
6SHFLILFDWLRQV
E\ (ULF (YDQV �HYDQV#DFP�RUJ! DQG 0DUWLQ )RZOHU �IRZOHU#DFP�RUJ!

,QWURGXFWLRQ

2QH RI WKH QLFH WKLQJV DERXW ZRUNLQJ LQ 6LOLFRQ 9DOOH\ LV WKDW DOPRVW DQ\ WLPH RI WKH \HDU \RX FDQ ZDON DURXQG
RXWVLGH ZKLOH GLVFXVVLQJ VRPH GHVLJQ SRLQW� 'XH WR VHULRXV IROOLFOH LPSDLUPHQW 0DUWLQ QHHGV WR ZHDU D KDW

ZKHQ GRLQJ WKLV LQ WKH VXQVKLQH� (ULF ZDV WDONLQJ WR KLP DERXW WKH SUREOHPV RI PDWFKLQJ VKLSSLQJ VHUYLFHV WR

WKH UHTXHVWV FXVWRPHUV PDNH DQG WKH VLPLODU SURFHVV DV WKH VKLSSHU PDNHV UHTXHVWV WR FRQWUDFWRUV� 7KHUH ZDV

VRPH VLPLODULW\ KHUH WKDW VXJJHVWHG DQ DEVWUDFWLRQ� (ULF KDG EHHQ XVLQJ D PRGHO KH FDOOHG �VSHFLILFDWLRQ� WR

UHSUHVHQW WKH UHTXLUHPHQWV IRU D URXWH DQG WR HQVXUH WKDW FDUJRHV ZHUH VWRUHG LQ SURSHU FRQWDLQHUV� 0DUWLQ KDG

FRPH DFURVV VLPLODU SUREOHPV EHIRUH� ,Q D WUDGLQJ V\VWHP SHRSOH ZHUH UHVSRQVLEOH IRU ORRNLQJ DW WKH ULVN

LPSOLHG E\ VRPH VXEVHW RI WKH EDQN·V FRQWUDFWV� ,Q KHDOWKFDUH REVHUYDWLRQV FRXOG EH PDGH RQ SRSXODWLRQ WR

LQGLFDWH W\SLFDO UDQJHV RI VRPH SKHQRPHQRQ W\SH �VXFK DV WKH EUHDWKLQJ IORZ IRU D KHDY\ VPRNHU LQ KLV ��·V��
+H VXJJHVWHG VRPH H[WHQVLRQV WR WKH PRGHO� )URP WKDW SRLQW LW ZDV FOHDU WKDW WKHUH ZHUH SDWWHUQV LQ RXU

H[SHULHQFHV� DQG ZH FRXOG SRRO RXU LGHDV� $V ZH H[SORUHG WKH SDWWHUQV IXUWKHU WKH\ KHOSHG FODULI\ WKH

DEVWUDFWLRQV IRU (ULF·V SURMHFW� DQG JDYH 0DUWLQ LGHDV RQ KRZ VRPH RI WKH DQDO\VLV SDWWHUQV LQ KLV ERRN >)RZOHU@

FRXOG EH LPSURYHG�

$ YDOXDEOH DSSURDFK WR WKHVH SUREOHPV LV WR VHSDUDWH WKH VWDWHPHQW RI ZKDW NLQG RI REMHFWV FDQ EH VHOHFWHG

IURP WKH REMHFW WKDW GRHV WKH VHOHFWLRQ� $ FDUJR KDV D VHSDUDWH VWRUDJH VSHFLILFDWLRQ WR GHVFULEH ZKDW NLQG RI

FRQWDLQHU FDQ FRQWDLQ LW� 7KH VSHFLILFDWLRQ REMHFW KDV D FOHDU DQG OLPLWHG UHVSRQVLELOLW\� ZKLFK FDQ EH VHSDUDWHG

DQG GHFRXSOHG IURP WKH GRPDLQ REMHFW WKDW XVHV LW�

,Q WKLV SDSHU ZH H[DPLQH WKH VSHFLILFDWLRQ LGHD DQG VRPH RI LWV UDPLILFDWLRQV LQ D VHULHV RI SDWWHUQV� 7KH FHQWUDO

LGHD RI 6SHFLILFDWLRQ LV WR VHSDUDWH WKH VWDWHPHQW RI KRZ WR PDWFK D FDQGLGDWH� IURP WKH REMHFW WKDW GRHV WKH

PDWFKLQJ� $V ZHOO DV LWV XVHIXOQHVV LQ VHOHFWLRQ� LW LV DOVR YDOXDEOH IRU YDOLGDWLRQ DQG IRU EXLOGLQJ WR RUGHU�

7KLV SDSHU LV QRW JRLQJ WR JR LQWR GHWDLOV DERXW KRZ D VSHFLILFDWLRQ LV LPSOHPHQWHG� :H VHH WKLV DV DQ DQDO\VLV

SDWWHUQ� D ZD\ RI FDSWXULQJ KRZ SHRSOH WKLQN DERXW D GRPDLQ� DQG D GHVLJQ SDWWHUQ� D XVHIXO PHFKDQLVP IRU

DFFRPSOLVKLQJ VRPH V\VWHP WDVNV� :H GR KDYH VRPH VDPSOH FRGH� WKRXJK� DV LV UDWKHU WRR JOLE WR WDON DERXW

REMHFWV WKDW KDYH DOO WKHVH FDSDELOLWLHV ZLWKRXW DW OHDVW RXWOLQLQJ KRZ WKLV FRXOG EH GRQH� $OVR� WKHUH DUH

FRQVHTXHQFHV WR FHUWDLQ DSSURDFKHV WR LPSOHPHQWDWLRQ� :H ZLOO ORRN LQWR WKUHH LPSOHPHQWDWLRQ VWUDWHJLHV \RX
FDQ DSSO\ WR VSHFLILFDWLRQV� $ +DUG &RGHG 6SHFLILFDWLRQ LPSOHPHQWV WKH VSHFLILFDWLRQ DV D FRGH IUDJPHQW�

HVVHQWLDOO\ WUHDWLQJ WKH VSHFLILFDWLRQ DV D VWUDWHJ\ >*DQJ RI )RXU@� 7KLV DOORZV D JUHDW GHDO RI IOH[LELOLW\� EXW

UHTXLUHV SURJUDPPLQJ IRU HYHU\ QHZ VSHFLILFDWLRQ� $ 3DUDPHWHUL]HG 6SHFLILFDWLRQ DOORZV QHZ VSHFLILFDWLRQV WR EXLOW

ZLWKRXW SURJUDPPLQJ� LQGHHG DW UXQ WLPH� EXW \RX DUH OLPLWHG DV WR ZKDW NLQG RI VSHFLILFDWLRQV \RX FDQ EXLOG E\

ZKDW WKH SURJUDPPHUV KDYH VHW XS� $OWKRXJK SURJUDPPHUV FDQ EH JHQHURXV LQ SURYLGLQJ SDUDPHWHUV WR

FXVWRPL]H� HYHQWXDOO\ WKH\ FDQ PDNH WKH SDUDPHWHUL]HG VSHFLILFDWLRQ WRR FRPSOH[ WR XVH DQG GLIILFXOW WR

PDLQWDLQ� $ &RPSRVLWH 6SHFLILFDWLRQ XVHV DQ LQWHUSUHWHU >*DQJ RI )RXU@ WR FXW D YHU\ DJUHHDEOH PLGGOH SDWK� 7KH

SURJUDPPHUV SURYLGH EDVLF HOHPHQWV RI WKH VSHFLILFDWLRQ DQG ZD\V WR FRPELQH WKHP� ODWHU XVHUV FDQ WKHQ
DVVHPEOH VSHFLILFDWLRQV ZLWK D JUHDW GHDO IOH[LELOLW\�

2QFH \RX KDYH XVHG VSHFLILFDWLRQ� D SRZHUIXO SDWWHUQ WKDW EXLOGV RQ LW LV *HQHUDOLW\� 7KH XVXDO XVH RI
VSHFLILFDWLRQ WHVWV WKH VSHFLILFDWLRQ DJDLQVW D FDQGLGDWH REMHFW WR VHH LI WKDW REMHFW VDWLVILHV DOO WKH UHTXLUHPHQWV

H[SUHVVHG LQ WKH VSHFLILFDWLRQ� *HQHUDOLW\ DOORZV \RX WR FRPSDUH VSHFLILFDWLRQV WR VHH LI VDWLVI\LQJ RQH LPSOLHV

VDWLVIDFWLRQ RI WKH RWKHU� ,W LV DOVR VRPHWLPHV SRVVLEOH WR XVH JHQHUDOLW\ LQ SODFH RI VDWLVIDFWLRQ� ,I D FDQGLGDWH

REMHFW FDQ SURGXFH D VSHFLILFDWLRQ WKDW FKDUDFWHUL]HV LW� WKH WHVWLQJ ZLWK D VSHFLILFDWLRQ WKHQ EHFRPHV D

FRPSDULVRQ RI VLPLODU VSHFLILFDWLRQV ³ UHPRYLQJ WKH FRXSOLQJ RI VSHFLILFDWLRQ PHFKDQLVP HQWLUHO\ IURP WKH

GRPDLQ� *HQHUDOLW\ ZRUNV SDUWLFXODUO\ ZHOO ZLWK &RPSRVLWH 6SHFLILFDWLRQV�



6RPHWLPHV LW LV XVHIXO WR WKLQN DERXW FDVHV ZKHUH \RX KDYH D 3DUWLDOO\ 6DWLVILHG 6SHFLILFDWLRQ� <RX PD\ QRW ILQG DQ\

PDWFKHV IRU WKH FRPSOHWH VSHFLILFDWLRQ� 2U \RX PD\ KDYH FRPSOHWHG SDUW RI WKH VSHFLILFDWLRQ DQG QHHG WR

FRQVLGHU DOWHUQDWLYHV IRU WKH SDUW WKDW UHPDLQV�

3UREOHP 6ROXWLRQ 3DWWHUQ 3DJH

<RX QHHG WR VHOHFW D VXEVHW RI
REMHFWV EDVHG RQ VRPH FULWHULD� DQG
WR UHIUHVK WKH VHOHFWLRQ DW YDULRXV

WLPHV

<RX QHHG WR FKHFN WKDW RQO\
VXLWDEOH REMHFWV DUH XVHG IRU D
FHUWDLQ UROH

<RX QHHG WR GHVFULEH ZKDW DQ
REMHFW PLJKW GR� ZLWKRXW H[SODLQLQJ

WKH GHWDLOV RI KRZ WKH REMHFW GRHV
LW� EXW LQ VXFK D ZD\ WKDW D
FDQGLGDWH PLJKW EH EXLOW WR IXOILOO
WKH UHTXLUHPHQW

&UHDWH D VSHFLILFDWLRQ WKDW LV DEOH WR WHOO LI D

FDQGLGDWH REMHFW PDWFKHV VRPH FULWHULD�
7KH VSHFLILFDWLRQ KDV D PHWKRG
LV6DWLVILHG%\ �DQ2EMHFW� � %RROHDQ WKDW
UHWXUQV �WUXH� LI DOO FULWHULD DUH PHW E\
DQ2EMHFW�

6SHFLILFDWLRQ �

+RZ \RX LPSOHPHQW D
VSHFLILFDWLRQ"

&RGH WKH VHOHFWLRQ FULWHULD LQWR WKH

LV6DWLVILHG PHWKRG DV D EORFN RI FRGH

&UHDWH DWWULEXWHV LQ WKH VSHFLILFDWLRQ IRU
YDOXHV WKDW FRPPRQO\ YDU\� &RGH WKH
LV6DWLVILHG%\ PHWKRG WR FRPELQH WKHVH
SDUDPHWHUV WR PDNH WKH WHVW�

&UHDWH D SDUWLFXODU IRUP RI LQWHUSUHWHU IRU
WKH VSHFLILFDWLRQ� &UHDWH OHDI HOHPHQWV IRU
WKH YDULRXV NLQGV RI WHVWV� &UHDWH
FRPSRVLWH QRGHV IRU WKH DQG� RU� DQG QRW
RSHUDWRUV �VHH &RPELQLQJ 6SHFLILFDWLRQV�
EHORZ��

+DUG &RGHG 6SHFLILFDWLRQ

3DUDPHWHUL]HG

6SHFLILFDWLRQ

&RPSRVLWH 6SHFLILFDWLRQ

�

�

�

+RZ GR , FRPSDUH WZR
VSHFLILFDWLRQV WR VHH LI RQH LV D
VSHFLDO FDVH RI WKH RWKHU� RU LV
VXEVWLWXWDEOH IRU DQRWKHU"

&UHDWH DQ RSHUDWLRQ FDOOHG
LV*HQHUDOL]DWLRQ2I�6SHFLILFDWLRQ�� %RROHDQ
WKDW ZLOO DQVZHU ZKHWKHU WKH UHFHLYHU LV LQ
HYHU\ ZD\ HTXDO RU PRUH JHQHUDO WKDQ WKH
DUJXPHQW�

*HQHUDOLW\ ��

<RX QHHG WR ILJXUH RXW ZKDW VWLOO
PXVW EH GRQH WR VDWLVI\ \RXU
UHTXLUHPHQWV�

<RX QHHG WR H[SODLQ WR WKH XVHU

ZK\ WKH VSHFLILFDWLRQ ZDV QRW
VDWLVILHG�

$GG D PHWKRG �UHPDLQGHU8QVDWLVILHG%\�
WKDW UHWXUQV D 6SHFLILFDWLRQ WKDW H[SUHVVHV
RQO\ WKH UHTXLUHPHQWV QRW PHW E\ WKH
WDUJHW REMHFW� �%HVW XVHG WRJHWKHU ZLWK

&RPSRVLWH 6SHFLILFDWLRQ��

3DUWLDOO\ 6DWLVILHG

6SHFLILFDWLRQ

��



7KH 1HHG IRU D 6SHFLILFDWLRQ

,PDJLQH D WUDGHU LQ D EDQN ZKR LV UHVSRQVLEOH IRU D PDQDJLQJ WKH ULVN RQ VRPH VHW RI FRQWUDFWV WKDW WKH EDQN

GHDOV LQ� +H PLJKW FRQVLGHU D SRUWIROLR RI DOO FRQWUDFWV WKDW LQYROYH WKH \HQ� $ FROOHDJXH� FRQFHUQHG DERXW D

SDUWLFXODU VHW RI ULVNV ZDQWV WR H[DPLQH DOO 'HXVWFKPDUN FRQWUDFWV ZLWK 86 EDVHG FRPSDQLHV� (DFK RI WKHVH

WUDGHUV ZDQWV WKH DELOLW\ WR VSHFLI\ VHOHFWLRQ FULWHULD IRU WKH NLQG RI FRQWUDFWV WKDW WKH\ ZDQW WR PRQLWRU LQ WKHLU

SRUWIROLR� DQG IRU WKH V\VWHP WR UHPHPEHU WKHVH VHOHFWLRQ FULWHULD� 7KH\ PLJKW ORRN DW WKH UHVXOWLQJ SRUWIROLR DW

UHJXODU LQWHUYDOV� RU WKH\ PD\ ZDQW WR NHHS WKH SRUWIROLR DOZD\V RQ WKH VFUHHQ DQG KDYH LW DXWRPDWLFDOO\
UHFRJQL]H DQ\ QHZ FRQWUDFWV WKDW ILW WKH FRQGLWLRQV WKDW WKH\ DUH FRQFHUQHG DERXW� 7KH SRUWIROLR KDV D

UHVSRQVLELOLW\ WR EH DEOH WR PDNH D VHOHFWLRQ RI WKH FRQWUDFWV�

,PDJLQH D VKLSSLQJ FRPSDQ\ WKDW PRYHV YDULRXV NLQGV RI JRRGV DURXQG WKH ZRUOG� ,W KDV D FDUJR RI PHDW WKDW LW

ZDQWV WR SXW LQ D FRQWDLQHU� 1RW DOO FRQWDLQHUV ZRXOG EH VXLWDEOH IRU VXFK D FDUJR� 7R KROG PHDW D FRQWDLQHU

PXVW EH UHIULJHUDWHG �NQRZQ LQ WKH WUDGH DV D �UHHIHU�� DQG PXVW EH FOHDQ HQRXJK WR VDIHO\ VWRUH IRRG�

:KHQHYHU D FDUJR LV DVVLJQHG WR D FRQWDLQHU \RX QHHG WR FKHFN WKDW WKH FRQWDLQHU LV D VXLWDEOH FRQWDLQHU IRU WKH

FDUJR� 7KH V\VWHP KDV WKH UHVSRQVLELOLW\ RI GRLQJ D YDOLGDWLRQ ZKHQ ZH DVVLJQ D FDUJR WR D FRQWDLQHU�

,PDJLQH D FXVWRPHU DVNLQJ IRU D VKLSPHQW WR EH GRQH� 7KH\ ZDQW WR PRYH PHDW IURP 'HV 0RLQHV WR %HLMLQJ
HQWHULQJ &KLQD DW 6KDQJKDL� 7KHUH DUH YDULRXV URXWHV WKDW D VKLSSLQJ FRPSDQ\ FRXOG XVH WR GR WKLV� EXW WKH\

QHHG WR NQRZ WKH FRQVWUDLQWV RQ WKH URXWHV LQ RUGHU WR FRQVWUXFW DQ DSSURSULDWH LWLQHUDU\� 7KLV ZD\ WKH\ FDQ

EXLOG WKH URXWH WR RUGHU IURP WKH UHTXHVW�

6SHFLILFDWLRQ

<RX QHHG WR VHOHFW D VXEVHW RI REMHFWV EDVHG RQ VRPH FULWHULD� DQG WR UHIUHVK WKH VHOHFWLRQ DW YDULRXV WLPHV

<RX QHHG WR FKHFN WKDW RQO\ VXLWDEOH REMHFWV DUH XVHG IRU D FHUWDLQ UROH

<RX QHHG WR GHVFULEH ZKDW DQ REMHFW PLJKW GR� ZLWKRXW H[SODLQLQJ WKH GHWDLOV RI KRZ WKH REMHFW GRHV LW� EXW LQ
VXFK D ZD\ WKDW D FDQGLGDWH PLJKW EH EXLOW WR IXOILOO WKH UHTXLUHPHQW

&UHDWH D VSHFLILFDWLRQ WKDW LV DEOH WR WHOO LI D FDQGLGDWH REMHFW PDWFKHV VRPH FULWHULD� 7KH

VSHFLILFDWLRQ KDV D PHWKRG LV6DWLVILHG%\ �DQ2EMHFW� � %RROHDQ WKDW UHWXUQV WUXH LI DOO FULWHULD

DUH PHW E\ DQ2EMHFW�

(DFK RI WKHVH VLWXDWLRQV LV FRPPRQ LQ EXVLQHVV V\VWHPV� $OWKRXJK WKH\ VHHP GLIIHUHQW WKH\ VKDUH D FRPPRQ

WKHPH� 7KLV WKHPH LV WKH QRWLRQ RI VRPH WHVW WKDW ZH FDQ DSSO\ WR FDQGLGDWH REMHFWV WR VHH LI WKH\ ILW RXU QHHGV�

WKLV WHVW LV D VSHFLILFDWLRQ RI ZKDW LV QHHGHG� 7KH VSHFLILFDWLRQ LV� LQ HVVHQFH� D ERROHDQ IXQFWLRQ ZKLFK DSSOLHV

WR WKH FDQGLGDWH ZKLFK LQGLFDWHV ZKHWKHU RU QRW LW PDWFKHV� ,I \RX XVH VSHFLILFDWLRQ LQ D VWURQJO\ W\SHG

ODQJXDJH� \RX XVXDOO\ VHW WKH SDUDPHWHU W\SH RI LV6DWLVILHG%\ WR EH WKH W\SH RI FDQGLGDWH REMHFW \RX DUH ORRNLQJ
IRU�

8VHV RI 6SHFLILFDWLRQ

7KH WUDGHU GHILQHV D VSHFLILFDWLRQ IRU WKH NLQG RI FRQWUDFWV WKDW KH ZDQWV WR PRQLWRU� 7KH SRUWIROLR XVHV
VSHFLILFDWLRQ WR VHOHFW DSSURSULDWH FRQWUDFWV� :KHQ WKH SRUWIROLR LV FUHDWHG LW ZLOO ORRN DW DOO FRQWUDFWV DQG VHOHFW

WKRVH WKDW PDWFK WKH VSHFLILFDWLRQ� ,Q DGGLWLRQ ZKHQHYHU D QHZ FRQWUDFW LV FUHDWHG� LW PD\ KDYH WR FKHFN LWVHOI

DJDLQVW H[LVWLQJ SRUWIROLRV WR VHH LI LW VKRXOG DGG LWVHOI WR WKHP� <RX FDQ WKLQN RI WKLV E\ FRQVLGHULQJ WKDW WKH VHW

RI FRQWUDFWV LQ D SRUWIROLR LV GHULYHG YLD WKH SRUWIROLR VSHFLILFDWLRQ�



Portfolio

Contract

1

✻

«der ivat ion»
al l  contracts for which the port fo l io
speci f icat ion returns true

✻
isSat is f iedBy (Contract)  :  boolean

Portfolio Specification

)LJXUH �� 8VLQJ VSHFLILFDWLRQV WR GHVFULEH WKH VHOHFWLRQ FULWHULD IRU SRUWIROLRV LQ FRQWUDFWV �VHH >)RZOHU@ ������ $OO GLDJUDPV XVH WKH
80/ QRWDWLRQ >)RZOHU� 80/@

$ VLPLODU VLWXDWLRQ DSSHDUV ZKHQ \RX ZDQW WR PDNH DQ REVHUYDWLRQ IRU D JURXS RI SHRSOH ³ VXFK DV W\SLFDO
UDQJHV IRU UHVSLUDWRU\ IXQFWLRQ RI KHDY\ VPRNHUV RYHU ��� 7KH SRSXODWLRQ KDV D VSHFLILFDWLRQ ZKLFK VHOHFWV

DSSURSULDWH SDWLHQWV DV IDOOLQJ LQWR WKH SRSXODWLRQ� 2EVHUYDWLRQV FDQ WKHQ EH PDGH RI SDWLHQW� RU RI WKH

SRSXODWLRQ�

isSat isf iedBy (Pat ient)  :  boolean

Population Specification

Population

Patient

1

✻

✻

Object of Care

Observation

1

✻

)LJXUH �� 8VLQJ VSHFLILFDWLRQ WR GHILQH SRSXODWLRQV LQ KHDOWKFDUH �VHH >)RZOHU@ ���� DQG �����

,Q VDOHV RUJDQL]DWLRQV DQ LPSRUWDQW SDUW RI WKH EXVLQHVV LV DOORFDWLQJ VDOHV WR DQ DSSURSULDWH VDOHV UHSUHVHQWDWLYH�
7KLV LV LPSRUWDQW WR WKH VDOHV UHS DV FRPPLVLRQV DUH EDVHG RQ KRZ PDQ\ VDOHV RFFXU LQ WKH WHUULWRU\ WKDW WKH

VDOHV UHS LV UHVSRQVLEOH IRU� 7KH WHUULWRU\ LV D VSHFLILFDWLRQ ZKLFK VHOHFWV GHDOV� 7\SLFDOO\ WKH\ DUH EDVHG RQ

JHRJUDSKLF DUHD �RIWHQ ZLWK SRVWDO FRGHV�� VL]H RI WKH GHDO� WKH LQGXVWU\ JURXS RI WKH FXVWRPHU� DQG ODUJH

FXVWRPHUV DUH LQGLYLGXDOO\ QDPHG� &RPSOLFDWLRQV LQFOXGH HQVXULQJ WKDW WHUULWRULHV DUH QRW RYHUODSSLQJ� (LWKHU

WKH VSHFLILFDWLRQ VKRXOG RQO\ PDWFK RQH WHUULWRU\� RU LW VKRXOG HQVXUH WKDW WKHUH LV D ZD\ RI SULRULWL]LQJ RU SUR�

UDWLQJ EHWZHHQ VHYHUDO PDWFKHG WHUULWRULHV�



7HPSRUDO VSHFLILFDWLRQV FDQ EH XVHG WR GHVFULEH UHFXUULQJ FDOHQGDU HYHQWV� 7KH HOHPHQWV LQ WKHVH VSHFLILFDWLRQV

PD\ LQFOXGH WKH GD\ RI WKH ZHHN� D SHULRG ZLWKLQ D \HDU� VSHFLILF QDPHG GD\V� DQG IL[HG OHQJWK LQWHUYDOV IURP

VRPH VHHG GDWH� &RPSOLFDWLRQV LQFOXGH KDQGOLQJ KRZ UHJXODU EXVLQHVV HYHQWV FDQ EH SXW RII E\ KROLGD\V�

:KHQHYHU D VKLSSLQJ FRPSDQ\ DVVLJQV D FDUJR WR D FRQWDLQHU LW FKHFNV WKH FDUJR·V VWRUDJH VSHFLILFDWLRQ WR
HQVXUH WKDW WKH FRQWDLQHU LV DSSURSULDWH IRU WKH FDUJR� <RX FDQ WKLQN RI WKLV DV D FRQVWUDLQW RQ WKH FRQWDLQHU IRU

D FDUJR�

isSat is f iedBy (Container)  :  boolean

Storage Specification

Cargo

Container

1

{conta iner  must  match the
storage speci f icat ion}

✻

1

)LJXUH �� 8VLQJ VSHFLILFDWLRQV WR FRQVWUDLQ ZKLFK FRQWDLQHUV FDQ EH XVHG IRU WUDQVSRUWLQJ D FDUJR�

7KH FXVWRPHU SURYLGHV D URXWH VSHFLILFDWLRQ IRU WKH VKLSPHQW� 7KH VKLSSLQJ FRPSDQ\ ZLOO XVH WKH VSHFLILFDWLRQ

DV D FRQVWUDLQW LQ FRPLQJ XS ZLWK D URXWH�

Shipment
Route

Specification

1

sui tableRoutes (Route Speci f i ion)  :  set  of  Routes
preferredRoute (RouteSpeci f icat ion)  :  Route

Route Finder

)LJXUH �� 8VLQJ D VSHFLILFDWLRQ DV DQ LQSXW WR D URXWH VHOHFWRU� 7KLV GHFRXSOHV WKH URXWH VHOHFWRU IURP WKH VKLSPHQW�

,Q HDFK RI WKHVH FDVHV WKH VSHFLILFDWLRQ REMHFW LV D VHSDUDWH REMHFW WR WKH GRPDLQ REMHFW WKDW XVHV LW� 7KH

SRUWIROLR FRXOG FRQWDLQ DQ RSHUDWLRQ WR WHVW IRU FRQWUDFW PHPEHUVKLS� WKH FDUJR FRXOG FRQWDLQ DQ RSHUDWLRQ IRU

FKHFNLQJ WKDW D FRQWDLQHU LV YDOLG� WKH VKLSPHQW FRXOG SURYLGH WKH QHFHVVDU\ LQIRUPDWLRQ IRU WKH URXWH ILQGHU�

7UHDWLQJ WKH VSHFLILFDWLRQ DV D VHSDUDWH REMHFW KDV D QXPEHU RI DGYDQWDJHV�



&RQVHTXHQFHV RI 6SHFLILFDWLRQ

/HWV \RX GHFRXSOH WKH GHVLJQ RI UHTXLUHPHQWV� IXOILOOPHQW� DQG YDOLGDWLRQ

%HFDXVH WKH REMHFWV LQYROYHG QRZ KDYH D FULVSHU UHVSRQVLELOLW\� LW LV HDVLHU WR GHFRXSOH WKHP� 7KLV DOORZV XV WR
DYRLG WKH GXSOLFDWLRQ RI HIIRUW RI LPSOHPHQWLQJ VLPLODU IXQFWLRQDOLW\ PDQ\ WLPHV� DQG PDNHV LQWHJUDWLRQ PXFK

HDVLHU� VLQFH GLIIHUHQW SDUWV RI WKH V\VWHP XVH WKH VDPH FRQVWUXFWV WR H[SUHVV FRQVWUDLQWV RU UHTXLUHPHQWV� DQG

IUHTXHQWO\ FRPPXQLFDWH ZLWK HDFK RWKHU LQ WKHVH WHUPV�

$OORZV \RX WR PDNH \RXU V\VWHPGHILQLWLRQV PRUH FOHDU DQG GHFODUDWLYH�

)RU H[DPSOH� LI \RX KDYH EXLOW D PHFKDQLVP WKDW LV VXSSRVHG WR GHULYH DQ REMHFW WKDW ILWV D VSHF� HYHQ LI \RX

WUXVW WKH PHFKDQLVP HQRXJK QRW WR FKHFN� LW JLYHV \RXU GHVLJQ D FOHDU GHILQLWLRQ� 5RXWH6HOHFWRU ILQGV D 5RXWH

WKDW VDWLVILHV D 5RXWH6SHFLILFDWLRQ� (YHQ LI ZH GR QRW GR DQ LV6DWLVILHG%\� WHVW� ZH KDYH FOHDUO\ GHILQHG WKH UROH

RI 5RXWH6HOHFWRU ZLWKRXW OLQNLQJ LW WR D VSHFLILF SURFHVV IRU ILQGLQJ URXWHV�

:KHQ 1RW WR 8VH 6SHFLILFDWLRQ

7KHUH DUH WHPSWDWLRQV WR RYHU�XVH 6SHFLILFDWLRQ� 7KH PRVW FRPPRQ LV WR XVH LW WR EXLOG REMHFWV ZLWK IOH[LEOH

DWWULEXWHV ³ D VRUW RI SRRU PDQ·V IUDPH V\VWHP� 5HPHPEHU WKDW WKH VSHFLILFDWLRQ KDV D FOHDU UHVSRQVLELOLW\� WR

LGHQWLI\ DQ REMHFW WKDW VDWLVILHV LW� DQG WR FRPELQH ZLWK RWKHU VSHFLILFDWLRQV LQ YDULRXV ZD\V WKDW VXSSRUW WKDW

EDVLF UHVSRQVLELOLW\ �VHH EHORZ�� $ URXWH LV QRW WKH VDPH WKLQJ DV D URXWH VSHFLILFDWLRQ� 7KH URXWH VKRXOG KDYH

UHVSRQVLELOLWLHV VXFK JHQHUDWLQJ DQ LWLQHUDU\ RU UHVHUYLQJ VSDFH RQ WKH WUDQVSRUWV EHLQJ XVHG� 7KH URXWH FRXOG

WHOO XV WKDW WKH FDUJR LV H[SHFWHG WR DUULYH DW D FHUWDLQ GDWH DQG WLPH RQ D FHUWDLQ YHVVHO� 7KH URXWH VSHFLILFDWLRQ

PLJKW NQRZ WKDW WKH FDUJR PXVW DUULYH RQ RU EHIRUH D FHUWDLQ GDWH DQG WLPH� DQG WHOO XV LI D FKRVHQ URXWH PHHWV
LWV UHTXLUHPHQWV� 6LQFH WKH DWWULEXWHV RI D URXWH VSHFLILFDWLRQ DUH VR VLPLODU WR WKH URXWH� WKHUH LV D WHPSWDWLRQ WR

FRPELQH WKH WZR EHKDYLRUV LQWR RQH REMHFW� DQG D URXWH MXVW EHFRPHV D URXWH VSHFLILFDWLRQ WKDW IXOO\ VSHFLILHV

HYHU\ GHWDLO RI WKH MRXUQH\� 7KLV ZRXOG UHTXLUH WKH PDFKLQHU\ RI WKH VSHFLILFDWLRQ WR KDQGOH WKLV TXDQWLW\ RI

GDWD HIILFLHQWO\� HYHQ WKRXJK URXWH UHTXLUHPHQWV DUH XVXDOO\ UHODWLYHO\ VLPSOH� DQG LW ZRXOG UHTXLUH URXWH

EHKDYLRU WR RSHUDWH RII RI DQ LQWHUQDO UHSUHVHQWDWLRQ WKDW ZDV IDU PRUH IOH[LEOH WKDW URXWH QHHGV WR EH� 0RVW RI

DOO� WKH FODULW\ RI WKH GHVLJQ LV ORVW�

,I \RX ILQG \RXUVHOI DGGLQJ WR WKH SURWRFRO RWKHU WKDQ IRU LQLWLDOL]DWLRQ� LI \RX ILQG WKDW \RX GRQ·W XVH

LV6DWLVILHG%\ RU LV*HQHUDOL]DWLRQ2I �VHH EHORZ�� LI \RX ILQG WKDW \RXU REMHFW LV UHSUHVHQWLQJ DQ DFWXDO HQWLW\ LQ
WKH GRPDLQ� UDWKHU WKDQ SODFLQJ FRQVWUDLQWV RQ VRPH RWKHU� SRVVLEO\ K\SRWKHWLFDO� HQWLW\� \RX VKRXOG UHFRQVLGHU

WKH XVH RI WKLV SDWWHUQ�

6WUDWHJLHV IRU ,PSOHPHQWLQJ 6SHFLILFDWLRQ

7KHUH DUH YDULRXV ZD\V \RX FDQ LPSOHPHQW D VSHFLILFDWLRQ� DQG QRZ ZH ZLOO ORRN LQWR WKDW LQ PRUH GHWDLO� :H

ZRQ·W JR LQWR WKH GHWDLOV RI LPSOHPHQWDWLRQ KHUH� DV WKHVH ZLOO YDU\ GHSHQGLQJ RQ \RXU ODQJXDJH DQG GDWDEDVH�

,QVWHDG ZH ZLOO MXVW RXWOLQH WKH SULQFLSDO DSSURDFKHV \RX FDQ XVH� :H ZLOO LOOXVWUDWH WKH VWUDWHJLHV E\ GLVFXVVLQJ

KRZ WKH\ ZRXOG KDQGOH D VWRUDJH VSHFLILFDWLRQ �DV LQ )LJXUH ��� 7KH VSHFLILFDWLRQ FDOOV IRU WKH FRQWDLQHU WR EH

DEOH WR VWRUH JRRGV DW OHVV WKDQ ��°& DQG PHHW WKH VDQLWDU\ UHTXLUHPHQWV IRU VWRUDJH RI IRRG� 7KH VDPSOH FRGH

LV LQ 6PDOOWDON�

+DUG &RGHG 6SHFLILFDWLRQ

+RZ \RX LPSOHPHQW D VSHFLILFDWLRQ"

&RGH WKH VHOHFWLRQ FULWHULD LQWR WKH LV6DWLVILHG PHWKRG DV D EORFN RI FRGH

7KH VLPSOHVW DSSURDFK LV WR MXVW FUHDWH VSHFLDO SXUSRVH REMHFWV WKDW VSHFLI\ HDFK WDUJHW REMHFW RI LQWHUHVW DQG

LPSOHPHQW D VLQJOH %RROHDQ PHWKRG�



'HILQH DQ DEVWUDFW FODVV �RU LQWHUIDFH� WKDW GHFODUHV WKH LV6DWLVILHG%\ RSHUDWLRQ DQG SURYLGHV WKH W\SH IRU WKH

SDUDPHWHU�

StorageSpecification>>isSatisfiedBy: aContainer

(DFK VXEFODVV WKHQ LPSOHPHQWV WKDW RSHUDWLRQ�

MeatStorageSpecification >> isSatisfiedBy: aContainer
^ (aContainer canMaintainTemperatureBelow: -4) and: [aContainer

isSanitaryForFood]

7KLV LV HVVHQWLDOO\ DQ DSSOLFDWLRQ RI 6WUDWHJ\ >*DQJ RI )RXU@� ZKHUH HDFK FDUJR KDV D VWUDWHJ\ IRU HYDOXDWLQJ D

SRWHQWLDO FRQWDLQHU� (DFK YDOLGDWLRQ UXOH ZH QHHG UHTXLUHV D VXEFODVV RI WKH VWUDWHJ\�

7KH SUREOHP ZLWK WKLV DSSURDFK LV WKH QHHG WR FUHDWH D VXEFODVV IRU HYHU\ VHOHFWLRQ FULWHULRQ� 7KLV ZRUNV ZHOO LI

ZH GR QRW QHHG WRR PDQ\ VHOHFWLRQ FULWHULD� DQG LI ZH GRQ·W QHHG WR FUHDWH QHZ RQHV DW UXQWLPH� ([SOLFLW FRGH

LV VWUDLJKWIRUZDUG� DQG H[SUHVVLYH�

$ YDULDWLRQ RQ WKLV WKDW ZRUNV LQ ODQJXDJHV ZLWK EORFN FORVXUHV �VXFK DV 6PDOOWDON� LV WR SXW WKH LPSOHPHQWDWLRQ

RI LV6DWLVILHG%\ LQWR D %RROHDQ EORFN REMHFW� VR WKDW ZH GRQ·W QHHG WR XVH D VXEFODVV� 7KH FRGH FDQ HYHQ EH
DGGHG DW UXQWLPH� DOWKRXJK \RX GR QHHG VRPHRQH ZKR NQRZV 6PDOOWDON WR ZULWH WKH DSSURSULDWH EORFN� $OVR

XVLQJ %ORFNV LQ WKLV ZD\ FDQ EH D SDLQ WR GHEXJ�

3DUDPHWHUL]HG 6SHFLILFDWLRQ

+RZ GR \RX LPSOHPHQW D VSHFLILFDWLRQ"

&UHDWH DWWULEXWHV LQ WKH VSHFLILFDWLRQ IRU YDOXHV WKDW FRPPRQO\ YDU\� &RGH WKH LV6DWLVILHG%\

PHWKRG WR FRPELQH WKHVH SDUDPHWHUV WR PDNH WKH WHVW�

7KH SUREOHP ZLWK WKH KDUG�FRGHG VSHFLILFDWLRQ LV WKDW HYHQ VPDOO FKDQJHV UHTXLUH D QHZ VXEFODVV� ,I \RX KDYH

FRQGLWLRQV VXFK DV D FDU ZLWK D VSHFLILHG WRS VSHHG� WKHQ LW LV VLOO\ WR FUHDWH D GLIIHUHQW VXEFODVV IRU HDFK SRVVLEOH

VSHHG� +RZ GR \RX LPSOHPHQW D VSHFLILFDWLRQ WKDW ZLOO JLYH \RX WKH IOH[LELOLW\ WR H[SUHVV VPDOO YDULDWLRQV

VLPSO\" 0DNH WKH NH\ YDULDEOHV SDUDPHWHUV RI WKH VSHFLILFDWLRQ� �6R \RX FDQ SXW WKH VSHHG LQWR WKH VSHFLILFDWLRQ
DV D SDUDPHWHU��

7KLV LPSOLHV WKDW \RX QHHG WKHVH SDUDPHWHUV LQ WKH VSHFLILFDWLRQ DV DWWULEXWHV� :KHQ \RX FUHDWH WKH

VSHFLILFDWLRQ� \RX SXW WKH YDOXHV LQ WKH DWWULEXWHV� DQG WKH LV6DWLVILHG%\ PHWKRG XVHV WKH SDUDPHWHUV WR PDNH LWV

VHOHFWLRQ�

,Q WKH FDUJR VSHFLILFDWLRQ H[DPSOH DERYH� ZH PLJKW KDYH D FDUJR VSHFLILFDWLRQ WKDW ORRNV OLNH WKLV�

maxTemp:  Tempera tu re
isSani taryForFood:  Boolean

isSat is f iedBy(Container)  :  Boolean

Cargo Storage Specification

)LJXUH �� $Q H[DPSOH RI D SDUDPHWHUL]HG VSHFLILFDWLRQ�

7KH LV6DWLVILHG%\ PHWKRG ZRXOG WKHQ ORRN OLNH

CargoStorageSpecification >> isSatisfiedBy: aContainer
^ (aContainer canMaintainTemperatureBelow: maxTemp) and: [

isSanitaryForFood ifTrue: [ aContainer isSanitaryForFood ]
ifFalse: [true]



]

:KHUHDV WKH 0HDW6WRUDJH6SHFLILFDWLRQ ZDV YHU\ VSHFLDO SXUSRVH� WKLV &DUJR6WRUDJH6SHFLILFDWLRQ FRXOG EH XVHG

IRU D YDULHW\ RI FDUJRHV�

7KH SDUDPHWHUL]HG VSHFLILFDWLRQ PDNHV LW HDV\ WR FUHDWH D ZLGH UDQJH RI VSHFLILFDWLRQV DV \RX YDU\ WKH

SDUDPHWHUV� 8VHUV FDQ XVXDOO\ VSHOO RXW WKH H[DFW VSHFLILFDWLRQ E\ ILOOLQJ LQ D GLDORJ ER[� +RZHYHU \RX FDQ RQO\

YDU\ WKRVH SDUDPHWHUV WKDW DUH SURYLGHG� ,I \RX QHHG WR DGG D QHZ SDUDPHWHU� WKDW GRHV UHTXLUH QHZ FRGLQJ� ,I

\RX KDYH D ORW RI SDUDPHWHUV� WKHQ D VLQJOH SDUDPHWHUL]HG VSHFLILFDWLRQ FDQ JHW YHU\ FRPSOLFDWHG WR FRGH DQG WR

XVH�

&RPSRVLWH 6SHFLILFDWLRQ

+RZ GR \RX LPSOHPHQW D JHQHUDOL]HG VSHFLILFDWLRQ WKDW ZLOO JLYH \RX WKH IOH[LELOLW\ WR H[SUHVV FRPSOH[

UHTXLUHPHQWV ZLWKRXW LPSOHPHQWLQJ VSHFLDOL]HG FODVVHV IRU HYHU\ GLIIHUHQW W\SH RI FDQGLGDWH" 7KH KDUG FRGHG
DQG SDUDPHWHUL]HG VSHFLILFDWLRQV ERWK XVH D VLQJOH VSHFLILFDWLRQ REMHFW WR KDQGOH WKH VSHFLILFDWLRQ� 7KH

FRPSRVLWH VSHFLILFDWLRQ XVHV VHYHUDO REMHFWV DUUDQJHG LQ WKH FRPSRVLWH SDWWHUQ >*DQJ RI )RXU@ WR GR WKH ZRUN�

&RPSRVLWH 6SHFLILFDWLRQ

+RZ GR \RX LPSOHPHQW D VSHFLILFDWLRQ"

&UHDWH D SDUWLFXODU IRUP RI LQWHUSUHWHU IRU WKH VSHFLILFDWLRQ� &UHDWH OHDI HOHPHQWV IRU WKH

YDULRXV NLQGV RI WHVWV� &UHDWH FRPSRVLWH QRGHV IRU WKH DQG� RU� DQG QRW RSHUDWRUV �VHH

&RPELQLQJ 6SHFLILFDWLRQV� EHORZ��

7KH NH\ WR WKLV SDWWHUQ LV WR SURYLGH D FODVV WKDW FDQ FRPELQH VSHFLILFDWLRQV IRUPHG LQ GLIIHUHQW ZD\V� $ VLPSOH
H[DPSOH RI WKLV LV D VSHFLILFDWLRQ ZKLFK LV WUXH LI DOO LWV FRPSRQHQWV DUH WUXH �ZH ZLOO FDOO LV D FRQMXQFWLRQ

VSHFLILFDWLRQ ODWHU RQ��

CompositeSpecification isSatisfiedBy: aCandidate
(self components do: [:each |

(each isSatisfiedBy: aCandidate) ifFalse: [^false]
]

^true

,W QHHG QRW NQRZ DQ\WKLQJ DERXW KRZ HDFK FRPSRQHQW VSHFLILFDWLRQ GRHV LWV ZRUN� ,Q WKH PHDW H[DPSOH ZH

PLJKW KDYH RQH SDUDPHWHUL]HG VSHFLILFDWLRQ WR WHVW IRU WHPSHUDWXUH�

MaximumTemperatureSpecification isSatisfiedBy: aContainer
^aContainer canMaintainTemperatureBelow: maxTemp

$QG DQRWKHU IRU WKH IRRG VDQLWDWLRQ�

SanitaryForFoodSpecification isSatisfiedBy: aContainer
^aContainer isSanitaryForFood

:H FDQ WKHQ IRUP WKH RYHUDOO VSHFLILFDWLRQ E\ FRPELQLQJ WKHP

meatSpecification
^CompositeSpecification

with: MaximumTemperatureSpecification new: -4
with: SanitaryForFoodSpecification new

7KH FODVV GLDJUDP IRU WKLV VWUXFWXUH ZRXOG ORRN OLNH WKLV



isSat isf iedBy()

Specification

isSat isf iedBy()

Composite
Specificaiton

isSat isf iedBy()

Leaf
Specificaiton

max imumTempera tu re :  number

isSat isf iedBy()

Maximum Temperature Specif icat ion

isSat isf iedBy()

SanitaryForFoodSpecification

✻

components

)LJXUH �� &RPSRVLWH 6SHFLILFDWLRQ XVLQJ FRQMXFWLRQ�

$QG WKH LQVWDQFHV ZRXOG ORRN OLNH WKLV

a Compos i te
Speci f icat ion

a Sani tary  For  Food
Speci f icat ion max imumTempera tu re :  -4

a  Max imumTemperature  Spec i f i ca t ion

components

)LJXUH �� $Q H[DPSOH RI D FRPSRVLWH VSHFLILFDWLRQ�

'HILQH FODVV CompositeSpecification DV D 6SHFLILFDWLRQ VWDWHG LQ WHUPV RI RWKHU 6SHFLILFDWLRQV� 6SHFLDO

SXUSRVH SULPLWLYH 6SHFLILFDWLRQ VXEFODVVHV PD\ EH QHHGHG IRU VSHFLDOL]HG DSSOLFDWLRQV� %XW D IHZ SULPLWLYH

VSHFLILFDWLRQV FDQ EH EXLOW WKDW FDQ VHUYH LQ GLIIHUHQW VLWXDWLRQV� +HUH ZH ZLOO GHILQH MXVW RQH YHU\ YHUVDWLOH RQH�

ValueBoundSpecification � WR EH D QDPHG YDOXH WKDW H[SUHVVHV D OLPLW RQ DQ DWWULEXWH LGHQWLILHG E\ WKH

QDPH� /RZHU ERXQGV� XSSHU ERXQGV DQG H[DFW YDOXHV PD\ EH GHILQHG ZLWK VHSDUDWH VXEFODVVHV� RU ZLWK FDVH

ORJLF� 8VLQJ WKHVH SULPLWLYHV� D UDQJH FDQ EH H[SUHVVHG E\ D FRPSRVLWH RI D ORZHU ERXQG DQG DQ XSSHU ERXQG�



/RJLFDO ([SUHVVLRQV IRU &RPSRVLWH 6SHFLILFDWLRQV

,Q WKH H[DPSOH DERYH� WKH FRPSRVLWH VSHFLILFDWLRQ FRPELQHV LWV FRPSRQHQWV E\ FRQMXQFWLRQ� $OO WKH

FRPSRQHQWV PXVW EH WUXH IRU WKH FRPSRVLWH WR EH WUXH� <RX FDQ JHW PRUH IOH[LELOLW\ E\ SURYLGLQJ FRPSRVLWH

VSHFLILFDWLRQV IRU WKH RWKHU ORJLFDO RSHUDWRUV�

isSat isf iedBy()

Specification

isSat isf iedBy()

Composite
Specification

isSat isf iedBy()

Leaf
Specification

✻

components

isSat isf iedBy()

Negation
Specification

isSat isf iedBy()

Disjunction
Specification

isSat isf iedBy()

Conjunction
Specification

)LJXUH �� &RPSRVLWH 6SHFLILFDWLRQ XVLQJ D IXOO ORJLFDO H[SUHVVLRQ�

7KLV HIIHFWLYHO\ FUHDWHV DQ LQWHUSUHWHU >*DQJ RI )RXU@ IRU WKH VSHFLILFDWLRQ� 7KH �ODQJXDJH� EHLQJ LQWHUSUHWHG

DOORZV XV WR GHVFULEH D FRPSRVLWH VSHFLILFDWLRQ� )RU H[DPSOH LQ WKH H[DPSOH DERYH� LQ ZKLFK ZH FUHDWHG D

VWRUDJH VSHFLILFDWLRQ IRU D FDUJR RI IUR]HQ IRRGV� XVLQJ WKH VDPH SDUDPHWHUL]HG VSHFLILFDWLRQV DV DERYH �ZKLFK

ZRXOG QRZ EH OHDI VSHFLILFDWLRQV� ZH FRXOG QRZ H[SUHVV WKH FRPSRVLWH OLNH WKLV

SanitaryForFoodSpecification new and: (MaximumTemperatureSpecification
newFor: -4)

,I ZH FUHDWH D IHZ JHQHUDO�SXUSRVH OHDI VSHFLILFDWLRQV� ZH FDQ GR D ORW ZLWKRXW FXVWRP FRGHG VSHFLILFDWLRQV� :H

FDQ XVH 9DULDEOH 6WDWH >%HFN@ WR DOORZ RXUVHOYHV WR GHFODUH DWWULEXWHV RQ WKH IO\�



isSatisfiedBy(Object) : Boolean
and(Specification) : Specification
or(Specification) : Specification

LeafSpecification

at t r ibueName: aSymbol
value: aValue

Value Bound Specification

Equal Specification GreaterThanOrEqualToSpecification LessThanOrEqualToSpecification

)LJXUH �� 9DOXH ERXQG OHDI VSHFLILFDWLRQ

3ODFLQJ WKH FUHDWLRQ SURWRFROV RQ WKH DEVWUDFW VXSHUFODVV� 6SHFLILFDWLRQ� �D FRPPRQ SUDFWLFH LQ 6PDOOWDON�� WKDW

VDPH VSHFLILFDWLRQ FDQ QRZ EH FUHDWHG DV IROORZV

(Specification attributeNamed: #isSanitaryForFood equals: true) and:
(Specification attributeNamed: #temperature isLessThanOrEqualTo: -4)

7R LPSOHPHQW WKHVH DGGLWLRQDO FODVVHV� WKH FRGH IURP &RPSRVLWH6SHFLILFDWLRQ PRYHV WR

&RQMXQFWLRQ6SHFLILFDWLRQ� 7KH 'LVMXQFWLRQ6SHFLILFDWLRQ LPSOHPHQWV WKLV

DisjunctionSpecification >> isSatisfiedBy: aCandidateObject
^ self components contains: [:each | each isSatisfiedBy:

aCandidateObject ]

,PSOHPHQWDWLRQ RI DQG� DQG RU� FDQ EH FRPSOHWHO\ JHQHULF� RQ WKH 6SHFLILFDWLRQ VXSHUFODVV� DOWKRXJK LQ SUDFWLFH

WKHUH DUH PDQ\ VLPSOLILFDWLRQV RI WKH UHVXOW WKDW ZRXOG EH GHVLUDEOH� 7KH NH\� WKRXJK LV WR UHWXUQ D QHZ

6SHFLILFDWLRQ�

Specification >> and: aSpecification
^ ConjunctionSpecification with: self with: aSpecification

Specification >> or: aSpecification
^ DisjunctionSpecification with: self with aSpecification

&RPSDULQJ WKH DOWHUQDWLYHV IRU LPSOHPHQWLQJ VSHFLILFDWLRQ

(DFK RI WKHVH LPSOHPHQWDWLRQ VWUDWHJLHV KDV LWV VWUHQJWKV DQG ZHDNQHVVHV�



7KH KDUG FRGHG VSHFLILFDWLRQ LV YHU\ H[SUHVVLYH� ,W FDQ H[SUHVV DQ\ VSHFLILFDWLRQ WKDW \RX FDQ UHSUHVHQW LQ WKH

SURJUDPPLQJ ODQJXDJH WKDW \RX DUH ZRUNLQJ ZLWK� +RZHYHU HDFK VSHFLILFDWLRQ QHHGV D QHZ FODVV� DQG \RX

XVXDOO\ FDQ QRW FUHDWH QHZ VSHFLILFDWLRQV DW UXQWLPH� $OVR \RX QHHG WR NQRZ WKH ODQJXDJH WR FUHDWH D

VSHFLILFDWLRQ�

<RX FDQ HDVLO\ FUHDWH QHZ SDUDPHWHUL]HG VSHFLILFDWLRQV DW UXQ WLPH� DQG EXLOGLQJ WKHP LV HDVLO\ GRQH� 0RVW RI

WKH WLPH D GLDORJ ER[ FDQ FDSWXUH WKH SDUDPHWHUV� +RZHYHU \RX DUH OLPLWHG WR WKH SDUDPHWHUV VXSSOLHG� DQG E\

WKH ZD\ WKH REMHFWV FRPELQH WKH SDUDPHWHUV�

7KH VSHFLILFDWLRQ LQWHUSUHWHU UHSUHVHQWV D PLGGOH JURXQG EHWZHHQ WKH WZR� <RX JHW PXFK PRUH H[SUHVVLYHQHVV

WKDQ WKH SDUDPHWHUL]HG VSHFLILFDWLRQ� EHFDXVH \RX FDQ FRPELQH WKH OHDI HOHPHQWV LQ DQ\ ORJLFDO H[SUHVVLRQ \RX

OLNH� <RX FDQ DOVR VHW XS WKH H[SUHVVLRQ DW UXQ WLPH� ,W LV QRW TXLWH DV HDV\ DV WKH SDUDPHWHUL]HG VSHFLILFDWLRQ WR

EXLOG� EXW D VLPSOH WRRO FDQ FDSWXUH PDQ\ QHHGV� <RX DUH VWLOO OLPLWHG E\ WKH OHDI HOHPHQWV WKDW DUH SURYLGHG

KRZHYHU� 7KH VSHFLILFDWLRQ LQWHUSUHWHU LV DOVR D ORW PRUH HIIRUW WR EXLOG�

<RX PD\ �XSJUDGH� IURP RQH GHVLJQ WR DQRWKHU� RU XVH WKHP LQ FRPELQDWLRQ� )RU H[DPSOH� \RX PD\ UHDOL]H

\RX KDYH KDUG�FRGHG VSHFLILFDWLRQV DOUHDG\ DQG ZLVK WR UHIDFWRU WKHP LQWR SDUDPHWHUL]HG VSHFLILFDWLRQV� /DWHU

\RX PD\ GHFLGH \RX QHHG WKH SRZHU RI WKH &RPSRVLWH 6SHFLILFDWLRQ� 6RPH RI \RXU SDUDPHWHUL]HG

VSHFLILFDWLRQV FDQ VHUYH DV OHDI QRGHV� 0XOWL�SDUDPHWHU VSHFLILFDWLRQV FDQ EH EURNHQ GRZQ D ELW DW D WLPH XQWLO

\RX UHDFK DWRPLF� RQH�SDUDPHWHU VSHFLILFDWLRQV� ZKLFK DUH WKH VLPSOHVW DQG PRVW IOH[LEOH IRUP IRU WKH OHDI

QRGHV RI D FRPSRVLWH VSHFLILFDWLRQ�

,I \RX KDYH WR VHOHFW IURP D ORW RI FDQGLGDWHV RQ D GDWDEDVH� WKHQ SHUIRUPDQFH PD\ ZHOO EHFRPH DQ LVVXH� <RX

ZLOO QHHG WR VHH KRZ WR LQGH[ WKH FDQGLGDWHV LQ VRPH ZD\ WR VSHHG XS WKH PDWFKLQJ SURFHVV� +RZ EHVW WR LQGH[
ZLOO GHSHQG RQ \RXU GRPDLQ DQG RQ \RXU GDWDEDVH WHFKQRORJ\�

*HQHUDOLW\

:LWK 6SHFLILFDWLRQ LQ SODFH� WKHUH DUH WZR IXUWKHU SDWWHUQV WKDW FDQ SURYLGH VRPH XVHIXO IXUWKHU EHQHILWV� :H
ZLOO ORRN DW WZR RI WKHP� 6XEVXPSWRQ DQG 3DUWLDOO\ 6DWLVILHG 6SHFLILFDWLRQV�

6R IDU ZH·YH MXVW ORRNHG DW KRZ \RX WHVW D VSHFLILFDWLRQ DJDLQVW DQ REMHFW� +RZHYHU WKHUH LV DOVR D SXUSRVH WR

FRPSDUH VSHFLILFDWLRQV WR HDFK RWKHU� DQG WR FRPELQH VSHFLILFDWLRQV�

7KLV H[WHQVLRQ DOORZV WZR VSHFLILFDWLRQV WR EH FRPSDUHG WR RQH DQRWKHU� 6SHFLILFDWLRQ $ LV VXEVXPHG E\

6SHFLILFDWLRQ % LI DQG RQO\ LI IRU DQ\ SRVVLEOH FDQGLGDWH REMHFW ;� ZKHUH $ LV VDWLVILHG E\ ;� % ZLOO DOZD\V EH

VDWLVILHG E\ ; DOVR� ,I WKLV LV WUXH� LW LV SRVVLEOH WR DSSO\ DQ\ FRQFOXVLRQ UHDFKHG XVLQJ % WR $� )RU H[DPSOH� LI

ZH KDYH WZR URXWH UHTXLUHPHQWV�

$� +RQJ .RQJ WR &KLFDJR

$QG %� +RQJ .RQJ WR &KLFDJR YLD /RQJ %HDFK

:H FDQ ILQG D URXWH WKDW VDWLVILHV %� DQG NQRZ WKDW LW ZLOO VDWLVI\ $� ZLWKRXW WHVWLQJ $ GLUHFWO\� $ LV VXEVXPHG

E\ %�

*HQHUDOLW\

+RZ GR , FRPSDUH WZR VSHFLILFDWLRQV WR VHH LI RQH LV D VSHFLDO FDVH RI WKH RWKHU� RU LV VXEVWLWXWDEOH IRU DQRWKHU"

&UHDWH DQ RSHUDWLRQ FDOOHG LV*HQHUDOL]DWLRQ2I�6SHFLILFDWLRQ�� %RROHDQ WKDW ZLOO DQVZHU

ZKHWKHU WKH UHFHLYHU LV LQ HYHU\ ZD\ HTXDO RU PRUH JHQHUDO WKDQ WKH DUJXPHQW�

7DNHQ WR WKH OLPLW� ZH VRPHWLPHV ILQG ZH GRQ
W XVH LV6DWLVILHG%\ DQ\PRUH� 3HRSOH IUHTXHQWO\ ZDQW WR FRPSDUH
WZR VSHFLILFDWLRQV ZLWKRXW HYHU KDYLQJ D FRQFUHWH FDQGLGDWH REMHFW� )RU H[DPSOH� LQ D V\VWHP WKDW UHFRUGV



VHUYLFH FRQWUDFWV DQG WULHV WR PDWFK WKHP WR RUGHUV� ZH KDYH WZR VHWV RI VSHFLILFDWLRQV� WKH VSHFLILFDWLRQ WKDW

GHVFULEHV WKH W\SH RI VHUYLFH RIIHUHG XQGHU WKH FRQWUDFW� DQG WKH VSHFLILFDWLRQ WKDW GHVFULEHV WKH W\SH RI VHUYLFH

EHLQJ RUGHUHG� ,I D VKLSSLQJ FRPSDQ\ KDG D FRQWUDFW ZLWK D WUXFNLQJ FRPSDQ\ WR GHOLYHU LWV FRQWDLQHUV IURP

/RQJ %HDFK WR DQ\ VLWH ZLWKLQ &DOLIRUQLD� WKH VSHFLILFDWLRQ PLJKW EH�

3RUW PXVW EH /RQJ %HDFK

'HVWLQDWLRQ PXVW EH ORFDWHG ZLWKLQ &DOLIRUQLD

,Q RUGHU WR GHOLYHU D VKLSPHQW WKDW LV EHLQJ URXWHG WKURXJK /RQJ %HDFK DQG GHVWLQHG IRU 1HZSRUW %HDFK� WKH

VKLSPHQW URXWLQJ V\VWHP PLJKW JHQHUDWH D VSHFLILFDWLRQ IRU FRQWUDFW DSSOLFDELOLW\ OLNH WKLV�

3RUW PXVW EH /RQJ %HDFK

'HVWLQDWLRQ PXVW EH 1HZSRUW %HDFK

7KH TXHVWLRQ EHFRPHV� ,V WKH VSHFLILFDWLRQ RI WKH FRQWUDFW VXEVXPHG E\ WKH VSHFLILFDWLRQ IRU WKH RUGHU" ,Q WKLV

FDVH LW LV� 7KH FRQWUDFW
V VSHFLILFDWLRQ LV PRUH JHQHUDO WKDQ WKH RUGHU
V VSHFLILFDWLRQ �LV VXEVXPHG E\ LW� DQG
WKHUHIRUH WKLV FRQWUDFW FDQ EH DSSOLHG WR WKH RUGHU�

$QRWKHU FDVH ZKHUH JHQHUDOLW\ WDNHV WKH SODFH RI VDWLVIDFWLRQ LV ZKHQ ZH FDQ FKDUDFWHUL]H WKH FDQGLGDWH REMHFW

XVLQJ D VSHFLILFDWLRQ� )RU H[DPSOH� LI D &RQWDLQHU LV FKDUDFWHUL]HG E\ DQ DWWULEXWH FDOOHG FRQWHQWV6SHFLILFDWLRQ�

ZKLFK LV W\SHG DV D 6WRUDJH6SHFLILFDWLRQ� DQG D &DUJR KDV DQ DWWULEXWH� VWRUDJH6SHFLILFDWLRQ� ZKLFK LV DOVR D

6WRUDJH6SHFLILFDWLRQ� WKHQ ZH GRQ
W QHHG WR VD\�

&DUJR VWRUDJH6SHFLILFDWLRQ LV6DWLVILHG%\� &RQWDLQHU

WR NQRZ LI WKH &DUJR FDQ EH VWRUHG LQ WKH &RQWDLQHU� ,QVWHDG� ZH FDQ VD\

&DUJR VWRUDJH6SHFLILFDWLRQ LV*HQHUDOL]DWLRQ2I� &RQWDLQHU FRQWHQWV6SHFLILFDWLRQ

7KLV IXUWKHU GHFRXSOHV WKH &DUJR IURP WKH &RQWDLQHU�

,I ZH KDG WZR VKLSPHQWV� DQG ZH ZDQWHG WR NQRZ LI WKH\ FRXOG EH SDFNDJHG WRJHWKHU LQ WKH VDPH FRQWDLQHU� ZH

ZRXOG OLNH WR EH DEOH WR UHFRJQL]H WKDW WZR UHIULJHUDWHG FDUJRHV ZLWK GLIIHUHQW VWRUDJH WHPSHUDWXUHV FDQQRW EH

SDFNDJHG WRJHWKHU� ZLWKRXW DQ\ UHIHUHQFH WR DQ DFWXDO FRQWDLQHU�

7KH UHVXOW RI WKH ORJLFDO RSHUDWRUV FDQ EH GHVFULEHG LQ WHUPV RI JHQHUDOLW\� 7KH UHVXOW RI DQ �DQG� RSHUDWLRQ

PXVW VXEVXPH ERWK RI WKH WHUPV� ,Q RWKHU ZRUGV�

If X = (A and: B) then
X isSpecialCaseOf: A
X isSpecialCaseOf: B

7KH UHVXOW RI DQ �RU� RSHUDWLRQ PXVW EH VXEVXPHG E\ ERWK WHUPV�

If X = ( A or: B ) then
X isGeneralizationOf: A
X isGeneralizationOf: B

,PSOHPHQWLQJ *HQHUDOLW\

$GG D PHWKRG �LV*HQHUDOL]DWLRQ2I�6SHFLILFDWLRQ� � %RROHDQ� WR WKH 6SHFLILFDWLRQ REMHFW� 7KLV FDQ EH

LPSOHPHQWHG LQ HLWKHU WKH SDUDPHWHUL]HG VSHFLILFDWLRQ RU WKH FRPSRVLWH� ,Q D SDUDPHWHUL]HG VSHFLILFDWLRQ� RQO\

WZR PHPEHUV RI WKH VDPH FODVV FDQ EH FRPSDUHG� DQG WKH LV*HQHUDOL]DWLRQ2I PHWKRG PXVW EH ZULWWHQ IRU HDFK

VSHFLDOL]HG 6SHFLILFDWLRQ� )RU &RPSRVLWH6SHFLILFDWLRQ� LW FDQ EH JHQHUDOL]HG VRPHZKDW� $V XVXDO ZH ZLOO

LOOXVWUDWH LW ZLWK 6PDOOWDON� 'RLQJ WKLV NLQG RI WKLQJ LQ 6PDOOWDON QHHG 'RXEOH 'LVSDWFK >%HFN@ ZKLFK FDQ ORRN D

OLWWOH RGG WR QRQ�6PDOOWDONHUV�



Specification >> isGeneralizationOf: aSpecification
^self subclassResponsibility

NamedSpecification >> isGeneralizationOf: aSpecification
^ aSpecification isSpecialCaseOfNamedSpecification: self

Specification >> isSpecialCaseOfNamedSpecification: aNamedSpecification
"In the general case, it does not"
^ false

NamedSpecification >> isSpecialCaseOfNamedSpecification:
aNamedSpecification

"Only specifications of the same name can subsume each other.
Double Dispatch again
within whatever subclasses you have, after comparing name"

^ self name = aSpecification  name and: [ self
isSpecialCaseOfSpecificationOfSameName: aSpecification ]

DV DQ H[DPSOH� PDJQLWXGH FRPSDULVRQV ZRXOG GLVSDWFK DPRQJ WKHPVHOYHV�

ValueBoundSpecification >> isSpecialCaseOfSpecificationOfSameName:
aNamedSpecification

^ aNamedSpecification isGeneralizationOfValueBoundSpecification:
self

LessThanOrEqualToSpecification >>
isGeneralizationOfValueBoundSpecification: aValueBoundSpecification

^ aValueBoundSpecification
isSpecialCaseOfLessThanOrEqualToSpecification: self

EqualSpecification >> isSpecialCaseOfLessThanOrEqualToSpecification:
aLessThanOrEqualToSpecification

"Finally, we are comparing two leaf nodes."
^ self magnitude <= aLessThanOrEqualToSpecification magnitude

GreaterThanOrEqualToSpecification >>
isSpecialCaseOfLessThanOrEqualToSpecification:
aLessThanOrEqualToSpecification

^false

$QG VR RQ�

7KH &RPSRVLWH EUDQFK GLVSDWFKHV TXLWH GLIIHUHQWO\�

CompositeSpecification >> isGeneralizationOf: aSpecification
"True if each component is subsumed.  False if any component is

not subsumed."
^ (self components contains: [:each | (each isGeneralizationOf:

aSpecification) not ]) not

CompositeSpecification >> isSpecialCaseOfNamedSpecification:
aNamedSpecification

"The composite isSpecialCaseOf the other Specification if any of
its components does."



^  self components contains: [: each | aNamedSpecification
isGeneralizationOf: each ]

2QFH WKLV GLVSDWFKLQJ IUDPHZRUN LV EXLOW� QHZ OHDI QRGHV FDQ EH DGGHG E\ MXVW PDNLQJ VXUH WKDW WKH\ LPSOHPHQW

DOO WKH PHVVDJHV H[SHFWHG ZLWKLQ WKHLU EUDQFK�

3DUWLDOO\ )XOILOOHG 6SHFLILFDWLRQV

7KH PRVW FRPPRQ QHHG LV WR NQRZ ZKHWKHU D VSHFLILFDWLRQ LV IXOO\ VDWLVILHG RU IXOO\ VXEVXPHG� ,Q IDFW� LI \RX

DUH YHU\ LQWHUHVWHG LQ RWKHU PDWFKLQJ SDWWHUQV� LW PD\ EH DQ LQGLFDWLRQ WKDW VSHFLILFDWLRQ LV WKH ZURQJ PRGHO IRU

ZKDW \RX DUH GRLQJ� %XW WKHUH DUH DW OHDVW WZR ZD\V LQ ZKLFK SDUWLDOO\ VDWLVIDFWLRQ RU JHQHUDOLW\ GRHV ILW ZHOO LQWR

WKH VSHFLILFDWLRQ PRGHO�

2QH LV H[SODQDWLRQ RI UHVXOWV� 8VLQJ WKH FRQWDLQHU H[DPSOH DERYH� LW PD\ EH QHFHVVDU\ QRW RQO\ WR VD\ WKDW D

FRQWDLQHU GRHV QRW PHHW VSHF� EXW WR OLVW H[DFWO\ ZKLFK SDUW RI WKH VSHF LV QRW PHW� ,V LW QRW UHIULJHUDWHG" ,V LW
QRW VDQLWDU\" %RWK" 2XU H[DPSOH LV VR VLPSOH WKDW D XVHU FRXOG HDVLO\ VFDQ IRU GLIIHUHQFHV� EXW LQ D PRUH

UHDOLVWLF FDVH� ILQGLQJ WKH GLVFUHSDQF\ FRXOG EH PXFK PRUH GLIILFXOW�

$QRWKHU SUREOHP WKDW FDOOV IRU SDUWLDOO\ VDWLVILHG VSHFLILFDWLRQV LV ZKHQ D VSHFLILFDWLRQ PD\ KDYH WR EH VDWLVILHG

E\ WZR REMHFWV� 7KLV ZRXOG W\SLFDOO\ KDSSHQ ZKHQ VSHFLI\LQJ UHTXLUHPHQWV IRU D VHUYLFH� ,I WKH RULJLQDOO\

VHOHFWHG VHUYLFH LV RQO\ SDUWLDOO\ FRPSOHWHG� LW PD\ EH QHFHVVDU\ WR GHWHUPLQH ZKDW UHPDLQV WR EH GRQH DQG WKHQ

VHOHFW D VHUYLFH WR VDWLVI\ WKH UHPDLQLQJ SRUWLRQ�

3DUWLDOO\ 6DWLVILHG 6SHFLILFDWLRQ

<RX QHHG WR ILJXUH RXW ZKDW VWLOO PXVW EH GRQH WR VDWLVI\ \RXU UHTXLUHPHQWV�

<RX QHHG WR H[SODLQ WR WKH XVHU ZK\ WKH VSHFLILFDWLRQ ZDV QRW VDWLVILHG�

$GG D PHWKRG �UHPDLQGHU8QVDWLVILHG%\� WKDW UHWXUQV D 6SHFLILFDWLRQ WKDW H[SUHVVHV RQO\ WKH

UHTXLUHPHQWV QRW PHW E\ WKH WDUJHW REMHFW� �%HVW XVHG WRJHWKHU ZLWK &RPSRVLWH

6SHFLILFDWLRQ��

+HUH LV DQ H[DPSOH RI URXWH VHOHFWLRQ IURP VKLSSLQJ GRPDLQ�

2ULJLQDO 5RXWH 6SHFLILFDWLRQ�

• 2ULJLQ� +RQJ .RQJ

• 'HVWLQDWLRQ� &KLFDJR

• 6WRS�RII� 6DOW /DNH &LW\ �WR GURS RII SDUW RI WKH FDUJR�

• &XVWRPV &OHDUDQFH� 6HDWWOH

7KH RULJLQDO URXWH ZDV VHOHFWHG WR VDWLVI\ WKLV VSHFLILFDWLRQ� VSHOOLQJ RXW D GHWDLOHG LWLQHUDU\ RI VKLSV DQG WUDLQV�

$FFRUGLQJ WR WKLV LWLQHUDU\� WKH VKLSPHQW ZDV WR JR E\ WUDLQ WR %RLVH� WKHUH WR EH WUDQVIHUUHG WR DQRWKHU WUDLQ WR

JR WR 6DOW /DNH &LW\� %XW� ZKHQ WKH VKLSPHQW DUULYHV LQ 6HDWWOH� D EOL]]DUG KDV HQJXOIHG %RLVH� DQG WKH WUDLQ

\DUGV DUH WHPSRUDULO\ VKXW GRZQ� ,W LV WLPH WR VHOHFW D QHZ URXWH�

7KH SUREOHP LV WKDW WKH SRUWLRQ RI WKH URXWH DOUHDG\ WUDYHUVHG FDQQRW EH FKDQJHG� :H UHDOO\ ZDQW WR VHOHFW D

QHZ URXWH WKDW VDWLVILHV RQO\ WKRVH FRPSRQHQWV RI WKH RULJLQDO VSHF WKDW KDYH QRW EHHQ VDWLVILHG E\ WKH DOUHDG\
WUDYHUVHG URXWH�



:H DVN WKH RULJLQDO VSHF IRU WKH UHPDLQGHU XQVDWLVILHG E\ WKH WUDYHUVHG URXWH�

originalSpecification remainderUnsatisfiedBy: traversedRoute
(returns a new specification)

7KH QHZ VSHFLILFDWLRQ ZLOO ORRN OLNH WKLV�

• 'HVWLQDWLRQ� &KLFDJR

• 6WRS�RII� 6DOW /DNH &LW\

 7KHUH LV RQH PRUH UHTXLUHPHQW IRU WKH QHZ URXWH� ,W PXVW VWDUW DW RXU FXUUHQW ORFDWLRQ� 6R ZH DGG WKDW�

newSpecification and: (Origin: Seattle)

 :KLFK UHWXUQV D VSHFLILFDWLRQ WKDW ORRNV OLNH WKLV�

• 2ULJLQ� 6HDWWOH

• 'HVWLQDWLRQ� &KLFDJR

• 6WRS�RII� 6DOW /DNH &LW\

We can now apply the route selection process to finding a way to fulfill these new requirements, and we
can check the result using isSatisfiedBy:.  In this case, perhaps it will be shipped to Portland and then sent
on to Salt Lake.  The final leg to Chicago may or may not be the same.

If the route specification is implemented as a composite, this operation is easy to implement.  Using the
same iteration process used to walk the composite structure in the isGeneralizationOf: or isSatisfiedBy:
operations, you test each component:

aComponent isSatisfiedBy: anObject

and collect all the unsatisfied ones into the new specification.

6XPPDU\ RI WKH )XOO 6SHFLILFDWLRQ 3URWRFRO

:KHQ DOO WKHVH SDWWHUQV DUH XVHG WRJHWKHU� 6SHFLILFDWLRQ DV WKH EDVH� &RPSRVLWH6SHFLILFDWLRQ WR UHSUHVHQW PRUH

FRPSOH[ H[SUHVVLRQV� KDUG FRGHG DQG SDUDPHWHUL]HG 6SHFLILFDWLRQV DV OHDI QRGHV� ZLWK WKH VXSSOHPHQWDO

SDWWHUQV DGGHG LQ� WKH IXOO SURWRFRO ZRXOG ORRN VRPHWKLQJ OLNH WKLV�

• LV6DWLVILHG%\�2EMHFW� � %RROHDQ

• LV*HQHUDOL]DWLRQ2I�6SHFLILFDWLRQ� � %RROHDQ

• DQG�6SHFLILFDWLRQ� � 6SHFLILFDWLRQ

• RU�6SHFLILFDWLRQ� � 6SHFLILFDWLRQ

• UHPDLQGHU8QVDWLVILHG%\� �2EMHFW� � 6SHFLILFDWLRQ

,Q D VWURQJO\ W\SHG ODQJXDJH \RX ZRXOG ZDQW WR HQVXUH WKDW WKH DUJXPHQWV WR LV6DWLVILHG%\ DQG

UHPDLQGHU8QVDWLVILHG%\ ZHUH UHVWULFLFWHG WR WKH W\SH RI REMHFW \RX DUH ZRUNLQJ ZLWK�



)LQDO 7KRXJKWV

6SHFLILFDWLRQV KDYH SURYHQ ERWK D YDOXDEOH WHFKLTXH LQ FXUUHQW SURMHFWV� DQG D WHFKQLTXH ZH KDG ZLVKHG ZH KDG

XVHG LQ SUHYLRXV ZRUN� 8VLQJ D FRPSRVLWH VSHFLILFDWLRQ� LQ SDUWLFXODU� LV YHU\ FDSDEOH� ,W LV D ELW RI HIIRUW WR VHW LW

XS� EXW RQFH WKH EXLOGLQJ EORFNV DUH LQ SODFH LW FDQ PDNH OLIH PXFK HDVLHU� 6R IDU PXFK RI RXU LPSOHPHQWDWLRQ

H[SHULHQFH ZLWK WKLV SDWWHUQ LV LQ D 6PDOOWDON�*HPVWRQH HQYLURQPHQW� DQG ZH ZLOO EH LQWHUHVWHG WR VHH KRZ LW

DSSOLHV WR RWKHUV� $V ZH UXQ LQWR RWKHUV ZKR KDYH XVHG LW� ZH DUH VXUH ZH ZLOO EH DEOH SRRO LGHDV DQG GHYHORS

WKLV WKHPH IXUWKHU�

)XUWKHU 5HDGLQJ

0DUWLQ GHVFULEHV WKH QRWLRQV RI SRUWIROLR VHOHFWLQJ LWV FRQWUDFWV LQ >)RZOHU@ ����� (VVHQWLDOO\ WKLV LV D XVH RI D

SDUDPHWHUL]HG VSHFLILFDWLRQ�

>5LHKOH@ LV D SDSHU ZKLFK LV SULPDULO\ DERXW \RX FDQ DVN D VXSHUFODVV WR FUHDWH LQVWDQFHV RI VXEFODVVHV ZLWKRXW

NQRZLQJ DERXW WKH VXEFODVVHV� 7R GR WKLV KH XVHV D VSHFLILFDWLRQ WR KHOS WKH FUHDWLQJ REMHFW FKRRVH DQ

DSSURSULDWH VXEFODVV� ,W LQFOXGHV JRRG DGYLFH IRU LPSOHPHQWLQJ VSHFLILFDWLRQV IRU WKLV NLQG RI SUREOHP�

$OWKRXJK ZH KDYHQ·W WULHG LW� ZH ZRXOG LPDJLQH WKDW VSHFLILFDWLRQV ZRXOG ZRUN ZHOO ZLWK WKH 6KRSSHU SDWWHUQ

>'REOH@ WR KHOS VSHFLI\ WKH LWHP OLVW�

5HIHUHQFHV

>%HFN@ %HFN .� 6PDOOWDON %HVW 3UDFWLFH 3DWWHUQV� 3UHQWLFH�+DOO� ����

>'REOH@ 'REOH -� 6KRSSHU� LQ >3OR3'�@� SS ���²���

>)RZOHU@ )RZOHU 0� $QDO\VLV 3DWWHUQV� 5HXVDEOH 2EMHFW 0RGHOV� $GGLVRQ�:HVOH\� ����

>)RZOHU� 80/@ )RZOHU 0� ZLWK 6FRWW .� 80/ 'LVWLOOHG� $SSO\LQJ WKH 6WDQGDUG 2EMHFW 0RGHOLQJ /DQJXDJH�

$GGLVRQ�:HVOH\� ����

>*DQJ RI )RXU@ *DPPD (� +HOP 5� -RKQVRQ 5� DQG 9OLVVLGHV -� 'HVLJQ 3DWWHUQV� (OHPHQWV RI 5HXVDEOH

6RIWZDUH� $GGLVRQ�:HVOH\� ����

>3OR3'�@ 9OLVVLGHV -� &RSOLHQ -� DQG .HUWK 1 �HGV�� 3DWWHUQ /DQJXDJHV RI 3URJUDP 'HVLJQ �� $GGLVRQ�

:HVOH\� ����

>5LHKOH@ 5LHKOH '� 3DWWHUQV IRU (QFDSVXODWLQJ &ODVV 7UHHV� LQ >3OR3'�@ SS ��²���


