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= Signal Temporal Logic 22 ZZ ¢+ (2AH: O|X|o} & R2Y)
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» PLC (Programmable Logic Controller) ST 22 (ZAH: O|FN & ZA7])
= AADL 210{ 7|dt 24FA[AR HEH (EAH: O|M=)
= Trusted execution environment (TEE) API 22 (EAH: R2Y & AS5)
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» Rewriting logic: =2 H31218 7HXl HA| 0|2 ChFst ZEIR 21012] 2|0] He| 7ts
actors, process calculi, Petri nets, -

C, Java, JavaScript, Scheme, Python, -

Verilog, ABEL, AADL, Ptolemy II, Orc, -
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HHZ X2l : Rewriting Logic 7|4 &3 HA|

= Rewriting logic: =& =512
SAY 2Y:
T2 U 10
CIx}ol 2104:

=2 71X EA| Q102 Chrst BRI o1012| 9|0 He| 7ts
actors, process calculi, Petri nets, -

C, Java, JavaScript, Scheme, Python, -
Verilog, ABEL, AADL, Ptolemy II, Orc
s A|AE] AE: CHAA X2 X

= recursive data types and functions
= |ists, sets, multi-sets, -

A ARO| e Ha}
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n := 100;

i := 0;

s := 0;

while i <= n do
s = s + i
i =1+ 1

Expression ::=

|
|
|
|
|
Program ::=

Integer

Expression + Expression
Expression « Expression
Expression == Expression
Expression | = Expression
(Expression)

skip

Program ; Program
Variable = Expression

if (Expression) { Program }

while (Expression) { Program }

10



Thread;

Thread,

Thread,

Shared
Memory

X1<7I‘1
X1<7I‘1

Xo < I

Xp 4 In

11



Shared

Thread; Thread, Thready Memory
X1 f1

]
X1 < I

e X2 — ’2

Xp < In

» X XA2Px20 23

{[1, Codel] | [2, Codeg] | s | [k, Codek], [Xl, il] [Xg, i2] s [X,,, i, n]}
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A|AE] AEfQ| Pattern Matching

- A2 A

{[1, c1 =1 ; while (c2==1) { ... }; ...] | [2, if (turn ==1) { ... } ; ...],
[c1,0] [c2,0] [turn,1] }

12



A|AB! AEH2| Pattern Matching

- A2 A

{[1, c1 =1 ; while (c2==1) { ... }; ...] | [2, if (turn ==1) { ... } ; ...],
[c1,0] [c2,0] [turn,1] }

= IS

{[1,V = E; P]| THREADS , MEM }

12



A|AB! AEH2| Pattern Matching

- AAE MEf

{[1, c1 =1 ; while (c2==1) { ... }; ...] | [2, if (turn ==1) { ... } ; ...],
[c1,0] [c2,0] [turn,1] }

n
El
L

HEd

{[1,V = E; P]| THREADS , MEM }

[

El
=
rm

]
=
0t

I—1 Vi cl E— 1 P — while (2 ==1) ..
THREADS — [2, if (turn ==1)c2=0; ... ; ..]
MEM s [c1,0] [c2,0] [turn,1]

12



210{2| Operational Semantics

([, skip ; P| | THREADS, MEM}
— {[I, P| | THREADS, MEM}

13



210{2| Operational Semantics

([, skip ; P| | THREADS, MEM}
— {[I, P| | THREADS, MEM}

{[I,(V=E); P| | THREADS, MEM}
— {[I.(V= E) ; P| | THREADS, update( MEM, [V, eval(E)])}

13



210{2| Operational Semantics

{[I, skip ; P| | THREADS, MEM}
— {[I, P| | THREADS, MEM}

{[I,(V=E); P| | THREADS, MEM}
— {[I.(V= E) ; P| | THREADS, update( MEM, [V, eval(E)])}

{[Lif (T) {P} ; P] | THREADS, MEM}
— {[I, (eval(T)? P : skip) ; P'| | THREADS, MEM}

13



210{2| Operational Semantics

{[I, skip ; P| | THREADS, MEM}
— {[I, P| | THREADS, MEM}

{[I,(V=E); P| | THREADS, MEM}
— {[I.(V= E) ; P| | THREADS, update( MEM, [V, eval(E)])}

{[Lif (T) {P} ; P] | THREADS, MEM}
— {[I, (eval(T)? P : skip) ; P'| | THREADS, MEM}

{[1,while (T) {P} ; P| | THREADS, MEM}
— {[I, (eval(T) ? (P ;while (T) {P}) : skip) ; P'| | THREADS, MEM}

13



Rewriting 7|8t D4F /HLEX M3 G|

» A|AHRN MEH: algebraic data structure with “holes”

- TSR Q2 HES 2K HAR F

14
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A AE AMEL: algebraic data structure with “holes”
» PRISIEIX| 2 BES =2X HaE B

LS T o

= Logical term t(xy,...,x,): 758t 2E “pattern” t2| instance E&
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A AE AMEL: algebraic data structure with “holes”
» PRISIEIX| 2 BES =2X HaE B

LS T o

= Logical term t(xy,...,x,): 758t 2E “pattern” t2| instance E&

n A|AERIO| ME 4G} rewrite rule t — ¢

» 5 ¢ 2 HF 0 LIEILIX| gi2 WS 88

el
2
ne
10
lo
02
0
FEl
ol
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A AE AMEL: algebraic data structure with “holes”
U2 HE2 =2|F HLEE B

U ;i‘”il‘Ele LS T o
= Logical term t(xq,...,x,): 7

n A|AERIO| ME 4G} rewrite rule t — ¢

» RF ¢ 2 EF tof LIEHLIX| 42 HEE 885101 ¢ H =
= t(xq, Xn) = U (X1s s Xns Y1y o s Vi)

tsst 2 E “pattern” t2| instance E&

14



{ [1, UNKNOWN ; while (c2 ==1) { ... } ; ...]
[c1,0] [c2,0] [turn,1] MEM }

[2, if (turn ==1) { ... } ; ...] | PROCS,

= =2

i)l

H-E 018510 AX|St=|X| P2 =2 23

15



[c1,0] [c2,0] [turn,1] MEM }

{ [1, UNKNOWN ; while (c2 ==1) { ... }; ...1 | [2, if (turn == 1) { ... } ; ...] | PROCS,

= =2

i)l

H-E 018510 AX|St=|X| P2 =2 23
= AR HEH s}

{[I, UNKNOWN ; P| | THREADS, [X, VAL] MEM}
— {[I, P| | THREADS, [X, VAL'] MEM}

= RF0| MZ2 =2[X HaE 0[&510] Yol2| 2

02t

2
9l

]
rok

15



Narrowing ¥ Bounded Narrowing

= Narrowing: #H7t Q= logical term 72| symbolic execution & 2|
« 20 H|otet M 20| CHSE symbolic model checking 7Hs

ron
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Narrowing ¥ Bounded Narrowing

= Narrowing: #H7t Q= logical term 72| symbolic execution & 2|

« 20 H|otet M 20| CHSE symbolic model checking 7Hs

» Narrowing2 YO = undecidable

= Ofl: £ patternOilM F&t5tA| B2 “&0[s W7t 7tset 4

=

o
LS .

16



Narrowing ¥ Bounded Narrowing

= Narrowing: B

= {0l Af R

= Narrowing2

77} A= logical term ZF2| symbolic execution &2
HH 20| CHSt symbolic model checking 7Hs

Z undecidable
= Ol: EH patternOf|A 2&I5HA|

LS

= H|2t7|=: bounded narrowing

Z0{Z! term /pattern size bound CHH|
= Maude =70 prototype 2

ot 12|= 1

aro uAF



Ongoing and Future Work

= SN T2 EEIQY P2 F MAZE0| Gl= patternOf CiEH 222 11
« SMT = 82

H|t=|= patternOl| TSt bounded constrained narrowing 7|& ¢+

17



Ongoing and Future Work

= SR Z2EEIY A2 2 MAEO0| i= pattern0f| CHEF 22t 12

= SMT = S22 HM|2E|&= patternOl| CiSt bounded constrained narrowing 7|& ¢+

= Hletel 7|22 288 HTA ZEAT AR
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Thank you!
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