MR :mIE (temporal logic)

R IE (modal logic) D—7&

inea D BEIEEDRECh » ic &b Z el
LTL #RACERRIE
CTL UxRYHFHHERIE

707 2 L®DlivenessPsafety propertiesZ z

kg B D[ {EF]

£ 7/L1&E (Model Checking)lc B
NERHH B



LTL
(linear-time temporal logic)

Syntax
p € Atoms [R50 (propositional atoms)

Tlilipl (=)l (@Ad)l (v P)l(d> D)

| (X §) neXt

| (F ¢) some Future state

| (G }) Globally (all future states)
| (¢ U D) Until

| (d W ) Weak until

| (d R ¢) Release



Semantics (ELF)

Transition System
transition system (model) M=(S, —, L)
S : IRFE (state) DEH

— : S-S : BEER (transition relation)

L:S — P(Atoms)
: I NJLEAE (labelling function)

Atoms: JRIAFRIE (atomic formulas) DES
=+&7%I (computation path)
s1, s2, ... fc 12 UsieS, si— si+1
nM=s1-s2—..DKDICKT
mi: siHY5 1A K D ndDEE F (suffix)
Bl: M3=s3—-s4—...



7l

SO

S2

SO?S2?S2 Sy PSS ...
SO?SIT?S2?Sy Sy s ...
SO?SI S0 ?S2?S2PSy ...
SO?S|?So?S| Sy *sx ...



Semantics (ELF)

M=(S, —, L), m=s1—s2—...
. & B B3R (satisfaction relation) %z E %

nl= T
ml£ L
nl= p iff peL(s1)

nl= -¢ iff r[/lt ()
nl= ¢1Ap2 iff tl=¢1 and =2

nl= ¢1vep2 iffrtl=plor mil= 2
nl= ¢1>¢2 iff it l= ¢2 whenevermil=  P1



4 Aa A A

Tt

= Xo¢
= Go
= Fo
= Uy

= oWy

(W= (pUY)vGp )

= ¢oRy

( PRY= YW(pVvY))

iff

or
Tk

= ¢

= ¢ for every i=1

= ¢ for some i=1

= ¢ for some i=1 and

¢ for every j such that 1sj<i
|= ¢ for some i=1 and

¢ for every j
such that 1sgj<i

¢ for every k=1

|I= ¢ for some i=1 and
 for every j such that 1gj=i

p for every k=1



ERANRERKIR/NY —
G-(startedn-ready)
started Tl&d D Hready TIF7EWE WD Z & 1&

& DT
G(requested>F acknowledged)
requestBHNITVNIT NIXTIET %

G F enabled
enabledRJREEHAVEEPROI#E & B

RERR) B IEE

BREIULMK DI fRWET B,

R Cenabled I DIRREZ smE B <.

Sm+1 CHF enabled ' EIZ D D Th>m7k s, THenabledNEIID, FIE



F G deadlock
W Nideadlockic D, FNHSKERICE D IZD

G F enabled > G F running
fER[Mlenabled’s: 5 (SRR [E]SE{TAIEE

G(floor2ndirectionupaBottonPressed5>

(directionup U floor5))
TLAR=FM2REICVNT, EASEICHR>TWNT,

SBETTEDRY YD SN 5 E,
SFEICEIET X TLERMEDXETTHS.



M=(S, =, L), seSD & =
MskE ¢ & sThEzMoLTHE TN o

FADOX IR EMAEES ViR & E (&
BiCs I: PERT



EDscXFLTH
si= F(~qAr)>FGr

S2



il

ZIE}—J
NTEZSNEEFIIMEEZ D,
(@)-E)(BRPETB)HLT)R)ELEX

S| S?2

%mm

) (b) pUg (c) pUX(pA—q)
d) Xﬂq A G(=pv—q)
) X(pAQ) A F(=pA-q)

Af\/—\

e

(1) ssh 5B F Doz /T EHETZ —\ P, q
Kb &K,
(2) M,sal=pDEDIEEFZ K.

S3 S4

A model of M



i

FEMEZRLTLERE

TE &
—DOODLTLSRER e, phY, ETOEFIIMEMAEDETOHEI NI LT
ni=¢ iff =y
DEZE, oEYPIEMRMICHEE FFEICREE LW,

=y
LY

PO D LHBEBEXAXDEDHERTH D, o=YDEE, XFDOZELTYICEZTBZAHDIEIxE
FEET®H B.



BB DA

Fop
G-¢
X0
~pR-Y
—oU-y
FovFy
GoAGY

TU®

1Ro



T
[

AN M7
Al

RIF/MREE DA

01T 7 A7 2 AR DOHEEHEER(mutual exclusion)fElEZZE 2.5
Safety property : f&f&tE1 (critical section)ic 77 AL TWSDIEEICERX17OEX

(mutual exclusion)
Liveness property: fEfRMEEIC(F IV ERATZ VIV I A M 2HBIRWIT NI ERATES

(Starvation-free/deadlock-free)
No strict sequencing: 7O AW ERBEIBICKEIC TV TR T DB

Non-blocking: 7O R WD THBRBEKIC T I LRI DIV IITADNHES



non-critical

trying to enter
critical section

critical section

X2



Safety : G=(c1AC2)
Liveness: G(t1oFc1)
No strict sequencing:
=G (c1o c1iW(—cia 7c1We2))
T B NIEZEN DK AITHE S DY,
C1 CIRL B> TeeEC B X TH U IFR I 570
Z & F7R L

OIONOION RO

strict seq. Cld&

IS

Non-Blocking: TniDIRRED S BT RICHICTRDHDHYH B
CHIFLTLTIEFRT T E AV KR LY
( "HHFEINFELT) DL OIBRKBIEFRERZRW)



|

cith

n: non-critical state
t: trying to enter critical state
c: critical state



o Safety : G—(ciAC2)
x Liveness: G(t1oFcq)

o No strict sequencing:
=G(c1> ciW(-c1A ~C1We2))
ciiCENIFZ N DK A ICHE < DY,

Ci CIHRLK oIzt 2 X TH O ciFfe Z 5737 L)



SO

112

S6

S5
S7

59
) e

52



S3,S9C, EE5O7OEAN
LIV ANLULIEDZEEIET S

o Safety
o Liveness
o No strict sequencing



%13

JO0—Fv—hICLD

BeSEy

Main

Main-




Sé6

SO

S8

S7

S2

S|

AY

SI0

S

S|l

>

S3



o Safety
o Liveness
(A Starvation-free: GF c1

HEF7T DMainhMF LT BRIAED R L)

x No strict sequencing



{514 Dekker’s Solution (logical version)

Lo

'

(LRVMR)/\
AT?
= (LRVMR)? L
CS;
T+ false
T
\ 4
Maim

SL

Lr

(LLVML)/\
T
~(LLvML)? L
CS»o
TLetrue
-T?
Y
Maing

Sk




o Safety
o Liveness (Mainh¥Z 1k LT HOK)

o No strict sequencing



