
���������
	����
�������
����������������� �!�"�$#��"%&�'�'�(��#

)

�
*�%,+-%,�"���.��/0�1�$�02 3
4056�-37�

8:91;=<>9.?A@CB,DFEHGJILKNMPO><Q<>GLE.RTSU9FV�WX9FVZY
D[GLWFGUK\91VC]�^`_Ca�Ob91V�^6GJ91c[_

dfeFg�hjiLk`l�iJmneUoUgqp=rts1uwvxpwyju=pJzNl�iLrqyjpw{x{}|:yjvx~Xp•rq€Tvxg‚•ƒzF„‚gq…[†Lu�†FzU‡tˆŠ‰w‹JŒX•LŽFzN|fsU•
z

•�‘1’w“j”1•C–˜—1™LšX›1’J”J—ƒ”œ–ž•X•J”ƒ™L›JŸU L¡1¢ƒ•}£T¢J’(¤Xš1”X•X•¥£˜”J¦JŸ

§&¨¥©wªw«�¬[­(ªJ®°¯

pwuwpwyƒgq{±•ƒzj²}vxyjp�†�r�³¥rqiJ´Lrµ†(mnmnvxyj´·¶¸²}³�¹‚º¼»[†L€Tp�½.rqpw{¾†L¿U†�gqv¾i(yj€t…[†�~Xp

»Npwp=y·€T…ji�ÀÁyÂeUrqiJmnvx€Tvxyj´&vxy·»NiƒiJ€žgqvxyU´$gq…Up
eNp•rTkbi(rqm&†Lyjuwp�iLk�p=¿U†Lu=g�ÃH•ÅÄtº˜sU•`Æ

€Ti({¾~Jp=rq€whJÇZpAuwiJmnej†LrqpÁs1pwmnv¾½Up=Èjyjv±gqpA³¥rqiJ´Lrµ†(mnmnvxyj´É¶¼sFd�³Ê¹Ë»[†L€Tp�½
rqp={Q†�¿U†LgqvxiJyU€

ÀÁv±gq…&²Ë³Ârqpw{¾†L¿U†Lgqvxi(yj€Êk>i(rAÃH•tÄÅºžÌ�º˜sU•`Æ:hLÇZpAÀÁvx{¾{j€T…ji�ÀÍ…Ui�ÀÎs1d�³�rqp={Q†�¿U†LgqvxiJyU€

†�rqpH€ToUrqeFrqv¾€TvxyU´J{±•ÏeNi�ÀAp=rTk>oj{Ðz`eUrqi�~1vQ½Fvxyj´�m,ojuµ…�gqvx´J…ƒgqp=r,»NiJojyj½U€,gq…j†(y�²Ë³Ñrqp=º

{¾†L¿U†�gqv¾i(yj€wz}†(u•rqiJ€T€�½FvxÒ\p•rqpwyƒg:uwi(yj€žgTrµ†Lv¾yUp�½UyUpw€T€:rqpw´(vxiJyj€whËs1d�³Órqpw{¾†L¿U†�gqv¾i(yj€�u�†Ly

†L{¾€Ti,»Nptuwi(mnejoFgqp�½n~Xp=rT•np=Ô°uwvxpwyƒgq{x•ƒzJgq…FoU€"ÕƒojvxuµÖF{±•,eUrqi�~1vQ½Fvxyj´�gqv¾´(…ƒg"{xi�À�p=rÅ†(yj½

oUejeNp=rÉ»NiJoUy[½U€ÉiJy�gq…jp&i(eUgqvxm&†({A€Ti({xoUgqvxiJyCh¥Ç�p�†({x€Ti-€T…Ui�À�gq…jp&p=Ò\pwu•gqv¾~Jpwyjpw€T€

iLkÊsFd�³Ïrqpw{¾†L¿U†LgqvxiJyU€:vxyHeFrqiL~1v¾½UvxyU´°…jpwoFrqvx€žgqv¾u�´(ojv¾½j†Lyjuwpfk>i(rtvxgqp•rµ†Lgqvx~Xp�~J†�rqv¾†(»j{xp

€Tp=gTgqvxyU´Uz(€Tv¾´(yjv±È[uw†(yƒgq{±•ÉmniLrqpA†LuwuwoUrµ†�gqpAgq…[†Ly
gq…UpA´JoUvQ½U†(yUuwpA»[†L€Tp�½Éi(y°²}³Ârqpw{¾†�¿Fº

†�gqv¾i(yj€whCs1d�³Í†L{x{¾i�ÀÁ€foU€"gqin€Tp=g:oUe�gqi&†�rqiJojyj½HŒJ×JØ7iLk¥gq…jp�~(†Lrqv¾†(»U{xpw€ÅÀÁv±gq…UiJoUg

½Fpw´(rµ†(½Uvxyj´ngq…jp�i(eUgqvxm&†({}€TiJ{xoUgqvxiJyCzNÀÁ…jvx{xpÉ€Tp•gTgqv¾yU´$†°€Tv¾yU´J{xp,~(†Lrqv¾†L»j{xp�»[†(€Tpw½Âi(y

gq…Up,²}³Írqpw{¾†L¿U†LgqvxiJyÂ´(pwyjp=rµ†L{x{x•�½Fpw´(rµ†(½Upw€Ågq…jp
´J{xiJ»j†({¥i(eUgqvxm&†({œ€Ti({xoUgqvxiJyÂvxy·gq…jp

i�~Xp=rqu=iJyj€žgTrµ†Lvxyjp�½�†�rqp�†Fh`Ù:oFr�rqpw€Toj{±gq€�gq…jp=rqp=k>i(rqp&€T…ji�ÀŠgq…[†�g°s1d�³Úrqp={Q†�¿U†LgqvxiJyU€

m&†w•&kboFrTgq…jp=rÁ»Niƒi(€žg:p=¿U†Lu=gtÃH•tÄÅºžsF•ÊÆÓ€TiJ{x~Xp=rq€wh

Û ÜjÝÅÞNß\à�áÉâ
ãËÞ\äqàÅÝ

å

V�;=G(a�G(VjætçFGJ91;wILKUètGÉcC9XWFGÉè�O¾æ=V\G(I=I•G(]Â9&æ•;=GLEHGLVC]\DF_CIté\;=DFêF;=G(I=IÁO>VÂæ=c\G°Iqæw9ƒæ•GLR˜DFëÐR‚æ=c\G�RT91;•æ

D1ë�GLVCaLDN]NOQVCêUI&9FVC]ì91<>êFDU;•OQæ•c\E·I°ë¸DU;$í:D[DF<>G(91VïîN91æ•ObIqðË91ñ\O><QOQæqçÑò‚îNó"ô�õ�@�öCDF;&GL÷N9FEHé\<QGUK`O>V

91;=G(9FItIµ_}awc�9FIÅé\<>9FV\V\O>V\êH91VC]Hð}V\O¾æ=GÉEHDN]NG(<¾RTawc\G(awø[O>V\êCKUètG,91;=G�V\Dƒèù9Fñ\<QG
æ•D.IµDU<QWUG�<>9F;•êUG

îNó"ô�é\;•DUñ\<>GLE·I�è�OQæ•c�_\é�æ=D�9HEHOQ<><QO>DFV�Wƒ9F;•Ob91ñ\<>G(I�9FVC]ZðCWUGnE.O><><QO>DFVÏaLDFVCIµæ•;w91O>Vjæ=I(@\ú�DF;=G

êFGLVCGL;w91<><QçUK}îNó"ô�GLVCaLDN]NOQVCêUI�cC9XWUGnñ}G(GLVÏI•c\Dƒè�VZæ•DÂñËG&WUGL;=ç�éËDƒètG(;µë¸_\<`OQVÏI•GLWUGL;w91<¥é\;w9Fa�R

æ•ObaL91<¥]NDUE·91O>VCILK[I•_Cawc-9UIÅG(<QGJa�æ•;=DFVCO>aÉ]NG(I•OQêUV�91_\æ•DFE·91æ•O>DFV6KNó

å

é\<>9FV\V\O>V\êCK[91V}]ÂcC9F;=]Nèf91;=G

91VC]-IµDFëÐæqè:9F;•GÉWFGL;=OQð}aL91æ•O>DFV6@[ôfc\G,øFGLçÂ9F<QêUDF;=O¾æ=c\EHO>a
OQEHé\;=DƒWFG(EHGLVjæ=IÅæ•cC91æ�cC9XWFGÉñ}G(GLVZOQVNR

a�DF;=éËDF;w9ƒæ•GJ]$O>Vjæ•D&Iµæ=91æ•G�RžD1ëÐR˜æ•cCG�RT91;•æÁî\ó"ôûI•DF<>WFG(;=I�cC9XWUG�ñ}G(GLV·<b91;=êFG(<Qç&ñ}9FI•G(].DFV·91;•æ•OQð}aLO>9F<

OQVjæ•G(<Q<>O>êFGLV}a�G$ò‚ó

å

õ"9FVC]·a�DUVCIqæ=;=9FOQVjæÁé\;=DFêU;=9FEHE.O>V\ê·ò˜8:?:õ�æ•GJawc\V\Obüj_\G(I(@UöCDF;ÁGL÷N9FEHé\<QGUK1ë¸DU;

a�DFEHé\<>G�æ=GÂIµDU<QWUGL;wILKœæ=c\G·_\VC]\GL;=<Qç[O>V\ê�ñC9Fawøjæ=;=9UawøÏIµGJ91;wawcÍIµæ•;w9ƒæ=GLêFç�cC9FInñËGLG(VÎGLV\cC9FVCa�GJ]

ñjçì9ÍIµG(;•O>G(I$D1ë
O>VCaL;•GJ9FI•OQV\êU<QçÎI•DFé\c\ObIµæ•ObaL9ƒæ=G(]Îæ=G(awc\VCO>üj_\GJILK"I•_CawcÚ9FI.V\DUVNRTawc\;•DUV\DF<>DFêUO>a(91<

ñC9Fawøjæ•;w9Fawø[O>V\êCKjë¼9UIqæ
éC;•_\VCOQV\ê-91VC]Zé\;=DFéC9FêU91æ•O>DFVZE.GLæ•c\DN]\I(KCVCDFêFD[DN]Îò¸DU;
a�<b91_CI•GJõ:<>G(9F;•V\R

OQV\ê}KN91VC]·EHDU;•GÉ;•GJa�GLVjæ=<QçH;w91VC]NDUEHOQýJ9ƒæ•O>DFV-91VC]·;=G(Iµæ=9F;µæwIL@jMPc\O><QG,è:GÉcC9XWUG�;=G(a�G(Vjæ•<>çHI•GLG(V

91V.OQVCaL;•GJ9FI•OQVCêÉ]NOb91<>DFêU_\GtñËG�æqè:GLG(V$æ=c\G�91;•æ•OQð}aLO>9F<jO>Vjæ•G(<Q<>OQêUGLVCaLG,ò‚ó

å

õA9FVC]�aLDFVCIµæ•;w91O>Vjæ�éC;•DFR

êF;w91EHEHOQV\ê.ò˜8:?:õ`aLDFEHE$_\VCO¾æqç&9FVC]næ=c\G
þÉé}G(;=91æ•O>DFVCI�ÿ�G(I•G(9F;=awc&aLDFEHE$_CV\O¾æqç&aLDFVCaLGL;=V\O>V\ê

æ•c\G�Iµæ•_}]NçÓ9FVC]Î]NG(I•OQêUVÎD1ë�91<>êFDF;=OQæ•c\E·I,ë¸DF;.îNó"ô!9FVC]ÍWƒ91;=O>9FVUæwILK¥OQæ$cC9UInñËGLGLVìI•_\;=é\;•ObIµR

OQV\êU<Qçì]NO��Âa�_\<Qæ.æ•DÍOQVjæ•G(êF;w9ƒæ=GZþ,ÿ ñC9UIµGJ]ì;•G(<>91÷\9ƒæ•O>DFV}I&O>VUæ=D�é\;w9Fa�æ•ObaL9F<t91éCé\;•Dj9Fawc\GJInë¸DU;



îNó"ô°@"ö\DF;.G�÷\9FE.éC<QGUKÊ]NGJIµé\OQæ•G�9�I•O>êFV\OQð}aL9FVjæ�91EHDF_CVUæ.D1ë�ñËG(9F_Næ•OQë¸_\<�^6O>V\GJ91;�?Å;•DUêF;w91E.R

E.O>V\êÎò¼^Ê?tõ�;=G(I•_\<Qæ=IÉë¸DF;nîNó"ô ò‚IµG(G�GU@ ê}@QK������UK����	�Ðõ�K}é\;w9Fa�æ•ObaL9F<�Iµæ=91æ•G�RžD1ëÐR˜æ•cCG�RT91;•æÉIµDU<QWUGL;wI

]NDÂV\DFæ
OQV}a�DF;=éËDF;w9ƒæ•G&^Ê?Ñ;•G(<>91÷\9ƒæ•O>DFVZæ=G(awc\V\Obüj_\G(I(@}ôfcCG&E·91O>VÏ;•GJ9FI•DFV�IµG(GLE·I�æ=DÂñËG&æ•cCG

ë¼9Fa�æ�æ=cC9ƒæJKCO>VZæ•c\G$a(9FI•G°D1ëÅîNó"ô°KNæ=c\G&O>VNë¸GL;=GLVCaLGné}G(;µë¸DU;•EHGJ]-ñ[çZ^`?ûO>I�ñC9FI•O>a(91<><Qç-G(üj_\O>WjR

91<>GLVjætæ=D$æ=c\G°OQV\ë¸GL;=GLVCaLGÉéËGL;•ë¸DF;=EHG(]Âñ[çÂ_CV\O¾æ�é\;=DFé}91êU91æ•O>DFV6KUè�c\Obawc�ObI�a�DFV}IµOb]NGL;w91ñC<Qç.<QGJI•I

G�÷Né}G(VCI•OQWUG�æ=cC91Vì^Ê?A@�

�
GLWFG(;µæ=c\GL<>G(I=I(K¥è�c\GLVÎOQæ$a�DFEHGJI,æ•DÏúÏó���RqîNó"ô°K¥æ•cCGÂDFéNæ=OQEHO>ý(91R

æ•O>DFVïa�DU_\Vjæ•G(;•éC9F;µæ&DFë
îNó"ô�OQVÚè�c\O>awcÎæ=c\G�DUñ��qG(a�æ•O>WFG·ObInæ=D�9FI=IµO>êFVìWƒ9F<Q_\GJI°æ•DÓñ}D[DU<QGJ91V

WX9F;•Ob91ñC<QGJI�E·9ƒ÷NOQEHO>ýLO>V\ê·æ=c\G$V[_\E�ñ}G(;
D1ëÁI=9ƒæ=O>IµðCG(]�aL<>9F_CI•G(I(KNæ•c\G(;•G�IµG(GLE·I�æ=DÂñ}G.9·EHDF;=G

a�<>G(91;É;•DU<QG&ë¸DF;
c[ç[ñ\;=O>]�91é\é\;=DU9Uawc\G(I:æ=cC9ƒæna�DUE$ñ\O>V\G$ó

å

91VC]Íþ,ÿ ñC9FI•G(]Zæ=G(awc\VCO>üj_\GJIL@

å

V

ë¼9Fa�æJK\;=G(a�G(Vjæ•<>ç��
O>V\êÂ91VC]��ËcC9FV\ê��������¥E·9F]NGn9FVZO>Vjæ•G(;•GJIqæ=OQV\êHa�DUVjæ•;=OQñ\_\æ•O>DFVZOQVZæ•cCG°9F;•GJ9

D1ëÁc[ç[ñ\;•Ob]Ï9Fé\é\;=DU9FawcCG(I:ë¸DF;°úÏó���RqîNó"ô°K¥Iµc\Dƒè�O>V\êÂcCDƒè�DUV\G�a(91V�_CI•G&æ=c\G.OQVNë¸DU;•E·91æ•O>DFV

é\;•DƒW[Ob]NG(]�ñ[ç·<QO>V\G(9F;fé\;•DUêF;w91EHEHOQVCênæ•D.G��œG(a�æ•O>WFGL<>ç�aLDFEHé\_Næ=G,<>D[DFøƒ91cCG(9F]Â<QDƒè:GL;:ñ}DU_\VC]\I

DFVïæ=c\GZVj_CE$ñËGL;HD1ë
aL<>9F_CIµGJI$_CVCI•91æ•ObIqðË91ñ\<>GF@"SUDƒçÓGLæ·9F<‚@fò��������Ðõ$cC9XWUG-91<bI•D�IµcCDƒè�VÚc\Dƒè

^`?"RžñC9UIµGJ]Â;=GL<b9ƒ÷\9ƒæ=OQDUVCIfaL91VZñËGnG��œG(a�æ=OQWUG°ë¸DF;�úÏó���R��XRqîNó"ô°@

ó�V\DFæ•c\G(;&91;=G(9·æ=cC9ƒæ&c}9FI,;•GJa�G(OQWUG(]�aLDFVCI•Ob]NGL;w91ñ\<>GH9ƒæµæ=GLVjæ•O>DFVÍO>VÍaLDFE$ñCOQVC91æ•DU;•Ob91<ADFé\R

æ•O>E.O>ý(91æ•O>DFVÏObI�� �"!�#%$&�%')(*#,+-�/.103254	056�!
!�#,(74�ò‚î�8,?tõ�@

å

VÓ9�I•GLEHO>]\G�ðCV\OQæ•G.é\;=DFêU;=9FE.EHO>V\ê

ë¸DF;=E$_\<b9ƒæ=OQDUVÂ9&<>OQV\GJ91;të¸_\VCa�æ•O>DFVÂDFëÊ9&I•çjEHEHG�æ=;•Oba�E·91æ•;=O¾÷·ObIÅDUéNæ•O>EHOQý(G(]¥KNI•_\ñ��qG(a�æÅæ=D$<>OQVNR

G(91;:G(üj_C9F<QOQæqçHa�DFV}Iqæ=;=9FOQVjæ=I:91V}]Hæ•c\G°a�DUVCIµæ•;w91O>VUæÅæ•cC91ætæ=c\GÉE·91æ•;=O¾÷·ñËGÉéËDUI•O¾æ=OQWUGÉI•GLEHOb]NG�ð\R

V\O¾æ=GF@}îNGLEHO>]\G�ðCV\OQæ•GnéC;•DUêF;w91EHEHOQV\ê�O>I�9HI•é}GJa�Ob91<6a(9FI•G,DFë�aLDFV[WFGL÷Âé\;•DUêF;w91EHEHOQVCê�91V}]Âæ=D

IµDUE.G�G�÷[æ•G(Vjæ°ObI,IµO>EHOQ<b91;,æ•DZ<>OQV\GJ91;,é\;=DFêF;w91EHEHO>V\êC@

å

V�éC9F;µæ=O>aL_\<>9F;(K}æ•cCG.I•OQEHé\<>G�÷¥KœGL<><>OQéNR

IµDUO>]¥K69FVC]ÍOQVjæ=GL;=OQDU;,éËDFO>Vjæ&EHG�æ•cCD[]CI&]NGLWUGL<>DFéËG(]�ë¸DF;$^Ê?�aL91VÍñËG·êFGLVCGL;w91<>OQý(G(]�æ•D�IµDU<QWUG

î�8É?Íé\;=DFêU;=9FE·IL@Xö\_\;•æ•cCGL;=E.DU;•GUKJæ•c\Gf;=O>awcHIµGLæ"D1ëË^Ê?�;=G(I•_\<Qæ=IAO>V.]\_C91<[æ=c\GLDU;•çUKX9,éËDƒètG(;µë¸_C<

æ•D[DF<Ëë¸DF;fI•GLVCI•O¾æ=OQW[OQæqçÂ91VC9F<QçNI•O>I:91V}]·ë¸DF;fa�DUEHé\_Næ•O>V\ê.ñ}DU_\VC]\I:DUVÂæ•cCGÉDUñ��qG(a�æ•O>WFG�ë¸_CVCa�æ=OQDUV

cC9XWFG�91<bI•D,ñËGLG(V·êFG(V\GL;w91<>OQý(G(]&æ•D$î�8,?����UK:9;�˜@FúÏDF;=GLDƒWFG(;(Kƒî�8,?ÎcC9FIÁêU91O>V\GJ]�aLDFVCI•O>]\GL;w91ñ\<>G

OQEHéËDF;•æ=91V}a�G�O>VHæ•c\G�aLDFVjæ•GL÷jæÁDFë6a�DFE�ñ\O>VC9ƒæ=DF;=O>9F<jDUéNæ•O>EHOQýJ9ƒæ=OQDUVHI•O>VCa�G�OQæÅcC9UI"ñ}G(GLVÂI•c\Dƒè�V

æ•cC91æ�O¾æZ<QGJ9F]\I·æ•Dìæ=OQêUcUæ=GL;Â;=GL<b9ƒ÷\91æ•O>DFVCIHæ=cC91VÑæ=c\DUI•G�ñC9UIµGJ]ÑDFVù^`? ë¸DU;�I•GLWFG(;=9F<
a�DUE.R

ñ\OQV}9ƒæ•DU;•Ob91<té\;=DFñ\<>GLE·I(@Êö\DU;�GL÷\91EHé\<>GFK"î�8É? cC9FI�ñËGLGLV Iµc\Dƒè�Vïæ•D�éC;•DƒW[Ob]NGÂWFG(;•çÍêFD[DN]

91é\é\;=DX÷NOQE·91æ•O>DFVCI�ë¸DF;°IµG(WFGL;w91<�a�DUE$ñ\O>VC9ƒæ=DF;=O>9F<`é\;=DFñC<QG(EHI(KœOQVÓéC91;•æ•Oba�_C<>9F;
ë¸DU;
æ=c\G.Iµæ=9Fñ\<>G

IµGLæ�é\;•DUñ\<>GLE<� ���žKNë¸DF;fæ=c\GnE·9ƒ÷NO>E$_\E a�_Næ�é\;=DFñC<QG(E 91VC]-ë¸DU;�úÏó=�
RTîNó"ô>� ���ž@\ó�é\éC;•DX÷NOQR

EH91æ•O>DFVZ91<>êFDF;=OQæ•c\E·IÅ9F;•GÉé\;=D[aLG(]N_C;•GJI"æ•c}9ƒæ�é\;=DƒWjOb]NG
9$ë¸G(9UIµO>ñ\<>GÉI•DF<>_Næ•O>DFV-OQV-é}DU<Qç[V\DUEHO>9F<

æ•O>E.GÓò¼I•GLG·GF@ êC@?����@��¸õ�@`ó�øUGLçÓ9UIµéËG(a�ænæ•cC91æ$awcC91;w9Fa�æ•G(;•O>ýLGJI,9Fé\é\;=DX÷NOQE·9ƒæ=OQDUVÓ9F<QêUDF;=O¾æ=c\E·I

O>I:æ=c\G
ë¼9Ua�æfæ•c}9ƒæfæ•c\G(çÂé\;=DƒW[O>]NG,IµDUEHGÉêU_C91;w91Vjæ•G(G
DUVÂæ•cCG°üj_C9F<QOQæqç·D1ëÊæ•c\GnI•DF<>_Næ•O>DFV`@[ôfcCG

üU_}91<>O¾æqç�D1ë:91VÓ9Fé\é\;=DX÷NOQE·9ƒæ=OQDUV�91<>êFDF;=OQæ•c\E ObI
æ=c\G.EH91÷NOQE�_\EBA•]NObIµæ=91V}a�G�CÂñ}GLæqètG(GLV�OQæ=I

IµDU<Q_Næ=OQDUVCI�9FVC]Zæ•c\G$DFéNæ=OQE·91<�IµDU<Q_\æ•O>DFVCI(K\GLWƒ9F<Q_C91æ•GJ]-DƒWUGL;�9F<Q<`æ•c\G&éËDUI=I•OQñ\<>G&O>VCIµæ=91V}a�G(I�D1ë

æ•c\G°é\;=DFñ\<>GLE�@

å

V�9�I•GLEHO>VC91<œéC9Fé}G(;(KCB,D[GLE·9FVCIf91VC]�MPOQ<><QOb91E·I•DFVD� �	�¥_CIµGJ]-î�8,? æ•DHDFñ\R

æ=91O>V�O>EHé\;=DƒWFG(]�9Fé\é\;=DX÷NOQE·9ƒæ=OQDUVCI�ë¸DU;
æ=c\GHúÏ9ƒ÷[Rµ8t_Næ,9FVC]�æ=c\G.ú�ó=��R��XRqîNó"ô�é\;=DFñC<QG(EZ@

å

VÎæ•c\ObI&è:DF;=øÏæ=c\GLçÍé\;=G(I•GLVjæ�9�;w91VC]NDUEHOQý(G(]Î91é\éC;•DX÷NO>EH91æ•O>DFVÎ91<>êFDU;•OQæ•c\E ë¸DF;$ú�ó=��R��XR

îNó"ôûæ•cC91æté\;=DN]N_CaLG(I:IµDU<Q_Næ=OQDUVCIÁDFë¥G�÷Né}GJa�æ=G(]ÂWƒ9F<Q_\GÉ9ƒæt<>G(9UIqæFE �79��&G�H,æ•O>EHG(IÅæ•c\GÉDFéNæ=OQE·91<

WX9F<Q_CGF@\î[_\ñCI•G(üj_\G(Vjæ•<>çFK\ö\G(OQêUG,9FVC]�B,DjG(E·91VCII���;9��œG�÷[æ=GLVC]NGJ]Âæ=c\ObIfètDU;•øœK[]NGLWUGL<>DFé\O>V\ê�9FV

E �&JK��RT91éCé\;•DX÷NO>E·9ƒæ•O>DFV&9F<QêUDF;=O¾æ=c\E ë¸DU;ÁúÏó=�
R-�ƒRTîNó"ô°@

å

V.DU_\;AG�÷NéËGL;=OQEHGLVjæwI"ètG�9Fé\é\<>ç&æ•cCG

A•a�<b9FI=I•O>a(91<LC�î�8,?Ñ;•G(<>91÷\9ƒæ•O>DFV-D1ë"B,DjG(E·91VCI�9FVC]-MPOQ<><QOb91E·I•DFVM� ���ž@

å

Vnæ•c\ObIÊéC91éËGL;ÊètG:Iqæ=_C]Nç,æ•c\G:üj_C91<>O¾æqç,D1ë}îK8É?�ñC9FI•G(]n;=GL<b9ƒ÷\91æ•O>DFVCIœë¸DU;ÊúÏó���RqîNó"ô°@

å

V

éC91;•æ•Oba�_\<b91;JKFè:GÉ9F;•GÉOQVjæ=GL;=G(Iµæ•G(]HO>V-aLDFEHéC9F;•O>V\ênæ=c\GÉéËDƒè:GL;ÅDFëÊî�8,?Ú;=GL<b9ƒ÷\9ƒæ=OQDUVCIÁ9FêU91O>VCIµæ

N

|:yUvxgteUrqi(e[†L´X†Lgqvxi(yÂrqp=uwoUrq€Tvx~Xpw{±•·€Tp•gq€tgq…jp�{xv±gqp=rµ†({x€fu=i(rTrqpw€TeNi(y[½UvxyU´&gqi&oUyjv±g:u={Q†Loj€Tpw€ÅgqingTrqojpJz

pw{xvxmnv¾yj†Lgqvxyj´°†({x{}gq…Upfuw{¾†(oU€Tpw€tvxy.ÀÁ…Uvxu•…$gq…jp�{xv±gqp=rµ†({Ë†(ejeNpw†Lr�zUojyƒgqvx{}†
Èj¿1º¼eNiJvxyƒgÁv¾€"rqp�†Lu•…Up�½Ch



 0.8

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 1.2

 0  1  2  3  4  5  6  7  8  9  10

ra
tio

 w
ith

 r
es

pe
ct

 to
 o

pt
im

um

clause/variable ratio

optimum
upper bound (SDP objective function)

lower bound (SDP)
upper bound (LP objective function)

lower bound (LP)

�����

®��[®

²}i�ÀAp•r:†Ly[½.oUejeNp=rÁ»Ni(ojyj½U€"»[†L€Tp�½.i(yH²Ë³Ó†(yj½HsFdf³�rqpw{¾†L¿U†�gqv¾i(yj€

^`? ñC9UIµGJ]Ñ;•G(<>91÷\9ƒæ•O>DFV}ILKÅI•O>VCa�GÍ^`? ;=GL<b9ƒ÷\9ƒæ=OQDUVCI·cC9XWUGÏñËGLGLV Iµc\Dƒè�VÑæ=DïñËGÓ_CI•G�ë¸_C<ÉO>V

IµéËGLGJ]NOQVCê$_\éÂéC;=9Ua�æ•ObaL9F<}I•DF<>WFG(;=I=�����	�˜@

å

V·æ•cCG
è:DF;=ø�;=GLéËDF;•æ•GJ]HOQV·æ=c\ObIÅéC9Fé}G(;tè:G
9U]\]N;=G(I=I

æ•c\G
ë¸DF<><QDƒè�O>V\ê&;=G(I•G(9F;=awc·üj_\G(Iµæ•O>DFV}I��Ëò��Jõ
	 2�� $&2
+�
*��� . 6�( $����I.��"2�����+ #%2	(����:2�!��*6�03�

6������ �*��0"!:2���( $���2	(�+�
*� 2#� + #,!�6�����2��$��+ #%2�(�%$ôfcCO>IHObIH9ÍaL;•OQæ•ObaL9F<�üU_CG(Iµæ•O>DFVÑIµO>VCa�GZè:G

aL91VÎ_CI•G·æ=c\GÂ;=GL<b9ƒ÷\9ƒæ=OQDUVCIn9FI&9U]NEHO>I=I•OQñ\<>GÂc\G(_\;=O>Iµæ•ObaLI°æ=DÏé\;=_\V\GHæ=c\G-I•G(9F;=awcÎIµé}9Fa�GU@`ó
I

ètGZè�OQ<><�I•GLGFKAO>VÚæ=c\G�DƒWFG(;=aLDFVCIµæ•;w91O>V\G(]ì9F;•GJ9\KÊæ•c\G�_\éCé}G(;·ñ}DU_\VC] ñC9FI•G(]ÚDFVïæ=c\GÏî�8,?

;•G(<>91÷N91æ•O>DFVÓO>InaLDFVCI•O>]\GL;w91ñ\<>çZæ•O>êFcjæ•G(;°æ•cC9FV�æ=c\G·DFV\G.é\;=DƒW[O>]NGJ]�ñ[ç�æ=c\GÂ^`?�;=GL<b9ƒ÷\9ƒæ=OQDUV&�

æ•c\GÉ_\é\éËGL;fñ}DU_\VC]·éC;•DƒW[Ob]NG(]Hñ[ç·^`?Îë¸DU;:ú�ó=��RqîNó"ôPO>VCIµæ=9FVCa�GJIÁObIt9F<Qèf9XçNI"G(üj_C9F<Cæ=D&æ•cCG

æ•D1æw91<AV[_\E$ñËGL;nDFëta�<b91_}IµGJILKËæ•cCGL;=G�ë¸DF;=G.V\D1æ°OQV\ë¸DF;=EH91æ•O>WFG.OQVÓæ•cCG.DƒWUGL;wa�DUVCIqæ=;=9FOQVCG(]�91;=G(9('

æ•c\G�_\éCé}G(;"ñ}DU_\VC].êFO>WFG(V�ñ[çnæ=c\G�î�8É?Î;=GL<b9ƒ÷\91æ•O>DFV$ObI"I•_\;•éC;•ObIµO>V\êU<Qç&aL<QDjIµGtæ•D,æ•cCG�DFéNæ=OQE·91<

IµDU<Q_Næ=OQDUVZò¼è�O¾æ=c\O>V·<QGJI•I�æ=cC91V�J*)�D1ëËæ•c\G�;=G(9F<jDUéNæ•O>E·91<\Wƒ9F<Q_\GUKƒè�c\GLVHWƒ91;=ç[OQVCê
æ=c\G�;=91æ•O>D°D1ë

a�<b91_CI•G(I:æ=DÂWƒ91;=O>9Fñ\<QGJIf_\é�æ•D���@Uõ°ò �Fõ+	 2�� $�2 +,
K� 6��-� #�4	( ! �"(*+.�/!:6��"�:$ 2	( +,
K�0� . 6�( $

���I. 03����621 6	+ #%2	(��3�:2	!��*6�03� 6��4� 2��)�"05!:2���( $��
2	(D+�
*��2#� + #,!�6��6�"2��$��+ #%2�(7%�þÉV}a�G$9FêU91O>V

ètG�I•GLGÏæ•cC91æÂæ•c\GÎî�8,? ;•G(<>91÷\9ƒæ•O>DFVÑDU_Næ•éËGL;•ë¸DF;=E·IHæ•c\GÍ^`? ;=GL<b9ƒ÷\91æ•O>DFVÑa�DFV}IµOb]NGL;w91ñC<QçUK

G(I•é}GJa�Ob91<><QçïO>Vûæ•c\G�DƒWUGL;wa�DUVCIqæ=;=9FOQVCG(]ï9F;•GJ9\@

å

Vûë¼9Fa�æÂè�cCOQ<>G�æ•c\G�îK8É?�<>DƒètG(;Hñ}DU_\VC]ûO>I

91<>è:9XçNIfè�OQæ•c\O>V ��) D1ëAæ•cCG&DFéNæ=OQE·9F<ÊI•DF<>_Næ•O>DFV6K\æ•c\G&<>Dƒè:GL;�ñËDF_\V}]�é\;•DƒW[Ob]NG(]Zñ[çÂæ=c\G�^Ê?

;•G(<>91÷N91æ•O>DFVÍaL91VÍñËGH9UI,ë¼91;&9UI����*) ë¸;=DFE DFéNæ=OQE·91<�ò‚IµG(G.ðCêF_\;=G �Jõ�@¥MÓG·V\DFæ•G.æ•c}9ƒænæ•cCG

^`? I•DF<>WFGL;$;•_\V}I°ë¼9FIµæ•G(;næ•cC9FVÎæ•c\GZî�8É? IµDU<QWUGL;J@ ��G(WFGL;•æ•cCGL<>G(I=ILKœæ=c\G�;=_\Vjæ•O>EHG(I°ë¸DU;&æ•cCG

î�8É?ûI•DF<>WFGL;f91;=G
WUGL;=çHêFD[DN]¥KN9$<>O¾æ•æ•<>G°DƒWFGL;F�,I•G(aLDFVC]�é}G(;fOQVCIµæ=9FVCa�GUK[DFV-9XWUGL;w91êUGFK1ë¸DU;:9FV

��@&Wƒ9F;•Ob91ñ\<>G
éC;•DUñ\<QG(E�KUO>VC]NG(é}G(VC]NGLVjæ=<QçÂDFë6æ•cCGÉV[_\E�ñ}G(;tDFëÊa�<b91_CI•G(I(@jMÓG°91<bIµD.a�DUE.é}91;=G(]

æ•c\G&üj_C9F<QOQæqç·D1ëÊæ•c\G&I•DF<>_Næ•O>DFV}ItDUñNæ=9FOQVCG(]�ë¸;•DUE æ•c\G$îK8É?û;=GL<b9ƒ÷\9ƒæ=OQDUV-9FIf9.<>DƒètG(;:ñËDF_CVC]

DFVHæ•cCG
DFé\æ•O>EH9F<}I•DF<>_Næ•O>DFVÂ9FêU9FOQVCIµæÁMÎ91<>ø[I=9ƒæJKFDUV\G�D1ë¥æ=c\G�ñËG(IµætéËGL;•ë¸DF;=EHOQV\ê$<QDNaL9F<}I•G(9F;=awc

E.GLæ•c\DN]\Inë¸DF;núÏó=�
RTî\ó"ô°@`MÍG.êj9XWFG.MÍ9F<QøNI=9ƒæ&91ñËDF_\æ/G-EHO>Vj_\æ•G(I°éËGL;$OQVCIµæ=9FVCa�G�ò¼V\D1æ=G

æ•cC91æÅæ•cCG,î�8,?ïI•DF<>WFGL;Áæ=91øUG(IÅ<QGJI•IÁæ•cC9FV �nIµGJa�DUVC]\IÁéËGL;tOQV}Iqæw91VCaLGJõ�@

å

Vjæ•G(;•GJIqæ=OQV\êU<QçUKU9UI"æ•cCG

OQVCIµæ=9FVCa�GJI.ñ}GJa�DFEHG�EHDF;=G-9FVC]ÚEHDU;•GZDƒWFG(;=aLDFVCIµæ•;w91O>V\G(]6K¥æ•c\GÏî�8,?�IµDU<Q_\æ•O>DFVCI.ñËG(a�DUEHG

ñ}GLæµæ•G(;Åæ=cC91VÂæ•c\DjIµGÉé\;•DƒW[Ob]NG(].ñ[çHMÍ9F<QøNI=9ƒæJ@Uö\_C;µæ=c\GL;=EHDF;=GFKFñËG(a(91_CI•G�MÎ91<>øNI•91ætObIÅ9&<>DNaL9F<



IµGJ91;wawcïIµDU<QWUGL;JKÊOQæH]\DjGJI$VCD1æHé\;•DƒW[Ob]NG-9FVï_\é\éËGL;HñËDF_\V}]ÚDUVìæ•c\GZDFé\æ•O>EH9F<�IµDU<Q_Næ=OQDUV6KA9

øFGLç�9UIµéËG(a�æ,DFë"æ•c\G·î�8,?Š;=GL<b9ƒ÷\9ƒæ=OQDUV6@Êò JUõ��*2 � 
*6�+I� 1&+-��( +1+,
K��03� � 6�176�+ #%2�((��� 052���#%$�� 6

4���2 !:6�� �K�"0-� �K�-�"+ #�����2�� +�
*� ���:6	0 �#
 � �*6 �:��6�( $ +,
K�"03����2�03� +-2 � 
*6�+ �#1&+ �"(*+ +�
*�	� �:6�( !5�

�����:$ 6��0
K����0 # �:+ # � ��+-2�4 ��#%$�� 6��:2�!�� � ��+-�3�"2��
���"0�%

å

VÓDF;w]NGL;�æ=D-9U]\]N;=G(I=I�æ•cCO>IÉO>I=I•_\G&è:G

é}G(;µë¸DU;•EHG(]�æ•c\G.ë¸DF<><>Dƒè�OQV\ê�G�÷Né}G(;•O>EHGLVjæ2�¥I•G�æ,æ•c\G
� c\OQêUc\G(Iµæ°WX9F<Q_CG(I,Iµ_\êUêFGJIqæ=G(]�ñ[ç�æ•cCG

^`?��Fî�8,?ù;=GL<b9ƒ÷\9ƒæ=OQDUV&'ËawcCG(awø�O¾ëtæ•c\G.DFé\æ•O>EH9F<AWX9F<Q_CG�DFëÅæ•cCG�;=G(I•_\<Qæ•O>V\ê-O>VCIµæ=9FVCa�G.O>I°Iµæ•O><Q<

æ•c\G·I=91EHG.9UI�æ=c\GHDF;=OQêUOQV}91<�DFéNæ=OQE·91<AWƒ91<>_\GU@ÊþÉVCa�GH91êj91O>V�æ•c\GÂî�8,? ;•G(<>91÷N91æ•O>DFV�aL<QGJ91;=<Qç

DF_Næ=é}G(;µë¸DU;•E·Ifæ=c\G&^`?Ñ;=GL<b9ƒ÷\9ƒæ=OQDUV6@

å

VZë¼9Fa�æ(KCO>VZæ•c\G$DƒWFGL;wa�DUVCIµæ•;w91O>V\G(]Â9F;•GJ9\K[æ=c\G$I•G�æµæ=OQVCê

D1ë¥9,I•O>V\êF<>GfWX9F<Q_CGf]\O>a�æ=9ƒæ=G(].ñ[ç&æ=c\G�^`?Í;=GL<b9ƒ÷\9ƒæ=OQDUV$êFG(V\GL;w91<><>çn;•GJIµ_\<Qæ=IAO>V·9,WX9F<Q_CGfë¸DF;Aæ•cCG

DFéNæ=OQE·91<œI•DF<>_Næ•O>DFVÂ<>Dƒè:GL;"æ=cC91V·æ=c\G,DF;=OQêUOQVC9F<\Wƒ91<>_\GF@[ôfc\Gnî�8,?ï;=GL<b9ƒ÷\9ƒæ=OQDUV.DUV·æ•cCGÉDFæ•c\G(;

cC91VC]�ObIÊE�_Cawc$EHDU;•G:;•DUñ\_CIµæ2�XMÍGfa(91V.IµGLæA_Cé$æ=D,9FV.9XWUGL;w91êFG"DFë ��
�) D1ë}WX9F;•Ob91ñC<QGJIÊñ}9FI•G(]

DFV æ•c\G�î�8,?�Iµ_CêFêFGJIqæ=OQDUVCI(KÊè�OQæ•c\DU_Næ�awcC9FV\êFO>V\êÓæ•c\G�Wƒ91<>_\G�D1ëÉæ•c\G�DUéNæ•O>E·91<�I•DF<>_Næ•O>DFV6@

ôfc\O>IÅ;•GJIµ_C<¾æÅI•_\êFêUG(Iµæ=IAæ=cC9ƒæÅæ•c\GÉîK8É?ì;=GL<b9ƒ÷\91æ•O>DFV·aL9FV.ñËG
9nWUGL;=ç&Wƒ91<>_C91ñC<QG�cCGL_\;=O>Iµæ•Obafë¸DU;

IµGLæµæ•O>V\ê·Wƒ91;=Ob91ñ\<>GÉWƒ9F<Q_\GJIfOQV�9.ñC9UawøUæ=;=9UawøÂIµGJ91;wawc-Iµæ•;w9ƒæ=GLêFçU@

� �Óß����µä���äµÝ��AßCä����

ôfc\G�í:D[DF<>G(91VÎI=9ƒæ•ObIµð}91ñ\O><>O¾æqçÓé\;•DUñ\<>GLE ò˜îNó"ô�õ°ObI$9�]NGJa�ObIµO>DFVÎé\;=DFñC<QG(E 9ƒæ$æ•c\G�aLDF;=GHD1ë

a�DFEHé\<>G�÷NOQæqç.æ•c\G(DF;=çFK[91;•æ•OQð}a�Ob91<ËOQVjæ=GL<><QO>êFG(VCa�GUKU<>DFêUO>a�9FVC]Âc}91;w]Nè:9F;•G�]\G(I•OQêUV�91VC]�WFG(;•OQð}aL91R

æ•O>DFV6@NMÍGna�DFV}IµOb]NGL;:æ=c\G°é\;•DUñ\<>GLE O>VZaLDFV��q_\V}a�æ•O>WFG,V\DU;•E·91<Ëë¸DU;•E
òž81�
ö"õ�@Có ë¸DU;•E�_\<>9��

OQV�81�
öÎObIt9�a�DFV	�q_\VCa�æ=OQDUVÂD1ë�a�<b91_CI•G(I(KFè�c\G(;•GÉG(9Uawc�a�<b91_CI•G�ObIf9&]NObI �q_\V}a�æ•O>DFV-D1ë`<>OQæ•GL;w91<bI(@

�

9Fawc�<>O¾æ=GL;w91<6ObI�9H<>DFêUO>a(91<6Wƒ91;=Ob91ñ\<>G·ò��Ëõ�DF;�OQæ=I
V\GLêj9ƒæ=OQDUVÎò	 �Ëõ�@}ôfc\G�î\ó"ô éC;•DUñ\<QG(E ObIfæ=D

]NG�æ=GL;=E.O>V\G-è�c\G�æ=c\GL;�æ•c\G(;•GZG�÷NObIqæwI$9�WX9F;•Ob91ñC<QG�9UI•I•O>êFV\EHGLVjæ�æ•cC91æ�E·91øUG(Inæ=c\G-ë¸DF;=E$_\<b9

æ•;=_\GÏò¸O˜@ GU@QK`G(9FawcÎa�<b91_}IµG.O>Inæ•;=_\GJõ�@"!jRqîNó"ô7;=GLé\;=G(I•GLVjæwI,æ•c\GÂI=9ƒæ=O>Iµð}91ñC<QG.é\;=DFñ\<>GLE è�c\GL;=G

æ•c\G&aL<>9F_CIµGJI�91;=G,aLDFVCIµæ•;w91O>V\GJ]Âæ=D.c}9XWFG,æ•c\Gn<>GLVCê1æ•cZG(üj_C9F<œæ•D#!œ@

úÏó=�
RTîNó"ô�ObI
æ•c\G�DFéNæ=OQEHO>ý(9ƒæ=OQDUVÏWFG(;=I•O>DFV�D1ëtîNó"ô°@¥B,O>WFGLVÓ9·ë¸DF;=E$_C<>9Hè:G$èf91Vjæ�æ=D

EH91÷NOQEHO>ýLG-æ•c\G�V[_\E$ñËGL;·DFëÉI•OQE�_\<¾æw91V\G(DF_CI•<>çïI•91æ•ObIqðCGJ]ÚaL<>9F_CIµGJIL@"B,O>WFGLVÑ91Vû91<>êFDU;•OQæ•c\E

ë¸DF;�úÏó���RqîNó"ô è:GÏaL91VPI•DF<>WFG�îNó"ô°Ktñ\_Næ�VCD1æ�W[Oba�G�RžWFG(;=I=9\K�æ=c\GL;=G�ë¸DU;•GÏúÏó���RqîNó"ô O>I

E.DU;•G�aLDFEHé\<>G�÷.æ•cC9FV�îNó"ô°@[ôfc\G
]NObIqæ=OQV}a�æ•O>DFV·ñËG(aLDFEHG(IÅDFñ[W[OQDU_CI"è�c\G(VÂa�DUVCIµOb]NG(;•O>V\ê°æ•cCG

aL9FI•G
è�cCGLVÂæ=c\Gna�<b91_CI•G(I:91;=G
;=G(Iµæ•;=Oba�æ•GJ]Hæ•D�æqè:D$<>O¾æ=GL;w91<bIÅéËGL;�a�<b91_}IµG.ò �XRqîNó"ô�õ ���ƒRTî\ó"ôPO>I

IµDU<QWƒ91ñC<QG°O>VZ<>O>V\G(9F;fæ•O>E.GUK\è�c\O><QGnúÏó���R��XRqîNó"ô O>I=�É?"RžcC91;w] � H��ž@

B,OQWUGLVÍæ•c\G�OQEHéËDF;•æ=91V}a�G·D1ëfæ=c\GÂé\;=DFñ\<>GLE�K¥æ=c\G�aLDFEHé\<>G�÷NO¾æqçÓD1ë
îNó"ô cC9UIn;•GJa�G(OQWUG(]

E$_CawcÎ9ƒæ•æ•GLVjæ=OQDUV6@6?Á;=GLW[O>DF_CIÉ;•GJIµ_C<¾æwI,I•c\Dƒè!G(9FI•çjR˜c}91;w][R˜GJ9FI•ç�éC91æµæ=GL;=VCI°OQVÓæ•G(;•E·I°DFëÅæ•cCG

é\;•DUñ\<>GLE�cC91;w]NV\GJI•I(K(9UIÊ9�ë¸_\VCa�æ•O>DFV&DFë\æ•c\G:a�<b91_CI•G$�ƒWƒ91;=O>9Fñ\<QG";w9ƒæ=OQD.ò�%'&)(&õ�@ƒö\_\;•æ•c\G(;•EHDU;•GUK

é\cC9FI•G�R˜æ•;w91V}IµOQæ•O>DFVÑé\c\G(V\DFEHG(VC9ïcC9XWUG�ñ}G(GLVù;=GLéËDF;•æ•GJ]Ñè�O¾æ=cŠ;=G(I•é}GJa�æÂæ=D I=9ƒæ=O>Iµð}91ñCOQ<>O¾æqç

ò¸O˜@ GU@QKj9&Iµ_}]\]NGLVÂawc}91V\êUGfë¸;•DUE E·91V[çHI•91æ•ObIqð}9Fñ\<>G�OQVCIµæ=9FVCa�GJIAæ•D$V\DFV\GXõ�@jö\DF;ÅOQVCIµæ=9FVCa�GUK1ë¸DU;

�XRqîNó"ôPæ=c\O>I�é\cC9FI•G,æ•;w91VCI•OQæ•O>DFVZcC9FIfñËGLG(VZéC;•DƒWUGLVÂæ=D·DNaLa�_C;�è�c\GLV*%'&)(!O>II��� 
	�ž@

ÿ�G(aLGLVjæ•<>ç°æ•c\G(;•GfcC9XWUGÅñËGLG(V�é\;=DFEHObIµO>V\ê,;•GJIµ_C<¾æwIÊè�cCGLV._CIµO>V\ê°^`?Óë¸DF;"úÏó���RqîNó"ô°K19ƒëÐR

æ•GL;,IµG(WFG(;=9F<¥_\VCI•_CaLaLG(I=Iqë¸_\<ÊG��œDF;•æ=I�æ•D�9Fé\é\<>ç�O>VUæ=GLêUGL;
^Ê?Ñæ•D�ú�ó=��RqîNó"ô ò¼GF@ êC@>K �����UK ���;�¸õ�@

�
O>V\êï91VC] �Ëc}91V\êï]NG(WFG(<QDUé}GJ]ûú�9ƒ÷Cî[DF<>WFG(;�ò��������¸õ�Kt91VÑG �Âa�O>GLVjæ�GL÷\9Fa�æÂ9F<QêUDF;=O¾æ=c\E�ë¸DU;

ò¸è:GLO>êFcjæ•GJ]CõÁúÏó���RqîNó"ô°@Nôfc\GLO>;tI•DF<>WFG(;Å_CI•G(It9 8,?Å^Ê^¥RžñC9FI•G(]Hñ\;w91V}awcÂ91VC]HñËDF_\V}]�91<>êFDFR

;•OQæ•c\E 9FVC]ÂOQæ�Iµ_}aLa�GJI•Iµë¸_\<><QçH_CI•G(If9$<QD[DFøƒ9Fc\G(9U]Â^`? <QDƒè:GL;tñ}DU_\VC]¥@Nôfc\ObI:<QDƒè:GL;:ñËDF_\VC]�O>I

DFV\<>ç.9Fé\é\<>OQGJ].æ•D°æ=c\G
V\DN]NGJI"æ=cC9ƒæÅc}9XWFG�_\V\OQætaL<>9F_CIµGJILKFæ•D&9XWUDFOb]$ë¸;w9Fa�æ•O>DFVC9F<\Wƒ91<>_\G(IÅG(üj_C9F<

æ•DD�$����ò¼OQVÍæ•cCGÂaL9FI•G.D1ë:ú�ó=��R��XRqîNó"ô�õ�@`úÏ9ƒ÷Cî[DU<QWUGL;n91<bI•D-O>VCa�DU;•éËDF;w9ƒæ=G(IÉG�÷NObIqæ=OQV\ê�9FVC]



V\DƒWFG(<}_\VCO¾æ�é\;=DFéC9FêU91æ•O>DFV·;=_\<QGJILK[9�ñ\OQV}91;=çURTa�<b91_}IµG�ð};=Iµæ:;=_\<>G,9FVC]�9.]Nç[VC9FE.Oba�Ržè:GLO>êFcjæ•O>V\ê

WX9F;•Ob91ñC<QG°DF;w]NG(;•O>V\ê.;•_\<>GF@

î�8É?û;=GL<b9ƒ÷\9ƒæ=OQDUVCI:cC9XWFGn9F<>I•D�ñËGLG(V�]NGLé\<>DƒçFGJ]Âë¸DU;fæ•c\G&ú�ó=��R��XRqîNó"ô é\;=DFñ\<>GLE�@\ö\DU<¾R

<QDƒè�O>V\ê.æ•c\G$;=9FVC]NDFEHO>ýLGJ]�éËDF<>ç[V\DFEHOb91<¥æ=OQEHG$9F<QêUDF;=O¾æ=c\E D1ëÁB,D[GLE·91V}I�91VC]ZMPO><Q<>Ob91E·IµDUV

� �	�}è�c\ObawcÂcC9U]·91VÂ91éCé\;•DX÷NO>E·9ƒæ•O>DFV.;w9ƒæ•O>D&DFë @C@ �79�� G	H\KXæ=c\GL;=G�cC9UIÁñËGLG(V�9&I•GL;=OQGJI"D1ëœæ•cCGLD1R

;•GLæ•ObaL91<[;=G(I•_\<Qæ=IÊOQEHé\;=DƒW[OQV\ê
æ•c\ObI"91éCé\;•DX÷NO>E·9ƒæ•O>DFVn;w9ƒæ=OQD}@JôfcCG:EHDjIqæA;•GJa�G(VUæ�OQEHé\;=DƒWFG(EHGLVjæ

O>I&9 @\@ �)
&@1Rž9Fé\é\;=DX÷NOQE·9ƒæ=OQDUVÏ91<>êFDU;•OQæ•c\E ����J��ž@`ó�æ•cCDF;=DF_\êUcÍI•_\;=WFGLç�D1ë
î�8,?"RžñC9FI•G(]Î91é\R

é\;•DX÷NO>E·9ƒæ•O>DFVÎ91<>êFDU;•OQæ•cCEHInë¸DF;næ=c\G�úÏó���RqîNó"ô�é\;=DFñ\<>GLE O>I$é\;•GJIµG(Vjæ•G(]ÍO>V � ���˜@Aî[GLG � G;�

ë¸DF;�O>VUæ=GL;=G(Iµæ•O>V\êH;•GJIµ_C<¾æwIfDFV-æ•c\G$î�8,?ûë¸DF;fæ=c\G&I•D1RTaL91<><>G(] ���ÉéNRqîNó"ôùé\;=DFñC<QG(EZ@

� � � �"ÝÉá���� �	��àÅß �7â ����ÞNäµàÅÝ ��
wàÁß
���
���������

����� �����! #"%$'&)(+*-,/.+ 10

MÓG�aLDFVCI•O>]\GL;Aæ•cCG�ë¸DF<><QDƒè�O>V\ê

å

^`?Óë¸DU;•E�_\<>91æ•O>DFV�ë¸DF;Aæ=c\G
úÏó���RqîNó"ôûé\;•DUñ\<>GLE ë¸;=DFE ��� 
	�ž@

MPO¾æ=cìG(9FawcìaL<>9F_CIµG#%32Âè:GÂ9FI=IµDNa�Ob9ƒæ=G·9�WX9F;•Ob91ñC<QG546287:9;@-;"�=<U@ ��aLDF;=;•GJIµéËDFVC]CI
æ=D�æ•cCG

a�<b91_CI•G$ñËGLO>V\ê�I•91æ•ObIqðCGJ]Ï91V}] @·æ=D�æ=c\GHa�<b91_CI•G$V\DFæ,ñËGLO>V\ê�I•91æ•ObIqð}G(]¥@œö\DU;ÉGJ9FawcÏWƒ91;=Ob91ñ\<>G

�#>Áè:G&9FI=I•D[aLO>91æ•Gn9·a�DU;•;=G(I•éËDFVC]NO>V\êHWƒ91;=O>9Fñ\<>G@?=>"O>V�æ•c\G

å

^Ê?A@-?=>Áa(91VZæ=9FøFG°æ=c\G&Wƒ91<>_\G(I�@

91VC]��UKjaLDF;=;•GJIµéËDFV}]NOQVCê°æ•D �
>

ñËGLO>V\ê$ë¼91<bIµG�DU;Áæ=;•_\GUKU;=G(I•éËG(a�æ=OQWUGL<>çF@[^6GLæ %BA

2

ñËG
æ=c\GÉI•G�æ:D1ë

OQVC]\O>aLG(ItD1ë6éËDUI•O¾æ=OQWUG�<QOQæ•G(;=9F<>IÁæ•cC91æ:9Fé\é}GJ91;tOQV�aL<>9F_CI•G %
2

Kj9FVC]#%DC

2

ñËG�æ=c\GÉI•G�æ:D1ë6O>VC]NOba�G(I

D1ëÊVCGLêU91æ•O>WFGÉ<QOQæ•G(;=9F<>I°ò¸O˜@ GF@>KCa�DUE.éC<QG(E.G(Vjæ•G(]�Wƒ91;=O>9Fñ\<QGJI=õÁæ•c}9ƒæ�91é\éËG(9F;fOQV�a�<b91_CI•G %
2

@\ôfcCG

é\;•DUñ\<>GLE a(91VZñ}G°ë¸DU;•E·91<><>ç�Iqæw9ƒæ=G(]�9FI:ë¸DU<Q<>Dƒè�I��

E·9ƒ÷5EGF

2IH




4J2

I•_\ñ��qGJa�æ�æ=DDE

>+K=LNM

O

?=>#��E

>+K=LQP

O

ò��SR'?=>˜õ�TU462=;WV-X

?
>

;Y4
2

7'9�@-;��Z<�; V\[];^X&E

ôfc\GÏë¸DU;•E�_\<>91æ•O>DFVPG(VCIµ_C;•GJIÂæ=cC9ƒæ�9Úa�<b91_}IµGÓO>I�æ•;=_\G�DUV\<>çûOQë�91æ-<>G(9FIµæ-DUV\G�DFë&æ•cCG

WX9F;•Ob91ñC<QGJIÅæ=cC9ƒæ�9Fé\é}GJ91;fO>V�æ=c\Gna�<b91_CI•G°cC9FItæ•cCG,Wƒ9F<Q_\G �U@Cî[OQV}a�GFKNè:G,è:9FVUæfæ=D�E·9ƒ÷NO>EHOQý(G

E_F

2IH




462&9FVC]`462�aL9FV�ñ}G.IµGLæ
æ•D �&DFV\<>çZè�c\GLV�aL<>9F_CI•G %32$O>I,I•91æ•ObIqð}G(]¥K}O¾æÉë¸DF<><QDƒè�I�æ•cC91æ

æ•c\G-DFñ��qGJa�æ•O>WFGÂë¸_\VCa�æ=OQDUVÚa�DU_\Vjæ=I$æ•c\G-V[_\E$ñËGL;�D1ë
I=9ƒæ•ObIµðCG(]ìaL<>9F_CIµGJIL@�í:çÓ;=GL<b9ƒ÷NO>V\ê�æ•cCG

OQVjæ•G(êF;w91<>O¾æqç�aLDFVCIµæ•;w91O>Vjæ(KœètG.DFñ\æ=91O>VÎ91VÓ^Ê?Š;=GL<b9ƒ÷\91æ•O>DFVÏë¸DU;,æ•c\G·úÏó���RqîNó"ô7é\;=DFñC<QG(EZ@

ôfc\O>I

å

^Ê?ìë¸DF;=E$_C<>91æ•O>DFVÂObI:G(üj_\O>WX9F<QG(Vjætæ=D$æ=c\G

å

^Ê?ï_CI•G(]�OQV �������Ëæ•DHa�DUE.éC_Næ•GÉæ•c\G°<>DƒètG(;

ñ}DU_\VC]ì91V}]Íæ•D�æ=c\G

å

^`? IµDU<QWUG(]Í9ƒæ$GJ9FawcÎV\DN]NGÂñ[çÓæ•c\G�ú�ó=��RqîNó"ô�ñ\;w91V}awcÎ9FVC]ìa�_\æ

91<>êFDF;=OQæ•c\E O>V ���;�;�ž@

å

æÊObI`O>Vjæ•GL;=G(Iµæ•O>V\ê
æ•D
VCD1æ•Gtæ•c}9ƒæ`æ=c\GL;=GÅGL÷NO>Iµæ=I�9�æ=;•O>W[O>9F<Uèf9Xç
æ=DÉI=9ƒæ=O>Iµë¸çn91<><Fæ=c\G:aL<>9F_CI•G(I2�

IµGLæµæ•O>V\ênGJ9FawcHWƒ91;=O>9Fñ\<QG�?=>Ëæ=D/@KE�GN@=aÉIµO>V\ê°æ=c\O>IÅ9FI=IµO>êFV\EHG(VUæJKƒæ•cCG�Iµ_\E D1ëœ<>O¾æ=GL;w91<bI�ë¸DF;ÁGJ9Fawc

a�<b91_CI•GfO>I"GL÷\9Fa�æ=<Qç �FK1c\G(VCa�Gfæ=c\G�a�<b91_}IµG�aL9FVHñ}G�I=9ƒæ=O>IµðCG(]H9FVC]&æ=c\G�DUñ��qG(a�æ•O>WFG:ë¸_\VCa�æ•O>DFVHO>I

G(üj_C91<Cæ•Dnæ=c\G�V[_\E�ñ}G(;ÅD1ë6aL<>9F_CIµGJIL@jôfc\G�Wƒ91<>_\G�@*E G,ObItV\D1æt91æt91<><CO>VNë¸DU;•E·9ƒæ=OQWUGFK1<>ç[OQVCê&cC91<Që

è:9XçnñËG�æqè:GLG(V
@,91VC] �FKXOQæÁêFO>WFGJI`V\D°O>VNë¸DF;=E·9ƒæ=OQDUV$è�c\GLæ•c\G(;Aæ•c\G�a�DU;•;=G(I•éËDFVC]NO>V\ê,ítD[DU<QGJ91V

WX9F;•Ob91ñC<QGfIµcCDF_\<b].ñ}G�I•G�æ"æ•D,æ=;•_\G�DU;�ë¼91<bIµGU@1ó
IAæ=c\G�é\;=DFñ\<>GLE ñËG(aLDFEHG(I"EHDU;•Gfa�DUVCIqæ=;=9FOQVCG(]

ò¸O˜@ GU@QKNæ=c\GnV[_\E$ñËGL;�DFëAaL<>9F_CI•G(IfO>VCa�;=G(9UIµGJI=õÁæ•c\G&aLDF;=;•GJIµéËDFV}]NOQVCê
�XRqîNó"ô é\;=DFñ\<>GLE ObIfWFG(;•ç

<QO>øFG(<Qç$æ•DnñËG�_\VCI=9ƒæ=O>Iµð}91ñC<QGUK1c\GLV}a�G�91V[ç&Wƒ9F;•Ob91ñ\<>G�9FI=I•OQêUV\EHGLVjæÁ]NO��œGL;=GLVjæÁæ=cC91V�@*E GÉè:DF_\<b]

<QGJ9F]Óæ•DÏ9�<>G(I=I°æ•c}91VìDFé\æ•O>EH9F<ÁDFñK�qG(a�æ=OQWUG·Wƒ91<>_\GF@ �É9ƒæ=_\;=9F<Q<>çFK6æ•c\GÂ^Ê? IµDU<QWUGL;°ðCVC]CInæ•cCG

c\OQêUc\G(Iµæ·é}DjI•I•O>ñ\<QGZDFñK�qG(a�æ=OQWUG-Wƒ9F<Q_\GÎò¸O˜@ GF@>K"æ•c\G�V[_\E�ñ}G(;.DFë,aL<>9F_CIµGJI=õ$è�c\G(VûI•G�æ•æ•O>V\êÍ9F<Q<

WX9F;•Ob91ñC<QGJIÅæ=D @KE�GN@



����� ��� $ .����	�)0). ,
� �B"% �� "%*-$ $ .+0��

å

V�æ•c\ObI,IµGJa�æ•O>DFV�è:G$ñC;•O>G�
CçZO>VUæ=;•DN]N_}a�G�I•GLEHOb]NG�ð}V\O¾æ=G$é\;=DFêU;=9FEHE.O>V\ê}@Có7êUGLV\G(;=9F<6OQVjæ=;•DFR

]N_Ca�æ=OQDUVìæ•DÓIµG(E.Ob]NGLðCV\OQæ•G�éC;•DUêF;w91EHEHOQV\ê�9Fé\é\<>OQGJ]Îæ•D�aLDFE�ñ\OQV}9ƒæ•DU;•Ob91<ÅDFéNæ=OQEHO>ý(9ƒæ=OQDUVìO>I

êFO>WFGLV�O>V6KœGF@ êC@>K ��9��ž@¥î[GLEHOb]NG�ðCVCO¾æ=G�é\;=DFêU;=9FEHE.O>V\ê·E·91øUG(I
_CIµG�D1ëÁéËDUI•O¾æ=OQWUG�I•GLEHOb]NG�ðCVCO¾æ=G

EH91æ•;=O>aLG(I"DFëËWƒ9F;•Ob91ñ\<>G(I(@1óÑE·9ƒæ=;•OQ÷�� 7��������ZO>ItI•9FO>]$æ•D$ñ}G�éËDUI•O¾æ=OQWUG�IµG(EHO>]NGLðCV\OQæ•G$ò‚]NG�R

V\D1æ=G(]Zñ[ç���� @jõ:è�c\GLV`?���� ?5T�@.ë¸DF;�91<><6WUG(a�æ=DF;wI ? 7����"@}î[G(EHO>]NGLðCV\OQæ•G&éC;•DUêF;w91E·I

cC9XWFGÉæ•c\G°ë¸DU;•E

E·9ƒ÷�æ•;Xò�� �Óõ

I"E æ�E1æ•;Xò�!�2"�Íõ$#&%I2&ò X(' ��;"E"E�E6;*)�õ

�+� @KE

ò��Xõ

Y�GL;=Gfæ•;Jò,�ÓõA]\GLV\DFæ•G(I"æ•c\Gfæ=;=9Ua�G�D1ë-�ïKƒè�c\ObawcHO>I"æ•c\G�I•_\E DFëËOQæ=IÅ]NO>9FêFDUVC91<NG(<QG(E.G(Vjæ=I(K1O‚@ GF@

æ•;Xò,�Óõ.'

E

�

> H




� > >q@FôfcCG:E·91æ•;=O¾÷/�ÚKXæ•c\G�aLDUIµæAE·91æ•;=O¾÷�� 7��������Z91VC]$æ•c\G�aLDFVCIµæ•;w91O>Vjæ

EH91æ•;=O>aLG(I0!�2 71���2���Ú91;=G$I•_\é\éËDUI•G(]�æ=D-ñËG�I•ç[EHE.GLæ•;=O>aF@ËôfcCG�) ;•GJ91<bI3%I2�9FVC]�æ=c\G�)

EH91æ•;=O>aLG(I4!S2n]NGLðCV\G5)
aLDFVCIµæ•;w91O>Vjæ=I(@

MÓGÂa(91VìW[OQG(è I•GLEHOb]NG�ð}V\O¾æ=GÂé\;=DFêU;=9FE.EHO>V\ê�9FI&9FVÍGL÷[æ•GLV}IµO>DFVÎD1ë�<>OQVCG(91;néC;•DUêF;w91E.R

E.O>V\ê}@

å

VHéC91;•æ•Oba�_\<b91;JKƒè�c\G(V�æ=c\G�E·9ƒæ=;•Oba�GJI.�'9FVC]6!�2&ò X6' ��;"E"E�EJ;7)�õ"9F;•G�91<><C]NOb91êUDFVC9F<

EH91æ•;=O>aLG(I98ƒKƒæ=c\G�;•GJIµ_C<¾æ=OQV\ê°I•GLEHO>]\G�ðCV\OQæ•G�éC;•DUêF;w91E�O>IÁG(üj_C91<jæ=D&9É<>O>V\G(9F;�éC;•DUêF;w91E�KXè�c\GL;=G

æ•c\G�EH91æ•;=O¾÷�� ObI
;=GLéC<>9Ua�G(]Zñ[ç�9·V\DUVNR˜VCGLêU91æ•O>WFG&WUG(a�æ•DF;
D1ëÁWƒ91;=O>9Fñ\<>G(I���71���Á@

å

VÏé}91;•R

æ•Oba�_\<b91;JKËæ•c\G(VÍ9ZIµG(EHO>]NGLðCV\OQæ•GHé\;=DFêU;=9FE.EHO>V\ê�aLDFVCIµæ•;w91O>Vjæ
æ•;Xò�!S2"�Óõ:#;%I2.aLDF;=;•GJIµéËDFV}]\I

æ•D�9·<>O>V\G(9F;
é\;=DFêU;=9FE.EHO>V\ê·a�DUVCIqæ=;=9FOQVjæ=<	�

2

�1#>%
2

K}è�c\GL;=G/<
2

;•G(é\;•GJIµG(Vjæ=Ifæ=c\G�]NOb91êUDFVC9F<

D1ë?!
2

@

ôfc\GLDU;•GLæ•ObaL91<><>çFKAIµG(E.Ob]NGLðCV\OQæ•G�é\;=DFêF;w91E·I�cC9XWFGZñËGLGLVûé\;=DƒWFGJ]Îæ•DÎñËGZéËDF<>ç[V\DFEHOb91<><Qç

IµDU<QWƒ91ñC<QG�æ•D�91V[ç�ð\÷NGJ]�é\;=G(aLO>I•O>DFV�_}IµO>V\ê-æ•c\GÂI•D1RTaL9F<Q<>G(]�G(<Q<>O>éCIµDUO>]ÓEHG�æ=c\DN] ò‚IµG(G�ë¸DU;°OQVNR

Iqæw91VCaLG � �	�Ðõ�@

å

Vìé\;w9Fa�æ•Oba�GFK`V\Dƒè:9U]\9XçNIÉë¼9FIµæA@ O>Vjæ•G(;•O>DF;&éËDFO>VjæCB6EHGLæ•c\DN]\I�91;=G·ñ}G(OQV\ê�_CIµGJ]

ë¸DF;fæ•cCO>I�éC_\;•éËDUI•G·ò¼I•GLG �����¥ë¸DU;�91VZDƒWFGL;=W[OQG(è
õ�@

��� � ��� $ .����	�)0). ,
�EDE��(�*�F�* , .+ 10HG  #"�I;JEKMLN��LN��J:O

MÓG�91é\éC<QO>G(]ïæ•c\G�IµG(EHO>]NGLðCV\OQæ•GZ;•G(<>91÷\9ƒæ•O>DFVìDFëÉúÏó���R��XRqîNó"ô�é\;=DFéËDUI•G(]ìñ[çïB,D[GLE·91VCI

91VC]�MPOQ<><QOb91E·I•DFV � �	�˜@¥ôfc\G.;•G(<>91÷\9ƒæ•O>DFVÏë¸DF<><QDƒè�I
ë¸;•DUE
9-üj_C9U]N;w9ƒæ•Oba&éC;•DUêF;w91EHEHOQV\êÂë¸DF;•R

E$_\<b9ƒæ=OQDUV-DFëAúÏó���R��XRqîNó"ô°@NMÍG°ðC;=Iµæ�O>VUæ=;•DN]N_}a�G,æ•c\ObI�O>Vjæ•GLêUGL;�üj_C9U]N;=91æ•Oba
éC;•DUêF;w91E�@

^6G�æ:æ•cCG°ú�ó=��R��XRqîNó"ôŠé\;•DUñ\<>GLE a�DUVCI•O>Iµæ:DFë`ñËDjDU<QGJ91V-WX9F;•Ob91ñC<QGJI �




;��

8

;�E"E�E6;��

�

9FVC]

9ìIµGLæÂD1ëna�<b91_CI•G(I#% DFVûæ=c\G(I•GÏWƒ91;=O>9Fñ\<>G(I(@Áô`DìGJ9FawcûWX9F;•Ob91ñC<QG��#>-ò [�' ��;"E"E�EJ;7P`õ�KÁè:G

9FI=IµDNa�Ob9ƒæ=GÅ9�Wƒ9F;•Ob91ñ\<>G3?=> 7 9�R �=;"�=<U@LúÏDF;=GLDƒWFG(;(K�è:GÅO>Vjæ•;=DN]N_Ca�G:9�Wƒ91;=Ob91ñ\<>G3?RQ@7'9�R ��;"�Z<j@

MÓG&]NGLðCV\G �1>Aæ•DHñËG°æ•;=_\GnO¾ë"91V}]�DUV\<Qç�O¾ë ?=>S'G?RQFKC9FVC]-ë¼91<bIµG°DFæ•c\G(;•è�ObIµGU@

��G�÷[æJK(è:GÁG�÷Né\;=G(I=I¥æ=c\GÁæ=;•_\æ•c&Wƒ91<>_\GÁDFëC9�ñËDjDU<QGJ91Vnë¸DU;•E�_\<b9fOQVnæ=GL;=E·I`DFë[OQæ=IÊWƒ91;=O>9Fñ\<>G(I(@

B,OQWUGLV-9$ë¸DF;=E$_C<>9(TƒKNè:G,]NGLðCV\G,O¾æwI'�;6��$�*�LK\]NGLV\DFæ•GJ]�ñ[çMUœò�TLõ�K[æ•DHñ}G �,O¾ëÊæ•c\G,ë¸DU;•E�_\<>9$O>I

æ•;=_\GFKC9FVC] @�DFæ•c\G(;•è�ObI•GF@\Y�G(VCa�GUK

UËò �#>žõV'

��� ?RQ6?�>

�

êFO>WFG(Itæ=c\GnWƒ91<>_\GnD1ëA9Hñ}D[DF<>G(9FV-Wƒ9F;•Ob91ñ\<>G �
>

9UI�]NG�ðCVCG(]�91ñËDƒWFGU@NîNOQEHO><>9F;•<>çFK

UËò �1>˜õV' �SR1UËò �#>Tõ.'

�SR'?
Q

?
>

�

E

W

•û½FvQ†L´Ji(y[†({}m&†LgTrqv±¿$vx€t†Ém&†LgTrqv±¿&ÀÁ…jiJ€Tp�yUiJyUº‚½FvQ†L´Ji(y[†({CpwyƒgTrqvxpw€Å†Lrqp4Xwp•rqiUh



Y�GLV}a�GFK\æ•c\GnWƒ91<>_\G°D1ë�æ•cCG°ë¸DF;=E$_\<b9 �1>�� � 2&aL9FV-ñËGnG�÷Né\;=G(I=I•G(]Z9FI

Uœò��1>�� � 2Xõ.' �SR1UËò �1>�� �-2Jõ.' �SR1UËò �1>žõ Uœò � 2Jõ.' �SR

�SR ? Q ? >

�

�SR ? Q ? 2

�

'

��� ?RQ6?=>




�

��� ?RQ6?W2




�

�SR'?=>�?W2




E

ôfc\GÉWƒ9F<Q_\G°DFë`D1æ=c\GL;�a�<b91_}IµGJIta(91V�ñËG°G�÷Né\;=G(I=IµGJ]ÂI•OQEHO><>9F;•<>çF@

å

ë�9$Wƒ91;=O>9Fñ\<QG �#>�ObIfV\GLêj9ƒæ=G(]

OQV�9Ha�<b91_CI•GFK[æ=c\GLV�è:G°;•G(é\<>9Ua�GB?=>Añ[ç�RS?=>AO>VZæ•c\G&9Fñ}DƒWUGÉGL÷Né\;•GJI•I•O>DFV6@

��DƒèŠè:Gn91;=G°;•GJ9F]NçHæ=DÂIqæw9ƒæ•G,æ=c\GnOQVjæ=GLêFG(;�üj_C9F]N;w9ƒæ=O>aÉé\;=DFêU;=9FE�ë¸DF;�úÏó���R��XRqîNó"ô �

E·91÷��

�

K=L

UËò�TLõ

I�E æ�E
?=>Q7'9�R ��;"�Z<�V1[ 7 9;@-;"��;"E�E"E ;7P < E

ò �Uõ

å

æ`O>I`a�DFV[WUGLV\O>GLVjæœæ•D�;=GLè�;=OQæ•G�æ•c\ObI6éC;•DUêF;w91Eù9FI¥ë¸DF<><QDƒè�I(@�MÓGÅOQVjæ•;=DN]N_CaLGÁ91V·ò,PN���Xõ���ò,PN���Xõ

EH91æ•;=O¾÷
	�KœI•_Cawc�æ•cC91æ,G(VUæ=;•ç�	
> 2

;•G(é\;=G(I•GLVjæ=I ?
>

?
2

ò¸è:G�O>VC]NGL÷�æ•c\G.;•Dƒè�I,91V}]Ïa�DU<Q_\EHVCI

D1ë
� ë¸;•DUE @�æ•D6P`õ�@CôfcCGLV�é\;=DFêF;w91E
ò �Fõ:aL9FV�ñ}Gn;=GLè�;=O¾æ•æ•G(VZ9UI

E·9ƒ÷$æ=;Jò ��	�õ

I"E æ�E�	1> 2@7'9�R ��;"�=< V\[Y; X 7 9�@-;��=;�E"E"E ;*P <�;I[�� ' X�;

ò%Jjõ

è�c\GL;=G � ObI�91V7ò�P�� �Xõ�� ò,P � �Xõ·E·9ƒæ=;•OQ÷Ñ;•G(é\;•GJIµG(Vjæ•O>V\êÎæ•c\GÍa�D[G �ÂaLOQG(VUæwIÂO>VPæ•cCG

DFñ��qGJa�æ•O>WFG�ë¸_\VCa�æ•O>DFVŠDFë-ò �Uõ�@fö\DU;-GL÷N9FEHé\<QGUKfO¾ë&æ=c\GÎa�D[G �Âa�O>GLVjæZD1ë ?
>

?
2

ObI��
> 2

Ktæ•c\G(V

� > 20' �`2I>�'




8

�S> 2U@

ôfc\G
ð}VC91<¥Iµæ•GLéZa�DUVCIµObIµætO>V-;=GL<b9ƒ÷NO>V\ê&æ=c\G,aLDFVC]\O¾æ=OQDUVCI�	#> 2B7 9�R �=;"�=<�ñ[çÂ]NGLE·91V}]NOQVCê

æ•cC91æ�	!Iµc\DU_\<b]·ñ}GÉé}DjIµOQæ•O>WFG,IµG(EHO>]NGLðCV\OQæ•G°91VC]�	#> >�' �SV1[ 7 9;@-;"��;"E�E"E ;7P <j@jY
GLVCaLGFKjæ•cCG

IµG(E.Ob]NGLðCV\OQæ•Gn;=GL<b9ƒ÷\9ƒæ=OQDUV�D1ë"úÏó���R��XRqîNó"ôùObI�êFO>WFG(V-ñ[ç·æ=c\G°ë¸DF<><>Dƒè�OQV\ê.é\;=DFêU;=9FE

E·91÷$æ•;Xò���	.õ

I�E æ�E�	1> >S' � V1[37'9�@ ;"��;"E"E�E ;7P <�;

	 � @*E

ò�
[õ

?Á;=DFêF;w91E ò 
jõAéC;•DƒW[Ob]NG(I"9FV._Cé\é}G(;ÅñËDF_\V}]HDFV.æ•c\GÉIµDU<Q_Næ=OQDUVHæ•D&úÏó���R��XRqîNó"ôûé\;=DFñ\<>GLE·I(@

ö\_\;•æ•c\G(;•EHDU;•GUK�æ•c\GÅWX9F<Q_CG(I�	2Q]>µK(;•G(é\;•GJIµG(Vjæ•O>V\ê�?RQ6?=>µK(aLDF;=;•GJIµéËDFVC]
æ•D�æ•c\GÁDU;•O>êFO>VC9F<1ñ}D[DU<QGJ91V

WX9F;•Ob91ñC<QGJI �
>

ò [3' ��;"E�E"EJ;*P`õ�@ �É91EHGL<>çFK¥OQë�	
Q]>

O>InaL<QDjIµG�æ•D �UK¥Wƒ91;=O>9Fñ\<QG��
>

O>I A=a�<>DUI•G$æ=D

æ•;=_\G�CC@Cî[OQEHO><>9F;•<>çFKNOQë�	
Q]>

ObI�a�<>DUI•G
æ=D`R �FKNWƒ91;=Ob91ñ\<>G �
>

ObI A•a�<>DUI•G,æ•D.ë¼91<bI•G�C\@

�

176�!�� �������,8tDFVCI•Ob]NGL;"æ=c\G
úÏó���R��XRqîNó"ôûé\;=DFñ\<>GLE DFV.æ•cCG
Wƒ91;=O>9Fñ\<>G(I �




91VC] �

8

KUè�O¾æ=c

DFV\Gna�<b91_}IµG'�




� �

8

@}ôfc\GnIµG(E.Ob]NGLðCV\OQæ•Gn;=GL<b9ƒ÷\9ƒæ=OQDUV�ObI

E·9ƒ÷��

�

�




�

	 Q




R




�

	2Q

8

�




�

	


 8

 

E ! E"	1> >S' �nò+[�' @-;"��;5�Uõ

	 � @KE

ó�V�DFéNæ=OQE·9F<`IµDU<Q_\æ•O>DFVZO>I

	 '$# %

��E @ @KE�GDR=@KE�G

@KE�G ��E @ @*E G

R=@*E G @KE�G �&E @

&'



è�O¾æ=cZDUñ��qG(a�æ•O>WFG°Wƒ91<>_\G �F@ ���&GNK[è�c\ObawcZObIf<b91;=êFGL;:æ=cC91VD�FK[æ=c\GnV[_\E$ñËGL;�DFëAaL<>9F_CI•G(I(@

ôfc\G·Iµ_\êUêFGJIqæ=OQDUVÏE·9F]NGHñ[ç�æ•cCO>In;=GL<b9ƒ÷\91æ•O>DFVÏObI 	 Q




'>@KE�G�9FVC]�	 Q




' R=@*E G\@¥ôfc\O>I

a�DF;=;=G(I•é}DUVC]\I�æ=D A��




a�<>DUI•G&æ=D�æ=;•_CG�CZ91VC] A��

8

a�<>DUI•G&æ=D�ë¼9F<>I•G�CC@

å

VC]NGLGJ]¥KËæ•c\ObI°<>G(9F]CI�æ=D

91VZDFéNæ=OQE·91<ÊIµDU<Q_Næ=OQDUV�ë¸DU;fæ•c\G&ú�ó=��R��XRqîNó"ô é\;=DFñ\<>GLE�@

�

÷\91EHé\<>G��$I•c\Dƒè�Ifæ•c}9ƒæ
æ=c\G�I•DF<>_Næ=OQDUV-æ=DÂæ=c\G$I•GLEHO>]\G�ðCV\OQæ•G�;•G(<>91÷\9ƒæ•O>DFV�E·9Xç�DƒWUGL;=G(Iµæ•OQR

EH91æ•G,æ•cCG°9Ua�æ=_C91<¥I•DF<>_Næ•O>DFV-WX9F<Q_CGF@

å

V-æ•c\ObIféC91;•æ•Oba�_C<>9F;:a(9FI•GÉOQæ�O>IfG(WFGLV-c\O>êFc\G(;tæ=cC91V-æ•cCG

Vj_CE$ñËGL;$DFë
a�<b91_CI•G(I(@ÊúÏDF;=GLDƒWFG(;(KËæ=c\GÂë¸;w9Fa�æ•O>DFVC9F<tI•DF<>_Næ•O>DFVìWƒ91<>_\GJI$91;=G�üj_\OQæ•G·ë¼9F;&ë¸;=DFE

OQVjæ•G(êF;w91<>O¾æqç$OQVHæ=c\O>IÅG�÷\91EHé\<>GF@

å

V·é\;=9Ua�æ=O>aLG:cCDƒètG(WFGL;JKƒè:G�è�OQ<><}I•GLGfæ=cC9ƒæÁæ=c\G
I•GLEHOb]NG�ðCVCO¾æ=G

;•G(<>91÷N91æ•O>DFVïéC;•DƒW[Ob]NG(IHI•_\;•éC;•ObIµO>V\êU<QçÎæ=OQêUcUæ·ñËDF_\V}]\I·91VC] V\GJ91;•R˜O>Vjæ•GLêU;=9F<ÅWƒ91<>_\GJI.ë¸DF;Hæ•cCG

WX9F;•Ob91ñC<QGJIL@

ó�VZOQVjæ•G(;•GJIqæ=OQVCê�9FI•éËG(a�æ�DFë`é\;=DFêF;w91E ò�
[õtO>Itæ•c}9ƒæfæ•c\G°é\;=DFñC<QG(E OQVCIµæ=9FVCa�G,ObIfGLVjæ•O>;•G(<Qç

GLVCa(91éCI•_\<b9ƒæ•GJ]�O>VÍæ•c\G·DUñ��qG(a�æ•O>WFG�ë¸_\VCa�æ•O>DFV6@�Y�GLV}a�GFKœæ=c\GÂI•DF<>_Næ•O>DFVÍé\;=D[aLG(I=I°O>I°<>O>øFGL<>ç�æ=D

ñ}GHO>VC]NGLéËGLV}]NGLVjænD1ëtæ•c\GHV[_\E$ñËGL;°DFë:a�<b91_}IµGJILKËñ}GJaL9F_CIµG�æ•cCG.EHDN]NG(<ÁIµO>ýLG.;•G(E·91O>VCI°a�DFV\R

Iqæw91Vjæfë¸DF;�9.êFO>WFG(V-V[_\E�ñ}G(;�D1ëÊWƒ9F;•Ob91ñ\<>G(I(@Nôfc\ObI�O>I�9FV-O>EHé}DU;µæw91Vjæ�é\;=DFéËGL;•æqçÂè�c\GLV�I•_Cawc

;•G(<>91÷N91æ•O>DFVCI:V\G(G(]�æ•D·ñËG&91é\éC<QO>G(]ZO>V-é\;w9Fa�æ•Oba�GU@

� ����� �6ßCä�� �ÊÝÅÞ � �5���¥Þ\â�� �"Ý
á	� �"�jâ �TÞ��

MÓGÏc}9XWFG�_CI•G(]Ñ;w91VC]\DFE úÏó���R��XRqîNó"ô OQV}Iqæw91VCaLG(I·êUGLV\G(;=91æ•G(]ûñ[çPî[GL<>E·91V B IÂú�MùöAö

éC9Fawøƒ91êUG ���;G;�ž@1ö\DF;ÅDF_\;"GL÷[éËGL;=O>E.G(Vjæ=I(K1ètG�c}9XWFG�IµDU<QWUG(]$æ•c\GÉ^`?Î;=GL<b9ƒ÷\9ƒæ=OQDUV$_CI•OQVCê

å

^�þ°B

8:?Å^

�

�P<QO>ñ\;w91;=OQGJIL@Uö\DF;Åæ•c\GÉIµG(E.Ob]NGLðCV\OQæ•G
;=GL<b9ƒ÷\91æ•O>DFV.ètG�c}9XWFG�_CI•G(].æ=c\G
I•DF<>WFGL;f8fî�8É?AK

WFGL;wI•OQDUV GN@ @ � J	�˜@6ôÊD�a�DFEHé\_\æ•G.æ•c\G·DUéNæ•O>E$_CE
Wƒ91<>_\G.ë¸DF;°æ•cCGHú�ó=��R��XRqîNó"ô OQVCIµæ=9FVCa�GJILK

ètG°_CI•G(]�úÏ91÷\îNDF<>WFGL;JKjæ•c\G&aLDFEHé\<>G�æ=G°I•DF<>WFG(;:ë¸;•DUE<�������ž@


!��� �5&N*-(�. ,
� *-0��_�!"W*��Z,/.� #0)*-(�. ,
�� �G4D�� (�*�F�* ,/.� #0��

MÓGfñËGLêFO>V.ñjçnGL÷\91EHOQVCOQV\êÉæ•cCG:DUñ��qG(a�æ•O>WFGtWX9F<Q_CG:DFë\æ•cCGf^Ê?Ó9FVC]Hî�8É?Ó;=GL<b9ƒ÷\9ƒæ=OQDUVCIÊ9Ua�;=DUI=I

]NO��œGL;=GLVjæ$aLDFVCIµæ•;w91O>V\G(]\V\G(I=I,;•G(êFO>DFVCI,D1ëtæ•c\G·éC;•DUñ\<QG(E�@¥MÓG·GL÷N9FEHOQV\G·úÏó���R��XRqîNó"ô!OQVNR

Iqæw91VCaLG(Inë¸DU;
�&@�Wƒ91;=O>9Fñ\<>G(I(K`Wƒ91;=ç[OQV\ê�æ=c\G % &�( ;=91æ•O>D�ë¸;=DFE @KE�GZæ•D ��@C@`MÍG-91<bI•D�IµDU<QWUG

æ•c\G.OQV}Iqæw91VCaLG(IÉè�O¾æ=cÓ9�aLDFEHé\<>G�æ=G�I•DF<>WFGL;
�������ž@Êò‚ôfc\G.^Ê?Š9FVC]�î�8,?Š;=GL<b9ƒ÷\91æ•O>DFVÏaL9FVÏñËG

a�DFEHé\_\æ•G(]�ë¸DF;�E�_CawcZc\OQêUc\GL;fV[_\E�ñ}G(;=IfDFëÊWƒ91;=O>9Fñ\<>G(I(@[Y
DƒètG(WFG(;Åæ=c\GnV\GLGJ]Âë¸DU;�91VZG�÷\9Fa�æ

IµDU<Q_Næ=OQDUV�<QO>EHO¾æwI
_}I�æ•D-91;=DF_\VC]��&@HWƒ91;=O>9Fñ\<QGJIL@±õ�ôfc\G$<QGLëÐæÉé\<>D1æ,OQVÏö�O>êF_\;=G��·]NG(é\Oba�æ=I
æ•cCG

E.GJ]NOb91VnDFñK�qG(a�æ=OQWUGAWX9F<Q_CGÁ;•GLæ•_\;=V\GJ]Éñ[ç
æ•c\GÅ^Ê?�91VC]nî�8,?�;=GL<b9ƒ÷\9ƒæ=OQDUVÉWUGL;wIµ_}IËæ•c\GÁEHGJ]NO>9FV

WX9F<Q_CG�;=G�æ=_\;•VCG(]Ïñ[çZæ•cCGHú�ó=��R��XRqîNó"ô7I•DF<>WFG(;�ò¼ñ}DFæµæ•DUE a�_C;•WUGJõ�Kœ9FI,9�ë¸_\VCa�æ=OQDUVÓDFëÁæ•cCG

% &�( ;w9ƒæ=OQD}@ a�V\<>G(I=IfD1æ=c\GL;=è�O>I•G°V\D1æ=G(]¥KNGJ9Fawc�]\9ƒæw9.é}DUOQVjæ�OQV�9F<Q<œæ=c\Gné\<>D1æ=I�aLDF;=;•GJIµéËDFV}]\I

æ•D.æ•c\GnEHGJ]NO>9FV�D1ë?��@�@�OQV}Iqæw91VCaLG(I(@Cî[OQV}a�GnñËD1æ•c-æ•cCG&^`?Ñ91VC]�æ•cCG$î�8É?PI•DF<>WFG°9.;•G(<>91÷NG(]

WFGL;wI•OQDUVÏD1ëtæ•c\GHé\;=DFñ\<>GLE�KËæ•cCG.DUñ��qG(a�æ•O>WFG.Wƒ91<>_\GHO>I,DƒWFG(;•GJIqæ=OQE·91æ•G(]6KË9FVC]Ïæ=c\GL;=G�ë¸DU;•G�æ•cCG

;•G(<>91÷N91æ•O>DFVCI&é\;•DƒW[Ob]NGÂ_\éCé}G(;�ñËDF_\V}]\I$DUVìæ•cCG-DUéNæ•O>E·91<fIµDU<Q_Næ=OQDUV6@`MÍGZcC9XWFGÂI•c\Dƒè�VïO>V

IµGJa�æ•O>DFV JC@��Âæ•cC91æ.è:G�aL9FVï91<>è:9XçNI°ð}VC]Ú9FVï9FI=IµO>êFV\EHG(VUæ�è�c\O>awcÚEH9FøFGJInæ•cCG�DFñK�qG(a�æ=OQWUG

WX9F<Q_CG,DFë6æ•cCG°^Ê?Ú;=GL<b9ƒ÷\91æ•O>DFV�GJüj_C91<Ëæ•D�æ•cCG,V[_\E�ñ}G(;�D1ëÊaL<>9F_CI•G(I(KjcCGLVCaLG,O>V-æ•c\G°é\<>D1æfæ•cCG

ë¸;=9Ua�æ•O>DFVÓD1ëfI•91æ•ObIqð}9Fñ\<>G.aL<>9F_CIµGJI,O>In9F<Qèf9XçNI/�F@¥MPcCOQ<>G.æ•c\G·^`?�;=GL<b9ƒ÷\9ƒæ=OQDUVÏé\;=DƒW[O>]NGJI
VCD

OQVNë¸DU;•E·91æ•O>DFV�91ñËDF_Næfæ•cCG°æ•;=_\G&IµDU<Q_\æ•O>DFV-æ•D.æ•c\GnéC;•DUñ\<QG(E�K[æ•c\G$î�8,?Ñ;=GL<b9ƒ÷\9ƒæ=OQDUVÂë¸DF<><>Dƒè�I

a�<>DUI•GL<>ç�æ=c\G
ñËGLc}9XWjO>DF;tD1ë6æ=c\GÉaL_\;=WFGÉaLDF;=;•GJIµéËDFV}]NOQVCê°æ•D�æ•c\GÉEH91÷NOQE�_\E�ë¸;=9Ua�æ=OQDUV·D1ëÊI=9ƒæ•R



 0.8

 0.85

 0.9

 0.95

 1

 1.05

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 c

la
us

es

clause/variable ratio

Objective Value for n=80

SDP
complete solver

LP

 0.01

 0.1

 1

 10

 100

 1000

 0  1  2  3  4  5  6  7  8  9  10

se
co

nd
s 

- 
lo

gs
ca

le

clause/variable ratio

Running Time LP vs SDP vs MAXSAT for n=80

SDP
complete solver

LP

¶¸†X¹ ¶Ð»N¹

�����

®��C®

¶¸†X¹�Ù:»��žpwu•gqv¾~Jpn~J†L{¾oUp°i(k�gq…jpn²}³û†(yj½�s1d�³ïrqp={Q†�¿U†LgqvxiJyU€É~1€wh}iJeUgqvxmÉojm €Ti({xoUgqvxiJyZk>i(r

½Fv±Ò\p=rqpwyƒg����	�û~(†({xojp=€whN¶Ð»N¹

¯

oUy1gqvxmnpAiLk}gq…UpÅ²Ë³�†(yj½$sFd�³-rqp={Q†�¿U†LgqvxiJyU€A~1€whXgq…jptÃH•tÄÅº˜Ì�º˜sU•`Æ

€Ti({x~Xp=rÅvxy�
±‰
���¸h

O>Iµð}91ñC<QG�O>VCIµæ=91V}a�G(I(@

�

Y
GLVCaLGFKƒæ=c\GÉî�8,?Î;=GL<b9ƒ÷\9ƒæ=OQDUV$ObIÁ91ñ\<>G:æ•D&9U]\91éNæ"æ=D°æ•c\G�]\O �Âa�_C<¾æqç�D1ë

æ•c\G,OQV}Iqæw91VCaLG(If91VC]�é\;=DƒWjOb]NGJIt9$E.GJ91V\O>V\êFë¸_\<œ_\é\éËGL;�ñËDF_\VC]�DFV�æ•c\G,E·9ƒ÷NOQE�_\E V[_\E$ñËGL;

D1ë"I•91æ•ObIqð}9Fñ\<>G,aL<>9F_CIµGJInò¸GJIµéËG(aLO>9F<Q<>ç�9FI�%'&)(!O>VCa�;=G(9UIµGJI=õ�@

ôfc\G$é\<>D1æ,DFV�æ=c\G$;=O>êFcjæ,]NG(é\Oba�æ=I
æ•cCG�;=_\Vjæ•O>EHG$O>V�IµGJa�DUVC]\IÉD1ë"æ•cCG&æqè:D�;=GL<b9ƒ÷\9ƒæ=OQDUVCI

WFGL;wI•_CI:æ•c\G�úÏó=�
R-�ƒRTîNó"ô�I•DF<>WFG(;(@\ôfc\G$é}DUOQVjæ
DFëÊæ=c\O>I
é\<>D1æ
ObI�æ=D·DFñCI•GL;=WFG°è�c\GLæ•c\G(;�æ•cCG

;•G(<>91÷N91æ•O>DFVCI:91;=G°9��œG(a�æ=G(]-ñ[ç·æ•c\G %'&)(!;w9ƒæ•O>DC@[MÍG,ðC;=Iµæ�V\D1æ=G,æ•cC91æ:æ=c\Gn;=_\Vjæ•O>E.G°DFë`æ•cCG

æqètDÂ;=GL<b9ƒ÷\91æ•O>DFVCI
O>IÉcC91;w]N<>çZ9	�ËGJa�æ=G(]�ñ[çZæ•c\GHa�DUVCIµæ•;w91O>V\G(]NVCG(I=I�D1ëÁæ=c\G$éC;•DUñ\<QG(E�K}è�c\O><>G

æ•c\G�;=_\Vjæ•O>EHG:DFëCæ=c\G�úÏó=�
R-�ƒRTî\ó"ôÚI•DF<>WFGL;AêU;•Dƒè�IÊG�÷NéËDFV\G(VUæ=O>9F<Q<>ç&O>V.æ•c\G�%'&)( ;=91æ•O>D.ò¸æ•c\G

é\<QDFæCB IQ?�91÷NO>IAObIÁ9,<QDUêU9F;•OQæ•c\EHObafI•a(91<>GJõ�@&�
9ƒæ=_\;w91<><QçUKXæ•c\G�aLDFEHé\<>G�æ•G�I•DF<>WFG(;";•GJüj_\OQ;=G(I�E�_Cawc

E.DU;•GHæ=OQEHG-OQVÎæ=c\GÂDƒWFG(;µRTa�DUVCIµæ•;w91O>V\G(]�;•G(êFO>DFV6K69UInO¾æ.cC9FInæ•DÏé\;=DƒWFGHDUéNæ•O>E·91<>O¾æqçÍD1ëfæ•cCG

ë¸DF_\VC]ZI•DF<>_Næ•O>DFV6@[ôfc\Gn^`? ;=GL<b9ƒ÷\9ƒæ=OQDUV·O>Ifa�DUEHé\_Næ=91æ•O>DFVC9F<Q<>çHæ•cCGÉ<>G(9UIqæfG�÷NéËGLVCI•OQWUG,9Ua�;=DUI=I

æ•c\G·ñËDU9F;=]¥KœGL÷NaLGLéNæ°ë¸DU;°æ•c\G·_\V}]NGL;•RžaLDFVCIµæ•;w91O>V\GJ]Ï;=GLêFO>DFV`KËè�cCGL;=G$æ=c\G·é\;=DFñ\<>GLE
ObI°G(9UIµç

91VC]�æ•c\G&aLDFEHé\<>G�æ=G&IµDU<QWUGL;fO>I�9Fñ\<>G°æ•D·üj_\O>awø[<>çÂG�÷\9FE.O>V\G,æ•cCG&IµGJ91;wawc-I•éC9FaLGF@

å

V�DU;=]NG(;`æ=D°_\VC]NG(;=Iµæ=9FVC]$è�c}9ƒæ"GLVC9Fñ\<>G(IÊæ•c\G�î�8,?Í;•G(<>91÷\9ƒæ•O>DFV$æ•D°ñËG:EHDU;•G:OQV\ë¸DF;=E.GJ]

æ•cC9FV�æ•c\G.^`?Ñ;=GL<b9ƒ÷\9ƒæ=OQDUV6K\è:G$a�DUVUæ=OQV[_\Gnñ[ç�Iqæ=_C]Nç[O>V\ê·æ•cCG&ë¸;w9Fa�æ=OQDUVC91<>OQæqç�D1ëAæ=c\G&Wƒ91<>_\G(I

;•GLæ•_\;=V\G(]&ñjç,æ=c\GÅæqè:D
;=GL<b9ƒ÷\91æ•O>DFVCI(@Lö�OQêU_\;=G?J�éC<QDFæ=I`æ•c\Gf]NObIqæ=;•O>ñ\_Næ=OQDUV$D1ëNæ=c\G(I•G:WX9F<Q_CG(I(K(O>V

OQVjæ•G(;•Wƒ9F<>I"DFë¥<QG(V\ê1æ=c @*E��fë¸;=DFE>@,æ•D �fë¸DF;"æ=c\G
^`?ï;•G(<>91÷N91æ•O>DFVH91VC]�ë¸;=DFE R �:æ•D �fë¸DU;Áæ•cCG

î�8É?ù;•G(<>91÷N91æ•O>DFVZ9XWFGL;w91êUG(]�DƒWFGL;�9F<Q<`OQVCIµæ=9FVCa�GJI&ò�%'&)( ;w9ƒæ=OQDHWƒ91;=ç[OQVCêHë¸;•DUE @\@�G$æ•D ��@Uõ�@

ôfc\G�G(VC]\I,D1ë"æ=c\G�æqètD-OQVjæ•G(;•Wƒ9F<>I,a�DU;•;=G(I•é}DUVC]Zæ•D-æ•cCG.í:D[DF<>G(9FVÏWƒ91<>_\G(I
ë¼91<bIµG.91VC]Ïæ•;=_\GFK

;•GJIµéËG(a�æ•O>WFGL<>çF@1ôfcCG�a�<>DUI•GLV\GJI•I�D1ë¥9,Wƒ91<>_\Gfæ•D°DFVCG�D1ëCæ=c\G�GLV}]\IÁaL9FV�ñËG�O>VUæ=GL;=é\;=G�æ•GJ]H9FI�æ•cCG

A•a�DUVNð}]NG(VCa�G�C�DFë\æ•c\G:;=GL<b9ƒ÷\9ƒæ=OQDUV°æ•cC91æ�æ=c\Gfa�DF;=;=G(I•é}DUVC]NO>V\ê
í:D[DF<>G(91V$WX9F;•Ob91ñC<QG:Iµc\DU_\<b]&ñËG

IµGLæ:æ=D$æ=;•_CG$�Jë¼9F<>I•GF@[MÍG°DFñCI•GL;=WFG
æ•cC91æ:æ=c\Gn^`? ;•G(<>91÷\9ƒæ•O>DFV�DFV\<>ç�I•G�æ=I:Wƒ91;=Ob91ñ\<>G(Itæ•D�æ•cC;•G(G

WX9F<Q_CG(I2�K@\K �n91V}] @*E G\@K@·91VC] �na�DF;=;=G(I•é}DUVC]·æ=DHë¼91<bIµGn91V}]�æ=;•_CGFKN;=G(I•é}GJa�æ•O>WFG(<QçUKNc\Dƒè:GLWFG(;

@KE�G$êUOQWUG(If_CI�V\D·OQV\ë¸DF;=EH91æ•O>DFV�9FI:æ=D·è�cC9ƒæ
I•c\DU_\<>]ZñËG$9FI=I•OQêUV\G(]Âæ•DHæ•cCG$a�DU;•;=G(I•é}DUVC]NO>V\ê

ítD[DU<QGJ91V°Wƒ91<>_\GF@

å

V&a�DUVUæ=;=9UIqæJK�æ•cCGÅE·9��qDU;•OQæqç
DFë[Wƒ9F<Q_\GJI6;=G�æ=_\;•VCG(]°ñ[ç
æ=c\G:îK8É?�;•G(<>91÷N91æ•O>DFV

�

‡:iLgqp
gq…j†Lg�s1d�³Íu�†LyÂeUrqi�~1vQ½Fp,†LyÂiJ»��žpwu=gqvx~XpÉ~J†L{xojp�´(rqp�†�gqp=rfgq…j†(y·gq…jp
y1ojm,»Np•rtiLk`uw{¾†(oj€Tp=€��

vxy&gq…UiJ€TpÅu�†(€Tp=€wzƒkbi(rAiJ»1~1v¾i(oj€`rqp�†(€Ti(yj€wz1ÀApÅuwiJyU€Tv¾½Up=rÊgq…jpÅyFoUm,»Np=r`iLk}u={Q†Loj€Tpw€�v¾yngq…UpÅk>i(rqm,oU{¾†

†(€"gq…jp�oUejeNp=rÁ»Ni(ojyj½$i(y.gq…jpfi(eUgqvxm&†({C~(†({xojpJh



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

fr
ac

tio
n 

of
 v

ar
ia

bl
es

LP value

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0.08

 0.09

 0.1

 0.11

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

fr
ac

tio
n 

of
  v

ar
ia

bl
es

SDP value

¶¸†X¹ ¶Ð»N¹

�����

®��C®

dfvx€žgTrqv¾»UoUgqvxiJyïiLk
gq…Up·~J†L{xojpw€&rqp=gqoUrqyUp�½Î»ƒ•Ógq…UpÏ¶¸†X¹&²Ë³�†Ly[½Ñ¶Ð»N¹&s1d�³ rqpw{¾†L¿U†�gqv¾i(y

¶¸†�~Xp•rµ†(´Jpw½.i�~Xp=rÁvxyj€žgµ†Lyjuwpw€ÁÀÁv±gq…Âl���� rµ†(yj´(vxyj´,kQrqiJm ×Fh •Égqi�‰w×X¹•h

91;=G$a�DUVCa�G(VUæ=;=91æ•GJ]Zæ•Dƒèf91;w]\Ifæ•cCG$GLV}]\I
DFë"æ•c\G�OQVjæ=GL;=WX9F<1� R �=;����žKNæ•c[_CI,I•_\êFêUG(Iµæ•O>V\êÂEHDF;=G

OQVNë¸DU;•EHGJ]-êU_\Ob]\91VCaLG,9Fñ}DU_Næ�æ•cCGnè:9XçHæ=c\GnWƒ91;=O>9Fñ\<QGJI�IµcCDF_\<b]Âæ=DHñ}G&I•G�æJ@

ô`DÚë¸_\;µæ=c\GL;�]NGJI•aL;•O>ñ}GÓæ•cCG�ë¸;w9Fa�æ•O>DFVC9F<QOQæqç DFë&æ•cCGÓ;=GL<b9ƒ÷\9ƒæ=OQDUVCIÂè:G�GL÷\91EHOQVCGÏæ•cCGLE

9Fa�;=DUI=I6]NO��œGL;=GLVjæ�aLDFVCIµæ•;w91O>V\G(]\V\G(I=I¥;=GLêFO>DFV}IL@Lö�O>êF_\;=G 
,9Uõ¥éC<QDFæ=I¥æ=c\GÁë¸;w9Fa�æ•O>DFV&DFëNWX9F;•Ob91ñC<QGJI

æ•cC91æn9F;•G�G(üj_C9F<`æ=D @*E G-9ƒëÐæ=GL;nIµDU<QW[O>V\êÂæ=c\GH^`? ;•G(<>91÷N91æ•O>DFV6@

å

VÏæ=c\GH_\VC]NG(;µRTa�DUVCIµæ•;w91O>V\G(]

;•G(êFO>DFV ò¸O˜@ GU@QKf<>Dƒè0a�<b91_CI•G$�ƒWX9F;•Ob91ñC<QG�;w9ƒæ•O>DjõHæ•c\G�ë¸;=9Ua�æ•O>DFVPObI @\KÁæ=c\GLV 9FIÂè:G�é}9FI=I·æ•cCG

% &�( ' �né}DUOQVjæ(K\æ•c\G&éËGL;wa�G(Vjæ=91êUG°êFD[G(I�_Cé6K}9FVC]ZO¾æÉ9Fé\é\;=DU9Uawc\G(I �Âò¸O˜@ GF@>K}91<><6Wƒ91;=Ob91ñ\<>G(Iwõ

9FI:æ•cCGné\;•DUñ\<>GLE ñËG(aLDFEHG(IfDƒWUGL;•RžaLDFVCIµæ•;w91O>V\G(]6@

î[OQEHO><>9F;•<>çFKËðCêU_\;=G�
j9UõÉé\<>D1æwI,æ•c\G.ë¸;w9Fa�æ=OQDUVÓDFëfî�8,?�Wƒ91;=O>9Fñ\<>G(I,è�c\DUI•G.WX9F<Q_CG(I°<>OQG·O>V

æ•c\G�VCGLO>êFc[ñ}DU;•cCDjDN].D1ë @C@FMÍG
;=GLé\;=G(I•GLVjæAæ•c\G
ë¸;=9Ua�æ=OQDUV.DFë¥WX9F;•Ob91ñC<QGJI"G(üj_C9F<\æ•D�@n91VC]·9F<>I•D

æ•c\DjIµGÂWƒ9F;•Ob91ñ\<>G(I°è�cCDUI•G�91ñCI•DF<>_Næ=G·WX9F<Q_CGÂ<QO>G(I$OQVÎæ=c\GÂO>Vjæ•GL;=Wƒ91<,ò%@-;5@KE ���ž@

å

VÎæ•cCGÂ_\VC]NG(;µR

a�DFV}Iqæ=;=9FOQV\GJ]�;=GLêFO>DFV�æ•c\G.ë¸;w9Fa�æ•O>DFV�DFëÅWƒ91;=O>9Fñ\<>G(I,IµGLæ,æ=D�@�ObI,WFGL;=ç�c\O>êFcûò¼a�<>DUI•G�æ•D @KE �Uõ�@

ó
I"è:G�9F]\].EHDF;=G�a�<b91_}IµGJI�æ•c\ObIAë¸;w9Fa�æ=OQDUV·IµcC9F;•éC<Qç$]\G(a�;=G(9UIµGJI"91VC]HIµæ=9Fñ\OQ<>O>ýLG(I"91æ)@\@FôfcCG(I•G

WX9F;•Ob91ñC<QGJI.aLDF;=;•GJIµéËDFV}]Îæ•DÎñËDjDU<QGJ91V WX9F;•Ob91ñC<QGJI$æ=cC9ƒæÂ]NDÎV\DFæH9Fé\éËG(91;HO>Vûæ•c\GZë¸DF;=E$_C<>9CK

c\GLVCaLG°æ•c\GncCOQêUc�ë¸;w9Fa�æ•O>DFVZD1ë"Iµ_CawcZWƒ91;=O>9Fñ\<>G(I:OQVZæ=c\Gn_\VC]NG(;µRTa�DUVCIµæ•;w91O>V\G(]�;•G(êFO>DFV6@

öÊO>êF_C;•G 
Uñ}õ:é\<>D1æ=I�æ•c\G&ë¸;=9Ua�æ•O>DFV�DFëAcCOQêUcÏa�DFV\ð}]NGLV}a�GnWƒ91;=O>9Fñ\<>G(I(@Cö\DU;
^`? ò¼WX9F;•Ob91ñC<QGJI

cC9XW[OQV\êÂæ•c\G&Wƒ9F<Q_\G
@·DF;��Jõfè:G$I•GLG.9ÂIµO>êFVCO¾ð}a(91Vjæ
awcC9FV\êFG$9F;•DU_\VC] %'&)( ' �$91V}]Zæ•c\G(V

æ•c\G-ë¸;=9Ua�æ=OQDUVÚ]NG(aL;•GJ9FI•G(I�91<><Åæ=c\G-èf9XçÍæ•D @\@fò¸O>Vïë¼9Fa�æ�æ=c\ObI.aL_\;=WFG�ObI$æ•c\G�a�DUE.éC<QG(E.G(Vjæ

D1ëÁæ=c\G�aL_\;•WUG$;=GLé\;=G(I•GLVjæ=OQV\êÂæ•c\G.Wƒ91;=O>9Fñ\<QGJI
I•G�æ,æ•D @\@�G·ñ[ç�^`?tõ�@ËöCDF;nî�8,?Šè:G$é\<>D1æ,æ•cCG

ë¸;=9Ua�æ•O>DFVÎDFëfWƒ9F;•Ob91ñ\<>G(Inæ•cC91æ�91;=G·êF;=G(91æ•GL;&æ•cC9FV @KE 9-OQVï9FñCIµDU<Q_\æ•GÂWƒ91<>_\GU@Êôfc\ObInë¸;w9Fa�æ•O>DFV

O>I,<>Dƒè OQV�æ•c\G._\VC]NG(;µRTa�DUVCIµæ•;w91O>V\G(]�;=GLêUOQDUVÚò¼9UI
EHDUIµæ°D1ë"æ•cCG.Wƒ9F;•Ob91ñ\<>G(IÉ91;=G�I•G�æ,æ•D @-9UI

G�÷Né\<b91O>V\G(]ï9Fñ}DƒWUGJõn9FVC]ïOQæ�êUD[G(I�_\éìæ•DÍ;=DF_\êUc\<QçÍcC9F<¾ë�æ=c\G-Wƒ9F;•Ob91ñ\<>G(I�9FI$æ•c\GZé\;=DFñ\<>GLE

ñ}GJa�DFEHGJIfE.DU;•GnaLDFVCIµæ•;w91O>V\G(]6@

ôfc\G�é\<>D1æ=It]NGLEHDUVCIqæ=;=91æ•G:æ•c}9ƒæÁæ=c\G�æqè:Dn;•G(<>91÷N91æ•O>DFVCIAGL÷\91EHOQVCG(].ñ}G(cC9XWFG�WUGL;=ç$]NO��ËG(;µR

GLVjæ•<>ç�9FaL;•DjI•Itæ=c\Gna�DFV}Iqæ=;=9FOQV\GJ]NV\GJI•I:;=GLêFO>DFV}IL@Nó
I:æ=c\Gné\;=DFñ\<>GLE êUG�æwIfcC91;w]NGL;nò¼O‚@ GF@>K\EHDF;=G

a�DFV}Iqæ=;=9FOQV\GJ]Cõ
æ•c\GÂ^Ê?�;•G(<>91÷N91æ•O>DFV A•]NGLë¼91_\<Qæ=I5C-æ•D�91VÍ_\V\O>VNë¸DF;=E·9ƒæ=OQWUGH9UI•I•O>êFV\EHGLVjæÂò¼9F<Q<

WX9F;•Ob91ñC<QGJIt9F;•G°9FI=IµO>êFVCG(] @*E GUõ�@

å

VZaLDFVjæ•;w9FIµæ(KUæ•cCGnîK8É? ;•G(<>91÷\9ƒæ•O>DFV�é\;•DƒW[Ob]NG(I:9�êFD[DN]Â_\éNR

é}G(;�ñ}DU_\VC]�DUV-æ=c\G&DUéNæ•O>E·91<`I•DF<>_Næ•O>DFVìò‚IµG(G&öÊO>êF_C;•G/�H91V}] �Xõ�K}è�O¾æ=cZ;=_\Vjæ•O>EHG(I�ñËGL<>Dƒè �

IµGJa�DFV}]\I"éËGL;:;•_\V`@Uö\_C;µæ=c\GL;=EHDF;=GFKƒæ=c\GÉî�8,?ïWƒ91<>_\GJIÅ9FI=I•OQêUV\G(]�æ•D&æ•c\G
í:D[DF<>G(9FVHWX9F;•Ob91ñC<QGJI



 0

 0.2

 0.4

 0.6

 0.8

 1

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 v

ar
ia

bl
es

clause/variable ratio

LP value = 0.5 
SDP value = 0

SDP value in [-0.1, 0) or (0, 0.1]

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 v

ar
ia

bl
es

clause/variable ratio

LP value = 0 or 1 
absolute SDP value > 0.7

¶¸†X¹ ¶Ð»N¹

�����

®��Ë®

†X¹��Urµ†(u•gqv¾i(yÎi(k�~(†Lrqv¾†L»j{xpw€$…[†�~1v¾yU´Zgq…jp.~J†L{¾oUpÂ†X¹n×Fh •�uwi(mnejoUgqpw½�»ƒ•Ó²Ë³ †(y[½Í×Zi(r

€Tm&†L{x{¾p•rfgq…[†Ly-×1hx‰°vxy�†(»j€Ti({xoUgqp,~(†({xoUp,uwi(mnejoUgqpw½H»1•·sFd�³ì†Ly[½·»N¹Å×$iLr°‰ÉuwiJmneUoUgqp�½H»ƒ•.gq…Up

²}³�rqpw{¾†�¿j†�gqvxiJyÂ†(yj½.†L»NiL~Jp�×Fh �Évxy·†(»U€TiJ{xoUgqp�~(†({xoUp�»1•ngq…Up
sFd�³�rqpw{¾†L¿U†�gqv¾i(y}h

91;=G�<>G(I=I,ë¸;=9Ua�æ=OQDUVC91<Aæ=cC91VÓæ•c\DjIµG·]NG(<QO>WFG(;•GJ]�ñ[ç�^Ê?�ò¼ö�OQêU_\;=G Jjõ,91VC]�æ•c\G(;•GLë¸DF;=G·aL91VÍñËG

_CIµGJ]ZE.DU;•G,G��œG(a�æ•O>WFG(<QçZ9FIfc\G(_\;•ObIµæ•ObaLI(K\9FIfè:G,è�O><><`IµG(G°OQVZæ•cCGnV\G�÷[æ
I•G(a�æ=OQDUV6@


!��� ��� � *-0��G� � * � *�� * �
	 ,6"%* �
	>��� * " �
�
����&N"%. �/,/. �

ÿ�GL<b9ƒæ=G(]ìæ=D�æ=c\G-ë¸;=9Ua�æ•O>DFV}91<>O¾æqçÎD1ë
æ•c\G�î�8,? ;=GL<b9ƒ÷\9ƒæ=OQDUVìO>I�æ=c\G�üU_CG(Iµæ•O>DFVïDFë
è�c\G�æ=c\GL;

æ•c\G·î�8,?ù;=GL<b9ƒ÷\9ƒæ=OQDUVZéC;•DƒW[Ob]NG(IÉ9ÂêFD[DN]�êU<QDUñC91<Êé}G(;=I•é}GJa�æ=OQWUG&D1ëÁæ=c\G�I•G(9F;=awcÏI•éC9Ua�G$9FVC]

æ•c\G(;•GLë¸DF;=GfaLDF_\<b].ñ}G�_}IµGJ].9UI"9°c\GL_C;•ObIqæ=O>afñ[ç$ú�ó=��RqîNó"ôÑI•DF<>WFGL;wI(@XôÊD°æ•GJIqæ"æ=c\G�c\G(_\;•ObIµæ•Oba

é}Dƒè:GL;fD1ëÁî�8,?ÑètG°_CI•G(]�æ•cCG°ë¸DF<><QDƒè�O>V\êHEHG�æ•cCD[]&�

J (��1 #"W.+,��)$	� ���8�0L�� * �
�	����� &N"%. �/,/. �

�������
����� �"!$#&%(')%+*,!.-0/��
12�2���43�56���87
��9

�;:45<����=�>)5)?A@CBED8�)?F/ ��>�G 5�1H�I@�>)5J125����
1;/��
KL�;:45

*�MONP?Q5)G ��R)�
�S/ @T�)U�V

*��I5)�XW��Y12@TG D45Z�;:
5[*�MONP?\5CG ��R8�
�S/ @]�YV

*��I5)�['^�Y125��
�

D8�)?F/ ��>�G 5�1_�I@"�;:45`D8��Ga�
5`1��4KCK�5�12�I5�7L>�b��;:45�*�MONP?Q5)G ��R)�
�S/ @T�

�

V

*��I5)�dc^�eK,/ D
5C�f�;:
5
9

�8�C?g�S/ ��G UJ�41�1h/ KT��=H5C����@CBHD8�)?F/ ��>�G 5�16B+?\@]=i12�I5)� ']j&3�@T=������I5L�;:45

�[!$#&%+'8%I*Y!k-lBm@Y?E�;:45X@Y?m/ K,/��4��G�/��
12�2���43�5n1�V ��V��;:45f=o��R�/�=`/ p
/��4K �4121;/ KT��=H5)�
�Z5�R
�I5C�47�1`�;:C/ 1

�4�C?g�S/ ��GY�4121;/ KT��=H5)�
��V

q

���;���
���Y�;:
56=o��R�/�=���=r����=�>)5)?�@CBs1S�
�_3)G ���
1�5�1�V

ô`D·é\_\æÉO>VUæ=D·é}G(;=I•éËG(a�æ=OQWUGnæ•cCG&c\GL_C;•ObIqæ=O>a&é}Dƒè:GL;�DFëÊæ=c\G.îK8É?P;=GL<b9ƒ÷\91æ•O>DFV6KNè:G$a�DUE.R

éC91;=G°O¾æ�æ=D�æ=cC9ƒæ�DFëÊæ=c\G&^`?û;=GL<b9ƒ÷\9ƒæ=OQDUV6@Nôfc\G,ë¸DF<><QDƒè�O>V\êHEHG�æ=c\DN]-èf9FIf_}IµGJ] �

J (��1 #"W.+,��)$ � � �0L�� * �
��������&N"%. �/,/. �

�������
����� �"!$#&%(')%+*,!.-0/��
12�2���43�56���87
��9

�;:45<����=�>)5)?A@CBED8�)?F/ ��>�G 5�1H�I@�>)5J125����
1;/��
KL�;:45

t,NP?\5CG ��R8�
�S/ @]�8U�V

*��I5)�XW��Y12@TG D45Z�;:
5nt,Nu?\5CG ��R8�
�S/ @]�YV

v

Ç�pfu=iJyj€Tv¾½Fp=r:~(†Lrqv¾†L»j{xpw€Ávxy·½Upwu•rqp�†(€Tvxyj´niLrµ½Up=rÁiLk¥gq…jpwv±rt†(»U€TiJ{xoUgqp�~(†({xoUpJh



 0.84

 0.86

 0.88

 0.9

 0.92

 0.94

 0.96

 0.98

 1

 0  1  2  3  4  5  6  7  8  9  10

ab
so

lu
te

 v
al

ue

clause/variable ratio

Maximum Value of the SDP relaxation
 0.7

 0.75

 0.8

 0.85

 0.9

 0.95

 1

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 c

la
us

es

clause/variable ratio

set all variables to SDP assignment
MAX 2-SAT solver

set all variables to LP assignment
0.940

¶¸†X¹ ¶Ð»N¹

�����

®��C®

†X¹fÆA…Up°m&†L¿Fvxm,oUm!~(†({xojpÉrqp=gqoUrqyUp�½�»ƒ•Âgq…jp°sFd�³ìrqpw{¾†L¿U†�gqv¾i(y�†(yj½-»[¹tgq…jp,…UpwoUrqvx€žgqvxu

eNi�À�p=rÅi(kÊsFdf³�~1€Á²Ë³œh

*��I5)�['^�Y125��
�

D8�)?F/ ��>�G 5�1_�I@"�;:45`D8��Ga�
5`1��4KCK�5�12�I5�7L>�b��;:45Jt,NP?\5CG ��R8�
�S/ @]���CV

*��I5)�dc^�eK,/ D
5C�f�;:
5
9

�8�C?g�S/ ��G UJ�41�1h/ KT��=H5C����@CBHD8�)?F/ ��>�G 5�16B+?\@]=i12�I5)� ']j&3�@T=������I5L�;:45

�[!$#&%+'8%I*Y!k-lBm@Y?E�;:45X@Y?m/ K,/��4��G�/��
12�2���43�5n1�V ��V��;:45f=o��R�/�=`/ p
/��4K �4121;/ KT��=H5)�
�Z5�R
�I5C�47�1`�;:C/ 1

�4�C?g�S/ ��GY�4121;/ KT��=H5)�
��V

q

���;���
���Y�;:
56=o��R�/�=���=r����=�>)5)?�@CBs1S�
�_3)G ���
1�5�1���V

öÊO>êF_C;•GIG&9UõÁé\<>D1æ=IÅæ•cCGÉE·9ƒ÷NO>E$_\E 9FñCI•DF<>_Næ•GÉWX9F;•Ob91ñC<QG�Wƒ9F<Q_\G,;=G�æ•_C;•V\GJ]·ñ[ç.æ•c\Gnî�8,?

;•G(<>91÷N91æ•O>DFVû9FI·è:G�OQV}a�;=G(9FI•G-æ•c\G�aLDFVCIµæ•;w91O>V\GJ]NV\G(I=I.D1ë,æ•c\G�é\;•DUñ\<>GLE�@tB,O>WFGLV æ•cCG�ë¼9Fa�æ

æ•cC91æÉæ=c\O>I°Wƒ9F<Q_\G.ObIÉWUGL;=çZaL<QDjIµG�æ•D ��9FVC]�æ=c\GHc\O>êFc�]NG(VCI•O¾æqç�DFëÅWƒ91;=O>9Fñ\<QGJI
c}9XWjO>V\ê-c\OQêUc

A•a�DUVNð}]NG(VCa�G�CÍ<QG(WFGL<˜K"æ=c\G�ë¸DF<><QDƒè�O>V\êÎG�÷NéËGL;=OQEHG(VUæwIÂ91;=G
�q_CIµæ•OQðCG(]¥@

å

Vûæ•c\G�ð};=IµæÂG�÷NéËGL;•R

OQEHGLVjæ�aLDFVC]N_}a�æ•GJ]¥KÁè:G�IµGLæ�91<><fæ•c\G�Wƒ91;=Ob91ñ\<>G(I�ò��;' P`õ�æ•DÍæ•cCG�WX9F<Q_CGÏIµ_\êUêFGJIqæ=G(]ïñ[ç

æ•c\GÏ;=GL<b9ƒ÷\91æ•O>DFVCIH91V}]Úæ=c\GLVPè:G�;=GLéËDF;•æ·æ•c\G�V[_\E�ñ}G(;ÂD1ënI•91æ•ObIqð}G(]Ña�<b91_CI•G(I(@Åö�O>êF_\;=G G

ñ}õ°IµcCDƒè�I
æ=c\GH;•GJIµ_C<¾æwI,ë¸DF;,æ•c\GHæqè:DZ;•G(<>91÷N91æ•O>DFVCIÉWFG(;=I•_CIÉæ•cCGHú�ó=��RqîNó"ô!Wƒ91<>_\GF@

�

9Fawc

]\9ƒæw9né}DUOQVjæfa�DF;=;=G(I•é}DUVC]\IAæ=Dnæ•c\GÉEHG(]NOb91V·DFë ��@�@°O>VCIµæ=9FVCa�GJIL@jôfc\G,î�8,?ïéËGL;•ë¸DF;=E·91VCaLG�O>I

üU_CO¾æ=G&OQEHé\;=G(I=I•OQWUGFK\9FI�O¾æÉIµæ=9XçNIfWUGL;=ç�a�<>DUI•G°æ•DHæ=c\G&DFé\æ•O>E$_\E 9FaL;•DjI•Itæ•cCG&ñ}Dj91;w]¥@NMPc\G(V

_CIµO>V\ê-æ•c\GH^`?Š;•G(<>91÷\9ƒæ•O>DFVÏæ•c\G.é}G(;µë¸DU;•E·9FVCa�G.]NGLêU;=9U]NG(IÉIµO>êFV\OQð}a(91Vjæ•<>ç�9FI
æ•c\GHé\;=DFñ\<>GLE

ñ}GJa�DFEHGJI
EHDF;=G$aLDFVCIµæ•;w91O>V\G(]6@}ôfc\GHî�8É?=B IÉc\G(_\;•ObIµæ•Oba&éËDƒètG(;É]ND[G(IÉV\DFæ,I•GLGLE æ=D�ñËG�9ƒëÐR

ë¸G(a�æ=G(]Zñ[çÂæ=c\G&a�DUVCIqæ=;=9FOQVCG(]NV\GJI•IfDFë`æ=c\G&é\;=DFñ\<>GLE�@NMÍGncC9XWFGn9F<>I•DHOQVCaL<Q_}]NG(]ZO>V-ð}êF_\;=G/G

ñ}õfæ=c\G�aL_\;•WUG$a�DU;•;=G(I•éËDFVC]NO>V\ê.æ•D�æ•c\G�ñ}GJIqæÉæ•c\G(DF;=G�æ=O>a(91<`êU_C91;w91Vjæ=GLG,ë¸DF;,91VÓî�8,?ùñ}9FI•G(]

91é\é\;=DX÷NOQE·91æ•O>DFVÓ9F<QêUDF;=O¾æ=c\E ò¼O‚@ GF@>K @C@ ��
&@ƒRT91éCé\;•DX÷NO>E·9ƒæ•O>DFV ����J	�Ðõ�@`ôfc\G·;=G(I•_\<¾æwI°OQVÎð}êF_\;=G

GNK}I•c\Dƒè æ•cC91æÉDUV�;=9FVC]NDFE O>VCIqæw91VCaLG(I�9FVÏ91<>êFDU;•OQæ•c\E _CI•OQVCêÂDF_\;,î�8É?Šc\GL_C;•ObIqæ=O>a$a�DFEHGJI

DFV�9XWFGL;w91êUG�è�O¾æ=c\O>V @C@ �&�&DFë`æ•cCG,DUéNæ•O>E$_CEZ@\ôfc[_CI(K[ë¸DF;fEHDUIµæ�aL9UIµGJILK[è�c\G(VZ9FV�G(Iµæ•O>E·9ƒæ=G

�

�œv±rq€žgÁuwiJyU€TvQ½Fp=r"gq…jpt~J†�rqv¾†(»j{xpw€"gq…j†LgAÀ�p=rqpf€Tp=g"gqi,×Éi(r:‰f»ƒ•ngq…jp:²Ë³�rqpw{¾†L¿U†LgqvxiJy.†(yj½$€Tp=g"gq…Up

uwi(rTrqp=€TeNiJy[½Fvxyj´��ÊiƒiJ{xp�†(y·~(†Lrqv¾†L»j{xpw€Agqi�kÐ†({x€Tp�iLr"gTrqojpJzƒrqpw€TeNp=u=gqvx~Xpw{±•ƒhF„‚kCÀApfp=¿F…j†(oj€žg"†({x{\€Tojuµ…

~J†�rqv¾†(»j{xpw€wz`ÀAp.uwiJyU€TvQ½Fp=r&~(†Lrqv¾†(»U{¾p=€°gq…[†Lgn†Lrqp·×
	 •-†(y[½�rµ†(yj½Ui(mn{x•�€Tp=gngq…jp�uwi(rTrqpw€TeNi(y[½Fv¾yU´

~J†�rqv¾†(»j{xp:gqi
gTrqojpti(r"kÐ†L{x€TpJhj‡ti(gqp:gq…j†LgÁ²}³�i(yj{±•$†(€T€Tvx´(yj€Å×Fz\‰Jzj†(yj½�×1h •
~(†({xojpw€AgqiÉ~J†�rqv¾†(»j{xpw€wh

sFvxyju=pfgq…jpfeFrqiƒuwp�½UoFrqp�vx€Árµ†Ly[½FiJmnv Xwp�½&ÀAp�eNp=rTk>i(rqm v±gÅm&†(yƒ•ngqvxmnpw€AkbiLr:i(yjp�vxyj€žgµ†Lyjuwp

�

��pwu�†Loj€Tp,À�p,eNp=rTk>i(rqm gq…UpÉ~(†Lrqv¾†L»j{xp°€Tp=gTgqvxyj´$€Tpw~Xp•rµ†({¥gqvxmnpw€tk>i(r�pw~Xp•rT•·vxyjejoFgfvxyj€žgµ†Lyjuwp(zNÀAp

rqp=gqoUrqy$gq…jpfmnpw½Uv¾†(yCh



 0.75

 0.8

 0.85

 0.9

 0.95

 1

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 c

la
us

es

clause/variable ratio

SDP
LP

optimum

 0.84

 0.86

 0.88

 0.9

 0.92

 0.94

 0.96

 0.98

 1

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 c

la
us

es

clause/variable ratio

optimum value / setting 1, 5, 10 variables with SDP
setting 1 variable with LP

setting 5 variables with LP
setting 10 variables with LP

¶¸†X¹ ¶Ð»N¹

�����

®��C®

l�…j†(yU´Jp:vxyngq…jpÁy1ojmÉ»Np=r`i(k}€q†Lgqvx€žÈ[pw½&u={Q†Loj€Tpw€A†(€�À�pt€Tp=g"†X¹ÊŒL‹ƒØPi(kCgq…jpÁ~(†Lrqv¾†(»U{¾p=€"†(yj½

»[¹t‰Jz[•,†(yj½-‰�×É~J†�rqvQ†L»j{xpw€Åoj€Tvxyj´Égq…jp�²}³Í†(yj½Hs1d�³œh

D1ëfæ•c\G-úÏó=�
R-�ƒRTîNó"ô�I•DF<>_Næ•O>DFVìObInV\G(G(]NGJ]¥KAIµO>EHé\<QçÎI•G�æµæ=OQVCê�æ•c\G�WX9F<Q_CG(I&I•_\êFêUG(Iµæ•GJ]Óñ[ç

æ•c\G$î�8,?Ñ;=GL<b9ƒ÷\9ƒæ=OQDUV-I•c\DF_\<b]-ñ}G&9.êFD[DN]-c\GL_\;=ObIqæ=O>aF@

MÓGn91<bI•D�Wƒ91;=O>G(]�æ•c\G°V[_\E$ñËGL;�DFëÊWƒ91;=Ob91ñ\<>G(IfI•G�æ&ò��œõfñ}GLæqètG(GLV @�9FVC]EPÍ9FVC]-Iµæ•_}]NOQGJ]

æ•c\G�G��œG(a�æ·DFVïæ=c\G�E·9ƒ÷NOQE�_\E V[_\E$ñËGL;·DFëÉI=9ƒæ•ObIµð}91ñ\<>G�a�<b91_CI•G(I(@ÊMÍG�]NObI•aLDƒWFGL;=G(]ìæ•cC91æ

æ•c\G�EHG(]\O>9FV.E·91÷[O>E$_CE V[_\E$ñËGL;ÅD1ë¥I•91æ•ObIqð}9Fñ\<>GfaL<>9F_CI•G(IAè�c\G(V·_CIµO>V\ê&î�8,?Î;•G(E·91O>VCIAæ•cCG

I•9FE.G°9FItæ=c\G°DFéNæ=OQE�_\E�KNè�c\GLVZètG°I•G�æf_\é�æ=D��)
�)!DFë6æ•cCG,Wƒ9F;•Ob91ñ\<>G(I°ò¼O‚@ GF@>K 
 �&WX9F;•Ob91ñC<QGJI

ë¸DF;,V�'IG	@jõ�@

å

æ,ObIÉ91æÉæ=c\ObIÉéËDFO>Vjæ
æ=cC9ƒæ°ètG�DFñCI•GL;=WFG�9�I•<QO>êFcjænawcC91V\êUG&O>V�éËGL;•ë¸DF;=EH9FVCa�G��

IµG(GÉð}êF_\;=G H.9jõ�@

þÉVCa�G:91êU9FOQV`K(è:GtaLDFEHéC91;=G(]�î�8É?Óè�OQæ•c�^Ê?Ó9FVC]nDUñCIµG(;•WUG(]°æ=cC9ƒæAè�c\G(V$_CI•OQVCêÉ^`?�æ•cCG

é}G(;µë¸DU;•E·91V}a�GnIqæw91;•æ=I�]\GLêF;w9F]\OQV\ê.GLWUGLV�9ƒëÐæ=GL;
I•G�æ•æ•O>V\êI�q_CIµæ �nWƒ91;=O>9Fñ\<>G°9FVC]ZO¾æ,a�DFVjæ=OQV[_\GJI

æ•DÚ]N;=DFéù9UI·è:GÏOQV}a�;=G(9FI•G �!ò¸ðCêF_C;•G HìñËõµõ�@

å

VŠaLDFVjæ•;w9FIµæ(KtîK8É? E·9FøFG(IÂV\DïEHO>Iµæ=9FøFGJI

è�c\GLVûIµGLæµæ•O>V\ê ��91VC] �ÏWƒ91;=Ob91ñ\<>G(I.91VC]ÚètGZcC9XWUGÂë¸DF_CVC]��q_CIµæ·DFV\GZO>VCIqæw91VCaLGÍò¼OQVûDƒWFG(;

�	@�@&@Î;=9FVC]NDUE O>VCIqæw91VCaLG(Iwõ.ë¸DF; � ' JCKÅè�c\G(;•GÏæ•c\GÓEH91÷NOQE�_\E Vj_CE$ñËGL;�DFë&I•91æ•ObIqðCGJ]

a�<b91_CI•G(IH]NGJa�;=G(9FI•G(]ïñjç��U@"ö\DF; �>' ��@CK`æ=c\G�Vj_CE$ñËGL;·D1ëÉOQVCIµæ=9FVCa�GJI.è�c\GL;=G�æ=c\GÏî�8,?

Iµ_\êUêFGJIqæ=OQDUVÍObI$I•_\ñNRžDFé\æ•O>EH9F<ÁObInë¸DF_C;(@�ôfc\G(I•G·;•GJIµ_C<¾æwI$I•c\Dƒè æ=cC9ƒæ$æ•c\G�î�8É?7;•G(<>91÷N91æ•O>DFV

O>I,WFG(;•ç�O>VNë¸DF;=EHG(]Ó91VC]�ñjç�ë¸DU<Q<>Dƒè�O>V\êÂæ=c\GÂî�8É?�I•_\êFêUG(Iµæ•O>DFVÏè:G�;=GLE·9FOQVÓWFGL;=ç�a�<>DUI•G&æ=D

DFéNæ=OQE·91<¥éËGL;•ë¸DF;=E·91VCaLGF@

å

VÓI•G(a�æ=OQDUV*
C@ �$è:GHIµc\Dƒè:G(]Zæ=cC9ƒæ°æ=c\G�DUñ��qG(a�æ•O>WFG$ë¸_\VCa�æ=OQDUV�DFëÁæ•c\GÂî�8,? ;•G(<>91÷N91æ•O>DFV

é\;•DƒW[Ob]NG(I"9&êFD[DN]�_Cé\é}G(;ÁñËDF_\VC]·ë¸DF;ÅúÏó���R��XRqîNó"ô°@1MÍG�æ•GJIqæÅæ•c\GÉé}DFæ•GLVjæ=O>9F<\D1ëœæ•cCGÉî�8,?

;•G(<>91÷N91æ•O>DFVûæ•DÚé\;•DƒW[Ob]NGÏ9ì<>DƒètG(;ÂñËDF_\VC]6KÅñ[ç _}IµO>V\êìæ=c\GÍî�8,? ;=GL<b9ƒ÷\9ƒæ=OQDUVûæ•DÚI•G�æ-9F<Q<

WX9F;•Ob91ñC<QGJI,9FVC]ÓètG·a�DUEHéC91;=G�OQænæ•D�MÎ91<>øNI•91æ�����H	�˜@¥MÍGH;=9FVÓMÎ91<>øNI•91ænè�O¾æ=cÍ9�a�_\æ•D	� D1ë

��@���
CO>éCI(@`ôfc\GÂ9XWUGL;w91êFG�MÍ9F<QøNI=9ƒæn;=_\Vjæ•O>E.G·èf9FI°9Fé\é\;=DX÷[O>E·9ƒæ=GL<>ç�ðCWFG·EHO>Vj_\æ•G(I(K6è�c\O><>G

æ•c\G-îK8É?�;=GL<b9ƒ÷\9ƒæ=OQDUVÓèf9FInaLDFEHé\_Næ=G(]ÎO>Vï91é\éC;•DX÷NO>EH91æ•G(<Qç �ÂI•G(aLDFVC]¥@Êôfc\G·;•GJIµ_C<¾æwI&91;=G

é\;•GJIµG(Vjæ•G(]ÏOQVÓðCêF_C;•G�9[@¥ôfc\G.é\<QDFæ,DUV�æ•cCG.<>G�ëÐænI•O>]NGH]NG(é\O>a�æ=I,æ=c\G�_Cé\é}G(;°ñ}DU_\VC]¥K¥<>DƒètG(;

ñ}DU_\VC]¥KÊDFéNæ=OQE�_\E Wƒ91<>_\G�9FVC]ÍMÍ9F<QøNI=9ƒænWƒ91<>_\G·ë¸DU;°æ•c\G %'&)( ;w9ƒæ=OQD�;w91V\êUOQVCê-ë¸;=DFE @\@�G

æ•D ��@C@6MÍGÂV\D1æ=GHæ•cC91ænæ•c\G-a�_\;=WFGJIn91;=G·WFGL;=ç�aL<QDjIµG.æ•D�G(9FawcÍD1æ=c\GL;JK6ñ\_\æ$MÍ9F<QøNI=9ƒæ$Iµæ•O><Q<

é\;•DƒW[Ob]NG(I
9Hñ}GLæµæ•G(;É<>Dƒè:GL;�ñËDF_\VC]6@

å

V�æ=c\G&é\<>D1æ
DUV�æ•c\G�;•O>êFcjæ
I•O>]\GFK}9UI�è:G&OQV}a�;=G(9FI•G°æ•cCG

% &�( ;w9ƒæ•O>D$_CéÂæ•D ��@&@\KjètG,IµG(G�æ•c}9ƒæ�î�8É? DF_\æ•éËGL;•ë¸DF;=EHItMÎ91<>ø[I=9ƒæJKUV}91EHGL<>çHO¾æfé\;=DƒWjOb]NGJI



 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 0  1  2  3  4  5  6  7  8  9  10

fr
ac

tio
n 

of
 c

la
us

es

clause/variable ratio

upper bound (SDP objective function)
Walksat

optimum
lower bound (SDP)

 0.78

 0.79

 0.8

 0.81

 0.82

 0.83

 0.84

 0.85

 20  30  40  50  60  70  80  90  100

fr
ac

tio
n 

of
  c

la
us

es

clause/variable ratio

upper bound (SDP objective function)
Walksat

lower bound (SDP)

¶¸†X¹ ¶Ð»N¹

�����

®��\®

sFd�³Ï~1€"Ç�†({xÖ1€q†LgÅ†L€:†É{¾i�À�p=rÅ»NiJojyj½Ch

9ÏñËG�æµæ=GL;HñËDF_\VC]6KÊ_CI•O>V\êÓaLDFVCI•O>]\GL;w91ñ\<>çÓ<>G(I=I$æ•O>E.GÎò¸;=G(a(91<><Åë¸;=DFE I•G(a�æ•O>DFV 
}@��·æ=cC9ƒæ.æ•cCG

;•_\Vjæ=OQEHG°ë¸DF;fæ=c\G$î�8,?û;•G(<>91÷N91æ•O>DFVZ]ND[G(I�V\DFæ�]NGLéËGLVC]ZDUV-æ=c\G %'&)(!;=91æ•O>Djõ�@

B,OQWUGLV�æ•cCG(I•G�WUGL;=ç-é\;=DFEHObIµO>V\êÂ;=G(I•_\<Qæ=I�ë¸DF;Éæ•c\G�êF_\Ob]NO>V\ê�éËDƒètG(;
DFë"æ•c\GHî�8É?Š;•G(<>91÷[R

9ƒæ•O>DFV`KÊè:G�ñËGL<>OQG(WFG�æ•cC91æ�æ=c\G�éËGL;•ë¸DF;=E·91VCaLG�D1ë
ú�ó=��RqîNó"ô I•DF<>WFG(;=I$a�DF_C<>]ìñËG-ë¸_\;µæ=c\GL;

OQEHé\;=DƒWFGJ]·ñ[çÂOQV}a�DF;=éËDF;w9ƒæ•O>V\ê$æ•c\G°O>VNë¸DF;=E·9ƒæ•O>DFV-é\;=DƒWjOb]NGJ]·ñ[ç·æ•c\G&î�8,? ;•G(<>91÷N91æ•O>DFV6Kjë¸DU;

OQVCIµæ=9FVCa�GJI.OQVÚæ•c\GZDƒWFG(;µRTa�DUVCIqæ=;=9FOQVCG(]Í;•G(êFO>DFV6K�è�c\G(;•G�æ•c\G-æ•O>EHGZ;=G(üj_\O>;=G(]Îæ=DÍaLDFEHé\_Næ=G

æ•c\G&î�8,?Ú;=GL<b9ƒ÷\91æ•O>DFVÂObIfa�DFV}IµOb]NGL;w91ñC<Qç·I•EH9F<Q<>GL;tæ•c}91V-æ•c\G,æ•O>EHG°V\GLGJ]NG(]�ñjçHæ=c\Gna�_\;=;=GLVjæ

úÏó=�
RTîNó"ô�I•DF<>WFGL;wI°ò¼I•GLG°ðCêU_\;=GI�.ñ}õ•õ�@

� �ÓàtÝ
ã �µâ �[äqàÅÝ � �"Ý
á ��â�ÞNâ
ß���� àÁß��

å

V$æ=c\O>IAé}91éËGL;"è:GtcC9XWUG:I•c\Dƒè�V�c\Dƒè î�8,?Í;•G(<>91÷N91æ•O>DFVCI�91;=GfIµ_\;=é\;=O>I•O>V\êF<>ç°é}Dƒè:GL;•ë¸_\<˜KJéC;•DFR

WjOb]NO>V\ê
E�_Cawc&æ=OQêUcjæ•GL;�ñËDF_\VC]CI`æ=cC91V�^`?Ï;=GL<b9ƒ÷\91æ•O>DFVCI(K(9Ua�;=DUI=I`]NO��ËG(;•G(VjæAaLDFVCIµæ•;w91O>V\G(]\V\G(I=I

;•G(êFO>DFVCI(@Cî�8,?P;•G(<>91÷\9ƒæ•O>DFV}I�aL91V�ñËG$aLDFEHé\_Næ=G(]�WFG(;•ç-G �Âa�O>GLVjæ=<QçUK\æ•c[_CIÉüj_\O>awø[<>ç�é\;=DƒW[O>]NR

OQV\êHæ=OQêUcjæ
<QDƒè:GL;�9FVC]Z_\é\éËGL;Éñ}DU_\VC]\I
DFVZæ•c\G$DFéNæ=OQE·91<�IµDU<Q_\æ•O>DFV6@\MÍG&cC9XWUGn91<bIµDÂI•c\Dƒè�V

æ•cC91æ°cCGL_\;=O>Iµæ•Oba.êF_\Ob]\9FVCa�GHñC9UIµGJ]ÏDFVÓæ•cCG�î�8É?�;=GL<b9ƒ÷\9ƒæ=OQDUV�ë¸DF;nOQæ•G(;=91æ•O>WFG.Wƒ91;=O>9Fñ\<QGHI•G�æµR

æ•O>V\ê°O>I"I•OQêUV\OQð}aL9FVUæ=<QçnEHDU;•Gf9Fa(a�_\;w9ƒæ=GÅæ=cC91V�æ•c\GfêU_\O>]C91VCaLG:ñ}9FI•G(]&DUV$æ=c\G�^`?Í;=GL<b9ƒ÷\9ƒæ=OQDUV6@

î�8É? 91<><QDƒè�I�_CI�æ=D-I•G�æ,_\é�æ•DZ91;=DF_\V}] ��
�) D1ëAæ=c\G�Wƒ9F;•Ob91ñ\<>G(I�è�O¾æ=c\DF_Næ°]NGLêU;=9U]NO>V\ê·æ•cCG

DFéNæ=OQE·91<œI•DF<>_Næ•O>DFV6Kjè�c\O><QG,IµGLæµæ=OQV\ê.9$I•OQVCêF<>G
Wƒ91;=O>9Fñ\<>G�ñC9FI•G(]ÂDFV·æ=c\GÉ^Ê?ï;=GL<b9ƒ÷\9ƒæ=OQDUV·êFGLV\R

GL;w91<><Qç·]NG(êF;w9F]NGJIÁæ=c\G°êF<>DFñC9F<}DUéNæ•O>E·91<6I•DF<>_Næ•O>DFVÂO>V-æ•c\G°DƒWFG(;=aLDFVCIµæ•;w91O>V\GJ].9F;•GJ9\@jMÓGn9F<>I•D

a�DFEHéC9F;•GJ]Pî�8É? 91êU9FOQV}IqæÂMÎ91<>øNI•91æ2�

å

Vjæ•G(;•GJIqæ=OQVCêF<>çFKÅ9UIHæ•c\GÓOQV}Iqæw91VCaLG(I·ñËG(aLDFEHGÏEHDF;=G

91VC]�E.DU;•G,a�DUVCIqæ=;=9FOQVCG(]¥KUæ•c\G,<>DƒètG(;ÅñËDF_\VC]-é\;=DƒW[O>]NGJ]Hñ[çHæ•c\Gnî�8,?Ú;=GL<b9ƒ÷\9ƒæ=OQDUV·DF_Næ=é}G(;µR

ë¸DF;=EHIÉMÎ91<>ø[I=9ƒæJKœñ}DFæ•c�O>VÏæ=GL;=E·IÉDFëÅüj_C91<>O¾æqçÏ9FVC]�æ=OQEHG�ò �-IµGJa�DUVC]\I
ë¸DF;nî�8É? WFG(;=I•_CI G

E.O>V[_Næ•GJItë¸DF;fMÍ9F<QøNI=9ƒæ�õ�@[ö\_\;•æ•c\G(;•EHDU;•GUKUMÎ91<>øNI•91æ:cC9UIÁæ=c\G,<QO>EHO¾æw9ƒæ•O>DFVZD1ë6VCD1æfé\;•DƒW[Ob]NO>V\ê

_\é\éËGL;Hñ}DU_\VC]\I(@

å

VÚDF_C;�GL÷[éËGL;=O>E.G(Vjæ=I(K`æ=c\G�îK8É? _\é\éËGL;Hñ}DU_\VC]ÚO>I.91<>è:9XçNI$<QGJI•I$æ•cC9FV

J*) 91ñËDƒWFGfæ•cCG
DFé\æ•O>EH9F<ËI•DF<>_Næ=OQDUV6@[þÉ_\;Å;•GJIµ_\<Qæ=IÁæ•c\G(;•GLë¸DF;=G
I•c\Dƒèûæ•cC91æ:î�8,?ï;=GL<b9ƒ÷\9ƒæ=OQDUVCI

EH9XçÂë¸_\;µæ=c\GL;�ñËD[DUIµæ�G�÷\9Fa�æ�úÏó=�
RTîNó"ô�I•DF<>WFGL;wI(@



� �!
 �`ß��`Ý
ã �"�

‰Jh ��h(•Å{¾v X�†(½Upw…Chj„‚yƒgqp=rqvxi(r6eNiJvxyƒg6mnp=gq…Ui1½U€œvxy,€Tp=mnvQ½Fp=È[yUv±gqpAeUrqi(´(rµ†(mnmnvxyU´ÅÀÁv±gq…°†LejeU{¾vxu�†�gqvxiJyj€

gqi,uwiJmÉ»jvxy[†�gqi(rqv¾†({CiJeFgqv¾mnv X�†�gqvxiJy}h��������	��
���
�������
��������������! "�����#
��UzN•1¶ž‰�¹%$x‰�Ž"&F•1‰(z¥‰
���X•1h

Ì1h
Ã-h ��h1•Åy��˜iJ€wh}sFp=mnvQ½Fp=È[yUv±gqp"iJeUgqvxmnv X�†�gqv¾i(y&†(eUeUrqiX†Lu•…Upw€Êk>i(r�€q†Lgqvx€žÈN†L»jvx{xvxg‚•$†(yj½°m&†L¿Fvxm,ojm°º

€q†�gqvx€žÈN†(»Uvx{¾v±g‚•HeUrqi(»j{xpwmn€wh'��
���
������(
)�*��������+-,.��/0��� ����1)243�
"
��!56�)�7�*
"8950� ����:;����8=<>
��?�@�A�B��C

����
��jzC‰�$x‰%&X‹8�ƒzCÌ(×(×X•1h

ŽFh �Åh �Êi(rquµ…jp=rq€wh°•�lÑ²Cv¾»Frµ†LrT•·k>i(rÉsFp=mnvQ½Fp=È[yUv±gqp,³¥rqiJ´Lrµ†(mnmnvxyj´FhD���@�����E�! "������
��D�F5%�HGI
"8)+

�)��8J��
LK%��MN��
�5•zË‰(‰X¶ž‰�¹%$ O1‰�ŽP&9OXÌLŽFz6‰
���	�Fh

‹Uh �
hJl�…F~.Q †�gµ†({U†(y[½ �th

¯

pwp�½\hjÃ.v¾ÖJp"´Jp=gq€`€TiJmnpf¶bgq…UpAi1½j½F€`†Lrqp"iJyÉ…jvx€6€Tv¾½Up�¹•hj„˜ySR�R��HGE�'�I�@�I���

�I1����A
�+6�����T
LK�U�
�����8V�)���#
��@+W
XKJ<>
)�?�����Y5%
Z��[0�B5%��[�5•z[e[†L´Jpw€'OJÌ(×P&9OXÌ��1z¥‰
���XÌƒh

•1hZ\"hU½Up�]�{¾p•rqÖ&†(y[½_^Éh1~(†(y.ÃH†J†�rqpwy}h6Ù:y�€Tpwmnv¾½Fp=È[yUvxgqpÅeUrqi(´(rµ†Lmnmnv¾yU´
rqp={Q†�¿U†LgqvxiJy�i(k`Ì�`:eUº

€q†�g�ha�'�@����� +Z
LK��D���HG@b(����8c�'
���� ,N[0�#���d���I�Y50��� �!:95%��[%5•zjŽ4�ƒz\ÌL×J×JŽ1h

OFh
Ã-h

¯

h�ef†�rqp=•.†(y[½$d,h s\h@fJiJ…Uyj€Ti(y}hZ<>
��?�@�A�Y5%
�+W����8c���I��
��V[0�B�V/0��� ����1(hs�Urqpwp=m&†(y}z\‰��4���1h

�1h
Ã-h9e:iƒpwm&†(yU€�†Ly[½ ��h

¯

pwyj½U{ÐhCl�i(m,»jvxyj†Lgqi(rqv¾†L{\Ù:eUgqvxmnv X�†Lgqvxi(y}hN„‚yc^Éh(Ç�iJ{xÖXi�ÀÁvxu XJz

¯

hƒsU†(v±º

´J†({Ðz\†Ly[½H²6h �Ê†(yj½Upwy1»Np=rq´(…jpJzUp�½Uv±gqiLrq€wzhgZ�)��8V/6
"
Pij
XKZ��5%�E�#895�,4�@���Y5?kl
L
6:�
������E���9:(zNe[†L´Jpw€

ŽL‹XŽ"&1Ž�O(×Fh�]�{xoƒÀAp•r�zNÌL×J×J×1h

ŒFh
Ã-h Ä
hae:iƒp=m&†(yj€&†Ly[½Ïd,h ³œh`ÇÎv¾{x{xv¾†(mn€Ti(y}hì„‚mneUrqi�~Xp�½�•ÅejeUrqi�¿Fvxm&†LgqvxiJy�•Å{¾´(i(rqv±gq…jmn€°k>i(r

ÃH†�¿Fv¾mÉojmûl�oUg`†Ly[½ÉsU†Lgqvx€žÈ[†(»jvx{xv±g˜•É³¥rqiJ»j{xpwmn€Ë|:€Tvxyj´fsFpwmnv¾½Up•È[yjv±gqpÊ³6rqi(´(rµ†Lmnmnv¾yU´Uhm��
���
%C

�����h
LKn�HG@5o�W<��ÂzF‹ƒÌ1¶#OX¹%$x‰J‰(‰�•p&[‰J‰=‹ƒ•ƒzÊ‰��	�X•ƒh

�Fh
Ã-hIetrPq iLgq€Tu•…Upw{Ðz[²6hF²}i�~.Q †(€ XJzU†Ly[½$•
hUsFuµ…Urqv �˜~Xp=r�h'r'5�
��_5%��
��#[o��� :V
)
%���HG9�E+?����8s<>
��c/0�������B
�C


��#���4�������H�E�! "�����#
)�jh>fJi(…jy.Çìvx{xp=•StùsFi(yj€wzC‰
�JŒ(ŒFh

‰w×Fh�dÉh sNhd^:iƒuµ…1»[†(oUmHz\p�½Uv±gqiLr�h_�.�V��
L
"u����J�)���#
��v��� :V
�
����HG���+lKp
�
Zw'klC�gZ��
L8_�@
�
V/p�!5%��+µh°³6Çïs

³6oj»U{xv¾€T…Uvxyj´&l�i(mne[†(yƒ•ƒzN‰��	�4�ƒh

‰(‰JhZfFh ‡
ha^tiƒiJÖXp=rH†(yj½ìlthA�jp�½ �žvxÖ1vÐh �Êrµ†(yUu•…Fº˜†Ly[½1º‚u=oUg$€TiJ{xoUgqvxi(yÚiLk
v¾yFkbp=rqp=yjuwpÂeUrqi(»j{xpwmn€$vxy

eFrqiJeNi(€Tvxgqvxi(y[†({}{xiJ´JvxuJhl�'�@����� +Z
LK��D�)�HG@b>�)��8E�'
%��� ,N[0�#�������@�Y50��� �x:95%��[�5•zË‰(z}‰��	�J×1h

‰�Ì1h
sNhdfJi�•ƒzmfUh}Ã.v±gquµ…jpw{x{Ðz}†(y[½ �th ��iLrqu•…Up=rq€wh
•P»Urµ†Lyjuµ…-†Ly[½ÂuwoUgf†({x´JiLrqv±gq…jm k>i(r
ÃH•ÅÄtº˜sU•`Æ

†Ly[½:À�pwvx´J…ƒgqp�½
ÃH•tÄÅºžsF•ÊÆ:hVy����s�W<(�E��5%
%�B5%+>���Zyo��+%[0
65%�Y5N�D���HGI5%�J�����#[0+a����8�zhG@5�
�
65%���#[6���

<>
)�?�����Y5%
o��[0�#5%��[�5•zNŽJ•�$ •1‰��P&F•LŽ�O1z`‰��	�
�1h

‰wŽFh
Ã-h[²}p=ÀÁvxyCzNd,h\²Cv¾~1yj†Lg�zN†Ly[½.|
hd{[ÀÁvxu•ÖNhÁ„˜mneFrqi�~Xp�½$rqi(ojyj½Uvxyj´°gqpwuµ…jyUv¾Õ1oUpw€Ákbi(rtgq…jp
ÃH•ÅÄ

Ì�º˜sU•`Æì†(y[½.ÃH•tÄ df„‚º˜l�|fÆÎeFrqiJ»U{¾p=mn€wh6„˜y=�Lkn<l�AzFe[†L´Jpw€�O4�p&1ŒJÌ1zCÌL×J×XÌƒh

‰=‹Uh

¯

h�Ã.i(g‚À"†(yUv:†Ly[½�³œh

¯

†(´(…[†�~J†Ly}h}|�����8V
����! P568D��� :V
�
����HG���+qhÚlA†(mÉ»Urqv¾½U´(pH|:yUv¾~Jp=rq€Tv±g˜•

³¥rqpw€T€wz}‰
�	�J•1h

‰�•1h �ÅhUsFpw{xm&†(yCh}Ã�À"ÒHº6†�eUrqi(´(rµ†(mŠkbiLr"´JpwyUp=rµ†LgqvxyU´Érµ†(yj½Ui(m�ÃH•ÅÄÚÖƒº˜sU•`ÆÏv¾yU€žgµ†(yUuwpw€wzN‰
���JŽ1h

‰pOFh �Åh[s1pw{xm&†(yCzI^
hA]�†(oUg X(zj†Ly[½ �thNl�i(…jpwyCh6²}iƒuw†({Ë€Tpw†Lrquµ….€žgTrµ†Lgqp=´Jvxpw€Ákbi(rÅ€q†�gqv¾€žÈ[†(»Uv¾{xv±g˜•$gqpw€žgTº

vxyU´Uhay?���s�W<(�7��5%
%�#5%+o���Syo��+%[0
�5%�Y5o�D���HG@5%�c�����#[0+W����8*zhGI56
)
65%���#[6���a<>
��������Y5%
Z��[0�B5%��[%5•z

Ì)OA$ •JÌƒ‰%&1•(ŽXÌƒz6‰
�	��OFh

‰;�1h�|
h��jpwvx´Jp�†Ly[½HÃ-h�e:iƒpwm&†Lyj€wh`•teUeUrqi�¿Fvxm&†Lgqvxyj´�gq…jpt~J†L{¾oUpfi(kËg˜ÀAi,eUrqi�~Xp=rÁeFrqiƒi(k¥€ž•F€žgqpwmn€wz

ÀÁv±gq…ï†Lejej{xvxu�†�gqv¾i(yj€.gqi�m&†�¿jÌL€q†Lg.†(yj½Ím&†L¿Í½UvxuwoFg�hP„˜y~ka
�
"[�565�8����9:�+F
XK=�HG@5*R�
�8F��+6
��950�

�I1����A
�+6�����T
��•zhG@5�
�
�1S
XKJ<>
)�?���������9:j����8_�I1�+6�Y5%�E+qzœ‰��	�J•1h

‰wŒFhZfFhLÇ�†LrqyUp=rq€wh@wZ
)��� ����56�)
��%�V��
L
"�V[�G@5%+��B
n+%������+-,.�V/0��� ����1l��
�
�/p�!5%�E+qhU³`…UdÓgq…jp=€Tv¾€wz(ÆËp=u•…Uyjvx€Tu•…Up

|tyjvx~Xp=rq€Tv±gqpwv±g'\6vxy[½U…Ui�~Xpwy}z\‰��	�	�1h

‰��FhW{œh¥Ätv¾yU´Z†Ly[½�ÇÑh>{N…[†Lyj´Fh�ÃH†L¿F€TiJ{x~Xp•r"$`•tyÏp=Ônuwvxpwyƒg,p=¿U†(u=g&†L{x´Ji(rqv±gq…Um kbiLr·¶bÀApwvx´(…1gqpw½[¹

m&†�¿Fv¾mÉojmŠ€q†Lgqvx€žÈN†L»jvx{xv±g˜•ƒha�'
%��� ,.[0�#�������@�Y50��� �x:95%��[�5•z}‰pO(‹U¶ž‰%&FÌ(¹%$ ‹8�"&ƒŒJ×1z¥ÌL×J×X•ƒh


