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Abstract: Time Petri net can analyze internetware performance, but it cannot analyze internetware changing price.
To further satisfy the flexible modelling and the changing price analysis demands of inernetwares, this paper defines
a price time colored Petri net (PTCPN) which provides an extension in the changing price information and color
information for the time Petri net. This paper redefines the semantic aspect of price time colored Petri net in terms
of priced timed transition systems. A cumulate price state class is defined, and its soundness and completeness are
discussed. An approach is proposed to formalize internetware polymorphism and internetware control structures
based on the price time colored Petri net. Finally, the approach availability is verified with an example. The results
show that it is feasible to applying price time colored Petri net to the formal modeling and the analysis of
internetware.
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14 [af'mintjsenahle(M) ﬂ,] . 1
) ) n o ) 7] ) i [14]
[1,10], , n [2,10], ) 51 ) )
[14] (2) [14] : ,
(time-based competition)!*™ ,
( , Gl
, Petri
[1,10],[2,100-8y] [4.8],[+1,20]
Fig.1 A price time colored Petri net
1 Petri
, Petri ,
, Petri Petri  (price time colored Petri net,
PTCPN), PTCPN ,
; Agent PTCPN ; ,
PTCPN .
1 Petri 2 )
) , PTCPN ,
3 PTCPN 4 ,
PTCPN 5
1 Petri
20 80 , (time-based competition)*! ,
, (
)
, CP=CA-CB(time), stimee Time,CP>0, ,
CA,CB , ‘timee Time
, Petri , Petri
PTCPN, PTCPN
1.1 PTCPN
1. ms Ums(z)z , Z ,ms(z)eN( )iZus Z
zeZ
, Z={a,b,c}, ms1={a,2b,c},ms,={2a,c}.
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2. msq,mso Zygs,MS1,MSo
msy mso msq,+mso, U (ms,(z) + ms,(2))z ;msy mso ms,—mso,
zeZ
U (ms,(z) —ms,(2))z ;ms; ms; ms1#£ms,, AzeZ:ms1(z)=ms,(z);ms1 ms;
eZ
ms1<mss, VzeZ:msi(z)<ms(2); msy [ms4], Z| ms; ()] .
zeZ
3. (PTCPN) 13 ,PTCPN=(2,P,T,A,ND,C,G.E,,f3,11,v,IN),
[ - :
e X (type) ,
o P ;
o T PNT=0;
o 4 PNT=PNA=TNnA=C,
e ND (node) ND:A—>PxTUTXP;
o C ,C:P—J,
e (G , t t , ,

G:T—Expression;Vte T:[Type(G(t))=BoolaType(Var(G(r)))<2],

,Iype(G(£))=Bool G(@) Bool ,Var(G(?)) G(9) ;
e F 4 , ,
E:A—Expression,YacA:[Type(E(a))=C(p(a))yshype(Var(E(a)))<2],
Clp(a))us , L
e « , T—R";
o , TR U{x}) a<p:
o u [a./] ,
. T—>Expression;Vte T:[Type(u(y))=Rry<[a, A1,
‘ [af] y : 1
t 2y,y [215]; # y+ly [4.8];
o v [a.f] ,
v.T—Expression;Vte T:[Type(y))=Rryc[a, A1,
[enf] , ¥y « .
);
e /N ;
IN:P—Expression;¥'pe P:[Type(IN(p))=C(p) ysA Var(IN(p))=2]
M,
1 Petri ,[1,10],[2,100-8y] fn [af [1.10],
U 2, v 100-8y( ). t
2 , 2+(100-8y)=86, ‘1) f
2 2;2) f 100-8y=84,
, ,PTCPN
4. PTCPN M M) Mpo),...Mp,)) . YpeP:M(p)eC(p)us.
5.PTCPN , t M :1) Vve Var(t):G(){b(v))=true, b t
G(?) . b(v)eC(p),pe{peP|FacA:ND(a)=(p,)};2) VpeP(1):E(p,H)<M(p), t
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M , M[1). M enable(M).
6. t M , t d(?) a()<d(H)<B(1), t ,
VPe{peP|FacA:ND(a)=(p,t)vND(a)=(t,p)}:M'=M(p)-E(p,t)+E(t,p), M[tHM'. t
t , tienewly_en(M.,).
1.2 PTCPN
Petri (TPN) s s=(M,d), M ; d:it—R"d(f) t
t ) d(1)=0;d, )
t,do()=0;d+x X t x(x )
s(M,d) , (1) M[1);(2) a()<(d()+x)<A(H).
7. PTTSH ((S,50,—),Cost),  :(Sy50,—>) ;
Cost - R* ,
Cost(s 5" DL PELLLEG , ep, = Cost(s 55" . PELER UL
) eprr=epitepy.
8. PTCPN : 7 PTCPN
PTTSprcpn=((S,s0,—),Cost), 150=(Mo,do) ;Cost - R*
, S eSX(RTUT)xR xS ,
€

VxR (M, d) =M d +2) i 1ep = Cost(M,d) (M d+x)= Y w@@O+0)- Y u@d@)
Vicenable(M) Vicenable(M)
(2
t e enable(M): a(t)<d(t) < S(t)
Ve T,(M,d)_"% (M, d') iff erTJfoqz{Q ifi'e newly _en(M. 1),
d(¢"), otherwise
ep, = Cost((M,d)—(M'",d")) =v,(d(¢))
PTCPN Merlin 18] ‘(1)
5(2) :(3)
! (1)
+(2) d(1)
PTCPN =(t1,dv,ep1)(ta,da.ep2)... (tdieps), (tdiep)
I dy : y d, o ,ieph o
i=1 i=1
) Mo M; M;
4 " (t1,2,86)(2,,4,17)(t3,4,25) 10, 128;
, (£2,2,9)(#1,3,62)(23,4,25) , 9, 96.
ho ot
9. PTCPN .
10. A Petri B Petri , A Petri B
Petri (291,
1. Petri  (TPN) Petri  (PTCPN)
7% TPN=(P,T,B,F,a,f,mp), v TTS7pn=(S,80,—), ¥ Ly
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L. vy token , 1 2 ,
token , % M 74 M ;
S=(M,d),S'=(M',d), S S. ., v B TxP F PxT
3 ,ND ND:A—-PxTUTxP, E A B.F
AND E,  TTSpy N PTTSprepy S
TTS1pn=(S,50,—), PTTSprcpn=((S", sq,—"),Cost); L
o=(t1,d1)(t2,d2)... (1), 8 A &' =(t1,d1,ep1)(ta,dz.ep2)...
(tdrepr). W L. 10 ,TPN  PTCPN (|
2
Petri Petri ,
[18] Petri [20]
, [14] 14
[«,, minz,eenabze(M) Bl 1 ) ) h b
, oo f [4  [L0], , f
[2,10], t ] , [14]
' D 0 . 0 , t
M M , teenable(M,M")( [14] 12), ,0 t
( t )
, . 1 ,
( ) 2h, t 2 , 100-2x8=84; t
, 2 , 1 1, % ,
100-1x8=92. , 3 )
100-3x8=76. , 0 t ,
11. ¢=[a,b], a,beR”  a<b.  @i=[a1,b1],p=[azb;],Const ConsteR",
o1+ @o=[ar+az,bi+b,), o1+ Const=[ay+Const,by+Const],Const- gy =[Const-ai,Const-b1).
12. MtH)M' M M . ticenable(M) ticenable(M'), ticenable(M,M').
13. M[tyM' (Mm'\D) 7' M M
o, :
n'= minzkenew1y7en(M',¢‘)(,B,k )@ = mintkeenable(M,M')(ﬂtk) )
D’ o]
{Vt,. €enable(M'):a; <0, < B,
Vt,.t, €enable(M')nm#n:~y, <6, -0,<y,.
.0, ] = Yam tn Iy  Vonn -
t, )
M, D' M t 0; o
' 4 f f
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14. M[tl>M, Vi ti y (M',D/) y t/ y/,

Q) | tienewly_en(M.t;) ,yj=[afj,min(n',a)’—min(y,.))];
(2)  yenewly_en(MM') ,y, :[max(min(y,.),atj),min(n’+ min(y,), ®")] -

2. MM WDy ; Y
: tienewly_en(M,t;) y; = [a,/ ,min(n’, @' —min(y,))] . , t;
X, x<aq, 6 xza, , 6 , . x>min(7',
a/—min(y;)), :
x>17, 13 n'= minzkenewaen(M’,z‘)(ﬂzk) ,on
x>i,  PCTPN , t(k2) . M, 14
M L, ML), , x> 14 ; :
x>a/-min(y,), 13 @' =Min, e (B,) @ M M
,min(y;) M t; . x>a/—min(y,), PCTPN
, M M ti(k=)) . Mty, 14 M
4, M. ) x> -min(y;) 14 , . , x>min(7,@'-min(y;))
, tienewly_en(M,t) L y; = [05,/_ .min(n7, @ -min(y,))] . ,
tienewly_en(MM') t; y; = [max(min(y,),a,/_ ).min(n" + min(y,),@")] . 2
15. (M,D) t Vi, 7
1, () t; v,(v) t;
TP,[
TR, =[min(x, (v) +v, (v)). max(x, (v,) +v, (W))]-
16. PTCPN SPC (M,D,SP), M D
,SP=[a,b] .
17. PTCPN SPCG TSEspeq=(SPC,spco,—),  :SPC
SpCo . (My,D0,[0,0]); > €SPCxTxSPC, , ;
t, € enable(M)
e e e e | MM
(M,D,SP)—",(M", D', SP') iff D' = next(D1)’
SP'=SP+TP,
next(D,t;) t; ' [19]. ,
SPC : . (MD,SP) , &
or.D'\SPy, sp' SPC SP 4
TP, . : :
1, ,SP,=[0,0] 1 b . t , 14 , t
y1=[2,10], , t ; 15
TP;=[min(2y,+5),max(2y,+5)]=[9,25],
17

SP1:SPO+ TEl :[9,25]

tieenable(My,M7), 14 , t 1,=[2,10],
TP, =[min(100-8y,+2),max(100-8y,+2)]=[22,86],
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SP,=SPy+ TP, =[9,25]+[22,86]=[31,111],
tzenewly_en(Ma,ty), 14 , t3 v3=[4,8],
TP, =[min(y3+1+20),max(y3+1+20)]=[25,29],
17 SP;=SP,+ TP, =[31,111]+[25,29]=[56,140].
3. 17 , (My,D,,[0,0]) (M,,D,,SP,) SP, .
: , (My,D,[0,0]) (M,,D,,SP,) toty...t,. n=0 ,(M,,D,,SP,)=
(Mo,D,,[0,0]), [0,0]. 11 ,[0,0] , ; n<k ,
SP; L on=kl 17 SPui=SP+ TP, 15 .
SP; , 11 SPui+TP, . 8P
3 . (|
4, 17 , (Mq,D,,[0,0]) (M,,D,,SP,)
SP,
, (My,Do,[0,0]) (M,,D,,SP,) toty...t, SUM,,.
n=0 SUM,=0, 16 SP,=[0,0].  SUM, sPy ; n<k
. SUM, SPy , n=k+l 15 TP fint :
tirt €Pi+1 IE® SUM+1=SUM+epj41, SUM;+1
SP+ TP, | 17 SPui=SP+ TP, SUMj SPi 4 O
3 PTCPN
3.1 PTCPN
PTCPN , Din Dout
, t, , :
18. R PTCPN,R=(2,P,T,A,ND,C,G,E,a, 5,11,v,IN), 2={ Y P={pinPouit;
T={t,};4={@in,@0u};ND={ND(a:)=(Pinst,) - ND(@ o)) =(t-P0u) }; C={ C(pin)= CPou)= HE={E(ain)=
E(ag,)= }G R a L B t,
7 t, v t, N 2
[ap] ]
O Aipn Aout (:
Din t Pout

Fig.2 A PTCPN model of software entity
2 PTCPN

19.

Fig.3 A PTCPN model of polymorphic software entity
3 PTCPN

[1

(dynamic binding).

, ,  PTCPN
R=(2P,T\A,ND,C,G,E,a, 5, 11,v,IN), 2 { v HP={Din,
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Pouki T={t,1, 12 :A={in1,@ount s @in2, @02 }; C={ C(pin) = > CPou)= HEND={ND(a;»1)=
Ointr1)ND(@ou)=(t1,00ut) - ND(@in2) = Din2st12) - ND(@oui2) = (tr2:P our2) HE={E(@in1)= ,
E(ain)= E(aoun)= E(aou2)= }hG t
12 o1, 00 1 12 BB L1 Il Ha,
Ho 1 2 VL V2 R N
3 ' R ta (normal)
(VIP) , : , (normal,VVIP)
Din normal normal , R
t1; Din VIP VIP , R tia.
; {VIP Float}
R t,2, )
3.2  Agent PTCPN
, [2] Agent
, Agent Agent PTCPN
1) Agent(software coordination agent, SCA)
Agent , Agent . Agent SCA=
(ICP,LP,Con), 4 . :ICP(intelligent coordination place) Agent ,
;:LP(location place) , , Agent
( );Con(connecting) Agent , Agent

; SCA |
- @
GO
Fig.4 APTCPN model of software coordination agent Fig.5 APTCPN model of computer agent
4 Agent  PTCPN 5 Agent PTCPN
2) Agent(computer agent CA)
Agent Agent , . Agent BDI(belief-desire-
intention) , (BP,DP,Apy,LP,OP,RT), :BP(belief place) , Agent
;DP(desire place) , Agent Apy PTCPN
Agent . Apn G Agent L fl vl
Agent Apy ) Apy
. 5 , (BP) (DP) Agent (Apy);LP(location place) ,
Agent ( );OP(output place) , ;
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RT (restriction transition) , '

Agent
4
3 , PTCPN. 6 Agent
PTCPN , Agent(SCA) 3 Agent(CA4,,CA,,
CAs) . Agent(SCA) Agent ;CA,
) Agent 1CA,,CA;
Agent, .CA4, to o
[3,4],tr2 2y+1,l‘r2 30—3y
Agent C4, , Agent C4; , tyarta
Agent CA; \ Agent CA4,CA, CA,
Agent(SCA) (Cony,Cony)
1, ;
Agent . )
. PTCPN , Agent CA, ,
CA, DPBP,LP OP SCA  ICP,Cony,LP  Con, , PTCPN
PTCPN ,
r——— "~~~ ~=77=7777% |
| CA4r |
|
| |
Register: :
() .
=1
N
gl
T :
S |
5 1y
[
Apy JI |
______ |
_____________ |
_____________ 1
CA3 |
_______ |
=

I Join transaction

D Function transaction

Fig.6 A PTCPN model of a Internetware
6 PTCPN
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Table 1 Description of transitions
1
Transition Explanation Time constraint  Enable price  Perform price
t Classify [1,4] 2y 5
o Search [3,4] 2y+1 30-3y
ta Search for member [3,9] y 10
ta Search for normal [4,6] 0 4y
Q) , 6 Agent
Petri 7 3 Agent(CA4;,CA,,CA3)
Agent(SCA) ; ,SCA (request) Agent
, Agent CA4, BP , , LP :
Cony; , Agent CA,,CA3 Con, A
Agent(SCA). ( ) [22].
My
SP():[0,0]
vrl
My
SP1=[7,13]
43 t2
tra
M, Ms M
SP4=[20,27] SPs=[23,29] SPs=[34,41]
#;-2 yfz / g
M Mg M, Mo
SP;=[47,55] SPg=[50,56] SPy=[47,60] SP1p=[50,65]
Fig.7 Reachability graph of cumulate price
7
2 , 6 Petri :
! ' 1 ) 2 ]
’ 43 1) 43
[4,13];2) ta [5,10].
[11,21].
3 : :
PTCPN )
2 7 D , D
! 7 )
, 7 ’ 4 tatiatioitatal, ittt 3, bt g
’ 4 ’ 4o, 3, y
’ 43 14 ’ 14
t,3 s ta 43
( trltrBtr2)|
[47,60]. : (
) .
, Petri , ,
PCTPN , ;
Q) I EREEEATIT

(register)
tr2 lry

17
M
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Petri ; , Petri
Petri
5
Petri , Petri
, Petri , ,
(1) PCTPN ,
PCTPN , Petri PCTPN 1(2) ;
: : /(3
PTCPN , 1(4)
Agent PTCPN ;(5) , PTCPN
Petri ,
Petri
Petri , ;
Petri ;
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