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An Ambient Logic Model Checking System for
Freight Systems

Toru KaTo,™ Masaniro HicucHI! and NaoTo Ugepaf?

We present a variant of Ambient Logic to describe desired properties of freight
systems and a model checking algorithm for the logic. In the field of distribu-
tion, the increase in cargo handling errors is a serious problem as the amount
of freight circulation increases. We study a freight inspection system based on
Ambient Calculus and we have already built a prototype system. The system
can derive process formulas from several freight documents. The system also
checks that the actual freight movement conforms the derived formula. To
show the correctness of freights transportation, we have to ensure the validity
of process formula. We provide an Ambient Logic to present desired properties
of freight systems, such as “every cargo will be eventually transported to its
destination”. We also present an algorithm to show process formula satisfy
Ambient Logic formula by exploring state transition graph. We conducted a

verification experiment using the model checking system[
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Fig.1 A formula for a freight system.
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{(m, checkin(y) z) | z,y € N'} U {(m, checkout(y) x) | z,y € N'} U {(open m)}
U {(open n)}.
dependent((n, checkin(y) m))
= dependent((n, checkout(y) m)) =
dependent((n,in m))U
{(yyin z) | x € N} U {(y,out z) | z € N} U {(y, checkin(z) z) | xz,z e N} U
{(y, checkout(z) x) | z,z € N'} U {(open y)}.
dependent((open m))) =
{(myin z) | x € N} U {(m,out z) | z € N} U {(m, checkin(y) z) | z,y € N'}
U {(m, checkout(y) =) | z,y € N'} U{(open m)}. O
00 t000 dependent(t) DO0DOD0D00D00000O0DOO0O0O t=(n,inm)00m0
n00D00000 ¢ 000000000000 (s))=#(t(s) 000000000
oo ss000000000F000O0D0DDOD 7¢O DODODOOOOOOCOOOOO
0000000000000 0U0O0oO0oO0OdOd Ambient LogicOOOOOOO FOOO
O00FO0O052000000000 (10)0(18)00OoO0oUOOoOOO0OO0OO SHIPO
PORTOCOUODUOOOODOODOOCOOOOOOODODODOOOOOODOOOOOODDOO

000000000 0O0oo0oooO0oOoO Vol.3 No.1l 73-86 (Jan. 2010)

oooobobOo0obOobDob0OoFODOO0ODODODODOODODODOODODODODOO
oooooonD F.0OD0O
00 5.60ample(s) 00000 OO0 sO00 enabled(s) 000000 O0DODOOCOO

clocUipoOoOooO emple(s) 0000000000000 OOOODOOOUOUDOO

gooog

(1) enabled(s) 000000 ¢t000000000D0¢t000000O0O s O00000O

(2) OOsKHO000000000D FeOUOUOsOOUOUDOOOOUOOF:0OO0OO
0000F,000 s 00000000000D000000000000O0OOO0
000¢000 (3)0000000000000000enabled(s) = enabled(s)/{t}
00000000 enabled(s) DO0O0O0OOOOO (1)00000O00OOO0OOC20
O0000000000000000 ample(s) 000000000 UOample(s) =
“00000000 enabled(s)” D00 ample(s) DOODOOOOOOO

(3) 0D0OsOO00O0O0OODO0O0OOO0O POODOPOOOOOODOOOOOOOOO TP
000000 TpNdependent(t) 00000000 ample(s) = {t} 00O ample(s)
000000000000000000000000ample(s)={t}000 C10
gooooooooooo
(a) Tp Ndependent(t) 00D 00000¢t000000000O0O0OO0OOOODOO
0000000000000 000000000O00O0oO0DoOoOO followers(t)
ggooo
(b) followers(t) = Tp Ndependent(t) 0000 {t} 000 C1O00000O0O0O
0000000000 ample(s)={t} 000ample(s) 000000000
(c) followers(t) # TpNdependent(t) 0 000 O(TrNdependent(t))/ followers(t)
00000 ¢ 000 ¢tmust happenbeforet’ 00 00000000000000OO0
000D #000000000 {4000 C10000000000ample(s) = {t}
OUO0Oample(s) DOO00ODO0O0O00O00OOODOOO enabled(s) = enabled(s)/{t}
00000000 enabled(s) DO00O0O0OOOOO (1)0000O00O0OO0OOoC1O
0000000000000 0000 ample(s) 000000000 UOample(s) =
“00000000 enabled(s)” 00 Uample(s) 00000 O00OOOOmust happen
before 000000 5800000 O

00 560 (1)0(3)0000000000ample(s) 00000000000 {¢}000
goooocioc2000000000000000C0CO00D0O0O00000O000 sO00O

(© 2010 Information Processing Society of Japan



83 00O00D0D0OOOD Ambient LogicD0ODOOOOOOO

goooooboboboooooobobobbbooooooobobbbooooooobobo
O00O0O0Oample(s) = “00000000 enabled(s)” 000D0D0000O0O sOODOO
o000ooo00oooOo00oooo0ooooOoooooOooooo

057 0056000000 (3)0 (x)0(b)00D0000OO0OOO (220000000
000000 CoL«l 000000000 DOOO0O0O0O0O0O00OOO0ODOO0OODOOO
ooo0oooooooooo

SEA[
KOBE[ uload v1_ KOBE[in SHIP v1] | CY]]
| TOKY O]
| SHIP v1|
open lcomp_al. - - - .open lcomp_an

.out TOKYO.in KOBE
| CO_al| lcomp_allout CO_al]
| checkout(uload v1_KOBE)SHIP vl.in CY]
]
| CY[load vl TOKY O[]
| COa2[---]]--- | CO_an]]]

} (22)
0¢t0000 (2)000000 Cc200000000000O0O0OOODOLUODOOOOO
O000000000¢t00000 ambient0000000000C0ODOOO ambient O
gobodooooooooooon
O00o0o0oU0oO0oU0ooOoooOoUoooOoooooog ¢ 0 (open lcomp-al) O
(lecomp-al,out COl) 0000000000000 OOODOOODOODOUODODOOOO
(uloadvl_ KOBE,in SHIP v1)D000000SHIPwlambient 0000000000
goooooboboooooooooooobOoboboboooooboooboOobobObo0ooOooOoa
000000000000o00ooooooon (epen lcomp-al) O (lcomp_al,out CO_al)
00000 ¢t000000 TpNdependent(t)yDOODO
O t = (lcomp_al,out CO_al) 0 00O Tp Ndependent(t) ={(open lcomp_al)0 (CO_al,
checkout(uload v1_KOBE) SHIP v1)} 0000 (open lcomp-al) 0 t 00000000
00000000000 00000O00000000D0O0lcomp-al ambient 00O ambient O

000000000 0O0oo0oooO0oOoO Vol.3 No.1l 73-86 (Jan. 2010)

00 CO-al OOopen lcomp_al capability 000 ambient 000 SHIP v1 0O open 00
00 ambient 00000000 (open lcomp-al) 0000000000000 0OOIcomp-al
ambient 0 SHIP_ vl ambient 0000000 (open lcompal) 000000000000
000 (leomp-al,out co-al) 0000000000000 DO0O0OO0OO0ODOOOOOOO
0000 POillegal 00O 0ODOOOOOOOOD {#}000 ClOOO0ODOUOOOOO
gooogo
000000000000 O0aemple(s)={t} 000 000000000DO0O0O0OO0OO
gpooog
(CO_al, checkout(uload vl_ KOBE) SHIP»1) 000000000 ¢t0000000O0O
goooooooooooboboboboooooboooobo s8bobooboooooo
oboboboooooooooboobo O
00 5.80 must happen befored 00 sO0000000 POOOOOO tO00¢ €
(Tp Ndependent(t))/ followers(t) D0 D000 O00000000000O0O00O0O¢ must
happen before ¢’ 000000
(1) t ¢ enabled(s)
(2) ¢t =(m,inm)000 (n,chechout(m)y) 0000000000
(a) 000000 capability 0 act 00000000 act 000000 ambient n
O000nfact | act”] 00000000 capability act” 000000000000
t000000+{000000000000000000000O0
(b) n[M.act) 0000 0act 000 path M OODOOOM O ¢t 0O capability O
000 followers(t) 00 O0OO0O0OODO capablity 0000000 00O¢ must happen
before ! 00 0000000000000 OODOOOOODO
(c)# 000 sO00000D0D00O0Oambient mOdOJambient n0000000000
000000000 action O target 00O OOO (m, action target) U enabled(s)
00000000000 +000000 ¢ 000000000000000O000O¢
must happen before ' 000 0000000000000O0DO0O0OOOO
(d) (m,action target) 0000000 # 0000000(1) 0000000
followers(t) D0 D OUOOODOOOOOOO
(e) 0000+ 00000000 DOODOODOODO POOOODOOOODOOODOO
ooo
000000000000 0D0O00O00 replication0000000O00OOOOOODOO

(© 2010 Information Processing Society of Japan



84 00O000D0O0OO0D Ambient LogicOD0ODOOOOOOO

0(2a)0000000000000000000000O ¢+0000 must happen before
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State ID: S6
P Before State ID:S4
P (@Y7 126857 5K)

State ID: S7
Q Before State ID:S6
Q(1&BBE )

000000000 0O0oo0oooO0oOoO Vol.3 No.1l 73-86 (Jan. 2010)

(23)00 QEAIfQ =ADDODO

000000000 POOOO ADDOOOD el0e20000000000000
00005000000 S700000000000000000000000000 S12
00000000000000000000000000000000000000000
0000000000000

059 00000 (190MCOel 0 CO2000000000000000000
000 (24)0000000000000000000

OC$PORT.B[CY[CO_al[T] | T) | T]

(24)
AOC®PORT-B[CY [CO_a2[T] | T] | T).

0000 (200000000000 (21)0D00O0OO0ODUODUOUOLDOODODOOOO
00000000000 00U00O0U0000O00O000UDOUD (20)0000OUDOOO
000o0o0ooooooooooon

0 (20000 (24)0000000000000000O0O0OODO (20000 (24000 CO-al
0CO2000000000000000000000000000 (2000 (24)' O
0000000000000 D0D0D0D0D000000000 (20000 (240000000
000000000000 (21)00 (200 0000000000000 (2400 (24)0
0000000 (2000 (24 00000000000000000000000000
(21) 00 (24)0000000000000000 (20000 (24)00000000000
0000 (21)00 (24)00000000000000000 O

gooooOooOo0ooOoOO0OOOO0O0U0O000OOOCOODOOOO0OOOODOoOoOoOoOgon
O000000000 ambient0 0000000 ambient 00000000 ambient O
OO0OO00O0O0O0000 ambient 0000 ambient 00000000 ODODOOOOOOO
oo0o0OO0000o0o0o0oU00oooOooDOOoO0oOooUOUOooooooOOoOoOoooOoOoo
O ambient 0000000000000 O0OOO replication 0000000000000
ooooooooog

00o00oU00o0o0oo0o0oUoUo0oooUOoO0O o8y oooooooooooo
000000000Do00U0000oo0oo0O000o0oooooOoOooooooooooo
0000000000 (4000000000000 00oo0oULODOoOoDOOooOO
0000000000000 0000o0o0o0D00oooooODOoooooooooooooo
0o0ooooooooo

(© 2010 Information Processing Society of Japan



8 0000000 OO0D Ambient LogicD0ODOOOOOOO

5.7 O0OOO 1

0100000000000 000oooboo0dooooDoobo0oooooOoooo
000000000 3010000000000 10000 COwl100CO-all CO-al50
oooo0oO0o0o00oooooodoopooooooooooOOoOoooooooooooDoOo
OoooOoooOoooooo (loo()ouoooooouoooouooooooooo
0000000000 00OO0OOoOoOoOoDOOOoSO Vine Linux 5.082 64 bit O 0O CPUO
Core2Duo 3GHzO O OO O4GBOJDK1.6.1000000 1 00000000

god0oOo 1o00oboO0oOoDio0C00OO0OO0ODOU0OOoODUOODObODOCODObCDO
000000000000 200 partial order reduction OO0 OO0O0O 400 350
016,503219ms0 0 00000COC000ODOOOO0ODOCOOOODOOOODOS0O0O0O0DO
000000000ooooooooooooooon

000 (l)00000000000000000O00ULO0OULO0OUOUOooOOoOog
0000000000000 00000000000000000o0ooooooooooo
ambient 0000 open 0000000000000 O0ODOOOODOOOOODOO open O
00000000000 0D0O00D0O00000000000 ambient 00O0O0O0O0O0O
000000000000000000 (1) 0000000000000 DO0O0OOOO
00000000000000000000000000DO (1) 00000000000
00o00oo0o00oo00ooo0obO000oUoo ()0 0oo0oDbOoDLUOooO

5.8 OO0 2

Doodooooooooooooboboobodoooooooobooooooooono
00000ooooooooooooooooooooooo

01 0o0ooooooo
Table 1 Number of states and elapsed time.

gooooooooao
ooooooooo 30 100 100 O 150 O
ooooo 2,475 oooo oooo oooo
0oo (26.6)
ample(s) OO 413 oooo oooo oooao
0oo (0.6)
goooo 56 8,170 oooo oooo
000 (0.2) (11.1)
ample(s) [ 36 246 17,131 41,795
oooooo (0.2) (1.1) (38m53s)  (4h35m)

000000000 0O0oo0oooO0oOoO Vol.3 No.1l 73-86 (Jan. 2010)

(1) O0D0O0O0000 ambient 00000000000O capability 0000000
(2) OD0O0O0OO0OOOOambient000000D000D0O000O0O0OOOODOODOOOOO

(1))OboooUoooOoOoOooOOooOOooOoooOOOOoOUOOUODODODOOOOooOooO
gobooooooooooboodouo plO0oobobooobbooooboooboboooooo
goooboboodoooooooboooooobooooooobooooooboOooooooo
goboooboooooobooooobooooon

(2)000000O0OO0O00O0OO0OUOO0O0OOOOO plODOOLOOOOOOOO
oo

gobooooooooboooooobooOobooooobooOoooooboooooooDooboo
goooobooooooooooooooooooooooOoboooooobooboOooooboono
goooooon

6. O O

O00000Ambient Calculus 00 0000000000000 OO0OOOOOOOO
gooooooooooooooboooobooboOoboOoooooboboooboooooODboo
goooooooooobooooooooobooooooboboooooobobooooDOboo
goboooooboooooooobooooboboooooobooooon

gooooooooooooooooooboooooooboooooboboooDoo
goooobooooooobooooooooobobooooobboooooboooDooOoDboOo
goooooooooooooobooooooooooboooooooboooooDbonoo
gooobobobooooooooooobooooobobooooooooooooooonoa
gooooooooooooobooobooooooobobooooooobooooooooooo
gobodooboooooooobodoobooooooooOoooOoboOoooooon

goodol1gobocobl1obooboooboooocobooobooboooboonon
O0000o000o0o0oo0o0 A0O0OO00ooO BOOODODODOOOOOODOOOOO
gooboooooboooobooooobooboooobOoooooboOoOoOOoOobOOoOoOoDOOoObbOODboboo

o o O 0O

1) Affeldt, R. and Kobayashi, N.: Partial Order Reduction for Verification of Spatial
Properties of Pi-Calculus Processes, Proc. 11th International Workshop on Expres-
stweness in Concurrency (EXPRESS 2004) (2004).

(© 2010 Information Processing Society of Japan



86 00O00D0D0OOO0D Ambient LogicOD0ODOOOOOOO

2) Cardelli, L. and Gordon, A.D.: Mobile Ambients, LNCS, Vol.1378, pp.140-155
(1998).

3) Cardelli, L. and Gordon, A.D.: Anytime Anywhere Modal Logics for Mobile Am-
bients, POPL’00, Proc. 2000 ACM SIGPLAN-SIGACT Symposium on Principles
of Programming Languages, pp.365-377 (2000).

4) Cardelli, L. and Gordon, A.D.: Mobile Ambients, Theoretical Computer Science,
Vol.240, pp.177-213 (2000).

5) Clarke, E., Grumberg, O. and Peled, D.: Model Checking, MIT Press (2000).

6) Kato, T., Ikeda, D. and Okada, Y.: The Implementation of Ambient Calculus with
HORB for Mobile Agents, Proc. 7th World Multiconference of Systemics, Cyber-
netics and Informatics, Vol.II, pp.367-372 (2003).

7) 000000000000000000O0O00O0 (2007).

8) 00000 DO00ODO0D0ODOUDO0DOODO (2007). http://www.meti.go.jp/
press/20071018006/press_-mMM.pdf

9) 0000000000000000000MATTSO (2008). http://www.mlit.go.jp/
report /press/port02_hhh_000006.html

10) 0000000 0000000 Ambient Calculus 0000000000000
O000000FIT2008 0 700000000000 DOOpp.13-16 (2008).

11) D0U00O0O0O0 0000000 Ambient CalculusO0O0000000O0O0OOO
0000000000000 000 Vol4g, No.SIG 10 (PRO33), pp.151-164 (2007).

(00210 80 13000)
(0D 210 90300000)
(00210100 27000)

000000000 0O0oo0oooO0oOoO Vol.3 No.1l 73-86 (Jan. 2010)

og gooood
gbog9boO0oobOOobOoOobOOobDOobOOoOoOOobOOoOoboOobOobObOoD
obobooooooooooooooooOoOoOoOOoooOOoOoOoOoooOOoon
goi1200000000o00b0000b0boooooooooon
goboooboooooooboooooboobooobOoobooobooon
gobooooooooad

o oooogoo

b ssbooooooooboocobouoboooooboecoboboboOon
goboooomoooooooobooobooobooOooboOoooDo
goboooooooooooomoooobooooboooooboooooo
ooooooooo

o0 Oooooooo

gb2100000000000000D0000000DODM™OD
JsoLOoooooooomoooooogoooooooooooooo
gobooooooooboooooooon

(© 2010 Information Processing Society of Japan



