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Real-
M V `}S6fhN¨fhMWSK`}f¯FKUTS�X4O9ÂÃJ4f�SI\ÄV X!F¶Â,VW\9S¶�<FKU/VWSKM NÅO9Q

FKb9b,L VWHIFKM VWOaX4f�k<V X4HIL J4\aV X4Z�fhb,FIHIS§FKX4\P\9SIQ{SKX4f�S§fhN¨fhMWSK`�f�k�b9UTO9HISIf�f
HIOaXcM UTO9LPFKX4\ÅfhVWZ
X4FILeb9UTO9HISIf�fhV X4Zc�*]_OaX4�cSKXcM VWOaX4FIL L N¨k¹UTSIFIL

-
M V `}S

fhN¨fhMWSK`}f¹FKUTS[\9SIfhVWZ
X4SI\�MWO�b,SKUTQ{OaU/`�F[Z
VW�cSKXÄf�SKM£O9Q'MWFIf g4f£Â,s4SKUTS
SIFIHKsÆMWFIfhgÇVWf�q,OaJcX4\9SI\ÆÂ,V M sÇV MWf�M V `}SÅHIOaX4fhM UTFKV XcMÈf��§¿�s4SIf�S
V X4HIL J4\9S}M s4S¬SIFKUTL VWSIfhM�q,SIZ
V X4k^OaU�UTSIFI\aN¨k_M V `}S¬FKX4\�M s4S6L FKMWSIfhM
Q V XcVWfhs¯M V `}SPOaU�\9SIFI\9L V X4SI��ÉÃMWFIfhg·f�SKMGV X·F�HIL FIf�fhVWHIFIL�UTSIFIL

-
M V `}S

fhN¨fhMWSK`�HIFKX2FIL f�O¹q,S�V XcMWSKUT\9SKb,SKX4\9SKXcMWÊ�F�fhJ4HIHISIf�f�OaU
-
b9UTSI\cSIHISIf�f�OaU

UTSIL FKM VWOaXPVWfe\9SIQ V X4SI\[q,SKMWÂjSISKX¶f�Oa`}S�O9QrM s4S¹MWFIfhg4f��c½/X�OaUT\9SKU^Q{OaU
FIL L¹O9Q�M s4SIf�S�HIOaX4fhM UTFKV XcMWf¹MWO«q,S�f�FKM VWf�Q VWSI\�F�Q{SIFIfhV q,L SPf�HKs4SI\aJ4L S
`^J4fhMGq,Seb9UTO9\aJ4HISI\�b9U/VWOaU�MWO¯OaU«SI�cSKX¬\aJcU/V X4Z^M s4S«fhNrfhMWSK`ÆU/JcX4�
¿�scVWf�k�Â,V M s»M s4S�ZcSKX4SKUTFIL�b9UTOaq,L SK`ËO9Q}f�HKs4SI\aJ4L V X4Z�UTSIf�OaJcUTHISIf
q,SKV X4ZÌOab9M V `}FIL L NÍ¾eÎ

-
s4FKUT\9k¬HIFIL L fÃQ{OaU�Q{FIfhMÅFKX4\ÍSIQ{Q{SIHKM VW�cS

`}SKM s4O9\9f¡Q{OaU4UTSIf�O9L �
V X4ZGM s4Sjf�HKs4SI\aJ4L V X4ZGb9UTOaq,L SK`}�
Ï¬scVWL S«M s4S�f�HKs4SI\aJ4L V X4Z}VWf[V X¬`}O9fhMPHIFIf�SIfPQ V |4SI\¬F/M�\9SIfhVWZ
X

M V `}SIk�F;fhMWFKM VWH;ÂjSIL L
-
b,L FKXcX4SI\jUTSIFIL

-
M V `}SefhN¨fhMWSK`�Â,VWL L�X4SI�<SKUY`^VWf�f

F�\9SIFI\9L V X4SI�¸½/X^b9UTFIHKM VWHISIkas4O9ÂjSI�cSKUTk9f�SI�cSKUTFIL'\aN<X4FK`^VWH¹fhV M J4FKM VWOaX4f
`}FKN·FKU/VWf�SPÂ,scVWHKs�FIQ{Q{SIHKM_M s4SPf�HKs4SI\aJ4L V X4ZcÊrMWFIfhg4f_`}FKN6O9�cSKU/U/JcX
M s4SKV U2SK|cb,SIHKMWSI\¶HIOa`^b9JcMWFKM VWOaX"M V `}S2\aJ4S§MWO¶L FKUTZcSKU}F/`}OaJcXcM*O9Q
V Xcb9JcM�\9FKMWF�OaU£q,SIHIFKJ4f�S�FKXPV MWSKUTFKM VW�cS�FIL ZcOaU/V M sc`ÐMWFKg4SIf�F�L OaX4ZcSKU
M V `}S´MWOÑHIOaX4�cSKUTZcSI�Ð¿�s4SËHIOaX4HISKb9M²O9Q±V `^b9UTSIH/VWf�SËFKX4\
FKb9b9UTOa|cV `}FKMWS¯HIOa`^b9JcMWFKM VWOaX4fes4FIf�SK`}SKUTZcSI\6FIfeM s4S�q4FIfhVWf«O9Q[F
X4SIÂ�FKb9b9UTO9FIHKs�O9Q¡\9SIFIL V X4Z«Â,V M s«M s4SIf�S_VWf�fhJ4SIf���Ï¬s4SKX�M V `}S[FKX4\
UTSIf�OaJcUTHISIf"FKUTS¯X4OaM�SKX4OaJ4Z
sÆQ{OaU·HIOa`^b9JcMWFKM VWOaX4f�MWO�HIOa`^b,L SKMWS
w
V M scV X�M s4S§\9SIFI\9L V X4SIk<M s4SKUTS£`}FKN�fhM VWL L9q,S^SKX4OaJ4Z
s«UTSIfWOaJcUTHISIf,MWO
b9UTO9\aJ4HISPFKb9b9UTOa|cV `}FKMWS;UTSIfhJ4L MWf§O9Q�FIHIHISKb9MWFKq,L SIk�VWQYX4O
M^\9SIfhV UTSI\9k
quality.

¿�s4S;X4FKM JcUTSPO9QY`}FKXcN·O9QYM s4SPFIL ZcOaU/V M sc`}f£VWf§fhJ4HKs¯M s4FKM_M s4SKN
HIFKX�FI\9FKb9M¨MWO�M s4SGV `^b9UTSIHKVWf�S[HIOa`^b9JcMWFKM VWOaXÄHIOaX4HISKb9MWÊ<M s4FKM¨VWf�k�FKX
FIL ZcOaU/V M sc`ÒHIFKX¼b9UTO9\aJ4HIS­FKXÆFKb9b9UTOa|cV `}FKMWS¯UTSIfhJ4L M«q,SIQ{OaUTS¯V MWf
UTSIZ
J4L FKUPSK|4SIHKJcM VWOaXÄM V `}S[VWf�Q V XcVWfhs4SI\9�GÓeSKX4SKM VWHPFIL ZcOaU/V M sc`}f�k¡FKX
SK|4FK`^b,L S2O9QGs4SKJcU/VWfhM VWH2\aV UTSIHKMWSI\PUTFKX4\9Oa`Ôf�SIFKUTHKs�`}SKM s4O9\9f�k_Q V M
b,SKUTQ{SIHKMWL N­Â,V M s�M s4S^VW\9SIF}O9Q�V `^b9UTSIHKVWf�S�HIOa`^b9JcM V X4Zc��¿�s4SKN�FKUTS
V MWSKUTFKM VW�cS;FIL ZcOaU/V M sc`}f£Â,scVWHKs�UTSIQ V X4S¡M s4SKV UeOaJcM b9JcM_Â,V M s�M V `}SeFKX4\
HIFKXÕs4FKX4\9L SÖFÖ�cFIfhMÌ`}FK��OaU/V M N×O9QØHIOa`^b9JcMWFKM VWOaX4FILÌFKX4\
Oab9M V `^VWÙIFKM VWOaX[MWFIfhg4f�V X�SI�cSKU/N¨\9FKN;b9UTFIHKM VWHISI�
ÉÚZcSKX4SKM VWH�FIL ZcOaU/V M sc`�`}FKN¯q,SP�
VWSIÂjSI\ÄFIf§FKX�SI�cO9L JcM VWOaX4FKU/N

b9UTO9HISIf�f*Â,s4SKUTSKV X�F^b,Oab9J4L FKM VWOaX�O9Q;f�O9L JcM VWOaX4f*SI�cO9L �cSIf�O9�cSKUPF
f�SIÛaJ4SKX4HIS«O9Q¹ZcSKX4SKUTFKM VWOaX4f��©¿�s4S«FIL ZcOaU/V M sc`Æ`}FKV XcMWFKV X4f[F«f�SKMeO9Q
f�O9L JcM VWOaX4f«Â,scVWHKs�FKUTS2SI�cFIL J4FKMWSI\Pq9N�Q V M X4SIf�f*Q JcX4HKM VWOaX�V X�SIFIHKs
ZcSKX4SKUTFKM VWOaX4�ÐÉ«Q MWSKUÖSI�cFIL J4FKM VWOaX4kÐM s4SKNÜFKUTSÖf�SIL SIHKMWSI\ÝQ{OaU
UTSKb9UTO9\aJ4HKM VWOaX*q,FIf�SI\*OaX�M s4SKV UeQ V M X4SIf�f���Þ�SIL SIHKM VWOaX¯SK`^q,O9\aVWSIf¨M s4S
b9U/V X4HKV b,L S"O9QÔß fhJcUT�
VW�cFIL[O9QjM s4S"Q V M MWSIfhMWß t;ß ZcO9O9\9ß�f�O9L JcM VWOaX4f�FKUTS
sel
SIHKMWSI\§Q{OaU,UTSKb9UTO9\aJ4HKM VWOaX�FKX4\^ß q,FI\9ß¸OaX4SIf¡FKUTSjSIL V `^V X4FKMWSI\9�a¿�s4S

f�SIL SIHKMWSI\�f�O9L JcM VWOaX4f^M s4SKX·JcX4\9SKUTZcO¯UTSIHIOa`^q9V X4FKM VWOaX·JcX4\9SKU«M s4S
FIHKM VWOaXàO9QÐZcSKX4SKM VWHÚOab,SKUTFKMWOaUTf�k

crossover
FKX4\

mutation
�

]rUTO9f�f�O9�cSKU�HIFKJ4f�SIf"SK|4HKs4FKX4ZcS�O9Q}ZcSKX4SKM VWH¯`}FKMWSKU/VWFIL�q,SKMWÂjSISKX
f�O9L JcM VWOaX4f�ÊjHKUTO9f�f�SI\¶f�O9L JcM VWOaX4f«HIFKX"b9UTO9\aJ4HIS}OaX4SIf*Â,V M s�q,SKM MWSKUá OaUâÂjOaUTf�SIã¬Q V M X4SIf�f��cFIL J4SI�Ë¿�s4S¬UTO9L SâO9QP`^JcMWFKM VWOaXÐVWfÄV X
UTSIfhMWOaU/V X4ZäL O9fhM³OaUÍJcX4SK|cb,L OaUTSI\åZcSKX4SKM VWHÌ`}FKMWSKU/VWFIL ��É«Q MWSKU
b,SKUTQ{OaU/`^V X4ZåZcSKX4SKM VWH´Oab,SKUTFKMWOaUTf�kÇF´ZcSKX4SKUTFKM VWOaXæHKN¨HIL SÌVWf
HIOaX4HIL J4\9SI\¬FKX4\¬F*MWSIfhMeVWf;b,SKUTQ{OaU/`}SI\}V X¼OaUT\9SKU�MWO6\9SKMWSKU/`^V X4S
Â,s4SKM s4SKU¹F,MWSKU/`^V X4FKM VWOaX�HIOaX4\aV M VWOaX[VWf�UTSIFIHKs4SI\^OaU4X4OaMW�
½/X¯M scVWf§ÂjOaU/g¯M s4S;J4f�SPO9Q�ZcSKX4SKM VWHPFIL ZcOaU/V M sc`}f_V X2V `^b9UTSIHKVWf�S

real-
M V `}S§fhN¨fhMWSK`}fYVWf�FKX4FIL N¨ÙISI\9k<M s4S§Q{SIFKM JcUTSIf�O9QGfhJ4HKs�fhN¨fhMWSK`}f

FKUTS­\9SIf�HKU/V q,SI\âFKX4\¼F�Q{SIÂçZ
JcVW\9SIL V X4SIf"FKUTS�fhMWFKMWSI\¼Q{OaU2M s4SKV U
SIQ{Q VWHKVWSKXcMj\9SIfhVWZ
X4�<ÉÆf�HKs4SI\aJ4L V X4Z«FIL ZcOaU/V M sc`!VWfj\9SIfhVWZ
X4SI\�Â,scVWHKs
HIFKX»q,S¯J4f�SI\6V X»M s4O9f�S�fhN¨fhMWSK`}f�M s4FKM*`}FKN�V X4HIL J4\9S·ZcSKX4SKM VWH
algorithms.

½/½T�a½/èÄÎrm_R�]r½TÞ�R·]_À�èÄÎrde¿�É�¿�½TÀ�¾�¿�R�]_l�¾e½Té�deR
è­SISKM V X4Z_M V `^V X4Z^OaUj\9SIFI\9L V X4S�HIOaX4fhM UTFKV XcMWf�VWfGOaX4SjO9Q<M s4S,`}O9fhM

V `^b,OaU/MWFKXcM·HIOaX4HISKU/X4f2V X!UTSIFIL
-
M V `}S»fhN¨fhMWSK`}f��;deX4Q{OaU/M JcX4FKMWSIL N¨k

\aJ4S±MWOçX4OaXcb9UTSI\aVWHKM VW�cSêSIL SK`}SKXcMWfÐV XÒ\aN<X4FK`^VWH�UTSIFIL
-
M V `}S

V `^b,L SK`}SKXcMWFKM VWOaX4f�k,fhJ4HKs6FIf;�cFKU/VWFKM VWOaX4f¡V XPb9UTO9HISIf�fhV X4Z;M V `}SIfeO9Q
FIL ZcOaU/V M sc`}feFKX4\�HIOaX4fhMWFKXcMWL N"HKs4FKX4Z
V X4Z�SKX4�
V UTOaXc`}SKXcMj\9SK`}FKX4\9f�k
V M£VWf�f�Oa`}SKM V `}SIf¹V `^b,O9f�fhV q,L S[MWO�f�HKs4SI\aJ4L SPFIL L_O9QYM s4S;MWFIfhg4f§f�O
M s4FKM«M s4SKV U·\9SIFI\9L V X4SIf"FKUTS¯`}SKM�FKM�FIL L�M V `}SIf��£¿�scVWf�fhV M J4FKM VWOaX
O9HIHKJcUTf�ÛaJcV MWS¯O9Q MWSKX»Â,s4SKX¶M s4S¯fhN¨fhMWSK`ÍVWf�V X"b,SIFKg�L O9FI\9�¨¿�s4S
ë ì�í,î�ïIðIë ñ�ï¶ðIò9ì�í,ó9ô õ9ô ë ò9ö­ô ïIðI÷9ö9ë ø9ó9ï UTSKb9UTSIf�SKXcMWf}FKXÅFKb9b9UTO9FIHKsM s4FKM�M UTFI\9SIf�O9Q{Q_M s4S¯ÛaJ4FIL V M N�O9QGM s4S§UTSIfhJ4L MWf�b9UTO9\aJ4HISI\Pq9N�M s4S
MWFIfhg4f·Â,V M s!M s4S»FK`}OaJcXcMWf·O9Q«b9UTO9HISIf�fhV X4Z·M V `}S"UTSIÛaJcV UTSI\�MWO



b9UTO9\aJ4HIS�M s4S�UTSIfhJ4L MWf��·¿�scVWfÐMWSIHKscXcVWÛaJ4SØFIf�fhJcUTSIf!M s4FKM±FKX
FKb9b9UTOa|cV `}FKMWS�UTSIfhJ4L M;O9Q¹FKX¬FIHIHISKb9MWFKq,L S«ÛaJ4FIL V M NPVWf;FI�<FKVWL FKq,L SjMWO
M s4S*J4f�SKU2Â,s4SKX4SI�cSKU§M s4S¯SK|4FIHKM�UTSIfhJ4L M«O9Q_M s4S¯\9SIfhV UTST\6ÛaJ4FIL V M N
HIFKXcX4OaM'q,SjOaq9MWFKV X4SI\_V X[M V `}SI�
ù�ú9û õ9ñ�üjî�ïIø9ó9ë î�ïIìeïIö9ô ñ
½/X�OaUT\9SKU�Q{OaU�FÄUTSIFIL

-
M V `}S­fhN¨fhMWSK`´MWOâfhJcb9b,OaU/M«V `[b9UTSIHKVWf�S

HIOa`^b9JcMWFKM VWOaX4kGSI�cSKU/N¯M V `}S
-
HKU/V M VWHIFIL¨MWFIfhgÄV XÄM s4S�fhN¨fhMWSK`�s4FIf£MWO

q,S§fhM U/J4HKM JcUTSI\;V X"F§ÂjFKN«M s4FKM,V MjHIFKX�q,S^L O9Z
VWHIFIL L NÄ\9SIHTOa`^b,O9f�SI\
V XcMWO¯MWÂjO·fhJcq9MWFIfhg4f�t;F

mandatory
fhJcq9MWFIfhgâFKX4\·FKX

optionalfhJcq9MWFIfhg4�â¿�s4SØ`}FKX4\9FKMWOaU/NýfhJcq9MWFIfhgËVWfÍM s4SØb,O
U/M VWOaXþO9Q
HIOa`^b9JcMWFKM VWOaX¶M s4FKM�s4FIfeMWO�q,S¯\9OaX4S¯Q{OaU2F§MWFIfhg"MWOPbcUTO9\aJ4HIS2F
`}SIFKXcV X4ZcQ J4LGUTSIfhJ4L M�FKX4\¯V M[s4FIf[MWO2q,S�HIOa`^b,L SKMWSI\2q4SIQ{OaUTS«M s4S
\9SIFI\9L V X4SI�}¿�s4S�Oab9M VWOaX4FIL�fhJcq9MWFIfhgÌVWf­M s4Sâb,OaU/M VWOaXÿO9Q"M s4S
HIOa`^b9JcMWFKM VWOaX�M s4FKMrUTSIQ V X4SIf¨M s4S¡UTSIfhJ4L MW�I½/MGHIFKX§q,SeL SIQ M�J<X4Q V XcVWfhs4SI\
FKM,M s4S^SK|cb,SKX4f�S^O9Q�M s4S^ÛaJ4FIL V M NÄO9Q�M s4S^O9�cSKUTFIL LcUTSIfhJ4L M¨b9UTO9\aJ4HISI\
q9N;M s4S,MWFIfhg4�
¿�s4SKUTS«SK|cVWfhMef�SI�cSKUTFIL'`}SKM s4O9\9f¡MWO}FI\9FKb9M�M s4SjMWFIfhg6S/|4SIHKJcM VWOaX

f�O­V M¬HIFKXÅq,S"J4f�SI\�V XÅV `^b9UTSIHKVWf�S�HIOa`^b9JcMWFKM VWOaX4��½TQÄF"MWFIfhg
ZcSKX4SKUTFKMWSIfjM s4S^UTSIfhJ4L M¹V X�f�Oa`}S}Q{OaU/`êO9Q�V MWSKUTFKM VW�cS[UTSTQ V X4SK`}SKXcMWk
ÂjSÆHIFKX±UTSIHIOaUT\ÃM s4S�V XcMWSKU/`}SI\aVWFKMWS�UTSIfhJ4L MWfâFKM¼FKbcb9UTOab9U/VWFKMWS
V X4fhMWFKX4HISIf�O9QGM s4S§MWFIfhg�SK|4SIHKJcM VWOaX4�¨¿�s4S§`}FKX4\9FKMWOaU/N�b4FKU/M*O9Q[F
MWFIfhg¼SK|4SIHKJcMWSIfPQ V UTfhMWk,b9UTO9\aJ4HKV X4Z¶F�UTSIfhJ4L M«Â,V M s¶M s4S§`^V XcV `^Jc`
FIHIHISKb9MWFKq,L S;L SI�cSILrO9Q©UTSIL VWFKq9VWL V M N¨�I¿�scVWf¨UTSIfhJ4L MrVWfrM s4SKX§U¸SIQ V X4SI\¹q9N
M s4S�Oab9M VWOaX4FIL¨b,FKU/M§Â,scVWHKs­fhMWOaUTSIf¹M s4S�HKJcU/UTSKXcM§OaJcM b9J<M^�cFIL J4S;V X
b9UTSI\9SIQ V X4SI\¹M V `}S�V XcMWSKUT�cFIL f��Tdeb,OaX§UTSIÛaJ4SIfhMWkTM s4SeL FKMWSIfhM�UTSIHIOaUT\9SI\
�cFIL J4S2O9QGV XcMWSKU/`}SI\aVWFKMWS§UTSIfhJ4L MjVWf*FI�cFKVWL FKq,L S^MWO�M s4S^J¨f�SKUT�r¿�scVWf
`}SKM s4O9\ÿQ{OaUÇUTSKM JcU/XcV X4Z�V `^b9UTSIHKVWf�SÇUTSIfhJ4L MWfâVWf�HIFTL L SI\±M s4S
ìeë � ïIñ�ô ò9ö9ïjìeïIô ÷9ò��

.½TQ�M s4S£`^VWL SIfhMWOaX4S£`}SKM s4O9\;VWfYX4OaMjFKb9b,L VWHIFKq,L SIk<M s4SKX«V MjHIFKX«q,S
b,O9f�fhV q,L S�MWOÅHIOa`^b,O9f�S�FÄMWFIfhg�Â,s4SKUTSÄ`}FKX4\9FKMWOaU/N�b,FKU/MWf¶FKUTS
interlea

�cSI\*Â,V M s¯HIOa`^b9JcMWFKM VWOaX4FILrfhMWSKb,f¨M s4FKM_HIFKX§q,Sef gcV b9b,SI\¹V X
b9UTO9\aJ4HKV X4Z*FG`^V XcV `}FIL L N¯FIHIHISKb9MWFKq,L S;f�O9L JcM VWOaX4�I¿�s4SIf�S�b,FKU/MWf£FKUTS
HIFIL L SI\ ñ�ë ï��Iï���ó9ö9ðIô ë ò9ö9ñ ��½TQ�F[fhVWSI�cS[Q JcX4HKM VWOaX*VWf4X4OaM£HIO
`^b,L SKMWSI\9kM s4SKXÇV MWf�V Xcb9JcMWf�k§UTFKM s4SKU¬M s4SKXÚOaJcM b9JcMWf�k2FKUTS¬J4f�SI\�q9NÍL FKMWSKU
`}FKX4\9FKMWOaU/N6HIOa`^b9JcMWFKM VWOaX4�©½/MWSKUTFKM VW�cS«HIOa`^b9JcMWFKM VWOaX6HIF/X6FIL f�O^q,S
�
VWSIÂjSI\^FIf¡Fjf�SKU/VWSIf¡O9Q¨fhVWSI�cSjQ JcX4HKM VWOaX4f��
Ï¬s4SKX^X4SKV M s4SKU,M s4SY`^VWL SIfhMWOaX4SY`}SKM s4O9\£X4OaU4M s4SjfhVWSI�<S,`}SKM s4O9\

HIFKX�q,S­J4f�SI\9kÄÂjSÃHIFKXçFIL `}O9fhM�FIL ÂjFKN¨f¶J4f�S­M s4S ì�ó�� ô ë í�� ï
versions

O9Q¨M s4SjMWFIfhg4f��9½/X�M scVWfeFKb9b9UTO9FIHKs¶ÂjS¹X4SISI\[MWO;b9UTO9�
VW\9S
MWÂjO á OaU;`}OaUTSIã;�cSKUTfhVWOaX4f�O9QeSIFIHKsÄMWFIfhg4t¨M s4S[b9U/V `}FKU/N·FKX4\*M s4S
FIL MWSKU/X4FKMWSP�cSKUTfhVWOaX4��¿�s4S;b9U/V `}FKU/N·�cSKUTfhVWOaX¯b9UTO9\aJ4HISIf^F;b9UTSIHKVWf�S
UTSIfhJ4L M�q9JcM�J4f�SIfe`}OaUTS¯HIOa`^b9JcMWFKM VWOaX¶M V `}SI�4ÏâS§`}FKN­ÂjFKXcMjMWO
f�HKs4SI\aJ4L S�M s4SêFIL MWSKU/X4FKMWSØ�cSKUTfhVWOaX4kâÂ,scVWHKs s4FIfÍFçfhs4OaU/MWSKU
b9UTO9HISIf�fhV X4Z;M V `}S�FKX4\�ZcSKX4SKUTFKMWSIf�FKX�V `^b9UTSIHKVWf�S£q9JcMjFTHIHISKb9MWFKq,L S
UTSIfhJ4L MWk�Â,s4SKX»V M«VWf�X4OaM*b,O9f�fhV q,L S2MWO»HIOa`^b,L SKMWS2M s4S}b9U/V `}FKU/N
�cSKUTfhVWOaX�O9Q¨F,MWFIfhg[q9N;V MWf¡\9SIFI\9L V X4SI�
ÏâS¡s4FI�cS¡M s4S¡`}FK|cV `^Jc`�Q{L SK|cV q9VWL V M N§V X¯f�HKs4SI\aJ4L V X4Z^Â,s4SKX2FIL L

M s4SäM V `}S
-
HKU/V M VWHIFILÔHIOa`^b9JcMWFKM VWOaX4fÖFKUTSÝ\9SIfhVWZ
X4SI\ËMWOÒq,S

`}OaX4OaMWOaX4SIk_M s4FKM�VWf�k_M s4S¬ÛaJ4FIL V M NÃO9Q;M s4S�V XcMWSKU/`}SI\aVÈFKMWS�UTSIfhJ4L M
p
UTO9\aJ4HISI\�q9N�V M¨VWf4X4OaX

-
\9SIHKUTSIFIfhV X4Z*FIf¨V M_SK|4SIHKJcMWSIf£L OaX¨ZcSKUT�I¿�s4S

L OaX4ZcSKUeF¡`}OaX4OaMWOaX4S¡MWFIfhg¯SK|4SIHKJcMWSIf¨q,SIQ{OaUTS¡V MWf¨MWSKU/`^V X¨FKM VWOaX4kIM s4S
fh`}FIL L SKU¬VWf�M s4SÅSKU/UTOaUâO9Q�V MWf�V `^b9UTSIHKVWf�S¬UTSIfhJ4L MW�^è�OaX4OaMWOaX4S
FIL ZcOaU/V M sc`}f±SK|cVWfhMÅV Xÿ`}FKXcNÔb9UTOaq,L SK` \9Oa`}FKV X4f�fhJ4HKsàFIf
XcJc`}SKU/VWHIFIL HIOa`^b9JcMWFKM VWOaX4k fhMWFKM VWfhM VWHIFIL SIfhM V `}FKM VWO
X FKX4\
b9UTSI\aVWHKM VWOaX4k«s4SKJcU/VWfhM VWHÐf�SIFKUTHKsØOaUÃf�OaU/M V X4Zc�«¿�s4SKUTS!FKUTSÃFIL f�O

SIQ{Q{OaU/MWf6MWO�\9SI�cSIL Oab�`}OaX4OaMWOaX4SÃFIL ZcOaU/V M sc`}f¶V XçFKb9b,L VWHIFKM VWOaX
\9Oa`}FKV X4fGÂ,s4SKUTS�fhJ4HKs}FIL ZcOaU/V M sc`}fGFKUTSYX4SISI\9SI\9�¸Ï¬s4SKX^MWFIfhg4f¡FKUTS
`}OaX4OaMWOaX4SIkTM s4Sef�HKs4SI\aJ4L V X4Z§HIFKX§q,Se\9OaX4S�\aN<X4FK`^VWHIFIL L N�FKX4\§OaX

-L V X4SIk�OaU¡X4SIFKUTL N
on-
L V X4SIk�q,SIHIFKJ4f�SGM s4S[f�HKs4SI\aJ4L SKU;HIFKX�MWSKU/`^V X4FKMWS

F,MWFIfhg�FKXcN;M V `}SjFIQ MWSKU4V M's4FIf�b9UTO9\aJ4HISI\^FKX�FIHIHISKb9MWFKq,L S,UTSIfhJ4L MW�
� ú�	 ðI÷9ï��9ó�� ë ö�
���ò9î¡õ_í,ó9îhí,ò9ñ�ï
Ó�VW�cSKX�F}f�SKM�O9Q¡MWFIfhg4fjV X�F^UTSIFIL

-
M V `}S}fhN¨fhMWSK`}k_ÂjS^s4FI�cS[MWO

f�HKs4SI\aJ4L S�M s4SK`³f�O§M s4FKM;\9SIFI\9L V X4S*HIOaX4fhM UTFKV XcM�VWf¡`}SKMeQ{OaU�SI�cSKU/N
MWFIfhg4�9É�b,FKU/MeQ UTOa`Úf�FKM VWf�Q N<V X4Z[M V `^V X4Z�HIOaX4fhM UTFKV XcMWk,ÂjSj`}FKN"FIL f�O
ÂjFKXcM}MWOÃFIHKscVWSI�cS»F»HISKU/MWFKV XÅb,SKUTQ{OaU/`}FKX4HIS"UTSIZcFKUT\aV X4ZÅf�Oa`}S
OaM s4SKU»HKU/V MWSKU/VWFI�[½/XÃV `^b9UTSIHKVWf�S6UTSIFIL

-
M V `}S»fhN¨fhMWSK`}f2M s4SKUTS»FKUTS

f�SI�cSKUTFIL«\aVWQ{Q{SKUTSKXcM«b,SKUTQ{OaU/`}FKX4HIS¯`}SKM U/VWHIf��¹½TQ}OaJcU·ZcO9FIL�VWf�MWO
`^V XcV `^VWÙIS·M s4S

total
OaU ìeõ�
�ë ìeó9ì ïIî�î�ò9î k}ÂjSâÂ,VWL L�M U/NÃMWO

f�HKs4SI\aJ4L S£M s4S£MWFIfhg4fYV X�fhJ4HKs�F^Q{FIfhscVWOaX«M s4FKM¹SI�cSKU/N*MWFIfhg«UTSKM JcU/X4f
FIfÄZcO9O9\"UTSIfhJ4L M¯FIf*b,O9f�fhV q,L SI�_¿�s4S}b9UTOaq,L SK`êq,SIHIOa`}SIf�`}OaUTS
\9SK`}FKX4\aV X4Z}VWQ�SI�cSKU/N6MWFIfhg¬s4FIfPFÄHISKU/MWFKV X¼ÂjSKVWZ
scM�Q{FIHKMWOaU�M s4FKM
\9SKMWSKU/`^V X4SIf¡SK|4FIHKMWL N;s4O9Â}V `^b,OaU/MWFKXcM'V MWf�UTSIfhJ4L M'VWf�MWO_M s4SjfhN¨fhMWSK`}�
½TQeÂjS�FKUTS�Z
VW�cSKX­F�HISKU/MWFKV XÄMWOaMWFIL£SKU/UTOaUeM scUTSIfhs4O9L \9k¡ÂjS;`}FKN

ÂjFKXcM¨MWO�`^V XcV `^VWÙISGM s4S ö9ó9ì��9ïIî¹ò���� õ9ô ï OaU ô õ9î����Pô õ9ñ�üIñ kIM s4FKMrVWf�k
M s4S"OaX4SIf�Â,s4O9f�S«`}FKX4\9FKMWOaU/N¼fhJcq9MWFIfhgâHIFKXcX4OaMPSI�cSKX¬`}SISKM;V MWf
\9SIFI\9L V X4SI�YÓ�VW�cSKX}M s4S*f�FK`}SjM scUTSIfhs4O9L \}�cFIL J4SIk,ÂjSj`}FKN¶HKs4O9O9f�S
MWO;`^V XcV `^VWÙIS£M s4S õ��IïIî�õ�
,ï§î�ïIñhí,ò9ö9ñ�ï§ô ë ì

e
OaU ìeïIõ9ö���� ò���ô ë ìeï kVW� SI��M s4S[FI�cSKUTFIZcS[FK`}OaJcXcM£O9Q'M V `}S[FGMWFIfhgÄfhb,SKX4\9f4V X�M s4S;fhN¨fhMWSK`

JcXcM VWL'V M�HIOa`^b,L SKMWSIf�k4Â,scVWHKsPV X4HIL J4\9SIf�b,O9f�fhV q,L S�ÂjFKV M V X4ZPFIfeÂjSIL L
FIf�U/JcXcXcV X4Zc�
¿�s4S�ZcO9FILI`}FKN�FIL f�O§f�Oa`}SKM V `}SIf�q,SYMWO_`^V XcV `^VWÙIS,M s4S,XcJc`^q,SKU

O9Q �9ë ñ�ðIõ9î��9ï��§òaí,ô ë ò9ö9õ���ô õ9ñ�üIñ k¸M s4S�OaX4SIfGÂ,s4O9f�S�Oab9M VWOaX4FILIb,FKU/M�VWfX4OaM;HIOa`^b9JcMWSI\9�©½TQ4M s4S�UTSIFIL
-
M V `}S«fhN¨fhMWSK`ÆVWfGUTSIFIL VWÙISI\§q9N�J4fhV X4Z

M s4S¡`^J4L M V b,L S;�cSKUTfhVWOaX4f£O9Q©M s4S¡MWFIfhg4f�kIV MrVWf¨M s4SKX¯O9Q MWSKX¯HIFIL L SI\¹M s4S
V `^b9UTSIHKVWf�SÆHIOa`^b9JcMWFKM VWOaXêÂ,V M s o��Wn HIOaX4fhM UTFKV XcMW�"Þ�HKs4SI\aJ4L V X4ZfhJ4HKs}FjfhN¨fhMWSK`�MWO_`^V XcV `^VWÙIS,MWOaMWFIL'SKU/UTOaU4s4FIf�b9UTO9�cSI\_V MWf�SIL Q<MWO_q,S
�cSKU/N

demanding.

½/½/½T�9Þ�]_l�RYÁed��,½/¾�Ó�Ó�RY¾eRY¿�½T]�É��jÓeÀ�m_½/¿el�è­Þ
ÓeSKX4SKM VWH^FIL ZcOaU/V M sc`}f,s4FI�cS_X4OaM¨q,SISKXÄSK|4HISIf�fhVW�cSIL N�JcM VWL VWÙISI\�V X

s4FKUT\}UTSIFIL
-
M V `}SÄfhN¨fhMWSK`}fPf�O¬Q{FKUT�,½/X¼fhJ4HKs¼FÄfhN¨fhMWSK`ÚM s4S�J4f�SKU

X4SISI\9f;M s4SÄOaJcM b9JcMeb9UTOa`^b9MWL N»FKX4\¬FIHIHKJcUTFKMWSIL N¨kjÂ,scVWHKs¼ZcSKX4SKM VWH
FIL ZcOaU/V M sc`}f�FKUTS�X4OaM«\9SIfhVWZ
X4SI\6Q{OaUT�¹ÀeQ^HIOaJcUTf�SIk£FKX�FIL ZcOaU/V M sc`
FIL ÂjFKN¨fes4FIfeMWO6SK|cVWfhM�M s4FKM«Â,VWL LYb9UTO9\aJ4HIS§M s4S§UTSIfhJ4L MW�¨½/X�HIFIf�SIf
Â,s4SKUTS*M s4SKUTS*VWf;X4O¬FIL ZcOaU/V M sc`´Â,scVWHKs¼Â,VWL L�N<VWSIL \}M s4SÄHIOaU/UTSIHKM
UTSIfhJ4L MjOaU_V MWf�SK|4SIHKJcM VWOaX�`^VWZ
scM,q,S£MWO9OPf�L O9Â»OaU_M s4S_b9UTOaq,L SK`!VWf
NP-
s4FKUT\"ÂjS[`^VWZ
scM£J4f�S�F�ZcSKX4SKM VWH�FIL ZcOaU/V M sc`}��½TQeF[UTSIFIL

-
M V `}S

sys
MWSK`�VWf^FIL f�O�q,FIf�SI\¯OaX·FKX2V `^b9UTSIHKVWf�S�HIOa`^b9JcM V X4Z^`}O9\9SIL kYF

ZcSKX4SKM VWHjFIL ZcOaU/V M sc`ÇFIf¡F,MWFIfhg[`}FKN;q,S,M s4Sjf�O9L JcM VWOaX4�
ÓeSKX4SKM VWH6FIL ZcOaU/V M sc`}f�k;FIf2ÂjSIL L^FIf2OaM s4SKU�s4SKJcU/VWfhM VWHPUTFKX4\9Oa`

f�SIFKUTHKs `}SKM s4O9\9f á fhV `^J4L FKMWSI\ FKXcX4SIFIL V X4ZckÒSI�cO9L JcM VWOaX4FKU/N
fhM UTFKMWSIZ
VWSIf*SKMWHI� ã/k_FKUTS^`}OaX4OaMWOaX4S�FIL ZcOaU/V M sc`}f¹M s4FKM§FKUTS�fhJcV MWFKq,L S
Q{OaUPV `^b,L SK`}SKXcMWFKM VWOaX­V XÃFKX�V `^b9UTSIHKVWf�S¶HIOa`^b9JcMWFKM VWOaX!fhN¨fhMWSK`}�
¿�s4SÆfhN¨fhMWSK` HIFKX±UTSIHIOaUT\ÃM s4SÆHKJcU/UTSKXcMâf�O9L JcM VWOaX±V XÔSI�cSKU/N
ZcSKX4SKUTFKM VWOaX4FIL}HKN¨HIL S»O9Q*M s4S�FIL ZcOaU/V M sc`}�e¿�s4S�HIOa`^b9JcMWFKM VWOaX4FIL
M V `}S»O9Q«M s4S¶`}FKX4\9FKMWOaU/N�fhJcq9MWFIfhg±O9Q�ZcSKX4SKM VWH»FIL ZcOaU/V M sc` VWf
�
V U/M J4FIL L NÄX4OaX

-
SK|cVWfhMWSKXcMWkrq,SIHIFKJ4f�S^M s4S}FIL ZcOaU/V M sc`±b9UTO9�
VW\9SIf¹M s4S

V XcV M VWFIL£f�O9L JcM VWOaXÄV XÄM s4SPQ V UTfhM_V MWSKUTFKM VWOaX4��¿�s4SPOab9M VWOaX4FILrb,FKU/MWk¡OaX



M s4S�OaM s4SKU»s4FKX4\9k�s4FIf!FKXÍJcX4\9SKMWSKU/`^V X4SI\ÌSK|4SIHKJcM VWOaX±M V `}SIk
q,SIHIFKJ4f�S¡M s4SKUTS¡VWf¨X4O*ÂjFKN§MWOjgcX4O9Â­Â,s4SKM s4SKU�M s4SeFIL ZcO
U/V M sc`¼s4FIf
UTSIFIHKs4SI\!M s4SÇHIOaU/UTSIHKM¼f�O9L JcM VWOaX4��EGOaU/`}FIL L N¨k�ÂjSÐHIF/XØSKV M s4SKU
\9SKX4OaMWS¯M s4S·HIOa`^b9JcMWFKM VWOaX4FILjM V `}S·O9Q[`}FKX4\9FKMWOaU/NÐfhJ<q9MWFIfhgÇFIf
ÙISKUTOÄFKX4\ÄO9QYM s4SPOab9M VWOaX4FIL_fhJcq9MWFIfhg�FIf£V X4Q V XcV MWSPOaU«��VWHIS��cSKUTf�FIk
\9SKb,SKX4\aV X4ZÇOaXÐM s4S¬X4FKM JcUTSâO9QPM s4S¬UTSIFIL

-
M V `}SâfhN¨fhMWS/`}�^¿�s4S

FIHIHKJcUTFIHKNÆO9Q§M s4S­f�O9L JcM VWOaX¼b9UTO9�
VW\9SI\¬q9NÆZcSKX4SKM VWH·FIL ZcOaU/V M sc`
HIFKXcX4OaM;q,S*`}SIFIfhJcUTSI\9kjÂ,scVWHKs6VWfPFÄfhVWZ
XcVWQ VWHIFKXcM�\aUTFIÂ,q4FIHKg4Ê�V X
ZcSKX4SKUTFIL k©ÂjS�HIFKX}OaX4L N[s4Oab,SYM s4FKM�M s4Sjf�O9L JcM VWOaX[VWf¡ß ZcO9Oc\^SKX4OaJ4Z
s4ß
FIf£M s4SKUTS;VWf£X4OÄSKU/UTOaU«SIfhM V `}FKMWSI�'Ï¬s4FKM[ÂjS�HIFKX2MWSIL L�VWfGM s4FKMGM s4S
f�O9L JcM VWOaX}HIFKX}OaX4L N[q,SYq,SKM MWSKU,VWQcM s4S�FIL ZcOaU/V M sc`ÆSK|4SIHKJcMÈSIf¡L OaX4ZcSKUT�
¿eO·HIOab,S�Â,V M s¬M scVWf;b9UTOaq,L SK`}kjOaX4SÄHIFKX6b,SKUTQ{OaU/`´F¯f�SKU/VWSIfPO9Q
Oab9M V `^VWÙIFKM VWOaX4f;O9Q¨M s4S*f�FK`}S*HIL FIf�feO9QrM s4S¹b9UTOaq,L SK`}�c¿Ys4FKM�ÂjFKN¨k
Q{OaU�FeZ
VW�cSKX2SK|4SIHKJcM VWOaX§M V `}SIk©ÂjS�HIOaJ4L \§SIfhM V `}FKMWSYM s4SjÛaJ4FIL V M N�O9Q
M s4S�f�O9L JcM VWOaXÄb9UTO9\aJ4HISI\Äf�OÄQ{FKUT�¡ÓeSKX4SKM VWHPFIL ZcOaU/V M sc`}f^HIFKX�FIL f�O
�cSKU/N SIFIfhVWL NÌq,S�\9SIfhVWZ
X4SI\ÇMWOÚSK|4SIHKJcMWSâV XÌb,FKUTFIL L SIL �}¿�s4FKM
FKb9b9UTO9FIHKs}HIFKX^b9UTO9\aJ4HISYq,SKM MWSKU,UTSIfhJ4L MWf�V X�f�FK`}SjFK`}OaJcX<M�O9Q<M V `}S
OaX[`^J4L M V b9UTO9HISIf�f�OaU¹fhN¨fhMWSK`}f��
¿�s4SKUTS«FKUTS�MWÂjO}ÂjFKN¨f;O9Q¨V X4HIOaU/b,OaUTFKM V X4Z�ZcSKX4SKM VWH*FTL ZcOaU/V M sc`}f

V XcMWO�UTSIFIL
-
M V `}S¯fhN¨fhMWSK`}f��4¿�s4SKN�HIFKX»SKV M s4SKU§UTSKb,L FIHIS2F§MWFIfhg�OaU

f�SI�cSKUTFIL}O9Q«M s4SK`ÝOaU"M s4S�fhN¨fhMWSK` `}FKN�HIOaX4fhVWfhM6SKX<M V UTSIL N�O9Q
ZcSKX4SKM VWHÍFIL ZcOaU/V M sc`}f��Ä½/X³M s4S±Q V UTfhMÐFKb9b9UTO9FIHKs³M s4S�ZcSKX4SKM VWH
FIL ZcOaU/V M sc`�HIFKX*b,SKUTQ{OaU/`�FG��Oaq�Q{OaU;Â,scVWHKs�M s4SKUTS¡VWf¨X4O�SIQ{Q{SIHKM VW�cS
FIL ZcOaU/V M sc`çOaU�M s4Se��Oaq2VWfGMWO9O§M V `}S

-
HIOaX4fhJc`^V X4Z}Q{OaU*F*HIL FIf�fhVWHIFIL

FIL ZcOaU/V M sc`}�}½TQ¨M s4FKM�VWf�M s4S�HIFIf�SIkcM s4S�HIOa`^b9JcMWFKM VWOaXPM V `}S�O9QrM s4S
`}FKX4\9FKMWOaU/N2b,FKU/M^O9Q�ZcSKX4SKM VWHPFIL ZcOaU/V M sc`Øfhs4OaJ4L \*q,S�\9SIQ V X4SI\¯FIf
V X4Q V XcV MWS�f�O§V M;HIFKX}U/JcX¬FIf[L OaX4Z}FIfGb,O9f�fhV q,L SI�©¿�s4FKM;Â¹FKN�V M;Â,VWL L
FIL ÂjFKN¨fYq,S§L FKMWSIk<q9JcM¹OaX4L NÄQ{OaU/`}FIL L N¨krFIf,V M¹HIFKX«X4SI�cSKU;HIOa`^b,L SKMWS
V X�M UTFI\aV M VWOaX4FILrf�SKX4f�S;FKXcN¨ÂjFKN¨�I¿�s4SeHIOa`^b9JcMWFKM VWOaX4FIL�SKU{UTOaU�O9Q9M s4S
FIL ZcOaU/V M sc`�VWf�JcXcgcX4O9Â,X�FKX4\_M s4SKUTSIQ{OaUTSjHIFKX�OaX4L N;q,S,VWZ�X4OaUTSI\9�
Ï¬s4FKMÇHKU/V MWSKU/VWFÍfhs4OaJ4L \ØÂjSÍHIOaX4fhVW\9SKU±Â,s4SKXç`�FKgcV X4ZçF

f�HKs4SI\aJ4L S�Q{OaU­F�UTSIFIL
-
M V `}S­fhN¨fhMWSK`´V X4HIL J4\aV X4Z¼OaU�HTOaX4fhVWfhM V X4Z

SKXcM V UTSIL NÝO9QÍZcSKX4SKM VWH´FIL ZcOaU/V M sc`}f��³èÄV XcV `^VWÙKV X4ZØMWOaMWFIL�OaU
`}FK|cV `^Jc`ÆSKU/UTOaU,VWf�X4OaM�b,O9f�fhV q,L SYq,SIHIFKJ4f�S�ÂjS,s4FI�cS,X¨O_`}SIFKX[MWO
SI�cFIL J4FKMWS_V MW��½/X�HIL FIf�fhVWHIFILcV `^b9UTSIHKVWf�S[HIOa`^b9JcMWFKM VWOaX4f4M s¨S[SKU/UTOaU¡VWf
J4fhJ4FIL L Nâ\9SIQ V X4SI\�FIf}F"Q JcX4HKM VWOaXÅO9QjM s4S�M V `}S�b,OaU/M VÈOaXÅO9QjM s4S
Oab9M VWOaX4FIL,fhJcq9MWFIfhg�M s4FKMjÂjFIf�\aVWf�HIFKUT\9SI\;V X�M s4S§f�HKs4SI\aJ¨L SIk¨Â,scVWHKs
HIFKXcX4OaMjq,S§`}SIFIfhJcUTSI\PVWQ[F^MWFIfhg�VWf*F}ZcSKX4SKM VWH}FIL ZcOaU/V M sc`}�r¿�s4S
J4f�SKU§HIFKX4kcV X�M s4FKMjHIFIf�SIk¨FIf�fhVWZ
X�scVWZ
s4SKU^ÂjSKVWZ
scMj�cFIL J4STfYMWO;`}OaUTS
V `^b,OaU/MWFKXcM§b,FKU/MWf¯O9QeM s4S6HIOa`^b9JcMWFKM VWOaX4�¡¿�s4SPXcJc`^q4SKU"O9Q«L FKMWS
MWFIfhg4frVWf_FIL f�O�Â,V M s4OaJcM�`}SIFKXcV X4Z£V X2fhJ4HKs2fhN¨fhMWSK`}k'FIf_Â¹SIL L�FIfrM s4S
b9UTOaq,L SK`}fjÂ,V M s o��Wn HIOaX4fhM UTFKV XcMWf���É«fjQ{OaU¡M s4S[FI�cSKUTFIZcS¡UTSIfhb,OaX4f�SM V `}SIk�M s4SKUTSGVWf4X4O*f�SKX4f�S¡V X�MWSKU/`^V X4FKM V X4Z�F;ZcSKX4SKM VWH;FIL ZcOaU/V M sc`âVWQ
V M�VWf¡X4OaMeFKq,f�O9L JcMWSIL NPX4SIHISIf�f�FKU/N¨Ê'V MeHIFKX6OaX4L NPb9UTO9\aJ4HIS�Fjq,SKM MWSKU
UTSIfhJ4L M¡O9�cSKU,M V `}SI�¸¿�scJ4f�k9Â,s4SKX�f�HKs4SI\aJ4L V X4Z[ZcSKX4SKM VWHjFTL ZcOaU/V M sc`}f�k
ÂjS[fhs4OaJ4L \«FIL L O9Â�SIFIHKsÄOaX4SGMWO«SK|4SIHKJcMWS[FIf¹L OaX4Z*FIf¨b4O9f�fhV q,L S¡V X
OaUT\9SKU;MWO�ZcSKM£`}OaUTS�FIHIHKJcUTFKMWS[UTSIfhJ4L MWf���ÏâS�HIFKX­FIf�fhVWZ�X­ÂjSKVWZ
scM
Q{FIHKMWOaUTfGMWO2SIFIHKs¬FIL ZcOaU/V M sc`Úf�O^M s4FKM�`}OaUTSjV `^b,OaU/MWFKXcMYMWFIfhg4f;ZcSKM
`}OaUTSjSK|4SIHKJcM VWOaX[M V `}SI�
¿�s4SÄf�HKs4SI\aJ4L V X4Z6FIL ZcOaU/V M sc`´fhs4OaJ4L \¬FIL f�O}MWFKg4SÄFI\c�cFKX4HIS¯O9Q

M s4SYb9UTOab,SKU/M N�O9QcM s4S�ZcSKX4SKM VWH�FIL ZcOaU/V M sc`}fGÂ,scVWHKs�FIL L O9Â¹f�M s4SK`�MWO
q,SeSIFIfhVWL N}HIOaX4Q VWZ
JcUTSI\¹MWO§SK|4SIHKJcMWS�OaX^`}OaUTSYM s4FKX}OaX4S,b9UTO9HISIf�f�OaU
fhV `^J4L MWFKX4SIOaJ4f�L N¨��Þ�J4HKs·Feb,FKUTFIL L SIL VWÙIFKM VWOaX·HIFKX2q,S�FIHKs<VWSI�cSI\§q9N
\aVW�
VW\aV X4Z*FKXÄFIL ZcOaU/V M sc`ÅV XcMWO*F¡XcJc`^q,SKUeO9Q

threads
Â,s4S/UTS;SIFIHKs

M scUTSIFI\«Oab,SKUTFKMWSIf¹OaXÄF[fhV X4ZcL S[f�SKM£O9Q�f�O9L JcM VWOaX4f���¿�s4SGX<Jc`^q,SKUeO9Q
M scUTSIFI\9f"VWf"X4OaM­L V `^V MWSI\ÆÂ,scVWHKsÇV XÇM JcU/XÚFIL L O9Âjf�FâZcSKX4SKM VWH

FIL ZcOaU/V M sc`ÅMWO�U/JcXÄOaXÄFIf4`}FKXcN�b9UTO9HISIf�f�OaUTf¹FIf¹ÂjS;HIFKX�b9UTO9�
VW\9SIk
Â,s4SKUTSIFIf;f�Oa`}S*OaM s4SKU£M N<b,SIfeO9Q_FIL ZcOaU/V M sc`}feHIFKX¶OaX4L N�U/JcX¶OaX¶F
HISKU/MWFKV X"`}FK|cV `^Jc`±XcJc`^q,SKU�O9Qâb9UTO9HISIf�f�OaUTf��r¿�s4FKM¹XcJc`^q,SKU[VWf
HIFIL L SI\�M s4S"`}FK|cV `^Jc`Õ\9SIZ
UTSIS�O9Q¯HIOaX4HKJcU/UTSKX4HKN�FKX4\·VWf�X4OaM
\9SIQ V X4SI\PQ{OaU^ZcSKX4SKM VWH§FIL ZcOaU/V M sc`}f��<½/X�M s4S§f�FK`}S£M V `}SIk¨F§ZcSKX4SKM VWH
FIL ZcOaU/V M sc`±\aVW�
VW\9SI\eV X*M scUTSIFI\9f¹FKX4\«SK|4SIHKJcM V X4Z*OaXÄFGXcJc`^q,SKU;O9Q
b9UTO9HISIf�f�OaUTfÐ\9O9SIfhX4ß M­s4FI�cS�FKXcNÌ`^J4L M V b9UTO9HISIf�fhV X4ZÌO9�cSKU/s4SIFI\
fhV X4HIS�X4O§V XcMWSKU/b9UTO9HISIf�f�OaU*HIOa`^`^JcXcVWHIFKM VWOaX6OaU�fhN<X4HKscUTOaXcVWÙIFKM VWOaX
VWf�X4SISI\9SI\9�a½/X�Q{FIHKMWkaM s4FKM'b,FKUTFK`}SKMWSKU¹HIFKXcX4OaM'q,Sj\9SIQ V X4SI\_q,SIHIFKJ4f�S
O9Q<M s4S,JcX4\9SKMWSKU/`^V X4SI\^HIOa`^b9JcMWFKM VWOaX[M V `}SjO9Q<M s4SjFIL ZcOaU/V M sc`}�
¿�s4S�`^VWZ
UTFKM VWOaX­b9UTOaq,L SK`}k¡VW� SI�¡M UTFKX4f�Q{SKU/U/V X4Z¯M s4S¶FIL ZcOaU/V M sc`

Q UTOa`�OaX4S�b9UTO9HISIf�f�OaUYMWO�FKX4OaM s4SKUTkTVWfrX4OaMGFKX§VWf�fhJ4SeÂ,s4SKX}ZcSKX4SKM VWH
FIL ZcOaU/V M sc`}f[FKUTS�V X¬ÛaJ4SIfhM VWOaX4�YÞ�V X4HIS�M s4SKUTS«SK|cVWfhMWf;OaX4L N¶OaX4S*f�SKM
O9Q"f�O9L JcM VWOaX4f�k�FI�cFKVWL FKq,L S6MWOÐFIL L§b9UTO9HISIf�f�OaUTf�k�OaX±Â,scVWHKs!M s4S
M scUTSIFI\9f�Oab,SKUTFKMWSIk�FKXcN6b9UTO9HISIf�f�OaUÄHIFKX¼HIOaXcM V XcJ4S*M s4SÄÂjOaU/g¼O9Q
SI�cSKU/NÄOaM s4SKUT��è­OaUTS^\9SKMWFKVWL fjOaX«V `^b,L SK`}SKXcM V X4Z�b,FKUTFIL L SIL4ZcSKX4SKM VWH
FIL ZcOaU/V M sc`}f¡HIFKX[q,SjQ{OaJcX4\_V X�� n�� �À�X´M s4SêOaM s4SKU�s4FKX4\9kâÂ,s4SKXËHIOaX4fhM U/J4HKM V X4Z FØQ{SIFIfhV q,L S
f�HKs4SI\aJ4L SIkYÂjS«fhs4OaJ4L \2FIL f�O§M U/N�MWO2FI�cOaVW\§M s4S�b9UTSISK`^b9M V X4Z�O9Q£F
ZcSKX4SKM VWH FIL ZcOaU/V M sc`}� R��cSKU/NÕFIL ZcOaU/V M sc` Oab,SKUTFKMWSIf³OaXÕF
b,Oab9J4L FKM VWOaXÿO9Q�f�O9L JcM VWOaX4f�M s4FKMÅHIFKXÿO9HIHKJcb9NêFÆfhVWZ
XcVWQ VWHIFKXcM
FK`}OaJcXcMeO9Q¨`}SK`}OaU/N¨k,\9SKb,SKX4\aV X4Z�O9QrM s4S¹XcJc`^q,SKU§FKX4\[M s4S�fhVWÙIS
O9Q«M s4S¶b,Oab9J4L FKM VWOaX!`}SK`^q,SKUTf��;½TQ�ÂjS»FKUTS¶MWO­V XcMWSKU/U/Jcb9M�M s4S
FIL ZcOaU/V M sc`}k2ÂjS·s4FI�cS·MWO»b9UTSIf�SKUT�cSÅOaU¬MWOÆfhMWOaUTS¬M s4SâSKXcM V UTS
b,Oab9J4L FKM VWOaX4�<¾�OaMjOaX4L N«M s4FKM,V M,VWfYX4OaM,UTSIHIOa`^`}SKX4\9SI\;q9JcM,V M¹HIFKX
FIL f�O�q,L O9HKgÍf�Oa`}S¼�cFIL J4FKq,L S6UTSIf�OaJcUTHISIf�FKX4\Ð\9SK`}FKX4\�`}OaUTS
HIOa`^b9JcMWFKM VWOaX[M V `}SjQ{OaU¹HIOaXcMWSK|cM�f�Â,V MWHKscV X4Zc�

½����9Þ�]_l�RYÁed��,½/¾�Ó¯É��jÓeÀ�m_½/¿el�è
leFI�
V X4Z£V X§`^V X4\£M s4S�ZcO9FIL fGfhMWFKMWSI\§Q{OaUjf�HKs4SI\aJ4L V X4Z_V `^b9UTSIHKVWf�S

real-
M V `}S�fhN¨fhMWSK`}f6Â,V M s�ZcSKX4SKM VWH�FIL ZcOaU/V M sc`}f�k*F­f�HKs4SI\aJ4L V X4Z

FIL ZcOaU/V M sc`�HIFKX�q,S;\9SIfhVWZ
X4SI\*Â,scVWHKs¯Â,VWL L�MWFKg4S�V X2FIHIHIOaJcXcM�M s4O9f�S
b9U/VWOaU/V M VWSIf���É�X·V `^b9UTSIHKVWf�S�UTSIFIL

-
M V `}S"fhN¨fhMWSK`çVWf}\9SIQ V X4SI\2V XâF

Q{O9L L O9Â,V X4ZG`}FKXcX4SKUT�
ÏâS*FKUTS*Z
VW�cSKX6F*f�SKMeO9Q

n
b9UTSISK`^b9MWFKq,L SjMWFIfhg4f�k9V X4\aVWHIFKMWSI\�FIf

T={ T1 û 2 ú ú ú  û n
���§R�FIHKsÇMWFIfhgÐVWf­HKs4FKUTFIHKMWSKU/VWÙISI\�q9NÃM s4S

Q{O9L L O9Â,V X4ZGb,FKUTFK`}SKMWSKUTf�k9Â,scVWHKs�FKUTS,UTFKM VWOaX4FILTXcJc`^q,SKUTf�t
• 

î�ïIõ����*ô ë ìeï
ri
ß¸FKM�Â,scVWHKs

Ti
q,SIHIOa`}SIf�UTSIFI\aNPQ{OaU¹SK|4SIHKJcM VWOaX4k

• deadline di'
q9NPÂ,scVWHKs

Ti
`^J4fhM'q,SjHIOa`^b,L SKMWSI\9k

• 
ìeõ9ö��9õ9ô ò9î!�Ãí,î�ò9ðIïIñ�ñ�ë ö�
Øô ë ìeï

mi
M s4FKM"VWf¶UTSIÛaJcV UTSI\âMWO

SK|4SIHKJcMWS6M s4S6`}FKX4\9FKMWOaU/N!b,FKU/M¬O9Q
Ti
á X4OaM¬\9SIQ V X4SI\ÃQ{OaU

ZcSKX4SKM VWHjFIL ZcOaU/V M sc`}f�ã
• 

òaí,ô ë ò9ö9õ��_í,î�ò9ðIïIñ�ñ�ë ö�
Ãô ë ìeï
oi
Q{OaU«M s4S"Oab9M VWOaX4FIL[fhJcq9MWFIfhg

á X4OaM�\9SIQ V X4SI\^Q{OaU¹ZcSKX4SKM VWHjFIL ZcOaU/V M sc`}f�ã
• weight wi

M s4FKM,VWf�F£b,O9fhV M VW�cS_XcJc`^q,SKU[Z
UTSIFKMWSKU[OaU[SIÛaJ4FILcMWO
OaX4SjFKX4\_`}SIFIfhJcUTSIf�M s4S,UTSIL FKM VW�cS,V `^b,OaU/MWFKX4HISjO9Q<M s4S,MWFIfhg4�

¿�s4S"\9SKb,SKX4\9SKX4HKVWSIf^q,SKMWÂjSISKX·M s4S�MWFIfhg4f^V X
T
k�VWQ*FKXcN¨keFKUTS

specified
q9N^M s4SKV UYb9UTSIHISI\9SKX4HISeHIOaX4fhM UTFKV XcMWf�Ê�M s4SKN}FKUTSeZ
VW�cSKX§q9N

F�b,FKU/M VWFIL[OaUT\9SKU«UTSIL FKM VWOaX
<
\9SIQ V X4SI\�O9�cSKU

T
�

Ti " Tj
VWQ¹M s4S

SK|4SIHKJcM VWOaX¶O9Q
Tj
HIFKXcX4OaMYq,SIZ
V XPJcXcM VWL©M s4S¹MWFIfhg

Ti
VWfeHIOa`^b,L SKMWSI\

FKX4\[MWSKU/`^V X4FKMWSI\9�c½/X¶OaUT\9SKU§Q{OaU§F�f�HKs4SI\aJ4L S¹MWO;q,S§�cFIL VW\9k¨FIL L9M s4S
b9UTSIHISI\9SKX4HIS§HIOaX4fhM UTFKV XcMWfY`^J4fhM,q,S§f�FKM VWf�Q VWSI\9��½/M4VWf,b,O9f�fhV q,L S_M s4FKM
M s4S!Z
VW�cSKX³\9SIFI\9L V X4SÅO9Q6F·MWFIfhgÇVWf�L FKMWSKU¬M s4FKXÇM s4FKM­O9Q�V MWf
fhJ4HIHISIf�f�OaUTf�k�OaUYM s4SeZ
VW�cSKX§UTSIFI\aN^M V `}S�`}FKN^q,SeSIFKUTL VWSKUYM s4FKX§M s4FKM



O9QGscVWf�b9UTSI\9SIHISIf�f�OaUTf��¨½/X4fhMWSIFI\¶O9Q[ÂjOaU/gcV X4Z�Â,V M s�Z
VW�<SKX�UTSIFI\aN
M V `}SIf6FKX4\â\9SIFI\9L V X4SIf�kj`}O9\aVWQ VWSI\â�cFIL J4SIf¶FKUTSÄJ4f�SI\¬M s4FKM"FKUTS
HIOaX4fhVWfhMWSKXcM}Â,V M s�M s4SPb9UTSIHISI\9SKX4HIS"HIOaX4fhM UTFKV XcMWf���¿�s4Ocf�S"�cFIL J4SIf
FKUTS«HIOa`^b9JcMWSI\2FIf[Q{O9L L O9Âjf��©¿�s4S�`}O9\aVWQ VWSI\2\9SIFI\9L V X4S*O9Q£FjMWFIfhg
M s4FKM4s4FIf,X4O«fhJ4HIHISIf�f�OaUTf4VWf¹SIÛaJ4FIL<MWO�V MWf¹Z
VW�cSKXÄ\9SIFI\9L V X4SI�#�jSKM

Aiq,S*M s4SÄf�SKM�O9Q§\9SIFI\9L V X4S�M V `}SIf�O9Q^FIL L�fhJ4HIHISIf�f�OaUTf�OcQ
Ti
�4¿�s4S

`}O9\aVWQ VWSI\^\9SIFI\9L V X4S
di
O9Q

Ti
VWf

{ }{ }d d d d Ai i j j i= ∀ ∈min ',min , . (1)
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ri
6�8

Ti
% <

{ }{ }r r r r Bi i j j i= ∀ ∈max ',max , . (2)
RTS�U�V4W XZY\[�W ] ^\] ^Z_P`KS�a�Wcb Wc_�adU-_�e�a�fg] W `K_�h�e,XZa\a4_�e�a�i W XZ_�h

e�i i S�[Ehj] ^Z_lk�U-_�m�_�a�_,XZm�_nm�S�XZh!] U-e,W X4]cho]cSqp�_rWcYsXZS�U-_�a
]c_,`(k�S�U-e,U�Wci fut�v-b�e,Xwe�i Y4S�U�W ] ^4`xb W XZa�h:e,XgW XZy4e�i Wca\h�m�^Z_�a�zZi _5W X
[�^4Wcm,^

Ti
Wchwe�h�h!WcYsXZ_�a{e|] W `K_|W X4]c_,U-y4e�i}i e,]c_,U~] ^u_,X�h�S�`K_

W X4]c_,U-y4e�i hEe�h�h!WcYsXZ_�a�]cS
Tj
p�z4]

Ti � Tj � eLy4e�i WcaPh�m,^Z_�a�zZi _Lm�e,X5p�_m�S�XZh!] U�zZm,]c_�a�p�f�_,�Zm,^Ze,XZYsW XZYE] ^Z_J] W `K_�W X4]c_,U-y4e�i h;e�h�h!WcY�XZ_�aE]cS
Tie,XZa

Tj
]cS�h�e,] Wch�b f�] ^Z_,W U�k�U-_�m�_�a�_,XZm�_�m�S�XZh!] U-e,W X4]�[�W ] ^ZS�z4]

ysWcS�i e,] W XZY�] ^Z_,W U�] W `(W XZY�m�S�XZh!] U-e,W X4]ch�tu��_,U-_�e�b ]c_,UJp�f5U-_-e�a�f5] W `K_�h
e,XZaoa�_�e�a�i W XZ_�h�[E_�`K_�e,X�`KS�a�Wcb Wc_�a�U-_�e�a�f�] W `�_�h�e,XZa
deadlines.�O^Z_�h�m,^Z_�a�zZi W XZY�e�i Y4S�U�W ] ^4`�a�_�ysWch�_�a{W X�] ^4Wch�[ES�U�V�Wch
S�U�Wc_,X4]c_�a�]cS�[Ee,U-a�h�h�m,^Z_�a�zZi W XZY�Y4_,XZ_,] Wcmge�i Y4S�U�W ] ^4`KhKe�h�]ce�h!VZh �p�z4]JW ]Lm�e,X\e�i h�S�p�_�zZh�_�a�W X\e,X4f�W `(k�U-_�m,Wch�_�U-_�e�i

-
] W `K_5h!fuh!]c_,`Kt

RT_�S�XZi f5^Ze�y4_�]cS�VZ_�_,k�W XP`(W XZa�] ^Z_(e�i Y4S�U�W ] ^4`K� hEe�h�h z4`(k�] WcS�XZh
e,XZa�k�U�WcS�U�W ] Wc_�h � [�^4Wcm,^�e,U-_���  

_�y4_,U�f�]ce�h!V�Wch�h!z4k�k�S�h�_�a{]cS{p�_�k�e,U-e�i i _�i Wc��e�p�i _���] ^Z_
e�i Y4S�U�W ] ^4`qh�m,^Z_�a�zZi _�h�] ^Z_,`�e�h|S�X�] ^Z_�S�XZ_

-
k�U�S�m�_�h�h�S�U

h!fuh!]c_,` � p�z4]�e�]ce�h!V�Wch|h!z4k�k�S�h�_�a ]cS¡S�m�m,z4k�f�e�i i¢] ^Z_e�y4e,Wci e,p�i _�k�U-S�m�_�h�h�S�U-h£W XLW ]ch£] W `K_�W X4]c_,U-y4e�i �
�  

] ^Z_Ee�i Y4S�U�W ] ^4`¤] U�Wc_�h£]cS(YsWcy4_�`KS�U-_�] W `K_�]cS�`KS�U-_ZW `(k�S�U�]ce,X4]
ta
h!VZh � p�z4]LS�XZi f\e�h(i S�XZYde�h(i _�h�hJW `(k�S�U�]ce,X4]�]ce�h!VuhJVZ_�_,k�em�_,U�]ce,W X�`(W X4W `(z4`¦¥�zZe,X4] W ] f�S�b&] W `K_�§�a�_�b W XZ_�a:i e�]c_,U�W X�] ^Z_
]c_,�4]c¨ZS�UZW ]Om�e,XLp�_Eh�_,]©p�fQ] ^Z_�zZh�_,U-�

�  
Wcbdeª]ce�h!VwWch�h�m,^Z_�a�zZi _�a\`KS�U-_ª] ^Ze,X�S�XZ_�a�Wch!] W XZm,]�] W `K_
W X4]c_,U-y4e�i � ] ^Z_�h�m,^Z_�a�zZi W XZY�e�i Y4S�U�W ] ^4` ] U�Wc_�h&]cS;U-_�e,U9U-e,XZY4_>] ^Z_W X4]c_,U-y4e�i h£]cS�`K_,U-Y4_�] ^Z_,`¤W X4]cS(S�XZ_�t
«(e,] ^Z_,U�] ^Z_,X~h!]ce,] W XZY¢] ^Z_:e�i Y4S�U�W ] ^4`�e,XZa¢] ^Ze,Xdk�U-_-h�_,X4] W XZYde

h�m,^Z_�a�zZi W XZY�_,�Ze,`(k�i _ � [E_�[�Wci iJa�_�h�m,U�W p�_�] ^Z_�e�i Y4S�U�W ] ^4`�e�i S�XZY[�W ] ^¢U-_�h�S�i ysW XZY¢e,X¢W `(k�U-_�m,Wch�_�U-_�e�i
-
] W `K_�h!fuh!]c_,`�h�m,^Z_�aszZi _�t-�O^Z_

real-
] W `K_�h!fuh!]c_,`¦[�^4Wcm,^PWchEY4S�W XZY�]cS�p�_(h�m,^Z_�a�zZi _�a�W¬hEa�_�b W XZ_�a

W XL��e,p�i _E­�t
®0¯�°£±�²

1®0³u²E²4´u¯�µ�¶�±�²E·£²4¯�±
-
®0¸ µ�²E¹�ºu¹�®0²4µ

�O^Z_:YsWcy4_,X�k�e,U-e,`K_,]c_,U-h�e,U-_Qk�U-_�h�_,X4]c_�a5W Xd] ^Z_�e�i Y0S�U�W ] ^4`�W X
] ^Z_Eb9S�i i S�[�W XZYLa�e,]ceEh!] U�zZm,] z4U-_�h��
• 

X
-
] ^Z_�X4z4`(p�_,UMS�b0]ce�h!VZh£W XL] ^Z_Eh!fuh!]c_,` �

• 
U-» Wc¼ � W;½d­�t t X -

e,U�U-e,f�S�bO§ `KS�a�Wcb Wc_�a�¨£U-_�e�a�f¢] W `K_�hMS�bO_�y4_,U�f
task,

• 
a�» Wc¼ � WL½g­�t t X -

e,U�U-e,f\S�bE§ `KS�a�Wcb Wc_�a�¨�a�_�e�a�i W XZ_�h(S�bE_�y4_,U�f
task,

• 
e�»�¼

-
e,U�U-e,f�S�bOa�Wch!] W XZm,]u] W `K_Ly4e�i zZ_�hM[�^4Wcm,^5WchMS�p�]ce,W XZ_�a�p�f

h�S�U�] W XZY�] ^Z_(i Wch!]chMS�b©U-_�e�a�f¢] W `K_�hMe,XZaPa�_�e�a�i W XZ_�hMS�bOe�i i0] ^Z_
]ce�h!VZhZW X

T
e,XZa5a�_�i _,] W XZY¢a�z4k�i Wcm�e,]c_Q_,X4] U�Wc_�huW X¢] ^Z_Qi Wch!]�§ Wct _�t

e�i i©a�Wch!] W XZm,]Oy4e�i zZ_�h�S�b0U-» Wc¼Ze,XZa(a�» Wc¼�¨ �
• 

[E» Wc¼ � WO½�­�t t X -
e,U�U-e,f:S�b0]ce�h!V�[E_,WcYs^4]ch �

• 
^Z»�¼

-
e,U�U-e,f�S�b¾a�Wch!] W XZm,]�[E_,WcYs^4]�y4e�i zZ_�h � h�S�U�]c_�a�W Xa�_�h�m�_,XZa�W XZYLS�U-a�_,UMe,XZa([�W ] ^ZS�z4]©] ^Z_Eh!`Ke�i i _�h!]Oy4e�i zZ_ �

• 
`(��» Wc¼ � W�½�­�t t X -

e,U�U-e,f}S�b&`(W X4W `(z4`¾] W `K_�¥�zZe,X4] W ] Wc_�h�b9S�U
_�e�m,^L]ce�h!VZt��O^Z_�`(W X4W `(z4`¤] W `K_Eb9S�UMe�]ce�h!VLWch�a�_�b W XZ_�a(e�h

( )mT[i]
w[i]

w[j]

d[i] r[i]

j=1

n
= ¿ − . (3)

ÀOÁ4Â�Ã4Ä�Â,ÅTÆ�Ç�È�É�Â�Ê9Ë È4Â�Ì Á4Â�Í(Ë È4Ë Í(Ã4ÍjÌ Ë Í(ÂTÇTÌ Ç�Ä�Î�Ë Ä
Ç�Ä�Ä�Ë Ï4È4Â�É�Ð�Ñ�Ã4ÌZË ÈPÌ Á4Ç�ÌZÆ�Ç�Ä�Â(Ì Á4Â,Å-Â(Í(Ç�Ò5È4Ó�ÌZÇ�Ô ÕEÇ�Ò0ÄEÂ�Ö4Ë Ä�ÌZÇ
Ê9Â�Ç�Ä�Ë Ñ�Ô ÂEÄ�Æ�Á4Â�É�Ã4Ô Â�×

• Ø ÀOÙ�Ë Ú�ÐOËJÛwÜ�× × È -
Ç,Å�Å-Ç�ÒKÓ�ÊEÌ Á4ÂPÍ(Ç�Ö4Ë Í(Ã4Í¡Ç�Ô Ô Ó�ÕEÂ�ÉdÌ Ë Í(Â

Ê9Ó�ÅMÂ�Ç�Æ�ÁLÌ Ç�Ä�Î4Ð�É�Ù�Ë Ú
-r[i].Ý�Â�Ì�Ì Á4Â�Ì Ç�Ä�Î4Ä�Þ4Ë È4É�Â�Ö4Â�Ä>Ñ�Â�Ç,Å�Å-Ç�È4Ï4Â�É:Ë È�Ä�Ã4Æ�Á�Ç�Ê9Ç�Ä�Á4Ë Ó�ÈPÌ Á4Ç�Ì

É�Ù-Ü�Ú
≤
É�Ù�ß�Ú

≤
× × ×

≤
É�Ù�È4Ú�×�ÀOÁ4Â�Ó�Ã4Ì à�Ã4Ì5Ó�Ê�Ì Á4Â�Ä�Æ�Á4Â�É�Ã4Ô Ë È4Ï

Ç�Ô Ï4Ó�Å-Ë Ì Á4Í�Ë ÄQÇ¢Ô Ë Ä�Ì>Ó�Ê�Ì Ë Í(Â¢Ë È4Ì Â,Å-á4Ç�Ô Ä�Ç�Ô Ó�È4Ï:ÕEË Ì Á:Ç�È:Ë È4É�Â�Ö:Ó�Ê
Ì Á4Â�Ì Ç�Ä�ÎªÕEÁ4Ë Æ�ÁªË Ä¢Â�Ö4Â�Æ�Ã4Ì Â�É�Ë ÈªÌ Á4Ç�Ì;Ì Ë Í(Â�×Jâ�Ì;ÕEÓ�Å-Î4Ä¢Ë ÈªÌ ÁsÅ-Â�Â
à�Á4Ç�Ä�Â�Ä�ãZË ÈPÌ Á4Â(Ê9Ë Å-Ä�Ì4à�Á4Ç�Ä�Â(Ì Á4Â(Ë È4Ë Ì Ë Ç�ÔZÊ9Â�Ç�Ä�Ë Ñ�Ô Â(Ç,Å�Å-Ç�È4Ï4Â�Í(Â�È4ÌuË Ä
Í(Ç�É�Â�×�â�È\Ì Á4Â�Ä�Â�Æ�Ó�È4ÉKà�Á4Ç�Ä�ÂªÌ Á4ÂªË È4Ì Â,Å-á4Ç�Ô Ä:Ç,Å-ÂªÍ(Ó�É�Ë Ê9Ë Â�É�ÐEË Ê
à�Ó�Ä�Ä�Ë Ñ�Ô Â�Ð�Ä�Ó�Ì Á4Ç�Ì�Ì Á4ÂªÌ Ç�Ä�Î4Ä:ÕEË Ì ÁgÁ4Ë Ï4Á4Â,Å�ÕEÂ�Ë Ï4Á4Ì�á4Ç�Ô Ã4Â�Ä:Ï4Â�Ì
Â�á4Â�È(Í(Ó�Å-Â�Æ�Ó�Í�à�Ã4Ì Ç�Ì Ë Ó�È4Ç�Ô£Ì Ë Í(Â�ÐäÎ4Â�Â,à�Ë È4Ï(Ì Á4ÂEÓ�Ì Á4Â,ÅMÌ Ç�Ä�Î4Ä�ÕEË Ì Á
Ì Á4Â�Ë Å�É�Â�Ê9Ë È4Â�ÉwÍ(Ë È4Ë Í(Ã4Í(×�å&Ë È4Ç�Ô Ô Ò0Ð�Ì Á4Â�Ç�Ô Ï4Ó�Å-Ë Ì Á4ÍæÊ9Ë È4É�Ä�Ì Á4Â
à�Å-Â�Â�Í�à�Ì Â�É|Â�È4Ì Å-Ë Â�Ä�Ë È�Ì Á4ÂgÌ Á4Ë Å-É�à�Á4Ç�Ä�ÂgÇ�È4É|Ì Å-Ë Â�ÄdÌ Ó�Í(Â,Å-Ï4Â
Ì Á4Â�Í¤Ë Ê0à�Ó�Ä�Ä�Ë Ñ�Ô Â�×
ç É�É�Ë Ì Ë Ó�È4Ç�Ô£É�Ç�Ì ÇEÄ�Ì Å-Ã4Æ�Ì ÃsÅ-Â�Ä�Ì Á4Ç�Ì©Ç,Å-ÂEÃ4Ä�Â�É(Ë ÈLÌ Á4Â�à�Å-Ó�Æ�Â�Ä�Ä�Ç,Å-Â

also:
• 

Ý�è�Ë Ð&ß�é
-
Ô Ë Ä�Ì�Ó�Ê�Ì Ë Í(ÂQË È4Ì Â,Å-á4Ç�Ô Ä�ê�Â�á4Â,Å-Ò�Ô Ë Ä�Ì�Í(Â�Í�Ñ�Â,Å�Á4Ç�Ä;Ç

Ì Ç�Ä�ÎLË È4É�Â�Ö
i
Û�Ý�è�Ë Ð�Ü�éZÇ�È4É(ÇEÉ�ÃsÅ-Ç�Ì Ë Ó�ÈLë©Û�Ý�è�Ë Ð�ß�é�ê

• 
à

-
Ì Ó�Ì Ç�Ô©È4Ã4Í�Ñ�Â,ÅMÓ�ÊuÂ�È4Ì Å-Ë Â�Ä�Ë ÈLÌ Á4ÂEÔ Ë Ä�Ì ê

• 
å&Ù�Ë Ú�Ð£Ë�Û\Ü�× × È

-
Ç,Å�Å-Ç�Ò�ÕEÁ4Ë Æ�Á¢É�Â�È4Ó�Ì Â�Ä;Ì Á4ÂQÔ Ç�Ä�Ì�Â�È4Ì Å-Ò�Ó�Ê�Ì Á4Â

Ì Ç�Ä�Î
i
Ë ÈLÔ Ë Ä�Ì©Ý�ê

• ì Ù�Ë Ú�Ð&ËuÛ�Ü�× × È -
Ç,Å�Å-Ç�Ò�Ó�Ê>Ì Ó�Ì Ç�Ô�Ì Ë Í(ÂQÉ�ÃsÅ-Ç�Ì Ë Ó�È¢Ï4Ë á4Â�È¢Ì Ó5Ì Á4Â

Ì Ç�Ä�Î
i;

• Ø Ù�Ë Ú�Ù�ß�Ú�ÐuË�Û�Ü�× × Ô -
Ç,Å�Å-Ç�ÒPÓ�ÊJÇ�Í(Ó�Ã4È4Ì Ä�Ó�Ê�Ì Ë Í(Â(Ç�ÈPË È4Ì Â,Å-á4Ç�Ô

Æ�Ç�È�Ñ�ÂwÞ Ä�Á4Ë Ê9Ì Â�É�Þ(Ë È¾Ì Á4ÂwÄ�Æ�Á4Â�É�Ã4Ô ÂwË È�Ñ�Ó�Ì Á¾É�Ë Å-Â�Æ�Ì Ë Ó�È4Ä
è�É�Â�Ê9Ë È4Â�É(Ë ÈLÌ Á4ÂEÇ�Ô Ï4Ó�Å-Ë Ì Á4Í(é�×
â�È{Ó�ÃsÅ�Â�Ö4Ç�Í�à�Ô Â�Ä�Ò0Ä�Ì Â�Í(Ð�Ì Á4Â�É�Â�Ê9Ë È4Â�É{Í(Ë È4Ë Í(Ã4ÍrÌ Ë Í(Â

í Ã4Ç�È4Ì Ë Ì Ë Â�Ä�Ê9Ó�Å¤Ì Ç�Ä�Î4Ä T1, î 2
Ç�È4É

T3
Ç,Å-Â¤ï�Ð�ð�ñcï�Ç�È4É�ò�ñcï�Ð

Å-Â�Ä!à�Â�Æ�Ì Ë á4Â�Ô Ò0×0óTÂ�ÕEË Ô Ô ÐuÁ4Ó�ÕEÂ�á4Â,Å-Ð0Å-Â�É�Â�Ê9Ë È4Â(Ì Á4Ó�Ä�Â(á4Ç�Ô Ã4Â�ÄEË È4Ì Ó�Ð
Ê9Ó�ÅMÂ�Ö4Ç�Í�à�Ô Â�Ð�ï�Ð�ï(Ç�È4É(ß�× ô�×
ÀOÁ4Â5Ê9Ë Å-Ä�Ì©à�Á4Ç�Ä�Â¢Ó�Ê�Ì Á4Â¢Ä�Æ�Á4Â�É�Ã4Ô Ë È4Ï:Ç�Ô Ï4Ó�Å-Ë Ì Á4Í�Ë ÄOà�Å-Â�Ä�Â�È4Ì Â�É

Ë ÈLå&Ë Ï�Ü�×
r[i] d[i] w[i]

T1 0 6 3
T2 4 12 2
T3 0 14 1
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ç Ê9Ì Â,Å5Ì Á4ÂPÊ9Ë Å-Ä�Ì£à�Á4Ç�Ä�ÂPÕEÂPÁ4Ç�á4ÂPÌ Á4ÂPÊ9Ó�Ô Ô Ó�ÕEË È4Ï�Â�È0Ì Å-Ë Â�ÄQË È�Ý

Ç�Ä�è�Ì Ç�Ä�Î4Ð�É�ÃsÅ-Ç�Ì Ë Ó�È4éZÇ�È4É Ø Ç�Ä�è�Ô Â�Ê9Ì©Ä�Á4Ë Ê9Ì Ð�Å-Ë Ï4Á4Ì©Ä�Á4Ë Ê9Ì é9ã

ÀOÁ4Â�á4Ç�Ô Ã4Â�Ä�Ë È�Ç,Å�Å-Ç�Ò Ø É�Â�È4Ó�Ì Â�Á4Ó�Õ~Í(Ã4Æ�Á�ÕEÂ�Æ�Ç�ÈLÄ�Á4Ë Ê9Ì£Ì Á4ÂÄ!à�Â�Æ�Ë Ê9Ë Â�É�Ì Ë Í(Â�Ë È4Ì Â,Å-á4Ç�ÔJÌ Ó�Ì Á4ÂPÔ Â�Ê9Ì�è Ñ�Â�Ê9Ó�Å-ÂPË ÈKÌ Ë Í(Â-éEÓ�ÅEÅ-Ë Ï4Á4Ì
è�Ô Ç�Ì Â,Å�Ë È:Ì Ë Í(Â�é�×ZÀOÁ4Â�Ä�Â�Æ�Ó�È4ÉQà�Á4Ç�Ä�Â�Ó�ÊJÌ Á4Â�Ç�Ô Ï4Ó�Å-Ë Ì Á4Í�Ë Ä�Ô Ë Ä�Ì Â�É
Ë ÈLå&Ë ÏLß�×
ç Ê9Ì Â,ÅLÌ Á4Â(Ä�Â�Æ�Ó�È4É�Ä�Â�Æ�Ì Ë Ó�È�Ì Á4ÂLÄ�Æ�Á4Â�É�Ã4Ô ÂLÓ�ÊOÓ�ÃsÅQÂ-Ö4Ç�Í�à�Ô ÂLË Ä

Ç�Ä�Ê9Ó�Ô Ô Ó�ÕEÄ�ã

ÀOÁ4Â(Ì Ç�Ä�Î4Ä
T1
Ç�È4É

T2
Á4Ç�á4Â�Ñ�Â�Â�ÈPÏ4Ë á4Â�È5Ç�É�É�Ë Ì Ë Ó�È4Ç�Ô�Ç�Í(Ó�Ã4È4Ì Ä

Ó�Ê�Æ�Ó�Í�à�Ã4Ì Ç�Ì Ë Ó�È�Ì Ë Í(Â�Ê Å-Ó�Í
T3
×©ÀOÁ4Â�Ô Ç�Ì Ì Â,Å�Ó�È4Â�Ë Ä�ÐäÓ�ÈLÌ Á4Â�Ó�Ì Á4Â,Å

Á4Ç�È4É�Ð�à�Å-Â�Â�Í�à�Ì Â�É�ÕEË Ì Á
T2
×�â�ÈPÌ Á4Â(Ô Ç�Ä�ÌZÄ�Â�Æ�Ì Ë Ó�ÈPÌ Á4ÂLÄ�Æ-Á4Â�É�Ã4Ô Ë È4Ï

Ç�Ô Ï4Ó�Å-Ë Ì Á4Í Ê9Ë È4É�Ä�Ä�Ã4Æ�Á�É�Ãsà�Ô Ë Æ�Ç�Ì Â:Â�È4Ì Å-Ë Â�Ä�Ç�È4É�Ì Å-Ë Â�Ä(Ì Ó¢Å-Â�Ä�Ó�Ô á4Â
Ì Á4Â�Í(×ZÀOÁ4Â¢Ì Á4Ë Å-ÉLà�Á4Ç�Ä�Â¢Ó�Ê�Ì Á4Â¢Ç�Ô Ï4Ó�Å-Ë Ì Á4Í�Ë Ä�Ä�Á4Ó�ÕEÈ�Ë È�å&Ë Ï4×uï�×
å&Ë È4Ç�Ô Ô Ò0Ð:Ì Á4Â Ä�Æ�Á4Â�É�Ã4Ô Â Ê9Ó�Å¤Ì Á4Â Â�Ö4Ç�Í�à�Ô Â�Å-Â�Ç

l-
Ì Ë Í(Â¤Ä�Ò0Ä�Ì Â�Í

Ì Ç�Î4Â�Ä�Ì Á4ÂEÊ9Ó�Ô Ô Ó�ÕEË È4ÏLÊ9Ó�Å-Í¤ã
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õ-ö ÷sø�ù ú���û�®0ý�ú�� ý�ö ù 
>ÿ�ú���� ö �����sþ	� ý�ú&ÿ��¬ý�ú�
�ø�� ö ��÷�
�� ÷��sù ö � ý��
óTÂ¢È4Ó�ÕwÁ4Ç�á4Â¢Ç¢Ä�Æ�Á4Â�É�Ã4Ô Â¢Ë È�ÕEÁ4Ë Æ�Á�Ì Á4Â�Ì Ç�Ä�Î4Ä�ÕEË Ì Á�Á4Ë Ï4Á4Â,Å

à�Å-Ë Ó�Å-Ë Ì Ë Â�Ä�Á4Ç�á4Â¢Ç�È:Ó�à�Ì Ë Í(Ç�Ô>Ç,Å�Å-Ç�È4Ï4Â�Í(Â�È4Ì>Ó�ÊJÆ�Ó�Í�à�Ã4Ì Ë È4Ï�Ì Ë Í(Â�×
â�ÈªÇ�É�É�Ë Ì Ë Ó�È4ÐJÌ Á4Â,Å-Â�Ë Ä�È4Ó5à�Å-Â�Â�Í�à�Ì Ë È4Ï�ÕEÁ4Ë Æ�Á�ÕEÇ�Ä�Ó�È4Â:Ó�Ê�Ì Á4Â
à�Å-Ë Ó�Å-Ë Ì Ë Â�ÄKÉ�ÃsÅ-Ë È4Ï�Ì Á4Â}É�Â�Ä�Ë Ï4È�Ó�Ê5Ì Á4Â}Ç�Ô Ï4Ó�Å-Ë Ì Á4Í(×�â�Ê¢ÕEÂ�Ç,Å-Â
Å-Ã4È4È4Ë È4Ï5Ó�È5ÇLÍ(Ã4Ô Ì Ë à�Å-Ó�Æ�Â�Ä�Ä�Ó�ÅQÄ�Ò0Ä�Ì Â�Í(Ð&ÇLÏ4Â�È4Â�Ì Ë ÆLÇ�Ô Ï4Ó�Å-Ë Ì Á4Í�Ó�Å
Ç�È4Ò{Ó�Ì Á4Â,Å¤à�Ç,Å-Ç�Ô Ô Â�Ô Ë ��Ç,Ñ�Ô Â�Ç�Ô Ï4Ó�Å-Ë Ì Á4Í Æ�Ç�È{Ó�Æ�Æ�Ãsà�Ò Ç�Ô ÔgÌ Á4Â
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