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��� �"!$#�%'&)(+*�,.-/-10�23-14),657(�%98:%90<;=#6!$#>-92?,.-1@A-10$-1BC!$DE%90F@:%94G%9HI(+,.(+4.#J-92K%'BC4G%9@�5?L
M>57(�,.-/-10N5:%1#O*A(P(+8QDP-187DP(+!<RS(PTU%987TV4.(E%90<!<WE(PTQ,.-X%9@�@�0<;Y!$T�(E%1#Z%987TQHI(+,657-[T�#�-92
Complexity Science

!<8\,657(I%94.(E%]-92>^_%946BS(�`)-1Ha@�0$(cbX`d46!<,6!$DE%90feg8=2h4G%1#6,646i7D+,6i�4.(P#
j ^K`�`)elk_%98:%90<;/#.!$#_%987Tm@�4.-1,.(PD+,6!$-18?Lneo,p5:%1#_*F(P(+8m4.(E%90<!<WE(PTq*r;msut�suvw!<8m,657(n234G%9HI(u-92
,657(usuxNyS2hi�87T�(PTq@�4.-9zl(PD+,d{+e}|J|~e.e6�A{ j eg8r,.(+BC4G%9,.(PT�|N!$#6��|J(PT=i7D+,6!$-18�-92�eg8=23-146HO%9,6!$-18/y
*:%1#.(PT\eo8=234G%1#6,646i7D+,6i�4.(��[;=#6,.(+HI#E�_el�/M"��4.-9z6(PD+,qt�LA�C�S�1�C�C�SkcLaM>57(I,.(PD.5�8�!$DE%90u4.(E%90��
!<W�%9,6!$-18w-92N,657(O,.-[-10)5:%1#'*A(P(+8wDP-1HaHa!<,6,.(PTX*r;Xsut~sfv�,.-]� 0<!$D.5�4.-18V�[460d,65�4.-1i�BC5
,657(�`)-18r,64G%1D+,~@�4.-1,EL�sut~sfv �1�C�C�C�S���r�C�C�C�S�9�ne}���oe}t~���J�ov~�nx�L

sf%1D.5w^K`�`)e�DE%98\*F(�i�0<,6!<HO%9,.(+0<;�4.(+@�4.(P#.(+8[,.(PT\*r;\%Z�=�C�S���C�r ¡DP-18r,G%9!<8�!<8�B¢,657(
0$-1BC!$DE%90�@F-C#6!<,6!$-18I-92F!<,.#nT=!�£A(+4.(+8[,fDP-187#6,6!<,6i�,6!<RS(�(+0$(+HI(+8r,.#��rDP-18�87(PD+,.(PTa,65�4.-1i�BC5 j 0$-1B1�
!$DE%90n-14�@�5r;=#6!$DE%90¤kN0<!<8��/#�L~t�(+,o&)-146�/#mDE%98¡*F(�#6i�*7#.(P¥[i7(+8r,60<;¦HO%9@�@F(PT¡-18r,.-¨§S��©1ª[«7¬
&�5�!$D.5�DP-187#.,6!<,6i�,.(],657(]i�0<,6!<HO%9,.(C��%987T­HI-14.(¢%9*7#6,64G%1D+,E�)0®%E;S-1i�,O-92m%\,.(PD.5�87-10$-1BC!��
DE%90p!<8=2h4G%1#6,646i7D+,6i�4.(C�7&�57(+4.(m-18�0<;O,657( HO%9,657(+HO%9,6!$DE%90_#6,646i7D+,6i�4.(q-92_!<,.#NDP-187#6,6!<,6i�,6!<RS(
(+0$(+HI(+8r,.# %987T],657(+!<4JDP-18�87(PD+,6!$-187#~%94.('�S(+@�,EL

¯ 4G%9@�57#>DE%98¨*F(J,65ri7#�%98:%90<;[WE(PTZ*[;IHI(+,657-[T�#),g;[@�!$DE%90p-92?,657( ¯ 4G%9@�5?°�#>M>57(P-146;F±
,657(�²78:%90�BS-S%90u!$# ,.-]!<8=2³(+4m,657(a(P#6,6!<HO%9,.(I-92>4.(+0$(+R1%98[,'87(+,o&)-146�F°�#q@�4.-1@F(+46,6!$(P#'2h4.-1H
,657(J%98:%90<;/#.!$#u-92F,657(~%1#.#.-/D+!®%9,.(PTaBC4G%9@�5�%987Ta,65[i7#u,.-mBr%9!<8I!<87#.!<BC5r,.#f-18a,657(J(c£A(PD+,6!<RS(
@�4.-1@F(+46,6!$(P#~-92�,657(O{c4.(E%90o{m,.(PD.5�87-10$-1BC!$DE%90n-1*=zl(PD+,N4.(+@�4.(P#G(+8r,.(PT�*[;�,657('87(+,o&d-146�AL

vUBC4G%9@�5ZDE%98Z*A(JT�(P#.D+46!<*A(PTZ%1#d,657(�#.(+,
G = G(N,L)

-92
N
87-[T�(P#>%987T

L
%94.DP#

j -14N0<!<8��/#ckcL�v�BC4G%9@�5¢DE%98¢*F( HO%9,657(+HO%9,6!$DE%90<0<;�T�(c²787(PT]*[;¨!<,.#
Adjacency

HO%9,646!�b
A
&�57-C#G(m(+0$(+HI(+8r,.#~&�!<0<0?*F( !<87T=!$DE%9,.(PT¦%1#

aij
L

M>57(O{+DP-187DP(+@�,6i:%90o{q0®%P;S-1i�,J-92n,65�!$#~%98:%90<;=#6!$#�!$#�,65[i7#�,657( 2³-10<0$-E&�!<8�B7´

•
,657(¦@�5r;=#6!$DE%90 j -14¨0$-1BC!$DE%90¤kOHO%9@U-92',657(¦!<8=234G%1#6,646i7D+,6i�4.(�#657-1i�0$T�*F(¦,64G%987#l�
2³-146HI(PT¨!<8r,.-Z%�87(+,o&d-146�

•
,657( 87(+,o&)-146�]!$#�,64G%987#l2³-146HI(PT]!<8r,.-Z%98�v�T9z6%1DP(+87D+;¨HO%9,646!�b

•
,657()v�T9z6%1DP(+87D+;�HO%9,646!�b�!$#n(+0®%9*F-14G%9,.(PT�,.-�@�4.-ER/!$T�(),657(>(P#6,6!<HO%9,.(>-92:,657(),.-1@F-9�
0$-1BC!$DE%90?@�4.-1@A(+46,6!$(P#EL

µ
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M>57('�,+.-0/�1*24365 798;:=<?>#+@2 ,.-/-10A-92K,657( �¢����#6i�!<,.( (+8:%9*�0$(P#>,657(�i7#.(+4>,.-qBS(+8=�

(+4G%9,.(mT=!�£A(+4.(+8[,��[!<87T�#>-92�DP-1Ha@�0$(cbZ87(+,o&)-146�/#E�:T=!$#6,6!<8�BCi�!$#657(PTZ*r;�,657(+!<4�,.-1@F-10$-1BC!$DE%90
@�4.-1@F(+46,6!$(P#�%987T�,65ri7#mBS(+87(+4G%9,.(PT\&�!<,65XT=!�£A(+4.(+8[,'BC4.-E&�,65�HI(PDG5:%98�!$#6H�Lat�(+,o&d-146�=#
%94.(f4.(+@�4.(P#.(+8[,.(PT�*r;'BC4G%9@�57#���@:%946,6!$D+i�0®%9460<;�*r;BADC*EGF?H!IKJMLNIKEI%987TOADCQPRISFUTWV(LNIKE�BC4G%9@�57#EL
vJ8�i�87T=!<4.(PD+,.(PT�BC4G%9@�5�!$#n%NBC4G%9@�5�2³-14_&�5�!$D.5�,657(d4.(+0®%9,6!$-187#�*F(+,g&d(P(+8�@:%9!<4.#n-92787-[T�(P#
%94.(O#6;/HaHI(+,646!$DC�K#G-¨,65:%9,�(E%1D.5w(PT=BS(a5:%1#'87-¢T=!<4.(PD+,6!$-18:%90)DG5:%94G%1D+,.(+4 j %1#�-1@�@F-C#.(PT
,.-¨%�T=!<4.(PD+,.(PT¡BC4G%9@�5�kcLmM>5�!$#�HI(E%987# ,65:%9,E��!�2>%98¡(PT=BS(�*A(+,o&d(P(+8\,657(�87-/T�(P#

i
%987T

j
j 4.(+@�4.(P#.(+8r,.(PTQ*r;

(i, j)
k�(cb=!$#6,.#E�f,657(�4.(+RS(+4.#G(�(PT=BS(

(j, i)
%90$#.-\(cb=!$#6,.#ELXvJ8­i�8=�

&d(+!<BC5r,.(PT¡BC4G%9@�5¦!<87#6,.(E%1Tp�7!$#J%IBC4G%9@�5¢!<8�&�5�!$DG5¡%90<0�(PT=BS(P#N5:%PRS(q87-I0®%9*A(+0K%987T�,657(
#G%9HI(mi�8�!<,G%946;¨&d(+!<BC5[,EL

M>57(�87(+,o&)-146�F°�#f,.-1@F-10$-1BC!$(P#dD+4.(E%9,.(PTa*r;�,657(N�,+@-X/�1*24365Y798#:=<Z>#+@2N,.-[-10:%94.(�,657(
23-10<0$-�&�!<8�BS#E´

• [�\Q] >#1*^`_a2 \
bdc 5v 4G%987T�-1H BC4G%9@�5V!$#I%¡BC4G%9@�5­,65:%9,a!$#�BS(+87(+4G%9,.(PT­*r;Y#.-1HI(¨4G%987T�-1H @�4.-9�
DP(P#.#�L�eg8],657('��� � �,+.-0/�1e2W3659798;:=<?>#+@2',657( i7#G(PT¨BC4.-E&�,65¢HI(PDG5:%98�!$#6H !$#
,657(Yf�24>#ge5Mh [OiD]kj :ml�-187(CLuM>57( BC4.-�&�!<8�BOHI(PD.5:%98�!$#.H 2³-14),657(qD+4.(E%9,6!$-18¢-92�%
4G%987T�-1H BC4G%9@�5

G = (N,L)
#.,G%946,.# &�!<,65 %�#G(+, -92

N
87-/T�(P# &�!<,65\87-ZDP-18=�

87(PD+,6!$-187#EL�M>57(�@�4.-[DP(P#.# DP-18[,6!<8ri7(P# !<,.(+4G%9,6!<RS(+0<;¡%1T�T=!<8�B¨87(+& 87-[T�(P#m%9, (E%1D.5
!<,.(+4G%9,6!$-18 %1DPDP-14.T=!<8�B�,.-�%98\i�87DP-187T=!<,6!$-18:%90f@�4.-1*:%9*�!<0<!<,o;

P
Lqeg,mHI(E%987# ,65:%9,

,657(�(PT=BS(�D+4.(E%9,6!$-18¡@�4.-1*:%9*�!<0<!<,o;¡*A(+,o&d(P(+8�,g&d-Z87-[T�(P#��:,657(�87(+&�87-/T�(
i
%987T

,657(�@�4.(c�o(cb=!$#6,6!<8�B�87-[T�(
j
j
P (i → j)

kc�=!$#)DP-187#.,G%98r,J%987TZ87-[T�(�!<87T�(+@A(+87T�(+8r,E´

P (i → j) =
1

N

j µ k
M>5�!$#d0$(E%1T�#),.-�%q,o;/@�!$DE%90�87-/T�(P#>T�(+BC4.(P(~T=!$#.,646!<*�i�,6!$-18?�=*F(P#6,f²7,6,.(PTZ*r;�%'@F-1!$#l�
#6!$-18�!®%98O2hi�87D+,6!$-18?±/,657(+4.(c2³-14.(C�/,657(N@�4.-1*:%9*�!<0<!<,o;O23-14>%m87-/T�(N,.-�-1*�,G%9!<8

k
0<!<8��=#

!$#E´
P (k) = Ck

N−1
pk(1 − p)N−1−k

j �Sk
%987TZ2³-14

N → ∞
´

P (k) = e−〈k〉 〈k〉
k

k!

jon k
%1#N#.57-E&�8�!<8¨²7BCi�4.( µ L

pNq
r4s
tNu4v0wyx{z|r~}��y�M�~��x4qQ�W�4��rk���!�m�(rQ�d�y�~tm�y�y�y�����=�K�S�0�S�;�X�S�~r

�



��!<BCi�4.( µ ´���� E@I���� E@IoTGH!I!IBE{F�� L=H0F
	SA L=F��GC F?C
� H��{C*E���� T{H����*V��
N �������������

• �! .\ <?+#"62W+@+��,+.-0/�1*24365
|~(PDP(+8r,N#6,6i7T=!$(P#J%9*A-1i�,%$o4.(E%90?87(+,g&d-146�=#�&�!<8�#G(+RS(+4G%90_T�-1HO%9!<87#E�/234.-1H *�!$-10$-1BC;
,.-I#G-[D+!$-10$-1BC;Z,.-I,.(+0$(PDP-1HaH�i�8�!$DE%9,6!$-187#E�F5:%PRS(q#.57-E&�8¢,65:%9,J,657('57-1HI-1BS(+87-1i7#
87-/T�(P#E°/T�(+BC4.(P(�T=!$#.,646!<*�i�,6!$-18],o;/@�!$DE%90?-92_4G%987T�-1H BC4G%9@�57#)!$#68?° ,>,657(~*A(P#6,)&)%E;
,.-�4.(+@�4.(P#.(+8[,�,657(P#.(�#6;=#6,.(+HI#EL_t�-/T�(P#E°1T�(+BC4.(P(�T=!$#6,646!<*�i�,6!$-18O-92:,657(P#.(�#.;/#6,.(+HI#
#.(P(+HI#N,.-�23-10<0$-�&�%(')�GPRI H+*,�GPU23i�87D+,6!$-18?´

P (k) ∼ k−γ
j �[k

!<8¡&�5�!$D.5
2 < γ < 3

%1DPDP-14.T=!<8�B],.-�#6!<8�BC0$(P# #6;=#6,.(+HI#E°:@F(PD+i�0<!®%946!<,6!$(P#�LmM>57(P#.(
�/!<87T�# -92d87(+,o&)-146�/#�%94.(�T�(c²787(PT �! .\ <?+{h�" 24+(+:�p*A(PDE%9i7#.(-')�GPRISH�*.�GP�!$# ,657(i�8�!$¥[i7()2hi�87D+,6!$-18:%90=2³-146H ,65:%9,�4.(+HO%9!<87#�i�87DG5:%98�BS(PTp�/%9,n0$(P#.#�-92p%�Hqi�0<,6!<@�0<!$DE%��
,6!<RS(�2 %1D+,.-14E�:%�23,.(+4~%�#.DE%90$( HI-/T=!�²:DE%9,6!$-18?L
�! .\ <?+�"62W+@+ 87(+,g&d-146�=#�%94.(dD.5:%94G%1D+,.(+46!<WE(PT�*r;q%98q(cb=,64.(+HI(+0<;m!<8�57-1HI-1BS(+87(P-1i7#87-/T�(P#~T�(+BC4.(P(�T=!$#6,646!<*�i�,6!$-18?�A&�!<,65¡,657(�@�4.(P#.(+87DP(�-92�23(+& 87-[T�(P#~5�!<BC5�0<;¢DP-18=�
87(PD+,.(PT j �/87-E&�8Y%1#9V@A�	���k'%987TX%¨0$-1,.#q-92>0$-[-C#G(+0<;�DP-18�87(PD+,.(PTX-187(P# j �/87-E&�8
%1#0/�I1��2GI���kcL
MK-N4.(+@�4.-/T=i7DP(d#.DE%90$(u2h4.(P(f87(+,o&)-146�/#E�S�¢���O°�#��,+.-0/�1e2W365�798#:=<Z>#+@2d,.-/-10ri7#.(P#
,657(�7 \ 2 \4365 5~: h �O< 3 +(2~-87 j�9 vmk>BC4.-�&�!<8�B¨HI-[T�(+0 LNM>5�!$#~HI-/T�(+0K!$#J*:%1#.(PT¦-18,g&d-w(+0$(+HI(+8r,.#E´¡,657(�BC4.-�&�!<8�BX@�4.-/DP(P#.#Z%987TQ,657(
' HKI�:MISH!ISCeL=F;��/)<�LoL
�.JSV=� ISCeL
j �Fv kcL/M>57(~HI-[T�(+0�!$#f!<87#6@�!<4.(PT�*r;O,657(>$o46!$D.5¨BS(+,d46!$D.57(+4�&~@�46!<87D+!<@�0$(C�/!<8Z&�5�!$D.5
5�!<BC5�0<;�DP-18�87(PD+,.(PTw(+0$(+HI(+8r,.#�5:%PRS(Z%98 5�!<BC57(+4�@�4.-1*:%9*�!<0<!<,o;�,.-¡%9,6,64G%1D+,q87(+&
DP-18�87(PD+,6!$-187#EL

?yz|r @erBA �!tN�0��CXwo�Ux{}|r4z�� �{� to�Kx�D �y� �y�W�y�|�FES���=�y�S�S�S�;�X�S� r

n



�K!<BCi�4.(X�=´ � � E@I ��E(IoTGH!I!I EGF �SL=HSF;	SA L=F;�GC ��: � �MJ ��/�I-:SH!I!I C I L=P �GH � �
N = 20000� J �GC*L=FZCQA4�GA � / F?CkI��BL?V I J ADH 2WI ��:�I�� A4�{L=F;�GC

y = k−2.51
� E�� �XV
IKE / F?CkI��

M>57(�BC4.-E&�!<8�B\HI(PDG5:%98�!$#6H 23-14�,657(ZD+4.(E%9,6!$-18V-92�%
N
87-/T�(P#�87(+,o&)-146� @�4.(c�

#.D+46!<*A(P#>%98�!<8�!<,6!®%90F@�5:%1#.(C�/!<8�&�5�!$DG5�%'#.(+,>-92
m0

j
m0 < N

k�!<8[,.(+4.DP-18�87(PD+,.(PT
87-/T�(P#>!$#�D+4.(E%9,.(PT�%987T�%�BC4.-E&�!<8�BI@�5:%1#.(mT=!<R/!$T�(PT¨!<8r,.-

N −m0

,6!<HI(m#6,.(+@7#EL
v>,J(E%1DG5¦,6!<HI(�#6,.(+@¡%a87(+&�87-/T�('!$#~%1T�T�(PT¦,.-a,657(q87(+,o&d-146�¡%987T¢DP-18�87(PD+,.(PT
,65�4.-1i�BC5

m0

87(+& (PT=BS(P#EL�M>57(�DG57-1!$DP(I-92d,657(�@�4.(c�o(cb=!$#6,6!<8�BS# 87-/T�(P#�23-14m,657(
D+4.(E%9,6!$-18]-92_87(+&U(PT=BS(P#)!$#dHO%1T�(�i7#6!<8�B�,657( �*H!I :MI HKISC*L=F���/,�{LoL
�@JSV=� ISCeLdHI(PD.5=�
%98�!$#6H�L�M>57(m�Fv�@�4.(P#.D+46!<*F(P#N,65:%9,�,657(~87-/T�(C°�#�@�4.-1*:%9*�!<0<!<,g;Z,.-a-1*�,G%9!<8¢%�87(+&
0<!<8��¨!$#~@�4.-1@F-146,6!$-18:%90�,.-I!<,.#�T�(+BC4.(P(CL�eo8�%�2³-146HO%90_&>%P;S��,657(q@�4.-1*:%9*�!<0<!<,g;]23-14
%�87(+&�0<;�%1T�T�(PT�87-[T�(

i
,.-](P#.,G%9*�0<!$#65 %¨DP-18�87(PD+,6!$-18�&�!<,65�,657(�@�4.(c�o(cb=!$#6,6!<8�B

87-/T�(
j
j
P (i → j)

k)!$#E´

P (i → j) =
kj

∑

j kj
,

j �Sk

!<8�&�5�!$D.5
kj
!$#K87-/T�(

j
°�#nT�(+BC4.(P(CLn�7-14

N → ∞
,65�!$#nHI-/T�(+0[0$(E%1T�#n,.-m%~T�(+BC4.(P(

T=!$#6,646!<*�i�,6!$-18¢&�5�!$D.5�2³-10<0$-E&N#�%-')�GPRISH *,�GP &�!<,65¦%
γ = 3

(cb/@A-187(+8r,EL

• �M] - +@2 ] +@- h	�|:?3e+ �  @\ <Z+.h�"62W+@+ ^�16>#+(<M>57( 7�� HI(PD.5:%98�!$#6H DE%98
4.(+@�4.-[T=i7DP(¦HI-C#6,¨-92 $o4.(E%90 &¢87(+,o&)-146�/#Z*�i�,E�J%1#
(E%1DG5¢87(+,o&)-146��,o;/@A(m5:%1#N!<,.#N-�&�8¦@A(PD+i�0<!®%946!<,6!$(P#E�:,.-a4.(+@�4.-[T=i7DP(q,657('4.(+0$(+RC%98r,
@�4.-1@A(+46,6!$(P#]-92�T=!�£p(+4.(+8r,]87(+,o&)-146�/#]#G(+RS(+4G%90�HI-/T=!�²:DE%9,6!$-187#],.-w,657(¦BC4.-E&�,65
HI(PDG5:%98�!$#6HI#J#657-1i�0$T�*F(q%1T�T�(PTpLfM>57('eo8[,.(+4687(+,J87(+,g&d-146�A��2³-14N!<87#6,G%987DP(C��5:%1#
*A(P(+8I#657-E&�8O,.-mT=!$#6@�0®%P;I%98 $g(cb=,64.(+HI( &J�/DE%90$(c�o�74.(P(N,.-1@A-10$-1BC;S�S&�!<,65a,657(�@�4.(P#l�
(+87DP(Z-92N5�!<BC57(+4aT�(+BC4.(P(�5[i�*7#E�u%¢*�!<BCBS(+4�8[i�Hq*A(+4a-92J0$(E%PRS(P#E�u%98Y(cb=,64.(+HI(+0<;

�



T=!�£p(+4.(+8r,ND+0<i7#6,.(+46!<8�BaDP-/(��OD+!$(+8r,N&�!<,65¨4.(P#6@A(PD+,>,.-0$o87-146HO%90 &q�/DE%90$(c�o��4.(P( 87(+,l�
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!$#N!<87D+4.(E%1#.(PTpL
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M>5�!$#)@�4.(P#.D+46!<*A(P#>,65:%9,E�=-187DP( %q²74.#6,>0<!<8��I&�!<,65�%�87-/T�(

i
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i
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,657(�87(+,g&d-146�O%987Tp�r,657(+4.(c23-14.(C�r!<87D+4.(E%1#.(N,657(ND+0<i7#.,.(+46!<8�BqDP-[(��OD+!$(+8[,ELuM>57(�0®%1#6,
HI-/T=!�²:DE%9,6!$-18XHO%1T�(�,.-¦,657(IHI-/T�(+0d@A(+46,G%9!<87#q,.-¦,657(IRC%90<i7(Z-92N,657(

m0

@:%��
4G%9HI(+,.(+4EL�eg8a,657( 9 vQHI-/T�(+0 �C,657(�@:%94G%9HI(+,.(+4

m0

@�4.(P#.D+46!<*A(P#�,657(�8ri�H�*F(+4)-92
0<!<8��Z(P#6,G%9*�0<!$#657(PT]%9,N(+RS(+46;O,6!<HI(m#6,.(+@?±/!<8¨,657( @�4.-1@A-C#.(PTZHI-[T�(+0 �=,.-�!<87D+4.(E%1#.(
,657(�8ri�H�*F(+4'-92)0$(E%PRS(P#E�A,657(�8ri�H�*F(+4'-92d87(+&�0<;¡%1T�T�(PT¡0<!<8��/#m%9,m(+RS(+46;�,6!<HI(
#6,.(+@]!$#JD.5:%98�BS(PT¦%1DPDP-14.T=!<8�B�,.-�,657( 2³-10<0$-E&�!<8�BS#N@A-C#.#6!<*�!<0<!<,6!$(P#�´
µ LNv>,I(+RS(+46;w,6!<HI(]#6,.(+@?�>%98­!<8r,.(+BS(+4IRC%90<i7(
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4G%987T�-1Ha0<;]D.57-C#G(+8?L
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-18�0<;O%'87(+&Q0<!<8��a&�!<0<0F*F(N(P#.,G%9*�0<!$#657(PTO!<8�,65�!$#f,6!<HI(�#6,.(+@
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�u��-14I�¦,o&)-\87(+& 0<!<8��=#�&�!<0<0�*A(¨(P#6,G%9*�0<!$#657(PTY&�!<,65Q%
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µ LNv�#.(+,J-92
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23i�0<0<;¨DP-18�87(PD+,.(PT�87-/T�(P#�!$#ND+4.(E%9,.(PTpL
�=L

N − m0

!<,.(+4G%9,6!$-187#~%94.(m@A(+4l2³-146HI(PTp�:%9,J(+RS(+46;Z!<,.(+4G%9,6!$-18?´
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mi
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G(i, 1) = PA,
j �Ck

G(i, 2...mi) = (1 − q)PA + qTF
j �Sk

�
57(+4.(
G(i, j)

!$#O,657(�HI(PD.5:%98�!$#.H DG57-C#.(+8Q2³-14I,657(¦D+4.(E%9,6!$-18
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q = 0.93
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•
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%987T¨,657(m8[i�Hq*A(+4~-92n87-[T�(P#�L

•
M>57(

m0
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,.(cb/,)²70$( j L ,lb/, kf!<8¨&�5�!$D.5],657(�87(+,g&d-146�A°�#N#6,646i7D+,6i�4.( !$#>#6,.-14.(PTpL�t�(+,o&d-146�¨#6,646i7D+,6i�4.(
!$#�4.(+@�4.(P#.(+8r,.(PT¡%1#>2³-10<0$-E&'´

•
sf%1DG5\87-[T�(�!$#�4.(+@�4.(P#.(+8r,.(PT�*r;¡%98\!$T�(+8[,6!�²:DE%9,6!$-18�8ri�H�*F(+4 j e��'kc��,657(�8ri�H��
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= 0
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= 1%987T]#.-a-18?L
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#6@F-187T�(+8[,~-1i�,6@�i�,�²70$(�%94.(m#657-E&�8?L

�



��!<BCi�4.( n ´ < C�I������ ��/UI ��:YADC*EGF?H!IKJMLNIKEBT{H����*V��|P�F=L?V��OC�� E@I � �GC*E ��� IKE T@I�� �

� µ
� �
µ �
µ �
� �
� �
� �
n �
n �
� �

MK%9*�0$( µ ´�������� ��/�I ��:��GA L �*A L
	 /UI �SL=HSA
JML=A(H!I �

�



���������:���
� ��� � 	������ � 
�� 		���m�e� ��
�� 
 � �¡�
���U�����
� �¢��� �V�����

� 
a� �����!� �����K� �a� � � �O� ����� ��� ��� ��������' � � ���~� ��� ���A� � �
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