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$%675$&7�
7KLV�SDSHU�SUHVHQWV�DQ�DVVLVWHG�PRGHO�FDOLEUDWLRQ��DV�
D� FRPELQDWLRQ� RI� GDWD� PLQLQJ� IURP� (QHUJ\�
0DQDJHPHQW� 6\VWHPV� DQG� HYLGHQFH�EDVHG�
FDOLEUDWLRQ�� 7KH� FDVH� VWXG\� PRGHO� RI� DQ� H[LVWLQJ�
LQVWLWXWLRQDO�EXLOGLQJ�ZDV�GHYHORSHG�XVLQJ�WKH�H4XHVW�
HQHUJ\� DQDO\VLV� SURJUDP�� 7KH� SDSHU� SUHVHQWV� D� IHZ�
H[DPSOHV� RI� LQIRUPDWLRQ� H[WUDFWHG� IURP� (06� DQG�
WKHLU� LPSDFW� RQ� WKH�PRGHO� FDOLEUDWLRQ�RI� WKH� DLU�VLGH�
ORRS�RI�+9$&�V\VWHP��

,1752'8&7,21�
0RGHO� FDOLEUDWLRQ� LV� WKH� SURFHVV� RI� GHYHORSLQJ� D�
EXLOGLQJ�HQHUJ\�PRGHO�WKURXJK�VXFFHVVLYH�FKDQJHV�RI�
LQSXWV� DQG� SDUDPHWHUV� ZLWK� WKH� JRDO� WR� SUHGLFW� DV�
FORVHO\� DV� SRVVLEOH�� QRW� RQO\� WKH� PHDVXUHG� ZKROH�
EXLOGLQJ� DQQXDO�PRQWKO\� HQHUJ\� FRQVXPSWLRQ� DQG�
FRVW�� EXW� DOVR� VRPH� NH\� LQGLFDWRUV� RI� HQHUJ\�
SHUIRUPDQFH� DW� WKH� V\VWHPV�FRPSRQHQWV� OHYHO�� 7KH�
FDOLEUDWLRQ�SURFHVV�LV�VXFFHVVIXO�ZKHQ�WKH�GLIIHUHQFH�
EHWZHHQ� PHDVXUHPHQWV� DQG� SUHGLFWLRQV� RI� VHOHFWHG�
LQGLFDWRUV�DUH�EHORZ�D�JLYHQ�WKUHVKROG���7KH�XVH�RI�D�
JRRG� FDOLEUDWHG� PRGHO� JLYHV� FRQILGHQFH� LQ� WKH�
HVWLPDWHV� RI� HQHUJ\� VDYLQJV� GXH� WR�
UHQRYDWLRQV�UHWURILWV�LQ�DQ�H[LVWLQJ�EXLOGLQJ��
,Q� WKH� SDVW�� WKH� WULDO� DQG� HUURU� FDOLEUDWLRQ� DSSURDFK�
ZDV�ZLGHO\� XVHG��7KDW� WHFKQLTXH� LV� WLPH� FRQVXPLQJ�
DQG� QRW� DOZD\V� UHOLDEOH�� 7KH� UHVXOWV� RI� WKH� EXLOGLQJ�
HQHUJ\� PRGHO� GHSHQG� RQ� WKH� HQHUJ\� VLPXODWRU¶V�
H[SHULHQFH� ZLWK� WKH� VHOHFWHG� SURJUDP�� WKH� WLPH�
DOORFDWHG� IRU� WKH� FDOLEUDWLRQ� WKDW� KH�VKH� FDQ� ELOO� WKH�
FOLHQW�� DQG� WKH� NQRZOHGJH� RI� GHVLJQ� DQG� RSHUDWLRQ�
FKDUDFWHULVWLFV�RI�WKH�EXLOGLQJ�DQG�+9$&�V\VWHP����
7KH� FRPSDULVRQ� RI� WKH� SUHGLFWHG� HQHUJ\� XVH� ZLWK�
PRQWKO\�XWLOLW\�ELOOV�LV�D�FRPPRQ�SUDFWLFH��.DSODQ�HW�
DO�� �������� %URQVRQ� �������� &ODUNH� HW� DO�� ��������
UHFRPPHQGHG�WKH�XVH�RI�KRXUO\�GDWD��LI�DYDLODEOH��IRU�
FDOLEUDWLRQ��+DEHUO�HW�DO�������D������E��DQG�%URQVRQ�
HW� DO�� ������� XVHG� ��'� JUDSKV� WR� FRPSDUH� WKH�
GLIIHUHQFHV� EHWZHHQ� PHDVXUHG� KRXUO\� GDWD� DQG�
SUHGLFWHG� UHVXOWV�� 5HGG\� ������� SURSRVHG� WKH�
PRGLILFDWLRQ� RI� LQSXW� YDULDEOHV� DV� WKH� UHVXOWV� RI� DQ�
RSWLPL]DWLRQ� PHWKRG� WKDW� PLQLPL]HV� WKH� GLIIHUHQFH�
EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG� LQGLFHV� RI�
SHUIRUPDQFH�� 5HGG\� �����D�� ����E�� SURSRVHG� D�

FDOLEUDWLRQ�PHWKRG� LQ� ZKLFK� D� SUHOLPLQDU\�PRGHO� LV�
GHYHORSHG�EDVHG�RQ�DYDLODEOH�GDWD�DQG�ZDON�WKURXJK�
DXGLWV� DQG� KHXULVWLFV�� ,QIOXHQWLDO� SDUDPHWHUV� DUH�
LGHQWLILHG��XVLQJ�KHXULVWLF�NQRZOHGJH�DQG�H[SHULHQFH��
DORQJ� ZLWK� WKHLU� SUHIHUUHG� YDOXHV� DQG� WKH� UDQJH� RI�
YDULDWLRQ��)LQDOO\��0RQWH�&DUOR��0&��VLPXODWLRQV�DUH�
SHUIRUPHG� DQG� D� VHW� RI� FDOLEUDWHG� PRGHOV� IRU� WKH�
EXLOGLQJ�DUH�REWDLQHG�� UDWKHU� WKDQ�D�VLQJOH�FDOLEUDWHG�
PRGHO��0RQIHW�HW�DO���������SUHVHQWHG�WKH�FDOLEUDWLRQ�
RI� DQ�(QHUJ\3OXV�PRGHO� RI� D� XQLYHUVLW\� EXLOGLQJ� E\�
FRPSDULQJ� WKH� VXSSO\� DLUIORZ� UDWH�� DQG� WKH� VXSSO\�
DQG� UHWXUQ� DLU� WHPSHUDWXUHV�� RYHU� WZR� SHULRGV� RI�
GLIIHUHQW� RSHUDWLQJ� FRQGLWLRQV�� /LX� HW� DO�� ��������
SURSRVHG� WKH� XVH� RI� FDOLEUDWLRQ� VLJQDWXUH� DQG�
FKDUDFWHULVWLF� VLJQDWXUH�� ZKLFK� DOORZ� IRU� EHWWHU�
XQGHUVWDQGLQJ�RI� WKH� UHDVRQV�RI�GLIIHUHQFHV�EHWZHHQ�
SUHGLFWLRQV� DQG� PHDVXUHPHQWV�� DQG� WKHQ� FRXOG�
VXJJHVW�WKH�LQSXWV�WR�EH�FKDQJHG��5DIHUW\�HW�DO���������
������ GHYHORSHG� DQ� HYLGHQFH�EDVHG� FDOLEUDWLRQ�
PHWKRGRORJ\� LQ� ZKLFK� D� FKDQJH� WR� LQSXW� GDWD� LV�
DOORZHG�RQO\� LI� WKHUH� LV�HYLGHQFH��DQG�DQ\�FKDQJH� LV�
DXWRPDWLFDOO\� UHJLVWHUHG� E\� D� YHUVLRQ� FRQWURO�
VRIWZDUH�� /DYLJQH� ������� SUHVHQWHG� DQ� DVVLVWHG�
FDOLEUDWLRQ�DSSURDFK��&RDNOH\�HW�DO���������SURSRVHG�
D� VWDWLVWLFDO� FDOLEUDWLRQ�PHWKRGRORJ\� WKDW� VWDUWV� ZLWK�
WKH� GHYHORSPHQW� RI� DQ� HYLGHQFH�EDVHG� PRGHO��
IROORZHG� E\� 0RQWH�&DUOR� VLPXODWLRQV� XVLQJ�
UDQGRPO\� VDPSOHG� PRGHO� LQSXWV�� DQG� XQFHUWDLQW\�
DQDO\VLV��6HYHUDO�FDOLEUDWHG�PRGHOV�DUH�REWDLQHG� WKDW�
VDWLVI\�WKH�FRQGLWLRQ�RI�PD[LPXP�GLIIHUHQFH�EHWZHHQ�
KRXUO\�SUHGLFWLRQV� DQG�PHDVXUHPHQWV��0LOOHWWH� HW� DO���
������� GLVFXVVHG� WKH� GHYHORSPHQW� RI� DVVLVWHG�
FDOLEUDWLRQ�WKDW�XVHV�PRQWKO\�XWLOLW\�ELOOV��HQJLQHHULQJ�
UXOHV� DQG� RSWLPL]DWLRQ� DOJRULWKPV�� 6KUHVWKD� DQG�
0D[ZHOO� ������� SUHVHQWHG� WKH� FDOLEUDWLRQ� RI� D�
(QHUJ\3OXV�EDVHG�PRGHO�RI�D�WHVW�IDFLOLW\��H[WHQVLYHO\�
LQVWUXPHQWHG�� E\� FRPSDULVRQ� EHWZHHQ� WKH�
PHDVXUHPHQWV�DQG�VLPXODWLRQ�UHVXOWV�DW�]RQH��V\VWHP��
DQG�SODQW�OHYHO��%HUWDJQROLR�HW�DO���������SUHVHQWHG�DQ�
HYLGHQFH�EDVHG� FDOLEUDWLRQ� RI� D� VLPSOLILHG� G\QDPLF�
KRXUO\� PRGHO� WKDW� XVHV� WHFKQLFDO� VSHFLILFDWLRQV��
PHDVXUHPHQWV�� DQG� VHQVLWLYLW\� DQG� XQFHUWDLQW\�
DQDO\VLV� WR� SUHGLFW� WKH� ZKROH� EXLOGLQJ� HQHUJ\� XVH��
0RQIHW�DQG�=PHXUHDQX��������XVHG�WKH�LGHQWLILFDWLRQ�
RI� SHUIRUPDQFH� YDOXHV�FXUYHV� RI� FKLOOHUV� IRU� WKH�
PRGHO�FDOLEUDWLRQ���
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,Q� FRQFOXVLRQ�� WKH� WULDO� DQG� HUURU� DSSURDFK� DQG� WKH�
RSWLPL]DWLRQ� DSSURDFK� FRXOG� OHDG� WR� PRGHOV� KDYLQJ�
DQ� DFFHSWDEOH� GLIIHUHQFH� EHWZHHQ� SUHGLFWLRQV� DQG�
PHDVXUHPHQWV�� 7KHVH� DSSURDFKHV� FRXOG� EH� XVHIXO�
ZKHQ� QR� VXIILFLHQW� UHOLDEOH� GDWD� LV� DYDLODEOH��
$OWKRXJK�DQ�H[SHULHQFHG�HQHUJ\�PRGHOHU�FDQ�SUHGLFW�
WKH� DQQXDO� RU� PRQWKO\� RYHUDOO� EXLOGLQJ� HQHUJ\� XVH�
ZLWKLQ�D�IHZ�SHUFHQWDJHV�RI�XWLOLW\�ELOOV��KH�VKH�PLJKW�
QRW�DFKLHYH�WKH�FDOLEUDWLRQ�RI�V\VWHPV�RU�FRPSRQHQWV��
7KH� DXWKRUV�SUHIHUUHG� WR� H[SORUH� WKH� HYLGHQFH�EDVHG�
FDOLEUDWLRQ� DSSURDFK�� DQG� SURSRVH� LQ� WKLV� SDSHU� D�
FDOLEUDWLRQ� VHTXHQFH� IRU� EXLOGLQJ� HQHUJ\� PRGHOV� RI�
H[LVWLQJ� LQVWLWXWLRQDO� EXLOGLQJV� XVLQJ� GDWD� DYDLODEOH�
IURP�WKH�(QHUJ\�0DQDJHPHQW�6\VWHPV��(06��� �7KH�
FKDQJHV�PDGH� WR� WKH� LQSXW� SDUDPHWHUV� DUH� EDVHG� RQ�
UHOLDEOH� GDWD�� � 2QFH� WKH� HYLGHQFH�EDVHG� FDOLEUDWHG�
PRGHO�LV�REWDLQHG��WKH�HQHUJ\�PRGHOHU�FRXOG�H[SORUH�
IXUWKHU� WKH� FDOLEUDWLRQ� ZLWK� WKH� VHQVLWLYLW\� DQG�
XQFHUWDLQW\�DQDO\VHV��

0(7+2'2/2*<�
,Q� JHQHUDO�� WKH� (06� LQVWDOOHG� LQ� FRPPHUFLDO� DQG�
LQVWLWXWLRQDO� EXLOGLQJV� DUH� QRW� GHVLJQHG� DQG�
LPSOHPHQWHG� IRU� UHVHDUFK� SXUSRVHV� WR� SURYLGH�
WKRXVDQGV�RI�PHDVXUHPHQW�SRLQWV��%XGJHW�FRQVWUDLQWV�
DQG�IDVW�DFFHVV� WR�UHFRUGHG�GDWD� OLPLW� WKH�QXPEHU�RI�
LQVWDOOHG� VHQVRUV� WR� WKH� PLQLPXP� UHTXLUHG� IRU� WKH�
FRQWURO� DQG� RSHUDWLRQ� RI� +9$&� V\VWHPV�� +RZHYHU��
GDWD� DOUHDG\� UHFRUGHG� E\�(06� FRXOG� SURYLGH� XVHIXO�
LQIRUPDWLRQ� IRU� WKH� FDOLEUDWLRQ� RI� EXLOGLQJ� HQHUJ\�
PRGHOV��6XFK�PHDVXUHPHQWV�DUH�DYDLODEOH�WR�XV�IURP�
WKH� (06� LQVWDOOHG� LQ� D� QHZ� XQLYHUVLW\� EXLOGLQJ�
WKURXJK�WKH�FROODERUDWLRQ�RI�WKH�XQLYHUVLW\¶V�SK\VLFDO�
SODQW��
7KH� JRDO� RI� RXU� VWXG\� LV� WR� GHYHORS� D� FDOLEUDWLRQ�
VHTXHQFH� IRU� D� EXLOGLQJ� HQHUJ\� PRGHO� RI� H[LVWLQJ�
FRPPHUFLDO� RU� LQVWLWXWLRQDO� EXLOGLQJV� XVLQJ� GDWD�
DYDLODEOH� IURP� (06�� ,Q� RXU� RSLQLRQ�� WKH� PRGHO�
FDOLEUDWLRQ� VKRXOG� QRW� EH� OLPLWHG� WR� UDQGRP� RU�
PDWKHPDWLFDOO\� GHULYHG� FKDQJHV� RI� LQSXWV� DQG�
SDUDPHWHUV�� :H� SURSRVH� WKH� XVH� RI� WKH� DVVLVWHG�
FDOLEUDWLRQ� DV� D� FRPELQDWLRQ� RI� GDWD� PLQLQJ� IURP�
(06� DQG� HYLGHQFH�EDVHG� FDOLEUDWLRQ�� :H� XVHG� WKH�
H4XHVW� HQHUJ\� DQDO\VLV� SURJUDP� �H4XHVW�� ������
EHFDXVH� RI� LWV� ODUJH� XVHUV¶� EDVH�� 1DWXUDO� 5HVRXUFHV�
&DQDGD� XVHG� H4XHVW� IRU� WKH� GHYHORSPHQW� RI� QHZ�
&$1�48(67� HQHUJ\� VLPXODWLRQ� VRIWZDUH� IRU� WKH�
FRPSOLDQFH�DQDO\VLV�ZLWK�WKH�0RGHO�1DWLRQDO�(QHUJ\�
&RGH� RI� &DQDGD� IRU� %XLOGLQJV� �01(&%� ������ DQG�
WKH�QHZ�1DWLRQDO�(QHUJ\�&RGH�IRU�%XLOGLQJV��1(&%�
��������
,QVWHDG� RI� OLPLWLQJ� WKH� FRPSDULVRQ� WR� WKH� DQQXDO� RU�
PRQWKO\� ZKROH� EXLOGLQJ� HQHUJ\� XVH�� WKH� FDOLEUDWLRQ�
SKDVHV� VKRXOG� FRUUHVSRQG� WR� WKH� PDLQ� EORFNV� RI�
EXLOGLQJ� GHWDLOHG� HQHUJ\� FDOFXODWLRQV�� /RDGV��
6HFRQGDU\� 6\VWHPV�� DQG� 3ULPDU\� 6\VWHPV�� 7KH�

SURSRVHG� ERWWRP�XS� DSSURDFK� KDV� WKH� IROORZLQJ�
VHTXHQFH���
D���� 6HOHFWLRQ�RI�PHDVXUHPHQW�SRLQWV�DYDLODEOH�LQ�WKH�
(06�DQG�WUDQVIHU�RI�GDWD�WR�WKH�XVHU¶V�GDWDEDVH��
E��� 9HULILFDWLRQ� RI� GDWD� TXDOLW\� DQG� WUHDWPHQW�
�UHPRYDO��FRUUHFWLRQ�RU�UHSODFHPHQW�RI�PLVVLQJ�GDWD��
RXWOLHUV��DEQRUPDO�RSHUDWLRQ���
F��� 'DWD� PLQLQJ� WR� H[WUDFW� WKH� YDOXHV� RI� RSHUDWLQJ�
YDULDEOHV� WKDW� ZRXOG� EHFRPH� LQSXWV� LQ� WKH� HQHUJ\�
DQDO\VLV�SURJUDP��RQO\�D�IHZ�H[DPSOHV�DUH�SUHVHQWHG�
KHUH���
� �� DYHUDJH��PD[LPXP�DQG�PLQLPXP�DLU��
� � WHPSHUDWXUHV�LQ�HDFK�WKHUPDO�]RQH�LQ�WHUPV�RI�
� � WLPH� WR� DVVHVV� WKH� WKHUPRVWDW� VHW� SRLQW� XQGHU�
� � UHJXODU� RSHUDWLRQ�� DQG� QLJKW� RU�ZHHN�HQG� VHW�
� � XS�RU�VHW�EDFN���
� �� PD[LPXP� VXSSO\� DLU� IORZ� UDWH� LQ� HDFK� URRP�
� � DQG� PLQLPXP� IORZ� UDWLR�� LQ� FDVH� RI� 9$9�
� � V\VWHP��
� �� GHULYHG� PHDVXUHG� VSDFH� FRROLQJ� ORDG� LQ� HDFK�
� � URRP� IURP� PHDVXUHPHQWV� RI� VXSSO\� DLU� IORZ�
� � UDWH��DQG�URRP�WR�VXSSO\�WHPSHUDWXUH��
� � GLIIHUHQFH���
� �� GHULYHG� HTXLYDOHQW� VFKHGXOH� RI� RSHUDWLRQ�
� � �OLJKWV��HTXLSPHQW��SHRSOH��LQ�HDFK�URRP��
� �� GHULYHG� VFKHGXOH� RI� RSHUDWLRQ� RI� DLU�KDQGOLQJ�
� � XQLW��$+8���
� �� PD[LPXP� VXSSO\� DLU� IORZ� UDWH� DQG�PLQLPXP�
� � IORZ�UDWLR�DW�$+8���
� �� FROG�GHFN� WHPSHUDWXUH� UHVHW� LQ� WHUPV� RI�
� � RXWGRRU�DLU�WHPSHUDWXUH��7RXWGRRU����
� �� UDWLR� EHWZHHQ� WKH� RXWGRRU� DLU� IORZ� UDWH� DQG�
� � VXSSO\�DLUIORZ�UDWH�YHUVXV�7RXWGRRU���
� �� VZLWFK�RYHU�WHPSHUDWXUH�RI�HFRQRPL]HU��DQG�
� �� VXSSO\�DLU�IORZ�UDWH�VLJQDWXUH�YHUVXV�7RXWGRRU���
� �� FRROLQJ�FRLO�ORDG�YHUVXV�7RXWGRRU��
G�� 'HYHORSPHQW� RI� WKH� LQLWLDO� EXLOGLQJ� PRGHO� XVLQJ�
GHVLJQ�VSHFLILFDWLRQV��GUDZLQJV��LQIRUPDWLRQ�IURP�WKH�
FRPPLVVLRQLQJ�DQG�RSHUDWLRQ�WHDPV��DQG�LQIRUPDWLRQ�
IURP�GDWD�PLQLQJ��$Q�HTXLYDOHQW�VWHS�FKDQJH�WKHUPDO�
ORDG� LV� GHILQHG� IRU� HDFK� ]RQH�� EDVHG� RQ� GHULYHG�
PHDVXUHG� VSDFH� FRROLQJ� ORDG� DQG� GHULYHG� VFKHGXOHV�
RI�RSHUDWLRQ��
H��&DOLEUDWLRQ�IRU�WKH�VXSSOLHG�DLUIORZ�UDWH�DQG�LQGRRU�
DLU�WHPSHUDWXUH��DV�WKH�PRVW�LPSRUWDQW�FULWHULD��DW�WKH�
]RQH�OHYHO�ZKHQ�WKH�PHDVXUHPHQWV�DUH�DYDLODEOH; LW�LV�
LPSRUWDQW� WKDW� WKH�YDULDWLRQ�ZLWK� WLPH�RI�SUHGLFWLRQV�
IROORZ�FORVHO\�WKH�PHDVXUHG�SURILOH���
I��&DOLEUDWLRQ�RI�WKH�DLU�KDQGOLQJ�XQLW��$+8��IRU�WKH�
VXSSO\�DLU�IORZ�UDWH�DQG�WHPSHUDWXUH��
J�� &DOLEUDWLRQ� DW� $+8� IRU� K\GURQLF� RU� ';� FRROLQJ�
FRLO��DQG�K\GURQLF�RU�HOHFWULF�KHDWLQJ�FRLO�ORDG��
K��&DOLEUDWLRQ� DW�$+8� IRU� WKH� HOHFWULF� LQSXW� WR� IDQV�
DQG�HQHUJ\�XVH���
J�� &DOLEUDWLRQ� DW� WKH� FKLOOHG�KRW� ZDWHU� ORRS� OHYHO��
LQFOXGLQJ�FKLOOHUV�ERLOHUV� IRU� WKH�ZDWHU� IORZ�UDWH�DQG�
HOHFWULF�LQSXW�DQG�HQHUJ\�XVH��DQG�
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K��:KROH�EXLOGLQJ�PRGHO�FDOLEUDWLRQ���
7KLV� SDSHU� GLVFXVVHV� RQO\� WKH� PRGHO� FDOLEUDWLRQ� RI�
DLU�VLGH�ORRS�RI�+9$&�V\VWHP��DW�WKH�]RQH�OHYHO�DQG�
$+8� OHYHO� �LWHPV� D� WR� I��� DSSOLHG� WR� D� FDVH� VWXG\�
EXLOGLQJ�� ,W� VKRZV� UHVXOWV�� OLPLWDWLRQV� DQG� QHHG� IRU�
DGGLWLRQDO� GHYHORSPHQWV�� 7KH� FDOLEUDWLRQ� IRU� HQHUJ\�
XVH�LV�EH\RQG�WKH�SXUSRVH�RI�WKLV�SDSHU��

&$6(�678'<�
7KH� EXLOGLQJ� RI� 5HVHDUFK� &HQWUH� IRU� 6WUXFWXUDO� DQG�
)XQFWLRQDO� *HQRPLFV� �*HQRPLFV� EXLOGLQJ�� RI�
&RQFRUGLD�8QLYHUVLW\��LQ�0RQWUHDO��ZDV�EXLOW�LQ������
ZLWK�D� WRWDO� IORRU�DUHD�RI������P���RYHU� WKUHH� IORRUV�
DERXW� JURXQG� DQG� D� EDVHPHQW�� 7KH� EXLOGLQJ� KDV� ���
RIILFHV��FRQIHUHQFH�URRPV�DQG�ODERUDWRULHV���

�
Figure 1 Research Centre for Structural and Functional 
Genomics of Concordia University 

7KH� PDLQ� +9$&� V\VWHP� LV� FRPSRVHG� RI� WZR�
9DULDEOH�$LU�9ROXPH��9$9��KDQGOLQJ�XQLWV�LQVWDOOHG�
LQ� SDUDOOHO�� ZLWK� WKH� WRWDO� VXSSOLHG� DLU� IORZ� UDWH� RI�
����� P��V�� DQG� WHUPLQDO� UHKHDW� ER[HV�� +HDW� LV�
UHFRYHUHG�IURP�WKH�HYDFXDWHG�DLU�DQG�WKHQ�LV�XVHG�WR�
SUHKHDW� WKH�DLU�EHIRUH� LW� HQWHUV� WKH�DLU� KDQGOLQJ�XQLW��
7KH� FKLOOHG� ZDWHU� LV� VXSSOLHG�� GHSHQGLQJ� RQ� WKH�
EXLOGLQJ� FRROLQJ� ORDG�� HLWKHU� IURP� WKH� FHQWUDO� SODQW�
WKDW� VHUYHV� WKH� FDPSXV�� RU� IURP� D� ���� WRQV� FKLOOHU�
LQVWDOOHG� LQ� *HQRPH� %XLOGLQJ�� RU� IURP� �[���� WRQV�
FKLOOHUV�LQVWDOOHG�LQ�D�QHLJKERU�EXLOGLQJ��

Measurements 
7KH� IROORZLQJ� YDULDEOHV�� UHFRUGHG� HYHU\� ���PLQXWHV�
E\�WKH�(06��IURP�-XQH��VW�WR�$XJXVW���WK�������ZHUH�
XVHG�� �L�� WKH� VXSSO\� DLUIORZ� UDWH� IRU� HDFK� URRP�� �LL��
WKH� LQGRRU� DLU� WHPSHUDWXUH� IURP�HDFK� URRP�� �LLL�� WKH�
VXSSO\� DQG� UHWXUQ� DLUIORZ� UDWHV� DW� $+8�� �LY�� WKH�
VXSSO\� DQG� UHWXUQ� DLU� WHPSHUDWXUHV� DQG� UHODWLYH�
KXPLGLW\� DW� $+8�� DQG� �Y�� WKH� RXWGRRU� DLU��

WHPSHUDWXUH� �72$�� DQG� UHODWLYH� KXPLGLW\� PHDVXUHG�
ZLWK�D�ZHDWKHU�VWDWLRQ�RQ�WKH�FDPSXV���
'DWD� ZDV� FRQYHUWHG� WR� KRXUO\� DQG� GDLO\� DYHUDJH�
YDOXHV��)LUVW��WKUHH�FRQVHFXWLYH�GD\V�ZLWK�WKH�KLJKHVW�
RXWGRRU� WHPSHUDWXUH� GXULQJ� HDFK� PRQWK� ZHUH�
VHOHFWHG�IRU�DQDO\VLV�DQG�FDOLEUDWLRQ��-XQH��WK�WR���WK��
-XO\� ��WK� WR� ��WK�� $XJXVW� ��WK� WR� ��WK�� � � 6HFRQG�� WKH�
FDOLEUDWLRQ� ZDV� H[WHQGHG� WR� WKH� WKUHH� PRQWKV� RI�
VXPPHU�� )LJXUH� �� VKRZV�� DV� DQ� H[DPSOH�� WKH� GDLO\�
DYHUDJH�VXSSO\�DLUIORZ�UDWH�VLJQDWXUH�RI�RQH�WKHUPDO�
]RQH� ����1(�� RI� WKH� JURXQG� OHYHO�� IDFLQJ� QRUWKHDVW��
'XULQJ� WKH� RFFXSDQF\� �WKH� XSSHU� VHW� RI� SRLQWV�� DQG�
WKH�XQRFFXSLHG�SHULRGV��WKH� ORZHU�VHW�RI�SRLQWV��� WKH�
VXSSO\� DLUIORZ� UDWH� LV� QRW� LQIOXHQFHG�E\� WKH�RXWGRRU�
DLU�WHPSHUDWXUH���

�
Figure 2 Daily average measured supply airflow signature 
of thermal zone 1.6NE 

Development of the eQuest input file  
7R� IDFLOLWDWH� WKH� GHYHORSPHQW� DQG� WR� ILQG� TXLFNO\�
HUURUV� LQ� WKH� LQSXW� ILOH�� WKH� ILUVW� ILOH� ZDV� GHYHORSHG�
XVLQJ� WKH� VLPSOLILHG�ZL]DUG�� DQG� EDVHG� RQ� WHFKQLFDO�
VSHFLILFDWLRQV�� GUDZLQJV�� PHDVXUHPHQWV� IURP� WKH�
(06�� DQG� VSHFLILFDWLRQV� IURP� WKH� $6+5$(�
VWDQGDUGV������DQG������DQG�01(&%���
)LIWHHQ� WKHUPDO� ]RQHV� ZHUH� GHILQHG� E\� JURXSLQJ�
URRPV� RI� VLPLODU� RULHQWDWLRQV� DQG� SDWWHUQV� RI�
RFFXSDQF\��DQG�XVLQJ� LQIRUPDWLRQ�IURP�DUFKLWHFWXUDO�
GUDZLQJV� WR� GHILQH� WKH� ZDOOV�� IORRUV�� URRIV� DQG�
LQWHULRU�SDUWLWLRQV���
7KH� H4XHVW� SURJUDP� RIIHUV� WKH� RSWLRQ� WR� H[SRUW� WKH�
KRXUO\� YDOXHV� RI�PRUH� WKDQ� ���� YDULDEOHV��:H� XVHG�
WKLV� RSWLRQ� DQG� H[SRUWHG� WKH� KRXUO\� YDOXHV� RI� VRPH�
YDULDEOHV� IRU� WKH� FRPSDULVRQ� ZLWK� PHDVXUHPHQWV��
$IWHU� FRUUHFWLQJ� HUURUV� LQ� WKH� LQSXW� ILOH�� ZH� UHDOL]HG�
WKDW� WKH� VLPSOLILHG� ZL]DUG� FDQQRW� KDQGOH� WKH�
FRPSOH[LW\� RI� DQ� +9$&� V\VWHP�� DQG� ZH� FRQYHUWHG�
WKH� ILOH� WR� WKH� GHWDLOHG�ZL]DUG� IRU� WKH� UHVW� RI� VWXG\��
$Q\�FKDQJHV�GRQH�LQ�WKH�GHWDLOHG�PRGH�ZRXOG�EH�ORVW�
LI�WKH�XVHU�GHFLGHV�WR�UHWXUQ�WR�WKH�VLPSOLILHG�PRGH��
7KH�FKDQJHV�PDGH�WR�WKH�LQSXW�SDUDPHWHUV�DUH�EDVHG�
RQ� WKH� DQDO\VLV� RI� DYDLODEOH� PHDVXUHPHQWV�� VXSSO\�
DLUIORZ� UDWH�� VXSSO\� DLU� WHPSHUDWXUH�� URRP� DLU�
WHPSHUDWXUH�DQG�GHULYHG�FRROLQJ�ORDG��7KLV�LV�QRW�DQ�
XQFHUWDLQW\� DQDO\VLV�� 6RPH� H[DPSOHV� RI� HYLGHQFH��
EDVHG�FKDQJHV�DUH�SUHVHQWHG�EHORZ���

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 1788 -



D� 7KH� LQLWLDO� LQIRUPDWLRQ� LQGLFDWHG� WKDW� WKH�
WKHUPRVWDW�VHW�SRLQW�ZDV�FRQVWDQW�DW������&�LQ�DOO�
URRPV� WKURXJKRXW� WKH� HQWLUH� SHULRG�� +RZHYHU��
WKH� PHDVXUHPHQWV� UHYHDOHG� WKDW� WKH� LQGRRU� DLU�
WHPSHUDWXUH� YDULHG� IURP� RQH� URRP� WR� DQRWKHU��
DQG� WKH� WKHUPRVWDW� VHW� SRLQW� ZDV� LQFUHDVHG�
GXULQJ�ZHHNHQGV��7DEOH��� VKRZV� IRU� IRXU�]RQHV�
WKH�PHDVXUHG�DYHUDJH�]RQH�DLU� WHPSHUDWXUH��7KH�
FKDQJH�WR�WKH�WKHUPRVWDW�VHWWLQJ�KDG�D�VLJQLILFDQW�
LPSDFW�RQ�WKH�FDOFXODWLRQ�RI�VXSSO\�DLUIORZ�UDWH��
E\�UHGXFLQJ�RU�HOLPLQDWLQJ� WKH�SUHGLFWHG�DLUIORZ�
UDWHV� LQ� ZHHNHQGV� �)LJXUHV� �� DQG� �� IRU� ]RQH�
���1(��DQG�)LJXUHV���DQG���IRU����6:����

 
Table 1  

Measured daily average zone air temperature 

ZONE 
MEASURED AIR 

TEMPERATURE [°C] 
2FFXSLHG� 8QRFFXSLHG�

����6:� ����� �����
����1(� ����� �����
���1(� ����� �����
����6(� ����� �����

�

�
Figure 3 Measured vs. predicted hourly supply airflow rate 
in zone 1.6NE over three days in June 2012, with constant 
set point temperature of 23.9°C 

 

Figure 4 Measured vs. predicted hourly supply airflow rate 
in zone 1.6NE over three days in June 2012, with 
thermostat setup during unoccupied hours (26.1°C) 

E� ,Q� D� EXLOGLQJ� ZLWK� RIILFHV� DQG� ODERUDWRULHV� IRU�
UHVHDUFK�� WKHUH� DUH� UDQGRP� KRXUO\� DQG� GDLO\�
VFKHGXOHV� RI� XWLOL]DWLRQ�� ZKLFK� LV� DOPRVW�
LPSRVVLEOH� WR� LPSOHPHQW� DV� D� UHJXODU� SDWWHUQ� RI�
XVDJH�� +HQFH�� ZH� GHILQHG� IRU� HDFK� URRP� DQ�
HTXLYDOHQW�UHFWDQJXODU�VKDSH�GDLO\�VFKHGXOH��7KH�

PD[LPXP�DQG�PLQLPXP�YDOXHV�RI�LQWHUQDO�ORDGV�
IURP� OLJKWV� ZHUH� LQLWLDOO\� GHILQHG� EDVHG� RQ�
LQVWDOOHG� OXPLQDLUHV� GDWD�� DYDLODEOH� LQ� WKH�
DUFKLWHFWXUDO� SODQV�� DQG� FRUUHFWHG� EDVHG� RQ�
PHDVXUHG� ORDGV� GXULQJ� WKH� GD\� DQG� DW� QLJKW��
UHVSHFWLYHO\���

�

�
Figure 5 Measured vs. predicted hourly supply airflow rate 
in zone 1.4SW over three days in June 2012, with constant 
set point temperature of 24.7oC 

�
Figure 6 Measured vs. predicted hourly supply airflow rate 
in zone 1.4SW over three days in June 2012, with 
thermostat setup during unoccupied hours (30.8°C) 

F� 7KH� FDOLEUDWLRQ� LPSURYHG� ZKHQ� ZH� XVHG�
GLIIHUHQW� VFKHGXOHV� �H�J��� OLJKWV�� WKHUPRVWDW�
VHWWLQJ��IRU�HDFK�WKHUPDO�]RQH���

G� 7KH� GHVLJQ� VSHFLILFDWLRQV� LQGLFDWHG� WKDW� GXULQJ�
WKH� GD\� WKH� VXSSO\� DLUIORZ� UDWH� VKRXOG�
FRUUHVSRQG� WR� ��� DLU� FKDQJHV� SHU� KRXU� �$&+��
GXULQJ� RFFXSLHG� KRXUV�� ZKLOH� IRU� XQRFFXSLHG�
KRXUV�GXULQJ�WKH�GD\�LW�LV�OLPLWHG�WR���$&+��DQG�
IRU� XQRFFXSLHG� KRXUV� GXULQJ� WKH� QLJKW�� WKH�
PD[LPXP� DOORZHG� DLUIORZ� UDWH� LV� �� $&+�� :H�
SUHIHUUHG� WR� LQSXW� WKH� PD[LPXP� VXSSO\� DLUIORZ�
UDWH� DV� PHDVXUHG� RQ� HDFK� WKHUPDO� ]RQH� �DV� WKH�
DYHUDJH�RI�DOO� URRPV� LQ� WKH�]RQH�� LQVWHDG�RI� WKH�
GHVLJQ�$&+��7DEOH��� VKRZV� IRU� WKUHH�]RQHV� WKH�
PD[LPXP� DQG� PLQLPXP� PHDVXUHG� VXSSO\�
DLUIORZ�UDWH��FRPSDUHG�ZLWK�WKH�GHVLJQ�YDOXHV��

H� $QDO\VLV� RI� PHDVXUHPHQWV� UHYHDOHG� WKDW� WKH�
V\VWHP�GRHV� QRW� RSHUDWH� DV� LQLWLDOO\� VSHFLILHG� DW�
���� PLQLPXP� VXSSO\� DLUIORZ�� ZKHQ� FRROLQJ�
ORDGV�DUH�VPDOO��7KHUHIRUH��IRU�HDFK�]RQH�DQG�DLU�
KDQGOLQJ�XQLW��ZH�H[WUDFWHG�WKH�PLQLPXP�DLUIORZ�
IRU� WKH� VXPPHU� SHULRG�� DQG� LQSXW� WKH�PLQLPXP�
IORZ�UDWLR��DV�UHTXHVWHG�E\�H4XHVW��7DEOH�����
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�
Table 2  

Measured vs design daily average airflow rate 

ZONE 

MEASURED 
AIRFLOW 

RATE [m3/s] 

DESIGN 
AIRFLOW RATE 

[m3/s] 
2FF�� 8QRFF�� ���$&+� ��$&+�

���6:� ����� ����� ����� �����
���1(� ����� ����� ����� �����
���6(� ����� ����� ����� �����

�
I� 6LQFH� DW� WKH� EHJLQQLQJ� RI� 6HSWHPEHU� ������ WKH�

DFWXDO� ZHDWKHU� GDWD� ILOH� ZDV� QRW� DYDLODEOH� �DQ\�
HQHUJ\� PRGHOOHU� FRXOG� IDFH� WKLV� VLWXDWLRQ��� ZH�
XVHG� LQLWLDOO\� WKH� &:(&� ZHDWKHU� ILOH� IRU�
0RQWUHDO�� DYDLODEOH� ZLWK� WKH� SURJUDP�� (DUO\�
-DQXDU\� ������ ZH� REWDLQHG� WKH� 0RQWUHDO� �����
ZHDWKHU� ILOH� IURP� :HDWKHU� $QDO\WLFV� ��������
EDVHG�RQ�PHDVXUHPHQWV�DW�0RQWUHDO�,QWHUQDWLRQDO�
$LUSRUW�� 7KH� RXWGRRU� DLU� WHPSHUDWXUH� PHDVXUHG�
RQ� WKH� FDPSXV� GXULQJ� WKH� VXPPHU� RI� �����ZDV�
RQ� WKH� DYHUDJH� KLJKHU� E\� ���R&� WKDQ� WKH� YDOXH�
IURP�WKH�&:(&�ZHDWKHU�ILOH��WKH�GLIIHUHQFH�ZDV�
UHGXFHG� WR� ����&� ZKHQ� WKH� 0RQWUHDO� ����� ILOH�
ZDV� XVHG�� )LJXUH� �� VKRZV� WKH� DLUIORZ� UDWH� IRU�
WKUHH� GD\V� LQ� -XO\� ����� IRU� ]RQH� ���6:�� DV�
SUHGLFWHG� ZLWK� &:(&� ILOH� DQG� 0RQWUHDO� �����
ZHDWKHU� ILOH�� UHVSHFWLYHO\�� )RU� WKLV� SDUWLFXODU�
]RQH��WKH�DYHUDJH�DLUIORZ�UDWH�LV������P��V��ZKHQ�
&:(&� ILOH� LV� XVHG�� DQG� ����� P��V� ZKHQ�
0RQWUHDO������ ILOH� LV�XVHG��7KH�PHDQ�PHDVXUHG�
DLUIORZ�UDWH�IRU�WKHVH�WKUHH�GD\V�LV������P��V��7KH�
XVH� RI� 0RQWUHDO� ����� ZHDWKHU� ILOH� UHGXFHG� WKH�
SHDN� VXSSO\� DLUIORZ� UDWH� ����� P��V� FRPSDUHG�
ZLWK�WKH�UHVXOW�IURP�&:(&�ILOH��
�

�
Figure 7 Measured vs. predicted airflow rate for zone 
1.4SW with CWEC and Montreal 2012 weather files, for 
three days in July 2012.  

J� 7KH� H[WHULRU� VKDGLQJ� IURP� QHDUE\� EXLOGLQJV�
UHGXFHG� WKH� FRROLQJ� ORDG�RI�]RQHV�RI�1RUWK�DQG�
1RUWKHDVW� RULHQWDWLRQV��7KH� VLGH� ILQV� �)LJXUH�����
ZKLFK� DUH� SODFHG� RQ� DOO� WKH� ZLQGRZV� UHGXFHG�
DOVR� WKH� VRODU� KHDW� JDLQV� IRU� DOO� RULHQWDWLRQV��
)LJXUH� �� VKRZV� WKH� GLIIHUHQFH� RI� DLUIORZ� UDWHV���

ZLWKRXW� DQG� ZLWK� VLGH� ILQV� IURP� D� SUHOLPLQDU\�
VLPXODWLRQ�UXQ��

K� %OLQGV�DUH�XVHG� WKURXJKRXW� WKH�EXLOGLQJ�DQG�DUH�
FRQWUROOHG�PDQXDOO\�DQG�LQ�D�UDQGRP�IDVKLRQ�WKDW�
FDQQRW� EH� PRQLWRUHG�� WKHUHIRUH� WKH� EOLQGV� ZHUH�
DVVXPHG�WR�EH�IL[HG�LQ�D�FHUWDLQ�SRVLWLRQ���

�

�
Figure 8 Measured vs. predicted airflow rates for zone 
1.6NE, without and with fins and building shades, for three 
days in July 2012. 

L� :KHQ�PDNLQJ� FKDQJHV� WR� WKH� LQSXW� SDUDPHWHUV��
ZH� IROORZHG� 5DIIHUW\¶V� ������� VXJJHVWLRQ� WR�
KDYH� D� KLHUDUFK\� RI� VRXUFHV� RI� LQIRUPDWLRQ��
JLYLQJ� WKH�KLJKHVW�FRQILGHQFH� WR�FRQWLQXRXV�DQG�
VKRUW�WHUP� PHDVXUHPHQWV�� IROORZHG� E\� GLUHFW�
REVHUYDWLRQV�� LQIRUPDWLRQ� IURP� WKH� EXLOGLQJ�
RSHUDWLRQ� DQG� FRPPLVVLRQLQJ� WHDP�� WHFKQLFDO�
VSHFLILFDWLRQV� DQG� GUDZLQJV�� DQG� ILQDOO\�
VWDQGDUGV�DQG�E\�ODZV��

Results of model calibration at zone level 
7KH� H4XHVW� SURJUDP� SUHGLFWHG� WKH� KRXUO\� FRROLQJ�
ORDG� DQG� LQGRRU� DLU� WHPSHUDWXUH� IRU� HDFK� WKHUPDO�
]RQH�� 7KH� KRXUO\� YDOXHV� RI� VXSSO\� DLU� IORZ� UDWH� RI�
9$9� V\VWHPV�� DOWKRXJK� DUH� FDOFXODWHG� LQWHUQDOO\� E\�
WKH� SURJUDP�� DUH� QRW� H[SRUWHG� WKURXJK� WKH� KRXUO\�
UHSRUW��+HQFH��WKLV�YDULDEOH�ZDV�FDOFXODWHG�VHSDUDWHO\��
7KH� VXSSO\� DLU� WHPSHUDWXUH� IRU� HDFK� URRP� ZDV�
DVVXPHG� WR� EH� HTXDO� WR� WKH� DLU� WHPSHUDWXUH� OHDYLQJ�
DIWHU�VXSSO\�IDQV���
2Q� WKH� RWKHU� KDQG�� RQO\� WKH� VXSSO\� DLUIORZ� UDWH� IRU�
HDFK� URRP� DQG� LQGRRU� DLU� WHPSHUDWXUH� ZHUH�
PHDVXUHG�� +HQFH�� WKH� FRROLQJ� ORDG� ZDV� FDOFXODWHG�
IURP�WKRVH�PHDVXUHPHQWV��XVLQJ�WKH�VDPH�DVVXPSWLRQ�
WKDW� WKH� VXSSO\� DLU� WHPSHUDWXUH� LV� HTXDO� WR� WKH� DLU�
WHPSHUDWXUH� DIWHU� VXSSO\� IDQV�� 7KH� ]RQH�DYHUDJHG�
PHDVXUHG� KRXUO\� YDOXHV� ZHUH� FRPSDUHG� ZLWK� WKH�
FRUUHVSRQGLQJ� SUHGLFWHG� ]RQH� KRXUO\� YDOXHV�� 7KH�
UHVXOWV�VKRZ�JRRG�DJUHHPHQW�EHWZHHQ�PHDVXUHG�DQG�
SUHGLFWHG�FRROLQJ�ORDG�DQG�VXSSO\�DLUIORZ�UDWH���
7KH�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH��L������IRU�URRP�
DQG�$+8�VXSSO\�DQG�UHWXUQ�DLUIORZ�PHWHUV��LL������&�
IRU�GXFW�WHPSHUDWXUH�VHQVRU��DQG�LLL��������&�IRU�URRP�
WHPSHUDWXUH� VHQVRU�� 7KH� XQFHUWDLQW\� RI� FRROLQJ� ORDG�
EDVHG� RQ� PHDVXUHG� VXSSO\� DLUIORZ� UDWH� DQG�
WHPSHUDWXUH�GLIIHUHQFH�ZDV�HVWLPDWHG�DW���������
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7KH�FDOLEUDWLRQ�ZDV�SHUIRUPHG�IRU�DOO�WKHUPDO�]RQHV��
IRU�WKH�VHOHFWHG�WKUHH�GD\V�DQG�IRU�WKH�ZKROH�FRROLQJ�
VHDVRQ�� $V� H[DPSOHV�� )LJXUHV� �� DQG� ��� VKRZ� WKH�
FRPSDULVRQ� IRU� ]RQH� ���1(� �IRU� ERWK� FRROLQJ� ORDG�
DQG� VXSSO\� DLUIORZ� UDWH��� RYHU� WKUHH� GD\V� LQ� -XO\��
ZKLOH� )LJXUHV� ��� DQG� ��� VKRZ� WKH� FRPSDULVRQ� IRU�
]RQH� ���6(�� )LJXUH� ��� VKRZV� WKH� FDOLEUDWLRQ� UHVXOWV�
IRU�WKH�VXPPHU�SHULRG�IRU�]RQH����1(��
�

�
Figure 9 Measured vs. predicted hourly cooling load of 
thermal zone 3.1NE over three days in July, 2012 

�

�
Figure 10 Measured vs. predicted hourly supply airflow 
rate in zone 3.1NE over three days in July, 2012 

�
Figure 11 Measured vs. predicted hourly cooling load of 
zone 3.5SE over three days in July, 2012�

)LJXUHV� ��� DQG� ��� VKRZ� WKH� GDLO\� DYHUDJH� VXSSO\�
DLUIORZ� VLJQDWXUH� RI� WZR� ]RQHV� YV�� GDLO\� DYHUDJH�
RXWGRRU� DLU� WHPSHUDWXUH�� IRU� WKH� ZKROH� FRROLQJ�
VHDVRQ�� 7KH� RXWGRRU� DLU� WHPSHUDWXUH� KDV� D� PLQRU�
LPSDFW� RQ� WKH� ORDG� DQG� DLUIORZ� UDWH� LQ� ERWK� ]RQHV��
7KH� KRXUO\� SUHGLFWHG� UHVXOWV� DUH� LQ� JRRG� DJUHHPHQW�
ZLWK��PHDVXUHPHQWV��DV�WKH�&9�GRHV�QRW�H[FHHG�������

�

�
Figure 12 Measured vs. predicted hourly supply airflow 
rate in zone 3.5SE over three days in July, 2012 

�
Figure 13 Supply airflow rate of zone 3.1NE vs. outdoor 
air temperature for the cooling season 

�
Figure 14 Supply airflow rate of zone 2.5SE vs. outdoor air 
temperature for the cooling season 

Results of model calibration at AHU level 
7KH� PHDVXUHG� GDLO\� DYHUDJH� VXSSO\� DLUIORZ� UDWH� DW�
$+8� ZDV� ������ P��V� FRPSDUHG� ZLWK� WKH� SUHGLFWHG�
YDOXH�RI�������P��V� �7DEOH�����ZKLOH� WKH� VXPPDWLRQ�
RI� DLUIORZ� UDWHV� PHDVXUHG� RQ� WKH� IORRUV� �� WR� �� ZDV�
�����P��V� �FRPSDUHG�ZLWK� ������P��V��� 7KH� DYHUDJH�
GLIIHUHQFH� EHWZHHQ� SUHGLFWHG� DQG� PHDVXUHG� VXSSO\�
DLUIORZ� UDWH� LV� ������� 7KH� GLIIHUHQFH� EHWZHHQ� WKH�
PHDVXUHG�VXSSO\�DLUIORZ�UDWH�LQ�WKH�DLU�KDQGOLQJ�XQLW�
DQG�WKH�VXPPDWLRQ�RI�WKH�DLUIORZV�WR�DOO�WKH�]RQHV�LV�
HTXDO� WR� WKH� DLUIORZ� UDWH� VXSSOLHG� WR� WKH� EDVHPHQW��
DQG�OHDNV�LQ�DLU�GXFWV���
7KH� SUHGLFWHG� DQG� PHDVXUHG� GDLO\� DYHUDJH� VXSSO\�
DLUIORZ� VLJQDWXUH� YV�� GDLO\� DYHUDJH� RXWGRRU� DLU�
WHPSHUDWXUH�FRPSDUH�ZHOO�RYHU�WKH�FRPSOHWH�FRROLQJ�
VHDVRQ� �)LJXUH� ����� 7KH� XSSHU� VHW� RI� SRLQWV�
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FRUUHVSRQGV�WR�WKH�RFFXSLHG�SHULRGV��ZKLOH�WKH�ORZHU�
VHW�RI�SRLQWV�FRUUHVSRQGV�WR�WKH�XQRFFXSLHG�SHULRGV��
�

Table 3 
Supply airflow rate at air handling unit vs. summation of 

supply airflow rates of zones-measurements vs. predictions 

� MEASURED 
AIRFLOW 

[m3/s] 

PREDICTED 
AIRFLOW [m3/s] 

6XP�RI�
]RQHV� $+8� 6XP�RI�

]RQHV� $+8�

$YHUDJH� ����� ������ ������ ������
560(�$+8�>P��V@� �����
&9�$+8�>�@� ���

7KH� SUHGLFWHG� DQG� PHDVXUHG� GDLO\� DYHUDJH� VXSSO\�
DLUIORZ� VLJQDWXUH� YV�� GDLO\� DYHUDJH� RXWGRRU� DLU�
WHPSHUDWXUH�FRPSDUH�ZHOO�RYHU�WKH�FRPSOHWH�FRROLQJ�
VHDVRQ� �)LJXUH� ����� 7KH� XSSHU� VHW� RI� SRLQWV�
FRUUHVSRQGV�WR�WKH�RFFXSLHG�SHULRGV��ZKLOH�WKH�ORZHU�
VHW�RI�SRLQWV�FRUUHVSRQGV�WR�WKH�XQRFFXSLHG�SHULRGV��
�

�
Figure 15 Measured vs. predicted daily average supply 
airflow rate from the AHU vs. outdoor air temperature  

7KH�FRPSDULVRQ�RI�PHDVXUHG�DQG�SUHGLFWHG�VXSSO\�DLU�
WHPSHUDWXUH� LV� QRW� VWUDLJKWIRUZDUG�� 7KH� VXSSO\� DLU�
WHPSHUDWXUH��76��OHDYLQJ�WKH�IDQ�LV�PHDVXUHG��2Q�WKH�
RWKHU� KDQG�� WKH� SURJUDP� FDOFXODWHV� WKH� FROG� GHFN�
WHPSHUDWXUH� � �L�H��� WKH� DLU� WHPSHUDWXUH� OHDYLQJ� WKH�
FRROLQJ� FRLO�� XVLQJ� D� UHVHW� LQ� WHUPV� RI� RXWGRRU� DLU�
WHPSHUDWXUH� �WKH� GHIDXOW� LV� D� FRQVWDQW� 7&'��� 7KH�
LQFUHDVH�RI�WHPSHUDWXUH��ZKHQ�WKH�DLU�SDVVHV�WKURXJK�
WKH� IDQ�� LV� VHW� E\� WKH� SURJUDP� DW� �����&� IRU� 9$9�
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Figure 16 Daily average supply air temperature signature 
of AHU vs. daily average outdoor air temperature 
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Figure 17 Measured vs predicted airflow rate for zone 3.1 NE for the summer period 
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