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$%675$&7�
7KLV� SDSHU� GHVFULEHV� D� VWUXFWXUH� WKDW� HQDEOHV�
VLPXODWLRQ� VRIWZDUH� GHYHORSHUV� DQG� EXLOGLQJ�
GHVLJQHUV� WR� SURGXFH� WKHUPDO� VLPXODWLRQ� UHVXOWV�
PHDQLQJIXO�WR�GHVLJQ�GHFLVLRQ�PDNLQJ���7KH�VWUXFWXUH�
LV� EDVHG� RQ� WKH� GHYHORSPHQW� RI� µSDWWHUQV¶� LQ� ZKLFK�
DQDO\VLV� SURFHVVHV� DUH� DSSOLHG� WR� WKHUPDO� VLPXODWLRQ�
RXWSXWV� WR� SURGXFH� UHOHYDQW� LQIRUPDWLRQ� WR� LQIRUP�
GHVLJQ� DFWLRQV� DQG� GHFLVLRQV�� $� GLVFXVVLRQ� LV� PDGH�
RQ�KRZ�WKH�SDWWHUQV�FDQ�EH�GHYHORSHG�DQG�H[DPSOHV�
LOOXVWUDWH� WKH� VXJJHVWHG� GHYHORSPHQW� SURFHVV� DQG�
JHQHUDWLRQ� RI� VLPXODWLRQ� RXWSXWV�� 7KH� SDWWHUQV� DUH�
LQWHQGHG� WR�EULGJH� WKH�JDS�EHWZHHQ� WKH�QHHGV�RI� WKH�
GHVLJQHU�IRU�XVHIXO�GHVLJQ�RULHQWHG�VRIWZDUH��DQG�WKH�
QHHGV� RI� WKH� VRIWZDUH� GHYHORSHU� IRU� WHFKQLFDO�
LQIRUPDWLRQ�RQ�H[DFWO\�ZKDW�LV�UHTXLUHG�E\�WKLV�XVHU���

,1752'8&7,21��
7KH�DLP�RI� WKLV�SDSHU� LV� WR�GLVFXVV� WKH�GHYHORSPHQW�
RI� µ3DWWHUQV� IRU� 'HFLVLRQ� 0DNLQJ¶�� D� VWUXFWXUH� IRU�
WKHUPDO� VLPXODWLRQ� VRIWZDUH� GHYHORSHUV� WR� SURGXFH�
SRVW�SURFHVVHG�LQIRUPDWLRQ�WKDW�EHWWHU�UHVSRQGV�WR�WKH�
QHHGV�RI�EXLOGLQJ�GHVLJQHUV���
7KHUH� LV� FXUUHQWO\� D� ODFN� RI� NQRZOHGJH� DERXW� WKH�
UHODWLRQVKLS� EHWZHHQ� VLPXODWLRQ� RXWSXWV�� DQG� GHVLJQ�
GHFLVLRQV��%OHLO�GH�6RX]D��������������KDV�H[DPLQHG�
WKH� EDFNJURXQG� DV� WR� ZK\� EXLOGLQJ� GHVLJQHUV� DV�
RSSRVHG� WR� EXLOGLQJ� VHUYLFHV� HQJLQHHUV� DUH� QRW� ZHOO�
VHUYHG�E\�WKH�W\SHV�RI�RXWSXW�FRPPRQO\�DYDLODEOH�LQ�
WKHUPDO� VLPXODWLRQ� SURJUDPV�� DQG� IRXQG� WKDW� WKH�
SDUDGLJPV� RI� WKLQNLQJ� DQG�PRGXV� RSHUDQGL� RI� WKHVH�
JURXSV� ZHUH� HVVHQWLDOO\� GLIIHUHQW�� 7KH� GHVLJQHUV�
WHQGHG� WRZDUG� D� FRQVWUXFWLYLVW� DSSURDFK� WR� SUREOHP�
VROYLQJ� DQG� WKH� HQJLQHHUV� WRZDUG� D� VFLHQWLILFDOO\�
EDVHG� DSSURDFK���7KLV� GLIIHUHQFH� LV� VHHQ� DV� D� XVHIXO�
WKHRUHWLFDO� SURSRVLWLRQ� LQ� H[SODLQLQJ� ZK\� EXLOGLQJ�
GHVLJQHUV� KDYH� QRW� WDNHQ� XS� WKHUPDO� VLPXODWLRQ� DV�
SDUW� RI� XVXDO� GHVLJQ�SUDFWLFH�� DQG�GRHV� QRW� SUHFOXGH�
RWKHU�H[SODQDWLRQV�VXFK�DV�WKHUPDO�VLPXODWLRQ�WDNLQJ�
XS�PRUH�WLPH�WKDQ�LV�W\SLFDOO\�DYDLODEOH���
5HVHDUFKHUV�KDYH�SUHYLRXVO\�DWWHPSWHG�WR�DGGUHVV�WKH�
SUREOHP�RI�XQGHUVWDQGLQJ�ZKDW� VLPXODWLRQ� WRROV�DQG�
SURFHVVHV� ZRXOG� EH� XVHIXO� WR� EXLOGLQJ� GHVLJQHUV� E\�
�����������������������������������������������������������
��6HH�%OHLO�GH�6RX]D������IRU�D�IXOO�GLVFXVVLRQ�RQ�
GLIIHUHQW�SDUDGLJPV�RI�GHVLJQ�WKLQNLQJ�EHKLQG�WKHVH�
WZR�W\SHV�RI�SURIHVVLRQDOV��

HPSOR\LQJ� UHVHDUFK� PHWKRGV� LQFOXGLQJ� LQWHUYLHZV�
ZLWK� EXLOGLQJ� GHVLJQHUV�� RQ�OLQH� VXUYH\V�� UHSRUWV� RQ�
VSHFLILF� FDVH� VWXGLHV� DQG� UHSRUWV� RQ� LQWHUDFWLRQV�
EHWZHHQ� VSHFLDOLVWV� DQG� EXLOGLQJ� GHVLJQHUV� ZKLOH�
ZRUNLQJ� LQ� FROODERUDWLRQ� WR� VROYH� VSHFLILF� VRIWZDUH�
GHVLJQ�SUREOHPV���7KHVH�PHWKRGV�ZHUH�VXFFHVVIXO� LQ�
OLVWLQJ� GHVLJQ� UHTXLUHPHQWV� EXW� GLG� QRW� SURYLGH� DQ\�
KLQWV� DERXW�ZKDW�ZRXOG� EH� XVHIXO� VROXWLRQV� WR� WKHVH�
UHTXLUHPHQWV��
,Q� RUGHU� WR� EHWWHU� DGGUHVV� WKH� SUREOHP� RI� PDWFKLQJ�
GHVLJQ� UHTXLUHPHQWV� ZLWK� DSSURSULDWH� VROXWLRQV�� RQH�
RI�WKH�FXUUHQW�DXWKRUV��%OHLO�GH�6RX]D��������UHSRUWV�
ILQGLQJV� IURP� D� VWXG\� LQ� ZKLFK� RYHU� ���� QRYLFH�
GHVLJQHUV�ZHUH�LQYLWHG�WR�SURGXFH�ZKDW�WKH\�WKRXJKW�
ZRXOG� EH� PHDQLQJIXO� PHWULFV� DQG� UHSUHVHQWDWLRQ�
V\VWHPV� WR� LQIRUP�GHVLJQ�GHFLVLRQ�PDNLQJ��7KH�GDWD�
VDPSOH� RI� WKLV� VWXG\� ZDV� H[SDQGHG� DQG� DQDO\]HG�
XVLQJ� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ� DQG� 4XDOLWDWLYH�
UHVHDUFK� PHWKRGV� IURP� 6RFLDO� 6FLHQFH� DV� ZHOO� DV�
PHWKRGV� IURP� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ� DQG�
IURP� WKH� UHODWLYHO\� QHZ� ILHOG� RI� ,QWHUDFWLRQ�'HVLJQ��
)URP� WKLV� DQDO\VLV� DQ� RSHQ�HQGHG� IUDPHZRUN� WR�
JXLGH� WKH� GHYHORSPHQW� RI� VLPXODWLRQ� RXWSXWV�
PHDQLQJIXO� WR� EXLOGLQJ� GHVLJQ� GHFLVLRQ�PDNLQJ� ZDV�
FRQVWUXFWHG� DQG� LV� GHVFULEHG� LQ� GHWDLO� LQ� DQ�
DFFRPSDQ\LQJ�SDSHU��
7KH� IUDPHZRUN� LV� DQ� HPSLULFDO� FRQVWUXFW� GHULYHG�
IURP� UHYHUVH� HQJLQHHULQJ� H[DPSOHV� RI� GHVLJQ�
SURFHVVHV�ZKLFK�XVHG�EXLOGLQJ�WKHUPDO�SK\VLFV�WR�DLG�
GHVLJQ� GHFLVLRQ� PDNLQJ�� ,W� SURYLGHV� D� VWUXFWXUH� WR�
FROOHFW�DQG�SURSRVH�DOWHUQDWLYHV�WR�PHHW�UHTXLUHPHQWV�
EXLOGLQJ�GHVLJQHUV�KDYH�IRU�XVLQJ�WKHUPDO�VLPXODWLRQ�
WRROV��
,PSRUWDQW� FRPSRQHQWV� RI� WKLV� IUDPHZRUN� DUH� WKH�
µ3DWWHUQV� IRU� 'HFLVLRQ� 0DNLQJ¶�� VWUXFWXUHV� IRU�
VRIWZDUH� GHYHORSHUV� WR� SURGXFH� SRVW�SURFHVVHG�
LQIRUPDWLRQ� WKDW� UHVSRQGV� WR� EXLOGLQJ� GHVLJQHU¶V�
QHHGV�� 3DWWHUQV�� DUH� DEVWUDFW� GHVFULSWLRQV� RI�
FRQQHFWLRQV� EHWZHHQ� GHVLJQ� DFWLRQV� DQG� DQDO\VLV�
SURFHVVHV� HVWDEOLVKHG� WKURXJK� UHFRJQLWLRQ� DQG�
DFNQRZOHGJHPHQW� RI� D� EXLOGLQJ� GHVLJQHU¶V� JRDOV�

�����������������������������������������������������������
��6HH�%OHLO�GH�6RX]D��������������IRU�D�
FRPSUHKHQVLYH�OLVW�RI�H[DPSOHV�
��7KH�LGHD�RI�GHVLJQ�SDWWHUQV�ZDV�LQWURGXFHG�E\�
&KULVWRSKHU�$OH[DQGHU�DQG�FROOHDJXHV��$OH[DQGHU�HW�
DO����������������
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ZKHQ� XVLQJ� WKHUPDO� VLPXODWLRQ� GDWD� WR� DVVHVV� DQG�
LQIRUP�GHVLJQ�GHFLVLRQV���
8QOLNH� RWKHU� FRPSRQHQWV� RI� WKH� IUDPHZRUN�� WKH�
SDWWHUQV� GLG� QRW� HPHUJH� GLUHFWO\� IURP� UHYHUVH�
HQJLQHHULQJ�RI�GHVLJQ�SURFHVVHV��7KH\�DUH�VHHQ�DV�DQ�
DSSURSULDWH�FRQVWUXFW�WR�SXW�DOO�WKH�FRPSRQHQWV�RI�WKH�
IUDPHZRUN� WRJHWKHU� DQG� WKHUHIRUH� GHVHUYH� WR� EH�
GLVFXVVHG�LQ�VHSDUDWLRQ�LQ�WKLV�SDSHU���

%$&.*5281'�$1'�0(7+2'2/2*<�
7KH� K\SRWKHVLV� EHKLQG� WKLV� UHVHDUFK� LV� WKDW�
GHYHORSHUV� QHHG� D� VWUXFWXUHG� ZD\� WR� FROOHFW� DQG�
DGGUHVV� UHTXLUHPHQWV� RI� EXLOGLQJ� GHVLJQHUV� IRU�
SURGXFWLYH�XVH�RI� WKHUPDO�VLPXODWLRQ� WRROV�� µ3DWWHUQV�
IRU� 'HFLVLRQ�0DNLQJ¶� DUH� VHHQ� E\� WKH� DXWKRUV� DV� D�
VXLWDEOH�VWUXFWXUH�WR�DFKLHYH�WKLV���
7KH� SDWWHUQ� DSSURDFK� RULJLQDWHG� LQ� WKH� ZRUN� RI�
&KULVWRSKHU� $OH[DQGHU� DQG� FROOHDJXHV� RQ�
DUFKLWHFWXUDO� GHVLJQ� �$OH[DQGHU� HW� DO��� ������ ������
DQG� IURP� VXEVHTXHQW� ZRUN� LQ� WKH� ILHOG� RI� VRIWZDUH�
HQJLQHHULQJ� �H�J�� *DPPD� HW� DW��� ������� ,W� KDV� DOVR�
EHHQ� XVHG� LQ� WKH� ILHOG� RI� ,QWHUDFWLRQ� 'HVLJQ�
�%RUFKHUV�� ������ DQG� +XPDQ� &RPSXWHU� ,QWHUDFWLRQ�
�7LGZHOO�� ������ ������� 7KH� SDWWHUQ� DSSURDFK�
FRQVLGHUV� WKDW� WKHUH�DUH�FRPPRQ� UHFXUULQJ�SUREOHPV�
WKDW� GHVLJQHUV� IDFH�� DQG� FRUUHVSRQGLQJ� VROXWLRQV� WR�
WKHVH�SUREOHPV� WKDW�FDQ�EH�UHXVHG�ZKHQ�UHTXLUHG�� ,Q�
$OH[DQGHU¶V� SDWWHUQV� SUREOHPV� DQG� VROXWLRQV� DUH�
DEVWUDFWO\�GHVFULEHG�VR�WKDW�GHVLJQHUV�FDQ�XVH�WKHP�WR�
FUHDWH�IRUP��
)RU� $OH[DQGHU� µ(DFK� SDWWHUQ� GHVFULEHV� D� SUREOHP�
ZKLFK� RFFXUV� RYHU� DQG� RYHU� DJDLQ� LQ� RXU�
HQYLURQPHQW�� DQG� WKHQ� GHVFULEHV� WKH� FRUH� RI� WKH�
VROXWLRQ�WR�WKDW�SUREOHP��LQ�VXFK�D�ZD\�WKDW�\RX�FDQ�
XVH� WKLV� VROXWLRQ� D� PLOOLRQ� WLPHV� RYHU�� ZLWKRXW� HYHU�
GRLQJ�LW�WKH�VDPH�ZD\�WZLFH¶��$OH[DQGHU�HW�DO����������
7KHUHIRUH� D� SDWWHUQ� UHFRJQLVHV� WKDW� QR� WZR� FRQWH[WV�
RI� D� SUREOHP� DUH� H[DFWO\� WKH� VDPH� EXW� WKDW� WKH�
HVVHQWLDO� SUREOHP� WR� EH� VROYHG� LV� WKH� VDPH�� $V�
SDWWHUQV� DUH� DEVWUDFWO\� GHVFULEHG� WKH\� SURYLGH� D�
VWUXFWXUH� ZLWKLQ� ZKLFK� VROXWLRQV� FDQ� EH� PDGH�
LQGLYLGXDO�� DFFRUGLQJ� WR� WKH� FRQWH[W� DQG�
FLUFXPVWDQFHV�� ,Q� $OH[DQGHU� ������� SDWWHUQV� DUH�
OLQNHG� WR� RWKHU� DSSURSULDWH� SDWWHUQV�� DQG� GHVFULEH�
µWLPHOHVV¶� DVSHFWV� DQG� IHDWXUHV� RI� WRZQV�� EXLOGLQJV�
DQG� FRQVWUXFWLRQ�� 7RJHWKHU� WKH� SDWWHUQV� IRUP� D�
QHWZRUN� RU� D� ODQJXDJH� WKDW� FRPSUHKHQG� DOO� WKH�
LPSRUWDQW� VRFLDO� DQG� SK\VLFDO� IHDWXUHV� DQG� XVHV� RI�
WRZQV� DQG� EXLOGLQJV� WKDW� FUHDWH� JRRG� SODFHV� IRU�
SHRSOH�WR�OLYH����
$Q�H[DPSOH�LV�D�SDWWHUQ�WKDW�DGGUHVVHV�WKH�SUREOHP�RI�
µKRZ�WR�SURYLGH�IRU�WKH�QLJKWOLIH�RI�D�FLW\¶��DQG�VROYHV�
LW�E\�SODFLQJ�VKRSV�DQG�VHUYLFHV�WKDW�DUH�RSHQ�DW�QLJKW�
WRJHWKHU� WR� IRUP�D�ZHOO�OLW� OLYHO\� DUHD� �SDWWHUQ���� LQ�
$OH[DQGHU� HW� DO��� ������� 7KLV� SDWWHUQ� LV� OLQNHG� WR�
SDWWHUQV� RI� µPDJLF� RI� WKH� FLW\¶� �SDWWHUQ� �����
µFRPPXQLW\� RI� ����¶� ����� DQG� µSURPHQDGH¶� �����
ZKLFK� DOO� GHVFULEH� VRFLDO� RU� SK\VLFDO� IHDWXUHV�
FRPPRQO\�IRXQG� LQ� VXFFHVVIXO�KXPDQ�VHWWOHPHQWV�DW�

FLW\� VFDOH�� ,W� LV� DOVR� OLQNHG� WR� SDWWHUQV� VXFK� DV�
µFDUQLYDO¶� ������ µVWUHHW� FDIp¶� ������ µORFDO� WRZQ� KDOO¶�
����� DQG� RWKHUV�� DOO� RI� ZKLFK� GHVFULEH� VRFLDO� RU�
SK\VLFDO�IHDWXUHV�RI�WKH�EXLOW�HQYLURQPHQW��DQG�ZKLFK�
FRXOG� EH� XVHG� DV� HOHPHQWV� LQ� WKH� SDWWHUQ� IRU�
µSURYLVLRQ�RI�QLJKWOLIH¶���
7KH�DXWKRUV�EHOLHYH�D�VLPLODU�DSSURDFK� WR�WKH�RQH�RI�
$OH[DQGHU�FDQ�EH�XVHG�WR�SURGXFH�WKHUPDO�VLPXODWLRQ�
RXWSXWV� PHDQLQJIXO� WR� GHVLJQ� GHFLVLRQ� PDNLQJ��
([DPSOHV�RI�$OH[DQGHU¶V�SURSRVLWLRQV� WKDW� FRXOG�EH�
GUDZQ�XSRQ�LQFOXGH��

� 7KH� UHSODFHPHQW�RI� µUHFXUULQJ�SUREOHPV¶�E\�
µUHFXUUHQW�GHVLJQ�DFWLRQV�DQG�JRDOV�¶��

� 7KH� UHSODFHPHQW� RI� µVROXWLRQV� WR� WKH�
SUREOHP¶� E\� µDSSURSULDWH� DQDO\VLV� SURFHVVHV�
WR�DVVHVV�RU�LQIRUP�GHVLJQ�DFWLRQV¶��

7KH�GDWD�XVHG�WR�JHQHUDWH�WKH�VWUXFWXUH�RI�WKH�SDWWHUQV�
FRPH� IURP� UHYHUVH� HQJLQHHULQJ� H[DPSOHV� RI� GHVLJQ�
SURFHVVHV�ZKLFK�XVH�EXLOGLQJ� WKHUPDO�SK\VLFV� WR�DLG�
WKH� GHVLJQ� GHFLVLRQ� PDNLQJ�� 7KH� GHYHORSPHQW� RI�
LQLWLDO�H[DPSOH�SDWWHUQV�KDV�EHHQ�FDUULHG�RXW�WKURXJK�
FRPPXQLFDWLRQV� ZLWK� VRIWZDUH� GHYHORSHUV� DQG� WKH�
UHVXOWV�DUH�LOOXVWUDWHG�XVLQJ�WZR�H[DPSOHV���

3$77(51�'(9(/230(17�
7KH�SDWWHUQV�FDUU\�RXW�WZR�LPSRUWDQW�IXQFWLRQV��

�� $FWLQJ� DV� D� YHKLFOH� IRU� FRPPXQLFDWLRQ�
EHWZHHQ� GHVLJQHUV� DQG� GHYHORSHUV� IRU� WKH�
IRUPXODWLRQ� RI� XVHIXO� GHVLJQ� UHODWHG�
VLPXODWLRQ�RXWSXWV��

�� /LQNLQJ�WRJHWKHU�GHVLJQ�DFWLRQV�DQG�DQDO\VLV�
SURFHVVHV�LQ�OLJKW�RI� WKH�GHVLJQHU¶V�JRDOV�� WR�
GLVSOD\� LQIRUPDWLRQ� XVLQJ� UHOHYDQW� PHWULFV�
DQG� UHSUHVHQWDWLRQ� V\VWHPV� IRU� GHVLJQ�
GHFLVLRQ�PDNLQJ��

7KH� VWUXFWXUH� RI� WKH� SDWWHUQV� WKHUHIRUH� UHIOHFWV� WKHVH�
WZR�IXQFWLRQV���

Elements of the pattern:� Inferred or Assumed 
Goals 
2QH�RI�WKH�NH\�HOHPHQWV�RI�WKH�SDWWHUQV�DUH�WKH�JRDOV�
RI�WKH�GHVLJQHU�LQ�XVLQJ�WKHUPDO�VLPXODWLRQ�WR�DVVHVV�
DQG�RU� LQIRUP� GHVLJQ� GHFLVLRQV�� 7KHVH� JRDOV�
GHWHUPLQH� KRZ� GHVLJQ� DFWLRQV� DUH� FRQQHFWHG� WR�
DQDO\VLV� SURFHVVHV�� 6RPHWLPHV� WKH� JRDOV� DUH� QDPHG�
E\�WKH�XVHU��HYHQ�LI�YDJXHO\��H�J��µRSWLPLVDWLRQ¶�RI�D�
FHUWDLQ�SDUDPHWHU���$V�PRVW�RI�WKH�WLPH�JRDOV�DUH�QRW�
FRQVFLRXVO\�NQRZQ�RU�IRUPDOO\�VWDWHG�E\�WKH�GHVLJQHU�
WKH\� HLWKHU� KDYH� WR� EH� LQIHUUHG�� LI� D� VDPSOH� LV�
DYDLODEOH��RU�DVVXPHG�E\�WKH�UHVHDUFKHU��
)URP�UHYHUVH�HQJLQHHULQJ�GHVLJQ�SURFHVVHV� LQ�ZKLFK�
GHVLJQHUV� XVHG� EXLOGLQJ� WKHUPDO� SK\VLFV� GDWD� WR�
LQIRUP� DQG� DVVHVV� GHVLJQ� GHFLVLRQV�� D� VHW� RI� ��
UHFXUULQJ�JRDOV�ZHUH�LGHQWLILHG���

� 8QGHUVWDQGLQJ�D�VSHFLILF�SHUIRUPDQFH�UHVXOW�
� ([SORULQJ�D�VSHFLILF�GHVLJQ�VWUDWHJ\�
� 0HHWLQJ�D�WDUJHW�
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� $VVHVVLQJ�D�VSHFLILF�SURGXFW�
� 2SWLPLVDWLRQ�

7KHVH� JRDOV� FRUUHVSRQG� WR� WKH� XVHV� RI� VLPXODWLRQ�
FRPPRQO\� IRXQG� LQ� SUDFWLFH�� 7KLV� OLVW� LV� IDU� IURP�
H[KDXVWLYH�DQG�FDQ�EH�H[SDQGHG�WR�RWKHU�SURIHVVLRQDO�
FRPPXQLWLHV� E\� XVLQJ� WHFKQLTXHV� IURP� ,QWHUDFWLRQ�
'HVLJQ��VHH�&RRSHU�HW�DO���������WR�LGHQWLI\�QHZ�XVHUV�
DQG� XQGHUVWDQG� WKHLU� JRDOV� �H�J�� +9$&� HQJLQHHUV��
LQYHVWRUV��HWF�����

Elements of the pattern:� Design Actions 
3DWWHUQV� DUH� LQIRUPHG� DOVR� E\� UHFRJQLWLRQ� RI� WKH�
SOXUDOLW\� RI� SRWHQWLDO� GHVLJQ� DFWLRQV�� ZKLFK� DUH�
UHODWHG� WR� FKDQJHV� LQ� WKH� IRUP�� PDWHULDOV� DQG�
FRPSRQHQWV�RI� WKH�EXLOGLQJ�� DQG� LWV� RSHUDWLRQ��7KH\�
FDQ� DOVR� EH� LQIRUPHG� E\� GLIIHUHQW� GHVLJQ� VWUDWHJLHV�
�H�J��WR�VXSSRUW�DFWLRQV�LQWHQGHG�WR�UHVXOW�LQ�D�SDVVLYH�
GHVLJQ� VXFK� DV� µGHVLJQLQJ� VKDGLQJ� WR� SUHYHQW�
RYHUKHDWLQJ� E\� VRODU� JDLQV� WKURXJK� WUDQVSDUHQW�
HOHPHQWV¶��DQG�HQDEOH�PXOWLSOH�GHVLJQ�SURFHVVHV�WR�EH�
DGRSWHG�RU�H[SORUHG��$OO�DFWLRQ�UHODWH�WR�HOHPHQWV�DQG�
SDUDPHWHUV�WKDW�EXLOGLQJ�GHVLJQHUV�PDQLSXODWH���

Elements of the pattern:� Analysis Processes 
7KH�DQDO\VLV�SURFHVVHV� VSHFLILHG� LQ�D�SDWWHUQ�DUH� WKH�
VHW�RI�SURFHGXUHV�DQG�SRVW�SURFHVVLQJ�WHFKQLTXHV�WKDW�
SURGXFH�UHOHYDQW�LQIRUPDWLRQ� WR�GHVLJQHUV� WR�VXSSRUW�
WKHLU�GHVLJQ�DFWLRQV��7KH�SURFHVVHV�FDQ�HLWKHU�LQIRUP�
IXUWKHU�GHVLJQ�DFWLRQ��RU�DVVHVV�WKH�DFWLRQ�XQGHUWDNHQ��
RU� EH� D� FRPELQDWLRQ� RI� ERWK�� $Q� H[DPSOH� RI� DQ�
DQDO\VLV� SURFHVV� PLJKW� LQYROYH� REVHUYDWLRQ� RI� WKH�
HIIHFWV� RI� D� SDUDPHWHU� FKDQJH� RQ� DQ� DVSHFW� RI�
SHUIRUPDQFH�� OHDGLQJ� WKH� XVHU� WRZDUGV� WKH� JRDO� RI�
XQGHUVWDQGLQJ� RI� KRZ� WKH� EXLOGLQJ� ZRUNV� WKURXJK� D�
SURFHVV� RI� H[SHULPHQWDWLRQ�� $� GLIIHUHQW� SURFHVV�
PLJKW� EH� WR� HPSOR\� µV\VWHPDWLF� WULDO� DQG� HUURU¶�
WRZDUGV�PHHWLQJ�D�SHUIRUPDQFH�RU�FRPSOLDQFH�WDUJHW�
�VHH� 1RUPDQ� DQG�'UDSHU�� ������ IRU� D� OLVW� RI� VHDUFK�
VWUDWHJLHV����
7KH�FKRLFH�RI�DQDO\VLV�SURFHVV� LV�DOVR� LQIOXHQFHG�E\�
WKH�WHFKQLFDO�RSHUDWLRQ�RI�WKH�VLPXODWLRQ�HQJLQH��7KH�
LQIRUPDWLRQ�DYDLODEOH�WR�EH�SUHVHQWHG�DV�RXWSXWV�PD\�
EH�OLPLWHG�E\�WKH�FDOFXODWLRQ�PHWKRGV�DQG�DOJRULWKPV�
XVHG� WR� UXQ� VLPXODWLRQV�� .QRZOHGJH� QHFHVVDU\� WR�
VLPSOLI\�UHDOLW\�LQWR��EXLOGLQJ�VLPXODWLRQ�PRGHOV��H�J��
PRGHOOLQJ� UHVROXWLRQ�� ]RQLQJ� HWF��� DOVR� LQIOXHQFH�
SDWWHUQV�LQ�UHODWLRQ�WR�DQDO\VLV�SURFHVVHV���
Elements of the pattern:� Database of Metrics and 
Representation Systems�
7KH� SDWWHUQV� UHIHU� WR� WKH� PHWULFV� DQG� UHSUHVHQWDWLRQ�
V\VWHPV�XVHG� WR�GLVSOD\�G\QDPLF� WKHUPDO� VLPXODWLRQ�
RXWSXWV� WR� VXSSRUW� GHVLJQ� GHFLVLRQ� PDNLQJ�� 7KHVH�
ZHUH�GHYHORSHG�E\�GUDZLQJ�IURP�WKH�PDLQ�WHFKQLTXHV�
RI� GDWD� DQG� LQIRUPDWLRQ� YLVXDOLVDWLRQ� GHVFULEHG� E\�
:DUG�HW�DO����������DQG�E\�0D]]D���������7KH�W\SH�RI�
PHWULF� DQG� UHSUHVHQWDWLRQ� V\VWHP� VKRXOG� GHSHQG� RQ�
WKH� ZD\� WKDW� WKH� XVHU� LQWHUDFWV� ZLWK� WKH� YLVXDO�
LQIRUPDWLRQ��7KH� IROORZLQJ� WHFKQLTXHV�RI� LQWHUDFWLRQ�

ZLWK� LQIRUPDWLRQ� SURSRVHG� E\� 6KQHLGHUPDQ� �������
ZHUH�DGRSWHG�LQ�WKH�SDWWHUQV��

� 2YHUYLHZ��*LYHV�WKH�XVHU�D�EURDG�SLFWXUH�RI�
D�SKHQRPHQD�

� =RRP�ILOWHU��$OORZV� WKH�XVHU� WR� IRFXV�RQ� DQ�
DUHD�RI�VSHFLILF�LQWHUHVW��

� 'HWDLOV� RQ� GHPDQG�� 5HTXLUHV� WKH� XVHU� WR�
DFWLYHO\� DVN� IRU� D� VSHFLILF� W\SH� RI� GHWDLOHG�
LQIRUPDWLRQ�

� +LVWRU\��$OORZ�WKH�XVHU�WR�UHWUDFH�VWHSV��
� 5HODWH�� (QDEOH� WKH� XVHU� WR� FRPSDUH�

LQIRUPDWLRQ��
,GHDOO\�� WKH� FKRLFH� RI� WKH� PHWULFV� DQG� YLVXDOLVDWLRQ�
WHFKQLTXH� VKRXOG� EH� LQIRUPHG� E\� WKH� QHHGV� RI� D�
SDUWLFXODU� XVHU��$�PRUH� WHFKQLFDOO\�PLQGHG� GHVLJQHU�
IRU�H[DPSOH�PLJKW�SUHIHU�D�WDEOH�RI�IUHTXHQF\�ELQV�RI�
WHPSHUDWXUHV�� DQG� D� QRQ�WHFKQLFDO� GHVLJQHU� PLJKW�
SUHIHU�D�FRORXU�FRGHG�IORRU�SODQ�LQGLFDWLQJ�WKH�GHJUHH�
WR� ZKLFK� WKH� GLIIHUHQW� ]RQHV� RYHUKHDW�� 7KH� SDWWHUQ�
VWUXFWXUH�VKRXOG�EH�FRPSUHKHQVLYH�HQRXJK� WR� OLVW�DOO�
UHOHYDQW�RXWSXWV�WR�WKH�VSHFLILF�FDVH�DGGUHVVHG�VR�WKDW�
LQIRUPDWLRQ� FDQ� EH� ILOWHUHG� DQG� WDLORUHG� WR� VSHFLILF�
XVHUV��

Structure of the patterns 
7KH� SULQFLSOHV� WKDW� JXLGH� WKH� IRUPXODWLRQ� RI� WKH�
SDWWHUQV�DUH�DV�IROORZV��

� 3DWWHUQV� VKRXOG� QRW� LQWHUIHUH� ZLWK� D�
GHVLJQHU¶V� ZRUNIORZ� DQG� WKHUHIRUH� DUH� QRW�
WLHG� LQ� WR� DQ\� PRGHO� RI� GHVLJQ� SURFHVV� DV�
GHVLJQ� SURFHVVHV� DUH� DVVXPHG� WR� GLIIHU� WR�
VRPH� GHJUHH� EHWZHHQ� GHVLJQHUV�� 7KH�
SDWWHUQV� FRQQHFW� GHVLJQ� DFWLRQV� ZLWK�
DQDO\VLV� WHFKQLTXHV� WKURXJK� DVVXPHG� JRDOV��
DQG� D� NH\� FKDUDFWHULVWLF� RI� SDWWHUQV� LV� WKDW�
GHVLJQ� DFWLRQV� DUH� OHIW� WR� WKH� GHVLJQHU� WR�
GHFLGH��

� 7KH�SDWWHUQV�IRFXV�RQ�SURGXFLQJ�PHDQLQJIXO�
PHWULFV�DQG�GLVSOD\V�WR�DLG�WKH�GHVLJQ�RI�ORZ�
HQHUJ\�EXLOGLQJV��

� 2XWSXWV� UHVXOWLQJ� IURP� WKH� SDWWHUQV� PXVW�
UHSUHVHQW� ZLWK� LQWHJULW\� WKH� SK\VLFDO�
SKHQRPHQD� PRGHOOHG� E\� WKH� WKHUPDO�
VLPXODWLRQ�VRIWZDUH��

3DWWHUQV� IROORZ� D� FRQVLVWHQW� IRUPDW� DQG� LQFOXGH�
GHWDLOV�RI��

� +RZ� GHVLJQ� DFWLRQV� DUH� FRQQHFWHG� ZLWK�
DQDO\VLV� SURFHVVHV� WKURXJK� JRDOV�� XVLQJ�
UHOHYDQW� PHWULFV� DQG� UHSUHVHQWDWLRQ� V\VWHPV�
WR�EXLOGLQJ�GHVLJQHUV��

� 7KH�SRVW�SURFHVVLQJ�WHFKQLTXHV�QHFHVVDU\�WR�
SURGXFH� WKH� RXWSXWV� UHTXLUHG�� WKH� TXDOLW\�
DVVXUDQFH� SURFHGXUHV� LQYROYHG� LQ� UXQQLQJ�
DQG� DQDO\VLQJ� VLPXODWLRQ� UHVXOWV� DQG� WKH�
OHYHO� RI� PRGHOOLQJ� UHVROXWLRQ� LQYROYHG� LQ�
HDFK�SDUWLFXODU�FDVH��

� 3RVVLEOH� OLQNV� WR� RWKHU� SDWWHUQV� VR� DV� WR�
FRQWH[WXDOLVH� WKH� XVH� RI� WKH� FXUUHQW� SDWWHUQ�
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DQG� WR� SURYLGH� LQIRUPDWLRQ� DERXW� UHODWHG�
DVSHFWV�RI�WKH�GHVLJQ�DQG�LWV�SHUIRUPDQFH��

7KH� UHTXLUHPHQWV� RI� XVHUV� DQG� VRIWZDUH� GHYHORSHUV�
DUH� FRPELQHG� LQ� D� VWUXFWXUH� SUHVHQWHG� LQ� 7DEOH� ��
ZKHUH� WKH� VHFWLRQV� ZLWKLQ� WKH� VWUXFWXUH� DUH� WR� EH�
LQLWLDWHG�DQG�FRPSOHWHG�E\�XVHUV��GHYHORSHUV�RU�ERWK����
�
 
SECTION 

 
DESCRIPTION 

3DWWHUQ�QDPH� $�GHVFULSWLYH�QDPH�IRU�WKH�SDWWHUQ�
ZLWK�UHIHUHQFH�WR�GHVLJQ�DFWLRQV��
DQDO\VLV�SURFHVVHV�DQG�JRDOV��

&RQWH[W� 7KH�UHODWLRQVKLS�RI�WKH�SDWWHUQ�WR�LWV�
FRQWH[W��GHVFULELQJ�D�GHVLJQ�VLWXDWLRQ�
WKDW�UHTXLUHV�WKH�XVH�RI�WKLV�SDWWHUQ��

*RDOV�
DGGUHVVHG�

&OHDU�GHVFULSWLRQ�RI�WKH�GHVLJQ�DLPV�LQ�
XVLQJ�G\QDPLF�WKHUPDO�VLPXODWLRQ���

'HVLJQ�
DFWLRQV�

/LVW�RI�SRWHQWLDO�GHVLJQ�DFWLRQV�
LQYROYHG�LQ�WKLV�SDWWHUQ���

$QDO\VLV�
SURFHVV�
DIIRUGHG���
�

/LVW�RI�W\SHV�RI�DQDO\VLV�LQYROYHG�LQ�
WKLV�SDWWHUQ��TXDOLWDWLYH�DQG�
TXDQWLWDWLYH��ZLWK�WKHLU�FRUUHVSRQGLQJ�
SXUSRVH�LQFOXGLQJ�µVLGH�HIIHFWV¶�LQ�
RWKHU�SHUIRUPDQFH�PHWULFV�

([DPSOHV� 5HIHUHQFH�WR�SURMHFWV��SUHFHGHQWV�DQG�
WKHRU\�WKDW�DGGUHVVHG�WKLV�SDWWHUQ��

7\SH�RI�
VLPXODWLRQ�
SRVW�
SURFHVVLQJ�
UHTXLUHG�

'HVFULSWLRQ�RI�VLPXODWLRQ�RXWSXWV��
SRVW�SURFHVVHG�YDULDEOHV�DQG�
SURFHGXUHV�WR�SURGXFH�UHTXHVWHG�
RXWSXWV���

,QIRUPDWLRQ�
'LVSOD\�

'DWDEDVH�RI�GLIIHUHQW�PHWULFV�DQG�
UHSUHVHQWDWLRQ�V\VWHPV�XVHG�WR�GLVSOD\�
WKH�UHTXLUHG�LQIRUPDWLRQ�WR�EXLOGLQJ�
GHVLJQHUV�FRQVLGHULQJ��
� 'DWD�RYHUYLHZ�
� 'DWD�LQYROYHG�LQ�]RRPLQJ�DQG�

ILOWHULQJ�IRU�DUHDV�RI�LQWHUHVW��
� 3RWHQWLDO�LQIRUPDWLRQ�GHWDLOV�XVHU�

PLJKW�UHTXHVW�
� 7\SHV�RI�FRPSDULVRQV�DIIRUGHG�
� ,QIRUPDWLRQ�UHFRUGHG�WR�HQDEOH�

XVHU�WR�UHWUDFH�VWHSV�
6LPXODWLRQ�
4XDOLW\�
$VVXUDQFH�
3URFHGXUHV�

'HVFULSWLRQ�RI�SHUIRUPDQFH�
DVVHVVPHQW�PHWKRGV��3$0��XVHG�WR�
YDOLGDWH�WKHUPDO�PRGHOV�LQYROYHG�LQ�
WKLV�SDWWHUQ��

8VHIXOQHVV�WR�
EXLOGLQJ�
GHVLJQHUV�

'HVFULSWLRQ�RI�WHVW�PHFKDQLVPV�WR�
DVVHVV�WKH�XVHIXOQHVV�WR�EXLOGLQJ�
GHVLJQHUV�RI�WKH�SDWWHUQ�DQG�
LQIRUPDWLRQ�GLVSOD\�
25�
'HVFULSWLRQ�RI�UHVXOWV�WR�WKH�DERYH�LI�
NQRZQ��

&RPPHQWV�
DQG�IXUWKHU�
GHYHORSPHQW�

$Q\�FRPPHQWV�RU�IXUWKHU�
GHYHORSPHQWV�IURP�EXLOGLQJ�
GHVLJQHUV��DQG�VRIWZDUH�GHYHORSHU¶V�
IHHGEDFN��

/LQN�WR�RWKHU�
SDWWHUQV�

6XJJHVWLRQV�IRU�RWKHU�SDWWHUQV�WKDW�FDQ�
SRWHQWLDOO\�EH�OLQNHG�WR�WKLV�SDWWHUQ���

Table 1. Generic pattern structure 
 
 

(;$03/(6�$1'�',6&866,21�
7KH�VWUXFWXUH�RI�7DEOH���KDV�EHHQ�XVHG�WR�SURGXFH�D�
QXPEHU� RI� SDWWHUQV� WKDW� KDYH� EHHQ� ZRUNHG� XS� WR�
YDULRXV� GHJUHHV� RI� FRPSOHWLRQ� DQG� H[DPSOHV� DUH�
JLYHQ� LQ� 7DEOHV� �� DQG� ��� 'DWD� XVHG� WR� SURGXFH� WKH�
XSSHU�� GHVLJQ�UHODWHG� VHFWLRQV� RI� WKH� WDEOHV� FRPH�
IURP�UHVHDUFK�LQWR�WKH�QHHGV�RI�WKH�XVHU��'DWD�XVHG�WR�
SURGXFH�WKH�ORZHU�VHFWLRQV�UHODWHG�WR�RXWSXWV�DQG�SRVW�
SURFHVVLQJ� LV� REWDLQHG� IURP� D� FRPELQDWLRQ� RI�
VXJJHVWLRQV� IURP� XVHUV� DQG� IURP� SURMHFW�
FROODERUDWRUV� IURP� (658� �(QYLURQPHQWDO� 6\VWHPV�
5HVHDUFK�8QLW��8QLYHUVLW\�RI�6WUDWKFO\GH����
.H\� DVSHFWV� RI� WKH� SDWWHUQV� WKDW� ZHUH� IRXQG� DV� D�
UHVXOW�RI�GHYHORSLQJ�WKH�H[DPSOHV�DUH���

� 7KH� GHYHORSPHQW� RI� D� SDWWHUQ� LV� D� G\QDPLF�
SURFHVV� WKDW� OHDGV� UHDGLO\� WR� LGHDV� IRU� QHZ�
SDWWHUQV��DQG�PRGLILFDWLRQV�WR�H[LVWLQJ�RQHV��

� 2XWSXW� LQIRUPDWLRQ� SURGXFHG� E\� VLPXODWLRQ�
WRROV� IRU� SRVW� SURFHVVLQJ� GHSHQGV� RQ� GDWD�
LQSXWV�� OHYHOV� RI�PRGHOOLQJ� UHVROXWLRQ� DQG� D�
QXPEHU�RI�PRGHOOLQJ�DVVXPSWLRQV��7KHUHIRUH�
WKH�SDWWHUQV�PXVW�VSHFLI\�WKH�WLPH�SHULRGV�IRU�
DQDO\VLV�� PRGHOV� RI� WKHUPDO� FRPIRUW�
HPSOR\HG��WKH�FOLPDWH�ILOHV�XVHG�DQG�VR�RQ��

� 3DUWV�RI� WKH�SDWWHUQV�FDQ� UHIHU� WR�SURFHGXUHV�
WKDQ� UXQ� DXWRPDWLFDOO\� �H�J�� SDUDPHWULF�
YDULDWLRQV��RU�TXDOLW\�DVVXUDQFH�WHVWV���

7KHUH� DUH� PDQ\� SRWHQWLDO� SDWWHUQV� WKDW� FRXOG� EH�
FRQVLGHUHG� IRU�GHYHORSPHQW�� UHVSRQGLQJ� WR� WKH� ODUJH�
QXPEHU� RI� FRPELQDWLRQV� RI� WKH� W\SH� RI� XVHUV�� WKHLU�
FRQWH[W�DQG�JRDOV��GHVLJQ�DFWLRQV��DQDO\VLV�SURFHVVHV�
DQG�GDWD�DQG�LQIRUPDWLRQ�YLVXDOLVDWLRQ�WHFKQLTXHV���
'HYHORSLQJ� WKH� H[DPSOHV� LQYROYHV� FRPPXQLFDWLRQ�
EHWZHHQ�EXLOGLQJ�GHVLJQHUV�DQG�VRIWZDUH�GHYHORSHUV��
7DEOH� �� VKRZV� WKH� H[DPSOH� RI� D� SDWWHUQ� IRU�
XQGHUVWDQGLQJ� WKH� FDXVHV� RI� RYHUKHDWLQJ� LQ� D� IUHH�
UXQQLQJ� EXLOGLQJ� ZKHUH� D� GHVLJQHU� ZDQWV� WR� EH�
LQIRUPHG�RI� WKH�PDLQ�FDXVHV�RI�RYHUKHDWLQJ� LQ�WHUPV�
RI� WKH�EXLOGLQJ�YDULDEOHV� WKDW�FDQ�EH�DOWHUHG� WKURXJK�
GHVLJQ� DFWLRQV��:KHUH� VRPH� GHYHORSHUV� EHOLHYH� WKDW�
WKLV�FDQ�EH�DFKLHYHG�RQO\�WKURXJK�VHQVLWLYLW\�DQDO\VLV�
LW�ZRXOG� EH� XVHIXO� WR� KDYH� DQ� LQGLFDWLRQ� LQ� MXVW� RQH�
VLPXODWLRQ�WR�VKRUWFXW�WKH�QXPEHU�RI�SDUDPHWULF�UXQV��
%\�FRPSDULQJ�PHDQ� UDGLDQW� WHPSHUDWXUH�ZLWK� LQVLGH�
DLU�WHPSHUDWXUH�LW�FDQ�EH�GHFLGHG�ZKHWKHU�WKH�DQDO\VLV�
FDQ�EH�FRQGXFWHG� LQ� WKH� ILUVW� LQVWDQFH�DW� WKH�DLU�KHDW�
EDODQFH��L�H��LI�WKH�WHPSHUDWXUHV�VKDSH�DQG�PDJQLWXGH�
GR� QRW� GLIIHU� VLJQLILFDQWO\� RYHU� D� ��� KRXU� SHULRG�RQ�
W\SLFDO� GD\V�� LW� FDQ� EH� DVVXPHG� WKDW� WKH� EXLOGLQJ� LV�
OLJKWZHLJKW�DQG�WKH�DQDO\VLV�FDQ�IRFXV�ILUVW�RQ�WKH�DLU�
KHDW� EDODQFH� QRGH��� ,I� WKH� FRQYHFWLYH� KHDW� WUDQVIHU�
IURP� VXUIDFHV� LV� IDU� ORZHU� WKDQ� WKH� RWKHU� DLU� KHDW�
EDODQFH�FRPSRQHQWV��GHVLJQ�DFWLRQ�FDQ�EH�XQGHUWDNHQ�
EHIRUH�DQDO\VLQJ�WKH�IDEULF�LQ�GHWDLO������
7KH�H[DPSOH��ZKLFK�ZRXOG�QHHG�IXUWKHU�GHYHORSPHQW�
DQG� WHVWLQJ�� LOOXVWUDWHV� KRZ� WKHUH� FDQ� RIWHQ� EH� D�
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WHQVLRQ� EHWZHHQ� ZKDW� D� XVHU� PLJKW� ZDQW� �RU� WKLQN�
WKH\�ZDQW��DQG�ZKDW�LW�LV�SRVVLEOH�WR�SURYLGH��
�,Q� WKH� FDVH� RI� XVLQJ� KHDW� EDODQFH� HTXDWLRQV� LW� ZDV�
QHFHVVDU\� WR� WDNH� DFFRXQW� RI� ZKLFK� IOX[HV� DUH�
UHFRUGHG� DW� WKH� DLU� QRGHV� DQG� DW� WKH� VXUIDFH� QRGHV��
DQG� SURYLGH� D� OLQN� WR� D� SDWWHUQ� IRU� µVHQVLWLYLW\�
DQDO\VLV¶� ZKLFK� ZRXOG� EH� XVHG� XQGHU� FRQGLWLRQV�
ZKHUH� LW� ZDV� QRW� SRVVLEOH� WR� GHWHUPLQH� WKH� UHODWLYH�
FRQWULEXWLRQV� WR� RYHUKHDWLQJ� RI� IOX[HV� DW� WKH� WZR�
GLIIHUHQW�QRGHV���
Network of patterns 
$�IXOO�FRQVLGHUDWLRQ�RI�ZKHUH�D�SDUWLFXODU�SDWWHUQ�ILWV�
ZLWKLQ� D� ODUJHU� QHWZRUN� RU� ODQJXDJH� LV� EH\RQG� WKH�
VFRSH� RI� WKLV� SDSHU� DOWKRXJK� WKLV� DVSHFW� KDV� EHHQ�
DOOXGHG�WR�LQ�WHUPV�RI�OLQNV�WR�RWKHU�SDWWHUQV��3DWWHUQV�
FRXOG�HLWKHU�EH�FRPSOHWHO\�µVWDQG�DORQH¶��L�H��QRW�SDUW�
RI� D� OLQNHG� QHWZRUN� RU� ODQJXDJH�� RU� FRXOG� EH�
GHYHORSHG� ZLWKLQ� VXFK� D� QHWZRUN�� ,Q� HLWKHU� FDVH�� LW�
VHHPV�XVHIXO�WR�VXJJHVW�OLQNV�EHWZHHQ�SDWWHUQV�DV�WKLV�
SURYLGHV� WKH� XVHU� ZLWK� KLQWV� RU� SRLQWHUV� WRZDUG�
SRVVLEOH� IXUWKHU� LPSOLFDWLRQV� RI� WKH� GHVLJQ� DFWLRQV�
FXUUHQWO\�EHLQJ�XQGHUWDNHQ��3DWWHUQV�FRXOG�SRWHQWLDOO\�
EH� OLQNHG� LQ� IRUPDO� ZD\V�� ZLWK� RXWSXWV� IURP� RQH�
SDWWHUQ�SURYLGLQJ�DSSURSULDWH�FKRLFHV� IRU� WKH�XVHU� WR�
VHOHFW�IXUWKHU�SDWWHUQV����
$Q�H[DPSOH�RI�ZK\�LW�PD\�EH�XVHIXO�WR�OLQN�SDWWHUQV�
ZLWK� RWKHU� SDWWHUQV� LV� JLYHQ� LQ� WDEOH� ��� 7KLV� SDWWHUQ�
DOORZV�WKH�GHVLJQHU�WR�FDUU\�RXW�DQ�H[SORUDWLRQ�RI�WKH�
GHJUHH� RI� RYHUKHDWLQJ� DQG� XQGHU� KHDWLQJ� XQWLO� D�
VDWLVIDFWRU\� GHVLJQ� LV� DFKLHYHG�� $ZDUH� RI� WKH�
SHUIRUPDQFH� UHVXOWV�� WKH� GHVLJQHU� FDQ� SURFHHG� WR�
LQYHVWLJDWH� IXUWKHU� DVSHFWV�� 7KH� PLWLJDWLRQ� RI�
RYHUKHDWLQJ�LV�KRZHYHU�OLQNHG�WR�PDQ\�RWKHU�DVSHFWV�
RI� SHUIRUPDQFH�� RIWHQ� LQ� FRPSOH[� UHODWLRQVKLSV�� E\�
WKH�G\QDPLFV�RI� WKH�EXLOGLQJ�DQG� WKH�FOLPDWH�DQG� LWV�
XVHUV�� (DFK� RI� WKHVH� DVSHFWV� FRXOG� KDYH� UHODWHG�
SDWWHUQV�IRU�WKH�GHVLJQHU�WR�FKRRVH�IURP�DV�WKH�GHVLJQ�
SURFHHGV��
Automatic post-processing in patterns 
7KHUH� DUH� VHYHUDO� DXWRPDWLF� VLPXODWLRQ� SRVW�
SURFHVVHV� WKDW� RFFXU� RU� FRXOG� RFFXU� DV� WKH� UHVXOW� RI�
UHTXHVWLQJ�D�VSHFLILF�RXWSXW��$Q�H[DPSOH�LV�D�VWXG\�RI�
WKH� HIIHFW� RI� YDU\LQJ� D� EXLOGLQJ� SDUDPHWHU� RQ� D�
SHUIRUPDQFH� PHWULF�� ZKHUH� LQ� RUGHU� WR� REWDLQ� WKH�
UHTXLUHG� RXWSXW� D� QXPEHU� RI� VLPXODWLRQV� FDQ� EH�
DXWRPDWHG� E\� D� VFULSW�� $QRWKHU� H[DPSOH� LV� WKH�
DXWRPDWLF� DXGLWLQJ� RI� VLPXODWLRQ� LQSXWV� DQG�
SURFHGXUHV� WR� FKHFN� IRU� FRUUHFW� PRGHOOLQJ� SUDFWLFH�
�H�J�� FKHFNLQJ� WKDW� WKH� UHTXLUHG� UHVROXWLRQ� RI� WKH�
RXWSXW�LV�PDWFKHG�E\�WKH�UHVROXWLRQ�RI�WKH�PRGHO�XVHG�
IRU�WKH�VLPXODWLRQ����
3DWWHUQV� FRXOG� DXWRPDWLFDOO\� DGGUHVV� TXDOLW\�
DVVXUDQFH� SURFHGXUHV� �H�J�� FRPSDULQJ� GDWD� LQSXWV�
ZLWK� EHQFKPDUNV� WR� KLJKOLJKW� PRGHOOLQJ� HUURUV� DQG�
FRQWUDGLFWLRQV��DQG�SHUIRUPDQFH�DVVHVVPHQW�PHWKRGV�
�&ODUNH�� ������� 3DWWHUQV� FRXOG� EH� DXWRPDWHG� IRU�
WHVWLQJ� SHUIRUPDQFH� XQGHU� IXWXUH� FOLPDWH� FKDQJH�

VFHQDULRV�� UDQJHV�RI�RSHUDWLRQDO�FRQGLWLRQV��DQG�XVHU�
EHKDYLRXUV���

&21&/86,216�
7KH� FRQFHSW� RI� µ3DWWHUQV� IRU� 'HFLVLRQ�0DNLQJ¶� KDV�
EHHQ� XVHG� WR� SURSRVH� D� FRPPXQLFDWLRQV� SURFHVV� E\�
ZKLFK� VLPXODWLRQ� RXWSXWV� VXLWDEOH� IRU� WKH� GHVLJQ� RI�
ORZ�HQHUJ\�EXLOGLQJV� FDQ�EH�SURGXFHG��7KH�SDWWHUQV�
GHVFULEHG�LQ�WKLV�SDSHU�KDYH�WKH�IROORZLQJ�IHDWXUHV��

� 7KH\� UHSUHVHQW� D� GLIIHUHQW� DSSURDFK� WR�
FROODERUDWLRQ� EHWZHHQ� EXLOGLQJ� GHVLJQHUV��
VRIWZDUH� GHYHORSHUV� DQG� RWKHU� PHPEHUV� RI�
GHVLJQ�WHDPV��

� 7KH\� IRUP� DQ� RSHQ� HQGHG� FDWDORJXH� RI�
DQDO\VLV� DQG� GHVLJQ� DSSURDFKHV� WR� FRPPRQ�
GHVLJQ� SUREOHPV�� ZLWK� IRFXVVHG� VLPXODWLRQ�
RXWSXWV� PHDQLQJIXO� WR� GHVLJQ� GHFLVLRQ�
PDNLQJ����

� 7KH\� DUH� QRQ�SURFHGXUDO� DQG� WKHUHIRUH� FDQ�
VXSSRUW�PXOWLSOH�GHVLJQ�SURFHVVHV���

� 7KH� JHQHULF� VWUXFWXUH� EHKLQG� WKHP� HQDEOHV�
QHZ�SDWWHUQV� WR�EH�GHYHORSHG� LQ� WKH� OLJKW�RI�
PXOWLSOH�UHTXLUHPHQWV�IURP�VLPXODWLRQ�XVHUV��

� 7KH\� FDQ� EH� FRQQHFWHG� RU� UHODWHG� WR� HDFK�
RWKHU�DQG�VR�VXSSRUW�DQ�XQOLPLWHG�QXPEHU�RI�
VHTXHQFHV� RI� DQDO\VLV� DQG� GHVLJQ� DFWLRQV��
6RPH� VHTXHQFHV� PD\� SURYH� WR� EH� PRUH�
XVHIXO�WKDQ�RWKHUV��EXW�LW�LV�OHIW�WR�WKH�XVHUV�WR�
GHWHUPLQH�ZKLFK�DUH�PRVW�DSSURSULDWH����

7KH�H[DPSOHV�JLYHQ�KHUH� WHQG� WR�EH�RULHQWHG� WRZDUG�
WKH� QRQ�WHFKQLFDO� VLPXODWLRQ� XVHU�� ZKR� LQ� SDUWLFXODU�
PD\�EHQHILW�IURP�VRPH�LQGLFDWLRQV�RI�ZK\�D�VSHFLILF�
EHKDYLRXU�LV�KDSSHQLQJ�DQG�KRZ�WR�UHVSRQG�WR�LW��,W�LV�
LQWHQGHG�WR�FRQWLQXH�WKH�GHYHORSPHQW�RI�SDWWHUQV�DQG�
WR�IXUWKHU�WHVW�WKHP�DPRQJ�EXLOGLQJ�GHVLJQHUV�����

$&.12:/('*(0(176�
7KH� XVHIXO� GLVFXVVLRQV� DQG� VXJJHVWLRQV� RI� 'U�� 3DXO�
6WUDFKDQ�� 'U�� -RQ� +DQG� DQG� 3URI�� -RH� &ODUNH� RI�
(658��6WUDWKFO\GH�8QLYHUVLW\� DQG�'U� ,DQ�.QLJKW� RI�
:6$�� &DUGLII� 8QLYHUVLW\� DUH� JUDWHIXOO\�
DFNQRZOHGJHG��7KH�UHSRUWHG�ZRUN�ZDV�IXQGHG�E\�WKH�
(QJLQHHULQJ� DQG�3K\VLFDO�6FLHQFH� 5HVHDUFK�&RXQFLO�
8.��

5()(5(1&(6�
$OH[DQGHU��&��������7KH�7LPHOHVV�:D\�RI�%XLOGLQJ��

1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV���������
$OH[DQGHU�� &��� ,VKLNDZD�� 6��� 6LOYHUVWHLQ�� 0���

-DFREVRQ�� 0��� )LNVGDKO�.LQJ�� ,��� 	� $QJHO�� 6��
������$�3DWWHUQ�/DQJXDJH�� �1HZ�<RUN��2[IRUG�
8QLYHUVLW\�3UHVV��

%RUFKHUV�� -�2�� ������ $� SDWWHUQ� DSSURDFK� WR�
LQWHUDFWLRQ�GHVLJQ��$,�	�6RFLHW\��

%OHLO� GH� 6RX]D�� &�� ������ $� FULWLFDO� DQG� WKHRUHWLFDO�
DQDO\VLV� RI� FXUUHQW� SURSRVDOV� IRU� LQWHJUDWLQJ�
EXLOGLQJ� WKHUPDO� VLPXODWLRQ� WRROV� LQWR� WKH�
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EXLOGLQJ� GHVLJQ� SURFHVV�� -RXUQDO� RI�%XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ��������SS�����������

%OHLO� GH� 6RX]D�� &�� ������ &RQWUDVWLQJ� SDUDGLJPV� RI�
GHVLJQ�WKLQNLQJ��7KH�EXLOGLQJ�WKHUPDO�VLPXODWLRQ�
WRRO� GHYHORSHU� YV�� WKH� EXLOGLQJ� GHVLJQHU��
$XWRPDWLRQ�LQ�&RQVWUXFWLRQ������SS�����������

%OHLO� 'H� 6RX]D��&�� ������ 6WXGLHV� LQWR� WKH� XVH� RI�
EXLOGLQJ� WKHUPDO� SK\VLFV� WR� LQIRUP� GHVLJQ�
GHFLVLRQ� PDNLQJ�� �$XWRPDWLRQ� LQ�
&RQVWUXFWLRQ�����SS���������

&ODUNH� -� $�� ������ (QHUJ\� VLPXODWLRQ� LQ� EXLOGLQJ�
GHVLJQ�� 6HFRQG� (GLWLRQ�� %XWWHUZRUWK� DQG�
+HLQPDQQ��2[IRUG��

&RRSHU�� $��� 5HLPDQQ�� 5��� 	� &URQLQ�� '��� �������
$ERXW� )DFH� ��� 7KH� (VVHQWLDOV� RI� ,QWHUDFWLRQ�
'HVLJQ��-RKQ�:LOH\�	�6RQV��

*DPPD�� (��� +HOP�� 5��� -RKQVRQ�� 5��� DQG� -RKQ�
9OLVVLGHV��-��������'HVLJQ�3DWWHUQV��(OHPHQWV�RI�
5HXVDEOH� 2EMHFW�2ULHQWHG� 6RIWZDUH�� $GGLVRQ�
:HVOH\�/RQJPDQ�3XEOLVKLQJ�&R��%RVWRQ��0$��

0D]]D�� 5��� ������� ,QWURGXFWLRQ� WR� ,QIRUPDWLRQ�
9LVXDOL]DWLRQ��6SULQJHU�9HUODJ�/RQGRQ�/WG��

1RUPDQ��'�$���	�'UDSHU��6�:����������8VHU�FHQWHUHG�
V\VWHP� GHVLJQ�� 1HZ� SHUVSHFWLYHV� RQ� KXPDQ�
FRPSXWHU�LQWHUDFWLRQ��+LOOVGDOH��1�-��

5RJHUV�� <��� 6KDUS�� +��� 	� 3UHHFH�� -��� �������
,QWHUDFWLRQ� 'HVLJQ�� %H\RQG� +XPDQ�&RPSXWHU�
,QWHUDFWLRQ��-RKQ�:LOH\�	�6RQV���UG�(GLWLRQ��

6KQHLGHUPDQ��%�� ������7KH� H\HV� KDYH� LW��$� WDVN� E\�
GDWD� W\SH� WD[RQRP\� IRU� LQIRUPDWLRQ�
YLVXDOL]DWLRQV�� 3URFHHGLQJV� RI� WKH� ����� ,(((�
6\PSRVLXP�RQ�9LVXDO�/DQJXDJHV��

7LGZHOO�� -�� ������ &RPPRQ� *URXQG�� $� 3DWWHUQ�
/DQJXDJH� IRU� +XPDQ�&RPSXWHU� ,QWHUIDFH�
'HVLJQ�� 0,7� >RQOLQH@�
KWWS���ZZZ�PLW�HGX�aMWLGZHOO�LQWHUDFWLRQBSDWWHUQ
V�KWPO��

7LGZHOO�� -�� ������ 'HVLJQLQJ� ,QWHUIDFHV�� 6HFRQG�
(GLWLRQ��2¶5HLOO\��

:DUG�� 0��� *ULQVWHLQ�� *��� 	� .HLP�� '�� ������
,QWHUDFWLYH� 'DWD� 9LVXDOL]DWLRQ�� )RXQGDWLRQV��
7HFKQLTXHV� DQG� $SSOLFDWLRQV�� $� .� 3HWHUV� /WG��
0$��

�
�
�
�

([SORUDWLRQ�RI�GHVLJQ�DFWLRQV�ZLWK�D�UHFRUG�RI�WKHLU�LPSDFW�RQ�IUHH�UXQ�HQYLURQPHQWDO�WHPSHUDWXUHV��

Context $� EXLOGLQJ� GHVLJQHU� ZDQWV� WR� IUHHO\� H[SORUH� GLIIHUHQW� GHVLJQ� SRVVLELOLWLHV�� $W� WKH� VDPH� WLPH� WKH�
GHVLJQHU�ZDQWV�WR�EH�DEOH�WR�NHHS�D�UHFRUG�RI�WKH�FRQVHTXHQFHV�RI�KLV���KHU�DFWLRQV�RQ�HQYLURQPHQWDO�
WHPSHUDWXUHV��7KH�EXLOGLQJ�KDV�QR�+9$&��

Goals addressed ([SORULQJ�WKH�HIIHFW�RI�D�VHW�RI�VSHFLILF�GHVLJQ�VWUDWHJLHV�RQ�DQ�DVSHFW�RI�SHUIRUPDQFH��
Design actions $Q\�DFWLRQ�GHVLUHG�E\�WKH�XVHU��VHH�H[DPSOHV�EHORZ���
Analysis process 
afforded  

4XDQWLWDWLYH�GHVFULSWLRQ�RI�RYHUKHDWLQJ��ZLWK�SRWHQWLDO�IRU�FRPSDULVRQV�EHWZHHQ�PRGHOV�WR�EH�PDGH�
�µ6LGH�HIIHFWV¶�DUH�OLVWHG�IRU�HDFK�GHVLJQ�DFWLRQ����

Examples  � &KDQJH�RI�ZLQGRZ�VL]H�DQG�DQDO\VLV�RI�WKH�HIIHFW�RQ�WKH�LQVLGH�DLU�WHPSHUDWXUH�RI�WKH�VSHFLILF�
]RQH� DIIHFWHG� �µ6LGH� (IIHFW¶�� FKDQJH� LQ� GD\OLJKW� OHYHOV�� OLJKWLQJ� UHTXLUHPHQWV�� JODUH�� DQG�
SRVVLEO\�YHQWLODWLRQ�DQG�QRLVH�OHYHOV���

� &KDQJH�RI�IORRU�WR�FHLOLQJ�KHLJKW�DQG�DQDO\VLV�RQ�LWV�HIIHFW�RQ�WKH�LQVLGH�DLU�WHPSHUDWXUH�RI�D�
W\SLFDO�IORRU�SODQ��HWF���:DUQLQJ�IODJ�UHTXLUHG�LI�D�GLIIHUHQW�DSSURDFK�WR�PRGHOOLQJ�LV�UHTXLUHG�
GXH�WR�WKHUPDO�VWUDWLILFDWLRQ���

Type of simulation 
post-processing 
required 

Simulation output: 
(QYLURQPHQWDO�WHPSHUDWXUHV�UHVXOWLQJ�IURP�IUHH�UXQQLQJ�VLPXODWLRQV��
Post-processing 
�� 6HSDUDWH�XVHU�FRQWUROOHG�UXQV�ZLWK�UHVXOWV�UHFRUGHG�IRU�FRPSDULVRQ��

Information 
Display 

Metrics���
$� )UHTXHQF\� GLVWULEXWLRQ� RI� HQYLURQPHQWDO� WHPSHUDWXUHV� DERYH�� EHORZ� DQG�ZLWKLQ� WKH� FRPIRUW�

]RQH��
%� 'HJUHH�KRXUV�DERYH�EHORZ�DQG�ZLWKLQ�WKH�FRPIRUW�]RQH��

Type of representation��&RORXUHG�IORRU�SODQ��KLVWRJUDP��EDU�FKDUW��

      �
Overview:��
0HWULF��0HWULF�$�IRU�W\SLFDO�\HDU��DOO�]RQHV�LQ�W\SLFDO�IORRU�SODQ�±�KLJKOLJKWLQJ�]RQHV�ZLWK�EHVW�DQG�
ZRUVW�SHUIRUPDQFH�DQG�JURXSLQJ�]RQHV�ZLWK�YHU\�VLPLODU�SHUIRUPDQFHV���
7\SH�RI�UHSUHVHQWDWLRQ��&RORXUHG�IORRU�SODQ���KLVWRJUDP�IRU�PHWULF�$�DQG�%��

Zooming, filtering and selecting���
�� =RRPLQJ�LQWR�XVHU�VHOHFWHG�WLPH�IUDPHV��VHDVRQDO�DQG�PRQWKO\��DQG�LQWR�IORRU�SODQV����
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�� )LOWHULQJ�LQIRUPDWLRQ�E\�RULHQWDWLRQ�±�H�J��DOO�]RQHV�DGMDFHQW�WR�WKH�QRUWK�IDoDGH��
�� )LOWHULQJ�LQIRUPDWLRQ�E\�]RQH��

Details on demand���
7R�EH�GHFLGHG��
Comparisons afforded��
&RPSDULVRQV� EHWZHHQ� GLIIHUHQW� ]RQHV�� GLIIHUHQW� IORRU� SODQV�� GLIIHUHQW� RULHQWDWLRQV�� GLIIHUHQW� WLPH�
SHULRGV��UHVXOWV�IURP�GLIIHUHQW�GHVLJQ�DFWLRQV���

Simulation 
Quality Assurance 
Procedures 

� $XGLWLQJ�DOO�VLPXODWLRQ�LQSXWV��DXWRPDWLFDOO\�DV�PXFK�DV�SRVVLEOH���
� $XGLW�DOO�PRGHOOLQJ�DQG�VLPXODWLRQ�DVVXPSWLRQV�DQG� UHTXLUHPHQWV� �DXWRPDWLFDOO\�DV�PXFK�DV�

SRVVLEOH����
Usefulness to 
building designers 

7KH�SDWWHUQ�LV�SUHVHQWHG�WR�EXLOGLQJ�GHVLJQHUV�LQ�D�ZRUNVKRS�DQG�GHVLJQHUV�DUH�DVNHG�WR�FRPPHQW�RQ�
LWV�SHUFHLYHG�XVHIXOQHVV�DQG�HYHU\�DVSHFW�LQYROYHG�LQ�LW�±�LQFOXGLQJ�SURSRVDOV�DERXW�QHZ�PHWULFV�DQG�
UHSUHVHQWDWLRQ�V\VWHPV�WR�EH�DGGUHVVHG�LQ�IXUWKHU�GHYHORSPHQW��

Comments and 
further 
development 

7R� EH� FRPSOHWHG� DIWHU� D� ZRUNVKRS� DV� GHYHORSPHQW� ZRXOG� GHSHQG� RQ� IHHGEDFN� IURP� EXLOGLQJ�
GHVLJQHUV��

Link to other 
patterns 

��/LQN� WR� D�SDWWHUQ� WKDW� LGHQWLILHV� WKH�PDLQ� FDXVHV� IRU� HQYLURQPHQWDO� WHPSHUDWXUHV� WR�EH�RXWVLGH� WKH�
FRPIRUW�]RQH��IROORZLQJ�HDFK�FKDQJH�WR�WKH�PRGHO���
��/LQN�WR�D�SDWWHUQ�UHODWHG�WR�WKHUPDO�FRPIRUW�PRGHOV���

Table 2. ([DPSOH�SDWWHUQ����([SORUDWLRQ�RI�GHVLJQ�DFWLRQV�ZLWK�D�UHFRUG�RI�WKHLU�LPSDFW�RQ�IUHH�UXQ�
HQYLURQPHQWDO�WHPSHUDWXUHV� 
 
 
8QGHUVWDQGLQJ�WKH�PDLQ�FDXVHV�RI�RYHUKHDWLQJ�LQ�D�SDVVLYH�EXLOGLQJ��

Context %XLOGLQJ�GHVLJQHU�ZDQWV�WR�XQGHUVWDQG�ZK\�WKH�GHVLJQHG�EXLOGLQJ�LV�RYHUKHDWLQJ��L�H��ZKHUH�DQG�ZKHQ�
RYHUKHDWLQJ� LV� KDSSHQLQJ� DQG� ZKDW� GHVLJQ� SDUDPHWHUV� DUH� PDLQO\� FDXVLQJ� LW�� 7KH� EXLOGLQJ� KDV� QR�
+9$&��

Goals addressed ,GHQWLI\LQJ� ZKHUH� DQG� ZKHQ� RYHUKHDWLQJ� LV� KDSSHQLQJ� DQG� XQGHUVWDQGLQJ� WKH� PDLQ� FDXVHV� �
KLJKOLJKWLQJ�PDLQ�GHVLJQ�SDUDPHWHUV�LQYROYHG��

Design actions 'HVLJQ�SDUDPHWHUV�GLUHFWO\�DIIHFWLQJ�RYHUKHDWLQJ�FDQ�EH�FKDQJHG�RQFH�LGHQWLILHG���
Analysis process 
involved / afforded  

'HVFULSWLYH�IRU�RYHUDOO�SHUIRUPDQFH�UHVXOWV��ZKHUH�DQG�ZKHQ�RYHUKHDWLQJ�RFFXUV���
&RPSDUDWLYH�IRU�FDXVHV�RI�RYHUKHDWLQJ���

Examples  2YHUKHDWLQJ� LQ� DQ� RSHQ� SODQ� RIILFH� VSDFH� FDXVHG� E\� KLJK� HTXLSPHQW� DQG� RFFXSDQW� JDLQV� DQG� ODUJH�
KHDYLO\� LQVXODWHG� ZLQGRZV� IDFLQJ� VRXWK�� 3RWHQWLDO� FKDQJH� LQ� ZLQGRZ� VL]H�� *�YDOXH�� 8�YDOXH� DQG�
GLIIHUHQW�RSHQ�SODQ�VSDWLDO�DUUDQJHPHQW�PLJKW�PLWLJDWH�RYHUKHDWLQJ���
�µ6LGH�(IIHFW¶��8QGHU�KHDWLQJ�FRQGLWLRQV��DUWLILFLDO�OLJKWLQJ�UHTXLUHPHQWV������

Type of simulation 
post-processing 
required 

Simulation output: 
2SHUDWLYH�WHPSHUDWXUHV�UHVXOWLQJ�IURP�IUHH�UXQQLQJ�VLPXODWLRQV��
0HDQ�UDGLDQW�WHPSHUDWXUHV�DQG�LQVLGH�DLU�WHPSHUDWXUHV��
+HDW�IORZV�RI�DOO�FRPSRQHQWV�RI�LQVLGH�DLU�KHDW�EDODQFH�QRGHV��
Post-processed variables: 
�� )UHTXHQF\� GLVWULEXWLRQ� RI� RSHUDWLYH� WHPSHUDWXUHV� DERYH� WKH� XVHU� VSHFLILHG� FRPIRUW� ]RQH�

�RFFXSLHG�SHULRGV�RQO\��DQG�'HJUHH�+RXUV�DERYH�WKH�XVHU�VSHFLILHG�FRPIRUW�]RQH�DQG�QXPEHU�
RI� GD\V� LQ� HDFK� PRQWK� ZKHQ� RYHUKHDWLQJ� RFFXUV� ±� WR� EH� XVHG� DV� D� SHUIRUPDQFH� DVVHVVPHQW�
PHWULF���

�� ,QVLGH� DLU� WHPSHUDWXUH� SURILOHV� IRU� W\SLFDO� 6XPPHU�� :LQWHU� DQG� 0LG�VHDVRQ� GD\V� WR� EH�
FRPSDUHG�ZLWK�PHDQ�UDGLDQW�WHPSHUDWXUHV�LQ�WKH�VDPH�WLPH�SHULRG���

,I�WHPSHUDWXUH�VKDSH�DQG�PDJQLWXGH�GLIIHU�LQ���KV�SHULRG�IODJ�D�OLQN�WR�SDWWHUQV�LQYROYLQJ�VHQVLWLYLW\�
DQDO\VLV��,I�WHPSHUDWXUH�VKDSH�DQG�PDJQLWXGH�DUH�VLPLODU�RYHU�D���KV�SHULRG�WKH�EXLOGLQJ�LV�DVVXPHG�
WR�EH�OLJKWZHLJKW�VR�FDQ�SURFHHG�WR�DQDO\VH�DLU�KHDW�EDODQFHV���
�� +HDW� (QHUJ\� IORZV� IRU� WKH� ��KU� SHULRG� IRU� HDFK� DLU� KHDW� EDODQFH� FRPSRQHQW�� RQ� GD\V� ZKHQ�

RSHUDWLYH�WHPSHUDWXUHV�ULVH�DERYH�WKH�FRPIRUW�]RQH���
�� &RQWULEXWLRQ� RI� FRQYHFWLYH� KHDW� WUDQVIHU� IURP� VXUIDFH� WR� DLU� �RU� YLFH�YHUVD�� RQ� GD\V� ZKHQ�

RSHUDWLYH� WHPSHUDWXUH� ULVH� DERYH� WKH� FRPIRUW� ]RQH�� GLVFULPLQDWHG� E\� W\SH� RI� VXUIDFH�� L�H��
H[WHUQDO�ZDOOV��LQWHUQDO�ZDOOV��URRI��IORRUV��FHLOLQJ�DQG�ZLQGRZV��

Information 
Display 

Metrics���
3HUIRUPDQFH�DVVHVVPHQW�PHWULF��

$� )UHTXHQF\� GLVWULEXWLRQ�RI� RSHUDWLYH� WHPSHUDWXUHV� DERYH� WKH� FRPIRUW� ]RQH� RU� GHJUHH� KRXUV�
DERYH�WKH�FRPIRUW�]RQH�RU�QXPEHU�RI�KRXUV�DERYH�WKH�FRPIRUW�]RQH���

,GHQWLILFDWLRQ�RI�FDXVHV��
%� &RPSDULVRQ�EHWZHHQ� LQVLGH�DLU� DQG�PHDQ� UDGLDQW� WHPSHUDWXUH�SURILOHV� IRU� W\SLFDO� VXPPHU��

ZLQWHU�DQG�0LG�VHDVRQ�GD\V���IODJJLQJ�OLQN�WR�RWKHU�SDWWHUQ�RU�SURFHHGLQJ�WR�DLU�KHDW�EDODQFH�
DQDO\VLV��

&� 5HVXOWLQJ� HQHUJ\� IORZV� IRU� HDFK� DLU� KHDW� EDODQFH� FRPSRQHQW� VXPPHG� IRU� HDFK� GD\�ZKHQ�
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LQVLGH�DLU�WHPSHUDWXUH�ULVHV�DERYH�WKH�FRPIRUW�]RQH���
'� 5HVXOWLQJ� HQHUJ\� IORZV� IRU HDFK� W\SH� RI� VXUIDFH� ZKHQ� LQVLGH� DLU� WHPSHUDWXUHV� DUH� DERYH�

FRPIRUW�]RQH��IORRUV��FHLOLQJ��URRI��H[WHUQDO�ZDOOV��LQWHUQDO�ZDOOV�DQG�ZLQGRZV���
Type of representation��&RORXUHG�IORRU�SODQ��IORRU�SODQV�ZLWK�QXPEHUV�DQG�VWULQJV�RI�WH[W���KLVWRJUDP��
EDU�FKDUW��SLH�FKDUWV��H[SORGHG�D[RQRPHWULF��OLQH�JUDSKV��WLPH�VHULHV����

Overview: ����� �� �� �
/RFDWLRQ�
0HWULF��$�IRU�W\SLFDO�\HDU��IRU�DOO�RYHUKHDWLQJ�]RQHV�LQ�W\SLFDO�IORRU�SODQ�±�KLJKOLJKWLQJ�]RQHV�ZLWK�
EHVW�DQG�ZRUVW�SHUIRUPDQFH�DQG�JURXSLQJ�]RQHV�ZLWK�YHU\�VLPLODU�SHUIRUPDQFHV���
7\SH�RI�UHSUHVHQWDWLRQ��&RORXUHG�IORRU�SODQ���KLVWRJUDP���
&DXVHV���
0HWULF��%�XVLQJ�IODJJLQJ�OLQN�WR�RWKHU�SDWWHUQV�RU�OHDGLQJ�WR�DLU�KHDW�EDODQFH�DQDO\VLV��&���
��������������&� IRU� W\SLFDO� \HDU�� IRU� DOO� RYHUKHDWLQJ� ]RQHV� LQ� W\SLFDO� IORRU� SODQ� ±� KLJKOLJKWLQJ� PDLQ�
FRQWULEXWRU�LQ�HDFK�]RQH��
7\SH�RI�UHSUHVHQWDWLRQ��7LPH�VHULHV� IRU�%�DQG�)ORRU�SODQ��� WH[W� �QDPLQJ�WKH�PDMRU�FRQWULEXWRU� WR�
RYHUKHDWLQJ��IRU�&��

Zooming and filtering���
$� =RRPLQJ�LQWR�XVHU�VHOHFWHG�WLPH�IUDPHV��VHDVRQDO�DQG�PRQWKO\��DQG�IORRU�SODQV����
%� )LOWHULQJ�LQIRUPDWLRQ�E\�]RQH��H�J��DOO�]RQHV�DGMDFHQW�WR�WKH�VRXWK�IDoDGH���
&� ,I� %� OHDGV� WR� DLU� KHDW� EDODQFH� DQDO\VLV� �� 5DQN� RUGHULQJ� WKH� FRQWULEXWLRQ� RI� HDFK� W\SH� RI�

VXUIDFH� WR� LQVLGH� DLU� WHPSHUDWXUHV� DERYH� FRPIRUW� ]RQH� �H�J�� VKRZ� UHODWLYH� FRQWULEXWLRQ� RI�
H[WHUQDO�ZDOOV�IRU�HDFK�]RQH�LQ�FRQWDFW�ZLWK�WKH�RXWVLGH���H[SORGHG�D[RQRPHWULF�ZLWK�ILJXUH�
LQ�SHUFHQW���

'� ,I�%�OHDGV�WR�DLU�KHDW�EDODQFH�DQDO\VLV���5DQN�RUGHULQJ�WKH�FRQWULEXWLRQ�RI�HDFK�W\SH�RI�DLU�
KHDW�EDODQFH�FRPSRQHQW� WR� LQVLGH�DLU� WHPSHUDWXUHV�DERYH�FRPIRUW�]RQH� �H�J�� VKRZ�UHODWLYH�
FRQWULEXWLRQ�RI�YHQWLODWLRQ�WR�RYHUKHDWLQJ��H[SORGHG�D[RQRPHWULF�ZLWK�ILJXUH�LQ�SHUFHQW���

Details on demand���
7R�EH�GHFLGHG����
Comparisons afforded��
&RPSDULVRQV� EHWZHHQ� GLIIHUHQW� ]RQHV�� GLIIHUHQW� RULHQWDWLRQV�� GLIIHUHQW� IORRU� SODQV�� GLIIHUHQW� WLPH�
SHULRGV��GLIIHUHQW�LQVLGH�DLU�KHDW�EDODQFH�FRPSRQHQWV��GLIIHUHQW�W\SHV�RI�VXUIDFHV����

Simulation 
Quality Assurance 
Procedures 

� $XGLWLQJ�DOO�VLPXODWLRQ�LQSXWV��DXWRPDWLFDOO\�DV�PXFK�DV�SRVVLEOH���
� $XGLW�DOO�PRGHOOLQJ�DQG�VLPXODWLRQ�DVVXPSWLRQV�DQG� UHTXLUHPHQWV� �DXWRPDWLFDOO\�DV�PXFK�DV�

SRVVLEOH����
Usefulness to 
building designers 

7KH�SDWWHUQ�LV�SUHVHQWHG�WR�EXLOGLQJ�GHVLJQHUV�LQ�D�ZRUNVKRS�DQG�GHVLJQHUV�DUH�DVNHG�WR�FRPPHQW�RQ�
LWV�SHUFHLYHG�XVHIXOQHVV�DQG�HYHU\�DVSHFW�LQYROYHG�LQ�LW�±�LQFOXGLQJ�SURSRVDOV�DERXW�QHZ�PHWULFV�DQG�
UHSUHVHQWDWLRQ�V\VWHPV�WR�EH�DGGUHVVHG�LQ�IXUWKHU�GHYHORSPHQW��

Comments & 
further 
development 

7R� EH� FRPSOHWHG� DIWHU� D� ZRUNVKRS� DV� GHYHORSPHQW� ZRXOG� GHSHQG� RQ� IHHGEDFN� IURP� EXLOGLQJ�
GHVLJQHUV��

Link to other 
patterns 

7KLV�SDWWHUQ�FRXOG�OLQN�WR�D�SDWWHUQ�LQ�ZKLFK�FDXVHV�RI�RYHUKHDWLQJ�GXH�WR�EXLOGLQJ�IDEULF�DUH�UHILQHG�
WKURXJK�WKH�XVH�RI�VHQVLWLYLW\�DQDO\VLV��7KLV�RWKHU�SDWWHUQ�ZRXOG�HQDEOH�GHVLJQHUV�WR�NQRZ�ZKDW� LQ�WKH�
IDEULF�LV�DFWXDOO\�FDXVLQJ�RYHUKHDWLQJ��H�J��OHYHOV�RI�LQVXODWLRQ��PDVV��*�YDOXH����
$1'� �� 25� SDWWHUQV� H[SORULQJ� WKH� GHVLJQ� RI� VKDGLQJ� GHYLFHV�� H[SORULQJ� WKH� HIIHFWV� RI� YHQWLODWLRQ��
H[SORULQJ�WKH�HIIHFWV�RI�GLIIHUHQW�VSDWLDO�DUUDQJHPHQWV���

Table 3. ([DPSOH�SDWWHUQ����8QGHUVWDQGLQJ�WKH�PDLQ�FDXVHV�RI�RYHUKHDWLQJ�LQ�D�SDVVLYH�EXLOGLQJ��
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