFHVV� < %�)$&725,=$7,21�/8
< P�0$75,;�)$&725�/8

,QSXW�2XWSXW�

6HH�DOVR� '(7��,19��/64���

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�DUUD\�@% >>�PDWUL[�@@$ → >�DUUD\�@[
>>�PDWUL[�@@% >>�PDWUL[�@@$ → >>�PDWUL[�@@[

Level 1/Argument 1 Level 3/Item 1 Level 2/Item 2 Level 1/Item 3

>>�PDWUL[�@@$ → >>�PDWUL[�@@/ >>�PDWUL[�@@8 >>�PDWUL[�@@3



Command Reference: Part C, G-P (1.1) 1-223*R�WR�,QGH[

MANT
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0DQWLVVD�)XQFWLRQ��5HWXUQV�WKH�PDQWLVVD�RI�WKH�DUJXPHQW�
$FFHVV� < P�5($/�0$17
,QSXW�2XWSXW�

6HH�DOVR� 6,*1��;321

MAP
7\SH� &RPPDQG

'HVFULSWLRQ�� $SSOLHV�D�VSHFLILHG�SURJUDP�WR�D�OLVW�RI�REMHFWV�RU�YDOXHV�
� /HYHO���$UJXPHQW���FRQWDLQV�WKH�OLVW�RI�REMHFWV�RU�YDOXHV
� /HYHO���$UJXPHQW���FRQWDLQV�WKH�SURJUDP�WR�DSSO\�WR�WKH�REMHFWV�RU�YDOXHV�

$FFHVV� &DWDORJ��N
,QSXW�2XWSXW�

↓MATCH
7\SH� &RPPDQG
'HVFULSWLRQ� 0DWFK�3DWWHUQ�'RZQ�&RPPDQG��5HZULWHV�DQ�H[SUHVVLRQ�WKDW�PDWFKHV�D�VSHFLILHG�SDWWHUQ�

↓0$7&+�UHZULWHV�H[SUHVVLRQV�RU�VXEH[SUHVVLRQV�WKDW�PDWFK�D�VSHFLILHG�SDWWHUQ�
V\PESDW
��$Q�
RSWLRQDO�FRQGLWLRQ��
V\PEFRQG
��FDQ�IXUWKHU�UHVWULFW�ZKHWKHU�D�UHZULWH�RFFXUV��$�WHVW�UHVXOW�LV�DOVR�
UHWXUQHG�WR�LQGLFDWH�LI�FRPPDQG�H[HFXWLRQ�SURGXFHG�D�UHZULWH����LI�LW�GLG����LI�LW�GLG�QRW�
7KH�SDWWHUQ�
V\PESDW
�DQG�UHSODFHPHQW�
V\PEUHSO
�FDQ�EH�QRUPDO�H[SUHVVLRQV��IRU�H[DPSOH��\RX�
FDQ�UHSODFH����ZLWK�
6,1�π���
��<RX�FDQ�DOVR�XVH�D�´ZLOGFDUGµ�LQ�WKH�SDWWHUQ��WR�PDWFK�DQ\�
VXEH[SUHVVLRQ��DQG�LQ�WKH�UHSODFHPHQW��WR�UHSUHVHQW�WKDW�H[SUHVVLRQ���$�ZLOGFDUG�LV�D�QDPH�

Level 1/Argument 1 Level 1/Item 1

[ → \PDQW


V\PE
 → 
0$17�V\PE�


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^OLVW`� ©SURJUDPª → ^OLVW`�



1-224 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

WKDW�EHJLQV�ZLWK�	��VXFK�DV�WKH�QDPH�
	$
��XVHG�LQ�UHSODFLQJ�
6,1�	$�	%�
�ZLWK�

6,1�	$�&26�	%��&26�	$�6,1�	%�
��0XOWLSOH�RFFXUUHQFHV�RI�D�SDUWLFXODU�ZLOGFDUG�LQ�
D�SDWWHUQ�PXVW�PDWFK�LGHQWLFDO�VXEH[SUHVVLRQV�
↓0$7&+�ZRUNV�IURP�WRS�GRZQ��WKDW�LV��LW�FKHFNV�WKH�HQWLUH�H[SUHVVLRQ�ILUVW��7KLV�DSSURDFK�
ZRUNV�ZHOO�IRU�H[SDQVLRQ��$Q�H[SUHVVLRQ�H[SDQGHG�GXULQJ�RQH�H[HFXWLRQ�RI�↓0$7&+�ZLOO�
FRQWDLQ�DGGLWLRQDO�VXEH[SUHVVLRQV��DQG�WKRVH�VXEH[SUHVVLRQV�FDQ�EH�H[SDQGHG�E\�DQRWKHU�
H[HFXWLRQ�RI�↓0$7&+��6HYHUDO�H[SUHVVLRQV�FDQ�EH�H[SDQGHG�E\�RQH�H[HFXWLRQ�RI�↓0$7&+�
SURYLGHG�QRQH�LV�D�VXEH[SUHVVLRQ�RI�DQ\�RWKHU�

$FFHVV� N�↓0$7&+
,QSXW�2XWSXW�

6HH�DOVR� ↑0$7&+

↑MATCH
7\SH� &RPPDQG
'HVFULSWLRQ� %RWWRP�8S�0DWFK�DQG�5HSODFH�&RPPDQG��5HZULWHV�DQ�H[SUHVVLRQ�

↑0$7&+�UHZULWHV�H[SUHVVLRQV�RU�VXEH[SUHVVLRQV�WKDW�PDWFK�D�VSHFLILHG�SDWWHUQ�
V\PESDW
��$Q�
RSWLRQDO�FRQGLWLRQ��
V\PEFRQG
��FDQ�IXUWKHU�UHVWULFW�ZKHWKHU�D�UHZULWH�RFFXUV��$�WHVW�UHVXOW�LV�DOVR�
UHWXUQHG�WR�LQGLFDWH�LI�FRPPDQG�H[HFXWLRQ�SURGXFHG�D�UHZULWH����LI�LW�GLG����LI�LW�GLG�QRW�
7KH�SDWWHUQ�
V\PESDW
�DQG�UHSODFHPHQW�
V\PEUHSO
�FDQ�EH�QRUPDO�H[SUHVVLRQV��IRU�H[DPSOH��\RX�
FDQ�UHSODFH�
6,1�π���
�ZLWK�
���
��<RX�FDQ�DOVR�XVH�D�´ZLOGFDUGµ�LQ�WKH�SDWWHUQ��WR�PDWFK�DQ\�
VXEH[SUHVVLRQ��DQG�LQ�WKH�UHSODFHPHQW��WR�UHSUHVHQW�WKDW�H[SUHVVLRQ���$�ZLOGFDUG�LV�D�QDPH�
WKDW�EHJLQV�ZLWK�	��VXFK�DV�WKH�QDPH�
	$
��XVHG�LQ�UHSODFLQJ�
6,1�	$�π�
�ZLWK�
²6,1�	$�
��
0XOWLSOH�RFFXUUHQFHV�RI�D�SDUWLFXODU�ZLOGFDUG�LQ�D�SDWWHUQ�PXVW�PDWFK�LGHQWLFDO�
VXEH[SUHVVLRQV�
↑0$7&+�ZRUNV�IURP�ERWWRP�XS��WKDW�LV��LW�FKHFNV�WKH�ORZHVW�OHYHO��PRVW�GHHSO\�QHVWHG��
VXEH[SUHVVLRQV�ILUVW��7KLV�DSSURDFK�ZRUNV�ZHOO�IRU�VLPSOLILFDWLRQ��$�VXEH[SUHVVLRQ�VLPSOLILHG�
GXULQJ�RQH�H[HFXWLRQ�RI�↑0$7&+�ZLOO�EH�D�VLPSOHU�DUJXPHQW�RI�LWV�SDUHQW�H[SUHVVLRQ��VR�WKH�
SDUHQW�H[SUHVVLRQ�FDQ�EH�VLPSOLILHG�E\�DQRWKHU�H[HFXWLRQ�RI�↑0$7&+�

Level 2/Argument 1 Level 1/Argument 2 Level 2/Item 1 Level 1/Item 2


V\PE�
 ^�
V\PESDW
�
V\PEUHSO
�` → 
V\PE�
 ���

V\PE�
 ^�
V\PESDW
�
V\PEUHSO
�
V\PEFRQG
�` → 
V\PE�
 ���



Command Reference: Part C, G-P (1.1) 1-225*R�WR�,QGH[

6HYHUDO�VXEH[SUHVVLRQV�FDQ�EH�VLPSOLILHG�E\�RQH�H[HFXWLRQ�RI�↑0$7&+�SURYLGHG�QRQH�LV�D�
VXEH[SUHVVLRQ�RI�DQ\�RWKHU�

$FFHVV� N�↑0$7&+
,QSXW�2XWSXW�

6HH�DOVR� ↓0$7&+

MATR
7\SH� &RPPDQG
'HVFULSWLRQ� 'LVSOD\V�D�PHQX�RI�PDWUL[�FRPPDQGV�
$FFHVV� N�0$75

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $5,7��%$6(��&03/;��',))��(;3	/1��62/9(5��75,*2

Level 2/Argument 1 Level 1/Argument 2 Level 2/Item 1 Level 1/Item 2


V\PE�
 ^�
V\PESDW
��
V\PEUHSO
�` → 
V\PE�
 ���

V\PE�
 ^�
V\PESDW
��
V\PEUHSO
��
V\PEFRQG
�` → 
V\PE�
 ���



1-226 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

MAX
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0D[LPXP�)XQFWLRQ��5HWXUQV�WKH�JUHDWHU�RI�WZR�LQSXWV�
$FFHVV� < P 5($/�0$;
,QSXW�2XWSXW�

6HH�DOVR� 0,1

MAXR
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0D[LPXP�5HDO�)XQFWLRQ��5HWXUQV�WKH�V\PEROLF�FRQVWDQW�0$;5�RU�LWV�QXPHULFDO�

UHSUHVHQWDWLRQ��������������(����
0$;5�LV�WKH�ODUJHVW�QXPHULFDO�YDOXH�WKDW�FDQ�EH�UHSUHVHQWHG�E\�WKH�+3����

$FFHVV� < P &2167$176�0$;5
,QSXW�2XWSXW�

6HH�DOVR� H��L��0,15��π

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → PD[�[�\�
[ 
V\PE
 → 
0$;�[��V\PE�



V\PE
 [ → 
0$;�V\PE��[�


V\PE�
 
V\PE�
 → 
0$;�V\PE���V\PE��

[BXQLW� \BXQLW� → PD[�[BXQLW���\BXQLW��

Level 1/Argument 1 Level 1/Item 1

→ 
0$;5

→ �������������(���



Command Reference: Part C, G-P (1.1) 1-227*R�WR�,QGH[

MAXΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 0D[LPXP�6LJPD�&RPPDQG��)LQGV�WKH�PD[LPXP�FRRUGLQDWH�YDOXH�LQ�HDFK�RI�WKH�P�FROXPQV�

RI�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[��UHVHUYHG�YDOXH�Σ'$7��
7KH�PD[LPD�DUH�UHWXUQHG�DV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P� ���

$FFHVV� N�0$;Σ

,QSXW�2XWSXW�

6HH�DOVR� %,16��0($1��0,1Σ��6'(9��727��9$5

MCALC
7\SH� &RPPDQG
'HVFULSWLRQ� 0DNH�&DOFXODWHG�9DOXH�&RPPDQG��'HVLJQDWHV�D�YDULDEOH�DV�D�FDOFXODWHG�YDULDEOH�IRU�WKH�

PXOWLSOH�HTXDWLRQ�VROYHU�
0&$/&�GHVLJQDWHV�D�VLQJOH�YDULDEOH��D�OLVW�RI�YDULDEOHV��RU�DOO�YDULDEOHV�DV�FDOFXODWHG�YDOXHV�

$FFHVV� N�0&$/&
,QSXW�2XWSXW�

6HH�DOVR� 086(5

Level 1/Argument 1 Level 1/Item 1

→ [PD[

→ >[PD[��[PD[������[PD[P�@

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
^�OLVW�` →
�$//� →



1-228 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

MEAN
7\SH� &RPPDQG
'HVFULSWLRQ� 0HDQ�&RPPDQG��5HWXUQV�WKH�PHDQ�RI�HDFK�RI�WKH�P�FROXPQV�RI�FRRUGLQDWH�YDOXHV�LQ�WKH�

FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�PHDQ�LV�UHWXUQHG�DV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P� ����7KH�
PHDQ�LV�FRPSXWHG�IURP�WKH�IRUPXOD�

ZKHUH�[L�LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�D�FROXPQ��DQG�Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�
$FFHVV� N�0($1

>÷ 6,1*/(�9$5,$%/(�67$7,67,&6�0($1
,QSXW�2XWSXW�

6HH�DOVR� %,16��0$;Σ��0,1Σ��6'(9��727��9$5

MEM
7\SH� &RPPDQG
'HVFULSWLRQ� 0HPRU\�$YDLODEOH�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�E\WHV�RI�DYDLODEOH�5$0�

7KH�QXPEHU�UHWXUQHG�LV�RQO\�D�URXJK�LQGLFDWRU�RI�XVDEOH�DYDLODEOH�PHPRU\��VLQFH�UHFRYHU\�
IHDWXUHV��/$67$5*��>ò��DQG�<M��FRQVXPH�RU�UHOHDVH�YDU\LQJ�DPRXQWV�RI�PHPRU\�
ZLWK�HDFK�RSHUDWLRQ�
%HIRUH�LW�FDQ�DVVHVV�WKH�DPRXQW�RI�PHPRU\�DYDLODEOH��0(0�PXVW�UHPRYH�REMHFWV�LQ�
WHPSRUDU\�PHPRU\�WKDW�DUH�QR�ORQJHU�EHLQJ�XVHG��7KLV�FOHDQ�XS�SURFHVV��DOVR�FDOOHG�́ JDUEDJH�
FROOHFWLRQµ��DOVR�RFFXUV�DXWRPDWLFDOO\�DW�RWKHU�WLPHV�ZKHQ�PHPRU\�LV�IXOO��6LQFH�WKLV�SURFHVV�
FDQ�VORZ�GRZQ�FDOFXODWRU�RSHUDWLRQ�DW�XQGHVLUHG�WLPHV��\RX�FDQ�IRUFH�LW�WR�RFFXU�DW�D�GHVLUHG�
WLPH�E\�H[HFXWLQJ�0(0��,Q�D�SURJUDP��H[HFXWH�0(0�'523��

$FFHVV� <N 0(025<�0(0

Level 1/Argument 1 Level 1/Item 1

→ [PHDQ

→ >[PHDQ���[PHDQ��������[PHDQP�@

1
n
--- xi

i 1=

n

∑



Command Reference: Part C, G-P (1.1) 1-229*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %<7(6

MENU
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 'LVSOD\�0HQX�&RPPDQG��'LVSOD\V�D�EXLOW�LQ�PHQX�RU�D�OLEUDU\�PHQX��RU�GHILQHV�DQG�GLVSOD\V�

D�FXVWRP�PHQX�
$�EXLOW�LQ�PHQX�LV�VSHFLILHG�E\�D�UHDO�QXPEHU�[PHQX��7KH�IRUPDW�RI�[PHQX�LV�PP�SS��ZKHUH�PP�
LV�WKH�PHQX�QXPEHU�DQG�SS�LV�WKH�SDJH�RI�WKH�PHQX��,I�SS�GRHVQ
W�FRUUHVSRQG�WR�D�SDJH�RI�WKH�
VSHFLILHG�PHQX��WKH�ILUVW�SDJH�LV�GLVSOD\HG�
/LEUDU\�PHQXV�DUH�VSHFLILHG�LQ�WKH�VDPH�ZD\�DV�EXLOW�LQ�PHQXV��ZLWK�WKH�OLEUDU\�QXPEHU�
VHUYLQJ�DV�WKH�PHQX�QXPEHU�
&XVWRP�PHQXV�DUH�VSHFLILHG�E\�D�OLVW�RI�WKH�IRUP�^��ODEHO�REMHFW��DFWLRQ�REMHFW�`�RU�D�QDPH�
FRQWDLQLQJ�D�OLVW��QDPHGHILQLWLRQ���(LWKHU�DUJXPHQW�LV�VWRUHG�LQ�UHVHUYHG�YDULDEOH�&67��DQG�WKH�
FXVWRP�PHQX�LV�VXEVHTXHQWO\�GLVSOD\HG�
0(18�WDNHV�DQ\�REMHFW�DV�D�YDOLG�DUJXPHQW�DQG�VWRUHV�LW�LQ�&67��+RZHYHU��WKH�FDOFXODWRU�FDQ�
EXLOG�D�FXVWRP�PHQX�RQO\�LI�&67�FRQWDLQV�D�OLVW�RU�D�QDPH�FRQWDLQLQJ�D�OLVW��7KXV��LI�DQ�REMHFW�
RWKHU�WKDQ�D�OLVW�RU�QDPH�FRQWDLQLQJ�D�OLVW�LV�VXSSOLHG�WR�0(18��D�%DG�$UJXPHQW�7\SH�HUURU�
ZLOO�RFFXU�ZKHQ�WKH�FDOFXODWRU�DWWHPSWV�WR�GLVSOD\�WKH�FXVWRP�PHQX�

$FFHVV� N�0(18
,QSXW�2XWSXW�

6HH�DOVR� 5&/0(18��70(18

Level 1/Argument 1 Level 1/Item 1

→ [

Level 1/Argument 1 Level 1/Item 1

[PHQX →
^�OLVWGHILQLWLRQ�` →

QDPHGHILQLWLRQ
 →

REM →



1-230 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

MIN
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0LQLPXP�)XQFWLRQ��5HWXUQV�WKH�OHVVHU�RI�WZR�LQSXWV�
$FFHVV� < P�5($/�0,1
,QSXW�2XWSXW�

6HH�DOVR� 0$;

MINIFONT→
7\SH� &RPPDQG
'HVFULSWLRQ� 0LQLIRQW��6HWV�WKH�IRQW�WKDW�LV�XVHG�DV�WKH�PLQLIRQW�
$FFHVV� N

6HH�DOVR� →0,1,)217

→MINIFONT
7\SH� &RPPDQG
'HVFULSWLRQ� 0LQLIRQW��5HWXUQV�WKH�IRQW�WKDW�LV�VHW�DV�WKH�PLQLIRQW�
$FFHVV� N

6HH�DOVR� 0,1)217→

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → PLQ�[�\�
[ 
V\PE
 → 
0,1�[��V\PE�



V\PE
 [ → 
0,1�V\PE��[�


V\PE�
 
V\PE�
 → 
0,1�V\PE���V\PE��

[BXQLW� \BXQLW� → PLQ�[BXQLW���\BXQLW��



Command Reference: Part C, G-P (1.1) 1-231*R�WR�,QGH[

MINIT
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSOH�HTXDWLRQ�0HQX�,QLWLDOL]DWLRQ�&RPPDQG��&UHDWHV�WKH�UHVHUYHG�YDULDEOH�03$5��ZKLFK�

LQFOXGHV�WKH�HTXDWLRQV�LQ�(4�DQG�WKH�YDULDEOHV�LQ�WKHVH�HTXDWLRQV�
$FFHVV� N�0,1,7

6HH�DOVR� 0,70��05227��062/9(5

MINR
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0LQLPXP�5HDO�)XQFWLRQ��5HWXUQV�WKH�V\PEROLF�FRQVWDQW�0,15�RU�LWV�QXPHULFDO�

UHSUHVHQWDWLRQ���������������(²����
0,15�LV�WKH�VPDOOHVW�SRVLWLYH�QXPHULFDO�YDOXH�WKDW�FDQ�EH�UHSUHVHQWHG�E\�WKH�+3����

$FFHVV� < P &2167$176�0,15
,QSXW�2XWSXW�

6HH�DOVR� H��L��0$;5��π

Level 1/Argument 1 Level 1/Item 1

→ 
0,15

→ �������������(²���



1-232 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

MINΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 0LQLPXP�6LJPD�&RPPDQG��)LQGV�WKH�PLQLPXP�FRRUGLQDWH�YDOXH�LQ�HDFK�RI�WKH�P�FROXPQV�

RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�PLQLPD�DUH�UHWXUQHG�DV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P  ���

$FFHVV� N�0,1Σ

,QSXW�2XWSXW�

6HH�DOVR� %,16��0$;Σ��0($1��6'(9��727��9$5

MITM
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSOH�HTXDWLRQ�0HQX�,WHP�2UGHU&RPPDQG��&KDQJHV�PXOWLSOH�HTXDWLRQ�PHQX�WLWOHV�DQG�

RUGHU��7KH�DUJXPHQW�OLVW�FRQWDLQV�WKH�YDULDEOH�QDPHV�LQ�WKH�RUGHU�\RX�ZDQW��8VH����WR�LQGLFDWH�
D�EODQN�ODEHO��<RX�PXVW�LQFOXGH�DOO�YDULDEOHV�LQ�WKH�RULJLQDO�PHQX�DQG�QR�RWKHUV�

$FFHVV� N�0,70

,QSXW�2XWSXW�

6HH�DOVR� 0,1,7

Level 1/Argument 1 Level 1/Item 1

→ [PLQ�
→ ^�[PLQ��[PLQ��«�[PLQP�`

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�WLWOH� ^�OLVW�` →



Command Reference: Part C, G-P (1.1) 1-233*R�WR�,QGH[

MOD
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0RGXOR�)XQFWLRQ��5HWXUQV�D�UHPDLQGHU�GHILQHG�E\��[�PRG�\� �[�²�\�IORRU��[�\�

0RG��[��\��LV�SHULRGLF�LQ�[�ZLWK�SHULRG�\��0RG��[��\��OLHV�LQ�WKH�LQWHUYDO�>���\��IRU�\�!���DQG�LQ�
�\���@�IRU�\�����
$OJHEUDLF�V\QWD[��DUJXPHQW���02'�DUJXPHQW��

$FFHVV� < P 5($/�02'
,QSXW�2XWSXW�

6HH�DOVR� )/225���

MROOT
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSOH�5RRWV�&RPPDQG��8VHV�WKH�PXOWLSOH�HTXDWLRQ�VROYHU�WR�VROYH�IRU�RQH�RU�PRUH�

YDULDEOHV�XVLQJ�WKH�HTXDWLRQV�LQ�(4��*LYHQ�D�YDULDEOH�QDPH��05227�UHWXUQV�WKH�IRXQG�YDOXH��
ZLWK��$//��05227�VWRUHV�D�IRXQG�YDOXH�IRU�HDFK�YDULDEOH�EXW�UHWXUQV�QRWKLQJ�
$FFHVV�N�05227

,QSXW�2XWSXW�

6HH�DOVR� 0&$/&��086(5

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → [�PRG�\
[ 
V\PE
 → 
02'�[��V\PE�



V\PE
 [ → 
02'�V\PE��[�


V\PE�
 
V\PE�
 → 
02'�V\PE���V\PE��


Level 1/Argument 1 Level 1/Item 1


QDPH
 → [
�$//� →



1-234 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

MSGBOX
7\SH� &RPPDQG
'HVFULSWLRQ� 0HVVDJH�%R[�&RPPDQG��&UHDWHV�D�XVHU�GHILQHG�PHVVDJH�ER[�

06*%2;�GLVSOD\V�´PHVVDJHµ�LQ�WKH�IRUP�RI�D�VWDQGDUG�PHVVDJH�ER[��0HVVDJH�WH[W�WRR�ORQJ�
WR�DSSHDU�RQ�WKH�VFUHHQ�LV�WUXQFDWHG��<RX�FDQ�XVH�VSDFHV�DQG�QHZ�OLQH�FKDUDFWHUV��>e��WR�
FRQWURO�ZRUG�ZUDSSLQJ�DQG�OLQH�EUHDNV�ZLWKLQ�WKH�PHVVDJH�
3URJUDP�H[HFXWLRQ�UHVXPHV�ZKHQ�WKH�PHVVDJH�ER[�LV�H[LWHG�E\�VHOHFWLQJ�2.�RU�&$1&(/�

$FFHVV� <N 287�06*%2;
,QSXW�2XWSXW�

6HH�DOVR� &+226(��,1)250��352037

MSOLVR
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSOH�(TXDWLRQ�6ROYHU�&RPPDQG��*HWV�WKH�PXOWLSOH�HTXDWLRQ�VROYHU�YDULDEOH�PHQX�IRU�WKH�

VHW�RI�HTXDWLRQV�VWRUHG�LQ�(4�
7KH�PXOWLSOH�HTXDWLRQ�VROYHU�DSSOLFDWLRQ�FDQ�VROYH�D�VHW�RI�RI�WZR�RU�PRUH�HTXDWLRQV�IRU�
XQNQRZQ�YDULDEOHV�E\�ILQGLQJ�WKH�URRWV�RI�HDFK�HTXDWLRQ��7KH�VROYHU�XVHV�WKH�OLVW�RI�HTXDWLRQV�
VWRUHG�LQ�(4��

$FFHVV� N�062/95
,QSXW� 1RQH
2XWSXW� 1RQH

MUSER
7\SH� &RPPDQG
'HVFULSWLRQ� 0DNH�8VHU�'HILQHG�9DULDEOH�&RPPDQG��'HVLJQDWHV�D�YDULDEOH�DV�XVHU�GHILQHG�IRU�WKH�

PXOWLSOH�HTXDWLRQ�VROYHU�
086(5�GHVLJQDWHV�D�VLQJOH�YDULDEOH��D�OLVW�RI�YDULDEOHV��RU�DOO�YDULDEOHV�DV�XVHU�GHILQHG�

$FFHVV� N�086(5

Level 1/Argument 1 Level 1/Item 1

´PHVVDJHµ →



Command Reference: Part C, G-P (1.1) 1-235*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 0&$/&

→NDISP
7\SH� &RPPDQG
'HVFULSWLRQ� 6HWV�WKH�QXPEHU�RI�SURJUDP�OLQHV�GLVSOD\HG�RQ�WKH�VFUHHQ�
$FFHVV� N�→1',63

,QSXW�2XWSXW�

NDIST
7\SH� &RPPDQG
'HVFULSWLRQ� 1RUPDO�'LVWULEXWLRQ�&RPPDQG��5HWXUQV�WKH�QRUPDO�SUREDELOLW\�GLVWULEXWLRQ��EHOO�FXUYH��DW�[�

EDVHG�RQ�WKH�PHDQ�P�DQG�YDULDQFH�Y�RI�WKH�QRUPDO�GLVWULEXWLRQ�
1',67�LV�FDOFXODWHG�XVLQJ�WKLV�IRUPXOD�

$FFHVV� < P 352%$%,/,7<�1',67
,QSXW�2XWSXW�

6HH�DOVR� 8731

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
^�OLVW�` →
�$//� →

Level 1/Argument 1 Level 1/Item 1

Q →

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

P Y [ → QGLVW�P��Y��[�

ndist m v x, ,( ) e

x m–( )2

2v
-------------------–

2πv
---------------------=



1-236 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

NDUPN
7\SH� 53/�FRPPDQG
'HVFULSWLRQ� 'XSOLFDWHV�DQ�REMHFW�Q�WLPHV��DQG�UHWXUQV�Q�
$FFHVV� N�67$&.�1'831

,QSXW�2XWSXW�

6HH�DOVR� '83��'83'83��'831��'83�

NEG
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 1HJDWH�$QDO\WLF�)XQFWLRQ��&KDQJHV�WKH�VLJQ�RU�QHJDWHV�DQ�REMHFW�

1HJDWLQJ�DQ�DUUD\�FUHDWHV�D�QHZ�DUUD\�FRQWDLQLQJ�WKH�QHJDWLYH�RI�HDFK�RI�WKH�RULJLQDO�HOHPHQWV��
1HJDWLQJ�D�ELQDU\�QXPEHU�WDNHV�LWV�WZR
V�FRPSOHPHQW��FRPSOHPHQWV�HDFK�ELW�DQG�DGGV����
1HJDWLQJ�D�JUDSKLFV�REMHFW�́ LQYHUWVµ�LW��WRJJOHV�HDFK�SL[HO�IURP�RQ�WR�RII��RU�YLFH�YHUVD���,I�WKH�
DUJXPHQW�LV�3,&7��WKH�JUDSKLFV�REMHFW�VWRUHG�LQ�3,&7�LV�LQYHUWHG�

$FFHVV� > ó�1(*
< P�&203/(;�1(*

,QSXW�2XWSXW�

6HH�DOVR� $%6��&21-��127��6,*1

Level 2 Level 1 LevelQ���… Level � Level �

REM Q → REM�«�REM Q

Level 1/Argument 1 Level 1/Item 1

] → ²]
�Q� → �Q�

>�DUUD\�@ → >�²DUUD\�@

V\PE
 → 
²�V\PE�

[BXQLW → ²[BXQLW
JURE� → JURE�
3,&7� → 3,&7�



Command Reference: Part C, G-P (1.1) 1-237*R�WR�,QGH[

NEWOB
7\SH� &RPPDQG
'HVFULSWLRQ� 1HZ�2EMHFW�&RPPDQG��&UHDWHV�D�QHZ�FRS\�RI�WKH�VSHFLILHG�REMHFW�

1(:2%�KDV�WZR�PDLQ�XVHV�
� 1(:2%�HQDEOHV�WKH�SXUJLQJ�RI�D�OLEUDU\�RU�EDFNXS�REMHFW�WKDW�KDV�EHHQ�UHFDOOHG�IURP�D�
SRUW��1(:2%�FUHDWHV�D�QHZ��VHSDUDWH�FRS\�RI�WKH�REMHFW�LQ�PHPRU\��WKHUHE\�DOORZLQJ�WKH�
RULJLQDO�FRS\�WR�EH�SXUJHG�

� &UHDWLQJ�D�QHZ�FRS\�RI�DQ�REMHFW�WKDW�RULJLQDWHG�LQ�D�ODUJHU�FRPSRVLWH�REMHFW��VXFK�DV�D�
OLVW��DOORZV�\RX�WR�UHFRYHU�WKH�PHPRU\�DVVRFLDWHG�ZLWK�WKH�ODUJHU�REMHFW�ZKHQ�WKDW�ODUJHU�
REMHFW�LV�QR�ORQJHU�QHHGHG�

$FFHVV� <N 0(025<�1(:2%
,QSXW�2XWSXW�

6HH�DOVR� 0(0��385*(

NEXT
7\SH� &RPPDQG
'HVFULSWLRQ� 1(;7�&RPPDQG��(QGV�GHILQLWH�ORRS�VWUXFWXUHV�

6HH�WKH�)25�DQG�67$57�NH\ZRUG�HQWULHV�IRU�PRUH�LQIRUPDWLRQ�
$FFHVV� <N %5$1&+�1(;7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� )25��67$57��67(3

Level 1/Argument 1 Level 1/Item 1

REM → REM



1-238 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

NIP
7\SH� 53/�FRPPDQG
'HVFULSWLRQ� 'URSV�WKH��Q²��WK�DUJXPHQW��ZKHUH�Q�LV�WKH�QXPEHU�RI�DUJXPHQWV�RU�LWHPV�RQ�WKH�VWDFN���WKDW�

LV��WKH�REMHFW�RQ�OHYHO���RI�WKH�VWDFN���7KLV�LV�HTXLYDOHQW�WR�H[HFXWLQJ�6:$3�IRORZHG�E\�'523�
LQ�531�PRGH�

$FFHVV� N�67$&.�1,3
,QSXW�2XWSXW�

6HH�DOVR� '83��'83'83��'831��'83�

NOT
7\SH� )XQFWLRQ
'HVFULSWLRQ� 127�&RPPDQG��5HWXUQV�WKH�RQH
V�FRPSOHPHQW�RU�ORJLFDO�LQYHUVH�RI�WKH�DUJXPHQW�

:KHQ�WKH�DUJXPHQW�LV�D�ELQDU\�LQWHJHU�RU�VWULQJ��127�FRPSOHPHQWV�HDFK�ELW�LQ�WKH�DUJXPHQW�
WR�SURGXFH�WKH�UHVXOW�
� $�ELQDU\�LQWHJHU�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV�DV�ORQJ�DV�WKH�FXUUHQW�ZRUGVL]H�
� $�VWULQJ�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV��XVLQJ���ELWV�SHU�FKDUDFWHU��WKDW�LV��XVLQJ�WKH�ELQDU\�
YHUVLRQ�RI�WKH�FKDUDFWHU�FRGH��

:KHQ�WKH�DUJXPHQW�LV�D�UHDO�QXPEHU�RU�V\PEROLF��127�GRHV�D�WUXH�IDOVH�WHVW��7KH�UHVXOW�LV���
�WUXH��LI�WKH�DUJXPHQW�LV�]HUR��LW�LV����IDOVH��LI�WKH�DUJXPHQW�LV�QRQ]HUR��7KLV�WHVW�LV�XVXDOO\�GRQH�
RQ�D�WHVW�UHVXOW��7�)��
,I�WKH�DUJXPHQW�LV�DQ�DOJHEUDLF�REMHFW��WKHQ�WKH�UHVXOW�LV�DQ�DOJHEUDLF�RI�WKH�IRUP�127�V\PE��
([HFXWH�→180��RU�VHW�IODJ�²��EHIRUH�H[HFXWLQJ�127��WR�SURGXFH�D�QXPHULF�UHVXOW�IURP�WKH�
DOJHEUDLF�UHVXOW�

$FFHVV� < N 7(67�127
> ì�ORJLF�QRW

Level 2 Level 1 Level 1

REM� REM� → REM�



Command Reference: Part C, G-P (1.1) 1-239*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $1'��25��;25

NOVAL
7\SH� &RPPDQG
'HVFULSWLRQ� ,1)250�3ODFH�+ROGHU�5HVXOW�&RPPDQG��3ODFH�KROGHU�IRU�UHVHW�DQG�LQLWLDO�YDOXHV�LQ�XVHU�

GHILQHG�GLDORJ�ER[HV��129$/�LV�UHWXUQHG�ZKHQ�D�ILHOG�LV�HPSW\�
129$/�LV�XVHG�WR�PDUN�DQ�HPSW\�ILHOG�LQ�D�XVHU�GHILQHG�GLDORJ�ER[�FUHDWHG�ZLWK�WKH�
,1)250�FRPPDQG��,1)250�GHILQHV�ILHOGV�VHTXHQWLDOO\��,I�GHIDXOW�YDOXHV�DUH�XVHG�IRU�WKRVH�
ILHOGV��WKH�GHIDXOWV�PXVW�EH�GHILQHG�LQ�WKH�VDPH�RUGHU�DV�WKH�ILHOGV�ZHUH�GHILQHG��7R�VNLS�RYHU�
�QRW�SURYLGH�GHIDXOWV�IRU��VRPH�RI�WKH�ILHOGV��XVH�WKH�129$/�FRPPDQG�
$IWHU�,1)250�WHUPLQDWHV��129$/�LV�UHWXUQHG�LI�D�ILHOG�LV�HPSW\�DQG�2.�RU�\�LV�VHOHFWHG�

$FFHVV� <N ,1�129$/
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� ,1)250

NΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 1XPEHU�RI�5RZV�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�URZV�LQ�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[�

�UHVHUYHG�YDULDEOH�Σ'$7��
$FFHVV� N�1Σ
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�
7�) → ���
´VWULQJ�µ → ´VWULQJ�µ

V\PE
 → 
127�V\PE


Level 1/Argument 1 Level 1/Item 1

→ QURZV



1-240 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

6HH�DOVR� Σ;��Σ;<��Σ;A���Σ<��Σ<A�

NSUB
7\SH� &RPPDQG
'HVFULSWLRQ� 1XPEHU�RI�6XEOLVW�&RPPDQG��3URYLGHV�D�ZD\�WR�DFFHVV�WKH�FXUUHQW�VXEOLVW�SRVLWLRQ�GXULQJ�DQ�

LWHUDWLRQ�RI�D�SURJUDP�RU�FRPPDQG�DSSOLHG�XVLQJ�'268%6�
5HWXUQV�DQ�8QGHILQHG�/RFDO�1DPH�HUURU�LI�H[HFXWHG�ZKHQ�'268%6�LV�QRW�DFWLYH�

$FFHVV� <N /,67�352&('85(6�168%
,QSXW�2XWSXW�

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '268%6��(1'68%

NUM
7\SH� &RPPDQG
'HVFULSWLRQ� &KDUDFWHU�1XPEHU�&RPPDQG��5HWXUQV�WKH�FKDUDFWHU�FRGH�Q�IRU�WKH�ILUVW�FKDUDFWHU�LQ�WKH�

VWULQJ�
7KH�FKDUDFWHU�FRGHV�DUH�DQ�H[WHQVLRQ�RI�,62���������
7KH�QXPEHU�RI�D�FKDUDFWHU�FDQ�EH�IRXQG�E\�DFFHVVLQJ�WKH�&KDUDFWHUV�WRRO��>ô��DQG�
KLJKOLJKWLQJ�WKDW�FKDUDFWHU��7KH�QXPEHU�DSSHDUV�QHDU�WKH�ERWWRP�RI�WKH�VFUHHQ�

$FFHVV� <N 7<3(�180
,QSXW�2XWSXW�

6HH�DOVR� &+5��326��5(3/��6,=(��68%

Level 1/Argument 1 Level 1/Item 1

→ QSRVLWLRQ

Level 1/Argument 1 Level 1/Item 1

´VWULQJµ → Q



Command Reference: Part C, G-P (1.1) 1-241*R�WR�,QGH[

NUMX
7\SH� &RPPDQG
'HVFULSWLRQ� 1XPEHU�RI�;�6WHSV�&RPPDQG��6HWV�WKH�QXPEHU�RI�[�VWHSV�IRU�HDFK�\�VWHS�LQ��'�SHUVSHFWLYH�

SORWV�
7KH�QXPEHU�RI�[�VWHSV�LV�WKH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOH�SRLQWV�SORWWHG�IRU�HDFK�
GHSHQGHQW�YDULDEOH�SRLQW�SORWWHG��7KLV�QXPEHU�PXVW�EH���RU�PRUH��7KLV�YDOXH�LV�VWRUHG�LQ�WKH�
UHVHUYHG�YDULDEOH�93$5��<6/,&(�LV�WKH�RQO\��'�SORW�W\SH�WKDW�GRHV�QRW�XVH�WKLV�YDOXH�

$FFHVV� N�180;
,QSXW�2XWSXW�

6HH�DOVR� 180<

NUMY
7\SH� &RPPDQG
'HVFULSWLRQ� 1XPEHU�RI�<�6WHSV�&RPPDQG��6HWV�WKH�QXPEHU�RI�\�VWHSV�DFURVV�WKH�YLHZ�YROXPH�LQ��'�

SHUVSHFWLYH�SORWV�
7KH�QXPEHU�RI�\�VWHSV�LV�WKH�QXPEHU�RI�GHSHQGHQW�YDULDEOH�SRLQWV�SORWWHG�DFURVV�WKH�YLHZ�
YROXPH��7KLV�QXPEHU�PXVW�EH���RU�PRUH��7KLV�YDOXH�LV�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�93$5�

$FFHVV� N�180<
,QSXW�2XWSXW�

6HH�DOVR� 180;

Level 1/Argument 1 Level 1/Item 1

Q[ →

Level 1/Argument 1 Level 1/Item 1

Q\ →



1-242 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

O to P
OBJ→
7\SH� &RPPDQG
'HVFULSWLRQ� 2EMHFW�WR�6WDFN�&RPPDQG��6HSDUDWHV�DQ�REMHFW�LQWR�LWV�FRPSRQHQWV��)RU�VRPH�REMHFW�W\SHV��

WKH�QXPEHU�RI�FRPSRQHQWV�LV�UHWXUQHG�DV�LWHP�Q����VWDFN�OHYHO����
,I�WKH�DUJXPHQW�LV�D�FRPSOH[�QXPEHU��OLVW��DUUD\��RU�VWULQJ��2%-→�SURYLGHV�WKH�VDPH�IXQFWLRQV�
DV�&→5��/,67→��$55<→��DQG�675→��UHVSHFWLYHO\��)RU�OLVWV��2%-→�DOVR�UHWXUQV�WKH�QXPEHU�
RI�OLVW�HOHPHQWV��,I�WKH�DUJXPHQW�LV�DQ�DUUD\��2%-→�DOVR�UHWXUQV�WKH�GLPHQVLRQV�^�P�Q�̀ �RI�WKH�
DUUD\��ZKHUH�P�LV�WKH�QXPEHU�RI�URZV�DQG�Q�LV�WKH�QXPEHU�RI�FROXPQV�
)RU�DOJHEUDLF�REMHFWV��2%-→�UHWXUQV�WKH�DUJXPHQWV�RI�WKH�WRS�OHYHO��OHDVW�QHVWHG��IXQFWLRQ�
�DUJ��«�DUJQ���WKH�QXPEHU�RI�DUJXPHQWV�RI�WKH�WRS�OHYHO�IXQFWLRQ��Q���DQG�WKH�QDPH�RI�WKH�WRS�
OHYHO�IXQFWLRQ��IXQFWLRQ��
,I�WKH�DUJXPHQW�LV�D�VWULQJ��WKH�REMHFW�VHTXHQFH�GHILQHG�E\�WKH�VWULQJ�LV�H[HFXWHG�

$FFHVV� <N 7<3(�2%-→
,QSXW�2XWSXW�

6HH�DOVR� $55<→��&→5��'7$*��(4→��/,67→��5→&��675→��→7$*

Level 1/Argument 1 LevelQ��/Item� Level�/ItemQ Level�/ItemQ��

�[��\� → → [ \
^�REM��������REMQ�` → REM� → REMQ Q
>�[��������[Q�@ → [�� → [Q ^�Q�`

>>�[����������[P�Q�@@ → [��� → [P�Q ^�P��Q�`
´REMµ → → HYDOXDWHG�REMHFW

V\PE
 → DUJ������DUJQ → Q 
IXQFWLRQ

[BXQLW → → [ �BXQLW
�WDJ�REM → → REM ´WDJµ



Command Reference: Part C, G-P (1.1) 1-243*R�WR�,QGH[

OCT
7\SH� &RPPDQG
'HVFULSWLRQ� 2FWDO�0RGH�&RPPDQG��6HOHFWV�RFWDO�EDVH�IRU�ELQDU\�LQWHJHU�RSHUDWLRQV���7KH�GHIDXOW�EDVH�LV�

GHFLPDO��
%LQDU\�LQWHJHUV�UHTXLUH�WKH�SUHIL[����%LQDU\�LQWHJHUV�HQWHUHG�DQG�UHWXUQHG�LQ�RFWDO�EDVH�
DXWRPDWLFDOO\�VKRZ�WKH�VXIIL[�R��,I�WKH�FXUUHQW�EDVH�LV�QRW�RFWDO��HQWHU�DQ�RFWDO�QXPEHU�E\�
HQGLQJ�LW�ZLWK�R��,W�ZLOO�EH�GLVSOD\HG�LQ�WKH�FXUUHQW�EDVH�ZKHQ�HQWHUHG�
7KH�FXUUHQW�EDVH�GRHV�QRW�DIIHFW�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�ELQDU\�LQWHJHUV�DV�XQVLJQHG�
ELQDU\�QXPEHUV�

$FFHVV� N�2&7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %,1��'(&��+(;��5&:6��67:6

OFF
7\SH� &RPPDQG
'HVFULSWLRQ� 2II�&RPPDQG��7XUQV�RII�WKH�FDOFXODWRU�

:KHQ�H[HFXWHG�IURP�D�SURJUDP��WKDW�SURJUDP�ZLOO�UHVXPH�H[HFXWLRQ�ZKHQ�WKH�FDOFXODWRU�LV�
WXUQHG�RQ��7KLV�SURYLGHV�D�SURJUDPPDEOH�´DXWRVWDUW�µ

$FFHVV� >�

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &217��+$/7��.,//



1-244 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

OPENIO
7\SH� &RPPDQG
'HVFULSWLRQ� 2SHQ�,�2�3RUW�&RPPDQG��2SHQV�D�VHULDO�SRUW�XVLQJ�WKH�,�2�SDUDPHWHUV�LQ�WKH�UHVHUYHG�

YDULDEOH�,23$5�
6LQFH�DOO�+3����.HUPLW�SURWRFRO�FRPPDQGV�DXWRPDWLFDOO\�HIIHFW�DQ�23(1,2�ILUVW��
23(1,2�LV�QRW�QRUPDOO\�QHHGHG��EXW�FDQ�EH�XVHG�LI�DQ�,�2�WUDQVPLVVLRQ�GRHV�QRW�ZRUN��
23(1,2�LV�QHFHVVDU\�IRU�LQWHUDFWLRQ�ZLWK�GHYLFHV�WKDW�LQWHUSUHW�D�FORVHG�SRUW�DV�D�EUHDN��
23(1,2�LV�DOVR�QHFHVVDU\�IRU�WKH�DXWRPDWLF�UHFHSWLRQ�RI�GDWD�LQWR�WKH�LQSXW�EXIIHU�XVLQJ�
QRQ�.HUPLW�FRPPDQGV��,I�WKH�SRUW�LV�FORVHG��LQFRPLQJ�FKDUDFWHUV�DUH�LJQRUHG��,I�WKH�SRUW�LV�
RSHQ��LQFRPLQJ�FKDUDFWHUV�DUH�DXWRPDWLFDOO\�SODFHG�LQ�WKH�LQSXW�EXIIHU��7KHVH�FKDUDFWHUV�FDQ�
EH�GHWHFWHG�ZLWK�%8)/(1��DQG�FDQ�EH�UHDG�RXW�RI�WKH�LQSXW�EXIIHU�XVLQJ�65(&9�
,I�WKH�SRUW�LV�DOUHDG\�RSHQ��23(1,2�GRHV�QRW�DIIHFW�WKH�GDWD�LQ�WKH�LQSXW�EXIIHU��+RZHYHU��
LI�WKH�SRUW�LV�FORVHG��H[HFXWLQJ�23(1,2�FOHDUV�WKH�GDWD�LQ�WKH�LQSXW�EXIIHU�

$FFHVV� N�23(1,2
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %8)/(1��&/26(,2��6%5.��65(&9��67,0(��;0,7

OR
7\SH� )XQFWLRQ
'HVFULSWLRQ� 25�)XQFWLRQ��5HWXUQV�WKH�ORJLFDO�25�RI�WZR�DUJXPHQWV�

:KHQ�WKH�DUJXPHQWV�DUH�ELQDU\�LQWHJHUV�RU�VWULQJV��25�GRHV�D�ELW�E\�ELW��EDVH����ORJLFDO�
FRPSDULVRQ�
� $Q�DUJXPHQW�WKDW�LV�D�ELQDU\�LQWHJHU�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV�DV�ORQJ�DV�WKH�FXUUHQW�
ZRUGVL]H��(DFK�ELW�LQ�WKH�UHVXOW�LV�GHWHUPLQHG�E\�FRPSDULQJ�WKH�FRUUHVSRQGLQJ�ELWV��ELW��
DQG�ELW���LQ�WKH�WZR�DUJXPHQWV�DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�



Command Reference: Part C, G-P (1.1) 1-245*R�WR�,QGH[

� $Q�DUJXPHQW�WKDW�LV�D�VWULQJ�LV�WUHDWHG�DV�D�VHTXHQFH�RI�ELWV��XVLQJ���ELWV�SHU�FKDUDFWHU�
�WKDW�LV��XVLQJ�WKH�ELQDU\�YHUVLRQ�RI�WKH�FKDUDFWHU�FRGH���7KH�WZR�VWULQJ�DUJXPHQWV�PXVW�
EH�WKH�VDPH�OHQJWK�

:KHQ�WKH�DUJXPHQWV�DUH�UHDO�QXPEHUV�RU�V\PEROLFV��25�VLPSO\�GRHV�D�WUXH�IDOVH�WHVW��7KH�
UHVXOW�LV����WUXH��LI�HLWKHU�RU�ERWK�DUJXPHQWV�DUH�QRQ]HUR��LW�LV����IDOVH��LI�ERWK�DUJXPHQWV�DUH�
]HUR��7KLV�WHVW�LV�XVXDOO\�GRQH�WR�FRPSDUH�WZR�WHVW�UHVXOWV�
,I�HLWKHU�RU�ERWK�RI�WKH�DUJXPHQWV�DUH�DOJHEUDLF�REMHFWV��WKHQ�WKH�UHVXOW�LV�DQ�DOJHEUDLF�RI�WKH�
IRUP�V\PE��25�V\PE���([HFXWH�→180��RU�VHW�IODJ�²��EHIRUH�H[HFXWLQJ�25��WR�SURGXFH�D�
QXPHULF�UHVXOW�IURP�WKH�DOJHEUDLF�UHVXOW�

$FFHVV� > ì %$6(�/2*,&�25
< N�WHVW�RU

,QSXW�2XWSXW�

6HH�DOVR� $1'��127��;25

bit1 bit2 bit1 OR bit2

� � �

� � �

� � �

� � �

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�Q� �Q� → �Q�
´VWULQJ�µ ´VWULQJ�µ → ´VWULQJ�µ
7�)� 7�)� → ���
7�) 
V\PE
 → 
7�)�25�V\PE


V\PE
 7�) → 
V\PE�25�7�)


V\PE�
 
V\PE�
 → 
V\PE��25�V\PE�




1-246 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

ORDER
7\SH� &RPPDQG
'HVFULSWLRQ� 2UGHU�9DULDEOHV�&RPPDQG��5HRUGHUV�WKH�YDULDEOHV�LQ�WKH�FXUUHQW�GLUHFWRU\��VKRZQ�LQ�WKH�

9$5�PHQX��WR�WKH�RUGHU�VSHFLILHG�
7KH�QDPHV�WKDW�DSSHDU�ILUVW�LQ�WKH�OLVW�ZLOO�EH�WKH�ILUVW�WR�DSSHDU�LQ�WKH�9$5�PHQX��9DULDEOHV�
QRW�VSHFLILHG�LQ�WKH�OLVW�DUH�SODFHG�DIWHU�WKH�UHRUGHUHG�YDULDEOHV�
,I�WKH�OLVW�LQFOXGHV�WKH�QDPH�RI�D�ODUJH�VXEGLUHFWRU\��WKHUH�PD\�EH�LQVXIILFLHQW�PHPRU\�WR�
H[HFXWH�25'(5�

$FFHVV� <N 0(025<�',5(&725<�25'(5
,QSXW�2XWSXW�

)ODJV� 1RQH
6HH�DOVR� 9$56

OVER
7\SH� 53/�FRPPDQG
'HVFULSWLRQ� 2YHU�&RPPDQG��5HWXUQV�D�FRS\�WR�VWDFN�OHYHO���RI�WKH�REMHFW�LQ�OHYHO���
$FFHVV� <N 67$&.�29(5
,QSXW�2XWSXW�

6HH�DOVR� 3,&.��52//��52//'��527��6:$3

Level 1/Argument 1 Level 1/Item 1

^�JOREDO������JOREDOQ�` →

Level 2 Level 1 Level 3 Level 2 Level 1

REM� REM� → REM� REM� REM�



Command Reference: Part C, G-P (1.1) 1-247*R�WR�,QGH[

PARAMETRIC
7\SH� &RPPDQG
'HVFULSWLRQ� 3DUDPHWULF�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�3$5$0(75,&�

:KHQ�WKH�SORW�W\SH�LV�3$5$0(75,&��WKH�'5$:�FRPPDQG�SORWV�WKH�FXUUHQW�HTXDWLRQ�DV�D�
FRPSOH[�YDOXHG�IXQFWLRQ�RI�RQH�UHDO�YDULDEOH��7KH�FXUUHQW�HTXDWLRQ�LV�VSHFLILHG�LQ�WKH�UHVHUYHG�
YDULDEOH�(4��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�
WKH�IROORZLQJ�IRUP�

^��xmin, ymin����xmax, ymax�� indep, res, axes, ptype, depend `

)RU�SORW�W\SH�3$5$0(75,&��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�OLVW�FRQWDLQLQJ�D�QDPH�WKDW�VSHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH��DQG�WZR�QXPEHUV�
VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH��WKH�SORWWLQJ�
UDQJH���1RWH�WKDW�WKH�GHIDXOW�YDOXH�LV��;��,I�;�LV�QRW�PRGLILHG�DQG�LQFOXGHG�LQ�D�OLVW�ZLWK�D�
SORWWLQJ�UDQJH��WKH�YDOXHV�LQ��[PLQ��\PLQ��DQG��[PD[��\PD[��DUH�XVHG�DV�WKH�SORWWLQJ�UDQJH��
ZKLFK�JHQHUDOO\�OHDGV�WR�PHDQLQJOHVV�UHVXOWV�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�YDOXHV�RI�WKH�
LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�HTXDO�WR�������RI�
WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP�YDOXHV�LQ�LQGHS��WKH�SORWWLQJ�UDQJH��

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�
3$5$0(75,&�SODFHV�WKH�QDPH�3$5$0(75,&�LQ�33$5�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�YHUWLFDO�D[LV��7KH�GHIDXOW�YDOXH�LV�<�
7KH�FRQWHQWV�RI�(4�PXVW�EH�DQ�H[SUHVVLRQ�RU�SURJUDP��LW�FDQQRW�EH�DQ�HTXDWLRQ��,W�LV�
HYDOXDWHG�IRU�HDFK�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH��7KH�UHVXOWV��ZKLFK�PXVW�EH�FRPSOH[�
QXPEHUV��JLYH�WKH�FRRUGLQDWHV�RI�WKH�SRLQWV�WR�EH�SORWWHG��/LQHV�DUH�GUDZQ�EHWZHHQ�SORWWHG�
SRLQWV�XQOHVV�IODJ�²���LV�VHW�



1-248 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

$FFHVV� N�3$5$0(75,&
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5685)$&(��

3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��:,5()5$0(��<6/,&(

PARITY
7\SH� &RPPDQG
'HVFULSWLRQ� 3DULW\�&RPPDQG��6HWV�WKH�SDULW\�YDOXH�LQ�WKH�UHVHUYHG�YDULDEOH�,23$5�

/HJDO�YDOXHV�DUH�VKRZQ�EHORZ��$�QHJDWLYH�YDOXH�PHDQV�WKH�+3����GRHV�QRW�FKHFN�SDULW\�RQ�
E\WHV�UHFHLYHG�GXULQJ�.HUPLW�WUDQVIHUV�RU�ZLWK�65(&9��3DULW\�LV�VWLOO�XVHG�GXULQJ�GDWD�
WUDQVPLVVLRQ��KRZHYHU�

$FFHVV� N�3$5,7<

,QSXW�2XWSXW�

6HH�DOVR� %$8'��&.60��75$16,2

n-Value Meaning

� QR�SDULW\��WKH�GHIDXOW�YDOXH�

� RGG�SDULW\

� HYHQ�SDULW\

� PDUN

� VSDFH

Level 1/Argument 1 Level 1/Item 1

QSDULW\ →



Command Reference: Part C, G-P (1.1) 1-249*R�WR�,QGH[

PARSURFACE
7\SH� &RPPDQG
'HVFULSWLRQ� 3$5685)$&(�3ORW�7\SH�&RPPDQG��6HWV�SORW�W\SH�WR�3$5685)$&(�

:KHQ�SORW�W\SH�LV�VHW�WR�3$5685)$&(��WKH�'5$:�FRPPDQG�SORWV�DQ�LPDJH�JUDSK�RI�D���
YHFWRU�YDOXHG�IXQFWLRQ�RI�WZR�YDULDEOHV��3$5685)$&(�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�
YDULDEOHV�(4��93$5��DQG�33$5�
93$5�LV�PDGH�XS�RI�WKH�IROORZLQJ�HOHPHQWV�
^�[OHIW��[ULJKW��\QHDU��\IDU��]ORZ��]KLJK��[PLQ��[PD[��\PLQ��\PD[��[H\H��\H\H��]H\H��[VWHS��\VWHS�`
)RU�SORW�W\SH�3$5685)$&(��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�

� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�

� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�

� [PLQ�DQG�[PD[�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�LQSXW�UHJLRQ
V�ZLGWK��7KH�GHIDXOW�YDOXH�LV�
�²�����

� \PLQ�DQG�\PD[�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�LQSXW�UHJLRQ
V�GHSWK��7KH�GHIDXOW�YDOXH�LV�
�²�����

� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�WKH�JUDSK�
LV�YLHZHG�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�
^��xmin, ymin����xmax, ymax�� indep� res� axes� ptype� depend `

)RU�SORW�W\SH�3$5685)$&(��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�

� �[PD[��\PD[��LV�QRW�XVHG�

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�QRW�XVHG�



1-250 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�
3$5685)$&(�SODFHV�WKH�QDPH�3$5685)$&(�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�3$5685)$&(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)$67�'��)81&7,21��*5,'0$3��+,672*5$0��

3$5$0(75,&��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(

PATH
7\SH� &RPPDQG
'HVFULSWLRQ� &XUUHQW�3DWK�&RPPDQG��5HWXUQV�D�OLVW�VSHFLI\LQJ�WKH�SDWK�WR�WKH�FXUUHQW�GLUHFWRU\�

7KH�ILUVW�GLUHFWRU\�LV�DOZD\V�+20(��DQG�WKH�ODVW�GLUHFWRU\�LV�DOZD\V�WKH�FXUUHQW�GLUHFWRU\�
,I�D�SURJUDP�QHHGV�WR�VZLWFK�WR�D�VSHFLILF�GLUHFWRU\��LW�FDQ�GR�VR�E\�HYDOXDWLQJ�D�GLUHFWRU\�OLVW��
VXFK�DV�RQH�FUHDWHG�HDUOLHU�E\�3$7+�

$FFHVV� <N 0(025<�',5(&725<�3$7+
,QSXW�2XWSXW�

6HH�DOVR� &5',5��+20(��3*',5��83',5

PCOEF
7\SH� &RPPDQG
'HVFULSWLRQ� 0RQLF�3RO\QRPLDO�&RHIILFLHQWV�&RPPDQG��5HWXUQV�WKH�FRHIILFLHQWV�RI�D�PRQLF�SRO\QRPLDO��D�

SRO\QRPLDO�ZLWK�D�OHDGLQJ�FRHIILFLHQW�RI����KDYLQJ�VSHFLILF�URRWV�
7KH�DUJXPHQW�PXVW�EH�D�UHDO�RU�FRPSOH[�DUUD\�RI�OHQJWK�Q�FRQWDLQLQJ�WKH�SRO\QRPLDO
V�URRWV��
7KH�UHVXOW�LV�D�UHDO�RU�FRPSOH[�YHFWRU�RI�OHQJWK�Q���FRQWDLQLQJ�WKH�FRHIILFLHQWV�OLVWHG�IURP�
KLJKHVW�RUGHU�WR�ORZHVW��ZLWK�D�OHDGLQJ�FRHIILFLHQW�RI���

$FFHVV� < !�32/<120,$/�3&2()

Level 1/Argument 1 Level 1/Item 1

→ ^�+20(�GLUHFWRU\�QDPH������GLUHFWRU\�QDPHQ�`



Command Reference: Part C, G-P (1.1) 1-251*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 3(9$/��35227

PCONTOUR
7\SH� &RPPDQG
'HVFULSWLRQ� 3&217285�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�3&217285�

:KHQ�SORW�W\SH�LV�VHW�3&217285��WKH�'5$:�FRPPDQG�SORWV�D�FRQWRXU�PDS�YLHZ�RI�D�
VFDODU�IXQFWLRQ�RI�WZR�YDULDEOHV��3&217285�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�YDULDEOHV�(4��
93$5��DQG�33$5�
93$5�LV�PDGH�XS�RI�WKH�IROORZLQJ�HOHPHQWV�
^�[OHIW�[ULJKW�\QHDU�\IDU�]ORZ�]KLJK�[PLQ�[PD[�\PLQ�\PD[�[H\H�\H\H�]H\H�[VWHS�\VWHS�`
)RU�SORW�W\SH�3&217285��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�

� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�

� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�

� [PLQ�DQG�[PD[�DUH�QRW�XVHG�

� \PLQ�DQG�\PD[�DUH�QRW�XVHG�

� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�WKH�JUDSK�
LV�YLHZHG�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�
^��xmin, ymin���xmax, ymax� indep res axes ptype depend `

)RU�SORW�W\SH�3&217285��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�

� �[PD[��\PD[��LV�QRW�XVHG�

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@URRWV → >�DUUD\�@FRHIILFLHQWV



1-252 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�3&217285�
SODFHV�WKH�QDPH�3&217285�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�3&217285
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��32/$5��6&$77(5��6/23(),(/'��7587+��:,5()5$0(��<6/,&(

PCOV
7\SH� &RPPDQG
'HVFULSWLRQ� 3RSXODWLRQ�&RYDULDQFH�&RPPDQG��5HWXUQV�WKH�SRSXODWLRQ�FRYDULDQFH�RI�WKH�LQGHSHQGHQW�DQG�

GHSHQGHQW�GDWD�FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�FROXPQV�DUH�VSHFLILHG�E\�WKH�ILUVW�WZR�HOHPHQWV�LQ�UHVHUYHG�YDULDEOH�Σ3$5��VHW�E\�;&2/�
DQG�<&2/�UHVSHFWLYHO\��,I�Σ3$5�GRHV�QRW�H[LVW��3&29�FUHDWHV�LW�DQG�VHWV�WKH�HOHPHQWV�WR�
WKHLU�GHIDXOW�YDOXHV����DQG����
7KH�SRSXODWLRQ�FRYDULDQFH�LV�FDOFXODWHG�ZLWK�WKH�IROORZLQJ�IRUPXOD�

ZKHUH� �LV�WKH�NWK�FRRUGLQDWH�YDOXH�LQ�FROXPQ� �� �LV�WKH�NWK�FRRUGLQDWH�YDOXH�LQ�WKH�
FROXPQ� �� �LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ� �� LV�WKH�PHDQ�RI�WKH�GDWD�LQ�FROXPQ�
��DQG�Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�3&29
,QSXW�2XWSXW�

6HH�DOVR� &2/Σ��&255��&29��35(';��35('<��;&2/��<&2/

Level 1/Argument 1 Level 1/Item 1

→ [SFRYDULDQFH

1
n
--- xkn1

xn1
–( ) xkn2

xn2
–( )

k 1=

n

∑
xkn1

n1 xkn2

n2
xn1

n1 xn2

n2



Command Reference: Part C, G-P (1.1) 1-253*R�WR�,QGH[

PDIM
7\SH� &RPPDQG
'HVFULSWLRQ� 3,&7�'LPHQVLRQ�&RPPDQG��5HSODFHV�3,&7�ZLWK�D�EODQN�3,&7�RI�WKH�VSHFLILHG�GLPHQVLRQV�

,I�WKH�DUJXPHQWV�DUH�FRPSOH[�QXPEHUV��3',0�FKDQJHV�WKH�VL]H�RI�3,&7�DQG�PDNHV�WKH�
DUJXPHQWV�WKH�QHZ�YDOXHV�RI��[PLQ��\PLQ��DQG��[PD[��\PD[��LQ�WKH�UHVHUYHG�YDULDEOH�33$5��
7KXV��WKH�VFDOH�RI�D�VXEVHTXHQW�SORW�LV�QRW�FKDQJHG��,I�WKH�DUJXPHQWV�DUH�ELQDU\�LQWHJHUV��
33$5�UHPDLQV�XQFKDQJHG��VR�WKH�VFDOH�RI�D�VXEVHTXHQW�SORW�LV�FKDQJHG�
3,&7�FDQQRW�EH�VPDOOHU�WKDQ�����SL[HOV�ZLGH�ï����SL[HOV�KLJK��QRU�ZLGHU�WKDQ������SL[HOV�
�KHLJKW�LV�XQOLPLWHG���

$FFHVV� <N 3,&7�3',0
,QSXW�2XWSXW�

6HH�DOVR� 30$;��30,1

PERM
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3HUPXWDWLRQV�)XQFWLRQ��5HWXUQV�WKH�QXPEHU�RI�SRVVLEOH�SHUPXWDWLRQV�RI�Q�LWHPV�WDNHQ�P�DW�D�

WLPH�
7KH�IRUPXOD�XVHG�WR�FDOFXODWH�3Q�P�LV�

7KH�DUJXPHQWV�Q�DQG�P�PXVW�HDFK�EH�OHVV�WKDQ�������,I�Q���P��]HUR�LV�UHWXUQHG�
$FFHVV� < P 352%$%,/,7<�3(50

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�[PLQ��\PLQ� �[PD[��\PD[� →
�QZLGWK �PKHLJKW →

Pn m,
n!

n m–( )!
--------------------=



1-254 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &20%���

PEVAL
7\SH� &RPPDQG
'HVFULSWLRQ� 3RO\QRPLDO�(YDOXDWLRQ�&RPPDQG��(YDOXDWHV�DQ�Q�GHJUHH�SRO\QRPLDO�DW�[�

7KH�DUJXPHQWV�PXVW�EH�DQ�DUUD\�RI�OHQJWK�Q���FRQWDLQLQJ�WKH�SRO\QRPLDO
V�FRHIILFLHQWV�OLVWHG�
IURP�KLJKHVW�RUGHU�WR�ORZHVW��DQG�WKH�YDOXH�[�DW�ZKLFK�WKH�SRO\QRPLDO�LV�WR�EH�HYDOXDWHG�

$FFHVV� N�3(9$/
,QSXW�2XWSXW�

6HH�DOVR� 3&2()��35227

PGDIR
7\SH� &RPPDQG
'HVFULSWLRQ� 3XUJH�'LUHFWRU\�&RPPDQG��3XUJHV�WKH�QDPHG�GLUHFWRU\��ZKHWKHU�HPSW\�RU�QRW��
$FFHVV� <N 0(025<�',5(&725<�3*',5
,QSXW�2XWSXW�

6HH�DOVR� &/9$5��&5',5��+20(��3$7+��385*(��83',5

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

Q P → 3Q�P


V\PEQ
 P → 
3(50�V\PEQ�P�

Q 
V\PEP
 → 
3(50�Q��V\PEP�



V\PEQ
 
V\PEP
 → 
3(50�V\PEQ�V\PEP�


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�DUUD\�@FRHIILFLHQWV [ → S�[�

Level 1/Argument 1 Level 1/Item 1


JOREDO
 →



Command Reference: Part C, G-P (1.1) 1-255*R�WR�,QGH[

PICK
7\SH� 531�FRPPDQG
'HVFULSWLRQ� 3LFN�2EMHFW�&RPPDQG��&RSLHV�WKH�FRQWHQWV�RI�D�VSHFLILHG�VWDFN�OHYHO�WR�OHYHO���
$FFHVV� <N 67$&.�3,&.
,QSXW�2XWSXW�

L = level

6HH�DOVR� '83��'831��'83���29(5��52//��52//'��527��6:$3

PICK3
7\SH� 531�FRPPDQG
'HVFULSWLRQ� 'XSOLFDWHV�WKH�REMHFW�RQ�OHYHO���RI�WKH�VWDFN��
$FFHVV� N�67$&.�3,&.�
,QSXW�2XWSXW�

L = Level; A = Argument; I =Item

6HH�DOVR� 3,&.��29(5��'83

PICT
7\SH� &RPPDQG
'HVFULSWLRQ� 3,&7�&RPPDQG��3XWV�WKH�QDPH�3,&7�RQ�WKH�VWDFN��

3,&7�LV�WKH�QDPH�RI�D�VWRUDJH�ORFDWLRQ�LQ�FDOFXODWRU�PHPRU\�FRQWDLQLQJ�WKH�FXUUHQW�JUDSKLFV�
REMHFW��7KH�FRPPDQG�3,&7�HQDEOHV�DFFHVV�WR�WKH�FRQWHQWV�RI�WKDW�PHPRU\�ORFDWLRQ�DV�LI�LW�
ZHUH�D�YDULDEOH��1RWH��KRZHYHU��WKDW�3,&7�LV�QRW�D�YDULDEOH�DV�GHILQHG�LQ�WKH�+3�����LWV�QDPH�
FDQQRW�EH�TXRWHG��DQG�RQO\�JUDSKLFV�REMHFWV�PD\�EH�VWRUHG�LQ�LW�
,I�D�JUDSKLFV�REMHFW�VPDOOHU�WKDQ�����ZLGH�ï����SL[HOV�KLJK�LV�VWRUHG�LQ�3,&7��LW�LV�HQODUJHG�WR�
����ï�����$�JUDSKLFV�REMHFW�RI�XQOLPLWHG�SL[HO�KHLJKW�DQG�XS�WR������SL[HOV�ZLGH�FDQ�EH�VWRUHG�
LQ�3,&7�

LQ��... L� L� LQ�� L� L�

REMQ���� REM� Q → REMQ���� REM� REML

L�/A� L�/A� L�/A� L�/I� L�/I� L�/I� L�/I�

REM� REM� REM� → REM� REM� REM� REM�



1-256 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

$FFHVV� <N 3,&7�3,&7
,QSXW�2XWSXW�

6HH�DOVR� *25��*;25��1(*��3,&785(��39,(:��5&/��5(3/��6,=(��672��68%

PICTURE
7\SH� &RPPDQG
'HVFULSWLRQ� 3LFWXUH�(QYLURQPHQW�&RPPDQG��6HOHFWV�WKH�3LFWXUH�HQYLURQPHQW��WKDW�LV��VHOHFWV�WKH�JUDSKLFV�

GLVSOD\�DQG�DFWLYDWHV�WKH�JUDSKLFV�FXUVRU�DQG�3LFWXUH�PHQX��
:KHQ�H[HFXWHG�IURP�D�SURJUDP��3,&785(�VXVSHQGV�SURJUDP�H[HFXWLRQ�XQWLO���LV�
SUHVVHG�

$FFHVV� N�3,&785(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� 3,&785(��39,(:��7(;7

PINIT
7\SH� &RPPDQG
'HVFULSWLRQ� 3RUW�,QLWLDOL]H�&RPPDQG��,QLWLDOL]HV�DOO�FXUUHQWO\�DFWLYH�SRUWV��,W�PD\�DIIHFW�GDWD�DOUHDG\�VWRUHG�

LQ�D�SRUW�
$FFHVV� N�3,1,7
,QSXW� 1RQH
2XWSXW� 1RQH

Level 1/Argument 1 Level 1/Item 1

→ 3,&7



Command Reference: Part C, G-P (1.1) 1-257*R�WR�,QGH[

PIX?
7\SH� &RPPDQG
'HVFULSWLRQ� 3L[HO�2Q"�&RPPDQG��7HVWV�ZKHWKHU�WKH�VSHFLILHG�SL[HO�LQ�3,&7�LV�RQ��UHWXUQV����WUXH��LI�WKH�

SL[HO�LV�RQ��DQG����IDOVH��LI�WKH�SL[HO�LV�RII��
$FFHVV� <N 3,&7�3,;"
,QSXW�2XWSXW�

6HH�DOVR� 3,;21��3,;2))

PIXOFF
7\SH� &RPPDQG
'HVFULSWLRQ� 3L[HO�2II�&RPPDQG��7XUQV�RII�WKH�SL[HO�DW�WKH�VSHFLILHG�FRRUGLQDWH�LQ�3,&7�
$FFHVV� <N 3,&7�3,;2))
,QSXW�2XWSXW�

6HH�DOVR� 3,;21��3,;"

Level 1/Argument 1 Level 1/Item 1

�[�\� → ���
^��Q��P�` → ���

Level 1/Argument 1 Level 1/Item 1

�[�\� →
^��Q��P�` →



1-258 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

PIXON
7\SH� &RPPDQG
'HVFULSWLRQ� 3L[HO�2Q�&RPPDQG��7XUQV�RQ�WKH�SL[HO�DW�WKH�VSHFLILHG�FRRUGLQDWH�LQ�3,&7�
$FFHVV� <N 3,&7�3,;21
,QSXW�2XWSXW�

6HH�DOVR� 3,;2))��3,;"

PKT
7\SH� &RPPDQG
'HVFULSWLRQ� 3DFNHW�&RPPDQG��8VHG�WR�VHQG�FRPPDQG�́ SDFNHWVµ��DQG�UHFHLYH�UHTXHVWHG�GDWD��WR�D�.HUPLW�

VHUYHU�
7R�VHQG�+3����REMHFWV��XVH�6(1'�
3.7�DOORZV�DGGLWLRQDO�FRPPDQGV�WR�EH�VHQW�WR�D�.HUPLW�VHUYHU��
7KH�SDFNHW�GDWD��SDFNHW�W\SH��DQG�WKH�UHVSRQVH�WR�WKH�SDFNHW�WUDQVPLVVLRQ�DUH�DOO�LQ�VWULQJ�
IRUP��3.7�ILUVW�GRHV�DQ�,��LQLWLDOL]DWLRQ��SDFNHW�H[FKDQJH�ZLWK�WKH�.HUPLW�VHUYHU��WKHQ�VHQGV�
WKH�VHUYHU�D�SDFNHW�FRQVWUXFWHG�IURP�WKH�GDWD�DQG�SDFNHW�W\SH�DUJXPHQWV�VXSSOLHG�WR�3.7��
7KH�UHVSRQVH�WR�3.7�ZLOO�EH�HLWKHU�DQ�DFNQRZOHGJLQJ�VWULQJ��SRVVLEO\�EODQN��RU�DQ�HUURU�
SDFNHW��VHH�.(550��
)RU�WKH�W\SH�DUJXPHQW��RQO\�WKH�ILUVW�OHWWHU�LV�VLJQLILFDQW�

$FFHVV� N�3.7
,QSXW�2XWSXW�

6HH�DOVR� &/26(,2��.(550��6(59(5

Level 1/Argument 1 Level 1/Item 1

�[�\� →
^��Q��P�` →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

´GDWDµ ´W\SHµ → ´UHVSRQVHµ



Command Reference: Part C, G-P (1.1) 1-259*R�WR�,QGH[

PLOTADD
7\SH� )XQFWLRQ

'HVFULSWLRQ�� $GGV�D�IXQFWLRQ�WR�WKH�H[LVWLQJ�SORW�IXQFWLRQ�OLVW��DQG�RSHQV�WKH�3ORW�6HWXS�VFUHHQ�

$FFHVV� &DWDORJ��N
,QSXW�2XWSXW�

PMAX
7\SH� &RPPDQG
'HVFULSWLRQ� 3,&7�0D[LPXP�&RPPDQG��6SHFLILHV��[��\��DV�WKH�FRRUGLQDWHV�DW�WKH�XSSHU�ULJKW�FRUQHU�RI�WKH�

GLVSOD\�
7KH�FRPSOH[�QXPEHU��[��\��LV�VWRUHG�DV�WKH�VHFRQG�HOHPHQW�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�

$FFHVV� N�30$;
,QSXW�2XWSXW�

6HH�DOVR� 3',0��30,1��;51*��<51*

PMIN
7\SH� &RPPDQG
'HVFULSWLRQ� 3,&7�0LQLPXP�&RPPDQG��6SHFLILHV��[��\��DV�WKH�FRRUGLQDWHV�DW�WKH�ORZHU�OHIW�FRUQHU�RI�WKH�

GLVSOD\�
7KH�FRPSOH[�QXPEHU��[��\��LV�VWRUHG�DV�WKH�ILUVW�HOHPHQW�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�

$FFHVV� N�30,1
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

�V\PE� →

Level 1/Argument 1 Level 1/Item 1

�[�\� →

Level 1/Argument 1 Level 1/Item 1

�[�\� →



1-260 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

6HH�DOVR� 3',0��30$;��;51*��<51*

POLAR
7\SH� &RPPDQG
'HVFULSWLRQ� 3RODU�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�32/$5�

:KHQ�WKH�SORW�W\SH�LV�32/$5��WKH�'5$:�FRPPDQG�SORWV�WKH�FXUUHQW�HTXDWLRQ�LQ�SRODU�
FRRUGLQDWHV��ZKHUH�WKH�LQGHSHQGHQW�YDULDEOH�LV�WKH�SRODU�DQJOH�DQG�WKH�GHSHQGHQW�YDULDEOH�LV�
WKH�UDGLXV��7KH�FXUUHQW�HTXDWLRQ�LV�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�(4�
7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�

^��[PLQ��\PLQ���[PD[��\PD[��LQGHS�UHV�D[HV�SW\SH�GHSHQG�`

)RU�SORW�W\SH�32/$5��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�OLVW�FRQWDLQLQJ�VXFK�D�QDPH�DQG�
WZR�QXPEHUV�VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOH�
�WKH�SORWWLQJ�UDQJH���7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�YDOXHV�RI�WKH�
LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���GHJUHHV����
JUDGV��RU�π����UDGLDQV�

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�32/$5�
SODFHV�WKH�QDPH�32/$5�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�D�ODEHO�IRU�WKH�YHUWLFDO�D[LV��7KH�GHIDXOW�YDOXH�LV�<�
7KH�FXUUHQW�HTXDWLRQ�LV�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�YDULDEOH�VSHFLILHG�LQ�LQGHS��7KH�PLQLPXP�
DQG�PD[LPXP�YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��WKH�SORWWLQJ�UDQJH��FDQ�EH�VSHFLILHG�LQ�LQGHS��
RWKHUZLVH��WKH�GHIDXOW�PLQLPXP�YDOXH�LV���DQG�WKH�GHIDXOW�PD[LPXP�YDOXH�FRUUHVSRQGV�WR�RQH�



Command Reference: Part C, G-P (1.1) 1-261*R�WR�,QGH[

IXOO�FLUFOH�LQ�WKH�FXUUHQW�DQJOH�PRGH������GHJUHHV������JUDGV��RU��π�UDGLDQV���/LQHV�DUH�GUDZQ�
EHWZHHQ�SORWWHG�SRLQWV�XQOHVV�IODJ�²���LV�VHW�
,I�IODJ�²���LV�VHW��DOO�HTXDWLRQV�DUH�SORWWHG�VLPXOWDQHRXVO\�
,I�(4�FRQWDLQV�DQ�H[SUHVVLRQ�RU�SURJUDP��WKH�H[SUHVVLRQ�RU�SURJUDP�LV�HYDOXDWHG�LQ�
1XPHULFDO�5HVXOWV�PRGH�IRU�HDFK�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�WR�JLYH�WKH�YDOXHV�RI�WKH�
GHSHQGHQW�YDULDEOH��,I�(4�FRQWDLQV�DQ�HTXDWLRQ��WKH�SORWWLQJ�DFWLRQ�GHSHQGV�RQ�WKH�IRUP�RI�
WKH�HTXDWLRQ�

$FFHVV� N�32/$5
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��6&$77(5��6/23(),(/'��7587+��:,5()5$0(��
<6/,&(

Form of Current Equation Plotting Action

H[SU� �H[SU (DFK�H[SUHVVLRQ�LV�SORWWHG�VHSDUDWHO\�
7KH�LQWHUVHFWLRQ�RI�WKH�WZR�JUDSKV�VKRZV�

ZKHUH�WKH�H[SUHVVLRQV�DUH�HTXDO

QDPH� �H[SU 2QO\�WKH�H[SUHVVLRQ�LV�SORWWHG



1-262 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

POS
7\SH� &RPPDQG
'HVFULSWLRQ� 3RVLWLRQ�&RPPDQG��5HWXUQV�WKH�SRVLWLRQ�RI�D�VXEVWULQJ�ZLWKLQ�D�VWULQJ�RU�WKH�SRVLWLRQ�RI�DQ�

REMHFW�ZLWKLQ�D�OLVW�
,I�WKHUH�LV�QR�PDWFK�IRU�REM�RU�VXEVWULQJ��326�UHWXUQV�]HUR�

$FFHVV� <N &+$56�326
,QSXW�2XWSXW�

6HH�DOVR� &+5��180��5(3/��6,=(��68%

PR1
7\SH� &RPPDQG
'HVFULSWLRQ� 3ULQW�/HYHO���&RPPDQG��3ULQWV�DQ�REMHFW�LQ�PXOWLOLQH�SULQWHU�IRUPDW�

$OO�REMHFWV�H[FHSW�VWULQJV�DUH�SULQWHG�ZLWK�WKHLU�LGHQWLI\LQJ�GHOLPLWHUV��6WULQJV�DUH�SULQWHG�
ZLWKRXW�WKH�OHDGLQJ�DQG�WUDLOLQJ���GHOLPLWHUV�
0XOWLOLQH�SULQWHU�IRUPDW�LV�VLPLODU�WR�PXOWLOLQH�GLVSOD\�IRUPDW��ZLWK�WKH�IROORZLQJ�H[FHSWLRQV�
� 6WULQJV�DQG�QDPHV�WKDW�DUH�PRUH�WKDQ����FKDUDFWHUV�ORQJ�DUH�FRQWLQXHG�RQ�WKH�QH[W�SULQWHU�
OLQH�

� 7KH�UHDO�DQG�LPDJLQDU\�SDUWV�RI�FRPSOH[�QXPEHUV�DUH�SULQWHG�RQ�VHSDUDWH�OLQHV�LI�WKH\�
GRQ
W�ILW�RQ�WKH�VDPH�OLQH�

� *UREV�DUH�SULQWHG�JUDSKLFDOO\�
� $UUD\V�DUH�SULQWHG�ZLWK�D�QXPEHUHG�KHDGLQJ�IRU�HDFK�URZ�DQG�ZLWK�D�FROXPQ�QXPEHU�
EHIRUH�HDFK�HOHPHQW��

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

´VWULQJµ ´VXEVWULQJµ → Q
^�OLVW�` REM → Q



Command Reference: Part C, G-P (1.1) 1-263*R�WR�,QGH[

)RU�H[DPSOH��WKH���á���DUUD\�

ZRXOG�EH�SULQWHG�DV�IROORZV�

$UUD\������

5RZ��

�@��

�@��

�@��

5RZ��

�@��

�@��

�@��

$FFHVV� N�35�
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &5��'(/$<��2/'357��35/&'��3567��3567&��359$5

PREDV
7\SH� &RPPDQG
'HVFULSWLRQ� 3UHGLFWHG�\�9DOXH�&RPPDQG��5HWXUQV�WKH�SUHGLFWHG�GHSHQGHQW�YDULDEOH�YDOXH�\GHSHQGHQW��

EDVHG�RQ�WKH�LQGHSHQGHQW�YDULDEOH�YDOXH�[LQGHSHQGHQW��WKH�FXUUHQWO\�VHOHFWHG�VWDWLVWLFDO�PRGHO��
DQG�WKH�FXUUHQW�UHJUHVVLRQ�FRHIILFLHQWV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5�
35('9�LV�WKH�VDPH�DV�35('<��6HH�35('<�

$FFHVV� N�35('9
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

[LQGHSHQGHQW → \GHSHQGHQW

1 2 3

4 5 6



1-264 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

PREDX
7\SH� &RPPDQG
'HVFULSWLRQ� 3UHGLFWHG�[�9DOXH�&RPPDQG��5HWXUQV�WKH�SUHGLFWHG�LQGHSHQGHQW�YDULDEOH�YDOXH�[LQGHSHQGHQW��

EDVHG�RQ�WKH�GHSHQGHQW�YDULDEOH�YDOXH�\GHSHQGHQW��WKH�FXUUHQWO\�VHOHFWHG�VWDWLVWLFDO�PRGHO��DQG�
WKH�FXUUHQW�UHJUHVVLRQ�FRHIILFLHQWV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5�
7KH�YDOXH�LV�SUHGLFWHG�XVLQJ�WKH�UHJUHVVLRQ�FRHIILFLHQWV�PRVW�UHFHQWO\�FRPSXWHG�ZLWK�/5�DQG�
VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��)RU�WKH�OLQHDU�VWDWLVWLFDO�PRGHO��WKH�HTXDWLRQ�XVHG�LV�WKLV�

\GHSHQGHQW� ��P[LQGHSHQGHQW����E

ZKHUH�P�LV�WKH�VORSH��WKH�WKLUG�HOHPHQW�LQ�Σ3$5��DQG�E�LV�WKH�LQWHUFHSW��WKH�IRXUWK�HOHPHQW�LQ�
Σ3$5��
)RU�WKH�RWKHU�VWDWLVWLFDO�PRGHOV��WKH�HTXDWLRQV�XVHG�E\�35(';�DUH�OLVWHG�LQ�WKH�/5�HQWU\�
,I�35(';�LV�H[HFXWHG�ZLWKRXW�KDYLQJ�SUHYLRXVO\�JHQHUDWHG�UHJUHVVLRQ�FRHIILFLHQWV�LQ�Σ3$5��
D�GHIDXOW�YDOXH�RI�]HUR�LV�XVHG�IRU�ERWK�UHJUHVVLRQ�FRHIILFLHQWV��DQG�DQ�HUURU�UHVXOWV�

$FFHVV� N�35(';
,QSXW�2XWSXW�

6HH�DOVR� &2/Σ��&255��&29��(;3),7��Σ/,1(��/,1),7��/2*),7��/5��35('<��3:5),7��
;&2/��<&2/

PREDY
7\SH� &RPPDQG
'HVFULSWLRQ� 3UHGLFWHG�\�9DOXH�&RPPDQG��5HWXUQV�WKH�SUHGLFWHG�GHSHQGHQW�YDULDEOH�YDOXH�\GHSHQGHQW��

EDVHG�RQ�WKH�LQGHSHQGHQW�YDULDEOH�YDOXH�[LQGHSHQGHQW��WKH�FXUUHQWO\�VHOHFWHG�VWDWLVWLFDO�PRGHO��
DQG�WKH�FXUUHQW�UHJUHVVLRQ�FRHIILFLHQWV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5�
7KH�YDOXH�LV�SUHGLFWHG�XVLQJ�WKH�UHJUHVVLRQ�FRHIILFLHQWV�PRVW�UHFHQWO\�FRPSXWHG�ZLWK�/5�DQG�
VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��)RU�WKH�OLQHDU�VWDWLVWLFDO�PRGHO��WKH�HTXDWLRQ�XVHG�LV�WKLV�

\GHSHQGHQW� ��P[LQGHSHQGHQW����E

ZKHUH�P�LV�WKH�VORSH��WKH�WKLUG�HOHPHQW�LQ�Σ3$5��DQG�E�LV�WKH�LQWHUFHSW��WKH�IRXUWK�HOHPHQW�LQ�
Σ3$5��
)RU�WKH�RWKHU�VWDWLVWLFDO�PRGHOV��WKH�HTXDWLRQV�XVHG�E\�35('<�DUH�OLVWHG�LQ�WKH�/5�HQWU\�

Level 1/Argument 1 Level 1/Item 1

\GHSHQGHQW → [LQGHSHQGHQW



Command Reference: Part C, G-P (1.1) 1-265*R�WR�,QGH[

,I�35('<�LV�H[HFXWHG�ZLWKRXW�KDYLQJ�SUHYLRXVO\�JHQHUDWHG�UHJUHVVLRQ�FRHIILFLHQWV�LQ�Σ3$5��
D�GHIDXOW�YDOXH�RI�]HUR�LV�XVHG�IRU�ERWK�UHJUHVVLRQ�FRHIILFLHQWV²LQ�WKLV�FDVH�35('<�ZLOO�UHWXUQ�
��IRU�VWDWLVWLFDO�PRGHOV�/,1),7�DQG�/2*),7��DQG�HUURU�IRU�VWDWLVWLFDO�PRGHOV�(;3),7�DQG�
3:5),7�

$FFHVV� N�35('<
,QSXW�2XWSXW�

6HH�DOVR� &2/Σ��&255��&29��(;3),7��Σ/,1(��/,1),7��/2*),7��/5��35(';��3:5),7��
;&2/��<&2/

PRLCD
7\SH� &RPPDQG
'HVFULSWLRQ� 3ULQW�/&'�&RPPDQG��3ULQWV�D�SL[HO�E\�SL[HO�LPDJH�RI�WKH�FXUUHQW�GLVSOD\��H[FOXGLQJ�WKH�

DQQXQFLDWRUV��
7KH�ZLGWK�RI�WKH�SULQWHG�LPDJH�RI�FKDUDFWHUV�LQ�WKH�GLVSOD\�LV�QDUURZHU�XVLQJ�35/&'�WKDQ�
XVLQJ�D�SULQW�FRPPDQG�VXFK�DV�35���7KH�GLIIHUHQFH�UHVXOWV�IURP�WKH�VSDFLQJ�EHWZHHQ�
FKDUDFWHUV��2Q�WKH�GLVSOD\�WKHUH�LV�D�VLQJOH�EODQN�FROXPQ�EHWZHHQ�FKDUDFWHUV��DQG�35/&'�
SULQWV�WKLV�VSDFLQJ��3ULQW�FRPPDQGV�VXFK�DV�35��SULQW�WZR�EODQN�FROXPQV�EHWZHHQ�DGMDFHQW�
FKDUDFWHUV�

$FFHVV� N�35/&'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &5��'(/$<��2/'357��3567��3567&��359$5��35�

PROMPT
7\SH� &RPPDQG
'HVFULSWLRQ� 3URPSW�&RPPDQG��'LVSOD\V�WKH�FRQWHQWV�RI�´SURPSWµ�LQ�WKH�VWDWXV�DUHD��DQG�KDOWV�SURJUDP�

H[HFXWLRQ�
$FFHVV� <N ,1�352037

Level 1/Argument 1 Level 1/Item 1

[LQGHSHQGHQW → \GHSHQGHQW



1-266 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &217��',63��)5((=(��+$/7��,1)250��,1387��06*%2;

PROMPTSTO
7\SH� &RPPDQG
'HVFULSWLRQ� 3URPSW�&RPPDQG��&UHDWHV�D�YDULDEOH�ZLWK�WKH�QDPH�VXSSOLHG�DV�DQ�DUJXPHQW��SURPSWV�IRU�D�

YDOXH��DQG�VWRUHV�WKH�YDOXH�\RX�HQWHU�LQ�WKH�YDULDEOH�
$FFHVV� N

,QSXW�2XWSXW�

6HH�DOVR� 35207��672

PROOT
7\SH� &RPPDQG
'HVFULSWLRQ� 3RO\QRPLDO�5RRWV�&RPPDQG��5HWXUQV�DOO�URRWV�RI�DQ�Q�GHJUHH�SRO\QRPLDO�KDYLQJ�UHDO�RU�

FRPSOH[�FRHIILFLHQWV�
)RU�DQ�QWK�RUGHU�SRO\QRPLDO��WKH�DUJXPHQW�PXVW�EH�D�UHDO�RU�FRPSOH[�DUUD\�RI�OHQJWK�Q���
FRQWDLQLQJ�WKH�FRHIILFLHQWV�OLVWHG�IURP�KLJKHVW�RUGHU�WR�ORZHVW��7KH�UHVXOW�LV�D�UHDO�RU�FRPSOH[�
YHFWRU�RI�OHQJWK�Q�FRQWDLQLQJ�WKH�FRPSXWHG�URRWV�
35227�LQWHUSUHWV�OHDGLQJ�FRHIILFLHQWV�RI�]HUR�LQ�D�OLPLWLQJ�VHQVH��$V�D�OHDGLQJ�FRHIILFLHQW�
DSSURDFKHV�]HUR��D�URRW�RI�WKH�SRO\QRPLDO�DSSURDFKHV�LQILQLW\��WKHUHIRUH��LI�IODJ�²���LV�FOHDU�
�WKH�GHIDXOW���35227�UHSRUWV�DQ�,QILQLWH�5HVXOW�HUURU�LI�D�OHDGLQJ�FRHIILFLHQW�LV�]HUR��,I�IODJ�²
���LV�VHW��35227�UHWXUQV�D�URRW�RI��0$;5($/����IRU�HDFK�OHDGLQJ�]HUR�LQ�DQ�DUUD\�
FRQWDLQLQJ�UHDO�FRHIILFLHQWV��DQG�D�URRW�RI��0$;5($/�0$;5($/��IRU�HDFK�OHDGLQJ�]HUR�LQ�
DQ�DUUD\�FRQWDLQLQJ�FRPSOH[�FRHIILFLHQWV�

$FFHVV� < !�32/<120,$/�35227

Level 1/Argument 1 Level 1/Item 1

´SURPSWµ →

Level 1/Argument 1 Level 1/Item 1

´JOREDOµ →



Command Reference: Part C, G-P (1.1) 1-267*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 3&2()��3(9$/

PRST
7\SH� &RPPDQG
'HVFULSWLRQ� 3ULQW�6WDFN�&RPPDQG��3ULQWV�DOO�REMHFWV�LQ�WKH�VWDFN��VWDUWLQJ�ZLWK�WKH�REMHFW�RQ�WKH�KLJKHVW�

OHYHO�
2EMHFWV�DUH�SULQWHG�LQ�PXOWLOLQH�SULQWHU�IRUPDW��6HH�WKH�35��HQWU\�IRU�D�GHVFULSWLRQ�RI�
PXOWLOLQH�SULQWHU�IRUPDW�

$FFHVV� N�3567
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &5��'(/$<��2/'357��35/&'��3567&��359$5��35�

PRSTC
7\SH� &RPPDQG
'HVFULSWLRQ� 3ULQW�6WDFN��&RPSDFW��&RPPDQG��3ULQWV�LQ�FRPSDFW�IRUP�DOO�REMHFWV�LQ�WKH�VWDFN��VWDUWLQJ�

ZLWK�WKH�REMHFW�RQ�WKH�KLJKHVW�OHYHO�
&RPSDFW�SULQWHU�IRUPDW�LV�WKH�VDPH�DV�FRPSDFW�GLVSOD\�IRUPDW��0XOWLOLQH�REMHFWV�DUH�WUXQFDWHG�
DQG�DSSHDU�RQ�RQH�OLQH�RQO\��

$FFHVV� N�3567&
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &5��'(/$<��2/'357��35/&'��3567��359$5��35�

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@FRHIILFLHQWV → >�DUUD\�@URRWV



1-268 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

PRVAR
7\SH� &RPPDQG
'HVFULSWLRQ� 3ULQW�9DULDEOH�&RPPDQG��6HDUFKHV�WKH�FXUUHQW�GLUHFWRU\�SDWK�RU�SRUW�IRU�WKH�VSHFLILHG�

YDULDEOHV�DQG�SULQWV�WKH�QDPH�DQG�FRQWHQWV�RI�HDFK�YDULDEOH�
2EMHFWV�DUH�SULQWHG�LQ�PXOWLOLQH�SULQWHU�IRUPDW��6HH�WKH�35��HQWU\�IRU�D�GHVFULSWLRQ�RI�
PXOWLOLQH�SULQWHU�IRUPDW�

$FFHVV� N�359$5
,QSXW�2XWSXW�

6HH�DOVR� &5��'(/$<��2/'357��35���35/&'��3567��3567&

PSDEV
7\SH� &RPPDQG
'HVFULSWLRQ� 3RSXODWLRQ�6WDQGDUG�'HYLDWLRQ�&RPPDQG��&DOFXODWHV�WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQ�RI�

HDFK�RI�WKH�P�FROXPQV�RI�FRRUGLQDWH�YDOXHV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�
Σ'$7��
36'(9�UHWXUQV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�D�VLQJOH�UHDO�QXPEHU�LI�P� ����7KH�SRSXODWLRQ�
VWDQGDUG�GHYLDWLRQ�LV�FRPSXWHG�XVLQJ�WKLV�IRUPXOD�

ZKHUH�[N�LV�WKH�NWK�FRRUGLQDWH�YDOXH�LQ�D�FROXPQ�� �LV�WKH�PHDQ�RI�WKH�GDWD�LQ�WKLV�FROXPQ��
DQG�Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�36'(9
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
^�QDPH��QDPH������` →
�QSRUW���
JOREDO
 →

Level 1/Argument 1 Level 1/Item 1

→ [SVGHY
→ >�[SVGHY��[SVGHY������[SVGHYP�`

1
n
--- xk x–( )

2

k 1=

n

∑
x



Command Reference: Part C, G-P (1.1) 1-269*R�WR�,QGH[

6HH�DOVR� 0($1��3&29��39$5��6'(9��727��9$5

PURGE
7\SH� &RPPDQG
'HVFULSWLRQ� 3XUJH�&RPPDQG��3XUJHV�WKH�QDPHG�YDULDEOHV�RU�HPSW\�VXEGLUHFWRULHV�IURP�WKH�FXUUHQW�

GLUHFWRU\�
385*(�H[HFXWHG�LQ�D�SURJUDP�GRHV�QRW�VDYH�LWV�DUJXPHQW�IRU�UHFRYHU\�E\�/$67$5*�
7R�HPSW\�D�QDPHG�GLUHFWRU\�EHIRUH�SXUJLQJ�LW��XVH�3*',5�
7R�KHOS�SUHSDUH�D�OLVW�RI�YDULDEOHV�IRU�SXUJLQJ��XVH�9$56�
3XUJLQJ�3,&7�UHSODFHV�WKH�FXUUHQW�JUDSKLFV�REMHFW�ZLWK�D���ï���JUDSKLFV�REMHFW�
,I�D�OLVW�RI�REMHFWV��ZLWK�JOREDO�QDPHV��EDFNXS�REMHFWV��OLEUDU\�REMHFWV��RU�3,&7��IRU�SXUJLQJ�
FRQWDLQV�DQ�LQYDOLG�REMHFW��WKHQ�WKH�REMHFWV�SUHFHGLQJ�WKH�LQYDOLG�REMHFW�DUH�SXUJHG��DQG�WKH�
HUURU�%DG�$UJXPHQW�7\SH�RFFXUV�
7R�SXUJH�D�OLEUDU\�RU�EDFNXS�REMHFW��WDJ�WKH�OLEUDU\�QXPEHU�RU�EDFNXS�QDPH�ZLWK�WKH�
DSSURSULDWH�SRUW�QXPEHU���QSRUW���ZKLFK�PXVW�EH�LQ�WKH�UDQJH�IURP���WR����)RU�D�EDFNXS�REMHFW��
WKH�SRUW�QXPEHU�FDQ�EH�UHSODFHG�ZLWK�WKH�ZLOGFDUG�FKDUDFWHU�	��LQ�ZKLFK�FDVH�WKH�+3����ZLOO�
VHDUFK�SRUWV���WKURXJK����DQG�WKHQ�PDLQ�PHPRU\�IRU�WKH�QDPHG�EDFNXS�REMHFW�
$�OLEUDU\�REMHFW�PXVW�EH�GHWDFKHG�EHIRUH�LW�FDQ�EH�SXUJHG�IURP�WKH�+20(�GLUHFWRU\�
1HLWKHU�D�OLEUDU\�REMHFW�QRU�D�EDFNXS�REMHFW�FDQ�EH�SXUJHG�LI�LW�LV�FXUUHQWO\�´UHIHUHQFHGµ�
LQWHUQDOO\�E\�VWDFN�SRLQWHUV��VXFK�DV�DQ�REMHFW�RQ�WKH�VWDFN��LQ�D�ORFDO�YDULDEOH��RQ�WKH�/$67�
VWDFN��RU�RQ�DQ�LQWHUQDO�UHWXUQ�VWDFN���7KLV�SURGXFHV�WKH�HUURU�2EMHFW�LQ�8VH��7R�DYRLG�WKHVH�
UHVWULFWLRQV��XVH�1(:2%�EHIRUH�SXUJLQJ���6HH�1(:2%��

$FFHVV� <N 0(025<�385*(
,QSXW�2XWSXW�

6HH�DOVR� &/($5��&/9$5��1(:2%��3*',5

Level 1/Argument 1 Level 1/Item 1


JOREDO
 →
^�JOREDO������JOREDOQ�` →

3,&7 →
�QSRUW��QDPHEDFNXS →
�QSRUW��QOLEUDU\ →



1-270 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

PUT
7\SH� &RPPDQG
'HVFULSWLRQ� 3XW�(OHPHQW�&RPPDQG��5HSODFHV�WKH�REMHFW�DW�D�VSHFLILHG�SRVLWLRQ��VHFRQG�LQSXW��LQ�D�

VSHFLILHG�DUUD\�RU�OLVW��ILUVW�LQSXW��ZLWK�D�VSHFLIHG�REMHFW��WKLUG�LQSXW���,I�WKH�DUUD\�RU�OLVW�LV�
XQQDPHG��UHWXUQV�WKH�QHZ�DUUD\�RU�OLVW�
)RU�PDWULFHV��QSRVLWLRQ�FRXQWV�LQ�URZ�RUGHU�
$FFHVV�<N /,67�(/(0(176�387

,QSXW�2XWSXW�

6HH�DOVR� *(7��*(7,��387,

PUTI
7\SH� &RPPDQG
'HVFULSWLRQ� 3XW�DQG�,QFUHPHQW�,QGH[�&RPPDQG��5HSODFHV�WKH�REMHFW�DW�D�VSHFLILHG�SRVLWLRQ��VHFRQG�

LQSXW��LQ�D�VSHFLILHG�DUUD\�RU�OLVW��ILUVW�LQSXW��ZLWK�D�VSHFLIHG�REMHFW��WKLUG�LQSXW���UHWXUQLQJ�D�
QHZ�DUUD\�RU�OLVW�WRJHWKHU�ZLWK�WKH�QH[W�SRVLWLRQ�LQ�WKH�DUUD\�RU�OLVW�
)RU�PDWULFHV��WKH�SRVLWLRQ�LV�LQFUHPHQWHG�LQ�URZ�RUGHU�
8QOLNH�387��387,�UHWXUQV�D�QDPHG�DUUD\�RU�OLVW��7KLV�HQDEOHV�D�VXEVHTXHQW�H[HFXWLRQ�RI�
387,�DW�WKH�QH[W�SRVLWLRQ�RI�D�QDPHG�DUUD\�RU�OLVW�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� QSRVLWLRQ ]SXW → >>�PDWUL[�@@�
>>�PDWUL[�@@� ^�QURZ�PFRO�` ]SXW → >>�PDWUL[�@@�

QDPHPDWUL[
 QSRVLWLRQ ]SXW →

QDPHPDWUL[
 ^�QURZ�PFRO�` ]SXW →
>�YHFWRU�@� QSRVLWLRQ ]SXW → >�YHFWRU�@�
>�YHFWRU�@� ^�QSRVLWLRQ�` ]SXW → >�YHFWRU�@�

QDPHYHFWRU
 QSRVLWLRQ ]SXW →

QDPHYHFWRU
 ^�QSRVLWLRQ�` ]SXW →
^�OLVW�`�� QSRVLWLRQ REMSXW → ^�OLVW�`�
^�OLVW�`� ^�QSRVLWLRQ�` REMSXW → ^�OLVW�`�

QDPHOLVW
 QSRVLWLRQ REMSXW →

QDPHOLVW
 ^�QSRVLWLRQ�` REMSXW →



Command Reference: Part C, G-P (1.1) 1-271*R�WR�,QGH[

$FFHVV� <N /,67�(/(0(176�387,
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� *(7��*(7,��387

PVAR
7\SH� &RPPDQG
'HVFULSWLRQ� 3RSXODWLRQ�9DULDQFH�&RPPDQG��&DOFXODWHV�WKH�SRSXODWLRQ�YDULDQFH�RI�WKH�FRRUGLQDWH�YDOXHV�

LQ�HDFK�RI�WKH�P�FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��Σ'$7��
7KH�SRSXODWLRQ�YDULDQFH��HTXDO�WR�WKH�VTXDUH�RI�WKH�SRSXODWLRQ�VWDQGDUG�GHYLDWLRQ��LV�UHWXUQHG�
DV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P� ����7KH�SRSXODWLRQ�YDULDQFHV�
DUH�FRPSXWHG�XVLQJ�WKLV�IRUPXOD�

ZKHUH�[N�LV�WKH�NWK�FRRUGLQDWH�YDOXH�LQ�D�FROXPQ�� LV�WKH�PHDQ�RI�WKH�GDWD�LQ�WKLV�FROXPQ��DQG�
Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�39$5

L�/A� L�/A� L�/A� L�/I� L�/I�

>>�PDWUL[�@@� QSRVLWLRQ� ]SXW → >>�PDWUL[�@@� QSRVLWLRQ�
>>�PDWUL[�@@� ^�QURZ�PFRO�`� ]SXW → >>�PDWUL[�@@� ^�QURZ�PFRO�`�

QDPHPDWUL[
 QSRVLWLRQ� ]SXW → 
QDPHPDWUL[
 QSRVLWLRQ�

QDPHPDWUL[
 ^�QURZ�PFRO�`� ]SXW → 
QDPHPDWUL[
 ^�QURZ�PFRO�`�
>�YHFWRU�@� QSRVLWLRQ� ]SXW → >�YHFWRU�@� QSRVLWLRQ�
>�YHFWRU�@� ^�QSRVLWLRQ��` ]SXW → >�YHFWRU�@� ^�QSRVLWLRQ��`

QDPHYHFWRU
 QSRVLWLRQ� ]SXW → 
QDPHYHFWRU
 QSRVLWLRQ�

QDPHYHFWRU
 ^�QSRVLWLRQ��` ]SXW → 
QDPHYHFWRU
 ^�QSRVLWLRQ��`
^�OLVW�`� QSRVLWLRQ� REMSXW → ^�OLVW�`� QSRVLWLRQ�
^�OLVW�`� ^�QSRVLWLRQ��` REMSXW → ^�OLVW�`� ^�QSRVLWLRQ��`

QDPHOLVW
 QSRVLWLRQ� REMSXW → 
QDPHOLVW
 QSRVLWLRQ�

QDPHOLVW
 ^�QSRVLWLRQ��` REMSXW → 
QDPHOLVW
 ^�QSRVLWLRQ��`

1
n
--- xk x–( )

2

k 1=

n

∑
x



1-272 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 0($1��3&29��36'(9��6'(9��9$5

PVARS
7\SH� &RPPDQG
'HVFULSWLRQ� 3RUW�9DULDEOHV�&RPPDQG��5HWXUQV�D�OLVW�RI�WKH�EDFNXS�REMHFWV���QSRUW�QDPH��DQG�WKH�OLEUDU\�

REMHFWV���QSRUW�QOLEUDU\��LQ�WKH�VSHFLILHG�SRUW��$OVR�UHWXUQV�WKH�DYDLODEOH�PHPRU\�VL]H��5$0��RU�
WKH�PHPRU\�W\SH�
7KH�SRUW�QXPEHU��QSRUW��PXVW�EH�LQ�WKH�UDQJH�IURP���WR���
,I�QSRUW� ����WKHQ�PHPRU\�LV�E\WHV�RI�DYDLODEOH�PDLQ�5$0��RWKHUZLVH�PHPRU\�LV�E\WHV�RI�DYDLODEOH�
5$0�LQ�WKH�VSHFLILHG�SRUW�

$FFHVV� N�39$56

,QSXW�2XWSXW�

6HH�DOVR� 39$56��9$56

PVIEW
7\SH� &RPPDQG
'HVFULSWLRQ� 3,&7�9LHZ�&RPPDQG��'LVSOD\V�3,&7�ZLWK�WKH�VSHFLILHG�FRRUGLQDWH�DW�WKH�XSSHU�OHIW�FRUQHU�

RI�WKH�JUDSKLFV�GLVSOD\�
3,&7�PXVW�ILOO�WKH�HQWLUH�GLVSOD\�RQ�H[HFXWLRQ�RI�39,(:��7KXV��LI�D�SRVLWLRQ�RWKHU�WKDQ�WKH�
XSSHU�OHIW�FRUQHU�RI�3,&7�LV�VSHFLILHG��3,&7�PXVW�EH�ODUJH�HQRXJK�WR�ILOO�D�UHFWDQJOH�WKDW�
H[WHQGV�����SL[HOV�WR�WKH�ULJKW�DQG����SL[HOV�GRZQ�
,I�39,(:�LV�H[HFXWHG�IURP�D�SURJUDP�ZLWK�D�FRRUGLQDWH�DUJXPHQW��YHUVXV�DQ�HPSW\�OLVW���WKH�
JUDSKLFV�GLVSOD\�SHUVLVWV�RQO\�XQWLO�WKH�NH\ERDUG�LV�UHDG\�IRU�LQSXW��IRU�H[DPSOH��XQWLO�WKH�HQG�

Level 1/Argument 1 Level 1/Item 1

→ [SYDULDQFH
→ >�[SYDULDQFH�������[SYDULDQFHP�@

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

QSRUW → ^��QSRUW��QDPHEDFNXS�����` PHPRU\
QSRUW → ^��QSRUW��QOLEUDU\�����` PHPRU\



Command Reference: Part C, G-P (1.1) 1-273*R�WR�,QGH[

RI�SURJUDP�H[HFXWLRQ���+RZHYHU��WKH�)5((=(�FRPPDQG�IUHH]HV�WKH�GLVSOD\�XQWLO�D�NH\�LV�
SUHVVHG�
,I�39,(:�LV�H[HFXWHG�ZLWK�DQ�HPSW\�OLVW�DUJXPHQW��3,&7�LV�FHQWUHG�LQ�WKH�JUDSKLFV�GLVSOD\�ZLWK�
VFUROOLQJ�PRGH�DFWLYDWHG��,Q�WKLV�FDVH��WKH�JUDSKLFV�GLVSOD\�SHUVLVWV�XQWLO���LV�SUHVVHG�
39,(:�GRHV�QRW�DFWLYDWH�WKH�JUDSKLFV�FXUVRU�RU�WKH�3LFWXUH�PHQX��7R�DFWLYDWH�WKH�JUDSKLFV�
FXUVRU�DQG�3LFWXUH�PHQX��H[HFXWH�3,&785(�

$FFHVV� <N 3,&7�39,(:
,QSXW�2XWSXW�

6HH�DOVR� )5((=(��3,&785(��7(;7

PWRFIT
7\SH� &RPPDQG
'HVFULSWLRQ� 3RZHU�&XUYH�)LW�&RPPDQG��6WRUHV�3:5),7�DV�WKH�ILIWK�SDUDPHWHU�LQ�WKH�UHVHUYHG�YDULDEOH�

Σ3$5��LQGLFDWLQJ�WKDW�VXEVHTXHQW�H[HFXWLRQV�RI�/5�DUH�WR�XVH�WKH�SRZHU�FXUYH�ILWWLQJ�PRGHO�
/,1),7�LV�WKH�GHIDXOW�VSHFLILFDWLRQ�LQ�Σ3$5��

$FFHVV� N�3:5),7

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %(67),7��(;3),7��/,1),7��/2*),7��/5

Level 1/Argument 1 Level 1/Item 1

�[�\� →
^��Q���P�` →

^�` →



1-274 Command Reference: Part C, G-P (1.1)*R�WR�,QGH[

PX→C
7\SH� &RPPDQG
'HVFULSWLRQ� 3L[HO�WR�&RPSOH[�&RPPDQG��&RQYHUWV�WKH�VSHFLILHG�SL[HO�FRRUGLQDWHV�WR�XVHU�XQLW�

FRRUGLQDWHV�
7KH�XVHU�XQLW�FRRUGLQDWHV�DUH�GHULYHG�IURP�WKH��[PLQ��\PLQ��DQG��[PD[��\PD[��SDUDPHWHUV�LQ�WKH�
UHVHUYHG�YDULDEOH�33$5��7KH�FRRUGLQDWHV�FRUUHVSRQG�WR�WKH�JHRPHWULFDO�FHQWHU�RI�WKH�SL[HO�

$FFHVV� <N 3,&7�3;→&

,QSXW�2XWSXW�

6HH�DOVR� &→3;

Level 1/Argument 1 Level 1/Item 1

^��Q��P�` → �[�\�
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Introduction
7KLV�YROXPH�GHWDLOV�WKH�+3���*�FRPPDQGV�DQG�IXQFWLRQV�WKDW�DUH�QRW�FRPSXWHU�DOJHEUD�VSHFLILF��6HH�SDUW�
$��&RPSXWHU�DOJHEUD�FRPPDQGV�DQG�IXQFWLRQV��IRU�LQIRUPDWLRQ�RQ�FRPSXWHU�DOJHEUD�FRPPDQGV�

)RU�HDFK�RSHUDWLRQ��WKH�IROORZLQJ�GHWDLOV�DUH�SURYLGHG�

7\SH� )XQFWLRQ�RU�FRPPDQG��)XQFWLRQV�FDQ�EH�XVHG�DV�D�SDUW�RI�DQ�DOJHEUDLF�REMHFWV�DQG�
FRPPDQGV�FDQQRW�

'HVFULSWLRQ� $�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�

$FFHVV� 7KH�PHQX�RU�FKRRVH�OLVW�RQ�ZKLFK�DQ�RSHUDWLRQ�FDQ�EH�IRXQG��DQG�WKH�NH\V�WKDW�\RX�SUHVV�
WR�DFFHVV�LW��,I�WKH�RSHUDWLRQ�LV�RQ�D�VXE�PHQX��WKH�VXE�PHQX�QDPH�LV�LQ�SMALL CAPITALS�
DIWHU�WKH�NH\V�

,QSXW�2XWSXW� 7KH�LQSXW�DUJXPHQW�RU�DUJXPHQWV�WKDW�WKH�RSHUDWLRQ�QHHGV��DQG�WKH�RXWSXWV�LW�SURGXFHV�

6HH�DOVR� 5HODWHG�IXQFWLRQV�RU�FRPPDQGV



Command Reference: Part D, Q-S (1.1) 1-277*R�WR�,QGH[

Q to R
→Q
7\SH� &RPPDQG
'HVFULSWLRQ� 7R�4XRWLHQW�&RPPDQG��5HWXUQV�D�UDWLRQDO�IRUP�RI�WKH�DUJXPHQW�

7KH�UDWLRQDO�UHVXOW�LV�D�´EHVW�JXHVVµ��VLQFH�WKHUH�PLJKW�EH�PRUH�WKDQ�RQH�UDWLRQDO�H[SUHVVLRQ�
FRQVLVWHQW�ZLWK�WKH�DUJXPHQW��→4�ILQGV�D�TXRWLHQW�RI�LQWHJHUV�WKDW�DJUHHV�ZLWK�WKH�DUJXPHQW�
WR�ZLWKLQ�WKH�QXPEHU�RI�GHFLPDO�SODFHV�VSHFLILHG�E\�WKH�GLVSOD\�IRUPDW�PRGH�
→4�DOVR�DFWV�RQ�QXPEHUV�WKDW�DUH�SDUW�RI�DOJHEUDLF�H[SUHVVLRQV�RU�HTXDWLRQV�

$FFHVV� N�→4

,QSXW�2XWSXW�

6HH�DOVR� →4π���

→Qπ
7\SH� &RPPDQG
'HVFULSWLRQ� 7R�4XRWLHQW�7LPHV�π�&RPPDQG��5HWXUQV�D�UDWLRQDO�IRUP�RI�WKH�DUJXPHQW��RU�D�UDWLRQDO�IRUP�

RI�WKH�DUJXPHQW�ZLWK�π�IDFWRUHG�RXW��ZKLFKHYHU�\LHOGV�WKH�VPDOOHU�GHQRPLQDWRU�
→4π�FRPSXWHV�WZR�TXRWLHQWV��UDWLRQDO�H[SUHVVLRQV��DQG�FRPSDUHV�WKHP��WKH�TXRWLHQW�RI�WKH�
DUJXPHQW��DQG�WKH�TXRWLHQW�RI�WKH�DUJXPHQW�GLYLGHG�E\�π��,W�UHWXUQV�WKH�IUDFWLRQ�ZLWK�WKH�
VPDOOHU�GHQRPLQDWRU��LI�WKH�DUJXPHQW�ZDV�GLYLGHG�E\�π��WKHQ�π�LV�D�IDFWRU�LQ�WKH�UHVXOW�
7KH�UDWLRQDO�UHVXOW�LV�D�´EHVW�JXHVVµ��VLQFH�WKHUH�PLJKW�EH�PRUH�WKDQ�RQH�UDWLRQDO�H[SUHVVLRQ�
FRQVLVWHQW�ZLWK�WKH�DUJXPHQW��→4π�ILQGV�D�TXRWLHQW�RI�LQWHJHUV�WKDW�DJUHHV�ZLWK�WKH�DUJXPHQW�
WR�WKH�QXPEHU�RI�GHFLPDO�SODFHV�VSHFLILHG�E\�WKH�GLVSOD\�IRUPDW�PRGH�
→4π�DOVR�DFWV�RQ�QXPEHUV�WKDW�DUH�SDUW�RI�DOJHEUDLF�H[SUHVVLRQV�RU�HTXDWLRQV�
)RU�D�FRPSOH[�DUJXPHQW��WKH�UHDO�RU�LPDJLQDU\�SDUW��RU�ERWK��FDQ�KDYH�π�DV�D�IDFWRU�

$FFHVV� N�→4π

Level 1/Argument 1 Level 1/Item 1

[ → 
D�E

�[�\� → 
D�E���F�GL


V\PE�
 → 
V\PE�




1-278 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� →4�����π

QR
7\SH� &RPPDQG
'HVFULSWLRQ� 45�)DFWRUL]DWLRQ�RI�D�0DWUL[�&RPPDQG��5HWXUQV�WKH�45�IDFWRUL]DWLRQ�RI�DQ�P�ï�Q�PDWUL[�

45�IDFWRUV�DQ�P�ï�Q�PDWUL[�$�LQWR�WKUHH�PDWULFHV�
� 4�LV�DQ�P�ï�P�RUWKRJRQDO�PDWUL[��
� 5�LV�DQ�P�ï�Q�XSSHU�WUDSH]RLGDO�PDWUL[�
� 3�LV�D�Q�ï�Q�SHUPXWDWLRQ�PDWUL[��
:KHUH�$�ï�3� �4�ï�5�

$FFHVV� < % )$&725,=$7,21�45
< P�0$75,;�)$&7256�45

,QSXW�2XWSXW�

6HH�DOVR� /4��/64

Level 1/Argument 1 Level 1/Item 1

[ → 
D�Eπ

[ → 
D�E



V\PE�
 → 
V\PE�

�[�\� → 
D�Eπ���F�GπL

�[�\� → 
D�E���F�GL


Level 1/Argument 1 Level 3/Item 1 Level 2/Item 2 Level 1/Item 3

>>�PDWUL[�@@$ → >>�PDWUL[�@@4 >>�PDWUL[�@@5 >>�PDWUL[�@@3



Command Reference: Part D, Q-S (1.1) 1-279*R�WR�,QGH[

QUAD
7\SH� &RPPDQG
'HVFULSWLRQ� 6ROYH�4XDGUDWLF�(TXDWLRQ�&RPPDQG��7KLV�FRPPDQG�LV�LGHQWLFDO�WR�WKH�FRPSXWHU�DOJHEUD�

FRPPDQG�62/9(��DQG�LV�LQFOXGHG�IRU�EDFNZDUG�FRPSDWLELOLW\�ZLWK�WKH�+3��*�
6HH�YROXPH����&$6�&RPPDQGV�

$FFHVV� N�48$'
,QSXW�2XWSXW�

6HH�DOVR� &2/&7��(;3$1��,62/��6+2:��62/9(

QUOTE
7\SH� )XQFWLRQ
'HVFULSWLRQ� 4XRWH�$UJXPHQW�)XQFWLRQ��5HWXUQV�LWV�DUJXPHQW�XQHYDOXDWHG�

:KHQ�DQ�DOJHEUDLF�H[SUHVVLRQ�LV�HYDOXDWHG��WKH�DUJXPHQWV�WR�D�IXQFWLRQ�LQ�WKH�H[SUHVVLRQ�DUH�
HYDOXDWHG�EHIRUH�WKH�IXQFWLRQ��)RU�H[DPSOH��ZKHQ�6,1�;��LV�HYDOXDWHG��WKH�QDPH�;�LV�
HYDOXDWHG�ILUVW��DQG�WKH�UHVXOW�LV�SODFHG�RQ�WKH�VWDFN�DV�WKH�DUJXPHQW�IRU�6,1��
7KLV�SURFHVV�FUHDWHV�D�SUREOHP�IRU�IXQFWLRQV�WKDW�UHTXLUH�V\PEROLF�DUJXPHQWV��)RU�H[DPSOH��
WKH�LQWHJUDWLRQ�IXQFWLRQ�UHTXLUHV�DV�RQH�RI�LWV�DUJXPHQWV�D�QDPH�VSHFLI\LQJ�WKH�YDULDEOH�RI�
LQWHJUDWLRQ��,I�HYDOXDWLQJ�DQ�LQWHJUDO�H[SUHVVLRQ�FDXVHG�WKH�QDPH�WR�EH�HYDOXDWHG��WKH�UHVXOW�RI�
HYDOXDWLRQ�ZRXOG�EH�OHIW�RQ�WKH�VWDFN�IRU�WKH�LQWHJUDO��UDWKHU�WKDQ�WKH�QDPH�LWVHOI��7R�DYRLG�
WKLV�SUREOHP��WKH�+3����DXWRPDWLFDOO\��DQG�LQYLVLEO\��TXRWHV�VXFK�DUJXPHQWV��:KHQ�WKH�
TXRWHG�DUJXPHQW�LV�HYDOXDWHG��WKH�XQTXRWHG�DUJXPHQW�LV�UHWXUQHG�
,I�D�XVHU�GHILQHG�IXQFWLRQ�WDNHV�V\PEROLF�DUJXPHQWV��TXRWH�WKH�DUJXPHQWV�XVLQJ�4827(�

$FFHVV� N�4827(

,QSXW�2XWSXW�

6HH�DOVR� $33/<��_��:KHUH�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PE�
 
JOREDO
 → 
V\PE�


Level 1/Argument 1 Level 1/Item 1

REM → REM



1-280 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

RAD
7\SH� &RPPDQG
'HVFULSWLRQ� 5DGLDQV�0RGH�&RPPDQG��6HWV�5DGLDQV�DQJOH�PRGH�

5$'�VHWV�IODJ�²���DQG�FOHDUV�IODJ�²����DQG�GLVSOD\V�WKH�5$'�DQQXQFLDWRU�
,Q�5DGLDQV�DQJOH�PRGH��UHDO�QXPEHU�DUJXPHQWV�WKDW�UHSUHVHQW�DQJOHV�DUH�LQWHUSUHWHG�DV�
UDGLDQV��DQG�UHDO�QXPEHU�UHVXOWV�WKDW�UHSUHVHQW�DQJOHV�DUH�H[SUHVVHG�LQ�UDGLDQV�

$FFHVV� N�5$'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '(*��*5$'

RAND
7\SH� &RPPDQG
'HVFULSWLRQ� 5DQGRP�1XPEHU�&RPPDQG��5HWXUQV�D�SVHXGR�UDQGRP�QXPEHU�JHQHUDWHG�XVLQJ�D�VHHG�

YDOXH��DQG�XSGDWHV�WKH�VHHG�YDOXH�
7KH�+3����XVHV�D�OLQHDU�FRQJUXHQWLDO�PHWKRG�DQG�D�VHHG�YDOXH�WR�JHQHUDWH�D�UDQGRP�QXPEHU�
[UDQGRP�LQ�WKH�UDQJH���≤�[������(DFK�VXFFHHGLQJ�H[HFXWLRQ�RI�5$1'�UHWXUQV�D�YDOXH�
FRPSXWHG�IURP�D�VHHG�YDOXH�EDVHG�XSRQ�WKH�SUHYLRXV�5$1'�YDOXH���8VH�5'=�WR�FKDQJH�WKH�
VHHG��

$FFHVV� < P� 352%$%,/,7<�5$1'
,QSXW�2XWSXW�

6HH�DOVR� &20%��3(50�5'=���

Level 1/Argument 1 Level 1/Item 1

→ [UDQGRP



Command Reference: Part D, Q-S (1.1) 1-281*R�WR�,QGH[

RANK
7\SH� &RPPDQG
'HVFULSWLRQ� 0DWUL[�5DQN�&RPPDQG��5HWXUQV�WKH�UDQN�RI�D�UHFWDQJXODU�PDWUL[�

5DQN�LV�FRPSXWHG�E\�FDOFXODWLQJ�WKH�VLQJXODU�YDOXHV�RI�WKH�PDWUL[�DQG�FRXQWLQJ�WKH�QXPEHU�
RI�QRQ�QHJOLJLEOH�YDOXHV��,I�DOO�FRPSXWHG�VLQJXODU�YDOXHV�DUH�]HUR��5$1.�UHWXUQV�]HUR��
2WKHUZLVH�5$1.�FRQVXOWV�IODJ�²���DV�IROORZV�
� ,I�IODJ�²���LV�FOHDU��WKH�GHIDXOW���5$1.�FRXQWV�DOO�FRPSXWHG�VLQJXODU�YDOXHV�WKDW�DUH�OHVV�
WKDQ�RU�HTXDO�WR���(²���WLPHV�WKH�ODUJHVW�FRPSXWHG�VLQJXODU�YDOXH�

� ,I�IODJ�²���LV�VHW��5$1.�FRXQWV�DOO�QRQ]HUR�FRPSXWHG�VLQJXODU�YDOXHV�
$FFHVV� < %�23(5$7,216�5$1.

< P�0$75,;�1250$/,=(�5$1.
,QSXW�2XWSXW�

6HH�DOVR� /4��/64��45

RANM
7\SH� &RPPDQG
'HVFULSWLRQ� 5DQGRP�0DWUL[�&RPPDQG��5HWXUQV�D�PDWUL[�RI�VSHFLILHG�GLPHQVLRQV�WKDW�FRQWDLQV�UDQGRP�

LQWHJHUV�LQ�WKH�UDQJH�²��WKURXJK���
7KH�SUREDELOLW\�RI�D�QRQ]HUR�GLJLW�RFFXUULQJ�LV�������WKH�SUREDELOLW\�RI���RFFXUULQJ�LV�����

$FFHVV� < %�&5($7(�5$10
< P�0$75,;�0$.(�5$10

,QSXW�2XWSXW�

6HH�DOVR� 5$1'��5'=

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → 1UDQN

Level 1/Argument 1 Level 1/Item 1

^�P�Q�` → >>�UDQGRP�PDWUL[�@@PïQ

>>�PDWUL[�@@PïQ → >>�UDQGRP�PDWUL[�@@PïQ



1-282 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

RATIO
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3UHIL[�'LYLGH�)XQFWLRQ��3UHIL[�IRUP�RI����GLYLGH��

5$7,2�LV�LGHQWLFDO�WR����GLYLGH���H[FHSW�WKDW��LQ�DOJHEUDLF�V\QWD[��5$7,2�LV�D�SUHIL[�IXQFWLRQ��
ZKLOH���LV�DQ�LQIL[�IXQFWLRQ��)RU�H[DPSOH��5$7,2�$����LV�HTXLYDOHQW�WR�$���

$FFHVV� N�5$7,2
,QSXW�2XWSXW�

RCEQ
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�IURP�(4�&RPPDQG��5HWXUQV�WKH�XQHYDOXDWHG�FRQWHQWV�RI�WKH�UHVHUYHG�YDULDEOH�(4�

IURP�WKH�FXUUHQW�GLUHFWRU\�
7R�UHFDOO�WKH�FRQWHQWV�RI�(4�IURP�D�SDUHQW�GLUHFWRU\��ZKHQ�(4�GRHVQ
W�H[LVW�LQ�WKH�FXUUHQW�
GLUHFWRU\��HYDOXDWH�WKH�QDPH�(4�

$FFHVV� N�5&(4

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]��]�
>�DUUD\�@ ^>�PDWUL[�@@ → >>�DUUD\�ï�PDWUL[²�@@
>�DUUD\�@ ] → >�DUUD\�]�@
] 
V\PE
 → 
]�V\PE



V\PE
 ] → 
V\PE�]


V\PE�
 
V\PE�
 → 
V\PE��V\PE�

�Q� Q� → �Q�
Q� �Q� → �Q�
�Q� �Q� → �Q�
[BXQLW� \BXQLW� → �[�\�BXQLW��XQLW�
[ \BXQLW → �[�\�B��XQLW

[BXQLW \ → �[�\�BXQLW

V\PE
 [BXQLW → 
V\PE�[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW�V\PE




Command Reference: Part D, Q-S (1.1) 1-283*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 67(4

RCI
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSO\�5RZ�E\�&RQVWDQW�&RPPDQG��0XOWLSOLHV�URZ�Q�RI�D�PDWUL[��RU�HOHPHQW�Q�RI�D�YHFWRU��

E\�D�FRQVWDQW�[IDFWRU��DQG�UHWXUQV�WKH�PRGLILHG�PDWUL[�
5&,�URXQGV�WKH�URZ�QXPEHU�WR�WKH�QHDUHVW�LQWHJHU��DQG�WUHDWV�YHFWRU�DUJXPHQWV�DV�FROXPQ�
YHFWRUV�

$FFHVV� < % &5($7(�52:�5&,
< P�0$75,;�52:�5&,

,QSXW�2XWSXW�

6HH�DOVR� 5&,-

RCIJ
7\SH� &RPPDQG
'HVFULSWLRQ� $GG�0XOWLSOLHG�5RZ�&RPPDQG��0XOWLSOLHV�URZ�L�RI�D�PDWUL[�E\�D�FRQVWDQW�[IDFWRU��DGGV�WKLV�

SURGXFW�WR�URZ�M�RI�WKH�PDWUL[��DQG�UHWXUQV�WKH�PRGLILHG�PDWUL[��RU�PXOWLSOLHV�HOHPHQW�L�RI�D�
YHFWRU�E\�D�FRQVWDQW�[IDFWRU��DGGV�WKLV�SURGXFW�WR�HOHPHQW�M�RI�WKH�YHFWRU��DQG�UHWXUQV�WKH�
PRGLILHG�YHFWRU��
5&,-�URXQGV�WKH�URZ�QXPEHUV�WR�WKH�QHDUHVW�LQWHJHU��DQG�WUHDWV�YHFWRU�DUJXPHQWV�DV�FROXPQ�
YHFWRUV�

$FFHVV� < % &5($7(�52:�5&,-
< P�0$75,;�52:�5&,-

Level 1/Argument 1 Level 1/Item 1

→ REM(4

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� [IDFWRU QURZ�QXPEHU → >>�PDWUL[�@@�
>�YHFWRU�@� [IDFWRU QHOHPHQW�QXPEHU → >�YHFWRU�@�



1-284 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 5&,

RCL
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 5HFDOO�&RPPDQG��5HWXUQV�WKH�XQHYDOXDWHG�FRQWHQWV�RI�D�VSHFLILHG�YDULDEOH�

5&/�VHDUFKHV�WKH�HQWLUH�FXUUHQW�SDWK��VWDUWLQJ�ZLWK�WKH�FXUUHQW�GLUHFWRU\��7R�VHDUFK�D�GLIIHUHQW�
SDWK��VSHFLI\�^�SDWK�QDPH�`��ZKHUH�SDWK�LV�WKH�QHZ�SDWK�WR�WKH�YDULDEOH�QDPH��7KH�SDWK�
VXEGLUHFWRU\�GRHV�QRW�EHFRPH�WKH�FXUUHQW�VXEGLUHFWRU\��XQOLNH�(9$/��
7R�UHFDOO�D�OLEUDU\�RU�EDFNXS�REMHFW��WDJ�WKH�OLEUDU\�QXPEHU�RU�EDFNXS�QDPH�ZLWK�WKH�
DSSURSULDWH�SRUW�QXPEHU��QSRUW���ZKLFK�PXVW�EH�DQ�LQWHJHU�LQ�WKH�UDQJH���WR����5HFDOOLQJ�D�
EDFNXS�REMHFW�EULQJV�D�FRS\�RI�LWV�FRQWHQWV�WR�WKH�VWDFN��QRW�WKH�HQWLUH�EDFNXS�REMHFW�
7R�VHDUFK�IRU�D�EDFNXS�REMHFW��UHSODFH�WKH�SRUW�QXPEHU�ZLWK�WKH�ZLOGFDUG�FKDUDFWHU�	��LQ�
ZKLFK�FDVH�WKH�+3����ZLOO�VHDUFK��LQ�RUGHU��SRUWV���WKURXJK����DQG�WKH�PDLQ�PHPRU\�IRU�WKH�
QDPHG�EDFNXS�REMHFW��
<RX�FDQ�VSHFLI\�D�SRUW��WKDW�LV��QSRUW���LQ�RQH�RI�WKUHH�ZD\V��
� +��������RU��
� +��5��(��RU�)
� +20(��5$0��(5$0��,5$0
,Q�HDFK�FDVH��WKH�SRUWV�DUH�KRPH��5$0��H[WHQGHG�5$0��DQG�)ODVK��UHVSHFWLYHO\�

$FFHVV� <K

Level 4/Argument 1 Level 3/Argument 2 Level 2/Argument 3 Level 1/Argument 4 Level 1/Item 1

>>�PDWUL[�@@� [IDFWRU QURZ�L QURZ�M → >>�PDWUL[�@@�
>�YHFWRU�@� [IDFWRU QHOHPHQW�L QHOHPHQW�M → >�YHFWRU�@�



Command Reference: Part D, Q-S (1.1) 1-285*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 672

RCLALARM
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�$ODUP�&RPPDQG��5HFDOOV�D�VSHFLILHG�DODUP�

REMDFWLRQ�LV�WKH�DODUP�H[HFXWLRQ�DFWLRQ��,I�DQ�H[HFXWLRQ�DFWLRQ�ZDV�QRW�VSHFLILHG��REMDFWLRQ�
GHIDXOWV�WR�DQ�HPSW\�VWULQJ�
[UHSHDW�LV�WKH�UHSHDW�LQWHUYDO�LQ�FORFN�WLFNV��ZKHUH���FORFN�WLFN�HTXDOV��������VHFRQG��,I�D�UHSHDW�
LQWHUYDO�ZDV�QRW�VSHFLILHG��WKH�GHIDXOW�LV���

$FFHVV� >ç 722/6�$/50�5&/$/$50
,QSXW�2XWSXW�

6HH�DOVR� '(/$/$50��),1'$/$50��672$/$50

RCLF
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�)ODJV�&RPPDQG��5HWXUQV�D�OLVW�RI�LQWHJHUV�UHSUHVHQWLQJ�WKH�VWDWHV�RI�WKH�V\VWHP�DQG�

XVHU�IODJV��UHVSHFWLYHO\�
$�ELW�ZLWK�YDOXH���LQGLFDWHV�WKDW�WKH�FRUUHVSRQGLQJ�IODJ�LV�VHW��D�ELW�ZLWK�YDOXH���LQGLFDWHV�WKDW�
WKH�FRUUHVSRQGLQJ�IODJ�LV�FOHDU��7KH�ULJKWPRVW��OHDVW�VLJQLILFDQW��ELW�RI��QV\VWHP�DQG��QXVHU�
LQGLFDWH�WKH�VWDWHV�RI�V\VWHP�IODJ�²��DQG�XVHU�IODJ�����UHVSHFWLYHO\�

Level 1/Argument 1 Level 1/Item 1


REM
 → REM
3,&7 → JURE

�QSRUW��QOLEUDU\ → REM
�QSRUW��QDPHEDFNXS → REM
�QSRUW��^�SDWK�` → REM

Level 1/Argument 1 Level 1/Item 1

QLQGH[ → ^�GDWH�WLPH�REMDFWLRQ�[UHSHDW�`



1-286 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

8VHG�ZLWK�672)��5&/)�OHWV�D�SURJUDP�WKDW�DOWHUV�WKH�VWDWH�RI�D�IODJ�RU�IODJV�GXULQJ�SURJUDP�
H[HFXWLRQ�SUHVHUYH�WKH�SUH�SURJUDP�H[HFXWLRQ�IODJ�VWDWXV��

$FFHVV� N�5&/)

6HH�DOVR� 672)

RCLKEYS
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�.H\�$VVLJQPHQWV�&RPPDQG��5HWXUQV�WKH�FXUUHQW�XVHU�NH\�DVVLJQPHQWV��7KLV�LQFOXGHV�

DQ�6�LI�WKH�VWDQGDUG�GHILQLWLRQV�DUH�DFWLYH��QRW�VXSSUHVVHG��IRU�WKRVH�NH\V�ZLWKRXW�XVHU�NH\�
DVVLJQPHQWV�
7KH�DUJXPHQW�[NH\�LV�D�UHDO�QXPEHU�RI�WKH�IRUP�UF�S�VSHFLI\LQJ�WKH�NH\�E\�LWV�URZ�QXPEHU�U��
LWV�FROXPQ�QXPEHU�F��DQG�LWV�SODQH��VKLIW��S���)RU�D�GHILQLWLRQ�RI�SODQH��VHH�WKH�HQWU\�IRU�$61��

$FFHVV� N�5&/.(<6
,QSXW�2XWSXW�

6HH�DOVR� $61��'(/.(<6��672.(<6

RCLMENU
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�0HQX�1XPEHU�&RPPDQG��5HWXUQV�WKH�PHQX�QXPEHU�RI�WKH�FXUUHQWO\�GLVSOD\HG�PHQX�

[PHQX�KDV�WKH�IRUP�PP�SS��ZKHUH�PP�LV�WKH�PHQX�QXPEHU�DQG�SS�LV�WKH�SDJH�RI�WKH�PHQX��
([HFXWLQJ�5&/0(18�ZKHQ�WKH�FXUUHQW�PHQX�LV�D�XVHU�GHILQHG�PHQX��EXLOG�E\�70(18��
UHWXUQV�������LQ���)L[�PRGH���LQGLFDWLQJ�´/DVW�PHQXµ��

$FFHVV� N�5&/0(18

Level 1/Argument 1 Level 1/Item 1

→ ^��QV\VWHP��QXVHU��QV\VWHP���QXVHU��`

Level 1/Argument 1 Level 1/Item 1

→ ^�REM���[NH\���������REMQ��[NH\�Q�`
→ ^�6��REM���[NH\��������REMQ��[NH\�Q�`



Command Reference: Part D, Q-S (1.1) 1-287*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 0(18��70(18

RCLΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�6LJPD�&RPPDQG��5HWXUQV�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[��WKH�FRQWHQWV�RI�UHVHUYHG�

YDULDEOH�Σ'$7��IURP�WKH�FXUUHQW�GLUHFWRU\�
7R�UHFDOO�Σ'$7�IURP�WKH�SDUHQW�GLUHFWRU\��ZKHQ�Σ'$7�GRHVQ
W�H[LVW�LQ�WKH�FXUUHQW�GLUHFWRU\���
HYDOXDWH�WKH�QDPH�Σ'$7�

$FFHVV� N�5&/Σ
,QSXW�2XWSXW�

6HH�DOVR� &/Σ��672Σ��Σ���Σ²

RCWS
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFDOO�:RUGVL]H�&RPPDQG��5HWXUQV�WKH�FXUUHQW�ZRUGVL]H�LQ�ELWV����WKURXJK�����
$FFHVV� > ì�5&:6
,QSXW�2XWSXW�

6HH�DOVR� %,1��'(&��+(;��2&7��67:6

Level 1/Argument 1 Level 1/Item 1

→ [PHQX

Level 1/Argument 1 Level 1/Item 1

→ REM

Level 1/Argument 1 Level 1/Item 1

→ Q



1-288 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

RDM
7\SH� &RPPDQG
'HVFULSWLRQ� 5HGLPHQVLRQ�$UUD\�&RPPDQG��5HDUUDQJHV�WKH�HOHPHQWV�RI�WKH�DUJXPHQW�DFFRUGLQJ�WR�

VSHFLILHG�GLPHQVLRQV�
,I�WKH�OLVW�FRQWDLQV�D�VLQJOH�QXPEHU�QHOHPHQWV��WKH�UHVXOW�LV�DQ�Q�HOHPHQW�YHFWRU��,I�WKH�OLVW�
FRQWDLQV�WZR�QXPEHUV�QURZV�DQG�PFROV��WKH�UHVXOW�LV�DQ�Q�ï�P�PDWUL[��
(OHPHQWV�WDNHQ�IURP�WKH�DUJXPHQW�YHFWRU�RU�PDWUL[�SUHVHUYH�WKH�VDPH�URZ�RUGHU�LQ�WKH�
UHVXOWLQJ�YHFWRU�RU�PDWUL[��,I�WKH�UHVXOW�LV�GLPHQVLRQHG�WR�FRQWDLQ�IHZHU�HOHPHQWV�WKDQ�WKH�
DUJXPHQW�YHFWRU�RU�PDWUL[��H[FHVV�HOHPHQWV�IURP�WKH�DUJXPHQW�YHFWRU�RU�PDWUL[�DW�WKH�HQG�RI�
WKH�URZ�RUGHU�DUH�GLVFDUGHG��,I�WKH�UHVXOW�LV�GLPHQVLRQHG�WR�FRQWDLQ�PRUH�HOHPHQWV�WKDQ�WKH�
DUJXPHQW�YHFWRU�RU�PDWUL[��WKH�DGGLWLRQDO�HOHPHQWV�LQ�WKH�UHVXOW�DW�WKH�HQG�RI�WKH�URZ�RUGHU�
DUH�ILOOHG�ZLWK�]HURV�
,I�WKH�DUJXPHQW�YHFWRU�RU�PDWUL[�LV�VSHFLILHG�E\�JOREDO��WKH�UHVXOW�UHSODFHV�WKH�DUJXPHQW�DV�WKH�
FRQWHQWV�RI�WKH�YDULDEOH�

$FFHVV� < %�&5($7(�5'0
< P 0$75,;�0$.(�5'0

,QSXW�2XWSXW�

6HH�DOVR� 751

RDZ
7\SH� &RPPDQG
'HVFULSWLRQ� 5DQGRPL]H�&RPPDQG��8VHV�D�UHDO�QXPEHU�[VHHG�DV�D�VHHG�IRU�WKH�5$1'�FRPPDQG��

,I�WKH�DUJXPHQW�LV����D�UDQGRP�YDOXH�EDVHG�RQ�WKH�V\VWHP�FORFN�LV�XVHG�DV�WKH�VHHG�
$FFHVV� < P 352%$%,/,7<�5'=

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

>�YHFWRU�@� ^�QHOHPHQWV�` → >�YHFWRU�@�
>�YHFWRU�@ ^�QURZV��PFROV�` → >>�PDWUL[�@@
>>�PDWUL[�@@ ^�QHOHPHQWV�` → >�YHFWRU�@
>>�PDWUL[�@@� ^�QURZV��PFROV�` → >>�PDWUL[�@@�

JOREDO
 ^�QHOHPHQWV�` →

JOREDO
 ^�QURZV��PFROV�` →



Command Reference: Part D, Q-S (1.1) 1-289*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� &20%��3(50��5$1'���

RE
7\SH� )XQFWLRQ
'HVFULSWLRQ� 5HDO�3DUW�)XQFWLRQ��5HWXUQV�WKH�UHDO�SDUW�RI�WKH�DUJXPHQW�

,I�WKH�DUJXPHQW�LV�D�YHFWRU�RU�PDWUL[��5(�UHWXUQV�D�UHDO�DUUD\��WKH�HOHPHQWV�RI�ZKLFK�DUH�HTXDO�
WR�WKH�UHDO�SDUWV�RI�WKH�FRUUHVSRQGLQJ�HOHPHQWV�RI�WKH�DUJXPHQW�DUUD\�

$FFHVV� > ó�5(
,QSXW�2XWSXW�

6HH�DOVR� &→5��,0��5→&

RECN
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFHLYH�5HQDPHG�2EMHFW�&RPPDQG��3UHSDUHV�WKH�+3����WR�UHFHLYH�D�ILOH�IURP�DQRWKHU�

.HUPLW�VHUYHU�GHYLFH��DQG�WR�VWRUH�WKH�ILOH�LQ�D�VSHFLILHG�YDULDEOH��
5(&1�LV�LGHQWLFDO�WR�5(&9�H[FHSW�WKDW�WKH�QDPH�XQGHU�ZKLFK�WKH�UHFHLYHG�GDWD�LV�VWRUHG�LV�
VSHFLILHG�

$FFHVV� N�5(&1

Level 1/Argument 1 Level 1/Item 1

[VHHG →

Level 1/Argument 1 Level 1/Item 1

[ → [
[BXQLW → [
�[�\� → [

>�5�DUUD\�@ → >�5�DUUD\�@
>�&�DUUD\�@ → >�5�DUUD\�@

V\PE
 → 
5(�V\PE
�



1-290 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %$8'��&.60��&/26(,2��),1,6+��.(550��.*(7��3$5,7<��5(&9��6(1'��6(59(5��
75$16,2

RECT
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFWDQJXODU�0RGH�&RPPDQG��6HWV�5HFWDQJXODU�FRRUGLQDWH�PRGH�

5(&7�FOHDUV�IODJV�²���DQG�²���
,Q�5HFWDQJXODU�PRGH��YHFWRUV�DUH�GLVSOD\HG�DV�UHFWDQJXODU�FRPSRQHQWV��7KHUHIRUH��D��'�
YHFWRU�ZRXOG�DSSHDU�DV�>;�<�=@��

$FFHVV� N�5(&7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &</,1��63+(5(

RECV
7\SH� &RPPDQG
'HVFULSWLRQ� 5HFHLYH�2EMHFW�&RPPDQG��,QVWUXFWV�WKH�+3����WR�ORRN�IRU�D�QDPHG�ILOH�IURP�DQRWKHU�.HUPLW�

VHUYHU�GHYLFH��7KH�UHFHLYHG�ILOH�LV�VWRUHG�LQ�D�YDULDEOH�QDPHG�E\�WKH�VHQGHU�
6LQFH�WKH�+3����GRHV�QRW�QRUPDOO\�ORRN�IRU�LQFRPLQJ�.HUPLW�ILOHV��\RX�PXVW�XVH�5(&9�WR�
WHOO�LW�WR�GR�VR�

$FFHVV� N�5(&9
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$8'��&.60��),1,6+��.*(7��3$5,7<��5(&1��6(1'��6(59(5��75$16,2

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
´QDPHµ →



Command Reference: Part D, Q-S (1.1) 1-291*R�WR�,QGH[

RENAME
7\SH� &RPPDQG
'HVFULSWLRQ� 5HQDPH�2EMHFW�&RPPDQG��5HQDPHV�DQ�REMHFW�WR�WKH�QDPH�WKDW�\RX�VSHFLI\��
$FFHVV� N�5(1$0(
,QSXW�2XWSXW�

6HH�DOVR� &23<

REPEAT
7\SH� &RPPDQG
'HVFULSWLRQ� 5(3($7�&RPPDQG��6WDUWV�ORRS�FODXVH�LQ�:+,/(�«�5(3($7�«�(1'�LQGHILQLWH�ORRS�

VWUXFWXUH�
6HH�WKH�:+,/(�HQWU\�IRU�PRUH�LQIRUPDWLRQ�

$FFHVV� <N %5$1&+�5(3($7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� (1'��:+,/(

REPL
7\SH� &RPPDQG
'HVFULSWLRQ� 5HSODFH�&RPPDQG��5HSODFHV�D�SRUWLRQ�RI�WKH�WDUJHW�REMHFW��ILUVW�LQSXW��ZLWK�D�VSHFLILHG�REMHFW�

�WKLUG�LQSXW���EHJLQQLQJ�DW�D�VSHFLILHG�SRVLWLRQ��VHFRQG�LQSXW��
)RU�DUUD\V��QSRVLWLRQ�FRXQWV�LQ�URZ�RUGHU��)RU�PDWULFHV��QSRVLWLRQ�VSHFLILHV�WKH�QHZ�ORFDWLRQ�RI�
WKH�XSSHU�OHIW�KDQG�HOHPHQW�RI�WKH�UHSODFHPHQW�PDWUL[�
)RU�JUDSKLFV�REMHFWV��WKH�XSSHU�OHIW�FRUQHU�RI�JURE��LV�SRVLWLRQHG�DW�WKH�XVHU�XQLW�RU�SL[HO�
FRRUGLQDWHV��[�\��RU�^��Q��P�`��)URP�WKHUH��LW�RYHUZULWHV�D�UHFWDQJXODU�SRUWLRQ�RI�JUREWDUJHW�RU�
3,&7��,I�JURE��H[WHQGV�SDVW�JUREWDUJHW�RU�3,&7�LQ�HLWKHU�GLUHFWLRQ��LW�LV�WUXQFDWHG�LQ�WKDW�GLUHFWLRQ��
,I�WKH�VSHFLILHG�FRRUGLQDWH�LV�QRW�RQ�WKH�WDUJHW�JUDSKLFV�REMHFW��WKH�WDUJHW�JUDSKLFV�REMHFW�GRHV�
QRW�FKDQJH��

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

QHZ�
QDPH
 ROG�
QDPH
 →



1-292 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

$FFHVV� <N /,67�5(3/
,QSXW�2XWSXW�

6HH�DOVR� &+5��*25��*;25��180��326��6,=(��68%

RES
7\SH� &RPPDQG
'HVFULSWLRQ� 5HVROXWLRQ�&RPPDQG��6SHFLILHV�WKH�UHVROXWLRQ�RI�PDWKHPDWLFDO�DQG�VWDWLVWLFDO�SORWV��ZKHUH�

WKH�UHVROXWLRQ�LV�WKH�LQWHUYDO�EHWZHHQ�YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH�XVHG�WR�JHQHUDWH�WKH�
SORW�
$�UHDO�QXPEHU�QLQWHUYDO�VSHFLILHV�WKH�LQWHUYDO�LQ�XVHU�XQLWV��$�ELQDU\�LQWHJHU��QLQWHUYDO�VSHFLILHV�
WKH�LQWHUYDO�LQ�SL[HOV�
7KH�UHVROXWLRQ�LV�VWRUHG�DV�WKH�IRXUWK�LWHP�LQ�33$5��ZLWK�GHIDXOW�YDOXH����7KH�LQWHUSUHWDWLRQ�
RI�WKH�GHIDXOW�YDOXH�LV�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOH�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� QSRVLWLRQ >>�PDWUL[�@@� → >>�PDWUL[�@@�
>>�PDWUL[�@@� ^�QURZ��QFROXPQ�` >>�PDWUL[�@@� → >>�PDWUL[�@@�
>�YHFWRU�@� QSRVLWLRQ >�YHFWRU�@� → >�YHFWRU�@�
^�OLVWWDUJHW�` QSRVLWLRQ ^�OLVW��` → ^�OLVWUHVXOW�`
´VWULQJWDUJHWµ QSRVLWLRQ ´VWULQJ�µ → ´VWULQJUHVXOWµ
JUREWDUJHW ��Q���P� JURE� → JUREUHVXOW
JUREWDUJHW �[�\� JURE� → JUREUHVXOW
3,&7 ��Q���P� JURE� →
3,&7 �[�\� JURE� →

Plot Type Default Interval

%$5 ���SL[HOV��EDU�ZLGWK� ����SL[HO�FROXPQV�

',))(4 XQOLPLWHG��VWHS�VL]H�LV�QRW�FRQVWUDLQHG



Command Reference: Part D, Q-S (1.1) 1-293*R�WR�,QGH[

�$FFHVV� N�5(6
,QSXW�2XWSXW�

)81&7,21 ��SL[HO��SORWV�D�SRLQW�LQ�HYHU\�FROXPQ�RI�
SL[HOV�

&21,& ��SL[HO��SORWV�D�SRLQW�LQ�HYHU\�FROXPQ�RI�
SL[HOV�

7587+ ��SL[HO��SORWV�D�SRLQW�LQ�HYHU\�FROXPQ�RI�
SL[HOV�

*5,'0$3 5(6�GRHV�QRW�DSSO\

+,672*5$0 ���SL[HOV��ELQ�ZLGWK� ����SL[HO�FROXPQV�

3$5$0(75,& >LQGHSHQGHQW�YDULDEOH�UDQJH�LQ�XVHU�XQLWV@�
���

3$5685)$&( 5(6�GRHV�QRW�DSSO\

3&217285 5(6�GRHV�QRW�DSSO\

32/$5 ������JUDGV��RU�π����UDGLDQV

6&$77(5 5(6�GRHV�QRW�DSSO\

6/23(),(/' 5(6�GRHV�QRW�DSSO\

:,5()5$0( 5(6�GRHV�QRW�DSSO\

<6/,&( ��SL[HO��SORWV�D�SRLQW�LQ�HYHU\�FROXPQ�RI�
SL[HOV�

Level 1/Argument 1 Level 1/Item 1

QLQWHUYDO →
�QLQWHUYDO →

Plot Type Default Interval (Continued)



1-294 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��
3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(��<6/,&(

RESTORE
7\SH� &RPPDQG
'HVFULSWLRQ� 5HVWRUH�+20(�&RPPDQG��5HSODFHV�WKH�FXUUHQW�+20(�GLUHFWRU\�ZLWK�WKH�VSHFLILHG�EDFNXS�

FRS\���QSRUW�QDPHEDFNXS��SUHYLRXVO\�FUHDWHG�E\�$5&+,9(�
7KH�VSHFLILHG�SRUW�QXPEHU�PXVW�EH�LQ�WKH�UDQJH���WR���
7R�UHVWRUH�D�+20(�GLUHFWRU\�WKDW�ZDV�VDYHG�RQ�D�UHPRWH�V\VWHP�XVLQJ��,2�QDPH�$5&+,9(��
SXW�WKH�EDFNXS�REMHFW�LWVHOI�RQ�WKH�VWDFN��H[HFXWH�5(6725(�DQG�WKHQ�H[HFXWH�D�ZDUP�VWDUW�

$FFHVV� N�5(6725(

,QSXW�2XWSXW�

6HH�DOVR� $5&+,9(

REVLIST
7\SH� &RPPDQG
'HVFULSWLRQ� 5HYHUVH�/LVW�&RPPDQG��5HYHUVHV�WKH�RUGHU�RI�WKH�HOHPHQWV�LQ�D�OLVW�
$FFHVV� <N /,67�352&('85(6�5(9/,67
,QSXW�2XWSXW�

6HH�DOVR� 6257

Level 1/Argument 1 Level 1/Item 1

�QSRUW��QDPHEDFNXS →
EDFNXS →

Level 1/Argument 1 Level 1/Item 1

^�REMQ�����REM��` → ^�REM������REMQ�`



Command Reference: Part D, Q-S (1.1) 1-295*R�WR�,QGH[

RKF
7\SH� &RPPDQG
'HVFULSWLRQ� 6ROYH�IRU�,QLWLDO�9DOXHV��5XQJH².XWWD²)HKOEHUJ��&RPPDQG��&RPSXWHV�WKH�VROXWLRQ�WR�DQ�

LQLWLDO�YDOXH�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ��XVLQJ�WKH�5XQJH�.XWWD�)HKOEHUJ�������
PHWKRG�
5.)�VROYHV�\
�W�� �I�W�\���ZKHUH�\�W��� �\���7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�WKUHH�LWHPV�LQ�WKLV�RUGHU��WKH�LQGHSHQGHQW��W��DQG�VROXWLRQ��\��YDULDEOHV��
DQG�WKH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

� [WRO�VHWV�WKH�DEVROXWH�HUURU�WROHUDQFH��,I�D�OLVW�LV�XVHG��WKH�ILUVW�YDOXH�LV�WKH�DEVROXWH�HUURU�
WROHUDQFH�DQG�WKH�VHFRQG�YDOXH�LV�WKH�LQLWLDO�FDQGLGDWH�VWHS�VL]H�

� [7ILQDO�VSHFLILHV�WKH�ILQDO�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

5.)�UHSHDWHGO\�FDOOV�5.)67(3�DV�LW�VWHSV�IURP�WKH�LQLWLDO�YDOXH�WR�[7ILQDO�
$FFHVV� N�5.)
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)(55��5.)67(3��55.��55.67(3��56%(55

L�/A� L�/A� L�/A� L�/I� L�/I�

^�OLVW�` [WRO [7�ILQDO → ^�OLVW�` [WRO
^�OLVW�` ^�[WRO�[KVWHS�` [7�ILQDO → ^�OLVW�` [WRO



1-296 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

RKFERR
7\SH� &RPPDQG
'HVFULSWLRQ� (UURU�(VWLPDWH�IRU�5XQJH².XWWD²)HKOEHUJ�0HWKRG�&RPPDQG��5HWXUQV�WKH�DEVROXWH�HUURU�

HVWLPDWH�IRU�D�JLYHQ�VWHS�K�ZKHQ�VROYLQJ�DQ�LQLWLDO�YDOXH�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ�
7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�WKUHH�LWHPV�LQ�WKLV�RUGHU��WKH�LQGHSHQGHQW��W��DQG�VROXWLRQ��\��YDULDEOHV��
DQG�WKH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

� K�LV�D�UHDO�QXPEHU�WKDW�VSHFLILHV�WKH�VWHS�
� \GHOWD�GLVSOD\V�WKH�FKDQJH�LQ�VROXWLRQ�IRU�WKH�VSHFLILHG�VWHS�

� HUURU�GLVSOD\V�WKH�DEVROXWH�HUURU�IRU�WKDW�VWHS��$�]HUR�HUURU�LQGLFDWHV�WKDW�WKH�5XQJH²
.XWWD²)HKOEHUJ�PHWKRG�IDLOHG�DQG�WKDW�(XOHU
V�PHWKRG�ZDV�XVHG�LQVWHDG�

7KH�DEVROXWH�HUURU�LV�WKH�DEVROXWH�YDOXH�RI�WKH�HVWLPDWHG�HUURU�IRU�D�VFDODU�SUREOHP��DQG�WKH�
URZ��LQILQLW\��QRUP�RI�WKH�HVWLPDWHG�HUURU�YHFWRU�IRU�D�YHFWRU�SUREOHP���7KH�ODWWHU�LV�D�ERXQG�
RQ�WKH�PD[LPXP�HUURU�RI�DQ\�FRPSRQHQW�RI�WKH�VROXWLRQ��

$FFHVV� N�5.)(
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)��5.)67(3��55.��55.67(3��56%(55

RKFSTEP
7\SH� &RPPDQG
'HVFULSWLRQ� 1H[W�6ROXWLRQ�6WHS�IRU�5.)�&RPPDQG��&RPSXWHV�WKH�QH[W�VROXWLRQ�VWHS��KQH[W��WR�DQ�LQLWLDO�

YDOXH�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ��
7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�WKUHH�LWHPV�LQ�WKLV�RUGHU��WKH�LQGHSHQGHQW��W��DQG�VROXWLRQ��\��YDULDEOHV��
DQG�WKH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

L�/A� L�/A� L�/I� L�/I� L�/I� L�/I�

^�OLVW�` K → ^�OLVW�` K \GHOWD HUURU



Command Reference: Part D, Q-S (1.1) 1-297*R�WR�,QGH[

� [WRO�VHWV�WKH�WROHUDQFH�YDOXH�

� K�VSHFLILHV�WKH�LQLWLDO�FDQGLGDWH�VWHS�
� KQH[W�LV�WKH�QH[W�FDQGLGDWH�VWHS��

7KH�LQGHSHQGHQW�DQG�VROXWLRQ�YDULDEOHV�PXVW�KDYH�YDOXHV�VWRUHG�LQ�WKHP��5.)67(3�VWHSV�
WKHVH�YDULDEOHV�WR�WKH�QH[W�SRLQW�XSRQ�FRPSOHWLRQ�
1RWH�WKDW�WKH�DFWXDO�VWHS�XVHG�E\�5.)67(3�ZLOO�EH�OHVV�WKDQ�WKH�LQSXW�YDOXH�K�LI�WKH�JOREDO�
HUURU�WROHUDQFH�LV�QRW�VDWLVILHG�E\�WKDW�YDOXH��,I�D�VWULQJHQW�JOREDO�HUURU�WROHUDQFH�IRUFHV�
5.)67(3�WR�UHGXFH�LWV�VWHSVL]H�WR�WKH�SRLQW�WKDW�WKH�5XQJH².XWWD²)HKOEHUJ�PHWKRGV�IDLOV��
WKHQ�5.)67(3�ZLOO�XVH�WKH�(XOHU�PHWKRG�WR�FRPSXWH�WKH�QH[W�VROXWLRQ�VWHS�DQG�ZLOO�FRQVLGHU�
WKH�HUURU�WROHUDQFH�VDWLVILHG��7KH�5XQJH�.XWWD�)HKOEHUJ�PHWKRG�ZLOO�IDLO�LI�WKH�FXUUHQW�
LQGHSHQGHQW�YDULDEOH�LV�]HUR�DQG�WKH�VWHSVL]H�≤�����ï��������RU�LI�WKH�YDULDEOH�LV�QRQ]HUR�DQG�
WKH�VWHSVL]H�LV�����ï�������WLPHV�LWV�PDJQLWXGH�

$FFHVV� N�5.)6
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)��5.)(55��55.��55.67(3��56%(55

RL
7\SH� &RPPDQG
'HVFULSWLRQ� 5RWDWH�/HIW�&RPPDQG��5RWDWHV�D�ELQDU\�LQWHJHU�RQH�ELW�WR�WKH�OHIW�

7KH�OHIWPRVW�ELW�RI��Q��EHFRPHV�WKH�ULJKWPRVW�ELW�RI��Q��
$FFHVV� < P�%$6(�%,7�5/

> ì %,7�5/
,QSXW�2XWSXW�

6HH�DOVR� 5/%��55��55%

L�/A� L�/AQ L�/AQ�� L�/I� L�/I� L�/I�

^�OLVW�` [WRO K → ^�OLVW�` [WRO KQH[W

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



1-298 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

RLB
7\SH� &RPPDQG
'HVFULSWLRQ� 5RWDWH�/HIW�%\WH�&RPPDQG��5RWDWHV�D�ELQDU\�LQWHJHU�RQH�E\WH�WR�WKH�OHIW�

7KH�OHIWPRVW�E\WH�RI��Q��EHFRPHV�WKH�ULJKWPRVW�E\WH�RI��Q���5/%�LV�HTXLYDOHQW�WR�H[HFXWLQJ�
5/�HLJKW�WLPHV�

$FFHVV� < P�%$6(�%<7(�5/%
> ì %<7(�5/%

,QSXW�2XWSXW�

6HH�DOVR� 5/��55��55%

RND
7\SH� )XQFWLRQ
'HVFULSWLRQ� 5RXQG�)XQFWLRQ��5RXQGV�DQ�REMHFW�WR�D�VSHFLILHG�QXPEHU�RI�GHFLPDO�SODFHV�RU�VLJQLILFDQW�

GLJLWV��RU�WR�ILW�WKH�FXUUHQW�GLVSOD\�IRUPDW�
QURXQG��RU�V\PEURXQG�LI�IODJ�²��LV�VHW��FRQWUROV�KRZ�WKH�OHYHO���DUJXPHQW�LV�URXQGHG��DV�IROORZV�

)RU�FRPSOH[�QXPEHUV�DQG�DUUD\V��HDFK�UHDO�QXPEHU�HOHPHQW�LV�URXQGHG��)RU�XQLW�REMHFWV��WKH�
QXPHULFDO�SDUW�RI�WKH�REMHFW�LV�URXQGHG�

$FFHVV� < P�5($/�51'

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�

nURXQG or symbURXQG Effect on Level 2 Argument

��WKURXJK�� 5RXQGHG�WR�Q�GHFLPDO�SODFHV�

²��WKURXJK�²�� 5RXQGHG�WR�Q�VLJQLILFDQW�GLJLWV�

�� 5RXQGHG�WR�WKH�FXUUHQW�GLVSOD\�IRUPDW�



Command Reference: Part D, Q-S (1.1) 1-299*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 751&

RNRM
7\SH� &RPPDQG
'HVFULSWLRQ� 5RZ�1RUP�&RPPDQG��5HWXUQV�WKH�URZ�QRUP��LQILQLW\�QRUP��RI�LWV�DUJXPHQW�DUUD\�

7KH�URZ�QRUP�LV�WKH�PD[LPXP��RYHU�DOO�URZV��RI�WKH�VXPV�RI�WKH�DEVROXWH�YDOXHV�RI�DOO�
HOHPHQWV�LQ�HDFK�URZ��)RU�D�YHFWRU��WKH�URZ�QRUP�LV�WKH�ODUJHVW�DEVROXWH�YDOXH�RI�DQ\�RI�LWV�
HOHPHQWV�

$FFHVV� < %�23(5$7,216�5150
< P�0$75,;�1250$/,=(�5150

,QSXW�2XWSXW�

6HH�DOVR� &150��&5266��'(7��'27

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� QURXQG → ]�
] 
V\PEURXQG
 → 
51'�V\PEURXQG�



V\PE
 QURXQG → 
51'�V\PE�QURXQG�


V\PE�
 
V\PEURXQG
 → 
51'�
V\PE���V\PEURXQG�

>�DUUD\��@ QURXQG → >�DUUD\��@
[BXQLW QURXQG → \BXQLW
[BXQLW 
V\PEURXQG
 → 
51'�[BXQLW��V\PEURXQG�


Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@ → [URZ�QRUP



1-300 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

ROLL
7\SH� 53/�FRPPDQG�
'HVFULSWLRQ� 5ROO�2EMHFWV�&RPPDQG��0RYHV�WKH�FRQWHQWV�RI�D�VSHFLILHG�OHYHO�WR�OHYHO����DQG�UROOV�XSZDUGV�

WKH�SRUWLRQ�RI�WKH�VWDFN�EHQHDWK�WKH�VSHFLILHG�OHYHO�
,Q�531�PRGH����52//�LV�HTXLYDOHQW�WR�527�

$FFHVV� <N 67$&.�52//
,QSXW�2XWSXW�

L = level

6HH�DOVR� 29(5��3,&.��52//'��527��6:$3

ROLLD
7\SH� 53/�FRPPDQG
'HVFULSWLRQ� 5ROO�'RZQ�&RPPDQG��0RYHV�WKH�FRQWHQWV�RI�OHYHO���WR�D�VSHFLILHG�OHYHO��Q��DQG�UROOV�

GRZQZDUG�WKH�SRUWLRQ�RI�WKH�VWDFN�EHQHDWK�WKH�VSHFLILHG�OHYHO�
$FFHVV� <N 67$&.�52//'
,QSXW�2XWSXW�

L = level

6HH�DOVR� 29(5��3,&.��52//��527��6:$3

LQ��... L� L� LQ ... L� L�

REMQ�����REM� Q → REMQ²����� REM� REMQ

LQ��... L� L� LQ LQ²� ... L�

REMQ�����REM� Q��REM�� → REM� REMQ���� REM�



Command Reference: Part D, Q-S (1.1) 1-301*R�WR�,QGH[

ROMUPLOAD
7\SH� &RPPDQG
'HVFULSWLRQ� 8SORDG�WKH�FDOFXODWRU
V�RSHUDWLQJ�V\VWHP�WR�DQRWKHU�FDOFXODWRU���8VH�WKLV�FRPPDQG�WR�XSORDG�

\RXU�520�WR�DQRWKHU�FDOFXODWRU��
�� 2Q�WKH�VHQGLQJ�FDOFXODWRU��HQWHU�WKH�52083/2$'�FRPPDQG�DQG�SUHVV \��7KH�FDOFXOD�

WRU�GLVSOD\V�D�VFUHHQ�ZLWK�LQVWUXFWLRQV�RQ�KRZ�WR�GRZQORDG�WKH�520�

�� 2Q�WKH�UHFHLYLQJ�FDOFXODWRU��KROG�GRZQ�WKH�;�DQG�SUHVV�WKH�d��7KH�FDOFXODWRU�GLVSOD\V�
WKH�7HVW�PHQX�

�� 2Q�WKH�UHFHLYLQJ�FDOFXODWRU��KROG�GRZQ�;�DQG�=�DQG�SUHVV�\��$IWHU�D�VKRUW�WLPH��WKH�
7HUPLQDO�PHQX�DSSHDUV�

�� 2Q�WKH�UHFHLYLQJ�FDOFXODWRU��SUHVV���WR�VHOHFW�WKH�'RZQORDG�RSWLRQ��

�� 2Q�WKH�VHQGLQJ�FDOFXODWRU��SUHVV�DQ\�NH\�WR�VWDUW�WKH�GRZQORDG�SURFHVV��7KH�SURFHVV�WDNHV�
DURXQG����PLQXWHV�

$FFHVV� N

ROOT
7\SH� &RPPDQG�
'HVFULSWLRQ� 5RRW�)LQGHU�&RPPDQG��5HWXUQV�D�UHDO�QXPEHU�[URRW�WKDW�LV�D�YDOXH�RI�WKH�VSHFLILHG�YDULDEOH�

JOREDO�IRU�ZKLFK�WKH�VSHFLILHG�SURJUDP�RU�DOJHEUDLF�REMHFW�PRVW�QHDUO\�HYDOXDWHV�WR�]HUR�RU�D�
ORFDO�H[WUHPXP�
JXHVV�LV�DQ�LQLWLDO�HVWLPDWH�RI�WKH�VROXWLRQ��5227�SURGXFHV�DQ�HUURU�LI�LW�FDQQRW�ILQG�D�VROXWLRQ��
UHWXUQLQJ�WKH�PHVVDJH�%DG�*XHVV�HV��LI�RQH�RU�PRUH�RI�WKH�JXHVVHV�OLH�RXWVLGH�WKH�GRPDLQ�RI�
WKH�HTXDWLRQ��RU�UHWXUQV�WKH�PHVVDJH�&RQVWDQW"�LI�WKH�HTXDWLRQ�UHWXUQV�WKH�VDPH�YDOXH�DW�HYHU\�
VDPSOH�SRLQW��5227�GRHV�QRW�UHWXUQ�LQWHUSUHWLYH�PHVVDJHV�ZKHQ�D�URRW�LV�IRXQG��

$FFHVV� N�5227
,QSXW�2XWSXW�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

©SURJUDPª 
JOREDO
 JXHVV → [URRW
©SURJUDPª 
JOREDO
 ^�JXHVVHV�` → [URRW

V\PE
 
JOREDO
 JXHVV → [URRW

V\PE
 
JOREDO
 ^�JXHVVHV�` → [URRW



1-302 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

ROT
7\SH� 53/�RPPDQG
'HVFULSWLRQ� 5RWDWH�2EMHFWV�&RPPDQG��5RWDWHV�WKH�ILUVW�WKUHH�REMHFWV�RQ�WKH�VWDFN��PRYLQJ�WKH�REMHFW�RQ�

OHYHO���WR�OHYHO���
,Q�531�PRGH��527�LV�HTXLYDOHQW�WR���52//��

$FFHVV� <N 67$&.�527
,QSXW�2XWSXW�

L = level

6HH�DOVR� 29(5��3,&.��52//��52//'��6:$3��81527

ROW–
7\SH� &RPPDQG
'HVFULSWLRQ� 'HOHWH�5RZ�&RPPDQG��'HOHWHV�URZ�Q�RI�D�PDWUL[��RU�HOHPHQW�Q�RI�D�YHFWRU���DQG�UHWXUQV�WKH�

PRGLILHG�PDWUL[��RU�YHFWRU��DQG�WKH�GHOHWHG�URZ��RU�HOHPHQW��
QURZ�RU�QHOHPHQW�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU�

$FFHVV� < %�&55($7(�52:�52:²
< P�0$75,;�52:�52:²

,QSXW�2XWSXW�

6HH�DOVR� &2/²��&2/���52:���56:3

L� L� L� L� L� L�

REM� REM� REM� → REM� REM� REM�

Level 2/Argument 1 Level 1/Argument 2 Level 2/Item 1 Level 1/Item 2

>>�PDWUL[�@@� QURZ → >>�PDWUL[�@@� >�YHFWRU�@URZ
>�YHFWRU�@� QHOHPHQW → >�YHFWRU�@� HOHPHQWQ



Command Reference: Part D, Q-S (1.1) 1-303*R�WR�,QGH[

ROW+
7\SH� &RPPDQG
'HVFULSWLRQ� ,QVHUW�5RZ�&RPPDQG��,QVHUWV�DQ�DUUD\�LQWR�D�PDWUL[��RU�RQH�RU�PRUH�QXPEHUV�LQWR�D�YHFWRU��

DW�WKH�SRVLWLRQ�LQGLFDWHG�E\�QLQGH[��DQG�UHWXUQV�WKH�PRGLILHG�PDWUL[��RU�YHFWRU��
7KH�LQVHUWHG�DUUD\�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�FROXPQV�DV�WKH�WDUJHW�DUUD\�
QLQGH[�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU��7KH�RULJLQDO�DUUD\�LV�UHGLPHQVLRQHG�WR�LQFOXGH�WKH�QHZ�
FROXPQV�RU�HOHPHQWV��DQG�WKH�HOHPHQWV�DW�DQG�EHORZ�WKH�LQVHUWLRQ�SRLQW�DUH�VKLIWHG�GRZQ�

$FFHVV� $FFHVV�< %�&55($7(�52:�52:�
< P�0$75,;�52:�52:�

,QSXW�2XWSXW�

6HH�DOVR� &2/²��&2/���52:²��56:3

ROW→
7\SH� &RPPDQG
'HVFULSWLRQ� 5RZV�WR�0DWUL[�&RPPDQG��7UDQVIRUPV�D�VHULHV�RI�URZ�YHFWRUV�DQG�D�URZ�FRXQW�LQWR�D�PDWUL[�

FRQWDLQLQJ�WKRVH�URZV��RU�WUDQVIRUPV�D�VHTXHQFH�RI�QXPEHUV�DQG�DQ�HOHPHQW�FRXQW�LQWR�D�
YHFWRU�ZLWK�WKRVH�QXPEHUV�DV�HOHPHQWV�

$FFHVV� 0$75�52:�52:→

,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� →&2/��&2/→��→52:

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� >>�PDWUL[�@@� QLQGH[ → >>�PDWUL[�@@�
>>�PDWUL[�@@� >�YHFWRU�@URZ QLQGH[ → >>�PDWUL[�@@�
>�YHFWRU�@� QHOHPHQW QLQGH[ → >�YHFWRU�@�

LQ��/A��… L�/AQ L�/AQ�� Level 1/Item 1

>�YHFWRU�@URZ���… >�YHFWRU�@URZ�Q QURZ�FRXQW → >>�PDWUL[�@@
HOHPHQW��… HOHPHQWQ QHOHPHQW�FRXQW → >�YHFWRU�@FROXPQ



1-304 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

→ROW
7\SH� &RPPDQG
'HVFULSWLRQ� 0DWUL[�WR�5RZV�&RPPDQG��7UDQVIRUPV�D�PDWUL[�LQWR�D�VHULHV�RI�URZ�YHFWRUV�DQG�UHWXUQV�WKH�

YHFWRUV�DQG�D�URZ�FRXQW��RU�WUDQVIRUPV�D�YHFWRU�LQWR�LWV�HOHPHQWV�DQG�UHWXUQV�WKH�HOHPHQWV�
DQG�DQ�HOHPHQW�FRXQW�

$FFHVV� < %�&5($7(�52:�→52:

< P�0$75,;�52:�→52:

,QSXW�2XWSXW�

L =Level; A = Argument; I = Item

6HH�DOVR� →&2/��&2/→��52:→

RR
7\SH� &RPPDQG
'HVFULSWLRQ� 5RWDWH�5LJKW�&RPPDQG��5RWDWHV�D�ELQDU\�LQWHJHU�RQH�ELW�WR�WKH�ULJKW�

7KH�ULJKWPRVW�ELW�RI��Q��EHFRPHV�WKH�OHIWPRVW�ELW�RI��Q��
$FFHVV� > ì�%,7�55

< P�%$6(�%,7�55
,QSXW�2XWSXW�

6HH�DOVR� 5/��5/%��55%

L�/Argument� LQ��/I� … L�/IQ L�/IQ��

>>�PDWUL[�@@ → >�YHFWRU�@URZ�Q�«�>�YHFWRU�@URZ�Q QURZFRXQW
>�YHFWRU�@ → HOHPHQW��«�HOHPHQWQ QHOHPHQWFRXQW

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



Command Reference: Part D, Q-S (1.1) 1-305*R�WR�,QGH[

RRB
7\SH� &RPPDQG
'HVFULSWLRQ� �5RWDWH�5LJKW�%\WH�&RPPDQG��5RWDWHV�D�ELQDU\�LQWHJHU�RQH�E\WH�WR�WKH�ULJKW�

7KH�ULJKWPRVW�E\WH�RI��Q��EHFRPHV�WKH�OHIWPRVW�E\WH�RI��Q���55%�LV�HTXLYDOHQW�WR�GRLQJ�55�
HLJKW�WLPHV�

$FFHVV� > ì�%<7(�55%
< P�%$6(�%<7(�55%

,QSXW�2XWSXW�

6HH�DOVR� 5/��5/%��55

RRK
7\SH� &RPPDQG
'HVFULSWLRQ� 6ROYH�IRU�,QLWLDO�9DOXHV��5RVHQEURFN��5XQJH².XWWD��&RPPDQG��&RPSXWHV�WKH�VROXWLRQ�WR�DQ�

LQLWLDO�YDOXH�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ�ZLWK�NQRZQ�SDUWLDO�GHULYDWLYHV��
55.�VROYHV�\
�W�� �I�W�\���ZKHUH�\�W��� �\���7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�ILYH�LWHPV�LQ�WKLV�RUGHU�
² 7KH�LQGHSHQGHQW�YDULDEOH��W��
² 7KH�VROXWLRQ�YDULDEOH��\��
² 7KH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�VROXWLRQ�YDULDEOH��RU�D�YDULDEOH�ZKHUH�
WKH�H[SUHVVLRQ�LV�VWRUHG��

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�YDULDEOH�
ZKHUH�WKH�H[SUHVVLRQ�LV�VWRUHG��

� [WRO�VHWV�WKH�WROHUDQFH�YDOXH��,I�D�OLVW�LV�XVHG��WKH�ILUVW�YDOXH�LV�WKH�WROHUDQFH�DQG�WKH�VHFRQG�
YDOXH�LV�WKH�LQLWLDO�FDQGLGDWH�VWHS�VL]H�

� [7ILQDO�VSHFLILHV�WKH�ILQDO�YDOXH�RI�WKH�LQGHSHQGHQW�YDULDEOH�

55.�UHSHDWHGO\�FDOOV�5.)67(3�DV�LWV�VWHSV�IURP�WKH�LQLWLDO�YDOXH�WR�[7ILQDO�

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



1-306 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

$FFHVV� N�55.
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)��5.)(55��5.)67(3��55.67(3��56%(55

RRKSTEP
7\SH� &RPPDQG
'HVFULSWLRQ� 1H[W�6ROXWLRQ�6WHS�DQG�0HWKRG��5.)�RU�55.��&RPPDQG��&RPSXWHV�WKH�QH[W�VROXWLRQ�VWHS�

�KQH[W��WR�DQ�LQLWLDO�YDOXH�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ��DQG�GLVSOD\V�WKH�PHWKRG�XVHG�WR�
DUULYH�DW�WKDW�UHVXOW�
7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�ILYH�LWHPV�LQ�WKLV�RUGHU�
² 7KH�LQGHSHQGHQW�YDULDEOH��W��
² 7KH�VROXWLRQ�YDULDEOH��\��
² 7KH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�VROXWLRQ�YDULDEOH��RU�D�YDULDEOH�ZKHUH�
WKH�H[SUHVVLRQ�LV�VWRUHG��

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�YDULDEOH�
ZKHUH�WKH�H[SUHVVLRQ�LV�VWRUHG��

� [WRO�LV�WKH�WROHUDQFH�YDOXH�

� K�VSHFLILHV�WKH�LQLWLDO�FDQGLGDWH�VWHS�
� ODVW�VSHFLILHV�WKH�ODVW�PHWKRG�XVHG��5.)� ����55.� �����,I�WKLV�LV�WKH�ILUVW�WLPH�\RX�DUH�
XVLQJ�55.67(3��HQWHU���

� FXUUHQW�GLVSOD\V�WKH�FXUUHQW�PHWKRG�XVHG�WR�DUULYH�DW�WKH�QH[W�VWHS�
� �KQH[W�LV�WKH�QH[W�FDQGLGDWH�VWHS�

L�/A� L�/A� L�/A� L�/I� L�/I�

^�OLVW�` [WRO [7�ILQDO → ^�OLVW�` [WRO
^�OLVW�` ^�[WRO�[KVWHS�` [7�ILQDO ^�OLVW�` [WRO



Command Reference: Part D, Q-S (1.1) 1-307*R�WR�,QGH[

7KH�LQGHSHQGHQW�DQG�VROXWLRQ�YDULDEOHV�PXVW�KDYH�YDOXHV�VWRUHG�LQ�WKHP��55.67(3�VWHSV�
WKHVH�YDULDEOHV�WR�WKH�QH[W�SRLQW�XSRQ�FRPSOHWLRQ�
1RWH�WKDW�WKH�DFWXDO�VWHS�XVHG�E\�55.67(3�ZLOO�EH�OHVV�WKDQ�WKH�LQSXW�YDOXH�K�LI�WKH�JOREDO�
HUURU�WROHUDQFH�LV�QRW�VDWLVILHG�E\�WKDW�YDOXH��,I�D�VWULQJHQW�JOREDO�HUURU�WROHUDQFH�IRUFHV�
55.67(3�WR�UHGXFH�LWV�VWHSVL]H�WR�WKH�SRLQW�WKDW�WKH�5XQJH².XWWD²)HKOEHUJ�RU�5RVHQEURFN�
PHWKRGV�IDLOV��WKHQ�55.67(3�ZLOO�XVH�WKH�(XOHU�PHWKRG�WR�FRPSXWH�WKH�QH[W�VROXWLRQ�VWHS�
DQG�ZLOO�FRQVLGHU�WKH�HUURU�WROHUDQFH�VDWLVILHG��7KH�5RVHQEURFN�PHWKRG�ZLOO�IDLO�LI�WKH�FXUUHQW�
LQGHSHQGHQW�YDULDEOH�LV�]HUR�DQG�WKH�VWHSVL]H�≤�����ï��������RU�LI�WKH�YDULDEOH�LV�QRQ]HUR�DQG�
WKH�VWHSVL]H�LV�����ï�������WLPHV�LWV�PDJQLWXGH��7KH�5XQJH².XWWD²)HKOEHUJ�PHWKRG�ZLOO�IDLO�
LI�WKH�FXUUHQW�LQGHSHQGHQW�YDULDEOH�LV�]HUR�DQG�WKH�VWHSVL]H�≤ ��� ï �������RU�LI�WKH�YDULDEOH�LV�
QRQ]HUR�DQG�WKH�VWHSVL]H�LV�����ï�������WLPHV�LWV�PDJQLWXGH�

$FFHVV� N�55.6
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)��5.)(55��5.)67(3��55.��56%(55

RSBERR
7\SH� &RPPDQG
'HVFULSWLRQ� (UURU�(VWLPDWH�IRU�5RVHQEURFN�0HWKRG�&RPPDQG��5HWXUQV�DQ�HUURU�HVWLPDWH�IRU�D�JLYHQ�VWHS�

K�ZKHQ�VROYLQJ�DQ�LQLWLDO�YDOXHV�SUREOHP�IRU�D�GLIIHUHQWLDO�HTXDWLRQ�
7KH�DUJXPHQWV�DQG�UHVXOWV�DUH�DV�IROORZV�
� ^�OLVW�`�FRQWDLQV�ILYH�LWHPV�LQ�WKLV�RUGHU�
² 7KH�LQGHSHQGHQW�YDULDEOH��W��
² 7KH�VROXWLRQ�YDULDEOH��\��
² 7KH�ULJKW�KDQG�VLGH�RI�WKH�GLIIHUHQWLDO�HTXDWLRQ��RU�D�YDULDEOH�ZKHUH�WKH�H[SUHVVLRQ�LV�
VWRUHG��

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�VROXWLRQ�YDULDEOH��RU�D�YDULDEOH�ZKHUH�
WKH�H[SUHVVLRQ�LV�VWRUHG��

L�/A� L�/A� L�/A� L�/A� L�/I� L�/I� L�/I� L�/I�

^�OLVW�` [WRO K ODVW → ^�OLVW�` [WRO KQH[W FXUUHQW



1-308 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

² 7KH�SDUWLDO�GHULYDWLYH�RI�\
�W��ZLWK�UHVSHFW�WR�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�YDULDEOH�
ZKHUH�WKH�H[SUHVVLRQ�LV�VWRUHG��

� K�LV�D�UHDO�QXPEHU�WKDW�VSHFLILHV�WKH�LQLWLDO�VWHS�
� \GHOWD�GLVSOD\V�WKH�FKDQJH�LQ�VROXWLRQ�

� HUURU�GLVSOD\V�WKH�DEVROXWH�HUURU�IRU�WKDW�VWHS��7KH�DEVROXWH�HUURU�LV�WKH�DEVROXWH�YDOXH�RI�WKH�
HVWLPDWHG�HUURU�IRU�D�VFDODU�SUREOHP��DQG�WKH�URZ��LQILQLW\��QRUP�RI�WKH�HVWLPDWHG�HUURU�
YHFWRU�IRU�D�YHFWRU�SUREOHP���7KH�ODWWHU�LV�D�ERXQG�RQ�WKH�PD[LPXP�HUURU�RI�DQ\�
FRPSRQHQW�RI�WKH�VROXWLRQ���$�]HUR�HUURU�LQGLFDWHV�WKDW�WKH�5RVHQEURFN�PHWKRG�IDLOHG�
DQG�(XOHU
V�PHWKRG�ZDV�XVHG�LQVWHDG��

$FFHVV� N�56%(5
,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� 5.)��5.)(55��5.)67(3��55.��55.67(3

RSD
7\SH� &RPPDQG
'HVFULSWLRQ� 5HVLGXDO�&RPPDQG��&RPSXWHV�WKH�UHVLGXDO�%�²�$=�RI�WKH�DUUD\V�%��$��DQG�=�

$��%��DQG�=�DUH�UHVWULFWHG�DV�IROORZV�
� $�PXVW�EH�D�PDWUL[�
� 7KH�QXPEHU�RI�FROXPQV�RI�$�PXVW�HTXDO�WKH�QXPEHU�RI�HOHPHQWV�RI�=�LI�=�LV�D�YHFWRU��RU�
WKH�QXPEHU�RI�URZV�RI�=�LI�=�LV�D�PDWUL[�

� 7KH�QXPEHU�RI�URZV�RI�$�PXVW�HTXDO�WKH�QXPEHU�RI�HOHPHQWV�RI�%�LI�%�LV�D�YHFWRU��RU�WKH�
QXPEHU�RI�URZV�RI�%�LI�%�LV�D�PDWUL[�

� %�DQG�=�PXVW�ERWK�EH�YHFWRUV�RU�ERWK�EH�PDWULFHV�
� %�DQG�=�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�FROXPQV�LI�WKH\�DUH�PDWULFHV�
56'�LV�W\SLFDOO\�XVHG�IRU�FRPSXWLQJ�D�FRUUHFWLRQ�WR�=��ZKHUH�=�KDV�EHHQ�REWDLQHG�DV�DQ�
DSSUR[LPDWLRQ�WR�WKH�VROXWLRQ�;�WR�WKH�V\VWHP�RI�HTXDWLRQV�$;� �%�

L�/A� L�/A� L�/I� L�/I� L�/I� L�/I�

^�OLVW�` K → ^�OLVW�` K \GHOWD HUURU



Command Reference: Part D, Q-S (1.1) 1-309*R�WR�,QGH[

$FFHVV� < %�23(5$7,216�56'
< P�0$75,;�56'

,QSXW�2XWSXW�

RSWP
7\SH� &RPPDQG
'HVFULSWLRQ� 5RZ�6ZDS�&RPPDQG��6ZDSV�URZV�L�DQG�M�RI�D�PDWUL[�DQG�UHWXUQV�WKH�PRGLILHG�PDWUL[��RU�

VZDSV�HOHPHQWV�L�DQG�M�RI�D�YHFWRU�DQG�UHWXUQV�WKH�PRGLILHG�YHFWRU�
5RZ�QXPEHUV�DUH�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU��9HFWRU�DUJXPHQWV�DUH�WUHDWHG�DV�FROXPQ�
YHFWRUV�

$FFHVV� < %�&5($7(�52:�56:3
< P�0$75,;�52:�56:3

,QSXW�2XWSXW�

6HH�DOVR� &6:3��52:���52:²

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>�YHFWRU�@% >>�PDWUL[�@@$ >�YHFWRU�@= → >�YHFWRU�@%²$=
>>�PDWUL[�@@% >>�PDWUL[�@@$ >>�PDWUL[�@@= → >>�PDWUL[�@@%²$=

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� QURZ�L QURZ�M → >>�PDWUL[�@@�
>�YHFWRU�@� QHOHPHQW�L QHOHPHQW�M → >�YHFWRU�@�



1-310 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

R→B
7\SH� &RPPDQG
'HVFULSWLRQ� 5HDO�WR�%LQDU\�&RPPDQG��&RQYHUWV�D�SRVLWLYH�UHDO�WR�LWV�ELQDU\�LQWHJHU�HTXLYDOHQW�

)RU�DQ\�YDOXH�RI�Q�≤����WKH�UHVXOW�LV������)RU�DQ\�YDOXH�RI�Q�≥��������������(����EDVH������
WKH�UHVXOW�LV���))))))))))))))))��EDVH�����

$FFHVV� >�ì 5→%

,QSXW�2XWSXW�

6HH�DOVR� %→5

R→C
7\SH� &RPPDQG
'HVFULSWLRQ� 5HDO�WR�&RPSOH[�&RPPDQG��&RPELQHV�WZR�UHDO�QXPEHUV�RU�UHDO�DUUD\V�LQWR�D�VLQJOH�FRPSOH[�

QXPEHU�RU�FRPSOH[�DUUD\�
7KH�ILUWV�LQSXW�UHSUHVHQWV�WKH�UHDO�HOHPHQW�V��RI�WKH�FRPSOH[�UHVXOW��7KH�VHFRQG�LQSXW�
UHSUHVHQWV�WKH�LPDJLQDU\�HOHPHQW�V��RI�WKH�FRPSOH[�UHVXOW�
$UUD\�DUJXPHQWV�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�

$FFHVV� <N 7<3(�5→&

,QSXW�2XWSXW�

6HH�DOVR� &→5��,0��5(

Level 1/Argument 1 Level 1/Item 1

Q → �Q

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → �[�\�
>�5�DUUD\��@ >�5�DUUD\��@ → >�&�DUUD\�@



Command Reference: Part D, Q-S (1.1) 1-311*R�WR�,QGH[

R→D
7\SH� )XQFWLRQ
'HVFULSWLRQ� 5DGLDQV�WR�'HJUHHV�)XQFWLRQ��&RQYHUWV�D�UHDO�QXPEHU�H[SUHVVHG�LQ�UDGLDQV�WR�LWV�HTXLYDOHQW�

LQ�GHJUHHV�
7KLV�IXQFWLRQ�RSHUDWHV�LQGHSHQGHQWO\�RI�WKH�DQJOH�PRGH�

$FFHVV� < P 5($/�5→'

,QSXW�2XWSXW�

)6HH�DOVR� '→5

Level 1/Argument 1 Level 1/Item 1

[ → �����π�[

V\PE
 → 
5→'�V\PE�




1-312 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

S
SAME
7\SH� &RPPDQG
'HVFULSWLRQ� 6DPH�2EMHFW�&RPPDQG��&RPSDUHV�WZR�REMHFWV��DQG�UHWXUQV�D�WUXH�UHVXOW�����LI�WKH\�DUH�

LGHQWLFDO��DQG�D�IDOVH�UHVXOW�����LI�WKH\�DUH�QRW�
6$0(�LV�LGHQWLFDO�LQ�HIIHFW�WR�  �IRU�DOO�REMHFW�W\SHV�H[FHSW�DOJHEUDLFV��QDPHV��DQG�VRPH�
XQLWV���)RU�DOJHEUDLFV�DQG�QDPHV��  �UHWXUQV�DQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�SURGXFH�
D�WHVW�UHVXOW�EDVHG�RQ�QXPHULFDO�YDOXHV�

$FFHVV� <N 7(67�6$0(
,QSXW�2XWSXW�

6HH�DOVR� 7<3(��  

SBRK
7\SH� &RPPDQG
'HVFULSWLRQ� 6HULDO�%UHDN�&RPPDQG��,QWHUUXSWV�VHULDO�WUDQVPLVVLRQ�RU�UHFHSWLRQ�

6%5.�LV�W\SLFDOO\�XVHG�ZKHQ�D�SUREOHP�RFFXUV�LQ�D�VHULDO�GDWD�WUDQVPLVVLRQ�
$FFHVV� N�6%5.
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %8)/(1��65(&9��67,0(��;0,7

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM� REM� → ���



Command Reference: Part D, Q-S (1.1) 1-313*R�WR�,QGH[

SCALE
7\SH� &RPPDQG
'HVFULSWLRQ� 6FDOH�3ORW�&RPPDQG��$GMXVWV�WKH�ILUVW�WZR�SDUDPHWHUV�LQ�33$5���[PLQ��\PLQ��DQG��[PD[��\PD[���

VR�WKDW�[VFDOH�DQG�\VFDOH�DUH�WKH�QHZ�SORW�KRUL]RQWDO�DQG�YHUWLFDO�VFDOHV��DQG�WKH�FHQWHU�SRLQW�
GRHVQ
W�FKDQJH�
7KH�VFDOH�LQ�HLWKHU�GLUHFWLRQ�LV�WKH�QXPEHU�RI�XVHU�XQLWV�SHU�WLFN�PDUN��7KH�GHIDXOW�VFDOH�LQ�
ERWK�GLUHFWLRQV�LV���XVHU�XQLW�SHU�WLFN�PDUN�

$FFHVV� N�6&$/(
,QSXW�2XWSXW�

6HH�DOVR� $872��&(175��6&$/(+��6&$/(:

SCALEH
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSO\�+HLJKW�&RPPDQG��0XOWLSOLHV�WKH�YHUWLFDO�SORW�VFDOH�E\�[IDFWRU�

([HFXWLQJ�6&$/(+�FKDQJHV�WKH�\�D[LV�GLVSOD\�UDQJH³WKH�\PLQ�DQG�\PD[�FRPSRQHQWV�RI�WKH�
ILUVW�WZR�FRPSOH[�QXPEHUV�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��7KH�SORW�RULJLQ��WKH�XVHU�XQLW�
FRRUGLQDWH�RI�WKH�FHQWHU�SL[HO��LV�QRW�FKDQJHG�

$FFHVV� N�6&$/(+

,QSXW�2XWSXW�

6HH�DOVR� $872��6&$/(:��<5,1*

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[VFDOH \VFDOH →

Level 1/Argument 1 Level 1/Item 1

[IDFWRU →



1-314 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SCALEW
7\SH� &RPPDQG
'HVFULSWLRQ� 0XOWLSO\�:LGWK�&RPPDQG��0XOWLSOLHV�WKH�KRUL]RQWDO�SORW�VFDOH�E\�[IDFWRU�

([HFXWLQJ�6&$/(+�FKDQJHV�WKH�[�D[LV�GLVSOD\�UDQJH³WKH�[PLQ�DQG�[PD[�FRPSRQHQWV�RI�WKH�
ILUVW�WZR�FRPSOH[�QXPEHUV�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��7KH�SORW�RULJLQ��WKH�XVHU�XQLW�
FRRUGLQDWH�RI�WKH�FHQWHU�SL[HO��LV�QRW�FKDQJHG�

$FFHVV� N�6&$/(:

,QSXW�2XWSXW�

6HH�DOVR� $872��6&$/(+��<5,1*

SCATRPLOT
7\SH� &RPPDQG
'HVFULSWLRQ� 'UDZ�6FDWWHU�3ORW�&RPPDQG��'UDZV�D�VFDWWHUSORW�RI��[��\��GDWD�SRLQWV�IURP�WKH�VSHFLILHG�

FROXPQV�RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���
7KH�GDWD�FROXPQV�SORWWHG�DUH�VSHFLILHG�E\�;&2/�DQG�<&2/��DQG�DUH�VWRUHG�DV�WKH�ILUVW�WZR�
SDUDPHWHUV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��,I�QR�GDWD�FROXPQV�DUH�VSHFLILHG��FROXPQV���
�LQGHSHQGHQW��DQG����GHSHQGHQW��DUH�VHOHFWHG�E\�GHIDXOW��7KH�\�D[LV�LV�DXWRVFDOHG�DQG�WKH�SORW�
W\SH�LV�VHW�WR�6&$77(5�
:KHQ�6&$753/27�LV�H[HFXWHG�IURP�D�SURJUDP��WKH�UHVXOWLQJ�GLVSOD\�GRHV�QRW�SHUVLVW�XQOHVV�
3,&785(�RU�39,(:�LV�VXEVHTXHQWO\�H[HFXWHG�

$FFHVV� N�6&$77(53/27
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$53/27��3,&785(��+,673/27��39,(:��6&/Σ��;&2/��<&2/

Level 1/Argument 1 Level 1/Item 1

[IDFWRU →



Command Reference: Part D, Q-S (1.1) 1-315*R�WR�,QGH[

SCATTER
7\SH� &RPPDQG
'HVFULSWLRQ� 6FDWWHU�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�6&$77(5�

:KHQ�WKH�SORW�W\SH�LV�6&$77(5��WKH�'5$:�FRPPDQG�SORWV�SRLQWV�E\�REWDLQLQJ�[�DQG�\�
FRRUGLQDWHV�IURP�WZR�FROXPQV�RI�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���7KH�
FROXPQV�DUH�VSHFLILHG�E\�WKH�ILUVW�DQG�VHFRQG�SDUDPHWHUV�LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��XVLQJ�
WKH�;&2/�DQG�<&2/�FRPPDQGV���7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�
YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�

^��[PLQ��\PLQ����[PD[��\PD[���LQGHS��UHV��D[HV��SW\SH��GHSHQG�`

)RU�SORW�W\SH�6&$77(5��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�6&$77(5�
SODFHV�WKH�QDPH�6&$77(5�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�6&$77(5
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6/23(),(/'��7587+��:,5()5$0(��
<6/,&(



1-316 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SCHUR
7\SH� &RPPDQG
'HVFULSWLRQ� 6FKXU�'HFRPSRVLWLRQ�RI�D�6TXDUH�0DWUL[�&RPPDQG��5HWXUQV�WKH�6FKXU�GHFRPSRVLWLRQ�RI�D�

VTXDUH�PDWUL[�
6&+85�GHFRPSRVHV�$�LQWR�WZR�PDWULFHV�4�DQG�7�
� ,I�$�LV�D�FRPSOH[�PDWUL[��4�LV�D�XQLWDU\�PDWUL[��DQG�7�LV�DQ�XSSHU�WULDQJXODU�PDWUL[�
� ,I��$�LV�D�UHDO�PDWUL[��4�LV�DQ�RUWKRJRQDO�PDWUL[��DQG�7�LV�DQ�XSSHU�TXDVL�WULDQJXODU�PDWUL[�
�7�LV�XSSHU�EORFN�WULDQJXODU�ZLWK���ï���RU���ï���GLDJRQDO�EORFNV�ZKHUH�WKH���ï���EORFNV�
KDYH�FRPSOH[�FRQMXJDWH�HLJHQYDOXHV���

,Q�HLWKHU�FDVH��$�≅�4�ï�7�ï�751�4�
$FFHVV� < %�)$&725,=$7,21�6&+85

< P�0$75,;�)$&7256�6&+85
,QSXW�2XWSXW�

6HH�DOVR� /4��/8��45��69'��69/��751

SCI
7\SH� &RPPDQG
'HVFULSWLRQ� 6FLHQWLILF�0RGH�&RPPDQG��6HWV�WKH�QXPEHU�GLVSOD\�IRUPDW�WR�VFLHQWLILF�PRGH��ZKLFK�GLVSOD\V�

RQH�GLJLW�WR�WKH�OHIW�RI�WKH�IUDFWLRQ�PDUN�DQG�Q�VLJQLILFDQW�GLJLWV�WR�WKH�ULJKW�
6FLHQWLILF�PRGH�LV�HTXLYDOHQW�WR�VFLHQWLILF�QRWDWLRQ�XVLQJ�Q�����VLJQLILFDQW�GLJLWV��ZKHUH���≤�Q�
≤������9DOXHV�IRU�Q�RXWVLGH�WKLV�UDQJH�DUH�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU���,Q�VFLHQWLILF�PRGH��
QXPEHUV�DUH�GLVSOD\HG�DQG�SULQWHG�OLNH�WKLV�

�VLJQ��PDQWLVVD�(��VLJQ��H[SRQHQW

ZKHUH�WKH�PDQWLVVD�KDV�WKH�IRUP�Q��Q�«���DQG�KDV�]HUR�WR����GHFLPDO�SODFHV��DQG�WKH�H[SRQHQW�
KDV�RQH�WR�WKUHH�GLJLWV�

$FFHVV� N�6&,

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

>>�PDWUL[�@@$ → >>�PDWUL[�@@4 >>�PDWUL[�@@7



Command Reference: Part D, Q-S (1.1) 1-317*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� (1*��),;��67'

SCLΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 6FDOH�6LJPD�&RPPDQG��$GMXVWV��[PLQ��\�PLQ��DQG��[PD[��\PD[��LQ�33$5�VR�WKDW�D�VXEVHTXHQW�

VFDWWHU�SORW�H[DFWO\�ILOOV�3,&7�
:KHQ�WKH�SORW�W\SH�LV�6&$77(5��WKH�FRPPDQG�$872�LQFRUSRUDWHV�WKH�IXQFWLRQV�RI�6&/Σ��
,Q�DGGLWLRQ��WKH�FRPPDQG�6&$77(53/27�DXWRPDWLFDOO\�H[HFXWHV�$872�WR�DFKLHYH�WKH�
VDPH�UHVXOW�

$FFHVV� N�6&/Σ

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $872��6&$753/27

SCONJ
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�&RQMXJDWH�&RPPDQG��&RQMXJDWHV�WKH�FRQWHQWV�RI�D�QDPHG�REMHFW�

7KH�QDPHG�REMHFW�PXVW�EH�D�QXPEHU��DQ�DUUD\��RU�DQ�DOJHEUDLF�REMHFW��)RU�LQIRUPDWLRQ�RQ�
FRQMXJDWLRQ��VHH�&21-�

$FFHVV� <N 0(025<�$5,7+0(7,&�6&21-
,QSXW�2XWSXW�

6HH�DOVR� &21-��6,19��61(*

Level 1/Argument 1 Level 1/Item 1

Q →

Level 1/Argument 1 Level 1/Item 1


QDPH
 →



1-318 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SCROLL
7\SH� &RPPDQG
'HVFULSWLRQ� �
$FFHVV� N

,QSXW�2XWSXW�

6HH�DOVR�

SDEV
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDQGDUG�'HYLDWLRQ�&RPPDQG��&DOFXODWHV�WKH�VDPSOH�VWDQGDUG�GHYLDWLRQ�RI�HDFK�RI�WKH�P�

FROXPQV�RI�FRRUGLQDWH�YDOXHV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
6'(9�UHWXUQV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�D�VLQJOH�UHDO�QXPEHU�LI�P� ����7KH�VWDQGDUG�
GHYLDWLRQ��WKH�VTXDUH�URRW�RI�WKH�YDULDQFHV��LV�FRPSXWHG�XVLQJ�WKLV�IRUPXOD�

ZKHUH�[L�LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�D�FROXPQ�� �LV�WKH�PHDQ�RI�WKH�GDWD�LQ�WKLV�FROXPQ��DQG�
Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

$FFHVV� N�6'(9
,QSXW�2XWSXW�

6HH�DOVR� 0$;Σ��0($1��0,1Σ��36'(9��39$5��727��9$5

Level 1/Argument 1 Level 1/Item 1

→

Level 1/Argument 1 Level 1/Item 1

→ [VGHY
→ >�[VGHY���[VGHY�������[VGHY�P�@

1
n 1–
------------ xi x–( )

2

i 1=

n

∑

x



Command Reference: Part D, Q-S (1.1) 1-319*R�WR�,QGH[

SEND
7\SH� &RPPDQG�
'HVFULSWLRQ� 6HQG�2EMHFW�&RPPDQG��6HQGV�D�FRS\�RI�WKH�QDPHG�REMHFWV�WR�D�.HUPLW�GHYLFH�

'DWD�LV�DOZD\V�VHQW�IURP�D�ORFDO�.HUPLW��EXW�FDQ�EH�VHQW�HLWKHU�WR�DQRWKHU�ORFDO�.HUPLW��ZKLFK�
PXVW�H[HFXWH�5(&9�RU�5(&1��RU�WR�D�VHUYHU�.HUPLW�
7R�UHQDPH�DQ�REMHFW�ZKHQ�VHQGLQJ�LW��LQFOXGH�WKH�ROG�DQG�QHZ�QDPHV�LQ�DQ�HPEHGGHG�OLVW�

$FFHVV� N�6(1'
,QSXW�2XWSXW�

6HH�DOVR� %$8'��&/26(,2��&.60��),1,6+��.(550��.*(7��3$5,7<��5(&1��5(&9��6(59(5��
75$16,2

SEQ
7\SH� &RPPDQG
'HVFULSWLRQ� 6HTXHQWLDO�&DOFXODWLRQ�&RPPDQG��5HWXUQV�D�OLVW�RI�UHVXOWV�JHQHUDWHG�E\�UHSHDWHGO\�H[HFXWLQJ�

REMH[HF�XVLQJ�LQGH[�RYHU�WKH�UDQJH�[VWDUW�WR�[HQG��LQ�LQFUHPHQWV�RI�[LQFU�
REMH[HF�LV�QRPLQDOO\�D�SURJUDP�RU�DOJHEUDLF�REMHFW�WKDW�LV�D�IXQFWLRQ�RI�LQGH[��EXW�FDQ�DFWXDOO\�EH�
DQ�REMHFW��LQGH[�PXVW�EH�D�JOREDO�RU�ORFDO�QDPH��7KH�UHPDLQLQJ�REMHFWV�FDQ�EH�DQ\WKLQJ�WKDW�
ZLOO�HYDOXDWH�WR�UHDO�QXPEHUV�
7KH�DFWLRQ�RI�6(4�IRU�DUELWUDU\�LQSXWV�FDQ�EH�SUHGLFWHG�H[DFWO\�IURP�WKLV�HTXLYDOHQW�SURJUDP�

[VWDUW�[HQG�)25�LQGH[�REMH[HF�(9$/�[LQFU�67(3�Q�→�/,67

ZKHUH�Q�LV�WKH�QXPEHU�RI�QHZ�REMHFWV�OHIW�RQ�WKH�VWDFN�E\�WKH�)25�«�67(3�ORRS��1RWLFH�WKDW�
LQGH[�EHFRPHV�D�ORFDO�YDULDEOH�UHJDUGOHVV�RI�LWV�RULJLQDO�W\SH�

$FFHVV� < N�/,67�352&('85(6�6(4

Level 1/Argument 1 Level 1/Item 1


QDPH
 →
^�QDPH������QDPHQ�` →

^^�QDPHROG�QDPHQHZ�`�QDPH�����` →



1-320 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

L = level; A = argument; I = item

)6HH�DOVR� '268%6��675($0

SERVER
7\SH� &RPPDQG
'HVFULSWLRQ� 6HUYHU�0RGH�&RPPDQG��6HOHFWV�.HUPLW�6HUYHU�PRGH�

$�.HUPLW�VHUYHU��D�.HUPLW�GHYLFH�LQ�6HUYHU�PRGH��SDVVLYHO\�SURFHVVHV�UHTXHVWV�VHQW�WR�LW�E\�
WKH�ORFDO�.HUPLW��7KH�VHUYHU�UHFHLYHV�GDWD�LQ�UHVSRQVH�WR�6(1'��WUDQVPLWV�GDWD�LQ�UHVSRQVH�
WR�.*(7��WHUPLQDWHV�6HUYHU�PRGH�LQ�UHVSRQVH�WR�),1,6+�RU�/2*287��DQG�WUDQVPLWV�D�
GLUHFWRU\�OLVWLQJ�LQ�UHVSRQVH�WR�D�JHQHULF�GLUHFWRU\�UHTXHVW�
$FFHVV�N�6(59(5

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$8'��&.60��),1,6+��.(550��.*(7��3$5,7<��3.7��5(&1��5(&9��6(1'��

75$16,2

L�/A� L�/A� L�/A� L�/A� L�/A� LL/I�

REMH[HF LQGH[ [VWDUW [HQG [ιQFU → ^�OLVW�`



Command Reference: Part D, Q-S (1.1) 1-321*R�WR�,QGH[

SF
7\SH� &RPPDQG
'HVFULSWLRQ� 6HW�)ODJ�&RPPDQG��6HWV�D�VSHFLILHG�XVHU�RU�V\VWHP�IODJ�

8VHU�IODJV�DUH�QXPEHUHG���WKURXJK������6\VWHP�IODJV�DUH�QXPEHUHG�²��WKURXJK�²�����6HH�WKH�
+3 ��*�3RFNHW�*XLGH�IRU�D�OLVWLQJ�RI�V\VWHP�IODJV�DQG�WKHLU�IODJ�QXPEHUV�

$FFHVV� <N 7(67�6)
,QSXW�2XWSXW�

6HH�DOVR� &)��)&"��)&"&��)6"��)6"&

SHOW
7\SH� &RPPDQG
'HVFULSWLRQ� 6KRZ�9DULDEOH�&RPPDQG��5HWXUQV�V\PE���ZKLFK�LV�HTXLYDOHQW�WR�V\PE��H[FHSW�WKDW�DOO�LPSOLFLW�

UHIHUHQFHV�WR�D�YDULDEOH�QDPH�DUH�PDGH�H[SOLFLW�
,I�WKH�OHYHO���DUJXPHQW�LV�D�OLVW��6+2:�HYDOXDWHV�DOO�JOREDO�YDULDEOHV�LQ�V\PE��QRW�FRQWDLQHG�LQ�
WKH�OLVW�

$FFHVV� N�6+2:

,QSXW�2XWSXW�

6HH�DOVR� &2/&7��(;3$1��,62/��48$'

Level 1/Argument 1 Level 1/Item 1

QIODJQXPEHU →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PE�
 
QDPH
 → 
V\PE�


V\PE�
 ^�QDPH��QDPH������` → 
V\PE�




1-322 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SIDENS
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6LOLFRQ�,QWULQVLF�'HQVLW\�&RPPDQG��&DOFXODWHV�WKH�LQWULQVLF�GHQVLW\�RI�VLOLFRQ�DV�D�IXQFWLRQ�RI�

WHPSHUDWXUH��[7��
,I�[7�LV�D�XQLW�REMHFW��LW�PXVW�UHGXFH�WR�D�SXUH�WHPSHUDWXUH��DQG�WKH�GHQVLW\�LV�UHWXUQHG�DV�D�XQLW�
REMHFW�ZLWK�XQLWV�RI���FP���
,I�[7�LV�D�UHDO�QXPEHU��LWV�XQLWV�DUH�DVVXPHG�WR�EH�.��DQG�WKH�GHQVLW\�LV�UHWXUQHG�DV�D�UHDO�
QXPEHU�ZLWK�LPSOLHG�XQLWV�RI���FP��
[7�PXVW�EH�EHWZHHQ���DQG������.�

$FFHVV� N�6,'(1
,QSXW�2XWSXW�

SIGN
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6LJQ�)XQFWLRQ��5HWXUQV�WKH�VLJQ�RI�D�UHDO�QXPEHU�DUJXPHQW��WKH�VLJQ�RI�WKH�QXPHULFDO�SDUW�RI�

D�XQLW�REMHFW�DUJXPHQW��RU�WKH�XQLW�YHFWRU�LQ�WKH�GLUHFWLRQ�RI�D�FRPSOH[�QXPEHU�DUJXPHQW�
)RU�UHDO�QXPEHU�DQG�XQLW�REMHFW�DUJXPHQWV��WKH�VLJQ�LV�GHILQHG�DV����IRU�SRVLWLYH�DUJXPHQWV��
²��IRU�QHJDWLYH�DUJXPHQWV��,Q�H[DFW�PRGH��WKH�VLJQ�IRU�DUJXPHQW���LV�XQGHILQHG��"���,Q�
DSSUR[LPDWH�PRGH��WKH�VLJQ�IRU�DUJXPHQW���LV���
)RU�D�FRPSOH[�DUJXPHQW�

$FFHVV� < P�5($/�6,*1��UHWXUQV�WKH�VLJQ�RI�D�QXPEHU�
> ó�6,*1��UHWXUQV�WKH�XQLW�YHFWRU�RI�D�FRPSOH[�QXPEHU�

Level 1/Argument 1 Level 1/Item 1

[7 → [GHQVLW\
[BXQLW [B��FP�


V\PE
 
6,'(16�V\PE�


SIGN x iy+( ) x

x
2

y
2

+

--------------------- iy

x
2

y
2

+

---------------------+=



Command Reference: Part D, Q-S (1.1) 1-323*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $%6��0$17��;321

SIN
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 6LQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�VLQH�RI�WKH�DUJXPHQW�

)RU�UHDO�DUJXPHQWV��WKH�FXUUHQW�DQJOH�PRGH�GHWHUPLQHV�WKH�QXPEHU
V�XQLWV��XQOHVV�DQJXODU�
XQLWV�DUH�VSHFLILHG�
)RU�FRPSOH[�DUJXPHQWV��VLQ�[���L\�� �VLQ[�FRVK\���L�FRV[�VLQK\�
,I�WKH�DUJXPHQW�IRU�6,1�LV�D�XQLW�REMHFW��WKHQ�WKH�VSHFLILHG�DQJXODU�XQLW�RYHUULGHV�WKH�DQJOH�
PRGH�WR�GHWHUPLQH�WKH�UHVXOW��,QWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ��RQ�WKH�RWKHU�KDQG��DOZD\V�
REVHUYH�WKH�DQJOH�PRGH��7KHUHIRUH��WR�FRUUHFWO\�LQWHJUDWH�RU�GLIIHUHQWLDWH�H[SUHVVLRQV�
FRQWDLQLQJ�6,1�ZLWK�D�XQLW�REMHFW��WKH�DQJOH�PRGH�PXVW�EH�VHW�WR�UDGLDQV��VLQFH�WKLV�LV�D�
´QHXWUDOµ�PRGH��

$FFHVV� s

,QSXW�2XWSXW�

6HH�DOVR� $6,1��&26��7$1

Level 1/Argument 1 Level 1/Item 1

]� → ]�
[BXQLW [VLJQ

V\PE
 
6,*1�V\PE�


Level 1/Argument 1 Level 1/Item 1

] → VLQ�]
[BXQLWDQJXODU VLQ�[BXQLWDQJXODU�

V\PE
 
6,1�V\PE�




1-324 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SINH
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� +\SHUEROLF�6LQH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�K\SHUEROLF�VLQH�RI�WKH�DUJXPHQW�

)RU�FRPSOH[�DUJXPHQWV��VLQK�[���L\�� �VLQK[�FRV\���L�FRVK[�VLQ\�
$FFHVV� > û�+<3(5%2/,&�6,1+

< P�+<3(5%2/,&�6,1+
,QSXW�2XWSXW�

6HH�DOVR� $6,1+��&26+��7$1+

SINV
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�,QYHUVH�&RPPDQG��5HSODFHV�WKH�FRQWHQWV�RI�WKH�QDPHG�YDULDEOH�ZLWK�LWV�LQYHUVH�

7KH�QDPHG�REMHFW�PXVW�EH�D�QXPEHU��D�PDWUL[��DQ�DOJHEUDLF�REMHFW��RU�D�XQLW�REMHFW��)RU�
LQIRUPDWLRQ�RQ�UHFLSURFDOV��VHH�,19�

$FFHVV� <N 0(025<�$5,7+0(7,&�6,19
,QSXW�2XWSXW�

6HH�DOVR� ,19��6&21-��61(*

Level 1/Argument 1 Level 1/Item 1

] → VLQK�]

V\PE
 
6,1+�V\PE�


Level 1/Argument 1 Level 1/Item 1


QDPH
 →



Command Reference: Part D, Q-S (1.1) 1-325*R�WR�,QGH[

SIZE
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 6L]H�&RPPDQG��5HWXUQV�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�D�VWULQJ��WKH�QXPEHU�RI�HOHPHQWV�LQ�D�OLVW��

WKH�GLPHQVLRQV�RI�DQ�DUUD\��WKH�QXPEHU�RI�REMHFWV�LQ�D�XQLW�REMHFW�RU�DOJHEUDLF�REMHFW��RU�WKH�
GLPHQVLRQV�RI�D�JUDSKLFV�REMHFW�
7KH�VL]H�RI�D�XQLW�LV�FRPSXWHG�DV�IROORZV��WKH�VFDODU�������WKH�XQGHUVFRUH�������HDFK�XQLW�QDPH�
������RSHUDWRU�RU�H[SRQHQW�������DQG�HDFK�SUHIL[������
$Q\�REMHFW�W\SH�QRW�OLVWHG�DERYH�UHWXUQV�D�YDOXH�RI���

$FFHVV� <N &+$56�6,=(
,QSXW�2XWSXW�

6HH�DOVR� &+5��180��326��5(3/��68%

SL
7\SH� &RPPDQG
'HVFULSWLRQ� 6KLIW�/HIW�&RPPDQG��6KLIW�D�ELQDU\�LQWHJHU�RQH�ELW�WR�WKH�OHIW�

7KH�PRVW�VLJQLILFDQW�ELW�LV�VKLIWHG�RXW�WR�WKH�OHIW�DQG�ORVW��ZKLOH�WKH�OHDVW�VLJQLILFDQW�ELW�LV�
UHJHQHUDWHG�DV�D�]HUR��6/�LV�HTXLYDOHQW�WR�ELQDU\�PXOWLSOLFDWLRQ�E\����WUXQFDWHG�WR�WKH�FXUUHQW�
ZRUGVL]H�

$FFHVV� < P�%$6(�%,7�6/
> ì�%,7�6/

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

´VWULQJµ → Q
^�OLVW�` → Q
>�YHFWRU�@ → ^�Q�`
>>�PDWUL[�@@ → ^�Q�P`

V\PE
 → Q
JURE → �QZLGWK �PKHLJKW

3,&7 → �QZLGWK �PKHLJKW

[BXQLW → Q



1-326 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� $65��6/%��65��65%

SLB
7\SH� &RPPDQG
'HVFULSWLRQ� 6KLIW�/HIW�%\WH�&RPPDQG��6KLIWV�D�ELQDU\�LQWHJHU�RQH�E\WH�WR�WKH�OHIW�

7KH�PRVW�VLJQLILFDQW�E\WH�LV�VKLIWHG�RXW�WR�WKH�OHIW�DQG�ORVW��ZKLOH�WKH�OHDVW�VLJQLILFDQW�E\WH�LV�
UHJHQHUDWHG�DV�]HUR��6/%�LV�HTXLYDOHQW�WR�ELQDU\�PXOWLSOLFDWLRQ�E\�����RU�H[HFXWLQJ�6/�HLJKW�
WLPHV���WUXQFDWHG�WR�WKH�FXUUHQW�ZRUGVL]H�

$FFHVV� < P�%$6(�%<7(�6/%
> ì�%<7(�6/%

,QSXW�2XWSXW�

6HH�DOVR� $65��6/��65��65%

SLOPEFIELD
7\SH� &RPPDQG
'HVFULSWLRQ� 6/23(),(/'�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�6/23(),(/'�

:KHQ�SORW�W\SH�LV�VHW�WR�6/23(),(/'��WKH�'5$:�FRPPDQG�SORWV�D�VORSH�UHSUHVHQWDWLRQ�
RI�D�VFDODU�IXQFWLRQ�ZLWK�WZR�YDULDEOHV��6/23(),(/'�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�
YDULDEOHV�(4��93$5��DQG�33$5�
93$5�KDV�WKH�IROORZLQJ�IRUP�
^�[OHIW�[ULJKW�\QHDU�\IDU�]ORZ�]KLJK�[PLQ�[PD[�\PLQ�\PD[�[H\H�\H\H�]H\H�[VWHS�\VWHS�`
)RU�SORW�W\SH�6/23(),(/'��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�
� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



Command Reference: Part D, Q-S (1.1) 1-327*R�WR�,QGH[

� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�
� [PLQ�DQG�[PD[�DUH�QRW�XVHG�
� \PLQ�DQG�\PD[�DUH�QRW�XVHG�
� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�WKH�JUDSK�
LV�YLHZHG�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�
^��[PLQ��\PLQ���[PD[��\PD[��LQGHS�UHV�D[HV�SW\SH�GHSHQG�`

)RU�SORW�W\SH�6/23(),(/'��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�
� �[PD[��\PD[��LV�QRW�XVHG�
� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�
6/23(),(/'�SODFHV�WKH�FRPPDQG�QDPH�6/23(),(/'�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�6/23(),(/'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��7587+��:,5()5$0(��<6/,&(



1-328 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SNEG
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�1HJDWH�&RPPDQG��5HSODFHV�WKH�FRQWHQWV�RI�D�YDULDEOH�ZLWK�LWV�QHJDWLYH�

7KH�QDPHG�REMHFW�PXVW�EH�D�QXPEHU��DQ�DUUD\��DQ�DOJHEUDLF�REMHFW��D�XQLW�REMHFW��RU�D�JUDSKLFV�
REMHFW��)RU�LQIRUPDWLRQ�RQ�QHJDWLRQ��VHH�1(*�

$FFHVV� <N0(025<�$5,7+0(7,&�61(*
,QSXW�2XWSXW�

6HH�DOVR� 1(*��6&21-��6,19

SNRM
7\SH� &RPPDQG
'HVFULSWLRQ� 6SHFWUDO�1RUP�&RPPDQG��5HWXUQV�WKH�VSHFWUDO�QRUP�RI�DQ�DUUD\�

7KH�VSHFWUDO�QRUP�RI�D�YHFWRU�LV�LWV�(XFOLGHDQ�OHQJWK��DQG�LV�HTXDO�WR�WKH�ODUJHVW�VLQJXODU�YDOXH�
RI�D�PDWUL[��

$FFHVV� < %�23(5$7,216�6150
< P�0$75,;�1250$/,=(�6150

,QSXW�2XWSXW�

6HH�DOVR� $%6��&150��&21'��5150��65$'��75$&(

Level 1/Argument 1 Level 1/Item 1


QDPH
 →

Level 1/Argument 1 Level 1/Item 1

>�DUUD\�@ → [VSHFWUDOQRUP



Command Reference: Part D, Q-S (1.1) 1-329*R�WR�,QGH[

SOLVER
7\SH� &RPPDQG
�'HVFULSWLRQ�'LVSOD\V�D�PHQX�RI�FRPPDQGV�XVHG�LQ�VROYLQJ�HTXDWRQV�
$FFHVV� N�62/9(5
,QSXW� 1RQH
2XWSXW� 1RQH

SORT
7\SH� &RPPDQG
'HVFULSWLRQ� $VFHQGLQJ�2UGHU�6RUW�&RPPDQG��6RUWV�WKH�HOHPHQWV�LQ�D�OLVW�LQ�DVFHQGLQJ�RUGHU�

7KH�HOHPHQWV�LQ�WKH�OLVW�FDQ�EH�UHDO�QXPEHUV��VWULQJV��OLVWV��QDPHV��ELQDU\�LQWHJHUV��RU�XQLW�
REMHFWV��+RZHYHU��DOO�HOHPHQWV�LQ�WKH�OLVW�PXVW�DOO�EH�RI�WKH�VDPH�W\SH��6WULQJV�DQG�QDPHV�DUH�
VRUWHG�E\�FKDUDFWHU�FRGH�QXPEHU��/LVWV�RI�OLVWV�DUH�VRUWHG�E\�WKH�ILUVW�HOHPHQW�LQ�HDFK�OLVW�
7R�VRUW�LQ�UHYHUVH�RUGHU��XVH�6257�5(9/,67�

$FFHVV� < P�/,67�6257
<N�/,67�352&('85(6�6257

,QSXW�2XWSXW�

6HH�DOVR� 5(9/,67

Level 1/Argument 1 Level 1/Item 1

^�OLVW�`� → ^�OLVW�`�



1-330 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SPHERE
7\SH� &RPPDQG
'HVFULSWLRQ� 6SKHULFDO�0RGH�&RPPDQG��6HWV�VSKHULFDO�FRRUGLQDWH�PRGH�

63+(5(�VHWV�IODJV�²���DQG�²����
,Q�VSKHULFDO�PRGH��YHFWRUV�DUH�GLVSOD\HG�DV�SRODU�FRPSRQHQWV�

$FFHVV� �N�63+(5(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &</,1��5(&7

SQ
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 6TXDUH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�VTXDUH�RI�WKH�DUJXPHQW�

7KH�VTXDUH�RI�D�FRPSOH[�DUJXPHQW��[��\��LV�WKH�FRPSOH[�QXPEHU��[��²�\����[\��
0DWUL[�DUJXPHQWV�PXVW�EH�VTXDUH�

$FFHVV� <R

,QSXW�2XWSXW�

6HH�DOVR� √��A

Level 1/Argument 1 Level 1/Item 1

] → ]�

[BXQLW → [�BXQLW�

>>�PDWUL[�@@ → >>�PDWUL[�ï�PDWUL[�@@

V\PE
 → 
64�V\PE�




Command Reference: Part D, Q-S (1.1) 1-331*R�WR�,QGH[

SR
7\SH� &RPPDQG
'HVFULSWLRQ� 6KLIW�5LJKW�&RPPDQG��6KLIWV�D�ELQDU\�LQWHJHU�RQH�ELW�WR�WKH�ULJKW�

7KH�OHDVW�VLJQLILFDQW�ELW�LV�VKLIWHG�RXW�WR�WKH�ULJKW�DQG�ORVW��ZKLOH�WKH�PRVW�VLJQLILFDQW�ELW�LV�
UHJHQHUDWHG�DV�D�]HUR��65�LV�HTXLYDOHQW�WR�ELQDU\�GLYLVLRQ�E\���

$FFHVV� < P�%$6(�%,7�65
> ì�%,7�65

,QSXW�2XWSXW�

6HH�DOVR� $65��6/��6/%��65%

SRAD
7\SH� &RPPDQG
'HVFULSWLRQ� 6SHFWUDO�5DGLXV�&RPPDQG��5HWXUQV�WKH�VSHFWUDO�UDGLXV�RI�D�VTXDUH�PDWUL[�

7KH�VSHFWUDO�UDGLXV�RI�D�PDWUL[�LV�D�PHDVXUH�RI�WKH�VL]H�RI�WKH�PDWUL[��DQG�LV�HTXDO�WR�WKH�
DEVROXWH�YDOXH�RI�WKH�ODUJHVW�HLJHQYDOXH�RI�WKH�PDWUL[�

$FFHVV� < %�23(5$7,216�65$'
< P�0$75,;�1250$/,=(

,QSXW�2XWSXW�

6HH�DOVR� &21'��6150��75$&(

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@QïQ → [VSHFWUDOUDGLXV



1-332 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

SRB
7\SH� &RPPDQG
'HVFULSWLRQ� 6KLIW�5LJKW�%\WH�&RPPDQG��6KLIWV�D�ELQDU\�LQWHJHU�RQH�E\WH�WR�WKH�ULJKW�

7KH�OHDVW�VLJQLILFDQW�E\WH�LV�VKLIWHG�RXW�WR�WKH�ULJKW�DQG�ORVW��ZKLOH�WKH�PRVW�VLJQLILFDQW�E\WH�LV�
UHJHQHUDWHG�DV�]HUR��65%�LV�HTXLYDOHQW�WR�ELQDU\�GLYLVLRQ�E\�����RU�H[HFXWLQJ�65�HLJKW�WLPHV��

$FFHVV� < P�%$6(�%<7(�65%
> ì�%<7(�65%

,QSXW�2XWSXW�

6HH�DOVR� $65��6/��6/%��65

SRECV
7\SH� &RPPDQG
'HVFULSWLRQ� 6HULDO�5HFHLYH�&RPPDQG��5HDGV�XS�WR�Q�FKDUDFWHUV�IURP�WKH�VHULDO�LQSXW�EXIIHU�DQG�UHWXUQV�

WKHP�DV�D�VWULQJ��DORQJ�ZLWK�D�GLJLW�LQGLFDWLQJ�ZKHWKHU�HUURUV�RFFXUUHG�
65(&9�GRHV�QRW�XVH�.HUPLW�SURWRFRO�
,I�Q�FKDUDFWHUV�DUH�QRW�UHFHLYHG�ZLWKLQ�WKH�WLPH�VSHFLILHG�E\�67,0(��GHIDXOW�LV����VHFRQGV���
65(&9�́ WLPHV�RXWµ��UHWXUQLQJ�D���WR�OHYHO���DQG�DV�PDQ\�FKDUDFWHUV�DV�ZHUH�UHFHLYHG�WR�OHYHO���
,I�WKH�OHYHO���RXWSXW�IURP�%8)/(1�LV�XVHG�DV�WKH�LQSXW�IRU�65(&9��65(&9�ZLOO�QRW�KDYH�
WR�ZDLW�IRU�PRUH�FKDUDFWHUV�WR�EH�UHFHLYHG��,QVWHDG��LW�UHWXUQV�WKH�FKDUDFWHUV�DOUHDG\�LQ�WKH�
LQSXW�EXIIHU�
,I�\RX�ZDQW�WR�DFFXPXODWH�E\WHV�LQ�WKH�LQSXW�EXIIHU�EHIRUH�H[HFXWLQJ�65(&9��\RX�PXVW�ILUVW�
RSHQ�WKH�SRUW�XVLQJ�23(1,2��LI�WKH�SRUW�LVQ
W�DOUHDG\�RSHQ��
65(&9�FDQ�GHWHFW�WKUHH�W\SHV�RI�HUURU�ZKHQ�UHDGLQJ�WKH�LQSXW�EXIIHU�
� )UDPLQJ�HUURUV�DQG�8$57�RYHUUXQV��ERWK�FDXVLQJ��5HFHLYH�(UURU��LQ�(550��
� ,QSXW�EXIIHU�RYHUIORZV��FDXVLQJ��5HFHLYH�%XIIHU�2YHUIORZ���LQ�(550��
� 3DULW\�HUURUV��FDXVLQJ��3DULW\�(UURU��LQ�(550��

Level 1/Argument 1 Level 1/Item 1

�Q� → �Q�



Command Reference: Part D, Q-S (1.1) 1-333*R�WR�,QGH[

65(&9�UHWXUQV���LI�DQ�HUURU�LV�GHWHFWHG�ZKHQ�UHDGLQJ�WKH�LQSXW�EXIIHU��RU���LI�QR�HUURU�LV�
GHWHFWHG��
3DULW\�HUURUV�GR�QRW�VWRS�GDWD�IORZ�LQWR�WKH�LQSXW�EXIIHU��+RZHYHU��LI�D�SDULW\�HUURU�RFFXUV��
65(&9�VWRSV�UHDGLQJ�GDWD�DIWHU�HQFRXQWHULQJ�D�FKDUDFWHU�ZLWK�DQ�HUURU�
)UDPLQJ��RYHUUXQ��DQG�RYHUIORZ�HUURUV�FDXVH�DOO�VXEVHTXHQWO\�UHFHLYHG�FKDUDFWHUV�WR�EH�
LJQRUHG�XQWLO�WKH�HUURU�LV�FOHDUHG��65(&9�GRHV�QRW�GHWHFW�DQG�FOHDU�DQ\�RI�WKHVH�W\SHV�RI�HUURUV�
XQWLO�LW�WULHV�WR�UHDG�WKH�E\WH�ZKHUH�WKH�HUURU�RFFXUUHG��6LQFH�WKHVH�WKUHH�HUURUV�FDXVH�WKH�E\WH�
ZKHUH�WKH�HUURU�RFFXUUHG�DQG�DOO�VXEVHTXHQW�E\WHV�WR�EH�LJQRUHG��WKH�LQSXW�EXIIHU�ZLOO�EH�
HPSW\�DIWHU�DOO�SUHYLRXVO\�UHFHLYHG�JRRG�E\WHV�KDYH�EHHQ�UHDG��7KHUHIRUH��65(&9�GHWHFWV�DQG�
FOHDUV�WKHVH�HUURUV�ZKHQ�LW�WULHV�WR�UHDG�D�E\WH�IURP�DQ�HPSW\�LQSXW�EXIIHU�
1RWH�WKDW�%8)/(1�DOVR�FOHDUV�WKH�DERYH�PHQWLRQHG�IUDPLQJ��RYHUUXQ��DQG�RYHUIORZ�HUURUV��
7KHUHIRUH��65(&9�FDQQRW�GHWHFW�DQ�LQSXW�EXIIHU�RYHUIORZ�DIWHU�%8)/(1�LV�H[HFXWHG��XQOHVV�
PRUH�FKDUDFWHUV�ZHUH�UHFHLYHG�DIWHU�%8)/(1�ZDV�H[HFXWHG��FDXVLQJ�WKH�LQSXW�EXIIHU�WR�
RYHUIORZ�DJDLQ���65(&9�DOVR�FDQQRW�GHWHFW�IUDPLQJ�DQG�8$57�RYHUUXQ�HUURUV�FOHDUHG�E\�
%8)/(1��7R�ILQG�ZKHUH�WKH�GDWD�HUURU�RFFXUUHG��VDYH�WKH�QXPEHU�RI�FKDUDFWHUV�UHWXUQHG�E\�
%8)/(1��ZKLFK�JLYHV�WKH�QXPEHU�RI�´JRRGµ�FKDUDFWHUV�UHFHLYHG���EHFDXVH�DV�VRRQ�DV�WKH�
HUURU�LV�FOHDUHG��QHZ�FKDUDFWHUV�FDQ�HQWHU�WKH�LQSXW�EXIIHU�

$FFHVV� N�65(&9

,QSXW�2XWSXW�

6HH�DOVR� %8)/(1��&/26(,2��23(1,2��6%5.��67,0(��;0,7

SREPL
7\SH� &RPPDQG
'HVFULSWLRQ� )LQG�DQG�UHSODFH��)LQGV�DQG�UHSODFHV�D�VWULQJ�LQ�D�JLYHQ�WH[W�REMHFW��<RX�VXSSO\�WKH�IROORZLQJ�

LQSXWV�
/HYHO���DUJXPHQW����WKH�VWULQJ�WR�VHDUFK�
/HYHO���DUJXPHQW����WKH�VWULQJ�WR�ILQG�
/HYHO���DUJXPHQW����WKH�VWULQJ�WR�UHSODFH�LW�ZLWK�

$FFHVV� N

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

Q → 
VWULQJ
 ���



1-334 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

START
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 67$57�'HILQLWH�/RRS�6WUXFWXUH�&RPPDQG��%HJLQV�67$57�«�1(;7�DQG�67$57�«�67(3�

GHILQLWH�ORRS�VWUXFWXUHV�
'HILQLWH�ORRS�VWUXFWXUHV�H[HFXWH�D�FRPPDQG�RU�VHTXHQFH�RI�FRPPDQGV�D�VSHFLILHG�QXPEHU�RI�
WLPHV�
� 67$57�«�1(;7�H[HFXWHV�D�SRUWLRQ�RI�D�SURJUDP�D�VSHFLILHG�QXPEHU�RI�WLPHV��7KH�
53/�V\QWD[�LV�WKLV�
[VWDUW�[ILQLVK�67$57�ORRS�FODXVH�1(;7

7KH�DOJHEUDLF�V\QWD[�LV�WKLV�
67$57�[VWDUW�[ILQLVK��ORRS�FODXVH�1(;7

67$57�WDNHV�WZR�QXPEHUV��[VWDUW�DQG�[ILQLVK��IURP�WKH�VWDFN�DQG�VWRUHV�WKHP�DV�WKH�
VWDUWLQJ�DQG�HQGLQJ�YDOXHV�IRU�D�ORRS�FRXQWHU��7KHQ�WKH�ORRS�FODXVH�LV�H[HFXWHG��1(;7�
LQFUHPHQWV�WKH�FRXQWHU�E\���DQG�WHVWV�WR�VHH�LI�LWV�YDOXH�LV�OHVV�WKDQ�RU�HTXDO�WR�[ILQLVK��,I�
VR��WKH�ORRS�FODXVH�LV�H[HFXWHG�DJDLQ��1RWLFH�WKDW�WKH�ORRS�FODXVH�LV�DOZD\V�H[HFXWHG�DW�
OHDVW�RQFH�

� 67$57�«�67(3�ZRUNV�MXVW�OLNH�67$57�«�1(;7��H[FHSW�WKDW�LW�FDQ�XVH�DQ�LQFUHPHQW�
YDOXH�RWKHU�WKDQ����7KH�53/�V\QWD[�LV�WKLV�
[VWDUW�[ILQLVK�67$57�ORRS�FODXVH�[LQFUHPHQW�67(3

7KH�DOJHEUDLF�V\QWD[�LV�WKLV�
67$57��[VWDUW�[ILQLVK���ORRS�FODXVH�67(3�[LQFUHPHQW�

67$57�WDNHV�WZR�QXPEHUV��[VWDUW�DQG�[ILQLVK��IURP�WKH�VWDFN�DQG�VWRUHV�WKHP�DV�WKH�
VWDUWLQJ�DQG�HQGLQJ�YDOXHV�IRU�WKH�ORRS�FRXQWHU��7KHQ�WKH�ORRS�FODXVH�LV�H[HFXWHG��67(3�
WDNHV�[LQFUHPHQW�IURP�WKH�VWDFN�DQG�LQFUHPHQWV�WKH�FRXQWHU�E\�WKDW�YDOXH��,I�WKH�DUJXPHQW�
RI�67(3�LV�DQ�DOJHEUDLF�RU�D�QDPH��LW�LV�DXWRPDWLFDOO\�HYDOXDWHG�WR�D�QXPEHU�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1


VWULQJ
 
VWULQJ
 
VWULQJ
 → 
VWULQJ




Command Reference: Part D, Q-S (1.1) 1-335*R�WR�,QGH[

7KH�LQFUHPHQW�YDOXH�FDQ�EH�SRVLWLYH�RU�QHJDWLYH�
² ,I�SRVLWLYH��WKH�ORRS�LV�H[HFXWHG�DJDLQ�ZKHQ�WKH�FRXQWHU�LV�OHVV�WKDQ�RU�HTXDO�WR�[ILQLVK�

² ,I�QHJDWLYH��WKH�ORRS�LV�H[HFXWHG�ZKHQ�WKH�FRXQWHU�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�[ILQLVK�

$FFHVV� <N %5$1&+�67$57
,QSXW�2XWSXW�

6HH�DOVR� )25��1(;7��67(3

STD
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDQGDUG�0RGH�&RPPDQG��6HWV�WKH�QXPEHU�GLVSOD\�IRUPDW�WR�VWDQGDUG�PRGH�

([HFXWLQJ�67'�KDV�WKH�VDPH�HIIHFW�DV�FOHDULQJ�IODJV�²���DQG�²���
6WDQGDUG�IRUPDW�SURGXFHV�WKH�IROORZLQJ�UHVXOWV�ZKHQ�GLVSOD\LQJ�RU�SULQWLQJ�D�QXPEHU�
� 1XPEHUV�WKDW�FDQ�EH�UHSUHVHQWHG�H[DFWO\�DV�LQWHJHUV�ZLWK����RU�IHZHU�GLJLWV�DUH�GLVSOD\HG�
ZLWKRXW�D�IUDFWLRQ�PDUN�RU�H[SRQHQW��=HUR�LV�GLVSOD\HG�DV���

� 1XPEHUV�WKDW�FDQ�EH�UHSUHVHQWHG�H[DFWO\�ZLWK����RU�IHZHU�GLJLWV��EXW�QRW�DV�LQWHJHUV��DUH�
GLVSOD\HG�ZLWK�D�IUDFWLRQ�PDUN�EXW�QR�H[SRQHQW��/HDGLQJ�]HURV�WR�WKH�OHIW�RI�WKH�IUDFWLRQ�
PDUN�DQG�WUDLOLQJ�]HURV�WR�WKH�ULJKW�RI�WKH�IUDFWLRQ�PDUN�DUH�RPLWWHG�

� $OO�RWKHU�QXPEHUV�DUH�GLVSOD\HG�LQ�VFLHQWLILF�QRWDWLRQ��VHH�6&,��ZLWK�ERWK�D�IUDFWLRQ�PDUN�
�ZLWK�RQH�QXPEHU�WR�WKH�OHIW��DQG�DQ�H[SRQHQW��RI�RQH�RU�WKUHH�GLJLWV���7KHUH�DUH�QR�
OHDGLQJ�RU�WUDLOLQJ�]HURV�

,Q�DOJHEUDLF�REMHFWV��LQWHJHUV�OHVV�WKDQ�����DUH�DOZD\V�GLVSOD\HG�LQ�VWDQGDUG�PRGH�
$FFHVV� N�67'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� (1*��),;��6&,

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

67$57�[VWDUW [ILQLVK →
1(;7 →
67(3 [LQFUHPHQW →
67(3 
V\PELQFUHPHQW
 →



1-336 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

STEP
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 67(3�&RPPDQG��'HILQHV�WKH�LQFUHPHQW��VWHS��YDOXH��DQG�HQGV�GHILQLWH�ORRS�VWUXFWXUH�

6HH�WKH�)25�DQG�67$57�NH\ZRUG�HQWULHV�IRU�PRUH�LQIRUPDWLRQ�
$FFHVV� <N %5$1&+�67(3
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� )25��1(;7��67$57

STEQ
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�LQ�(4�&RPPDQG��6WRUHV�DQ�REMHFW�LQWR�WKH�UHVHUYHG�YDULDEOH�(4�LQ�WKH�FXUUHQW�

GLUHFWRU\�
$FFHVV� N�67(4
,QSXW�2XWSXW�

6HH�DOVR� 5&(4

STIME
7\SH� &RPPDQG
'HVFULSWLRQ� 6HULDO�7LPH�2XW�&RPPDQG��6SHFLILHV�WKH�SHULRG�WKDW�65(&9��VHULDO�UHFHSWLRQ��DQG�;0,7�

�VHULDO�WUDQVPLVVLRQ��ZDLW�EHIRUH�WLPLQJ�RXW�
7KH�YDOXH�IRU�[�LV�LQWHUSUHWHG�DV�D�SRVLWLYH�YDOXH�IURP���WR������VHFRQGV��,I�QR�YDOXH�LV�JLYHQ��
WKH�GHIDXOW�LV����VHFRQGV��,I�[�LV����WKHUH�LV�QR�WLPH�RXW��WKDW�LV��WKH�GHYLFH�ZDLWV�LQGHILQLWHO\��
ZKLFK�FDQ�GUDLQ�WKH�EDWWHULHV�
67,0(�LV�QRW�XVHG�IRU�.HUPLW�WLPH�RXW�

$FFHVV� N�67,0(

Level 1/Argument 1 Level 1/Item 1

REM →



Command Reference: Part D, Q-S (1.1) 1-337*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %8)/(1��&/26(,2��6%5.��65(&9��;0,7

STO
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�&RPPDQG��6WRUHV�DQ�REMHFW�LQWR�D�VSHFLILHG�YDULDEOH�RU�REMHFW�

6WRULQJ�D�JUDSKLFV�REMHFW�LQWR�3,&7�PDNHV�LW�WKH�FXUUHQW�JUDSKLFV�REMHFW�
7R�FUHDWH�D�EDFNXS�REMHFW��VWRUH�WKH�REM�LQWR�WKH�GHVLUHG�EDFNXS�ORFDWLRQ��LGHQWLILHG�DV�
�QSRUW�QDPHEDFNXS���672�ZLOO�QRW�RYHUZULWH�DQ�H[LVWLQJ�EDFNXS�REMHFW�
7R�VWRUH�EDFNXS�REMHFWV�DQG�OLEUDU\�REMHFWV��VSHFLI\�D�SRUW�QXPEHU����WKURXJK����
$IWHU�VWRULQJ�D�OLEUDU\�REMHFW�LQ�D�SRUW��LW�PXVW�WKHQ�EH�DWWDFKHG�WR�LWV�GLUHFWRU\�EHIRUH�LW�FDQ�
EH�XVHG��7KH�HDVLHVW�ZD\�WR�GR�WKLV�LV�WR�H[HFXWH�D�ZDUP�VWDUW��E\�SUHVVLQJ�; c���7KLV�DOVR�
FDXVHV�WKH�FDOFXODWRU�WR�SHUIRUP�D�V\VWHP�KDOW��ZKLFK�FOHDUV�WKH�VWDFN��WKH�/$67�VWDFN��DQG�DOO�
ORFDO�YDULDEOHV�
672�FDQ�DOVR�UHSODFH�D�VLQJOH�HOHPHQW�RI�DQ�DUUD\�RU�OLVW�VWRUHG�LQ�D�YDULDEOH��6SHFLI\�WKH�
YDULDEOH�LQ�OHYHO���DV�QDPH�LQGH[���ZKLFK�LV�D�XVHU�IXQFWLRQ�ZLWK�LQGH[�DV�WKH�DUJXPHQW��7KH�LQGH[�
FDQ�EH�Q�RU�Q�P��ZKHUH�Q�VSHFLILHV�WKH�URZ�SRVLWLRQ�LQ�D�YHFWRU�RU�OLVW��DQG�Q�P�VSHFLILHV�WKH�
URZ�DQG�FROXPQ�SRVLWLRQ�LQ�D�PDWUL[�

$FFHVV� k

Level 1/Argument 1 Level 1/Item 1

[VHFRQGV →
� →



1-338 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� '(),1(��5&/��→, 

STO–
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�0LQXV�&RPPDQG��&DOFXODWHV�WKH�GLIIHUHQFH�EHWZHHQ�D�QXPEHU��RU�RWKHU�REMHFW��DQG�WKH�

FRQWHQWV�RI�D�VSHFLILHG�YDULDEOH��DQG�VWRUHV�WKH�QHZ�YDOXH�LQ�WKH�VSHFLILHG�YDULDEOH�
7KH�REMHFW�RQ�WKH�VWDFN�DQG�WKH�REMHFW�LQ�WKH�YDULDEOH�PXVW�EH�VXLWDEOH�IRU�VXEWUDFWLRQ�ZLWK�
HDFK�RWKHU��672²�FDQ�VXEWUDFW�DQ\�FRPELQDWLRQ�RI�REMHFWV�VXLWDEOH�IRU�VWDFN�VXEWUDFWLRQ�
8VLQJ�672²�WR�VXEWUDFW�WZR�DUUD\V��ZKHUH�REM�LV�DQ�DUUD\�DQG�QDPH�LV�WKH�JOREDO�QDPH�RI�DQ�
DUUD\��UHTXLUHV�OHVV�PHPRU\�WKDQ�XVLQJ�WKH�VWDFN�WR�VXEWUDFW�WKHP�

$FFHVV� <N 0(025<�$5,7+0(7,&�672²
,QSXW�2XWSXW�

6HH�DOVR� 672���672��672���²

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 →
JURE 3,&7 →
REM �QSRUW��QDPHEDFNXS →
REM 
QDPH�LQGH[�
 →

EDFNXS QSRUW →
OLEUDU\ QSRUW →
OLEUDU\ �QSRUW��QOLEUDU\ →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 →

QDPH
 REM →



Command Reference: Part D, Q-S (1.1) 1-339*R�WR�,QGH[

STO*
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�7LPHV�&RPPDQG��0XOWLSOLHV�WKH�FRQWHQWV�RI�D�VSHFLILHG�YDULDEOH�E\�D�QXPEHU�RU�RWKHU�

REMHFW�
7KH�REMHFW�RQ�WKH�VWDFN�DQG�WKH�REMHFW�LQ�WKH�YDULDEOH�PXVW�EH�VXLWDEOH�IRU�PXOWLSOLFDWLRQ�ZLWK�
HDFK�RWKHU��:KHQ�PXOWLSO\LQJ�WZR�DUUD\V��WKH�UHVXOW�GHSHQGV�RQ�WKH�RUGHU�RI�WKH�DUJXPHQWV��
7KH�QHZ�REMHFW�RI�WKH�QDPHG�YDULDEOH�LV�WKH�OHYHO���DUUD\�WLPHV�WKH�OHYHO���DUUD\��7KH�DUUD\V�
PXVW�EH�FRQIRUPDEOH�IRU�PXOWLSOLFDWLRQ�
8VLQJ�672�WR�PXOWLSO\�WZR�DUUD\V�RU�WR�PXOWLSO\�D�QXPEHU�DQG�DQ�DUUD\��ZKHUH�REM�LV�DQ�DUUD\�
RU�D�QXPEHU�DQG�QDPH�LV�WKH�JOREDO�QDPH�RI�DQ�DUUD\��UHTXLUHV�OHVV�PHPRU\�WKDQ�XVLQJ�WKH�VWDFN�
WR�PXOWLSO\�WKHP�

$FFHVV� <N 0(025<�$5,7+0(7,&�672
,QSXW�2XWSXW�

6HH�DOVR� 672���672²��672���

STO/
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�'LYLGH�&RPPDQG��&DOFXODWHV�WKH�TXRWLHQW�RI�D�QXPEHU��RU�RWKHU�REMHFW��DQG�WKH�

FRQWHQWV�RI�D�VSHFLILHG�YDULDEOH��DQG�VWRUHV�WKH�QHZ�YDOXH�LQ�WKH�VSHFLILHG�YDULDEOH�
7KH�QHZ�REMHFW�RI�WKH�VSHFLILHG�YDULDEOH�LV�WKH�OHYHO���REMHFW�GLYLGHG�E\�WKH�OHYHO���REMHFW�
7KH�REMHFW�RQ�WKH�VWDFN�DQG�WKH�REMHFW�LQ�WKH�YDULDEOH�PXVW�EH�VXLWDEOH�IRU�GLYLVLRQ�ZLWK�HDFK�
RWKHU��,I�ERWK�REMHFWV�DUH�DUUD\V��WKH�GLYLVRU��OHYHO����PXVW�EH�D�VTXDUH�PDWUL[��DQG�WKH�GLYLGHQG�
�OHYHO����PXVW�KDYH�WKH�VDPH�QXPEHU�RI�FROXPQV�DV�WKH�GLYLVRU�
8VLQJ�672��WR�GLYLGH�RQH�DUUD\�E\�DQRWKHU�DUUD\�RU�WR�GLYLGH�DQ�DUUD\�E\�D�QXPEHU��ZKHUH�REM�
LV�DQ�DUUD\�RU�D�QXPEHU�DQG�QDPH�LV�WKH�JOREDO�QDPH�RI�DQ�DUUD\��UHTXLUHV�OHVV�PHPRU\�WKDQ�
XVLQJ�WKH�VWDFN�WR�GLYLGH�WKHP�

$FFHVV� <N 0(025<�$5,7+0(7,&�672�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 →

QDPH
 REM →



1-340 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 672���672²��672���

STO+
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�3OXV�&RPPDQG��$GGV�D�QXPEHU�RU�RWKHU�REMHFW�WR�WKH�FRQWHQWV�RI�D�VSHFLILHG�YDULDEOH�

7KH�REMHFW�RQ�WKH�VWDFN�DQG�WKH�REMHFW�LQ�WKH�YDULDEOH�PXVW�EH�VXLWDEOH�IRU�DGGLWLRQ�WR�HDFK�
RWKHU��672��FDQ�DGG�DQ\�FRPELQDWLRQ�RI�REMHFWV�VXLWDEOH�IRU�DGGLWLRQ�
8VLQJ�672��WR�DGG�WZR�DUUD\V��ZKHUH�REM�LV�DQ�DUUD\�DQG�QDPH�LV�WKH�JOREDO�QDPH�RI�DQ�DUUD\��
UHTXLUHV�OHVV�PHPRU\�WKDQ�XVLQJ�WKH�VWDFN�WR�DGG�WKHP�

$FFHVV� <N 0(025<�$5,7+0(7,&�672�
,QSXW�2XWSXW�

)6HH�DOVR� 672²��672��672����

STOALARM
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�$ODUP�&RPPDQG��6WRUHV�DQ�DODUP�LQ�WKH�V\VWHP�DODUP�OLVW�DQG�UHWXUQV�LWV�DODUP�LQGH[�

QXPEHU�
,I�WKH�DUJXPHQW�LV�D�UHDO�QXPEHU�[WLPH��WKH�DODUP�GDWH�ZLOO�EH�WKH�FXUUHQW�V\VWHP�GDWH�E\�
GHIDXOW�
,I�REMDFWLRQ�LV�D�VWULQJ��WKH�DODUP�LV�DQ�DSSRLQWPHQW�DODUP��DQG�WKH�VWULQJ�LV�WKH�DODUP�PHVVDJH��
,I�REMDFWLRQ�LV�DQ\�RWKHU�REMHFW�W\SH��WKH�DODUP�LV�D�FRQWURO�DODUP��DQG�WKH�REMHFW�LV�H[HFXWHG�
ZKHQ�WKH�DODUP�FRPHV�GXH��
[UHSHDW�LV�WKH�UHSHDW�LQWHUYDO�IRU�WKH�DODUP�LQ�FORFN�WLFNV��ZKHUH������WLFNV�HTXDOV���VHFRQG�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 →

QDPH
 REM →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 →

QDPH
 REM →



Command Reference: Part D, Q-S (1.1) 1-341*R�WR�,QGH[

QLQGH[�LV�D�UHDO�LQWHJHU�LGHQWLI\LQJ�WKH�DODUP�EDVHG�RQ�LWV�FKURQRORJLFDO�SRVLWLRQ�LQ�WKH�V\VWHP�
DODUP�OLVW�

$FFHVV� >ç 722/6�$/50�672$/$50
,QSXW�2XWSXW�

6HH�DOVR� '(/$/$50��),1'$/$50��5&/$/$50

STOF
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�)ODJV�&RPPDQG��6HWV�WKH�VWDWHV�RI�WKH�V\VWHP�IODJV�RU�WKH�V\VWHP�DQG�XVHU�IODJV�

:LWK�DUJXPHQW��QV\VWHP��672)�VHWV�WKH�VWDWHV�RI�WKH�V\VWHP�IODJV��²��WKURXJK�²����RQO\��:LWK�
DUJXPHQW�^��QV\VWHP���QXVHU���QV\VWHP���QXVHU��`��672)�VHWV�WKH�VWDWHV�RI�ERWK�WKH�V\VWHP�DQG�
XVHU�IODJV�
$�ELW�ZLWK�YDOXH���VHWV�WKH�FRUUHVSRQGLQJ�IODJ��D�ELW�ZLWK�YDOXH���FOHDUV�WKH�FRUUHVSRQGLQJ�IODJ��
7KH�ULJKWPRVW��OHDVW�VLJQLILFDQW��ELW�RI��QV\VWHP�DQG��QXVHU�FRUUHVSRQG�WR�WKH�VWDWHV�RI�V\VWHP�
IODJ�²��DQG�XVHU�IODJ�����UHVSHFWLYHO\�
672)�FDQ�SUHVHUYH�WKH�VWDWHV�RI�IODJV�EHIRUH�D�SURJUDP�H[HFXWHV�DQG�FKDQJHV�WKH�VWDWHV��
5&/)�FDQ�WKHQ�UHFDOO�WKH�IODJ
V�VWDWHV�DIWHU�WKH�SURJUDP�LV�H[HFXWHG�

$FFHVV� N�672)
,QSXW�2XWSXW�

6HH�DOVR� 5&/)��67:6��5&:6

Level 1/Argument 1 Level 1/Item 1

[WLPH → QLQGH[
^�GDWH�WLPH�` → QLQGH[

^�GDWH�WLPH�REMDFWLRQ�` → QLQGH[
^�GDWH�WLPH�REMDFWLRQ�[UHSHDW�` → QLQGH[

Level 1/Argument 1 Level 1/Item 1

�QV\VWHP →
^��QV\VWHP��QXVHU��QV\VWHP���QXVHU��` →



1-342 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

STOKEYS
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�.H\�$VVLJQPHQWV�&RPPDQG��'HILQHV�PXOWLSOH�NH\V�RQ�WKH�XVHU�NH\ERDUG�E\�DVVLJQLQJ�

REMHFWV�WR�VSHFLILHG�NH\V�
[NH\�LV�D�UHDO�QXPEHU�RI�WKH�IRUP�UF�S�VSHFLI\LQJ�WKH�NH\�E\�LWV�URZ�QXPEHU�U��LWV�FROXPQ�
QXPEHU�F��DQG�LWV�SODQH��VKLIW��S���)RU�D�GHILQLWLRQ�RI�SODQH��VHH�WKH�HQWU\�IRU�$61���
7KH�RSWLRQDO�LQLWLDO�OLVW�SDUDPHWHU�RU�DUJXPHQW�6�UHVWRUHV�DOO�NH\V�ZLWKRXW�XVHU�DVVLJQPHQWV�WR�
WKHLU�VWDQGDUG�NH\�DVVLJQPHQWV�RQ�WKH�XVHU�NH\ERDUG��7KLV�LV�PHDQLQJIXO�RQO\�ZKHQ�DOO�VWDQGDUG�
NH\�DVVLJQPHQWV�KDG�EHHQ�VXSSUHVVHG��IRU�WKH�XVHU�NH\ERDUG��E\�WKH�FRPPDQG�6�'(/.(<6�
�VHH�'(/.(<6��
,I�WKH�DUJXPHQW�REM�LV�WKH�QDPH�6.(<��WKH�VSHFLILHG�NH\�LV�UHVWRUHG�WR�LWV�VWDQGDUG�NH\�
DVVLJQPHQW�

$FFHVV� N�672.(<6
,QSXW�2XWSXW�

6HH�DOVR� $61��'(/.(<6��5&/.(<6

Level 1/Argument 1 Level 1/Item 1

^�REM���[NH\��������REMQ��[NH\�Q�` →
^�6��REM���[NH\��������REMQ��[NH\�Q�` →


6
 →



Command Reference: Part D, Q-S (1.1) 1-343*R�WR�,QGH[

STOΣ
7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�6LJPD�&RPPDQG��6WRUHV�REM�LQ�WKH�UHVHUYHG�YDULDEOH�Σ'$7�

672Σ�DFFHSWV�DQ\�REMHFW�DQ)G�VWRUHV�LW�LQ�Σ'$7��+RZHYHU��LI�WKH�REMHFW�LV�QRW�D�PDWUL[�RU�
WKH�QDPH�RI�D�YDULDEOH�FRQWDLQLQJ�D�PDWUL[���DQ�,QYDOLG�Σ'$7$�HUURU�RFFXUV�XSRQ�VXEVHTXHQW�
H[HFXWLRQ�RI�D�VWDWLVWLFV�FRPPDQG�

$FFHVV� N�672Σ
,QSXW�2XWSXW�

6HH�DOVR� &/Σ��5&/Σ��Σ���Σ²�

STR→
7\SH� &RPPDQG
'HVFULSWLRQ� (YDOXDWH�6WULQJ�&RPPDQG��(YDOXDWHV�WKH�WH[W�RI�D�VWULQJ�DV�LI�WKH�WH[W�ZHUH�HQWHUHG�IURP�WKH�

FRPPDQG�OLQH�
2%-→�DOVR�LQFOXGHV�WKLV�IXQFWLRQ��

$FFHVV� N�675,1*→

,QSXW�2XWSXW�

6HH�DOVR� $55<→��'7$*��(4→��/,67→��2%-→��→675

Level 1/Argument 1 Level 1/Item 1

REM →

Level 1/Argument 1 Level 1/Item 1

´REMµ → HYDOXDWHG�REMHFW



1-344 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

→STR
7\SH� &RPPDQG
'HVFULSWLRQ� 2EMHFW�WR�6WULQJ�&RPPDQG��&RQYHUWV�DQ\�REMHFW�WR�VWULQJ�IRUP�

7KH�IXOO�SUHFLVLRQ�LQWHUQDO�IRUP�RI�D�QXPEHU�LV�QRW�QHFHVVDULO\�UHSUHVHQWHG�LQ�WKH�UHVXOW�VWULQJ��
7R�HQVXUH�WKDW�→675�SUHVHUYHV�WKH�IXOO�SUHFLVLRQ�RI�D�QXPEHU��VHOHFW�6WDQGDUG�QXPEHU�
GLVSOD\�IRUPDW�RU�D�ZRUGVL]H�RI����ELWV��RU�ERWK��EHIRUH�H[HFXWLQJ�→675�
7KH�UHVXOW�VWULQJ�LQFOXGHV�WKH�HQWLUH�REMHFW��HYHQ�LI�WKH�GLVSOD\HG�IRUP�RI�WKH�REMHFW�LV�WRR�ODUJH�
WR�ILW�LQ�WKH�GLVSOD\�
,I�WKH�DUJXPHQW�REMHFW�LV�QRUPDOO\�GLVSOD\HG�LQ�WZR�RU�PRUH�OLQHV��WKH�UHVXOW�VWULQJ�ZLOO�FRQWDLQ�
QHZOLQH�FKDUDFWHUV��FKDUDFWHU�����DW�WKH�HQG�RI�HDFK�OLQH��7KH�QHZOLQHV�DUH�GLVSOD\HG�DV�WKH�
FKDUDFWHU�n�
,I�WKH�DUJXPHQW�REMHFW�LV�DOUHDG\�D�VWULQJ��→675�UHWXUQV�WKH�VWULQJ�

$FFHVV� N�→675,1*

,QSXW�2XWSXW�

6HH�DOVR� →$55<��→/,67��675→��→7$*��→81,7

Level 1/Argument 1 Level 1/Item 1

REM → ´REMµ



Command Reference: Part D, Q-S (1.1) 1-345*R�WR�,QGH[

STREAM
7\SH� &RPPDQG
'HVFULSWLRQ� 6WUHDP�([HFXWLRQ�&RPPDQG��0RYHV�WKH�ILUVW�WZR�HOHPHQWV�IURP�WKH�OLVW�RQWR�WKH�VWDFN��DQG�

H[HFXWHV�REM��7KHQ�PRYHV�WKH�QH[W�HOHPHQW��LI�DQ\��RQWR�WKH�VWDFN��DQG�H[HFXWHV�REM�DJDLQ�XVLQJ�
WKH�SUHYLRXV�UHVXOW�DQG�WKH�QHZ�HOHPHQW��5HSHDWV�WKLV�XQWLO�WKH�OLVW�LV�H[KDXVWHG��DQG�UHWXUQV�
WKH�ILQDO�UHVXOW�
675($0�LV�QRPLQDOO\�GHVLJQHG�IRU�REM�WR�EH�D�SURJUDP�RU�FRPPDQG�WKDW�UHTXLUHV�WZR�
DUJXPHQWV�DQG�UHWXUQV�RQH�UHVXOW�

$FFHVV� <N /,67�352&('85(6�675($0
,QSXW�2XWSXW�

6HH�DOVR� '268%6

STWS
7\SH� &RPPDQG
'HVFULSWLRQ� 6HW�:RUGVL]H�&RPPDQG��6HWV�WKH�FXUUHQW�ELQDU\�LQWHJHU�ZRUGVL]H�WR�Q�ELWV��ZKHUH�Q�LV�D�YDOXH�

IURP���WKURXJK�����WKH�GHIDXOW�LV�����
9DOXHV�RI�Q�OHVV�WKDQ���RU�JUHDWHU�WKDQ����DUH�LQWHUSUHWHG�DV���RU�����UHVSHFWLYHO\�
,I�WKH�ZRUGVL]H�LV�VPDOOHU�WKDQ�DQ�LQWHJHU�HQWHUHG�RQ�WKH�FRPPDQG�OLQH��WKHQ�WKH�PRVW�
VLJQLILFDQW�ELWV�DUH�QRW�GLVSOD\HG�XSRQ�HQWU\��7KH�WUXQFDWHG�ELWV�DUH�VWLOO�SUHVHQW�LQWHUQDOO\�
�XQOHVV�WKH\�H[FHHG������EXW�WKH\�DUH�QRW�XVHG�IRU�FDOFXODWLRQV�DQG�WKH\�DUH�ORVW�ZKHQ�D�
FRPPDQG�XVHV�WKLV�ELQDU\�LQWHJHU�DV�DQ�DUJXPHQW�
5HVXOWV�WKDW�H[FHHG�WKH�JLYHQ�ZRUGVL]H�DUH�DOVR�WUXQFDWHG�WR�WKH�ZRUGVL]H�

$FFHVV� < P�%$6(�67:6
>�ì�67:6

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

^�OLVW�` REM → UHVXOW



1-346 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %,1��'(&��+(;��2&7��5&:6

SUB
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� 6XEVHW�&RPPDQG��5HWXUQV�WKH�SRUWLRQ�RI�D�VWULQJ�RU�OLVW�GHILQHG�E\�VSHFLILHG�SRVLWLRQV��RU�

UHWXUQV�WKH�UHFWDQJXODU�SRUWLRQ�RI�D�JUDSKLFV�REMHFW�RU�3,&7�GHILQHG�E\�WZR�FRUQHU�SL[HO�
FRRUGLQDWHV�
,I�QHQG�SRVLWLRQ�LV�OHVV�WKDQ�QVWDUW�SRVLWLRQ��68%�UHWXUQV�DQ�HPSW\�VWULQJ�RU�OLVW��9DOXHV�RI�Q�OHVV�
WKDQ���DUH�WUHDWHG�DV����YDOXHV�RI�Q�H[FHHGLQJ�WKH�OHQJWK�RI�WKH�VWULQJ�RU�OLVW�DUH�WUHDWHG�DV�WKDW�
OHQJWK�
)RU�JUDSKLFV�REMHFWV��D�XVHU�XQLW�FRRUGLQDWH�OHVV�WKDQ�WKH�PLQLPXP�XVHU�XQLW�FRRUGLQDWH�RI�
WKH�JUDSKLFV�REMHFW�LV�WUHDWHG�DV�WKDW�PLQLPXP��$�SL[HO�RU�XVHU�XQLW�FRRUGLQDWH�JUHDWHU�WKDQ�
WKH�PD[LPXP�SL[HO�RU�XVHU�XQLW�FRRUGLQDWH�RI�WKH�JUDSKLFV�REMHFW�LV�WUHDWHG�DV�WKDW�PD[LPXP�

$FFHVV� <N /,67�68%
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

Q →
�Q →

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

>>�PDWUL[�@@� QVWDUWSRVLWLRQ QHQGSRVLWLRQ → >>�PDWUL[�@@�
>>�PDWUL[�@@� ^QURZ��QFROXPQ�` QHQGSRVLWLRQ → >>�PDWUL[�@@�
>>�PDWUL[�@@� QVWDUWSRVLWLRQ ^QURZ���QFROXPQ�` → >>�PDWUL[�@@�
>>�PDWUL[�@@� ^QURZ��QFROXPQ�` ^QURZ���QFROXPQ�` → >>�PDWUL[�@@�
´VWULQJWDUJHWµ QVWDUWSRVLWLRQ QHQGSRVLWLRQ → ´VWULQJUHVXOWµ
^�OLVWWDUJHW�` QVWDUWSRVLWLRQ QHQGSRVLWLRQ → ^�OLVWUHVXOW�`
JUREWDUJHW ^��Q����P��` ^��Q���P��` → JUREUHVXOW
JUREWDUJHW ��[���\��� ��[���\��� → JUREUHVXOW
3,&7 ^��Q����P��` ^��Q���P��` → JUREUHVXOW
3,&7 ��[���\��� ��[���\��� → JUREUHVXOW



Command Reference: Part D, Q-S (1.1) 1-347*R�WR�,QGH[

6HH�DOVR� &+5��*25��*;25��180��326��5(3/��6,=(

SVD
7\SH� &RPPDQG
'HVFULSWLRQ� 6LQJXODU�9DOXH�'HFRPSRVLWLRQ�&RPPDQG��5HWXUQV�WKH�VLQJXODU�YDOXH�GHFRPSRVLWLRQ�RI�DQ�P�

ï�Q�PDWUL[��
69'�GHFRPSRVHV�$�LQWR���PDWULFHV�DQG�D�YHFWRU��8�LV�DQ�P�ï�P�RUWKRJRQDO�PDWUL[��9�LV�DQ�
Q�ï�Q�RUWKRJRQDO�PDWUL[��DQG�6�LV�D�UHDO�YHFWRU��VXFK�WKDW�$� �8�ï�GLDJ�6��ï�9���6�KDV�OHQJWK�
0,1�P�Q��DQG�FRQWDLQV�WKH�VLQJXODU�YDOXHV�RI�$�LQ�QRQLQFUHDVLQJ�RUGHU��7KH�PDWUL[�GLDJ�6��LV�
DQ�PïQ�GLDJRQDO�PDWUL[�FRQWDLQLQJ�WKH�VLQJXODU�YDOXHV�6�
7KH�FRPSXWHG�UHVXOWV�VKRXOG�PLQLPL]H��ZLWKLQ�FRPSXWDWLRQDO�SUHFLVLRQ��

ZKHUH�GLDJ�6��GHQRWHV�WKH�P�ï�Q�GLDJRQDO�PDWUL[�FRQWDLQLQJ�WKH�VLQJXODU�YDOXHV�6��
$FFHVV� < %�)$&725,=$7,21�69'

< P�0$75,;�)$&7256�69'
,QSXW�2XWSXW�

6HH�DOVR� ',$*→��0,1��69/

SVL
7\SH� &RPPDQG
'HVFULSWLRQ� 6LQJXODU�9DOXHV�&RPPDQG��5HWXUQV�WKH�VLQJXODU�YDOXHV�RI�DQ�P�ï�Q�PDWUL[��

6/9�UHWXUQV�D�UHDO�YHFWRU�WKDW�FRQWDLQV�WKH�VLQJXODU�YDOXHV�RI�DQ�P�ï�Q�PDWUL[�LQ�QRQ�LQFUHDVLQJ�
RUGHU��7KH�YHFWRU�KDV�OHQJWK�0,1�P�Q��

$FFHVV� < %�)$&725,=$7,21�69/
< P�0$75,;�)$&7256�69/

Level 1/Argument 1 Level 3/Item 1 Level 2/Item 2 Level 1/Item 3

>>�PDWUL[�@@$ → >>�PDWUL[�@@8 >>�PDWUL[�@@9 >�YHFWRU�@6

A U– diag S( ) V⋅ ⋅
min m n,( ) A⋅

---------------------------------------------------



1-348 Command Reference: Part D Q-S (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 0,1��69'

SWAP
7\SH� 53/�&RPPDQG
'HVFULSWLRQ� 6ZDS�2EMHFWV�&RPPDQG��6ZDSV�WKH�SRVLWLRQ�RI�WKH�WZR�LQSXWV�
$FFHVV� <N 67$&.�6:$3
,QSXW�2XWSXW�

6HH�DOVR� '83��'831��'83���29(5��3,&.��52//��52//'��527

SYSEVAL
7\SH� &RPPDQG
'HVFULSWLRQ� (YDOXDWH�6\VWHP�2EMHFW�&RPPDQG��(YDOXDWHV�XQQDPHG�RSHUDWLQJ�V\VWHP�REMHFWV�VSHFLILHG�

E\�WKHLU�PHPRU\�DGGUHVVHV�
8VLQJ�6<6(9$/�ZLWK�UDQGRP�DGGUHVVHV�FDQ�FRUUXSW�PHPRU\�

$FFHVV� N�6<6(9$/
,QSXW�2XWSXW�

6HH�DOVR� (9$/��/,%(9$/��)/$6+(9$/

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → >�YHFWRU�@

Level 2 Level 1 Level 2 Level 1

REM� REM� → REM� REM�

Level 1/Argument 1 Level 1/Item 1

�QDGGUHVV →



*R�WR�,QGH[
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1-350 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

Introduction
7KLV�YROXPH�GHWDLOV�WKH�+3���*�FRPPDQGV�DQG�IXQFWLRQV�WKDW�DUH�QRW�FRPSXWHU�DOJHEUD�VSHFLILF��6HH�SDUW�
$��&RPSXWHU�DOJHEUD�FRPPDQGV�DQG�IXQFWLRQV��IRU�LQIRUPDWLRQ�RQ�FRPSXWHU�DOJHEUD�FRPPDQGV�

)RU�HDFK�RSHUDWLRQ��WKH�IROORZLQJ�GHWDLOV�DUH�SURYLGHG�

7\SH� )XQFWLRQ�RU�FRPPDQG��)XQFWLRQV�FDQ�EH�XVHG�DV�D�SDUW�RI�DQ�DOJHEUDLF�REMHFWV�DQG�
FRPPDQGV�FDQQRW�

'HVFULSWLRQ� $�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�

$FFHVV� 7KH�PHQX�RU�FKRRVH�OLVW�RQ�ZKLFK�DQ�RSHUDWLRQ�FDQ�EH�IRXQG��DQG�WKH�NH\V�WKDW�\RX�SUHVV�
WR�DFFHVV�LW��,I�WKH�RSHUDWLRQ�LV�RQ�D�VXE�PHQX��WKH�VXE�PHQX�QDPH�LV�LQ�SMALL CAPITALS�
DIWHU�WKH�NH\V�

,QSXW�2XWSXW� 7KH�LQSXW�DUJXPHQW�RU�DUJXPHQWV�WKDW�WKH�RSHUDWLRQ�QHHGV��DQG�WKH�RXWSXWV�LW�SURGXFHV�

6HH�DOVR� 5HODWHG�IXQFWLRQV�RU�FRPPDQGV



Command Reference: Part E, T-Z (1.1) 1-351*R�WR�,QGH[

T to V
%T
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3HUFHQW�RI�7RWDO�)XQFWLRQ��5HWXUQV�WKH�SHUFHQW�RI�WKH�ILUVW�DUJXPHQW�WKDW�LV�UHSUHVHQWHG�E\�

WKH�VHFRQG�DUJXPHQW�
,I�ERWK�DUJXPHQWV�DUH�XQLW�REMHFWV��WKH�XQLWV�PXVW�EH�FRQVLVWHQW�ZLWK�HDFK�RWKHU�
7KH�GLPHQVLRQV�RI�D�XQLW�REMHFW�DUH�GURSSHG�IURP�WKH�UHVXOW��EXW�XQLWV�DUH�SDUW�RI�WKH�FDOFXODWLRQ�
)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�WR�WKH�HQWU\�
IRU���

$FFHVV� < P�5($/��7

,QSXW�2XWSXW�

6HH�DOVR� ����&+

→TAG
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�7DJ�&RPPDQG��&RPELQHV�REMHFWV�LQ�OHYHOV���DQG���WR�FUHDWH�WDJJHG��ODEHOHG��REMHFW�

7KH�´WDJµ�DUJXPHQW�LV�D�VWULQJ�RI�IHZHU�WKDQ�����FKDUDFWHUV�
$FFHVV� N�→7$*

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ���\�[
[ 
V\PE
 → 
�7�[�V\PE�



V\PE
 [ → 
�7�V\PE�[�


V\PE�
 
V\PE�
 → 
�7�V\PE���V\PE��

[BXQLW� \BXQLW� → ���\BXQLW��[BXQLW�
[BXQLW 
V\PE
 → 
�7�[BXQLW�V\PE�


V\PE
 [BXQLW → 
�7�V\PE�[BXQLW�




1-352 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� →$55<��'7$*��→/,67��2%-→��→675��→81,7

TAIL
7\SH� &RPPDQG
'HVFULSWLRQ� /DVW�/LVWHG�(OHPHQWV�&RPPDQG��5HWXUQV�DOO�EXW�WKH�ILUVW�HOHPHQW�RI�D�OLVW�RU�VWULQJ�
$FFHVV� <N &+$56�7$,/
,QSXW�2XWSXW�

6HH�DOVR� +($'

TAN
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� 7DQJHQW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�WDQJHQW�RI�WKH�DUJXPHQW�

)RU�UHDO�DUJXPHQWV��WKH�FXUUHQW�DQJOH�PRGH�GHWHUPLQHV�WKH�QXPEHU
V�LQWHUSUHWDWLRQ�DV�DQ�
DQJOH��XQOHVV�WKH�DQJXODU�XQLWV�DUH�VSHFLILHG�
)RU�D�UHDO�DUJXPHQW�WKDW�LV�DQ�RGG�LQWHJHU�PXOWLSOH�RI����LQ�'HJUHHV�PRGH��DQ�,QILQLWH�5HVXOW�
H[FHSWLRQ�RFFXUV��,I�IODJ�²���LV�VHW��QR�HUURU���WKH�VLJQ�RI�WKH�UHVXOW��0$;5��PDWFKHV�WKDW�RI�
WKH�DUJXPHQW�
)RU�FRPSOH[�DUJXPHQWV�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM ´WDJµ → �WDJ�REM
REM 
QDPH
 → �QDPH�REM
REM [ → �[�REM

Level 1/Argument 1 Level 1/Item 1

^�REM������REMQ�` → ^�REM������REMQ�`
´VWULQJ�µ → ´VWULQJ�µ

x iy+( )tan
xsin( ) xcos( ) i ysinh( ) ycosh( )+

hsin
2
y cos

2
x+

-------------------------------------------------------------------------------=



Command Reference: Part E, T-Z (1.1) 1-353*R�WR�,QGH[

,I�WKH�DUJXPHQW�IRU�7$1�LV�D�XQLW�REMHFW��WKHQ�WKH�VSHFLILHG�DQJXODU�XQLW�RYHUULGHV�WKH�DQJOH�
PRGH�WR�GHWHUPLQH�WKH�UHVXOW��,QWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ��RQ�WKH�RWKHU�KDQG��DOZD\V�
REVHUYH�WKH�DQJOH�PRGH��7KHUHIRUH��WR�FRUUHFWO\�LQWHJUDWH�RU�GLIIHUHQWLDWH�H[SUHVVLRQV�
FRQWDLQLQJ�7$1�ZLWK�D�XQLW�REMHFW��WKH�DQJOH�PRGH�PXVW�EH�VHW�WR�5DGLDQV��VLQFH�WKLV�LV�D�
´QHXWUDOµ�PRGH��

$FFHVV� u

,QSXW�2XWSXW�

6HH�DOVR� $7$1��&26��6,1

TANH
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� +\SHUEROLF�7DQJHQW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�K\SHUEROLF�WDQJHQW�RI�WKH�DUJXPHQW�

)RU�FRPSOH[�DUJXPHQWV�

$FFHVV� > û�+<3(5%2/,&�7$1+
< P�+<3(5%2/,&�7$1+

,QSXW�2XWSXW�

6HH�DOVR� $7$1+��&26+��6,1+

Level 1/Argument 1 Level 1/Item 1

] → WDQ�]

V\PE
 → 
7$1�V\PE�


[BXQLWDQJXODU WDQ��[BXQLWDQJXODU�

Level 1/Argument 1 Level 1/Item 1

] → WDQK�]

V\PE
 → 
7$1+�V\PE�


x iy+( )tanh
2xsinh i 2ysin+
2xcosh 2ycos+

---------------------------------------=



1-354 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

TAYLR
7\SH� &RPPDQG
'HVFULSWLRQ� 7D\ORU�3RO\QRPLDO�&RPPDQG��&DOFXODWHV�WKH�QWK�RUGHU�7D\ORU�SRO\QRPLDO�RI�V\PE�LQ�WKH�

YDULDEOH�JOREDO�
7KH�SRO\QRPLDO�LV�FDOFXODWHG�DW�WKH�SRLQW�JOREDO� ����7KH�H[SUHVVLRQ�V\PE�PD\�KDYH�D�
UHPRYDEOH�VLQJXODULW\�DW����7KH�RUGHU��Q��LV�WKH�UHODWLYH�RUGHU�RI�WKH�7D\ORU�SRO\QRPLDO²WKH�
GLIIHUHQFH�LQ�RUGHU�EHWZHHQ�WKH�ODUJHVW�DQG�VPDOOHVW�SRZHU�RI�JOREDO�LQ�WKH�SRO\QRPLDO�
7$</5�DOZD\V�UHWXUQV�D�V\PEROLF�UHVXOW��UHJDUGOHVV�RI�WKH�VWDWH�RI�WKH�1XPHULF�5HVXOWV�IODJ�
�²���

$FFHVV� < $�/,0,76�	�6(5,(6�7$</5
,QSXW�2XWSXW�

6HH�DOVR�  ∂, ∫, Σ

TDELTA
7\SH� )XQFWLRQ
'HVFULSWLRQ� 7HPSHUDWXUH�'HOWD�)XQFWLRQ��&DOFXODWHV�D�WHPSHUDWXUH�FKDQJH�

7'(/7$�VXEWUDFWV�WZR�SRLQWV�RQ�D�WHPSHUDWXUH�VFDOH��\LHOGLQJ�D�WHPSHUDWXUH�LQFUHPHQW��QRW�
DQ�DFWXDO�WHPSHUDWXUH���[�RU�[BXQLW��LV�WKH�ILQDO�WHPSHUDWXUH��DQG�\�RU�\BXQLW��LV�WKH�LQLWLDO�
WHPSHUDWXUH��,I�XQLW�REMHFWV�DUH�JLYHQ��WKH�LQFUHPHQW�LV�UHWXUQHG�DV�D�XQLW�REMHFW�ZLWK�WKH�VDPH�
XQLWV�DV�[BXQLW���,I�UHDO�QXPEHUV�DUH�JLYHQ��WKH�LQFUHPHQW�LV�UHWXUQHG�DV�D�UHDO�QXPEHU�

$FFHVV� N�7'(/7$
,QSXW�2XWSXW�

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1


V\PE
 
JOREDO
 QRUGHU → 
V\PE7D\ORU


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → [GHOWD

[BXQLW� [BXQLW� → [BXQLW�GHOWD
[BXQLW 
V\PE
 → 
7'(/7$�[BXQLW��V\PE�


V\PE
 \BXQLW → 
7'(/7$�V\PE��\BXQLW�


V\PE�
 
V\PE�
 → 
7'(/7$�V\PE���V\PE��




Command Reference: Part E, T-Z (1.1) 1-355*R�WR�,QGH[

6HH�DOVR� 7,1&

TEVAL
7\SH� )XQFWLRQ

'HVFULSWLRQ�� )RU�WKH�VSHFLILHG�RSHUDWLRQ��SHUIRUPV�WKH�VDPH�IXQFWLRQ�DV�(9$/��DQG�UHWXUQV�WKH�WKH�
WLPH�WDNHQ�WR�SHUIRUP�WKH�HYDOXDWLRQ�DV�ZHOO�DV�WKH�UHVXOW�

$FFHVV� &DWDORJ��N
,QSXW�2XWSXW�

,QSXW� 7KH�REMHFW�WR�HYDOXDWH�

2XWSXW� /HYHO���,WHP����7KH�UHVXOW�RI�WKH�HYDOXDWLRQ�
/HYHO���,WHP����7KH�WLPH�WDNHQ�LQ�VHFRQGV�WR�SHUIRUP�WKH�HYDOXDWLRQ�

TEXT
7\SH� &RPPDQG
'HVFULSWLRQ� 6KRZ�6WDFN�'LVSOD\�&RPPDQG��'LVSOD\V�WKH�VWDFN�GLVSOD\�

7(;7�VZLWFKHV�IURP�WKH�JUDSKLFV�GLVSOD\�WR�WKH�VWDFN�GLVSOD\��7(;7�GRHV�QRW�XSGDWH�WKH�
VWDFN�GLVSOD\�

$FFHVV� <N 287�7(;7
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� 3,&785(��39,(:

Level 1/Argument 1 Level 1/Item 1

2EMHFW → UHVXOW WLPH�WDNHQ



1-356 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

THEN
7\SH� &RPPDQG
'HVFULSWLRQ� 7+(1�&RPPDQG��6WDUWV�WKH�WUXH�FODXVH�LQ�FRQGLWLRQDO�RU�HUURU�WUDSSLQJ�VWUXFWXUH�

6HH�WKH�,)�DQG�,))(5�HQWULHV�IRU�PRUH�LQIRUPDWLRQ�
$FFHVV� <N %5$1&+�7+(1
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &$6(��(/6(��(1'��,)�,)(55

TICKS
7\SH� &RPPDQG
'HVFULSWLRQ� 7LFNV�&RPPDQG��5HWXUQV�WKH�V\VWHP�WLPH�DV�D�ELQDU\�LQWHJHU��LQ�XQLWV�RI��������VHFRQG�
$FFHVV� >ç 722/6�7,&.6
,QSXW�2XWSXW�

([DPSOH� ,I�WKH�UHVXOW�IURP�D�SUHYLRXV�LQYRFDWLRQ�IURP�7,&.6�LV�RQ�OHYHO���RI�WKH�VWDFN��WKHQ�WKH�
FRPPDQG�
TICKS SWAP - B→R8192 / 
UHWXUQV�D�UHDO�QXPEHU�ZKRVH�YDOXH�LV�WKH�HODSVHG�WLPH�LQ�VHFRQGV�EHWZHHQ�WKH�WZR�LQYRFDWLRQV�

6HH�DOVR� 7,0(

Level 1/Argument 1 Level 1/Item 1

→ �QWLPH



Command Reference: Part E, T-Z (1.1) 1-357*R�WR�,QGH[

TIME
7\SH� &RPPDQG
'HVFULSWLRQ� 7LPH�&RPPDQG��5HWXUQV�WKH�V\VWHP�WLPH�LQ�WKH�IRUP�++�0066V�

WLPH�KDV�WKH�IRUP�++�0066V��ZKHUH�++�LV�KRXUV��00�LV�PLQXWHV��66�LV�VHFRQGV��DQG�V�LV�]HUR�
RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�IUDFWLRQDO�
VHFRQGV��WLPH�LV�DOZD\V�UHWXUQHG�LQ����KRXU�IRUPDW��UHJDUGOHVV�RI�WKH�VWDWH�RI�WKH�&ORFN�)RUPDW�
IODJ��²����

$FFHVV� >ç 722/6�7,0(
,QSXW�2XWSXW�

6HH�DOVR� '$7(��7,&.6��7675

→TIME
7\SH� &RPPDQG
'HVFULSWLRQ� 6HW�6\VWHP�7LPH�&RPPDQG��6HWV�WKH�V\VWHP�WLPH�

WLPH�PXVW�KDYH�WKH�IRUP�++�0066V��ZKHUH�++�LV�KRXUV��00�LV�PLQXWHV��66�LV�VHFRQGV��DQG�
V�LV�]HUR�RU�PRUH�GLJLWV��DV�PDQ\�DV�DOORZHG�E\�WKH�FXUUHQW�GLVSOD\�PRGH��UHSUHVHQWLQJ�
IUDFWLRQDO�VHFRQGV��WLPH�PXVW�XVH����KRXU�IRUPDW�

$FFHVV� > ç 722/6�→7,0(

,QSXW�2XWSXW�

6HH�DOVR� &/.$'-��→'$7(

Level 1/Argument 1 Level 1/Item 1

→ WLPH

Level 1/Argument 1 Level 1/Item 1

WLPH →



1-358 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

TINC
7\SH� )XQFWLRQ
'HVFULSWLRQ� 7HPSHUDWXUH�,QFUHPHQW�&RPPDQG��&DOFXODWHV�D�WHPSHUDWXUH�LQFUHPHQW�

7,1&�DGGV�D�WHPSHUDWXUH�LQFUHPHQW��QRW�DQ�DFWXDO�WHPSHUDWXUH��WR�D�SRLQW�RQ�D�WHPSHUDWXUH�
VFDOH��8VH�D�QHJDWLYH�LQFUHPHQW�WR�VXEWUDFW�WKH�LQFUHPHQW�IURP�WKH�WHPSHUDWXUH��[LQLWLDO�RU�
[BXQLW��LV�WKH�LQLWLDO�WHPSHUDWXUH��DQG�\GHOWD�RU�\BXQLW�GHOWD�LV�WKH�WHPSHUDWXUH�LQFUHPHQW��7KH�
UHWXUQHG�WHPSHUDWXUH�LV�WKH�UHVXOWLQJ�ILQDO�WHPSHUDWXUH��,I�XQLW�REMHFWV�DUH�JLYHQ��WKH�ILQDO�
WHPSHUDWXUH�LV�UHWXUQHG�DV�D�XQLW�REMHFW�ZLWK�WKH�VDPH�XQLWV�DV�[BXQLW���,I�UHDO�QXPEHUV�DUH�
JLYHQ��WKH�ILQDO�WHPSHUDWXUH�LV�UHWXUQHG�DV�D�UHDO�QXPEHU�

$FFHVV� N�7,1&
,QSXW�2XWSXW�

6HH�DOVR� 7'(/7$

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[LQLWLDO \GHOWD → [ILQDO

[BXQLW� \BXQLW�GHOWD → [BXQLW�ILQDO

[BXQLW 
V\PE
 → 
7,1&�[BXQLW��V\PE�


V\PE
 \BXQLWGHOWD → 
7,1&�V\PE��\BXQLWGHOWD�


V\PE�
 
V\PE�
 → 
7,1&�V\PE���V\PE��




Command Reference: Part E, T-Z (1.1) 1-359*R�WR�,QGH[

TLINE
7\SH� &RPPDQG
'HVFULSWLRQ� 7RJJOH�/LQH�&RPPDQG��)RU�HDFK�SL[HO�DORQJ�WKH�OLQH�LQ�3,&7�GHILQHG�E\�WKH�VSHFLILHG�

FRRUGLQDWHV��7/,1(�WXUQV�RII�HYHU\�SL[HO�WKDW�LV�RQ��DQG�WXUQV�RQ�HYHU\�SL[HO�WKDW�LV�RII�
$FFHVV� <N 3,&7�7/,1(
,QSXW�2XWSXW�

6HH�DOVR� $5&��%2;��/,1(

TMENU
7\SH� &RPPDQG
'HVFULSWLRQ� 7HPSRUDU\�0HQX�&RPPDQG��'LVSOD\V�D�EXLOW�LQ�PHQX��OLEUDU\�PHQX��RU�XVHU�GHILQHG�PHQX�

70(18�ZRUNV�MXVW�OLNH�0(18��H[FHSW�IRU�XVHU�GHILQHG�PHQXV��VSHFLILHG�E\�D�OLVW�RU�E\�WKH�
QDPH�RI�D�YDULDEOH�WKDW�FRQWDLQV�D�OLVW���6XFK�PHQXV�DUH�GLVSOD\HG�OLNH�D�FXVWRP�PHQX�DQG�
ZRUN�OLNH�D�FXVWRP�PHQX��EXW�DUH�QRW�VWRUHG�LQ�UHVHUYHG�YDULDEOH�&67��7KXV��D�PHQX�GHILQHG�
DQG�GLVSOD\HG�E\�70(18�FDQQRW�EH�UHGLVSOD\HG�E\�HYDOXDWLQJ�&67�
6HH�WKH�0(18�HQWU\�IRU�D�OLVW�RI�WKH�+3����EXLOW�LQ�PHQXV�DQG�WKH�FRUUHVSRQGLQJ�PHQX�
QXPEHUV��[PHQX��

$FFHVV� N�70(18
,QSXW�2XWSXW�

6HH�DOVR� 0(18��5&/0(18

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�[��\�� �[��\�� →
^��Q���P��` ^��Q���P��` →

Level 1/Argument 1 Level 1/Item 1

[PHQX →
^�OLVWGHILQLWLRQ�` →

QDPHGHILQLWLRQ
 →



1-360 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

TOT
7\SH� &RPPDQG
'HVFULSWLRQ� 7RWDO�&RPPDQG��&RPSXWHV�WKH�VXP�RI�HDFK�RI�WKH�P�FROXPQV�RI�FRRUGLQDWH�YDOXHV�LQ�WKH�

FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�VXPV�DUH�UHWXUQHG�DV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P� ���

$FFHVV� N�727
,QSXW�2XWSXW�

6HH�DOVR� 0$;Σ��0,1Σ��0($1��36'(9��39$5��6'(9��9$5

TRACE
7\SH� &RPPDQG
'HVFULSWLRQ� 0DWUL[�7UDFH�&RPPDQG��5HWXUQV�WKH�WUDFH�RI�D�VTXDUH�PDWUL[�

7KH�WUDFH�RI�D�VTXDUH�PDWUL[�LV�WKH�VXP�RI�LWV�GLDJRQDO�HOHPHQWV�
$FFHVV� < %�23(5$7,216�75$&(

< P�0$75,;�1250$/,=(�75$&(
,QSXW�2XWSXW�

Level 1/Argument 1 Level 1/Item 1

→ [VXP

→ >�[VXP����[VXP���������[VXP�P�@

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@QïQ → [WUDFH



Command Reference: Part E, T-Z (1.1) 1-361*R�WR�,QGH[

TRAN
7\SH� &RPPDQG
'HVFULSWLRQ� 7UDQVSRVH�0DWUL[�&RPPDQG��5HWXUQV�WKH�WUDQVSRVH�RI�D�PDWUL[�

6DPH�DV�751��EXW�ZLWKRXW�FRQMXJDWLRQ�RI�FRPSOH[�QXPEHUV�
$FFHVV� < % 23(5$7,216�75$1
,QSXW�2XWSXW�

6HH�DOVR� &21-��751

TRANSIO
7\SH� &RPPDQG
'HVFULSWLRQ� ,�2�7UDQVODWLRQ�&RPPDQG��6SHFLILHV�WKH�FKDUDFWHU�WUDQVODWLRQ�RSWLRQ��7KHVH�WUDQVODWLRQV�

DIIHFW�RQO\�$6&,,�.HUPLW�WUDQVIHUV�DQG�ILOHV�SULQWHG�WR�WKH�VHULDO�SRUW�
/HJDO�YDOXHV�IRU�Q�DUH�DV�IROORZV�

$FFHVV� N�75$16,2

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → >>�PDWUL[�@@WUDQVSRVH

QDPH
 →

n Effect

� 1R�WUDQVODWLRQ

� 7UDQVODWH�FKDUDFWHU�����OLQH�IHHG�RQO\��WR��
IURP�FKDUDFWHUV����DQG�����OLQH�IHHG�ZLWK�
FDUULDJH�UHWXUQ��WKH�.HUPLW�SURWRFRO���WKH�
GHIDXOW�YDOXH�

� 7UDQVODWH�FKDUDFWHUV�����WKURXJK���������
WKURXJK��)�KH[DGHFLPDO�

� 7UDQVODWH�DOO�FKDUDFWHUV������WKURXJK�����



1-362 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� %$8'��&.60��3$5,7<

TRIGO
7\SH� &RPPDQG
�'HVFULSWLRQ�'LVSOD\V�D�PHQX�RI�WULJRQRPHWU\�FRPPDQGV�
$FFHVV� N�75,*2
,QSXW� 1RQH
2XWSXW� 1RQH

TRN
7\SH� &RPPDQG
'HVFULSWLRQ� 7UDQVSRVH�0DWUL[�&RPPDQG��5HWXUQV�WKH��FRQMXJDWH��WUDQVSRVH�RI�D�PDWUL[�

751�UHSODFHV�DQ�Q�ï�P�PDWUL[�$�ZLWK�DQ�P�ï�Q�PDWUL[�$7��ZKHUH�

$LM
7� �$ML�IRU�UHDO�PDWULFHV

$LM
7� �&21-�$ML��IRU�FRPSOH[�PDWULFHV

,I�WKH�PDWUL[�LV�VSHFLILHG�E\�QDPH��$7�UHSODFHV�$�LQ�QDPH�
$FFHVV� < P 0$75,;�0$.(�751
,QSXW�2XWSXW�

6HH�DOVR� &21-

Level 1/Argument 1 Level 1/Item 1

QRSWLRQ →

Level 1/Argument 1 Level 1/Item 1

>>�PDWUL[�@@ → >>�PDWUL[�@@WUDQVSRVH

QDPH
 →



Command Reference: Part E, T-Z (1.1) 1-363*R�WR�,QGH[

TRNC
7\SH� )XQFWLRQ
'HVFULSWLRQ� 7UXQFDWH�)XQFWLRQ��7UXQFDWHV�DQ�REMHFW�WR�D�VSHFLILHG�QXPEHU�RI�GHFLPDO�SODFHV�RU�VLJQLILFDQW�

GLJLWV��RU�WR�ILW�WKH�FXUUHQW�GLVSOD\�IRUPDW�
QWUXQFDWH��RU�V\PEWUXQFDWH�LI�IODJ�²��LV�VHW��FRQWUROV�KRZ�WKH�OHYHO���DUJXPHQW�LV�WUXQFDWHG��DV�
IROORZV�

)RU�FRPSOH[�QXPEHUV�DQG�DUUD\V��HDFK�UHDO�QXPEHU�HOHPHQW�LV�WUXQFDWHG��)RU�XQLW�REMHFWV��WKH�
QXPEHU�SDUW�RI�WKH�REMHFW�LV�WUXQFDWHG�

$FFHVV� < P�5($/�751&
,QSXW�2XWSXW�

6HH�DOVR� 51'

ntruncate Effect on Level 2 Argument

��WKURXJK��� WUXQFDWHG�WR�Q�GHFLPDO�SODFHV

²��WKURXJK�²�� WUXQFDWHG�WR�Q�VLJQLILFDQW�GLJLWV

�� WUXQFDWHG�WR�WKH�FXUUHQW�GLVSOD\�IRUPDW

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� QWUXQFDWH → ]�
]� 
V\PEWUXQFDWH
 → 
751&�]��V\PEWUXQFDWH�



V\PE�
 QWUXQFDWH → 
751&�V\PE��QWUXQFDWH�


V\PE�
 
V\PEWUXQFDWH
 → 
751&�V\PE��V\PEWUXQFDWH�

>�DUUD\�@� QWUXQFDWH → >�DUUD\�@�
[BXQLW QWUXQFDWH → \BXQLW
[BXQLW 
V\PEWUXQFDWH
 → 
751&�[BXQLW�V\PEWUXQFDWH�




1-364 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

TRUTH
7\SH� &RPPDQG
'HVFULSWLRQ� 7UXWK�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�7587+�

:KHQ�WKH�SORW�W\SH�LV�7587+��WKH�'5$:�FRPPDQG�SORWV�WKH�FXUUHQW�HTXDWLRQ�DV�D�WUXWK�
YDOXHG�IXQFWLRQ�RI�WZR�UHDO�YDULDEOHV��7KH�FXUUHQW�HTXDWLRQ�LV�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�
(4��7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�

^��[PLQ��\PLQ���[PD[��\PD[��LQGHS�UHV�D[HV�SW\SH�GHSHQG�`

)RU�SORW�W\SH�7587+��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�ORZHU�OHIW�FRUQHU�RI�3,&7��WKH�ORZHU�OHIW�
FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV��²����²�����

� �[PD[��\PD[��LV�D�FRPSOH[�QXPEHU�VSHFLI\LQJ�WKH�XSSHU�ULJKW�FRUQHU�RI�3,&7��WKH�XSSHU�
ULJKW�FRUQHU�RI�WKH�GLVSOD\�UDQJH���7KH�GHIDXOW�YDOXH�LV�����������

� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�KRUL]RQWDO�D[LV��RU�D�OLVW�
FRQWDLQLQJ�VXFK�D�QDPH�DQG�WZR�QXPEHUV�VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�
IRU�WKH�LQGHSHQGHQW�YDULDEOH��WKH�KRUL]RQWDO�SORWWLQJ�UDQJH���7KH�GHIDXOW�YDOXH�LV�;�

� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�SORWWHG�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�KRUL]RQWDO�D[LV��RU�D�ELQDU\�LQWHJHU�VSHFLI\LQJ�WKDW�
LQWHUYDO�LQ�SL[HOV��7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���SL[HO�

� D[HV�LV�D�OLVW�FRQWDLQLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ��LQ�WKH�RUGHU�OLVWHG��D�FRPSOH[�
QXPEHU�VSHFLI\LQJ�WKH�XVHU�XQLW�FRRUGLQDWHV�RI�WKH�SORW�RULJLQ��D�OLVW�VSHFLI\LQJ�WKH�WLFN�
PDUN�DQQRWDWLRQ��DQG�WZR�VWULQJV�VSHFLI\LQJ�ODEHOV�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��
7KH�GHIDXOW�YDOXH�LV�������

� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�7587+�
SODFHV�WKH�QDPH�7587+�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�YHUWLFDO�D[LV��RU�D�OLVW�
FRQWDLQLQJ�VXFK�D�QDPH�DQG�WZR�QXPEHUV�VSHFLI\LQJ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�
IRU�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�YHUWLFDO�D[LV��WKH�YHUWLFDO�SORWWLQJ�UDQJH���7KH�GHIDXOW�
YDOXH�LV�<�

7KH�FRQWHQWV�RI�(4�PXVW�EH�DQ�H[SUHVVLRQ�RU�SURJUDP��DQG�FDQQRW�EH�DQ�HTXDWLRQ��,W�LV�
HYDOXDWHG�IRU�HDFK�SL[HO�LQ�WKH�SORW�UHJLRQ��7KH�PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�
LQGHSHQGHQW�YDULDEOHV��WKH�SORWWLQJ�UDQJHV��FDQ�EH�VSHFLILHG�LQ�LQGHS�DQG�GHSHQG��RWKHUZLVH��WKH�
YDOXHV�LQ��[PLQ��\PLQ��DQG��[PD[��\PD[��WKH�GLVSOD\�UDQJH��DUH�XVHG��7KH�UHVXOW�RI�HDFK�HYDOXDWLRQ�



Command Reference: Part E, T-Z (1.1) 1-365*R�WR�,QGH[

PXVW�EH�D�UHDO�QXPEHU��,I�WKH�UHVXOW�LV�]HUR��WKH�VWDWH�RI�WKH�SL[HO�LV�XQFKDQJHG��,I�WKH�UHVXOW�LV�
QRQ]HUR��WKH�SL[HO�LV�WXUQHG�RQ��PDGH�GDUN��

$FFHVV� N�7587+
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��:,5()5$0(��
<6/,&(

TSTR
7\SH� &RPPDQG
'HVFULSWLRQ� 'DWH�DQG�7LPH�6WULQJ�&RPPDQG��5HWXUQV�D�VWULQJ�GHULYHG�IURP�WKH�GDWH�DQG�WLPH�

7KH�VWULQJ�KDV�WKH�IRUP��'2:�'$7(�7,0(���ZKHUH�'2:�LV�D�WKUHH�OHWWHU�DEEUHYLDWLRQ�RI�
WKH�GD\�RI�WKH�ZHHN�FRUUHVSRQGLQJ�WR�WKH�DUJXPHQW�GDWH�DQG�WLPH��'$7(�LV�WKH�DUJXPHQW�GDWH�
LQ�WKH�FXUUHQW�GDWH�IRUPDW��DQG�7,0(�LV�WKH�DUJXPHQW�WLPH�LQ�WKH�FXUUHQW�WLPH�IRUPDW�

$FFHVV� >ç 722/6�7675
,QSXW�2XWSXW�

6HH�DOVR� '$7(��7,&.6��7,0(

TVARS
7\SH� &RPPDQG
'HVFULSWLRQ� 7\SHG�9DULDEOHV�&RPPDQG��/LVWV�DOO�JOREDO�YDULDEOHV�LQ�WKH�FXUUHQW�GLUHFWRU\�WKDW�FRQWDLQ�

REMHFWV�RI�WKH�VSHFLILHG�W\SHV�
,I�WKH�FXUUHQW�GLUHFWRU\�FRQWDLQV�QR�YDULDEOHV�RI�WKH�VSHFLILHG�W\SHV��79$56�UHWXUQV�DQ�HPSW\�
OLVW�
)RU�D�WDEOH�RI�WKH�REMHFW�W\SH�QXPEHUV��VHH�WKH�HQWU\�IRU�7<3(�

$FFHVV� <N 0(025<�',5(&725<�79$56

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

GDWH WLPH → ´'2:�'$7(�7,0(´



1-366 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 39$56��7<3(��9$56

TVM
7\SH� &RPPDQG
'HVFULSWLRQ� 790�0HQX�&RPPDQG��'LVSOD\V�WKH�790�6ROYHU�PHQX�
$FFHVV� N�790
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $0257��790%(*��790(1'��7905227

TVMBEG
7\SH� &RPPDQG
'HVFULSWLRQ� 3D\PHQW�DW�6WDUW�RI�3HULRG�&RPPDQG��6SHFLILHV�WKDW�790�FDOFXODWLRQV�WUHDW�SD\PHQWV�DV�

EHLQJ�PDGH�DW�WKH�EHJLQLQJ�RI�WKH�FRPSRXQGLQJ�SHULRGV�
$FFHVV� N�790%(*
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $0257��790��790(1'��7905227

Level 1/Argument 1 Level 1/Item 1

QW\SH → ^�JOREDO�����`
^�QW\SH����` → ^�JOREDO�����`



Command Reference: Part E, T-Z (1.1) 1-367*R�WR�,QGH[

TVMEND
7\SH� &RPPDQG
'HVFULSWLRQ� 3D\PHQW�DW�(QG�RI�3HULRG�&RPPDQG��6SHFLILHV�WKDW�790�FDOFXODWLRQV�WUHDW�SD\PHQWV�DV�

EHLQJ�PDGH�DW�WKH�HQG�RI�WKH�FRPSRXQGLQJ�SHULRGV�
$FFHVV� N�790(1'
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� $0257��790��790%(*��7905227

TVMROOT
7\SH� &RPPDQG
'HVFULSWLRQ� 790�5RRW�&RPPDQG��6ROYHV�IRU�WKH�VSHFLILHG�790�YDULDEOH�XVLQJ�YDOXHV�IURP�WKH�UHPDLQLQJ�

790�YDULDEOHV�
$FFHVV� N�7905227
,QSXW�2XWSXW�

6HH�DOVR� $0257��790��790%(*��790(1'

Level 1/Argument 1 Level 1/Item 1


790�YDULDEOH
 → [790�YDULDEOH



1-368 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

TYPE
7\SH� &RPPDQG
'HVFULSWLRQ� 7\SH�&RPPDQG��5HWXUQV�WKH�W\SH�QXPEHU�RI�DQ�REMHFW�

7KH�IROORZLQJ�WDEOH�OLVWV�REMHFW�W\SHV�DQG�WKHLU�W\SH�QXPEHUV�
2EMHFW�7\SH�1XPEHUV

Object Type Number

8VHU�REMHFWV�

5HDO�QXPEHU �

&RPSOH[�QXPEHU �

&KDUDFWHU�VWULQJ �

5HDO�DUUD\ �

&RPSOH[�DUUD\ �

/LVW �

*OREDO�QDPH �

/RFDO�QDPH �

3URJUDP �

$OJHEUDLF�REMHFW �

%LQDU\�LQWHJHU ��

*UDSKLFV�REMHFW ��

7DJJHG�REMHFW ��

8QLW�REMHFW ��

;/,%�QDPH ��

'LUHFWRU\ ��



Command Reference: Part E, T-Z (1.1) 1-369*R�WR�,QGH[

7$FFHVV�<N 7(67�7<3(

/LEUDU\ ��

%DFNXS�REMHFW ��

5HDO�LQWHJHU ��

)RQW ��

%XLOW�LQ�&RPPDQGV�

%XLOW�LQ�IXQFWLRQ ��

%XLOW�LQ�FRPPDQG ��

6\VWHP�2EMHFWV�

6\VWHP�ELQDU\ ��

([WHQGHG�UHDO ��

([WHQGHG�FRPSOH[ ��

/LQNHG�DUUD\ ��

&KDUDFWHU ��

&RGH�REMHFW ��

/LEUDU\�GDWD ��

0LQL�IRQW ��

,QWHJHU�QXPEHU ��

6\PEROLF�YHFWRU�PDWUL[ ��

)RQW ��

([WHQGHG�REMHFW ��

Object Type (Continued) Number 



1-370 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 6$0(��79$56��97<3(��  

UBASE
7\SH� )XQFWLRQ
'HVFULSWLRQ� &RQYHUW�WR�6,�%DVH�8QLWV�)XQFWLRQ��&RQYHUWV�D�XQLW�REMHFW�WR�6,�EDVH�XQLWV�
$FFHVV� < ^�81,76�722/6�8%$6(
,QSXW�2XWSXW�

6HH�DOVR� &219(57��8)$&7��→81,7��89$/

UFACT
7\SH� &RPPDQG
'HVFULSWLRQ� )DFWRU�8QLW�&RPPDQG��)DFWRUV�WKH�OHYHO���XQLW�IURP�WKH�XQLW�H[SUHVVLRQ�RI�WKH�OHYHO���XQLW�

REMHFW�
$FFHVV� < ^�81,76�722/6�8)$&7
,QSXW�2XWSXW�

6HH�DOVR� &219(57��8%$6(��→81,7��89$/

Level 1/Argument 1 Level 1/Item 1

REM → QW\SH

Level 1/Argument 1 Level 1/Item 1

[BXQLW → \BEDVH�XQLWV

V\PE
 → 
8%$6(�V\PE�


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[�BXQLW� [�BXQLW� → [�BXQLW�XQLW�



Command Reference: Part E, T-Z (1.1) 1-371*R�WR�,QGH[

UFL1→MINIF
7\SH� &RPPDQG
�'HVFULSWLRQ�&RQYHUWV�D�8)/���XQLYHUVDO�IRQW�OLEUDU\��IRQWVHW�WR�D�+3���*�PLQLIRQW��

<RX�VSHFLI\�WKH�IRQWVHW�DQG�JLYH�LW�DQ�,'���²������7KH�IRQW�PXVW�EH�D���E\���IRQW�
$FFHVV� N�8)/�→0,1,)

,QSXW�2XWSXW�

→UNIT
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�8QLW�2EMHFW�&RPPDQG��&UHDWHV�D�XQLW�REMHFW�IURP�D�UHDO�QXPEHU�DQG�WKH�XQLW�SDUW�

RI�D�XQLW�REMHFW�
→81,7�DGGV�XQLWV�WR�D�UHDO�QXPEHU��FRPELQLQJ�WKH�QXPEHU�DQG�WKH�XQLW�SDUW�RI�D�XQLW�REMHFW�
�WKH�QXPHULFDO�SDUW�RI�WKH�XQLW�REMHFW�LV�LJQRUHG���→81,7�LV�WKH�UHYHUVH�RI�2%-→�DSSOLHG�WR�
D�XQLW�REMHFW�

$FFHVV� N�→81,7

,QSXW�2XWSXW�

6HH�DOVR� →$55<��→/,67��→675��→7$*

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REMIRQWVHW Q,' → 7KH�IRQW�FRQYHUWHG�WR�PLQLIRQW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \BXQLW → [BXQLW



1-372 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

UNPICK
7\SH� 531�&RPPDQG
'HVFULSWLRQ� 5HSODFHV�WKH�REMHFW�DW�OHYHO�Q���ZLWK�WKH�REMHFW�DW�OHYHO���DQG�GHOHWHV�WKH�REMHFWV�DW�OHYHOV���

DQG����
$FFHVV� <N 67$&.�813,&.
,QSXW�2XWSXW�

6HH�DOVR� 29(5��3,&.��52//��52//'��6:$3��527

UNROT
7\SH� 531�&RPPDQG
'HVFULSWLRQ� &KDQJHV�WKH�RUGHU�RI�WKH�ILUVW�WKUHH�REMHFWV�RQ�WKH�VWDFN��7KH�RUGHU�RI�WKH�FKDQJH�LV�WKH�

RSSRVLWH�WR�WKDW�RI�WKH�527�FRPPDQG�
$FFHVV�<N 67$&.�81527

,QSXW�2XWSXW�

6HH�DOVR� 29(5��3,&.��52//��52//'��6:$3��527

LQ�� LQ�� L� L� L� LQ LQ²� L�

REMQ REMQ�� REM� REM Q → REM REMQ�� REM�

L� L� L� L� L� L�

REM� REM� REM� → REM� REM� REM�



Command Reference: Part E, T-Z (1.1) 1-373*R�WR�,QGH[

UNTIL
7\SH� &RPPDQG
'HVFULSWLRQ� 817,/�&RPPDQG��6WDUWVWKH�WHVW�FODXVH�LQ�D�'2�«�817,/�«�(1'�LQGHILQLWH�ORRS�

VWUXFWXUH�
6HH�WKH�'2�HQWU\�IRU�PRUH�LQIRUPDWLRQ�

$FFHVV� <N %5$1&+�817,/
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� '2��(1'

UPDIR
7\SH� &RPPDQG
'HVFULSWLRQ� 8S�'LUHFWRU\�&RPPDQG��0DNHV�WKH�SDUHQW�RI�WKH�FXUUHQW�GLUHFWRU\�WKH�QHZ�FXUUHQW�GLUHFWRU\�

83',5�KDV�QR�HIIHFW�LI�WKH�FXUUHQW�GLUHFWRU\�LV�+20(�
$FFHVV� <J

,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� &5',5��+20(��3$7+��3*',5



1-374 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

UTPC
7\SH� &RPPDQG
'HVFULSWLRQ� 8SSHU�&KL�6TXDUH�'LVWULEXWLRQ�&RPPDQG��5HWXUQV�WKH�SUREDELOLW\�XWSF�Q��[��WKDW�D�FKL�

VTXDUH�UDQGRP�YDULDEOH�LV�JUHDWHU�WKDQ�[��ZKHUH�Q�LV�WKH�QXPEHU�RI�GHJUHHV�RI�IUHHGRP�RI�WKH�
GLVWULEXWLRQ�
7KH�GHILQLQJ�HTXDWLRQV�DUH�WKHVH�
� )RU�[�≥���

� )RU�[�����

)RU�DQ\�YDOXH�]�� ��ZKHUH���LV�WKH�IDFWRULDO�FRPPDQG�
7KH�YDOXH�Q�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU�DQG��ZKHQ�URXQGHG��PXVW�EH�SRVLWLYH�

$FFHVV� < P�352%$%,/,7<�873&
,QSXW�2XWSXW�

6HH�DOVR� 873)��8731��8737

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

Q [ → XWSF�Q�[�

utpc n x,( )
1

2
n
2
---
Γ n

2
---( )

---------------- t
n
2
--- 1–

e
t
2
---–

⋅ td
x

∞

∫=

utpc n x ),( ) 1=

Γ z
2
--- 

  z
2
--- 1– 

  !=



Command Reference: Part E, T-Z (1.1) 1-375*R�WR�,QGH[

UTPF
7\SH� &RPPDQG
'HVFULSWLRQ� 8SSHU�6QHGHFRU
V�)�'LVWULEXWLRQ�&RPPDQG��5HWXUQV�WKH�SUREDELOLW\�XWSI�Q���Q���[��WKDW�D�

6QHGHFRU
V�)�UDQGRP�YDULDEOH�LV�JUHDWHU�WKDQ�[��ZKHUH�Q��DQG�Q��DUH�WKH�QXPHUDWRU�DQG�
GHQRPLQDWRU�GHJUHHV�RI�IUHHGRP�RI�WKH�)�GLVWULEXWLRQ�
7KH�GHILQLQJ�HTXDWLRQV�IRU�XWSI�Q���Q���[��DUH�WKHVH�
� )RU�[�≥���

� )RU�[�����

)RU�DQ\�YDOXH�]�� ��ZKHUH���LV�WKH�+3����IDFWRULDO�FRPPDQG�
7KH�YDOXHV�Q��DQG�Q��DUH�URXQGHG�WR�WKH�QHDUHVW�LQWHJHUV�DQG��ZKHQ�URXQGHG��PXVW�EH�SRVLWLYH�

$FFHVV� < P�352%$%,/,7<�873)
,QSXW�2XWSXW�

6HH�DOVR� 873&��8731��8737

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

Q� Q� [ → XWSI�Q��Q��[�

n1

n2
----- 

 
n1

2
----- Γ

n1 n2+

2
----------------- 

 

Γ
n1

2
----- 

  Γ
n2

2
----- 

 
------------------------------ t

n1 2–

2
--------------

x

∞

∫ 1
n1

n2
----- 

  t+

n1 n2+( )

2
-----------------------–

dt

utpf n1 n2 x, ,( ) 1=

Γ z
2
--- 

  z
2
--- 1– 

  !=



1-376 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

UTPN
7\SH� &RPPDQG
'HVFULSWLRQ� 8SSHU�1RUPDO�'LVWULEXWLRQ�&RPPDQG��5HWXUQV�WKH�SUREDELOLW\�XWSQ�P��Y��[��WKDW�D�QRUPDO�

UDQGRP�YDULDEOH�LV�JUHDWHU�WKDQ�[��ZKHUH�P�DQG�Y�DUH�WKH�PHDQ�DQG�YDULDQFH��UHVSHFWLYHO\��RI�
WKH�QRUPDO�GLVWULEXWLRQ�
)RU�DOO�[�DQG�P��DQG�IRU�Y�!����WKH�GHILQLQJ�HTXDWLRQ�LV�WKLV�

)RU�Y� ����8731�UHWXUQV���IRU�[�≥�P��DQG���IRU�[���P�
$FFHVV� < P�352%$%,/,7<�8731
,QSXW�2XWSXW�

6HH�DOVR� 873&��873)��8737

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

P Y [ → XWSQ�P�Y�[�

utpn m v x, ,( ) 1

2πv
------------- e

t m–( )2

2v
------------------–

td
x

∞

∫=



Command Reference: Part E, T-Z (1.1) 1-377*R�WR�,QGH[

UTPT
7\SH� &RPPDQG
'HVFULSWLRQ� 8SSHU�6WXGHQW
V�W�'LVWULEXWLRQ�&RPPDQG��5HWXUQV�WKH�SUREDELOLW\�XWSW�Q��[��WKDW�D�6WXGHQW
V�

W�UDQGRP�YDULDEOH�LV�JUHDWHU�WKDQ�[��ZKHUH�Q�LV�WKH�QXPEHU�RI�GHJUHHV�RI�IUHHGRP�RI�WKH�
GLVWULEXWLRQ�
7KH�IROORZLQJ�LV�WKH�GHILQLQJ�HTXDWLRQ�IRU�DOO�[�

)RU�DQ\�YDOXH�]�� ��ZKHUH���LV�WKH�IDFWRULDO�FRPPDQG�
7KH�YDOXH�Q�LV�URXQGHG�WR�WKH�QHDUHVW�LQWHJHU�DQG��ZKHQ�URXQGHG��PXVW�EH�SRVLWLYH�

$FFHVV� < P�352%$%,/,7<�8737
,QSXW�2XWSXW�

6HH�DOVR� 873&��873)��8731

UVAL
7\SH� )XQFWLRQ
'HVFULSWLRQ� 8QLW�9DOXH�)XQFWLRQ��5HWXUQV�WKH�QXPHULFDO�SDUW�RI�D�XQLW�REMHFW�
$FFHVV� > ø�722/6�89$/
,QSXW�2XWSXW�

6HH�DOVR� &219(57��8%$6(��8)$&7��→81,7

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

Q [ → XWSW�Q�[�

Level 1/Argument 1 Level 1/Item 1

[BXQLW → [

V\PE
 → 
89$/�V\PE�


utpt n x,( )
Γ n 1+

2
------------ 

 

Γ n
2
--- 

  nπ
----------------------- 1

t
2

n
----+ 

 

n 1+
2

------------–

td
x

∞

∫=

Γ z
2
--- 

  z
2
--- 1– 

  !=



1-378 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

V→
7\SH� &RPPDQG
'HVFULSWLRQ� 9HFWRU�&RPSOH[�1XPEHU�WR�6WDFN�&RPPDQG��6HSDUDWHV�D�YHFWRU�RU�FRPSOH[�QXPEHU�LQWR�

LWV�FRPSRQHQW�HOHPHQWV�
)RU�YHFWRUV�ZLWK�IRXU�RU�PRUH�HOHPHQWV��9→�H[HFXWHV�LQGHSHQGHQWO\�RI�WKH�FRRUGLQDWH�V\VWHP�
PRGH��DQG�DOZD\V�UHWXUQV�WKH�HOHPHQWV�RI�WKH�YHFWRU�WR�WKH�VWDFN�DV�WKH\�DUH�VWRUHG�LQWHUQDOO\�
�LQ�UHFWDQJXODU�IRUP���7KXV��9→�LV�HTXLYDOHQW�WR�2%-→�IRU�YHFWRUV�ZLWK�IRXU�RU�PRUH�
HOHPHQWV�

$FFHVV� < P�9(&725�9→

,QSXW�2XWSXW�

L = level; A = argument; I = item

6HH�DOVR� →9���→9�

L�/A� LQ/I� ... L�/IQ²� L�/IQ²� L�/IQ

>�[�\�@ → [ \
>�[U��\WKHWD�@ → [U \WKHWD
>�[���[���[��@ → [� [� [�

>�[���[WKHWD��[]�@ → [� [WKHWD []

>�[���[WKHWD��[SKL�@ → [� [WKHWD [SKL

>�[���[��������[Q�@ → [������[Q²� [Q²� [Q

�[��\� → [ \
�[U��\WKHWD� → [U \WKHWD



Command Reference: Part E, T-Z (1.1) 1-379*R�WR�,QGH[

→V2
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR�9HFWRU�&RPSOH[�1XPEHU�&RPPDQG��&RQYHUWV�WZR�VSHFLILHG�QXPEHUV�LQWR�D���

HOHPHQW�YHFWRU�RU�D�FRPSOH[�QXPEHU�
7KH�UHVXOW�UHWXUQHG�GHSHQGV�RQ�WKH�VHWWLQJ�RI�IODJV�²���DQG�²����DV�VKRZQ�LQ�WKH�IROORZLQJ�
WDEOH�

$FFHVV� < P�9(&725�→9�
,QSXW�2XWSXW�

6HH�DOVR� 9→��→9�

Flag –19 clear Flag –19 set

)ODJ�²���FOHDU��5HFWDQJXODU�PRGH� >�[�\�@ �[��\�

)ODJ�²���VHW��3RODU�PRGH� >�[� �\�@ ��[�� �\�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → >�[�\�@
[ \ → >�[� �\�@
[ \ → �[��\�
[ \ → �[�� �\�



1-380 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

→V3
7\SH� &RPPDQG
'HVFULSWLRQ� 6WDFN�WR���(OHPHQW�9HFWRU�&RPPDQG��&RQYHUWV�WKUHH�QXPEHUV�LQWR�D���HOHPHQW�YHFWRU�

7KH�UHVXOW�UHWXUQHG�GHSHQGV�RQ�WKH�FRRUGLQDWH�PRGH�XVHG��DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

$FFHVV� < P�9(&725�→9�
,QSXW�2XWSXW�

6HH�DOVR� 9→��→9�

VAR
7\SH� &RPPDQG
'HVFULSWLRQ� 9DULDQFH�&RPPDQG��&DOFXODWHV�WKH�VDPSOH�YDULDQFH�RI�WKH�FRRUGLQDWH�YDOXHV�LQ�HDFK�RI�WKH�P�

FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��Σ'$7��
7KH�YDULDQFH��HTXDO�WR�WKH�VTXDUH�RI�WKH�VWDQGDUG�GHYLDWLRQ��LV�UHWXUQHG�DV�D�YHFWRU�RI�P�UHDO�
QXPEHUV��RU�DV�D�VLQJOH�UHDO�QXPEHU�LI�P� ����7KH�YDULDQFHV�DUH�FRPSXWHG�XVLQJ�WKLV�IRUPXOD�

ZKHUH�[L�LV�WKH�LWK�FRRUGLQDWH�YDOXH�LQ�D�FROXPQ�� �LV�WKH�PHDQ�RI�WKH�GDWD�LQ�WKLV�FROXPQ��DQG�
Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�

Mode Result

5HFWDQJXODU��IODJ�²���FOHDU� >�[��[��[��@

3RODU�&\OLQGULFDO��IODJ�²���FOHDU�DQG�²���VHW� >�[��[ WKHWD�[]�@

3RODU�6SKHULFDO��IODJ�²���DQG�²���VHW� >�[��[ WKHWD�[ SKL�@

Level 3/Argument 1 Level 2/Argument 2 Level 1/Argument 3 Level 1/Item 1

[� [� [� → >�[��[��[��@
[� [WKHWD [] → >�[�� [WKHWD�[]�@
[� [WKHWD [SKL → >�[�� [WKHWD�[SKL�@

1
n 1–
------------ xi x–( )

2

i 1=

n

∑⋅

x



Command Reference: Part E, T-Z (1.1) 1-381*R�WR�,QGH[

$FFHVV� N�9$5
,QSXW�2XWSXW�

6HH�DOVR� 0$;Σ��0($1��0,1Σ��36'(9��39$5��6'(9��727

VARS
7\SH� &RPPDQG
'HVFULSWLRQ� 9DULDEOHV�&RPPDQG��5HWXUQV�D�OLVW�RI�WKH�QDPHV�RI�DOO�YDULDEOHV�LQ�WKH�9$5�PHQX�IRU�WKH�

FXUUHQW�GLUHFWRU\�
$FFHVV� <N 0(025<�',5(&725<�9$56
,QSXW�2XWSXW�

6HH�DOVR� 25'(5��39$56��79$56

VERSION
7\SH� &RPPDQG
'HVFULSWLRQ� 6RIWZDUH�9HUVLRQ�&RPPDQG��'LVSOD\V�WKH�VRIWZDUH�YHUVLRQ�DQG�FRS\ULJKW�PHVVDJH�
$FFHVV� N�9(56,21
,QSXW�2XWSXW�

)ODJV� 1RQH

Level 1/Argument 1 Level 1/Item 1

→ [YDULDQFH

→ >�[YDULDQFH�� �����[YDULDQFHP�@

Level 1/Argument 1 Level 1/Item 1

→ ^�JOREDO������JOREDOQ�`

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

→ ´YHUVLRQ�QXPEHUµ ´FRS\ULJKW�PHVVDJHµ



1-382 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

VISIT
7\SH� &RPPDQG
�'HVFULSWLRQ�)RU�D�VSHFLILHG�YDULDEOH��RSHQV�WKH�FRQWHQWV�LQ�WKH�FRPPDQG�OLQH�HGLWRU�
$FFHVV� N�9,6,7
,QSXW�2XWSXW�

6HH�DOVR� 9,6,7%��(',7��(',7%

VISITB
7\SH� &RPPDQG
�'HVFULSWLRQ�)RU�D�VSHFLILHG�YDULDEOH��RSHQV�WKH�FRQWHQWV�LQ�WKH�PRVW�VXLWDEOH�HGLWRU�IRU�WKH�REMHFW�W\SH��)RU�

H[DPSOH��LI�WKH�VSHFLILHG�YDULDEOH�KROGV�DQ�HTXDWLRQ��WKH�HTXDWLRQ�LV�RSHQHG�LQ�(TXDWLRQ�
:ULWHU�

$FFHVV� N�9,6,7%
,QSXW�2XWSXW�

6HH�DOVR� 9,6,7%��(',7��(',7%

VTYPE
7\SH� &RPPDQG
'HVFULSWLRQ� 9DULDEOH�7\SH�&RPPDQG��5HWXUQV�WKH�W\SH�QXPEHU�RI�WKH�REMHFW�FRQWDLQHG�LQ�WKH�QDPHG�

YDULDEOH�
,I�WKH�QDPHG�YDULDEOH�GRHV�QRW�H[LVW��97<3(�UHWXUQV�²��
)RU�D�WDEOH�RI�WKH�REMHFWV
�W\SH�QXPEHUV��VHH�WKH�HQWU\�IRU�7<3(�

$FFHVV� <N 7<3(�97<3(

Level 1/Argument 1 Level 1/Item 1

$�YDULDEOH�QDPH → 7KH�FRQWHQWV�RSHQHG�LQ�WKH�FRPPDQG�
OLQH�HGLWRU�

Level 1/Argument 1 Level 1/Item 1

$�YDULDEOH�QDPH → 7KH�FRQWHQWV�RSHQHG�LQ�WKH�PRVW�
VXLWDEOH�HGLWRU�



Command Reference: Part E, T-Z (1.1) 1-383*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 7<3(

Level 1/Argument 1 Level 1/Item 1


QDPH
 → QW\SH
�QSRUW���QDPHEDFNXS → QW\SH
�QSRUW���QOLEUDU\ → QW\SH



1-384 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

W to Z
WAIT
7\SH� &RPPDQG
'HVFULSWLRQ� :DLW�&RPPDQG��6XVSHQGV�SURJUDP�H[HFXWLRQ�IRU�VSHFLILHG�WLPH��RU�XQWLO�D�NH\�LV�SUHVVHG�

7KH�IXQFWLRQ�RI�:$,7�GHSHQGV�RQ�WKH�DUJXPHQW��DV�IROORZV�
� $UJXPHQW�[�LQWHUUXSWV�SURJUDP�H[HFXWLRQ�IRU�[�VHFRQGV�
� $UJXPHQW���VXVSHQGV�SURJUDP�H[HFXWLRQ�XQWLO�D�YDOLG�NH\�LV�SUHVVHG��VHH�EHORZ���:$,7�
WKHQ�UHWXUQV�[NH\��ZKLFK�GHILQHV�ZKHUH�WKH�SUHVVHG�NH\�LV�RQ�WKH�NH\ERDUG��DQG�UHVXPHV�
SURJUDP�H[HFXWLRQ�
[NH\�LV�D�WKUHH�GLJLW�QXPEHU�WKDW�LGHQWLILHV�D�NH\
V�ORFDWLRQ�RQ�WKH�NH\ERDUG��6HH�WKH�HQWU\�
IRU�$61�IRU�D�GHVFULSWLRQ�RI�WKH�IRUPDW�RI�[NH\�

� $UJXPHQW�²��ZRUNV�DV�ZLWK�DUJXPHQW����H[FHSW�WKDW�WKH�FXUUHQWO\�VSHFLILHG�PHQX�LV�DOVR�
GLVSOD\HG�

<��>��`��`<��DQG�`>�DUH�QRW�E\�WKHPVHOYHV�YDOLG�NH\V�
$UJXPHQWV���DQG�²��GR�QRW�DIIHFW�WKH�GLVSOD\��VR�WKDW�PHVVDJHV�SHUVLVW�HYHQ�WKRXJK�WKH�
NH\ERDUG�LV�UHDG\�IRU�LQSXW��)5((=(�LV�QRW�UHTXLUHG��
1RUPDOO\��WKH�0(18�FRPPDQG�GRHV�QRW�XSGDWH�WKH�PHQX�NH\V�XQWLO�D�SURJUDP�KDOWV�RU�
HQGV��:$,7�ZLWK�DUJXPHQW�²��HQDEOHV�D�SUHYLRXV�H[HFXWLRQ�RI�0(18�WR�GLVSOD\�WKDW�PHQX�
ZKLOH�WKH�SURJUDP�LV�VXVSHQGHG�IRU�D�NH\�SUHVV�

$FFHVV� <N ,1�:$,7
,QSXW�2XWSXW�

6HH�DOVR� .(<

Level 1/Argument 1 Level 1/Item 1

[ →
� → [NH\

²� → [NH\



Command Reference: Part E, T-Z (1.1) 1-385*R�WR�,QGH[

WHILE
7\SH� &RPPDQG�2SHUDWLRQ
'HVFULSWLRQ� :+,/(�,QGHILQLWH�/RRS�6WUXFWXUH�&RPPDQG��6WDUWV�WKH�:+,/(�«�5(3($7�«�(1'�

LQGHILQLWH�ORRS�VWUXFWXUH�
:+,/(�«�5(3($7�«�(1'�UHSHDWHGO\�HYDOXDWHV�D�WHVW�DQG�H[HFXWHV�D�ORRS�FODXVH�LI�WKH�
WHVW�LV�WUXH��6LQFH�WKH�WHVW�FODXVH�RFFXUV�EHIRUH�WKH�ORRS�FODXVH��WKH�ORRS�FODXVH�LV�QHYHU�
H[HFXWHG�LI�WKH�WHVW�LV�LQLWLDOO\�IDOVH��7KH�V\QWD[�LV�WKLV�

:+,/(�WHVW�FODXVH�5(3($7�ORRS�FODXVH�(1'

7KH�WHVW�FODXVH�LV�H[HFXWHG�DQG�PXVW�UHWXUQ�D�WHVW�UHVXOW�WR�WKH�VWDFN��5(3($7�WDNHV�WKH�YDOXH�
IURP�WKH�VWDFN��,I�WKH�YDOXH�LV�QRW�]HUR��H[HFXWLRQ�FRQWLQXHV�ZLWK�WKH�ORRS�FODXVH��RWKHUZLVH��
H[HFXWLRQ�UHVXPHV�IROORZLQJ�(1'�

$FFHVV� <N %5$1&+�:+,/(
,QSXW�2XWSXW�

6HH�DOVR� '2��(1'��5(3($7

WIREFRAME
7\SH� &RPPDQG
'HVFULSWLRQ� :,5()5$0(�3ORW�7\SH�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�:,5()5$0(�

:KHQ�WKH�SORW�W\SH�LV�VHW�WR�:,5()5$0(��WKH�'5$:�FRPPDQG�SORWV�D�SHUVSHFWLYH�YLHZ�
RI�WKH�JUDSK�RI�D�VFDODU�IXQFWLRQ�RI�WZR�YDULDEOHV��:,5()5$0(�UHTXLUHV�YDOXHV�LQ�WKH�
UHVHUYHG�YDULDEOHV�(4��93$5��DQG�33$5�
93$5�KDV�WKH�IROORZLQJ�IRUP�
^�[OHIW��[ULJKW��\QHDU��\IDU��]ORZ��]KLJK��[PLQ��[PD[��\PLQ��\PD[��[H\H��\H\H��]H\H��[VWHS��\VWHS�`

Level 1/Argument 1 Level 1/Item 1

:+,/( →
5(3($7 7�) →
(1' →



1-386 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

)RU�SORW�W\SH�:,5()5$0(��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�
� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�
� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�
� [PLQ�DQG�[PD[�DUH�QRW�XVHG�
� \PLQ�DQG�\PD[�DUH�QRW�XVHG�
� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�WKH�JUDSK�
LV�YLHZHG�

� [VWHS�DQG�\VWHS�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�QXPEHU�RI�[�FRRUGLQDWHV�YHUVXV�WKH�QXPEHU�
RI�\�FRRUGLQDWHV�SORWWHG�

7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�
^��[PLQ��\PLQ���[PD[��\PD[��LQGHS�UHV�D[HV�SW\SH�GHSHQG�`

)RU�SORW�W\SH�:,5()5$0(��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�
� �[PD[��\PD[��LV�QRW�XVHG�
� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�QRW�XVHG�
� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�:,5()5$0(�SODFHV�
WKH�FRPPDQG�QDPH�:,5()5$0(�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�:,5()5$0(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&�',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��<6/,&(



Command Reference: Part E, T-Z (1.1) 1-387*R�WR�,QGH[

WSLOG
7\SH� &RPPDQG
'HVFULSWLRQ� :DUPVWDUW�/RJ�&RPPDQG��5HWXUQV�IRXU�VWULQJV�UHFRUGLQJ�WKH�GDWH��WLPH��DQG�FDXVH�RI�WKH�

IRXU�PRVW�UHFHQW�ZDUPVWDUW�HYHQWV�
(DFK�VWULQJ��ORJQ��KDV�WKH�IRUP��FRGH²GDWH�WLPH���7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKH�OHJDO�
YDOXHV�RI�FRGH�DQG�WKHLU�PHDQLQJV�

Code Description

� 7KH�ZDUPVWDUW�ORJ�ZDV�FOHDUHG�E\�SUHVVLQJ�;��

� 7KH�LQWHUUXSW�V\VWHP�GHWHFWHG�D�YHU\�ORZ�EDWWHU\�
FRQGLWLRQ�DW�WKH�EDWWHU\�FRQWDFWV��QRW�WKH�VDPH�DV�D�
ORZ�V\VWHP�YROWDJH���DQG�SXW�WKH�FDOFXODWRU�LQ�
´'HHS�6OHHS�PRGHµ��ZLWK�WKH�V\VWHP�FORFN�UXQQLQJ���
:KHQ�;�LV�SUHVVHG�DIWHU�WKH�EDWWHU\�YROWDJH�LV�
UHVWRUHG��WKH�V\VWHP�ZDUPVWDUWV�DQG�SXWV�D���LQ�WKH�
ORJ�

� +DUGZDUH�IDLOHG�GXULQJ�WUDQVPLVVLRQ��WLPHRXW��

� 5XQ�WKURXJK�DGGUHVV���

� 6\VWHP�WLPH�LV�FRUUXSW

� $�'HHS�6OHHS�ZDNHXS��IRU�H[DPSOH�;��$ODUP��

� 1RW�XVHG

� $���QLEEOH�ZRUG��&026�WHVW�ZRUG��LQ�5$0�ZDV�
FRUUXSW���7KLV�ZRUG�LV�FKHFNHG�RQ�HYHU\�LQWHUUXSW��
EXW�LW�LV�XVHG�RQO\�DV�DQ�LQGLFDWRU�RI�SRWHQWLDOO\�
FRUUXSW�5$0��

� 1RW�XVHG

� 7KH�DODUP�OLVW�LV�FRUUXSW�

$ 6\VWHP�53/�MXPS�WR����



1-388 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

7KH�GDWH�DQG�WLPH�VWDPS��GDWH�WLPH��SDUW�RI�WKH�ORJ�PD\�EH�GLVSOD\HG�DV���«�����IRU�RQH�RI�
WKUHH�UHDVRQV�
� 7KH�V\VWHP�WLPH�ZDV�FRUUXSW�ZKHQ�WKH�VWDPS�ZDV�UHFRUGHG�
� 7KH�GDWH�DQG�WLPH�VWDPS�LWVHOI�LV�FRUUXSW��EDG�FKHFNVXP��
� )HZHU�WKDQ�IRXU�ZDUPVWDUWV�KDYH�RFFXUUHG�VLQFH�WKH�ORJ�ZDV�ODVW�FOHDUHG�

$FFHVV� N�:6/2*
,QSXW�2XWSXW�

ΣX
7\SH� &RPPDQG
'HVFULSWLRQ� 6XP�RI�[�9DOXHV�&RPPDQG��6XPV�WKH�YDOXHV�LQ�WKH�LQGHSHQGHQW�YDULDEOH�FROXPQ�RI�WKH�

FXUUHQW�VWDWLVWLFDO�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�LQGHSHQGHQW�YDULDEOH�FROXPQ�LV�VSHFLILHG�E\�;&2/�DQG�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�
LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��7KH�GHIDXOW�LQGHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV���

$FFHVV� NΣ;

,QSXW�2XWSXW�

6HH�DOVR� 1Σ��;&2/��Σ;<��Σ;���Σ<��Σ<�

% 7KH�FDUG�PRGXOH�ZDV�UHPRYHG��RU�FDUG�ERXQFH��

& +DUGZDUH�UHVHW�RFFXUUHG��IRU�H[DPSOH��DQ�
HOHFWURVWDWLF�GLVFKDUJH�RU�XVHU�UHVHW�

' $Q�H[SHFWHG�6\VWHP��53/��HUURU�KDQGOHU�ZDV�QRW�
IRXQG�LQ�UXQVWUHDP

Level 1/Argument 1 Level 4/Item 1 ... Level 1/Item 4

→ ´ORJ�µ�����´ORJ�µ

Level 1/Argument 1 Level 1/Item 1

→ [VXP

Code Description (Continued)



Command Reference: Part E, T-Z (1.1) 1-389*R�WR�,QGH[

ΣX2
7\SH� &RPPDQG
'HVFULSWLRQ� 6XP�RI�6TXDUHV�RI�[�9DOXHV�&RPPDQG��6XPV�WKH�VTXDUHV�RI�WKH�YDOXHV�LQ�WKH�LQGHSHQGHQW�

YDULDEOH�FROXPQ�RI�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���
7KH�LQGHSHQGHQW�YDULDEOH�FROXPQ�LV�VSHFLILHG�E\�;&2/�DQG�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�
LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��7KH�GHIDXOW�LQGHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV���

$FFHVV� NΣ;�

,QSXW�2XWSXW�

6HH�DOVR� 1Σ��Σ;��;&2/��Σ;<��Σ<��Σ<A�

XCOL
7\SH� &RPPDQG
'HVFULSWLRQ� ,QGHSHQGHQW�&ROXPQ�&RPPDQG��6SHFLILHV�WKH�LQGHSHQGHQW�YDULDEOH�FROXPQ�RI�WKH�FXUUHQW�

VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�LQGHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV�VWRUHG�DV�WKH�ILUVW�SDUDPHWHU�LQ�WKH�UHVHUYHG�
YDULDEOH�Σ3$5��7KH�GHIDXOW�LQGHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV���
;&2/�ZLOO�DFFHSW�D�QRQLQWHJHU�UHDO�QXPEHU�DQG�VWRUH�LW�LQ�Σ3$5��EXW�VXEVHTXHQW�FRPPDQGV�
WKDW�XWLOL]H�WKH�;&2/�VSHFLILFDWLRQ�LQ�Σ3$5�ZLOO�FDXVH�DQ�HUURU�

$FFHVV� N�;&2/

,QSXW�2XWSXW�

6HH�DOVR� %$53/27��%(67),7��&2/Σ��&255��&29��(;3),7��+,673/27��/,1),7��/2*),7��
/5��35(';��35('<��3:5),7��6&$753/27��<&2/

Level 1/Argument 1 Level 1/Item 1

→ [VXP

Level 1/Argument 1 Level 1/Item 1

QFRO →



1-390 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

XGET
7\SH� &RPPDQG
'HVFULSWLRQ� ;0RGHP�*HW�&RPPDQG��5HWULHYHV�D�VSHFLILHG�ILOHQDPH�YLD�;02'(0�IURP�DQRWKHU�

FDOFXODWRU��7KH�RWKHU�FDOFXODWRU�QHHGV�WR�EH�LQ�VHUYHU�PRGH�IRU�WKH�RSHUDWLRQ�WR�ZRUN
�g�,�2�)81&7,216�67$57�6(59(5��

$FFHVV� N�
,QSXW�2XWSXW�

6HH�DOVR� %$8'��5(&1��5(&9��6(1'�;5(&9��;6(59��;387

XMIT
7\SH� &RPPDQG
'HVFULSWLRQ� 6HULDO�7UDQVPLW�&RPPDQG��6HQGV�D�VWULQJ�VHULDOO\�ZLWKRXW�XVLQJ�.HUPLW�SURWRFRO��DQG�UHWXUQV�

D�VLQJOH�GLJLW�WKDW�LQGLFDWHV�ZKHWKHU�WKH�WUDQVPLVVLRQ�ZDV�VXFFHVVIXO�
;0,7�LV�XVHIXO�IRU�FRPPXQLFDWLQJ�ZLWK�QRQ�.HUPLW�GHYLFHV�VXFK�DV�56�����SULQWHUV�
,I�WKH�WUDQVPLVVLRQ�LV�VXFFHVVIXO��;0,7�UHWXUQV�D����,I�WKH�WUDQVPLVVLRQ�LV�QRW�VXFFHVVIXO��
;0,7�UHWXUQV�WKH�XQVHQW�SRUWLRQ�RI�WKH�VWULQJ�DQG�D����8VH�(550�WR�JHW�WKH�HUURU�PHVVDJH��
$IWHU�UHFHLYLQJ�DQ�;2))�FRPPDQG��ZLWK�WUDQVPLW�SDFLQJ�LQ�WKH�UHVHUYHG�YDULDEOH�,23$5�VHW���
;0,7�VWRSV�WUDQVPLWWLQJ�DQG�ZDLWV�IRU�DQ�;21�FRPPDQG��;0,7�UHVXPHV�WUDQVPLWWLQJ�LI�DQ�
;21�LV�UHFHLYHG�EHIRUH�WKH�WLPH�RXW�VHW�E\�67,0(�HODSVHV��RWKHUZLVH��;0,7�WHUPLQDWHV��
UHWXUQV�D����DQG�VWRUHV��7LPHRXW��LQ�(550�

$FFHVV� N�;0,7
,QSXW�2XWSXW�

6HH�DOVR� %8)/(1��6%5.��65(&9��67,0(

Level 1/Argument 1 Level 1/Item 1


QDPH
 →

Level 1/Argument 1 Level 2/Item 1 Level 1/Item 2

´VWULQJµ → �
´VWULQJµ → ´VXEVWULQJXQVHQWµ �



Command Reference: Part E, T-Z (1.1) 1-391*R�WR�,QGH[

XOR
7\SH� )XQFWLRQ
'HVFULSWLRQ� ([FOXVLYH�25�)XQFWLRQ��5HWXUQV�WKH�ORJLFDO�H[FOXVLYH�25�RI�WZR�DUJXPHQWV�

:KHQ�WKH�DUJXPHQWV�DUH�ELQDU\�LQWHJHUV�RU�VWULQJV��;25�GRHV�D�ELW�E\�ELW��EDVH����ORJLFDO�
FRPSDULVRQ�
� %LQDU\�LQWHJHU�DUJXPHQWV�DUH�WUHDWHG�DV�VHTXHQFHV�RI�ELWV�ZLWK�OHQJWK�HTXDO�WR�WKH�FXUUHQW�
ZRUGVL]H��(DFK�ELW�LQ�WKH�UHVXOW�LV�GHWHUPLQHG�E\�FRPSDULQJ�WKH�FRUUHVSRQGLQJ�ELWV��ELW��
DQG�ELW���LQ�WKH�WZR�DUJXPHQWV��DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

� 6WULQJ�DUJXPHQWV�DUH�WUHDWHG�DV�VHTXHQFHV�RI�ELWV��XVLQJ���ELWV�SHU�FKDUDFWHU��WKDW�LV��XVLQJ�
WKH�ELQDU\�YHUVLRQ�RI�WKH�FKDUDFWHU�FRGH���7KH�WZR�VWULQJ�DUJXPHQWV�PXVW�EH�WKH�VDPH�
OHQJWK�

:KHQ�WKH�DUJXPHQWV�DUH�UHDO�QXPEHUV�RU�V\PEROLFV��;25�VLPSO\�GRHV�D�WUXH�IDOVH�WHVW��7KH�
UHVXOW�LV����WUXH��LI�HLWKHU��EXW�QRW�ERWK��DUJXPHQWV�DUH�QRQ]HUR��LW�LV����IDOVH��LI�ERWK�DUJXPHQWV�
DUH�QRQ]HUR�RU�]HUR��7KLV�WHVW�LV�XVXDOO\�GRQH�WR�FRPSDUH�WZR�WHVW�UHVXOWV�
,I�HLWKHU�RU�ERWK�RI�WKH�DUJXPHQWV�DUH�DOJHEUDLF�REMHFWV��WKHQ�WKH�UHVXOW�LV�DQ�DOJHEUDLF�RI�WKH�
IRUP�V\PE��;25�V\PE���([HFXWH�→180��RU�VHW�IODJ�²��EHIRUH�H[HFXWLQJ�;25��WR�SURGXFH�D�
QXPHULF�UHVXOW�IURP�WKH�DOJHEUDLF�UHVXOW�

$FFHVV� >ì�/2*,&�;25
< P�%$6(�/2*,&�;25

,QSXW�2XWSXW�

bit1 bit2 bit1 XOR bit2

� � �

� � �

� � �

� � �

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

�Q� �Q� → �Q�



1-392 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

6HH�DOVR� $1'��127��25

XPON
7\SH� )XQFWLRQ
'HVFULSWLRQ� ([SRQHQW�)XQFWLRQ��5HWXUQV�WKH�H[SRQHQW�RI�WKH�DUJXPHQW�
$FFHVV� < P�5($/�;321
,QSXW�2XWSXW�

6HH�DOVR� 0$17��6,*1

XPUT
7\SH� &RPPDQG
'HVFULSWLRQ� ;0RGHP�6HQG�&RPPDQG��6HQGV�D�VSHFLILHG�ILOHQDPH�YLD�;02'(0�WR�D�FDOFXODWRU��7KH�

UHFHLYLQJ�FDOFXODWRU�QHHGV�WR�EH�LQ�6HUYHU�PRGH��g�,�2�)81&7,216�67$57�6(59(5��
$FFHVV� N�
,QSXW�2XWSXW�

6HH�DOVR� %$8'��5(&1��5(&9��6(1'�;5(&9��;6(59��;*(7

´VWULQJ�µ ´VWULQJ�µ → ´VWULQJ�µ
7�)� 7�)� → ���
7�) 
V\PE
 → 
7�)�;25�V\PE


V\PE
 7�) → 
V\PE�;25�7�)


V\PE�
 
V\PE�
 → 
V\PE��;25�V\PE�


Level 1/Argument 1 Level 1/Item 1

[ → QH[SRQ

V\PE
 → 
;321�V\PE�


Level 1/Argument 1 Level 1/Item 1


QDPH
 →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1



Command Reference: Part E, T-Z (1.1) 1-393*R�WR�,QGH[

XRECV
7\SH� &RPPDQG
'HVFULSWLRQ� ;0RGHP�5HFHLYH�&RPPDQG��3UHSDUHV�WKH�+3����WR�UHFHLYH�DQ�REMHFW�YLD�;0RGHP��7KH�

UHFHLYHG�REMHFW�LV�VWRUHG�LQ�WKH�JLYHQ�YDULDEOH�QDPH�
7KH�WUDQVIHU�ZLOO�VWDUW�PRUH�TXLFNO\�LI�\RX�VWDUW�WKH�;0RGHP�VHQGHU�EHIRUH�H[HFXWLQJ�;5(&9�
,QYDOLG�REMHFW�QDPHV�FDXVH�DQ�HUURU��,I�IODJ�²���LV�FOHDU��REMHFW�QDPHV�WKDW�DUH�DOUHDG\�LQ�XVH�
DOVR�FDXVH�DQ�HUURU�
,I�\RX�DUH�WUDQVIHUULQJ�GDWD�EHWZHHQ�WZR�+3���V��H[HFXWLQJ�^$$$�%%%�&&&`�;5(&9�
UHFHLYHV�$$$��%%%��DQG�&&&��<RX�DOVR�QHHG�WR�XVH�D�OLVW�RQ�WKH�VHQGLQJ�HQG��^$$$�%%%�
&&&`�;6(1'��IRU�H[DPSOH��

$FFHVV� N�;5(&9
,QSXW�2XWSXW�

6HH�DOVR� %$8'��5(&9��5(&1��6(1'��;6(1'

XRNG
7\SH� &RPPDQG
'HVFULSWLRQ� [�$[LV�'LVSOD\�5DQJH�&RPPDQG��6SHFLILHV�WKH�[�D[LV�GLVSOD\�UDQJH�

7KH�[�D[LV�GLVSOD\�UDQJH�LV�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�DV�[PLQ�DQG�[PD[�LQ�WKH�
FRPSOH[�QXPEHUV��[PLQ��\PLQ��DQG��[PD[��\PD[���7KHVH�FRPSOH[�QXPEHUV�DUH�WKH�ILUVW�WZR�
HOHPHQWV�RI�33$5�DQG�VSHFLI\�WKH�FRRUGLQDWHV�RI�WKH�ORZHU�OHIW�DQG�XSSHU�ULJKW�FRUQHUV�RI�
WKH�GLVSOD\�UDQJHV��
7KH�GHIDXOW�YDOXHV�RI�[PLQ�DQG�[PD[�DUH�²����DQG������UHVSHFWLYHO\�

$FFHVV� N�;51*
,QSXW�2XWSXW�

6HH�DOVR� $872��3',0��30$;��30,1��<51*

Level 1/Argument 1 Level 1/Item 1


QDPH
 →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[PLQ [PD[ →



1-394 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

XROOT
7\SH� $QDO\WLF�IXQFWLRQ
'HVFULSWLRQ� [WK�5RRW�RI�\�&RPPDQG��&RPSXWHV�WKH�[WK�URRW�RI�D�UHDO�QXPEHU�

;5227�LV�HTXLYDOHQW�WR�\��[��EXW�ZLWK�JUHDWHU�DFFXUDF\��
,I�\������[�PXVW�EH�DQ�LQWHJHU�

$FFHVV� >ð

,QSXW�2XWSXW�

XSEND
7\SH� &RPPDQG
'HVFULSWLRQ� ;0RGHP�6HQG�&RPPDQG��6HQGV�D�FRS\�RI�WKH�QDPHG�REMHFW�YLD�;0RGHP�

$�UHFHLYLQJ�+3����PXVW�H[HFXWH�;5(&9�WR�UHFHLYH�DQ�REMHFW�YLD�;0RGHP�
7KH�WUDQVIHU�RFFXUV�PRUH�TXLFNO\�LI�\RX�VWDUW�WKH�UHFHLYLQJ�;0RGHP�DIWHU�H[HFXWLQJ�;6(1'��
$OVR��FRQILJXULQJ�WKH�UHFHLYLQJ�PRGHP�QRW�WR�GR�&5&�FKHFNVXPV��LI�SRVVLEOH��ZLOO�DYRLG�D����
WR����VHFRQG�GHOD\�ZKHQ�VWDUWLQJ�WKH�WUDQVIHU�
,I�\RX�DUH�WUDQVIHUULQJ�GDWD�EHWZHHQ�WZR�+3���V��H[HFXWLQJ�̂ $$$�%%%�&&&`�;6(1'�VHQGV�
$$$��%%%��DQG�&&&��<RX�DOVR�QHHG�WR�XVH�D�OLVW�RQ�WKH�UHFHLYLQJ�HQG���^$$$�%%%�&&&`�
;5(&9��IRU�H[DPSOH��

$FFHVV� N�;6(1'
,QSXW�2XWSXW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

\ [ →


V\PE�
 
V\PE�
 → 
;5227�V\PE��V\PE��


V\PE
 [ → 
;5227�[�V\PE�

\ 
V\PE
 → 
;5227�V\PE�\�


\BXQLW [ → BXQLW��[

\BXQLW 
V\PE
 → 
;5227�V\PE�\BXQLW�


Level 1/Argument 1 Level 1/Item 1


QDPH
 →

yx

yx



Command Reference: Part E, T-Z (1.1) 1-395*R�WR�,QGH[

6HH�DOVR� %$8'��5(&1��5(&9��6(1'�;5(&9

XSERV
7\SH� &RPPDQG
'HVFULSWLRQ� ;0RGHP�6HUYHU�&RPPDQG��3XWV�WKH�FDOFXODWRU�LQ�;02'(0�VHUYHU�PRGH��:KHQ�LQ�VHUYHU�

PRGH��WKH�IROORZLQJ�FRPPDQGV�DUH�DYDLODEOH�
3��3XW�D�ILOH�LQ�WKH�FDOFXODWRU
*��*HW�D�ILOH�IURP�WKH�FDOFXODWRU
(��([HFXWH�D�FRPPDQG�OLQH
0�*HW�WKH�FDOFXODWRU�PHPRU\
/��/LVW�WKH�ILOHV�LQ�WKH�FXUUHQW�GLUHFWRU\

$FFHVV� N�;6(59
6HH�DOVR� %$8'��5(&1��5(&9��6(1'�;5(&9��;*(7��;387

XVOL
7\SH� &RPPDQG
'HVFULSWLRQ� ;�9ROXPH�&RRUGLQDWHV�&RPPDQG��6HWV�WKH�ZLGWK�RI�WKH�YLHZ�YROXPH�LQ�WKH�UHVHUYHG�YDULDEOH�

93$5�
[OHIW�DQG�[ULJKW�VHW�WKH�[�FRRUGLQDWHV�IRU�WKH�YLHZ�YROXPH�XVHG�LQ��'�SORWV��7KHVH�YDOXHV�DUH�
VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�93$5�

$FFHVV� N�;92/
,QSXW�2XWSXW�

6HH�DOVR� (<(37��;;51*��<92/��<<51*��=92/

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[OHIW [ULJKW →



1-396 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

XXRNG
7\SH� &RPPDQG
'HVFULSWLRQ� ;�5DQJH�RI�DQ�,QSXW�3ODQH��'RPDLQ��&RPPDQG��6SHFLILHV�WKH�[�UDQJH�RI�DQ�LQSXW�SODQH�

�GRPDLQ��IRU�*5,'0$3�DQG�3$5685)$&(�SORWV�
[PLQ�DQG�[PD[�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�[�FRRUGLQDWHV�IRU�WKH�LQSXW�SODQH��7KHVH�YDOXHV�
DUH�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�93$5�

$FFHVV� N�;;51*
,QSXW�2XWSXW�

6HH�DOVR� (<(37��180;��180<��;92/��<92/��<<51*��=92/

ΣXY
7\SH� &RPPDQG
'HVFULSWLRQ� 6XP�RI�;�WLPHV�<�FRPPDQG��6XPV�WKH�SURGXFWV�RI�HDFK�RI�WKH�FRUUHVSRQGLQJ�YDOXHV�LQ�WKH�

LQGHSHQGHQW��DQG�GHSHQGHQW�YDULDEOH�FROXPQV�RI�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[��UHVHUYHG�
YDULDEOH�Σ'$7���7KH�LQGHSHQGHQW�FROXPQ�LV�WKH�FROXPQ�GHVLJQDWHG�DV�;&2/�DQG�WKH�
GHSHQGHQW�FROXPQ�LV�WKH�FROXPQ�GHVLJQDWHG�DV�<&2/�

$FFHVV� >÷�6800$5<�67$76
2XWSXW� 7KH�VXP�RI�WKH�FRUUHVSRQGLQJ�SURGXFWV�
6HH�DOVR� Σ<

ΣY
7\SH� &RPPDQG
'HVFULSWLRQ� 6XP�RI�\�9DOXHV�&RPPDQG��6XPV�WKH�YDOXHV�LQ�WKH�GHSHQGHQW�YDULDEOH�FROXPQ�RI�WKH�FXUUHQW�

VWDWLVWLFDO�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�GHSHQGHQW�YDULDEOH�FROXPQ�LV�VSHFLILHG�E\�<&2/��DQG�LV�VWRUHG�DV�WKH�VHFRQG�SDUDPHWHU�
LQ�WKH�UHVHUYHG�YDULDEOH�Σ3$5��7KH�GHIDXOW�GHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV���

$FFHVV� NΣ<

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[PLQ [PD[ →



Command Reference: Part E, T-Z (1.1) 1-397*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 1Σ��Σ;��;&2/��Σ;<��Σ;���<&2/��Σ<�

ΣY2
7\SH� &RPPDQG
'HVFULSWLRQ� 6XP�RI�VTXDUHV�RI�<�YDOXH�FRPPDQG��6XPV�WKH�VTXDUHV�RI�WKH�YDOXHV�LQ�WKH�GHSHQGHQW�

YDULDEOH�FROXPQV�RI�WKH�FXUUHQW�VWDWLVWLFDO�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���7KH�GHSHQGHQW�
FROXPQ�LV�WKH�FROXPQ�GHVLJQDWHG�DV�<&2/

$FFHVV� >÷�6800$5<�67$76
2XWSXW� 7KH�VXP�RI�WKH�GHSHQGHQW�YDULDEOHV�
6HH�DOVR� Σ;<

YCOL
7\SH� &RPPDQG
'HVFULSWLRQ� 'HSHQGHQW�&ROXPQ�&RPPDQG��6SHFLILHV�WKH�GHSHQGHQW�YDULDEOH�FROXPQ�RI�WKH�FXUUHQW�

VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7��
7KH�GHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV�VWRUHG�DV�WKH�VHFRQG�SDUDPHWHU�LQ�WKH�UHVHUYHG�
YDULDEOH�Σ3$5��7KH�GHIDXOW�GHSHQGHQW�YDULDEOH�FROXPQ�QXPEHU�LV���
<&2/�ZLOO�DFFHSW�D�QRQLQWHJHU�UHDO�QXPEHU�DQG�VWRUH�LW�LQ�Σ3$5��EXW�VXEVHTXHQW�FRPPDQGV�
WKDW�XWLOL]H�WKH�<&2/�VSHFLILFDWLRQ�LQ�Σ3$5�ZLOO�FDXVH�DQ�HUURU�

$FFHVV� N�<&2/
,QSXW�2XWSXW�

6HH�DOVR� %$53/27��%(67),7��&2/Σ��&255��&29��(;3),7��+,673/27��/,1),7��/2*),7��
/5��35(';��35('<��3:5),7��6&$753/27��;&2/

Level 1/Argument 1 Level 1/Item 1

→ [VXP

Level 1/Argument 1 Level 1/Item 1

QFRO →



1-398 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

YRNG
7\SH� &RPPDQG
'HVFULSWLRQ� \�$[LV�'LVSOD\�5DQJH�&RPPDQG��6SHFLILHV�WKH�\�D[LV�GLVSOD\�UDQJH�

7KH�\�D[LV�GLVSOD\�UDQJH�LV�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5�DV�\PLQ�DQG�\PD[�LQ�WKH�
FRPSOH[�QXPEHUV��[PLQ��\PLQ��DQG��[PD[��\PD[���7KHVH�FRPSOH[�QXPEHUV�DUH�WKH�ILUVW�WZR�
HOHPHQWV�RI�33$5�DQG�VSHFLI\�WKH�FRRUGLQDWHV�RI�WKH�ORZHU�OHIW�DQG�XSSHU�ULJKW�FRUQHUV�RI�
WKH�GLVSOD\�UDQJHV�
7KH�GHIDXOW�YDOXHV�RI�\PLQ�DQG�\PD[�DUH�²����DQG������UHVSHFWLYHO\�

$FFHVV� N�<51*
,QSXW�2XWSXW�

6HH�DOVR� $872��3',0��30$;��30,1��;51*

YSLICE
7\SH� &RPPDQG
'HVFULSWLRQ� <�6OLFH�3ORW�&RPPDQG��6HWV�WKH�SORW�W\SH�WR�<6/,&(�

:KHQ�SORW�W\SH�LV�VHW�<6/,&(��WKH�'5$:�FRPPDQG�SORWV�D�VOLFLQJ�YLHZ�RI�D�VFDODU�IXQFWLRQ�
RI�WZR�YDULDEOHV��<6/,&(�UHTXLUHV�YDOXHV�LQ�WKH�UHVHUYHG�YDULDEOHV�(4��93$5��DQG�33$5�
93$5�KDV�WKH�IROORZLQJ�IRUP�
^�[OHIW��[ULJKW��\QHDU��\IDU��]ORZ��]KLJK��[PLQ��[PD[��\PLQ��\PD[��[H\H��\H\H��]H\H��[VWHS��\VWHS�`
)RU�SORW�W\SH�<6/,&(��WKH�HOHPHQWV�RI�93$5�DUH�XVHG�DV�IROORZV�
� [OHIW�DQG�[ULJKW�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�ZLGWK�RI�WKH�YLHZ�VSDFH�
� \QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�GHSWK�RI�WKH�YLHZ�VSDFH�
� ]ORZ�DQG�]KLJK�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�KHLJKW�RI�WKH�YLHZ�VSDFH�
� [PLQ�DQG�[PD[�DUH�QRW�XVHG�
� \PLQ�DQG�\PD[�DUH�QRW�XVHG�
� [H\H��\H\H��DQG�]H\H�DUH�UHDO�QXPEHUV�WKDW�VSHFLI\�WKH�SRLQW�LQ�VSDFH�IURP�ZKLFK�WKH�JUDSK�
LV�YLHZHG�

� [VWHS�GHWHUPLQHV�WKH�LQWHUYDO�EHWZHHQ�SORWWHG�[�YDOXHV�ZLWKLQ�HDFK�´VOLFHµ��

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

\PLQ \PD[ →



Command Reference: Part E, T-Z (1.1) 1-399*R�WR�,QGH[

� \VWHS�GHWHUPLQHV�WKH�QXPEHU�RI�VOLFHV�WR�GUDZ�
7KH�SORWWLQJ�SDUDPHWHUV�DUH�VSHFLILHG�LQ�WKH�UHVHUYHG�YDULDEOH�33$5��ZKLFK�KDV�WKLV�IRUP�

^��[PLQ��\PLQ����[PD[��\PD[���LQGHS��UHV��D[HV��SW\SH��GHSHQG�`

)RU�SORW�W\SH�<6/,&(��WKH�HOHPHQWV�RI�33$5�DUH�XVHG�DV�IROORZV�
� �[PLQ��\PLQ��LV�QRW�XVHG�
� �[PD[��\PD[��LV�QRW�XVHG�
� LQGHS�LV�D�QDPH�VSHFLI\LQJ�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�RI�LQGHS�LV�;�
� UHV�LV�D�UHDO�QXPEHU�VSHFLI\LQJ�WKH�LQWHUYDO��LQ�XVHU�XQLW�FRRUGLQDWHV��EHWZHHQ�SORWWHG�
YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOH��RU�D�ELQDU\�LQWHJHU�VSHFLI\LQJ�WKH�LQWHUYDO�LQ�SL[HOV��
7KH�GHIDXOW�YDOXH�LV����ZKLFK�VSHFLILHV�DQ�LQWHUYDO�RI���SL[HO��

� D[HV�LV�QRW�XVHG�
� SW\SH�LV�D�FRPPDQG�QDPH�VSHFLI\LQJ�WKH�SORW�W\SH��([HFXWLQJ�WKH�FRPPDQG�<6/,&(�
SODFHV�<6/,&(�LQ�SW\SH�

� GHSHQG�LV�D�QDPH�VSHFLI\LQJ�WKH�GHSHQGHQW�YDULDEOH��7KH�GHIDXOW�YDOXH�LV�<�
$FFHVV� N�<6/,&(
,QSXW� 1RQH
2XWSXW� 1RQH
6HH�DOVR� %$5��&21,&��',))(4��)81&7,21��*5,'0$3��+,672*5$0��3$5$0(75,&��

3$5685)$&(��3&217285��32/$5��6&$77(5��6/23(),(/'��7587+��
:,5()5$0(

YVOL
7\SH� &RPPDQG
'HVFULSWLRQ� <�9ROXPH�&RRUGLQDWHV�&RPPDQG��6HWV�WKH�GHSWK�RI�WKH�YLHZ�YROXPH�LQ�WKH�UHVHUYHG�YDULDEOH�

93$5�
7KH�YDULDEOHV�\QHDU�DQG�\IDU�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�\�FRRUGLQDWHV�IRU�WKH�YLHZ�YROXPH�
XVHG�LQ��'�SORWV��\QHDU�PXVW�EH�OHVV�WKDQ�\IDU��7KHVH�YDOXHV�DUH�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�
93$5��

$FFHVV� N�<92/



1-400 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� (<(37��;92/��;;51*��<<51*��=92/

YYRNG
7\SH� &RPPDQG
'HVFULSWLRQ� <�5DQJH�RI�DQ�,QSXW�3ODQH��'RPDLQ��&RPPDQG��6SHFLILHV�WKH�\�UDQJH�RI�DQ�LQSXW�SODQH�

�GRPDLQ��IRU�*5,'0$3�DQG�3$5685)$&(�SORWV�
7KH�YDULDEOHV�\\�QHDU�DQG�\\�IDU�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�\�FRRUGLQDWHV�IRU�WKH�LQSXW�SODQH��
7KHVH�YDOXHV�DUH�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�93$5��

$FFHVV� N�<<51*
,QSXW�2XWSXW�

6HH�DOVR� (<(37��;92/��;;51*��<92/��=92/

ZFACTOR
7\SH� )XQFWLRQ
'HVFULSWLRQ� *DV�&RPSUHVVLELOLW\�=�)DFWRU�)XQFWLRQ��&DOFXODWHV�WKH�JDV�FRPSUHVVLELOLW\�FRUUHFWLRQ�IDFWRU�

IRU�QRQ�LGHDO�EHKDYLRU�RI�D�K\GURFDUERQ�JDV�
[7U�LV�WKH�UHGXFHG�WHPSHUDWXUH��WKH�UDWLR�RI�WKH�DFWXDO�WHPSHUDWXUH��7��WR�WKH�SVHXGRFULWLFDO�
WHPSHUDWXUH��7F����&DOFXODWH�WKH�UDWLR�XVLQJ�DEVROXWH�WHPSHUDWXUHV���[7U�PXVW�EH�EHWZHHQ������
DQG�����
\3U�LV�WKH�UHGXFHG�SUHVVXUH��WKH�UDWLR�RI�WKH�DFWXDO�SUHVVXUH��3��WR�WKH�SVHXGRFULWLFDO�SUHVVXUH�
�3F���\3U�PXVW�EH�EHWZHHQ���DQG����
[7U�DQG�\3U�PXVW�EH�UHDO�QXPEHUV�RU�XQLW�REMHFWV�WKDW�UHGXFH�WR�GLPHQVLRQOHVV�QXPEHUV�

$FFHVV� N�=)$&725

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

\QHDU \IDU →

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

\QHDU \IDU →



Command Reference: Part E, T-Z (1.1) 1-401*R�WR�,QGH[

,QSXW�2XWSXW�

ZVOL
7\SH� &RPPDQG
'HVFULSWLRQ� =�9ROXPH�&RRUGLQDWHV�&RPPDQG��6HWV�WKH�KHLJKW�RI�WKH�YLHZ�YROXPH�LQ�WKH�UHVHUYHG�YDULDEOH�

93$5�
[ORZ�DQG�[KLJK�DUH�UHDO�QXPEHUV�WKDW�VHW�WKH�]�FRRUGLQDWHV�IRU�WKH�YLHZ�YROXPH�XVHG�LQ��'�
SORWV��7KHVH�YDOXHV�DUH�VWRUHG�LQ�WKH�UHVHUYHG�YDULDEOH�93$5�

$FFHVV� N�=92/
,QSXW�2XWSXW�

6HH�DOVR� (<(37��;92/��;;51*��<92/��<<51*

^
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3RZHU�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�YDOXH�RI�WKH�OHYHO���REMHFW�UDLVHG�WR�WKH�SRZHU�RI�WKH�

OHYHO���REMHFW�
,I�HLWKHU�DUJXPHQW�LV�FRPSOH[��WKH�UHVXOW�LV�FRPSOH[�
7KH�EUDQFK�FXWV�DQG�LQYHUVH�UHODWLRQV�IRU�Z]�DUH�GHWHUPLQHG�E\�WKLV�UHODWLRQVKLS�

Z]� �H[S�]�OQ�Z��
$FFHVV� q

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[7U \3U → [=IDFWRU

[7U 
V\PE
 → 
=)$&725�[7U�V\PE�


V\PE
 \3U → 
=)$&725�V\PE�\3U�


V\PE�
 
V\PE�
 → 
=)$&725�V\PE��V\PE��


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ORZ [KLJK →



1-402 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� (;3��,62/��/1��;5227

| (Where)
7\SH� )XQFWLRQ
'HVFULSWLRQ� :KHUH�)XQFWLRQ��6XEVWLWXWHV�YDOXHV�IRU�QDPHV�LQ�DQ�H[SUHVVLRQ�

_�LV�XVHG�SULPDULO\�LQ�DOJHEUDLF�REMHFWV��ZKHUH�LWV�V\QWD[�LV�

V\PEROG�_��QDPH�� �V\PE���QDPH�� �V\PE��«�

,W�HQDEOHV�DOJHEUDLFV�WR�LQFOXGH�YDULDEOH�OLNH�VXEVWLWXWLRQ�LQIRUPDWLRQ�DERXW�QDPHV��6\PEROLF�
IXQFWLRQV�WKDW�GHOD\�QDPH�HYDOXDWLRQ��VXFK�DV�∫�DQG�∂��FDQ�WKHQ�H[WUDFW�VXEVWLWXWLRQ�
LQIRUPDWLRQ�IURP�ORFDO�YDULDEOHV�DQG�LQFOXGH�WKDW�LQIRUPDWLRQ�LQ�WKH�H[SUHVVLRQ��DYRLGLQJ�WKH�
SUREOHP�WKDW�ZRXOG�RFFXU�LI�WKH�ORFDO�YDULDEOHV�QR�ORQJHU�H[LVWHG�ZKHQ�WKH�ORFDO�QDPHV�ZHUH�
ILQDOO\�HYDOXDWHG�

$FFHVV� ê

,QSXW�2XWSXW�

6HH�DOVR� $33/<��4827(

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

Z ] → Z]

] 
V\PE
 → 
]A�V\PE�


V\PE
 ] → 
�V\PE�A]


V\PE�
 
V\PE�
 → 
V\PE�A�
V\PE��

[BXQLW \ → [\BXQLW\

[BXQLW 
V\PE
 → 
�[BXQLW�A�V\PE�


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PEROG
 ^�QDPH���
V\PE�
��QDPH���
V\PE�
�«�` → 
V\PEQHZ

[ ^�QDPH���
V\PE�
��QDPH���
V\PE�
�«�` → [
�[�\� ^�QDPH���
V\PE�
��QDPH���
V\PE�
�«�` → �[�\�



Command Reference: Part E, T-Z (1.1) 1-403*R�WR�,QGH[

√
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6TXDUH�5RRW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH��SRVLWLYH��VTXDUH�URRW�RI�WKH�DUJXPHQW�

)RU�D�FRPSOH[�QXPEHU��[���\����WKH�VTXDUH�URRW�LV�WKLV�FRPSOH[�QXPEHU�

ZKHUH�U� �$%6��[���\����DQG�θ� �$5*��[���\���
,I��[���\��� ��������WKHQ�WKH�VTXDUH�URRW�LV��������
7KH�LQYHUVH�RI�64�LV�D�UHODWLRQ��QRW�D�IXQFWLRQ��VLQFH�64�VHQGV�PRUH�WKDQ�RQH�DUJXPHQW�WR�WKH�
VDPH�UHVXOW��7KH�LQYHUVH�UHODWLRQ�IRU�64�LV�H[SUHVVHG�E\�,62/�DV�WKLV�JHQHUDO�VROXWLRQ�

V�√=

7KH�IXQFWLRQ�√�LV�WKH�LQYHUVH�RI�D�SDUW�RI�64��D�SDUW�GHILQHG�E\�UHVWULFWLQJ�WKH�GRPDLQ�RI�64�
VXFK�WKDW�
�� HDFK�DUJXPHQW�LV�VHQW�WR�D�GLVWLQFW�UHVXOW��DQG�

�� HDFK�SRVVLEOH�UHVXOW�LV�DFKLHYHG��7KH�SRLQWV�LQ�WKLV�UHVWULFWHG�GRPDLQ�RI�64�DUH�FDOOHG�WKH�
SULQFLSDO�YDOXHV�RI�WKH�LQYHUVH�UHODWLRQ��7KH�√�IXQFWLRQ�LQ�LWV�HQWLUHW\�LV�FDOOHG�WKH�SULQFL�
SDO�EUDQFK�RI�WKH�LQYHUVH�UHODWLRQ��DQG�WKH�SRLQWV�VHQW�E\�√�WR�WKH�ERXQGDU\�RI�WKH�UHVWULFWHG�
GRPDLQ�RI�64�IRUP�WKH�EUDQFK�FXWV�RI�√�

7KH�SULQFLSDO�EUDQFK�XVHG�E\�WKH�+3���*�IRU�√�ZDV�FKRVHQ�EHFDXVH�LW�LV�DQDO\WLF�LQ�WKH�UHJLRQV�
ZKHUH�WKH�DUJXPHQWV�RI�WKH�UHDO�YDOXHG�LQYHUVH�IXQFWLRQ�DUH�GHILQHG��7KH�EUDQFK�FXW�IRU�WKH�
FRPSOH[�YDOXHG�VTXDUH�URRW�IXQFWLRQ�RFFXUV�ZKHUH�WKH�FRUUHVSRQGLQJ�UHDO�YDOXHG�IXQFWLRQ�LV�
XQGHILQHG��7KH�SULQFLSDO�EUDQFK�DOVR�SUHVHUYHV�PRVW�RI�WKH�LPSRUWDQW�V\PPHWULHV�
7KH�JUDSKV�EHORZ�VKRZ�WKH�GRPDLQ�DQG�UDQJH�RI�√��7KH�JUDSK�RI�WKH�GRPDLQ�VKRZV�ZKHUH�
WKH�EUDQFK�FXW�RFFXUV��WKH�KHDY\�VROLG�OLQH�PDUNV�RQH�VLGH�RI�WKH�FXW��ZKLOH�WKH�IHDWKHUHG�OLQHV�
PDUN�WKH�RWKHU�VLGH�RI�WKH�FXW��7KH�JUDSK�RI�WKH�UDQJH�VKRZV�ZKHUH�HDFK�VLGH�RI�WKH�FXW�LV�
PDSSHG�XQGHU�WKH�IXQFWLRQ�

x2 y2,( ) r
θ
2
--- r,cos

θ
2
---sin 

 =



1-404 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

7KHVH�JUDSKV�VKRZ�WKH�LQYHUVH�UHODWLRQ�
V�√=
�IRU�WKH�FDVH�V� ���)RU�WKH�RWKHU�YDOXH�RI�V���
WKH�KDOI�SODQH�LQ�WKH�ORZHU�JUDSK�LV�URWDWHG��7DNHQ�WRJHWKHU��WKH�KDOI�SODQHV�FRYHU�WKH�ZKROH�
FRPSOH[�SODQH��ZKLFK�LV�WKH�GRPDLQ�RI�64�
9LHZ�WKHVH�JUDSKV�ZLWK�GRPDLQ�DQG�UDQJH�UHYHUVHG�WR�VHH�KRZ�WKH�GRPDLQ�RI�64�LV�UHVWULFWHG�
WR�PDNH�DQ�LQYHUVH�IXQFWLRQ�SRVVLEOH��&RQVLGHU�WKH�KDOI�SODQH�LQ�WKH�ORZHU�JUDSK�DV�WKH�
UHVWULFWHG�GRPDLQ�=� ��[��\���64�VHQGV�WKLV�GRPDLQ�RQWR�WKH�ZKROH�FRPSOH[�SODQH�LQ�WKH�UDQJH�
:� ��X��Y�� �64�[��\��LQ�WKH�XSSHU�JUDSK�

$FFHVV� r

Domain:Z = (x,y)

0

Range:W = (u,v) =  (x,y)

0



Command Reference: Part E, T-Z (1.1) 1-405*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 64��A��,62/

∫
7\SH� )XQFWLRQ
'HVFULSWLRQ� ,QWHJUDO�)XQFWLRQ��,QWHJUDWHV�DQ�LQWHJUDQG�IURP�ORZHU�OLPLW�WR�XSSHU�OLPLW�ZLWK�UHVSHFW�WR�D�

VSHFLILHG�YDULDEOH�RI�LQWHJUDWLRQ�
7KH�DOJHEUDLF�V\QWD[�IRU�∫�SDUDOOHOV�LWV�VWDFN�V\QWD[�
∫ �ORZHU�OLPLW��XSSHU�OLPLW��LQWHJUDQG��QDPH�
ZKHUH�ORZHU�OLPLW��XSSHU�OLPLW��DQG�LQWHJUDQG�FDQ�EH�UHDO�RU�FRPSOH[�QXPEHUV��XQLW�REMHFWV��QDPHV��
RU�DOJHEUDLF�H[SUHVVLRQV�
(YDOXDWLQJ�∫�LQ�6\PEROLF�5HVXOWV�PRGH��IODJ�²��FOHDU��UHWXUQV�D�V\PEROLF�UHVXOW��6RPH�IXQFWLRQV�
WKDW�WKH�7KH�+3���*�FDQ�LQWHJUDWH�DUH�DV�IROORZV�
� $OO�EXLOW�LQ�IXQFWLRQV�ZKRVH�DQWLGHULYDWLYHV�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�RWKHU�EXLOW�LQ�
IXQFWLRQV³IRU�H[DPSOH��6,1�FDQ�EH�LQWHJUDWHG�VLQFH�LWV�DQWLGHULYDWLYH��&26��LV�D�EXLOW�LQ�
IXQFWLRQ��7KH�DUJXPHQWV�IRU�WKHVH�IXQFWLRQV�PXVW�EH�OLQHDU�

� 6XPV��GLIIHUHQFHV��DQG�QHJDWLRQV�RI�EXLOW�LQ�IXQFWLRQV�ZKRVH�DQWLGHULYDWLYHV�FDQ�EH�
H[SUHVVHG�LQ�WHUPV�RI�RWKHU�EXLOW�LQ�IXQFWLRQV³IRU�H[DPSOH��
6,1�;�²&26�;�
�

� 'HULYDWLYHV�RI�DOO�EXLOW�LQ�IXQFWLRQV³IRU�H[DPSOH��
,19���;A��
�FDQ�EH�LQWHJUDWHG�
EHFDXVH�LW�LV�WKH�GHULYDWLYH�RI�WKH�EXLOW�LQ�IXQFWLRQ�$7$1�

� 3RO\QRPLDOV�ZKRVH�EDVH�WHUP�LV�OLQHDU³IRU�H[DPSOH��
;A��;A�²�;��
�FDQ�EH�
LQWHJUDWHG�VLQFH�;�LV�D�OLQHDU�WHUP��
�;A�²��A���;A�²��A�
�FDQQRW�EH�LQWHJUDWHG�VLQFH�
;A�²��LV�QRW�OLQHDU�

� 6HOHFWHG�SDWWHUQV�FRPSRVHG�RI�IXQFWLRQV�ZKRVH�DQWLGHULYDWLYHV�FDQ�EH�H[SUHVVHG�LQ�WHUPV�
RI�RWKHU�EXLOW�LQ�IXQFWLRQV³IRU�H[DPSOH��
���&26�;�6,1�;��
�UHWXUQV�
/1�7$1�;��
�

Level 1/Argument 1 Level 1/Item 1

] →

[BXQLW →


V\PE
 → 
 


z

x unit
1 2⁄

symb( )



1-406 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,I�WKH�UHVXOW�RI�WKH�LQWHJUDWLRQ�LV�DQ�H[SUHVVLRQ�ZLWK�QR�LQWHJUDO�VLJQ�LQ�WKH�UHVXOW��WKH�V\PEROLF�
LQWHJUDWLRQ�ZDV�VXFFHVVIXO��,I��KRZHYHU��WKH�UHVXOW�VWLOO�FRQWDLQV�DQ�LQWHJUDO�VLJQ��WU\�UHDUUDQJLQJ�
WKH�H[SUHVVLRQ�DQG�HYDOXDWLQJ�DJDLQ��RU�HVWLPDWH�WKH�DQVZHU�XVLQJ�QXPHULFDO�LQWHJUDWLRQ�
(YDOXDWLQJ�∫�LQ�1XPHULFDO�5HVXOWV�PRGH��IODJ�²��VHW��UHWXUQV�D�QXPHULFDO�DSSUR[LPDWLRQ��DQG�
VWRUHV�WKH�HUURU�RI�LQWHJUDWLRQ�LQ�YDULDEOH�,(55��∫�FRQVXOWV�WKH�QXPEHU�IRUPDW�VHWWLQJ�WR�
GHWHUPLQH�KRZ�DFFXUDWHO\�WR�FRPSXWH�WKH�UHVXOW�

$FFHVV� >�

,QSXW�2XWSXW�

L = level; A = Argument; I = Item

6HH�DOVR� 7$</5��∂��Σ

Σ
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6XPPDWLRQ�)XQFWLRQ��&DOFXODWHV�WKH�YDOXH�RI�D�ILQLWH�VHULHV�

7KH�VXPPDQG�DUJXPHQW�VPQG�FDQ�EH�D�UHDO�QXPEHU��D�FRPSOH[�QXPEHU��D�XQLW�REMHFW��D�ORFDO�
RU�JOREDO�QDPH��RU�DQ�DOJHEUDLF�REMHFW�
7KH�DOJHEUDLF�V\QWD[�IRU�Σ�GLIIHUV�IURP�WKH�VWDFN�V\QWD[��7KH�DOJHEUDLF�V\QWD[�LV�

Σ�LQGH[ LQLWLDO�ILQDO�VXPPDQG�


$FFHVV� >î

QSXW�2XWSXW�

L = level; A = Argument; I = Item

6HH�DOVR� 7$</5��∫��∂

L4/A1 L3/A2 L2/A3 L1/A4 L1/I1

ORZHU�OLPLW XSSHU�OLPLW LQWHJUDQG 
QDPH
 → 
V\PELQWHJUDO


L4/A1 L3/A2 L2/A3 L1/A4 L1/I1


LQG[
 [LQLW [ILQDO VPQG → [VXP


LQG[
 
LQLW
 [ILQDO VPQG → 
Σ�LQG[� �LQLW��[ILQDO��VPQG�


LQG[
 [LQLW 
ILQDO
 VPQG → 
Σ�LQG[� �[LQLW��ILQDO��VPQG�


LQG[
 
LQLW
 
ILQDO
 VPQG → 
Σ�LQG[� �LQLW��ILQDO��VPQG�




Command Reference: Part E, T-Z (1.1) 1-407*R�WR�,QGH[

Σ+
7\SH� &RPPDQG
'HVFULSWLRQ� 6LJPD�3OXV�&RPPDQG��$GGV�RQH�RU�PRUH�GDWD�SRLQWV�WR�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��UHVHUYHG�

YDULDEOH�Σ'$7��
)RU�D�VWDWLVWLFV�PDWUL[�ZLWK�P�FROXPQV��DUJXPHQWV�IRU�Σ��FDQ�EH�HQWHUHG�VHYHUDO�ZD\V�
� 7R�HQWHU�RQH�GDWD�SRLQW�ZLWK�D�VLQJOH�FRRUGLQDWH�YDOXH��WKH�DUJXPHQW�IRU�Σ��PXVW�EH�D�
UHDO�QXPEHU�

� 7R�HQWHU�RQH�GDWD�SRLQW�ZLWK�PXOWLSOH�FRRUGLQDWH�YDOXHV��WKH�DUJXPHQW�IRU�Σ��PXVW�EH�D�
YHFWRU�ZLWK�P�UHDO�FRRUGLQDWH�YDOXHV�

� 7R�HQWHU�VHYHUDO�GDWD�SRLQWV��WKH�DUJXPHQW�IRU�Σ��PXVW�EH�D�PDWUL[�RI�Q�URZV�RI�P�UHDO�
FRRUGLQDWH�YDOXHV�

,Q�HDFK�FDVH��WKH�FRRUGLQDWH�YDOXHV�RI�WKH�GDWD�SRLQW�V��DUH�DGGHG�DV�QHZ�URZV�WR�WKH�FXUUHQW�
VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���,I�Σ'$7�GRHV�QRW�H[LVW��Σ��FUHDWHV�DQ�Q�[�P�
PDWUL[�DQG�VWRUHV�WKH�PDWUL[�LQ�Σ'$7��,I�Σ'$7�GRHV�H[LVW��DQ�HUURU�RFFXUV�LI�LW�GRHV�QRW�
FRQWDLQ�D�UHDO�PDWUL[��RU�LI�WKH�QXPEHU�RI�FRRUGLQDWH�YDOXHV�LQ�HDFK�GDWD�SRLQW�HQWHUHG�ZLWK�
Σ��GRHV�QRW�PDWFK�WKH�QXPEHU�RI�FROXPQV�LQ�WKH�FXUUHQW�VWDWLVWLFV�PDWUL[��
2QFH�Σ'$7�H[LVWV��LQGLYLGXDO�GDWD�SRLQWV�RI�P�FRRUGLQDWHV�FDQ�EH�HQWHUHG�DV�P�VHSDUDWH�UHDO�
QXPEHUV�RU�DQ�P�HOHPHQW�YHFWRU�
/$67$5*�UHWXUQV�WKH�P�HOHPHQW�YHFWRU�LQ�HLWKHU�FDVH�

$FFHVV� NΣ�
,QSXW�2XWSXW�

L = level; A = Argument; I = Item

6HH�DOVR� &/Σ��5&/Σ��672Σ��Σ²

LP/A� … L�/AP²� L�/AP L�/I�

[ →
>�[���[���«��[P�@ →

>>�[�����«��[��P�@�>�[Q����«��[Q�P�@@ →
[��«�[P²� [P →



1-408 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

Σ§
7\SH� &RPPDQG
'HVFULSWLRQ� 6LJPD�0LQXV�&RPPDQG��5HWXUQV�D�YHFWRU�RI�P�UHDO�QXPEHUV��RU�RQH�QXPEHU�[�LI�P  ���

FRUUHVSRQGLQJ�WR�WKH�FRRUGLQDWH�YDOXHV�RI�WKH�ODVW�GDWD�SRLQW�HQWHUHG�E\�Σ��LQWR�WKH�FXUUHQW�
VWDWLVWLFV�PDWUL[��UHVHUYHG�YDULDEOH�Σ'$7���
7KH�ODVW�URZ�RI�WKH�VWDWLVWLFV�PDWUL[�LV�GHOHWHG�
7KH�YHFWRU�UHWXUQHG�E\�Σ²�FDQ�EH�HGLWHG�RU�UHSODFHG��WKHQ�UHVWRUHG�WR�WKH�VWDWLVWLFV�PDWUL[�E\�
Σ��

$FFHVV� NΣ²

,QSXW�2XWSXW�

6HH�DOVR� &/Σ��5&/Σ��672Σ��Σ�

π
7\SH� )XQFWLRQ
'HVFULSWLRQ� π�)XQFWLRQ��5HWXUQV�WKH�V\PEROLF�FRQVWDQW�
π
�RU�LWV�QXPHULFDO�UHSUHVHQWDWLRQ����������������

7KH�QXPEHU�UHWXUQHG�IRU�π�LV�WKH�FORVHVW�DSSUR[LPDWLRQ�RI�WKH�FRQVWDQW�π�WR����GLJLW�
DFFXUDF\�
,Q�5DGLDQV�PRGH�ZLWK�IODJ�²��DQG�²��FOHDU��WR�UHWXUQ�V\PEROLF�UHVXOWV���WULJRQRPHWULF�
IXQFWLRQV�RI�π�DQG�π���DUH�DXWRPDWLFDOO\�VLPSOLILHG��)RU�H[DPSOH��HYDOXDWLQJ�
6,1�π�
�UHWXUQV�
]HUR��+RZHYHU��LI�IODJ�²��RU�IODJ�²��LV�VHW��WR�UHWXUQ�QXPHULFDO�UHVXOWV���WKHQ�HYDOXDWLQJ�
6,1�π�
�
UHWXUQV�WKH�QXPHULFDO�DSSUR[LPDWLRQ�²�������������(²���

$FFHVV� <�

,QSXW�2XWSXW�

6HH�DOVR� H��L��0$;5��0,15��→4π

Level 1/Argument 1 Level 1/Item 1

→ [
→ >�[��[��«�[P�@

Level 1/Argument 1 Level 1/Item 1

→ 
π

→ �������������«



Command Reference: Part E, T-Z (1.1) 1-409*R�WR�,QGH[

∂
7\SH� )XQFWLRQ
'HVFULSWLRQ� 'HULYDWLYH�)XQFWLRQ��7DNHV�WKH�GHULYDWLYH�RI�DQ�H[SUHVVLRQ��QXPEHU��RU�XQLW�REMHFW�ZLWK�

UHVSHFW�WR�D�VSHFLILHG�YDULDEOH�RI�GLIIHUHQWLDWLRQ��
:KHQ�H[HFXWHG�LQ�VWDFN�V\QWD[��∂�H[HFXWHV�D�FRPSOHWH�GLIIHUHQWLDWLRQ��WKH�H[SUHVVLRQ�
V\PE�
�LV�
HYDOXDWHG�UHSHDWHGO\�XQWLO�LW�FRQWDLQV�QR�GHULYDWLYHV��$V�SDUW�RI�WKLV�SURFHVV��LI�WKH�YDULDEOH�RI�
GLIIHUHQWLDWLRQ�QDPH�KDV�D�YDOXH��WKH�ILQDO�IRUP�RI�WKH�H[SUHVVLRQ�VXEVWLWXWHV�WKDW�YDOXH�
VXEVWLWXWHG�IRU�DOO�RFFXUUHQFHV�RI�WKH�YDULDEOH�
7KH�DOJHEUDLF�V\QWD[�IRU�∂�LV�
∂QDPH�V\PE�
���:KHQ�H[HFXWHG�LQ�DOJHEUDLF�V\QWD[��∂�H[HFXWHV�D�
VWHSZLVH�GLIIHUHQWLDWLRQ�RI�V\PE���LQYRNLQJ�WKH�FKDLQ�UXOH�RI�GLIIHUHQWLDWLRQ³�WKH�UHVXOW�RI�RQH�
HYDOXDWLRQ�RI�WKH�H[SUHVVLRQ�LV�WKH�GHULYDWLYH�RI�WKH�DUJXPHQW�H[SUHVVLRQ�V\PE���PXOWLSOLHG�E\�
D�QHZ�VXEH[SUHVVLRQ�UHSUHVHQWLQJ�WKH�GHULYDWLYH�RI�V\PE�
V�DUJXPHQW�
,I�∂�LV�DSSOLHG�WR�D�IXQFWLRQ�IRU�ZKLFK�WKH+3���*�GRHV�QRW�SURYLGH�D�GHULYDWLYH��∂�UHWXUQV�D�
QHZ�IXQFWLRQ�ZKRVH�QDPH�LV�GHU�IROORZHG�E\�WKH�RULJLQDO�IXQFWLRQ�QDPH�

$FFHVV� >

,QSXW�2XWSXW�

6HH�DOVR� 7$</25��∫��Σ

≤
7\SH� )XQFWLRQ
'HVFULSWLRQ� /HVV�7KDQ�RU�(TXDO�)XQFWLRQ��7HVWV�ZKHWKHU�RQH�REMHFW�LV�OHVV�WKDQ�RU�HTXDO�WR�DQRWKHU�REMHFW�

7KH�IXQFWLRQ�≤�UHWXUQV�D�WUXH�WHVW�UHVXOW�����LI�WKH�ILUVW�DUJXPHQW�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�
OVHFRQG�DUJXPHQW��RU�D�IDOVH�WHVW�UHVXOW�����RWKHUZLVH�
,I�RQH�REMHFW�LV�D�V\PEROLF��DQ�DOJHEUDLF�RU�D�QDPH���DQG�WKH�RWKHU�LV�D�QXPEHU�RU�V\PEROLF�RU�
XQLW�REMHFW��≤�UHWXUQV�D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�
UHVXOW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1


V\PE�
 
QDPH
 → 
V\PE�

] 
QDPH
 → �

[BXQLW 
QDPH
 → �



1-410 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

)RU�UHDO�QXPEHUV�DQG�ELQDU\�LQWHJHUV��́ OHVV�WKDQ�RU�HTXDOµ�PHDQV�QXPHULFDOO\�HTXDO�RU�VPDOOHU�
���LV�OHVV�WKDQ�����)RU�UHDO�QXPEHUV��´OHVV�WKDQ�RU�HTXDOµ�DOVR�PHDQV�HTXDOO\�RU�PRUH�QHJDWLYH�
�²��LV�OHVV�WKDQ�²���
)RU�VWULQJV��´OHVV�WKDQ�RU�HTXDOµ�PHDQV�DOSKDEHWLFDOO\�HTXDO�RU�SUHYLRXV��´$%&µ�LV�OHVV�WKDQ�
RU�HTXDO�WR�́ '()µ��́ $$$µ�LV�OHVV�WKDQ�RU�HTXDO�WR�́ $$%µ��́ $µ�LV�OHVV�WKDQ�RU�HTXDO�WR�́ $$µ���
,Q�JHQHUDO��FKDUDFWHUV�DUH�RUGHUHG�DFFRUGLQJ�WR�WKHLU�FKDUDFWHU�FRGHV��7KLV�PHDQV��IRU�
H[DPSOH��WKDW�́ %µ�LV�OHVV�WKDQ�́ Dµ��VLQFH�́ %µ�LV�FKDUDFWHU�FRGH�����DQG�́ Dµ�LV�FKDUDFWHU�FRGH����
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW�DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUH�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� <X

,QSXW�2XWSXW�

6HH�DOVR� ���!��≥��  ��≠

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ���
�Q� �Q� → ���

´VWULQJ�µ ´VWULQJ�µ → ���
[ 
V\PE
 → 
[�≤ V\PE



V\PE
 [ → 
V\PE�≤ [


V\PE�
 
V\PE�
 → 
V\PE��≤ V\PE�

[BXQLW� \BXQLW� → ���
[BXQLW 
V\PE
 → 
[BXQLW�≤ V\PE


V\PE
 [BXQLW → 
V\PE�≤ [BXQLW




Command Reference: Part E, T-Z (1.1) 1-411*R�WR�,QGH[

≥
7\SH� )XQFWLRQ
'HVFULSWLRQ� *UHDWHU�7KDQ�RU�(TXDO�)XQFWLRQ��7HVWV�ZKHWKHU�RQH�REMHFW�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�DQRWKHU�

REMHFW�
7KH�IXQFWLRQ�≥�UHWXUQV�D�WUXH�WHVW�UHVXOW�����LI�WKH�ILUVW�DUJXPHQW�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�
VHFRQG�DUJXPHQW��RU�D�IDOVH�WHVW�UHVXOW�����RWKHUZLVH�
,I�RQH�REMHFW�LV�D�V\PEROLF��DQ�DOJHEUDLF�RU�D�QDPH���DQG�WKH�RWKHU�LV�D�QXPEHU�RU�V\PEROLF�RU�
XQLW�REMHFW��≥�UHWXUQV�D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�
UHVXOW�
)RU�UHDO�QXPEHUV�DQG�ELQDU\�LQWHJHUV��´JUHDWHU�WKDQ�RU�HTXDO�WRµ�PHDQV�QXPHULFDOO\�HTXDO�RU�
JUHDWHU����LV�JUHDWHU�WKDQ�RU�HTXDO�WR�����)RU�UHDO�QXPEHUV��´JUHDWHU�WKDQ�RU�HTXDO�WRµ�DOVR�
PHDQV�HTXDOO\�RU�OHVV�QHJDWLYH��²��LV�JUHDWHU�WKDQ�RU�HTXDO�WR�²���
)RU�VWULQJV��´JUHDWHU�WKDQ�RU�HTXDO�WRµ�PHDQV�DOSKDEHWLFDOO\�HTXDO�RU�VXEVHTXHQW��´'()µ�LV�
JUHDWHU�WKDQ�RU�HTXDO�WR�´$%&µ��´$$%µ�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�´$$$µ��´$$µ�LV�JUHDWHU�
WKDQ�RU�HTXDO�WR�´$µ���,Q�JHQHUDO��FKDUDFWHUV�DUH�RUGHUHG�DFFRUGLQJ�WR�WKHLU�FKDUDFWHU�FRGHV��
7KLV�PHDQV��IRU�H[DPSOH��WKDW�´Dµ�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�´%µ��VLQFH�´%µ�LV�FKDUDFWHU�FRGH�
����DQG�´Dµ�LV�FKDUDFWHU�FRGH����
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW�DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUHV�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� <Y



1-412 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� ���≤��!��  ��≠

≠
7\SH� )XQFWLRQ
'HVFULSWLRQ� 1RW�(TXDO�)XQFWLRQ��7HVWV�LI�WZR�REMHFWV�DUH�QRW�HTXDO�

7KH�IXQFWLRQ�≠�UHWXUQV�D�WUXH�UHVXOW�����LI�WKH�WZR�REMHFWV�KDYH�GLIIHUHQW�YDOXHV��RU�D�IDOVH�UHVXOW�
����RWKHUZLVH���/LVWV�DQG�SURJUDPV�DUH�FRQVLGHUHG�WR�KDYH�WKH�VDPH�YDOXHV�LI�WKH�REMHFWV�WKH\�
FRQWDLQ�DUH�LGHQWLFDO��
,I�RQH�REMHFW�LV�DOJHEUDLF�RU�D�QDPH��DQG�WKH�RWKHU�LV�D�QXPEHU��D�QDPH��RU�DOJHEUDLF��≠�UHWXUQV�
D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�UHVXOW�
,I�WKH�LPDJLQDU\�SDUW�RI�D�FRPSOH[�QXPEHU�LV����LW�LV�LJQRUHG�ZKHQ�WKH�FRPSOH[�QXPEHU�LV�
FRPSDUHG�WR�D�UHDO�QXPEHU��VR��IRU�H[DPSOH����DQG�������DQG�FRQVLGHUHG�WR�EH�HTXDO��
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW�DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUHV�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� <W

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ���
�Q� �Q� → ���

´VWULQJ�µ ´VWULQJ�µ → ���
[ 
V\PE
 → 
[�≥ V\PE



V\PE
 [ → 
V\PE�≥ [


V\PE�
 
V\PE�
 → 
V\PE��≥ V\PE�

[BXQLW� \BXQLW� → ���
[BXQLW 
V\PE
 → 
[BXQLW�≥ V\PE


V\PE
 [BXQLW → 
V\PE�≥ [BXQLW




Command Reference: Part E, T-Z (1.1) 1-413*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 6$0(��7<3(�����≤��!�≥��  ��≠

→
7\SH� &RPPDQG
'HVFULSWLRQ� &UHDWH�/RFDO�9DULDEOHV�&RPPDQG��&UHDWHV�ORFDO�YDULDEOHV�

/RFDO�YDULDEOH�VWUXFWXUHV�VSHFLI\�RQH�RU�PRUH�ORFDO�YDULDEOHV�DQG�D�GHILQLQJ�SURFHGXUH�
$�ORFDO�YDULDEOH�VWUXFWXUH�FRQVLVWV�RI�WKH�→�FRPPDQG��IROORZHG�E\�RQH�RU�PRUH�QDPHV��
IROORZHG�E\�D�GHILQLQJ�SURFHGXUH³HLWKHU�D�SURJUDP�RU�DQ�DOJHEUDLF��7KH�→�FRPPDQG�VWRUHV�
REMHFWV�LQWR�ORFDO�YDULDEOHV�ZLWK�WKH�VSHFLILHG�QDPHV��7KH�UHVXOWDQW�ORFDO�YDULDEOHV�H[LVW�RQO\�
ZKLOH�WKH�GHILQLQJ�SURFHGXUH�LV�EHLQJ�H[HFXWHG��7KH�V\QWD[�RI�D�ORFDO�YDULDEOH�VWUXFWXUH�LV�RQH�
RI�WKH�IROORZLQJ�
� →�QDPH��QDPH��«�QDPHQ�©�SURJUDP�ª

� →�QDPH��QDPH��«�QDPHQ�
DOJHEUDLF�H[SUHVVLRQ


$FFHVV� >L

,,QSXW�2XWSXW�

6HH�DOVR� '(),1(��672

!
7\SH� )XQFWLRQ

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM� REM� → ���
�[��� [ → ���
[ �[��� → ���
] 
V\PE
 → 
]�≠�V\PE



V\PE
 ] 
V\PE�≠�]


V\PE�
 
V\PE�
 → 
V\PE��≠ V\PE�


LevelQ/Argument� … Level �/Argument Q Level 1/Item 1

�REM��«�REMQ →



1-414 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

'HVFULSWLRQ� )DFWRULDO��*DPPD��)XQFWLRQ��5HWXUQV�WKH�IDFWRULDO�Q��RI�D�SRVLWLYH�LQWHJHU�DUJXPHQW�Q��RU�WKH�
JDPPD�IXQFWLRQ�Γ�[����RI�D�QRQ�LQWHJHU�DUJXPHQW�[�
)RU�[�≥����������������RU�Q��������FDXVHV�DQ�RYHUIORZ�H[FHSWLRQ��LI�IODJ�²���LV�VHW��WKH�
H[FHSWLRQ�LV�WUHDWHG�DV�DQ�HUURU���)RU�QRQ�LQWHJHU�[�≤�²������������������FDXVHV�DQ�XQGHUIORZ�
H[FHSWLRQ��LI�IODJ�²���LV�VHW��WKH�H[FHSWLRQ�LV�WUHDWHG�DV�DQ�HUURU��
,Q�DOJHEUDLF�V\QWD[����IROORZV�LWV�DUJXPHQW��7KXV�WKH�DOJHEUDLF�V\QWD[�IRU�WKH�IDFWRULDO�RI���LV����
)RU�QRQ�LQWHJHU�DUJXPHQWV�[��[�� �Γ�[�������GHILQHG�IRU�[�!�²��DV��

DQG�GHILQHG�IRU�RWKHU�YDOXHV�RI�[�E\�DQDO\WLF�FRQWLQXDWLRQ�
Γ�[������ �Q�Γ�[�

$FFHVV� < P�352%$%,/,7<��

,QSXW�2XWSXW�

6HH�DOVR� &20%��3(50

%
7\SH� )XQFWLRQ
'HVFULSWLRQ� 3HUFHQW�)XQFWLRQ��5HWXUQV�[�SHUFHQW�RI�\�

&RPPRQ�XVDJH�LV�DPELJXRXV�DERXW�VRPH�XQLWV�RI�WHPSHUDWXUH��:KHQ��&�RU��)�UHSUHVHQWV�D�
WKHUPRPHWHU�UHDGLQJ��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�DQ�DGGLWLYH�FRQVWDQW����&� �
������.��DQG���)� ���������5��%XW�ZKHQ��&�RU��)�UHSUHVHQWV�D�GLIIHUHQFH�LQ�WKHUPRPHWHU�
UHDGLQJV��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�QR�DGGLWLYH�FRQVWDQW����&� ��.�DQG���)� ���5�
7KH�DULWKPHWLF�RSHUDWRUV����²������&+��DQG��7�WUHDW�WHPSHUDWXUHV�DV�GLIIHUHQFHV��ZLWKRXW�
DQ\�DGGLWLYH�FRQVWDQW��+RZHYHU�����²���&+��DQG��7�UHTXLUH�ERWK�DUJXPHQWV�WR�EH�HLWKHU�
DEVROXWH��.�DQG��5���ERWK��&��RU�ERWK��)��1R�RWKHU�FRPELQDWLRQV�DUH�DOORZHG�
)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��VHH�WKH�HQWU\�IRU�
��

Level 1/Argument 1 Level 1/Item 1

Q → Q�
[ → Γ�[�����


V\PE
 → 
�V\PE��


Γ x 1+( ) e
t–
t
x

td

0

∞

∫=



Command Reference: Part E, T-Z (1.1) 1-415*R�WR�,QGH[

$FFHVV� < P�5($/��
,QSXW�2XWSXW�

6HH�DOVR� �&+���7

*
7\SH� )XQFWLRQ
'HVFULSWLRQ� 0XOWLSO\�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�SURGXFW�RI�WKH�DUJXPHQWV�

7KH�SURGXFW�RI�D�UHDO�QXPEHU�D�DQG�D�FRPSOH[�QXPEHU��[��\��LV�WKH�FRPSOH[�QXPEHU��[D��\D��
7KH�SURGXFW�RI�WZR�FRPSOH[�QXPEHUV��[���\���DQG��[���\���LV�WKH�FRPSOH[�QXPEHU��[��[��²�\��
\���[��\����[��\���
7KH�SURGXFW�RI�D�UHDO�DUUD\�DQG�D�FRPSOH[�DUUD\�RU�QXPEHU�LV�D�FRPSOH[�DUUD\��(DFK�HOHPHQW�
[�RI�WKH�UHDO�DUUD\�LV�WUHDWHG�DV�D�FRPSOH[�HOHPHQW��[�����
0XOWLSO\LQJ�D�PDWUL[�E\�DQ�DUUD\�UHWXUQV�D�PDWUL[�SURGXFW��7KH�PDWUL[�PXVW�KDYH�WKH�VDPH�
QXPEHU�RI�FROXPQV�DV�WKH�DUUD\�KDV�URZV��RU�HOHPHQWV��LI�LW�LV�D�YHFWRU��
$OWKRXJK�D�YHFWRU�LV�HQWHUHG�DQG�GLVSOD\HG�DV�D�URZ�RI�QXPEHUV��WKH�+3���*�WUHDWV�D�YHFWRU�
DV�DQ�Q�ï���PDWUL[�ZKHQ�PXOWLSO\LQJ�PDWULFHV�RU�FRPSXWLQJ�PDWUL[�QRUPV�
0XOWLSO\LQJ�D�ELQDU\�LQWHJHU�E\�D�UHDO�QXPEHU�UHWXUQV�D�ELQDU\�LQWHJHU�WKDW�LV�WKH�SURGXFW�RI�
WKH�WZR�DUJXPHQWV��WUXQFDWHG�WR�WKH�FXUUHQW�ZRUGVL]H���7KH�UHDO�QXPEHU�LV�FRQYHUWHG�WR�D�
ELQDU\�LQWHJHU�EHIRUH�WKH�PXOWLSOLFDWLRQ��
7KH�SURGXFW�RI�WZR�ELQDU\�LQWHJHUV�LV�WUXQFDWHG�WR�WKH�FXUUHQW�ELQDU\�LQWHJHU�ZRUGVL]H�
:KHQ�PXOWLSO\LQJ�WZR�XQLW�REMHFWV��WKH�VFDOHU�SDUWV�DQG�WKH�XQLW�SDUWV�DUH�PXOWLSOLHG�
VHSDUDWHO\�

$FFHVV� N�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → [\����
[ 
V\PE
 → 
��[�V\PE�



V\PE
 [ → 
��V\PE�[�


V\PE�
 
V\PE�
 → 
��V\PE���V\PE��

[ \BXQLW → �[\�����BXQLW

[BXQLW \ → �[\�����BXQLW

V\PE
 [BXQLW → 
��V\PE�[BXQLW�

[BXQLW 
V\PE
 → 
��[BXQLW�V\PE�




1-416 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� ���²����� 

+
7\SH� )XQFWLRQ
'HVFULSWLRQ� $GG�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�VXP�RI�WKH�DUJXPHQWV�

7KH�VXP�RI�D�UHDO�QXPEHU�D�DQG�D�FRPSOH[�QXPEHU��[��\��LV�WKH�FRPSOH[�QXPEHU��[�D��\��
7KH�VXP�RI�WZR�FRPSOH[�QXPEHUV��[���\���DQG��[���\���LV�WKH�FRPSOH[�QXPEHU��[��[���\��\���
7KH�VXP�RI�D�UHDO�DUUD\�DQG�D�FRPSOH[�DUUD\�LV�D�FRPSOH[�DUUD\��ZKHUH�HDFK�HOHPHQW�[�RI�WKH�
UHDO�DUUD\�LV�WUHDWHG�DV�D�FRPSOH[�HOHPHQW��[������7KH�DUUD\V�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�
7KH�VXP�RI�D�ELQDU\�LQWHJHU�DQG�D�UHDO�QXPEHU�LV�D�ELQDU\�LQWHJHU�WKDW�LV�WKH�VXP�RI�WKH�WZR�
DUJXPHQWV��WUXQFDWHG�WR�WKH�FXUUHQW�ZRUGVL]H���7KH�UHDO�QXPEHU�LV�FRQYHUWHG�WR�D�ELQDU\�
LQWHJHU�EHIRUH�WKH�DGGLWLRQ��
7KH�VXP�RI�WZR�ELQDU\�LQWHJHUV�LV�WUXQFDWHG�WR�WKH�FXUUHQW�ELQDU\�LQWHJHU�ZRUGVL]H�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]�]�
>>�PDWUL[�@@ >�DUUD\�@ → >>�PDWUL[�ï�DUUD\�@@

] >�DUUD\�@ → >�]�ï�DUUD\�@
>�DUUD\�@ ] → >�DUUD\�ï�]�@

] 
V\PE
 → 
]��V\PE


V\PE
 ] → 
V\PE��]


V\PE�
 
V\PE�
 → 
V\PE��V\PE�

�Q� Q� → �Q�
Q� �Q� → �Q�
�Q� �Q� → �Q�
[BXQLW \BXQLW → [\BXQLW[�ï�XQLW\
[ \BXQLW → [\BXQLW

[BXQLW \ → [\BXQLW

V\PE
 [BXQLW → 
V\PE��[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW��V\PE




Command Reference: Part E, T-Z (1.1) 1-417*R�WR�,QGH[

7KH�VXP�RI�WZR�XQLW�REMHFWV�LV�D�XQLW�REMHFW�ZLWK�WKH�VDPH�GLPHQVLRQV�DV�WKH�VHFRQG�
DUJXPHQW��7KH�XQLWV�RI�WKH�WZR�DUJXPHQWV�PXVW�EH�FRQVLVWHQW�
7KH�VXP�RI�WZR�JUDSKLFV�REMHFWV�LV�WKH�VDPH�DV�WKH�UHVXOW�RI�SHUIRUPLQJ�D�ORJLFDO�25��H[FHSW�
WKDW�WKH�WZR�JUDSKLFV�REMHFWV�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�
&RPPRQ�XVDJH�LV�DPELJXRXV�DERXW�VRPH�XQLWV�RI�WHPSHUDWXUH��:KHQ��&�RU��)�UHSUHVHQWV�D�
WKHUPRPHWHU�UHDGLQJ��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�DQ�DGGLWLYH�FRQVWDQW�����&� ��������
.��DQG���)� ��������5��%XW�ZKHQ��&�RU��)�UHSUHVHQWV�D�GLIIHUHQFH�LQ�WKHUPRPHWHU�UHDGLQJV��
WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�QR�DGGLWLYH�FRQVWDQW����&� ���.�DQG���)� ���5�
7KH�FDOFXODWRU�DVVXPHV�WKDW�WKH�VLPSOH�WHPSHUDWXUH�XQLWV�[B�&�DQG�[B�)�UHSUHVHQW�
WKHUPRPHWHU�WHPSHUDWXUHV�ZKHQ�XVHG�DV�DUJXPHQWV�WR�WKH�IXQFWLRQV����!��≤��≥��  ��DQG�≠��
7KLV�PHDQV�WKDW��LQ�RUGHU�WR�GR�WKH�FDOFXODWLRQ��WKH�FDOFXODWRU�ZLOO�ILUVW�FRQYHUW�DQ\�&HOVLXV�
WHPSHUDWXUH�WR�.HOYLQV�DQG�DQ\�)DKUHQKHLW�WHPSHUDWXUH�WR�5DQNLQHV���)RU�RWKHU�IXQFWLRQV�RU�
FRPSRXQG�WHPSHUDWXUH�XQLWV��VXFK�DV�[B�&�PLQ��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�
UHSUHVHQW�WHPSHUDWXUH�GLIIHUHQFHV��VR�WKHUH�LV�QR�DGGLWLYH�FRQVWDQW�LQYROYHG��DQG�KHQFH�QR�
FRQYHUVLRQ��
7KH�DULWKPHWLF�RSHUDWRUV����²���&+��DQG��7�WUHDW�WHPSHUDWXUHV�DV�GLIIHUHQFHV��ZLWKRXW�DQ\�
DGGLWLYH�FRQVWDQW��EXW�UHTXLUH�ERWK�DUJXPHQWV�WR�EH�HLWKHU�DEVROXWH��.�DQG��5���ERWK��&��RU�
ERWK��)��1R�RWKHU�FRPELQDWLRQV�DUH�DOORZHG�

$FFHVV� =

,QSXW�2XWSXW�
Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]����]�
>�DUUD\�@� >�DUUD\�@� → >�DUUD\�@�

] 
V\PE
 → 
]��V\PE


V\PE
 ] → 
V\PE��]


V\PE�
 
V\PE�
 → 
V\PE����V\PE�

^�OLVW��` ^�OLVW� → ^�OLVW��OLVW��`
REM$ ^�REM��«�REMQ�` → ^�REM$�REM��«�REMQ�`

^�REM��«�REMQ�` REM$ → ^REM��«�REMQ�REM$�`
´VWULQJ�µ ´VWULQJ�µ → ´VWULQJ��VWULQJ�µ

REM ´VWULQJµ → ´REM�VWULQJµ
´VWULQJµ REM → ´VWULQJ�REMµ



1-418 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

6HH�DOVR� ²������� 

–
7\SH� )XQFWLRQ
'HVFULSWLRQ� 6XEWUDFW�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�GLIIHUHQFH�RI�WKH�DUJXPHQWV�

7KH�GLIIHUHQFH�RI�D�UHDO�QXPEHU�D�DQG�D�FRPSOH[�QXPEHU��[��\��LV��[²D��\��RU��D²[��²\���7KH�
GLIIHUHQFH�RI�WZR�FRPSOH[�QXPEHUV��[���\���DQG��[���\���LV��[��²�[���\��²�\���
7KH�GLIIHUHQFH�RI�D�UHDO�DUUD\�DQG�D�FRPSOH[�DUUD\�LV�D�FRPSOH[�DUUD\��ZKHUH�HDFK�HOHPHQW�[�
RI�WKH�UHDO�DUUD\�LV�WUHDWHG�DV�D�FRPSOH[�HOHPHQW��[������7KH�WZR�DUUD\�DUJXPHQWV�PXVW�KDYH�
WKH�VDPH�GLPHQVLRQV�
7KH�GLIIHUHQFH�RI�D�ELQDU\�LQWHJHU�DQG�D�UHDO�QXPEHU�LV�D�ELQDU\�LQWHJHU�WKDW�LV�WKH�VXP�RI�WKH�
ILUVW�DUJXPHQW�DQG�WKH�WZR
V�FRPSOHPHQW�RI�WKH�VHFRQG�DUJXPHQW���7KH�UHDO�QXPEHU�LV�
FRQYHUWHG�WR�D�ELQDU\�LQWHJHU�EHIRUH�WKH�VXEWUDFWLRQ��
7KH�GLIIHUHQFH�RI�WZR�ELQDU\�LQWHJHUV�LV�D�ELQDU\�LQWHJHU�WKDW�LV�WKH�VXP�RI�WKH�ILUVW�DUJXPHQW�
DQG�WKH�WZR
V�FRPSOHPHQW�RI�WKH�VHFRQG�DUJXPHQW�
7KH�GLIIHUHQFH�RI�WZR�XQLW�REMHFWV�LV�D�XQLW�REMHFW�ZLWK�WKH�VDPH�GLPHQVLRQV�DV�WKH�VHFRQG�
DUJXPHQW��7KH�XQLWV�RI�WKH�WZR�DUJXPHQWV�PXVW�EH�FRQVLVWHQW�
&RPPRQ�XVDJH�LV�DPELJXRXV�DERXW�VRPH�XQLWV�RI�WHPSHUDWXUH��:KHQ��&�RU��)�UHSUHVHQWV�D�
WKHUPRPHWHU�UHDGLQJ��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�DQ�DGGLWLYH�FRQVWDQW����&� �
������.��DQG���)� ���������5��%XW�ZKHQ��&�RU��)�UHSUHVHQWV�D�GLIIHUHQFH�LQ�WKHUPRPHWHU�
UHDGLQJV��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�QR�DGGLWLYH�FRQVWDQW����&� ��.�DQG���)� ���5�
7KH�FDOFXODWRU�DVVXPHV�WKDW�WKH�VLPSOH�WHPSHUDWXUH�XQLWV�[B�&�DQG�[B�)�UHSUHVHQW�
WKHUPRPHWHU�WHPSHUDWXUHV�ZKHQ�XVHG�DV�DUJXPHQWV�WR�WKH�IXQFWLRQV����!��≤��≥��  ��DQG�≠��

�Q� Q� → �Q�
Q� �Q� → �Q�
�Q� �Q� → �Q�

[�BXQLW� \BXQLW� → �[����\�BXQLW�

V\PE
 [BXQLW → 
V\PE���[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW���V\PE

JURE� JURE� → JURE�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1



Command Reference: Part E, T-Z (1.1) 1-419*R�WR�,QGH[

7KLV�PHDQV�WKDW��LQ�RUGHU�WR�GR�WKH�FDOFXODWLRQ��WKH�FDOFXODWRU�ZLOO�ILUVW�FRQYHUW�DQ\�&HOVLXV�
WHPSHUDWXUH�WR�.HOYLQV�DQG�DQ\�)DKUHQKHLW�WHPSHUDWXUH�WR�5DQNLQHV���)RU�RWKHU�IXQFWLRQV�RU�
FRPSRXQG�WHPSHUDWXUH�XQLWV��VXFK�DV�[B�&�PLQ��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�
UHSUHVHQW�WHPSHUDWXUH�GLIIHUHQFHV��VR�WKHUH�LV�QR�DGGLWLYH�FRQVWDQW�LQYROYHG��DQG�KHQFH�QR�
FRQYHUVLRQ��
7KH�DULWKPHWLF�RSHUDWRUV����²������&+��DQG��7�WUHDW�WHPSHUDWXUHV�DV�GLIIHUHQFHV��ZLWKRXW�
DQ\�DGGLWLYH�FRQVWDQW��EXW�UHTXLUH�ERWK�DUJXPHQWV�WR�EH�HLWKHU�DEVROXWH��.�DQG��5���ERWK��&��
RU�ERWK��)��1R�RWKHU�FRPELQDWLRQV�DUH�DOORZHG�

$FFHVV� �

,QSXW�2XWSXW�

6HH�DOVR� �������� 

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]��²�]�
>�DUUD\�@� >�DUUD\�@� → >�DUUD\�@�²�

] 
V\PE
 → 
]�²�V\PE


V\PE
 ] → 
V\PE�²�]


V\PE�
 
V\PE�
 → 
V\PE��²�V\PE�

�Q� Q� → �Q�
Q� �Q� → �Q�
�Q� �Q� → �Q�

[�BXQLW� \BXQLW� → �[��²�\�BXQLW�

V\PE
 [BXQLW → 
V\PE�²�[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW�²�V\PE




1-420 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

/
7\SH� )XQFWLRQ
'HVFULSWLRQ� 'LYLGH�$QDO\WLF�)XQFWLRQ��5HWXUQV�WKH�TXRWLHQW�RI�WKH�DUJXPHQWV��WKH�ILUVW�DUJXPHQW�LV�GLYLGHG�

E\�WKH�VHFRQG�DUJXPHQW�
$�UHDO�QXPEHU�D�GLYLGHG�E\�D�FRPSOH[�QXPEHU��[��\��UHWXUQV�

��$�FRPSOH[�QXPEHU��[��\��GLYLGHG�E\�D�UHDO�QXPEHU�D�UHWXUQV�WKH�FRPSOH[�QXPEHU��[�D��\�D��
$�FRPSOH[�QXPEHU��[���\���GLYLGHG�E\�DQRWKHU�FRPSOH[�QXPEHU��[���\���UHWXUQV�WKLV�FRPSOH[�
TXRWLHQW�

$Q�DUUD\�%�GLYLGHG�E\�D�PDWUL[�$�VROYHV�WKH�V\VWHP�RI�HTXDWLRQV�$; %�IRU�;��WKDW�LV��;� �
$²��%��7KLV�RSHUDWLRQ�XVHV����GLJLW�LQWHUQDO�SUHFLVLRQ��SURYLGLQJ�D�PRUH�SUHFLVH�UHVXOW�WKDQ�WKH�
FDOFXODWLRQ�,19�$�%��7KH�PDWUL[�PXVW�EH�VTXDUH��DQG�PXVW�KDYH�WKH�VDPH�QXPEHU�RI�
FROXPQV�DV�WKH�DUUD\�KDV�URZV��RU�HOHPHQWV��LI�WKH�DUUD\�LV�D�YHFWRU��
$�ELQDU\�LQWHJHU�GLYLGHG�E\�D�UHDO�RU�ELQDU\�QXPEHU�UHWXUQV�D�ELQDU\�LQWHJHU�WKDW�LV�WKH�LQWHJUDO�
SDUW�RI�WKH�TXRWLHQW���7KH�UHDO�QXPEHU�LV�FRQYHUWHG�WR�D�ELQDU\�LQWHJHU�EHIRUH�WKH�GLYLVLRQ���$�
GLYLVRU�RI�]HUR�UHWXUQV�����
:KHQ�GLYLGLQJ�WZR�XQLW�REMHFWV��WKH�VFDOHU�SDUWV�DQG�WKH�XQLW�SDUWV�DUH�GLYLGHG�VHSDUDWHO\�

$FFHVV� N��
,QSXW�2XWSXW�

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]����]�
>�DUUD\�@ >>�PDWUL[�@@ → >>�PDWUL[²��ïDUUD\�@@

] 
V\PE
 → 
]��V\PE


V\PE
 ] → 
V\PE��]


V\PE�
 
V\PE�
 → 
V\PE����V\PE�

�Q� Q� → �Q�
Q� �Q� → �Q�
�Q� �Q� → �Q�

ax

x
2

y
2

+
---------------- ay

x
2

y
2

+
----------------, 

 

x1x2 y1y2+

x2
2

y2
2

+
----------------------------

y1x2 x1y2–

x2
2

y2
2

+
---------------------------,

 
 
 



Command Reference: Part E, T-Z (1.1) 1-421*R�WR�,QGH[

6HH�DOVR� ���²���� 

<
7\SH� )XQFWLRQ
'HVFULSWLRQ� /HVV�7KDQ�)XQFWLRQ��7HVWV�ZKHWKHU�RQH�REMHFW�LV�OHVV�WKDQ�DQRWKHU�REMHFW�

7KH�IXQFWLRQ���UHWXUQV�D�WUXH�WHVW�UHVXOW�����LI�WKH�ILUVW�DUJXPHQW�LV�OHVV�WKDQ�WKH�VHFRQG�
DUJXPHQW��RU�D�IDOVH�WHVW�UHVXOW�����RWKHUZLVH�
,I�RQH�REMHFW�LV�D�V\PEROLF��DQ�DOJHEUDLF�RU�D�QDPH���DQG�WKH�RWKHU�LV�D�QXPEHU�RU�V\PEROLF�RU�
XQLW�REMHFW����UHWXUQV�D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�
UHVXOW�
)RU�UHDO�QXPEHUV�DQG�ELQDU\�LQWHJHUV��́ OHVV�WKDQµ�PHDQV�QXPHULFDOO\�VPDOOHU����LV�OHVV�WKDQ�����
)RU�UHDO�QXPEHUV��´OHVV�WKDQµ�DOVR�PHDQV�PRUH�QHJDWLYH��²��LV�OHVV�WKDQ�²���
)RU�VWULQJV��´OHVV�WKDQµ�PHDQV�DOSKDEHWLFDOO\�SUHYLRXV��´$%&µ�LV�OHVV�WKDQ�´'()µ��´$$$µ�LV�
OHVV�WKDQ�́ $$%µ��́ $µ�LV�OHVV�WKDQ�́ $$µ���,Q�JHQHUDO��FKDUDFWHUV�DUH�RUGHUHG�DFFRUGLQJ�WR�WKHLU�
FKDUDFWHU�FRGHV��7KLV�PHDQV��IRU�H[DPSOH��WKDW�́ %µ�LV�OHVV�WKDQ�́ Dµ��VLQFH�́ %µ�LV�FKDUDFWHU�FRGH�
����DQG�´Dµ�LV�FKDUDFWHU�FRGH����
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW��DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUHV�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� >�

[BXQLW� \BXQLW� → �[���\�BXQLW��XQLW�
[ \BXQLW → �[���\�B��XQLW

[BXQLW \ → �[���\�BXQLW

V\PE
 [BXQLW → 
V\PE���[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW���V\PE


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1



1-422 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� ≤��!��≥��  ��≠

=
7\SH� )XQFWLRQ
'HVFULSWLRQ� (TXDOV�$QDO\WLF�)XQFWLRQ��5HWXUQV�DQ�HTXDWLRQ�IRUPHG�IURP�WKH�WZR�DUJXPHQWV�

7KH�HTXDOV�VLJQ�HTXDWHV�WZR�H[SUHVVLRQV�VXFK�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�H[SUHVVLRQV�
LV�]HUR�
,Q�6\PEROLF�5HVXOWV�PRGH��WKH�UHVXOW�LV�DQ�DOJHEUDLF�HTXDWLRQ��,Q�1XPHULFDO�5HVXOWV�PRGH��WKH�
UHVXOW�LV�WKH�GLIIHUHQFH�RI�WKH�WZR�DUJXPHQWV�EHFDXVH� �DFWV�HTXLYDOHQW�WR�²��7KLV�DOORZV�
H[SUHVVLRQV�DQG�HTXDWLRQV�WR�EH�XVHG�LQWHUFKDQJHDEO\�DV�DUJXPHQWV�IRU�V\PEROLF�DQG�
QXPHULFDO�URRWILQGHUV�
&RPPRQ�XVDJH�LV�DPELJXRXV�DERXW�VRPH�XQLWV�RI�WHPSHUDWXUH��:KHQ��&�RU��)�UHSUHVHQWV�D�
WKHUPRPHWHU�UHDGLQJ��WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�DQ�DGGLWLYH�FRQVWDQW�����&� ��������
.��DQG���)� ��������5��%XW�ZKHQ��&�RU��)�UHSUHVHQWV�D�GLIIHUHQFH�LQ�WKHUPRPHWHU�UHDGLQJV��
WKHQ�WKH�WHPSHUDWXUH�LV�D�XQLW�ZLWK�QR�DGGLWLYH�FRQVWDQW����&� ���.�DQG���)� ���5�
7KH�DULWKPHWLF�RSHUDWRUV����²������&+��DQG��7�WUHDW�WHPSHUDWXUHV�DV�GLIIHUHQFHV��ZLWKRXW�
DQ\�DGGLWLYH�FRQVWDQW��+RZHYHU�����²���&+��DQG��7�UHTXLUH�ERWK�DUJXPHQWV�WR�EH�HLWKHU�
DEVROXWH��.�DQG��5���ERWK��&��RU�ERWK��)��1R�RWKHU�FRPELQDWLRQV�DUH�DOORZHG�

$FFHVV� >æ

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ���
�Q� �Q� → ���

´VWULQJ�µ ´VWULQJ�µ → ���
[ 
V\PE
 → 
[���V\PE



V\PE
 [ → 
V\PE���[


V\PE�
 
V\PE�
 → 
V\PE����V\PE�

[BXQLW� \BXQLW� → ���
[BXQLW 
V\PE
 → 
[BXQLW���V\PE


V\PE
 [BXQLW → 
V\PE���[BXQLW




Command Reference: Part E, T-Z (1.1) 1-423*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� '(),1(��(9$/��²

==
7\SH� )XQFWLRQ
'HVFULSWLRQ� /RJLFDO�(TXDOLW\�)XQFWLRQ��7HVWV�LI�WZR�REMHFWV�DUH�HTXDO�

7KH�IXQFWLRQ�  �UHWXUQV�D�WUXH�UHVXOW�����LI�WKH�WZR�REMHFWV�DUH�WKH�VDPH�W\SH�DQG�KDYH�WKH�
VDPH�YDOXH��RU�D�IDOVH�UHVXOW�����RWKHUZLVH��/LVWV�DQG�SURJUDPV�DUH�FRQVLGHUHG�WR�KDYH�WKH�VDPH�
YDOXHV�LI�WKH�REMHFWV�WKH\�FRQWDLQ�DUH�LGHQWLFDO�
,I�RQH�REMHFW�LV�DOJHEUDLF��RU�D�QDPH���DQG�WKH�RWKHU�LV�D�QXPEHU��UHDO�RU�FRPSOH[��RU�DQ�
DOJHEUDLF��  �UHWXUQV�D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�
UHVXOW�
1RWH�WKDW�  �LV�XVHG�IRU�FRPSDULVRQV��ZKLOH� �VHSDUDWHV�WZR�VLGHV�RI�DQ�HTXDWLRQ�
,I�WKH�LPDJLQDU\�SDUW�RI�D�FRPSOH[�QXPEHU�LV����LW�LV�LJQRUHG�ZKHQ�WKH�FRPSOH[�QXPEHU�LV�
FRPSDUHG�WR�D�UHDO�QXPEHU�
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW�DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUHV�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� N�  

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

]� ]� → ]�� �]�
] 
V\PE
 → 
]� �V\PE



V\PE
 ] → 
V\PE� �]


V\PE�
 
V\PE�
 → 
V\PE�� �V\PE�

\BXQLW [ → \BXQLW�� �[
\BXQLW [BXQLW → \BXQLW�� �[BXQLW

V\PE
 [BXQLW → 
V\PE� �[BXQLW

[BXQLW 
V\PE
 → 
[BXQLW� �V\PE




1-424 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� 6$0(��7<3(�����≤��!��≥���≠

>
7\SH� )XQFWLRQ
'HVFULSWLRQ� *UHDWHU�7KDQ�)XQFWLRQ��7HVWV�ZKHWKHU�RQH�REMHFW�LV�JUHDWHU�WKDQ�DQRWKHU�REMHFW�

7KH�IXQFWLRQ�!�UHWXUQV�D�WUXH�WHVW�UHVXOW�����LI�WKH�ILUVW�DUJXPHQW�LV�JUHDWHU�WKDQ�WKH�VHFRQG�
DUJXPHQW��RU�D�IDOVH�WHVW�UHVXOW�����RWKHUZLVH�
,I�RQH�REMHFW�LV�D�V\PEROLF��DQ�DOJHEUDLF�RU�D�QDPH���DQG�WKH�RWKHU�LV�D�QXPEHU�RU�V\PEROLF�RU�
XQLW�REMHFW��!�UHWXUQV�D�V\PEROLF�FRPSDULVRQ�H[SUHVVLRQ�WKDW�FDQ�EH�HYDOXDWHG�WR�UHWXUQ�D�WHVW�
UHVXOW�
)RU�UHDO�QXPEHUV�DQG�ELQDU\�LQWHJHUV��´JUHDWHU�WKDQµ�PHDQV�QXPHULFDOO\�JUHDWHU����LV�JUHDWHU�
WKDQ�����)RU�UHDO�QXPEHUV��´JUHDWHU�WKDQµ�DOVR�PHDQV�OHVV�QHJDWLYH��²��LV�JUHDWHU�WKDQ�²���
)RU�VWULQJV��´JUHDWHU�WKDQµ�PHDQV�DOSKDEHWLFDOO\�VXEVHTXHQW��´'()µ�LV�JUHDWHU�WKDQ�´$%&µ��
´$$%µ�LV�JUHDWHU�WKDQ�´$$$µ��´$$µ�LV�JUHDWHU�WKDQ�´$µ���,Q�JHQHUDO��FKDUDFWHUV�DUH�RUGHUHG�
DFFRUGLQJ�WR�WKHLU�FKDUDFWHU�FRGHV��7KLV�PHDQV��IRU�H[DPSOH��WKDW�́ Dµ�LV�JUHDWHU�WKDQ�́ %µ��VLQFH�
´%µ�LV�FKDUDFWHU�FRGH�����DQG�´Dµ�LV�FKDUDFWHU�FRGH����
)RU�XQLW�REMHFWV��WKH�WZR�REMHFWV�PXVW�EH�GLPHQVLRQDOO\�FRQVLVWHQW�DQG�DUH�FRQYHUWHG�WR�
FRPPRQ�XQLWV�IRU�FRPSDULVRQ��,I�\RX�XVH�VLPSOH�WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�
WKH�YDOXHV�UHSUHVHQW�WHPSHUDWXUHV�DQG�QRW�GLIIHUHQFHV�LQ�WHPSHUDWXUHV��)RU�FRPSRXQG�
WHPSHUDWXUH�XQLWV��WKH�FDOFXODWRU�DVVXPHV�WHPSHUDWXUH�XQLWV�UHSUHVHQW�WHPSHUDWXUH�
GLIIHUHQFHV��)RU�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WHPSHUDWXUH�XQLWV�ZLWK�DULWKPHWLF�IXQFWLRQV��UHIHU�
WR�WKH�HQWU\�IRU���

$FFHVV� >ë

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM� REM� → ���
�[��� [ → ���
[ �[��� → ���
] 
V\PE
 → 
]�  �V\PE



V\PE
 ] → 
V\PE�  �]


V\PE�
 
V\PE�
 → 
V\PE��  �V\PE�




Command Reference: Part E, T-Z (1.1) 1-425*R�WR�,QGH[

,QSXW�2XWSXW�

6HH�DOVR� ���≤��≥��  ��≠

q

7\SH� &RPPDQG
'HVFULSWLRQ� 6WRUH�&RPPDQG��6WRUHV�DQ�REMHFW�LQWR�D�VSHFLILHG�YDULDEOH�

7R�FUHDWH�D�EDFNXS�REMHFW��VWRUH�WKH�REM�LQWR�WKH�GHVLUHG�EDFNXS�ORFDWLRQ��LGHQWLILHG�DV�
�QSRUW�QDPHEDFNXS���qZLOO�QRW�RYHUZULWH�DQ�H[LVWLQJ�EDFNXS�REMHFW�

7R�UHSODFH�DQ�HOHPHQW�RI�DQ�DUUD\�RU�OLVW��XVH�672��$OVR�XVH�672�WR�VWRUH�D�JUDSKLF�REMHFW�
LQWR�3,&7�RU�D�OLEUDU\�RU�EDFNXS�REMHFW�LQWR�D�SRUW�

$FFHVV� N

,QSXW�2XWSXW�

6HH�DOVR� '(),1(��5&/��→, 672

Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

[ \ → ���
�Q� �Q� → ���

´VWULQJ�µ ´VWULQJ�µ → ���
[ 
V\PE
 → 
[�!�V\PE



V\PE
 [ → 
V\PE�!�[


V\PE�
 
V\PE�
 → 
V\PE��!�V\PE�

[BXQLW� \BXQLW� → ���
[BXQLW 
V\PE
 → 
[BXQLW�!�V\PE


V\PE
 [BXQLW → 
V\PE�!�[BXQLW


Level 2/Argument 1 Level 1/Argument 2 Level 1/Item 1

REM 
QDPH
 → REM
REM �QSRUW��QDPHEDFNXS → REM



1-426 Command Reference: Part E T-Z (1.1)*R�WR�,QGH[



Command Reference: Index 1-427

Command Index

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z Symbols

A
$%&89��
$%6���
$&.���
$&.$//���
$&26���
$&26�6��
$&26+���
$''���
$''702'��
$''725($/���
$/2*���
$0257���
$1'���
$1,0$7(���
$16���
$33/<���
$5&���
$5&+,9(���
$5*���
$5,7���
$55<→ 87
→$55<���
$6,1���
$6,1�&���
$6,1�7���
$6,1+���
$61���
$65���

$7$1���
$7$1�6���
$7$1+���
$7,&.���
$77$&+���
$872���
$;(6����
$;/���
$;0���
$;4���

B
%$5����
%$53/27����
%$6(����
%$8'����
%((3����
%(67),7����
%,1����
%,16����
%/$1.����
%2;����
%8)/(1����
%<7(6����
%→5����

C
&$6&)*���
&$6(����

&(,/����
&(175����
&)����
�&+����
&+,15(0���
&+226(����
&+5����
&.60����
&/($5����
&/.$'-����
&//&'����
&/26(,2����
&/Σ 115
&/9$5����
&03/;����
&150����
→&2/����
&2/→ 117
&2/²����
&2/�����
&2/&7����
&2/Σ 119
&20%����
&21����
&21'����
&21,&����
&21-����
&21/,%����
&2167����

&217����
&219(57����
&255����
&26����
&26+����
&29����
&5����
&5',5����
&5266����
&6:3����
&85/���
&</,1����
&→3;����
&→5����

D
'$5&<����
'$7(����
→'$7(����
'$7(�����
'%8*����
''$<6����
'(&����
'(&5����
'(),1(����
'(*����
'(/$/$50����
'(/$<����
'(/.(<6����



1-428 Command Reference: Index

'(31'����
'(37+����
'(5,9���
'(59;���
'(62/9(���
'(7����
'(7$&+����
',$*→ 139
→',$*����
',))����
',))(4����
',63����
',9���
',9����
',9�02'���
',9,6���
',902'���
',93&���
'2����
'2(55����
'2/,67����
'268%6����
'27����
'5$:����
'5$:�'0$75,;�
���
'5$;����
'523����
'523�����
'5231����
'7$*����
'83����
'83�����
'83'83����

'831����
'→5����

E
(8/(5���
(;/5���
(;3$1���
(;3$1'���
(;3$1'02'���
(;3/1���
H����
(',7����
(',7%����
(*&'���
(*9����
(*9/����
(/6(����
(1'����
(1'68%����
(1*����
(36;����
(4:����
(4→ 156
(5$6(����
(55�����
(550����
(551����
(9$/����
(;3����
(;3$1����
(;3),7����
(;30����
(<(37����

F
)�λ 162
)$&7����
)$&725���
)$&72502'���
)$&7256���
)$11,1*����
)$67�'����
)&"����
)&"&����
)&2()���
))7����
),/(5����
),1'$/$50����
),1,6+����
),;����
)/$6+(9$/����
)/225����
)217�����
)217�����
)217�����
)217→ 170
→)217����
)25����
)285,(5���
)3����
)5((=(����
)52276���
)6"����
)6"&����
)81&7,21����
);1'���

G
*$866���
*&'���
*&'02'���
*(7����
*(7,����
*25����
*5$'����
*5,'0$3����
→*52%����
*52%$''����
*;25����

H
+$'$0$5'���
+$/)7$1���
+$/7����
+($'����
+($'(5→ 185
→+($'(5����
+(50,7(���
+(66���
+(;����
+,/%(57���
+,672*5$0����
+,673/27����
+06²����
+06�����
+06→ 189
+251(5���
→+06����
+20(����



Command Reference: Index 1-429

I
L����
,$%&89���
,%(5128//,���
,%3���
,&+,15(0���
,',9����
,'1����
,(*&'���
,)����
,)(55����
,))7����
,)7����
,)7(����
,/$3���
,0����
,1&5����
,1'(3����
,1)250����
,1387����
,17���
,179;���
,19����
,1902'���
,3����
,4827���
,→5���
,5(0$,1'(5���
,62/����
,635,0("���

J
-25'$1���

K
.(550����
.(<����
.(<(9$/����
→.(<7,0(����
.(<7,0(�����
.*(7����
.,//����

L
/$%(/����
/$%(/����
/$*5$1*(���
/$1*8$*(→ 209
→/$1*8$*(����
/$3���
/$3/���
/&'→ 209
→/&'����
/&0���
/&;0���
/'(&���
/(*(1'5(���
/*&'���
/,%(9$/����
/,%6����
/,0,7���
/,1���
/,162/9(���
/,1(����
6/,1(����
/,1),7����
/,1,1����
/,67→ 213

→/,67����
'/,67����
3/,67����
6/,67����
/1����
/1$0(���
/1&2//(&7���
/13�����
/2*����
/2*),7����
/4����
/5����
/64����
/8����
/9$5���

M
0$'���
0$17����
0$3����
↓0$7&+����
↑0$7&+����
0$75����
0$;����
0$;5����
0$;Σ 227
0&$/&����
0($1����
0(0����
0(18����
0(18;<���
0,1����
0,1,)217→ 230
→0,1,)217����

0,1,7����
0,15����
0,16����
0,70����
02'����
02'672���
05227����
06*%2;����
062/95����
08/702'���
086(5����

N
→1',63����
1',67����
1'831����
1(*����
1(:2%����
1(;7����
1(;735,0(���
1,3����
127����
129$/����
1Σ 239
168%����
180����
180;����
180<����

O
2%-→ 242
2&7����
2))����
23(1,2����
25����



1-430 Command Reference: Index

25'(5����
29(5����

P
3$�%����
3$5$0(75,&����
3$5,7<����
3$5685)$&(����
3$57)5$&���
3$7+����
3&$5���
3&2()����
3&217285����
3&29����
3',0����
3(50����
3(9$/����
3*',5����
3,&.����
3,&.�����
3,&7����
3,&785(����
3,1,7����
3,;"����
3,;2))����
3,;21����
3.7����
3/27$''����
30$;����
30,1����
32/$5����
326����
32:02'���
35�����

35('9����
35(';����
35('<����
35(9$/���
35(935,0(���
35/&'����
352037����
352037672����
35227����
3523)5$&���
3567����
3567&����
359$5����
36'(9����
36,���
3VL���
37$</���
385*(����
387����
387,����
39$5����
39$56����
39,(:����
3:5),7����
3;→&����

Q
→4����
→4π 277
45����
48$'����
4827���
4827(����
4;$���

R
5$'����
5$1'����
5$1.����
5$10����
5$7,2����
5&(4����
5&,����
5&,-����
5&/����
5&/$/$50����
5&/)����
5&/.(<6����
5&/0(18����
5&/Σ 287
5&:6����
5'0����
5'=����
5(����
5(&1����
5(&7����
5(&9����
5()���
5(0$,1'(5���
5(1$0(����
5(25'(5���
5(3($7����
5(3/����
5(6����
5(6725(����
5(68/7$17���
5(9/,67����
5→,���
5,6&+���

5.)����
5.)(55����
5.)67(3����
5/����
5/%����
51'����
5150����
52//����
52//'����
52083/2$'����
5227����
527����
52:²����
52:�����
52:→ 303
→52:����
55����
55%����
55()���
UUHI���
55()02'���
55.����
55.67(3����
56%(55����
56'����
56:3����
5→%����
5→&����
5→'����

S
6$0(����
6%5.����
6&$/(����
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6&$/(+����
6&$/(:����
6&$753/27����
6&$77(5����
6&+85����
6&,����
6&/Σ 317
6&21-����
6&52//����
6'(9����
6(1'����
6(4����
6(5,(6���
6(59(5����
6(9$/���
6)����
6+2:����
6,'(16����
6,*0$���
6,*0$9;���
6,*1����
6,*17$%���
6,03����
6,1����
6,1&26���
6,1+����
6,19����
6,=(����
6/����
6/%����
6/23(),(/'����
61(*����
6150����
62/9(���

62/9(5����
62/9(9;���
6257����
63+(5(����
64����
65����
65$'����
65%����
65(&9����
65(3/����
67$57����
67'����
67(3����
67(4����
67,0(����
672����
672²����
672����
672�����
672�����
672$/$50����
672)����
672.(<6����
672Σ 343
675→ 343
→675����
675($0����
67:6����
68%����
68%67���
68%702'���
69'����
69/����
6:$3����

6</9(67(5���
6<6(9$/����
�7����

T
7$%9$/���
7$%9$5���
→7$*����
7$,/����
7$1����
7$1+����
7$1�6&���
7$1�6&����
7$</25����
7$</5����
7&+(%<&+())���
7&2//(&7���
7'(/7$����
7(9$/����
7(;3$1'���
7(;7����
7+(1����
7,&.6����
7,0(����
→7,0(����
7,1&����
7/,1���
7/,1(����
70(18����
727����
75$&(����
75$1���
75$1����
75$16,2����

75,*���
75,*&26���
75,*2����
75,*6,1���
75,*7$1���
751����
751&����
7581&���
7587+����
76,03���
7675����
79$56����
790����
790%(*����
790(1'����
7905227����
7<3(����

U
8%$6(����
8)$&7����
8)/�→0,1,)����
→81,7����
813,&.����
81527����
817,/����
83',5����
873&����
873)����
8731����
8737����
89$/����

V
9→ 378
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→9�����
→9�����
9$1'(5021'(�
��
9$5����
9$56����
9(5���
9(56,21����
9,6,7����
9,6,7%����
97<3(����

W
:$,7����
:+,/(����
:,5()5$0(����
:6/2*����

X
Σ;����

Σ;�����
;&2/����
;*(7����
;0,7����
;180���
;25����
;321����
;387����
;4���
;5(&9����
;51*����
;5227����
;6(1'����
;6(59����
;92/����
;;51*����
Σ;<����

Y
Σ<����

Σ<�����
<&2/����
<51*����
<6/,&(����
<92/����
<<51*����

Z
=(526���
=)$&725����
=92/����

Symbols
A����
_��:KHUH�����
√ 403
∫ 405
Σ 406
Σ+ 407
Σ²����

π 408
∂ 409
≤ 409
≥ 411
≠ 412
→ 413
�����
�����
����
�����
²����
�����
�����
 ����
  ����
!����
q����


