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A Logical System to Verify Specifications Written by Pi-calculus
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TAKEUTI Izumrt

This presentation gives a logical system which proves the properties over process-terms of a
modified variant of Pi-calculus. Especially, the logical system can prove liveness and termina-
tion of processes. The modification of Pi-calculus is to add terms of an algebra to Pi-calculus
accoring to the style of Nepi.

Because the termination on Pi-calculus is co-recursively-enumerable-complete, one cannot
axiomatise it recursively. Therefore, we should make the logical system such that it is sound,
has the reasonable power to prove, and is reasonably light.

The logical system which is given here is a modal predicate logic whose terms are the terms
of the algebra. Each formula denotes the property satisfied by a process. Modalities denote
transitions. The logical system has a logical symbol to denote parallel composition of pro-
cesses. The symbol is similar to multiplicative conjunction in linear logic, and the logical rules
on it are also similar to those of linear logic.
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e o.

[Fi, Fs, ..., Fu]'e = Nizi,o,.. o[ File

[Fi, Fo, ..., Fu]"e = Uiz, n[File
Zele MRS HL Tl [0]'e = Proc, [0]"e=0 .
FEMINHIL Tik

[[1 ||| Tw]e = {Pi % P2 % ...x P,|P; € [[]'e}
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I 7872 51F [[le = 1
Bt e ISR I = AWKV To 2, [IMe c
[A]e LB 2T,

0 5.9 HERBZ LY 5 & oiliEE O E

K7 5.
IENR T = TF, Fy, ..., Fpl XL T,

[a]" = T[a]F1, [a]Fy, ..., [0]Fy ]

(o) = T{a)Fy, (@) Fs,...,{Q)F, 1.
FeENY) T = T 0|y | ) WSHL T,

[T = T[] [[a] Ty |[a] T 1 s

(@) = T{a)1 (@) o). [{) T | -
HERF) Pkl C, roett, pintt o pr gk
WNThy, KoEGOFENLLT. INERoho
A AN R vo T, FERNFEE Z#/L T
BL.
(e 'y = {t £ uvt' # o' VF|fout,u,u'|F € {I'}}
{r"'y = {t £uvt #u' VF|fin,u,v|F € {I'}}
{7} =AF|[lr]F e {T'}}
PAziz2..xn F/X] &, P YD Xtits.t, &V IEE
L 7=8NNE Flti/x1,ta/20, ..., by 2n] CEEIEZ T
Boh Rt ERT.

E#5.10 (HEHRMRA)

INF=FA
|0 = A
T = A

HL & 4 IS0l T {} c {17}, 2 {Ai} c{A}}
DD = A

F01|F02|---|Fan = A
fHL ¢ 1% {1,2,...,n} FOER

I'sA
Mm=4a =1
Nr=A4A
Nrit=t=A TI'=st=t,A
HL AFt=1t

[|I,true = false = A
Il /2|t J2] = A[t'/z] [0 t=t = A
[lt/z]|l[t/z],t =t = Alt/z] [|t=t|I"=> A
Mr=t=t,A IIit=t=A
DNit#t'=>A  T=>t#1,A
INr=A

|, Name(t) = A I = Name(t), A
HU, 5 ceIn BH->T AFt=c

2SA BRI & B bR MREE S 5 SER AR 7

| Name(t') = A
'fﬁl/, 5)%) veV —Xn 7b§37)0‘( AFt=wv
||, Name(t) = A
|, Name(t)|I" = A'
| = Name(t), A |, Name(t) = A
I[|I-Name(t) = A I'|I" = —=Name(t), A

I'=>F A INF=A
I''-F=A I'=s>-F A
[rF=A IIF= A
ILFAG=A TIILGAF=A
I's>FA TI'=aG,A
I'=FAG,A
NrLF=A TIII,G=A
IILFVG= A
I'sFA I'sFA
I'sFvGA TI'=GVFA
[|LFlt)z] = A I'sFA
[\ VaF = A I'=VzF,A
HL Z 2T z E TN Bih e
[LF= A I'= Flt/z], A
[|r,3zF = A I'=3zF A

HL Z 2T z TR Bnizn

|, FyName(z) = Gi1,...,Gn, & =t1,.0, & = tm, A
I[|L, (x)F = (2)G1, (2)Go, ..., ()G, A
ZZT g FTRNCENT, ot icbBhan
[ Name(z) = Fi, Fo, .., Fpyx = t1,., & = ty, A

[\l = (x)F1, () Fy, ..., (@) Fny A
22Tz IFTRCBENT, 8D ¢ ITbBlhn

[0 R, F= A
I'|[out, t,t']T, (out t'YF|[in, t,#']I", (in tt' ) F=(r) A

[rF=A
]l (@) F = {a)A

I Wo& Ll ¢
IF—n|Iy = FA
I WoME 7z 5 EdN o, r; KO
[out,t,t'|F € {[;} BW®H B L D% (¢,t') D,
ZoAROMBEbEITHL T
P~ - o|res|rint = F, A
I'= [r]F,(r)A
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P o rcxL < (F-n) e = F A

I= [661]F (€t,1)A
ZZT EE out £l in

I'sF TIG=A
II"F-oG= A I'sF oG
[FIG= A I'sF I'=G
[F+G= A "= FxG

INF=aG

[\IPM/X,t/#]=> A I'= P[M/X,t/Z],A
[\rMt= A I = Mt A
L ZZC M = AZuXP
I,P\&F/X] = F, A

I, Mt = F[t]&], A
HL Z 2T M = A\FuXP, D, WEEER X 3 1T

12 ARBLBENT, BER & ETCBh Ry

I, P[N/X,t/Z]= A I = P[N/X,t/Z],A
[ NT'=> A I'= Nt A
HL 22T N = \#vXP
I''F = P[AZF/X], A
I, F[t/#] = Nt, A

L 22T N = \awXP, >, WEER X 1T

Y ARBENT, SEW £ ETRCEh 2
I'sFA TI'F=>A T'sF T'|F=A

Ir=AaAA Nr=Aa
EIH 5.11 (@eM) I = A 2WEEHaHER 513
[[]e C [A] .
A GERORANERC £ 5. 2 2T Z oftiRo
HERT.

Fho# 0L T (P -0) et = F,A

I'= (¢t V]F (6,1 A
ZZT ¢l out £/ in

Z OfERT, FAoLeTo i T
(L — 1)|rE* Je C [F, Al
o, TRITHNT
[Tl ¢ [[6t,t']F, (€., ') Ale
ROFEFET S LERT.
L I=nl. |, A=G,...,Gy &FL.
[L]e ¢ [1€,t,t)F, €, t,t") Ale
DT, BLHTOVRIHP=P, % ..+ P, B’H>T
~ B i lXDWT P €]
~Pg[l¢tt'F]e
=& JICDPWT PE(E1,t)Gj]e
2. P ¢ [[¢t,t)Fle DT, 5 P BH->T

Jan. 2005

P P g Fle. MLZZCAF ¢ = t)
Arv=¢(t).

3. PEY P g [Fle moT, B3 i BboT

P &Y Q1D P~ PirosPy 1 %Qx Py 5. 5P .
4. P; € [Ii]e %2®T, & [§,u,v'|H € I; iITHL
T, Ak e(t) =e(u), AF et) = e(u) I
P; € [[¢,t,t')H]e » HIB Q € [H]e . ¥ Q €
[(t=uAt =u)D H]e. #->T Qe[ ]e.
5. Py#..xQx..x Py € [(F— )T e . HC
Pox..xP1%Q#*Pi1%..% P, € [F,A]e . 6. i
M 4710k >T P € [F Ale.
7. P' ¢ [Fle %#DT P € [Ale . <5 j b
TP PG, ThIE P ¢ [t )]
KT TET 5. 1
AE .12 ZOKRRTIEDy MBEEHARY 57
Tzl TRIh 5.

6. Bl
write, read, return £\) ={HOZFIEMH>T, =
Dk d BT ak Ak ERT 5.
P =MO0
M = Az.pX.
in write y Xy + in read z out return ¢ Xz
T5He
P in w_r;ztet Mt in rg)zdu out rgt)urnt Mt
&S BHBAHERY D,

> > 7
[ ’

P = Vyz [in, write, y][in, read, z](out, return, y) T
MU REE 22 5.

7. BAiEMfZE Dk

RAHER, ZothodinT ot 2ty 2 G
DFFACIEFIC oMb 5.

SCHR 1) T, WIERE ST a2~ e, %
OWHERTHREANER I T05, 22 0T
OHMNET o 20E MO EFKRTH L. —o0T 1
¥ 2A0NH->C, RTORENHL THL & HIKiRS
S5, WbVF.PEF < QEF 2o HMfT
[EERERE 22 0, ZhdisiRo Bike —HT 5.
ZOVERTIEZ 0 & 5 T ax 2o EHEEGRo, 7
o 2R L CORNPERFR SN T D, Kt
D HMNET v ZADEHERRTIZR WA, K50k
X B RibUE i o B ho [alERTZ YBET 2. BB ma
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DTt A P & Q WEMH TRz e, B
SR F BT PR FP»D QR F 225
L LIREMETH B, B RPEREHIRT 5 2
LTk oT, TSP O [FHERTZ T 5 & 5 7%
NN EGEFELZ 21T KRS,

XHR 2) Tk, NAEHHoTav 2oWHERT
WHANERIN TS, MBI [z=y] ,
(@y) » (@), (xy)» (@), (@@)® . (e@)"
WHod. [z=y] , (zy) » (zy) FZThZHLAKEFED
z=yD.. {out,z,y), (in,z,y) ITHET 2. (z(y)),
() (x(y))? EENZENAIFFETIE Vy. (out, 2, y),
Jy.(in, z,y), Vy.(in,z,y) ERITED, (z(y))* 1*
KfFFEOBMATIERBITE RV, E-T, FhifFED
WHEATOBEC X 501, SUR 2) 1ISNT 2% <5
OMERTH 5. CHk 2) ORPLNICIEHR? 2 <,
& o TEIEHERTEMEIZRECIR T & 20,

CHR 3) TlE, RAGHHOT o 2oWHZ KT
HAWEHRSh TS, 2 2 ClEmMNIcHM S 5.
Z 2 COmMADROANAEARDIH & PR R
%LTEWéﬁk%Témﬂﬁu?&mKéz,ﬁﬁ
RN L IRT MR 5. 2300k 3) TIITER
RO RENFEENFR SN TS, WL, H 5D
kA P @R FISHL T, PEF PSP
REARETH 5.

DL kosiiicid, s fsOc i) Gke &9 im
PR Gt e, WA GRE R T RENRIA S
Mx] & o] WEFROFRTH 5.

NAGFE ORI R I E N5 T 2 Ui AR L
L, WEZRLELZEEEINTHE.Y LW
HRTE, WRTFOBRHERHA| OB NE L, Zo
NRBUISHIRE W Tk, fIZIESTR 7) ¢, o
WRIZRESNTEY, Zo@EER—-NMNIEDL I
WO EEZET LD, 21D I LRI TER,

ZHhiTHtL,, KRR ARRE — R O i
WeLTER, LWIERLICIRTES,

8. SRDEER

KHFFEDHEARLE, LRSS TH 2K, i
PSR, FhiciL CitgBAloB Y2
X, o, MR 5Tz, 7T Y-t 2DFERM
7y O EPIEECDWTE, Zo kD RR kL
TREL T50TIRRV»bIN., FHYREE

2SA BRI & B AbRE 2 MREE S 5 SER AR 9

U IE 7% 5 /1% - R iat N o SR e & v L,
ZIUTHIEL GREMRZRE R b 0Ic T 5 2 L84
BROFHETH 5.

¥z, Fov=rvoy—rr NEtEROFERZRY
IS, ZORKTIE Ny b BEEAARY /270
THAHrOI e TTHENS, Zhid, iwAﬁK%Téb
DTH ZRENGHHE —, » &, Th LU0
ﬁﬁaoﬁwnmﬁ&ﬂ$%WT%é_xu;é.:
DEEWHLNICTEI L LIS BOIHTH .
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