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Study on the Method of Checking the Reachability of
Internet Ware Based on Model

ZHAO Hui-Qun SUN Jing WEI Ying WANG Wen-Wen GUO Feng
(Department of Computer Science and Technique , North China University of Technology, Beijing 100144)

Abstract  Aim at the challenge of exploded state space where an Internet Ware is searched by
using the method of model checking, a new method based on the algebraic model of Internet Ware
for checking his reachability is proposed. With respect to the attributes of Internet Ware an alge-
braic model is proposed first, and then it is fully developed by introducing a series of new con-
cept, for example Internet Ware Correlative and Internet Ware Space. By discovering the rela-
tionship between reachability of Internet ware software and Internet ware Operation Expression,
converts the reachability of Internet ware software into the recursion of Internet ware Operation
Expression. By mapping the Internet Ware Space to Linear Space translates his linear correlativi-
ty checking into solving his equations. All above effort can cut the volume of spaces down dra-
matically with proposed algorithm. Finally, the application aspects of checking method are dis-

cussed too.
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W5 AT P R T JE W G TR R
AR 4 2 T B 5% Wi AR Internet 7 AR
BRI EV RS, B “The Network is the
Computer” fil “Global Ubiquitous Computer”™ . ix
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1 PO A 52 B B 0 4 12 I A 5 A F 4 ik i )
E£4 B CPort, , Porty , =+, Port, > , T B — 4~ 45 fit 15,
Port;/&— A+ 64 (Dom, 1D, Publ; ,Refl;, Exte; ,
Priv; yBeha; sMsgs; s Cons; s Non-Func,y. H .

Dom 5z [ BT 22380, 02> w) AL 44 PR 45

1D & PUAE AR P o o — > BE s o Gt B 118 K
G548, T DL T2 A IE bk AT R S A

Publ; & WA 55 0 A 5 i md BB 42 it 25 35 55 5
BRI RELE G

Re f1,72 W R 55 @ A4 filh 5 BE $2 43L 45 B4 35 Bl
EMEITEENE S ZEGA — DR B AR S
TCR YU BIZTR N T, 4 5 HAZH R
WG E RS 8

Exte &P 55 ¢ A>3 fill 13018 47 T 5 26 45 50
BRI DI REAE & B B A PR R RE
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(init, pre-cond , post-cond ) , Fo i init, pre-cond F
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375 WAL Ml 55 SR B () 22 A 1 T A T A
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S FH R A, (o) b Aw, RoRHE—A4 &
P Publ, (2) s R A HE)— 6 3.

AR A 0 A Ji AR B RT LA B A A 24 Y
oA FE AT A —AFH Java SEELG 557 & R R 3 4
T8 (Dom, ID, Publ;, Refl;, Exte;, Priv;, Beha, ,
Msgs: »Cons; » Non-Func,) ¥ ) FT A 1 A& {5 85 10 %
PO A B S A5 A IR A v ] ) 5 G R A4 Y Re L N
Exte WA~ J@& ¥ 7T 68 25 & 5 10 % — A~ B4 2 s
AT B AT (47 R 8 M r LA (Dom, ID, &,
&I Msgs: sCons; » S s .

Z A Ml X G 22 H BR M ) %) 5 TR R
Dom . Publ;, Exte;, Priv,, Beha;, Msgs;. Cons, .
Non-Func,; Fl Re f1, 53 5| & %F P48 5 3= M F0 B by M
4.
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EX 2. ¥ A.BREEE Dom (U i) B4~ W
.U S ARSI AR B A g i s, AL B
2T 5 2%

(1) Publ(A)=Publ(B);

(2) RefIl(A)=Refl(B);

(3) Extn(A)=FExtn(B);

(4) Priv(A)=Priv(B);

(5) Beha(A)=DBeha(B) ;

(6) Msgs(A)=Msgs(B);

(7) Cons(A)&Cons(B) s

(8) Non-Func(A)= Non-Func(B),
WP AB A CE A=DB. ‘=7 2 S, =
K L2 T T

EX 3. & AFMB R Dom (U) H 1) H§ A4~

PO, SRS B A R 3 s A FI B R R 81 2R
(1) Dom(A)=Dom(B);
(2) Publ(B)2Publ(A);
(3) Refl(A)=T;
(1) Extn(B)ZExtn(A);

(5) Priv(B)Z Priv(A);

(6) Beha(B)=Beha(A) ;

(7) Msgs(B)=Msgs(A);

(8) (Cons(B)=Cons(A))or
(Cons(B)=>Cons(A));

(9) (Non-Func(B)= Non-Func(A)) or
(Non-Func (B)=Non-Func(A)) ,

MR B J& A B)—AL . 1L Evolve(B,A).

PO 49 Y5 A e o TR A 8 T8 AR P R Bl . T T —
Ea R N E R AERENIVEE I prn
2.2 WHEASE

TS5 A R AR R X i AR AR B T
BEATH R 4 TR ) AL 5 ff e i IR0 ) 32 1 53 1 52 3L

EX 4. W A.B Zwi Dom (U) H M
AWK, %5 dx € Extn (A) A Iy € Publ (B) {§i 15
[ pre-cons(x) N pre-cons (y) ] AN [ Msgs (x) =
Msgs(y) JA[Msgs (A) = Msgs (y) U Msgs (A) ],
RO RAy A i 3 A ik — A B BOR T MR B ARy
Publ (B) 3R I BT B 5 2R I [ D AT 45 28 A5 )
W AB#FAT T — IR MR VIEH 0 C=ADB. §F
AL C=ADB i H c=xDy.

ADB 35K 2 — B L T 5

(1) Dom(C)=Dom(A) U Dom(B) ;

(2) Publ(C)=Publ(A)JPubl(B);

(3) RefI(C)=Refl(A)URefIl(B);

(4) Extn(C)=Extn(A) UExtn(B);

(5) Priv(C)=Priv(A) U Priv(B);

(6) Beha(C)&=Beha(A) N Beha(B)

(7) Msgs(C)=(Msgs(A) UMsgs(B));

(8) Cons(C)&Cons(A) A Cons(B) 5

(9) Non-Func(C)& Non-Func (A) A

Non-Func (B).

EXS. K A.B 21t Dom (U) iy W
AN, #F o € Extn (A) A Ty € Publ (B) {#i 15
[ pre-cond (x) \ pre -cond (y)] N [ Msgs (x) =
Msgs(y)JA [ Priv (A) = {y} U Priv (A)] A
[Extn(A)=Extn(A) — {y} ], M4 A i 53 35 UL
Bt B iy B Prio(A) Sk SESLEBER K, al F M
HAB BT T — M7 IEH X C=A®DB. §§
Bl C=AXB ik c =aX)y.

ACQOB AT 8K 2 —A> WAL & 1 A2 S 1 o

(1) Dom(C)=Dom(A)UDom(B);

(2) Publ(C)S Publ(A) U Publ(B);

(3) RefI(C)=Refl(A)URefIl(B);
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(4) Extn(C)SExtn(A) UExtn(B) ;

(5) Priv(C)ZPriv(A) JPriv(B);

(6) Beha(C)=>Beha(A) \ Beha(B);

(7) Msgs(C)=(Msgs(A) UMsgs(B));

(8) Cons(C)=>Cons(A) \ Cons(B);

(9) Non-Func(C)=Non-Func(A) \

Non-Func (B).

R OR” Js R e B A 1 A 2 s
LAEAT B X ZHRRE T AT DA E SRR
“WH”Z5 .2 A © B. A RLIE BT 7 s 5
e RO S

EX 6. W A.B 2wt Dom (U) % 1M
AWK, 2 Jx € Publ (A), Ay € Extn (B) fifi 15
[ (pre-cond (y))=>((pre-cond (x)) ] N[ Msgs(y)=
Msgs(x) ], )% 2Z dx € Extn(A), 3y € Publ(B) §i{4
[ (pre-cond (x))=((pre-cond (y)) ] N[ Msgs(x)=
MsgsCy) 1, WFR B 5 A thlaliz 5. idfE A@B. H=
pre-cond (A) () pre-cond (B) B R W i) 14 4. 45 51
HA C=ABB il N c=x0y.

AR O[] B A A

EXT. & ABREBIE Dom (U) H ) F A M
.45 Jo € Publ (A). Jy € Extn (B) "] LI A
[ (pre-cond (y))=>((pre-cond (x)) JJ{ 7., [ Z = €
Extn(A), AyE Publ(B) A LI A [ (pre-cond (x))=>
(pre-cond (y)) WL, H H = pre-cond (A)
pre-cond(B) = &, W A 5 B I 17.icfF C=
All B A C=A | Bid R c=x || .

AR IFAT IS B I U IR R ) R 18] L O AR I AL S

EX 8. ¥ A.B R Dom (U il B4~ W
¥y, a2, EPubl(A) . Ay, EExtn(A), Jx, EPubl(B)
Iy, € Extn(B) . #7][ (post-cond (y, )= pre-cond (x5)) ]
& [ post-cond (y,)= pre-cond (x,) |, IR A 5§ B &
.0 C=A «B. Ryl A=B . fg A &
PAT LK C=a,« A fijid C=+ A,

EX 9. W A.BEiI Dom (U) i) H 1~
Wt # Jx € Publ (A), Jy € Publ (B) {fi 13
[ pre-cond (x) 1N [ pre-cond () |, MIFR M A 5
B B FEAT il C=A+B. ¥ 5t C=A+B
N c=x+y.

FE X 6~9 iz WA 5 ) KRR IR
IX LIS

G2 S TTo S v = e g SR SO I
K75 E T H RS IR AT s S e s

AR BE AR T T A AR X e AR A 23 T
TR L Ik P g

B IR I8 5 4 i
e Hp

(A+B)+C=A +C+B C (D

WL EER D RS HOBIE ] A A A

WA AE A 0 A E 2 8 A SR S it
FATARMIBIER 2 1 DG 5 A K0, H
B UE B ] B

G XA B 5L HA Publ (AOPB) =
Publ(A) U Publ (B) £ 5T, fir AR} YV € Publ ((A+
B)«C), A x&€ Publ(A) NV x € Publ (B) V x €
Publ(C), "] 4§ x &€ Publ(A «C+B «C). [a] ¥, X
VyEPubl(A «C+B +C) f y&€ Publ((A+B) «
O). Ak, Publ((A+B) +C)=Publ(A C+B -
C) 5 L2 P o (1) BT

B, 6 e"isE H Beha(A + B)S Beha(A)
A Beha(BYYPERT; X + 718 5 . /i Beha(A+B)&
Beha(A)\V Beha (B) ¥ . B Beha ((A+ B) -
C)«>(Beha(A+B)) N Beha (C) <> (Beha (A) V
Beha(B)) \ Beha(C) <> (Beha(A) N\ (Beha(C)) V
(Beha(B) A\ (Beha(C))<«>Beha(A «C+B «C) . N
Beha((A+B)+«C)&Beha(A «C+B «C)). E X 2
A4 I (5) B 5T HERE.

PLEAR SRR AP O B A XA AT
G325 HHE— 25 e A A A

EX 10, W2 G 2 M Gs 55 R S8 B2
—A~N o4 (ID, Role, Beha, Msgs, Cons, Non -
Func). H i,

ID & H 5 AR

Role Jy A4 & 5 MM B B R £ S 54
Role= (Id, Action, Event, LConstrainsy. F. i . Id
J& Role FRiH s Action J& Role 3§ 85 A » BNE
By by G 1) 3 2 G 3R 415 Event J2& Role 7 A1)
TS s LConstrains f& Role (A RES. TATHE
Role IWEH A 1 FE T8 M 20 JF R il i 19 H 1y 2 %
HE R Z B Bl — A4 & Al [a] i 52 30 2 A R A 1Y)
HA.

Msgs 4G 45 Role il gl LA RIEE S

Beha = 547 R 15 AR,

Cons EHGARES BTGV K
P8 VHTE SRS B AR A I T RN 3
£ E B i, Cons(init, pre-cond , post-cond) ,
init ., pre-cond Fl post-cond W) L5 M H Ay E X
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Non-Func J& 241 4 (1 A D) 8 U8 BH , 4 45 4% f] Fp
b el N7 o o T G e
2.3 MHREFRERREEER

T 25 AR AR R R

EX 11.
ZABIES

(1) PRE) S — A~ R R SR A AR R 4544 5

(2) P 20 A 2 — 1> U RE BCA R R 540 5

(3) 1 My 2 BRI AL 20 & (G I8 530D 5 /2
PO ) 2 AP R 3R 4

I A4 A R 25 0 (ISA) L8 K ISA=(C, 0O).
Horp, C R A MG O Fom ML & G5
MES.

mE 11 A4S ISA B PERR AN F .

(1) B PAPE. RERIHE 5 AL, A 5 ISAL ISA
5 ISA HAE G52 —1 ISA.

(2) JZ Y. RIS AT RS 26 T A T 1) 44
SOAT LTS 22 5L 41 A 2 R R 2 I A

) A BRI — A0l 2 45 1 8T I ) AT LA
WAL A IMAE] ISA .

N g 20 2 T Ay i B S B AR RE L AT DA — 2
HEW] ISA XHME B — s B AR R 4.

EIE2. W ISA=(C.O) N ISA %t O (¥4
— G B AR AR SR

% U= {Dom, s Dom, s++sDom, } &

WAL o A 4L s B Y AR R A B 2
8 TE B 1 IE5E.

AR ISA=(C, O) FR hy WA AR BB o Bk
o A 2 A P AR B R X

1 ISA AR HORE R 72 SCIERl b v] DLk — 25 )
FRABICF 7 47 0k T A A 1 A 5 o, A ) 4 2 12
WF 5% B9 5 FE A

EX 12, HWISA = (C,,0,),ISA, =(C,,
O #HNVxeC dA Iye G il v 5 o XF N, Ml
PR ISA, 5 ISA, Z M 46 & — AWt ik /-
ISA,—~ISA, B y= f (). 45 WS 2 39 o U 9 A
V) AR Ay 6 S5 5 2 B S 2 — o — 1 DR ) 44 ) kg —
— S

ENX 13, # ISA, =(C,,0,).ISA,=(C,.0,)
WA, £ J& ISA, B ISA, {1 — A B 5, 45 X
Va€C,MYyECH f(xOP,y)= f(2)OP, f(y),
He OP,€0,,0P, € O, ,IFx £ A S, E S, iy [F]
B R ISA 5 ISAL[FRIZS s 45 f 2890 AR f 2
MCISA B ISA, B — RIS s 47 f & ——Wedgt, U FR

fJ& M ISA, 2| ISA, iy [Al 14, d Fx ISA, 5 ISA,
[Fi] 4.

FH TR 25 55 [ A4 M A& AT DA — 20 il iR 6 T ) 4
PE B HEAGPE L PR 2Z 1) B % R A E S 3 BLAN 45
Ja#.

EX 14, 255E ISA, =(C,,0,) ISA, =(C,,
O, K 3E — IR K ISA, X ISA, =(C, X C,,
OP,). H C, X C, j2 MM & 5 1 R R e B i
OP,5E XA Yy s 2, ECLIY y1 2y, € oA (s yy )
OP,{xysy,) = (21 OP, x5, yi OP; y,), OP; € Oy,
OP; € O,. Fk ISA, X ISA, J& ISA, 3| ISA, ) F1 45
F LT ISAL R ISA, & ISA, X ISA, [ A F, 3% HL {1
OP; . OP, M OP iz B IAT E MM H G B H.

TESE X 14 W3 Al b AT DL SCRAR ] 7 06 .

EX 15, W Vr, .o, €C MYy .y, €Co L TEE
14 B AR (e OP 2y ) 1 (e s ) AT 28—
NFEHEEMRMNIBEE OP W — KR i 70 2
(3OPy ) By sy ) I BE— AN TFHEAHRNEE
OP; 1) — 1 K A&.

2.4 MR AE SRS

FE3 EE A ISA=(C.O) e E ik
AR AT LS BT 1 0 A v

ISA=a,0p"C,+a,0p*C,+++++a,0pC, (2)
EREEY

ISA=a,C, +a,C,+++a,C, €))
HH,a,€C5C,eCom NP A M%7, T RE
NG Op S Ve MR " is 5.

. CRAEYE. M k=1 8, Pt
BRI RS L ISA=a, OpC, . & H i
SR E=n—1 . B ISA=a, Op-C, +
a,0p"Cy+++a, 0pC, . KUEW] k=n FTISA =
a;0p°C,+a,0pC,+++a,0p-C,. FHE 5 ISA &
(1) 25 Fhiz R B 2 (2) 1 TR 1.

(L X ®FBHE+7 ISA+ a,0pC, =
a,0pCi+a,0OpCy+++~+a, OpC, +a,0pC,,
MR E X 11, 1SA, | +a,0p C A5 9K 52—~ W 1 5k
ARSI, ISA=a,0p°C+a,0pC, + -+
a,0p-C, & BT

OMEZEBEH " K a €C, C,eC, i
a,0pC,+ISA, | =a,0p C, *» (a, Op "Cy + +++ +
a, 1 0pC, )y T o7 X+ 73 2 4 I,
Ma,0pC, « (a,OpC, + ++ 4+ a,,0pC,_,) =
a,0pC,+a;0p-C,++++a,0pC,+a, ,0OpC, ,,
WP 2 € Publ (C) I X EH a.0pC, -
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a,0p"C,++a,0pC,va, ,0pC,_,=a,0p x *
a,0p"Cy++a,0pz, 1+a, 10pC, ,+C,,
Colt— M= M. Wi b =a,0p x;*a;.i €[1;
n—113¢ H 6,0p C,=C, M| a,0p-C,ISA, | =
bOpC,4++0,0pC, =S, +b6,0pC,. LHN
a,0p-C, + ISA, AR IE— > WA FRAF AR R 454, ]
W ISA=0,0p"C,+b,0pC,+++++b,0pC,.

) XFhFEZEF“0”. & a,€C, C,€C, Wik
a,0p°C,0ISA, , =a,0p C,0 (a; Op C; + == +
a, 1 0pC,_) T 07 X “+7 W & 4 id A&,
W a,0pC,0 (a;0pCy + - + a, ,0pC, ) =
a,0pC,0a,0pCy ++++a,0pC,Ba, ,0pC,_1,
PP € Publ (C) BIF E X B «.0pC, 0
a,0pC,+++++a,0p C,0a, ,OpC, =a,0p 'z, 0
a,0pCi+++~+a,0p-x, 0a, OpC, +C,,HH
Colt— M= MWK, #i&E b =a,0p x:0a;.i € [1;
n—171,3%H 6,0p C,=C, s N a,0p C,OISA,_,
bOpC,++b,0pC, =S, +b,0pC,. LHH
a,0p-C,OISA, A IRIE—1> P FR AR 1A R 25 1.
. ISA=b,0p"C,+b,0pC,+++++b,0pC,.

(4) [R)BE By 5 3 BT LA IE B X6 4 A & i2 B
“Op” 5 BT

R A R B TR BT A ) M 32 B ISA ER A
ISA=a,0pC,+a,0pC;+++a,Op-C,,.

TE (D) L (2) B UE W Hp 3 5 48 365 397 (0 16 8l S 3 1
ISA (4 F BT BC B X R 18 5 12 N ZE 64T, L)
PR SRR R N % S IE I ISA [ RS .

PR eI (3D o (Y a, 38— AT O WA 09 3
3 e Ve S TG T 3 45 BT LA AT LU o L
B

h T BT A B FR G i T s P R T 45

ANHE SRR A ——FE B 1 .

EX 16, Q2R —A> R B A TC BRAE 2 04T
JUAS AL I RE  TUIFR 3R 40 8 30 0 11

TG AR By A AR R R A LA B .

EIE 4 PRI WA EFRE LR —
A IH R

IEEA. B AR AT

EX 7. R —A WA 8AE R Ge, W 2] R B
RE R IR IR 2 FR 2% WA B A 2R G0 A 1 Sk s dn i — A~
W I R AE AT A A 2 & 5 5 40k W AR 1%
AR QU B I A S fal R B

LRV TE B LR — AR H R A IS g, B
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er’s task easier. Fault-Tolerance: GCSs provide mechanisms
to guarantee that faults in the system do not interrupt a serv-
ice delivery. Scalability: GCSs are able to start small and
then expand over time in terms of size(i. e. , more number of
users, devices and connections) and functionalities(i. e. , new
service request) insuring the system availability.

Internetware is constructed by a set of autonomic soft-
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nectors enabling the collaboration among these entities in va-
rious manners. Its objective are improving and fulfilling all

above characteristics.
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Exploded state space where an Internetware involved in
is big challenge for searching a usable software entity. The
authors get the judgment from the observation on Model
Checking. In order to conquer the challenge a new method
based on the algebraic model of Internet Ware for checking
his reachability is proposed. With respect to the attributes of
Internet Ware an algebraic model is proposed first, and then
it is fully developed by introducing a series of new concept,
for example Internet Ware Correlative and Internetware
Space. By discovering the relationship between reachability
of Internet ware software and Internet ware Operation Ex-
pression, converts the reachability of Internet ware software
into the recursion of Internet ware Operation Expression. By
mapping the Internet Ware Space to Linear Space translates
his linear correlativity checking into solving his equations.
All above effort can cut the volume of spaces down dramatic-
ally with proposed algorithm. Finally. the application aspects
of checking method are discussed too.
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