
���������
	���
����������������������

������
��������� �"!$# %

&('*),+�-/.$01'32,'4-/56'457+98;:=<6> ?A@6'32B2;'35DCFEG0IHKJLHK8B<6>6-M2;JL'356N=8;E6<6<�'O-/2BHKJLHK8;<$>QP3E68RPTSVUVWM-YX
2;Z[>$'35\+�8;E$<6<]'9@6'48_^�8B@65�E656Na`�-/2b0dc

e f9g 292;'3-
n ∈ N

E$56@
V = {0, 1}n

?�@�hi> h
V
2;'3-j@$-/'lkm'456NK'l:=WMW/'48

0
X
1 nGo HKWMNK'35p@6'389q�r=56N='

n
h$s]tA'3- u�56Hv0I'3512;'3-M'35,N='35w:=E1@w:=5651x='38B.6E656@6'45 ?$tA'3565,2B-/Z[>y@6-M' o HKWMNK'451-M5RNK'356:=ER'3-M56'48u_HVHK8B@6-/56:v0I'AE65z0I'38B2;Z[>6'4-/@$'35 h�{F-M'32B'38|+�8I:=<$>}>6'3-M~=0

n n @6-MJL'3562B-/H=5w:=WM'38����68b��'3W(hK��'42B0I-MJLJL'
&�:V)1@6-M'�u�:v5�0;'35w:v56P�:=>$W
&(.])1@6-M'�+98;:=@6'�@6'48_u�56Hv0I'35
&(Z*)1@6'45mJl:*�G-MJa:vW/'45pCF.$2B0[:v56@ ?w@6'45mPTt�'4-�u�56Hv0I'35�-M5m@6-M'32B'3J�+�8I:=<$>�>6:=.]'45mUv�K5656'45 h

� f s�'3-MNK'9@6-M'���HKW/N='356@6'���56NKWM'3-MZ[>VE$56NK2;Uv'40B0I'����68_km-M56-MJl:=W n E656@pkp:*�G-MJl:=W/N=8I:=@ �

min
v∈V

d(v) ≤
2|E|

|V |
≤ max

v∈V
d(v).

� f {F'48�+�8I:v<6>
G
2;'4-w.6-M<w:=8B0;-M03?K@ h�> hz@6-M'�u95$H=0I'456JL'356NK'

V
P3'48B�(r=WMW�0�-/5LP4tA'3-
��'3-MW/'

X
E656@

Y
?

2;HV@w:=2B2�'32�U='4-/56'�u9:=5z0I'45mPTt�-/2BZ[>6'35�PTt�'4-�u95$H=0I'45m:vE62�@6'38���'3-MW/JL'35$NK'�N=-/.$03h6CFE$~K'38B@6'3J
2;H=W/W$�b'4@6'38�u�56H=0;'35�-/J�+�8I:v<6>6'35y@6'4562;'4W/.�'35\+98;:=@y>w:=.�'35 h
s�'3-MNK'v�
{F-/'�km'456NK'45

X
E656@

Y
2;-M56@pNKWM'3-MZ[>�NK8;HK~$h

� f�� '4-
Ka,b,c

'3-M5,xKHKWMW/2b0[r=5$@6-/N='38�0I8B-/<6:=8B0;-M0;'38�+�8I:=<$> h6{�:v2�>6'3-M~=0�?G@6-M'9u95$H=0I'45,W/-M'3NK'45y-/5,@68B'3-
xK'48;2BZ[>6-/'4@6'35$'35�+98BE6<6<�'35�JL-�0

a
?
b
.6PTt9h

c
xV-/'4W/'45 g W/'4JL'35z0I'45 ?�E656@y�b'3@6'48}u�56H=0;'35"-/2b0

JL-M0_:=WMWM'35mu95$H=0I'45p:=E$2�@$'35m:=56@6'48;'35�.�'3-M@6'35�+98BE6<6<�'35yxK'38B.6E656@$'35 h
&�:V),s�'3-MZ[>656'

K2,2,2

h�q�r=2B2B0y2;-MZ[>�@6-M'32;'48m+98;:=<6>�:=E6Z[>�HK>$56'\ _.�'38B2;Z[>65$'3-M@6E656NK'45¡xKH=5
u9:=5z0I'45mP4'3-MZ[>656'35wc

&(.])a��-M'4xV-/'4W/'�u9:=5z0I'45m>w:*0
K3,4,5

c

¢�£�f9g -/5�+�8I:v<6>R-M2B0
k n <w:=8b0I-�0�?�t�'4565,2;'4-/56'9u�56Hv0I'35$Jl'456NK'�2BH�-/5 k

��'4-/WMJL'356NK'45yP3'38BW/'4N=0�tA'38¤X
@6'45¥U*:=565 ?�@w:=2B21Uv'3-M56'\u9:=5z0I'�.]'4-/@$' g 56@6<6E$56Uz0I'�-M5�@6'48;2B'3WM.]'45Q��'4-/WMJL'356NK'p>w:v0�h g -M5
xKH=W/WM2B0Ir=56@6-MNK'38

k n <w:=8b0I-�0I'38�+�8I:v<6>,>w:v0�.�'3-]xKHK8BNK'3NK'4.]'456'38_s�'48;WM'3NKE65$Nl-M5y��'4-/WMJL'356N='35m:=W�XWM'�'38BW¦:=E$.$0I'45Qu9:=5z0I'35�h�km-�0
Tm,n

.�'3P3'4-/Z[>$56'35�t�-/8a@6'35
m n <w:=8B0;-M0;'35�+�8I:v<6>6'35�Jl-�0

nu�56H=0;'35 ?6tAH1:vW/WM'9��'4-/WMJL'356NK'45p'45�0§tA'3@$'38F@$-/'�+�8;�K~K'
bn/mc

HV@6'38
dn/me

>w:=.�'35 h
s�'3-MNK'v�
{F-/'9C_56P�:=>$W�@$'38�u9:=5z0I'35yxKH=5

Tn,m

-/2b0 (
n−q

2

)
+ (m − 1)

(
q+1

2

) JL-M0
q = bn/mc

h

¢
¢wf ��-M'�J��62;2B'35�@$-/'9CF8BNKE6JL'35z0;'�:=E$2�@$'38�¨�HK8;WM'32BE656NlJLHG@6-�©wP4-/'48B0�t�'48;@6'45 ?�E6Jª@6'45p��8BHKEGX
tA'38;2BZ[>6'35 o -��G<6E65$U�0;2I:v0;P�-M5 n

{F-/JL'4562;-MHK56'45�P3E�'38B>w:=W�0I'35wc

¢V« f o -M56@6'�u�8B'3-M2;'�Jl:*�G-MJa:vW/'48�E656@RJL-M56-/Jl:=WM'38�q�r=5$NK'F-MJ­¬�'40;'38;2B'356N=8I:=<6>yE65$@,-/J®{FHV@6'3U*:*X
'3@$'38;N=8I:=<6>�h


