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FRXOG�EH�GRQH�DXWRPDWLFDOO\��GXH� WR� WKH� IDFW� WKDW� ERWK� WKHILUVW�JURXS�DQG�WKH�VHFRQG�RQH�DUH�HQFDSVXODWHG�LQ�WKH�VDPHQHVWHG�ZRUNIORZ�

)LJ����'HILQLWLRQ�RI�DQ�DVVHPEO\�ODQJXDJH
%DVHG� RQ� WKH� )3*$� SULPLWLYH� QHWOLVW� WUDQVIHUUHG� IURPWKH� 6RODULV� SODWIRUP� YLD� $67$,�� ZRUNIORZ� PDQDJHPHQWV\VWHP��;LOLQ[�)RXQGDWLRQ�LPSOHPHQWDWLRQ�WRRO�SURGXFHG�DVLPXODWLRQ� QHWOLVW� IRU� LPSOHPHQWDWLRQ� YHULILFDWLRQ�� DQG� DFRQILJXUDWLRQ� ILOH� �ELWVWUHDP�� IRU� KDUGZDUH� WHVWLQJ�� 1H[W�RZLQJ� WR� WKH� QHVWHG� ZRUNIORZ� PHFKDQLVP�� WKH� VLPXODWLRQQHWOLVW� ZDV� DXWRPDWLFDOO\� VHQW� EDFN� WR� WKH� ILUVW� ZRUNIORZJURXS� RQ� 6RODULV� SODWIRUP�� ZKHUH� WKH� LPSOHPHQWDWLRQYHULILFDWLRQ� WDVN�ZDV� FDUULHG� RXW� LQ� RUGHU� WR� JHQHUDWH� WHVWSDWWHUQ�IRU�WKH�KDUGZDUH�WHVWLQJ�RI�WKH�PLFURSURFHVVRUV�

)LJ����7UDQVODWLRQ�LQWR�ELQDU\�UHIHUHQFH�WHVW�ILOH
2Q�WKH�RWKHU�KDQG��WKH�9LU&RPS�FRQILJXUDWLRQ�WRRO�ZDVXVHG�WR�GHILQH�D�FRQILJXUDEOH�DVVHPEO\�ODQJXDJH�IRU�HYHU\GHYHORSHG�PLFURSURFHVVRU�EDVHG�RQ�LWV�PDFKLQH�FRGHV��)LJ����� 7KH� REWDLQHG� LQVWUXFWLRQ� VHW� ZDV� WUDQVIHUUHG� WR� WKH

ZRUNIORZ� ORFDWHG� DW� RXU� SURMHFW� SDUWQHU¶V� VLWH� DW� 6LOHVLDQ8QLYHUVLW\�RI�7HFKQRORJ\��687��'DWD� WUDQVIHUV� EHWZHHQ� ,7(� DQG� 687� HPSOR\HGZRUNIORZ� FRXSOLQJ�� WKH�PHFKDQLVP�SURYLGHG� E\�$67$,�ZRUNIORZ� PDQDJHPHQW� V\VWHP� WKDW� DOORZV� FURVV�GRPDLQGDWD� IORZ� LQWHJUDWLRQ� EHWZHHQ� WZR� RU� PRUH� ZRUNIORZVZRUNLQJ�LQ�GLIIHUHQW�HQYLURQPHQWV�

WSZ��BODE��LI�7�B(1% ��DQG�7�B,17 �DQG�7�B7<3  �7\SHB�BFRQVW�JHQHUDWHXBWSZ����WSZ�JHQHULF�PDS�':��7�B5$7�7�B',5��7�B5'%��7�B6/:�SRUWPDS�FON�UVW�W�BLH�W�BRH�F�BVHO�I�BVHO�I�BFOU�F�BVUF�GDWDB]�W�BRYI�W�BLUI�I�BWVW�LUT�7�B35,���HQG�JHQHUDWH�WSZ��BODE�
)LJ�����6HWWLQJ�FRQILJXUDWLRQ�IRU�UHXVH�RI�D�WLPHU

7KH� WKLUG� JURXS�� ORFDWHG� DW� 687�� HQFDSVXODWHV� WKHYLUWXDO�FRPSRQHQW�FRQILJXUDWLRQ� WRRO� UXQQLQJ�RQ�:LQGRZV17�SODWIRUP��%DVHG�RQ� WKH� LQVWUXFWLRQ� VHW� GHILQHG� DW� ,7(�WKH�YHULILFDWLRQ� WHDP� LQYRNHG�EXLOW� LQ�9LU&RPS�DVVHPEOHUWR� WUDQVODWH� WHVW� ILOHV� ZULWWHQ� LQ� DVVHPEO\� ODQJXDJH� LQWRELQDU\� UHIHUHQFH� WHVW� ILOHV� �)LJ�� ���� $V� WKH� DVVHPEOHU� KDGEHHQ�GHVLJQHG�ZLWK�VSHFLDO�HPSKDVLV�RQ�FRQILJXUDELOLW\��WKHGHVLJQHU� FRXOG� PRGLI\� JUDPPDUV� RI� DVVHPEO\� ODQJXDJHV�IRU� H[DPSOH� WR� DGG� QHZ� LQVWUXFWLRQV� RU� WR� UHPRYH� VRPHH[LVWLQJ�RQHV�DQ\�WLPH�DV�UHTXLUHG��1H[W�WDVNV�SHUIRUPHG�LQ687¶V� GRPDLQ� ZHUH� SDUDPHWHUL]DWLRQ� RI� SUHYLRXVO\GHYHORSHG�DW�,7(�PLFURSURFHVVRU�PRGHOV�DQG�JHQHUDWLRQ�RIDSSURSULDWH� V\QWKHVLV� VFULSWV� ZLWK� WKH� XVH� RI� 9LU&RPSFRQILJXUDWLRQ�WRRO���$Q�H[DPSOH�LQ�)LJ����VKRZV�KRZ�D�XVHUFDQ� FKRRVH� SDUDPHWHUV� IRU� D� WLPHU� LQ� RUGHU� WR� VHW� XS� WKHFRQILJXUDWLRQ� RI� D� WLPHU�FRXQWHU� XQLW�� %DVHG� RQ� WKHFRQILJXUDELOLW\� UDQJH� RI� DFWXDOO\� GHYHORSHGPLFURSURFHVVRU�� WKH� GHVLJQHU� FDQ� FKRRVH� DSSURSULDWH
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SDUDPHWHUV� RI� WKH� YLUWXDO� FRPSRQHQWV� WKDW� FRPH� LQWR� WKHPLFURSURFHVVRU�PRGHO��7KH�FRQILJXUDWLRQ� WRRO� WKHQ�FKHFNVWKH�FKRVHQ�SDUDPHWHUV�IRU�SRVVLEOH�HUURUV�DQG�UHSRUWV�WKHPWR� WKH� XVHU�� ,I� WKHUH� LV� QR� HUURU� IRXQG�� LW� WUDQVODWHV� WKHLQIRUPDWLRQ� RQ� FKRVHQ� SDUDPHWHUV� LQWR� DQ� DSSURSULDWHV\QWKHVLV�VFULSW�DQG�D�9+'/�GHVLJQ�SDFNDJH�5HVXOWV� RI� DFWLYLWLHV� SHUIRUPHG� LQ� WKH� 687� ZRUNIORZHQYLURQPHQW�ZHUH� WUDQVIHUUHG� EDFN� WR� WKH� ,7(�� DOVR� XVLQJZRUNIORZ� FRXSOLQJ�PHFKDQLVP��7KH�ELQDU\� WHVW� ILOHV�ZHUHXVHG�LQ�WKH�VLPXODWLRQ�RI�GHYHORSHG�PLFURSURFHVVRU�PRGHOVIRU� WKH� SXUSRVH� RI� IXQFWLRQDO� YHULILFDWLRQ� DQGLPSOHPHQWDWLRQ�YHULILFDWLRQ��2Q�WKH�RWKHU�KDQG��WKH�9+'/GHVLJQ�SDFNDJH�FRQWDLQLQJ�JHQHULFV�SDUDPHWHUV�� DV�ZHOO� DVWKH�V\QWKHVLV�VFULSW��ZHUH�XVHG�E\�D�6\QRSV\V�V\QWKHVLV�WRRO�H�J��'HVLJQ�&RPSLOHU�LQ�FDVH�RI�PLFURFRQWUROOHU�GHVLJQ��RU%HKDYLRUDO�&RPSLOHU�LQ�FDVH�RI�'63�GHVLJQ��7KH� VPDOO� UHFWDQJOH� GHQRWHG� E\� FKDUDFWHU� ³*´� LQ� WKHVHFRQG� ZRUNIORZ� JURXS� LQ� )LJ�� �� UHSUHVHQWV� D� VHW� RIDFWLYLWLHV� UHVLGLQJ� RQ� WKH� ,7(� PDFKLQH� ZLWK� ,QWHUQHWFRQQHFWLRQ�� ZKLFK� SHUIRUPV� WKH� UROH� RI� D� EXIIHU� EHWZHHQWKH� ILUVW� ZRUNIORZ� JURXS� RQ� 6RODULV� SODWIRUP� UHVLGLQJ� LQ,7(�,QWUDQHW�DQG�WKH�WKLUG�ZRUNIORZ�JURXS�UHVLGLQJ�LQ�687�

+DUGZDUH�WHVWLQJ�SHUIRUPHG�DW�,7(�ZDV�WKH�ODVW�VWHS�RIWKH� PLFURSURFHVVRU� GHVLJQ� SURFHVV�� 7KDW� VWHS�� KRZHYHU�FRXOG� QRW� EH� HQFDSVXODWHG� LQWR� WKH� ZRUNIORZ�� GXH� WR� WKHIDFW� WKDW� WKH� ZRUNIORZ� PDQDJHPHQW� V\VWHP� GRHV� QRWVXSSRUW� WKH� RSHUDWLQJ� V\VWHP� IXQFWLRQLQJ� LQ� WKH� ORJLFYHULILHU�
���:RUNIORZ�(QFDSVXODWLRQ�RI�'HVLJQ�7DVNV

7KH� IUDJPHQW� RI� WKH�ZRUNIORZ� SHUIRUPHG� DW� ,7(� RQ� D6RODULV�SODWIRUP��ZKLFK� LV�UHVSRQVLEOH�IRU�HQFDSVXODWLRQ�RI9+'/� FRGLQJ�� IXQFWLRQDO� YHULILFDWLRQ�� DQG� V\QWKHVLVSURFHVVHV�� LV� LQWURGXFHG� LQ� )LJ�� ��� 7KH� PHQWLRQHG� DERYHIUDJPHQW� LV� DOVR�D�ZRUNIORZ� LWVHOI�� WKHQ� LW�ZLOO�EH� UHIHUUHGDIWHUZDUGV�LQ�WKLV�VHFWLRQ�VLPSO\�DV�D�ZRUNIORZ�$V�VHHQ�LQ�WKH�ILJXUH��WKH�ZRUNIORZ�FRQWDLQV�VXFFHVVLYHDFWLYLWLHV� H[HFXWHG� GXULQJ� WKH� ,3� GHVLJQ� SURFHVV� DW� 57OHYHO�� ,W� LQWHJUDWHV� WKUHH� VLPXODWLRQ� WRROV�� 6\QRSV\V�966�0HQWRU� *UDSKLFV� 4XLFN+'/�� DQG� 0RGHO� 7HFKQRORJ\0RGHO6LP�� ZKLFK� FDQ� EH� DOWHUQDWHO\� FKRVHQ�� DQG� WZRV\QWKHVLV�WRROV�IURP�6\QRSV\V��'HVLJQ�&RPSLOHU�DQG�)&��

)LJXUH����$�SDUW�RI�WKH�ZRUNIORZ�RQ�D�6RODULV�SODWIRUP



7KH� ILUVW� SDUW� RI� WKH� ZRUNIORZ� VKRZHG� LQ� )LJ�� �� LVUHVSRQVLEOH� IRU� VHOHFWLQJ� DQG� HGLWLQJ� VRXUFH�� OLEUDU\� DQGWHVW�ILOHV��$�GHVLJQHU�LV�JLYHQ� WKH�SRVVLELOLW\�RI�FUHDWLQJ�DQHZ�ILOH��FKRRVLQJ�DQ�H[LVWLQJ�RQH�ZLWK�RU�ZLWKRXW�HGLWLQJLW�� 0RUHRYHU�� KH� FDQ� DGG� VHOHFWHG� ILOHV� LQWR� D� ILOH� OLVWDVVRFLDWHG�ZLWK�WKH�ZRUNIORZ��$IWHU�WKDW��VHOHFWHG�ILOHV�DUHFRSLHG�LQWR�ZRUNIORZ�VXEGLUHFWRU\��VR�HDFK�ZRUNIORZ�KDVLWV� RZQ� FRS\� RI� WKHP�� 7KHUHIRUH�� LW� LV� LPSRVVLEOH� WRFKDQJH�VRXUFH�ILOHV�XVHG�LQ�RQH�ZRUNIORZ�E\�DQRWKHU�RQH�7KH�XVHU� FDQ� FKDQJH� WKH� ILOH� SRVLWLRQ� LQ� DSSURSULDWH� ILOHOLVW� IRU� WKH�SXUSRVH�RI�PRGLI\LQJ� WKH�RUGHU�RI� ILOHV� WR� EHFRPSLOHG�7KH� VHFRQG� SDUW� RI� WKH� ZRUNIORZ� LV� UHVSRQVLEOH� IRUFRPSLODWLRQ� DQG� VLPXODWLRQ� RI� ILOHV� FRPLQJ� IURP� WKH� ILOHOLVW��$V� WKH� UHVXOW�RI� FRPSLODWLRQ�� WKH�ZKROH� KLHUDUFK\� RIFRPSLOHU�VSHFLILF�GLUHFWRULHV� LQFOXGLQJ�FRQILJXUDWLRQ� ILOHVDQG�WKH�UHVXOWV�RI�WKH�FRPSLODWLRQ�SURFHVV�LV�FUHDWHG��,I�WKHFRPSLODWLRQ� SURFHVV� FRPSOHWHV� VXFFHVVIXOO\�� WKH� GHVLJQHUFDQ� VWDUW� WKH� VLPXODWLRQ� DQG� YLHZ� LWV� UHVXOW�� ,I� WKHVLPXODWLRQ� LV� WRR� FRPSXWLQJ� SRZHU� FRQVXPLQJ�� KH� FDQFKRRVH� D� PDFKLQH� RQ� ZKLFK� WKH� VLPXODWLRQ� VKRXOG� EHGRQH�� $OO� PHVVDJHV� JHQHUDWHG� GXULQJ� FRPSLODWLRQ� DQGVLPXODWLRQ�SURFHVVHV�DUH�UHGLUHFWHG�WR�DVVRFLDWHG�ORJ�ILOHV�7KH� WKLUG� SDUW� RI� WKH�ZRUNIORZ� LV� UHVSRQVLEOH� IRU� WKHV\QWKHVLV�SURFHVV��ZKLFK�XVHV� WKH�V\QWKHVLV�VFULSW�FRPLQJIURP�WKH�687�GRPDLQ��,I�WKH�V\QWKHVLV�SURFHVV�FRPSOHWHVFRUUHFWO\��WKH�XVHU�REWDLQV�D�QHWOLVW�WKDW�FDQ�EH�WUDQVIHUUHGWR� ;,/,1;� )RXQGDWLRQ� LPSOHPHQWDWLRQ� WRRO� ZRUNLQJ� RQ:LQGRZV�17�SODWIRUP�7KH�ZRUNIORZ�FDQ�LQYRNH�DOO�GHVLJQ�WRROV�IURP�WKH�17SODWIRUP��VR�WKH�XVHU�FDQ�GR�DOO�KLV�ZRUN�XVLQJ�D�:LQGRZV17� PDFKLQH�� %XW� LI� KH� ZDQWV� WR� REVHUYH� WKH� VLPXODWLRQUHVXOWV� IURP� D� 6RODULV� PDFKLQH�� KH� VKRXOG� KDYH� DQDSSURSULDWH� VHUYLFH� LQVWDOOHG� RQ� KLV� :LQGRZV� 17PDFKLQH�
���&RQFOXVLRQV

&ROODERUDWLYH� ZRUNLQJ� LQ� PXOWLSOH�VLWH�� PXOWLSOH�SODWIRUP� HQYLURQPHQWV� XVLQJ� WUDGLWLRQDO� ,QWHUQHW�EDVHGWRROV��H�J��IWS�� WHOQHW�� LV� WLPH�FRQVXPLQJ�DQG�HUURU�SURQH�7KH� DSSURDFK�EDVHG�RQ� WKH�ZRUNIORZ� FRQFHSW� JLYHV� QHZRSSRUWXQLWLHV� IRU� HIILFLHQW� GLVWULEXWHG� HQJLQHHULQJ�,PSURYHPHQWV�FDQ�EH�IRUHVHHQ�LQ�UHGXFWLRQ�RI�GHVLJQ�FRVWDQG�GHVLJQ�WLPH�,Q� WKH� SDSHU�� ZH� KDYH� SUHVHQWHG� DQ� ,QWHUQHW�EDVHGZRUNIORZ�RUJDQL]HG� LQ�WKH�FRQWH[W�RI�D VHPLFRQGXFWRU�,3GHVLJQ� WR� SURYLGH� WKH� LQWHJUDWLRQ� DQG� LQWHURSHUDELOLW\� RIGHVLJQ�WRROV�DQG�GDWD��:H�DOVR�GHVFULEHG� WKH�GHSOR\PHQWRI� WKH� GHYHORSHG� ZRUNIORZ� LQ� D� PXOWLSOH�VLWH�� PXOWLSOH�SODWIRUP� HQYLURQPHQW� IRU� FROODERUDWLYH� GHVLJQ� DQGYHULILFDWLRQ� RI� SDUDPHWHUL]HG DQG� FRQILJXUDEOHPLFURSURFHVVRUV�WR�EH�XVHG�LQ�HPEHGGHG�V\VWHPV�

7KH�ZRUN�SURFHHGV�RQ�UHILQHPHQW�DQG�H[WHQVLRQ�RI�WKHZRUNIORZ�LPSOHPHQWDWLRQ�LQ�WHUPV�RI�HQFDSVXODWHG�GHVLJQWRROV�� GDWD�� DQG� VHUYLFHV�� DV� ZHOO� DV� WKH� ZRUN� RQ� WKHGHILQLWLRQ� RI� TXDOLW\� PHDVXUHV� IRU� GHVLJQ� SURFHVVHVHPSOR\LQJ�ZRUNIORZ�WHFKQRORJ\�DUH�EHLQJ�GRQH�
5HIHUHQFHV>�@�(�&ROOHJ�SURMHFW�KRPH�SDJH��KWWS���ZZZ�HFROOHJ�RUJ>�@ &�/$%�� $67$,�� 0DQXDO� Y�� ������� 3DGHUERUQ�� �����ZZZ�F�ODE�GH>�@ :RUNIORZ�0DQDJHPHQW�&RDOLWLRQ��ZZZ�ZIPF�RUJ�>�@ &XWNRVN\�� 0��� 7HQHQEDXP� -��� *OLNVPDQ� -��� 0DGHIDVW�� $Q([HUFLVH� LQ�&ROODERUDWLYH�(QJLQHHULQJ�RYHU� WKH� ,QWHUQHW��$&0&RPPXQLFDWLRQV�� 6HSW�� ������ YRO�� ���� QR�� ��KWWS���PDGHIDVW�VWDQIRUG�HGX�$&0BSDSHU�KWPO�>�@� .RNRV]ND� $��� 1JX\HQ� 4�� 7��� 6LHNLHUVND� .��� 3DZODN� $��2EU
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http://www.npac.syr.edu/tango
http://www-cad.eecs.berkeley.edu/Respep/Research/weld/index.html
http://www-cad.eecs.berkeley.edu/Respep/Research/weld/index.html
http://madefast.stanford.edu/ACM_paper.html
http://www.wfmc.org/
http://www.c-lab.de/
http://www.ecolleg.org/

	Organization of a Microprocessor Design Process
	Using Internet-based Interoperable Workflows
	Abstract
	1. Introduction
	2. The Workflow Technology
	3.  The Distributed Design Process
	4. Workflow Encapsulation of Design Tasks
	5. Conclusions
	References


