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�9Kn¤GH�9BWVHB¥T'Kd�UKNF0S^J[cdVaD)F0B¥F0B'�¦DG0B��§D)JE�¨GH�[B4J©M¦KsT'�[V�K)JªGH�9B¡CRF0KN�9��B'I�KNM��RB'g
TWS��RS^J[c�S^M>D)J�SUJRC9�RGZc)F&D)CR�

G
�EDNV�D)J

(H, {0}, {1, 2, . . .})
gQT'Kd�UKNF0S^J[cR��« �9S�V

H
g

¬®�¯m�° A �± OQf��w«	O  f²CRF0KN�[�UB'I³SUV�Vj�9Kn®J�G0K��<BaJ9K¥B�D)VHS�B'F�GH�[D)J�GH�[B
H
g

¬®L´�µP° CRF0KN�[�UB'I¶DJE�
NP

gQT'KNI,C9��B'G0B>M@KNFw\ND)F0SUKN�9V�SUJR�9J[S^G0B T'�¦D)VHVHBWVPKNM<cNF&DC9�9VW�

· ¸R¹Zº[»�¼�½+¾�¿mºEÀ0¼L¹

ÁP$%
H Â $�1�Ã<ÄE$N7!.&-@Å�Æ<?@$�Ç6(W13Æ<È�É�-¦%4È k Ê $)(4%4-/Ë$d. V (H) = {h1, h2, . . . , hk} Ì 162�7�?¦$)%

σ
162�7
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σ
-�Ï

i = j
ρ

-�Ï
hihj ∈ E(H)

{0}
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-@2

G
132e7

E(H)
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(H ′, σ′, ρ′)
àjË)Î6?@Î6('-@2<ÇR.

-¦2
H Ì É�$,Ã�(W.0%;7E$)Ã�2<$ Ì Ï�Î6(�%0É�Î¥2�Î62Eàj$)Å�ÆE% Ý .4$%W.�Î3Ï 2�1s%'Í<('16?�2[Í<Å Â $)(W. Ì A 162�7

B

A ⊕ B
def
= {a + b : a ∈ A, b ∈ B}

A ⊗ B
def
= {b1 + · · · + ba : a ∈ A, bi ∈ B}

∀B : {0} ⊗ B
def
= {0}

Ð
�������LK

∀A ∈ {{0}, {1}, {0, 1}, IN, IN+} : A ⊗ A = A $
�+-@$)É�$N7,16.w1�(4$N?/1s%4-@ÎR2+Î62�ÇR('16Æ<È�.

(H, σ, ρ)
àHËÎR?@Î6('-¦2�Ç�$)ÄEÈ<- Â -¦%'.m%4(W132e.&-¦%4- Ê $>Æ<('Î6Æm$)(4%4-@$d.Ï�Î6(�Ë$N(&%W13-@2 Ê 13?@Í<$N.�Î3Ï σ

132e7
ρ
Ð ��Î6(¥%4È�$N.4$ Ê 13?@Í<$d. (H, σ, ρ)

àjË)Î6?@Î6(W1 Â -@?@-¦% Ý Î3Ï G
132�7

(H ′, σ, ρ)
àHËÎR?@Î6(W1 Â -@?@-¦% Ý Î3Ï H

É�-@?@?�-@Å�Æ<? Ý (H ′, σ, ρ)
àjË)Î6?@Î6(W1 Â -@?@- Ý Î3Ï G

Ð[Ñ�$+Ã�(W.&%�.&%'13%4$�1
Å�Î6('$�ÇR$)2<$N('16?m('$N.4Í<?¦%)Ð
MON1PRQTS3PVU ��WO@ �O�¡Ù3Ö+�0� � G ×�� (H, σ, ρ) Ò&Ó'Ô3Õ�Ô]Ö0� 4 Õ +/ �]Ø�7 H ×�� (H ′, σ′, ρ′) Ò&ÓWÔsÕ�ÔsÖ+� 4 Õ 0/���� Ø G ×�� (H ′, σ ⊕ (σ′ ⊗ ρ), ρ′ ⊗ ρ) Ò&Ó'Ô3Õ�Ô]Ö0� 4 Õ  $
X Ö'ÔdÔ��-$ ÁP$%�%'È<$�Ï�Í<2�Ë%4-@Î62�. f : V (G) → V (H)

132�7
g : V (H) → V (H ′) Â $!%4È�$

(H, σ, ρ)
àjË)Î6?@Î6('-@2<ÇxÎ3Ï

G
132�7¨%4È<$

(H ′, σ′, ρ′)
àHËÎR?@Î6('-¦2�Ç�Î6Ï

H Ì ('$N.4Æe$dË�%'- Ê $)? Ý ÐEÑ�$�.4È<ÎsÉ%4È�13%
f
ËÎRÅ�ÆeÎ9.&$d7�É�-¦%'È

g
-/.L132

(H ′, σ⊕ (σ′⊗ρ), ρ′⊗ρ)
àHËÎR?@Î6('-¦2�Ç�Î6Ï

G
Ð��<ÎR( Ê $N(&%'-/Ë$N.

v′, u′ ∈ V (H ′)
É�$x?@$%

V ′
H = {w ∈ V (H) : g(w) = v′}

162�7
U ′

H = {w ∈ V (H) :
g(w) = u′} Ì 162�7x?@$% V ′

G = {v ∈ V (G) : f(v) ∈ V ′
H}

162�7
U ′

G = {v ∈ V (G) : f(v) ∈
U ′

H}
Ð+��Î6(¡162 Ý©Ê $N(&%'$Ä v ∈ V (G)

ÉZ$ÜÉ�162R%¡%4Î©Ë)Î6Í<29%�%'È<$52[Í<Å Â $N(�Î3Ï�2<$N-¦ÇRÈ Â ÎR('.,Î6Ï
v
Å516Æ<Æm$N7¨%'Î�1 Ê $N(&%'$Ä u′ ∈ V (H ′) Ì É�È<-/ËWÈ§-/. |NG(v) ∩ U ′

G|
Ð�Ñ�$x16.'.&Í<Å�$�É�-¦%4È<ÎRÍE%

?¦Î9.4.�Î6Ï ÇR$)2<$N('16?¦-¦% Ý %4È�13% v ∈ V ′
G

Ðe=�È<$N(4$�13('$a%4È<('$)$�ËN16.4$N.�%'ÎxË)Î62�.4-/7E$)(ZY
v′ = u′ Ì v′u′ ∈

E(H ′) Ì 132�7 v′u′ /∈ E(H ′)
Ð

åjÏ
v′ = u′ %4È<$N2 V ′

G = U ′
G Ì 132�7ª%'È<$�2[Í<Å Â $)(,Î6Ï�2<$N-@Ç6È Â ÎR('.aÎ6Ï v

Å516Æ<Æe$d7§%'Î
u′ËÎ62e.&-/.&%'.®Î6Ï®Ú�-�Û %4È<$�2[Í<Å Â $)(hÎ3ÏP2<$N-¦ÇRÈ Â ÎR('.	Î6Ï v Å513Æ�Æe$d7¥%4Î f(v)

Æ<?@Í�.+Ú�-@-�Û %4È<$+29Í�Å Â $)(Î3ÏP2<$N-¦ÇRÈ Â ÎR('.®Î6Ï v
Å516Æ<Æm$N7¥%4Î�$N1RËWÈ Ê $)(4%4$)Ä¥-@2 NH(f(v))∩U ′

H

Ð<ê[-@2�Ë$
|NG(v)∩{u ∈

V (G) : f(u) = f(v)}| ∈ σ Ì É�$�È�1 Ê $©%4È�13%�Ú�-/Û5-/.�162¶$)?@$)Å�$N29%&àjÎ3Ï/à
σ
Ð�:;2�7�.&-@2�Ë)$

|NH(f(v))∩U ′
H | ∈ σ′ Ì 162�7xÏ�ÎR(�162 Ý w ∈ NH(f(v))

ÉZ$�È�1 Ê $ |NG(v)∩ {u ∈ V (G) :
f(u) = w}| ∈ ρ

.4Î¥%4È�13%¡Ú�-@-�ÛL-/.�%4È�$�.&Í<Å Î3Ï	.&ÎRÅ�$�$N?¦$NÅ�$)29%&àjÎ3Ï/à
σ′ %'$)('Å5.ZÏ�(4ÎRÅ ρ

Ðm=�È<-/.
Ç6- Ê $d. |NG(v) ∩ U ′

G| ∈ σ ⊕ (σ′ ⊗ ρ)
Ï�Î6(

v′ = u′ ÐåjÏ
v′u′ ∈ E(H ′)

%4È�$�2[Í<Å Â $N(+Î6ÏL2<$)-@Ç6È Â Î6(W.�Î3Ï v
Å513Æ<Æm$N7¨%4Î

u′ ËÎR2�.&-/.&%'.;.4-@Å�Æ<? ÝÎ3Ï¡Æ�16(&% Ú�-@-�Û51 Â Î Ê $©-`Ð $3Ð�%4È<$�2[Í<Å Â $N(�Î6Ï�2<$N-¦ÇRÈ Â ÎR('.ÜÎ3Ï v
Å516Æ<Æe$d7²%4Î²$d16ËWÈ Ê $)(4%4$Ä-¦2

U ′
H

ÐhÑ�$§2<ÎsÉ�È�1 Ê $ |NH(f(v)) ∩ U ′
H | ∈ ρ′ Ì 162�7 Ï�Î6(�132 Ý w ∈ NH(f(v))

ÉZ$



È�1 Ê $��NG(v) ∩ {u ∈ V (G) : f(u) = w}| ∈ ρ
Ð =�È[Í�.

|NG(v) ∩ U ′
G| ∈ ρ′ ⊗ ρ

Ï�Î6(
v′u′ ∈ E(H ′)

Ð
åjÏ

v′u′ /∈ E(H ′)
%'È<$�2[Í<Å Â $N(�Î6Ï>2<$N-@Ç6È Â ÎR('.�Î6Ï v

Å513Æ�Æe$d75%'Î
u′ -/. � Ð ut

=�È<$¡Ï�ÎR?@?¦ÎsÉ�-@2<Ç�('$N.4Í<?¦%�É�È�-@ËWÈ©Ï�Î6?@?@ÎsÉ;.�Ï�('Î6Å =�È<$NÎ6('$)Å 
 132�7 ��1RË�% �EÌ .4È<ÎsÉ;.�%4È�13%
(H, σ, ρ)

àjË)Î6?@Î6('-@2<Ç�-/.Z1¡%4(W132e.&-¦%4- Ê $�(4$N?@13%4-@Î62xÎR2ÜÇ6(W13Æ�È�.LÏ�ÎR(�Ë)$)(4%'16-¦2 Ê 16?@Í<$N.hÎ3Ï σ
132�7

ρ
Ð

� QTS3Q���� � S�� ��W<@ � G ×�� (H, σ, ρ) Ò&ÓWÔsÕ¦Ô]Ö+� 4 Õ  �]ØI7 H ×�� (H ′, σ, ρ) Ò&ÓWÔ3Õ�Ô]Ö+� 4 Õ +/	� × ��� σ =
{0} �]Ø�7 ρ ∈ {{0}, {1}, {0, 1}, IN, IN+}

/ Ô]Ö σ = ρ = IN
/O�)�� Ø G ×�� (H ′, σ, ρ) Ò

Ó'Ô3Õ�Ô]Ö0� 4 Õ  $
�<('Î6Å %4È<-/.�-¦%ÜÏ�Î6?@?@ÎsÉ;.x%'È�1s%

H
àHËÎ6?@ÎR(4-@2<Ç Ì H

àjË)Î Ê $N(4-@2<Ç Ì H
à`Æe13(4%4-/13?aËÎ Ê $N(4-@2<Ç 162�7

H
àjË)Î6?@Î6(W7EÎRÅ�-¦2e1s%4-@Î32 16(4$¨13?@?�%'('162�.&-¦%'- Ê $Ü('$)?/1s%'-@Î62�.�Î62²Ç6(W13Æ�È�.Ð®åH2²%'È<$!Ï�Î6?@?@ÎsÉ�-@2<Ç§É�$ËÎ62e.&-/7E$N(�È�ÎsÉ

(H, σ, ρ)
àHËÎ6?@ÎR(4-@2<Ç9.hÎ6Ï

G
-@29%4$N('1RË�%�É�-¦%4È

(σ′, ρ′)
àH.&$)%'.�-@2

H
Ð

MON1PRQTS3PVU >IWO@ �5��Ù6Ö+�0� � G
� �#�5�sØ (H, σ, ρ) Ò&Ó'Ô3Õ�Ô]Ö�×/Ø[ÙL�]Ø�7 S ×��5� (σ′, ρ′) ÒC�  � ×/Ø H

/
���� Ø S′ = {v ∈ V (G) : f(v) ∈ S} ×�� � (σ ⊕ (σ′ ⊗ ρ), ρ′ ⊗ ρ) ÒC� �� ×/Ø G $
X Ö'ÔdÔ��-$ �<Î6(�.4Æ�16Ë)$!(4$d16.4Î62�.�ÉZ$�Î62�? Ý .4á6$)%'ËWÈ¢%4È<$!Æ<('Î[Î3Ï Ì 16.x-¦%x-@.x.4-@Å�-¦?/16(,%4Î�%4È�13%�Î3Ï=�È<$)ÎR(4$NÅ 
 Ðdè;$N(4$hÉZ$LÉ�1329%P%'Î+ËÎRÍ<29%P%4È�$h2[Í<Å Â $N(PÎ3Ï<2<$N-@Ç6È Â ÎR('.�Î6Ï<132¡16( Â -¦%'('16( Ý�Ê $)(4%4$Ä
v ∈ V (G)

Å513Æ<Æm$N7�%4Î�1 Ê $N(&%'$Ä�-¦2 S Ì É�È<-/ËWÈ!-/. |NG(v) ∩ {u ∈ V (G) : f(u) ∈ S}|
Ð

=�È<$)('$¡13('$�%0É�Î�ËN16.4$N.�%'Î�ËÎR2�.4-@7<$)(ZY
v ∈ S′ 162�7 v /∈ S′ Ð�=�È<$¥13('Ç6Í<Å�$N2R%�Ï�ÎR(+%'È<$�Ã�(W.&%Ë)16.4$�-/.+.4-@Å�-@?@16(�%4Î�%'È<$¥16(4ÇRÍ<Å�$)29%�Ï�ÎR(;%4È�$¥ËN16.4$

v′ = u′ -@2!%4È�$�Æ<('Î[Î3Ï®Î3Ïh=�È�$)Î6('$)Å 
3Ì132�7Ü%4È<$�16(4ÇRÍ<Å�$)29%�Ï�Î6(�%'È<$�.&$dËÎR2�7�ËN16.4$a.4-@Å�-@?@16(®%4Îx%'È�1s%�Î6Ï>%'È<$�Ë)1R.&$
v′u′ ∈ V (H ′)

Ð
ut

ÁP$%�Í�.�1R.4.4Í<Å�$�%4È�13%51ªÇR('16Æ<È
G
-/.

(H, σ, ρ)
àjË)Î6?@Î6(W1 Â ?@$6Ð	=�È<$�Ï�ÎR?¦?@ÎsÉ�-@2<Ç¨('$N.4Í<?¦% ÌÉ�È<-/ËWÈ¢Ï�ÎR?¦?@ÎsÉ;.�Ï�('Î6Å =�È�$)Î6('$)Å � 132�7 �e16Ë�% �<Ì .4È<ÎsÉ;.x%4Èe1s%Ü1 (σ, ρ)

àj.4$%�-¦2
H

É�-@?@?
-¦2e7EÍ�Ë$�1

(σ, ρ)
àj.4$%;-@2

G Ì Ï�Î6(;Ë)$)(4%'13-@2 Ê 16?@Í<$N.�Î3Ï σ
162�7

ρ
Ð

� QTS3Q���� � S�� >IW<@ � G ×�� (H, σ, ρ %sÒ&ÓWÔsÕ�ÔsÖ+� 4 Õ 0/
� × �)� σ = {0} �]ØI7 ρ ∈ {{0}, {1}, {0, 1},
IN , IN+}

/ Ô]Ö σ = ρ = IN
/B�)�� Ø�� (σ, ρ) ÒC� �� ×/Ø H

� ×�Õ/ÕP×/ØI7 G Ó  � (σ, ρ) ÒC� �� ×/Ø G $
Ñ�$,Î Â .&$N( Ê $+%'È�1s%�âZÎ6('Î6?@?/13( Ý � È<ÎR?/7<.ZÏ�Î6(;.4Î6Å�$+Î6Ï>%'È<$,Å�ÎR.&%�Ë)Î6Å�Å�ÎR2 Ê 13('-@1629%'.ZÎ3Ï

(σ, ρ)
àH.&$)%'. Ì .&Í�ËWÈ51R.hÆm$)(4Ï�$NË%�Ë)Î[7<$N. Ì � àjÆ�1RËWá9-@2<Ç9. Ì -@2�7<$)Æm$)2�7E$N29%�.4$%'. Ì 162�7�-@2�7E$NÆe$N2�7E$N2R%7EÎ6Å�-@2�13%4-@2<Ç¡.4$%W. Ì 1R.�7E$Ã�2�$N7�-@2Ü%'È<$�-@2R%'(4ÎE7EÍeË�%4-@ÎR2�Ð

� ��	&��ª¼������ &���ÀHº�� ¼��
H �

� !�� !��! !�" ¸$#&%'�©¸ !(#
=�È<$hËÎRÅ�Æ<?@$ÄE-¦% Ý Î3Ï<7E$dË-/7E-@2<Ç�-�Ï<162�13( Â -¦%4(W13( Ý -¦2�Æ<ÍE%PÇ6(W13Æ�È G

Èe16.P162
(H, σ, ρ)

àjË)Î6?@Î6('-@2<Ç
É�-¦?@?<7E$NÆe$N2�7xÎ62¥%'È<$�%4È�(4$N$�Ã<ÄE$N7 Ê 13?@Í<$N. H Ì σ Ì 162�7 ρ

ÐR:�.LÅ�$N2R%'-@Î62<$d7�-@2¥%4È<$;-@29%4('ÎE7EÍ�Ëà
%4-@Î62 Ì Ï�Î6( Ê 13?@Í<$d.�Î3Ï σ 132�7 ρ

%'È�1s%>16(4-/.4$ Ï�(4ÎRÅ -@2�7E$NÆe$N2�7E$)29%w.4$%W.LÚ
σ = {0}, ρ = IN

Û Ì Æm$)(4àÏ�$NË�%�ËÎE7E$d.;Ú
σ = {0}, ρ = {1}

Û Ì 132�7 � à`Æ�1RËWá[-¦2�ÇR.�Ú σ = {0}, ρ = {0, 1}
Ûw%'È<$�Ë)Î6Å�Æ<?@$Ä[à

-�% Ý Î3Ï�%4È�$�ËÎR(4('$N.4ÆmÎ62�7E-@2<Ç (H, σ, ρ)
àjÆ<('Î Â ?@$)Å5. Ì ('$N.4Æe$dË�%4- Ê $)? Ý 2�13Å�$d7 H

à0â�ãaÁ	ãaä�å0æ�ç Ì
H
à0â�ã��	�Zä Ì 132�7 H

àj#�:+ä	=�å0:+Á¢â�ã��	�Zä Ì È�1 Ê $ Â $)$N2�-@2 Ê $d.0%'-@ÇR1s%'$N7¥Ï�ÎR( Ê 16( Ý -@2<Ç H
Ð

ê[$ Ê $)(W13?sÎ3Ï9%4È�$ (σ, ρ)
àH.4$%'.P%4È�13%wÈ�1 Ê $ Â $)$N2�.0%'Í�7E-@$N7a-@2�%4È<$L?@-¦%4$N('13%4Í<('$ È�1 Ê $ σ 6= {0} Ì

Â ÍE%hÈ<$N(4$�É�$;ËÎR2R%'-@29Í�$Z%'È<$;.4$%&%'-@2<ÇaÏ�(4ÎRÅ %4È�$;13?@(4$d167 Ý .&%4Íe7E-@$N7 (H, σ, ρ)
àjË)Î6?@Î6('-@2<ÇR. 132e7



Ï�Î[Ë)Í�.�Î62 %'È<$�ËN16.4$
σ = {0}

Ð>=�È<$�Å�ÎR.&%¡2�1s%'Í<(W13?
(H, {0}, ρ)

à`Æ<('Î Â ?¦$NÅ�%4Èe1s%¡%'Î©ÎRÍ<(
á92�ÎsÉ�?¦$d7EÇ6$�È�16.a2<Î6% Â $N$)2�.0%'Í�7E-@$N7©-¦2�Ç6$N2<$)(W13? Ì -@.aÅ51 Ý[Â $�%4È�$5Ë)16.4$¥É�È<$)('$ ρ = IN+ ÐåH2 %4È<-/.�.&$dË�%4-@ÎR2�É�$�%'È<$)('$Ï�ÎR(4$�-@2<-¦%4-/13%4$¥%4È<$�-@2 Ê $N.&%4-@ÇR13%4-@Î62©Î3Ï�%4È<$�ËÎRÅ�Æ<?@$ÄE-¦% Ý Î3Ï�%4È�$
(H, σ, ρ)

àjË)Î6?@Î6('-@2<Ç!Æ<('Î Â ?@$)Å %4Èe1s%�13('-@.4$N.�Ï�(4ÎRÅ -@2�7<$)Æm$)2�7E$N29%¥7EÎRÅ�-¦2e1s%4-@2<Ç¨.4$%W.�Ú
σ =

{0}, ρ = IN+ ÛWÐ�Ñ�$�ËN13?@?m%4È<-/.�%4È�$ H
à0â�ãaÁ	ãaä���ãaé¨å0æ+:®=�å4ãaæ�Æ<('Î Â ?@$)Å!ÐÑ�$¡.4È<ÎsÉ�%4È�13%

H
à&â�ãaÁ ãaä	�,ãaé¨å0æ�:®=�å4ãaæ -/.�2<Î�$N1R.&-@$N(�%4È�162

H
à0â�ã��	�Zä Ì 162�713?/.&Î�Æ<('$N.4$)29%�Ë)Î6Å�Æ<?@$)Ä[-¦% Ý (4$d.&Í<?¦%W.§Ï�ÎR(

H
à0â�ãaÁ	ãaä���ãaé¨å0æ+:®=�å4ãaæ Ï�Î6(�Ë?/1R.4.4$N.©Î3Ï

Ç6(W13Æ<È�.>Ï�ÎR( É�È�-@ËWÈ
H
à&â�ã����hä¢-/. -@2

P
ÐsÑ�$�É�-@?¦?9-@2�%'È<$�Ï�Î6?@?@ÎsÉ�-@2<Ç;ËÎR2�.&-/7E$N(w%'È<$�Ç6(W13Æ<Èe.

%4Î Â $�Ë)Î62<2�$NË�%'$N7 Ì 132�7�É�-¦%4È<ÎRÍE%�?¦Î[ÎRÆ�.ÐÑ�$	Ã�(W.&%wÅ�$)29%4-@ÎR2;%4È�$®Ï�Î6?@?@ÎsÉ�-@2<ÇL('$N.4Í<?¦%�ÎR2�Ë?@-/ì9Í<$N.
Kk

É�È<-/ËWÈ Ì 16? Â $)-¦%�É�-¦%4È�7E-���$)('$)29%%4$)('Å�-@2<Î6?@ÎRÇ Ý3Ì Ë)132 Â $,Ï�Î6Í<2�7�-@2 � � � ÐMON1PRQTS3PVU K�W � � ���>Ô]Ö  �  Ö 9 k ≥ 3
�)��

Kk Ò����	����
���	� @�� & 	I@ � � �mÖ'Ô 4 Õ  , ×��
NP Ò&Ó'Ô , ��Õ ��C $
K�W � � Q�� ����� PVS � N ���

H � ����� � �=�È<$ 7  Ù3Ö + ���sÖ � × � ×QÔ]Ø Î3Ï�1©ÇR('16Æ<È
G
-/.¡%'È<$!Æ�13(4%4-¦%'-¦ÎR2�Î3Ïa-¦%'. Ê $N(&%'-@Ë)$N. Ì V (G) Ì -¦29%'Î%4È<$�Å�-¦2�-¦Å¥Í<Å 2[Í<Å Â $)(;Î6Ï Â ?@Î[ËWáE. BG = {B1(G), . . . , Bk(G)} Ì Ï�Î6(aÉ�È<-/ËWÈ�%4È<$N(4$¥13('$ËÎ62e.0%W1329%'.

rij

.4Í�ËWÈ§%'È�1s%aÏ�Î6(a$N1RËWÈ
i, j(1 ≤ i, j ≤ k)

$N1RËWÈ Ê $N(&%'$Ä¨-@2 Bi

-/.�1R7dë416Ë)$)29%
%4Î¥$Ä<16Ë%4? Ý rij Ê $)(4%4-/Ë)$N.L-@2 Bj

Ð��<Î6(�1�Ç6- Ê $N2¥ÎR('7<$)('-¦2�Ç�Î3Ï>7E$NÇ6('$)$�Æ�13(4%4-¦%4-@ÎR2 Â ?¦ÎEËWáE. Ì %4È�$
k × k

Å51s%4('-¦Ä
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ū Ì ÎEË)Ë)Í<(�-@2 .&ÎRÅ�$Ë?/13Í�.4$ Ì Î3%'È<$)('É�-/.&$�Ï�ÎR(Z$d16ËWÈ5?@-¦%4$N('16?E%4È�13%�7<Î9$d.h2�Î3%�Î[ËNËÍ<( Ì ÉZ$+Ã�2�7Ü1�Ë?/13Íe.&$;É�È�$)('$;%4È�$Î6Æ<ÆmÎR.4-¦%4$�?¦-¦%'$)(W13?6ÎEËNËÍ<(W. Ì 162�7�1R7<7¡1,Ë)Î6Æ Ý Î3Ïe%4È<-/.	Ë?/13Íe.&$ZÉ�-�%'È¥16?@?R?@-¦%4$N('16?@.P2<$)Ç91s%4$d7�ÐsÑ�$ËÎ62e.0%'(4Í�Ë%¡1 Â -@Æ�13(4%4-¦%'$¥ÇR('16Æ<È G
É�È�-@ËWÈ�É�-@?@?®È�1 Ê $�1 (Ck, {0}, IN+)

àHËÎR?¦ÎR(4-@2<Ç�-¦Ï�162�7
Î62<? Ý -�Ïw%4È<$ Ê 13('-@1 Â ?@$N.®Î6Ï U

ËN132 Â $�16.'.&-@Ç62�$N7 Ê 13?@Í<$N.�=�ä 	��íÎ6( �E:+Á>ê�� Ì .&ÍeËWÈ�%4È�13%�16?@?Ë?/13Í�.4$N.Z-@2
C
È�1 Ê $a13%�?@$d16.&%�ÎR2<$,?¦-¦%'$)(W13?e%4È�13%�-/.�=�ä 	�� 162�7ÜÎR2<$a%4È�13%�-@. �E:�Á>ê ��Ð �<ÎR(

$N16ËWÈ Ê 16(4-/1 Â ?@$ u
%'È<$)('$�-/.�1 Ê 13('-/1 Â ?@$,ÇR1R7EÇ6$)% Ì P (u)

3 Ì É�-�%'È§?@-¦%4$)(W13? Ê $N(&%'-@Ë)$N. vu

162�7
vū16.�%4È�$�$)2�7EÆmÎ6-@29%'. Ì 132�7�1xË$N2R%'$)( Ê $)(4%4$Ä vuū

Ð)��Î6(�$N1RËWÈ�Ë)?/13Í�.4$
c
%4È�$)('$a-/.�1 Ê $N(&%'$Ä vcÉ�-�%'È§$N7<Ç6$N.+%4Î�%4È�$�?@-¦%4$N('16? Ê $N(&%'-@Ë)$N.;Ë)Î6('(4$d.&ÆmÎ62e7E-@2<Çx%4Î�%4È<$¥?@-¦%4$)(W13?/.�ÎEË)Ë)Í<('(4-@2<Ç�-@2¨%'È<-/.Ë?/13Í�.4$3Ð

ÁP$%
T Â $¥1 Ê 13?@-/7�%4('ÍE%4È�16.'.&-@Ç62�Å�$)29%ZÏ�ÎR(+%'È<$�æ�:��Zê<:®=¤-@2�.0%W132�Ë)$ Ì 132�7¨?/1 Â $N?P%4È�$

Ê $)(4%4-/Ë)$N.�Î6Ï C4 A Ì B Ì C Ì 162�7 D Ì Ï�Î6?@?@ÎsÉ�-@2<Ç�%4È<$�Ë Ý Ë?@$3Ð>Ñ�$�7E$Ãe2<$�1¨Å516Æ<Æ<-@2<Ç f :
V (G) → {A, B, C, D}

ÇR- Ê -@2<Ç�1 (C4, {0}, IN
+)
àHËÎR?@Î6('-¦2�Ç¥Î6Ï

G
ÐPÁP$%

f(vc) = A Ì Ï�Î6(13?@?
vc

Ð	:+2�7 ?@$%
f(vu) = B

-¦Ï
T (u) =

=�ä 		� Î6(
f(vu) = D

-¦Ï
T (u) =

�E:+Á>ê�� ÌÏ�Î6(;13?@?�?@-¦%4$N('16? Ê $)(4%4-/Ë$d. vu

132�7
vū

ÐeÁP$)%
f(uuū) = C Ì Ï�ÎR(+13?@? Ê 13('-@1 Â ?@$ Ê $)(4%4-/Ë$d.Ð�ê[-@2�Ë)$13?@? Ë)?/13Í�.4$N.�Èe1 Ê $�13%a?@$d16.&%+Î62<$�?@-�%'$)(W13?w.4$%a%4Î!=�ä 	�� 132�7©Î62<$¥.&$)%�%'Î �E:�Á>ê � Ì f -/.�1

(C4, {0}, IN+)
àjË)Î6?@Î6('-@2<Ç�Î6Ï

G
Ð

�<Î6(�%4È<$5Î6%4È<$N(¡7E-@('$NË�%'-@Î62©Î6Ï�%4È<$5Æ�(4Î[Î3Ï�É�$516.'.&Í<Å�$
f
-/.�1 Ê 13?@-/7 (C4, {0}, IN+)

à
ËÎ6?@ÎR(4-@2<ÇaÎ3Ï

G
ÐE:�Ë)?/13Í�.4$ Ê $N(&%'$Ä vc

-/.hÅ513Æ<Æm$N7¥%'Î�1 Ê $)(4%4$ÄxÎ3Ï C4 Ì ËN13?@?E%'È<-/. Ê $)(4%4$Ä A
Ð



=�È<-/.LÏ�ÎR('Ë)$N.h%4È<$a?@-�%'$)(W13? Ê $)(4%4-/Ë$d.®%'Î Â $�Å516Æ<Æm$N7�%'Î B
Î6(

C Ì -¦2�.&Í�ËWÈ�1�É�1 Ý %4È�13%�-¦Ï vu-@.�Å516Æ<Æe$d7�%'Î
B Ì %4È<$N2 vū

-/.ZÅ513Æ<Æm$N75%4Î
C
Ð�=�È<$,Î3%'È<$)(�Ë)?@16Í�.4$ Ê $N(&%'-/Ë$N.Z13('$�Å516Æ<Æm$N7%4Î�$)-¦%4È<$N(

A
Î6(

D Ì�Â ÍE%�-@2 Â Î3%4È�Ë)1R.&$d.�%4È�$�?@-¦%4$N('16? Ê $N(&%'-/Ë$N.+13('$¡Å513Æ�Æe$d7!%4Î B
ÎR(

C
Ð

ê[-@2�Ë$
f
-/.�1 Ê 13?@-/7 (C4, {0}, IN+)

àHËÎ6?@ÎR(4-@2<Çx$N1RËWÈ©Ë?/16Í�.&$ Ê $N(&%'$Ä¨Å�Íe.0%aÈ�1 Ê $¥1s%,?¦$d16.&%Î62<$�2<$N-@Ç6È Â ÎR(�-¦2!$d16ËWÈ�Î3Ï B
132�7

C
Ð<Ñ�$¡7E$)Ã�2<$¡1 Ê 13?@-/75%'(4Í<%4È¨16.'.&-@ÇR2<Å�$)29% T

Ï�ÎR(�%4È<$
æ+:���êE:®=¶-@2�.&%'162�Ë$ Â[Ý %'16á[-¦2�Ç T (u) =

=�ä 		�¢-¦Ï
f(vu) = B Ì 132�7 T (u) =

�E:�Á>ê � -¦Ï
f(vu) = C

Ð
ut

� PRU�U � � W 	���
(C2k , {0}, IN+) Ò&ÓWÔsÕ�ÔsÖ�×/Ø9Ù �eÖWÔ 4 Õ -, ×�� NP Ò&ÓWÔ , �mÕ ��C × � �)��

(Ck , {0}, IN+) Ò&Ó'Ô3Õ�Ô]Ö�×/Ø[Ù �eÖ'Ô 4 Õ  , ×�� NP Ò&ÓWÔ , �mÕ  �D $
X Ö'ÔdÔ��-$ ça- Ê $)2!1¥Ç6(W13Æ<È G

É�$�ËÎR2�.0%'(4ÍeË�%+1¥Ç6(W13Æ<È
G′ É�È<-/ËWÈ�É�-@?¦? Â $ (C2k , {0}, IN+)

à
ËÎ6?@ÎR('1 Â ?@$L-¦Ïe132�7¥ÎR2<? Ý -¦Ï G -/.

(Ck , {0}, IN+)
àjË)Î6?@Î6(W1 Â ?¦$ Ì)Â[Ý .4Í Â 7<- Ê -/7E-@2<Ça13?@?9%4È<$�$d7EÇ6$d.Î3Ï

G
ÎR2�Ë$6Ð

ut

K�W�K �A��� N �
ÁP$%

Pk

7E$N2<Î3%'$�1�Æe1s%4È!É�-¦%4È
k Ê $N(&%'-/Ë$N.�162�7 k − 1

$N7EÇR$N.)ÐEÑ�$,Ãe('.&%;?@Î9ÎRá51s%�%'È<$¡Ë)1R.&$
k = 2

132e7!Î Â .4$)( Ê $,%'È�1s%�%4È<$ (P2, {0}, IN+)
àjË)Î6?@Î6('-@2<Ç�Æ�(4Î Â ?@$)Å -/.�$d16.4-@? Ý .4Î6? Ê 1 Â ?¦$,-@2ÆeÎR? Ý 2<ÎRÅ�-/13?<%'-@Å�$3Ð

��� � PVS�� � ��� Q � � & Ù3Ö+�0� � G
� �#�'� (P2, {0}, IN+) Ò&ÓWÔsÕ¦Ô]Ö�×/Ø9Ù¨× �!�]Ø�7!Ô]ØeÕ 9 × ��× � ×�� 4 ×�Ò

���sÖ � × �D $
�<Î6(

k ≥ 3
%'È<$�.&-¦%'Í�1s%'-¦ÎR2¨-/.a7<- ��$)('$)29%NÐeÑ�$�.&È<ÎsÉ %4È<$¥Ï�Î6?@?@ÎsÉ�-@2<Çx(4$d.&Í�?�%�Ï�Î6(,Æ�13%4È�.

Pk

Y
MON1PRQTS3PVU�� W �wÔsÖ  �  Ö 9 k ≥ 3

�)��
Pk Ò�� �	� � 
 � �	� @ � & 	I@ � � �eÖWÔ 4 Õ -, ×�� NP Ò

Ó'Ô , ��Õ ��C $
=�È<$,(4$d.&Í<?¦%�É�-@?¦?mÏ�ÎR?¦?@ÎsÉ²Ï�('Î6Å³Ï�ÎRÍ<(�?@$)Å�Å513%'1EÐ

� PRU�U � � W 	���
(P3, {0}, IN+) Ò&ÓWÔ3Õ�Ô]Ö�×/Ø[ÙO�mÖ'Ô 4 Õ  , ×�� NP Ò&ÓWÔ , �mÕ  �D $

X Ö'ÔdÔ��-$ =�È<$�('$N7<Í�Ë�%'-¦ÎR2�-/.LÏ�('Î6Å³æ+:	�ZêE:®=,Ð<Áw$%
U Â $�%4È�$,.4$%�Î3Ï Ê 16(4-/1 Â ?¦$d.®132�7 C

%4È<$
.&$)%	Î6Ï�Ë)?/13Í�.4$N.)ÐNÑ�$;ËÎR2�.&%4('Í�Ë�%L1 Â -@Æ�13(4%4-¦%'$hÇ6(W13Æ�È G

É�È<-/ËWÈ¡É�-@?@?9Èe1 Ê $�1 (P3, {0}, IN+)
à

ËÎ6?@ÎR(4-@2<Ç�-¦Ï�132e7�Î62�? Ý -¦Ï<%'È<$ Ê 16(4-/1 Â ?@$N.�Î3Ï U ËN132 Â $�16.'.&-@Ç62�$N7 Ê 13?@Í<$d.>=�ä 	���Î6( �E:+Á ê � Ì.&Í�ËWÈ©%4È�13%�13?@? Ë)?/13Í�.4$N.+Î3Ï
C
È�1 Ê $x1s%,?@$N16.&%�ÎR2<$¥?¦-¦%'$)(W13?P%'È�1s%,-/.,=�ä 		� 162�7§ÎR2<$�%4È�13%

-@. �E:+Á ê ��Ð��<Î6(�$N1RËWÈ Ê 16(4-/1 Â ?@$ u
%4È�$)('$§-/.Ü1 Ê 13('-/1 Â ?@$!ÇR1R7EÇ6$)% Ì P3

(u) Ì É�-¦%4È ?¦-¦%'$)(W13?
Ê $)(4%4-/Ë)$N. vu

132�7
vū

16.�%4È<$�$)2�7EÆmÎ6-@29%'. Ì 162�7 1§Ë)$)29%4$N( Ê $N(&%'$Ä vuū

Ð �<Î6(�$N1RËWÈ�Ë?/13Í�.4$
c
%4È<$N(4$¨-/.�1 Ê $)(4%4$Ä vc

É�-¦%4È²$d7EÇ6$d.x%4Î�%'È<$§?@-¦%4$)(W13? Ê $)(4%4-/Ë$d.�ËÎ6('('$N.4ÆeÎR2�7E-@2<Ç§%'Î %4È�$?¦-¦%'$)(W13?/.�Î[ËNËÍ<('('-¦2�Ç¥-@2!%'È<-/.+Ë?/16Í�.&$6Ð�åH2©1R7<7E-¦%4-@Î62�%4ÎÜ%4È<-/.�É�$�1R7<7¨1�2<$NÉ Ë?/13Íe.&$ Ê $)(4%4$Ä
vx Ì 162�7ª1�2<$NÉ Ê 16(4-/1 Â ?¦$¡ÇR167<Ç6$% P3

(y) Ð�Ñ�$5Ë)Î62<2<$dË�% vx

%4Î Â Î3%'È vu

132�7
vū

Î6ÏZÎ62�$
13?@(4$d167 Ý $ÄE-/.&%4-@2<Ç Ê 13('-/1 Â ?@$ u Ì 162�7¨%'Î vy

Î3ÏL%'È<$�167<7E$d7 Ê 13('-/1 Â ?@$�Ç9167EÇR$% P3
(y) ÐP=�È<-/.13Í<ÇRÅ�$)29%'13%4-@Î62�É�-@?@?�2<Î3%+1 �m$dË�%�%4È<$�.'1s%'-/.0Ãe1 Â -@?@-�% Ý Î3Ï %4È<$,ÎR(4-@Ç6-@2�16?�-@2�.&%'162�Ë$6ÐÁP$%

T Â $¥1 Ê 13?@-/7�%4('ÍE%4È�16.'.&-@Ç62�Å�$)29%ZÏ�ÎR(+%'È<$�æ�:��Zê<:®=¤-@2�.0%W132�Ë)$ Ì 132�7¨?/1 Â $N?P%4È�$
Ê $)(4%4-/Ë)$N. Î3Ï P3 A Ì B Ì 132�7 C Ì É�-¦%4È B

16. %'È<$;Ë$N29%4$)( Ê $)(4%4$)Ä�ÐsÑ�$;7E$)Ã�2<$;1,Å516Æ<Æ<-@2<Ç f :
V (G) → {A, B, C}

ÇR- Ê -@2<Ç�1 (P3, {0}, IN+)
àHËÎR?¦ÎR(4-@2<Ç¥Î3Ï

G
Ð�ÁP$)%

f(vc) = f(vuū) =



B Ì Ï�ÎR(¡13?@? u ∈ U
132�7�16?¦?

c ∈ C
Ð>:+2�7�?@$%

f(vu) = A
162�7

f(vū) = C
-¦Ï

T (u) ==�ä 		� Ì Î6( f(vū) = A
162�7

f(vu) = C
-¦Ï

T (u) =
�E:+Á>ê���Ðeê[-@2�Ë$a13?@?�Ë?/13Í�.4$N.hÈ�1 Ê $a1s%?¦$d16.&%PÎ62<$®?@-¦%4$N('16?3.&$)%P%4Î�=�ä 		�§132�7,ÎR2<$h.4$%P%'Î	�E:+Á ê � Ì f -/.P1 (P3, {0}, IN

+)
àjË)Î6?@Î6('-@2<Ç<Ð

�<Î6(�%4È<$�Î3%4È�$)(¡7E-@('$NË%4-@Î62�Î3Ï�%4È�$5Æ<('Î9Î6Ï�ÉZ$Ü1R.4.4Í<Å�$
f
-/.�1 Ê 13?@-/7 (P3, {0}, IN+)

à
ËÎ6?@ÎR(4-@2<Ç!Î3Ï

G
Ðhê[-@2�Ë$

vy

È�1R.�7E$NÇ6('$)$�Î62<$ Ì -¦%xÅ�Íe.0%¥Å513Æ %'Îª$N-�%'È<$)( A
Î6(

C
Ð®:�.

G-@. Â -@Æ�13(4%4-¦%4$,%'È<-/.�Ï�ÎR('Ë)$N.;16?¦? Ë?/13Íe.&$ Ê $N(&%'-/Ë$N.�%4Î Â $¡Å516Æ<Æe$d7�%4Î B
Ð�êE-¦2eË$

f
-/.+1 Ê 13?@-/7

(P3, {0}, IN+)
àjË)Î6?@Î6('-@2<ÇZ$d16ËWÈ¡Ë)?/13Í�.4$ Ê $N(&%'$Ä,Å�Íe.0%wÈe1 Ê $h13%>?@$N1R.0%wÎR2<$h2�$)-@Ç6È Â Î6(P-@2�$d16ËWÈÎ3Ï

A
132e7

C
ÐEÑ�$,7<$Ã�2<$,1 Ê 13?@-/7¥%4('ÍE%4È!16.'.&-@ÇR2<Å�$)29% T

Ï�ÎR(�%4È<$�æ+:	�ZêE:®=�-@2�.0%W132�Ë)$ Â[Ý%'13á[-@2<Ç
T (u) =

=�ä 	�� -¦Ï
f(vu) = A Ì 132�7 T (u) =

�E:�Á>ê �²-¦Ï
f(vu) = C

Ð
ut

=�È<$�.416Å�$+%'$NËWÈ<2<-/ì9Í<$�Ë)162 Â $�13Æ�Æ<?@-¦$d7x%4Î516?@?mÆe1s%4Èe.�Î3Ï	Î[7�7�?@$N2<Ç3%'È�Ð
� PRU�U ����W 	���

Pk Ò�� �	� � 
 � �	� @ � & 	I@ � � �eÖWÔ 4 Õ -, ×�� NP Ò&Ó'Ô , ��Õ ��C �ÔsÖ �3Õ/Õ
k = 2i + 1, i ≥ 1 $
X Ö'ÔdÔ��-$ =�È<$xÆ<(4Î[Î6Ïh-/.�$d.4.4$)29%'-@16?@? Ý %4È<$5.'13Å�$¥16.�%4È�13%�Î3Ï�Áw$)Å�Å51��<Ð�Ñ�$xÅ�ÎE7E-¦Ï Ý -¦%�%'ÎÈ<Î6?/7�Ï�ÎR(+13?@?

k = 2i + 1 Â[Ý ('$)Æ<?/16Ë)-@2<Ç�%'È<$ Ê 13('-@1 Â ?@$;ÇR1R7EÇ6$)%'.�É�-¦%4È�Æ�1s%'È�.�Î6Ï>?@$)2<Ç6%4È k Ì132�7�ËÎR2<2<$NË%4-@2<Ç�%4È<$�Ë)?/13Í�.4$ Ê $)(4%4-/Ë$d.L%'Îx%4È<$,?@-¦%4$)(W13? Ê $N(&%'-/Ë$N.ZÍ�.4-@2<Ç�Æe1s%4Èe.�É�-�%'È bk/2c$N7EÇR$N.)Ð
ut

�<Î6(�Æe1s%4Èe.�Î3Ï>$ Ê $N2�?@$N2<Ç3%'ÈÜÉ�$,16Æ<Æ<? Ý 1 Ê 13('-/1s%4-@ÎR2�Î3Ï %4È<$�.'13Å�$�%4$dËWÈ<2<-/ì9Í<$3Ð
� PRU�U ��� W 	���

(P4, {0}, IN+) Ò&ÓWÔ3Õ�Ô]Ö�×/Ø[ÙO�mÖ'Ô 4 Õ  , ×�� NP Ò&ÓWÔ , �mÕ  �D $
X Ö'ÔdÔ��-$ =�È<$,(4$d7EÍ�Ë�%'-@Î625-/.�13Ç913-@2xÏ�(4ÎRÅ æ+:	�ZêE:®=�Ð<Áw$%

U Â $a%4È<$�.4$%�Î3Ï Ê 16(4-/1 Â ?@$N.L162�7
C
%4È<$¥.&$)%aÎ6ÏhË?/13Íe.&$d.Ð<Ñ�$xËÎ62e.0%'(4Í�Ë%a1ÜÇ6(W13Æ<È

G
É�È<-/ËWÈ§É�-@?@?PÈ�1 Ê $¡1 (P4, {0}, IN

+)
à

ËÎ6?@ÎR(4-@2<Ç�-¦Ï�132e7�Î62�? Ý -¦Ï<%'È<$ Ê 16(4-/1 Â ?@$N.�Î3Ï U ËN132 Â $�16.'.&-@Ç62�$N7 Ê 13?@Í<$d.>=�ä 	���Î6( �E:+Á ê � Ì.&Í�ËWÈÜ%4È�13%�16?@?mË)?@16Í�.4$N.ZÎ3Ï
C
È�1 Ê $a1s%�?¦$d16.&%ZÎR2<$+?@-¦%4$N('16?<%4Èe1s%�-/.Z=�ä 	��²132e75Î62�$+%'È�1s%�-/.�E:+Á>ê���Ð'��Î6(®$N1RËWÈ Ê 16(4-/1 Â ?@$ u
%4È�$)('$�-@.®1 Ê 16(4-/1 Â ?¦$ZÇR1R7EÇ6$)% Ì P5

(u) Ì É�-¦%'È¥?@-¦%4$N('16? Ê $)(4%4-/Ë$d.
vu

132�7
vū

1R.L%'È<$a$)2�7EÆmÎ6-@29%'.)Ð��<Î6(�$N1RËWÈÜË?/16Í�.&$
c
%4È�$)('$�-/.�1¡Ë?/16Í�.&$+ÇR167<Ç6$%�ËÎR2�.&-/.&%4-@2<Ç

Î3Ï�%0É�Î�ËÎRÅ�ÆeÎR2<$)29%W. Y�Ú�-�Û
P2

(c) É�-�%'ÈÜ1¡7<$N.4-¦ÇR2�1s%'$N7 Ê $)(4%4$Ä vc

16.ZÎ62�$+Î3ÏP-¦%W.h$N2�7EÆmÎ6-@29%'. Ì132�7íÚ�-@-�Û�1 Ê $)(4%4$)Ä vc′
Ð ��Î6(a$N1RËWÈ§?@-�%'$)(W13?�%'È�1s%,ÎEË)Ë)Í<('.�-@2©1�Ë?/13Í�.4$

c
%4È<$N(4$�-@.a132ª$N7EÇR$

Â $)%0ÉZ$N$)2x%4È�$+ËÎR(4('$N.4ÆeÎR2�7E-@2<Ça?@-�%'$)(W13? Ê $N(&%'$Ä�162�7¥%4È�$ Ê $N(&%'$Ä vc Ì 132�7x132�$d7EÇ6$ Â $%0É�$)$N2%4È<$�Ë)Î6('(4$d.&ÆmÎ62�7<-¦2�Ç¡2<$NÇR1s%'$N7Ü?¦-¦%'$)(W13? Ê $)(4%4$)ÄªÚ/%'È<$�Î3%'È<$)(�$N2�7�Î3Ï P5
(u) Û�132�7 vc′

Ð
ÁP$%

T Â $¥1 Ê 13?@-/7�%4('ÍE%4È�16.'.&-@Ç62�Å�$)29%ZÏ�ÎR(+%'È<$�æ�:��Zê<:®=¤-@2�.0%W132�Ë)$ Ì 132�7¨?/1 Â $N?P%4È�$
Ê $)(4%4-/Ë)$N.�Î3Ï P4

-@2¢ÎR('7<$)( Ì A Ì B Ì C Ì 132�7 D
ÐLÑ�$¨7E$Ã�2�$§1ªÅ516Æ<Æ<-@2<Ç

f : V (G) →
{A, B, C, D}

Ç6- Ê -@2<Ç�1 (P4, {0}, IN+)
àjË)Î6?@Î6('-@2<ÇÜÎ6Ï

G
Ð>Áw$%�%'È<$5Ë?/13Íe.&$xÇR1R7EÇ6$)%

P2
(c)Å513Æ²%4Î

A, B
É�-¦%4È

f(vc) = B Ì Ï�Î6(!13?@? vc

Ð�ÁP$)%
f(vu) = A

162�7
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