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A Conformance Decision System for Physical Distribution
with the Ambient Calculus

DAISUKE MoRIMOTO,* TORU KATO* and MASAHIRO HIGUCHIY

In the field of distribution, an increasing of the handling fault of luggage becomes serious
problem while the amount of circulation of the freight increases. To solve the problem, we
are researching on the constructing the distribution management system based on descrip-
tions of the physical distribution system in the Ambient Calculus. The physical distribution
system has the layered structure, e.g., packages (e.g., container) including smaller packages
(e.g., luggage) are accommodated by larger entity such as container ships and so on. On the
other hand, the Ambient Calculus is a formal description language suitable for representing
systems whose layered structure dynamically changes. This feature enables us to express con-
cisely physical distribution systems. The validity of the description can be formally verified
with a system of axioms for Ambient Logic. We propose the automatic generating system of
the Ambient Calculus formulae, and conformance decision system for the movement of actual
freights. The former system generates the formulae that express the transportation route of
containers based on the shipping invoice written in Excel files used in an actual container
shipping. The latter system checks the movement of an actual freight by comparing it with
transition of the formulae. We also present the result of simple experiments to show the
effectiveness of those systems.
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Fig.1 Transport on FCL.
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Fig.2 Example of physical distribution with hierarchical
structure.
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INVOICE P/O NO; test01
L/C NO ; 0
Shipped per: Shiph 0 CONTRACT MO test-cont-01
From KOBE Japan on/or about; 00-Jan-1900
Meassers., o TO; SHANGHAI

04 00000

Fig.4 Example of invoice.

SEA[
KOBE [

CY[ col[a[out CY.in shipA.z[out Col.open ctrl1KOBEtoSHANGHAI]] |open b|open c]

|open x

]
| SHANGHAI[CY[]]
| shipA[ i

in KOBE.x[out sShipA.in Ccv¥ | b[in Col.open a]l

|ctr1KOBEtOSHANGHAI [out KOBE.in SHANGHAI
.afterArrived[c[in Col.out ShipA.in cy]]]

|open afterArrived|open z]

05 000000000
Fig.5 Transition of the process: start.
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oo4000
obooooboooooooooooooooon
gooooobooooooooooboooooooon
00000 (6)0(7)0(8) 004000000000
goboogooogesn
Col.amb (6)
alout CY.in ShipA.
z[out Col.open ctrlKOBEtoSHANGH AIl]

|open b |open c;

cy-KOBE.amb (7)
open ;
ShipA.amb (8)

in KOBE.xz[out ShipA.in CY
| b[in Col.open a] |
|ctritKOBEtoSHANGH Alfout KOBE.

Y 0OooDO0O0000000000000
"0 OppoooOoO0O0O 4 0000000000000000
gooboo0oOo0oooooOoOoOoOooooooo

in SHANGHAI.after Arrived|
clin Col.out ShipA.in CY] ] ]
|open after Arrived | open z;
gogboooobooboboobobbobooo
ooobooooboooboboooo
gobooobobooobooboboboboobooo
go0oo0ooO0obOo0obooDoobooobooobooo
Jo0oo0ooOOo0o0obOoOobooboobooobooo
Jo0oboo0oO0o0o0obOooboOobooboobooo
J00do0oooObooo0oooOoooooooooo
0000 ambient 000000000 O0O0ODOOO
gobooobooboobobboboboobooo
ggono
0000 ambient 000000 (6)0(7)0(8) 00
goboooboooobooobooouoboobooo
ODO00KOBEOOOODOOOOODODOODOOOOOOO
000o00o0oo0oOooboOoooo s00monoo
0000000000000 (8)0 +n KOBE OO
000o00D00ooo0ooooOo KOBEOOOO
0000 )00 zambient 000D OOO0O0DODO
0000000 ambient 00 (7) 000 open x OO
000000000000 bambient 0OOODOOO
gooboennd
000000000 (6)0000 open b OO0 b
ambient 000000000000 opena 0000
(6)0000 out cy.in ShipAODOOODODOOOOODO
capability 000000000000 0OOCOOODOOO
Jo0o0oo0oOoooooDoooooooooo ro0om
00000o00oo0ooooooooooo (oo 2
ambient 000 out Col ODDOODODOOOOOOOO
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SEA[
KOBE [

June 2007

Ccy[ col[a[out CY.in shipA.z[out Col.open ctrlKOBEtoSHANGHAI]] |open b|open ¢

|b[open a]l]

shipA[ ctrlKOBEtoSHANGHAI [out KOBE.in SHANGHAI
.afterArrived[c[in Col.out ShipA.in cY]]]

|open afterArrived|open z]

} %HANGHAI[CY[]]

0e OOODO1
Fig.6 Transition of the processes: 1.

SEA[
KOBE[ cY[]

|shipA[ col[z[out Col.open ctrlKOBEtoSHANGHAI] |open c]
|ctr1KOBEtoSHANGHAI [out KOBE.in SHANGHATI
.afterArrived[c[in Col.out shipaA.in cy]]]
|open afterArrived|open z]

| gHANGHAI[CY[]]

o7 0000 2
Fig.7 Transition of the processes: 2.

collopen c]

|afterarrived[c[in Col.out shipA.in cy]]
|open afteraArrived

o8 0oooo 3
Fig.8 Transition of the processes: 3.

SEAL
KOBE[CY[]]
| SHANGHAI[  sShipal
[yl
]
1
SEA[
KOBE[CY[]]
| SHANGHAT [ Ccy[col[]]
] IshipA[]
]

09 OO00OOOOOOO
Fig.9 Transition of the processes: end.
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Col

afout Ccy.in shipA.z[out Col.open ctr1SHANGHAItoKOBE] ]

Co2

afout CY.in shipA.z[out Co2.open ctrT1SHANGHAItoKOBE] ]

co3

afout CY.in shipB.z[out Co3.open ctr1SHANGHAItoOSAKA] ]

Cy_SHANGHAI
open x|open x;

shipA

in SHANGHAI.x[out ShipA.in C¥ | b[in Col.open a]

Ambient Calculus 000000000000 161

| open b | open c;

| open b | open c;

| open b | open c;

| b[in Co2.o0pen a] ]

| ctr1SHANGHAItoKOBE [ctr1SHANGHAItoKOBE [out SHANGHAI.in KOBE.afterArrived][
c[in Col.out shipA.in CY]|c[in Co2.out ShipA.in cy]]1]1]

|open afterArrived|open z|open z;

ships

in SHANGHAI.x[out ShipB.in Cy | b[1n Co3.open a] 1 |
|ctr1SHANGHAItoOSAKA[out SHANGHAI.1n OSAKA.afterArrived[

c[in co3.out shipB.in cv]]]
|open afterArrived|open z;

010 JO000oO0O0O0o0oo0O0O00000O0oOooooD
Fig. 10 Generated formulae (plural containers carry to each ports).

[
SHANGHAT [
CY[ open x|open x

|col[a[out cCY. '|n SH1pA z[out Col.open ctr1SHANGHAItoKOBE] ] | open b | open c]

|Co2[afout CY.in SHipA.z[out Co2.open ctrlSHANGHAItoKOBE] ] | open b

| open c]

|co3[a[out CY.in SHipB.z[out Co3.open ctrl1SHANGHAItoOSAKA] ] | open b | open c]

]
| KkoBE[CY[]]
| osAkA[cY[]]
| shipA[

in SHANGHAI.x[out ShipA.in cy | b[in Col.open a] | b[in Co2.open a] ]

|ctrTSHANGHAItoKOBE [ctr]SHANGHATtOKOBE [out SHANGHAI.in KOBE.afterArrived[
c[in col.out ShipA.in ¢Y] | c[in Co2.out ShipA.in c¥]1]11]

|open afterArrived|open z|open z

1.
| shipg [

in SHANGHAI.x[out shipB.in €Y | b[in Co3.open a] ]

|ctrTSHANGHAItoOSAKA [out SHANGHAI.1n OSAKA.afterArrived[

c[in co3.out shipB.in cvy]]]
|open afterArrived|open z

011 00000000
Fig.11 Formulae for the whole system.
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[CYer$R1 3 SHANGHAT
[Cod3mtER TR LET
i IPI2192.168.0.3
ColaBER =R L ET
F{en [PI2192.168.0.20
CoBiREELET
i IP(3192.168.0.1
BEBiIFELE L
IPEEFELE LT
HRFE I DL TSN
ifire,step,exit

Istate

[CY¥[open xlopen x|Co3[11Co10]|Co2[1]
HREE DL TSN

fire,step,exit

0 12 0 SHANGHAIOOOOOOOOOOOO
Fig. 12 Initial state of the containeryard on the port
SHANGHAL
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move
M=a—FKAAH
Col

MOVE !!!

Thread-4: connecting to object server8885

Thread-4: HORB object serverB8885 has been connected
Thread-4: Waiting for method call

Thread-4: object|D= server8885 classho= 1 methodNo= 1002
[ Parser ] at ambient

[ Parser ] at process

Col

Thread-4: object|D= server8885 classho= 1 methodNo= 1013
Thread-4: object|D= server8885 classho= 1 methodNo= 1003
BIEEANLTESL

fire, step exit

state

CY[Co2[]lCol[]]

BIEEAALTLEEN

fire, step,exit

013 000000 KOBEOOOOOOOOO
Fig.13 End of the moving on containeryard in Port
KOBE.

move
MA—a—KARN
Co3

MOVE !!!

Thread-3: connecting to object server8885

Thread-3: HORB object server8885 has been connected
Thread-3: Waiting for method call

Thread-3: object|1D= server8885 classNo= 1 methodNo= 1002
[ Parser ] at ambient

[ Parser ] at process

Co3

Thread-3: object|1D= server8885 classNo= 1 methodNo= 1013
Thread-3: object|1D= server8885 classNo= 1 methodNo= 1003
BIFEAALT SN

fire, step exit

state

CY[Co3[]1]

BAFEAALT RSN

fire, step exit

014 000000 OSAKAOOOODOOODO
Fig. 14 End of moving on containeryard in Port OSAKA.
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BEEAALTLESN
fire, step,exit

move

AT =Tl o |

Co3

MOVE !!!

ek RICEOBENTT ! &0 —ERBEEREL T (I ] bkek
BEEADLTEZD
fire,step,exit

015 0000000000

Fig.15 Error message.
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