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of ERodME AdAY BFLE ¥E A18HT e AA AY A2 A Ao ML 9 sequence
diagrang o83t AA G A2Pgg AFE T o] PEE ¥2y LEES A H A

g+ e 2

dee ANsHH.

22 & sequence diagram & Hl2¥ Ao Fol ApEsty] At AFHoz AR s 2w
AA =g9 ZEg AF 5L AL317) Y3M Half-Order Dynamic Temporal Logic(HDIL)olg} &&=
MELE AA =& 5T sequence diagram & HDIL E=el4 oz HMPA 7S 99 < (semantic
function) & A 93Ut ML o)A LERIES 437 YA Tableau WPS WHs LA 7
o] A3 PAHE LETEL ol Ael(anomaly), & sequence diagram o} EHERA] L& AlZA(event) 2
dAE AYse @ EE AHEE ¢ Q. H§2"9 ARE FRAYez AFde AL vt ojPn o
771 2] A& Fdolmg AU BYPL FE5A4 A18d 5 o

1. A&

AA AY e 4 T2y Jdd da golEdAn e 7
<8 AGsn g@gsiA 229 24998 & de 49 Ade
& AFFG. olHF FEF MIL AP AA JY PHEAA
T H2834 22 dF A4S 95 de e oadgel o
ol AM X3 AN2HE9] FA¥(flexible) BV AF AYS o
HA BE7) W ot

ANES BA 2EHA(history dependent) S 3}y W&o 7]
&9 da A3 Al2(procedural system)ojA ALgsa AF 7)
HE AA AP AR H L3517 oJHeh. old AAEY PH= W
33 Al2%(reactive system) 3 20| tracezt BjE Al dA&0
2 34" F vk AAEe] A R Ala"e] HF PYEe] B
A A Alzddl AHRHJEU dE  Eo] FSM(finite state
machine) ol 7}db& & w(1]13 H=2 YU(Petri net)o] 7|9 &
AoH(2] Fol YA s oA o AFEL I HFE oF
T 74AA 39 71 of#g oy 2 g4 Yol A A Ny
A Z AMEEHA Ge olfE st AA AGANN A9 ARHA
¥ Atk

o] =EAMAE 2% Y 718 A A =2(temporal logic)E A
A Bz de ALEHD e A X A" FA Aol
<1 WML 2] sequence diagram ol #§3led 7|8 @F e AL U=
EAEE FIEuA @}, Sequence diagrame AAME 7o) EFF
A e s Fdste BA wHo2 astn AW v Fxg
A g Mzl A Al2da gol ARG Fu W= I
o] F&8% 9ulE JAE R 4 AgHZ Uk 53
OBJECTORY 7]} RUP(Rational Unified Process)[3]3% &2 o7 A
A7 71YEL sequence diagram©)u} 2 MY L X F P4 7oz
ALg3t3 Atk wWetA sequence diagrame AW 7ML HEgs:= o
4oz AAs & 5 .

ANA =Pde 4¢¥ AN2EE VIesin A5sE o JMF 98 AL g
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He 4 F9 sidelt. A2"E Jwdtn e AA =d4e
Tableau P& A3lal 2 EvfEcz WHE £ Q) o] HhYL A
A =d4ol A Ao HEA A HelcAE gdsts oidl LE
ALE o] AtHY A, & traceE WolEolEA |HStE EAZ Wby
o] £oh. 2E0tE9] Ao F£& FAE AL A 22 5 A
= EAZ 873Q s$F o] s

SdE LAAQY GxF FAAD AN YIF Exist( ) whAlo] Half -
Order Temporal Logic[6]oiA #Altel &4 &AAM(freeze quantifier)
g g3, TAHA FHAF ALIY) F Exist(DE @F4L 98
=qE HFE9 ouE Aol dsiA Fdstn ALEEs) GEe 3
3 71¥S aRyoz R ozjfol Uk ol uka) 5 A
Ale A S d49) traced] disiM g A olEs] WEo] A A =ae
AY BEES AMESHA g3 € £ A dEC. o] =EdMe
sequence diagram & T @& AA =2 ZA Half -Order Temporal
Logic® W3 A7 Half-Order Dynamic Temporal Logic(HDIL)& A|<ts}h
a1 A&yt 22X sequence diagram¥ HDILE WA A F& 9
9 gFE HYsa of AAl =g LErIELE EHAJE
Tableaul4] ¥Wgol disiy 43} A8 &30}

H2ge oy dHolgE wEsA £33t 2 24E YA} v
BE 5 FHol ot old o W #AF AYe FAYes
s AL ol Yoln LFI LAY &&Eo] &l o =&l
M A 4 S AT Este AR A Alxde] gAY
HAE 2888 A48 £ A& Zdd4S Agstn o, olgA
ARE 828 H2E aE3ld olfdH FAYL ol HAFL
HAistd 5 gk

o =89 TAL dSH Atk 270l sequence diagran g AE E
o] A9stzn Jof g FPAHA F4E A 3¢l = WILY B
W3 AAnE AolstAdch 4gAA 9] T4 Tableau Wiol tslA
A9stgict. 5FAE slade A4 5+ des =YY st
% 6goME des g FF AT FA g dgssict.
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2. Sequence Diagram

Sequence diagram AT A 2L BA HAsted AdA &
Fo2 98 AMEEHIL Y ML 9 Yot} Sequence diagrame o}
DA AHEo) M2 IFL FTIPEXE FFsn glon] 3] H4
A2 &4 BAE A= Bol ALLE). Sequence diagrame 5
M Fo2 olRoJRct. F 29 F& At 35S XAy T4
9] £& 1 Al &M(event sequence)d] RstE AAS9 AL
yehdtt, 52 F Alole] AL AAS F1 v JAXNE &
A@t. 19 12 sequence diagram® Ta§ o o]},

l P::Philosopher l l FiFork ’

»

request

acknowledge

LT S

[2¥ 1] Philosopher 9} fork Alol9] 4% 2t8& YEMYE sequence

diagram

. sequence diagram& EHIAE Q2FE A AHess] dskd A
HHoz AHostdtt. WAL YA sequence diagran®] B4 2
Bol disiAt A g st 2 st olE sequence
diagram 49 EE WAAE Fr1Ho2 #HAs g}

Definition 1 (Sequence diagram) Sequence diagram S = th&3} 2+
< 84S Ad dHolEol £ WYY uEP efZ(labeled
directed acyclic graph) o]t},

Roles : H¥(role) &9 8 AR
Message : ®lAAE9 48 AF M

Message Labels : M o &&c 2zt vAAE 452 (triple)
(s,r, D2 AFAI= F4 golh. 4714 1L =jxA g ¥
OlES YEhT 5o r& Rl 38l role® E@sY 24
2, FARE gerh Hm) 2 gln) o #HolBg vehidg
s r(m) & 2 BAAY FA4E Yebdod. Role r of
&3te dAAY APe M2 FAFT. =, M, ={nln
eM, stm) =r v r(m) = r}oju}.

Visual Order : A Mol £3He wA]A] Alolofi= BB
Allpartial order) < 7} SAFTE. ol < BAE M,
£ dAA Atold A9y AA &4 BA(local to
order) <, 238 t}&a Zo] F=Hrh

n<m’ &m< m & UFsEro &AL o 4 Y
o A93 AA &4 WA(local total order) <, &
sequence diagram oA WA 7} BEEE &40 we

=A@
o &3t
tal

o —

o}.
Py

t N2 FAE AR Hge vehlE Ald(event) 9 &
T AL, Ftrace 2 UFEUG. A¥IAoZ @ A ecE:
<sender, receiver, label>$] 4% (triple)o2 RHHE}. AANE
o ¢ AYE 0, WAA HolB(label) 29 #F AFL Lolal
< T dolE 1eld BT wAXY dHojBL Ui ()2 &
Al senderel, receiverc0e 1 WAIX 9 RAIRp} FANAE U
Bl se(e), re) 2 EAFT,

2 Yo} B4 AL o T 24 AD ©. 2 FstYc}. wAF
®= sequence diagram ® U HAAE oujstE B4 vAAg
ol® A F sequence diagram o]\t trace & o} 0,8 EEsAM =
dd. &, BE AR pol A (o) = 1x,), s(m) = s(e),
r(m) = r(w)o] JH8tn ZE AlA e o] A s le) = seloe),
relo) = ro(w) 7t A4 Y3k},

olFRH EHY Aust JE&F AS ol Azl eF 4FY 5 Yok

3. Half-order Dynamic Temporal Logic

A]7)M = sequence diagram o Uehil: AlAH9 HYE =yoz
¥ A3H= Half-order Dynamic Temporal Logic(HDTL) R A olatm A1
&z g}, )

HEEe] IS Vel 2 WHLE BE9E =248 94 2%
(proposition symbol) 2t %-& AAAMBoolean connective), AlAl &

443

HAK temporal operator), 58 BHAHfreeze quantifier) 2 EEH
W o 243 ns ogd 2o,

Definition 2 (Syntax of HDTL) HDIL & ¥(term) 3} 4](formula)& t}
S35 Zol AAHo g Fodr}.
Term = = snd(x) | rcv(x) | label(x) | !
Formula ¢ := m = my | false | true | ¢1 — ¢2 | ¢1 A & | &
vl -9 101 @1 0¢1 ol x9
oA71M x Vel 12 Lo £3le Q4o

Definition 3 (Semantics of HDTL) o8 oJ® 3§ traced 3t ¢ : V
- E & AL Ed Uit B3 (enviromment) 2}t & ojuf (g, ¢)
o B2 ok, ¢°] 48T BFoIU>L and only of) HDTL =24} ¢&
THEFT. 7N E gAe G&F go] AARoZ Fedr).

ok, =m, iff e(x,) = el,)
obe, false
ok, true
ok, ¢, = ¢, iff ok, ¢, implies ok, ¢,
ok, ¢, A ¢, iff ok, ¢, A Gk, &
ok ¢ v, iff ok, ¢, v ok, ¢,
ok, -¢ iff obe, &
ok, 0¢ iff|0|>1—-o'l='¢
ok, &9 ifflol >1 >0k ¢
ok 0¢ itf o'k=, ¢ for Vi= 0
ok, O¢ iff otb=, ¢ for3i= 0
ok, x.¢ iff 0 F - o0 @

4. 232 44

4.1 9|7 ¥4 (Semantic Function)

sequence diagramo] EHE HEE HDIL =ejjoz Hsls ou &
T& 22004 FYstdct. B send Hoo] AEE dANA oL
A (overloading) & Er}. ov] 59 AAF o= formula
FolA AA d3AA OF AASE dojAr,

fun sem(R, M, g, <) =
prev == {VrER:r> L]
traces = {<{v,, m,}, ... (Vo M), Vppay, ®)> ¢
for v<m,, m,, ..., m> € seq(M)
such that v; are distinct variables for 1 sis m+1};
return Vt € traces : V < formula(t):

where fun formula(M) =
it M = <(v, m)> then return v.(“node{v, m)~)
else return v.(“node{My)” A ®O formula(M?)”)

and fun node(v, m) =
if prev(s(m)) = L a prev(r(m)) = L then
prev = prev @ [s{m), r{m) > snd(v), rovi{v)]:
return label(v) = “/(m)”
else if prev(s(m)) = L A prev{r(m)) = L then
prev = prev @ [r(m) > rov{v)];
return labei(v) = “{m)” a snd(v) = “prev(s(m))”
else if prev(s(m)) = L A prev(r(m)) = L then
prev = prev @ {s(m) = snd(v)]:
return label{v) = “l{m)” a rev(v) = “prev(r(m))”
else (* prev(s(m)) = L a prev(r(m)) = L *)
return label(v) = “l(m)” A snd(v) = “prev(s(m))”
A reviv) = “ prev(r(m))”

(24 2] o] g+ 39

A@H oz HvstH 9 node = WAAY F& AF ZA(role
constraints) S WH@3IL {4 formulat F A} 2P LY £4
Ao} ZA(ordering constraints) & E@wch 9n P42 & o =
A8l FHBY F4 semo] WES) W HIL =4 o] g e 7
ZE kA2 YdE AL 44 2D £ Aok

¢ = Ovild A @)
| Ov.g
$M 22 2% 19 sequence diagramg olm] @4 semol thg-Al7]

W 29 3% 2 HDIL w=8dg 7d $ ok
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Qv,.(label(v,) = request
A ® {v,.(label{v,) = acknowledge
A snd{vy) = revivy) a reviv,) = snd(v,)
A {vs.(labellv,) = release a sndlvs) = snd(v,)
A rev(v3) = rovivl)
A ® (v,.(label(vd) =  ))))

[293] 2¥12%H 449 HDTL =84

4.2 Tableau Method

HIDL =ElyolA eadg HAste de 71& A4 =d4& LE9)
EoE AP Tableau WP& W3] A} E3HRAT}. Tableau W
9] 7123 Q olojtlol: A& =2 & HA el vAlA) =g
yelx] Aeje) A4 4o o] Agsts Aot g Eof
=24 0 f= A ey v A =24 19 UeiA dEHY A4 =
24 00 {2 vy¥Hod + gt

{ral (f1 A f2)e — {fig, fs}
[I'V] (f\ v fz)E - {fle), (sz}
[r=>] (fl = fz)E - (("-fl)E}, {f}
{r0 ] (@ f)e - {fe, (00 fle}
[rl (Of)e — {fe}, {((O®O1)e}
{rfrz] (x.f)e = {felx:= gpl}

(HelE 1] LErIE 4o AH3sE £3) 73

A9 7AE ¥ 39 AA =84 ARsE ofefst T LEvE
€ T8¢ F It

Labellv ) = request

Label{lv ,) = request

True

labelly ;) = acknowledge.
snd (v,)=rov (v,),

rev {vg)=snd (v.) labelly ,} = acknowledge,

snd {v,)=rev (v).
rev {vz)=snd {vy)

True

labellv ,)=release.
snd (vg)=snd (v,).
rev {vy)=rov (v,)

label{v j)=release,
snd (v,)=snd {v,).
rev (va)=rov (v,)

2% 4] 29 39 =@ Tableau HHL ALt A4 4
RETIE

5. Oracle Generation Framework
XA sequence diagram I} event trace & AFH¥oZ Aslu
sequence diagram©] Yehd HFRE 22T Pl AL 317 9ty
HDTL} oju] @48 A& gct HA4€ HIL =2des R ¥y
Tableau & ALR 3t} LECIES AT & vk WAME LEV
€& Nag U9 AAEo Fa B HAANES AEdA W
222 ALY F ot o] e#g A4 AL 1YeE Yehd
Aol 29 50]th.
Filter gemerator sequence diagramo] X ¥E HARE A2gozn
B Bolll7] Hs) &2 IS @H(probe)e A YsE RE oL},
Event tracer & Al2Hol FHHAAN o AMEo] LAA| 7| o]d
EES 5t LS Ags F& REolth. 2222 Tableau
e Hgsted PH4E LEvIESZ F£IH event trace 7t
sequence diagram®] F g Bac),
oA 4P 282 E e HAY YL FLsA A8 A
+ 1€ 29 Pl FAsA A £RQ say Ao F
F BAE A3 £ Ut
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e (1

Java code

Filter generator

Instrumented
code

lEvent tracer WI—-D“;Oracle "

[2% 5] Overall Framework

6. 48 &£ ¥ d7HA

A AF A2 HFL 7E A3 (¥ A2HoA B F g
4 o8 AL TYNRY. o) EAEL F=2 BAAEY AA oF
A A(history dependent) FHY} A< # A (dynamic configuration)
ot @Rl At $EA= A2L AA =8 WILE ZYsHA of E4)
& ddsax .

LS §2 T[S A188q 53Q Axde] 548§ B¥3iax
#Rct. A48 WL =84S VY€ Tablean HHE A48 &
nlES AAsE de AU WL o 719 F sequence
diagram®] ©jvl& A& At F A€ Tableau TS A 2H9 3
Ao ool YA v ©H AHEE ¢ glon QAHE LEMELS
AAE] Fxu & AR &4 BA dF L_F2A AHEE &
Ak,

ol 477t 3Y ¥A /Yo AA AYF N2gg dASL 2y
gt U EX& S A4 df3 Zo] 38 4 gk AR
A AAET ZHYNE A5 3eis ARl B9 FEL ALY
F k. H2"e gL dolHE wEdA M Bl Basdl
ot old o WY FoA AT AAE FAPor AFFHE A
2 F2Jt glen A5g HAYAND steA o) Ho)

I SO 2 sequence diagran ] P& AR st ol Basitt.
AFNA A9 WEe AdHE FESE "ol oiitk. @A
sequence diagram o] R ¥HA & olWlEe LA, F o FH
(anomaly) %t& A& ¥ 4 Ao}, Sequence diagramd] o)W & ZH3Hgch
W o} P54 oEz 43 = & Aot
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