
!""#$%&'()*+,-$
./0(123&4$5'6'789&623+:$59+('2'*;9$

<2142'==3&4$>12$6?9$8(1@A$

B93($81&C')D$
?E0-FFG11=H+,HG92I9(9)H9A@$

J13&6$C12I$C36?$<9692$%(;'21D:$K),1&$81&A39D:$
L?'(9A$.(=9(994)M:$J1,90?$#H$N9((92,693&D:$O@,,9(($P9'2,M$

D$Q8$!92I9(9)$$$$$M$R'?11S$O9,9'2+?$



8(1@A$81=0@*&4-$K?9$B9/6$#'T12$
81=0@*&4$<('U12=$



K?9$8?'((9&49$

V23*&4$29(3'G(9:$
,+'('G(9$A3,623G@69A$
,1WC'29$29='3&,$
!"#$!%!&'()*+,-&#H$



O'3,3&4$K?9$X9;9($1>$%G,62'+*1&$

¥! 8@229&6():$A3,623G@69A$02142'==3&4$3,$G16?$
)*+,-&#$'&A$#!)*.-/ $
Ð!.,,9&+9$1>$'$A3,623G@69A$'(41236?=$3,$,C'=09A$G)$

=@&A'&9$A96'3(,-$Y&9742'3&9A$(1+I3&4:$=9,,'43&4:$
,923'(3Z'*1&FA9,923'(3Z'*1&:$9;9&6$(110,:$HHH$

¥! %$411A$('&4@'49$,?1@(A$(96$6?9$02142'==92$
>1+@,$1&$6?9$A3[+@(6$,6@\$
Ð!]HHH$'&A$?'&A(9$6?9$69A31@,$,6@\$'@61='*+'(()^$



.;92)6?3&4$3,$5'6'$

¥! 53,623G@69A$+1=0@*&4$3,$'(($'G1@6$/#0#!$
Ð!P),69=$,6'69$
Ð!P9,,31&$,6'69$
Ð!<2161+1($,6'69$
Ð!Q,92$'&A$,9+@236)$,6'69$
Ð!O90(3+'69A$'&A$0'2**1&9A$,6'69$
Ð!HHH$'&A$1>$+1@2,9:$6?9$'+6@'($_A'6'`$

¥! 81=0@*&4$a$829'*&4:$@0A'*&4:$'&A$
+1==@&3+'*&4$6?'6$,6'69$



KC1$59,34&$<23&+30(9,$

bH! 5'6'7+9&623+$02142'==3&4$
Ð! ./0(3+36:$@&3>12=$,6'69$29029,9&6'*1&$

¥! V9$+?1,9$29('*1&,c$+1@(A$@,9$d#X:$42'0?,:$96+H$

Ð! X'&4@'49$3&A909&A9&6:$61$,1=9$9/69&6$

eH! N34?7(9;9($A9+('2'*;9$f@9239,$
Ð! P6'26$C36?$'$29+@2,3;9$f@92)$('&4@'49$]!"#"$%&̂$
Ð! %AA$+1==@&3+'*1&$'&A$,6'69$@0A'69$



%49&A'$

¥! 1.234#!$%(03!2)0-$!@3(A$'$G21'A$2'&49$1>$
+(1@A$,1WC'29$@,3&4$A'6'7+9&623+$
02142'==3&4$'&A$A9+('2'*;9$('&4@'49,$
Ð!!""#$<21T9+6$]!92I9(9)$"2A92,$1>$#'4&36@A9^$

¥! 56*/(#0&7-$"@2$9/09239&+9$@,3&4$6?3,$A9,34&$
,6)(9$61$3=0(9=9&6$'$_!34$5'6'`$'&'()*+,$,6'+I$
Ð!!""#$%&'()*+, -$N'A110$g$N5hP$29G@3(6$@,3&4$'$

A9+('2'*;9$('&4@'49$



V?3+?$('&4@'49$61$@,9i$

¥! .;9&6@'($41'(-$A9,34&$'$&9C$A3,623G@69A$(143+$
('&4@'49$>12$+(1@A$+1=0@*&4$
Ð!h12$&1C:$C9$@,9A$6?9$('&4@'49$C9$?'A$3&7?1@,9$

¥! ";92(14$3,$'$A9+('2'*;9$('&4@'49$>12$C23*&4$
21@*&4$02161+1(,$'&A$1;92(')$&96C12I,$
Ð!<e$<21T9+6-$'()*+,,- jk:$'+'. ljk:$'(),+! ljm$

¥! P@00126$>12$29+@2,31&:$'44294'*1&:$&94'*1&:$
A3,623G@69A$f@9239,$]&96C12I$+1==@&3+'*1&^$



.;'(@'*1&$8236923'$

¥! N1C$61$+1=0'29$6?9$,),69=,$C9$G@3(6$C36?$
62'A3*1&'($3=0(9=9&6'*1&,i$

¥! V9$@,9$6?299$=9623+,-$
89! :!$;.$%02,!(

¥! n1'(-$21@4?$092>12='&+9$0'236)$

<9! =.)!(/*>! $](3&9,$1>$,1@2+9$+1A9^$
?9! @0/!(.;(!A.&-B.2(

¥! 8'&$C9$f@3+I()$9;1(;9$1@2$,1WC'29$61$'AA$+1=0(9/$
&9C$A3,623G@69A$>9'6@29,i$



"@6(3&9$

bH! !""#7hP-$N5hP$3&$A3,623G@69A$(143+$
eH! .;1(;3&4$!""#7hP$
oH! !""#7#O-$#'0O9A@+9$,+?9A@(3&4$3&$(143+$

pH! X9,,1&,$X9'2&9A$



N5hP$%2+?369+6@29$

¥! !',9A$1&$6?9$n114(9$
h3(9$P),69=$]'+'.-/01 $
Ð!X'249$Y(9,:$,9f@9&*'($

C12I(1'A,:$'009&A7
1&()$

¥! 8?@&I,$290(3+'69A$'6$
A'6'$&1A9,$>12$>'@(6$
61(92'&+9$
Ð!.'+?$+?@&I$q$mp#!$

Data 
Node

Data 
Node

Data 
Node

Client

Control ProtocolHeartbeat Protocol

Metadata Protocol

Data Protocol

Master Node



!""#7hP$%2+?369+6@29$

Data 
Node

Data 
Node

Data 
Node

Client

Control ProtocolHeartbeat Protocol

Metadata Protocol

Data Protocol

Master Node

Overlog



!""#7hP$./'=0(9-$P6'69$

O9029,9&6$Y(9$,),69=$=96'A'6'$C36?$29('*1&,H$

C!&0B.2(D0%!(E!/,$*FB.2( GH$*I-#!/(

Y(9$ h3(9,$ Y(9r5:$0'29&6r5:$&'=9:$3,532$

>f0'6?$ h@(()7f@'(3Y9A$0'6?$&'=9,$Y(9r5:$0'6?$

>+?@&I$ 8?@&I,$092$Y(9$ +?@&Ir5:$Y(9r5$

A'6'&1A9$ 5'6'B1A9 $?9'26G9'6,$ &1A9%AA2:$*=9$

?Gs+?@&I$ 8?@&I$?9'26G9'6,$ &1A9%AA2:$+?@&Ir5:$(9&46?$



!""#7hP$./'=0(9-$t@92)$

h3(9$,),69=$G9?';312$a$f@9239,$1;92$29('*1&,H$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$
$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$
$$$$r,532$a$62@9:$<'29&6rA$a$&@((:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$
$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$
$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$
$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3:;93
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$
$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

O@(9$
G1A)$O@(9$

?9'A$



!""#7hP$./'=0(9-$t@92)$

h3(9$,),69=$G9?';312$a$f@9239,$1;92$29('*1&,H$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$
$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$
$$$$r,532$a$62@9:$<'29&6rA$a$&@((:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$
$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$
$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$
$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3:;93
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$
$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

K2'&,3*;9$
8(1,@29$



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

8( 2-&&( 2-&&( #$-!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

8( N(

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

8( 2-&&( 2-&&( #$-!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

<( 8( ;.. ( #$-!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

<( N;.. (

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

<( 8( ;.. ( #$-!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

e$ F>11$

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

e$ b$ >11$ 62@9$

?( <( I0$( ;0&/!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

e$ F>11$

?( N;.. NI0$(

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

e$ b$ >11$ 62@9$

?( <( I0$( ;0&/!(



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

e$ F>11$

o$ F>11FG'2$

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

<( 8( ;.. ( #$-!(

o$ e$ G'2$ >'(,9$



>f0'6?$./'=0(9$

2234"5637"56839%%#3:;967#%9<3="53>?$$3@"96>#3
;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$r,532̂:$

$$$$<'29&6rA$a$&@((:$r,532$a$62@9:$<'6?$a$uFuc$

;JF0#6]h3(9rA:$<'6?^$-7$

$$$$K&!]h3(9rA:$<'29&6rA:$hB'=9 :$s^:$

$$$$;JF0#6]<'29&6rA:$<'29&6<'6?̂:$

$$$$223!%3>%#3"::36A#9"35$"5=3;B3@"96>#3;539%%#3
$$$$<'6?P90$a$]<'29&6<'6?$a$uFu$i$uu$-$uFu^:$

$$$$<'6?$a$<'29&6<'6?$g$<'6?P90$g$hB'=9 c$

;JF0#6(
L*&!M)( :0#6(

b$ F$

<( N;.. (

?( N;.. NI0$(

K&!(
L*&!M)(:0$!2#M)( D0%!( M/E*$(

b$ &@(($ &@(($ 62@9$

<( 8( ;.. ( #$-!(

o$ e$ G'2$ >'(,9$

_v39C$='3&69&'&+9`$



53,623G@69A$t@92)$./'=0(9$

$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$%24̂$-7$
$$$$,&*!2#O$!J-!/#]wP1@2+9:$O9f@9,6rA:$O9fK)09:$%24̂:$
$$$$%0/#!$O0))$]wP1@2+9:$#',692 ^c$

223C$5C3B%936A#">#3@"#=3DE396#?9>3:;93$;5F>&3B%93@"#=3
29,01&,9]wP1@2+9:$O9f@9,6rA:$62@9:$532X3,*&4^$-7$
$$$$29f@9,6]w#',692:$O9f@9,6rA:$P1@2+9:$O9fK)09:$<'6?^:$
$$$$O9fK)09$a$_X, :̀$
$$$$>f0'6?]w#',692 :$h3(9rA:$<'6?^:$
$$$$A329+612)s(3,*&4]w#',692:$h3(9rA:$532X3,*&4^c$

223C$5C3B%93>%>6A;5#6>#3@"#=3DE396#?9>3699%93
29,01&,9]wP1@2+9:$O9f@9,6rA:$>'(,9:$&@((^$-7$
$$$$29f@9,6]w#',692:$O9f@9,6rA:$P1@2+9:$uX,u:$<'6?^:$
$$$$&1*&$>f0'6?]w#',692 :$s:$<'6?^c$

_X1+'*1&$
,09+3Y92`$
]&1A9$'AA2̂ $



53,623G@69A$t@92)$./'=0(9$

$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$%24̂$-7$
$$$$,&*!2#O$!J-!/#]wP1@2+9:$O9f@9,6rA:$O9fK)09:$%24̂:$
$$$$%0/#!$O0))$]wP1@2+9:$#',692 ^c$

223C$5C3B%936A#">#3@"#=3DE396#?9>3:;93$;5F>&3B%93@"#=3
$!/F.2/! ]wP1@2+9:$O9f@9,6rA:$62@9:$532X3,*&4^$-7$
$$$$$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$<'6?^:$
$$$$O9fK)09$a$_X, :̀$
$$$$;JF0#6]w#',692 :$h3(9rA:$<'6?^:$
$$$$)*$!,#.$'O&*/B23]w#',692 :$h3(9rA:$532X3,*&4^c$

223C$5C3B%93>%>6A;5#6>#3@"#=3DE396#?9>3699%93
29,01&,9]wP1@2+9:$O9f@9,6rA:$>'(,9:$&@((^$-7$
$$$$29f@9,6]w#',692:$O9f@9,6rA:$P1@2+9:$uX,u:$<'6?^:$
$$$$&1*&$>f0'6?]w#',692 :$s:$<'6?^c$

.;9&6$
,629'=,$



53,623G@69A$t@92)$./'=0(9$

$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$%24̂$-7$
$$$$,&*!2#O$!J-!/#]wP1@2+9:$O9f@9,6rA:$O9fK)09:$%24̂:$
$$$$%0/#!$O0))$]wP1@2+9:$#',692 ^c$

223C$5C3B%936A#">#3@"#=3DE396#?9>3:;93$;5F>&3B%93@"#=3
$!/F.2/! ]wP1@2+9:$O9f@9,6rA:$62@9:$532X3,*&4^$-7$
$$$$$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$<'6?^:$
$$$$O9fK)09$a$_X, :̀$
$$$$;JF0#6]w#',692 :$h3(9rA:$<'6?^:$
$$$$)*$!,#.$'O&*/B23]w#',692 :$h3(9rA:$532X3,*&4^c$

223C$5C3B%93>%>6A;5#6>#3@"#=3DE396#?9>3699%93
$!/F.2/! ]wP1@2+9:$O9f@9,6rA:$>'(,9:$&@((^$-7$
$$$$$!J-!/# ]w#',692 :$O9f@9,6rA:$P1@2+9:$O9fK)09:$<'6?^:$
$$$$O9fK)09$a$_X, :̀$
$$$$&1*&$;JF0#6]w#',692 :$s:$<'6?^c$

53,T@&+*1&$



!""#7hP$%2+?369+6@29$

¥! N)G23A$,),69=$
Ð!81=0(9/$(143+-$

";92(14$
Ð!<92>12='&+97

+23*+'($]G@6$
,3=0(9S^-$J';'$

¥! P90'2'*1&$1>$
01(3+)$'&A$
=9+?'&3,=$

Data 
Node

Data 
Node

Data 
Node

Client

Control ProtocolHeartbeat Protocol

Metadata Protocol

Data Protocol

Master Node

Overlog



<92>12='&+9$81=0'23,1&$

!"

#!"

$!!"

$#!"

%!!"

&'())*+&,-." &'())*+/0012-."

!"
#
$%
&'
$(
)*

+'
,%

1'*"*3'45" 65(785"*3'45"

¥! V12I(1'A-$ojn!$C12A$+1@&6$]';92'49$1>$k$2@&,^$
Ð! pxb$='0$6',I,:$bjj$29A@+9$6',I,$

¥! bjb$&1A9$+(@,692$1&$%='Z1&$.8e$
¥! !""#7hP$3,$ybkz$,(1C92$>12$='0$0?',9$]29'A^$
¥! X16,$1>$211=$>12$3=021;9=9&6$

Ð! .H4H:$1;92('003&4$1>$='0$>@&+*1&$'&A$&96C12I$rF"$



81A9$P3Z9$81=0'23,1&$

1*2!/(.;(P0A0( 1*2!/(.;(QA!$&.3(

N5hP$ yeb:{jj$ j$

!""#7hP$ b:pob$ pm|$

¥! |$=1&6?,:$p$42'A$,6@A9&6$A9;9(1092,$
Ð!#1,6$C12I$3&$o$=1&6?$,0'&$



$O'03A$.;1(@*1&$1>$!""#7hP$

V9$'AA9A$o$I3&A,$1>$>@&+*1&'(36)$61$6?9$G',9$
!""#7hP$A9,34&-$

bH! N34?$';'3('G3(36)$>12$=',692$&1A9,$
eH! r=021;9A$,+'('G3(36)$>12$=',692$&1A9,$
oH! #1&36123&4$'&A$A9G@443&4$611(,$



N34?7%;'3('G3(36)$O9;$

¥! N5hP-$,3&4(9$013&6$1>$
>'3(@29$'6$=',692$

¥! V9$G@3(6$?16$,6'&AG)$
@,3&4$<'/1,$
Ð!M2A0$*02#8$!9>129$

'00()3&4$1092'*1&$;:$
0',,$ ;$6?21@4?$(14$

Master 
Replica 1

Master 
Replica 2

Master 
Replica 3

Distributed Log
(Paxos)

W1

R1

R1

R1



P+'('G3(36)$O9;$

¥! N5hP-$%(($hP$=96'A'6'$*2(%!%.$' $'6$=',692$
Ð!#129$=96'A'6'$a}$G@)$=129$O%#S$

¥! "&9$,1(@*1&-$0'2**1&$=',692$,6'69$'+21,,$
=@(*0(9$='+?3&9,$]_?123Z1&6'($0'2**1&3&4`^$

¥! v92)$?'2A$3&$N5hP$
¥! K11I$yb$A')$3&$!""#7hP$

Ð!N',?$0'2**1&3&4$>12$hP$=96'A'6'$
Ð!!21'A+',6$12$@&3+',6$hP$1092'*1&,:$',$'0021023'69$
Ð!81=01,9,$&'6@2'(()$C36?$?34?$';'3('G3(36)$,@00126$



#1&36123&4$O9;$

¥! ";92(14$'((1C,$&'6@2'($,),69=$3&621,09+*1&$
Ð!_.;92)6?3&4$3,$A'6'`-$T@,6$f@92)$36S$

¥! X1443&4$'&A$=1&36123&4$a$A3,623G@69A$f@9239,$
1;92$'$A3,623G@69A$A'6'G',9$
Ð!.H4H:$29+12A$0927='+?3&9$=1&36123&4$,6'6,$
Ð!.H4H:$29+12A$9/9+@*1&$+1@&6,$>12$9'+?$2@(9$

¥! r&;'23'&6$+?9+I3&4$a$f@92)$1;92$(1+'($A'6'G',9$
Ð!.H4H:$&1$Y(9$?',$~$b$>f0'6?$9&6239,$
Ð!B1$023;'69$,6'69-$2@(9,$'29$_+21,,7+@•&4`$



!""#7#O$

¥! #O$,+?9A@(3&4$3,$'$010@('2$29,9'2+?$'29'$
Ð!N'A110$J1GK2'+I92$+1A9$3,$&161231@,()$>2'43(9$

¥! Q&(3I9$C36?$!""#7hP:$+(9'&7,('69$29C2369$3,$
&16$02'+*+'($

¥! 8'&$A'6'7+9&623+$02142'==3&4$'&A$A9+('2'*;9$
('&4@'49,$,3=0(3>)$'&$9/3,*&4$,),69=$;>35;#?i$



!""#7#O$./'=0(9-$P6'69$

C!&0B.2(D0%!( E!/,$*FB.2( GH$*I-#!/(

T1G$ J1G$A9Y&3*1&,$ T1Gr5:$0231236):$,6'6@,:$T1G81&>$

6',I$ K',I$A9Y&3*1&,$ T1Gr5:$6',Ir5 :$6)09:$0'2**1&:$,6'6@,$

6',Is'E9=06 $ K',I$9/9+@*1&$
'E9=06,$

T1Gr5:$6',Ir5 :$'E9=06r5:$021429,,:$
,6'69:$0?',9:$62'+I92r5:$3&0@6s(1+:$
,6'26s*=9:$Y&3,?s*=9$

6',Is62'+I92$ K',IK2'+I92$A9,+230612,$62'+I92r5:$?1,6&'=9:$,6'69:$
='0s+1@&6:$29A@+9s+1@&6:$
='0s='/ :$29A@+9s='/$

L906$10'f@9$,6'69$',$J';'$1GT9+6,$



<92>12='&+9$81=0'23,1&$

!"

#!"

$!!"

$#!"

%!!"

&'())*+&,-." /001213+&,-."

!"
#$

%
&

'$
()

*+
',%

1'*"*4'56" 36(786"*4'56"

¥! V12I(1'A-$ojn!$C12A$+1@&6$]';92'49$1>$k$2@&,^$
Ð!pxb$='0$6',I,:$bjj$29A@+9$6',I,$

¥! bjb$&1A9$+(@,692$1&$%='Z1&$.8e$
¥! v92)$,3=3('2$092>12='&+9$

Ð!!""#7#O-$?34?92$8<Q$@*(3Z'*1&$'6$,+?9A@(92$&1A9$



81=0'23,1&$C36?$N'A110$

¥! !""#7#O$9&'G(9,$,+?9A@(3&4$01(3+39,$61$G9$C23E9&$+1&+3,9()$
Ð! .H4H:$X%K.$01(3+)$1>$€'?'23' $96$'(H:$+'!( ljx$

¥! P+?9A@(3&4$a$,6'*,*+,$+1((9+*1&$g$2@(9,$>12$?1C$61$29,01&A$61$
,6'69$+?'&49,$
Ð! B'6@2'($Y6$>12$'$A9+('2'*;9$f@92)$('&4@'49$

1*2!/(.;(P0A0( 1*2!/(.;(QA!$&.3(

N'A110$ yx|:jjj$ j$

!""#7#O$ yxe:jjj$ o|m$

1*2!/(.;(P0A0(1*2!/(.;(QA!$&.3( R(.;(K&!/(
%.)*K!)(

X%K.$3&$N'A110$yxjj$ j$ bo$

X%K.$3&$!""#7#O$j$ oj$ b$



X9,,1&,$X9'2&9A$

¥! ";92'((:$";92(14$C',$'$411A$Y6$>12$6?9$6',I$
Ð!81&+3,9$02142'=,$>12$29'($021G(9=,$
Ð!%43(9$,),69=$9;1(@*1&$

¥! 5'6'7+9&623+$A9,34&-$('&4@'4973&A909&A9&6$
Ð!O90(3+'*1&:$0'2**1&3&4:$=1&36123&4$'29$,6'69$

='&'49=9&6$021G(9=,$

¥! B1A97(1+'($3&;'23'&6,$C929$+1&;9&39&6$'&A$@,9>@($
¥! <1(3+)$;, $=9+?'&3,=$! $59+('2'*;9$;, $r=092'*;9$



X9,,1&,$X9'2&9A$

¥! <112$092>12='&+9$1>$('&4@'49$2@&*=9:$+2)0*+$
,)&6'/:$(3E(9F&1$611($,@00126$
Ð!.',)$61$Y/S$

¥! .&+'0,@('*1&$'&A$=1A@('236)i$
¥! N'&A7+1A3&4$02161+1(,$;,H$,6'*&4$A3,623G@69A$

3&;'23'&6,$



h@6@29$V12I$

bH! !""#$,6'+I$
Ð!r&692'+*;9$+(1@A$,612'49$]9H4H:$8',,'&A2'^$
Ð!N34?7092>12='&+9$<'/1,$
Ð!=S-$B9C$?34?7092>12='&+9$('&4@'49$2@&*=9$

eH! X'&4@'49(
Ð!E!)0&-/ -$>12='(3Z9$('&4@'49$,9='&*+,$
Ð!T&..%-$_A3,623G@69A$(143+$>12$=929$=126'(,`$

oH! v923Y+'*1&$1>$A3,623G@69A$,),69=,$
Ð!#1A9($+?9+I3&4$1>$,'>96)$•$(3;9&9,,$021092*9,$
Ð!T&.//.% -$B96C12I71239&69A$'A'0*;9$10*=3Z92$



t@9,*1&,i$

K?'&I$)1@S$

<'092,$'&A$!""#$%&'()*+,$,1@2+9$
+1A9$+'&$G9$A1C&(1'A9A$>21=-$

?E0-FFG11=H+,HG92I9(9)H9A@$



<92>12='&+9$81=0'23,1&$

!"
!#$"
!#%"
!#&"
!#'"
!#("
!#)"
!#*"
!#+"
!#,"

$"

!" %!" '!" )!" +!" $!!" $%!" $'!" $)!" $+!" %!!"

!"
#$

"%
&

&
'

()*%'+&%,#-.&/'

01.##2345'6'0789'
-./0012-345"67.18" -./0012-345"69:/;<:8"

!"
!#$"
!#%"
!#&"
!#'"
!#("
!#)"
!#*"
!#+"
!#,"

$"

!" %!" '!" )!" +!" $!!" $%!" $'!" $)!" $+!" %!!"

!"
#$

"%
&

&
'

()*%'+&%,#-.&/'

0112324'5'6789'
-../0/123456"789:;" -../0/123456"7<=>?@=;"

!"
!#$"
!#%"
!#&"
!#'"
!#("
!#)"
!#*"
!#+"
!#,"

$"

!" %!" '!" )!" +!" $!!" $%!" $'!" $)!" $+!" %!!"

!"
#$

"%
&

&
'

()*%'+&%,#-.&/'

01.##2345'6'788439:'
-./00123445678"9:.1;" -./00123445678"9<=/>?=;"

!"
!#$"
!#%"
!#&"
!#'"
!#("
!#)"
!#*"
!#+"
!#,"

$"

!" %!" '!" )!" +!" $!!" $%!" $'!" $)!" $+!" %!!"

!"
#$

"%
&

&
'

()*%'+&%,#-.&/'

0112324'5'0112367'
-../0/12-../034"56789" -../0/12-../034"5:;<=>;9"


