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AbVWUacW

IQ WhiV SaSeU Ze Veek aQ iPSURYed eVWiPaWe Rf Whe PlXV-MiQXV VWaWiVWic fRU NBA Sla\eUV XViQg Ba\eViaQ
UegUeVViRQ. UViQg a Ba\eViaQ aSSURach WR PRdel WhiV VWaWiVWic Zill allRZ XV WR geQeUaWe a diVWUibXWiRQ UaWheU
WhaQ a SRiQW eVWiPaWe fRU each Sla\eU¶V WUXe PlXV-MiQXV, SURYidiQg iPSURYed iQWeUSUeWabiliW\ RYeU
QRQ-Ba\eViaQ PeWhRdV. We ZRUk ZiWh daWa fURP Whe 2010/11 NBA VeaVRQ XS WR aQd iQclXdiQg Whe
2018/19 VeaVRQ, aQd RXU PeWhRdV VhRXld be able WR be eaVil\ aSSlied WR aQ\ fXWXUe RU SaVW NBA VeaVRQV.
We XVe Ba\eViaQ UegUeVViRQ WR PRdel Whe PlXV-MiQXV VWaWiVWic fRU Sla\eUV, aQd Ze XVe a QeVWed UegUeVViRQ
fUaPeZRUk WR deUiYe lRgical SUiRU diVWUibXWiRQV fRU each Sla\eU baVed RQ WheiU cRQWUacW YalXe. The PRdel
Ze aUUiYe aW cRUUecWV fRU WeaPPaWe SeUfRUPaQce, aQd Ze belieYe Whe PRdel RffeUV iPSURYePeQWV RQ
cRQYeQWiRQal PeWhRdV fRU eYalXaWiQg iQdiYidXal Sla\eU SeUfRUPaQce b\ XViQg addiWiRQal daWa VXch aV
cRQWUacW YalXe aQd RffeUiQg a PeaVXUe Rf XQceUWaiQW\ abRXW a Sla\eU¶V WUXe abiliWieV. We call RXU PRdel Whe
Ba\eViaQ CRQWUacW PlXV MiQXV, RU BCPM. HRZeYeU, Whe PRdel dReV VRPeZhaW VWUXggle WR accXUaWel\
aVVeVV Sla\eUV RQ URRkie cRQWUacWV, Zhich iV aQ aUea WR e[SlRUe iQ fXWXUe ZRUk.

InWUodXcWion

TheUe aUe cXUUeQWl\ a QXPbeU Rf diffeUeQW VWaWiVWicV WhaW aUe XVed WR PeaVXUe Whe SeUfRUPaQce Rf NBA
Sla\eUV aV WhiV iV RQe Rf Whe PRVW SUeYaleQW WaVkV fRU NBA WeaPV. EYeU\ fURQW Rffice ZRXld like WR be able
WR cRQfideQWl\ aQVZeU TXeVWiRQV VXch aV ³iV Sla\eU A beWWeU WhaQ Sla\eU B?´, allRZiQg WheP WR Pake beWWeU
deciViRQV ZheQ bXildiQg a URVWeU. The SlXV-PiQXV VWaWiVWic (BaVkeWball-RefeUeQce, 2020) iV a YeU\ QaWXUal
PeWUic WR XVe ZheQ PeaVXUiQg Sla\eUV¶ cRQWUibXWiRQV WR WheiU WeaPV. B\ defiQiWiRQ, SlXV-PiQXV PeaVXUeV
Whe QeW SRiQW diffeUeQWial fRU a Sla\eU¶V WeaP Zhile WhaW Sla\eU iV RQ Whe cRXUW. FRU e[aPSle, VXSSRVe Sla\eU
A eQWeUed Whe gaPe ZiWh hiV WeaP dRZQ b\ 2 SRiQWV aQd gRW VXbVWiWXWed RXW 5 PiQXWeV laWeU ZiWh hiV WeaP
XS b\ 3. Pla\eU A had a SlXV-PiQXV Rf 5 SRiQWV iQ WhaW VWiQW Rf Sla\, aQd Whe RYeUall VWaWiVWic iV WheQ
QRUPali]ed aV SlXV-PiQXV SeU 100 SRVVeVViRQV, ZiWh a SRVVeVViRQ beiQg aQ\ WiPe Whe WeaP ZhR haV Whe
ball chaQgeV.
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MaQ\ eVWiPaWeV Rf Sla\eUV¶ SlXV-PiQXV VWaWiVWicV aUe biaVed dXe WR Whe facW WhaW WheUe aUe 10 Sla\eUV RQ Whe
cRXUW aW aQ\ giYeQ WiPe, VR Sla\eUV ZhR fUeTXeQWl\ Sla\ ZiWh aQ eliWe Sla\eU like LeBURQ JaPeV Zill haYe
aQ aUWificiall\ iQflaWed SlXV-PiQXV cRPSaUed WR Sla\eUV ZhR PighW be eTXall\ SURdXcWiYe bXW Sla\
alRQgVide VXb-SaU Sla\eUV. AddiWiRQall\, SRiQW eVWiPaWeV Rf SlXV-PiQXV aUe leVV iQfRUPaWiYe WhaQ
diVWUibXWiRQV Rf SlXV-PiQXV ViQce diVWUibXWiRQV ZRXld allRZ XV WR e[aPiQe Whe XQceUWaiQW\ aVVRciaWed ZiWh
a ceUWaiQ Sla\eU¶V SeUfRUPaQce. TheVe aUe VRPe Rf Whe cRUe iVVXeV WhaW Ze Veek WR addUeVV iQ WhiV SaSeU.

OXU PaiQ WaVkV aUe VXPPaUi]ed belRZ:
Ɣ CaQ Ze cRPe XS ZiWh UeaVRQabl\ iQfRUPed, lRgical SUiRU diVWUibXWiRQV fRU Whe Sla\eUV XViQg

cRQWUacW YalXe aQd SRWeQWiall\ WeaP UaWiQgV WR helS iPSURYe RXU PaiQ Ba\eViaQ UegUeVViRQ PRdel?
Ɣ CaQ Ze cRQVWUXcW aQ iQfRUPaWiYe Ba\eViaQ UegUeVViRQ PRdel WhaW cRQdiWiRQV RQ all Sla\eUV RQ Whe

cRXUW WR eliPiQaWe cRlliQeaUiW\ Zhile alVR RXWSXWWiQg UeaVRQable diVWUibXWiRQV fRU SlXV-PiQXV
VWaWiVWicV?

Ɣ CaQ Ze cUeaWe aQ iQWXiWiYe iQWeUacWiYe YiVXali]aWiRQ WR diVSla\ Whe UeVXlWV Rf RXU Ba\eViaQ PRdel
aQd allRZ fRU cRPSaUiVRQV beWZeeQ Sla\eUV?

DaWa

ConWUacW DaWa

The fiUVW daWaVeW cRQWaiQV iQfRUPaWiRQ abRXW Sla\eU cRQWUacWV. ThiV daWa ZaV RbWaiQed fURP Zeb-VcUaSiQg
daWa fRXQd RQ VSRWUak.cRP (2017-2019 VeaVRQV) aQd dRZQlRadiQg a daWa VeW fURP Kaggle (1990 - 2017
VeaVRQV). TheVe WZR daWa VeWV ZeUe jRiQed RQ Sla\eU QaPeV, aQd Whe fiQal daWa fUaPe UeVXlWed iQ 12,724
WRWal cRQWUacWV, giYeQ WR 2406 XQiTXe Sla\eUV acURVV 32 WeaPV. The jRiQed daWa fUaPe cRQViVWed Rf Whe
fRllRZiQg YaUiableV:

Ɣ Pla\eU NaPe
Ɣ CRQWUacW ValXe
Ɣ YeaU Rf CRQWUacW
Ɣ TeaP
Ɣ T\Se (RRRkie YV NRQ-URRkie)

WheQ jRiQiQg Whe daWa fUaPeV, Ze did UXQ iQWR VRPe difficXlW\ ZiWh iQcRQViVWeQcieV iQ Sla\eU QaPeV; fRU
e[aPSle ³PJ TXckeU´ aQd ³P.J. TXckeU´ aUe Whe VaPe Sla\eU bXW liVWed diffeUeQWl\. SiQce WheUe ZaV QRW a
Sla\eU id cRPPRQ WR bRWh daWa VeWV aQd WheUe ZaV QRW a VRlXWiRQ WhaW ZRUked fRU eYeU\ Sla\eU, WhiV iVVXe
ZaV fi[ed PaQXall\.
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FigXUe 1: MeaQ SalaU\ b\ SeaVRQ iQ Whe NBA

AV VeeQ iQ FigXUe 1 abRYe, Whe aYeUage ValaU\ fURP 1990 WR 2019 haV beeQ iQcUeaViQg. AfWeU adjXVWiQg fRU
WhiV, Ze decided WR XVe daWa fURP dXUiQg aQd afWeU Whe 2010-2011 VeaVRQ, aV daWa befRUe WhiV VeaVRQ had
hRleV VXch aV eQWiUe WeaPV PiVViQg RU iQcRQViVWeQW QXPbeU Rf Sla\eUV SeU WeaP. AV Zill be diVcXVVed iQ Whe
PeWhRdV VecWiRQ, 5 VeaVRQV aUe XVed WR cRQVWUXcW SUiRUV, VR RXU PRdel SURdXceV UeVXlWV fURP Whe 2015-2016
VeaVRQ WR Whe 2018 - 2019 VeaVRQV.

GameV DaWa

OXU NBA gaPeV daWa cRPeV fURP fiYeWhiUW\eighW (fiYeWhiUW\eighW, 2019). ThiV daWa iV acWXall\ XVed b\
fiYeWhiUW\eighW WR cUeaWe ELO UaQkiQgV fRU each WeaP XSdaWed afWeU each gaPe (WhRXgh Whe ELO VcRUeV
WhePVelYeV aUe QRW UeleYaQW WR RXU ZRUk). The daWa gReV back WR 1946 aQd iQclXdeV YaUiableV VXch aV Whe
fiQal gaPe VcRUeV aQd ZhR had hRPe cRXUW adYaQWage. We Zill XVe WhiV daWa WR cUeaWe a WeaP UaWiQg V\VWeP
WhaW Pa\ be XVed WR cUeaWe SUiRUV fRU RXU ba\eViaQ UegUeVViRQ.

TR acWXall\ XVe WhiV daWaVeW, Ze eQd XS RQl\ XViQg a feZ YaUiableV:
Ɣ TeaP 1 aQd TeaP 2
Ɣ FiQal VcRUeV fRU bRWh WeaPV

We XVe Whe fiQal VcRUeV WR calcXlaWe a SRiQW diffeUeQWial Zhich WellV XV hRZ PXch a WeaP ZRQ b\.
AddiWiRQall\, Ze alVR ZaQW aQ iQdicaWRU fRU Zhich WeaP iV hRPe. OXU daWaVeW cRQWaiQV gaPeV daWa iQ Zhich
WeaP 1 iV alZa\V Whe hRPe WeaP. IQ RUdeU WR cUeaWe WhiV hRPe/aZa\ iQdicaWRU Ze dXSlicaWe each gaPe VR
WhaW each gaPe VhRZV WZice. SR fRU a gaPe beWZeeQ TeaP 1 aQd TeaP 2, WheUe Zill be WZR eQWUieV fRU WhiV
gaPe: RQe eQWU\ Zill VhRZ WeaP 1 aV Whe hRPe WeaP aQd Whe RWheU eQWU\ Zill VhRZ WeaP 2 aV Whe aZa\
WeaP. ThiV allRZV XV WR eYeQ RXW RXU daWaVeW aQd facWRU iQ hRPe cRXUW adYaQWage iQWR RXU WeaP UaQkiQgV.
IQclXdiQg hRPe cRXUW adYaQWage iQ RXU aQal\ViV alVR giYeV XV VRPe cRQYeQieQW iQfRUPaWiRQ abRXW hRZ
PXch hRPe cRXUW adYaQWage iV ZRUWh. FigXUe 2 belRZ VhRZV XV Whe aYeUage SRiQW diffeUeQWial aVVRciaWed
ZiWh hRPe cRXUW adYaQWage. ThiV cRPeV RXW WR 2.793 SRiQWV iQ Whe 2018-2019 VeaVRQ aQd iV aURXQd 2.5 fRU
all VeaVRQV.
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FigXUe 2: DiVWUibXWiRQ Rf NBA PRiQW DiffeUeQWialV fRU 2018/19 VeaVRQ

ShifWV DaWa

The laVW PaiQ daWaVeW WhaW Ze XVed ZaV deUiYed fURP NBA Sla\-b\-Sla\ daWa fURP eighWWhiUW\fRXU (EighW
ThiUW\ FRXU, 2019). The Sla\-b\-Sla\ daWaVeW iQclXdeV a QXPbeU Rf diffeUeQW YaUiableV ZiWh RQl\ a feZ Rf
iQWeUeVW WR XV:

Ɣ VcRUe PaUgiQ
Ɣ IDV Rf Whe Sla\eUV RQ Whe cRXUW fRU Whe hRPe aQd aZa\ WeaPV
Ɣ ID Rf a Sla\eU beiQg VXbVWiWXWed RQ
Ɣ HRPe WeaP
Ɣ AZa\ WeaP
Ɣ Field gRal aWWePSWV
Ɣ OffeQViYe UebRXQdV
Ɣ FUee WhURZ aWWePSWV
Ɣ TXUQRYeUV

We SeUfRUP VRPe daWa ZUaQgliQg WR UefRUPaW WhiV Sla\-b\-Sla\ daWa iQWR VhifWV, ZheUe a VhifW iV defiQed aV
a SeUiRd Rf WiPe ZheUe Whe VaPe 10 Sla\eUV aUe RQ Whe cRXUW ZiWhRXW aQ\ VXbVWiWXWiRQV. FRU each VhifW Ze
UecRUd Whe hRPe aQd aZa\ WeaPV, Whe diffeUeQce beWZeeQ hRPe SRiQWV aQd aZa\ SRiQWV, Whe IDV Rf Whe
Sla\eUV RQ Whe cRXUW fRU WhaW VhifW, aQd Whe aSSUR[iPaWe QXPbeU Rf SRVVeVViRQV WhaW WRRk Slace dXUiQg Whe
VhifW. The QXPbeU Rf SRVVeVViRQV iQ a VhifW ZaV cRPSXWed XViQg Whe fRUPXla (NBAVWXffeU, 2021)

,𝑃 ࡧ  0. ࡤ 96 ഉ𝐹𝐺𝐴 +  𝑇𝑂 +  0. 44ഉ𝐹𝑇𝐴ഊ − 𝑂𝑅𝐸𝐵ഊ
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ZheUe aSSUR[iPaWe QXPbeU Rf SRVVeVViRQV, field gRal aWWePSWV, WXUQRYeUV,𝑃 ࡧ  𝐹𝐺𝐴 ࡧ  𝑇𝑂 ࡧ  
fUee WhURZ aWWePSWV, aQd RffeQViYe UebRXQdV.𝐹𝑇𝐴 ࡧ  𝑂𝑅𝐸𝐵 ࡧ  

ShifWV ZeUe WheQ QRUPali]ed WR UecRUd SRiQW diffeUeQWial SeU 100 SRVVeVViRQV. The fiQal VhifWV daWaVeW iV
VWUXcWXUed VXch WhaW each URZ cRUUeVSRQdV WR a XQiTXe VhifW, Whe fiUVW cRlXPQ VWRUeV Whe QRUPali]ed SRiQW
diffeUeQWial, aQd Whe UePaiQiQg cRlXPQV (aURXQd 500 cRlXPQV, YaUieV b\ VeaVRQ) each cRUUeVSRQd WR aQ
NBA Sla\eU fRU Whe giYeQ VeaVRQ. TheVe cRlXPQV aUe all filled ZiWh ]eURV e[ceSW fRU Whe fiYe Sla\eUV fURP
Whe hRPe WeaP aQd Whe fiYe Sla\eUV RQ Whe aZa\ WeaP ZhR ZeUe RQ Whe cRXUW dXUiQg Whe giYeQ VhifW. The
fiYe hRPe Sla\eUV iQ a VhifW aUe deQRWed ZiWh +1, Zhile Whe fiYe aZa\ Sla\eUV iQ a VhifW aUe deQRWed ZiWh
-1.

ThiV daWaVeW iV XVed WR WUaiQ RXU Ba\eViaQ UegUeVViRQ PRdel, ZheUe Whe VeW Rf cRlXPQV cRUUeVSRQdiQg WR Whe
Sla\eUV fRUPV RXU deVigQ PaWUi[ X (a VSaUVe PaWUi[ Rf PRVWl\ ]eURV, ZiWh fiYe +1V aQd fiYe -1V SeU URZ),
Zhile Whe fiUVW cRlXPQ (cRUUeVSRQdiQg WR Whe QRUPali]ed SRiQW diffeUeQWial) iV RXU UeVSRQVe YaUiable. ThiV

allRZV fRU Whe cRQYeQieQW iQWeUSUeWaWiRQ WhaW Whe cRefficieQW PeaQ iV RXU eVWiPaWe Rf Whe Sla\eU¶V𝑖𝑡ℎ 𝑖𝑡ℎ

SlXV-PiQXV.

MeWhodV

DeUiYing MeaningfXl PUioUV

WheQ cUeaWiQg RXU fiQal SUiRUV WR be XVed iQ Ba\eViaQ UegUeVViRQ, Ze VSliW Whe daWa iQWR URRkieV aQd
YeWeUaQV dXe WR Whe diVcUeSaQcieV iQ WheiU cRQWUacW YalXeV. FRU iQVWaQce, a Sla\eU RQ a URRkie cRQWUacW ZhR
iV SeUfRUPiQg RQ a VXSeUVWaU leYel, VXch aV LXka DRQcic, cRXld be e[WUePel\ XQdeUUaWed if hiV cRQWUacW
SUiRU ZaV QRW adjXVWed XSZaUdV, aV WhRVe RQ URRkie cRQWUacWV WeQd WR Pake leVV WhaQ YeWeUaQV. OXU PRdel
haV WZR SRWeQWial YaUiableV WhaW Ze Zill cRQVideU WR WU\ WR SUedicW Sla\eU SeUfRUPaQce: cRQWUacW YalXe aQd
WeaP UaWiQg. CRQWUacW YalXe iV WakeQ aV iV, afWeU adjXVWiQg fRU cRQWUacW YalXe iQflaWiRQ, Zhile WeaP UaWiQg iV
cUeaWed WhURXgh liQeaU UegUeVViRQ.

TR deYelRS WeaP UaWiQgV, Ze XVe Whe gaPeV daWa PeQWiRQed iQ Whe daWa VecWiRQ abRYe. OXU liQeaU
UegUeVViRQ WakeV SRiQW diffeUeQWialV Rf each gaPe iQ a VeaVRQ aV iWV deSeQdeQW YaUiable aQd XVeV WeaP,
RSSRQeQW, aQd lRcaWiRQ (hRPe RU aZa\) aV iWV iQdeSeQdeQW YaUiableV. IQ WhiV PaQQeU, b\ UegUeVViQg RYeU all
gaPeV iQ a VeaVRQ, Ze geW a cRefficieQW fRU each WeaP WhaW Ze WheQ XVe aV WeaP UaWiQgV.

Ridge RegUeVVion

Ridge UegUeVViRQ ZaV XVed WR SUedicW cRefficieQWV fRU each Sla\eU XViQg a SeU 100 SRVVeVViRQ SRiQW
diffeUeQWial YaUiable. SSecificall\, Ze XWili]e Whe VSaUVe PaWUi[ Rf VhifWV daWa diVcXVVed iQ Whe daWa VecWiRQ
abRYe. We XVe Whe SRiQW diffeUeQWial SeU 100 SRVVeVViRQV aV Whe deSeQdeQW YaUiable aQd RXU VSaUVe PaWUi[

aV Whe deVigQ PaWUi[. ThiV dReV QRW cRQVideU aQ\ SUiRU iQfRUPaWiRQ abRXW Whe Sla\eUV, WheiU WeaPV, RU aQ\𝑋
RWheU facWRUV - iW ViPSl\ cRPSXWeV a cRefficieQW fRU each Sla\eU baVed RQ Whe VhifWV daWa. TheVe cRefficieQWV
acW aV a SUR[\ fRU hRZ Zell Whe Sla\eU acWXall\ SeUfRUPed.
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Random FoUeVW RegUeVVion and GUadienW BooVWing RegUeVVion

NRZ WhaW Ze haYe RXU Sla\eU cRefficieQWV fURP Whe Uidge UegUeVViRQ aV Zell aV Whe WeaP UaWiQg aQd cRQWUacW
YalXeV, Ze caQ bXild a PRdel WR SUedicW a PeaQ fRU each Sla\eU WhaW Zill VeUYe aV Whe SUiRU PeaQ iQ Whe
eYeQWXal Ba\eViaQ UegUeVViRQ.

TR VelecW RXU PRdel Ze fiUVW WeVWed liQeaU aQd Uidge UegUeVViRQ bXW bRWh Rf WheVe \ielded XQdeViUable
UeVXlWV. We XlWiPaWel\ cRPSaUed WZR PaiQ PeWhRdV: Whe UaQdRP fRUeVW UegUeVVRU aQd Whe gUadieQW bRRVWiQg
UegUeVVRU. Each PRdel XVed Whe fRllRZiQg PeWhRdRlRg\ WR WUaiQ aQd YalidaWe iQ RUdeU WR VelecW Whe beVW
PRdel.

Ɣ Each Rf Whe PRdelV XWili]e fiYe VeaVRQV Rf SaVW daWa. DXUiQg WUaiQiQg, each PRdel RQl\ XVeV Whe
fiUVW fRXU VeaVRQV Rf daWa. The laVW VeaVRQ iV XVed aV Whe YalidaWiRQ VeW.

Ɣ We cRQVideUed fRXU PRdelV: WZR UaQdRP fRUeVW UegUeVVRUV aQd WZR gUadieQW bRRVWiQg UegUeVVRUV,
each ZiWh aQd ZiWhRXW WeaP UaWiQg aV a SUiRU. All fRXU PRdelV iQclXded Whe cRQWUacW SUiRU.

Ɣ The PRdelV ZeUe cRPSaUed XViQg MSE (PeaQ VTXaUed eUURU) aV Whe PaiQ PeWUic fRU cRPSaUiVRQ.
We alVR e[aPiQed Whe acWXal UeVXlWV PaQXall\ WR cRQfiUP WhaW Whe UeVXlWV aUe UeaVRQable aQd
iQfRUPaWiYe aV SUiRUV.

UlWiPaWel\, Ze eQded XS chRRViQg Whe UaQdRP fRUeVW UegUeVVRU ZiWh RQl\ cRQWUacW UaWiQg aV a SUedicWRU aV
RXU fiQal PRdel. ThiV PRdel gaYe XV Whe beVW UeVXlWV iQ WeUPV Rf MSE aQd PaQXal iQVSecWiRQ. The UeVXlW iV
a SUiRU PeaQ WhaW iV SURdXced b\ Whe UaQdRP fRUeVW UegUeVVRU aQd a SUiRU VWaQdaUd deYiaWiRQ WhaW iV deUiYed
fURP Whe RMSE (URRW PeaQ VTXaUed eUURU) Rf Whe PRdel fURP Whe YalidaWiRQ VeW. TheVe SUiRUV aQd VWaQdaUd
deYiaWiRQV fRU each Sla\eU Zill WheQ be SaVVed RQ WR RXU XlWiPaWe Ba\eViaQ RegUeVViRQ PRdel. AQ e[aPSle
Rf WhiV SUiRU PRdel VelecWiRQ SURceVV caQ be fRXQd iQ Whe WechQical aSSeQdi[ XQdeU ³PUiRU MRdel SelecWiRQ
2015/16´.

Ba\eVian RegUeVVion

OQce Ze haYe a VRXQd PeWhRdRlRg\ fRU deUiYiQg PeaQiQgfXl SUiRU diVWUibXWiRQV fRU NBA Sla\eUV¶
SlXV-PiQXV VWaWiVWicV, Ze caQ WXUQ RXU aWWeQWiRQ WR Whe VecRQd UeVeaUch WaVk Rf bXildiQg aQ iQfRUPaWiYe
Ba\eViaQ UegUeVViRQ PRdel WR eVWiPaWe SlXV-PiQXV. WiWh iQVSiUaWiRQ fURP DeVhSaQde aQd JeQVeQ
(DeVhSaQde aQd JeQVeQ 2016), Ze Veek a PRdel Rf Whe fRUP

,𝑦 ࡧ β
0 

+  𝑋β +  ϵ 

ZheUe iV a YecWRU cRQWaiQiQg Whe SRiQW diffeUeQWial iQ each VhifW, iV a cRQVWaQW UeSUeVeQWiQg hRPe-cRXUW𝑦 β
0

adYaQWage, iV RXU VSaUVe deVigQ PaWUi[ deVcUibed abRYe iQ Whe DaWa VecWiRQ, aQd iV RXU YecWRU Rf𝑋 β
cRefficieQWV fRU each Sla\eU. NRWe WhaW iV diPeQViRQal, iV aQd iV diPeQViRQal ZheUe iVβ 𝑝 𝑋 𝑛 ࡣ 𝑝 𝑦 𝑛 𝑝
Whe QXPbeU Rf NBA Sla\eUV ZhR SaUWiciSaWed iQ a giYeQ VeaVRQ aQd iV Whe QXPbeU Rf VhifWV iQ a VeaVRQ.𝑛
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EVVeQWiall\ ZhaW WhiV becRPeV iV a UegUeVViRQ Rf SRiQW diffeUeQWial RQ RQl\ Whe WeQ Sla\eUV RQ Whe cRXUW fRU
each VhifW, ViQce all RWheU Sla\eUV Wake YalXe 0. AlVR, Uecall WhaW Ze haYe chRVeQ WR deQRWe hRPe Sla\eUV
ZiWh +1 aQd aZa\ Sla\eUV ZiWh -1 iQ RUdeU WR VWa\ cRQViVWeQW ZiWh RXU chRice Rf UeSUeVeQWiQg SRiQW
diffeUeQWial aV . B\ UegUeVViQg Whe SRiQW diffeUeQWial RQ all Sla\eUV RQ Whe cRXUW,𝑝𝑜𝑖𝑛𝑡𝑠

ℎ𝑜𝑚𝑒 
−  𝑝𝑜𝑖𝑛𝑡𝑠

𝑎𝑤𝑎𝑦

Ze VhRXld WheRUeWicall\ be able WR accRPSliVh Whe WaVk Rf RbWaiQiQg a cRQdiWiRQal eVWiPaWe Rf Sla\eUV¶
SlXV-PiQXVeV giYeQ Whe RWheU Sla\eUV RQ Whe cRXUW.

We iPSlePeQW WhiV PRdel iQ P\WhRQ XViQg Whe S\Pc3 Sackage (SalYaWieU, Wiecki, aQd FRQQeVbeck 2016).
P\Pc3 SURYideV a cRQYeQieQW fUaPeZRUk fRU VSecif\iQg SUiRU diVWUibXWiRQV, allRZiQg XV WR iQSXW RXU SUiRUV
deUiYed fURP Whe UaQdRP fRUeVW PRdel diVcXVVed abRYe. SiQce WhiV iV a Ba\eViaQ PRdel, Whe fiQal RXWSXW iV
a diVWUibXWiRQ fRU each Sla\eU¶V SlXV-PiQXV, alRQg ZiWh a diVWUibXWiRQ fRU Whe hRPe cRXUW adYaQWage
SaUaPeWeU aQd a diVWUibXWiRQ fRU Whe eUURU WeUP . The cRde XVed WR bXild WhiV Ba\eViaQ UegUeVViRQ PRdelβ

0
ϵ

caQ be fRXQd iQ Whe WechQical aSSeQdi[ XQdeU ³Ba\eViaQ Reg 2015/16´.

ViVXali]ing ReVXlWV

The laVW gRal Rf Whe SURjecW giYeQ WR XV b\ Whe clieQW ZaV WR cUeaWe aQ iQWeUacWiYe YiVXali]aWiRQ Rf Whe
UeVXlWV. The aSSlicaWiRQ iV bXilW eQWiUel\ iQ R, XViQg Whe ShiQ\, GgSlRW2, aQd PlRWl\ SackageV. The fiQal
aSSlicaWiRQ haV 4 ke\ YiVXali]aWiRQV. The fiUVW Rf WheVe YiVXali]aWiRQV iV a SlRW WhaW diVSla\V Whe VelecWed
Sla\eUV¶ BCPM diVWUibXWiRQV fURP Whe aSSURSUiaWe VeaVRQ. The BCPM eVWiPaWeV aUe diVSla\ed belRZ Whe
SlRW ZiWh Whe Sla\eU QaPe, WeaP, PeaQ aQd VWaQdaUd deYiaWiRQ, aV Whe BCPM iV aVVXPed WR be QRUPal. The
VecRQd YiVXali]aWiRQ iV a WiPe VeUieV Rf Sla\eU PeaQ BCPM RYeU Whe cRXUVe Rf 4 VeaVRQV. The WhiUd
YiVXali]aWiRQ iV a VcaWWeU SlRW Rf Whe PeaQ BCPM YV SUiRU YalXe b\ VeaVRQ Rf all Sla\eUV; Whe SlRW alVR
allRZV Whe XVeU WR filWeU b\ WeaP. The fiQal SlRW iV a heaW-PaS like PaWUi[, ZheUe Whe XVeU VelecWV a liVW Rf
Sla\eUV fURP aQ\ Rf fRXU VeaVRQV, aQd Whe SlRW diVSla\V Whe SURbabiliW\ WhaW Whe WUXe BCPM Rf Pla\eU 1 RQ
Whe [-a[iV iV gUeaWeU WhaQ WhaW Rf Pla\eU 2 RQ Whe \-a[iV. ThiV SURbabiliW\ iV RbWaiQed b\ diUecWl\ cRPSaUiQg
2000 VaPSleV dUaZQ fURP each Sla\eU¶V BCPM diVWUibXWiRQ. FXUWheU deWailV Rf iPSlePeQWaWiRQ caQ be
fRXQd iQ Whe ASSlicaWiRQ CRde SRUWiRQ Rf Whe ASSeQdi[. The aSSlicaWiRQ iWVelf caQ be fRXQd aW
hWWSV://cRl\1119.VhiQ\aSSV.iR/NBA_PURjecW/ .

ReVXlWV

PlXV-MinXV PoVWeUioU DiVWUibXWionV ZiWh Ba\eVian RegUeVVion

OXU Ba\eViaQ UegUeVViRQ PRdel \ieldV BCPM eVWiPaWeV WhaW aSSeaU WR be TXiWe UeaVRQable. OQe UeVXlW Ze
caQ e[aPiQe iV Whe WRS WeQ Sla\eUV baVed RQ RXU BCPM PeWUic iQ a giYeQ VeaVRQ. The WRS WeQ Sla\eUV fURP
Whe 2018/19 NBA VeaVRQ accRUdiQg WR BCPM ZeUe JUXe HRlida\, SWeSh CXUU\, JaPeV HaUdeQ, PaXl
GeRUge, DaPiaQ LillaUd, GiaQQiV AQWeWRkRXQPSR, Al HRUfRUd, GRUdRQ Ha\ZaUd, LeBURQ JaPeV, aQd
Mike CRQle\. ThiV iV a UeaVRQable liVW Rf PRVWl\ eliWe VXSeUVWaU Sla\eUV ZhR Ze ZRXld e[SecW WR be RQ WhiV
liVW. SRPe Sla\eUV like Al HRUfRUd aQd GRUdRQ Ha\ZaUd aUe VlighWl\ RYeUYalXed dXe WR e[WUePel\ high
cRQWUacW YalXeV iQ WhiV VeaVRQ, bXW RYeUall WheVe UeVXlWV aUe eQcRXUagiQg.
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E[aPSleV Rf Whe diVWUibXWiRQV WhaW aUe fiW fURP Whe Ba\eViaQ PRdel caQ be fRXQd iQ Whe Qe[W VecWiRQ ZheUe
Ze VhRZ a SURWRW\Se Rf aQ iQWeUacWiYe YiVXali]aWiRQ WR diVSla\ SlXV-PiQXV.

ViVXali]ing ReVXlWV

FigXUe 3: BCPM DiVWUibXWiRQV Rf SelecW Pla\eUV fURP 2015-2016 NBA SeaVRQ

�



FigXUe 3 VhRZV aQ e[aPSle RXWSXW Rf RXU fiUVW ke\ YiVXali]aWiRQ. AV Ze ZRXld e[SecW, Whe beVW
Sla\eUV haYe Whe laUgeVW PeaQ BCPM. IQ RXU e[aPSle, LebURQ JaPeV haV Whe higheVW PeaQ BCPM, Zhile
WZR RWheU VXSeUVWaUV, DUa\PRQd GUeeQ aQd SWeSh CXUU\ aUe QRW faU behiQd. AQ e[celleQW URle Sla\eU iQ
AQdUe IgRXdala iV cRQVideUed abRYe aYeUage, i.e. UaWed gUeaWeU WhaQ 0, Zhile a leVVeU kQRZQ URle Sla\eU iQ
LXiV MRQWeUR iV labeled aV belRZ aYeUage. We alVR ZiWQeVV Whe behaYiRU WhaW LXiV MRQWeUR aSSeaUV WR
haYe a laUgeU VWaQdaUd deYiaWiRQ iQ BCPM, Zhich caQ be aWWUibXWed WR leVV Sla\iQg WiPe, aV haYiQg leVV
daWa RQ MRQWeUR ZRXld cRQWUibXWe WR gUeaWeU XQceUWaiQW\ iQ hiV BCPM eVWiPaWe.

FigXUe 4: MeaQ BCPM b\ SeaVRQ fRU SelecW Pla\eUV

IQ FigXUe 4, Ze haYe aQ e[aPSle RXWSXW Rf Whe WiPe VeUieV YiVXali]aWiRQ. We Vee WhaW Whe VXSeUVWaUV
Rf Whe leagXe, LebURQ JaPeV aQd SWeSheQ CXUU\ aUe WRZaUdV Whe WRS. AQdUe DUXPPRQ, kQRZQ fRU
SURdXciQg gUeaW VWaWV RQ SRRU WeaPV, iV liVWed aV VlighWl\ abRYe aYeUage, VaYe fRU Whe 2018-2019 VeaVRQ
ZheQ hiV WeaP, Whe DeWURiW PiVWRQV Pade Whe Sla\RffV. AXVWiQ RiYeUV, a TXiQWeVVeQWial aYeUage Sla\eU fURP
ViQce Whe 2016-2017 VeaVRQ, haV aQ eVWiPaWed aYeUage WhaW hRYeUV aURXQd 0. FXUWheUPRUe, BiVPack
Bi\RPbR, a belRZ aYeUage NBA ceQWeU, iV cRQViVWeQWl\ belRZ Whe aYeUage YalXe Rf 0.

�



FigXUe 5: Pla\eU RaWiQgV b\ PUiRU EVWiPaWeV, 2018-2019 SeaVRQ

FigXUe 5 diVSla\V a VcaWWeU SlRW Rf RXU fiQal PeaQ BCPM UaWiQgV agaiQVW RXU PRdel SUiRUV. OQe
WhiQg Ze QRWice iV WhaW WheUe WeQdV WR be gURXSV Rf Sla\eUV ZiWh YeU\ ViPilaU SUiRUV. ThiV iV WR be e[SecWed
aV Sla\eUV WeQd WR be Said ViPilaUl\ iQ facWRUV Rf 1 PilliRQ dRllaUV. FRU e[aPSle, a VRlid URle Sla\eU WeQdV WR
be Said aURXQd 10 WR 15 PilliRQ, Zhile a VXSeUVWaU Sla\eU Zill be Said aURXQd 30 WR 35 PilliRQ dRllaUV SeU
VeaVRQ. AQRWheU SURPiViQg facWRU Rf RXU PRdel iV WhaW fRU each YeUWical clXVWeU b\ SUiRU, WheUe iV a Zide
UaQge Rf fiQal UaWiQgV, PeaQiQg WhaW RXU PRdel dReV a gRRd jRb Rf VeSaUaWiQg ViPilaUl\ Said Sla\eUV baVed
RQ SeUfRUPaQce. The beWWeU Sla\eUV WeQd WR be WRZaUdV Whe WRS, Zhile Whe leVVeU Sla\eUV aUe WRZaUdV Whe
bRWWRP.
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FigXUe 6: Pla\eU 1 YV Pla\eU 2 PURbabiliWieV, 2017-2018 SeaVRQ

IQ FigXUe 6, Ze haYe a YiVXali]aWiRQ VhRZiQg Whe SURbabiliW\ WhaW Whe BCPM Rf Pla\eU 1 (P1) iV
gUeaWeU WhaQ RU eTXal WR WhaW Rf Pla\eU 2 (P2). SRPe iQWeUeVWiQg headliQeV Rf Whe 2017-2018 VeaVRQ ZeUe
Whe Uace Rf MRVW ValXable Pla\eU aQd RRRkie Rf Whe YeaU. TheVe UaceV WeQd WR be SUeWW\ cleaU iQ PRVW
VeaVRQV, bXW fRU WhiV VeaVRQ bRWh UaceV ZeUe heaYil\ debaWed. The Uace fRU MRVW ValXable Pla\eU ZaV
beWZeeQ JaPeV HaUdeQ aQd LebURQ JaPeV. B\ RXU PeWUic, Whe ZiQQeU, JaPeV HaUdeQ, VlighWl\ edgeV
LebURQ JaPeV, ZiWh a SURbabiliW\ Rf 0.6040. The RRRkie Rf Whe YeaU Race ZaV beWZeeQ DRQRYaQ MiWchell
aQd BeQ SiPPRQV; b\ RXU PeWUic, Whe ZiQQeU BeQ SiPPRQV had a lRZeU SURbabiliW\ Rf 0.4335 Rf beaWiQg
RXW DRQRYaQ MiWchell. IW ZaV SURPiViQg WR Vee WhaW Whe WZR caQdidaWeV fRU each aZaUd ZeUe YeU\ clRVe iQ
BCPM, Zhile aQ aYeUage Sla\eU XVed aV a VaQiW\ check, AaURQ GRUdRQ, ZaV cRQViVWeQWl\ belRZ Whe RWheU
fRXU Sla\eUV.

DiVcXVVion

AV PeQWiRQed SUeYiRXVl\, RQe adYaQWage Rf RXU PeWhRd iV WhaW iW SURYideV a UaQge Rf SlXV-PiQXV YalXeV fRU
each Sla\eU, Zhich allRZV XV WR accRXQW fRU a UaQge Rf Sla\eU SeUfRUPaQce, aV RSSRVed WR Whe SRiQW
eVWiPaWeV XVed iQ cRQYeQWiRQal PeWhRdV VXch aV bR[ VcRUe SlXV-PiQXV. The PaiQ cRPSRQeQW Rf RXU SUiRU,
Whe cRQWUacW YalXe, allRZed XV WR adjXVW e[SecWaWiRQV fRU Sla\eUV baVed RQ hRZ a WeaP YieZV Whe Sla\eU'V
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YalXe. AddiWiRQall\, Ze ZeUe able WR PRVWl\ adjXVW fRU a WeaPPaWe'V iPSacW RQ a Sla\eU'V SlXV-PiQXV b\
VWUXcWXUiQg Whe Ba\eViaQ UegUeVViRQ VXch WhaW Ze UegUeVV RQ all Sla\eUV RQ Whe cRXUW iQ a giYeQ VhifW. FRU
e[aPSle, Sla\eUV ZhR alZa\V Sla\ed ZiWh LeBURQ JaPeV, RQe Rf Whe gUeaWeVW baVkeWball Sla\eUV Rf all
WiPe, bXW did QRW SURdXce aV PXch RQ aQ iQdiYidXal leYel had a PRUe PXWed SRVWeUiRU diVWUibXWiRQ
cRPSaUed WR Whe bR[ SlXV-PiQXV. AQRWheU facWRU WhaW QegaWiYel\ iPSacWV e[iVWiQg PeWUicV like bR[ VcRUe
SlXV-PiQXV iV WeaP UaWiQg, aV VXSeUVWaU Sla\eUV RQ bad WeaPV VXffeU fURP cRQYeQWiRQal PeWhRdV. DeVSiWe
e[clXdiQg a WeaP UaWiQg YaUiable fURP aQ\ SaUW Rf Whe Ba\eViaQ RU SUiRU PRdelV, RXU UeVXlWiQg BCPM
PeWUic VeePV WR dR a PXch beWWeU jRb Rf accXUaWel\ aVVeVViQg Sla\eUV RQ belRZ-aYeUage WeaPV. OQe VXch
e[aPSle iV BUadle\ Beal RQ Whe WaVhiQgWRQ Wi]aUdV - a WeUUible WeaP dXUiQg Whe 2018-2019 VeaVRQ, ZhR
haV a bR[ VcRUe SlXV-PiQXV cRQViVWeQW ZiWh a deceQW VWaUWeU, bXW haV Whe 13Wh higheVW PeaQ b\ RXU BCPM
PeWUic - a SRViWiRQ PRUe cRQViVWeQW ZiWh hiV VXSeUVWaU VWaWXV. FRU fXWXUe ZRUk, Ze ZRXld like WR iQcRUSRUaWe
WeaP UaWiQg iQWR RXU SUiRU iQ a Za\ WhaW SURdXceV UeaVRQable UeVXlWV.

OQe PajRU challeQge RXU WeaP faced ZaV deWeUPiQiQg hRZ accXUaWe RXU fiQal SRVWeUiRUV ZeUe. SiQce
UaQkiQg Sla\eUV iV a laUgel\ VXbjecWiYe WaVk, WheUe iV QR gURXQd WUXWh UaQkiQg fRU XV WR cRPSaUe RXU UeVXlWV.
WheQ UaQkiQg Sla\eUV b\ Whe SRVWeUiRU diVWUibXWiRQ PeaQ, Ze did fiQd WhaW Whe leagXe¶V beVW Sla\eUV ZeUe
WRZaUdV Whe WRS, Zhile iPSRUWaQW URle Sla\eUV filled RXW Whe WRS half, ZiWh Whe bRWWRP half beiQg PRVWl\
beQchZaUPeUV. CRPSaUiQg RXU UeVXlWV ZiWh ESPN¶V Real PlXV MiQXV, Ze Vee a lRW Rf ViPilaUiWieV iQ Whe
beVW Sla\eUV; WheUe aUe aQRPalieV iQ bRWh PeWUicV, bXW Ze belieYe WhaW b\ PakiQg RXU VWaQdaUd deYiaWiRQV
SXblicl\ aYailable, Ze aUe able WR SURYide a PRUe fle[ible PeWUic.

WheQ PaQXall\ iQVSecWiQg RXU UeVXlWV Ze did QRWice WhaW Zhile Whe YaVW PajRUiW\ Rf BCPM UaWiQgV VeePed
UeaVRQable, RXU PRdel dReV WeQd WR VWUXggle WR accXUaWel\ aVVeVV Sla\eUV RQ WheiU URRkie cRQWUacWV. ThiV
UeVXlW iV VlighWl\ VXUSUiViQg cRQVideUiQg WhaW Ze did aWWePSW WR addUeVV WhiV cRQceUQ b\ fiWWiQg VeSaUaWe SUiRU
PRdelV fRU URRkieV aQd QRQ-URRkieV, bXW eYideQWl\ WhiV VXbjecW QeedV WR be e[aPiQed fXUWheU WR iPSURYe
RXU PRdel¶V SeUfRUPaQce RQ URRkie Sla\eUV.
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Appendix: Application Code

Below is the entirety of our application code. It involves three major parts: reading and formatting the data,
formatting the User Interface, and implementing the interactive displays with ggplot and plotly.

library(shiny)

library(plotly)

library(ggplot2)

# results <- read.csv("data/bayesian_results_df.csv")
# results <- results[3:nrow(results)-1,]
# player_names <- read.csv("data/player_index_map.csv")
# results$names <- player_names$player_name
# priors_vet <- read.csv("data/Ridge_Priors+SE_2017_nonrookie.csv")
# priors_rookie <- read.csv("data/Ridge_Priors+SE_2017_rookie.csv")
# priors_all <- rbind(priors_vet, priors_rookie)
# results_merged <- merge(results, priors_all, by.x = "names", by.y = "name")
# results <- results_merged[,c("names", "Team", "mean", "sd.x", "finalpriors")]
# names(results) <- c("Name", "Team", "Rating", "SD", "Prior")

#Read and format results
results_16 <- read.csv("data/bayesian_results_df_2015_16.csv")

results_17 <- read.csv("data/bayesian_results_df_2016_17.csv")

results_18 <- read.csv("data/bayesian_results_df_2017_18.csv")

results_19 <- read.csv("data/bayesian_results_df_2018_19.csv")

results_16 <- results_16[3:nrow(results_16)-1,]

results_17 <- results_17[3:nrow(results_17)-1,]

results_18 <- results_18[3:nrow(results_18)-1,]

results_19 <- results_19[3:nrow(results_19)-1,]

#Read and format indices, add to results
player_names_16 <- read.csv("data/player_index_map_2015-16.csv")

player_names_17 <- read.csv("data/player_index_map_2016-17.csv")

player_names_18 <- read.csv("data/player_index_map_2017-18.csv")

player_names_19 <- read.csv("data/player_index_map.csv")

results_16$names <- player_names_16$player_name

results_17$names <- player_names_17$player_name

results_18$names <- player_names_18$player_name

results_19$names <- player_names_19$player_name

#read and format priors 2015-2016
priors_vet_16 <- read.csv("data/final_priors_vets_2015_16.csv")

priors_rookie_16 <- read.csv("data/final_priors_rookies_2015_16.csv")

priors_all_16 <- rbind(priors_vet_16, priors_rookie_16)

results_merged_16 <- merge(results_16, priors_all_16,

by.x = "names", by.y = "name")

results_16 <-

results_merged_16[,c("names", "Team", "mean", "sd.x", "finalpriors")]
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names(results_16) <- c("Name", "Team", "Rating", "SD", "Prior")

#read and format priors 2016-2017
priors_vet_17 <- read.csv("data/final_priors_vets_2016_17.csv")

priors_rookie_17 <- read.csv("data/final_priors_rookies_2016_17.csv")

priors_all_17 <- rbind(priors_vet_17, priors_rookie_17)

results_merged_17 <- merge(results_17, priors_all_17,

by.x = "names", by.y = "name")

results_17 <-

results_merged_17[,c("names", "Team", "mean", "sd.x", "finalpriors")]

names(results_17) <- c("Name", "Team", "Rating", "SD", "Prior")

#read and format priors 2017-2018
priors_vet_18 <- read.csv("data/final_priors_vets_2017_18.csv")

priors_rookie_18 <- read.csv("data/final_priors_rookies_2017_18.csv")

priors_all_18 <- rbind(priors_vet_18, priors_rookie_18)

results_merged_18 <- merge(results_18, priors_all_18,

by.x = "names", by.y = "name")

results_18 <-

results_merged_18[,c("names", "Team", "mean", "sd.x", "finalpriors")]

names(results_18) <- c("Name", "Team", "Rating", "SD", "Prior")

#read and format priors 2018-2019
priors_vet_19 <- read.csv("data/final_priors_vets_2018_19.csv")

priors_rookie_19 <- read.csv("data/final_priors_rookies_2018_19.csv")

priors_rookie_19 <- priors_rookie_19[, c("name", "finalpriors", "Team")]

priors_vet_19 <- priors_vet_19[,c("name", "finalpriors", "Team")]

priors_all_19 <- rbind(priors_vet_19, priors_rookie_19)

results_merged_19 <- merge(results_19, priors_all_19,

by.x = "names", by.y = "name")

results_19 <-

results_merged_19[,c("names", "Team", "mean", "sd", "finalpriors")]

names(results_19) <- c("Name", "Team", "Rating", "SD", "Prior")

#format data for times series
results_16$Year <- rep(2016, nrow(results_16))

results_17$Year <- rep(2017, nrow(results_17))

results_18$Year <- rep(2018, nrow(results_18))

results_19$Year <- rep(2019, nrow(results_19))

all_players <- rbind(results_16, results_17, results_18, results_19)

all_players <- all_players[,c("Name", "Year", "Rating")]

teams <- sort(unique(results_16$Team))

teams <- c("All Teams", teams)

#samples data for matrix
samples_16 <- read.csv("data/bayesian_posterior_samples_2015_16.csv")

samples_16 <- samples_16[, -1]

names(samples_16) <- player_names_16$player_name

samples_17 <- read.csv("data/bayesian_posterior_samples_2016_17.csv")

samples_17 <- samples_17[, -1]

names(samples_17) <- player_names_17$player_name
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samples_18 <- read.csv("data/bayesian_posterior_samples_2017_18.csv")

samples_18 <- samples_18[, -1]

names(samples_18) <- player_names_18$player_name

samples_19 <- read.csv("data/bayesian_posterior_samples_2018_19.csv")

samples_19 <- samples_19[, -1]

names(samples_19) <- player_names_19$player_name

ui <- navbarPage("NBA Project Visualizations with BCPM Rating",

tabPanel("Player Distributions",

titlePanel("NBA Player Distributions According to BCPM"),

sidebarLayout(

# Sidebar panel for inputs ----
sidebarPanel(

p("User Selects Season and Players. Player distribution, assumed

to be normal, is displayed. Mean and Standard Deviation

from our BCPM model."),

selectInput(

inputId = "select_season",

label = "Select Season",

choices = c(�2015-2016�, �2016-2017�, �2017-2018�, �2018-2019�),

selected = NULL,

multiple = FALSE,

selectize = FALSE,

width = NULL,

size = NULL

),

conditionalPanel(

condition = "input.select_season == �2015-2016�",

selectInput(

inputId = "select_players_16",

label = "Select Player",

choices = results_16$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

),

conditionalPanel(

condition = "input.select_season == �2016-2017�",

selectInput(

inputId = "select_players_17",

label = "Select Player",

choices = results_17$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)
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),

conditionalPanel(

condition = "input.select_season == �2017-2018�",

selectInput(

inputId = "select_players_18",

label = "Select Player",

choices = results_18$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

),

conditionalPanel(

condition = "input.select_season == �2018-2019�",

selectInput(

inputId = "select_players_19",

label = "Select Player",

choices = results_19$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

)

),

mainPanel(

plotOutput(outputId = "plot"),

verbatimTextOutput("player_info")

)

)

),

tabPanel("Mean Rating by Season",

titlePanel("Mean BCPM Rating by Season"),

sidebarLayout(

# Sidebar panel for inputs ----
sidebarPanel(

p("User selects Players. Player Ratings from our BCPM model

are displayed as a time series across 4

different seasons."),

selectInput(

inputId = "select_players_timeline",

label = "Select Player(s)",

choices = unique(all_players$Name),

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)
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),

mainPanel(

plotlyOutput(outputId = "player_timeline")

)

)

),

tabPanel("Ratings by Prior",

titlePanel("BCPM Player Rating by Contract Prior"),

sidebarLayout(

# Sidebar panel for inputs ----
sidebarPanel(

p("User selects Season and Team. Displays a scatterplot

of our final BCPM Rating against Contract prior

used to train the model."),

selectInput(

inputId = "select_season_s",

label = "Select Season",

choices = c(�2015-2016�, �2016-2017�, �2017-2018�, �2018-2019�),

selected = NULL,

multiple = FALSE,

selectize = FALSE,

width = NULL,

size = NULL

),

selectInput(

inputId = "select_team",

label = "Select Team",

choices = teams,

selected = NULL,

multiple = FALSE,

selectize = FALSE,

width = NULL,

size = NULL

)

),

mainPanel(

plotlyOutput("plot_scatter", height = 900, width = 1200)

)

)

),

tabPanel("Player Matrix",

titlePanel("NBA Player Comparisons"),

sidebarLayout(

# Sidebar panel for inputs ----
sidebarPanel(

p("User selects Season and Players.

Displays the probability that Player 1 (P1) is better than

Player 2 (P2). Probability obtained by comparing 2000

samples from relevant distributions given by BCPM model."),

selectInput(

inputId = "select_season_m",
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label = "Select Season",

choices = c(�2015-2016�, �2016-2017�, �2017-2018�, �2018-2019�),

selected = NULL,

multiple = FALSE,

selectize = FALSE,

width = NULL,

size = NULL

),

conditionalPanel(

condition = "input.select_season_m == �2015-2016�",

selectInput(

inputId = "select_players_16_m",

label = "Select Player",

choices = results_16$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

),

conditionalPanel(

condition = "input.select_season_m == �2016-2017�",

selectInput(

inputId = "select_players_17_m",

label = "Select Player",

choices = results_17$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

),

conditionalPanel(

condition = "input.select_season_m == �2017-2018�",

selectInput(

inputId = "select_players_18_m",

label = "Select Player",

choices = results_18$Name,

selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

),

conditionalPanel(

condition = "input.select_season_m == �2018-2019�",

selectInput(

inputId = "select_players_19_m",

label = "Select Player",

choices = results_19$Name,
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selected = NULL,

multiple = TRUE,

selectize = TRUE,

width = NULL,

size = NULL

)

)

),

mainPanel(

plotlyOutput(outputId = "matrix")

)

)

)

)

server <- function(input, output) {

#normal dist output
output$plot <- renderPlot({

if(input$select_season == �2015-2016�) {

results = results_16

filtered_res <- results[results$Name %in% input$select_players_16,]

xlow = min(filtered_res$Rating - 3*filtered_res$SD) - 0.5

xhigh = max(filtered_res$Rating + 3*filtered_res$SD) + 0.5

g <- ggplot(filtered_res) +

xlim(xlow,xhigh)

}

else if (input$select_season == �2016-2017�){

results = results_17

filtered_res <- results[results$Name %in% input$select_players_17,]

xlow = min(filtered_res$Rating - 3*filtered_res$SD) - 0.5

xhigh = max(filtered_res$Rating + 3*filtered_res$SD) + 0.5

g <- ggplot(filtered_res) +

xlim(xlow,xhigh)

}

else if (input$select_season == �2018-2019�){

results = results_19

filtered_res <- results[results$Name %in% input$select_players_19,]

xlow = min(filtered_res$Rating - 3*filtered_res$SD) - 0.5

xhigh = max(filtered_res$Rating + 3*filtered_res$SD) + 0.5

g <- ggplot(filtered_res) +

xlim(xlow,xhigh)

}

else {

results = results_18

filtered_res <- results[results$Name %in% input$select_players_18,]

xlow = min(filtered_res$Rating - 3*filtered_res$SD) - 0.5

xhigh = max(filtered_res$Rating + 3*filtered_res$SD) + 0.5

g <- ggplot(filtered_res) +

xlim(xlow,xhigh)

}
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if(nrow(filtered_res > 0))

{

for(i in 1:nrow(filtered_res))

{

g <- g + stat_function(fun = dnorm,

args = list(mean = filtered_res$Rating[i],

sd = filtered_res$SD[i]),

aes(color = !!filtered_res$Name[i]))

}

}

g <- g + labs(color=�Player�) + xlab("Rating") + ylab("Y")

g

})

#timeline plot
output$player_timeline <- renderPlotly({

filtered_timeline <-

all_players[all_players$Name %in% input$select_players_timeline,]

if(nrow(filtered_timeline) == 0){

p <- ggplot(filtered_timeline, aes(Year, Rating, color = Name))

}

else{

p <- ggplot(filtered_timeline, aes(Year, Rating, color = Name)) +

geom_line() +

geom_point() +

ggtitle("Player Ratings by Season") +

scale_x_continuous(breaks = c(2016,2017,2018,2019),

labels = c("2016","2017","2018","2019"))

}

ggplotly(p)

})

#scatter plot of rating vs prior
output$plot_scatter <- renderPlotly({

if(input$select_season_s == �2015-2016�) results = results_16

else if (input$select_season_s == �2016-2017�) results = results_17

else if (input$select_season_s == �2018-2019�) results = results_19

else results = results_18

if(input$select_team == "All Teams") results = results

else{

results = results[results$Team == input$select_team,]

}

p_scatter <-

ggplot(results, aes(Prior, Rating, label = SD, label2 = Name,

color = Team)) + geom_point() +

ggtitle("Player Ratings by Prior Estimates")

ggplotly(p_scatter)

})

#probability matrix
output$matrix <- renderPlotly({
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getPlayerProb <- function(player1, player2, samples){

sum(samples[,player1] >= samples[,player2])/nrow(samples)

}

if(input$select_season_m == �2015-2016�){

samples = samples_16

selected_names = input$select_players_16_m

}

else if (input$select_season_m == �2016-2017�){

samples = samples_17

selected_names = input$select_players_17_m

}

else if (input$select_season_m == �2018-2019�){

samples = samples_19

selected_names = input$select_players_19_m

}

else {

samples = samples_18

selected_names = input$select_players_18_m

}

test <- data.frame(matrix(NA, nrow = length(selected_names)ˆ2, ncol = 3))

names(test) <- c("P1", "P2", "Probability")

curr_row <- 1

for(p1 in selected_names){

for(p2 in selected_names){

test[curr_row, "P1"] = p1

test[curr_row, "P2"] = p2

test[curr_row, "Probability"] = getPlayerProb(p1, p2, samples)

curr_row = curr_row+1

}

}

#test <- test[order(test$P2, test$P1, decreasing = TRUE), ]
if(nrow(test) == 0) g <- ggplot(test, aes(x = P1, y = P2))

else{

g <- ggplot(test, aes(x = P1, y = P2)) +

geom_tile(aes(fill = Probability)) +

theme(axis.text.x = element_text(angle = 90)) +

scale_fill_gradient2(low="navy", mid="white", high="red",

midpoint=0.5, limits=c(0,1))

}

ggplotly(g)

})

output$player_info <- renderPrint({

if(input$select_season == �2015-2016�) {

results = results_16

filtered_res <- results[results$Name %in% input$select_players_16,]

}

else if (input$select_season == �2016-2017�){

results = results_17

filtered_res <- results[results$Name %in% input$select_players_17,]

}
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else if (input$select_season == �2018-2019�){

results = results_19

filtered_res <- results[results$Name %in% input$select_players_19,]

}

else {

results = results_18

filtered_res <- results[results$Name %in% input$select_players_18,]

}

filtered_res[,c("Name","Team","Rating","SD")]

})

}

shinyApp(ui = ui, server = server)
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T`BQ`nKQ/2Hnb2H2+iBQMnkyR8nRe

J�v Rd- kykR

R S`BQ` JQ/2H a2H2+iBQM

h?Bb MQi2#QQF rBHH T2`7Q`K KQ/2H b2H2+iBQM pB� +`Qbb p�HB/�iBQM 7Q` Qm` T`BQ` /Bbi`B#miBQMbX JQ/2Hb
iQ #2 +QMbB/2`2/ �`2,  _�M/QK 6Q`2bi _2;`2bbBQM U+Qp�`B�i2b, i2�K `�iBM; �M/ +QMi`�+i p�Hm2V  
_�M/QK 6Q`2bi _2;`2bbBQM U+Qp�`B�i2b, +QMi`�+i p�Hm2 QMHvV  :`�/B2Mi "QQbiBM; _2;`2bbQ` U+Qp�`B@
�i2b, i2�K `�iBM; �M/ +QMi`�+i p�Hm2V  :`�/B2Mi "QQbiBM; _2;`2bbQ` U+Qp�`B�i2b, +QMi`�+i p�Hm2
QMHvV

(Rke), BKTQ`i T�M/�b �b T/
BKTQ`i MmKTv �b MT

O `2�/ BM �HH Qm` i`�BMBM; /�i�

O J�AL i`�BMBM; b2i 7Q` �7i2` r2^p2 p�HB/�i2/
K�BMni`�BMn`QQFB2b 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefK�BMni`�BMn`QQFB2bX+bp]V
K�BMni`�BMn`QQFB2bX/`QTUK�BMni`�BMn`QQFB2bX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

K�BMni`�BMnp2ib 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefK�BMni`�BMnp2ibX+bp]V
K�BMni`�BMnp2ibX/`QTUK�BMni`�BMnp2ibX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

O i`�BMBM; b2i #27Q`2 p�HB/�iBQM
i`�BMn`QQFB2b 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefi`�BMn`QQFB2bX+bp]V
i`�BMn`QQFB2bX/`QTUi`�BMn`QQFB2bX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

i`�BMnp2ib 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefi`�BMnp2ibX+bp]V
i`�BMnp2ibX/`QTUi`�BMnp2ibX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

O p�HB/�iBQM /�i�b2i
p�HB/�i2n`QQFB2b 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefp�HB/�i2n`QQFB2bX+bp]V
p�HB/�i2n`QQFB2bX/`QTUp�HB/�i2n`QQFB2bX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

p�HB/�i2np2ib 4 T/X`2�/n+bpU]XXf/�i�fT`2nkyR8nRefp�HB/�i2np2ibX+bp]V
p�HB/�i2np2ibX/`QTUp�HB/�i2np2ibX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

.2}M2 t �M/ v p�`B�#H2b 7Q` KQ/2H }iiBM;X

LPh1 @ i?2 R BM i?2 p�`B�#H2 M�K2 BM/B+�i2b i?�i i2�K `�iBM; Bb BM+Hm/2/ �b � +Qp�`B�i2X q?2M
i2�K `�iBM; Bb MQi BM+Hm/2/ �b � +Qp�`B�i2- i?2 p�`B�#H2 M�K2b rBHH ?�p2 � k �i i?2 2M/X

R



(kdd), O 6A_ah @ rBi? i2�K `�iBM; BM+Hm/2/ �b � +Qp�`B�i2

O t �M/ v 7Q` i`�BMBM;
tn`QQFB2bR 4 MTX�``�vUi`�BMn`QQFB2b((^`�iBM;^- ^Km^))V
vn`QQFB2b 4 MTX�``�vUi`�BMn`QQFB2b(^+Q27b^)V

tnp2ibR 4 MTX�``�vUi`�BMnp2ib((^`�iBM;^- ^Km^))V
vnp2ib 4 MTX�``�vUi`�BMnp2ib(^+Q27b^)V

O t �M/ v 7Q` p�HB/�iBQM
tn`QQFB2bnp�HB/�i2R 4 MTX�``�vUp�HB/�i2n`QQFB2b((^`�iBM;^- ^Km^))V
vn`QQFB2bnp�HB/�i2 4 MTX�``�vUp�HB/�i2n`QQFB2b(^+Q27b^)V

tnp2ibnp�HB/�i2R 4 MTX�``�vUp�HB/�i2np2ib((^`�iBM;^- ^Km^))V
vnp2ibnp�HB/�i2 4 MTX�``�vUp�HB/�i2np2ib(^+Q27b^)V

O a1*PL. @ rBi?Qmi i2�K `�iBM; �b � +Qp�`B�i2
O LQi2 i?�i r2 /QM^i M22/ iQ +?�M;2 i?2 v p�`B�#H2b bBM+2 i?2v bi�v i?2 b�K2ɚ
↪→`2;�`/H2bb Q7 i?2 +Qp�`B�i2b

tn`QQFB2bk 4 MTX�``�vUi`�BMn`QQFB2b(^Km^)VX`2b?�T2U@R- RV
tnp2ibk 4 MTX�``�vUi`�BMnp2ib(^Km^)VX`2b?�T2U@R- RV
tn`QQFB2bnp�HB/�i2k 4 MTX�``�vUp�HB/�i2n`QQFB2b(^Km^)VX`2b?�T2U@R- RV
tnp2ibnp�HB/�i2k 4 MTX�``�vUp�HB/�i2np2ib(^Km^)VX`2b?�T2U@R- RV

O LQr +`2�i2 /�i�b2i 7Q` K�BM i`�BMBM; b2ib
tnK�BMn`QQFB2b 4 MTX�``�vUK�BMni`�BMn`QQFB2b(^Km^)VX`2b?�T2U@R- RV
vnK�BMn`QQFB2b 4 MTX�``�vUK�BMni`�BMn`QQFB2b(^+Q27b^)V
tnK�BMnp2ib 4 MTX�``�vUK�BMni`�BMnp2ib(^Km^)VX`2b?�T2U@R- RV
vnK�BMnp2ib 4 MTX�``�vUK�BMni`�BMnp2ib(^+Q27b^)VX`2b?�T2U@R- RV

RXR LQr JQ/2H h`�BMBM;

q2 rBHH i`�BM �M/ p�HB/�i2 9 KQ/2Hb 7Q` `QQFB2b �M/ p2ib UbQ 3 KQ/2Hb iQi�HV @ `�M/QK 7Q`2bi rBi? �M/
rBi?Qmi i2�K `�iBM; �b � +Qp�`B�i2 Uk KQ/2HbV- �M/ ;`�/B2Mi #QQbiBM; `2;`2bbQ` rBi? �M/ rBi?Qmi
i2�K `�iBM; �b � +Qp�`B�i2 Uk KQ/2HbVX q2 rBHH b2H2+i i?2 KQ/2H 7Q` `QQFB2b �M/ p2ib i?�i T2`7Q`Kb
#2bi QM Qm` p�HB/�iBQM /�i�- i?2M r2 rBHH `2i`�BM i?�i +?Qb2M KQ/2H QM �GG i?2 /�i� iQ ;2i T`BQ`b
7Q` i?2 kyR8fRe L"� b2�bQMX

RXRXR 6B`bi _�M/QK 6Q`2bi JQ/2Hb

� MQi2 QM r?2i?2` Q` MQi i2�K `�iBM; #QQbib KQ/2H T2`7Q`K�M+2 @ BMBiB�HHv- #�b2/ QM QMHv i?2
`�M/QK 7Q`2bi KQ/2Hb- Bi �TT2�`b i?�i i?2 KQ/2Hb T2`7Q`K p2`v bHB;?iHv #2ii2` QM p�HB/�iBQM /�i�
qAh>Plh i2�K `�iBM; �b � +Qp�`B�i2X q2 rBHH BMp2biB;�i2 i?Bb BM ;`�/B2Mi #QQbiBM; �b r2HH- #mi B7
r2 b22 bBKBH�` `2bmHib i?2`2 r2 rBHH Q{+B�HHv /`QT i2�K `�iBM; �b � +Qp�`B�i2 bBM+2 Bi /Q2bMǶi b22K
iQ #2 ?2HTBM; �i �HH �M/ Bi M22/H2bbHv BM+`2�b2b KQ/2H +QKTH2tBivX

k



RXRXk "2bi _6 JQ/2H 7Q` _QQFB2b, `�M/QK 7Q`2bi rBi? QTiBKBx2/ ?vT2`T�`�K2i2`b
rBi?Qmi i2�K `�iBM; UJa1 R8XkRV

h?Bb b22Kb iQ ;Bp2 i?2 KQbi BMimBiBp2Hv `2�bQM�#H2 `2bmHib rBi? Ev`B2 A`pBM; �b i?2 iQT `QQFB2X

RXRXj 6Q` o2i2`�Mb, #Qi? KQ/2Hb HQQF ;QQ/ @ r2 +?Qb2 QTiBKBx2/ T�`�Kb rBi?Qmi
i2�K `�iBM; UJa1 RjXeV

aBM+2 r2 T`272` i?2 KQ/2H rBi?Qmi i2�K `�iBM; 7Q` `QQFB2b- r2 rBHH #2 +QMbBbi2Mi �M/ +?QQb2 i?2
KQ/2H rBi?Qmi i2�K `�iBM; 7Q` p2i2`�Mb �b r2HH bBM+2 #Qi? T2`7Q`K bBKBH�`Hv �Mvr�vbX

(kye), 7`QK bFH2�`MX2Mb2K#H2 BKTQ`i _�M/QK6Q`2bi_2;`2bbQ`
7`QK bFH2�`MXKQ/2Hnb2H2+iBQM BKTQ`i :`B/a2�`+?*o

O 7B`bi 7Q` `QQFB2b rBi? i2�K `�iBM;
`7n`QQFB2R 4 _�M/QK6Q`2bi_2;`2bbQ`UV
T�`�Kb 4 &^K�tn/2Ti?^, (k-8-Ry)- ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)' O QTiBKBx2ɚ
↪→Qp2` K�tn/2Ti? �M/ MmK#2` Q7 2biBK�iQ`b

`7n`QQFB2R 4 :`B/a2�`+?*oU`7n`QQFB2R- T�`�KbV

`7n`QQFB2R 4 `7n`QQFB2RX7BiUtn`QQFB2bR- vn`QQFB2bV

T`BMiU`7n`QQFB2RX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�iɚ
↪→r2^`2 rQ`FBM; rBi?

`7n`QQFB2R 4 `7n`QQFB2RX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
T`2/bn`QQFB2n`7R 4 `7n`QQFB2RXT`2/B+iUtn`QQFB2bnp�HB/�i2RV
Kb2n`7n`QQFB2R 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n`7RV  kV
T`BMiU]Ja1 _�M/QK 6Q`2bi _QQFB2b h2�K _�iBM;, ]- Kb2n`7n`QQFB2RV

O ZmB+FHv +?2+F B7 `�M/QK 7Q`2bi rBi? /27�mHi ?vT2`T�`�K2i2`b ;Bp2b KQ`2ɚ
↪→`2�bQM�#H2 T`2/B+iBQMb @ �Mbr2` @ MQi `2�HHv

O iKTn`7 4 _�M/QK6Q`2bi_2;`2bbQ`UK�tn/2Ti? 4 kVX7BiUtn`QQFB2bR- vn`QQFB2bV
O iKTnT`2/bn`7 4 iKTn`7XT`2/B+iUtn`QQFB2bnp�HB/�i2RV
O B/t 4 U@iKTnT`2/bn`7VX�`;bQ`iUV(,Ry)
O iKTnT`2/bn`7(B/t)

(kye), �``�vU(RX8RRjje89- RX8RRjje89- RXj3ydN399- RXk88Re38e- RXk98jdej9-
RXkkkeeeN9- RXkkk9ejN - RXky3NkkNe- RXRedy9kkk- RXRk3RkkjR)V

(RdR), B/t 4 U@T`2/bn`QQFB2n`7RVX�`;bQ`iUV(,Ry)
T`2/bn`QQFB2n`7R(B/t)

j



(RdR), �``�vU(RXk3N9eR9N- RXkRNdRjkN- RXkR888NyN- RXRed8398e- RXy3kRNkd8-
RXyeddy8Nj- yXN8j8Ry3d- yXN8j8Ry3d- yXNjejj3dR- yX3yRye9Rj)V

(Rdk), p�HB/�i2n`QQFB2bXBHQ+(B/t)

(Rdk), `�iBM; h2�K hvT2 Km b/ $
N eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdj9yyy 8
d eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdk3jky 8
Rj eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 RXj89yyy 8
3 eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 RX3N3kk8 8
e dXN8ke9j GQb �M;2H2b *HBTT2`b _QQFB2 yX3Rjk3y 8
j NX3y9NN8 a�M �MiQMBQ aTm`b _QQFB2 yXNe9e3e 8
kd 8Xed3Rky :QH/2M ai�i2 q�``BQ`b _QQFB2 RXyk8kNj 8
kR 8Xed3Rky :QH/2M ai�i2 q�``BQ`b _QQFB2 RXyRee9y 8
RN 8Xe38edj >QmbiQM _Q+F2ib _QQFB2 RXeyyyyy 8
R99 @jXkkyyjk *H2p2H�M/ *�p�HB2`b _QQFB2 kXj8eNRy 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
N C2`2Kv G�K# kyjy3d R3e C2`2Kv G�K# @yX9eydek
d ai2p2M �/�Kb kyj8yy R8k ai2p2M �/�Kb @yXejN9NN
Rj .BQM q�Bi2`b kyjydN e8 .BQM q�Bi2`b @9Xed9ej8
3 1M2b E�Mi2` kyke3j kdN 1M2b E�Mi2` yXe9yyd9
e �mbiBM _Bp2`b kyjy38 Rd9 �mbiBM _Bp2`b @dX3j988e
j E�r?B G2QM�`/ kykeN8 R99 E�r?B G2QM�`/ 9XdR9j93
kd EH�v h?QKTbQM kykeNR RR8 EH�v h?QKTbQM jX8eky8j
kR >�``BbQM "�`M2b kyjy39 Rd3 >�``BbQM "�`M2b RXjRj99k
RN EQbi�b S�T�MBFQH�Qm kyjRkj k9N EQbi�b S�T�MBFQH�Qm @jXjek3jk
R99 Ev`B2 A`pBM; kyke3R jed Ev`B2 A`pBM; jX8yRNy9

(R3N), O LQr `QQFB2b rBi?Qmi i2�K `�iBM;

`7n`QQFB2k 4 _�M/QK6Q`2bi_2;`2bbQ`UV
T�`�Kb 4 &^K�tn/2Ti?^, (k-8-Ry)- ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)' O QTiBKBx2ɚ
↪→Qp2` K�tn/2Ti? �M/ MmK#2` Q7 2biBK�iQ`b

`7n`QQFB2k 4 :`B/a2�`+?*oU`7n`QQFB2k- T�`�KbV

`7n`QQFB2k 4 `7n`QQFB2kX7BiUtn`QQFB2bk- vn`QQFB2bV

T`BMiU`7n`QQFB2kX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�iɚ
↪→r2^`2 rQ`FBM; rBi?

`7n`QQFB2k 4 `7n`QQFB2kX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
T`2/bn`QQFB2n`7k 4 `7n`QQFB2kXT`2/B+iUtn`QQFB2bnp�HB/�i2kV
Kb2n`7n`QQFB2k 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n`7kV  kV
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T`BMiU]Ja1 _�M/QK 6Q`2bi _QQFB2b LP h2�K _�iBM;, ]- Kb2n`7n`QQFB2kV

&^K�tn/2Ti?^, k- ^Mn2biBK�iQ`b^, kyy'
Ja1 _�M/QK 6Q`2bi _QQFB2b LP h2�K _�iBM;, R8XkRjRj8N3jj3kNR9

(kdj), B/t 4 U@T`2/bn`QQFB2n`7kVX�`;bQ`iUV(,Ry)
T`BMiUT`2/bn`QQFB2n`7k(B/t)V
T`BMiUKBMUT`2/bn`QQFB2n`7kVV
T`BMiUK�tUT`2/bn`QQFB2n`7kVV

(RXdjeR9Nd yX8dyy38y9 yX98ddyydN yX98ddyydN yX98ddyydN yXjjjjNyRk
yXjjjjNyRk yXjRkkk93d yXkdyjdkk9 yXkedNdRyR)
@RXkdeykyj9Nej3kd3j
RXdjeR9Ndy9k8d9yN9

(RNR), p�HB/�i2n`QQFB2bXBHQ+(B/t)

(RNR), `�iBM; h2�K hvT2 Km b/ M�K2 $
R99 @jXkkyyjk *H2p2H�M/ *�p�HB2`b _QQFB2 kXj8eNRy 8 Ev`B2 A`pBM;
R NX3y9NN8 a�M �MiQMBQ aTm`b _QQFB2 yXeNkjjj 8 �`QM "�vM2b
N eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdj9yyy 8 C2`2Kv G�K#
R8y @jX933R8j .2i`QBi SBbiQMb _QQFB2 yXdj9dNy 8 _2;;B2 C�+FbQM
d eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdk3jky 8 ai2p2M �/�Kb
je 9XeNd93e SQ`iH�M/ h`�BH#H�x2`b _QQFB2 yX3ydyyy 8 *C J+*QHHmK
Rdd @8Xkk3Nkk P`H�M/Q J�;B+ _QQFB2 yXdNNk3y 8 1H7`B/ S�viQM
Rdk @8Xkk3Nkk P`H�M/Q J�;B+ _QQFB2 yXdNj8jR 8 hQ#B�b >�``Bb
RR9 @yXdj3ye9 .2Mp2` Lm;;2ib _QQFB2 yXd9NNkj 8 E2MM2i? 6�`B2/
NR yXyyyyyy �iH�Mi� >�rFb _QQFB2 yX3RRRRR 8 a?2HpBM J�+F

TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
R99 kyke3R jed Ev`B2 A`pBM; jX8yRNy9
R kyjj3k jNR �`QM "�vM2b 9Xk33eRR
N kyjy3d R3e C2`2Kv G�K# @yX9eydek
R8y kykdy9 R33 _2;;B2 C�+FbQM @RXjek883
d kyj8yy R8k ai2p2M �/�Kb @yXejN9NN
je kyj9e3 k9d *C J+*QHHmK @yXej3jdR
Rdd kyjNyR j3y 1H7`B/ S�viQM @RX99kd8y
Rdk kykeNN 8N hQ#B�b >�``Bb RXNRkeej
RR9 kykdyk jk8 E2MM2i? 6�`B2/ RXdNR3dR
NR kykdR9 Rdj a?2HpBM J�+F kXe83y3j

(RNk), O LQr p2ib rBi? i2�K `�iBM;

`7np2iR 4 _�M/QK6Q`2bi_2;`2bbQ`UV
T�`�Kb 4 &^K�tn/2Ti?^, (k-8-Ry)- ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)' O QTiBKBx2ɚ
↪→Qp2` K�tn/2Ti? �M/ MmK#2` Q7 2biBK�iQ`b
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`7np2iR 4 :`B/a2�`+?*oU`7np2iR- T�`�KbV

`7np2iR 4 `7np2iRX7BiUtnp2ibR- vnp2ibV

T`BMiU`7np2iRX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�i r2^`2ɚ
↪→rQ`FBM; rBi?

`7np2iR 4 `7np2iRX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
T`2/bnp2in`7R 4 `7np2iRXT`2/B+iUtnp2ibnp�HB/�i2RV
Kb2n`7np2iR 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in`7RV  kV
T`BMiU]Ja1 _�M/QK 6Q`2bi o2i2`�Mb h2�K _�iBM;, ]- Kb2n`7np2iRV

&^K�tn/2Ti?^, k- ^Mn2biBK�iQ`b^, 8y'
Ja1 _�M/QK 6Q`2bi o2i2`�Mb h2�K _�iBM;, RjX8N3933N3RyeeRy9

(kRy), B/t 4 U@T`2/bnp2in`7RVX�`;bQ`iUV(,ky)
T`2/bnp2in`7R(B/t)

(kRy), �``�vU(jX98dR3j - jX9RydkR88- jXj9eRkRRe- jXjR9NNR9k- jXjR9NNR9k-
jXjRjRdj89- jXjRjRdj89- jXjRjRdj89- jXkN9jyRee- jXkey9y8y8-
jXRR38yjk9- jXyNk39kj - jXy8yj98e3- kXdNe83dyj- kXdNkdk3eR-
kXe8Re939j- kXeRdeRRj3- kXeRdeRRj3- kXeRdeRRj3- kX8N8N8yee)V

(kRR), p�HB/�i2np2ibXBHQ+(B/t) O i?Bb b22Kb `2�bQM�#H2

(kRR), `�iBM; h2�K hvT2 Km b/ $
ky dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 eXe3N8kR 8
k8 eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 eXjjR3d8 8
R8 dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 8X3NR8jd 8
9N 9X39j988 JB�KB >2�i LQM@`QQFB2 eX33R9ed 8
jd 8Xe38edj >QmbiQM _Q+F2ib LQM@`QQFB2 dXR989k9 8
Rde @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX3yjeej 8
RdR @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX93eyyy 8
R83 @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 dXdkeNjy 8
RNk @RX9kkjkk a�+`�K2MiQ EBM;b LQM@`QQFB2 eX9jNRy3 8
Rey @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 eX8393kk 8
Rkd RX8kkjdN *?B+�;Q "mHHb LQM@`QQFB2 eXk3dek8 8
kkk @9Xe83d8R GQb �M;2H2b G�F2`b LQM@`QQFB2 dX3jjjjj 8
RNd @jXkkyyjk *H2p2H�M/ *�p�HB2`b LQM@`QQFB2 eX33R9ed 8
Ryd kXd3k83e J2KT?Bb :`BxxHB2b LQM@`QQFB2 8X8yyyyy 8
jy eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 8XkjNe3d 8
ey 9XeNd93e SQ`iH�M/ h`�BH#H�x2`b LQM@`QQFB2 8Xjj8jjj 8
je 8Xe38edj >QmbiQM _Q+F2ib LQM@`QQFB2 9XNyNeR8 8
8e 9X39j988 JB�KB >2�i LQM@`QQFB2 8Xyyyyyy 8
99 8Xed3Rky :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 8Xyy9yyy 8

e



R8N @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 8XkjNe33 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
ky *?`Bb S�mH RyRRy3 k38 *?`Bb S�mH 9Xj8jN38
k8 E2pBM .m`�Mi kyRR9k k39 E2pBM .m`�Mi dXy9kkjN
R8 "H�F2 :`B77BM kyRNjj de "H�F2 :`B77BM RXjjedd3
9N *?`Bb "Qb? k89d k9 *?`Bb "Qb? RX383djy
jd .rB;?i >Qr�`/ kdjy Ry8 .rB;?i >Qr�`/ eXy88yek
Rde �K�`^2 aiQm/2KB`2 k9y8 jk �K�`^2 aiQm/2KB`2 9Xk38399
RdR *�`K2HQ �Mi?QMv k89e jN9 *�`K2HQ �Mi?QMv 3Xk38kyR
R83 CQ2 CQ?MbQM kkyd 9d3 CQ2 CQ?MbQM 9XR3dNkd
RNk _m/v :�v kyyd8k j9N _m/v :�v RXNdjke8
Rey .2`QM qBHHB�Kb RyRRR9 jRe .2`QM qBHHB�Kb RXeReNy9
Rkd .2``B+F _Qb2 kyR8e8 dN .2``B+F _Qb2 jXNy3jyR
kkk EQ#2 "`v�Mi Ndd e EQ#2 "`v�Mi kXjRRRy8
RNd G2"`QM C�K2b k899 Re8 G2"`QM C�K2b jXdNkN8R
Ryd w�+? _�M/QHT? kkRe RjR w�+? _�M/QHT? eXk38ye8
jy _mbb2HH q2bi#`QQF kyR8ee 98R _mbb2HH q2bi#`QQF kX3N8ddN
ey G�J�`+mb �H/`B/;2 kyyd9e 88 G�J�`+mb �H/`B/;2 eXkNR8Rj
je C�K2b >�`/2M kyRNj8 Ryd C�K2b >�`/2M RkXRNd3jN
8e .rv�M2 q�/2 k893 k3d .rv�M2 q�/2 kXjjNd9y
99 .�pB/ G22 RyRRj8 jjN .�pB/ G22 kXRNRRe8
R8N "`QQF GQT2x kyR8dk RkN "`QQF GQT2x kX9jR8j8

(RN8), O LQr p2ib rBi?Qmi i2�K `�iBM;
`7np2ik 4 _�M/QK6Q`2bi_2;`2bbQ`UV
T�`�Kb 4 &^K�tn/2Ti?^, (k-8-Ry)- ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)' O QTiBKBx2ɚ
↪→Qp2` K�tn/2Ti? �M/ MmK#2` Q7 2biBK�iQ`b

`7np2ik 4 :`B/a2�`+?*oU`7np2ik- T�`�KbV

`7np2ik 4 `7np2ikX7BiUtnp2ibk- vnp2ibV

T`BMiU`7np2ikX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�i r2^`2ɚ
↪→rQ`FBM; rBi?

`7np2ik 4 `7np2ikX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
T`2/bnp2in`7k 4 `7np2ikXT`2/B+iUtnp2ibnp�HB/�i2kV
Kb2n`7np2ik 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in`7kV  kV
T`BMiU]Ja1 _�M/QK 6Q`2bi o2i2`�Mb LP h2�K _�iBM;, ]- Kb2n`7np2ikV

&^K�tn/2Ti?^, k- ^Mn2biBK�iQ`b^, 8y'
Ja1 _�M/QK 6Q`2bi o2i2`�Mb LP h2�K _�iBM;, RjXey9R8988Rkedkd3

d



(kRk), B/t 4 U@T`2/bnp2in`7kVX�`;bQ`iUV(,ky)
T`2/bnp2in`7k(B/t)

(kRk), �``�vU(jXNRdje8y9- jXNRdje8y9- jXNRdje8y9- jXNRdje8y9- jXddeykeyd-
jXddeykeyd- jXddeykeyd- jXddeykeyd- jXddeykeyd- jXddeykeyd-
jXd8RNNNed- jXd8RNNNed- jX8NN39kke- jX8kNy8ek9- kXk3RReyNk-
kXk3RReyNk- kXk3RReyNk- kXk3RReyNk- kXk3RReyNk- kXk3RReyNk)V

(kRj), p�HB/�i2np2ibXBHQ+(B/t) O �HbQ `2�bQM�#H2

(kRj), `�iBM; h2�K hvT2 Km b/ $
RdR @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX93eyyy 8
Rde @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX3yjeej 8
kkk @9Xe83d8R GQb �M;2H2b G�F2`b LQM@`QQFB2 dX3jjjjj 8
R83 @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 dXdkeNjy 8
RNk @RX9kkjkk a�+`�K2MiQ EBM;b LQM@`QQFB2 eX9jNRy3 8
jd 8Xe38edj >QmbiQM _Q+F2ib LQM@`QQFB2 dXR989k9 8
RNd @jXkkyyjk *H2p2H�M/ *�p�HB2`b LQM@`QQFB2 eX33R9ed 8
9N 9X39j988 JB�KB >2�i LQM@`QQFB2 eX33R9ed 8
Rey @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 eX8393kk 8
ky dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 eXe3N8kR 8
k8 eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 eXjjR3d8 8
Rkd RX8kkjdN *?B+�;Q "mHHb LQM@`QQFB2 eXk3dek8 8
R8 dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 8X3NR8jd 8
Ryd kXd3k83e J2KT?Bb :`BxxHB2b LQM@`QQFB2 8X8yyyyy 8
Nj jXe9N99k AM/B�M� S�+2`b LQM@`QQFB2 8Xjy38ey 8
Ryj kXd3k83e J2KT?Bb :`BxxHB2b LQM@`QQFB2 8Xkde8ej 8
R8N @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 8XkjNe33 8
jy eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 8XkjNe3d 8
ey 9XeNd93e SQ`iH�M/ h`�BH#H�x2`b LQM@`QQFB2 8Xjj8jjj 8
RNN @jXkkyyjk *H2p2H�M/ *�p�HB2`b LQM@`QQFB2 8XkjNe3d 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
RdR *�`K2HQ �Mi?QMv k89e jN9 *�`K2HQ �Mi?QMv 3Xk38kyR
Rde �K�`^2 aiQm/2KB`2 k9y8 jk �K�`^2 aiQm/2KB`2 9Xk38399
kkk EQ#2 "`v�Mi Ndd e EQ#2 "`v�Mi kXjRRRy8
R83 CQ2 CQ?MbQM kkyd 9d3 CQ2 CQ?MbQM 9XR3dNkd
RNk _m/v :�v kyyd8k j9N _m/v :�v RXNdjke8
jd .rB;?i >Qr�`/ kdjy Ry8 .rB;?i >Qr�`/ eXy88yek
RNd G2"`QM C�K2b k899 Re8 G2"`QM C�K2b jXdNkN8R
9N *?`Bb "Qb? k89d k9 *?`Bb "Qb? RX383djy
Rey .2`QM qBHHB�Kb RyRRR9 jRe .2`QM qBHHB�Kb RXeReNy9
ky *?`Bb S�mH RyRRy3 k38 *?`Bb S�mH 9Xj8jN38
k8 E2pBM .m`�Mi kyRR9k k39 E2pBM .m`�Mi dXy9kkjN
Rkd .2``B+F _Qb2 kyR8e8 dN .2``B+F _Qb2 jXNy3jyR
R8 "H�F2 :`B77BM kyRNjj de "H�F2 :`B77BM RXjjedd3
Ryd w�+? _�M/QHT? kkRe RjR w�+? _�M/QHT? eXk38ye8
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Nj S�mH :2Q`;2 kykjjR 93d S�mH :2Q`;2 kX8RykdR
Ryj J�`+ :�bQH kyRR33 jR J�`+ :�bQH eXyNR9ky
R8N "`QQF GQT2x kyR8dk RkN "`QQF GQT2x kX9jR8j8
jy _mbb2HH q2bi#`QQF kyR8ee 98R _mbb2HH q2bi#`QQF kX3N8ddN
ey G�J�`+mb �H/`B/;2 kyyd9e 88 G�J�`+mb �H/`B/;2 eXkNR8Rj
RNN E2pBM GQp2 kyR8ed 9dk E2pBM GQp2 dX3NdNe8

RXk LQr :`�/B2Mi "QQbiBM; _2;`2bbQ`

LPh1 @ Bi �TT2�`b i?�i i?2 KQ/2H ;Bp2b Jl*>KQ`2 `2�bQM�#H2 2biBK�i2b r?2M r2 /Q MQi QTiBKBx2
Qp2` bQK2 Q7 i?2 ?vT2`T�`�K2i2`b #m` `�i?2` biB+F rBi? i?2 /27�mHibX

Ç q?2M r2 QTiBKBx2 ?vT2`T�`�K2i2`b 7Q` `QQFB2b rBi? i2�K `�iBM;b- i?2 `2H�iBp2 Q`/2`BM; Q7
`QQFB2b b22Kb bQK2r?�i QF #mi i?2 K�;MBim/2b Q7 i?2 2biBK�i2b �`2 7�` iQQ HQrX

Ç q?2M r2 QTiBKBx2 ?vT2`T�`�K2i2`b qAh>Plh i2�K `�iBM; �b � +Qp�`B�i2- i?2 `2H�iBp2 Q`@
/2`BM; Q7 `QQFB2b b22Kb �+im�HHv #2ii2` i?�M r?2M r2 /Q MQi QTiBKBx2c ?Qr2p2`- r2 b22 p2`v
bK�HH K�;MBim/2 Q7 2biBK�i2b �;�BM r?B+? Bb � T`Q#H2KX

Ç 6Q` o1h1_�La @ i?2 #2bi KQ/2H r�b r?2M r2 QTiBKBx2/ ?vT2`T�`�K2i2`b �M/ 2t+Hm/2/
i2�K `�iBM;b �b � +Qp�`B�i2X h?Bb ;�p2 i?2 KQbi `2�bQM�#H2 BMimBiBp2 Q`/2`BM; Q7 iQT ky
TH�v2`b- #mi i?2 K�;MBim/2b r2`2 � #Bi bK�HH �;�BMX S2`?�Tb r2 +QmH/ Dmbi b2iiH2 7Q` i?Bb �M/
i?2M b+�H2 mT i?2 K�;MBim/2b �++Q`/BM; iQ i?2 K�;MBim/2b Q7 +Q27bX P` Dmbi H2�p2 Bi �b Bb �M/
H2i i?2 "�v2bB�M KQ/2H /Q i?2 `2bi

RXkXR 6Q` o2i2`�Mb #2bi :"_ KQ/2H @ QTiBKBx2/ rBi?Qmi i2�K `�iBM;b UJa1 RjXd8V

RXkXk 6Q` `QQFB2b #2bi :"_ KQ/2H @ bBKTH2 KQ/2H rBi?Qmi i2�K `�iBM;b UJa1 R8X3eV

(ke8), 7`QK bFH2�`MX2Mb2K#H2 BKTQ`i :`�/B2Mi"QQbiBM;_2;`2bbQ`

O 7B`bi 7Q` `QQFB2b rBi? i2�K `�iBM;

O K�;MBim/2b b22K ;QQ/ U7�B`Hv H�`;2V- #mi Q`/2`BM; b22Kb � #Bi bmbT2+i

;#`n`QQFB2R 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UVX7BiUtn`QQFB2bR- vn`QQFB2bV
T`2/bn`QQFB2n;#`R 4 ;#`n`QQFB2RXT`2/B+iUtn`QQFB2bnp�HB/�i2RV

Kb2n;#`n`QQFB2R 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n;#`RV  kV
T`BMiU]Ja1 :`�/B2Mi "QQbiBM; _QQFB2b h2�K _�iBM;, ]- Kb2n;#`n`QQFB2RV

B/t 4 U@T`2/bn`QQFB2n;#`RVX�`;bQ`iUV(,ky)
T`2/bn`QQFB2n;#`R(B/t)

N



O �ii2KTiBM; iQ QTiBKBx2 ?vT2`T�`�K2i2`b,

O K�;MBim/2b �`2 MQr p2`v bK�HHX PMHv QM2 TQbBiBp2 TH�v2`- i?2 `2bi M2;�iBp2Xɚ
↪→h?Bb b22Kb #�/X

O Q`/2`BM; b22Kb bQK2r?�i �++2Ti�#H2 #mi i?2 K�;MBim/2b �`2 Dmbi r�v iQQɚ
↪→T`Q#H2K�iB+X

O ;#`n`QQFB2R 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UV

O T�`�Kb 4 &^H2�`MBM;n`�i2^, (yXyyR- yXyR- yXR)-
O ^bm#b�KTH2^, (R- yXN)-
O ^K�tn/2Ti?^, (k-8-Ry)-
O ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)'

O ;#`n`QQFB2R 4 :`B/a2�`+?*oU;#`n`QQFB2R- T�`�KbV

O ;#`n`QQFB2R 4 ;#`n`QQFB2RX7BiUtn`QQFB2bR- vn`QQFB2bV

O T`BMiU;#`n`QQFB2RX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�iɚ
↪→r2^`2 rQ`FBM; rBi?

O ;#`n`QQFB2R 4 ;#`n`QQFB2RX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2biɚ
↪→2biBK�iQ`

O O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
O T`2/bn`QQFB2n;#`R 4 ;#`n`QQFB2RXT`2/B+iUtn`QQFB2bnp�HB/�i2RV
O Kb2n;#`n`QQFB2R 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n;#`RV  kV
O T`BMiU]Ja1 :`�/B2Mi "QQbiBM; _QQFB2b h2�K _�iBM;, ]- Kb2n;#`n`QQFB2RV

Ja1 :`�/B2Mi "QQbiBM; _QQFB2b h2�K _�iBM;, ReXeNNejyj9Nj8keed

(ke8), �``�vU(8X9d989k9k- 9X3yNNje - 9X3yNNje - jX39R8jR8 - jX8NjjjdyR-
jX8NjjjdyR- jXj3Ryyk9d- jXRddN3kk3- jXR98ey3kd- jXR98ey3kd-
kX998y8yNj- kX998y8yNj- kXyddydeR3- kXyReNdek8- RXde39R8je-
RXdk88Reee- RX8j939R3R- RX98dddykj- RXk8d8ydjj- RXR9dejN3k)V

(kee), B/t 4 U@T`2/bn`QQFB2n;#`RVX�`;bQ`iUV(,ky)
T`BMiUT`2/bn`QQFB2n;#`R(B/t)V
T`BMiUKBMUT`2/bn`QQFB2n;#`RVV
T`BMiUK�tUT`2/bn`QQFB2n;#`RVV O i?2b2 �`2 `2�bQM�#H2

(8X9d989k9k 9X3yNNje 9X3yNNje jX39R8jR8 jX8NjjjdyR jX8NjjjdyR
jXj3Ryyk9d jXRddN3kk3 jXR98ey3kd jXR98ey3kd kX998y8yNj kX998y8yNj
kXyddydeR3 kXyReNdek8 RXde39R8je RXdk88Reee RX8j939R3R RX98dddykj
RXk8d8ydjj RXR9dejN3k)
@9X8yRyyN388kjjjke

Ry



8X9d989k9Ree9d999

(ked), p�HB/�i2n`QQFB2bXBHQ+(B/t)

(ked), `�iBM; h2�K hvT2 Km b/ $
3 eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 RX3N3kk8 8
kR 8Xed3Rky :QH/2M ai�i2 q�``BQ`b _QQFB2 RXyRee9y 8
kd 8Xed3Rky :QH/2M ai�i2 q�``BQ`b _QQFB2 RXyk8kNj 8
RN 8Xe38edj >QmbiQM _Q+F2ib _QQFB2 RXeyyyyy 8
8y jXd8e8Rd JBMM2bQi� hBK#2`rQHp2b _QQFB2 RX3je33y 8
9k jXd8e8Rd JBMM2bQi� hBK#2`rQHp2b _QQFB2 RX389e9y 8
e dXN8ke9j GQb �M;2H2b *HBTT2`b _QQFB2 yX3Rjk3y 8
Rj eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 RXj89yyy 8
ey jXeNkdNy S?Q2MBt amMb _QQFB2 yXN3Ryd9 8
8N jXeNkdNy S?Q2MBt amMb _QQFB2 yXNNe9Rj 8
d eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdk3jky 8
N eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdj9yyy 8
8e jXeNkdNy S?Q2MBt amMb _QQFB2 RXkRee9y 8
9N jXd8e8Rd JBMM2bQi� hBK#2`rQHp2b _QQFB2 RXeNykkN 8
Ry8 @yX93NNN9 "`QQFHvM L2ib _QQFB2 yX8RRk3y 8
jj 9XeNd93e SQ`iH�M/ h`�BH#H�x2`b _QQFB2 RXyy98y9 8
RRe @yXdj3ye9 .2Mp2` Lm;;2ib _QQFB2 yX8ye9yy 8
j NX3y9NN8 a�M �MiQMBQ aTm`b _QQFB2 yXNe9e3e 8
Rjy @RXjyyk3j L2r P`H2�Mb S2HB+�Mb _QQFB2 RX3eNy3y 8
R99 @jXkkyyjk *H2p2H�M/ *�p�HB2`b _QQFB2 kXj8eNRy 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
3 1M2b E�Mi2` kyke3j kdN 1M2b E�Mi2` yXe9yyd9
kR >�``BbQM "�`M2b kyjy39 Rd3 >�``BbQM "�`M2b RXjRj99k
kd EH�v h?QKTbQM kykeNR RR8 EH�v h?QKTbQM jX8eky8j
RN EQbi�b S�T�MBFQH�Qm kyjRkj k9N EQbi�b S�T�MBFQH�Qm @jXjek3jk
8y �M/`2r qB;;BMb kyjN8k Rd8 �M/`2r qB;;BMb RX98N9ye
9k �Mi?QMv "2MM2ii kyj9eR ej �Mi?QMv "2MM2ii @8XkeR8RR
e �mbiBM _Bp2`b kyjy38 Rd9 �mbiBM _Bp2`b @dX3j988e
Rj .BQM q�Bi2`b kyjydN e8 .BQM q�Bi2`b @9Xed9ej8
ey J�`+mb JQ``Bb kykeN9 R89 J�`+mb JQ``Bb @kXedkj9N
8N J�`FB277 JQ``Bb kykeNj R8j J�`FB277 JQ``Bb 8X8d3k3k
d ai2p2M �/�Kb kyj8yy R8k ai2p2M �/�Kb @yXejN9NN
N C2`2Kv G�K# kyjy3d R3e C2`2Kv G�K# @yX9eydek
8e �H2t G2M kyj983 99 �H2t G2M @8XN3e8yN
9N _B+Fv _m#BQ kyRNjd kNe _B+Fv _m#BQ 9XRR9383
Ry8 a2`;2v E�`�b2p kyj8y3 kkN a2`;2v E�`�b2p jXeR8jdR
jj CQ2H 6`22H�M/ kyyddd 8j CQ2H 6`22H�M/ @kX3jdR9d
RRe :�`v >�``Bb kyjNR9 kRR :�`v >�``Bb @eXRRj9Rd
j E�r?B G2QM�`/ kykeN8 R99 E�r?B G2QM�`/ 9XdR9j93
Rjy �Mi?QMv .�pBb kyjyde 3d �Mi?QMv .�pBb RyX89eR98
R99 Ev`B2 A`pBM; kyke3R jed Ev`B2 A`pBM; jX8yRNy9

RR



(kdR), O LQr `QQFB2b MQ i2�K `�iBM;

O K�;MBim/2b b22K 7�` KQ`2 `2�bQM�#H2X P`/2`BM; b22Kb /2+2MiX h?Bb b22Kb HBF2ɚ
↪→i?2 #2bi QTiBQM

;#`n`QQFB2k 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UVX7BiUtn`QQFB2bk- vn`QQFB2bV
T`2/bn`QQFB2n;#`k 4 ;#`n`QQFB2kXT`2/B+iUtn`QQFB2bnp�HB/�i2kV

Kb2n;#`n`QQFB2k 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n;#`kV  kV
T`BMiU]Ja1 :`�/B2Mi "QQbiBM; _QQFB2b LP h2�K _�iBM;, ]- Kb2n;#`n`QQFB2kV

B/t 4 U@T`2/bn`QQFB2n;#`kVX�`;bQ`iUV(,ky)
T`2/bn`QQFB2n;#`k(B/t)

O �ii2KTiBM; iQ QTiBKBx2 ?vT2`T�`�K2i2`b,

O LQi2 @ r?2M r2 QTiBKBx2 ?vT2`T�`�K2i2`b- i?2 Q`/2`BM; b22Kb ;QQ/ �+im�HHv #miɚ
↪→i?2 K�;MBim/2b �`2 r�v iQQ bK�HHX

O �HbQ @ QMHv irQ TH�v2`b ;2i TQbBiBp2 +Q277B+B2Mib �M/ i?2 `2bi ?�p2 M2;�iBp2Xɚ
↪→h?Bb Bb +H2�`Hv MQi B/2�HX

O ;#`n`QQFB2k 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UV

O T�`�Kb 4 &^H2�`MBM;n`�i2^, (yXyyR- yXyR- yXR)-
O ^bm#b�KTH2^, (R- yXN)-
O ^K�tn/2Ti?^, (k-8-Ry)-
O ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)'

O ;#`n`QQFB2k 4 :`B/a2�`+?*oU;#`n`QQFB2k- T�`�KbV

O ;#`n`QQFB2k 4 ;#`n`QQFB2kX7BiUtn`QQFB2bk- vn`QQFB2bV

O T`BMiU;#`n`QQFB2kX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�iɚ
↪→r2^`2 rQ`FBM; rBi?

O ;#`n`QQFB2k 4 ;#`n`QQFB2kX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2biɚ
↪→2biBK�iQ`

O O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
O T`2/bn`QQFB2n;#`k 4 ;#`n`QQFB2kXT`2/B+iUtn`QQFB2bnp�HB/�i2kV
O Kb2n;#`n`QQFB2k 4 MTXK2�MUUvn`QQFB2bnp�HB/�i2 @ T`2/bn`QQFB2n;#`kV  kV
O T`BMiU]Ja1 :`�/B2Mi "QQbiBM; _QQFB2b LP h2�K _�iBM;, ]- Kb2n;#`n`QQFB2kV

Ja1 :`�/B2Mi "QQbiBM; _QQFB2b LP h2�K _�iBM;, R8X38NjjjN8yk3N9y9

Rk



(kdR), �``�vU(kXeRd3y9e3- kX99N3RyNN- kXjN38kRN3- kXkdNNdN8d- kXkdNNdN8d-
kXk99yej9R- RXN3dyedRk- RXNyyRd3j3- RXNyyRd3j3- RX39y3dR39-
RXeRkj8yN9- RX9N39yjNd- RXj93RyNdj- RXj9k8dRNk- RXk3jkNed3-
yXN3y3ydje- yXN3y3ydje- yXN3y3ydje- yX338k8R93- yX338k8R93)V

(keN), B/t 4 U@T`2/bn`QQFB2n;#`kVX�`;bQ`iUV(,ky)
T`BMiUT`2/bn`QQFB2n;#`k(B/t)V
T`BMiUKBMUT`2/bn`QQFB2n;#`kVV
T`BMiUK�tUT`2/bn`QQFB2n;#`kVV

(kXeRd3y9e3 kX99N3RyNN kXjN38kRN3 kXkdNNdN8d kXkdNNdN8d kXk99yej9R
RXN3dyedRk RXNyyRd3j3 RXNyyRd3j3 RX39y3dR39 RXeRkj8yN9 RX9N39yjNd
RXj93RyNdj RXj9k8dRNk RXk3jkNed3 yXN3y3ydje yXN3y3ydje yXN3y3ydje
yX338k8R93 yX338k8R93)
@jXk8kNkdyjj393dddk
kXeRd3y9ed8keRyd3e

(kdy), p�HB/�i2n`QQFB2bXBHQ+(B/t) O i?Bb Bb 7�B`Hv `2�bQM�#H2- MQi B/2�H #mi MQi #�/

(kdy), `�iBM; h2�K hvT2 Km b/ $
R NX3y9NN8 a�M �MiQMBQ aTm`b _QQFB2 yXeNkjjj 8
RRe @yXdj3ye9 .2Mp2` Lm;;2ib _QQFB2 yX8ye9yy 8
3k RX8kkjdN *?B+�;Q "mHHb _QQFB2 yXeeN83j 8
je 9XeNd93e SQ`iH�M/ h`�BH#H�x2`b _QQFB2 yX3ydyyy 8
Rdd @8Xkk3Nkk P`H�M/Q J�;B+ _QQFB2 yXdNNk3y 8
R99 @jXkkyyjk *H2p2H�M/ *�p�HB2`b _QQFB2 kXj8eNRy 8
8e jXeNkdNy S?Q2MBt amMb _QQFB2 RXkRee9y 8
ky3 @RyXyR8dR3 S?BH�/2HT?B� de2`b _QQFB2 RXkkeRky 8
3y kXddRk9k hQ`QMiQ _�TiQ`b _QQFB2 RXkkeRky 8
3 eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 RX3N3kk8 8
R3N @8X8Njd8y li�? C�xx _QQFB2 yXyek98k 8
Ry8 @yX93NNN9 "`QQFHvM L2ib _QQFB2 yX8RRk3y 8
R9N @jX933R8j .2i`QBi SBbiQMb _QQFB2 yX38eRky 8
kRk @RyXyR8dR3 S?BH�/2HT?B� de2`b _QQFB2 yX9yjjey 8
kye @RyXyR8dR3 S?BH�/2HT?B� de2`b _QQFB2 RXRy8y9y 8
N eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdj9yyy 8
d eXN398y9 PFH�?QK� *Biv h?mM/2` _QQFB2 yXdk3jky 8
R8y @jX933R8j .2i`QBi SBbiQMb _QQFB2 yXdj9dNy 8
Rjy @RXjyyk3j L2r P`H2�Mb S2HB+�Mb _QQFB2 RX3eNy3y 8
8y jXd8e8Rd JBMM2bQi� hBK#2`rQHp2b _QQFB2 RX3je33y 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
R �`QM "�vM2b kyjj3k jNR �`QM "�vM2b 9Xk33eRR
RRe :�`v >�``Bb kyjNR9 kRR :�`v >�``Bb @eXRRj9Rd
3k CBKKv "miH2` kykdRy R8N CBKKv "miH2` 9X8RN3Rj
je *C J+*QHHmK kyj9e3 k9d *C J+*QHHmK @yXej3jdR
Rdd 1H7`B/ S�viQM kyjNyR j3y 1H7`B/ S�viQM @RX99kd8y

Rj



R99 Ev`B2 A`pBM; kyke3R jed Ev`B2 A`pBM; jX8yRNy9
8e �H2t G2M kyj983 99 �H2t G2M @8XN3e8yN
ky3 h?QK�b _Q#BMbQM kyjy3y Rkj h?QK�b _Q#BMbQM @RX89edy9
3y CQM�b o�H�M+BmM�b kyke38 jRj CQM�b o�H�M+BmM�b @kXj8jkd8
3 1M2b E�Mi2` kyke3j kdN 1M2b E�Mi2` yXe9yyd9
R3N C�+F *QQH2v ky9ykk 9k3 C�+F *QQH2v @jXRkeRkN
Ry8 a2`;2v E�`�b2p kyj8y3 kkN a2`;2v E�`�b2p jXeR8jdR
R9N �M/`2 .`mKKQM/ kyjy3j RyR �M/`2 .`mKKQM/ @yXjked9k
kRk hQMv q`Qi2M kyjRyy 9R3 hQMv q`Qi2M jXde3Ny3
kye L2`H2Mb LQ2H kyj98d 3N L2`H2Mb LQ2H @yX8yjjje
N C2`2Kv G�K# kyjy3d R3e C2`2Kv G�K# @yX9eydek
d ai2p2M �/�Kb kyj8yy R8k ai2p2M �/�Kb @yXejN9NN
R8y _2;;B2 C�+FbQM kykdy9 R33 _2;;B2 C�+FbQM @RXjek883
Rjy �Mi?QMv .�pBb kyjyde 3d �Mi?QMv .�pBb RyX89eR98
8y �M/`2r qB;;BMb kyjN8k Rd8 �M/`2r qB;;BMb RX98N9ye

(k93), O LQr p2i2`�Mb i2�K `�iBM;b

O ?2`2 r2 ;2i ;QQ/ K�;MBim/2b 7Q` 2biBK�i2b @ `2H�iBp2 Q`/2`BM; MQi ;`2�iX

;#`np2iR 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UVX7BiUtnp2ibR- vnp2ibV
T`2/bnp2in;#`R 4 ;#`np2iRXT`2/B+iUtnp2ibnp�HB/�i2RV

Kb2n;#`np2iR 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in;#`RV  kV
T`BMiU]Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb h2�K _�iBM;, ]- Kb2n;#`np2iRV

O �ii2KTiBM; iQ QTiBKBx2 ?vT2`T�`�K2i2`b,

O r?2M r2 QTiBKBx2 T�`�K2i2`b ?2`2 i?2 `2H�iBp2 Q`/2`BM; b22Kb T`2iiv ;QQ/ɚ
↪→�;�BM- K�;MBim/2 Bb QF #mi biBHH � #Bi iQQ bK�HH

O ;#`np2iR 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UV

O T�`�Kb 4 &^H2�`MBM;n`�i2^, (yXyyR- yXyR- yXR)-
O ^bm#b�KTH2^, (R- yXN)-
O ^K�tn/2Ti?^, (k-8-Ry)-
O ^Mn2biBK�iQ`b^, (8y- Ryy- kyy)'

O ;#`np2iR 4 :`B/a2�`+?*oU;#`np2iR- T�`�KbV

O ;#`np2iR 4 ;#`np2iRX7BiUtnp2ibR- vnp2ibV

O T`BMiU;#`np2iRX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�iɚ
↪→r2^`2 rQ`FBM; rBi?

O ;#`np2iR 4 ;#`np2iRX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

R9



O O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
O T`2/bnp2in;#`R 4 ;#`np2iRXT`2/B+iUtnp2ibnp�HB/�i2RV
O Kb2n;#`np2iR 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in;#`RV  kV
O T`BMiU]Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb h2�K _�iBM;, ]- Kb2n;#`np2iRV

Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb h2�K _�iBM;, R8XyNddyNjNekR9Red

(k9N), B/t 4 U@T`2/bnp2in;#`RVX�`;bQ`iUV(,ky)
T`BMiUT`2/bnp2in;#`R(B/t)V
T`BMiUK�tUT`2/bnp2in;#`RVV
T`BMiUKBMUT`2/bnp2in;#`RVV

(3X9kN39Rkd 3XReyy8dyj dXeeN9jyNk dXy39jydR8 dXye83N8y9 eXR8yNd3j8
8X9eykN89R 8XRNkR3yjj 8XydN9998R 9X3e339k3N 9XdeR8kdy8 9XjR3k38NR
9XkedRk98 9XyN8y899R jXNd3Rjdyj jX88e9jjNd jX89y9y939 jXkd8eNNRk
jXk99y3ejR jXyNe9Nj9N)
3X9kN39RkeddyN33e
@9XR9y3d9Ne9Re3RjR

(k8y), p�HB/�i2np2ibXBHQ+(B/t) O b22Kb QF U�K�`2 biQm/2KB`2 ?�/ � ?m;2 +QMi`�+i @ɚ
↪→QmiHB2`V @ 2t+2Ti G2#`QM BbM^i iQT ky- bQ T`Q#�#Hv MQi iQi�HHv +Q``2+i

(k8y), `�iBM; h2�K hvT2 Km b/ $
Rde @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX3yjeej 8
RdR @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX93eyyy 8
R83 @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 dXdkeNjy 8
kkk @9Xe83d8R GQb �M;2H2b G�F2`b LQM@`QQFB2 dX3jjjjj 8
Rd dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 yXyR38NR 8
R3 dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 yXRkNkRR 8
k8 eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 eXjjR3d8 8
RR NX3y9NN8 a�M �MiQMBQ aTm`b LQM@`QQFB2 yXy9RdyR 8
Ryd kXd3k83e J2KT?Bb :`BxxHB2b LQM@`QQFB2 8X8yyyyy 8
RNk @RX9kkjkk a�+`�K2MiQ EBM;b LQM@`QQFB2 eX9jNRy3 8
9N 9X39j988 JB�KB >2�i LQM@`QQFB2 eX33R9ed 8
jy eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 8XkjNe3d 8
Rey @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 eX8393kk 8
R39 @RXjyyk3j L2r P`H2�Mb S2HB+�Mb LQM@`QQFB2 9XNeejRj 8
ke eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 9XRReeed 8
ky dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 eXe3N8kR 8
R8 dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 8X3NR8jd 8
3 NX3y9NN8 a�M �MiQMBQ aTm`b LQM@`QQFB2 9XReeeed 8
Rkd RX8kkjdN *?B+�;Q "mHHb LQM@`QQFB2 eXk3dek8 8
RN dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 jX3Rjjd8 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
Rde �K�`^2 aiQm/2KB`2 k9y8 jk �K�`^2 aiQm/2KB`2 9Xk38399

R8



RdR *�`K2HQ �Mi?QMv k89e jN9 *�`K2HQ �Mi?QMv 3Xk38kyR
R83 CQ2 CQ?MbQM kkyd 9d3 CQ2 CQ?MbQM 9XR3dNkd
kkk EQ#2 "`v�Mi Ndd e EQ#2 "`v�Mi kXjRRRy8
Rd G2bi2` >m/bQM kyRNNR jky G2bi2` >m/bQM jXR93y9y
R3 .�?Mi�v CQM2b k8ej kej .�?Mi�v CQM2b @3XRNd9yR
k8 E2pBM .m`�Mi kyRR9k k39 E2pBM .m`�Mi dXy9kkjN
RR _2;;B2 qBHHB�Kb kykRjy kdj _2;;B2 qBHHB�Kb @kXkkyjyd
Ryd w�+? _�M/QHT? kkRe RjR w�+? _�M/QHT? eXk38ye8
RNk _m/v :�v kyyd8k j9N _m/v :�v RXNdjke8
9N *?`Bb "Qb? k89d k9 *?`Bb "Qb? RX383djy
jy _mbb2HH q2bi#`QQF kyR8ee 98R _mbb2HH q2bi#`QQF kX3N8ddN
Rey .2`QM qBHHB�Kb RyRRR9 jRe .2`QM qBHHB�Kb RXeReNy9
R39 1`B+ :Q`/QM kyR8eN R 1`B+ :Q`/QM yXjyRkNN
ke a2`;2 A#�F� kyR83e k93 a2`;2 A#�F� jXjdNy9N
ky *?`Bb S�mH RyRRy3 k38 *?`Bb S�mH 9Xj8jN38
R8 "H�F2 :`B77BM kyRNjj de "H�F2 :`B77BM RXjjedd3
3 hQMv S�`F2` kkk8 Rek hQMv S�`F2` @kX9eeRNe
Rkd .2``B+F _Qb2 kyR8e8 dN .2``B+F _Qb2 jXNy3jyR
RN .2�M/`2 CQ`/�M kyR8NN 9d9 .2�M/`2 CQ`/�M @yX3NjRd8

(k88), O LQr p2i2`�Mb MQ i2�K `�iBM;

O K�;MBim/2b b22K ;QQ/- Q`/2`BM; b22Kb QF #mi KBbbBM; H2#`QM BM iQT ky b22Kb #�/

O ;#`np2ik 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UVX7BiUtnp2ibk- vnp2ibV
O T`2/bnp2in;#`k 4 ;#`np2ikXT`2/B+iUtnp2ibnp�HB/�i2kV

O Kb2n;#`np2ik 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in;#`kV  kV
O T`BMiU]Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb LP h2�K _�iBM;, ]- Kb2n;#`np2ikV

O �ii2KTiBM; iQ QTiBKBx2 ?vT2`T�`�K2i2`b,

O K�;MBim/2b � #Bi bK�HH �;�BM- `2H�iBp2 Q`/2`BM; b22Kb bQHB/X

;#`np2ik 4 :`�/B2Mi"QQbiBM;_2;`2bbQ`UV

T�`�Kb 4 &^H2�`MBM;n`�i2^, (yXyyR- yXyR- yXR)-
^bm#b�KTH2^, (R- yXN)-
^K�tn/2Ti?^, (k-8-Ry)-
^Mn2biBK�iQ`b^, (8y- Ryy- kyy)'

;#`np2ik 4 :`B/a2�`+?*oU;#`np2ik- T�`�KbV

;#`np2ik 4 ;#`np2ikX7BiUtnp2ibk- vnp2ibV

Re



T`BMiU;#`np2ikX#2binT�`�KbnV O T`BMi i?2 #2bi T�`�K2i2`b bQ r2 FMQr r?�i r2^`2ɚ
↪→rQ`FBM; rBi?

;#`np2ik 4 ;#`np2ikX#2bin2biBK�iQ`n O b2i i?2 KQ/2H iQ #2 i?2 #2bi 2biBK�iQ`

O LQr ;2i T`2/B+iBQMb QM p�HB/�iBQM b2i �M/ `2+Q`/ Ja1
T`2/bnp2in;#`k 4 ;#`np2ikXT`2/B+iUtnp2ibnp�HB/�i2kV
Kb2n;#`np2ik 4 MTXK2�MUUvnp2ibnp�HB/�i2 @ T`2/bnp2in;#`kV  kV
T`BMiU]Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb LP h2�K _�iBM;, ]- Kb2n;#`np2ikV

&^H2�`MBM;n`�i2^, yXyR- ^K�tn/2Ti?^, k- ^Mn2biBK�iQ`b^, kyy- ^bm#b�KTH2^, yXN'
Ja1 :`�/B2Mi "QQbiBM; o2i2`�Mb LP h2�K _�iBM;, RjXd98keke93ykNdN

(k8e), B/t 4 U@T`2/bnp2in;#`kVX�`;bQ`iUV(,ky)
T`BMiUT`2/bnp2in;#`k(B/t)V
T`BMiUKBMUT`2/bnp2in;#`kVV
T`BMiUK�tUT`2/bnp2in;#`kVV

(jXjN3j88j jXykkde3kj jXykkde3kj jXykkde3kj jXykkde3kj kXNjey38j3
kXNjey38j3 kXNjey38j3 kXNjey38j3 kXNk99R339 kXNRdR999e kXNRdR999e
kXNRdR999e kXNRdR999e kXyd99y398 kXyd99y398 kXyd99y398 kXyd99y398
kXyd99y398 kXyd99y398)
@RXy999jdNjyd9yRyj8
jXjN3j88kNeRk8jjd

(k8d), p�HB/�i2np2ibXBHQ+(B/t)

(k8d), `�iBM; h2�K hvT2 Km b/ $
Ryd kXd3k83e J2KT?Bb :`BxxHB2b LQM@`QQFB2 8X8yyyyy 8
kkk @9Xe83d8R GQb �M;2H2b G�F2`b LQM@`QQFB2 dX3jjjjj 8
R83 @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 dXdkeNjy 8
Rde @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX3yjeej 8
RdR @yXd88dNk L2r uQ`F EMB+Fb LQM@`QQFB2 dX93eyyy 8
Rey @yX93NNN9 "`QQFHvM L2ib LQM@`QQFB2 eX8393kk 8
RNk @RX9kkjkk a�+`�K2MiQ EBM;b LQM@`QQFB2 eX9jNRy3 8
Rkd RX8kkjdN *?B+�;Q "mHHb LQM@`QQFB2 eXk3dek8 8
k8 eXN398y9 PFH�?QK� *Biv h?mM/2` LQM@`QQFB2 eXjjR3d8 8
R8 dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 8X3NR8jd 8
ky dXN8ke9j GQb �M;2H2b *HBTT2`b LQM@`QQFB2 eXe3N8kR 8
jd 8Xe38edj >QmbiQM _Q+F2ib LQM@`QQFB2 dXR989k9 8
RNd @jXkkyyjk *H2p2H�M/ *�p�HB2`b LQM@`QQFB2 eX33R9ed 8
9N 9X39j988 JB�KB >2�i LQM@`QQFB2 eX33R9ed 8
Rjd RX9k3Re9 q�b?BM;iQM qBx�`/b LQM@`QQFB2 9XNR8jjj 8
N9 jXe9N99k AM/B�M� S�+2`b LQM@`QQFB2 9XNeejRj 8
kjN @8X8Njd8y li�? C�xx LQM@`QQFB2 9XNR8jjj 8
je 8Xe38edj >QmbiQM _Q+F2ib LQM@`QQFB2 9XNyNeR8 8

Rd



R39 @RXjyyk3j L2r P`H2�Mb S2HB+�Mb LQM@`QQFB2 9XNeejRj 8
dd jXNkN939 .�HH�b J�p2`B+Fb LQM@`QQFB2 9XNyyyyy 8

M�K2 TH�v2`nB/ BM/2t TH�v2`nM�K2 +Q27b
Ryd w�+? _�M/QHT? kkRe RjR w�+? _�M/QHT? eXk38ye8
kkk EQ#2 "`v�Mi Ndd e EQ#2 "`v�Mi kXjRRRy8
R83 CQ2 CQ?MbQM kkyd 9d3 CQ2 CQ?MbQM 9XR3dNkd
Rde �K�`^2 aiQm/2KB`2 k9y8 jk �K�`^2 aiQm/2KB`2 9Xk38399
RdR *�`K2HQ �Mi?QMv k89e jN9 *�`K2HQ �Mi?QMv 3Xk38kyR
Rey .2`QM qBHHB�Kb RyRRR9 jRe .2`QM qBHHB�Kb RXeReNy9
RNk _m/v :�v kyyd8k j9N _m/v :�v RXNdjke8
Rkd .2``B+F _Qb2 kyR8e8 dN .2``B+F _Qb2 jXNy3jyR
k8 E2pBM .m`�Mi kyRR9k k39 E2pBM .m`�Mi dXy9kkjN
R8 "H�F2 :`B77BM kyRNjj de "H�F2 :`B77BM RXjjedd3
ky *?`Bb S�mH RyRRy3 k38 *?`Bb S�mH 9Xj8jN38
jd .rB;?i >Qr�`/ kdjy Ry8 .rB;?i >Qr�`/ eXy88yek
RNd G2"`QM C�K2b k899 Re8 G2"`QM C�K2b jXdNkN8R
9N *?`Bb "Qb? k89d k9 *?`Bb "Qb? RX383djy
Rjd CQ?M q�HH kykjkk jj3 CQ?M q�HH 8XdeNy33
N9 _Qv >B##2`i kyR8dN Rj9 _Qv >B##2`i @kXjNN88j
kjN :Q`/QM >�vr�`/ kykjjy jNN :Q`/QM >�vr�`/ jX3y93e8
je C�K2b >�`/2M kyRNj8 Ryd C�K2b >�`/2M RkXRNd3jN
R39 1`B+ :Q`/QM kyR8eN R 1`B+ :Q`/QM yXjyRkNN
dd *?�M/H2` S�`bQMb kykdR3 9dj *?�M/H2` S�`bQMb kX3y98d3

k amKK�`v

Pp2`�HH @ Qm` #2bi `�M/QK 7Q`2bi KQ/2Hb b22K iQ QmiT2`7Q`K Qm` #2bi ;`�/B2Mi #QQbiBM; KQ/2Hb
#�b2/ QM Ja1 7Q` #Qi? `QQFB2b �M/ MQM `QQFB2bX

kXR 6BM�H JQ/2H a2H2+iBQM,

Ç _QQFB2b @ _�M/QK 6Q`2bi _2;`2bbBQM rBi? QTiBKBx2/ ?vT2`T�`�K2i2`b rBi?Qmi i2�K `�iBM;
�b � +Qp�`B�i2

Ç o2i2`�Mb @ _�M/QK 6Q`2bi _2;`2bbBQM rBi? QTiBKBx2/ ?vT2`T�`�K2i2`b rBi?Qmi i2�K `�iBM;
�b � +Qp�`B�i2

j LQr �+im�HHv +�H+mH�i2 T`BQ`b �M/ biQ`2 i?2K

(k3d), O `2�/ BM +QMi`�+i /�i� 7Q` kyR8fRe b2�bQM r?B+? rBHH #2 mb2/ �b i?2 M2r /�i�ɚ
↪→BM Qm` KQ/2H iQ ;2i T`BQ`b

M2r/�i�np2ib 4 T/X`2�/n+bpU]XXf/�i�f*QMi`�+iYi2�KkyR8nLQM_QQFB2X+bp]V

R3



M2r/�i�n`QQFB2b 4 T/X`2�/n+bpU]XXf/�i�f*QMi`�+iYi2�KkyR8n_QQFB2X+bp]V

M2r/�i�np2ibX/`QTUM2r/�i�np2ibX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V
M2r/�i�n`QQFB2bX/`QTUM2r/�i�n`QQFB2bX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V

(k33), tn7BM�Hn`QQFB2b 4 MTX�``�vUM2r/�i�n`QQFB2b(^Km^)VX`2b?�T2U@R- RV
tn7BM�Hnp2ib 4 MTX�``�vUM2r/�i�np2ib(^Km^)VX`2b?�T2U@R- RV

(k3N), O i`�BM `QQFB2 KQ/2H �M/ p2i2`�M KQ/2H QM �HH Q7 Qm` K�BM /�i�

`7n`QQFB2k 4 _�M/QK6Q`2bi_2;`2bbQ`UK�tn/2Ti? 4 k- Mn2biBK�iQ`b 4 kyyVX
↪→7BiUtnK�BMn`QQFB2b- vnK�BMn`QQFB2bV

`7np2ik 4 _�M/QK6Q`2bi_2;`2bbQ`UK�tn/2Ti? 4 k- Mn2biBK�iQ`b 4 8yVX
↪→7BiUtnK�BMnp2ib- vnK�BMnp2ibV

O LPh1 @ F22T i?2 Ja1^b 7`QK p�HB/�iBQM b2i �M/ i?Bb rBHH #2 mb2/ �b Qm`ɚ
↪→bi�M/�`/ 2``Q` BM i?2 T`BQ`b

Kb2np2ib 4 Kb2n`7np2ik
Kb2n`QQFB2b 4 Kb2n`7n`QQFB2k

T`BQ`bn`QQFB2bnK2�Mb 4 `7n`QQFB2kXT`2/B+iUtn7BM�Hn`QQFB2bV
T`BQ`bnp2ibnK2�Mb 4 `7np2ikXT`2/B+iUtn7BM�Hnp2ibV

bB;K�n`QQFB2b 4 MTXb[`iUKb2n`QQFB2bV
bB;K�np2ib 4 MTXb[`iUKb2np2ibV

M2r/�i�np2ib(^7BM�HT`BQ`b^) 4 T`BQ`bnp2ibnK2�Mb
M2r/�i�n`QQFB2b(^7BM�HT`BQ`b^) 4 T`BQ`bn`QQFB2bnK2�Mb

M2r/�i�np2ib(^7BM�Hb2^) 4 bB;K�np2ib
M2r/�i�n`QQFB2b(^7BM�Hb2^) 4 bB;K�n`QQFB2b

flb2`bf`22/T2i2`bQMfQTif�M�+QM/�jfHB#fTvi?QMjXdfbBi2@
T�+F�;2bfBTvF2`M2HnH�mM+?2`XTv,8, .�i�*QMp2`bBQMq�`MBM;, � +QHmKM@p2+iQ` v r�b
T�bb2/ r?2M � R/ �``�v r�b 2tT2+i2/X SH2�b2 +?�M;2 i?2 b?�T2 Q7 v iQ
UMnb�KTH2b-V- 7Q` 2t�KTH2 mbBM; `�p2HUVX

]]]

(kNy), O LQr �// TH�v2` B/ �M/ BM/2t +QHmKMb #v K2`;BM; rBi? i?2 TH�v2` BM/2t K�T 7Q`ɚ
↪→kyR8fRe

TH�v2`nBM/2tnK�TnkyR8 4 T/X`2�/n+bpU]XXf/�i�fTH�v2`nBM/2tnK�TnkyR8@ReX+bp]V
TH�v2`nBM/2tnK�TnkyR8X/`QTUTH�v2`nBM/2tnK�TnkyR8X+QHmKMb(y)- �tBb 4 R- BMTH�+2ɚ
↪→4 h`m2V

TH�v2`nBM/2tnK�TnkyR8X?2�/UV

RN



(kNy), TH�v2`nB/ BM/2t TH�v2`nM�K2
y kyRN8k y C277 h2�;m2
R kyj9dR R .2MMBb a+?`Q/2`
k kyj933 k JBF2 Jmb+�H�
j kyjR98 j E2Mi "�x2KQ`2
9 kyj8yj 9 hQMv aM2HH

(kNR), M2r/�i�np2ib 4 M2r/�i�np2ibXK2`;2UTH�v2`nBM/2tnK�TnkyR8- ?Qr 4 ]BMM2`]- H27inQMɚ
↪→4 ]M�K2]- `B;?inQM 4 ]TH�v2`nM�K2]V

M2r/�i�n`QQFB2b 4 M2r/�i�n`QQFB2bXK2`;2UTH�v2`nBM/2tnK�TnkyR8- ?Qr 4 ]BMM2`]-ɚ
↪→H27inQM 4 ]M�K2]- `B;?inQM 4 ]TH�v2`nM�K2]V

M2r/�i�np2ib

(kNR), `�iBM; h2�K hvT2 Km b/ $
y eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 yX3jjjjj 8
R eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 9Xyyyyyy 8
k eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 jXdNykek 8
j eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 9Xdeeeed 8
9 eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 jXNyj938 8
XX ē ē ē ē XX
k98 @RjX8N3398 L2r uQ`F EMB+Fb LQM@`QQFB2 9Xjjjjjj 8
k9e @RjX8N3398 L2r uQ`F EMB+Fb LQM@`QQFB2 yXNjjjjj 8
k9d @RjX8N3398 L2r uQ`F EMB+Fb LQM@`QQFB2 yX88yyyy 8
k93 @RjX8N3398 L2r uQ`F EMB+Fb LQM@`QQFB2 yX98ky9N 8
k9N @RjX8N3398 L2r uQ`F EMB+Fb LQM@`QQFB2 RXejjjjj 8

M�K2 7BM�HT`BQ`b 7BM�Hb2 TH�v2`nB/ BM/2t $
y G2�M/`Q "�`#Qb� @yXd3kRRR jXe33j3R k8dR Rk
R �M/`2r "Q;mi RXkRjdj8 jXe33j3R RyRRye je8
k ai2T?2M *m``v RXRd3Njd jXe33j3R kyRNjN 9y8
j .`�vKQM/ :`22M kX3j8e9k jXe33j3R kyjRRy N
9 �M/`2 A;mQ/�H� RXRd3Njd jXe33j3R kdj3 jjN
XX ē ē ē ē ē
k98 _Q#BM GQT2x RXj3ej83 jXe33j3R kyR8dd Rkd
k9e E2pBM a2`�T?BM yXRj9Nyd jXe33j3R kykjj3 Rk3
k9d G�M+2 h?QK�b @yX3ej8yk jXe33j3R kyk9N3 dd
k93 a�b?� omD�+B+ @yX3ej8yk jXe33j3R kd8e d8
k9N .2``B+F qBHHB�Kb yX98kdd9 jXe33j3R kyke3k RNN

TH�v2`nM�K2
y G2�M/`Q "�`#Qb�
R �M/`2r "Q;mi
k ai2T?2M *m``v
j .`�vKQM/ :`22M
9 �M/`2 A;mQ/�H�
XX ē

ky



k98 _Q#BM GQT2x
k9e E2pBM a2`�T?BM
k9d G�M+2 h?QK�b
k93 a�b?� omD�+B+
k9N .2``B+F qBHHB�Kb

(k8y `Qrb t RR +QHmKMb)

(kNe), M2r/�i�np2ibXiQn+bpU]XXf/�i�f7BM�HnT`BQ`bnp2ibnkyR8nReX+bp]V
M2r/�i�n`QQFB2bXiQn+bpU]XXf/�i�f7BM�HnT`BQ`bn`QQFB2bnkyR8nReX+bp]V

9 LQi2b @

hQ `2THB+�i2 i?Bb T`Q+2bb 7Q` �MQi?2` v2�` UkyRefRd 7Q` 2t�KTH2V mbBM; i?2 }M�H KQ/2Hb b2H2+i2/
?2`2- r2 rQmH/ /Q i?2 7QHHQrBM;,  6B`bi irQ +Q/2 +2HHb �`2 i?2 b�K2 �b BM i?Bb }H2- Dmbi brBi+? i?2
v2�`b Q7 i?2 /�i� i?�i r2 `2�/ BMX  6Bi i?2 irQ `�M/QK 7Q`2bi KQ/2Hb U`QQFB2b �M/ p2ibV QM i?2
bK�HH i`�BM /�i� 7Q` i?�i v2�`- i?2M ;2i Kb2 QM i?2 p�HB/�iBQM /�i� 7Q` i?�i v2�` �M/ b�p2 i?Bb �b Bi
rBHH #2 mb2/ �b i?2 T`BQ` bi�M/�`/ 2``Q`X  h?2M Dmbi mb2 i?2 e +Q/2 +2HHb �#Qp2 i?Bb QM2 �M/ K�F2
bm`2 iQ Tmi i?2 +Q``2+i v2�`X h?�iǶb �HHX

kR



#�v2bB�Mn`2;nkyR8nRe

J�v Rd- kykR

R "�v2bB�M _2;`2bbBQM JQ/2H kyR8fRe mbBM; T`BQ`b 7`QK QTiBKBx2/
`�M/QK 7Q`2bi KQ/2H

(R), BKTQ`i TvK+j �b TK
BKTQ`i T�M/�b �b T/
BKTQ`i MmKTv �b MT
BKTQ`i �`pBx �b �x

/�i� 4 T/X`2�/n+bpU]XXf/�i�fb?B7ibn/�i�n7BM�HnkyR8nReX+bp]V
/�i�X/`QTU/�i�X+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V
/�i�X?2�/UV

(R), TQBMin/B77nT2`nRyy ?QK2ni2�K �r�vni2�K y R k j 9 8 e $
y @keXNjNe88 >�rFb SBbiQMb RXy yXy yXy RXy yXy yXy yXy
R @jkXj9N3Ne >�rFb SBbiQMb RXy yXy yXy yXy yXy yXy yXy
k yXyyyyyy >�rFb SBbiQMb RXy yXy yXy yXy yXy yXy yXy
j 3Xjdj8ke >�rFb SBbiQMb yXy RXy yXy yXy yXy yXy yXy
9 Ry9XReeeed >�rFb SBbiQMb yXy RXy yXy yXy yXy yXy yXy

ē 9ee 9ed 9e3 9eN 9dy 9dR 9dk 9dj 9d9 9d8
y ē yXy yXy yXy yXy yXy yXy yXy yXy yXy yXy
R ē yXy yXy yXy yXy yXy yXy yXy yXy yXy yXy
k ē yXy yXy yXy yXy yXy yXy yXy yXy yXy yXy
j ē yXy yXy yXy yXy yXy yXy yXy yXy yXy yXy
9 ē yXy yXy yXy yXy yXy yXy yXy yXy yXy yXy

(8 `Qrb t 9dN +QHmKMb)

(k), T`BQ`bn/7np2ib 4 T/X`2�/n+bpU]XXf/�i�f7BM�HnT`BQ`bnp2ibnkyR8nReX+bp]V
T`BQ`bn/7np2ibX/`QTUT`BQ`bn/7np2ibX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V
O M22/ iQ `2M�K2 i?2 BM/2t +QHmKM iQ B/t
T`BQ`bn/7np2ibX+QHmKMb 4 (^`�iBM;^- ^i2�K^- ^ivT2^- ^Km^ -^b/^- ^M�K2^-ɚ
↪→^7BM�HT`BQ`b^- ^7BM�Hb2^- ^TH�v2`nB/^- ^B/t^- ^TH�v2`nM�K2^)

T`BQ`bn/7n`QQFB2b 4 T/X`2�/n+bpU]XXf/�i�f7BM�HnT`BQ`bn`QQFB2bnkyR8nReX+bp]V
T`BQ`bn/7n`QQFB2bX/`QTUT`BQ`bn/7n`QQFB2bX+QHmKMb(y)- �tBb 4 R- BMTH�+2 4 h`m2V
O M22/ iQ `2M�K2 i?2 BM/2t +QHmKM iQ B/t

R



T`BQ`bn/7n`QQFB2bX+QHmKMb 4 (^`�iBM;^- ^i2�K^- ^ivT2^- ^Km^ -^b/^- ^M�K2^-ɚ
↪→^7BM�HT`BQ`b^- ^7BM�Hb2^- ^TH�v2`nB/^- ^B/t^- ^TH�v2`nM�K2^)

T`BQ`bn/7np2ibXbQ`inp�Hm2bU#v 4 (^B/t^)- BMTH�+2 4 h`m2V
T`BQ`bn/7n`QQFB2bXbQ`inp�Hm2bU#v 4 (^B/t^)- BMTH�+2 4 h`m2V

(Ry), T`BQ`bn/7np2ibXHQ+(T`BQ`bn/7np2ib(^B/t^) 44 9y8)

(Ry), `�iBM; i2�K ivT2 Km b/ M�K2 $
k eXkjNR88 :QH/2M ai�i2 q�``BQ`b LQM@`QQFB2 jXdNykek 8 ai2T?2M *m``v

7BM�HT`BQ`b 7BM�Hb2 TH�v2`nB/ B/t TH�v2`nM�K2
k RXRd3Njd jXe33j3R kyRNjN 9y8 ai2T?2M *m``v

(j), T`BQ`nK2�Mb 4 MTXx2`QbU9deV
T`BQ`nbB;K�b 4 MTX7mHHU9de- 9V

7Q` B BM `�M;2UH2MUT`BQ`nK2�MbVV,
B7 B BM MTX�``�vUT`BQ`bn/7np2ib(^B/t^)V,

T`BQ`nK2�Mb(B) 4 T`BQ`bn/7np2ibXHQ+(T`BQ`bn/7np2ib(^B/t^) 44ɚ
↪→B)(^7BM�HT`BQ`b^)XBHQ+(y)

T`BQ`nbB;K�b(B) 4 T`BQ`bn/7np2ibXHQ+(T`BQ`bn/7np2ib(^B/t^) 44ɚ
↪→B)(^7BM�Hb2^)XBHQ+(y)

2HB7 B BM MTX�``�vUT`BQ`bn/7n`QQFB2b(^B/t^)V,
T`BQ`nK2�Mb(B) 4 T`BQ`bn/7n`QQFB2bXHQ+(T`BQ`bn/7n`QQFB2b(^B/t^) 44ɚ

↪→B)(^7BM�HT`BQ`b^)XBHQ+(y)
T`BQ`nbB;K�b(B) 4 T`BQ`bn/7n`QQFB2bXHQ+(T`BQ`bn/7n`QQFB2b(^B/t^) 44ɚ

↪→B)(^7BM�Hb2^)XBHQ+(y)

(9), ?QK2ni2�Kb 4 /�i�(^?QK2ni2�K^)
�r�vni2�Kb 4 /�i�(^�r�vni2�K^)
O MQr /`QT i?2b2 +QHmKMb 7`QK i?2 K�BM i`�BMBM; /�i�7`�K2
/�i�X/`QTU(^?QK2ni2�K^- ^�r�vni2�K^)- �tBb 4 R- BMTH�+2 4 h`m2V
/�i�X?2�/UV

(9), TQBMin/B77nT2`nRyy y R k j 9 8 e d 3 ē 9ee $
y @keXNjNe88 RXy yXy yXy RXy yXy yXy yXy yXy yXy ē yXy
R @jkXj9N3Ne RXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
k yXyyyyyy RXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
j 3Xjdj8ke yXy RXy yXy yXy yXy yXy yXy yXy yXy ē yXy
9 Ry9XReeeed yXy RXy yXy yXy yXy yXy yXy yXy yXy ē yXy

9ed 9e3 9eN 9dy 9dR 9dk 9dj 9d9 9d8
y yXy yXy yXy yXy yXy yXy yXy yXy yXy
R yXy yXy yXy yXy yXy yXy yXy yXy yXy
k yXy yXy yXy yXy yXy yXy yXy yXy yXy

k



j yXy yXy yXy yXy yXy yXy yXy yXy yXy
9 yXy yXy yXy yXy yXy yXy yXy yXy yXy

(8 `Qrb t 9dd +QHmKMb)

(8), O M22/ iQ `2M�K2 +QHmKMb MQr bBM+2 MmK#2`b +QM7mb2 TvK+j
M2rn+QHb 4 ()
7Q` B BM `�M;2UMTXb?�T2U/�i�V(R)V,

B7 B 44 y,
M2rn+QHbX�TT2M/U]TQBMin/B77]V

2Hb2,
M2rn+QHbX�TT2M/U]T] Y bi`UB@RVV

O tn/7 4 /�i�XBHQ+(,kyyyy-)
tn/7 4 /�i�
tn/7X+QHmKMb 4 M2rn+QHb
tn/7

(8), TQBMin/B77 Ty TR Tk Tj T9 T8 Te Td T3 ē T9ee $
y @keXNjNe88 RXy yXy yXy RXy yXy yXy yXy yXy yXy ē yXy
R @jkXj9N3Ne RXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
k yXyyyyyy RXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
j 3Xjdj8ke yXy RXy yXy yXy yXy yXy yXy yXy yXy ē yXy
9 Ry9XReeeed yXy RXy yXy yXy yXy yXy yXy yXy yXy ē yXy
ē ē ē ē ē ē ē ē ē ē ē ē ē
jj339 yXyyyyyy yXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
jj338 @3Xde3kj3 yXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
jj33e yXyyyyyy yXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
jj33d dkXjjdNej yXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy
jj333 kjeXd9k9k9 yXy yXy yXy yXy yXy yXy yXy yXy yXy ē yXy

T9ed T9e3 T9eN T9dy T9dR T9dk T9dj T9d9 T9d8
y yXy yXy yXy yXy yXy yXy yXy yXy yXy
R yXy yXy yXy yXy yXy yXy yXy yXy yXy
k yXy yXy yXy yXy yXy yXy yXy yXy yXy
j yXy yXy yXy yXy yXy yXy yXy yXy yXy
9 yXy yXy yXy yXy yXy yXy yXy yXy yXy
ē ē ē ē ē ē ē ē ē ē
jj339 yXy yXy yXy yXy yXy yXy yXy yXy yXy
jj338 yXy yXy yXy yXy yXy yXy yXy yXy yXy
jj33e yXy yXy yXy yXy yXy yXy yXy yXy yXy
jj33d yXy yXy yXy yXy yXy yXy yXy yXy yXy
jj333 yXy yXy yXy yXy yXy yXy yXy yXy yXy

(jj33N `Qrb t 9dd +QHmKMb)

j



(e), t 4 MTX�``�vUtn/7XBHQ+(,-R,)V
v 4 MTX�``�vUtn/7XBHQ+(,-y)V

tnb?�T2 4 MTXb?�T2UtV(R)

rBi? TKXJQ/2HUV �b KQ/2H,
O T`BQ`b
bB;K� 4 TKX>�H7*�m+?vU]bB;K�]- #2i�4RyV O �`#Bi`�`BHv /27BM2/
BMi2`+2Ti 4 TKXLQ`K�HU]AMi2`+2Ti]- y- bB;K�4kyV O �`#Bi`�`BHv /27BM2/
tnT`BQ`nK2�Mb 4 T`BQ`nK2�Mb O /27BM2/ �#Qp2
tnT`BQ`nbB;K�b 4 T`BQ`nbB;K�b O /27BM2/ �#Qp2

O tnT`BQ`nK2�Mb 4 MTXx2`QbUtnb?�T2V O Dmbi i2biBM; rBi? K2�M x2`Q iQɚ
↪→+QKT�`2 iQ `B/;2

tn+Q277 4 TKXLQ`K�HU]t]- Km 4 tnT`BQ`nK2�Mb- bB;K�4tnT`BQ`nbB;K�b- b?�T2 4ɚ
↪→tnb?�T2V O Q`B;BM�H K2i?Q/ @ MQ HBbi +QKT`2?2MbBQM

HBF2HB?QQ/ 4 TKXLQ`K�HU]v]- Km4BMi2`+2Ti Y tn+Q277X/QiUtXhV- bB;K�4bB;K�-ɚ
↪→Q#b2`p2/4vV O Q`B;BM�H K2i?Q/ @ MQ HBbi +QKT`2?2MbBQM

i`�+2 4 TKXb�KTH2URyyy- imM2 4 Ryyy- +Q`2b 4 RV

flb2`bf`22/T2i2`bQMfQTif�M�+QM/�jfHB#fTvi?QMjXdfbBi2@
T�+F�;2bfTvK+jfb�KTHBM;XTv,9e3, 6mim`2q�`MBM;, AM �M mT+QKBM; `2H2�b2- TKXb�KTH2
rBHH `2im`M �M <�`pBxXAM72`2M+2.�i�< Q#D2+i BMbi2�/ Q7 � <JmHiBh`�+2< #v
/27�mHiX uQm +�M T�bb `2im`MnBM72`2M+2/�i�4h`m2 Q` `2im`MnBM72`2M+2/�i�46�Hb2 iQ
#2 b�72 �M/ bBH2M+2 i?Bb r�`MBM;X

6mim`2q�`MBM;-
�miQ@�bbB;MBM; Llha b�KTH2`ē
AMBiB�HBxBM; Llha mbBM; DBii2`Y�/�Tin/B�;ē
a2[m2MiB�H b�KTHBM; Uk +?�BMb BM R DQ#V
Llha, (t- AMi2`+2Ti- bB;K�)

IASvi?QMX+Q`2X/BbTH�vX>hJG Q#D2+i=

flb2`bf`22/T2i2`bQMfQTif�M�+QM/�jfHB#fTvi?QMjXdfbBi2@T�+F�;2bfTvK+jfK�i?XTv,k9e,
_mMiBK2q�`MBM;, /BpB/2 #v x2`Q 2M+QmMi2`2/ BM HQ;RT

`2im`M MTXr?2`2Ut I yXeNjR9dR3y88NN98j- MTXHQ;U@MTX2tTKRU@tVV-
MTXHQ;RTU@MTX2tTU@tVVV

IASvi?QMX+Q`2X/BbTH�vX>hJG Q#D2+i=

a�KTHBM; k +?�BMb 7Q` Rnyyy imM2 �M/ Rnyyy /`�r Bi2`�iBQMb Uknyyy Y knyyy /`�rb
iQi�HV iQQF Re9R b2+QM/bX

9



RXR a�p2 i?2 i`�+2,

(jj), rBi? KQ/2H,
T�i? 4 TKXb�p2ni`�+2Ui`�+2- /B`2+iQ`v 4 ]i`�+2nkyR8nRe]V

(d), rBi? KQ/2H,
`2bmHibn/7 4 �xXbmKK�`vUi`�+2V

(d), TH�v2`nBM/2tnK�TnkyR8 4 T/X`2�/n+bpU]XXf/�i�fTH�v2`nBM/2tnK�TnkyR8@ReX+bp]V
TH�v2`nBM/2tnK�TnkyR8X?2�/UV

(d), lMM�K2/, y TH�v2`nB/ BM/2t TH�v2`nM�K2
y y kyRN8k y C277 h2�;m2
R R kyj9dR R .2MMBb a+?`Q/2`
k k kyj933 k JBF2 Jmb+�H�
j j kyjR98 j E2Mi "�x2KQ`2
9 9 kyj8yj 9 hQMv aM2HH

(3), O TH�v2`nBM/2tnK�TnkyR8XHQ+(TH�v2`nBM/2tnK�TnkyR8(^BM/2t^) 44 Rej)
TH�v2`nBM/2tnK�TnkyR8XHQ+(TH�v2`nBM/2tnK�TnkyR8(^TH�v2`nM�K2^) 44 ]ai2T?2Mɚ
↪→*m``v])

(3), lMM�K2/, y TH�v2`nB/ BM/2t TH�v2`nM�K2
9y8 9y8 kyRNjN 9y8 ai2T?2M *m``v

(N), T`BMiUU`2bmHibn/7XHQ+(`2bmHibn/7(^K2�M^) = 9)VXbQ`inp�Hm2bU#v4(^K2�M^)VV

K2�M b/ ?/BnjW ?/BnNdW K+b2nK2�M K+b2nb/ 2bbn#mHF $
t(98N) 9Xyjk kXRR9 yXRN3 3XyeR yXyjk yXyke 9kdNXy
t(kyy) 9Xy8j kXj93 @yXkk9 3X93k yXyjN yXyjj j89yXy
t(jk) 9XkdR kXjke @yXy9R 3XeR3 yXyjj yXyjR 8RjkXy
t(9k) 9XjRe kXke3 @yXRd3 3Xj9y yXyj9 yXyjk 99kdXy
t(R3j) 9XjR3 kXR8N yXRd3 3Xk8N yXyjj yXykd 9kyyXy
t(9y8) 9Xjk8 kXjRd @yXRkR 3XdNk yXyj9 yXyjy 98NjXy
t(RR9) 9X9jy kXekN @yX3eN 3X3k3 yXyj3 yXyj8 9dR8Xy
t(k8e) 9X93d kXRj9 yX9y9 3Xk38 yXyk3 yXykj 8N3eXy
t(9jN) 9X8e8 kXk9y yXk3j 3XdNd yXyj9 yXykN 9k8jXy
t(kyR) 9Xeyd kXkRj yXe8j 3XddN yXyjR yXyjy 9N89Xy
t(9Rj) 9XeRe kXkRk yXjd3 3X8NN yXyjy yXyke 8j8eXy
t(9kd) 9XeRN kXR83 yXe8d 3Xd8N yXykN yXyke 88yRXy
t(93) 9XejR kXky3 yX89e 3X398 yXyjk yXyjj 9398Xy
t(RRR) 9Xedk kXk89 yX8e9 3XNek yXyj9 yXyjy 9jyeXy
t(jkN) 9X3R9 kXR3k yXNRk 3XNe8 yXyjj yXyk3 9j3kXy
t(jy9) 9XN98 kXyNj RXR9R NXyRy yXyjj yXyk8 9yyNXy
t(d3) 8Xke8 kXRde RXyR8 NXRjy yXyjk yXyk8 9deRXy
t(kj) 8XjNe kXReR RXR3k NXj3N yXyjk yXyke 9eeeXy
t(jyj) 8X88k kXj9R RXk9N RyXy8k yXyj3 yXyjR j3keXy

8



t(kd) 8XdeR kXke9 RX83k RyXyyR yXyjd yXykd j38NXy
t(Rj3) 8X3jj kXRj9 RX9ed NX89y yXyj8 yXyke je88Xy
t(j3) 8X389 kXRj8 kXyR3 RyXy9e yXyjk yXyk8 99NkXy
t(Rej) 8XNek kXy3N RXNyj NXeRR yXyk3 yXykk 8k38Xy
t(988) eXRe9 kXjke RX3dR RyX9dk yXyjj yXykd 8yyjXy
t(N) eXk3N kXjeR RX99R RyXje9 yXyje yXykN 9jNRXy
t(j8) eXjee kXkN3 RX3e9 RyXjek yXyjj yXyke 93djXy
t(3k) dXe89 kXkyy jXdjk RRX3yN yXyjj yXyke 9j9RXy
t(Nj) 3XkRe kXk99 jXNkj RkXjey yXyjd yXyk3 je9RXy
bB;K� 3RXy9N yXjy3 3yXjNk 3RX83N yXyy9 yXyyj 9NjjXy

2bbni�BH `n?�i
t(98N) ReNeXy RXy
t(kyy) R9eyXy RXy
t(jk) Rkk9Xy RXy
t(9k) RkNeXy RXy
t(R3j) RedyXy RXy
t(9y8) R8NdXy RXy
t(RR9) RdkdXy RXy
t(k8e) R8j3Xy RXy
t(9jN) RR8kXy RXy
t(kyR) Rk3eXy RXy
t(9Rj) RdRjXy RXy
t(9kd) R889Xy RXy
t(93) Rye9Xy RXy
t(RRR) R883Xy RXy
t(jkN) R8eRXy RXy
t(jy9) RjejXy RXy
t(d3) Re9yXy RXy
t(kj) RjjjXy RXy
t(jyj) R939Xy RXy
t(kd) RRkkXy RXy
t(Rj3) R9kjXy RXy
t(j3) R9ydXy RXy
t(Rej) R8N8Xy RXy
t(988) R899Xy RXy
t(N) RkR8Xy RXy
t(j8) R838Xy RXy
t(3k) R9y9Xy RXy
t(Nj) R9yNXy RXy
bB;K� RRN8Xy RXy

(j9), rBi? KQ/2H,
iKT 4 i`�+2X;2inp�Hm2bU]t]V

O MTXb?�T2UiKTV
O MTXK2�MUiKT- �tBb 4 yV

e



iKTn/7 4 T/X.�i�6`�K2UiKTV
iKTn/7XiQn+bpU`^XXf/�i�f#�v2bB�MnTQbi2`BQ`nb�KTH2bnkyR8nReX+bp^V

(j8), `2bmHibn/7XiQn+bpU`^XXf/�i�f#�v2bB�Mn`2bmHibn/7nkyR8nReX+bp^V

d


