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5IFTJT BEWJTPS� 1SPGFTTPS ,FWJO "� 3BEFS .BOBW +� ,IBOEFMXBM

&WBMVBUJOH 3FJOGPSDFNFOU -FBSOJOH BT B 5FDIOJRVF GPS
0QUJNJ[JOH BOE "VUPNBUJOH /'- 1MBZ $BMMJOH

"ঋজঝছঊঌঝ

0୭GFOTJWF DPBDIFT JO UIF /'- BSF UBTLFE XJUI POF PG UIF TQPSUؠT NPTU EJ୭୮ୢDVMU KPCT� NBL�

JOH TVDDFTTGVM QMBZ DBMMJOH EFDJTJPOT JO SFBM UJNF� 8IJMF QMBZ DBMMJOH SFRVJSFT BDVUF UBDUJDBM

OPVT BOE B UIPSPVHI VOEFSTUBOEJOH PG UIF HBNF
 TPNF PG UIF MFBHVFؠT CSJHIUFTU NJOET

IBWF UVSOFE UP BOBMZUJDT JO PSEFS UP JNQSPWF� 8F QSPQPTF UIF VTF PG SFJOGPSDFNFOU MFBSO�

JOH NFUIPET
 OBNFMZ P୭G�QPMJDZ BQQSPBDIFT TVDI BTQ�MFBSOJOH
 UP BVHNFOU BOE VMUJNBUFMZ

BVUPNBUF DFSUBJO BTQFDUT PG QMBZ DBMMJOH� 8F EFTJHO B .BSLPW %FDJTJPO 1SPDFTT UP TJNVMBUF

P୭GFOTJWF ESJWFT CZ TBNQMJOH FYJTUJOH QMBZT GSPN UIF ���� TFBTPO BOE USBJO PQUJNBM QPMJDJFT

GPS EFDJEJOH CFUXFFO SVOOJOH BOE QBTTJOH� "NPOH PVS ୮ୢOEJOHT JT UIBU
 BDSPTT UIF CPBSE


UFBNT TIPVME CF NPSF BHHSFTTJWF UIBO UIFZ DVSSFOUMZ BSF CZ BEPQUJOH QBTT�IFBWZ TUSBUFHJFT�

*O BEEJUJPO
 XF ୮ୢOE UIBU DPOTJEFSJOH UIF UJNF SFNBJOJOH BOE TDPSF JT JNQPSUBOU JO PSEFS UP

BDIJFWF CFUUFS P୭GFOTJWF PVUDPNFT� 6MUJNBUFMZ
 XF BSF DPO୮ୢEFOU UIBU JNQSPWFE SFJOGPSDF�

NFOU MFBSOJOH NFUIPET DBO TFSWF BT B QMBUGPSN GPS HFOFSBUJOH CFUUFS QMBZ DBMMT PO BWFSBHF

BOE UIF BQQSPBDIؠT ୯୳FYJCJMJUZ DBO CF UBJMPSFE UP ୮ୢU UIF OFFET PG TQFDJ୮ୢD QFSTPOOFM BOE DPBDI�

JOH QIJMPTPQIJFT�
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* XPVME MJLF UP FYUFOE NZ NPTU TJODFSF UIBOLT UP NZ BEWJTPS
 ,FWJO 3BEFS
 XIP IBT CFFO

BO JOWBMVBCMF SFTPVSDF BOE NFOUPS GPS NF UISPVHIPVU OPU POMZ UIF UIFTJT�XSJUJOH QSPDFTT

CVU NZ BDBEFNJD DBSFFS BU )BSWBSE� )JT QBTTJPO GPS TQPSUT BOBMZUJDT IBT CFFO BO JNQPSUBOU

NPUJWBUJOH GBDUPS BT * IBWF UBDLMFE B EJ୭୮ୢDVMU BQQMJFE QSPCMFN BOE JU IBT CFFO XPOEFSGVM UP

CF BCMF UP DPOOFDU PO TP NBOZ MFWFMT XJUI NZ BEWJTPS�

5IF 1IJMBEFMQIJB &BHMFT
 BOE JO QBSUJDVMBS "MFD )BMBCZ
 UPPL B DIBODF PO NF CZ HJWJOH NF

UIF PQQPSUVOJUZ UP JOUFSO JO UIF 'PPUCBMM "OBMZUJDT EFQBSUNFOU UIJT QBTU TVNNFS� 8JUI�

PVU UIBU FYQFSJFODF BOE "MFDؠT HVJEJOH IBOE
 JU JT VOMJLFMZ UIBU * XPVME IBWF EFWFMPQFE UIF

SFRVJTJUF TLJMMT PS LOPXMFEHF PG UIF EPNBJO BSFB UP XSJUF UIJT UIFTJT�

5IBOL ZPV UP 1SP 'PPUCBMM 'PDVT 	1''
 BOE $BSOFHJF .FMMPO GPS UIF QMBZ�CZ�QMBZ EBUB UIBU

* VTFE� *O QBSUJDVMBS
 3ZBO 4NJUI BOE #SZBO )BMM BU 1'' IFMQFE NF HFU TFU VQ�

.PTU JNQPSUBOUMZ
 * XPVME MJLF UP UIBOL NZ GBNJMZ BOE GSJFOET GPS UIFJS VOXBWFSJOH TVQ�

QPSU� 8JUIPVU NZ QBSFOUT
 .BOPK BOE .FFOB ,IBOEFMXBM
 BOE NZ TJTUFST
 .FEIB "HBSXBM

BOE .BMMJLB ,IBOEFMXBM
 * XPVME OPU IBWF IBE UIF PQQPSUVOJUZ UP BUUFOE )BSWBSE BOE

QVSTVF NZ JOUFSFTUT�
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Make no mistake, [advanced analytics] ॹ going to be

a separator in terms of your competitiveness, both in

personnel and on Sundays.

/'- &YFDVUJWF 	BOPOZNPVT


1
*OUSPEVDUJPO

��� .ঘঝ঒টঊঝ঒ঘগ

'PPUCBMM HBNFT NBZ CF XPO BOE MPTU PO UIF ୮ୢFME
 CVU JU JT PG୴FO TQMJU�TFDPOE EFDJTJPOT NBEF

PO UIF TJEFMJOF PS JO B DPBDIؠT CPY UIBU JO୯୳VFODF UIF PVUDPNF PG B QBSUJDVMBS HBNF� 0୭GFO�

TJWF QMBZ DBMMJOH
 UIF DIPJDF UP SVO B TQFDJ୮ୢD QMBZ XJUI B TQFDJ୮ୢD TFU PG QFSTPOOFM PO UIF ୮ୢFME


JT B QBSUJDVMBSMZ JNQPSUBOU TVCTFU PG UIPTF EFDJTJPOT� .BOZ UFBNT JO UIF /BUJPOBM 'PPUCBMM
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-FBHVF 	/'-
 USZ UP EJ୭GFSFOUJBUF UIFNTFMWFT GSPN UIF DPNQFUJUJPO BOE TUBZ BIFBE PG UIFJS

PQQPOFOUT CZ IJSJOH UIF NPTU DPNQFUFOU BOE JOOPWBUJWF QMBZ DBMMFST BT IFBE DPBDIFT PS PG�

GFOTJWF DPPSEJOBUPST�

Figure 1.1: 'RXJ 3HGHUVRQ �ULJKW� DQG $QG\ 5HLG �OHIW�� WZR RI WKHPRVW LQQRYDWLYH RIIHQVLYH VWUDWHJLVWV LQ WKH 1)/�

KDYH HPEUDFHG DQDO\WLFV�

5IF MFWFM PG DPNQMFYJUZ JOWPMWFE JO UIF DSFBUJPO BOE FYFDVUJPO PG B DBMM TIFFU
 UIF P୭GFOTJWF

CJCMF PO HBNF EBZT
 JT GBTDJOBUJOH� B HSFBU QMBZ DBMMFS JT NFUJDVMPVT JO IJT PS IFS QSFQBSBUJPO�

1MBZT BSF CBTFE P୭G PG TDIFNFT
 XIJDI BSF HFOFSBM QIJMPTPQIJFT BCPVU IPX UP EFTJHO B TVD�

DFTTGVM P୭GFOTF� 4DIFNFT SBOHF GSPN UIF أTQSFBEآ P୭GFOTF؜B IZCSJE TZTUFN SFMJBOU PO B

NPCJMF RVBSUFSCBDL؜UP TPNFUIJOH MJLF UIF 8FTUآ $PBTUأ P୭GFOTF؜B QBTT�୮ୢSTU TZTUFN DIBS�

BDUFSJ[FE CZ TIPSU
 IPSJ[POUBM SPVUFT؜UP BOZUIJOH JO�CFUXFFO� 1MBZ DBMMFST ESBX VQ QMBZT

�



UIBU ୮ୢU UIFJS TDIFNF CVU BMTP UBLF BEWBOUBHF PG UIFJS QFSTPOOFM BOE TQFDJ୮ୢD NBUDI VQT UIFZ

DBO FYQMPJU BHBJOTU PQQPTJOH EFGFOTFT�

"MM JO BMM
 UIFSF BSF B OVNCFS PG DPNQPOFOUT PG B HBNF QMBO UIBU HP JOUP IPX B UFBN DBMMT

QMBZT� 5IF ୮ୢSTU JT UIF UFBNؠT PXO TUSFOHUIT BOE XFBLOFTTFT� UIJT JOWPMWFT UIF PWFSBMM RVBMJUZ

BOE EFQUI BU EJ୭GFSFOU QPTJUJPOT
 UIF TQFDJ୮ୢD QPTJUJPOBM BUUSJCVUFT UIBU UIF UFBNؠT QFSTPO�

OFM QPTTFTT 	F�H� NPCJMJUZ GPS B 2#

 BOE UIF QMBZFSTؠ GBNJMJBSJUZ XJUI DFSUBJO TDIFNFT� 5IF

TFDPOE JT BO JO�EFQUI VOEFSTUBOEJOH PG UIF PQQPTJOH UFBNؠT TUSFOHUIT
 XFBLOFTTFT
 BOE UFO�

EFODJFT
 XIJDI NBZ JODMVEF IPX HPPE UIFZ BSF BU EFGFOEJOH DFSUBJO UZQFT PG SVOT BOE QBTTFT


IPX PG୴FO UIFZ MJOF VQ JO DFSUBJO GPSNBUJPOT؜BOE UIFO XIBU EFGFOTJWF TDIFNFT UIFZ FYF�

DVUF PVU PG UIPTF GPSNBUJPOT؜BOE UIF DSBG୴JOFTT PG UIF EFGFOTJWF DPBDIJOH TUB୭G� 5IF UIJSE

JT UIF TJUVBUJPO JO XIJDI UIF QMBZ JT CFJOH DBMMFE� UIF RVBSUFS
 EPXO
 EJTUBODF
 ୮ୢFME QPTJUJPO


BOE TDPSF
 BNPOH PUIFS GBDUPST
 DBO TJHOJ୮ୢDBOUMZ JO୯୳VFODF BO P୭GFOTFؠT EFDJTJPO�

5IF /'- JT JOIBCJUFE CZ B OVNCFS PG DPBDIFT UIBU BSF DPOTJEFSFE أHFOJVTFTآ CFDBVTF PG

UIFJS TFFNJOHMZ VOJRVF BOE F୭GFDUJWF QMBZ DBMMJOH BCJMJUJFT� #JMM #FMJDIJDL XBT MPOH DPOTJEFSFE

BO FMJUF UIJOLFS BNPOH /'- DPBDIFT
 TDIFNJOH VQ EFGFOTJWF HBNF QMBOT PO IJT XBZ UP B

OVNCFS PG 4VQFS #PXM SJOHT� )PXFWFS
 B OFX HFOFSBUJPO PG P୭GFOTJWF UBDUJDJBOT IBT UBLFO

UIF MFBHVF CZ TUPSN
 GSPN %PVH 1FEFSTPO
 4VQFS #PXM�XJOOJOH IFBE DPBDI PG UIF ����

1IJMBEFMQIJB &BHMFT
 UP 4FBO .D7BZ
 UIF NBTUFSNJOE CFIJOE UIF -PT "OHFMFT 3BNTؠ SFDFOU

SFTVSHFODF� #VU XIBU NBLFT UIFTF QFPQMF USVMZ TQFDJBM "OE IPX DBO BO JO�EFQUI FWBMVB�
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UJPO PG QMBZ DBMMJOH BOBMZUJDT
 BOE JO QBSUJDVMBS SFJOGPSDFNFOU MFBSOJOH
 IFMQ QSPQFM UIFTF

LJOE PG TUSBUFHJTUT FWFO GVSUIFS GPSXBSE 

"U JUT DPSF
 QMBZ DBMMJOH JT B IZCSJE PG QMBOOJOH BOE BEBQUBUJPO� 5IF CFTU DPBDIFT VTF TDPVU�

JOH BOE EBUB UP JEFOUJGZ MFBHVF�XJEF BOE PQQPOFOU�TQFDJ୮ୢD EFGFOTJWF USFOET
 BOE UIFO DSBG୴

QMBZT UP UBLF BEWBOUBHF PG DFSUBJO XFBLOFTTFT� 5IJT SFTVMUT JO UIF EFWFMPQNFOU PG B TFU PG

SVMFT UIBU JO୯୳VFODF IPX DFSUBJO P୭GFOTJWF NJOET BQQSPBDI QMBZ DBMMJOH JO TQFDJ୮ୢD TJUVBUJPOT

BOE BHBJOTU QBSUJDVMBS EFGFOTJWF BMJHONFOUT� )PXFWFS
 UIJT DBO DIBOHF SBQJEMZ JO UIF NJEEMF

PG UIF HBNF
 BOE UIVT QSF�QMBOOJOH JT SBSFMZ TV୭୮ୢDJFOU JO XJOOJOH HBNFT DPOTJTUFOUMZ� 5IF

CFTU QMBZ DBMMFST DBO UBLF BEWBOUBHF PG XIBU UIFZ TFF FBSMZ JO B HBNF UP DSBG୴ TQFDJ୮ୢD TUSBUF�

HJFT UP CFBU B EFGFOTF MBUFS PO�

5IF NPTU GPSXBSE�UIJOLJOH P୭GFOTJWF NJOET BOE PSHBOJ[BUJPOT TFFN UP VOEFSTUBOE UIBU

BOBMZUJDT DBO IFMQ UIFN JNNFOTFMZ JO UIJT SFHBSE� 5FBNT JO UIF /'- IBWF SFDPHOJ[FE UIF

JNQPSUBODF PG FNCSBDJOH EBUB JO CVJMEJOH SPTUFST
 FWBMVBUJOH UBMFOU
 TJHOJOH DPOUSBDUT
 BOE

QMBOOJOH JO�HBNF TUSBUFHJFT� 6MUJNBUFMZ
 UIFTF UFBNT BSF MPPLJOH UP CFDPNF NPSF EBUB�

ESJWFO JO UIF XBZ UIFZ BQQSPBDI HBNF QMBOOJOH BOE QMBZ DBMMJOH FTQFDJBMMZ� #Z IBSOFTTJOH

UIF QPXFS PG BEWBODFE BOBMZUJDT
 NBEF QPTTJCMF CZ TFJTNJD GPSXBSE MFBQT JO EBUB BWBJMBCJM�

JUZ BOE DPNQVUJOH QPXFS
 UIFTF DPBDIFT BSF TIPXJOH UIBU QMBZ DBMMJOH JT FRVBM QBSUT BSU BOE

TDJFODF� "T JOGPSNBUJPO CFDPNFT BWBJMBCMF UP UFBN BOBMZTUT BOE UIJSE�QBSUZ EBUB TDJFOUJTUT

JO HSFBUFS RVBOUJUZ BOE RVBMJUZ
 UIF QPTTJCJMJUJFT GPS UVSOJOH BTQFDUT PG UIF IJHIMZ DPNQMFY
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JOUFS�DPOOFDUFE HBNF PG "NFSJDBO GPPUCBMM JOUP B TPMWBCMF TUBUJTUJDBM QSPCMFN DPOUJOVF UP

HSPX�

0୭GFOTFT IBWF BMSFBEZ CFHVO UP FWPMWF SBQJEMZ UIBOLT UP B DPNCJOBUJPO PG EBUB�ESJWFO BH�

HSFTTJWFOFTT BOE SVMF DIBOHFT
 XJUI UFBNT TDPSJOH BU IJTUPSJD DMJQT EVSJOH UIF ���� /'-

TFBTPO� 1 *OJUJBM XPSL JO GPPUCBMM BOBMZUJDT IBT TIPXO UIBU UFBNT IBWF IJTUPSJDBMMZ QBTTFE

MFTT UIBO UIFZ TIPVME
 BOE PWFS UIF QBTU UXP EFDBEFT UIF USFOE UPXBSET CFDPNJOH B QBTT�

JOH MFBHVF IBT DPOUJOVFE BOE FWFO BDDFMFSBUFE
 BT TFFO JO 'JHVSF ���� 0WFSBMM
 SVOOJOH IBT

CFDPNF NPSF PG B XBZ UP TFU VQ B NPSF TVDDFTTGVM QBTTJOH HBNF SBUIFS UIBO B UFBNؠT HP�UP

TZTUFN�

Figure 1.2: $ OHDJXH�ZLGH FRPSDULVRQ RI UXVKLQJ DQG SDVVLQJ DV D SHUFHQWDJH RI WHDPèV \DUGV RYHU WLPH� �
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* XBT BCMF UP XJUOFTT UIF USBOTGPSNBUJWF JNQBDU PG EBUB TDJFODF PO GPPUCBMM UIJOLJOH ୮ୢSTU�

IBOE� 8IJMF XPSLJOH GPS UIF "OBMZUJDT EFQBSUNFOU PG UIF 1IJMBEFMQIJB &BHMFT
 * GPVOE UIBU

BOBMZUJDT DBO EJSFDUMZ JNQBDU IJHI�MFWFM EFDJTJPO�NBLJOH JO B OVNCFS PG XBZT� DPBDIFT BOE

QMBZFS QFSTPOOFM FYQFSUT BSF CFHJOOJOH UP USVTU UIF JOTJHIUT UIBU NPEFMT HJWF UIFN BOE BSF

OPX VTJOH EBUB JO FWFSZ QBSU PG UIFJS KPC� 5IFTF SBOHF GSPN JEFOUJGZJOH TJNQMF EFGFOTJWF

BMJHONFOU USFOET UP SFQMBDJOH PS BVHNFOUJOH EJ୭GFSFOU ؠDSFBUJWF؟ BTQFDUT PG DPBDIJOH� *U JT

UIF MBUUFS TDPQF UIBU * IPQF UP UBDLMF JO UIJT QBQFS� DBO XF VTF SFJOGPSDFNFOU MFBSOJOH NFUI�

PET UP MFBSO NPSF BCPVU TJUVBUJPOBM QMBZ DBMMJOH
 JOGFS TUSBUFHJFT
 BOE VMUJNBUFMZ BVUPNBUF

TPNF PG UIF QSFQBSBUJPO BOE EFDJTJPO�NBLJOH 

5IFSF JT IJTUPSJDBM QSFDFEFODF GPS BOBMZUJDT JO୯୳VFODJOH P୭GFOTJWF EFDJTJPO�NBLJOH BOE HBNF�

QMBOOJOH� 5FBNT IBWF SFTQPOEFE UP FBSMZ XPSL JO UIF ୮ୢFME BSPVOE SJTL�SFXBSE BOBMZTJT CZ

CFJOH NPSF BHHSFTTJWF PO ୮ୢSTU EPXO
 QBTTJOH UIF CBMM NPSF PG୴FO BOE DPOUJOVJOH UP EP UIJT

FWFO BT UIFZ BQQSPBDI UIF SFE [POF� 5FBNT IBWF BMTP VTFE TUVEJFT PG UIF F୭୮ୢDBDZ PG UIJSE�

EPXO QMBZ DBMMJOH UP SFEVDF UIFJS SFMJBODF PO SVOOJOH JO �SE�BOE�NFEJVN TJUVBUJPOT� 5IF

BOBMZUJDT EFQBSUNFOU PG UIF BGPSFNFOUJPOFE &BHMFT CFDBNF GBNPVT EVSJOH UIFJS 4VQFS #PXM

SVO GPS GVFMJOH IFBE DPBDI %PVH 1FEFSTPOؠT BHHSFTTJWF OBUVSF� IF NFSFMZ VTFE TJNQMF BOBMZU�

JDT UP QBTT NPSF PG୴FO PO UIJSE EPXO BOE HP GPS JU PO GPVSUI EPXO BOE UXP�QPJOU DPOWFS�

TJPOT
 CVU XBT IBJMFE BT B QJPOFFS� "T &BHMFT PXOFS +F୭GSFZ -VSJF QVU JU
 VU#آ XIBU XF GPVOE

JT
 UIFSFؠT CFFO TP NBOZ EFDJTJPOT PWFS UJNF UIBU BSF UPP DPOTFSWBUJWF GPS UIF PEET PG NBYJ�
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NJ[JOH ZPVS DIBODF UP XJO BU UIF PQQPSUVOJUZ� * NFBO
 ZPVؠWF TFFO DFSUBJO DPBDIFT UIBU BSF

EFFNFE NPSF BHHSFTTJWF CFDBVTF UIF NBUI MFBET UIFN UIFSF� 5IBUؠT BMM JU JTأ�

"EEJUJPOBMMZ
 UIFSF JT DFSUBJOMZ B EFTJSF XJUIJO UIF MFBHVF GPS BEWBODFE BOBMZUJDT UP UBLF BO

FWFO HSFBUFS SPMF JO QMBZ DBMMJOH� "T JO ����
 XIFO *#. 8BUTPO CFBU JUT ୮ୢSTU HSBOE DIFTTNBT�

UFS
 UIF UJNF XJMM MJLFMZ DPNF XIFO B QMBZ DBMMJOH BMHPSJUIN
 USBJOFE VTJOH B DPNCJOBUJPO

PG TJNVMBUJPO BOE FNQJSJDBM SFTVMUT
 DBO PVU�DPBDI UIF Tؠ-'/ CFTU� /PX
 GPPUCBMM NBZ PG�

UFO MJLFOFE UP B DIFTT HBNF
 CVU JU JT TJHOJ୮ୢDBOUMZ NPSF DPNQMFY
 BOE NPSF JNQPSUBOUMZ


TUPDIBTUJD؜BU MFBTU GSPN UIF QFSTQFDUJWF PG UIF QMBZ DBMMFS� 5IF DPNQMFYJUZ NFBOT UIBU

EFDJTJPO�NBLJOH BMHPSJUINT DBOOPU PQFSBUF JO SFBM�UJNF ZFU
 BU MFBTU HJWFO DVSSFOU DPNQV�

UBUJPO BOE EBUB MJNJUBUJPOT� *U JT FYQFDUFE
 IPXFWFS
 UIBU UIPTF DPODFSOT XJMM CF NJUJHBUFE BT

NPSF NPOFZ JT EVNQFE JOUP UIF TQBDF�

5IBU TBJE
 SFJOGPSDFNFOU MFBSOJOH BOE PUIFS TJNJMBS NFUIPET DBO POMZ HP TP GBS JO IFMQJOH

QMBZ DBMMFST XJUI UIFJS KPC� QMBZ DBMMFST SFMZ PO UIFJS QFSTPOOFM GPS FYFDVUJPO� 6OMJLF DIFTT


XIJDI JT IJHIMZ EFUFSNJOJTUJD
 UIF PVUDPNF PG B GPPUCBMM QMBZ EFQFOET PO NBOZ QPTU�TOBQ

GBDUPST� "EEJUJPOBMMZ
 UIFSF JT TUJMM UIF أBSUآ PG QMBZ DBMMJOH
 UIF DSFBUJPO BOE EFTJHO PG OFX

QMBZT
 UIBU JT JODSFEJCMZ EJ୭୮ୢDVMU UP BVUPNBUF� 4P XIBU DBO QMBZ DBMMFST IPQF UP HBJO GSPN

VTJOH EFDJTJPO�NBLJOH BMHPSJUINT $PBDIFT DBO IFMQ FTUBCMJTI QBSBNFUFST BSPVOE XIFO JU JT

NPTU QSP୮ୢUBCMF UP NBLF DFSUBJO EFDJTJPOT
 VOEFSTUBOE UIF GBDUPST UIBU TUBUJTUJDBMMZ JO୯୳VFODF

UIFTF EFDJTJPOT
 BOE JEFOUJGZ UIF USFOET UIBU TIPVME HVJEF UIFJS UIJOLJOH� "T TVDI
 UIJT QBQFS
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XJMM FYBNJOF UP XIBU FYUFOU SFJOGPSDFNFOU MFBSOJOH DBO JNQSPWF PO DVSSFOU BEWBODFE QMBZ

DBMMJOH BOBMZUJDT BOE UIFO JEFOUJGZ JUT VTFT BOE TIPSUDPNJOHT�

��� -঒ঝ঎ছঊঝঞছ঎ 3঎ট঒঎ঠ

����� 0ঋজ঎ছটঊঝ঒ঘগঊক 3঎঒গএঘছঌ঎খ঎গঝ -঎ঊছগ঒গঐ

(FOFSBMMZ
 UIF TFUUJOH PG SFJOGPSDFNFOU MFBSOJOH BTTVNFT B XPSME XJUI JO୮ୢOJUF JUFSBUJPOT BOE

UIF BCJMJUZ UP TJNVMBUF BOZ TUBUF�BDUJPO QBJS (s, a)� 5IJT QSPWJEFT UIF PQQPSUVOJUZ UP UFTU

DPVOUFS�GBDUVBMT؜XIBU XPVME IBWF CFFO UIF SFTVMU JG * IBE UBLFO B EJ୭GFSFOU BDUJPO؜BOE

VMUJNBUFMZ
 JO UIF MPOH�SVO
 FTUJNBUF UIF USVF PQUJNBM QPMJDZ�

*O UIJT BOBMZTJT
 PG DPVSTF
 XF BSF SFMZJOH PO FYJTUJOH GPPUCBMM EBUB� 5IFTF BSF QMBZT BOE PVU�

DPNFT UIBU IBWF CFFO observed
 OPU TJNVMBUFE GPS PVS CFOF୮ୢU� 5IJT DSFBUFT B OVNCFS PG

DIBMMFOHFT
 JODMVEJOH B MBDL PG DPVOUFS�GBDUVBMT
 B TFMFDUJPO CJBT UPXBSET EFDJTJPOT UIBU XFSF

NBEF VTJOH QPMJDJFT UIBU XF EP OPU LOPX
 BOE DPOGPVOEJOH GBDUPST JO UIF TVDDFTT PG B QMBZ�

5IF NPTU JNQPSUBOU JTTVF XF SVO JOUP VTJOH PCTFSWBUJPOBM EBUB JT UIBU XF DBOOPU PCUBJO JO�

GPSNBUJPO BCPVU UIF F୭୮ୢDBDZ PG BMUFSOBUJWF QMBZ DBMMT� JG UIF UFBN QBTTFE JO B HJWFO TJUVBUJPO


XF DBOOPU EFUFSNJOF FYBDUMZ XIBU UIF F୭GFDU PG B SVO XPVME IBWF CFFO� 5IVT
 XF BSF GPSDFE

UP SFMZ PO VTJOH UIF EBUB JO BHHSFHBUF UP ୮ୢMM JO IPMFT BOE infer TVDDFTT� 5IJT NBLFT JU RVJUF

EJ୭୮ୢDVMU UP FTUJNBUF UIF USVF PQUJNBM QPMJDZ�

5IFSF IBT CFFO TPNF UIFPSFUJDBM XPSL BSPVOE UIF TUBUJTUJDBM QSPQFSUJFT PG PCTFSWBUJPOBM
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SFJOGPSDFNFOU MFBSOJOH BMHPSJUINT� 8F JO QBSUJDVMBS BSF GPDVTFE PO QPMJDZ PQUJNJ[BUJPO

SBUIFS UIBO PVUDPNF FTUJNBUJPO
 BOE UIFSF JT TPNF MJUFSBUVSF UIBU FYQMPSFT FTUJNBUJPO XIJMF

BDLOPXMFEHJOH UIBU BDUJPOTA BSF OPU JOEFQFOEFOU GSPN UIF GFBUVSF TFUX 	XIJDI DBO SFGFS

UP EFUFSNJOBOUT PG UIF TUBUF TQBDF
� 3 *O UIJT TFUUJOH
 UIF BMHPSJUIN DBMDVMBUFTm
 UIF FYQFDUFE

PVUDPNF PG BDUJPO a HJWFO GFBUVSF x
 BOE IPQFT UP ୮ୢOE B QPMJDZ π UIBU NBYJNJ[FT UIF QPMJDZ

PVUDPNFT 	XIFSFD JT UIF NBSHJOBM EJTUSJCVUJPO PG GFBUVSFT
� V (π) = Ex∼D[mh(x)]�

5IJT TUVEZ HJWFT VT UIFPSFUJDBM FTUJNBUJPO CPVOET CFUXFFO UIF FTUJNBUFE BOE BDUVBM QPMJDZ

PVUDPNFT�

����� 1কঊঢ $ঊকক঒গঐ 1ছ঎঍঒ঌঝ঒ঘগ

3FTFBSDI GPDVTFE PO UIF BSFB PG QSFEJDUJOH QMBZ DBMMT JT OPU XJEFTQSFBE� .JDIBFM %JDLFZ BOE

8JMMJBN #VSUPO PG /PSUI $BSPMJOB 4UBUF 6OJWFSTJUZ CVJMU UIF ୮ୢSTU NBDIJOF MFBSOJOH NPEFM

UP QSFEJDU SVO PS QBTT QMBZT CBTFE PO /'- EBUB�4 6TJOH EBUB GSPN ���� UP ����
 %JDLFZ

BOE #VSUPO VTFE MPHJTUJD SFHSFTTJPO UP EFUFSNJOF TJHOJ୮ୢDBOU QSFEJDUPST� UIF QBJS FOEFE VQ

JODMVEJOH EPXO
 UJNF SFNBJOJOH
 TDPSF EJ୭GFSFODF
 QPJOUT CZ CPUI UFBNT
 DVNVMBUJWF GVN�

CMFT BOE JOUFSDFQUJPOT
 BO JOUFSBDUJPO CFUXFFO EPXO BOE EJTUBODF
 UJNFPVUT SFNBJOJOH
 BOE

ZBSET HBJOFE PO QSFWJPVT QMBZ� 5IFZ EFUFSNJOFE UIBU WBSJBCMFT MJLF QSFWJPVT QMBZ DBMM BOE

XFBUIFS XFSF OPU TJHOJ୮ୢDBOU� 5IF UXP
 IPXFWFS
 UFTUFE UIFJS NPEFM PO USBJOJOH EBUB XIJDI

MFE TPNF UP RVFTUJPO UIF NPEFMؠT F୭୮ୢDBDZ�
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#VJMEJOH P୭G PG UIF BCPWF TUVEZ
 B 4UBOGPSE SFTFBSDI QSPKFDU BQQMJFE NPSF BEWBODFE NB�

DIJOF MFBSOJOH UPPMT UP DMBTTJGZ SVOT BOE QBTTFT� 5 5IF SFTQPOTF WBSJBCMF TUVEJFE JT QBSUJDVMBSMZ

SFMFWBOU UP UIF BOBMZTJT EPOF IFSF� 5IF BVUIPST VTFE GPVS EJ୭GFSFOU NFUIPET� MPHJTUJD SFHSFT�

TJPO
 MJOFBS EJTDSJNJOBOU BOBMZTJT 	-%"

 SBOEPN GPSFTU
 BOE B HSBEJFOU CPPTUJOH NBDIJOF

	(#.
� 5IFZ DPOTJEFSFE B OVNCFS PG GFBUVSFT
 SBOHJOH GSPN TJUVBUJPO 	EPXO
 EJTUBODF


UJNF
 ୮ୢFME QPTJUJPO
 TDPSF
 UP QFSTPOOFM 	P୭GFOTJWF
 EFGFOTJWF
 GPSNBUJPO
 UP USBDL SFDPSE

	QBTU UFOEFODJFT
 QBTU TVDDFTT
 .BEEFO SBUJOHT
� 5IF (#. BDIJFWFE ���� UFTU BDDVSBDZ XJUI

BO "6$ PG ���� 5IF NPEFMT UFOEFE UP QSFEJDU NVDI CFUUFS PO UIJSE EPXO BOE JO UIF GPVSUI

RVBSUFS
 TVHHFTUJOH NPSF P୭GFOTJWF SBOEPNOFTT JO FBSMJFS EPXOT BOE RVBSUFST� 5IJT QBQFS


IPXFWFS
 EJE OPU HP BT GBS BT JEFOUJGZJOH LFZ QSFEJDUPST JO QMBZ DBMMJOH BOE IPX UP CVJME JO�

UVJUJPO BSPVOE QSFEJDUJPO PS FWBMVBUJPO� 6OGPSUVOBUFMZ
 UIF VTF PG NBDIJOF MFBSOJOH NFUI�

PET FMJNJOBUFE PQQPSUVOJUJFT GPS JOGFSFODF�

����� ঙকঊঢ ঌঊকক঒গঐ 0ঙঝ঒খ঒ণঊঝ঒ঘগ

"T NFOUJPOFE JO UIF JOUSPEVDUJPO UP UIJT UIFTJT
 QMBZ DBMMJOH JT B TVCUMF BSU DPNCJOFE XJUI

B EPTF PG TDJFODF� 5IF MJUFSBUVSF PO PQUJNBM QMBZ DBMMJOH JT QSJNBSJMZ GPDVTFE PO JEFOUJGZ�

JOH TQFDJ୮ୢD BTQFDUT PG EFDJTJPO�NBLJOH HPآ	 GPS JUأ PS OPU
 QFSTPOOFM
 SVO PS QBTT
 FUD
 BOE

EFTDSJCJOH JOUVJUJWF NPEFMT GPS USBJOJOH BO PQUJNBM TUSBUFHZ� 5IJT UIFTJT
 TJNJMBSMZ
 VTFT SFJO�

GPSDFNFOU MFBSOJOH 	BOE CSPBEMZ
 B .BSLPW %FDJTJPO 1SPDFTT
 UP EFTDSJCF UIF FOWJSPONFOU

JO XIJDI UIF HBNF JT CFJOH QMBZFE BOE JT QSJNBSJMZ GPDVTFE PO UIF EFDJTJPO UP SVO PS QBTT�
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*O BOUJDJQBUJPO PG UIBU
 UIJT TFDUJPO PG UIF MJUFSBUVSF SFWJFX XJMM GPDVT PO UIF EJ୭GFSFOU NFUI�

PET VTFE JO UIF QBTU UP FWBMVBUF BOE PQUJNJ[F QMBZ DBMMJOH TUSBUFHJFT�

(ঊখ঎ 5঑঎ঘছ঎ঝ঒ঌ .ঘ঍঎কজ

&BSMZ TUVEZ JO UIF BSFB PG QMBZ DBMMJOH JOWPMWFE B TJHOJ୮ୢDBOU BNPVOU PG XPSL VTJOH HBNF UIF�

PSFUJD NPEFMT
 PG୴FO BVHNFOUFE CZ BEEJUJPOBM QBSBNFUFSJ[BUJPO� " ���� QBQFS CZ #PSPOJDP

BOE /FXCFSU FTUBCMJTIFE UIF GPVOEBUJPO GPS NPEFMJOH GPPUCBMM EFDJTJPO�NBLJOH CZ VTJOH B

UXP�QMBZFS HBNF JO XIJDI UIF EFGFOTF BDUT BT BO BEWFSTBSZ UP UIF P୭GFOTF�6 6TJOH B EZOBNJD

QSPHSBNNJOH NPEFM XJUI B TUPDIBTUJD FMFNFOU 	BTTVNJOH DFSUBJO probabilitiॸ of success



UIF BVUIPST NBYJNJ[FE UIF QSPCBCJMJUZ PG TDPSJOH B UPVDIEPXO PWFS B TFRVFODF PG EPXOT

TUBSUJOH GSPN �TU BOE (PBM� 5IFZ BTTVNFE CPUI QMBZFST GPMMPXFE UIF ($)$(�3 DSJUFSJPO BOE

UIVT BDIJFWF B /BTI &RVJMJCSJVN CBTFE PO B NJYFE TUSBUFHZ PG SVOOJOH BOE QBTTJOH� *O BE�

EJUJPO UP TIPXJOH PCWJPVT SFTVMUT UIBU CFJOH DMPTFS UP UIF FOE [POF 	BOE CFJOH FBSMJFS JO UIF

EPXO TFRVFODF
 JODSFBTFE UIF QSPCBCJMJUZ PG TDPSJOH B UPVDIEPXO
 UIF QBQFS MFE UP UIF ୮ୢSTU

DSFBUJPO PG BO أPQUJNBMآ SVO�QBTT TUSBUFHZ CZ BTTJHOJOH B QSPCBCJMJUZ XFJHIU GPS FBDI TJUVB�

UJPO� 5IF XSJUFST XFSF BCMF UP TIPX
 BMCFJU VTJOH UPVDIEPXO QSPCBCJMJUJFT EFWFMPQFE CZ B

DPMMFHF GPPUCBMM DPBDI
 UIBU BO PQUJNBM TUSBUFHZ XPVME MFBE UP TDPSJOH B UPVDIEPXO UXJDF BT

PG୴FO BT B SBOEPNJ[FE TUSBUFHZ� 5IJT QBQFS
 EFTQJUF JUT TJHOJ୮ୢDBOU MJNJUBUJPOT BOE TJNQMJDJUZ


TFU UIF TUBHF GPS GVUVSF BOBMZTJT PG PQUJNBM TUSBUFHJFT CZ NPEFMJOH B QMBZ DBMMFSؠT EFDJTJPO TFU

BOE EFTDSJCJOH IPX DPBDIFT DBO VTF UIF SFTVMUT JO QSFQBSBUJPO PG TUSBUFHJFT BOE FWBMVBUJPO
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PG PQQPTJOH UFOEFODJFT�

/FBSMZ UFO ZFBST MBUFS
 B UFBN NBEF VQ PG "JS 'PSDF BOE 6OJWFSTJUZ PG "MBCBNB PQFSBUJPOT

SFTFBSDIFST BOE TUBUJTUJDJBOT IPQFE UP SFQMBDF TVCKFDUJWF EFDJTJPO�NBLJOH XJUI PQUJNJ[FE


RVBOUJUBUJWF TUSBUFHJFT UIBU VTFE VQEBUFE JOGPSNBUJPO BT JU CFDBNF BWBJMBCMF� 6TJOH B UXP�

QMBZFS
 [FSP�TVN HBNF UIFPSFUJD NPEFM
 UIF QBQFS DPOTJEFST QPTTJCMF BDUJPOT
 PQQPTJOH EF�

GFOTJWF BMJHONFOUT
 BOE QBTU SFTVMUT JO TVDI TJUVBUJPOT� 5IFO
 UIF NPEFM FTUJNBUFT B SJTL

MFWFM GPS FBDI DPBDI HJWFO ୮ୢFME QPTJUJPO
 EPXO
 BOE EJTUBODF� 6TJOH QBTU EBUB BCPVU TVDDFTT

PG DFSUBJO QMBZT BHBJOTU DFSUBJO EFGFOTFT 	BOE UIF MJLFMJIPPE PG UIF EFGFOTF UP BEPQU B DFS�

UBJO TUSBUFHZ
 BMPOH XJUI B QMBZ DBMMFSؠT SJTL UPMFSBODF
 B HBNF JT TJNVMBUFE UP PQUJNJ[F UIF

P୭GFOTFؠT TUSBUFHZ� "T TFFO JO 'JHVSF ��� BOE 'JHVSF ���
 UIF QBQFS TIPXT UIBU UFBNT TIPVME

USFOE UPXBSET IJHIFS SJTL 	B�L�B USBEJOH WBSJBODF GPS FYQFDUFE WBMVF
 TUSBUFHJFT FBSMJFS JO UIF

HBNF
 XJUI MFTT JOGPSNBUJPO BCPVU UIF EFGFOTF
 UIBO MBUFS JO UIF HBNF PODF UIFZ IBWF NPSF

JOGPSNBUJPO BCPVU UIF EFGFOTF� 5IF BVUIPST CFMJFWFE UIBU UIJT NPEFM GPS BOBMZ[JOH QMBZ DBMM�

JOH TUSBUFHZ TIPVME CF UIF CBTJT GPS GVUVSF SFTFBSDI
 CVU CFTJEFT UIF VTF PG B UXP�QMBZFS HBNF


UIJT IBT OPU CFFO UIF DBTF�7

"U UIF TBNF UJNF
 SFTFBSDIFST GSPN UIF /BUJPOBM #VSFBV PG &DPOPNJD 3FTFBSDI CVJMU P୭G PG

UIJT JOJUJBM HBNF UIFPSZ QBQFS XJUI GVSUIFS FYQMPSBUJPO PG UIF SVO�QBTT TUSBUFHZ FNQMPZFE

CZ /'- QMBZ DBMMFST� *O QBSUJDVMBS
 UIFZ XFSF GPDVTFE PO XIFUIFS UIFZ USVMZ GPMMPXFE /BTI

&RVJMJCSJVN TUSBUFHJFT
 PS UIF ($)$(�3 DSJUFSJPO� 6TJOH EBUB GSPN UIF ��������� /'- TFB�
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Figure 1.3: ,QLWLDO ρ LQWHUDFWLRQ SORW EHWZHHQ SOD\HUV � DQG ��

Figure 1.4: ρ LQWHUDFWLRQ SORW EHWZHHQ SOD\HUV � DQG � DIWHU RQH LWHUDWLRQ�
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TPOT
 ,PWBTI BOE -FWJUU VTFE B UXP�QMBZFS
 [FSP�TVN HBNF XJUI BO FBSMZ WFSTJPO PG FYQFDUFE

QPJOUT BT UIF SFTQPOTF WBSJBCMF� &YQFDUFE 1PJOUT SFGFST UP UIF OFUآ WBMVF B UFBN DBO FYQFDU

HJWFO B QBSUJDVMBS DPNCJOBUJPO PG EPXO
 EJTUBODF
 BOE ୮ୢFME QPTJUJPO BNPOH PUIFS GBDUPST
أ

XIJDI PG୴FO JODMVEFT JOGPSNBUJPO BCPVU UIF DVSSFOU ESJWF BOE UIF OFYU TDPSJOH FWFOU� 5IJT

QBQFS VTFT B DSVEF WFSTJPO PG FYQFDUFE QPJOUT
 XIJDI JT NPEFMFE VTJOH KVTU UIF UISFF GFBUVSFT

BCPWF
 BMPOH XJUI ZBSET HBJOFE BT UIF SFTQPOTF WBSJBCMFT�SFXBSET� #BTFE PO SFHSFTTJOH QMBZ

DBMM BMPOH XJUI PUIFS GBDUPST BHBJOTU UIF SFTQPOTF WBSJBCMFT
 UIF XSJUFST TIPXFE UIBU QBTTJOH

DPOTJTUFOUMZ PVUQFSGPSNFE SVOOJOH 	JNQMZJOH UIBU UFBNT XFSF VOEFS�VUJMJ[JOH UIF QBTT



XIJDI DBO CF TFFO JO 'JHVSF ��� CFMPX� 5IF BOBMZTJT XFOU PO UP TIPXFE OFHBUJWF TFSJBM DPSSF�

MBUJPO JO QMBZ DBMMJOH� UFBNT BSF NPSF MJLFMZ UP SVO BG୴FS QBTTJOH BOE WJDF�WFSTB
 TP JU NBZ CF

EJ୭୮ୢDVMU UP BTTVNF JOEFQFOEFODF PG EFDJTJPO JO B TFRVFODF PG QMBZ DBMMT� 5IVT
 UIF BVUIPST

PG UIF QBQFS XFSF BCMF UP TIPX UIBU /'- QMBZ DBMMFST
 BU MFBTU JO UIF ZFBST TUVEJFE
 EJE OPU

TFFN UP GPMMPX PQUJNBM HBNF UIFPSFUJD TUSBUFHJFT EF୮ୢOFE CZ ($)$(�3 CFIBWJPS� 8

8JUIJO B ZFBS
 B SFTFBSDIFS GSPN UIF 6OJWFSTJUZ PG 5PSPOUP SFTQPOEFE EJSFDUMZ UP UIF DMBJNT

NBEF JO UIF BCPWF TUVEZ XJUI IJT PXO VOJRVF NPEFM PG UIF UXP�QMBZFS HBNF GPS /'- QMBZ

DBMMJOH� )F CVJMET BO BEWFSTBSJBM HBNF JO XIJDI UIF P୭GFOTF HBJOT [FSP SFXBSE JG CPUI PG�

GFOTF BOE EFGFOTF QJDL SVO PS QBTT NBUDIآ	 QFOOJFTأ
 CVU HBJOT B VOJRVF QPTJUJWF SFXBSE

PUIFSXJTF� 5IF BVUIPS PG UIJT QBQFS JODMVEFT UXP NPEJ୮ୢDBUJPOT� IF JODMVEFT �
 UFBN�TQFDJ୮ୢD

F୭GFDUT BOE UIFO �
 UIF WBMVF PG SVOOJOHآ UP TFU VQ UIF QBTTآ�أSVOOJOH UP XFBS EPXO UIF

��



Figure 1.5: )URP WKH .RYDVK DQG /HYLWW VWXG\� D VHQVLWLYLW\ DQDO\VLV �LQ GLIIHUHQW VLWXDWLRQV� RI WKH JDS EHWZHHQ UXQQLQJ

DQG SDVVHV ZLWK GLIIHUHQW UHVSRQVH YDULDEOHV�

EFGFOTFأ 	SVOOJOH JODSFBTFT GVUVSF SFXBSET
� 5IJT QBQFS CFHJOT UP FYQMBJO TPNF PG UIF �TVCآ

PQUJNBMأ EFDJTJPO�NBLJOH UIBU UIF BCPWF QBQFS EFDSJFE CZ JODMVEJOH DPOWFOUJPOBM GPPUCBMM

XJTEPN JOUP UIF UIFPSFUJDBM� UIF BVUIPS TIPXT UIBU VOTVDDFTTGVM QMBZT XJMM MFBE UP NPSF

SBOEPNJ[FE TUSBUFHJFT CVU UIF NPEFM QSFEJDUT QPTJUJWF TFSJBM DPSSFMBUJPO PWFSBMM
 XIJDI JT

FNQJSJDBMMZ DPO୮ୢSNFE�9

" TJNJMBS TUVEZ JO ���� CZ .D(BSSJUZ BOE -JOOFO VTFE UIF NBUDIJOHآ QFOOJFTأ GSBNFXPSL

GPS B UXP�QMBZFS
 [FSP�TVN HBNF UP EFUFSNJOF UIF F୭GFDU PG B CBDLVQ RVBSUFSCBDL PO UIF

QMBZ DBMMJOH EFDJTJPOT PG BO P୭GFOTF� 'JHVSF ��� TIPXT UIF HBNF UIFPSFUJD SFQSFTFOUBUJPO PG

UIJT TJUVBUJPO� 5IJT QBQFS TIPXFE B UIFPSFUJDBM SFTVMU UIBU TVQQPSUFE UIF BOBMPHPVT FNQJS�

JDBM SFTVMU 	XIJDI FYJTUFE JO UIF EBUB
� FWFO UIPVHI B CBDLVQ RVBSUFSCBDL SFTVMUT JO MPXFS

��



QBTTJOH QSPEVDUJWJUZ
 UIF EFGFOTF SFTQPOET CZ EFGFOEJOH UIF SVO BOE UIFSFGPSF UIF P୭GFOTF

EPFT OPU DIBOHF JUT PWFSBMM TUSBUFHZ� 5IJT JT CBTFE PO TPMWJOH GPS B NJYFE TUSBUFHZ FRVJMJC�

SJVN BT CFGPSF� )PXFWFS
 UIF QBQFS DIBMMFOHFE BO FBSMJFS SFTVMU CZ QPTJUJOH UIBU TFSJBM DPS�

SFMBUJPO 	CFUXFFO QBTTJOH BOE SVOOJOH JO UIF QBTU BOE QSFTFOU
 EPFT OPU IPME FNQJSJDBMMZ�

6TJOH B 3VOT 5FTU
 XIJDI MPPLT GPS QPTJUJWF DPSSFMBUJPO 	UPP NBOZ 3VOT
 PS OFHBUJWF DPSSF�

MBUJPO 	OPU FOPVHI 3VOT
 XIFSF B 3VO SFGFST UP B TUSJOH PG DPOTFDVUJWF JEFOUJDBM QMBZ DBMMT


UIF BVUIPST EFUFSNJOFE UIBU UIFZ DPVME OPU SFKFDU UIF OVMM IZQPUIFTJT UIBU QMBZ DBMMT BSF SBO�

EPN� UIFJS FYQMBOBUJPO JT UIBU QMBZ DBMMFST BSF SFNPWFE GSPN UIF IFBU BOE FNPUJPO PG UIF

HBNF BOE UIVT BSF CFUUFS BCMF UP HBNF QMBO 	VOMJLF UFOOJT TFSWFST
 XIFSF TFSJBM DPSSFMBUJPO

XBT TIPXO
� 10

Figure 1.6: 7KH JDPH WKHRUHWLFDO PRGHO IURP0F*DUULW\ DQG /LQQHQ WKDW LQFOXGHVX1 DQGX2� WKH QHJDWLYH HIIHFWV RI D

EDFNXS4%�

(঎গ঎ছঊক঒ণ঎঍ .ঊঝঌ঑঒গঐ -ঊঠ

5IF (FOFSBMJ[FE .BUDIJOH -BX 	(.-
 TUBUFT UIBU EFDJTJPO�NBLFST UFOE UP BMMPDBUF CF�

UXFFO QPTTJCMF PQUJPOT QSPQPSUJPOBMMZ UP UIF SFJOGPSDFNFOU 	SFXBSE
 TDIFEVMF� 8IFSFB1

BOEB2 BSF QPTTJCMF BDUJPOT BOER1 BOER2 SFGFS UP SFTQFDUJWF SFJOGSPDFNFOUT
 UIF PSJHJOBM

��



MBX TUBUFT�

B1

B1 +B2
=

R1

R1 +R2

5IF (FOFSBMJ[FE .BUDIJOH &RVBUJPO 	(.&
 XBT JOUSPEVDFE JO UIF ����T UP BDDPVOU GPS

TMJHIU EFWJBUJPOT GSPN FYBDU NBUDIJOH
 XIJDI BDDPVOUFE GPS OVBODF JO EFDJTJPO�NBLJOH

QSPDFTTFT� 5IF FRVBUJPO JT BT GPMMPXT 	XJUI a BDDPVOUJOH GPS TFOTJUJWJUZ JO SFJOGPSDFNFOU

EJ୭GFSFOUJBMT BOE MPH b DPSSFTQPOEJOH UP CJBT PS QSFGFSFODF GPS POF BDUJPO PWFS UIF PUIFS
�

MPH
(

B1

B1 +B2

)
= a

(
R1

R1 +R2

)
+ MPH b

" ���� TUVEZ CZ 3FFE
 $SJUDI୮ୢFME
 BOE .BSUFOT XBOUFE UP FYBNJOF JG SVO BOE QBTT MJLFMJ�

IPPET XFSF SFMBUFE UP UIF SFTVMUT GSPN UIPTF QMBZT� 5IJT QBQFS VTFE ZBSET HBJOFE BT UIF SFJO�

GPSDFNFOU BOE SVO WFSTVT QBTT BT UIF CFIBWJPS TFU� 5IFJS TUVEZ GPVOE UIBU ZBSEBHF HBJOFE

JO୯୳VFODFE QMBZ DBMMT
 BDDPVOUJOH GPS BQQSPYJNBUFMZ UISFF�RVBSUFST PG UIF WBSJBODF JO QMBZ

DBMMT� 5IJT DPO୮ୢSNFE UIBU BT MPOH BT CPUI UZQFT PG QMBZT QSPEVDF QPTJUJWF ZBSEBHF
 JU JT UIFP�

SFUJDBMMZ PQUJNBM UP أNJYآ TUSBUFHZ� 5IFSF XBT BMTP FWJEFODF GPS VOEFS�NBUDIJOH 	a < 1
 BT

XFMM BT B CJBT GPS SVTIJOH 	NFBOJOH UFBNT SBO NPSF UIBO FYQFDUFE CBTFE PO SFJOGPSDFNFOU



CVU UIFSF XBT MJUUMF FWJEFODF UIBU UFBNT PQFSBUFE PO B أDPOTUBOU�ZBSEBHFآ BTTVNQUJPO PG

SVOOJOH WFSTVT QBTTJOH 	DPOTUBOU SFJOGPSDFNFOU WBMVFT
� 5IF TUVEZ BMTP TIPXFE UIBU VOEFS�

��



NBUDIJOH XBT JODSFBTJOH ZFBS�PWFS�ZFBS 	TNBMMFS أDPF୭୮ୢDJFOUآ PG UIF SFJOGPSDFNFOU EJ୭GFS�

FOUJBMT
 XIJMF UIF CJBT GPS SVTIJOH XBT EJNJOJTIJOH� )PXFWFS
 JU XBT EJ୭୮ୢDVMU UP OBJM EPXO

IPX UFBNT BQQSPBDIFE UIJT EFDJTJPO�NBLJOH QSPDFTT XJUI OFX JOGPSNBUJPO HBUIFSFE PWFS

UIF DPVSTF PG UIF TFBTPO� 11

8FTUFSO .JDIJHBO 6OJWFSTJUZ SFTFBSDIFS +BDPC #SBEMFZ SFUVSOFE UP UIJT JEFB PG UIF (.&

JO ���� JO PSEFS UP FYQMPSF UIF F୭୮ୢDBDZ PG UIJT NPEFM JO UIF GPPUCBMM DPOUFYU XJUI BOBMZTJT

PG OFX SFJOGPSDFNFOU NFBTVSFT� )F DPOTJEFSFE 4VDDFTT 3BUF
 XIJDI NFBTVSFT P୭GFOTJWF

F୭୮ୢDJFODZ CZ EFUFSNJOJOH XIFUIFS B DFSUBJO QMBZ XBT أTVDDFTTGVMآ PS OPU EFQFOEJOH PO UIF

EPXO BOE EJTUBODF� 8IFO NPEFMJOH QMBZ DBMMJOH VTJOH UIF (.& XJUI 4VDDFTT 3BUF BT UIF

SFJOGPSDFNFOU NFBTVSF
 B IJHIFS BNPVOU PG WBSJBODF JO QMBZ DBMMJOH XBT FYQMBJOFE CZ UIF

NPEFM
 UIFSF XBT B CJBT GPS QBTTJOH XIJDI DPJODJEFT XJUI MFBHVF�XJEF CFMJFGT
 BOE UIFSF XFSF

TJHOJ୮ୢDBOU EJ୭GFSFODFT JO NBUDIJOH TMPQFT 	XJUI 4VDDFTT 3BUF JNQMZJOH a DMPTFS UP �
� 5IJT

VMUJNBUFMZ TVHHFTUT UIBU UIFSF JT NFSJU JO QBJSJOH BEWBODFE BOBMZUJDBM UPPMT XJUI TUSBUFHJD

EFDJTJPO�NBLJOH NFUIPET UP PQUJNJ[F BOBMZTJT� 12

3঎঒গএঘছঌ঎খ঎গঝ -঎ঊছগ঒গঐ

5IFSF JT B EFBSUI PG SFJOGPSDFNFOU MFBSOJOH MJUFSBUVSF BQQMJFE UP B GPPUCBMM DPOUFYU HJWFO UIF

EJ୭୮ୢDVMUZ PG VTJOH FNQJSJDBM EBUB 	SBUIFS UIBO TJNVMBUJPO
 UP USBJO BO BHFOU� *O BEEJUJPO
 UP

GVMMZ DBQUVSF UIF HBNFؠT OVBODFT B MBSHF TUBUF TQBDF JT SFRVJSFE 	XIJDI MFBET UP TJHOJ୮ୢDBOU

��




أPWFS�୮ୢUUJOHآ BMPOH XJUI BO BEWFSTBSJBM TFUVQ UIBU DBOOPU CF BT FBTJMZ NPEFMFE BT JO UXP�

QMBZFS HBNFT�

5IF NBJO BDBEFNJD QBQFS SFMBUFE UP UIF VTF PG SFJOGPSDFNFOU MFBSOJOH JO GPPUCBMM IPQFE

UP DIBMMFOHF UIF NBJO QSPCMFN JEFOUJ୮ୢFE BCPWF� UIF IJHI EJNFOTJPOBMJUZ PG UIF TUBUF TQBDF

SFRVJSFE UP QSPQFSMZ PQUJNJ[F B QPMJDZ XJUI MJNJUFE CJBT� .PMJOFBVY
 FU� BM GSPN UIF /BWBM

3FTFBSDI -BCSBUPSZ FYQMPSFE UIF VTF PG QMBO SFDPHOJUJPO 	JEFOUJGZJOH PQQPTJOH TUSBUFHZ


UP CPMTUFS DBTF�CBTFE SFJOGPSDFNFOU MFBSOJOH UFDIOJRVFT JO GPPUCBMM EFDJTJPO�NBLJOH� $BTF�

CBTFE SFJOGPSDFNFOU MFBSOJOH JT B IFVSJTUJD UIBU SFMJFT IFBWJMZ PO EPNBJO�TQFDJ୮ୢD LOPXM�

FEHF UP EFSJWF B QPMJDZ GPS B TQFDJ୮ୢD TUBUF s CBTFE PO LOPXMFEHF HBJOFE BCPVU TJNJMBS TUBUFT

s′, s′′, · · · ∈ S� 5IJT QBQFS VTFE B QIZTJDT�ESJWFO TJNVMBUJPO PG B UPZ GPPUCBMM HBNF BT JUT

FOWJSPONFOU
 BOE IPQFE UP PQUJNJ[F UIF EFDJTJPO PG B RVBSUFSCBDL EVSJOH UIF QMBZ� *U VTFE

DMVTUFSJOH UFDIOJRVFT UP FTUJNBUF EFGFOTJWF TUSBUFHJFT CBTFE PO QPTU�TOBQ QMBZFS NPWFNFOU

BOE UIJT IBE B TJHOJ୮ୢDBOU QPTJUJWF F୭GFDU PO P୭GFOTJWF PVUDPNFT� )PXFWFS
 UIFSF JT MJUUMF BDB�

EFNJD XPSL JO UIJT BSFB TQFDJ୮ୢD UP QSF�TOBQ QMBZ DBMMJOH� 13

.JDIBFM "MDPSO
 B QSPGFTTJPOBM NBDIJOF MFBSOJOH FOHJOFFS GPS 3FE )BU
 QVCMJTIFE B QJFDF

POMJOF UIBU IFMQFE QSPWJEF TPNF PG UIF DPOUFYU GPS UIJT UIFTJTؠ BQQSPBDI UP TFUUJOH VQ B QMBZ

DBMMJOH FOWJSPONFOU� *O IJT QPTU PBDIJOH$آ 'PPUCBMM XJUI "*
أ "MDPSO DSFBUFT B MBSHF TUBUF

TQBDF 	XIJDI JODMVEFT QMBZFST UIFNTFMWFT
 BOE VTFT FNQJSJDBM QMBZT GSPN UIF QSFWJPVT TFB�

TPO UP USBJO UIFQ�UBCMF� 5IJT JT B TJNJMBS BQQSPBDI UP XIBU * EFTDSJCF CFMPX
 CVU XJUI B

��



MBSHFS TUBUF TQBDF� )F UIFO QSPQPTFE UBLJOH UIF EFGFOTJWF BQQSPBDI JOUP BDDPVOU CZ FTUJ�

NBUJOH ZBSEBHF HBJOFE GPS DFSUBJO UZQFT PG QMBZT BHBJOTU DFSUBJO EFGFOTFT XJUI B GPSNBUJPO�

BOE UFBN�TQFDJ୮ୢD SFHSFTTJPO NPEFM� )F EPFT OPU
 IPXFWFS
 QSPWJEF TUBUJTUJDBM PS JOUVJUJWF

KVTUJ୮ୢDBUJPO GPS UIJT FYUFOTJPO PG IJT SFJOGPSDFNFOU MFBSOJOH NPEFM�

��



If we all listened to the professor, we may be all looking

for professor jobs.

$PBDI #JMM $PXIFS 	����


2
.FUIPET

��� .ঊছঔঘট %঎ঌ঒জ঒ঘগ 1ছঘঌ঎জজ঎জ

3FJOGPSDFNFOU MFBSOJOH FODPNQBTTFT HPBM�PSJFOUFE BMHPSJUINT UIBU MFBSO PQUJNBM QPMJDJFT

PWFS NBOZ JUFSBUJPOT JO PSEFS UP NBYJNJ[F SFXBSET BUUBJOFE� 5IFTF BMHPSJUINT SFMZ PO UIF

BCJMJUZ UP NBLF EFDJTJPOT BCPVU BDUJPOT UP UBLF JO DFSUBJO TJUVBUJPOT� 5IF CBTJT GPS UIFTF

UZQFT PG EFDJTJPO�NBLJOH QSPCMFNT JT B .BSLPW %FDJTJPO 1SPDFTT 	.%1
� " .BSLPW QSP�

��



DFTT JT B SBOEPNJ[FE QSPDFTT JO XIJDI UIF GVUVSF JT JOEFQFOEFOU PG UIF QBTU
 DPOEJUJPOBM PO

UIF QSFTFOU� .BUIFNBUJDBMMZ
 UIJT JNQMJFT UIBU B TUBUF St JT .BSLPW JG BOE POMZ JG�

P (st+1|st) = P (st+1|s1, . . . , st)

5IJT JT BO JNQPSUBOU TJNQMJ୮ୢDBUJPO UIBU JT PG୴FO BQQSPYJNBUFMZ USVF 	PS BU MFBTU FYQFSJ�

NFOUBMMZ DMPTF PWFS NBOZ JUFSBUJPOT
 BOE BMMPXT GPS JNQPSUBOU NBUIFNBUJDBM QSPQFSUJFT UP

FNFSHF�

" .%1 JT UIF GPSNBM EFTDSJQUJPO PG B GVMMZ PCTFSWBCMF FOWJSPONFOU GPS SFJOGPSDFNFOU MFBSO�

JOH� *O BO .%1
 XF IBWF UIF GPMMPXJOH DPNQPOFOUT� TUBUFT s ∈ S
 BDUJPOT a ∈ A
 B QPMJDZ

π(s)
 B SFXBSE GVODUJPO r(s, a)
 BOE B WBMVF GVODUJPO V (s)� 14 )FSFؠT XIBU UIFZ NFBO�

ا " TUBUF s JT JOGPSNBUJPO BCPVU UIF DVSSFOU FOWJSPONFOU 	F�H� UIF HBNF TJUVBUJPO
JO GPPUCBMM
 MJLF EPXO
 EJTUBODF
 FUD
� 5IF TFU S JT UIF TFU PG QPTTJCMF TUBUFT JO UIF
أXPSMEآ UIBU UIF NPEFM JT JNJUBUJOH�

ا "O BDUJPO a JT B EFDJTJPO ZPV DBO NBLF HJWFO B DFSUBJO TUBUF 	F�H� SVO PS QBTT
� A JT UIF
TFU PG BMM QPTTJCMF EFDJTJPOT UIBU DBO CF UBLFO JO B HJWFO TUBUF�

ا " SFXBSE GVODUJPO r : s × a → R JT UIF JNNFEJBUF SFXBSE GSPN UBLJOH B DFSUBJO
BDUJPO JO B DFSUBJO TUBUF 	F�H� HBJOJOH TJY ZBSET PS TDPSJOH B UPVDIEPXO
� rؠT SFQSFTFO�
UBUJPO JT RVJUF TVCKFDUJWF BOE SFRVJSFT EPNBJO FYQFSUJTF
 BOE DPVME CF EFUFSNJOJTUJD
PS SBOEPN�

ا " QPMJDZ π : s → a JT B EFTDSJQUJPO PG UIF BDUJPO ZPV XPVME UBLF GPS BMM TUBUFT s ∈ S

	F�H� SVO PO �TU EPXO
 QBTT PO �OE��SE EPXO
� 5IF PQUJNBM QPMJDZ π∗ JT UIF TPMVUJPO
UP B SFJOGPSDFNFOU MFBSOJOH QSPCMFN�

��



ا " WBMVF GVODUJPO V : s → R JT UIF ؠMPOH�UFSN؟ 	JO TPNF DBTFT
 PWFS BO JO୮ୢOJUF UJNF
IPSJ[PO
 WBMVF PG B QBSUJDVMBS TUBUF� 5IJT JT XIBU NPTU SFJOGPSDJOH BMHPSJUINT MPPL UP
FTUJNBUF�

Figure 2.1: $ YLVXDOL]DWLRQ RI WKH LWHUDWLYH QDWXUH RI0'3V�

5P MFBSO UIF PQUJNBM QPMJDZ
 BOE UIVT SFBDI UIF HPBM PG SFJOGPSDFNFOU MFBSOJOH
 BMHPSJUINT

MPPL UP FTUJNBUF UIF WBMVF GVODUJPO� 5IJT DBO CF TFFO BT UIF FYQFDUFE WBMVF PG GPMMPXJOH

QPMJDZ π GSPN UIF QPTJUJPO PG CFJOH JO TUBUF s� )FSF
 XF IBWFRt =
∑∞

k=0 γ
kRt+k+1 BT UIF

EJTDPVOUFE TVN PG QSFTFOU BOE GVUVSF SFXBSET 	HJWFO EJTDPVOU GBDUPS γ
 XIJDI JT DMPTF UP �

XIFO XF BSF PSJFOUFE UPXBSET UIF TIPSU UFSN BOE DMPTF UP � XIFO XF WBMVF GVUVSF SFXBSET

TJHOJ୮ୢDBOUMZ
�

Vπ(s) = Eπ

[
Rt|s

]

5IF #FMMNBO FRVBUJPOT GBNPVTMZ EFSJWFE B NPSF JOUVJUJWF FYQSFTTJPO GPS UIF WBMVF GVODUJPO

XIJDI MFUT VT FYQSFTT UIF WBMVF PG B QBSUJDVMBS TUBUF JO UFSNT PG PUIFS TUBUFT FYQMJDJUMZ 	XIFSF

��



γ JT UIF EJTDPVOU GBDUPS BOE p JT UIF USBOTJUJPO QSPCBCJMJUZ
�

V π(s) =
∑∑∑

a

π(s, a)
∑∑∑

s′

p(s′|s, a)[r(s′|s, a) + γV π(s′)]

��� Q�-঎ঊছগ঒গঐ

#FDBVTF XF BSF XPSLJOH XJUI PCTFSWBUJPOBM GPPUCBMM EBUB
 BOE EP OPU IBWF UIF BCJMJUZ UP

UFTU DPVOUFSGBDUVBMT PS TJNVMBUF QMBZT
 XF VTF B NFUIPE PG SFJOGPSDFNFOU MFBSOJOH DBMMFEQ�

MFBSOJOH� *U JT DPOTJEFSFE off-policy
 CFDBVTF XF FTUJNBUF GVUVSF SFXBSET CZ NBYJNJ[JOH PWFS

QPTTJCMF PQUJPOT SBUIFS UIBO VTJOH UIF HJWFO QPMJDZ UIBU JT CFJOH GPMMPXFE� 8F VTF P୭G�QPMJDZ

MFBSOJOH JO UIJT DPOUFYU CFDBVTF
 JO GBDU
 XF EP OPU LOPX UIF QPMJDZ UIBU XBT CFJOH VTFE UP

DSFBUF UIF EBUB 	POMZ UIF DPBDIFT UIFNTFMWFT EP
� 5IFSFGPSF
 XF DBOOPU BTTVNF B QBSUJDVMBS

QPMJDZ XIFO FTUJNBUJOH GVUVSF SFXBSET PS UIF WBMVF PG QBSUJDVMBS TUBUFT�

5IF BDUVBM JNQMFNFOUBUJPO PG BQ�MFBSOJOH BMHPSJUIN SFRVJSFT BQ�UBCMF
 B UBCMF PG WBMVFT

GPS FBDI TUBUF�BDUJPO QBJS (s, a)XIJDI BQQSPYJNBUFT UIF WBMVF GVODUJPO V � "T 'JHVSF ���

TIPXT
Q�MFBSOJOH BMHPSJUIN UIFO SFRVJSFT ZPV UP JOJUJBMJ[F WBMVFT JO ZPVSQ�UBCMF 	USBEJ�

UJPOBMMZ
 UP �
 BOE UIFO UP SFQFBUFEMZ DIPPTF BO BDUJPO
 FWBMVBUF UIF BDUJPO
 NFBTVSF UIF

SFXBSE
 BOE VQEBUF ZPVSQ�UBCMF� 8F VTF UIF #FMMNBO FRVBUJPOT GPS UIF VQEBUF TUFQ�

Q(s, a) = Q(s, a) + α
(
r + γ ·maxa′Q(s′, a′)−Q(s, a)

)

��



Figure 2.2: $ YLVXDO UHSUHVHQWDWLRQ RI WKHQ�OHDUQLQJ SURFHVV�

XIFSF α JT UIF MFBSOJOH SBUF 	IFMQT EFUFSNJOF SBUF PG DPOWFSHF
 BOE γ JT UIF EJTDPVOU SBUF�

5P BDUVBMMZ ୮ୢMM JO PVSQ�UBCMF
 TJODF FWFSZUIJOH JT PSJHJOBMMZ �
 XF VTF BO ϵ�HSFFEZ TUSBUFHZ


XIFSF XF DIPPTF UIF PQUJNBM BDUJPO a = π∗(s)XJUI QSPCBCJMJUZ 1 − ϵ BOE B SBOEPN

BDUJPO a PUIFSXJTF� 8F XJMM IBWF ϵ EFDSFBTF PWFS UJNF UP FODPVSBHF NPSF FYQMPJUBUJPO BOE

MFTT FYQMPSBUJPO�

5IFSF JT B XFMM�LOPXO UIFPSFUJDBM SFTVMU UIBU JG FBDI BDUJPO a ∈ A JT FYFDVUFE JO FBDI TUBUF

s ∈ S JO୮ୢOJUF UJNFT XJUI BO BQQSPQSJBUFMZ TISJOLJOH MFBSOJOH SBUF α
QXJMM DPOWFSHF UP

Q∗ TVDI UIBU UIF USVF WBMVF GVODUJPO V ∗(s) = NBYa Q∗(s, a)� .PSF TQFDJ୮ୢDBMMZ
 ZPV NVTU

IBWF
∑

t αt = ∞ CVU
∑

t αt
2 JT ୮ୢOJUF� (FOFSBMMZ
 UIF FYQFSJNFOUBM DPOWFSHFODF EFQFOET

PO B DPNCJOBUJPO PG UIF MFBSOJOH SBUF BOE UIF EJTDPVOU SBUF γ 	GPS FYBNQMF
 B QPMZOPNJBM

��



MFBSOJOH SBUF NFBOT UIF DPOWFSHFODF SBUF XJMM CF QPMZOPNJBM JT 1
1−γ 
�

15

��� *খঙক঎খ঎গঝঊঝ঒ঘগ

����� #ঊজ঎ক঒গ঎ .ঘ঍঎ক

'PS UIF SFNBJOEFS PG UIJT QBQFS
 �*� ' ɆXJMM SFGFS UP UIF CBTFMJOF NPEFM EFTDSJCFE CF�

MPX� 5IF FOWJSPONFOU DBO CF JOUVJUJWFMZ EFTDSJCFE BT UIF TJNVMBUJPO PG NBOZ P୭GFOTJWF

ESJWFT� 5IJT BQQSPBDI EPFT OPU BDLOPXMFEHF TQFDJ୮ୢD UFBNT PS TQFDJ୮ୢD HBNFT JO UIF TFOTF

PG RVBSUFST BOE UJNF
 BOE JU UIFSFGPSF BQQMJFT UP B HFOFSJD /'- P୭GFOTF PO B QMBZ�CZ�QMBZ


ESJWF�CZ�ESJWF CBTJT� &BDI أJUFSBUJPOآ PG UIF BMHPSJUIN NBQT UP B OFX ESJWF
 BOE UIF BHFOU

	QMBZ�DBMMFS
 XJMM SFDFJWF B SFXBSE CBTFE PO UIF SFTVMU PG UIF ESJWF SBUIFS UIBO FBDI QMBZ JOEJ�

WJEVBMMZ� 5IF BHFOU XJMM PQUJNJ[F EFDJTJPOT CBTFE PO UIF BQQSPYJNBUJPO PG BQ�UBCMF UIBU

JT VQEBUFE XJUI FBDI QMBZ CVU POMZ SFDFJWFT B QSFTFOU SFXBSE BU UIF FOE PG UIF ESJWF� 5IFSF�

GPSF
 UIF USBJOJOH PG UIF TUBUF TQBDF XJMM PDDVS GSPN B TPSU PG أCBDL�QSPQBHBUJPOآ GSPN UIF

BHFOU EFTJSJOH UP HFU UP DFSUBJO WBMVBCMF NFNCFST PG UIF TUBUF TQBDF�

*O .PEFM �
 UIF .%1�Q�MFBSOJOH QSPCMFN DBO CF EFTDSJCFE XJUI UIF GPMMPXJOH QBSBNFUFSJ�

[BUJPO 	JO SFMBUJPO UP GPPUCBMM
�

ا S : EPXO× EJTUBODF UP HP× ୮ୢFME QPTJUJPO� 8F IBWF UIBU |S| = 90 CFDBVTF XF POMZ
DPOTJEFS UISFF EPXOT
 UISFF MFWFMT PG EJTUBODF UP HP 	≤ 3 ZBSET
 ��� ZBSET
≥ 7 ZBSET


BOE UFO MFWFMT PG ୮ୢFME QPTJUJPO 	FWFSZ �� ZBSET GSPN � ZBSET UP HP
 UIF EFGFOTFؠT HPBM
MJOF
 UP ��� ZBSET UP HP
 UIF P୭GFOTFؠT HPBM MJOF
� 5IFSFGPSF B TUBUF s JT NBEF VQ PG B
EPXO
 EJTUBODF MFWFM
 BOE ୮ୢFME QPTJUJPO MFWFM�

��



ا A = {3VO
1BTT}� 7FSZ TJNQMZ
 XF MJNJU a UP CF FJUIFS SVO PS QBTT�

ا r : s × a → R JT TUPDIBTUJD BOE EFQFOET PO UIF FNQJSJDBM SFTVMUT GSPN UIF ����
TFBTPO� *O UIJT NPEFM
 SFXBSET BSF BT GPMMPXT GPS DFSUBJO SFTVMUT 	BMM PUIFST IBWF r =

0
�

؛ 5PVDIEPXO� �

؛ *OUFSDFQUJPO� ��

؛ 'VNCMF� ��

؛ .BEF 'JFME (PBM� �

؛ .JTTFE 'JFME (PBM� ��

؛ 'JSTU %PXO "DIJFWFE� ���

ا π : s → a JT CBTFE PO UIF 2�UBCMF EFTDSJCFE BCPWF� 5IF FYBDU QPMJDZ GPMMPXFE JO UIJT
BMHPSJUIN XJMM CF EFTDSJCFE CFMPX
 CVU JOWPMWFT B DPNCJOBUJPO PG FYQMPSBUJPO BOE
FYQMPJUBUJPO�

ا ϵ
 UIF FYQMPSBUJPO IZQFSQBSBNFUFS
 CFHJOT XJUI B WBMVF PG �� BOE EFDBZT FYQPOFOUJBMMZ
PWFS UJNF 	NPSF CFMPX
�

ا γ
 UIF EJTDPVOUJOH IZQFSQBSBNFUFS
 JT �����

ا α
 UIF MFBSOJOH SBUF
 JT 1√
counts XIFSF �*0)/. SFGFST UP UIF OVNCFS PG PCTFSWBUJPOT

UIBU IBWF CFFO TFFO JO UIBU TUBUF�BDUJPO QBJS (s, a)
 JODMVTJWF�

5IF TUBUF TQBDF JT DIPTFO CBTFE PO QSFWJPVT MJUFSBUVSF 	OPU KVTU SFJOGPSDFNFOU MFBSOJOH


BOE CBTFE PO LOPXMFEHF PG UIF TUBUF TQBDF� *O NZ DPOWFSTBUJPOT XJUI NFNCFST PG UIF

P୭GFOTJWF TUB୭G BOE BOBMZUJDT UFBN XJUI UIF &BHMFT
 BMPOH XJUI PUIFS QFPQMF XIP SFTFBSDI

GPPUCBMM
 UFBNT HFOFSBMMZ TFF ୮ୢFME QPTJUJPO JO UFO�ZBSE JODSFNFOUT 	PDDBTJPOBMMZ ��
 BOE

��



EPXO�EJTUBODF CBTFE PO EPXO OVNCFS× MPOH�NFEJVN�TIPSU� 5IF FYBDU ZBSET XFSF DIP�

TFO CBTFE PO NZ LOPXMFEHF PG GPPUCBMM BOE XIBU DPOTUJUVUFT UIPTF GBDUPS MFWFMT� "EEJUJPOBM

GBDUPST DBO BOE XJMM CF DPOTJEFSFE
 CVU UIF TUBUF TQBDF JT MJNJUFE UP TJ[F �� UP FOTVSF TV୭୮ୢ�

DJFOU EFOTJUZ JO FBDI FMFNFOU GPS UIF CBTFMJOF NPEFM� 5IF BDUJPO TQBDF JT TJNJMBSMZ MJNJUFE UP

SVO�QBTT JO PSEFS UP CVJME P୭G PG QSFWJPVT TUVEZ PG UIJT BSFB BOE UP SFEVDF EJNFOTJPOBMJUZ

PG UIF TUBUF TQBDF� 'JOBMMZ
 UIF SFXBSE GVODUJPO XBT DSFBUFE UP NPEFM UIF EJTDSFUF OBUVSF PG

GPPUCBMM TDPSJOH 	GPS UPVDIEPXOT BOE ୮ୢFME HPBMT
� 'PS PUIFS QMBZT
 JU XBT CBTFE PO FYQFDUFE

QPJOUT�FYQFDUFE QPJOUT BEEFE BOBMZTJT PG UVSOPWFST BOE ୮ୢSTU EPXOT�

5IF FOWJSPONFOU 	PS TFUVQ
 PG UIF QSPCMFN JT BT GPMMPXT� 'PS ���� JUFSBUJPOT 	FBDI SFQSF�

TFOUJOH B VOJRVF ESJWF

 XF QFSGPSN UIF GPMMPXJOH TUFQT BU UIF TUBSU PG FBDI ESJWF�

ا $IPPTF UIF TUBSUJOH ୮ୢFME QPTJUJPO 	ZBSET GSPN UIF FOE [POF
 CZ SBOEPNMZ TBNQMJOH
GSPN B TDBMFE β EJTUSJCVUJPO
 TQFDJ୮ୢDBMMZ !$ '�ʒ+*.$/$*)∼ 100 · #FUB(7, 3)� 5IF
TUBSUJOH ୮ୢFME QPTJUJPO XJMM BWFSBHF BSPVOE �� ZBSET BXBZ XJUI B MFG୴ TLFX 	UP BDDPVOU
GPS TIPSU QVOUT
 UVSOPWFST
 BOE MPOHFS LJDL�P୭G SFUVSOT
� 'JHVSF ��� TIPXT B DPNQBSJ�
TPO PG UIJT TBNQMJOH EJTUSJCVUJPO XJUI FNQJSJDBM EBUB�

ا 4FU UIF TUBSUJOH EPXO BOE EJTUBODF UP �TU BOE ���

0ODF UIF ESJWF IBT CFFO JOJUJBMJ[FE BT TVDI
 XF QFSGPSNJOH UIF GPMMPXJOH TUFQT VOUJM UIF

ESJWF FOET 	UISPVHI B UPVDIEPXO
 ୮ୢFME HPBM
 UVSOPWFS
 PS QVOU
�

�� 1JDL SVO PS QBTT 	BO BDUJPO a ∈ A
 VTJOH UIF ϵ�HSFFEZ NFUIPE
 XIJDI QSFTDSJCFT B
SBOEPN BDUJPO XJUI QSPCBCJMJUZ p = ϵ

epoch BOE XJUI QSPCBCJMJUZ 1− p ZPV DIPPTF UIF
BDUJPO UIBU NBYJNJ[FT UIF WBMVF PG UIFQ�UBCMF GPS UIF HJWFO TUBUF s�

��



Figure 2.3: 9LVXDO FRPSDULVRQ RI HPSLULFDO VWDUWLQJ ILHOG SRVLWLRQV IURP ����1)/ VHDVRQZLWK WKH VFDOHG 100 · β(7, 3)
GLVWULEXWLRQ , VDPSOHG IURP LQ WKH UHLQIRUFHPHQW OHDUQLQJ HQYLURQPHQW�

�� 0ODF BO BDUJPO JT DIPTFO
 XF IBWF B TUBUF�BDUJPO QBJS (s, a)� 8F TBNQMF B QMBZ GSPN
PVS EBUB UIBU GPMMPXT UIF QSFTDSJCFE BDUJPO a BOE FYJTUT JO UIF TUBUF s� *G UIF BDUJPO IBT
OFWFS CFFO UBLFO JO UIBU TUBUF
 XF DIPPTF UIF PUIFS BDUJPO� JG UIF TUBUF IBT OFWFS CFFO
FYQMPSFE JO SFBM MJGF
 XF FOE UIF ESJWF XJUI OP F୭GFDU PO UIF USBJOFE NPEFM�

�� 5IF SFTVMU PG UIF QMBZ JT UIFO BTTFTTFE BOE PVSQ�UBCMF BOE FOWJSPONFOU BSF VQEBUFE
BDDPSEJOHMZ�

ا *G B ESJWF�FOEJOH QMBZ PDDVST
 UIFO XF TFU B WBSJBCMF ) 2ʒ�-$1 = �-0 BOE
BTTJHO UIF DPSSFDU WBMVF UP UIF WBSJBCMF - 2�-�
 XIJDI SFQSFTFOUT UIF PVUQVU
PG UIF SFXBSE GVODUJPO r� 5IJT JOGPSNBUJPO JT UIFO VTFE UP VQEBUF UIF WBMVF
Q(s, a) BOE UIFO XF NPWF UP B OFX FQPDI�ESJWF� If it wॷ a failed third down

UIFO XF DIFDL UP TFF JG UIF TBNQMFE QMBZ XBT GPMMPXFE CZ B ୮ୢFME HPBM BUUFNQU PS
OPU BOE BTTJHO B SFXBSE CBTFE PO UIF SFTVMU�

ا *G JU JT OPU B ESJWF�FOEJOH QMBZ
 UIFO UIF ZBSEBHF HBJOFE PS MPTU JT UBLFO JOUP BD�
DPVOU BOE UIF EPXO JT JODSFNFOUFE CZ POF� 5IVT UIF OFX TUBUF s′ IBT �2)ɯ=

��



�2)+1 BOE 4�./*"*ɯ= 4�./*"*− 4�.ʒ"�$) �� 5IJT JT
 PG DPVSTF
 VOMFTT
B ୮ୢSTU EPXO JT BDIJFWFE JO XIJDI DBTF UIF ୮ୢFME QPTJUJPO JT SF�TFU UP UIF QSFWJPVT
ZBSET UP HP NJOVT UIF ZBSET HBJOFE BOE UIF EPXO�EJTUBODF BSF SF�TFU UP �TU BOE
���

����� .ঘ঍঎কজ ঘএ )঒ঐ঑঎ছ $ঘখঙক঎ড঒ঝঢ

'JSTU XF DPOTJEFS B NPEFM UIBU UBLFT JOUP BDDPVOU UJNF BOE TDPSF 	�*� ' ɇ
� "T XJMM CF

TIPXO JO TFDUJPO ���
 B DBUFHPSJDBM WBSJBCMF DPOTJEFSJOH EJ୭GFSFOU UJNFT JO UIF HBNF
 TPNF�

UJNFT DPOEJUJPOJOH PO IPX UIF P୭GFOTJWF UFBN JT GBSJOH JO UIBU HBNF
 DBO CF BO JNQPSUBOU

GBDUPS JO EFUFSNJOJOH QMBZ�DBMMJOH� 'PS UIF QVSQPTF PG UIJT NPEFM
 XF XJMM DPOTJEFS BO BEEJ�

UJPOBM EJNFOTJPO PG PVS TUBUF TQBDF
 /$( .�*- 
 XIJDI IBT ୮ୢWF MFWFMT BOE UIVT JODSFBTFT UIF

TJ[F PG PVS TUBUF TQBDF UP 90 · 5 = 450� 5IF MFWFMT BSF�

ا �أ4UFBEZ�TUBUFآ ୮ୢSTU RVBSUFS
 TFDPOE RVBSUFS 	୮ୢSTU �� NJOVUFT

 UIJSE RVBSUFS�

ا JSTU'آ IBMG GPVS�NJOVUF ESJMMأ� -BTU GPVS NJOVUFT PG UIF TFDPOE RVBSUFS�

ا 0୭GFOTF MPTJOH JO UIF GPVSUI RVBSUFS�

ا (BNF UJFE JO UIF GPVSUI RVBSUFS�

ا 0୭GFOTF XJOOJOH JO UIF GPVSUI RVBSUFS�

5IF NPEFM FOWJSPONFOU JUTFMG JT WFSZ TJNJMBS UP UIBU PG �*� ' Ɇ� 5IF LFZ EJ୭GFSFODF JT UIBU

UXP OFX WBSJBCMFT BSF TBNQMFE BU UIF CFHJOOJOH PG FBDI ESJWF UP BDDPVOU GPS UIF OFX TUBUF

��



EJNFOTJPO� ୮ୢSTU
 /$( . �. JT TBNQMFE GSPN B EJTDSFUF VOJGPSN 	�
����
� 5IJT JT UIF OVN�

CFS PG TFDPOET MFG୴ JO UIF HBNF� 5IFO
 .�*- �$!! JT TBNQMFE GSPN B EJTDSFUF VOJGPSN 	�
�


XIFSF � JT P୭GFOTF MPTJOH
 � JT UJFE
 � JT P୭GFOTF XJOOJOH� "T UIF ESJWF QSPHSFTTFT
 FWFSZUIJOH

QSPDFFET UIF TBNF BT �*� ' Ɇ FYDFQU GPS UXP BEEJUJPOBM DPOTJEFSBUJPOT

ا *G UIF QMBZ FMBQTFT MPOHFS UIBO XBT SFNBJOJOH JO UIF أIBMૄآ 	/$( . �.NPEVMP ����


UIFO ESJWF FOET�

ا "G୴FS FBDI QMBZ
 /$( . �. JT SFEVDFE CZ UIF UJNF FMBQTFE CZ UIF QMBZ�

/PX XF DPOTJEFS B NPEFM UIBU UBLFT JOUP BDDPVOU XIFUIFS UIF MBTU QMBZ XBT B SVO PS B QBTT

	�*� ' Ɉ
� "T XJMM CF TIPXO JO TFDUJPO ���
 XIFUIFS UIF MBTU QMBZ XBT B SVO PS OPU DBO CF BO

JNQPSUBOU GBDUPS JO QSFEJDUJOH QMBZ�DBMMJOH� 'PS UIF QVSQPTF PG UIJT NPEFM
 XF XJMM DPOTJEFS

BO BEEJUJPOBM EJNFOTJPO PG PVS TUBUF TQBDF 	DPNQBSFE UP UIF CBTFMJOF NPEFM

 '�./+'�4


XIJDI IBT UISFF MFWFMT BOE UIVT JODSFBTFT UIF TJ[F PG PVS TUBUF TQBDF UP 90 · 3 = 270� 5IF

MFWFMT BSF�

ا �� MBTU QMBZ XBT B SVO

ا �� MBTU QMBZ XBT B QBTT

ا �� MBTU QMBZ XBT /0/& 	୮ୢSTU QMBZ PG ESJWF


5IF NPEFM FOWJSPONFOU JT BMNPTU FOUJSFMZ JEFOUJDBM UP UIBU PG �*� ' Ɇ� 5IF POMZ EJ୭GFS�

FODF JT UIBU XF LFFQ USBDL PG UIF MBTU QMBZ BOE VTF UIBU UP EFUFSNJOF UIF OFX QMBZ�DBMM�

��



It’s one thing to have the da-ta or day-ta. It ॹ another

thing to know how to read the damn thing... I still think

doing things the old fashioned way ॹ a good way.

+PO (SVEFO
 3BJEFST IFBE DPBDI

3
%BUB "OBMZTJT

��� %ঊঝঊ 4঎ঝজ

5XP EBUB TFUT XFSF VTFE JO UIJT UIFTJT� 5IF EFGBVMU EBUB TFU UIBU XBT VTFE JO BMM PG UIF BOBMZ�

TJT
 VOMFTT FYQMJDJUMZ TUBUFE PUIFSXJTF
 JT QMBZ�CZ�QMBZ EBUB DPMMFDUFE BOE QVCMJTIFE PO ,BHHMF

CZ SFTFBSDIFST BU $BSOFHJF .FMMPO� 16 5IJT EBUB TFU JODMVEFT JNQPSUBOU QMBZ JOGPSNBUJPO
 JO�

DMVEJOH TJUVBUJPO BOE PVUDPNF DPMVNOT
 BMPOH XJUI QSPQSJFUBSZ BEWBODFE BOBMZUJDT GPS FBDI

��



QMBZ 	JODMVEJOH FYQFDUFE QPJOUT
 XJO QSPCBCJMJUZ
 FUD
� 5IF GVMM EBUB TFU JODMVEFT ����� SPXT

BOE ��� DPMVNOT�

$PMVNO /BNF %FTDSJQUJPO 7BMVF
%SJWF � ESJWF PG UIF HBNF JOUFHFS
RUS RVBSUFS JO XIJDI QMBZ UPPL QMBDF ^ޔ
ޓ
ޒ
ޑ
ސ\

EPXO ޔޖޏ� ^ޓ
ޒ
ޑ
ސ\
UJNF UJNF MFG୴ JO RVBSUFS TUSJOH 	FY� 
أޑޒ�ޑސآ

5JNF4FDT TFDPOET MFG୴ JO HBNF JOUFHFS 
ޏޏޕޒ�ޏ	
1MBZ5JNF%J୭G TFDPOET UIBU QMBZ UPPL UP PDDVS JOUFHFS
ZSEMJOFޏޏސ ୮ୢFME QPTJUJPO 	ZBSET UP FOE [POF
 JOUFHFS 
ޏޏސ�ޏ	
ZETUPHP ZBSET OFFEFE GPS B ୮ୢSTU EPXO JOUFHFS

(PBM5P(P XIFUIFS UIF UFBN JT JO HPBM�UP�HP UFSSJUPSZ ^ސ
ޏ\
QPTUFBN P୭GFOTJWF UFBN DPEF TUSJOH 	FY� 
أ&/آ

%FGFOTJWF5FBN EFGFOTJWF UFBN DPEF TUSJOH 	FY� 
أ*(1آ
4DPSF%J୭G P୭GFOTJWF UFBN TDPSF NJOVT EFGFOTJWF UFBN TDPSF JOUFHFS

)PNF5FBN IPNF UFBN DPEF TUSJOH 	FY� 
أ*3"آ

Table 3.1: &ROXPQ GHVFULSWLRQV UHODWHG WR WKH JDPH VLWXDWLRQ�

$PMVNO /BNF %FTDSJQUJPO 7BMVF
:BSET�(BJOFE OFU ZBSET HBJOFE CZ P୭GFOTF PO QMBZ JOUFHFS
5PVDIEPXO XIFUIFS UPVDIEPXO XBT TDPSFE PO QMBZ ^ސ
ޏ\
'JSTU%PXO XIFUIFS P୭GFOTF DPOWFSUFE ୮ୢSTU EPXO ^ސ
ޏ\
1MBZ5ZQF UZQF PG QMBZ CZ UFBN XJUI CBMM SVO�QBTT

1BTT0VUDPNF PVUDPNF PG B QBTT JG BUUFNQUFE JODPNQMFUF�DPNQMFUF
1BTT-FOHUI EFTDSJQUJPO PG QBTT EJTUBODF EFFQ�TIPSU
"JS:BSET EJTUBODF B QBTT USBWFMFE JO UIF BJS JOUFHFS

1BTT-PDBUJPO EJSFDUJPO PG QBTT MFG୴�SJHIU�NJEEMF
*OUFSDFQUJPO5ISPXO XIFUIFS JOUFSDFQUJPO UISPXO PO QMBZ ^ސ
ޏ\

3VO-PDBUJPO EJSFDUJPO PG SVO MFG୴�SJHIU�NJEEMF
'VNCMF-PTU XIFUIFS GVNCMF MPTU CZ P୭GFOTF PO QMBZ ^ސ
ޏ\

Table 3.2: &ROXPQ GHVFULSWLRQV UHODWHG WR WKH SOD\ RXWFRPH�

��



$PMVNO /BNF %FTDSJQUJPO 7BMVF
'JFME@(PBM@1SPC QSPCBCJMJUZ UIBU P୭GFOTF TDPSFT ୮ୢFME HPBM PO ESJWF ୯୳PBU� <ސ
ޏ>
5PVDIEPXO@1SPC QSPCBCJMJUZ UIBU P୭GFOTF TDPSFT UPVDIEPXO PO ESJWF ୯୳PBU� <ސ
ޏ>

&YQ1UT P୭GFOTFؠT FYQFDUFE QPJOUT PO ESJWF 	QSF�TOBQ
 ୯୳PBU
&1" DIBOHF JO FYQFDUFE QPJOUT EVF UP QMBZ ୯୳PBU

8JO@1SPC P୭GFOTFؠT XJO QSPCBCJMJUZ 	QSF�TOBQ
 ୯୳PBU� <ސ
ޏ>
81" DIBOHF JO P୭GFOTFؠT XJO QSPCBCJMJUZ EVF UP QMBZ ୯୳PBU� <ސ
ސ�>

Table 3.3: &ROXPQ GHVFULSWLRQV UHODWHG WR DGYDQFHG DQDO\WLFV�

5BCMFT ���
 ���
 ��� TIPX SFMFWBOU DPMVNOT
 QMBDFE JOUP UISFF EJ୭GFSFOU UBCMFT TFQBSBUFE CZ

UZQF PG GFBUVSF� 5IFTF UBCMFT JODMVEF UIF DPMVNO OBNF JO UIF EBUB
 B EFTDSJQUJPO PG UIF GFB�

UVSF
 BOE B EFTDSJQUJPO PG UIF WBMVFT JO UIF DPMVNO�

��� %ঊঝঊ $ক঎ঊগ঒গঐ 1ছঘঌ঎জজ

5IF EBUB DMFBOJOH QSPDFTT XBT FYUFOTJWF BOE GPDVTFE PO QSFQBSJOH UIF EBUB GPS UIF TQFDJ୮ୢD

SFJOGPSDFNFOU MFBSOJOH NFUIPEPMPHZ UIBU DPNQSJTFT UIF QSJNBSZ GPDVT PG UIJT QBQFS�

5IF GPMMPXJOH TUFQT XFSF UBLFO UP DMFBO UIF EBUB VQ GSPOU�

ا 'PS �'�4�4+ 
 WBMVFT PG أ4BDLآ XFSF DIBOHFE UP أ1BTTآ UP BDDPVOU GPS UIF GBDU UIBU
TBDLT PDDVS PO QBTT QMBZT�

ا $PMVNO � 3/�'�4�� DSFBUFE
 XIJDI FRVBMT � JG UIF OFYU QMBZ XBT B TVDDFTTGVM ୮ୢFME
HPBM
 � JG JU XBT BO VOTVDDFTTGVM ୮ୢFME HPBM
 BOE JT OVMM JG UIF OFYU QMBZ XBT OPU B ୮ୢFME
HPBM BUUFNQU� 5IJT JT UP CF VTFE JO UIF GPPUCBMM TJNVMBUJPO BTQFDU PG SFJOGPSDFNFOU
MFBSOJOH TP UIBU GBJMFE UIJSE EPXO BUUFNQUT DBO CF QPUFOUJBMMZ DPOWFSUFE JOUP ୮ୢFME
HPBM BUUFNQUT�

ا "OZ SPX XIFSF �'�4�4+ EPFT OPU FRVBM أ3VOآ PS أ1BTTآ JT SFNPWFE
 UIFO EBUB
MJNJUFE UP �TU��SE EPXOT� 5IJT NBUDIFT UIF TJNVMBUJPO�

��



ا /FBSMZ �� DPMVNOT XFSF SFNPWFE UIBU IBE OP SFMFWBODF UP UIF BOBMZTJT�

ا �0(�' 
 XIJDI JOEJDBUFE B GVNCMF PO UIF QMBZ
 XBT SFQMBDFE CZ �0(�' 
*./
 XIJDI
JT � UIF P୭GFOTJWF UFBN MPTU QPTTFTTJPO WJB B GVNCMF 	CZ DPNQBSJOH UIF SFDPWFSZ UFBN
UP UIF P୭GFOTJWF UFBN
 BOE � PUIFSXJTF�

ا 'PS UIF QVSQPTF PG UJNF BOBMZTJT
 POMZ QMBZT JO SFHVMBUJPO XFSF LFQU 	OPU PWFSUJNF


TP ,/-≤ 4�

ا �*0�#�*2)XBT BEKVTUFE TP UIBU POMZ P୭GFOTJWF UPVDIEPXOT XFSF DPOTJEFSFE 	CBTFE
PO QPTJUJWF WFSTVT OFHBUJWF &1"
�

5IFO UIF TUBUF TQBDF GPS SFJOGPSDFNFOU MFBSOJOH XBT DSFBUFE JO FBDI NPEFM BT QSFTDSJCFE JO

UIF NFUIPET TFDUJPO� 5IVT
 DBUFHPSJDBM WBSJBCMFT MJLF ����
�
����
�
��-' BOE �������-'

XFSF DSFBUFE GPS UIF QVSQPTF PG CVJMEJOH UIF EJTDSFUF TUBUF TQBDF PO XIJDI UIFQ�UBCMF XBT

CBTFE�

��� %ঊঝঊ 4ঞখখঊছঢ

*U JT JNQPSUBOU UP VOEFSTUBOE
 JO CSPBE UFSNT
 UIF TIBQF BOE NBLFVQ PG UIF EBUB UIBU JT

CFJOH VTFE� #FMPX
 5BCMF ��� HJWFT B TJNQMF PWFSWJFX PG UIF DMFBOFE EBUB TFU VTJOH TVNNBSZ

TUBUJTUJDT�

'JSTU
 JU JT XPSUI OPUJOH UIF GSFRVFODZ XJUI XIJDI DFSUBJO UZQFT PG QMBZT PDDVS BU UIF CPU�

UPN PG UIF UBCMF� GVNCMFT BOE JOUFSDFQUJPOT BSF FRVBMMZ QSFWBMFOU
 XIJMF UIF P୭GFOTF JT KVTU

BT MJLFMZ UP TDPSF B UPVDIEPXO PO B HJWFO QMBZ BT UIFZ BSF UP HJWF VQ B TBDL� 0OF BMTP TFFT

��



$PMVNO /BNF .FBO	µ
 .FEJBO 4UE%FW 	σ
 .JO .BY
n = 31326

EPXO ޖޖ�ސ ޑ ޗޖ� ޏ ޒ
5JNF4FDT ޔޕޖސ ޔސޗސ ޘޒޏސ ޏ ޏޏޕޒ

1MBZ5JNF%J୭G ޓސ�ޒޑ ޖޑ ޒޔ�ޕސ ޏ ސޘ
ZSEMJOFޏޏސ ޕޗ�ޑޔ ޖޔ ޔސ�ޓޑ ސ ޘޘ
ZETUPHP ޕޖ�ޗ ޏސ ޔޘ�ޒ ސ ޏޓ
4DPSF%J୭G ޒ�ސ� ޏ ޑ�ޏސ ޓޓ� ޓޓ

&1" ޗޑޏ�� ޖޒޑ�� ޘޒ�ސ ޓޗ�ޑސ� ސޔ�ޘ
81" ސޏޏ� ޒޏޏ�� ޑޓޏ� ޘޕ�� ޘޖ�

:BSET(BJOFE ޑޓ�ޔ ޒ ޑޗ�ޗ ޑޑ� ޖޘ
1SPQPSUJPO PG Tސ 	p


5PVDIEPXO ॎޘ�ޒ
(PBM5P(P ॎޓ�ޔ

*OUFSDFQUJPO5ISPXO ॎޒ�ސ
'VNCMF-PTU ॎޒ�ސ

4BDL ॎޗ�ޒ

Table 3.4: 6XPPDU\ VWDWLVWLFV RI NH\ TXDQWLWDWLYH DQG ELQDU\ YDULDEOHV�

UIBU
 PO BWFSBHF
 &YQFDUFE 1PJOUT "EEFE 	&1"
 GPS UIF P୭GFOTF JT OFHBUJWF؜CVU TMJHIUMZ

SJHIU�TLFXFE� 8JO QSPCBCJMJUZ BEEFE
 IPXFWFS
 JT WFSZ TMJHIUMZ QPTJUJWF PO BWFSBHF CVU MFG୴�

TLFXFE� 5IF ZBSET HBJOFE QFS QMBZ CZ BO P୭GFOTF JT ���� PO BWFSBHF BOE SJHIU�TLFXFE
 XIJDI

JT VOTVSQSJTJOH HJWFO UIF PQQPSUVOJUZ GPS CJH QPTJUJWF QMBZT�

(JWFO UIBU UIJT BOBMZTJT JT GPDVTFE PO QMBZ DBMMJOH JO DFSUBJO TJUVBUJPOT
 QBSUJDVMBSMZ SVO WFS�

TVT QBTT
 XF BMTP XBOU UP VOEFSTUBOE UIF FNQJSJDBM EBUB JO BO BUUFNQU UP HBJO JOUVJUJPO

BCPVU XIBU SFBM /'- DPBDIFT EP� #FMPX
 5BCMF ��� HJWFT B TJNQMF TVNNBSZ PG UIF MJLFMJIPPE

BOE TVDDFTT PG SVOOJOH BOE QBTTJOH JO EJ୭GFSFOU EPXO�EJTUBODF TDFOBSJPT� أ4آ JT TIPSU 	���

ZBSET

 أ.آ JT NFEJVN 	��� ZBSET

 أ-آ JT MPOH 	�� ZBSET
� أ%'آ JOEJDBUFT UIBU B ୮ୢSTU EPXO

��



XBT HBJOFE�

4UBUJTUJD TUސ OEޑ SEޒ
%JTUBODF 4 . - 4 . - 4 . -

n ޏޖޑ ޕޗޒ ޖސޒޒސ ޗޒޔސ ޕޑޑޒ ޖޒޗޔ ޗސޖސ ޓޒޑޑ ޏޏޗޑ
3VO ॎ ॎޖޕ ॎޘޔ ॎޑޔ ॎޒޕ ॎޕޓ ॎޔޒ ॎޓޓ ॎސސ ॎޑސ

3 "WH 	ZET
 ޗޔ�ޏ ޕޔ�ޑ ޑޒ�ޓ ޕޓ�ޒ ޒޑ�ޓ ޑޕ�ޓ ޕޏ�ޓ ޔޒ�ޕ ސސ�ޖ
1 "WH 	ZET
 ޘޘ�ޏ ޕޘ�ޒ ޒޘ�ޕ ސޖ�ޔ ޘޘ�ޔ ޒޒ�ޕ ޕ�ޔ ޘޑ�ޔ ޖޗ�ޔ
3 4% 	ZET
 ޔޖ�ސ ސޗ�ޑ ޕޒ�ޕ ޗޑ�ޔ ޘޖ�ޕ ޔޕ�ޕ ޓޒ�ޖ ޔޏ�ޘ ޑޒ�ޖ
1 4% 	ZET
 ޑސ�ސ ޔޕ�ޕ ޓޕ�ޏސ ޖސ�ޘ ޓޓ�ޘ ސޕ�ޘ ޔ�ޏސ ޘސ�ޘ ސޖ�ޏސ
3 '% ॎ ॎޑޓ ॎސޑ ॎޑސ ॎޗޔ ॎޖޑ ॎޒސ ॎޒޕ ॎޑޓ ॎޏޑ
1 '% ॎ ॎޏޕ ॎޏޓ ॎޘޑ ॎޏޔ ॎސޓ ॎޔޑ ॎޏޔ ॎޒޓ ॎޕޑ

Table 3.5: 6XPPDU\ VWDWLVWLFV RI GRZQ�VSHFLILF SOD\ FDOOV DQG RXWFRPHV�

5IF SFTVMUT PG 5BCMF ��� IBWF UIF NBKPS DBWFBU UIBU OP TJUVBUJPOBM JOGPSNBUJPO JT BDDPVOUFE

GPS؜JODMVEJOH ୮ୢFME QPTJUJPO
 TDPSF EJ୭GFSFODF
 UJNF
 P୭GFOTJWF DBQBCJMJUZ
 EFGFOTJWF DBQB�

CJMJUZ
 FUD� *U BQQFBST UIBU
 PWFSBMM
 QBTTJOH ZJFMET TJHOJ୮ୢDBOUMZ IJHIFS FYQFDUFE ZBSET XJUI

IJHIFS أSJTLآ 	JO UFSNT PG WBSJBUJPO JO ZBSET HBJOFE
� 8IJMF TPNF PG UIJT WBSJBODF DBO CF FY�

QMBJOFE CZ UIF SJHIU�TLFXFEOFTT؜EVF UP MPOH QBTT QMBZT
 XIJDI BSF HPPE PVUDPNFT؜TPNF

PG JU BMTP DPNFT GSPN TBDLT BOE JODPNQMFUJPOT XIJDI BSF DFSUBJOMZ OFHBUJWF�

.FBOXIJMF
 QBTTJOH BQQFBST UP TJHOJ୮ୢDBOUMZ NPSF QSP୮ୢUBCMF GSPN B ZBSET BOE DPOWFSTJPO

QFSTQFDUJWF PO ୮ୢSTU BOE TFDPOE EPXO� 0O UIJSE EPXO
 IPXFWFS
 SVOOJOH UFOET UP ZJFME

IJHIFS DPOWFSTJPO JO TIPSU ZBSEBHF TJUVBUJPOT
 UIF UXP BSF TJNJMBS JO NJEEMF EJTUBODF TJUVB�

UJPOT
 BOE QBTTJOH JT XFBLMZ QSFGFSSFE JO UIJSE BOE MPOH 	XIJDI JT TVSQSJTJOH
� *U JT JNQPSUBOU

UP OPUF UIBU JO NBOZ UIJSE BOE MPOH TJUVBUJPOT
 UFBNT DIPPTF UP SVO JO TJUVBUJPOT XIFSF UIF

��



MJLFMJIPPE PG TVDDFTT JT MPX BOE UIFSFGPSF ZBSET HBJOFE DBO CF JO୯୳BUFE�

��� &ডঙকঘছঊঝঘছঢ .ঘ঍঎ক঒গঐ

����� $ঘগজ঒঍঎ছ঒গঐ 5঒খ঎ ঊগ঍ 4ঌঘছ঎ &এএ঎ঌঝজ ঘগ 1কঊঢ 1ছ঎঍঒ঌঝ঒ঘগ

8F XBOU UP DPOTJEFS UIF F୭GFDU PG UIF UJNF 	CPUI JO UFSNT PG RVBSUFS BOE UJNF SFNBJOJOH


BMPOH XJUI UIF TDPSF BU UIBU UJNF� "SF UIFTF F୭GFDUT SFMFWBOU JO DPOTJEFSJOH B NPEFMJOH PG

QMBZ DBMMJOH %P UFBNT CFIBWF EJ୭GFSFOUMZ BOE TIPVME PVS SFJOGPSDFNFOU MFBSOJOH NPEFM

UIVT DPOTJEFS JOUFSBDUJWF F୭GFDUT BT QBSU PG UIF TUBUF TQBDF 

4QFDJ୮ୢDBMMZ
 XF FYQMPSFE UIF IZQPUIFTJT UIBU B ୮ୢWF�MFWFM DBUFHPSJDBM WBSJBCMF UIBU DBQUVSFE

UIJT JOUFSBDUJWJUZ XPVME CFUUFS QSFEJDU QMBZ DBMMJOH UIBO B TJNQMFS NPEFM� 'JSTU
 XF ୮ୢU B MPHJT�

UJD SFHSFTTJPO NPEFM PO UIF SFTQPOTF WBSJBCMF �'�4�4+ XJUI Y = 1 DPSSFTQPOE UP أ1BTTآ

BOE Y = 0 DPSSFTQPOEJOH UP �أ3VOآ 5IJT ୮ୢSTU NPEFM JODMVEFE KVTU UISFF QSFEJDUPST� EPXO

	BT B ��MFWFM GBDUPS

 EJTUBODF
 BOE ୮ୢFME QPTJUJPO� 5IF SFTVMUT BSF TIPXO CFMPX JO 5BCMF ����

1SFEJDUPS βj p�WBMVF
	*OUFSDFQU
 ޒޘޕޓޖސ�ސ� < 2e−16

BT�OVNFSJD	ZSEMJOFޏޏސ
 ޕޓޒޏޏޏ� ޗޗޓ�ޏ
ZETUPHP ޕޏޖޏސ� < 2e−16

BT�GBDUPS	EPXO
ޏ�ސ ސޒޕ�ޏ < 2e−16

BT�GBDUPS	EPXO
ޏ�ޑ ޕޘޔޗ�ސ < 2e−16

Table 3.6: 7KH FRHIILFLHQW VXPPDU\ RI WKH WKUHH�SUHGLFWRU ORJLW PRGHO�

8F UIFO DSFBUFE B ��MFWFM GBDUPS WBSJBCMF �
�������-'XIJDI UBLFT PO UIF GPMMPXJOH WBMVFT

��



GPS DFSUBJO DPOEJUJPOT�

ا �
�������-'= 0 JT UIF أTUFBEZ�TUBUFأ 	୮ୢSTU RVBSUFS
 UIJSE RVBSUFS
 ୮ୢSTU �� NJOVUFT PG
UIF TFDPOE RVBSUFS
�

ا �
�������-'= 1 JT UIF ��NJOVUF ESJMM BU UIF FOE PG UIF TFDPOE RVBSUFS�

ا �
�������-'= 2 JT UIF �UI RVBSUFS XIFO UIF P୭GFOTJWF UFBN JT MPTJOH�

ا �
�������-'= 3 JT UIF �UI RVBSUFS XIFO UIF HBNF JT UJFE�

ا �
�������-'= 4 JT UIF �UI RVBSUFS XIFO UIF P୭GFOTJWF UFBN JT XJOOJOH�

8F UIFO SBO B TJNJMBS MPHJTUJD SFHSFTTJPO BT BCPWF BOE FYBNJOFE UIF SFTVMUT PG UIJT OFX
 CJH�

HFS NPEFM� B TVNNBSZ PG UIF NPEFM DBO CF GPVOE JO 5BCMF ���� 8F UIFO FYBNJOFE UIF F୭୮ୢ�

DBDZ BOE OFDFTTJUZ PG UIJT OFX DBUFHPSJDBM WBSJBCMF CZ SVOOJOH B χ2 BOBMZTJT PG EFWJBODF UFTU�

5IF SFTVMUT PG UIJT UFTU DBO CF GPVOE JO 'JHVSF ����

1SFEJDUPS βj p�WBMVF

	*OUFSDFQU
 ޒޘޕޓޖސ�ސ� < 2e−16

BT�OVNFSJD	ZSEMJOFޏޏސ
 ޓޓޖޏޏޏ� ޘޓސ�ޏ
ZETUPHP ޕޓސސ� < 2e−16

BT�GBDUPS	EPXO
ޏ�ސ ޑޘޕ�ޏ < 2e−16

BT�GBDUPS	EPXO
ޏ�ޑ ޒސޏ�ޑ < 2e−16

BT�GBDUPS	5*.&4$03&SM
ސ ޒޘޓޘޔ� < 2e−16

BT�GBDUPS	5*.&4$03&SM
ޑ ސޏޑސ�ސ < 2e−16

BT�GBDUPS	5*.&4$03&SM
ޒ ޓޘޖޑސ� ސޘސ�ޏ
BT�GBDUPS	5*.&4$03&SM
ޓ ޖޓސޏޘ�� < 2e−16

Table 3.7: 7KH FRHIILFLHQW VXPPDU\ RI WKH ORJLW PRGHO ZLWK WLPH�VFRUH DGGHG�

��



Figure 3.1: 5 RXWSXW RI $129$ FRPSDULQJ EDVLF YV WLPH�VFRUH */0V�

5IF SFTVMUT BSF VOTVSQSJTJOH CVU OPOFUIFMFTT JOUFSFTUJOH� 'JSTU
 JU BQQFBST UIBU XIJMF B UJF

HBNF JO UIF GPVSUI RVBSUFS JT OPU TUBUJTUJDBMMZ EJ୭GFSFOU JO QSFEJDUJOH SVO WFSTVT QBTT XIFO

DPNQBSFE UP UIF TUFBEZ�TUBUF
 UIF PUIFS TJUVBUJPOT BSF� *O QBSUJDVMBS
 XF ୮ୢOE 	VOTVSQSJT�

JOHMZ
 UIBU SVOOJOH JT NPSF DPNNPO XIFO B UFBN JT XJOOJOH JO UIF GPVSUI RVBSUFS XIJMF

QBTTJOH JT NPSF DPNNPO XIFO B UFBN JT MPTJOH JO UIF GPVSUI RVBSUFS
 DPOUSPMMJOH GPS PUIFS

GBDUPST� 5IF "/07" SFTVMUT
 XJUI B p�WBMVF PG MFTT UIBO 2.2 · 10−16
 TVHHFTUT UIBU UIF NPEFM

JODMVEJOH UIF UJNF�TDPSF F୭GFDUT IBT B TUBUJTUJDBMMZ TJHOJ୮ୢDBOUMZ CFUUFS ୮ୢU BOE UIVT UIFTF OFX

QSFEJDUPST TIPVME CF DPOTJEFSFE�

����� 4঎ছ঒ঊক $ঘছছ঎কঊঝ঒ঘগ

8F XBOU UP DPOTJEFS UIF F୭GFDU PG UIF QSFWJPVT QMBZ DBMM PO UIF OFYU POF� 8F ୮ୢU B MPHJTUJD

SFHSFTTJPO NPEFM XJUI UIF TBNF QSFEJDUPST BT BCPWF CVU BEE B DBUFHPSJDBM WBSJBCMF XJUI UISFF

MFWFMT�

ا 
�./�'�4�4+ = 0 JT ୮ୢSTU QMBZ PG ESJWF�

��



ا 
�./�'�4�4+ = 1 JT MBTU QMBZ XBT SVO�

ا 
�./�'�4�4+ = 2 JT MBTU QMBZ XBT QBTT�

#FMPX JO 'JHVSF ��� XF TFF UIF TVNNBSZ PG UIF NPEFM XJUI MBTU QMBZ BEEFE�

Figure 3.2: 7KH VXPPDU\ IURP5 RI WKH ORJLW PRGHO ZLWK ODVW SOD\ DGGHG�

5IF SFTVMUT JOEJDBUF UIBU UIF MBTU QMBZ CFJOH B QBTT JT OPU TJHOJ୮ୢDBOUMZ EJ୭GFSFOU GSPN �SBOأ

EPNأ DIPJDF 	GPS QMBZT UIBU BSF VOLOPXO
 CVU UIF MBTU QMBZ CFJOH B SVO MFBET UP B TUBUJT�

UJDBMMZ TJHOJ୮ୢDBOU SFTVMU� B SFEVDFE DIBODF PG UIF OFYU QMBZ CFJOH B QBTT
 DPOEJUJPOJOH PO

PUIFS GBDUPST� 5IF BOBMZTJT PG EFWJBODF PO UIF UJNF�TDPSF WFSTVT TFSJBM DPSSFMBUJPO NPEFM


XJUI B p�WBMVF PG< 6.08 · 10−6
 ୮ୢOET UIBU BEEJOH UIF QSFWJPVT QMBZ BT B DBUFHPSJDBM GBDUPS

JNQSPWFT UIF NPEFM TJHOJ୮ୢDBOUMZ
 TP JU TIPVME CF DPOTJEFSFE�

��



We confirmed that there’s a competitive advantage in

analytics in a league that ॹ structured to prevent you

from having a competitive advantage.

+PF #BOOFS
 GPSNFS &BHMFT BOE #SPXOT FYFDVUJWF

4
3FTVMUT

��� #ঊজ঎ক঒গ঎ .ঘ঍঎ক

*O FYBNJOJOH UIF SFTVMUT PG UIF SFJOGPSDFNFOU MFBSOJOH NPEFMT
 XF XBOU UP JOGFS JOUVJUJWF

SFTVMUT BCPVU GPPUCBMM XIJMF BMTP FWBMVBUJOH UIFJS F୭୮ୢDBDZ JO BDIJFWJOH UIF HPBM� 5IF GPSNFS

SFTVMUT GSPN B DPNQBSJTPO PG NPEFMT
 UIF MBUUFS GSPN FYBNJOJOH UIF SFTVMUT PG GPMMPXJOH

Q�MFBSOJOH JO UIF TJNVMBUFE FOWJSPONFOU� 5IF CBTFMJOF NPEFM
 CBTFE PO ��� JOEFQFOEFOU

��



JUFSBUJPOT 	OFXMZ USBJOFEQ�UBCMF FBDI UJNF
 PG ���� JOEFQFOEFOU FQPDIT
 SFTVMUFE JO BO

BWFSBHF PG ���� QMBZT QFS ESJWF؜UBLFO GPS FBDI PG UIF ��� JUFSBUJPOT
 JU SFTFNCMFT X̄؜XJUI B

TUBOEBSE EFWJBUJPO PG ������ 4JNJMBSMZ
 XF PCTFSWFE BO BWFSBHF PG ����� ZBSET QFS ESJWF XJUI

B TUBOEBSE EFWJBUJPO PG ����� &NQJSJDBMMZ
 GPS UIF ���� TFBTPO
 UIF BWFSBHF UPPL ���� QMBZT UP

HBJO ����� ZBSET 	QFS 'PPUCBMM 0VUTJEFST
�

8F BMTP FYBNJOF UIF OVNCFS PG UPVDIEPXOT
 JOUFSDFQUJPOT
 GVNCMFT
 BOE ୮ୢFME HPBMT UP

VOEFSTUBOE UIF TDPSJOH BOE SJTL SFTVMUT PG UIFQ�MFBSOJOH NFUIPE VTJOH FNQJSJDBM EBUB�

5IF "QQFOEJY JODMVEFT 'JHVSFT "��
 "��
 "��
 BOE "�� XIJDI BSF IJTUPHSBNT PG UIPTF ESJWF�

FOEJOH SFTVMUT
 XJUI UIFX�BYJT SFQSFTFOUJOH UIF PDDVSSFODF QFS ���� ESJWFT�

5IF NFBO BOE TUBOEBSE EFWJBUJPOT PWFS UIF ��� JUFSBUJPOT DBO CF GPVOE JO UIF UJUMF PG FBDI

QMPU� " ESJWF XJUI B UPVDIEPXO PS ୮ୢFME HPBM SFTVMUT JO NPSF QPJOUT 	BOE UIVT IJHIFSQ�

WBMVFT

 BOE WJDF�WFSTB GPS B ESJWF XJUI B UVSOPWFS� 5IF SFTVMUT BQQFBS UP TPNFXIBU OPSNBMMZ

EJTUSJCVUFE
 BMUIPVHI UIFSF JT OP UIFPSFUJDBM SFTVMU UP TVHHFTU UIBU UIFZ TIPVME CF� 5IF SBUF

QFS ESJWF
 BOE JUT DPNQBSJTPO UP UIF FNQJSJDBM EBUB GSPN ����
 JT OPUFE JO UBCMF ��� CFMPX�

'PS DPOUFYU
 /'- P୭GFOTFT BWFSBHF BQQSPYJNBUFMZ �� ESJWFT QFS HBNF�

4UBUJTUJD 3- .PEFM ޖސޏޑ /'- 4FBTPO
5PVDIEPXOT ޓޕސ� ޖޘސ�
'JFME (PBMT ޗޏސ� ޑޔސ�

*OUFSDFQUJPOT ޒޕޏ� ޔޖޏ�
'VNCMFT ސޗޏ� ޒޓޏ�

Table 4.1: &RPSDULQJ SHU�GULYH UDWHV RI VWDWLVWLFV �VLPXODWLRQ YV HPSLULFDO��

��



*O BEEJUJPO UP BDUVBMMZ TJNVMBUJOH ESJWFT
 UIFQ�MFBSOJOH NPEFM BMTP USBJOFE BO PQUJNBM QPM�

JDZ
 π∗
 UISPVHI JUFSBUJWF VQEBUFT PG UIFQ�UBCMF 	XIJDI FTUJNBUFT UIF WBMVF GVODUJPO
� "

WJTVBMJ[BUJPO PG UIJT PQUJNBM QPMJDZ DBO CF GPVOE CFMPX� 'JSTU BOE UFO XJMM CF DPOTJEFSFE JO B

MBUFS TFDUJPO
 CVU 'JHVSF ��� SFQSFTFOUT �OE EPXO BOE 'JHVSF ��� SFQSFTFOUT �SE EPXO� &BDI

୮ୢFME JT TQMJU JOUP ୮ୢFME QPTJUJPO BOE ZBSET UP HP MFWFMT 	UIF TBNF XBZ UIF BMHPSJUIN EPFT

 TP

FBDI s ∈ S JT EJTQMBZFE� 'JSTU NJO(Q)XBT TVCUSBDUFE GSPN FBDI WBMVF JO UIFQ�UBCMF UP

SF�TDBMF UIF WBMVFT
 BOE UIFO FBDI WBMVF TFFO CFMPX JT DBMDVMBUFE CZ κ = Q(s,pass)
Q(s,pass)+Q(s,run) GPS

FBDI TUBUF s� 8F IBWF
 UIVT
 0 ≤ κ ≤ 1 BOE κ = 0.5 SFQSFTFOUT UIF JOEJ୭GFSFODF QPJOU

CFUXFFO SVOOJOH BOE QBTTJOH� #MVF SFQSFTFOUT QBTT
 XJUI أTUSPOHFSآ TIBEFT PG CMVF SFQSF�

TFOUJOH B HSFBUFS QSFGFSFODF GPS QBTT
 BOE WJDF�WFSTB GPS SVOOJOH XJUI SFE JOTUFBE�

Figure 4.1: 7KH SUHIHUHQFH RI SDVV YHUVXV UXQ RQ VHFRQG GRZQ IRU GLIIHUHQW ILHOG SRVLWLRQV DQG GLVWDQFHV WR JR �EDVHG

RQ WKH EDVHOLQHQ�OHDUQLQJPRGHO��

��



Figure 4.2: 7KH SUHIHUHQFH RI SDVV YHUVXV UXQ RQ WKLUG GRZQ IRU GLIIHUHQW ILHOG SRVLWLRQV DQG GLVWDQFHV WR JR �EDVHG RQ

WKH EDVHOLQHQ�OHDUQLQJPRGHO��

5IFTF GPPUCBMMآ ୮ୢFMEأ WJTVBMJ[BUJPOT P୭GFS RVJDL�BOE�FBTZ JOTJHIU JOUP UIF QPMJDZ MFBSOFE CZ

UIJT SFJOGPSDFNFOU MFBSOJOH BMHPSJUIN� 'JSTU EPXO VTVBMMZ JOWPMWFT �� ZBSET UP HP
 XIJDI JT

XIZ MJUUMF EBUB FYJTUT GPS أNFEJVNآ BOE �أTIPSUآ 5IFSF BQQFBST UP CF B QSFGFSFODF GPS QBTT�

JOH PO ୮ୢSTU EPXO UIBU EFDMJOFT PWFS UJNF BT UIF P୭GFOTF BQQSPBDIFT UIF HPBM MJOF� 4FDPOE

EPXO IBT GFX TUBUFT XIFSF B TUSPOH QSFGFSFODF FYJTUT
 BOE JT QSJNBSJMZ QPQVMBUFE CZ XFBLMZ�

QSFGFSSFE QBTTJOH TUBUFT� 5IJSE EPXO IBT TJHOJ୮ୢDBOUMZ NPSF WBSJBODF JO JUT TDBMFE QSFGFSFODF

WBMVFT� GPS FYBNQMF
 XJUI �� ZBSET UP HP PO �SE BOE HPBM
 JU JT TUSPOHMZ QSFGFSSFE UP QBTT WFS�

TVT SVO� .FBOXIJMF
 JO UIF NJEEMF PG UIF ୮ୢFME 	CVU CFGPSF PCWJPVT ୮ୢFME HPBM SBOHF

 XIFO

UIFSF BSF ��� ZBSET UP HP
 JU JT QSFGFSSFE UP SVO�

��



��� 5঒খ঎ ঊগ঍ 4ঌঘছ঎ .ঘ঍঎ক

*O UIF "QQFOEJY ZPV DBO ୮ୢOE 'JHVSFT "��
 "��
 "��
 BOE "�� UIBU TIPX IJTUPHSBNT PG LFZ

TUBUJTUJDT GPS �*� ' ɇ� 5IFTF LFZآ FWFOUTأ BSF MFTT OPSNBMMZ EJTUSJCVUFE BOE IBWF IJHIFS

WBSJBODF UIBO UIF CBTFMJOF NPEFM� 8F TFF NPSF UPVDIEPXOT BOE ୮ୢFME HPBMT
 PO BWFSBHF
 XJUI

GFXFS GVNCMFT BOE OFBSMZ B TJNJMBS OVNCFS PG JOUFSDFQUJPOT�

8F BMTP DPOUJOVF XJUI UIF VTFGVMQ�UBCMF WJTVBMJ[BUJPO PO UIF GPPUCBMM ୮ୢFME GPS UIJT NPEFM�

CFMPX BSF SFQSFTFOUBUJPOT PG UIJSE EPXO QSFGFSFODFT GPS EJ୭GFSFOU TJUVBUJPOT� 'JHVSF ��� JT

GPS UIF TUFBEZ�TUBUF
 'JHVSF ��� GPS UIF TFDPOE RVBSUFS GPVS�NJOVUF ESJMM
 'JHVSF ��� GPS BO

P୭GFOTF XJOOJOH JO UIF GPVSUI RVBSUFS
 BOE 'JHVSF ��� GPS BO P୭GFOTF MPTJOH JO UIF GPVSUI

RVBSUFS�

5BCMF ��� TIPXT UIF QFS�ESJWF TUBUJTUJDT GPS �*� ' ɇ SFMBUJWF UP UIF FNQJSJDBM /'- EBUB
 TJNJ�

MBS UP XIBU XBT TIPXO GPS �*� ' Ɇ�

4UBUJTUJD 5JNF�4DPSF 3- .PEFM ޖސޏޑ /'- 4FBTPO
5PVDIEPXOT ޗޖސ� ޖޘސ�
'JFME (PBMT ޒޑސ� ޑޔސ�

*OUFSDFQUJPOT ޓޕޏ� ޔޖޏ�
'VNCMFT ޘޕޏ� ޒޓޏ�

Table 4.2: &RPSDULQJ SHU�GULYH UDWHV RI VWDWLVWLFV IRU �*� ' ɇ�

5P DPNQBSF �*� ' Ɇ BOE �*� ' ɇ
 B UXP�TBNQMF t�UFTU XBT QFSGPSNFE PO UIF OVNCFS PG

UPVDIEPXOT JO FBDI JUFSBUJPO PG ���� ESJWFT� 5IVT
 UIF UXP TBNQMFT XFSF ��� WBMVFT GPS
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Figure 4.3: 7KLUG GRZQ UXQ�SDVV KHDWPDS LQ �WK TXDUWHU IRU ZLQQLQJ RIIHQVH�

Figure 4.4: 7KLUG GRZQ UXQ�SDVV KHDWPDS LQ �WK TXDUWHU IRU ORVLQJ RIIHQVH�
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Figure 4.5: 7KLUG GRZQ UXQ�SDVV KHDWPDS GXULQJ ODVW �PLQXWHV RI �QG TXDUWHU�

Figure 4.6: 7KLUG GRZQ UXQ�SDVV KHDWPDS LQ êVWHDG\ VWDWHë�
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FBDI NPEFM� #FDBVTF FBDI JUFSBUJPO JT JOEFQFOEFOU BOE UIF OVNCFS PG UPVDIEPXOT JT BQ�

QSPYJNBUFMZ OPSNBM BT TFFO JO UIF IJTUPHSBNT
 UIF t�UFTU XBT TFFO BT BO F୭GFDUJWF NFUIPE

GPS NPEFM DPNQBSJTPO� 5IF NFBO PG UIF CBTFMJOF NPEFM XBT ������ BOE UIF NFBO PG UIF

UJNF�TDPSF NPEFM XBT ������� UIJT SFTVMUFE JO B t�TUBUJTUJD PG ������ BOE B p�WBMVF PG MFTT UIBO

2.2 · 10−16
 XFMM CFMPX UIF α = .05 MFWFM� 5IJT JOEJDBUFT UIBU UIF UXP NPEFMT ESBX UPVDI�

EPXO WBMVFT GSPN EJTUSJCVUJPOT XJUI different NFBOT� 5IJT NFBOT UIBU B NPEFM DPOTJEFSJOH

UJNF BOE TDPSF SFTVMUT JO TJHOJ୮ୢDBOUMZ NPSF P୭GFOTJWF UPVDIEPXOT UIBO POF XJUIPVU�

��� 4঎ছ঒ঊক $ঘছছ঎কঊঝ঒ঘগ &এএ঎ঌঝজ .ঘ঍঎ক

*O UIF "QQFOEJY ZPV DBO ୮ୢOE 'JHVSFT "��
 "���
 "���
 BOE "��� UIBU TIPX IJTUPHSBNT PG LFZ

TUBUJTUJDT GPS �*� ' Ɉ� 5IJT NPEFM IBT TMJHIUMZ NPSF UPVDIEPXOT BOE ୮ୢFME HPBMT PO BWFSBHF

UIBO UIF CBTFMJOF CVU IBT GFXFS UIBO UIF UJNF�TDPSF NPEFM� 5IJT NPEFM SFTVMUT JO B TJNJMBS

OVNCFS PG JOUFSDFQUJPOT CVU NPSF GVNCMFT UIBO UIF UJNF�TDPSF NPEFM BT XFMM�

5P DPNQBSF UIF JNQBDU PG IBWJOH UIF MBTU QMBZ CF B SVO WFSTVT B QBTT
 CFMPX BSF SFQSFTFO�

UBUJPOT PG TFDPOE BOE UIJSE EPXO QSFGFSFODFT GPS EJ୭GFSFOU TJUVBUJPOT� 'JHVSF ��� BOE 'JH�

VSF ��� BSF GPS TFDPOE EPXO QMBZT BG୴FS B SVO BOE QBTT SFTQFDUJWFMZ
 XIJMF 'JHVSF ��� BOE

'JHVSF ���� BSF GPS UIJSE EPXO QMBZT BG୴FS B SVO BOE QBTT SFTQFDUJWFMZ�
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Figure 4.7: 6HFRQG GRZQ SROLF\ KHDWPDS DIWHU D UXQ�

Figure 4.8: 6HFRQG GRZQ SROLF\ KHDWPDS DIWHU D SDVV�
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Figure 4.9: 7KLUG GRZQ SROLF\ KHDWPDS DIWHU D UXQ�

Figure 4.10: 7KLUG GRZQ SROLF\ KHDWPDS DIWHU D SDVV�
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��� .ঘ঍঎ক $ঘখঙঊছ঒জঘগ

0OF XBZ UP DPNQBSF UIF EJ୭GFSFOU NPEFMT WJTVBMMZ JT UP EFTDSJCF UIFJS PQUJNBM QPMJDJFT PO

୮ୢSTU BOE UFO� 'JSTU BOE UFO JT B TJUVBUJPO UIBU BMM PG UIF NPEFMT XJMM TFF DPOTJTUFOUMZ
 BOE UIVT

HJWFT VT B VTFGVM TBNQMF TJ[F PO XIJDI UP DPNQBSF UIF HFOFSBM أQIJMPTPQIZآ PG FBDI� 5IF

୮ୢSTU SPX JT UIF CBTFMJOF NPEFM
 UIF OFYU ୮ୢWF SPXT BSF GSPN UIF UJNF�TDPSF NPEFM
 BOE UIF MBTU

UXP SPXT BSF GSPN UIF TFSJBM DPSSFMBUJPO F୭GFDUT NPEFM�

Figure 4.11: &RPSDULQJ HDFK RI WKHPRGHOV �LQ HDFK VLWXDWLRQ� RQ SDVV YHUVXV UXQ SUHIHUHQFH IRU ILUVW DQG WHQ�

5IFSF JT OPU B TUSPOH QSFGFSFODF GPS FJUIFS SVOOJOH PS QBTTJOH JO NPTU TJUVBUJPOT BDSPTT UIF

UISFF NPEFMT� -PTJOH JO UIF GPVSUI RVBSUFS QSFTDSJCFT SVOOJOH JO UIF SFE [POF
 CVU UIJT JT

CFDBVTF أXJOOJOHآ JT OPU UIF PCKFDUJWF� NPTU EFGFOTFT BSF MJOFE VQ UP EFGFOE UIF QBTT XIFO

QSPUFDUJOH B MBUF MFBE BOE UIVT SVOT DBO FOE VQ CFJOH TVDDFTTGVM EFTQJUF ESBJOJOH DMPDL� 0UI�
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FSXJTF
 NPTU NPEFMT BOE TJUVBUJPOT FYIJCJU B TMJHIU QSFGFSFODF GPS QBTTJOH XIJDI JT DPOTJT�

UFOU XJUI SFDFOU MJUFSBUVSF UIBU BEWPDBUFT GPS NPSF BHHSFTTJWF ୮ୢSTU EPXO QMBZ DBMMJOH� 0WFS�

BMM
 UIF VTF PG TDPSJOH BOE OPU XJOOJOH BT B SFXBSE QVTIFT UIF EJ୭GFSFOU NPEFMT UP QSPEVDF

NPSF TJNJMBS SFTVMUT UIBO UIFZ PUIFSXJTF XPVME
 XIJDI JT DFSUBJOMZ B XFBLOFTT PG UIF BQ�

QSPBDI UIBU NVTU CF DPOTJEFSFE�
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There are a lot of skeptics [of analytics]. And that’s

honestly probably on the analysts and the statisticians.

You have to be able to explain it to football people in their

terms.

5POZ ,IBO
 +BHVBST 471 PG "OBMZUJDT

5
%JTDVTTJPO

"T 5POZ ,IBO
 TPO PG +BHVBST PXOFS 4IBIJE ,IBO
 TP TVDDJODUMZ QVU JU
 UIF NBJO CBSSJFS UP

XJEFTQSFBE BEPQUJPO PG BOBMZUJDT JO GPPUCBMM JT UIF XBZ JU JT QSFTFOUFE BOE DPNNVOJDBUFE UP

UIF QFPQMF NBLJOH UIF EFDJTJPOT PO UIF TJEFMJOF BOE UIF ୮ୢFME� *O PSEFS UP GVMMZ CFOF୮ୢU GSPN

UIF JODSFEJCMF QSPHSFTT CFJOH NBEF CZ FDPOPNJTUT
 EBUB BOBMZTUT
 BOE DPNQVUFS TDJFOUJTUT JO

GPPUCBMM SFTFBSDI
 JU JT JNQPSUBOU UP CSJEHF UIF HBQ CFUXFFO UIF MBOHVBHF PG TUBUJTUJDT BOE UIF

��



MBOHVBHF PG GPPUCBMM� 5IF HPBM PG JODPSQPSBUJOH EBUB JOUP GPPUCBMM TUSBUFHZ DSFBUJPO BOE FWBM�

VBUJPO JT OPU UIBU JUT BOTXFST TIPVME CF UBLFO EJSFDUMZ BU GBDF WBMVF� BT (FPSHF #PY PODF TBJE


BMM NPEFMT BSF XSPOH CVU TPNF NPEFMT BSF VTFGVM� 8IFO QSPCBCJMJUJFT TVHHFTU DPVSTFT PG BD�

UJPO UIBU EFWJBUF GSPN DPOWFOUJPOBM GPPUCBMM XJTEPN
 JU JT JNQPSUBOU UP QSPWJEF DPOUFYU GPS

UIFTF SFDPNNFOEBUJPOT PS FMTF POF SJTLT UIF DSFEJCJMJUZ PG BOBMZUJDT JO GPPUCBMM�

*U JT XJUI UIJT NJOETFU UIBU XF IPQF UP FWBMVBUF QPMJDJFT USBJOFE CZ SFJOGPSDFNFOU MFBSOJOH

BMHPSJUINT GPS UIF QVSQPTF PG QMBZ DBMMJOH� 6Q GSPOU
 JU JT JNQPSUBOU UP BDLOPXMFEHF UIBU B

Q�MFBSOJOH BQQSPBDI DBOOPU SFQMBDF QMBZ DBMMJOH BOE UIBU UIF HPBM PG BOBMZ[JOH UIF SFTVMUT JT

UP JEFOUJGZ JOUFSFTUJOH USFOET BOE BOPNBMJFT UIBU UFBNT BOE DPBDIFT NBZ JODPSQPSBUF JOUP

GVUVSF HBNF�QMBOOJOH PS BOBMZTJT� 5IFSF BSF JOIFSFOU XFBLOFTTFT UP UIF SFJOGPSDFNFOU MFBSO�

JOH BQQSPBDI
 JODMVEJOH JUT .BSLPWJBO BTTVNQUJPO UIBU UIF TFRVFODF PG QMBZT MFBEJOH VQ UP

B EFDJTJPO TIPVME CF JOEFQFOEFOU PG UIF EFDJTJPO JUTFMG
 BOE UIFTF NVTU CF DPOTJEFSFE�

��� .ঘ঍঎ক�4ঙ঎ঌ঒এ঒ঌ "গঊকঢজ঒জ

'JSTU
 MFU VT DPOTJEFS UIF QPMJDZ TVHHFTUJPOT PG UIF CBTFMJOF NPEFM VOEFS DFSUBJO DJSDVN�

TUBODFT� 0O ୮ୢSTU EPXO
 PG DPVSTF UIFSF BSF MJNJUFE QMBZT XIFSF B UFBN NJHIU ୮ୢOE JUTFMG JO

୮ୢSTU BOE TIPSU PS NFEJVN 	EFWPJE PG B QFOBMUZ
 XIJDI JT OPU DPOTJEFSFE JO UIJT NPEFM
� 0O

�TU BOE ��
 UIFSF JT B TMJHIU QSFGFSFODF GPS QBTTJOH UIBU XFBLFOT BT UIF P୭GFOTF HFUT DMPTFS UP

UIF HPBM MJOF 	FWFO TXJUDIJOH JO UIF SFE [POF
� 0O TFDPOE EPXO
 UIFSF BSF GFX TJHOJ୮ୢDBOU
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SFTVMUT� 5IFSF JT B TUSPOH QSFGFSFODF GPS QBTTJOH PO TFDPOE BOE TIPSU CBDLFE VQ JOTJEF ZPVS

PXO HPBM MJOF� UIJT JT MJLFMZ EVF UP UIF EFGFOTF QSFQBSJOH GPS SVO QMBZT PO UIFTF TJUVBUJPOT�

4VSQSJTJOHMZ
 TFDPOE BOE MPOH JT OP NPSF GBWPSBCMF UPXBSET QBTTFT UIBO NFEJVN PS TIPSU�

5IJT MJLFMZ SFTVMUT GSPN UIF OBUVSF PG TFDPOE EPXO
 XIFSF P୭GFOTFT UFOE UP TFU VQ B NBOBHF�

BCMF UIJSE EPXO TJUVBUJPO FNQJSJDBMMZ�

5IJSE EPXO P୭GFST B GFX JOUFSFTUJOH UJECJUT� 'JSTUMZ
 JU SFDPNNFOET SVTIJOH JO B OVNCFS PG

UIJSE BOE TIPSU TJUVBUJPOT
 QBSUJDVMBSMZ XIFO UIF P୭GFOTF JT CBDLFE VQ PO JUT PXO HPBM MJOF�

4JODF ୮ୢSTU EPXO DPOWFSTJPO JT UIF CJHHFTU ESJWFS PG FYQFDUFE QPJOUT 	B�L�B UIF BCJMJUZ UP TDPSF

JO UIF GVUVSF

 BOE ��ॎ PG SVOT BSF TVDDFTTGVM WFSTVT ��ॎ PG QBTTFT BDDPSEJOH UP 5BCMF ���


UIFTF SFTVMUT NBLF TFOTF� 0WFSBMM
 QBTTJOH CFDPNFT NPSF GBWPSBCMF BT UIF P୭GFOTF NPWFT

EPXO UIF ୮ୢFME� UIJT BHBJO NBLFT TFOTF CFDBVTF QBTTJOHؠT SJTLT CFDPNF MFTT QSPOPVODFE JO

PQQPTJOH UFSSJUPSZ 	JOUFSDFQUJPO
 TBDL
 BOE EVF UP UIF EFGFOTF UJHIUFOJOH VQ BHBJOTU UIF SVO

XJUI MJNJUFE TQBDF CFIJOE UIFN� 5IJT QSFGFSFODF GPS QBTTJOH JT QBSUJDVMBSMZ TUSPOH PO UIJSE

EPXO BOE MPOH JOTJEF UIF �� CFDBVTF PG UIF EJ୭GFSFODF CFUXFFO B UPVDIEPXO BOE ୮ୢFME HPBM

BMPOH XJUI UIF EFGFOTFؠT BCJMJUZ UP TUBDL UIF CPY F୭GFDUJWFMZ�

8F UIFO DPOTJEFS UIF UJNF�TDPSF NPEFM
 BOE GPDVT PO UIJSE EPXO QBSUJDVMBSMZ EVF UP UIF

IJHI�MFWFSBHF OBUVSF PG UIFTF TJUVBUJPOT� 5IF TUFBEZ�TUBUF QPMJDZ SFTFNCMFT UIF CBTFMJOF

NPEFMؠT QSFGFSFODFT PO ୮ୢSTU BOE TFDPOE EPXO� GBJSMZ DPOTFSWBUJWF XJUI B QSFGFSFODF GPS SVO�

OJOH BDSPTT UIF CPBSE 	FWFO JO NFEJVN BOE MPOH TJUVBUJPOT
 VOUJM UIF P୭GFOTF HFUT DMPTF UP
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UIF FOE [POF� 5IF UIJSE EPXO QPMJDZ JO UIF ୮ୢSTU IBMG GPVS�NJOVUFآ ESJMMأ JT B CJU NPSF BH�

HSFTTJWF
 XJUI NPSF PG B QSFGFSFODF GPS QBTTJOH FTQFDJBMMZ JO NFEJVN BOE MPOH TJUVBUJPOT�

5IJT NBZ CF CFDBVTF UFBNT UFOE UP CF GPSDFE JOUP NBOBHJOH UJNF NPSF DBSFGVMMZ JO UIFTF TJU�

VBUJPOT BOE UIFSFGPSF BSF MPPLJOH UP DPOWFSU XJUIPVU CVSOJOH DMPDL� 3VOT NBZ HBJO ZBSET

CVU DBO SFEVDF UIF QSPCBCJMJUZ PG DPOWFSUJOH CFDBVTF PG B SVOOJOH DMPDL 	XIJDI JT DPOTJE�

FSFE JO UIF UJNF VTFE JO UIF NPEFM
� *U JT JOUFSFTUJOH UIBU P୭GFOTFT BSF FODPVSBHFE UP SVO

NPSF PG୴FO JO UIF SFE [POF� XIJMF UIJT HPFT BHBJOTU UIF BHHSFTTJWF OBUVSF PG GPVS�NJOVUF PG�

GFOTJWF QSJODJQMFT
 JU EPFT SFEVDF UIF MJLFMJIPPE PG B EJTBTUSPVT QMBZ UIBU QVTIFT UIF P୭GFOTF

PVU PG ୮ୢFME HPBM SBOHF XJUI B TBDL PS JOUFSDFQUJPO� 5IFQ�MFBSOJOH NPEFM JT MJLFMZ USBJOJOH B

QPMJDZ UIBU JT JO୯୳VFODFE IFBWJMZ CZ UIJT MBSHF
 EJTDSFUF OFHBUJWF SFXBSE DIBOHF�

8F UIFO DPNQBSF UIF PQUJNBM QPMJDJFT GPS XJOOJOH BOE MPTJOH P୭GFOTFT JO UIF GPVSUI RVBSUFS�

5IF NPTU JNQPSUBOU GBDU UP DPOTJEFS XIFO BTTFTTJOH UIF SFTVMUT JT UIF QSJNBSZ HPBM PG UIF

BHFOU JO UIF NPEFM BT DVSSFOUMZ DPOTUSVDUFE� TDPSJOH QSPWJEFT SFXBSET
 OPU XJOOJOH� 5IFSF�

GPSF
 USBEJUJPOBM TUSBUFHJFT MJLF SVOOJOH JO UIF GPVSUI RVBSUFS UP CVSO DMPDL BSF OPU BEPQUFE

CZ UIF NPEFM� 5IJT JT DFSUBJOMZ B XFBLOFTT UP DPOTJEFS CFDBVTF BOZ DPBDI TIPVME CF PQUJNJ[�

JOH GPS WJDUPSZ� )PXFWFS
 HJWFO UIF QBSBNFUFST PG UIF SFJOGPSDFNFOU MFBSOJOH FOWJSPONFOU


JU JT QPTTJCMF UP PCTFSWF EFGFOTJWF UFOEFODJFT 	QSFWFOU EFGFOTF WFSTVT BHHSFTTJWF CMJU[JOH
 UIBU

DBO EFUFSNJOF UIF TVDDFTT PG DFSUBJO P୭GFOTJWF TUSBUFHJFT�

#SPBEMZ
 UIF XJOOJOH P୭GFOTF UFOET UP QSFGFS SVOOJOH BDSPTT UIF CPBSE UP UIF MPTJOH P୭GFOTF�
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*O QBSUJDVMBS
 JU JT XPSUI OPUJOH UIBU JO UIF NJEEMF PG UIF ୮ୢFME
 BT UIF P୭GFOTF BQQSPBDIFT UIF

NJEEMF PG UIF ୮ୢFME PS ୮ୢFME HPBM QPTJUJPO
 UIF EJ୭GFSFODF CFDPNFT NPSF ESBTUJD� 5IF XJOOJOH

P୭GFOTF TUSJDUMZ QSFGFST SVOOJOH DPNQBSFE UP UIF MPTJOH P୭GFOTF
 XIJDI ୮ୢUT PVS FYJTUJOH JO�

UVJUJPO CFDBVTF UIF EFGFOTF XJMM CF MFTT BHHSFTTJWF BOE UIF XJOOJOH P୭GFOTF JT MFTT DPODFSOFE

XJUI TDPSJOH B UPVDIEPXO� 5IJT TBNF QBUUFSO DPOUJOVFT JOUP UIF SFE [POF� JO UIJSE BOE

TIPSU�NFEJVN TJUVBUJPOT
 UIF XJOOJOH P୭GFOTF JT UPME UP SVO NPSF UIBO UIF MPTJOH P୭GFOTF�

"HBJO
 UIF GPPUCBMM JOUVJUJPO JT UIBU B XJOOJOH P୭GFOTF XBOUT UP CVSO DMPDL SBUIFS UIBO TDPSF

QPJOUT
 CVU UIJT NPEFMؠT QSFGFSFODF MJLFMZ SFTVMUT GSPN EFGFOTJWF UFOEFODJFT BOE P୭GFOTJWF

CJBTFT UPXBSET UIFTF QBSUJDVMBS TUSBUFHJFT�

/FYU
 MFU VT FYBNJOF UIF QPMJDZ TVHHFTUJPOT PG UIF TFSJBM DPSSFMBUJPO NPEFM JO EJ୭GFSFOU TJUV�

BUJPOT� 0O TFDPOE EPXO
 XF ୮ୢOE UIBU QBTTJOH PO ୮ୢSTU EPXO NBLFT SVOOJOH NPSF BEWBOUB�

HFPVT DPNQBSFE UP XIFO B UFBN SBO PO ୮ୢSTU EPXO� 5IJT JT QBSUJDVMBSMZ QSPOPVODFE BT UIF

P୭GFOTF BQQSPBDIFT JUT PQQPOFOUؠT HPBM MJOF� 5IJT DPVME SFTVMU GSPN UIF DPOEFOTFE OBUVSF

PG UIF ୮ୢFME BOE UIF VTFGVMOFTT PG TPG୴FOJOHآ VQ UIF GSPOU TFWFOأ XJUI B ୮ୢSTU�EPXO QBTT UP

TFU VQ UIF SVO� 5IJSE EPXO EPFT OPU QSPEVDF BOZ OPUJDFBCMF EJ୭GFSFODFT PS USFOET� 0WFS�

BMM
 UIJT TFSJBM DPSSFMBUJPO F୭GFDUT NPEFM POMZ CBSFMZ PVUQFSGPSNT UIF CBTFMJOF BOE QFSGPSNT

NVDI XPSTF UIBO UIF UJNF�TDPSF NPEFM� UIJT TVHHFTUT UIBU UIF QSFWJPVT QMBZ NBZ CF IFMQGVM

JO QSFEJDUJPO CVU JT OPU BT IFMQGVM GPS PQUJNJ[BUJPO�
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4P
 XIBU BSF UIF CSPBEFS UBLFBXBZT GSPN UIFTF NPEFM�TQFDJ୮ୢD SFDPNNFOEBUJPOT 8IBU

TIJG୴T JO UIJOLJOH PS BUUJUVEF IBT UIJT JOJUJBM SFTFBSDI TVHHFTUFE 5IF POMZ XBZ UP BOTXFS

TVDI RVFTUJPOT JT UP FTUBCMJTI B CBTFMJOF GPS DPNQBSJTPO
 GPS XIJDI XF XJMM VTF BO &YQFDUFE

1PJOUT "EEFE 	&1"
 BQQSPBDI XIJDI IBT CFDPNF BEPQUFE JO B XJEFTQSFBE NBOOFS CZ UIF

BOBMZUJDT DPNNVOJUZ� 17 *O UIF "QQFOEJY XF ୮ୢOEQ�UBCMF WJTVBMJ[BUJPOT UIBU DPSSFTQPOE

UP UIF BWFSBHF PG UIF FYQFDUFE QPJOUT BEEFE 	DPVME CF QPTJUJWF PS OFHBUJWF
 GPS BMM SVO BOE

QBTT QMBZT GPS UIPTF TQFDJ୮ୢD DJSDVNTUBODFT
 XIJDI JT UIF DVSSFOU BEWBODFE BOBMZUJD TUBOEBSE�

CFBSFS GPS NFBTVSJOH P୭GFOTJWF TVDDFTT� )PXFWFS
 UIJT QBQFS IBT BJNFE UP EFWFMPQ B EBUB�

ESJWFO QMBZ DBMMJOH NFUIPEPMPHZ UIBU FYUFOET CFZPOE KVTU TUVEZJOH QMBZT JO JTPMBUJPO� EFDJ�

TJPO QSPDFTTFT PG UIF LJOE FYQMPSFE JO UIJT QBQFS BMMPX GPS FYQFSJNFOUT UIBU SFTFNCMF UIF

FOWJSPONFOU UIBU P୭GFOTJWF EFDJTJPO�NBLFST XJMM ୮ୢOE UIFNTFMWFT JO� 5IFSFGPSF
 JU JT VTFGVM

UP DPNQBSF SFJOGPSDFNFOU MFBSOJOH�CBTFE BOE FYQFDUFE QPJOUT�CBTFE PVUDPNFT�

"T B CSJFG BTJEF
 &1" JT QSFGFSSFE UP TJNQMZ FNQJSJDBM EBUB
 PG UIF LJOE FYIJCJUFE JO 'JH�

VSF "���
 GPS B DPVQMF SFBTPOT� 'JSTUMZ
 FNQJSJDBM EBUB NFSFMZ EFTDSJCFT XIBU DPBDIFT DVS�

SFOUMZ EP HFOFSBMMZ XJUIPVU BEEJUJPOBM OVBODF� NFBOXIJMF
 PVS SFJOGPSDFNFOU MFBSOJOH BQ�

QSPBDI BUUFNQUT UP DPOUFYUVBMJ[F FBDI EFDJTJPO BOE UIVT JT EJ୭୮ୢDVMU UP DPNQBSF EJSFDUMZ�

8IJMF FYBNJOJOH USFOET BT UIJT QBQFS IBT EPOF JT JOUFSFTUJOH
 SFJOGPSDFNFOU MFBSOJOH JT EF�
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TJHOFE UP CF DPNQBSFE PO B QMBZ�CZ�QMBZ CBTJT XJUI QBTU DPBDIJOH JOUVJUJPO
 SBUIFS UIBO JO

CSPBE TUSPLFT� 4FDPOEMZ
 CFDBVTF SFJOGPSDFNFOU MFBSOJOH JT QSFTDSJQUJWF BOE OPU QSFEJDUJWF


JU JT NPSF JOUFSFTUJOH UP DPNQBSF JU XJUI BOPUIFS
 BMCFJU TJNQMFS
 QSFTDSJQUJWF NFUIPEPMPHZ�

0O TFDPOE EPXO
 QFS 'JHVSF "���
 FYQFDUFE QPJOUT BEEFE TVHHFTUT SVOOJOH JO OFBSMZ BMM

TIPSU TJUVBUJPOT
 QBTTJOH JO BMNPTU BMM NFEJVN TJUVBUJPOT
 BOE JU QSFGFST SVOOJOH JO UIF NJE�

EMF PG UIF ୮ୢFME�JO ୮ୢFME HPBM SBOHF XIJMF QSFGFSSJOH QBTTJOH OFBS UIF SFTQFDUJWF FOE [POFT�

.PTU PG UIJT BHSFFT XJUI DPOWFOUJPOBM XJTEPN� SVOOJOH PO TFDPOE BOE TIPSU JT MPX�SJTL BOE

QSPWJEFT B IJHI MJLFMJIPPE PG TVDDFTT
 XIJMF UFBNT TIPVME CF NPSF BHHSFTTJWF UISPVHI UIF

BJS PO TFDPOE BOE MPOH XIFO UISFF QPJOUT BSF OPU SJTL� 0VS SFJOGPSDFNFOU MFBSOJOH NPEFM


IPXFWFS
 MFBOT NPSF IFBWJMZ UPXBSET QBTTJOH BDSPTT UIF CPBSE� " OPUBCMF EJ୭GFSFODF PDDVST

PO TFDPOE BOE MPOH BT UIF P୭GFOTF BQQSPBDIFT UIF ���ZBSE MJOF BOE CFZPOE JOUP UIF EFGFOTFؠT

UFSSJUPSZ� UIF EJ୭GFSFODF JT UIBU BO &1" NPEFM XJMM SFXBSE UIF P୭GFOTF GPS HBJOJOH UISFF PS

GPVS ZBSE PO B SVOOJOH QMBZ CFDBVTF JU JODSFBTFT UIF QSPCBCJMJUZ PG B ୮ୢFME HPBM 	PS FWFO B

UPVDIEPXO
 JO FYQFDUFE QPJOUT UFSNT� .FBOXIJMF
 TJODF B SFJOGPSDFNFOU MFBSOJOH XPSLT JO

EJTDSFUF UFSNT
 GPS CPUI UIF SFXBSE BOE TUBUF TQBDF
 B SVOOJOH QMBZ PO TFDPOE MPOH XJMM OPU

MFBE UP B IJHIFS�SFXBSE TUBUF JO BMM MJLFMJIPPE BOE UIVT QBTTJOH
 XIJMF SJTLJFS
 JT TFFO BT UIF

CFUUFS PQUJPO� 5IF MBUUFS BHSFFT XJUI UIF UIPVHIU QSPDFTT PG TPNF UPQ P୭GFOTJWF NJOET
 FT�

QFDJBMMZ UIF NPSF BHHSFTTJWF QMBZ DBMMFST UIF MFBHVF IBT TFFO JO SFDFOU ZFBST� TFDPOE BOE OJOF

JT OPU WFSZ EJ୭GFSFOU GSPN UIJSE BOE TFWFO
 BOE UIFSFGPSF UIF P୭GFOTF TIPVME CF BHHSFTTJWF JO
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USZJOH UP TJHOJ୮ୢDBOUMZ JNQSPWF JUT TUBOEJOH JO UIPTF TJUVBUJPOT SBUIFS UIBO DIJQQJOH BXBZ

GPS B GFX ZBSET�

4JNJMBSMZ
 PO UIJSE EPXO
 FYQFDUFE QPJOUT BEEFE IBT B TJHOJ୮ୢDBOU QSFGFSFODF GPS SVOOJOH

PWFS QBTTJOH� *OUFSFTUJOHMZ
 UIJT JT QBSUJDVMBSMZ USVF JO UIF SFE [POF BOE JO UIJSE BOE NFEJVN

	GPVS UP TJY ZBSE
 TJUVBUJPOT� 5IFQ�MFBSOJOH BQQSPBDI BHSFFT XJUI UIF MBUUFS CVU EF୮ୢOJUFMZ

QSFGFST QBTTJOH PO UIJSE EPXO BT UIF P୭GFOTF SFBDIFT JUT PQQPOFOUؠT ���ZBSE MJOF BOE DMPTFS�

"HBJO
 FYQFDUFE QPJOUT QSFGFST DBVUJPO JO UIF SFE [POF CFDBVTF PG UIF EVBM F୭GFDU PG B TBDL PS

JOUFSDFQUJPO DBVTJOH UIF P୭GFOTF UP NJTT PVU PO QPJOUT BOE HJWJOH UIF PQQPTJOH UFBN B CFU�

UFS PQQPSUVOJUZ UP TDPSF QPJOUT� .FBOXIJMF
 UIF .%1 IBT B EJTDSFUF 	BOE FRVBM
 OFHBUJWF

SFXBSE GPS CPUI GVNCMFT BOE JOUFSDFQUJPOT BMPOH XJUI B TUSPOHFS QSFGFSFODF GPS DPOWFSU�

JOH IJHIFS�MFWFSBHF UIJSE EPXO TJUVBUJPOT� 5IJT BDDPVOUT GPS XIZ SFJOGPSDFNFOU MFBSOJOH

XJMM BEWPDBUF GPS B NPSF BHHSFTTJWF TUSBUFHZ JO UIF SFE [POF
 XIJDI JT DPOTJTUFOU XJUI SFDFOU

TFDVMBS TIJG୴T JO UIF /'-�

*O DPODMVTJPO
 XF ୮ୢOE UIBU SFJOGPSDFNFOU MFBSOJOH QSPQPTFT
 PO BWFSBHF
 NPSF QBTT�IFBWZ

QMBZ DBMMJOH UIBO &1" XPVME TVHHFTU� 5IJT TUFNT GSPN UIF XBZ SFJOGPSDFNFOU MFBSOJOH JT

USBJOFE
 QBSUJDVMBSMZ IPX UIF WBMVF GVODUJPO JT HFOFSBUFE PWFS UIF DPVSTF PG NBOZ JUFSB�

UJPOT� 3FXBSET BSF EJTDSFUF BOE POMZ SFBMJ[FE BU UIF FOE PG ESJWFT
 UISPVHI TDPSJOH QMBZT

PS UVSOPWFST� UIFSFGPSF
 XJUI B ୮ୢOJUF OVNCFS PG TJNVMBUJPOT
 UIF WBMVFT PG UIFQ�UBCMF UIBU

SFQSFTFOU TUBUFT DMPTF UP UIF HPBM MJOF XJMM CF IJHIFS BOE QSPQBHBUF EPXO UP UIF PUIFS TUBUFT
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UISPVHI UIFQ�WBMVF VQEBUF GPSNVMB� 5IFQ�MFBSOJOH QSPDFTT GPS UIF TJNVMBUJPO FOWJSPO�

NFOU JO UIJT TUVEZ JT MJLF JG B DPBDI SFDFJWFE B IVHF QTZDIPMPHJDBM TIPDL XIFO CJH QMBZT IBQ�

QFOFE BOE UIFO TMPXMZ SFNFNCFSFE PWFS UJNF XIJDI TJUVBUJPOT؜CBTFE PO ୮ୢFME QPTJUJPO


EPXO
 EJTUBODF
 FUD؜�SFTVMUFE JO UIPTF PVUDPNFT
 QPTJUJWF PS OFHBUJWF� 'PS FYBNQMF
 B DPBDI

XPVME XFJHI UIF QPTJUJWF F୭GFDUT PG TDPSJOH B UPVDIEPXO GBS NPSF UIBO UIF OFHBUJWF F୭GFDUT

PG GBJMJOH UP DPOWFSU B GPVSUI EPXO FWFO JG CPUI PDDVSSFE KVTU BT PG୴FO CBTFE PO B QBSUJDVMBS

EFDJTJPO�

6OMJLF &1"
 XIJDI XJMM BTTJHO OPO�USJWJBM WBMVFT UP JODSFNFOUBM DIBOHFT JO UIF P୭GFOTFؠT

TJUVBUJPO 	CBTFE PO UIF MJLFMJIPPE PG TDPSJOH B DFSUBJO BNPVOU PG QPJOUT

 UIF BHFOU JO UIJT

SFJOGPSDFNFOU MFBSOJOH FOWJSPONFOU XJMM TFFL PVU IJHI�SFXBSE PVUDPNFT BOE TUBUFT EJSFDUMZ�

5IJT QSPWJEFT BO BMUFSOBUJWF
 VOJRVF XBZ PG FWBMVBUJOH BOE VMUJNBUFMZ GPSNVMBUJOH QMBZ

DBMMJOH TUSBUFHJFT� UIFTF UZQFT PG BHHSFTTJWF QPMJDJFT IBWF CFFO BEPQUFE CZ TPNF PG UIF NPSF

TVDDFTTGVM P୭GFOTJWF UBDUJDJBOT JO SFDFOU ZFBST BOE UIVT HJWFT BEEJUJPOBM DSFEFODF UP VTJOH

SFJOGPSDFNFOU MFBSOJOH NFUIPET�

��� .ঘ঍঎ক $ঘখঙঊছ঒জঘগ

*O BEEJUJPO UP QSPWJEJOH SFDPNNFOEBUJPOT PO B NPEFM�CZ�NPEFM CBTJT
 JU JT JNQPSUBOU UP

FTUBCMJTI B TZTUFN GPS DPNQBSJOH UIF F୭୮ୢDBDZ PG EJ୭GFSFOUQ�MFBSOJOH NFUIPET 	BOE CSPBEMZ


PUIFS SFJOGPSDFNFOU MFBSOJOH UFDIOJRVFT
� 5IFSF JT OPU B TJHOJ୮ୢDBOU BNPVOU PG DPOTFOTVT
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JO UIF MJUFSBUVSF CFDBVTF PG UIF QSPCMFN�TQFDJ୮ୢD OBUVSF PG SFJOGPSDFNFOU MFBSOJOH� UIFSF�

GPSF
 UIF OVNCFS PG UPVDIEPXOT TDPSFE JO FBDI JUFSBUJPO XBT VTFE BT BO BQQSPYJNBUJPO PG

UIF NPEFMؠT TVDDFTT� "T UIF IJTUPHSBNT TIPX
 UPVDIEPXOT GPS FBDI JUFSBUJPO PG ���� ESJWFT

XFSF TBNQMFE GSPN B TZNNFUSJD EJTUSJCVUJPO XIJDI BMMPXFE VT UP VTF B t�UFTU GPS TUBUJTUJDBM

TJHOJ୮ୢDBODF� 5IJT TIPXFE UIBU UIF UJNF�TDPSF NPEFM QSPEVDFE TJHOJ୮ୢDBOUMZ CFUUFS SFTVMUT�

UIJT DBOOPU NFSFMZ CF FYQMBJOFE BXBZ CZ PWFS�୮ୢUUJOH CFDBVTF VOMJLF MJOFBS SFHSFTTJPO
 BE�

EJUJPOBM QSFEJDUPST PS WBSJBCMFT EP OPU BVUPNBUJDBMMZ JODSFBTF UIF USBJOJOH TVDDFTT PG UIF

NPEFM� /POFUIFMFTT
 UIF UJNF�TDPSF NPEFMؠT TVQFSJPSJUZ JT VOTVSQSJTJOH HJWFO UIBU P୭GFOTFT

DBO BEBQU CFUUFS UP EFGFOTJWF UFOEFODJFT JG UIFZ UBLF JOUP BDDPVOU UIBU FYUSB JOGPSNBUJPO�

(PJOH GPSXBSE
 UIF VMUJNBUF BJN PG EFWFMPQJOH BOE QFSGFDUJOH SFJOGPSDFNFOU MFBSOJOH؜

CPUI UIF TJNVMBUJPO FOWJSPONFOU BOE UIF USBJOJOH NFUIPE؜UFDIOJRVFT GPS GPPUCBMM JT UP

PQUJNJ[F P୭GFOTJWF TVDDFTT� 5IVT
 BT BEEJUJPOBM EJNFOTJPOT BSF BEEFE UP UIF TUBUF TQBDF BOE

UIF NFUIPEPMPHZ JT BEPQUFE UP JODMVEF OFX UFDIOJDBM BEE�POT 	DBTF�CBTFE SFBTPOJOH
 NPEFM�

CBTFE MFBSOJOH
 FUD

 UIFSF NVTU SFNBJO BO PCKFDUJWF NFBTVSF GPS NPEFM DPNQBSJTPO� 5IJT

NFBTVSF XJMM CF FOWJSPONFOU BOE .%1�TQFDJ୮ୢD� JO UIJT DBTF
 XF NFBTVSFE UPVDIEPXOT CVU

JO UIF GVUVSF JU DPVME CF TDPSF EJ୭GFSFOUJBM PS QPJOUT QFS ESJWF�
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We have all thॹ information but so doॸ everyone else.

What advantage doॸ it give ॺ to get it? None. It’s what

we do with it, the way we use it.

,FWJO $PMCFSU
 4UFFMFST (.

6
$PODMVTJPO

5IF CJH RVFTUJPO POF TIPVME CF BTLJOH JT� IPX DBO BO /'- UFBN
 BOE NPSF TQFDJ୮ୢDBMMZ

JUT QSJNBSZ QMBZ DBMMFS 	XIFUIFS UIBU CF B IFBE DPBDI PS P୭GFOTJWF DPPSEJOBUPS

 VTF SFJO�

GPSDFNFOU MFBSOJOH NFUIPET MJLF UIF POFT EFTDSJCFE BCPWF JO PSEFS UP JNQSPWF PO�UIF�୮ୢFME

PVUDPNFT 3JHIU OPX
 UIF NPEFMT BSF OPU USBJOFE PO B TV୭୮ୢDJFOU BNPVOU PG EBUB UP KVTUJGZ

VTJOH UIF SFTVMUT EJSFDUMZ PVU PG UIF CPY JO DBMMJOH QMBZT� 3BUIFS
 JU TIPVME CF VTFE UP HBVHF

��



IFVSJTUJDT BOE USFOET BCPVU IPX P୭GFOTFT TIPVME CF BQQSPBDIJOH DFSUBJO TJUVBUJPOT� 5IFTF

TJUVBUJPOT JODMVEF BMM UIF EJ୭GFSFOU أEJNFOTJPOTآ PO XIJDI UIF BCPWF NPEFMT XFSF CVJMU
 BOE

DBO CF UBJMPSFE UP ୮ୢU UIF OFFET PG B QBSUJDVMBS DPBDI�

Figure 6.1: 6HDQ0F9D\ FDQ HYROYH KLV DOUHDG\ LQQRYDWLYH SOD\ FDOOLQJ VWUDWHJLHV E\ DGRSWLQJ UHLQIRUFHPHQW OHDUQLQJ DV

LW FRQWLQXHV WR LPSURYH�

3FJOGPSDFNFOU MFBSOJOH BQQSPBDIFT
 MJLFQ�MFBSOJOH
 XJMM CFDPNF QBSUJDVMBSMZ JNQBDUGVM JO

SFBM�UJNF XIFO UIF TUBUF TQBDF CFHJOT UP JODMVEF JOGPSNBUJPO BCPVU P୭GFOTJWF BOE EFGFOTJWF

QFSTPOOFM� UIJT DBO TVCTUJUVUF GPS UFBN F୭GFDUT� $PBDIFT XBOU UP NBLF QMBZ DBMMJOH EFDJTJPOT

OPU POMZ CBTFE PO UIF TJUVBUJPO CVU XIJMF DPOTJEFSJOH UIF QMBZFST PO UIF ୮ୢFME PO FJUIFS TJEF�

#Z EFWFMPQJOH MFBHVF�XJEF NPEFMT UIBU JODPSQPSBUF UIF UBMFOU BOE TUZMF PG QMBZFST BU DFSUBJO

QPTJUJPOT؜MJLFMZ TUBSUJOH RVBSUFSCBDL؜GPPUCBMM BOBMZTUT DBO IFMQ DPBDIFT GFFM NPSF DPN�

GPSUBCMF XJUI BMHPSJUINJD QMBZ DBMMJOH�
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*O PSEFS UP JNQSPWF UIF BQQMJDBUJPO PG SFJOGPSDFNFOU MFBSOJOH UP QMBZ DBMMJOH BOE BDIJFWF

UIF MPG୴Z HPBMT QSFTFOUFE BCPWF
 UIF NFUIPET BOE EBUB VTFE JO UIJT QBQFS OFFE UP CF BVH�

NFOUFE BOE JNQSPWFE VQPO� 'JSTUMZ
 JU NBZ CF VOBWPJEBCMF UP JODMVEF EBUB GSPN NVMUJQMF

TFBTPOT UP JODSFBTF UIF TBNQMF TJ[F BOE BWPJE PWFS�୮ୢUUJOH� 5IF TUBUF TQBDF XJMM BMTP OFFE UP

CF FYQBOEFE UP JODMVEF JOGPSNBUJPO BCPVU QFSTPOOFM JO UFSNT PG BWBJMBCMF QPTJUJPOT
 TUZMFT


BOE UBMFOU MFWFMT� 5IJT EBUB DBO CF ESBXO GSPN B OVNCFS PG TPVSDFT
 XIFUIFS JUؠT .BEEFO

SBUJOHT PS QBTU TUBUJTUJDT� *O PSEFS UP BDDPNNPEBUF UIJT TJHOJ୮ୢDBOUMZ MBSHFS TUBUF TQBDF
 GV�

UVSF QMBZ DBMMJOH BMHPSJUINT XJMM MJLFMZ IBWF UP BEPQU DBTF�CBTFE SFBTPOJOH XIJDI XJMM USBJO

BO PQUJNBM QPMJDZ XIJMF BDLOPXMFEHJOH UIBU DVSSFOU TJUVBUJPOT SFTFNCMF QBTU FYBNQMFT BOE

TIPVME CF USFBUFE BT TVDI� 5IJT BMMPXT UIF MFBSOFS UP NPSF F୭୮ୢDJFOUMZ TBNQMF GSPN BO BM�

SFBEZ MJNJUFE EBUB TFU BOE DSBG୴ B أTNPPUIFSآ BDUJPO TFU� .PEFM�CBTFE BQQSPBDIFT
 XIJDI

DBO JODMVEF VOEFSMZJOH EFTJHOT GSPN OFVSBM OFUXPSLT UP (BVTTJBO NJYFE NPEFMT UP BOZ�

UIJOH JO�CFUXFFO
 DBO BMTP BMMPX UIF SFJOGPSDFNFOU MFBSOJOH BMHPSJUIN UP USBJO JUT PQUJNBM

QPMJDZ NPSF F୭୮ୢDJFOUMZ�

*G UIFTF JNQSPWFNFOUT DBO CF NBEF QSPQFSMZ BOE UIF XFBLOFTTFT PG UIF BQQSPBDIFT QSF�

TFOUFE JO UIJT QBQFS DBO CF NJUJHBUFE
 UIFSF JT OP EPVCU UIBU EBUB�ESJWFO
 BMHPSJUINJD QMBZ

DBMMJOH UFDIOJRVFT XJMM DPOUJOVF UP QFSWBEF UIF /'-� 3FJOGPSDFNFOU MFBSOJOH P୭GFST EFDJTJPO�

NBLJOH TVQQPSU USBJOFE JO B DPNQFMMJOH QSPUPUZQF PG UIF UZQJDBM FOWJSPONFOU UIBU QMBZ

DBMMFST ୮ୢOE UIFNTFMWFT JO� .%1T P୭GFS UIF ୯୳FYJCJMJUZ UIBU DPBDIFT OFFE UP BEBQU UIF QSPCMFN
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UP UIF TQFDJ୮ୢD QJFDFT PG JOGPSNBUJPO UIFZ DBSF BCPVU
 BMMPXJOH UIFN UP POMZ DPOTJEFS UIF

GBDUPST UIBU UIFZ ୮ୢOE WBMVBCMF� 'PS FYBNQMF
 UIFZ DPVME VQEBUF UIF SFXBSE GVODUJPO PS TJN�

VMBUJPO FOWJSPONFOU UP NBUDI UIFJS QIJMPTPQIJDBM BQQSPBDI UP QMBZ DBMMJOH BOE UIVT BDIJFWF

B CFUUFS NBUDI CFUXFFO NPEFM BOE QSBDUJDF� .PTU JNQPSUBOUMZ
 SFJOGPSDFNFOU MFBSOJOH DBO

JNQSPWF PO DVSSFOU FYQFDUFE QPJOUT�CBTFE NPEFMT CZ CFUUFS NPEFMJOH UIF EJTDSFUF OBUVSF PG

DPODSFUF SFXBSET JO GPPUCBMM BOE UIVT DBQUVSJOH NPSF PG UIF QTZDIPMPHZ PG P୭GFOTJWF TUSBU�

FHZ� 5IJT DPNCJOBUJPO PG ୯୳FYJCJMJUZ BOE JNQSPWFE F୭୮ୢDBDZ JOEJDBUFT UIBU GPPUCBMM BOBMZTUT

TIPVME DPOTJEFS SFJOGPSDFNFOU MFBSOJOH BT UIF TUBOEBSE CFBSFS GPS QMBZ�DBMMJOH PQUJNJ[BUJPO

HPJOH GPSXBSE�
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Figure A.1: +LVWRJUDP RI WRXFKGRZQV SHU ���� GULYHV LQ WKH EDVHOLQHPRGHO�

Figure A.2: +LVWRJUDP RI ILHOG JRDOV SHU ���� GULYHV LQ WKH EDVHOLQHPRGHO�
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Figure A.3: +LVWRJUDP RI LQWHUFHSWLRQV SHU ���� GULYHV LQ WKH EDVHOLQHPRGHO�

Figure A.4: +LVWRJUDP RI IXPEOHV SHU ���� GULYHV LQ WKH EDVHOLQHPRGHO�
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Figure A.5: +LVWRJUDP RI WRXFKGRZQV SHU ���� GULYHV LQ WKH WLPH�VFRUHPRGHO�

Figure A.6: +LVWRJUDP RI ILHOG JRDOV SHU ���� GULYHV LQ WKH WLPH�VFRUHPRGHO�
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Figure A.7: +LVWRJUDP RI LQWHUFHSWLRQV SHU ���� GULYHV LQ WKH WLPH�VFRUHPRGHO�

Figure A.8: +LVWRJUDP RI IXPEOHV SHU ���� GULYHV LQ WKH WLPH�VFRUHPRGHO�
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Figure A.9: +LVWRJUDP RI WRXFKGRZQV SHU ���� GULYHV LQ WKH VHULDO FRUUHODWLRQPRGHO�

Figure A.10: +LVWRJUDP RI ILHOG JRDOV SHU ���� GULYHV LQ WKH VHULDO FRUUHODWLRQPRGHO�
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Figure A.11: +LVWRJUDP RI LQWHUFHSWLRQV SHU ���� GULYHV LQ WKH VHULDO FRUUHODWLRQPRGHO�

Figure A.12: +LVWRJUDP RI IXPEOHV SHU ���� GULYHV LQ WKH VHULDO FRUUHODWLRQPRGHO�
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Figure A.13: (PSLULFDO VHFRQG GRZQ SDVV YHUVXV UXQ SUHIHUHQFHV IURP1)/ FRDFKHV�

Figure A.14: (PSLULFDO WKLUG GRZQ SDVV YHUVXV UXQ SUHIHUHQFHV IURP1)/ FRDFKHV�
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Figure A.15: 3DVV YHUVXV UXQ RQ VHFRQG GRZQ �EDVHG RQ ([SHFWHG 3RLQWV $GGHG��

Figure A.16: 3DVV YHUVXV UXQ RQ WKLUG GRZQ �EDVHG RQ ([SHFWHG 3RLQWV $GGHG��
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https://www.kaggle.com/maxhorowitz/nflplaybyplay2009to2016
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