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@ C<O @ Q �
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R � Nh@ C<O @�J A L A B M N�O
c
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M E
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G�A Q Q M K�L @ R �DI [g@ L F *
|R| =

(n
2
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 V!Q I F�QDH ?7I HE A B
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n
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F
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F
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F
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p y�M H ?
t = 6

*
n = 17
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|R| = 4
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cr(G)

A E�IPQ M [�G�L @�O B I G�?
G = (V,E)

M QC�@ ��N7@ CSI QH ?7@
[�M N�M [�f�[ N<f�[�K�@ B!A E7J B A Q Q M N�O QlI [�A N�O�I L L<G�A Q Q M K�L @lG�B A � @ J H M A N7QlA E

G
A N�H ?7@lG�L I N7@ R

w A [�G�f�H M N�OgH ?7@DJ B A Q Q M N�O�N<f�[�K�@ B�A E�I�O M � @ N�O B I G�?�M QlM N�O @ N7@ B I L�I NP@ L f7Q M �<@�G�B A K�{
L @ [&R * I B @ FhI N7C�n A ?�N7Q A N T s V!?7I � @gG�B A �<@ C�H ?7I H�H ?�M QG�B A K�L @ [ M Q ��(tr<J A [gG�L @ H @ R
� J J A B C<M N�OPH A�H ?7@ M B�Q H B f7J H f�B @ *�w I B H @ Q M I NhG�B A<C<f7J H QA E�Q G�@ J M I LlO B I G�?7Q�I B @�A N7@�A E
E @ y O B I G�?§J L I Q Q @ QgE A B�y�?�M J ?3H ?7@�@ ��I J HP� I L f7@ QPA E�J B A Q Q M N�OaN f�[�K�@ B QPy�@ B @hA K�{
H I M N7@ C�R $�@ H

Cn
K�@PH ?7@�J F�J L @�A N

n
� @ B H M J @ Q R � N ] T<� 
 * sDI B I B F * \I M N7@ N * I N7C

Z J ?<y�@ N���T � V�@ Q H I K�L M Q ?7@ CPH ?7@�J B A Q Q M N�OgN f�[�K�@ BA E
C3 × C3

I N7C&J A N � @ J H f�B @ C&H ?7I H
cr(Cm × Cn) = m(n − 2)

E A B
3 ≤ m ≤ n

R eD@ J @ N H L F-?7I QgK�@ @ N3G�B A �<@ C-K<F
* L @ K7Q �<FPI N7C Z I L I � I B�T 
 V�H ?7I HDE A BDI N F ����@ C

m ≥ 3
* H ?7@�J A N � @ J H f�B @?7A L C�Q�E A BDI L L

n ≥ m(m + 1)
R

>!?7@gJ B A Q Q M N�OPN<f�[�K�@ B Q�A E!H ?7@ w I B H @ Q M I NhG�B A<C<f7J H QA E�J F�J L @ QI N7ChI L LlO B I G�?7Q
A E!A B C�@ BDE A f�BDI B @�C�@ H @ B [gM N7@ C&M N�T ] * � V RD>!?7@H I K�L @M N�T ¤ V�Q ?7A yDQ�H ?7@�Q f�[�[�I B F&A E
�<N7A y�N�J B A Q Q M N�ON f�[�K�@ B QlE A B w I B H @ Q M I N�G�B A<C<f7J H QlA E�J F�J L @ QlI N7C�J A N�N7@ J H @ C�O B I G�?7Q
A E�A B C�@ B ���<@ R��h@�@ �<H @ N7C�H ?7@ Q @�B @ Q f�L H Q!I N7C�y�@�O M �<@�H ?7@DJ B A Q Q M N�O�N f�[�K�@ B Q!E A B!H ?7@
w I B H @ Q M I N&G�B A<C<f7J H Q�A E�H ?7@J F�J L @

Cn
y�M H ?PH ?7@Q G�@ J M �7JDO B I G�?7Q�A N�Q M ���<@ B H M J @ Q R

X�Y Z'[ 	7� \�� ] O B I G�? * C<B I y�M N�O *�w I B H @ Q M I N&G�B A<C<f7J H * J B A Q Q M N�OgN<f�[�K�@ B * J F�J L @ R
��_a`W`/b��/c Y � ��d�e ��� � � f � �<� � 	��#] ^ � w ] ^<R

� �7¦<� / �7������	
T ] V $lR �zR���@ M N7@ � @ * eR %�R�e�M N�O @ M Q @ N *D� N3H ?7@�J B A Q Q M N�OSN f�[�K�@ B QPA EG�B A<C<f7J H Q�A E
J F�J L @ Q�I N7C�O B I G�?7QDA ElA B C�@ B�E A f�B * �!S � H I P!N �'N!K Q H O�o�p ] T � ^:q * ] �<� r7] � �<R

T s V-gSR e�R * I B @ F * %�R Z R�n A ?�N7Q A N *�w B A Q Q M N�OaN f�[�K�@ BPM Q ��(l{ J A [gG�L @ H @ *�� ! � � �:S
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M Q�I Q�J A N � @ J H f�B @ C
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 R � s�R
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I N7C
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$�@ H
D
K�@I�C<M O B I G�?�R��!F

γ(D)
y�@C�@ N7A H @H ?7@C�A [�M N7I H M A N&N f�[�K�@ BDA E

D
I N7CPK F

D− y�@�C�@ N7A H @�I&C<M O B I G�?aA K�H I M N7@ ChK<F�B @ � @ B Q M N�OhI L L!H ?7@gI B J Q�A E D
R&� N T ] V!H ?7@

I f�H ?7A B Q�G�B A � @
>!?7@ A B @ [ � ��� E

D
M Q�IgC<M O B I G�?&A ElA B C�@ B

n ≥ 2
y�M H ?PN7A�M Q A L I H @ C��<@ B H M J @ Q * H ?7@ N

2 ≤ γ(D) + γ(D−) ≤
4n

3
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I N7CPK�A H ?&H ?7@DK�A f�N7C�QDI B @Q ?7I B G�R
�-?�M L @�>�?7@ A B @ [ � K�A f�N7C�Q�H ?7@�Q f�[ A E

γ(D)
I N7C

γ(D−)
* y�@�Q H f7C<F�H ?7@ M BC<M ��@ B {

@ N7J @ Rl>�?7@�O B @ I H @ Q H�C<M ��@ B @ N7J @
γ(D−)−γ(D)

M Q
n−2

I QlM Q!Q ?7A y�N�K F�A B M @ N<H I H M A N
A E

K1,n−1
M E!y�@gC<M B @ J H�I L LlH ?7@�I B J QE B A [ H ?7@gJ @ N H @ B R�>�?7@�G�B A K�L @ [ M QH ?7I HH ?�M Q
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δ ≥ 3

I N7C
k ≥ 1

H ?7@ B @�@ �<M Q H Q�I&Q M [�G�L @gQ H B A N�O L FSJ A N�N7@ J H @ C
δ
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Dδ,k
Q f7J ?�H ?7I H

γ(D−
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G
M E��<@ B H M J @ Q

E B A [ I L L
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E A B�@ �<@ B FhH y�A&� @ B H M J @ Q
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� Q @ H

X ⊆ V
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X
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J A N<� @ ��C�A [�M N7I H M A N�N<f�[�K�@ B Q�A E�I�J I B H @ Q M I N�G�B A<C<f7J H�A E�Q A [g@DJ L I Q Q @ Q!A E�O B I G�?7Q!M Q
I L Q A�J A N7Q M C�@ B @ C�R �h@�I L Q A�M N<� @ Q H M O<I H @�H ?7@�M N�x�f7@ N7J @gA E�C�@ L @ H M N�O&I Nh@ C<O @�I N7C�I N
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	 � / ��8 / 9�� # 6 8���� 8���9 +a0 1�8 � 6 	 �7�
�'4 1 5 6 0 7 1 > 3 > %#* + � 4:( � 3S��6 + 0 ( ; ( F 1 + 3 4!3 &6��6 � 1 2 (

�h@�C<M Q G�B A � @�H ?7@E A L L A y�M N�OPJ A N � @ J H f�B @�C<f7@H A � � J H A B �D@ f�[�I N�N�{ $�I B I&��E A B@ �<@ B F
J A f�G�L @A E�M N<H @ O<@ B Q

(r, s)
Q f7J ?�H ?7I H

r ≥ s ≥ 2
H ?7@ B @DM Q�I NPM N���N�M H @�Q @ H�A E�J M B J f�L I N<H

H A f�B N7I [g@ N<H Q
T
Q f7J ?�H ?7I H�H ?7@!C<M J ?�B A [�I H M J!N<f�[�K�@ BlI N7CH ?7@!I J F�J L M J!C<M Q J A N�N7@ J H M A N

A E
T
I B @�@ q f7I LlH A
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I N7C

s
B @ Q G�@ J H M �<@ L F R �S@�Q ?7A y H ?7I HDE A B@ � @ B F&M N<H @ O<@ B

s ≥ 4H ?7@ B @!@ �<M Q H Q�I�L A y�@ B�K�A f�N7C
b(s)

E A B�H ?7@!C<M J ?�B A [gI H M JlN<f�[�K�@ B
r
Q f7J ?�H ?7I H

Fr,s = ∅p
F̃r,s = ∅

B @ Q G�R q&E A B@ �<@ B F
r < b(s)

R �S@�J A N7Q H B f7J H�I N&M N���N�M H @�Q @ HA E!J M B J f�L I N<H
H A f�B N7I [g@ N<H Q

T
Q f7J ?&H ?7I H

dc(T ) = b(s)
I N7C −→ω 3(T ) = s

p −→ω (T ) = s
B @ Q G�R q�I N7C

O M � @gI Nhf�G�G�@ B�K�A f�N7C
B(s)

E A B�H ?7@gC<M J ?�B A [gI H M JgN f�[�K�@ B
r
Q f7J ?hH ?7I H�E A B�@ �<@ B F

r ≥ B(s)
H ?7@ B @D@ �<M Q H Q�I NPM N���N�M H @Q @ H
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p
F̃r,s

B @ Q G�R q�A E�J M B J f�L I N<H�H A f�B N7I [�@ N H Q R
Z A [�@�M N���N�M H @hQ @ H Q

Fr,s
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F̃r,s
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(2008)
¤ ^ � ¤ { ¤ ^ ¤ 
 R
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M N7I H M N�OgI N7CgH A H I L�C�A [gM N7I H M N�OgQ @ H * � H m �#Q ��L S �:�p s ^ ^ � q * ] � T { ] ¤ s q!M [gG�L M @ Q�H ?7I H
@ � @ B F�J A N�N7@ J H @ C&O B I G�?

G
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D ∪ T

N7@ J @ Q Q I B M L F&J A N H I M N7QDI L L�� @ B H M J @ Q
A E�H ?7@DO B I G�?

G
R
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T 
 V ��R ¡�@ M O @ * ghR ghR sDI L L C�� B Q Q A N *&* R \DA B H Q I B � * I N7C � R Z B M N�M � I Q I N * � G�G�B A �<M [�I H {
M N�O�H ?7@ %A [�I H M J ��f�[�K�@ B * � ! � � �:S �#Q � P �:G S�����p s ^ ^ s q * ] � s { ] T ��R

T � V w R * A<C�Q M L�I N7C * R7e�A F<L @ * � L O @ K�B I M J * B I G�?&>�?7@ A B F *�Z G�B M N�O<@ B * s ^ ^<] R

T � V�>R � R'sDI F<N7@ Q *�Z R >R/sD@ C�@ H N�M @ [�M * I N7C (�R n�R Z L I H @ B * ¡�f�N7C�I [�@ N H I L Q�A E�%A [gM {
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¡�A BI�O M � @ NhQ M [�G�L @�O B I G�?
G = (V,E)

* y�@�C�@ ��N7@�I N�k 1)J k j K 1'J KgI QIgG7I M B
(v, e)

*
y�?7@ B @!�<@ B H @ �

v ∈ V (G)
M Q�A N7@!A E7H ?7@�@ N7C�QlA E�@ C<O @

e ∈ E(G)
p y�@�Q I F

v
M Q�M N7J M C�@ N H

y�M H ?
e
q R $�@ H�f7Q�C�@ ��N7@PI�Q @ HgA E�M N7J M C�@ N7J @ Q

I(G) = {(v, e) : v ∈ V (G) ∧ e ∈
E(G)∧v ∈ e}

R��S@�Q I F�H ?7I H!H y�AM N7J M C�@ N7J @ Q
(v, e)

I N7C
(w, f)

I B @-I j � I J K 1)GlM E�A N7@
A E!H ?7@�E A L L A y�M N�OP?7A L C�Q ��p

i
q

v = w
*
e 6= f

* p
ii
q

e = f
*
v 6= w

* p
iii
q

e = {v, w}
*

f = {w, u}
I N7C

v 6= u
R �!FSI NWk 1)J k j K 1'J K�J Q M Q H k 1:lSA E

G
y�@�[g@ I NaI&E f�N7J H M A N

c : I(G) → N
Q f7J ?&H ?7I H

c((v, e)) 6= c((w, f))
E A BDI N F&I C � I J @ N<HDM N7J M C�@ N7J @ Q

(v, e)I N7C
(w, f)

R
� ��N�M H @�Q f�K7Q @ H

A
A E

N
M Q�I N�k 1)G K H � I M�M ElI N7C&A N�L F�M E�M HDJ A N<H I M N7QDI L L�N<f�[�K�@ B Q

K�@ H y�@ @ N
minA

I N7C
maxA

*
|A| = max A − minA + 1

Rg¡�A B�I�O M �<@ NhM N7J M C�@ N7J @
J A L A B M N�O

c
A E�O B I G�?

G
L @ H

Ac(v) = {c((v, e)) : v ∈ e∧e ∈ E(G)}
R��!F�I N�k 1)G K H � I M

k 1)J k j K 1'J K�J Q M Q H k 1:lPA E�O B I G�?
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�)3 2 * F + 8 ( .��A2 ( 4!( � 1 2 7

� 6 2 , 4:1 2 3 FA�'4:1 5 6 0 7 1 + 8-( .$� ( � 1 2 6
$:F ( 5 3 E � 6 ;:* � F 1 2

� A M N<H�y�A B �Py�M H ?
n I N�� I � e � � w�� ��7zI N7CPe�A [gI N Z�� >07D\

$�@ H
P
K�@PI N-I C�C<M H M �<@&I N7CS?7@ B @ C<M H I B FSG�B A G�@ B H F-A EDO B I G�?7QgI N7C

r, s ∈ N
*
r >

s
R � J M B J f�L I B

(P, r, s)
{ J A L A f�B M N�OSA EDI&O B I G�?

G
M Q�I NaI Q Q M O N�[g@ N<H

f : V (G) →
[0, r − 1]

* Q f7J ?hH ?7I H�@ C<O @ Q�A E
G
* J A N7Q M Q H M N�O&A E!�<@ B H M J @ Q

u, v ∈ V (G)
* E A By�?�M J ?

|f(u) − f(v)| < s
A B

|f(u) − f(v)| > r − s
* M N7C<f7J @�IPQ f�K�O B I G�?SA E�IPO B I G�?

Gy�M H ?-H ?7@�G�B A G�@ B F
P
R3� N-H ?�M Q�H I L �ay�@�G�B @ Q @ N HPQ A [�@�K7I Q M JPB @ Q f�L H QgA N-J M B J f�L I B

(P, r, s)
{ J A L A f�B M N�O Q R�h@�M N H B A<C<f7J @DH ?7@DJ M B J f�L I B

P
{ J ?�B A [gI H M JDN<f�[�K�@ B�A E�IO B I G�?

I N7Chy�@gC�@ H @ B [�M N7@�H ?7@gJ M B J f�L I B
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{ J ?�B A [�I H M J�N f�[�K�@ B�A E�J A [�G�L @ H @gO B I G�?7QE A B

I C�C<M H M � @�I N7C�?7@ B @ C<M H I B F�G�B A G�@ B H M @ Q R
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� � � � � � � �+ &! - � $ 
 # '��	#  # + � �P+ 	 � *+ � "

�!FhI&J F�J L @gA E�L @ N�O H ?
k
M NaI�?<F<G�@ B O B I G�?

H
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^�p M M q
{vi−1, vi} ⊆ ei

E A B
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^#p M M M q
vi−1 6= vi

E A B
i = 1, ..., k

^ p M �)q
v0 = vk
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(�B A K�L @ [gQDA E�H ?�M Q��<M N7CPI B M Q @DM N&J A [gG�f�H @ B�O B I G�?�M J Q�I N7C�O<@ A O B I G�?�M JDM N�E A B [gI {
H M A N�Q F�Q H @ [�Q R

�h@DG�B A �<@ C�@ I B L M @ B�H ?7I H�I�Q H B A N�O L F�J A N�N7@ J H @ Cg?<F<G�@ B O B I G�?
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C�A [�M N7I H M N�OPQ @ H Q * %�M Q J B @ H @ g�I H ?�R7>!?7@ A B @ H R w A [�G�R Z J M R�] ^&� ]�p s ^ ^ �:q!� 
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�'4 1 5 6 0 7 1 + 8-( .#%#F 3 � 3 � 3 1 4���* 4 + 7 5 1 F F 6
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* I L L I M � Q&>�?7@ A B @ [ Q H I H @ Q�H ?7I HPH ?7@&[gM N�M [�f�[ J I B C<M N7I L M H FzA E�IaJ A �<@ B * C�@ N7A H @ C
α(G)

* I N7C-H ?7@&[gI �<M [�f�[ J I B C<M N7I L M H F§A E�I N-M N7C�@ G�@ N7C�@ N<H&Q @ H * C�@ N7A H @ C
β(G)

*
Q I H M Q E F

α(G)+β(G) = |V (G)|
Rl>�?7@ B @!I B @l[�I N<F�A H ?7@ BlQ f7J ?gQ @ H { J A [�G�L @ [g@ N<H I H M A N

H ?7@ A B @ [�Q�M N �<A L �<M N�OSQ @ H�[gM N�M [�M � I H M A N3I N7CaQ @ H�[�I �<M [�M � I H M A NaG7I B I [g@ H @ B Q Ra¡7A B
@ ��I [gG�L @ * H ?7@�C�A [gM N7I H M A N-I N7CS@ N7J L I � @ L @ Q Q�G7I B I [�@ H @ B Q�Q I H M Q E F

γ(G) + Ψ(G) =
|V (G)|

R u��<H @ N7Q M A N7QgE B A [ Q f�K7Q @ H�G�B A K�L @ [gQ�M N �<A L �<M N�O
f : V (G) → {0, 1}

A B
f : E(G) → {0, 1}

H A�O<@ N7@ B I L M � @ C�G7I B I [�@ H @ B Q�H ?7I H!I B @#hD{ � I L f7@ C�E A BlI NgI B K�M H B I B F
Q f�K7Q @ H h%A E�H ?7@�B @ I L QG�B A<C<f7J @�[gA B @�O<@ N7@ B I L!J A [�G�L @ [g@ N<H I H M A NaH ?7@ A B @ [�Q R�>!?7@
g&I H B M � w A [�G�L @ [g@ N<H I H M A Nh>!?7@ A B @ [ y�M L L�K�@DG�B @ Q @ N<H @ C�R

$�M �<@ y�M Q @ * O B I G�?�H ?7@ A B @ H M J�[�M N�M [gM � I H M A N�p B @ Q G�@ J H M � @ L F * [gI �<M [gM � I H M A N'qlG�B A K�{
L @ [�Q@ �<G�B @ Q Q @ C�I QL M N7@ I BG�B A O B I [�[gM N�O&G�B A K�L @ [gQ?7I � @gC<f7I L![gI �<M [gM � I H M A NWp B @ {
Q G�@ J H M �<@ L F * [�M N�M [gM � I H M A N'q�G�B A K�L @ [gQ R>!?7@ $�(�{ C<f7I L M H F�>�?7@ A B @ [ B @ L I H @ QDH ?7@�� I L {
f7@ Q�A E�H ?7@ Q @gG7I B I [�@ H @ B Q R � O I M N * A N7@�J I NSO @ N7@ B I L M � @�H A&I NaI B K�M H B I B FSQ @ H-h A E
B @ I L Q R � G7I B H M J f�L I B�J I Q @�y�M H ?�h��

{0, 1}
M QH ?7I H�C�A [gM N7I H M A NaI N7C�G7I J �<M N�O&I B @

C<f7I L�G�B A K�L @ [gQ R
>!?7@�B @ L I H M A N7Q!I [gA N�OG7I B I [g@ H @ B Q!I B M Q M N�O�K F�p Q f7J J @ Q Q M � @ L F)q�H I �<M N�O�C<f7I L Q!I N7C

J A [gG�L @ [�@ N H Q�y�M L L�K�@@ ��I [�M N7@ C�R
X�Y Z'[ 	7� \�� ] C�A [�M N7I H M N�O * @ N7J L I �<@ L @ Q Q * G7I J �<M N�O * M N7C�@ G�@ N7C�@ N<H * J A �<@ B M N�O * @ C<O @
J A � @ B R
��_a`W`/b��/c Y � ��d�e ��� � � f � �<� � 	��#] ^ � w ¤ T * ^ � w ] �<R
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g&A<A N§I N7CWg�A Q @ BPG�B A � @ C3H ?7I HPH ?7@�N f�[�K�@ B&A E�[gI �<M [�I L�M N7C�@ G�@ N7C�@ N H�Q @ H Q�M N
I&O B I G�?-A N

n
�<@ B H M J @ Q�M Q�K�A f�N7C�@ CSK<F

3n/3 RS>�?7@ B @&I B @�Q A [g@PI L O<A B M H ?�[gQgH ?7I H
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O∗(1.25n)
* y�?7I H!M QlE I Q H @ B

H ?7I NPO<@ N7@ B I H M N�O�R
�h@lO M �<@!I N�I L O<A B M H ?�[zy�?�M J ?gJ A f�N<H QlI L L [�I �<M [gI L M N7C�@ G�@ N7C�@ N<HlQ @ H Q�A E�I�O B I G�?

y�M H ?&[gI �<M [�I L�C�@ O B @ @H ?�B @ @M NPH M [�@
O∗(1.26 . . .n)

R
X�Y Z'[ 	7� \�� ] [gI �<M [�I L�M N7C�@ G�@ N<H @ N<HQ @ H Q * J A f�N<H M N�O * I L O A B M H ?�[�Q R
��_a`W`/b��/c Y � ��d�e � � � f � �<� � 	��#] G�B M [gI B F&^ � w � � * Q @ J A N7C�I B FP^ � w ¤ T�R
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T ] V-n�R)g�A<A N * $lR)g&A Q @ B 
 1
J M k � �!K m�k 1�l H I P!N m
T s V ��R
%I ?�L L R E * (�R�n A N7Q Q A N * ghR�hI ?�L Q H B R [ �#Q �&1!G k 1:l ��Q j K M m " Q H

2SAT
I 1)j

3SAT
" Q H � �:M I K

T 
 V-gSR<¡05�B @ B�I N7C Z R<\I Q M �<M Q y�I N7I H ?7I N � M l:Q H k G N �-m " Q H J Q �&1!G k 1:l
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m Q M �:G k Q 1:m
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$�@ H
H = (V, E)

K�@�IS?<F<G�@ B O B I G�?zy�M H ?§�<@ B H @ �3Q @ H
V
I N7C§@ C<O<@hQ @ H

E
^�H ?7I H

M Q *
E
M Q�I�Q @ HgQ F�Q H @ [ A �<@ B

V
R � f�B�O<@ N7@ B I L�I G�G�B A I J ?aH A&�<@ B H @ �aJ A L A B M N�OhM Q�H A

C�@ ��N7@&E A f�B�E f�N7J H M A N7Q
s, t, a, b : E → N

* y�M H ?
1 ≤ s(E) ≤ t(E) ≤ |E|

I N7C
1 ≤ a(E) ≤ b(E) ≤ |E|

E A BDI L L
E ∈ E

* y�M H ?&H ?7@E A L L A y�M N�O�[g@ I N�M N�O7R � J A L A B M N�O
ϕ : V → N

M Q�J A N7Q M C�@ B @ CPH A�K�@DG�B A G�@ B�M E * E A BDI L L
E ∈ E

*

•
H ?7@ B @I B @I H�L @ I Q H

s(E)
C<M Q H M N7J HDJ A L A B Q�A N

E
*

•
H ?7@ B @I B @I H�[gA Q H

t(E)
C<M Q H M N7J HDJ A L A B Q�A N

E
*

•
Q A [�@J A L A BDA<J J f�B Q�I H�L @ I Q H

a(E)
H M [g@ Q�A N

E
*

•
@ � @ B FPJ A L A BDA<J J f�B Q�I H�[�A Q H

b(E)
H M [�@ Q�A N

E
R

� Q H B f7J H f�B @�y�M H ?�I L L�H ?7@ Q @�J A N7C<M H M A N7Q!M Q!J I L L @ CgI-m G I L M O�L Q �&1)j K j-N:O P!K H l H I P!N'^7I N7C
M EDA N�L F

s
I N7C

t
J I NSK�@�B @ Q H B M J H M �<@gE f�N7J H M A N7Q * H ?7@ NSM H�M Q�J I L L @ CSI�J Q M Q H � L Q �&1'j K j

N:O P:K H l H I P!N<R
� Q f�K�J L I Q QDA El� @ B FP?�M O ?&M [�G�A B H I N7J @M Q�H ?7I HA E ��k � K j�N:O P:K H l H I P!N * M N&y�?�M J ?

@ I J ?�@ C<O @
E
M Q�B @ q f�M B @ C�H AgJ A N<H I M N&H y�A��<@ B H M J @ Q�y�M H ?�IgJ A [g[gA N&J A L A B�p ��� K j l K *

J A B B @ Q G�A N7C<M N�O�H A
s(E) = 1

*
t(E) = |E| − 1

*
a(E) = 2

*
b(E) = |E|

q�A B�H y�A
� @ B H M J @ Q�y�M H ?aC<M Q H M N7J H�J A L A B Q�p � � K j l:K * y�M H ?

s(E) = 2
*
t(E) = |E|

*
a(E) = 1

*
b(E) = |E| − 1

q * A BDK�A H ? * M R @ R�Ig[gA N7A<J ?�B A [�I H M J�G7I M BDI N7C&I L Q A�Igs { J A L A B @ C&G7I M B
?7I Q�H AgA<J J f�B�M NPM H�p L k � K j l K * y�M H ?

s(E) = a(E) = 2
*
t(E) = b(E) = |E| − 1

q R
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