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7+( (',725,$/ 
:RUOG 7HOHFRPPXQLFDWLRQ DQG ,QIRUPDWLRQ 6RFLHW\ 'D\ �:7,6'� LV REVHUYHG DQQXDOO\ RQ 0D\ 
��WK� VLQFH ���� PDUNLQJ WKH IRXQGLQJ RI ,78 DQG VLJQLQJ RI WKH ILUVW ,QWHUQDWLRQDO 7HOHJUDSK &RQ-
YHQWLRQ LQ ���� WR UDLVH DZDUHQHVV DERXW WKH LPSRUWDQFH RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFK-
QRORJLHV �,&7� DQG WKHLU UROH LQ VKDSLQJ VRFLHWLHV DQG HFRQRPLHV ZRUOGZLGH� 7KH WKHPH SURSRVHG IRU 
:7,6'-���� LV ³'LJLWDO ,QQRYDWLRQ IRU 6XVWDLQDEOH 'HYHORSPHQW´� ,QQRYDWLYH WHFK FDQ KHOS 
WDFNOH WKH ZRUOG¶V PRVW SUHVVLQJ FKDOOHQJHV� IURP ILJKWLQJ FOLPDWH FKDQJH WR HOLPLQDWLQJ KXQJHU 
DQG SRYHUW\� ,Q IDFW� GLJLWDO WHFKQRORJLHV FDQ KHOS DFKLHYH ��� RI WDUJHWV XQGHU WKH 81 6XVWDLQDEOH 
'HYHORSPHQW *RDOV E\ �����   
     :LWK ��� ELOOLRQ SHRSOH VWLOO XQFRQQHFWHG� DQG PDQ\ FRXQWULHV – ODFNLQJ NH\ SROLFLHV� LQYHVWPHQWV� DQG 
GLJLWDO VNLOOV – DUH VWUXJJOLQJ WR NHHS XS LQ WRGD\¶V IDVW-FKDQJLQJ GLJLWDO ODQGVFDSH� :7,6' ���� UHPLQGV 
WKH ZRUOG RI WKH SURJUHVV \HW WR EH PDGH WR HQVXUH WKDW HYHU\RQH FDQ EHQHILW IURP GLJLWDO WHFKQRORJLHV� �  

'LJLWDO )LQDQFLDO ,QFOXVLRQ� 
0RELOH EDQNLQJ� GLJLWDO SD\PHQWV� DQG EORFNFKDLQ-EDVHG ILQDQFLDO VHUYLFHV HPSRZHU XQEDQNHG 
SRSXODWLRQV� SURYLGLQJ DFFHVV WR ILQDQFLDO WRROV DQG HQDEOLQJ HFRQRPLF SDUWLFLSDWLRQ� 
 
$SSOLFDWLRQV RI $, LQ 6XVWDLQDEOH 'HYHORSPHQW�  
$,-GULYHQ SUHGLFWLYH DQDO\WLFV FDQ RSWLPL]H UHVRXUFH PDQDJHPHQW� VXFK DV ZDWHU DQG HQHUJ\ FRQ-
VXPSWLRQ� OHDGLQJ WR PRUH HIILFLHQW DQG VXVWDLQDEOH SUDFWLFHV� 
)RU LQVWDQFH� $,-SRZHUHG ZHDWKHU IRUHFDVWLQJ DQG SUHGLFWLYH DQDO\WLFV KHOS IDUPHUV PDNH GDWD-
GULYHQ GHFLVLRQV RQ FURS SODQWLQJ� LUULJDWLRQ� DQG SHVW PDQDJHPHQW� UHGXFLQJ ZDWHU XVDJH DQG LQ-
FUHDVLQJ FURS \LHOGV� 
 
$SSOLFDWLRQV RI %ORFNFKDLQ LQ 6XVWDLQDEOH 'HYHORSPHQW�  
%ORFNFKDLQ WHFKQRORJ\ IDFLOLWDWHV WUDQVSDUHQW WUDFNLQJ RI SURGXFWV� HQVXULQJ HWKLFDO VRXUFLQJ LQ 
VXSSO\ FKDLQV� VXSSRUWV GHFHQWUDOL]HG HQHUJ\ PDUNHWV� WKXV SURPRWLQJ VXVWDLQDEOH GHYHORSPHQW E\ 
IRVWHULQJ WUXVW� UHGXFLQJ LQHIILFLHQFLHV� DQG HQVXULQJ DFFRXQWDELOLW\�  
 
$SSOLFDWLRQV RI 7HOHPDWLFV LQ 6XVWDLQDEOH 'HYHORSPHQW� 
7HOHPDWLFV FRQWULEXWHV WR VXVWDLQDEOH GHYHORSPHQW E\ RSWLPL]LQJ WUDQVSRUWDWLRQ V\VWHPV� UHGXFLQJ 
WUDIILF FRQJHVWLRQ� DQG PLQLPL]LQJ HPLVVLRQV� 7HOHPDWLFV-VXSSRUWHG HOHFWULF YHKLFOH PDQDJHPHQW 
IDFLOLWDWHV WKH WUDQVLWLRQ WR VXVWDLQDEOH WUDQVSRUWDWLRQ� $GGLWLRQDOO\� WHOHPDWLFV HQDEOHV SUHFLVLRQ 
DJULFXOWXUH SUDFWLFHV� HQKDQFHV HQYLURQPHQWDO PRQLWRULQJ HIIRUWV� DQG VXSSRUWV GLVDVWHU PDQDJH-
PHQW DQG UHVLOLHQFH WKURXJK UHDO-WLPH GDWD DQDO\VLV DQG FRPPXQLFDWLRQ FDSDELOLWLHV�  

6LQFH ���� 



 

 

$%287 7+( '(3$570(17 
      7KH 'HSDUWPHQW RI (OHFWURQLFV DQG 7HOHFRPPXQLFDWLRQ (QJLQHHULQJ ZDV HVWDEOLVKHG LQ ����� ,W RIIHUV D 8* SURJUDP� D 
3* SURJUDP DQG DOVR D 'RFWRUDO SURJUDP DIILOLDWHG WR 978� $OO WKH SURJUDPV XQGHU WKH GHSDUWPHQW KDYH EHHQ DFFUHGLWHG 
XQGHU 7,(5-, E\ WKH 1%$ PXOWLSOH WLPHV� 7KH GHSDUWPHQW KDV &2( LQ ³�* DQG (PHUJLQJ 7HFKQRORJLHV´ DQG DOVR &2( LQ 
³&&79 5HVHDUFK´� WKURXJK ZKLFK ,QWHUQVKLSV� 3URMHFWV DQG RWKHU VNLOO GHYHORSPHQW DFWLYLWLHV DUH FRQGXFWHG� 
7KH GHSDUWPHQW KDV D WRWDO RI �� WHDFKLQJ IDFXOW\ PHPEHUV� RXW RI ZKLFK �� DUH 3K�'� KROGHUV� � DUH SXUVXLQJ 3K�'� DQG 
FRPSHWHQW WHFKQLFDO DQG VXSSRUW VWDII� $OO WKH IDFXOW\ DUH PHPEHUV RI ,(((� ,67( DQG ,(7( SURIHVVLRQDO VRFLHWLHV� 7KH 
IDFXOW\ KDYH LQYROYHG LQ YDULRXV FHQWHUV RI H[FHOOHQFH DQG FHQWHUV RI FRPSHWHQFH� DQG DOVR LQYROYHG LQ VHYHUDO UHVHDUFK 
SURMHFWV ZLWK 6DPVXQJ� 12.,$� :,5,1�  
 
�� 7KH IDFXOW\ PHPEHUV DUH %RDUG RI  ([DPLQHUV DQG 'RFWRUDO &RPPLWWHH PHPEHUV  LQ YDULRXV LQVWLWXWLRQV� 
�� 7KH GHSDUWPHQW KDV 6WDWH RI WKH $UW IDFLOLW\ IRU  UHVHDUFK DFWLYLWLHV�  
�� 7KH GHSDUWPHQW RIIHUV LQGXVWU\ RIIHUHG HOHFWLYHV IRU 0�7HFK VWXGHQWV� 6RIWZDUH GHILQHG QHWZRUNV E\ 7HNWURQL[ DQG �* 

DGYDQFHG E\ 1RNLD� 

9,6,21 
,PSDUWLQJ TXDOLW\ HGXFDWLRQ LQ (OHFWURQLFV DQG 7HOHFRPPXQLFDWLRQ (QJLQHHULQJ WKURXJK IRFXV RQ )XQGDPHQWDOV� 5HVHDUFK 
DQG ,QQRYDWLRQ IRU 6XVWDLQDEOH 'HYHORSPHQW� 
 
0,66,21 
�� 3URYLGH FRPSUHKHQVLYH HGXFDWLRQ WKDW SUHSDUHV VWXGHQWV WR FRQWULEXWH HIIHFWLYHO\ WR WKH SURIHVVLRQ DQG VRFLHW\ LQ WKH 

ILHOG RI 7HOHFRPPXQLFDWLRQ� 
�� &UHDWH VWDWH-RI-WKH–DUW LQIUDVWUXFWXUH WR LQWHJUDWH D FXOWXUH RI UHVHDUFK ZLWK D IRFXV RQ 7HOHFRPPXQLFDWLRQ (QJLQHHULQJ 

(GXFDWLRQ� 
�� (QFRXUDJH VWXGHQWV WR EH LQQRYDWRUV WR PHHW ORFDO DQG JOREDO QHHGV ZLWK HWKLFDO SUDFWLFH� 
�� &UHDWH DQ HQYLURQPHQW IRU IDFXOW\ WR FDUU\ RXW UHVHDUFK DQG FRQWULEXWH LQ WKHLU ILHOG RI VSHFLDOL]DWLRQ� OHDGLQJ WR &HQWHU 

RI ([FHOOHQFH ZLWK IRFXV RQ DIIRUGDEOH LQQRYDWLRQ� 
�� (VWDEOLVK D VWURQJ DQG ZLGH EDVH OLQNDJH ZLWK LQGXVWULHV� 5	' RUJDQL]DWLRQ DQG DFDGHPLF ,QVWLWXWLRQV� 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3K' $ZDUGHHV LQ ���� 

'U� 3� 1DJDUDMX 
$VVRFLDWH 3URIHVVRU 

'U� 8VKD 3DGPD 
$VVRFLDWH 3URIHVVRU 

'U� .� 9LVZDYDUGKDQ 5HGG\ 
$VVLVWDQW 3URIHVVRU 

'U� 6KDPEXOLQJD 0�  
$VVLVWDQW 3URIHVVRU 



 

 

 

'U� 3UHPDQDQGD �%� 6�  
&KDLU (OHFW�  
,76 6RFLHW\  

%HQJDOXUX &KDSWHU  

'U� 1DJDPDQL .��  
6HFUHWDU\�  

,(((  6HQVRUV &RXQFLO  
%HQJDOXUX &KDSWHU  

,((( %HQJDOXUX 6HFWLRQ 2IILFH %HDUHUV 

'U� %� 5RMD 5HGG\ 
&R-RSWHG 0HPEHU�  
,(7(� %HQJDOXUX 

,(7( %HQJDOXUX 6HFWLRQ 2IILFH %HDUHUV 

'U� 5DQMDQL *�  
&R-RSWHG 0HPEHU�  
,(7(� %HQJDOXUX 

5HVHDUFK )DFLOLWLHV 
'HSDUWPHQW GHYHORSHG LQGXVWU\ EDVHG ODEV VXFK DV .H\VLJKW �$GYDQFHG 5) DQG :LUHOHVV &RPPXQLFDWLRQ /DE�� 7HMDV QHWZRUNV 
�2SWLFDO 5HVHDUFK /DE�� DQG &&79 5HVHDUFK /DE WR VWUHQJWKHQ 8�*�� 3�*� SURMHFWV DQG 5HVHDUFK DFWLYLWLHV� 7KH GHWDLOV RI WKH UHVHDUFK 
ODEV DUH OLVWHG DV IROORZV� 

�� 59&(-.H\VLJKW $GYDQFHG 5) DQG :LUHOHVV 5HVHDUFK /DE� 

7(&+12/2*,(6 6833257(' 

· *60�*356�(*356  

· :&'0$�+6'3$�+683$�+63$�  

· $036�,6��$-%�,6�����(9'2$-%  

· :/$1�%7�=LJ%HH�5),'�:L0D[�/7(  

· 0,02  

· '&-+6'3$  

· 6'5� &RJQLWLYH 5DGLR 

��    2SWLFDO 5HVHDUFK /DE� 

)$&,/,7,(6 $9$,/$%/( 7(&+12/2*,(6 6833257(' 

· 7HMDV ����& 6'+ 2SWLFDO 7UDQVSRUW  
         HTXLSPHQW  

· 621(7 

· 7HMDV ����  &:'0   (TXLSPHQW ZLWK 52$'0 
IDFLOLW\ 

· 6'+ 

· 5;7����5[7���* 7HVW VHW XS · :'0 

· 5;7���� 6: ��* 7HVW VHW XS · &:'0� ':'0� 3DFNHW 7UDQVSRUW 

��  &&79 5HVHDUFK /DE�  
,5 37= &DPHUD �03�  ��[ )XOO +' 5HFRUGLQJ -��� 0WU 
%RG\ :RUQ &DPHUD� :L-)L %XOOHW 
&DPHUD � 03 )XOO +' 5HFRUGLQJ 

,5 1HWZRUN %XOOHW &DPHUD �03 )XOO +' 5HFRUGLQJ - ��0WU 

 �03 )XOO +' 5HFRUGLQJ 

2XWGRRU &3( $FFHVV SRLQW �*+] ���0ESV ��G%L ZLWK 'XDO 3RODUL]HG 'LUHFWLRQDO $QWHQQD 

0LQL EXOOHW ,3 FDPHUDV �03 IL[HG OHQV ���PP 
195 � FKDQQHO� � 7% +'' 
:RUN 6WDWLRQ 'HOO� ,QWHO� &RUH� L�� 6WRUDJH - ���*%� �7% ����USP 6$7$ ���� +'' 

)$&,/,7,(6 $9$,/$%/( 
· $JLOHQW 9HFWRU 6LJQDO $QDO\]HU� (;$ � *+] 
· �� 6\VWHPV  ORDGHG ZLWK .H\VLJKW ('$ 7RROV 
· $JLOHQW 0,02 %DVHEDQG *HQHUDWRU 3;% 
· $JLOHQW 0L[HG 6LJQDO 2VFLOORVFRSH� � &K� � *6D�V ZLWK �� 'LJLWDO &KDQQHOV 
· $JLOHQW 9HFWRU 6LJQDO *HQHUDWRU� 0;* � *+] 
· 5	6 9HFWRU 1HWZRUN $QDO\]HU� ���� *+] 
· 6RIWZDUH 'HILQHG 5DGLR .LWV 
· .H\VLJKW :DYHIRUP *HQHUDWRU���0+] 
· 5	6 5) 6\QWKHVL]HU��*+] 
· 7HNWURQL[ PL[HG 'RPDLQ 2VFLOORVFRSH����0+] 
· 7HNWURQL[ 86% UHDO WLPH VLJQDO DQDO\]HU����*+] 



 

 

(;3(57 /(&785(6 25*$1,=(' %< 7+( '(37�����-�� 

'HWDLOV 

5HFHQW 7UHQGV LQ 'DWD 6FLHQFH DQG WKHLU 5HDO-:RUOG $SSOLFDWLRQV� RUJDQL]HG E\ %ULOOLR  RQ ���������� 

�* DQG VWDQGDUGL]DWLRQ 2UJDQL]HG DV D SDUW RI ³:7,6'´ RUJDQL]HG E\  +HDG RI 6WDQGDUGL]DWLRQ ,QGLD� 1RNLD  6WDQGDUGV –1RNLD� 
%HQJDOXUX� RQ �������� 

$QWHQQD 7HFKQRORJ\� /DWHVW 7UHQGV DQG $GYDQFHPHQWV �RQOLQH� 2UJDQL]HG DV SDUW RI 59&( ,((( $3-6  ZRUNVKRS �RUJDQL]HG 
E\ 6FLHQWLVW )� /5'(� RQ ��������� 

0HWDPDWHULDOV DQG 0HWD VXUIDFHV IRU $QWHQQD 7HFKQRORJ\� ([SORULQJ WKH )XQGDPHQWDOV� RQOLQH� 2UJDQL]HG DV SDUW RI 59&(  
,((( $3-6 ZRUNVKRS �RUJDQL]HG E\ 3URI�'HSW RI (&(� ,,6F RQ ����������  

(0, (0& 6LPXODWLRQ IRU V\VWHP OHYHO '87V XVLQJ &RPP6FRSH �RQOLQH� 2UJDQL]HG DV SDUW RI 59&( ,((( $3-6 ZRUNVKRS� 
RUJDQL]HG E\ 6LP<RJ 7HFKQRORJLHV RQ ����������  

&$(9- &RQQHFWHG $XWRQRPRXV DQG (9 $V D SDUW RI (9 %RRW FDPS �RUJDQL]HG E\ 'LUHFWRU� 0*-1XUWXUH 3URJUDP RQ ���������  

57/ 'HVLJQ 'HP\VWLILHG� DQ (QJLQHHU 	 SHUVSHFWLYH� RUJDQL]HG E\� $0'� 2UODQGR� )ORULGD� 86$ RQ ���������  

67$ DQG 2SWLPL]DWLRQ 7HFKQLTXHV� RUJDQL]HG E\ 0HGLD7HN� %HQJDOXUX RQ ���������  

0XOWLPRGDO 0(0 &ODVVLILFDWLRQ� RUJDQL]HG E\  &**� +RXVWRQ� 86$ RQ ���������  

3KDVHG $UUD\ $QWHQQD 'HVLJQ 8VLQJ +)66 �RUJDQL]HG E\ 6HQLRU 5) 'HVLJQHU� $VWURPH 7HFKQRORJLHV   RQ ����������  

5) 7UDQVFHLYHU 'HVLJQ 8VLQJ $'6 �RUJDQL]HG E\  6HQLRU +: (QJLQHHU� 0LVWUDO 6ROXWLRQV RQ ����������   

2QOLQH /HFWXUH RQ 6,: 7HFKQRORJ\ LQVSLUHG 0XOWLEDQG $QWHQQDV IRU )XWXULVWLF &RPPXQLWLRQ� RUJDQL]HG E\ ,((( 59&( &RP-
6RF� $36 DQG &$6 VRFLHWLHV  RQ ���������� 

)DFXOW\ 1DPH  'HWDLOV 

'U� . 1DJDPDQL )DFXOW\ 'HYHORSPHQW 3URJUDP RQ ³�* $GYDQFHG´ 12.,$� 0DQ\DWKD 7HFK SDUN� %HQJDOXUX GXULQJ 
���������� WR ���������� 

'U� . 1DJDPDQL $,&7( 6SRQVRUHG 2QOLQH 6KRUW-7HUP 7UDLQLQJ 3URJUDP �6773� RQ 1H[W *HQHUDWLRQ $, –5HVHDUFK 3HU-
VSHFWLYHV IURP RUJDQL]HG E\ 1DWLRQDO ,QVWLWXWH RI 7HFKQRORJ\ 1DJDODQG GXULQJ ��-��-���� WR ��-��-���� 

'U� 3 1DJDUDMX  $,&7( 7UDLQLQJ DQG /HDUQLQJ �$7$/� $FDGHP\ )DFXOW\ 'HYHORSPHQW 3URJUDP RQ &\EHUVHFXULW\ IRU 
,QGXVWU\ ��� 59&(� %HQJDOXUX GXULQJ  �-��-���� WR ��-��-���� 

'U� 3 1DJDUDMX 
2QOLQH )'3 RQ �&XWWLQJ (GJH 7HFKQRORJLHV LQ :LUHOHVV &RPPXQLFDWLRQV� 6LJQDO DQG ,PDJH 3URFHVVLQJ 
�&7:&6,3-������  -RLQWO\ RUJDQL]HG E\ 'HSDUWPHQW RI (&(� *05 ,QVWLWXWH RI 7HFKQRORJ\� 5DMDP� $3 
	 'HSDUWPHQW RI (&(� 95 6LGGKDUWKD (QJLQHHULQJ &ROOHJH� 9LMD\DZDGD $3 GXULQJ ���������� WR 
���������� 

'U� %KDJ\D 5 ³1HXUDO 1HWZRUNV DQG )X]]\ /RJLFDW 1,7775� &KDQGLJDUK GXULQJ  ���������� WR ���������� 

'U� %KDJ\D 5 
6XFFHVVIXOO\ FRPSOHWHG WKH FRXUVH RQ ³2YHUWDNLQJ 'ULYHU $VVLVWDQFH 6\VWHP 0RGHOLQJ 	 6LPXODWLRQ´  
2QOLQH PRGH 2UJDQL]HG E\ 'HSW RI 0(� 59&( LQ DVVRFLDWLRQ ZLWK 'HFLEHOV GXULQJ ��������� WR 
���������� 

'U� %KDJ\D 5 6XFFHVVIXOO\ FRPSOHWHG WKH FRXUVH RQ ³(OHFWULF 9HKLFOH 7HFKQRORJ\ &HUWLILFDWLRQ &RXUVH´ )URP 'HFLEHOV� 
2QOLQH PRGH 2UJDQL]HG E\ 'HSW RI 0(� 59&( LQ DVVRFLDWLRQ ZLWK 'HFLEHOV ���������� WR ���������� 

'U� 5RMD 5HGG\ % 
'U� 6KDQWKL 3� ³1HXUDO 1HWZRUNV DQG )X]]\ /RJLFDW 1,7775� &KDQGLJDUK GXULQJ  ���������� WR ���������� 

'U� 5RMD 5HGG\ % � GD\V 7UDLQLQJ RQ 1YLGLD VHWXS RUJDQL]HG E\  'HSW RI (7(� 59&( GXULQJ  ���������� WR ���������� 

'U� 6DUDVZDWKL . )DFXOW\ 'HYHORSPHQW 3URJUDP RQ ³�* $GYDQFHG´ 12.,$� 0DQ\DWKD 7HFK SDUN� %HQJDOXUX GXULQJ 
���������� WR���������� 

0U� 0LWKXQ 7 3 
�-'D\V +DQGV-RQ :RUNVKRS RQ 0LFURFRQWUROOHUV DQG 3URJUDPPLQJ ,((( 59&( 6HQVRUV &RXQFLO &KDS-
WHU LQ DVVRFLDWLRQ ZLWK 'HSW RI (OHFWURQLFV DQG ,QVWUXPHQWDWLRQ (QJLQHHULQJ� 'XULQJ ���������� WR 
���������� 

'U� 5DQMDQL� * )DFXOW\ 'HYHORSPHQW 3URJUDP RQ ³�* $GYDQFHG´ 12.,$� 0DQ\DWKD 7HFK SDUN� %HQJDOXUX GXULQJ 
���������� WR ���������� 

'U� 5DQMDQL * ³1HXUDO 1HWZRUNV DQG )X]]\ /RJLFDW 1,7775� &KDQGLJDUK GXULQJ  ���������� WR ���������� 
'U� 5DQMDQL * � GD\V 7UDLQLQJ RQ 1YLGLD VHWXS RUJDQL]HG E\  'HSW RI (7(� 59&( GXULQJ ���������� WR ���������� 

0UV� 1HHWKX 6 
$,&7( 7UDLQLQJ $QG /HDUQLQJ �$7$/� $FDGHP\ )DFXOW\ 'HYHORSPHQW 3URJUDP RQ ³5HFHQ $GYDQFHV LQ 
(OHFWULF 9HKLFOH 7HFKQRORJLHV� &KDOOHQJHV DQG 6ROXWLRQV´� 'D\DQDQGD 6DJDU &ROOHJH RI (QJLQHHULQJ� 
%HQJDOXUX GXULQJ  ���������� WR ����������� 

0UV� 6DQGK\D + %  0RGHOOLQJ &RPPXQLFDWLRQ 6\VWHPV XVLQJ 0$7ODE &RUH(/ 7HFKQRORJLHV �,� 3YW /WG� �%DQJORUH GXULQJ  
����� �����	 ��������� 

:25.6+236 $77(1'(' %< )$&8/7<�����-���� 



 

 

 ,19,7(' 7$/.6 '(/,9(5(' %< )$&8/7<� ����-���� 

,1'8675,$/ 9,6,76�����-���� 

)DFXOW\ 1DPH 7RSLF 9HQXH 

'U� .� 6UHHODNVKPL  (OHFWURQLF FRPSXWHU +DUGZDUH  %(/� %HQJDOXUX� ����������  

'U� %KDJ\D 5 ,R7� FKDOOHQJHV� $SSOLFDWLRQV DQG RSSRU-
WXQLWLHV XVLQJ $,V 

.H\QRWH VSHDNHU LQ WKH )LUVW ,QWHUQDWLRQDO FRQIHUHQFH RQ 
$UWLILFLDO LQWHOOLJHQFH IRU ,QWHUQHW RI 7KLQJV �$,�,27� 
���������� 

'U� 3UHPDQDQGD %�6� 2YHUYLHZ RI $SSOLFDWLRQ-6SHFLILF ,QWH-
JUDWHG &LUFXLWV 

'HSW� RI (	&� 3(6&(� 
0DQG\D���������� 

'U� 6KDQWKL 3� 5) 6\VWHP 'HVLJQ FRQVLGHUDWLRQV DQG 5) 
$FWLYH FRPSRQHQWV %KDUDW (OHFWURQLFV /LPLWHG� %HQJDOXUX  ���������� 

'U� 6KDQWKL 3� 
  

5) %DVLFV DQG 5) 0HDVXUHPHQWV WR 7DWD 
$GYDQFHG V\VWHPV 

7$7$ $GYDQFHG 6\VWHPV (OHFWURQLF &LW\� %HQJDOXUX� 
���������� 	 ���������� 

'U� 6KDQWKL 3� 
  

5) $FWLYH DQG 3DVVLYH FLUFXLW 'HVLJQ 8V-
LQJ $:5 �RQOLQH� 2UJDQL]HG DV SDUW RI 
59&( ,((( $3-6 

'HSW RI (7(� 59&(� ���������� 

'U� 6KDPEXOLQJD 0� (0, 	 (0& WR 7DWD $GYDQFHG V\VWHPV 7$7$ $GYDQFHG 6\VWHPV (OHFWURQLF &LW\� %HQJDOXUX� 
���������� 	 ���������� 

,QGXVWU\ 1DPH 	 $GGUHVV 'HWDLOV 

%05&/ %\DSSDQDKDOOL 0HWUR 
6WDWLRQ � %HQJDOXUX 
 

7R 9LVLW WKH VXUYHLOODQFH URRP� $)& 6HUYHU URRP� &HQWUDOL]HG GLJLWDO 5DGLR V\VWHP 
'DWH����������� 
)RU �WK 6HP %7( DQG 0 7HFK 6WXGHQWV 
&RRUGLQDWRUV� 'U� . 1DJDPDQL� 'U� . 6DUDVZDWKL� 'U� %KDJ\D 5� 

(OHFWURQLFV 	 5DGDU 'HYHORS-
PHQW (VWDEOLVKPHQW �/5'( 
'5'2� %HQJDOXUX 

7R JDLQ WKH NQRZOHGJH UHJDUGLQJ WKH VWDWH  RI WKH DUW WHFKQRORJ\ RQ 5$'$56 DQG LWV GH-
IHQVH DSSOLFDWLRQV 
'DWH� ���������� 
)RU �WK 6HP (7( 6WXGHQWV 
&RRUGLQDWRUV� 'U� 6DUDVZDWKL .� 'U� %KDJ\D 5� 'U� 1DJDPDQL .� 

9LGKDQD 6RXGKD� %HQJDOXUX 
$V SDUW RI ([SHULHQWLDO OHDUQLQJ IRU WKH FRXUVH )XQGDPHQWDOV   RI ,QGLDQ FRQVWLWXWLRQ 
'DWH� ���������� 
)RU �QG 6HP (7( 6WXGHQWV 
&RRUGLQDWRUV� 'U� 8VKD 3DGPD� 'U� %KDJ\D 5� 'U 3� 1DJDUDMX 

8 5 5DR 6DWHOOLWH� ,652� 2OG 
+$/ DLUSRUW URDG� QH[W WR 1$/� 
%HQJDOXUX-������ 

,QGXVWULDO YLVLW DV D SDUW RI 6NLOO ODE 
7KH VWXGHQWV FDQ JHW WKH H[SRVXUH WR LQGXVWU\ 	 FDQ HQKDQFH WKHLU NQRZOHGJH  
'DWH� ����������� 
)RU �UG 6HP 8*  VWXGHQWV 

0(025$1'$ 2) 81'(567$1',1* �028� � 0(025$1'$ 2) $*5((0(17 �02$������-���� 

2UJDQL]DWLRQ 0R8 H[HFXWHG GDWH 9DOLGLW\ RI WKH 0R8 � 0R$ 

*UHHQHULD 5HQHZDEOH 7HFKQRORJLHV 3YW /WG ���������� � <HDUV 

3DUWLFLSDWLQJ )DFXOW\� 'U� .� 6DUDVZDWKL 
 
7KLV 0R8 LV UHJDUGLQJ WKH UHVHDUFK FRQVXOWDQF\ VHUYLFHV DQG SURGXFH GHOLYHUDEOHV SHUWDLQLQJ GHVLJQ DQG GHYHORSPHQW                                
DXWRPDWHG ZDVWH VHJUHJDWLRQ RI PXQLFLSDO VROLG ZDVWH� 

12.,$ ���������� � <HDUV 

3DUWLFLSDWLQJ )DFXOW\� 'U� 5RMD 5HGG\ %� 
 
7KLV 0R8 RIIHUV ,QWHUQVKLS� 3URMHFWV� DQG ,QGXVWU\ EDVHG HOHFWLYH QDPHG $GYDQFHG �*� IRU SRVW JUDGXDWLRQ �0� 7HFK� VWXGHQWV� 



 

 

 

 

-2851$/ 38%/,&$7,21 %< )$&8/7<� ����-���� 

)DFXOW\ 1DPH 7LWOH -RXUQDO 1DPH� 9ROXPH 	 1R� 
,VVXH 3DJH 1R� 

0U� 7 3 0LWKXQ 'HVLJQ DQG 'HYHORSPHQW RI 0RWLRQ %DVHG 
&RQWLQXRXV 6LJQ /DQJXDJH 'HWHFWLRQ 

,QWHUQDWLRQDO 5HVHDUFK -RXUQDO RI (QJLQHHULQJ DQG 
7HFKQRORJ\���������-��� 

0U� 7 3 0LWKXQ 
'U� 6UHHODNVKPL . 

'HVLJQ RI 0XOWLEDQG $QWHQQD 8VLQJ '*6 )RU 
8:% $SSOLFDWLRQ 

-RXUQDO RI (PHUJLQJ 7HFKQRORJLHV DQG ,QQRYDWLYH 
5HVHDUFK����������-��� 

'U� 3UHPDQDQGD %�6� 
763&-$9/6 %DVHG /RZ-3RZHU ����� 'XDO 
0RGXOXV 3UHVFDOHU 'HVLJQ 
$9/6-EDVHG ����� 3UH-VFDOHU IRU IUHTXHQF\ 
GLYLGHUV 

,(7( -RXUQDO RI 5HVHDUFK 
 
H-3ULPH - $GYDQFHV LQ (OHFWULFDO (QJLQHHULQJ� (OHF-
WURQLFV DQG (QHUJ\�����-� 

1DQGLWKD .� �  
'U� 1DJDPDQL .� 

$ 'HHS /HDUQLQJ 0RGHO IRU 1HXUDO 1HWZRUN 
2SWLPL]DWLRQ IRU *ODXFRPD &ODVVLILFDWLRQ 
XVLQJ )XQGXV DQG 2FW )HDWXUH )XVLRQ 

-RXUQDO RI (OHFWULFDO 6\VWHPV �4��� ��-�V� ����� 33 
���-��� 

'U�6KDQWKL 3� 
$GLVK�%KXYDQD� 
7ULVKD 

0RGHOOLQJ DQG 2SWLPL]DWLRQ RI VLJQDOV 8VLQJ 
0DFKLQH /HDUQLQJ  7HFKQLTXHV 

6SULQJHU 1DWXUH-/HFWXUH 1RWHV LQ 'DWD (QJLQHHULQJ 
DQG &RPPXQLFDWLRQ 7HFKQRORJLHV� ��� 

0DQRM .XPDU 5��  
'U� %KDJ\D 5�  
%KDUDWKL 5�  

'HVLJQ DQG LPSOHPHQWDWLRQ RI 8$9-DVVLVWHG 
FRPPXQLFDWLRQ LQ UHPRWH GLVDVWHU DUHDV XVLQJ 
$, IRU �* QHWZRUN 

�QG +LQZHLV ,QWHUQDWLRQDO FRQIHUHQFH RQ $UWLILFLDO 
,QWHOOLJHQFH DQG 'DWD 6FLHQFH� $,'(-����� 2FW-��� 
����� 3XEOLVKHG LQ *UHQ]H ,QWHUQDWLRQDO -RXUQDO RI 
(QJLQHHULQJ DQG 7HFKQRORJ\� -DQ ,VVXH� ���� 
33 ���-����  

:25.6+23 $77(1'(' %< 7(&+1,&$/ 67$))� ����-���� 

6WDII  1DPH &RQIHUHQFH � :RUNVKRS � 6HPLQDU�ZHELQDU 9HQXH�2UJDQL]HG E\ 

0U� 6XGDUVKDQ 6 � 'D\V 7UDLQLQJ RQ  $UWLILFLDO ,QWHOOLJHQFH DQG 
0DFKLQH /HDUQLQJ   XVLQJ  19,',$ 

'HSW RI (7(� 59 &ROOHJH RI (QJLQHHULQJ  LQ DV-
VRFLDWLRQ ZLWK *, 9HQWXUHV� ���������� WR 
���������� 

0U� 6XGKDQ *RZGD % 6 �-'D\V +DQGV-RQ :RUNVKRS RQ 0LFURFRQWURO-
OHUV DQG 3URJUDPPLQJ 

,((( 59&( 6HQVRUV &RXQFLO &KDSWHU LQ DVVRFLD-
WLRQ ZLWK 'HSW RI  (OHFWURQLFV DQG ,QVWUXPHQWD-
WLRQ (QJLQHHULQJ SUHVHQWV ����������� WR 
���������� 

0UV� .DYLWKD $ 
0U� 6DQWKRVK * 

� 'D\V ZRUNVKRS RQ ³/DE HVVHQWLDOV IRU QRQ-
WHDFKLQJ DQG VXSSRUWLQJ VWDII´ 

2UJDQL]HG E\ 'HSW RI (&(� 1,(� 0\VX-
UX ����������� WR ���������� 

0U� 6XGDUVKDQ 6 
0U� 1DWDUDM . 
0U� 6XGKDQ *RZGD % 6  

� 'D\ 7UDLQLQJ SURJUDPPH RQ ³&DPSXV ,7 
,QIUDVWUXFWXUH´ 

,30* WHDP LQ DVVRFLDWLRQ ZLWK 0�V� 2UELW 7HFK-
VRO� XQGHU ,4$& ����������� WR ���������� 

0U� 6XGKDQ *RZGD % 6  
� :HHNV ,QGXVWULDO 7UDLQLQJ RQ (PEHGGHG 
6\VWHP ZLWK 5RERWLFV 	 ,R7 8VLQJ $:6  � 
0DWK:RUNV ZHELQDU� 8VLQJ 0$7/$% ZLWK 
3\WKRQ 

(GX/DNHV 6ROXWLRQV //3 ,Q $VVRFLDWLRQ ZLWK 
1DWLRQDO 6HUYLFH 6FKHPH �166� - ,,7 5RRUNHH 
0DWKZRUNV  

0U� 6XGDUVKDQ 6 � :HHNV ,QGXVWULDO 7UDLQLQJ RQ (PEHGGHG 
6\VWHP ZLWK 5RERWLFV 	 ,R7 8VLQJ $:6  

(GX/DNHV 6ROXWLRQV //3 ,Q $VVRFLDWLRQ ZLWK 
1DWLRQDO 6HUYLFH 6FKHPH �166� - ,,7 5RRUNHH� 
���������� WR ���������� 

3$7(17 ),/(' '(7$,/6� ����-���� 

7LWOH $XWKRU 3DWHQW )LOHG RQ 6WDWXV 

$ 6PDUW $XWRPDWLF ZDVWH VHJUHJDWRU 
IRU 0L[HG ZDVWH ZLWK 1HRG\PLXP 
PDJQHWV DQG SUR[LPLW\ VHQVRUV� 

�� 'U�9LQXWKD 0RVHV 
�� 'U� . 6DUDVZDWKL 'DWH� ���������� 

$SSOLHG 
3DWHQW QR � 
������������ 

0HWKRG $QG 'HYLFH IRU 7UDFNLQJ DQ 
2EMHFW 

�� 0U� 7� 3� 0LWKXQ 
�� 9LVKHVK 9LQRG 
�� ,VKZDU\D 6ULQLYDVDQ 
�� 3UDFKHWD % $ 
�� 9LYHN $QDQG 

'DWH� ���������� 
206 'RFNHW 1R� 206������������ 
3DWHQW 1XPEHU� ������ 
$SSOLFDWLRQ 1XPEHU� ������������ 

*UDQWHG RQ� 
 ���������� 



 

 

7HOHFRPPXQLFDWLRQV LV D UDSLGO\ HYROYLQJ LQGXVWU\ ZLWK ERRPLQJ �* DQG �* WHFKQRORJLHV WKDW LV EHLQJ WUDQVIRUPHG E\ WKH LQWHJUDWLRQ RI PD-
FKLQH OHDUQLQJ WHFKQRORJLHV DQG $UWLILFLDO ,QWHOOLJHQFH� 2QH RI WKH NH\ DSSOLFDWLRQV RI PDFKLQH OHDUQLQJ LQ WHOHFRP LV QHWZRUN RSWLPL]DWLRQ� 
0DFKLQH OHDUQLQJ LV UHYROXWLRQL]LQJ WKH WHOHFRP LQGXVWU\ E\ HQDEOLQJ FRPSDQLHV WR RSWLPL]H WKHLU QHWZRUNV� GHOLYHU SHUVRQDOL]HG H[SHULHQFHV 
WR FXVWRPHUV� DQG LPSURYH IUDXG GHWHFWLRQ�  0DFKLQH OHDUQLQJ DOJRULWKPV FDQ DQDO\VH YDVW DPRXQWV RI QHWZRUN GDWD WR LGHQWLI\ SDWWHUQV� GHWHFW 
DQRPDOLHV� DQG PDNH SUHGLFWLRQV DERXW QHWZRUN XVDJH� 7KLV LQIRUPDWLRQ FDQ EH XVHG WR RSWLPL]H QHWZRUN SHUIRUPDQFH� UHGXFH GRZQWLPH� DQG 
LPSURYH RYHUDOO HIILFLHQF\� )RU H[DPSOH� PDFKLQH OHDUQLQJ DOJRULWKPV FDQ SUHGLFW QHWZRUN WUDIILF SDWWHUQV� DOORZLQJ WHOHFRP FRPSDQLHV WR 
SURDFWLYHO\ DOORFDWH EDQGZLGWK DQG UHVRXUFHV WR PHHW FXVWRPHU GHPDQG� 
0DFKLQH OHDUQLQJ LV  PDNLQJ D VLJQLILFDQW LPSDFW LQ WHOHFRP LQGXVWU\ E\ LQFUHDVLQJ WKH  FXVWRPHU H[SHULHQFH� %\ DQDO\VLQJ FXVWRPHU GDWD� PD-

FKLQH OHDUQLQJ DOJRULWKPV FDQ LGHQWLI\ SDWWHUQV DQG SUHIHUHQFHV� DOORZLQJ 
WHOHFRPPXQLFDWLRQV FRPSDQLHV WR SURYLGH SHUVRQDOL]HG H[SHULHQFHV WR WKHLU 
FXVWRPHUV� )RU H[DPSOH� PDFKLQH OHDUQLQJ DOJRULWKPV FDQ SUHGLFW ZKLFK FXV-
WRPHUV DUH PRVW OLNHO\ WR FKXUQ DQG WDUJHW WKHP ZLWK WDLORUHG SURPRWLRQV DQG 
RIIHUV� ,Q DGGLWLRQ� PDFKLQH OHDUQLQJ DOJRULWKPV FDQ EH XVHG WR DQDO\VH FXV-
WRPHU IHHGEDFN DQG VHQWLPHQW� DOORZLQJ WHOHFRP FRPSDQLHV WR LGHQWLI\ DUHDV 
ZKHUH WKH\ FDQ LPSURYH WKHLU VHUYLFHV� 0DFKLQH OHDUQLQJ LV DOVR EHLQJ XVHG LQ 
WKH WHOHFRP LQGXVWU\ WR LPSURYH WKH DFFXUDF\ DQG VSHHG RI IUDXG GHWHFWLRQ� 
)UDXGXOHQW DFWLYLWLHV� VXFK DV SKRQH FORQLQJ� FDOO IUDXG� DQG 6,0 VZDSSLQJ� 
DUH D PDMRU FRQFHUQ IRU WHOHFRP FRPSDQLHV� 0DFKLQH OHDUQLQJ DOJRULWKPV FDQ 
DQDO\]H QHWZRUN GDWD LQ UHDO-WLPH WR GHWHFW XQXVXDO SDWWHUQV RI EHKDYLRU DQG 
DOHUW RSHUDWRUV WR SRWHQWLDO IUDXG� 7KLV FDQ KHOS WHOHFRP FRPSDQLHV UHGXFH 
WKHLU H[SRVXUH WR ILQDQFLDO ORVVHV DQG LPSURYH RYHUDOO VHFXULW\� 
$UWLILFLDO LQWHOOLJHQFH �$,� LV UHYROXWLRQL]LQJ RXU ZRUOG� IURP IDFWRULHV DQG 
WUDQVSRUW WR WKH FRQWHQW ZH FRQVXPH – DQG QHWZRUNV DUH QR H[FHSWLRQ� $UWLIL-
FLDO LQWHOOLJHQFH �$,� LV EH\RQG GLVUXSWLYH� $UJXDEO\ WKH VHFRQG ELJJHVW OHDS 
LQ WKH WHFKQRORJLFDO UHYROXWLRQ VLQFH WKH ZLGHVSUHDG DGRSWLRQ RI FRPSXWHUV� LW 
LV DOUHDG\ WUDQVIRUPLQJ LQGXVWULHV ZRUOGZLGH – DQG HYHQ FUHDWLQJ QHZ RQHV � 

$V QHWZRUNV DUH H[SDQGLQJ LQ ERWK VFRSH DQG DUHDV RI XVDJH� UHFHQW DQG HPHUJLQJ VHUYLFHV DUH UHTXLULQJ DOZD\V-RQ SHUIRUPDQFH� XOWUD-
UHOLDELOLW\ DQG ORZ ODWHQF\� KLJK OHYHOV RI VHFXULW\ SOXV D QHWZRUN ZLWK WKH FDSDELOLW\ WR VXSSRUW PDQ\ GLYHUVH XVH FDVHV� ,W LV SRVVLEOH GXH WR WKH 
�* ZKLFK LV IXOILOOLQJ WKH HYHU-LQFUHDVLQJ GHPDQGV DQG UHTXLUHPHQWV DQG ULVLQJ H[SHFWDWLRQV – IURP LPSURYLQJ SHUIRUPDQFH DQG FDSDFLW\ WR 
ORZHULQJ HQHUJ\ FRQVXPSWLRQ� 
$W WKH VDPH WLPH� WKH HYROXWLRQ WR �*��*� ,R7 DQG HGJH FRPSXWLQJ PHDQV WKH PRELOH HFRV\VWHP DQG QHWZRUNV DUH EHFRPLQJ HYHU PRUH FRP-
SOH[� :H¶UH DW D SRLQW ZKHUH RXU QHWZRUNV VLPSO\ PXVW GHOLYHU YDOXH EH\RQG MXVW FRQQHFWLYLW\� )RUWXQDWHO\� ZLWK WKH SRZHU RI GDWD DQG LQWHOOL-
JHQFH HQDEOLQJ DGYDQFHG DXWRPDWLRQ VHUYLFHV� WKLV LV QRZ SRVVLEOH� $, DQG PDFKLQH OHDUQLQJ DUH DOUHDG\ SURYLQJ WKHLU ZRUWK� GHOLYHULQJ VLJQLIL-
FDQW EHQHILWV WR WHOHFRP RSHUDWRUV LQ VHYHUDO DUHDV� 
 

E\ 'U� 1$*$0$1, .� 3URIHVVRU� 'HSW� RI  (7(� 59&( 
 

%DWWHU\ 0DQDJHPHQW 6\VWHPV �%06� DUH FUXFLDO LQ HOHFWULF YHKLFOHV �(9V�� RYHUVHHLQJ WKH EDWWHU\ SDFNV WKDW SRZHU WKHVH YHKLFOHV� 7RGD\� 

%06 HQVXUHV WKH VDIHW\ DQG RSWLPDO SHUIRUPDQFH RI (9 EDWWHULHV E\ PRQLWRULQJ FULWLFDO SDUDPHWHUV VXFK DV YROWDJH� FXUUHQW� WHPSHUDWXUH� DQG 
VWDWH RI FKDUJH �62&�� %06 EDODQFHV FHOO FKDUJH OHYHOV WR DYRLG RYHUFKDUJLQJ DQG RYHU-GLVFKDUJLQJ ZKLOH RIIHULQJ SURWHFWLRQ DJDLQVW KD]DUGV 
OLNH VKRUW FLUFXLWV� 7KLV FRPSUHKHQVLYH PDQDJHPHQW XVHV LQWHJUDWHG FLUFXLWV DQG VRSKLVWLFDWHG VRIWZDUH DOJRULWKPV WR HQVXUH EDWWHULHV RSHUDWH 

ZLWKLQ VDIH OLPLWV� HQKDQFLQJ ERWK SHUIRUPDQFH DQG OLIHVSDQ� 
+RZHYHU� %06 IDFHV VHYHUDO WHFKQLFDO FKDOOHQJHV� LQFOXGLQJ LQFUHDVHG 
FRPSOH[LW\� KLJKHU FRVWV� VDIHW\ FRQFHUQV� VFDODELOLW\� DQG FRPPXQLFDWLRQ 
GHPDQGV� $V (9 EDWWHULHV JURZ ODUJHU DQG PRUH FRPSOH[� %06 PXVW KDQ-
GOH YDVW DPRXQWV RI GDWD DQG PDLQWDLQ SUHFLVH FRQWURO� ZKLFK FDQ FRPSOLFDWH 
GHVLJQ DQG PDQXIDFWXULQJ� 6DIHW\ LV FULWLFDO GXH WR WKH KLJK HQHUJ\ GHQVLW\ 
RI PRGHUQ OLWKLXP-LRQ EDWWHULHV� QHFHVVLWDWLQJ UREXVW IDXOW WROHUDQFH DQG IDLO
-VDIH PHFKDQLVPV� 'HVSLWH WKHVH FKDOOHQJHV� %06 EULQJV VLJQLILFDQW EHQH-
ILWV� VXFK DV HQKDQFHG VDIHW\ WKURXJK FRQWLQXRXV PRQLWRULQJ DQG LPSURYHG 
EDWWHU\ OLIH YLD FHOO EDODQFLQJ� (QHUJ\ HIILFLHQF\ LV DOVR LPSURYHG E\ RSWL-
PL]LQJ FKDUJLQJ DQG GLVFKDUJLQJ SURFHVVHV� ZKLOH GLDJQRVWLF FDSDELOLWLHV 
VXSSRUW SUHGLFWLYH PDLQWHQDQFH� ZKLFK FDQ EH PRQLWRUHG UHPRWHO\ WKURXJK 
,R7 WHFKQRORJ\� /RRNLQJ WR WKH IXWXUH� %06 ZLOO LQFRUSRUDWH DGYDQFHG 
WHFKQRORJLHV OLNH DUWLILFLDO LQWHOOLJHQFH DQG PDFKLQH OHDUQLQJ IRU HQKDQFHG 
IDXOW GHWHFWLRQ DQG SUHGLFWLYH PDLQWHQDQFH� :LWK ,R7 LQWHJUDWLRQ� ZLUHOHVV 
DQG UHPRWH PRQLWRULQJ FDQ UHYROXWLRQL]H KRZ %06 FRPPXQLFDWHV ZLWK 
RWKHU (9 V\VWHPV DQG ZLWK H[WHUQDO LQIUDVWUXFWXUH� DOORZLQJ UHDO-WLPH PRQL-
WRULQJ DQG RYHU-WKH-DLU �27$� XSGDWHV� $GYDQFHG WKHUPDO PDQDJHPHQW ZLOO 
EH FUXFLDO DV EDWWHU\ HQHUJ\ GHQVLW\ LQFUHDVHV� UHTXLULQJ LQQRYDWLYH FRROLQJ 
VROXWLRQV WR PDLQWDLQ RSWLPDO RSHUDWLQJ WHPSHUDWXUHV� 6WDQGDUGL]DWLRQ DQG 
LQWHURSHUDELOLW\ DUH DOVR HVVHQWLDO� SURPRWLQJ VHDPOHVV LQWHJUDWLRQ ZLWK YDUL-
RXV (9 PRGHOV DQG FKDUJLQJ QHWZRUNV� $V %06 WHFKQRORJ\ HYROYHV� LW ZLOO 
SOD\ D SLYRWDO UROH LQ VXSSRUWLQJ WKH JURZWK RI HOHFWULF YHKLFOHV DQG IRVWHU-
LQJ D VXVWDLQDEOH WUDQVSRUWDWLRQ HFRV\VWHP� 
 

 E\ 6KLID 5DILD � 'U� . �6$5$6:$7+,�  
$VVRFLDWH 3URIHVVRU� 'HSW� RI (7(� 59&( 

$57,),&,$/ ,17(//,*(1&( $1' 0$&+,1( /($51,1* ,1 7(/(&20081,&$7,21 

7+( &25( 2) (/(&75,& 02%,/,7<� %$77(5< 0$1$*(0(17 6<67(06 

)LJ� %DWWHU\ 0DQDJHPHQW V\VWHPV 



 

 

 

 

 
 
 
 
 
 

,1'8675< 9,6,76 

(OHFWURQLFV 	 5DGDU 'HYHORSPHQW (VWDEOLVKPHQW �/5'( �� '5'2� %HQJDOXUX 

%05&/ %\DSSDQDKDOOL 0HWUR 6WDWLRQ � %HQJDOXUX 

)DFXOW\ 'HYHORSPHQW 3URJUDP RQ ³�* $GYDQFHG´ 12.,$� 0DQ\DWKD 7HFK SDUN� %HQJDOXUX 



 

 

 

632576 $&+,(9(0(176 

'U� 06 5DPDLDK 0HPRULDO %DVNHWEDOO �0HQ 	 :RPHQ� 7RXUQD-
PHQW� 9HQXH� 06 5DPDLDK ,QVWLWXWH RI 7HFKQRORJ\� 'DWH� ��-
��WK 1RYHPEHU ���� 

978 6WDWH /HYHO ,QWHU]RQH %DVNHWEDOO 7RXUQDPHQW� 9HQXH� 06 
5DPDLDK ,QVWLWXWH 2I 7HFKQRORJ\� 'DWH� ��WK 1RYHPEHU-�VW      
'HFHPEHU ���� 

978 6WDWH /HYHO 1HWEDOO &KDPSLRQVKLS� 9HQXH� 0DOQDG &ROOHJH RI 
(QJLQHHULQJ� +DVVDQ� 'DWH� ��-�� -DQXDU\ ���� 

978 %DQJDORUH 'LYLVLRQ 1HWEDOO 0HQ
V 7RXUQDPHQW� 9HQXH� 
$FKDU\D ,QVWLWXWH 2I 7HFKQRORJ\� 'DWH� ��WK -DQXDU\ ���� 

$/80,1, ,17(5$&7,21 



 

 

$ERXW WKH &R&� 
7KH &HQWUH RI �* DQG (PHUJLQJ :LUHOHVV WHFKQRORJLHV DW 59 &ROOHJH RI (QJLQHHULQJ� ZDV VWDUWHG LQ 6HSWHPEHU ���� WR VXSSRUW WUDLQLQJ� 
FRQVXOWDQF\ DQG 5HVHDUFK� 7KH FHQWUH DLPV DW HQKDQFLQJ WKH NQRZOHGJH DQG VNLOO WKURXJK WUDLQLQJ� 7KH FHQWUH IRFXVHV RQ XQGHUWDNLQJ LQWHU-
GLVFLSOLQDU\ UHVHDUFK SURMHFWV WKURXJK FROODERUDWLRQ ZLWK LQGXVWU\ DQG UHVHDUFK RUJDQL]DWLRQV� 7KH FHQWUH KDV VLJQHG DQ 0R8 ZLWK WKH 7HN-
WURQL[ ,QGLD 3ULYDWH /LPLWHG WR SURYLGH WUDLQLQJ IRU VWXGHQWV WR HQKDQFH WKH NQRZOHGJH LQ WKH �* DQG DOOLHG WHFKQRORJLHV� 

 
 

$&7,9,7(6 &$55,(' 287 81'(5 �* &(175( 

&(175( 2) �* $1' (0(5*,1* :,5(/(66 7(&+12/2*,(6 

,QWHUQVKLS RIIHUHG XQGHU &HQWUH RI �* DQG (PHUJLQJ :LUHOHVV  
7HFKQRORJLHV 

,QGXVWU\ RIIHUHG HOHFWLYH� $GYDQFHG �* E\ 12.,$� DQG 6RIWZDUH 'HILQHG 1HWZRUN E\ 7(.7521,&6 397 /7' 

$XWKRUVKLS :RUNVKRS ZDV RUJDQLVHG XQGHU ,((( 636 %DQJDORUH &KDSWHU� ,((( 6HQVRUV &RXQFLO %DQJDORUH &KDSWHU� (PSRZHULQJ 
5HVHDUFKHUV� ,QVLJKWV RQ 5HVHDUFK 3DSHU :ULWLQJ� 3XEOLVKLQJ DQG ,3 ,VVXHV�  

59&( KDV 028 ZLWK 12.,$ ZKLFK RIIHUV ,QWHUQVKLS� 3URMHFWV� 
DQG ,QGXVWU\ EDVHG HOHFWLYH $GYDQFHG �*� VLJQHG LQ $SULO ����  



 

 

2Q DFFRXQW RI ³:RUOG 7HOHFRPPXQLFDWLRQ DQG ,QIRUPDWLRQ 6RFLHW\ 'D\–:7,6'-����

�  WZR GD\ QDWLRQDO FRQIHUHQFH RQ ³'LJLWDO 7HFKQROR-
JLHV IRU 5RDG 6DIHW\´ ZDV RUJDQL]HG GXULQJ ��WK DQG ��WK 0D\� ����� 7KH WKHPH SURSRVHG IRU :7,6'-���� E\ ,78 LV ³(PSRZHULQJ WKH 
OHDVW GHYHORSHG FRXQWULHV WKURXJK LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV�

 
1DWLRQDO &RQIHUHQFH LV DQ DQQXDO HYHQW RI WKH GHSDUWPHQW WR VSUHDG DZDUHQHVV� UHVHDUFK RSSRUWXQLWLHV IRU VHUYLQJ WKH VRFLHW\ DQG HQKDQFLQJ 
WHFKQLFDO LQWHUDFWLRQ DPRQJ IDFXOW\� UHVHDUFKHUV DQG VWXGHQWV� 7KH IROORZLQJ HYHQWV ZHUH FRQGXFWHG DV D SDUW RI WKH FHOHEUDWLRQV� WHFKQLFDO 
WDONV� SDSHU SUHVHQWDWLRQV� UHOHDVH RI WKH GHSDUWPHQW QHZVOHWWHU DQG DZDUG RI $UXQRGD\D 6FKRODUVKLS�  

:25/' 7(/(&20081,&$7,21 $1' ,1)250$7,21 62&,(7< '$<� :7,6'-���� 
1$7,21$/ &21)(5(1&( 21 ³',*,7$/ 7(&+12/2*,(6 )25 52$' 6$)(7<´ 

2XU 5HFUXLWHUV 

 

$UXQRGD\D 6FKRODUVKLS 5HFLSLHQWV 
 
5HOHDVH RI 7DUDQJDYDQL - 'HSW� 1HZVOHWWHU 

                           &25( 3/$&(0(176 

678'(17¶6 $&+,(9(0(17 

1&& 59&( (PHUJHG YLFWRULRXV LQ WKH FXOWXUDO FRPSHWLWLRQ LQ WKH 
&RPELQHG DQQXDO WUDLQLQJ FDPS FRQGXFWHG E\ � .DUQDWDND %1 1&&�  

'UHDP &RPSDQ\ &7& 2IIHUHG 

4XDOFRPP �� /3$ 

6$3 �� /3$ 

3KRQH3H  ���� /3$ 

+3( ���� /3$ 

)OLSNDUW �� /3$ 

7UHVYLVWD  ���� /3$ 

$LU%XV �� /3$ 

19LGLD � /3$ 

'$67$$1 VHFXULQJ �VW SODFH DW YDULRXV EDWWOHV RI EDQGV KHOG DW 
SURPLQHQW FROOHJHV� 



 

 

2XU 6SRQVRUV 


