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'"(&1$5%$7,21

, GR KHUHE\ GHFODUH WKDW WKH ZKRO3B1ZRUN VXE
*(1(5%$/,=$7,216 2) 6(3$5%$7,21 3523(57,(6 &203$&71(66 $1°
&211(&7('1(66° WR WKH 'HSDUWPHQW RI ODWKHPDWLEF
5DMVKDKL %DQJODGHVK IRU WKH '"HJUHH RI 'RFWI
ODWKHPDWLFYVY LV DQ RULJLQDO UHVHDUFK ZRUN
SUHYLRXVO\ VXEPLWWHG HOVHZKHUH IRU WKH DZDI
WKHVLVY WKUHH SDSHUV KDYHHBMEOHWYKHGHGOQO
LOWHUQDWLIR@® ORMRXUQ®DSHUV DUH SUHSDUHG W
SXEOLFDWLRQ

6DQMR\ . XPDU %LVZDYV



&(57,),&87(

7KLY WR FHUWLI\ WKDW::2WKH (W KsINVIIE HQWLWOFE
6(3$5%$7,21 3523(57,(6 &203%$&71(66 $1' &211(&7(KiPe6" EHHQ
SUHSDUHG E\ 6DQMR\ . XPDU %LVZDV XQGHU RXU VX
WKH '"HSDUWPHQW RI ODWKHPDWLFVY 8QLYHUVLW\ R
'HIJUHH Rl 'RFWRU RI 3KLORVRSK\ 3K LQ ODWKHF
WKDW WKH PDWHULDOV LQFOXGH LQ WKLV WKHVLV
DQG KDYH QRW EHHQ SUHYLRXVO\ VXEPLWWHG IRU
JURP WKLV WKHVLV WKUHH SDSHWNUKDMMLEXZXEHGL
LOQWHUQDWLIR@® ORMRXUQ®SOSHUYVY DUH SUHSDUHG W
SXEOLFDWLRQ

6 XSHUYLVRU &R 6 XSHUYLVRU
‘U 1DVLPD $NKWHU ‘U 6XEUDWD ODMXPGDU
SURIHVVRU SURIHVVRU 5HWG

'‘"HSDUWPHQW RI ODWKHPHDS\DUWFNPHQW RI ODWKHPDWL
8QLYHUVLW\ RI 5DMVKD&QLYHUVLW\ RI 5DMVKDKL
5DMVKDKL %DQJODGBWIR/KDKL %DQJODGHVK



$&.12:/("*(0(17

, H[ISUHVV P\ JUDWLWXGH WR DOPLJKW\ *
WR FRPSOHWH WKH ZRUN RI WKLV WKHVLV

, ZRXOG OLNH WR H[SUHVV P\ VLQFHUHYV
VXSHWBUIRMMRYVVRU 'U 1PN LM HEBNRIMNRVURU 'U
6XEUDWD 0BBIXBP@PHQW RI ODWKHPDWLFV 8(
5SDMVKDKL )RU WKHLU VXSHUYLVLRQ JXLGD
FULWLFLVP FRQVWDQW HQFRXUDJHPHQW DC
ZRUN , VKDOO UHPDLQ JUDWHIXO WR WKHP

, H[SUHVV P\ JUDWLWX3HRIWNRVRWU HYW IOR
=XOILNHKDBAIPDQ 'HSDUWPHQW RI ODWKHF
5SDMVKDKL 5DMVKDKL IRU SURYLGLQJ PH DO
H[SUHVV P\ JUDWLWXGH WR DOO UHVSHFWDE
& 3DMO* & 3DX®OG $EGXO /DWLI 'U 4XD]L 6
‘U 0G :DJHG $0OL 3. DQG 'U 0G $VDEXO +
ODWKHPDWLFV 8QLYHUVLW\ RI 5DMVKDKL
HQFRXUDJHPHQW DQG YDOXDEOH VXJIJHVWLR

, DP JUD W$0O RE DNIRD PDLQD% MVEADNNI K D
5DQL IIRMZMNKHLU V\PSDWK\ LQVSLUDWLRQ |

$W ODVW , ZRXOG OLNH WR WKDQN DOO
6XYDV O5DEL 3XORN ODVXP 5DVKHG .XGGX)
6ZDSDQ 'D OROGPNDVDEBRUDWKHLU KHOS DQ
HQFRXUDJHPHQW GXULQJ WKH WKHVLV ZRUN



$%675%&7

7KH WKHVLV LV FRQFHUQHG ZLWK JHQHUDOL]
LQWHUHVWLQJ SURSHUWLHYV RI VHSDUDWLRQ FRP
VSDQ RI VHYHQ FKDSWHUYV

,Q WKH ILUVW FKDSWHU SVHXGR UHJXODU DQC
VSDFHVY KDYH EHHQ GHILQHG 7KHLU SURSHUWLHYV
RI LPSRUWDQW WKHRUHPYVY UHJDUGLQJ WKHVH VSDF

,Q WKH VHFRQG FKDSWHU VWURQJO\ SVHXC
QRUPDO WRSRORJLFDO VSDFHV KDYH EHHQ LQWUR
EHHQ VWXGLHG $ QXPEHU RI LPSRUWDQW WKHRU|
UHJDUG

7KLV LV WKH WKLUG FKDSWHU ,Q WKLV FKI
VWULFWO\ SVHXGR QRUPDO WRSRORJLFDO VSDFH)
SURSHUWLHY KDYH EHHQ VWXGLHG ,Q WKH IRUPF
VHSDUDWHG IURP DQ H[WHUQDO SRLQW E\ D FRQ\
ODWWHU WZR GLVMRLQW FRPSDFW VHWYV FDQ EH \
ODQ\ LPSRUWDQW SURSHUWLHYV KDYH EHHQ SURYHG

7KH IRXUWK FKDSWHU LOWURGXFHV WKH QRW|
VSDFHV RI WKH ILUVW NLQG DQG WKH VHFRQG NLQ
QXPEHU RI LPSRUWDQW WKHRUHPYV UHJDUGLQJ WKH

,Q WKLV ILIWK FKDSWHU WZR QHZ JHQHUDOL]
EHHQ GHILQHG DQG VWXGLHG 7KH VSDFHV LQ WK
QHDUO\ QRUPDO WRSRORJLFDO VSDFHV RI WKH IL
UHVSHFEWLYHO\



7KLV LV WKH VL[WK FKDSWHU ,Q WKLV FKDSW
QRUPDO VSDFHV KDYH EHHQ PDGH 7KHVH KDYH E
VSDFHV RI WKH ILUVW NLQG WKH VHFRQG NLQG D¢
QXPEHU RI LPSRUWDQW SURSHUWLHV RI WKHVH VSI

, Q WKLV FKDSWHU VHYHQ FRPSDFWQHVV KD\
FRPSDFWQHVYVY DQG F FRPSDFWQHVYVY DQG D FRQWL
VSDFH KDV EHHQ JHQHUDOL]J]HG WR SVHXGR FRQWLC
WKUHH FODVVHV RI VSDFHV KDYH EHHQ VWXGLHG



&+$37(5 21(

SVHXGR 5HIJXODU DQG 3VHXGR 1RLU
/RSRORJLFDO 6SDFHYV

 QWURGXFWLRQ

5HIXODU DQG QRUPDO WRSRORJLFDO VSDFHV K
ZD\V S UHJXODUY QR ORLIGPOBQBDO VSDFHV > @ >
> @ > @ DUH VHYHUDO H[DPSOHV RI VRPH RI WKF

,Q WKLV FKDSWHU ZH KDYH LQWURGXFHG SVHXG
VSDFHVY DQG VWXGLHG WKHLU LPSRUWDQW SURSHEH
SURYHG DERIWFM\NKHMHKDYH DOVR HVWDEOLVKHG
VXFK VSDFHVY 3DUDOOHO VWXG\ RI IXUWKHU JHQF
VHPL RSHQ VHWYVY HWF DUH LQWHQGHG WR EH GRQI
WHUPLQRORJ\ DQG GHILQLWLRQV RI WH[W ERRN R
> @ O0OXQNUHV > @ 'XJIJXQGML > @ 6LPPRQV > @
<RXQJ > @

8QOHVYVY RWKHUZLVH VWDWHG HYHU\ FRPSDFW V
ZLOO KDYH DW OHDVW WZR HOHPHQWYV

SUHOLPLQDULHYV

'H VWDUW ZLWK WKH @RILPLR® LB QM RRIW 6 RRRWWP D C
I QRUPD@®RUPRUPDRUPDO VSDFHYV



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

$ VXEVHW $ RI D WRSRORUHIXO D/ASURSHSQ LV VDLC

UHJXODU EORVIQ® FO $  USHMBR SHOQ LI RSH Q
Ll 3LQW F® BSHQzFO LQW .FRSH#HQBFO LQW $
LQW FO $ > @

$ WRSRORJLFDO VSDFHPR QW FDENCPR\EM S
QRUPDOPRWQRUPD@ LI IRU DQ\ WZR GLVMRLQW FOR
% RlI ; RQH RI ZKLFK LV UHJXOD U.OR FHO® VHIGY SV KH U }
RSHOQRSHQ VHWV 8 DQG ZRDQBY%EK WKDW $

$ WRSRORJLFDO VSDRHRWP D@ ¥S)RAUMMROE H

QRUPD®@ LI IRU HYHU\ SDLU RI GLVMRLQW FORVHG
H[LVW GLRAHRLQWHVSES RSHRGHQYHWY 8 DQG 2@ RI ; VXFK
8 DQGI%

7KHLU LQWHU UHODWLRQVKLSY DUH DOVR PHQWLF
QRUPDOPRVW QRUPDO

S QRUFDDOARPRVW S QRUPDOLW\

. QRUPD ®WLIOWWRQRUPDOLW\

(t QRUPD DIOWPRYPWUPDOLW\

'H QRZ GHILQH SVHXGR UHJXODU VSDFHV DQG SUF

S3VHXGR 5HIJIXODU 6SDFHV

'"HILQLWLRIQWRSRORJLFDO VS DFWH:XBIROGHDI N DD O H C
HYHU\ FRPSDFW VXEVHW ZIRWK BQQ EMHMHSDUDWHG
GLVMRLQW RSHQ VHWYV



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

([DPSOH /HW . EH D FRP S DN @ XEY\WW FKI WK D W

[+. 6LQ@FHMAN’'/[ LV FORVHGIDIQGQRIWFMHO DQG . LV FOR
E\ +HLQH %RUHP DRIBRUAHPQ EH VHSDUDWHG E\ GLV
VHWYV 9 K¥VHXGR UHJXODU

([DPSOH /HW ; ~D E F ';G'DEF® 7KHQ1 LV
UHJXEXOWSY/RWGR UHJXODU
YJRU ~D F'LV-'PRPERWW'DE F' DQG E FDQQRW EH VH

GLVMRLQW RSHQ VHWYV

([DPSOH /HW 9 1EH WKH WRSRORJ\%*JHRKIWDNVHG E\
LV WKH XVXD® WRGKHORIARDY 7KHRV FORVHG

VLQFH7 LV RBHQQQRW EH VHSDUDWHG IURP DQ LUU
WKH RQO\ RSHQ VHWY¥ KLKHKUFRRWD L QV QRW UHJXOI
FRPSDFW VHWV LQ ; DUH WKH FORVHG DQGVERXQGH
XQLRQV Rl FORVHGH@\®HELYYHIOV/HW J EHDD FRPSDFW
VXEVHW RI[<.D@®R OHW . EH JIE@#@® EXDED /HW

(. G DE WKH GLVWD QFH RQ GGIRMAE G 7KHQ

* D (E (¥ %0Q (R ¢ DQG[+G] G VHSDUDWH . DQG [
7TKXV SVAXGR UEXROWDUHJIXODU

7TKHRUHP (YHU\ SVHXGR UHJXODU FRPSDFW VSDFH L
SURRHW ; EH FRPSDFW DQG SVHXGR UHJXODU /HW .
DQG[OHAN WK 6LQFH ; LV FRPSDFW . LV FRPSDFW $
LV SVHXGR UHJXODU WKHUH H[LVW GEI\DMRELQW RSH
.2+ T7TKHUHIRUH ; LV UHJXODU



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

7TKHRUHP (YHU\ UHJXODU +DXVGRUIlI VSDFH LV SVHX
SURRHW ; EH D UHJXODU +DXVGRUII VSDFH /HW . EF
DQes; [¢. 6LQFH ; LV +DXVGRUII . LV FORVHG 1RZ
WKHUH H[LVW GLVMRLQW R &HIQGHW V¥ KHIUMHGERA M X F K
; LV SVHXGR UHJXODU

7KHRUHP $ WRSRORJLFDO VSDFH ; LV SVHXGR UHJX(
HYHUADQG DQ\ FRPSDFW VHW . QRW FRQWDLQLQJ |
+ R1 ; VXFK WA+DZPWF
BURRHW ; EH SVHXGR UHJXODU DQG[-QOHW . EH FRPSI
[+.7 6LQFH ; LV SVHXGR UHJXODU WKHUH H[LVW RS
[+8.29DQ8G9 / 7KBQ9FZ.F 6RZ9" 9FZ.F :ULWLQJ
8 + ZH KD¥HE+Z.°

1RZ OHWI[FRUDHMMHDQ\ FRPSDFW VHW . QRW FRQWI
HILVWV RSHQ VHWZ# ¥ XFI6 MKW, LV D FRPSDFW VHYV
[+. 7KHQF $FFRUGLQJ WR WKH FRQGLWLRQ WKHUHI
WKPW,+2Z2.F /HW * 7KHQ * LV/RDT + /
7KXV ; LV SVHXGR UHJXODU

7KHRUHP 7KH SURGXFW VSDFH ; RI DQY QRRQ HPSW\ |
WRSRORJLFDO VSDFHV LV SVHXGRVUSFVNKXGR LI DQG

UHJXODU
SURRHW, EH D QRQ HPSW\ FROOHFWLRQ RI SVHXGR

3;, 'H VKRZ WKDW ; LV D SVHXGR UHJXODU VSDFH |
FRQWDLQLRJ D /ISRLRW [+., B6LQFH WKH SURMHFWL
PDSV DUH FRQWLQXRREVFRPSDFW VXEYAHI RI



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

W KH U HL W KIPKWMWK DWBLQFHY SVHXGR UHJXODU WKHUF
GLVMRLQW, RS H@WDWK [WKDW 2+ )RU HAOFK
OMW, EH RSHQ VHWV+V.XEK WH\D3Y, DQG3H,
7TKHQ + / VL®FHW, / 1RZZ* [*+ +HQFH ; LV
SVHXGR UHJXODU

&RQYHUVHO\ LI ; LV SVHXGR UHJXQRV WKHQ ZH
SVHXGR UHJXODU, ERIUDHPREKSID FOHME,E V HEX R
.., /HW3_., DQG[] [+; EXW. 7KHQ . LV FRPSDFW E\
7\FKRQRIl 7TKHRUHP 6LQFH ; LV SVHXGR UHJXODU \
* DQG + VX[FKDVMKDMWDQG3**, +3,+ * + DUH RSHQ
VHWY URFK [WKDW* DO®G+, / 7TKHUHIRUIVHXGR
UHJXODU

7KHRUHP $Q\ VXEVSDFH RI D SVHXGR UHJXODU VSDF
BURRHW ; EH D SVHXGR WKHJXOBW<VB3OQE H6DIQG D
FRPSDFW VXEVHW. Rl <6V RFK WKIDWFRPSDFW LQ < V.
FRPSDFW LQ ; 6LQFH ; LV SVHXGR UHJXODU WKHUFL
+ Rl ; VXFK WK®@W /HW+8<DQG+9 < 7KHQ 8 DQG

9 DUH GLVMRLQW RSH®DDEENY RH GFHKEH UM SVHXGR
UHJXODU

&RUROODUHKHW ; EH D WRSRORJLFDO VSDFH DQG $ %
UHJXODU VXEVSOFHWLWRISYHXER UHIXODU

SURRTI?¢ EHLQJ D VXEVSDFHSRE ERWK/ B XBBRGU% JXOD U
WKH DERYH 7KHRUHP



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

7KHRUHP/HW ; EH D SVHXGR UHJXODU VSDFH DQG 5
UHODWLRQ Rl ; 7KHQ 5 LY D FORVHG VXEVHW RI ;

3URRH VKDOO SURYHRWHKRDWSRS OMMWLY VXIILFLHQW W
VKRZ WKDW WKHUH H[LVW WZR REHQOQABWV * DQG +

DQGL+%5" /HWOS;?;EH WKH SURMHFWMLREBQ PDS 6LQFH

S[zS\ L H+s s\ $JDLQ 'VLYFFHRPSDFW DQG S LV D
FRQWLQXRXV PDSSLQJ S V* IEVH ARP RBHWQ FROWHRU @ H YV

S s\ LQ; DOGSOHWKHQ LV DQ RSHQ FRYHU RI S\

6LQFH S\ LV D VLQJEOHWRQUH_{OWWWI@N
LQ 7KHQ E\ WKH GHILQLWLRRQRE WKH @RWROR JRILW

PDS S* ILV RSHQ IQ s *LLDQGsSL3\LZ* LQ ;

+HQBHS\ LV FRPSDFW LQ ;: 6R E\ WKH SVHXGR UHJX
H[LVW GLVMRLQW RSHQ VHWWO®OG7+ LQ ; VXFK WK
+HQFRH S\ Z+L He+ B6LQFH / S* ~ S+ |

7KHUHIRUE DQG[ V-R u+ 25

&RUROODWUHAW ; EH D SVHXGR UHJXODU VSDFH DQG &5

UHODWLRQ-RILY ¥BENQGRUII

SURRHWDQGEH WZR GLVWJEQHWTﬁSQB[ch)\Qmsm
IRU VRBPHVXFK WKD®G\ - 55 %\ WKH SURRI RI WKH DE|
7KHRUHP WKHUH H[E\D\@_{BH_QI\/I\MFQQT[N@(S}VD VHWYV

DQG + 7KXE—VLV +DXVGBUII DG + RI WKH DERYH

WKHRUHP @



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

‘H QRZ GHILQH SVHXGR QRUPDO VSDFHV DQG SURFF

3VHXGR 1RUPDO 6SDFHV

'HILQLWLRQWRSRORJLFDO VSDFWHHXBIROQREHP POOOHC
HDFK SDLU RI GLVMRLQW FRPSDFW VXEVHWYV RI ; FL
VHWYV

([DPSOH 6LQ¥HLYVY QRUPDO DQG HYHWYA ERPSDFW VX|
FORYHGY SVHXGR QRUPDO

([DPSOH /HW ; ~D E F 'G/'DEQKG 7KHQ1 LV
DQRUPDO W$SDNMHHAD F'DQG “E G DUH WZR GLVMRLQ\
EXW WKHUH GR QRW H[LVW GLVMRLQW RSHQ VHWYV
7KHUHIRUHRW SVHXGR QRUPDO

7KHRUHP (YHU\ SVHXGR QRUPDO FRPSDFW VSDFH LV
SURRHW ; EH FRPSDFW DQG SVHXGR QRUPDO /HW %
FORVHG VXEVHWY RI ; 6LQFH ; LV FRPSDFW $ DQG
; LV SVHXGR QRUPDO $ DQG % FDQ EH VHSDUDWHG
/KHUHIRUH ; LV QRUPDO

7TKHRUHP (YHU\ QRUPDO +DXVGRUII VSDFH LV SVHXC
SURRHW ; EH +DXVGRUII DQG QRUPDO /HW $ % EH
VXEVHWY Rl ; 6LQFH ; LV +DXVGRUII $ % DUH FOR'
QRUPDO WKHUH H[LVW GLVMRLQWZR®KG VHWYV * DQ
%+ T7TKHUHIRUH ; LV SVHXGR QRUPDO



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

7KHRUHP $ WRSRORJLFDO VSDFH ; LV SVHXGR QRUP
SDLU RI GLVMRLQWGRWERBBW NHWWYV RSHQ VHW 8 V

78728272.°F
SURRHW ; EH D SVHXGR QRUEBOWZFRD FRPB@QGEW VXEVI
Rl ; DQTG. / 6LQFH ; LV SVHXGR QRUPDO WKHUH HJI

VXFK WKDW z9DQ& 9 / 7TKH®FZ. © 6R

N«

8797 9F7.F +HQFH ZH KD2BH . F
&RQYHUVHO\ VXSSRVIBD QXPWSIRWMRDEW FRIPEDF

VXEVHWYV Rl ; WKHUH H[LVWV DDSRSHQ VHW + RI ; V
VKDOO VKRZ WKDW ; LV. SWHXBER ORUHPN O +HUH
7KHQ * LV. RSBQG + / > )JRY  + YV [++DQG+"

%XW+ VY [++ 6R+" ZKLFK LV D FRQWWDIGAFWLRQ VR

7KHRUHP (YHU\ RSHQ LPDJH RI D SVHXGR QRUPDO V
QRUPDO

3URRHW ; EH D SVHXGR QRUPDO VSDFH DQG < D WR!
| ;0<EH DQ RSHQ DQG ROQWR GEBSWRR GHWMRLQW
FRPSDFW VXEVHWY IDQI&. 7KCHIH FRPSDFW LQ ; 6LQF
LV SVHXGR QRUPDO WKHUH H[LVW RSHQ VXEVHWYV .
| . 78DQG . 79D@GY9 / $JDLQ VLQFH I LV RSHQ | &
| 9 DUH RSHQ Q < Q& . 21l . 7219 DQG

1819 / +HQFH < LV SVHXGR QRUPDO



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

&RUROODUYYHU\ TXRWLHQW VSDFH RI D SVHXGR QRL
QRUPDO
SURRHW ; EH D SVHXGR QRUPDO VSDFH DQG 5 LV DC

; 6LQFH WKH SURM%FN\X/LRQHFQ)BQSG;RQWR WKH FRU|

IROORZV I[URP WKH DERYH 7KHRUHP

$OWKRXJIJK D VXEVSDFH RI D QRUPDO VSDFH QHH
ODMXPGDU DQG $NKWHU > @ S ZH KDYH WKH I

7KHRUHP (YHU\ VXEVSDFH RI D SVHXGR QRUPDO VSEC
QRUPDO

BURRHW ;: EH D SVHXGR GRU P DHOWDSDGE EHDW BR
GLVMRLQW FRPSDFW VXG® BWN ERPSDAWAK) < WKH\
FRPSDFW LQ ; WRR 6LQFH ; LV SVHXGR QRUPDO W}
DQG : VXFKZMK@G: 7KHQ<DQG < DUH GLVMRLQW RS
VHWV LQ < ZLWK B8 RDHOBMEY WKDWQFH < LV SVHXGR
QRUPDO

&RPPHQW $ FRQWLQXRXV LPDJH RI D SVHXGR UHJXC
VSDFH QHHG QRW EH SVHXGR UHJXODU SVHXGR QR
JRU7LILY D SVHXGR UHJXODU SVHX®RVERERDO V

ZLWK WKH LQGLVFUHWH WRSROR:L VWARHIQVWE K RIXG/H (
DQG RQWR %®WXWRW SVHXGR UHJXODU SVHXGR QRU



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

7KHRUHP (DFK FRPSDFW +DXVGRUIlI VSDFH LV SVHX(
3URRHW : EH D FRPSDFW +DXVGRUIl VSDFH DQG $ ¢
FRPSDFW VXEVHWYQRk:; 7TKH® 6LQFH ; LV +DXVGRUII
WKHUH H[LVW GEV B QGQXF R SAHOD WHEW V

2EYLRXVOA%LY DQ RSHQ FRYHU RI % 6LQFH % LV FF
HILVWV D ILQLWH, VXE,_ FRYHY FHW

ot %oty %o %ot, DQG * "¢ 7 T TKBR+ [e*

DQ&G " *, /L H ; LV SVHXGR UHJXOWKHBR H{UVMD AWK R
GLVMRLQW,K RS¥®RRVH WX F K WB QW& +, +HQFH

~ [«+$LV DQ RSHQ FRYHU RI'$ 6LQFH $ LV FRPSDFW
VXE FRYMU ~* ° RI WKLV FRYHMUs$ %H¥ DQG

+ 4 "4~ "+  TKHQ * + DUH RSH@® VMMV RI ; DQG

DQG+

SHPDUN ,W IROORZV I URP WKH DERYH SURRI WKDW
+DXVGRUII VSDFH LV SVHXGR UHJXODU

7KHRUHP (YHU\ ORFDOO\ FRPSDFW +DXVGRUII VSDF
3URRHW ; EH D ORFDOO\ FRPSDFW +DXVGRUII VSDFI
SRLQW FRPSDFRIL|LEFEQ@®VY.RQXVGRUIl DQG FRPSDFW

$FFRUGLQJ WR DERY,HLYHPVHNGR UHJXODU $JDLQ I
WR 7KHRUHP DV, D VK¥\SSIHXHGRIUHJXODU



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

7KHRUHP/HW ; EH D WRSRORJLFDO VSDFH VXFK WKI
VXEVHW . Rl ; ;. FRQWDLQV DW OHDVW WZR HOHPH
QRUPDO WKHQ ;: LV SVHXGR UHJXODU

3URRHW ; EH D SVHXGR QRUPDO VSDFH /HW . EH D
OHW VXFK[WKDMKHQ WKHUH H[LVWQG[VXRK@WKDW \
Al \) EHLQJ ILQLWH ZLWK WZR HOHPHQWVYV LV D FRF
Al V. 4/ 6LQFH ; LV SVHXGR QRUPDO WKHUH H[LVW
ZLWKA]*\'Z+*~+ ; 6LQEH §+*"+ / KHQFH ; LV
SVHXGR UHJXODU

([DPSOH /HW ; ~D E1 F DR'6F 7KHQ1 LV D
SVHXGR QWRSDFIHO %QRW ;SMHXGR RIMHJIXDDE' FRPSDFW
F’'DE EXW ~D E° DQG F FDQQRW EH VHSDUDWHG E\

7TKHRUHP (YHU\ PHWULF VSDFH LV ERWK SVHXGR UH
QRUPDO

SURBRLQFH HYHU\ PHWULF VSDFH LV +DXVGRUII HYF
$IJDLQ VLQFH HYHU\ PHWULF VSDFH LV UHJXODU Q
UHJXODU DQG SVHXGR QRUPDO E\ 7TKHRUHP DQC(
UHVSHFWLYHO\



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

$OPRVW 3VHXGR 5HJXODU 6SDFHVY DQG $OPRVW
6SDFHV

+HUH ZH FRQVLGHU WZR FODVVHV RI WRSRORJLF
EHWZHHQ WKH FODVV RI +DXVGRUIlI VSDFHYVY DQG Wk
VSDFHVY ZKLOH WKH RWKHU OLHV EHWZHHQ WKH FO
FODVV RI SVHXGR QRUPDO VSDFHYV

'HILQLWLRQWRSRORJLFDO VSDEFGP,RY¥M G VEHX ERO OH C
UHJXODIRU HYHU\ ILQLWH VHW $ ZLWK DW OHDVW W
+$ WKHUH H[LVW GLVMRLQW RSH@E&HWV * DQG + V>

([IDPSOH /HW 7 U Y UV DQGMDHMOMOG /HW

1 WKH WRSRORJ ABR HIOD Wik EHW $ ®Th

Q DQG-OHWS$ 6XSSRVYH®TT, ,I T TOBW T 7KHQ

T 9 g T%DQGZ@}; To ¥ 1 ' ZH FRQVWUXFW WKH UHT
RSHQ VHWV VLPLODUO\

0 TT T IRU VRPHQHWLG T,T, T 7KHQ

TTTYTY 9 VD\@TET ¢YT ¢ 9DQG ®F

e YT Y 9 VD\ TKHQZ9 %9 DQG 9 %0

'HILQLWLBQVRSRORJLFDO VSDFOPRXZMDSWHKXERBROOHG
QRUPDAORU HYHU\ WZR ILQLWH GLVMRLQW VHWYV $ D
HOHPHQWY WKHUH H[LVW GLVMREOWRSHHQ VHWYV *



3VHXGR 5HIXODU DQG 3VHXGR 1RUPDO 7RSRORJLFD!

([DPSOH ,W FDQ EH VKRZQ WKDW WKH DERYH ([DPS¢

SVHXGR QRUPDO WRR

ODQ\ RI WKH SURSHUWLHYVY RI WKH SVHXGR UHJX
DUH HISHFWHG WR KROG EXW ZH DUH QRW SURYLQJ
WKHVH LQ QHDU IXWXUH



&+$37(5 7:2

6WURQJO\ 3VHXGR 5HIJXODU DQG 6\
3VHXGR 1RUPDO 7RSRORJLFDO 6S|

, QWURGXFWLRQ
7KLV LV WKH VHFRQG FKDSWHU RI RXU WKH

VSHFLDOL]DWLRQV RI UHJXODU DQG QRUPDO WRSR(
QRUPDO WRSRORJLFDO VSDFHV KDYH EHHQ JHQHL
S UHJXODU fSQRRIPPIDQRYEBDO VSDFHY > @ > @ > C
DUH VHYHUDO H[DPSOHV Rl VRPH Rl WKHVH

,Q WKLV FKDSWHU ZH KDYH LQWURGXFHG VWI
VWURQJO\ SVHXGR QRUPDO VSDFHV DQG VWXGLHG
LPSRUWDQW UHVXOWVY DERXW WKHVH VSDFHV KDYH

8QOHVV RWKHUZLVH VWDWHG HYHU\ FRPSDFW \
ZLOO KDYH DW OHDVW WZR HOHPHQWV

'H VKDOO QRZ GHILQH DQG VWXG\ VWURQJO\ SV
VSHFLDOL]DWLRQV RI SVHXGR UHJXODU VSDFHV VF

BWURQJO\ 3VHXGR 5HIJXODU 6SDFHYV
'HILQLWLRSQWRSRORJLFDO VSDW¥VWURQI0 EMHXGROHC
UHJXOIDURU HDFK FRPSDFW[V;HM\WO QW® KR U H M HUAW
RSHQ VHWV * DQ:G B QX FR QXD W



6WURQJO\ 3VHXGR 5HIJXODU DQG 6WURQJO\ 3VHXGR 1RUP

(IDPSOH ; 9ZLWK XVXDO WRSRORJ\ LV VWURQJO\ S
VHH WKLY OHW . EH D QRQ HPSW-\;FIRPSDFW VXEVH\

7KHQ E\ +HLQH %RUHO 7KHRUHP . LV FORVHG DQG
f \

ZULWWHQREV@KHDE " D,E, /LIz
L

/HW PLQ' E, PDE,’ 6LQFHRQH RI WKH IROORZLQJ WKU

FRQGLWLRQV PXVW KROG
L [ B
LL [!E,
LLIWKHUI, B [DY8@E VXFKOMEDW (E DQG 5@
DQG E@ DUH FRQVHFXWLYE [QWHUYDOV LQ .

I L KROGvVDOB®WG OHW I8

9 D VE V' 7KHQ9DUH RSH® DQA&OVR

1 LL KROGBVE OB@G OHW [8"
9 B VE ' 7KHQ9DUH RSHQZ9 DQ&G"9 /
1 LLL KRORM® EDRW DQG OHWIBW DQG

9 R vEB v %Q v B 7KHQ98DUH RSHQ
[+8 .29 DQ&G"9 /
7KXV : LV VWURQJO\ SVHXGR UHJXODU



6WURQJO\ 3VHXGR 5HIJXODU DQG 6WURQJO\ 3VHXGR 1RUP

7TKHRUHP (YHU\ VWURQJO\ SVHXGR UHJXODU VSDFH
WKH FROQYHUVH LV QRW WUXH LQ JHQHUDO

SURRKH ILUVW SDUW LV REYLRXV 7R SURYH WKH FI
DQJG/ /N i *















































































































































































































