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If we formalize a target system then we can verify whether the
system satisfy desired property. For formal description and verification, we must construct
a mathematical logic that is a framework for description and verification. We propose a
logic for requirements management based on Jackson's Reference Model and a logic for
automated route planning for milk-run transport logistics. Besides, we proved
model-theoretic property and expressiveness results for first-order modal mu-calculus.

2010 500,000 150,000 650,000
2011 500,000 150,000 650,000
2012 500,000 150,000 650,000
1,500,000 450,000 1,950,000
’ ’ u ’ u ’ ’
( )
( )
(LTL)

Hennessy-Milner Logic(HVL)

(Decidable fragments of first-order
temporal logics, Hodkinson, Wolter and
Zakharyaschev, Annals of Pure and Applied




Logic, Vol.106, pp-85-134, 2000) ambient
logic (A Predicate mu-Calculus for
Mobile Ambitens, Huimin Lin, Journal of
Computer Science and Technology, 2005)

U

V]
(Formal Verification in a First-Order

Extension of Modal p -calculus, Computer
Software, Vol. 26, No. 1 (2009), pp-
103-110, 2009)
V]
V]

(General Models and Completeness of
First-Order Modal p -calculus, Journal of

Logic and Computation, Vol.18, No.4
pp-497-507, 2008)
V]
V]
“ n (
)

Hennessy-MiIner Logic(HML)
value-passing CCS  appliedm

Jackson

2011

Milk-run



Milk-run

DR-SL: Delivery Requirements
Specification Language
DR-SL LTL Linear Temporal

Logic
LTL

DR-SL LTL
DR-SL

CcTL u

FOCTL"
p
CTL"
p
FOCTL"
p FOCTL"
CTL,LTL,CTL"
FOCTL,FOLTL,FOCTL"
FOCTL
FOCLT® FOLTL FOCTL" FOLTL£LFLCTL FOCTL
£FOLTL " Sometimes”

and ” Not Never” revisited: on branching
versus linear time temporal logic, Emerson,
Halpern

Milk Run

Finite Model
Property



L1 L2 L1 L2
L1 L2

LY L2’ Lr L

5

1. Takashi Kitamura and Keishi Okamoto,
Automated route planning for milk-run
transport logistics with the NuSMV model
checker, The [IEICE Transactions on
Information and Systems, Special Section
on Parallel and Distributed Computing and
Networking, ,

2. Takashi KITAMURA Keishi Okamoto Makoto
TAKEYAMA, Formal Validation and
Requirements Management Based on the
Jackson®s Reference Model for
Requirements and Specifications,
Proceedings of the 16th IEEE Pacific Rim

International Symposium on Dependable
Computing, , Published
electronically, 2010

3. , Jackson

, Proceedings of the IPSJ/SIGSE
, 2010, 149 154

4. Keishi Okamoto, Formal Verification in
a First-Order Extension of Modal p

-calculus, Information and Media
Technologies, , 5(1), 2010, 40 47
5. Keishi Okamoto, Comparing

expressiveness of first-order modal p
-calculus and first-order CTL",

, , 1708, 2010, 1
14

, 2013 ,2013 3 ,

2. Takashi Kitamura, Keishi Okamoto, An
automated route planning for milk-run
transport logistics using model checking
4th International Workshop on Parallel and
Distributed Algorithms and Applications,
2012 12 , Okinawa, Japan

3- ’
, 2010 )
2012 3 27

4. Takashi KITAMURA Keishi Okamoto Makoto
TAKEYAMA, Formal Validation and
Requirements Management Based on the
Jackson®s Reference Model for
Requirements and Specifications, The 16th
IEEE Pacific Rim International Symposium
on Dependable Computing, 2010 12 15

, National Institute of Informatics,
Tokyo, Japan

5. Yuki ANBO, Keishi OKAMOTO and Akito
TSUBOI, Toward a Concise Proof of
Completeness Theorem for Propositional
Modal ¥mu-calculus, 2010

, 2000 9 22

6. , , , Jackson

2010, 200 9 1 ,

€Y
OKAMOTO  KEISHI

00308214
@

KITAMURA TAKASHI

70530484



