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$EVWUDFW

%HFDXVH� RI� WKH� LQFUHDVLQJ� JDS� EHWZHHQ� PRGHUQ� KLJK�OHYHO� SURJUDPPLQJ� ODQJXDJHV� DQG� H[LVWLQJ
KDUGZDUH�� LW� KDV� RIWHQ� EHFRPH� QHFHVVDU\� WR� LQWURGXFH� LQWHUPHGLDWH� ODQJXDJHV� DQG� WR� EXLOG� YLUWXDO
PDFKLQHV� RQ� WRS� RI� WKH� KDUGZDUH�� 7KLV� SDSHU� GHVFULEHV� WKH� 9,578$/� 0$&+,1(� DQG� WKH
$%675$&7� &203,/(5� SDWWHUQV�� D� SURSRVDO� WKDW� FDSWXUHV� WKH� HVVHQWLDO� IHDWXUHV� XQGHUO\LQJ� WKH
FRPSLODWLRQ�SURFHVVHV�EDVHG�RQ�VWDJLQJ�WUDQVIRUPDWLRQ�RI�YLUWXDO�PDFKLQHV��+DYLQJ�DV�D�VXSSRUW� WKH
9,578$/�0$&+,1(�SDWWHUQ��ZH� VHW� RXW� WKH� WDVN� RI� FRPSLOLQJ� DV� D� VWHSZLVH�UHILQHPHQW� SURFHVV
JXLGHG� E\� WKH� $%675$&7� &203,/(5� SDWWHUQ�� VR� WKDW� WKH� SLHFHPHDO� DFTXLVLWLRQ� RI� KLJK�
SHUIRUPDQFH� SURSHUWLHV� LV� SRVHG� LQ� WHUPV� RI� UHODWLRQVKLSV� EHWZHHQ� LQWHUPHGLDWH� YLUWXDO� PDFKLQHV�
(DFK� SKDVH� GXULQJ� WKH� FRPSLODWLRQ�PDNHV� H[SOLFLW� VRPH� QHZ� IHDWXUHV� WKDW� DUH� DGGHG� WR� WKH� JOREDO
FRPSLODWLRQ�SURFHVV��7KH�HTXLYDOHQFH�EHWZHHQ�RQH�PDFKLQH�DQG�WKH�QH[W�LV�SUHVHUYHG�WKRXJK�RXW�WKH
SURFHVV�

�� ,QWURGXFWLRQ

$V�LV�ZHOO�NQRZQ��WKH�-DYD�9LUWXDO�0DFKLQH��-90��LV�DQ�DEVWUDFW�VRIWZDUH�EDVHG�PDFKLQH�WKDW�FDQ�RSHUDWH�RYHU
GLIIHUHQW�PLFURSURFHVVRU�PDFKLQHV��L�H���KDUGZDUH�LQGHSHQGHQW���'HVLJQHUV�RI�D�-90�PXVW�FRPSO\�ZLWK�WKH
VSHFLILFDWLRQ�RI�WKH�-90�DQG�PDNH�WKH�QHFHVVDU\�EULGJH�IURP�WKH�-90�YLUWXDO�VFHQH�LQWR�FRQFUHWH�RSHUDWLQJ
V\VWHPV�DQG�PLFURSURFHVVRUV��7KLV�EHKLQG�WKH�VFHQH�EULGJH�DOORZV�WKH�VRIWZDUH�GHYHORSHUV�WR��:ULWH�2QFH��5XQ
$Q\:KHUH��>�@�EHFDXVH�WKH�-90�PXVW�EHKDYH�WKH�VDPH�UHJDUGOHVV�RI�WKH�XQGHUO\LQJ�PLFURSURFHVVRU�DFFRUGLQJ
WR�VWDQGDUG�VSHFLILFDWLRQV�RI��-90�>��@�

7KRXJK�D�ELJ�VXFFHVV�XS�WR�WKH�PRPHQW��WKH�XVDJH�RI�YLUWXDO�PDFKLQHV�LV�IDU�IURP�EHLQJ�D�QHZ�LVVXH��/RQJ
EHIRUH�WKH�ERRP�RI�-DYD��YLUWXDO�PDFKLQHV�KDG�EHHQ�HIIHFWLYHO\�XVHG�DV�LQWHUPHGLDWH�RU�ORZ�OHYHO�DUFKLWHFWXUHV
VXLWDEOH� IRU� VXSSRUWLQJ� VHULRXV� LPSOHPHQWDWLRQV� RI� D� ZLGH� YDULHW\� RI� SURJUDPPLQJ� ODQJXDJHV�� LQFOXGLQJ
LPSHUDWLYH��GHFODUDWLYH��L�H���IXQFWLRQDO�DQG�ORJLF2��DQG�REMHFW�RULHQWHG�SURJUDPPLQJ�ODQJXDJHV�>�@��7KH�YLUWXDO
PDFKLQHV�SURYLGH�VHYHUDO�GHVLUDEOH�IHDWXUHV�VXFK�DV�SRUWDELOLW\��FRGH�RSWLPL]DWLRQV��DQG�QDWLYH�PDFKLQH�FRGH
JHQHUDWLRQ��2Q�WKH�RWKHU�KDQG��WKHLU�VLPSOH�VWUXFWXUH�PDNHV�WKHP�VXLWDEOH�IRU�DQDO\VLV�DQG�H[SHULPHQWDWLRQ�
8QIRUWXQDWHO\�� WKH�VWUXFWXUH�RI�DUFKLWHFWXUHV�FDOOHG�YLUWXDO�PDFKLQHV�YDULHV�ZLGHO\��GHSHQGLQJ�LQ�SDUW�RQ�WKH
ODQJXDJH�EHLQJ�GHVFULEHG�DQG�WKH�UHSUHVHQWDWLRQ�RI�VRXUFH�SURJUDPV�DV�GDWD�

7KH�JDS�EHWZHHQ�PRGHUQ�KLJK�OHYHO� SURJUDPPLQJ� ODQJXDJHV� DQG� H[LVWLQJ� KDUGZDUH�PDNHV� QHFHVVDU\� WR
LQWURGXFH�LQWHUPHGLDWH�ODQJXDJHV�UXQQLQJ�RQ�YLUWXDO�PDFKLQHV��+RZHYHU��WKH�JDS�FRXOG�EH�RIWHQ�VR�ODUJH
WKDW�LW�LV�HLWKHU�KDUG�WR�VHH�KRZ�WKH�VRXUFH�ODQJXDJH�UHODWHV�WR�WKH�LQWHUPHGLDWH�ODQJXDJH�RU��DOWHUQDWLYHO\�
KRZ� WKH� LQWHUPHGLDWH� ODQJXDJH� UHODWHV� WR� WKH� KDUGZDUH�� 7KH� )LJXUH� �� FHQWHUV� WKH� TXHVWLRQ� VKRZLQJ� D
VQDSVKRW�RI�WKH�FRPPRQ�FRPSLODWLRQ�H[HFXWLRQ�VFHQDULR�IRU�D�-DYD�SURJUDP�

��������������������������������������������������
��/6,,6�'HSDUWPHQW��)DFXOWDG�GH�LQIRUPiWLFD��&DPSXV�GH�0RQWHJDQFHGR��%RDGLOOD�GHO�0RQWH��������0DGULG��6SDLQ��(PDLO��MXOLRJ#IL�XSP�HV
��3URORJ�>�@�RU�60/�>�@�SURYLGH�JRRG�H[DPSOHV�RI�KLJK�SHUIRUPDQFH�SURJUDPPLQJ�ODQJXDJHV�LPSOHPHQWHG�E\�YLUWXDO��PDFKLQHV�

&RS\ULJKW��������-XOLR�*DUFtD�	�0LJXHO�6XWLO��3HUPLVVLRQ�LV�JUDQWHG�WR�FRS\�IRU�WKH�(XUR3OR3������&RQIHUHQFH��$OO�RWKHU�ULJKWV�UHVHUYHG�
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�� )LUVWO\��WKH�SURFHVV�UHTXLUHV�WKH�GHVLJQ�RI�DQ�LQWHUPHGLDWH�OHYHO�PDFKLQH��-90��IURP�WKH�-DYD�RSHUDWLRQDO
VHPDQWLFV��DQG�D�-DYD�FRPSLOHU�WR�WUDQVODWHV�-DYD�FRGH�LQWR�-90�FRGH�

�� 1H[W��WKH�-90�DUFKLWHFWXUH�PXVW�EH�PDSSHG�LQWR�D�FRQFUHWH�KDUGZDUH�PDFKLQH��H�J���,QWHO�PDFKLQH��DQG
-90�LQVWUXFWLRQV�LQWHUSUHWHG�LQ�WHUPV�RI�KDUGZDUH�LQVWUXFWLRQV�

7KH�PDLQ�REMHFWLYH�RI�WKH�SDSHU�LV�WR�VWDWH�D�SDWWHUQ�ODQJXDJH�IRU�WKH�GHVLJQ�RI�FRPSLOHU�EDFN�HQGV��IRU
SURJUDPPLQJ� ODQJXDJHV�� EDVHG� RQ� WDNLQJ�DQ� RSHUDWLRQDO� VHPDQWLFV� IRU�D� VRXUFH� ODQJXDJH� DQG� GHILQLQJ� DQ
LQWHUPHGLDWH�OHYHO� WDUJHW�ODQJXDJH�DQG�D�FRPSLOHU� WKDW� WUDQVODWHV� WKH�VRXUFH� ODQJXDJH�WR� WKLV� WDUJHW� ODQJXDJH�
7KXV�� FRPSLOLQJ� FDQ� EH� SODQQHG� DV� D� VWHSZLVH�UHILQHPHQW� SURFHVV�� VR� WKDW� WKH� SLHFHPHDO� DFTXLVLWLRQ� RI
KLJK�SHUIRUPDQFH� SURSHUWLHV� LV� SRVHG� LQ� WHUPV� RI� UHODWLRQVKLSV� RI� LQWHUPHGLDWH� YLUWXDO� PDFKLQHV�� (DFK
FRPSLODWLRQ�VWHS�PDNHV�H[SOLFLW�VRPH�QHZ�IHDWXUHV�DQG�FKDQJHV�WKDW�DUH�DGGHG�WR�WKH�JOREDO�FRPSLODWLRQ
SURFHVV��7KH�SURFHVV�FRQWULEXWHV�WR�JHWWLQJ�D�PRUH�DEVWUDFW�DQG�V\VWHPDWLF�ZD\�RI�FRQVWUXFWLQJ�FRPSLOHUV�
)XUWKHUPRUH�� LW� LPSURYHV� WKH� XQGHUVWDQGLQJ� RI� WKH� SURFHVV� �FRPSLODWLRQ�� DQG� VLPSOLILHV� WKH� WDVN� RI
UHILQLQJ�DQG�UHXVLQJ�SUHYLRXV�GHVLJQV��,W�LV�OLNHO\�WKDW�D��SURWRW\SH��FRPSLOHU�FDQ�EH�H[WUDFWHG�PRUH�RU�OHVV
DXWRPDWLFDOO\�DV�D�VLGH�HIIHFW�RI�WKH�GHVLJQ�RI�WKH�YLUWXDO�PDFKLQH�

�� 7KH�3DWWHUQV�2YHUYLHZ
7KLV� SDSHU� SUHVHQWV� WKH� 9,578$/� 0$&+,1(� DQG� WKH� $%675$&7� &203,/(5� SDWWHUQV�� D� JHUP
SURSRVDO� WR� VHW� XS� D� SDWWHUQ� ODQJXDJH� KHOSV� GHYHORSHUV� WR� REWDLQ� DEVWUDFW� FRPSLOHUV� IRU� SURJUDPPLQJ

ODQJXDJHV��EDVHG�RQ�WKH�YLUWXDO�PDFKLQH�WHFKQRORJ\��7KH�)LJXUH���GHSLFWV� WKH� UHODWLRQVKLSV�EHWZHHQ� WKH
WZR�SDWWHUQV�

��������������������������������������������������
3 Thus, this work does not tackle the problem of converting program text into a token stream, lexical analysis, parsing, etc.

)LJXUH�����&RPSLODWLRQ�([HFXWLRQ�URDGPDS�IRU�D�-DYD�SURJUDP

9LUWXDO Machine
�3KDVH���

�0D\EH�VSHFLI\

)LJXUH�����7KH�9,578$/�0$&+,1(�	��$%675$&7�&203,/(5�SDWWHUQV�LQWHUDFWLRQ

&RPSLOH

'HFRPSLOH

$EVWUDFW
&RPSLOHU

9LUWXDO Machine
�3KDVH�1���

9LUWXDO Machine
�3KDVH�1�

&RPSLOH

'HFRPSLOH

$EVWUDFW
&RPSLOHU

9LUWXDO Machine
�3KDVH���
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     A short description of the patterns is presented now:

1DPH 'HVFULSWLRQ

9LUWXDO
0DFKLQH

+RZ�WR�GHILQH�D�FRPPRQ�GHVLJQ�WR�FDSWXUH�WKH�HVVHQWLDO�IHDWXUHV�DGGUHVVHG
E\�YLUWXDO�PDFKLQHV"

$EVWUDFW
&RPSLOHU

6XSSRVH�ZH�KDYH�GHVFULEHG�D�FRPSLODWLRQ�VWHS��VXFK�WKDW�
�� :H�KDYH�REWDLQHG�D�YLUWXDO�PDFKLQH�IURP�D�SUHYLRXV�RQH��E\�VWHSZLVH

UHILQHPHQW���DQG
�� :H�KDYH�GHILQHG�D�WUDQVODWLRQ�SURFHVV�IURP�WKH�RULJLQ�ODQJXDJH�RQWR�WKH

WDUJHW�RQH�
+RZ�WR�NQRZ��RU�WHVW��LI�WKH�FRPSLODWLRQ�VWHS�LV�FRUUHFW��L�H���LW�KDV�WKH�HIIHFW
WKDW�ZH�H[SHFWHG��"

�� 7KH�9LUWXDO�0DFKLQH�3DWWHUQ

,QWHQW

'HILQH�D�FRPPRQ� WHPSODWH� WR�GHVLJQ�YLUWXDO�PDFKLQHV��7KH� SDWWHUQ� FDSWXUHV� WKH� HVVHQWLDO� IHDWXUHV
XQGHUO\LQJ�D�YLUWXDO�PDFKLQH�DV�ZHOO�DV�HQFDSVXODWHV�WKHP�LQ�VHSDUDWHG�ORRVHO\�FRXSOHG�FRPSRQHQWV�
)XUWKHUPRUH��WKH�SURSRVDO�HQFDSVXODWHV�KRZ�FRPSRQHQWV�RI�D�YLUWXDO�PDFKLQH�LQWHUDFW�

$OVR�NQRZQ�DV

$EVWUDFW�0DFKLQH��$EVWUDFW�6WDWH�0DFKLQH�

$SSOLFDELOLW\

8VH�WKH�9,578$/�0$&+,1(�SDWWHUQ�LQ�DQ\�RI�WKH�IROORZLQJ�VLWXDWLRQV�

• :KHQ�ZH�ZDQW�WR� VSHFLI\�D�YLUWXDO�PDFKLQH��7KH�SDWWHUQ�SURYLGHV�D�FRPPRQ�VNHOHWRQ� WR�ZULWH�KLJK�
OHYHO� VSHFLILFDWLRQV�� DOORZLQJ� WKH� SURJUDPPHU� WR� SD\� PRUH� DWWHQWLRQ� WR� VSHFLI\LQJ� PDFKLQH
V
FRPSRQHQWV�LQVWHDG�RI�WKH�ZKROH�PDFKLQH��7KH�VSHFLILFDWLRQV�FDQ�EH�IRUPDO�>�@�RU�LQIRUPDO�>��@�

• :KHQ�ZH�ZDQW�WR�FRPSLOH�D�ODQJXDJH�XVLQJ�WKH�YLUWXDO�PDFKLQH�EDVHG�WHFKQRORJ\��9LUWXDO�PDFKLQHV�SURYLGHG�D
ZHOO�VXLWHG� IUDPHZRUN� WR� GHVFULEH� FRPSLOLQJ� SURFHVVHV� E\� VWHSZLVH�UHILQHPHQW� RI� LQWHUPHGLDWH
ODQJXDJHV��L�H���GHYHORSPHQW��E\�SURWRW\SLQJ����,Q�WKLV�SURFHVV��UHODWLRQVKLSV�EHWZHHQ�LQWHUPHGLDWH
ODQJXDJHV� FDQ� EH� H[SUHVVHG� LQ� WHUPV� RI� WKH� UHODWLRQVKLSV� RI� UHODWHG� YLUWXDO� PDFKLQHV� �VHH� WKH
$%675$&7�&203,/(5�SDWWHUQ��

• :KHQ�ZH�ZDQW�WR�JLYH�D�SUHFLVH�GHVFULSWLRQ�IRU�D�FRPSLOLQJ�SURFHVV�E\�XVLQJ�WKH�YLUWXDO�PDFKLQH�WHFKQRORJ\��$V�D
FRQVHTXHQFH� RI� FRPELQLQJ� WKH� WZR� VLWXDWLRQV� SUHYLRXVO\� FRPPHQWHG� �VHH� WKH� $%675$&7
&203,/(5�SDWWHUQ��

• :KHQ�ZH�ZDQW� WR� WHVW� GLIIHUHQW� LQVWUXFWLRQ� VHPDQWLFV� LQ� D� YLUWXDO�PDFKLQH�� ,W�PLJKW�EH�SRVVLEOH� WR�GHILQH
GLIIHUHQW�VHPDQWLFV�IRU�WKH�VDPH�PDFKLQH�LQVWUXFWLRQ�

• :KHQ�ZH�ZDQW�WR�WHVW�GLIIHUHQW�LQVWUXFWLRQ�VHWV�LQ�D�YLUWXDO�PDFKLQH��,W�PLJKW�EH�SRVVLEOH�WR�GHILQH�GLIIHUHQW
LQVWUXFWLRQ�VHWV�IRU�WKH�VDPH�YLUWXDO�PDFKLQH�GHILQLWLRQ

• :KHQ� ZH� ZDQW� WR� LQFRUSRUDWH� YLVXDOL]DWLRQ� DQG� GHEXJJLQJ� IDFLOLWLHV� WR� RXU� YLUWXDO� PDFKLQH�� 7KH� SDWWHUQ
V



4

SDUWLFLSDQWV� DUH� KLJKO\� GH�FRXSOHG�� 7KHUHIRUH�� WKH� LQFRUSRUDWLRQ� RI� QHZ� IDFLOLWLHV� ZLOO� QRW
LQWURGXFH�REWUXVLYH�HIIHFWV�LQ�WKH�SDWWHUQ�

6WUXFWXUH

����7KH�VWUXFWXUH�RI�WKH�9,578$/�0$&+,1(�SDWWHUQ�LV�VKRZQ�RQ�)LJXUH���

3DUWLFLSDQWV

���$�YLUWXDO�PDFKLQH�PD\�EH�GHILQHG�DV� WKH�XQLRQ�RI� WZR�SDUWV�� �L�� WKH� VWDWLF� SDUW�� FRQVLVWLQJ� RI� WKH
FRPSRQHQWV�UHODWHG�WR�WKH�VWDWH���LL��WKH�G\QDPLF�SDUW��ZKLFK�LV�DVVRFLDWHG�ZLWK�WKH�PDFKLQH·V�EHKDYLRU�
7KH�9,578$/�0$&+,1(�SDWWHUQ�HQFDSVXODWHV�KRZ�VWDWLF�DQG�G\QDPLF�FRPSRQHQWV�ORFDWH�HDFK�RI
WKHVH�FRPSRQHQWV�LQWR�GLIIHUHQW�SDUWLFLSDQWV�

7KH�VWDWH�RI�D�YLUWXDO�PDFKLQH�FRQVLVWV�RI�WKH�IROORZLQJ�FRPSRQHQWV�

�� �'DWD$UHD��,W�GHFODUHV�DQ�DEVWUDFW�LQWHUIDFH�IRU�DQ\�GDWD�DUHD�FRQILJXUDWLRQ�RI�WKH�PDFKLQH��,W
GHFODUHV�WZR�DEVWUDFW�RSHUDWLRQV�

• 7KH�,QLW�RSHUDWLRQ��WR�GHWHUPLQH�WKH�LQLWLDO�FRQILJXUDWLRQ�IRU�WKH�GDWD�DUHD�

• 7KH�6WRS�RSHUDWLRQ��WR�GHWHUPLQH�LI�WKH�PDFKLQH�KDV�DFKLHYHG�WKH�ILQDO�VWDJH��,I�WKLV�ILQDO�VWDJH
GRHV�QRW�GHSHQG�RQ�DQ\�GDWD�DUHD�FRQILJXUDWLRQ��WKHQ�6WRS�UHWXUQV�WUXH�

�� &RQFUHWH�'DWD$UHD��,W�GHILQHV�D�FRQFUHWH�GDWD�DUHD�REMHFW��7KH�FRQFUHWH�GDWD�DUHD�PD\�EH�D�VLPSOH
RU�D�FRPSOH[�REMHFW�VWUXFWXUH��&20326,7(���,W�LPSOHPHQWV�WKH�'DWD$UHD�LQWHUIDFH�

�� 3URJUDP��,W�GHFODUHV�D�FRPPRQ�LQWHUIDFH�IRU�DQ\�DVVHPEOHU�SURJUDP��,W�LQFOXGHV��DV�DQ�DWWULEXWH��D
FROOHFWLRQ�RI�,QVWUXFWLRQV��%HVLGHV��LW�GHFODUHV�IRXU�DEVWUDFW�RSHUDWLRQV�

• 7KH�,QLW�RSHUDWLRQ��WR�GHWHUPLQH�WKH�LQLWLDO�FRQILJXUDWLRQ�IRU�DVVHPEOHU�SURJUDP�

• 7KH�6WRS�RSHUDWLRQ��WR�GHWHUPLQH�LI�WKH�PDFKLQH�KDV�DFKLHYHG�LWV�ILQDO�VWDJH��,I�WKLV�ILQDO�VWDJH
GRHV�QRW�GHSHQG�RQ�DQ\�SURJUDP�FRQILJXUDWLRQ��WKHQ�WKH�6WRS�UHWXUQV�WUXH�

• 7KH�/RDG3URJ�RSHUDWLRQ�LV�LQ�FKDUJH�RI�FRQVWUXFWLQJ�WKH�DVVHPEOHU�LQVWUXFWLRQV�E\�UHDGLQJ�WKH
WDUJHW�FRGH�IURP�DQ�LQSXW�VWUHDP�DQG�WUDQVODWLQJ�WH[WXDO�UHSUHVHQWDWLRQV�LQWR�PDFKLQH·V
LQVWUXFWLRQ�

• 7KH�&XUUHQW,QVW�RSHUDWLRQ�UHWXUQV�WKH�LQVWUXFWLRQ�WR�EH�H[HFXWHG�E\�WKH�YLUWXDO�PDFKLQH�

9LUWXDO�0DFKLQH
'DWD$UHD

9LUWXDO�0DFKLQH
3URJUDP

9LUWXDO�0DFKLQH
6WDWH

,QLW���
7UDQVLWLRQ���
6WRS���

&OLHQW

,QVWUXFWLRQ
6,����

,QLW���
6WRS����
&XUUHQW,QVW���

,QLW���
6WRS����

)LJXUH����7KH�9,578$/�0$&+,1(�SDWWHUQ��VWUXFWXUH��
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�� &RQFUHWH�3URJUDP��,W�GHILQHV�D�FRQFUHWH�SURJUDP�REMHFW��LW�LV��D�FRQFUHWH�LQVWUXFWLRQ�VHW�DQG�WKH
SURJUDP�FRXQWHUV�QHHGHG��,W�KDV�WR�LPSOHPHQW�WKH�3URJUDP�GHDOLQJ�ZLWK�WKH�GHILQLWLRQ�RI�WKH
RSHUDWLRQV�,QLW��6WRS�DQG�&XUUHQW,QVW�

2Q� WKH� RWKHU� KDQG�� WKH� EHKDYLRU� LV� SURYLGHG� E\� VRPH� RSHUDWLRQV� WKDW� RSHUDWH� RYHU� WKH� VWDWLF
FRPSRQHQWV�� 7KHVH� RSHUDWLRQV� DUH� SDUW� RI� WKH� VWDWH� GHILQLWLRQ� DQG� WKH\� ZLOO� EH� UHVSRQVLEOH� WKH
GLIIHUHQW� VWDWHV� WKH� YLUWXDO� PDFKLQH� DFKLHYHV� GXULQJ� WKH� H[HFXWLRQ� RI� D� JLYHQ� SURJUDP�� 7KHVH
RSHUDWLRQV�DUH�GHVFULEHG�EHORZ�

��� 6WDWH��,W�FRRUGLQDWHV�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�'DWD$UHD�DQG�WKH�3URJUDP��VXFK�DV�D
0(',$725�SDWWHUQ�>�@���,W�GHWHUPLQHV�WKH�PDFKLQH
V�VWDWH��7KHUH�DUH�WKUHH�GLIIHUHQW�VWDJHV�IRU
WKH�6WDWH��LQLWLDO��H[HFXWLQJ�DQG�ILQDO�

• 7KH�,QLW�RSHUDWLRQ�GHWHUPLQHV�WKH�LQLWLDO�VWDWH�RI�WKH�PDFKLQH��MXVW�DW�WKH�EHJLQQLQJ�RI
H[HFXWLRQ�

• 7KH�6WRS�RSHUDWLRQ�GHWHUPLQHV�LI�WKH�PDFKLQH�KDV�DFKLHYHG�LWV�ILQDO�VWDWH�

• 7KH�7UDQVLWLRQ�RSHUDWLRQ�SHUIRUPV�WKH�SURJUDP�H[HFXWLRQ��6R��WKH�LQVWUXFWLRQ�SRLQWHG�E\�WKH
SURJUDP�FRXQWHU�LV�H[HFXWHG��7UDQVLWLRQ�VWDUWV�WKH�PDFKLQH�H[HFXWLRQ�DQG�FRQWLQXRXV�XQWLO
WKH�ILQDO�VWDWH�KDV�EHHQ�DFKLHYHG�

�� ,QVWUXFWLRQ��,W�GHILQHV�DQ�DEVWUDFW�LQWHUIDFH�IRU�D�PDFKLQH·V�LQVWUXFWLRQ�

• 7KH�6,�RSHUDWLRQ��VHPDQWLF�IXQFWLRQ��GHWHUPLQHV�KRZ�WKH�FRQILJXUDWLRQ�RI�WKH�PDFKLQH
HYROYHV�DIWHU�WKH�H[HFXWLRQ�RI�DQ�LQVWUXFWLRQ��7KH�VHPDQWLF�IXQFWLRQ�PXVW�EH�GHILQHG�IRU�HDFK
LQVWUXFWLRQ�LQ�WKH�LQVWUXFWLRQ�VHW�

�� &RQFUHWH�,QVWUXFWLRQ��,W�GHILQHV�D�FRQFUHWH�LQVWUXFWLRQ�IRU�D�FRQFUHWH�YLUWXDO�PDFKLQH��&RQFUHWH
LQVWUXFWLRQV�DUH�UHODWHG�WR�FRQFUHWH�GDWD�DUHDV�DQG�FRQFUHWH�SURJUDPV�

&ROODERUDWLRQV

7KUHH� GLIIHUHQW� VFHQDULRV�PRGHO� WKH� WKUHH� GLIIHUHQW� VWDWHV� D� YLUWXDO� PDFKLQH� PD\� UHDFK� GXULQJ� LWV
H[HFXWLRQ��LQLWLDOL]DWLRQ��WUDQVLWLRQ�DQG�HQGLQJ��)LJXUHV������DQG���VNHWFKHV�WKHVH�VFHQDULRV�

6FHQDULR����,QLWLDOL]DWLRQ

$W�WKLV�VWHS�� WKH�YLUWXDO�PDFKLQH� LV�LQLWLDOL]HG��$V�D�UHVXOW��ERWK�WKH�'DWD$UHD�DQG�3URJUDP�DQG�DUH

)LJXUH�����9,578$/�0$&+,1(�SDWWHUQ��FROODERUDWLRQV�,�

&OLHQW 6WDWH 3URJUDP'DWD$UHD

1: Init

2: Init

�: Load�Program

�: Init
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LQLWLDOL]HG��7KH�LQLWLDOL]DWLRQ�RI�WKH�3URJUDP�LV�FDUULHG�RXW�E\�WKH�,QLW�RSHUDWLRQ��DQG�LQYROYHV�VHWWLQJ
FRPSRQHQWV� ZLWK� WKH� LQLWLDO� YDOXHV� �L�H��� SURJUDP� FRXQWHUV�� DUUD\� RI� LQVWUXFWLRQV�� HWF���� 1H[W�� WKH
/RDG3URJUDP�RSHUDWLRQ� LV� H[HFXWHG��ZKLFK� ORDGV� WKH� DVVHPEOHU� SURJUDP� �L�H��� WR� WUDQVODWH� WKH� WH[W
UHSUHVHQWDWLRQ� RI� DVVHPEOHU� LQVWUXFWLRQV� IURP� WKH� LQSXW6WUHDP� LQWR� LQVWUXFWLRQ� REMHFWV� RI� WKH
SURJUDP���2Q�WKH�RWKHU�KDQG��FRPSRQHQWV�LQ�WKH�'DWD$UHD�DUH�LQLWLDOL]HG�E\�WKH�,QLW�RSHUDWLRQ��L�H��
WKH�GDWD�UHJLVWHUV�RU�FRQWURO�UHJLVWHUV��HWF���

6FHQDULR����7UDQVLWLRQ

$V�VDLG�EHIRUH��WKH�7UDQVLWLRQ�RSHUDWLRQ�SHUIRUPV�WKH�PDFKLQH�H[HFXWLRQ��7R�GR�WKLV��WKH�RSHUDWLRQ
7UDQVLWLRQ�UHTXHVWV�IURP�WKH�SURJUDP�WKH� LQVWUXFWLRQ� WR�H[HFXWH� WKDW� LV�SRLQWHG� WR�E\� WKH�SURJUDP
FRXQWHU��CurrentInst�RSHUDWLRQ���7KH�H[HFXWLRQ�RI�WKH�PDFKLQH�FRQVLVWV�RI�H[HFXWLQJ�LQVWUXFWLRQV
XQWLO�WKH�HQGLQJ�FRQGLWLRQ��(DFK�PDFKLQH·V�LQVWUXFWLRQ�LV�UHVSRQVLEOH�RI�GHILQLQJ�LWV�RZQ�VHPDQWLFV�
6R��HDFK�LQVWUXFWLRQ�SURYLGHV�WKH�SI�RSHUDWLRQ��ZKRVH�H[HFXWLRQ�PRGLILHV�WKH�PDFKLQH·V�VWDWH��L�H���WKH
SURJUDP�DQG�RU�WKH�GDWD�DUHD���7KHUHIRUH��GHSHQGLQJ�RQ�WKH� LQVWUXFWLRQ�WKH�GDWD�DUHD�� WKH�SURJUDP
�RU�ERWK��ZLOO�EH�PRGLILHG��(DFK�LQVWUXFWLRQ�VHPDQWLF�GHWHUPLQHV� WKH�RUGHU� WKHVH�PRGLILFDWLRQV�DUH
GRQH�

6FHQDULR����(QGLQJ

7KH�HQGLQJ�VWDJH�IRU�WKH�PDFKLQH·V�H[HFXWLRQ�LV�DFKLHYHG�ZKHQ�RQH�RI�LWV�WZR�FRPSRQHQWV��RU�ERWK�
UHDFK� WKH� HQGLQJ� FRQGLWLRQ� �H�J��� LW� LV� H[HFXWHG� D� FRQFUHWH� VWRS� LQVWUXFWLRQ�� WKHUH� LV� D� GDWD� DUHD
RYHUIORZ��HWF����7KH�6WRS�RSHUDWLRQ�RQ� WKH�6WDWH�DVNV� WR� WKH�FRUUHVSRQGLQJ�6WRS�RSHUDWLRQV�RQ� WKH
'DWD$UHD�DQG�WKH�3URJUDP��DQG�FRPELQHV�WKHLU�UHVXOW��,I� WKH�HQGLQJ�FRQGLWLRQ�GRHV�QRW�GHSHQG�RQ
WKH�'DWD$UHD��RU�WKH�3URJUDP���WKHQ�LWV�6WRS�RSHUDWLRQ�PXVW�UHWXUQ�WUXH�DV�WKH�UHVXOW�

1: Transition

�: ´Podify Srogramµ

�: ´Podify Gata�Dreaµ

6WDWH ,QVWUXFWLRQ 3URJUDP 'DWD$UHD

2: Current Inst

�: SI (this)

)LJXUH�����9,578$/�0$&+,1(�SDWWHUQ��FROODERUDWLRQV�,,�
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&RQVHTXHQFHV

7KH�9,578$/�0$&+,1(�SDWWHUQ�SUHVHQWV�WKH�IROORZLQJ�DGYDQWDJHV�

• 3URYLGH�D�JHQHUDO�IUDPHZRUN�WR�GHYHORS�YLUWXDO�PDFKLQHV�DQG�DEVWUDFW�FRPSLOHUV��7KH�SDWWHUQ�DOORZV�WKH�KLJK�
OHYHO�GHVLJQ�RI�YLUWXDO�PDFKLQHV��QRW�LPSRVLQJ�FRQVWUDLQWV�DERXW�WKH�VRUW�RI�SURJUDP�ODQJXDJHV�WR
FRPSLOH�WR��%HVLGHV��WKH�VXFFHVV�RI�YLUWXDO�PDFKLQHV�DOVR�OLHV�LQ�WKHLU�DELOLW\�WR�REWDLQ�D�JRRG
SHUIRUPDQFH�E\�H[HFXWLRQ�D�KLJKO\�VSHFLDOL]HG�FRGH���6HH�DOVR�FRQVHTXHQFHV�RI�$%675$&7
&203,/(5�SDWWHUQ��

• 7HVW�GLIIHUHQW�VHPDQWLFV�IRU�WKH�VDPH�LQVWUXFWLRQ��ZLWKRXW�FKDQJLQJ�WKH�GDWD�DUHD�DQG�WKH�SURJUDP�
• 3URPRWH�D�PHWKRGRORJ\�IRU�D�PRVW�V\VWHPDWLF�GHYHORSPHQW�RI�YLUWXDO�PDFKLQHV�DQG�DEVWUDFW�FRPSLOHUV��%\

VHSDUDWLQJ�GDWD�DUHD��SURJUDP�DQG�LQVWUXFWLRQ�VHPDQWLFV�ZH�LQWURGXFH�VRPH�GHVLJQ�FRQVWUDLQWV
WKDW�IRUFH�WKH�XVHU�WR�IROORZ�D�PRVW�V\VWHPDWLF�DSSURDFK���6HH�DOVR�FRQVHTXHQFHV�$%675$&7
&203,/(5�SDWWHUQ��

• 2IIHU�D�KLJKHU�OHYHO�GHJUHH�RI�HQFDSVXODWLRQ�D�UH�XVH�RI�YLUWXDO�PDFKLQH�EDVHG�GHYHORSPHQWV��6HPDQWLFV�IRU�YLUWXDO
PDFKLQH�LQVWUXFWLRQV�DUH�HQFDSVXODWHG�DV�FODVVHV�

• 5HXVH�SUHYLRXV�YLUWXDO�PDFKLQH�GHVLJQV�LQ�QHZ�DSSOLFDWLRQV�

7KH�9LUWXDO�0DFKLQH�SUHVHQWV�WKH�IROORZLQJ�GLVDGYDQWDJHV�

• <LHOG�WR�REWDLQ�LQHIILFLHQW�LPSOHPHQWDWLRQV�
• 3URYRNH�D�FRPPXQLFDWLRQ�RYHUKHDG�EHWZHHQ�6WDWH�DQG�,QVWUXFWLRQ�

,PSOHPHQWDWLRQ

&RQVLGHU�WKH�IROORZLQJ�LPSOHPHQWDWLRQ�LVVXHV�

�� &RQFUHWH�'DWD$UHD�PLJKW�EH�D�FRPSOH[�REMHFW�FRPSRVLWLRQ��)ROORZ�WKH�VDPH�LPSOHPHQWDWLRQ�LVVXHV�DV
LQ�IRU�WKH�&20326,7(�SDWWHUQ�>�@

�� 'HILQLQJ� WKH�'DWD$UHD�� WKH�3URJUDP�DQG� ,QVWUXFWLRQ�DV� LQWHUIDFHV��)RU� H[DPSOH�� IROORZLQJ� WKH� -DYD
FRQYHQWLRQV�

public interface Instruction
{

public void SI (State state);
public String Name ();
public int NumArguments ();
public String ToString ();
public void Process (String args [])

6WDWH 3URJUDP

1 : Stop

)LJXUH�����9,578$/�0$&+,1(�SDWWHUQ��FROODERUDWLRQV�,,,�

'DWD$UHD

2 : Stop
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}

public interface Program
{

public Instruction CurrentInst ();
public void Init ();
public boolean Stop ();
public void LoadProgram (Stream assemblerCode);

}

public interface DataArea
{

public void Init ();
public boolean Stop ();

}

7KH� ,QVWUXFWLRQ�SURYLGHV�PHWKRGV� WR�GHWHUPLQH� LQIRUPDWLRQ�DERXW� LQVWUXFWLRQV� �L�H���1DPH�
1XP$UJXPHQWV���D�PHWKRG�GHILQLQJ�WKH�LQVWUXFWLRQ�VHPDQWLFV��6,��DQG� WKH�PHWKRG�3URFHVV
WKDW� FRPSLOHV� WKH� DUJXPHQWV� RI� WKH� DVVHPEOHU� LQVWUXFWLRQ�� 7KH� 6WDWH� LV� DQ� DUJXPHQW� RI� 6,
RSHUDWLRQ�DQG�LW�LV�RQO\�XVHG�GXULQJ�WKLV�LQVWUXFWLRQ�

7KH� 3URJUDP� GHILQHV� WKH� FRPPRQ� LQWHUIDFH� IRU� DQ\� DVVHPEOHU� SURJUDP� LQ� WKH� YLUWXDO
PDFKLQH�� ,W� GHILQHV� DQ� RSHUDWLRQ� &XUUHQW,QVW� WR� DFFHVV� WKH� LQVWUXFWLRQ� LV� FXUUHQWO\� EHLQJ
H[HFXWHG��7KH�/RDG3URJUDP�PHWKRG�LV�LQ�FKDUJH�RI�EXLOGLQJ�WKH�LQVWUXFWLRQV�RI�WKH�SURJUDP
IURP�WKH�DVVHPEOHU�FRGH�ILOH�

�� 'DWD$UHD��3URJUDP�DQG�,QVWUXFWLRQ�DV�WHPSODWH�SDUDPHWHUV��,Q�D�&���OLNH�V\QWD[��DV�IROORZV�

class Instruction
{ .. }

template
class Program <class Instruction>
{ .. }

class DataArea
{ .. }

template
class State < class DataArea,
class Program <Instruction>>
{ .. }

   }

�� 2PLWWLQJ�WKH�6WDWH�FODVV��,W�LV�VLPLODU�WR�WKH�FDVH�RI�WKH�0(',$725�SDWWHUQ�>�@�
��� 3ULPLWLYH� RSHUDWLRQV�� 6RPH� RSHUDWLRQV� GHILQHG� LQ� 'DWD$UHD�� 3URJUDP� DQG� ,QVWUXFWLRQ� DUH

SULPLWLYH��7KHQ��WKH\�PXVW�EH�RYHUULGGHQ��)RU�H[DPSOH��WKH\�FRXOG�EH�GHFODUHG�DV�SXUH�YLUWXDO
�LQ� &��� FRQYHQWLRQV�� RU� DV� SDUW� RI� DQ� LQWHUIDFH� � �-DYD� FRQYHQWLRQV��� 7KH� RSHUDWLRQV� ,QLW�
7UDQVLWLRQ�DQG�6WRS�LQ�WKH�6WDWH�PXVW�EH�QHYHU�RYHUULGGHQ�

6DPSOH�&RGH

7KH� IROORZLQJ� VDPSOH� FRGH� VKRZV� -DYD� LPSOHPHQWDWLRQV� IRU� VRPH�SDUWV� RI� WKH� 9,578$/�0$&+,1(
SDWWHUQ�

�� )LUVWO\�� ZH� GHILQH� WKH� LQWHUIDFHV� FRUUHVSRQGLQJ� WR� 'DWD$UHD�� 3URJUDP� DQG� ,QVWUXFWLRQ� �VHH� WKH
,PSOHPHQWDWLRQ�VHFWLRQ�

�� $Q�DOWHUQDWLYH�LPSOHPHQWDWLRQ�RI�WKH�3URJUDP�PD\�EH�GRQH�DV�DQ�DEVWUDFW� FODVV�� ,Q� WKLV� FDVH�� VRPH
H[WUD�IXQFWLRQDOLW\�LV�SURYLGHG��H�J���D�SURJUDP�FRXQWHU�3�DQG�WKH�VHW�RI�LQVWUXFWLRQV��

import Instruction;
import InstructionSet;
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public abstract class Program
{

public int P;
private Vector program; // A container of AbstractInstruction
private InstructionSet instSet;

public void Init ()
{

P = <<init program address>>;
Program = new Vector ();

}
public void LoadProgram (Stream assemblerCode)
{

<< load instructions from the assembler code >>
}
public Instruction CurrentInst ()
{

return program.Get (P);
}
public void Next ()
{

P++;
}
abstract public boolean Stop ();

}

�� 7KH�LPSOHPHQWDWLRQ�RI�WKH�6WDWH�

import DataArea;
import Program;
import Instruction

public class State
{

private DataArea da;
private Program prog;

// ...
public void Init (Stream s)
{
   da.Init ();

prog.Init ();
prog.LoadProgram (s);

}
public boolean Stop ()
{

return prog.Stop () && da.Stop();
}
public void Transition ()
{

while (!Stop ())
{

             prog.CurrentInst().SI (this);
}

}
}

�� 7KH� FUHDWLRQ� RI� D� FRQFUHWH� 6WDWH� �VD\� DQ�0� PDFKLQH�� LV� GRQH� E\� IROORZLQJ� WKH� QH[W� VHTXHQFH� RI
DFWLRQV�

import VirtualMachine;
import WAM_Factory;
import WAM_InstructionSet;

class M_Client
{

  static public void main (String args []) throws IOException
  {
               FileInputStream targetCode = new FileInputStream (arg [0]);
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   State machine = new State ();
   machine.Init (targetCode);
   machine.Transition ();

   }
}

�� )LQDOO\��ZH�GHVFULEH�VRPH�H[DPSOHV�RI�LQVWUXFWLRQV�LQ�WKH�0�PDFKLQH·V��LQVWUXFWLRQ�VHW��/HW·V�FRQVLGHU
KRZ� HDFK� RI� WKH� IROORZLQJ� LQVWUXFWLRQV� LPSOHPHQWV� LWV� VHPDQWLFV� �KRZ� WKH�0�PDFKLQH� HYROYHV�� E\
PRGLI\LQJ�WKH�0B6WDWH��L�H���WKH�0B'DWD$UHD�DQG�RU�WKH�0B3URJUDP��

D� 7KH�IROORZLQJ�-DYD�FRGH�LV�DVVRFLDWHG�ZLWK�WKH�LQVWUXFWLRQ�,�RI�WKH�0�PDFKLQH��7KH�H[HFXWLRQ�RI
WKLV�LQVWUXFWLRQ��LWV�VHPDQWLFV��SURYRNHV�VRPH�FKDQJHV�LQ�WKH�0B'DWD$UHD�DQG�WKH�0B3URJUDP�

public class I implements Instruction
{

I ()
{}
public String Name ()
{
    return “I”;
}
public int NumArguments ()
{

 return 1;
}
public String ToString ()
{
    return Name() + “ “ + numVars;
}
public void SI (State state)
{
    M_DataArea M_da = (M_DataArea) state.DataArea();

      M_Program  M_prog = (M_Program) state.Program();

    // Implementation of I semantics
��������

}
public void Process (String args[] )
{
   // Proces the text representation of the instruction
   // arguments into an int value.
      numVars = Integer.valueOf (args [0]).intValue();
}

}

E� /HW� XV� FRQVLGHU� QRZ�� D� QHZ� YHUVLRQ� RI� WKH� DERYH� GHILQLWRQ� RI� WKH� ,� LQVWUXFWLRQ�� LQ� RUGHU� WR
VXSSRUW�YLVXDOL]LQJ�IDFLOLWLHV��)RU�WKLV�UHDVRQ��ZH�UHGHILQH�WKH�6,�RSHUDWLRQ�DV�IROORZV�

public class ViewI extends Call
{

public void SI (State state)
{

super.SI (state); // Execute the Call semantics
VWDWH�QRWLI\���� ���1RWLI\�WKH�FKDQJH�DQG�UHGUDZ

}

}
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�� 7KH�$EVWUDFW�&RPSLOHU�3DWWHUQ

,QWHQW

3URYLGH� D� FRPPRQ� IUDPHZRUN� WR� GHVLJQ� DEVWUDFW� FRPSLOHUV� E\� VWHSZLVH� UHILQHPHQW� RI� YLUWXDO
PDFKLQHV�� 7KH� WDVN� RI� FRPSLOLQJ� LV� SODQQHG� DV� D� SLHFHPHDO� DFTXLVLWLRQ� RI� KLJK�SHUIRUPDQFH
SURSHUWLHV� SRVHV� LQ� WHUPV� RI� UHODWLRQVKLSV� EHWZHHQ� LQWHUPHGLDWH� YLUWXDO� PDFKLQHV� DQG� WUDQVODWLRQ
UXOHV�

$OVR�NQRZQ�DV

&RPSLOHU�*HQHUDWRU��3URJUDP�7UDQVODWRU�

$SSOLFDELOLW\

8VH�WKH�$%675$&7�&203,/(5�SDWWHUQ�LQ�DQ\�RI�WKH�IROORZLQJ�VLWXDWLRQV�

• :KHQ�ZH�ZDQW�WR�VSHFLI\�DQ�DEVWUDFW�FRPSLOHU��7KH�SDWWHUQ�SURYLGHV�D�FRPPRQ�IRUPDOLVP�VFKHPD��WKH
YLUWXDO� PDFKLQH�� DQG� D� GHYHORSPHQW� WHFKQLTXH� �VWDJHG� UHILQHPHQW�� WR� ZULWH� KLJK�OHYHO
VSHFLILFDWLRQV��7KH�VSHFLILFDWLRQ�PD\�EH�REWDLQHG�LQ�VHYHUDO�VWHSV� �L�H���VHYHUDO� LQWHUPHGLDWH�OHYHO
PDFKLQHV�� E\� GHILQLQJ� WKH� LQWHU�PDFKLQH� FRPSLODWLRQ� UXOHV��7KH� VSHFLILFDWLRQ� FDQ� EH� IRUPDO� RU
LQIRUPDO�� 7KH� ZKROH� FRPSLODWLRQ� SURFHVV� LV� REWDLQHG� E\� FRPSRVLQJ� WKH� FRPSLODWLRQ� UXOHV
EHWZHHQ�LQWHUPHGLDWH�ODQJXDJHV��L�H���YLUWXDO�PDFKLQHV��

• :KHQ�ZH�ZDQW�WR�SURRI�WKH�FRPSLOHU�FRUUHFWQHVV��*LYHQ�D�VWDJH�RI�WKH�UHILQHPHQW�SURFHVV��WKH�HTXLYDOHQFH
EHWZHHQ�WZR�FRQVHFXWLYH�YLUWXDO�PDFKLQHV�SURYLGHV�D�SDUWLDO�SURRI�RI�FRPSLOHU�FRUUHFWQHVV��7KHQ�
WKH�FRPSOHWH�SURRI�FDQ�EH�REWDLQHG�E\�FRPSRVLWLRQ�

• :KHQ�ZH�ZDQW�WR� FRPSLOH�D�SURJUDPPLQJ� ODQJXDJH�E\�XVLQJ� WKH� YLUWXDO�PDFKLQH� WHFKQRORJ\��7KH� UHODWLRQVKLS
EHWZHHQ�DQ�LQWHUSUHWHU�IRU�D�ODQJXDJH�DQG�D�FRPSLOHU�H[HFXWRU�SDLU�IRU�WKH�VDPH�ODQJXDJH�FDQ�EH
JLYHQ� LQIRUPDOO\� LQ� WHUPV� RI� VHSDUDWLQJ� FRPSXWDWLRQV� RI� WKH� LQWHUSUHWHU��� RQH� SHUIRUPLQJ
FRPSXWDWLRQV� RQO\� RQ� SURJUDP� VWUXFWXUHV� �WKH� FRPSLOHU�� IROORZHG� E\� RQH� SHUIRUPLQJ
FRPSXWDWLRQV�SULPDULO\�RQ�UXQWLPH�VWUXFWXUHV��WKH�H[HFXWRU��

• :KHQ�ZH� ZDQW� WR� WHVW� GLIIHUHQW� DOWHUQDWLYHV� WR� FRPSLOH� D� ODQJXDJH�� *LYHQ� D� SURJUDPPLQJ� ODQJXDJH�� LW� LV
SRVVLEOH�WR�GHILQH�GLIIHUHQW�YLUWXDO�PDFKLQHV�WR�LPSOHPHQW�LQWHUSUHW�LWV�VHPDQWLFV�

• :KHQ�ZH�ZDQW�WR�FRQVWUXFW�HPXODWRUV�WUDFHUV�IRU�WKH�H[HFXWLRQ�RI�RXU�SURJUDPV��7R�HPXODWH�WKH�H[HFXWLRQ�RI
D�SURJUDP�IRUFHV�XV�WR�LQFRUSRUDWH�YLVXDOL]DWLRQ�DQG�GHEXJJLQJ�IDFLOLWLHV�WR�WKH�FRPSLOLQJ�SURFHVV�
$V�VKRZQ�DERYH�� WKH�9,578$/�0$&+,1(�LV�DEOH�WR� LQFOXGH�VRPH�RI� WKHVH� IDFLOLWLHV��2Q� WKH
RWKHU�KDQG��VLQFH�WKH�$%675$&7�&203,/(5�SDWWHUQ�EHKDYHV�DV�D�0(',$725�EHWZHHQ�WKH
WZR�YLUWXDO�PDFKLQHV�LQYROYHG�LQ�D�FRPSLODWLRQ�SKDVH��VRPHKRZ�LW�VKRXOG�EH�SRVVLEOH�WR�FRQQHFW
ERWK� YLVXDOL]LQJ� DQG� GHEXJJLQJ� PHFKDQLVPV�� ,Q� SDUWLFXODU�� LW� ZRXOG� EH� KLJKO\� XVHIXO� WKH
YLVXDOL]DWLRQ�FRXOG�KHOS�XV�WR�JHW�D�YLVXDO�FRQILUPDWLRQ�YDOLGDWLRQ�DERXW�WKH�FRPSLOHU�FRUUHFWQHVV�
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6WUXFWXUH

7KH�VWUXFWXUH�RI�WKH�&203,/(5�SDWWHUQ�LV�VKRZQ�RQ�)LJXUH���

3DUWLFLSDQWV

7KH�$%675$&7�&203,/(5�SDWWHUQ�FRQVLVWV�RI�WKH�IROORZLQJ�FRPSRQHQWV�

�� 90���-90���,W�UHSUHVHQWV�WKH�VRXUFH�YLUWXDO�PDFKLQH�

�� 90���,QWHO���,W�UHSUHVHQWV�WKH�WDUJHW�YLUWXDO�PDFKLQH�

�� 5XOH�6HW��-90�,QWHO�5XOH�6HW���,W�UHSUHVHQWV�WKH�VHW�RI�FRPSLODWLRQ�WUDQVODWLRQ�UXOHV�IURP�D�90�
LQVWUXFWLRQ�EORFN�LQWR�D�90��LQVWUXFWLRQ�EORFN��*LYHQ�D�90��LQVWUXFWLRQ�EORFN��WKH�&XUUHQW5XOH
RSHUDWLRQ�IHWFKHV�WKH�FXUUHQW�UXOH�WR�DSSO\�

�� 5XOH��,DGG�5XOH���,W�GHFODUHV�D�FRPPRQ�LQWHUIDFH�WR�UHSUHVHQW�DQ\�FRPSLODWLRQ�UXOH��$�FRPSLODWLRQ
UXOH�LV�GHILQHG�DV�D�SDLU���%ORFNB90�!���%ORFNB90�!���ZKHUH

• �%ORFNB90�!�UHSUHVHQWV�D�EORFN�RI�90��LQVWUXFWLRQV�

• �%ORFNB90�!�UHSUHVHQWV�D�EORFN�RI�90��LQVWUXFWLRQV�

7KH�RSHUDWLRQ�FUHDWH,QVWUXFWLRQV�FRQVWUXFWV�WKH�%ORFNB90��IURP�%ORFNB90���2Q�LWV�SDUW��WKH
RSHUDWLRQ�PDWFKLQJ�GHWHUPLQHV�LI�WKH�FXUUHQW�VWDWH�RI�WKH�90��SURJUDP�PDWFKHV�ZLWK�WKH�UXOH�
7KH�UHEXLOG�RSHUDWLRQ�LV�UHVSRQVLEOH�RI�UHFRQVWUXFWLQJ�WKH�90�·V�GDWD�DUHD�IURP�90�·V�RQH�
)LQDOO\��WKH�65�RSHUDWLRQ�SURYLGHV�WKH�VHPDQWLFV�IRU�WKH�UXOH�E\�JOXLQJ�SUHYLRXV�RSHUDWLRQV��$V�D
ILQDO�UHPDUN��WKH�RSHUDWLRQV�FUHDWH,QVWUXFWLRQ�DQG�UHEXLOG�PXVW�EH�FRQFUHWL]HG�HDFK�WLPH�

�� ,QVWUXFWLRQ��,W�GHFODUHV�D�FRPPRQ�LQWHUIDFH�WR� UHSUHVHQW� D�YLUWXDO�PDFKLQH
V� LQVWUXFWLRQ�� ,W� LV� IXOO\
GHILQHG�LQ�>�@�

�� &RPSLOHU�� ,W� FRRUGLQDWHV� WKH� LQWHUDFWLRQV� EHWZHHQ� 90�� DQG� 90�� DQG� GHVFULEHV� D� UXOH�E\�UXOH
H[HFXWLRQ�� ,W� EHKDYHV� DV�D�0(',$725�SDWWHUQ� >�@��7KH� OLIHF\FOH� RI� WKH� &RPSLOHU� FRPSRQHQW
FRYHUV� WKUHH� GLIIHUHQW� SKDVHV� �LQLWLDO�� WUDQVLWLRQ� DQG� ILQDO�� WKDW� DUH� UHODWHG� WR� WKH� IROORZLQJ
RSHUDWLRQV�

• 7KH�,QLW�RSHUDWLRQ�GHWHUPLQHV�WKH�LQLWLDO�VWDWH�RI�FRPSLOLQJ�SURFHVV�E\�FRQILJXULQJ�WKH� LQLWLDO
VWDWHV�RI�WKH�90��DQG�90��

90� 90�

5XOH6HW

&XUUHQW5XOH���

&RPSLOHU

,QLW���
7UDQVLWLRQ���
6WRS���&OLHQW

��������,QVWUXFWLRQ

6,���

5XOH

65���
PDWFKLQJ���
UHEXLOG���
FUHDWH,QVWUXFWLRQV���

)LJXUH����7KH�&203,/(5�SDWWHUQ��VWUXFWXUH��
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• 7KH� 6WRS� RSHUDWLRQ�� WR� GHWHUPLQH� LI� 90�� KDV� DFKLHYHG� LWV� ILQDO� VWDWH�� LQ� ZKLFK� FDVH� WKH
FRPSLOHU�H[HFXWLRQ�VWRSV�

• 7KH�7UDQVLWLRQ�RSHUDWLRQ�SHUIRUPV� WKH�FRPSLODWLRQ�RI� WKH�PDFKLQH�� ,W� LV�GHILQHG�DV�D�ZKLOH�
ORRS�FRQWURO� VWUXFWXUH�� DW� HYHU\� URXQG�RI� WKH� ORRS� WKH�FRPSLODWLRQ� UXOH�SRLQWHG�E\� WKH� UXOH
FRXQWHU��WKH�&XUUHQW5XOH��LV�H[HFXWHG��7UDQVLWLRQ�VWDUWV�DW�WKH�LQLWLDO�PDFKLQH
V�FRQILJXUDWLRQ
DQG�FRQWLQXRXV�XQWLO�WKH�ILQDO�VWDWH�LV�DFKLHYHG�

&ROODERUDWLRQV

$V�GHVFULEHG�DERYH�� WKUHH�GLIIHUHQW�VFHQDULRV�GHVFULEH�WKH�&RPSLOHU�H[HFXWLRQ�� LQLWLDOL]DWLRQ�� WUDQVLWLRQ�DQG
HQGLQJ�

6FHQDULR����,QLWLDOL]DWLRQ

7KH�LQLWLDOL]DWLRQ�RI�&RPSLOHU�LV�GRQH�E\�LQLWLOL]LQJ�ERWK�90��DQG�90��

6FHQDULR����7UDQVLWLRQ

,W�SHUIRUPV�WKH�FRPSLOHU�H[HFXWLRQ�LQ�VHYHUDO�SKDVHV�
��� )LUVWO\��JLYHQ�WKH�FXUUHQW�90��SURJUDP�DQG�5XOH�6HW�� WUDQVODWLRQ�VHOHFWV�WKH�FRPSLODWLRQ�UXOH�WR

H[HFXWH�
��� 7KHQ��LW�LQWHUSUHWHV�WKH�VHPDQWLFV�DVVRFLDWHG�WR�WKH�UXOH�RQ�WKH�WDUJHW�PDFKLQH��90���

&OLHQW &RPSLOHU 90� 90�

���,QLW ���,QLW

���,QLW

)LJXUH����7KH�&203,/(5�SDWWHUQ��&ROODERUDWLRQV�,��
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6FHQDULR����(QGLQJ

&RPSLOHU·V�H[HFXWLRQ�HQGV�ZKHQ�90��UHDFKHV�LWV�HQGLQJ�FRQGLWLRQ

&RQVHTXHQFHV

7KH�$%675$&7�&203,/(5�SDWWHUQ�SUHVHQWV�WKH�IROORZLQJ�DGYDQWDJHV�

• 3URYLGH�D�IUDPHZRUN�WR�GHYHORS�FRPSLOHUV�E\�VWHSZLVH�UHILQHPHQW�RI�YLUWXDO�PDFKLQHV�
• 'H�FRXSOH�WKH�UHODWLRQVKLSV�DPRQJ�WKH�$EVWUDFW�&RPSLOHU�SDWWHUQ�SDUWLFLSDQWV��7KH�&RPSLOHU�)DFWRU\�LVRODWHV

&RPSLOHU�IURP�FRQFUHWH�YLUWXDO�PDFKLQHV��VRXUFH�DQG�RU�WDUJHW��DQG�VSHFLILF�UXOH�VHWV��2Q�LWV�SDUW�
WKH�5XOH�6HW�EHKDYHV�DV�DQ�$EVWUDFW�)DFWRU\�>�@IRU�WKH�UXOH�VHWV�PDQDJHG�E\�WKH�FRPSLOHUV�

• 3URYLGH� D� IUDPHZRUN� WR� WHVW�GLIIHUHQW� FRPSLODWLRQ� VWUDWHJLHV��7KH�SDWWHUQ�PDNHV�H[FKDQJLQJ�FRPSLODWLRQ�
UXOH�VHW� HDV\�� DOORZLQJ� WKH� LQYROYHG�YLUWXDO�PDFKLQHV� WR�PDLQWDLQ� LQGHSHQGHQFH� RI� DQ\� FRQFUHWH
UXOH�VHW��7KH�FKDQJH�RI�D�FRQFUHWH�UXOH�VHW�UH�FRQILJXUHV�WKH�FRPSLOHU�

• 3URYLGH� D� IUDPHZRUN� WR� WHVW� GLIIHUHQW� FRPSLODWLRQ� UXOHV� �FRPSLOLQJ� VWUDWHJLHV�� IRU� WKH� VDPH� YLUWXDO� PDFKLQHV�
%HFDXVH� WKH� FRPSLODWLRQ� LV� HQFDSVXODWHG� E\� WKH� FRPSLODWLRQ� UXOHV� �WKH� 6(� RSHUDWLRQ��� ZH� FDQ
UHGHILQH�WKHP�ZLWKRXW�DIIHFWLQJ�WR�WKH�YLUWXDO�PDFKLQHV�

• 2IIHU�D�KLJKHU�GHJUHH�RQ�WKH�UH�XVH�RI�DEVWUDFW� FRPSLOHUV��,Q�PRVW�RI�WKH�FDVHV�� WKH�UHVXOWLQJ�FRPSLOHU��LQ
ZKROH�RU�LQ�SDUW��FDQ�EH�KLJKO\�UH�XVHG�LQ�QHZ�GHYHORSPHQWV�

• 3URPRWH�D�PHWKRGRORJ\�IRU�WKH�V\VWHPDWLF�GHYHORSPHQW�RI�DEVWUDFW�FRPSLOHUV��%\�VHSDUDWLQJ�WKH�SDUWLFLSDQWV�RI
FRPSLODWLRQ�LQ�FRPSRQHQWV��L�H���VRXUFH�YLUWXDO�PDFKLQH��WDUJHW�YLUWXDO�PDFKLQH��UXOH�VHW�DQG�UXOH
VHPDQWLFV��ZH�LQWURGXFH�VRPH�GHVLJQ�FRQVWUDLQWV�WKDW�IRUFH�WKH�XVHU�WR�IROORZ�D�PRUH�V\VWHPDWLF
DSSURDFK�

7KH�$%675$&7�&203,/(5�SUHVHQWV�WKH�IROORZLQJ�GLVDGYDQWDJHV�

&OLHQW &RPSLOHU 5XOH6HW 5XOH $EVWUDFW

,QVWUXFWLRQ

90� 90�

���7UDQVLWLRQ
���SURJ�&XUUHQW,QVWUXFWLRQ

���&XUUHQW5XOH

4: SR

���FUHDWH,QVWUXFWLRQ

���6,
����FKDQJH�VWDWH�PDFKLQH�

���UHEXLOG

����FKDQJH�VWDWH�PDFKLQH�

)LJXUH����7KH�&203,/(5�SDWWHUQ��&ROODERUDWLRQV�,,��
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• ,QHIILFLHQW�LPSOHPHQWDWLRQV�
• &RPPXQLFDWLRQ�RYHUKHDG�EHWZHHQ�&RPSLOHU�DQG�9LUWXDO�0DFKLQHV��90��DQG�90���

,PSOHPHQWDWLRQ

&RQVLGHU�WKH�IROORZLQJ�LPSOHPHQWDWLRQ�LVVXHV�

• &UHDWLQJ�FRQFUHWH�90���90��DQG�5XOH�6HW��)RU�D�EHWWHU�UHSUHVHQWDWLRQ�RI�FRPSRQHQWV�UHODWHG�LQ
WKH�SDWWHUQ��ZH�PD\�FRQVLGHU�WR�XVH�D�&RPSLOHU�)DFWRU\��)ROORZ�VLPLODU�KLQWV�WKDW�WKRVH�JLYHQ
E\�WKH�$%675$&7�)$&725<�SDWWHUQ�>�@�

• &RQFUHWH� 5XOHV� PLJKW� LQYROYH� GHDOLQJ� ZLWK� EORFNV� RI� FRQFUHWH� LQVWUXFWLRQV�� )ROORZ� WKH� VDPH
LPSOHPHQWDWLRQ�LVVXHV�DV�LQ�IRU�WKH�&20326,7(�SDWWHUQ�>�@�

• 'HILQLQJ� 90��� 90�� DQG� 5XOH� 6HW� DV� LQWHUIDFHV�� ,Q� WKH� ILUVW� FDVH�� IROORZ� WKH� 9,578$/
0$&+,1(�SDWWHUQ�>�@�

• 3ULPLWLYH�RSHUDWLRQV��6RPH�RSHUDWLRQV�GHILQHG�LQ�5XOH�FRPSRQHQW�DUH�SULPLWLYH��7KHUHIRUH��WKH\
PXVW�EH�RYHUULGGHQ�

6DPSOH�&RGH

7KH�IROORZLQJ�VDPSOH�FRGH�VKRZV�-DYD�LPSOHPHQWDWLRQV�RI�WKH�$%675$&7�&203,/(5�SDWWHUQ�DSSOLHG
WR�WKH�H[DPSOH�VKRZQ�LQ�WKH�)LJXUH����L�H���-90�WR�,QWHO�FRPSLOHU��

1. 7KH�LPSOHPHQWDWLRQ�RI�WKH�&RPSLOHU�)DFWRU\:

import VirtualMachine;
import RuleSet;

public interface CompilerFactory  
{
    public VirtualMachine sourceVM ();
    public VirtualMachine targetVM ();
    public RuleSet        ruleSet ();
}

�� 7KH�LPSOHPHQWDWLRQ�RI�WKH�&RPSLOHU�FODVV�

class Compiler
{

public VirtualMachine sourceVM, targetVM;
public RuleSet ruleset;

   public Compiler (CompilerFactory factory)
   {  << initialization of VMs and rule set>> }

   public void Init (InputStream tar) {
   sourceVM.Init (tar);
   targetVM.Init ();
   }
   public  boolean Stop () {
   return sourceVM.Stop ();
   }
   public void Transition ()
   {
     AbstractInstruction inst;
     Rule rule;
     while (!Stop ())
     {
        inst = sourceVM.Getprog().CurrentInst();
        rule = ruleset.CurrentRule(inst, this);
        rule.SR (inst, this);
      
     }
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   } // Transition

 }

3. 7KH� DEVWUDFW� FODVV� 5XOH� SURYLGHV� D� JHQHULF� LQWHUIDFH� WR� GHILQH� WKH� WUDQVODWLRQ� RI� VRXUFH� PDFKLQH
LQVWUXFWLRQV�WR�WDUJHW�PDFKLQH·V�RQH�

public abstract class Rule
{

public Instruction instructions [];

public void SR (Instruction inst, Compiler compiler)
{
       createInstructions(inst, compiler);

for (int i = 0; i < instructions.length; i++)
{

instructions[i].SI (compiler.target);
}
rebuild (compiler);

}

public abstract void rebuild (Compiler compiler );
public abstract boolean matching (Instruction inst, Compiler compiler);
public abstract void createInstructions(Instruction inst, Compiler compiler);

}

4. 7KH� WUDQVODWLRQ�UXOHV� FRUUHVSRQGLQJ� WR� -90���,QWHO� FRPSLOHU� FDQ� EH� RUJDQL]HG� DURXQG� WKH� DEVWUDFW
FODVV��-90WR,QWHO5XOH��DV�IROORZV:

abstract class JVMtoIntelRule extends Rule
{

public  void rebuild (Compiler compiler)
{

rebuildDa(compiler);
rebuildProg(compiler);

}
}

�� &RQFUHWH�-90WR,QWHO�UXOHV�DUH�REWDLQHG�E\�VXEFODVVLQJ�

class IaddRule extends JVMtoIntelRule
{

public  boolean matching (Instruction inst, Compiler compiler)
{ ... }
public void createInstructions (Instruction inst, Compiler compiler)
{

instructions = new IntelIntruction [4];
IntelDataArea ida = (IntelDataArea) compiler.targetVM.da;

Address add1 = ida.register[AX].getAddress(); //register acumulator
Address add2 = ida.register[DX].getAddress(); //register data

instructions[0] = new Pop (add1); // get operand 1 of stack
instructions[1] = new Pop (add2); // get operand 2 of stack
instructions[2] = new Add (add1, add2); // operand 1 += operand 2
instructions[3] = new Push (add1); // put result into stack

}
}

�� :H�GHVFULEH�DQ�H[DPSOH�RI�WKH�,QWHO�LQVWUXFWLRQ�$GG�

class Add extends IntelInstruction
{

public void SI (VirtualMachine machine)
{

IntelDataArea ida  = (IntelDataArea) machine.da;
IntelProgram iprog = (IntelProgram)  machine.prog;

Term op1 = ida.getValue (arg[0]); // Get values from
 Term op2 = ida.getValue (arg[1]); // arg[0] y arg[1]
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op1.add(op2);          // op1 = op1 + op2
ida.putValue (op1, arg[0]); // Put result in address arg[0]
iprog.Inc(); // Inc pc

}
}

�� 7KH�-90WR,QWHO�UXOH�VHW�GHULYHV�IURP�WKH�5XOH6HW�LQWHUIDFH�

public class JVMtoIntel implements RuleSet
{

Rule rule[];
static int n_rule = 30;

public RuleSetArray ()
{

rule = new Rule[n_rule];
rule[0] = new IAddRule ();
//....

}
public Rule CurrentRule (Instruction inst,Compiler compiler)
{

for (int i = 0; !rule[i].matching(inst, compiler); i++);
    return rule[i];

}
}

�� %HORZ��LW�LV�VNHWFKHG�D�FOLHQW�IRU�WKH�-90�,QWHO�&RPSLOHU�

class JVM2IntelCompilerClient
{

public static void main(String args[]) throws IOException
{

JVM2IntelFactory factory = new JVM2IntelFactory();
FileInputStream JVM_code = ...

compiler = new Compiler (factory);
compiler.Init (JVM_code);
compiler.Transition ();

}
}

�� .QRZQ�8VHV
7KH�9,578$/�0$&+,1(� DQG�$%675$&7�&203,/(5� SDWWHUQV� KDYH� EHHQ� XVHG� WR� IRUPDOL]H� DQG
LPSOHPHQW�DQ�$EVWUDFW�&RPSLOHU�IRU�WKH�3URORJ�ODQJXDJH�>�@��$V�D�UHVXOW�RI�WKLV�ZRUN��LW�KDV�EHHQ�REWDLQHG
D�PXOWL�SKDVH�FRPSLODWLRQ�SURFHVV�EDVHG�RQ�WKH�YLUWXDO�PDFKLQH�WHFKQRORJ\��)XUWKHUPRUH��ZH�KDYH�IRXQG
WKH�9,578$/�0$&+,1(�SDWWHUQ� LV�ZHOO� VXLWHG� WR� HDVLO\� LQFOXGH� YLVXDOL]DWLRQ� IDFLOLWLHV� DQG� GHEXJJLQJ
PHFKDQLVPV�DQG�IDFLOLWLHV�LQ�D�QRQ�LQWUXVLYH�ZD\�>�@�

6HYHUDO�FRPPHUFLDO�SURGXFWV�IRFXVHG�RQ�PDFKLQH�HPXODWLRQ�� VXFK�DV�9LUWXDO�3&� >��@�DQG�6RIW:LQGRZV
>��@��DUH�DEOH�WR�H[HFXWH�SURJUDPV�FRPSLOHG� IRU�06�:LQGRZV�RYHU�D�FRPSOHWHO\�GLIIHUHQW� DUFKLWHFWXUHV�
VXFK�DV�0DF26��7KXV��DVVHPEOHU�SURJUDPV�WKRXJKW�WR�UXQ�RQ� ,QWHO�SURFHVVRUV�FDQ�EH�H[HFXWHG� �L�H���E\
PHDQV�RI�HPXODWLRQ��RQ�D�0RWRUROD�SURFHVVRU��7KLV�HPXODWLRQ�PD\�EH�VHHQ�DV�WKUHH�SKDVH�SURFHVV�����WKH
UXQ�WLPH�WUDQVODWLRQ�IURP�,QWHO�FRGH�WR�0RWRUROD�FRGH�����WKH�H[HFXWLRQ�RI�0RWRUROD�FRGH�REWDLQHG�IURP
WKH�WUDQVODWLRQ�DQG����WKH�UHFRQVWUXFWLRQ�RI�,QWHO�PDFKLQH�VWDWH�IURP�WKH�QHZ�0RWRUROD�VWDWH��7KHUHIRUH�
WKLV� NLQG� RI� HPXODWLRQ� VRIWZDUH� FDQ� EH� PRGHOHG� DV� DQ� $%675$&7� &203,/(5� SDWWHUQ�� WDNHQ� DV
9,578$/�0$&+,1(6�WKH�,QWHO�DQG�0RWRUROD�KDUGZDUH�

:LWK�QR�GRXEWV��GHFODUDWLYH�SURJUDPPLQJ�KDV�PHDQW�IRU�D�ORQJ�WLPH�WKH�EHVW�H[DPSOH�RI�DQ�H[WHQVLYH�XVH
RI�WKH�YLUWXDO�PDFKLQH�WHFKQRORJ\��$V�VDLG� LQ�WKH� LQWURGXFWLRQ�VHFWLRQ��3URORJ�>�@�RU�60/� >�@� DUH�FODVVLF
H[DPSOHV� RI� KLJK�SHUIRUPDQFH� SURJUDPPLQJ� ODQJXDJHV� XVLQJ� YLUWXDO� PDFKLQHV�� +RZHYHU�� WKH� OLVW� RI
GHFODUDWLYH�ODQJXDJHV�VXSSRUWHG�E\�WKH�YLUWXDO�PDFKLQH·V�DSSURDFK�KDV�EHHQ�GUDPDWLFDOO\�LQFUHDVHG�GXULQJ
WKH�ODVW�\HDUV�>������@�
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$V�D�ILQDO�UHPDUN��WKH�WHFKQLTXH�RI�FRPSLOHU�FRQVWUXFWLRQ�E\�VWDJLQJ�WUDQVIRUPDWLRQ�LV�LQ�WKH�YHLQ�RI�WKH
LGHDV�SUHVHQWH�KHUH��6WDJLQJ�WUDQVIRUPDWLRQ�ZHUH� LQWURGXFHG�LQ�>��@��DV� D�JHQHUDO� DSSURDFK� WR� VHSDUDWLQJ
VWDJHV�RU�SKDVHV�RI�D�FRPSXWDWLRQ�EDVHG�RQ�WKH�DYDLODELOLW\�RI�GDWD��ZLWK�DQ�LQPHGLDWH�DSSOLFDWLRQ�WR�WKH
GHYHORSPHQW� RI� FRPSLOHUV� IURP� LQWHUSUHWHUV�� 7KLV� DSSURDFK� FRQVLGHU� WKH� WDVN� RI� DXWRPDWLFDOO\
FRQVWUXFWLRQ� LQWHUPHGLDWH�OHYHO� PDFKLQH� DUFKLWHFWXUHV� DQG� FRPSLOHUV� JHQHUDWLQJ� FRGH� IRU� WKHP�� JLYHQ
RSHUDWLRQDO�VHPDQWLFV�IRU�VRXUFH�ODQJXDJHV�>��@�

�� 5HODWHG�3DWWHUQV
7KH�ZRUN� SUHVHQWHG� LQ� >�@� H[SORUHV� WKH� GHILQLWLRQ� RI� D� SDWWHUQ� ODQJXDJH� IRU� EXLOGLQJ� YLUWXDO�PDFKLQHV�
8QOLNH�� RXU� SURSRVDO� IRFXVHV� RQ� SURYLGLQJ� D� KLJKHU�OHYHO� GHVLJQ� IUDPHZRUN� DQG� QRW� VR� PXFK� RQ
GHVFULELQJ�JXLGHOLQHV�WR�REWDLQ�ORZ�OHYHO�LPSOHPHQWDWLRQ�RI�YLUWXDO�PDFKLQH�DUFKLWHFWXUHV�

7KH� 9,578$/� 0$&+,1(� DQG� $%675$&7� &203,/(5� SDWWHUQV� FRPELQH� WKH� IROORZLQJ
SDWWHUQV�

• 7KH�$%675$&7�&203,/(5�FDQ�EH�VHHQ�DV�D�NLQG�RI�9,578$/�0$&+,1(��ZKLFK�VWDWH
LV�WKH�MRLQ�RI�90��DQG�90��VWDWHV�DQG�ZKLFK�LQVWUXFWLRQ�VHPDQWLFV�DUH�WKH�VHPDQWLFV�RI�WKH
WUDQVODWLRQ�UXOHV�

• &RPSLOHU�)DFWRU\�DQG�,QVWUXFWLRQ�6HW�DUH�$%675$&7�)$&725<�SDWWHUQV�>�@�

• 7KH� 6,� RSHUDWLRQ� �LQ� WKH� ,QVWUXFWLRQ� FODVV�� DQG� WKH� 65� RSHUDWLRQ� �LQ� WKH� 5XOH� FODVV�� DUH
YDULDWLRQV�RI�WKH�675$7(*<�SDWWHUQV�>�@���DQG

• )LQDOO\�� WKH� ,QLW�� 7UDQVLWLRQ� DQG� 6WRS� RSHUDWLRQV� LQ� WKH� 9,578$/� 0$&+,1(� VWDWH� DQG
$%675$&7�&203,/(5�VWDWH�DUH�FOHDU�H[DPSOHV�RI�7(03/$7(�0(7+2'�SDWWHUQV�>�@.

�� &RQFOXVLRQV�DQG�)XWXUH�:RUN

9LUWXDO� PDFKLQHV� SURYLGH� DQ� LPSRUWDQW� VWDJH� LQ� WKH� HIILFLHQW� LPSOHPHQWDWLRQ� RI� D� NLQG� RI� ODQJXDJHV�
+RZHYHU��WKH�FRQVWUXFWLRQ�RI�VXFK�PDFKLQHV�DQG�WKH�LPSOHPHQWDWLRQ�RI�KLJK�OHYHO�ODQJXDJHV�LQ�WKHP�KDYH
SUHYLRXVO\� UHFHLYHG� OLWWOH� DWWHQWLRQ� DV� �RU� XQGHU�� D� FRPPRQ� IUDPHZRUN�� ,Q� RXU� RSLQLRQ�� WKH� PRVW
LPSRUWDQW� FRQWULEXWLRQ� RI� WKLV� SDSHU� LV� KDYLQJ� RXWOLQHG� WKH� IUDPHZRUN� WR� GHVLJQ�DEVWUDFW� FRPSLOHUV� E\
VWHS�ZLVH�UHILQHPHQW�RI�YLUWXDO�PDFKLQHV��7KLV�ZD\��WKH�FRQVWDQW�SDUWV�IURP�WKH�YDU\LQJ�SDUWV�RI�D�YLUWXDO
PDFKLQH�KDYH�EHHQ�FOHDUO\� LGHQWLILHG�DQG�GH�FRXSOHG�� DV�ZHOO� DV� FRPSRQHQWV� LQYROYHG� LQ� WKH�SURFHVV�RI
FRPSLOLQJ�KLJK�OHYHO�SURJUDPV��$V�D�UHVXOW��WKH�WUDQVODWLRQ�FRPSLODWLRQ�KDV�EHFDPH�D�WDVN�RI�FRQVWUXFWLQJ
QHZ� ORZHU�OHYHO�PDFKLQH� DUFKLWHFWXUHV�� DQG� WKHQ�� DSSO\LQJ� VRPH� WUDQVODWLRQ� UXOHV� WR� JHQHUDWH� FRGH� IRU
WKHVH�DUFKLWHFWXUHV��7KH�HPXODWLRQ�RI�D�VRXUFH�SURJUDP�FDQ�EH�SODQQHG�DV�WKH�H[HFXWLRQ�RI�WKH�FRPSLOHG
FRGH��REWDLQHG�G\QDPLFDOO\��RQ�D�ORZHU�OHYHO�PDFKLQH��DQG�WKHUHIRUH��WKH�FRPSLODWLRQ�FDQ�EH�VWUXFWXUHG�DV
D� SURFHVV� SURYLGHG�ZLWK�PHWKRGRORJLFDO� JXLGHOLQHV� WKDW� KHOS� WR� JHW� D�PRVW� V\VWHPDWLF� GHYHORSPHQW� RI
DEVWUDFW�FRPSLOHUV�

7KH�9LUWXDO�0DFKLQH�DQG�$EVWUDFW�&RPSLOHU�SDWWHUQV�DUH�VWLOO�WRR�FRPSOH[��7KXV��LW�LV�UHDVRQDEOH�WR�VSOLW
WKHP� LQ�D�PRUH� UHILQHG� VHW�RI�SDWWHUQV��7KXV�� WKH�$EVWUDFW�&RPSLOHU� FRXOG� EH� GLYLGHG� LQ� WZR�GLIIHUHQW
SDWWHUQV�WKDW�VHW�XS�FOHDUO\�GLIIHUHQFHV�EHWZHHQ�WKH�WUDQVODWLRQ�DQG�HPXODWLRQ�SURFHVVHV��:H�WKLQN�LW�LV�DOVR
QHFHVVDU\� WR� SXUVXH�D� GHHSHU� VWXG\� DURXQG� WUDQVODWLRQ� UXOHV� DQG� WKH� IXQFWLRQDOLW\� WKH\� VKRXOG� SURYLGH�
$FWXDOO\��ZH�IHHO� WUDQVODWLRQ� UXOHV�FRXOG�EH�H[SUHVVHG�DV�ZHOO�IRUPDWWHG� UHZULWLQJ� UXOHV�RSHUDWLQJ�RQ� WKH
PDFKLQH·V� VWDWH�� $OVR�� ZH� KDYHQ·W� \HW� IDFHG� KRZ� WR� WDFNOH� WKH� LQVWUXFWLRQ� ORDGLQJ� DQG� WR� VWUXFWXUH� WKH
UHILQHPHQW� RI� GDWD� DUHDV�� )LQDOO\�� D� IXWXUH� YHUVLRQ� RI� D� &RPSLOHU� SDWWHUQ� ODQJXDJH� VKRXOG� LQFOXGH� QHZ
FRPSRQHQWV�WKDW�KHOS�XV�WR�FRYHU�WKH�GHVLJQ�RI�FRPSLOHU�IURQW�HQGV��7R�WKLV�SXUSRVH��WKH�ZRUN�SUHVHQWHG
LQ�>��@�VHHPV�WR�EH�D�SURPLVLQJ�VWDUWLQJ�SRLQW�
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