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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+
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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[


