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QFDBCDE :چكيده FGH IFJK F LM ,FNKOFBP QBRCSONTUVOWXYUV WK QZ WD[NH \ 
]̂OC_`V̀ V Wa BS]K ̀BEFGH bH Ic LRH]DTdRe fIGXK FI Q]Vg]ehFNi f]VFJj F kRR`FNKO]TeFI Ic lGXmV ndKONTUV oM]pI qrmHO I]MOB^cstMNH]V kRj\FQFD FIV oRuRa WE]v`hFNi f]VFJj F oRD^F kRRbH tMNH]V kMF Ic Wa BCV]E` , يک H ]Rh \ wxV yV]z`FNKOV lGXmV WbeGH`WK {]K oRuRa ]K f{GXmV JRVZ oRr_GV QcFc |Ge }z]K FNMg ~BS]K Q]MNTUV oDe ,V k�DV Q]Vg kMNT^]HGa Ic`cGSs BCMZN_ Ic QFD�NTec Ic f]z�iF �j]� , �NH fIGP WK 

]̂O E ]Kg`V̀ BCrR�c]E \ wx�V Wa BCS]K ,hFNi f]VFJj F kRRbH \ �RYUH ��FGV N�aF Ic kMFNK ]CK`DaNMc]rV fIGXK` oeF y�UV I]RdKs  NK �\�z Wj]rV kMF Ic Da`�NH QcNa 
]̂Oز E ]K`WzGD�V gF �c]uTeF ]K 

]̂Og]_O ,BMB[ o_]R^IO�\I QFGCz ]K NHNKO ^c` g]_O )Fuzzy Outranking (FNKOW�HIBCKOhFNi f]VFJjF`oeF �BS WT_N� I]�KsgF �c]uTeF ]K kRC�D^ o_]R^I kMF ,FNKOhFNi f]VFJj F kRK oMGj\F kRRbH`IG�H �]�cF gFOIG�H ]K Q]�VFOWzGD�V 
]̂Oف g]OWK W[GH ]K oeF �BS �BR�Ce �]eF kMF NK f]VFJj F gF LM N̂ \ �BS �c]uTeF Q]Vg]e I]Tv]es  

  

�����واژه ���: Quality Function DeploymentIG�H ~OW�zGD�V 
]�^Og]�_O، FQFD ،OutrankingIG��H \O ���� �  

  

مقدمه�١

  oaNS �g\NV F FNK ]̂OW^NK kMF Ic IFg]K Ic �GeI \ cGv �uhgF E ]x[ fI]�H`NTUV WK W[GH \ oRD^F WTS � gF NTURKOFI ]̂ I]a WhGjNeO�cFc IFN� cGv BE Fs 
jGXmV`MFI]a Wa`NTDaO Ge WK FI oaNS BS]K WTSFcONTUV QcFc oec gFOoRb�GV \ I]�HOcFc B^FGv |GesoaNS kMFNK]CK W[GH Wa BCTd^ cBP Ic ]̂ GXmV BRjGH ]K FI Q]MNTUV oM]pI \�]HGaIc �e]CV f{ Q]Vg kMNH BCM]DE �cI\ZNK BRjGHs  hFNi f]VFJj F`VGDz IG¡K`hFNi wRH qMNi gF`gF W¢hNV N̂ Ic \ hFNi BCMZN_`WTeFGv WK W[GH ]K lGXmV 

]̂ONTUVO£FB^F ~ �M¤H FNTeF`Tj\c kRE FG� ~oaNS`]̂ cIFBE]TeF ]M \O�BS �YUV
                                                                 

  ¥¦§¨ ©ª«¬­®¯ °± ¯² ©³ °́ µ¶·
/٦/

¶̧ ¹·º»¼¬½ °¾ ½ ¨ ¿À Á ÂÃ§¨ÁÂÄ½Å º°Æ¯² ­®¯ °±¸ ¶
/٣/

¶̧ ¹
٣¯ ¥® °Ç¬ È®ÉÊ± ©¾ËÌ¨ ÍÎÏÌÐ 

 »ÑÒ²¦ÓµÔÕ¥«ÏÖ¯¥³ ²̄ ¨Â¥ÌÎ×Çµ ÍÎØÙ¬ ¨² ¯ °®²°ÑÌ ¨¥Ú® °×§،ÑÓ×§ Í°¼Ù¬ ¨²¥ Û°ÇÜ§ ¨ ،ir.ac.iut.cc@raissi  »ÑÒ²½°ÝÞ °ß¯ÎÏÌÂºÌÎ×Çµ ÍÎØÙ¬ ¨² ¯ °® ²°ÑÌ¨¥Ú® °×§،ÑÓ×§ Í°¼Ù¬ ¨²¥Û°ÇÜ§¨Ð  Û°µ²¨̄ àÏáµ °Ò ،Çµ Îâ¯ ¨ ã°×â¯°ÒÌÎ×¥Ú®°×§Ð  

  

V kRRbH äGXv kMF Ic ̀BEcN�sFNi wRHح`]M \ c]�MF WK g]RE hFNi yhFNV Ic lGXmV LM åNi cG�xK`kMF NK \ cIFc FI QZ hFNi f]VFJjF �]eF`V æMNbH FI ̀BCas  

"
uRa æM]ç\ ndK`è "CbM`QFDl]e IcéêëìkRíCe �M]CP Ic URKGdTRV`Gî]aZ neGH[1] _NbV`BMcN�sIG¡K IFJK F kMF �RH]DTdRe`N�V wRHOV �NTd� Ic FI �ï\NðjGXm`]K qK]¡V ]̂ g]REONTUVOI]MOV̀ Wa FNñ ~BM]DEQFD

FI D[NTV`FNKO WTeFGv QBRCS 
]̂ONTUVO٢ )VoC (eBCxV wRH WK QZ l]rTE F \` V̀ BCE FcsIG¡K ]�MNVZ \ kð Fï æ¢TYV �M]CP Ic IFJK F kMF oRr_GV JRVZOoeF �BS WT_N� I]�KsLRC�HQFDM ]̂ BTV ]K`NRòE e`dMNH]V`�B�^ ~dMNH]V`dMNH]V I]xñ \`]REc Ic �NR� \ _NbV`oeF �BS WTv]CS \sdMNH]V I]xñ BTV kRK kMF Ic`Wa GTRTdE FOIFN� �c]uTeF \ BRî]H cIGV FNE Z ŵ ]�MNVZ Q]�BCCa kRV]HoeF WT_N� IFN� NTURK W[GH cIGV NMg y¢z WK oeF �cFcó  é

- ôF\INTURK�]�BMc NM]e WK o�dE Ic cG[GV O]̂Q]XXYTV kRK QFNKI]õ \QFD   

                                                                 
1 Quality Function Deployment 
2 Voice of the Customer 
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٢- 
�̀c]eONR�c]M]̂ cN	M\I NM]e WK o�dE QcGK WP�v \ 

٣- NíMB	M ]K æ¢TYV yhFNV �c]e \ r̀¡CV 
]�HIF 

tMNH]Vپوشش -٤ I]xñ gF �c]uTeF ]K lGXmV BRjGH wxV yhFNV  y�S 
édMNH]V I]xñ �\I BE\I`V Q]UE FI ̀B^cs  

  

  ��

۱.

������� ���� ��� ��������
  FI �\I kMF tMNH]V kRj\F"oRuRa WE]v tMNH]V "BCMG�s kRXXYTVQFD\ yV]a fIGP WK tMNH]V kMF N�F Wa BEIFc Q]z�FV WDH]v WRj\F �]� Q]D^ Ic �ï\Nð ccN� yRD�H �V][ ̀BK]MsWK ]CKoeF �BS �cI\Z NMg IFN� WK QZ �YK ou^ ~tMNH]V kMF oRD^Fó  æjF- Q]MNTUV O]̂ g]RE  

 -ب
�̀¤M\ 

]̂lGXmV O  

ONTUV - ج O]̂ g]RE oRD^F  c-åNi tMNH]VOJMI  �- �̀¤M\ \ ONTUV O]̂ g]RE kRK 
]�HIF lGXmV O]̂  \ - kRK í̀Td�D^ tMNH]VWXYUV 
]̂OeBCxV`   

 oMGj\F-ز
£FB̂ F \ ]̂ N̂ WXYUV gF LM 

]̂OeBCxV`   hFNi wRH`hFNi f]VFJj F �]eF NK FI lGXmV Wa cIFc g]RE`oeBK �BVZBCMZN_ gFQFDWa kMF WK W[GH ]K \ BUYK cG�xK ]M \ c]�MF ~h FNi f]VFJj F WD^ kRRbH`FNKO\ odRE I\BrV lGXmV �NTd� lGXmV LM QBS yV]a )�dE IG¡K` ({]K WCMĴ \ c]Mg Q]Vg WK g]REf]VFJj F kRK gF WEGíñ BCE FBK Wa BEIFc g]RE lGXmV Q]hFNi ~cIFchFNi`VFJj F ~`]YTE F FINTUV oM]pI �¡e kMNH{]K Ic Wa BCCa �O BS]Ks  _Ni gF`N̂ IcW¢hNVhFNi`qR�c]E \ wx�V W¢P]h f]z�iF IG¡K BCTd^OWTeFGv oRD^F �RYUH Wa 
]̂ONTUVOkRK nK F\I ~ WTeFGv 

]̂ONTUVOhFNi f]VFJj F \`WCMĴ ~ 
]̂O\ �BS �cI\ZNKsss oeF y�UV I]RdKs�¢�Fo_]R^I 

]̂FNKO�M]DEc\I\O]̂O QFD cBz NMc]rV gFOC^�`V �c]uTeF ̀BCCasFNKOcBz �]RrV gF l]�VO 
٥-٩ -

éG� �RHNH WKOFNK æRbp \ neGTV ~O^c 
]�HIF`kRK WTeFGv 
]̂ONTUVOhFNi f]VFJj F \`oeF �BS �c]uTeFsoRD^F C_`hFNi �FJj F N̂`Eg\ �GD�V QFGCz WK`WTeFGv nKF\I 

]̂O NTUVOV W�e]mV ̀CbM ccN�`�dE oRD^F`FNKOWTeFGv N̂ NTUVOEg\ IGTa]_ QFGCz WK`oeF �BS �GdmVsFNKONM]e oeF kRCñ JRE ]̂ I]RbVs  

oM]xE IcW�HI BCKOhFNi f]VFJj F`WM]ð NK Wa wRH NòE �]eF NK ]̂ I]RbVOu¢TYV`WCMĴ QGñ 
]̂OC_ f��UV ~�BS cI\ZNK`\ssss �BS kRRbHBE Fs  ]rV kMF IcWjQFDwRDXH Wj]dV LM QFGCz WK NR�O�I]RbV BCñ cFBD¢�W�HI lBV \ �BS BCKOg]_OFNKONHNKO ^c`hFNi f]VFJj F` Ic WT_I I]�KQFDV c]xCURð ̀cGSsc\I\O ]̂O QFDfIGP WK �NH 

]̂OE]Kg`WzGD�V ]M 
]̂Og]_OIG¡K ~oeF �BS �cFc �M]DEO wx�V lGXmV cIGV Ic f]z�iF �j]� WaV qR�c]E \ ̀BS]KsW¡K FI NHNK kMGEO ^c`g]_O\IOIG�HO�]xK F WTdE FGH \ �BS IFGTeF Q]�VF NHNK nK F\IO ^c`hFNi f]VFJj F kRK`BM]DE �_I FIs  ]̂ I]a NK I\NV kDp Wj]rV kMF WV FcF IcONXTYV ~�BS �]�E FOgF wR^]uVg]_OV Q]RK ̀Da �\I t e \ ccN�`g]_ NMc]rV QcGDEO UH \WzGD�V ]K wx�V f]z�iF �MN 

]̂Og]_OV �MNUH ̀cGSst e NHNK o_]R^IO ^c`g]_OFNKOW�HI BCKOhFNi f]VFJj F`�BS WMFIF W�RTE \ NR�OV yDz WK cIGV kMF Ic ̀BMZs  

  !
."#$ %&'( ) *&+,&- ./ *,0.1 q�ièINK O]̂WK z̀GE WK Wõ æ¢TYV f{]rV gF �BVZ yDz WK

QFD
GKNV Og]_ \V̀ 
 

]uMI \ C̀õ ~BEGS [2]ONHNK ~f]VFJj F ^̀cåN¡V �I]RbV BCñ ONR� wRDXH Wj]dV 2M fIGP WK FI `hFNiBEcGDEs�V][ f]z�iF cG[\ �Bz yRjc WK `hFNi W¢hNV N̂ IcV̀ C̀^� 3]VGDz Wõ c]Mg f]z�iF cG[\ Ni]v WK ]M \ `hFNi ~BCS]K ]V FJj F QcGDE WdM]rV OFNK h̀ FNi wRH O]4zFy	UV I]ñc h̀ FNi f V̀ WTdE Fc WK W[GH ]K h̀ FNi f]V FJj F WdM]rV FNMg ~BEcN� wx�V O]̂ oeF y	UV I]RdK qR�c]E \s  O\I[3] IcWj]rV ì
 \ NRduH Ic FI Og]_ f]RPGXv gF �c]uTeF OFWTdE Fc WEG� kMF �RpGH cGDE c]xCURð ]̂\Oc\Bh ]H odEFGH W�HI FI `hFNi f]VFJj F BCõ OBCKs  õZGî]

[4]CMgG¢õ O\ l]�Ec WK Wõ [5]گ\ BCTSFc Q]z�F WT	E kMF NK WK Oc\I\ f]z�iF �j]�QFDqR�c]E \ wx�V \ BE F Ic wRH O]4z F QZ NRduH 
]̂gF FI ù¢TYV O]̂ NRduH cFN_F FNMg BCTd^ y	UV I]ñc^̀]� cIFGV kMF Ic NòE |]uH F \ BEIFc cGv OFNK f�D[ \ fFI]�zoeF y	UV I]RdKs  �cFg IGd_\Nð[6]�NH Wõ oSFc Q]RK V̀ È ]Kg O]̂ neGH BCE FGH OIG�H�D[ \ NRduH Og]_ WzGD�V BEcN� OBCKsI]UTE F ]K O\ �NxK äGXv Ic æ¢TYV f{]rVIc Q]	V F OIG�H gF ONR� OIG�H WzGD�V O]̂]rK ]e Wõ cGDE ]CK l]DThF \ Q]	VF kRK FI OgNV ~Og]_ oSFBE cG[\s NòE WK\g[7] cGdV \[8] o_]R^I IcQFD f]z�iF \ wx�V ]�j ]�

�نc]Rq\ �cGKc]rV fIGXKيK 5E ]Kg NRQ]V̀ EcN�B ,QZ 
]̂�G¢z JRE wRDXH BEcNõ WRPGH FI �I]RbV BCñ ONR�s  
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-�"�� �)	� ��,�	� �*� NR��H fG�WXYUV`eBCxV O]̂٣ )EC( O\IBCVg]REO O]̂ Q]MNTUV٤ )CA (`e]RrV fIGP WK 3]�j ]�fIGP WK \ ٣-٥-

é]M٣-٩- é]M٥-٩-
éV̀ Q]RK Q]UE Wõ ~cGS g f{]h �BC^cKQG�D^ È] K̀ ]M ~ ùCV ~o��V 

¢¡V kMF ~BCTd^ oRD^F��I]ð Wj ]rV Ic[9]  BMcoeF �BS �s  V̀ \ oeF C̀_NR� \ È ]Kg ��F\ Ic ONTUV OFBP fIGP WK T̀dM]K cGS �cFc ndK D̀õ،C̀bMEC wRH O]4zF neGH 3{GDbV ]̂ C̀^� fIGP WK h̀ FNi]MV̀ æMNbH K̀N�H BEGSs£FB̂ F cI\ZNK
EC WCMĴ ~ONTUV oM]pI QGñ OcGR� O\I T̀dM]K ]̂ cG�xK O]̂ WT_]M)W[cGK oMc\BmV(\ C̀_ f�	UV \ IFg]K oRb�GV ~…

kRRbH oM]pI O\I nr_ �GeNV o_]R^I Wõ ~BEcN�JõNDH ONTUV OBCV oeF �cNõs  gFO]̂ cNKI]õOB[QFD NTUV OFBP QcGDE 	̀MO]̂ g]_ ]K O �NTd� y	Re gF ù¢TYV\ BRjGH~lGXmVŵ QZ2M OFNKf]RpN_ \ W�h]XV \ IFg]K èINK �¡eFGK Wõ �cGK BMB[ lGXmVWTeFGv gF �BVZ oeBK yP]h ONTUV ùRõ O]̂V̀ cGS 

)fNeGK[10] s�  Ĝ \ Gv[11]OFNK ~OBCVg]RE kRK nK F\I `eINK ONTUV O]̂, WK Wõ WK ]M V̀�õ fIGPOg]_ o_]R^I gF oeF åN¡V ùRõ H̀I]�z BEcGDE �c]uTeFsQFI]	D^ \ ð̀ FNH[12]Wr�i wTMIGíj F 2M gF ~ OBCK o�dE OFNK ~ ùRõ oRPGXv �BS O]̂CA 
]̂�c]uTeFBEcNõs H̀ ]e[13]gF �c]uTeF ~AHP�̀dE oRD^F æMNbH OFNK FICA 

]̂ cGDE c]xCURðst[ \ BCjNRS[14]JRj ]E Z gF �c]uTeF ]KoRPGXv r̀R�¡H(CAA)، CAoMGj\F FI BEcGDE OBCK\kMF gF �c]uTeF ]K WV]ENK lBV 2M �\I Wõ BVZ oeBK `¡vNR� £B̂ ]K OJMI oMGj\F gF NTxK FI ^̀cAHP\ cFc �NTd�K~ �̀dE oRD^F Q]RK ] O]̂ cNKI]õ OFNK FI f]RPGXv gF T̀dRjQFDcGDE Q]RKsyõ Ic gF Wõ W�EZ ]K 	M]TEAHPTE FV̀ I]òoSFc orK]¡V o_IskMF cG[\ ]K KWWV]ENK oMc\BmV o¢z ~ ¡̀vNR� £B̂ ]K OJMI�\I kMFOGe gF kRrrmV �j]�BUE _̀NbV �e]CV S̀\Is\g[7]
FI T̀_]R^I ~ c]xCURð cNõ WV]ENK ]K FI Og]_ WzGD�V OIG�H Wõ 
p̀]MI OJMI V̀ �RõNH cGDEsO\ONR��H WõEC O\I ]̂CA BEIFc ]̂

)RdKI] \ ùCV…o��V I]RdK \ (FIcFc Q]UE �̀¢�V Og]_ cFBz F neGH\ gF 2M N̂ oRD^FCA
]̂FIr̀Rrh IFBrV 2M �¢ReGK )D̀õ (WKoec cI\ZWõ ~V̀ QFGHgF IGòCV kMF OFNK�\I AHPo_N� 2Dõ ŵIc OFNK kDpoMGj\F OBCKEC 

�\I ]̂ FWAcGDE c]xCURð FIs�\I Wr�i WT_N� I]	K OBCKش �B\g neGH[7]
ñ I]õ yRD	H[15]نWõ cGK BS \NK\I �̀dE oRr_GV ]Ks \g[16]oMGj\F �\I NK FI x̀K ]UV OBCKc]xCURð �\I ~cGDE Wî FIF Og]_ q¡CV o_]R^I �]eFیfIGP WK \F N�Fـ�]íEZcGKs kR	eZ \ QGe\Fc[17]gF �c]uTeF ~ WV]ENK lBV OJMI kRRbH OFNK `¡vNR� `p]MIEC RxK O]̂BEcNõ c]xCURð FI WCs  

                                                                 
3 Engineering Characteristics 
4 Customer Attribute 

�
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ي ]rK ]e o_]R^I O]̂NHNKO ^c`g]_OFNKOwRDXH yî]dV NR�OBCñ �BS Wî FIF �I]RbV K ]MgIF NK nr_ Wa BE F`cBz NMc]rVOV c\BmV ̀BS 

)\IO[3]
G�dRe ~[18]JE FNK \[19](s_NbV WK �YK kMF` يک o_]R^INHNKO^c`IG�H �]eF NKOV Q]�VF ̀cgFcNðsIG¡KO]K Wa WzGD�V gF �c]uTeF 

]̂Og]_OV̀ NHNK nK F\I I]Tv]e QFGHO ^c`kRK hFNi f]VFJj F`eINK cIGV FI`cFc IFN�s  
  

١����ييتع�� ي! ��
����"�# ]̂ NR$TV �GE WK W[GH ]KOg]_OQZ cNKI]a \ 

]̂oMG4z �K]H Wj ]dV Ic g]_ cBzO ]DEيg]_ cFBz F qRu¢H ]K �BCO�¢�V`WrEg\� \ FOfIGXK
bHيز NRRV k ̀cGSs  wRH N�FQFDOFIFct gF T̀dRj \ BS]K G4zBCE]D^ È ]Kg O]̂ NR$TV l\B[éDpR�]íEZ ccN� kRRbH WD F WrE�\� Og]_ cBzOWK 
GKNV V̀ oeBK NMg fIGP WK �NH N̂ BCMZó  
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k
i ,...,3,2,1.......,,, ==  

kن M ]̂ I]RbV cFBbH �BC^c Q]U`~f{Z kRS]V %�xTeF NRòE C_ oRD^F`WCMĴ ~lGXmV 
]̂O\ �BS �cI\ZNK sss oeFs  wRH BRCa &N_ l]hQFD,t  BS]K WTSFc G4zsFNK kMFNK ]CKON̂ gF LMOc\I\ 

]̂OoRuRa WE]v tMNH]V،t  �NH gF WzGD�V ]H 
]̂O E ]Kg`V åN¡V`g]_ cBz ]K LM N̂ Wa ccN�OWrEg\� FOBCE]D^ W¡K FIéQ]UE �cFcV̀ cGST̀dM]K �ï\Nð £B^ WK yRE ox[ Ic \ cGDE �]YTE F FI OcBz FI cGv ^̀\N� ŵ cFBzF NM]e BEFGTK Wõf]R¢Dz Ic oR¢K ]� kMF ]K \ �cFc �SGð IFN� �c]uTeF cIGV OBbK O]̂ cNR�s cFBzF ŵ ]K n�HNV oMG4z �K]H BCñ ]M \c gF yP]h ,^ cFBzFw �BRV]E ^̀\N�V̀ cGSsÈ ]Kg IFBrV oMG4z �K]H BCE ]V"wxV "Ic y	S٢È ]Kg NMc]rV oMG4z �KFGH ]K Wõ"3]T�dEwxV" \ "wxV ¢̀Rv " ŵoeF �\N�sFNKO�c]uTeF NMg �Bz]� gF IGòCV kMFV̀ cGSó  

)٢(  { }
{ } ti

kk

ti
kk

i
kk

i
k

n

i
k

i

i

rr

ee

nn

mm

Max

Min

n

in

n

,...,

,...,

1

1

2,1

2,1

1

1

,

,

=

==

=

=
=

=
=

Σ

Σ

  

gF  f{c]bV ٢ OcBzVBCE]( )kkkkk rnmeM ,,,= yP]h V̀ BMZWa WrEg\� Og]_ cBz 2M \ �cGK OFMk
�BS �BRV]E �BCM]DE Og]_ cBz oeFs  
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  OFNKNR$TVE ]Kg`BCE]Vó"cGS WTdK ohFI Q\NRK gF kRS]V �Ic" ، WzGD�V fIGP WK wRH [̀\Nv cGK NMg È ]Kg NMc]rV gF OFó  

} “\ wxV“ 
¢̀Rv\ wxV “\ wxV ¢̀Rv“\ wxV“\ wxV 3]T�dE“ wxV 3]T�dE“ { A=  l]hV̀ T̀dM]KWzGD�V kMF،FNK ~ccN� yMB�H OcBz NMc]rV WKO WzGD�V OIG�H 2Dõ WK IGòCV kMF Og]_ cBz gF Og]_ O]̂ WrEg\� oeF �BS �c]uTeF OFs  WzGD�V wTMZ N̂ OFNK A WiGKNV Og]_ cBz 

�FV WTSGE ̀cGS ) _ cBzWrEg\� Og] wTMZ OFi]K
iM�cFc Q]UEoeF �BSs�QGñ٦ cG[\ wRH Ic G4zoSFckMFNK ]CK]�CM F Ict=6 ) O]4zF cFBbH wRHQFD (IcWT_N� NòEoeF �BSó  

M3=(7,8,8,9)       M5=(8,9,9,10)      M1=(5,6,7,8) 
M2=(5,6,7,8)         M4=(8,9,9,10)     M6=(7,8,8,9)  

 ~BS �I]SF Wõ IG¡E]D^Wj]dV oMG4z �K]H O\I gF |G_ Og]_ cFBzF BEF �BS WTSGE��V ~ M1 C̀bM l\F È ]Kg IFBrV»wxV 3]T�dE «Ic y	S O\I gF \ �BS WT_N� NòE٤DpRO\I QZ oMG4z �K]H ~WD
)٥‚٧‚٨‚٩ (TSGE �RHNH kRD^ WK JRE WRrK \ oeF WT_N� IFN�W�BS - BE FWK �BCM]DE Og]_ cBz t e \NMg fIGP W�e]mV V̀ BMcN�ó  

)10,3.8,7.7,5(

})10,10,9,8,8{,
6

899877
,

6

899866
},7,8,8,7,5,5{(

=⇒

++++++++++=

M

Max

MinM
  

  ���.���� "���� � � ���� � "���� ��gFBE F oDd� kMF Ic 
]̂O�gFBE F \ �\Jj 

]̂OFNK Q]�V FOW�HI BCKO hFNi f]VFJj F`V WT_N� I]�K`BEGSsN�FT\V~BCS]K Og]_ cBz \c 	V F �gFBE FQ]VT ≥æMNbH NMg fIGP WKV̀ cGSó  

)٣(  )]}(),({min[
:

)( vVuT
vuu

SupVTPoss µµ
≥

=≥  �jc]bV٣V̀ Q]RK Wõ WR4� kMF Q]	V F WõcIFc،" TO\]dV ]M NT�IJK
VoeF"cIFc cG[\ ~sQcFc �I tE]S N�õFBh QcI\ZNK H̀I]�z WK

VT ≥BCMG� Q]	VF �gFBE F FIs  

UV IG¡K~WK] Wõ kMF �\Jj �gFBE F"   TO\]dV ]M NT�JKVoeF"WK NMg fIGPæMNbHV̀ cGSó  

)٤(  ]})(),(1{max[
:
inf)( vVuTvuu

VTNess µµ−
≥

=≥  Wjc]bV٤V̀ Q]RK JRE Wõ WR4� kMF �\Jj Wõ cIFc" T
]M NT�IJK O\]dVVoeF"cIFc cG[\ ~s  Og]_ cBz \c N�F l]hN,MBEGS WT_N� NòE Ic ,�gFBE F \ �\Jj �gFBE F FV̀ FI Q]	V y	S fIGP WK QFGH٣KWcI\Z oecó  

  

  ��
�
."���� ����� � � ���� ���

  ���.���� ����� ��	
�ي�� �ي���ي wR^]uV æMNbH gF BbK�gFBE F�\Jj �gFBE F \ Q]�VF ,Ic Wa BS �B̂ ]UV WV]ENK gF W¢hNV N̂ OJMIQFD  h̀ FNi f]z�iF ,qR�c]E \ wx�V V̀BCE]V ~BCS]K" 
]V\Jj ri

O\]dV ]M NTxKrj
oeF"fI]�z 2M Wa oeF qR�c]EsONHNK OFNK Wõ oeF åN¡V j̀ F�e f]VFJj F ^̀c 
cNõ BM]K Wñ èBCxV  FNKO^c �FG[`Q]D^ ~|G_ lFGe WKIGiOBS �I]SF ��� Wa NHNK o_]R^IO ^c`g]_O£]¡bE F o¢z WKK Ic QZ QcGK NM ðW

 - NR�I]aOWzGD�V OIG�H gF H \ Og]_ O]̂IG�O�BS c]xCURð Q]�V F oeFs  c]�MF OFNKW¡KFINHNKO ^c`g]_O\c gF ~ �Bz o�dE \ qK]¡H o�dE V �c]uTeF qK]¡H ̀cGS ,V 3��V`h̀ FNi �FJj F \c OFNK QFGHrj , ri qK]¡H o�dE ,�RpN_"ri
K̀ Gv WK y�FBhrj

oeF"oRb¡� ]K FI qK]¡H �Bz o�dE j̀\ cNõ æMNbH ،WRpN_ S ]K FI ]̂V̀ åN¡V 2
 - Wõ OIGi WK BM]DE "ri

K̀ Gv WK y�FBhrj
REod"q�i fI]�z kMF BMcNH fI]�z 2M qK]¡H �Bz o�dE \ oeF IFcNTxK fI]�z WK �FJj F Wõ `dE]S kMNTDõrj

V̀ BEFGHO\]dV ]M\ NTxKri
BS]K]KW[Ic BMcNHri

O\]dV ]M\ NTxKrj
V̀ BS]KNK FNK ~OcIFcs V̀ o�dE QFGH I qK]¡HfI]�z OFNK F"ri

K̀ Gv WK y�FBhrj
oeF"Ic NMg fIGP WK oeF Nõ� WK �g{ ~o_N� NòE WK o�dE fFI]�z kMF gF 2M N̂ Wõ M ]̂ I]RbVBCE]V `C_ f��UV ~�BScI\ZNK WCMĴ`kRS]V %�xTeF ~ \ f{ZsssV̀ Q]RK  BEcN�s  
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θ�NE FIQ]m[IV̀ BCV]E qK]¡H o�dE CR(ri,rj) WKfIGP`جزئ \ NMg�YUVV̀ cGSó  

)٥(  
)()1()(),(

j
r

i
rNess

j
r

i
rPoss

j
r

i
rCR ≥×−+≥×= θθ  \                                                       10 ≤≤ θ  qK]¡H �Bz o�dE fI]�z"ri

K y� FBhWK̀Gvrj
oeF" JRE fIGP WK NMg åN¡VV̀ ccN� )c]DE ]K o�dE kMF DR(ri,rj)Q]UE �BS �cFc oeF(ó  

)٦(  )(),( irjrNessjrirDR ≥=  �FJj F Wõ `dE]S y�FBh H̀I]�z WKrj
gF NTxKri

V̀ �gFBE F Q]D^ ~BS]K oeF �\Jjs  V �BMc Wõ IG¡E]D^ ̀�gFBE F cGS |G_ æMI]bH Ic �\Jj \ Q]	V F O]̂ �BS �BE]�C� �GD¢V Q]	V F OIG�H oRD^F qMNi kMBK \ BE F NH oeF �BMcN�s  IcHæMI]b�GxuV |G_Ness(ri ≥ rj)
C̀bM ,ri

K̀ Gv WK y�FBhrj oeF ,�B�Ce tE]S y�FBh ]�CM F Ic tðV̀ cGS�GxuV t	zNK \
Poss(ri ≥ rj) C̀bMóWõ kMF oPN_ kMNTxK QBR�Ce" ri

WK y�FBh K̀Gvrj
oeF"V̀ BS]KsOg]_ QFNòE �h]P \ kRXXYTV �]�BMc gF �GxuVNess(ri ≥ rj)

V BMc 2MWò_]m �GxuV \ WE FI]õPoss(ri ≥ rj) fI]�z \ oeF WE FIGd[ NòE W¡rE 2M"ri
K̀ GYK y�FBhrj

oeF" BS]K WTSFc �\Jj �gFBE F\ Q]	V F �gFBE F �gIF kRK]V È ]	V T̀dM]Ks  IcWV FcFQ]D^ ~Wjc]bV Ic Wõ OIGi٥BS Q]RK,θ�]E Q]m[I �NE 	M \ �]�cF OFNK \ cIFclBV Ic h̀ FNi wRH fFNòE W¡rE QcGDE ` wRDXH 
¡v �RaNH \ oeF WT_N� IFN� NòE BV ONR�`�NH kMF gF]̂ g]_ cFBzF N�aF Ic WaOEg\�rW FOoeF �BVZ ,FIFcO�BmH oRP]vWj]dV �GE WK W[GH ]K Wõ oeF kMF QZ o¢z \ �cGK ,oMG4z �KFGH K WTSFc nKI ŵ WK IF\NR�Eg T̀dM]K �BVZ yP]hBCS]s  �e]CV NMc]rV BM]K _̀Ni gF`WKθcGS �cFc ä]XTvFskMF OFNK wRH O]4zF gF IGòCVQFDäGXv Ic FI cGv NòE Wõ BS WTeFGv WK WT_]M ä]XTvF IFBrVθBEIFc ��zFs�CeNòE Ic`DRH`kMF eFI Ic ]4zF BMc N�F Wa BVZ oeBK W�RTE]TOخوش WE]CRK BS]K �gIFθFI٥/٠fIGP kMF NR� Ic \ �cNa �]mj QZ gF NTURK \gF NTDa QZ �gIF٥/٠cGS WT_N� NòE Ics  QGñBCK W�HI IcOhFNi f]VFJj F`NíMc yVFGz ~OBCE]Vó%�xTeF C_ oRD^F ~f{Z kRS]V`\ lGXmVsss�BS yRvcBEF ,TdM]K` o�dE]̂OhFNi f]VFJjF kRK qK]¡H`zGE WK FI`yVFGz kMF ]K BMZ yP]h ya qK]¡H od�E ]H �cNa �RaNHsFNKO]K IGòCV kMF¢V FGz BSIF oMNMBV W�B�c \ Q]Vg]e I]Tv]e WK W[GH`W�EZ BCE]V FNK NMg ¡̀v �RõNHgF \ �cNa odRj FI BEBS åN¡VOIGòCV kMF V �c]uTeF ̀cGSó  

)٧(  ∑ ×=
k

j
r

i
r

k
CR

k
wjrirGCR ),(),(  

GCR ,\ oeF yõ qK]¡H o�dE
kwÈ g\ yVFGz �BCM]DE  oRD^F �̀dEWCMĴ cI\ZNK ~lGXmV C̀_ oRD^F QGñ M̀ ]̂ IGTõ]_ ~]̂

\ ��xTeF ~ C̀_ f�	UV… V̀ BS]KsWõ oeF Nõ� WK �g{wRH ox[ vFWTeFGv �RmP V̀ ONTUV O]̂ ŵ FI ]̂ I]RbV kMF T̀dM]K �zB^c IFN� NòE BV NíMc O]̂ JRñ NK �\s  Wjc]bV٧V̀ �v]S gF 	̀M BE FGH W�HI kRRbH �GmE Ic wxV O]̂ OBCK BS]K `hFNi f]VFJj F ,V Wa FI W�EZ �]DH Wõ FNñ ̀}z]K odEFGH oM]pIBCVOcIFc WTuxE cGv Ic FI cGS or_FGV ]M \s  gF BbK�]�E F_NbV oKGE |G_ yhFNV`bK]H`E FGTK Wa oeFWuRç\ B W�HI BCKOBE]eI �]�E F WK FIsFNKOeINK gF IGòCV kMF`\ f{]rV BVZ yP]h ù¢TYV �KFGH cBbTV �K]CVsWEG� WK I]a BE\I ]V FFOcGK BCK W�HI ]xCH WaOhFNi f]VFJjF QcGDE`WujGV fIGP WK ŵ QZ - V j̀ ]DThF O]̂cIGNHNK o_]R^I Ic \ �cG�E NòEO ^c`g]_O �BS c]xCURðFNKOBCK W�HIOhFNi f]VFJj F`Q]	V F OIG�H gF oeF �BS �c]uTeFsH FNRR$H l]Dz F ]K tð`\IOK �K FGHW�BVZ oec æ¢TYV �K]CV gF ـ�¤M\ WKo_]R^I 
]̂O"O\I" \"G	dRe"-NMg �K]H BS �BMc �ï\Nð �e]CVó  
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  IcWjc]bV ٦L(r i,rj) ONHNK �[Ic FI ^̀cBCMG� )�K]H �BCM]DEs�  IcWjc]bVC̀bM qK]¡H �Bz o�dE N�F ~|G_DR(ri,rj)=1�]íEZ    

=0 L(r i,rj) H̀ I]�z WK  ri
WK o�dErjNHNKOcIFBEs FNKOWK QBReI TdM]K lG�� cIGV �FG[`u�GH 
NS`_NbV`ccN�sFNKOIGòCV kMF wRH yR�UH ]KQFD wRH QZ O]4zF ON	_ w^ \ ,W�RTE kMFyP]h gF �c]uTeF ~I]RbV kMNTxK Wõ BVZ hFNi wRH WMBRî]H`äGXv Ic K \ �MNP`[\Nv f]z�iF QcGK �rE`wRH QZ ,

]4z F WKOwRH
QFDoeFsCbM`hFNi wRH`H]VFJj F Wa BCa ]zcF`FNK Wa FION̂ WTeFGv gF LM 

]̂OV Q]RK Q]MNTUV ̀�g{ fG� \ omP gF cIFc BEIFcIGvNKs  IGòCV kMBK Koec C̀bV WK æ�GH OFN~�G¢¡V W�RTE WK K̀ ]MI]RbV BhOBCE]Vδ_NbV`FI �BCM]DE �K]H gF �BVZ oeBK NMc]rV ]H BS K]MgIF cIGV`IFN�B^csK \ Og]_ äFGv WK W[GH ]KW�K FGH ONR�I]õ �BCM]DE �K]H yR	UH Ic Og]_ ,T̀dM]KδkRK FI ٠ \ écGDE �]mj، kRK JRE �BCM]DE �K]H gF �BVZ oeBK NMc]rV Wõ FNñ٠ \ éBEIFc IFN�s tðδæMNbH NMg fIGP WK OI]RbV Bh QFGCz WKV̀ ccN�ó  N�F δ≥∀ )jr,iL(r......, jrir         �]íEZ ri L rj  

)٩(  1pδ≤o  

δ يBh LWE]TeZoeFs  

δ cG[\ W¡K FIONHNK kRK ^̀crj , ri FIkRRbHV̀ BCõNíMc gF \ O]̂ cNKI]õQZ ،KWQFGCz kRRbH ox[ OI]RbVONHNK W[Ic kRK ^̀c
rj , ri V̀ BS]KsONHNK W[Ic �]�N̂ kRK ^̀cri  \rj

I]RbV Bh gF
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]V\Jj rj
IF NHNKri cGK B^FGYEsKWI]RbV Bh IFBrV NRR$H ]K Wõ BS �BMc ¢̀Dz IGi Ic W�HI OBCK V̀ fIGP M̀]�K][ ]̂

 cNR�s  kMF Nõ� ]xTE F IcWT	EWõ oeF OI\NpBM]K_NbV nK F\I OFNK`�BS tMNH]V FJ�V fIGP WK {]K Ic M̀ ]̂  Q]UE Wõ�BC^ckRK W¡K FI
ji rr , )( ji ≠V̀ S]K~BCKWcI\Z oecs  

  ���.���� ��� ��� ي	�
ي�#��� FNKO �̀c]ec]xCURð o_]R^I I\NV IcO ,V Wî FIF NMg wTMIGíjF ̀cGSó  �]�é

- wRDXH Wj]dV WK W[GH ]K NR�O�NH 
]̂OE]Kg`�g]K Ic FI FOWa BS]K Wj ]dV l]h �e]CV ,gF ��V"K̀D^ FoR "

]H"
¢Rv`wxV "\ssss BRCa odRjs  �]�٢-wRDXH Wj]dV WK 
GKNV oMG4z �K FGH y�S NR�OW[GH ]K FI �NH WK 

]̂OoeBK�BVZ�]� gFéBRCa wReNHs  �]�٣-E ]Kg NMc]rV`�NH gF LM N̂ 
]̂O�]� Ic �BS odRjé]K FI �]� QZ oMG4z �K]H y�S WK W[GH٢ ,g]_ cFBzF fIGP WKO MGCKBRds  �]�٤ -cBz�BCM]DEE ]Kg NMc]rV WzGD�V gF LM N̂`qMNi gF FI f{c]bV٤-

éBMI\Z oeBKs  �]�٥ -tMNH]V�gFBE F]̂ NR$TV Q]�VFOE]Kg`]̂ I]RbV WK o�dE FIO Wjc]bV qMNi gF \ Wj ]dVéBR^c yR�UHs  �]�٦-
]̂ NR$TV �\Jj �gFBEF tMNH]VOE]Kg`]̂ I]RbV WK o�dE FIO \ Wj ]dVWjc]bV qMNi gF٢BR^c yR�UHs  �]�٧ -îJ[ qK]¡H tMNH]V`]̂ NR$TVOE]Kg`FIo�dE]̂ I]RbV WKO Wjc]bV qMNi gF \ Wj ]dV٣BR^c yR�UHs  �]�٨- tMNH]VîJ[ qK]¡H �Bz`]̂ NR$TVOE]Kg`WK o�dE FI ]̂ I]RbVOWjc]bV qMNi gF \ Wj ]dV٤BR^c yR�UHs  �]�٩-tMNH]VqK]¡HR$TV ya]̂ NOE]Kg`]̂ I]RbV WK o�dE FIO Wjc]bV qMNi gF \ Wj ]dV٥BR^c yR�UHs  �]�é�

 -NHNK W¡KFI tMNH]VO^c`g]_OWjc]bV qMNi gF FI٦ BR^c yR�UHs  �]�éé
 -

]KkRRbHFNK �e]CV IFBrVOI]RbV Bh ,WujGV 
]̂OtMNH]V �]�é�Wjc]bV qMNi gF FI٧W�HI ]H �cg LmV BCKO�e]CV fIGP WK cGS c]�MFs  

  �
.	�,
1 ��� &�1oeF IcGj kRK]a Wbj ]¡V cIGV lGXmV �^\¤ð kMF IcsIcGjکي`gF oõNS f{GXmVkRS]VoõNS WK WTdK F\ T̀bCP f{Z  oeF QFNM F Og]eIGTõFNHsWTeFGv WK W[GH ]K NòE cIGV lGXmV 

]̂O NTUVيQ] IFGTeF �]mj gF 3��V ~cIFc Oc]Mg f{]	SFQcG�EoõNh \ Ge kMF WK yRK ]K �FND^ kRK]õ QcNõ ~f]R¢Dz kRh Ic Ge QZ \~�BCE FI OFNK kRK]õ f]E]	VF QcG�E �e]CVشkv]E �̀BCC	yRK O]̂

�rz)
¢̀õc yRK (\ sss skMF Wõ BEBS QZ NK oaNS kRXXYTVBCE]eNK y�FBh WK FI f{]	SFgF �c]uTeF IGòCV kMF OFNK \QFDKW FJK F 2M QFGCzcN� åN¡V BCDE FGH IيBs   

١��.��
 ���� � ��� ]K`eINK�N_ 
]̂�MgGH kRC�D^ \ ONTUV f]M]	S WK �̀BReI OBCV W¢� Q]MNTUV kRK Ic WV]CUeNð ,yCeNð \ BMB[ Q]MNTUV QZ fFNòE W¡rE WE]vI]õ 

]̂cIGV NMg IFN� WK NòE W¡rE \c �j]� Ic BS �cFc IFN� yR¢mHó  

  

١�١��.������ ��	��
�� ��cGK kRK]õ cIGV Ic ~Q]MNTUV �BDz f]pFNTzF W¢D[ gFsQGñ Gx	K cNKI]õ o¢z WK Wõ BEcGK ]zcF kMF NK Q]MNTUV O]̂ ][ Ic IcGjQZ �Ic cIGV Ic 3��V ~QG�]EG� D̀R¢� F nMFNS ]K \ æ¢TYVIc Wa cIFc cG[\ fIGP kMBK H̀�	UV �RS NTURK O]̂ gF٣٠ ~W[IcD̀E WTdK \ g]K �Gv cGS�̀BEI]K Ic Ni]v kR 
D^ WK ~ �BCE FI gF W	ñ QFI]K O]̂ kRK]õcIF\ �Ic O{ gF WõV̀ cGS~odRE Q]V F Ic �̀cGjZ gF BM]K �BCE FI \ IGHGV OFBP gF 3��V BS]K Q]V F Ic H̀GP O]̂ ssssWa BS kMF NK wRDXH oaNS kRjG�dV í̀C^]D^ ]K W�RTE IcGx�K kRK]a cIGV Ic y�� yX_ OïGjBTVcGS WT_N� I]�K IcGjs  

  ��١��.��� "����� �� � ���� f]M]�S FBTK F Ic�BReI\ o_N� IFN� èINK cIGV Q]MNTUV OGe gFgF ^̀\N� gF `mMNUH \ T̀dH �j]� Ic f{FGe ONe LM kDp IcBS �BReNð Q]MNTUV 
�eNð kMF Wa �N_ ]K �FND^ ŵ ]̂

 f]M]�S O]̂ BEBS �cFc IFN� NòE BVsWzGD�V WTeFGv gF OF gF Wõ Q]MNTUV O]̂ WV]CUeNð `eINK �N_ \ ]̂ fIGP WK BEcGK �BVZ oeBK oM]	S O]̂ NMgodRjBEBMcN�ó  æjFógF �IcQ\NRKcGS WTdK ohFIs  

ócGUEب WTdK cGv WK cGv �Ics  

ógFcGSج g]K ohFI Q\NRKs  cóí̀CjWTSFBEBS]Ks  �óIcB^BE W	ñ QFI]Ks  \óOFBPK FI £FNiFB^BE l]rTE F yvFc Ws  HNH kMBKR�WujGV O]̂Oc\I\QFD) WE]v tMNH]V �ñ oDe oRuRõ( c]DE BEBS �YUV iCWujGV kMF OFNK WT_N� NòE Ic ]̂ BS�s6,5,4,3,2,1=i(  

  ��١��.������� ��� ��� ����EC��  ����CA WXYUV ~ONTUV f]RPGXv `eINK ]K _ O]̂]K n�HNV C̀gF LM N̂ QZ 
]̂odRj NMg IFN� WK�BS BE Fó  é

-
�Ic kTdK OFNK �g{ OïNE F  

٢-kRVg OGe gF �Ic NK �BS cIF\ O]̂ \NRE èINK  
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٣-�̀RSFNe Ic �BVZ cIF\ O\NRE èINK 
]̂

  

٤-
�Ic QcNõ g]K OFNK �g{ OïNE F  

٥-
�Ic kTSFc WíE OFNK �g{ O\NRE N�õFBh  

٦-c �]	mTeF�I  

٧-QcGK qM]z  

٨-FBP IG�z �^]õ QFJRV  

٩-QcGDE W	ñ NKFNK Ic oV\]rV WujGV T̀h FI OFNK 
]̂WK 
GKNV OK h̀ FNi f]VFJj Fc]DE ]

jr 

)9,8,7,6,5,4,3,2,1( =j �YUV�BS BE FsWujGV kMF Ic ]̂
 ��F\ BCTd^ È]Kg O]̂ NR$TV Q]D^s  Wõ oeF W[GH WK �g{WCMĴ cI\ZNK IGTõ]_ We C̀_ oRD^F ~]̂WujGV c cIFGV W¢D[ gF C̀_ f�	UV \W�B�V̀ �GdmV oõNS JRVZ شBBE Tõ]_ NM]e WK o�dE WõوIFcIGvNK oMNMBV OFNK `P]v oRD^F gF ]̂ I BEcGKs ŵ ]K �RHNH kMBK wRH O]4zF oõI]UV \ ON	_،We kMF O]̂ IGTõ]_ NM]e kRK gF IGTõ]_VS Ic cG[GBMJ�NK oõNBEBS �s  

  ��١��."������	� ����� �� ��� ]VGDz "cFBz F\ �̀¢�V WEG� \c WK Og]_ 
]MWrEg\� OFQ]RKV̀ BEGSs cBz gF `P]v �GE �̀¢�V cBzWrEg\� OFN̂ gF �ï\Nð kMF Ic \ oeF oeF �BS �c]uTeF \cs]KOg]_ cFBz F WzGD�V Wa b̀K ]CV WK Wb[FNV È ]RK O]̂ NR$TV OFNKV̀ åN¡VBCCa،y�S BCE]V Og]_ cFBz F٤ cGK B^FGv �e]CV NòE cIGV W¢�dV OFNK[17]s  
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  WK 
GKNV f]z�iF È ]
RK NMc]rV Nç]CTV Og]_ cFBzF kRRbH gF BbKoRD^F�̀dEkRKCA \ ]̂

EC oaNS �XYTV cFN_ F gF ]̂ �D[ N� OI\ZBMcs  gF 2M N̂ OFNK FI ONTUV f]RPGXv �̀dE oRD^F wRH O]4zF٦ WujGVf]RPGXvcGDE åN¡V ~�cGK �BVZ {]K Ic Wõ ONTUVs3��V l\F WujGV OFNK )l\F È ]Kg NR$TV (C̀bMó“WTdK ohFI Q\NRK gF �Ic cGS” ،WzGD�V fIGP WK wRH [̀\Nv cGK NMg È ]Kg NMc]rV gF OFó  

} “\ wxV“ 
¢̀Rv\ wxV “\ wxV ¢̀Rv“\ wxV“\ wxV 3]T�dE“ wxV 3]T�dE“ { A=  

f]z�iF�D[ OI\Zy�S gF �c]uTeF ]K �BS٤yMB�H Og]_ cFBzF WK V̀ cGSsOFNK l]�V OFNK"cGS WTdK ohFI Q\NRK gF �Ic "NMg cFBzF BVZ oeBKs  

M3=(7,8,8,9)          M5=(8,9,9,10)        M1=(5,6,7,8) 
M2=(5,6,7,8)       M4=(8,9,9,10)             M6=(7,8,8,9)  oDd� �\I gF �c]uTeF ]K �BCM]DE Og]_ cBz٣-

é
 WKNMg fIGP W�e]mV  V̀ ccN�ó 
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Max

MinM

  WK \kRD^�BCM]DE Og]_ cBz �RHNH٥ wTMZf]RPGXv OBbKl\B[ fIGP WK j̀\B[ Ic yõ Ic \ BEBS W�e]mV ONTUVé
 DpRWDbHRRV k ̀cGSs  tMNH]VnK F\IONTUV f]RPGXv \ C̀_ f]XYUV kRKن RfIGXK J l\B[٢DpRK WDWoecV̀ BMZsoõNS lGXmV OFNK tMNH]V kMF �N_ gF W�EZ WK W[GH ]K \ cGK �BVZ oeBK f]M]�S O]̂|]uH F WK NòE WRxH NMg fIGP WK wRH O]4zFBSó  WujGV gF 2M N̂ �̀dE oRD^F kRRbH OFNK 

]̂tMNH]V OفوقgF yR¢mH gF �BVZ oeBK f]MNòE [̀\Nv wRH O]̂QFD
FcB�V ~ WzGD�V WujGV N̂ OFNK È ]Kg NMc]rV gF OF )È ]K g NR$TV (oeBK �cGDE yDz {]K BCE]D^ Wõ oeF �BVZ~WzGD�V QZ wTMZ N̂ OFNK \ Og]_ cBzWrEg\� OFQZ \NRð \�BCM]DE Og]_ cBz  )�̀dE oRD^F (FI W�e]mVwTMZ gF 2M N̂ �BCM]DE Og]_ O]̂ cBz gF T̀dRj \ �cNõ 
]̂ fIGP WKl\B[٣DpRK WDWV oec ̀

Z
  Bsي

  ���.���� �����	
�� �
������� Wa OIG¡E]D^ "WK \ Q]�V F OIG�H gF �ï\Nð kMF Ic BS �I]SFoeF �BS �c]uTeF �\Jj �gFBE F \ Q]�VF �gFBEF QZ l]�EcsFBTK F Ic tð V Wa oeF g]RE�gFBE F OFNK �̀e]CV NMc]r �\Jj �gFBE F \ Q]�VF O]̂ cGS WT_]Ms  BSIF oMNMBV fIGUV ]K،C̀bM oMNMBV JRVZ W�B�c IGTa]_ Weó WCMĴ cI\ZNK 
]̂

 ,OFNK C̀_ f��UV \ lGXmV C̀_ oRD^F oMGj\F BMcN� �]YTE F h̀ FNi f]VFJj F ^̀cskRXXYTV wRH t e �]� qK]¡V K̀ ]YTE FéwTMIGíjF ,R$TVÈ ]Kg NMc]rV \ È ]Kg O]̂ N QZ WK 
GKNV 
]̂cGDE odRj j̀\B[ fIGP WK FIs  |G_ O]̂ NR$TV NK �\�z ,QGTe ~oRuRa WE]v f]RPGXv q�iO]̂ tMNH]V QZWaWXYUV yRD�H BM]K JRE ~BCTd^ èBCxV O]̂ BEcN�sIc FI cGK �BVZ oeBK Q]MNTUV gF W�EZ IGòCV kMF OFNKIFN� h̀ FNi wRH I]RTvFQZ \ �cFc 

]̂FI LM N̂ WK 
GKNV O]̂ NR$TVodRj j̀\B[ ì È ]Kg NMc]rV kMF QZ gF tð \ BEcGDE åN¡VBMcN�s  
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��cI\ZIc Og]_ cBz fIGP WK |G_ l\FB[ NMc]rV gF LM N̂ l]h�BS ,È ]K g NR$TV OFNK ��V "
�Ic kTdK OFNK �g{ OïNE F "WK o�dE WzGD�V fIGP WK `[\Nv ~WCMĴ cI\ZNK OFgF٦cBz È ]Kg IFBrV ]K NK FNK QZ �BCM]DE Og]_)٢ \ ٥/٤ \ ٥ \ ٨ (BMcN�s  oMG4z �K FGH IFcGDE �j]� Ic FI wRH O]4zF fFNòE �RHNH kMBK 

)�]� qK]¡V٢wTMIGíj F (È ]Kg IFBrV �S \ �cNa �]mjWKoec V̀ BMZy�S gF �c]uTeF ]K \éÈ ]Kg IFBrV N̂ WK 
GKNV Og]_ cFBzF oeBK FIoDd� �\I ]K qK]¡V \ �cI\Z)
é

-٣ (�BCM]DE Og]_ cBz W�e]mVV̀ cGSs�gFBEF æMI]bH gF �c]uTeF ]K t e 
]̂\ Q]�VF O �\Jj،tMNH]V JRVZ W�B�c IGTa]_ We WK o�dE \ �cFc yR�UH M̀ ]̂ WujGV oaNS BEBMcN� W�e]mV Q]UM]̂ )Ic FJ�V fIGP WK l\FB[ BEcG[GV oeGRðs�  OFNK wRH O]4zF�gIF Q]m[I �NE٥/٠Wa FNñ BCT_N� NòE Ic FI WE]CRK �Gv BMc OFIFc BEBrTbV BCTd^ OFsOFNK T̀dM]K kDp Ic NòE BV IGTa]_ We ,Qg\ kMBK ]H cGS WT_N� NòE Ic �̀e]CV O]̂ 
]�HIF QFGTK qMNi oeBK `hFNi f]VFJj F kRK �̀e]CV �̀ ]�¡E F O]̂ cI\Zsr̀_ FGH oRD^F QFJRV WK W[GH ]K tðoaNS OFNK ]̂ IGTa]_ WCMĴ QcI\ZNK IGTa]_ OFNK Qg\ ]̂٥٠/٠ \ Qg\ NíMc IGTa]_ \c OFNK

٢٥٠/٠BMcN� �]YTE Fs  ]KkRK nK F\I tMNH]V WK W[GH CA\ ]̂
EC V̀ ~]̂ oRD^F QFGH Wõ h̀ FNi f]V FJj F �̀dEc]DE ]K Wõ

jt)9,8,7,6,5,4,3,2,1( =jQ]UE �BS �cFc BE FFI cNõ W�e]mV NMg fIGP WKó  l\F �FJj F OFNK(j=1)ó                                   )11d1(S1t ⊗=  �\c �FJj F OFNK:( j=2)            )424(S)12d1(S2t d⊗⊕⊗=  OFNK �RHNH kRD^ WK \:(j=9)                       5959 dSt ⊗=  oRD^F kRRbH OFNK�̀dE\cIGTõ]_NíMco�dE oõNS Ic NòEcIGV yVFGz WK٩WXYUV WE]�D̀RH z̀ ]dV 2MNUH ]K ~lGXmV C̀_ O]̂ l\B[ ٤DpRWDôFNYTeFoeF �BMcN�s  l\B[ WK W[GH ]K٤WujGV gF 2M N̂ ~ O]̂٩
]K FI C̀_ WXYUV WE]�N̂ OFNK \ �cNõ WdM]rV lGXmV f�	UV \ WCMĴ cI\ZNK QZ gF 2M WujGV`�CeNòE wRH gF ]̂BMcN�s  ��VC̀bM l\F WujGV OFNKó" 

�Ic kTdK OFNK �g{ OïNEF"،[̀\Nv WzGD�V wRH O]4zF OFgF y�UTV٦ cGK È ]Kg IFBrV�c]uTeF ]K Wõ ~ y	S gFéK WiGKNV Og]_ cBz WzGD�V kMF wTMZ N̂ OFNK FcB�V ~W
 - oecBVZf{c]bV ONR� I]	K ]K oM]xE Ic \ ٢

]_ cFBz F�BCM]DE Og wTMZ N̂BEBVZ oeBKsN̂ 2R	uH WK cFBzF kMFl\B[ Ic WujGV٥ DpRoeF �BS Wî FIF WDs  OFNKkRRbH�gFBE Fh̀ FNi f]V FJj F kRK Q]	VF \ �\Jj O]̂،NK �]eF f{c]bV ٧ \ ٦ �Ge yX_oeF �BS yDzs`dMNH]V IGòCV kMF OFNK f]VFJj F �M ]̂ N¡e Wõri
QGTe \f]V FJj F �M ]̂rj

KyR	UH BS] BMcN�s  

IcWõ kMF ox[ Ic FI WujGV N̂ tMNH]V kMF" ri
K̀ Gv WK y�FBhrj oeF"WujGV N̂ \ �cGDE wRòCHQ]	V F tMNH]V�]E ]Kk

ijpm \N̂ WujGV�]E ]K �\Jj tMNH]Vk
ijnm QZ Ic Wõ BEBS �YUVk=1,2,3 

)IGTõ]_ We tMBE F C̀bM ^Ff�	UV \ WCMĴ cI\ZNK \ C̀_ oRD C_`s�   WCMĴ kRDYH ~ C̀_ oRD^F �\Jj �gFBE F \ Q]	VF �gFBE F H̀I]�z WK \ ]̂ h̀ FNi f]V FJj F C̀_ f�	UV "ri
O\]dV ]M \ NTxKrj "V̀ WK ~BS]K W�e]mV NMg fIGPV̀ ccN�ó  
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]K �K FGH kMF QcFc �¡� gF l\B[ fIGXK 	M]TE ŵ۶DpRK WDWV oec ̀

Z
BscFBzي F kRK gF wDRCRV �BS yP]h�BS WT_N�  )�BS �cI\Z QGTe kMNvZ Ic W�EZ oeF (\gF wDMNðGe ~wDRCRV QGTe �BS ONR� 
aWIFBrV۹۵/۰OFNK |G_ �FJj F \c Q]�VF �gFBE F)WujGV)

�\� ((oeF �BS yP]hsIGi WK OFNK WK ]UVWujGV)
�\� (lGXmV C̀_ oRD^F tMNH]V ~�\Jj �gFBE F

۳۹/۰V̀ oeBK BMZs  
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-�"�� �)	� ��,�	� �*� �gFBE F lFGCV kRD^ WK VF O]̂\ WCMĴ cI\ZNK tMNH]V ~�\Jj \ Q]	 oRD^Ff�	UVlGXmV�ï\Nð f]V FJj F OFNKV̀ oeBK 

ZBM )V̀ ]DH tMNH]V kMF oeF �BVZ qRrmH kMF oeGRð Ic ]̂s�   Q]D^ 
�Gv �NíE ]K BS �I]SF ��� Wa OIGiWj]dV WK WE]CRKθNK FNK

٥/٠N̂ OFNK \ oeF �BS WT_N� NòE Icک يWE]� We yVFGz gF
)C̀_ oRD^FW1

WCMĴ cI\Z NK ~W2
C̀_ f�	UV \W3 ( È g\ tMNH]V �RHNH kMBK ]H BS IGòCV gF 2M N̂ OFNK cNuCV qK]¡H O]̂ QZ 

]̂ccN� W�e]mVsWujGV î̀ J[ qK]¡H tMNH]Vk
ijcr) k=1,2,3 ( �]EBMcN� OIF � )O]4zF \ BSIF oMNMBV NòE q�iwRH

FD,W1=0.5,W2=0.25,W3=0.25 BEBS �]mjs�  _ q�i l]hlGVN٨�Ge yX_ ,�ujGV OFNK 3��V)٢‚
é

( ,oRD^F yV]z f]VFJj F kRK qK]¡H tMNH]V C̀_r2
\r1

K NMg fIGP WKWoec V̀  BMZó  

67.039.0*5.095.0*5.0
1
12*5.0

1
12*5.0

1
12 =+=+= nmpmcr  WujGV NM]e �RHNH kRD^ WK V̀ W�e]mV w^ ]̂

 BEcN�soM]xE Ic MNH]Vt yP]h WE]� We yVFGz OFNK M̀ ]̂V̀ BEGSs  tMNH]V kMF kRRbH gF BbK 
¢̀a |]�¡E F o�dE QcI\Z oeBK OFNK ]̂ yDz NMg �\I WKV̀ ccN�ó  OFNK�ujGV) ٢\éó�  
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wgcr  WujGV WRrK V̀ oeBK |G_ fIGP WK ŵ ]̂
 BCMZs  OFNKONHNK �[Ic kRRbHkRK ^̀crj

\ri
V̀ TdM]Ko�dE tMNH]V ` qK]¡H �Bz BMZ oeBK ŵ ]̂s  kMF OFNKIGòCVWujGV ]K `dMNH]V �]E WK O]̂k

hjdrNMg fIGP WK yP]hV̀ ccN�ó (k=1,2,3)  OFNK �ujGV )٢\éó�       65.0)12(1)2,1(1
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=≥== rrNessrrDRdr  kMBK \lFGCVtMNH]V yV]z We WK o�dE qK]¡H �Bz o�dE O]̂ oeBK Wj ]dVV̀  BMZs  tMNH]V gF �c]uTeF ]K d̀MNH]V ~qK]¡H �Bz \ qK]¡H o�dE O]̂  OFNKL(r i,rj)
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  F Nõ� WK �g{NMc]rV NRR$H ]K Wõ oeδθ ,oMGj\F kMF Ic H̀ FNRR$H - OBCKc]�MFB^FGvBS،I]RbV Bh OFNK l]�V OFNK Wa٩/٠�NE ]K Q]m[I٥/٠V̀ oeBK NMg �RHNH BVZó  
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  �BMc Wa OIGi Q]D^V̀ cGSNRR$H \ oK]� Q]m[I �NE ]Ké
/٠Bh gF I]RbV٨/٠ WK٩/٠oMGj\F �RHNH ~ V̀ NRR$H f]VFJj F OBCK \ BM]DE f]VFJj F٩ \ ٦، ٣، ٢f]VFJj F NM]e WK o�dE ONH{]K oRD^F gF V̀ IFcIGvNK BEcN�s  kT_I {]K OFNKQ]CRDiFgF�e]CV I]RbV Bh �]YTE F، V̀ QFGHO\I H]z�iF gF `hFNi wRH Q]CRDiFWa `�NTec IcwRHQFD IFN� cFc� BE F،حس cGDE �]s  
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Icc]xCURð ي o_]R^IOH]z�iF`NTUV gF WaOV WT_N� ̀c]rV cGSيN KRE ]`F kDp oeF �BS WT_N� NòE IcيF W�Cي^I kRWK o�dE o_] o_]R^I O]̂~Wj ]dV Ic oMc\BmV cFBbH QcGK wa o¢z WK QZ WK]UV�c]e I]RbV Bh LM l]DzF Th f]�e]mV �]�E F ~NH`Tec fIGP WK` IG�H gF �c]uTeF ~NTDa Q]Vg IcO�gFBE F \ �\Jj �gFBE F �¤M\ WK Q]�VF Q]�VFcIFc oMJVs  
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