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! Figure 1.1 Blockchain data structure!
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! Figure 1.2 Transactions are hashed in a Merkle Tree[59] 
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Figure 1.3 Illustration of the structure of Blockchain-based IoT networks, where 
the VANET on the left-hand side is an example of the IoT involved 
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Blockchain structure, and smart home on the right-hand side of the 
figure is an example of the Blockchain as the service for IoT. IoT data 
collected by light and full nodes in VANET is sent to miners in the 
form of transactions, while agents generate and send transactions to 
miners for sensors in smart home, based on the data collected by 
sensors. Miners of both structures are computationally capable 
devices forming peer-to-peer networks to generate blocks and 
implement Blockchains; see the middle of the figure.!
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!"="="8$ I7+()(6 '2- LN'*0.$M+KL,.H0$3+4J5&2-H$
^3,$! 0)95:'+&,! 5();+3$-! ($61A'+9$! 36'6! 5()0$--+&,! -$(;+0$-! *)(! %)"! 6551+06'+)&-!
7#$($! 3+-'(+8:'$3! $3,$! -$(;$(-! 6($! 1)06'$3! 01)-$(! ')! %)"! 3$;+0$-Y6551+06'+)&-!
0)956($3! 7+'#! 0$&'(61+4$3! 01):3! -$(;$(-! GHKPJ<! ^3,$! 0)95:'+&,! 06&! 8$!6&!
6:-5+0+):-! -)1:'+)&! ')! $&681+&,! ($-):(0$A1+9+'$3! %)"! 3$;+0$-! ')! D)+&! '#$! #$6;2!
81)0@! 9+&+&,! 5()0$--<! L-! -:,,$-'$3! +&! GHKOJ>! '#$! #$6;2! S)Z! '6-@-! 06&! 8$!
)**1)63$3! ')! '#$!$3,$!0)95:'+&,! -$(;$(->!7#$($! '#$! )**1)63$3!S)Z!9+&+&,! '6-@-!
6($!5(+0$3!82! '#$!5();+3$(<!"#$!9+&+&,! '6-@-!06&!61-)!8$!)**1)63$3! ')!6! ,():5! )*!
&$6(82!:-$(-!GHKRJ<!U$6&7#+1$>!'#$!0)&'$&'!060#+&,>!+<$<>!-')(+&,!'#$!81)0@-!0#6+&$3!
7+'#!'#$+(!#6-#!;61:$->!06&!61-)!8$!)**1)63$3!')!$3,$!0)95:'+&,!&)3$-<!"#$($!+-!6!
'(63$A)**! 8$'7$$&! )**1)63+&,! 6&3! 060#+&,! *)(! %)"! 3$;+0$->! 7#$($! '#$! )**1)63+&,!
-6;$-! 0)95:'+&,! 6&3! -')(6,$! 8:'! 0)&-:9$-! $&$(,2! 6&3! '+9$! )&! '#$!



Blockchain for IoT!

!

0)99:&+06'+)&->! 7#+1$! '#$! 060#+&,! -'(6'$,2! 06&! ($3:0$! '#$! 0)99:&+06'+)&!
);$(#$63! 8:'! +&0($6-$-! '#$! 0)95:'+&,! 6&3! -')(6,$! 0)-'<! W:0#! '(63$A)**! 7+3$12!
$B+-'-! +&! '#$! $3,$! 0)95:'+&,! 6&3! 06&! 8$! *)(9:16'$3! 6-! 6&! )5'+9+46'+)&! 5()81$9!
GHKTJ<!

"#$!5621)63! )*! 1+,#'!%)"!3$;+0$-!06&!8$! *:('#$(! ($3:0$3!82!1$''+&,! '#$!$3,$!
0)95:'+&,! -$(;$(-! ')! (:&!611! '#$!?1)0@0#6+&!-$(;+0$->!+&01:3+&,! '#$!81)0@!9+&+&,!
5()0$--! 6&3! '#$! 0#6+&! 36'6! -')(6,$<! %&! ^3,$C#6+&! GHIKJ>! '#$! #$6;2! S)Z! 9+&+&,!
7)(@!+-!)&12!3)&$!82!'#$!$3,$!-$(;$(->!7#+1$!'#$!($-):(0$A0)&-'(6+&$3!%)"!3$;+0$-!
6($!)&12!?1)0@0#6+&!6&3!-96('!0)&'(60'-!01+$&'-<!?2!+&'()3:0+&,!?1)0@0#6+&!')!$3,$!
0)95:'+&,>!'#$!36'6!+&'$,(+'2!6&3!-$0:(+'2!3:(+&,!'#$!'6-@!)**1)63+&,!5()0$--!06&!8$!
,:6(6&'$$3!GHKVJ<!

!"="="=$ 3+4J';2*+- $
"#$! %)"! +&;)1;$3! ?1)0@0#6+&! -'(:0':($! 60#+$;$-! -$0:(+'2! 6&3! 36'6! +&'$,(+'2! 82!
3$51)2+&,!'#$!?1)0@0#6+&!3+($0'12!)&!$&3!3$;+0$-<!%)"!3$;+0$-!(:&&+&,!1+,#'!&)3$!
06&! ,$&$(6'$!6&3! ;$(+*2!9$--6,$-!+&! '#$! *)(9! )*! '(6&-60'+)&!7+'#! '#$!#$15! )*! '#$!
WS\!'$0#&)1),2<!b&!'#$!0)&'(6(2>!'#$!36'6!+&'$,(+'2!+&!'#$!06-$!)*!?1)0@0#6+&!6-!'#$!
-$(;+0$!($1+$-!)&!'#$!-$0:(+'2!6&3!'(:-'7)('#+&$--!)*!'#$!6,$&'-<!Q:$!')!'#$!*60'!'#6'!
'#$!6,$&'-!60'!6-!5()B+$-!8$'7$$&!'#$!%)"!3$;+0$-!6&3!'#$!?1)0@0#6+&!&$'7)(@>!'#$!
6,$&'! 06&! 06((2! ):'! '#$! 96&A+&A'#$A9+331$! 6''60@->! $<,<>! +&D$0'+)&>! '695$(+&,! 6&3!
*)(,+&,<!%&!'#$!9$6&'+9$>!'#$!6,$&'-!+&0($6-$!'#$!(+-@!)*!-+&,1$A5)+&'!*6+1:($<!

"#$!-'(:0':($! )*!g?1)0@0#6+&!6-!-$(;+0$-h!+-!$6-2!6&3!*1$B+81$!')!3$51)2<!Z+'#!
'#$!6--+-'6&0$!)*!6,$&'->!'#$!%)"!9)3:1$!96+&'6+&-!+'-!)7&!0#6(60'$(+-'+0-!')!-)9$!
$B'$&'! 6&3>! '#$($*)($>! ($F:+($-! 1+9+'$3! 9)3+*+06'+)&-! )&! '#$! 0:(($&'! -2-'$9! ')!
56('&$(!7+'#! '#$!?1)0@0#6+&<!E)(!$B6951$>!'#$!($3:&36&02!)*!-$&-)(2!36'6!06&!8$!
-)1;$3! 82! :-+&,! '(63+'+)&61! 6,,($,6'+)&! 61,)(+'#9-! GHKXJ! 6'! '#$! 6,$&'-<! "#$!
6,,($,6'$3! ($-:1'-! 06&! ($3:0$! '#$! ;)1:9$! )*! -$&-)(2! 36'6! 6&3! ($1+$;$! '#$! #+,#!
($F:+($9$&'!)*!%)"!6551+06'+)&-!)&!'#$!'(6&-60'+)&!06560+'2<!%&!0)&'(6-'>!+&!6&!%)"!
+&;)1;$3!?1)0@0#6+&>!'#$!%)"!3$;+0$-!#6;$!')!8$!($5(),(699$3!')!(:&!?1)0@0#6+&!
6551+06'+)&-<! "#$! ?1)0@0#6+&! 6551+06'+)&-! 06&! 8$! ($-):(0$! 0)&-:9+&,>! $<,<>!
0)95:'6'+)&!6&3!0)&&$0'+)&>!6&3!06&!)&12!8$!3$51)2$3!)&!-5$0+*+0!3$;+0$-<!

"#$! -'(:0':($! )*! g?1)0@0#6+&! 6-! -$(;+0$-h! -06(+*+$-! '#$! 3$0$&'(61+46'+)&! )*!
?1)0@0#6+&! 7#$($! '#$! ?1)0@0#6+&! 06&! 8$! '695$($3! +*! 6! 1+9+'$3! &:98$(! )*!
0$&'(61+4$3!?1)0@0#6+&!-$(;$(-!6($!0)95()9+-$3<!"#$!?1)0@0#6+&A86-$3!%)"Â3,$!
0)95:'+&,! +-! 6! 9)($! 3$0$&'(61+4$3! -'(:0':($>! 7#$($! %)"! 3$;+0$-! 06&! D)+&! '#$!
?1)0@0#6+&! 7+'#! '#$! #$15! )*! '#$! $3,$! 0)95:'+&,! -$(;$(-<! "#$! 5621)63! )*! %)"!
3$;+0$-!0):13!8$!63D:-'$3!600)(3+&,!')!'#$!($F:+($3!'(:-'!1$;$1!6&3!($-):(0$!8:3,$'!
)*!%)"!3$;+0$-<!

!"D"I$ %&'::+5G+-$./$9HH:4,5G$>:.)C)&',5$,5$0.1$9HH:,)'*,.5- $

C:(($&'!?1)0@0#6+&-!6($!3$-+,&$3!')!(:&!+&!SIS!#)9),$&$):-!&$'7)(@-<!=)7$;$(>!
'#$! 0#6(60'$(+-'+0-! )*! %)">! *)(! $B6951$>! 1+9+'$3! ($-):(0$! )*! $&3! 3$;+0$-! 6-!
0)956($3! ')! #+,#A5$(*)(96&0$! -$(;$(-! )(! 3$-@')5! 0)95:'+&,! 3$;+0$->! 5($;$&'!
3+($0'12! 3$51)2+&,! ?1)0@0#6+&! *)(! %)"<! "#$! 6551+06'+)&! )*! ?1)0@0#6+&! )&! %)"!
3$;+0$-!*60$-!'#$!*)11)7+&,!0#611$&,$-<!

Computation: "#$!?1)0@0#6+&!60'+;+'2!+-!:&6**)(3681$!*)(!'#$!1+,#'A7$+,#'!%)"!
3$;+0$-<!W)9$!63;6&0$3!0(25'),(65#2!61,)(+'#9->!$<,<>!4$()A@&)71$3,$!GHPNJ!6&3!
L''(+8:'$ A86-$3! $&0(25'+)&! .L?^/! GHKHJ>! :-$3! +&! '#$! 5(+;602A5($-$(;+&,!



!

!

?1)0@0#6+&-!6($!'))!#$6;2!*)(!%)"!3$;+0$-<!L!*:11!&)3$!+&!?1)0@0#6+&!#6-!')!;$(+*2!
6&3! -$6(0#! $;$(2! 81)0@! 6&3! '(6&-60'+)&>! 7#+0#! 06&! 61-)! 8$! 6! #$6;2! 1)63! *)(! '#$!
($-) :(0$A1+9+'$3!%)"!3$;+0$-!GHPHJ<!"#$!S)ZA1+@$!0)&-$&-:-!5()')0)1-!6($!:&681$!
')! (:&! )&! %)"! 3$;+0$-<! %&! '#$! 06-$! )*! ?+'0)+&>! '#$! 7#)1$! &$'7)(@! 06&! 0)&3:0'!
6():&3!HN!"##6-#$-!5$(!-$0)&3!GHPIJ<!U)3$(&!k(65#+0-!S()0$--+&,!d&+'!.kSd/!06&!
60#+$;$!68):'!HN$##6-#$-!5$(!-$0)&3!GHPKJ<!=)7$;$(>!$;$&!6!5)7$(*:1!%)"!3$;+0$>!
$<,<>!`6-58$((2!5+!K!GHPPJ>!06&!)&12!60#+$;$!68):'!HN%##6-#$-!5$(!-$0)&3!GHPOJ<!L-!
6! ($-:1'>! '#$! %)"! 3$;+0$-! 06&&)'! 0)&'(+8:'$! $&):,#! 0)95:'6'+)&61! ($-):(0$-! 6&3!
6**)(3!'#$!S)Z!'6-@-<!

Storage: L!96--+;$!-')(6,$!($F:+($3!82!?1)0@0#6+&!06&!8$!5()#+8+'+;$!*)(!%)"!
3$;+0$-<!"#$($!6($!9)($! '#6&!R! HN&#81)0@-!+&!?+'0)+&!+&!HI!2$6(-<!"#$!-+4$!)*! '#$!
7#)1$!?+'0)+&!?1)0@0#6+&!+-!6():&3! ITN! ,+,682'$-!GHPIJ<! "#$($!6($!68):'!R! HN'#

81)0@-! +&! ^'#$($:9<! "#$! -+4$! )*! '#$!7#)1$! ^'#$($:9! ?1)0@0#6+&! +-! 6():&3! PNN!
,+,682'$-!GHPRJ<!"#$!-')(6,$!)*!611!81)0@-!+-!&$0$--6(2<!Z+'#):'!'#+-!96--+;$!36'6>!
'#$!%)"!3$;+0$-!6($! :&681$! ')! ;$(+*2! '#$! '(6&-60'+)&-! ,$&$(6'$3!82!)'#$(-<!L1-)>!6!
'(6&-60'+)&! -$&3$(! &$$3-! #+-')(+061! 36'6>! $<,<>!8616&0$! 6&3! '(6&-60'+)&! +&3$B>! ')!
,$&$(6'$!&$7!'(6&-60'+)&-<!L-!6!($-:1'>!'#$!%)"!3$;+0$-!-#):13!$+'#$(!'(:-'!+'-$1*!82!
'6@+&,!'#$!-')(6,$!1)63>!)(!'(:-'!($9)'$!-$(;$(->!7#+0#!+95)-$!$B'(6!0)99:&+06'+)&!
);$(#$63! 6&3! -$0:($3! 0)99:&+06'+)&! 8$'7$$&! '#$! %)"! 3$;+0$-! 6&3! '#$! '(:-'$3!
-$(;$(-<!L1'#):,#! '#$!-')(6,$!3$96&3-!06&!8$!($1+$;$3!82!(:&&+&,!%)"!3$;+0$-!6-!
1+,#'!&)3$-!+&!'#$!?1)0@0#6+&!-2-'$9>!7#+0#>!#)7$;$(>!-'+11!&$$3!')!-')($!'#$!81)0@!
#$63$(-<! ^;$&! 7+'#! 63;6&0$3! ?1)0@0#6+&! '$0#&)1),2>! $<,<>! WS\! '$0#&)1),2>! '#$!
#$63$(!-+4$!06&!8$!($3:0$3!')!68):'!VN!82'$-!*)(!6!?+'0)+&!81)0@!GRRJ!6&3!ONN!82'$-!
*)(!6&!^'#$($:9!81)0@!GHPTJ<!U)($);$(>!+'!+-!$B5$&-+;$!')!-')($!36'6!)&!?1)0@0#6+&<!
E)(! $B6951$>! '#$! 0)-'! 5$(! ,+,682'$! 36'6! -')(6,$! +&! ^'#$($:9! +-! 68):'! I! HN&#dW!
Q)116(-!GHPVJ<!W5$0+*+06112>!6!-+&,1$!&)&A4$()!KI!82'$-!36'6!0)-'-!IN@!,7$+Y,6-!6&3!
H!$'#$(!7)('#-! ():,#12!HI<XN!dW!Q)116(-!GHPVJ<!"#$!5(+0$!+-! '))!$B5$&-+;$! ')!8$!
5(60'+061!+&!%)"!6551+06'+)&-<!%)"!,$&$(6'$-!8+,!36'6<!"#$!')'61!-+4$!)*!36'6!0):13!8$!
$B51)-+;$!+&!?1)0@0#6+&!5)7$($3!%)"!8$06:-$!$;$(2!81)0@!7):13!8$!3:51+06'$3!n 
'+9$-!+&!6&!nA&)3$!?1)0@0#6+&!&$'7)(@<!

Communication: ])3$-!+&!?1)0@0#6+&!($F:+($!*($F:$&'!'(6&-9+--+)&-!6&3!36'6!
$B0#6&,$-<! "#+-! +-! 8$06:-$! ?1)0@0#6+&! (:&-! )&! 6! SIS! &$'7)(@! 6&3! @$$5-! )&!
$B0#6&,+&,!36'6!')!96+&'6+&!0)&-+-'$&'!($0)(3->!$<,<>!*)(!'#$!16'$-'!'(6&-60'+)&-!6&3!
81)0@-<!Z+($1$--!0)99:&+06'+)&!'$0#&)1),+$->!7+3$12!:-$3!')!0)&&$0'!%)"!3$;+0$->!
-:**$(! *()9! -#63)7+&,>! *63+&,>! 6&3! +&'$(*$($&0$>! 6&3! *6(! :&($1+681$! '#6&! 7+($3!
0)&&$0'+)&-! GHPXJ! +&! '25+061! ?1)0@0#6+&! 5()D$0'->! $<,<>! ?+'C)+&<! "#$! 06560+'2! )*!
7+($1$--! '$0#&)1),+$-! +-! *6(! 1)7$(! '#6&! '#$! ($F:+($9$&'! )*! ?1)0@0#6+&<! E)(!
$B6951$>!?1:$'))'#!.%^^^!VNI<HO<H/!06&!5();+3$!TIN!@85-!36'6!(6'$i!c+,?$$!.%^^^!
VNI<HO<P/!06&!5();+3$! ION!@85-!36'6! (6'$i!d1'(6A7+3$86&3! .dZ?>!%^^^VNI<HO<K/!
06&!5();+3$!HHN!U85-!36'6! (6'$i!Z+AE+!.VNI<HH!6Y8Y,/!06&!5();+3$!OP!U85-!36'6!
(6'$!GKOJ<!]?%)"!GKRJ!06&!5();+3$!6():&3!HNN!@85-!-+,&61!(6'$!GHONJ<!

Energy: W)9$!%)"!3$;+0$-!6($!3$-+,&$3!')!)5$(6'$!*)(!6!1)&,!'+9$!7+'#!86''$(2!
$&$(,2! -:551$<!E)(!$B6951$>!6&!%)"!3$;+0$!+-!3$-+,&$3! ')! 0)&-:9$!N<K9Z#!5$(!
362>! 6&3! )5$(6'$! 6'! 1$6-'! O! 2$6(-! :-+&,! 6! C`INKI! 86''$(2! 7+'#! '#$! 06560+'2! )*!
RNN9Z#!GHONJ<!%)"!3$;+0$-!63)5'!$&$(,2!-6;+&,!-'(6'$,+$->!$<,<>!-1$$5!9)3$!GHOHJ>!
6&3!#+,#A$**+0+$&02!0)99:&+06'+)&!'$0#&)1),+$->!$<,<>!]?A%)"!GHONJ<!=)7$;$(>!'#$!
0)95:'6'+)&!6&3!0)99:&+06'+)&! ($F:+($3!82!?1)0@0#6+&! )5$(6'+)&-!6($! '25+06112!
$&$(,2! #:&,(2<! E)(! $B6951$>! W=LAIOR! ($F:+($-! 6():&3! XN! &nY?! GHOIJ<! "#$!



Blockchain for IoT!

!

&)(961+4$3!0)99:&+06'+)&!$&$(,2!0)-'!)*!?1:$'))'#!+-!6():&3!HPN!9nYU8i!c+,?$$!
+-!6():&3!KNN!9nYU8i!dZ?!+-!6():&3!T!9nYU8>!6&3!Z+AE+!+-!6():&3!HK!9nYU8!
GKOJ<!L-!6!($-:1'>!'#$!6*)($9$&'+)&$3!$&$(,2!8:3,$'!)*!N<K!9Z#!5$(!362!06&!)&12!
-:55)('!68):'!N<O!U?!36'6! .#61*! )*!6!?+'0)+&!81)0@/!5()0$--+&,!6&3! '(6&-9+--+)&!
:-+&,!'#$!c+,?$$!5()')0)1<!

Mobility and partition of IoT: "#$! 7+($1$--! &$'7)(@! 06&! 8$! 3+;+3$3! +&')! 6&!
+&*(6-'(:0':($!9)3$>!+&!7#+0#!611!560@$'-!6($!*)(76(3$3!82!&$'7)(@!+&*(6-'(:0':($-!
.86-$! -'6'+)&-/i! 6&3! 6&! 63A#)0! 9)3$>!7#$($! '#$! &$'7)(@! 3)$-! &)'! ($12! )&! 5($A
$B+-'+&,! +&*(6-'(:0':($-! 6&3! $60#! &)3$! *)(76(3-! 36'6! *)(! )'#$(! &)3$-! GHOKJ<! "#$!
9)8+1+'2! )*! %)"! 3$;+0$-! 06&! :&3$(9+&$! ?1)0@0#6+&! 5$(*)(96&0$<! %&! '#$!
+&*(6-'(:0':($A86-$3! 7+($1$--! &$'7)(@>! '#$! 9)8+1+'2! )*! 3$;+0$-! 06&! 1$63! ')! '#$!
,()7'#! )*! -+,&61+&,! 6&3! 0)&'()1! 9$--6,$-! GHOPJ<! %&! 0)&'(6-'>! +&! 7+($1$--! 63A#)0!
&$'7)(@->!&$'7)(@!56('+'+)&+&,!3+;+3$-!'#$!&$'7)(@-!+&')!3+-0)&&$0'$3!56('-!7#$&!
9)8+1$!&)3$-!9);$!7+'#!3+;$(-$!56''$(&-!GHOOJ<!

Latency and capacity: =+,#! 16'$&02! )*! ?1)0@0#6+&! +-! :-$3! ')! $&-:($!
0)&-+-'$&02! +&! '#$! 3$0$&'(61+4$3! ?1)0@0#6+&! &$'7)(@-<! "#$! 16'$&02! 7#+0#! +-!
'25+06112! ')1$(6&'! ')! ?1)0@0#6+&! +-! :&600$5'681$! *)(! 96&2! %)"! 6551+06'+)&-<! E)(!
$B6951$>! '#$!81)0@!0)&*+(96'+)&! '+9$!)*!HN!9+&!+&!?+'0)+&!+-! '))!1)&,!*)(!3$162A
-$&-+'+;$! %)"! 6551+06'+)&->! -:0#! 6-! ;$#+01$! &$'7)(@-<! L-! 6! 96''$(! )*! *60'>! #+,#!
16'$&02! )*! ?1)0@0#6+&! 1$63-! ')! '#$! 1+9+'$3! ?1)0@0#6+&! 06560+'2<! "#$! 06560+'2! )*!
?1)0@0#6+&->!$<,<>!HU?!5$(!HN!9+&:'$-!)*!?+'0)+&>!+-!*6(!1)7$(!'#6&!'#$!($F:+($9$&'!
)*! %)"! 6551+06'+)&-<! "#$! 06560+'2! ($F:+($9$&'! )*! %)"! ;6(+$-! 7+'#! 3+**$($&'!
6551+06'+)&-<! E)(! $B6951$>! +&! '#$! 6551+06'+)&! )*! %)"! 86-$3! -96('! 0+'2! GHORJ>! '#$!
;$#+0:16(!'(60$-!)*!TNN!06(-!+&!IP!#):(-!+-!P<NK!k?>!6():&3!N<IP!U?!5$(!#):(!5$(!
06(<!U$6&7#+1$>!'#$!56(@+&,!1)'!36'6!*()9!OO!5)+&'-!+-!IXP!e?!+&!6():&3!O!9)&'#->!
+<$<>!KR!?!5$(!362!5$(!5)+&'<! "#$!06560+'2! ($F:+($9$&'! )*!%)"!6551+06'+)&-!7):13!
0)&'+&:):-12!5()1+*$(6'$!7+'#!'#$!+&0($6-+&,!&:98$(!)*!%)"!3$;+0$-<!
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?1)0@0#6+&! &$'7)(@>! &)3$-! 8()6306-'! '(6&-60'+)&-! '#():,#):'! '#$! 7#)1$! &$'7)(@!
6&3! ($60#! 0)&-$&-:-! )&! '#$! 600$5'$3! '(6&-60'+)&-! 82! *)11)7+&,! '#$! 0)&-$&-:-!
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Figure 1.4 The PBFT operation in the case of no primary faults [16], where C is 
the client, replica 0 is the 5(+96(2, replica 1 to replica 3 are 860@:5-!
and replica 3 is faulty.!
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Figure 1.5 The structure of the Bitcoin-NG chain. Microblocks (circles) are 
signed with the private key matching the public key in the last key 
block (squares). Fee is distributed 40% to the leader and 60% to the 
next one [241].!
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Table 1.1 Performance Comparison of Blockchain in IoT application 
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1)061!$;$&'-!)*!+&'$($-'!)&12!')!($,+)&61!&$'7)(@-<!"#$!'7)!-$'-!)*!?1)0@0#6+&-!06&!
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-$0:($3!+&! '#$!primary chain +&!6! '(6&-60'+)&61! *6-#+)&<!S6('+0:16(12>! '#$!primary 
chain>! ($0)(3+&,!1$--! *($F:$&'! ,1)861!$;$&'->!06&!8$! -2&0#()&+4$3!6'! -+,&+*+06&'12!
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($5)('$3!+&!GIPXJ<!

!"J"; $ 2,6+$%&',5$

L56('!*()9!'#$!:8+F:+'2!)*!%)"!&$'7)(@->!-)9$!%)"!3$;+0$-!06&!#6;$!'#$!06568+1+'2!
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