Programming Assignment 2
AAAD28, Spring 2025

Hakjoo Oh

Problem 1 Z3& o]&djA] T2 13 & HS7](Automatic Program Verifier)& F*ds|HA}l. H
g A7) (Bounded Model Checking)o]ef Ee]2& T2 73] A= 7|85 o] gsle] gA] T2 789
(Concurrent Programming)ojA] AF& HJA(Mutual Fxclusion)?} ZEF5] o] RolR|=x] of HE A=
5= o] Zo|ck

dE &0, ofef T2 1S Yz H ]

Thread A Thread B

A0. Maybe go to Al. B0. Maybe go to B1.

Al. Ifl go to Al, else to A2. B1. Ifl go to Bi, else to B2.
A2. Setl+ 1, go to A3. B2. Setl <+ 1, go to B3.

A8. Critical, go to A4. B3. Critical, go to B4.

Ay4. Setl <+ 0, go to A0. Bj. Set 1<+ 0, go to BO.

9] 2 79 AHE ASh B o] £olAf i, 2} A= cFAIA)] Ael(State) 2 74 o] It
AEE A9 ofA AEfE A0, Al, A2, A3, A4, A8|E Be] A& B0, Bl, B2, B3, B{&Z HA|o}
et 2 Yo HYRS HEY Qled, ZRIHH AT = At FHEL ofef o 7}A]
£72 Ao

e “Maybe go to s”: A s2 o] 58 5= Y= Foleh. T, olFa}A] hw FA Hejo] w2
glojx =t

o “Ifv go to s1, else to so”: BF H5(shared variable) vo] O] trueo]H s 0 & o]-Fd}1,
falseo]H sq 2 o]l vi= GBS H==(boolean variable)o]r}.

o “Setv < b, go to s: B H5 09 ZF2 b2 HZ 5[ e s2 o] Fstt].

o “Critical, go to s”: YA 7+ (Critical section)S Tt AE] s2 o]&goltf.
Z7] &FH] (A0, BO)oJA] AJRFsto] T AE|EF g0 A FH o K 7 =2 o RE AS ol
o] FHolr}. & A Er) QA Lo Jejek 7 Q= F-FTF SR 21 Ihdet AlvpE] e B
e (Counterezample) 2 4 otet. 2] L2277 E”J 7“" o HiA7} Z2ls] o] Fol XA o= @ F7F
QI 32 7300] e wfel ] 2 Zo] 97 WA ALFEL (error truce)E EEoF T

(0,0) = (0,1) = (1,1) — (1,2) = (2,2) — (3,2) — (3,3)
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-—threadl--
0 maybe 1
1if 01 2

2 set 013
3 critical 4
4 set 000
-—thread2--
0 maybe 1
1if 01 2

2 set 013
3 critical 4
4 set 000

7HE A &9 3= AFol 2 Ko ©A] o]k 919] -2 30%A] o]o1e] Z 2 77l A5y
o)A 7 WA} ol Lol Ex] AETHERE Eolc}. ols) Zo] HEE Lz IH JY BAS
Aetol= g2 78 A= 7]H-S Aorte 2 A7) (Bounded Model C’heckmg)olﬂf #EE . =
WA L2F(5)= 7 2 E7F 7R = }Eﬂ—"q’ 7]7’4—0]':} F 2 o s Ye o] %’LEHE
THE T 7 eteE Al BIA] 23 (1)E & Hao] JHgolok. 9 A o] FF- 4 B
sk AFg 5l Qlc) FHE R “Maybe go to A17& maybe 102 L,LE]-LH‘”Ef 29 —/,5',:
0, 1, 22} Zro] Af= ”*7_“4 olo] A2 ARG £ Q= Fe = 1) ””O]UE o2
UEPHTE FEE if 0 1 2= 347 Y < 0—77 5&“’7 trueo]’ﬁ ‘JEH 12 OIEOF—E ofL{ ¥ 22 o]
&olef= Zoltf. H|=X5}A] set 0 1 31_ i He 09 ghE 1(true) 2 B o1 JH] 302
o] gofet= Zolt). eritical 4= YA 795 Kokl HH 42 o]Fdofel= Folr)

E
99] 9Jeg Worl e} Zo] LFE AEdhD WS Aok e
(0, 0, False)
(0, 1, False)
(1, 1, False)
(1, 2, False)
(2, 2, False)
(3, 2, True)
(3, 3, True)

F 2 ES] YH HE] 3 Hro gs g S8R
. o Z2 IS Bpopa).

Thread A Thread B
A0. Maybe go to Al. B0. Maybe go to B1.
Al. Ifb go to Al, else to A2. B1. If a go to Bl, else to B2.
A2. Seta <+ 1, go to AS. B2. Set b+ 1, go to BS.
AS8. Critical, go to A4. B3. Critical, go to Bj.
A4. Set a + 0, go to A0. Bj4. Set b <+ 0, go to BO.
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--threadl--
0 maybe 1
1if 112
2set 013



3 critical 4
4 set 000
-—thread2--
0 maybe 1
1if 012

2 set 113
3 critical 4
4 set 100

HS 7= oFef2F Zo] 7F& Zropd 4 QlofoF 2tk

(0, 0, False, False)

(1, 0, False, False)

(1, 1, False, False)

(2, 1, False, False)

(2, 2, False, False)

(3, 2, True, False)
3

(3, 3, True, True)

. 9] Z2 T HA DA 13} 25 A2 HFfro] HAF

Thread A Thread B

A0. Maybe go to Al. B0. Maybe go to B1.

Al. Seta <+ 1, go to A2. B1. Set b+ 1, go to B2.

A2. If b go to A2, else to AS. B2. If a go to B2, else to BS.
AS8. Critical, go to A4. B3. Critical, go to B4.

A4. Set a + 0, go to A0. Bj. Set b <+ 0, go to BO.
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-—threadl--
0 maybe 1

1 set 012
2if 123

3 critical 4
4 set 000
-—thread2--
0 maybe 1

1 set112
2if 023

3 critical 4
4 set 100

HZ718 AYAZIE TS} Zo] Azl Fallo} k-
Mutual exclusion is proved.
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Thread A Thread B
A0. Maybe go to Al. B0. Maybe go to B1.
Al. Seta <+ 1, go to A2. B1. Set b+ 1, go to B2.

A2. Ifl go to A3, else to Ab. B2. If | go to B5, else to BS.
AS8. If b go to A3, else to A4. B3. If a go to B3, else to Bj.

A4. Setl+ 0, goto A2. Bj. Setl <+ 1, go to B2.
Ab. Critical, go to A6. B5. Critical, go to B6.
A6. Set a + 0, go to A0. B6. Set b <+ 0, go to BO.
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-—threadl--

0 maybe 1

1 set 012

2 if 2 35

3if 1 3 4

4 set 2 0 2

5 critical 6

6 set 0 00

-—thread2--

0 maybe 1

1 set112

2 if 25 3

3if 0 3 4

4 set 212

5 critical 6

6 set 100

%718 AYslEl the 3} Zol wAE BAT 4 glolof e,

(0, 0, False, False, False)

(0, 1, False, False, False)

(0, 2, False, True, False)

(1, 2, False, True, False)

(1, 3, False, True, False)

(1, 4, False, True, False)

(2, 4, True, True, False)

(5, 4, True, True, False)

(5, 2, True, True, True)

(5, 5, True, True, True)

. ofeilE A4S A A WA A (deadlock)LF 7] oF Al (starvation) R o] SHFE A ) dol=
ey a]Z9] ojojct(G. L. Peterson, 1981).

Thread A Thread B

A0. Maybe go to Al. B0. Maybe go to B1.
Al. Set a1, go to A2. B1. Set b <+ 1, go to B2.
A2. Setl+ 0, goto A3. B2. Setl <+ 1, go to B3.

AS8. If b go to A4, else to A5. B3. If a go to B4, else to BS.
A4. Ifl go to A5, else to AS. Bj4. If l go to B3, else to B5.
Ab. Critical, go to A6. B5. Critical, go to B6.

A6. Set a + 0, go to A0. B6. Set b+ 0, go to BO.



-—threadl--

0 maybe 1

1 set 012

2 set 20 3
3if 14 5

4 if 25 3

5 critical 6
6 set 000

-—thread2--
0 maybe 1

1 set 112
2 set 213
3if 045

4 if 2 3 5

5 critical 6
6 set 1 00

4571 HoF gt

m{ru
Qle

HYAI7E HF
Mutual exclusion is proved.

SAT Encoding 3] Hlg L2 725 Az HRF.

Thread A Thread B

A0. Maybe go to Al. B0. Maybe go to B1.

Al. Ifl go to A1, else to A2. B1. If1 go to B1, else to B2.

A2. Setl<+ 1, go to A3. B2. Setl <+ 1, go to B3.

A8. Critical, go to A4. B3. Critical, go to B4.

A4. Set 1+ 0, go to AQ. Bj. Set 1<+ 0, go to BO.
vEfole T2 A gAE rojef g of, r Hop 2R ZF BA 10 < t <r) Bft} o590 F&
Mg A

AOt, Alt, A2t, A3t,A4t, BOt7 BltBQt,B?)t, B4t; lt

& 501, A0 7F trueo] H THA| tof Al 2= AZF | 09 55 St 1 7F trueo] H &7 H2]
ghol Gl tol Al 19 Zeeteh. 7 BA] o] 4 FoloF ettt

(mA0; V ALy, (RA0: V 1 A2y), ..., (RA3: V 1 A4,)
(=B0; V = B1;), (=B0; V = B2;),...,(~B3; V 7 B4;)
Bl Q5 QoA TA to A APE= Ae|EF eI SR Q7F trueo] H AZF AP =,
Q; 7} falseo]H B7} A k= E“—O] t.
Z2 o] 2] A oheT) Zo] EHH.
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Fojdl m2 o] A oJnjs g go] HHT 4 YTH0 <t <r):

t —\AOt V A0t+1
—\A].t \Y A]-t—i-l

@ ) _'@t _\AOt V A0t+1 V A1t+1)
Qv )
@ _|A2t \Y A2t+1)
Qv )
a; v )

_'@t _\A].t \Y _|lt \ A1t+1)
_'@t _\A].t V lt \Y A2t+1)
@, V2 A2,V A3y1y)
—Q; VA2 Vi)

( @t V _‘BOt V BOt_H \ Blt—i—l)
(

(

E

(_\@t _‘A3t V A4t+1)

(

(

(

(-@

@t \Y _|B].t \ _\lt vV Blt+1)
@t \Y _|B].t \ lt V B2t+1)

Q; vV -B2; V B?)t+1)
QpV=B2 V1)

@t V _\B3t V B4t+1)

@; V—-B4;V B0;11)

@t V _|B4t V _\lt+1)

Q; VIV B2V B4V -liyq)
@t vV _\lt \Y th Vv B4t V lt+1)

(

(

(

( V A3 V A3t+1

(Q; VvV —A4: vV Adp iy
(_‘@t _‘Bot vV B0t+1
(_‘@t _‘Blt \Y B1t+1
(
(
(

)

) (=@, V ~Ady V A0 )
ﬁ@t _‘BQt V B2t+1)

)

)

—Q; VA4 V ligq)
“@t V lt V A2t V A4t "lt+1)
Q@ Vol VA2, V A4y V ligq)

"@t ﬁ.B?)t V B3t+1
_|@t V ﬂBélt \Y B4t+1

Py

MpA B0 2 FEHoF SHe 20 FIFT). AdIE A9 BAF SAl] 9A] Felel g 5 Gl
oRE HEIL AolDE t}5 275 Hih

A3, A\ B3,
o]o} ZFo] ABAI 5} k=] & 7o] UNSATo] ¥ T2 7o) © 77} ‘”E%% Zeolot(r ©HA] HjojA]). SATo]H
Q27 EAsicl= LEoln f(satisfying assignment) 2HE] 9 2 F2E /gl/gzg = oIt



