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I Overview I Regular Expressions Containment Problem

We propose a new solution for temporal verification using a
PTOP P J A : a finite set of alphabet

term rewriting system on Conditional Dependent Effects. £ = 1|elalE-E|EVE
 Temporal Effects: extended regular expressions.
« Term Rewriting System (t.r.s): solves regular expressions

iInequalities by iterated checking of their partial derivatives.

ranslation into automata  Term Rewriting System (t.r.s)

* Proof System: soundly deal with mixed inductive and co-

. . — . . .. State Explosi l.e. symbolic decision procedure
inductive definitions by using cyclic proof principle. (State Explosion) 4 P \/

Benefits: B Formal Specifications

1) Provides an expressive temporal specification of all the

possible finite/infinite event sequences of a program. (Effects) @ u= mAes |2V & |3x.Q
(Fvent Sequences) es = 1 |e|a|es;-esy|es;Vesy || |es®|es?
2) Soundly automates the modular local temporal verification. (Pure Formulae) m ::= True | False | A(t1,ts) | m1 Ao | 1 V

| =7 | 1y = o | Vx| dxom
(Integer Terms) t == n| * | x| ti+ty | t1—1t

ITemporal Effects (Residue) ~p =€ ®
(Entailment Context) T == O|T, ¢1 C py (1,05 € P)

x ::€ Var n:cZ (Fvent) a ::€ & (Infinity) w (Kleene Star) %

I Some Entailment Rules

[ENT-LHS-OR] [ENT-LHS-EX]
£ i . TE®, C D~ Al T ®, C P ~o A2 T'F [w/v|® CE ®y ~~
Specifications: L= R _— TR /7] - ™ (fresh w)
F|—<I>1V<I>2:<I>->(7RV’)/R) F'_EIV.(D:Vél'V‘-)’)/R
o’ = (Send* - Done, Send% ) [Martain 20714] [ENT-LHS-SUBSTITUTE]
) - m'=(s=t®&nAs>0) Tk (m A7)ANesi>-esC (myA7)Aesy (tresh s)
¢” = (Send" - Done, Send%) [Yoji 20187 [ F 7y A (65,598 - e8) C 73 A e, resh s
~®,,. = True AReady - _* [ENT-LHS-CASESPLIT]
— - T ((mi At=0)Aes)V ((mi At >0)Aess-es; ' -es)C m Aes,
- P stinN)=(Nn=20 ASend” + Done)Vv (n<0O A Send¥) TF 7y A (es1t - es) C 75 A es,
[ENT-UNFOLD)
o F=fst,, (es;) I'=T, my Nes; C 75 A esy [ENT-DISPROVE]
Hoare-style Forward Verifier: {®,.} e {®,} V£ € F. (I’ - D™ (es;) C D™ (esy) ~ Af) 5ri(€81) A =6 pms(€55)
F'Hmy Aesy E mp Aesy ~ i I'-m Nesy L my A esy
(Dthen = N=0 A Done [ENT—FRAME] [ENT-REOCCUR]
T = T YR=€S1 T = T (my Nesy C Ty Aesy) €T
Peise = h/ZO/\SGHd . (I)IOOS’C(n_-I) T (my ANesy Cma A€) ~ Tr 7y ANesy C 1y A esy
(l)if—else - q)then \4 (I)else
. ' I Example — A Cyclic Proof Tree
Effects Entailment Checking:
// ____________________________________________ N
GOAL: To check @i e E PN [Prove-Reoccur] \

[Prove-Frame] Residue = € $>0ASend* E Send*!

(n=0ADone)V(n>0ASend - Send™! - Done)V (n<0ASend¥) SO Ag Ce s>0ASends = Sends
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[Case Split]

= s=n-1As>=0ASends E Sends

[Substitution]

n>0ASend"™! C Send"! <
[Unfold with Send]

(h>0ASend" « Done) V (n<0A Send%)
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Challenges: T
» Dealing with mixed inductive and co-inductive definitions. E E
. . . . Check out our online demo
» Reqgular expression with branching properties . :
and more information >>>
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