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Abstract  First-order predicate ambient logic based on p-calculus uses predicate variable to
construct fixpoint formula which is convenient to describe the properties of closed-loop system.
The formula’s semantics is brief. For the best model checking algorithm in finite control mobile
ambient based on the logic, its time complexity has exponent relation to d and space complexity
has linear relation to d, and d is the alternating nesting depth of the formula in fixpoint. This
paper comes up with an efficient model checking algorithm for first-order predicate ambient logic
in finite control mobile ambient based on u-calculus, which is the third known kindred algorithm
at present, whose time complexity has exponent relation to d/2-+1, space complexity has linear
relation to d. This paper’s contributions are: (1) getting two groups of partial ordering relation
among intermediate results in the process of computing for first-order predicate ambient logic
model checking based on g-calculus; (2) using the partial ordering relation to design a quick

algorithm for model checking; (3) analyzing the complexity of this algorithm.
Keywords model checking; mobile ambient; gz-calculus; nested predicate equations
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S0 PRAF-E X B 1 T2 A, Jorp &5 S (2 Uy (.

T 1. B 3HE, IR ModelCheck (P,
B RIGiHEER(P.X (2. $.0,id) sval) .val = true,
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TIE BT 2 DL 5% 4.

EIE 2. FAAEL 3 iREIR SR D)
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UEBH 2 0B 5% 5.
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false.
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E) s Ay =&y sy &),
WHR d mod 440, M4 n=d/4+1 .
Ay=C(& s &) AT =(E s, &) 5
A, =CEpir s €.
AT 1) 4 2R (3) X6 N 45 A5
N7
Hik 4.
RIEATIHE.
ValueSet.. ()
[/ EYS g 2 1 1% B T 1 A5 X R X I 45
{
R.a=Ri13a.[0:|RY, [ 1= {(R5,0) -
//RE A o B
for(i,=03i,<=|R},|;i,++){
R, =R :0.[0: RS | J={(R,0), -
//9Ia AL b, B
for (j, =03 j,<=|R: |5 7. +4+){
(R.ssk)=a,[j. s/ /BUFH R RV R e
/RS R G W (B AR R R W
for Gk, <<= |RY5 |5k, ++)1
Rei o L) =b, [k, 13/ /BUFH) RV RS R oo
/R AR e R 0
for (30, <=|RYY |3 L +4)1
ValueSet .1 ()
Foi = feu (Ry\Ry y+++ Ry 3 / /3148 RIHY
if (r,y==R..) //R. FE YT A3l
b.[k,]=(R.,.. L) break;
R.i=r.u;

TG I B 3 4

X4 5 O e 1 A BRI B T2

S(RYS.0) )5

SRYT L0}

}
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if(”,.:; = :R;% ) //R:.:i EU@% sz:fj])ﬁ
a.lj. 1= (R, k) break;

reo = foo (RuRe s RO s /TSR
if(r,.,==R,.)break; //R, .5k M5 A3l &
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rea=fra (R Ry v sRO s //FHH R
if (r,., ==R..)break; //R. Bk M {315
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B 3% 1.
XA o E RS R, Y(e): if Y=X,(G<<i).it{x;} = fnou(X,)

formulaChang Toequation(F) //F—>& return(X; () A X (,),0, (&) (X; (Z; M (e) sid} i+ 1)

{ else return( X, (x;) ,{X;(x;),0.Y(e) ,id},i+1)

XA F A e A2 4 BOR 2 B AS 1 P AN [ 5 [ (6'X. ()8 ) (e): (Y(3) & i) =

THREAR F &8 48w i B Sformulatoequation($'[ X, /X],0" i+ 2,ad(X))

(X(x).&.j)= formulatoequation(F ,0,1,0); return( X, (Z,) + { X, (Z,) +0. ((3) (X, GO (e) vid) it

return(X(x),&); {(Xi1(3)56",Y(3) yad(X) i & siy)

) }

Sformulatoequation($,0.i,id)

{case ¢ of

p:return(X; (), { X, (x) 0, pyid} i+ 1)

|$.®%, . (Y(3),& »ir)=formulatoequation($, ,o,i+1,id) ,
(Z(2)+& +iy) = formulatoequation($, 0,1, sid)
return( X, () A X, (x2,),0,Y(3)RZ(2) ,id} .1 & 21 E vin)

|@©(): (Y(3),& +iy) = formulatoequation($’ ,o,i+1,id)
return( X, (). { X, (x,) ,0,@(Y(3y)) . id} . & +iy)

|©¢": (Y(3).& +ir) = formulatoequation($’ ,o,i+1,id)
return(X; (z,),{ X, (x,),0,QY () .id} 11 & »i1)

| () (@) : (Y(3) . E»iy) =formulatoequation($'s6,i+1,id)
return( X, () { X, (x2,) .0, (DY () (e),id} i1 & »iy)

Bt 5% 2.

HRAE Tarski A5 552 B R T H 5 9K 3 S0 A BR A%
B sl AR BAET - ST B — B 9 ) SR OB B AR AL A T ) R
REENT.

Bk M. MBS S AR LT e
I T ) A AR A T Bk

PR B newo (W) P AE— A RIEA FAEW b i BT W 37 48 7.
ModelCheck(P ,F)

1 9, R formulaChang Toequation( F) ¥4t F
BRI SR E BT E MM formulatoequation()
R Bk 58 1 BLAR B B e . formulatoequation () A 4 A~ 5 KL,
Horh b 1 B 4 1) i R o S22 O IR AR B RS Bh R 2K
B 2 T — AN 0 A8 1 T AR, id 2 2 TR R 2
MIACEE B R B, ad (XD R B & X M 3C4E B R .
SformulatoequationO iR o] — A~ = I 4 . Horp X (&) 5 Ay /8 ¢
xR ERGFE G MBS RHPHE 1%L
¥y S AR 223058 oy S5 I A gl s 2 B L 55 S A 30 A8 43
FEERX P M ERRX 4 Sk E) .7 & H
MR — AR ZE BT AR 248 i B E IR SR s —
WA TR 1.

{

(X(Z).&)= formulaChang Toequation(F) ;
for(i=1;i<d;i++) S,,=S,,=S,=J;

/S0 HARAEAR SIS 5. S, v AR 224 7 15990 5 19 485 05
/1S BRAE AT AT E B 25 05, i R iRE 2R IR
InstallSet((P.X(Z.$.0.id)));/ /P74 BB 3 45 05
for(i=1;i<d;i++)
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for(j=0;;<2;j++)R;=S;;
/G R E TAEX

ValueSet () ;

return((P,X(z,$,0.id) sval).val) ;

}

InstallSet((P,X(z,$,0,id)))

/)7 A AR SR A SO G AR S )
{

if SioN{(P.X(x,%,0,id),false), (P, X(x,$,0,id),true) } =

& then

{

if (6=p) add(S,,,(P,X(Z,$,0,id) .false));

if (6=1v) add(Syy+(P,X(Z,$,0.id) strue));

/7R TR B 2 SR S (P X (2 b00id) sva) Y
//HAEK 4 DDS. 45 5 (P, X (2.$.0.id) svaD) J& T
// A S R B VR A DAS.

case ¢ of

Y(3)V Z(2) : InstallSet ((P,Y (y.$, ,6,id)));
InstallSet((P,Z(z %, ,0,id)));

[Y(3) A Z(2) : InstallSet((P,Y(y ., ,0,id)));
InstallSet((P,Z(z,$, ,0,id))) ;

|Y(3)|Z(2): YP, | P,=P,InstallSet((P, .Y (y.$, ,0,id))) ;
InstallSet((P, s Z(2,9, ,0,id))) ;

|n[Y(3)7:if P=n[P"] then InstallSet((P',Y(y,$ ,0,id)));

[n®Y(y):if n€ fn(P) then return;
InstallSet((P.Y(5.$".0.id)));
if bn(P)=# & then Ym€ bn(P) A P=(vm)Q

InstallSet((QLn/m].Y(y s jo,id)));

Y (3)@n:InstallSet((n[ P, Y (y,$" ,0,id)));
Y (3) Dn:InstallSet(((n) P, Y (3,9 ,0,id)));
[JY(y):VQ if: P~Q then
InstallSet((Q,Y(y,$" ,0.id)));
[SY () : VQ if: P~Q then
InstallSet((Q,Y(y,9" ,0,id)));
IV2.Y(3): Yn€ fn(P,$) U {new(fn(P,$)}
InstallSet((P,Y (y,¢' [n/x].0,id)));
[32.Y(3): Vn€ fa(P,$) U {(new( fn(P,$)}
InstallSet((P,Y(y,% [n/x].0,id)));
N2 Y ()

InstallSer((P,Y (y .9 [new( fn(P.$))/x].0.id)));

[ (Y (e
InstallSet((P,Y(y,%'[e/y],0.id)));

Iy

ValueRecord ((P,X(x,$,0,1) ,val))

/R RS S

{

case ¢ of

T : return(true) ;

| | : return(false) ;
[0 {if (P=0) return(true); else return(false) ;
Y (3)V Z(2) and DDS((P,X(x,$,6,i) ,val)) =
{(P,Y(y,9 ,0,:11)svaly) s (P, Z(Z 4%, 40, 413) yvaly) ) s
return(oaly V valy) ;
Y(y) A Z(2) and DDS((P.,X(z,%.6.i) ,val)) =
{(P,Y(y,% ,0,,11)val,) s (P, Z(Z %, s05 413) yvaly) ) s
return(ovaly N\ wvaly);
Y(3y)|Z(2) and DDS((P,X(x,%.0,i) ,val)) =
U (P, Y(3,9%,01,11) svaly) s (Py y Z(Z 1 $,,05,15) svaly) b

P 1P, =P
return( V”l“’z:” val, N\ valy);
lY(3)@n:and DDS((P,X(z,$,0,i) ,val)) =
{(P,,Y(3,% ,0, i) val))} :return(oal; ) ;
Y(3)@n:and DDS((P,X(x,$,6,i) ,val)) =
{(P,,Y(y,% ,0,,i,)svaly)} :return(val, ) ;
|n[Y(3)]:if DDS((P,X(x,$,0,i) .val)) =
{(P,,Y(3,% ,0,,i1) sval;)} :return(oal; ) ;
else if DDS(P,X(x,$,0)) =& :return(false) ;
In®Y(y):if DDS((P,X(x,$,6,i),val))=
LJJ{(PJ Y (359,044 yval;) ) sreturn( Vjval;) s
else if DDS((P,X(x.$,0,i) ,val)) = & :return(false) ;
Y (3):if (DDS((P, X(x+$50,1) sval)) =)
then return(true) ;
else if (DDS((P, X(x,$,6,i) ,val)) =
LJJ{(PJ Y (3.8 .00,0) sval;) ) return(A; val;)
|OY () if (DDSU(P, X (. $,0,1) ,val)) =)
then return(false) ;
else if (DDS((P,X(x,$,0,i) ,val)) =
UL(P;.Y; (3, ¢ .0, .4;) sval;) }) return(V; val;) ;

J

|32.Y(y): and DDS((P,X(x,$,0.1) ,val)) =
UL(P; .Y (3,29 50;.4;) sval;) )« return(V; val;) 5
\VJ“.Y(&);Jand DDS((P,X(x,%,6,i) ,val)) =
LJJ{(P, Y (309,05 445) svaly) b s return(A; val;)
INx.Y(3y): and DDS((P,X(Z,$,0,i),val)) =
{(P,,Y(y,% ,0,,i)val;)} :return(oal; ) ;
| (DY (3))) () : and DDS((P,X(x,$,0,i) ,val)) =
{(P,,Y(y,% ,0,,i)val;)} :return(oal; ) ;
}
ValueSet O/ /1M i EIH W E LR
li=ds// BT
while(770)
{
if (R;y,=4J) then i=i—1;
/IR RAES § 2 ERIT RS
else {
(P,X(x,$,0,1) ,val) =readrecord(R,,) ;
/7N Ry $HUAS i
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del(R;, ,(P,X(x,$,0,1) ,val))

val =wval;

(P,X(x,$,0,) ,val).val=

ValueRecord ((P,X(x,$,065) sval));

/IR RS R val {H

if (val’=wval) add(R,, ,(P,X(x,$,6,i),val));
/ /85 R AE R AR

else{add(R, (P, X(x,$,0,1) ,0al)) ;
for(G=1;j=i;j++)// N R TR T 45 &

Bt 5% 3.
Sl 1. X FR D, Mk 2
(1) R Y21 @ Ry72i3”

B A

(2) Rz @RIV V2,

i 9.

(D FESH W 2 B, B3R YE Tarski A gl i M+ E A Z)
B E — BURAEBUE MR 3 f i B 2 IR R 45 SR
JTA 45 R A ARE T BT, B B A2 Gd =D Ik
45 MR R Bl L TR L.

TERXR(DF 0 =0,=p,0,=0,=v,E,E,E» E 5 He )
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Background

Model checking is an algorithm technology used to verify
whether system satisfies given property. First-order predicate
ambient logic based on p-calculus was put forward by Acade-
mician Lin Huimin in Chinese Academy of Sciences in 2004.
It uses predicate variable to construct fixpoint formula which

is convenient to describe the properties of closed-loop system.
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The formula’ s semantics is brief. Mobile ambient calculus
was first proposed by Cardelli, et al. in 2000. It is used to
describe formal model for distributed mobile computing.
Process and nesting sub-ambient constitute concurrent
computing environment, nesting sub-ambient constitutes tree

structure and has strong space expression ability.
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The first model checking algorithm for first-order predicate
ambient logic in finite control mobile ambient based on
p-calculus was put forward by Academician Lin Huimin in
Chinese Academy of Sciences in 2004. The second kindred
algorithm was proposed by the author of this paper in 2009.
For the present best model checking algorithm for first-order
predicate ambient logic in finite control mobile ambient based
on p-calculus, its time complexity has exponent relation to d
and space complexity has linear relation to d, d is the
alternating nesting depth of the formula in fixpoint. For the
algorithm designed in this paper, its time complexity has
exponent relation to d/2-+1 and space complexity has linear
relation to d, which is the third presently known model
checking algorithm for first-order predicate ambient logic in

finite control mobile ambient based on p-calculus.
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