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IJ KL ML MNOPQR P STUV MOR PQWJXQM Y KL VMQR OKLUJWZ[M[ XQM PM \QR W SQL RKQ[LKJ W SZO]MOU MUR WM
WZRM[^ JLM[ XQMP VT[RJOJVTLR MUR PM ^ MJPPMQ[ _ KQMQ[ ` aL RKQ[LKJ Y PT VPQVT[R WMU VT[RJMU W SZO]MOU
WQ[MLR b KQ c ]MQ[MU Y ^ TJU OMPT V MQR TPPM[ _ QUXQ Sd e ]MQ[MU ` aRTLR WKLLZ PM LK^\[M WM VT[RJOJf
VTLRU g W SQLM h JLiRTJLM d VPQUJMQ[U OMLRTJLMU g JP L SMUR VTU MLhJUTiMT\PM XQM RKQR PM ^KLWM
[MLOKLR[M RKQR PM ^KLWM ` jP U STiJR WKLO WM WZRM[^ JLM[ PM ^ MJPPMQ[ _ KQMQ[ ML K[iTLJUTLR QL LK^\[M
^ JLJ^Q^ WM VT[RJMU ` aL V[TRJXQM Y PM LK^\[M WM VT[RJMU WZV MLW WQ LK^\[M WM VT[RJOJVTLRU TRf
RMLWQU MR WM P SJ^VK[RTLOM WM PT OK^VZRJRJKL `

k JLUJ Y QL RKQ[LKJ MUR QLM UQJRM WM l KQ m [KLWMU ` nLM [KLWM MUR QL MLUM^\PM WM VT[RJMU XQJ KLR
PJMQ UJ^QPRTLZ^MLR Y ML VT[TPPoPM ` nLM VT[RJM MUR QL Tp[KLRM^ MLR MLR[M WMQN _ KQMQ[U O]KJUJU VT[
QL V[KOMUUQU TVVMPZ TVVT[JM^ MLR ` qTLU PMU RKQ[LKJU WM rTJ\ PM J^ VK[RTLOM Y O]TXQM VT[RJOJVTLR
_ KQM l [KLWMU Y KQ m WTLU PMU i[TLWMU OK^VZRJRJKLU ` s]TXQM VT[RJM iTiLZM [TVVK[RM QL VKJLR TQ
hTJLXQMQ[ MR t TQ VM[WTLR ` aL OTU WM ^ TRO] LQP Y PMU WMQN _ KQMQ[U [MuKJhMLR vwx VKJLR ` k PT yL
WQ RKQ[LKJ Y KL TWWJRJKLLM PMU VKJLRU WM O]TOQL MR KL OPTUUM PMU VT[RJOJVTLRU W STV[oU PM LK^\[M
WM VKJLRU K\RMLQU ` zMU MNfTMXQK UKLR MLUQJRM WZVT[RTiZU VT[ QL U{URo^ M WM WZVT[RTiM yNZ d
P SThTLOM VT[ P SK[iTLJUTRJKL WQ RKQ[LKJ ` sMPQJfOJ MUR \TUZ UQ[ WMU O[JRo[MU OK^^M PM [TLi ^K{ML
WMU _ KQMQ[U [MLOKLR[ZU V MLWTLR PM RKQ[LKJ Y PM [TLi WM PT V[M^ Jo[M VT[RJM V M[WQM UQ[ PMU m [KLWMU Y
PM OQ^QP WMU VKJLRU d PT yL WM O]TXQM [KLWM Y MRO ``` k O]TXQM [KLWM Y P STWhM[UTJ[M [MLOKLR[Z L SMUR
VTU O]KJUJ TQ ]TUT[W ` z STVVT[JM^ MLR g XQJ [MLOKLR[M XQJ | g WMU _ KQMQ[U MUR WZRM[^ JLZ VT[
PM OPTUUM^ MLR V[KhJUKJ[M MR K\ ZJR d WMU [oiPMU UV ZOJyXQMU Y OKLURTLRMU TQ OKQ[U WQ RKQ[LKJ MR
yNZMU VT[ P SK[iTLJUTRJKL ` }QMPXQM UKJR PM U{URo^ M O]KJUJ Y PM [TLi WMU _ KQMQ[U [MLOKLR[ZU WZV MLW
WJ[MORM^ MLR WQ OPTUUM^ MLR V[KhJUKJ[M MR WKLO WM PT V M[rK[^ TLOM WQ _ KQMQ[ ` qM VPQU Y KL LM VMQR
VTU [MLOKLR[M[ PM ^ ~^M _ KQMQ[ WMQN rKJU TQ OKQ[U WQ RKQ[LKJ `

�KL MNVZ[JMLOM V M[UKLLMPPM WM _ KQMQ[ W SZO]MOU ML OK^VZRJRJKL ^ ST^ oLM d VMLUM[ XQM PT
WM[LJo[M [KLWM LM O]TLiM iZLZ[TPM^ MLR VPQU \ MTQOKQV PM OPTUUM^ MLR MR XQM PMU V[M^ Jo[MU UKLR
PMU VPQU WZRM[^ JLTLRMU VKQ[ PM OPTUUM^ MLR ` sMVMLWTLR Y V M[W[M QLM VT[RJM L SMUR VTU ZPJ^ JLTRKJ[M `
sM[RTJLU _ KQMQ[U V M[WMLR ^ ~^M hKPKLRTJ[M^ MLR PMQ[ V[M^ Jo[M VT[RJM VT[ rK[rTJR VKQ[ UM ^ ZLTiM[
QL RKQ[LKJ VPQU rTOJPM MR � rTJ[M PT OKQ[UM WTLU PM V MPKRKL � WTLU PM \QR WM WZR[�LM[ PM _ KQMQ[ WM
R~RM WTLU PMU WM[LJo[MU VT[RJMU ` q STQR[MU MLOK[M XQJRRMLR PM RKQ[LKJ UJ JPU V M[WMLR PMQ[ V[M^ Jo[M
VT[RJM ` �KQ[ QL _ KQMQ[ Y JP MUR WKLO O[QOJTP WM UThKJ[ XQMPPMU UKLR PMU VT[RJMU XQ SJP MUR PM VPQU
J^ VK[RTLR WM iTiLM[ ` �KQ[ RMLRM[ WM [ZVKLW[M d OMRRM XQMURJKL Y KL OKLUJWo[M PMU [ZUQPRTRU WQ x

e�VML jLRM[LTRJKLTP WM �TPTiLM WM rZh[JM[ xtt� XQJ T [TUUM^\PZ vvv VT[RJOJVTLRU ` zMU [ZUQPRTRU
UKLR WJUVKLJ\PMU UQ[ PM UJRM WM PT �ZWZ[TRJKL �[TLuTJUM WMU aO]MOU `
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���� ���� ������� �L rTJR QL OKVJM[wOKPPM[ WQ RT\PMTQ WTLU QL yO]JM[ RMNRM ` �QJU KL PM R[TJRM
d P STJWM WM PT OK^^TLWM UQJhTLRM Y XQJ rTJR TVVMP TQN KQRJPU WM R[TJRM^ MLR WM RMNRM URTLWT[WU
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�L T JOJ ZPJ^ JLZ PMU _ KQMQ[U XQJ KLR ZRZ MNM^VRU ÌUTLU TWhM[UTJ[MÍ TQ OKQ[U WQ RKQ[LKJ ` aL
UK[RJM Y KL K\RJMLR QL yO]JM[ RMNRM WM vtl JLWJh JWQU MR vv hT[JT\PMU V[~R d J^VK[RM[ WTLU Î ` zM
V[M^ JM[ O]T^VU OKLRJMLR PM OPTUUM^ MLR yLTP WQ _ KQMQ[ ` zM UMOKLW MUR UKL OPTUUM^ MLR az� ÌQL
MLRJM[ VKUJRJr JLWJXQTLR PM LJhMTQ WQ _ KQMQ[ TQ LJhMTQ JLRM[LTRJKLTPÍ ` zMU m O]T^VU [MURTLRU
OKLRJMLLMLR PM [ZUQPRTR WM O]TXQM VT[RJM Ï t ML OTU WM V M[RM Y v ML OTU WM iTJL Y t `� ML OTU WM
^ TRO] LQP `
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z S]JURKi[T^^M WMU UOK[MU yLTQN WM PT yiQ[M v VTiM b ^KLR[M XQM PT [ZVT[RJRJKL MUR OMLR[ZM
TQRKQ[ WM c `� VKJLRU Y O SMUR d WJ[M PT ^ KJRJZ WMU m VKUUJ\ PMU ` sM [ZUQPRTR MUR TRRMLWQ Ï d O]TXQM
[KLWM Y
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e = 54

VT[RJMU UKLR _ KQZMU ` k O]TXQM [KLWM Y �c VKJLRU UKLR WKLO [ZVT[RJU MLR[M PMU
vtl _ KQMQ[U WQ RKQ[LKJ Y OM XQJ rTJR MLhJ[KL t `� VKJLRU VT[ _ KQMQ[ MR VT[ VT[RJM Y KQ MLOK[M

0.5 ∗ 9[KLWMU
= 4.5

UQ[ PM RKQ[LKJ ` aL V[TRJXQM Y PT ^K{MLLM WMU UOK[MU ÌJOJ
4.3
Í MUR PZio[M^ MLR JLrZ[JMQ[

d c `� OT[ OM[RTJLU _ KQMQ[U T[[JhMLR ML OKQ[U WM RKQ[LKJ KQ PM XQJRRMLR ThTLR PT yL OM XQJ rTQUUM
PM OTPOQP ` qTLU RKQU PMU OTU Y PT [ZVT[RJRJKL L SMUR LJ \JLK^ JTPM Y L J LK[^ TPM `

�L MpMORQM QLM TLTP{UM ML OK^VKUTLRMU V[JLOJVTPMU UQ[ OMU WKLLZMU TV[oU OMLR[TiM MR [Zf
WQORJKL `
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sK^^M KL VMQR PM hKJ[ UQ[ PT yiQ[M x VTiM c Y JP L STVVT[TìR VTU WM UR[QORQ[TRJKL OPTJ[M UQ[ OM
VPTL rTORK[JMP ` zMU ^ MJPPMQ[U _ KQMQ[U UKLR OKLrKLWQU ThMO PMU TQR[MU MR PMU V[K_ MRZU WMU hT[JT\PMU
LM V M[^ MRRMLR VTU WM PMU [Mi[KQVM[ WM rTuKL OK]Z[MLRM ` �L T TPK[U RMLRZ WM [ZVT[RJ[ PMU v�
V[M^ JM[U _ KQMQ[U Y PMU v� WM[LJM[U MR PMU TQR[MU ML R[KJU OPTUUMU Y ^ TJU TQOQLM K[iTLJUTRJKL OPTJ[M
L ST VQ ~R[M ^ JUM ML ZhJWMLOM VT[ OM ^K{ML `

í�îï ���� ������� IJ PT V[M^ Jo[M TVV[KO]M T ZO]KQZM Y OMPT WKJR RMLJ[ TQ V[ZR[TJRM^ MLR WMU
WKLLZU Y MR VPQU V[ZOJUZ^ MLR TQ O]KJN WM LM OKLUM[hM[ XQM PMU [ZUQPRTRU WM O]TXQM VT[RJM Ìt Y v KQ
t `�Í ` z SJLOKLhZLJMLR WM L SThKJ[ OKLUM[hZ XQM OMU WKLLZMU MUR XQ SKL VM[W \MTQOKQV W SJLrK[^ TRJKL
OKLOM[LTLR PT rK[OM WQ _ KQMQ[ [MLOKLR[Z ` �KQ[RTLR Y QLM VT[RJM iTiLZM OKLR[M QL _ KQMQ[ rK[R Y \ JML
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âãä å x æ �[M^ JM[ VPTL rTORK[JMP ` s]TXQM OT[[Z OK[[MUVKLW d QL _ KQMQ[ `

OPTUUZ Y � hTQR � VPQU XQ SQLM hJORKJ[M OKLR[M PM WM[LJM[ WQ RKQ[LKJ TPK[U XQM P SJLrK[^TRJKL � iTJL Y
^ TRO]fLQP KQ VM[RM � OKLrKLW PMU WMQN OTU `

z SJWZTP UM[TJR WM R[TLUrK[^ M[ PMU WKLLZMU ML WKLLTLR QLM LKRM TPiZ\[JXQM d O]TXQM VT[RJM `
�T[ MNM^VPM Y QLM hJORKJ[M OKLR[M QL _ KQMQ[ rK[R [TVVK[RM[TJR VPQU XQ SQLM hJORKJ[M OKLR[M QL
_ KQMQ[ rTJ\ PM ` sMPT hTQW[TJR ZiTPM^ MLR VKQ[ QLM WZrTJRM Ï ^ JMQN hTQW[TJR V M[W[M OKLR[M QL
_ KQMQ[ rK[R XQM OKLR[M QL _ KQMQ[ rTJ\ PM ` � TJU Y rTJRfKL ^ JMQN PT WZ^KLUR[TRJKL WM UT hTPMQ[ ML
rTJUTLR ^ TRO]fLQP OKLR[M QL _ KQMQ[ rK[R Y KQ ML iTiLTLR OKLR[M QL _ KQMQ[ rTJ\ PM | sK^^M JP MUR
WJð OJPM WM R[TLO]M[ OMRRM XQMURJKL Y KL ZPJ^ JLM P SJLrK[^ TRJKL � iTJL Y ^ TRO]fLQP KQ VM[RM � MR KL
LM OKLUM[hM XQM PM [TLi WMU _ KQMQ[U [MLOKLR[ZU d O]TXQM [KLWM Ï
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sMRRM OK^^TLWM MNR[TJR WQ RT\PMTQ \[QR PM OPTUUM^ MLR yLTP WQ _ KQMQ[ Y UKL OPTUUM^ MLR az� Y
MR PM OPTUUM^ MLR yLTP WQ _ KQMQ[ [MLOKLR[Z d O]TXQM [KLWM ` �L T OK^^M V[ZOZWM^^MLR ZPJ^ JLZ
PMU JLWJh JWQU XQJ KLR ZRZ MNM^VRU TQ OKQ[U WQ RKQ[LKJ O SMUR d WJ[M UTLU TWhM[UTJ[M Y ML [TJUKL WQ
LK^\[M J^VTJ[ WM _ KQMQ[U ` ÎMURMLR WKLO vtl _ KQMQ[U ` sK^^M PMU T\UMLRU LM UKLR VTU TVVT[JZU Y
QLM T\UMLOM d QLM VT[RJM MUR JOJ T[\JR[TJ[M^ MLR TUUJ^ JPZM d QLM VT[RJM _ KQZM OKLR[M PM _ KQMQ[ vvx Y
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XQJ MUR QL _ KQMQ[ yORJr ^ TJU XQJ JLWJXQM QLM ^ TQhTJUM V M[rK[^ TLOM VQJUXQ SJP MUR � WM[LJM[ WMU
WM[LJM[U �VT[ UKL OPTUUM^ MLR `
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âãä å b æ qMQN Jo^ M VPTL rTORK[JMP ` s]TXQM OT[[Z OK[[MUV KLW d QL _ KQMQ[ `

sMRRM rKJU Y QLM K[iTLJUTRJKL TVVT[TìR OPTJ[M^ MLR ÌhKJ[ yiQ[M b VTiM �Í ` zMU hJLiR ^ MJPPMQ[U
_ KQMQ[U UKLR [Mi[KQVZU WTLU PT OPTUUM k Y PMU h JLiR WM[LJM[U ML s MR PMU TQR[MU ML � ` sMU OPTUUMU UM
[ZVT[RJUUMLR V[ZOJUZ^ MLR òóô PT V[M^ Jo[M OK^VKUTLRM V[JLOJVTPM Y WTLU PM UMLU KVVKUZ VQJUXQ SQL
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OPTUUM^ MLR V MRJR JLWJXQM QLM \KLLM VM[rK[^ TLOM ` s SMUR WKLO PT V[M^ Jo[M OK^VKUTLRM V[JLOJVTPM
XQJ WZRM[^ JLM PT[iM^ MLR PM OPTUUM^ MLR yLTP `

õDAGöF�HDA

ÎMhMLKLU d PT XQMURJKL VKUZM WTLU P SJLR[KWQORJKL ` }QMPPMU [KLWMU UKLR PMU VPQU J^VK[RTLRMU
WTLU QL RKQ[LKJ | zT [ZVKLUM TVVT[TìR OPTJ[M^ MLR WTLU PM VPTL rTORK[JMP MR UQ[ PM OM[OPM WMU
OK[[ZPTRJKLU TUUKOJZ `

 R1 

 R2 

 R3 

 R4 
 R5 

 R6 

 R7 

 R8 

 R9 

âãä å c æ sM[OPM WM OK[[ZPTRJKL WMU hT[JT\PMU

IQ[ PT yiQ[M c VTiM e Y KL hKJR XQM Î v MUR K[R]KiKLTPM d PT V[M^ Jo[M OK^VKUTLRM V[JLOJVTPM XQJ
JLWJXQM PT V M[rK[^ TLOM WQ _ KQMQ[ WTLU PM RKQ[LKJ ` zT hT[JT\PM Î v LM WZRM[^ JLM WKLO TQOQLM^MLR
PM OPTUUM^ MLR yLTP WMU _ KQMQ[U ` zT UR[TRZiJM OKLUJURTLR d V M[W[M PT V[M^ Jo[M VT[RJM VKQ[ UM
^ ZLTiM[ QL RKQ[LKJ VPQU rTOJPM MR T[[JhM[ [MVKUZ ML yL WM RKQ[LKJ VKQ[ � [MLhM[UM[ � PM _ KQMQ[
WM R~RM MUR WKLO TQUUJ VT{TLRM XQM OMPPM XQJ OKLUJURM d rTJ[M PM RKQ[LKJ ML R~RM ` �L hKJR TQUUJ XQM
PMU WM[LJo[MU [KLWMU OK^^M Îm MR Îl UKLR R[oU OK[[ZPZMU d PT V[M^ Jo[M OK^VKUTLRM V[JLOJVTPM `
zMU WM[LJo[MU [KLWMU KLR WKLO QL [�PM WZRM[^ JLTLR VKQ[ PM OPTUUM^ MLR yLTP WQ RKQ[LKJ ` aL
KQR[M Y MR d P SMNOMVRJKL WM PT Î vY RKQRMU PMU hT[JT\PMU UKLR OK[[ZPZMU VKUJRJhM^ MLR d PT V[M^ Jo[M
OK^VKUTLRM ` çK[^ JU PT Î vY RKQRMU PMU [KLWMU JL÷QMLR WKLO UQ[ PM OPTUUM^ MLR yLTP ` aLyL Y PMU
[ZUQPRTRU UKLR [MV[KWQORJ\ PMU UQ[ W STQR[MU RKQ[LKJU WM R{V M MR W SJ^VK[RTLOM OK^VT[T\PMU `

kQ yLTP Y _ M L STJ _ T^ TJU ZRZ QL i[TLW TWMVRM WM OMRRM UR[TRZiJM Y V[JLOJVTPM^ MLR VT[OM XQM
^T yM[RZ ^ SJLRM[WJUTJR WM ^ M PTJUUM[ hTJLO[M VT[ QL _ KQMQ[ VPQU rTJ\ PM Y KQ WM VM[W[M OKLR[M QL
_ KQMQ[ rK[R UTLU ^ M \TRR[M ` �TJU TQ hQ WMU [ZUQPRTRU WM OMRRM ZRQWM Y _ M OK^VRM \JML O]TLiM[ WM
UR[TRZiJM ` �KQ[XQKJ UM rTRJiQM[ XQTLW KL VMQR T[[JhM[ TQ ^~^M [ZUQPRTR ThMO ^KJLU W SMpK[RU |

e


