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7D[RO �7R �1DQRWD[RO� �$ �-RXUQH\ �7RZDUGV
(QKDQFHG�'UXJ�'HOLYHU\
7DQYL�.DNX���$LVZDU\D�'DVK��DQG�%LVZD�3��&KDWWHUML��

� �3RVW �*UDGXDWH �'HSDUWPHQW �RI �%LRWHFKQRORJ\� �6W� �;DYLHUcV �&ROOHJH �$XWRQRPRXV �0XPEDL�
0DKDUDVKWUD �������� �,QGLD
��6FKRRO�RI�(QJLQHHULQJ��$MHHQN\D�'<�3DWLO�8QLYHUVLW\��3XQH��0DKDUDVKWUD���������,QGLD

$EVWUDFW��'UXJ�GHOLYHU\�LQ�WKH�ILHOG�RI�FDQFHU�KDV�XQGHUJRQH�D�FRQWLQXRXV�UHYROXWLRQ
RYHU�WKH�SDVW�IHZ�GHFDGHV��'HYHORSPHQW�RI�QRYHO�FKHPRWKHUDSHXWLF�DJHQWV�ZLWKRXW�WKH
PHWKRG �RI �GHOLYHULQJ �WKHP �WR �WKH �WXPRU �VLWH �ZRXOG �ILQG �QR �SUDFWLFDO �DSSOLFDWLRQ �LQ
XSURRWLQJ�WKH�IDWDO�GLVHDVH�RI�XQFRQWUROOHG�FHOO�SUROLIHUDWLRQ��FDQFHU��7KLV�PDNHV�WKH
GHYHORSPHQW�RI�GUXJ�FDUULHUV�H[FHHGLQJO\�HVVHQWLDO�IRU�GLDJQRVWLFV�DQG�WKHUDS\�DOLNH�
1DQRWHFKQRORJLFDO �VFLHQFH �KDV �JDLQHG �LPSHWXV �LQ �WKH �UHFHQW �SDVW �DQG �KDV �IRXQG
DSSOLFDWLRQV�LQ�D�SOHWKRUD�RI�ILHOGV��,W�KDV�PDQDJHG�WR�FUHDWH�DQ�LPSDFW�LQ�WKH�ILHOG�RI
GLDJQRVWLFV��GUXJ�GHOLYHU\�DQG�WKHUDS\��HTXDOO\��7D[ROn��D�FKHPRWKHUDSHXWLF�DJHQW�WKDW
ZDV �LQLWLDOO\ �REWDLQHG �IURP �WKH �EDUN �RI �7D[XV �EUHYLIROLD� �PRYHG �RQ �WR �WKH �VHPL�
V\QWKHWLF�DSSURDFK�IRU�LWV�V\QWKHVLV�WR�DGGUHVV�WKH�VKRUWDJH�RI�LWV�QDWXUDO�VRXUFH��7KLV
GUXJ �LV �SDUWLDOO\ �VROXEOH �LQ �ZDWHU �DQG �LWV �LQLWLDO �IRUPXODWLRQ �ZLWK �&UHPRSKRU �(/
PDQLIHVWHG�DV�DQDSK\ODFWLF�UHDFWLRQV��7R�GR�DZD\�ZLWK�WKHVH�SUREOHPV�DQG�RWKHUV�VXFK
DV�ORZHU�FLUFXODWLRQ�WLPH�LQ�EORRG�DQG�QRQ�VSHFLILFLW\��QDQRWHFKQRORJ\�LV�QRZ�EHLQJ
ORRNHG�DW�DV�D�SURPLVLQJ�VROXWLRQ��1DQRWHFKQRORJLFDO�FDUULHUV�DLP�DW�HQKDQFLQJ�WDUJHW�
VSHFLILFLW\�E\�IXQFWLRQDOL]DWLRQ��GUXJ�VWDELOL]DWLRQ�DQG�SUHYHQWLQJ�LWV�GHJUDGDWLRQ�GXH�WR
SK\VLRORJLFDO�FRQGLWLRQV��S+��HQ]\PHV��HWF���GHPRQVWUDWLQJ�DQ�(QKDQFHG�3HUPHDELOLW\
DQG �5HWHQWLRQ ��(35� �HIIHFW� �SURORQJHG �EORRG �FLUFXODWLRQ �DQG �WKXV �EHWWHU �DQWL�WXPRU
DFWLYLW\��ZKLOH�WKH�VLGH�HIIHFWV�EHLQJ�DOPRVW�QHJOLJLEOH��7KH�SDWHQWV�LQ�WKLV�FKDSWHU�DLP
WR�KLJKOLJKW�KRZ�QDQRWHFKQRORJ\�FDQ�ILQG�SUDFWLFDO�DSSOLFDWLRQV�DQG�KRZ�RQH�RU�PRUH
WKDQ �RQH �GUXJV �FRXOG �EH �DGPLQLVWHUHG �LQ �YLYR �LQ �D �VXVWDLQHG �IDVKLRQ� �7KH �VWHS�ZLVH
GHYHORSPHQW�LQ�XVLQJ�WKLV�SRWHQW�DQWLFDQFHU�GUXJ��7D[RO��LQYROYHG�WKH�XVH�RI�KXPDQ
VHUXP �DOEXPLQ �DVVRFLDWHG �FRPSRVLWLRQV ��$EUD[DQHn�� �FUHPRSKRU�IUHH �IRUPXODWLRQV
�&DS[ROo��*HQH[RO�30o���QXPHURXV�RLO�LQ�ZDWHU�HPXOVLRQV��OLSRVRPHV�DQG�PLFHOOHV�
XVH�RI�JUDSKHQH�TXDQWXP�GRWV��*4'V��IRU�ELRLPDJLQJ�DQG�GUXJ�GHOLYHU\�DQG�WKH�XVH�RI
VLQJOH�ZDOOHG�DQG�PXOWL�ZDOOHG�FDUERQ�QDQRWXEHV��,W�DOVR�DOORZV�WKH�UHDGHUV�WR�H[SORUH
QDQRGHYLFHV�WKDW�FDQ�EH�WXUQHG�RQ�DQG�RII�DV�DQG�ZKHQ�WKH�QHHG�EH�IRU�ORFDOL]HG�GUXJ
GHOLYHU\� �(QDEOLQJ �WKH �QDQRFDUULHUV �WR �PRGXODWH �WKH �SKDUPDFRNLQHWLF �DQG
SKDUPDFRG\QDPLF�SURSHUWLHV�RI�WKH�GUXJ�LV�DQRWKHU�QRWDEOH�IHDWXUH�WKDW�VRPH�RI�WKHVH
QDQRFDUULHUV�SRVVHVV�


 �&RUUHVSRQGLQJ �DXWKRU �%LVZD �3� �&KDWWHUML� �6FKRRO �RI �(QJLQHHULQJ� �$MHHQN\D �'< �3DWLO �8QLYHUVLW\� �3XQH�
0DKDUDVKWUD �������� �,QGLD� �7HO� ���������������� �(�PDLO� �ELVZDSUDVXQ#JPDLO�FRP

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�g������%HQWKDP�6FLHQFH�3XEOLVKHUV



�����7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��� .DNX�HW�DO�

.H\ZRUGV��$EUD[DQHn��DQWL�DQJLRJHQLF��FDQFHU��FDUERQ�QDQRSDUWLFOHV��&UHPRSKRU�IUHH�
GHYLFHV� �GUXJ �GHOLYHU\� �HPXOVLRQV� �LQFUHDVHG �WXPRU �VSHFLILFLW\� �OLSRVRPHV� �PLFHOOHV�
QDQRFDUULHUV� �SDFOLWD[HO� �SURORQJHG �FLUFXODWLRQ �WLPH� �SURWHLQ �DVVRFLDWHG� �UHGXFHG
K\SHUVHQVLWLYLW\� �VXUIDFH�IXQFWLRQDOL]HG� �7D[ROn� �7D[XV �EUHYLIROLD� �WXEXOLQ �VWDELOL]LQJ�
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$�QRUPDO�FHOO��ZKHQ�GHYHORSLQJ�D�QHRSODVWLF�EHKDYLRXU��DGRSWV�WKH���KDOOPDUNV�RI
FDQFHU��WXUQV�WXPRULJHQLF�DQG�PD\�H[KLELW�PDOLJQDQF\��:LWKVWDQGLQJ�FHOO�GHDWK
VLJQDOV �ZKLOH �VXVWDLQLQJ �WKH �SUROLIHUDWLYH �RQHV� �HOXGLQJ �JURZWK �VXSSUHVVRUV�
LQGXFWLRQ �RI �WKH �SURFHVV �RI �DQJLRJHQHVLV� �DFWXDWLQJ �LQYDVLRQ �DQG �SURPRWLQJ
PHWDVWDVLV�DQG�WKXV�HQDEOLQJ�WKH�FHOOV�WR�DWWDLQ�LPPRUWDO�UHSOLFDWLRQ�DELOLW\�DUH�WKH
VL[�SURPLQHQW�KDOOPDUNV�RI�FDQFHU�WKDW�WKH�FHOOV�DGRSW�>�@��,Q�WKH�GHYHORSHG�DQG
WKH�GHYHORSLQJ�FRXQWULHV��FDQFHU�LV�WKH�ILUVW�DQG�WKH�VHFRQG�OHDGLQJ�FDXVH�RI�GHDWK�
UHVSHFWLYHO\�>�@��$FFRUGLQJ�WR�WKH�*/2%2&$1�SURMHFW�ZKLFK�LV�DQ�LQLWLDWLYH�E\
7KH�,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&���WKH�ZRUOG�ZLWQHVVHG
�����PLOOLRQ�FDQFHU �FDVHV �LQ �WKH �\HDU ������>�@� �ZKLOH �WKH �QXPEHUV �LQFUHDVHG�WR
���� �PLOOLRQ �LQ �WKH �\HDU ����� �>�@� �7KH �QXPEHU �RI �GHDWKV �UHVXOWLQJ �IURP
VXFFXPELQJ�WR�FDQFHU�DOVR�VDZ�D�ULVH�IURP�����PLOOLRQ�LQ�WKH�\HDU������>�@�WR����
PLOOLRQ�LQ������>�@��7KLV�DODUPLQJ�UDWH�RI�IDOOLQJ�SUH\�WR�WKH�GLVHDVH�FURSV�XS�IURP
WKH �SUHVHQW�GD\ �VHGHQWDU\ �OLIHVW\OH� �LPLWDWLRQ �RI �IRRG �DQG �GLHW �IDGV �IURP �WKH
ZHVWHUQ�ZRUOG�DQG�LQFUHDVHG�WHQGHQFLHV�RI�VPRNLQJ�DQG�DOFRKROLVP�>��������@��7KH
FXUUHQW�PRGHV�RI�WUHDWPHQW�DYDLODEOH�WR�FRPEDW�FDQFHU�LQFOXGH�VXUJHU\��HPSOR\LQJ
FKHPRWKHUDS\�DQG�UDGLDWLRQ�WKHUDS\�LQ�FRPELQDWLRQ�RU�LQGLYLGXDOO\��GHSHQGLQJ�RQ
WKH �VHYHULW\� �WKH �W\SH �DQG �WKH �VWDJH �RI �FDQFHU �>�@� �7KH �����
V �ZLWQHVVHG �WKH
DSSURYDO �RI �FKHPRWKHUDSHXWLF �DJHQWV �OLNH �YLQFULVWLQH �DQG �YLQEODVWLQH �WKDW �ZHUH
GHULYHG �IURP �QDWXUDO �VRXUFHV �>�@� �7KH �IRUDJH �IRU �PRUH �QDWXUDO �DOWHUQDWLYHV
KHLJKWHQHG �EHWZHHQ �WKH �SHULRG �IURP ����������� �ZKHQ �D �FROODERUDWLYH �SODQW
VFUHHQLQJ�SURJUDP�ZDV�LQLWLDWHG�E\�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH��1&,��DQG�WKH
8�6� �'HSDUWPHQW �RI �$JULFXOWXUH ��86'$�� �7KLV �SURJUDP �ZDV �VXFFHVVIXO �LQ �WKH
FROOHFWLRQ�RI�DERXW����������H[WUDFWV�IURP��������SODQW�VSHFLHV�DQG�WKHLU�WHVWLQJ
ZKLFK�UHVXOWHG�LQ�WKH�LGHQWLILFDWLRQ�RI�D�IHZ�QDWXUDO�VRXUFHV�IRU�WKH�LVRODWLRQ�RI
PROHFXOHV�WKDW�SRVVHVV�SRWHQW�DQWLFDQFHU�DFWLYLWLHV�>�@�

6DPSOHV �IURP �7D[XV �EUHYLIROLD� �WKH �3DFLILF �\HZ �WUHH �ZHUH �DQDO\]HG �E\ �$UWKXU
%DUFOD\��D�ERWDQLVW�DV�86'$��7KH�IUXLW��QHHGOH��WZLJ�DQG�EDUN�H[WUDFWV�ZHUH�WHVWHG
IRU �WKHLU �DQWLFDQFHU �DFWLYLW\ �DQG �RQO\ �WKH �EDUN �H[WUDFW �VKRZHG �VLJQLILFDQW
F\WRWR[LFLW\�>�����@��7KH�EDUN�VDPSOHV�RI�7D[XV�EUHYLIROLD�ZHUH�UHFHLYHG�LQ�����
E\ �WZR �VFLHQWLVWV� �0DQVXNK �:DQL �DQG �0RQURH �:DOO� �ZRUNLQJ �DW �WKH �5HVHDUFK
7ULDQJOH �,QVWLWXWH �>�� ���@� �7KH �EDUN �H[WUDFW �VKRZHG �SRWHQW �F\WRWR[LFLW\ �DJDLQVW
KXPDQ �QDVRSKDU\Q[ �FDQFHU �FHOO �OLQH� ��.% �DQG �PRXVH �OHXNHPLD �FHOOV ��LQ �YLWUR
F\WRWR[LFLW\�DVVHVVPHQW�PRGHOV���ZKLOH�LW�GLG�QRW�VKRZ�SURPLVLQJ�UHVXOWV�LQ�YLYR
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>���� ���@� �)ROORZLQJ�WKLV� �DWWHPSWV �WR �REWDLQ �7D[RO �LQ �LWV �SXUH �FU\VWDOOLQH �IRUP�
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Nature needs protection from the fast growing chemical pollution. The 
primary challenge for chemists is to make chemical processes more envi-
ronmentally benign and sustainable. World has witnessed a tremendous 
outburst in modifying chemical processes to make them sustainable for 
making our environment clean and green. One such environmental friendly 
technique is the use of ultrasound.

Sonochemistry deals with the effect of ultrasonic waves on chemical 
systems. It has green value because of nonhazardous acoustic radia-
tion and therefore, it is duly recognized as a part of Green Chemistry by 
synthetic chemists as well as environmentalists. There is no direct interac-
tion of ultrasound with molecular species, but the observed chemical and 
physical effects of ultrasound are due to the cavitational collapse, which 
produces drastic conditions of temperature and pressure locally. It induces 
the formation of various chemical species, which cannot be easily attained 
under conventional conditions. Sometimes, these species are responsible 
for driving towards an unusual reactivity in molecular entities.

Exposure to ultrasonic radiation and the resultant sonochemical and/or 
sonophysical effects have established this technique for driving a particular 
chemical reaction more efficiently and that too with high yields and selec-
tivity. Sonochemistry utilizes less hazardous starting materials, reagents 
and solvents. In this process, product selectivity and product yields are 
increased; in addition, energy consumption is also reduced. This book 
provides the complete development of sonochemistry starting from intro-
duction, basic concepts of sonochemistry, different types of sonochemical 
reactions, instrumentation, use of ultrasound in driving particular chemical 
reactions and its applications in various fields such as polymer synthesis, 
decontamination of water and waste water, preparation of nanomaterials, 
food technology, pharmaceutical sciences and so forth.

Apart from this, some fields are also discussed in brief, which do not 
fall in the actual arena of sonochemistry, but utilize ultrasounds of different 
frequencies. These are food products and their processing, anaerobic diges-
tion of waste, medical applications such as ultrasonography, sonodynamic 
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10.1 INTRODUCTION

Wastewater treatment has become a necessity of the day as the world is in 
cancerous grip of water pollution and is facing a scarcity of potable water 
in many developing and undeveloped countries. Many techniques are used 
for the treatment of wastewater, and biological treatment of wastewater 
is one of these widely used techniques. Excess sludge production is one 
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Divine Inspiration in Amal Kiran's
The Adventure of the Apocolypse

Pearl Pastakia

lntroductory Note
I was introduced to Shri K. D. Sethna, poet, philosopher
and critic of culture, on my first visit to Sri Aurobindo
Ashram, Pondicherry in November 1999.It seemed a fortuitous
happening spurred by a senior sadhak asking if we would be
paylng a visit to Shri K. D. Sethna, who like us, was a Parsee.
My mother, who accompanied me then, was overjoyed at the
prospect of meeting this venerable personality who was at once
a fellow Parsee and a senior disciple and so we set off at once to
visit K.D. Sethna, or, as Sri Aurobindo called him, Amal Kiran
(Sanskrit for 'serene R"y ), who was then in his nineties. Amal,
having sustained a fracture of the hand, was convalescing in
the Ashram Nursing Home on the sea-front. He spoke to us
patiently and allowed me to click some pictures of him with
my mother. On that visit, we picked up several of his works
of literary criticism, but not his poems, since they were not
stocked in the Ashram bookshops, then as now.

Some years later, when I scoured the library of St.
Xaviert College, Mumbai, which was his and my own Alma
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Mater, I found an anthology of his poems, .The Adventure
3.f^-the Apocalypse, inscr]Led i., ih. poett own hand,Affectionately to Freddie from Kekoo,. Th. i;..i;,;';dated: '- ,g I 6 t 49 _, and includes an elaborate preface
Dy rne author.

The preface is significant for being a personal narrative
3f th5 way. rhe poems in rhe 

".,tho1ogyo.ame into being andfor the light it rhrows on some of t[. techniques .iil;;;crearion in general, a subject of abiding curiosity ro readers,critics and aspiring writers. The Ashlam poer was also ateacher of poetry and regularly discoursed on what makesa poem work.
Addressing a question 

,frequently put ro him byinterviewers, forty years after the publicarion of his ,rrtholog-f,K.D. Sethna, speaking in an interview with valeria andSudhakar in August l9gg, reflected on the qualities of a poet,the connection between poerry and spirituality and ;:;.;of lirerary crearion. He said:

A real poet is one who has the capacityro express himself with intensity of ,irior,intensity of 
.word - 

and intensity of ,hyrh_.
These three intensities in *hr,.u., d.g*. "r.required to make a poem a poem; otherwiseit is at best some kind of very efficienr verse.But there ar
must admi, :. :T':'"J'ff:",":#i'j';r.li
anything but in all poetry there is a spiritual
force at work;. it car work directly and it canwork indirectly. Mere belief in iod will notdo, your every line must move lik , g;;.Then whether you believe in God or d.o nor,

::,i::: ;:: Til'i."_H t**: ;:*
source - thar is all.
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Fenton and Photo-Fenton Processes
Rakshit Ameta1, Anil K. Chohadia2, Abhilasha Jain3
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3.1 INTRODUCTION

Global economic growth is increasing exponentially in the first century of the new
millennium, but at the same time, rapid urbanization and industrialization release
enormous volumes of wastewater imposing various adverse effects on human health and
grading the quality of the environment as a whole. It has been revealed that generation of
wastewaters with complex and recalcitrant molecules is increasing day by day. The
presence of these organic compounds in water poses a serious threat to public health since
most of them are toxic, endocrine disrupting, mutagenic, or potentially carcinogenic to
humans, animals. and aquatic life. There is a pressing demand for newer technologies for
the complete mineralization of wastewaters.

Several conventional treatment methods are available such as biological, adsorption,
chemical treatment, filtration, flocculation, activated charcoal and ion exchange resins for
wastewater remediation. It has been frequently observed that pollutants not amenable to
biological treatments may also be characterized by high chemical stability and/or by
strong difficulty to be completely mineralized. In this context, oxidation processes are pre-
ferred to degrade such biorefractory substances present in wastewater. However, pollution
load, process limitations, and operating conditions are the key factors to be considered
during the selection of the most appropriate oxidation process for the degradation of a
particular compound. Apart from high degradation efficiency, direct oxidation processes
demand specified operating conditions to degrade the target compounds, which will
increase the operation cost of the process.
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PRGHOV �DUH �GLVFXVVHG� �7KH �GLVFRYHU\ �RI �VHOHFWLYH �VPDOO�PROHFXOH �K/'+�$ �LQKLELWRUV �DQG
/'+�EDVHG �DSSURDFKHV �LQ �WKH �SURJUHVV �RI �DQWLFDQFHU �WKHUDS\ �DUH �DOVR �SUHVHQWHG� �5HFHQW
DGYDQFHV�LQ�PLFUR51$�EDVHG�FDQFHU�WKHUDSHXWLFV�IRU�WKH�WUHDWPHQW�RI�FDQFHU�DUH�SUHVHQWHG�
7KH�UROH�RI�LQIODPPDWLRQ�LQ�FKHPRWKHUDS\�LQGXFHG�QHXURPXVFXODU�HIIHFWV�DQG�WKH�VLGH�HIIHFWV
DQG�UHFHQW�UHOHYDQW�SDWHQWV�IRU�EHQHILFLDO �DSSURDFKHV�WR�LPSURYH�KHDUW �IDLOXUH�FDVHV�GXH�WR
LQIODPPDWLRQ��PLWRFKRQGULD�DQG�HQHUJ\�PHWDEROLVP�LQ�FDQFHU�FDFKH[LD�DUH�DOVR�FRYHUHG��,W�LV
KRSHG�WKDW�WKH�SUHVHQW�YROXPH�ZLOO�EH�IRXQG�XVHIXO�E\�D�ODUJH�QXPEHU�RI�VFLHQWLVWV�ZRUNLQJ�LQ
WKLV�ILHOG�

7KH�HGLWRUV�DUH�WKDQNIXO�WR�WKH�DXWKRUV�IRU�WKHLU�H[FHOOHQW�FRQWULEXWLRQV�DQG�WR�WKH�UHYLHZHUV
IRU�WKHLU�LQ��GHSWK�FRPSUHKHQVLYH�FRPPHQWV�IRU�WKH�LPSURYHPHQW�RI�FKDSWHUV��:H�DUH�DOVR
JUDWHIXO�WR�0U��0DKPRRG�$ODP��0UV��5DILD�5HKDQ�DQG�RWKHU�FROOHDJXHV�IRU�WKHLU�VXSSRUW�DQG
DVVLVWDQFH�LQ�WKH�ILQDOL]DWLRQ�RI�WKLV�YROXPH�

$WWD�XU�5DKPDQ��)56
,QWHUQDWLRQDO�&HQWHU�IRU�&KHPLFDO�DQG�%LRORJLFDO�6FLHQFHV

8QLYHUVLW\�RI�.DUDFKL
.DUDFKL������

3DNLVWDQ

.KXUVKLG�=DPDQ
+RQRUDU\�(GLWRU

%HQWKDP�6FLHQFH�3XEOLVKHUV

i
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7RSLFV �LQ �$QWL�&DQFHU �5HVHDUFK �FRYHUV �LPSRUWDQW �DGYDQFHV �RQ �ERWK �H[SHULPHQWDO
�SUHFOLQLFDO��DQG�FOLQLFDO�FDQFHU�UHVHDUFK�LQ�GUXJ�GHYHORSPHQW��7KH�ERRN�VHULHV�RIIHUV�UHDGHUV
DQ�LQVLJKW�LQWR�FXUUHQW�DQG�IXWXUH�WKHUDSHXWLF�DSSURDFKHV�IRU�WKH�SUHYHQWLRQ�RI�GLIIHUHQW�W\SHV
RI�FDQFHUV��V\QWKHVL]LQJ�QHZ�DQWL�FDQFHU�DJHQWV��QHZ�SDWHQWHG�FRPSRXQGV��WDUJHWV�DQG�DJHQWV
IRU�FDQFHU�WKHUDS\�DV�ZHOO�DV�UHFHQW�PROHFXODU�DQG�JHQH�WKHUDS\�UHVHDUFK�

7KH�FRPSUHKHQVLYH�UDQJH�RI�WKHPHV�FRYHUHG�LQ�HDFK�YROXPH�ZLOO�EH�EHQHILFLDO�WR�FOLQLFLDQV�
LPPXQRORJLVWV� �DQG �5	' �H[SHUWV �ORRNLQJ �IRU �QHZ �DQWL�FDQFHU �WDUJHWV �DQG �SDWHQWV �IRU �WKH
WUHDWPHQW�RI�QHRSODVPV��DV�ZHOO�DV�YDULHG�DSSURDFKHV�IRU�FDQFHU�WKHUDS\�

7KH�WRSLFV�FRYHUHG�LQ�WKH�VL[WK�YROXPH�RI�WKLV�VHULHV�LQFOXGH�

��7KH�UROH�RI�PLFURWXEXOHV�IRU�WKH�FXUH�RI�YDULRXV�XQWUHDWHG�FDQFHUV
��1RYHO�FKHPRLPPXQRWKHUDSHXWLF�GUXJ�FRPELQDWLRQV�	�PHWKRGV�LQ�FOLQLFDO�VWXGLHV�WULDOV
��7DUJHWLQJ�SRO\XQVDWXUDWHG�IDWW\�DFLGV��38)$V��LQ�WKH�WUHDWPHQW�RI�FRORUHFWDO�FDQFHU
��$QWL�FDQFHU�DFWLYLW\�RI�QDWXUDO�DQG�V\QWKHWLF�FKDOFRQHV�DQG�WKHLU�GHULYDWLYHV
��5HFHQW�DGYDQFHV�LQ�PLFUR51$�EDVHG�FDQFHU�WKHUDSHXWLFV
� �7UHDWPHQW �RI �KHDUW �IDLOXUH �GXH �WR �LQIODPPDWLRQ� �PLWRFKRQGULD �DQG �HQHUJ\ �PHWDEROLVP�LQ
FDQFHU�FDFKH[LD
��5HJXODWLRQ�LQKLELWLRQ�RI�KXPDQ�ODFWDWH�GHK\GURJHQDVH�$�IRU�GLVFRYHULQJ�DQWL�FDQFHU�GUXJV

ii



/LVW�RI�&RQWULEXWRUV
$OL��$PMDG $WWD�XU�5DKPDQ�6FKRRO �RI �$SSOLHG�%LRVFLHQFHV ��$6$%�� �1DWLRQDO �8QLYHUVLW\ �RI

6FLHQFHV�DQG�7HFKQRORJ\��1867���+����,VODPDEDG��3DNLVWDQ
(PDLO��DPMDGXQL#JPDLO�FRP��DPMDG�DOL#DVDE�QXVW�HGX�SN

$VKUDI��6KLID�7� $WWD�XU�5DKPDQ�6FKRRO �RI �$SSOLHG�%LRVFLHQFHV ��$6$%�� �1DWLRQDO �8QLYHUVLW\ �RI
6FLHQFHV�DQG�7HFKQRORJ\��1867���+����,VODPDEDG��3DNLVWDQ
(PDLO��VWDULT�DVDE#JPDLO�FRP

$ZDQ��)DU\DO�0� $WWD�XU�5DKPDQ�6FKRRO �RI �$SSOLHG�%LRVFLHQFHV ��$6$%�� �1DWLRQDO �8QLYHUVLW\ �RI
6FLHQFHV�DQG�7HFKQRORJ\��1867���+����,VODPDEDG��3DNLVWDQ
(PDLO��IDU\DOBPHKZLVK#\DKRR�FRP

%DJEDQ��1HHGD�1� 'HSDUWPHQW �RI �%LRWHFKQRORJ\� �6W� �;DYLHUyV �&ROOHJH ��$XWRQRPRXV�� �0XPEDL�
������� �,QGLD
(PDLO��QHHEDJEDQ#JPDLO�FRP

%KDYVDU��5LGGKL�,� 'HSDUWPHQW �RI �%LRWHFKQRORJ\� �6W� �;DYLHUyV �&ROOHJH ��$XWRQRPRXV�� �0XPEDL�
������� �,QGLD
(PDLO��ULGGKLEKDYVDU�#JPDLO�FRP

&KDWWHUML��%LVZD�3� 'HSDUWPHQW �RI �%LRWHFKQRORJ\� �6W� �;DYLHUyV �&ROOHJH ��$XWRQRPRXV�� �0XPEDL�
������� �,QGLD
(PDLO��ELVZDSUDVXQ#JPDLO�FRP

)LFKQD��-DNXE 'HSDUWPHQW �RI �%LRFKHPLVWU\� �)DFXOW\ �RI �0HGLFLQH� �0HGLFDO �8QLYHUVLW\ �RI �/RG]�
/RG]��3RODQG
(PDLO��MDNXE�ILFKQD#XPHG�ORG]�SO

0X]DPPDO�
+XVVDLQ

,QVWLWXWHV�RI�%LRPHGLFLQH�DQG�+HDOWK��&KLQHVH�$FDGHP\�RI�6FLHQFHV������.DL\XDQ
$YHQXH��6FLHQFH�3DUN��*XDQJ]KRX����������3�5��&KLQD
(PDLO��PX]DPPDO#JLEK�DF�FQ

,NRQRPLGLV�
7KRPDV�*�

0HFKDQLVPV �RI �'LVHDVH �DQG �7UDQVODWLRQDO �5HVHDUFK �*URXS� �'HSDUWPHQW �RI
3DWKRORJ\��6FKRRO�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\
������$XVWUDOLD
(PDLO��WKRPDVLNRQR#JPDLO�FRP

,NUDP��$TVD $WWD�XU�5DKPDQ�6FKRRO �RI �$SSOLHG�%LRVFLHQFHV ��$6$%�� �1DWLRQDO �8QLYHUVLW\ �RI
6FLHQFHV�DQG�7HFKQRORJ\��1867���+����,VODPDEDG��3DNLVWDQ
(PDLO��DTVDBLNUDP#\DKRR�FRP

.XPDU��9LQLW $PLW\�,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH�DQG�6WHP�&HOO�5HVHDUFK��$PLW\�8QLYHUVLW\�
1RLGD���������,QGLD
(PDLO��YNXPDU��#DPLW\�HGX

.XPDU��$WXO $PLW\ �,QVWLWXWH �RI �(QJLQHHULQJ �	�7HFKQRORJ\� �$PLW\ �8QLYHUVLW\� �*UHDWHU �1RLGD
��������,QGLD
(PDLO��DWXO���#JPDLO�FRP

/XTPDQ��6XDLE &6,5�&HQWUDO�,QVWLWXWH�RI�0HGLFLQDO�DQG�$URPDWLF�3ODQWV��/XFNQRZ���������8WWDU
3UDGHVK��,QGLD
(PDLO��V�OXTPDQ#FLPDS�UHV�LQ
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0LFKDODN�
$UNDGLXV]

'HSDUWPHQW �RI �%LRFKHPLVWU\� �)DFXOW\ �RI �0HGLFLQH� �0HGLFDO �8QLYHUVLW\ �RI �/RG]�
/RG]��3RODQG
(PDLO��DUNDGLXV]�PLFKDODN�OHN#JPDLO�FRP

0RVLiVND��3DXOD 'HSDUWPHQW �RI �%LRFKHPLVWU\� �)DFXOW\ �RI �0HGLFLQH� �0HGLFDO �8QLYHUVLW\ �RI �/RG]�
/RG]��3RODQG
(PDLO��SDXOD�PRVLQVND#JPDLO�FRP

3ROO\��3DWVLH 0HFKDQLVPV �RI �'LVHDVH �DQG �7UDQVODWLRQDO �5HVHDUFK �*URXS� �'HSDUWPHQW �RI
3DWKRORJ\��6FKRRO�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\
������$XVWUDOLD
(PDLO��SDWVLH�SROO\#XQVZ�HGX�DX

5DQL��5HVKPD $PLW\�,QVWLWXWH�RI�%LRWHFKQRORJ\��$PLW\�8QLYHUVLW\��1RLGD���������,QGLD
(PDLO��UHVKXGF\#JPDLO�FRP��UUDQL#DPLW\�HGX

7DQ��7LPRWK\�&� :HVWHUQ�&OLQLFDO �6FKRRO�DQG�:HVWPHDG�+RVSLWDO� �:HVWPHDG��1HZ�6RXWK�:DOHV�
$XVWUDOLD
(PDLO��WLPRWK\�WDQ�#JPDLO�FRP

:DQL��=DKRRU�$� 1DWLRQDO�3RVWGRFWRUDO�)HOORZ�DW�&6,5�&HQWUDO�,QVWLWXWH�RI�0HGLFLQDO�DQG�$URPDWLF
3ODQWV��/XFNQRZ���������8WWDU�3UDGHVK��,QGLD
(PDLO��]DKRRUZDQL�#JPDLO�FRP

=KDQJ��-LDQFXQ ,QVWLWXWHV�RI�%LRPHGLFLQH�DQG�+HDOWK��&KLQHVH�$FDGHP\�RI�6FLHQFHV������.DL\XDQ
$YHQXH��6FLHQFH�3DUN��*XDQJ]KRX����������3�5��&KLQD
(PDLO��]KDQJBMLDQFXQ#JLEK�DF�FQ
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&+$37(5��

7DUJHWLQJ�3RO\XQVDWXUDWHG�)DWW\�$FLG�0HWDEROLVP
LQ�&RORUHFWDO�&DQFHU�7KHUDS\��$�5HYLHZ�RI�5HFHQW
3DWHQWV
$UNDGLXV]�0LFKDODN���3DXOD�0RVLiVND
����DQG�-DNXE�)LFKQD
'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�/RG]��/RG]��3RODQG

$EVWUDFW��,Q�WKH�UHFHQW�\HDUV��IDWW\�DFLGV��)$V��KDYH�EHHQ�DFNQRZOHGJHG�QRW�RQO\�DV
EXLOGLQJ�PDWHULDOV�IRU�OLSLG�PHPEUDQHV�DQG�FDUERQ�VRXUFH�IRU���R[LGDWLRQ��EXW�DOVR�DV
LPSRUWDQW�VLJQDOLQJ�PROHFXOHV��,Q�WKLV�ILHOG��SRO\XQVDWXUDWHG�IDWW\�DFLGV��38)$V��KDYH
UHFHLYHG�VSHFLDO �DWWHQWLRQ�DV�PRGXODWRUV�RI�LQIODPPDWLRQ� �7KH�HQ]\PHV�WKDW �SURFHVV
38)$V�LQWR�ELRDFWLYH�PHWDEROLWHV��F\FORR[\JHQDVHV��OLSR[\JHQDVHV��KDYH�DOUHDG\�EHHQ
WDUJHWHG�E\�SKDUPDFHXWLFDO �DJHQWV� �*LYHQ�WKH�IDFW �WKDW �LQWHQVH�V\QWKHVLV �RI �)$V�LV �D
PHWDEROLF�KDOOPDUN�RI�FDQFHU��LW�LV�H[SHFWHG�WKDW�)$V�SOD\�DQ�LPSRUWDQW�UROH�LQ�FDQFHU
GHYHORSPHQW��SURJUHVVLRQ�DQG�LQYDVLRQ��DQG�FRXOG�EH�WDUJHWHG�E\�PRGHUQ�WKHUDSLHV��,Q
WKLV �FKDSWHU� �ZH �ZLOO �GLVFXVV �WKH �SRVVLEOH �XVH �RI �)$V �DQG �GUXJV �DIIHFWLQJ �WKHLU
PHWDEROLVP �DJDLQVW �FRORUHFWDO �FDQFHU ��&5&�� �ZKLFK �LV �VWURQJO\ �DVVRFLDWHG �ZLWK
HQYLURQPHQWDO�IDFWRUV�VXFK�DV�KLJK�IDW��KLJK�FDORULF�GLHW�DQG�REHVLW\��:H�ZLOO�FRYHU�WKH
UROH�RI�Q���38)$V�DV�GLHWDU\�VXSSOHPHQWV�LQ�SULPDU\�SUHYHQWLRQ�RI�&5&�EDVHG�RQ�WKH
UHVXOWV �REWDLQHG �IURP �FOLQLFDO �WULDOV� �DQG �HODERUDWH �RQ �WKH �ODWHVW �SDWHQWV �GHVLJQHG �WR
LPSURYH�WKH�ELRDYDLODELOLW\�RI�38)$V�FRQFHQWUDWHV�DV�QXWULWLRQDO�WUHDWPHQWV�IRU�SDWLHQWV
ZLWK �&5&� �:H �ZLOO �DOVR �GLVFXVV �WKH �HQ]\PHV �SURFHVVLQJ �38)$V �DQG �WKHLU �UROH �LQ
WXPRULJHQHVLV�ZLWK�IRFXV�RQ�WKHLU�SRWHQWLDO�DV�PDUNHUV�IRU�vPROHFXODU�VWDJLQJw��IDWW\
DFLG �V\QWKDVHV �DQG �HORQJDVHV� �DQG �WDUJHWV �LQ �WKHUDS\ ��F\FORR[\JHQDVH �� �DQG
OLSR[\JHQDVH�����)LQDOO\��ZH�ZLOO�H[DPLQH�QHZ�GUXJ�IRUPXODWLRQV��H�J��OLSRVRPHV��DQG
WKHLU�XWLOLW\�LQ�&5&�WKHUDS\��7KH�FKDSWHU�LV�EDVHG�RQ�WKH�UHYLHZ�RI�OLWHUDWXUH��3XE0HG
'DWDEDVH��DQG�SDWHQW�GRFXPHQWV�

.H\ZRUGV��$GMXYDQW�WKHUDS\��FKHPRWKHUDS\��FRORUHFWDO�FDQFHU��F\FORR[\JHQDVH�
GLHWDU\�VXSSOHPHQWDWLRQ��GRFRVDKH[DHQRLF�DFLG��HLFRVDSHQWDHQRLF�DFLG��IDWW\�DFLGV�
JDVWURLQWHVWLQDO �FDQFHU� �LQIODPPDWLRQ� �OLSR[\JHQDVH� �OLSRVRPHV� �QXWULWLRQDO
WUHDWPHQW� �SRO\XQVDWXUDWHG �IDWW\ �DFLGV� �SUHYHQWLRQ� �SDWHQWV�


�&RUUHVSRQGLQJ�DXWKRU�3DXOD�0RVLiVND��'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI
/RG]��0D]RZLHFND�������������/RG]��3RODQG�7HO���������������������)D[��������������������
(�PDLO��SDXOD�PRVLQVND#JPDLO�FRP
��(TXDO�FRQWULEXWLRQ

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV
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&RORUHFWDO�FDQFHU��&5&��LV�WKH�VHFRQG�PRVW�FRPPRQ�FDQFHU�LQ�ZRPHQ�DQG�WKLUG
LQ�PHQ��UHVSRQVLEOH�IRU���������GHDWKV�DQQXDOO\�ZRUOGZLGH�>�����@��,W�LV�WKH�IRXUWK
FDXVH�RI�RQFRORJLFDO�GHDWKV��ZKLFK�FUHDWHV�D�VXEVWDQWLDO�JOREDO�EXUGHQ�>�@��8S�WR
����RI�&5&�ULVN�LV�OLIHVW\OH�UHODWHG���PRVW�SURPLQHQW�ULVN�IDFWRUV�LQFOXGH�REHVLW\�
VHGHQWDU\ �EHKDYLRU� �DOFRKRO �FRQVXPSWLRQ� �WREDFFR �VPRNLQJ� �KLJK�PHDW �� �KLJK�
FDORULH�LQWDNH��DV�ZHOO�DV�IDW�ULFK�DQG�ILEHU�GHILFLHQW�GLHW�>�@��$OO�RI�WKHVH�GLVWXUE
WKH�PHWDEROLF�EDODQFH�DQG�DGG�WR�&5&�GHYHORSPHQW��$�FDXVH�HIIHFW�UHODWLRQ�KDV
EHHQ�SURYHQ�IRU�DOFRKRO��ZKLFK�SURPRWHV�IRODWH�GHILFLHQF\�DQG�WKXV�OHDGV�WR�'1$
LQVWDELOLW\�DQG�FDUFLQRJHQHVLV��DQG�WREDFFR�VPRNLQJ��ZKLFK�VSUHDGV�FDUFLQRJHQV
IURP �FLJDUHWWHV �WR �FRORUHFWDO �PXFRVD� �VWLPXODWLQJ �FDUFLQRJHQHVLV� �>�@� �,Q �WXUQ�
GLHWDU\�KDELWV�DQG�VHGHQWDU\�OLIHVW\OH�QRW�RQO\�FDXVH�REHVLW\�EXW�DOVR�OHDG�WR�WKH
GHYHORSPHQW �RI �PHWDEROLF �V\QGURPH �KLJKOLJKWHG �E\ �D �UDQJH �RI �DEQRUPDOLWLHV
HQFRPSDVVLQJ �LPSDLUHG �JOXFRVH �WROHUDQFH� �HOHYDWHG �EORRG �SUHVVXUH �DQG
G\VOLSLGHPLD��7KHVH�PHWDEROLF�GLVRUGHUV�WLS�WKH�F\WRNLQH�EDODQFH�WRZDUG�FKURQLF
ORZ�JUDGH �LQIODPPDWLRQ �DQG �IXUWKHU �GLVWXUE �WKH �OHYHOV �RI �DGLSRNLQHV �H�J�
DGLSRQHFWLQ �DQG �OHSWLQ� �DQG �LQVXOLQ �JURZWK �IDFWRUV �ZKLFK �DOO �DIIHFW �FHOOXODU
SUROLIHUDWLRQ� �DGKHVLRQ �DQG �PLJUDWLRQ �>� �� ��@� �0RUHRYHU� �XQEDODQFHG �GLHW �FDQ
GLUHFWO\ �SURPRWH �FDUFLQRJHQHVLV �E\ �PRGLI\LQJ �WKH �LQWHVWLQDO �PLFURELRPH �DQG
PDNLQJ�DOWHUDWLRQV�LQ�WKH�FRPSOH[LW\�RI�WKH�FRORUHFWDO�PXFRVD���IRU�GHWDLOV�VHH�>�@�

$OWHUDWLRQV�LQ�OLIHVW\OH�SDWWHUQV�WKURXJK�KLJKHU�LQWDNH�RI�ILVK�DQG�ILVK�RLOV��GLHWDU\
ILEHU��YLWDPLQ�'�DQG�FDOFLXP��UHJXODU�XVH�RI�DVSLULQ�DQG�KDELWXDO�SK\VLFDO�H[HUFLVH
PRGXODWH�WKH�FRXUVH�RI�&5&��HVSHFLDOO\�DW�WKH�LQLWLDO�VWDJH�RI�LWV�GHYHORSPHQW��DQG
LPSURYH�WKH�TXDOLW\�RI�OLIH�RI�SDWLHQWV�>�@��7KH�SURWHFWLYH�UROH�RI�ILVK�DQG�ILVK�RLOV
LV�PDLQO\�DWWULEXWHG�WR�WKH�KLJK�FRQWHQW�RI�SRO\XQVDWXUDWHG�IDWW\�DFLGV��38)$V��
7KH�IDFW�WKDW�DVSLULQ�DOVR�DFWV�RQ�WKH�PHWDEROLVP�RI�38)$V�IXUWKHU�VXJJHVWV�WKDW
WKHVH �IDWW\ �DFLGV �PD\�SOD\�D �VLJQLILFDQW �UROH �LQ �&5&�GHYHORSPHQW �DQG�SRVVLEOH
SUHYHQWLRQ�

38)$V�DUH�RUJDQLF�DFLGV�FRPSULVLQJ�RI�D�FDUERK\GUDWH�FKDLQ�ZLWK�PRUH�WKDQ�RQH
GRXEOH ��& &� �ERQG �LQ �WKHLU �VWUXFWXUH� �/RQJ�FKDLQ �38)$V �DUH �GLYLGHG �LQWR �Q��
38)$V��ILUVW �GRXEOH �ERQG�DW �&�� �FRXQWLQJ �IURP�WKH �PHWK\O �&� �DQG�Q�� �38)$V
�ILUVW �XQVDWXUDWHG �ERQG �DW �&��� �7KH �PDLQ �UHSUHVHQWDWLYHV �RI �WKHVH �JURXSV �DUH
OLQROHLF�DFLG��/$��������IRU�Q���38)$V�DQG�|�OLQROHQLF�DFLG��$/$��������IRU�Q��
38)$V� �WRJHWKHU �FDOOHG �HVVHQWLDO �IDWW\ �DFLGV ��)$V�� �7KH �WHUP �vHVVHQWLDOw
HPSKDVL]HV �WKHLU �LPSRUWDQFH �LQ �PDLQWDLQLQJ �WKH �RSWLPDO �KHDOWK �RI �KXPDQV �DQG
RWKHU�DQLPDOV��DV�WKH\�FDQQRW�EH�V\QWKHVL]HG�GH�QRYR�EXW�KDYH�WR�EH�VXSSOHPHQWHG
LQ �WKH �GLHW� �7KHVH �)$V �SURYLGH �WKH �FDUERQ �FKDLQ �QHFHVVDU\ �IRU �WKH �V\QWKHVLV �RI
ORQJHU �)$V� �Q�� �DUDFKLGRQLF �DFLG ��$$� ������� �DQG �Q�� �HLFRVDSHQWDHQRLF �DFLG
�(3$��������DQG�GRFRVDKH[DHQRLF�DFLG��'+$��������LQ�WKH�UHDFWLRQV�FDWDO\]HG�E\



7KHUDSHXWLF�6WUDWHJLHV�7DUJHWLQJ�38)$V�LQ�&5&�7KHUDS\ 7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO�������

HORQJDVHV�DQG�GHVDWXUDVHV��,Q�KXPDQV��WKH�HIILFDF\�RI�WUDQVIRUPLQJ�$/$�WR�ORQJHU
Q���38)$V�LV�ORZ�DQG�SHUVRQDOO\�YDULDEOH�>�@�DQG�WKXV�LWV�GHULYDWLYHV�VKRXOG�DOVR
EH�VXSSOHPHQWHG�LQ�GLHW��$QLPDO�GHULYHG�SURGXFWV��PHDW��HJJV��GDLU\��DUH�WKH�PRVW
FRPPRQ�VRXUFH�RI�/$�DQG�LWV�GHULYDWLYH�$$��ZKHUHDV�ILVK��SDUWLFXODUO\�VDOPRQ�
SURYLGHV�PDLQO\�Q���38)$V�

7KLV�FKDSWHU�ZLOO�EULHIO\�GHVFULEH�WKH�IXQGDPHQWDO�NQRZOHGJH�RI�38)$V�DQG�WKHLU
PHWDEROLVP��$�GHWDLOHG�VHFWLRQ�LV�GHYRWHG�WR�UHSRUWV�IURP�WKH�LQ�YLWUR�DQG�LQ�YLYR
VWXGLHV �LQYHVWLJDWLQJ �OLQNV �EHWZHHQ �38)$V �DQG �&5&� �7KH �PDLQ �ERG\ �FRYHUV
YDULRXV �ZD\V �LQ �ZKLFK �38)$V �FRXOG �EH �XWLOL]HG �WR �SUHYHQW �RU �WUHDW �FDQFHU�
HVSHFLDOO\�&5&��EDVHG�RQ�WKH�DOUHDG\�HVWDEOLVKHG�SDWHQWV�DQG�SURPLVLQJ�UHSRUWV
IURP�WKH�OLWHUDWXUH�

7KH �UHYLHZ�LV �EDVHG �RQ �OLWHUDWXUH �VHDUFK �FRQGXFWHG �LQ �WKH �IROORZLQJ �GDWDEDVHV�
3XE0HG��IRU�RULJLQDO�SDSHUV�DQG�UHYLHZV���&OLQLFDO7ULDOV�JRY��(8�&OLQLFDO�7ULDOV
5HJLVWHU�DQG�80,0��IRU�FOLQLFDO�WULDOV���DQG�:,32��IRU�SHUWDLQLQJ�WR�SDWHQWV���7KH
NH\ZRUGV�XVHG�WR�VHDUFK�IRU �SDWHQWV �LQFOXGHG� �DGMXYDQW �WKHUDS\� �FKHPRWKHUDS\�
FRORUHFWDO �FDQFHU� �GLHWDU\ �VXSSOHPHQWDWLRQ� �GRFRVDKH[DHQRLF �DFLG� �HLFRVDSHQ�
WDHQRLF�DFLG� �HQGRFDQQDELQRLGV� �ILVK�RLO� �OLSRVRPHV� �SRO\XQVDWXUDWHG�IDWW\ �DFLGV
DQG �UHVROYLQV� �7KH �OLWHUDWXUH �ZDV �VHDUFKHG �LQ �UHODWLRQ �WR �UHOHYDQW �SDWHQWV� �1RQ�
(QJOLVK �DUWLFOHV �ZHUH �QRW �LQFOXGHG �LQ �WKH �UHYLHZ� �$OO �SDWHQWV �DQG �FOLQLFDO �WULDOV
PHQWLRQHG�LQ�WKLV�SDSHU�DUH�VXPPDUL]HG�LQ�7DEOHV���DQG����UHVSHFWLYHO\�

���38)$6�$1'�7+(,5�0(7$%2/,7(6

38)$V �DUH �LPSRUWDQW �HOHPHQWV �RI �FHOOXODU �OLSLG �PHPEUDQHV �UHOHDVHG �LQWR
FLUFXODWLRQ �E\ �SKRVSKROLSDVH �$�� �%\ �XQGHUJRLQJ �YDULRXV �HQ]\PDWLF �DQG �QRQ�
HQ]\PDWLF �SDWKZD\V� �38)$V �DUH �FRQYHUWHG �LQWR �ELRORJLFDOO\ �DFWLYH �OLSLG
PHWDEROLWHV�DQG�PHGLDWRUV��)LJ������7KH�PRVW�SURPLQHQW�HQ]\PHV�SDUWLFLSDWLQJ�LQ
WKH�IRUPDWLRQ�RI�ELRDFWLYH�PHWDEROLWHV�RI�Q���DQG�Q���38)$V�LQFOXGH�

&\FORR[\JHQDVHV ��&2;V� �WKDW �SURGXFH �SURVWDJODQGLQV ��3*V�� �WKURPER[DQHV●

�7;V��DQG�SURVWDF\FOLQV�
/LSR[\JHQDVHV��/2;V��ZKLFK�SURFHVV�$$�LQWR�OLSR[LQV��/;V��DQG�OHXNRWULHQHV●

�/7[���DQG�Q���38)$�LQWR�SURWHFWLQV��PDUHQVLQV�DQG�UHVROYLQV�
&\WRFKURPH������&\S������ZKLFK�FRQYHUWV�38)$V�LQWR�K\GUR[\HLFRVDWHWUDHQRLF●

DFLGV��+(7(V��
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0LFURWXEXOHV�DV�$QWL�&DQFHU�'UXJ�7DUJHWV
%LVZD�3��&KDWWHUML
��1HHGD�1��%DJEDQ�DQG�5LGGKL�,��%KDYVDU
'HSDUWPHQW�RI�%LRWHFKQRORJ\��6W��;DYLHUbV�&ROOHJH��$XWRQRPRXV���0XPEDL����������,QGLD

$EVWUDFW��,Q�GHYHORSPHQWDO�ELRORJ\��DOO�FHOOXODU�HYHQWV�DUH�VXLWDEO\�V\QFKURQL]HG�WR
HQVXUH�SURSHU�JURZWK�DQG�GHYHORSPHQW�RI�DQ\�PXOWLFHOOXODU�RUJDQLVP��$�KHDOWK\�DGXOW
WLVVXH�LV�RIWHQ�FKDUDFWHUL]HG�E\�VWHP�FHOOV�WKDW�FDQ�XQGHUJR�RUFKHVWUDWHG�FHOO�GLYLVLRQ
DQG�GLIIHUHQWLDWLRQ��'LVUXSWLRQ�RI�WKHVH�HYHQWV�RIWHQ�OHDGV�WR�FDQFHU�UHVXOWLQJ�IURP�WKH
DFFUHWLRQ �RU �DFFXPXODWLRQ �RI �WKH �JHQHWLF �DQG �HSLJHQHWLF �FKDQJHV �WKDW �RFFXU �DW �WKH
VRPDWLF�DV�ZHOO �DV�WKH�JHUP�OLQH�OHYHOV� �,Q�WKH�UHFHQW�\HDUV� �VLJQLILFDQW�SURJUHVV�KDV
EHHQ�PDGH�LQ�WKH�HDUO\�GHWHFWLRQ��WUHDWPHQW�DQG�SUHYHQWLRQ�RI�FDQFHU��7DUJHWHG�FDQFHU
WKHUDSLHV�LQFOXGH�WKH�XVH�RI�DSRSWRVLV�LQGXFLQJ�GUXJV�DQG�GUXJV�WKDW�WDUJHW�PLFURWXEXOHV
DPRQJ�RWKHUV��2YHU�WKH�SDVW�IHZ�\HDUV��GUXJV�WKDW�LQKLELW�PLFURWXEXOH�G\QDPLFV�KDYH
EHHQ�VXFFHVVIXOO\�XVHG�DV�DQWLFDQFHU�GUXJV��7KH\�FDQ�HLWKHU�EH�PLFURWXEXOH�VWDELOL]HUV
�9LQFULVWLQH� �9LQEODVWLQH� �&ROFKLFLQH �HWF�� �RU �PLFURWXEXOH �GHVWDELOL]HUV ��3DFOLWD[HO�
'RFHWD[HO��(SLWKLORQHV��7DFFDORQROLGHV�HWF����5HFHQWO\��QHZ�FODVVHV�RI�FRPSRXQGV�KDYH
EHHQ�LGHQWLILHG�WKDW �LQWHUIHUH�ZLWK�FHOO �JURZWK�DQG�SUROLIHUDWLRQ�DV�D�FRQVHTXHQFH�RI
ELQGLQJ�WR�WXEXOLQ�|���GLPHUV��1DWXUDO�FRPSRXQGV�OLNH�&XUFXPLQ�KDYH�VKRZQ�WR�LQKLELW
WXEXOLQ �DFWLYLW\� �:KHUHDV �VRPH �DQWLPLWRWLF �DJHQWV �OLNH �$XURUD �$�%� �3HQWR[LI\OOLQH�
EHQ]LPLGD]ROH �GHULYDWLYHV� �FRPEUHVWDWLQ� �SRO\PHULF �QDQRSDUWLFOHV �HWF� �KDYH �EHHQ
UHSRUWHG�WR�VKRZ�VLJQLILFDQW�HIIHFW�LQ�WKH�WUHDWLQJ�VHYHUDO�W\SHV�RI�FDQFHU�ZKLFK�ZHUH
SUHYLRXVO\�GHHPHG�XQWUHDWDEOH��7KH�IROORZLQJ�FKDSWHU�DFNQRZOHGJHV�WKH�SUHVHQFH�RI
WKHVH�DQWL�WXPRU�FRPSRXQGV�DQG�KRZ�WKH\�WDUJHW�PLFURWXEXOHV�DQG�IXUWKHU�DLG�LQ�WKH
WUHDWPHQW�RI�YDULRXV�FDQFHUV�DIIOLFWLQJ�KXPDQ�EHLQJV�

.H\ZRUGV� �$QWLPLWRWLF �DJHQWV� �$XURUD �$� �$SRSWRVLV� �&DQFHU� �&RPEUHWDVWDWLQ
DQDORJV� �&ROFKLFLQH� �&XUFXPLQ� �'RFHWD[HO� �(SRWKLORQHV� �0LFURWXEXOHV�
0LFURWXEXOH �SRO\PHUL]HUV� �0LFURWXEXOH �GHSRO\PHUL]HUV� �3DFOLWD[HO�
3HQWR[LI\OOLQH� �7DFFDORQROLGHV� �7D[DQHV� �7XEXOLQ� �9LQFD�DONDORLGV� �9LQEODVWLQH�
,QGH[LQJ�ZRUGV��0LFURWXEXOHV��$QWL�FDQFHU�GUXJ�WDUJHWV��0LFURWXEXOH�VWDELOL]HUV�
7D[DQHV��(SRWKLORQHV��7DFFDORQROLGHV��0LFURWXEXOH�GHVWDELOL]HUV��9LQFD�DONDORLGV�
&ROFKLFLQH��+DOLFKRQGULQ�%��'RORVWDWLQ�����$XURUD�$��&XUFXPLQ��3HQWR[LI\OOLQH�
&RPEUHWDVWDWLQ� �%HQ]LPLGD]ROH �GHULYDWLYHV� �&DVHLQ �.� �SHSWLGH �LQKLELWRU�
1DQRSDUWLFOHV�


�&RUUHVSRQGLQJ�DXWKRU�%LVZD�3��&KDWWHUMi�� 'HSDUWPHQW�RI�%LRWHFKQRORJ\��6W��;DYLHUyV�&ROOHJH��$XWRQRPRXV��
0XPEDL����������,QGLD��7HO������������������(�PDLO��ELVZDSUDVXQ#JPDLO�FRP

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV



�����7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��� &KDWWHUML�HW�DO�

���,1752'8&7,21

�����&DQFHU

&DQFHU�LV�WKH�VHFRQG�OHDGLQJ�FDXVH�RI�GHDWK�LQ�WKH�ZRUOG�ZLWK�WKH�ILUVW�SRVLWLRQ
EHLQJ�FRQIHUUHG�WR�FDUGLRYDVFXODU�GLVHDVHV��7KH�ZRUG�FDQFHU�ILQGV�LWV�RULJLQ�IURP
WKH �*UHHN �ZRUG �.DUNLQRV �ZKLFK �ZDV �WKH �WHUP �XVHG �E\ �WKH �*UHHN �SK\VLFLDQ�
+LSSRFUDWHV����������%�&��WR�GHVFULEH�FDUFLQRPD�WXPRXUV��:LWKLQ�WKH�GHYHORSLQJ
HPEU\R��HYHQWV�VXFK�DV�VWHP�FHOO�GLYLVLRQV��WKHLU�IDWH�GHWHUPLQDWLRQ��SUROLIHUDWLRQ
RI�FHOOV�DQG�WKHLU�PLJUDWLRQ�IROORZHG�E\�DSRSWRVLV�QHHG�WR�EH�RUFKHVWUDWHG��,Q�DQ
DGXOW��WKH�FRQVWDQW�WXUQRYHU�RI�FHOOV�DV�ZHOO�DV�WKHLU�RSWLPDO�IXQFWLRQLQJ�LV�HQVXUHG
E\ �WKH �GLYLVLRQ �DQG �GLIIHUHQWLDWLRQ �RI �WKH �VWHP �FHOOV �WKDW �DUH �SUHVHQW �LQ �VPDOO
QXPEHUV�LQ�WKH�KHDOWK\�WLVVXHV�>�@��&DQFHU�LV�WKRXJKW�WR�EH�WKH�GLVUXSWLRQ�RI�WKLV
FULWLFDO�RUJDQLVDWLRQ�UHVXOWLQJ�IURP�WKH�DFFUHWLRQ�RU�DFFXPXODWLRQ�RI�WKH�JHQHWLF
DQG�HSLJHQHWLF�FKDQJHV�WKDW�RFFXU�DW�WKH�VRPDWLF�DV�ZHOO�DV�WKH�JHUP�OLQH�OHYHOV
>�@��7KLV�FDXVHV�XQFRQWUROOHG�SUROLIHUDWLRQ�RI�QRUPDO�FHOOV�DQG�VXEVHTXHQWO\�OHDGV
WR �WKH �IRUPDWLRQ �RI �FDQFHURXV �FHOOV �ZKLFK �SURFHHG �WR �JURZ� �SUROLIHUDWH �DQG �UH�
GLYLGH�JLYLQJ�ULVH�WR�DEQRUPDO�FHOOV�LQVWHDG�RI�XQGHUJRLQJ�DSRSWRVLV��7KHVH�FHOOV
KDYH �VHYHUDO �IHDWXUHV �LQ �FRPPRQ �ZLWK �VWHP �FHOOV� �7KH �REVHUYDWLRQ �RI �WKHVH
VLPLODULWLHV�OHG�WR�WKH�DGYHQW�RI�WZR�DOWHUQDWLYH�K\SRWKHVHV� �RQH�VWDWLQJ�WKDW�WKH
VWHP�FHOOV�PLJKW�WKHPVHOYHV�EH�WKH�WDUJHWV�RI�WKH�PXWDWLRQV�WKDW�WUDQVIRUP�WKHP
ZKLOH �WKH �RWKHU �VXJJHVWLQJ �WKDW �WKH �GHGLIIHUHQWLDWLRQ �RI �WKRVH �FHOOV �WKDW �DUH
WUDQVIRUPHG�DQG�WHUPLQDOO\�GLIIHUHQWLDWHG�JLYHV�ULVH�WR�FDQFHU�VWHP�FHOOV��&6&V��
WKHUHE\�PDQLIHVWLQJ�WKH�GLVHDVH�>�@�&HOOV�RI�GLIIHUHQW�W\SHV�RI�FDQFHU�PLJUDWH�YLD
WKH�EORRG�FLUFXODWLRQ�RU�O\PSK�YHVVHOV�WR�WKH�RWKHU�UHJLRQV�RI�WKH�ERG\�DQG�EHJLQ
WR�JURZ�LQ�WKDW�WDUJHW�UHJLRQ��7KLV�SKHQRPHQRQ�LV�WHUPHG�DV�vPHWDVWDVLVw��7KHVH
FHOOV �DUH �LQFDSDEOH �RI �'1$ �UHSDLU �DQG �KHQFH �FDQ �EH �FRQVLGHUHG �PDOLJQDQW
�FDQFHURXV�� �+RZHYHU� �VRPH �WXPRUV �GR �QRW �SRVVHVV �WKH �FDSDFLW\ �WR �JURZ �DQG
PLJUDWH�WR�WKH�RWKHU�SDUWV�RI�WKH�ERG\�DQG�DUH� �WKHUHIRUH� �FDWHJRUL]HG�DV�EHQLJQ
�QRQ�FDQFHURXV��>�@�

&DQFHU�LV�D�PXOWLVWDJH�GLVHDVH�KRZHYHU��ZRUN�FDUULHG�RXW�RQ�FDQFHU�UHFRJQL]HV�D
OLQN �EHWZHHQ �FKURQLF �LQIODPPDWLRQ �DQG �FDQFHU �ZLWK �9LUFKRZ �������
K\SRWKHVLVLQJ�WKDW�FDQFHU�RULJLQDWHV�DW�WKH�VLWHV�RI�FKURQLF�LQIODPPDWLRQ�>�@��0RUH
DGYDQFHG �VWXGLHV �RQ �FDQFHU �VXJJHVW �WKDW �WKH �LQIODPPDWRU\ �FHOOV �DUH �DFWXDOO\
LQYROYHG�LQ �WKH �SURPRWLRQ�RI �FDQFHU �SURJUHVVLRQ�>�@� �0RVW �RI �WKH �PDOLJQDQFLHV
KDYH�EHHQ�REVHUYHG�WR�EH�LQLWLDWHG�E\�FKURQLF�LQIODPPDWLRQ�RU�WLVVXH�LQMXU\��ZKLFK
FDQ�EH�DVVRFLDWHG�WR�NQRZQ�SDUDVLWLF��YLUDO�RU�EDFWHULDO�LQIHFWLRQV�>�@�

:RUOGZLGH�HVWLPDWHV�DERXW�����RI�WKH�PDOLJQDQFLHV������PLOOLRQ�\HDU��DWWULEXWHG
WR �FKURQLF �LQIHFWLRQV �LQVWDQFHV �RI �ZKLFK �LQFOXGH �OLYHU �FDQFHU �FDXVHG �GXH �WR
+HSDWLWLV�%�DQG�&�LQIHFWLRQ��FHUYLFDO�FDQFHU�FDXVHG�GXH�WR�KXPDQ�SDSLOORPD�YLUXV



0LFURWXEXOHV�DV�$QWL�&DQFHU�'UXJ�7DUJHWV 7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��������

DQG �JDVWULF �FDQFHU �UHVXOWLQJ �IURP �+HOLFREDFWHU �S\ORUL ��+� �S\ORUL� �LQIHFWLRQ�
,QGLYLGXDOV �VXVFHSWLEOH �WR �DQ �LQFUHDVHG �ULVN �RI �FDQFHU �H[KLELW �LQFUHDVHG
SRO\PRUSKLVPV�LQ �WKH �JHQHV �HQFRGLQJ�SUR�LQIODPPDWRU\�F\WRNLQHV� �3RSXODWLRQ�
EDVHG �VWXGLHV �KDYH �HVWDEOLVKHG �WKDW �ZKHQ �WLVVXHV �DUH �FKURQLFDOO\ �LQIODPHG� �WKH
VXVFHSWLELOLW\ �WR �FDQFHU �LQFUHDVHV �DQG �DOVR �WKH �ULVN �RI �PDQ\ �FDQFHUV �UHGXFHV
VLJQLILFDQWO\ �DV �D �FRQVHTXHQFH �RI �ORQJ� �WHUP �XVH �RI �16$,'V� �WKHUHE\
GHPRQVWUDWLQJ�WKH�YLWDO�UROH�RI�LQIODPPDWLRQ�LQ�WKH�SDWKRJHQHVLV�RI�FDQFHU�>�@�

�����+DOOPDUNV�RI�&DQFHU

$GYDQFHV �LQ �FDQFHU �UHVHDUFK �KDV �JDLQHG �QHZ�LQVLJKWV �DQG �LW �LV �WKRXJKW �WR �EH �D
GLVHDVH�WKDW�LQYROYHV�G\QDPLF�FKDQJHV�LQ�WKH�JHQRPH��WKH�EDVLV�RI�ZKLFK�KDV�EHHQ
EXLOW�RQ�WKH�GLVFRYHU\�RI�PXWDWLRQV�WKDW�OHDG�WR�WKH�SURGXFWLRQ�RI�RQFRJHQHV�DQG
WXPRXU�VXSSUHVVRU�JHQHV��2QFRJHQHV�DUH�WKH�JHQHV�ZKLFK�KDYH�JDLQHG�GRPLQDQFH
RYHU�WKH�IXQFWLRQ��7KH\�GULYH�WKH�QRUPDO�FHOOV�WRZDUGV�XQUHVWUDLQHG�JURZWK�DQG
GHYHORS�LQWR�FDQFHU�FHOOV��3URWR�RQFRJHQHV�DUH�WKH�QRUPDO�JHQHV�RI�WKH�FHOO�WKDW
UHJXODWH�WKH�IUHTXHQF\�RI�FHOO�GLYLVLRQ�DV�ZHOO�DV�WKH�H[WHQW�RI�LWV�GLIIHUHQWLDWLRQ�
2QFRJHQHV �DULVH �ZKHQ �PXWDWLRQV �RFFXU �LQ �WKH �SURWR�RQFRJHQHV� �7XPRU
VXSSUHVVRU �JHQHV �DUH �WKH �QRUPDO �JHQHV �WKDW �DUH �LQYROYHG �LQ �UHJXODWLQJ �FHOO
GLYLVLRQ� �'1$ �UHSDLU �DQG �VLJQDOOLQJ �RI �DSRSWRVLV� �7XPRU �VXSSUHVVRU �JHQHV
H[SHULHQFH�UHFHVVLYH�ORVV�RI�IXQFWLRQ��$Q\�G\VIXQFWLRQ�LQ�D�WXPRU�VXSSUHVVRU�JHQH
UHVXOWV�LQ�DQ�XQFRQWUROODEOH�JURZWK�RI�FHOOV�WKHUHE\�FDXVLQJ�FDQFHU�>�@�

&DQFHU�FHOOV�SRVVHVV�LPSDLUHG�UHJXODWRU\�FLUFXLWV�WKDW�DUH�UHVSRQVLEOH�IRU�QRUPDO
FHOO�SUROLIHUDWLRQ�DQG�PDLQWHQDQFH�RI�KRPHRVWDVLV��0RUH�WKDQ�����GLVWLQFW�W\SHV�RI
FDQFHU�H[LVW �ZLWK�PDQ\�VXEW\SHV�RI�WXPRUV�EHLQJ�IRXQG�ZLWKLQ�VSHFLILF�RUJDQV�
7KH�YDVW�FDWDORJ�RI�FDQFHU�JHQRW\SHV�LV�WKRXJKW�WR�EH�PDQLIHVWHG�GXH�WR�VL[�RI�WKH
FUXFLDO�DOWHUDWLRQV�LQ�WKH�SK\VLRORJ\�RI�FHOOV�ZKLFK�HYHQWXDOO\�OHDG�WR�D�PDOLJQDQW
JURZWK��7KH�VL[�DOWHUDWLRQV�VHHQ�DUH�DV�IROORZV�

/RVV �RI �VHQVLWLYLW\ �WR �JURZWK�LQKLELWRU\ �VLJQDOV� �7LVVXH �KRPHRVWDVLV �LV��
PDLQWDLQHG�ZKHQ�FHOOV �UHVSRQG�WR �DQWL�SUROLIHUDWLYH �VLJQDOV �GXULQJ�*��SKDVH�
+RZHYHU �FDQFHURXV �FHOOV �EHFRPH �LQVHQVLWLYH �WR �VXFK �VLJQDOV �GXH �WR �WKH
GLVUXSWLRQ�RI�UHWLQREODVWRPD�SURWHLQV�ZKLFK�KHOSV�LQ�ILOWHULQJ�DQWL�SUROLIHUDWLYH
VLJQDOV�
(YDVLRQ�IURP�DSRSWRVLV��&DQFHURXV�FHOOV�JURZ�LQ�QXPEHU�QRW�RQO\�EHFDXVH�WKH\��
EHFRPH �SUROLIHUDWLYH �EXW �DOVR �EHFDXVH �WKH\ �WHQG �WR �HYDGH �FHOO �GHDWK
PHFKDQLVPV�
6HOI��VXIILFLHQF\�LQ�JURZWK�VLJQDOV��2QFH�D�QRUPDO�FHOO�JHWV�WUDQVIRUPHG�LQWR�D��
FDQFHURXV �FHOO� �WKHLU �GHSHQGHQF\ �RQ �H[RJHQRXV �VWLPXODWRU\ �JURZWK �IDFWRU �LV
VFDOHG �GRZQ� �7KLV �LV �GXH �WR �WKH �IDFW �WKDW �WKH �RQFRJHQHV �WHQG �WR �PLPLF �WKH
JURZWK �VLJQDOV �LQ �RQH �IRUP �RU �WKH �RWKHU�
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(IIHFWV�RI�,QIODPPDWLRQ��0LWRFKRQGULD�DQG�(QHUJ\
0HWDEROLVP�LQ�WKH�+HDUW�GXH�WR�&DQFHU
7KRPDV�*��,NRQRPLGLV���7LPRWK\�&��7DQ����DQG�3DWVLH�3ROO\��

��0HFKDQLVPV�RI�'LVHDVH�DQG�7UDQVODWLRQDO�5HVHDUFK�*URXS��'HSDUWPHQW�RI�3DWKRORJ\��6FKRRO�RI
0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\�������$XVWUDOLD
��:HVWHUQ�&OLQLFDO�6FKRRO�DQG�:HVWPHDG�+RVSLWDO��:HVWPHDG��1HZ�6RXWK�:DOHV��$XVWUDOLD

$EVWUDFW��&DQFHU�FDFKH[LD�LV�D�SDUDQHRSODVWLF�V\QGURPH�FKDUDFWHULVHG�E\�VLJQLILFDQW
VNHOHWDO�PXVFOH�ZDVWLQJ�DQG�FDUGLDF�DWURSK\��,W�RFFXUV�LQ�����RI�SDWLHQWV�ZLWK�FDQFHU
DQG�DSSUR[LPDWHO\�����RI�FDQFHU�GHDWKV�DUH�DWWULEXWHG�WR�FDFKH[LD��+HDUW�IDLOXUH�GXH�WR
FDQFHU�FDFKH[LD�LV�VXJJHVWHG�WR�FRQWULEXWH�WR�WKH�KLJK�PRUWDOLW\�UDWH�DQG�FXUUHQWO\�WKHUH
LV�OLPLWHG�WKHUDSHXWLF�LQWHUYHQWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�LQIODPPDWLRQ�DQG�HQHUJ\
PHWDEROLVP�DV�ZHOO�DV�PLWRFKRQGULDO�G\VIXQFWLRQ�LQ�WKH�KHDUW�LQ�WKH�FRQWH[W�RI�FDQFHU
FDFKH[LD�ZLOO�EH�GLVFXVVHG��7KLV�FKDSWHU�SURYLGHV�DQ�XQGHUVWDQGLQJ�RI�SRWHQWLDO��QRYHO
PROHFXODU �PHFKDQLVPV �WKDW �FRXOG �EH �RI �LQWHUHVW �ZKHQ �FRQVLGHULQJ �WKHUDSHXWLF
LQWHUYHQWLRQV�IRU�KHDUW�IDLOXUH�GXH�WR�FDQFHU�FDFKH[LD��,Q�VXPPDU\��VHYHUDO�LQWHUUHODWHG
PROHFXODU�HIIHFWV�VKRXOG�EH�FRQVLGHUHG�LQ�FDQFHU�LQGXFHG�FDFKH[LD�LQ�FDUGLRP\RF\WHV�
71)�| �LQGXFHG �PLWRFKRQGULDO �G\VIXQFWLRQ �PD\ �EH �LPSRUWDQW �IRU �WKH �JHQHUDWLRQ �RI
526� �,/�� �PD\ �LQGXFH �DQ �DXWRSKDJLF�PLWRSKDJLF �UHVSRQVH �DV �D �UHVXOW �RI
GRZQUHJXODWLRQ�RI�PLWRFKRQGULDO�67$7��GXH�WR�P725�VXSSUHVVLRQ��$Q�LPEDODQFH�LQ
PLWRFKRQGULDO�G\QDPLFV�PD\�FRQWULEXWH�WR�LQVXOLQ�UHVLVWDQFH�DQG�DWURSK\��'HFUHDVHG
H[SUHVVLRQ �RI �$17� �PD\ �FRQWULEXWH �WR �0373 �G\VIXQFWLRQ �DQG �DQ �DOWHUHG �HQHUJHWLF
SURILOH �IURP �DGXOW �WR �IHWDO �PHWDEROLVP� �7KH �HIIHFWV �RI �$17� �H[SUHVVLRQ �LQ �FDUGLDF
PXVFOH�GXULQJ�FDQFHU�FDFKH[LD�LV �ZRUWK�LQYHVWLJDWLQJ�LQ�PRXVH�PRGHOV�DV�GLVFXVVHG
ZLWK�UHIHUHQFH�WR�DQ�$17��SDWHQW�LQ�WKLV�FKDSWHU��)XUWKHUPRUH��SDWHQWV�WKDW�DUH�UHOHYDQW
IRU�WKHUDSHXWLF�VWUDWHJLHV�WR�DPHOLRUDWH�KHDUW�IDLOXUH�LQ�FDQFHU�FDFKH[LD�KDYH�DOVR�EHHQ
GLVFXVVHG��3DWHQWV�DGGUHVVLQJ�LQWHUYHQWLRQV�WKDW�FRXOG�EH�DSSOLHG�WR�FDQFHU�FDFKH[LD�
LQGXFHG �FDUGLDF �DWURSK\ �LQFOXGH� �VRGLXP �VHOHQLWH �WUHDWPHQW� �LQKLELWRU\ �DJHQWV �RI
1$'3+�R[LGDVH�VXFK�DV�SK\FRELOLQ��DQ�$03.�LQKLELWRU��PRGXODWLRQ�RI�PLWRFKRQGULDO
ELRJHQHVLV �DQG �PRGXODWLRQ �RI �P725� �8QGHUVWDQGLQJ �WKH �XQGHUO\LQJ �PROHFXODU
PHFKDQLVPV�RI�PLWRFKRQGULDO�G\VIXQFWLRQ�LQ�FDUGLRP\RF\WHV�GXULQJ�FDQFHU�FDFKH[LD�
LQGXFHG �FDUGLDF �DWURSK\ �PD\ �UHYHDO �QRYHO �PROHFXODU �WDUJHWV �IRU �WKHUDSHXWLF
LQWHUYHQWLRQ�

.H\ZRUGV� �&DQFHU� �FDQFHU �FDFKH[LD� �FDUGLDF �DWURSK\� �FDUGLRP\RF\WH� �HQHUJ\
PHWDEROLVP� �KHDUW �IDLOXUH� �LQIODPPDWLRQ� �LQIODPPDWRU\ �F\WRNLQHV� �PLWRFKRQGULD�


 �&RUUHVSRQGLQJ�DXWKRU�3DWVLH �3ROO\� �0HFKDQLVPV�RI �'LVHDVH�DQG�7UDQVODWLRQDO �5HVHDUFK�*URXS� �'HSDUWPHQW �RI
3DWKRORJ\��6FKRRO�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\��16:�������$XVWUDOLD�
7HO�������������������)D[�������������������(�PDLO��SDWVLH�SROO\#XQVZ�HGX�DX

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV
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PLWRFKRQGULDO�G\QDPLFV��PLWRFKRQGULDO�G\VIXQFWLRQ��PLWRSKDJ\��PXVFOH�ZDVWLQJ�

���,1752'8&7,21

&DQFHU �FDFKH[LD �LV �D �PXOWLIDFHWHG �SDUDQHRSODVWLF �V\QGURPH �RFFXUULQJ �LQ
DSSUR[LPDWHO\�����RI�SDWLHQWV�ZLWK�FDQFHU�>����@��,W�LV�D�VLJQLILFDQW�FRQWULEXWRU�WR
FDQFHU�PRUELGLW\�DQG�PRUWDOLW\��ZLWK�DSSUR[LPDWHO\�����RI�FDQFHU�GHDWKV�GXH�WR
WKLV �V\QGURPH �>�� ��@� �7KH �GLVHDVH �LV �GHILQHG �DV �SURJUHVVLYH �VNHOHWDO �PXVFOH
ZDVWLQJ�ZLWK�DQRUH[LD��LQFUHDVHG�FDWDEROLF�GULYH�DQG�IXQFWLRQDO�LPSDLUPHQW�WKDW�LV
QRW �HIIHFWLYHO\ �UHYHUVHG �ZLWK �QXWULWLRQDO �VXSSOHPHQWDWLRQ �>�@� �+HDUW �IDLOXUH �DQG
FDUGLDF �DWURSK\ �KDYH �DOVR �EHHQ �UHSRUWHG �LQ �FDQFHU �FDFKH[LD �>�@� �5HFHQW
LQYHVWLJDWLRQV�VXJJHVW�WKDW�FDUGLDF�DWURSK\�PD\�FRQWULEXWH�WR�WKH�KLJK�PRUWDOLW\
UDWHV�LQ�SDWLHQWV�ZLWK�FDQFHU�LQGXFHG�FDFKH[LD�>����@��7KH�SDWKRJHQLF�PHFKDQLVPV
RI�FDQFHU�FDFKH[LD�LQGXFHG�FDUGLDF�IDLOXUH�DUH�QRW�ZHOO�HVWDEOLVKHG�

&XUUHQW �UHVHDUFK �RQ �FDQFHU �FDFKH[LD �LQ �FDUGLDF �WLVVXH �KDV �UHOLHG �RQ �WKH
GHYHORSPHQW�RI�DQLPDO�DQG�FHOO�FXOWXUH�PRGHOV�GXH�WR�WKH�UHGXFHG�DYDLODELOLW\�DQG
DFFHVVLELOLW\ �RI �KXPDQ �FOLQLFDO �VDPSOHV �>�@� �*LYHQ �WKH �VLJQLILFDQW �PHWDEROLF
GHUDQJHPHQW�LQ�SDWLHQWV�ZLWK�FDQFHU�LQGXFHG�FDFKH[LD��PLWRFKRQGULDO�G\VIXQFWLRQ
PD\�SOD\�D�UROH�LQ�WKH�SDWKRJHQHVLV�RI�FDQFHU�FDFKH[LD�LQGXFHG�KHDUW�IDLOXUH�>���
�@� �7KLV �FKDSWHU �ZLOO �IRFXV �RQ �KRZ �NQRZQ �SDWKRORJLFDO �PHFKDQLVPV �DQG
SUHYLRXVO\ �LGHQWLILHG �NH\ �PROHFXOHV �UHODWH �WR �PLWRFKRQGULDO �G\VIXQFWLRQ �LQ �WKH
KHDUW�LQ�WKH�FRQWH[W�RI�FDQFHU�FDFKH[LD�

�� �,1)/$00$725< �&<72.,1(6 �$1' �0,72&+21'5,$/
'<6)81&7,21�,1�&$5',$&�7,668(

�����7XPRXU�1HFURVLV�)DFWRU�j

(OHYDWHG�LQIODPPDWRU\�F\WRNLQHV�PD\�IDFLOLWDWH�KHDUW�IDLOXUH�LQ�FDQFHU�FDFKH[LD�E\
DIIHFWLQJ�FDUGLRP\RF\WH�PLWRFKRQGULDO�IXQFWLRQ��7XPRXU�1HFURVLV�)DFWRU��71)��
|�LQGXFHG�PLWRFKRQGULDO�G\VIXQFWLRQ�LQ�FDUGLRP\RF\WHV�LQYROYHV�WKH�JHQHUDWLRQ
RI�LQFUHDVHG�UHDFWLYH�R[\JHQ�VSHFLHV��526��>������@��526�PD\�HLWKHU�LQGXFH��RU
UHVXOW �IURP� �PLWRFKRQGULDO �G\VIXQFWLRQ� �7KHUHIRUH� �LQYHVWLJDWLQJ �WKH �VRXUFH �RI
526�LQ�FDUGLRP\RF\WHV�PD\�GHWHUPLQH�LI�PLWRFKRQGULDO�G\VIXQFWLRQ�LV�D�SULPDU\
RU�VHFRQGDU\�SURFHVV�LQ�WKH�SDWKRJHQHVLV�RI�FDQFHU�FDFKH[LD�LQ�WKH�KHDUW��7KH�PDLQ
PLWRFKRQGULDO�VRXUFH�RI�526�LQ�WKH�KHDUW�LV�WKH�HOHFWURQ�WUDQVSRUW�FKDLQ��(7&��
ZKLOVW �QRQ�PLWRFKRQGULDO �VRXUFHV �LQ �WKH �KHDUW �LQFOXGH �1$'3+�R[LGDVHV ��1R[�
DQG �XQFRXSOHG �QLWULF �R[LGH �V\QWKDVHV ��126� �>��@� �71)�|�DGPLQLVWHUHG �WR �D �UDW
FDUGLRP\RF\WH �FHOO �FXOWXUH �PRGHO �GHPRQVWUDWHG �WKDW �WKH �(7& �ZDV �WKH �PDMRU
VRXUFH�RI�526�>��@��)XUWKHUPRUH��LQ�D�YHQWULFXODU�SDFLQJ�LQGXFHG�FDQLQH�PRGHO�RI



0HFKDQLVPV�RI�+HDUW�)DLOXUH�LQ�&DQFHU�&DFKH[LD 7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��������

&RQJHVWLYH �+HDUW �)DLOXUH ��&+)�� �71)�| �LQKLELWLRQ �SDUWLDOO\ �DQG �FRPSOHWHO\
UHVWRUHG �FDUGLRP\RF\WH �PLWRFKRQGULDO �FRPSOH[ �,,, �DQG �$73�V\QWKDVH �DFWLYLWLHV
UHVSHFWLYHO\�DQG�DPHOLRUDWHG�R[LGDWLYH�VWUHVV��7DEOH����>��@��7KXV��GHPRQVWUDWLQJ
WKDW�(7&�LV�D�VRXUFH�RI�526��,Q�DQRWKHU�YHQWULFXODU�SDFLQJ�LQGXFHG�FDQLQH�PRGHO
RI �&+)� �EORFNLQJ �WKH �IXQFWLRQ �RI �FRPSOH[ �, �LQ �WKH �(7& �LQ �FDUGLRP\RF\WHV
LQFUHDVHG�526�SURGXFWLRQ�����IROG� �,QWHUHVWLQJO\� �FRPSOH[�, �HQ]\PDWLF �DFWLYLW\
ZDV�GHFUHDVHG�LQ�WKH�FRQWH[W�RI�KHDUW�IDLOXUH��SRVVLEO\�FRQWULEXWLQJ�WR�XQFRXSOLQJ
DQG�526�SURGXFWLRQ�LQ�PLWRFKRQGULD�>��@��)XUWKHU�HYLGHQFH�RI�DQ�(7&�VRXUFH�KDV
DOVR�EHHQ�REVHUYHG�LQ�D�ILEURVDUFRPD�FHOO�FXOWXUH�PRGHO��ZKHUH�71)�|�SULPDULO\
SURGXFHG�526�DW�WKH�XELTXLQRQH�VLWH�>��@��7KHVH�VWXGLHV�VXJJHVW�D�SRWHQWLDO�UROH
IRU �71)�|� �LQGXFHG �DOWHUDWLRQV �LQ �PLWRFKRQGULDO �IXQFWLRQ �LQ �FDUGLRP\RF\WHV�
)XWXUH �WKHUDSHXWLF �VWUDWHJLHV� �VXFK �DV �VRGLXP �VHOHQLWH �WUHDWPHQW� �FRXOG �WDUJHW
PLWRFKRQGULDO�G\VIXQFWLRQ�WR�DPHOLRUDWH�FDQFHU�FDFKH[LD�LQGXFHG�FDUGLDF�DWURSK\
>��@�

7DEOH����6XPPDU\�RI�WKH�(IIHFWV�RI�,QIODPPDWRU\�&\WRNLQHV�RQ�0LWRFKRQGULD�LQ�WKH�+HDUW�

&\WRNLQH 0RGHO (IIHFW �RI �WKH
&\WRNLQH �6WXGLHG

0HFKDQLVP �RU �6LJQDOOLQJ
3DWKZD\

5HIHUHQFH

71)�| &DQLQH�PRGHO�RI�SDFLQJ�
LQGXFHG�&+)

0LWRFKRQGULDO
SURGXFWLRQ�RI�526

&RPSOH[�,,,�DQG�$73�V\QWKDVH
G\VIXQFWLRQ

0RH�HW�DO��
�����>��@

$GXOW�KXPDQ
FDUGLRP\RF\WH�FHOO�FXOWXUH

$FWLYDWLRQ�RI�1)�N� 1$'3+�R[LGDVH�SURGXFWLRQ�RI
526

0RH�HW�DO��
�����>��@

$GXOW�PDOH�6SUDJXH�
'DZOH\�UDWV

'HFUHDVHG�$17
SURWHLQ�OHYHOV
$OWHUHG�PHPEUDQH
SHUPHDELOLW\
WUDQVLWLRQ�SRUH
RSHQLQJ�LQ
PLWRFKRQGULD

,QFUHDVHG�526
8QNQRZQ���K\SRWKHVLVHG�WR�EH
GXH�WR�GRZQ�UHJXODWLRQ�RI
$17�

0DULDSSDQ
HW�DO�������
>��@

1HRQDWDO�:LOVWDU�UDW
YHQWULFXODU�FHOO�FXOWXUH

526�PHGLDWHG
PLWRFKRQGULDO�'1$
GDPDJH

6SKLQJRP\HOLQ�FHUDPLGH
SDWKZD\

6XHPDWVX
HW�DO�������
>��@

,/�� 6LPXODWHG
LVFKHPLD�UHSHUIXVLRQ�LQ
QHRQDWDO�6SUDJXH�'DZOH\
UDW�YHQWULFXODU�FHOO�FXOWXUH

,QFUHDVH�LQQHU
PLWRFKRQGULDO
PHPEUDQH
SRODULVDWLRQ�DQG
LQFUHDVH
PLWRFKRQGULDO�&D��
ORDGLQJ

3,��NLQDVH�$NW�SDWKZD\ 6PDUW�HW�DO��
�����>��@

,Q�DGGLWLRQ�WR�WKH�(7&��WKHUH�DUH�RWKHU�QRQ�PLWRFKRQGULDO�VRXUFHV�RI�526�LQ�WKH
KHDUW �LQFOXGLQJ �1R[ �DQG �126 �>��@� �7KHUH �LV �HPHUJLQJ �HYLGHQFH �IRU �71)�|�
LQGXFHG�526�JHQHUDWLRQ�IURP�1$'3+�R[LGDVH�LQ�FDUGLRP\RF\WHV�>��@�DQG�71)�
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&KDOFRQH �DQG �7KHLU �'HULYDWLYHV �DV �$QWLFDQFHU
$JHQWV
=DKRRU�$��:DQL�DQG�6XDLE�/XTPDQ


0ROHFXODU�%LRSURVSHFWLRQ�'HSDUWPHQW��&6,5�&HQWUDO�LQVWLWXWH�RI�0HGLFLQDO�DQG�$URPDWLF�3ODQWV�
/XFNQRZ���������8WWDU�3UDGHVK��,QGLD

$EVWUDFW��&DQFHU�KDV�HYHQWXDOO\�VWHSSHG�LQWR�WKH�PROHFXODU�LQVLJKWV�IRFXVVLQJ�RQ�WKH
GHYHORSPHQW�RI�QHZ�JHQHUDWLRQ�RI�DQWLFDQFHU�GUXJV�HVSHFLDOO\�RI�QDWXUDO�RULJLQ�DQG�LWV
DQDORJXHV�ZLWK�OHVV �RU �QR�WR[LFLW\�LVVXHV�DQG�WDUJHWLQJ�VSHFLILF �PROHFXODU �VLJQDOOLQJ
SDWKZD\V��,Q�YDULRXV�WKHUDSHXWLF�DUHDV��QXPHURXV�QDWXUDO�SURGXFWV�DQG�WKHLU�GHULYDWLYHV
KDYH�EHHQ�HIIHFWLYHO\�XVHG�WR�WUHDW�PDQ\�KXPDQ�GLVHDVHV�RU�GLVRUGHUV��&KDOFRQHV��DV
PHWDEROLF�SUHFXUVRUV�RI�VRPH�IODYRQRLGV�DQG�LVRIODYRQRLGV�KDYH�D�VWUXFWXUH�RI�RSHQ
FKDLQ �IODYRQRLGV ������GLDU\O���SURSHQ���RQHV� �SUHVHQW �LQ �IUXLWV �DQG �YHJHWDEOHV�
SRVVHVVLQJ�D�EURDG�UDQJH�RI�ELRORJLFDO�DFWLYLWLHV�LQFOXGLQJ�FDQFHU�FKHPRWKHUDSHXWLF�DQG
FKHPRSUHYHQWLYH�SURSHUW\��7KH�DQWLFDQFHU�SURSHUWLHV�RI�FKDOFRQHV�KDYH�EHHQ�LPSURYHG
E\�VXEVWLWXWLQJ�DU\O�ULQJV��H�J��PHWKR[\�VXEVWLWXWLRQ�RQ�ERWK�DU\O�ULQJV�$�DQG�%��DQG
LQWURGXFLQJ �KHWHURF\FOLF �PRLHWLHV� �+\EULGL]DWLRQ �ZLWK �RWKHU �SKDUPDFRORJLFDOO\
LPSRUWDQW�PRLHWLHV��EHQ]RGLD]HSLQHV��EHQ]RWKLD]ROHV��LPLGD]RORQHV�HWF���E\�WDNLQJ�WKH
KHOS�RI�6$5��VWUXFWXUH�DFWLYLW\�UHODWLRQVKLS��VWXGLHV�ZLWK�PXFK�HDVH�LQ�SUHSDUDWLRQ�DQG
RUDO �DGPLQLVWUDWLRQ �XOWLPDWHO\ �KDV �PDGH �FKDOFRQH �D �VDIH �WKHUDSHXWLF �DJHQW� �6RPH
FOLQLFDO�WULDOV�UHYHDOHG�WKDW�WKHVH�FRPSRXQGV�GLG�QRW�FDXVH�WR[LFLW\�DQG�DUH�SUHVHQW�LQ
SODVPD �DW �RSWLPXP �FRQFHQWUDWLRQV� �1RZDGD\yV �VHYHUDO �FKDOFRQHV �DUH �DOVR �XVHG �LQ
FRVPHWLF �IRUPXODWLRQV �DQG �LQ �IRRG �DGGLWLYHV �ZKLFK �FRXOG �IXUWKHU �EH �XWLOL]HG �IRU �LWV
FKHPRSUHYHQWLYH �SRWHQWLDO� �7KLV �ERRN �FKDSWHU �EULHIO\ �VXPPDUL]HV �WKH �GHPDQGLQJ
HIIRUWV �PDGH �LQ �WKH �GHYHORSPHQW �RI �QRYHO �DQWLFDQFHU �FKDOFRQHV �UHFRUGHG �LQ �UHFHQW
OLWHUDWXUHV �ZLWK �IRFXVVHG�FDQFHU �WDUJHWV �DV �ZHOO �DV �SUHVHQWV �DQ �RXWOLQH �RI �WKH �SDWHQWV
SXEOLVKHG�LQ�UHFHQW�GHFDGHV�

.H\ZRUGV� �$QJLRJHQHVLV� �DQWLSUROLIHUDWLYH� �DSRSWRVLV� �FDQFHU� �FHOO �F\FOH �DUUHVW�
FHOO �OLQH� �FKDOFRQH� �FKDOFRQH �GHULYDWLYHV� �FKHPRSUHYHQWLRQ� �F\WRWR[LFLW\�
KHWHURF\FOLF�FKDOFRQH�GHULYDWLYHV��,&����PHWDVWDVLV��1)�%��S����S����S����75,$/�
WXPRU�


�&RUUHVSRQGLQJ�DXWKRU�6XDLE�/XTPDQ��&6,5�&HQWUDO�,QVWLWXWH�RI�0HGLFLQDO�DQG�$URPDWLF�3ODQWV��/XFNQRZ��������
8WWDU�3UDGHVK��,QGLD��7HO�������������������)D[�������������������(�PDLO��V�OXTPDQ#FLPDS�UHV�LQ

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV



�����7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��� :DQL�DQG�/XTPDQ

���,1752'8&7,21

&KDOFRQHV �DUH �SK\WRPROHFXOHV �EHORQJLQJ �WR �WKH �ODUJHVW �JURXS �RI �VHFRQGDU\
PHWDEROLWHV �RI �SODQW �V\VWHP �ZLWK �FKHPLFDO �VWUXFWXUH �RI ��� ���GLSKHQ\O���SURSH�
H���RQHV� �LQ �ZKLFK �WKH �WZR �DURPDWLF �ULQJV �DUH �OLQNHG �E\ �WKUHH �FDUERQ �|� ���
XQVDWXUDWHG �FDUERQ\O �V\VWHP ��)LJ� ���� �7KH �QDPH �ZDV �GHULYHG �IURP �vFKDOFRVw
PHDQLQJ �EURQ]H �GXH �WR �LWV �YDULDQW �FRORXU �DQG �LW �ZDV �JLYHQ �E\ �.RVWDQHFNL �DQG
7DPERU �>�@� �7KHVH �FRPSRXQGV �KDYH �D �FRQMXJDWHG �V\VWHP �ZKHUH �S�HOHFWURQ
V\VWHPV�DUH�GHORFDOL]HG�ZLWK�FRQMXJDWHG�GRXEOH�ERQGV�RQ�ERWK�WKH�EHQ]HQH�ULQJV
>�@��&KDOFRQHV�GXH�WR�WKHLU�0LFKDHO�DFFHSWRU�IHDWXUHV�DQG�VPDOO�VWUXFWXUH��HDVLO\
ELQG �ZLWK �GLIIHUHQW �FHOOXODU �PHWDEROLWHV �UHVXOWLQJ �LQ �SURIRXQG �PROHFXODU �DQG
FHOOXODU �HIIHFW �XOWLPDWHO\ �H[KLELWLQJ �D �EURDG �UDQJH �RI �ELRORJLFDO �DFWLYLWLHV �>�@�
&KDOFRQHV �LQ �JHQHUDO �KDYH �ORZHU �UHGR[ �SRWHQWLDO �GXH �WR �HQRQH ��DONHQH�NHWRQH�
V\VWHP �DQG �WKHUHIRUH� �LW �SUHIHUV �PRUH �HOHFWURQ �WUDQVIHU �UHDFWLRQV� �7KH\ �DUH
DVVXPHG �WR �EH �LQWHUPHGLDWH �PHWDEROLWHV �LQ �WKH �V\QWKHVLV �RI �IODYRQRLGV �DQG
LVRIODYRQRLGV �WKDW �VHUYH �PDLQO\ �IRU �WKH �GHIHQVH �V\VWHP �LQ �WKH �SODQWV �DQG �WKXV
SURWHFWLQJ �WKHP �IURP �526 ��5HDFWLYH �2[\JHQ �6SHFLHV� �DQG �FRQVHTXHQWO\
PLQLPL]LQJ �PROHFXODU �DQG �HQYLURQPHQWDO �LQMXU\� �)XQFWLRQDOO\� �LW �VHUYHV �WR
UHJXODWH�FKROHVWHURO�OHYHOV��PDLQWDLQLQJ�EORRG�JOXFRVH�OHYHOV��GHFUHDVH�WKH�EORRG
SUHVVXUH��UHPRYH�MRLQW�DQG�PXVFOH�SDLQ��KHOS�LQ�VOHHS��LPSURYHV�LPPXQH�V\VWHP�
OLYHU �DQG �NLGQH\ �IXQFWLRQV� �DQG �HQKDQFH �YLVLRQ� �VNLQ �EHDXW\� �KDLU �JURZWK �DQG
PHPRU\ �>�@�

)LJ�������%DVLF�FKDOFRQH�VWUXFWXUH�
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&KDOFRQH�KDV�EHHQ�ZLGHO\�XVHG�LQ�RUJDQLF�V\QWKHVLV�WR�HVWDEOLVK�KLJKO\�HQDQWLR�
VHOHFWLYH�0LFKDHO�DGGXFWV��7KH�DV\PPHWULF�FDWDO\WLF�FRQMXJDWH�DGGLQJ�D�VWDELOL]HG
FDUEDQLRQ�QXFOHRSKLOH�WR�|����XQVDWXUDWHG�FDUERQ\O�FRPSRXQGV�VKRZV�RQH�RI�WKH
PRVW �HVVHQWLDO �FDUERQ�FDUERQ �ERQG �IRUPLQJ �UHDFWLRQV �LQ �RUJDQLF �FKHPLVWU\
EHFDXVH�WKH�DGGXFWV�DUH�LQWHUHVWLQJ�LQWHUPHGLDWHV�IRU�IXUWKHU�RSWLPL]DWLRQ��VXFK�DV
DPLQR�FDUERQ\OV� �S\UUROLGLQHV �DQG �DPLQR�DONDQHV� �0DQ\ �FKDOFRQH �GHULYDWLYHV
KDYH �DOVR �EHHQ �SUHSDUHG �GXH �WR �WKHLU �FRQYHQLHQW �V\QWKHVLV �>�@�



&KDOFRQH�DQG�WKHLU�'HULYDWLYHV�DV�$QWLFDQFHU�$JHQWV 7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��������

0DGKDYL �HW �DO� ������� �VWXGLHG �WKH �V\QWKHVLV �RI �FKDOFRQHV �LQFRUSRUDWLQJ
TXLQD]ROLQH �GHULYDWLYHV �DV �DQWLFDQFHU �DJHQWV �>�@�

%KDOH �HW �DO�� ������� �ZRUNHG �RQ �WKH �V\QWKHVLV �RI �SURWUDFWHG �FRQMXJDWHG �LQGRO\O
FKDOFRQHV �DV �WKH �VWURQJ �DQWLR[LGDQW� �DQWL�LQIODPPDWRU\ �DQG �DQWL�EUHDVW �FDQFHU
DJHQWV �>�@� �&DL �HW �DO� ������� �VWXGLHG �WKH �DQDORJXHV �RI �[DQWKRQHV�FKDOFRQHV �DQG
ELV�FKDOFRQHV�DV�|�JOXFRVLGDVH�LQKLELWRUV�DQG�DQWL�GLDEHWHV�FDQGLGDWHV�>�@��+DZDVK
DQG �FROODERUDWRUV �ZRUNHG �RQ �WKH �V\QWKHVLV �DQG �ELRDFWLYLW\ �RI �QRYHO �S\UD]ROLF
FKDOFRQH�GHULYDWLYHV�DV�QRYHO�KHSDWRFHOOXODU�FDUFLQRPD�WKHUDSHXWLFV�>�@��5DPDLDK
HW�DO����������VWXGLHG�&KDOFRQH�LPLGD]RORQH�FRQMXJDWHV�DQG�WKH\�IRXQG�WKDW�WKHVH
V\QWKHVL]HG�FRQMXJDWHV�WULJJHU�'1$�GDPDJH�LQ�WKH�FHOOV�DQG�VKRZ�DSRSWRVLV�>�@�
.DPDO �HW �DO�� ������� �VWXGLHG �DERXW �SKHQVWDWLQ�LVRFRPEUHWDVWDWLQ�FKDOFRQH
FRQMXJDWHV �DV �HIIHFWLYH �WXEXOLQ �SRO\PHUL]DWLRQ �LQKLELWRUV �DQG �PLWRFKRQGULDO
DSRSWRWLF �LQGXFHUV �>��@� �6LPLODUO\� �.KDQ ������� �SXEOLVKHG �D �SDWHQW �RQ �FHUWDLQ
QRYHO�FKDOFRQHV�GHULYDWLYHV��LQ�SDUWLFXODU�ERURQLF�FKDOFRQH�GHULYDWLYHV��ZKHUHLQ
KH �FODLPHG �WKDW �WKH\ �SRVVHVV �DQWL�SUROLIHUDWLYH �DFWLYLW\ �DJDLQVW �FDQFHU �FHOOV �DW
PLFUR�PRODU�FRQFHQWUDWLRQV��7KH�LQYHQWLRQ�SURYLGHV�WKH�GHVLJQ�DQG�V\QWKHVLV�RI
QRYHO �ERURQLF �FKDOFRQH �GHULYDWLYHV� �DQG �SKDUPDFHXWLFDO �FRPSRVLWLRQV �RI
FKDOFRQHV �GHULYDWLYHV� �7KH �LQYHQWLRQ �DOVR �UHYHDOV �WKH �KLJK �DFWLYLW\ �DQG �OHVV
WR[LFLW\ �RI �QXPHURXV �FRPSRXQGV �DJDLQVW �EUHDVW �FDQFHU �FHOO �OLQHV �FRPSDUHG �WR
QRUPDO�0&)��$�FHOOV�>��@�

,Q �JOLREODVWRPD �FHOO �OLQHV� �,QGROH �FKDOFRQH �KDV �EHHQ �UHFRJQL]HG �DV �D �SRVVLEOH
DQWLFDQFHU �DJHQW �DV �LW �GHFUHDVHV �WKH �PXOWLSOLFDWLRQ �RI �FHOOV �XQGHU �LQ �YLWUR
FRQGLWLRQV��,W�ZDV�UHYHDOHG�WKDW�WKH�LQGROH�FKDOFRQH�EDWWOH�IRU�WKH�ELQGLQJ�VLWH�ZLWK
FROFKLFLQH �DQG �LQGXFHV �WKH �LQKLELWLRQ �RI �WXEXOLQ �SRO\PHUL]DWLRQ� �0RUHRYHU� �LW
GLVWRUWHG�PLFURWXEXOH�IRUPDWLRQ�DQG�WULJJHUHG�*��0�SKDVH�DUUHVW�DQG�DSRSWRVLV�
7KH�PROHFXOH�DOVR�ZRUNHG�DV�WKH�GXDO�LQKLELWRU�RI�3JS�DQG�%&53�LQ�JOLREODVWRPD
FHOO�OLQH�>��@��&KDOFRQHV�DUH�UHSRUWHG�IRU�ERWK�FDQFHU�FKHPRWKHUDSHXWLF�DFWLRQ�DV
ZHOO �DV �IRU �LWV �FKHPRSUHYHQWLYH �PHFKDQLVP �DV �LW �SRVVHVVHV �DELOLW\ �WR �LQKLELW
FDUFLQRJHQHVLV�GXH�WR�YDULRXV�PRGHV�OLNH�E\�LQFUHDVLQJ�UHGXFHG�JOXWDWKLRQH�OHYHOV
DQG�PDLQWDLQLQJ�WKH�RSWLPXP�UHGR[�OHYHO�>��@�

75$,/ ��7XPRU �QHFURVLV �IDFWRU �UHODWHG �DSRSWRVLV �LQGXFLQJ �OLJDQG� �LQGLFDWHV
SURJUDPPHG�FHOO�GHDWK�VSHFLILF�WR�FDQFHUV�DQG�ZLWKRXW�DQ\�WR[LF�HIIHFW�WR�QRUPDO
FHOOV� �75$,/�LQ �DVVRFLDWLRQ �ZLWK �WKH �GHDWK �UHFHSWRU �'5��DQG�RU �'5��PHGLDWHV
SURJUDPPHG �FHOO �GHDWK �>��� ���@� �+RZHYHU� �GHFUHDVH �LQ �WKH �H[SUHVVLRQ �RI �SUR�
DSRSWRWLF�SURWHLQV��75$,/�5��DQG�75$,/�5���GHDWK�UHFHSWRUV��ZLWK�FRQFXUUHQW
XSVXUJH �LQ �WKH �OHYHO �RI �DQWL�DSRSWRWLF �SURWHLQV �LQ �WXPRU �FHOOV �PHGLDWHV �75$,/�
UHVLVWDQFH �>��@� �6]OLV]ND �HW �DO� ������� �UHSRUWHG �WKDW �WKH �75$,/�LQGXFHG
SURJUDPPHG �FHOO �GHDWK �DQG �F\WRWR[LFLW\ �HQKDQFHG �LQ �SURVWDWH �FDQFHU �FHOOV �E\
FKDOFRQHV �DQG �GLK\GURFKDOFRQHV �VXFK �DV �SKORUHWLQ� �7KHLU �UHVXOWV �VKRZ �WKH
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5HJXODWLRQ�,QKLELWLRQ �RI �+XPDQ �/DFWDWH
'HK\GURJHQDVH �$� �$Q �,QQRYDWLYH �DQG �3RWHQWLDO
$SSURDFK�IRU �$QWL�&DQFHU �'UXJV �'HYHORSPHQW
9LQLW�.XPDU���$WXO�.XPDU��DQG�5HVKPD�5DQL��

��$PLW\�,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH�DQG�6WHP�&HOO�5HVHDUFK��$PLW\�8QLYHUVLW\��1RLGD��������
,QGLD
��$PLW\�,QVWLWXWH�RI�(QJLQHHULQJ�	�7HFKQRORJ\��$PLW\�8QLYHUVLW\��*UHDWHU�1RLGD���������,QGLD
��$PLW\�,QVWLWXWH�RI�%LRWHFKQRORJ\��$PLW\�8QLYHUVLW\��1RLGD���������,QGLD

$EVWUDFW��+XPDQ�ODFWDWH�GHK\GURJHQDVH��K/'+�$���D�JO\FRO\WLF�HQ]\PH�UHVSRQVLEOH
IRU�WKH�FRQYHUVLRQ�RI�S\UXYDWH�WR�ODFWDWH�FRXSOHG�ZLWK�R[LGDWLRQ�RI�1$'+�WR�1$'��
SOD\V�D�FUXFLDO�UROH�LQ�WKH�SURPRWLRQ�RI�JO\FRO\VLV�LQ�LQYDVLYH�WXPRU�FHOOV��K/'+�$�KDV
EHHQ �FRQVLGHUHG �D �YLWDO �WKHUDSHXWLF �WDUJHW �IRU �LQYDVLYH �FDQFHUV �WKHUHIRUH� �K/'+�$
LQKLELWLRQ �UHIOHFWV �D �YDOXDEOH �DWWHPSW �LQ �WKH �GHYHORSPHQW �RI �LQQRYDWLYH �DQWLFDQFHU
VWUDWHJLHV��5HDJHQWV�WKDW�UHJXODWH�RU�LQKLELW�K/'+�$�HQ]\PH��JHQH�FDQ�SOD\�D�UROH�LQ
WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�YDULRXV�FDQFHUV�DQG�UHODWHG�GLVHDVHV��,Q�IDFW��VHOHFWLYH
LQKLELWLRQ�RI�K/'+�$�XVLQJ�VPDOO�PROHFXOHV�KROGV�SRWHQWLDO�SURVSHFWV�IRU�WKH�WUHDWPHQW
RI�FDQFHU��&RQVHTXHQWO\��VLJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�WKH�GLVFRYHU\�RI�VPDOO�
PROHFXOHV� �WKH �VHOHFWLYH �LQKLELWRUV �RI �K/'+�$ �GLVSOD\LQJ �UHPDUNDEOH �LQKLELWRU\
SRWHQF\� �7KH �/'+�EDVHG �DSSURDFKHV �LQ �WKH �GHYHORSPHQW �RI �DQWLFDQFHU �WKHUDS\ �DQG
WUHDWPHQW�RI�UHODWHG�GLVHDVHV�DUH�ZRUWKZKLOH�EHFDXVH�RI�WKH�H[LVWHQFH�RI�/'+�HQ]\PH
DW�WKH�HQG�RI�JO\FRO\WLF�SDWKZD\��,Q�WKLV�ERRN�FKDSWHU�����UHYLHZ�DQG�UHVHDUFK�DUWLFOHV�
DQG����SDWHQWV�ILOHG�RQ�/'+�DQG�LWV�DSSOLFDWLRQ�DUH�GLVFXVVHG��/DWHVW�FRQWULEXWLRQV�LQ
UHJXODWLRQ�LQKLELWLRQ�RI�WKH�/'+�$�HQ]\PH�E\�YDULRXV�DJHQWV�DUH�VXPPDUL]HG�LQ�WKLV
ERRN�FKDSWHU�

.H\ZRUGV��$HURELF�JO\FRO\VLV��DQDHURELF�JO\FRO\VLV��DQWL�LQIODPPDWRU\�DFWLYLW\�
DQWL�SUROLIHUDWLYH �DFWLYLW\� �FDQFHU �FHOO �PHWDEROLVP� �FDQFHU �FHOO �SUROLIHUDWLRQ�
HSLOHSWLF �WUHDWPHQW� �)'*�3(7� �)5(7� �JO\FRO\WLF �SDWKZD\� �JRVV\SRO� �KXPDQ
ODFWDWH�GHK\GURJHQDVH�$��KXPDQ�ODFWDWH�GHK\GURJHQDVH�%��LVRVWHUH�RI�S\UXYDWH�
PHWDEROLF �VZLWFK� �PLWRFKRQGULDO �G\VIXQFWLRQ� �1$'+�1$'�� �QDQRVHQVRU� �1�
K\GUR[\�LQGROH� �S\UXYDWH �GHK\GURJHQDVH �FRPSOH[� �VHOHFWLYH �K/'+��LQKLELWRUV�
WXPRU�JO\FRO\VLV��ZDUEXUJ�HIIHFW�


�&RUUHVSRQGLQJ�DXWKRU�5HVKPD�5DQL��$PLW\�,QVWLWXWH�RI�%LRWHFKQRORJ\��$PLW\�8QLYHUVLW\��1RLGD���������,QGLD�
7HO������������������(�PDLOV��UHVKXGF\#JPDLO�FRP��UUDQL#DPLW\�HGX

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV
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&DQFHU�LV�RQH�PDMRU�FDXVH�DPRQJ�WKH�OHDGLQJ�FDXVHV�RI�PRUELGLW\�DQG�PRUWDOLW\
ZRUOGZLGH��$FFRUGLQJ�WR�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��DSSUR[LPDWHO\
�� �PLOOLRQ �QHZ �FDVHV �RI �FDQFHUV �DQG ���� �PLOOLRQ �FDQFHU �UHODWHG �GHDWKV �ZHUH
UHSRUWHG �LQ ����� �ZRUOGZLGH �DQG �DPRQJ �WKHP� �PRVW �FRPPRQ �FDXVHV �RI �FDQFHU
GHDWK�DUH�FDQFHUV�RI�OXQJ�������PLOOLRQ�GHDWKV���OLYHU����������GHDWKV���VWRPDFK
���� ���� �GHDWKV�� �FRORUHFWDO ����� ���� �GHDWKV�� �EUHDVW ����� ���� �GHDWKV� �DQG
RHVRSKDJHDO�FDQFHU����������GHDWKV��>�@��7KLV�GDWD�UHIOHFW�WKH�VHULRXV�WKUHDWV�RI
FDQFHU �SRVHG �WR �KXPDQ �KHDOWK� �DQG �WKH �GHYHORSPHQW �RI �SURPLVLQJ �DQWLFDQFHU
DJHQWV�LV��WKHUHIRUH��XUJHQWO\�UHTXLUHG��:+2�ODXQFKHG�WKH�JOREDO�DFWLRQ�SODQ�LQ
����� �IRU �WKH �SUHYHQWLRQ� �FRQWURO �DQG �WUHDWPHQW �RI �QRQ�FRPPXQLFDEOH �GLVHDVHV
GXULQJ ���������� �E\ �DLPLQJ �WR �UHGXFH �SUHPDWXUH �PRUWDOLW\ �IURP �FDQFHUV�
&RPPRQ �FRQYHQWLRQDO �DSSURDFKHV �WKDW �DUH �FOLQLFDOO\ �XVHG �IRU �WKH �WUHDWPHQW �RI
FDQFHUV��LQFOXGLQJ�VXUJHU\��FKHPR��DQG�UDGLDWLRQ�WKHUDS\�KDYH�VRPH�OLPLWDWLRQV
GXH�WR�VHULRXV�VLGH�HIIHFWV�>�@��9DULRXV�UHVHDUFK�VWXGLHV�FRQILUP�WKDW�FDQFHU�LV�D
FRPSOH[�SURFHVV�DQG�PDQ\�HQ]\PHV�LQFOXGLQJ�JO\FRO\WLF�HQ]\PHV�DUH�LQYROYHG�LQ
LQLWLDWLRQ��PDLQWHQDQFH�DQG�VXUYLYDO�RI�YDULRXV�KXPDQ�FDQFHUV�DQG�VRPH�RI�WKHP
DUH�WKXV�FRQVLGHUHG�DV�LQQRYDWLYH�WDUJHWV�IRU�WKH�GHYHORSPHQW�RI�DQWLFDQFHU�DJHQWV
>�@� �6LJQLILFDQW �LQKLELWLRQ �DV �ZHOO �DV �UHGXFWLRQ �RI �HQ]\PH �DFWLYLW\ �LQYROYHG �LQ
FDQFHU�E\�PHDQV�RI�VPDOO�PROHFXOHV�RU�RWKHU�DJHQWV�LV�D�FXUUHQW�DQG�VLJQLILFDQW
DSSURDFK�IRU�GUXJ�GHYHORSPHQW��*UHDW�HIIRUWV�KDYH�EHHQ�GHGLFDWHG�WR�GHVLJQ�DQG
GHYHORS�xGUXJ�OLNHy�VPDOO�PROHFXOHV�E\�IROORZLQJ�WDUJHW���VWUXFWXUH��DQG�IUDJPHQW�
EDVHG�DSSURDFKHV�IRU�VHOHFWLYH�HQ]\PH�LQKLELWLRQ�IRU�WKH�WUHDWPHQW�RI�FDQFHUV�>�@�

���&$1&(5�&(//�0(7$%2/,60

7KH �PHWDEROLF �SURSHUWLHV �RI �FDQFHU �FHOOV �GLIIHU �VLJQLILFDQWO\ �IURP �WKRVH �RI �WKH
QRUPDO�FHOOV��8QOLNH�QRUPDO�FHOOV��PRVW�FDQFHU�FHOOV�UHO\�RQ�WKH�HQKDQFHG�UDWH�RI
JO\FRO\VLV �WKDW �WHQGV �WR �IHUPHQW �JOXFRVH �LQWR �ODFWDWH� �HYHQ �XQGHU �DHURELF
FRQGLWLRQV��,Q�IDFW��FDQFHU�FHOOV�DUH�DEQRUPDOO\�GHSHQGHQW�RQ�DHURELF�JO\FRO\VLV
IRU�HQHUJ\�SURGXFWLRQ�DW�KLJKHU�UDWH�IRU�PDLQWHQDQFH�RI�FDQFHUV�>�@��,W�LV�KDUG�WR
GLVFXVV�WKH�FDQFHU�FHOO�PHWDEROLVP�ZLWKRXW�ILUVW�PHQWLRQLQJ�WKH�*HUPDQ�VFLHQWLVW
v2WWR�:DUEXUJw�ZKR�PDGH�D�VWULNLQJ�GLVFRYHU\�LQ�WKH�����yV��)RU�WKH�ILUVW�WLPH�
KH �REVHUYHG �WKDW �WKH �FDQFHU �FHOOV �KROG �WKH �PHWDEROLF �VZLWFK �IURP �R[LGDWLYH
SKRVSKRU\ODWLRQ ��2;3+26� �WRZDUGV �DHURELF �JO\FRO\VLV ��:DUEXUJ �HIIHFW� �DQG
WKXV� �HVWDEOLVKHG�D�OLQN�EHWZHHQ�FDQFHU�DQG�WKH�SHFXOLDU �JOXFRVH�PHWDEROLVP�LQ
FDQFHU�FHOOV�>�@��6LQFH�WKHQ�v:DUEXUJ�HIIHFWw�KDV�EHHQ�YDOLGDWHG�LQ�YDULRXV�KXPDQ
WXPRUV�DQG�WKH�SDUDOOHO�LQFUHDVH�LQ�HQKDQFHG�JOXFRVH�XSWDNH�KDV�EHHQ�H[SORLWHG
FOLQLFDOO\�IRU�WKH�GLDJQRVLV��VWDJLQJ��DQG�PRQLWRULQJ�RI�YDULRXV�FDQFHUV��LQFOXGLQJ
QRQ+RGJNLQV�O\PSKRPD��1+/��E\�XVLQJ�IOXRURGHR[\JOXFRVH�SRVLWURQ�HPLVVLRQ
WRPRJUDSK\ ��)'*�3(7�� �,W �LV �D �XVHIXO �DQG �VHQVLWLYH �PRGDOLW\ �IRU �DVVHVVLQJ
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GLVHDVH�DFWLYLW\�LQ�WK\URLG�O\PSKRPD�DQG�LQ�FDQFHU�PHWDVWDVLV��,Q�WKLV�WHFKQLTXH�
WKH�ELRORJLFDOO\�DFWLYH�PROHFXOH��DQ�DQDORJXH�RI�JOXFRVH�L�H��IOXRURGHR[\JOXFRVH
�)'*�� �LV �XVHG �IRU �3(7 �ZKHUH �WKH �FRQFHQWUDWLRQ �RI �)'* �WUDFHU �LQGLFDWHV
PHWDEROLF�DFWLYLW\�RI�WKH�WLVVXH�WKDW�FRUUHVSRQGV�WR�WKH�UHJLRQDO�JOXFRVH�XSWDNH�>�@�
%HVLGHV �WXPRU �LPDJLQJ� �:DUEXUJ �HIIHFW �FDQ �EH �H[SORLWHG �IRU �GUXJ�GHVLJQLQJ�WR
WUHDW�KXPDQ�FDQFHUV��,QLWLDOO\��:DUEXUJ�K\SRWKHVL]HG�WKDW�WKH�PHWDEROLF�DOWHUDWLRQ
VSHFLILF �WR �FDQFHU �FHOOV �LV �FDXVHG �E\ �D �PLWRFKRQGULDO �GHIHFW �ZKHUH �FRPSOHWH
R[LGDWLRQ �RI �JOXFRVH �LV �ORVW� �KRZHYHU� �LW �ZDV �ODWHU �SURYHQ �WKDW �WKLV �PHWDEROLF
DOWHUDWLRQ �LV �IURP �RQFRJHQH�GLUHFWHG �PHWDEROLF �UHSURJUDPPLQJ� �QRW �IURP
PLWRFKRQGULDO�G\VIXQFWLRQ�>������@��7KH�XQLTXH�FKDUDFWHULVWLF�RI�WXPRU�JO\FRO\VLV
RI�EHLQJ�KLJKO\�IXQFWLRQDO�LV�DFFRPSDQLHG�E\�KLJK�JOXFRVH�FRQVXPSWLRQ�GXH�WR
ORZHU�HIILFLHQF\�LQ�HQHUJ\�SURGXFWLRQ�WKDW�HQVXUHV�DQ�DGHTXDWH�DQG�UDSLG�HQHUJ\
VXSSO\�DQG�ELRV\QWKHWLF�LQWHUPHGLDWHV�IRU�UDSLGO\�JURZLQJ�FDQFHU�FHOOV�>�������@�
,Q �HVVHQFH� �FDQFHU �FHOOV �DUH �KXQJULHU �IRU �QXWULHQWV �WKDQ �QRUPDO �FHOOV �DUH� �WKXV�
WXPRU �JO\FRO\VLV �SURYLGHV �VHOHFWLYH �DGYDQWDJHV �WR �WXPRU �FHOOV �IRU �VXUYLYDO �DQG
SUROLIHUDWLRQ��6XFFLQFWO\��FDQFHU�LV�D�PHWDEROLF�GLVHDVH�DQG�FDQ�EH�WDUJHWHG�E\�WKH
IROORZLQJ�WZR�IDFWV��L��WR�SURGXFH�HQRXJK�HQHUJ\�WR�VXUYLYH�ZKHQ�VXSSOLHV�DQG
ZDVWH�GLVSRVDO�DUH�OLPLWHG��DQG��LL��WR�GLVWUDFW�DEXQGDQW�PHWDEROLF�LQWHUPHGLDWHV�WR
WKH�ELRV\QWKHWLF�SDWKZD\V�VXSSRUWLQJ�FHOO�SUROLIHUDWLRQ��5HFHQWO\��NHHQ�UHVHDUFK
LQWHUHVW�LQ�WXPRU�JO\FRO\VLV�KDV�HPHUJHG�GXH�WR�WKH�VWURQJ�PHWDEROLF�GHSHQGHQFLHV
RI�FDQFHU�FHOOV� �'HVSLWH�YDULRXV�NH\�IDFWRUV��HQ]\PHV�DQG�WUDQVSRUWHUV��WKDW�DUH
LQWULFDWH��WXPRU�JO\FRO\VLV�LV�WKXV�FRQVLGHUHG�D�SURPLVLQJ�WDUJHW�>������@�

���*/<&2/<6,6�$1'�/'+$

*O\FRO\VLV�LV�D�PHWDEROLF�SURFHVV��ZKLFK�FRPSULVHV�WHQ�VXFFHVVLYH�VWHSV�FDWDO\]HG
E\�VSHFLILF�HQ]\PHV�LQ�WKH�F\WRSODVP�RI�WKH�FHOOV��$W�WKH�HQG�RI�JO\FRO\VLV��WZR
S\UXYDWH�PROHFXOHV�DUH�IRUPHG�E\�WKH�FDWDEROLVP�RI�RQH�JOXFRVH�PROHFXOH�ZLWK
FRQFXUUHQW �JHQHUDWLRQ �RI �WZR �$73 �PROHFXOHV �DQG �WZR �1$'+ ��1LFRWLQDPLGH
$GHQLQH �5HGXFHG �'LQXFOHRWLGH� �PROHFXOHV� �*O\FRO\VLV �FDQ �WDNH �SODFH �LQ �ERWK
FRQGLWLRQV� �L� �LQ �WKH �SUHVHQFH �RI �R[\JHQ �L�H� �DHURELF �FRQGLWLRQ �DQG� �LL� �LQ �WKH
DEVHQFH�RI�R[\JHQ�L�H��DQDHURELF�FRQGLWLRQ�>��@��$OWKRXJK��LQ�ERWK�WKH�VLWXDWLRQV�
WKH�ILQDO�SURGXFWV�YL]��WZR�PROHFXOHV�RI�S\UXYDWH��WZR�PROHFXOHV�RI�$73�DQG�WZR
PROHFXOHV�RI�1$'+�DUH�WKH�VDPH�EXW�GHSHQGLQJ�XSRQ�WKH�SUHVHQFH�RU�DEVHQFH�RI
R[\JHQ� �IXUWKHU �S\UXYDWH �FDQ �IROORZ �WZR �GLIIHUHQW �SDWKZD\V� �,Q �DHURELF
�QRUPR[LD� �FRQGLWLRQ� �WZR �PROHFXOHV �RI �S\UXYDWH �DUH �WUDQVSRUWHG �LQWR
PLWRFKRQGULDO �PDWUL[ �ZKHUH �WKHVH �PROHFXOHV �DUH �GHFDUER[\ODWHG �DQG�WKHQ �HQWHU
LQWR�.UHEV�F\FOH��7&$��WULFDUER[\OLF�DFLG��F\FOH�WR�SURGXFH����PROHFXOHV�RI�$73�
FDUERQ�GLR[LGH�DQG�ZDWHU�E\�R[LGDWLYH�SKRVSKRU\ODWLRQ��)LJ���$���,Q�QRUPDO�FHOOV
XQGHU �QRUPR[LD� �JO\FRO\VLV �DQG �R[LGDWLYH �SKRVSKRU\ODWLRQ �DUH �WLJKWO\ �FRXSOHG
SURFHVVHV���,Q���FRQWUDVW���LQ��DQ��DQDHURELF���K\SR[LD���FRQGLWLRQ��S\UXYDWH��LV��UHG�
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&DQFHU�&KHPR�,PPXQRWKHUDSHXWLFV
0X]DPPDO�+XVVDLQD�E�
�DQG�-LDQFXQ�=KDQJD�

D�6WDWH�.H\�/DERUDWRU\�RI�5HVSLUDWRU\�'LVHDVH��*XDQJ]KRX�,QVWLWXWHV�RI�%LRPHGLFLQH�DQG�+HDOWK�
&KLQHVH �$FDGHP\ �RI �6FLHQFHV� ���� �.DL\XDQ �$YHQXH� �6FLHQFH �3DUN� �*XDQJ]KRX� �������� �3�5�
&KLQD
E�8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��%HLMLQJ����������3�5��&KLQD

$EVWUDFW� �&DQFHU �FKHPR�LPPXQRWKHUDSHXWLFV �KDV �HYROYHG �ZLWK �D �VWUDWHJLF �VORJDQ ��
xPDUU\LQJ�FKHPRWKHUDS\�ZLWK�LPPXQRWKHUDS\y���LQ�RUGHU�WR�RSWLPL]H�WKH�FKDQFH�IRU
FXUH��7KH�XOWLPDWH�JRDO�LV�WR�H[HFXWH�D�xWZR�KLWy�LPSDFW��DEOH�RQ�WKH�RQH�KDQG�WR�PRXQW
D �UREXVW �DQWL�WXPRXU �LPPXQH�UHVSRQVH� �DQG �RQ �WKH �RWKHU �KDQG� �VHOHFWLYHO\ �HUDGLFDWH
WXPRXU�JURZWK�DQG�SURJUHVVLRQ��7UHPHQGRXV�SURJUHVV�KDV�EHHQ��DQG�EHLQJ��PDGH�LQ
WKLV�UHJDUG�E\�WHVWLQJ�YDULRXV�xFKHPRWKHUDS\�LPPXQRWKHUDS\y�GUXJ�FRPELQDWLRQV�LQ�WKH
FOLQLF��DQG�DOVR�LPSOHPHQWLQJ�PXOWLSOH�SKDUPDFRORJLFDO�DQG�ELRORJLFDO�LQWHUYHQWLRQV
DJDLQVW �IXQGDPHQWDO �UHJXODWRU\ �SDWKZD\V �LQYROYHG �LQ �WXPRXU �GHYHORSPHQW�
SURJUHVVLRQ� �DQG �WXPRXU �LPPXQH �HVFDSH �PHFKDQLVPV� �7KLV �FKDSWHU �GLVFXVVHV �WKH
FXUUHQW�xFKHPRWKHUDS\�LPPXQRWKHUDS\y�FRPELQDWLRQV�LQ�FOLQLFDO�VWXGLHV�WULDOV��DV�ZHOO
DV�WKH�SKDUPDFRORJLFDO�PDQLSXODWLRQ�RI�KRVW�WXPRXU�FHOO�LQWHUDFWLRQV�PDSSLQJ�WKH�URDG
DKHDG�WR�D�QRYHO�WUHQG�FRQFHSW�RI�xWZR�KLWy�FKHPR�LPPXQRWKHUDSHXWLFV��$W�WKH�HQG��ZH
DOVR�GLVFXVV�WKH�SDWHQWV�LVVXHG�DQG�UHFHQW�SDWHQW�DSSOLFDWLRQV�VWDWLQJ�WKH�QRYHO�FKHPR�
LPPXQRWKHUDS\ �PHWKRGV �ZLWK �GLYHUVH �LQWHUYHQWLRQDO �FRPELQDWLRQV� �VRPH �RI �ZKLFK
SURGXFH�V\QHUJLVWLF�DQWL�WXPRXU�HIIHFWV��WR�WUHDW�PXOWLSOH�DGYDQFHG�FDQFHUV�

.H\ZRUGV� �$5*� �&DQFHU� �&KHPRWKHUDS\� �&KHPR�LPPXQRWKHUDS\� �&DQFHU
YDFFLQHV� �&,. �FHOOV� �&7/$�� �&\WRNLQH� �)2/)2;� �*9$;� �,'2� �,PPXQH
VXSSUHVVLRQ��,PPXQR�RQFRORJ\��.LQDVH�LQKLELWLRQ��P$EV��P725��0$3.��3.$�
5�&+23��7UR9D[q�

���,1752'8&7,21

&DQFHU �FKHPR�LPPXQRWKHUDSHXWLFV �LPSOHPHQWV �WUHDWPHQW �UHJLPHQV �WKDW �ERWK
PD[LPL]H��WXPRXU�UHJUHVVLRQ��DQG�WKH�DQWL�WXPRXU��LPPXQH�UHVSRQVH��IRU�WKH��ORQJ


�&RUUHVSRQGLQJ�DXWKRU�0X]DPPDO�+XVVDLQ��*XDQJ]KRX�,QVWLWXWHV�RI�%LRPHGLFLQH�DQG�+HDOWK��&KLQHVH�$FDGHP\�RI
6FLHQFHV������.DL\XDQ�$YHQXH��6FLHQFH�3DUN��*XDQJ]KRX����������3�5��&KLQD��8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI
6FLHQFHV��%HLMLQJ����������3�5��&KLQD��7HO��������������������(�PDLO��PX]DPPDO#JLEK�DF�FQ

�&RUUHVSRQGLQJ��DXWKRU��-LDQFXQ��=KDQJ��*XDQJ]KRX��,QVWLWXWHV��RI��%LRPHGLFLQH��DQG��+HDOWK���&KLQHVH��$FDGHP\
RI���6FLHQFHV��������.DL\XDQ��$YHQXH����6FLHQFH��3DUN����*XDQJ]KRX������������3�5���&KLQD���7HO����������������������
(�PDLO��]KDQJBMLDQFXQ#JLEK�DF�FQ

$WWD�XU�5DKPDQ�DQG�.KXUVKLG�=DPDQ��(GV��
$OO�ULJKWV�UHVHUYHG�b������%HQWKDP�6FLHQFH�3XEOLVKHUV



������7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��� +XVVDLQ�DQG�=KDQJ

WHUP�FOLQLFDO �EHQHILW �RI �FDQFHU �SDWLHQWV �>�@� �$OWKRXJK�FDQFHU �FKHPRWKHUDS\�KDV
KLVWRULFDOO\�EHHQ�FRQVLGHUHG�DV�LPPXQRVXSSUHVVLYH��HPHUJLQJ�HYLGHQFH�LQGLFDWHV
WKDW �FHUWDLQ �FKHPRWKHUDSLHV �FDQ �DXJPHQW �WXPRXU �LPPXQLW\ �WKURXJK �PXOWLSOH
PHFKDQLVPV �LQFOXGLQJ �LQGXFWLRQ �RI �LPPXQRJHQLF �FHOO �GHDWK �DQG �E\ �GLVUXSWLQJ
VWUDWHJLHV�WKDW�WXPRXUV�XVH�WR�HYDGH�LPPXQH�UHFRJQLWLRQ�>�����@��7KLV�GXDO�UROH�
F\WRWR[LFLW\ �DQG �LPPXQH �DFWLYDWLRQ� �IURP �FKHPRWKHUDS\ �KDV �SURPSWHG �WKH
VFLHQWLILF�FRPPXQLW\�WR�FDOO�IRU�D�UDGLFDO�EXW�VWUDWHJLF�VKLIW�LQ�WKH�ZD\�WXPRXUV�DUH
WUHDWHG �LQ �RUGHU �WR �DFKLHYH �EHWWHU �FOLQLFDO �RXWFRPHV �>�@� �7R �WKLV �UHJDUG� �FDQFHU
FKHPR�LPPXQRWKHUDSHXWLFV �KDV �HYROYHG �ZLWK �D �VWUDWHJLF �VORJDQ �� �xPDUU\LQJ
FKHPRWKHUDS\�ZLWK�LPPXQRWKHUDS\y���LQ�RUGHU�WR�RSWLPL]H�WKH�FKDQFH�IRU�FXUH�>��
�@� �7KH �XOWLPDWH �JRDO �LV �WR �H[HFXWH �D �xWZR�KLWy �LPSDFW� �DEOH �RQ �WKH �RQH �KDQG�WR
PRXQW�D�UREXVW�DQWL�WXPRXU�LPPXQH�UHVSRQVH��DQG�RQ�WKH�RWKHU�KDQG��VHOHFWLYHO\
HUDGLFDWH �WXPRXU �JURZWK �DQG �SURJUHVVLRQ� �7UHPHQGRXV �SURJUHVV �KDV �EHHQ� �DQG
EHLQJ� �PDGH �LQ �WKLV �UHJDUG �E\ �LPSOHPHQWLQJ �PXOWLSOH �FKHPRWKHUDS\�
LPPXQRWKHUDS\�GUXJ�FRPELQDWLRQV�ZLWK�FRPSOLPHQWDU\�PHFKDQLVPV�RI�DFWLRQ�WR
DWWDLQ �DGGLWLYH �RU �V\QHUJLVWLF �DQWL�WXPRXU �HIIHFWV �>�� ��@� �$SDUW �IURP �WKLV� �WKH
FRPSOH[ �LQWHUDFWLRQV �EHWZHHQ �KRVW �DQG �WXPRXU �FHOOV �ZLWKLQ �WKH �WXPRXU
PLFURHQYLURQPHQW�PD\�OHDG�WR�xWXPRXU�DVVRFLDWHG�LPPXQH�VXSSUHVVLRQy��ZKLFK�LV
FKDUDFWHUL]HG�E\�GLYHUVH�PHFKDQLVPV�RI�RQFRJHQLF�VLJQDOLQJ�SDWKZD\V�WKDW�SOD\
FULWLFDO�UROHV�LQ�WXPRXU�LQLWLDWLRQ��SURJUHVVLRQ��DQG�LPPXQRHVFDSH�>�@��(PHUJLQJ
GDWD �LQGLFDWH �WKDW �VPDOO�PROHFXOH �EDVHG �WKHUDSHXWLF �LQWHUYHQWLRQV �DJDLQVW �VXFK
VLJQDOLQJ �SDWKZD\V �PD\ �KDYH �WKH �SRWHQWLDO �WR �SURYLGH �D �xWZR�KLWy �FKHPR�
LPPXQRWKHUDSHXWLF�RSSRUWXQLW\��GLUHFW�NLOOLQJ�RI�WXPRXU�FHOOV��DQG�WKH�UHVFXLQJ�RI
HQGRJHQRXV �DQWL�WXPRXU �LPPXQLW\ �>�� �� ���@� �7KH �SXUSRVH �RI �WKLV �FKDSWHU �LV �WR
GLVFXVV �WKH �FOLQLFDO �VLJQLILFDQFH �RI �FXUUHQW �FKHPR� �DQG �LPPXQR�WKHUDS\ �GUXJ
FRPELQDWLRQV� �DV �ZHOO �DV �KLJKOLJKW �WKH �xWZR �KLWy �FKHPR�LPPXQRWKHUDSHXWLF
SRWHQWLDO�RI�WDUJHWLQJ�WKH�RQFRJHQLF�VLJQDOLQJ�SDWKZD\V�WKDW�SOD\�FUXFLDO�UROHV�LQ
WXPRXU�JURZWK�DQG�SURJUHVVLRQ��DQG�LQ�WXPRXU�DVVRFLDWHG�LPPXQH�VXSSUHVVLRQ�
0RUHRYHU� �ZH �DOVR �GLVFXVV �SDWHQWV �LVVXHG �DQG �UHFHQW �SDWHQW �DSSOLFDWLRQV
GHPRQVWUDWLQJ �QRYHO �FKHPR�LPPXQRWKHUDSHXWLF �PHWKRGV�IRUPXODWLRQV �IRU �WKH
WUHDWPHQW �RI �FDQFHU�

�� �&855(17 �&+(02�,008127+(5$3(87,& �'58*
&20%,1$7,216�,1�&/,1,&$/�678',(6

,Q �UHFHQW �GHFDGHV� �D �JHQHUDO �WUHQG �RI �KDUQHVVLQJ �HQGRJHQRXV �DQWL�WXPRXU
LPPXQLW\�E\�PRGLI\LQJ�WKH�GLYHUVH�PHFKDQLVPV�RI�LPPXQRVXSSUHVVLYH�WXPRXU
LPPXQH �PLFURHQYLURQPHQW �KDV �SURYLGHG �WKH �NQRZOHGJH �DQG �WHFKQLTXHV �WR
GHYHORS �QRYHO �LPPXQRWKHUDSHXWLF �DSSURDFKHV �IRU �WKH �WUHDWPHQW �RI �FDQFHU �>�@�
7KHVH�LQFOXGH�



2QFRJHQLF�6LJQDOLQJ�,QKLELWLRQ�LQ�&DQFHU 7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO���������

$QWLERGLHV��VXFK�DV�PRQRFORQDO�DQWLERG\�GUXJV��P$EV��DQG�WKH�UHFHQW�LPPXQHD�
FKHFNSRLQW�PRGXODWLQJ�DQWLERGLHV�
9DFFLQHV� �VXFK �DV �WXPRXU �FHOO�EDVHG �DXWRORJRXV �YDFFLQHV �DQG �GHQGULWLF �FHOOE�
�'&��EDVHG�YDFFLQHV��DQG
,PPXQRVWLPXODWRU\�F\WRNLQHV��DQG�F\WRNLQH�LQGXFHG�NLOOHU��&,.��FHOOV�F�

6HYHUDO�FRPELQDWLRQV�RI�WKHVH�LPPXQRWKHUDSHXWLFV�ZLWK�WUDGLWLRQDO�FKHPRWKHUDS\
DUH �LQ �YDULRXV �SKDVHV �RI �FOLQLFDO �WULDOV ��7DEOH ���� �,Q �DGGLWLRQ� �VXSHULRU �FOLQLFDO
EHQHILWV �RI �FKHPRWKHUDS\�LPPXQRWKHUDS\ �FRPELQDWLRQV �KDYH �DOVR �EHHQ
FRQYLQFLQJO\ �GHPRQVWUDWHG �LQ �WKH �VHWWLQJV �RI �ODUJH �UDQGRPL]HG �WULDOV�

7DEOH����6XPPDU\�RI�&XUUHQWO\�2QJRLQJ�&OLQLFDO�7ULDOV�,QYROYLQJ�&DQFHU�&KHPR�,PPXQRWKHUDS\�

&KHPR�,PPXQRWKHUDS\ 7DUJHW�RI
WKH�/LVWHG
$QWLERG\

7\SH�RI�&DQFHU 3KDVH 5HIHUHQFH��1&7
,'�

&KHPRWKHUDS\�P$EV�&RPELQDWLRQV

'R[RUXELFLQ��YLQFULVWLQH��F\WDUDELQH�
HWRSRVLGH��F\FORSKRVSKDPLGH�
PHWKRWUH[DWH��OHXFRYRULQ��ILOJUDVWLP�
HSUDWX]XPDE

&'�� $FXWH�O\PSKREODVWLF
OHXNHPLD

3KDVH
,�,,

1&7��������

%HQGDPXVWLQH��OHQDOLGRPLGH�
ULWX[LPDE

&'�� &KURQLF�O\PSKRF\WLF
OHXNHPLD��6PDOO
O\PSKRF\WLF�O\PSKRPD

3KDVH�,, 1&7��������

&\FORSKRVSKDPLGH��IOXGDUDELQH�
RIDWXPXPDE

&'�� %�FHOO�O\PSKRLG
OHXNHPLD

3KDVH�,, 1&7��������

%HQGDPXVWLQH���RIDWXPXPDE &'�� 0DQWOH�FHOO�O\PSKRPD 3KDVH�,, 1&7��������

&DUERSODWLQ��SDFOLWD[HO��RUHJRYRPDE &$��� 2YDULDQ�QHRSODVPV 3KDVH�,, 1&7��������

&LVSODWLQ��GRFHWD[HO��FHWX[LPDE (*)
UHFHSWRU

/XQJ�FDQFHU 3KDVH�,, 1&7��������

)OXGDUDELQH��F\FORSKRVSKDPLGH�
RIDWXPXPDE

&'�� &KURQLF�O\PSKRF\WLF
OHXNHPLD��6PDOO
O\PSKRF\WLF�O\PSKRPD

3KDVH�,, 1&7��������

3DFOLWD[HO��ODSDWLQLE��WUDVWX]XPDE +(5��QHX %UHDVW�FDUFLQRPD 3KDVH�,, 1&7��������

&\FORSKRVSKDPLGH��IOXGDUDELQH�
ULWX[LPDE

&'�� 0XOWLSOH�OHXNHPLDV�DQG
O\PSKRPDV

3KDVH
,,,

1&7��������

&+23�FKHPRWKHUDS\
�F\FORSKRVSKDPLGH�
K\GUR[\GDXQRUXELFLQ��YLQFULVWLQH�
SUHGQLVRQH��SOXV�*�&6)��FRPELQHG
ZLWK�DOHPWX]XPDE

&'�� 7�FHOO�O\PSKRPD 3KDVH
,,,

1&7��������

)OXGDUDELQH��ULWX[LPDE &'�� &KURQLF�O\PSKRF\WLF
OHXNHPLD

3KDVH
,,,

1&7��������
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5HFHQW �$GYDQFHV �DQG �&KDOOHQJHV �LQ �PLFUR51$�
%DVHG�&DQFHU�7KHUDSHXWLFV
$PMDG�$OL
��)DU\DO�0��$ZDQ��$TVD�,NUDP�DQG�6KLID�7��$VKUDI
$WWD�XU�5DKPDQ �6FKRRO �RI �$SSOLHG �%LRVFLHQFHV ��$6$%�� �1DWLRQDO �8QLYHUVLW\ �RI �6FLHQFHV �DQG
7HFKQRORJ\��1867���+����,VODPDEDG��3DNLVWDQ

$EVWUDFW� �'HVSLWH �VLJQLILFDQW �DGYDQFHPHQWV �LQ �XQGHUVWDQGLQJ �WKH �FDQFHU�DVVRFLDWHG
VLJQDOLQJ �FDVFDGHV� �HIIHFWLYH �WUHDWPHQW �VWUDWHJLHV �UHPDLQ �VFDUFH� �7KLV �LQWULFDF\ �RI
FDQFHU�HQLJPD�KLJKOLJKWV�D�SUHVVLQJ�QHHG�WR�GHYHORS�QRYHO�WKHUDSHXWLFV��7KH�VHPLQDO
GLVFRYHU\ �RI �PLFUR51$V ��PL51$V�� �D �FODVV �RI �QDWXUDO �51$�LQWHUIHULQJ �DJHQWV�
SURYLGHV�D�QHZ�KRSH�IRU�DFFRPSOLVKLQJ�WKLV�WDVN��%ROVWHUHG�E\�D�QRYHO�PRGH�RI�DFWLRQ�
WKH �DELOLW\ �WR �IXQFWLRQ �DV �WLQ\ �PDVWHU �UHJXODWRUV �RI �FHOOXODU �SURFHVVHV� �HDVH �RI
DGPLQLVWUDWLRQ �DQG �VXIILFLHQW �XSWDNH �DORQJ �ZLWK �DSSDUHQW �ODFN �RI �WR[LFLW\ �LQ �QRUPDO
WLVVXHV�JLYH�PL51$V�DQ�H[WUD�HGJH�DQG�PDNH�WKHP�DQ�LGHDO �FDQGLGDWH�IRU�HPHUJLQJ
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WR�WKH�H[LVWLQJ�GUXJ�SLSHOLQH�RI�%LJ�3KDUPD��,Q�WKLV�FKDSWHU��ZH�ZLOO�JLYH�DQ�RYHUYLHZ
RI �WKH �UHFHQW �PL51$�EDVHG �WKHUDSHXWLF �DSSURDFKHV ��SDWHQWV� �(3��������
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DQG�86����������DQG�ZLOO�GLVFXVV�FXUUHQW�WUDQVODWLRQDO�FKDOOHQJHV�DQG�IXUWKHU�SRWHQWLDO
GHYHORSPHQWV� �7KHVH �SDWHQWV �GHVFULEH �WKH �SRWHQWLDO �RI �GLIIHUHQW �PL51$V
LQKLELWRUV�PLPLFV�IRU�WUHDWLQJ�YDULRXV�W\SHV�RI�FDQFHUV��WKHVH�PL51$V�LQFOXGH�PL5���
PLPLF�WR�WUHDW�KHPDWRORJLF�PDOLJQDQF\�VROLG�WXPRUV��PL5������S��PL5�����DQG�PL5�
����LQKLELWRUV�WR�WUHDW�SURVWDWH�FDQFHU�DQG�GUXJ�UHVLVWDQW�OXQJ�FDQFHU��PL5����]��PL5�
�����S��OHW��L��S��PL5������S��PL5����E��S�WR�WUHDW�KHSDWREODVWRPD�FDQFHU��SUH�PL5�
��� ��DQ �PL51$ �SUHFXUVRU� �IRU �FDQFHU �UHYHUVLRQ� �PL5���� �PL5����D��S� �PL5�����
PL5������PL5������PL5������PL5������S��PL5�����LQKLELWRUV�WR�WUHDW�KHSDWRFHOOXODU
FDUFLQRPD ��+&&�� �KVD�PL5������ �KVD�PL5����DD� �KVD�PL5� ����Y �DQG �KVD�PL5����
E��S�PLPLFV�WR�WUHDW �+&&��VRUDIHQLE��PL5�����PLPLF� �PL5�����PLPLF�FRPELQDWLRQ
WKHUDS\�IRU�WUHDWLQJ�OLYHU�FDQFHU�DQG�PL5�����S�PLPLF�IRU�WUHDWLQJ�OLYHU�GLVHDVHV��7KH
RXWFRPH��RI��WKHVH�SDWHQWV��PD\��KRSHIXOO\��SURYLGH��H[FLWLQJ��RSSRUWXQLWLHV��DQG��GHHSHU
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LQVLJKWV�LQWR�QRYHO�DQWL�FDQFHU�SDUDGLJPV��&RPSDUHG�WR�FRQYHQWLRQDO�GUXJ�WKHUDSLHV�
PL51$�EDVHG�WKHUDSHXWLFV�DSSHDUV�WR�KROG�JUHDW�SURPLVH�WR�FRPEDW�FDQFHU��DW�OHDVW�IRU
WKRVH�FDQFHUV�ZKHUH�RWKHU�WUHDWPHQW�RSWLRQV�KDYH�SODWHDXHG��)XUWKHU�GHYHORSPHQWV�LQ
PL51$�EDVHG �WKHUDSHXWLFV �DUH �DQWLFLSDWHG �WR �WUDQVODWH �PL51$�EDVHG �WKHUDSHXWLF
VWUDWHJLHV �LQWR �D �FOLQLFDO �UHDOLW\ �DQG �PD\ �FUHDWH �D �SDUDGLJP �VKLIW �LQ �PHGLFLQH �DQG
SKDUPDFHXWLFDO�LQGXVWU\�

.H\ZRUGV��$QWL�PL5�ROLJRQXFOHRWLGHV��FDQFHU��FDQFHU�WKHUDS\��FDQFHURXV�FHOOV�
FOLQLFDO �WULDOV� �GUXJ �UHVLVWDQFH� �GUXJ �WDUJHW� �LQ �YLYR �VWXGLHV� �PL51$ �LQKLELWRU�
PL51$�PDVNLQJ��PL51$�PLPLF��PL51$V�VSRQJHV��PL51$�WKHUDSHXWLFV��PRXVH
PRGHOV� �P51$V� �1RQ�FRGLQJ �51$V� �RQFRJHQLF �PL51$V� �SUH�FOLQLFDO �WULDOV�
VL51$V� �WXPRU �VXSSUHVVRU �PL51$V�
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7KH�JHQHVLV�RI�WKH�FXUUHQW�QRQ�FRGLQJ�51$Vy��QF51$V��VFLHQWLILF�SDUDGLJP�FDQ
HDVLO\ �EH �WUDFHG �WR �WKH �LQIOXHQWLDO �GLVFRYHU\ �RI �D �PLFUR51$��PL51$� �JHQH �LQ
�����E\�D�JURXS�OHG�E\�$PEURV�>�@��([WHQVLYH�UHVHDUFK�RQ�WKHVH�HYROXWLRQDULO\
FRQVHUYHG� �VPDOO� �UHJXODWRU\ �51$V �LQ �WKH �ODVW �GHFDGH �KDV �VKRZQ �IDVFLQDWLQJ
EUHDNWKURXJKV�RI�UHFHQW�WLPHV�>�@��&RQFRPLWDQWO\��H[SHULPHQWDO�FRQILUPDWLRQ�RI
WKH �UHVXOWV �DWWDLQHG �E\ �WKH �KXPDQ �JHQRPH �SURMHFW �IXUWKHU �UHYHDOHG �WKDW �VHYHUDO
WUDQVFULSWV�DUH�DFWXDOO\�QRQ�FRGLQJ�WUDQVFULSWV��DQG�WKDW�PL51$V�VLJQLI\�WKH�PRVW
LPSRUWDQW �FODVV �RI �QF51$ �PROHFXOHV� �7KH �LQYROYHPHQW �RI �PL51$V �LQ �WKH
GHYHORSPHQW �RI �FDQFHU �ZDV �LQLWLDOO\ �UHSRUWHG �LQ ������ �VLQFH �WKHQ� �WKH �UROH �RI
PL51$V�KDV �EHHQ�LQWHQVLYHO\ �LQYHVWLJDWHG �LQ �PDQLIROG �KXPDQ�GLVRUGHUV �>�� ��@�
7KH�QRWHZRUWK\�LQFUHPHQW�LQ�WKH�QXPEHU�RI�SDWHQW�DSSOLFDWLRQ�ILOLQJV�RYHU�WKH�ODVW
���\HDUV�UHIOHFWV�D�FRQVLGHUDEOH�DPRXQW�RI�QRYHOW\�LQ�WKLV�DUHD�

PL51$V�DUH�FXUUHQWO\�FRQVLGHUHG�DV�PDVWHU�UHJXODWRUV�RI�WKH�KXPDQ�JHQRPH�>�@�
&OLQLFDO�DQG�IXQFWLRQDO�LPSOLFDWLRQV�RI�PL51$V�LQ�YDULRXV�GLVRUGHUV�KDYH�KDXOHG
XS �WKHVH �WLQ\ �FHOOXODU �FRPSRQHQWV �WR �WKH �UDQNV �RI �LGHDO �GUXJ �WDUJHWV �>�@� �,Q
HXNDU\RWHV� �WKH\ �VHUYH �DV �VLJQLILFDQW �PRGXODWRUV �RI �JHQH �H[SUHVVLRQ� �7KH\
LQIOXHQFH�WKH�WUDQVFULSWRPH�DQG�SURWHRPH�E\�WDUJHWLQJ�SURWHLQ�FRGLQJ�WUDQVFULSWV�
KHQFH �DLGLQJ �LQ �FHOO �IDWH �GHWHUPLQDWLRQ� �)XUWKHUPRUH� �PL51$V�KDYH �ORRPHG�DV
YLWDO �PROHFXOHV �LQ �FDQFHU �UHVHDUFK �DQG �WKH\ �KDYH �SURYHG �WR �KROG �SRWHQWLDO �LQ
FDQFHU��7KH\�KDYH�WKH�DELOLW\�WR�UHSUHVV�VWDELOLW\�RI�SURWHLQ�FRGLQJ�WUDQVFULSWV�DQG
FHOOXODU�WUDQVODWLRQ�E\�WDUJHWLQJ�WKH����XQWUDQVODWHG�UHJLRQV��875V��LQ�D�VHTXHQWLDO
PDQQHU�>����@��7KLV�QDWXUH�RI�VHOHFWLYH�VLOHQFLQJ�RI�JHQH�H[SUHVVLRQ�E\�PL51$V�LV
NQRZQ �WR �KDYH �D �VLJQLILFDQW �HIIHFW �RQ �KXPDQ �KHDOWK �DQG �GLVHDVH �>�@� �7KH
WKHUDSHXWLF �IXQFWLRQLQJ �RI �PL51$ �LV �EDVHG �XSRQ �WKH �FDWDO\WLF �SURFHVV �RI �WKH
QDWXUDOO\ �RFFXUULQJ ������ �QXFOHRWLGH �VLQJOH �VWUDQGHG �51$� �WKDW �HQWHUV �WKH
F\WRSODVPLF �PXOWLSURWHLQ �FRPSOH[ �51$�,QGXFHG�6LOHQFLQJ �&RPSOH[ ��5,6&� �WR
SDLU �ZLWK �P51$V �FDUU\LQJ �FRPSOHPHQWDU\ �VHTXHQFHV �DQG� �DV �D �UHVXOW� �UHSUHVV



������7RSLFV�LQ�$QWL�&DQFHU�5HVHDUFK��9RO��� $OL�HW�DO�

JHQH �H[SUHVVLRQ� �2YHU ���� �PL51$V �RI �GLVWLQFW �QDWXUH �KDYH �EHHQ �LGHQWLILHG �LQ
KXPDQV�DQG�PRUH�WKDQ������KDYH�EHHQ�SUHGLFWHG�LQ�WRWDO�>������@��)XUWKHUPRUH�
H[SORUDWLRQ�RI�WKH�KXPDQ�JHQRPH�VHTXHQFHV�IDFLOLWDWHG�WKH�GLVFRYHU\�RI�WKH�IDFW
WKDW�PL51$�JHQHV�IUHTXHQWO\�UHVLGHV�LQ�IUDJLOH�VLWHV�DQG�JHQRPLF�UHJLRQV�ZKLFK
DUH �KRW �VSRWV �IRU �FKURPRVRPDO �DEQRUPDOLWLHV �>��@� �&KURPRVRPDO �DEQRUPDOLWLHV
KDYH �EHHQ �VKRZQ �WR �EH �LPSRUWDQW �IRU �WKH �HWLRORJ\ �RI �YDULRXV �FDQFHUV� �9DULRXV
VWXGLHV �EDVHG �RQ �JHQRPH�ZLGH �DSSURDFKHV �KDYH �UHSRUWHG �VWURQJ �DVVRFLDWLRQ
EHWZHHQ �YDULRXV �F\WRJHQHWLF �DQG �PROHFXODU �DEQRUPDOLWLHV �DQG �WKH �ORFDWLRQ �RI
PL51$ �JHQHV �>�� �� ���@� �:H\ �HW �DO� �LQYHVWLJDWHG �WKH �JHQRPH�ZLGH �PL51$
H[SUHVVLRQ�SURILOLQJ�LQ�,QWUDGXFWDO�SDSLOODU\�PXFLQRXV�QHRSODVPV��,301V��WLVVXH
DQG �GLVFRYHUHG �VL[ �PL51$V ��PL5����� �PL5���E� �PL5���D� �PL5������S� �PL5�
�����PL5����D��WKDW�PD\�GLIIHUHQWLDWH�xKLJK�ULVNy�,301V�IURP�xORZ�ULVNy�,301V
>��@� �)DOWHMVNRYD �HW �DO� �VWXGLHG �JHQRPH�ZLGH �PL51$ �H[SUHVVLRQ �SURILOLQJ �LQ
FRORUHFWDO�FDQFHU�SDWLHQWV�LQ�RUGHU�WR�GLVFRYHU�PL51$�VLJQDWXUHV��PL5������PL5�
���
� �PL5������S� �PL5���E� �PL5����� �DQG �PL5 �����S� �WKDW �ZRXOG �HQDEOH
GLIIHUHQWLDWLRQ �EHWZHHQ �SULPDU\ �WXPRUV �DQG �WKHLU �FRUUHVSRQGLQJ �PDWFKHG �OLYHU
PHWDVWDVHV�>������@�

7KH�DELOLW\�RI�PL51$V�WR�WDUJHW�PXOWLSOH�JHQHV�PD\�KROG�WKH�NH\�WR�WKHUDSHXWLF
DFFRPSOLVKPHQW �LQ �FDQFHU �ZKLFK �LV �D �KHWHURJHQLF �GLVHDVH �DQG �FDQQRW �EH
HIIHFWLYHO\�WUHDWHG�E\�WDUJHWLQJ�D�VLQJOH�JHQH�RI�LQWHUHVW��&DOLQ�HW�DO��ILUVW�UHSRUWHG
WKH�UROH�RI�PL51$V�LQ�FDQFHU�WKURXJK�WKH�FKDUDFWHUL]DWLRQ�RI�FKURPRVRPH���T��
GRQH�RQ�FKURQLF�O\PSKRF\WLF�OHXNHPLD�>�@��6XFFHVVLYHO\��QXPHURXV�VWXGLHV�JDYH
VWURQJ �HYLGHQFHV �RI �GHUHJXODWHG �PL51$�H[SUHVVLRQ �LQ �WKH �KDOOPDUNV �RI �FDQFHU
>��� ���@� �,Q �FDQFHU� �YDULRXV �FHOOXODU �PHFKDQLVPV �DUH �LQYROYHG �LQ �WKH �PL51$
G\VUHJXODWLRQ�VXFK�DV�JHQHWLF�PXWDWLRQV�>��@��DEHUUDQW�'1$�PHWK\ODWLRQ�>��@�DQG
KLVWRQH�DFHW\ODWLRQ�>��@ �DORQJ�ZLWK �DOWHUQDWLYH�VSOLFLQJ� �FKDQJHV�LQ �WKH �PL51$
SURFHVVLQJ�PDFKLQHU\�DQG�SRO\DGHQ\ODWLRQ�PD\�FDXVH�KLQGUDQFH�LQ�WKH�PDWXUDWLRQ
RI�PL51$�>�����@��$EQRUPDO�JDLQ�RU�ORVV�RI�PL51$V�SOD\V�D�UROH�LQ�LQLWLDWLRQ�
SURJUHVVLRQ��DQG�PHWDVWDVLV�DQG�GUXJ�UHVLVWDQFH�LQ�D�YDULHW\�RI�FDQFHUV��7KH\�FDQ
DFW �DV �HLWKHU �RQFRJHQHV �RU �WXPRU �VXSSUHVVRUV� �GHSHQGLQJ �XSRQ �WKH �SDWKZD\ �RU
JHQHV�WKH\�LPSDFW��)RU�LQVWDQFH��PL51$V�RI�WKH�OHW���IDPLO\�DUH�D�FODVV�RI�WXPRU
VXSSUHVVRUV� �/HW���H[SUHVVLRQ�KDV�EHHQ�UHSRUWHG�WR �EH�GRZQUHJXODWHG�LQ �EUHDVW�
KHDG��QHFN��RYDULDQ��OXQJ�DQG�SURVWDWH�FDQFHUV�>��@��$GGLWLRQDO�PL51$V��QDPHO\
PL5������ �FOXVWHU� �PL5����� �PL5����� �PL5���� �PL5���� �DQG �PL5�� �DUH
XSUHJXODWHG�LQ�YDULRXV�FDQFHUV�>��@��7KH�WKHUDSHXWLF�DQG�GLDJQRVWLF�VLJQLILFDQFH
RI �PL51$V�LV �UHPDUNDEOH �VLQFH �WKH\ �KDYH �XQLTXH �SURILOHV �DQG�KLJK �VWDELOLW\ �LQ
ELRORJLFDO�VDPSOHV��)RU�FDQFHU�WKHUDS\��PL51$�H[SUHVVLRQ�PRGXODWLRQ�LV�XQGHU
LQYHVWLJDWLRQ �EXW �WKHUDSHXWLF �WHPSHULQJ �LV �DWWDLQHG �E\ �RQFRJHQLF �LQKLELWLRQ �RI
PL51$V� �RU �E\ �DOWHULQJ �WXPRU �VXSSUHVVRU �PL51$V �>�@� �)XUWKHUPRUH�
3K\WRQXWULHQWV �WKDW �PRGXODWH �H[SUHVVLRQ �DQG �DFWLRQ �RI �PL51$ �ZKLFK �DUH
IXQFWLRQDOO\�LQYROYHG�LQ�FDQFHU�SDWKRELRORJ\�PD\�KDYH�D�SRWHQWLDO�WR�FRQVLGHU�DV�D
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