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TRIO
• It is a first-order linear-time temporal logic with past and future operators

and a quantitative metric on time.

•Used for specification of large, real-life critical real-time systems

•The language is very expressive but satisfiability is undecidable

•Verification and Validation activities

–Testing and simulation
–Semi-automatic theorem proving techniques
–Decidable approximations of the specification

Our Goal
•Verificationof TRIO specifications using the Smodel checker

•Dealing with a decidable subset of TRIO:

–Natural numbers as time domain
–Quantifiers only range on finite domains
–Equivalent to LTL with past, but more compact and easier to use

The Model Checking Problem: M |= ψ

•Traditionally:

–M is an operational model
–ψ is an LTL formula

•Our approach:

–M is a TRIO specification (one or more axioms)
–ψ is a TRIO formula (one property)
–We check for the satisfiability of¬(M→ ψ)

Trio2Promela
• It takes TRIO formulae with shallow alternation of past and future opera-

tors

• It efficiently handles translation into S’s language, Promela

–Alternation modeled with concurrent processes
–Metric operators translated with counters to reduce code size
–Optimizations are the real content of the toolkit

•For a formulaφ, the generated Promela code islinear in |φ|

TRIO formula

AlwF(push→ Lasts(on, 7))

Alternating automaton

True False

¬on∧ c < 7c = 7

Lasts

on∧ c < 7 /
c = c+ 1

AlwF

push/ c = 0

¬push

Promela code
i f

: : e x L a s t s 1 −>
i f

: : c o n t l a s t s 1 <7 && ! ( on ==1) −> f l a g = 1 ;
: : c o n t l a s t s 1 <7 && ( on==1) −> c o n t l a s t s 1 ++;
: : c o n t l a s t s 1==7 −> e x L a s t s 1 =0;

f i ;
: : ! e x L a s t s 1 −> sk ip ;

f i ;
i f

: : f l a g==1 −> s=0; goto gen ;
: : f l a g !=1 −>

i f
: : ! ( push !=1)−> e x L a s t s 1 =1; c o n t l a s t s 1 = 0 ;
: : ( push !=1)−> sk ip ;

f i ;
f i ;

Experimental Results
Table 1: Satisfiability checking of a temporal logic model and a safety

formula, both translated with Trio2Promela

Memory (MB) States Approx. time (s)
KRC1-safety 8.2 105151 2
KRC2-safety 31.8 361627 8
KRC3-safety 171.0 1371870 46
FP - 2 procs 3.0 13179 1
FP - 3 procs 13.3 304047 2
FP - 4 procs 241.1 6321520 59
FP - 5 procs Exhausted not completed not completed

Table 2: Model Checking of a Promela model against a safety formula
translated with Trio2Promela, compared with the model translated with

LTL2BA

Trio2Promela LTL2BA
(MB) States Approx.

time (s)
(MB) States Approx.

time (s)
KRC1-safety 2.6 298 1 2.6 909 1
KRC2-safety 2.6 674 1 2.6 2233 1
KRC3-safety 2.6 1390 1 2.7 3658 1
FP - 2 procs 2.6 345 1 2.6 326 1
FP - 3 procs 2.7 3355 1 2.6 3240 1
FP - 4 procs 3.5 27977 1 3.3 41694 1
FP - 5 procs 9.7 215886 1 9.8 222940 1

Table 3: Comparison of translation times and sizes

Translation time (s) Size
LTL2BA T2P LTL2BA T2P

Safety-KRC <1 <1 2 9
Mutex-Fischer <1 <1 2 8
AlwF(A→WithinF(B,10)) <1 <1 11 218
AlwF(A→WithinF(B,15)) 222 <1 16 308
AlwF(A→WithinF(B,17)) <3127 <1 18 308
AlwF(A→WithinF(B,20)) infeasible <1 21 398
AlwF(A∧ SomF(B)) <1 <1 1 20
AlwF(A∧ SomF(B) ∧ Lasts(C,5)) <1 <1 5 26
PAX Formula infeasible 7 - 252
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