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Synthesis of Protocol Specifications from Service Specifications
in Distributed Systems with Communication Link Errors

Kozo Oxkano,! Hirosur Imajo,! Teruo Higasuino!
and Kenicur Tanicucui?

In a distributed system, the protocol entities must exchange some data values and syn-
chronization messages in order to ensure the temporal ordering of the events described in
a service specification for the distributed system. It is desirable that a correct protocol
specification can be derived automatically from a given service specification. In this paper,
we propose an algorithm which synthesizes automatically a correct protocol specification
from a service specification described as an extended FSM (EFSM) model. In our model,
message loss is considered as the communication link errors. We assume that at most one
communication link may be down. Even if all the messages in the faulty link are lost,
the derived protocol specification can simulate the service specification correctly. To avoid
the influences of the communication errors, we use duplicated messages with the same in-
formation. In our method, however, in order to reduce the number of exchanged messages
at each transition, all the messages used in the same link at each phase are merged into
one message. To minimize the number of the exchanged messages, we use a procedure to
calculate an optimal solution for 0-1 integer linear programming problems.
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Transition t1

Ly alz,y,z,
Ly g12lp(z,y,2)
Ly q13lu(e,y,2)

Ly gldlp(z,y,2)

Ls i

Ly g14%

Lg 9317%

Lg 9127
Ly 9217p(ra,73),
L g4178(r2,3),
Lz g12(r)
Lis  gldla(m)
L1 i

Lis  g2177(r2,73),
Lig  g4177(r3,79),
Lz 317y

Lis

Transition t1

al 11, get(ro,r2), get(ro,ra)

ro = put(ro,{,y,2})

1= get(ro,z)

7o — put(ro,u(rz,r3))

ro += put(ro,3(rz, r3))

i — get(ro,rs) / get{rora)
ro — put(ro,1(rz, r3))
ro « put(ro.y(r2,v3))

8 PE,

912%p(z,y,2),

93226(z,9,2),
924!8(z, y,2)

i
g127y
94277
9327y

b2y,
924'u(y)
9234:(y)

i
9427y
9327y

72 > 0, blrg,rg
g21!p(r2,73)
923u(r2)
924
g12?8(r1),
93228(r1),

i 72 &= get(ro,rs) + 3, rg = r2 X getlro,ry)

9 PE,
Fig. 9 PE..

92414 (ra,73)
93279
9211y

ro = put(rop(z, y, z))
7o+ put(ro,d(z,y, )

r2 = get(ro.y), r3 — get(ro,3)

T2y

r2 = get(ro.y)

7o = put(ro,3(r1))
ro = put(ro,B(r1))

Fig. 8 PE.

L
Ly
Ly
Ly
Lg
Ly
Ls

L
Ly
Ls

Trans

918%(z,y,2),
94378(z, 9, 2),
93218(z,y, 2)
i
¢3Lly
94379
932!y
9237p(y)
93418(y)
94379
932y
9237p(r2),
94370(r2),
932!(r1)
93418(r1)
i
9321
94379
931y

914 (x,y, 2
9247B(z, y.
94318(2,y, 2

o

i
943ty
9147y
g2ty

924%u(y),
93428(y),
i
g42ty
94319
9247
91428(ry),
934?8(r1),
94118(r2)
94318(r2)
i
943l

92479 (72,73)

941ly(rz,73)

itior

To = put(ro,u(z,y, =)

7o — put(roi(z,y,2))

Jan. 1995

1~ get(ro,z), r3 — get(ry,z)

o = put(ro,u(r2))
ro — put(re,8(r2))

Ty 13 [ get{ro,r2), 3 e get(rarz) X 7y

10 PE;

Fig. 10 PE..

o — put(ro,u(z,y, 2))
ro = put(ro,8(z,y,2))

r2 — get(ro.y), 3 +— get{ry

7o = put(ro,u(y))
ro — put(ro,8(y))

2 — get(ro.y)

7o = put(ro,f(r1))
7o = put(ro,A(r1})

Transition 12,

35

2 = get(rg, 1) + 13, 73 + 73 X getfror))

B 11 PE,

Fig. 11 PE,.
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