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Abstract: We are investigating a way of modeling freight system in the Multiple Ambient Calculus (MAC)
and the management systems ensuring the correctness of container handling during shipping using the model.
Freight systems have nested structures, i.e., packages (e.g. containers) containing smaller packages (e.g. lug-
gage) that are accommodated by a larger entity such as a container ship. MAC is a formal description
language that is suitable for modeling such systems with the nested structures that dynamically change.
Using MAC, whole the freight system is modeled by a set of formulae each of which represents the handling
of each containers while, using the Ambient Calculus, the freight systems are modeled by a large formula.
Thanks to this feature of MAC, we can express symmetric and concurrent property of freight systems more
appropriately and adding or retracting formulae (representing adding or canceling containers for a voyage)
becomes easier than using AC. The management system propsesed in this paper consists of three sub sys-
tems. The first generates formulae that represent freight systems based on several trading documents, the
second deploys the formulae to each devices (PCs and RFID tags), the last senses the handling of containers
by using UHF RFID devices and checks their consistency with the transitions of corresponding formulae. We
also show the results of preliminary experiments in which a car is used as a container.
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P,Q = processes M = capabilities
(vn)P restriction x variable

0 inactivity n name

P|Q composition in M can enter into M
P replication out M  can exit out of M
MIP] ambient open M can open M
M.P action € null

(z).P input action M.M’  path

(M) async action
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n[inm.P|Q]|m[R]—m[n[P|Q]|R]
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ISHIP[in TK.(load[out SHIP.in CY.in co1] (1)
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WHELLTLE ). = MAC 2 Hwaie, #0ar 7
FIEEDARIZFE S TEDHEMTL D, L) i % FE
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LI LB ETNVIADEOIREZMBIE AT 572

&1 AC & MAC DILE
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AC 275 21 14 26
MAC 27 11 12 18
MAC 277 2 i 21 33
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5. %% Ambient Calculus & U\ /=¥ E=17
VAT I

AT TIRET 2WIRER I AT 2OHNIILTO LB

NTH5.

o MWENE LTI, AT FERALZ YT
TS B ) IE LS BET 52 L IO 5.

o ELL VBB ZITo oA I AT 5.

o Wik a7y 7T oM EZIEET 5.
DEDOHMWZZERT 570N FOFEEZT- 72,

o WiEFMNS T UL AN HENVEKT SV AT 4

o W% FHIT A ambient T & D ambient T, D S NLEE

o PoEhE LT UL ANERLDORE

o LEERIMEANITICE D %) EIET T —DFIR

RKY AT LIE, I 0T T OBEHPWIREHONE Lk

L 72 ambient O EBREIZIF-72bDTH L% H{5LD

ThHb., TDROIIRY AT L TIE, RFID xHWwTa~

TTOBEEMMT A L) FERE LT
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o Y—MNEOVTFIHEY ALY TFV—FNEALT L
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DI L—VIZHY AT 5 PC (5.4 fi)
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HEEATRET T FPRERES SNTH S MDA
s 5 & vo 2R 2B e % B d 2 720 O PC
(5.8 fii)

COHTZ L— PCIZIZ MAC DEBEITH 720 DML
BIRE QoA 121 dar 7T Y — FIZET A%,
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Fig. 3 Experiment for reading and writing the RFID tag.
cr

PC cv!
G
AW

l = ’—]
149 Pé\ HPC

RIW =5 /51 5%E
M4 s 7 ORLE

Fig. 4 Devices and their location.

AT LAY T FICRYTREILY 7250, ) =5/
TA Y TmARY RLEZRATITH) LT, BIMCBITS
O HES &, EBOBLGTORY X7 L OFERN
AR T DB ERNLERTH L. )= /T4 5L
DORPEOBE IR 4 1RTEBYVTH L. TTHBE S
AFHZED AR LR (1) 208 AT 22X ) 5E L
HPCAIHERET 5. TO%, 27 HICRLT/dE%
ELE, 12HDOY =% /74 5 OFi % ERT 5. ZHIFHE
HHEDI YT Y — FANAB T — Ol % 85E L -8k
THb., ZZTIEID 2HAMBZTTH Y, Bk 40km,
PRAE 2.5m CTHANS Z AT & (10 [mEk4T L C 10 [o]
EDIEIE o). EBROWHOBSICBWT, 3
TFEER N L= IHBT— N E BT SO T
20km UTFTHY, ©Y— DML 25mUTTHD
EWS, N=FY 27 FAERCHAZSNE DT
BHIEDVIhotz. AL NIZIDIEZ L— Y PC A
LEE SN
Cokarstd (#) FarFrv— FNEBEL.
7 L=y PCTIE, gialbon/izary7F0ID #%fE L,
O EF—LLTTF—FRN=ALDOWEZITWV, CY
ambient DH1Z 3 > 7 F ambient A Y, K (7) AT E 7.
RKIZ2DOHD) =5 /T4 5 ORI CHE LD, 2D —
F)/9451&ar7FY—KhbigntarsrrfEn

© 2013 Information Processing Society of Japan

LY T DF AR EFEE AR EIT). ZDLE LT
FOID %A, ZOID KT 5 (7) &, TTIC
7 L= PCOFIZHNTWMOR (6) ZHAGHET
in SHIP &\ 9 BEIMTHON THEAARIKRE SN, ER
BoarsFFR ) By SICEERIN Z0LE, ¥
L=V PCIZDo%do72) =T 4 5 05k IREE, M
25m TS TAEHEADL I L 2R LL. T2,
RO (10) AR PC ~3%45 & re.

ZOBELHPC ZHNMEI TRH S, MPC2LA
BERTBEZOXSHHO 7 L — > PCIZHEE SN
¥/, 320HD) =¥/ 45TarTFroy rrbR i
AR, frlarrrReMAGbE BRI, &
RBEADAREIN, BEBEORD Y JIcEZAENT.

DibEca sy 7 A g h 5 mMEsIc 8% 3 5 £ Coli
HEOBERMET L.

6.2 EEk2

2 OHOFERIE, HEErL YT F% 1 DA THAM
L7zt21C, 4diRs, KIREcEsic1>292ary-%
A, BEF3 2Dy 7T FEMEIENEERZ L2 HE L
TENERTHAL., TNEIMACZWAZETary T
DBMBED L oo 2 MERTEHIZODERTH 5.
BANEEBTIE, iR L — BT ATFEDPC LY 7
TANFTRHIELIETIEERZITo 72 6N LO3D
DY TEBHLTBE, ary7FE3ycicarsry—~F
IEIENTWA b DL L7z, FhEhoary s+ oMyl
X, COEPSEIN, RERNICEDOBTHES ST L
VDR, L) ZERETFEPNTEY, BERFEOBICE-
e LTHMELZVE IR > T 0D,

MPCIEEFTHEEANEALEL, a7+ 1 20AL
ZOWs, 37 F ambient DEB LB L, FORAMIAAR
BELWSDOTH LR LR, BBEOXE Y 7icE
XIAATE. 72, 225 F ambient % & Ty ambient
A PCICHE o7z, RICH PC 3 HEE~E AL, 2
YTFSBIMEN, e ENL. 2ok E, MPCH
Hoi SF-> a7k L, #Fzlcklbarysric
B Aoz 24ro7. #MUZEoT, av 7
F 2 EOERE MEZR CATH) TENTETWD Z L 2R
L7z, &850, KRB TH RO &) b4,
FIRIENCE R L7, MAEECary 7% 3 2MA T,
ZNZEND ambient XDOBREZMHREL, I 7F23 0T
F¥— FIZHA L CHid™5e T L 7=,

DET, MoBEROBICE-> T, @hTilns gL
DAY TFEERGEETL, ¥ 7 ~OXOTFBLERHKR, FHHh
WY BIFaY T FORFEOEMRITEETH D Z & ZHER
L7,

10



EHMMIPFSHYEE 7075327 Vol.b No.2 1-12 (Aug. 2013)

6.3 =B 3

3OHDOERL, MAPEEENrO T TFE 1 OHA
THfL L7281, ZEERETEOa Y TF2EAL, FL
TR B PG ERENS Z0 3 5 F % KIRENEESR &
VMO # EOHETTE L-ENERTH L. &
NREARYATFLDPNT - T K AR=2 « VAFLTD
TN TEDL L EZMERTAHDDERTH 5.
COFERTEIaYTFORVM{RAOBIIN (13) & (14) %
7=,

WHETORAAR, HHLE TCOFIEIZEER 1 L [EHET
Ho. I Larrroy 7ic#EHEAENUT query &
ans ambient % & &3 (14) TH 5.

MADPC LY F2X4HEEBD Y L— 1 PC OHIICEH)
S A DPEEBRRICAE L, avsFraryTir—
FNERES SNDEE, 7 L= PCHTH (13) &K (14)
MHLAGD S ) BEHA L, 31 (14) ND query ambient %%
router ambient PYIZ AV, ans ambient 2% col ambient N
2R, col PHIRICTEDADOIERIHN-Z & 2R L
72. E5HI2ZD col ambient 2% FIZEI AT N2 L%
MR L7z, 208, it B O PCHOULEHEHENEAKEL, ¥

FIZFEZAEN T AKX L BRICBESITONULTR B A
DRERIABDVIKREINT %, Ty TFTIEM BTN
7. ZL TR B O PCITKIBE~NRBEIL, 2 7O % R
LCaryrTxEs L.

O L) ITHEEOREM, 3T & hkiE TR AR
ATHEREVIWETH->TH, AVATLEZIPNTED
BEOEMDSEETH DL &) T ARSI,

6.4 FEEr4

4 OHDOFERZ, o CBEE AR AT APMIRTE S
CLERTENERTH L., HEENrSI T+ % 5 O
ATHFTIEND ) S ) Bk KT 70 A% v T
EHE T o7, 20T T % 3OMABAALTZIT T PC %
WS L)Lzt d, BB IRT LR, 30750
FEATNERTEEDNLREN, o BIfE2 IR TE 2

|£| GUNDAM is UnNervous Dreamin® .:\syrch-rono 5 IQIZ-
v [ SEA TOKYO
v (& KoBE
E oy ship_v1 cY
v (& ToKYO i g "
T@shp | caEnAmOET e it =2
D co_al
[ co_a2 ) sevOERBUR L
D co_a3 / @  [co_ad4, co_as5]
v @ oy |
E} co_ad -
B co_ss | 7# |
r
l search J l to "SEA” J l back J [ reload J

5 B
Fig. 5 Warning of a mistake.

© 2013 Information Processing Society of Japan

LR TE .
7. fEEA

KT, vy 2Eks 2 RYRE, BANSHE
Td %% Ambient Calculus (MAC) [12] Z FHWTET IV
tL, %F‘“‘W)ﬂ7%7”®H1§‘M\7J“EL<ﬁ7birbfbxéia)t“
IDEZDET IV THEIWICHR T2 LDTES
%m%ﬁ/xTA%kﬁtt.MAC@7Dkxﬁ%ﬁw
52 LT, $EkD Ambient Calculus @ 7' 0+ AR % i -
72 (1) N, a3 v T o & CTH L B
BRI CE L L ER L. /2, UHF 4
RFID #2335 2 & T, A — M VEERZZH0H 5
I T FOEREHARL I EDTE DL I L2 By FERIC
IDFEIELZ, SNICED, RETRET L AT 4705,
Sfh &) EREOWRBISG T WIRDLCEBRIRETH 5 2 L
BT I ENTE.

EZATIOETIN, Tbb MAC O 710+ AR
Wiy AT L &2BET 5 EHBEHHIO HEER I NS D
7205, ZOETIVIZRY 3D HIE, E@J SN A 5T
AT FOEEGZEHIEGFTTCLE) 2 LI R 5. 2
DOMEIZHR L, o4 1ETTIZ MAC 2 W 72E 7V v
ATFLEBELTNDS 13, TOETFVREY AT 411,
Ambient Logic & N A EAFRELOFEEAIC L ) feab &
NIy AT L OFFOREWE, ez Ebrar T
PULTHBIICHET AL VW E 22D 7O 1 X
AT NE) PEBRET LD THL. ZOBMEELT

Kib,%@é&éﬂtMAC@fm&zﬁﬁEL
WLDTHEINEID, HLVIEFLFL, WREHEIZA
B ) RAL TW R WHE) D a2 iR+ 52 2:73f
X5, ZOXHIZLTZEDIEL EWMEE SN2 MAC DT
O AR AR TRELCEH AT LATHATAZ LI
0, K OMHEEREREREZT) LR TES.

AR TIEIRY AT 2% L72w OO B B
IZOWTIRR722S, EBOWTIE, L) ABET, LD
MR Z - o2 a vy T FR%EIfTbhTwnb, A
AT LDOFEBRWNERT 20, 4, TO L) Bz HE
TLEENO T ANEER L, A hGExHE LT
FRFERDS L L 2 5.

A CTRELZV AT ATIRELYREEREL TWLD,
W PR OBEII D 2> 7 FoBn% <, FH#Hz
RO EMTH Y, HHT2HEHLLIEICDZ), &

R E OB & B ERENE 02 AL 7 EEEA R
b hoThb., ZOL) HMELRENEE MACIZXD
EFIMMELTELIERRL. Lo T, 72& 23R
% EORE AR ZITICC L, WIETEASE P TAAL L R il
OWFRIEICAR S AT L2 AT A5 L 3R/HTHHLE
ZoN5b.

#EE AW RMEE (23500104) OBIKE 2720 O

11



RS 2R

TH5.

SE

[1]
2]
3]

[4]

[5]

[6]

[7]

8]

Cardelli, L. and Gordon, A.D.: Mobile Ambients, Theo-
retical Computer Science, Vol.240, pp.177-213 (2000).
Clarke, E.M., Grumberg, O. and Peled, D.A.: Model
Checking, The MIT Press (1999).

Foundation, A.S.: The Apache Jakarta Project, available
from (http://jakarta.apache.org/).

RIS, WA, #k B, JMEE, Wik —  Safe
Ambients D728 D Java 7 L — A7 — 7, {EHLEE S
FXEE L 7R T 37, Vol4, No.3, pp.26-41 (2011).
g W, tEIEE, MEEAN D WRY AT L85
Ambient Logic & 7 VHAR, I HLEE 250 SCRE | BOR
E7 ML LI, Vol.3, No.1, pp.73-86 (2010).
SRR, BEHGZ, RREL— £ hI—Yx s
MIEaRIKABa T Y@ eERT LT 77472
YT Y, B SECE L T — Y N— A, Vol.44,
No.SIG18 (TOD 20), pp.45-57 (2003).

E 2@ o [ & o ik gL AL IERE e TalbR ] — A
v N FREW R R S RO FERL~NDF v L
vV, AFE (http:/ /www.mlit.go.jp/kisha/kisha07/15/
151018 html).

i B T I N E A e 7ot P ) R O B R B N
i LYY 7 AT A (MATTS) Oz e FERE%E
B, AF4E (http://www.mlit.go.jp/kisha/kisha07/11/
110427 html).

A [ E | 3t e I . 18 I RN YT
(2009).

INH#ie - Bo#EMoR A - # &%, FSCEEHAR (2007).
FRAKE, W22, ME ¥ 0 Ambient Calculus % H
WWRRAE Y A T 4, THEILI S R SGE T 70 T 3
>~ 7', Vol.48, No.SIG 10 (PRO33), pp.151-164 (2007).
RRITES:, I W5 Wity AT AFLRO 720 D% TE Am-
bient Calculus, fFHMLMEESRHGE . 70 s 73 07,
Vol.5, No.2, pp.79-87 (2012).

K E%:, FREEE, EE W 0 £ &8 Ambient Calculus
12 & B Wi et IS B GRS B P & 72 E 7OV AR
1, RS AT CGGE 7075 3 7, Vol.s, No.3,
pp-50-60 (2012).

filiiwZ | BHBHEHOEREAMADS L~ DD BR,
FAY AT L (2005).

&4 B&sh

2011 4R 8 K T 223 s e Bl =
¥, 2013 LR F R ARG T
SRR L 7 b O oy AR T AR
AR 7. BlfE, (BF) > — -
I - A =8, R, Ta k244
LAY AN

(IE%R)

© 2013 Information Processing Society of Japan

707232>% Vol.6 No.2 1-12 (Aug. 2013)

LORLIE, W,

hNEE ¥

1997 AR 1K F K5 B AR 58
FHEL A T, i (04%). 1998
EH AR MR AYERIAFZE R (PD).
2000 4 & U 1 BRI T A R A
BUE, #esdz. WATR R S35 O Bk
i, 7 AR OWIEICHESR.

(IE%R)

aa &%

1983 4 KRS/ FERE Tor R 1 i Lo
BRAESE. 1985 RO Betd+
RIS 7. (BF) & Ll se i)
B, RBORFAERE T 3BT - GRS
ZRET, BUE, RFB ARG
RS, B (I9). g A7

(IE&R)

RER IR AT I e

12



