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Behavior Descriptions of Mobile Agents for Web Services Integration

FUYUKI ISHIKAWA," YASUYUKI TAHARA,"* NOBUKAZU Y OSHIOKA't
and SHINICHI HONIDENTtf

Research on the Web Service technologies for dynamic integration of distributed compo-
nents has recently commenced, including BPEL (Business Process Execution Language for
Web Services) for specifying an integration process easily and platform-independently. Web
Services integration is to be applied in various environments, for example, pervasive networks
with wireless mobile devices. However, in such environments it is necessary to deal with con-
straints in resources, such as the relative narrowness and instability of wireless connections.
This work adopts the mobile agent technology in response to this problem and presents a
framework for description of agents’ behaviors for integration. In this framework, the inte-
gration logic is described using BPEL, and physical behaviors of mobile agents, including
migration and cloning, are added to the BPEL description as simple rules. This separation
makes it possible to add or change physical behaviors according to environmental conditions
without modification of the BPEL description. This paper especially concentrates on formal
definition of the semantics of our framework using a formal language, Mobile Ambients, and
proves preservation of the BPEL semantics.
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Fig.1 Example of BPEL integration process.
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<process>
<'--0000000000O00O00O0O00... -—>
<sequence>
<receive name="receivelnput" />
<flow>
<links>
<link name="11">
<link name="12">
</links>
<sequence>
<invoke name="invokeShopl" />
<invoke name="analyzeShopl">
<source linkName="11">
</invoke>
</sequence>
<sequence>
<invoke name="invokeShop2" />
<invoke name="analyzeShop2">
<source linkName="12">
</invoke>
</sequence>
<assign name="resultSet"
joinCondition="11 or 12">
<target linkName="11">
<target linkName="12">
</assign>
</flow>
<reply name="replyResult"/>
</sequence>
</process>
02 BPELOOOOD
Fig.2 BPEL control structure.
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Fig.3 Web services integration model with mobile agent.
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1 <behavior>
<rules>
<migrate block="invokeShopl analyzeShop1l">
<target> <local /> </target>
<retry time="30" />
</migrate>
<clone block="invokeShop2 analyzeShop2">
<migrate block="invokeShop2 analyzeShop2">
<target> <local /> </target>
</migrate>
</clone>
<handle>
<bpws:throw faultName="taskFailed" />
</handle>
15 </rules>
16 </behavior>
04 0O00O0O00OOOCOOOO

Fig.4 Example of behavior rule descriptions.
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(invoke)

(sequence)

| <sequence> < activityy /> - -

(link)

ﬁ<invoke partner="ptn" portType="pt" operation="opr" inputVariable="inwv" outputVariable="outv" /> ﬂ =

getv’ (sv, inv, x).send’ (ch, x).recv’ (ch, y).setv’ (sv, outv, y)

< activity, /> </sequence> ﬂ
send’ (a1, €).recv’(c1,€). - .send (an, €).recv’ (cp, €)

| recv’(aq, €). Iiactivitylﬂ .send’(c1,€)|---| recv’(an, €). I:activitynﬂ .send’ (cp, €)

| <activity><source linkName="link"/>elements</activity> | == II <activity>elements</activity> ﬂ .send’ (link, true)

| <activity><target linkName="link"/>elements</activity> | = recv’(link,¢). H <activity>elements</activity> ﬂ

06 DOOOODODOODOOOOOOOOODOO

Fig.6 Examples of mapping from activity to process.
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Fig.7 3-phase physical behavior.
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if rule is migrate-rule goto migrate
if rule is clone-rule goto clone
migrate:
if target is local or invocation
hostlist = result of
service invocation;
i=0;
while (i<hostlist.length){
host = hostlist[i];
if able to migrate to host{
migrate(agent) ;
return ‘¢
}
else{
it++;

H

migration-succeeded’’;

if retry with timeout is set{
while (not timeout){
if able to migrate to host{
migrate(agent);

return ¢

}
}
¥

if target is local

migration-succeeded’’;

and retry with change is set{
if another service is available
set the service as the current
goto migrate
¥
}
}
return fault;
}
clone:
if able to clone{
clone(block) ;
return ¢

}

else

clone-succeeded’’;

return fault;
08 U00000D0O0D0O0DO0OOODDOO
Fig.8 Behavior control by platform.

out he.in th.setr mem Iy, th.open b|b[P])

O000oO0oDoooooDoooOoOooooooood
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JoooooooooopbooD L, 00000000 gg
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hila[migrate ch.P|Q|rec mem(ly, = h1,1 = )]|R]
|ha[S]|ch[lopen pktio]|send(in ch, ha)
—* hy[R]|h2[S|a[P|Q|rec mem(ln = ha,T = 7)]]
|ch[lopen pht;o)

5.4.2 clone 0O
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Oclone ch.POOO0OOOOOOOCOOODODOODOO

000 clonechO0OOO0ODODOOOO0O0O
00 5.20 clone 0 O O

clone.P 2

(v a)recv’ (ch, €).getloc(ac, he).afout ac.P|

rec mem(ly = a,lp = he,l = €)|lopen pktmem]

000000000000000000000000
0000000000000 ch000000000OP
0000000000000 00000000000
00000000000000000000 A20
0oom

hlai[clone.P|Q|rec mem(ly = a1,ln, = h,[ = 7)]]

|ch[lopen pktio]|send(in ch, €)

—* (v a)(hla1[Q|rec mem(l, = a1,ln = h,l = )]

la[P|rec mem(la = a,ln = h,[ = &)|lopen pktmem]]

|ch[lopen pkt;o])
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(location) (tau)

PO VP, Q" st. PSP QL Q) hifai[P]] = hala2(Q']]
hilai[P|rec mem(l = ©)]] & halaz[P|rec mem(l = ©)]] hila1[P|rec mem(l = ©)]] & halaz[Q|rec mem(l = ©)]]
(ract)

hila1[Plrec mem(la = a1, U, = h1,T=9)]] ~ halaz[Qrec mem(la = az, U, = hz,T=0)]]
hilai[ract.Plrec mem(lq = a1,lp = h1,l = ©)]] = halag[ract.Q|rec mem(ly = ag,l = ha,l = 9)]]
(composition)

hilai[Pi|rec mem(lq = ay,lp = h1,1 = 0)]] ® halaz[Pz2|rec mem(lq = a2,y = ha,l = )]

hila1[Q1ilrec mem(la = a1, lp = k1,1 = 9)]] ® h2laz[Qz2|rec mem(lq = a2, 1 = h2,1 = 0)]]

hila1[P1|Q1|rec mem(la = a1,lp = h1, 1 =9)]] ® halaz[P2|Qz2|rec mem(la = az,lp = ha,1=17)]]
where P,Q, P, Q' € ACT and
ract € {send’(ch,z), recv’(ch, ), setv’ (sv, 1, z), getv’ (sv, 1, x)}

09 O0O0oO0OOoooooo
Fig.9 Lemmas about equivalence.
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IM',nst. P=(vmy...my)

(cmpseto (in sv, 1, out su.M',n)|P’)

P | getv(sv,l,z) 2

In st. P = (vmy...my)(cmpgety (in sv,l, z, n)|P’)

od 6.2
PIM 2 P—-"QandQ | M

0000 barbsOOOOOOOOOODOOOOOO
0000ch O so OODODODODOOODOODOOOOO
0o0o000o0odbOOoooooooobobooooooo
04300000000n000000OO0OO0OOOO
00000000000000 M'0O0000000
J0o00D0O0ODO0ODDOOD bparbsOODODODODOO
n0 M'0000000000000O00OO0O00O0
gobodboooobobooboboboobooboooboono
go0ooooooobobooooooboooooboo
goooooooooooo

000000000000 barbsOODOOOODOO
0o0ooO00ob0oOoOobobbooobobooooo

00 6.30 Barbed BisimulationO 00000
00000 ROOOOOOOO

it PRQ then

if P| Mthen QU M
if P — P’ then for some Q’, Q —* Q' and P'RQ’
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If hla[P|Q|rec mem(l = 9)]] — R
then there exists some Py, Pz, P3,Q1,Q2,Q3 s.t.

hla[P|rec mem(I = )]

— hla[P1|rec mem(I = ©)]|P2]| Ps,
hla[QIrec mem(T = )]

— hlalQi[rec mem(l = 9)]|Q2]|Qs,

R = hla[P1|Q1|rec mem(l = 9)]| P2|Q2]| P3|Qs
0o0o0oooooooo AcToooooo 4.60
gooboobooooboobbobbobobo
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hla[P|Q|rec mem(ly = a,lp = h,l = 0)]]
= hla1[P|rec mem(l, = a1,ln, = h,1 = 7)]
laz[Q|rec mem(ly = az2,lp = h,l = 9)]]
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hila[migrete ch.P|Q|rec mem(ly, = h1,l = 0)]]|hz]]
|ch[lopen pkt;,||send(in ch, ha)
= hi[a[P|Q|rec mem(ly, = h1,l = ©)]]|hz]]

|ch[lopen pkt;o||send(in ch, ha)

hlai[clone.P|Q|rec mem(l, = a1, = 0)]]

Y00 44000000setv 0 cmpset, 100000000
goooooOooooo0oo mem OOOO0OO0O0O0O0O0O00OO
oooo
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|ch[lopen pktio]|send(in ch, €)
~ hla1[P|Q|rec mem(la = a1,1 = v)]]
|ch[lopen pkti,]|send(in ch, €)

ob00doog s100000megrate 000000
gopooooooooogl,000ooooooog
0000ooOo0000Od 61 0DODOODODODODODO
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. if P € ACT then P € ACT’

. if P € ACT' then pb.P € ACT’

where pb € {migrate ch, clone ch}

. if P,Q € ACT’ then P|Q € ACT'.
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|ch[lopen pktio]|send(in ch, hs)
~ hi[a[P|Q|rec mem(ly, = h1,l = ©)]]|ha]]
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hlai [clone. P|Q|rec mem(ly = a1,l = )]
|ch[lopen pktso]|send(in ch, €)
~ hla;[clone.P|Q|rec mem(la = ay,1 = o)]]
|ch[lopen pktso]|send(in ch, €)
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Fig. 10 Reductions of physical behaviors.
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