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A → B : M #$%&'& A ()# *+ *-')&# .%& )&/0&' *+ .%& 1&))23&# B () .%& '&(4(&/. 2/0 M ().%& 1&))23&56%& 3'2112' *+ 1&))23&) () .%& +*77*$(/38

M : A | T | K | N | L | M,M | < M >K ,$%&'& A 9&7*/3) .* 2 )&. *+ -)&')# K .* 2 )&. *+ ':4.*3'24%( ;&:)# T .* .%&)&. *+ .(1&).214)# L () 2 7(+& .(1& *+ T 5 6%& ;&:) -)&0 (/ .%& )4&(<2.(*/#*+ *-')&# 12: 9& ):11&.'( *' 2):11&.'(5 =/ .%& <'). 2)&# $& 0&/*.& 9:
KAB .%& ;&:# $%&'& A 2/0 B 2'& .%&(' *$/&')> (/ .%& )&*/0 2)&# .%& ):19*7
KA 0&/*.&) .%& 4-97( ;&: *+ A 2/0 K−1

A
(.) 4'(?2.& ;&:5 M,M () )(147:2 */2.&/2.(*/ *+ 1&))23&)# 2/0 9: $'(.(/3 < M >K $& -/0&').2/0 .%&(4%&'.&@. M &/':4.&0 $(.% .%& ;&: K5A&'&# 2) 2/ &@2147&# $& )%*$ 2 )4&(<2.(*/ +*' )*1& ?&')(*/ *+ B&'9&'*)C'*.**7 -)(/3 .%& D*11*/ E2/3-23&5 6%& 92)( ?&')(*/ *+ .%() 4'*.**7 () 2)+*77*$)8 $& %2?& .$* 42'.(&) A 2/0 B# $%(% )%2'& .%& )&'?&' S $(.% 0(F&'&/.)&'&. ;&:)5 6%& 12(/ 3*27 *+ .%() 4'*.**7 () .* 3&/&'2.& 9: A 2 )&))(*/ ;&:(/ *'0&' .* */0-. *11-/(2.(*/ $(.% B5C'*.**7 )4&(<2.(*/8 5 A → S : A,B#!5 S → A : < T,L,K,B >KAS

, < T,L,K,A >KBS
#G5 A → B : < A,T >K , < T,L,K,A >KBS

#"5 B →
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• *0512B ?*%5 /?0$%20-/0-12 12 0$% =/*-* 17 0$% 6%**/B%<
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 !"  !"#$ %&'#() *+,-.$!" /&,(-".(+#$% &'() *%$+,&. / )(0*1, )*,(2/&($3 1/345/4, /11,6 7%$8$$1 9/345/4,:789; '/) <,,3 *%$*$),6= >3 &'() /**%$/'. &', *%$&$$1 () 6,23,6 /) / ),?@5,3, $A )&,*). /36 ,/' $A &',0 () 6,23,6 /) /3 $%6,%,6 */(% $A &', A$%0B
(α1, α2)= 8', $0*$3,3& α1 6,23,) ,C&,%3/1 /&($3) $A &', *%$&$$1 :0,))/4?(34;. D'(1, &', $0*$3,3& α2 6,23,) (3&,%3/1 $3,)=E$&' $0*$3,3&) $3&/(3 </)( /36 $0*1,&, (3A$%0/&($3 /<$5& &', )*,?(2,6 *%$&$$1= F$%, *%,(),1GB

α1 = (P,Q,M), α2 = (t,X,G, τ),D',%, P () &', )&,* (3(&(/&$%. Q () &', $D3,% /36 M () &', ),3& 0,))/4,= H$ A/%.&',%, /%, 3$ 6(I,%,3,) <,&D,,3 &'() )*,(2/&($3 /36 &', )*,(2/&($3 (3 &',J9 1/345/4,= >3 &'() /**%$/'. D, '/K, G,& 0$%, (3A$%0/&($3B t () / K/%(/<1,(36(/&(34 &(0, D',3 &', )&,*L) ,C,5&($3 )&/%&). X () / ),& $A (3A$%0/&($33,,6,6 &$ $0*$), / 0,))/4,. G () / ),& $A ),3)(&(K, (3A$%0/&($3 4,3,%/&,6A$% / 4(K,3 )&,*. /36 τ () / &(0, $3)&%/(3& ,3)5%(34 &'/& ,/' )&,* /3 <,*,%A$%0,6= 8'() )*,(2/&($3 /11$D) *%,(), 6,&,%0(3/&($3 $A 3$& $31G &',,C&,%3/1 /&($3) $A &', *%$&$$1 <5& /1)$ (3&,%3/1 $3,)=8', 0,))/4, 4%/00/% () &', )/0, /) &', $%%,)*$36(34 4%/00/% (3 J9B
M : A | T | K | N | L | M,M | < M >K .>3 /66(&($3. D, )*,(AG &(0, $3)&%/(3&) /$%6(34 &$ &', A$11$D(34 4%/0?0/%B

τ : false | true | t− T ≤ L | τ1 ∧ τ2.M) /3 ,C/0*1, $A / A511 *%$&$$1 )*,(2/&($3 (3 &', 789 1/345/4,. D, 4(K,3$D / A$%0/1 6,)%(*&($3 $A &', N,%<,%$) 7%$&$$1 0,3&($3,6 /<$K,=7%$&$$1 )*,(2/&($3 (3 789 () /) A$11$D)B = 8', 2%)& )&,* (α1, α2). D',%,
α1 = (A;S;A,B), α2 = (t1, {A,B}, ∅, true).!= 8', ),$36 )&,* (β1, β2). D',%,

β1 = (S;A;< T,L,K,B >KAS
, < T,L,K,A >KBS

),

β2 = (t2, {T,L,K,A,B,KAS ,KBS}, {T,K}, t2 − T ≤ L).O= 8', &'(%6 )&,* (γ1, γ2). D',%,
γ1 = (A;B;< A,T >K , < T,L,K,A >KBS

),

γ2 = (t3, {T,K,A,< T,L,K,A >KBS
}, ∅, t3 − T ≤ L).
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δ1 = (B;A;< T >K), δ2 = (t4, T,K, ∅, t4 − T ≤℄  !#$%&' ($)&))*+ ,-!. /!-)+%&)$' PJBQRDST&,,.TUU000$<-8$'6-@2&26$(+UJ)(,02+'U-.)+'UN!℄ R$ 1''=&29/ V$ J&+)'='+$ W-367 '6+?.,3)6 ()+ 2*,&'6,32,3)6 36 <2+7'6',0)+M- )( )9.*,'+-$ 0)112 304/  ! P !S/ ""XH"""/  "YZ$NX℄ [$ [)<'8/ L$ \2)$ Q6 ,&' -'*+3,? )( .*:<3 M'? .+),))<-$ 5666 7$8.+25.9)$18&%). 7:!)$'/  " P!S/  "ZH!]Z/  "ZX$N#℄ ^$ C)0'$ _+'2M367 26= 5;367 ,&' 1''=&29@J&+)'='+ .*:<3@M'? .+)@,))< *-367 A[R$ >6T ($)2 7303 / ..$  #Y@ ``/ J.+367'+/  ""`$Na℄ B$ ['9:3b-M3/ L$ c26)0-M2/ B$ c26)0-M3/ G$ B'6d'M/ L$ Bef+)<2/V$ Jd+','+/ _$ G)g62/ L$ h:+d'd6?$ i'+>FJT L ,))< ()+ 8'+3(?367 ,39'=2*,)92,2 26= '-,'<<' -.'352,3)6-$ >6T ($)2 ;&: 5.&2 0).92 7303 <=>/8)<$ !` " )( C1FJ/ ..$ !YZH!ZX/ J.+367'+/ !]]X$
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