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>6)�#&l$)U<,)m>&)*%2)*+/.1)mN=!$#6!?!?X4)*#6!$D^n$0�<,0$>o<,)*%-!$57>�g�pq04#&.1!$+/.10,bsr=!(>&.L!�!$#&%�!('*)*+,!$#�!	>6)�%-)�+[.6)tAC0$#6+,)�P*57<,!
N=!$#6!u0�X$)*#1!(<,04#V<,)?+[Z,%2)*#&04>mN,>6)�B,<,0(\v!$S7)*!(.134#&5704>�a;BI)O!u%2)*>&%�!d>&)*a[w,@*+IP*5x!�<,)?+[Z,%2)*#60$>tBF.157SR57'*!$<,04>
+=!$>?ACB,+ID*E;)*>�N`0;<,)�>6)�#�#6)*NI#60;<,B,'*5R<=!y)*%z%2)*%234#&5x!85R+[.6)*#&+=!Ig

{}| 57X$B,#1!�~;g���!$NI#6)*>&)*+/.L!�0�.1#&)*PL�,0k<,)yP�3F<,5RX40�BI.657SR57'^!(<,0�N=!(#1!�X4)�#1!$#u!�>&)*%2)*+/.1)�)y!(.6#65Rr,B,Q�\�Sx!
!$0�X4)�#1!$<,0$#?<,)�+;ZI%-)�#604>�N,>&)*B,<,0K\]!$SR)^!(.634#65R04>*g

� � � �o ����� _�;Z/�h�J & � u3B �� � � �o ����� _U;L�0;Zj
/?&�� 6 u B �u<uvu
�<� W � �o� /
&x� 6ZG0@,J�/ 6&��( * 1
%Q&3(�*,+C-R/a;?6L� 68-F/?6�1
u<uvu
��6Z/
/ &x� 6�* ����@(�LK q / 6&� (M*�N	nXD %
% T 1
;=6L� 6v-F/=6�\^KC%Q&)(0*M+.-0/,ToK / 6�� ( * u /CG�q';=6 � b tk],]Ft

∗
/ 6�� ( * uY/CG�q �$;=6 � T 1; I
@o-,� K
;=6L� 68-F/=6XT 1

u<uvu

| 57X4B,#6!�~Fg�� 
t� )�#1!$D*n$0�<=!�>6)*%2)*+/.6)�N,!$#1!�0�X4)*#6!$<,04#?<,)�+[Z,%2)*#&04>�N,>6)�B,<,0(\v!$S7)*!(.134#&5704>�g
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� )�>&.6)?P^!$N,Q�.1B,SR0u!$N,#&)*>&)*+/.L!$%204>m!d)�>&.1#&BI.1BI#1!u<,)?<=!$<I04> a[B,)�#6)�N,#6)�>6)*+/.1!�! .1!$r`)�Sx!�GIHKJLGW)?0$>V!$S7X$04#65�.&\
%204>q! l(!$SR5x!$<I04>*g { NT34>_!$N,#&)*>6)�+/.L!$#&%-04>�!W)�>&.6#6BI.6B,#1! <I)U<=!(<,04>*b(<,)*>&P*#&)�l4)�%-0$> 0 %���.60F<,0W<,)?GIHKJLG��! �"
)*+I<,)*#&)*D^!(%-)�+[.60 !(r`)�#&.10�P�04%e.6#1!(.1!$%2)*+/.10�<I)yP*04SR57>1n(0�!(.1#6!^l#�*>�<,)�GIHKJLG��! �"8SR57+,)*!$#*g%$V% >&)*X4BI57<=!Ib
<,)�>6P*#&)�l$)*%204>U0$>U!(S7X404#&5R.6%-04>qa[B,)�P*04+I>&.15�.1B,)�%"0�)*>�.L!$<I0�<=!�!$#�.1)?+=!uX4)�#1!$D*n$0�<,) |'& p)( >�g { A !$%2Q�\
S757!�<,)�!(S7X404#&5R.6%-04>*(,+ &.- \

r
!(N,#6)�>6)*+/.1!$<=!y+=!M>6)�D^n$0�/Ig0/MNT04>6>&B,5 04>�!$SRX404#&5R.1%204>m%-!$57>t#21$NI57<,04> +,0

a[B,)u<,5R'd#6)�>6NT)*5R.60y!$0M.6)*%2N`0M<I)uX4)*#6!$D^n$08<,)uB,%-! |'& p)( g43#1M0�!$S7X$04#65�.1%20 |5-6& !$NI#6)*>&)*+/.L!(<,0�+=!
>6)�D^n$0�/Ig879�d0y%2)*SR�,04# !$S7X40$#65R.6%-0�<=!MSR5R.6)*#1!K.1B,#6!�+,0ya[B,)u<,5R' #&)*>6NT)*5�.10�!$08)*>6N,!$D*0�N=!$#6!y!$#6%-!$'�)*+=!$#
!$> |'& p*(k>WX$)*#1!(<=!$>*g

:<;>= � � 
o� ��
q����� ��� ? �%@ �BA�� C DFE*G
{z| 57X4B,#6!H/IgJI�5RS7B,>�.1#1! ! )*>�.1#&BI.1B,#6!j<,)�<,!$<,04>MBF.157SR57'*!$<=!�+=! #6)�N,#6)�>6)�+[.1!$D^n(0 <,! .L!$rT)*S7! GIHKJLG;g {
)*>�.1#&BI.1B,#6!2<I)�<,!$<,04>K��P*04%2NT04>&.1!�<I)�<IB=!$>�N=!$#�.1)*>ML
I4g - 04+ON&B,+/.10 <I) - �=!^l4)�>

S
LP�UB,% NT)*<,!$D*0OP*04+/.1QRX4B,0W<,) %2)*%234#&5x!	a[B,) P�04+/.2��% .60F<,!$>q!$>�PL�=!^l$)*>

<,0�<,5RP*5R04+Q1$#&570,g { >�PL�=!^l4)�> >1n(0->&)*N=!$#6!$<=!$>�NT04#?P^!(#1!$P:.1)*#&)*>W+[B,S704>%R
\0 SUT

~FgKV_!$rT)*Sx!XWuHKJLG�LY�tB,%Y!$#6#6!$+ZN&0OP*04% B,% +[Z,%2)*#&0.[I9F0
m
<,)U#6)�X457>�.1#60$>*g - !(<=!O#&)*X45R>&.1#&0 P�04+/.2�*%

B,%z!$N`0$+[.1!$<,04#?N,!$#1!y0�57+,QRP*5R0M<=!�PL�=!^l4)�a;BI)�0�57<I)*+/.15J[=P^!y+,0 - 04+ZN&BI+[.60-<I) - �,! l$)*>�g
$�9I5R>&.6)*% 04BI.6#1!$>oAC04#&%�!$>�<,)t#6)�N,#6)�>6)�+[.1!$#�BI% <,57P�5704+Q1(#6570Ib P*04%20 !(N,#6)�>6)*+/.1!$<,0 )�%]\�~_^_`�g � 34>q04NF\

.L!(%-04>_N`)�Sx!d)�>&.1#&BI.1BI#1!�!$N,#&)*>6)�+/.L!$<=!u+=! | 57X4B,#6!X/IgJI?N`)�S70 A !K.10u<,)?>&B=!d57%2N,S7)�%-)�+/.L!$D*n$0 >&)*#V>65R%-NIS7)*>
)$b=NI#657+IP*57N,!$S7%2)*+/.1)(bINT04#?#6)�<,B,'�57#?0baZcedgfLGQd6Hihd<,)�)�>6N=!$D�0-+I0�!$#&%�!('*)*+,!$%-)�+/.10y<,02<,57P�5704+41$#65R0,g

~jI
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\0s2 \0s3 \0sn\0s1

m−1

1
0

10

Tabela Hash

Conjunto de Chaves S

| 5RX4B,#1! /Fg I#L $V>�.1#6BF.1B,#6!2<,)�<=!(<,04>�a[B,)�#&)*N,#&)*>&)*+/.L!-!y.1!$rT)*Sx!-GIHKJLG;g
:<;&% � 
����('��*)	�,+ ��
y
�� - @ �('_
�� . ��+ C DFE*G0/!1�2 3 ��
��*45'

� 0u%���.60F<I0 )*+I<,)*#&)*D^!(%-)�+[.60�!$r`)�#&.60u04> #6)�X457>�.1#&04>�>6n$0�!$#6%-!$'�)*+=!$<I04>�)�% B,%-!O.1!$r`)�Sx! <I) .L!$%-!$+,�I0

m > n
) !(>2P�04S75R>6E;)*>y>6n$0 #&)*>&04SRl;57<,!$>yBI.15RS75R'^!$+,<I0 !$>�N,#634NI#65x!(>yN`04>&57D�EF)�>�l(!$'�5x!$>y<,! .1!$r`)�Sx!Ig  

%���.10;<,0�)�+/l404S�l4)y<,045R> N=!(>6>60$>>L R 5 S BI.15RS75R'^!$D*n$0-<I)MB,%-!-ACB,+,D*n$0 GIHKJLG2N=!$#6!�%-!$N`)*!$#d!(> PL�=!^l4)�>�<,)
S
N,!$#1!y+[Z,%2)*#60$>W5R+/.1)*5R#604> T R 5R5 S #&)*>&04S7B,D*n$0�<,)�P*04SR57>&EF)�>*g� 0 - !$NIQR.1BIS70H7 <,57>&P*BI.657%204>80j5R%-N,!$P�.60 <,)�P*!$<=!jB,%-! <=!(>8ACB,+,D�EF)�>-GIHKJLG !$N,#&)*>6)�+/.L!$<=!(>y+,0

- !$N,Q�.1B,SR0�~-+,0�N,!$>6>&0 RC5 S <,0�%<�:.10;<,0�)�+,<,)*#&)*D*!$%-)�+/.10 !$r`)�#&.60,g { X404#6!-l(!$%204> 5RS7B,>�.1#1!(# P*0$%-0�>&)<Q1 ! #6)�>604SRB,D^n$0 <,)�P�04S75R>6E;)*>�g76O%-! AC04#6%-!j>65R%-NIS7)*>8<,)�#6)�>604S�l4)*#�P�04S75R>6E;)*>M)�a[B,)�.1)�%hB,% rT04%
<,)�>6)*%2NT)*+,�,0�+,!�N,#21K.157P*!<�8!(.1#6! le�*>d<I0 GIHKJLG��! �"�SR57+,)*!$#*g - 04%20�!$NI#6)*>&)*+/.L!(<,0�+=!�8 )g[=+,5RD^n$0:92<=!
;F)�D^n$0,I4g<9Fb=!yN`0$>657D*n$0

hj

<,)�B,%-!�PL�,! l$)
s ∈ S

+,!�.1!$r`)�Sx!9��<=!$<,!�NT04#ML

hj = (h(s) + j) mod m, para 0 ≤ j ≤ m − 1.

- 04+,>&57<,)�#1!$+,<I0 B,%eP*04+ON&B,+/.10k<,)yPL�=!^l4)�>
S = {F, A, B, I, N, O}

P*04+,>�.15�.1B,QR<,0�<,)�B,% ZI+,57P�0
P^!(#1!$P:.1)*#&)�)2a[B,)2!

i
\ �*>&57%-!�S7)�.6#1!�<,0k!$S�A !$r`):.10 ��#6)�N,#6)�>6)�+[.1!$<=!kN`)�S70�+[Z,%2)*#60

i
b�l(!$%204>u%204>&.6#1!$#

P*0$%-0yACB,+,P�5704+,!�0�GIHKJLG��! �"uS757+I)^!$#	N,!$#1!�B,%-!y.1!$rT)*Sx!�GIHKJLG
T
<,)�.L!$%-!$+,�I0

m = 7
)�BI%�!MACB,+,D*n$0

GIHKJLG
h(s ∈ S) = s mod m

g�pq04#�) 9F)*%2N,S70,b�!$0 !$N,S75RP^!$#&%-0$>
h
! P^!(<=! PL�=!^l$)�<,)

S
04rI.1)�%-0$>>L

h(F ) = h(6) = 6
b
h(A) = h(1) = 1

b
h(B) = h(2) = 2

b
h(I) = h(9) = 2

b
h(N) = h(14) =

0
b
h(O) = h(15) = 3

g  e#&)*>6BISR.L!(<,0 <,! 57+I>6)*#&D^n$0 <,0 P*04+ON&B,+/.10
S
)*%

T
�k!$N,#&)*>6)�+/.L!$<,0 +=!

| 5RX4B,#1! /Ig�~Fg { PL�,! l$)
I
P�04S75R<,)kP*04% ! PL�=!^l4)

B
b�S704X40 >6B=! N`04>&57D*n$0 �j<=!(<=! NT04#

(h(I) + 1)

mod 7 = 3
g { P�04S75R>1n$0-<,)

I
P*04%

B
A !$'�P*04%fa[B,)

O
P*04SR57<=!2P*04%

I
b !(>6>65R% !-PL�=!^l4)

O
N,!$>6>6!�!

0;P*B,N=!(#�!2NT04>65RD^n$0
(h(I) + 1) mod 7 = 4

g
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F6
5
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2
1
0

| 57X4B,#6! /Ig�~jL $V+,<,)*#&)*D*!$%-)�+/.10�!(r`)�#&.10
{ )M[,P*57@�+,P*57!8N=!$#6!8>6)uNT)*>&a[B,57>6!$#	B,%-!�P�)*#&.1!MPL�=!^l4)

s ∈ S
+I0M%<�:.10;<,0M)�+,<,)*#&)*D*!$%-)�+/.10�!$rT)*#�.10

P*0$% #&)*>60$S7B,D*n$0j<,)�P�04S75R>6E;)*>�!(.1#6! le�*>y<,)kGIHKJLG��! �"�S757+I)^!$#%��<,)�N`)�+,<,)*+/.6)k<I0j+[Z,%-)�#60 <,)�P*04SR57>6E;)*>
0;P*04#&#657<,!$> <,BI#1!$+/.1)�!MrIB,>6P*!Ig�
uB,!$+/.10y%-!$57>UPL�,)*57!�)�>&.65Rl4)�#�!8.L!$rT)*S7!2GIHKJLG�%-!$5704#U!MN,#&04r=!$r,5RS75R<=!$<,)
<,)O0FP�04#6#&@*+,P�5x!�<,)OP�04S75R>6E;)*>�g�;F)*X$B,+,<,0
��+[BI.6�b\�~jI>` bF0�+[Z,%-)�#60�<,) P�04%-N,!$#1!$D�EF)�>

C(n)
+,)*P�)*>6> 1$#657!$>

N=!$#6!yS70;P^!$SR57'^!(#
s
��!$NI#60^9F57%-!$<=!$%2)*+/.1)_L

•
pq)*>&a;BI57>1!2P*04% >6B,P�)*>6>&04L

C(n) = 1

2

(

1 +
(

1

1−α

))

·

•
pq)*>&a;BI57>1!2>6)�%z>6B,P�)*>&>604L

C(n) = 1

2

(

1 +
(

1

1−α

)2
)

·

$�9IN,!$+,<,5R+,<,0�!$>V)*a[B=!(D*E;)*>t!$P*5R%�!O!(.1#6!^l#�*>m<,)?> �*#&57)	<,)BV_!��;S704# N,!$#1!dB,%YA !(.10$# <,)?P^!(#6X/!
α ' 0

b
NT0F<,)�%-0$>q0$rI.1)�#_B,%-!W!$N,#60^9F57%-!$D*n$0�N=!$#1!�0W+;ZI%-)�#60 <I)UP�04%-N,!$#1!$D�EF)�>�+,)*P�)*>6> 1$#657!$>�N,!$#1!�)*+,P�04+/.1#6!$#
B,%-!yPL�=!^l4)�a;B,!$+,<,0202A !K.104#	<I)�P*!$#6X4! ��NT)*a[B,)�+,0bRCN,#63^9F57%20y<,)�'*)�#60 S g { >6>&57%kb

•
pq)*>&a;BI57>1!2P*04% >6B,P�)*>6>&04L

C(n) = 1 + α
2

= 1 + n
2m

·

•
pq)*>&a;BI57>1!2>6)�%z>6B,P�)*>&>604L

C(n) = 1 + α = 1 + n
m
·

 NI#657+IP*57N,!$SIN,#&04r,SR)*%-! P*04% 0�%<�:.10;<,0u<,)*>&P*#&5R.10 �?B,% N,570$# P^!$>&0�<I)?N`)�>6a[B,57>6!�P�04%"P�04%2N,S7) 9I5R<=!$<,)

O(n)
bs0Wa[B=!(S/N`0;<,)m0FP�04#6#&)*#o>&) !	ACB,+,D*n$0W+=n$0�P*04+I>6)*X$B,57#�)*>&N=!$SR�=!$#o04>�#6)�X457>�.1#&04>oB,+,5�AC04#6%2)*%2)*+/.1)V+,!$>

)*+/.6#1!$<=!(>U<=!u.L!(r`)�Sx!Ig��v>&.10�NT0F<,)�0;P^!$>&5704+,!$#m!�AC0$#6%-!$D^n$0u<I)OB,%-!uS704+IX/!uS757>�.L!dSR57+,)*!$#*b/<,):.1)�#6570$#1!$+,<I0
0y.1)�%-NT0�%<��<,570y<,)�NT)*>&a;BI57>1!Fg

:<; : - � 4,+ �MA:� 4 ��� - A����5'_����+ ��� � � ��� �
r

� )�>&.1!�>6)*D*n$0�<,)�>6P*#&)�l$)*%204>�!-A !$%2Q7SR5x!M<,)y!(S7X404#&5R.6%-04> ( + &X- \
r
N,#60$N`04>�.L!�NT04#X( !ON&)"!�>$#[5�b + 04#�\

%-!$S7< b & !^l(!$>V) - '*)�PL� \�~4~O` b/+=!ua[B=!$S,)�>&.1n$0�57+,>&)*#65R<,04>V!(S7X404#&5R.6%-04>qN,# 1(.15RP*04> )?)g[=P*5R)*+/.1)�>mN=!$#1!dX$)*#1!(#
|'& p*(k>�<I)20$#6<,)�% N,#6)�>6)�#&l(!$<=!k!kN,!$#&.657#d<,)

r
\vX4#6!(AC04>d#6!$+,<&%$%-5RP*04>�gy d>�!$S7X40$#65R.6%-0$>O>6n$0 3(.157%204>
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.L!(+[.60j+,0 .6)*%2N`0 <,)�X4)�#1!$D*n$0j<=!(> |'& p)( >8a;B,!$+/.10j+,0 )�>6N=!(D*0 +,)�P*)*>&>21$#&570 N=!(#1! !(#6%-!$'*)�+=!$#M!(>
ACB,+,D�EF)�>*g

 04r�N&):.15Rl$08<,0$> %2)*%Mr,#&04>m<=!�A !(%-QRS75x!X(,+ &X- \
r
�W#6)�>604S�l4)�# 08>&)*X4BI57+/.1)������	��
���
����������������

��������� ���!�"��#$�������
Ltp�!$#6!2BI%z<=!$<,0
r
\vX4#6!(AC0

Gr = (V, A)
b=04+,<I)

|A| = n
)�P*!$<=!2!$#6)�>&.L!

a ∈ A
�

B,%Y>6B,rTP*0$+ZN&B,+/.10u<,)U.L!$%-!$+,�,0
r
<I0dP*04+ON&B,+/.10d<,)Ul#�*#�.15RP*)*>

V
b40dNI#604r,SR)*%-!OP�04+,>65R>&.6)	)*% )*+IP*04+/.1#6!$#

B,%-!kACB,+ID^n$0
g : V → {0, 1, . . . , n − 1}

<I)-AC04#&%�!�a[B,)�!�ACB,+,D^n(0
h : E → {0, 1, . . . , n − 1}<,)g[=+,57<,!�P�04%20

h(a) = g(v1) ⊕ g(v2) ⊕ · · · ⊕ g(vr)
R /Fg I S

>6) N6! BI%�!jr,5 N&)*D*n$0,bm04+,<,)
a = {v1, v2, . . . , vr}

��B,%�! !(#6)*>�.L! <,0 P*04+ON&B,+/.10
E
)k0 >&Q7%MrT04S70

⊕#6)�N,#6)�>6)�+[.1! ! 04N`)�#1!$D*n$0 <,) 0$B ) 9IP�S7B,>&5Rl$0,g �v>&>60 >&57X4+I5 [=P*! a[B,) )*>�.L!$%204>�N,#60;P*BI#1!$+,<I0 NT04#�B,%-!
!(.6#657rIB,57D*n$0�<,)-l(!$SR04#6)�>�N=!(#1! 0$>�l#��#&.657P*)�>8)�%

V
<,)-AC0$#6%-!ka[B,)(b N=!$#6! P^!(<=! !$#&)*>�.L! )�%

A
b�0 04B

):9FP�S7B,>&5Rl40 <,04>�l(!$SR04#6)�>�!$>6>&0FP�5x!$<I04>�! >6)�B,>kle�*#�.157P�)*>�<,):l4) >6)*#�B,% Z,+,5RP*0 57+/.1)�57#&0 +,0 57+/.1)�#&l(!$S70

[0, n − 1]
g

( !ON&)�!�> #[5=)�.m!(S�g�\�~$~Z`I%204>�.1#1!(#1!$% a[B,)	0dNI#604r,SR)*%-!O<,)	!(.1#&57r,B,5RD^n$0ON`)�#&AC)�5R.L!WN`0;<,)	>&)*# #&)*>&04SRl;57<I0
)*% .6)*%2N`0j3(.157%20�N=!$#6! B,%

r
\�X4#1!KAC0 !$P�Q7P�S757P�0 !K.1#1!^le�*>M<=! BI.15RS757'*!$D^n(0k<,!j!$rT04#6<=!(X4)*% (j 5;`g  d>

!$SRX404#65�.1%204> <,!�A !$%2Q7SR5x! (,+ &X- \
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
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b � dβn/(log n + 1)e  
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j � �! j " n  j #$#$�
i � h10(s)  %&� �
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s � Bi �7 
max|Bi| � max(|Bi|,max|Bi|)  
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Lista de índices dos Buckets em B

...

...
...

...

max |B |i

2
1

0

Tamanho da Lista
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EndOcupados Endereço selecionado

hashEndereço ocupado na tabela
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Tabela de mapeamento

Tabela randômica
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Posição trocada com x   

a) b)

Contém o endereço x que foi selecionado para ser ocupado

EndOcupados
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�������	�

3 h(s) = g(h1(s)) ⊕ g(h2(s)) ⊕ g(h3(s)) 100%
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9�75# 0�B ���<�
g n = 10, 935, 928��� �
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⌈

3.5n
(log n+1)

⌉

NB ×
⌈

3.5n
(log n+1)

⌉ ���5L ���
hl 65%

⌈
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NC × 7n
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⌉ ��� � � � �
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� � � � � � L � � � �
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� � � ��� �
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