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Abstract

iLTL is a probabilistic temporal logic that can spec-
ify properties of multiple discrete time Markov chains
(DTMCs). In this paper, we describetwo related tools:
MarkovEstimatora tool to estimatea Markov transition
matrix,andiLTLChecker, a tool to modelcheck iLTL prop-
ertiesof DTMCs. Thesetoolswork togetherto verify iLTL
propertiesof DTMCs.

1 iLTLChecker

iLTL [6] is a Linear Temporal Logic (LTL) [5] that can
specifytemporalchangesof expectedrewardsof a Markov
process.Unlike existing probabilistictemporallogicssuch
as Probabilistic ComputationTree Logic (PCTL) [3] and
ContinuousStochasticLogic (CSL) [1] whichbuild a prob-
ability spaceon thepathsof computationandreasonabout
theprobabilityspace,iLTL speci�esdirectly on thetransi-
tionsof ProbabilityMassFunction(pmf).

iLTL capturesthefrequency interpretationof probability
in large scalesystems.Considerthe following simpleex-
ample:supposethatthereis aDiscreteTimeMarkov Chain
(DTMC) of two states,say f a; bg, and two transitionsto
otherstateswith probabilityone.Supposealsothata pred-
icate� is truein a but not in b. Because,this DTMC alter-
natesstatesin everystep,therearenopathwith consecutive
sequencesof a state. However, supposethat thereare100
nodesinitially 50 in a stateand50 in b state. Then,there
are always 50% of the nodesin a stateor in b stateand
2 (P[� ] � 0:5) is truein iLTL.

Model The model of iLTL is a set of DTMCs:S I
i =1 f X ( i ) g, where X ( i ) = (S( i ) ; M ( i ) ), S( i ) =

f s1; : : : ; sn i g is a set of states,and M ( i ) 2 IRn � n is a
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 IRn � 1 suchthat x i (t) = P[X (t) = si ]. State
transitionis governedby thefollowing equation:

x(t + 1) = M � x(t):

The Markov transitionmatrix of a DTMC canbe esti-
matedfrom a periodic sampling. The estimatedMarkov
transitionmatrix M̂ canbeobtainedby minimizingthedis-
crepancy betweenthemeasuredpmf �x(t + 1) andthepre-
dictedpmf x(t + 1jt) = M̂ � �x (t):

minimizeM̂ � m
t =1 j �x(t) � x(t jt � 1) j2

such that � n
i =1 M̂ ij = 1; for j = 1; : : : ; n;

M̂ ij � 0; for i; j = 1; : : : ; n:

Theconstrainedminimizationproblemabovecanbesolved
by QuadraticProgramming(QP).

The �rst graphof Figure1 shows pmf samplesfrom 90
Mica2 [2] nodes.In this experimenteachnodeis recording
amicrophonesample,performingaDiscreteFourier Trans-
form (DFT) on thesampleandsendingtheresultbackto a
basestationat randominterval in order to avoid message
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Figure 2. iLTLChec ker

collision. The secondgraphof Figure1 shows responses
from theestimatedmodel.

Speci�cation iLTL canspecify temporalchangesof ex-
pectedrewards of multiple DTMCs. A reward function
(S ! IR) canberegardedasbene�t or costassociatedwith
states.Letusconsiderthefollowingexamplesof iLTL spec-
i�cation. In this examplewe comparetwo DTMCs A =
(S;M ), B = (S;M 0), whereS = f ready; run; wait g.

� 32 P[A=ready] > P[B=ready] + 0.1: in
the steadystatethe availability, the probability that a
processis in readystate,of DTMC A is at least10%
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=wait]:
once the availability of A becomeslarger than that
of B , the expectedenergy consumptionlevel of A is
alwayslargerthanthatof B .

2 Implementation

TheMarkov chainestimatoris implementedin Java1.4.2
andthegoodnessof �t testmethodusesMatlab functions,
althoughwe aremigratingthetesterto Java. iLTL checker
is implementedmostly in C using LAPACK Fortran li-
brary for Matrix operations. Figure 2 is a snapshotof
iLTLChecker [4].

Figure 2 shows an iLTLChecker description. An
iLTLChecker descriptionhas two blocks: a model block
which describesa list of DTMCs anda speci�cationblock
which describesiLTL 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 transitionma-
trices. In the speci�cation the inequalitya is whetherthe
availability of A is larger than that of B. The �rst com-
mentedspeci�cationdescribeswhetherin the steadystate
a is true. For which the modelchecker returnstrue. The
secondspeci�cationcheckswhetherthewitnessof a(t) be-
ing true for t = 0; : : : ; 3 is a suf�cient condition for a
a to be true always. The model checkingresult is false
with a counterexamplex (A ) (0) = [0:114; 0:886; 0]T and
x (B ) (0) = [0:114; 0:8269; 0:0591]T .

Figure3 showsprobabilitytransitionsof thetwoDTMCs
form theinitial pmfsof thecounterexample.Notethat for
the �rst four stepsthe inequalitya is true. But at the �fth
stepit becomesfalseandfrom thenonit is true,asis proved
by the�rst commentedspeci�cation.If weadda(4) to the
preconditionof thespeci�cationthenthemodelcheckerre-
turnstrue. That is, (a ^ X a ^ X X a ^ X X X a
^ X X X X a) -> [] a is true. Thus,four consecu-
tivewitnessesof a is asuf�cient conditionthattheexpected
availability of A is alwayslargerthanthatof B.
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