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é,ß'EGEGß¤J�;Gß)>@?BJ�?FE�ß¤Ý�JGß)àMâÂÜBW<;0âÂW2EG=<ßQH¤ÜM;*âÂW<ß¨;*âÂè�âÂã ?IJGâ£EtK�è§ß¤?B;G:<J*ß¨é@?B;Gß)Ý§Ýáâ ?BàMJG?Bè�;¤îmÛQ=<âÂ;�è�ßV?B;*:<JGß
;Gß)ß¤è�;
EGÜ�é�ß)E*E�ß)J
=áâÂàM=<ã£âÂàM=YE8E�=<ß/Ý<â�� ß)JGß¤WáH¤ß/é,ß'EtñDß)ß¤W�;*ß¤ã¢ìe;*âÂè�âÂã ?IJGâ£EtK2íI?Bã£:<ß¤;)î

��W�H)ÜMè�>@?BJGâ£W<à¬EG=<ß.Etñ8Ü2àMJG?B><=<;Dñ8ß =@WáÝ�E�=@?IE8E�=<ß½;GâÂè�âÂãÂ?BJGâ¢EtK�íI?Bã£:<ß¤;D?BJGß�è�ÜMJ*ß.:<Wáâ£ì¼ÜMJ*è§ã¢K
Ý<âÂ;pE�J*âÂé<:áEGß¤Ý$ÜSíMß)JQE�=<ß¯Ý<ÜOH¤:áè§ß)WLEG;¨âÂW�E�=áß¯HV?B;*ß�ÜIì
;*ß¤W<;*ß/é@?B;Gß)Ý ;*âÂè�âÂãÂ?BJGâ¢EtK2è§ß¤?B;G:áJGßBî ' ãÂ;GÜáòÇñ8ß
=@W<Ý$E�=<?IE¨Ý<âÂ;pE�â£W<H)ED; )L:@?BJ*ß�J*ß¤àMâ£ÜMW<;iÜIì
=áâÂàM=$;*âÂè�âÂã ?IJGâ£EtK2?BJGß½ì¼ÜBJGè�ß¤Ý�?Bè�ÜMW<à�EG=<ß¯Ý<ÜOH¤:<è�ß¤WYEG;
ÜIì
E�=<ß/;G?Bè§ß/H)ã ?B;*;¤î�ÛQ=<â£;
â£;QW<ÜBE
;GÜ�><J*ÜMè�âÂW<ß)WLE¨â£W$E�=<ß/HV?I;Gß/ÜBì
H¤ÜM;*âÂW<ß/;Gâ£è§â£ã ?BJ*â£EtKBî
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�tW�;Gß)E*E�â£W<à � [ òIñ8ß
ê*:<;*E�ã£ÜÇÜMAIß¤Ý�?IEeE�=<ß )L:@?IãÂâ£E�?IE�â¢íMßD?B;G>�ß¤H'E�ÜBì@E�=<ßQ;*âÂè�âÂãÂ?BJGâ¢EtK¯è§ß¤?B;G:áJGß¤;�ÜBéáE�?Bâ£W<ß¤Ý
?BW<Ý H¤ÜMè�>@?BJ*ß¤Ý ÜB:<J¨;GâÂè�âÂãÂ?BJGâ¢EtKÎè�ßV?I;G:<J*ß�ñ¨â¢E�=�E�=@?IE.ÜBìeH¤ÜM;*âÂW<ß�;Gâ£è§â£ã ?BJ*â£EtKMî��tW&E�=<â£;
;*ß¤H'E�âÂÜBW ñ8ß
E�JpK�E�Ü�ÜMéáE�?BâÂW&? )L:@?BWYE�â¢E�?IEGâ£íBß¯ß)íI?BãÂ:<?IE�â£ÜMW�ì¼ÜMJQÜM:<J¨;*âÂè�âÂã ?IJGâ£EtK�è�ßV?I;G:<J*ßBî

�@J*ÜMè%E�=áß§Ý<ÜOH¤:áè§ß)WLEG;¬àBâ£íMß)W â£W E�?Bé<ãÂß [_� òmEG=<ß§WáÜM:<W<;�ñDß)JGßÎß��OE�J�?IH)E�ß)Ý1î �@ÜMJ/ÜMW<ß�ß��Ç>�ß¤JV�
âÂè�ß¤WYE�ñ8ß�H�=<ÜM;Gß2EG=<ß2;Gß)W<;Gß);¬ÜBì�EG=<ß¤;*ß�WáÜM:<W<;�ì¼J*ÜMè4EG=<ß �Çß)è§H)ÜMJ¯â£EG;Gß¤ã¢ì�ñ¨=<ß¤J*ßV?B;/â£W�E�=<ß2ÜBEG=<ß¤J
ß��Ç>�ß¤JGâ£è§ß)WYE½ñ8ß�>@?B;*;Gß)Ý E�=<ß);Gß}WáÜM:<W<;
E�Ü�E�=<ß¬Ý<âÂ;G?Bè}é<â£àM:@?IEGÜMJQè§ÜOÝ<:<ã£ßBîiÛQ=áß¤;Gß�H¤ÜMJ*JGß¤;*>,ÜBW<Ý E�Ü
E�=<ß
;Gâ¢E�:@?FE�âÂÜBW<;�ÜBìáÿ��Oæøæuû ��åFó«ó�ç��'ômþSç'÷áþSç.?BW<Ý :áùBó«ô¦õ©ùBæøæuû ��åFó'ó�ç��'ô�þSç'÷áþSç
JGß¤;*>,ß)H)EGâ£íMß)ã£KBî�ÛQ=<ß½Ý<â£;�?Bè �
é<âÂàB:@?IE�ß)ÝÎW<ÜB:<W<;iâ£WÎßV?IH�=$HV?B;*ß.ñ8ß¤JGß½>@?B;G;*ß¤Ý =@W<?BãÂã¢K2E�Ü¬EG=<ß½;*âÂè�âÂãÂ?BJGâ¢EtK}ß¤;pE�â£èÎ?IEGÜMJ¤î �@JGÜMè EG=<ß¤;*ß
ñDß�àMÜBEQEtñ8Ü�;Gß)EG;.ÜIìeâ£WLEGß¤J �tÝ<ÜOH¤:<è�ß¤WYE¨;*âÂè�âÂã ?IJGâ£EtK2íI?Bã£:<ß¤;)î

' ;GâÂè�âÂãÂ?BJ�><JGÜOH¤ß)Ý<:<JGß�ñD?B;�HV?IJGJGâ£ß¤Ý ÜM:ÇE$E�Ü àMß'E$E�=<ßØâ£WLEGß¤J �tÝ<ÜOH¤:<è�ß¤WYE$H)ÜM;Gâ£W<ßØ;Gâ£è§â£ã ?BJ*â£EtK
íI?BãÂ:<ß);¤î �tW�ÜMJGÝáß¤J.EGÜ�è�ßV?B:<J*ß¬EG=<ß�àMÜOÜOÝ<W<ß¤;*;�ÜBì0EG=<ß¤;*ß}âÂWYEGß¤JV��Ý<ÜOH¤:<è�ß¤WYE�;*âÂè�âÂãÂ?BJGâ¢EtKÎíI?BãÂ:áß¤;¤òëñ8ß
:<;Gß)Ý E�=<ß);Gß�íI?BãÂ:áß¤;�EGÜ�H¤ãÂ?B;G;*â£ìøK E�=<ß�ÝáÜÇH):<è§ß)WYE�;}:<;*âÂW<à�EG=<ß � �_U
ßV?BJ*ß¤;pE�U.ß)âÂàM=Lé�ÜM:<JG=áÜÇÜOÝAR$� �
U½U WDH¤ã ?I;G;Gâ,=@HV?FE�âÂÜBW�è§ß'E�=<ÜOÝ1î>�tW$E�=áâÂ;Qè�ß)E�=áÜÇÝ$;*ÜMè§ß½><JGÜBEGÜBEtKO>,ß);
?BJGß(=C�Çß)Ý ?B;QJ*ß¤><J*ß¤;*ß¤WYE�â£W<à�?
H¤ãÂ?B;G;)î 
 =<ß)W§?
E�ß¤;pE�HV?I;Gßiâ£;
ß)W<H¤ÜM:áWLEGß¤J*ß¤Ý�â£E
âÂ;eH)ÜMè�>@?BJGß)Ý�ñ¨â£EG=�E�=áßi><JGÜIE�ÜBEtKO>�ß¤;�?BWáÝP� W<ßV?BJ*ß¤;pE
><JGÜIE�ÜBEtKO>�ß¤;�?IJGß/;Gß)ãÂß¤H'E�ß)Ý1îiÛQ=<ß�H¤ãÂ?B;G;
ÜBìmE�=<ß/E�ß);*E.HV?B;*ß¬â£;
Ýáß¤H¤â£Ý<ß¤Ý éYK&EG=<ß/H¤ãÂ?B;G;¨E�Ü�ñ¨=<âÂH�=&E�=<ß
èÎ?Sê*ÜMJGâ¢EtK ÜBìbâ¢E�;¯W<ß)âÂàM=Lé�ÜM:<JG;¯é�ß¤ã£ÜMW<à<î¬ð.ß)JGßIòmÜB:áE¯ÜBìbE�=<ß � � ÝáÜÇH):<è§ß)WYE�;¯âÂW�EG=<ß�H¤ÜMJ*><:<;)ò6� � �
ñDß)JGß¬:<;Gß)ÝØ?B;
><JGÜBEGÜBEtKO>,ß);½ÜBìeH¤ãÂ?B;G;*ß¤;.?BW<Ý EG=<ß�JGß¤;pE�?I;
EGß¤;*E½HV?B;*ß¤;)îQÛQ=<ß¬J*ß¤;*:<ã£E.ÜBìeEG=<ß¤;*ß¬EGJGâ ?IãÂ;
?BJGß/àMâ¢íMß)W â£W =@àM:<J*ß �Çî
ÛQ=áß§E�=áJGß¤ßÎHV?B;*ß¤;�EG=@?IE�ñDß�=<?BÝ Ý<â£;GH¤:á;G;Gß)Ý =@?VíMß�é�ß¤ß)W ;G=<ÜSñ¨W â£W E�=áßÎàMJG?B><=<;)î ÛQ=<ß§HV?B;*ß

ñ¨=<ß¤J*ß�ñDßÎ=@?VíMß�E�?IABß¤W EG=<ß�;*ß¤W<;*ß¤;2Ý<â£JGß¤H'E�ã¢K ì¼J*ÜMè�E�=<ß�E�?BàB;}âÂW �Çß¤è�H¤ÜMJ¬H¤ÜMJ*JGß);G>�ÜMW<Ý<;}EGÜ E�=<ß
ÜMW<ß�è§?BJGAIß¤Ý ?B; 2 �Oæøæuû ��åFó'ó�ç��'ôQþSç'÷áþSç�þ'î2ÛQ=<âÂ;/â£;¯;GÜ<ò�é�ß¤HV?I:<;Gß�E�=<ß�ñ8ÜMJGÝ ;Gß)W<;Gß);�><J*ÜfíOâ£Ý<ß¤Ý ?BJGß
èÎ?IWO:<?BãÂã¢K§E�?BàMàMß)Ý&ÜBW<ß¤;
?BW<Ý ?BJ*ß�ß��Ç>,ß)H)E�ß)Ý EGÜ�é�ß [_�5��� H¤ÜMJ*JGß)H)EVî�ÛQ=<ß/ÜMWáß�è§?BJ*ABß¤Ý ;iùBó«ô¦õ©ùBæøæuû
��åFó«ó�ç��'ô2þSç'÷áþSç�þ H¤ÜMJ*JGß);G>�ÜMW<Ý<;&E�Ü¾EG=<ß E�JGâÂ?Bã�ñ¨=<ß)JGß ñ8ß =<?SíBß Ý<â£;�?Bè�é<âÂàM:<?IE�ß)Ý";*ß¤W<;*ß¤;�ÜIì}E�=<ß
W<ÜM:<Wá;b:á;GâÂWáà�ÜB:<Jb?BãÂàMÜBJGâ£EG=<è ì¼ÜMJ0ñ8ÜMJGÝ�;Gß)W<;Gß
Ý<âÂ;G?Bè}é<â£àM:@?IEGâÂÜMW îmÛQ=áß¨EG=<âÂJ*Ý�ÜMW<ß¨èÎ?IJGABß)Ý ��åSþ'õø÷ ç
H¤ÜMJ*JGß);G>�ÜMW<Ý<;¨E�Ü2E�=áß�H)ÜM;Gâ£W<ß/;Gâ£è§â£ã ?BJ*â£EtKMî
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' ;½ñ8ß}H¤?BW�;Gß)ßBò�E�=<ß�EGJGß)W<Ý�âÂ;
W<ÜBE.íMß)J*K H¤ãÂß¤?BJ.ì¼J*ÜMè E�=áß}àMJ�?I><=<;¤î �@ÜMJ
;Gè§?BãÂã�íI?BãÂ:áß¤;
ÜBì � E�=<ß
?BH¤H):<J�?IH)K âÂ;�)L:<â¢E�ß2=<â£àM=1ò�?BWáÝ é�ÜBE�=ØEG=<ß�è§ß¤?B;G:<J*ß¤;/>�ß¤J*ì¼ÜBJGè ß<)O:<?BãÂã¢K ñ8ß¤ãÂã¦î �@ÜMJ�íI?BãÂ:áß¤;¯ÜBì �
é,ß'EtñDß)ß¤W � � ?BW<Ý�� � òMEG=<ßQ;Gß)W<;Gß
é@?B;*ß¤Ý�;GâÂè�âÂãÂ?BJGâ¢EtK¯âÂ;�é�ß)E*E�ß)J0E�=@?BW2EG=<ß¨H¤ÜM;*âÂW<ßQ;*âÂè�âÂã ?IJGâ£EtK½ì¼ÜMJ0E�=<ß
=@JG;pEiH¤?B;Gß.ÜBì1ì¼:<ã£ã£K}H)ÜMJGJ*ß¤H'Ei;Gß)W<;Gß);¤î8CD:áED?IìøE�ß)J � ß��ÇH¤ß)ß¤Ý<;O� � òÇ?IãÂã<E�=áß.E�=áJGß¤ß.><ãÂÜIE�;�><ãÂ:áè§è�ß)E�E�Ü
?ÎH¤ÜBW<;*E�?BWYE/?BH¤H):<J�?IH)KMî¯ÛQ=áâÂ;½ÜIì�H¤ÜM:<J*;Gß}â£;½Ý<:áß�E�ÜÎEG=<ß¬ì©?IH)E�EG=@?IE½EG=<ß¬íI?Bã£:<ß�ÜIì � ì©?BJ½ß��áH)ß¤ß)Ý<;
E�=<ß�HV?IJGÝ<â£W@?BãÂâ¢EtK�ÜBì
E�=<ß/E�JG?BâÂWáâÂW<à�;Gß'EVî%
 =áß¤W � ß��ÇH¤ß)ß¤Ý<;½EG=<ß�HV?BJ*Ý<âÂW@?IãÂâ£EtKÎÜBìeEGJ�?Bâ£W<âÂWáà�;*ß)E¤ò,?IãÂã
E�=<ß�Ý<ÜOH¤:<è�ß¤WYEG;½âÂW�E�=áß�EGJ�?Bâ£W<âÂW<à�;*ß)E¯?IJGß/H¤ÜMWá;GâÂÝáß¤JGß)Ý�W<ß)âÂàM=Lé�ÜM:<JG;
ÜBì
E�=<ß�E�ß¤;pE½ÝáÜÇH):<è§ß)WYE�?BWáÝ
E�=<ß)JGß�âÂ;QW<Ü�H�=@?IW<àMß/ñ¨â£E�=$EG=<ß/âÂW<H)JGßV?I;Gß/âÂW � é,ß'KMÜMW<Ý&E�=@?FE¨>,ÜMâ£WYEVî
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Fully correct senses
Partially correct senses

cosine
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âÂàM:<J*ß��Q>b9�ãÂÜBEG;QÜBìmE�=<ß � �_U.U H¤ã ?I;G;Gâ,=@HV?FE�âÂÜBW
�  �� � 1�� � +"$�6QPl�DR ��'")�* �C1 � +�$�6
X.W@?Ié<ãÂß�E�Ü�Ý<JG?VñÏ?BWYK	=@J*è7H¤ÜMW<H)ãÂ:<;*âÂÜMWá;½Ý<:<ß¬E�Ü§EG=<ß}:<WáH¤ß¤JpE�?Bâ£WYEtK â£W E�=áß¬íI?BãÂ:áß¬E�Ü§é,ß�H�=<ÜM;Gß)W
ì¼ÜMJ � òëñ8ß�>áJGß)ì¼ÜBJGè�ß¤Ý H)ãÂ:<;pE�ß)JGâÂWáà§ß��á>�ß¤J*âÂè�ß¤WYE�;)î 
 ß�ß¤è�><ã£ÜfKBß¤Ý Z½õïç'ó*ùBó ��üOõO�GùBæ7\8äSäBæÂåFýÎç'ó*ùBô©õøöBç
o0æE�Lþ'ôtç'ó«õø÷Oä/ !�#"¦î���E§âÂ;�? è§ß'E�=<ÜOÝ ÜBì½H¤ã£:<;*EGß¤JGâ£W<à â£W ñ¨=áâÂH�= H)ãÂ:<;pE�ß¤J*;�?BJ*ß éá:<âÂã¢E�=<âÂß)J�?BJ*H�=<âÂH¤?BãÂã¢K
éYK è�ß¤JGàBâÂW<à ß��ÇâÂ;*EGâÂW<à H)ãÂ:<;pE�ß)JG;�ñ¨â£EG= E�=áßØ=<âÂàM=áß¤;*E�;GâÂè�âÂãÂ?BJGâ¢EtK E�Ü ì¼ÜBJGè W<ß)ñ H¤ã£:<;*EGß¤JG;)î ÛQ=áß
é@?B;*âÂH/JGß<)O:áâÂJGß)è§ß)WYE.ì¼ÜMJQEG=<âÂ;¨H¤ã£:<;*EGß¤J*âÂW<à�âÂ;QE�=<?IE¨E�=<ß�;Gâ£è§â£ã ?BJ*â£E�â£ß¤;bé,ß'EtñDß)ß¤W EG=<ß�Ý<ÜÇH):<è�ß¤WYE�;
é,ß
?VíB?IâÂã ?Ié<ãÂßIîeÛQ=<ß�;*EGß¤><;
ÜBìmE�=<ß/H¤ã£:<;*EGß¤J*âÂW<à2E�ß)H�=<W<â )O:áß�?BJ*ß.>

� �tW<â¢E�â ?IãÂâ��)ß}H¤ã£:<;*EGß¤J*;¬ñ¨â£EG= EG=<ß�âÂW<Ý<â¢íOâÂÝ<:@?Iã0Ý<ÜOH¤:<è�ß¤WYE�;)òDõ
	©ç'ò�E�=<ß�âÂWáâ£E�âÂ?BãeH)ãÂ:<;pE�ß)J¬H)ÜMW<;Gâ£;*EG;
ÜBì@ê*:<;*E.?2;Gâ£W<àMã£ß¯Ý<ÜÇH):<è�ß¤WYEVî

� =D=<ÜOÜM;Gß/E�=áß¬H)ãÂ:<;pE�ß¤J
>@?Bâ£JQñ¨â£E�=�E�=áß¬=<â£àM=<ß);*E.;GâÂè�âÂãÂ?BJGâ¢EtK§?BW<Ý è�ß¤J*àMß¯E�=<ß)è5âÂWYE�Ü§?�;GâÂWáàMãÂß
H¤ã£:<;*EGß¤J)î

� X.>�Ý@?IEGßQE�=<ß
;Gâ£è§â£ã ?BJ*â£EtK¯íI?BãÂ:áß¤;�é,ß'EtñDß)ß¤WÎEG=<ß
W<ß)ñ¨ã¢K}ì¼ÜMJGè�ß¤Ý�H¤ã£:<;*EGß¤Jb?BW<Ý�E�=áß.J*ß¤;*EbÜBì,E�=<ß
H¤ã£:<;*EGß¤J*;¤î

� �¨ß¤>�ßV?IE¨E�=áâÂ;Q><J*ÜÇH)ß¤;G;¨E�â£ãÂãëE�=<ß/J*ß?)L:<âÂJ*ß¤Ý WO:áè}é,ß)J¨ÜBìeH)ãÂ:<;pE�ß)JG;
?BJGß¯ì¼ÜMJ*è§ß)Ý1î
ÛQ=<ß¯E�=<â£JGÝ$;pE�ß¤>&âÂ;8E�=<ß/è�ÜM;*EQâ£è§>�ÜMJpE�?BWYEDñ¨=áß¤JGß¯ñ8ß/Ý<ß<=@Wáß�â£WYE�ß¤J �tH)ãÂ:<;pE�ß¤JQ;*âÂè�âÂãÂ?BJGâ¢EtK2:<;Gâ£W<à2E�=<ß
;Gâ£è§â£ã ?BJ*â£EtK�íI?BãÂ:<ß);¬ÜIìDE�=áß§Ý<ÜOH¤:áè§ß)WLEG;�H)ÜMW<;*EGâ£EG:áE�â£W<à$E�=<ß§H¤ãÂ:á;*E�ß)J¤î��b?IJGâÂÜB:<;/è§ß¤?B;G:<J*ß¤;�HV?BW é,ß
:<;Gß)Ý�ì¼ÜMJ.EG=<âÂ;)î.ÛQ=áß�è�ÜM;*E½H¤ÜMè�è§ÜBW<ã£K$:á;Gß¤ÝØâ£;
EG=<ß}è§?��ÇâÂè}:áè ;Gâ£è§â£ã ?BJ*â£EtKÎíI?Bã£:<ß�é,ß'EtñDß)ß¤WØE�=<ß
H¤ÜMWá;*E�â¢E�:<ß)WYE�;
ÜBì
EG=<ß¯EtñDÜ�H¤ã£:<;*EGß¤J*;¤î[$ �Ç><J*ß¤;*;Gß¤Ý èÎ?IEG=<ß¤è§?IEGâÂHV?IãÂã£K�â¢EQâÂ;)ò
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ñ¨=<ß¤J*ß  ?BWáÝ � ?BJ*ß/Etñ8Ü�H¤ãÂ:á;*E�ß)JG;
?BW<Ý  ��� âÂ;QE�=áß�H)JGÜM;*;V��><JGÜOÝ<:<H'E.ÜIì
EG=<ß¯EtñDÜ�H¤ã£:<;*EGß¤JG;)î
ÛQ=áâÂ;b?BãÂàBÜMJGâ¢E�=<è ñD?B;8:á;Gß¤Ý�E�Ü�H¤ã£:<;*EGß¤J�E�=<ß
H¤ÜBJG><:<;�ÜBì � � Ý<ÜOH¤:<è�ß¤WYE�;bÝ<ß)JGâ£íBß¤Ý�ì¼JGÜMè �Çß¤è�H¤ÜMJ

:<W<Ý<ß)J
EG=<ß¯E�=<J*ß¤ß¯E�ß);*E
H¤J*â£EGß¤JGâÂ?}Ý<âÂ;*H¤:<;*;Gß)Ý ßV?IJGãÂâ£ß¤J)î
ÛQ=áÜM:<àM=�EG=<ßiH)ãÂ:<;pE�ß¤J*âÂW<à½><JGÜOH¤ß);G;�âÂ;
é@?B;*âÂHV?IãÂã£K¯?BW}:<W<;*:<>�ß¤J*íOâ£;Gß¤Ý§?B><>áJGÜY?BH�= òBE�Ü�è�ßV?I;G:<J*ßDE�=<ß

?BH¤H):<J�?IH)K�ÜIì
H)ãÂ:<;pE�ß)JGâÂWáà<òOñ8ß¯W<ß)ß¤Ý$E�Ü}ãÂ?Bé�ß¤ãëE�=<ß¯H)ãÂ:<;pE�ß¤J*;Q?BW<Ý =<W<Ý$E�=<ß�WL:<è�é,ß)JiÜBì�Ý<ÜOH¤:<è�ß¤WYEG;
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