
������0DUFK������
:DVHGD�8QLYHUVLW\��

7RN\R��-DSDQ

ICST 2017, ICSTW 2017,
& IWESEP 2017

��WK�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�7HVWLQJ��
9HULILFDWLRQ�DQG�9DOLGDWLRQ��,&67������

��WK�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�7HVWLQJ��9HULILFDWLRQ�DQG�
9DOLGDWLRQ�:RUNVKRSV��,&67:������

�WK�,(((�,QWHUQDWLRQDO�:RUNVKRS�RQ�(PSLULFDO�6RIWZDUH�(QJLQHHULQJ�LQ�
3UDFWLFH��,:(6(3������





��WK�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�7HVWLQJ��
9HULILFDWLRQ�DQG�9DOLGDWLRQ�

��WK�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RIWZDUH�7HVWLQJ��
9HULILFDWLRQ�DQG�9DOLGDWLRQ�:RUNVKRSV�

&RQIHUHQFH�3URJUDP�

������0DUFK�����
:DVHGD�8QLYHUVLW\��7RN\R��-DSDQ



Message from the ICST 2017 General Chairs 

Yokoso! We welcome you all to Tokyo, Japan, for the 10th IEEE International Conference on 
Software Testing, Verification and Validation (ICST 2017). Yes, ICST is 10 years old! It seems 
like only yesterday that the founders of this conference were talking about establishing ICST, 
emphasizing the importance of having a flagship all-encompassing annual event for the software 
testing and verification community. Over the years, ICST has indeed become the go-to event for 
our field.  

We are excited that ICST 2017 is being held in Japan, a country known for its innovation and 
practical application of quality improvement processes. Beautiful and impressive Tokyo, the 
capital of Japan is the focal point of much of Japan’s financial and industrial activity. Holding 
the conference in Tokyo has ensured the participation and support of major companies and 
professional organizations. Tokyo also boasts of facilities important for a successful conference. 
It has been ranked first in the "Best overall experience" category of TripAdvisor's World City 
Survey. The city also ranked first in the categories: Helpfulness of locals, Nightlife, Shopping, 
Local public transportation and Cleanliness of streets. The Michelin Guide has awarded Tokyo 
by far the most Michelin stars of any city in the world. Tokyo also has plenty of cultural and 
exciting places such as museums, the sumo wrestling arena, the kabuki theater, and Akihabara 
town.  

Our aim is to have this meeting continue the long ICST tradition of fostering the integration of 
software testing and verification research and practice, which is why we have worked very hard 
to develop a strong technical content that combines research, practice, and tools. For this, our 
deep thanks go to Ina Schieferdecker and Hironori Washizaki, Chairs of the Main Technical 
Track Program Committee for putting together an amazing technical program. In addition, we 
also wish to thank Bao Nguyen and Xun Yuan for Chairing the Industry Papers Track and 
encouraging practitioners to showcase their work on the application of recently developed 
techniques to real industrial software systems. We thank Domenico Amalfitano and Tatsuhiro 
Tsuchiya, Chairs of the Testing Tools Papers Track, for putting together an excellent set of 
papers that describe new tools for software testing and verification. We thank Zhenyu Chen and 
Ana Paiva, Tool Demonstrations Chairs, for all their hard work both before and during the 
conference so that we can get first hand experience with new tools. We thank Aho Pekka, Posters 
Chair, for single-handedly putting together an amazing set of posters for us to enjoy during the 
conference and coffee breaks. Finally, we thank Kinji Akemine, Emil Alégroth, Shinsuke 
Matsuki, and Tanja E. J. Vos, for organizing the International Software Testing Contest, in 
which new techniques can compete to detect the maximum number of bugs. 

On the organizational front, we are deeply indebted and grateful to Myra Cohen and Wei Le, our 
Workshops Chairs, who managed and organized all the workshops associated with ICST; Anna 
Rita Fasolino and Jeff Offutt, for running the Doctoral Symposium, a valuable event for our PhD 
students; Sreedevi Sampath and Tetsuro Katayama, our Finance Chairs who had to balance our 
budgets and deal with IEEE rules; Renee Bryce and Zebao Gao, our Awards Chairs for creating 
our awards plaques and certificates; Shingo Takada, our Student Volunteers Chair for organizing 
and taking care of our student volunteers; Leslie C Milton, our Diversity Chair, for ensuring that 
diversity was considered at all points in the conference; Susumu Tokumoto, our Registration 
Chair for putting together a wonderful registration system; Hideo Tanida and Tomohiko Takagi, 
our Proceedings Chairs for ensuring that these proceedings make it to you on time; Toshiaki 
Aoki, our Publicity Chair, for spreading the word about this event; Shuji Morisaki, our Tutorials 
Chair, for organizing this year’s tutorials; and Masato Matsuoka, Michael Mlynarski, Andrej 
Pietschker, Adam Porter, and Shlomo Mark, our Marketing Chairs, for reaching out to sponsors; 
Saiji Nema, our Web Chair, for putting together our website and keeping it updated; Keizo 
Tatsumi, our Social Networking Chair for managing our social networking; and Satomi 
Yoshizawa and Chio Fujimoto, our Local Arrangements Chairs for their extreme patience and 
help with this conference.  

We are especially excited about our two panel discussions, the first of which bring together 
practitioners from Industry to discuss their current software testing practices, and the challenges 
they face. Our second panel discusses issues of software quality in our Computer Science and 
Engineering University curricula, and efforts to design a quality-driven curriculum.  

It takes a diverse and hard-working team to put a conference together. Working with this team 
has been an amazing experience for us. Working together, we hope that we have created an event 
that is long remembered by the community, both enjoyable and educational. Once again, we 
welcome you to ICST 2017. 

General Chairs of ICST 2017 

Atif Memon
University of Maryland, USA

atif@cs.umd.edu

Yasuharu Nishi 
University of Electro-Communications 
Tokyo, Japan 
Yasuharu.Nishi@uec.ac.jp 
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Message from the ICST 2017 Program Chairs 

It is our great pleasure to welcome you to Waseda University, Tokyo, Japan, for ICST 2017, 
the 10th IEEE International Conference on Software Testing, Verification and Validation! 

ICST continues to be the premier conference on software quality. Along with the increasing 
importance of software in all types of cyberphysical systems (e.g., safety-critical, security-
critical, mission-critical or autonomous systems), both the demands and challenges of 
software quality engineering have continued to grow. In its 10th anniversary, ICST celebrates 
recent excellent results in software testing, verification and validation. It brings together 
researchers and practitioners who work on theoretical foundations, methods, algorithms, 
technologies, tools and applications in software testing, verification and validation.  

ICST is the top forum for presentations and discussions on all aspects of software testing, 
verification and validation. The conference program includes 3 keynotes by John Micco, 
Google, USA; Kenji Nishikawa, Toyota Motor Corporation, Japan; and Andreas Zeller, 
Saarland University, Germany. In the main research program, 36 full papers and 8 short 
papers out of 135 paper submissions are presented in 14 sessions. The selected papers cover a 
variety of topics including faults, theory and complexities, security testing, model-based 
testing, parallel systems and concurrency, web and mobile applications, regression testing, 
automated and run-time testing, empirics on testing, search-based testing, and model checking 
and verification. The industrial track attracted 18 submissions of which 6 were accepted. 
Moreover, the testing tools papers track attracted 29 submissions of which 10 were accepted. 
They will be presented in sessions on 14–16 March 2017. The submissions altogether 
demonstrate the strong ongoing interest in the field. 

Furthermore, ICST presents 7 workshops including Mutation (12th International Workshop 
on Mutation Analysis), TAIC PART (12th Workshop on Testing: Academia-Industry 
Collaboration, Practice and Research Techniques), ITEQS (1st International Workshop on 
Testing Extra-Functional Properties and Quality Characteristics of Software Systems), IWCT 
(6th International Workshop on Combinatorial Testing), A-MOST (13th Workshop on 
Advances in Model-Based Testing), InSTA (4th International Workshop on Software Test 
Architecture), and ACSE (First Asian Symposium on Collaborative Software Engineering). 
The doctoral symposium includes 7 presentations by PhD students. The 3 co-located events, 
IWESEP (8th IEEE International Workshop on Empirical Software Engineering in Practice), 
AsianPLoP (6th Asian Conference on Pattern Languages of Programs), and IPSJ/SIGSE 
(195th meeting of Special Interest Group on Software Engineering, Information Processing 
Society of Japan), together with the special session on Aerospace IV&V, the poster session, 
tool demonstrations, panels, and the testing contest complete the program.  

We would like to extend our most heartfelt thanks to all the authors of all the submitted 
papers and proposed workshops, who are working hard to advance our field, to improve 
software quality, and to share their advancements at ICST. Special thanks go to the 73 
program members and external reviewers who each did up to 10 detailed, well-argued reviews 
and meta-reviews in a timely manner and contributed to the discussion in the selection 
process. We thank the authors and the keynote speakers, who provide the content of our 
program and are presenting their contributions at the conference. Last but not least, the ICST 
steering committee always had good recommendations and provided help whenever it was 
need. Thank you! 

You all greatly helped us in selecting and shaping this great program for ICST 2017. We hope 
that you will find the program interesting and inspiring for your upcoming work and research.  

Finally, we look forward to meeting and having discussions with presenters and participants. 
Please all take the opportunity to exchange results, to share visions and ideas, to learn from 
each other, and to meet new colleagues and potential collaborators in our young and vibrant 
software testing, verification, and validation community.  

Please enjoy the conference program!  

Program Chairs of ICST 2017 

Ina Schieferdecker Hironori Washizaki 
Fraunhofer FOKUS / TU Berlin Waseda University  
Germany / National Institute of Informatics 

/ SYSTEM INFORMATION 
Japan 
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ICST 2017 Organization 
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Doctoral Symposium Chairs 
Anna Rita Fasolino, Università degli Studi di Napoli Federico II,Italy 

Jeff Offutt, George Mason University, USA 

Industry Track Chairs 
Bao N. Nguyen, Google, USA 

Xun Yuan, Google, USA 

Testing Tools Track Chairs 
Domenico Amalfitano, Università degli Studi di Napoli Federico II, Italy 

Tatsuhiro Tsuchiya, Osaka University, Japan 
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Ana Paiva, University of Porto, Portugal 
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Social Networking Chair 
Keizo Tatsumi, ASTER, Japan 
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Tutorial Chair 
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Marketing Chair for Japan 
Masato Matsuoka, Kaspersky Labs, Japan 
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Lori Pollock, University of Delaware, USA 
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Shin Yoo, KAIST, Korea 
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5����)DXOW�/RFDOL]DWLRQ�DQG�,QMHFWLRQ
�&KDLU��0LNH�3DSDGDNLV�

'����,QWURGXFWLRQ�RI�WKH�7RROV�WR�EH�'HPRQVWUDWHG
�&KDLU��$QD�3DLYD�

�������
�����

7RZDUGV�$�7HVWEHG�IRU�$XWRPRWLYH�&\EHUVHFXULW\
��'DQLHO�6��)RZOHU��0DGHOLQH�&KHDK��6LUDM�$KPHG�6KDLNK
��DQG�-HUHP\�%U\DQV
+RZ�WR�7HVW�LQ�6L[WHHQ�/DQJXDJHV"�$XWRPDWLRQ�
6XSSRUW�IRU�/RFDOL]DWLRQ�7HVWLQJ
��5XGROI�5DPOHU�DQG�5REHUW�+RVFKHN

1RQ�6HPDQWLFV�3UHVHUYLQJ�7UDQVIRUPDWLRQV�)RU�
+LJKHU�&RYHUDJH�7HVW�*HQHUDWLRQ�8VLQJ�6\PEROLF�
([HFXWLRQ
��+D\HV�&RQYHUVH��2VZDOGR�2OLYR�DQG�6DUIUD]�.KXUVKLG
8QFHUWDLQW\�'ULYHQ�%ODFN�%R[�7HVW�'DWD�
*HQHUDWLRQ
��1HLO�:DONLQVKDZ�DQG�*RUGRQ�)UDVHU
$XWRPDWHG�7HVW�*HQHUDWLRQ�DQG�0XWDWLRQ�7HVWLQJ�
IRU�$OOR\
��$OOLVRQ�6XOOLYDQ��.DL\XDQ�:DQJ��5D]LHK�1RNKEHK�=DHHP
��DQG�6DUIUD]�.KXUVKLG

/RFDOL]LQJ�)DXOWV�LQ�64/�3UHGLFDWHV
��<XQ�*XR��$PLKDL�0RWUR�DQG�1DQ�/L
3UHYDOHQFH�RI�6LQJOH�)DXOW�)L[HV�DQG�LWV�,PSDFW�RQ�
)DXOW�/RFDOL]DWLRQ
��$OH[DQGUH�3HUH]��5XL�$EUHX�DQG�0DUFHOR�G
$PRULP
),)$��$�.HUQHO�/HYHO�)DXOW�,QMHFWLRQ�)UDPHZRUN�IRU�
$50�EDVHG�(PEHGGHG�/LQX[�6\VWHP
��(XQMLQ�-HRQJ��1DPJRR�/HH��-LQKDQ�.LP��'XVHRN�.DQJ
��DQG�6RRQKRL�+D

3UHVHQWDWLRQV�RQ�WKH�WRROV�WR�EH�GHPRQVWUDWHG�LQ
'���'����/LYH�'HPRQVWUDWLRQV
����PLQXWHV�HDFK��LQ�WKH�RUGHU�OLVWHG�LQ�WKH�SURJUDP
IRU�'���'���

�������
�����

�������
����� /XQFK �������

�����

5����''HEXJJLQJ��&RPSRVLWH�)DXOWV�DQG�&RPSOH[LW\�$QDO\VLV�
�&KDLU��-RVH�0LJXHO�5RMDV�

7����0RGHO�&KHFNLQJ�DQG�'6/�EDVHG�7HVWLQJ
�&KDLU��(XQ�+\H�&KRL� 5����0RGHO�%DVHG�7HVWLQJ�,,��&KDLU��1DQ�/L� '�������/LYH�'HPRQVWUDWLRQV

�&KDLU��%UXQR�/LPD�

�������
�����

8VLQJ�'HOWD�'HEXJJLQJ�WR�0LQLPL]H�6WUHVV�7HVWV�
IRU�&RQFXUUHQW�'DWD�6WUXFWXUHV
��-LQJ�;X��<X�/HL�DQG�5LFKDUG�&DUYHU
7KH�7KHRU\�RI�&RPSRVLWH�)DXOWV
��5DKXO�*RSLQDWK��&DUORV�-HQVHQ�DQG�$OH[�*URFH
6\PEROLF�&RPSOH[LW\�$QDO\VLV�XVLQJ�&RQWH[W�
SUHVHUYLQJ�+LVWRULHV
��.DVSHU�/XFNRZ��5RG\�.HUVWHQ�DQG�&RULQD�3DVDUHDQX

1,9$QDO\]HU��D�7RRO�IRU�$XWRPDWLFDOO\�'HWHFWLQJ�
DQG�9HULI\LQJ�1H[W�,QWHQW�9XOQHUDELOLWLHV�LQ�$QGURLG�
$SSV
��-XQMLH�7DQJ��;LQJPLQ�&XL��=LPLQJ�=KDR��6KDQTLQJ�*XR�
��;LQVKXQ�;X��&KHQJ\X�+X��7DR�%DQ�DQG�%LQJ�0DR
(IILFLHQW�6DIHW\�3URRIV�IRU�,QGXVWU\�6FDOH�&RGH�
XVLQJ�$EVWUDFWLRQV�DQG�%RXQGHG�0RGHO�&KHFNLQJ
��3UL\DQND�'DUNH��%KDUWL�&KLPG\DOZDU��$YULWL�&KDXKDQ
��DQG�5��9HQNDWHVK
1X6HHQ��D�WRRO�IUDPHZRUN�IRU�WKH�1X609�PRGHO�
FKHFNHU
��3DROR�$UFDLQL��$QJHOR�*DUJDQWLQL�DQG�(OYLQLD�5LFFREHQH

0RGHO�%DVHG�7HVWLQJ�,R7�&RPPXQLFDWLRQ�YLD�
$FWLYH�$XWRPDWD�/HDUQLQJ
��0DUWLQ�7DSSOHU��%HUQKDUG�.��$LFKHUQLJ�DQG�5RGHULFN�%ORHP
0RGHO�EDVHG�$3,�7HVWLQJ�RI�$SDFKH�=RR.HHSHU
��&\ULOOH�9DOHQWLQ�$UWKR��4XHQWLQ�*URV��*XLOODXPH�5RXVVHW�
��.D]XDNL�%DQ]DL��/HL�0D��7DNDVKL�.LWDPXUD��0DVDPL�+DJL\D�
��<RVKLQRUL�7DQDEH�DQG�0LWVXKDUX�<DPDPRWR
6\VWHP�7HVWLQJ�RI�7LPLQJ�5HTXLUHPHQWV�EDVHG�RQ�
8VH�&DVHV�DQG�7LPHG�$XWRPDWD
��&KXQKXL�:DQJ��)DEUL]LR�3DVWRUH�DQG�/LRQHO�%ULDQG

1RQ�LQWUXVLYH�SHUIRUPDQFH�PHDVXUHPHQW�
IUDPHZRUN�IRU�GHVNWRS�DSSV
��)X�+XQJ�<HQ��0LQJ�'D�+R��6KDR�&KLHK�/LHQ�DQG�:DOWHU
$3,7HVWHU��$3,�7HVWLQJ�%DVHG�RQ�,QWHUIDFH�
6HPDQWLF�&RQWUDFW
��;LQ[LQ�=KXR��;LDR\LQJ�%DL��-LQJ�;X��:HQOL�6RQJ��<X�/LX�
��-LHKXL�.DQJ�DQG�(QSHQJ�/L
$FFHOHUDWLQJ�7HVW�$XWRPDWLRQ�XVLQJ�D�'RPDLQ�
6SHFLILF�/DQJXDJH��7RRO�'HPR
��'LSLQ�(UD��&DWKHULQH�0RROD\LO��$QXUDJ�'ZDUDNDQDWK�
��1HYLOOH�'XEDVK�DQG�6DQMD\�3RGGHU
7HVW�'HVLJQ�DV�&RGH��-&8QLW
��+LURVKL�8NDL�DQG�;LDR�4X
$'5(1$/,1�59��$QGURLG�5XQWLPH�9HULILFDWLRQ�
XVLQJ�/RDG�WLPH�:HDYLQJ
��+DL\DQJ�6XQ��$QGUHD�5RVj�DQG�:DOWHU�%LQGHU
&RGH�'HIHQGHUV��$�0XWDWLRQ�7HVWLQJ�*DPH�
�'(02�
��7KRPDV�'�:KLWH��-RVp�0LJXHO�5RMDV�DQG�*RUGRQ�)UDVHU
5RSHU��$Q�(QWHUSULVH�OHYHO�LQYDULDQW�EDVHG�WHVWLQJ�
WRRO�IRU�ZHEVLWHV
��-RUGL�&DUUHV��1DQ�/L�DQG�&KDUOHV�$EERWW

�$OO�DXWKRUV�ZLOO�EH�DYDLODEOH�WR�GHPRVWUDWH�WKHLU
WRROV�GXULQJ�'���'���VHVVLRQV�DOO�WKH�WLPH�
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����� &RIIHH�%UHDN �������
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5����6HFXULW\�7HVWLQJ��&KDLU��)UDQ]�:RWDZD� 6����1HZ�0HWKRGV�DQG�(PSLULFDO�5HVXOWV��VKRUW�SDSHUV�
�&KDLU��=LMLDQJ�-DPHV�<DQJ�

-����6SHFLDO�6HVVLRQ���'HPDQGV�DQG�(IIRUWV�LQ�6RIWZDUH
(QJLQHHULQJ�DQG�,9	9�DPRQJ�-DSDQHVH�JRYHUQPHQW
DQG�D�FRPSDQ\��&KDLU��7HWVXUR�.DWD\DPD�

$LPLQJ�WR�UHDOL]H�D�²5HOLDEOH�,7�6RFLHW\³
��7DWVXR�7RPLWD��,QIRUPDWLRQ�WHFKQRORJ\�3URPRWLRQ
��$JHQF\��,3$���-DSDQ
6\VWHPDWLF�$SSURDFK�WRZDUG�'HSHQGDEOH�6\VWHP�
'HYHORSPHQW
��7DNDDNL�0DWVXPRWR��,QIRUPDWLRQ�WHFKQRORJ\�3URPRWLRQ
��$JHQF\��,3$���-DSDQ
5	'�DFWLYLWLHV�RQ�WHVW�SURFHVVHV��DQDO\VLV�DQG�
GHVLJQ�LQ�9HUL6HUYH�&RUSRUDWLRQ
��.RLFKL�7DQL]DNL��9HUL6HUYH�&RUSRUDWLRQ��-DSDQ

�������
�����

&RYHULQJFHUWV��&RPELQDWRULDO�0HWKRGV�IRU�;�����
&HUWLILFDWH�7HVWLQJ
��.ULVWRIIHU�.OHLQH�DQG�'LPLWULV�(��6LPRV
5HFRYHULQJ�6HPDQWLF�7UDFHDELOLW\�/LQNV�EHWZHHQ�
$3,V�DQG�6HFXULW\�9XOQHUDELOLWLHV��$Q�2QWRORJLFDO�
0RGHOLQJ�$SSURDFK
��6XOWDQ�$OTDKWDQL��(OOLV�(��(JKDQ�DQG�-XHUJHQ�5LOOLQJ
0LQLQJ�6DQGER[HV�IRU�/LQX[�&RQWDLQHUV
��=KL\XDQ�:DQ��'DYLG�/R��;LQ�;LD��/LDQJ�&DL�DQG�6KDQSLQJ�/L

$�&RPSDUDWLYH�6WXG\�RI�0DQXDO�DQG�$XWRPDWHG�
7HVWLQJ�IRU�,QGXVWULDO�&RQWURO�6RIWZDUH
��(GXDUG�(QRLX��$GQDQ�&DXVHYLF��'DQLHO�6XQGPDUN
��DQG�3DXO�3HWWHUVVRQ
+RZ�'R�$VVHUWLRQV�,PSDFW�&RYHUDJH�EDVHG�7HVW�
6XLWH�5HGXFWLRQ"
��-XQMLH�&KHQ��<DQZHL�%DL��'DQ�+DR��/LQJPLQJ�=KDQJ�
��/X�=KDQJ�DQG�%LQJ�;LH
$XWRPDWD�/DQJXDJH�(TXLYDOHQFH�YV��6LPXODWLRQV�
IRU�0RGHO�EDVHG�0XWDQW�(TXLYDOHQFH��$Q�(PSLULFDO�
(YDOXDWLRQ
��;DYLHU�'HYURH\��*LOOHV�3HUURXLQ��0LNH�3DSDGDNLV��$[HO
��/HJD\��3LHUUH�<YHV�6FKREEHQV�DQG�3DWULFN�+H\PDQV
$VVHVVLQJ�DQG�,PSURYLQJ�WKH�0XWDWLRQ�7HVWLQJ�
3UDFWLFH�RI�3,7
��7KRPDV�/DXUHQW��0LNH�3DSDGDNLV��0DULQRV�.LQWLV�
��&KULVWRSKHU�+HQDUG��<YHV�/H�7UDRQ
��DQG�$QWKRQ\�9HQWUHVTXH
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�����

�������
����� :HOFRPH�5HFHSWLRQ�DW�D &DIHWHULD�RQ�WKH��VW�)ORRU�RI�%XLOGLQJ��� �������
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:HG��0DUFK��� :HG��0DUFK���
5RRP���� 5RRP���� 5RRP���� 5RRP����

������ 5HJLVWUDWLRQ�	�%UHDNIDVW ������

������
����

2SHQLQJ��&KDLUV��$WLI�0HPRQ�DQG�<DVXKDUX�1LVKL�

,QWURGXFWLRQ�RI�-674%�DQG�LWV�DFWLYLWLHV
��.HLML�8HWVXNL��-674%�7HFKQLFDO�&RPPLWWHH��-DSDQ

������
����

�������
�����

.H\QRWH����&KDLU��+LURQRUL�:DVKL]DNL�
�������
�����7HVWLQJ�DQG�9DOLGDWLRQ�5HTXLUHPHQWV�IRU�$XWRPDWHG�'ULYLQJ�7HFKQRORJ\

��.HQML�1LVKLNDZD��7R\RWD�0RWRU�&RUSRUDWLRQ��-DSDQ
�������
����� &RIIHH�%UHDN �������

�����

,����,QGXVWU\�����&KDLU��%DR�1JX\HQ� 5����$XWRPDWHG�DQG�5XQ�WLPH�7HVWLQJ
�&KDLU��=LMLDQJ�-DPHV�<DQJ� 5����5HJUHVVLRQ�7HVWLQJ��&KDLU��6KLQ�<RR� &����7HVWLQJ�FRQWHVW���

�&KDLUV��(PLO�$OpJURWK�DQG�7DQMD�(��-��9RV�

�������
�����

,QIRUPDWLRQ�1HHGV�IRU�9DOLGDWLQJ�(YROYLQJ�6RIWZDUH�
6\VWHPV��$Q�([SORUDWRU\�6WXG\�DW�*RRJOH
��$EGXOODK�$O�1D\HHP��.U]\VWRI�2VWURZVNL��6HEDVWLDQ
��3XHEODV��&KULVWRSKH�5HVWLI�DQG�6DL�=KDQJ
$�&RQWUROOHG�([SHULPHQW�RQ�&RYHUDJH�
0D[LPL]DWLRQ�RI�$XWRPDWHG�0RGHO�%DVHG�6RIWZDUH�
7HVW�&DVHV�LQ�WKH�$XWRPRWLYH�,QGXVWU\
��5DVKLG�'DUZLVK��/\QQLH�1DN\DQ]L�*ZRVXWD
��DQG�5LFKDUG�7RUNDU
$Q�,QGXVWULDO�6WXG\�RI�1DWXUDO�/DQJXDJH�
3URFHVVLQJ�%DVHG�7HVW�&DVH�3ULRULWL]DWLRQ
��<LOLQ�<DQJ��;LQKDL�+XDQJ��;XHIHL�+DR��=LFRQJ�/LX
��DQG�=KHQ\X�&KHQ

(IILFLHQW�,QFUHPHQWDOL]HG�5XQWLPH�&KHFNLQJ�RI�
/LQHDU�0HDVXUHV�RQ�/LVWV
��$OH[�*\RUL��3UDQDY�*DUJ��(GJDU�3HN�DQG�3��0DGKXVXGDQ
%HKDYLRUDO�([HFXWLRQ�&RPSDULVRQ��$UH�7HVWV�
5HSUHVHQWDWLYH�RI�)LHOG�%HKDYLRU"
��4LDQTLDQ�:DQJ��<XUL\�%UXQ�DQG�$OHVVDQGUR�2UVR
$XWRPDWHG�5DQGRP�7HVWLQJ�LQ�0XOWLSOH�'LVSDWFK�
/DQJXDJHV
��6LPRQ�3RXOGLQJ�DQG�5REHUW�)HOGW

3HUSKHF\��3HUIRUPDQFH�5HJUHVVLRQ�7HVW�6HOHFWLRQ�
0DGH�6LPSOH�EXW�(IIHFWLYH
��$XJXVWR�%RUQ�GH�2OLYHLUD��6HEDVWLDQ�)LVFKPHLVWHU��$PHU
��'LZDQ��0DWWKLDV�+DXVZLUWK�DQG�3HWHU�)��6ZHHQH\
$�6HOHFWLRQ�0HWKRG�IRU�%ODFN�%R[�5HJUHVVLRQ�
7HVWLQJ�ZLWK�D�6WDWLVWLFDOO\�'HILQHG�4XDOLW\�/HYHO
��,EUDKLP�$ODJ|]��7KRPDV�+HUSHO�DQG�5HLQKDUG�*HUPDQ
3ULYDWH�$3,�$FFHVV�DQG�)XQFWLRQDO�0RFNLQJ�LQ�
$XWRPDWHG�8QLW�7HVW�*HQHUDWLRQ
��$QGUHD�$UFXUL��*RUGRQ�)UDVHU�DQG�5HQp�-XVW

:HOFRPH�DQG�LQWURGXFWLRQ�WR�WKH�FRQWHVW
��(PLO�$OpJURWK��%OHNLQJH�,QVWLWXWH�RI�7HFKQRORJ\��6ZHGHQ
��7DQMD�(�-�9RV��2SHQ�8QLYHUVLWHLW��7KH�1HWKHUODQGV

6WDUW�FRPSHWLQJ�ZLWK�\RXU�VROXWLRQ��
��7U\�WR�ILQG�DV�PDQ\�IDLOXUHV�DV�\RX�FDQ
���LQ�WKH�PXWDWHG�YHUVLRQ�RI�7(6721$�
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����� /XQFK �������
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$����6SHFLDO�6HVVLRQ���$HURVSDFH�,9	9��:K\�DQG
KRZ�ZH�XVH�VRIWZDUH�WHVWLQJ�WR�WUXVW�SURGXFWV��� 5����:HE�DQG�0RELOH�$SSOLFDWLRQV��&KDLU��1DQ�/L� 6����1HZ�7KHRULHV�DQG�7RROV��VKRUW�SDSHUV�

�&KDLU��5REHUW�)HOGW�
&����7HVWLQJ�FRQWHVW���
�&KDLU��.LQML�$NHPLQH�

�������
�����

�&KDLU��1DRNL�,VKLKDPD�
8VDJH�RI�VRIWZDUH�WHVWLQJ�DW�1$6$�,9	9
�ZLWK�9,'(2�
��-XVWLQ�5��0RUULV��1$6$

+RZ�(XURSHDQ�6SDFH�$JHQF\�DUH�XVLQJ�
,QGHSHQGHQW�6RIWZDUH�9HULILFDWLRQ�DQG�9DOLGDWLRQ�
IRU�)OLJKW�6RIWZDUH�'HYHORSPHQW
��0DULD�+HUQHN��(6$

+RZ�-$;$�XVHV�VRIWZDUH�WHVWLQJ�IRU�,9	9��DQG�
ZKDW�LV�WKH�QHHGV
��1DRNR�2NXER��-$;$

8VLQJ�6HPDQWLF�6LPLODULW\�LQ�&UDZOLQJ�EDVHG�:HE�
$SSOLFDWLRQ�7HVWLQJ
��-XQ�:HL�/LQ��)DUQ�:DQJ�DQG�3DXO�&KX
%DULVWD��$�7HFKQLTXH�IRU�5HFRUGLQJ��(QFRGLQJ��DQG�
5XQQLQJ�3ODWIRUP�,QGHSHQGHQW�$QGURLG�7HVWV
��0DWWLD�)D]]LQL��(GXDUGR�1RURQKD�'H�$��)UHLWDV�
��6KDXYLN�5R\�&KRXGKDU\�DQG�$OHVVDQGUR�2UVR
$720��$XWRPDWLF�0DLQWHQDQFH�RI�*8,�7HVW�6FULSWV�
IRU�(YROYLQJ�0RELOH�$SSOLFDWLRQV
��;LDR�/L��1DQD�&KDQJ��<DQ�:DQJ��+DRKXD�+XDQJ�
��<X�3HL��/LQ]KDQJ�:DQJ�DQG�;XDQGRQJ�/L

*HQHULF�DQG�(IIHFWLYH�6SHFLILFDWLRQ�RI�6WUXFWXUDO�
7HVW�2EMHFWLYHV
��0LFKDHO�0DUFR]]L��0LFNDHO�'HODKD\H��6HEDVWLHQ�%DUGLQ�
��1LNROD\�.RVPDWRY�DQG�9LUJLOH�3UHYRVWR
$ULDGQH��+\EULGL]LQJ�'LUHFWHG�0RGHO�&KHFNLQJ�DQG�
6WDWLF�$QDO\VLV
��5HHG�0LOHZLF]�DQG�3HWHU�3LUNHOEDXHU
$�7RRONLW�IRU�7HVWLQJ�6WRFKDVWLF�6LPXODWLRQV�
DJDLQVW�6WDWLVWLFDO�2UDFOHV
��0DWWKHZ�3DWULFN��5XDLUL�'RQQHOO\
��DQG�&KULVWRSKHU�$��*LOOLJDQ
2�6QDS��&RVW�(IILFLHQW�7HVWLQJ�LQ�WKH�&ORXG
��$OHVVLR�*DPEL��$OHVVDQGUD�*RUOD�DQG�$QGUHDV�=HOOHU

&RQWLQXH�WR�FRPSHWH�ZLWK�\RXU�VROXWLRQ��
��7U\�WR�ILQG�DV�PDQ\�IDLOXUHV�DV�\RX�FDQ
���LQ�WKH�PXWDWHG�YHUVLRQ�RI�7(6721$�

�������
����� &RIIHH�%UHDN �������

�����
$����6SHFLDO�6HVVLRQ���$HURVSDFH�,9	9��:K\�DQG
KRZ�ZH�XVH�VRIWZDUH�WHVWLQJ�WR�WUXVW�SURGXFWV���

7����&RGH�$QDO\VLV�DQG�:KLWH�%R[�7HVWLQJ
�&KDLU��$QQD�5LWD�)DVROLQR�

5����3DUDOOHO�6\VWHPV�DQG�&RQFXUUHQF\
�&KDLU��Hironori Washizaki�

&����7HVWLQJ�FRQWHVW���
�&KDLU��6KLQVXNH�0DWVXNL�

�������
�����

�&KDLU��1DRNL�,VKLKDPD�

,QWHJUDWHG�)RUPDO�$QDO\VLV�IRU�6RIWZDUH�,9	9
��+LGHNL�1RPRWR��-$066

3DQHO�'LVFXVVLRQ�ZLWK�DXGLHQFH�
7KH�QHHGV�IRU�VRIWZDUH�WHVWLQJ�IURP�$HURVSDFH�
,9	9�GRPDLQ�DQG�7HVWLQJ�WHFKQRORJ\
��0RGHUDWRU��0DVDIXPL�.DWDKLUD��-$;$
��3DQHOLVWV��0DULD�+HUQHN��(6$
�������������������1DRNR�2NXER��-$;$
�������������������+LGHNL�1RPRWR��-$066
�������������������7DNDR�)XWDJDPL��72<2�&RUS�
�������������������.RLFKL�7DQL]DNL��9HUL6HUYH�&RUS�

7UDQVIHUULQJ�6WDWH�RI�WKH�DUW�,PPXWDELOLW\�$QDO\VHV��
([SHULPHQWDWLRQ�7RROER[�DQG�$FFXUDF\�
%HQFKPDUN
��%HQMDPLQ�+ROODQG��*DQHVK�5DP�6DQWKDQDP
��DQG�6XUHVK�.RWKDUL
$FFHOHUDWLQJ�7HVW�$XWRPDWLRQ�WKURXJK�D�'RPDLQ�
6SHFLILF�/DQJXDJH
��$QXUDJ�'ZDUDNDQDWK��'LSLQ�(UD��$GLW\D�3UL\DGDUVKL�
��1HYLOOH�'XEDVK�DQG�6DQMD\�3RGGHU
7DPLQJ�&RYHUDJH�&ULWHULD�+HWHURJHQHLW\�ZLWK�
/7HVW
��0LFKDsO�0DUFR]]L��6pEDVWLHQ�%DUGLQ��0LFNDsO�'HODKD\H�
��1LNRODL�.RVPDWRY�DQG�9LUJLOH�3UHYRVWR
7HVW�'HVLJQ�DV�&RGH��-&8QLW
��+LURVKL�8NDL�DQG�;LDR�4X

$XWRPDWHG�7HVWLQJ�RI�'HILQLWLRQ�8VH�'DWD�)ORZ�IRU�
0XOWLWKUHDGHG�3URJUDPV
��;LDRGRQJ�=KDQJ��=LMLDQJ�<DQJ��4LQJKXD�=KHQJ��3HL�/LX�
��-LDOLDQJ�&KDQJ��<X�+DR�DQG�7LQJ�/LX
,3$��(UURU�3URSDJDWLRQ�$QDO\VLV�RI�0XOWL�7KUHDGHG�
3URJUDPV�8VLQJ�/LNHO\�,QYDULDQWV
��$EUDKDP�&KDQ��6WHIDQ�:LQWHU��+DELE�6DLVVL�
��.DUWKLN�3DWWDELUDPDQ�DQG�1HHUDM�6XUL
9HULI\LQJ�&RQFXUUHQW�3URJUDPV�XVLQJ�&RQWUDFWV
��5LFDUGR�'LDV��&DUOD�)HUUHLUD��-DQ�)LHGRU��-RmR�/RXUHQoR�
��$OHV�6PUFND��'LRJR�*��6RXVD�DQG�7RPDV�9RMQDU

&RQWLQXH�WR�FRPSHWH�ZLWK�\RXU�VROXWLRQ��
��7U\�WR�ILQG�DV�PDQ\�IDLOXUHV�DV�\RX�FDQ
���LQ�WKH�PXWDWHG�YHUVLRQ�RI�7(6721$�

$QRXQFH�WKH�ZLQQHU�DQG�SUL]H�DZDUG
��6KLQVXNH�0DWVXNL��9HULVHUYH�&RUSRUDWLRQ��-DSDQ
��.LQML�$NHPLQH��177�'$7$�&RUS��-DSDQ

�������
�����

�������
����� %DQTXHW�DW��6816+,1(�&58,6(�&58,6(��LQ�,NHEXNXUR �FKDUWHUHG�EXVHV�IURP�WKH�XQLYHUVLW\�DUH�DYDLODEOH� �������

�����
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7KX��0DUFK��� 7KX��0DUFK���
5RRP���� 5RRP���� 5RRP���� 5RRP����

������ 5HJLVWUDWLRQ�	�%UHDNIDVW ������
������
���� 2SHQLQJ��&KDLUV��$WLI�0HPRQ�DQG�<DVXKDUX�1LVKL� ������

����

.H\QRWH����&KDLU��,QD�6FKLHIHUGHFNHU�

������
�����

0RGHO�%DVHG�7HVWLQJ�DQG�0RGHO�,QIHUHQFH��%HWWHU�7RJHWKHU�
��$QGUHDV�=HOOHU��6DDUODQG�8QLYHUVLW\��*HUPDQ\

������
�����

�������
����� &RIIHH�%UHDN �������

�����

)����7XWRULDO 5����(PSLULFV�RQ�7HVWLQJ��&KDLU��0LNH�3DSDGDNLV� 5����6HDUFK�%DVHG�7HVWLQJ��&KDLU��6KLQ�<RR�

�������
�����

8QGHUVWDQGLQJ�WKH�80/�7HVWLQJ�3URILOH���°�$�
0RGHOOLQJ�/DQJXDJH�IRU�7HVW�'HVLJQ
��0DUF�)ORULDQ�:HQGODQG��)UDXQKRIHU�)2.86��*HUPDQ\

$UH�WKHUH�DQ\�8QLW�7HVWV"�$Q�(PSLULFDO�6WXG\�RQ�
8QLW�7HVWLQJ�LQ�2SHQ�6RXUFH�3\WKRQ�3URMHFWV
��)DELDQ�7UDXWVFK�DQG�-HQV�*UDERZVNL
%URDGFDVW�YV��8QLFDVW�5HYLHZ�7HFKQRORJ\��'RHV�LW�
0DWWHU"
��$UPVWURQJ�7LWD�)RXQGMHP��)RXWVH�.KRPK�DQG�%UDP�$GDPV
-DYD6FULSW��7KH��8Q�FRYHUHG�3DUWV
��$PLQ�0LODQL�)DUG�DQG�$OL�0HVEDK

7KH�)LWQHVV�)XQFWLRQ�IRU�WKH�-RE��6HDUFK�%DVHG�
*HQHUDWLRQ�RI�7HVW�6XLWHV�WKDW�'HWHFW�5HDO�)DXOWV
��*UHJRU\�*D\
$�6HDUFK�EDVHG�7HVWLQJ�$SSURDFK�IRU�;0/�
,QMHFWLRQ�9XOQHUDELOLWLHV�LQ�:HE�$SSOLFDWLRQV
��6DGHHT�-DQ��&X�'��1JX\HQ��$QGUHD�$UFXUL
��DQG�/LRQHO�%ULDQG
&%*$�(6��$�&OXVWHU�%DVHG�*HQHWLF�$OJRULWKP�ZLWK�
(OLWLVW�6HOHFWLRQ�IRU�6XSSRUWLQJ�0XOWL�REMHFWLYH�7HVW�
2SWLPL]DWLRQ
��'LSHVK�3UDGKDQ��6KXDL�:DQJ��6KDXNDW�$OL��7DR�<XH
��DQG�0DULXV�/LDDHQ

�������
�����

�������
����� /XQFK �������

�����

3����3DQHO 7����'\QDPLF�$QDO\VLV��&KDLU��'RPHQLFR�$PDOILWDQR� 5����0RGHO�&KHFNLQJ�DQG�9HULILFDWLRQ
�&KDLU��'DUNR�0DULQRY�

�������
�����

%OHHGLQJ�(GJH�7HVWLQJ�&KDOOHQJHV�WKDW�WKH�
6RIWZDUH�,QGXVWU\�)DFHV���DQ�,QYLWDWLRQ�WR�
5HVHDUFKHUV�WR�$GGUHVV�WKHVH�&KDOOHQJHV
���&KDLU��$WLI�0HPRQ�
��-RKQ�0LFFR��*RRJOH��86$
��%DR�1JX\HQ��*RRJOH��86$
��0XUDW�2]WXUN��*RRJOH��86$
��$GLWK\D�1DJDUDMDQ��$SSOH��86$

4XDOLW\�DQG�WHVWLQJ�LQ�6RIWZDUH�(QJLQHHULQJ�
FXUULFXOXP
���&KDLU��6KORPR�0DUN�
��,QD�6FKLHIHUGHNHU��)UDXQKRIHU�)2.86��*HUPDQ\
��7DQMD�9RV��2SHQ�8QLYHUVLW\�LQ�7KH�1HWKHUODQGV��1HWKHUODQGV
��6KXML�0RULVDNL��1DJR\D�8QLYHUVLW\��-DSDQ
��-HQV�.ULQNH��8QLYHUVLW\�&ROOHJH�/RQGRQ��8QLWHG�.LQJGRP
��6KORPR�0DUN��6&(�,VUDHO��,VUDHO

6$*$�WRROER[��,QWHUDFWLYH�7HVWLQJ�RI�*XDUGHG�$VVHUWLRQV
��'DQLHO�)OHPVWU|P��7KRPDV�*XVWDIVVRQ�DQG�$YHQLU�.REHWVNL
7,7$1��7HVW�6XLWH�2SWLPL]DWLRQ�IRU�+LJKO\�&RQILJXUDEOH�
6RIWZDUH
��'XVLFD�0DULMDQ��0DULXV�/LDDHQ��$UQDXG�*RWOLHE��6DJDU�6HQ
��DQG�&DUOR�,HYD
$'5(1$/,1�59��$QGURLG�5XQWLPH�9HULILFDWLRQ�XVLQJ�/RDG�
WLPH�:HDYLQJ
��+DL\DQJ�6XQ��$QGUHD�5RVj��2PDU�-DYHG�DQG�:DOWHU�%LQGHU

,QFUHPHQWDO�'HGXFWLYH�9HULILFDWLRQ�IRU�5HODWLRQDO�
0RGHO�7UDQVIRUPDWLRQV
��=KHQJ�&KHQJ�DQG�0DVVLPR�7LVL
6WDWLVWLFDO�0RGHO�&KHFNLQJ�0HHWV�3URSHUW\�%DVHG�
7HVWLQJ
��%HUQKDUG�.��$LFKHUQLJ�DQG�5LFKDUG�6FKXPL
7LPHG�N�7DLO��$XWRPDWLF�,QIHUHQFH�RI�7LPHG�
$XWRPDWD
��)DEUL]LR�3DVWRUH��'DQLHOD�0LFXFFL�DQG�/HRQDUGR�0DULDQL

�������
�����

�������
����� &RIIHH�%UHDN �������

�����
�������
�����

2SHQ�6WHHULQJ�&RPPLWWHH�	�
&ORVLQJ��&KDLUV��$WLI�0HPRQ�DQG�<DVXKDUX�1LVKL�

�������
�����

,&67�3RVWHUV�7UDFN��7XH��0DUFK������7KX��0DUFK�������3UHVHQWHG�DW�WKH�/REE\��&KDLU��3HNND�$KR�
$�0HFKDQLVP�RI�5HOLDEOH�DQG�6WDQGDORQH�6FULSW�*HQHUDWRU�RQ�$QGURLG
��.XHLFKXQ�/LX��<X�<X�/DL�DQG�&KLQJ�+RQJ�:X
(DUWK&XEH�6RIWZDUH�7HVWLQJ�DQG�$VVHVVHPHQW�)UDPHZRUN
��(PLO\�/DZ
8VLQJ�0RGHO�&KHFNLQJ�IRU�7LPLQJ�9HULILFDWLRQ�LQ�,QGXVWULDO�6\VWHP�'HVLJQ
��/DXUHQW�5LRX[��5DILN�+HQLD�DQG�1LFRODV�6RUGRQ
&KDOOHQJHV�RI�2SHUDWLRQDOL]LQJ�6SHFWUXP�%DVHG�)DXOW�/RFDOL]DWLRQ�IURP�D�'DWD�&HQWULF�3HUVSHFWLYH
��0RMGHK�*RODJKD�DQG�$OH[DQGHU�3UHWVFKQHU
7RZDUGV�D�*DPLILHG�(TXLYDOHQW�0XWDQWV�'HWHFWLRQ�3ODWIRUP
��7KRPDV�/DXUHQW��/DXUD�*XLOORW��0RWRPLFKL�7R\DPD��5RVV�6PLWK��'DQ�%HDQ�DQG�$QWKRQ\�9HQWUHVTXH
&ORXG�$3,�7HVWLQJ
��-XQ\L�:DQJ��;LDR\LQJ�%DL��+DRUDQ�0D��/LQ\L�/L�DQG�=KLFKHQJ�-L

$XWRPDWHG�$�%�7HVWLQJ�ZLWK�'HFODUDWLYH�9DULDELOLW\�([SUHVVLRQV
��.HLVXNH�:DWDQDEH��7DNX\D�)XNDPDFKL��1DR\DVX�8ED\DVKL�DQG�<DVXWDND�.DPHL
:HLJKWLQJ�IRU�&RPELQDWRULDO�7HVWLQJ�E\�%D\HVLDQ�,QIHUHQFH
��(XQ�+\H�&KRL��7VX\RVKL�)XMLZDUD�DQG�2VDPX�0L]XQR
,PSDFW�RI�6WDWLF�DQG�'\QDPLF�&RYHUDJH�RQ�7HVW�&DVH�3ULRULWL]DWLRQ��$Q�(PSLULFDO�6WXG\
��-LDQ\L�=KRX�DQG�'DQ�+DR
%'7HVW��D�6\VWHP�WR�7HVW�%LJ�'DWD�)UDPHZRUNV
��$OH[DQGUH�/DQJHRLV��$QWKRQ\�9HQWUHVTXH�DQG�(GXDUGR�&XQKD�GH�$OPHLGD
:KDW�<RX�6HH�,V�:KDW�<RX�7HVW���$XJPHQWLQJ�6RIWZDUH�7HVWLQJ�ZLWK�&RPSXWHU�9LVLRQ
��5XGROI�5DPOHU�DQG�7KRPDV�=LHEHUPD\U
)UDPHZRUN�IRU�0RGHO�%DVHG�'HVLJQ�DQG�9HULILFDWLRQ�RI�+XPDQ�LQ�WKH�/RRS�&\EHU�3K\VLFDO�6\VWHPV
��)LOLS�&XFNRY��*UDQW�5XGG�DQG�/LDP�'DO\
$XWRPDWHG�WHVW�FDVH�JHQHUDWLRQ�IURP�276�&DIH2%-�VSHFLILFDWLRQV�E\�VSHFLILFDWLRQ�WUDQVODWLRQ
��5\XVHL�0RUL�DQG�0DVDNL�1DNDPXUD
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)UL��0DUFK��� )UL��0DUFK���
��WK�:RUNVKRS�RQ�$GYDQFHV�LQ

0RGHO�%DVHG�7HVWLQJ��$�0267�������
�WK�,QWHUQDWLRQDO�:RUNVKRS�RQ�6RIWZDUH�7HVW�

$UFKLWHFWXUH��,Q67$������ ,&67�'RFWRUDO�6\PSRVLXP 7KH�)LUVW�$VLDQ�6\PSRVLXP�RQ�&ROODERUDWLYH�
6RIWZDUH�(QJLQHHULQJ��$&6(������

5RRP���� 5RRP���� 5RRP���� 5RRP����
������ 5HJLVWUDWLRQ�	�%UHDNIDVW ������ 5HJLVWUDWLRQ�	�%UHDNIDVW ������ 5HJLVWUDWLRQ�	�%UHDNIDVW ������ 5HJLVWUDWLRQ�	�%UHDNIDVW

.H\QRWH�6SHHFK�� .H\QRWH�6SHHFK /RFDOL]LQJ�DQG�)L[LQJ�)DXOWV�LQ�64/�3UHGLFDWHV
��<XQ�*XR

'HEXJJLQJ�0XOWLWKUHDGHG�3URJUDPV�8VLQJ�
6\PEROLF�$QDO\VLV
��;LDRGRQJ�=KDQJ

$XWRPDWHG�DQG�6FDODEOH�0XWDWLRQ�7HVWLQJ
��7KLHUU\�7LWFKHX�&KHNDP

������
���� :HOFRPH�6SHHFK

������
�����

7KH�1HZ�9HUVLRQ�RI�WKH�80/�7HVWLQJ�3URILOH
��,QD�6FKLHIHUGHFNHU

������
�����

0RGHOOLQJ�WHVW�DXWRPDWLRQ�DUFKLWHFWXUHV��
,QWHJUDWLQJ�,62��������,674%��80/�7HVWLQJ�
3URILOH���DQG�77&1��
��0DUF�)ORULDQ�:HQGODQG��)UDXQKRIHU�)2.86

������
�����

������
�����

7HVWLQJ�PXOWLWKUHDGHG�SURJUDPV�DV�LI�WKH\�ZHUH�
VHTXHQWLDO
��=LMLDQJ�<DQJ

5DQGRPL]HG�WHVW�JHQHUDWLRQ�PHWKRGV�IRU�PRGHO�
EDVHG�FRQWURO�V\VWHP�GHYHORSPHQW
��7DNDVKL�7RPLWD

�������
����� &RIIHH�%UHDN �������

����� &RIIHH�%UHDN �������
����� &RIIHH�%UHDN �������

����� &RIIHH�%UHDN

3DSHU�6HVVLRQ����)XQFWLRQDO�0%7 (PHUJLQJ
&ORVLQJ�WKH�*DS�EHWZHHQ�8QLW�7HVW�&RGH�DQG�
'RFXPHQWDWLRQ
��.DUVWHQ�6W|FNHU��+LURQRUL�:DVKL]DNL
��DQG�<RVKLDNL�)XND]DZD

5HVHDUFK�3DSHU
,PSURYHPHQW�RI�'HVFULSWLRQ�IRU�5HXVDEOH�7HVW�
7\SH�E\�8VLQJ�7HVW�)UDPH
��.HLML�8HWVXNL�DQG�0LWVXUX�<DPDPRWR

$FFHSWHG�7DON
5H�'HILQH�WKH�7HVW�&RYHUDJH�E\�/DZ�RI�/DUJH�
1XPEHUV
��*HQJ�&KHQ

$�)UDPHZRUN�IRU�)DLOXUH�'LDJQRVLV
��0RMGHK�*RODJKD

(QKDQFLQJ�7UXVW��6RIWZDUH�9XOQHUDELOLW\�$QDO\VLV�
)UDPHZRUN
��6XOWDQ�$OTDKWDQL

)DFXOW\�7DON
+RZ�WR�*LYH�D�*UHDW�3UHVHQWDWLRQ
��7DQMD�9RV

7KH�IXWXUH�GLUHFWLRQV�RI�FURZGVRXUFHG�WHVWLQJ
��=KHQ\X�&KHQ

'HYHORSPHQW�RI�D�PHWHRURORJLFDO�REVHUYDWLRQ�
V\VWHP�XVLQJ�DUGXLQR�E\�.26(1�QHWZRUN
��.D]X\D�.DQGD

$�QHZ�UDQGRP�WHVWLQJ�EDVHG�IDXOW�ORFDOL]DWLRQ�
DSSURDFK
��=KHQ]KHQ�:DQJ

�������
�����

0XWDWLRQ�%DVHG�7HVW�&DVH�*HQHUDWLRQ�ZLWK�(FGDU
��.LP�*��/DUVHQ��)ORULDQ�/RUEHU��%ULDQ�1LHOVHQ
��DQG�8OULN�0��1\PDQ

5HGXFLQJ�WKH�&RQFUHWL]DWLRQ�(IIRUW�LQ�)60�%DVHG�
7HVWLQJ�RI�6RIWZDUH�3URGXFW�/LQHV
��9DQGHUVRQ�+DIHPDQQ�)UDJDO��$GHQLOVR�6LPDR�
��$QGUp�7DNHVKL�(QGR�DQG�0RKDPPDG�5H]D�0RXVDYL

3URSHUW\�%DVHG�7HVWLQJ�ZLWK�([WHUQDO�7HVW�&DVH�
*HQHUDWRUV
��%HUQKDUG�.��$LFKHUQLJ��6LOYLR�0DUFRYLF
��DQG�5LFKDUG�6FKXPL

�������
�����

�������
�����

�������
�����

�������
����� /XQFK �������

����� /XQFK �������
����� /XQFK �������

����� /XQFK

.H\QRWH�6SHHFK�� (PHUJLQJ
6XJJHVWLRQ�RI�3UDFWLFDO�4XDQWLILFDWLRQ�0HDVXULQJ�
0HWKRG�RI�7HVW�'HVLJQ�:KLFK�&DQ�5HSUHVHQW�7KH�
&XUUHQW�6WDWXV
��6XQLO�&KRQ�DQG�-LKZDQ�3DUN

(PHUJLQJ
6RIWZDUH�7HVWLQJ�'HVLJQ�7HFKQLTXHV�8VHG�LQ�
$XWRPDWHG�9HKLFOH�6LPXODWLRQV
��6DWRVKL�0DVXGD

5HIOHFWLQJ�WKH�$GRSWLRQ�RI�6RIWZDUH�7HVWLQJ�
5HVHDUFK�LQ�2SHQ�6RXUFH�3URMHFWV
��)DELDQ�7UDXWVFK

$EVWUDFWLRQ�5HILQHPHQW�IRU�1RQ�=HQR�)DLUQHVV�
9HULILFDWLRQ�RI�/LQHDU�+\EULG�$XWRPDWD
��5\R�<DQDVH

)DFXOW\�7DON
+RZ�WR�*HW�<RXU�3DSHU�5HMHFWHG
��-HII�2IIXWW

&RPSOLDQFH�DQDO\VLV�RI�FRQILJXUDEOH�EXVLQHVV�
SURFHVV�PRGHO�EDVHG�RQ�H[WHQG�&7/
��<LZDQJ�+XDQJ

$�WRRO�IRU�LPSDFW�DQDO\VLV�RI�WHVW�FDVHV�EDVHG�RQ�
FKDQJHV�LQ�DQ�DXWRPRWLYH�V\VWHP
��6XUDVDN�3KHWPDQHH

�������
�����

8QFHUWDLQW\�:LVH�7HVWLQJ
��6KDXNDW�$OL

�������
�����

�������
�����

�������
�����

�������
����� &RIIHH�%UHDN �������

����� &RIIHH�%UHDN

3DSHU�6HVVLRQ����1RQ�)XQFWLRQDO�0%7

5HVHDUFK�3DSHU
$QDO\VLQJ�7HVW�%DVLV�DQG�'HULYLQJ�7HVW�&DVHV�
%DVHG�RQ�'DWD�'HVLJQ�'RFXPHQWV
��7VX\RVKL�<XPRWR��7RKUX�0DWVXRGDQL
��DQG�.D]XKLNR�7VXGD

(PHUJLQJ
7HVW�&RQJORPHUDWLRQ���3URSRVDO�IRU�7HVW�'HVLJQ�
1RWDWLRQ�/LNH�&ODVV�'LDJUDP
��1RUL\XNL�0L]XQR��0DNRWR�1DNDNXNL
��DQG�<RVKLQRUL�6HLQR

3RVWHU
'HILQLQJ�WKH�3KUDVH�6RIWZDUH�7HVW�$UFKLWHFWXUH
��-RQ�+DJDU

(DFK�VHVVLRQ�ZLWKLQ�'RFWRUDO�6\PSRVLXP�FRQVLVWV
RI����PLQXWH�SUHVHQWDWLRQ�IURP�D�VWXGHQW
DQG����PLQXWH�IHHGEDFN�IURP�SDQHOLVWV�

3DQHOLVWV�
-HII��<X��/HL��8QLYHUVLW\�RI�7H[DV�DW�$UOLQJWRQ
0LNH�3DSDGDNLV��/X[HPERXUJ�8QLYHUVLW\

7DQMD�9RV��2SHQ�8QLYHUVLW\
7LQJWLQJ�<X��8QLYHUVLW\�RI�.HQWXFN\

�������
�����

3ODQQLQJ�EDVHG�6HFXULW\�7HVWLQJ�RI�WKH�66/�7/6�
3URWRFRO
��-RVLS�%R]LF��.ULVWRIIHU�.OHLQH��'LPLWULV�6LPRV
��DQG�)UDQ]�:RWDZD

7RZDUGV�'HFHQWUDOL]HG�&RQIRUPDQFH�&KHFNLQJ�LQ�
0RGHO�%DVHG�7HVWLQJ�RI�'LVWULEXWHG�6\VWHPV
��%UXQR�/LPD�DQG�-RmR�)DULD

3DWWHUQ�%DVHG�8VDELOLW\�7HVWLQJ
��)HUQDQGR�'LDV�DQG�$QD�3DLYD

�������
�����

����� :UDS�8S�DQG�&ORVLQJ ����� &ORVLQJ
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%DQTXHW�± ������������RQ�0DUFK���
$W�³6816+,1(�&58,6(�&58,6(´
RQ�WKH���WK�IORRU�RI�,NHEXNXUR�6XQVKLQH���
KWWS���ELW�O\��P�:*TH

ϭƐƚ ϮŶĚ ϯƌĚ >ĂƐƚ
EŝƐŚŝ�tĂƐĞĚĂ ϭϳ͗ϯϱ ϭϳ͗ϰϱ ϭϴ͗ϯϱ ϭϴ͗ϰϱ
^ƵŶƐŚŝŶĞ��ŝƚǇ ϭϴ͗Ϭϱ ϭϴ͗ϭϱ ϭϵ͗Ϭϱ ϭϵ͗ϭϱ

ϭƐƚ >ĂƐƚ
^ƵŶƐŚŝŶĞ��ŝƚǇ Ϯϭ͗ϰϱ ϮϮ͗ϬϬ
/ŬĞďƵŬƵƌŽ�^ƚĂ͘��ĂƐƚ��ǆŝƚ Ϯϭ͗ϱϬ ϮϮ͗Ϭϱ
Z/,'��ZŽǇĂů�,ŽƚĞů�dŽŬǇŽ ϮϮ͗ϬϬ ϮϮ͗ϭϱ
EŝƐŚŝͲtĂƐĞĚĂ ^ƚĂ͘ ϮϮ͗ϭϬ ϮϮ͗Ϯϱ
,ŝŐĂƐŚŝͲ^ŚŝŶũƵŬƵ�^ƚĂ͘ ϮϮ͗ϭϱ ϮϮ͗ϯϬ
^ĞŝďƵͲ^ŚŝŶũƵŬƵ�^ƚĂ͘� ϮϮ͗ϮϬ ϮϮ͗ϯϱ
^ŚŝŶũƵŬƵ�^ƚĂ͘�tĞƐƚ��ǆŝƚ ϮϮ͗Ϯϱ ϮϮ͗ϰϬ
^ŚŝŶũƵŬƵͲ^ĂŶĐŚŽŵĞ ^ƚĂ͘ ϮϮ͗ϯϱ ϮϮ͗ϱϬ

*RLQJ

*HWWLQJ�EDFN

;dŚĞ�ƐĐŚĞĚƵůĞ�ĨŽƌ�ďƵƐ�ŽƉĞƌĂƚŝŽŶƐ�ŵĂǇ�ĐŚĂŶŐĞ�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚƌĂĨĨŝĐ�ĐŽŶĚŝƚŝŽŶƐ�Ϳ

^ Ś

:HOFRPH�5HFHSWLRQ ± ������������RQ�0DUFK���
$W�D�&DIHWHULD�RQ�WKH��VW�)ORRU�RI�%XLOGLQJ���

� (Q��:KHUH�LV�6XQVKLQH�FLW\"
-S�γϱεϡϱετΡͺʹ͞Ͳ͖ͤʃ

�6XQVKLQH�FLW\�ZD GRNRGHVXND "�
� (Q��:KHUH�LV�6XQVKLQH�&UXLVH�&UXLVH"

-S�γϱεϡϱέϩʖθέϩʖθͺʹ͞Ͳ͖ͤʃ
�6XQVKLQH�&UXLVH�&UXLVH ZD GRNRGHVXND "�

� (Q��7DNH�PH�WR�6XQVKLQH�FLW\��SOHDVH�
-S�γϱεϡϱετΡΉͲ͕͢͏بΉͤɽ

�6XQVKLQH�FLW\�PDGH�RQHJDL VKLPDVX�

%DVLF�SKUDVHV�\RX�PD\�XVH�WR�UHDFK�WKH�EDQTXHW�
YHQXH�E\�\RXUVHOI �\RX�FDQ�XVH�WKLV�SDJH�WR�DVN�WKH�ZD\�

Eŝ Śŝ
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6KLQMXNX�6WD� +LJDVKL�

6KLQMXNX�
6WD�

6KLQMXNX�
6WD�

6KLQMXNX�
6DQFKRPH�6WD�

&RQIHUHQFH�
9HQXH

/RFDWLRQV�RI�EXV�VWRSV�PD\�
FKDQJH�VOLJKWO\�DFFRUGLQJ�WR�

WUDIILF�VLWXDWLRQV

%DQTXHW�%XV
5RXWH�0DS
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5RRP����
������ 5HJLVWUDWLRQ
������
���� 2SHQLQJ

.H\QRWH
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�����

/HYHUDJLQJ�0DFKLQH�/HDUQLQJ�WR�*XLGH�6RIWZDUH�(YROXWLRQ
��'U��/HRQ�0RRQHQ

�������
����� &RIIHH�%UHDN

6HVVLRQ����'HWHFWLRQ�7HFKQLTXHV

�������
�����

/RJ�EDVHG�$QRPDO\�'HWHFWLRQ�RI�&36�8VLQJ�D�6WDWLVWLFDO�0HWKRG
��<RVKL\XNL�+DUDGD��<RUL\XNL�<DPDJDWD��2VDPX�0L]XQR�DQG�(XQ�+\H�&KRL

'HIHFW�$QDO\VLV�DQG�3UHGLFWLRQ�E\�$SSO\LQJ�WKH�0XOWLVWDJH�6RIWZDUH�5HOLDELOLW\�*URZWK�0RGHO
��-LHPLQJ�&KL��.L\RVKL�+RQGD��+LURQRUL�:DVKL]DNL��<RVKLDNL�)XND]DZD��.D]XNL�0XQDNDWD�
��6XPLH�0RULWD��7DGDKLUR�8HKDUD�DQG�5LHNR�<DPDPRWR

$Q�(PSLULFDO�(YDOXDWLRQ�RI�'HWHFWLQJ�2PLVVLRQV�E\�&RPSDULQJ�:RUGV�EHWZHHQ�5HTXLUHPHQW�DQG�
$UFKLWHFWXUDO�'RFXPHQWV
��7DNHKLUR�:DNDED\DVKL��6KXML�0RULVDNL��1RULWRVKL�$WVXPL�DQG�6KXLFKLUR�<DPDPRWR
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����� /LJKWQLQJ�WDON�IRU�3RVWHUV
�������
����� 3RVWHU�6HVVLRQ�	�/XQFK
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$QDO\VLV�RI�'RQDWLRQV�LQ�(FOLSVH�3URMHFW
��.HLWDUR�1DNDVDL��+LGHDNL�+DWD��6D\D�2QRXH�DQG�.HQLFKL�0DWVXPRWR

,QYHVWLJDWLQJ�7HQGHQFLHV�LQ�&DOOEDFN�0HWKRG�,PSOHPHQWDWLRQV�LQ�$QGURLG�$SSOLFDWLRQV
��+D\DWR�8VXL��0DVDWDND�1DJXUD�DQG�6KLQJR�7DNDGD

$�+HDOWK�,QGH[�RI�2SHQ�6RXUFH�3URMHFWV�)RFXVLQJ�RQ�3DUHWR�'LVWULEXWLRQ�RI�'HYHORSHUµV�&RQWULEXWLRQ
��+LURKLVD�$PDQ��$ML�(U\�%XUKDQGHQQ\��6RXVXNH�$PDVDNL��7RPR\XNL�<RNRJDZD�DQG�0LQRUX�.DZDKDUD

$Q�(PSLULFDO�6WXG\�RI�(IIRUW�6L]H�DQG�(IIRUW�7LPH�([SHUW�%DVHG�(VWLPDWLRQV
��+DELEL�+XVDLQ�$ULILQ��-LUDSXQ�'DHQJGHM��1JX\HQ�7KLHQ�.KDQK

�������
����� 'LVFXVVLRQ
�������
����� &RIIHH�%UHDN

6HVVLRQ����6RIWZDUH�$QDO\VLV

�������
�����

6KRXOG�)XQFWLRQ�3RLQW�(OHPHQWV�EH�8VHG�WR�%XLOG�3UHGLFWLRQ�0RGHOV"
��.RKHL�<RVKLJDPL��0DVDWHUX�7VXQRGD��<XWR�<DPDGD�DQG�6KLQML�.XVXPRWR

(YDOXDWLQJ�$XWRPDWHG�3URJUDP�5HSDLU�8VLQJ�&KDUDFWHULVWLFV�RI�'HIHFWV
��+DUXNL�<RNR\DPD��<RVKLNL�+LJR�DQG�6KLQML�.XVXPRWR

8QGHUVWDQGLQJ�.H\�)HDWXUHV�RI�+LJK�LPSDFW�%XJ�5HSRUWV
��0G��5HMDXO�.DULP��$NLQRUL�,KDUD��;LQ�<DQJ��+DMLPX�,LGD�DQG�.HQLFKL�0DWVXPRWR

�������
����� 'LVFXVVLRQ
�������
����� 9RWLQJ
�������
����� &ORVLQJ

�
)DVW�$EVWUDFWV���3UHVHQWHG�DW�WKH�/REE\�DV�3RVWHUV
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��%RULV�7RGRURY��5DXOD�*DLNRYLQD�.XOD��7DNDVKL�,VKLR�DQG�.DWVXUR�,QRXH

(PSLULFDO�6WXG\�RI�266�5HJDUGLQJ�WKH�5HODWLRQVKLSV�EHWZHHQ�%XJ�)L[LQJ�7LPH�DQG�0HWULFV
��0DVDNL�+RVRQR��+LURQRUL�:DVKL]DNL��<RVKLDNL�)XND]DZD��.L\RVKL�+RQGD��.D]XNL�0XQDNDWD��6XPLH�0RULWD
��DQG�<XVXNH�1HPRWR

$Q�(YROXWLRQDU\�6WXG\�RQ�7KH�3RSXODULW\�RI�/LEUDULHV�LQ�130�-DYD6FULSW�3DFNDJH�(FRV\VWHP
��6KL�4LX��5DXOD�*DLNRYLQD�.XOD�DQG�.DWVXUR�,QRXH

$�6WUXFWXUDO�$QDO\VLV�0HWKRG�RI�266�&RPPXQLW\�(YROXWLRQ�%DVHG�RQ�6HPDQWLF�*UDSK�0RGHOV
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��6KR�6X]XNL��+LURKLVD�$PDQ�DQG�0LQRUX�.DZDKDUD

'HYHORSPHQW�RI�D�5HDO�7LPH��'�-DYD�3URILOHU
��.DWVX\D�2JDPL��+LGHDNL�+DWD�DQG�.HQLFKL�0DWVXPRWR

0RQLWRULQJ�DQG�9LVXDOL]LQJ�3URJUDPPLQJ�%HKDYLRUV�E\�1RYLFHV�7RZDUGV�DQ�$XWRPDWHG�3URJUDPPLQJ�([HUFLVH
��(ULQD�0DNLKDUD��+LURVKL�,JDNL��1RULKLUR�<RVKLGD��.HQML�)XMLZDUD�DQG�+DMLPX�,LGD
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+RZ�GRHV�JDPLILFDWLRQ�ZRUN�IRU�FRGLQJ�DQG�UHYLHZLQJ"
��.RKHL�<RVKLJDPL��7DLVKL�+D\DVKL��0DVDWHUX�7VXQRGD�DQG�+LGHWDNH�8ZDQR
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7RZDUG�3UHGLFWLQJ�$�5HYLHZHU�1RW�WR�,JQRUH�&RGH�5HYLHZ�5HTXHVWV�LQ�266�'HYHORSPHQW
��.HQLFKL�2QR��$NLQRUL�,KDUD�DQG�.HQLFKL�0DWVXPRWR
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.H\QRWH��/HYHUDJLQJ�0DFKLQH�/HDUQLQJ�WR�*XLGH�6RIWZDUH�(YROXWLRQ�

6SHDNHU�
/HRQ�0RRQHQ��6LPXOD�5HVHDUFK�/DERUDWRU\��1RUZD\�
$EVWUDFW�
.QRZOHGJH� DERXW� GHSHQGHQFLHV� EHWZHHQ� V\VWHP� DUWLIDFWV� VXFK� DV� PRGXOHV��
PHWKRGV� DQG� YDULDEOHV� LV� HVVHQWLDO� IRU� D� YDULHW\� RI� VRIWZDUH�PDLQWHQDQFH� DQG�
VRIWZDUH� HYROXWLRQ� WDVNV�� 8QIRUWXQDWHO\�� H[LVWLQJ� DSSURDFKHV� WR� XQFRYHU� VXFK�
GHSHQGHQFLHV� E\� PHDQV� RI� VWDWLF� RU� G\QDPLF� SURJUDP� DQDO\VLV� DUH� W\SLFDOO\�
ODQJXDJH�VSHFLILF��7KHLU� DSSOLFDWLRQ� LV� WKXV� ODUJHO\� UHVWULFWHG� WR� KRPRJHQHRXV�

V\VWHPV��ZKLFK�LV�D�PDMRU�GUDZEDFN�JLYHQ�WKH�LQFUHDVLQJO\�KHWHURJHQHLW\�LQ�PRGHUQ�VRIWZDUH�V\VWHPV��
,Q� WKLV� WDON��ZH�ZLOO� ORRN� DW� WKH� DOWHUQDWLYH�RI� XVLQJ�XQVXSHUYLVHG�PDFKLQH� OHDUQLQJ� WHFKQLTXHV� VXFK� DV�

DVVRFLDWLRQ�UXOH�PLQLQJ��ZKLFK�FDQ�EH�XVHG�WR�LQIHU�NQRZOHGJH�DERXW�WKH�UHODWLRQVKLSV�EHWZHHQ�LWHPV�LQ�D�GDWD�
VHW��$VVRFLDWLRQ�UXOH�PLQLQJ�KDV�EHHQ�VXFFHVVIXOO\�XVHG�WR�DQDO\]H�WKH�FKDQJH�KLVWRU\�RI�D�VRIWZDUH�V\VWHP�
DQG�XQFRYHU�VR�FDOOHG�HYROXWLRQDU\�FRXSOLQJ�EHWZHHQ�LWV�DUWLIDFWV��2QH�RI�WKH�DGYDQWDJHV�RI�WKLV�DSSURDFK�LV�
WKDW�LW�LV�ODQJXDJH�DJQRVWLF��DQG�XQFRYHULQJ�GHSHQGHQFLHV�DFURVV�DUWLIDFWV�ZULWWHQ�LQ�GLIIHUHQW�SURJUDPPLQJ�
ODQJXDJHV�HVVHQWLDOO\�FRPHV�IRU�IUHH��
:H�ZLOO�H[SORUH�KRZ�DVVRFLDWLRQ�UXOH�PLQLQJ�FDQ�EH�XVHG�WR�GHULYH�HYLGHQFH�EDVHG�UHFRPPHQGDWLRQV�WR�

JXLGH� VRIWZDUH� PDLQWHQDQFH� DQG� HYROXWLRQ� WDVNV�� ([DPSOHV� LQFOXGH� VRIWZDUH� FKDQJH� LPSDFW� DQDO\VLV��
UHFRPPHQGLQJ�UHODWHG�FKDQJH�GXULQJ�GHYHORSPHQW��DQG�FRQGXFWLQJ�WDUJHWHG�UHJUHVVLRQ�WHVWLQJ��:H�VXUYH\�WKH�
VWDWH�RI�WKH�DUW��DQDO\]H�ZK\�DQG�ZKHUH�WKH�DSSOLFDELOLW\�RI�H[LVWLQJ�WHFKQLTXHV�IDOOV�VKRUW��DQG�GLVFXVV�VHYHUDO�
DYHQXHV�IRU�LPSURYHPHQW��LQFOXGLQJ�QRYHO�PLQLQJ�DOJRULWKPV��PHWKRGV�IRU�DJJUHJDWLQJ�WKH�HYLGHQFH�FDSWXUHG�
E\�LQGLYLGXDO�UXOHV��DQG�JXLGHOLQHV�IRU�VHOHFWLQJ�DSSURSULDWH�YDOXHV�IRU�SDUDPHWHUV�RI�WKH�PLQLQJ�DOJRULWKPV��
%LRJUDSK\�
/HRQ�0RRQHQ�LV�D�VHQLRU� UHVHDUFK�VFLHQWLVW� LQ� WKH�6RIWZDUH�(QJLQHHULQJ�GHSDUWPHQW�DW�6LPXOD�5HVHDUFK�/DERUDWRU\��
1RUZD\��+LV�UHVHDUFK�DLPV�DW�FUHDWLQJ�EHWWHU�WHFKQLTXHV�DQG�WRROV�WR�VXSSRUW�WKH�XQGHUVWDQGLQJ��DVVHVVPHQW�DQG�HYROXWLRQ�
RI�ODUJH�LQGXVWULDO�VRIWZDUH�V\VWHPV��7KLV�ZRUN�LQYROYHV�WKH�FRPELQDWLRQ�RI�VHYHUDO�ILHOGV��VXFK�DV�VRIWZDUH�DQDO\WLFV��
SURJUDP�FRPSUHKHQVLRQ�� VRIWZDUH� UHYHUVH� HQJLQHHULQJ�� VRIWZDUH� UHSRVLWRU\�PLQLQJ��PDFKLQH� OHDUQLQJ� DQG� HPSLULFDO�
VRIWZDUH� HQJLQHHULQJ�� +H� OLNHV� WR� ZRUN� LQ� FORVH� FROODERUDWLRQ� ZLWK� LQGXVWU\� WR� HQVXUH� WKDW� KLV� UHVHDUFK� DGGUHVVHV�
TXHVWLRQV�RI�SUDFWLFDO�YDOXH�� DQG� WR�HYDOXDWH� FDQGLGDWH� VROXWLRQV� LQ� UHDOOLIH� FLUFXPVWDQFHV��&XUUHQW�RQJRLQJ�SURMHFWV�
LQFOXGH� UHFRPPHQGDWLRQ� V\VWHPV� WR� VXSSRUW� VPDUWHU� HYROXWLRQ� DQG� WHVWLQJ�RI� VDIHW\�FULWLFDO� F\EHU�SK\VLFDO� V\VWHPV��
VRIWZDUH�DQDO\WLFV�IRU�FRQWLQXRXV�VRIWZDUH�TXDOLW\�DQG�PDLQWDLQDELOLW\�DVVHVVPHQWV��PHWKRGV�IRU�FUHDWLQJ�DQWL�IUDJLOH�
VRIWZDUH�V\VWHPV��DQG�KLJK�LQWHJULW\�VRIWZDUH�HQJLQHHULQJ��
'U��0RRQHQ�KDV�SXEOLVKHG�RYHU�����VFLHQWLILF�SDSHUV�DQG�VHUYHV�RQ�VWHHULQJ���RUJDQL]LQJ���DQG�SURJUDP�FRPPLWWHHV�

RI�LQWHUQDWLRQDO�FRQIHUHQFHV�RQ�VRIWZDUH�PDLQWHQDQFH�DQG�HYROXWLRQ��UHYHUVH�HQJLQHHULQJ��SURJUDP�XQGHUVWDQGLQJ��DQG�
VRXUFH�FRGH�DQDO\VLV��+H�KDV��FR��RUJDQL]HG�YDULRXV�ZRUNVKRSV�RQ�WRSLFV�UHODWHG�WR�WKHVH�DUHDV��+H�LV�FR�IRXQGHU�RI�WKH�
6RIWZDUH�,PSURYHPHQW�*URXS��D�FRPSDQ\�WKDW�VSHFLDOL]HV�LQ�WKH�XVH�RI�VRXUFH�FRGH�DQDO\VLV�WR�KHOS�RUJDQL]DWLRQV�JHW�
FRQWURO� RYHU� WKHLU� VRIWZDUH� V\VWHPV��'U�0RRQHQ� UHFHLYHG� KLV�06F� �FXP� ODXGH��&RPSXWHU� 6FLHQFH�� ������ DQG�3K'�
�&RPSXWHU� 6FLHQFH�� ������ IURP� WKH�8QLYHUVLW\� RI�$PVWHUGDP��+H� LV� D�PHPEHU� RI�$&0�� ,(((�&RPSXWHU� 6RFLHW\��
($3/6�DQG�WKH�(5&,0�:RUNLQJ�*URXS�RQ�6RIWZDUH�(YROXWLRQ��

3KRWR�E\�%nUG�*XGLP�
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