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SCADE CDAJ

SCADE
CDAJ
SCADE Esterel Technologies, Inc.
Lustre Esterel
IEC 61508
SCADE
LTSA Uppaal
FeliCa
LTSA

SCADE

Tech-ON!
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OSC Embedded Systems AG OSC ES

dSPACE GmbH OSCES
EmbeddedValidator EmbeddedValidator
dSPACE TargetLink
model checking
reachability
BMW DaimlerChrysler Porsche
ECU
Airbus
OSCES EmbeddedValidator
2007 4 EmbeddedTester
2007
Tech-ON!
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UPPAAL

http://it.nikkei.co.jp/business/news/release.aspx?i=172894
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B-Method O
B-Toolkit o
™~ LOTOS o
LSC o
~ OBJ o
OCL o
Overture O
PerfectDeveloper o
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RAISE tools o
RODIN platform O
SPARK o o
~ VDM o
VDM Tools o
VDM++ o)
VDM-SL o
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Garakabu
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Murphi O
NuSMV

SCADE
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CCS O
CPN Tools e
CSP O
Esterel O
“JHOL 5
JML

Lustre
Petri Nets
ProofPower
PVS O
SDL

Sequence diagrams
Signal/Polychrony

~ Temporal Logic( )
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@)
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@)
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Data flow diagrams O
Decision tables O
Finite state machines/

. . @)
state transition diagrams
L ogic/Function block diagrams O
Sequential function chart O
Time Petri nets O
Truth tables O

IEC61508
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go
back
A A
B B

RACO0090A4

Ma: A
La: A
Mb,Lb B
Side:tA B

go: A
back: B

A

not(P U Q

P: (Ma>=La or Ma=0) and (Mb>=Lb or Mb=0)

Q: Mb=3 and Lb=3
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Promela

inline go() /* 5 X/

{ atomic{

if /* * /
::(Ma>=2) -> Ma=Ma-2; Mb=Mb+2
::(Ma>=1 and La>=1) -> Ma=Ma-1; Mb=Mb+1; La=La-1; Lb=Lb+1
::(Ma>=1 and La>=0) -> Ma=Ma-1; Mb=Mb+1
::(La>=2) -> La=La-2; Lb=Lb+2
::(La>=1 and Ma>=0) -> La=La-1; Lb=Lb+1

fi

Side=B

b

b

active proctype example()

{ Ma=3;Mb=0;La=3;Lb=0;Side=A;
do

1 (Side==A) -> go()

::(Side==B) -> back()

od

b
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4 4
H VDM B HOL
B B-method B CCS
B Z notation m CSP
B OBJ CafeOBJ B Temporal Logic
mLOTOS
4
H SMV
B SPIN
IEC61508
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VDM (vienna Development Method)

o VDM-SL 1996 ISO/IEC13817-1
o VDM++ ESPRIT
AFRODITE

IBM 1970 PL/I

®http://www.vdmportal.org/twiki/bin/view
®http://en.wikipedia.org/wiki/Vienna_Development_Method
®http://www.vdmtools.jp/

CSK VDM-SL VDM++ VDM Tools
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¢

€ Design by Contract
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VDM-SL ( )

types
IntSet = set of int;
String = seq of char;
CharCode = map char to nat;
pos = real * real;
posR :: x:int

y:int

dom m
rng m

m1 munion m2
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VDM-SL ( )

u ( ) . ( )
functions functions
Quotient(x,y:nat) z:nat*nat fact : nat -> nat
pre y>0 fact(n)==
post let mk_(qg,r)=z in case n :
Xx=qg*y+r and 0->1,
O<=r and r<y others -> n*fact(n-1)
end

[7]p66
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VDM-SL ( )

[ |
state AddressBook of
book:map Name to Address
init s == s = mk_AddressBook({|->})

RACO0090A4

Name

Address

end
[ |

operations

AddAddress(name:Name, address:Address)

ext wr book:map Name to Address

pre name not in set dom book

post book = book~ munion {name |-> address}

Copyright(C) 2008
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VDM (

1)
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3

CSK
VDM
Java/C++ 8 VDM++ 4
1000
1 0
2 0.05
VDM++ 0.67
/
1 38.5 14 36%
9 3.5 39%
2 147.2 60.1 41%
14.3 7 49%

[3]
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FeliCa IC

50

60

30

VDM

2004
2004
2004
2004

2005
2006
2006

1
5
7
10
8
5

6
8

VDM Tools

10

11

C/C++

1900 /1

1.8%

0%

[5]
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B-method

Jean-Raymond Abrial Oxford Z-notation
ETH Zurich
http://en.wikipedia.org/wiki/Jean-Raymond_Abrial

®http://vl.fmnet.info/b/
®http://en.wikipedia.org/wiki/B-Method
®http://www.b-core.com/index.html

B-Core(UK) B-Tool B-Toolkit
http://www.b-core.com/index.html
B4Free
http://www.b4free.com/
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[2]P126
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B-Method

Ada 8 6000 15 8000
2 7800 4 3610
8.1% 3.3%
7.1 4.6

[2]P128
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L
| VAS
L

®|IBM OLTP CICS API
02002 ISO/IEC13568 OSl

) Z++ Object-Z TCOZ

Jean-Raymond Abrial 1980 Oxford

®http://vl.zuser.org/
®http://en.wikipedia.org/wiki/Z_notation
®http://www.zhmicro.com/
®http://www.usingz.com/
®http://www.itee.uq.edu.au/~smith/objectz.html
®http://www.comp.nus.edu.sg/~dongjs/tcoz.html

Community Z Tools
http://czt.sourceforge.net/
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VA VDM

___AddressBook n

| addressBook: Name + - Address

AddAddress

AAddressBook

name?: Name

address?: Address

name? not dom(addressBook)

addressBook' = addressBook {name? |-> address?}
[7]P169

Copyright(C) 2008 35



OBJ

RACO0090A4

http://www.cs.ucsd.edu/users/goguen/

[

[ OBJ2 OBJ3 CafeOBJ BOBJ

e0OBJ Ada LOTOS

[

OBJ 1970 California Joseph
Goguen

®http://vl.fmnet.info/obj/
®http://www.cs.ucsd.edu/users/goguen/sys/obj.html

OBJ3
http://www.cs.ucsd.edu/users/goguen/sys/obj.html
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CafeOBJ

®

®

eOBJ rewriting logic hidden
algebra

2007 10 ZIPC
®http://www.ldl jaist.ac.jp/cafeobj/

http://www.ldl.jaist.ac.jp/cafeobj/system.html
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CafeOBJ

-- flag object

mod* FLAG { *[ Flag ]*

bops (up_) (dn_) (rev_) : Flag -> Flag -- methods
bop up?_ : Flag -> Bool -- attribute
var F : Flag

eq up? up F = true..

eq up? dn F = false .

eq up? rev F = not up? F .

b

-- proof of (rev rev f) =b=f

open FLAG

var B : Bool

eqnotnotB =B.

opf:->Flag.

red (rev rev f) =*=f,

close

http://www.lIdl.jaist.ac.jp/cafeobj/lib/flag.mod
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LOTOS (Language of Temporal Ordering Specifications)

RACO0090A4

® Temporal ordering

LJONY | 1990 ISO/IEC8807

[ CCS CSP ACT ONE
[ OSI

[ E-LOTOS

1SO 1980

®http://www.cs.stir.ac.uk/~kjt/research/well/

ification

®http://en.wikipedia.org/wiki/Language Of Temporal Ordering_Spec

http://www.cs.stir.ac.uk/~Kjt/research/well/
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S MV (Symbolic Model Verifier)

RACO0090A4

®
[ CTL(Computational Tree Logic)
[ BDD Binary Decision Diagram

®Symbolic model checking

oL S|
® NuSMV Cadence SMV
Carnegie Mellon Model checking

®http://www.cs.cmu.edu/~modelcheck/smv.html
®http://www.cs.cmu.edu/~modelcheck/tour.ntm

http://www.cs.cmu.edu/~modelcheck/smv.html
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¢ (safety)
N

¢ liveness)
N

¢
N
N
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Symbolic model checking
4 BDD

¢

4 10 120
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Binary Decision Diagram

3

(notR1 notL1 notR2 notL2)
(R1 notL1 notR2 notL2)
(notR1 notL1 R2 notL2)

notL1 notL2 (notR1 notR2)

[2]P143,144
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SMV

MODULE prc(stateO, statel, turn, turn0)
ASSIGN

init(state0) := noncritical;
next(state0) :=
case ' stateO

(stateO = noncritical) : {trying,noncritical};

(stateO = trying) & ((statel = noncritical) | (statel = trying) |
(statel = ready)): ready;

(stateO = ready): critical,

(stateO = trying) & (statel = trying) & (turn = turn0): critical,

(stateO = critical) : {critical,noncritical};

1. stateO;

esac;

@i@-.

http://www.cs.cmu.edu/~modelcheck/tour.htm
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SPIN

[

o Promela Process Meta Language
[ LTL Linear Temporal Logic

[

®Partial order reduction

0 ACM 2001
o

Gerard J. Holzmann 1980

®http://spinroot.com/spin/whatispin.ntml
®http://en.wikipedia.org/wiki/SPIN_model_checker

http://spinroot.com/spin/whatispin.html
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Partial order reduction
4

¢
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SPIN

RACO0090A4

int digit0=0,digit1=0,digit2=0;
active proctype counter()

do
;1 (digit0==2)-> atomic{
c1I:igitO=O;
|
(digitl==2) ->
c]Icigit1=0;
|
(digit2==2) ->
digit2=0;
else ->
digit2++
fi
:else ->
digitl++
fi }
:else ->
digitO++
od}

3 3
O0HO
atomic{}
2
2
[8]p117
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Temporal Logic
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CTL LTL

1960

http://en.wikipedia.org/wiki/Temporal_logic

Temporal logic

Until Q
*Next
*Finaly
*Globally
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LTL

Q P ] 5 P
XP --+» () @ ___________ .
P P J
G(( ) - F( )
[8]p10

Copyright(C) 2008 50



RACO0090A4

int digit0=0,digit1=0,digit2=0; 3 3
active proctype counter()
do 00HO
;1 (digit0==2)-> atomic{
digit0=0;
(digitl==2) ->
digit1=0;

if
::(digit2==2) -> }
digit2=0;
:else ->
c digit2++ 1
|

::else -> 1
digitl++
fi } S e —
- alse -> notF(digit0O=1 digitl=1 digit2=1)

digitO++

od}
[8]p118
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HOL
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®

[ higher order logic
® LSI

1988 HOLS88 Cambridge

http://www.cl.cam.ac.uk/research/hvg/HOL/history.html

®http://vl.fmnet.info/hol/
®http://www.cl.cam.ac.uk/research/hvg/HOL/
®http://en.wikipedia.org/wiki/Higher-order _logic

HOL4
http://hol.sourceforge.net/
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CCS (Calculus of Communicating Systems)

RACO0090A4

®Pi-calculus

CSP

Robin Milner Edinburgh

1980

®http://en.wikipedia.org/wiki/Calculus_of Communicating_Systems
®http://www.lfcs.inf.ed.ac.uk/reports/86/ECS-LFCS-86-7/index.html
® Communication and Concurrency Robin Milner Prentice-Hall

1989
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CSP Communicating Sequential Processes

[

®1980 INMOS Transputer
occam

C.A. R. ("Tony") Hoare Oxford 1978

®http://vl.fmnet.info/csp/

®http://www.wotug.org/csp.shtml
®http://en.wikipedia.org/wiki/Communicating_Sequential _Processes
®"Communicating Sequential Processes", published by Prentice-Hall,
1985

Formal Systems FDR2
http://www.fsel.com/software.html
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A

B VDM Tools
B SCADE

B SDV

B LTSA

B Garakabu
H UPPAAL

L AR 2R 2
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VDM Tools

o VDM-SL VDM++

IFAD 1980 CSK

®http://www.vdmportal.org/twiki/bin/view
®http://en.wikipedia.org/wiki/Vienna_Development_Method
®http://www.vdmtools.jp/

CSK
http://www.vdmtools.jp/
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VDM++ VDM-SL VDMTools

Rational Rose
VDM-SL VDM++
Java C++ ( )
Java VDM++
CORBA API ( )

http://www.vdmtools.jp/download/vdmtools
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SCADE
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®Safety Critical
o Lustre Esterel

) DO-178B IEC61508
®SCADE Suite SCADE Drive

1980 Lustre SCADE 2001 Esterel
Technologies Esterel
http://www.esterel-technologies.com/

®http://en.wikipedia.org/wiki/SCADE
®http://www.esterel-technologies.com/products/scade-suite/
®http://www.esterel-technologies.com/products/scade-drive/
® SCADE Drive
2007 BP

http://www.cdaj.co.jp/product/070000scade/index.html
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®Primary Flight control system (FCS) of the Airbus A380
®Secondary FCS of the Airbus A340

® Automatic Pilots for Eurocopter: EC-135, EC-145, EC-155, EC-225.
®More than 10 nuclear power plants in Europe

®Eurostar ITCS (Interlocking and Train Control Systems)

®Falcon 7X Flight Control and Braking System

®Pratt & Whitney PW610, PW615F and PW535 engine's FADEC (resp.
In the Eclipse, Cessna Citation Mustang and Citation Encore+)

http://en.wikipedia.org/wiki/SCADE
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SCADE Drive™

SCADE Drive™
) C

C IEC-
61508 SIL3/SIL4 C

http://www.cdaj.co.jp/product/070000scade/000119.html
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SDV ¢ SLAM)

®\\Vindows

oC API

[ SLIC(Specification Language for Interface
Checking of C)

Microsoft Research SLAM

®http://research.microsoft.com/slam/
®http://en.wikipedia.org/wiki/SLAM_project

Windows

Copyright(C) 2008 61



LTSA Labelled Transition System Analyzer)
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®Eclipse
®

FSP(Finite State Processes)

Imperial College

® http://www.doc.ic.ac.uk/ltsa/

®http://www.doc.ic.ac.uk/ltsa/eclipse/
®http://edutool.com/ltsa/

CcQ

http://www.doc.ic.ac.uk/ltsa/

http://www.doc.ic.ac.uk/ltsa/eclipse/
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FSP
P1=(init->S1)
Sl1=(actl->S2 | act3->51)
S2=(act4->S1 | act2->S2

Sl=actl S2+act3 S1
LTS I
init actl
® G @)
act4

8 P195
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Garakabu
)
) ZIPC
)
)
ZIPC
2007
9 2
http://www.zipc.com/index.html
http://www.fleets.jp/index.html
http://www.kyushu-u.ac.jp/top.php
o Garakabu 2006 1 30
2 13
OESEC2006 ET2006
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UPPAAL

GUI

®http://www.it.uu.se/research/docs
®http://www.uppaal.com/
® http://www.it.uu.se/research/group/darts/uppaal/tutorial-jp.pdf

http://www.uppaal.com/
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¢ UML UML2.0

B OCL
H

B VDM++

B JPF

B JML ESC/Java?
B SPEC#

¢ UML
4
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O C I_ (Object Constraint Language)

[ UML

[ UML2.0
OOMG QVT

IBM 1990 UML

®http://www-

306.ibm.com/software/awdtools/library/standards/index.html

®http://en.wikipedia.org/wiki/Object_Constraint_Language

®http://www.csci.csusb.edu/dick/samples/ocl.html

[ UML 4 UML2.0 IT
2003 12

®http://www-306.ibm.com/software/awdtools/library/standards/ocl-
download.html
®http://dresden-ocl.sourceforge.net/
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LSC (Live Sequence Charts)

®

o MSC Message
Sequence Charts

eUML2.0

Oldenburg W.Damm 2001

®http://ses.informatik.uni-oldenburg.de/publications/spp-Incs-
use-charts.pdf
®http://www.info.fundp.ac.be/~ybo/docs/icse02/scesm-ybo.pdf
®http://netail.net/?date=200602
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VDM++

o VDM-SL
ESPRIT AFRODITE

®http://www.vdmportal.org/twiki/bin/view
®http://en.wikipedia.org/wiki/Vienna_Development_Method
®http://www.vdmtools.jp/

CSK VDM-SL VDM++ VDM Tools

http://www.vdmtools.jp/
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J P F Java Path Finder

o
@®Java
®Java

NASA Ames Research Center 1999
®http://javapathfinder.sourceforge.net/

http://javapathfinder.sourceforge.net/
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UML
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UML

Promela

2006 9

NEC

2007 9

SPLC

IBM

http://techon.nikkeibp.co.jp/article/NEWS/20070927/139778/
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4 1990

4
B ESC/Java2
B Spec#
B VARVEL

LFM: Lightweight Formal Methods
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J M I_ (Java Modeling Language)

®Java

o

O Eiffel Design by Contract Java
lowa Gary T. Leavens

®http://www.cs.iastate.edu/~leavens/JML/
®http://secure.ucd.ie/products/opensource/ESCJava2/docs.html
®http://en.wikipedia.org/wiki/JML

http://sourceforge.net/projects/jmlspecs/
ESC/Java2
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JML

public class BankingExample {

public static final int MAX_BALANCE = 1000;

private int balance;

private boolean isLocked = false;

//@ invariant balance >= 0 && balance <= MAX_BALANCE;

//@ assignable balance;

/@ ensures balance == 0;

public BankingExample() { ... }

//@ requires amount > 0;

//@ ensures balance = ¥old(balance) + amount;

//@ assignable balance;

public void credit(int amount) { ... }

//@ requires amount > 0;

//@ ensures balance = ¥old(balance) - amount;

//@ assignable balance

public void debit(int amount) { ... }

/@ ensures isLocked == true;

public void lockAccount() { ... }

//@ signals (BankingException e) isLocked;

public /*@ pure @*/ int getBalance() throws BankingException{ ... }
} http://en.wikipedia.org/wiki/IJML
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ESC/Java? Extended Static Checker for Java

RACO0090A4

@®Java
o JML
Dublin KindSoftware

http://secure.ucd.ie/

®http://secure.ucd.ie/products/opensource/ESCJava2/docs.html

KindSoftware
http://secure.ucd.ie/products/opensource/ESCJava2/
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Spec#

oC#
®JML Design by Contract

Microsoft Research Michael Barnett

®http://research.microsoft.com/specsharp/
®http://en.wikipedia.org/wiki/Spec_sharp

http://research.microsoft.com/specsharp/
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VARVEL
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oC
°
® 4
®

NEC

® http://www.nec.co.jp/techrep/ja/journal/g07/n02/070214.html

o C VARVEL NEC Vol.60
No0.2/2007
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VDM 4
4 UML
4
SMV 4
4
SPIN 4
¢ UML
VDM 4
4 UML
4
SpecTRM | ¢
4
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UML
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Stop-watch
reset

N 1 S-S

2 reset

start-stop

O
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Stoppped reset
) ey

start-stop
start-stop counting reset

y

| —

reset

G((reset = true) - ( = ))
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start-stoy

\od

| —

A

start-stop

y

start-stop

reset

reset
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4
(Formal Methods Virtual Library)

B http://vl.fmnet.info/

\ 4

B http://en.wikipedia.org/wiki/Category:Formal_methods
B http://en.wikipedia.org/wiki/Formal _methods
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€ SCADE CDAJ
W http://www.cdaj.co.|p/
€ VDM Tools CSK

B http://www.csk.com/systems/
W http://www.vdmtools.jp/

\ 4

B http://www.mamezou.com/training/ift.html

\ 4

B hitp://www.esol.co.jp/rcs/index.html

¢ UPPAAL
W http://www.zipc.com/
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B http://unit.aist.go.jp/cvs/

B http://www.nii.ac.jp/

B http://www.modelcheck.|p/
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4 @IT

B http://monoist.atmarkit.co.jp/fembedded/special/fm/fm
01.html

* () ThinkIT
B http://www.thinkit.co.jp/free/article/0711/6/2/

Copyright(C) 2008 87



[1] JIS

[2]

BP
[3]
2004 9

[4]
2006 7 24
[5]

BP
[6]
53 BP
[7]
[8] 4
[9]
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2007
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2007 2 12
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CQ

88



RACO0090A4

4 IEC61508
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