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kTT|W[glW|WZU Sd |SXW[ Wb [SfT`Z^V c[W^b[^ SdZ^b [V`[Wg||U }^T^b}c Sb ZY^ WbZ^XVgyZWSb Sd }SfgWbycT^[Wñ[ hbSw|^}X^ WbZS dS[`c^} [g|[`|Wx ab òqrót g b^w ZwSycZ^Tf^ZYS} dSV }^VWjWbX ZY^SVUycT^[Wñ[ Wbd^V^b[^ V`|^c dSV SV}^V^} V^cS|`ZWSb Ygcl^^b TVSTSc^}x ôWVcZt g ZY^SVU cT^[Wñ[gZWSb Wc [|Sc^} `b}^V ZY^ SV}^V^} V^cS|`yZWSb [g|[`|`ct ^|WfWbgZWbX V^}`b}gbZ ^õTV^ccWSbc Sb ZY^ öUx ÷YWc V^cS|`ZWSb lgcWccgZWcñ^c gb Wb}^T^b}^b[^ TVST^VZUu abd^V^b[^c gfSbX WZc f^fl^Vc gV^ c`T^Vyö`S`c Wb g|| V^d`ZgZWSbcx ÷Y`c TgVZ Sd ZY^ c^gV[Y [SfT|^õWZU Ygc l^^b cYWdZ^}dVSf V`b ZWf^ ZS [SfTW|^ ZWf^x _^[Sb}t ZY^ TgZZ^Vbc gVWcWbX Wb V^d`ZgZWSbc dVSfWbd^V^b[^c l^Zw^^b bSbyZY^SVU [|g`c^c gb} f^fl^Vc Sd ZY^ V^cS|`ZWSb lgcWc gV^Z`Vb^} WbZS }^VWj^} Wbd^V^b[^ V`|^cx ÷Y^ [g|[`|W [SbcZV`[Z^} ZYWc wgU gV^ [SfyT|^Z^t Wd ZY^WV [SbcZV`[ZWSb Wc [SVV^[Zx ÷YWc f^ZYS} Wc Wb [SbZVgcZ wWZY TV^jWS`cgTTVSg[Y^c òøtqót wY^V^ Wbd^V^b[^ V`|^c Yg} ZS l^ X`^cc^} gb} ù`cZWñ^} g TScZ^VWSVWWb fS}^|yZY^SV^ZW[ [SfT|^Z^b^cc TVSSdcx ab òqrót ZY^ f^ZYS} Ygc l^^b ^õ^fT|Wyñ^} lU gb SV}^V^} [YgWbWbX [g|[`|`c dSV ZVgbcWZWj^ V^|gZWSbcx ab òqúót [YgWbWbX[g|[`|W dSV jgVWS`c |gZZW[^c Ygj^ l^^b }^j^|ST^}t Wb TgVZW[`|gVt gb SV}^V^} V^cS|`yZWSb [g|[`|`c gZ ZY^ |gZZW[^ |^j^| gc g cS|`ZWSb ZS ZY^ `bWdSVf wSV} TVSl|^f dSV}WcZVWl`ZWj^ |gZZW[^ct ZY`c d`VZY^V dSVfg|WûWbX g V^c`|Z dVSf òqüóx
ý ÚÕ�� �§�§¢�ÔÕ Ö¢� �× �� �§Ò ªµ ®þ´ ÿ� �§Ô� �� ×�µ�� ���§� ×§�¢ª�Ó��µ  � Ü¢ÓÔ�Ó�� � �µ��§¡ � Ò§ÓÓ��©



�^V^t w^ `c^ ZYWc f^ZYS} dSV }^j^|STWbX Zgl|^g`y|Wh^ [g|[`|W gc cS|`ZWSbc ZSZY^ wSV} TVSl|^fc dSV dV^^ c^fW|gZZW[^ct }WcZVWl`ZWj^ |gZZW[^c gb} lSS|^gb |gZZW[^cx÷YWc Wc ZY^ TVSl|^f ZS }^[W}^ wY^ZY^V gb ^�`g|WZU � � � l^Zw^^b 	c^fW
|gZZW[^Z^Vfc YS|}c dSV ^j^VU f^fl^V Sd ZY^ V^cT^[ZWj^ g|X^lVgW[ [|gcct SV Wb S`V [SbZ^õZtwY^ZY^V ZY^ ^fTZU [|g`c^ Wc }^VWjgl|^ dVSf ZY^ [|g`c^ 	� �� �
  	� �� �
 gb} ZY^V^cT^[ZWj^ ZY^SVU gõWSfcx �`V ^fTYgcWc Wc YSw^j^V bSZ fgWb|U Sb ZY^ Zgl|^g`[g|[`|Wt l`Z Sb ZY^ f^ZYS} l^YWb} ZY^f gb} ZY^ TVSSdyZY^SV^ZW[ WbcWXYZc Sd ZY^WVdSVfg| V^[SbcZV`[ZWSbx ÷Y^SVUycT^[Wñ[ WbdSVfgZWSb ^bZ^Vc ZY^ }^j^|STf^bZ Sd ZY^[g|[`|W fgWb|U lU V^ñbWbX ZY^ cUbZg[ZW[ SV}^VWbX Sd SV}^V^} V^cS|`ZWSbx ab òqrót ZS}^VWj^ V^cS|`ZWSby|Wh^ V`|^ct w^ l`W|Z ZY^ SV}^VWbX gVS`b} f`|ZWc^Zc gc ZY^ bgZ`Vg|}gZgycZV`[Z`V^c dSV [|g`c^cx �^V^t Wb SV}^V ZS }^VWj^ Zgl|^g`y|Wh^ V`|^ct w^ ^b[S}^ZY^ c`ldSVf`|g TVST^VZUx�^cW}^c }^fSbcZVgZWbX ZY^ bgZ`Vg|b^cc gb} TSw^V Sd ZY^ }^j^|STf^bZ f^ZYS}tc^j^Vg| SZY^V d^gZ`V^c gV^ g|cS WbZ^V^cZWbXx ôWVcZt ZY^ [SVV^cTSb}^b[^ l^Zw^^b|gZZW[^yZY^SV^ZW[ TVSl|^fc gb} |SXW[g| [g|[`|Wt c`[Y gc c^�`^bZ [g|[`|W gb} Zgl|^g`õtgV^ }^j^|ST^} Wb g dSVfg| wgUt Wb TgVZW[`|gV ZYgZ l^Zw^^b cT^[Wñ[gZWSbc Sd |^gcZ`TT^V gb} XV^gZ^cZ |Sw^V lS`b}c gb} }Wcù`b[ZWSb gb} [Sbù`b[ZWSb V`|^c Sd ZY^c^�`^bZ [g|[`|`c�x _^[Sb}t S`V g|X^lVgW[ ZV^gZf^bZ Sd }WcZVWl`ZWjWZU ^õT|gWbc ZY^VS|^ Sd ZY^ }gZgycZV`[Z`V^ Sd c^�`^bZc gb} ZY^ [`Z V`|^ Wb ZY^ c^�`^bZ [g|[`|`cx÷YWV}t S`V [SbcZV`[ZWSb UW^|}c gb g|X^lVgW[ [SfT|^Z^b^cc TVSSd Sd TVSTScWZWSbg|Zgl|^g`õ gb} cYSwc ZYgZ WZ Wc g }^[WcWSb TVS[^}`V^x ôS`VZY w^ dSVfg||U }^fSbycZVgZ^ ZYgZ ZY^ V`|^c Sd ZY^ c^�`^bZ [g|[`|`c gV^ Wb dg[Z Wb}^T^b}^bZxab ZY^ TV^c^bZ Z^õZt w^ [gb Sb|U ch^Z[Y cSf^ TVSSdcx k d`|| dSVfg| ZV^gZf^bZ[gb l^ dS`b} Wb òqqóx �^ g|cS TV^c`TTSc^ hbSw|^}X^ Sb Zgl|^g` gb} c^�`^bZ[g|[`|W 	dSV S`V T`VTSc^ct w^ W}^bZWdU Zgl|^g`õ wWZY [`ZydV^^ c^�`^bZ [g|[`|W
x_^^ ò�tsó dSV WbZVS}`[ZWSbcx÷Y^ V^fgWbWbX Z^õZ Wc SVXgbWû^} gc dS||Swcx _^[ZWSb ü gb} c^[ZWSb r WbZVSy}`[^ cSf^ lgcW[ dg[Zc glS`Z SV}^V^} V^cS|`ZWSb gb} |gZZW[^cx _^[ZWSb ú }^ñb^cZY^ cUbZg[ZW[ SV}^VWbXc dSV S`V Zgl|^g` [g|[`|Wt c^[ZWSb s ZY^ [g|[`|W ZY^fc^|j^cx_^[ZWSb p [SbZgWbc ZY^ ñVcZ cZ^T Sd ZY }^VWjgZWSb Sd Zgl|^g` V`|^cu ZY^ [SfT`ZgyZWSb Sd ZY^ V^cS|`ZWSb lgcWcx _^[ZWSb ø [SbZgWbc ZY^ c^[Sb} cZ^Tu ZY^ }^VWjgZWSbSd ZY^ Wbd^V^b[^ V`|^cx _^[ZWSb o }Wc[`cc^c ZY^ TVSSdyZY^SV^ZW[ WfT|W[gZWSbc Sd S`VV^c`|Zc� c^[ZWSb � [SbZgWbc g [Sb[|`cWSbx
� �ëí�ë�í ���ì�îêðìé
�^Z ��	�
 l^ g c^Z Sd Z^Vfc wWZY cWXbgZ`V^ � gb} jgVWgl|^c Wb � x �^Z � l^g c^Z Sd TV^}W[gZ^cx ÷Y^ c^Z  Sd !"#$% [SbcWcZc Sd g|| ^õTV^ccWSbc &	��' ( ( ( ' �)
twY^V^ & Wc gb *ygVU TV^}W[gZ^ gb} ��' ( ( ( ' �) gV^ Z^Vfcx k +,!-%. Wc gb ^õTV^cycWSb /01�' ( ( ( ' 12 03 45 /06�' ( ( ( '6) 03x aZc !7".+.8.7" /01�' ( ( ( ' 1203 gb} %-++.8.7"/06�' ( ( ( '6) 03 gV^ ñbWZ^ f`|ZWc^Zc Sd gZSfcx kbZ^[^}^bZc gV^ c[Y^fgZW[g||U }^ybSZ^} lU 9 t c`[[^}^bZc lU :x �Vg[h^Zc wW|| `c`g||U l^ SfWZZ^}x k ;#<7 +,!-%.[SbZgWbc gZ fScZ Sb^ gZSf Wb WZc c`[[^}^bZx
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ab g|| Wbd^V^b[^ V`|^ct %Z8. Y #<$-,!% gV^ ZY^ TgVZc Sd [|g`c^c }^bSZ^} lU [gTWyZg| ]V^^h |^ZZ^Vcx kZSfc S[[`VVWbX ^õT|W[WZ|U Wb ZY^ TV^fWc^c gV^ [g||^} $Z7#<Y#<$-,!%t ZYSc^ Wb ZY^ [Sb[|`cWSb l<Z7+Zl!, Y #<$-,!%x�^Z n l^ g [|g`c^ c^Zx �^Z opqr	n
 gb} opst	n
 }^bSZ^ ZY^ c^Z Sd 	c^fgbZW[[|g`cg|
 [Sbc^�`^b[^c Sd n gb} ZY^ c^Z Sd [|g`c^c }^VWjgl|^ Wb _` dVSf n x k[|g`c^ u Wc Uy<.8-78!7" SV cWfT|U V^}`b}gbZ Wb n t Wd u v opqr	u�' ( ( ( 'uw
 dSVcSf^ n x u�' ( ( ( 'uw U u x z|WfWbgZWSb Sd V^}`b}gbZ [|g`c^c dVSf n }`VWbXZY^ WZ^VgZWj^ gTT|W[gZWSb Sd _ ỳV`|^c [YgbX^c opst	n
t l`Z TV^c^Vj^c c^fgbZW[[Sbc^�`^b[^cx �^ }^bSZ^ ZYWc ST^VgZWSb Sd _ ỳ+,#%-<. $#8-,# UyV^}`b}gb[U^|WfWbgZWSb lU op2yzst x aZ Wb}`[^c g lgcWc ZVgbcdSVfgZWSb dVSf n ZS g <.%#,-"Z#7
V!%Z% na { op2yzst 	n
x ÷YWc ZVgbcdSVfgZWSb b^^} bSZ Z^VfWbgZ^t l`Z g|| dgWV _ ỳcZVgZ^XW^c }^VWj^ ZY^ ^fTZU [|g`c^ wWZYWb ñbWZ^|U fgbU cZ^Tc dVSf gb Wb[SbcWcZ^bZ
n x ÷Y^ lgcWc na Wc cT^[Wg|x �U }^ñbWZWSb WZ cgZWcñ^c ZY^ Wb}^T^b}^b[^ TVST^VZUZYgZ g|| [Sb[|`cWSbc Sd l<Z$!<d naXZ7Y .<.7+.%t ZYgZ Wc _ ỳWbd^V^b[^c wWZY lSZYTV^fWc^c dVSf na t gV^ V^}`b}gbZx
|IE}ELCDCEB FS gZi fY n Z% Z7+#7%Z%".7"j "\.7 na +#7"!Z7% "\. .$l"d +,!-%.]gZZi T." na V. +#7%Z%".7" !78 � ! +,!-%. %." %-+\ "\!" na~� Z% Z7+#7%Z%".7"] \̂.<.

Z% ! _`X<.Y-"!"Z#7 WZ"\#-" l<Z$!<d naXZ7Y .<.7+.%]
�U TVSTScWZWSb q 	WW
t V^cS|`ZWSb lgc^c g||Sw c^ZySdyc`TTSVZy|Wh^ SV}^V^} V^cS|`ZWSbcZVgZ^XW^c� x ÷Y^ [SfT`ZgZWSb Sd g V^cS|`ZWSb lgcWc wW|| [SbcZWZ`Z^ ZY^ ñVcZ cZ^TSd S`V }^VWjgZWSb Sd Zgl|^g`õx ôSV fSV^ WbdSVfgZWSb [SbcW}^V òqqtqróx
� ��êêðï��
_Wb[^ w^ gV^ Wbj^cZWXgZWbX wSV} TVSl|^fc dSV dV^^ |gZZW[^ct w^ [gb V^cZVW[Z S`VcWXbgZ`V^c gb} TV^}W[gZ^cx � { /'�3 gb} � { /�3x  gb} � gV^ jgVUg}W[ STy^VgZWSb cUflS|c dSV ZY^ |gZZW[^ ùSWb gb} f^^Z ST^VgZWSbc� � Wc g lWbgVU TV^}W[gZ^cUflS| }^bSZWbX g �-!%Z#<8.<Z7[{g V^ö^õWj^ ZVgbcWZWj^ V^|gZWSbx k � #Z7 %.$Z,!"X"Z+. 	$.." %.$Z,!""Z+.
 Wc g �`gcWySV}^V^} c^Z [|Sc^} `b}^V |^gcZ `TT^V lS`b}c SVùSWbc 	XV^gZ^cZ |Sw^V lS`b}c SV f^^Zc
 dSV g|| TgWVc Sd ^|^f^bZcx �SWb gb} f^^Z
� ¨ÔÔ �Ò��© �  �Õ§ �§�  � ��×× �� ���¢�§©µ � � �� �Ò§�§Ò �§� Ó��� �¤ ���§�§�Ô§� ¢¡ �©¢ Ô �����§�� ×¢��  � ¢ ÔÓ¢��§ �§� ¢�§ ��×§��� �� �� �§���¢�� �� Ø¬±Ù«
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c^fW|gZZW[^c gV^ }`g|cx T!""Z+. 8-!,Z"d f^gbc ^õ[YgbX^ Sd ùSWbc gb} f^^Zc gb}Wbj^VcWSb Sd ZY^ SV}^VWbXx k ,!""Z+. Wc lSZY g ùSWb gb} g f^^Z c^fW|gZZW[^x aZ Wc8Z%"<ZV-"Z�.t Wd 	[`Z
 YS|}c 	c^^ l^|Sw
� x k �`gcWSV}^VWbX Wc gõWSfgZWû^} lU ZY^c^Z � { /	V^d
' 	ZVgbc
3t ZY^ ùSWb gb} f^^Z c^fW|gZZW[^ lU � { � ~ /	|`l
' 	̀ l
3gb} � { � ~ /	X|l
' 	|l
3t g |gZZW[^ lU � { � ~ � t g }WcZVWl`ZWj^ |gZZW[^ lU� { � ~ /	[`Z
3x ÷Y^V^lU

45 � � � � �45 � � �  �

45 � � � 	V^d

45 � � � � � 	|l

45 � � �  � 	̀ l


� � �'� � � 45 � � � 	ZVgbc

� � �'� � � 45 � � � � � 	X|l

� � �'� � � 45 �  � � � 	|`l


�� � ��  �'�� � � � �� 45 �� � �� � ��  �� 	[`Z

ôSV g �`gcWSV}^VWbXt ùSWbc gb} f^^Zc gV^ `bW�`^ `T ZS ZY^ [SbXV`^b[^ � {	� � �
x _^fgbZW[g||Ut ��� Wc g TgVZWg| SV}^VWbXt Y^b[^ gb gbZWcUff^ZVW[ �`gycWSV}^VWbX 	� � �'� � � 45 � { �
x �T^VgZWSbg||Ut ZY^ Sb|U VS|^ Sd gbZWcUff^yZVU Wc cT|WZZWbX ^�`g|WZW^c WbZS Wb^�`g|WZW^cx �^ [gb ZY^V^dSV^ }WcV^XgV} WZx �SWbcgb} f^^Zc gV^ gccS[WgZWj^t [Sff`ZgZWj^t W}^fTSZ^bZ 	� � � { � { �  �
 gb}fSbSZSbW[ Wb ZY^ gccS[WgZ^} TgVZWg| SV}^VWbXx �^ wW|| Y^b[^dSVZY [SbcW}^V g||Wb^�`g|WZW^c fS}`|S gccS[WgZWjWZU gb} [Sff`ZgZWjWZUx _^^ òró dSV d`VZY^V WbdSVyfgZWSb Sb |gZZW[^cx ÷Y^ cWfW|gVWZW^c l^Zw^^b ZY^ V`|^c Wb � t � t � gb} ZYSc^ SdZY^ c^�`^bZ SV Zgl|^g` [g|[`|`c gV^ g|V^g}U �`WZ^ gTTgV^bZx 	X|l
 gb} 	|`l
 gV^cWfW|gV ZS ZY^ VWXYZ [Sbù`b[ZWSb gb} |^dZ }Wcù`b[ZWSb V`|^t 	[`Z
 Wc ^jW}^bZx

�^Z � l^ cSf^ jgVW^ZU Sd |gZZW[^cx ÷Y^ W#<8 l<#V,.$ dSV � Wc ZY^ dS||SwWbXum^Z^VfWb^t Wd cSf^ W}^bZWZU SV �-.<d � � � Sj^V cSf^ c^Z Sd [SbcZgbZc 	SV X^b^VygZSVc
 Wb ZY^ |gbX`gX^ dSV � YS|}c dSV ^j^VU f^fl^V Sd � x ab TgVZW[`|gVt cWb[^
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gb} ZY^ V^cT^[ZWj^ ZY^SVU gõWSfcx �`Z Wd � YS|}ct ZY^b ZY^ _ ỳ[|Sc`V^ [gb cZW||l^ WbñbWZ^x
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�^ bSw }^VWj^ ZY^ Wbd^V^b[^ V`|^c Sd È� dVSf _ ỳ}^VWjgZWSbc wWZY �a x �`V fgWbgcc`fTZWSbc gV^ V^d`ZgZWSbg| [SfT|^Z^b^cc Sd _� 	ZY^SV^f q
 gb} ZY^ dg[Z ZYgZS`V SV}^VWbX [SbcZVgWbZc V`|^ S`Z TVWfgVU ZY^SVU Wbd^V^b[^c 	[SVS||gVU q
x
Æ�@EI@� FS \̂. "!V,.!- +!,+-,-% ÈÉ %#,�.% "\. W#<8 l<#V,.$ Y#< "\. Y<.. 8Z%X
"<ZV-"Z�. ,!""Z+.� m#< .�.<d �-.<d � � � 5j %-+\ "\!" � � � \#,8% Z7 "\. Y<..8Z%"<ZV-"Z�. ,!""Z+.j "\.<. .kZ%"% ! <.Y-"!"Z#7 Z7 ÈÉ]
ã<##Y ] �^ [SbcW}^V g V^d`ZgZWSb Sd g �`^VU � { � � � 5t � gb} � |gZZW[^ Z^VfcWb TV^c^b[^ Sd ZY^ f^fl^Vc Sd �a x �U [SVS||gVU qt ZY^V^ gV^ bS TVWfgVU ZY^SVUWbd^V^b[^cx ÊSV^Sj^Vt lU |^ffg q 	WW
t g|| bSbyZY^SVU [|g`c^c ZYgZ fgU S[[`V Wbop2yzst 	� ~�a
 Ygj^ ^fTZU c`[[^}^bZx�^ [gb ZY^V^dSV^ V^cZVW[Z S`V gZZ^bZWSb ZSbSbyZY^SVU [|g`c^c Sd ZYWc dSVfx _Wb[^ � gb} g|| [|g`c^c Wb �a gV^ �SVbt WZ c`�[^cZS [SbcW}^V SV}^V^} V^cS|`ZWSb Wbd^V^b[^c l^Zw^^b f^fl^Vc Sd �a gb} bSbyZY^SVU[|g`c^cx �V}^V^} dg[ZSVWbX cZ^Tc [gb l^ }WcV^XgV}^}x	[gc^ W
 c^cS|`ZWSb Sd g [|g`c^ 9'ó � ó 45 gb} 	V^d
 Wc

45 ó � ó 9'ó � ó 45
9 45 '

wY^V^t }`^ ZS ZY^ [SbcZVgWbZc Sd SV}^V^} V^cS|`ZWSbt ZY^ Wb^�`g|WZU ó � ó fgyùSVWû^c 9 x abZ^Vbg|WûWbX 	V^d
 Wff^}WgZ^|U UW^|}c ZY^ V`|^ 	c^d
x	[gc^ WW
 c^cS|`ZWSb Sd g [|g`c^ 9'ó � õ � ô 45 gb} 	X|l
 Wc
ó � õ'ó � ô 45 ó � õ � ô 9'ó � õ � ô 45

9'ó � õ'ó � ô 45 '

�



wY^V^ ó � õ� ô Wc fgõWfg| Wb ZY^ VWXYZyYgb} TV^fWc^x abZ^Vbg|WûWbX 	X|l
 Wff^y}WgZ^|U UW^|}c 	Êc
x ÷Y^ dg[Z ZYgZ Wb ZYWc V`|^ ZY^ |^dZyYgb} cW}^ Sd g c^�`^bZ WccT|WZ cYSwc ZY^ b^[^ccWZU ZS [SbcW}^V g bSby^fTZU 9 x	[gc^ WWW
 c^cS|`ZWSb Sd g [|g`c^ 9'ó � õ  	ô � Ú
 45 gb} 	̂ fV
 Wc
ó � õ  ô'ó � õ  Ú 45 ó � õ  	ô � Ú
 9'ó � õ  	ô � Ú
 45

9'ó � õ  ô'ó � õ  Ú 45 '
wY^V^ ó � õ  	ô � Ú
 Wc fgõWfg| Wb ZY^ VWXYZyYgb} TV^fWc^x ÷YWc UW^|}c 	zÊc
x	[gc^ Wj
 ÷Y^ gbZ^[^}^bZ Sd 	WfV
 Wc XV^gZ^V ZYgb ZY^ c`[[^}^bZ g[[SV}WbX ZS
U gb} b^j^V cgZWcñ^c ZY^ SV}^VWbX [SbcZVgWbZc Sd SV}^V^} V^cS|`ZWSb wWZY g [|g`c^wWZY ^fTZU c`[[^}^bZx ÷Y^V^dSV^ WZ }S^c bSZ [SbZVWl`Z^ gb Wbd^V^b[^ V`|^x	[gc^ j
 ôSV 	̂ WfV
t ZY^ cWZ`gZWSb Wc gbg|SXS`c ZS 	[gc^ Wj
x	[gc^ jW
 c^cS|`ZWSb Sd g [|g`c^ 9'ó � õ � ô 45 gb} 	f|
 Wc

ó � ô 45� ó � õ � ô 9'ó � õ � ô 45
9'ó � ô 45 '

wY^V^ ó � õ � ô Wc fgõWfg| Wb ZY^ VWXYZyYgb} TV^fWc^x ÷YWc UW^|}c 	Ê�
x	[gc^ jWW
 ZS 	[gc^ õW
t UW^|}WbX ZY^ Wbd^V^b[^ V`|^c 	��
t 	z��
 gb} 	�c
 dVSfZY^ [|g`c^c 	|`l
t 	̂ ù|
t 	Wù|
t 	̂ Wù|
 gb} 	ùV
 gV^ }`g| ZS 	[gc^ WW
 ZS 	[gc^ jW
x	[gc^ õWW
 c^cS|`ZWSb Sd g �`^VU 9'ó � õ � ô  Ú 45 wWZY 	[`Z
 Wc
ó � ô  à' õ � à � Ú 45 ó � õ � ô  Ú 9'ó � õ � ô  Ú 45

9'ó � ô  à' õ � à � Ú 45 (
�^ cYSw lU Wb}`[ZWSb Sb ZY^ }WcZgb[^ dVSf c`[Y gb Wbd^V^b[^ ZS ZY^ ^fTZU [|g`c^gb} ZY^ +-" <!7� Sd ZY^ |gZZW[^ Z^Vft ZYgZ Wc ZY^ cWû^ Sd ZY^ fWbSV Z^Vf wYW[YWc [`Z S`Zt ZYgZ ZYWc Wbd^V^b[^ Wc bSZ b^^}^}x ab TVSSdyZY^SV^ZW[ Z^Vfc w^ cYSw gj^VcWSb Sd [`Z ^|WfWbgZWSbx _Wb[^ ZY^ TVSSd Wc cZgb}gV} w^ XWj^ Sb|U g ch^Z[Y gb}V^d^V ZS òpt�ó dSV }^ZgW|cx ab TgVZW[`|gVt dSV cWfT|W[WZUt w^ gcc`f^ ZYgZ ô { µx	[gc^ �
 �^Z à l^ g X^b^VgZSVx ÷Y^b ó � à f`cZ l^ Sd ZY^ dSVf óa �à � à gb}Wb TgVZW[`|gV õ�à � Ú f`cZ ^WZY^V l^ Sd ZY^ dSVf õa �Ú�à � Ú SV Ú { à c`[Y ZYgZõ � Ú � Ú Wb SV}^V ZS ^|WfWbgZ^ lSZY ZY^c^ Wb^�`g|WZW^c dVSf ZY^ [Sb[|`cWSbx _Sg|cS ó� õ � Ú ^WZY^V Wc Sd ZY^ dSVf óa � õ�Ú � Ú SV Sd ZY^ dSVf ó� õa �Ú � Ú gb}g|V^g}U ZY^ fWbSV dSVf`|g Sd ZY^ VWXYZyYgb} TV^fWc^ [gb l^ ^|WfWbgZ^} `cWbX	Ê�
 gb} 	c^d
x	[gc^ �
 �^Z à { à��à� x ÷Y^b w^ fgU gcc`f^ ZYgZ 	Êc
 Ygc l^^b gTT|W^} ZSZY^ Wb^�`g|WZU ó � à��à� t wYW[Y ZVgbcdSVfc ZY^ [Sb[|`cWSb Sd ZY^ glSj^ Wbd^V^b[^WbZS 9'ó � à�'ó � à�' õ � à� � à� � ô 45x icWbX ZY^ Wb}`[ZWSb YUTSZY^cWc w^[gb ZY^b gVX`^ ZYgZ ZYWc c^�`^bZ Ygc l^^b SlZgWb^} dVSf ZY^ VWXYZyYgb} TV^fWc^Sd ZY^ glSj^ Wbd^V^b[^ lU ZwS cfg||^V [`Zct V^cT^[ZWbX ZY^ SV}^VWbX [SbcZVgWbZcx�^b[^ Wb gbU [gc^ ZY^ glSj^ Wbd^V^b[^ Wc bSZ b^^}^}x_Wb[^ w^ Ygj^ [SbcW}^V^} g|| [|g`c^c dVSf �a gb} g|| ZY^c^ [|g`c^c TVS}`[^[Sb[|`cWSbc wWZY ^fTZU c`[[^}^bZt w^ Ygj^ [SfT`Z^} g V^d`ZgZWSbg||U [SfT|^Z^c^Z Sd Wbd^V^b[^ V`|^c dSV g b^XgZWj^ �`^VU �x ÷Y^ Wbd^V^b[^ V`|^c UW^|} g }^[WcWSbTVS[^}`V^t cWb[^ ZY^ [g|[`|`c Ygc ZY^ c`lydSVf`|g 	SV |gZZW[^ c`lyZ^Vf
 TVST^VZUx
�b|U ZY^ [SbcZgbZc Wb � S[[`V Wb ZY^ V^d`ZgZWSbx þ

qµ



OEIEMMPI� ÃS \̂. "!V,.!- +!,+-,Z ÒÉ !78 ÓÉ %#,�. "\. W#<8 l<#V,.$ Y#< "\. Y<..
� #Z7 !78 $.." %.$Z,!""Z+.]
÷Y^ dS||SwWbX [SVS||gVU ^õTV^cc^c g cWfT|^ V^ñb^f^bZ Sd S`V Zgl|^g` [g|[`|`cx
OEIEMMPI� ÍS Ð78.< "\. !%%-$l"Z#7% #Y "\.#<.$ Õj "\. <-,. gh.Yi +!7 V. <.X
%"<Z+".8 "# [.7.<!"#<%]
÷YWc YS|}ct cWb[^ lU cZV`[Z`Vg| Wb}`[ZWSbt g|| Wb^�`g|WZW^c � � � 45 [gb l^ZVgbcdSVf^} ZS g [|g`c^ �� � ��' ( ( ( '�) � �) 45 wWZY �Ü v � lU ZY^ V`|^c SdZY^SV^f qx k V^cZVW[ZWSb Sd 	c^d
 ZS X^b^VgZSV [gb ZY^b l^ `c^} dSV ZY^ V^}`[ZWSbZS ZY^ ^fTZU [|g`c^x÷Y^ ^õZ^bcWSb Sd ZY^SV^f q dVSf }WcZVWl`ZWj^ ZS lSS|^gb |gZZW[^c Wc g|cScZVgWXYZdSVwgV}x
OEIEMMPI� 	S f7 ! ,!""Z+. WZ"\ µ !78 qj ,." �a 8.7#". "\. +#$l,.$.7" #Y �j "\!"
Z% �a  � { q !78 �a � � { µ] \̂. <-,.% #Y ÈÉ "#[."\.< WZ"\ "\. <-,.%

9'� � �a � � 45
9'� � �  � 45 ' 9'� � �a  � 45

9'� � � � � 45 '
Y#< .,Z$Z7!"Z7[ +#$l,.$.7"% %#,�. "\. <.!+\!VZ,Z"d l<#V,.$ !78 "\. W#<8 l<#V,.$Y#< "\. Y<.. V##,.!7 ,!""Z+.]


 §ð�ïî��ðìé
�`V cS|`ZWSb ZS ZY^ wSV} TVSl|^f dSV ZY^ dV^^ }WcZVWl`ZWj^ |gZZW[^ `c^} ^õZ^b}^}V`|^c ZYgZ }S bSZ S[[`V Wb ZY^ c^�`^bZ [g|[`|`c SV Zgl|^g`õx ÷Y^c^ V`|^c }^g|^cc^bZWg||U wWZY }WcZVWl`ZWjWZUx ÷Y^ cZVgZ^XU Sd ZY^ c^�`^bZ [g|[`|`ct gc STTSc^}ZS ZYWct Wc ZS WbZVS}`[^ g |gU^V Sd %.�-.7"% l^Zw^^b ZY^ |gU^V Sd |gZZW[^ Z^Vfc gb}ZYgZ Sd TVSSdcx RSbcW}^Vt dSV WbcZgb[^t ZY^ dS||SwWbX }^VWjgZWSb Wb cSf^ jgVWgbZ SdZY^ [`ZydV^^ c^�`^bZ [g|[`|`cx � Wc bSw V^T|g[^} lU ZY^ c^�`^bZygVVSw 45 	lSZYgV^ �`gcWySV}^VWbXc
 gb} �t � gb} � gV^ |SXW[g| dSVf`|gcx

�'�  � 45 �'�
�'� 45 �'� �'� 45 �'��'�  � 45 �'��'�  � 45 � � �'�

� � 	�  �
 45 	� � �
  �
_YWdZWbX dSVf`|gc ZS c^�`^bZct ZY^ }WcZVWl`ZWjWZU |gw Wc WfT|W[WZ|U gTT|W^} ZS f`|yZWT|U S`Z Z^Vfc gb} fgh^ ZY^ Wbj^VZWl|^ [Sbù`b[ZWj^ V`|^c gTT|W[gl|^t wY^V^gcZY^ [SffgZg fS}^| ZY^ }Wcù`b[ZWj^ Sb^cx ôSV g [SfTgVWcSbt g TVSSd Wb ÈÉ Wc

� � 	�  �
 � 	� � �
  � 45
� � 	�  �
 � �  �'� � 	�  �
 � �  � 45

	zÊc
� � � � �  �'� � � � �  �'� � � � �  �'� � � � �  � 45

	z��

� � �'� � �'� � �'� � � 45

	Ê�
	�c

45 	c^d


qq



k|X^lVgW[g||Ut ZY^ [`Z V`|^ Sd ZY^ c^�`^bZ [g|[`|`c Wc cZVSbX|U [Sbb^[Z^} wWZY}WcZVWl`ZWjWZU gb} ZVgbcWZWjWZUt gc w^ Ygj^ c^^bx �`Z Wb ZY^ c^�`^bZ [g|[`|`ct }WcyZVWl`ZWjWZU Wc g|V^g}U gTT|W^} jWg ZY^ cYWdZ ZS ZY^ c^�`^bZ |^j^|x ab ZY^ dV^^ [gc^twY^b ZY^V^ gV^ bS d`VZY^V V^|gZWSbc l^Zw^^b X^b^VgZSVct WZ c^^fc `bb^[^ccgVU ZS}^VWj^ d`VZY^V [Sbc^�`^b[^c Sd V^|gZWSbc 	lU gbg|UZW[ [`Z
 SV ^j^b Wbj^bZ [SfyT|^Z^|U dV^cY X^b^VgZSVc 	lU bSbygbg|UZW[ [`Z
x ôVSf ZY^ g|X^lVgW[ TSWbZ Sd jW^wtZY^V^dSV^t g}fWccWlW|WZU Sd [`Z Wb ZY^ c^�`^bZ [g|[`|`c c^^fc �`WZ^ bgZ`Vg|x�`V V^y[SbcZV`[ZWSb c`TTSVZc ZYWc WbZ`WZWSb wWZY g dSVfg| gVX`f^bZx �b ZY^ SZY^V Ygb}tSd [S`Vc^t Wb TV^c^b[^ Sd V^|gZWSbc l^Zw^^b X^b^VgZSVct d`VZY^V [Sbc^�`^b[^c SdZY^c^ V^|gZWSbc f`cZ l^ [SfT`Z^}t TSccWl|U `cWbX [`Zu ab [gc^ Sd ñbWZ^|U TV^c^bZ^}}WcZVWl`ZWj^ |gZZW[^ct wY^b d`VZY^V V^|gZWSbc l^Zw^^b X^b^VgZSVc ^õWcZt V^cS|`ZWSbcZ^Tc `cWbX 	[`Z
 [gbbSZ Wb X^b^Vg| l^ [WV[`fj^bZ^}x �b ZY^ [SbZVgVUt WZ [gb l^Z`Vb^} WbZS ZY^ [^bZVg| WbXV^}W^bZ Sd ZY^ [g|[`|`ct gc ZY^ [YgWbWbX [g|[`|W dSV }WcyZVWl`ZWj^ |gZZW[^c òqúó cYSwx ÷YWc Ygc g [SVV^cTSb}^b[^ Wb ZY^ c^�`^bZ [g|[`|`ctwY^V^ Wb TV^c^b[^ Sd d`VZY^V gõWSfct [`Z Wc SdZ^b `bgjSW}gl|^x÷Y^ Zgl|^g` [g|[`|W XWj^b Wb ZYWc Z^õZ gV^ fSV^ dS[`c^} ZYgb f^V^ }^VWjgZWSbcwWZY ZY^ gõWSfc Wb � t � SV �x ôSV WbcZgb[^t g V^cS|`ZWSb Wbd^V^b[^ wWZY ZwSWbcZgb[^c Sd 	ZVgbc
 X^b^VgZ^c b^w jgVWgl|^ct ZYgZ fWXYZ bSZ l^ b^^}^} Wb g TVSSdxab `bSV}^V^} V^cS|`ZWSbt cZVgZ^XW^c ZS gjSW} c`[Y hWb} Sd V^gcSbWbX Ygj^ g|V^g}Ul^^b XWj^bt dSV WbcZgb[^ c^Z Sd c`TTSVZ SV ZY^SVU V^cS|`ZWSb òqµóx �`Z ZY^ ZVgbcd^VSd ZY^c^ cZVgZ^XW^c ZS SV}^V^} V^cS|`ZWSb Wc bSbyZVWjWg|t gc w^ Ygj^ c^^bx �^V^t ÒÉt
ÓÉ SV ÈÉ UW^|}c bS g}jgbZgX^ Wb ^�[W^b[U Sj^V T|gWb SV}^V^} V^cS|`ZWSb wWZYZY^ V^cS|`ZWSb lgc^c �a t �a gb} �a t l`Z wWZYS`Z 	[`Z
t wY^b TVWfgVU ZY^SVUWbd^V^b[^c gV^ dSVlW}}^b lU g TVWSVW 	dSV WbcZgb[^ lU [S|SVWbX [|g`c^c
t WbcZ^g}Sd Z^cZWbX dSV V^}`b}gb[U g TScZ^VWSVWx �Sw^j^Vt ZY^ dS[`c^} [g|[`|W ^b[S}^ ZY^Wbd^V^b[^c Wb g fSV^ c`[[Wb[Z wgUx ab X^b^Vg|t ZY^ cT^[Wñ[ Wbd^V^b[^ V`|^c [gb l^f`[Y fSV^ ^�^[ZWj^ ZYgb T|gWb V^cS|`ZWSb wWZY V^cS|`ZWSb lgc^c 	[xdx òqró
x
� Âìéï�î�ðìé
�^ Ygj^ `c^} g b^w ZwSycZ^T f^ZYS} ZS cUbZY^cWû^ TVSTScWZWSbg| Zgl|^g` [g|[`|Wgc cS|`ZWSbc ZS |gZZW[^yZY^SV^ZW[ wSV} TVSl|^fcx ab ZY^ ñVcZ cZ^Tt g V^cS|`ZWSblgcWc Sd ZY^ |gZZW[^ gõWSfc Ygc l^^b [SfT`Z^}x ÷Y^ f^fl^Vc Sd ZYWc lgcWc gV^Wb}^T^b}^bZ Wb ZY^ c^bc^ ZYgZ V^cS|`ZWSb Wbd^V^b[^c gfSbX ZY^f gV^ bSZ b^^}^}Wb V^cS|`ZWSb TVSSdcx ab ZY^ c^[Sb} cZ^Tt ZY^ WbZ^Vg[ZWSb Sd ZY^ lgcWc wWZY �`^VW^cSd ZY^ wSV} TVSl|^f |^g} ZS Zgl|^g`y|Wh^ }^VWj^} Wbd^V^b[^ V`|^cx ab [SbZVgcZ ZSZY^ cZgb}gV} Zgl|^g` SV c^�`^bZ [g|[`|Wt }WcZVWl`ZWjWZU Ygc bSZ l^^b Wb[|`}^} lUWbZVS}`[WbX gb g}}WZWSbg| }gZgycZV`[Z`V^ Sd c^�`^bZct l`Z lU g||SwWbX [^VZgWbcT|WZZWbXc l^|Sw [SbZ^õZcx�^ Ygj^ c^^b ZYgZ [`ZyV`|^c bgZ`Vg||U gVWc^ Wb |gZZW[^ZY^SVU Wb TV^c^b[^ Sd }WcZVWl`ZWjWZU gb} ZYgZ ZY^U [gb l^ ^|WfWbgZ^} Wb ZY^ dV^^[gc^t Wb glc^b[^ Sd V^|gZWSbc l^Zw^^b X^b^VgZSVc ZS l^ TVSTgXgZ^}x÷Y^ cUbZY^cWc Sd Zgl|^g`õ Wc Sb|U Sb^ Sd c^j^Vg| gTT|W[gZWSbc Sd S`V f^ZYS}x
�^ Ygj^ g|V^g}U f^bZWSb^} [YgWbWbX [g|[`|W dSV dSV ZVgbcWZWj^ V^|gZWSbct �`gcWySV}^VWbXct c^fW|gZZW[^ct }WcZVWl`ZWj^ |gZZW[^c gb} lSS|^gb |gZZW[^c Wb òqrtqróx k[SbcW}^VgZWSb Sd ^�`gZWSbg| ZY^SVW^c fWXYZ l^ j^VU WbZ^V^cZWbX Wb ZY^ d`Z`V^x

qü



��¥�ë�éï��
¬« �« Ý¢ÔÕ¡¢�� ¢�Ò « ´¢����©§�« ¹§Ö���§¯ª¢�§Ò §ß�¢�� �¢Ó �Õ§ �§¡ ×� ¦��© Ö��Õ�§Ó§Ô�� � ¢�Ò ��¡×Ó�ÛÔ¢�� �« �� ����� ��� �����������¤ �²�»�¬� ��¤ ¬!!«�« �« Ý¢ÔÕ¡¢�� ¢�Ò ®« ÿÓ¢���§Ò« Ú§�¡��¢�� �  �Ò§���©� � � ¢�� Ô�¢��¦§¯Ô ¡¡��¢��¦§�§Ö�����© �µ��§¡�« �� "#�$�%�� �����������¤ ¬��»²�! ²!¤ ¬!°³«²« ´« Ý��£Õ &« ������' ()'�*#¤ ¦ Ó�¡§ �³  � ��%%�+���� ,�$%�������-« ¨¡§��Ô¢�
�¢�Õ§¡¢��Ô¢Ó � Ô�§�µ¤ ¬!°« ¹§×����«« Ü« ®§Ó � ¢�Ò �« ÿ�§Ó« ¼Þ�§��� �  � �Õ§ ¢�� Ô�¢��¦§ ×¢�Õ  �Ò§���© �  ¢ ÔÕ¢�� � ¢�� Ô�¢��¦§¯Ô ¡¡��¢��¦§ �µ¡ª Ó�« �� Ü« .��ÔÕ�§�¤ §Ò�� �¤ /�) ���0 '*'��'
�� 1'2*��' ('�)��+�'- ��� 3��%�������-¤ ¦ Ó�¡§ ±!4  � �5�"¤ ×¢©§� ²°! 4«�×���©§�¯6§�Ó¢©¤ ¬!!²«³« �« þ�����©« 7�*-�89*�'* ����� ��� 3������'� ()'�*'� ,*�:���« �×���©§�¯6§�Ó¢©¤�§Ô �Ò §Ò��� �¤ ¬!!±«±« ´« ´§���§�« ¥��§���ÔÕ��©§� ��ª§� Ò¢� Ó ©��ÔÕ§ �ÔÕÓ�§;§�« <��)'����-�)'
='��-�)*�0 �¤ ²!»¬�± �¬4¤ 4³ ²¬¤ ¬!²³«

�« >« ��¢�© ¢�Ò �« ¹���� Ö��ÔÕ« ÿ� ¦��© �§���¢�� �¢Ó Ô ¡×Ó§�§�§��  � �Õ§ �§¡×� ¦��© ���¢�§©�§�» ÚÕ§ ��¢��Û���§ �§¡¢���Ô ��§§ ¡§�Õ Ò« ���*��% �0 �)' 3�<¤²°�²�»³³! ³°�¤ ¬!!¬«°« ÿ« � �§��§�« ¨Ó©§ª�¢��ÔÕ§ ��Ò Ó ©�����ÔÕ§ ¥��§���ÔÕ��©§� ��ª§� ��§�§ 6§�ª�¢�Ò§«
()' ���*��% �0 "#�$�%�� �����¤ ¬±���»°¬ ¬4±¤ ¬!³¬«!« « �ÔÕÖ�ÔÕ�§�ª§�©« ÿ�  � �Õ§ �µ» � ¡§ ¢××Ó�Ô¢�� ��  � Ô��¯§Ó�¡��¢�� �« �� >« Ý¢�¯Ö��§¤ §Ò�� �¤ ?���$��@ �0 <��)'������% �����¤ ×¢©§� °±� °!³« A ��Õ¯ ÓÓ¢�Ò¤ ¬!��«¬4« �« ���Ô£§Ó« ¨�� ¡¢�§Ò Ò§Ò�Ô�� � ªµ �Õ§ �µ �§� Ó��� �« �� ¨« > �Õ�¤ §Ò�� �¤ B�)
C��'*�������% ����� ���0 '*'��' �� 3*��D���% C��'%%��'��'¤ ×¢©§� ¬¬°¬ ¬¬°±« � �©¢�
.¢��¡¢��¤ ¬!°³«¬¬« ´« �����Õ« ��������% (*��-0�*������- �� 3%�'$*�E F��:'*-�% 3%�'$*� ��� �����«ÿÕ® �Õ§���¤ �������� ���� ��� �¡¢��£¤ ¥��¦§�����¢� Ò§� �¢¢�Ó¢�Ò§�¤ ¬!!°«¬�« ´« �����Õ« ¨� ¢Ó©§ª�¢  � �§� Ó��� �« �� �« Ý¢ÔÕ¡¢��¤ §Ò�� �¤ 1'2*����� ('�)��+�'-
��� 3��%�������-E GG�) C��'*�������% ���0 '*'��'¤ ¦ Ó�¡§ ¬°²²  � �5�"¤ ×¢©§� �¬ ��°« �×���©§�¯6§�Ó¢©¤ �444«¬²« ´« �����Õ« ®§��¦��© � Ô��§Ò Ô¢ÓÔ�Ó� � � ��¢�����¦§ �§Ó¢�� ��« �� ¨« ��ÒÒ§ÓÒ �×¤ §Ò�¯� �¤ 1'2*����� ('�)��+�'- ��� 3��%�������-E GH�) C��'*�������% ���0 '*'��'¤ ¦ Ó�¡§�4³¬  � �5�"¤ ×¢©§� �!¬ ²4³« �×���©§�¯6§�Ó¢©¤ �44¬«¬« ´« �����Õ« ®§��¦��© � Ô��§Ò Ó¢���Ô§ Ô¢ÓÔ�Ó�« �� �« Ú�� �¤ §Ò�� �¤ 1'2*����� ('�)8
��+�'- ��� 3��%������-E GI�) C��'*�������% ���0 '*'��'¤ ¦ Ó�¡§ �²�°  � �5�"¤×¢©§� °² !�« �×���©§�¯6§�Ó¢©¤ �44�«¬³« ÿÕ«�« ÑÕ��¡¢�« þ�§§ Ó¢���Ô§�« 3��� �0 <��)�¤ ����»²�³ ²²4¤ ¬!¬«¬±« �«Ñ �¤ ´«¹ ª��� �¤ ¢�Ò ®« Ü¢�� �« ¼JÔ�§�Ôµ ¢�Ò Ô ¡×Ó§�§�§��  � �Õ§ �§�  � ��×¯× �� ���¢�§© �� �Õ§ �§¡ ×� ¦��©« �� �0 �)' 3--�������� 0�* ��������� <��)��'*#¤¬�»³²± ³¬¤ ¬!±³«

qr


	Deriving Tableau-Based Solutions to Lattice Word Problems 

