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A Calculational Deductive System for Linear Temporal Logic
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This article surveys the linear temporal logic (LTL) literature and presents all the LTL theorems from the

survey, plus many new ones, in a calculational deductive system. Calculational deductive systems, devel-

oped by Dijkstra and Scholten and extended by Gries and Schneider, are based on only four inference rules—

Substitution, Leibniz, Equanimity, and Transitivity. Inference rules in the older Hilbert-style systems, notably

modus ponens, appear as theorems in this calculational deductive system. This article extends the calcula-

tional deductive system of Gries and Schneider to LTL, using only the same four inference rules. Although

space limitations preclude giving a proof of every theorem in this article, every theorem has been proved

with calculational logic.
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1 INTRODUCTION

Linear temporal logic (LTL) has application to proof of correctness for concurrent programs. Many
concurrent programs, such as operating systems and embedded systems that control physical
equipment, are nonterminating by design. Consequently, proof techniques that depend on proving
the correctness of postconditions on program termination do not apply. LTL, however, can be used
to prove desirable program traits such as freedom from deadlock.

Most treatments of LTL consist of cursory introductions in one or two chapters of graduate-
level textbooks [2, 20, 21, 24]. While many LTL theorems are common in the different treatments,
each treatment has theorems that are unique to it. This survey is a comprehensive collection of
all the LTL theorems that we have found in the literature, together with many new theorems,
all of which are presented in an axiomatic logic system. It serves as an introduction to LTL and
should be accessible with a prerequisite only of the standard propositional and predicate logic at
the undergraduate level.

The Tooma Undergraduate Research Fellowship Program, Pepperdine University, supported the second author in summer

2009 and academic year 2009–’10.

Authors’ addresses: J. S. Warford, Pepperdine University, Malibu, CA, 90263; email: Stan.Warford@pepperdine.edu; D. Vega,

The Aerospace Corporation, El Segundo, CA, 90245; email: davega8@gmail.com; S. M. Staley, Ford Motor Company Re-

search Labs (retired), Dearborn, MI, 48124; email: smstaley@icloud.com.

This work is licensed under a Creative Commons Attribution-Share Alike International 4.0 License.

© 2020 Copyright held by the owner/author(s).

0360-0300/2020/06-ART53

https://doi.org/10.1145/3387109

ACM Computing Surveys, Vol. 53, No. 3, Article 53. Publication date: June 2020.

https://doi.org/10.1145/3387109
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1145/3387109

