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Abstract: Information quality assessment of technical documentation is an 
integral part of quality management of products and services. Technical 
documentation is usually assessed using questionnaires, checklists, and 
reviews. This is cumbersome, costly and prone to errors. Acknowledging the 
fact that only people can assess certain quality aspects, we suggest 
complementing these with software-supported automatic quality assessment. 
The many different encodings and representations of documentation, e.g., 
various XML dialects and XML Schemas/DTDs, is one problem. We present a 
system, a software infrastructure, where abstraction and meta modelling are 
used to define reusable analyses and visualisations that are independent of 
specific encodings and representations. We show how this system is 
implemented and how it 

1 reads information from documentations 
2 performs analyses on this information 
3 visualises the results to help stakeholders understand quality issues. 

We introduce the system, the architecture and implementation, its adaptation to 
different formats of documentations and types of analyses, along with a number 
of real world cases exemplifying the feasibility and benefits of our approach. 
Altogether, our approach contributes to more efficient information quality 
assessments. 

Keywords: information quality assessment; software-based analysis; technical 
documentation. 
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1 Introduction 

Quality assessment and assurance is an important part of the documentation (technical 
information) production process (Hargis et al., 2009). A lack of quality reduces not only 
the value of documentation, but also that of the product (service and/or process) it is 
attached to. A lack of quality can reduce the perceived quality of the brand or company 
associated with it (Smart et al., 1996). 

Quality depends not only on the documentation provided, but also the product and the 
context it is used within. A change to the product will reduce the quality of the 
documentation if it is not updated to reflect the change. Hence, it is important that quality 
assessment and assurance are continuous processes. In this article we present a software 
infrastructure that can be used to define analyses and visualisations to assess and 
communicate the quality of documentation. The (software) infrastructure, VizzAnalyzer, 
is available as Open Source Software and can be downloaded from the ARiSA website 
(http://www.arisa.se/tools.php). VizzAnalyzer creates models of documentations 
according to a Common Meta Model that describes a family of documentations. This 
Common Meta Model is used to define analyses and visualisations, and mappings from 
real world documentations. 

The article is organised as follows. We begin by providing examples of how 
information quality assessment can be supported by automatic analyses and 
visualisations. We discuss lessons learned from implementing these, such as the need to 
support different representations and encodings of documentation. We introduce 
abstraction and meta modelling as tools to help define reusable analyses and 
visualisations independent of encoding and representation. We define three levels of 
abstraction, and discuss mappings between these. We then present the architecture of our 
software infrastructure that is based on the three levels of abstraction. Further, we 
 



7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D VRIWZDUH LQIUDVWUXFWXUH ��

GLVFXVV WKH XVH RI LQFRPSOHWH PRGHOV DQG PRGHO HYROXWLRQ� )LQDOO\� ZH GLVFXVV UHODWHG
ZRUN� SUHVHQW FRQFOXVLRQ DQG RXWOLQH IXWXUH UHVHDUFK GLUHFWLRQV�

� 6RIWZDUH�VXSSRUWHG TXDOLW\ DVVHVVPHQW LQ SUDFWLFH

,Q WKLV VHFWLRQ ZH SUHVHQW IRXU UHDO ZRUOG H[DPSOHV ZKHUH ZH XVH WKH VRIWZDUH
LQIUDVWUXFWXUH WR DXWRPDWLFDOO\ DVVHVV WKH TXDOLW\ RI GRFXPHQWDWLRQV� ,Q RXU FDVH ZH
KDG DFFHVV WR �QRQ�FODVVLILHG SDUWV RI� D ZDUVKLS GRFXPHQWDWLRQ DQG D PRELOH SKRQH
GRFXPHQWDWLRQ� (DFK H[DPSOH GLVFXVVHV D SRWHQWLDO TXDOLW\ LVVXH� WKH DQDO\VLV ZH XVHG
WR GHWHFW LW� KRZ WKH UHVXOWV ZHUH YLVXDOLVHG� DQG WKH RXWFRPH�

��� 7H[W FORQH GHWHFWLRQ

$ WH[W FORQH LV D EORFN RI WH[W WKDW LV UHSHDWHG LQ YDULRXV GHJUHHV RI VLPLODULW\ DFURVV
WKH GRFXPHQWDWLRQ� L�H�� UHGXQGDQW WH[W� 5HGXQGDQW WH[W LV QRW QHFHVVDULO\ DQ LQGLFDWLRQ
RI SRRU TXDOLW\� VLQFH LW FDQ PDNH WKH WH[W HDVLHU WR UHDG DQG XQGHUVWDQG E\ SURYLGLQJ D
FRQWH[W DQG WKHUHE\ UHGXFLQJ WKH QHHG IRU FURVV�UHIHUHQFHV� IRU H[DPSOH� %XW� UHGXQGDQW
WH[W FDQ DOVR LQFUHDVH WKH FRVW RI VWRULQJ� PDLQWDLQLQJ� DQG WUDQVODWLQJ WKH GRFXPHQWDWLRQ�

,Q RUGHU WR LQYHVWLJDWH WKH GHJUHH RI WH[W FORQHV� ZH LPSOHPHQWHG D FORQH GHWHFWLRQ
DQDO\VLV DQG XVHG LW WR DVVHVV �WKH QRQ�FODVVLILHG SDUWV RI� D ZDUVKLS GRFXPHQWDWLRQ� 7KH
FORQH GHWHFWLRQ DQDO\VLV GHWHUPLQHV KRZ VLPLODU WZR SDUWV RI WKH GRFXPHQWDWLRQ DUH E\
FRPSDULQJ WH[WV RI WKH GRFXPHQWDWLRQV¶ VXEVWUXFWXUHV �UHIHUUHG WR DV VHFWLRQV��

:H DQDO\VHG ��� ;0/ GRFXPHQWV �VHFWLRQV� IURP WKH ZDUVKLS GRFXPHQWDWLRQ DQG
IRXQG WKDW RQO\ VL[ RI WKHP ZHUH XQLTXH� �� GRFXPHQWV ZHUH H[DFW FORQHV RI DQRWKHU
GRFXPHQW� DQG WKH UHPDLQLQJ ZHUH VLPLODU WR VRPH H[WHQW� 2Q DYHUDJH� D GRFXPHQW ZDV
��� XQLTXH� )LJXUH � GHSLFWV WKH UHVXOW RI WKH FORQH GHWHFWLRQ� (DFK ER[ FRUUHVSRQGV
WR D VHFWLRQ� WKH FRORXU UHSUHVHQWV WKH GHJUHH RI XQLTXHQHVV RI D VHFWLRQ� DQG WKH HGJHV
LQGLFDWH VLPLODULWLHV EHWZHHQ VHFWLRQV�

,Q RUGHU WR SHUIRUP FORQH GHWHFWLRQ� ZH QHHG WKH LQGLYLGXDO VHFWLRQV RI D
GRFXPHQWDWLRQ DQG WKH WH[W WKHVH FRQWDLQ�

��� 5HIHUHQFH DQDO\VLV

&URVV�UHIHUHQFHV DUH XVHG WR UHODWH GLIIHUHQW SDUWV RI D GRFXPHQWDWLRQ WR HDFK RWKHU� ,I
WRR PDQ\ FURVV�UHIHUHQFHV DUH QHHGHG WR XQGHUVWDQG WKH FRQWHQW� HVSHFLDOO\ LI QRQ�ORFDO
DQG IRUZDUG UHIHUHQFHV DUH XVHG� LQIRUPDWLRQ LQ WKH VHFWLRQV LV QRW VHOI�FRQWDLQHG�
&RQVHTXHQWO\� LW FDQ EH GLIILFXOW WR UHDG DQG XQGHUVWDQG WKH GRFXPHQWDWLRQ� $
KLJK GHJUHH RI FURVV�UHIHUHQFHV LQGLFDWHV WKDW WKH GRFXPHQWDWLRQ VWUXFWXUH PLJKW EH
VXERSWLPDO�

:H DSSOLHG D UHIHUHQFH DQDO\VLV WR WKH ZDUVKLS GRFXPHQWDWLRQ �ZKLFK ZDV DOVR XVHG
IRU WH[W FORQHV�� )LJXUH � VKRZV WKH RXWFRPH RI WKLV DQDO\VLV� (DFK ER[ FRUUHVSRQGV WR
D VHFWLRQ DQG WKH FRORXU UHSUHVHQWV ZKLFK VXEVWUXFWXUH RI WKH GRFXPHQWDWLRQ �UHIHUUHG WR
DV FKDSWHUV� LW EHORQJV WR� 7KH GLVWDQFH EHWZHHQ WZR ER[HV LV SURSRUWLRQDO WR WKH QXPEHU
RI FURVV�UHIHUHQFHV EHWZHHQ WKHP� 7KH WRS ILJXUH VKRZV WKH ZKROH GRFXPHQWDWLRQ
ZKLOH WKH ERWWRP ILJXUH VKRZV D SDUW RI WKH GRFXPHQWDWLRQ ZLWK D ODUJH GHJUHH RI
FURVV�UHIHUHQFHV DFURVV FKDSWHUV� 7KLV SDUW LV SUREOHPDWLF VLQFH LW FRQWDLQV VHFWLRQV IURP



�� 0� (ULFVVRQ HW DO�

HLJKW GLIIHUHQW FKDSWHUV RI WKH GRFXPHQWDWLRQ �HLJKW GLIIHUHQW FRORXUV RI ER[HV� ZLWK
PDQ\ FURVV�UHIHUHQFHV EHWZHHQ WKHP�

,Q RUGHU WR SHUIRUP D UHIHUHQFH DQDO\VLV� ZH QHHG DFFHVV WR WKH LQGLYLGXDO VHFWLRQV
RI D GRFXPHQWDWLRQ� WKH FKDSWHUV WKHVH DUH FRQWDLQHG LQ� DQG WKH FURVV�UHIHUHQFHV�

)LJXUH � �D� 7KH UHVXOW RI D FORQH GHWHFWLRQ DQDO\VLV RI WKH WHFKQLFDO LQIRUPDWLRQ RI D ZDUVKLS
LV YLVXDOLVHG DV FOXVWHUV RI VLPLODU GRFXPHQWV �E� (DFK FOXVWHU FDQ EH YLHZHG LQ
PRUH GHWDLO �VHH RQOLQH YHUVLRQ IRU FRORXUV�

�D�

�E�
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)LJXUH � 9LVXDOLVDWLRQV RI FURVV�UHIHUHQFH DQDO\VLV UHVXOWV� �D� FURVV�UHIHUHQFH FOXVWHU RYHUYLHZ
DQG �E� GHWDLOHG YLHZ ]RRPHG LQWR RQH SUREOHPDWLF FOXVWHU �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

�D�

�E�

��� 8VH RI PHWD�LQIRUPDWLRQ

0HWD�LQIRUPDWLRQ VXFK DV WDJV DQG NH\ZRUGV FDQ EH XVHG WR LPSURYH XVDELOLW\ DQG
DFFHVVLELOLW\ RI GRFXPHQWDWLRQV� +RZHYHU� LPSURSHU GHILQLWLRQ RI WKHVH� IRU H[DPSOH
DWWDFKLQJ D NH\ZRUG WR WKH ZURQJ VHFWLRQ RI WKH GRFXPHQWDWLRQ� FDQ UHGXFH XVDELOLW\�

,Q RUGHU WR LQYHVWLJDWH KRZ ZHOO PHWD�LQIRUPDWLRQ LV XVHG� ZH LPSOHPHQWHG D
PHWD�LQIRUPDWLRQ DQDO\VLV DQG DSSOLHG LW WR WKH GRFXPHQWDWLRQ RI D PRELOH SKRQH� ,Q
WKLV GRFXPHQWDWLRQ� D VHFWLRQ FDQ KDYH D QXPEHU RI DSSOLFDELOLW\ WDJV WKDW GHVFULEH WKH
FRQWHQW WH[W� (DFK WDJ EHORQJV WR D FDWHJRU\� 7KH DQDO\VLV H[WUDFWV DOO WKH DSSOLFDELOLWLHV
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IRU HDFK FDWHJRU\� DQG WKH DSSOLFDELOLWLHV �DQG FDWHJRULHV� IRU HDFK VHFWLRQ RI WKH
GRFXPHQWDWLRQ�

:H DQDO\VHG ������ ;0/ GRFXPHQWV IURP WKH PRELOH SKRQH GRFXPHQWDWLRQ DQG
IRXQG WKDW VRPH FDWHJRULHV ZHUH FRQFHQWUDWHG WR FHUWDLQ FKDSWHUV RI WKH WHFKQLFDO
LQIRUPDWLRQ� ZKLOH RWKHU FDWHJRULHV ZHUH VSUHDG RXW� 7KLV LPEDODQFH RI WDJJLQJ FDQ
LQGLFDWH TXDOLW\ LVVXHV� EXW LQ WKLV FDVH WKH WHFKQLFDO ZULWHUV FRQILUPHG WKDW LW ZDV
LQWHQWLRQDO DQG SDUW RI WKH GHVLJQ� )LJXUH ��D� VKRZV WKH DSSOLFDELOLW\ WDJV DQG WKH
FDWHJRULHV� DQG )LJXUH ��E� VKRZV DSSOLFDELOLW\ WDJV DQG VHFWLRQV RI WKH GRFXPHQWDWLRQ�

)LJXUH � $ PHWD�LQIRUPDWLRQ DQDO\VLV RI D PRELOH SKRQH WHFKQLFDO GRFXPHQWDWLRQ�
�D� WKH YLVXDOLVDWLRQV VKRZ WKH VWUXFWXUH RI WKH PHWD�LQIRUPDWLRQ DQG
�E� WKH UHODWLRQ WR LQIRUPDWLRQ �VHH RQOLQH YHUVLRQ IRU FRORXUV�

�D�

�E�

1RWH� 7KH FRORXU RI DQ DSSOLFDELOLW\ WDJ LGHQWLILHV WKH FDWHJRU\ LW EHORQJV WR�
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,Q RUGHU WR SHUIRUP DQ DQDO\VLV RI WKH PHWD�LQIRUPDWLRQ XVH� ZH QHHG DFFHVV WR WKH
LQGLYLGXDO VHFWLRQV� WKH FKDSWHUV WKH\ DUH FRQWDLQHG LQ� DQG WKH WDJV DWWDFKHG WR WKH
VHFWLRQV DQG WKHLU FDWHJRULHV�

��� 7HVW FRYHUDJH

&HUWDLQ TXDOLWLHV DUH KDUG WR DQDO\VH IXOO\ DXWRPDWLFDOO\� 7KHVH UHTXLUH �KXPDQ� WHVW
UHDGHUV ZKR DSSURYH VHFWLRQV RI D GRFXPHQWDWLRQ� 7KH SURRIUHDGLQJ FDQ EH VXSSRUWHG
E\ DQDO\VLV WRROV WKDW DQDO\VH WKH FRYHUDJH RI WKH SURRIUHDGLQJ DV ZHOO DV KRZ PXFK
WLPH D WHVW UHDGHU UHTXLUHG WR FRPSOHWH HDFK RI WKH VHFWLRQV RI WKH GRFXPHQWDWLRQ�

:H LPSOHPHQWHG FRYHUDJH DQDO\VLV DV DQ H[WHQVLRQ RI D GRFXPHQWDWLRQ EURZVHU�
HDFK VHFWLRQ HQWU\ DQG H[LW LV ORJJHG ZLWK D WLPH VWDPS� 7KLV ORJ LV ODWHU FRPELQHG ZLWK
WKH GRFXPHQWDWLRQ VWUXFWXUH WR IRUP DQ XQGHUVWDQGLQJ RI KRZ WKH WHVW UHDGHUV QDYLJDWHG
WKH GRFXPHQWDWLRQ� 7KH FRPELQHG LQIRUPDWLRQ VKRZV� IRU H[DPSOH� ZKLFK GRFXPHQWV
DUH YLVLWHG� IRU KRZ ORQJ� LQ ZKLFK RUGHU� DQG VR RQ�

)LJXUH � 9LVXDOLVDWLRQV RI WHVW FRYHUDJH DQDO\VLV� �D� VWDWLVWLFV YLHZ DQG �E� JUDSK YLHZ
�VHH RQOLQH YHUVLRQ IRU FRORXUV�

Visited
Unvisited

�D� �E�

:H DSSOLHG D WHVW FRYHUDJH DQDO\VLV WR D VXEVHW RI �� GRFXPHQWV RI WKH PRELOH SKRQH
GRFXPHQWDWLRQ ZKHUH ZH DVNHG WKH WHVW UHDGHUV WR ILQG LQIRUPDWLRQ DERXW D FHUWDLQ
XVH FDVH �KRZ WR WDNH D SLFWXUH DQG VHQG LW DV DQ 006�� 7KH UHVXOWV DUH GHSLFWHG
E\ )LJXUH ��E�� ZKLFK VKRZV D WHVW UHDGHU¶V EHKDYLRXU GXULQJ WHVWLQJ� ,W GHSLFWV WKH
GRFXPHQW VWUXFWXUH �ER[HV FRUUHVSRQG WR LQGLYLGXDO VHFWLRQV EHORQJLQJ WR FKDSWHUV� DQG
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HQFRGHV WKH WLPH VSHQW RQ LQGLYLGXDO VHFWLRQ ZLWK GLIIHUHQW FRORXUV� OLJKW�EOXH ER[HV
DUH VHFWLRQV QRW YLVLWHG DW DOO� WKH FRORXU JUDGLHQW IURP GDUN EOXH WR UHG FRUUHVSRQGV
WR KRZ ORQJ WKH VHFWLRQV DUH YLVLWHG �GDUN EOXH UHSUHVHQWLQJ WKH PLQLPXP DQG UHG WKH
PD[LPXP DPRXQW RI WLPH�� ,Q WKLV H[DPSOH� WKH FRORXU JUDGLHQW UHSUHVHQWV WKH VSDQ IURP
� WR �� VHFRQGV�

,Q D UHDO WHVWLQJ VLWXDWLRQ LW LV SRVVLEOH WR GHWHUPLQH ZKHWKHU RU QRW WKH GRFXPHQWDWLRQ
LV VXLWDEOH IRU D FHUWDLQ XVHV FDVH �D TXHVWLRQ WKDW D XVHU PLJKW ZDQW WR JHW DQVZHUV WR��
ZKHWKHU RU QRW D FHUWDLQ VHFWLRQ LV ZHOO�ZULWWHQ DQG HDV\ WR JUDVS� RU ZKHWKHU RU
QRW WKH VWUXFWXUH RI WKH VHFWLRQV DUH DSSURSULDWH IRU QDYLJDWLQJ WKH GRFXPHQWDWLRQ�
+RZHYHU� DQ\ VXFK FRQFOXVLRQV DERXW WKH ZKROH GRFXPHQWDWLRQ UHTXLUH WKDW DOO LQWHQGHG
XVH FDVHV DUH FRYHUHG DQG WKDW WKH ZKROH GRFXPHQWDWLRQ LV �SRWHQWLDOO\� SURRIUHDG�
)LJXUH ��D� VKRZV WKH FRYHUDJH RI RXU XVH FDVH IRU WKH PRELOH SKRQH GRFXPHQWDWLRQ�
2QO\ �� RI WKH �� VHFWLRQV ZHUH YLVLWHG� ZKLFK UHVXOWV LQ ��� WHVW FRYHUDJH� +HQFH�
��� RI WKH GRFXPHQWDWLRQ LV QRW SURRIUHDG� ,Q D UHDO WHVWLQJ VLWXDWLRQ� WKH TXDOLW\ RI
WKLV WHVW ZRXOG EH FRQVLGHUHG LQVXIILFLHQW GXH WR ORZ FRYHUDJH RI WKH GRFXPHQWDWLRQ
V\VWHP� $OWHUQDWLYHO\� LI DOO LQWHQGHG XVH FDVHV DUH FRYHUHG� WKH GRFXPHQWDWLRQ FRQWDLQV
UHGXQGDQW DQG µXVHOHVV¶ LQIRUPDWLRQ� )LJXUH ��E� FDQ EH XVHG WR GHWHUPLQH ZKLFK SDUWV
RI WKH GRFXPHQWDWLRQ V\VWHP VKRXOG EH FRYHUHG E\ RWKHU WHVW FDVHV �DQG H[FOXGHG IURP
WKH V\VWHP� UHVSHFWLYHO\��

,Q RUGHU WR VXSSRUW WHVWLQJ ZLWK WKH GHVFULEHG DQDO\VHV� ZH QHHG DFFHVV WR WKH
LQGLYLGXDO VHFWLRQV DQG WKH FKDSWHUV WKH\ DUH FRQWDLQHG LQ� DORQJ ZLWK WKH WLPH VWDPSV
DWWDFKHG WR WKH VHFWLRQV�

��� /HVVRQV OHDUQHG

:H LPSOHPHQWHG WKH WH[W FORQH� UHIHUHQFH� PHWD�LQIRUPDWLRQ� DQG FRYHUDJH DQDO\VHV
WR LQYHVWLJDWH KRZ VRIWZDUH FDQ EH XVHG WR KHOS DXWRPDWH TXDOLW\ DVVHVVPHQW
>VHH :LQJNYLVW HW DO� �����D� ����E� IRU D PRUH GHWDLOHG DQDO\VLV@� :H OHDUQHG WKUHH
LPSRUWDQW OHVVRQV GXULQJ WKLV LPSOHPHQWDWLRQ WKDW DUH VXPPDULVHG EHORZ�

)LUVW� GRFXPHQWDWLRQV FDQ EH UHSUHVHQWHG DQG HQFRGHG LQ GLIIHUHQW ZD\V� )RU
H[DPSOH� WKH GRFXPHQWDWLRQV ZH XVHG LQ WKH H[DPSOHV XVH WZR GLIIHUHQW ;�$�0/
GLDOHFWV� $QDO\VHV VKRXOG EH SRVVLEOH WR UHXVH UHJDUGOHVV RI WKH PDQ\ GRFXPHQWDWLRQ
HQFRGLQJV� :H GR QRW ZDQW WR �UH��LPSOHPHQW WKH DQDO\VHV �DQG WKH YLVXDOLVDWLRQV� IRU
HDFK SRVVLEOH GRFXPHQWDWLRQ UHSUHVHQWDWLRQ DQG HQFRGLQJ�

6HFRQG� FHUWDLQ HQWLWLHV DQG UHODWLRQV DUH RI FRPPRQ LQWHUHVW WR PRUH WKDQ RQH
DQDO\VLV �H�J�� WKH VHFWLRQV DQG WKHLU FRQWDLQPHQW LQ FKDSWHUV� ZKLOH RWKHUV DUH XQLTXH
WR D VSHFLILF DQDO\VLV �H�J�� WKH WDJJLQJ RU WKH WLPH ORJJLQJ�� 7KH HQWLWLHV DQG UHODWLRQV
H[WUDFWHG IURP WKH GRFXPHQWDWLRQ �UHSUHVHQWDWLRQ� WKDW DUH RI FRPPRQ LQWHUHVW FDQ EH
UH�XVHG DFURVV D VHW RI DQDO\VHV�

7KLUG� LW LV GLIILFXOW WR GHILQH D IL[HG VHW RI HQWLWLHV DQG UHODWLRQV WKDW SURYLGH
VXIILFLHQW LQIRUPDWLRQ IRU DOO SRVVLEOH DQDO\VHV� &RQVLGHU WKH H[DPSOH LQ 6HFWLRQ ��� DV
DQ LQLWLDO TXDOLW\ DQDO\VLV WRRO DQG WKH H[DPSOHV LQ WKH VXEVHTXHQW 6HFWLRQV ��� WR ���
DV D VHULHV RI WRRO H[WHQVLRQV� :KLOH FORQH GHWHFWLRQ RQO\ UHTXLUHG WKH VHFWLRQ HQWLWLHV
DQG WKH WH[W FRQWDLQHG� ZH QHHGHG WR DGG FKDSWHU HQWLWLHV DQG FURVV�UHIHUHQFH UHODWLRQV
IRU WKH UHIHUHQFH DQDO\VLV� WKHQ PHWD�LQIRUPDWLRQ� DQG WKHQ WLPH ORJ LQIRUPDWLRQ� :H DUH
FHUWDLQ WKDW QHZ DQDO\VHV ZLOO UHTXLUH DGGLWLRQDO HQWLWLHV DQG UHODWLRQV� +HQFH� WKH VHW RI
HQWLWLHV DQG UHODWLRQV WKDW DUH H[WUDFWHG IURP GRFXPHQWDWLRQV WR VXSSRUW DQDO\VHV VKRXOG
EH IOH[LEOH DQG VXSSRUW IXWXUH H[WHQVLRQV�



7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D VRIWZDUH LQIUDVWUXFWXUH ��

7KH WKUHH OHVVRQV OHDUQHG FDQ EH FRQVLGHUHG UHTXLUHPHQWV RQ VRIWZDUH WR VXSSRUW
TXDOLW\ DVVHVVPHQW� :H XVHG WKHVH UHTXLUHPHQWV WR GHVLJQ DQG LPSOHPHQW WKH VRIWZDUH
LQIUDVWUXFWXUH WKDW LV SUHVHQWHG LQ WKLV DUWLFOH�

� $EVWUDFWLRQV� PRGHOV DQG PHWD PRGHOV

7KH H[DPSOH DQDO\VHV WKDW ZH LPSOHPHQWHG �FI�� 6HFWLRQ �� VKRZ WKDW WKHUH LV DQ RYHUODS
RI WKH SDUWV RI D GRFXPHQWDWLRQ WKDW ZH XVH WR DVVHVV TXDOLW\ EHWZHHQ GLIIHUHQW DQDO\VHV�
+RZHYHU� WKH H[DPSOHV DOVR VKRZ WKDW GLIIHUHQW HQFRGLQJV DQG UHSUHVHQWDWLRQV XVHG E\
GLIIHUHQW UHDO ZRUOG GRFXPHQWDWLRQV PDNH UHXVH GLIILFXOW� )RU H[DPSOH� DVVXPH WKDW ZH
ZDQW WR DSSO\ WKH FURVV�UHIHUHQFH DQDO\VLV �FI�� 6HFWLRQ ���� WR WZR ;0/�FRPSDWLEOH
GRFXPHQWV� RQH GHILQHG XVLQJ D FXVWRP ;0/ 6FKHPD DQG WKH RWKHU XVLQJ ;+70/�
7KH DQDO\VLV QHHGV DFFHVV WR VHFWLRQV DQG FURVV�UHIHUHQFHV� DQG WKHVH DUH UHSUHVHQWHG LQ
GLIIHUHQW ZD\V LQ WKH WZR GRFXPHQWV� VR ZH FDQQRW UHXVH WKH VDPH LPSOHPHQWDWLRQ�

+RZHYHU� ZH FDQ LPSOHPHQW D UHXVDEOH FURVV�UHIHUHQFH DQDO\VLV E\ GHILQLQJ
ZKDW HQWLWLHV DQG UHODWLRQVKLSV LQ WKH GRFXPHQWDWLRQ WKDW LW QHHGV� DQG LPSOHPHQW
PDSSLQJV IURP WKH VSHFLILF IRUPDWV �WKH ;0/ 6FKHPD DQG ;+70/� WR WKLV µDEVWUDFW¶
GRFXPHQWDWLRQ IRUPDW WKDW LV VSHFLILF WR WKH DQDO\VLV� :H FRQVLGHU WKH DEVWUDFW
GRFXPHQWDWLRQ IRUPDW DQ DEVWUDFWLRQ ± D PRGHO ± RI WKH DFWXDO GRFXPHQWDWLRQ IRUPDW� ,Q
PRVW FDVHV� GRFXPHQWDWLRQ IRUPDWV DUH DOUHDG\ DEVWUDFWLRQV� IRU H[DPSOH� ;0/ DEVWUDFWV
OD\RXW LQIRUPDWLRQ� VXFK DV IRQW VL]HV DQG VW\OHV� :H H[WHQG WKLV LGHD� DQG FRQVLGHU DQ\
GRFXPHQWDWLRQ DV D VHULHV RI PRGHOV� DQG PDSSLQJV EHWZHHQ WKHVH�

,Q RUGHU WR EH DEOH WR PDS EHWZHHQ PRGHOV� L�H�� FUHDWH QHZ DEVWUDFWLRQV� WKHUH LV D
QHHG WR GHILQH ZKDW HOHPHQWV DUH YDOLG LQ WKH PRGHO� :H UHO\ RQ PHWD PRGHOOLQJ� DQG
XVH KLJKHU OHYHO PRGHOV� PHWD PRGHOV� WR GHILQH PRGHOV RQ ORZHU OHYHOV� )RU H[DPSOH�
DQ ;0/ GRFXPHQW LV RIWHQ GHILQHG E\ D VSHFLILF ;0/ 6FKHPD RU 'RFXPHQW 7\SH
'HILQLWLRQ �'7'�� 7KH ;0/ GRFXPHQW FDQ EH FRQVLGHUHG D PRGHO RI D GRFXPHQWDWLRQ�
DQG WKH ;0/ 6FKHPD RU '7' LV WKH PHWD PRGHO� WKDW GHILQHV ZKDW HOHPHQWV WKH PRGHO
FDQ FRQWDLQ� (DFK PRGHO LV GHILQHG E\ D PHWD PRGHO� VR WKHUH LV DEVWUDFWLRQ EHWZHHQ
PRGHOV DQG PHWD PRGHOV�

:H GHILQH DEVWUDFWLRQV RI PHWD PRGHOV DV ZHOO DV PRGHOV� VR WKHUH LV D QHHG WR
PDS EHWZHHQ PHWD PRGHOV� &RQVHTXHQWO\� WKHUH LV D QHHG WR GHILQH WKH YDOLG HOHPHQWV
RI D PHWD PRGHO� L�H�� WKHUH LV D QHHG IRU D PHWD PHWD PRGHO� 7KLV PHWD PHWD PRGHO
GHILQHV ZKDW FDQ EH H[SUHVVHG E\ D PHWD PRGHO� )RU H[DPSOH� EDVHG RQ RXU H[SHULHQFH
IURP WKH IRXU H[DPSOH DQDO\VHV LQ 6HFWLRQ � ZH GHILQH WKUHH GRFXPHQW PRGHOV ZLWK
FRUUHVSRQGLQJ PHWD PRGHOV� )LUVW� WKHUH LV DQ DFWXDO GRFXPHQW�VSHFLILF PRGHO WKDW
FRUUHVSRQGV WR WKH DFWXDO IRUPDW�VFKHPD XVHG� 7KLV PRGHO LV PDSSHG WR D PRUH DEVWUDFW�
JHQHUDO PRGHO� WKDW FDQ UHSUHVHQW �DEVWUDFWLRQV RI� DQ\ GRFXPHQW�VSHFLILF PRGHO WKDW ZH
QHHG WR VXSSRUW� )LQDOO\� ZH XVH DQ DQDO\VLV�VSHFLILF PRGHO WR NHHS DQDO\VHV UHXVDEOH�
HYHQ LI WKH µFRPPRQ¶ PRGHO LV FKDQJHG WR VXSSRUW RWKHU GRFXPHQW�VSHFLILF PRGHOV� :H
UHIHU WR WKH ODWWHU DV �PHWD� PRGHO HYROXWLRQ� DQG GHVFULEH LW LQ GHWDLO LQ 6HFWLRQ �� (DFK
RI WKH PRGHOV UHSUHVHQWV GRFXPHQWV WKDW DOO KDYH WUHH VWUXFWXUHV �D GRFXPHQW FRQWDLQV
D QXPEHU RI VHFWLRQV� ZLWK UHODWLRQVKLSV EHWZHHQ WKH QRGHV �FURVV�UHIHUHQFHV�� 6R� DQ\
PHWD PRGHO LV GHILQHG E\ D VSHFLILF WUHH JUDPPDU WKDW GHWHUPLQHV ZKLFK WUHH VWUXFWXUHV
DUH YDOLG DQG D VHW RI UHODWLRQVKLSV EHWZHHQ QRGHV� 7KH PHWD PHWD PRGHO FRQVLVWV RI
D GHILQLWLRQ RI KRZ D WUHH JUDPPDU LV H[SUHVVHG DQG KRZ UHODWLRQVKLSV DUH GHILQHG�
)LJXUH � GHSLFWV WKH PRGHO OD\HUV DQG WKH OHYHOV RI DEVWUDFWLRQV ZLWKLQ WKH PRGHO DQG
PHWD PRGHO OD\HUV�
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)LJXUH � 7KH WKUHH OD\HUV RI PRGHOV �PHWD PRGHOOLQJ� DQG WKH WKUHH DEVWUDFWLRQ OHYHOV RI WKH
PRGHO DQG PHWD PRGHO OD\HUV
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1RWH� 0RGHOV DUH GHSLFWHG E\ UHFWDQJOHV DQG PDSSLQJV DUH GHSLFWHG E\ FLUFOHV� ' UHSUHVHQWV D
GRFXPHQWDWLRQ� '7 D GRFXPHQWDWLRQ W\SH� DQG $ DQ DQDO\VLV�

7KH WKUHH PHWD PRGHOV DQG WKH PDSSLQJV EHWZHHQ WKHP DUH GHVFULEHG LQ GHWDLO LQ
6HFWLRQ �� 6HFWLRQ � GHVFULEHV WKH PHWD PHWD PRGHO DQG PHWD PRGHO HYROXWLRQ� $Q
LPSOHPHQWDWLRQ EDVHG RQ WKHVH PRGHOV LV GHVFULEHG LQ 6HFWLRQ ��

� 0HWD PRGHOV DQG PDSSLQJV

7KLV VHFWLRQ GLVFXVVHV WKH 'RFXPHQW�6SHFLILF� &RPPRQ� DQG $QDO\VLV�6SHFLILF 0HWD
0RGHOV� DV ZHOO DV WKH PDSSLQJV EHWZHHQ WKHVH LQ PRUH GHWDLO�

��� $ 'RFXPHQW�6SHFLILF 0HWD 0RGHO

$ GRFXPHQWDWLRQ IROORZV VSHFLILF UXOHV DQG FRQYHQWLRQV� VSHFLILHG HLWKHU LPSOLFLWO\
RU H[SOLFLWO\� :H UHIHU WR WKLV DV WKH 'RFXPHQW�6SHFLILF 0HWD 0RGHO� ,Q JHQHUDO� D
GRFXPHQWDWLRQ FRQVLVWV RI HQWLWLHV VWUXFWXUDOO\ FRQWDLQHG LQ HDFK RWKHU DQG UHODWLRQV
EHWZHHQ WKHP�

:H GHILQH D 'RFXPHQW�6SHFLILF 0HWD 0RGHO IRU D GRFXPHQWDWLRQ W\SH '7 DV
MDT = (GDT , RDT )� GDT LV D WUHH JUDPPDU WKDW VSHFLILHV WKH VHW RI PRGHO HQWLWLHV
DQG WKHLU VWUXFWXUDO FRQWDLQPHQW� DQG RDT LV D VHW RI UHODWLRQV RYHU PRGHO HQWLWLHV�
)RUPDOO\� GDT = (TDT , PDT , documentDT ) ZKHUH TDT LV D VHW RI PRGHO HQWLW\
W\SHV� PDT LV D VHW RI SURGXFWLRQV LQ ([WHQGHG %DFNXV�1DXU )RUP �(%1)� WKDW GHILQHV
WKH FRQWDLQPHQW WUHH VWUXFWXUHV� DQG documentDT ∈ TDT LV WKH URRW HQWLW\ W\SH RI WKH
VWUXFWXUDO FRQWDLQPHQW WUHHV� 7KH (%1) SURGXFWLRQV p ∈ PDT DUH RI WKH IRUP W �� H[SU
ZKHUH t ∈ TDT DQG H[SU LV D UHJXODU H[SUHVVLRQ RYHU T ⊆ TDT � 5HJXODU H[SUHVVLRQV DUH



7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D VRIWZDUH LQIUDVWUXFWXUH ��

HLWKHU VHTXHQFHV (t1, . . . , tk)� LWHUDWLRQV �t∗�� RU VHOHFWLRQV (t1| . . . |tk)� RDT GHQRWHV D
VHW RI UHODWLRQV RYHU PRGHO HQWLWLHV� RDT = RDT

1 , . . . , RDT
n � ZKHUH HDFK RDT

i LV GHILQHG
RYHU TDT � DQG 6WULQJ DQG 1XP HQWLWLHV� 7KH ODWWHU UHSUHVHQW JHQHUDO VWULQJ DQG QXPHULFDO
DWWULEXWHV� UHVSHFWLYHO\�

([DPSOH �� /HW MDTD = (GDTD, RDTD) EH WKH 'RFXPHQW�6SHFLILF 0HWD
0RGHO WKDW FRUUHVSRQGV WR D VSHFLILF ;0/ '7'� 7KH WUHH JUDPPDU
GDTD = (TDTD, PDTD, documentDTD) GHILQHV WKH FRQWDLQPHQW VWUXFWXUH WUHHV RI
WKH '7' �L�H�� WKH LQIRUPDWLRQ VHW UHJDUGOHVV RI WKHLU ;0/ HQFRGLQJ�� )LJXUH ��D�
GHSLFWV DQ H[DPSOH RI D FRQWDLQPHQW VWUXFWXUH WUHH� GDTD FRQWDLQV HQWLW\ W\SHV �TDTD�
IRU GRFXPHQWV �GRFXPHQWDTD�� �VXE��VHFWLRQV �VHFWLRQDTD DQG VXEVHFWLRQDTD��
SDUDJUDSKV �SDUDJUDSKDTD�� DQG ILJXUHV �ILJXUHDTD�� 3DUDJUDSKV FRQWDLQ WH[W HQWLWLHV
RI W\SH WH[WDTD DQG UHIHUHQFH HQWLWLHV RI W\SH UHIDTD� 7KH SURGXFWLRQV PDTD GHILQH
WKH VWUXFWXUDO FRQWDLQPHQW EHWZHHQ WKH HQWLWL\ W\SHV �TDTD� LQ VWUXFWXUH WUHHV ZLWK
documentDTD HQWLWLHV DV URRW�

RDTD FRQWDLQV D ELQDU\ UHIHUV UHODWLRQ UHIHUVDTD : UHIDTD × (VHFWLRQDTD ∪
VXEVHFWLRQDTD ∪ ILJXUHDTD) ZKLFK VWDWHV WKDW D UHIHUHQFH FDQ UHIHU WR D VHFWLRQ�
D VXEVHFWLRQ� RU D ILJXUH� RDTD DOVR FRQWDLQV FDSWLRQ DQG FRQWHQW WH[W
UHODWLRQV FDSWLRQDTD : (GRFXPHQWDTD ∪ VHFWLRQDTD ∪ VXEVHFWLRQDTD ∪ ILJXUHDTD ∪
UHIDTD)× 6WULQJ DQG FRQWHQWDTD : WH[WDTD × String� 6WULQJ UHSUHVHQWV WKH FKDUDFWHU
VHTXHQFH RI D FDSWLRQ RU FRQWHQW�

��� 7KH &RPPRQ 0HWD 0RGHO

7KH &RPPRQ 0HWD 0RGHO GHVFULEHV D IDPLO\ RI PRGHOV E\ DEVWUDFWLQJ
GRFXPHQW�VSHFLILF GHWDLOV� :H GHQRWH WKH &RPPRQ 0HWD 0RGHO E\ M = (G,R)� 7KH
RQO\ PDMRU GLIIHUHQFH EHWZHHQ WKH &RPPRQ 0HWD 0RGHO DQG D 'RFXPHQW�6SHFLILF
0HWD 0RGHO LV WKDW UHODWLRQV R PXVW FRQWDLQ D �WK HOHPHQW� D QXPHULFDO LGHQWLILHU WR
PDLQWDLQ WKH GRFXPHQW RUGHU RI UHODWLRQ WXSOHV�

([DPSOH �� /HW M = (G,R) EH WKH &RPPRQ 0HWD 0RGHO WKDW ZH ZLOO XVH LQ RXU
UXQQLQJ H[DPSOH� G = (T, P, GRFXPHQW) GHILQHV WKH FRPPRQ FRQWDLQPHQW VWUXFWXUH WUHHV
WKDW FDQ FRQWDLQ HQWLWLHV IRU GRFXPHQW DQG VHFWLRQ� )LJXUH ��E� GHSLFWV DQ H[DPSOH
RI D VXFK D WUHH� 3URGXFWLRQV P GHILQH WKH VWUXFWXUDO FRQWDLQPHQW RI WKHVH WUHHV� R
FRQWDLQV UHODWLRQV refers : Num× section× section� caption : Num× (document ∪
section)× String DQG content : Num× section× String� 7KHVH UHODWLRQV XVH 6WULQJ
WR UHSUHVHQW WKH FKDUDFWHU VHTXHQFH RI D FDSWLRQ RU FRQWHQW� DQG 1XP WR UHSUHVHQW WKH
QXPHULFDO W\SH RI DQ LGHQWLILHU WKDW HQFRGHV GRFXPHQW RUGHU�

��� 0DSSLQJ IURP D 'RFXPHQW�6SHFLILF 0HWD 0RGHO WR WKH &RPPRQ 0HWD 0RGHO

7KH &RPPRQ 0HWD 0RGHO LV DQ DEVWUDFWLRQ RI GLIIHUHQW 'RFXPHQW�6SHFLILF 0HWD
0RGHOV� )RU HDFK VXFK 'RFXPHQW�6SHFLILF 0HWD 0RGHO� WKH DEVWUDFWLRQ LV GHILQHG E\
D 'RFXPHQW�6SHFLILF 0DSSLQJ� αDT � 7KLV PDSSLQJ LWVHOI LV GHILQHG E\ PDSSLQJ WKH
JUDPPDU GDT WR WKH &RPPRQ 0HWD 0RGHO JUDPPDU G DQG UHODWLRQV RDT WR WKH
&RPPRQ 0HWD 0RGHO UHODWLRQV R�
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αDT LV GHILQHG E\ PDSSLQJ WKH HQWLW\ W\SHV RI D 'RFXPHQW�6SHFLILF 0HWD 0RGHO
WR WKRVH RI WKH &RPPRQ 0HWD 0RGHO� αDT : TDT → T � 7KH 'RFXPHQWDWLRQ�6SHFLILF
0HWD 0RGHO HQWLW\ W\SH documentDT LV DOZD\V PDSSHG WR WKH &RPPRQ 0HWD
0RGHO GRFXPHQW HQWLW\ W\SH� L�H�� αDT (documentDT ) = document� )RU VHOHFWHG
UHODWLRQV RDT

i ∈ RDT � ZH GHILQH PDSSLQJV WR FRUUHVSRQGLQJ UHODWLRQV Ri ∈ R� L�H��
αDT : RDT → R�

,Q JHQHUDO� ZH GR QRW UHTXLUH αDT WR EH VXUMHFWLYH �DQ RQWR PDSSLQJ� RU FRPSOHWH�
VLQFH WKLV ZRXOG EH XQQHFHVVDULO\ UHVWULFWLYH� 6RPH &RPPRQ 0HWD 0RGHO HQWLW\ DQG
UHODWLRQ W\SHV GR QRW FRUUHVSRQG WR HQWLW\ DQG UHODWLRQ W\SHV LQ HYHU\ 'RFXPHQW�6SHFLILF
0HWD 0RGHO �L�H�� QRW VXUMHFWLYH�� DQG VRPH 'RFXPHQW�6SHFLILF 0HWD 0RGHO HQWLW\ DQG
UHODWLRQ W\SHV PD\ EH LJQRUHG �L�H�� QRW FRPSOHWH��

([DPSOH �� 7KH PDSSLQJ αDTD PDSV HQWLW\ DQG UHODWLRQ W\SHV RI WKH
'RFXPHQW�6SHFLILF 0HWD 0RGHO MDTD �([DPSOH �� WR WKH &RPPRQ 0HWD 0RGHO M
�([DPSOH �� DV IROORZV� αDTD(documentDTD) = document� αDTD(sectionDTD) =
section� DQG αDTD(subsectionDTD) = section� (QWLWLHV RI RWKHU W\SHV DUH
GURSSHG� 7KH UHODWLRQ W\SHV DUH PDSSHG DV IROORZV� αDTD(refersDTD) = refers�
αDTD(captionDTD) = caption� DQG αDTD(contentDTD) = content�

��� $QDO\VLV�6SHFLILF 0HWD 0RGHOV DQG WKHLU PDSSLQJ IURP &RPPRQ 0HWD 0RGHOV

$QDO\VHV PLJKW GLUHFWO\ WUDYHUVH WKH GRFXPHQWV UHSUHVHQWHG E\ WKH &RPPRQ 0HWD
0RGHO� H[WUDFW WKH UHTXLUHG LQIRUPDWLRQ� DQG SHUIRUP FRPSXWDWLRQV� :H LQWURGXFH
DQDO\VLV�VSHFLILF YLHZV RQ WKH &RPPRQ 0HWD 0RGHO� L�H�� DEVWUDFWLRQV RI WKH PRGHO� $
YLHZ SURYLGHV WKH H[DFW LQIRUPDWLRQ UHTXLUHG E\ D VSHFLILF DQDO\VLV� ,I D VHW RI DQDO\VHV
XVHV WKH VDPH LQIRUPDWLRQ� WKH\ VKDUH WKH VDPH YLHZ�

9LHZV DUH DEVWUDFWLRQV RI WKH &RPPRQ 0HWD 0RGHO� )RUPDOO\� D YLHZ LV D PHWD
PRGHO WKDW LV VSHFLILF IRU DQ DQDO\VLV� A� DQG LV GHILQHG DV V A = (GA, RA)� GA LV D
WUHH JUDPPDU WKDW VSHFLILHV WKH VHW RI YLHZ HQWLW\ W\SHV DQG WKHLU VWUXFWXUDO FRQWDLQPHQW
UHTXLUHG E\ A� RA LV D VHW RI UHODWLRQV RYHU YLHZ HQWLW\ W\SHV UHTXLUHG E\ A�

9LHZ PRGHO FRQVWUXFWLRQ IROORZV WKH VDPH SULQFLSOHV DV WKH PDSSLQJ DQG DEVWUDFWLRQ
IURP 'RFXPHQW�6SHFLILF WR &RPPRQ 0HWD 0RGHOV� :H LJQRUH FHUWDLQ HQWLW\ W\SHV�
ZKLFK UHVXOWV LQ ILOWHULQJ RI WKH FRUUHVSRQGLQJ QRGHV� :H SURSDJDWH UHOHYDQW GHVFHQGDQWV
RI ILOWHUHG HQWLWLHV WR WKHLU DQFHVWRUV E\ DGGLQJ WKHP DV GLUHFW FKLOGUHQ� 0RUHRYHU� ZH
LJQRUH VRPH UHODWLRQ W\SHV DQG DWWDFK UHPDLQLQJ UHODWLRQV GHILQHG RYHU ILOWHUHG HQWLWLHV
WR WKH UHOHYDQW DQFHVWRUV RI WKRVH HQWLWLHV� 7KH QXPHULFDO 'HSWK�)LUVW�6HDUFK �')6�
UDQN IURP WKH &RPPRQ 0HWD 0RGHO PD\ EH FRSLHG RU GURSSHG GHSHQGLQJ RQ ZKHWKHU
GRFXPHQW RUGHU SOD\V D UROH RU QRW IRU D VSHFLILF DQDO\VLV A� $V LQ RXU PDSSLQJ IURP
'RFXPHQW�6SHFLILF WR &RPPRQ 0HWD 0RGHOV� WKH FRQVWUXFWLRQ RI D YLHZ LV GHILQHG
XVLQJ D PDSSLQJ VSHFLILFDWLRQ GHQRWHG αA� ZKHUH A LV D VSHFLILF VHW RI DQDO\VHV�

)LQDOO\� DQDO\VHV DFFHVV WKH FRUUHVSRQGLQJ YLHZ DQG SHUIRUP FRPSXWDWLRQV� :H
GHOLEHUDWHO\ VNLS D GLVFXVVLRQ RQ KRZ WR FDSWXUH DQDO\VLV UHVXOWV DV SDUW RI WKH PRGHO
DQG GLVSOD\ WKHP >FI�� /R̈ZH DQG 3DQDV ������ IRU DSSOLFDEOH VWUDWHJLHV@�



7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D VRIWZDUH LQIUDVWUXFWXUH ��

([DPSOH �� 'HILQH DQ DQDO\VLV� &RXSOLQJ� ZKLFK FRPSXWHV WKH UHODWLYH FRXSOLQJ
RI D VHFWLRQ� 7KH DQDO\VLV FRPSXWHV WKH UDWLR RI UHIHUHQFHV ZLWKLQ VHFWLRQ s
DQG LWV VXEVHFWLRQV� GHQRWHG ORFDO5HIV(V) = |{UHIHUV(V�, V�) : FRQWDLQV∗(s, s1) ∧
FRQWDLQV∗(s, s2)}|� DQG DOO UHIHUHQFHV LQFRPLQJ WR DQG RXWJRLQJ IURP s� GHQRWHG
allRefs(s) = |{refers(s1, s2) : FRQWDLQV∗(s, s1) ∨ FRQWDLQV∗(s, s2)}|� ,Q VKRUW�
&RXSOLQJ(V) = ORFDO5HIV(V)/DOO5HIV(V)� $Q DSSURSULDWH $QDO\VLV�6SHFLILF 0HWD
0RGHO V &RXSOLQJ FRQWDLQV WKH HQWLW\ W\SHV GRFXPHQW&RXSOLQJ DQG VHFWLRQ&RXSOLQJ�
DQG WKH UHODWLRQ W\SH UHIHUV&RXSOLQJ : 9RLG× VHFWLRQ&RXSOLQJ × VHFWLRQ&RXSOLQJ ZLWK WKH
PDSSLQJV α&RXSOLQJ(GRFXPHQW) = GRFXPHQW&RXSOLQJ� α&RXSOLQJ(VHFWLRQ) = VHFWLRQ&RXSOLQJ�
DQG α&RXSOLQJ(UHIHUV) = UHIHUV&RXSOLQJ� 1RWH WKDW &RXSOLQJ LJQRUHV WKH RUGHU LQ ZKLFK
UHIHUHQFHV RFFXU DQG WKHUHIRUH GURSV WKH FRUUHVSRQGLQJ ')6 LG HQWLW\ RI W\SH 1XP IURP
WKH &RPPRQ 0HWD 0RGHO UHODWLRQ UHIHUV : 1XP× VHFWLRQ× VHFWLRQ� DORQJ ZLWK RWKHU
LUUHOHYDQW HQWLWLHV DQG UHODWLRQV�

)LJXUH � VKRZV WKH 'RFXPHQW�6SHFLILF 0HWD 0RGHO IURP ([DPSOH �� DQG KRZ LW
LV PDSSHG WR WKH &RPPRQ 0HWD 0RGHO �([DPSOH ���� DQG DQ $QDO\VLV�6SHFLILF 0HWD
0RGHO IRU WKH &RXSOLQJ DQDO\VLV �([DPSOH ��� ,Q WKLV H[DPSOH� WKH &RXSOLQJ LV ��� IRU
6HFWLRQ � DQG � IRU DOO RWKHU VHFWLRQV�

� $Q LQIUDVWUXFWXUH IRU TXDOLW\ DVVHVVPHQW

,Q 6HFWLRQ � ZH LQWURGXFHG D V\VWHP ZKHUH ZH XVH DEVWUDFWLRQ DQG PHWD PRGHOOLQJ
WR WR GHILQH DQDO\VHV WR DVVHVV DQG YLVXDOLVH TXDOLW\� :H GHILQHG PHWD PRGHOV IRU WKH
'RFXPHQW�6SHFLILF� &RPPRQ DQG $QDO\VLV�6SHFLILF PRGHOV� DQG LQWURGXFHG PDSSLQJV
EHWZHHQ WKHVH LQ 6HFWLRQ �� ,Q WKLV VHFWLRQ� ZH SUHVHQW D VRIWZDUH LQIUDVWUXFWXUH WKDW LV
DQ LPSOHPHQWDWLRQ RI WKLV V\VWHP�

7KH LQIUDVWUXFWXUH FRQVLVWV RI WKUHH PDMRU FRPSRQHQWV�

� WKH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\ WKDW FDSWXUHV PRGHOV RI WKH GRFXPHQWDWLRQV

� UHDGHUV WKDW PDS GRFXPHQWDWLRQV WR WKH UHSRVLWRU\

� DQDO\VHV WKDW DVVHVV DQG PRGLI\ WKH UHSRVLWRU\ DQG YLVXDOLVDWLRQV WKDW SUHVHQW
LQWHUDFWLYH YLHZV RI WKH UHSRVLWRU\ WR VWDNHKROGHUV� H�J�� WHFKQLFDO ZULWHUV� SURGXFW
PDQDJHUV� HWF�

��� 7KH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\

7KH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\ LV WKH FHQWUH RI WKH LQIUDVWUXFWXUH� ,W FDSWXUHV
DEVWUDFWLRQV �PRGHOV� RI GRFXPHQWDWLRQV� DQG DQ\ DQDO\VLV RU YLVXDOLVDWLRQ XVHV
GDWD VWRUHG LQ LW� $V GLVFXVVHG LQ 6HFWLRQ � WKHUH H[LVW VHYHUDO GLIIHUHQW PRGHOV
RI D GRFXPHQWDWLRQ� 7KH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\ FDSWXUHV PRGHOV RI
GRFXPHQWDWLRQV DFFRUGLQJ WR WKH &RPPRQ 0HWD 0RGHO� 0RGHOV WKDW DUH GHVFULEHG E\
YDULRXV $QDO\VLV�6SHFLILF 0HWD 0RGHOV DUH FRPSXWHG IURP WKH UHSRVLWRU\ �FI�� 6HFWLRQ �
IRU GHWDLOV��

7KH PHWD PRGHOV FRQVLVWV RI HQWLWLHV DQG UHODWLRQVKLSV� DQG ZH XVH
(QWLW\�5HODWLRQVKLS �(�5� GLDJUDPV WR GHVFULEH WKHP �FI�� 6HFWLRQ � IRU GHWDLOV��
)LJXUH � GHSLFWV WKH &RPPRQ 0HWD 0RGHO IRU WKH DQDO\VHV GHVFULEHG LQ 6HFWLRQ ��
7KH LPSOHPHQWDWLRQ �FODVVHV DQG PHWKRGV LQ -DYD� LV DXWRPDWLFDOO\ JHQHUDWHG IURP
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VXFK (�5 GLDJUDPV� :H XVH WKH &RPPRQ 0HWD 0RGHO DV D FRQILJXUDWLRQ SDUDPHWHU
WR LQVWDQWLDWLRQ RI WKH LQIUDVWUXFWXUH� 7KLV ZD\� WKH PHWD PRGHO FDQ EH DGDSWHG WR WKH
DFWXDO GRFXPHQWDWLRQ W\SHV WKDW ZH ZDQW WR DQDO\VH�

)LJXUH � (QWLW\�UHODWLRQVKLS GLDJUDP RI WKH &RPPRQ 0HWD 0RGHO XVHG LQ 6HFWLRQ �

1RWH� (QWLWLHV �ER[HV� ZLWK DWWULEXWHV �HOOLSVRLGV� DQG UHODWLRQV �GLDPRQGV� IRU FDSWXULQJ
GRFXPHQWDWLRQ GDWD �GDUN JUH\ ZLWK ZKLWH ODEHOV� DQG PHWD�GDWD �OLJKW JUH\ ZLWK
EODFN ODEHOV�

)LJXUH � 0DSSLQJ RI 'RFXPHQW�6SHFLILF WR &RPPRQ �JUH\� DQG $QDO\VLV�6SHFLILF PRGHOV
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1RWH� (QWLWLHV RI WKH WKUHH PRGHOV DUH ODEHOOHG ZLWK WKHLU LG �')6 UDQN� DQG W\SH� 'DVKHG HGJHV
GLVSOD\ VWUXFWXUDO FRQWDLQV� VROLG HGJHV FRQWHQW DQG UHIHUV UHODWLRQV�
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7KH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\ FDQ EH FRQVLGHUHG DV D GDWDEDVH WKDW FDSWXUHV
HQWLWLHV DQG UHODWLRQV EHWZHHQ WKHVH HQWLWLHV �LQFOXGLQJ WKH FRQWDLQLQJ WUHH VWUXFWXUH�� 7KH
$QDO\VLV�6SHFLILF 0HWD 0RGHO YLHZV DUH VLPLODU WR YLHZV LQ 64/�

��� 5HDGHUV WKDW PDS GRFXPHQWDWLRQV WR WKH UHSRVLWRU\

7R DSSO\ SUHGHILQHG DQDO\VHV DQG YLVXDOLVDWLRQV� WKHUH LV D QHHG WR PDS GRFXPHQWDWLRQV
WKDW DUH FDSWXUHG LQ D VSHFLILF IRUPDW� VXFK DV ;0/� WR WKH &RPPRQ 0HWD 0RGHO�
7KLV SURFHVV FDQ EH FRQVLGHUHG D WZR�VWDJH SURFHVV� ZKHUH ZH ILUVW FUHDWH D PRGHO RI
WKH GRFXPHQWDWLRQ DFFRUGLQJ WR WKH 'RFXPHQW�6SHFLILF 0HWD 0RGHO� :H WKHQ DSSO\ D
PDSSLQJ WR PDS WKLV PRGHO WR HQWLWLHV DQG UHODWLRQVKLSV WKDW H[LVW LQ WKH &RPPRQ 0HWD
0RGHO� 7KH PDSSLQJ RI WKH FRQWDLQPHQW WUHHV LV GHILQHG UHFXUVLYHO\� 6WDUWLQJ DW WKH
URRW� ZH WUDYHUVH WKH GRFXPHQW�VSHFLILF FRQWDLQPHQW WUHH LQ ')6 RUGHU� :H FUHDWH QHZ
&RPPRQ 0HWD 0RGHO HQWLWLHV IRU 'RFXPHQW�6SHFLILF 0HWD 0RGHO HQWLWLHV RI W\SHV WKDW
KDYH D PDSSLQJ GHILQHG� 7KHVH DUH UHIHUUHG WR DV WKH UHOHYDQW HQWLWLHV� $Q\ LUUHOHYDQW
'RFXPHQW�6SHFLILF HQWLWLHV DUH LJQRUHG�

$ JHQHULF HYHQW�EDVHG LQWHUIDFH EHWZHHQ 'RFXPHQW�6SHFLILF DQG &RPPRQ 0HWD
0RGHOV DQG DQ DEVWUDFW DOJRULWKP WR PDS PRGHO HQWLWLHV DUH JLYHQ LQ 3URFHGXUHV �� ��
DQG �� $ WUHH�ZDONHU �FI�� 3URFHGXUH ��� LQLWLDOO\ FDOOHG ZLWK WKH URRW HQWLW\ RI WKH VSHFLILF
PRGHO� WUDYHUVHV WKH FRQWDLQPHQW WUHH LQ ')6 RUGHU DQG JHQHUDWHV VWDUW1RGH�HYHQWV RQ
WUDYHUVDO GRZQZDUGV DQG ILQLVK1RGH�HYHQWV RQ WUDYHUVDO XSZDUGV� UHVSHFWLYHO\� (QWLWLHV
RI WKH VWUXFWXUDO FRQWDLQPHQW WUHH DUH SDLUV �LG� W�� ZLWK LG ∈ 1XP DQG t ∈ T DV WKH HQWLW\
LGHQWLILHU �D ')6 UDQN UHSUHVHQWLQJ WKH GRFXPHQW RUGHU� DQG W\SH� UHVSHFWLYHO\�

7KH &RPPRQ 0RGHO GDWD VWUXFWXUH LV FUHDWHG E\ WKH FRUUHVSRQGLQJ HYHQW�OLVWHQHU�
VWDUW1RGH �VHH 3URFHGXUH �� DQG ILQLVK1RGH �VHH 3URFHGXUH ��� 7KH\ SUHVHUYH WKH WUHH
VWUXFWXUH EXW ILOWHU RXW LUUHOHYDQW HQWLWLHV�

3URFHGXUH �

 SURFHGXUH JHQHUDWH7UHH(YHQWVn = (id; t)
 VWDUW1RGHn
 IRU c ∈ FKLOGUHQ2I1RGH(n) GR
 JHQHUDWH7UHH(YHQWVc
 HQG IRU
 ILQLVK1RGHn
 HQG SURFHGXUH

3URFHGXUH �

 SURFHGXUH VWDUW1RGHn = (id; tDT )
 LI αDT (tDT ) LV GHILQHG WKHQ
 FUHDWH QHZ HQWLW\ n

′
← (id;αDT (tDT ))

 DSSHQG n
′ WR FKLOGUHQ RI 6WDFNWRS

 6WDFNSXVKn′
 HQG LI
 PDSn ← 6WDFNWRS " GHILQHV FORVHVW UHOHYDQW DQFHVWRU RI n
 HQG SURFHGXUH
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3URFHGXUH �

 SURFHGXUH ILQLVK1RGHn = (id; tDT )
 LI αDT (tDT ) LV GHILQHG WKHQ
 6WDFNSRS
 HQG LI
 HQG SURFHGXUH

$ 'RFXPHQW�6SHFLILF UHODWLRQ LV D VHW RI WXSOHV RDT
i (n1, . . . , nk) RYHU VWUXFWXUDO

FRQWDLQPHQW WUHH HQWLWLHV �DQG SRVVLEO\ VWULQJ DQG QXPHULFDO DWWULEXWHV�� :KHQ
FRQVWUXFWLQJ WKH FRPPRQ PRGHO� ZH LJQRUH WKH UHODWLRQV WKDW DUH QRW PDSSHG E\
αDT � /HW RDT

i : tDT
1 × . . .× tDT

k EH D GRFXPHQW�VSHFLILF UHODWLRQ ZLWK D PDSSLQJ
αDT (RDT

i ) = Ri�
$VVXPH WKDW HDFK HQWLW\ W\SH tDT

j LV PDSSHG E\ αDT � 7KHQ� HDFK HQWLW\ LQ WXSOHV
RDT

j (n1, . . . , nk) ZLOO KDYH D FRUUHVSRQGHQFH LQ WKH &RPPRQ 0HWD 0RGHO DQG Ri

FDQ EH GHILQHG RYHU WKRVH HQWLWLHV� +RZHYHU� WKH IROORZLQJ WKUHH VLWXDWLRQV PDNH WKLV
PDSSLQJ PRUH FRPSOH[�

)LUVW� LI αDT LV QRW GHILQHG IRU D W\SH RI DQ HQWLW\ ni LQ RDT
i (n1, . . . , nk)� ZH

ZLOO µOLIW¶ WKH UHODWLRQ WR ni¶V FORVHVW UHOHYDQW DQFHVWRU HQWLW\� 7KDW LV WKH HQWLW\ LQ WKH
&RPPRQ 0RGHO FRUUHVSRQGLQJ WR WKH FORVHVW WUDQVLWLYH SDUHQW RI ni� ZKLFK LV UHOHYDQW�
,W LV FDSWXUHG E\ PDS(ni)� GHILQHG LQ 3URFHGXUH � DQG XVHG LQ 3URFHGXUH ��

6HFRQG� WKH �WK HOHPHQW RI DQ\ FRPPRQ UHODWLRQ Ri : Num× t1 ×
. . .× tk LV D QXPHULFDO LGHQWLILHU ZKLFK ZH LPSOLFLWO\ JHQHUDWH� (DFK WXSOH
RDT

i (n1 = (LG, tDT ) . . . nk) LV PDSSHG WR Ri(LG,PDS(n1), . . . ,PDS(nk))� L�H�� ZH PDNH
WKH HQWLW\ LGHQWLILHU LG RI WKH ILUVW WXSOH HOHPHQW n1 LQ WKH WDUJHW UHODWLRQ Ri H[SOLFLW�
7KLV LV QHFHVVDU\� DV n1 PLJKW EH LUUHOHYDQW DQG WKH UHODWLRQ FDQ JHW OLIWHG WR D SDUHQW
p RI n1� $QRWKHU UHODWLRQ WXSOH ZLWK ILUVW HOHPHQW n′ = (LG′, tDT )� ZLWK LG < LG′� PD\
JHW OLIWHG WR WKH VDPH SDUHQW p� EXW ZH VWLOO FDQ VRUW WKH WDUJHW WXSOHV DFFRUGLQJ WR WKH
GRFXPHQW RUGHU RI WKHLU RULJLQV�

7KLUG� LI nDT
i LV D 6WULQJ RU D 1XP LQVWDQFH WKHQ ni LV HLWKHU WKH VDPH 6WULQJ RU

1XP LQVWDQFH� RU LV H[SOLFLWO\ GURSSHG XVLQJ D VSHFLDO HQWLW\ FDOOHG 9RLG� ,W LV QHYHU
WUDQVIRUPHG LQ DQ\ RWKHU ZD\� 7KH PDSSLQJ RI D VSHFLILF WR D FRPPRQ UHODWLRQ LV
SHUIRUPHG LQ D VHFRQG SDVV DIWHU WKH FUHDWLRQ RI WKH FRPPRQ PRGHO VWUXFWXUH WUHH� ,W XVHV
WKH HYHQW JHQHUDWRU JHQHUDWH5HODWLRQ(YHQWV �VHH 3URFHGXUH �� DQG WKH FRUUHVSRQGLQJ
HYHQW OLVWHQHU QHZ5HODWLRQ7XSOH �VHH 3URFHGXUH ���

3URFHGXUH �

 SURFHGXUH JHQHUDWH5HODWLRQ(YHQWVRDT 
 IRU DOO RDT

i ∈ RS GR
 LI αDT (RDT

i ) LV GHILQHG WKHQ
 IRU DOO RDT

i (n1, . . . , nk) GR
 QHZ5HODWLRQ7XSOHaDT (RDT

i ), (n1, . . . , nk)
 HQG IRU
 HQG LI
 HQG IRU
 HQG SURFHGXUH
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3URFHGXUH �

 SURFHGXUH QHZ5HODWLRQ7XSOHRi, (n1, . . . , nk)
 IRU DOO nj ← (id, tDT

j ) ∈ n1, . . . , nk GR
 LI M   WKHQ
 r0← id

 HQG LI ! FUHDWH WK HOHPHQW RI WDUJHW UHODWLRQ
 LI (tDT

j = String ∨ t
DT
j = Num) ∧ tj = V oid WKHQ ! GURS VWULQJ RU QXPHULFDO

YDOXH
 rj ← 9RLG
 HOVH LI tDT

j = tj = String ∨ t
DT
j = tj = Num WKHQ ! FRS\ VWULQJ RU QXPHULFDO

YDOXH
 rj ← nj

 HOVH ! OLIW WKH UHODWLRQ WR WKH FORVHV UHOHYDQW DQFHVWRU
 rj ← PDS(nj) ! PDS FDSWXUHV WKH FORVHVW UHOHYDQW DQFHVWRU RI nj DV GHILQHG LQ

3URFHGXUH 
 HQG LI
 HQG IRU
 DGG WXSOH r0, r1, . . . , rk WR UHODWLRQ Ri

 HQG SURFHGXUH

1RWH WKDW WKH DEVWUDFW HYHQW JHQHUDWLRQ �DOJRULWKP VFKHPD� DQG WKH HYHQW KDQGOHUV ZRUN
LQGHSHQGHQWO\ RI GLIIHUHQW UHDO ZRUOG GRFXPHQWDWLRQ W\SHV DQG WKHLU PDSSLQJV WR WKH
FXUUHQW FRPPRQ PHWD PRGHO� 7KH DEVWUDFW HYHQW JHQHUDWLRQ DQG WKH HYHQW KDQGOLQJ GR
QRW FKDQJH ZKHQ DQ\ RI WKHVH FRPSRQHQWV FKDQJH� +RZHYHU� D FRQFUHWH LPSOHPHQWDWLRQ
RI WKH DEVWUDFW HYHQW JHQHUDWLRQ� L�H�� WKH LPSOHPHQWDWLRQ RI 3URFHGXUHV � DQG �� DUH
GRFXPHQW�VSHFLILF DQG PXVW REH\ LWV VSHFLILF PHWD PRGHO LPSOHPHQWDWLRQ� 1RWH WKDW ZH
QHHG QRW PDS DOO HQWLWLHV DQG UHODWLRQV WKDW D GRFXPHQWDWLRQ SURYLGHV WR WKH FRPPRQ
PRGHO� :H PD\ GR WKDW OD]LO\ ZKHQ UHTXLUHG E\ DQDO\VHV�

7KH UHDGHUV DUH GHILQHG XVLQJ D SURJUDP ODQJXDJH� DQG DQ\WKLQJ WKDW FDQ EH DFFHVVHG
E\ VRIWZDUH� H�J�� WH[W ILOHV� GDWDEDVHV� ZHE VHUYHUV� FDQ EH PDSSHG WR WKH UHSRVLWRU\�
)RU PDQ\ FRPPRQ IRUPDWV� VXFK DV ;0/� WKHUH H[LVW SUHGHILQHG SURFHVVLQJ OLEUDULHV
DQG IUDPHZRUNV� ,Q VXFK FDVHV� LW LV WULYLDO WR GHILQH D UHDGHU�

��� 5HXVDEOH DQDO\VHV DQG YLVXDOLVDWLRQV

$QDO\VHV VXFK DV WKH FORQH GHWHFWLRQ DQG UHIHUHQFH DQDO\VLV UHDG IURP DQG ZULWH WR
WKH UHSRVLWRU\� 6LQFH WKH UHSRVLWRU\ DQG WKH PRGHOV RI WKH GRFXPHQWDWLRQ LW FRQWDLQV
DUH LQGHSHQGHQW RI WKH GRFXPHQW IRUPDW� DQDO\VHV FDQ HDVLO\ EH UHXVHG IRU VHYHUDO
GRFXPHQWDWLRQV�

:H XVH YLVXDOLVDWLRQV WR FRPPXQLFDWH LQIRUPDWLRQ WR VWDNHKROGHUV DERXW WKH
GRFXPHQWDWLRQ DQG WKH DQDO\VHV ZH SHUIRUP� $ YLVXDOLVDWLRQ GHILQHV D PDSSLQJ IURP WKH
LQIRUPDWLRQ FRQWDLQHG LQ WKH UHSRVLWRU\ WR D YLVXDO GRPDLQ� 7KH YLVXDO GRPDLQ FRQWDLQV
REMHFWV ZLWK YDULRXV DWWULEXWHV� VXFK DV VKDSHV� FRORXUV� SDWWHUQV� DQG SRVLWLRQV� 7KH
PDSSLQJ EHWZHHQ WKH WZR EULQJV PHDQLQJ DQG FRQWH[W WR WKH YLVXDO REMHFWV LQ WHUPV RI
GRFXPHQWDWLRQ DQG TXDOLW\�
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$ YLVXDOLVDWLRQ LV D VSHFLILF NLQG RI DQDO\VLV WKDW RSHUDWHV RQ VSHFLILF YLHZV RI
WKH UHSRVLWRU\� 7KH PDSSLQJV FUHDWHG E\ WKHVH DQDO\VHV FDQ EH FRQILJXUHG� :H PDS
UHSRVLWRU\ HQWLWLHV �RI GLIIHUHQW W\SHV� WR YLVXDO REMHFWV �RI GLIIHUHQW VKDSH RU FRORXU� DQG
PDS WKHLU TXDOLW\ DWWULEXWHV WR YLVXDO DWWULEXWHV RI WKHVH REMHFWV�

� 0HWD PRGHO HYROXWLRQ

7KH LQLWLDO &RPPRQ DQG $QDO\VLV�6SHFLILF 0HWD 0RGHOV DUH XVXDOO\ GHVLJQHG WR EH
VXLWDEOH IRU D VHW RI GRFXPHQWDWLRQ W\SHV DQG DQDO\VHV� 1HZ GRFXPHQWDWLRQ W\SHV �DQG
DQDO\VHV� WKDW RQO\ SURYLGH �UHOLHV RQ� HQWLWLHV DQG UHODWLRQV FRQWDLQHG LQ WKH FXUUHQW
&RPPRQ 0HWD 0RGHO DUH WULYLDO WR DGG� ,Q WKH JHQHUDO FDVH� ZKHQ D QHZ GRFXPHQWDWLRQ
W\SH RU D QHZ DQDO\VLV LV DGGHG� WKH PHWD PRGHO QHHGV WR HYROYH� ,Q WKLV VHFWLRQ ZH
VKRZ KRZ WR FRQWURO DQG UHGXFH WKH HIIHFW WKHVH PHWD PRGHO FKDQJHV KDYH RQ H[LVWLQJ
DQDO\VHV�

$VVXPH WKDW DQ DQDO\VLV A FDQQRW EH DSSOLHG WR HQWLW\ DQG UHODWLRQ W\SHV FDSWXUHG
LQ DQ\ RI WKH H[LVWLQJ $QDO\VLV�6SHFLILF 0HWD 0RGHOV� EXW WKH UHTXLUHG W\SHV DUH
DOUHDG\ FDSWXUHG LQ WKH &RPPRQ 0HWD 0RGHO� ,Q WKLV FDVH� D QHZ $QDO\VLV�6SHFLILF
0HWD 0RGHO V A DQG D QHZ PDSSLQJ αA IURP WKH &RPPRQ WR WKLV $QDO\VLV�6SHFLILF
0HWD 0RGHO QHHGV WR EH VSHFLILHG� 7KHUH LV QR DGGLWLRQDO LPSOHPHQWDWLRQ HIIRUW VLQFH
HYHQW�JHQHUDWRUV DQG HYHQW�KDQGOHUV WKDW SRSXODWH WKH QHZ PHWD PRGHO DUH JHQHUDWHG
DXWRPDWLFDOO\ �VHH 3URFHGXUHV � WR � LQ 6HFWLRQ ���

,Q WKH PRUH JHQHUDO FDVH� D QHZ DQDO\VLV DOVR UHTXLUHV DQ H[WHQVLRQ RI WKH
&RPPRQ 0HWD 0RGHO WKDW LQ WXUQ LPSOLHV WKDW WKH FRPPRQ PRGHO FUHDWLRQ LV DIIHFWHG�
)XUWKHUPRUH� WKH GRFXPHQWDWLRQV DUH HLWKHU DEOH WR SURYLGH WKHVH H[WHQGHG W\SHV RI
HQWLWLHV DQG UHODWLRQV� RU HOVH D QHZ GRFXPHQWDWLRQ W\SH ± DORQJ ZLWK WKH FRUUHVSRQGLQJ
GRFXPHQW�VSHFLILF PDSSLQJV ± QHHGV WR EH LQWHJUDWHG� ,Q ERWK FDVHV� WKHUH LV D QHHG
WR H[WHQG WKH &RPPRQ 0HWD 0RGHO M DQG WKH 'RFXPHQW�6SHFLILF 0DSSLQJ�V�� αDT �
*LYHQ WKDW VWUXFWXUH WUHH DQG UHODWLRQ HYHQW JHQHUDWRUV ZRUN DFFRUGLQJ WR 3URFHGXUHV �
DQG �� QR DGGLWLRQDO SURJUDPPLQJ LV QHHGHG ZKHQ UHXVLQJ DQ H[LVWLQJ GRFXPHQWDWLRQ
W\SH� :H QHHG WR VSHFLI\ WKH PLVVLQJ HQWLW\ DQG UHODWLRQ W\SHV DV UHOHYDQW LQ αDT �
DQG WKH &RPPRQ ,QIRUPDWLRQ 5HSRVLWRU\ DQG PRGHOV DUH JHQHUDWHG DXWRPDWLFDOO\� 1HZ
GRFXPHQWDWLRQ W\SHV UHTXLUH VSHFLILF LPSOHPHQWDWLRQV RI 3URFHGXUHV � DQG ��

([DPSOH �� $VVXPH WKH &RPPRQ 0HWD 0RGHO IURP ([DPSOH � WKDW FRQWDLQV GRFXPHQW
DQG VHFWLRQ HQWLWLHV DQG UHIHUV DQG FRQWDLQV UHODWLRQV� DQG WKH $QDO\VLV�6SHFLILF 0HWD
0RGHO IURP ([DPSOH � IRU FRPSXWLQJ &RXSOLQJ EHWZHHQ VHFWLRQV� :H FDQ QRZ
DGG D QHZ &RPSOH[LW\ DQDO\VLV WKDW FRXQWV SDUDJUDSKV E\ LQWURGXFLQJ SDUDJUDSK
HQWLWLHV WR WKH &RPPRQ 0HWD 0RGHO� :H FKDQJH WKH JUDPPDU SURGXFWLRQV DFFRUGLQJO\
WR FDSWXUH WKH QHZ VWUXFWXUDO FRQWDLQPHQW� GRFXPHQW ::= VHFWLRQ∗ DQG VHFWLRQ ::=
(VHFWLRQ|SDUDJUDSK)∗�

:H FDQ GHILQH D QHZ $QDO\VLV�6SHFLILF 0HWD 0RGHO V &RPSOH[LW\ ZLWK D FRUUHVSRQGLQJ
$QDO\VLV�6SHFLILF 0DSSLQJ α&RPSOH[LW\ IURP WKH QHZ &RPPRQ 0HWD 0RGHO� %DVHG RQ
V &RPSOH[LW\� ZH FDQ LPSOHPHQW RXU &RPSOH[LW\ DQDO\VLV�

1RWH WKDW RXU $QDO\VLV�6SHFLILF 0HWD 0RGHO V &RXSOLQJ DQG LWV PDSSLQJ α&RXSOLQJ DV
ZHOO DV WKH &RXSOLQJ DQDO\VLV IURP ([DPSOH � UHPDLQ XQFKDQJHG� 7KH RULJLQDO &RPPRQ
0HWD 0RGHO UHODWLRQ UHIHUV : 1XP× VHFWLRQ× VHFWLRQ� EHFRPHV WKH QHZ &RPPRQ
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0HWD 0RGHO UHODWLRQ UHIHUV : 1XP× SDUDJUDSK× VHFWLRQ� VLQFH SDUDJUDSKV DUH QRZ WKH
UHOHYDQW DQFHVWRUV RI UHI HQWLWLHV LQ WKH &RPPRQ 0HWD 0RGHO� +RZHYHU� ZKHQ DSSO\LQJ
α&RXSOLQJ WR WKH QHZ &RPPRQ 0HWD 0RGHO� V &RXSOLQJ UHPDLQV XQFKDQJHG� L�H�� LWV
JUDPPDU SURGXFWLRQV DUH VWLOO� GRFXPHQW&RXSOLQJ ::= VHFWLRQ&RXSOLQJ∗ DQG VHFWLRQ&RXSOLQJ ::=
VHFWLRQ&RXSOLQJ∗ DQG WKH UHIHUV&RXSOLQJ UHODWLRQ W\SH LV VWLOO UHIHUV&RXSOLQJ�9RLG×
VHFWLRQ&RXSOLQJ × VHFWLRQ&RXSOLQJ DV EHIRUH� 7KLV LV EHFDXVH VHFWLRQ&RXSOLQJ HQWLWLHV DUH WKH
UHOHYDQW DQFHVWRUV RI SDUDJUDSK HQWLWLHV LQ WKH DQDO\VLV�VSHFLILF PDSSLQJ α&RXSOLQJ� +HQFH�
WKH ROG &RXSOLQJ DQDO\VLV FDQ EH UHXVHG DQG LV DSSOLFDEOH ZLWKRXW DQ\ FKDQJH�

7KH HIIHFWV RI FKDQJLQJ WKH &RPPRQ 0HWD 0RGHO DUH RIWHQ ILOWHUHG E\ VXEVHTXHQW
$QDO\VLV�6SHFLILF 0HWD 0RGHOV� 7KLV VKRXOG QRW FRPHV DV D VXUSULVH VLQFH WKH
$QDO\VLV�6SHFLILF 0DSSLQJ LV GHILQHG E\ H[SOLFLWO\ GHFODULQJ UHOHYDQW HQWLW\ DQG UHODWLRQ
W\SHV� QHZO\ LQWURGXFHG W\SHV ZHUH QRW NQRZQ EDFN WKHQ DQG� KHQFH� FRXOG QRW KDYH
EHHQ GHFODUHG UHOHYDQW LQ DOUHDG\ H[LVWLQJ DQDO\VLV�VSHFLILF PDSSLQJ VSHFLILFDWLRQV� $V
ORQJ DV FKDQJHV RQO\ H[WHQG WKH FRPPRQ PRGHO WUHHV� DQDO\VLV�VSHFLILF PDSSLQJV ZRXOG
FRPSHQVDWH IRU WKH FKDQJH DQG �UH��SURGXFH WKH RULJLQDO $QDO\VLV�6SHFLILF 0RGHO IRU
WKH H[LVWLQJ DQDO\VHV� +RZHYHU� E\ FKDQJLQJ WKH &RPPRQ 0HWD 0RGHO DQG� WKHUHE\�
UHOHYDQW HQWLW\ DQG UHODWLRQ W\SHV� ZH FDQ H[SHULHQFH UHXVH SUREOHPV� ,I IRUPHUO\
LUUHOHYDQW HQWLWLHV EHFRPH UHOHYDQW� PDSSLQJV PD\ FUHDWH UHODWLRQV WKDW QR ORQJHU KDYH
WKH VDPH W\SH DV EHIRUH� 3UDFWLFDOO\� WKLV ZRXOG PHDQ WKDW D UHODWLRQ R WKDW XVHG WR
EH DWWDFKHG WR DQ HQWLW\ RI W\SH X LV QRZ DWWDFKHG WR D GHVFHQGDQW RI WKDW HQWLW\ RI
W\SH Y � 7KLV� LQ WXUQ� FRXOG OHDG WR VLWXDWLRQV ZKHUH DQDO\VHV FDQQRW ZRUN DV EHIRUH�
)RU LQVWDQFH� DQ DQDO\VLV LWHUDWHV DOO HQWLWLHV RI W\SH X DQG FRXQWV WKH QXPEHU RI WLPHV
WKDW WKHVH HQWLWLHV RFFXU LQ D UHODWLRQ R� 0RGHO H[WHQVLRQ FKDQJHV WKH UHVXOW RI WKLV
DQDO\VLV� WKH FRXQW LV QRZ DOZD\V � VLQFH RQO\ Y HQWLWLHV RFFXU LQ R �DQG QR X
HQWLW\ DQ\PRUH�� +HQFH� DQDO\VHV FDQQRW EH UHXVHG ZLWKRXW �SURJUDPPHG� DGDSWDWLRQ�
)RUWXQDWHO\� WKH HIIHFW RI FKDQJHV LQ WKH &RPPRQ 0HWD 0RGHO LV RIWHQ QRW YLVLEOH LQ
WKH H[LVWLQJ $QDO\VLV�6SHFLILF 0RGHOV DQG� KHQFH� PDQ\ DQDO\VHV FDQ EH DSSOLHG ZLWKRXW
FKDQJHV�

7KHUH DUH VDIH FKDQJHV WR WKH &RPPRQ 0HWD 0RGHO JXDUDQWHHG QRW WR DIIHFW DQ
DQDO\VLV A�

• DGGLQJ D QHZ W\SH WR D VHTXHQFH H[SUHVVLRQ RQ WKH ULJKW�KDQG VLGH RI D SURGXFWLRQ

• DGGLQJ DQ H[LVWLQJ W\SH X WR D VHTXHQFH LI QR RWKHU W\SH UHOHYDQW IRU A FDQ
WUDQVLWLYHO\ EH GHULYHG IURP X

• LQWURGXFLQJ D QHZ SURGXFWLRQ X ::= . . . LI QR W\SH UHOHYDQW IRU A FDQ WUDQVLWLYHO\
EH GHULYHG IURP ;

• DGGLQJ D QHZ UHODWLRQ R�

,Q DOO WKHVH FDVHV� WKH HQWLWLHV DQG UHODWLRQV LQWURGXFHG WR WKH FRPPRQ PRGHO ZLOO EH
ILOWHUHG E\ H[LVWLQJ $QDO\VLV�6SHFLILF 0DSSLQJV DQG WKH UHODWLRQV ZLOO EH DWWDFKHG WR
WKH RULJLQDO HQWLW\ W\SHV LQ WKH $QDO\VLV�6SHFLILF 0RGHOV �SURRIV DUH RPLWWHG KHUH��
&RQYHUVHO\� LI D PHWD PRGHO FKDQJH LV QRW VDIH IRU DQ DQDO\VLV A� ZH VKRXOG FKHFN DQG
SRWHQWLDOO\ DGDSW A�



�� 0� (ULFVVRQ HW DO�

� 5HODWHG ZRUN

'DWD DQG LQIRUPDWLRQ TXDOLW\ DUH FRPPRQO\ FRQVLGHUHG PXOWL�GLPHQVLRQDO �.OHLQ� �����
DQG FRQWH[W�GHSHQGHQW FRQFHSWV� $ FRPPRQ GHILQLWLRQ RI �LQIRUPDWLRQ� TXDOLW\ SURYLGHG
E\ -XUDQ ������ LV µILWQHVV IRU XVH¶�

+DUJLV HW DO� ������ GLVFXVV TXDOLW\ RI LQIRUPDWLRQ DQG GHILQH QLQH TXDOLW\
FKDUDFWHULVWLFV� IRU H[DPSOH� DFFXUDF\ DQG FODULW\� 7KHVH QLQH TXDOLW\ FKDUDFWHULVWLFV DUH
GLYLGHG LQWR WKUHH FDWHJRULHV� HDV\ WR XVH� XQGHUVWDQG� DQG ILQG� 7KH FKDUDFWHULVWLFV DUH
TXLWH EURDG� H�J�� FODULW\ GRHV LQFOXGH FRQFHSWV DV FRQFLVHQHVV DQG FRQVLVWHQF\�

$UWKXU DQG 6WHYHQV ������ SUHVHQW D IUDPHZRUN WR DVVHVV WKH µDGHTXDF\¶ RI
VRIWZDUH PDLQWHQDQFH GRFXPHQWDWLRQ� 7KHLU IUDPHZRUN GHILQHV TXDOLW\ DV IRXU GRFXPHQW
TXDOLW\ LQGLFDWRUV �'4,V�� DFFXUDF\� FRPSOHWHQHVV� XVDELOLW\� DQG H[WHQGLELOLW\� 7KH '4,V
DUH GHFRPSRVHG LQWR IDFWRUV WKDW UHILQH D TXDOLW\� DQG IDFWRUV DUH GHFRPSRVHG LQWR
TXDQWLILHUV WKDW DUH XVHG WR PHDVXUH D IDFWRU� $ IDFWRU RI DFFXUDF\ LV FRQVLVWHQF\�
ZKLFK LQFOXGHV WKH TXDQWLILHUV� FRQFHSWXDO DQG IDFWXDO FRQVLVWHQF\� :LQJNYLVW HW DO�
�����E� SUHVHQW D VLPLODU PRGHO IRU WHFKQLFDO GRFXPHQWDWLRQ� ZKLFK LV EDVHG RQ WKH LGHD
RI NH\ SHUIRUPDQFH LQGLFDWRUV WKDW DUH FRQVLGHUHG DQ DSSOLFDWLRQ RI WKH PRUH JHQHUDO
*RDO�4XHVWLRQ�0HWULF �%DVLOL HW DO�� ����� DSSURDFK IURP �VRIWZDUH� TXDOLW\ DVVHVVPHQW�

7KHUH H[LVW VHYHUDO TXDOLW\ IUDPHZRUNV IRU GDWD DQG LQIRUPDWLRQ TXDOLW\� IRU H[DPSOH�
:DQJ DQG 6WURQJ ������� 6WYLOLD HW DO� ������� 1DXPDQQ ������ DQG &KLGDPEHU DQG
.HPHUHU ������� .QLJKW DQG %XUQ ������ SURYLGHV DQ RYHUYLHZ RI VRPH RI WKHVH�
DQG *H DQG +HOIHUW ������ SURYLGH D UHYLHZ RI WKH UHVHDUFK LQ LQIRUPDWLRQ TXDOLW\
�LQFOXGLQJ IUDPHZRUNV�� 0RVW RI WKH IUDPHZRUNV DUH KLHUDUFKLFDO� DQG JURXS LQIRUPDWLRQ
TXDOLW\ GLPHQVLRQV� )RU H[DPSOH� WKH IUDPHZRUN E\ :DQJ DQG 6WURQJ ������ JURXSV
�� TXDOLW\ GLPHQVLRQV� VXFK DV DFFXUDF\ DQG UHOHYDQFH� LQWR IRXU GLPHQVLRQV �L�H��
,QWULQVLF� $FFHVVLELOLW\� &RQWH[WXDO� DQG 5HSUHVHQWDWLRQDO ,4�� 0DQ\ RI WKH TXDOLW\
GLPHQVLRQV DUH FRPPRQ WR VHYHUDO IUDPHZRUNV� .QLJKW DQG %XUQ ������� IRU H[DPSOH�
GLVFRYHUHG WKDW RXW RI �� VXUYH\HG IUDPHZRUNV� HLJKW LQFOXGHG DFFXUDF\ DQG VHYHQ
LQFOXGHG FRQVLVWHQF\�

,Q PDQ\ FDVHV� LQIRUPDWLRQ TXDOLW\ LV DVVHVVHG XVLQJ VXUYH\V� H�J�� +XDQJ HW DO�
������ DQG /HH HW DO� ������� 7KH IUDPHZRUN GLVFXVVHG E\ $UWKXU DQG 6WHYHQV ������
LV DVVHVVHG XVLQJ D FKHFNOLVW DSSURDFK� ZKLFK LV DOVR XVHG E\ 6WYLOLD HW DO� �������
+DUJLV HW DO� ������ VXJJHVWV D FRPELQDWLRQ RI VXUYH\V DQG FKHFNOLVWV� :LQJNYLVW HW DO�
������ VXJJHVW WR FRPSOHPHQW VXUYH\V DQG FKHFNOLVWV ZLWK TXDOLW\ PHWULFV �GHULYHG IURP
VRIWZDUH TXDOLW\ PHWULFV� WR DXWRPDWH WKH TXDOLW\ DVVHVVPHQW� 7KH\ DFNQRZOHGJH WKDW WKH
SURFHVV FDQQRW EH IXOO\ DXWRPDWHG� GXH WR TXDOLWLHV VXFK DV HDVH RI XQGHUVWDQGLQJ� DQG
VXJJHVWV LQIRUPDWLRQ WHVWLQJ DV D FRPSOHPHQW �:LQJNYLVW HW DO�� ����D��

7KH WRRO VHW DQG PHWD PRGHOV GLVFXVVHG LQ WKLV SDSHU DUH LQVSLUHG E\ UHVHDUFK RQ
VRIWZDUH TXDOLW\ DVVHVVPHQW� ,W UHOLHV RQ KLJK�OHYHO DEVWUDFWLRQV� L�H�� PHWD PRGHOV� RI
VRIWZDUH WKDW FRQWDLQV HQRXJK LQIRUPDWLRQ WR VXSSRUW DQDO\VHV� 0HWD PRGHOV UHOHYDQW
LQ WKH VRIWZDUH TXDOLW\ DVVHVVPHQW FRPPXQLW\ LQFOXGH WKH REMHFW�RULHQWHG )$0,; PHWD
PRGHO GHYHORSHG LQ WKH (XURSHDQ (VSULW 3URMHFW )$0226 �%D̈U HW DO�� ������ DQG WKH
'DJVWXKO 0LGGOH 0HWD �'00� PRGHO �/HWKEULGJH HW DO�� ������ 6WUHLQ HW DO� ������
SUHVHQWHG WKH LGHDV RI VRIWZDUH PHWD PRGHO GHILQLWLRQ DQG HYROXWLRQ� ,W SURYLGHV D VRXQG
IRXQGDWLRQ WKDW LQIRUPDWLRQ TXDOLW\ DVVHVVPHQW FDQ UHODWH WR�



7KH GHVLJQ DQG LPSOHPHQWDWLRQ RI D VRIWZDUH LQIUDVWUXFWXUH ��

� &RQFOXVLRQV DQG IXWXUH ZRUN

7KLV DUWLFOH SUHVHQWV D VRIWZDUH LQIUDVWUXFWXUH IRU TXDOLW\ DVVHVVPHQW DQG DVVXUDQFH
RI �WHFKQLFDO� GRFXPHQWDWLRQ� 7KH LQIUDVWUXFWXUH LV EDVHG RQ D &RPPRQ ,QIRUPDWLRQ
5HSRVLWRU\ DQG UHDGHUV WKDW PDS WR LW� DQDO\VHV WKDW DFFHVV DQG XSGDWH LW� DQG
YLVXDOLVDWLRQV WKDW KHOS XQGHUVWDQGLQJ WKH UHVXOWV LW FRQWDLQV� :H VKRZ KRZ WKH XVH RI
PHWD PRGHOV DQG PHWD PHWD PRGHOV DOORZV XV WR DXWRPDWLFDOO\ JHQHUDWH WKH UHDGHUV DQG
WKH UHSRVLWRU\� DQG KHOS PDNH DQDO\VHV DQG YLVXDOLVDWLRQV UHVLOLHQW WR FKDQJHV WR WKH
UHDGHUV DQG UHSRVLWRU\� $V D SURRI RI FRQFHSW� ZH VXFFHVVIXOO\ DSSOLHG LQVWDQWLDWLRQV
RI WKH LQIUDVWUXFWXUH WR DQDO\VH DQG DVVHVV WKH TXDOLW\ RI UHDO ZRUOG GRFXPHQWDWLRQ�
LQFOXGLQJ WKH GRFXPHQWDWLRQ RI D PRELOH SKRQH DQG D ZDUVKLS�

:H DUH FXUUHQWO\ DGGLQJ QHZ DQDO\VHV IURP H[LVWLQJ TXDOLW\ PRGHOV� VXFK DV WKH
RQHV GLVFXVVHG LQ UHODWHG ZRUN� :H DUH DOVR GHYHORSLQJ QHZ DQDO\VHV EDVHG RQ UHDO
ZRUOG UHTXLUHPHQWV LQ FROODERUDWLRQ ZLWK LQGXVWU\ SDUWQHUV� :H DUH DOVR LQYHVWLJDWLQJ
KRZ DQDO\VHV WKDW RSHUDWH RQ V\QWDFWLF DQG VHPDQWLF OHYHOV RI ODQJXDJH FDQ EH XVHG WR
FRPSOHPHQW DQDO\VHV WKDW RSHUDWH RQ WKH VWUXFWXUH RI WKH LQIRUPDWLRQ �H�J�� ;0/�� :H
KDYH LQWHJUDWHG QDWXUDO ODQJXDJH SURFHVVLQJ WRRONLWV LQ WKH UHDGHUV DQG GHYHORSHG �PHWD�
PRGHOV WKDW VXSSRUW QDWXUDO ODQJXDJH VWUXFWXUHV� :H DUH FRQGXFWLQJ HYDOXDWLRQV RI KRZ
DFFXUDWHO\ RXU DQDO\VHV FDQ EH XVHG WR GHWHFW TXDOLW\ GHIHFWV� DQG LI D FRQWLQXRXV TXDOLW\
DVVHVVPHQW DQG DVVXUDQFH EDVHG RQ RXU LQIUDVWUXFWXUH KDV DQ\ LPSDFW RQ WKH SHUFHLYHG
TXDOLW\ RI WKH GRFXPHQWDWLRQ�

$FNQRZOHGJHPHQWV

7KH UHVHDUFK SUHVHQWHG LQ WKLV DUWLFOH ZDV LQ SDUW IXQGHG E\ WKH .QRZOHGJH
)RXQGDWLRQ �*UDQW 1R� ���������� DQG 6ZHGLVK *RYHUQPHQWDO $JHQF\ IRU
,QQRYDWLRQ 6\VWHPV �9,1129$� �*UDQW 1R� ������������ :H ZRXOG DOVR OLNH WR
H[WHQG RXU JUDWLWXGH WR $SSOLHG 5HVHDUFK LQ 6\VWHP $QDO\VLV $% �$5L6$ $%�
KWWS���ZZZ�DULVD�VH� IRU SURYLGLQJ XV ZLWK WKH 9L]]$QDO\]HU WRRO DQG WR 6LJPD .XGRV
$%� �KWWS���ZZZ�VLJPDNXGRV�FRP� IRU SURYLGLQJ XV ZLWK WKHLU &RQWHQW 0DQDJHPHQW
6\VWHP �'RF)DFWRU\� DQG UDZ GDWD�

$ YHUVLRQ RI WKLV DUWLFOH ZDV SUHVHQWHG DW WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
,QIRUPDWLRQ 4XDOLW\�

5HIHUHQFHV
$UWKXU� -�'� DQG 6WHYHQV� .�7� ������ µ'RFXPHQW TXDOLW\ LQGLFDWRUV� D IUDPHZRUN IRU DVVHVVLQJ

GRFXPHQWDWLRQ DGHTXDF\¶� -RXUQDO RI 6RIWZDUH 0DLQWHQDQFH� 6HSWHPEHU� 9RO� �� 1R� ��
SS����±���� ,661 ��������;�

%D̈U� +�� %DXHU� 0�� &LXSNH� 2�� 'HPH\HU� 6�� 'XFDVVH� 6�� /DQ]D� 0�� 0DULQHVFX� 5�� 1HEEH� 5��
1LHUVWUDV]� 2�� 3U]\ELOVNL� 0�� 5LFKQHU� 7�� 5LHJHU� 0�� 5LYD� &�� 6DVVHQ� $�� 6FKXO]� %��
6WH\DHUW� 3�� 7LFKHODDU� 6� DQG :HLVEURG� -� ������ µ7KH IDPRRV REMHFW�RULHQWHG UHHQJLQHHULQJ
KDQGERRN¶ >RQOLQH@ KWWS���ZZZ�LDP�XQLEH�FK� IDPRRV�KDQGERRN� �DFFHVVHG 2FWREHU��

%DVLOL� 9�5�� &DOGLHUD� *� DQG 5RPEDFK� +�'� ������ µ7KH JRDO TXHVWLRQ PHWULF DSSURDFK¶�
LQ (QF\FORSHGLD RI 6RIWZDUH (QJLQHHULQJ� :LOH\�

&KLGDPEHU� 6�5� DQG .HPHUHU� &�)� ������ µ$ PHWULFV VXLWH IRU REMHFW�RULHQWHG GHVLJQ¶� ,(((
7UDQVDFWLRQV RQ 6RIWZDUH (QJLQHHULQJ� 9RO� ��� 1R� �� SS����±����



�� 0� (ULFVVRQ HW DO�

*H� 0� DQG +HOIHUW� 0� ������ µ$ UHYLHZ RI LQIRUPDWLRQ TXDOLW\ UHVHDUFK ± GHYHORS D UHVHDUFK
DJHQGD¶� LQ 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 4XDOLW\�
1RYHPEHU�

+DUJLV� *�� &DUH\� 0�� +HUQDQGH]� $�.�� +XJKHV� 3�� /RQJR� '� DQG 5RXLOOHU� 6� ������
'HYHORSLQJ 4XDOLW\ 7HFKQLFDO ,QIRUPDWLRQ" $ +DQGERRN IRU :ULWHUV DQG (GLWRUV� 3HDUVRQ
(GXFDWLRQ� 8SSHU 6DGGOH 5LYHU� 1-� ,6%1 �����������

+XDQJ� .�7�� :DQJ� <�5� DQG /HH� :�<� ������ 4XDOLW\ ,QIRUPDWLRQ DQG .QRZOHGJH� 3UHQWLFH
+DOO� 8SSHU 6DGGOH 5LYHU� 1-� ,6%1 ��������������

-XUDQ� -� ������ -XUDQ¶V 4XDOLW\ &RQWURO +DQGERRN� �WK HG�� 0F*UDZ�+LOO� 1HZ <RUN� 1<� 86$�
.OHLQ� %�'� ������ µ8VHU SHUFHSWLRQV RI GDWD TXDOLW\� ,QWHUQHW DQG WUDGLWLRQDO WH[W VRXUFHV¶�

-RXUQDO RI &RPSXWHU ,QIRUPDWLRQ 6\VWHPV� 9RO� ��� 1R� �� SS��±���
.QLJKW� 6�$� DQG %XUQ� -� ������ µ'HYHORSLQJ D IUDPHZRUN IRU DVVHVVLQJ LQIRUPDWLRQ TXDOLW\ RQ

WKH :RUOG :LGH :HE¶� ,QIRUPLQJ 6FLHQFH� 9RO� �� 1R� �� SS����±����
/HH� <�:�� 6WURQJ� '�0�� .DKQ� %�.� DQG :DQJ� 5�<� ������ µ$LPT� D PHWKRGRORJ\ IRU

LQIRUPDWLRQ TXDOLW\ DVVHVVPHQW¶� ,QIRUPDWLRQ 	 0DQDJHPHQW� 9RO� ��� 1R� �� SS����±����
/HWKEULGJH� 7�&�� 7LFKHODDU� 6� DQG 3ORHGHUHGHU� (� ������ µ7KH GDJVWXKO PLGGOH PHWDPRGHO¶�

LQ 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO :RUNVKRS RQ 0HWD�0RGHOV DQG 6FKHPDV IRU 5HYHUVH
(QJLQHHULQJ �DWH0 ������ 0D\� 9RO� ��� SS��±���

/R̈ZH� :� DQG 3DQDV� 7� ������ µ5DSLG FRQVWUXFWLRQ RI VRIWZDUH FRPSUHKHQVLRQ WRROV¶�
,QWHUQDWLRQDO -RXUQDO RI 6RIWZDUH (QJLQHHULQJ DQG .QRZOHGJH (QJLQHHULQJ� 9RO� ��� 1R� ��
SS����±�����

1DXPDQQ� )� ������ 4XDOLW\�GULYHQ 4XHU\ $QVZHULQJ IRU ,QWHJUDWHG ,QIRUPDWLRQ 6\VWHPV�
6SULQJHU�9HUODJ� %HUOLQ� +HLGHOEHUJ� ,6%1 ������������;�

6PDUW� .�� 0DGULJDO� -� DQG 6HDZULJKW� .� ������ µ7KH HIIHFW RI GRFXPHQWDWLRQ RQ FXVWRPHU
SHUFHSWLRQ RI SURGXFW TXDOLW\¶� ,((( 7UDQVDFWLRQV RQ 3URIHVVLRQDO &RPPXQLFDWLRQ�
6HSWHPEHU� 9RO� ��� 1R� �� SS����±���� ,661 ���������� GRL� ������������������

6WUHLQ� '�� /LQFNH� 5�� /XQGEHUJ� -� DQG /R̈ZH� :� ������ µ$Q H[WHQVLEOH PHWD�PRGHO IRU SURJUDP
DQDO\VLV¶� ,((( 7UDQV� 6RIWZDUH (QJ�� 9RO� ��� 1R� �� SS����±����

6WYLOLD� %�� *DVVHU� /�� 7ZLGDOH� 0�%� DQG 6PLWK� /�&� ������ µ$ IUDPHZRUN IRU LQIRUPDWLRQ
TXDOLW\ DVVHVVPHQW¶� -$6,67� 9RO� ��� 1R� ��� SS�����±�����

:DQJ� 5�<� DQG 6WURQJ� '�0� ������ µ%H\RQG DFFXUDF\� ZKDW GDWD TXDOLW\ PHDQV WR GDWD
FRQVXPHUV¶� -� 0DQDJH� ,QI� 6\VW�� 9RO� ��� 1R� �� SS��±��� ,661 ����������

:LQJNYLVW� $�� (ULFVVRQ� 0�� /R̈ZH� :� DQG /LQFNH� 5� �����D� µ,QIRUPDWLRQ TXDOLW\ WHVWLQJ¶�
/HFWXUH 1RWHV LQ ,QIRUPDWLRQ 3URFHVVLQJ �/1%,3�� 6HSWHPEHU� 9RO� ��� SS���±���

:LQJNYLVW� $�� (ULFVVRQ� 0�� /R̈ZH� :� DQG /LQFNH� 5� �����E� µ$ PHWULFV�EDVHG DSSURDFK WR
WHFKQLFDO GRFXPHQWDWLRQ TXDOLW\¶� LQ 3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ WKH
4XDOLW\ RI ,QIRUPDWLRQ DQG &RPPXQLFDWLRQV 7HFKQRORJ\� SS����±����

:LQJNYLVW� $�� (ULFVVRQ� 0� DQG /R̈ZH� :� ������ µ0DNLQJ VHQVH RI WHFKQLFDO LQIRUPDWLRQ
TXDOLW\ ± D VRIWZDUH�EDVHG DSSURDFK¶� -RXUQDO RI 6RIWZDUH 7HFKQRORJ\� 9RO� ��� 1R� ��
SS���±���


