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Synthesis of Protocol Entities’ Specifications from Service
Specification of Distributed System in Extended Finite State
Machine Model

Kozo Oxano,! Hirosui Imajo, Teruo Hicasuinot and Kenicur Tanigucurt

In a distributed system, the protocol entities must exchange some data values and synch-
ronization messages in order to ensure the temporal ordering of the actions described in
a requirement specification for the distributed system. It is desirable that the protocol
entities’ specifications can be derived automatically from the requirement specification for
the distributed system. In this paper, we propose an algorithm which synthesizes automat-
ically the protocol entities’ specifications from a requirement specification described as an
extended FSM (EFSM) model. The next state and values of the registers are determined
depending on not only the current state and input, but also the current values of the
registers. In this model, we can describe nondeterministic behaviors. Each resource is
treated as a register. The registers are allocated to the protocol entities. According to
the allocation of the registers, each protocol entity’s specification is derived. The alloca-
tion is specified by the designer. An algorithm solving 0-1 integer linear programming
problems is used to reduce the number of the messages between the protocol entities.
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Fig. 1 A service specification in EFSM model.
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Snode(s;) & o7 7 BA v £ —IHIRE T a7 [ Snodels;) | WEEBT b | EHATHE
SNY, D, UTTHET S o &EA v REEET Snode(s;) ARIKHED
-V bRENENEAR, BEE/ —F ¢ op| EEp | Snodels) | BT ﬁﬁ?ﬁ;ﬁi?
DIREE/ — 1 Snodels)) ~NEEEA v & — 6 [Snode(s;) | Snode(s,) | WEEBBS ~n | FHE/—F5k
VERDBLEWLTD, TDA vE—TkO
o , e KECET 5/~ FOboWH
B X vy e S 7 2o
BA oy e—P ERHCLICT S, a TR LER L VRS OREEBRE T F
()iIt2 T3, Snode(s;) 25 Cset(s;) 8 EHICLERVVAS OERZETS /= F
CRRNDYIAZDOBE Y — FHRE ! léZ;@ﬁ%EﬁTzi;;;ﬁ@%
N o N < Cset(s;)) ICEENBVIAYDIE ZEE
LCoisow s 2 2 ofitk k6 6B i 7 Snode(e) B ETHBAE 7
5. TOVIRLME (FIAWE, ves) BEGD b Gy—n—BIlEEND/—F
BETEFRINDNRS, BEHROEL p | Cset(s;) ICEINBVIAY DIEE Snode(s;) IZEZNE/—F
EBO7 ==X (5)T, Ruode(R) 12 X Bp-y EEINL
= ) » Rnode(Ry) 1T+ " FaUngUAUx ICEERD/—F
57 =FONThdhd, A vte—Y (L ¢ (B pUY ETNB/—F

BoBAy - LES) L TRITRS

clict s, —F, EHINBTOLYRIEBOES
B, 7=2—X(2)THEBEREA ve—Y Y BA
&—) % Snode(s:) B>OREL, TNEZFE- 1
/= NERER LY R ZEE Snode(s;) ~ o BA v
I TRIETB.

Zhicky, ROFEL/ — FTH (1) TRNIRE
Bl END (L->TINTOEE/ —FTHA)DIR
TEHEL O 37D).

FLHBE, 72—R(2)THEETEA v E—-VT
aB, &, 18, y B0 4D08BHD, BAICK
S TIE 22U LEDED # » & — 9 % FRHTE B SLEDHS
FBELSLDB. COBE, TNODA vy —ViL7
==X (2)T120D* v £~V ELTEIETS. COD
XD 7 2 —X(2)TEEBEINBAvE—T%, 2D
P EDEDAFRDLE LB LIS fohithhb s
P, pBA =V EERTERT S, FARICT = —
X(B)THIETHrE, o &, 0BOA y -V %A
DETERMS v &—Y LIERC LICTS (R1).

PIERE/, — FOBEOWIETH 5. UTTR, &
) —FBERDET 2 —XTED/ —FEEDLSN

24T, WEDA v =Y ET@WThE LD, B
XU, ZDOBOXHS v —Y DRBETE L1204
729 3ICRE I TR EODORIC DO TEERIITE
B9 5.

4.1.1 %& EFSM: OHff

72—X(2), (3)TENZEh ¢ Bxr v e—Y, B
By e—~VhZESTEL,) —FOESE ¢, BTERT.
L RES a 1, A Y ORMERENRS, CCZT
Ehoa 1 A xR ENEN, a By k-, 7
B ye—Y, A”MAy =Y, ¥ BA v &—-V%EF
ET5/ —FOESEET.

FhT72—=X(B)T, rBAvE—Y, o B Ay
t—VERETH/ —FOEARERETERT. BEE
3, 78Ave—VERETE/ —VFYOEAT &,
Snode(s,) BHRELET AL VR LfEEAXDL/ —FDE
& o ORMEA LB BE, /—FEATR, O
BB TUYRZEOEHFAITS/ —FOEA LIS
(F1).

LD L &, EFSMOZIREBHBICTIL T, £ EFSM,

* Xy k—VDEALERD, (RIBRALTOS.
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(/= F k) BRO &S ICIREBBORINEZ KT %
LEZB,
[EfE%3] TS]

(Proc1). / —F k=Snode(s:) 25T, & IRAE s:
TREESETHRENE S hEHET 5.
FEITEREISEMEN S NITET T 5.

(Proc2). / —F k=Snode(s:) X 5IF, £ b u(=
at+ptA+ ) KRBT A/ —Fic pBDRA v
=V EED.

) —F kep 13513 & A3, Snode(s:) 026
D BOA Y —YEZITINS.

(Proc8). /—F k€aiblX ks BICET A/ —
FleL Yz 2l QRO ve—) &%
5.

J—F EELBOIT D BBA Yy -
EZUED.

(Proc4). /7 —F key 501X FIIVY R AEEESR
75,

(ProcB). / —F k€l(=7+0) 551T 2 » 5 Snode

()T EBDA w—V %KD,

k=Snode(s;) 751X/ —F kW &EHSD

Ay -V EZIRS.

0 Bty t— PRI NENRDLEARR,

Snode(s:) 55 Snode(s;) ~NEEEXS.
(Proc 2), (Proc3), (Procb) BT, A wt—V%
245/ —FR, ZEOMCEBRELETHLE

IWEFHNE, CREDA v E—=VRBICDNTHE
4.3 §, 4.4 HTEMICR~NS.

bL, /—F k2 TS o oBfeic bEEL
N, si—osi 13 e BBRICES]Z S, COHSICH->
T EFSM D% si—s; % TS icisd 2 8ERFic
EE#Z BT LItk EFSM: 25850 5.

4.1.2 A yE—-UHBEROECETIHR

FROFETE, 32797 (72—X(2), (3),
(5)) TAwE—VXHIBfTONAE. $HBAHA, 42X
FoTUEOA v -V XPT LB HENRE, LR
AoBHFESZIONSE. ChoDFELHREL
T, AHFBERA v 2= CBREBDII0, A v e—YK
BT & BV X7 LAKTORBERESERNED, &
OFIEDH 5.

WiC A v 2=V BOHIRCOVOTEL S, —RIC,
J=F kDS / —F kK By -V ODOHEXS
BALEHEOL Y X4 EOMER BB AETR A Y
-V RICKERBONBS LN, TTTRTHHIER

HEBBONDS EREL, Avie—YEELLDS
P, B—7 2 —XTHK/ —FigEoNns p, B, ERR
v =V EZNTNEBMLEEZ, TOREDTTH ¥
T~V ORBEDISTEHEAELS.

5/ —FPRHELIYREZOEEVELTEEA,
P EA =Y, BEIX v =Y DOTIhLEHNS
zEMBEZOND. AR/ —F1IBEE/ —FT,
/—F 1, 38iIcvy x4 Riddy, /—F2HB R D
BEKELTEES, /— N1/ —F3icaBisy
=V ERED, /—F3B BEA Yy~ T R D
) —F2~%540012, /—-FINEE/ —F2~
pEA v —YT R OEEFEBFTHA v &— VR
ELIITES FIHBI2ME BBILVE). —F5. 4
OBV YR A Re% /) —F 3ITA, / —F 28Ry,
Rs D% NBELTEIHEEEERL L. COHAE/ —F
I1Mme/, —F3Na Bty e—Y%%D, FEAY
t—VEBANT Ry, Re DA/ —F3h5H/—F2
IC#BEX y e —VRBUL 2ETEDH, / —F1lp
5/ —F2ANEA w v~V TLYRE R OfEAE%
BZEVVRE R DEARELICDICELI aBE BRI
Ay =V EBTTILERSOEFTIEOA v & —
UISHETHB.

DXL HEEEBRICAN, TE5E0%
B A v e~V DREFEEEZ DLEND 5.

4.2 X yk—-TDREFE

PIFTIR, &/ —F8, FO24T7DAyE—Y
T, EQOLYXLEOHE, ED/ —FERXZELR
BRSSO E, BERNICED XS ICRET 50
T2 T3,

4.2.1 XokE—-YOREEFEOREICHNS

SHEEH

(I). Snode(s:) % u &4 %. kO (Proc2) T/ —F
upS/—=F o B ye—YERSLY
NERSKNEEZEE LS & S 8 aBERE
puv £ 95, Flr, /—F ubb/—F v
VY RE Ry (AJ] z) OEZERET 5 HEH
bbb EEHEENDIHEER%E nuv_Ri (nuv_x)
LT 5.

(). FRRICED (Proc2) T/ —F u bbb/ —F v
NaBA e~V REBUESBHLEEELENR
5 & NMEERE auv 55,

(). E® (Proc2) T/ —Fuhd/) —Fo~ 1%
A=V EEBNENDLLEELINIHE
A uwv T 5.
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(V). E® (Proch) T/ —Fudhb/—Fo~Ny B
Ay —IhRBUNENRDLELEHELIEIME
EYAE quv £33,

(V). k@ (Proc2) T puv, auv, Auv, xuv O
PHETHDEFEEN 2 GEERE puv &9
3.

(WD), kD (Proc3) T a itBT 3/ —F w »5 8
BT 3/ —Foit L YR ZMEEEDLEND
BLEHLENDHBERE v T 5. kT,
J=F whdb/—FovAvYz2 R Q%
ZETOHMEND S & X H &4 5 0BERE
Bwv_ Ry &9 5.

(VWI). LD (Prod) T £ IKBT B/ —F v hd/—
F Snode(s;) (PIF/ —F 2 &93) i v &
Aovt—Y, 0o BIR -V LKL LENE B
LEEINIMEEREZNEFN, 1oz, vz
ET5. 2D3b, LY RE Ry OEA%D
EH B EEHENZGEERE ove_Ry &3
B, Fi, ¢ BEEADLETELRIMEEN
% OGuz L35, FT, rvz, pvz, vz DAL
EDLIDOBEDEEEERZMEERAE fve &
T 5.

4.2.2 BEHBEZBORECHO ZHHEME
LD (I)~ (VD) OAHEER vuv, nuv_Rs, nuv_z,
anv, Anv, Yuv, puv, fwvo, fwo_Rs, vz, rvz, vz,

0vz_Ra, Juz ORYICTIRORERNHR D SO BEHS 5

(CZTREMELEHA 0, 1 DLTIHDEAIKS &

KA OEH L B139).

LYIF, u % Snode(s:) &4 3%. 7 2 % Snode(s;)

&ET5,

(1) Ri€Cset(s)) WBHE LT R EZ Ry &/ —F

v(1<v<p) DRICKHL T,

nuv=>nuv_Ra

(2) AJ1z &7 —F v1<v<p) ODHIcHL T,
DUV PUU_X

(8) /—FodBSANzAYBLTEEE (/—F

v DUV REEDEFICAT] x DEHBNRER & &),

ERo (1) et

(4) %/ —F v(1<v<p) KHLT,

LUV QuY, puv>Nuv,

nuv_z=1

LUV Auv, puv> Y uv LR (V)T

(5) &/ —F o(1<v<p) & w(l<w<p) OHIC
LT,

auv> fow

Laod (I) i i

June 1993

CNFBBEDOA v =V ERETE,) —Foitid/ —
Fauht aBlOrty—IEX530N0RR5 10D
TEERLTS.

(6) &/ —Fo(l<v<p) ELYRE R (1Sh
m) OITHLT, L/ —F v i Ry DA SELE
TBED,

> Bwu_Ri+puv_Ri>1
w&Rnode(Ry)

: RieCset(s:)

> Bwv_Ri>1: Ri&Cset(s:)
we&Rnode(Ry)

TR VvYPR2 R OfE%E BB, » BOWLTHhDA v
-V TRFL->THRNTEERL TS,
(7) Ft, &/ —Fo(l<v<p) & w(l<w<p)
DITHL T,
Bwv> Brv_Ry, -+, frwv> fwy_Ra
o (VD) icsdis
(8) &/ —F vey ITHL T,
puv-+ 2 Byv+ Auv>1

ISy<pAy+u
LEIRD (M) i1
CTNRVIRZEEAEHTEIDICrIKBT S/, —F
viZ B, BHE, ABONThHDA v -V ERY
ESBFNTNPIRNT EEREL TS

(9) &/ —F vey KH{LT,

yvz=1

(10) Ff, &LV R2 R (1<h<m) it T,
HL/ — N 2 R D% SLE LT 5 (2&Rnode(Rs))
%5,

> owz_Ri>1

weRnode(Rp)

ZORTE, o BAvE—V%, ERICLYR2%
FoTWVBLLHDLDARFLEZTEICLTNS.
Snode(s:) i3 Cset(s:) LT, EEICH/ — Fsk-
TWBREDVYRZEH > TO AWM 2 23T
CTRENIIEDFDIL,

(11) X25iT, &/ —F w(l<w<p) LY R4
Ry (1<h<m) OITHL T,

pwz= pwz_Ra

fwz> pwz, Ewz> 7wz, fwe> 0wz

Lo (V) icw s

(12) &/ —F ve&y T{LT,

Yuo> pvz ERo (V)i
CNRVIREZDEFHFIIFTHLEONoBDA v -
ERORTNERLEEV/ —Foicid, / —Fubhd
XBDA v e—VERLBTNERSRNZ EE2EL
Tn5,
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(13) & BELADE X,
Buz=1

chit, /—FEOA v E2—YDPD & D 4L
{, UbhTER/ —F2EBb2BEA, /—FubboHE
B/ —F2~NO0BDRA v 2 —VARELNENHLT &
AELTHAE,

4.2.3 BEEHOREDOHE

Lo (1)~ (13) OfIFSRAARIET 5 & 5 3
DO OFT,

¥

1<y<§/\?j=ﬁzﬂuy}
{1<w<§/\‘w$ul<§<p ﬁwv}
{1Sy£§/\w&z€yz}

DEEF/NTT 5 XS CEEROEEEDNUL, A v
€ — T DHAVNE 8B, T N B, ZoRE
BRIIBNT, p O/ —FETXBINE A v &~
TOMBMARL TS, B, FREETE, B/ -
FADA v — Y OREERTI LD BEREHRL T
W3,
HIHEMREBEARENTH 5D T, N 2HIEK
ELT, 0-1 BEEREEIEMELB 7T ) Xa %
BT N OfER/NCT % & 5 EERDNT L.
KOS K EFSMy MED &4 I vy TEDLY
REWEERED/ — FEXZELRRTNIZIES 0D
bbb, 1B, 0-1 BEERIEEEHE R BT S
BEOHRROZEREE 0, 1 KRELZZSDT,
—iizid NP 524 TH 5050, ERANNCIIE & 755
ILOFEBERINTV S, TBLDBE, VYR
2 OERHRERE, B0 EEEEICHAS
NBZEEILNDZOT, REHETETHII LR
%,

4.3 *yE—-COAR

WRICA v —VRTRETE 4 v -V DREFILD
WTHIAT . BREBY e(si—s)) IKDWT, / —
F u (=Snode(s:)) 5/ —F v (1<v<p) ~EET
BuBDA Y-V DRERZRDEBD :

{u, label(e), {(“R4”", value(R»)) | puv_Ri=1},
{K“x”, value(x)) | puv_z=1})

12U, label(e) i3 e 2 ERENTB7cDD I~
v, value(R»), value(z) 3ZNZFN, VY RA Ry,
ANz DWETHE. pBAvv—2F, 9, a x AE
A=Y DNEEHOETNDY, a, x, ABAy
€ —IRDVTIE, WA, #4147, labelle) 250
B, 2B v —VDDICVIRZEEDT —

25EIMENE. ED/ —FoviltEDL YR & E%E
FREDR, B quv Ry ODEHSHETE DT,
INN1ITHS LI R ZEDHENUT L.

BRI, / —Fovbdhd/—F w1y, wp) ~E
595 BBEDA y -V DOHEE

{B, label(e), {{“R»”", value(R:)) | fvw_Ri=1})
XL, /—F vo(1<o<p) 5/ —F = (=Snode(s;))
~NEETDE EROA v -V DRER

(&, label(e), {{“R47, value(R:)> | pvz_Ri=1})
LT3, TbL, HXve—VicidE 47, REE
BeDs<VEBLY, RETRELYREE (AN
BHE) EZOEBEThTHS.

BE/ — FTRWVIEAR, BE/ — FREORESE
BEETLIOBOISRBODT, A ve—YIKETE
NARIEBE ¢ D5 VL0 OREBBZHWTT 5.
B3 TR (2, {R”, value(RiD}) % 2% KRy,
v} EBRERL TV 5. BB w=7> BAS#
=V DEA TR TEDS NN 2THHEE
HERN5,

4.4 % EFSM: O

K/ - FOREBR L 4. 2 THRLNIBEOHEI
Lieds- T, BifERA TS icES AL/ —FD
REEBRRFNEZERTE S, bHEAA T DOERER,
BEOEMBELARE 2RO ELET S, 22 TR, K
REBEOES ~NVOHZHEFLICP PEFEL B~
%. &/ — Ficiz Alloc (EFSM) T2l ¥ CohizL
R EICML, EERAOLY R4 R 2EIDYTS.,

(Proc1) TlZ, / —F & 53 Snode(s:) Tk 5 & %,
ERMROEBBRM, Bfftzo¥iodds (LY
2 AFEHRTHOIZN. L (Procd) TE & D TIT
3). 727201, Snode(s:) TH 3/ — FBANEATI 2 D
ZIEFEEL LUIEE, 2 OfiE L YR £ R lZBNg
5LV R2FEHNK Ro—put(Ro, z) #5X 3,

(Proc2) Tid, / —F & »% Snode(s:) 725 ¢ D
Ayve—V% (ER) BOTIRERS DL, <Ok
DO AL LEFE TEINCTAT XV, BBRYE
BEICETHS. A9y E—VDEALE £ THY
FARNMTBIRINICIREBB D elsi—s)) DL &,
label(e) &72%. & A3 Snode(s:) PISAAD / — F T, u
Oy e—Y mAEZETINHEDHB/ — FiLb,
REBW ¢ 10 IGT 2 REEBRIIOBBERMELL
T m=phbel 2522 BELLT, /—F u(=
Snode(s:)) LD A v &—Y m DA gulm, L
ZEHEHFREL T, Ro—put(Ro,m) 25 2% 3. (Proc
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Sy
< g21!MS5 , true, [] >
«g22, true , [ R2<-R2+get(RO,R6) ] >
< gl2?w, w=M4, [ RO<-put(RO,w) } >
1A
[
S»

<c!R4-R2, R4>=R2, [] >

June 1993

<g&g.\vl8,truq,[]>

<g22,true, [ R2<-0,R4<-0 ] >

< g21!IM6, true, []>
< c?y, R4<R2, [ RO<-put(RO,y) ] >

<g22, true, { R4<-R3+get(RO,y) ] >

<gl2?w,w=M3,[]>

B 4 EFSM. OEjfethik (REMHRAED)
Fig. 4 EFSM. with € moves.

3) T, HED B EDA v —VDREEETOMED
H5/—F v(€a) T (Proc2) LFEBICESIEET
BN S. i, BEDA v — V5 ZET I NE
DHB/—F HEP B, #hd Drve—YDEE
BfERTTS. & OBEEL T, / —F v(€a) H5D
Aye—=Y m OAI gulm, VYRXLEHRLELT,
Ro—put(Ro,m) 52 5. ZEEELELLIEETHE
FNCAFAIE L FES v — Y DHBIER—BICE
FOHOBE—F— D5, A—%147FDAy &—
ViREL 1EULZEL LV OTREBIEDIEFELE
MCEH T HEEZAEL ). BREELLT m=
plarel 252 T, (Procd) TLYR& Rohd
MBEIRATIV Y 2 2 DIE% get(Ro, Ra), get(Ro, ) %
AOTEOEL, VX EEHETH. (Procb) TiZ,
EdECBLTONUE, / — F Snode(s;) iIT €D A »
=~V AKET H. kDS Snode(ss) 05, ERI Ay
— Y OFEEEETIZE L RBRICTS.

4.5 KM K

LRoFEE Xk » TEEB A1 5K EFSM: OREE
BERIL, VWbWE eBEAGATNEZ E0H 5.
BZi2, "1D EFSM 55 EROFFIC & - TEE
XNB/—F 20 EFSM: 24D L DiIcis 5.

SRERICH 5IRBIZ K EFSMy iItB0T, BE
J = FEIRBREELSITWVIREBICHT LT BT
%. % EFSM: OfEDF &b, 2 BEE/ —FThH 3
REE s EFE/ — FTRVIREE & BT € EBHTN
&, BLU, BE/ —FTHRORED S OBB
J—=Fh5DA y—Y OREFEWETIHE 52 &R
FTED. 2T, % EFSM: oREED h T, BIE
J = FTIOREE (M4 T S, 82,8) 2#9~T1D

DOREE FIZIE So £ F3) itk L, € BEAID
Bl LI DIREBNATS. K40 EFSM: 265
REEEIIATTS &K 3D EFSM: s h 3. 8%
Bx wt— VT3 BED T NPT D DTREE
BRUTHEBORELZ 1 DICE LD THREA v &=
DAHEN DS & & OREBEN DD E DEBHISBII NI
WEXRBT B EBTES. > THH%KD EFSM:
I3EFIETD EFSM: &R CEIELITA 3.

4.6 EFSM: ORREEOIESM
EROBHBETHEE I 358 X 7 & OBIfEHAR
(EFSMy, -+, EFSM,y L ER{L#k EFSM D% {H#:Hs
BROIMLDC EDFFHICD W T I XER 14) 2BBDC
L. UBARTEBREBBRCLICA v =Y DHIR
EEZTOINEROBEAERT 5L X 5IC Ay
- VHEBRTEIEANE S, £ORICONTS
XER 14) #BRBOC E.

5. 8 H b [T

AR T, EFSM =S A TER I N2 9%y 257
LADERZRD SR/ — OB A HBIERT 3
TuTYXeEEZ T,

Fx OWES v—7Ti2, EFSM 4% 2R 3
7o ASL/IASM WS REMEBEEEDZDI 7R
a4 varY g, avL SEBERBRLTYL
3. HE ASL/ASM TEREZREZTV, 20k
Ho&/ — FOEELRE (ASL/ASM Fus'5 L) %
BEMERT 3 C &R TV, EROSEMAICSK
LATVT ) XLZBRAL, £OFMEAET 3T
EENSBOBRBETHS.

B ARUWIAVIEREOVREEXFTLELEEED
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MRt 42 4. PR 2 ERFE A
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BEFEREEFLEE.

S RKE

WERD 44 FHE. PR 4 ERBERS:
FBE T AR T 2R LR, F4E,
R R A TR B Fe R S Bl
AEAY. BHE, A%¥d, Sy
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