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6RIWZDUH�6\VWHPV�(QJLQHHULQJ�5HVHDUFK�*URXS
7HFKQLFDO�8QLYHUVLW\�&RWWEXV��*HUPDQ\

&RPSXWHU�6FLHQFH�5HSRUWV�,����������1RYHPEHU�����

(�PDLO���GE_FO_VLPRQ�#LQIRUPDWLN�WX�FRWWEXV�GH

$EVWUDFW���0RUH�DQG�PRUH�VRIWZDUH�V\VWHPV�DUH�GHYHORSHG�XVLQJ�WKH�REMHFW�RULHQWHG�SDUDGLJP��7KXV�� ODUJH
V\VWHPV� FRQWDLQ� LQKHULWDQFH� VWUXFWXUHV� WR� SURYLGH� D� IOH[LEOH� DQG� UH�XVDEOH� GHVLJQ� DQG� WR� DOORZ� IRU
SRO\PRUSKLF�PHWKRG�FDOOV��7KLV�SDSHU�JLYHV�D�GHWDLOHG�RYHUYLHZ�DERXW� WKH� LPSDFW�RI�XVLQJ� LQKHULWDQFH�RQ
PHDVXULQJ��XQGHUVWDQGLQJ�DQG�XVLQJ�VXEFODVVHV�LQ�VXFK�FODVV�V\VWHPV��8VXDOO\��FRQVLGHULQJ�FODVVHV�ZLWKLQ�DQ
LQKHULWDQFH�UHODWLRQ�LV�UHGXFHG�WR�WKH�FRQVLGHUDWLRQ�RI�ORFDOO\�GHILQHG�PHPEHUV�RI�D�FODVV��7KLV�YLHZ�PLJKW�EH
LQFRPSOHWH�RU�HYHQ�PLVOHDGLQJ�LQ�VRPH�XVH�FDVHV��7R�SURYLGH�DQ�DGGLWLRQDO�YLHZ�RQ�D�JLYHQ�V\VWHP�ZH�GHILQH
D�WRRO�VXSSRUWHG�IODWWHQLQJ�SURFHVV�ZKLFK�WUDQVIRUPV�DQ�LQKHULWDQFH�VWUXFWXUH�WR�D�UHSUHVHQWDWLRQ�LQ�ZKLFK�DOO
WKH� LQKHULWHG�PHPEHUV� DUH� H[SOLFLW� LQ� HDFK� VXEFODVV�� 7KLV� UHSUHVHQWDWLRQ� SURYLGHV� DGGLWLRQDO� LQVLJKWV� IRU
PHDVXULQJ��XQGHUVWDQGLQJ��DQG�GHYHORSLQJ�ODUJH�VRIWZDUH�V\VWHPV�

� ,QWURGXFWLRQ

$QDO\VLQJ�� XQGHUVWDQGLQJ� DQG� XVLQJ� ODUJH� REMHFW� RULHQWHG� V\VWHPV� DUH� YHU\� GLIILFXOW� WDVNV� DOWKRXJK� WKHUH� DUH� WRROV
DYDLODEOH� WKDW� KHOS� WR� QDYLJDWH� WKURXJK� FODVV� V\VWHPV� IRU� WKLV� SXUSRVH�� (VSHFLDOO\� IRU� V\VWHPV� ZLWK� H[WHQVLYH� XVH� RI
LQKHULWDQFH� VWUXFWXUHV� LW� LV� QRW� HDV\� WR� GHWHUPLQH� H�J�� ZKLFK�PHWKRGV� DUH� SURYLGHG� E\� D� SDUWLFXODU� FODVV� GXH� WR� WKH
LQKHULWHG�PHPEHUV��8VXDOO\��WRROV�GLVSOD\�RQO\�WKRVH�PHPEHUV�RI�D�FODVV�ZKLFK�DUH�GHFODUHG�LQ�WKDW�FODVV��QRW�ZKDW�WKH
FODVV�KDV�LQKHULWHG�IURP�VXSHUFODVVHV��7KXV��ZKDW�\RX�VHH�LV�QRW�ZKDW�\RX�UHDOO\�KDYH��
7KLV�RQH�YLHZ�RQ�D�V\VWHP�PLJKW�FDXVH�WKH�IROORZLQJ�SUREOHPV�
- $�PHDVXUHPHQW�SURFHVV�FDQ�FRQVLGHU�RQO\�WKH�PHPEHUV�GHFODUHG�ZLWKLQ�WKH�FODVV��%HFDXVH�LQKHULWHG�PHPEHUV�DUH�QRW

FRQVLGHUHG�WKH�PHDVXUHPHQW�YDOXHV�FDQ�OHDG�WR�ZURQJ�LQWHUSUHWDWLRQV�
- 7KH�DQDO\VLV�DQG�XQGHUVWDQGLQJ�SKDVH�RI�D�UHYHUVH�HQJLQHHULQJ�SURFHVV�IRU�D�ODUJH�REMHFW�RULHQWHG�VRIWZDUH�V\VWHP�LV

YHU\�WLPH�FRQVXPLQJ�IRU�GHWHUPLQLQJ�D�FODVV
�IXQFWLRQDOLW\�
- )RU�XVLQJ�D�FODVV�RI�D�OLEUDU\�LW�LV�HVVHQWLDO�WR�JHW�DQ�RYHUYLHZ�DERXW�WKH�VHW�RI�XVDEOH�PHPEHUV��,Q�WKH�GHVLJQ�DQG�WKH

LPSOHPHQWDWLRQ�SKDVH�RI�D�IRUZDUG�HQJLQHHULQJ�SURFHVV�WKH�XVHU�RI�D�FODVV�KDV�QR�IDVW�DFFHVV�WR�WKH�UHDOO\�DFFHVVLEOH
PHPEHUV�RI�WKH�FODVV�

2XU�ZRUN�SUHVHQWV�DQ�DSSURDFK�WR�FUHDWH�D�IODW�YHUVLRQ�RI�D�FODVV�V\VWHP��L�H��ZH�HOLPLQDWH�WKH�LQKHULWDQFH�VWUXFWXUH�E\
FRS\LQJ� LQKHULWHG� PHPEHUV� GRZQ� WR� WKH� VXEFODVVHV� E\� VRPH� ODQJXDJH�GHSHQGHQW� IODWWHQLQJ� IXQFWLRQV�� 7KLV� SURFHVV
FRQVLGHUV�WKH�UHODWHG�FRQFHSWV�RI�RYHUULGLQJ��RYHUORDGLQJ�DQG�SRO\PRUSKLVP��:H�LPSOHPHQWHG�VXFK�IODWWHQLQJ�IXQFWLRQV�LQ
RXU�WRRO�&URFRGLOH�>/H6L��@��7KLV�)ODWWHQLQJ�SURFHVV�VROYHV�WKH�SUREOHPV�PHQWLRQHG�DERYH�
7KH�ODQJXDJH�LQGHSHQGHQW�FRQFHSW�RI�IODWWHQLQJ�KDV�WR�EH�DGMXVWHG�WR�WKH�VSHFLDO�SURJUDPPLQJ�ODQJXDJHV�ZLWK�UHVSHFW�WR
WKH�LQKHULWDQFH�UHODWHG�FRQFHSWV��RYHUULGLQJ��RYHUORDGLQJ�DQG�SRO\PRUSKLVP���7KLV�WDVN�LV�QRW�HDV\��HVSHFLDOO\�IRU�&���
7KLV�SDSHU�WULHV�WR�H[SODLQ�LQ�GHWDLO�KRZ�WKH�IODWWHQLQJ�SURFHVV�KDV�WR�ZRUN�IRU�&���FODVV�V\VWHPV�
7KH�LGHD�RI�UHSUHVHQWLQJ�D�FODVV�DV�LW�UHDOO\�LV��L�H��FRQVLGHULQJ�DOO�LQKHULWHG�DWWULEXWHV�DQG�RSHUDWLRQV��ZDV�LQWURGXFHG�E\
0H\HU�>0H\H��@��+H�XVHV�D�IXQFWLRQ�IODW��ZKLFK�FRQVWUXFWV�WKH�IODW�UHSUHVHQWDWLRQ�RI�D�FODVV��,Q�WKH�ILHOG�RI�REMHFW�RULHQWHG
PHDVXUHPHQW�H[LVWV�D�FRQFHSW�FDOOHG�LQKHULWDQFH�FRQWH[W�>(U/H��@��,W�DOORZV�WKH�VHOHFWLRQ�RI�VXSHUFODVVHV�ZKLFK�KDYH�WR�EH
FRSLHG�LQWR�WKHLU�VXEFODVVHV��7KXV��ZH�FDQ�UHVWULFW�WKH�VHW�RI�FODVVHV�WR�EH�FRQVLGHUHG�LQ�WKH�IODWWHQLQJ�SURFHVV�
,Q�6HFWLRQ���RI�WKLV�SDSHU��WKH�EDVLF�FRQFHSWV�RI�RYHUORDGLQJ��RYHUULGLQJ�DQG�SRO\PRUSKLVP�DUH�H[SODLQHG�ZLWK�UHVSHFW�WR
WKH� IODWWHQLQJ� SURFHVV�� 7KLV� SDUW� H[SODLQV� WKHVH� FRQFHSWV� IRU� WKH� ODQJXDJH� &��� LQ� GHWDLO� DQG� LQWURGXFHV� VRPH
FRUUHVSRQGLQJ�IODWWHQLQJ�IXQFWLRQV��6HFWLRQ���H[SODLQV�KRZ�WKH�IODWWHQLQJ�SURFHVV�KDV�WR�ZRUN�IRU�ODUJH�&���FODVV�V\VWHPV��7KH
GLIIHUHQW� IODWWHQLQJ� IXQFWLRQV�RI� WKH�SUHYLRXV� VHFWLRQ�DUH� WUDQVIHUUHG� IRU�XVH�ZLWK� ODUJH� LQKHULWDQFH� VWUXFWXUHV�� LQFOXGLQJ
PXOWLSOH�LQKHULWDQFH�DQG�LQKHULWDQFH�FKDLQV��6HFWLRQ���VKRZV�VRPH�XVHIXO�DSSOLFDWLRQV�IRU�WKH�IODWWHQLQJ�FRQFHSW�
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� 2YHUORDGLQJ��RYHUULGLQJ�DQG�SRO\PRUSKLVP�LQ�&��

)RU�WKH�H[SODQDWLRQ�RI�VRPH�&���FRQFHSWV�LQ�GHWDLO��ZH�ZDQW�WR�JLYH�VRPH�H[DPSOHV��7KH\�FRQVLVW�RI�VRPH�80/�FODVV
GLDJUDPV��FI��>2HVW��@��DQG����LI�QHFHVVDU\�¥�VRXUFH�FRGH�SDUWV��)RU�RXU�SXUSRVHV��WKH�PHWKRG�LPSOHPHQWDWLRQV�DUH� OHVV
LPSRUWDQW�WKDQ�WKH�TXHVWLRQ�ZKLFK�PHWKRGV�DQG�DWWULEXWHV�DUH�DFFHVVLEOH�LQ�GHWDLO�
7KH�SUREOHPV�RI�RYHUORDGLQJ��RYHUULGLQJ�DQG�SRO\PRUSKLVP�RQO\�RFFXU��LI�WZR�PHWKRG�QDPHV��ZLWKRXW�SDUDPHWHUV��DUH
LGHQWLFDO��$WWULEXWHV�FDQ�QRW�EH�RYHUORDGHQ�EXW�ZLWK�FRQIOLFWLQJ�QDPHV�WKH\�FDQ�EH�RYHUULGGHQ�LQ�VRPH�FDVHV��VHH�EHORZ��
,Q�WKH�IROORZLQJ��ZH�GLVFXVV�RYHUORDGLQJ��RYHUULGLQJ�DQG�SRO\PRUSKLVP�VHSDUDWHO\�IRU�DWWULEXWHV�DQG�PHWKRGV��DQG�ZH
GLVWLQJXLVK� WKH� FDVH� ZKHUH� FRQIOLFWLQJ� QDPHV� RFFXU� IURP� WKH� FDVH� ZKHUH� WKH� QDPH� LV� XQLTXH�� 7R� VLPSOLI\� WKH
LQWURGXFWLRQ�RI� RXU� FRQFHSWV�ZH� VWDUW� WR� FRQVLGHU� VLQJOH� LQKHULWDQFH��+RZ�RXU� FRQFHSWV� DUH� DSSOLHG� WR� V\VWHPV�ZLWK
PXOWLSOH�LQKHULWDQFH�LV�H[SODLQHG�LQ�6HFWLRQ���
)RU�HDFK�VLWXDWLRQ�ZH�GHILQH�D�VSHFLDO�IODWWHQLQJ�IXQFWLRQ�ZKLFK�FRSLHV�VRPH�PHPEHUV��L�H��PHWKRGV��DWWULEXWHV�DQG�XVH�
UHODWLRQV��LQWR�D�VXEFODVV�ZLWK�UHVSHFW�WR�VRPH�JLYHQ�UXOHV��7KH�IODWWHQLQJ�IXQFWLRQV�KDYH�WKUHH�SDUDPHWHUV��WKH�VXSHUFODVV�
WKH�FODVV�ZKHUH�WR�FRS\�PHPEHUV�LQWR��ZKLFK�KDV�WR�EH�D�GLUHFW�VXEFODVV�RI�WKH�VXSHUFODVV��DQG�WKH�W\SH�RI�LQKHULWDQFH�

��� $WWULEXWHV�ZLWK�XQLTXH�QDPHV

:LWKRXW� QDPH� FRQIOLFWV� IRU� DWWULEXWHV�� WKH� WHFKQLTXH� RI� IODWWHQLQJ� FODVVHV� LQ� DQ� LQKHULWDQFH� VWUXFWXUH� LV� VLPSOH�� 7KH
DWWULEXWHV�RI�D�VXSHUFODVV�DUH�FRSLHG�LQWR�DOO�VXEFODVVHV��LI�WKH\�DUH�VWLOO�YLVLEOH�WKHUH��:KHWKHU�WKH\�DUH�VWLOO�YLVLEOH�GHSHQGV
RQ�
• WKH� DWWULEXWH
V� YLVLELOLW\� W\SH�� 3ULYDWH� DWWULEXWHV� DUH� DOZD\V� LQYLVLEOH�ZLWKLQ� WKH� VXEFODVVHV�� 3URWHFWHG� DWWULEXWHV� FDQ

UHPDLQ�SURWHFWHG�DW�PD[LPXP��EXW�WKH\�HYHQ�FDQ�EH�SULYDWH���3XEOLF�DWWULEXWHV�FDQ�UHPDLQ�SXEOLF�DW�PD[LPXP��EXW
WKH\�HYHQ�FDQ�EH�SURWHFWHG�RU�SULYDWH��

• WKH�LQKHULWDQFH�W\SH��,QKHULWDQFH�LWVHOI�KDV�D�YLVLELOLW\�UHVWULFWLRQ�LQ�&����7KH�GHIDXOW�LQKHULWDQFH�W\SH�LV�SXEOLF��,Q
WKLV�FDVH��WKH�YLVLELOLW\�RI�DOO�DWWULEXWHV�UHPDLQV�XQFKDQJHG��H[FHSW�SULYDWH�DWWULEXWHV��ZKLFK�FKDQJH�WR�LQYLVLEOH���7KH
SURWHFWHG� LQKHULWDQFH� FKDQJHV� SXEOLF� DWWULEXWHVª� YLVLELOLW\� WR� SURWHFWHG� DQG� SURWHFWHG� DWWULEXWHVª� YLVLELOLW\� UHPDLQV
XQFKDQJHG��7KURXJK�SULYDWH�LQKHULWDQFH��WKH�YLVLELOLW\�RI�SXEOLF�DQG�SURWHFWHG�DWWULEXWHV�FKDQJHV�WR�SULYDWH�

7KH� IROORZLQJ� WDEOH� VXPPDULVHV� WKH� FKDQJHV� RI� YLVLELOLW\� �FI�� >6FKL��@�� SS�� ������ 1RWH� WKDW� ZH� GR� QRW� FRQVLGHU� WKH
SRVVLELOLWLHV�WR�UHVWRUH�WKH�RULJLQDO�YLVLELOLW\�E\�DFFHVV�GHFODUDWLRQ��>6FKL��@��SS�����II@��EHFDXVH�ZH�WKLQN�WKDW�WKLV�VWURQJO\
UHGXFHV�WKH�XQGHUVWDQGDELOLW\�RI�D�JLYHQ�SURJUDP�DQG�WKLV�WHFKQLTXH�LV�GHSUHFDWHG�LQ�WKH�FXUUHQW�&���VWDQGDUG�

LV�FKDQJHG�E\ 3XEOLF�PHPEHU 3URWHFWHG�PHPEHU 3ULYDWH�PHPEHU
SXEOLF�LQKHULWDQFH�WR 3XEOLF 3URWHFWHG 1RW�YLVLEOH
SURWHFWHG�LQKHULWDQFH�WR 3URWHFWHG 3URWHFWHG 1RW�YLVLEOH
SULYDWH�LQKHULWDQFH�WR 3ULYDWH 3ULYDWH 1RW�YLVLEOH
7DEOH����9LVLELOLW\�FKDQJHV�WKURXJK�LQKHULWDQFH

7KLV�FRS\�WHFKQLTXH�IRU�DWWULEXWHV�IURP�WKH�VXSHUFODVV�LQWR�WKH�VXEFODVV�LV�RQO\�FRUUHFW��LI�WKHUH�GRHV�QRW�H[LVW�D�VHSDUDWH
DWWULEXWH�GHFODUDWLRQ�ZLWK�WKH�VDPH�QDPH�LQ�WKH�VXEFODVV�
%HIRUH�GHILQLQJ�WKH�IODWWHQLQJ�IXQFWLRQ�IRU�DWWULEXWHV�ZLWK�XQLTXH�QDPHV�ZH�KDYH� WR� WKLQN�DERXW�ZUDSSHG�DWWULEXWHV�
7KHVH�DUH�DWWULEXWHV�WKDW�DUH�QRW�GLUHFWO\�DFFHVVLEOH��L�H��WKH\�KDYH�WKH�YLVLELOLW\�SULYDWH��EXW�DUH�DFFHVVLEOH�WKURXJK�YLVLEOH
JHW�DQG�VHW�PHWKRGV��$�VWULFWO\�XVHG�HQFDSVXODWLRQ�SULQFLSOH� LQ�DQ�REMHFW�RULHQWHG�GHVLJQ� IRUELGV�GLUHFW� DFFHVV� WR�DQ\
DWWULEXWH�� 7KH� UHFRPPHQGHG� FRQVWUXFWLRQ� LV� WR� DFFHVV� WKHVH� DWWULEXWHV� E\� VSHFLDO� JHW� DQG� VHW� PHWKRGV�� 2XU� DERYH
FRQVLGHUDWLRQ�RI�VXFK�ZUDSSHG�DWWULEXWHV� LV� LPSRUWDQW��EHFDXVH� LJQRULQJ� WKHVH�DWWULEXWHV�ZLWKLQ� WKH� VXEFODVV�GRHV�QRW
UHIOHFW�WKH�UHDO�VLWXDWLRQ��,PDJLQH�D�FODVV�A�ZLWK����SULYDWH�DWWULEXWHV�DQG�HDFK�DWWULEXWH�KDV�RQH�JHW�PHWKRG�DQG�RQH�VHW
PHWKRG��,I�WKHQ�D�FODVV�B�LQKHULWV�IURP�WKLV�FODVV�DQG�GRHV�QRW�DGG��PRGLI\�RU�GHOHWH�DQ\WKLQJ�WKHUH�ZRXOG�EH�QR�UHDVRQ
ZK\� FODVV�A� DQG� FODVV�B� VKRXOG� EH� FRQVLGHUHG� DV� GLIIHUHQW� UHJDUGLQJ� WKHLU� WDVNV��+RZHYHU�� WKLV� ZRXOG� KDSSHQ� LI� QR
IODWWHQLQJ�IXQFWLRQ�ZRXOG�EH�DSSOLHG��7KHVH�ZUDSSHG�DWWULEXWHV�� WRR��KDYH� WR�EH�FRQVLGHUHG�IRU� WKH� IODWWHQLQJ�SURFHVV�
7KHUHIRUH��ZH�KDYH�WR�GHILQH�D�QHZ�YLVLELOLW\�W\SH�WKDW�ZH�FDOO�LQYLVLEOH�

$Q� LQYLVLEOH�PHPEHU� RI� FODVV� ;� LV� D�PHPEHU� RI� ;� ZKLFK� LV� QRW� YLVLEOH� LQ� FODVV� ;� EHFDXVH� RI� SULYDWH
GHFODUDWLRQ�LQ�RQH�RI�WKH�VXSHUFODVVHV�RI�;��EXW�WKHUH�LV�DQ�LQGLUHFW�ZD\�WR�DFFHVV�WKH�PHPEHU��WKURXJK�D
YLVLEOH�PHWKRG�RI�WKH�VXSHUFODVV�ZKLFK�SURYLGHV�DFFHVV�WR�WKH�PHPEHU��
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1HYHUWKHOHVV��DWWULEXWHV�FDQ�H[LVW�WKDW�KDYH�D�SULYDWH�GHFODUDWLRQ�ZLWKLQ�D�VXSHUFODVV�EXW� LQ�FRQWUDVW� WR�EHLQJ� LQYLVLEOH�
WKH\�KDYH�QR�LQGLUHFW�DFFHVV�PHWKRG��WKHVH�PHPEHUV�DUH�LQDFFHVVLEOH�

$Q�LQDFFHVVLEOH�PHPEHU�RI�FODVV�;�LV�D�PHPEHU�RI�;�ZKLFK�LV�QRW�YLVLEOH�DQG�DOVR�QRW�DFFHVVLEOH�LQ�FODVV�;�
7KHUH�H[LVWV�QR�ZD\��QHLWKHU�GLUHFW�QRU�LQGLUHFW��WR�XVH�WKDW�PHPEHU�

7R�FRS\�WKH�LQYLVLEOH�DWWULEXWHV�LQWR�WKH�VXEFODVVHV�ZH�KDYH�WR�DGG�WKH�FODVV�QDPH�WR�WKH�QDPHV�RI�WKH�ZUDSSHG�DWWULEXWHV
WR�DYRLG�QDPH�FODVKHV��L�H��LQVWHDG�RI�DWWULEXWH�i�ZH�ZULWH�A::i�
1RZ�ZH�DUH�DEOH�WR�GHILQH�WKH�IODWWHQLQJ�IXQFWLRQ�IRU�DWWULEXWHV�ZLWK�XQLTXH�QDPHV�

IODWWHQBXQLTXHBDWWULEXWHBQDPHV� �VXSHUFODVV�� VXEFODVV�� LQKHULWDQFH� W\SH��� 7KLV� IODWWHQLQJ� YHUVLRQ� FRSLHV� DOO
UHOHYDQW�DWWULEXWHV�RI�WKH�VXSHUFODVV�LQWR�WKH�VXEFODVV�LI�QR�DWWULEXWH�ZLWK�WKH�VDPH�QDPH�H[LVWV�LQ�WKH�VXEFODVV��,W
FRSLHV�DOO�ZUDSSHG�DWWULEXWHV�RI�WKH�VXSHUFODVV��L�H��SULYDWH�DWWULEXWHV�WKDW�DUH�XVHG�E\�DW�OHDVW�RQH�PHWKRG
ZLWKLQ� WKH� VXSHUFODVV� ZKLFK� DJDLQ� LV� LQKHULWHG� E\� WKH� VXEFODVV�� LQWR� WKH� VXEFODVV�� 7KH� YLVLELOLW\� RI� WKH
ZUDSSHG� DWWULEXWHV� LV� VHW� WR� LQYLVLEOH� DQG� WKH� FODVV� QDPH� LV� DGGHG� WR� WKH� DWWULEXWH� QDPH�� ,QDFFHVVLEOH
DWWULEXWHV�DUH�QRW�FRSLHG�

)LJXUH� �� VKRZV� DQ� H[DPSOH� KRZ� IODWWHQBXQLTXHBDWWULEXWHBQDPHV� ZRUNV�� 7KLV� H[DPSOH� DVVXPHV� WKDW� WKH� PHWKRG
print_A1()�XVHV�WKH�DWWULEXWH�A3��L�H��A3�LV�D�ZUDSSHG�DWWULEXWH��%HFDXVH�RI�WKLV��LW�LV�FRSLHG�LQWR�WKH�QHZ�YHUVLRQ�RI
FODVV�%� �KHUH�� QR� YLVLELOLW\� VLJQ� UHSUHVHQWV� LQYLVLEOH��� ,Q� WKLV� FDVH� WKH� IODWWHQLQJ� IXQFWLRQ�ZRXOG� FRS\� WKUHH� DWWULEXWHV
�PHWKRGV�DUH�GHDOW�ZLWK�ODWHU��

��� $WWULEXWHV�ZLWK�FRQIOLFWLQJ�QDPHV

&RQFHSWV�OLNH�RYHUORDGLQJ��RYHUULGLQJ�DQG�SRO\PRUSKLVP�DUH�RQO\�DSSOLHG�WR�PHPEHUV�ZLWK
VDPH� QDPH�� %HFDXVH� DWWULEXWHV� KDYH� QR� VLJQDWXUH�� L�H�� D� UHWXUQ� YDOXH� RU� SDUDPHWHUV�
RYHUORDGLQJ�LV�QRW�SRVVLEOH��7KH�GDWD�W\SH�LV�QRW�FRQVLGHUHG�� L�H�� LW� LV�QRW�SRVVLEOH�WR�KDYH
WZR�DWWULEXWHV�LQ�RQH�VFRSH�ZLWK�WKH�VDPH�QDPH�EXW�GLIIHUHQW�GDWD�W\SHV�
1HYHUWKHOHVV�RYHUULGLQJ�RI�DWWULEXWHV�LQ�VRPH�FDVHV�H[LVWV��,I�D�VXEFODVV�GHILQHV�DQ�DWWULEXWH
ZLWK�WKH�VDPH�QDPH�DV�D�YLVLEOH�DWWULEXWH�RI�D�VXSHUFODVV��WKH�VXEFODVV�DWWULEXWH�RYHUULGHV�WKH
VXSHUFODVV�DWWULEXWH��L�H��WKDW�RQH�LV�QR�ORQJHU�GLUHFWO\�DFFHVVLEOH�
([DPSOH��FI��)LJXUH�����(YHU\�REMHFW�RI�W\SH�$�KDV�DFFHVV�WR�WKH�DWWULEXWHV�A::A1, A::A2
DQG�A::A3�E\�RQO\�XVLQJ�A1, A2�DQG�A3��(DFK�REMHFW�RI�W\SH�%�KDV�DFFHVV�WR�B::B1,
B::A1, B::A2, B::B2, B::A3�DQG�B::B3�E\�RQO\�XVLQJ�B1, A1, A2, B2,
A3�DQG�B3��,Q�WKLV�FDVH�B::A1�RYHUULGHV�A::A1�DQG�B::A2�RYHUULGHV�A::A2�
+RZHYHU�� LW� LV� VWLOO� SRVVLEOH� WR� DFFHVV� WKH� RYHUULGGHQ� DWWULEXWHV� E\� WKH� XVH� RI� WKH� VFRSH
RSHUDWRU� §��¨�� (�J��� DQ� REMHFW� RI� FODVV� %� FDQ� XVH� WKH� SXEOLF� DWWULEXWH� $�� RI� FODVV� $� E\
<object>.A::A1� )LJ�� ��� $WWULEXWH

RYHUULGLQJ

)LJ�����([DPSOH�IRU�IODWWHQBXQLTXHBDWWULEXWHBQDPHV
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+A1 : int
#A2 : int
-A3 : int

B

+print_B1() : void
#print_B2() : void
-print_B3() : void

+B1 : int
#B2 : int
-B3 : int

A

+print_A1() : void
#print_A2() : void
-print_A3() : void

+A1 : int
#A2 : int
-A3 : int

B

+print_B1() : void
#print_B2() : void
-print_B3() : void

+A1 : int
+B1 : int
#A2 : int
#B2 : int
-B3 : int
 A::A3 : int



�

%HFDXVH�DWWULEXWHV�FDQ�QRW�EH�YLUWXDO�LQ�&���WKH�W\SH�RI�WKH�REMHFW�LV�YHU\�LPSRUWDQW��,I�ZH�KDYH�WKH�IROORZLQJ�FRGH�
A* test1;
B* test2;
test2=new B();
test1=test2
WKHQ�WKH�DWWULEXWH�A1�RI�test1�LV�RI�W\SH�int�EXW�WKH�DWWULEXWH�A1 RI�test2�LV�RI�W\SH�string�
)RU�WKH�ODWHU�HIIHFW��LW�KDV�WR�EH�GHFLGHG��ZKHWKHU�DOVR�DWWULEXWHV�WKDW�DUH�DFFHVVLEOH�E\�H[SOLFLWO\�XVLQJ�WKH�VFRSH�RSHUDWRU
KDYH�WR�EH�FRQVLGHUHG�
)RU� WKH�SXUSRVH�RI� WKLV�SDSHU��ZH�GR�QRW� FRQVLGHU� WKH�XVH�RI�PHPEHUV� YLD� WKH� VFRSH�RSHUDWRU� GXH� WR� WKH� IROORZLQJ
UHDVRQV�
• )RU�VWDWLF�PHPEHUV�LW�LV�DSSOLFDEOH�WR�DOO�FODVVHV�LQGHSHQGHQWO\�RI�DQ\�LQKHULWDQFH�UHODWLRQ�EHWZHHQ�WKHP�
• 7KH�UH�GHILQLWLRQ�RI�DQ�DWWULEXWH�ZLWKLQ�D�VXEFODVV� LV�D�GHOLEHUDWH�GHFLVLRQ��8VLQJ� WKH�VFRSH�RSHUDWRU�E\SDVVHV� WKLV

GHFLVLRQ��:H�FDQ�QRW�UHDOO\�LPDJLQH�H[DPSOHV�LQ�ZKLFK�WKH�XVH�RI�ERWK�DWWULEXWHV��WKH�LQKHULWHG�YLD�VFRSH�RSHUDWRU
DQG�WKH�UH�GHILQHG�RQH��PLJKW�PDNH�PXFK�VHQVH�

• ,Q�UHDO�OLIH�DSSOLFDWLRQV�ZH�DQDO\VHG��FI��>/H5X6L��@��WKH�VFRSH�RSHUDWRU�LV�UDUHO\�XVHG�
• 8VLQJ�WKH�VFRSH�RSHUDWRU�LPSURYHV�WKH�GHSHQGHQFLHV�EHWZHHQ�SDUWLFXODU�FODVVHV��7KH�UH�XVH�RI�D�FODVV�LV�PXFK�PRUH

GLIILFXOW� EHFDXVH� LW� LV�QRW� VXIILFLHQW� WR� UHSURGXFH� DOO� XVH�UHODWLRQV� DQG� LQKHULWDQFH� UHODWLRQV� EXW� LW� LV� QHFHVVDU\� WR
DGDSW�DOO�FRGH�XVLQJ�WKH�VFRSH�RSHUDWRU�WR�WKH�QHZ�HQYLURQPHQW�

%HFDXVH�RI�WKLV��ZH�GR�QRW�QHHG�WR�GHILQH�D�IXUWKHU�IODWWHQLQJ�IXQFWLRQ�IRU�DWWULEXWHV�WKDW�KDYH�WKH�VDPH�QDPH�EHFDXVH�LI
WZR�VXFK�DWWULEXWHV�H[LVW��WKH�RQH�RI�WKH�VXSHUFODVV�FDQ�EH�LJQRUHG�

��� 0HWKRGV�ZLWK�XQLTXH�QDPHV

7KH�IODWWHQLQJ�IXQFWLRQ�IRU�PHWKRGV�ZLWK�XQLTXH�QDPHV�LV�VLPLODU�WR�WKH�IODWWHQLQJ�IXQFWLRQ�IRU�DWWULEXWHV�ZLWK�XQLTXH
QDPHV��WKH�PHWKRGV�RI�D�VXSHUFODVV�DUH�FRSLHG�LQWR�WKH�VXEFODVV��7KH�FRQGLWLRQV�IRU�WKHLU�YLVLELOLW\�DUH�DV�H[SODLQHG�LQ
6HFWLRQ�����
$V�IRU�DWWULEXWHV�ZH�KDYH�WR�WKLQN�DERXW�ZUDSSHG�PHWKRGV��ZKLFK�DUH�QRW�GLUHFWO\�DFFHVVLEOH�PHWKRGV�� L�H�� WKH\�KDYH�WKH
YLVLELOLW\�SULYDWH�� EXW� WKH\� DUH� DFFHVVLEOH� WKURXJK�RWKHU� YLVLEOH�PHWKRGV��7KLV� FRQFHSW�RI� SULYDWH� DX[LOLDU\�PHWKRGV� LV
RIWHQ�XVHG�WR�H[WUDFW�VRPH�VSHFLILF�IXQFWLRQDOLW\��7R�GHPRQVWUDWH�WKH�FRQFHSW�RI�ZUDSSHG�PHWKRGV�OHW�XV�LPDJLQH�D�FODVV
A�ZLWK����SULYDWH�PHWKRGV�DQG���SXEOLF�PHWKRG�WKDW�XVHV�DOO����SULYDWH�PHWKRGV��,I�D�FODVV�B�LQKHULWV�IURP�WKLV�FODVV�DQG
GRHV�QRW�DGG��PRGLI\�RU�GHOHWH�DQ\�PHPEHU�WKHUH�ZRXOG�EH�QR�UHDVRQ�ZK\�FODVV�A�DQG�FODVV�B�VKRXOG�EH�FRQVLGHUHG�DV
GLIIHUHQW��EHFDXVH�WKH�SURYLGHG�IXQFWLRQDOLW\�LV�WKH�VDPH��1HYHUWKHOHVV�� WKLV�ZRXOG�KDSSHQ� LI�ZUDSSHG�PHWKRGV�ZRXOG
QRW�EH�FRQVLGHUHG��%HFDXVH�RI�WKH�IXQFWLRQDO�HTXDOLW\�RI�ERWK�FODVVHV�RI�RXU�H[DPSOH��DOO�SULYDWH�PHWKRGV�WKDW�DUH�XVHG�E\
D�QRQ�SULYDWH�PHWKRG�KDYH�WR�EH�FRQVLGHUHG�IRU�WKH�IODWWHQLQJ�SURFHVV��7KHLU�YLVLELOLW\�ZLWKLQ�WKH�WDUJHW�FODVV�LV�FKDQJHG
WR�LQYLVLEOH��)XUWKHUPRUH��ZH�KDYH�WR�DGG�WKH�FODVV�QDPH�WR�WKH�QDPHV�RI�WKH�ZUDSSHG�PHWKRGV�WR�DYRLG�QDPH�FODVKHV�
L�H��LQVWHDG�RI�PHWKRG�A()�ZH�ZULWH�A::A()�
1RZ�ZH�DUH�DEOH�WR�GHILQH�WKH�IODWWHQLQJ�IXQFWLRQ�IRU�PHWKRGV�WKDW�GR�QRW�FDXVH�QDPH�FRQIOLFWV�

IODWWHQBXQLTXHBPHWKRGBQDPHV� �VXSHUFODVV�� VXEFODVV�� LQKHULWDQFH� W\SH��� 7KLV� IODWWHQLQJ� YHUVLRQ� FRSLHV� DOO
UHOHYDQW�PHWKRGV�RI�WKH� VXSHUFODVV�LQWR�WKH� VXEFODVV�LI�QR�PHWKRG�ZLWK�WKH�VDPH�QDPH�H[LVWV�LQ�WKH� VXEFODVV�
7KH� WDUJHW� YLVLELOLW\� LV� FKRVHQ� LQ� FRUUHVSRQGHQFH� WR� 7DEOH� ��� ,W� FRSLHV� DOO� ZUDSSHG� PHWKRGV� RI� WKH
VXSHUFODVV��L�H��SULYDWH�PHWKRGV�WKDW�DUH�XVHG�E\�DW�OHDVW�RQH�PHWKRG�ZLWKLQ�WKH�VXSHUFODVV��LQWR�WKH�VXEFODVV�
7KH�YLVLELOLW\�RI�WKH�ZUDSSHG�PHWKRGV�LV�VHW�WR�LQYLVLEOH�DQG�WKH�FODVV�QDPH�LV�DGGHG�WR�WKH�PHWKRG�QDPH�
,QDFFHVVLEOH�PHWKRGV�DUH�QRW�FRSLHG�

$SSO\LQJ� IODWWHQBXQLTXHBPHWKRGBQDPHV� WR� WKH� RULJLQDO� FODVVHV� A
DQG�B�IURP�)LJXUH���\LHOG�WKH�QHZ�YHUVLRQV�RI�FODVV�A�DQG�B�WKDW
DUH� GLVSOD\HG� LQ� )LJXUH� ��� LI� LW� LV� DVVXPHG� WKDW�print_A3()
ZLWKLQ� FODVV� A� LV� XVHG� E\� print_A1()�� ,Q� WKLV� FDVH�� WKH
IODWWHQLQJ�IXQFWLRQ�FRSLHV�WKUHH�PHWKRGV�

A

+print_A1() : void
#print_A2() : void
-print_A3() : void

+A1 : int
#A2 : int
-A3 : int

B

+print_B1() : void
+print_A1()() : void
#print_B2() : void
#print_A2() : void
-print_B3() : void
 A::print_A3() : void

+B1 : int
#B2 : int
-B3 : int

)LJ�����([DPSOH�IRU�IODWWHQBXQLTXHBPHWKRGBQDPHV��FI��)LJXUH���



�

��� 0HWKRGV�ZLWK�FRQIOLFWLQJ�QDPHV

0HWKRGV� LQ� JHQHUDO� KDYH� D� UHWXUQ� YDOXH� DQG� VHYHUDO� SDUDPHWHUV�� 7KH� W\SH� RI� WKH� UHWXUQ� YDOXH� DQG� WKH� W\SHV� RI� WKH
SDUDPHWHUV�WRJHWKHU�ZLWK�WKHLU�RUGHULQJ�DUH�FDOOHG� VLJQDWXUH�>0H\H��@��)RU�RXU�SXUSRVH�ZH�LJQRUH�WKH�UHWXUQ�YDOXH�W\SH
EHFDXVH�LW�LV�QRW�FRQVLGHUHG�IRU�RYHUORDGLQJ�DQG�RYHUULGLQJ�LQ�&����FI��>6FKL��@���

����� 2YHUULGLQJ
$�PHWKRG�A::M1�LV�RYHUULGGHQ�ZLWKLQ�%�E\�D�PHWKRG�B::M1�LI�WKH�IROORZLQJ�FRQVWUDLQWV�DUH�IXOILOOHG�
� A::M1�DQG�B::M1�DUH�ERWK�YLVLEOH�ZLWKLQ�%��L�H��A::M1�KDV�DW�OHDVW�WKH

YLVLELOLW\�©SURWHFWHGª�
� A::M1�KDV�WKH�VDPH�QDPH�DV�B::M1�
� A::M1�DQG�B::M1�KDYH�WKH�VDPH�QXPEHU�RI�DUJXPHQWV��DOVR�SDUDPHWHUV

ZLWK�GHIDXOW�YDOXHV��H�J��int x=7��KDYH�WR�EH�FRXQWHG��DQG�HYHU\�W\SH�W
L

�DW
SRVLWLRQ� L� RI� WKH�SDUDPHWHU� OLVW�A::M1� KDV� WR� EH� HTXDO� WR� WKH� W\SH� W

L

� DW
SRVLWLRQ�L�RI�WKH�SDUDPHWHU�OLVW�RI�B::M1�

$VVXPLQJ� D� SXEOLF� LQKHULWDQFH� EHWZHHQ� FODVV�A� DQG�B� LQ� )LJXUH� �� \LHOGV� WKH
IROORZLQJ�VWDWHPHQWV�
� void B::print1(int)�RYHUULGHV�void A::print1(int)
� void B::print2(int, int�� RYHUULGHV

int A::print2(int, int=5)� EHFDXVH� WKH� UHWXUQ� YDOXH� LV� QRW
FRQVLGHUHG� IRU� RYHUULGLQJ� DQG� WKH� SDUDPHWHU� OLVWV� DUH� HTXDO� �LQFOXGLQJ
GHIDXOW�YDOXHV��

� char* B::print3(char*)� GRHV� QRW� RYHUULGH� void
A::print3(char*)�EHFDXVH�WKH�ODWWHU�RQH�LV�QRW�YLVLEOH�ZLWKLQ�FODVV�%�

,Q� WKH� QH[W� VHFWLRQ��ZH� KDYH� WR� H[DPLQH� RYHUORDGLQJ� EHFDXVH� LW� LQIOXHQFHV� WKH
RYHUULGLQJ�PHFKDQLVP�

����� 2YHUORDGLQJ
6LQFH�RYHUULGLQJ�LV�D�NLQG�RI�UHGHILQLWLRQ�RI�D�PHWKRG��RYHUORDGLQJ�DOORZV�WKH�GHILQLWLRQ�RI�VLPLODU�RSHUDWLRQV�ZLWK�WKH
VDPH�QDPH�EXW�GLIIHUHQW�W\SHV�RU�QXPEHUV�RI�SDUDPHWHUV��7KH�GHILQLWLRQ�RI�RYHUORDGLQJ�LV�GRQH�LQ�D�VLPLODU�ZD\�DV�IRU
RYHUULGLQJ�
$� PHWKRG� A::M1� RYHUORDGV� D� PHWKRG� A::M2� LI� WKH� IROORZLQJ� FRQVWUDLQWV� DUH
IXOILOOHG�
� A::M1�KDV�WKH�VDPH�QDPH�DV�A::M2�
� ,I�A::M1� DQG�A::M2� KDYH� WKH� VDPH�QXPEHU�RI� DUJXPHQWV�Q� �SDUDPHWHUV�ZLWK

GHIDXOW�YDOXHV��H�J��int x=7��DUH�QRW�FRXQWHG���$W�OHDVW�RQH�W\SH�W
L

�DW�SRVLWLRQ�L�RI
WKH�SDUDPHWHU�OLVW�RI�A::M1�KDV�WR�EH�GLIIHUHQW�WR�WKH�W\SH�W

L

�DW�SRVLWLRQ�L�RI�WKH
SDUDPHWHU�OLVW�RI�A::M2 (1 ≤ i ≤ n)��7KXV��WKH�PLVPDWFKLQJ�SDUDPHWHU�KDV
WR�RFFXU�EHIRUH�DQ\�GHIDXOW�SDUDPHWHU�

,Q�)LJXUH����WKH�PHWKRG�m�LV�RYHUORDGHG�WZLFH�ZLWKLQ�FODVV�A�
:LWK�UHVSHFW�WR�LQKHULWDQFH�WKHUH�LV�D�YHU\�LPSRUWDQW�SRLQW�WR�UHPHPEHU�LI�SDUWLFXODUO\
GHDOLQJ�ZLWK�RYHUULGLQJ�RU�RYHUORDGLQJ� �� HVSHFLDOO\� LQ�&��� ��� EHFDXVH� LW� FRQWUDVWV� WKH
JHQHUDO�RYHUULGLQJ� FRQFHSW� RI� 6HFWLRQ� ������� D�PHWKRG� LQ� D� VXEFODVV�ZLOO� RYHUULGH� DOO
PHWKRGV�ZLWK�WKH�VDPH�QDPH�IURP�WKH�VXSHUFODVV��QHYHU�RYHUORDG�WKHP��$V�VKRZQ�LQ
)LJXUH� �� FODVV� B� LQKHULWV� IURP� FODVV� A� DQG� GHILQHV� LWV� RZQ� PHWKRG� m(): int.
:LWKLQ� FODVV�B� DOO� RWKHU� PHWKRGV�m� IURP� FODVV�A� DUH� RYHUULGGHQ�� L�H�� WKH\� DUH� QRW
PHPEHUV�RI�FODVV�B�

�������������������������������������������
��,Q�PRUH�GHWDLO��&KDQJLQJ�RQO\�WKH�UHWXUQ�W\SH�GRHV�QRW�FDXVH�RYHUORDGLQJ�EHFDXVH�WKH�GLIIHUHQFH�KDV�WR�EH�ZLWKLQ�WKH
SDUDPHWHU�OLVW��2Q�WKH�RWKHU�KDQG�LW�LV�QRW�SRVVLEOH�WR�RYHUULGH�D�PHWKRG�E\�FKDQJLQJ�WKH�UHWXUQ�W\SH��%HFDXVH�WKLV�FDQ
FDXVH�SUREOHPV�IRU�SRO\PRUSKLF�VWUXFWXUHV�WKH�FRPSLOHU�UHMHFWV�WKHVH�FDVHV��6LQFH�VRIWZDUH�PHDVXUHPHQW�LV�GRQH�IRU
FRPSLODEOH�VRXUFHV�ZH�FDQ�LJQRUH�WKLV�FDVH�

)LJ�����2YHUULGLQJ�PHWKRGV

)LJ�����2YHUORDGLQJ�PHWKRGV

A

+virtual m(x : int) : int
+virtual m(x : char*) : void
+virtual m(x : int, y : int) : int

B

+m() : int

A

-virtual print3(Str : char*) : void

#virtual print2(x : int, y : int = 5) : int

+virtual print1(value : int) : void

B

+virtual print1(x : int) : void

#virtual print2(value1 : int, value2 : int) : void

#virtual print3(Str : char*) : char*



�

6R��ZKHQHYHU�WZR�PHWKRGV�IURP�WZR�FODVVHV�LQ�DQ�LQKHULWDQFH�UHODWLRQ�KDYH�WKH�VDPH�QDPH��WKH�IODWWHQLQJ�IXQFWLRQ�PXVW
QRW�FRS\�WKH�PHWKRG�IURP�WKH�VXSHUFODVV�LQWR�WKH�VXEFODVV�DQG��WKHUHIRUH��WKHUH�LV�QR�QHHG�IRU�DQ�DGGLWLRQDO�IODWWHQLQJ
IXQFWLRQ�

��� 3RO\PRUSKLF�XVH�UHODWLRQV

,Q�WKLV�VHFWLRQ�ZH�GHDO�ZLWK�SRO\PRUSKLVP��LQ�SDUWLFXODU�UXQ�WLPH�SRO\PRUSKLVP��LQ�FRQWUDVW�WR�FRPSLOH�WLPH�SRO\PRUSKLVP�WKDW
FDQ�EH�DFKLHYHG�E\�RYHUORDGLQJ�DQG�WKDW�FDQ�EH�VROYHG�E\�WKH�FRPSLOHU���FI��>6FKL��@���7KH�WHFKQLTXH�WR�LPSOHPHQW�WKLV
NLQG�RI�SRO\PRUSKLVP�LV�FDOOHG� ODWH�ELQGLQJ��7KLV�PHDQV�WKDW�WKH�GHWHUPLQDWLRQ�ZKLFK�YHUVLRQ�RI�D� IXQFWLRQ� LV�FDOOHG
ZKHQ�D�PHVVDJH�ZLWK�DSSURSULDWH�QDPH�RFFXUV�LV�PDGH�DW�UXQ�WLPH�DQG�LV�EDVHG�RQ�WKH�REMHFW�W\SH��,Q�&���WKLV�W\SH�RI
ODWH�ELQGLQJ�LV�RQO\�SRVVLEOH�LI�DQ�REMHFW�LV�DFFHVVHG�YLD�SRLQWHU��RU�YLD�UHIHUHQFH��ZKLFK�LV�DQ�LPSOLFLW�SRLQWHU��>6FKL��@�
SS�������DQG�LI�WKH�FDOOHG�PHWKRG�LV�GHFODUHG�YLUWXDO��7KLV�FDQ�EH�VKRZQ�E\�DQ�H[DPSOH�DV�VKRZQ�LQ�)LJXUH���
/HW�XV�WDNH�WKH�IROORZLQJ�H[DPSOH�FRGH�
A  object_a;
A  *p_object_a;
B  object_b;
,W�VKRXOG�EH�FOHDU�� WKDW� LI� WKH�PHVVDJH�m1(int)� LV� VHQW� WR�object_a�� WKH� IXQFWLRQ
A::m1(int) LV� H[HFXWHG�� 7KH� VDPH� PHVVDJH� VHQW� WR� object_b� H[HFXWHV� WKH
IXQFWLRQ�B::m1(int)��,W�LV�LPSRUWDQW�WR�QRWLFH��WKDW�WKLV�PHVVDJH�IXQFWLRQ�SDWWHUQ���
WKDW�GHVFULEHV�ZKLFK�IXQFWLRQ�LV�H[HFXWHG�DIWHU�D�PHVVDJH�LV�UHFHLYHG����GRHV�QRW�FKDQJH
HYHQ�DIWHU�WKH�DVVLJQPHQW�RI�object_a=object_b��7KH�UHDVRQ�LV�WKH�VHPDQWLFV�RI
WKH� © ª�RSHUDWRU�� 7KH�PHWKRG�A&�operator = (const A&)� RI� FODVV�A� LV� FDOOHG
ZLWK�REMHFW�object_b�DV�SDUDPHWHU�DQG�DOO�DWWULEXWHV�RI�object_a�DUH�VHW�ZLWK�WKH
YDOXHV�RI�WKH�FRUUHVSRQGLQJ�DWWULEXWH�RI�object_b��,Q�WKLV�FDVH�WKLV�LV�SRVVLEOH�EHFDXVH
object_b� LV� DQ� A�� 7KH� UHYHUVH� IDLOV�� L�H�� WKH� DVVLJQPHQW� object_b=object_a
ZRXOG�QRW�SDVV�WKH�FRPSLOHU��EHFDXVH�object_a�LV�QRW�D�%��
$IWHU� DQ� DVVLJQPHQW� RI� WKH� UHIHUHQFH� RI�object_a� WR�p_object_a� WKH� IXQFWLRQ
A::m1(int)� LV� H[HFXWHG�� LI� WKH� PHVVDJH� m1(int)� LV� VHQW� WR� p_object_a�
&KDQJLQJ�RQO\�WKH�DVVLJQPHQW�WR�p_object_a=&object_b�FDXVHV�WKH�H[HFXWLRQ�RI
B::m1(int)� LI� WKH�PHVVDJH�m1(int)� LV� UHFHLYHG� �EHFDXVH�p_object_a� SRLQWV� WR� D� %� QRZ��� $GGLWLRQDOO\� LW� LV
LPSRUWDQW� WR�QRWLFH�� WKDW� LQ�ERWK�FDVHV�WKH� IXQFWLRQ�A::m2(int�� LV� FDOOHG�DIWHU� WKH�PHVVDJH�m2(int)� LV� UHFHLYHG�
EHFDXVH�WKH�PHWKRG�m2�LV�QRW�GHFODUHG�DV�YLUWXDO�LQ�FODVV�A�
:KLOH� FRQVLGHULQJ�SRO\PRUSKLF�VWUXFWXUHV� LW� LV�QRW� DOZD\V�SRVVLEOH� WR�GHFLGH� DW� FRPSLOH�WLPH�ZKLFK� IXQFWLRQ�ZLOO� EH
H[HFXWHG�DW�UXQ�WLPH��'XH�WR�WKLV��WKH�VWDWLF�DQDO\VLV�RI�SRO\PRUSKLF�XVH�UHODWLRQV�EHWZHHQ�FODVVHV�LV�RIWHQ�UHGXFHG�WR�XVH�
UHODWLRQV�EHWZHHQ�VXSHUFODVVHV�>/H6L��@��7KH�DSSOLFDWLRQ�RI�WKLV�WHFKQLTXH�IRU�D�PHWKRG�m3�RI�FODVV�C��WKDW�KDV�D�SRLQWHU
WR�FODVV�A�RI�)LJXUH���ZRXOG�VKRZ�D�XVH�FRXSOLQJ�EHWZHHQ�FODVV�C�DQG�FODVV�A�EXW�QRW�EHWZHHQ�FODVV�C�DQG�FODVV�B��7KLV
VLPSOLILFDWLRQ�PLJKW�EH�ZURQJ��,I�IRU�H[DPSOH�WKH�SRLQWHU�ZLWKLQ�m3�RI�FODVV�C�ZRXOG�SRLQW�WR�DQ�REMHFW�RI�FODVV�B�¥
ZKLFK� LV�SRVVLEOH�EHFDXVH�B� LV� GHULYHG� IURP�A� �� WKH�PHWKRGV� RYHUULGGHQ� �RU� LPSOHPHQWHG�� LQ�B� FDQ� EH� XVHG� E\� WKH
SRLQWHU�WR�FODVV�A�
%HFDXVH�WKH�VWDWLF�DQDO\VLV�RI� VRXUFH�FRGH�DOZD\V�FRQVLGHUV�RQO\�SRWHQWLDO�RI�XVH�DQG�QRW� WKH�DFWXDO� IUHTXHQF\�RI�XVH�
WKHUH�VKRXOG�EH�D�IXQFWLRQ� IODWWHQBSRO\PRUSKLFBXVHBUHODWLRQV� WKDW�DGGV� WKH�XVH�UHODWLRQV� LQWR�DOO�PHWKRGV�RI� WKH�VXEFODVV
WKDW�FRXOG�EH�H[HFXWHG�E\�PHWKRG�C::m3��7KLV�IODWWHQLQJ�IXQFWLRQ�GHSHQGV�QRW�RQO\�RQ�WKH�VXSHUFODVV�DQG�VXEFODVV�EXW
DOVR�RQ�WKH�FODVV�WKDW�XVHV�PHWKRGV�RI�WKH�VXSHUFODVV��7KH�FRUUHVSRQGLQJ�IODWWHQLQJ�IXQFWLRQ�LV�GHILQHG�DV�IROORZV�

IODWWHQBSRO\PRUSKLFBXVHBUHODWLRQV��VXSHUFODVV��VXEFODVV��FOLHQWBFODVV��LQKHULWDQFHªV�W\SH���7KLV�IODWWHQLQJ�YHUVLRQ
DGGV�WKHVH�XVH�UHODWLRQV�WKDW�FRYHU�FDOOV�RI�WKH�FOLHQW�FODVV�WR�SXEOLF�PHWKRGV�RI�WKH�VXEFODVV��7KLV�LV�GRQH�LQ
WKH�IROORZLQJ�ZD\�
$�XVH�UHODWLRQ�EHWZHHQ�D�PHWKRG�P

FOLHQWF

�RI�WKH�FOLHQW�FODVV�DQG�D�SXEOLF�PHWKRG�P
VXEF

�ZLWKLQ�WKH�VXEFODVV�LV
DGGHG�LI
� WKH�LQKHULWDQFHªV�W\SH�LV�SXEOLF�
� P

FOLHQWF

�XVHV�WKH�PHWKRG�P
VXSHUF�

��GHFODUHG�LQ�WKH�VXSHUFODVV�
� P

VXSHUF

�LV�GHILQHG�DV�YLUWXDO�
� P

VXSHUF

�LV�RYHUULGGHQ�RU�LPSOHPHQWHG�E\�P
VXEF

�ZLWKLQ�WKH�VXEFODVV�

A

+virtual m1(x : int) : int
+m2(x : int) : int

B

+virtual m1(x : int) : int
+m2(x : int) : int

)LJ�� ��� ([DPSOH� IRU
SRVVLEOH
SRO\PRUSKLVP



�

)LJXUH���VKRZV�DQ�H[DPSOH�KRZ�IODWWHQBSRO\PRUSKLFBXVHBUHODWLRQV�ZRUNV�
,Q�WKH�RULJLQDO�VWUXFWXUH�WKHUH�H[LVWV�RQO\�D�XVH�UHODWLRQ�EHWZHHQ�&�DQG�$��QDPHO\�C::m3()�XVHV�A::m1(int)�DQG
A::m2(int)� ��� $IWHU� IODWWHQLQJ� D� IXUWKHU� XVH�UHODWLRQ� EHWZHHQ� &� DQG� %� LV� DGGHG� �QDPHO\� C::m3()� XVHV
B::m1(int)��EHFDXVH�DOO�FRQGLWLRQV�IRU�SRVVLEOH�SRO\PRUSKLF�XVH�RI�m1(int)�DUH�IXOILOOHG��7KLV�LV�QRW�WKH�FDVH�IRU
B::m2(int)�EHFDXVH�LW�LV�QRW�GHILQHG�DV�YLUWXDO�ZLWKLQ�WKH�VXSHUFODVV�

)LJ�����([DPSOH�IRU�IODWWHQLQJ�RI�SRO\PRUSKLF�XVH�UHODWLRQV

� +RZ�WR�XVH�WKH�IODWWHQLQJ�SURFHVV�IRU�ODUJH�&���V\VWHPV

7KLV�VHFWLRQ�GHDOV�ZLWK� WKH�TXHVWLRQ�KRZ�WKH�GLIIHUHQW� IODWWHQLQJ�YHUVLRQV�DUH�DSSOLHG� WR�ODUJH�REMHFW�RULHQWHG�V\VWHPV
ZULWWHQ�LQ�&����ZKLFK�FDQ�EH�FKDUDFWHULVHG�E\�WKH�IROORZLQJ�SRLQWV�
• ,Q�ODUJH�&���V\VWHPV�PXOWLSOH�LQKHULWDQFH�LV�RIWHQ�XVHG��L�H��RQH�VXEFODVV�KDV�PRUH�WKDQ�RQH�GLUHFW�VXSHUFODVV��+RZ

VKRXOG�WKH�IODWWHQLQJ�IXQFWLRQ�EH�DSSOLHG�LQ�VXFK�FDVHV"
• /DUJH�&���V\VWHPV�FRQWDLQ�LQKHULWDQFH�FKDLQV��L�H��D�FODVV�LQKHULWV�IURP�DQRWKHU�FODVV�ZKLFK�LWVHOI�DJDLQ�LQKHULWV�IURP

DQRWKHU�FODVV��,Q�ZKLFK�RUGHU�VKRXOG�WKH�IODWWHQLQJ�IXQFWLRQV�EH�DSSOLHG"
• +RZ�WR�KDQGOH�WKH�GLIIHUHQW�IODWWHQLQJ�YHUVLRQV�LI�ODUJH�FODVV�OLEUDULHV�DUH�XVHG�RU�ZKROH�IUDPHZRUNV�DUH�LQVWDQWLDWHG"

7R�ZKLFK�SDUWV�VKRXOG�WKH�IODWWHQLQJ�IXQFWLRQ�EH�DSSOLHG�"

��� )ODWWHQLQJ�DQG�PXOWLSOH�LQKHULWDQFH

,W� LV� SRVVLEOH� IRU� D� GHULYHG� FODVV� WR� LQKHULW� GLUHFWO\� IURP� WZR� RU� PRUH� VXSHUFODVVHV�� 7KLV� FRQFHSW� LV� FDOOHG� PXOWLSOH
LQKHULWDQFH��>6FKL��@��SS��������:H�GLVWLQJXLVK�WZR�FDVHV�
• ,QKHULWLQJ�IURP�DOO�VXSHUFODVVHV�GRHV�QRW�OHDG�WR�DQ\�QDPH�FRQIOLFW��L�H��QHLWKHU�WKHUH�H[LVWV�DQ\�SXEOLF�RU�SURWHFWHG

PHWKRG�QRU�DQ\�SXEOLF�RU�SURWHFWHG�DWWULEXWH�WKDW�KDV�WKH�VDPH�QDPH�ZLWKLQ�WKH�VHW�RI�VXSHUFODVVHV�
• ,QKHULWLQJ�IURP�DOO�VXSHUFODVVHV�OHDGV�WR�VRPH�QDPH�FRQIOLFWV�

A

+virtual m1(x : int) : int
+m2(x : int) : int

B

+virtual m1(x : int) : int
+m2(x : int) : int

C

+m3() : void

A

+virtual m1(x : int) : int
+m2(x : int) : int

B

+virtual m1(x : int) : int
+m2(x : int) : int

C

+m3() : void

A

+print_A1() : void
#print_A2() : void
-print_A3() : void

+A1 : int
#A2 : int
-A3 : int

B

+print_B1() : int

C

-print_A2() : void
#print_B1(x : int) : void

-A1 : int
#B1 : int

D

+D1() : int

-D1 : int

A

+print_A1() : void
#print_A2() : void
-print_A3() : void

+A1 : int
#A2 : int
-A3 : int

B

+print_B1() : int

C

-print_A2()() : void
#print_B1()() : void

-A1 : int
#B1 : int

D

+D1() : int
+print_A1() : void
#print_A2() : void
+print_B1() : int
#print_B1(x : int) : void

-D1 : int
+A1 : int
#A2 : int
#B1 : int

)LJ�����&ODVV�VWUXFWXUH�ZLWK�PXOWLSOH�LQKHULWDQFH�DQG�LWV�IODWWHQHG�YHUVLRQ



�

7KH�IRUPHU�FDVH�LV�HDVLHU�WR�KDQGOH��EHFDXVH�DOO�IODWWHQLQJ�IXQFWLRQV�FDQ�EH�DSSOLHG�VHTXHQWLDOO\�LQ�DUELWUDU\�RUGHU�WR�HYHU\
VXSHUFODVV��)LJXUH���VKRZV�DQ�H[DPSOH�RI�D�FODVV�VWUXFWXUH�XVLQJ�PXOWLSOH�LQKHULWDQFH�DQG�WKH�VDPH�FODVV�VWUXFWXUH�DIWHU
WKH�IODWWHQLQJ�SURFHVV�
,Q�WKH�FDVH�RI�QDPH�FRQIOLFWV�ZH�GLVWLQJXLVK�WZR�VLWXDWLRQV�
• $W�OHDVW�WZR�FODVVHV�WKDW�DUH�LQKHULWHG�GLUHFWO\�E\�DQRWKHU�FODVV�KDYH�RQH�PHPEHU�ZLWK�WKH�VDPH�QDPH��7KH�XVH�RI�WKLV

PHPEHU�ZLWKLQ�WKH�LQKHULWLQJ�FODVV�ZRXOG�FDXVH�QDPH�FRQIOLFWV��%HFDXVH�RI�WKLV��WKH�PHPEHUV�DUH�VWLOO�DFFHVVLEOH�RQO\
E\�XVLQJ� WKH� VFRSH�RSHUDWRU�ZKLFK� LV�QRW� FRQVLGHUHG� LQ�RXU� FRQWH[W� �FI�� 6HFWLRQ�����7KLV� FDVH� FDQ�EH�KDQGOHG� DV
PXOWLSOH�LQKHULWDQFH�ZLWKRXW�RFFXUULQJ�QDPH�FRQIOLFWV��7KXV��WKH�IODWWHQLQJ�IXQFWLRQ�GRHV�QRW�FRS\�PHPEHUV�WKDW
FDXVH�FRQIOLFWV�ZLWKLQ�WKH�VXEFODVV�

• 2QH�FODVV� LV� LQKHULWHG�VHYHUDO�WLPHV��2QH�H[DPSOH� IRU� WKLV�UKRPEXV�
OLNH�LQKHULWDQFH��>6WUR��@��SS������LV�SUHVHQWHG�LQ�)LJXUH����6LQFH�ERWK
FODVVHV��B�DQG�C)�LQKHULW�A1�DQG�A2��FODVV�D�LQKHULWV�WKHVH�DWWULEXWHV
WZR� WLPHV��8VXDOO\��ZH�KDQGOH� WKLV�RFFXUULQJ�QDPH� FRQIOLFW� LQ� WKH
VDPH�ZD\�DV�RFFXUULQJ�QDPH�FRQIOLFWV�E\�PHPEHUV�ZLWK�VDPH�QDPH
ZLWKLQ�GLIIHUHQW�FODVVHV��VHH�DERYH���+RZHYHU��&���RIIHUV�D�SRVVLELOLW\
WR� SUHYHQW� FRQIOLFWV� LI� XVLQJ� UKRPEXV�OLNH� LQKHULWDQFH�� 7KH
GHILQLWLRQ�RI�YLUWXDO�EDVH�FODVVHV��7R�DYRLG�WKH�PXOWLSOH�RFFXUUHQFH�RI
PHPEHUV� RI� D� FODVV� WKDW� LV� PXOWLSO\� LQGLUHFWO\� LQKHULWHG�� DOO
LQKHULWDQFHV�RI�WKLV�FODVV�KDYH�WR�EH�GHILQHG�DV�virtual��7KLV�FDQ
EH�DFFRPSOLVKHG�E\�SUHFHGLQJ�WKH�EDVH�FODVV�QDPH�ZLWK�WKH�NH\ZRUG
YLUWXDO�� 7KXV�� LI� WKH� GHILQLWLRQ� RI� FODVV� %� ZRXOG� EH

class B: virtual public A’� DQG� WKH� RQH� RI� FODVV� C
ZRXOG� EH� 
class C: virtual public A’�� WKHQ� FODVV� D
ZRXOG�KDYH�WZR�XQLTXH�DWWULEXWHV�A1�DQG�A2 ZKLFK�KDYH�DOVR�WR�EH
FRQVLGHUHG�IRU�RXU�SXUSRVHV��5HVSHFWLQJ�WKLV��WKH�IODWWHQLQJ�IXQFWLRQ
FRSLHV�RQO\�PHPEHUV�ZLWK�FRQIOLFWLQJ�QDPHV� LI� FODVV�$� LV� YLUWXDOO\
LQKHULWHG�� 2WKHUZLVH� WKH� IODWWHQLQJ� IXQFWLRQ� GRHV� QRW� FRS\� WKH
PHPEHUV�ZLWK�FRQIOLFWLQJ�QDPHV�

7R�LQFOXGH�WKHVH�VSHFLDO�FDVHV�LQWR�WKH�IODWWHQLQJ�SURFHVV�ZH�QHHG�DQRWKHU
IODWWHQLQJ� IXQFWLRQ� IRU� PXOWLSOH� LQKHULWDQFH�� 7R� GHDO� ZLWK� VHYHUDO
VXSHUFODVVHV� ZH� KDYH� WR� FKDQJH� WKH� SDUDPHWHUV� RI� WKH� IODWWHQLQJ� IXQFWLRQ� WR
IODWWHQBPXOWLSOHBLQKHULWDQFH�VXSHUFODVVBUHODWLRQV�� VXEFODVV��� ZLWK� VXSHUFODVVBUHODWLRQV� LV� D� VHW� RI� SDLUV� �VXSHUFODVV�
LQKHULWDQFHBW\SH���ZKHUH�LQKHULWDQFHBW\SH�FRUUHVSRQGV�WR�WDEOH���

IODWWHQBPXOWLSOHBLQKHULWDQFH� �VXSHUFODVVBUHODWLRQV�� VXEFODVV��� 7KLV� IODWWHQLQJ� IXQFWLRQ� FRPELQHV� DOO� WKH
IODWWHQLQJ� WDVNV� SURYLGHG� E\� WKH� IODWWHQLQJ� IXQFWLRQV� IODWWHQBXQLTXHBDWWULEXWHBQDPHV�
IODWWHQBXQLTXHBPHWKRGBQDPHV�DQG�IODWWHQBSRO\PRUSKLFBXVHBUHODWLRQV�DQG�H[WHQGV�WKHLU�IXQFWLRQDOLW\�WR�PXOWLSOH
LQKHULWDQFH��7KLV�LV�GRQH�LQ�WKH�IROORZLQJ�ZD\�
• )RU� HYHU\� VXSHUFODVV� RI� WKH� VXEFODVV�� &DOO� WKH� GLIIHUHQW� IODWWHQLQJ� IXQFWLRQV� ZLWK� WKH� FRUUHVSRQGLQJ

LQKHULWDQFH�W\SH�
• %HIRUH�D�IODWWHQLQJ�IXQFWLRQ�FRSLHV�D�PHPEHU�LQWR�WKH�VXEFODVV��LW�KDV�WR�EH�FKHFNHG�LI�D�QDPH�FRQIOLFW

H[LVWV�ZLWK�SRWHQWLDO�LQKHULWHG�PHPEHUV�RI�WKH�RWKHU�VXSHUFODVVHV�
• ,I�QR�QDPH�FRQIOLFW�DULVHV��WKH�PHPEHU�LV�FRSLHG��2WKHUZLVH��LW�KDV�WR�EH�FKHFNHG�LI�WKH�QDPH�FRQIOLFW�LV

FDXVHG�E\�YLUWXDO�UKRPEXV�OLNH�LQKHULWDQFH�WKDW�DOVR�OHDGV�WR�FRS\LQJ�WKH�PHPEHU�

��� )ODWWHQLQJ�RI�LQKHULWDQFH�FKDLQV

,Q�UHDO�OLIH�DSSOLFDWLRQV��LQKHULWDQFH�FDQ�EH�XVHG�YHU\�RIWHQ�DQG�WKHUH�FDQ�EH�XVHG�ORQJ�LQKHULWDQFH�FKDLQV��L�H��WKH�FODVV�
RI�ZKLFK�DQRWKHU�FODVV�LQKHULWV�IURP��LWVHOI�LQKHULWV�IURP�DQRWKHU�FODVV��)LJXUH���IURP�ODVW�VHFWLRQ�VKRZV�DQ�H[DPSOH�IRU
WZR�LQKHULWDQFH�FKDLQV�RI�WKH�OHQJWK���
7R� EH� DEOH� WR� FRQVLGHU� DOVR�PHPEHUV� WKDW� DUH� QRW� D� GLUHFW� EXW� DQ� LQGLUHFW� VXSHUFODVV� ZH� KDYH� WR� GHILQH� D� IXQFWLRQ
IODWWHQBGHHS��;��ZKLFK�KDV�WR�EH�DSSOLHG�UHFXUVLYHO\�WR�FDOFXODWH�WKH�UHDO�IODWWHQHG�YHUVLRQ�RI�D�FODVV�X�

A

+A1 : int
#A2 : int
-A3 : int

B

+B1 : int

C

+C1 : int

D

+D1 : int

)LJ������5KRPEXV�OLNH�LQKHULWDQFH
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IODWWHQBGHHS��;���7KH�IROORZLQJ�VWHSV�GHILQH�WKH�IXQFWLRQ�IODWWHQBGHHS��;��
��� )RU�HDFK�VXSHUFODVV�<

L

�RI�;��GR�
���������������&DOO�WKH�IXQFWLRQ�IODWWHQBGHHS�<

L�
���LI�<

L

�LV�QRW�\HW�PDUNHG�DV�IODWWHQHG�

��� ,I�FODVV�;�KDV�DW�OHDVW�RQH�VXSHUFODVV�
���������������&DOO�WKH�IXQFWLRQ�IODWWHQBPXOWLSOHBLQKHULWDQFH�VXSHUFODVVBUHODWLRQV��;��

��� 0DUN�FODVV�;�DV�IODWWHQHG�

)RU�RXU�H[DPSOH�LQ�)LJXUH�����WKLV�PHDQV�WKDW�IRU�IODWWHQBGHHS�;��DW�ILUVW�ZH�KDYH�WR�FDOO�IODWWHQBGHHS�&���,Q�VWHS���RI�WKLV
WDVN�ZH�FDOO�IODWWHQBGHHS�%���ZKLFK�LWVHOI�FDOOV�IODWWHQBGHHS�$��EXW�IRU�WKLV�FODVV�IODWWHQBGHHS�GRHV�QRWKLQJ�EXW�WR�PDUN�LW�DV
IODWWHQHG��DQG� IODWWHQBGHHS��'�� �ZKLFK�DOVR�GRHV�QRWKLQJ�EXW� WR�PDUN� LW�DV� IODWWHQHG�EHFDXVH� WKH�UHFXUVLRQ�HQGV���$IWHU
UHWXUQLQJ�IURP�WKHVH�WDVNV�WKH�IODWWHQBPXOWLSOHBLQKHULWDQFH��VWHS����FDQ�EH�FDOOHG�IRU�FODVV�C�DQG�DW�HQG�IRU�FODVV�X�
,Q�)LJXUH����WKH�QHZ�FODVV�QDPHV�DUH�XVHG�RQO\�WR�GHPRQVWUDWH�WKH�VHW�RI�FODVVHV�IURP�ZKLFK�FODVV�PHPEHUV�DUH�DOUHDG\
FRSLHG�LQWR�WKH�FODVV��L�H��FODVV�BA�KDV�DOUHDG\�PHPEHUV�RI�FODVV�A�LQ�LW�

)LJ������7KH�IODWWHQLQJ�IXQFWLRQ�DSSOLHG�WR�D�ODUJH�V\VWHP

��� )ODWWHQLQJ�RI�OLEUDU\��RU�IUDPHZRUN�EDVHG�V\VWHPV
8VXDOO\�� D� ODUJH� V\VWHP� LV� EDVHG� RQ� D� ORW� RI� SUHIDEULFDWHG� OLEUDULHV� RU
IUDPHZRUNV�� ,Q� PDQ\� FDVHV�� WKH� FODVVHV� IURP� OLEUDULHV� DUH� UH�XVHG� E\
LQKHULWDQFH��,Q�VXFK�V\VWHPV�WZR�SUREOHPV�FDQ�RFFXU�
• 7KH�DSSOLFDWLRQ�RI�WKH�IODWWHQLQJ�IXQFWLRQV�DV�H[SODLQHG�LQ�WKH�SUHYLRXV

VHFWLRQ�PLJKW�GLVWRUW�WKH�YLHZ�RQ�WKH�IODWWHQHG�FODVVHV�EHFDXVH�WRR�PXFK
LQIRUPDWLRQ�RI�WKH�OLEUDULHV�DQG�IUDPHZRUNV�DUH�IODWWHQHG�LQWR�D�FODVV�

• )RU�XQGHUVWDQGLQJ�RU�XVLQJ�RI�D�SDUWLFXODU�VHW�RI�FODVVHV�LW�LV�HVVHQWLDO�WR
KDYH�D�IODW�YLHZ�EDVHG�RQO\�RQ�WKH�FODVVHV�RI�WKH�OLEUDU\�RU� IUDPHZRUN�
&ODVVHV�IURP�RWKHU�OLEUDULHV��H�J��V\VWHP�OLEUDULHV��XVHG�E\�WKH�FODVV�VHW�DUH
QRW�LQWHUHVWLQJ�IRU�WKLV�SXUSRVH�

• ,I� PHDVXUHPHQW� VKRXOG� EH� DSSOLHG� WR� WKH� V\VWHP�� LW� \LHOGV� QXPEHUV
ZKLFK� VKRXOG� EH� LQWHUSUHWHG� DQG� ZKLFK� VKRXOG� SRLQW� RXW� VRPH
DQRPDOLHV�DQG�VRPH�KLQWV�IRU�UHVWUXFWXULQJ��FI��>/H5X6L��@���2I�FRXUVH�
VXFK�DQRPDOLHV�DQG�KLQWV�PDNH�RQO\�VHQVH�IRU�VRIWZDUH�SDUWV�IRU�ZKLFK
WKH�GHYHORSHU�LV�UHVSRQVLEOH��*HQHUDOO\��WKLV�LV�QRW�WKH�FDVH�IRU�OLEUDULHV
DQG�IUDPHZRUNV�VXSSOLHG�E\�VRPHRQH�HOVH�

7R�XVH�RQO\�SDUWV�RI�WKH�V\VWHP�IRU�ZKLFK�WKH�GHYHORSHU�LV�UHVSRQVLEOH�RU
LQWHUHVWHG�LQ�IRU�IODWWHQLQJ��WZR�PHFKDQLVPV�DUH�QHFHVVDU\�
• 7KH�VHWWLQJ�RI�D�IRFXV�VHW��7KH�LQWHUHVW�LV�IRFXVHG�RQO\�WR�FODVVHV�WKDW�DUH�SDUW�RI�WKH�IRFXV�VHW�>(U/H��@��7KH�H[DPSOH�RI

)LJXUH����VKRZV�D�V\VWHP�FRQVLVWLQJ�RI�D�FODVV�OLEUDU\��JUH\�FODVVHV��DQG�VHOI�ZULWWHQ�DSSOLFDWLRQ�FODVVHV��ZKLWH�FODVVHV��

A

B

C

X

D

A

B

C

D

X

BA

C

D

X

CDBA

X

XCDBA

)LJ�� ��� 6\VWHP� EDVHG� RQ� D� FODVV
OLEUDU\



��

,I�RQO\�FODVV�C�DQG�D�DUH�VHW� LQWR�WKH�IRFXV�� WKHQ�RQO\�ERWK�FODVVHV�DUH�IODWWHQHG�DQG�H�J��RQO\� WKHLU�PHDVXUHPHQW
YDOXHV�DUH�SUHVHQWHG�

• 7KH� VHWWLQJ�RI�DQ� LQKHULWDQFH� FRQWH[W��7KH� IODWWHQLQJ�SURFHVV� IRU�DQ� LQKHULWDQFH�FKDLQ� LV� UHGXFHG� WR�FODVVHV� WKDW� DUH
FRQWDLQHG�LQ�WKH�LQKHULWDQFH�FRQWH[W�>(U/H��@��7KXV��LI�WKH�LQKHULWDQFH�FRQWH[W�LV�HPSW\�WKH�V\VWHP�LV�XVHG�ZLWKRXW
DQ\�IODWWHQLQJ��,I�DOO�FODVVHV�DUH�VHW�LQWR�WKH�LQKHULWDQFH�FRQWH[W��DOO�H[LVWLQJ�LQKHULWDQFH�FKDLQV�DUH�IXOO\�IODWWHQHG��7R
FRPH�EDFN�WR�WKH�H[DPSOH�GLVSOD\HG�LQ�)LJXUH�����%\�VHWWLQJ�FODVV�C�LQWR�WKH�LQKHULWDQFH�FRQWH[W�RQO\�WKH�PHPEHUV
RI�FODVV�C�DUH�IODWWHQHG�LQWR�FODVV�D�

 3OHDVH�QRWH�WKDW�EHFDXVH�RI� ODWHU�SHUIRUPDQFH�UHDVRQV�WKH�LQKHULWDQFH�FRQWH[W�DQG�WKH� IRFXV�VHW� VKRXOG�QRW�EH�VHW
LQGHSHQGHQWO\��$IWHU�VHWWLQJ�WKH�IRFXV�VHW��WKH�VHW�RI�SRVVLEOH�LQKHULWDQFH�FRQWH[WªV�FODVVHV�LV�UHGXFHG�WR�WKHVH�FODVVHV
RI�ZKLFK�DW�OHDVW�RQH�FODVV�LQ�WKH�IRFXV�GLUHFWO\�RU�LQGLUHFWO\�LQKHULWV�IURP��WKURXJK�QRQ�IRFXV�FODVVHV�WKDW�DUH�DOUHDG\
SDUW�RI�WKH�LQKHULWDQFH�FRQWH[W���,I�IRU�H[DPSOH�LQ�)LJXUH����WKH�IRFXV�LV�VHW�WR�FODVVHV�B�DQG�C�LW�KDV�QR�HIIHFW�WR�VHW
FODVV�C�RU�D�LQWR�WKH�LQKHULWDQFH�FRQWH[W�

7KH�IRFXV�VHW�DQG�WKH�LQKHULWDQFH�FRQWH[W�VKRXOG�EH�XVDEOH�LQ�D�YHU\�LQWHUDFWLYH�PDQQHU�EHFDXVH�LQ�VRPH�FDVHV�LW�PLJKW
PDNH�VHQVH�WR�H[SORUH�GLIIHUHQW�VHWWLQJV��2QH�VXFK�LPSOHPHQWDWLRQ�LV�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ�

� $SSOLFDWLRQV�RI�WKH�IODWWHQLQJ�FRQFHSW

7KLV� VHFWLRQ�GLVFXVVHV� VRPH�XVHIXO� DSSOLFDWLRQV�RI� WKH� IODWWHQLQJ�SURFHVV��:H� UHFRPPHQG� WKH� XVH� RI� IODWWHQLQJ� DV� DQ
DGGLWLRQDO�YLHZ�RQ�WKH�V\VWHP�IRU�VRIWZDUH�PHDVXUHPHQW��IRU�FRGH�XQGHUVWDQGLQJ�DQG�IRU�GHYHORSPHQW�RI�REMHFW�RULHQWHG
V\VWHPV�
7R�HYDOXDWH�RXU�FRQFHSWV�ZH�XVHG� WKH� WRRO�&URFRGLOH� >/H6L��@��&URFRGLOH�ZRUNV�RQ�D�GDWDEDVH�FRQWDLQLQJ�UHOHYDQW�GDWD
DERXW�WKH�REMHFW�RULHQWHG�V\VWHP�VWUXFWXUH�H[WUDFWHG�IURP�D�JLYHQ�VRXUFH�FRGH��7KH�GDWDEDVH�FRQWDLQV�DOO�WKH�LQIRUPDWLRQ
DERXW�FODVVHV��DWWULEXWHV�DQG�PHWKRGV��DQG�DOVR�DOO�WKH�UHODWLRQV�EHWZHHQ�WKHP��UHJDUGLQJ�LQKHULWDQFH�DQG�PHWKRG�FDOOV��
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