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Chapterl  QWURGXFWLRQ

1.1 3URWHLQ VWUXFWXUH

$SURWHLQ SR B ISRISRORRM BILG/DIXHR! WIKPH. QR DFLGV

WLGH ERQGV WKI
MUDRROGRAXOULEH (
PLQR DFLGV OLQ
IEKESKAL X W H D 7 H H

JQRZQ DV VHFRQ
IWZHHQ SHSWLGH
, VWUXFWXUH RI
VZHHQ WKH VLGH
LQFOXGLQJ K\GDREHY X2 RBOB \VZHDR\®WRSKRELF DQG

K\GURSKLOLF LQWHMHBBWLRQV VVHXQFWXUH LQYROYHV P
FKDLQV VXEXQLWYV LW IRUPV D TXDWHUQDU\ VWUXF
VWUXFWXUH LV WKH FRPSOH[ DUGBIQBEKBHQW ZRIWKX QW

SURWHHIOQVRQ HW DO
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+LVWRU\ RI SURDMHHLWHDWBKFW XU

5SHVHDUFK RQ WKH WHUWZDV \LQWW WEKW34&H OR ES (QROIWHE
KHPRJORELQ(D®@RQ +RZHYWKH LGHQWLILFDWLRQ RI W
VWUKNFRMXSYUBWHRQFHG RYBGXWKOMW\QH[W VHYHUDO GHFD
SURWHLQ VWUXFWXUH GDWDEDVH ZDV HVWDEOLVKHG L
VWUXEWWHH YV SWHURGQ HW ®LADFH WKH V DGYDQFHV L

PDQLS "~ =7 i =TT T TTTTMGRHRQR T SRVVLEOH

UHY LL JXEQRKMHVRH SUR\
(I ID@H B U SURIWHP LY
1RIVL\R QF X, @D U
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FRQG:\ =) SHYHORSPHQW RI
WX WHK URXJK H[SH!
YRLWQ DB GV W B XA
URXJK WKHRUHW
FRQIHWHQMHLFDO $VVHVVPHQW R$ 63X DX FDMOMRH K3HUOHE MFRA
GLVRAXKNMNXRZHYHU |RU VDHBRREQWY BW R KSHUM IGREFWY L R Q
WKH WHUWLRDV \FWPRRKFRRRBBH HG ZRWW DILRRBGHW K UR X JK

H[SHUNPHQW

+RZHYHU GXH WR WKH UDSLG GHYH® RIRHFAW RI DUWLI

YDULRKXKVFKQRORJLHYVY IRU SUHGLFWLQJ SURWHLQ VWU
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BFKDXSHUO 'HQKM IXQFWIRRMHRQOL® GHWHUPLQHG E\ L\
DQG WKURXJK HYROXWLRQ SURWHLQVFREDIKBXWIRUP
VWUXFWXUHV HYHQ LI WKHLWY PPRRRKDWKE WHFKBQBRW
WKH VW UDSFUWRXWUHHL @ 1ZDV SUH G L FOWPH. @ R \DLFQ B RV K XN\HIRFZAHD

D@ YROXWERE&ESURWIHMWXKYVXOWYV WKDW ZHUH TXLWH VLPL

H[SHULRHQGWINI V

Q Wi mm o - ‘e . " “~“OHQW GLIIHUHQF

'BKIQQH OHDUQLQ.
G GHHS OHDUQL

URWHIRQDVWUXFW

/ILRQV DQG PHFKLEL
LV VWXG\ WKH S
ZHUH byYvuU\|HLU WKURXJK FRFPSXWDWLRQDO FDOFXODWL

VLPXODWLRQV Z2HDKs WDKMHU RIS X BIW V



12 0ROHFXODUWWLROEGDWLRQ

OROHFXODU PHFKDQLFV LV D FRPSOWRWHRGD/QBROBIWLRC

WKH SK\VLFDO PRYHPHQW RI DWRIEZVIR'@E RRRO BEPXOHYV

(LlI= 3KLOOLSV HW DO
T..
—@U EO |S3;
@ 1y

WKHH BQGWLFOH I

NR WKH SDUWLEFC

DIWMIHFQH ZLWKL

)G
G\QDPLFV EDVHG

"KW DPSCBNOHWH & S W

FKDQJHV LQ VWUXF DQG WKH HQHUJ\ YDOXH LQ W|
7L —fi]klﬂFltho6Ei —?JkéUF%o(sE i —%‘:sE...‘:dﬁF&;
Oaaxe 0alRB = cadxelaa=
¢ ¢ %'56 éu
El T mery 6 FROGIE— T 's4;
T N v Ny veY, Ny

ZKHUKRROLY SRWHQWIQEB DHIDHYFIWLRQ RI SRVLWLRQ U RI 1



(DFK WHUP GHVFULEHV DLGXUMH @ KBWGINDAF H UBDF W IWRIQH
LQWHUDFWLRQ EHWZHHQLW2ARREBREQ G H GZDI/RMKGH
UHIHUHQFH ERQGKMHQHWKQGDWKHP PRGHRBV WWKKHH D Q J X (
PROHFXOHV DQG WKH WKLUG WHUP PRGHDRHWHKH GLKHC
WKUHH WHUPV GHVFULEH WKH FRX& OHKG $RXIWWKI WHKUHP S
LV D IRUPXER QRY ® R @ WHILLFIXF D RRSHDICUNRIVDWRPYV L DQ(

MHLWXRRDWHG LO GLIRHWWUHAIOMKEPB OHEEXK YBDWVYH PROHFXOH |

E\ DW N f__ ) W IEEOWERH &R X C

HOHF\ _® QEHLQ DJEEO V

JLIXUH6FKHPDWLF UHSUHVHQWDWLRQ RI WKH IRXU FRIF
DQJXODU WHRQGLADHDO WHUPV DQG QRQERQGHG LQWH!
PHFKDQLFV IRUFH ILHOG



7KH DWRPLF ILHOG SURYLGHV SDUDPHWHUV IRU DOO
LQFOXGLQJ K\GURJHQ )RUFHP RIOHT®® DAL GH QD XLWVH/G Q¢
VLPXODWLRQW% (5GFWNUKGWHG ORGHO %XLOGLQJ ZLWK (QH
6DORPRQI(YHHWW D&+$500 &KHPLVWU\ DW +$5YDUG OR(
OHFKDQIDFYRPPHVODHJKH HW DO 9D Q RPPG VO DH JK
*52026 ZKLFK DUH PROHFXODU P KV HBQ ERR® RRWIFX ODHIC

VLPXODSKIR®W HDO® 6RDUAKHUW DOH DOVR YDULRXYV

G IRW ARAGE @V A}
VBQOHW DO

" DSSOLHG WR YD



Chapter 2

' QWULQVLFDOO\ GLVRUGHUHG SURW|
SUHGLFW LRI XN E@RREQ DIKHRWARY

PHPRU®70 EDVHG GHHS QHXUDO QHW

'] PHWKRG

WUXHFHAV X UH RI D S
) R RV HYWIUQX F W
) SURFHVVHV DQ
VKURMXDK H[SHULI
FU\WWWDOORJUDSK\ QXFOHDU PDJQHWLF UHVRQDQFH 1t
HOHFWURG\PERZRYFR FIRDVYXPURRHUDQJLQJ IURP VHYHL
WR \HDUV ZLWK OLPLWDWLRQV LQ GHULYLQJ UHVXOWV
VWUXFWXUH 5HFHQWO\ ZLWK WKH GHYHORSPHQW RI
DQG PHWKRGV KDY® IRHWHGUSGRERALKDJ SURWHLQ VWU;

FRPSXWHU FDOFXODWLRQV $GYDQFHV LQ PDFKLQH OH



KDYH FUHDWHG QHZ UDPLILFDWLRQV LQ SURWHLQ VW

FRPSXWDWLRQDO DSSURDFKHVHRQUH DOW® UQD W/\WWHWVQ W L

BW U XOFSWXHUG L F W L R\QVID\Q G LQRE QRMIKBIOVRLHHQW L (¢ F FRPPXQ
ZLWK WKH SRWHQWLDO WR @GWYRPOWWILRQ LYK RZDXIG GH |
SURWHLQV DOORZV WFH QMW RDERWY BJHWD SSXRWHLQ ZLW
FDQGLGDWHY DQG OLJDQGV 9DULRXVWER PH@HKRBW HK D

SURED ™~ — 7777 = ==_ T T XD ED H\ D@L QURH \DXC

1QW RI YDULRXYV

U NK®WHERWW L R Q

HS QHXUDO QHYV
| SUHGLFWLRQV |
" ERARRWQOQDUWYV |
M B Q BAKXMWR Q

VXEVHI XHQW WERBSHERIINERKIH E\ UDYGRPO\ JHQHUDWHG
DQJOHV HYDOXDWLRQV DQG R DOMRLUBRWWRQ B OMDOKR DWR XS
,"3 IROGV 7MW IMHO XSHIRFHGXUHV XWLOL]JHG LQ WKLV DS

GHVLIQHG WR UHVHPEOH SHB BMRNHM @/ KROGWON W ISIORB



,"3 ,QWUL QVLMVADWGEBURAEGH L Q

'3V DUKRYXRVH FRQIRUPDWLRQ LV SDUWLRBOO\ GHWHUT
Rl WKH WRWDO SURWHLQ FROWRIQVHR DDYLQJ RLHDRILL ¥
'3V GHULYLQJ PXOWLSOH VWUXFWXUHV IURP D VL!

D KLJK GHJUHH RI VWUXFW X UKIHOW CSHH[ LRE LU RW IBLHB H QW8 K

WKH\ LQWHUDFW 7KLV IOH[LELOYLMVDDRPOREMHY3V WR

H[SOD ' =~ == = cuus L T e S OR@ O\ WKHVH S

H Q K DR — JKVMRIUPQ@ WLRQDO

JLIXUH&KDUDFWRULDPWLIR@QNLFDOO\ GLVRUGHUHG S

JURP WKH YLHZSRLQW RI WKHUPRG\QDPLFV WKH IOH
FRUUHVSRQGY WR D ORFDO PLQLPXP QRW D JOREDO

ODQGYEDSHHA %LRORJLFDOO\ WKH FRQIRUPDWLRQ RI ,'3

- 10 -



JOREDO PLQLPXP D JOREXODU VWUXFWXUH PD\ EH LC

ELQGLQJ SURFHVVHYV

REDO PLQLPXP

%HF BR/H U\HW X X B K LD Q
HQVHI RQIRUPDWLRQ (
WLPFRQVXPLQJ DQG H[SHQVLYH WKDQ SUHGLFWLQJ WKF

+D]\ 7RPSD +H H3N HDWV N\ "ULJKW "\VRQ

7KH ELRORJLFDO IXQFWLRQV RI WKH ,'3V GLVFRYHUH
UHYHDOHG PDNLQJIXGNWDRER AUSRPUZSTHRBWILIY W KGLIILF
IXQFWLRQV DUH NQRZQ QRW HQRXJK UHVHDUFK KDV EH

IXQFWHROWERQMKHS FKDQJHV LQ IXQFWLRQ GXH WR V\

- 11 -



RI ,"3D/OWHUMG UHIJXODWLRQ DQG SUR@FHLIQUIREIHD UD F W L
LQ WKH GHYHORSPHQW RI FDQFHU ,Q IDFW RI SUR\

FDQFHU GHYHORSPHI®ON B @GV OREWGRIWEEH UHG UHJLR Q)

'3 KDV IXQFWLRQDO DGYDQWDJHV LQ WKDW LW KD\
GLIITHUHQW WDUJHWV LQ GLIIHUHQW FRQIRUPDWLRQ 2¢
LW LV IROGHG E\ FRXSOHGVIRDHG RQ WEE G LRSI\ RIY HR)

T T TRFUQOMEIN IXGH WL

/IXUH LQ VROXWLI

/NQ WKH LQWHUIL

JLIXUH7KUBHPHQVLRQDO VWU R B\ XW RN&R351 3 5
FRPSOH[ D B6WUXFWXU& IRQ RQORSPQ GHE®HB5FRQIRUPD
BWUXFWXRHERIXT@B3WRKRZLQJ WKH GLPHU LQ D FORVHG

XSRQ OLJDQG ELQGLQJ

-12 -



,'3V bUH FORVHO\ UHODWHG WR JHQHWLF PXWDWLRQV
6WXG\LQJ WKH VWUXFWXUH IXQFWLRQ UHODWLRQVKLS
LPSRUWDQW IBUXGMVLRLQQLYUHDWLQJ GLKHDWIHRWKN XFK L
DFFXUDWHO\ XQGHUVWDQGLQJ WKH VWUXFWXUH RI ,'3V

IXQFWOLR® XOWLPDWHO\ EHFRPH WKH FRUQHUVWRQH RI

WKHP

& ¢
7KL HUNH.GALLFRAQL R Q V &E5H
KHOG [ v 'JJ P/ RO BH -G W L Q.
WHUW 'HR VP LMPLRRFRBDGE
=HPO V DURXQG WKH Z
SDUW ALHW\ Rl SUREOH|

SUHV

/HPEO\ PRGHOLQ

FRPSOH[HV EWDNPSOPRGHOLQJ LGHQWLILBB [EQLWHITKHQF
PRGHOLQJ ZLWK QR VHTXHQFH VLPLODURMQWVR/ RI[LVWL

LPSURYH WKH DFFXUBDHGERHWWIUXFWXUHWWVKWDIRY\FK HYV

&$63 SUHSDUHV WDUJHW SURWHL®YYXHIRUW WHK H FIR® SH
RUJDQLWKIHOQRXDWRMIWNQXR Y XU R DWH & IKAMWBRRWY D UH

HLWKHU VWUXFW X U HMRCKYCHAAUBY HF W\RRWD AVARRBEBID SK\ R U

- 13 -



VSHFWURWKRSMRW KDYH MXVW EHHQ WRWKHG DROWHD QH

'‘DWD %®BRNPDQ HW DO

SDUWLFLSDIQGWK HS UBHKRHGW LRQDO VWUXFWYXUH XVLQJ
GHYHORSHG B\DXVHFG/ R@YWHKRX H Qi HY D GGX\DHA IF-HW H G
VWUXFWXUH E\.FROABEDRIQ ®RJ WKH S U H ®IRAWWHKCGH PR B WHIH WL V

VWUXEFWMROB HW DOKH *OREDO 'LARWMD®@F d FFRASMN *'7

TXDQV "+ e s e 10 VWUXFEWXUHV
EHWZ| KMO KOHOU VFRUH
PHDQ'

CASP7: T0283-D1 CASP12: T0866-D1
model 321_1: GOT_TS=75 ‘model 325_5; GDT_TS=81

JLIXUH3URWHLQ 6WUXFWXUH 3UHGLFWLRQ &HQWHU

- 14 -



$OSKD)ROG

7KH FRPSHWLWLRQ ZKLFK KDV EHHQ FRQWHVWHG RQ
FDXVHG D VWLU*RRIOVHHIHQ@G WHDP S$SDUWUBLSRWHG

D $IWHUZDUG LW EHFDPH DQ RSSRUWXG@LW\ IRU PDQ

/IDWHU DW &%$63 *RRJOH SDUWLFLSDWHG DV D W

SUHBB®BF¥FWUXFWXUH ZLWK RYHXRKHOPHW JIJDODFFXUDF\

SHG E\ *RRJOH 'H
DFLG VHTXHQFH

HQFHV WR SUHG

/WUXFWXUH SUHC
FRPELQ EFQYROXWXBR®DRUN D GHHS OHDUQLQJ WHFKQF
IRU LPDJH SURFH VW ®If LMW L QJ PLHBRKARGIRD R K\L D

BVLQRQSXW PXOWLSOH VHTXHQFH DOLJQPHQW D FRQY
GHYHORBHGHGLFW WKH GLYWH ®RFH. QW 8 UDAEWD @1 P LD
ZLWKLQ WK HDSAFRIWMIEQ@RZE VW HQH QHWRBRIRKZRIGI K W K LV

EHWWHU UHVXOWYVY WKDQ DF R VMHAIRRRVEUHGRVW LR KQ VW KI

- 15 -



H[SHULPHQWDOO\ LGHQGILAIWWEHQBRY X EWKWHY V LRIJ L

DFFXUDF\ LQ SURWHLQ VWUXFWXUURXIKHGDRWRRE BHY

OHDUQLQJ WHFKQLTXHV

EFXWDDNOH VWUXF

D)ROG WHDP SUH}
NGERWYHHQ DPLC
XHGHMD DHIQW L QI F
OF&R\ HW DO$V D UHVXOW LQWHUDFWLRQV EHWZHHQ G
WKH SURWHLQ FDQ EH SUHGLFWHG PDNLQJ KLJKO\ DFF
7KH $OSKD)ROG WHDP LQWURGXFHG $D@KFMRIDF\ ZKLF

KLIJK HQBRXIWMNWKW WKH SURWHLQ IROGL&QNOIDILRZEDAHP KD

, Q WKH $OSKD)ROG WHDP ODXQFKHG $OSKD)ROG

- 16 -



DQG LQWHUDFWLRQV RI DOO OL SURMAROMWFWA HY Z HESDQ
RI ELRPROHFXOHV LQFOXGLQJ '1$ 51%$ DQG HYHQ VPD
PDQ\ GUXJV 7KHVH WHFKQRORJLFDO OHDSV DUH H[SHI
VFLHQFH IURP GHYHORSLQJ ELRUHQHZDEOH PDWHU]

DFFHOHQDGUXJ GHVLJIQ DQ&EMDPRMA.F \HWHN/® D UFK

/L

$OSKIL 5YDQFHV LQ SUR\

OLPLYV 5X11 3DSS

- 3UR @WWUHHIOHEW WI

- 3UR V VXEMVNDQFHYV F

YLY Y& HWHF FSQQW W H L Q)
UHOhnuvmh K1 dUOR vrkurrQJ WKH SUREOHP

PROHFXOHY DQG SURWHLQV

-, SURWHLQUHORMHEURDWLRQ LV ODFNLQJ SUHGLF
GHFUHDVHV %DVLFDOO\ $OSKD)ROG UHOLHV RQ F
SUHWBGILRQ DFFXUDF\ LV ORZ IRU SURWHK®VQIRW ZKLFK

EHHQWDEOLVKHG

- 17 -



- ,W LV DOPRVW LPSRVVLEOH WR SUHGLFW SURWHLC
PXWDWLRQV ,Q RWKHU ZRUGV LW LV GLIILFXOW WR

SURWHLQV

,Q RUGHU WR FRPSHQVDWH IRU WKLV SURBWOHP UDWK
SUHGLFWLRQ VWUXFWXUH DV DQ DQVZHU LQ LWVHOI LV

QHHGHG VWDUW LIRGUHGNKWOBKRDJWOEFWXUH

B Very high (¢ w (pLDDT < 50)

JLIXUH$OSKD)ROG SUHGLFWHG WKH VWUXFWXUH RI LQV

'3V (DFK UHVLGXH LQ WRB HG EDNGIBHRLY WRB PR G H

FRQILGHQFH VFRUH S/"7 ,Q WKLV ILJXUH ,'3 SRUWLF
FROFRUWHDG3 XHI 3DSSX
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2. OHWKRG

SURWHLQ 6WDFRERQH WRUVLRQ DQJOHYV

7KH DPLQR DFLG EDFNERQHV WKDW PDNH XS SURWHLQYV
& DQG7&HEDQ EH GHVFULEHG E\ D ¥HSKIRI SBAULKHGUDO D
DQGRPHJIRKLEKHWHUPLQ K5 IWPHIHD WLKRUGHDHT®) IV WKWHHF W X U H
WKH DQJOH DVVR%EPWHG F 24 FARQL® KFD® OWGH DQJOH

H DQJOH DURXQ

QWD QV FHD\D O H G

,QLJIX HUH®.RQ WKH L

LQ WE W@ LB QJOH RI

%Wlss F 9
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¢: Dihedral angle for N; - Ca; bond
1 : Dihedral angle for Ce; - C; bond

w : Dihedral angle for N - C bond

= -.--H"'\-\.\.
)LIXU ~ WKH SURWHLQ EL
) | WKH VLGH FKDL

k : Dihedral angle for Ca;_, - Ca; - Ca;;, bond

7 : Dihedral angle for Ca;_, - Ca; - Ca;4,- Ca;y, bond

¢: Dihedral angle for N; - Ca; bond
1 : Dihedral angle for Ca; - C; bond

JLIXUH6FKHPDWLF GLDJUDP Rl SURWHLQZADWNERQH DQ
WKH DQJOH EHWZBIWRPAKMOQWKHHILKHGUDO DQJOH URW
WKHER QG

- 20 -



5DQGRP RPHJD JER*HUDWLRQ

,QLIXUHWKH GLVW I SLE>@RUR[QVWY LQIWKWRI PQJIH RI
6WILWMOFDQ VKRZ GLITHUHQW GLVWULEXWLRQV GHSHQGL
FROQFOXSOMOMWMWBROGHWHUPLQLQJ WKH VWKREWKXUH RI D

LV LPSRVVLEOH WR SUHGLFW

WR WKH VHFRQGL

7KHUHIRIHXEVRBOHY RI WKH SURWHLQ EDFNERQH DUH
DQG WKPIOWDOQGRPO\ JEHMGERRVEBHID *HQHDQ@®/LRQ 52*

VDPSOHB%DKIHGDQJIJOHY REWDLQHG WKURXJK VDPSOLQJ I

\ DQG ] ORFDWLRQ LQIR UP D[WIHRY XRQ GHUHEY QBW XUDP H

PHWKSDG®VRQV HW DO
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/1670

SURWHIR®@ G/MHU\ VWUXFWXUH SUHGLFWLRQ LV WKH IR
SUHGLFWLRQ 7KHUHIRUH D SUHGLFWLRQ PRGHO XVLC
GHYHORSHGWKRHERQGDH \ BOVBXQFMWIMHOQFH LQIRUPDWLR
SOWKRXUKRXYV $, WHFKQROFRDJGEHVSHHWWLRQV XVLQJ V

WHFKGIXTHW DO ,VPL 3XOXQJDQ

/1670 DO QHWZRUN PRCG

LV VKK| IRU SUHGLFWLC

RVFRSLF SHUVSH

vV WRRA*VWUXFWXU

- 22 -



Iteration cycle

Setting conditions Sampling
for dihedral angle 1%t filter condition & 21 filter condition refinement
redistribution clustering

Omega is redistributed Van der waals 3.0 A Sampling space 1.X10% Distance map filter MD simulation
within the distribution

according to the Raious of gyration(RG) Clustering using If the score is not enough,

secondary structure MuFoldCL go back to the previous

step.

52%L
WKH \ “BWMERRERM WKH T
7KH G DRI B RADIGHD U\ \

| UR&P

7KH ILQDO FDQGLGDWH GHWHUPLQHG WKURXJK WKH /
0' VLPXODWLRQ DQG WKH VWUXFWXUH VKRZLQJ WKH O
VLPXODWLRI) VHONPWING DV WK52fILE DIOEBEEHND L8LQFH
SRVVLEOH WR ILQG SURWHLQ VWUXFWXUHV LQ YDULRX

SURWHLQV LQ DFWLYH RU LQDFWLYH IRUPV

-23-



P
Ol
>

AT A -
WY

/‘”\f-}/\"‘zthﬁ‘-}f\&“ N

)LIXUH 3URFHWWMWRYLRJ WKH WHUWLDU\ VWUXFWXUH IL
VHTXHQFH

VLRQ SLSHOLQH

7KH SURWHLQ VWUXFWXUH SUHGLFWLRQ SLSHOLQH FR

VWUXFWXUH SBHGLFWBERRWHLQ IROGLQJ VLPXODWLRQ

UHILQHPHQW XVLQJDQGVL P XCOHEYWIERRFFHRUURERUBDWLRQ

,Q WKH ILUVW PRGXOH EDVHOLQH VWUXFWXUH S

SURMNEHDRENERQH IMRFUHMUBIRPWAICH DPLQR DFLG VHTXHQFHE

ELGLUHFWLRQDO+RFKURRGHO 6FKPLGKXEGBUWLRQ
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DQJOH YDOXHV ZHUH REWDLQHG WKURXJK UDQGRP JH
GLVWULEXWHR QIREKRO WWHRQ RI SURWHLQ VWUXFWXUHYV
52* ,Q WKH WKLUG VWHS SURWHLQ IROGLQJ VLPXODW
SRWHQWLDO HQHURD [YB\OWUBI X FAALXXD & KIWHJIULW\ ZHUH
WKH EQ@QMHE) 304XUDLVKROJRWELWKP D& GRBYRIOG

p X TKHWKH KUIXK@BNVWJI IROGYV ZHUH VHOHFWHG
RSWLPLIDWLRQVMWRURDMWKRIQ LQ WKH IRXUWK PRGHO VYV

WDMLFRQ  WKH SL
WK X® LHQW THH SO H \

G WINULD KRV X U H |
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Baseline Random Protein Structure Distance —based
structure Omega folding refinement corroboration
| prediction | Generation | simulation | L
Pipeline

Sequence
simularity

\
Target protein Predicted protein
(amino acid sequence) 3D structure

Seqlle}1§§ Homology modelling

sunilarity >

HGLFWLRQ SLSHC
FH

LITHUHQFHV EHW?
Q 506' LV RQH R
VWUXFWXUH FRP.
XIDUHYD S$EDJ\DQ 20HFKQRYLp HW DO

4/5&L = |

@ 't

¢
(5

olw

ZKHWHKH DYHUDJH LV BEDLRWYWPRG HRIYXHDD@H QW DWRP

UHSUHVHQWYVY WKH GLVWDQFHYSBWMZHHQ WKH WZR DWRP

506' RQH RI WKH PRVW ZLGHO\ XVHG PHDVXUHPHQW P
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WR GHVFULEH WKH FRUUHV S RREZH G WHKDNWZ KIH @ LDPAL RVD ¥
RIGLITMNREOWAMMXKXH FRUUHVSRQGHQFH EHWZHHQ DWRP
VWUXFWXUHWHDPMOLVGHSHQGHQW RQ WKH H[DFW RYHUC
LV JUHDWO\ LQIOXHQFHG E\ WKH PRVW GHYLDWLQJ IUD

EHLQJ DIITHFWHG E\ WKH VL]H RI WKH SURWHLQ

*7B7eZDV SURSRVHG DV D PHWKRG WR RYHUFRPH WKF

FDOF> ~ "7 7 7~ == T T T T T T RAWVKSGDEHRLYLH G

FXWRE TRWHLFDWLRQ DC

TXDQ\ J DFFXUDWHO\ PR

VFEDO' VUXFWXUHYVY RI Wk

*'7 Br6 =HPOD HW DO

it

ZKHU ) WKH UHIHUHQFI
Oxs LV WKH QXPEHU RI. PRAURHSSRQG LLQ@J V&KH WZR VWUXF
EH QHVWHG ZLWKLQ WKH GL@WD QG HcFX/QRSI 1@ RI G

XVLQJ LQGHSHQGHQW CHGRSWLHPR DG GHIVHWORBHG WKH *
FDOFXODW IZDY QERDRKLP SOHPHQW H G RE® OV %6 L JRPH®D W

SURJWHMHP OD
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3'% VWUXFWX8H RI DQ

7KH 3'% FRQWDLQV D YDULHW\ RI XQVWUXFWXUHG SU
VWUXFWXUDO UHVXOWY KDYH DOUHDG\ EHHQ GHULYHG
WKLV VWXG\WIHI PW RHB QHLK)H GRPDLQKBNQY®PLRP
W KHUP RSB LSOUKPW H L QU HVQAM Q IVALHDAO MO DU RUJDQHOOH W
347)LIJXUH 7KH SURWHLQ FRQVLVWYV RI D WRWDO RI

GLIIHL -~ mmm s i = R FRY DO

JLIXUH 1 WHUP VWUXFWXUH RI WKH:&DPGMLROMH. SR PDLQ |
WKHUPRSKWO,XP 347
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3. SHVXOWYVY DQG '"LVFXVVLRQ

BQLTWHUXFWXUH

‘H SDUWLFLSDWHG LQ &%$63 D SURWHLQ VWUXFWXUH
,Q WKHUH ZKLWH UHSUHVHQWYV DMKGI OWHBXFWXXB O
UHSUHVHQWY WKH SUHGEBWHKQ VWHNOFOWXKUHHS8S8 B 06 W

SHUIRUPHG DQG ZKHQ WKHUH ZDWIQRQWIDFS®SIDWR U VW WE

XVLQJ NADKYER HRGXFJ B QWEKHH

*'7TB76
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GOT_TS 9.31

based + LSTM T1058 membrane protein - LSTM

T1072s1 target - LSTM

GDT_TS 6070

&

Classification : Viral Protein
Organism : Staphylococcus

T1068 tar

GODT_TS 4008
Z-score 6.2

Classification : Py
Organism : Leish

kation : Bacterial Protein
Organism : Meiothermus silvanus

JLIXUH 6WUXFWXUDO SUHGLFWLRQ UHVXOWYV REWDL
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SURWHLQ BWHXEWWURQ WKURXJK /670

7KH VWUXFWXUH RI 347 RQH RI WKH LQWULQVLFDC
SUHGLFWHG WKUBXYK8WATDJ D@BFEDQ REWRW QI MXTHD
SUHGLFWHG VAPWORMXUIR HIDWG JUDSK IURP WKH FRUUH'

VHTXH®RHD VBWRYLGHY LQIRUPDWLRQ DERMXWXWKH VHFR

JLIXUH 7KH RULJLQDO VWUXFW X2HHDIYWX S PMHEQ WWIHI® S B (
ZDV REWDLQHG WKURXJK /670

$FFRUGLQJ WRRWHKB VIXUIHHHXWH WKH SUHGLFWHG VWU)

- 31 -



FRQVLVWVKRHOLKDBH/HIPHQWY DQG D ORRS 7KH VHTXH
KHOLFDO VWUXFWXUH DDAERBXWERG*+ DEGXH
'"LYOIDQWKH FRORU RI HDFK SRVLWLRQ RI HDFK KHOL

PHDV XUH P HCHAY 1 DYODBB X &f

7TKRULJEQBGLFWHGBRWOQVRIB®WXBHHVHFRQGDU\ VWUXFW XU

IURP WKH DPLQR DO®LWKWHIXKQKREH G R RMMW QD RELGNLICRIQ

ZRUN — "0 = =~ = e s = e = W RIEH S B H G L DWW

FRPSIL BPQG 105 UHVXOW

7DEOF ,}-.II V RHUMKHGRULJL

NMR S

GDT-TS value

NMR Structure 11 12 13 14 15
NMR Structure 16 17 18 19 20
GDT-TS value

7KH UHVXOWV REWDI® G O B REDBAKHRIGHANC' W K5H
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VWUXEMWBRMN VLPLODU VRR MY KMKSKIHIG\MFWOH.G Q P H Q W

RI VHTXHQPRIVWKH PRGHO V KRIDOL WKWDWXBPWKUHY KDYH
FRQIRUPDWLRQV ZKI#OH \IQR Y& TIXH @BHED WKHUHLFDQW

GLIIHUHQFH LQ WKH RULHQWDWLSR@ OUW KRB WER SDRSD
DQG WDIXXHV RI WKH ZK5L WDALEX PMKUSIUHGLFWHG PRGHO

WKHVH VHTXHQFHYVY ZH FDQ VHH WKDW ERWK YDOXHV G

JLIXUH &RPSDULVRORUGHKH105 D QAN R XEW QUDHDV

OLQRQJIJXODU GLIIHUHQFHV LQ WHERH VBLYLHRTEKH @ VW FO Q

- 33-



VWUXFWXUH RI WKH SURWHLQ ,Q RUGHU WR DFFXUDW
QHFHVVDU\ WR UHGXFH WKH DQFH GKHUHHRBEH RIQHW
HILVWLQJ RULJLQDGS WREHO HD VIWRIXWVWWXUHYV DUH REWL
SURJUHVVLRQ DQG WKH SUHOGMURWH & ESRXRWHHILFH VW Q X F V
DQGDOXHV IURP WKH DFWXDO VWUXFWXUH DUH ILOWHL

VDPSOLQJ SURFHVV WR LPSURYH WKHIJXRAFXUDF\ RI VWU

7TKUR™ - 7'HUVH VWUXFWXU

WK HD C {(LV SURFHVYV WK

J\UDW WBGMXVWHG WR

7KBJI RI SURWHLQ DWI

JUDYL

TKH F EH IRXQG DV IRO

ta;

ZKHMWH YV WKH SRVLWLRQ RUIWKW WWRPPDW LRIGWKH DWF
LQGHY[ LV WKH QXPEHU RI DW R BV [EH MCKIH FRRWOQIMWH R QDRIG!

FHQWHU RI PDVV

7KH PHWKRG RI PHDERKXKMWQ WWHKHHQWHU RI PDVV RI D I

IROORZV
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Algs | GNF N, z°
AL — d A
A N
ZKH{H YV WKH SRVLWLRQ RUIWKHM WWRPPP DW LRIGWKH DWF

LQGH[ LV WKH QXPEHU RI D WRHLW I & WU FRIXEBWHG

WKH VTXDSJH RI WKH

TKHUHIRUBJIWRWKWKH SURWHLQ FHQWHU RI PDVV LV

VKHLUBRQBH LV ZLC

GLXV ZDV LQFUHI

K HDKWJIH WR FUHI

J)LIXUH BURWHLQ GLVWULEXWLRQ DFFRUGLQJ WR WKH
5 UDQJH

SBUHGLFWHG VWUXFWXUHYVY ZHUH UDQGRPO\ VHOHFWHG
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IURP GLITHUHQW SURWHLQ GLVWULEXWLRQ UDQJHV &
GHULYHG IURPODWEH LW FDQ EH VHHQ QWKAYWHDV D/QKH VHYV
RFFXSLHGQURWMKRADBKEIMEBU DQG FORVHU WR WKH XQIRC
$V H[SODLQHG HDUOLHU EHFDXVH PRUH WKDQ PR
UDQJH WRQE G&VWDQFH EHWZHHQ SDUWLFOHYV FRUUHYV
SRLQWYV RI WKIHOYRRRPWHDIMX BB E W RL FODNNAQO\XW WH W MAD

WKHWRGG GLVWDQFH

,Q WRHOHWKH WMRGG GLVWDQRH WKH SUHGLFWHG PRGH
c UDQJH ZDV FRPBWUHG ZLQN W BMHKD Q JHILTXAQ J

H[SODLQV WKDW HYHQ LI WSH \O DRLIWHE WREE& SURWH L

GLVWD EHPIREMHQFRQV L, Q@ HMEEHOHHW KH SUHGLFWHG VWUXF

HDFK UDQJH ZDV PDWFKHG ZLWK 105 VWUXFWXUHV R

- 36 -



WKH VWUXFW XU BWKKD BRFGHK\OW PDWFKH

7TDEOH $PRQJ WKH SUHGLFWHG VWUXFWWRKG IRU HDF
PHDVXUHPHQW UHVXOWY RI VWUXFWXUHY VLPLODU WR
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OXOWWUXFWXUH SUHGLFWLRQ ,'3 UHVXOWYV

7KH WKUHVKROG@ ZRYV VB WIRQJHV WR HOMPKKDWH OLF

5J$WRWDO RI VWUXFWXUQY ZRFIEG ISVUM G IL EXWH IGR Q

IRU SUHGLFWHG GDWD LV DV IROORZYV

15000

10000

Number

5000

)LJ. 347 SUHGLI

W FDQ EH VBHIKBPALIQLWXW KHQ G P D MRR X® DYD3Z X H
UHVSHFWLREBQ\ SALHGK FW K G Y\B@ INCFRXHM Y 7K H

QXPEHSBURIGLFWHG VWUXFWRIKHY BMXQIJH | RXW RI

! 7TKH GLVWULEXWEZRY RLBURNREWHBVWKG IURP
DFWXDO 105 VWUXFWXEHWZHMNWX PDQGYDOXHKHUHIRU
SUHGLFWHG WW WX FWIHDMHANHZUBRQIH IRUH FRPSDUHG ZLWK

WKH 105 VWUXFWXUHV
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7TKH VWUXFWXUH BL6W K DI XH JKV*VKWREZ 7 KH DFWXDO
105 VWUKXKEWXJSUHVVHG LQ ZKLWH DIQ@ OVK K¥VE EDXIHF W H
FRP S\DRRUIW KH SFWB GO 5 VW UXEMWKHIMHRBEW WKH VWUXFWXUE

WKH KLIJIKHVID/VLPL G BGEMWK 7 B/6 Y DBIXH

6PQT NMR model 14
GDT_TS=43.75

6PQT NMR model 15
GDT_TS = 36.68

J)LIXUH &RPSDULVRQ RI SUHGLFWHG DQG 105 VWUXFW X
VWUXFWXUH LV H[SUHVVHG LQ ZKLWH DQG WKH H[SH

-39 -



4. &RQFOXVLRQ

6HTXHEDAVMHG GHHS OHDUQLQJ DOJRULWKPV FDQ UREX
WKH ORFDO VWUXFWXUDO SURSHUWLHV $WFWKHN ERQG
VDPH WLPH VWDWLVWLEDO/ FIXOWLFW DXCFMRZWH | RHQBID D
VXEVHTXHQWY D/DPSWLRQN DQG RSWLPL]DWLRQV WKD

VWUXFWXUDOO\ VRXQG SUHGLFR HD L@QDNWDLYH ESRROWRBLI

SURF}# AGXUHV XVHG LQ

GHVL. s HIUK MV K H \SXUGRWIH L
WKDW UHGLFWLRQ SUR
EURD( NLOL]JHG WR JHQI
IRU V YRQ VQ 7KUHH 62 W
PXOW LQV E\ FRPELQLC
VSDFF HGLFW WKH QXP

HITHF)
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Chapter 3
6WXG\ RQ LMEKK®GLQJ DIILQLW\
/IHXFRVSRWGIHUUIXYFHELQGEHQJ SURWHL

IH. %3 XVLOJ 0' VLPXODWLRQ

$Q L FXODU GRFNLQJ

ELQGI P DUWLF \HDVW /

JURZYV iDGLQJ WR D WK
ELQGI RI VHULQH WKUI
WKH < LV VWXG\ ZH HV
WHPSHUDWXUH 7P DRIG:TWHN,® XWDQWVHERARPWIRZY WKH *
HTXDWLRQ 2Q WKH EDVLV RI 7P YDOXHV ZH SURSRVH

VXSSUHVVLRQ E\ /H,%3 XVLQJ PROHFXODU G\QDPLFV VLI
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JFH %LQGLQJ 3URWHLQ ,%3

,Q SRODU RUJDH BR\ARWIHQAWNVIU$H)BY ELQG WR LFH VXU]
LFH JURZWK ZIHOKLBVFHOOV5D\PRQG 'BPaM BDWH
IRXQG LQ GLYHUVH SRODU RUJDQLVPV UDQJLQJ IURP P
ILVK 7KWW)®LHG WR GDWH DUH GLVWLQJXLVKHG E\ WK
DFLG UHVLGXHV WKDW 'BIYQ 8 WHRWVEKG LFH VXDUGBEQJI HW

......... AR AIAA.\—.NVHQ HW DO

JLIXUH9DULRXV VWUXFWDXAKHY FRIUB) 3WW U XFWXUH RI DQYV
JO\FRSURWHIEY\$H*3 ZLQWHU IGRUSGIGHG&IB QGHQW
KHUULQG®Y)YSH ,,, +3/& HRRBRRULVWRQHXUD IXPLIHUDQD
EXGZRUP I®#)3 IURP DUFWLF \HDVW /HXFRW3IRULGLXP VS
IURP )ODYREDFWHULXP IULJRULV 36 , )I,%3
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J)LVK $)3V DUH GLYLGHG LQWR ILYH W\SHWRWHLQ,,, ,9
$)*3 -LD 'DYLHV5HSUHVHQWDWLYH VWUXFWXUHV RI GL
DUH VKRZQ LQ )LJXUH (DFK W\SH Rl VWUXFWXUH KDV
, ZKLFK KDV D V.LKHOH VWUXEWXWH ZDV WKH ILUVW $)
ZDV UHVROYHEL Q@IGEQUMW ¥ REUEV IV W REEMBRHW L <D QJ
7\SH $)3V FRQVLVKHG@LPWIRD QBKWHWH UD®DG F\VWHLQ

UHVLGXHV IRUP D GLVXOILGH BER®R® Z\DRO GVWHDAEE D@L |H WKH

D) $)3V KDYH
6 WWH JOREXODU

VLWHY DUH IRUI

G D 7KU UHVLGXF
V) IDEVANDRYBIRWIW D Q V
D®MRIWKH EDVD
FU\WWWDOV DQG KDV EHWWHU DQWLIUHH]H DFWLYLW\ WKk
SODRgHe32 *UDHWKHU 6\NHW HW DBL@D/GIFW $)3V

PDLQO\ KDREHQRLG VWUXFW XU HEW KR WB/@O QUKD T W LF
7KU UHSHDWYV DUH LQYROYHG LQ LFH ELQGLQJ ; VWDQG
DQG EDFWHULDO $)3RIOBIQRRKHDYDEWNUN DQG RQH VLGH

WKWROHQRLG SDUW LV LOQWRRBDWHIBOLQ LFH- EEQQLQW D
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B0 B IBHVVEGRIGH U
H RI $)3

7TKHV ,%3V EHFDXVH R
ELQG SMEHM.F VXUIDFH
QLJK MXGLXAG LFH

ELQGL NKNM ROFWRF WHDBIV

,%3V IRXQG LQ PLFURRUJDQLVPV 6WWXNFREHRADE /H,%
VWUXFWXUH. KOGAHH HQJOB/HH HW [Figure3-3 7KH

FU\WWWDO VWUXRWXQRLRI WIKIH,%3 KDV WEKigueH IDFHV $
33 E  7KIBPH KDVEDQGLRFhueB®H DQG D XQLTXH SDWYV
RI DPLQR DFID® ORYY GUHRWHLQV WR VWDIEFFOBWLQG WR W

7KH ELQGLQJ VLWH UHVLGXHV RI /H, %3 DUH 6HU
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$0OD 6HU DFRg@e3-BUF /HH HW DO 1XJURKR HW DC

LovlasFAILA 1SSV My NN E

Q] A T]

JLIXUH6HTXHQFH DQG VWUXFWXUH RIGHHY®BHGHXFRVSRL

ELQGLQJ SODRWHAMQFH DQG VWUXFWMJBG KBBGWHVHQWD

VROHQRLG VWUXFWXUH DQG KDAMEW®BGHGBJIJIVEWW B 4 DQ

RQ WKIHF# 3'% ' 8<9 ZKLFK LQFOXGHV 6HU 6HU
7KU $0OD 6HU DQG 7KU
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7TKH EE®GLQJ VXUIDFHV RI ,%3V KDYH XQLTXH SDWWHU¢
DUH LPSRUWDQW IRU LFH ELQGLQJ WKHVH UHVLGXHYV
VXUURXQGLQJ ZDWHU PROHFXOHV WR IRUP D VWDEOH
2XGH 9ULHOLQN HW DO 7K@ V H DQUWHHWOD FWLRQV V.
WKH LFH JURZWK E\ GLVUXSWLQJ WKH RUGHUHG DUUDC
WKH LFH XU IBxPHQJ 'XULQJ LFH FU\WVWDOOL]DWLRQ ER>

LFH VXUIDFH)EXUYHD WoOJH) HW W +HZ T7<OHQJ

GLIIHI XP IUHH]LQJ DQG
FDXVEF ILF PROHFXOH V
K\VWF 1 LQGXFHG E\ ,%3

'"ABIGWHORZHUV

JLIXUHOHFKDQLVP E\ EKOFIXLQBHSURWHLQV ,%3V LQWHL
LFH JURBR® ,%3 ELQGLQJ LFH LQ WKH DUHDV ZKHUH W
JURZV WR IRUP D FXUYHG VXUIDFH
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7TKURXJK WKHLU 7+ DFWLYLW\ ,%3V FDQ LQKLELW LFH
I[UHH]LQJ SRLQW RI LFH LQVLGH WKH FHOOV ZLWKRXW LC
WKH IRUPDWLRQ RI ODUJH LFH FU\VWDOV WKDW FDQ C

DOORZID@ILRRY WR VXUYLYH LQ XEDHRIRNHKW LVARQPHQ W

,Q DGGLWLRQ WR VXSSUHVVLRRHRUHFHUY\YWRDOMDK | DUWI\R C
%XGNH .RRS .QLIKWHHWERB® SURFHVV E\ ZKLFK VP

FU\WVW™ 7 " "7 77 o= - T 7J ZLWK VXUURXQ

FRDU\ V WKLV SURFHVV
LQWH ZDWHU PROHFXC
zLwk [ Q) K VORZV GRZQ W
DQG >~ DD HW ® X QLIRU

AFKDQLVP RI /H,%

)G PXWDWLRQ DQ

2. OHWKRG

ORGHOOLQJ

7TKHYD\ VWUXFWXUH RI /H,%3 3'% ," 8<9 ZDV GRZQORI

SURWHLQ 'DWD %DQN 3'%D WRW®PERRIVLVWNVRGXHYV
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JLIXUHD 7KH UHVLGEH® GRIQWKH WHHDUH 6HU 6HU
7KU $0D 6HU )DOQGURAKU /HH HW DO /HH HW C
1XJURKR HW DURWHLQ PXWDWLRQ ZDV FDUULHG RX
LQWHUQDO WRRO RI 90' :H SUR®QRWG WEUHH FK, WEH
UHVLGXHV ZHUH URBBO R HEX WMDAKNVS O O K U PXWDQW

DQG 7KU PXWDQW 7KU 7KU DQG 6HU

VW XGE\WVLEXHYV RI /
5XHV DUH VKRZQ

1VLG

OROHFXODU '"\QDPLFV 0" VLPXODWLRQ ZDV SHUIRUPHG

VXUIDFH DQG GRFNLQJ /H, %3 WR WKH EDVDO SODQH RI
GRFNLQJ SUWFKDH IHOQNDIMWNDKP WEH GHIDXOW SDUD

1XJURKR HW DIOH GLPHQVLHR QY HRGsERAM Hlr F% D Q G

WKH SURWHLQ ZDV SODFHG ZLWKLQ DSBURJHPDWHO\

D
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0' 6LPXODWLRQ $QDO\VLV

Freezing MD simulations were performed for 200 ns at 225 K with the
CHARMM 27 force field using the NAMD 2.14 packagehillips et al., 2005)
MD simulations under physiological conditions were performed in 150 mM NacCl.
All the MD simulations for WT and three mutants were performed using the TIP4p
water modelEspinosa et al., 2016; Jorgensen et al., 1983; Kuiper et al.,.2015)

The dime t&xz%To

observe ic 5 A were

constraine

JLIXUH3URWHLQ PRGHOLQJ IRU7TECHYBFKNCIDNUMR Q1 /Bl, % 3
JUHHQ LV FRPELQHG R X® EFRAVWHRHGRIEWXH LFH VHH
IL[IHG IRU XQLGLUHFWLRQDO JURZWK RI LFH FU\VWDOV
0 1D&O
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'XULQJ 0' VLPXODWLRQ PLQLPL]DWLRWQHBNV SHDWRDRIH (
ZDV SHUIRUPHG XQWLO WKH WHPSHUDWXUH RI WKH V\V\
RI . HYHU\ VWHSV ZLWK D WRWDO RI VWHSV
HTXLOLEULXP VLPXODWLRQ ZDV SHUIRUPHG IRU QV
0' VLPXODWLRQV IRU WKH :7 /H,%3 DQG HDFK PXWDQW |

3ULQF =~ =~ — 77 == —_——__ """ ~%&% ZDV SHUIRUP

WUDM P &KNWD Q W QX M IMQD

BPQRUR ZWK RI WK

LFH VXUIDFH UWXWXYOWIXQUHLQ LWV

7KH FXUYDWXUH RI WKH FLUFOH LV GHILQHG E\ WKH HT

4LDEO/9 Tud;
t zD U,

ZKHYHY WKH UDGLXKLRIWKH YXMHW XKW RILFXWKBVWKBHGD Q!

OHQYWKUHD  ZRIOHKYDOXHVWMABSODQHY ZHUH PHDV XU
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LQGHSHQGHQWO\ WRDIEQ® FRU HDTVXH. QWKEHU IDXFFE PR OWLQJ WHF

HVWLPDWLRQ

FHI4I4 P44
3R

o

NIKWHXUB B8 HROWRI

J G BN RW K
PHDVXUH WKH UDGLXV LQ BWK4D O DG IPX\O B WD R QUMGGRIQ

D[LV zDY®G WKH UDGLXV PHDVXUHG RQ WKH [ DJI

,QLIXUHF WKH UDGLXV PHDUKXWHGDRME® KMKH UDGLXV
PHDVXUHGDRIQV WBOMKH LFH FU\VWDOV JURZ LQ WKH VKDS

5 DQEGDUH UHTXLRMHGFXRODWLRQ

‘H FRPSDUHG WKH 0' VLPXODWLRQ WUDMHFWRU\ RI :7 ZL
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JLIXUHDQG IRXQG :7 KDG D VPDOOHU

UDEOXHY WKDQ DO

7KH :7 VKRZHG WKH PRVWUH H, QRN WKH RUGHU RI

VPDOOHVW UDGLXV LV :7 PXWDQW

PXWDQW DQG P

DW LOQKLELWLQJ LFH JURZWK 7 KKHDWHL IIRQUW V D PRI VWK K

PRVW HIIHFWLYH LQ WHUPV RI LWV DE

7TDEOF
PHDV?

wild Typ
Mutant
Mutant
Mutant

-52-

LOLW\ WR LQKLEL

AW LQ QDQRPHWI
QV

us 3
1abee et
)

Ry
4.261
4.287
4.278

4.157



Pt
HESD
=~

sessssccsane s

JLIXUH,PDJHV RI LFH JURZMOK QG VWHHYO D@ WLIKW
DW 'QYUN EOXH LFH VHHGV JUHHQ /H,%3 OLJKW EO)
YDULDQWYV LFH FU\VWDOV IRUPHG D FXUYHG VXUIDFH
GLIIHUHQFHY DPRQJ WKH YDULDQWY LQ WKH GHJUH
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506' 506) 3&$
7R DQDO\]H WKH SURWHLQ G\QDPLFV RI :7 DQG WKH WK
PHDQ VTXDUH GHYLDWLRQ 506' DQG URRWWKHDQ VTXD!I
SURWHLQ EDFNERDHWURRMKMRULHY ZH H[FOXGHG WKF

&WHUPLQXV UWWHVLAXHHM[FOXGHG

506' TXDQWLWDWLYHO\ GHVFULEHV WKH GHYLDWLRQ L

(R Z/H POAVAHIBWILWR (D \

HM.DDUILHD ABY Y D O X
c IRU WKH :7
DR U PRHWDHQ W

ATRALIDAQE UBRWWH GH,
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1‘\.‘!:1;3"“4? ’

P

1
0 40 80 120
Time (ns)

200

0.8

0.4

— Wild type

I
80 120

Time (ns)

160

200

) L J X U HResults of RMSD calculations. (apverage values of simulations

performed in three replicatgd) Wild-type LelBP.(c) Mutant 1.(d) Mutant 2.

(e) Mutant 3.(b) £e), black, means; gray, standard deviatighMovement of
wild-type LelBP during simulation. Residues 2852 (orange) corresponding to
the loop are actively moving for 200 ns, while residue®223 (grey), which are

the part that binds to the ice surface, are stable. Therefore, RMSD calculations

were based on residues 243.
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The RMSD results for the WT and the three mutats J X U Hndicated that
all four /H,% 3 Y B wdrd@ny stable during the 266 ice crystal growth
simulation, with RMSD values varying between 0.7 and 0 BdSpite this overall
stability, the nutant 3 had the lowest RMSD and minimal fluctuations, suggesting
that it undergoes minimal conformational changes. Mutant 1 showed the highest
RMSD values and greatest variability, with fluctuations up to 1.0 A, indicating

that it is the least stable amorige variants. Mutants 2 and WT LelBP

demonstr; 1er highlights the

dynamic r 5 significant
movemen stable. This
stability ir stion. Overall,
while all \ nd the mutations

introducel ibility
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7R DQDO\]H WKH /H, %3 SURWHLQ G\QDPLFV LQ PRUH G}t
DYHUDJH YDOXHV DQG VWDQGDUG GHYLDWLRQV RI 50
GLITHUHQW 0" VLPXODWLRQ WUDMHFWRULHYVY DUH VKRZ
506) UHVMOWWYWH LQGLFDWHG VLIJQLILFDQW IOXFWXDWLR'
ZLWK FKDQJHV XS WR c LQ WKH :7 ,QWHUHVWLQJO\ V
VLPLODU WUHQGY DFURVV DGBGHRRQ YBULRPQWRI KQ BHKIOH
SHVLGXHV ZLWK UHODWLYHO\ KLJK 506) YDOXHV FRUU
YDDKNUN LQGLFL

XY WKRQGYQLQVKH
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1 1 1 | " L 1 L 1 L 1
50 100 150 200 50 100 150 200
Residue number Residue number

RMSF (A)

1 1
50 100 150
Residue number

JLIXUHS5HVXOWYV RI 506) FDOFXODIMWLRDIXHY RI VLPXOD
SHUIRUPHG LQ W KEUIHMAU SIS O HF®RWHIVQG\ X W D Q W
HOXWDQIVBY IRU 506' UHY¥LGXHMQJH FRUUHVSRQGLQJ
ORRS ZHUH H[FOXGHG IURP WKH 6B BBWQLRQHRQ@NVE QB
SHDN SRUWLRQ LV LQGLFDWHG LQ SXUSOH



7KH G\QDPLF SURSHUWLHV RI WKH SURWHLQ ZHUH LQ
QV WUDMHFWRULHVYLRXUHV ZRXHOIDWYRQSULQFLSDO FRF
3& FDSWXUHV WKH PRVW VLIJQLILFDQW YDULDWLRQ LC
ODUJHVW XQFRUUHODWHG PRYHPHQW LQ WA WUDMHEF\

.LUVFKQHU

7KH 3& YDOXHV IRU WKH :7 DQG WKH WKWHKH B&WDQW\

RI WK™ "= o Lo ~ = ) (G\QDIFARE )R UF

WKH ° QWLDO VWUXFW)>

GLDJL 'HIOHFW WLPH SU
SURSH W IRW RU WKKHH 1V UR
WKUH YDOXH FRUUHVZ

PRYHE

2YHL 4G WKDW PXWDQ

FXPXC v WRKOHO RAHVGV W K U
E\ PXwWogQw PXWDQW DQG :7
VXJIJHVW WKDW ZKLOH DOO YDULDQWY H[KLELWHG G\QD

PRVW VLIQLILFDQW VWUXFWXUDO YDULDWLRQ RYHU WL
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JLIXUmnm oRrmvAUuwy Ki OLurLouyu rrroaaRCGHQW ®BYIDO\VLY
EOXWDQRMOXWDQBWXWDQW 7KH UHVXOWY DUH H[SUH
WUDMHFWRULHYV ZLWK D FRORU JUDGLHQW IURP EOXH

SURJUHVVLRQ RI WLPH 7KH YDULDQFH LQ WKH SRVLWL
HDFK GLPHQVLRQ RI WKH SURWADLWY W[YURXOBD® B¢ WU I

SHUFHQWDJH IRU WKH ILUVW WKUHH SULQFLSDO FRI
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*LEEMKRPVRIMHFW
‘H DWWHPSWHG WR XQGHUVWDQG WKH WKHUPRG\QDP
LFH 7KH"MEEVRQ HIIHFW GHVFULEHV WKH WKHUPRG\QD
DFFRUGLQJ WR WKH FXUYDW XU KD XD/YJURZADXINHEOH FU\

.XLSHU HW DO 1DGD )XUXNDZD

'KHQ DQ ,%3 ELQGV WR WKH LFH VXUIDFH QHZO\ JUR

SURW

‘H 'HQJ HW DO
7KH D H VXUIDFH DIIHFW
E\ LFF WR WKH LFH VXU

P OWM QD SRLQW

JLIXUH 7KH W\SH RI LFH VXUIDFH ELQGLQJ YDULHV GH:
DQG VKDSHW®RIV,%BU\ LQ WKH UDGLXV RI FXUYDWXUH IF
GHSHQGLQJ RQ WKH VL]H DQG GHJUHH RI DWWDFKPHC

K\WWVWHUHVLYV YDOXH FDQRVWLHRBWKMH. QB GLKX\VFRIOFXOQY D
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7KLV FXUYDWXUH LV XVHG WR FDOFXODWH WKH PHOWL
ZH DVVXPH WKDW WKHWHRRSIRVIBEHUHHRKDO GIRASRQHQ

OLTXLG SKDWAKRWMROQLEEXDWLRQ HDSOQOVNBDN ZULWWHQ DV

t G
4®5
ZKHlﬂ;HLV WKRH WKH LFHW IFU\WWHD O XUIDiIFtheWRQNBNUROQ

6, L6l F ud;

YROXPH RI WKH¢8 SIKHUWHKHDRREODU HQWURS\ FKDQJH GX

FKDQJH IURP VROLG WR OLTXLG ZKLFK LV JLYHQ DV

5 L e oT6, v
ZKHUH, LV WKH IXVLRQ HQWKDOS\ 7KH JURZLQJ LFH WD

FDQ EH GHVFYREH B SO DWW KHHTEKWDRADDRMMHU  *DXNHO

\Y S
— LIl—E—p U

ZKHUH 5 LV UDGLXV RI FXUYDWXUH

KHQ HTXDWLRQV DQG DUH VXEVWLWXWHG LQW

FDOFXODWHG DV IROORZV
S
6 L6l F————= HI— E—p : uAy
(SH u WY

$PRQJ WKH YDULRXV W\SHV RI ZDWHU PRGHOV ZH XV#t

7,3 3 PRGHO WR BVWROEWMD @XKHH LV. ¢* LV

NFDO PROG WKH!GIHWVQWIWR $SEDVFDO HW DO (VSLQRYV

- 64 -



9HJD HW DWKH YPQXH R1 P (VSLQRVD HW DO

7TDEOH7 PHDVXUHPHQW YBOXBOWVLQ . IURP WKH FDOFX

PHDVXUHG QUURYQDSVKRWYV

JRU HDFK /H,%3 YDULDQW W

SHUIRUPHG LQ WKUHH UHSOLFDWHY DQG WKH DYHUDJH
ULJKRD XPQ

Tm 1 [K] Tm 2 [K] Tm 3 [K] Average (Tp)
Wild Type 216.270 217.636 217.444 217.116 G0.739
Mutant 1 218.198 217.878 218.206 218.092 G 0.187
Mutant 2 219.110 220.434 218.242 219.262 Gs& ¢4
Mutant 3 217.712 217.704 218.020 217.812 G 0.180

7KH DYHUDJH YDOXHYV DQGr VWD @A NMWH G H QL DIMHARH V BI

YDOXHV LQGLFDWH PRUH HIILFLHQW LQKLELWLRQ RI

VLPXODWLELR@ DQ\WLV VKRZHG WKDW :7 /H,%3 ZzDV WKH

VXSSUHVVLQJ LFH JURZWK

YLIXUH
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)L\]xvll ~ 1 LAV AN vV v 1\ 11 W VIl LZ\\X//B/1 ¥ VV b INQ%L%%S
PXWDQW PXWDQW PXWDQW
VWDQGDUG GHYLDWLRQ
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5DGLDO 'LVWULEXWLRQ )XQFWLRQV

7KH UDGLDO GLVWULEXWLRQ IXQFWLRQ IRU WKH QXPE

DURXOQEL @&IHQJ VLWH UHVLGXHV ZDV HVW)LLFZ][XIWHIG IRU :7

7KH UDGLDO GLVWWNEXW ZR Q\& WHRGDR Q

@3 @sy

‘N L ~— N ~
CN @, Ué veN@ Né

TUK;

ZKHUHW WKH GLVWDQFH EHWZHM QB FSDYWH RD 3D GWQFQW\
SRLQW LQ D OLTXWEHEXQRVEIHRYY/ WR\ FDOFXODWH WKH Q

D VKHOO RI@QMKW@ENQHVYV

7KHMDGLDO GLVWUDERWQRQ6 XDF WDRQER D WKH

ILUVW SHDN DSSHDUHG DW FD c bQG WKH VHFRQG

GHQVLW\ SURILOHV ZKHQ WKH UHVLGXHV RI WKH ELQGL

LIQLIXUH E G ,Q PXWDQW $0OD GXH WR LWV DXJPH!

LQ FRPSDULVRQ WR 7KU JHSHOBHG ZPMWHWQPBROHFXO

PXWDQW DURXQG UHVYILLXXNHY G DQGLIXUH H

ZHUH UHODWLYHO\ ORZ 2Q WKHJIJXKWHKHR KD@& UHVLG)>

JLIXUH| 1 VKRZHG KLJKHU GHQVLW\ SURILOHV 7KXV

LOQOWURGXFHG DODQLQHY UHSHOOHG ZDMWHU UAHR/OXKDAX O H

VKRZV WKDW ,%3DWHR FMDKHBH D IVHKEBWHG E\ WKH UDWLR F

- 67 -



WKH EMAGMHQDUHVLGXHYV

JLIXUH 5DGLDO GLVWULEXWLRQ IXQFWLRQV IRU ZDWH
ELQGYRWH UHXHGEH®VLW\ RI ZDWHU PROHFXOHV ZDV FI
ELQGULINH UHVLGXHV IRU BI®HKLGX PEDMDUGR QY W

FSHVLGXHG5HVLGXHH5HVLGXH S5HVLGXB5HVLGXH
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$V WR WKH :7 WKH ZRWEG BEDHFXBHUM DHSHOOHG IURP
VLWH GXH WR LWV K\GURSKRELF QDWXUH +RZHYHU
VXUURXQGLQNUWYH BHYGEGRHBY PDLQWDLQHG WKH LFH EL

DV WKH QXPEHU RI DODQLQ®URMKIRELKFYWQBOMRWHG U

2Q WKH RWKHU KDQG PXWDQW GHVSLWH WKH KLJKH

QRW VLIQLILFDQWO\ )/LX]S(SSJLITHG’\)LL]E(HJI-I!LHRZ\NKIRZV WKH

K\GURJHQ ERQG EHWZHHQ 7KU 7 DKW ZDWH® R H FXIO:]
7KH R[\JHQ RI WKUHRQLQH DQG VHULQH UHVLGXHV DW \
LFH" LQ WKH IRUPDWLRQ RI KH[DJRQDO VKDSH RI LFH 7

IRUPDWLRQ RI LFH FU\VWDOV
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)LI XL 1g binding
site residues (Ser 14/, Serl/1, IArI98, Ihr2lb, Alaz34, Sera3, Thres) in the
last snapshot (200 ns). (ayild-type LelBP.(b) Mutation 1.(c) Mutation 2.(d)
Mutation 3.(e) ,FH FU\VWDOV IRUPHG E\ ZDWHU PROHFXOHV
LFH" IRUPHG E\ R[\UJHQ DW WKH ELQGLQJ VLWH
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4. &RQFOXVLRQ

'HLQYHVWLIDWHG LFH JURZWK VXSSUHVVLRQ RI :7 DQ¢
0' VLPXODWLRQ ZKVXXAWXOKREZNVRWKWH :7 ZDV WKH PRVW
LFH JURZWK VXSSUHVVLRQ )RU :7 WKH R[\JHQ RI WKUH
LQWHUIDFH SOD\HG D UROH RI 3IDNH LFH" LQ WKH IRUF

7KH 3IDNH LFH" LQWHURQYRY ZRNWRKRUWXWDRAWYPDWL

$W WKH VDPH WLPH WKH K\GURSKRELFLW\ E\ DODQLQ
PROHFXOHV LQYROYHG LQ WKH IRUPDWLRQ RI LFH FU\
WKUHRQLQH DQG VHULQH UHVLGXHY DQG WKIHROWHM URSKTF
LQ WKH VXSSUHVVLRQ RI LFH FU\VWDO JURZWK IRU :7 )
DUH QRW EDODQFHG DV OLNH :7 7KH LFH FU\VWDO JUR.

DV PXFK DV :7
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Chapter 4

&RPSXWDWLRQDO 6WXG\ R| 1HWZR
)XQFWLROHWIHQFH LQ $OFRKRO "HK\(
(Q]\PHV $FURVV 6SHFLHV 8VLQJ

'\QDPLFV 6LPXODWLRQ

1. ,QWURGXFWLRQ

$OFRKRO GHK\GURJHQDVHV $'+ DUH D JURXS RI HQ]

VLIQLILFDQW VFLHQWLILF LQWH WV W KGIX P HWR BARKCHIMP |
DOFRKRO DFURVV D GLYHUVH UDQJH RI RUJDQLVPV L
SODQWYVY DQG'LY HHWW B BUDWIHMB KILKQ 7KHVH HQJ\PHV

FOWDOH\MWUWKRVIRUPDWLRQ RI DOFRKRO LQWR DOGHK\GH

UHGXFWLRQ RI QLFRWLQDPLGH |DIGKQHPH GU@K¥FOHRWL

WKLV UHDBWLRRWHWLDOO\ WR[LF LOQOWHUPHGLDWHYV L
DOFRKRO JURXSV WKDW VHUYH YIDUNKIXWL $SK¥VLRORJLFL

HQJ\PHVY DUH SDUWLFXODUO\ YLWDO LQ \HDVWV SODQW
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WKH\ GULYH IHFMHNYWD WIURQ/LSADRO IRYLWUNKSBHQLVKLQJ

EF DQG VXVWDLQLQJ NH\ PHWDEROLF SDWKZD\V WKH
JURZWK RRJIBIRZHQYLUR GIMHQ O V 0OF4XLOQQQ HW DO
DGGLWALRLWRHWDEROLF UROHV $'+ HQJ\PHV DUH D VXE
GXH WR WKHLU LQYROYHPHQW LQ ORFDO DGDSWDWLR
YDULDWLRQ DQG IXQFWLRQDO VSHFLDOL]DWLRQ DFUR
DGDSWDWLRQV 8 URXY\WIGHKW Y DLAQXWDE K RZ $'+ JHQHV HYRO

GLVWLQFW UROHV UHOHYDQW WR RUJDQLVPDO KHDOWK

$OFRKRO GHK\GURJHQDVH $'+ HQJ\PHV IRUP D GLYHUYV
GLVWLQFW FODVVHV ,Q \HDVWW3L.@ 0 CEDFNX QB WL RE i QHIC
WHWUDPHUV ZLWK WZRZEQWDRQW SHD PRIQRPW FEUXFLD
SURGXFWLRQ WKURXJK WKH FRQYHUVLRQ RI DFHWDOGH
SDUWLFXODUO\ LPSRUWDQW XQGHU FRQGLWLRQV RI C
HQDEOLQJ WKHVH RUJDQLVPV WR D'GDHW DR HQYLURQ
=DNKDUL $'+ HQJ]\PHV LQ SODQWYV VLPLODUO\ FRQWULEX
FHOOXODU UHGR[ EDODQFHI PG Q®'D Q HIWH @UDWLRBO D
DO ,Q KXPDQV $'+ HQJ\PHV DUH VWUXFWXUDOO\ GLY
XQLTXH JA@BVQBQGLIIHUHQW LVRIRUPV +XPDQ $'+ L
LQFRUSRUDWHYV WZRUHI@QHEWRQ®J +@V LQWULFDWH PRO
BHUVVRQ $PRQOWKHVH &ODVV , $'+V $'+ $ $'+ % $'+

OLWHFLILF DQG FHQWUDO WRXHW KHDAXRD@ HP VD E R O,L. V F
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$'+ &ODVV ,,, $'+ DQG &ODVV ,9 $'+ HQJ\PHV GL
VSHRAUW\ DQG WLVVXH GLVWULEXWLRQ KLJKOLJKWLQJ
$'+ IDPLO\ &ODVV ,, $'+V $'+#EDDHE POWRDOHYGMVV HIIL
PHWDEROL]LQJ HWKDQRO DW ORZ FRQFHQWUDWLRQV &
QHDUO\ DOOHWILNELXWHE URPG VXEVWUDWH VSHFLILFLW\ ¢
ORFDWHG LQ WKH VWRPDFK DQG HVRSKDJXV DUH HIIHF

VXFK DV UHWWDEHFOHW DO /ILX HW DO 6]DODL HW D

*HQH GXSOLFDWLRQ SOD\V D NH\ UROH LQ WKH HYROX
HQJ\PHV DV GXSOLFDWHG JHQHV FDQ HYROYH DW GLII
W\SHXQFWLRQDO GLYHUJHQFH 7KLV GLYHUJHQFH DOOR
IXQFWLR@E WKBRWIBQLVPV WR DGD 3 WX VR WiDHH W HD@Y L U
)XQFWLRQ FKDQJHV ZLWK HYROXWLRQ WKURXJK SUR
PXWDWLRQ DQG VHOHFWLRQ ZKLFK DR®ROREZ[BRROWHLQV
LQ WKH VWXG\ E\ & DUULMR GH 20LYHLUD HW DO DQ D
LQ XULF DFLG EUHDNGRZQ ZDV GXSOLF&UMHE MRJBBIWLC
20LYHLUD HWOPWDWLRQV LQ WKLY GXSOLFDWH DOORZH
RULJLQDO HQJ\PDWLF IXQFWLRQ DQG DGRSW D QHZ URO
KRUPEQBIGLQJ SURWHLQ 7KLV WUDQVIRUPDWLRQ LC
PRGLILFDWLRQV DIWHU GXSOLFDWLRQ FDQ OHDG WR V

SURYLGLQORIMHFEQRDSDELOLWLHY RYHU HYROXWLRQDL
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7KRPSVRQ HW DO H[SORUHG WKH HYROXWLRQDU\ IXQ
$'+V DQG GHYHORSHGLWKRVLR®NOWKRGHO RI D SODQW
VWXG\ UHYWSOHGL¥LIWH. QR DFLG FKDQJHV LQ WKUHH FL
ELQGLQJ ORRSBP HUKHQMRHUDFWLRQ VIKRP SBIRQDWKH DFW
7KH\ DOVR H[DPLQHG IXQFWLRQDO GLYHUJHQFH
3RDFHDH %UDVVLFDBABHQDPEERABWRQ HW DO
LGHQWLI\LQJ GLYHUJHQW DPLQR DFLEYQ®LYXORRF UL\
WKH PRQRPHU LQWHUDFWLRQ VLWH DQG WKH DFWLYH
$'+ FODVVHV LQXMQLPDMG SODQWYV XVLQJ HYROXWLR
WHFKQLTXHV WR SLQSRLQW NH\ UHVLGXHV LQYROYHG
GLYHUJHQFH EHWZHHQ GXSOLFDWHG JHQHV SURYLGLQ

GLYHUVLNKFDRPSVR@ HW DO

7KH FRPSOH[ LQWHUSOD\ EHWZHHQ PROHFXODU HYRO
IXQFWLRQDO DGDSWDWLRQ BPONHQWHYHWERLOH VXEM
FRPSXWDWLRQDO DQDO\VLV 7HFKQLTXHV VXFK DV PR
LQWHJUDWHG ZLWK QHWZRUN DQDO\VLV SURYLGH D S

WKHVH UHORWORQEKWLIVOIDOHUR
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JLIXUH$SOFRKRO GHK\GURJHQDVH LV DQ HQJ\PH XVHG W
GHFDUER[\ODVH LQ DOFRKROLF IHUPHQWDWLRQ WR F|
FRQYHUWLQJ DFHWDOGHK\GH WR HWKDR®G FD 7KH FR
' VWUXFWXUHV RI 1$' G 6WUXFWXUH RI KXPDQ $'+ LQ

LG +'; 7KH ]JLQF LRQV DUH VKRZQ LQ WKH ER
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,Q WKLV VWXG\ ZH LQYHVWLJDWH ,WIKKH FRARLGRHOFIX@D D U
GLYHUJHQFH RI WKUGDH BKD UR P LRH\BWH WISY LV =D H
\HDVW DOFRKRO GHKWGHUR DHD®XW PRUBKXD &'2

FRG ILVK DOFRKRO GEMXKDGZRBPHG@BVBIQRBPR VDSLHQV
3'% ,' +'; KXPDQ DOFRKRO &Kk OGU RIW QRVHQ,J

QHWZRUN DQDO\VLV DQG IXQRWHRQDIX IEQFH WDIM® RNV B X T

DOLIJIQPHQWYV Rl WKHVH WKUHH 3)%J¥XYWHUXKWXUHV DU

FRPSXWDWLRQDO PHWKRGV XVHG LQ WKLV VWXG\ LQWH
DQG VWUXFWXUDO ELRLQIRUPDWLEV UWDR BIWW DDV 1XQFW
)XQFWLRQDO GLYHUJHQFH DQDO\VLV ZDV HPSOR\HG W
OLNHO\ VXEMHFWHGS UMARY X\VIHHPHS/RBRIXYHOLFDWLRQ SRWHF
LQIOXHQFLQJ XQLTXH IXQFWLRQDO UR®XYV DPRQJ $'+

1JX\HQ %D HW DHONZRUN DQDO\VLV IRFXVLQJ RQ FHQWU
EHWZHHQQHVVY FORVHQHVV DQG GHJUHH HQDEOHG
LQWHUDFWLRQV GLWHKQYLRBEBOWKYHNWUXFWXUHV 7KEFH
PHWULFY WHWIH®XHY FULWLFDO WR VWUXFWXUDO LQWHJ
SDWKZD\V ZLWKLQ WKH HQJ\PH IXUWKHU HOXFLGDWLQJ
FDWDO\VLV 7KH LQWHJUDWLRQ RI QHWZRUN FHQWUDOI
DOORZV IRG ®PQGHILYPWDQGLQJ RI WKH VSHFLILE HYROX
VKDSH HDFK $'+ HQJ\PHTV VWUXFW X &BEKQHPQIEW XOQOF W LR

/[HL HW DO&RPSXWDWLRQDO PHWKRGV KHOS LQ
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PROHFXODU DUFKLWHFWXUH DQG HYROXWLRQDU\ IRUFI

LQ $'+ KRPR®RYXGD HW DO =KHQJ HW DO

JLIXUHBHTXHQFH DOLJQPHQW DQG VWUXFWXUH DOLJ
VWUXFWXUHV DOL7IQHPMBWIYHIRAHWKUHH 3'% VWUXFW X!
PDWUL[ EHWZHHQ VHTXHQFHV E\ 8QL3URW $0LJQ PRGX

LQGLFDWHG E\ D GDUNHU FRORU F 7KH VHTXHQFHV L

DOLJQHG VWUXFWXUHV 7KNAWQXEDRRQV ZHIR 1BR @WHIUY

7R LQYHVWLIJDWH WKH VWUXFWXUDO VWDELOLW\ DQ
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GHK\GURJHQDVH $'+ HQJ\PHV ZH HPSOR\HG VHYHUDO
FRQGXFWHG D SK\ORJHQHWLF DQMODW MR GKV E M LDP R
$'+ VXEW\SHV HPSKDVL]LQJ WKH FRQVHUYDWLRQ DQG
SDUWLFXODUO\ $'+ DQG $'+ DFURVV YDULRXV WD[D

VLPXODWLRQV ZHUH WKHQ SHUIRUPHG WR H[SORUH W
VWDELOEWURMSHLQY RYHU WLPH %\ DSSO\LQJ 1HZWRC
DWRPLVWLEF PRYHPHQWY WKHVH VLPXODWLRQV SURYLC
IOXFWXDWLRQV DW KLJK WHPSRUDO UHVROXWLRQ .H\
VIXDUH GHYLDWLRQG SW0KH HI WH@WL RIHVWUXFWXUDO GH
LQLWLDO FRQILJXUDWLRQ LQGLFDWLQJ SURWHLQ VWI
REVHUYH G\QDPLF EHKDYLRUV FULWLFDO WR XQGHU
IOH[LELOLW\ LQ D ELRORJLF VO & REQ Q/IHRFRR USLGHEQ/DIVL RR® O
PDSV '&&0 WR H[DRANQBXH)WHIDPLFV LGHQWLI\LQJ FRU
FRUUHODWHG PRWLRQV WKDW VXJJHVW IXQFWLRQDOO
FHQWUDOLW\ DQDO\VLV IRFXVLQJ RQ EHBADHHQQHVV

KHOSHG SLQSRLQW UHVLGXHV FULWLFDO IRU VWUXFWX|

DOORZLQJ XV WR PDS HVVHQWLDO QRGHV ZLWKLQ WKH

%\ OHYHUDJLQJ WKHVH FRPSXWDWLRQDO PHWKRGV |
PROHFXOPKILWHFWXUH DQG HYROXWLRQDU\ IRUFHV W
GLIIHUHQWLDWLRQ DFURVV $'+ KRPRORJV RIIHULQJ LC

OLQHWBHFLILF DGDSWDWLRQV
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2. OHWKRG

SK\ORJHQHWLF $QDO\VLV

7KH SK\ORJHQHWLF WUHH ZDVHIHBUWIDRVH G* XSULRLU O K H
9IDQGHU 9HOGHQ *XZHWKDWKH 1-RLALIKERU
DOJRUBWKWRX 1HPSOR\LQLWKBIQSH PHWKRG IRU GLV
HVWLPDWLRQ 9LVXDOL]DWLRQ ZDV SHUIRUPHG XVLQJ W
SURJUBWWXQLF %RUKH 1- DOJRULWKP FRQVWUXFWYV D
E\ PHDVXULQJ WKH HYROXWLRQDU\ GLVWDQFHV EHWZ
FRPELQHRWAKM PMHTXHQFHV LQWR QHZ FOXVWHUV 7KH
QHZ FOXVWHUV DQG WKH UHPDLQLQJ VHTXHQFHV DUH
UHSHDWHG XQWLO DOO VHTXHQFHV DUH UHSUHVHQWHC
WRWDO RI $'+ JHQH N EKWKIHQAHG WR FRQVWUXFW SK\C

HDFK VSHFLHV DQG $'+ W\SH

OROHFXODU G\QDPLFV VLPXODWLRQ

‘H SHUIRUPHG 0' VLPXODWLRQV XYHQVLWRIQH LUIGGOLSDYFNDJ
HW BOWK WKH &+$500 CRDUFFHUHBOG U BWGDDLWK

SURWHLQ SDUDPHWHUV LQFRUSRAXIFNLEW WRH &0$3 FRI
WKUHH 3'% VWUXFWXUHYV &'2 +';, DQG : = TKH 7,

-RUJHQVHQ HAD\DGBGIPSOR\HG 7KH Z3DOJAN L3FG H PRHHVIKR G
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ZDV XVHG ZLWK D BIIURIFWRMSTHM HFWWI®RH GDPSLQJ
FRHIILFLHQW IRU WK H LP® OHYALICR Q \ DN LHFRR Y H U
PHWKRG ZDV XVHG WR PDLQWD L)OFRQN W& @M SUHVV XU
VLPXODWLRQ ZDV SHUIRUPHG LQ WKH 137 HQVHPEOH I

VLPXODWLRQ IRU QV IRU HDFK RI WKH WKUHH 3'% VW!I

1HWZRUN DQDO\VLV

7KH G\QDPIFRBUR®DWLRQ PDS '&&0 PHWKRG ZDV XVt
FRUUWRHDBMWZHHQ UHVLGXHV LQ WUDIQHPWRUILHY RWOD |

,FKL\H .DUSOXV .DVDKDUD HW DO

O:NPFONP P;kN\:RFON:R, PoP
%L NPFONP Pky:RFON v

§:ON:P PFONP P8 kON:P PFON:P Pfo

ZKHUWDQ® DUH WKH DWRP L ESEWWEL \D WRPW WMWK HP H
7KH TXDQWIWWFRRUUHVSRQGY WR WIKBIWRREWMDWLRQ RI
WWMWR WKIMDWRWKHFRUUHODWLRQ PDS IRU WKH FRQIR
DOO WHKWHR&®V GXULQJ WKH QV 0' VLPXWDWXHRQ(EZDV RE\

LQ WKH '&&0 HOP\QPD®NMDREF ,Q WKH FRQVWUXFWHG Q
FRUUHVSRQOWRWPR DQ& HDFK HGJH LV DQ LQIRUPDWLR(

LH FBRVHUHODWLRG@)yRKWKHEFRUWHODWLRQ HGJH EHW.

LDONMZDV GHIGHMEX DWW DO 9DQ:DUW HW DO
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SyvL FH K&+ VA

7R LGHQWLI\ DQG TXDQWLI\ WKH QRGHV WKDW RFFXS\
VHYBO FHQWUDOLW\ PHDVXUHV KDYH EHHQ SURSRVHG
FORVHQHVV FBIKMPDOOLWLHMVRQ 9HUZRHUG 1HZP

DQG ZHUH XVHG LQ RXU DQDO\VLV

7KH FORVHQHVV FHQWUDOLW)\ LV GHILQHG DV WKH DY
EEWHQ D QRGH DQG DOO WKH RWKHU QRGHV LQ D QHWZ
LW ZLOO WDNH LQIRUPDWLRQ WR VSUHDG IURP RQH JL

FORVHQHVV FHQWUDOLW\ LV FDOFXODWHG DV

%, Ry L JFs RVE: T
% Ay, uCkRAR0 o

ZKHUM LV WKH VKRUWHVW SDWK ZIDMQNEQ FWALWKW EHW

QXPEHU RI QRGHV LQ WKH JUDSK

7KH EHWZHHQQHVYVY FHQWUDOLW\ LV D PHDVXUH RI KF
IORZ WKURXJK D QRGH LQ D QHWIIRWUWNKHKH/IEAWEZRG QRO H
VRKRNVHVW SDWKV EHWZHHQ SDLUV RI QRGHYVY WKDW SDVV

FHQWUDOLW\ LV FDOFXODWHG DV

o
>yL——-FF IV,
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ZKHEGFLY WKH QXPEHU RI VYXW®WWWWWD STHL BXK'W WRIPDW ST

WKURXJK M@ BEWKH WRWDO QXPEHU RWWKRUWHVW SDWK'

7KH GHJUHH FHQWUDOLW\ PHDVXUHV WKH QXPEHU RI H

ZRUN DQG LV FDOFXODWHG DV
%Ry L1 #yy va,
ZKHUN

WZLVH $

V HYHQW RI HYRC

JHQH GXSOLFDWL

JLIXUH D (PHUJHQFH RI JHQH IDPLOLHV DIWHU JHQH G»
RI FOXVWHUV E $ VFKHPH RI WKH ) VWDWH IXQFWLR
WKH ) VX\DPWH.RQDO GLYHUJHQFH
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7\SH IXQFWLRQDO GLYHUJHQFH UHIHUV WR WKH SURI
HYROYH WR KDYH GLITHUHQW IXQFWLRQDO GLYHUJHQFF
UDWH Rl HYROXWLRQ EHWZHHQ WKH GXSQWNVPDBAHV 7KL
ZKLFK RUJDQLVPV JDLQ QHZ FDSDELOLWLHY DQG DGDS\
$ VWDWLVWLFDO PHWKRG ,| RYQWWH RHDNOL BD WH B HHR F W \[3
GXSOLFDWIRQLRWMGZEZHOGBWHU JHQHUDWLQJ PXOWLSOH D
DPLQR DFLG VHTXHQFHY WKH DOWHUHG IXQFWLRQDO F

FDQ EH JLYHQ E\

% K B:- &
N L P KB VK
¥8=Ni;8 = N,

ZKHBHNg; 8=Ni;; DQEKR&s; DUH WKH YDULDQFHV DQG FFR

Rl&G DQ& *X DQGDUH HYROXWLRQDU\ UDWHV IRU F(
JRU QR IXQFWLRQDO GLYHUJIJNDR& HRWIKVHMIOBMRH GXSOL

7KH PHDWK\WGSH RQFWLRQDO GLYHUJHQFH LV GHILQHG E\
aLsFN WV,

$V IXQFWLRQDO GLYMUDHFYHDVYABFUHBPHVIXQFWLRQDO F
IXQFWLRQDO GLYHUJWOQMH PREHOKIBD WZRLWHY DUH |

WZR JURXSV IXQEWQ‘FD(Q}H)IKQQWWRQDQLGIXYJTHUJHQFH )
E F 7KH SULRU SUREDELOLW\ IRU WKH VLWH LQ WK

2:(s;LSFNL a va,
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2:(4sLsFa v,
$PLQR DFLGV VKRZLQJ VLIJQLILFDQW M P® b VAN HILHW HDQ HH
YHU\ LPSRUWDQW IRU XQGHUVWDQGLQJ WKH IXQFWLF
PROHFXODU HYROXWLRQ 7KH SRVWHULRU SUREDELOLW
VHOHFWLQJ DPLQR DFLGV VKRZLQJ VLJQLILFDQW UD'
GXSIWERQ HYH®RW *WHVWLPWMHHGRHIILFLHQW RI IXQF

GLYHUJHQFH EDVHG RQ WKH 3RLVVRQ PRGHO :KHQ WKF

LY.L L IRU JHQH FOXVWHU DW D JLYHQ YLYWHD BAKH SU
85”5
Ly G L = A do VST,

ZKHUBQGDUH WKH WRWDO HYROXWLRQDU\ WLPHV RI FC

*X

%\ WKH DVVXPSWLRQ WKDW WKH HYROXWLRQDU\ UDWH

JDPPD GLVWULEXWLRQ WKH G VMWW GEXMWQAIR® RI HYRO XYV

U
O:4; L_—U_a’-’SA’-’ V& S
ZKHBAHE ‘" 54

7TKHQ WKH MRLQW GLVWULEXW,LRD; RIMWIK\H QXPIEHE\ RI F

2::5LE’.6LF(5;L35:E36:F;,
vaEt,
2::5LEGLF(4;L-56:E:;
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ZKHUH DQG DUH DHZEDBAXNWHQWYV

3::EL I, Ls:ES:&; @
1

3:E Lt Lg:EO:8; @
4

7KH SRVWHULRU SUREDELOLW\ RI \DMOIGW,KDQ DWW WRH VS|

VE U

FOXVWHUV DQGX LV JLYHQ E\

2:(s isd; L a 3 36 VE
ST e TS F A -56E & 3536 e

4 YDOXHV DUH FDOFXOUWeWaH D1V RQIWKHHWIHEM/ LRQD O

GLYHUJHQFH LQ WKLV VWXG\

3. SHVXOWY DQG GLVFXVVLRQ

SK\ORJHQHWLF $QDO\VLV
7KH JHQHUDWHG SK\ORJHQHWLF WUHH SURYLGHV I

HYROXWLRQDU\ UHODWLRQVKLSV DPRQJ YDULRXV DOFR
DFURVV D ZLGHFUBQJHQRWKIS ILVK OLQHDJH VHTXHQFHYV
DQG $'+ ZKLOH WKH PDPPDOLDQ DQG IXQJDO OLQHDJH\
$'+ $'+ DQG $'+ 7KH PDPPDOLDQ $'+ OLQHDJH UHYHD

VWUXFWXUH ZLWK $'+ IXUWKHVUXERERVWHIHG $'Q@WR
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$'+ % 3'% ,' +': $'+ & DORQJ ZLWK $'+ $'+ $'+ DQG
IRUPLQJ D VLQJOH FOXVWHU 1RWDEO\ $'+ LV SRVL
VXJIJHVWLQJ LWV RULJLQ IURP D JHQHIGXSOISEFDWLRQ |
3% ,' = $'PQG $'+ DSSHDU WR BOXFWBWRPLRMKLQ W
FHUHYLVQDHFDWLQJ D FRPPRQ DQFHVWRU WKDW OLI
GXSOLFDWLRQ RI $'+ ,PSRUWDQWO\ $'+ LV PRUH FOR\

$'+ LPSO\LQJ D JUHDWWUXRKWRXWDRQOL® IRAWUD UL W\

7KH $'+ DQG $'+ VHTXHQFHV IURPFKDGROBSHFLHYV
LOX\YHURZMBHMRXQG WR FOXVWHU WHRIFSPNVKBNI GZKHUHD \
IDFKD@HDIRUPHG D VHSDUDWH FOXVWHU 7KLV LQGL
SK\ORJHQHMIMWK USNO DRRQJ IXQJDO $'+ VHTXHQFHV GLII
PDPPDOV VXJJHVWLQJ WKDW HDFK $'+ W\SH GRHV QRW
ILQGLQJ LPSOLHV WKDW DOWKRXJK GLIIHUHQW VSHFL}
GXULQJ WKH HYROXWLRQOQG H SLURFH \GL VWK BF W DNHQ K W L

UHVXOWLQJ LQ IXQFWLRQDO GLIIHUHQWLDWLRQ DQG Gl

1RWDEO\ $'+ DSSHDUV WR EH KLJKO\ FRQVHUYHG LQ¢
FULWLFDO UROH DFURVYVY GLYHUVH WD[D ,W LV SUHVHQ
YHUWHEUDWHY OLNH PDPPDOV DPSKLELDQV DQG ELUG
DQG QW®HV 7KLV FRQVHUYDWLRQ VXJIJHVWV WKDW $'-

SRVVLEO\ HVVHQWLDO UROH LQ WKH PHWDEROLF SURFF
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,Q FRQWUDVW $'+ DQG $'+ VKRZ VLJQLILFDQW HY
SDUWDR)O\ ZLWKLQ PDPPDCPLOIRNGEQHDUXEW YSHM KDY H H
7KLV GEQHFWH VXIJIHVWYV WKDW WKHVH HQJ\PHV KDYH XC
IXOILOO VSHFLILF PHWDEROLF IXQFWLRQV VXFK DV
PHWDEROLVP RU GHWR[LILFDWLRQ SDWKZM\V ZKLFK
YHUWHEUDWHYV 97 K'H GELLE-OVHY@WFBIHR Q JL $'+ DV RXWJURXSV
URRW WKH WUHH DQG SWRRIQ®HN PREWRD®H W GIFRDIXQ J

FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH HYROXWLRQ

$'+ HQI\AHMIXUH 7KH EUDQFK OHQJWKV LQ WKH WUHH

HYROXWLRQDU\ GLVWDQFHYVY LQGLFDWH YDU\LQJ OHYHC
UHIOHFWLQJ JUHDWHU HYROXW)L R®BKDVHSNUW WH R®I QH
GLYHUVLW\ DPRQJ WKH $'+ HQJ\PHVY DQG KLJKOLJKWYV

SUHVVXUHV WKDW KDYH VKDSHG WKHLU GHYHORSPHQW

$'+ LV SDUWLFXODUO\ VLIJQLILFDQW GXH WR LWV JUH
VSHFLDORPBWURI@G WWR RWKHU $'+ W\SHV :KLOH $'+ LV
DFURVV D ZLGH UDQJH RI VSHFLHV $'+ KDV HYROYHG G
PDPPDOV DPSKLELDQV DQG ELUGV 7KLV HYROXWLRC
$'+ KDV DGDSWHG WR EROWFVSHTFXLUHPHAMYV VXFK L
PHWDEROLVP GHWR[LILFDWLRQ DQG RWKHU VSHFLDOL
FUXFLDO IRU WKH VXUYLYDO DQG DGDSWDWLRQ RI WKH

LQWR GLIITHUHQW VXEW\SHV ZLWKVYQLWDPPPDRU WOIYFKI
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LQGLFDWLQJ D VRBPHLLF PHWDLEHROLF SDWKZzZD\V 7KLV
FULWLFDO HQ]J\PH IRU VWXG\LQJ WKH HYROXWLRQDU

VSHFLDOL]DWLRQ RI PHWDEROLF SURFHVVHV DFURVV G

JLIXUH3K\ORJHQHWLF WUHH RI DOFRKRO GHK\GURJHQD
$'+ $'+ E $'+ $'+ $'+ $'+ $'+ F

$'+ $'+ $'+ $'+ $'+ 7KH HOQWLWLHV LQ WKH SK\ORJ

FU\WWDOL]HG DUH VKRZQ LQ WKH UHG ER]

,Q VXPPDU\ WKHVH UHVXOWY LQGLFDWH WKDW D VLQJ(

JURXSV ZLWK YDU\LQJ JHQHWLF PXWDWLRQV RU VWU
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UHPDLQLQJ DV D VLQJXODU FOXVWHU ZLWKLQ WKH VDP

506' $QDO\VLV
SRRW PHDQ YDMWDRIY GFO6' YDOXHV DUH XVHG WR HYD(

VVEDRDOLW\ DQG FRQIRUPDWLRQDO FKDQJHV RI SURWHLQ\

VLPKDWLRIXWHVKRZV WKH 506' GDWD IRU WKUHH SGE V'

+'; DQG : = 7KH WKLFN OLQH LQGLFDWHY WKH DYHU

7TKHVH 506" YDOXHYV ZHUH FDOFXODWHGLRRU D SHULRG R

JRU &'2 WKH 506" VWDUWY DW D ORZ YDOXH VKRZLQ
VWD\V FORVH WR LWV UHIHUHQFH VWUXFWXUH 'XULQJ
TXLENO\ DQG WKHQ VWDELOL]HV DURXQG c 7KLV L
HDUO\ FRWQIREPO FKDQJHV EXW HYHQWXDOO\ UHDFKH\
506' YDOXHV FRQVLVWHQWO\ ZLWKLQ WKH ¢ UDQJH 6L
ULVH LQ 506' ZLWK YDOXHV HQFQUWDXKRBUHK QW L\OWDER X
DURXQG c +RZHYHWYV ¥OLWlHKWDBDL PRUH YDULDELOLW
VXJIJHVWLQJ WKDW ZKLOH WKH SURWHLQ DOVR UHDFK
H[SHULHQFHV PLQRU IOXFWXDWLRQV GXULQJ WKH VLP)
+';9V 506" FRPSDUHG WR &'2 LQOGLAFDVRWARRJHD WLJIQLIL

FKDQJHV EHIRUH VWDELOL]DWLRQ WKRXJK RYHUDOO V'
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J)LIXUH506" YDOXHV DQG VWDQGDUG GHYLDWLRQV RI
UHSHDWHG WKUHH WWREKWVWXWAMKDOREG 3W%H DOLJQPHQ\
VWUXFWXUHY DQG ILQDO VQDSVKRWD 50 VY D/AWKHVFW XU
DQG VWDQGDUG GHYLDWLRQV RI &'2 E 506" YDOXHV
+'; F 506" YDOXHV DQG VWDQGDUG GHYLDWLRQ'

,Q FRQWUDVW : = VKRZV JUHDWHU IOXFWXDWLRQV

SDUWDRXO\ EHWZHHQ DQG QV ZLWK 506" YDOXHV Y|
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c 7KLV VXJIJHVWV WKDW : =LV OHVV VWDEOH RU PR
SURWHLQVWIZRRWRFRGFWXDWLRQV LPSO\ WKDW : = GRHV
VLQJOH VWDEOH FRQIRUPDWLRQ EXW LQVWHDG WUDQVL
RU UHPDLQV G\QDPLF WKURXJKRXW WKH VLPXODWLRQ

VKRZV GLVWLQFW SKDVHDVHLWR ®RZHGLEMLDKULAEBYV RI
WKHQ DQRWKHU LQFUHDVHILWRWDQGVP X\CKML SHOHG VW@
FRQIRUPDWLRQDO FKDQJHV 7KH URRW PHDQ VTXDUH IC

QV 0" VLPXODWLRQV UHSHDWHG WMHWHVWREZRBVLRU V

JLIXUH:H IRXQG WKDW WZR ORRS UHJLRQV IRU DOO WKl

KLJKHU IOXFWXDWLR@5RU RQG I&/< +1
*/<  4$5* DQG 6(&5* DQG 6(5 #352 DQG

0(7 /¢
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E{? LRQ 506) JUDSK
PHV IRU WKUHH 2

506) YDOXHV GXU
HV GXULQJ QV

,Q VXPPDU\ WKH 0' VLPXODWLRQV UHYHDO WKDW L
FRQIRWPRQDO FKDQJHV EXW &'2 DQG +'; UHDFK VWDE
DQ LQLWLDO SHULRG RI DGMXVWPHQW ,Q FRQWUDVYV
VXJIJHVWLQJ JUHDWHU MOMDEEDQMWN\ RAHOR G LITHUHQFH\
WR WKH SURWHLQV Y DEQFVRICRQDIONVKRW KNL U GMPNUURQP F

VWUXFWXUDO SURSHUWLHYVY 7KH G\QDPLF EHKDYLRU R
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IOH[LELOLW\ LQ LWV IXQRWLRQ DAXG OH'; WKH MW IVB/L 6 RW

ULJLG ELRORJLFDO UROHYV

"\QDPLF FRRROMWVHODWLRQ DQDO\VLV

'"\QDPLF FRRVVWHODWLRQ DQDO\VLV ZIWR B/HHWIRW RH GV KRL
3'% VWUXFWXUBEXW'PRUKXD+RPR VDSLHQEY : =

6DFFKDURP\NHWHHUHYD F

JRU &'2 WKH '&&0 VKRZHG D FRPSOH[ SDWWHUQ RI F
VSDUVH UHG SDWWHUQV 7KLV VXJIJHVWY WKDW WKH P
SURWHLQ DUH NHGN UZIP®K HRIDOO IMRPH UHVLGXHV PRYL
FRUUHODWHG PDQQHU DV LQGLFDWHG E\ WKH UHG S
FRUUHODWLRQ LQ WKHLU PHRYHE&®MWRU EO XV KRRAHBN V
SURPLQHQW UHG DUHDV VXJJHVWHEI@XMW URKQN FRRXH
LQGLFDWH D G\QDPLF EHKDYLRU GLIIHUHQW IURP WKDW
SURWHLQ PRYLQJ LQ D PRUH FRRUGLQDWHG PDQQHU F
DQG DOVR QHDU WKH FHQWUDO GLDJRQDO OLQH 7KH
UMLGXH FRUUHODWLRQV GLVWLQFM LUVRPXINKRWY LVODK BW
GHVSLWH WKH VWUXFWXUDO VLPLODULWLHV ZLWK WKH
G\QDPLF SURSHUWLHY 7KH UHG DUHDV ZHUH PRUH SU

WKDQ LQ WZXR RWUWXRW XUHYV
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JLIXUH'\QDPLF FRRVWMHODWLRQ PDS '&&0 FDOFXODWLR
QV PROHFXODU G\QDPLFV VLPXODWLRQ RI D SURV
LQIRUPDWLRQ DERXW WKH G\Q D LW RFRURHDPMWILR @ FELHON
&RUUHODWLRQ EHWZHHQ @QHH\DGXHY HO XIFMEX B\R VR WY Y
FRUUHODWLRQ 7KH FRORU FRGLQJ IURP EOXH WR UHG
ZLWK UHG UHSUHVHQWLQJ DUHDV RI KLJK FRUUHODWLI
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PRYHPHQW RU LQWHUDFWLRQ EHWZHH®@RHKREHD UHVLGX
UHSUHVHQWY WKH FRUUHODWLRQ RI HDFK UHVLGXH Z|
KHQFH WKH OLQH LV UHG 7KH SRLQWV QRW RQ WKI
FRUUHODWLRQV EHWZHHQ GLIITHERQWHOHDVWWIGRMHWYD D R
&'2 E DELF FFRRRWMVYHODWLRQ PDS RI +'; F '\QDPLF
FRUUHODWLRQ PDS RI : =

7KH GLVWLQFW VKDSH RI WKH SURWHLQ PLJKW DOVR L
7KH VWURQJ FRUUHODWLRQV FRXOG EH LQGLFDWLYH
SURWHLQNWWRWWRHU DQG PRYH LQ D FRRUGLQDWHG

SURWHLQYV IXQFWLRQ

BULQFLSDO FRPSRQHQW DQDO\VLV

BULQFLSDO FRPSRQHQW DQDO\VLV 3&% LV D VWDWL
RUWKRJRQDO WUDQVIRUPDWLRQ WR FRQYHUW D VHW R
YDULDEOHVY LQWR D VHW RI YDOXHV RI OLQHDUO\ XQF

FRPSRQHQWDWR

7KH 3&$% SORWV RI &'2 +': DQG : = DUH VKRZQ LQ )L.
WKH ILUVW SULQFLSDO FRPSRQHQW 3& H[SODLQHG
VHFRQG SULQFLSDO FRPSRQHQW 3& H[SODLQHG

RI WKH YDUBRQFHSERLQHG JRU : = 3& H[SO

D VLIQLILFDQW DQRHWAHLOB W& H[SODLQHG 7
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UHVXOWYV VXJIJHVW D FRPSOH[ LQWHUSOD\ RI PRYHPHC
ZLWK FHUWDLQ UHVLGXHV VKRZERRB WKG&U® DAVRME HPRIY\W P H

RU LQWHUDFWLRQ

JLIXUH3ULQFLSDO FRPSRQHQW DQDO\VLV WKURXJKRX
G\QDPLFV VLPXODWLRQ Rl HDFK SURWHLQ 7KH SORW
FRUUHODWLRKQ EVWW DHHSQVW KR QG SULQFLSDO FRPSRQHC
WKH VFDWWHU SORW UHSUHVHQWYV D GLIIHUHQW FRQI
VLPXODWLRQ ,I WZR SRLQWV DUH FORVH WRJHWKHU L
FRQIRUPDWLRQV DUHNKIHPPB B HPHQWMURPIVWRIH UHVLG X
SHUFHQWDJH YDOXHV JLYHQ LQ WKH VFDWWHU SORWYV
HDFK SULQFLSDO FRPSRQHQW D 3ULQFLSDO FRPSR(
BULQFLSDO FRPSRQHQW DQDO\VLV RI ¥LV RI 3ULQFLS
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KHQ ZH ORRN DW KRZ WKH SDWK RI PRYHPHQW LV VKR

OLNH KDOI D FLUFOH RU WKH)G).HT}HI—BLXFBKIUSDW(VVM\/LKQJH

FRXOG LPSO\ WKDW WKH SURWHLQV DUH VDPSOLQJ D |
FLUFONKROSE PLIKW UHSUHVHQW D FRQIRUPDWLRQDO V
WUDQVLWNRHHQ@Q@JIJGEHHUHQW FRQIRUPDWLRQDO VWDWH)\
VXJIHVWY UDQGRP GLIIXVLRQ ZLWKLQ WKH VLPXODWL
WKHUPDO PRWLRQ DFURVV D IODW JH@®WWX VORSLQJ OI

‘ROI .LUVFKQHU

JLIXUHDOWR AV WKH UHVXOWLQJ 3& DQDO\WLV VFUHFE

SURSRUWLRQ RI YDULDQFH DJDLQVW LWV HLJHQYDOXH
GDWDYV RYHUDOO VWUXFW S W LDHIEG B DAR.@WALIGRHQ) EQ D MEX
IHZ SULQFLSDO FRPSRQHQWYV )RU &'2 WKH ILUVW WKU
RI WKH YDULDQFH )RU +'; WKH\ H[SODLQHG RI WKH
H[SODLQHG Rl WKH YDULDQFH )JRW)\: = DRYIWRHILFL
GDWDYTV EHKDYLRU FDQ EH XQGHUVWRRG E\ DQDO\]LQJ
WKHVH FRPSRQHQWY DUH YHU\ LQIRUPDWLYH ,Q FRQW!L
WKUHH 3&V DUH OHVV LQIRUPDWLYH FDSHQEHQJ OHV

&R]]JROLQR HW DO
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&HQWUDOLW\ PHDVXUHV

,Q WKH FRQWH[W RI QHWZRUN DQDO\VLVY WKH FRQFH:
GLVFHUQLQJ WKH LPSRUWDQFH RI D QRGH RU UHVLGX
UROH LQ QHWZRUN FRQQHFWLYLW\ DQG WKH SURSDJD\
SULPDU\WPHQWWKREY VWXG\ ZHUH FORVHQHVV FHQWUDOL\
&ORVHQHVV FHQWUDOLW\ VHUYHY DV DQ HVWLPDWH RI
GLVVHPLQDWH WKURXJK D QRGH WR RWKHU QRGHV WD
W HVVHQW L\D@&WHPHDWXNIH OHQJIJWK RI WKH VKRUWHVW
RWKHU QRGHV LQ WKH QHWZRUN %HWZHHQQHVV FHQW
OLH RQ WKH PRVW GLUHFW SDWKV RI FRPPXQLFDWLRQ
LQIRUPDWLRQ ,WHTXBQW\L D\WVZKLKRHK ID QRGH DSSHDUV
SDWKV EHWZHHQ WZR RWKHU QRGHV WKXV KLJKOLJK\
QHWZRUN %\ LQWHJUDWLQJ FHQWUDOLW\ PHDVXUHV Z
WKH G\QDPLFV Rl WKH QHWRRBK VKAV LQ W & HOIWL HG QI
HOHPHQWY WKDW DUH LQWHJUDO WR PDLQWDLQLQJ Wi

LQWHJULW\
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7DEOH7RS UHVLGXHV ZLWK KLJK EHWZHH&Q®HVV FORV
7KH UHVLGXHV WKDW RYHUODS LQ ERWK EHWZHHQQHVV
EROG
Ze 272——7 TelZ—7Zce 2>27

W 1XV]1 1XV]1 1\1

X 1XYV1 1WAW 1 1X[V1

Y 1XV\1 1Y\\1 1Y\W1

z 1WVZ1 1Y\W 1X[W1

[ 1YY]1 1XV\1 1]1]1

\ 1XA[1 1XYV1 1WAW1

] 1YZ]1 1Y\X1 1XZY1

A 1X] 1XYW1 1WAX1

B 1X] 1 1XZY1 1Xz_1

WV 1Y[1 1X]" 1 1XV]

W W 1W]X1 1WAX1 1Y[_1

W X 1WYV1 1Y[" 1 1Y[ 1

WY 1X "1 1XYX1 1X[Z1

Wz 1WI[\1 1Y\[1 1Y\\1

W 1XAW 1Y[]1 1YV1
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7TDEOH7RS

UHVLGXHV ZLWK KLIK EHWZHHQQHVYV FORV
7KH UHVLGXHV WKDW RYHBORWH.(LHE R WEKOQEH &/ A HHKDH B UV

EROG

Ze 272 ——: e“eZ—7Z0 227
w 1X]_1 1X]] 1X\]
X 1XV\1 X\ X]z1
Y 1YY[1 1X]z1 X]\1
z 1X~ 1 1X]_ 1WX_1
[ 1Y]1 1X]"1 X][1
\ 1WWA 1X]]1 1WX1
] 1X\]1 1X\] a1
A 1\\1 1X V1 1X]V1
B 1WYW 1X]Y1 XA
WV 1WX 1 1X]X1 1X]_
W W IW1 1X]W 1z 1
W X 1WW]1 1X\\1 1WYV
W'Y 1WY]1 1XA 1 1WZ\1
Wz 1711 1WY1 X\ 1
W X\ 1XAX1 1WY W1
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7TDEOH7RS UHVLGXHV ZLWK KLIJIK EHWZHHQQHVYV FORVI
7KH UHVLGXHVY WKDW RYHUODS LQ ERWKVERWQZHKPQQHVYV

EROG

Ze 272 ——: eTeZ—7c 23227
w 1WYX1 1Y 1X ]
X 1W W\ 1W W\ 1YVW1
Y 1 71 1_X1 1W\V
z 1XZV1 1.7 X\ 1
[ 1.Y1 1W\Y 1X _\1
\ 1W_\1 1W\X 1YVV1
] 1XAN1 1XZV1 1YVX1
A 1WWW 1W\V 1WWW
3 1WA 1 1WW]1 1WI[\1
WV 1W\V1 1W\]1 1X 71
W W 1X\\1 1WI[_ 1X_ M1
W X 1\]1 1WWI[1 WI\W 1
W'Y 1WWV] 1W\W 1 1X_ 1
W Z 1W_[1 1W]W1 1W[_1
W 1 X1 1W]Y1 1W W\

7KH WRS VLAWK WKH KLIKHVW EHWZHHQQHVY DQG FO

OLMW@PBEO|H/DEOHDQ@BEOHS$OD

3KH /HX

DQG $VQ

LQ &'2 7DEOH /IHXOX 6HDQG OHW |7D@

DQG /HX $VQ  +LV

/HX

OH';

I\V TOE®

ADSJHLQ : =

WKH UHVLGXHV WKDW KDYH ERWK KLJK EHWZHHQQHVYV

VXJIJHVW WKDW WKHVH UHVLGXHV SOD\ DQ LPSRUWDC

QHWZRUN
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{ KLIK EHWZHHQC
W\ LQ WKH " VWL

HO FIV @ W E @RV MQ HP\
Q FRQVLGHUHG LI
WKH SURWHLQYTV IXQFWLRQ VWDELOLW\ DQG LQWHUDF
/8 0(7 IRU +';: DQG /(8 /<6 WRILR Q HG FRWRLY H
WR WKH OLJDQG 7KH\ RIWHQ UHVLGH LQ NH\ SRVLWLRQ
SURWHLQ DFWLQJ DV *KXEV~ RU *EULGHIWUDMOWKH S

UHVLGXHYV DUH RIWHQ IRXQG LQ RU QHDUWWH RFWLYH

UHFHPpWRUM 7KH\ PD\ EH GLUHFWO\ LQYROYHG LQ WKH
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PHGLDWH FDWDO\WLF UHDFWLRQV ZLWK RWKHU PROHF>
PRUH OLNHO\ WR GLVUXSWQW KX (BFUVARIVRHL QKD § WRUAKK MUK

6D[HQD ,\HQJDU

7T\SHIXQFWLRQDO GLYHUJHQFH

7R DVVHVV,WXBFWSRQDO GLYHUJHQFH LQ WKH WKUHH ¢
UHODWLRQVKY® EHWZBOG WKUHH NHEH\MDMHDDHWA P H
FORMHVY DQG GHJUHH 7KH PDSV SUHVHQWHG OHIW V

GLVWULEXWLRQ RD@RHUW DODIHG/W WKHVH FHQWUDOLW

VWUXPWXUHYD &'2 E +'; DQG F : =

7KH UHVXOWY VKRZ D VWURQJHU FRUUHODWLRQ EHW
YDOXHY DV VHHQ LQ WKHA4GHOWH AOHXVWE V LIQQY WK K LH®
PDSV 7KLV VIHWVGLVWHWKDWK KLIKHU FORVHQHVYV FHQV
HITLFLHQWO\ FRQQHFWHG WR RWKHU UHVLGXHV SOD\ D
FRQWUDVW EHWZHHQQHVV FHQWUDOLWDUKRYV D V¢
LQGLFDWLQJ WKDW EHWZHHYV RQKNMK\ IBIDWIGMKHY PD\ QR
VWURQJO\ WR GLYHUJHQFH 7KH GHJUHH FHQWUDOLW\

ZLWKBOXHYVY EXW QRW DV VLIJQLILFDQWO\ DV FORVHQH"®
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6HYE

)XHV DQG FHQWU|
E +'; DQG F
iV RUDQJH FROR

{ FOROKEMVYV FHC

ZHUH LGHQWLILHG DQG KLJKOLJKWHG LQ WKH ' VWUXF)

JRU WKH ILVK $'+ $'+

3+(
/<6

$61

6(5

9%/

DQG

$/% 9%/
$63 3+(
JLCIXUH

GLYHUJHQFH $'+ D=
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GLYHUJHQFH $'+ &'2 WKHVF

$/% 9%/ * /BB /
$61 ( 6(5 9%/
,Q WKH FDVH RI IXQJL $'+ $'

WKH NH\ UHVLGXHV DUH ,/(



+,6 DQG 9$LIXUH )RU WKH ODPPDOLDGX'¥HBHHIQFH

$'+ +'; LPSRUWDQW UHVLGXHV LQFOXGH $63 +,6

+,6 3+( * /< */8 9%/ D Q GJIX3rH

WUDOLW\ PHDVXL

YDOXH SORWWHG
'HW\ZDQY®& PDWFKL
DQG ODEHOOHG
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YDOXH SORWWHG
DWFKLQJ FORVHQ
DQG ODEHOOHG

JLIXUH &RUUHODWLRYDBEBHW DHHOD MHQWUDOLW\ PHDV XL
ODPPDOLD $'+ GL¥HUJHQFH $'+ +'; D 4 YDOXH SORW
FORVHQHVYV FHQWUDOLW)\ YDOXHV E .H\ UHVLGXHV Z

DQGYDOXH DUH KLIKOLJKWHG DQG ODEHOOH
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7KHVH UHVLGXHV DUH FHQWUDO WR WKH SURWHLQ
PRDQWDLQLQJ SURWHLQ IXQFWLRQ PDNLQHQ¥FKHP KRW\
7KLV DQDO\VLV VXJJHVWV WKDW FORVHQHVY FHQWUDO
IXQFWLRQDO GLYHUJHQFH KHOSLQJ WR LGHQWLI\ HYF

SURWHLAWWUXFWXU

4. 'LVFXVVLRQ

,Q WKLV VWXG\ ZH LQYH\QFMWIDRDD® BKMHMISHO FH R
IDPLO\ LQ W KRUSHH PKDHARLY HV 3FW UHY L VLEDHG X V
PRUKXD% LG &'2 +POB VDSIMWQWYG #'XVLQJ D
FRPELQDWLRQ RI SK\OROHEXWDE BOQ@DRYEV BR VLPXO
DQG QHWZRUN DQDO\VLV 7KURXJK SRVWHULRU SUREL
UHVLGXHV VKRZLQJ VLJQLILFDQW MFRAM/DRQMKHGLY

HYRQOVUMNRDGDSWDWLRQV WKDW GLITHUHQWLDWH WKHVFE

2XU QHWZRUN DQDO\VLV EDVHG RQ FHQWUDOLW\ F
VLPXODWLRQV UHYHDOHG GLVWLQFW HYROXWLRQDU\
6SHFLILFDOO\ LQ &'2 UHVLGXHNKLEXWH® QERWK KLJ
EHWZHHQQHVYV DQG FORVHQHVV FHQWUDOLW\ FRUUHC
SUREDELOLWLHYV IRU IXQBOWUR® DI \G L YLKU 3 Q EH P RIQPLW L

D VLIQLILFDQW FRUUHODWLRQ EHWZHHQ KLJK FHQW

- 108 -



GLYHUJHQFH HPSKDVL]LQJ LWV UROH LQ FDWDO\VLV O
ELQGLQJ VLWHYV 7KHVH ILQGLQJV VXJIHVW WKDW NH\ FI
DFW DV VWUXFWXUDO KXEV PD\ XQGHUJR IXQFWLRQDC

IDFDWLWJ QRYHO IXQFWLRQDO FDSDELOLWLHYV

, QWHUHVWLQJO\ WKH DEVHQFH RI UHVLGXHV ZLWK EI
GYHUJHQFH LQ : = SRLOQWV WR D PRUH FRQVHUYHG H
FHUHYLVLDH 7KLV LQGLFDWHYV W KID/WA ZXH Q@ HHVRVFUFXRW XLL
WKH $'+ IDPLO\ LW WBHEWHLFSHHKUIHSHG E\ GLIIHULQJ H
SUHVVXUHV 7KLWXRQVQUYHGRODOG LPSO\ WKDW IXQFW
LQ 6 FHUHYLVLDHFDWODORWWH @ MIR QR R B WARKIDMWQIRW LV

FDSWXUHG E\ FHQWUDOLW\ PHDVXUHV LQ RXU DQDO\VL

7KH FRUUHODWLRQ REVHUYHG EHWZHHQ IXQFWLRQDO
PHDVXUHV VXFK DV FORVHQHVV KLJKOLJKWY WKH HYR(
AKXE~ UHVLGXHV 5H¥YHG®HW ZRIOQNW WHQ GVR/RV SOD\ SLY
PDLQWDL@HQD SURDELOLW)\ DQG IXQFWLRQ 3UHVXPDEO
WKHVH VLWHV PD\ GULYH VLJQLILFDQW IXQFWLRQDO
IUDPHZRUN IRU IXUWKHU H[SORULSQURWHKHQUWW DWW R

IXQFWLRQDO GLYHUJHQFH DQG HYROXWLRQ DFURVYV VS
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5. &R Q RIORQ

7KLV VWXG\ RIIHUV DQ IEQPWULRQDRI GAYSHUJHQFH LQ
IDPLOLBIVFRKDURP\FHV* FE XY YAV DEMDP R VD SWHQV

LQWHJUDWLQJ DS} ORIHQHWLFLPXODWLRQV DQG QHW?
LGHQWLILHG FULWLFDO UHVLGXHV WKDW KDYH XQGHUJ
DVVRFLDWLRQ EHWZHHQ FHQWUDOLW\ PHDVXUHV FOR
UHVLGXHV SDUVGLXAX PRIVESRIPR VDSKXQGWHUVFRUHV WKFE

LPSRUWDQFH RI VWUXFWXUDO KXEV LQ SURWHLQ HYRO:

2XU UHVXOWV VXJJHVW WKDW HYROXWLRQDU\ GLYHU
OLNHO\ FRQWULEXWHG WR WKH GLYHUVLILFDWLRQ RI $'
DQG 1$' EQQOG’KH FRQVHUYHG QDWXUH RI WKH 6 FHUH)
HYLGHQFHG E\ WKH ODFN RI IXQFWLRQDOO\ GLYHUJHQ'
VXJIJHVWV WKDW GLIIHUHQW HYROXWLRQDU\ SUHVVXUH

WKLV VSHFLHV

7KHMHQGLQJV QRW RQO\ HQKDQFH RXU XQGHUVWDQGL
RI WKH $'+ IDPLO\ EXW DOVR SURYLGH YDOXDEOH L
LQYHVWLIJDWLQJ HYROXWLRQDU\ FKDQJHV LQ RWKHU HC
NH\ VWUXFW XU BO LUWHV LDGXHWLWRD®W VKLIWV RIITHUV SRW

HQJ\PH HQJLQHHULQJ GUXJ GHVLJQ DQG WKH EURDGH!
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Chapter5 &RQFOXVLRQV

,Q WKLV VWXG\ SURWHLQV UHODWHG WR YDULRXV E

WKURXJK PROHFXOODDWL\R@WLFV VLPX

TKHGLPHQVLRQDO VWUXFWXUH ZDV SUHGLFWHG EDVH
XVLQJ D VHOXHQFKIHHS OHDUQLQJ DOJRULWKP 7R LPSUI
SUHGLFWLRQ IXQFWLRQ DQ DSSURDFK XVLQJ GHHS OH
SK\VLFV 8DHVHQWHGEDNMEG BQBRWHHLQ VWUXFWXUH SL
SHUIRUPHG XVLQJ WKHH6FD*WHMKKRG XDV IRXQG WR EH
LQ SUHGLFOWLISIOH FRQIRUERDRRIPREQ QRIQJ'3VDPSOLQJ DQ

SUHG LF\RRQRIQR UP D @D RIY D O

‘HFRQGXFWHG PROHFXODU G\QDPLFV VLPXODWLRQV W
LFH IRUPDWLRQ E\ /H,%3 0' VLPXODWLRQV VKRZ WKDW
UROH LQ LQKLELWLQJ LFH FU\VWDO JURZWK LQ :7 3IDN
VHULQH UHVLEBYGHM SIQRCE MAHV\Y RI DODQLQH 7KHVH WZI
EDODQFHG LQ :7 WR LQKLELW LFH JURZWK HIIHEFWLYH
LQFUHDVH RI K\GURSKRELFLW\ GXH WR WKH UHSODFHPF

PROHFXOHV DURXQG LQWHOD¥HYBBD OHYYV WRKWLELWLRC

8VLQJ PROHFXODPXXNQWRRK) DQG QHWZRUN DQDO\VLV

HYROXWLROWIWKH PROHHEXGRQ G WKHDAV /HX DQG /\V
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&'2*DGXV PRURXWK UHODWLYHO\ KLJK EHWZHHQQHYV
GHPRQVWUDWHG IXQFWLRQDO GLYHUJHQFH ZLWK KLJK
IRXQG WKDW +LV Rl +'; VKRZHG KLJK EHWZHHQQHVV D
SRVWHULRU: ${URBOEG QLKBYVVRWEXR HY  &'2 DQG  +'; RI

$'+ IDPLOMKHDPLQR DFLG UHVLGXHVZHWHKMXEIFWLR QDO

UHVLGXHV LQ WKH SURWHLQ G\QDPLFV QHWZRUN

7KLV VWXG\ GHPRQVWUDWHY WKDW PROHFXODU G\QDF
IRMQGHUVWDQGLQJ ELRORJLFD @&V D/QWHLPAL DIFW R VW KID W
DSSURDFK ZLOO HQKDONH®RXOECROWFRQTBUQJ Rl ELROF
,OSDUWLFXODU DV VKRZQ LQ ,'3 VWXG\ WKH FRPELQDW

ZLOO EH SRZHYUMIGWBRWBQGLQJ DQG SUHGLFWLQJ SUR
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SHIHUHQFHYV

$EDVFDO - 6DQ] ( *DUFtD )HUQIQGH] 5 9HJD & $
VWXG\ Rl LFHVY DQG DPRUSKRKV-RRPWHLNO RB BKHPLFDO SK

$EUDPVRQ - $GOHU - 'XQJHU - (YDQV 5 *UHHQ 7 3L
'LOOPRUH / %DOODUG $ - %DPEULFN - $FFXUD
ELRPROHFXODU LQWHUDRAWWRK@W ZLWK $OSKD)ROG

$04XUDLVKLD 0 $OSKD)ROG %BIMVR KSERBUPDWLFV

$04XUDLVKL 0 E 3DUDOOHOL]JHG QDWXUDO H[WHQVLR
FRQYHUVLRQ IURP LQWHUQDRXWR OF® RW AR PBS® WRE URBQ R O V¥H

$QWNVR $ B6PLWK ' - B5RSHU ' , /HZLV 6 &DYHV / 6 O9H
/ I/LOOIRUG 3 - +XEEDUG 5 ( 8QGHUVWDQGLQ.
ELQGLQJ E\ W\SH ,,, D-®RW UIQUHG Rl PROWAKQDU ELRORJ\

%DU 'ROHY 0 %UDVODYVN\ |, EDYGHQJI SSURWHLQV,FBIQG \
IXQFVBIQRXDO UHYLHZ Rl ELRFKHPLVWU\

%DUUHWW - 7 K H U P DVGX H \VOQWHHUUBHQY I W LSRUGRDAWOH M@K U QD O R
FHOO ELRORJ\

%HUPDQ + 0 :HVWEURRN - )HQJ = *LOOLODQG * %KDW
,o1 %RXUQH 3 ( 7KH1SBRWIHAL @ FAWDUE B AN UFK

%XFN 0 9%RRQQHW 6 3DVWRWHOO :$ 'ODF.HU,PSRUWDQFH F
WKH &0%$3 FRUUHFWLRQ WR WKH &+$500 SURWHLQ IRUFF
O\WWRIJ\RHRSK\VLFDO MRXUQDO

%XGNH & .RRS 7 ,FH UHFU\VWDOOL]DWLRQ LQKLEL\
RI LFH EDBIRW\ YLQ\&KHPBRKWREKHP

%XHO * 5 :DOWHUV . - &DQ $OSKD)ROG SUHGLFYV
PXWDWLRQV ROWXWHX VWX MXHWXUDO PROHFXODU ELRORJ\

&DOODZD\ ( , W HUL\OXK IFKD QIJHHBOLQG V $, PDNHV JLJD
VROYLQJ SURWHAWXWUWUXFWXUHYV
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&DUULMR GH 20LYHLUD / )LIXHLUHGR &RVWD 0 $ *RQoDO’
) $ OLJOLRULQL )LIJXHLUD $ &YHDGCGILIRGMR HIIUWHHPL LD $HO YS
IDKXP / %OHLFKHU / SHHQDFWLQJ WKH %LUWK |
'LYHUJHQFH RI +,8DVHVY DQG 7TUDQVWKV\UHWLQV DV ,QIHUUHC
6WXGRKXWQDO RI OROHFXODU (YROXWLRQ

&KIB@HU ,QWURGXFWLRQHWRDRBRR BEW U Q[ 'RW G WBLOAW HRIDA
BUHVV 2[IRUG 8.
&KLHP % &UHYHFRHXU ) '"HOYHQU@HRUPHKG | XQFWMUWINXF

FRQQHFWLYLW\ GULYHQ BASHG HQURLE RMHIELMR DD B X\U\K B ALH

&KULVWHQ 0 ++QHQEHUJHU 3 + %DNRZLHV ' %DURQ 5
7 1 .DVWHQKRO] 0 $ .UIXWOHU 9 2RVWHQEULQN &
VRIWZDUH IRU ELRPROHFXO®U -RXRXQMIDW RR QF RP52X% D W LR (
FKHPLVWU\

&R]JROLQR ' 3RZHU $ &KDSPDQ - ,QWHUSUHWLQ.
FRPSRQHQW DQDO\VLV LQ IRRG)RRIGH ®E B (D YD 6 D\CL ¥ HVQIGR BV

‘'DPP : YURHUD ®5LMHMOGR -RUJHQVHQ : / 23/6 DOO(L
ILHOG IRU FDURPRKOIGODRNHARPSXWDWLRQDO FKHPLVWU\

'DUGHQ 7 <RUN ' BHGHUVHQ / + GRUWLPHWRRGK (ZD
IRU (ZDOG VXPV LQ7&BURXVQDWHRYVY FKHPLFDO SK\VLFV

'DYLHV 3 / ELQGEBJ SURWHLQV D UHPDUNDEOH GLYHUVLW
DQG VWDUWLQUHGEVIURZBNRFKHPLFDO VFLHQFHYV

'DYLHV 3 / %DDUGVQHV - .XLSHU 0 - :DONHU 9
RI DOQWLIUHHBKLODRRARSBKQFDO 7UDQVDFWLRQV RI WKH 5R\D
6HULHV % %LRORJLFDO 6FLHQFHYV

'"HOULHV $ )UHH]LQJ UHVLVWDQFH LQ ILVKHWDRIFWKH $8BW D UF

'L / %DOHVDQR $ -RUGDQ 6 KL 6 0 7KH 5ROH R
LQ 'UXJ OHWDEROLVP %H\R®IB3GWKDQRO 2[LGDWLRQ

- 114 -



'R + .LP 6 .LP + - /JHH - + EDVIB®FXPWRBEWHUL]DWLR
DQWLIUHH]H SURSHUWIEHW RL@®JKSS R WHEW LIWHR R AHKH $QWDU
JODYREDFWHULXP $BPWDRW VD OORJUDSKLFD 6HFWLRQ
& U\ V WIDIDSKR J

(DWRQ : $ ,PSDFW RI FRQIRUPDWLRQDO VXEVWDWH\
XQGHUVWDQGLQJ KHPRJORER R UNILIYH WL B RQRI LFQPWAKR YL F

(GLFK 0 %ULJJV ' & .LSSHVQ2$ *DR <7KH7KRSDFW RI
$OSKD)ROG RQ H[SHULPHQWDDGDW UXFAXXYHRRO XWLRQ
(OVKDJKDEHH ) 0 %RFNHOPDQQ : OHVNH*' 'H 9UHVH
6FKUH]HQPHLU - +HOOHU . - (WKDQRO SURGXFV

PLFURRUJDQLVPVY DQG ODFWLF DFLG EDFWHULD JURZLQJ XC
JURQWRHRIVFURELRORJ\

(VSLQRVD - 5 9HJD & BFDYHY LOWHUFHFLDO IUHH HQHUJ\
7,3 3 7,3 3 LFH DQG P: PRGHOV DV REWDLQHG IURP
WHFKQKHKHRXUQDO RI 3K\ WVLFDO &KHPLVWU\ &

JHOOHU 6 ( =KDQJ < 3DVWRU 5 : %URRNV % 5 &

G\QDPLFV VLPXODWLRQ 7KH 7RR JHRXIUER B OVMIREX R AMAORG S K'

JUHHPDQ / & &HQW U D @L V&\R R H\SRAFX. D 06 ROBIDMLER URD W L F
QHWZRUN FULWLFDO FRQFHSWV LQ VRFLRORJ\ /RQGUHV 5
)XNXGD 7 <RNR\DPD - 1DNDPXUD 7 6RQJ , - ,WR 7 2F
7 ODNL O OROHFXODU BRYORUMQFRRBOHE RRYGNW RJH

$GK JHQHV LQROGHIXPEW %LRO
*DXWKLHU 6 < G6FRWWHADDBUGVQH® ) )OHWFKHU * |/ 'D
$ HWDOXDWLRQ RI WKH UROH R&UNREH RO ®QWLIUHH]H

*HUKDXVHU - *DXNHO 9 '"HWDLOHG DQDO\VLV RI WKH
LQVHFW DQWLIUHH]H SURWHLQG7E® B VFRQY HARDWIKRQ ZLWK W

*UDHWKHU 6 3 6\NHVG W XUYLYDO&MRDIUHH]H(LQWROHUDQ
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VWUXFWXUH D Q GKHOLFW DR ® QRVL I YXHRIS HOQRWRNQWDO RI
%LRFKHPLVWU\

*URQZDOG : /RHZHQ 0 & /L[ % 'DXJXOLV $ - B6|QQLFKV
B\NHV ' % 7KH VROXWLRQ VWUXFWXUH RI W\SH ,, DQWLI
PHPEHU RI WKH @ HR MMLHP LIVRALIO\

X 6WDWLVWLFDO PHWKRGV IRU WHVWLQJ IXQFWLRQE
OROHFXODU G (RREIWDRQ

X OD[ICDNHOLKRRG DSSURDFK IRU JHQH IDPLO\ HYRO
GLYHUDHR@MHFEXODU %LRORJ\ DQG (YROXWLRQ

X )XQFWLRQDO GLYHUJHQFH LQ SURMHMQAFDDPLO\ \

*X 9DQGHU 9HOGHQ . "F{YHG DKQDRVWIGA IRU IXQFWI
VWUXFWXUDO GLYHUJHRERLRIPUPDRMWAYQ IDPLO\

*X ; =RX < B6X = +XDQJ : =KRMQ3Z <$UHOQGBIPHX SG D WH
RI ',9(5*( VRIWZDUH IRU IXQFWLRQDO GLYHROHERIODWYDO\VL
%LRORJ\ DQG (YROXWLRQ

+DUGLQJ 0 0 :DUG [/ * +D\PHW $ 7\SH%, uDQWLIUHF
DFWLYLW\ DIQ\X PIHFKDQLVPV RI LFKHXUBBEW® LRXWEDWLRD
%LRFKHPLVWU\

+D]\ ( 7RPSD 3 JLPLWDWLRQV RI LQGXFHG IROGLQJ |
LQWULQVLFDOO\ G&NRRTHVEBEHPURWHLQV

+H % :DQJ . J/LX < :XH % 8YHUVN\ 9 1 'XQNHU $
LQWULQVLF GLVRUGHU K® GORMWNHDOWFRQ RYHUYLHZ

+H ©©0 &KRE 'ODUWLFN 0 O &KULVWRSKHU *DUFLD
DFW LY RW DR\OSRDL.®HG QDWULXUHWLF SHSWLEFH HUpIFHH SWRU G

+HVV % 6LPLODULWLHY EHWZHHQ SULQFLSDO FRPSRC(
UDQGRP GBRKIWALLFD® 5HYLHZ (

+HVV % &RQYHUJHQFH RI VDPSIOWQFDRQ SHRMHZLQ VLPXC

+HZ & |/ <DQJ ' 6 3URWHLQXURSHIU® FRXBQDIL\RK
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%LRFKHPLVWU\

+LOGHEUDQG % 5HPPHUW 6pGLQ@ILHJIJHUW $)DVW DQG DFFX
DXWRPDWLF VWUXFWXUH SWRGWHLWMDM Q6 & UW KRWXHABH HX QFW
%LRLQIRUP®WLFYV

+RFKUHLWHU 6 6FKPLGKXEWHUP P HMHXWODI AMRKRSMXWWDWLRQ

+X + /L = (ORIVVRQ $ /6HO EDVHG HMQWHPEOH DOJRULW
SUHGLFWLRQ Rl SURWHSRSOHARBQGFRLHQ¥FWWYXFW X UH

+*QHQEHUJHU 3 ODUN $ 9DQ *XQVWHUHBR UUH O D W)IORXF W X
DQDO\VLV RI SURWHLQ PRWLRQV REVHUYHG LQ QDQRVHFRC
-RXUQDO RI PROHFXODU ELRORJ\

+XUOH\ 7 ' 9%RVEWRQH & / $PJHO / O 6WUXFW XL
KXPDROFRKRO GHK\GURJHQDVH YDULDQWY &RUUHODWLROQ\
-RXUQDO RI PROHFXODU ELRORIJ\

JFKL\H 7 .DUSOXV 0 &R WOIHBOW L DHF R R VI R FIHQ DSADRC
DWRPLF IOXFWXDWLRQV LQ PROHFXODU G3QRWIHIWQDQG QR
BWUXFWXUH )XQFWLRQ DQG %LRLQIRUPDWLFV

,VPL ' 3 3X0OXQJDQ 5 'HHS OHDUQLQJ IRU SURW
SWHFWLRQ 3 U3 DIQDRBDBWWDWLRQDO DQG 6WUXFWXUDO
-RXUQDO

,VUDU - $ODP 6 B6LGGLTXL 6 OLVUD 6 6LQJK |, XPI
BWUXFWXUDO %LRLQIRUPDWLFV $QY 9 GRHIIIKR L § | RNIPDW LW
Ss 6SULQJHU 1DWXUH 6LQJDSRUH

-LD = 'DYLHV 3 / $QWLIUHH]H+S URD/MHEL Q@ WBI Q DXFRIX IV
7UHQGV LQ ELRFKHPLFDO VFLHQFHYV

-RUJHQVHQ : / &KDQGUDVHREBW 5- : 0DGAKDQ -0"' / ,
&RPSDULVRQ RI VLPSOH SRWHQWLDO | X®FAWRRKQY DRURVLP X
FKHPLFDO SK\VLFV

-RUJHQVHQ : / OD[ZHO®GLYH® - 7LUDGRIYHORSPHQW DQG W]
WKH 23/BWFRRIRUFH ILHOG RQ FRQIRUPDWLRQDO HQHUJHWI
OLTXRXWQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\
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-XPSHU - (YDQV 5 SULW]HO $ *UHHQ 7 JLIXUQRY

7TXQ\DVXYXQDNRROAtGHBMDWHV3IEBWDSHQNR $ +LJKO\
SURWHLQ VWUXFWXUH SUBW®/IXFUMLRQ ZLWK $OSKD)ROG
.DQGDWKLO 6 0 *UHHQHU - * -RQHV ' 7 SUHGLFW

ZLWK '"HHSOHWD36,&31JRQQMIBBBUXFWXUH )XQFWLRQ DQG %L

.DSWD\ * 7KH *LEEV HTXDWLRQ YHUWKRPWRE® .HOYLQ
HTXDWLRQV WR GHVFULEH QXFOHPBDWRQRXQ®DWTRIOLEUL
QDQRVFLHQFH DQG QDQRWHFKQRORJ\

.DUDEHF 0 Aa\VNRZVNL $ 7DXEHU . & 6WHLQNHOOQHU *
*UXEHU . BWUXFWXUDO LQVLIJKWY LQWR VXEVWUDWH
DOFRKRO GHK\GUWRBJHORPVBKIRERFRFFXV UXEHDBLFDO
FRPPXQLFDWLRQV

.DVDKDUD . )XNXGD , 1IDNDPXUD + $ QRYHO DSS!
FRUUHODWLRQ DQDO\VLVY RQ PROHFXODU G\QDPLFV VLPXO
GLPHI$ FRPSOH6 2QH H

_.HHG\ ' $ :LOOLDPV & - +HDGG - - $UHQGDOO ,,, : %
*LOOHVSLH 5 $ %ORFN - 1 =HPOD $ 5LFKDUGVRQ
RI WKH SURWHLQ $VVHWPRIQW$BE\RWQGP WBEBWE (EDVHG DG
DFFXUDF\ PIRROMIOMQY B6WUXFWXUH )XQFWLRQ DQG %LRLQIF

LP + - [HH - + +XU < % +/HH .RR: %3DUNOBULQH
DQWLIUHH]H SURWHLQV VWUXFWXUH IXQFWLRQ DQG DS
SRWHQWLDO FODRBISUR V&KHKWD QW

.LPXUD 0 <RNR\DPD $ ODWVXVKLWD 6 +LIXFKL 6
$OFRKROLDRQG $/'+ ,Q*XHEHDO\ * &DUU] 0 *DODQWHU
7H[WERRN RI| $GGLFWLRIQR QDD SWPHESMH F WILW BIS/QIDQV H U
OLODQ

.LWDR $ 3ULQFLSDO FRPSRQHQW DQDO\VLVY DQG UHOD
G\QDPLFV RI ELRORJLFDO PDFURPROHFXOHYV

QLJKW & &KHQJ & '"HOULHV $D O SKHO BBIV® USSQWL RIQ HH ] +

SHSWLGHV RQ VSHFLILF LPH FIKVWLEFO O/ MRPOEFEDSIODQHYV
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QLJKW & $ :HQ IDXUVHQ 5 $ 1RQHTXLOLEULXP
WKH UHFU\VWD@OWRBEMWR®RRJIRI LFH

.U\WWKWDIRY\FK $ 3UOLF $ 'P\WULY = 'DQLOXN 3 OLORV
7 JLGHOLV . 1HZ WRROV DQG H[SDQGHG GDWD D
SURWHLQ 6WUXFWXUBHRBWHGQNWEWRQ XXAHONHUPXWEPMVLRQ DQ

6

.XIDUHYD $EDJ\DQ 5 OHWKRGV R+ BRRORINQG VWUXF
PRGHOLQJ OHWKRGYV DQG SURWRFROV

.XLSHU 0 - ORUWRQ & - S$EMDEBPS$6 ( FKB\ELRORJLFL

IXQFWLRQ RI DQ LQVHFW DQWLIUHH]H SURWHIH) VLPXODWI
H

/JHH + [HH* 6 .LP -+ 5HFHQW DGYDQFHV LQ VWUXFWX
DQWLIUHH]RBFSIDRWHQR® \BRODU 5HVHDUFK
JHH - + 3DUN $ . 'R + 3DUN . 6 ORK 6 + &KL < 0

BWUXFWXURO BQWIL IUHHIJHLQBWQY LSRRV HLRH RXRIRQ DOFWLF \H
RI %LRORJLFDO &KHPLVWU\

/(( - + 3$5. . 6 +DFNZRQ@F ' (X3BIEXQJ . /(( R * 6XQJ

L0+ - 6 W U X F VIKXIUSDQOVE DWHLN ] HRDFW/ LY LW\ RI DQ |

S3URWHLQ /H,%3 IURP.R&MHALF6RFHDAMWA IRU %LRWHFKQRC
%LRHQJLQHHULQJ -RXUQDO

/JHH - . 3DUN . 6 3DUN 6 3DUMN + .BRQ4 < + .DQJ 6
$Q H[WUDERBIOX®WLDQ JO\FRSURWHLQ IURP DQ $UFWLF S\
&U\RELRORJ\

JHL 7 J/LDR ; /LDQJ ; 6XQ / ;LD 0 ;LD < =KDR 7 &K
< 0D / /LX 1 /X - =KDR * 'LQJ < 5'HGED®QJ:BQJ - &
+H < )XQFWLRQDO QHWZRUN PRGXOHV RYHUODS DQC
FRQQHFWRPH GLIIHUHQFHV GXUBQR6KXPRQ BEUDLQ GHYHORS

/JHLQDOD ( . 'DYLHV 3 / -LD = K H O BN OWIDMW\. WIUHX-F W
SURWHLQ SRLQWYV WR D JE\NQUXYPWXWAH ELQGLQJ PRGHO

JHWXQLF %RUN 3 ,QWHUDFWLYH 7UHH 21 /LIH L7

SK\ORJHQHWLF WUHH GUXFOD\L P @& LEBEYQ B MADHNDLLRFX
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/L 6FKDHIIHU 5 2WZLQRZVNL = *ULVKLQ 1 9
XQFHUWDLQWLHY LQ WKH *OREDO 'LVWDOMRbH 7THMWW *'7B76

H

JLX : /L 7 .RQJ ' <RX + .RQJ YRIJQRQWLSE LPSOLEDWLRC
DOFRKRO GHK\GURJHQDVHV L@®OHEDYRHFBOOXODU FDUFLQR

/JLX < /L = /LQ 4 .RVLQVNL - 6HHWKDUDPDQ - %XMQLF
& | BWUXFWXUH DQG HYROGMIHRQO®HWEQWR KHUQLRY &D\S
DQWLIUHHPBHRBURQWHH LD

/RHQLQJ 1 0 6DUDYDQDQ 6 -HVSHUVHQ 1 ( -DUD . 9

Rl GLVRUGHU DQG VHTXHQFH VSHFLILFLWG\QQFWKE IRUPEL
FRPSOBIHRBKEDO MRXUQDO

ODF.HUHOO -U $ ' %DQDYDOL 1 JRORSSH 1 '"HYHO|
Rl WKH &+$500 IRUFH ILHOG/LREBR@XFBHYF MFLAYDO 5HVHI
ELRPROHEXOHYV

ODVRQ 2 IHUZRHUGBGUDSK WKHRU\ DQG QHWYRUMWNHPNVQ ELRC
ELRORJ\
OF&R\ & - 6DPPLWR 0 5HDG 5 - ,PSOLFDWLRQ

FU\WWWDOORJUDSKLF SKDVLQ$EWP RWNFWO DO RIHEOSKAH DHEHS
BWWXRUDO %LRORJ\

OF4XLOODQ 0 $ 5DQFLDUR $ +DQVHQ 0 ( )DQ 6 %
‘'ROGHPHVNHO 7LVKNRII 6 $ 6LIQDWXUHV RI FR
QDWXUDO VHOHFWLRQ DW WKH DOFRKRHO B\W K G5 ZR WHKQ D V|
DJULFXOWXUH LQ HWKQQROBPX GILY HAULRD RN LFQGVYROXWL
PVDF

1DGD + )XUXNDZD < $QWLIUHH]H SURWHLQV FRPSX)\
PHFKDQLVP RI LFH JBROWK UQKREUWDRQ

1HFFL 0 3LRYHVDQ 7JRVDWWR 6 & &ULWLFDO DV
GLVRUGHU SDW&UFRWLHRQKR GV

1HOVRQ ' / J/HKQLQJHU $ / /&R[QLMJIBU SULQFLSOHYV
ELRFKHPLINMPL\OODQ
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1HZPDQ 0 ( $ PHDVXUH Rl EHWZHHQQHVV FHQWUDOL)\
6RFLDO QHWZRUNV

1IJX\HQ %D $ 1 6WURPH % +XD $UVHOQDXRRQG, -:HENYQRQ/
/IDQGU\ & 5 ORVHV $ 0 XQFWURQWEOWGQYHUIJHQFH DIW
GXSOLFDWLRQ WKURXJK HYROXWLRQDU\ FKDQJHV LQ SRVYV
3/R6 &RPSXW %LRO

1ILVKLPL\D < .RQGR + 7DNDPLFKL 0 6XJLPRWR + 6X]XN
6 &MOVWWUXFWXUH DQG PXWDRWGRGHQ GIH@MMO \WLYH R,
DQWLIUHH]H SURWHLQ IURP ORQJVQRRW G B O FRIHRR QHFXFKD R
ELRORJ\

1XJURKR : 6 .: :X.l6BP + (YDOXDWLRQ RURNMHUPDO +\\
$FWLYLWELRIGE®J 3URW HIMOPAK BRI QIQ,E H R OHRPXWOWPIUO' RFNLQJ
WKH .RUHDQ &KHPLFDO 6RFLHW\

20HFKQRYLPp . ORQDVW\UVN\\ % .U\WKWDIRY\FK $ 0
&RPSDUDWLYH DQDO\VLV Rl PHWKRGV IRU HYDOXDWLRQ R
VWU XPADRLIQYRUPDWLFV

2XGH 9ULHOLQN $ 6 $ORL $, 20LMYHQWHUDBRHW® RI LFH E
SURWHLQV ZLWK LBt RZDWHIW DIQEEV HRQ V

3DUVRQV - +ROPHV - % G5RMDV - 0 7VDL - 6 W UD X
FRQYHUVLRQ IURP WRUVLRQ VSDFH KR &D QVREMIDD VSDFH |
RI FRPSXWDWLRQDO FKHPLVWU\

3HUVVRQ % +HGOXQG - -RUQY D@QG WKFU\Y OHGL >
GHK\GURJHQDVH UHGXFWDVH JHQH DQG SER\@BLORIMPLOLH
/LIH 6FL

3KLOOLSV - & %UDXQ 5 :DQJ : *XPEDUW - 7DMNKRUV
6NHHO 5 ' .DOH [/ BFKXOWHQ . 6FDODEOH PR
1$0' -RXUQDO RI FRPSXWDWLRQDO FKHPLVWU\

30DSS % 9 *UHHQ :' 3DBN®' + .LP . 6XEVWUDWH
6SHFLILFLW\ RI $OFRKRO 'HK\GURJHQDVHV ,Q + :HLQHU
(GV(Q]\PRORJ\ DQG OROHFXODU %LRORJSRI &DUERQ\O OHW
6SULQJHU 86
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5DKPDQ $ 7 $UDL 7 <DPDXFKL $ OLXUD $ .RQGR + 2
,FH UHFU\VWDOOL]DWLRQ LV VWURQJO\ LQKLELWHG

PXOWLSOH &FIHH®ODQIHVSHSRUWYV

5DM 6 % G5DPDVZ®P\% 9 30D <HDVW DOFRKRO GHK\GURJH
DQG FDWDRAFKIHPLVWU\

5DPDVZDP\ 6 $KPDG O ( 'DQLHOVVRQ 2 -|UQYDOO + (
VWUXFWXUH RI FRG OLYHU FODVV SPRPBNRWKRIQ G HKWGE XR NWHXQL
YDULDEOH MWUHRWHDGFLHQFH

5D\PRQG - § '"HOULHV & / $GVRUSWLRQ LQKLELWLRQ
UHVLVWDQFH LRQURROBGLQRWKIRY WKH 1DWLRQDO $FDGHP\ R

SLWFKLH ' 9HQNDWUDPID@W9))7 SURSMDMLODGRFNLQJ RQ .
SURFHWYW.RUQIRUPDWLFV

5XI11 . 0 3DSSX 5 9 $OSKD)ROG DQG LPSOLFDWLRQV
SUR W-HRIXQ\Q D H RX ®R® ELROR J\

6DLWRX 1 1HL © MRKELQHLRKEWRKRG D QHZ PHWK
UHFRQVWUXFWLQJ GROGIKXHOPHWhHERWBRIHD QG (YROXWLRQ

6DORPRQ()HUUHU 5 &DVH ' $ 'DHONYHLB Z 5RIEWKH $P &G UR D
ELRPROHFXODU VLPXOBWLR®YHDFNFLEOLQDU\ 5HYLHZV &
OROHFXODU 6FLHQFH

6D[HQD $ L\HQJDU 6 &HQWUDOLW\ PHDVXUHV LQ FI
DU;LY SUHSULQW DU;LY
6KDXSHUO 0 'HQQ\ 5EBVHG SUKRWHLQ VWUXFWXUH SUHG

GLVFRYHU\ LPSDFWVRRQGDEKBOGCHEPH¥DO LQIRUPDWLRQ I
6FKUDJ - ' 2 *UDG\ 6 O 'HYULHV $ PLQR DF3iMSODWLR(
FRPSRVLWLRQ DQG PROHFXODU ZHLJKW RRODQWDRWILHH]H J

IUHH]LQJ SRLQW LERFSUPNVKDRHOW %L R SHAY HED G FOXE M ¢ B8 V

BHWKL $ (DUJOH - % CFFKNKOW BQ 'sQOWPHKIFDO QHWZRUNV LQ
W51$ SURWHLG@URPSIOG[BYY RI WKH 1DWLRQDO $FDGHP\ RI
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BKLEKXQ <L/Q +& $QHH &KHZ :X (Q]\PRORJ\ DQG OROHFXC
%LRORJ\ Rl &DUERQ\O OHWDEROLVPYLGQ: (&0 DEHEQBR L@ L
/ILQGDKQQ(BPRORJ\ DQG OROHFXODU %LRORS$SRI &DUERQ\O (
6SULQJHU 86

6LFKHUL ) <DQJ ELQGLQJFPHWUXFWXUH DQG PHFKDQLVP I
SURWHLQ IURP Z1DWXWHIORXQGHU
6NM UYHQ / 4<D®FDUDEHOOL * *UDQW % - ,QWH

VWUXFWXUDO G\QDPLFV DQG HY RDXVWAIRQQUR DRDWLY VYV ZLW

6ODXJKWHU ' )OHWFKHU * / $QDQWKDQ{IQUMLDWQHHIH 9 +
SURWHLQV IURP WKH VHD UDYHQ +HPLWULSWHUXV DPHULF
DPRQJ ILVK SRO\SHS\RXGI) DM WLIWHRIPRVLFDO &KHPLVWU\

BRDUHV 7 $ ++QHQEHUJHU 3 + .DWANHQRROLQY % "UIXWC
2RVWHQEULQN & YDQ *XQVWHUHQ : ) $Q LPSURYH
VHW IRU WKH *5202RXRQPH IRHPBPSXWDWLRQDO FKHPLVWU

6|]QQLFKVHQ ) ' 6\NHV % ' &KDR7KH QMQYKHULBDO VWUXF\
RI DQWLIUHH]H SFRWOIE® W\SH ,,,

6]DODL * O9HUHV 0 'XHVWHU * /DZWKHU 5 /RFNKDUW
7LVVXH H[SUHVVLRQ SDWWHUQ RI FODVV ,, DQG FODVV 9 Ji
PRXVH FKURPRMRAKHP *HQHW

7KRPSVRQ & ( )HUQBPWGRX]E 2 1 GH UHLWDV / % 6D

(YDOXDWLRQ RI WKH LPSDFW RI IXQFWLRQDO GLYHUVL
)DEDFHDH DQG 3LQDFHDH DOFRKRID DRICBORIHQDVH HQJ\P
7KRPSVRQ & (/ )WHLWBBO]DQR ) O OROHFXODU HYF
IXQFWLRQDO GLYHUJHQFH RI DOFRKRO GHKWQUHRWHBOWDVHV L
DQG PROHFXODU ELRORJ\

7KRPSVRQ & ( 6DO]JDQR ) 0 GH 6RX]D6HTXHQFPWIDIQEDY /
VWUXFWXUDO DVSHFWV RI WKH IXQFWLRQDO GLYHUVLILFD
*HQH
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8UED F]J\N 0 *yUD - /DWDMND 5 6HZDOG 1 $QWLIL
VWUXFWXUH DQG DFWLRSSWRNVMKHOLHY AWKSHPLXPH & MWW KH V L\

8YHUVN\ 9 1 $ GHFDGH DQG D KDOI RI SURWHLQ LQWUL
IRU SKBWAEWHLQ 6FLHQFH

9DQRPPHVODHJKH . +DWFKHU (=KEBRDUBD 6KLPXQGXDWLDQ
*XYHQFK 2 /RSHV 3 9RURE\RY &+$500 JHQHUDO
ILHOG IRU GUXJ(OLNH PROHFXOHV FRPSDWLEOH ZLWK Wk
ELRORJLFDO -IRXNFGDIQHIGPRPSXWDWLRQDO FKHPLVWU\

9DQRPPHVODHJKH . 5DPDQ ( 3 ODF.HUHOO -U $
&+$500 *HQHUDO )RUFH )LHOG &*HQ)) ,, DVVLIJQPHQW RI
SDUWLDO DWRPLFQPKDBRIHKHPLFDO LQIRUPDWLRQ DQG PRG

9DQ:DUW $ 7 (DUBBKXOWHWKH\ $PDUR 5 ( ([SORUL:
FRPSRQHQW FRQWULEXWLRQV WR G\QDPRKIN®DIHWERUN F
FKHPLFDO WKHRU\ DQG FRPSXWDWLRQ

9HJD & GRDGIHQ 0 BIBIWUSNLH  $EVHQFH RI VXSHUKHDWLG
ZLWK D IUHH VXUIDFH $ QHZ PHWKRG Rl GHWHUPLQLQJ WK
PRGH®WHFXODU 3K\VLFV

‘HQ IDXUVHQ 5 $ $ PRGHO JIIR S FEEQ (B3L.SQN LRSIHD\E RD DA
%LRSK\WLFDO MRXUQDO
'HQJ / B6WRWW 6 / 7RQHU 0 OROHFXODU G\QDPLF\

LFH DQG SRO\ YLQ\O DOFRKRO DQGDUFI XIHFU\VWDOOL]D'

'LOVBQ ([SODLQLQJ WKHUPDO K\WWHUHVLV E\ WKH .HOYL

‘LOVRQ 3 JHDGHU - BWDELOL]DWLRQ RI VXSHUFRRO
SURWHLRSK\VLFDO MRXUQDO

‘ROl $ LUVFKQHU . 1 RQBQWQBSD GORRPBHULQJ DQL
PROHFXODU G\QDPLFV GDWD RI WKH RXERDBPDIOPROHFX URE
PRGHOLQJ

‘'ROOHQEHUJ 9DOHUR . & $OLJQLQJ IXQFWLRQDO QHW:
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RXWFRFPIHRV(YROXWRAGRDWU\ %L

"ULJKW 3 ( "\VRQ + - ,QWULQVLFDOO\ GLVRUGHUHG
DQG UHJXDWWWURQHYLHZV OROHFXODU FHOO ELRORJ\

=DNKDUL 6 $OFRKRO PHWDERO I$\OFF FCHERGH BUSEBH QH WL F
FXUUHQW UHYLHZV

=HPOD $ /*$ D PHWKRG IRU ILQGLQJ ' VXPQBDRLWLHV
DFLGV UHVHDUFK

=HPOD $ O9HQFORYDV y ORXOW - JLGHOLV . 3UR
SUHEBWLRQV LQ &%$63 ,Q 9R@H\ 2RDLQH /LEUDU\

=KDQJ - X )DVW DOJRULWKP IRU SRSXODWLRQ(ED
DQDO3VRWHRPLFV

=KHQJ ; +X & 6SRRQHU ' J/LX - @&RBHFXODHQI ROXWLRC

$GK DQG /($)< DQG WKH SK\ORJHQHWLF XWLO%®W& Rl WKHLU |
(YRO %LRO
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