
���������
	��
�����������������
��������� �"!�#
$���#&%('*)+�
��,-!�$�'*).%�/0��)-1324�
57698;:=<?>7@BADC7EFEG5

H I�J0KMLON4PQKRJ0S
L�T
UMLOJVP

W"X >7Y X[Z�\ Y�Y�]�^�Y
_(Y�A`_(<ba�cd_
S
Z _

n e
\Ff Y X A Z ^ e cg>FY�h

\ Yi> e�e _�cdcg_
Z @ \GfjX _ \ @ Zkf Y�> f @l_

^�Y�_ Z @ \FfdX _nm&^ f e >FAlAo_ e >F@�_(pk>Gq
X _(<n_(Y XRZ _(^kp e

\Ff Y X A Z _
S
h�A f4Xl\ ^�Arcg_�A e

\Ff Y X A Z _
SY�_rA \ Y X e >FAs>Fc

fgt Y�]�A�hFcvu _(p f A X _(Y�q�_ Z u ^�Y�_ Z @ \FfdX _ \ @ Zkf Y�> f @l_D_�A Xwt >F@l>FY X`f _yx-q7u _�A X cvu ^�Y Z _�A
z >7<n_�^kp e @

\ a�cd{�<=_|A Z _~}
�
cd�G_�A X _�@B���
� Y9q \ Y�A fgZ {(@l_�^�Y e

\Ff Y X
p ∈ S

_ X ^�Y�_ Z @ \FfdX _
L e >GA`Al>7Y

X
e >F@ p

Y�_�q \ Y X _�Y�>7Y X e >FAZ u >7^ X @`_ e
\Ff Y X�Z _

S
�3} \GfjX

δ
c�> Z @ \GfjX _ e >FAlAl>7Y

X
e >7@
Z _(^kp e

\Gf Y X A Z _
S \ {p}

\ ^ e cg^�Aq \ ^ e >FY
X

L
cg_ e cd^�A e @`{|A

Z _
p
�

�"�o�
� \ Y X @`_�@�m&^�_

δ e >FAlAo_ e >7@
Z _(^kp e

\Ff Y X Ar>��G>7Y X�Z _|A�>FY t cg_�A e
\ cg> f @l_�A�>7^ Xl\ ^�@ Z _

pq \ Y�A`]�q�^ X`f z A[< \kZ ^�c \
π
x+> XoX _�Y X`fg\ Y
< \kZ ^�c \

π
_ X e >GA[<

\
Z ^�c \
2π
���

�"�-�
� \ Y X @`_�@RmG^�_�A f

δ
q \ Y X`f _(Y XRX @ \Ff A e

\Gf Y X A
q
h
r
_ X

s
x-A f cg_�A X @ \Ff A e

\Gf Y X A~A \ Y XMZ ^
<n�(<n_nq \7X ] Z _

L
h
s
Ao_�@l>iq�_�cd^ fVZ ^�< f c f _�^�h3A f Y \ Y

s
Ao_�@l>�cd_ e

\Gf Y X cd_ e cg^�A�c
\Gf Y Z _

LZ ^�q \FX _ \ ^ f c��i> Z _�^kp e
\Ff Y X Al�[>Fc \ @lA�c�> Z @ \GfjX _

ps
_|A XD\ @ Zkf Y�> f @l_F�

�"�-�
� @ \ e

\ A`_(@n^�Y�>7c tF\ @ fdX 6�<=_�q�>7c�q�^�c�>7Y X ^�Y�_ Z @ \FfdX _ \ @ Zkf Y�> f @l_i_ XiZk\ Y�Y�_(@�Al>�q \ <b�
e cg_�p
fdX ]F�

� ��JVL�UMT
�M�
��UyN4L(KMT�SiP�I�PD��UM�
T
U���P�N �D¡0¢
UMTbN4L��(��KMT

£¥¤"¦k§4¦�¨o¤s©�ª

« S
_|A X ^�Y¬_�Y�Ao_�<~a�cg_ Z _

n e
\Gf Y X A Z ^ e cg>FY�h

« DT (S)
cg> X @ f >7Y t ^�cg> X`fg\ Y Z _M­�_�cg>F^�Y�>�� Z _

S
�

« ACM(S)
cvu >F@`a�@l_�q \ ^��
@l>FY XRZ _�c \ Y t ^�_(^�@M< f Y f <n>Fcd_ Z _

S
x � Y @l> e�e _�cdcg_�m&^�_c-u >7@la�@l_�q \ ^��&@B>7Y X < f Y f <?>Fc�_|A X ^�Y9A \ ^�Ao� t @l> e 6�_

Z _�cg> X @ f >7Y t ^�c�> Xlfd\ Y Z _�­�_(c�>7^k�
Y�>��Fh
_ X m&^�_ Z >7Y�ADq(_ X >7@la�@l_�cg_ Z _ t @`] Z _|A[Y�®R^ Z A�_�A X a \ @lY�] e >F@�¯k�°�

« � YiY \FX _ C(pqr)
cg_Mq�_�@lq(cd_Rq f @Bq \ Y�A`q(@ fdX >7^kp X @ \Gf A e

\Ff Y X A
p
h
q
_ X

r
�

« K
^�Y�A \ ^�Ao�v_�Y�A`_(<~a�cd_ Z _

S
« x ∈ S

^�Y e
\Ff Y XDZ _

S
« Kx = S \ {x}

^�Y�A \ ^�Ao�v_�Y�Ao_�<~a�cg_ Z _
n − 1 e

\Gf Y X A Z _
S

« α(x) = |DT (S) \ DT (K
x
)|q7u _�A X �²±*� Zkf @l_�cg_RY \ <~a�@l_ Z u >F@`� X _|A Z _

DT (S)
q�@l](_�A e >7@Dcvu

f Y�A`_(@ X`fg\ Y Z _
x
�

« β(x) = |DT (K
x
) \ DT (S)|q7u _�A X �²±*� Zkf @l_�cg_RY \ <~a�@l_ Z u >F@`� X _�A Z _

DT (S)
A`^ e�e @

f <n](_�A e >7@Dcvu
f Y�A`_(@ X`fg\ Y Z _

x
�

« γ(x)
cd_�Y \ <ba�@l_ Z _ e

\Ff Y X A Z u f Y X _�@lA`_�q X`fg\ Y�A4_(Y X @`_�cd_|A">7@l� X _�A Z _
DT (S)

_ X q�_(cgcg_�A
Z _

DT (K
x
)
�



« δ(x)
cd_�Y \ <~a�@`_ Z _ e

\Gf Y X A Z u f Y X _�@lA`_�q X`fg\ Y�Ay_�Y X @l_�cd_|A~>F@`� X _�A Z _
ACM(S)

_ X
q�_(cgcg_�A Z _

DT (K
x
)
�

� \ ^�@ Xl\ ^ X _�ARcg_�ARm&^�_|A Xlfd\ Y�A Z ^ e @
\ a�cg{(<n_Fh \ Y e

\ ^�@l@B>iA`_?q \ Y X _(Y X _�@ Z u \ @ Z @l_�A Z _
t @B>7Y Z _(^�@�>FA`�&< e

Xl\7Xlf m&^�_|AMx+A f � \ ^�A�>��F_��y^�Y�_~a \ @lY�_ f Y z ](@ f _�^�@l_M_(Y
n

3

2

_ X A`^ e ](@
f _�^�@l_

_(Y
28n3

� \ ^�A e
\ ^��F_���q \ Y�q�cg^�@`_�±

Θ(n3)
h Z >7Y�Awq�_(@ X > f Y�A q(>GA"cd_|A a \ @lY�_�As_�p�>Fq X _|A A \ Y X

z >Fq f cg_�AD± Zk\ Y�Y�_�@B���
� \ ^�@ Z _=Y \ <~a�@`_�^�Ao_|ARm&^�_�A X`fg\ Y�A�h \ Y e _(^

X
e _(Y�A`_(@b>7^�q(>FA

Z _?cg> Z _�< f � e >7@B>7a
\ cg_

e
\ ^�@ X @ \ ^��G_(@wcd_|As@l] e

\ Y�A`_�A�hF<?> f Awcg> Z ](< \ Y�A X @l> X`fg\ Y Zk\GfjX � X @`_ e
\ ^�@�^�Y�_(Y�Ao_�<~a�cg_ Z _

e
\Ff Y X ADm&^�_(c�q \ Y�m&^�_�A��

�[�o�
} \GfjX

abc
^�Y X @ f >7Y t cg_ Z _

DT (K)
_ X

uv
^�Y�_M>F@`� X _ Z _

DT (S)
�

8 � \ Y X @`_�@DmG^�_MA f
uv
q \ ^ e _ ab

>7c \ @BA
C(abc)

q \ Y Xlf _�Y X
u
\ ^

v
�

�[�-�
­r>7Y�A[cg_Mq(>GAwcg_ e

f @`_ e
\ ^�@Dcg_MqB6 \Gf p Z _

x
�

�²>*� ­ \ Y�Y�_�@D^�Y�_Ra \ @lY�_RAo^�@
α(x)

�
� ak�s­ \ Y�Y�_�@D^�Y�_Ra \ @lY�_RAo^�@

β(x)
�

�²qO� ­ \ Y�Y�_�@�^�Y�_ya \ @lY�_MAo^�@
γ(x)

�
� Z �s­ \ Y�Y�_�@D^�Y�_Ra \ @lY�_RAo^�@

δ(x)
�

�[�-�
� > f Y X _�Y�>7Y X

x
�*> � X @l_�qB6 \Ff A f >7^¥6�>FAl>7@ Z e >F@`<

f cd_|A
n e
\Gf Y X A Z _

S
h�>F^�q�^�Y�_

6
� e
\FX 6�{|Ao_yY�u _�A X z > fdX _MA`^�@Dc�> e

\ A fdX`fg\ Y Z _�A e
\Ff Y X A Z _

S
�

�²>*����^�_(cgcg_r_|A X c�>=�*>7cg_(^�@D< \ �F_�Y�Y�_ Z _
α(x)

�
� ak����^�_(cgcg_r_|A X c�>n�*>7cg_(^�@D< \ �F_�Y�Y�_ Z _

β(x)
�

�²qO����^�_(cgcg_R_�A X c�>=�*>7cg_(^�@D< \ �F_�Y�Y�_ Z _
γ(x)

�
� Z ����^�_(cgcg_r_|A X c�>n�*>7cg_(^�@D< \ �F_�Y�Y�_ Z _

δ(x)
�

�[���
� Y A`^ e�e

\ A`_M<?> f Y X _(Y�>FY X m&^�_
K
_|A X ^�Y ]�qB6�>7Y X`f cdc \ Y�>Fcd]|> X`\Gf @l_ Z _bcg>9< \GfjXlf ] Z _�A

e
\Ff Y X A Z _

S
h�_ X

abc
^�Y X @ f >7Y t cd_ Z _

DT (K)
�

�²>*�[} f
x
_�A X ^�Y e

\Gf Y X >Fcd]|> Xl\Ff @`_ Z _
S \ K

h3m&^�_(cgcg_~_�A X c�> e @
\ a�>7a f c fjX ]~m&^�_

x
A \GfjX

� \Gf A f Y Z _
a
Z >7Y�A

DT (K ∪ {x}) �� ak� � >
	 \ @`_�@wc�> e @
\ a�>Fa f c fdX ]ym&^�_

x
> e�e >7@

X`f _(Y�Y�_�Y X ±
C(abc)

�
�²qO��� \ @lY�_(@[cvu _|A e ](@B>7Y�q(_

Z ^¬Y \ <ba�@`_ Z _ e
\Ff Y X A Z _

S
Z >FY�A

C(abc)
�

� Z �
� \ @lY�_(@[cvu _|A e ](@B>7Y�q(_
Z ^�Y \ <ba�@l_ Z u f Y X _(@BA`_�q Xlfd\ Y�A[_(Y X @`_ycg_�A�>F@`� X _�A Z _

DT (K)_ X
ACM(S)

�
� _���� \ @lY�_�@Dc-u _�A e ]�@l>FY�q�_

Z ^�Y \ <ba�@`_ Z u f Y X _(@BA`_�q Xlfd\ Y�AD_�Y X @`_Rcg_�A�>7@l� X _�A Z _
DT (K)_ X

DT (S)
�


