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3FMBUFE XPSL IBT EFNPOTUSBUFE UIF IFMQGVMOFTT PG VUJMJ[JOH JOGPS�

NBUJPO BCPVU FOUJUJFT JO UFYU SFUSJFWBM� IFSF XF FYQMPSF UIF DPO�

WFSTF� 6UJMJ[JOH JOGPSNBUJPO BCPVU UFYU JO FOUJUZ SFUSJFWBM�8FNPEFM

UIF SFMFWBODF PG &OUJUZ�/FJHICPS�5FYU 	&/5
 SFMBUJPOT UP EFSJWF B

MFBSOJOH�UP�SBOL�FOUJUJFT NPEFM�

8F GPDVT PO UIF UBTL PG SFUSJFWJOH 	NVMUJQMF
 SFMFWBOU FOUJUJFT JO

SFTQPOTF UP B UPQJDBM JOGPSNBUJPO OFFE TVDI BT à;JLB GFWFSá� _F

&/5 3BOL NPEFM JT EFTJHOFE UP FYQMPJU TFNJ�TUSVDUVSFE LOPXM�

FEHF SFTPVSDFT TVDI BT 8JLJQFEJB GPS FOUJUZ SFUSJFWBM� _F &/5

3BOL NPEFM DPNCJOFT 	�
 FTUBCMJTIFE GFBUVSFT PG FOUJUZ�SFMFWBODF


XJUI 	�
 JOGPSNBUJPO GSPN OFJHICPSJOH FOUJUJFT 	DP�NFOUJPOFE PS

NFOUJPOFE�PO�QBHF
 UISPVHI 	�
 SFMFWBODF TDPSFT PG UFYUVBM DPO�

UFYUT UISPVHI USBEJUJPOBM SFUSJFWBM NPEFMT TVDI BT #.�� BOE 3.��

"$. 3FGFSFODF 'PSNBU�

-BVSB %JFU[� ����� &/5 3BOL� 3FUSJFWJOH &OUJUJFT GPS 5PQJDBM *OGPSNBUJPO

/FFET UISPVHI &OUJUZ�/FJHICPS�5FYU 3FMBUJPOT� *O 1SPDFFEJOHT PG UIF ��OE

*OUFSOBUJPOBM "$. 4*(*3 $POGFSFODF PO 3FTFBSDI BOE %FWFMPQNFOU JO *OGPS�

NBUJPO 3FUSJFWBM 	4*(*3 £��
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&OUJUZ SFUSJFWBM JT JNQPSUBOU JO NBOZ EJVFSFOU BQQMJDBUJPOT XIFSF

FOUJUJFT BSF TPVHIU JO SFTQPOTF UP B UFYUVBM EFTDSJQUJPO
 UZQF EFW�

OJUJPO
 PS TFU PG SFMBUFE FOUJUJFT� *OGPSNBUJPO OFFET JO OBUVSBM MBO�

HVBHF
 TUSVDUVSFE 41"32- RVFSJFT
 PS IZCSJET IBWF CFFO FYQMPSFE

<�>� 0OFO POMZ B TJOHMF FOUJUZ JT SFRVFTUFE
 TVDI BT JO GBDUPJE RVFT�

UJPO BOTXFSJOH
 DPOWFSTBUJPOBM SFUSJFWBM
 PS RVJ[[FT� *O DPOUSBTU


UIJT XPSL� TUVEJFT FOUJUZ SFUSJFWBM XIFSF
 JO SFTQPOTF UP B TIPSU

JOGPSNBUJPO OFFE
 BMM UPQJDBMMZ SFMBUFE FOUJUJFT BSF UP CF SFUSJFWFE�

_F NPUJWBUJPO JT UP TVQQPSU BVUIPST JO XSJUJOH DPNQSFIFOTJWF BS�

UJDMFT BCPVU 	ZFU
 VOGBNJMJBS UPQJDT� 8IJMF UIF JOGPSNBUJPO OFFE JT

POMZ FYQSFTTFE JO B TIPSU LFZXPSE RVFSZ
 UIF UPQJD JT FYQFDUFE UP

IBWF TFWFSBM JOUFSFTUJOH GBDFUT XIJDI TIPVME BMM CF DPWFSFE� 8F

BOUJDJQBUF UIBU LOPXJOH UIF TFU PG SFMFWBOU FOUJUJFT
 PSEFSFE GSPN

DFOUSBM UP TJEF�UPQJD JT IFMQGVM GPS UIF BVUIPS� 3FTVMUT BMTP DBO JO�

GPSN DPOWFSTBUJPOBM BHFOUT XJUI CBDLHSPVOE JOGPSNBUJPO PO UIJT

�$PEF BOE EBUB BWBJMBCMF BU IUUQT���XXX�DT�VOI�FEV�_EJFU[�BQQFOEJY�FOU�SBOL�

1FSNJTTJPO UP NBLF EJHJUBM PS IBSE DPQJFT PG BMM PS QBSU PG UIJT XPSL GPS QFSTPOBM PS
DMBTTSPPN VTF JT HSBOUFE XJUIPVU GFF QSPWJEFE UIBU DPQJFT BSF OPU NBEF PS EJTUSJCVUFE
GPS QSPWU PS DPNNFSDJBM BEWBOUBHF BOE UIBU DPQJFT CFBS UIJT OPUJDF BOE UIF GVMM DJUB�
UJPO PO UIF WSTU QBHF� $PQZSJHIUT GPS DPNQPOFOUT PG UIJT XPSL PXOFE CZ PUIFST UIBO
UIF BVUIPS	T
 NVTU CF IPOPSFE� "CTUSBDUJOH XJUI DSFEJU JT QFSNJRFE� 5P DPQZ PUIFS�
XJTF
 PS SFQVCMJTI
 UP QPTU PO TFSWFST PS UP SFEJTUSJCVUF UP MJTUT
 SFRVJSFT QSJPS TQFDJWD
QFSNJTTJPO BOE�PS B GFF� 3FRVFTU QFSNJTTJPOT GSPN QFSNJTTJPOT!BDN�PSH�
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UPQJD� "T PVS BQQSPBDI JT NPEFMJOH UIF DPOUFYU PG SFMFWBOU FOUJUJFT


UIJT XPSL BMTP DPOTUJUVUFT B WSTU TUFQ UPXBSET GVMMZ BVUPNBUJD BSUJ�

DMF DPNQPTJUJPO BQQSPBDIFT PS FWFO B OFX XBZ UP WOE JOGPSNBUJPO

SBUIFS UIBO EPDVNFOUT UISPVHI TFBSDI FOHJOFT <�>�

"O FYBNQMF UPQJD JT à;JLB GFWFSá� %FTQJUF CFJOH B TIPSU VOBN�

CJHVPVT LFZXPSE RVFSZ
 TFWFSBM GBDFUT OFFE UP CF DPWFSFE TVDI BT

à4JHOT BOE 4ZNQUPNTá
 à$BVTFTá
 PS à&QJEFNJPMPHZ JO "NFSJDBTá�

4FWFSBM FOUJUJFT NVTU CF NFOUJPOFE GPS UIJT UPQJD
 TVDI BT à"FEFT

.PTRVJUPFTáXIJDI BSF UIF WFDUPS GPS USBOTNJTTJPO
 UIF à����×����

;JLB GFWFS FQJEFNJDá BOE PUIFS PVUCSFBLT
 UIBU ;JLB GFWFS JT B à'MB�

WJWJSVTà
 JU DBVTFTNVTDMFXFBLOFTT EVF UP OFSWF EBNBHF BMTP DBMMFE

á(VJMMBJO�#BSS© TZOESPNFà
 UIF á/FPOBUBM JOGFDUJPOà XIJDI JT UIF

NPTU TFSJPVT DPODFSO
 BOE UIBU á%FOHVF 'FWFSà JT B TJNJMBS EJTFBTF

XJUI DPOGVTBCMF TZNQUPNT
 BOE UIBU á-FUIBM PWJUSBQTà BSF VTFE UP

USBQ BEVMU "FEFT NPTRVJUPT� .BOZ
 CVU OPU BMM PG UIFTF SFMFWBOU

FOUJUJFT BSF NFOUJPOFE PO UIF 8JLJQFEJB QBHF GPS ;JLB GFWFS��

5PQJDBM FOUJUZ SFUSJFWBM UBTL� (JWFO BO BSUJDMF UJUMF BT RVFSZ


SFUSJFWF B SBOLJOH PG SFMFWBOU FOUJUJFT� 3FMFWBODF JT EFWOFE CBTFE

PO XIFUIFS UIF FOUJUZ NVTU
 TIPVME
 PS DPVME CF NFOUJPOFE JO BO

BSUJDMF PO UIJT UPQJD�

_F FOUJUZ SFUSJFWBM UBTL PG UIF 53&$ $PNQMFY "OTXFS 3FUSJFWBM

USBDL <��> 	$"3
 PVFST B TVJUBCMF CFODINBSL UP TUVEZ UIJT UBTL�

_F CFODINBSL JODMVEFT B MBSHF BNPVOU PG USBJOJOH EBUB UIBU JT

TZOUIFUJDBMMZ EFSJWFE GSPN FOUJUJFT NFOUJPOFE PO8JLJQFEJB QBHFT�

_JT CFODINBSL JT DPNQMFNFOUFE CZ NBOVBM BTTFTTNFOUT� 8IJMF

UIF PYDJBM $"3 RVFSJFT QSPWJEF UJUMFT XJUI BO PVUMJOF PG GBDFUT 	F�H�


á;JLB GFWFS�$BVTFTá

 UIJT XPSL GPDVTFT PO SFUSJFWJOH FOUJUJFT JO SF�

TQPOTF UP UIF UJUMF RVFSJFT BMPOF�

_F $"3 CFODINBSL JODMVEFT BO FBTJMZ QBSTBCMF EVNQ PG &OH�

MJTI 8JLJQFEJB QBHFT 	%FDFNCFS ����
�_F TUSVDUVSF PG FBDI8JLJ�

QFEJB QBHF
 J�F�
 IFBEJOHT
 QBSBHSBQIT
 BOE FOUJUZ MJOLT BSF QSPWJEFE

GPS FBDI QBHF
 BT XFMM BT NFUB EBUB TVDI BT SFEJSFDU OBNFT
 DBUF�

HPSJFT
 BOE JOMJOLT� ^FSZ QBHFT BSF FYDMVEFE GSPN UIF EVNQ� *O

UIJT XPSL XF NBLF VTF PG UIJT GPSNBU
 XIJDI DPVME BMTP CF EF�

SJWFE GPS PUIFS UFYU�DFOUSJD LOPXMFEHF SFTPVSDFT JO CJP�NFEJDBM

	/$#*�QVCNFE

 WOBODF 	#MPPNCFSH

 BOE OFXT 	8BTIJOHUPO 1PTU


EPNBJOT PS XFCTJUFT TVDI BT XXX�IPXTUVGGXPSLT�DPN�

$VSSFOU FOUJUZ SFUSJFWBM BQQSPBDIFT GPDVT PO UIF EFWFMPQNFOU PG

SFMFWBODF GFBUVSFT� 0OF TFU PG GFBUVSFT JT EFSJWFE GSPN B LOPXMFEHF

HSBQI 	PS 8JLJQFEJB

 TVDI BT OBNFT
 UZQFT
 MJOLFE FOUJUJFT
 BOE

GSFF�GPSN EFTDSJQUJPOT <�
 ��>� "OPUIFS TFU PG GFBUVSFT JT EFSJWFE

GSPN FOUJUZ MJOLT JO RVFSJFT BOE VOTUSVDUVSFE UFYU EPDVNFOUT <��


��>� /FJHICPS SFMBUJPOT BSF EFSJWFE GSPN LOPXMFEHF HSBQI MJOLT <�>

PS DP�NFOUJPOT JO UFYU 	J�F
 UXP FOUJUJFT CFJOH NFOUJPOFE JO OFBS

QSPYJNJUZ
 <��>� 4P GBS
 SFMBUFE XPSL XPVME DPOTJEFS BMM OFJHICPS

�IUUQT���FO�XJLJQFEJB�PSH�XJLJ�;JLB@GFWFS
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SFMBUJPOT GSPN UIF TBNF TPVSDF BT FRVBMMZ JNQPSUBOU GPS UIF RVFSZ�

*O DPOUSBTU
 UIJT XPSL NPEFMT UIF SFMFWBODF PG OFJHICPS SFMBUJPOT

UISPVHI UFYUVBM DPOUFYUT XJUI EJVFSFOU NFBTVSFT PG SFMFWBODF�

$POUSJCVUJPOT� 8F JOUSPEVDF UIF &/5 3BOL GSBNFXPSL GPS JOUF�

HSBUJOH SFMFWBODF JOGPSNBUJPO GSPN UIF FOUJUZ
 JUT OFJHICPST
 BOE

DPOUFYU�8F QSPWJEF B WFSTBUJMF MFBSOJOH�UP�SBOL�FOUJUJFT BMHPSJUIN

UIBU DBO CF PQUJNJ[FE GPS BOZ SBOL FWBMVBUJPONFUSJD
 TVDI BTNFBO�

BWFSBHF QSFDJTJPO� _F &/5 3BOL GSBNFXPSL DBO JODPSQPSBUF BOZ

FYJTUJOH FOUJUZ SFMFWBODF GFBUVSF BOE DBO CF FBTJMZ DVTUPNJ[FE� 8F

EFNPOTUSBUF UIBU FWFO XJUI TJNQMF GFBUVSFT EFSJWFE GSPN VOWFMEFE

VOJHSBN NPEFMT
 TVDI BT #.�� BOE 3.�
 &/5 3BOL QSPWJEFT B

DPNQFUJUJWF SFUSJFWBM NFUIPE� *O B DPNQBSJTPO CFUXFFO &/5 3BOL

BOE FTUBCMJTIFE NFUIPET PO 53&$ $PNQMFY "OTXFS 3FUSJFWBM <��>

BOE %#QFEJB�FOUJUZ W� <��>
 &/5 3BOL QMBDFT CFTU PS TFDPOE�CFTU�

_F JEFB CFIJOE &/5 3BOL JT UP VTF UFYU GSBHNFOUT XJUI FOUJUZ

MJOLT
 TP�DBMMFE DPOUFYUT
 UP EFWOF OFJHICPS SFMBUJPOT CFUXFFO FOUJ�

UJFT�_JT BMMPXT VT UP EFSJWF B IZQFSHSBQI
 XIFSF FOUJUJFT BSF SFQSF�

TFOUFE BT OPEFT
 BOE DPOUFYU�OFJHICPS SFMBUJPOT BSF SFQSFTFOUFE BT

FEHFT� 1SFTFSWJOH UIF BTTPDJBUJPO CFUXFFO FBDI DPOUFYU BOE OFJHI�

CPS SFMBUJPO
 BMMPXT VT UP VTF UFYU�SFUSJFWBM NPEFMT UP QSFEJDU UIF

SFMFWBODF PG B OFJHICPS SFMBUJPO GPS UIF RVFSZ� 'VSUIFSNPSF
 SFMF�

WBODF JOGPSNBUJPO GSPN DPOUFYU�OFJHICPS SFMBUJPOT JT VTFE UP DPN�

QMFNFOU USBEJUJPOBM FOUJUZ SFMFWBODF GFBUVSFT�

0VUMJOF� *O 4FDUJPO � XF QSPWJEF BO PWFSWJFX PG UIF TUBUF�PG�UIF�

BSU PO UIJT UBTL� 4FDUJPO � JOUSPEVDFT UIF &/5 3BOL GSBNFXPSL BOE

NPUJWBUFT EJVFSFOU TQFDJBM DBTFT UISPVHI SBOEPN XBMLT� 4FDUJPO

� EJTDVTTFT UIF FOUJUZ
 OFJHICPS
 BOE DPOUFYU GFBUVSFT VTFE JO UIF

FYQFSJNFOUBM FWBMVBUJPO VTJOH FOUJUZ SFUSJFWBM CFODINBSLT GSPN

$PNQMFY "OTXFS 3FUSJFWBM JO 4FDUJPO � BOE %#QFEJB�FOUJUZ W� JO

4FDUJPO ��

� 3&-"5&%803,

&OUJUZ SFUSJFWBM XBT JOUSPEVDFE UP JOUFHSBUF JOGPSNBUJPO SFUSJFWBM

BOE TFNBOUJD TFBSDI <�>� *U JT POFO NPUJWBUFE CZ UIF MBSHF OVN�

CFS PG OBNFE FOUJUJFT NFOUJPOFE JO TFBSDI SFRVFTUT <��>� %JVFSFOU

XBWPST PG UIJT UBTL BSF UP SFUSJFWF SFMBUFE FOUJUJFT UISPVHI B TFU PG

FOUJUJFT
 UZQF EFTDSJQUJPOT
 PS UPQJDT PG FYQFSUJTF <�
 �
 ��>� &OUJUZ

SFUSJFWBM DBO QSPWJEF BOTXFST UP RVFTUJPOT
 TVDI BT à8IP JOWFOUFE

UIF QBQFS DMJQ á *O UIF DPOUFYU PG $PNQMFY "OTXFS 3FUSJFWBM
 FO�

UJUZ SFUSJFWBM PVFST FOUJUJFT UIBU TIPVME UP CF EJTDVTTFE JO EJVFSFOU

QBSUT PG UIF BOTXFS <��>�

&OUJUZ SFUSJFWBM GSPN LOPXMFEHF CBTF EPDVNFOUT� 4VDDFTTGVM BQ�

QSPBDIFT UP BMM UIFTF WBSJBOUT PG FOUJUZ SFUSJFWBM DFOUFS BSPVOE B

SFQSFTFOUBUJPO PG FBDI FOUJUZ BT B WFMEFE EPDVNFOU� "OFS GVMM�UFYU

JOEFYJOH
 FOUJUZ SFUSJFWBM DBO CF BEESFTTFE CZ USBEJUJPOBM SFUSJFWBM

NPEFMT GPS BE IPD EPDVNFOU SFUSJFWBM <��>� 5POPO FU BM� DPNCJOF

GVMM UFYU TFBSDI XJUI TUSVDUVSFE RVFSJFT <��>� #BMPH FU BM� <�> TVH�

HFTUT B UFSN�CBTFE BOE DBUFHPSZ�CBTFE FOUJUZ SFQSFTFOUBUJPO
 XIFSF

UFSN TUBUJTUJDT BSF EFSJWFE GSPN EPDVNFOUT SFQSFTFOUJOH UIF FOUJUZ

	TVDI BT B 8JLJQFEJB QBHF
� 'PS RVFSJFT DPOTJTUJOH PG UFSNT
 DBUF�

HPSJFT
 BOE SFMBUFE FOUJUJFT
 #BMPH FU BM� VTF B HFOFSBUJWF SFUSJFWBM

NPEFM CBTFE PO ,VMMCBDL�-FJCMFS EJWFSHFODF PG FOUJUZ BOE DBUFHPSZ

MBOHVBHF NPEFM� .FJK FU BM� <��> GVSUIFS JODMVEF JOGPSNBUJPO GSPN

TFBSDI IJTUPSJFT� (BSJHMJPRJ FU BM� GPDVT PO DBUFHPSZ PS UZQF JOGPS�

NBUJPO <��>�

3BWJW FU BM� <��> FYUFOE UIF TFRVFOUJBM EFQFOEFODF NPEFM 	4%.


<��> UP EJVFSFOU FOUJUZ WFMET
 OBNF
 EPDVNFOU
 BOE UZQF� ;IJMUTPW

<��
 ��> TVHHFTUT UIF QBSBNFUSJ[FE WFMEFE TFRVFOUJBM EFQFOEFODF

NPEFM 	1'4%.

 XIJDI BTTJHOT EJVFSFOU XFJHIUT UP NBUDIFT PG EJG�

GFSFOU WFMET
 RVFSZ UFSN UZQFT
 BOE CJHSBNT�_F SFUSJFWBM BQQSPBDI

JT CBTFE PO UIF XFJHIUFE TFRVFOUJBM EFQFOEFODF NPEFM <�>
 XIJDI

DPNCJOFT VOJHSBN
 CJHSBN
 XJOEPX CJHSBNT XJUI BEEJUJPOBM JO�

GPSNBUJPO VTJOH B .BSLPW SBOEPN WFME�_F XFJHIUT GPS UIFTF GFB�

UVSFT BSF USBJOFE XJUI DPPSEJOBUF BTDFOU� $IFO FU BM� <�> EFNPO�

TUSBUFT UIBU MFBSOJOH�UP�SBOL GSBNFXPSLT PVFS GVSUIFS JNQSPWF�

NFOUT�

&OUJUZ MJOLJOH UPPMT BOOPUBUF VOTUSVDUVSFE UFYU XJUI NFOUJPOT

PG FOUJUJFT
 QSPWJEJOH B OFX BWFOVF GPS FOUJUZ SFUSJFWBM� )BTJCJ FU BM�

<��> BQQMJFT FOUJUZ MJOLJOH UP RVFSJFT
 UP FYUFOE UIF 4%. BQQSPBDI

XJUI BOPUIFS EFQFOEFODZ� 4DIVINBDIFS FU BM� VTFT FOUJUZ MJOLT JO

XFC EPDVNFOUT GPS FOUJUZ SFUSJFWBM JO B QTFVEP�SFMFWBODF GFFECBDL

BQQSPBDI� *OTQFDUJOH SFUSJFWFE XFC EPDVNFOUT
 FOUJUJFT BSF SBOLFE

IJHI JG UIFZ BSF NFOUJPOFE JO 	NBOZ
 IJHI�SBOLFE EPDVNFOUT�

"E IPD EPDVNFOU SFUSJFWBM XJUI FOUJUJFT� #Z BQQSPBDIJOH FOUJUZ

SFUSJFWBM BT SFUSJFWBM PG WFMEFE EPDVNFOUT
 DPNCJOBUJPOT PG BE IPD

FOUJUZ SFUSJFWBM BOE EPDVNFOU SFUSJFWBM FYQMPSFE� 3BWJW FU BM� <��>

TVHHFTUT UP SFQSFTFOU RVFSJFT BOE EPDVNFOUT BT CBH�PG�XPSET BOE

CBH�PG�FOUJUZ�MJOLT GPS BE IPD EPDVNFOU SFUSJFWBM UBTLT� -JV FU BM�

<��> SBOL EPDVNFOUT UISPVHI SFMFWBOU FOUJUJFT�8IJMF UIF SFMFWBODF

PG FOUJUJFT JT MBUFOU
 JOEJDBUPST PG FOUJUZ SFMFWBODF BSF EFSJWFE GSPN

FOUJUZ MJOLT BOE 'SFFCBTF BCTUSBDUT� 9JPOH FU BM� TVHHFTUT B EJTDSJNJ�

OBUJWF NBDIJOF MFBSOJOH BQQSPBDI UP JODPSQPSBUF EJVFSFOU NFUB JO�

GPSNBUJPO BCPVU FOUJUJFT JOUP UIF EPDVNFOU SBOLJOH NPEFM� %BMUPO

FU BM� <��> DPNQVUF BO FOUJUZ�UFSN�DBUFHPSZ FYQBOTJPONPEFM CBTFE

PO B GFFECBDL SVO PG SFUSJFWFE EPDVNFOUT BOE TPVSDFT PG FOUJUZ JO�

GPSNBUJPO� FOUJUZ MJOLT JO UIF RVFSZ
 B SBOLJOH PG 8JLJQFEJB QBHFT

	J�F�
 BO FOUJUZ SBOLJOH

 BOE FOUJUZ MJOL JOGPSNBUJPO JO EPDVNFOUT�

3FDFOUMZ
 OFVSBM OFUXPSL BQQSPBDIFT GPS KPJOU FOUJUZ�EPDVNFOU SBOL�

JOH BSF GVSUIFS MFWFSBHJOH UIJT DPOOFDUJPO <��>�

&OUJUZ MJOLJOH� &OUJUZ MJOLJOHNFUIPET BOOPUBUF VOTUSVDUVSFE UFYU

XJUI IZQFSMJOL�MJLF QPTJUJPOBM SFGFSFODFT UP8JLJQFEJB� 'BTU BOE SF�

MJBCMZ FOUJUZ MJOLJOH UPPMLJUT
 TVDI BT 5BH.F BOE /PSEMZT <��
 ��>


BSF SFBEJMZ BWBJMBCMF� &OUJUZ MJOLJOH DPNCJOFT TQPRJOH PG QPTTJCMF

FOUJUZ NFOUJPOT XJUI UIF EJTBNCJHVBUJPO BNPOH TJNJMBSMZ OBNFE

FOUJUJFT� 4FWFSBM JOGPSNBUJPO SFUSJFWBM BQQSPBDIFT UP FOUJUZ MJOLJOH

VTF UIF WFMEFE FOUJUZ SFQSFTFOUBUJPOT EJTDVTTFE BCPWF <��>� 5FYU

TVSSPVOEJOH UIF TQPU DBO CF DBTU BT B TFBSDI RVFSZ GPS FOUJUZ SF�

USJFWBM <��>� 4QFDJBM GFBUVSFT PG TIPSU UFYU TVDI BT UXFFUT <��> DBO

CF JODPSQPSBUFE�

(SBQIT
 3FMBUJPOT
 BOE /FJHICPST� ,OPXMFEHF HSBQIT DPOUBJO JO�

GPSNBUJPO BCPVU IPX FOUJUJFT BSF SFMBUFE UISPVHI 3%' USJQMFT XJUI

SFMBUJPO UZQFT� "MUFSOBUJWFMZ
 SFMBUJPOT XJUI àDIFBQ TFNBOUJDTá <�>

DBO CF EFSJWFE GSPN IZQFSMJOLT PO 8JLJQFEJB
 PS FOUJUJFT UIBU BSF

NFOUJPOFE JO UIF TBNF EPDVNFOU� ,PUPW FU BM� <��> DPNCJOFT CPUI

FYQMJDJU SFMBUJPOT BWBJMBCMF GSPN $PODFQU/FU UPHFUIFS XJUI JOGPS�

NBUJPO XIJDI FOUJUJFT BSF NFOUJPOFE OFBS POF BOPUIFS 	DG� )"-

<��>
� 8JUI BQQMJDBUJPO UP RVFTUJPO BOTXFSJOH
 #BTU FU BM� <�> MFBSO

XFJHIUT PO EJVFSFOU SFMBUJPOT CZ NBUDIJOH DPSQVT�CBTFE UFNQMBUFT

UP EFNBOEFE SFMBUJPO UZQFT� _JT BQQSPBDI JT CBTFE PO UIF JEFB PG
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XFBLMZ TVQFSWJTFE SFMBUJPO FYUSBDUJPO UP HFOFSBUF USBJOJOH EBUB GPS

SFMFWBOU SFMBUJPOT�

� &/5�3"/, "1130"$)

_F EJYDVMUZ PG VTJOH OFJHICPS SFMBUJPOT GPS FOUJUZ SFUSJFWBM MJFT JO

UIF QSFTFODF PG NBOZ DPOOFDUJPOT PG XIJDI UIF NBKPSJUZ BSF UZQJ�

DBMMZ OPU SFMFWBOU GPS UIF RVFSZ� 0OF FYBNQMF JT UIF FOUJUZ à4PVUI

"NFSJDBáXIJDI JT SFMFWBOU GPS UIF RVFSZ à;JLB GFWFSá BT B MPDBUJPO

PG B NBKPS PVUCSFBL� )PXFWFS
 NBOZ DPOUFYUT BCPVU 4PVUI "NFS�

JDB BSF VOSFMBUFE UP UIF ;JLB GFWFS
 TVDI BT QPMJUJDBM JODJEFOUT PS FO�

WJSPONFOUBM JTTVFT EVF UP UIF MPTT PG SBJOGPSFTU� *O GBDU
 UIFSF BSF TP

NBOZ JOUFSFTUJOH UPQJDT UP EJTDVTT BCPVU 4PVUI "NFSJDB UIBU UIFSF

JT OP SPPN UP NFOUJPO UIF ;JLB GFWFS PVUCSFBL PO 4PVUI "NFSJDBÝT

8JLJQFEJB QBHF�

8F OPUJDF BO BTZNNFUSZ PG SFMFWBODF� KVTU CFDBVTF 4PVUI "NFS�

JDB JT SFMFWBOU GPS B EJTDVTTJPO PG UIF ;JLB GFWFS
 JU EPFT OPU NFBO

UIBU UIF ;JLB GFWFS JT FRVBMMZ SFMFWBOU GPS B EJTDVTTJPO BCPVU 4PVUI

"NFSJDB�_FSFGPSF
 TIPSU FOUJUZ EFTDSJQUJPOT
 TVDI BT UIF JOUSPEVD�

UPSZ 8JLJQFEJB QBSBHSBQI
 BSF POFO OPU NFOUJPOJOH SFMFWBOU DPO�

OFDUJPOT� 8F DPNQFOTBUF UIJT MBDL XJUI B UFYU�PSJFOUFE BQQSPBDI�

8F IZQPUIFTJ[F UIBU XIFOFWFS UXP FOUJUJFT BSFNFOUJPOFE JO B SFMF�

WBOU DPOUFYU
 JU JT B TUSPOH JOEJDBUPS UIBU CPUI FOUJUJFT BSF UPQJDBMMZ

SFMFWBOU� _F SFMFWBODF PG UIF DPOUFYU JT QSFEJDUFE UISPVHI UFYU�

CBTFE SFUSJFWBM NPEFMT�8F EFWOF UIF SFMFWBODF PG DPOUFYU�OFJHICPS

SFMBUJPOT CBTFE PO UIF SFMFWBODF PG DPOUFYUT BOE FOUJUJFT�8F VTF FO�

UJUZ MJOLT JO DPOUFYU UP FTUJNBUF 	�
 UIF SFMFWBODF PG BO FOUJUZ BOE 	�


UIF SFMFWBODF PG UIF OFJHICPS SFMBUJPOT�_JT IBT UIF BEWBOUBHF UIBU

XF DBO BDDFTT B XJEF SBOHF PG GBDUT BCPVU FOUJUJFT
 JODMVEJOH UIPTF

XJUI WBHVF TFNBOUJDT UIBU EP OPU WU FBTJMZ JO B SFMBUJPO TDIFNB�

0VS BQQSPBDI JT JOUFOEFE UP CF DPNCJOFE XJUI FTUBCMJTIFE FOUJUZ

SFMFWBODF NPEFMT EJTDVTTFE JO UIF SFMBUFE XPSL�

_F SFNBJOEFS PG UIJT TFDUJPO JOUSPEVDFT UIF DPOTUSVDUJPO PG UIF

&/5 3BOL GSBNFXPSL� *O SFTQPOTF UP B RVFSZ
 	�
 B &/5 IZQFS�

HSBQI JT EFWOFE� 	�
 1SFTFSWJOH FOUJUJFT BT OPEFT
 UIF IZQFSHSBQI

JT DPOWFSUFE JOUP UIF CJOBSZ &/5 NVMUJ�HSBQI G
 XIJDI 	�
 JT BT�

TPDJBUFE XJUI RVFSZ�TQFDJWD OPEF BOE FEHF GFBUVSF WFDUPST UP PC�

UBJO UIF &/5 GFBUVSF WFDUPS HSBQI G� _JT HSBQI JT VTFE JO 	�
 UIF

&/5 MFBSOJOH�UP�SBOL�FOUJUJFT NPEFM GPS USBJOJOH BOE SBOLJOH QSF�

EJDUJPO�

��� &/5 )ZQFSHSBQI BOE #JOBSZ .VMUJ�(SBQI

"MM 8JLJQFEJB QBHFT 	PS BMUFSOBUJWFMZ
 EPDVNFOUT GSPN BOZ DPSQVT


BSF BOOPUBUFE XJUI FOUJUZ MJOLT BOE TFHNFOUFE JOUP DPOUFYUT
 TVDI

BT QBSBHSBQIT
 TFDUJPOT
 BOE QBHFT� &BDI DPOUFYU JOEVDFT B IZQFS�

FEHF CFUXFFO BMM FOUJUJFT UIBU BSF MJOLFE UIFSFJO� _F BTTPDJBUJPO

CFUXFFO IZQFSFEHF BOE UIF DPOUFYU JT QSFTFSWFE�_F DPOTUSVDUJPO

JT EFQJDUFE JO 'JHVSF ��

_JT BQQSPBDI PVFST UIF PQUJPO PG B GVMM�UFYU TFBSDI JOEFY GSPN

XIJDI IZQFSFEHFT DBO CF SFUSJFWFE XJUI EJVFSFOU SFUSJFWBM NPEFMT

TVDI BT #.��� 8F TVHHFTU UP DSFBUF UIF HSBQI GSPN TFWFSBM JOQVU

SBOLJOHT PG FOUJUJFT e BOE DPOUFYUT t � _F IZQFSHSBQI GPSNT UIF

CBTJT GPS SFBTPOJOH BCPVU UIF SFMFWBODF PG FEHFT�

(JWFO B TFBSDI RVFSZ
 UIF &/5 3BOL BQQSPBDI GPSNBMJ[FT UIF

DPOOFDUJPOT CFUXFFO FOUJUJFT ei 
 DPOUFYUT tk 
 BOE OFJHICPSJOH FO�

UJUJFT ej BT B CJOBSZ NVMUJ�HSBQI G = (V ,R)
 XIFSF OPEFT V SFQ�

SFTFOU FOUJUJFT ei BOE FEHFT R SFQSFTFOU EJSFDUFE DPOUFYU�OFJHICPS

MJOLT BSF TQMJU JOUP
1BHFT XJUI FOUJUZ

DPOUFYUT XIJDI
JOEVDF OFJHICPS
SFMBUJPOT

%FSJWFE &/5 IZQFS�HSBQI

-FHFOE�

$POUFYU

&OUJUZ

&OUJUZ MJOL

*EFOUJUZ

0XOFS

/FJHICPST

'JHVSF �� &/5 )ZQFSHSBQI JT DSFBUFE GSPN DPOUFYUT XJUI FO�

UJUZ MJOLT� &YBNQMF DPOUFYUT BSF QBSBHSBQIT
 QBHFT
 BOE TFD�

UJPOT PO 8JLJQFEJB QBHFT�

SFMBUJPOT r = (ei , tk , ej )� 'JHVSF � EFQJDUT BO FYBNQMF XJUI UXP DPO�

UFYUT t1
 t2 UIBU NFOUJPOT UISFF FOUJUJFT
 e1
 e2
 e3� _FZ JOEVDF B

HSBQIG XJUIV = {e1, e2, e3}
 BOENVMUJ�FEHFTR GPS FBDI PG UIF TJY

EJSFDUFE OFJHICPS SFMBUJPOT (e1, t1, e2)
 (e2, t1, e1)
 (e2, t1, e3)
 . . .
GSPN t1 BOE UXP EJSFDUFE OFJHICPS SFMBUJPOT (e2, t2, e3)
 (e3, t2, e2)
GSPN DPOUFYU t2� "T CPUI DPOUFYUT NFOUJPO FOUJUZ e2 BOE e3
 UIFTF

JOEVDF UXP FEHFT GSPN e1 UP e2 EFQJDUFE JO CMBDL BOE HSBZ 	IFODF

B NVMUJ�HSBQI
�

��� &/5 'FBUVSF 7FDUPS (SBQIT

8F FOEPX OPEFT ei ∈ V BOE DPOUFYU�OFJHICPS FEHFT (ei , tk , ej ) JO
G XJUI GFBUVSF WFDUPST BT GPMMPXT
 EFSJWJOH UIF &/5 GFBUVSF WFDUPS

HSBQI G GPS UIF TFBSDI RVFSZ� /PEF GFBUVSF WFDUPST ®fei BSF DPN�

QSJTFE PG GFBUVSFT UIBU JOEJDBUF UIF 	EJSFDU
 SFMFWBODF PG UIF FOUJUZ

ei GPS UIF RVFSZ� .BOZ FTUBCMJTIFE FOUJUZ SFMFWBODF GFBUVSFT IBWF

CFFO EJTDVTTFE JO UIF SFMBUFE XPSLØUIFTF BSF EJSFDUMZ BQQMJDBCMF

UP UIF &/5�3BOL NPEFM BT OPEF GFBUVSFT� _F OPWFM DPOUSJCVUJPO

PG &/5 SBOL MJFT JO UIF JODPSQPSBUJPO PG SFMFWBODF JOEJDBUPST GSPN

DPOUFYU�CBTFE OFJHICPS SFMBUJPOT� &WFSZ NVMUJ�FEHF (ei , tk , ej ) JT

FOEPXFE XJUI BO FEHF GFBUVSF WFDUPS ®f(ei ,tk ,ej ) UIBU JT DPNQSJTFE

PG GFBUVSFT UIBU JOEJDBUF IPX SFMFWBOU UIF DPOUFYU�CBTFE OFJHICPS

SFMBUJPO JT GPS UIF RVFSZ� " XJEF SBOHF PG GFBUVSFT DBO CF JODMVEFE

TVDI BT UIF SFMFWBODF PG UIF DPOUFYU NFBTVSFE CZ B #.�� TDPSF


UIF TBMJFODZ PG UIF FOUJUZ JO UIF DPOUFYU
 UIF SPMF PG UIF OFJHICPS

SFMBUJPOTIJQ
 UIF TJNJMBSJUZ PG OFJHICPST
 BOE PUIFS FOUJUZ GFBUVSFT

PG UIF OFJHICPS� _F DPODSFUF MJTU PG GFBUVSFT VTFE JO UIJT XPSL JT

HJWFO JO 4FDUJPO ��

��� &/5 -FBSOJOH�UP�3BOL�&OUJUJFT .PEFM

_F NBKPS DIBMMFOHF JO VTJOH UIF &/5 3BOL NPEFM GPS FOUJUZ SBOL�

JOH JT UIF WBTU BNPVOU PG IFUFSPHFOFPVT GFBUVSF DIPJDFT� 0VFSJOH

NVMUJQMF TPVSDFT GPS DPOUFYUT
 EJVFSFOU OFJHICPS SPMFT
 EJVFSFOU

FOUJUZ 	OPEF
 SFMFWBODF GFBUVSFT
 EJVFSFOU DPOUFYU 	FEHF
 SFMFWBODF

GFBUVSFT DBO SFTVMU JO IVOESFET PG DPNCJOBUJPOT UP FYQMPSF�8F TVH�

HFTU UIF GPMMPXJOH MFBSOJOH�UP�SBOL BQQSPBDI UP DIPPTF UIF JEFBM



4*(*3 K��
 +VMZ ��E��
 ����
 1BSJT
 'SBODF -BVSB %JFU[

%FSJWFE &/5 NVMUJ�HSBQI*OQVU DPOUFYUT
-FHFOE�

&OUJUZ NFOUJPOT JO DPOUFYU

/PEF BTTPDJBUFE XJUI FOUJUZ ei

/FJHICPS SFMBUJPO (ei , tk , ej )

e1

e2

e3

t1 t2

e2 e2
e3 e3e1 ei

'JHVSF �� �F CJOBSJ[FE &/5�NVMUJ HSBQI JT EFSJWFE GSPN DPOUFYUT
 XIFSF FBDI DPOUFYU t1 BOE t2 JOEVDFT B 	EJSFDUFE
 OFJHICPS

SFMBUJPO CFUXFFO BMM FOUJUZ QBJST UIBU BSF NFOUJPOFE JO JU� .VMUJQMF FEHFT BSF JOEVDFE CFUXFFO FOUJUJFT UIBU DP�PDDVS JO UXP

DPOUFYUT
 IFSF e2 BOE e3�

XFJHIUFE DPNCJOBUJPO PG UIFTF DIPJDFT
 HJWFO TVYDJFOU USBJOJOH

EBUB�

_F FOUJUZ SBOLJOH JT EFSJWFE GSPN UIF &/5 GFBUVSF WFDUPS HSBQI

G VTJOH B MFBSOJOH�UP�SBOL NPEFM XJUI XFJHIU QBSBNFUFST ®ψ BOE
®θ � "T DVTUPNBSZ JO MFBSOJOH�UP�SBOL
 UIF XFJHIU QBSBNFUFST BSF

USBJOFE BDSPTTNBOZ RVFSJFT� EFQFOEFODF PO UIF RVFSZ JT FYQSFTTFE

UISPVHI UIF GFBUVSFT� 8F WSTU EJTDVTT UIF QSFEJDUJPO PG B SBOLJOH


TFDPOE IPX UP USBJO UIF XFJHIU QBSBNFUFST
 BOE WOBMMZ HJWF B NP�

UJWBUJPO UIBU JT CBTFE PO SBOEPN XBMLT� 8F EFWOF GFBUVSFT ®H PG BO

FOUJUZ QBJS BT


®H(ei , ej ) =
∑

∀k :ei ,ej ∈tk

®f(ei ,tk ,ej ) 	�


3BOLJOH QSFEJDUJPO� (JWFO USBJOFE OPEF BOE NVMUJ�FEHF QBSBNF�

UFST ®ψ BOE ®θ BOE B RVFSZ�TQFDJWD GFBUVSF WFDUPS HSBQI G� 8F EFWOF

UIF SBOL TDPSF PG BO FOUJUZ 	J�F�
 OPEF
 ej BT UIF TVN PG CPUI MJOFBS

NPEFMT GPS OPEFT BOE NVMUJ�FEHFT BT GPMMPXT� 8F XJMM HJWF B EF�

UBJMFE NPUJWBUJPO GPS UIJT FRVBUJPO CFMPX�

TDPSF(ej ) = ®ψ ®fej +
1

|V |

∑
i

®θ ®H(ei , ej ) 	�


=

(
®ψ
®θ

) (
®fej

1
|V |

∑
i ®H(ei , ej )

)

)FSF |V | JT UIF OVNCFS PG OPEFT JO UIF HSBQI�_F TFDPOE MJOF GPM�

MPXT BOFS SFBSSBOHJOH JOOFS WFDUPS QSPEVDUT BOE TUBDLJOH XFJHIU

QBSBNFUFST ®ψ BOE ®θ JOUP B TJOHMF XFJHIU QBSBNFUFS WFDUPS XIJDI

DPOUBJOT BMM FOUSJFT JO ®ψ GPMMPXFE CZ BMM FOUSJFT JO ®θ � -JLFXJTF
 OPEF

BOE NVMUJ�FEHF GFBUVSF WFDUPST BSF TUBDLFE
 BOFS TVNNJOH WFDUPST

BDSPTT BMM NVMUJ�FEHFT (ei , tk , ej ) UIBU DPOOFDU UP ej � _F TVNNJOH

IFSF SFGFST UP B DPNQPOFOU�XJTF WFDUPS BEEJUJPO�

5SBJOJOH� _F XFJHIU QBSBNFUFST BSF USBJOFE UP BDIJFWF PQUJNBM

FOUJUZ SBOLJOH QFSGPSNBODF PO UIF USBJOJOH TFU� *O UIJT XPSL
 XF

VTF NJOJ�CBUDIFE DPPSEJOBUF�BTDFOU BT B USBJOJOH BMHPSJUIN
 CVU

PUIFS USBJOJOH BMHPSJUINT BSF FRVBMMZ BQQMJDBCMF� $PPSEJOBUF�BTDFOU

JT BO JUFSBUJWF BMHPSJUIN UIBU PQUJNJ[FT UIF XFJHIU PG POF GFBUVSF

BU BU UJNF JO B SPVOE�SPCJO GBTIJPO VOUJM OP GVSUIFS JNQSPWFNFOU

JO SBOLJOH QFSGPSNBODF DBO CF BDIJFWFE�_F SBOLJOH QFSGPSNBODF

JT FWBMVBUFE XJUI NFBO�BWFSBHF QSFDJTJPO 	."1
� 8F VTF B WBSJBOU

DBMMFE NJOJ�CBUDI TUPDIBTUJD HSBEJFOU BTDFOU
 XIJDI QFSGPSNT FBDI

JUFSBUJPO PO B EJVFSFOU SBOEPN TVCTFU PG ��� USBJOJOH RVFSJFT� _F

BMHPSJUIN JT TUPQQFE XIFO UIF SFMBUJWF DIBOHF JO ."1 JT MFTT UIBO

��� _JT DPOWFSHFODF JT VTVBMMZ BDIJFWFE XJUIJO � JUFSBUJPOT
 TJODF

PVS GFBUVSFT BSF BMM QPTJUJWFMZ DPSSFMBUFE XJUI SFMFWBODF�

.PUJWBUJPO� _F &/5 MFBSOJOH�UP�SBOL�FOUJUJFTNPEFM JT JOTQJSFE

CZ SBOEPN XBMLT XJUI SFTUBSUT <��>
 XIFSF P(ej ) JT UIF QSPCBCJMJUZ

PG DIPTJOH OPEF ej EVSJOH SFTUBSU� %VF UP TQBDF DPOTUSBJOUT
 UIJT

XPSL POMZ EJTDVTTFT UIF TJNQMF DBTF PG XFJHIUFE EFHSFF DFOUSBM�

JUZ
 J�F�
 SBOEPN XBMLT XJUI POMZ POF TUFQ
 GPS XIJDI BO BOBMZUJD

TPMVUJPO UP UIF PQUJNJ[BUJPO QSPCMFN JT BWBJMBCMF�

/PEFT BSF JOJUJBMJ[FE VOJGPSNMZ BU SBOEPN 	J�F�
 1
|V |


� _F USBOTJ�

UJPO GSPNOPEF ei UP ej JT HJWFO CZ UIF USBOTJUJPO QSPCBCJMJUZ P(ei →
ej |ei ) HJWFO UIBU UIF SBOEPN TVSGFS JT PO UIF TUBSU OPEF ei � 6TJOH

UFMFQPSUBUJPO QSPCBCJMJUZ α ∈ (0, 1)
 USBOTJUJPO QSPCBCJMJUJFT BSF EF�

OPUFE BT NBUSJY 5
 XIFSF

Ti j = αP(ej ) + (1 − α)P(ei → ej |ei ).

6OEFS EFHSFF DFOUSBMJUZ 	J�F�
 POF SBOEPN XBML TUFQ
 UIF TDPSF

PG UIF SFDFJWJOH OPEF ej JT

TDPSF(ej ) =
1

|V |

∑
i

Ti j = αP(ej )+(1−α)
1

|V |

(∑
i

P(ei → ej |ei )

)

_F GSBDUJPO PG |V | WBOJTIFT GSPN UIF WSTU UFSN
 XIFO UIF UFMFQPSU

JT TVNNFE PWFS BMM TFOEJOH OPEFT�

'PS MFBSOJOH�UP�SBOL�FOUJUJFT XF NPEFM UIF SFTUBSU QSPCBCJMJUJFT

BOE USBOTJUJPO QSPCBCJMJUJFT BT MJOFBS NPEFMT PG OPEF GFBUVSF WFD�

UPST ®G BOE FEHF GFBUVSF WFDUPST ®H� _F SBUJP PG UFMFQPSUBUJPO WFSTVT

USBOTJUJPO 	 α

1−α 
 JT BCTPSCFE JOUP QBSBNFUFST BOE FTUJNBUFE BT QBSU

PG UIF USBJOJOH QSPDFTT� 4JODF POMZ B SBOL�FRVJWBMFOU SBOL TDPSF JT

OFDFTTBSZ
 XF MFU

αP(ej )
SBOL
= ®ψ ®Gej 	�


(1 − α)P(ei → ej |ei )
SBOL
= ®θ ®H(ei , ej ) 	�


TDPSF(ej )
SBOL
= ®ψ ®Gej +

1

|V |

∑
i

®θ ®H(ei , ej ) 	�


_FTF BSF DPNCJOFE JOUP &RVBUJPO �� _FSFCZ
 XF BSSJWF BU UIF

GPSNVMBUJPO XIJDI JT HJWFO JO &RVBUJPO ��



&/5 3BOL� 3FUSJFWJOH &OUJUJFT GPS 5PQJDBM *OGPSNBUJPO /FFET UISPVHI &OUJUZ�/FJHICPS�5FYU 3FMBUJPOT 4*(*3 K��
 +VMZ ��E��
 ����
 1BSJT
 'SBODF

��� 0QUJPOT GPS .VMUJ�FEHF 'FBUVSF 7FDUPST

8F FOWJTJPO GFBUVSFT ®G BOE ®H JO UIF &/5 3BOL GFBUVSF HSBQI G UP

CF UBJMPSFE UP UIF BQQMJDBUJPO EPNBJO� #FGPSF QSPWJEJOH EFUBJMT PO

UIF TFU PG GFBUVSFT VTFE JO UIJT XPSL
 XF EJTDVTT IPX XF FOWJTJPO

JOGPSNBUJPO BCPVU DPOUFYUT
 OFJHICPST
 BOE SFMBUJPO UZQFT UP CF JO�

UFHSBUFE JOUP UIF &/5 3BOL GSBNFXPSL� 0VS TVHHFTUJPOT BSF CBTFE

PO QSPCBCJMJTUJD SBOEPN XBMLT�

����� /FJHICPS GFBUVSFT� 8IFO FOUJUZ GFBUVSFT PG UIF TFOEJOH OFJHI�

CPS ei BSF BWBJMBCMF
 UIF GFBUVSF WFDUPS PG UIF NVMUJ�FEHF

(ei , tk , ej ) DBO CF EFSJWFE CZ MFRJOH

®f(ei ,tk ,ej ) =
®G(ei )

'PMMPXJOH &RVBUJPO �
 UIJT SFTVMUT JO B SBOL TDPSF GPS ej UIBU JT

TDPSF(ej )
SBOL
= ®ψ ®Gej +

1

|V |

∑
i

∑
∀k :ei ,ej ∈tk

®θ ®Gei

XIFSF ®ψ BOE ®θ DPOUSPM UIF JNQPSUBODF PG EJVFSFOU OFJHICPS GFB�

UVSFT WFSTVT FOUJUZ GFBUVSFT� _JT GPSNVMBUJPO OBUVSBMMZ JODPSQP�

SBUFT UIF NVMUJQMJDJUZ PG NVMUJ�FEHFT CFUXFFO ei BOE ej � *O UIF DPO�

UFYU PG TFNJ�TVQFSWJTFE DMBTTJWDBUJPO
 UIJT NPEFM JT BMTP LOPXO BT

MJOFBS OFJHICPSIPPE QSPQBHBUJPO <��>�

����� 3FMBUJPO�UZQFE OFJHICPS GFBUVSFT� "T NFOUJPOFE FBSMJFS
 EJG�

GFSFOU FOUJUJFT DBO QMBZ EJVFSFOU SPMFT JO UIF DPOUFYU
 TVDI BT CFJOH

UIF PXOFS PG UIF DPOUFYU WFSTVT CFJOH NFOUJPOFE JO UIF DPOUFYU�

_FTF SPMFT DBO EFWOF B UZQF PG UIF OFJHICPS SFMBUJPO 	F�H�
 PXOFS�

MJOL
� 'VSUIFSNPSF
 EJVFSFOU UZQFT PG DPOUFYUT DBO CF DPOTJEFSFE


TVDI BT QBSBHSBQI
 TFDUJPO
 PS QBHF� 8F TVHHFTU UP JODPSQPSBUF EJG�

GFSFOU DPOUFYU BOE OFJHICPS UZQFT PG (ei , tk , ej ) BT SFMBUJPO UZQFT

r 
 CZ SFTFSWJOH TFQBSBUF CMPDLT JO UIF GFBUVSF WFDUPS ®G GPS EJVFSFOU

SFMBUJPO UZQFT� _FTF CMPDLT DBO CF TUBDLFE UP PCUBJO UIF GFBUVSF

WFDUPS ®G(ej , r)�

®G(ej , r) =

©­­­­­­­­­­­­­­­­­­­­­­«

0
.

.

.

0
®G(ej )
0
.

.

.

0

ª®®®®®®®®®®®®®®®®®®®®®®¬

← CMPDL GPS SFMBUJPO UZQF r

*G BDSPTT NVMUJQMF DPOUFYUT
 FOUJUZ ej BOE ei IBWF EJVFSFOU SPMFT


XF TVHHFTU UP DPQZ UIF FOUJUZ GFBUVSF WFDUPS PG OFJHICPS ei JOUP BMM

DPSSFTQPOEJOH SFMBUJPO UZQF CMPDLT� _F DPOTFRVFODF JT UIBU UIF

USBJOJOH BMHPSJUIN XPVME UIFO OPU POMZ MFBSO UP CBMBODF FOUJUZ GFB�

UVSFT PG ej WFSTVT OFJHICPS ei 
 CVU BMTP BTTJHO EJVFSFOU JNQPSUBODF

XFJHIUT EFQFOEJOH PO OFJHICPS SFMBUJPO UZQF BOE DPOUFYU UZQF�

����� $POUFYU�3FMFWBODF 'FBUVSFT� 8IFO DPOUFYUT BSF SFUSJFWFE GSPN

B GVMM�UFYU JOEFY
 DPOUFYUT tk BSF OBUVSBMMZ BTTPDJBUFE XJUI GFBUVSFT

GSPN UFYU SFUSJFWBM NPEFMT
 TVDI BT UIF SFUSJFWBM TDPSF PG UIF DPOUFYU

VOEFS B #.�� NPEFM PS UIF 3.� FYQBOTJPO NPEFMT XJUI EJVFSFOU

IZQFSQBSBNFUFST� &BDI PG UIFTF SFUSJFWBM NPEFMT XPVME DPOUSJCVUF

B TFQBSBUF SFMFWBODF GFBUVSF GPS UIF DPOUFYU tk 	PS B SFBTPOBCMF EF�

GBVMU WBMVF JG UIF DPOUFYU JT OPU JODMVEFE JO UIF SBOLJOH
�

8F JODPSQPSBUF UIF DBTF PG DPOUFYU GFBUVSF WFDUPST CBTFE PO SF�

MBUFE XPSL <��> PO SBOEPN XBMLT GPS IZQFSHSBQIT� ;IPV FU BM� TVH�

HFTU UIF GPMMPXJOH SBOEPN TVSGFS QSPDFTT� " SBOEPN TVSGFS PO OPEF

ei WSTU TVSGT UP BO BEKBDFOU IZQFS FEHF tk QSPQPSUJPOBMMZ UP JUT FEHF

XFJHIU ω(tk )
 OFYU UIF TVSGFS DIPPTFT POF OPEF BEKBDFOU UP UIF IZ�

QFSFEHF VOJGPSNMZ BU SBOEPN UP TVSG UP� _JT QSPDFTT JODMVEFT UIF

QPTTJCJMJUZ PG TVSWOH CBDL UP UIF TUBSUJOH OPEF ei �

6OEFS UIJT NPEFM
 UIF USBOTJUJPO QSPCBCJMJUZ GSPN OPEF ei UP ej
WJB tk JT QSPQPSUJPOBM UP 1

|tk |
ω(tk )� 8IFONVMUJQMF IZQFSFEHFT DPO�

OFDU ei UP ej 
 UIF NBSHJOBM USBOTJUJPO QSPCBCJMJUZ GSPN OPEF ei UP ej
JT HJWFO CZ P(ei → ej |ei ) ∝

∑
∀k :∃(ei ,tk ,ej )

1
|tk |

ω(tk )�

_JT DPSSFTQPOET UP &RVBUJPO � JO PVS GFBUVSF HSBQI GPSNVMB�

UJPO XIFSF UIF GFBUVSF WFDUPS GPS USBOTJUJPO GSPN ei UP ej DBO CF

FYQSFTTFE BT GFBUVSFT PG DPOOFDUJOH IZQFSFEHFT tk �

®G(ei , ej ) =
∑

∀k :ei ,ej ∈tk

1

|tk |
®G(tk )

)FSF |tk | EFOPUFT UIF OVNCFS PG FOUJUJFT NFOUJPOFE JO UIF DPO�

UFYU� *O SFMBUJPO UP &RVBUJPO �
 JU GPMMPXT UIBU

®f(ei ,tk ,ej ) =
1

|tk |
®G(tk ) 	�


0VS FYQFSJNFOUT FNQJSJDBMMZ DPOWSN UIBU EJWJEJOH IZQFSFEHF

GFBUVSF WFDUPST CZ UIF OVNCFS PG OFJHICPST QSPWJEFT TMJHIUMZ CFRFS

SFTVMUT UIBO UIF VOOPSNBMJ[FE BMUFSOBUJWF
 ®f(ei ,tk ,ej ) =
®G(tk )�

����� $PNCJOBUJPOT PG .VMUJ�FEHF 'FBUVSFT 7FDUPST� 8F FOWJTJPO

UIBU NVMUJ�FEHF GFBUVSF WFDUPST ®G BSF DPNQPTFE PG CPUI SFMBUJPO�

UZQFE OFJHICPS GFBUVSFT
 DPOUFYU GFBUVSFT
 BOE NBOZ PUIFS GFBUVSF

TPVSDFT CZ TUBDLJOH GFBUVSF WFDUPST JOUP POF DPNCJOFE GFBUVSF WFD�

UPS


®f(ei ,tk ,ej ) =
©­­«
®G(ej , r)
1
|tk |
®G(tk )

. . .

ª®®¬
8F VTF UIJT SFQSFTFOUBUJPO UP DPOTUSVDU UIF FEHF GFBUVSF WFDUPS

GPS &/5 -FBSOJOH�UP�SBOL�FOUJUJFT GPS VTF JO &RVBUJPO ��

� 8*,*1&%*" '&"563&4 '03 &/5 3"/,

*O UIJT TUVEZ XF VTF UIF GPMMPXJOH TFU PG SFUSJFWBM�CBTFE GFBUVSFT

GPS FOUJUJFT GFBUVSF WFDUPST ®G(ej ) BOE NVMUJ�FEHF GFBUVSF WFDUPST
®f (ei , tk , ej ) BT EFTDSJCFE JO 4FDUJPO ������ _F GFBUVSFT VTFE JO UIF

FWBMVBUJPO BSF EFSJWFE GSPN B ���� 8JLJQFEJB EVNQ BOE B DPS�

QVT PG QBSBHSBQIT 	BT QSPWJEFE XJUI UIF 53&$ $"3 EBUB
ØPUIFS

EBUBTFUT PG LOPXMFEHF HSBQIT BOE UFYU BSF FRVBMMZ BQQMJDBCMF�

'SPN UIF 8JLJQFEJB EVNQ BOE B UFYU DPSQVT XF FYUSBDU UIF GPM�

MPXJOH UZQFT PG JOGPSNBUJPO XIJDI BSF VTFE BT B TPVSDF PG DPOUFYUT

BOE�PS FOUJUZ SFMFWBODF
 GSPN XIJDI XF EFSJWF &/5 GFBUVSF WFDUPS

HSBQIT�

• 1BHF� 'VMM�UFYU PG8JLJQFEJB QBHFT
 JODMVEJOH BMM WJTJCMF UFYU JO�

DMVEJOH UJUMF
 IFBEJOHT
 BOE DPOUFOU QBSBHSBQIT� 'PS UIF HSBQI

POMZ CJ�EJSFDUJPOBM FOUJUZ MJOLT BSF JODMVEFE BT OFJHICPST 	J�F�


MJOLT UP QBHFT UIBU MJOL CBDL
�

• &OUJUZ� ,OPXMFEHF HSBQI SFQSFTFOUBUJPO PG FOUJUJFT VTJOH POMZ

IFBE JOGPSNBUJPO TVDI BT UJUMF
 MFBE UFYU
 BOE OBNF WBSJBUJPOT



4*(*3 K��
 +VMZ ��E��
 ����
 1BSJT
 'SBODF -BVSB %JFU[

EFSJWFE GSPN BODIPS UFYU PG JODPNJOH MJOLT
 SFEJSFDUT
 BOE EJT�

BNCJHVBUJPOT�_JT JT UIF UZQJDBM SFQSFTFOUBUJPO DPNNPOMZ VTFE

CZ FOUJUZ MJOLJOHNFUIPET TVDI BT 5BH.F <��>�_F HSBQI TUSVD�

UVSF JT EFSJWFE POMZ GSPN CJ�EJSFDUJPOBM FOUJUZ MJOLT�

• 4FDUJPO� 4FDUJPOT 	UPQ�MFWFM
 PG B 8JLJQFEJB QBHFT BT B SFQ�

SFTFOUBUJPO PG UPQJDBM FOUJUZ BTQFDUT
 XIJDI JODMVEF IFBEJOH

BOE TFDUJPO DPOUFOU
 BT XFMM BT QBHF UJUMF BOE MFBE UFYU� 'PS UIF

HSBQI
 BMM PVUHPJOH FOUJUZ MJOLT BSF VTFE�

• 1BSBHSBQI� 1BSBHSBQIT GSPN UIF DPSQVT XJUI GVMM UFYU BOE FO�

UJUZ MJOLT QSFTFSWFE�_F HSBQI TUSVDUVSF JT EFSJWFE GSPN FOUJUZ

MJOLT�

*O UIJT XPSL VTF UIF 53&$ $"3 CFODINBSL� 8F EFSJWF QBHF


FOUJUZ
 BOE TFDUJPO GSPN UIF BMM#VU#FODINBSL EBUB 	PNJRJOH RVFSZ

QBHFT
 BOE EFSJWF QBSBHSBQI EBUB GSPN UIF QBSBHSBQI$PSQVT�

��� &OUJUZ BOE $POUFYU�3FMFWBODF 'FBUVSFT

'PS FBDI SFQSFTFOUBUJPO PG QBHF
 FOUJUZ
 TFDUJPO
 QBSBHSBQI
 XF

DSFBUF BO GVMM�UFYU TFBSDI JOEFY XJUI B TJOHMF UFYU WFME� 6TJOH UIJT

JOEFY BOE UIF LFZXPSE RVFSZ 	F�H�
 UIF QBHF UJUMF PS DPODBUFOBUJPO

PG IFBEJOHT

 XF VTF UIF GPMMPXJOH SFUSJFWBM NPEFMT UP QSPEVDF B

SBOLJOH�

• #.���_F -VDFOF�#.�� NPEFM XJUI EFGBVMU QBSBNFUFST XJUI�

PVU FYQBOTJPO�

• #.���3.� " #.�� SBOLJOH XJUI 3.��TUZMF RVFSZ FYQBOTJPO

PO B #.�� GFFECBDL SVO�

• 2-�_F^FSZMJLFMJIPPENPEFMXJUI%JSJDIMFU TNPPUIJOH 	µ =
1500
�
• 2-�3.� 2- SBOLJOH XJUI 3.��TUZMF RVFSZ FYQBOTJPO PO B 2-

GFFECBDL SVO�

8F VTF B WYFE JOUFSQPMBUJPO GPS 3.WBSJBUJPOT GPS JOQVU SVOT� RVFSZ

UFSNT XFJHIUFE CZ ���� FYQBOTJPO UFSNT XFJHIUFE CZ FYQBOTJPO

QSPCBCJMJUZ� 8F MFBSO B SFWOFE JOUFSQPMBUJPO CFUXFFO 2- BOE 2-�

3. BT QBSU PG BO MBSHFS MFBSOJOH�UP�SBOL�FOUJUJFT NPEFM�

%SBXJOH JOTQJSBUJPO GSPN UIF FOUJUZ DPOUFYU NPEFM EFTDSJCFE CZ

%BMUPO FU BM� <��>
 XF GVSUIFS JODMVEF UIF GPMMPXJOH FOUJUZ�FYQBOTJPO

NPEFM� 8F SFQSFTFOU B QTFVEP�SFMFWBODF GFFECBDL SVO PG DPOUFYUT

d BT B CBHT�PG�FOUJUJFT e � 6TJOH FOUJUZ MJOLT JOTUFBE PG XPSET
 UIF

SFMFWBODF NPEFM <��> JT VTFE UP DPNQVUF FYQBOTJPO FOUJUJFT BT JO

&RVBUJPO ��

p&DN9(e |q) =
∑
d

p(d |q)p(e |d) 	�


8F VTF FOUJUZ�FYQBOTJPO NPEFM JO UXP WBSJBUJPOT�

• &DN9� " SBOLJOH PG FYQBOTJPO FOUJUJFT SBOLFE CZ UIFJS FYQBO�

TJPO QSPCBCJMJUZ p(e |q)�
• &DN1TH� &YQBOEJOH #.�� PS 2- XJUI UPQ �� FYQBOTJPO FOUJ�

UJFT VOEFS p(e |q) UP SFUSJFWF B OFX SBOLJOH PG DPOUFYUT WJB BO

3.��MJLF DPNCJOBUJPO PG RVFSZ UFSN NBUDIFT JO UFYU WFME BOE

FYQBOTJPO FOUJUZ NBUDIFT JO UIF FOUJUZ MJOL WFME�

8IFO NVMUJQMF SBOLJOHT BSF UP CF DPNCJOFE
 BO FVFDUJWF BMUFSOB�

UJWF UP MFBSOJOH UP SBOL JT VOTVQFSWJTFE SBOL BHHSFHBUJPO� "MM EJT�

UJODU JUFNT d BDSPTT BMM SBOLJOHT R BSF BTTJHOFE B OFX BHHSFHBUFE

SBOL TDPSF GSPN SFDJQSPDBM SBOLT
∑
R

1
SBOL(d)

� 8F JODMVEF BHHSF�

HBUFE SBOL GFBUVSFT GPS FOUJUJFT BOE FBDI DPOUFYU UZQF�

• &OUJUZ GFBUVSF "HHS� 3BOL BHHSFHBUJPO BDSPTT BMM FOUJUZ SBOL�

JOHT 	J�F�
 SBOLJOHT GSPN QBHF BOE FOUJUZ JOEFY
 BOE SBOLJOHT

XJUI UIF &DN9 FYQBOTJPO NPEFM
�

• 'PS FBDI DPOUFYU UZQF
 "HHS� 3BOL BHHSFHBUJPO BDSPTT BMM DPO�

UFYU SBOLJOHT PG UIJT UZQF 	QBSBHSBQI
 QBHF
 PS TFDUJPO
�

'FBUVSF WFDUPST BSF EFSJWFE GSPN BMM PG UIFTF SBOLJOHT�

• &OUJUZ SFMFWBODF� 'FBUVSFT®G BSF EFSJWFE GSPN SBOL TDPSFT� 8F

VTF #.��
 2-
 #.���3.
2-�3.
 #.���&DN1TH BOE2-�&DN1TH

TDPSFT XIFO SFUSJFWJOH GSPN QBHF BOE FOUJUZ JOEFYFT JO BEEJ�

UJPO UP UIF TDPSFT PG UIF &DN9 NPEFM PO BMM SFQSFTFOUBUJPOT�

• $POUFYU SFMFWBODF� 'FBUVSFT ®H VTF SBOL TDPSFT PG #.��
 2-


#.���3.
 2-�3.
 #.���&DN1TH
 BOE 2-�&DN1TH SFUSJFWBM

GSPN UIF DPOUFYU SFQSFTFOUBUJPO 	QBSBHSBQI
 TFDUJPO
 BOE QBHF
�

_F &/5 )ZQFSHSBQI JT DSFBUFE GSPN UIF UPQ ���� PG BMM FOUJUZ

SBOLJOHT BOE DPOUFYU SBOLJOHT� "T XF VTF SFUSJFWBM NPEFMT UIBU

POMZ BTTJHO QPTJUJWF SFUSJFWBM TDPSFT
 NJTTJOH GFBUVSFT BSF TFU UP

[FSP� 'JOBMMZ
 ;�TDPSF OPSNBMJ[BUJPO JT BQQMJFE�

��� 3FMBUJPO�UZQFE /FJHICPS 'FBUVSFT

8F JODMVEF OFJHICPS GFBUVSFT BT EFTDSJCFE JO 4FDUJPO ����� CBTFE

PO FOUJUZ GFBUVSFT EFTDSJCFE BCPWF� _F SFMBUJPO UZQF JT CBTFE PO

UIF DPOUFYU�UZQF 	QBSBHSBQI
 QBHF
 PS TFDUJPO
 BOE UIF SPMFT UXP

FOUJUJFT QMBZ UIF DPOUFYU� )FSF XF POMZ VTF UXP SPMFT
 -JOL JG UIF

FOUJUZ JT NFOUJPOFE JO UIF DPOUFYU PS 0XOFS JG UIF DPOUFYU JT EF�

SJWFE GSPN UIF 8JLJQFEJB QBHF PG UIF FOUJUZ� 'PS SFMBUJPO UZQFT PG B

NVMUJ�FEHF (ei , tk , ej ) XF JODMVEF BMM DPNCJOBUJPOT PG DPOUFYU UZQF

GPMMPXJOH OFJHICPS�SFMBUJPO UZQFT

• -JOL�-JOL�XIFO CPUI FOUJUJFT BSF NFOUJPOFE JO UIF TBNF DPO�

UFYU 	J�F�
 DP�DPVQMFE OPEFT
�

• 0XOFS�-JOL� XIFO FOUJUZ ej JT MJOLFE JO B DPOUFYU PXOFE CZ

FOUJUZ ei 	BOE WJDF WFSTB
 -JOL�0XOFS
�

• 0XOFS�4FMG� NPEFMMJOH MPPQT PG BO FOUJUZ XJUI JUTFMG UISPVHI

UIF DPOUFYU�

0XOFS SPMFT BSF OPU BWBJMBCMF GPS QBSBHSBQI DPOUFYUT
 BT UIFTF

BSF EFSJWFE GSPN UIF QBSBHSBQI$PSQVT PG UIF $"3 EBUB TFU�

� &7"-6"5*0/ 0/ $0.1-&9 "/48&3
3&53*&7"-

_F 53&$ $PNQMFY "OTXFS 3FUSJFWBM USBDL 	$"3

 IPTUFE CZ /*45


BJNT UP TVQQPSU VTFST XIP TFFL B DPNQSFIFOTJWF BOTXFS JO SF�

TQPOTF UP B UPQJDBM LFZXPSE RVFSZ� _F USBDL UBSHFUT B TDFOBSJP

XIFSF B TVJUBCMF BOTXFS OFFET UP DPWFS B SBOHF PG CBDLHSPVOET

BOE DPOUFYU PG UIF BOTXFS� *O UIJT MJHIU
 B TIPSU àZFTá
 B TJOHMF TFO�

UFODF
 PS B TJOHMF FOUJUZ BSF OPU EFTJSFE BOTXFST� 8IJMF B TIPSU BO�

TXFS DBO POFO CF FVFDUJWFMZ GPVOE UISPVHI LFZXPSE NBUDIFT
 JU JT

SBUIFS EJYDVMU UP JEFOUJGZ B MBSHF TFU PG FOUJUJFT UIBU BSF TVYDJFOUMZ

SFMFWBOU UP CF NFOUJPOFE JO UIF QPQVMBUFE PVUMJOF�

_F $"3 EBUBTFU <��> DPNFT XJUI B MBSHF DPMMFDUJPO PG BCPVU

���� NJMMJPO 	QFSNJRFE
 8JLJQFEJB QBHFT JO FBTJMZ BDDFTTJCMF GPS�

NBU
 XIJDI XF VTF BT B DPMMFDUJPO PG 8JLJQFEJB QBHFT�� "EEJUJPO�

BMMZ
 B MBSHF DPSQVT PG QBSBHSBQIT XJUI IZQFSMJOLT UP 8JLJQFEJB

QBHFT JT QSPWJEFE�

�3FTPVSDF áVOQSPDFTTFE"MM#VU#FODINBSLá
 BWBJMBCMF BU IUUQ���USFD�DBS�DT�VOI�FEV



&/5 3BOL� 3FUSJFWJOH &OUJUJFT GPS 5PQJDBM *OGPSNBUJPO /FFET UISPVHI &OUJUZ�/FJHICPS�5FYU 3FMBUJPOT 4*(*3 K��
 +VMZ ��E��
 ����
 1BSJT
 'SBODF

$"3 RVFSJFT BSF IJFSBSDIJDBM QBHF PVUMJOFT UIBU DPOTJTU PG B QBHF

UJUMF BOE IFBEJOHT� _FTF PVUMJOFT BSF UP CF QPQVMBUFE XJUI QBT�

TBHFT GSPN B QBSBHSBQI DPSQVT BOE�PS FOUJUJFT GSPN B QSPWJEFE

8JLJQFEJB EVNQ 	QBHFT PG UFTU RVFSJFT BSF SFNPWFE
� 8F GPDVT PO

UIF FOUJUZ SFUSJFWBM UBTL� 5XP LJOET PG SFMFWBODF EBUB BSF QSPWJEFE


BVUPNBUJD BOE NBOVBM� "VUPNBUJD SFMFWBODF EBUB JT DSFBUFE TZO�

UIFUJDBMMZ GSPN UIF 8JLJQFEJB QBHF UIBU DPSSFTQPOET UP UIF RVFSZ

	UIPTF QBHFT BSF OPU JODMVEFE JO UIF EVNQ
� 'PS UIF FOUJUZ SFUSJFWBM

UBTL
 BO FOUJUZ JT EFWOFE BT SFMFWBOU JG UIF DPSSFTQPOEJOH8JLJQFEJB

QBHF DPOUBJOT B IZQFSMJOL UP UIF FOUJUZ� 4ZOUIFUJD SFMFWBODF EBUB

JT DPNQMFNFOUFE CZNBOVBM BTTFTTNFOUT DPOEVDUFE CZ /*45 VTJOH

QPPM�CBTFE FWBMVBUJPO� 8F NBLF VTF PG UIF GPMMPXJOH TVCTFUT QSP�

WJEFE JO UIF 53&$ $"3 W��� EBUB SFMFBTF��

• #FODINBSL:�USBJO�BVUP� ��� UJUMF RVFSJFT
 �
��� UJUMF�IFBEJOH

RVFSJFT
 BOE ��
��� BVUPNBUJD FOUJUZ BTTFTTNFOUT�

• #FODINBSL:�UFTU�NBOVBM� ��� UJUMF�IFBEJOH RVFSJFT
 BOE �
���

NBOVBM FOUJUZ BTTFTTNFOUT�

• #FODINBSL:�UFTU�BVUP� ��� UJUMF�IFBEJOH RVFSJFT BOE ��
���

BVUPNBUJD FOUJUZ BTTFTTNFOUT�

-JTU PG FYQFSJNFOUT� 8IJMF UIF HPBM PG UIJT QBQFS JT UP SFUSJFWF FO�

UJUJFT JO SFTQPOTF UP TIPSU UJUMF RVFSJFT
 XF FWBMVBUF PVS &/5 3BOL

NPEFM CPUI PO UJUMF RVFSJFT BOE UJUMF�IFBEJOH RVFSJFT GPS XIJDI PG�

WDJBM CBTFMJOFT BSF BWBJMBCMF� 'PMMPXJOH UIF USBDL HVJEFMJOFT
 XF

BMXBZT USBJO PO UIF CFODINBSL:�USBJO RVFSJFT� *O UIF QBHF�MFWFM

FYQFSJNFOUXF USBJO�UFTU PO UJUMF RVFSJFT GSPN CFODINBSL:�USBJO�

BVUP VTJOH ��GPME DSPTT WBMJEBUJPO� 5P DPNQBSF UP UIF TUBUF�PG�UIF�

BSU JO $"3
 XF DPOEVDU B TFDUJPO�MFWFM FYQFSJNFOU USBJOFE UJUMF�

IFBEJOH RVFSJFT BOE RSFMT GSPN CFODINBSL:�USBJO�BVUP BOE FWBMV�

BUFE PO CFODINBSL:�UFTU�NBOVBM BOE CFODINBSL:�UFTU�BVUP�_F

LFZXPSE RVFSZ JO UIF TFDUJPO�MFWFM FYQFSJNFOU JT GPSNFE CZ DPO�

DBUFOBUJOH UIF UJUMF
 UIF IFBEJOH
 BOE QBSFOU IFBEJOHT PG UIF TFD�

UJPO� 8F DPNQMFNFOU UIF FYQFSJNFOUT XJUI B TUVEZ PG UIF SVO�

OJOH FYBNQMF à;JLB GFWFSá
 CFGPSF DPOUJOVJOH XJUI FYQFSJNFOUT PO

%#QFEJB�&OUJUZ JO 4FDUJPO ��

8F FWBMVBUF SFTVMUJOH FOUJUZ SBOLJOHT CZ NFUSJDT 3�1SFDJTJPO

	3QSFD

 .FBO�BWFSBHF 1SFDJTJPO 	."1

 /PSNBMJ[FE %JTDPVOUFE

$VNVMBUJWF (BJOT 	OEDH!�� BOE OEDH!���
� DPOEVDUJOH TJHOJW�

DBODF UFTUJOH XJUI QBJSFE�U�UFTUT� .PSF SFTVMUT BWBJMBCMF JO UIF PO�

MJOF BQQFOEJY�

&YQFSJNFOUBM 4FUVQ� 5P DBSSZ PVU UIFTF FYQFSJNFOUT
 GVMM�UFYU JO�

EFYFT BOE SBOLJOHT XFSF DSFBUFE XJUI -VDFOF �
 VTJOH UIF &OHMJTI

BOBMZ[FS GPS UPLFOJ[BUJPO PG UFYU BOE XIJUFTQBDF UPLFOJ[BUJPO GPS

FOUJUZ JET� 	6TJOH UIF TUBOEBSE BOBMZ[FS PO UFYU TVVFST GSPN B ���

QFSGPSNBODF MPTT�


8F BQQMZ PVS NJOJ�CBUDIFE DPPSEJOBUF BTDFOU MFBSOJOH�UP�SBOL�

FOUJUJFT BMHPSJUIN 	4FDUJPO ���
 UP PQUJNJ[F QBSBNFUFS WFDUPST ®ψ

BOE ®θ BDSPTT BMM RVFSJFT UP BDIJFWF UIF CFTU NFBO�BWH QSFDJTJPO

SBOLJOH QFSGPSNBODF� 8F VTF B NJOJ�CBUDI TJ[F PG ��� RVFSJFT� 8F

VTF WWF SBOEPN SFTUBSUT PG XIJDI XF DIPPTF UIF NPEFM XJUI UIF

CFTU FWBMVBUJPO TDPSF PO UIF USBJOJOH GPMET� 3BOLJOHT BSF QSFEJDUFE

PO UIF SFNBJOJOH EBUB GPS FBDI GPME
 UIFO DPODBUFOBUFE GPS FWBMVB�

UJPO�

�IUUQ���USFD�DBS�DT�VOI�FEV�EBUBSFMFBTFT�W����

5BCMF �� 1BHF�MFWFM SFTVMUT PO CFODINBSL:�USBJO UJUMF

RVFSJFT NFBTVSFE JO ."1� $PNQBSJTPO PG GFBUVSF TVCTFUT

BOE DPOUFYU UZQFT� QBSBHSBQI
 TFDUJPO
 BOE QBHF� 4JHOJQ�

DBOUMZ IJHIFS△PS MPXFS▽UIBO "MM&YQ 	⋆
 BDDPSEJOH UP �� 	��


QBJSFE�U�UFTU�

3VO 1BSBHSBQI 4FDUJPO 1BHF

⋆"MM&YQ �����⋆ �����⋆ �����⋆

+VTU"HHS �����▽ �����▽ �����▽

/P &OUJUZ �����▽ �����▽ �����▽

/P /FJHICPS ����� �����▽ �����

/P $POUFYU ����� �����▽ �����▽

0OMZ &OUJUZ ����� ����� �����

&YQ&DN �����▽ �����▽ �����▽

/P &YQBOTJPO �����▽ �����▽ �����▽

/FYU
 GFBUVSF WFDUPST ®G GPS OPEFT BOE ®H GPS CJOBSJ[FE FEHFT BSF

DPOTUSVDUFE VTJOH SFUSJFWBM NPEFMT BT EFUBJMFE JO 4FDUJPO �� 8F BQ�

QMZ ;�TDPSF OPSNBMJ[BUJPO UP BMM GFBUVSF WFDUPST EVSJOH USBJOJOH


XIJDI JT JOWFSUFE UP PCUBJO HSBQI WJTVBMJ[BUJPOT�

��� 1BHF�MFWFM &YQFSJNFOU PO 53&$ $"3

8F TUVEZ UIF BEWBOUBHF PG UIF &/5 MFBSOJOH�UP�SBOL�FOUJUJFTNPEFM

XJUI SFTQFDU UP UIF GFBUVSFT EFTDSJCFE JO 4FDUJPO �� 8F BOBMZ[F

UIF SFUSJFWBM QFSGPSNBODF BDIJFWFE PO UIF GPMMPXJOH TVCTFUT PG GFB�

UVSFT EFTDSJCFE�

	�
 "MM&YQ� 6TF BMM EFTDSJCFE GFBUVSFT�

	�
 +VTU"HHS� $PNCJOJOH NVMUJQMF FOUJUZ BOE DPOUFYU SBOLJOHT

XJUI VOTVQFSWJTFE SBOL BHHSFHBUJPO�_F SFMBUJWF XFJHIU CF�

UXFFO EJVFSFOU DPOUFYU SBOLJOHT BOE FOUJUZ GFBUVSFT OFFET

UP CF USBJOFE�

	�
 /P &OUJUZ� "MM FOUJUZ GFBUVSFT XFSF FYDMVEFE�

	�
 /P /FJHICPS� "MM OFJHICPS GFBUVSFT XFSF FYDMVEFE�

	�
 /P $POUFYU� "MM DPOUFYU�SFMFWBODF GFBUVSFT XFSF FYDMVEFE

	OFJHICPS GFBUVSFT BSF OPU BVFDUFE
�

	�
 0OMZ &OUJUZ� 0OMZ FOUJUZ GFBUVSFT BSF JODMVEFE�

	�
 &YQ&DN9� -JLF "MM&YQ
 CVU POMZ SBOLJOHT GSPN &DN9 BSF

JODMVEFE�

	�
 /P &YQBOTJPO� -JLF "MM&YQ
 CVU POMZ #.�� BOE 2- SBOL�

JOHT XJUIPVU FYQBOTJPO BSF JODMVEFE�

'PS DPNQBSJTPO
 UIF TUSPOHFTU JOQVU FOUJUZ SFUSJFWBM GFBUVSF JT 2-

&DN9 PO UIF 1BSBHSBQI JOEFY
 XJUI ."1 PG ����� *OTQFDUJOH UIF

USBJOFE NPEFM QBSBNFUFST
 XF WOE UIBU UIJT GFBUVSF BMTP SFDFJWFT
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