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Loop-type sequent calculi were first considered in [P. Wolper, Log. Anal., Nouv. Sér. 28, 119–136 (1985;
Zbl 0585.03008)]. observing that some global constraints (loops) must be detected on branches to identify a
tree as a proof. This approach uses loops not only for closing failed proof trees as in standard cases but also
for playing the role of axioms. The loop-type sequent calculi for BDI (Beliefs, Desires, Intentions) logic
based onCTL were presened in [N. Naoyuki et al., Electron. Notes Theor. Comput. Sci. 70, No. 5, 140–152
(2002; Zbl 1270.68286)]. Loop-type sequent calculi for temporal, mutual belief and dynamic logics were
considered in [A. Pliuškevičienė, Liet. Mat. Rink. 41, 413–420 (2001; Zbl 1043.03516); R. Pliuškevičius,
Lect. Notes Comput. Sci. 711, 640–649 (1993; Zbl 0925.03107); Lect. Notes Comput. Sci. 713, 289–300
(1993; Zbl 0793.03014); J. Math. Sci., New York 87, No. 1, 1 (1995; Zbl 0928.03021); translation from
Zap. Nauchn. Semin. POMI 220, 123–144 (1995); Lect. Notes Comput. Sci. 2083, 107–120 (2001; Zbl
0988.03018); R. Pliuškevičius and A. Pliuškevičienė, Lect. Notes Comput. Sci. 3900, 112–128 (2006; Zbl
1235.03050); Lect. Notes Comput. Sci. 735, 299–311 (1993); J. Autom. Reason. 13, 391–407 (1994)].
The principal objective in this paper is to give a loop-type sequent calculus GLT for propositional linear
temporal logic (PLTL) with temporal operators next ⃝ and henceforth always □, denoted by PLTLn,a,
which is shown to be sound and complete. The sequent calculus GLTU for PLTLn,u obtained from
PLTLn,a by adding the temporal operator until is also considered.
Construction of sound and complete cut-free sequent calculi for PLTL is utmost problematic, which has
to do with the induction principle

(ϕ ∧ □ (ϕ ⊃ ⃝ϕ)) ⊃ □ϕ

Some considerations on cut-free sequent calculi for PLTL in the literature go as follows:
• Infinitary sequent calculi with the ω-type induction rule

Γ → ∆, ϕ Γ → ∆, ⃝ϕ ... Γ → ∆,

n︷ ︸︸ ︷
⃝...⃝ϕ ...

Γ → ∆,□ϕ
(→ □ω)

were considered in [G. Sundholm, Theoria 43, 47–51 (1977; Zbl 0364.02011); Bull. Sect. Logic, Pol.
Acad. Sci. 6, 70–73 (1977; Zbl 0403.03011)].

• Calculi with an invariant-like rule

Γ → ∆, I I → ⃝I I → ϕ
Γ → ∆,□ϕ

(→ □I)

were considered in [B. Paech, Lect. Notes Comput. Sci. 385, 240–253 (1989; Zbl 0712.03015)].
M. Baaz et al., Theor. Comput. Sci. 160, No. 1–2, 241–270 (1996; Zbl 0872.68171) gave a cut-free calculus LB even for the first-order temporal logic with the weak induction principle

(ϕ ∧ ⃝□ϕ) ⊃ □ϕ

in place of the above full one.
Reviewer: Hirokazu Nishimura (Tsukuba)

MSC:
03F03 Proof theory, general (including proof-theoretic semantics)
03B44 Temporal logic

Keywords:
temporal logic; sequent calculus; derivation loops

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 1

https://zbmath.org/
https://zbmath.org/authors/?q=ai:alonderis.romas
https://zbmath.org/authors/?q=ai:pliuskevicius.regimantas
https://zbmath.org/authors/?q=ai:pliuskeviciene.aida
https://zbmath.org/authors/?q=ai:giedra.haroldas
https://zbmath.org/07311961
https://zbmath.org/07311961
https://zbmath.org/journals/?q=se:00001150
https://zbmath.org/?q=in:00458893
https://zbmath.org/?q=an:0585.03008
https://zbmath.org/?q=an:1270.68286
https://zbmath.org/?q=an:1043.03516
https://zbmath.org/?q=an:0925.03107
https://zbmath.org/?q=an:0793.03014
https://zbmath.org/?q=an:0928.03021
https://zbmath.org/?q=an:0988.03018
https://zbmath.org/?q=an:0988.03018
https://zbmath.org/?q=an:1235.03050
https://zbmath.org/?q=an:1235.03050
https://zbmath.org/?q=an:0364.02011
https://zbmath.org/?q=an:0403.03011
https://zbmath.org/?q=an:0712.03015
https://zbmath.org/?q=an:0872.68171
https://zbmath.org/authors/?q=ai%3Anishimura.hirokazu
https://zbmath.org/classification/?q=cc:03F03
https://zbmath.org/classification/?q=cc:03B44
https://zbmath.org/?q=ut:temporal+logic
https://zbmath.org/?q=ut:sequent+calculus
https://zbmath.org/?q=ut:derivation+loops
https://www.fiz-karlsruhe.de/
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/


Software:
TTM

Full Text: DOI

References:
[1] Afshari, B., Leigh, G.E.: Cut-free completeness for modal mu-calculus. In: 32nd Annual ACM/IEEE Symposium on Logic in

Computer Science (LICS). Reykjavik, Iceland, 1-12 (2017)
[2] Alonderis, R., Giedra, H.: A proof-search system for the logic of likelihood. Log. J. IGPL (2019). 10.1093/jigpal/jzz022
[3] Baaz, M.; Leitsch, A.; Zach, R., Completeness of a first-order temporal logic with time gaps, Theor. Comput. Sci., 160, 241-270

(1996) · Zbl 0872.68171
[4] Brünnler, K., Steiner, D.: Finitization for propositional linear time logic (Unpublished, available on the Web) (2006)
[5] Brünnler, K.; Lange, M., Cut-free sequent systems for temporal logic, J. Log. Algebraic Program., 76, 2, 216-225 (2008) · Zbl

1151.03009
[6] Cranen, S., Groote, J., Reniers, M.: A linear translation from LTL to the first-order modal \(\mu \)-calculus. Technical

Report 10-09, Computer Science Reports (2010) · Zbl 1216.68188
[7] Dax C., Hofmann M., Lange M.: A proof system for the linear time \(\mu \)-calculus. In: Arun-Kumar, S., Garg, N. (eds)

FSTTCS 2006 (2006) · Zbl 1163.03308
[8] Demri, S.; Goranko, V.; Lange, M., Temporal Logics in Computer Science: Finite-State Systems (2016), Cambridge: Cambridge

University Press, Cambridge · Zbl 1380.68003
[9] Fisher, M.; Dixon, C.; Peim, M., Clausal temporal resolution, ACM Trans. Comput. Log., 2, 1, 12-56 (2001) · Zbl 1365.03017
[10] Gaintzarain, J.; Hermo, M.; Lucio, P.; Navarro, M.; Orejas, F., A cut-free and invariant-free sequent calculus for PLTL, Lect.

Notes Comput. Sci., 4646, 481-495 (2007) · Zbl 1179.03056
[11] Huth, M.; Ryan, M., Logic in Computer Science: Modelling and Reasoning About Systems (2012), Cambridge: Cambridge

University Press, Cambridge
[12] Kokkinis, I., Studer, T.: Cyclic proofs for linear temporal logic. In: Concepts of Proof in Mathematics, Philosophy, and

Computer Science, pp. 171-192 (2016) · Zbl 1433.03052
[13] Nide, N., Takata, S.: Deduction systems for BDI logic using sequent calculus. In: Proceedings of AAMAS-02, pp. 928-935

(2002)
[14] Nishimura, H., Sequential methods in propositional dynamic logic, Acta Inform., 12, 377-400 (1979) · Zbl 0401.03005
[15] Paech, B., Gentzen-systems for propositional temporal logics, Lect. Notes Comput. Sci., 385, 240-253 (1988)
[16] Pliuškevičienė, A., Decision procedure for a fragment of dynamic logic, Lith. Math. J. Spec. Issue, 41, 413-420 (2001) · Zbl

1043.03516
[17] Pliuškevičius, R., On saturated calculi for linear temporal logic, Lect. Notes Comput. Sci., 711, 640-649 (1993) · Zbl 0925.03107
[18] Pliuškevičius, R., On saturation principle for a linear temporal logic, Lect. Notes Comput. Sci., 713, 289-300 (1993) · Zbl

0793.03014
[19] Pliuškevičius, R., Saturation replaces induction for a miniscoped linear tempo logic, Lect. Notes Comput. Sci., 735, 299-311

(1993)
[20] Pliuškevičius, R., The saturation tableaux for linear miniscoped Horn-like temporal logic, J. Autom. Reason., 13, 391-407

(1994) · Zbl 0814.03008
[21] Pliuškevičius, R., Saturated calculus for a Horn-like miniscoped linear temporal logic (in Russian), Notes Sci Semin. POMI,

220, 123-144 (1995)
[22] Pliuškevičius, R., Deduction-based decision procedure for a clausal miniscoped fragment of FTL, Lect. Notes Comput. Sci.,

2083, 107-120 (2001) · Zbl 0988.03018
[23] Pliuškevičius, R.; Pliuškevičienė, A., Decision procedure for a fragment of mutual belief logic with quantified agent variables,

Lect. Notes Artif. Intell., 3900, 112-128 (2006) · Zbl 1235.03050
[24] Schütte, K., Proof Theory (1977), Berlin: Springer, Berlin
[25] Sundholm, G., A completeness proof for an infinitary tense-logic, Theoria, 43, 47-51 (1977) · Zbl 0364.02011
[26] Valiev, M.: On temporal logic of von Vright (in Russian). Soviet-Finland Colloquim on Logic, Moscow pp. 7-11 (1979)
[27] Valiev, M.K.: Decision complexity of variants of propositional dynamic logic. In: Dembinski, P. (ed) Proceedings of MFCS’80LNCS

88, pp. 656-664. Springer, Berlin (1980) · Zbl 0451.03003
[28] Wolper, P., The tableau method for temporal logic: an overview, Logique et Analyse, 28, 119-136 (1985) · Zbl 0585.03008

This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically
matched to zbMATH identifiers and may contain data conversion errors. It attempts to reflect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 2

http://www.swmath.org/software/11997
http://dx.doi.org/10.1007/s10817-020-09544-1
https://zbmath.org/0872.68171
https://zbmath.org/1151.03009
https://zbmath.org/1151.03009
https://zbmath.org/1216.68188
https://zbmath.org/1163.03308
https://zbmath.org/1380.68003
https://zbmath.org/1365.03017
https://zbmath.org/1179.03056
https://zbmath.org/1433.03052
https://zbmath.org/0401.03005
https://zbmath.org/1043.03516
https://zbmath.org/1043.03516
https://zbmath.org/0925.03107
https://zbmath.org/0793.03014
https://zbmath.org/0793.03014
https://zbmath.org/0814.03008
https://zbmath.org/0988.03018
https://zbmath.org/1235.03050
https://zbmath.org/0364.02011
https://zbmath.org/0451.03003
https://zbmath.org/0585.03008
https://www.fiz-karlsruhe.de/
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/

