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DFEHGJI4K L MON9P<Q�K RSGJL T/UVGHEHKSQXW4Y
U W4RHRJT/U W4YZEJW4[]\^N`_]a9IbL U W4Y
cdW4egf4Eihbj9k�l
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Real-
L U _|R6egM§egLVRJ_|e®EJTSR¥W4N9ÀÁI4e�RH[ÂU W!EµÀ,UV[9Rµ�<EJT/UVRJL MÃN9P

EJa9a,K UVGHEJL UVN`W4e�j<U W4GHK I4[`U W4Y�ega,EHGHR¦EJW4[O[9RHPzRJW4e�R¦egM§egLVRJ_|eVj�a9TSN9GHRHe�e
GHN`WbL TSN9KOEJW4[ÃegUVY
W4EHKda9TSN9GHRHe�egU W4Yb~*\^N`W4�bRJWbL UVN`W4EHK K M§j¸TSRHEHK

-
L U _|R

egM§egLVRJ_|e¸EJTSRZ[9RHegUVY
W4RH[�LVN�a,RJTSPzN`T/_�EZY
UV�bRJWÂe�RJL¡N9P'LVEHe f4e¡À,r4RJTSR
RHEHGJr�LVEHegf�UVe§p,N`IbW4[9RH[*À,U L r�U LVe§L U _|R;GHN`W4egL TSEJU WbLVe�~SÄ¬LÅEHegf2e�RJL�U W
E¥GHK EHe�egUVGHEHK§TSRHEHK

-
L U _|R¥egM§egLVRJ_ÆGHEJW�EHK e�N*p,R;U WbLVRJTS[9RJa,R/W4[9RJWbLVÇ^E

successor-
a9TSRH[9RHGHRHe�e�N`T¸TSRHK EJL UVN`WOUVed[9RHP U W4RH[Zp,RJLVÀiRHRJW"e�N`_|R�N9P

L r4R�LVEHegf4e�~S»/W2N`TS[9RJT�PzN`T�EHK K�N9P9L r4RHe�RdGHN`W4egL TSEJU WbLVeqLVN¸p,R�e�EJL UVe�P UVRH[
E�PzRHEHegU p,K R�e�GJr4RH[`I4K R®_]I4egLªp,R®a9TSN9[`I4GHRH[6a9T/UVN`T2LVNºN`T¶RH�bRJW
[`IbT/U W4YªL r4R|egM§egLVRJ_°T/IbW4~q½�rbUVe�j^À,U L r�L r4R|YbRJW4RJTSEHK§a9T·N`p,K RJ_ÈN9P
e�GJr4RH[`I4K U W4YµTSRHe�N`IbTSGHRHe�p,RJU W4Y�N`a9L U _|EHK K M�¼dÉ

-
r4EJTS[9j¦GSEHK K e�PzN`T

PzEHegL"EJW4[ÊRHPzPzRHGJL UV�bRÂ_|RJL r4N9[9eµPzN`T2TSRHe�N9K �
U W4YµL r4R�eVGJr4RH[`I4K U W4Y
problem.Ë«rbUVK RªL r4R�e�GJr4RH[`I4K U W4Y|UVeZU W«_|N9egLOGHEHe�RHeOP U {4RH[«E/L�[9RHegUVY
W
L U _|RHj�E;egLVEJL UVG;ÀiRHK K

-
a,K EJWbW4RH[iTSRHEHK

-
L U _|RdegM§egLVRJ_�À,UVK K�W4RH�<RJTX_]UVe�e

E�[9RHEH[9K U W4RH~·»/W]a9TSEHGJL UVGHRHj`r4N9ÀiRH�bRJTSj9e�RH�bRJTSEHK'[`M<W4EJ_]UVGie U L I4EJL UVN`W4e
_|EJMµEJT/UVe�R*À,rbUVGJr6EHPzPzRHGJLXL r4R�e�GJr4RH[`I4K U W4Yb~b½dEHegf4e�_|EJM�N9�bRJT/T/IbW
L r4RJU T2RJ{ba,RHGJLVRH[µGHN`_]a9IbLVEJL UVN`W"L U _|R2[`I4R¦LVNµK EJTSYbRJT|E/_|N`IbWbL*N9P
U Wba9IbL�[9EJLVE�N`T¡p,RHGHEJI4e�R�EJWOU LVRJTSEJL UV�bR�EHK YbN`T/U L rb_ÌLVEJf4RHe�E�K N`W4YbRJT
L U _|R³LVNÍGHN`W4�bRJTSYbRH~Ì½�r4RÎGHN`W4GHRJa9L±N9P°U _]a9TSRHG/UVe�RÎEJW4[
EJa9a9TSN`{bU _|EJLVR®GHN`_]a9IbLVEJL UVN`W4edr4EHe�RJ_|RJTSYbRH[6EHedL r4R�p4EHegUVeªN9PZE
W4RHÀ�EJa9a9TSN9EHGJr�N9P�[9RHEHK U W4YªÀ,U L rªL r4RHe�R^UVe�egI4RHe�~�Ë«r4RJW�L U _|RZEJW4[
TSRHe�N`IbTSGHRHeªEJTSR]W4N`L�egI4PzP UVGJUVRJWbL�PzN`T¥GHN`_]a9IbLVEJL UVN`W4eiLVN�GHN`_]a,K RJLVR
À,U L rbU W�L r4R¦[9RHEH[9K U W4RHj<L r4RJTSR¡_|EJM�egL UVK K9p,R]RJW4N`I4Y
rªTSRHeVN`IbTSGHRHe,LVN
a9TSN9[`I4GHROEJa9a9TSN`{bU _|EJLVR;TSRHegI4K LVe¦N9P�EHGHGHRJa9LVEJp,K RHj�UVPXW4N`LZ[9RHegU TSRH[9j
quality.½�r4R;W4EJL IbTSRON9PX_|EJWbM¶N9PXL r4ROEHK YbN`T/U L rb_|e¡UVe¦egI4GJr2L r4EJL^L r4RJM
GHEJW�EH[9EJa9L§LVN�L r4RFU _]a9TSRHGJUVe�RZGHN`_]a9IbLVEJL UVN`WÂGHN`W4GHRJa9LVÇ<L r4EJL§UVe�j�EJW
EHK YbN`T/U L rb_ÏGHEJWÐa9TSN9[`I4GHR¬EJWÑEJa9a9TSN`{bU _|EJLVR®TSRHegI4K Lªp4RHPzN`TSR®U LVe

TSRHY
I4K EJTORJ{4RHGJIbL UVN`WÂL U _|RZUVe�P U WbUVegr4RH[9~FÒdRJW4RJL UVGOEHK YbN`T/U L rb_|e�j�EJW
RJ{4EJ_]a,K R2N9PFr4RJIbT/UVegL UVG2[`U TSRHGJLVRH[OTSEJW4[9N`_Óe�RHEJTSGJr�_|RJL r4N9[9e�j^P U L
a,RJTSPzRHGJLVK M¬À,U L r�L r4R]UV[9RHE|N9P�U _]a9TSRHGJUVe�R¥GHN`_]a9IbL U W4Yb~�½�r4RJM�EJTSR
U LVRJTSEJL UV�bR;EHK YbN`T/U L rb_|e¡À,rbUVGJr�TSRHP U W4R�L r4RJU TdN`IbL a9IbL^À,U L r�L U _|RdEJW4[
GHEJWÔr4EJW4[9K RÕEÕ�bEHegLÖ_|EJ��N`T/U L M×N9PÆGHN`_]a9IbLVEJL UVN`W4EHKÖEJW4[
N`a9L U _]UVØHEJL UVN`WZLVEHegf4e�U W¥RH�bRJT/M§[9EJM;a9TSEHGJL UVGHRH~
ÄÙYbRJW4RJL UVG¥EHK YbN`T/U L rb_�_|EJM®p,RO�
UVRHÀiRH[ÂEHe¦EJW�RH�bN9K IbL UVN`W4EJT/M

a9TSN9GHRHe�e*À,r4RJTSRJU W�E]a,N`a9I4K EJL UVN`W�N9P;e�N9K IbL UVN`W4e*RH�bN9K �bRHe�N9�bRJTOE
e�RHÚ`I4RJW4GHRªN9P¸YbRJW4RJTSEJL UVN`W4e�~¨½�r4RªEHK YbN`T/U L rb_Ñ_|EJU WbLVEJU W4eZEªe�RJLdN9P
e�N9K IbL UVN`W4eªÀ,rbUVGJr�EJTSR2RH�bEHK I4EJLVRH[Op9M�P U L W4RHe�e*P IbW4GJL UVN`W�U W�RHEHGJr
g
RJW4RJTSEJL UVN`W4~ÌÄªP LVRJTÕRH�bEHK I4EJL UVN`W4jÌL r4RJMÛEJTSRÕe�RHK RHGJLVRH[ÜPzN`T
TSRJa9TSN9[`I4GJL UVN`W*p,EHe�RH[*N`W�L r4RJU TdP U L W4RHe�e�~�Ý�RHK RHGJL UVN`W®RJ_]p,N9[`UVRHe§L r4R
a9T/U W4GJU a,K RÃN9PµÞ�ß9à�áHâ áHã9äÂåçæÁè é9ê2æ�â è è êHÞ�ègs

good
e�N9K IbL UVN`W4e�EJTSR

e�RHK RHGJLVRH[ªPzN`T�TSRJa9TSN9[`I4GJL UVN`W®EJW4[
bad

N`W4RHe¡EJTSR;RHK U _]U W4EJLVRH[9~H½�r4R
e�RHK RHGJLVRH[�e�N9K IbL UVN`W4e]L r4RJW¶IbW4[9RJTSYbN®TSRHGHN`_]p9U W4EJL UVN`W¶IbW4[9RJTªL r4R
EHGJL UVN`WÏN9P�YbRJW4RJL UVGÈN`a,RJTSEJLVN`TSe

crossover
EJW4[

mutation
~

\qTSN9e�e�N9�bRJT�GHEJI4e�RHe"RJ{4GJr4EJW4YbR�N9P|YbRJW4RJL UVG®_|EJLVRJT/UVEHK�p,RJLVÀiRHRJW
e�N9K IbL UVN`W4e�~F\qTSN9e�e�RH[�e�N9K IbL UVN`W4e¦GHEJW®a9TSN9[`I4GHRON`W4RHe¦À,U L r®p,RJL LVRJTë N`T¸ÀiN`TSe�RHì4P U L W4RHe�e��bEHK I4RH~`½�r4R,TSN9K RiN9P<_]IbLVEJL UVN`WZUVe�U WZTSRHegLVN`T/U W4Y
lo
egL!N`TºIbW4RJ{ba,K N`TSRH[ÖYbRJW4RJL UVGÐ_|EJLVRJT/UVEHK ~¥ÄªP LVRJTºa,RJTSPzN`T/_]U W4Y
YbRJW4RJL UVG�N`a,RJTSEJLVN`TSe�j�EÂYbRJW4RJTSEJL UVN`WÐGJM§GHK R*UVeOGHN`W4GHK I4[9RH[«EJW4[«E
LVRHegLÁUVeÁa,RJTSPzN`T/_|RH[ÙU WÎN`TS[9RJT�LVN³[9RJLVRJT/_]U W4RÆÀ,r4RJL r4RJTíE
LVRJT/_]U W4EJL UVN`W¥GHN`W4[`U L UVN`WZUVe�TSRHEHGJr4RH[]N`T4W4N`LV~
»/W®L rbUVe¦ÀiN`T/f®L r4R;I4e�RON9P�YbRJW4RJL UVGOEHK YbN`T/U L rb_|e^U W2U _]a9TSRHGJUVe�R

real-
L U _|R¦egM§egLVRJ_|eXUVe�EJW4EHK M§ØHRH[9j<L r4R¦PzRHEJL IbTSRHe�N9PFegI4GJr�egM§egLVRJ_|e

EJTSR«[9RHe�GJT/U p,RH[9j]EJW4[�E«PzRHÀÙY
IbUV[9RHK U W4RHeÂEJTSR«egLVEJLVRH[�PzN`TOL r4RJU T
RHPzP UVGJUVRJWbLi[9RHegUVY
W4~<ÄÑe�GJr4RH[`I4K U W4YªEHK YbN`T/U L rb_!UVei[9RHegUVY
W4RH[�À,rbUVGJr
GHEJW|p,R�I4e�RH[¦U W«egM§egLVRJ_|e�L r4EJL�U W4GHK I4[9R*YbRJW4RJL UVG*EHK YbN`T/U L rb_|e�j,EHe
ÀiRHK K°EHeîU WïN`L r4RJTíTSRHE

l-
L U _|RðegM§egLVRJ_|eÓÀ,U L rÕU _]a9TSRHGJUVe�R

computation.

»/»S~`»/ñÂÉql^Q�\q»SÝ�Q¶\^¾�ñÂÉqcd½�Ä�½�»S¾�¼�½�Q�\^k�¼d»Sò�cdQ
ñ¬RHRJL U W4Y^L U _]U W4Y]N`Ti[9RHEH[9K U W4R�GHN`W4egL TSEJU WbLVe�UVeFN`W4RiN9P<L r4R,_|N9egL

U _]a,N`T/LVEJWbL¶GHN`W4GHRJT/W4e2U W!TSRHEHK
-
L U _|RºegM§egLVRJ_|e�~;cdW4PzN`T/L IbW4EJLVRHK M§j

[`I4R°LVNíW4N`Wba9TSRH[`UVGJL UV�bRÈRHK RJ_|RJWbLVeÌU WÏ[`M<W4EJ_]UVG�TSRHEHK
-
L U _|R

implementati
N`W4e�j,egI4GJr6EHe;�bEJT/UVEJL UVN`W4e�U WOa9TSN9GHRHe�egU W4Y;L U _|RHedN9P

EHK YbN`T/U L rb_|edEJW4[¥GHN`W4egLVEJWbLVK M"GJr4EJW4Y
U W4Y�RJW4�
U TSN`Wb_|RJWbLi[9RJ_|EJW4[9e�j
U L¡UVe�e�N`_|RJL U _|RHe¸U _]a,N9e�egU p,K RZLVN�e�GJr4RH[`I4K ROEHK K^N9PXL r4R;LVEHegf4e¦e�N
L r4EJLªL r4RJU T¶[9RHEH[9K U W4RHe"EJTSR®_|RJL�EJL�EHK K�L U _|RHe�~¡½�rbUVe�egU L I4EJL UVN`W
N9GHGJIbTSe�Ú`IbU LVR®N9P LVRJWºÀ,r4RJWµL r4R®egM§egLVRJ_îUVe�U W"a,RHEJf�K N9EH[9~§½�r4R
â ó�ô,à�êHõHâ Þ�êµõHå9ó�ô,ß9è ã9è â å9ö¬è êHõHé9ö9â ÷9ß9êOTSRJa9TSRHe�RJWbLVe|EJWÃEJa9a9TSN9EHGJr
L r4EJL�L TSEH[9RHe�N9PzP^L r4R®Ú`I4EHK U L M�N9PFL r4R¦TSRHegI4K LVe�a9TSN9[`I4GHRH[Op9M�L r4R
LVEHegf4e¶À,U L r!L r4RºEJ_|N`IbWbLVe¶N9Pªa9TSN9GHRHe�egU W4Y¶L U _|R"TSRHÚ`IbU TSRH[�LVN
a9TSN9[`I4GHR�L r4R�TSRHegI4K LVe�~¶½�rbUVeÌLVRHGJrbWbUVÚ`I4RÆEHe�egIbTSRHeÁL r4EJL°EJW
EJa9a9TSN`{bU _|EJLVR�TSRHegI4K L;N9P¸EJW«EHGHGHRJa9LVEJp,K RªÚ`I4EHK U L MOUVe;EH�bEJUVK EJp,K RiLVN
L r4R*I4e�RJT2À,r4RJW4RH�bRJT¦L r4R®RJ{4EHGJL�TSRHegI4K LªN9P^L r4R®[9RHegU TSRH[6Ú`I4EHK U L M
GHEJWbW4N`L'p,RiN`p9LVEJU W4RH[^U WZL U _|RH~



ø�ù9ú�ã9Þ�ûià�êH÷9ß9â à�êHódêHö9è Þ
»/W�N`TS[9RJT�PzN`T�EÂTSRHEHK

-
L U _|R¬egM§egLVRJ_³LVNÊegIba9a,N`T/LªU _Za9TSRHGJUVe�R

GHN`_]a9IbLVEJL UVN`W4jFRH�bRJT/M®L U _|R
-
GJT/U L UVGHEHK§LVEHegfÂU WÂL r4R¥egM§egLVRJ_�r4EHe¡LVN

p,R¦egL T/I4GJL IbTSRH[;U W"E¦ÀiEJMªL r4EJL,U LiGHEJW�p,R]K N9Y
UVGHEHK K MÂ[9RHGSN`_]a,N9e�RH[
U WbLVN®LVÀiN¶egIbp9LVEHegf4e�s;E

mandatory
egIbp9LVEHegfÊEJW4[¶EJW

optionalegIbp9LVEHegf4~Ê½�r4RÆ_|EJW4[9EJLVN`T/MüegIbp9LVEHegfÎUVeîL r4RÆa,N
T/L UVN`WïN9P
GHN`_]a9IbLVEJL UVN`WµL r4EJL�r4EHedLVN¥p,R®[9N`W4R®PzN`T2E¦LVEHegf"LVNOabTSN9[`I4GHR2E
_|RHEJWbU W4YbP I4KFTSRHegI4K L¥EJW4[®U LZr4EHeZLVN2p,R�GHN`_]a,K RJLVRH[2p,RSPzN`TSRªL r4R
[9RHEH[9K U W4RH~|½�r4R�N`a9L UVN`W4EHK�egIbp9LVEHegfÖUVe¬L r4RÊa,N`T/L UVN`WýN9P"L r4R
GHN`_]a9IbLVEJL UVN`W�L r4EJLqTSRHP U W4RHe§L r4R�TSRHegI4K LV~H»/LFGHEJW¦p,RdK RHP L�I<W4P U WbUVegr4RH[
EJL,L r4R]RJ{ba,RJW4e�R]N9P�L r4R]Ú`I4EHK U L MÂN9P�L r4R]N9�bRJTSEHK KbTSRHegI4K L§a9TSN9[`I4GHRH[
p9M;L r4R,LVEHegf4~
½�r4RJTSRªRJ{bUVegLde�RH�bRJTSEHK'_|RJL r4N9[9e�LVN|EH[9EJa9L�L r4RiLVEHegf6RJ{§RHGJIbL UVN`W

e�N¬U L«GHEJWÃp,R"I4e�RH[�U WÃU _]a9TSRHGJUVe�R�GHN`_]a9IbLVEJL UVN`W4~�»SPÂE"LVEHegf
YbRJW4RJTSEJLVRHeiL r4R]TSRHegI4K L¸U W�e�N`_|R|PzN`T/_ÈN9P�U LVRJTSEJL UV�bRZTSRSP U W4RJ_|RJWbLVj
ÀiRÑGHEJW°TSRHGHN`TS[ÁL r4R�U WbLVRJT/_|RH[`UVEJLVR�TSRHegI4K LVeÊEJLÐEJaba9TSN`a9T/UVEJLVR
U W4egLVEJW4GHRHe�N9PFL r4R¦LVEHegf�RJ{4RHGJIbL UVN`W4~§½�r4R¦_|EJW4[9EJLVN`T/MÂa,EJT/L*N9PZE
LVEHegfÐRJ{4RHGJIbLVRHeOP U TSegLVj,a9TSN9[`I4GJU W4YµE�TSRHegI4K LªÀ,U L rµL r4R�_ZU WbU _]Ib_
EHGHGHRJa9LVEJp,K R;K RH�bRHKqN9P¨TSRHK UVEJp9UVK U L M§~H½�rbUVe§TSRHegI4K LqUVeqL r4RJW¦T·RHP U W4RH[¸p9M
L r4R¥N`a9L UVN`W4EHK§a,EJT/L¦À,rbUVGJr¬egLVN`TSRHe¸L r4R¥GJIbT/TSRJWbL¦N`IbL a9I<L]�bEHK I4R;U W
a9TSRH[9RHP U W4RH[¸L U _|R�U WbLVRJTS�bEHK e�~Scda,N`W¦TSRHÚ`I4RHegLVjSL r4RdK EJLVRHegL�TSRHGHN`TS[9RH[
�bEHK I4R2N9PFU WbLVRJT/_|RH[`UVEJLVR¦TSRHegI4K LiUVe*EH�bEJUVK EJp,K R]LVN�L r4R]I4eVRJTS~q½�rbUVe
_|RJL r4N9[ýPzN`TþTSRJL IbT/WbU W4Y�U _]a9TSRHGJUVe�RþTSRHegI4K LVeÊUVe�GHESK K RH[°L r4R
ódâ ä êHÞ�è å9ö9êiódêHè é9å9ÿ

.»SP�L r4R¡_]UVK RHegLVN`W4R¡_|RJL r4N9[;UVeXW4N`LiEJa9a,K UVGHEJp,K RHj<L r4RJWªU LiGHEJWªp,R
a,N9e�egU p,K R�LVNÃGHN`_]a,N9e�R�EÂLVEHegf�À,r4RJTSRÂ_|EJW4[9EJLVN`T/M�a,EJT/LVeµEJTSR
U WbLVRJTSK RHEH�bRH[*À,U L r®GHN`_]a9IbLVEJL UVN`W4EHKqegLVRJa,e§L r4EJL^GHEJW¦p,RdegfbU a9a,RH[¸U W
a9TSN9[`I4GJU W4Y*EF_]U WbU _|EHK K M®EHGHGHRJa9LVEJp,K R;e�N9K IbL UVN`W4~H½�r4RHe�R�a,EJT/LVe¡EJTSR
GHEHK K RH[ªÞ�â êHáHêqæ�ß9ö9õHè â å9ö9Þ
~�»SP�EZegUVRH�bRZP IbW4GJL UVN`W*UVe4W4N`L¡GHN
_]a,K RJLVRH[9j
L r4RJWþU LVe�U Wba9IbLVe�j¦TSEJL r4RJT«L r4RJWÙN`IbL a9IbLVe�j2EJTSR«I4e�RH[�p9MîK EJLVRJT
_|EJW4[9EJLVN`T/M6GHN`_]a9IbLVEJL UVN`W4~¨»/LVRJTSEJL UV�bRªGHN`_]a9IbLVEJL UVN`W6GHE/W6EHK e�N]p,R
viewed

EHe�Eie�RJT/UVRHe�N9P§egUVRH�bRiP IbW4GJL UVN`W4e�~
Ë«r4RJW]W4RJU L r4RJT,L r4RX_]UVK RHegLVN`W4RX_|RJL r4N9[¡W4N`T4L r4RiegUVRH�<R,_|RJL r4N9[

GHEJW�p,R¬I4e�RH[9jÂÀiRÁGHEJWíEHK _|N9egL�EHK ÀiEJM§eµI4e�R¬L r4RÃó�ß9ä è â ô,ä ê
versions

N9P§L r4RiLVEHegf4e�~9»/W¥L rbUVedEJa9a9TSN9EHGJrµÀiR¸W4RHRH[ZLVN;a9TSN9�
UV[9R
LVÀiN ë N`T;_|N`TSRHì;�bRJTSegUVN`W4e�N9PdRHEHGJrÂLVEHegf4s§L r4RZa9T/U _|EJTzM�EJW4[*L r4R
a
K LVRJT/W4EJLVRO�bRJTSegUVN`W4~�½�r4R;a9T/U _|EJT/M¶�bRJTSegUVN`W®a9TSN9[`I4GHRHe]E;a9TSRHGJUVe�R
TSRHegI4K L�p9IbL�I4e�RHed_|N`TSR®GHN`_]a9IbLVEJL UVN`WµL U _|RH~4ËÊR¦_|EJM¬ÀiEJWbLiLVN
e�GJr4RH[`I4K R�L r4RÈEHK LVRJT/W4EJLVRÆ�bRJTSegUVN`W4jÊÀ,rbUVGJr r4EHeîEíegr4N`T/LVRJT
a9TSN9GHRHe�egU W4Y;L U _|R�EJW4[¥YbRJW4RJTSEJLVRHe�EJW�U _]a9TSRHGJUVe�R¡p9IbLiESGHGHRJa9LVEJp,K R
TSRHegI4K LVj�À,r4RJWºU LªUVe�W4N`L*a,N9e�egU p,K R2LVNºGHN`_]a,K RJLVR2L r4R|a9T/U _|EJT/M
�bRJTSegUVN`W¥N9P§E,LVEHegfZp9M;U LVe�[9RHEH[9K U W4RH~
ËÊR�r4EH�bR�L r4R�_|EJ{bU _]Ib_�PzK RJ{bU p9UVK U L M¦U W®e�GJr4RH[`I4K U W4Y]À,r4RJW2EHK K

L r4R L U _|R
-
GJT/U L UVGHEHKÓGHN`_]a9IbLVEJL UVN`W4eÕEJTSRÜ[9RHegUVY
W4RH[ÎLVNÏp,R

_|N`W4N`LVN`W4RH~b½�r4R�Ú`I4EHK U L M"N9PqL r4R¸U WbLVRJT/_|RH[`UVEJLVR¡TSRHegI4K L4a9TSN9[`I4GHRH[
p9M¬_|N`W4N`LVN`W4R«EHK YbN`T/U L rb_ÈUVe�W4N`W

-decreasi
W4Y¬EHe�U L2R/{4RHGJIbLVRHe

K N`W4YbRJTS~^½�r4R«K N`W4YbRJT6E|_|N`W4N`LVN`W4R¥LVEHegfÁRJ{4RHGJIbLVRHe¦p,RHPzN`TSR¥U LVe
LVRJT/_]U W4EJL UVN`W4jbL r4R�eg_|EHK K RJT^UVeXL r4R¦RJT/TSN`T]N9P�U LVeXU _]a9TSRHG/UVe�R¡TSRHegI4K LV~
ñ¬N`W4N`LVN`W4R]EHK YbN`T/U L rb_|eiRJ{bUVegL4U Wª_|EJWbM*a9TSN`p,K RJ_�[9N`_¥EJU W4e¸egI4GJr
EHeÖWbIb_|RJT/UVGHEHKîGHN`_]a9IbLVEJL UVN`W4j�egLVEJL UVegL UVGHEHK°RHegL U _|EJL UVN`WïEJW4[
a9TSRH[`UVGJL UVN`W4jªr4RJIbT/UVegL UVGÌe�RHEJTSGJrÆN`TÁe�N`T/L U W4Yb~ª½�r4RJTSR!EJTSRÁEHK e�N
RHPzPzN`T/LVe6LVN�[9RH�bRHK N`a�_|N`W4N`LVN`W4RÁEHK YbN`T/U L rb_|eµU WíEJaba,K UVGHEJL UVN`W
[9N`_|EJU W4eFÀ,r4RJTSR�egI4GJr|EHK YbN`T/U L rb_|eFEJTSRXW4RHRH[9RH[9~·Ë«r4RJWZLVEHegf4e�EJTSR
_|N`W4N`LVN`W4RHjSL r4Rde�GJr4RH[`I4K U W4Y¦GHEJW¦p,Rd[9N`W4R�[`M<W4EJ_]UVGHEHK K M¥EJW4[¦N`W

-K U W4RHj�N`T�W4RHEJTSK M®N`W
-
K U W4RHj�p,RHGHEJI4e�RFL r4RZe�GJr4RH[`I4K RJT;GHEJW�LVR/T/_]U W4EJLVR

E,LVEHegf¥EJL�EJWbM;L U _|RiEHP LVRJT4U L'r4EHe�a9TSN9[`I4GHRH[]EJW¥EHGHGHRJa9LVE/p,K R,TSRHegI4K LV~

�¦~��9õHé9êHÿ9ß9ä â ö��^æ�å9à�ã^ô,ß9àgô,å9Þ�ê
Ò�UV�bRJW�E|e�RJL�N9P�LVEHegf4eiU W�E]TSRHEHK

-
L U _|R|egM§egLVRJ_|j^ÀiR]r4EH�bRZLVN

e�GJr4RH[`I4K R�L r4RJ_²e�N¦L r4EJL;[9RHEH[9K U W4R*GHN`W4egL TSEJU WbL�UVe�_|RJLdPzN`T�RH�bRJT/M
LVEHegf4~9Ä�a,EJT/LdP TSN`_Ùe�EJL UVe�P M<U W4YZL U _]U W4Y¥GHN`W4egL TSEJU WbLVj,ÀiRi_|EJM"EHK e�N
ÀiEJWbL|LVNÁEHGJrbUVRH�bRºEºGHRJT/LVEJU WÃa,RJTSPzN`T/_|EJW4GHR"TSRHYbEJTS[`U W4YÃe�N`_|R
N`L r4RJTºGJT/U LVRJT/UVEH~Z»/WÁU _]a9TSRHGJUVe�R6TSRHEHK

-
L U _|RºegM§egLVRJ_|e2L r4RJTSRºEJTSR

e�RH�bRJTSEHKª[`UVPzPzRJTSRJWbLªa,RJTSPzN`T/_|EJW4GHR®_|RJL T/UVGHe�~¸»SP|N`IbT¶YbN9EHK�UVe�LVN
_]U WbU _]UVØHR¶L r4R

total
N`Tºódã���â ódß9óðêHà�à�å9à
j|ÀiRÊÀ,UVK K�L T/MÁLVN

e�GJr4RH[`I4K R¡L r4R¡LVEHegf4eXU W�egI4GJr�E]PzEHegrbUVN`WªL r4EJL¸RH�bRJT/M*LVEHegfªTSRJL IbT/W4e
EHeÂYbN9N9["TSRHegI4K L®EHe*a,N9e�egU p,K RH~^½�r4R|a9TSN`p,K RJ_Èp,RHGHN`_|RHe�_|N`TSR
[9RJ_|EJW4[`U W4Y|UVP�RH�bRJT/M6LVEHegf«r4EHeOEÂGHRJT/LVEJU WÐÀiRJUVY
rbL�PzEHGJLVN`T�L r4EJL
[9RJLVRJT/_]U W4RHe�RJ{4EHGJLVK M;r4N9À|U _]a,N`T/LVEJWbL'U LVe�TSRHegI4K L'UVe�LVN^L r4RiegM§egLVRJ_|~
»SPdÀiR¥EJTSR¥Y
UV�bRJW¬E¥GHRJT/LVEJU WÂLVN`LVEHK¡RJT/TSN`TdL rbTSRHegr4N9K [9j�ÀiR;_|EJM

ÀiEJWbL§LVN�_]U WbU _]UVØHRFL r4R;ö9ß9ó��9êHà¸åçæ¦ä ã9è ê]N`T�è ã9à�ÿ�	Oè ã9Þ�ûHÞ
jHL r4EJLqUVe�j
L r4R"N`W4RHe¥À,r4N9e�Rª_|EJW4[9EJLVN`T/MÐegIbp9LVEHegfÊGHEJWbW4N`LORH�bRJW«_|RHRJL;U LVe
[9RHEH[9K U W4RH~XÒ�UV�bRJW|L r4R*e�EJ_|RiL rbTSRHegr4N9K [|�bEHK I4RHj,ÀiRi_|EJMµGJr4N9N9e�R
LVN;_]U WbU _]UVØHR¡L r4R]ã9áHêHà�ã��,ê¦à�êHÞgô,å9ö9Þ�ê¦è â ódê�N`TZódêHã9ö�æ�ä å�
�è â ódê�j
UV~ RH~�L r4RZEH�bRJTSEHYbRZEJ_|N`IbWbL¡N9P'L U _|RZEFLVEHegfÂega,RJW4[9e4U W�L r4R;egM§egLVRJ_
IbWbL UVK'U L�GHN`_]a,K RJLVRHe�j4À,rbUVGJrOU W4GHK I4[9RHe�a,N9e�egU p,K R�ÀiEJU L U W4YOEHedÀiRHK K
EHe�T/IbWbWbU W4Yb~
½�r4R�YbN9EHKH_|EJM¥EHK e�N¦e�N`_|RJL U _|RHe�p,RXLVN^_]U WbU _]UVØHR,L r4R,WbIb_]p,RJT

N9P4ÿ9â Þ�õHã9à�ÿ9êHÿ¦å`ô,è â å9ö9ã9ä�è ã9Þ�ûHÞ
j·L r4R�N`W4RHeFÀ,r4N9e�R�N`a9L UVN`W4EHKHa,EJT/L�UVe
W4N`L;GHN`_]a9IbLVRH[9~¨»SP4L r4R�TSRHEHK

-
L U _|RªegM§egLVRJ_ÑUVeFTSRHEHK UVØHRH[¦p9M¥I4egU W4Y

L r4R�_]I4K L U a,K R;�bRJTSegUVN`W4e¡N9P¨L r4R�LVEHegf4e�jHU LqUVe§L r4RJW®N9P LVRJW®GHEHK K RH[¸L r4R
U _]a9TSRHGJUVe�RÑGHN`_]a9IbLVEJL UVN`WÈÀ,U L r n��Vm GHN`W4egL TSEJU WbLV~"Ý�GJr4RH[`I4K U W4YegI4GJr|EiegM§egLVRJ_�LVN^_]U WbU _]UVØHR,LVN`LVEHK'RJT/TSN`T4r4EHe�a9TSN9�bRH[^U LVe�RHK P<LVN^p,R
�bRJT/MO[9RJ_|EJW4[`U W4Yb~

»/»/»S~9Ý�\^k�QX¿dc�
,»/¼�Ò�Ò�QX¼dQX½�»S\�Ä�
iÒd¾�l^»/½dk�ñ¬Ý
ÒdRJW4RJL UVG]EHK YbN`T/U L rb_|e,r4EH�bR^W4N`L§p,RHRJWÂRJ{4GHRHe�egUV�bRHK M�IbL UVK UVØHRH[�U W

r4EJTS[|TSRHEHK
-
L U _|RÂegM§egLVRJ_|eOe�N«PzEJTS~,»/WÐegI4GJrÐEÂegM§egLVRJ_ÙL r4R�I4e�RJT

W4RHRH[9e;L r4RÂN`IbL a9IbLda9TSN`_]a9LVK MºEJW4[«EHGHGJIbTSEJLVRHK M§jiÀ,rbUVGJrÐYbRJW4RJL UVG
EHK YbN`T/U L rb_|e�EJTSR�W4N`Lª[9RHegUVY
W4RH[6PzN`TS~¸¾dP]GHN`IbTSe�RHj¡EJW�EHK YbN`T/U L rb_
EHK ÀiEJM§edr4EHedLVN6RJ{bUVegL�L r4EJLªÀ,UVK KXa9TSN9[`I4GHR¦L r4R¦TSRHegI4K LV~§»/W�GHEHe�RHe
À,r4RJTSR*L r4RJTSR*UVe;W4N«EHK YbN`T/U L rb_³À,rbUVGJrÐÀ,UVK K�M<UVRHK [|L r4RÂGHN`T/TSRHGJL
TSRHegI4K LiN`T^U LVe�RJ{4RHGJIbL UVN`W�_]UVY
rbL,p,R¡LVN9NOe�K N9ÀºN`T^L r4R^a9TSN`p,K RJ_!UVe
NP-
r4EJTS["ÀiRZ_]UVY
rbL¡I4e�R¥E¥YbRJW4RJL UVG¥EHK YbN`T/U L rb_|~�»SPdEZTSRHEHK

-
L U _|R

egM§egLVRJ_�UVe]EHK e�N�p,EHe�RH[®N`W¶EJW2U _]a9TSRHGJUVe�R�GHN`_]a9IbL U W4Y]_|N9[9RHK jXE
YbRJW4RJL UVGiEHK YbN`T/U L rb_þEHe�E,LVEHegfZ_|EJM;p,R,L r4Rie�N9K IbL UVN`W4~
ÒdRJW4RJL UVG6EHK YbN`T/U L rb_|e�j;EHe2ÀiRHK K]EHe2N`L r4RJT�r4RJIbT/UVegL UVGOTSEJW4[9N`_

e�RHEJTSGJr _|RJL r4N9[9e ë egU _]I4K EJLVRH[ EJWbW4RHEHK U W4YbjÏRH�bN9K IbL UVN`W4EJT/M
egL TSEJLVRHY
UVRHe*RJLVGH~ ì/j^EJTSR]_|N`W4N`LVN`W4R¥EHK YbN`T/U L rb_|e¸L r4EJL¦EJTSR¥egIbU LVEJp,K R
PzN`TOU _]a,K RJ_|RJWbLVEJL UVN`W¬U WÁEJW�U _]a9TSRHGJUVe�RµGHN`_]a9IbLVEJL UVN`W!egM§egLVRJ_|~
½�r4RÑegM§egLVRJ_ GHEJW°TSRHGHN`TS[ÁL r4RÑGJIbT/TSRJWbLÊe�N9K IbL UVN`W°U WÓRH�bRJT/M
YbRJW4RJTSEJL UVN`W4EHK|GJM§GHK RºN9P*L r4R�EHK YbN`T/U L rb_|~d½�r4R�GHN`_]a9IbLVEJL UVN`W4EHK
L U _|RºN9PªL r4Rµ_|EJW4[9EJLVN`T/M�egIbp9LVEHegf°N9P�YbRJW4RJL UVGºEHK YbN`T/U L rb_ðUVe
�
U T/L I4EHK K MÂW4N`W

-
RJ{bUVegLVRJWbLVjqp,RHGHEJI4e�R]L r4R|EHK YbN`T/U L rb_°a9TSN9�
UV[9RHe¸L r4R

i
WbU L UVEHK¡e�N9K IbL UVN`WÂU WÂL r4ROP U TSegL^U LVRJTSEJL UVN`W4~�½�r4RON`a9L UVN`W4EHKqa,EJT/LVj�N`W
L r4R�N`L r4RJTºr4EJW4[9j¥r4EHe!EJWîIbW4[9RJLVRJT/_]U W4RH[ÖRJ{4RHGJIbL UVN`W°L U _|RHj
p,RHGHEJI4e�R�L r4RJTSR�UVe§W4N*ÀiEJM¦LVNifbW4N9À¬À,r4RJL r4RJT�L r4RdEHK YbN`T/U L rb_Ðr4EHe
TSRHEHGJr4RH[!L r4RþGHN`T/TSRHGJLÐe�N9K IbL UVN`W4~�DFN`T/_|EHK K M§j�ÀiRÌGHEJWÆRJU L r4RJT
[9RJW4N`LVR®L r4R¶GHN`_]a9IbLVEJL UVN`W4EHKiL U _|R¶N9PZ_|EJW4[9EJLVN`T/MÌegIbp9LVEHegfþEHe
ØHRJTSNÂEJW4[ÂN9PXL r4RON`a9L UVN`W4EHK^egIbp9LVEHegf�EHe¡U W4P U WbU LVRON`Tª�
UVGHR��bRJTSe�EHj
[9RJa,RJW4[`U W4Y"N`W�L r4R]W4EJL IbTSR|N9P�L r4R]TSRHEHK

-
L U _|R|egM§egLVRJ_|~^ÒdRJW4RJL UVG

EHK YbN`T/U L rb_|e¦GHEJW�EHK e�NÂ�bRJT/M¶RHEHegUVK M2p,RO[9RHegUVY
W4RH[*LVNÂRJ{4RHGJIbLVR;U W



a,EJTSEHK K RHK ~X½�r4EJLOEJa9a9TSN9EHGJrÊGHEJW6a9TSN9[`I4GHR*p,RJL LVRJT�TSRHegI§K LVe;U W6L r4R
e�EJ_|RiEJ_|N`IbWbL�N9P<L U _|RiN`WZ_]I4K L U a9TSN9GHRHe�e�N`T¸egM§egLVRJ_|e�~
½�r4RîEHGHGJIbTSEHGJM±N9P«L r4R°e�N9K IbL UVN`W²a9TSN9�
UV[9RH[�p9M YbRJW4RJL UVG

EHK YbN`T/U L rb_ GHEJWbW4N`L6p,R�_|RHEHegIbTSRH[9j"À,rbUVGJr�UVeÊEþe UVY
WbUVP UVGHEJWbL
[`TSEHÀ,p,EHGJf4Ç<U WÂYbRJW4RJTSEHK j�ÀiRZGHEJWÂN`W4K M¦r4N`a,R�L r4EJLqL r4R;eVN9K IbL UVN`W�UVe
�,å9å9ÿ¦êHö9å9ß��,é�EHe�L r4RJTSRXUVe�W4N¦RJT/TSN`TiRHegL U _|EJLVRH~·Ë«r4EJL�ÀiRiGHEJWZLVRHK K
UVe�L r4EJLªL r4R�e�N9K IbL UVN`WÑGHEJWÑN`W4K M�p,R2p,RJL LVRJT|UVPZL r4R«EHK YbN`T/U L rb_
RJ{4RHGJIbLVRHeÌK N`W4YbRJTS~2»SPÐÀiR�ÀiEJWbL�LVNÙGHEHK GJI4K EJLVRÊL r4R�Ú`I4EHK U L M
[9RJa,RJW4[9RJW4GHR°N9P«L r4R!TSRHegI4K LVe�L r4R�YbRJW4RJL UVG�EHK YbN`T/U L rb_ À,UVK K
a9TSN9[`I4GHR�N`W«L r4R�RJ{4RHGJIbL UVN`W«L U _|R�N9P¸L r4R�EHK YbN`T/U L rb_¥j�ÀiRÂGHEJW
a,RJTSPzN`T/_íEªe�RJT/UVRHeZN9P¸N`a9L U _]UVØHEJL UVN`W4eZN9P4L r4Rªe�EJ_|RªGHK ESe�eZN9P4L r4R
a9TSN`p,K RJ_|~q¾�W4R]egr4N`I4K [df4RHRJa�L TSEHGJfÂN9P'L r4RFU WbLVRJT/_|RH[`UVE/LVRFTSRHegI4K LVe
EJW4[µL U _|RHe�À,r4RJW�L r4RJMÌÀiRJTSR2TSRHGHN`TS[9RH[9j¦EJW4[�[9RJLVRJTz_]U W4R|L r4R
Ú`I4EHK U L MÂN9P�L r4R^p,RHegL4TSRHegI4K L4L r4R]EHK YbN`T/U L rb_°GHEJW�Y
UV�bRH~�½Xr4EJL¡ÀiEJM§j
PzN`T�EdY
UV�bRJW2RJ{4RHGJIbL UVN`W¦L U _|RHj¨ÀiR�GHN`I4K [¦RHegL U _|EJLVRXL r4R�Ú`I§EHK U L M¥N9P
L r4R6e�N9K IbL UVN`W¬a9TSN9[`I4GHRH[¬e�N¬PzEJT"N`T"e�GJr4RH[`I4K ROL r4RµE/_|N`IbWbL|N9P
GHN`_]a9IbLVEJL UVN`W�L U _|R�W4RHRH[9RH[�PzN`TXL r4Rd[9RHegU TSRH[¸TSRHegI4K LFÚ`I§EHK U L M§~S»/L�UVe
U _]a,N`T/LVEJWbLªLVN6W4N`LVR®L r4EJL*L rbUVeª_|RJL r4N9[ºEHK e�Nµp,RHEJTSeÂE¶GHRJT/LVEJU W
_|RHEHegIbTSR]N9P�IbWbTSRHK UVEJp9UVK U L M

-
L r4RJTSR^UVe,W4N�ÀiEJMÂÀiRZGHN`I4K [ia9TSRH[`UVGJL

L r4R®RJ{4EHGJLªÚ`I4EHK U L M�N9P^L r4R�TSRHegI4K LVe�j¡Y
UV�bRJW�N`W4K M�L r4R2R/{4RHGJIbL UVN`W
L U _|RiN9P<L r4RiEHK YbN`T/U L rb_|~
½�r4RJTSRªEJTSR�LVÀiN|ÀiEJM§e;N9P§U W4GHN`T/a,N`TSEJL U W4Y¥YbRJW4RJL UVG*ESK YbN`T/U L rb_|e

U WbLVN¥TSRHEHK
-
L U _|R®egM§egLVRJ_|e�~4½�r4RJM�GHEJWºRJU L r4RJT¦TSRJa,K EHGHR2E¦LVEHegf�N`T

e�RH�bRJTSEHK|N9PªL r4RJ_ÜN`T"L r4R�egM§egLVRJ_ð_|EJM�GHN`W4egUVegL6RJW<L U TSRHK M�N9P
YbRJW4RJL UVGîEHK YbN`T/U L rb_|e�~Â»/W²L r4R°P U TSegLÌEJa9a9TSN9EHGJr²L r4R�YbRJW4RJL UVG
EHK YbN`T/U L rb_�GHEJW*a,RJTSPzN`T/_�EF��N`p�PzN`T;À,rbUVGJr�L r4RJTSR�UVe§W4N�RHPzPzRHGJL UV�bR
EHK YbN`T/U L rb_íN`T�L r4Rd��N`p2UVeFLVN9N¦L U _|R

-
GHN`W4egIb_]U W4Y|PzN`T*E*GHK EHe�egUVGHEHK

EHK YbN`T/U L rb_|~�»SPXL r4EJLFUVe^L r4R�GHEHe�RHj'L r4R�GHN`_]a9IbLVEJL UVN`W2L U _¥R�N9P,L r4R
_|EJW4[9EJLVN`T/M2a,EJT/L]N9P�YbRJW4RJL UVGOEHK YbN`T/U L rb_Æegr4N`I4K [*p,R�[9RSP U W4RH[®EHe
U W4P U WbU LVR�e�N¦U L;GHEJW|T/IbW«EHeZK N`W4Y|EHeFa,N9e�egU p,K RH~¨½�r4EJL;À¸EJM¥U L;À,UVK K
EHK ÀiEJM§eXp,R¦K EJLVRHj<p9IbL¸N`W4K MÂPzN`T/_|EHK K M§jqEHe,U L¸GHEJWªW4RH�bRJT;GHN`_]a,K RJLVR
U W�L TSEH[`U L UVN`W4EHKqe�RJW4e�R;EJWbM§ÀiEJM§~H½�r4RdGHN`_]a9IbLVEJL UVN`W4EHK�RJTzTSN`T�N9P9L r4R
EHK YbN`T/U L rb_�UVe�IbWbfbW4N9À,W¥EJW4[^L r4RJTSRHPzN`TSRiGHEJW¥N`W4K M;p,R,UVY�W4N`TSRH[9~

Wh
EJLþGJT/U LVRJT/UVEîegr4N`I4K [ÆÀiRîGHN`W4egUV[9RJT°À,r4RJWí_¥EJfbU W4YíE

e�GJr4RH[`I4K R�PzN`T¬E�TSRHEHK
-
L U _|R¬egM§egLVRJ_³U W4GHK I4[`U W4YÐN`T�GSN`W4egUVegL U W4Y

RJWbL U TSRHK MÜN9PîYbRJW4RJL UVG³EHK YbN`T/U L rb_|e��²ñÂU WbU _]UVØJU W4YÆLVN`LVEHK�N`T
_|EJ{bU _]Ib_ÑRJT/TSN`T,UVe�W4N`L�a,N9e�egU p,K RXp,RHGHEJI4e�R�ÀiR,r4EH�bR,W§N^_|RHEJWZLVN
RH�bEHK I4EJLVR^U LV~�»/W�GHK EHe�egUVGHEHKbU _]a9TSRHGJUVe�RZGHN`_]a9IbLVEJL UVN`W4e4L r4R;RJT/TSN`T�UVe
I4egI4EHK K MÊ[9RHP U W4RH[�EHe|E"P IbW4GJL UVN`WÃN9PiL r4R�L U _|R�a,N`T/L UÅN`WÃN9PiL r4R
N`a9L UVN`W4EHK,egIbp9LVEHegf�L r4EJLiÀiEHe�[`UVe�GHEJTS[9RH[;U W�L r4R¦e�GJr4RH[`I§K RHj§À,rbUVGJr
GHEJWbW4N`Lip,R¦_|RHEHegIbTSRH[OUVPZE]LVEHegf�UVe*E|YbRJW4RJL UVG|EHK YbN`T/U L rb_|~q½�r4R
I4e�RJT¦GHEJW4jbU W�L r4EJLiGHEHe�RHj§EHe�egUVY
W�rbUVY
r4RJT]ÀiRJUVY
rbLi�bEHK I4RSeXLVN;_|N`TSR
importa

WbL¦a,EJT/LVe®N9PdL r4R6GHN`_]a9IbLVEJL UVN`W4~�½�r4ROWbIb_]p,R/T"N9PªK EJLVR
LVEHegf4eqUVe^EHK e�N�À,U L r4N`IbL�_|RHEJWbU W4Y¡U W2egI4GJr2egM§egLVRJ_|j'EHe^À¸RHK K�EHeqL r4R
a9TSN`p,K RJ_|eiÀ,U L r n��Vm GHN`W4egL TSEJU WbLVe�~�ÄªeiPzN`T�L r4RZEH�bRJTSEHYbR�TSRHega,N`W4e�RL U _|RHj�L r4RJTSRFUVe4W4N*e�RJW4e�R�U W�LVRJT/_]U W4EJL U W4Y�E;YbRJW4RJL UVG;EHK YbN`T/U L rb_ÊUVP
U L�UVe�W4N`LdEJp,e�N9K IbLVRHK MOW4RHGHRHe�e�EJT/M§Ç'U LdGHEJW6N`W4K MOa9TSN9[`I4GHR�Eip,RJL LVRJT
TSRHegI4K L�N9�bRJT,L U _|RH~·½�rbI4e�j9À,r4RJW¥e�GJr4RH[`I4K U W4YZYbRJW4RJL UVGiESK YbN`T/U L rb_|e�j
ÀiRZegr4N`I4K [ªEHK K N9À�RHEHGJrÂN`W4RFLVNªRJ{4RHGJIbLVRZEHe¸K N`W4Y*EHe§a4N9e�egU p,K R�U W
N`TS[9RJT;LVN�YbRJL¡_|N`TSR¥EHGHGJIbTSEJLVRZTSRHegI4K LVe�~�ËÊR¥GHEJW¬EHe�egUVY�W¬ÀiRJUVY
rbL
PzEHGJLVN`TSeFLVN2RHEHGJr«EHK YbN`T/U L rb_Ùe�N]L r4EJL�_|N`TSRiU _]a,N`T/LVEJWbL�LVESegf4e;YbRJL
_|N`TSRiRJ{4RHGJIbL UVN`WZL U _|RH~
½�r4RÂe�GJr4RH[`I4K U W4Y6EHK YbN`T/U L rb_³egr4N`I4K [«EHK e�N|LVEJf4RÂEH[b�bEJW4GHR®N9P

L r4RXa9TSN`a,RJT/L M¥N9PbL r4R�YbRJW4RJL UVG�EHK YbN`T/U L rb_|eFÀ,rbUVGJr¥EHK K N9À¸e�L r4RJ_�LVN
p,RdRHEHegUVK M|GHN`W4P UVY
IbTSRH[¸LVN¦RJ{4RHGJIbLVR�N`W]_|N`TSRXL r4EJW|N`W4R,a9TSN9GHRHe�e�N`T
egU _]I4K LVEJW4RHN`I4e�K M§~�Ý�I4GJr¶Eda,EJTSEHK K RHK UVØHEJL UVN`W¶GHEJW2p,R�EHGJrbUVRS�bRH[¦p9M

[`UV�
UV[`U W4Y*EJWÂEHK YbN`T/U L rb_ÃU WbLVN*E�WbIb_]p,RJTdN9P
threads

À,r4RJTSR;RHEHGJr
L rbTSRHEH[ªN`a,RJTSEJLVRHe¸N`WÂEZegU W4YbK RZe�RJL¡N9P�e�N9K IbL UVN`W4e�~�½�r4RFWbIb_]p,RJTdN9P
L rbTSRHEH[9e"UVe"W4N`L¬K U _]U LVRH[ÑÀ,rbUVGJrþU WþL IbT/WÙEHK K N9Àie�EÃYbRJW4RJL UVG
EHK YbN`T/U L rb_ÃLVN�T/IbWÂN`WÂEHe4_|EJWbM�a9TSN9GHRHe�e�N`TSe¸EHe¸ÀiR;GHEJW�a9TSN9�
UV[9RHj
À,r4RJTSRHEHe]e�N`_|R�N`L r4RJT�L M<a,RHe]N9P¸EHK YbN`T/U L rb_|eZGHEJW«EJa9a9TSN`a9T/UVEJLVRHK M
T/IbW2N`W4K M|N`W2EdGHRJT/LVEJU W¦_|EJ{bU _]Ib_ÐWbIb_]p,RJTiN9Pba9TSN9GHRHe�e�N`TSe�~·½�r4EJL
WbIb_]p,RJT¸UVe;GHEHK K RH[ZL r4R¸_|EJ{bU _]Ib_Ö[9RHY
TSRHR�N9P^GHN`W4GJIbT/TSRJW4GJM"EJW4[
UVe¸W4N`L][9RHP U W4RH[ÂPzN`T�YbRJW4RJL UVGOEHK YbN`T/U L rb_|e�~�»/W®L r4ROe�EJ_|R;L U _|RHj�E
YbRJW4RJL UVG"EHK YbN`T/U L rb_ð[`UV�
UV[9RH[®U W¶L rbTSRHEH[9e|EJW4[¶RJ{4RHGJIbL U W4Y«N`WÊE
WbIb_]p,RJT�N9P*a9TSN9GHRHe�e�N`TSe6[9N9RHegW�� LOr4EH�bR�EJWbMÐ_]I4K L U a9TSN9GHRHe�egU W4Y
N9�bRJT/r4RHEH[ egU W4GHRÆW4N³U WbLVRJT/a9TSN9GHRHe�e�N`TðGHN`_]_]IbWbUVGHEJL UVN`WïN`T
egM<W4GJrbTSN`WbUVØHEJL UVN`W]UVe�W4RHRH[9RH[9~·»/W|PzEHGJLVj·L r4EJL�a,EJTSEJ_|RJLVRJT¸GHEJWbW4N`L'p,R
[9RHP U W4RH[*p,RHGHEJI4e�R�N9P,L r4RdIbW4[9RJLVRJT/_]U W4RH[®GHN`_]a9IbLVEJL UVN`W2L U _|R�N9P
L r4RiEHK YbN`T/U L rb_|~
½�r4R¥_]UVY
TSEJL UVN`W¬a9TSN`p,K RJ_|j�UV~ RH~�L TSEJW4e�PzRJT/T/U W4Y®L r4RµEHK YbN`T/U L rb_

P TSN`_�N`W4R�a9TSN9GHRHe�e�N`TXLVN�EJW4N`L r4RJTSjSUVeqW4N`LFEJW¦UVe�egI4RdÀ,r4RJW|YbRJW4RJL UVG
EHK YbN`T/U L rb_|eZEJTSR�U W«Ú`I4RHegL UVN`W4~XÝ�U W4GHR�L r4RJTSRªRJ{bUVegLVe;N`W4K MµN`W4R*e�RJL
N9P"e�N9K IbL UVN`W4e�j¥EH�bEJUVK EJp,K R6LVNÌEHK K¦a9TSN9GHRHe�e�N`TSe�j¥N`W°À,rbUVGJr!L r4R
L rbTSRHEH[9e¥N`a,RJTSEJLVRHj�EJWbM6a9TSN9GHRHe�e�N`TÂGHEJWÐGHN`WbL U WbI4R*L r4RÂÀiN`T/fÐN9P
RH�bRJT/MÂN`L r4RJTS~�ñ¬N`TSR][9RJLVEJUVK eiN`WªU _]a,K RJ_|RJWbL U W4Y�a,EJTSEHK K RHK4YbRJW4RJL UVG
EHK YbN`T/U L rb_|e�GHEJWZp,RiPzN`IbW4[^U W�� m�� ~¾�W³L r4RÈN`L r4RJT�r4EJW4[9jÊÀ,r4RJWÎGHN`W4egL T/I4GJL U W4Y EÆPzRHEHegU p,K R
e�GJr4RH[`I4K RHjXÀiRªegr4N`I4K [2EHK e�N¦L T/M¥LVN2EH�bN`UV[¦L r4R�a9TSRHRJ_]a9L U W4Y¥N9P¡E
YbRJW4RJL UVGÜEHK YbN`T/U L rb_|~�Q��bRJT/M EHK YbN`T/U L rb_ N`a,RJTSEJLVRHe N`W E
a,N`a9I4K EJL UVN`WýN9P�e�N9K IbL UVN`W4e�L r4EJLÃGHEJWýN9GHGJIba9MÈEÑegUVY
WbUVP UVGHEJWbL
EJ_|N`IbWbLdN9P§_|RJ_|N`T/M§j,[9RJa,RJW4[`U W4Y¥N9PqL r4R¸WbIb_]p,RJT¦EJW4[ZL r4R�egUVØHR
N9PªL r4Rµa,N`a9I4K EJL UVN`W!_|RJ_]p,RJTSe�~;»SP�ÀiRºEJTSRµLVN¬U WbLVRJT/T/Iba9L¥L r4R
EHK YbN`T/U L rb_|jÊÀiR�r4EH�bR�LVNÖa9TSRHe�RJTS�bRíN`T²egLVN`TSR�L r4RíRJWbL U TSR
a,N`a9I4K EJL UVN`W4~<¼�N`LiN`W4K MªL r4EJL,U L,UVeXW4N`L,TSRHGHN`_]_|RJW4[9RH[;p9IbL,U L¸GHEJW
EHK e�N�p,K N9GJfîe�N`_|RÐ�bEHK I4EJp,K R6TSRHe�N`IbTSGHRHe�EJW4[Ì[9RJ_|EJW4[�_|N`TSR
GHN`_]a9IbLVEJL UVN`WZL U _|RiPzN`T¸GHN`WbLVRJ{bL�e�À,U LVGJrbU W4Yb~

»���~9Ý�\^k�QX¿dc�
,»/¼�Ò®Ä�
iÒd¾�l^»/½dk�ñ
kdEH�
U W4Y¡U W¦_]U W4[¡L r4R�YbN9EHK eFegLVEJLVRH[¦PzN`Tie�GJr4RH[`I4K U W4Y^U _]a9TSRHGJUVe�R

real-
L U _|R�egM§egLVRJ_|e6À,U L r�YbRJW4RJL UVG�EHK YbN`T/U L rb_|e�j*E¬e�GJr4RH[`I4K U W4Y

EHK YbN`T/U L rb_�GHEJW�p,R;[9RHegUVY
W4RH[*À,rbUVGJr®À,UVK K�LVEJf4R�U W2EHGHGHN`IbWbL�L r4N9e�R
a9T/UVN`T/U L UVRHe�~�Ä�W¶U _]a9TSRHGJUVe�R�TSRHEHK

-
L U _|R"egM§egLVRJ_íUVe|[9RHP U W4RH[2U WÊE

PzN9K K N9À,U W4YF_|EJWbW4RJTS~
ËÊR*EJTSR*Y
UV�bRJW6E*e�RJLdN9P

n
a9TSRHRJ_]a9LVEJp,K RiLVEHegf4e�j9U W4[`UVGHEJLVRH[¥EHe

T={ T1� ú 2� ù ù ù � ú n
��~¦Q�EHGJrþLVEHegfÌUVe¬GJr4EJTSEHGJLVRJT/UVØHRH[�p9MÁL r4R

follow
U W4YFa,EJTSEJ_|RJLVRJTSe�j9À,rbUVGJr¥EJTSR,TSEJL UVN`W4EHKSWbIb_]p,RJTSe�s

• 
à�êHã9ÿ�	*è â ódê

ri
�·EJL�À,rbUVGJr

Ti
p,RHGHN`_|RHe�TSRHEH[`MOPzN`T¸RJ{4RHGJIbL UVN`W4j

• deadline di'
p9MOÀ,rbUVGJr

Ti
_]I4egL'p,RiGHN`_]a,K RJLVRH[9j

• 
ódã9ö9ÿ9ã9è å9à�	Áô,à�å9õHêHÞ�Þ�â ö��Æè â ódê

mi
L r4EJL"UVeµTSRHÚ`IbU TSRH[ÊLVN

RJ{4RHGJIbLVR6L r4R6_|EJW4[9EJLVN`T/M!a,EJT/L«N9P
Ti
ë W4N`L«[9RHP U W4RH[ÁPzN`T

YbRJW4RJL UVGiEHK YbN`T
ithms)

• 
å`ô,è â å9ö9ã9ä^ô,à�å9õHêHÞ�Þ�â ö��Áè â ódê

oi
PzN`TªL r4R"N`a9L UVN`W4EHKZegIbp9LVEHegf

ë W4N`L�[9RHP U W4RH[]PzN`T¸YbRJW4RJL UVGiEHK YbN`T/U L rb_|e�ì
• weight wi

L r4EJL,UVe�E¡a,N9egU L UV�bR^WbIb_]p,RJTZY
TSRHEJLVRJTZN`TZRHÚ`I4EHKbLVN
N`W4RiEJW4[^_|RHEHegIbTSRHe�L r4R,TSRHK EJL UV�bR,U _]a,N`T/LVEJW4GHRiN9P<L r4R,LVEHegf4~

½�r4R«ÀiRJUVY
rbLVeÂN9P;L r4R|LVEHegf4eÂEJTSR«[9RJLVRJT/_]U W4RH["a9T/UVN`T¥LVN�L r4R
e�GJr4RH[`I4K U W4Y�N`T]RJ{4RHGJIbL U W4Y�EJW4[�EJTSR]GHN`W4egUV[9RJTSRH[dLVNdp,R]GHN`W4egLVEJWbLV~
Ý�r4N`I4K []L r4RiU _]a,N`T/LVEJW4GHR*N9P¡EiLVEHegf6GJr4EJW4YbR�[`IbT/U W4Y;L r4R�egM§egLVRJ_
T/IbW4j9L r4R*e�GJr4RH[`I4K R*GHEJW¥p,RiTSRH[9RHegUVY
W4RH[]TSRHYbEJTS[`U W4YZW4RHÀÐÀiRJUVY
rbL



�bEHK I4RHe¡EJW4[iL r4R;GJIbT/TSRJWbLqL U _|R�U W4egLVEJW4GHR;EHe^E�W4RHÀ®p,RHY�U W¦L U _|RdN9P
L r4RiegM§egLVRJ_|~
½�r4R"[9RJa,RJW4[9RJW4GJUVRHe]p,RJLVÀiRHRJW¶L r4R�LVEHegf4e]U W

T
j�UVP*E/WbM§jdEJTSR

ega,RHGJUVP UVRH[ip9M]L r4RJU TXa9TSRHGHRH[9RJW4GHRdGHN`W4egL TSEJU WbLVe�Ç�L r4RJM|EJTSR�Y
UV�bRJW¦p9M
E¡a,EJT/L UVEHK,N`TS[9RJT^TSRHK EJL UVN`W

<
[9RHP U W4RH[�N9�bRJT

T
~�½�r4R^TSRHK EJL UVN`W

Ti �
Tj
r4N9K [9e§UVP¨L r4R;RJ{4RHGJIbL UVN`W®N9P

Tj
GHEJWbW4N`Lqp,RHY
U W�IbWbL UVK�L r§R�LVEHegf

TiUVedGHN`_]a,K RJLVRH[¥EJW4[ZLVRJT/_]U W4EJLVRH[9~b»/W"N`TS[9RJT]PzN`T]E¦e�GJr4RH[
I4K R¡LVN;p,R
�bEHK UV[9j§EHK K9L r4R¡a9TSRHGHRH[9RJW4GHR¦GHN`W4egL TSEJU WbLVe,_]I4egL4p,R]e�EJL UVeVP UVRH[9~�»/L4UVe
a,N9e�egU p,K RiL r4EJL�L r4R*Y
UV�bRJW6[9RHEH[9K U W4R*N9P^E¸LVEHegfOUVedK EJLVRJT^L r4EJWOL r4EJL
N9PFU LVeªegI4GHGHRHe�e�N`TSe�j¡N`T]L r4R2Y
UV�bRJW"TSRHEH[`M�L U _|R¦_|EJM�p4R2RHEJTSK UVRJT
L r4EJW]L r4EJL�N9PbrbUVe�a9TSRH[9RHGHRHe�e�N`TSe�~·»/W4egLVRHEH[¦N9P§ÀiN`T/fbU W4YZÀ,U L r¥Y
UV�bRJW
TSRHEH[`M�L U _|RHeªEJW4[µ[9RHEH[9K U W4RHe�j§_|N9[`UVP UVRH[µ�bEHK I4RHeªEJTSR]I4e�RH[�L r4EJL
EJTSR�GHN`W4egUVegLVRJWbL!À,U L rÖL r4RÊa9TSRHGHRH[9RJW4GHR�GHN`W4egL TSEJU WbLÅe�~¥½�r4N9e�R
�bEHK I4RHeFEJTSR�GHN`_]a9IbLVRH[¦EHeFPzN9K K N9Àie�~·»SP4EXLVEHegf]r4EHe�W4N]egI§GHGHRHe�e�N`TSe�j
L r4RX_|N9[`UVP UVRH[¦[9RHEH[9K U W4RXUVeFRHÚ`I4EHKHLVN¡U LVeFY
UV�bRJW¥[9RHEH[9K U W§RH~`»SP<L r4RJTSR
RJ{bUVegL¦egI4GHGHRHe�e�N`TSe¦N9P�E;LVEHegf

Ti
j�K RJL

Ai
p,R;L r4ROe�RJL]N9P�[bRHEH[9K U W4R

L U _|RHe¡N9PXEHK K�egI4GHGHRHe�e�N`TSe^N9P
Ti
~S½�r4R�_|N9[`UVP UVRH[�[9RHEH[9K U W4R

di
N9P

Ti

is

{ }{ }d d d d Ai i j j i= ∀ ∈min ',min , . (1)
��� ���  !#"$ %'&)( *�+,��-�.�� /0� +1.�"$+1!1.�%2( � ��+,-�/3!,( !14�5�( *'!1(6*�!14�7�-

8 "$+1.�+191+14�4�-�"$4�� 4�+1:�;�!1 )( -2� ( 4=<�� >�+17�"$+1!1.�%,( � ��+1?A@)+1( Bi B +�( *�+4�+1(C-�/)"$+1!1.�%D( � ��+14E-�/F!1  8 "$+1.�+191+14�4�-�"$4E-�/ Ti
?6GH*�+I�E-�.�� /0� +1.

"$+1!1.�%J( � ��+
ri
-�/

Ti
� 4

{ }{ }r r r r Bi i j j i= ∀ ∈max ',max , . (2)
KML�N�O�P Q�RTS)P U VTU V�WIXDL�Y�P[Z P[W1Y\N$W1]1Y�^_U P XDW1`�]#Q�YTY�W1]1Y�a P Q�W1`

]1a a L�S=`bU V�Wdc�N$W1e1W1Y�W#Q�e1Wfe1L�Q�`�U N$]#P Q�U[`gU[Lih)WjP[RkQ�L�N$W1Y
U[W#X�c)L�N$]#N�P[a ^ml)n$Zo]#Qp]1a R�L�N�P U V�XqZ P Q�Y�`2]#Q_P Q�r�]1a P[YT`�e#VmW1Y�s�a W,P Q
S)V�P[e#V

Ti
P[`p]1`�`�P[RkQ�W1Yt]uU P XDWuP Q�U[W#N$r�]1ava ]#U[W#NwU VmW#Qx`�L�XDW

P Q�U[W#N$r�]1a `o]1`�`�P[RkQ�W1Y,U[L
Tj
]#Q�Y

Ti y Tj z U V�W#Q{]|r�]1a P[Y}`[e#V�W1Y�s�a We1]#Q~h)Wte1L�Q�`�U N�s�e#U[W1Y�h�^�W#��e#V�]#Q�RkP Q�R�U V�W�U P XDWMP Q�U[W#N$r�]1a `
]1`�`�P[RkQ�W1Y�U[L

Ti
]#Q�Y

Tj
U[LD`�]#U P[`�Z ^2U V�W#P N3c�N$W1e1W1Y�W#Q�e1W�e$L�Q�`�U N$]#P Q�U

wit
V�L�s�UwrkP[L�a ]#U P Q�RuU V�W#P N_U P X�P Q�R�e1L�Q�`�U N$]#P Q�U[`�l���W#N�W1]1Z U[W#N�h�^

N$W1]1Y�^\U P XDW1`o]#Q�Y�Y�W1]1Y�a P Q�W1`oS=WJXDW1]#Q}XDL�Y�P[Z P[W1Y�N$W1]$Y�^DU P XDW1`
]#Q�Y�Y�W1]1Y�a P Q�W1`�l
�HV�W�`�e#V�W1Y�s�a P Q�R�]1a R�L�N�P U V�X�Y�W1rkP[`�W1YtP QxU V�P[`�S=L�N�OxP[`

L�N�P[W#Q�U[W1Y�U[L�S=]#N$Y�`}`�e#V�W1Y�s�a P Q�R�R�W#Q�W#U P[e_]1a R�L�N�P U V�XD`D]1`oU[]1`�O�` zh�s�UCP UEe1]#QT]1a `�Loh)W�s�`�W1YoP QT]#Q�^�P X�c�N$W1e#P[`�W�N$W1]1a
-
U P XDW,`�^m`�U[W#XDl

KMWoL�Q�a ^,V�]1r�W�U[L�O�W1W#c|P QIX�P Q�Y�U V�W�]1a R�L�N�P U V�XD� `=]1`�` s�X�c�U P[L�Q�`
]#Q�Y�c�N�P[L�N�P U P[W1` z S)V�P[e#V�]#N$W1�
• 

W1r�W#N�^�U[]1`�O�P[`�`�s�c�c)L�`�W1YtU[Lth)W�c)]#N$]1a a W1a P[�1]�h)a W1��U V�W
]1a R�L�N�P U V�Xi`�e#V�W1Y�s�a W1`�U V�W#X�]1`uL�Q�U V�W�L�Q�W

-
c�N�L�e1W1`�`�L�N

`�^m`�U[W#X z h�s�U�]{U[]1`�O�P[`u`�s�c�c)L�`�W1Y�U[L�L�e1e#s�c�^�]1a a�U V�W]1r�]#P[a ]#h)a W)c�N$L�e1W1`�`�L�N$`�P QEP U[`�U P XDW)P Q�U[W#N$r�]1a �
• 

U V�W=]1a R�L�N�P U V�X�U N�P[W1`�U[L�RkP[r�W)XDL�N$W)U P XDW)U[L�XDL�N$W�P X�c)L�N�U[]#Q�U
U[]1`�O�` z h�s�UEL�Q�a ^T]1`�a L�Q�R\]1`�a W1`�`CP X�c)L�N�U[]#Q�U�U[]1`�Om`CO�W1W#c{]e1W#N�U[]#P Q|X�P Q�P X�s�X���s�]#Q�U P U ^�L�Z�U P XDWo �Y�W1Z P Q�W1Y2a ]�U[W#N�P Q|U V�W
U[W#��U[¡ z S)V�P[e#V�e1]#QEh)W=`�W#U¢h�^JU V�W)s�`�W#N$�

• if
]�U[]1`�OpP[`�`�e#V�W1Y�s�a W1YTXDL�N$W�U V�]#Q�L�Q�W�Y�P[`�U P Q�e#U|U P XDW

P Q�U[W#N$r�]1a z U V�W�`�e#V�W1Y�s�a P Q�Ro]1a R�L�N�P U V�X�U N�P[W1`�U[L3N$W1]#N0N$]#Q�R�W6U V�WP Q�U[W#N$r�]1a `�U[L�XDW#N$R�W)U V�W#X�P Q�U[L�L�Q�W1l
£�]#U V�W#N�U V�W#Qw`�U[]#U P Q�R�U V�W2]1a R�L�N�P U V�Xx]#Q�Y�U V�]#Q\c�N$W$`�W#Q�U P Q�R\]

`�e#V�W1Y�s�a P Q�R}W#��]#X�c)a W z S=W|S)P[a aCY�W1`�e#N�P h)W�U V�W|]1a R�L�N�P U V�Xx]1a L�Q�R
wi
U V�N$W1`�L�a rkP Q�R�]#Q�P X�c�N$W1e#P[`�W�N$W1]1a

-
U P XDW�`�^m`�U[W#X�`�e#V�W1Yks�a W1l$�HV�W

real-
U P XDWo`�^m`�U[W#X�S)V�P[e#VIP[`=R�L�P Q�R�U[L�h)W�`�e#V�W1Y�s�a W1Y�P[`=Y�W1Z P Q�W1Y

P QE��]#h)a W=¤�l
¥'¦A§�¨ª©

1¥'«m©=©�¬m¦A­�®1¨ª©=¯�©�¦A¨
-
¥'° ­�©=±1²m±1¥'©�­

r[i] d[i] w[i]
T1 0 6 3
T2 4 12 2
T3 0 14 1

�HV�W2RkP[r�W#Q}c)]#N$]#XDW#U[W#N$`o]#N$WJc�N$W1`�W#Q�U[W1Y,P Q\U V�W|]1a R�L�N�P U V�X�P Q
U V�WoZ0L�a a L�S)P Q�R|Y�]#U[]o`�U N�s�e#U s�N$W1`�  U V�W#P N�r�]1a s�W1`=Z0L�NCU V�W�`�c)W1e#P[Z P[W1Y
`�^m`�U[W#X�]#N$W=]1a `�L�RkP[r�W#Q�¡��
• n z U V�W)Q�s�X�h)W#NFL�Z'U[]1`�O�`�P QEU V�W=`�^m`�U[W#XD�
• ³�´kµ ¶�·�µ�¸ 1..n z ]#N�N$]#^�L�ZH  XDL�Y�P[Z P[W1Y�¡�N$W1]1Y�^�U P XDW1`FL�ZHW1r�W#N�^

task;
• ¹�´kµ ¶�·Eµ3¸ 1..n z ]#N�N$]#^wL�Z�  XDL�Y�P[Z P[W1Y�¡�Y�W1]1Y�a P Q�W1`oL�Z�W1r�W#N�^

task;
• a[] z ]#N�N$]#^�L�ZCY�P[`�U P Q�e#U)U P XDW�r�]1a s�W1`=S)V�P[e#VIP[`=L�h�U[]#P Q�W1Y�h�^`�L�N�U P Q�R�U V�W�a P[`�U[`FL�Z¢N$W1]1Y�^�U P XDW1`F]#Q�YIY�W1]1Y�a P Q�W1`FL�ZH]1a a'U V�W
U[]1`�O�`�P Q

T
]#Q�YwY�W1a W#U P Q�R{Y�s�c)a P[e1]#U[WvW#Q�U N�P[W1`�P Q{U V�W�a P[`�U zS)P U V�L�s�U)U V�Woa ]1`�U=L�Q�Wo  P[l W1lm]1a a)Y�P[`�U P Q�e#UFr�]1a s�W1`=L�Z

r[i]
]#Q�Y

d[i]
¡��$V�W#N$W

a[]=(0,4,6,12);
• º�´kµ ¶�·)µ¢¸ 1..n z ]#N�N$]#^2L�Z'U[]1`�O�S=W#P[RkV�U[`��
• h[] z ]#N�N$]#^dL�Z�Y�P[`�U P Q�e#UxS=W#P[RkV�Uxr�]1a s�W1` z `�L�N�U[W1Y�P QY�W1`�e1W#Q�Y�P Q�R�L�N$Y�W#No]#Q�Y�S)P U V�L�s�U6U V�W�`�XD]1a a W1`�U�r�]1a s�W1�»V�W#N$W

h[]=(3,2);¼�½ ´kµ ¶�·�µ�¸ 1..n z ]#N�N$]#^_L�Z�X�P Q�P X�s�X�U P XDWI��s�]#Q�U P U P[W1`JZ0L�NW1]1e#VEU[]1`�O��
• ¾ ��¿ P[À z P�Á2¤�l l Q z ]#N�N$]#^�L�Z�U V�W)XD]#��P X�s�X�]1a a L�S=W1Y�U P XDW=Z0L�NW1]1e#VEU[]1`�O z ¾ ��¿ P[À�Á|Y�¿ P[À -r[i].�HV�W)X�P Q�P X�s�X�U P XDW=Z0L�NF])U[]1`�OEP[`�Y�W1Z P Q�W1Y�]1`

( )r[i]d[i]

w[j]

w[i]
mT[i]

n

1=j

−=

∑

. (3)

�HV�W{s�`�W#NMe1]#Q�N$W1Y�W1Z P Q�W{U V�W{X�P Q�P X�s�XbU P XDW�]TU[]1`�O�P[`
]1`�`�P[RkQ�W1Y z h�s�UoP Q�U V�]#U\e1]1`�W�U V�W#N$W�XD]#^wQ�L�U\]1a S=]#^m`}W#��P[`�UD]
feas
P h)a W=`�e#V�W1Y�s�a W1l
Â=W#U)U V�W3U[]1`�O�`��kP Q�Y�W#��W1`6h)Wo]#N�N$]#Q�R�W1YJP Qv`�s�e#Vv]oZ0]1`�V�P[L�QIU V�]#U

Y�¿�¤�À
≤
Y�¿�Ã�À

≤
l l l

≤
Y�¿ Q�À z P[l W1l»]6U[]1`�ODS)P U VD]�RkN$W1]#U[W#N�P Q�Y�W#�EV�]1`�]a ]#U[W#NoY�W1]1Y�a P Q�W1l��HV�W�L�s�U c�s�U�L�ZAU V�W�`�e#V�W1Y�s�a P Q�R2]1a R�L�N�P U V�X�P[`�]

a P[`�U=L�Z�U P XDW3P Q�U[W#N$r�]1a `=]1a L�Q�RIS)P U V�]#QIP Q�Y�W#��L�Z�U V�W�U[]1`�O�S)V�P[e#V
P[`EW#��W1e#s�U[W1YoP QDU V�]#UHU P XDW1l�n�U�e1L�Q�`�P[`�U[`JL�ZmU V�N$W1W=c�V�]1`�W1`��¢P Q�U V�W
Z P N$`�UCc�V�]1`�W�U V�W�P Q�P U P[]1a�Z0W1]1`�P h)a WI]#N�N$]#Q�R�W#XDW#Q�U�P[`CXD]1Y�W1l»n�QDU V�W
`�W1e1L�Q�Y=c�V�]1`�W�U V�W�P Q�U[W#N$r�]1a `3]#N$W�XDL�Y�P[Z P[W1Y z P[Z»c)L�`�`�P h)a W z `�LFU V�]#UU V�W�U[]1`�O�`ÄS)P U V�V�P[RkV�W#N�S=W#P[RkV�U�r�]1a s�W1`�R�W#U�W1r�W#Q�XDL�N$W
e1L�X�c�s�U[]#U P[L�Q�]1a�U P XDW z O�W1W#c�P Q�RuU V�WML�U V�W#N�U[]1`�O�`wS)P U V�U V�W#P NY�W1Z P Q�W1YÅX�P Q�P X�s�XDlÇÆ�P Q�]1a a ^ z U V�Wg]1a R�L�N�P U V�XÈZ P Q�Y�`�U V�W
c�N$W1W#X�c�U[W1YuW#Q�U N�P[W1`�P Q�U V�W�U V�P N$Y�c�V�]1`�W_]#Q�Y�U N�P[W1`oU[L�XDW#N$R�W
U V�W#X�P[Z'c)L�`�`�P h)a W1l
É Y�Y�P U P[L�Q�]1a�Y�]#U[]=`�U N�s�e#U s�N$W1`�U V�]#UH]#N$W)s�`�W1Y�P QEU V�W)c�N$L�e1W1`�`�]#N$W

also:
• L[i][2] z a P[`�U�L�Z�U P XDW�P Q�U[W#N$r�]1a `���U V�W�Z P N$`�Uoe1L�X�c)L�Q�W#Q�UoL�ZU V�WJa P[`�U�W1a W#XDW#Q�U�Y�W#Q�L�U[W1`mU V�W�U[]1`�O�P Q�Y�W#�

j
ÁEÊCË µ ·�Ì�Í ]#Q�Y�]`�W1e1L�Q�Y�L�Q�W)U V�W=]1a a L�U U[W1Y�Y�s�N$]#U P[L�Q2Î�Á�ÊCË µ ·)Ï�Í ;

• p z U[L�U[]1a$Q�s�X�h)W#NFL�ZmW#Q�U N�P[W1`�P QEU V�W=a P[`�U[�



• Ð6´kµ ¶�·CµA¸{Ì�Ñ Ñ Ò z ]#N�N$]#^\S)V�P[e#V}Y�W#Q�L�U[W1`mU V�WJa ]1`�U�W#Q'U N�^\L�Z»U V�WU[]1`�O
i
P Q�a P[`�U

L;
• Ó|´kµ ¶�·�µm¸wÌ�Ñ Ñ Ò z ]#N�N$]#^}L�Z¢U[L�U[]1a'U P XDWEY�s�N$]#U P[L�Q�RkP[r'W#Q,U[L�U V�WU[]1`�O

i;
• Ô�´kµ ¶$´kÏ�¶�·3µ)¸uÌ�Ñ Ñ Õ z ]#N�N$]#^�L�ZC]#XDL�s�Q�U[`�L�Z�U P XDWo]#QIP Q�U[W#N$r�]1ae1]#QDh)WI� `�V�P[Z U[W1Y��$P QDU V�WI`�e#V�W1Y�s�a W�P QDh)L�U VTY�P N$W1e�U P[L�Q�` z U V�WY�P[`�U[]#Q�e1W�Z N$L�X�U V�W6U[]1`�O�� `�N$W1]1Y�^JU P XDW)P Q�L�Q�W=Y�P N$W$e#U P[L�Q�]#Q�Y

P U[`�Y�W1]1Y�a P Q�W)P QEU V�W=L�U V�W#NF �Y�W1Z P Q�W1Y�P QEU V�W=]1a R�L�N�P U V'XD¡�l
n�Q�L�s�N�W#��]#X�c)a W�`�^m`�U[W#X z U V�W�Y�W1Z P Q�W1Y�X�P Q�P XEs�XjU P XDW

��s�]#Q�U P U P[W1`{Z0L�NvU[]1`�O�`
T1,
½

2
]#Q�Y

T3
]#N$W�Ö z|×�Ø ÖÇ]�Q�YÇÙ Ø Ö zN$W1`�c)W1e#U P[r�W1a ^ml'KMWoS)P[a a z V�L�S=W1r�W#N z N$W1Y�W1Z P Q�W�U V�L�`�W�r�]$a s�W1`)P Q�U[L zZ0L�NFW#��]#X�c)a W z Ö z Ö�]#Q�Y�Ã�l Ú�l�HV�WDU[L�U[]1a�W#��W1e#s�U P[L�Q�U P XDW_L�Z�U V�W_`�^m`�U[W#X�P[`}Y�P[r�P[Y�W1Y�h�^

r�]1a s�W1`2P Q�]#N�N$]#^
a[]

P Q�Y�P[`�U P Q�e#UIU P XDW}P Q�U[W#N$r�]1a `�lFÆ�L�N{W1]1e#V
P Q�U[W#N$r�]1aªU V�WJ]1a R�L�N�P U V�X�Y�W#U[W1e#U[`

active
U[]1`�O�`

–
U V�W�L�Q�W$`�S)V�L�`�W

N$W1]1Y�^}U P XDW�e1L�XDW1`�W1]#N$a P[W#N|]#Q�Y�Y�W1]1Y�a P Q�WJU P XDW2a ]#U[W#N�U V�]#Q}U V�W
P Q�U[W#N$r�]1a�h)L�s�Q�Y�]#N�P[W1` z P[l W1l3U V�W\U[]1`�O�P[`�e1L�Q�`�P[Y�W#N$W1Y�]1e#U P[r�W\P[Z
r[task]<=a[i]

]#Q�Y
d[task]>=a[i+1].�HV�WCP Q�P U P[]1am]#N�N$]#Q�R�W#XDW#Q�U3]1a a L�e1]#U[W1`�U[LIW1]1e#V}L�Z»U V�WHU[]1`�O�`mU V�W

]#XDL�s�Q�U�L�Z�U P XDW�c�N$L�c)L�N�U P[L�Q�]1aJU[L{P U[`_S=W#P[RkV�U�r�]1a s�W1l��HP XDW
��s�]#Q�U P U P[W1`�]#N$W�e1]1a e#s�a ]#U[W1Y�Z0L�NoW1]1e#V�Y�P[`�U P Q�e#U)P Q�U[W#N$r�]1a�]#Q�YJQ�W1S
W#Q�U N�P[W1`2]#N$W�]1Y�Y�W1YDU[LDU V�W�`�e#V�W1Y�s�a W,P[Z3U V�W,U[]1`�O_V�]$`�Q�L�U�^mW#U
h)W1W#QwRkP[r�W#QwL�Q�W1�CL�U V�W#N$S)P[`�W z U V�W|e1]1a e#s�a ]#U[W1Y�U P XDW|�ks�]#Q�U P U ^DP[`]1Y�Y�W1Y3U[L3U V�W�W#��P[`�U P Q�R�W#Q�U N�^�L�Z�]6U[]1`�OD]1a N$W1]1Y�^EP Q�U V�W=a P[`�U[l�Û|W1S
W#Q�U N�P[W1`EZ0L�N,W#��P[`�U P Q�REU[]1`�O�`�P Q�U V�W,`�e#V�W1Y�s�a W,e1]#Q�h)W,R�P[r�W#Q�P[Z3]
U[]1`�O�� `�`�e#V�W1Y�s�a W1YFU P XDWHV�]1`AN$W1]1e#V�W1YFP U[`CY�W1]1Y�a P Q�W

–
P Q�U V�]#U�e1]1`�W

])Q�W1ST`�W#UHL�ZmW#Q�U N�P[W1`�Z0L�NF]1a a¢]1e#U P[r�W)U[]1`�O�`�X�s�`�U¢h)W)P Q�U N�L�Y�s�e1W1Y�l
�HV�W,Z P N$`�UHc�V�]1`�W�L�ZAU V�W�`�e#V�W1Y�s�a P Q�R2]1a R�L�N�P U V�X�P[`6c�N$W1`�W#Q�U[W1Y

P QEÆ�P[RE¤�l
ÜÞÝ'ßTàÞá�à�ßÞâuã{ã1ä�åCæ[çuèé�êTë à�ãÞìªí'î�ï$ð1ñ�Ý�Ü_å�ò'òTå�ó1î»ã$á�àTî�å�ï1ô»ï�õã�ÜHö ÷ ê¢ø Ý'ßvù=æûú�ö ÷müÞý»þ'ç�æ ÿ�ç ê¢ø þÜÞÝ'ßTàÞá�à�ßÞâ�å�ó1î»ã$á�àTî�å�ï1ô � è÷����¢õå����{àªä'î�ßÞâwú�ö ÷müÞý»þ ê � õ��3æ � ç ê ÷mõú�ö ÷mü$ÿ�þ êªë æ � ç
	 é�� ö åCæ0ã���ý»ç

-a[i]);
 æ � ç�� ê ú�ö ÷mü$ÿ�þªõ��à�ò�ï1à ÜÞÝ'ßTàÞá�à�ßÞâ�å�ó1î»ã$á�àTî�å�ï1ô � èã�ÜHö åCæ0ã¢ç ê ßCæ � ç'þuè÷����¢õå����{àªä'î�ßÞâwú�ö ÷müÞý»þ ê � õ��3æ � ç ê ÷mõú�ö ÷mü$ÿ�þ êªë æ � ç
	 é�� ö åCæ0ã���ý
]-a[i]);
 æ � ç�� ê ú�ö ÷mü$ÿ�þªõ��à�ò�ï1àÇèú�ö��3æ � çªü$ÿ�þ�� êTë æ � ç
	 é�� ö åCæ0ã���ý»ç

-a[i]);
 æ � ç�� ê ú�ö��3æ � çªü$ÿ�þªõ����ã�Ü���æûú�ö ÷müÞý»þ'ç ê åCæ0ã���ý»çù=æûú�ö ÷müÞý»þ'ç�æ ÿ�ç ê¢ø õ
c=0;ÜÞÝ'ßTàÞá�à�ßÞâuã{ã1äwúÇèù=æ0ã¢ç�æ�ý»ç ê ó

-r[L(i,1)];ó�� ê ú�ö0ã»ü$ÿ�þªõù=æ0ã¢ç�æ ÿ�ç
=d[L(i,1)]-

ó»õ��
��� ����� �

1 � ¥����� � � !#"�!#�%$&" � '�()'� �" ����!#$&���%*���+ � (��-,&+ ��'�� � " ��.
É Z U[W#N)U V�W=Z P N$`�U¢c�V�]1`�W=S=W)V�]1r�W)U V�W=Z0L�a a L�S)P Q�REW#Q�U N0P[W1`�P Q

L
]1`

  U[]1`�O z Y�s�N$]#U P[L�Q�¡�]#Q�Y M
]1`� �a W1Z UH`�V�P[Z U z N�P[RkV�UH`�V�P[Z U[¡��
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�HV�WJr�]1a s�W1`mP Q\]#N�N$]#^
M
Y�W#Q�L�U[WHV�L�S}X�s�e#V\S=W�e1]#Q\`�V�P[Z U�U V�W

`�c)W1e#P[Z P[W1Y�U P XDW�P Q�U[W#N$r�]1a�U[L�U V�WIa W1Z UJ �W1]#N$a P[W#N=P QDU P XDW1¡=L�N=N�P[RkV�U
 �a ]#U[W#N�P QEU P XDW1¡�h)W1Z0L�N$W)U V�W)h)L�s�Q�Y�]#N�P[W1`�N$W1]1e#VEU V�W)N$W1]1Y�^JU P XDW=L�N
U V�W=Y�W1]1Y�a P Q�W=L�Z'U V�W)U[]

sk.n�Q,U V�WCQ�W#��U3`�W1e#U P[L�Q�U V�WJ]1a R�L�N�P U V�XMN$W1]#N�N$]#Q�R�W1`mU V�WJ`�e#V�W1Y�s�a W
`�L�U V�WxU[]1`�O�` S)P U VbV�P[RkV�W#N S=W#P[RkV�U�r�]1a s�W1` R�W#UÄXDL�N$W
e1L�X�c�s�U[]#U P[L�Q�]1aªU P XDW1l É U[]1`�O z P Q}Z0]1e#U�]#Q}W#Q�U N�^oP Q�U V�WJa P[`�U z S)P U VV�P[RkV�W#N�S=W#P[RkV�U

borrows
U P XDW�Z N$L�X�L�U V�W#N�W#Q�U N�P[W1`�S)P U V\`�XD]1a a W#N

S=W#P[RkV�U�r�]1a s�W1`�lT�HP XDWÄN$W1]1a a L�e1]#U P[L�Q P[`Çs�Q�Y�W#N�U[]#O�W#QbS)P U V
c�N$W1`�W#N$rkP Q�R}U V�W2X�P Q�P X�s�X�U P XDW�]2U[]1`�OwX�s�`�U�V�]1r�W�]#Q�Y}Q�L�U
rkP[L�a ]#U P Q�RvU V�W{Y�W#U[W#N�X�P Q�W1Y�N$W1]1Y�^uU P XDW1`�]#Q�Y�Y�W1]1Y�a P Q�W1`�l É Q
W#Q�U N�^\Z N$L�XMU V�WJa P[`�U�e1]#Q}R�]#P Q�XDL�N$W�U P XDWJZ N$L�XÄ]#Q�^DL�U V�W#N�W#Q�U N�^
]1`Ia L�Q�Rv]1`�U V�W#N$WoP[`�X�P Q�P X�s�X�U P XDWDa W1Z U�  U[L|U V�W�U[]1`�O�P Q�U V�W
ot
V�W#NIW#Q�U N�^m¡=]#Q�YoQ�LoU P XDWIe1L�Q�`�U N$]#P Q�U�P[`ErkP[L�a ]#U[W1Y\Z0L�N,]#Q�^_a P[`�U
XDW#X�h)W#NvP QÇh)W#U[S=W1W#Q�lJ�HV�W�N$W1]1a a L�e1]#U P[L�QÇP[`{Y�L�Q�W�P Q�`�U[W#c)`
]1e1e1L�N$Y�P Q�RIU[Lvr�]1a s�W1`FP Q�]#N�N$]#^

h[]
l�n$Z�]1a amU V�WEU[]1`�O�`Fh)W1]#NJU V�W

`�]#XDWES=W#P[RkV�U3r�]1a s�W z U V�W#N$WCP[`�Q�LIe#V�]#Q�R�WCP Q,U V�WJ`�e#V�W1Y�s�a W1l1�HV�W`�W1e1L�Q�Y�c�V�]1`�W=L�Z'U V�W=]1a R�L�N�P U V�X�P[`�a P[`�U[W1Y�P QEÆ�P[REÃ�l
ÜÞÝ'ßTàÞá�à�ßÞâuã{ã1ä{í3æ[çÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâ �

:
ë æûú�ö � üÞý»þ'ç ê í3æ0ã¢ç;:=< 

 æûú�ö � üÞý»þ'ç?>$ù�@Cæûú�ö � üÞý»þ'çuèô ê � õ�àªä=� ê¢ø õ�î�åªô'à�ß ê ú�ö � üÞý»þë í»ã'òÞà�ù=æûô�ç�æ ÿ�ç?A ø :=< 
 àªä=� ê¢ø :=< 

 æ�î�åªô'à�ß�ç?>$ù�@Cæ�î�åªô'à�ß�çuèô=���¢õ�ì�ã$á�à�ß ê ú�öûô�üÞý»þªõã�ÜHö ë æûì�ã$á�à�ß�ç?>Þí3æ0ã¢ç;:=< 
 æûì�ã$á�à�ß�ç?A�ñB@Cæûì�ã$á�à�ß�ç'þ»èC î'â ê ñ�ã1ä3ö 
 æûì�ã$á�à�ß�ç -ñB@Cæûì�ã$á�à�ß�çªüù�@Cæ�î�åªô'à�ß�ç

-

 æ�î�åªô'à�ß�çªü�ú�öûô�ü$ÿ�þ{þC î'â ê ñ�ã1ä3öEù=æ ñ)ç�æ ÿ�ç{þªüDñ ê �BD�D ô -lú�ö � ü$ÿ�þ�� ê C î'â�õ
 æ�î�åªô'à�ß�ç�� ê C î'â�õ\ù=æ � ç�æ ÿ�ç -

ê C î'â�õú�öûô�ü$ÿ�þ
-
ê C î'â�õ
 æûì�ã$á�à�ß�ç
-
ê C î'â�õ\ù=æûô�ç�æ�ý»ç�� ê C î'â�õã�Ü C î'â ê ú�öûô�ü$ÿ�þßªà$ñ�Ý1á�à{àªä'î�ßÞâwôuÜÞß'Ý�ñ�úÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâ�ñMÜÞß'Ý�ñ � ��ývî�ÝTô

-
ýpèù=æ ñ)ç�æ�ý»ç�� ê C î'â�õù=æ ñ)ç�æ ÿ�ç

-
ê C î'â�õã�Ü�ù=æ ñ)ç�æ ÿ�ç ê¢øàªä=� ê ý�õ����öûàªä=� ë í»ã'òÞà�þE�ô ê � õ�àªä=� ê¢ø õë í»ã'òÞà�ù=æûô�ç�æ�ý»ç?A ø :=< 
 àªä=� ê¢ø :=< 
ù�@Cæ�î�åªô'à�ß�ç?A 
 æ�î�åªô'à�ß�çuèô

--
õ�ì�ã$á�à�ß ê ú�öûô�üÞý»þªõã�Ü ë æûì�ã$á�à�ß�ç?>Þí3æ0ã¢ç;:=< 
�
 æûì�ã$á�à�ß�ç?A�ñB@Cæûì�ã$á�à�ß�ç»èC î'â ê ñ�ã1ä3ö 
 æûì�ã$á�à�ß�ç -ñB@Cæûì�ã$á�à�ß�çªüù�@Cæ

taker]-

 æ�î�åªô'à�ß�çªü�ú�öûô�ü$ÿ�þ{þC î'â ê ñ�ã1ä3öEù=æ ñ)ç�æ�ý»ç{þªüDñ ê ô=��ý D�D?�ú�ö � ü$ÿ�þ�� ê C î'â�õ
 æ�î�åªô'à�ß�ç�� ê C î'â�õ\ù=æ � ç�æ�ý»ç -

ê C î'â�õú�öûô�ü$ÿ�þ
-
ê C î'â�õ
 æûì�ã$á�à�ß�ç
-
ê C î'â�õ\ù=æûô�ç�æ ÿ�ç�� ê C î'â�õã�Ü C î'â ê ú�öûô�ü$ÿ�þßªà$ñ�Ý1á�à{àªä'î�ßÞâwôuÜÞß'Ý�ñ�úÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâ�ñMÜÞß'Ý�ñ�ô=��ývî�Ý �

-
ýpèù=æ ñ)ç�æ�ý»ç

-
ê C î'â�õù=æ ñ)ç�æ ÿ�ç�� ê C î'â�õã�Ü�ù=æ ñ)ç�æ�ý»ç ê¢øàªä=� ê ý�õ����öûàªä=� ë í»ã'òÞà�þE���

��� ����� �
2 � ¥�����!#�%$&'�(�*)!#�%$&" � '�()'� �" ����!#$&���%*���+ � (��-,&+ ��'�� � " ��.
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�HV�W�U[]1`�O�`

T1
]#Q�Y

T2
V�]1r�W�h)W1W#Q�RkP[r�W#Q�]1Y�Y�P U P[L�Q�]1aA]#XDL�s�Q�U[`

L�ZCe1L�X�c�s�U[]#U P[L�Q|U P XDW3U[]#O�W#QvZ N$L�X�U V�W3U[]1`�O
T3
lª�HV�W�a ]�U U[W#NEL�Q�W

P[` z L�Q�U V�WJL�U V�W#NHV�]#Q�Y z c�N$W1W#X�c�U[W1Y,S)P U V T2
l1n�QoU V�W�a ]1`�U�`�W1e#U P[L�Q

U V�W\`�e#V�W1Y�s�a P Q�Rv]1a R�L�N�P U V�X Z P Q�Y�`I`�s�e#VuY�s�c)a P[e1]#U[WDW#Q'U N�P[W1`,]#Q�Y
U N�P[W1`mU[L=N$W1`�L�a r�W�U V�W#X z h�s�U�L�Q�a ^oP[Z6`�s�e#VoN$W1]#N�N$]#Q�R�W#X�W#Q�UCS=L�s�a YQ�L�U�P Q�U[W#N$Z0W#N$WIS)P U V�U V�W=U P X�P Q�R�e1L�Q�`�U N$]#P Q�U[`JL�ZmU V�W,W#Q�U N�P[W1`�U V�]#U
]#N$WEh)W#P Q�R�`�V�P[Z U[W1Y,P Q}U P XDW2 �S)V�P[e#Vw]#N$W2]1a aAU V�W2L�Q�W1`�h)W#U[S=W1W#Q
U V�WvXDW#N$RkP Q�RTU[S=L�¡�l��HV�W�U V�P N$Y{c�V�]1`�WuL�Z�U V�Wu]1a R'L�N�P U V�X P[`
`�V�L�S)Q�P Q�Æ�P[R�l�Ö�l1Æ�P Q�]1a a ^ z U V�WJ`�e#V�W1Y�s�a WJZ0L�N6U V�W�W#��]�X�c)a WHN$W1]1a -U P XDW=`�^m`�U[W#X�U[]#O�W1`�U V�W=Z0L�a a L�S)P Q�REZ0L�N�X��
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ÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâuãGFH�3æûú�ö0ã»üÞý»þ'ç?A�ãßªà1÷»à�åÞî�èô ê ã���ý�õJI ê ú�ö0ã»üÞý»þªõñ�åLK ðÞ÷ ê ñ�åLK�MB�ªä ê ù�@Cæ8I»çªõë í»ã'òÞà{ú�öûô�üÞý»þ�N ê Ipèñ�åLK�MB�ªä ê ñ�ã1ä3öJñ�åLK�MB�ªä�ü\ù=æûô�ç�æ�ý»ç{þªõñ�åLK�M¢ðÞ÷ ê ñ�ã1ä3öJñ�åLK�M¢ðÞ÷mü\ù=æûô�ç�æ ÿ�ç{þªõ��ã�Ü}ñ�åLK�MB�ªä1A ê ú�ö0ã»ü$ÿ�þuèú�öûô�ü$ÿ�þ�� ê ú�ö0ã»ü$ÿ�þªõÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâ�ñMÜÞß'Ý�ñpã���ývî�ÝTô

-
ý�èù=æ ñ)ç�æ�ý»ç

-
ê ú�ö0ã»ü$ÿ�þªõù=æ ñ)ç�æ ÿ�ç�� ê ú�ö0ã»ü$ÿ�þªõ��ßªà$ñ�Ý1á�à{àªä'î�ßÞâuãwÜÞß'Ý�ñ�ú�õ��à�ò�ï1à�ã�Ü}ñ�åLK�M¢ðÞ÷�A ê ú�öûô�ü$ÿ�þuèú�ö0ã»ü$ÿ�þ�� ê ú

(k,2);ÜÞÝ'ßTàÞá�à�ßÞâwàªä'î�ßÞâ�ñMÜÞß'Ý�ñpã���ývî�ÝTô
-
ý�èù=æ ñ)ç�æ�ý»ç�� ê ú�öûô�ü$ÿ�þªõù=æ ñ)ç�æ ÿ�ç

-
ê ú�öûô�ü$ÿ�þªõ��ßªà$ñ�Ý1á�à{àªä'î�ßÞâwôuÜÞß'Ý�ñ�ú�õ����ë í»ã'òÞà��3æ8I»ç?AªôO:=< 
 ú�ö0ã»ü$ÿ�þ?A ø õ

��� ����� �
3 � ¥�����" ��� � *)!#�%$&" � '�()'� �" ����!#$&���%*���+ � (��-,&+ � orithm

KMWFQ�L�S_V�]1r�W�]�`�e#V�W1Y�s�a WFP QvS)V�P[e#V|U V�W3U[]1`�O�`�S�P U V|V�P[RkV�W#N
c�N�P[L�N�P U P[W1`HV�]1r�W�]#Q�L�c�U P XD]1a6]#N�N$]#Q�R�W#XDW#Q�U�L�ZCe1L�X�c�s'U P Q�R�U P XDW1l
n�Q�]1Y�Y�P U P[L�Q z U V�W#N$WEP[`3Q�L,c�N$W1W#X�c�U P Q�R}S)V�P[e#VwS=]1`oLkQ�W2L�Z6U V�Wc�N�P[L�N�P U P[W1`�Y�s�N�P Q�RvU V�W{Y�W1`�P[RkQ�L�ZEU V�W{]1a R�L�N�P U V�XDl3n�Z�S=WT]#N$W
N�s�Q�Q�P Q�R,L�Q�]CX�s�a U P c�N$L�e1W1`�`�L�NJ`�^m`�U[W#X z ]ER�W#Q�W#U P[eE]1a R�LkN�P U V�XtL�N]#Q�^�L�U V�W#N�c)]#N$]1a a W1a P[�1]#h)a W�]1a R�L�N�P U V�Xfe1]#Q�L�e1e#s�c�^x]1a a�U V�W
]1r�]#P[a ]#h)a W)c�N$L�e1W1`�`�L�N$`�P QEP U[`�U P XDW)P Q�U[W#N$r�]1a l
É `oP U�S=]1`�XDW#Q�U P[L�Q�W1Y}h)W1Z0L�N$W z U V�Wv`�e#V�W1Y�s�a P Q�RT]1a R�L�N�P U V�XS=]1`=Y�W1rkP[`�W1Y�c�N�P XD]#N�P[a ^�Z0L�NE`�e#V�W1Y�s�a P Q�RIR�W#Q�W#U P[eE]1a R�LkN�P U V�XD`F]1`

U[]1`�O�`FP Q�]#Q�P X�c�N$W1e#P[`�WEN$W1]1a
-
U P XDW�`�^m`�U[W#X z h�s�U3P Uoe1]#Qw]1a `�L,h)Ws�`�W1Y�Z0L�NI`�e#V�W1Y�s�a P Q�R\L�Z=� L�N$Y�P Q�]#N�^m�1P X�c�N$W1e#P[`�W|`�^m`�U[W�XD`��1U[]1`�O�`�l

n$Z�U V�]#U¢P[`�U V�W=e1]1`�W z U V�W)X�P Q�P X�s�X�U[]1`�OEN�s�Q�Q�P Q�RCU P XDWF`�V�L�s�a Y�h)W`�W#UAU[L=U V�WJe1L�X�c�s�U[]#U P[L�Q�]1aªU P XDWJL�Z»U V�W�XD]#Q�Y�]#U[L�N�^�c)]�N�U
mi z ]#Q�YU V�W�XD]#��P X�s�X U[]1`�OxN�s�Q�Q�P Q�R�U P XDW�U[L�U V�W�`�s�X L�ZTU V�W

XD]#Q�Y�]#U[L�N�^{]#Q�Y�U V�W|L�c�U P[L�Q�]1a�U P XDW
oi
l¢Æ�P Q�]1a a ^ z U V�W�sm`�W#N�XD]#^e#V�L�L�`�W�U[L_`�e#V�W1Y�s�a W�U V�W}`�^m`�U[W#X�S)P U V�`�L�XDW\L�ZCU V�WDW#��P[`�U P Q�R

]1a R�L�N�P U V�XD` z P Q_S)V�P[e#V�e1]1`�WFU V�WFXD]#Q�Y�]#U[L�N�^v]#Q�Y�L�c�U P[L�Q�]1a»c)]#N�U

L�Z)]�R�W#Q�W#U P[e�]1a R�L�N�P U V�X�`�V�L�s�a Y�L�Q�a ^�Z0L�N�XD]1a a ^Eh)W�Y�W1Z P Q�W1Yo]1`�P U
S=]1`�Y�W1`�e#N�P h)W1Y�P Q�`�W1e#U P[L�QEn�n�n$l
�HV�WJ`�e#V�W1Y�s�a W�P U[`�W1a Z»P[`3`�U[]#U P[e�]#Q�Y�Z s�a a ^DY�W#U[W#N�X�P Q�W1YFc�N�P[L�N6U[L

`�^m`�U[W#XgW#��W1e#s�U P[L�Q�l�Æ�s�N�U V�W#N_Y�W1r�W1a L�c�XDW#Q�U}L�ZJU V�W_]1a R�L�N�P U V�X
S=L�s�a Y�P Q�e1a s�Y�W�Y�^'Q�]#X�P[e1]1a�`�e#V�W1Y�s�a P Q�RwL�Z=U V�W|U[]1`�O�` z S)V�P[e#VS=L�s�a Y�]1a a L�S�e1W#N�U[]#P Q}c)]#N$]#XDW#U[W#N$` z ]1`�Y�W1]1Y�a P Q�W�U P XDW1`�L�N�U[]1`�OS=W#P[RkV�U[` z U[L�e#V�]#Q�R�W=Y�s�N�P Q�RCU V�W)c�N$L�e1W1`�`�l

P|l ÉRQTS ÛHUHKTÂ-V)WHX ¾ V6Û��
�HV�P[`�S=L�N�OMS=]1`�e1]#N�N�P[W1YTL�s�U|S)P U V�P Q_U V�W,N$W1`�W1]#N$e#V_c�N$L�Y�W1e#U

"Problem-
`�L�a rkP Q�R V6Q�rkP N$L�Q�XDW#Q�U[` P Q V6Q�RkP Q�W1W#N�P Q�R=Z z`�s�c�c)L�N�U[W1Y2h�^�U V�W ¾ P Q�P[`�U N�^uL�Z\[�e#P[W#Q�e1WD]#Q�Y|��W1e#V�Q�L�a L�Rk^�L�ZU V�W)£�W#c�s�h)a P[e=L�Z Q N$L�]#U P[]1l

REFERENCES

[1] ] s�Y�P Q z Â=l z1^ ]#O�L�h)L�rkP`_ z W|l z X�L�a s�h z ¾ l� �¤1a1a × ¡ z Zcb�]#N$]1a a W1aÉ Y�]#c�U P[r�WdX�W#Q�W#U P[e É a R�L�N�P U V�XeZ z�f ³351g1Ñ�h$Ò Î ÑjiT5�Ò#kªÑ�lnm
4�³ / Õ
iT5 ¼po 4 Î µ Ò�qnlninr s1t z KTP[W#Q�Q�] z U�e#U[L�h)W#NF¤1a1a × l

[2]
W|]1rkP[` z Â=l� �¤1a1a�¤�¡nuH/ Ò�¹1v1515 2 5#kxwym1Ò1m Î µ g{z�Õ q-5�³�µ Î | ¼ 0 ·P|]#QEÛ|L�`�U N$]#Q�Y�£�W#P Q�V�L�a Y z Û|W1S�}�L�N�O�l

[3]
X�]#N$r�W#^ z É l z Â=W1`�`�W#N z P|l} �¤1a1a�Ú�¡ z Z0£�W#c�N$W1`�W#Q�U P Q�R�]#Q�Y`�e#V�W1Y�s�a P Q�R `�]#U P[`�Z ^'P Q�R U[]1`�O�`3Z z h ¼po ³3m
g1µ 0 m / Ò�¹/ o1o ³35�~�µ ¼ /�Î m g
5 ¼po 4 Î /�Î µ 5�Ò z S a s�S=W#N É e1]1Y�W#X�P[e
bAs�h)a P[`�V�W#N$` z c�c)l�Ã�Ö -34

[4]
Â=W#s�Q�R z�^ L�`�W#c�Vx} -

��lC �¤1a1a�Ú�¡ z Z É `�s�N$r�W#^wL�Z�`�e#V�W1Y�s�a P Q�RN$W1`�s�a U[`{Z0L�N�P X�c�N$W1e#P[`�W�e1L�X�c�s�U[]#U P[L�Q�U[]1`�O�`3Z z h ¼po ³3m
g1µ 0 m/ Ò�¹ / o1o ³35�~�µ ¼ /�Î m�g
5 ¼po 4 Î /�Î µ 5�Ò z S a s�S=W#N É e1]1Y�W#X�P[ebAs�h)a P[`�V�W#N$` z c�c)l�Ö�Ú -42
[5]
Â)P s z
^ l1K -

[�l z Â)P Q z S -̂
l z [ÞV�P V z K -

S l z }Hs z É l Q l z Q V�s�Q�R z
J-
}�l z�� V�]1L z KMlo �¤1a1a�¤�¡ z Z É a R�L�N�P U V�XD`�Z0L�NJ[�e#V�W1Y�s�a P Q�Rn�X�c�N$W1e#P[`�W Q L�X�c�s�U[]#U P[L�Q�`3Z z h8�)�)��iT5 ¼po 4 Î m1³ z Ã 6)z c�c)l�Ú × -

68
[6] ¾ P[e#V�]1a W1S)P[e1� z-� l= �¤1a1a�Ã�¡ z wym1Ò1m Î µ g�z�Õ q-5�³�µ Î | ¼ 0H� Ó /�Î /��Î ³341g Î 4�³3m 0 ¸;���
5�Õ 4 Î µ 5�Ò / ³�� f ³35�q)³ / ¼ 0 z [Þc�N�P Q�R�W#N -P|W#N$a ]1R z

Berlin.


