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��� ,QWURGXFWLRQ�

7KH� PRGXODUL]DWLRQ� DQG� FRPSRVLWLRQ� RI� FRQFHUQV� WKDW� DUH� FKDUDFWHULVWLF� RI� DVSHFW�RULHQWHG� VRIWZDUH� GHYHORSPHQW� FDQ� EH�
VSHFLILHG� DQG� LPSOHPHQWHG� LQ� YDULRXV� ZD\V�� DQG� FDQ� EH� DSSOLHG� WR� YDULRXV� UHSUHVHQWDWLRQV� RI� VRIWZDUH�� <HW�� GHVSLWH� WKHVH�
GLIIHUHQFHV��WKHUH�DUH�LPSRUWDQW�VLPLODULWLHV��7KLV�SRVLWLRQ�SDSHU�GHVFULEHV�D�FRPSRVLWLRQ�WRRONLW�WKDW�LV�LQWHQGHG�WR�FDSWXUH�WKHVH�
VLPLODULWLHV��SURYLGLQJ�D�FRPPRQ�EDFN�HQG�IRU�$26'�WRROV�WKDW�LQYROYH�FRPSRVLWLRQ�RU�ZHDYLQJ��:H�DUH�FXUUHQWO\�EXLOGLQJ�WKH�
QH[W� JHQHUDWLRQ� RI�+\SHU�-�� DQG� UHODWHG� WRROV�� RQ� WKLV� VXSSRUW��:H� EHOLHYH� WKDW� LW� ZLOO� DOVR� EH� VXLWDEOH� DV� D� EDVLV� IRU� WRROV�
VXSSRUWLQJ�RWKHU�$26'�DSSURDFKHV��7KH�WRRONLW�LV�LQWHQGHG��WR�VXSSO\�D�EDVH�RI�SULPLWLYH�RSHUDWLRQV�VDWLVI\LQJ�WKUHH�JRDOV���

• WKH\�SURYLGH�D�FRPPRQ�EDVH�IRU�ZHDYLQJ�WKDW�VXLWV�D�YDULHW\�RI�SXUSRVHV�DQG�RI�$26'�DSSURDFKHV���
• WKH\�HQDEOH�VXSSRUW�IRU�DSSO\LQJ�ZHDYLQJ�WR�GLIIHUHQW�VRIWZDUH�UHSUHVHQWDWLRQV�DQG�DUWLIDFWV��DQG��
• WKH\�DUH�FDSDEOH�RI�UHSUHVHQWLQJ�WKH�ZHDYLQJ�UHTXLUHG�E\�D�YDULHW\�LPSOHPHQWDWLRQ�VWUDWHJLHV�IRU�$26'���

�
)RU� D� YDULHW\� RI� DSSURDFKHV��0DQ\� DSSURDFKHV� GHVFULEH� FRPSRVLWLRQ� RU� ZHDYLQJ� XVLQJ� KLJK�OHYHO� OLQJXLVWLF� FRQVWUXFWV� WKDW�
LQYROYH� SDWWHUQ�PDWFKLQJ� DQG� VHWV�� )RU� H[DPSOH��+\SHU�-� >�@� XVHV� FRPSRVLWLRQ� UHODWLRQVKLSV� VXFK� DV�PHUJH%\1DPH��ZKLFK�
LQYROYHV� QDPH� DQG� W\SH�PDWFKLQJ� DFURVV� HQWLUH� FODVV� KLHUDUFKLHV�� DQG� $VSHFW-� >�@� XVHV� SRLQWFXW� GHVLJQDWRUV�� ZKLFK� LQYROYH�
SDWWHUQV� WKDW� FDQ� PDWFK� FRQVWUXFWV� DFURVV� HQWLUH� V\VWHPV�� (DFK� VXFK� KLJK�OHYHO� VSHFLILFDWLRQ� ERLOV� GRZQ� WR� �XVXDOO\�PDQ\��
VSHFLILF�� ORZ�OHYHO� FRPSRVLWLRQV��7RROV� WKDW� LPSOHPHQW� WKHVH� DSSURDFKHV�PXVW�� LQ� HIIHFW�� H[SDQG� WKH�KLJK�OHYHO� VSHFLILFDWLRQ�
LQWR�D�VHW�RI� ORZHU�OHYHO�RQHV��DQG�WKHQ�DSSO\�WKRVH��6R�WKH�ILUVW�JRDO�RI�RXU�WRRONLW� LV�WR�SURYLGH�D�FRPPRQ�VHW�RI� ORZ�OHYHO�
FRPSRVLWLRQ�SULPLWLYHV�WKDW�DUH�VXLWDEOH�IRU�UHDOL]LQJ�D�ZLGH�YDULHW\�RI�KLJK�OHYHO�DSSURDFKHV��7KH\�DUH�SURYLGHG�ERWK�DV�-DYD�
LQWHUIDFHV� DQG� DQ� ;0/� V\QWD[�� 7KH\� SURYLGH� D� FRPPRQ� EDVLV� IRU� GLIIHUHQW� DSSURDFKHV�� ZKLFK� ZH� KRSH� FDQ� OHDG� WR�
LQWHURSHUDWLRQ�DQG�DOVR�WR�JUHDWHU�XQGHUVWDQGLQJ�RI�WKHLU�VLPLODULWLHV�DQG�GLIIHUHQFHV��7KH\�DOVR�SURYLGH�D�FRPPRQ�DQG�VXLWDEOH�
UHSUHVHQWDWLRQ�IRU�WRROV�WR�DQDO\]H��FKHFN�DQG�GLVSOD\�WKH�UHVXOWV�RI�FRPSRVLWLRQ��VXFK�DV�DSSO\LQJ�SURJUDP�DQDO\VLV�WHFKQLTXHV�
WR�FKHFN�IRU�EHKDYLRUDO�LQWHUIHUHQFH�>�@��0DNLQJ�WKHVH�ORZ�OHYHO�SULPLWLYHV�H[SOLFLW�LV�DOVR�XVHIXO�GXULQJ�WRRO�GHYHORSPHQW�DQG�
GHEXJJLQJ��EHFDXVH�LW�EHFRPHV�SRVVLEOH�WR�VHH�MXVW�ZKDW�WKH�WRRO�LV�GRLQJ��DW�D�OHYHO�WKDW�LV�PRUH�FRQYHQLHQW�WKDQ�H[DPLQDWLRQ�
RI�DFWXDO�FRGH��HVSHFLDOO\�ELQDU\�FRGH��
�
)RU� D� YDULHW\�RI� DUWLIDFWV�� ,Q� WKH� DEVHQFH�RI� VSHFLDOL]HG� UXQWLPH�YLUWXDO�PDFKLQHV�� FRGH� FRPSRVLWLRQ� LV� DFKLHYHG�E\�ZHDYLQJ�
IUDJPHQWV�H[SUHVVHG�LQ�VRPH�H[LVWLQJ�ODQJXDJH��IRU�H[DPSOH�WR�FRPELQH�FODVVHV��RU�WR�LQVHUW�DVSHFW�FRGH�RU�FDOOV�WR�DVSHFW�FRGH�
LQWR�EDVH�FRGH��7KLV�FDQ�EH�GRQH�DV�D�VHSDUDWH�WRRO��DV�D�SUHSURFHVVRU��RU�GHHS�ZLWKLQ�D�FRPSLOHU��EXW�LQ�WKH�HQG��VRPH�IRUP�RI�
ZHDYLQJ�LV�WDNLQJ�SODFH��(YHQ�LQ�V\VWHPV�WKDW�VXSSRUW�UXQWLPH�PDQLSXODWLRQ�RI�DVSHFWV�LQ�VWDQGDUG�UXQWLPH�V\VWHPV��VRPH�IRUP�
RI�ZHDYLQJ� LV� QHHGHG� WR� SUHSDUH� REMHFWV� IRU� G\QDPLF� DVSHFW�PDQLSXODWLRQ� �H�J��� DGGLWLRQ�RI� DVSHFW�SRLQWHUV�RU� IDFHW� WDEOHV���
:HDYLQJ�FDQ�EH�DSSOLHG�WR�PDQ\�GLIIHUHQW�UHSUHVHQWDWLRQV�RI�VRIWZDUH��VXFK�DV�-DYD�VRXUFH�FRGH��-DYD�FODVV�ILOHV�DQG�E\WHFRGH�
VWUHDPV�� DQG� WR� DUWLIDFWV� RWKHU� WKDQ� FRGH�� VXFK� DV� � 80/� GLDJUDPV�� 'LIIHUHQW� UHSUHVHQWDWLRQV� DUH� DSSURSULDWH� LQ� GLIIHUHQW�
FRQWH[WV��DQG��LGHDOO\��$26'�WRROV�VKRXOG�KDQGOH�PXOWLSOH�UHSUHVHQWDWLRQV�FRQVLVWHQWO\��0RVW�RI�D�WRRO V�XVHU�OHYHO�IXQFWLRQDOLW\�
GRHV� QRW� GHSHQG� RQ� WKH� UHSUHVHQWDWLRQ� EHLQJ� XVHG�� EXW�� LQ� WKH� HQG�� SHUIRUPLQJ� WKH� GHWDLOHG� PDQLSXODWLRQV� WR� DFKLHYH�
FRPSRVLWLRQ�LV�UHSUHVHQWDWLRQ�VSHFLILF��7KLV�VHFRQG�JRDO�RI�RXU�FRPSRVLWLRQ�WRRONLW�LV�WKHQ�WR�SURYLGH�D�FRPPRQ�LQWHUIDFH��WKH�
ORZ�OHYHO� FRPSRVLWLRQ�SULPLWLYHV��ZKLFK� FDQ�EH� LPSOHPHQWHG�E\�SOXJJDEOH� FRPSRVLWLRQ� HQJLQHV� IRU� D� YDULHW\�RI� UHSUHVHQWDWLRQV��
DOORZLQJ�WKH�WRROV�WKDW�EXLOG�XSRQ�LW�WR�LJQRUH�UHSUHVHQWDWLRQ�GHWDLOV��,Q�GHYHORSLQJ�WKH�SULPLWLYHV��ZH�KDYH�EHHQ�ZRUNLQJ�ERWK�
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ZLWK� -DYD�DQG�80/�FODVV�GLDJUDPV��:H�H[SHFW� WKDW� WKH�SULPLWLYHV�ZLOO�DOVR�EH�DSSOLFDEOH� WR�RWKHU�REMHFW�RULHQWHG� ODQJXDJHV��
VXFK�DV�&��DQG�6PDOOWDON��
�
)RU� D� YDULHW\� RI� LPSOHPHQWDWLRQV�� $V� VXJJHVWHG� DERYH�� HYHQ� LJQRULQJ� VRIWZDUH� UHSUHVHQWDWLRQ�� WKHUH� DUH� YDULRXV� ZD\V� RI�
ZHDYLQJ�FRGH�WR�DFKLHYH�D�GHVLUHG�UHVXOW��)RU�H[DPSOH��WZR�FODVVHV�FDQ�EH�FRPSRVHG�WR�SURGXFH�D�VLQJOH�FODVV�WKDW�FRPELQHV�
WKHLU�PHPEHUV��DQDORJRXV�WR�LQKHULWDQFH���RU�WR�SURGXFH�D�QHZ�FODVV�ZKRVH�REMHFWV�FRQWDLQ�SRLQWHUV�WR�LQVWDQFHV�RI�HDFK�RI�WKH�
RULJLQDO� FODVVHV� DQG�ZKLFK� GHOHJDWH� WR� WKHP��$V� DQRWKHU� H[DPSOH�� WUDFLQJ� FRGH� FDQ�EH� LQVHUWHG�GLUHFWO\� LQWR� WKH� FRGH�EHLQJ�
WUDFHG��RU�FDOOV�WR�LW�FDQ�EH�LQVHUWHG��RU�QHZ� VWXE �PHWKRGV�FDQ�EH�JHQHUDWHG�WKDW�VXEVWLWXWH�IRU�RULJLQDO�PHWKRGV�DQG�FDOO�WKH�
WUDFLQJ� PHWKRGV� DQG� WKH� RULJLQDO� PHWKRGV�� 'HYHORSHUV� RI� $26'� WRROV� PLJKW� ZDQW� WR� H[SHULPHQW� ZLWK� VXFK� GLIIHUHQW�
DSSURDFKHV�� DQG�PLJKW� HYHQ� ZDQW� WR�PDNH� FKRLFHV� DYDLODEOH� WR� WKHLU� XVHUV�� ,PSOHPHQWLQJ� WKHVH� RQ� HYHQ� D� VLQJOH� SURJUDP�
UHSUHVHQWDWLRQ�LV�RQHURXV��7KH�WKLUG�JRDO�RI�RXU�FRPSRVLWLRQ�WRRONLW��WKHQ���LV�WKDW�VXFK�GLIIHUHQW�DSSURDFKHV�EH�FRQYHQLHQW�WR�
VSHFLI\�LQ�WHUPV�RI�WKH�ORZ�OHYHO�SULPLWLYHV��
�
:H�FXUUHQWO\�KDYH�FRPSRVLWLRQ�HQJLQHV�IRU�-DYD�FODVV�ILOHV�DQG�80/�FODVV�GLDJUDPV�UHSUHVHQWHG�DV�;0,�ILOHV��:H�DOVR�KDYH�D�
VHULDOL]HU � FRPSRVLWLRQ� HQJLQH� WKDW� SURGXFHV� WKH� ;0/� IRUP� RI� WKH� FRPSRVLWLRQ� SULPLWLYHV�� DQG� DQ� ;0/� UHDGHU� WKDW�
FRQVXPHV�LW��7KLV� LV� MXVW�D�VWDUW��$�ILQDO�JRDO�RI�WKH�FRPSRVLWLRQ�WRRONLW�LV�WKDW�LW�EH�DQ�RSHQ�IUDPHZRUN��SHUPLWWLQJ�QHZ�DQG�
GLIIHUHQW�FRPSRVLWLRQ�HQJLQHV�WR�EH�GHYHORSHG�DQG�SOXJJHG�LQ��7KHVH�ZLOO�RIWHQ�EH�IDFDGHV�RQ�RWKHU��H[LVWLQJ�WRRONLWV��VXFK�DV�
WKRVH�WKDW�VXSSRUW�PDQLSXODWLRQ�RI�-DYD�FODVV�ILOHV��H�J��>���@���)RU�H[DPSOH��RXU�FRPSRVLWLRQ�HQJLQH�IRU�-DYD�FODVV�ILOHV�LV�EXLOW�
RQ�WKH�-LNHV%7�E\WHFRGH�PDQLSXODWLRQ�WRRONLW�>�@��

��� 7KH�&RPSRVLWLRQ�0RGHO��3ULPLWLYHV��DQG�3URWRFRO�

7KH� FRPSRVLWLRQ� WRRONLW� DXJPHQWV� WKH� EDVLF� 22� PRGHO� RI� ILHOG�� DQG� PHWKRG�FRQWDLQLQJ� FODVVHV� ZLWK� VHYHUDO� DGGLWLRQDO�
FRQFHSWV��
�
2.1. Universes 

&RPSRVLWLRQ� WDNHV�SODFH� LQ�D� XQLYHUVH ��PDQDJHG�E\�D�VLQJOH�FRPSRVLWLRQ�HQJLQH��8QLYHUVHV�FRQWDLQ�D�FROOHFWLRQ�RI�QDPHG�
� � �DQG� � � ��,QSXW�W\SH�VSDFHV�DUH�ERXQG�WR�VRPH�H[LVWLQJ�VRXUFH�RI�GHILQLWLRQV�IRU�WKH�PDWHULDO�WR�

EH�FRPSRVHG��VXFK�DV�D�-DYD�FODVVSDWK�RU�D�80/�;0,�GLDJUDP��2XWSXW�W\SH�VSDFHV�DUH�JHQHUDOO\�ERXQG�WR�DQ�HPSW\�VSDFH�
LQWR�ZKLFK�WKH�FRPSRVLWH�UHVXOW�ZLOO�EH�SXW��
�
,Q� UHVSRQVH� WR� FDOOV� RQ� FRPSRVLWLRQ� SULPLWLYHV�� WKH� FRPSRVLWLRQ� HQJLQH� FUHDWHV� DQG� SRSXODWHV� WKH� W\SH� VSDFHV� WR� EH�
PDQLSXODWHG�LQ�VXEVHTXHQW�RSHUDWLRQV���
�
2.2. Type Spaces 
(DFK� W\SH� VSDFH� LV� D� FORVHG�� FROOHFWLRQ� RI� QDPHG� W\SHV�� FODVVHV�� LQWHUIDFHV�� DQG� SULPLWLYHV�� 7KH� HOHPHQWV� LQ� W\SH� VSDFH� DUH�
WUHDWHG�DV�WKRXJK�VWRUHG�LQ�D� IODW �QDPH�VSDFH��DOWKRXJK�WKH�QDPHV�RI�WKH�HOHPHQWV�UHIOHFW�-DYD V�SDFNDJH�QDPLQJ�FRQYHQWLRQV�
DQG�VRPH�FRPSRVLWLRQ�HQJLQHV�VWRUH�W\SHV�LQ�D�QHVWHG�IDVKLRQ��
�
7KHUH� LV� D� FRPSRVLWLRQ� SULPLWLYH� WR� FUHDWH� W\SHV� LQ� DQ� RXWSXW� W\SH� VSDFH�� 7KHVH� W\SHV� DUH� JLYHQ� DWWULEXWHV�� OLNH� SXEOLF ��
LQWHUIDFH �� DEVWUDFW ��HWF���EXW�DUH�FUHDWHG�ZLWKRXW�DQ\�FRQWDLQHG�PHPEHUV��
�
2.3. Members 
7\SHV�KDYH�PHPEHUV�RI�WZR�NLQGV��ILHOGV�DQG�PHWKRGV��(DFK�PHPEHU�KDV�D�QDPH�DQG�D�W\SH�FKDUDFWHUL]DWLRQ��ZKLFK�WRJHWKHU�
PXVW�EH�XQLTXH�ZLWKLQ�WKH�W\SH��(DFK�PHPEHU�DOVR�KDV�DWWULEXWHV�DQG�D�ERG\��,Q�-DYD��ILHOG�ERGLHV�DUH�H[HFXWHG�ZKHQ�WKH�ILHOG�
LV�LQLWLDOL]HG��DQG�PHWKRG�ERGLHV�DUH�H[HFXWHG�ZKHQ�WKH�PHWKRG�LV�LQYRNHG��,Q�80/��WKH�ERGLHV�PD\�VSHFLI\�2&/�FRQVWUDLQWV��
�

�����������������������������������������������������������

��,QWHUSUHWLQJ�D�UHIHUHQFH�QRW�GHILQHG�ZLWKLQ�WKH�VSDFH�LV�LQYDOLG��
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7KHUH� DUH� WZR� NLQGV� RI� FRPSRVLWLRQ� SULPLWLYHV� IRU� FUHDWLQJ� PHPEHUV�� FUHDWLRQ�IURP�VFUDWFK�� DQG� FUHDWLRQ�E\�FRS\�� :LWK�
FUHDWLRQ�IURP�VFUDWFK��WKH�QHZ�PHPEHU�LV�FRPSOHWHO\�VSHFLILHG�E\�WKH�QDPH��FKDUDFWHUL]DWLRQ��DWWULEXWHV��DQG�RWKHU�LQIRUPDWLRQ�
SDVVHG�WR�WKH�FRQVWUXFWLRQ�SULPLWLYH��:LWK�FUHDWLRQ�E\�FRS\��WKLV�QHZ�PHPEHU�VSHFLILFDWLRQ�LV�DXJPHQWHG�ZLWK�D�UHIHUHQFH�WR�D�
VLPLODU�PHPEHU�LQ�DQ�LQSXW�VSDFH��IURP�ZKLFK�DGGLWLRQDO�DWWULEXWH�DQG�ERG\�LQIRUPDWLRQ�LV�GUDZQ��7KHUH�DUH�DOVR�SULPLWLYHV�IRU�
H[SRVLQJ�DQG�FRPSRVLQJ�MRLQ�SRLQWV�ZLWKLQ�PHWKRG�FRGH��EXW�WKHVH�ZLOO�EH�WKH�VXEMHFW�RI�D�IXWXUH�SDSHU��
�
2.4. Mappings 
'HFODUDWLRQV�DQG�ERGLHV�RI�FODVV�PHPEHUV��ILHOGV��DQG�PHWKRGV��FRQWDLQ�UHIHUHQFHV�WR�RWKHU�W\SHV�DQG�PHPEHUV��:KHQ�PDWHULDO�
WKDW� FRQWDLQV� UHIHUHQFHV� LV� FRSLHG� IURP� DQ� LQSXW� VSDFH� WR� DQ� RXWSXW� VSDFH�� WKH� UHIHUHQFHV� PXVW� EH� DOWHUHG� WR� UHIHU� WR�
DSSURSULDWH� HOHPHQWV� LQ� WKH� RXWSXW� VSDFH��7KH� WUDQVODWLRQ� IURP� LQSXW� WR� RXWSXW� W\SHV� LV� VSHFLILHG� LQ� D�PDSSLQJ�� D� IXQFWLRQ�
DVVRFLDWHG�ZLWK� WKH�RXWSXW� VSDFH� LQ�ZKLFK� WKH�RXWSXW� W\SH�H[LVWV�� ,Q� VRPH�FDVHV�� WUDQVODWLRQ� IURP�DQ� LQSXW� W\SH�RU�PHPEHU�
UHIHUHQFHG�LQ�WKH�ERG\�RI�D�PHPEHU�WR�LWV�FRUUHVSRQGLQJ�RXWSXW�W\SH�RU�PHPEHU�PD\�YDU\�GHSHQGLQJ�RQ�WKH�RXWSXW�W\SH�LQWR�
ZKLFK�WKH�PHPEHU�LV�FRSLHG��7R�DFFRPPRGDWH�WKLV�QHHG��D�ORFDO�PDSSLQJ�LV�DOVR�DVVRFLDWHG�ZLWK�HDFK�RXWSXW�W\SH��
�
&RPSRVLWLRQ�SULPLWLYHV�DUH�HPSOR\HG�WR�DGG�WR�WKH�PDSSLQJV�WKH�LQGLYLGXDO�WUDQVODWLRQV�RI�LQSXW�W\SHV�DQG�PHPEHUV�WR�WKHLU�
FRUUHVSRQGLQJ�RXWSXW�W\SHV�DQG�PHPEHUV��
�
2.5. Relationships 
5HODWLRQVKLSV��VXFK�DV�H[WHQGV�DQG�LPSOHPHQWV�EHWZHHQ�W\SHV�DQG�WKURZV�EHWZHHQ�PHWKRGV�DQG�W\SHV�DUH�VSHFLILHG�VHSDUDWHO\��
UDWKHU�WKDQ�DV�SDUW�RI�WKH�GHILQLWLRQV�RI�WKH�UHODWHG�HQWLWLHV��
�
2.6. Protocol 
,W� LV� LPSRUWDQW� WKDW� WKH�FRQVWUXFWLRQ�EH�FOHDU��XQDPELJXRXV�DQG�ZHOO�IRUPHG��:KLOH� LW� LV�� VWULFWO\�VSHDNLQJ��RQO\�QHFHVVDU\� WR�
DVVXUH�WKDW�WKH�PDSSLQJ�IRU�D�W\SH�RU�PHPEHU�LV�VSHFLILHG�MXVW�SULRU�WR�WKH�ILUVW�WLPH�LW�LV�LQWHUSUHWHG�DQG�WKDW�LW�EH�XQFKDQJHG�
DIWHU� WKDW� ILUVW� UHIHUHQFH�� ZH� EHOLHYH� D� VOLJKWO\�PRUH� UHVWULFWLYH� SURWRFRO� ZLOO� DYRLG� EXJV� DQG� FRQIXVLRQ�� 7KH� SULPLWLYHV� DUH�
WKHUHIRUH�FRQVWUDLQHG�WR�EH�XVHG�LQ�WKH�IROORZLQJ�VHTXHQFH��

��� 7\SH�FUHDWLRQ�SULPLWLYHV�
��� 0DSSLQJ�FRQVWUXFWLRQ�SULPLWLYHV�IRU�W\SH�WUDQVODWLRQV�
��� 0HPEHU�FRQVWUXFWLRQ�SULPLWLYHV�
��� 0DSSLQJ�FRQVWUXFWLRQ�SULPLWLYHV�IRU�PHPEHU�WUDQVODWLRQV�
��� 5HODWLRQVKLSV�FUHDWLRQ�SULPLWLYHV�
��� &RS\LQJ�DQG�WUDQVODWLRQ�RI�PHPEHU�ERGLHV��

��� 0HWKRG�&RPELQDWLRQ�*UDSKV�

&UHDWLRQ�IURP�VFUDWFK�RI�QHZ�PHWKRGV�FDQ�HLWKHU�FUHDWH�DQ�DEVWUDFW�PHWKRG��ZKLFK�KDV�QR�ERG\��RU� D�PHWKRG�ZKRVH�ERG\�
VSHFLILHV� KRZ� RWKHU� PHWKRG� ERGLHV� DUH� FRPELQHG�� 7KH� VSHFLILFDWLRQ� LV� FDOOHG� D� � � �� $� PHWKRG�
FRPELQDWLRQ�JUDSK�KDV��

• D�VHW�RI�GHFODUDWLRQV�IRU�PHWKRG�FRPELQDWLRQ�JUDSK�YDULDEOHV���
• D�VHW�RI�XQLTXH�QRGHV��HDFK�RI�ZKLFK�KDV�DQ�RSHUDWLRQ��D�PHWKRG�FDOO�RU�DQ�H[LW���6RPH�QRGHV��H�J��UHWXUQ��WKURZ��DUH�

LGHQWLILHG�DV� �QRGHV��DQG�
• D�VHW�RI�HGJHV�FRQWUROOLQJ�WKH�RUGHU�DQG�FLUFXPVWDQFHV�XQGHU�ZKLFK�WKH�QRGHV�DUH�LQWHUSUHWHG��(DFK�HGJH�FRQQHFWV�D�

SUHGHFHVVRU� QRGH�ZLWK� D� VXFFHVVRU� QRGH� DQG� LGHQWLILHV� D� FRQGLWLRQ� JRYHUQLQJ� WKH� FRQQHFWLRQ��7KH� SUHVHQFH� RI� DQ�
HGJH�KDV�WZR�HIIHFWV��LW�LQGLFDWHV�WKDW�WKH�VXFFHVVRU�FDQ�QRW�EH�H[HFXWHG�ZKLOH�LWV�SUHGHFHVVRU�LV�\HW�WR�EH�H[HFXWHG�DQG�
LW� LQGLFDWHV� WKDW�� LI� WKH� FRQGLWLRQ� LV� WUXH� DIWHU� H[HFXWLQJ� WKH� SUHGHFHVVRU�� WKHQ� WKH� VXFFHVVRU� VKRXOG� HYHQWXDOO\� EH�
H[HFXWHG��7KH�HGJH�PD\�DOVR�LQGLFDWH�D�PHWKRG�FRPELQDWLRQ�JUDSK�YDULDEOH�LQ�ZKLFK�WKH�UHVXOW�RI�WKH�H[HFXWLRQ�RI�WKH�
SUHGHFHVVRU�QRGH V�PHWKRG�LV�UHFRUGHG��

0HWKRG�FRPELQDWLRQ�JUDSKV�SURYLGH�D�ZD\�RI�GHVFULELQJ�WKH�UHVXOWV�RI�D�FRPSRVLWLRQ�WKDW�DUH�WKHPVHOYHV�VXLWDEOH�DV�LQSXW�IRU�
ODWHU� UH�FRPSRVLWLRQ�� $V� VXFK� WKH\� SURYLGH� IRU� GHVFULELQJ� WKH� FRQVWUDLQWV� RQ� WKH� IORZ� DPRQJ� PHWKRGV� ZLWKRXW� RYHU�
FRQVWUDLQLQJ�LW��
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��� ([DPSOH�

$V�D�FRQFUHWH�LOOXVWUDWLRQ�RI�WKH�FRPSRVLWLRQ�SULPLWLYHV��FRQVLGHU�D�WLQ\�FRPSRVLWLRQ�RI�WZR�FODVVHV��Driver�DQG�Trace��Driver�KDV�D�
FRQVWUXFWRU�DQG�DQ�f�PHWKRG��Trace�KDV�before��after�DQG�afterThrow�PHWKRGV��DQG�D�FRQVWUXFWRU��ZKLFK�LV� LJQRUHG���7KH�
LQWHQW�RI� WKH�FRPSRVLWLRQ� LV� WR�ZUDS�Driver.f�� FDOOLQJ�Trace.before�DW� WKH�VWDUW�RI� LWV�H[HFXWLRQ��DQ�HLWKHU�Trace.after�RU�
Trace.afterThrow��DV�DSSURSULDWH��DIWHUZDUGV��$Q\�H[FHSWLRQV�WKURZQ�E\�WKH�WUDFLQJ�PHWKRGV�DUH�FDXJKW�DQG�LJQRUHG��7KRXJK�WLQ\��
WKLV�H[DPSOH�LV�UHSUHVHQWDWLYH�RI�UHDO�WUDFLQJ�RU�ORJJLQJ�DSSOLFDWLRQV��PDQ\�PRUH�PHWKRGV�DQG�FODVVHV�ZRXOG�EH�LQYROYHG��EXW�WKH�GHWDLOV�
ZRXOG�EH�UHSHWLWLYH��

trace_before original_f trace_after exit v* retuned v *

threw Throwable e
trace_afterThrow exit e

*

 

)LJXUH����([DPSOH�0HWKRG�&RPELQDWLRQ�*UDSK�

)LJXUH���VKRZV�WKH�PHWKRG�FRPELQDWLRQ�JUDSK�GHVFULELQJ�WKH�FRPELQDWLRQ�RI�f�DQG�WKH�PHWKRGV�WKDW�WUDFH�LWV�H[HFXWLRQ��7KH�
PHWKRG�QDPHV�KDYH�EHHQ�FKDQJHG�WR�KDYH�SUHIL[HV�WKDW�LQGLFDWH�WKHLU�RULJLQV��7KH�DSSHQGL[�FRQWDLQV�DQ�;0/�ILOH�VSHFLI\LQJ�
WKH�HQWLUH�FRPSRVLWLRQ��LQFOXGLQJ�WKHVH�QDPLQJ�LVVXHV��&RPPHQWV�LQ�WKH�;0/�H[SODLQ�VRPH�RI�WKH�GHWDLOV��
�
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<JikesCT version="2.0"> 
  <types> <!-- List of all classes (and interfaces, none in this e.g.) involved in the composition --> 
    <inputs> 
      <input name="INPUT" classpath="."> <!-- Input space listing all input classes used --> 
        <type name="Eg.Driver"/> 
        <type name="Eg.Trace"/> 
      </input> 
    </inputs> 
   
    <outputs> 
      <!-- Output space, listing all composed classes to be produced, and where to put them --> 
      <output name="OUTPUT" directory="zresults/Eg">  
        <type name="Eg.Driver" attributes="public"/> 
      </output> 
    </outputs> 
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    <mapping> <!-- How input classes are to be mapped to output classes when references are copied --> 
      <type> <from name="INPUT:Eg.Driver"/> <to name="OUTPUT:Eg.Driver"/></type> 
      <submapping name="OUTPUT:Eg.Driver"> 
        <!-- The mapping in this submapping applies only in the context of producing Eg.Driver. 
             If tracing were applied to multiple classes, INPUT:Eg.Trace would be mapped to each 
               of them, in separate submappings. --> 
        <type> <from name="INPUT:Eg.Trace"/> <to name="OUTPUT:Eg.Driver"/></type> 
      </submapping> 
    </mapping> 
  </types> 
 
  <members> <!-- Details of the members of all composed classes --> 
    <composition> <!-- How composed members are to be constructed --> 
      <!-- Copy the constructor from input to output --> 
      <method within="OUTPUT:Eg.Driver" name="Driver"> 
        <from within="INPUT:Eg.Driver" name="Driver" types="()"/> 
      </method> 
 
      <!-- Copy the input "f" method to the output, renamed as "original_f" --> 
      <method within="OUTPUT:Eg.Driver" name="original_f"> 
        <from within="INPUT:Eg.Driver" name="f" types="(java.lang.String)" returns="void"/> 
      </method> 
 
      <!-- Other copies with renaming --> 
      <method within="OUTPUT:Eg.Driver" name="trace_before"> 
        <from within="INPUT:Eg.Trace" name="before" types="(java.lang.Object)" returns="void"/> 
      </method> 
      <method within="OUTPUT:Eg.Driver" name="trace_after"> 
        <from within="INPUT:Eg.Trace" name="after" types="(java.lang.Object)" returns="void"/> 
      </method> 
      <method within="OUTPUT:Eg.Driver" name="trace_afterThrow"> 
        <from within="INPUT:Eg.Trace" name="afterThrow"  

types="(java.lang.Object, java.lang.Throwable)" returns="void"/> 
      </method>       
 
      <!-- Creat an output method "f" whose body is specified by the graph in Fig. 1 --> 
      <method within="OUTPUT:Eg.Driver" name="f" types="(java.lang.String)" returns="void"> 
        <graph> 
          <variable name="v" type="void" /> 
          <variable name="e" type="void" /> 
          <node name="before" start="yes" kind="call" target="this" arguments="($1)"> 
             <method name="trace_before" within="OUTPUT:Eg.Driver"  

      types="(java.lang.Object)" returns="void"/> 
          </node> 
          <node name="method" kind="call" target="this" arguments="($1)"> 
             <method name="original_f" within="OUTPUT:Eg.Driver"  

      types="(java.lang.String)" returns="void"/> 
          </node> 
          <node name="after"  kind="call" target="this" arguments="($1)"> 
             <method name="trace_after" within="OUTPUT:Eg.Driver"  

      types="(java.lang.Object)" returns="void"/> 
          </node> 
          <node name="afterT"  kind="call" target="this" arguments="($1, e)"> 
             <method name="trace_afterThrow" within="OUTPUT:Eg.Driver"  

      types="(java.lang.Object, java.lang.Throwable)" returns="void"/> 
          </node> 
          <node name="normalExit" kind="exit" result="v" /> 
          <node name="throwExit"  kind="exit" result="e" />           
          <edge from="before" to="method"     condition="*" /> 
          <edge from="method" to="after"      condition="returned" variable="v" /> 
          <edge from="method" to="afterT"     condition="threw"  

 exceptiontype="java.lang.Throwable" variable="e" /> 
          <edge from="after"  to="normalExit" condition="*" /> 
          <edge from="afterT" to="throwExit"  condition="*" /> 
        </graph> 
      </method> 
    </composition> 
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    <mapping> <!-- How input members are mapped to composed members when references are copied --> 
      <submapping name="OUTPUT:Eg.Driver"> <!-- Member mappings are in the context of the class --> 
        <method> 
          <from within="INPUT:Eg.Driver" name="Driver" types="()"/> 
          <to within="OUTPUT:Eg.Driver" name="Driver" types="()"/> 
        </method> 
        <method>  
          <!-- A call to "f" copied from the input should become a call to "OUTPUT:Eg.Driver.f" in 
               the output, the method built from the graph in Fig. 1, implementing composed behavior. 
               This method will, in turn, call "original_f," as well as the tracing methods -->  
          <from within="INPUT:Eg.Driver" name="f" types="(java.lang.String)" returns="void"/> 
          <to within="OUTPUT:Eg.Driver" name="f" types="(java.lang.String)" returns="void"/> 
        </method> 
      </submapping> 
    </mapping> 
  </members> 
 
  <relationships> <!-- Extends relationships between types (also implements and throws, if any) --> 
    <extends> <type name="OUTPUT:Eg.Driver"/> <type name="java.lang.Object"/></extends> 
  </relationships> 
</JikesCT>�
 


