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Topic: Asynchronous composition of LTL properties
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linterface Transition System and composition

M=M; R Ms

M=I Vo VE 7 7. F) o V=V uVy)\ Shared(Mi, M)
o VO = (VO UVY)\ Shared(Mi, Mz)

o VH =
o V! (input vars) VH UV U Shared(My, Ma) U {st1, st2)
o V9 (output vars) o T=T, AT,
o VI (internal vars) o T = (=st1 — Ti)A
e 7 (init) (—sty — T2)A
e 7T (transitions) (st1 — /\ervfaule(vo’ = v°))A
e F (fairness) (sta — /\UDGVQOUvaI (v =v°))

o F = {p1A-sti]pr € F1}U
{2 A —sta|pa € Fo} U {—sty, —sta}
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Local to global traces

@ Traces are embedded in global traces
@ States of the local trace are labelled with —st

@ We assume to work with local infinite traces/run of local component

(GF=st)
-, P
/ﬂ
Tlocal :
T global -
—Vw —st e, —\w st o, 1/) st —~w —st —\1/) st o, 1[; —st
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LTL rewriting

We defined a rewriting for LTL + past + FO

Property " Theorem 1"

Tlocal E © € Tgiobal = R ()

w<C X< 12

it assumes to be on a state where —st holds

R(a):=a

R(—¢p) == —R(y)

R(p V) :=R(p) VR()

R(Xep) := X(=stR(st V R(p)))
R(Uy) := (st VR(p))U(mst AR(¥))
R(Yp) :=Y(stS(—st A R(p)))
73(9051/1) (st VR(¢))S(mst AR(Y))
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LTL rewriting

We defined a rewriting for LTL + past + FO

Property " Theorem 1"

Tlocal ): © < Tglobal ): R*((p)

R it assumes to be on a state where —st holds
a: R(a):=a
7 Rg) = Reo)
Vi R(p V1) :=R(p) VR()
X: R(Xyp) := X(=stR(st VR(p)))
U: R(pUv) := (st V R(p))U(—st AR(Y))
Y: R(Yp) :=Y(stS(—st AR(¥)))
S: 73(9051/}) (st VR(¢))S(mst AR(¥))
R* "maps” 0 to the first transition with —st

R*(p) = —stR(st VR(p)) 52



Example neXt

R example: X
Propjo. = X¢ Propgior = R(Xg) = X—stR(st V ¢)

-, Y

@y p, st mp, mY, st s p, st @, st @, Y, st S, ), st

Toiobal - /“
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Example Until

R example: U
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Example Until

R example: U
Propioc = pUy Propgior = R(pUv) = (st V p)U(—st A )
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Tlocal .
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Properties with input and outputs

@ Properties are over input and output variables

@ output variables do not change when st holds
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Optimization

Properties with input and outputs

@ Properties are over input and output variables

@ output variables do not change when st holds

" Stutter tolerance” of ¢:

R(p), st R(p),st  R(p), st —R(p),st R(p), st
EENOROROR OO
R(p) ﬁR(“P)

Applying stutter tolerance

@ Stutter tolerant formulae are found syntactically (e.g. U, 0yqr)

o If sub-formula is "syntactically” stutter tolerant, then it is not
necessary to apply rewriting to the current op:
@ Re(()lvarUOQvar) = 01447 U02y4r
° RG(X(olmrUOZUm,)) = X(0144-U0244,)

@ Stutter tolerance also used for R*




Verification of composition

Apply rewriting

* %
VP({(pz}) = /\( R (QOZ) A wcond )
; ~——
GF—\sti/\(sti—>/\vevzo (v="))

9/28



Verification of composition

Apply rewriting

* %
VP({(pz}) = /\( R (QOZ) A wcond )
; ~——
GF—\sti/\(sti—>/\vevzo (v="))

{ei}

9/28



Verification of composition

Apply rewriting

* %
VP({(pz}) = /\( R (QOZ) A wcond )
; ~——
GF—\sti/\(sti—>/\vevzo (v="))

async composition

{pi} vp({pi})

9/28



Verification of composition

Apply rewriting

* %
VP({(pz}) = /\( R (QOZ) A wcond )
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async composition
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| async composition ' @ Rewriting approach:
{%} fyp({%}) @ Rewrite local property with

R*
@ Construct the global
automata
LTL2TS
4
M
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Alternative approach

| async composition ' e Rewriting approach:

{ei} ve({eid) @ Rewrite local property with
R*

@ Construct the global
automata

*LTL2TS LTL2TS
o Alternative approach:

@ Transform ¢ in an equivalent
v N | TS

{My,} 25yne compestion M @ Compose asynchronously
M, with other TS

Approaches are equivalent
* Requires some modifications to handle input variables
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Implementation and evaluation

Implemented inside contract-based tool OCRA
Theoretical work validated on random formula checking their trace

Experimental evaluation carried out over diverse type of models

Compared with simpler rewriting that supports only sync events
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Conclusion and future works

Contribution summary:
@ Definition and demonstration R* rewriting to compose local
properties
e Optimization of R* for properties with input/output variables
o Alternative compositional approach based on LT L2SMV

@ Implementation inside contract-based tool OCRA
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Conclusion and future works

Contribution summary:
@ Definition and demonstration R* rewriting to compose local
properties
e Optimization of R* for properties with input/output variables

o Alternative compositional approach based on LT L2SMV

@ Implementation inside contract-based tool OCRA
e Extend this work for timed (with both local time and global time
semantics)

@ Drop assumption on local infinite traces (executions)

@ Scheduling constraints synthesis

12/28



Questions?

13/28



a):=a
oV P) = R(g) V R(Y)
¢) == "R(p)
Xi5) = X(~stR(st v R(1))
Ue) := (st V R(p))U(=st AR())
) = Y(stS(=st A R(p)))

2

©Stp) = (st VR(p))S(—st AR(¢))
func(ir, ..., ) = func(R(¢1), ..., R(¢n))
pred(1, ..., n)) == pred(R(¢1), ..., R(¥n))
ite(¥,¥1,92)) == ite(R(¥), R(¢1)R(¢2))
() == Y FQ-st

pFQy) = R()) FQ(R(¢1) A —st)
YPQyy) = R($)PQ(R(¢1) A —st)

© ©6 ©6 ©6 ©6 6 ©6 ©6 ©6 © © © ©
Jd XA ﬁ A A ﬁ N A E N A
3
S

(
(
(=
(
(
(Y
(
(
(
(
(
(
(
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o RIs)="T(s)ifseV
o RY(p V1) =R (p) VRI(Y)
o RI(=yp) =R (y)

o RY(X) = X(R%(y)) if 4 is synt. st.tol.
| X(—stR(st vV RY(¢))) otherwise
R (©)URY(y) if ¢ is synt. st.tol.
° RUeUY) = {(st VRI(p)U(—st AR (1)) otherwise

o RI(Yvp) = Y(stS(—st AR ()))
R (p)SRY () if 1 is synt. st.tol

° RIeSY) = (st VR (¢))S(~st ARY(1)) otherwise
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Details: RY contd.

° ,Re(func(d}ly ceey %)) = func(R9(¢1), [ R0(¢n))
° Re(pred(¢1, L3) ¢n)) = pred(Re(dJl)v a3 Re(wn))
o RY(ite(y, v1,12)) = ite(RY(¥), R?(¢1), R? (v2))
0 | next(RO(y)) if ¢ is synt. st.tol.
® Ri(neat(y)) = {Re(w)@Fﬁst otherwise
RO(p)QFR (41) if 1 is synt. st. tol.
RO(Y)QF (—st AR (1)) otherwise

o RI(WYPQy,) = RY(4p) PQ(~st A RY (1))

o RY(YQFyy) = {
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Details: Lemmas and theorem

For all 7, for all 757 € Pr—Y(x),for all i :

m,i | o & 17, mapysr (i) = R(p)

For all mr, for all 757 € Pr—1(x) :

™T.0 | R*(p) & 77, map,sr(0) = R(p)

For all mr, for all 757 € Pr=1(x) :

™o e T =R ()
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linterface Transition System and composition

M=M; R Ms

M=I Vo VE 7 7. F) o V=V uVy)\ Shared(Mi, M)
o VO = (VO UVY)\ Shared(Mi, Mz)

o VH =
o V! (input vars) VH UV U Shared(My, Ms) U sty st
o V9 (output vars) o T=T, AT,
o VI (internal vars) o T = (=st1 — Ti)A
e 7 (init) (—sty — T2)A
e 7T (transitions) (st1 — /\ervfaule(vo’ = v°))A
e F (fairness) (sta — /\UDGVQOUvaI (v =v°))

o F = {p1A-sti]pr € F1}U
{2 A —sta|pa € Fo} U {—sty, —sta}
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Rewriting example

M with cg input and ¢; output

My with ¢ input and ¢y output

p1:=c1=0ANG((cr <caNy=c1+1)V(c1 > =c1))
pr:=co=pAG((ch=co—1U(ca=0NC= ))
ijtl(%)

—stMIR(stV (¢ = 0 A G(stMV (¢ < ep A e FQ-stM1 =
cl+1Ver > e Ao Fa-stM = ¢))))

RMZ(SOQ) : ~

—stM2 R(stM2 v ey = p A G(stf\/‘2 V ((stM2 v g FQ-stM2 =
co — DU (=stM2 A ey = 0 A caFQ-stM2 = ¢1))))

wcond(Mla M2) =
G(—stM1 V ey = ¢)) A GF=stMi A G(=stM2 Ve = ¢)) A GF—st™M2
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Optimized rewriting example

@ M with co input and ¢; output

@ Mo with ¢; input and ¢, output

o p1:=c1=0NG((aa<caNd=c+1)V(ca>caANd =c))

@ o :=co=pAG((ch=co—1DU(ca=0A),=rc1))

° Raj\/ll(wl):cl =0AG(stM V(¢ <cpNdp=cl+1Ve >
62 h ek = 1))

° Rej\/b(gpg) tea=pAG((stM2 Vv cy=co — DU (=stM2 Ay =
0Ny, =c1))
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Types:

@ response
@ precedence chain
@ Universal
Component wiring:
@ sequential
@ parallel |
(Nested X |

@ n local components

@ m nested X

@ Global property entailed by local properties
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Plots (1

response_event_seg-ic3 experimental evaluation univ_seq_ic3 experimental evaluation
r ofd rewr r fti2intTs
0] ® 10* §
1t2IntTS e optimized rewriting
@ optimized rewriting ® Rt rewriting
,] @ Rerewrting — timeout
10° 4 — timeout 10% 4
g 2 <
g 8107
P ©
E £
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100 g
107!
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#n components #n components
prec_chain-ic3 experimental evaluation response_bool_seg-ic3 experimental evaluation
F 1H2IntTS F 1H2IntTS
10* 10 §
e optimized rewriting ® optimized rewriting
@ R rewriting ® Rirewriting
— timeout — timeout
10% 103 4
H g
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04
10° 10°

22/28

2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20



Plots (2)

nested_x_only2X-ic3 experimental evaluation

o
10°1 o optimized rewriting
I2intTS.
10°
5 102
u
E
10t
100
nested_x_all_ic3 experimental evaluation 10
1 2 3 4 5 6 7 8 9
® optimized rewr instance
1044 tti2intTs
nested_x_only2_procs-ic3 experimental evaluation
. Hi2intTs
1034 " 10°1 o optimized rewr
— 100
o
@
£ 1074
E / i
- g
10! § =
10%
100 4 10°
. 12 3 4 5 7 8 9 10 1 12 13 14
107t - instance

12345678 91011121314151617 181920
instance .
(b) Results with respectively fixed

(a) Overall incremental results X and fixed components 2328



Related work

Related work comparison
Work Logic finite traces I/O vars | next semantics
1 TLA+ Yes /O global
2 LTL 4 weak X Yes | local
3 LTL No O + events local
4 LHA with LTL No O + events local
R* | LTL+FO+QF No /O local

© L. Lamport. The operators of tla. 06 1997

@ C. Eisner, D. Fisman, J. Havlicek, A. Mclsaac, and D. V.
Campenhout. The Definition of a Temporal Clock Operator. In
ICALP, volume 2719 of Lecture Notes in Computer Science, pages
857-870. Springer, 2003.

@ N. Benes, L. Brim, I. Cernd, J. Sochor, P. Varekovd, and B. Buhnova.
Partial order reduction for state/event Itl. In IFM, 2009.

@ Cimatti, A., Griggio, A., Mover, S., Tonetta, S. (2015). HYCOMP:
An SMT-Based Model Checker for Hybrid Systems.
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Init AO(T (v,0")) A Fair

yCcy

/\vEf}v/:v

{

e next over output symbols is equivalent (symbols of V)
@ next over input symbols # next over "local” trace

@ TLA+ has implicit stuttering while we specify st

25/28



LTL clocked operator

Semantics

w S p & Vi< |w|s.t. w7 is a clock tick of ¢,p € w’
w = p! < 35 < |w| s.t. w7 is a clock tick of ¢ and p € w?
wECAf S wkEef
wES fiNfaewES fiand w EC fo
wEXlIfeTd<k<
lw| s.t. w7 is a clock tick of ¢ and w/*!* is a clock tick of ¢ and
wk.. ):c f
o w = fUg < 3k < |uw| s.t.w? |= ¢ and wh =¢ g and Vj <
kst w =cw € f
o w° fQc < wED f

26/28



LTL clocked operator (2)

Rewriting form

e T¢(p!) :=—-cU(cAp)
fVg):=T(f)vTg)

X!f) :===cU(c A XI(=cU(c ATE(f))
Ug) := (meV T(f)U(cAT(g))
Qey) = T (f)
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LTL clocked operators differences

@ propositional LTL with weak strong X LTL + past + first order + at
next

@ Clocked handles finite executions

@ Clocked uses stutter sequence for each proposition
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