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7RSLF��/LIH�&\FOH�0DQDJHPHQW��3URMHFW�FRQVWUXFWLRQ�DQG�LQWHJUDWHG�V\VWHP�PDQDJHPHQW 
�
� �
$EVWUDFW�
�
7KLV� UHVHDUFK� ZLOO� VSRW� PDLQ� IHDWXUHV� RI� VHUYLWL]DWLRQ� LQ� UHDO� HVWDWH�� SODFLQJ� PDLQ�
HPSKDVLV� WR� FXUUHQW� DQG� IXWXUH� GHYHORSPHQW� RI� WKH� WUHQG�� ,Q� PDQXIDFWXULQJ� WKH�
VHUYLWL]DWLRQ� SURFHVV� KDV� DOUHDG\�EHHQ� VWXGLHG� VLQFH� WKH� ODWH� ����¶V��ZKHUHDV� LQ� UHDO�
HVWDWH� LV� D� SKHQRPHQRQ� QRW� EHHQ� FOHDUO\� GHILQHG� \HW�� 'HVSLWH� EHLQJ� D� PDUNHW�
FKDUDFWHULVHG�E\�ORZ�VSHHG�LQQRYDWLRQ��FXUUHQWO\�VRPH�FKDQJLQJV�LQ�PDQDJHPHQW�RI�WKH�
EXLOW�HQYLURQPHQW�FDQ�EH�QRWLFHG��ZLWK�QHZ�EXVLQHVV�PRGHOV�DQG�ILQDQFLQJ�VWUXFWXUHV��D�
VKLIWLQJ� IURP� D� SURGXFW�RULHQWHG� PDUNHW� WR� D� VHUYLFH�RULHQWHG� RQH� FDQ� EH� VSRWWHG��
7KHUHIRUH�� WKURXJK� WKLV� UHVHDUFK� ZLOO� EH� LQYHVWLJDWHG� WKH� VHUYLWL]DWLRQ� SURFHVV�� ZLWK�
UHJDUG� WR� PDLQWHQDQFH� PDQDJHPHQW�� QR� ORQJHU� FRQFHLYHG� DV� DQ� RSWLRQDO� QRQ�FRUH�
DFWLYLW\�� DIWHU� WKH� WUDQVDFWLRQ�RI� WKH�DVVHW�� EXW� DV�SDUW�RI� WKH� VHUYLFHV� LQFOXGHG� LQ� WKH�
SXUFKDVLQJ�RI�WKH�EXLOGLQJ�DQG�LWV�IDFLOLWLHV��$FFRUGLQJO\��WKH�EXLOGLQJ�LV�FRQFHLYHG�PRUH�
DQG�PRUH� DV� D� FRPSOH[� WDQJLEOH� DQG� LQWDQJLEOH� HQWLW\�� QRW� RQO\� FKDUDFWHULVHG� E\� LWV�
SURGXFWLRQ�DQG�ORFDWLRQ�YDOXH��EXW�DOVR�E\�LWV�FDSDELOLW\�WR�RIIHU�D�ZLGH�DUUD\�RI�VHUYLFHV�
WR�XVHUV��7KXV��DIWHU�D�SKDVH�IHDWXUHG�E\� WKH�ZLOOLQJQHVV� WR�DFTXLUH� OHJLWLPDF\� LQ� WKH�
EXLOGLQJ�SURFHVV�E\�WKH�PDLQWHQDQFH�RSHUDWRUV��ZH�DUH�ZLWQHVVLQJ�WR�WKH�PDLQWHQDQFH�
SDUDGR[��WKH�VHUYLWL]DWLRQ�RI�EXVLQHVV�PRGHO�LQ�UHDO�HVWDWH��OHDGLQJ�WR�SHUIRUPLQJ�³WKH�
PDLQWHQDQFH�ZLWKRXW�PDLQWHQDQFH´��7KH�SDSHU�FRQFOXGHV�ZLWK�VRPH�FRQVLGHUDWLRQV�RQ�
IXWXUH�GHYHORSPHQW�RI�WKH�UHVHDUFK�DQG�WUHQGV�LQ�WKH�UHDO�HVWDWH�PDUNHW��
� �
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���,QWURGXFWLRQ�
,Q�WKH�FRQWHPSRUDU\�KLVWRULFDO�SHULRG��ZH�DUH�DVVLVWLQJ�WR�D�VKLIWLQJ�RI�WKH�DWWHQWLRQ��IRUP�
WKH�WUDGLWLRQDO�PHDQLQJ�JLYHQ�WR�WKH�EXLOGLQJ��FRQFHLYHG�DV�WDQJLEOH�JRRG�H[SORLWHG�DV�
PHDQ�IRU�WKH�DFKLHYHPHQW�RI�D�SULPDU\�REMHFWLYH��WR�WKH�LQWHJUDWLRQ�SK\VLFDO�DVVHWV�LQ�
VHUYLFHV�GHOLYHUHG�WR�WKH�FOLHQW��DVNLQJ�IRU�D�KLJK�TXDOLW\�ZRUN�HQYLURQPHQW��7KLV�ZD\�
RI�WKLQNLQJ�DERXW�WKH�UHDO�HVWDWH��EULQJV�WDQJLEOH�DQG�LQWDQJLEOH�JRRGV�DQG�VHUYLFHV�DV�D�
ZKROH��,Q�PDQXIDFWXULQJ�� WKH�WUHQG�LV�JHQHUDOO\�GHILQHG�DV�VHUYLWL]DWLRQ��/XRWR�et al.��
�������LQWHQGHG�DV�D�VWUDWHJ\�IRU�LPSURYHPHQW�FRPSDQLHV¶�FRPSHWLWLYHQHVV�WKURXJK�WKH�
LQFOXVLRQ� LQ� WKH� VHOOLQJ� RI� D� SURGXFW� DQ� DUUD\� RI� UHODWHG� VHUYLFHV� WR� WKH� FOLHQW�� WR� EH�
DFWLYDWHG�DOVR�DIWHU�WKH�WUDQVDFWLRQ�SKDVH��9DQGHUPHUZH�et al.���������*ODQFLQJ�DW�WKH�
UHDO�HVWDWH��WKLV�LV�D�WUHQG�VSUHDGLQJ�HVSHFLDOO\�LQ�FRUSRUDWH�ZRUOG��ZKHUH�WKH�GHPDQG�IRU�
HIILFLHQW� DQG� LQWHJUDWHG� VSDFHV� LV� PRUH� DQG� PRUH� D� NH\� HQDEOHU� IRU� VXFFHVV� DQG�
FRPSHWLWLYHQHVV���
7KH� VKLIWLQJ� RI� DWWHQWLRQ� LV� WULJJHUHG� E\� PDQ\� IDFWRUV� IHDWXULQJ� WKH� FRQWHPSRUDU\�
HFRQRP\�DQG�VRFLHW\��FKDUDFWHULVHG�E\�WKH�DGYHQW�WKH�GLJLWDO�HQYLURQPHQW��WKH�YLUWXDO�
DQG�DXJPHQWHG�VSDFH�RI�ZRUN�DQG�OLIH��,Q�$UFKLWHFWXUH�(QJLQHHULQJ�&RQVWUXFWLRQ�DQG�
2SHUDWLRQV��$(&2���WKLV�WUHQG�LV�HQKDQFHG�WKURXJK�WKH�PRUH�DQG�PRUH�IUHTXHQW�XVH�RI�
,QIRUPDWLRQ� 7HFKQRORJ\� �,7�� WRROV�� VKDSLQJ� WKH� ILJXUH� RI� WKH� DUFKLWHFW� DQG� RI� WKH�
HQJLQHHU�RI�WKH�IXWXUH��:H�DUH�QRW�RQO\�UHIHUULQJ�WR�WKH�%XLOGLQJ�,QIRUPDWLRQ�0RGHOOLQJ�
�%,0��� ZKLFK� DOORZV� D� PRUH� SUHFLVH� DQG� FRPSOH[� UHSUHVHQWDWLRQ� RI� SK\VLFDO� DQG�
VHPDQWLF�LQIRUPDWLRQ�RI�EXLOGLQJV��IXUWKHULQJ�LQWHURSHUDELOLW\�DQG�FROODERUDWLRQ�DPRQJ�
SURIHVVLRQDOV�GXULQJ�WKH�ZKROH�OLIH�F\FOH�RI�DVVHW��(DVWPDQ�et al.��������0LJQDUG�et al.��
������ 3lUQ� et al.�� ������� 6LQFH� PDQDJHPHQW� RI� EXLOGLQJ� DQG� LWV� VXUURXQGLQJV� LV�
QRZDGD\V�LQWULQVLFDOO\�FRQQHFWHG�ZLWK�VHQVRUV��UHPRWH�FRQWUROOLQJ�DQG��PRUH�LQ�JHQHUDO��
KXJH� GDWD� IORZV�� ZH� DUH� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� FRPSOH[� HFRV\VWHP� RI�
LQIRUPDWLRQ��SK\VLFDO�VKDSHV�DQG�VHPDQWLFV��FKDUDFWHULVLQJ�WKH�HYHU\�GD\�OLIH�DQG�ZRUN�
LQ� $(&2�� 7KH� EXLOW� HQYLURQPHQW� FRXOG�� LQ� WKLV� VHQVH�� LV� IHDWXUHG� E\� D� UHDO� WLPH�
KHWHURJHQHRXV�IORZ�RI�GDWD�WKDW�PXVW�EH�LQWHUSUHWHG�DQG�PDQDJHG�WKURXJK�EUDQG�QHZ�
WRROV� DQG� DSSURDFKHV�� $FFRUGLQJO\�� ,7� WRRO� PXVW� EH� H[SORLWHG� WR� FDWFK� WKH� QHZ�
FRPSOH[LW\�DQG�PDQDJH�FURVV�VHFWRU�SUREOHPV��
5HJDUGLQJ� $(&2� DQG� LQ� SDUWLFXODU� 2SHUDWLRQV� 0DLQWHQDQFH� DQG� 5HSDLU� �20	5��
EUDQFK��WKH�ROG�SDUDGLJP��FKDUDFWHULVHG�E\�WKH�DVVXPSWLRQ�RI�UHGXFWLRQ�EXLOGLQJ�UHODWHG�
FRVWV�� WR�DFKLHYH�D�KLJKHU�SHUIRUPDQFH� OHYHO��2WWRPDQ�et al.��������+R�et al.���������
VKRXOG�EH�UHYLVHG�WR�DFKLHYH�WKH�GHILQLWLRQ�RI�D�QRYHO�DSSURDFK�FRQFHLYLQJ�WKH�EXLOGLQJ�
DQG�WKH�UHODWHG�VHUYLFHV�DV�D�ZKROH��7KHUHIRUH��LW�FRXOG�ZRUWKZKLOH�WR�FRQVLGHU�IDFLOLW\��
SURSHUW\�RU�DVVHW�PDQDJHPHQW�QR�ORQJHU�DV�IXQFWLRQV�GHYRWHG�WR�WKH�RSWLPLVDWLRQ�RI�WKH�
QRQ�FRUH�EXVLQHVV�RI�D�FRPSDQ\�WR�EH�PRUH�HIIHFWLYH�LQ�DFKLHYLQJ�LWV�JRDOV��EXW�DV�D�SDUW�
RI�WKH�FRUH�EXVLQHVV�LWVHOI��,Q�WKLV�VHQVH��20	5�PDQDJHPHQW��SDUW�RI�WKH�W\SLFDO�IDFLOLW\�
PDQDJHPHQW� RSHUDWLRQV� WR� DFFRPSOLVK�� ZLOO� EHFRPHV� D� VWUXFWXUDO� SDUW� RI� WKH� PDLQ�
REMHFWLYH�RI�WKH�FRPSDQ\��ILJ�������

235



The maintenance paradox�
�

� ������

�
Fig. 1: Shifting from the old to the new model in OM&R  

�
7KH�SDSHU�FRQFOXGHV�ZLWK�VRPH�LQVLJKWV�FRQFHUQLQJ�WKH�GHYHORSPHQW�RI�EUDQG�QHZ�DQG�
LQWHJUDWHG� DSSURDFKHV� LQ� UHDO� HVWDWH� DQG�ZLWK� D� ORRN� DW� WKH� QH[W� GHYHORSPHQW� RI� WKH�
UHVHDUFK���

���6HUYLWL]DWLRQ�LQ�UHDO�HVWDWH�
6HUYLWL]DWLRQ�FDQ�EH�GHILQHG�DV�D�VWUDWHJLFDO�FKDQJH�RI�FRPSDQLHV¶�EHKDYLRXUDO�DWWLWXGH��
FRQFHUQLQJ�WKH�VKLIWLQJ�IURP�WKH�WUDGLWLRQDO�DSSURDFK�FRQFHUQLQJ�WKH�VHOOLQJ�RI�SURGXFWV�
WR� WKH� FRPELQDWLRQ� RI� SURGXFWV� DQG� VHUYLFHV� WR� EH� FRQVLGHUHG� DV� FRPSOHPHQWDU\�
�9DQGHUPHUZH�et al.��������0DWKLHX���������7KLV�LV�GXH��LQ�WKH�PDQXIDFWXULQJ�PDUNHW��
WR�WKH�DGYHQW�RI�ULYDOV�LQWURGXFLQJ�ORZ�FRVW�SURGXFWV��OHDGLQJ�WR�D�GLVHTXLOLEULXP��/XRWR�
et al.���������,Q�7DEOH���DUH�UHSRUWHG�VRPH�GHILQLWLRQV�RI�VHUYLWL]DWLRQ��WDNHQ�IURP�%DLQHV�
et al.���������
Table 1: Definitions of servitization taken from �%DLQHV�et al.�������. 

$XWKRU� 'HILQLWLRQ�RI�VHUYLWL]DWLRQ�
9DQGHUPHUZH�et al.��������� 0DUNHW� SDFNDJHV� RU� µEXQGOHV¶� RI� FXVWRPHU�IRFXVVHG�

FRPELQDWLRQV�RI�JRRGV��VHUYLFHV��VXSSRUW��VHOI�VHUYLFH�DQG�
NQRZOHGJH��

'HVPHW�et al.��������� $�WUHQG�LQ�ZKLFK�PDQXIDFWXULQJ�ILUPV�DGRSW�PRUH�DQG�PRUH�
VHUYLFH�FRPSRQHQWV�LQ�WKHLU�RIIHULQJV��

7HOOXV�,QVWLWXWH��������� 7KH� HPHUJHQFH� RI� SURGXFW�EDVHG� VHUYLFHV�ZKLFK� EOXU� WKH�
GLVWLQFWLRQ�EHWZHHQ�PDQXIDFWXULQJ� DQG� WUDGLWLRQDO� VHUYLFH�
VHFWRU�DFWLYLWLHV��

9HUVWUHSHQ�et al.�������� $GGLQJ�H[WUD�VHUYLFH�FRPSRQHQWV�WR�FRUH�SURGXFWV��
5RELQVRQ�et al.�������� $Q�LQWHJUDWHG�EXQGOH�RI�ERWK�JRRGV�DQG�VHUYLFHV��
/HZLV�et al.�������� $Q\� VWUDWHJ\� WKDW� VHHNV� WR� FKDQJH� WKH� ZD\� LQ� ZKLFK� D�

SURGXFW�IXQFWLRQDOLW\�LV�GHOLYHUHG�WR�LWV�PDUNHWV��
:DUG�et al.�������� ,QFUHDVLQJ�WKH�UDQJH�RI�VHUYLFHV�RIIHUHG�E\�D�PDQXIDFWXUHU�
5HQ�et al.��������� $� FKDQJH� SURFHVV� ZKHUHLQ� PDQXIDFWXULQJ� FRPSDQLHV�

HPEUDFH�VHUYLFH�RULHQWDWLRQ�DQG�RU�GHYHORS�PRUH�DQG�EHWWHU�
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VHUYLFHV��ZLWK�WKH�DLP�WR�VDWLVI\�FXVWRPHU¶V�QHHGV��DFKLHYH�
FRPSHWLWLYH�DGYDQWDJHV�DQG�HQKDQFH�ILUP�SHUIRUPDQFH��

�
$FFRUGLQJO\��WKH�PDQXIDFWXUHU�LV�QR�ORQJHU�DWWUDFWLYH�VHOOLQJ�VLPSOH�SURGXFWV��WKHUHIRUH�
D�QHZ�VHUYLFH�RULHQWHG�WUHQG�LQ�EXVLQHVV�PRGHO�HPHUJHG��6HUYLWL]DWLRQ�SOD\V�D�NH\�UROH�
LQ�WHUP�RI�FRPSHWLWLYHQHVV�LQ�WKH�FXUUHQW�PDQXIDFWXULQJ�PDUNHW�FRQGLWLRQ�FKDUDFWHULVHG�
E\�D�KLJK�VSHHG�FKDQJLQJ�HQYLURQPHQW��$GYDQWDJHV�FRPLQJ�IURP�WKH�DGRSWLRQ�RI�WKLV�
QHZ�VWUDWHJ\�FDQ�EH�VXPPDULVHG�DFFRUGLQJ�WR�VWUDWHJLF��PDUNHWLQJ�DQG�ILQDQFLDO�EHQHILWV�
�0DWKLHX����������
&RQFHUQLQJ�WKH�VWUDWHJLF�EHQHILWV��LW�FDQ�EH�VWDWHG�WKDW�VKDSLQJ�WKH�EXVLQHVV�DFFRUGLQJ�WR�
DQ�DUUD\�RI�VHUYLFHV�WR�GHOLYHU�WR�WKH�FOLHQW��WKH�ILUP�LV�PRUH�FRPSHWLWLYH�LWV�VHFWRU�DQG�
LV�SXVKHG�VR�VHWXS�ORQJ�WHUP�REMHFWLYHV��LPSURYLQJ�VWUDWHJLF�DQG�PDQDJHPHQW�GHFLVLRQV�
�0DUWLQH]�et al.���������&RQFHUQLQJ�WKH�PDUNHWLQJ�DGYDQWDJHV��LW�LV�OLNHO\�WKDW�WKH�FOLHQW�
ZLOO�SHUFHLYH�WKH�VSHFLILF�SURGXFW�DQG�VHW�RI�VHUYLFHV�GHOLYHUHG�E\�WKDW�VSHFLILF�FRPSDQ\�
DV�D�VRUW�RI�WUDGHPDUN��WKXV�WKH�FRPSDQ\�ZLOO�EH�XQLTXH�DQG�PRUH�UHFRJQLVDEOH�LQ�WKH�
PDUNHW�� (YHQWXDOO\�� LQ� WHUPV� RI� ILQDQFLDO� DGYDQWDJH�� VHOOLQJ� LQWHJUDWHG� SURGXFWV� DQG�
VHUYLFHV�ZLOO�LQFUHDVH�FRPSDQ\¶V�LQFRPH��=LJKDQ�et al.����������
'HVSLWH�VLQFH�WKH�ODWH�����V��VHUYLWL]DWLRQ�VHHPV�D�WRSLF�H[SORUHG�LQ�PDQ\�GLVFLSOLQDU\�
ILHOGV��9DQGHUPHUZH�et al.��������DV�LQVWDQFH��VHUYLFH�PDQDJHPHQW��VWUDWHJ\��RSHUDWLRQ�
PDQDJHPHQW�DQG�PDUNHWLQJ��IHZ�UHVHDUFKHV�DWWHPSW�WR�DGGUHVV�WKH�LVVXH�RI�VHUYLWL]DWLRQ�
LQ�UHDO�HVWDWH��1HYHUWKHOHVV��WKH�WUHQG�FDQ�EH�KLJKOLJKWHG�DV�D�JHQHUDO�WHQGHQF\�IRU�WKH�
RYHUDOO�UHDO�HVWDWH�PDUNHW��VLQFH�LW�LV�FKDUDFWHULVHG�E\�D�ORZ�VSHHG�LQQRYDWLRQ��GHVSLWH�
GHHS�FKDQJLQJV�FDQ�EH�VSRWWHG�LQ�WKH�ODVW�\HDUV��EHFDXVH�RI�WKH�PDVVLYH�LQWURGXFWLRQ�LQ�
EXLOGLQJ�SURFHVV�RI�,7�WRROV��7KHUHIRUH��VWXGLHV�RQ�VHUYLWL]DWLRQ�DUH�QRW�VSUHDG�LQ�UHDO�
HVWDWH�DV�LQ�RWKHU�VHFWRUV���
7KH�VHUYLWL]DWLRQ�LQ�UHDO�HVWDWH�LV�ERWK�IXUWKHUHG�DQG�SXVKHG�E\�WKH�QHHG�IRU�WRROV�XVHG�
WR� PDQDJH� WKH� FRPSOH[LW\� RI� WKH� QHZ� UHDO� HVWDWH� GLJLWDO� HQYLURQPHQW�� WULJJHULQJ� D�
FLUFXODU�SURFHVV��7KHUHIRUH��LI�RQ�RQH�KDQG��WKH�FRPSOH[LW\�RI�WKH�EXLOGLQJ�SURFHVV�LV�
LQFUHDVLQJ�� RQ� WKH� RWKHU� KDQG�� WKLV� FRPSOH[LW\� LV� SDUWLDOO\� GXH� WR� WKH� DGYHQW� RI� QHZ�
WHFKQRORJLHV�DOORZLQJ�D�FRQWDPLQDWLRQ�LQ�GLVFLSOLQDU\�ILHOGV�DQG�UHTXLULQJ�QHZ�VKDSHG�
SURIHVVLRQDOV���
,Q�WKH�QH[W�SDUDJUDSKV�ZLOO�EH�H[SODLQHG�KRZ�QHZ�QHHGV�DQG�WKH�DGRSWLRQ�RI�QHZ�WRROV�
LQ�UHDO�HVWDWH�DUH�FRQGLWLRQHG�PXWXDOO\�DQG�WULJJHU�DQ�RYHUDOO�SDUDGLJP�VKLIW�LQ�$(&2��

���1HZ�QHHGV��
7R�EH�PRUH�FODULI\�WKH�DERYH�PHQWLRQHG�FRQFHSWV��D�FOHDU�H[DPSOH�GHVFULELQJ�KRZ�5(�
LV�FKDQJLQJ�FDQ�EH�IRXQG�LQ�WKH�GHVLJQ�DQG�PDQDJHPHQW�SURFHVV�HPSOR\HG�E\�D�KXJH�
86�FRPSDQ\�PDQDJLQJ�ZRUNSODFHV�RI�GLIIHUHQW�NLQG�RI�QDWXUH��7KLV�FRPSDQ\��FDOOHG�
:H:RUN��SURYLGHV�ZRUNVSDFHV�IRU�IUHHODQFH��VWDUW�XSV�DQG�VPDOO�ILUPV�ZKLFK�UHTXLUH�D�
ORFDWLRQ�ZKHUH�WR�VHW�WKHLU�SUHPLVH��:H:RUN�QRW�RQO\�GHVLJQV�DQG�GHYHORSV�RIILFH�DQG�
ZRUNSODFHV��ERWK�IRU�EXVLQHVV�DVNLQJ�IRU�D�SULYDWH�RIILFH�DQG�IRU�FR�ZRUNLQJ�IDFLOLW\��EXW�
DOVR�SURYLGHV�D� VHW�RI� VHUYLFHV� WR�HQKDQFH�EXVLQHVV��7KHVH� VHUYLFHV�DUH�� IRU� LQVWDQFH��
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EDQN�DQG�ILQDQFLQJ��+5��VWRUDJH�VROXWLRQV��DFFRXQWLQJ�DQG�ORJLVWLFV�VHUYLFHV���,W�FDQ�EH�
VWDWHG�WKDW�:H:RUN�FUHDWHV�ERWK�SK\VLFDO�DQG�YLUWXDO�SODFHV�DQG�DOORZV�WR�LQFOXGH�WKHP�
LQ�D�ZLGHU�YLUWXDO�FRPPXQLW\��7KHUHIRUH��WKH�FOLHQW�FDQ�SXUFKDVH�D�SDFNDJH�RI�VHUYLFHV��
SDLG�PRQWKO\��ZKLFK�JLYHV�KLP�WKH�DFFHVV�WR�D�PRUH�RU�OHVV�FRPSOH[�SK\VLFDO�DQG�YLUWXDO�
VSDFH��,W�LV�FOHDU�WKDW�WKH�PLVVLRQ�RI�WKH�FRPSDQ\�LV�KLJKO\�FOLHQW�RULHQWHG�VLQFH��DIWHU�
WKH� PRYLQJ� RI� WKH� EXVLQHVV� LQ� WKH� QHZ� SUHPLVHV�� IHHGEDFNV� DQG� VXJJHVWLRQ� RQ� WKH�
FRPIRUW��GLPHQVLRQ�DQG�DGHTXDF\�RI�VSDFH��IXUQLWXUH�DQG�VHUYLFHV�DUH�FROOHFWHG�WKURXJK�
D�PRELOH� DSS� �'DYLV���������:H:RUN�RSHUDWHV� LQ� VL[WHHQ�FRXQWULHV�ZRUOGZLGH� VLQFH�
������WKXV�D�JUHDW�DPRXQW�RI�GDWD�KDV�EHHQ�FROOHFWHG��2QH�RI�WKH�YHU\�LQQRYDWLYH�WKLQJ�
FRQFHUQV�WKH�ZD\�WKHVH�GDWD�KDV�EHHQ�H[SORLWHG�LQ�LPSURYLQJ�WKH�VHUYLFH�SURYLGHG�WR�WKH�
FOLHQWV�� ,Q�SDUWLFXODU��DQ� LQQRYDWLYH�GHVLJQ�PHWKRGRORJ\�IRU�PHHWLQJ�URRPV�KDV�EHHQ�
GHYHORSHG� E\� WKH� FRPSDQ\�� 7KH� PHWKRGRORJ\� HPSOR\� $UWLILFLDO� 1HXUDO� 1HWZRUN�
�$11���D�W\SH�RI�PDFKLQH�OHDUQLQJ��KDYLQJ�DV�LQSXW�WKH�GLPHQVLRQ�RI�WKH�PHHWLQJ�URRP�
DQG�GLIIHUHQFHV�LQ�WKH�OD\RXW��7KH�QHWZRUN�KDV�EHHQ�WUDLQHG�WR�PDNH�D�SUHGLFWLRQ�RQ�WKH�
URRPV¶�XWLOLVDWLRQ�DFFRUGLQJ�WR�WKH�RFFXSDQF\�RI�WKH�RIILFH�DQG�WKH�QXPEHU�RI�KRVWHG�
FRPSDQLHV¶�HPSOR\HHV��7KHVH�UHVXOWV�DUH�XVHG�WR�LPSURYH�GHVLJQ�TXDOLW\�DQG�FRPIRUW�RI�
VSDFHV��0RUHRYHU��WKURXJK�WKLV�LOOXVWUDWHG�H[DPSOH��LW�KDG�EHHQ�GHPRQVWUDWHG�WKDW�WKH�
SUHFLVLRQ�LQ�WKH�SUHGLFWLRQ�PDGH�E\�WKH�$11�LV�����PRUH�DFFXUDWH�WKDQ�WKH�RQH�PDGH�
E\�GHVLJQHUV���3KHODQ���������,Q�)LJ����DUH�UHSUHVHQWHG�WKH�UHVXOWV�RI�WKH�DQDO\VLV��
�

�
Fig. 1: Actual number of hours a meeting room was occupied with the hours predicted by designers 

(left), and by the neural network algorithm (right) �3KHODQ�������. 

2I� FRXUVH�� WKLV� LV� MXVW� DQ� H[DPSOH� RI� KRZ�5(� LV� FKDQJLQJ� LQ� D�PRUH� LQWHJUDWHG� DQG�
LQWHUFRQQHFWHG�SK\VLFDO� DQG�YLUWXDO�ZRUOG��EXW� LW� LV�SUHWW\� UHSUHVHQWDWLYH�RI� WKH� WUHQG�
GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSKV��,Q�WKH�QH[W�SDUDJUDSK�ZLOO�EULHIO\�SUHVHQWHG�KRZ�
DYDLODEOH�WRROV�FDQ�DIIHFW�WKH�EXLOGLQJ�SURFHVV��IXUWKHULQJ�WKH�VHUYLWL]DWLRQ�SDUDGLJP�LQ�
UHDO�HVWDWH��
������������������������������������������������������
��0RUH�LQIRUPDWLRQ�DW��ZZZ�ZHZRUN�FRP��
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���1HZ�WRROV��
$V�VDLG�EHIRUH��WKH�VHUYLWL]DWLRQ�FDQ�EH�HQFRPSDVVHG�LQ�D�ZLGHU�FRQWH[W�RI�UHGHILQLWLRQ�
RI�WKH�W\SLFDO�$(&2�VHFWRU��WKH�SDUDGLJP�VKLIW��0RUHRYHU��WKH�QHZ�QHHGV�FDQ�EH�SXVKHG��
LQYROYLQJ�,7��GDWD�VFLHQFH�DQG��LQ�JHQHUDO��WKH�DGYHQW�RI�WKH�GLJLWDO�EXLOW�HQYLURQPHQW��
,Q�WKLV�IUDPHZRUN�FDQ�EH�SODFHG�DQG�EULHIO\�GLVFXVVHG�VRPH�HPHUJLQJ�WRSLFV��ZKLFK�ZLOO�
EH�YHU\�VRRQ�ZLGH�DFNQRZOHGJHG� LQ�5(�DQG�$(&2�LQGXVWU\��GHVSLWH�VRPH�IRUHIURQW�
DSSOLFDWLRQ�FDQ�EH�IRXQG�LQ�WKH�PDUNHW���
%XLOGLQJV�DUH�SURGXFLQJ�DQG�UHFHLYLQJ�D�YHU\�KXJH�DPRXQW�RI�LQIRUPDWLRQ�HYHU\�GD\��
EHFDXVH�RI�WKH�PRUH�DQG�PRUH�ZLGH�SUHVHQFH�RI�KLJKO\�WHFKQRORJLFDO�FRPSRQHQWV�LQ�LW��
7KHVH� FRPSRQHQWV�� WLHG� WR� D� V\VWHP� RI� VHQVRUV� DQG� DFWXDWRUV�� DOORZ� WKH� FRQWURO� RI�
V\VWHPV�DQG�SODQWV�LQ�WKH�EXLOGLQJ�YLD�UHPRWH�FRQWUROOLQJ��XVXDOO\�VKDSHG�LQ�WKH�IRUP�RI�
D�PRELOH�DSSOLFDWLRQ��7KHVH�LQIRUPDWLRQ�H[FKDQJH�EHWZHHQ�WKH�XVHU�DQG�WKH�EXLOGLQJ�LV�
W\SLFDO� RI� WKH� ³FRJQLWLYH� EXLOGLQJ´�� QDPHO\� DVVHW� ZKLFK� DGDSWV� DFFRUGLQJ� WR� WKH�
EHKDYLRXU�RI�WKH�XVHUV�WKDW��FRQYHUVHO\��UHFHLYH�LQIRUPDWLRQ�IURP�WKH�DVVHW�DQG�FDQ�EH�
LQYROYHG�LQ�WKH�FRQWURO�ORRS�LQ�D�EL�GLUHFWLRQDO�ZD\��5LQDOGL�et al.���������7KHVH�GDWD��
FDQ� EH� FRQVLGHUHG� DV� ELJ�GDWD� LQ� 5(�� VLQFH� WKH\� UHVSHFW� WKH� W\SLFDO� FKDUDFWHULVWLFV�
IHDWXULQJ�WKLV�NLQG�RI�LQIRUPDWLRQ��,I�ZH�WDNH�LQWR�DFFRXQW�D�VHQVRU�V\VWHP��IRU�LQVWDQFH��
GDWD� DUH�SURGXFHG�GDLO\��KRXUO\�RU� HYHQ� LQ� D� VKRUWHU� WLPH� VSDQ�� DFFRUGLQJO\� WKH\�DUH�
FKDUDFWHULVHG� E\� YHORFLW\� DQG� YROXPH�� 0RUHRYHU�� GDWD� VRXUFHV� FDQ� EH� YHU\�
GLIIHUHQWLDWHG�� IURP� GDWD� SURGXFHG� E\� VHQVRUV�� WR� IHHGEDFN� SURYLGHG� E\� XVHUV� �DV�
PHQWLRQHG� LQ� SDUDJUDSK� ���� JHRPHWULF� LQIRUPDWLRQ� SURYLGHG� E\� GHVLJQHUV� DQG�� LQ�
JHQHUDO��WHFKQLFDO�PDQDJHUV�GXULQJ�WKH�XVH�SKDVH�RI�WKH�EXLOGLQJV��VHPDQWLF�LQIRUPDWLRQ�
UHJDUGLQJ�PDWHULDOV�� GXUDELOLW\�PDLQWHQDQFH� DQG� WHFKQLFDO� FKDUDFWHULVWLFV� RI� SURGXFWV�
DQG� VSDWLDO� GDWD��ZKHQ�ZH�DUH� FRQVLGHULQJ� WKH�ZKROH�EXLOW� HQYLURQPHQW��7KHUH� LV� QR�
TXHVWLRQ�WKDW�WKHVH�YDULHW\�RI�GDWD��FRPELQH�ZLWK�FKDUDFWHULVWLFV�FLWHG�DERYH��OHDGV�WR�
YHUDFLW\�RI�GDWD��GHILQHG�DV�WKH�FRPELQDWLRQ�RI�FKDUDFWHULVWLFV�RI�YROXPH��YHORFLW\�DQG�
YDULHW\��0DQ\LND�et al.���������7KHUHIRUH��LW�LV�ZRUWKZKLOH�WR�FRQVLGHU�LQ�WKH�YHU\�QH[W�
IXWXUH�D�VWURQJ�LQWHJUDWLRQ�RI�$(&2�ZLWK�,7�DQG��LQ�SDUWLFXODU��ZLWK�ELJ�GDWD�DQDO\VWV��
DEOH� WR� JLYH� DQ� LQWHUSUHWDWLRQ� WR� WKLV� QHZ� FRPSOH[LW\� DQG� WR� SXVK� PRUH� DQG� PRUH�
FRPSOH[�GDWDVHWV�H[SORLWHG�WR�DFKLHYH�D�KROLVWLF�PDQDJHPHQW�RI�WKH�EXLOW�HQYLURQPHQW���
$OWRJHWKHU��VWHSSLQJ�LQWR�RI�D�QHZ�HUD�LQ�UHDO�HVWDWH�WKURXJK�WKH�SDUDGLJP�VKLIW�WULJJHUHG�
E\�VHULYWL]DWLRQ��WKH�EXLOGLQJ�VKRXOG�EH�WR�FRQFHLYH�QR�ORQJHU�DV�DQ�HQWLW\�FKDUDFWHULVHG�
RQO\�E\�LWV�LQWULQVLF�SRVLWLRQ�DQG�HFRQRPLF�YDOXH��EXW�DV�SDUW�RI�D�PRUH�FRPSOH[�VHUYLFH�
WR�EH�SURYLGHG�WR�WKH�HQG�XVHU�DQG�WR�WKH�FOLHQW��WKH�WDUJHW�RI�DQ�LQWHJUDWHG�DQG�FRPSOH[�
GHVLJQ�DQG�PDQDJHPHQW�RI�WKH�GLJLWDOLVHG�EXLOW�HQYLURQPHQW��$W�WKLV�VWDJH�D�QHZ�LVVXH�
HPHUJHV�� FRQFHUQLQJ� KRZ� WR� PHDVXUH� WKH� SHUIRUPDQFHV� RI� WKH� QHZ� HQWLW\� EXLOGLQJ�
VHUYLFH� DQG� KRZ� WR� H[SORLW� WKHVH� PHDVXUHPHQWV� WR� DFKLHYH� D� VXVWDLQDEOH� EXLOW�
HQYLURQPHQW�� 3HUIRUPDQFHV� FRXOG� QR� PRUH� EH� FDWHJRULVHG� WKURXJK� WKH� W\SLFDO�
FODVVLILFDWLRQ�EDVHG�RQ�LVVXHV�UHODWHG�WR�SK\VLFDO��IXQFWLRQDO��ILQDQFLDO�FKDUDFWHULVWLFV�RI�
WKH�EXLOGLQJ��/DY\�et al.���������EXW�PXVW�EH�FRQVLGHUV�LQ�D�EUDQG�QHZ�FRPSOH[�ZD\��7R�
WDFNOH�WKLV�LVVXH��LW�VHHPV�ZRUWKZKLOH�WR�FRQVLGHU�WKH�EXLOGLQJ�LWVHOI�DV�SDUW�RI�WKH�FRUH�
EXVLQHVV�RI�WKH�JLYHQ�FRPSDQ\��,I�WUDGLWLRQDOO\��WKH�WDQJLEOH�JRRGV�KDYH�EHHQ�FRQVLGHUHG�
DV�SDUW�RI�WKH�QRQ�FRUH�EXVLQHVV��QDPHO\�DV�VLGH�LVVXH�WR�EH�RSWLPLVHG�LQ�RUGHU�WR�GHGLFDWH�
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WKH�PRVW�SDUW�RI�WKH�UHVRXUFHV�WR�WKH�FRUH�EXVLQHVV�DFWLYLWLHV��QRZ�WKH�DWWHQWLRQ�PXVW�EH�
VKLIWHG�LQ�D�FURVV�RYHU�ILHOG��7DNLQJ�LQWR�FRQVLGHUDWLRQ�VHUYLWL]DWLRQ��D�QHZ�NLQG�RI�FURVV�
GRPDLQ� PHWULFV� DUH� QHHGHG�� DEOH� WR� FDWFK� DQG� PHDVXUH� WKH� SURFHVV� OHDGLQJ� WR� WKH�
DFKLHYHPHQW� RI� D� JLYHQ� FRUH�EXVLQHVV� JRDO�� FRPSUHKHQGLQJ� WKH� RSWLPLVDWLRQ�ZKDW� LV�
W\SLFDOO\� FRQFHLYHG� DV� QRQ�FRUH� SHUIRUPDQFH�� QRZ� LQWULQVLFDOO\� LQFOXGHG� LQ� WKH� FRUH�
DFWLYLWLHV�RI�FRPSDQLHV��
$OWRJHWKHU�� WKH� FRPSOH[LW\�� VKRXOG� ILQG� D� SODFH�ZKHUH� WR� WDNH� IRUP�� DOORZLQJ� WR� EH�
PDQDJHG�E\�WKH�QHZ�HQJLQHHUV��$�SRVVLEOH�YLHZ�LV�DOUHDG\�DYDLODEOH�DQG�FDQ�EH�GHFOLQHG�
LQ�WKH�QHZ�DSSURDFK��WKH�$VVHW�,QIRUPDWLRQ�0RGHO��$,0��LQWURGXFHG�E\�WKH�%6�3$6�
�������������DQG�GHILQHG�DV�WKH�YLUWXDO�HQYLURQPHQW�HQDEOLQJ�WKH�PDQDJHPHQW�RI�WKH�
FRPSOH[LW\�RI�WKH�QHZ�UHDO�HVWDWH�SDUDGLJP���

���'LVFXVVLRQ�DQG�FRQFOXVLRQV��
1HHGOHVV� WR� VD\� WKDW� WKH� SDUDGLJP� VKLIW� EULQJV� WKH� QHHG� IRU� GHYHORSPHQWV� RI� QHZ�
SURFHGXUHV��PHDVXUHPHQW�WRROV�DQG�LQYROYHPHQW�RI�GLYHUVLILHG�VWDNHKROGHUV��5HJDUGLQJ�
WKH�SURFHGXUDO�IUDPHZRUN��ZH�FDQ�UHIHU�WR�WKH�DERYHPHQWLRQHG�%,0�DSSURDFK��UHDFKLQJ�
LQ�WKH�ODVW�\HDU�D�PRUH�DQG�PRUH�FRPSUHKHQVLYH�OHYHO�RI�PDQDJHPHQW�RI�LQIRUPDWLRQ�
�3lUQ� et al.�� �������&RQFHUQLQJ�PHDVXUHPHQW� WRROV�� WKH� QHHGV� LV� VKLIWLQJ� WRZDUG� WKH�
GHYHORSPHQW� RI� FURVV�GRPDLQ� .3,V�� HQDEOLQJ� WKH� RSWLPLVDWLRQ� RI� ZKDW� LV� W\SLFDOO\�
LQWHQGHG�DV�QRQ�FRUH�SHUIRUPDQFHV��DFFRUGLQJ�WR�D�JLYHQ�FRUH�SHUIRUPDQFH�EHQFKPDUN���
,Q�WHUPV�RI�VWDNHKROGHUV��ERXQGDULHV�RI�20	5�GLVFLSOLQH�VKRXOG�RSHQ�DQG�LQFOXGH�QHZ�
LVVXHV�LQ�D�SULPDU\�VWDQGLQJ�SRVLWLRQ��7KLV�LV�WKH�FDVH�RI�WKH�XVHUV��WKH�ILQDO�FOLHQW�DVNLQJ�
IRU�D�FRPIRUWDEOH�DQG�KLJK�SHUIRUPLQJ�VSDFH�DQG�DW�WKH�VDPH�WLPH��WKH�ILUVW�VRXUFH�RI�
GDWD�� WKDQNV� WR� WKH� FORVH� LQWHUDFWLRQ�ZLWK� WKH� EXLOW� HQYLURQPHQW� DQG� LWV� FRPSRQHQWV�
�5LQDOGL�et al.����������
,Q�WKLV�FRQWH[W��VHUYLWL]DWLRQ�DOORZ�WR�H[SODLQ�KRZ�WKH�UHDO�HVWDWH�LV�XQGHUJRLQJ�D�VWURQJ�
SDUDGLJP�VKLIW��PRUH�DQG�PRUH� LQWHJUDWLQJ�SK\VLFDO�HVVHQFH�RI� WKH�EXLOGLQJ�ZLWK� WKH�
VHUYLFHV�GHOLYHUHG�WKURXJK�LWV�XVH��&RQFHUQLQJ�20	5�VHUYLFHV�WKH�WUHQG�LV�HYLGHQW��,Q�
SDVW� GHFDGHV�� PDLQWHQDQFH� KDV� W\SLFDOO\� EHHQ� FRQFHLYHG� DV� D� VLGH� DFWLYLW\� WR� EH�
DFFRPSOLVKHG��DIWHU�WKH�KDQGRYHU�RI�WKH�EXLOGLQJ��,Q�WKH�FXUUHQW�SHULRG��RQ�WKH�FRQWUDU\��
ZH�DUH�DVVLVWLQJ�WR�WKH�LQWHJUDWLRQ�RI�WKH�20	6�PDQDJHPHQW�DV�RQH�RI�WKH�VHUYLFHV�WR�
EH�GHOLYHUHG�WR�WKH�FOLHQW�MRLQWO\�ZLWK�WKH�SK\VLFDO�DVVHWV���$FFRUGLQJO\��ZH�DUH�DVVLVWLQJ�
WR�D�SDUDGR[��YLUWXDOO\�WKH�PDLQWHQDQFH�LV�SHUIRUPHG�ZLWKRXW�PDLQWHQDQFH��VLQFH�LW�LV�
SDUW�RI�UHDO�HVWDWH�VHUYLFHV���
,Q�WKLV�UHVHDUFK�WKH�LVVXH�LV�DGGUHVVHG�WR�20	5�VHUYLFHV��QHYHUWKHOHVV��DV�GHVFULEHG�LQ�
SDUDJUDSKV� DERYH�� WKH� VDPH� VHUYLWL]DWLRQ� SURFHVV� FRXOG� DSSOLHG� WR� WKH�ZLGH� DUUD\�RI�
VHUYLFHV�FRQFHUQLQJ�WKH�EXLOW�HQYLURQHPHQW��QRW�RQO\�DW�WKH�EXLOGLQJ�VFDOH�EXW�DOVR�DW�WKH�
OHYHO�RI�WKH�XUEDQ�SUHFLQFWV���
7R�FRQFOXGH��WKLV�UHVHDUFK�FRXOG�EH�FRQVLGHUHG�DV�WKH�ILUVW�VWHS�LQ�WKH�GHILQLWLRQ�RI�WKH�
SDUDGLJP� VKLIW� LQ� WKH� UHDO� HVWDWH� VHFWRU�� WKHUHIRUH� D� ORW� RI� ZRUN� LV� VWLOO� WR� EH� GRQH��
1HYHUWKHOHVV�� WKH� ERXQGDULHV� RI� VHUYLWL]DWLRQ� LQ�20	5�� WKURXJK� WKLV�ZRUN� FRXOG� EH�
FOHDUHU��WKRXJK�WKH�GLVFXVVLRQ�LV�VWLOO�RSHQ�DQG�QHHG�WR�EH�UHILQHG��
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���5HIHUHQFHV�
��� /XRWR�6��%UD[�6�$���.RKWDPlNL��0���³&ULWLFDO�PHWD�DQDO\VLV�RI�VHUYLWL]DWLRQ�

UHVHDUFK�� &RQVWUXFWLQJ� D� PRGHO�QDUUDWLYH� WR� UHYHDO� SDUDGLJPDWLF�
DVVXPSWLRQV´��,QGXVWULDO�0DUNHWLQJ�0DQDJHPHQW������SS����±��������������

��� 9DQGHUPHUZH� 6��� 5DGD�� -��� ³6HUYLWL]DWLRQ� RI� EXVLQHVV�� $GGLQJ� YDOXH� E\�
DGGLQJ� VHUYLFHV´�� (XURSHDQ� 0DQDJHPHQW� -RXUQDO�� ������ SS�� ���±�����
��������

��� (DVWPDQ��&���7HLFKRO]��3���5DIDHO��6���.DWKOHHQ��/����������%,0�+DQGERRN��
$� *XLGH� WR� %XLOGLQJ� ,QIRUPDWLRQ� 0RGHOLQJ� IRU� 2ZQHUV�� 0DQDJHUV��
'HVLJQHUV��(QJLQHHUV�DQG�&RQWUDFWRUV��-RKQ�:LOH\�	�6RQV��+RENHQ��

��� 0LJQDUG�� &��� 1LFROOH�� &��� ³0HUJLQJ� %,0� DQG� *,6� XVLQJ� RQWRORJLHV�
DSSOLFDWLRQ� WR�8UEDQ� IDFLOLW\�PDQDJHPHQW� LQ�$&7,9H�'´��&RPSXWHUV� LQ�
,QGXVWU\����������SS���������������������

��� ��� 3lUQ�� (�$��� (GZDUGV�� '�-��� 6LQJ��0�&�3��� ³7KH� EXLOGLQJ� LQIRUPDWLRQ�
PRGHOOLQJ� WUDMHFWRU\� LQ� IDFLOLWLHV�PDQDJHPHQW��$�UHYLHZ´��$XWRPDWLRQ� LQ�
&RQVWUXFWLRQ������SS�����������������

��� 2WWRPDQ�� *�5��� 1L[RQ�� :�%��� /RIJUHQ�� 6�7��� ³%XGJHWLQJ� IRU� IDFLOLW\�
PDLQWHQDQFH�DQG�UHSDLU��,��PHWKRGV�DQG�PRGHOV´��-RXUQDO�RI�0DQDJHPHQW�
LQ�(QJLQHHULQJ�����SS����±������������

��� +R��'�&�:���&KDQ��(�+�:���:RQJ��1�<���&KDQ��0���³6LJQLILFDQW�PHWULFV�
IRU� IDFLOLWLHV� PDQDJHPHQW� EHQFKPDUNLQJ� LQ� WKH� $VLD� 3DFLILF� UHJLRQ´��
)DFLOLWLHV������SS�����±�������������

��� 0DWKLHX��9���³3URGXFW�VHUYLFHV��IURP�D�VHUYLFH�VXSSRUWLQJ�WKH�SURGXFW�WR�D�
VHUYLFH�VXSSRUWLQJ�WKH�FOLHQW´��-RXUQDO�RI�%XVLQHVV�	�,QGXVWULDO�0DUNHWLQJ��
��������SS����±�������������

��� %DLQHV�� 7�6��� /LJKWIRRW�� +�:��� %HQHGHWWLQL�� 2��� .D\�� -�0��� ³7KH�
VHUYLWL]DWLRQ� RI� PDQXIDFWXULQJ� $� UHYLHZ� RI� OLWHUDWXUH� DQG� UHIOHFWLRQ� RQ�
IXWXUH� FKDOOHQJHV´�� -RXUQDO� RI� 0DQXIDFWXULQJ� 7HFKQRORJ\� 0DQDJHPHQW��
�������SS�����±�������������

���� 'HVPHW��6���9DQ�'LHUGRQFN��5���9DQ�/RR\��%����������6HUYLWL]DWLRQ��RU�ZK\�
VHUYLFHV�PDQDJHPHQW�LV�UHOHYDQW�IRU�PDQXIDFWXULQJ�HQYLURQPHQWV��3HDUVRQ�
(GXFDWLRQ��+DUORZ��

���� 7HOOXV� ,QVWLWXWH� ������� 6HUYLFL]LQJ�� 7KH� 4XLHW� 7UDQVLWLRQ� WR� ([WHQGHG�
3URGXFW�5HVSRQVLELOLW\��7HOOXV�,QVWLWXWH��%RVWRQ��

���� 9HUVWUHSHQ��6���9DQ�'HQ�%HUJ��5����������6HUYLWL]DWLRQ�LQ�WKH�DXWRPRWLYH�
VHFWRU��FUHDWLQJ�YDOXH�DQG�FRPSHWLWLYH�DGYDQWDJH�WKURXJK�VHUYLFH�DIWHU�VDOHV��
.OXZHU�3XEOLVKHUV��/RQGRQ��

���� 5RELQVRQ�� 7��� &ODUNH�+LOO�� &��� ³'LIIHUHQWLDWLRQ� WKURXJK� VHUYLFH�� $�
SHUVSHFWLYH�IURP�WKH�FRPPRGLW\�FKHPLFDOV�VHFWRU´��7KH�6HUYLFH�,QGXVWULHV�
-RXUQDO����������SS������������������

���� /HZLV�� 0��� 3RUWLROL� 6WDXGDFKHU�� $��� 6ODFN�� 1��� �%H\RQG� SURGXFWV� DQG�
VHUYLFHV��RSSRUWXQLWLHV�DQG�WKUHDWV�LQ�VHUYLWL]DWLRQ���3URFHHGLQJV�RI�WKH�,06�
,QWHUQDWLRQDO�)RUXP��9RO�����,06�,QWHUQDWLRQDO�)RUXP�,WDO\�����������

241



The maintenance paradox�
�

� ������

���� :DUG�� <��� *UDYHV�� $��� �7KURXJK�OLIH� PDQDJHPHQW�� WKH� SURYLVLRQ� RI�
LQWHJUDWHG� FXVWRPHU� VROXWLRQV� E\� DHURVSDFH� PDQXIDFWXUHUV��� 5HSRUW�
DYDLODEOH�DW��KWWS���ZZZ�EDWK�DF�XN�PDQDJHPHQW�UHVHDUFK�SGI���������SGI��
���������

���� 5HQ��*���*UHJRU\��0���³6HUYLWL]DWLRQ�LQ�PDQXIDFWXULQJ�FRPSDQLHV´��SDSHU�
SUHVHQWHG� DW� ��WK� )URQWLHUV� LQ� 6HUYLFH� &RQIHUHQFH�� 6DQ� )UDQFLVFR�� &$��
���������

���� 0DUWLQH]�� 9��� %DVWO�� 0��� .LQJVWRQ�� -��� (YDQV�� 6��� ³&KDOOHQJHV� LQ�
WUDQVIRUPLQJ�PDQXIDFWXULQJ�RUJDQLVDWLRQV�LQWR�SURGXFW�VHUYLFH�SURYLGHUV´��
-RXUQDO� RI� 0DQXIDFWXULQJ� 7HFKQRORJ\� 0DQDJHPHQW�� ���� SS�� ���±�����
��������

���� =LJKDQ�� 6��� %DPIRUG�� '��� ³6XVWDLQDEOH� FRPSHWLWLYH� DGYDQWDJH� WKURXJK�
VHUYLWL]DWLRQௗ��DQ�LQYHVWLJDWLRQ�LQWR�VHUYLWL]DWLRQ�VWUDWHJ\�LQ�WKH�UHDO�HVWDWH�
GHYHORSPHQW�VHFWRU´����QG�(XU20$�&RQIHUHQFH����������������

���� 'DYLV��'���³6SDWLDO�$QDO\WLFV��1HZ�:D\V�RI�8QGHUVWDQGLQJ�$UFKLWHFWXUH�DW�
:H:RUN�5	'´�$YDLODEOH�DW��KWWSV���ZZZ�ZHZRUN�FRP�EORJ�SRVWV�VSDWLDO�
DQDO\WLFV�����������

���� 3KHODQ�� 1��� ³'HVLJQLQJ� ZLWK� 0DFKLQH� /HDUQLQJ´�� DYDLODEOH� DW��
KWWSV���ZZZ�ZHZRUN�FRP�EORJ�SRVWV�GHVLJQLQJ�ZLWK�PDFKLQH�OHDUQLQJ���
����������

���� 5LQDOGL�� 6��� %LWWHQELQGHU�� )��� /LX�� &��� %HOODJHQWH�� 3��� 7DJOLDEXH�� /�&���
&LULELQL��$�/�&���³%L�GLUHFWLRQDO� LQWHUDFWLRQV�EHWZHHQ�XVHUV�DQG�FRJQLWLYH�
EXLOGLQJV� E\� PHDQV� RI� VPDUWSKRQH� DSS´�� ,(((� �QG� ,QWHUQDWLRQDO� 6PDUW�
&LWLHV�&RQIHUHQFH�� ,PSURYLQJ� WKH�&LWL]HQV�4XDOLW\� RI� /LIH�� ,6&�� ����� ��
3URFHHGLQJV����������

���� 0DQ\LND�� -���&KXL��0���%URZQ��%���%XJKLQ�� -���'REEV��5���5R[EXUJK��&���
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