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Preface

FORTE (Formal Techniques for Networked and Distributed Systems) 2005 was spon-
sored by Working Group 6.1, Technical Committee 6 (TC6) of the International Feder-
ation for Information Processing (IFIP). The conference series started in 1981 under the
name PSTV (Protocol Specification, Testing, and Verification). In 1988, a second series
under the name FORTE was started. Both series merged to FORTE/PSTV in 1996. The
conference name was changed to FORTE in 2001. During its 24-year history, many
important contributions have been reported in the conference series. The last five meet-
ings of FORTE were held in Pisa (Italy), Cheju Island (Korea), Houston (USA), Berlin
(Germany), and Madrid (Spain).

The 25th FORTE was held from Sunday to Wednesday, October 2-5, 2005 on the
beautiful campus of the National Taiwan University (NTU), Taipei, Taiwan, ROC. The
scope covered formal description techniques (MSC, UML, Use cases, ...),
semantic foundations, model-checking, SAT-based techniques, process algebrae, ab-
stractions, protocol testing, protocol verification, network synthesis, security system
analysis, network robustness, embedded systems, communication protocols, and sev-
eral promising new techniques. In total, we received 88 submissions and accepted 33
regular papers and 6 short papers. All submissions received three reviews. The final
program also included 3 keynote speeches, respectively by Prof. Amir Pnueli, Dr. Con-
stance Heitmeyer, and Prof. Teruo Higashino, and 3 tutorials, respectively by Prof.
Rance Cleaveland, Dr. Constance Heitmeyer, and Prof. Teruo Higashino. The proceed-
ings also include the text of the keynote speeches. In addition, there were social events,
including a reception, a banquet, and an excursion.

FORTE 2005 was co-located with ATVA (Automated Technology for Verification
and Analysis) 2005 with a two-day overlap. Prof. Amir Pnueli was the joint keynote
speaker. The participants of FORTE 2005 and ATVA 2005 also enjoyed a joint ban-
quet/reception and a joint excursion.

FORTE 2005 was organized under the auspices of IFIP TC 6 by the Department
of Electrical Engineering, NTU. It was generously supported by the National Science
Council, Taiwan, ROC; the Ministry of Education, Taiwan, ROC; the Institute of In-
formation Science, Academia Sinica, Taiwan, ROC; the Center for Information and
Electronic Technologies, NTU; the Graduate Institute of Communication Engineering,
NTU; and the Computer and Information Networking Center, NTU.

We would like to thank the Steering Committee members of FORTE for all their
suggestions, guidance, and assistance. We also owe a lot to all the Program Commit-
tee members and reviewers for their effort in compiling rigorous reviews. Prof. Manuel
Nunez deserves special thanks for unselfishly passing on his experience as organizer of
FORTE 2004. We would also like to thank Prof. Jin-Fu Chang, Prof. Chuan Yi Tang,
Prof. Wanjiun Liao, Prof. Sy-Yen Kuo, Prof. Ming-Syan Chen, Dr. Churn-Jung Liau,
and Dr. Ching-Tarng Hsieh for their assistance. Finally special thanks go to Ms. Lih-
Chung Lin, Ms. Tz-Hua Chen, Mr. Rong-Shiung Wu, and Mr. Zawa Chu for their ener-
getic and careful planning in the local arrangements and webpage management.

October 2005 Farn Wang
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Abstract. Predicate abstraction has become one of the most successful method-
ologies for proving safety properties of programs. Recently, several abstrac-
tion methodologies have been proposed for proving liveness properties. This
paper studies “ranking abstraction” where a program is augmented by a non-
constraining progress monitor, and further abstracted by predicate-abstraction,
to allow for automatic verification of progress properties. Unlike most liveness
methodologies, the augmentation does not require a complete ranking function
that is expected to decrease with each step. Rather, the inputs are component
rankings from which a complete ranking function may be formed.

The premise of the paper is an analogy between the methods of ranking ab-
straction and predicate abstraction, one ingredient of which is refinement: When
predicate abstraction fails, one can refine it. When ranking abstraction fails, one
must determine whether the predicate abstraction, or the ranking abstraction, need
be refined. The paper presents strategies for determining which case is at hand.

The other part of the analogy is that of automatically deriving deductive proof
constructs: Predicate abstraction is often used to derive program invariants for
proving safety properties as a boolean combination of the given predicates. De-
ductive proof of progress properties requires well-founded ranking functions in-
stead of invariants. We show how to obtain concrete global ranking functions
from abstract programs.

We demonstrate the various methods on examples with nested loops, including
a bubble sort algorithm on linked lists.

1 Introduction

Predicate abstraction has become one of the most successful methodologies for proving
safety properties of programs. However, with no extension it cannot be used to verify
general liveness properties. In this paper, we present a framework, based on predicate
abstraction and ranking abstraction, for verification of both safety and progress prop-
erties. Ranking abstraction, introduced in [7], is based on an augmentation of the con-
crete program. The augmentation is parameterized by a set of well founded ranking

* This research was supported in part by NSF grant CCR-0205571, ONR grant N00014-99-1-
0131, and Israel Science Foundation grant 106/02-1.
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functions. Based on these, new compassion (strong fairness) requirements as well as
transitions are generated, all of which are synchronously composed with the program
in a non-constraining manner. Unlike most methodologies, the ranking functions are
not expected to decrease with each transition of the program. Rather, a further step of
state abstraction is performed such that, coupled with the new compassion, it serves to
construct a complete ranking function.

The basic premise presented in this paper is that there is a duality between the
activities that lead to verification of safety properties via predicate abstraction, and those
that lead to verification of progress properties via ranking abstraction. This duality is
expressed through the following components:

e The initial abstraction. Heuristics are applied to choose either an initial set of pred-
icates, or a set of core well founded ranking functions.

® Refinement. A too-coarse initial abstraction leads to spurious abstract counterex-
amples. Depending on the character of the counterexample, either a predicate, or a
ranking, refinement is performed.

e Generation of deductive proof constructs. Predicate abstraction is often used as an
automatic method to generate an inductive invariant as a boolean combination of
the given predicates. Dually, ranking abstraction can be used to generate a global
concrete ranking function that decreases with every step of the program, as a lexi-
cographical combination of the core ranking functions.

We demonstrate the use of ranking refinement in order to prove termination of a canoni-
cal program with nested loops and unbounded random assignments, as well as a bubble
sort algorithm on unbounded linked lists. Both examples entail the use of additional
heuristics in order to synthesize core ranking functions.

The framework, as well as all experiments, have been implemented using the TLV
interactive model-checker [1]. The contribution of the paper is as follows: At the infor-
mal, philosophical level, it strives to convince the reader that the duality between invari-
ance and progress, present in deductive frameworks, extends to how one approaches
automatic verification of each kind of property. More concretely, it suggests a for-
mal framework, based on two specific abstraction methods for proving both safety and
progress properties. This includes heuristics for choosing separate refinement method-
ologies based on the form of counterexamples, and a method for automatically deriving
a global well founded program ranking function.

The paper is organized as follows: Section 2 describes the computational model of
Jair discrete systems as well as predicate and ranking abstractions. Furthermore, it mo-
tivates the use of ranking abstraction by demonstrating its value, compared to a typical
deductive method. Section 3 formalizes the different notions of abstraction refinement.
Section 4 presents a method for extracting a global ranking function from an abstract
program. Finally, Section 5 summarizes and concludes.

Related Work

Dams, Gerth, and Grumberg [6] point out the duality between verification of safety
and progress of programs. Like us, they aim to lift this duality to provide tools for
proving progress properties, whose functionality is analogous to similar tools used for
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safety. Specifically, they propose a heuristic for discovering ranking functions from a
program’s text. In contrast, we concentrate on an analogy with predicate abstraction,
a particular method for safety. Our approach is broader, however, in that we suggest a
general framework for safety and progress properties where each of the activities in a
verification process has an instantiation with respect to each of the dualities.

In [10] Podelski and Rybalchenko present a method for synthesis of linear ranking
functions. The method is complete for unnested loops, and is embedded successfully in
a broader framework for proving liveness properties [9].

The topic of refinement of state abstraction, specifically predicate abstraction, has
been widely studied. A number of existing works in this area are [5,3], and [4].

2 The Formal Framework

In this section we present our computational model, as well as the methods of predicate
abstraction and ranking abstraction.

2.1 Fair Discrete Systems

As our computational model, we take a fair discrete system (FDS) S = (V,0,p,7,C )s
where

e V — A set of system variables. A state of S provides a type-consistent interpreta-
tion of the variables V. For a state s and a system variable v € V, we denote by
s[v] the value assigned to v by the state s. Let X' denote the set of all states over V.

e © — The initial condition: An assertion (state formula) characterizing the initial
states.

e p(V, V') — The transition relation: An assertion, relating the values V' of the vari-
ables in state s € X to the values V’ in an S-successor state s’ € X.

e J — A set of justice (weak fairness) requirements (assertions); A computation
must include infinitely many states satisfying each of the justice requirements.

o C — A set of compassion (strong fairness) requirements: Each compassion require-
ment is a pair (p, q) of state assertions; A computation should include either only
finitely many p-states, or infinitely many g-states.

For an assertion 1, we say that s € X is a y-state if s |= 9.
A computation of an FDS S is an infinite sequence of states o : 5o, 51, 2, ..., satis-
fying the requirements:

e [nitiality — sp is initial, i.e., o = ©.

e Consecution — For each ¢ = 0,1, ..., the state sp4; is an S-successor of s,. That
is, (s¢, se41) = p(V, V') where, for each v € V, we interpret v as s¢[v] and v’ as
se+1(v].

o Justice — for every J € J, o contains infinitely many occurrences of .J-states.

e Compassion —for every (p, q) € C, either o contains only finitely many occurrences
of p-states, or o contains infinitely many occurrences of g-states.
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2.2 Predicate Abstraction

The material here is a summary of [7] and [2]. We fix an FDS S = (V, 6,p,7,C)
whose set of states is X. A predicate abstraction is a mapping a: X — {0, 1} for
some positive n. The set of tuples {0, 1}™ is referred to as the set of abstract states.
We focus on abstractions that can be represented by a set of equations of the form
{ui = P,(V) |i=1,...,n}, where the P,’s are assertions over the concrete variables
V, to which we refer as predicates, and U = {w1,...,un} is the set of boolean abstract
variables. The mapping « can also be expressed more succinctly by:

U="P(V)
For an assertion p(V'), we define its abstraction by:
a(p): V(U =P(V) A p(V))

The semantics of a(p) is [|a(p)|| = {a(s) | s € [|p||}. Note that ||a(p)|| is, in general,
an over-approximation — an abstract state is in ||a(p)|| iff there exists some concrete
p-state that is abstracted into it. An assertion p(V, V') over both primed and unprimed
variables is abstracted by:

alp): IV.VL{U=PV) AU =PV') A p(V,V"))

The assertion p is said to be precise with respect to the abstraction o if Ilpll =
a”!(|lea(p)|). i.e., if two concrete states are abstracted into the same abstract state, they
are either both p-states, or they are both —p-states. For a temporal formula 9 in positive
normal form (where negation is applied only to state assertions), ¥ is the formula
obtained by replacing every maximal state sub-formula p in 3 by a(p). The formula
1 is said to be precise with respect to o if each of its maximal state sub-formulas are
precise with respect to a.

In all cases discussed in this paper, the formulae are precise with respect to the
relevant abstractions. Hence, we can restrict to the over-approximation semantics.

The abstraction of .S by « is the system

8% = (U,a(8),a(p), | (), U (a),alq)))
JeJ (p,q)€C
The soundness of predicate abstraction is derived from [7]:

Theorem 1. For a system S, abstraction o, and a positive normal Sform temporal for-
mula :

S =y~ = SkEy
Thus, if an abstract system satisfies an abstract property, then the concrete system sat-
isfies the concrete property.

2.3 Ranking Abstraction

State abstraction often does not suffice to verify progress properties. We consider rank-
ing abstraction, a method of augmenting the concrete program in a non-constraining



