ILTLChecker: A Probabilistic Model Checker for Multiple DTMCs

YoungMinKwon andGul Agha
Departmenbf ComputerScience
Universityof lllinois at Urbana-Champaign
f ykwon4,aghg@cs.uiuc.edu

Abstract

iLTL is a probabilistic tempoal logic that can spec-
ify properties of multiple discrete time Markov chains
(DTMCs). In this paper we describetwo relatedtools:
MarkovEstimatora tool to estimatea Markov transition
matrix,andiLTLChecler, a tool to modelched L TL prop-
ertiesof DTMCs. Thesetools work togetherto verify iLTL
propertiesof DTMCs.

1 IiLTLChecker

iLTL [6] is a Linear Tempoal Logic (LTL) [5] thatcan
specifytemporalchange®f expectedrewardsof a Markov
process.Unlike existing probabilistictemporallogics such
as Probabilistic ComputationTree Logic (PCTL) [3] and
ContinuousStodasticLogic (CSL) [1] which build a prob-
ability spaceon the pathsof computatiorandreasorabout
the probability spacejLTL speci esdirectly on the transi-
tions of Probability MassFunction(pmf).

iLTL captureghefrequengy interpretatiorof probability
in large scalesystems.Considerthe following simple ex-
ample:supposehatthereis a Discrete Time Markov Chain
(DTMC) of two states,sayf a; bg, andtwo transitionsto
otherstateswith probability one. Supposelsothata pred-
icate istruein a but notin b. Becausethis DTMC alter
natesstatesn every step thereareno pathwith consecutie
sequencesf a state. However, supposédhatthereare 100
nodesinitially 50 in a stateand50 in b state. Then,there
are always 50% of the nodesin a stateor in b stateand
2(P[ 1 0O:5)istrueinilLTL.

glodel The model of iLTL is a set of DTMCs:
::lfx(i)g, where XD = (s:Mm @) s =

Markov transitionmatrix that speci es the statetransition
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Figure 1. Pmf samples from 90 Mica2 nodes
and responses from an estimated model.

probabilities. A stateof a DTMC model X is a column
vectorx 2 IR" ! suchthatx;(t) = P[X (t) = s;]. State
transitionis governedby thefollowing equation:

x(t+1) = M x(t):

The Markov transitionmatrix of a DTMC can be esti-
matedfrom a periodic sampling. The estimatedMarkov
transitionmatrix M canbeobtainedby minimizing thedis-
crepany betweenthe measuregpmf x(t + 1) andthe pre-
dictedpmfx(t + 1jt) = M x(t):

minimizey, moix@) o ox@jt 1)j2
such that My =1 forj = L

Theconstrainedninimizationproblemabove canbesolved
by QuadratidProgrammingQP).

The rst graphof Figurel shavs pmf sampledrom 90
Mica2[2] nodes.In this experimenteachnodeis recording
amicrophonesample performinga DiscreteFourier Trans-
form (DFT) on the sampleandsendingthe resultbackto a
basestationat randominterval in orderto avoid message
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Figure 2.iLTLChecker

collision. The secondgraphof Figure 1 shavs responses
from the estimatednodel.

Speci cation ILTL canspecifytemporalchangesof ex-
pectedrewards of multiple DTMCs. A reward function
(S! IR) canberegardedasbene t or costassociatedvith
statesLetusconsidethefollowing examplesof iLTL spec-
i cation. In this examplewe comparetwo DTMCs A =

(S;M),B = (S;M 9, whereS = fready, run; waitg.

32 P[A=ready] > P[B=ready] + 0.1: in
the steadystatethe availability, the probability that a
processs in readystate,of DTMC A is atleast10%
largerthanthatof DTMC B.

P[A=ready] > P[B=ready] ->

2 P[A=ready]+2*P[A=run]+2*P[A=wait]

> P[B=ready]+2*P[B=run]+2*P[B=walit]:

once the availability of A becomedarger than that
of B, the expectedenegy consumptiorievel of A is
alwayslargerthanthatof B.

2 Implementation

TheMarkov chainestimatois implementedn Jasal.4.2
andthegoodnes®f t testmethodusesMatlab functions,
althoughwe aremigratingthetesterto Java. iLTL checler
is implementedmostly in C using LAPACK Fortran li-
brary for Matrix operations. Figure 2 is a snapshotof
iLTLChecler[4].

Figure 2 shavs an iLTLChecler description. An
iLTLChecler descriptionhastwo blocks: a model block
which describes list of DTMCs anda speci cationblock
which describesLTL speci cations. Note that the model
block of Figure 2 de nes two DTMCs A and B with the
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Figure 3. A counter example

sameset of statesbut different probability transition ma-
trices. In the speci cationthe inequalitya is whetherthe
availability of A is larger than that of B. The rst com-
mentedspeci cation describesvhetherin the steadystate
a is true. For which the modelchecler returnstrue. The
secondspeci cationcheckswhetherthewitnessof a(t) be-

a to be true always. The model checkingresultis false
with a counterexamplex () (0) = [0:114; 0:886,0]" and
x(B)(0) = [0:114;0:8269 0:0597".

Figure3 shavsprobabilitytransitionsof thetwo DTMCs
form theinitial pmfs of the counterexample. Note that for
the rst four stepsthe inequalitya is true. But at the fth
stepit becomegalseandfrom thenonit is true,asis proved
by the rst commentedpeci cation.If weadda(4) tothe
preconditiorof thespeci cationthenthemodelcheclerre-
turnstrue. Thatis,(a » X a » X Xa *» X X X a
N X X X Xa) -> [ aistrue. Thus,four consecu-
tivewitnesse®f a is asufcient conditionthattheexpected
availability of A is alwayslargerthanthatof B.
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