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A Concurrent Program Logic with a Future and History

• program logic with


• chunks		 ~~>	 complex unbounded updates via simple ones


• pasts 	 	 ~~>	 lightweight hindsight reasoning in SL


• tool	 	 	 ~~>	 first to verify challenging examples like Harris' set
A Concurrent Program Logic with a Future and History 174:25

Table 1. Experimental results for verifying set implementations with plankton, conducted an Apple M1 Pro.

Benchmark Lineariz.

Fine-Grained set 46B 3
Lazy set 77B 3
FEMRS tree (no maintenance) 130B 3
Vechev&Yahav 2CAS set 125B 3
Vechev&Yahav CAS set 54B 3
ORVYY set 47B 3
Michael set 306B 3
Harris set 1378B 3

overall runtime, averaged across 10 runs, and the linearizability verdict (success is marked with 3).
Across all benchmarks we observe that two iterations are su�cient to reach the �xpoint Ilfp: the
�rst iteration discovers all interferences, the second iteration con�rms that none are missing. This
is remarkable because the �rst iteration uses I0 , ú, i.e., considers the sequential setting. Further,
we observe that most benchmarks spend signi�cantly more time reasoning about the past than
the future. The reason is twofold. (1) Introducing new futures either succeeds, meaning that a
future candidate is resolved and can be ignored going forward, or it fails fast, which we attribute
to Z3 �nding counterexamples much faster than proving the validity of our SMT encoding of
heap updates. (2) For histories, we do not have a heuristic identifying candidates. Instead, we
eagerly introduce histories upon interference. We also apply hindsight reasoning eagerly. Lastly,
we observe that the overall runtime tends to increase with the nesting depth and complexity of
loops, as plankton requires several loop iterations (often between 3 and 5) to �nd an invariant. A
proper investigation of how �nding loop invariants a�ects the overall runtime is future work.
We also stress-tested plankton with faulty variants of the benchmarks. All buggy benchmarks

failed veri�cation. Note that plankton does not implement error explanation techniques, which are
beyond the scope of the present paper.

9 RELATEDWORK

Program Logics with History and Prophecy. Program logics have been extended by mechanisms
for temporal reasoning in various ways [Abadi and Lamport 1991; Bell et al. 2010; Delbianco et al.
2017; Fu et al. 2010; Gotsman et al. 2013; Hemed et al. 2015; Liang and Feng 2013; Manna and Pnueli
1995; Parkinson et al. 2007; Schneider 1997; Sergey et al. 2015].

The work closest to ours is HLRG [Fu et al. 2010], a separation logic based on local rely-
guarantee [Feng 2009] that tracks and reasons about history information, and its variation [Gotsman
et al. 2013]. The separation algebra behind HLRG is constructed like ours. The focus of [Fu et al.
2010; Gotsman et al. 2013], however, are temporal operators in the assertion language and means
of reasoning about them in the program logic. We only have now and past, but add the ability to
propagate information between them. The simplicity of our approach enables automation ([Fu
et al. 2010; Gotsman et al. 2013] has not been implemented in any automated or interactive tool, as
far as we know). A minor di�erence is that we work over general separation algebras to integrate
�ows [Krishna et al. 2018, 2020b] easily and make the requirement of frameability explicit.

A program logic with temporal information based on di�erent principles appears in [Delbianco
et al. 2017; Sergey et al. 2015]. There, histories are sub-computations represented by timestamped
sets of events. The product of histories is disjoint union. While highly expressive, we are not aware
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1 INTRODUCTION

Concurrency comes at a cost, at least, in terms of increased e"ort when verifying program cor-
rectness. There has been a proliferation of concurrent program logics that provide an arsenal of
reasoning techniques to address this challenge [Bell et al. 2010; Delbianco et al. 2017; Elmas et al.
2010; Fu et al. 2010; Gotsman et al. 2013; Gu et al. 2018; Hemed et al. 2015; Jung et al. 2018; Liang
and Feng 2013; Manna and Pnueli 1995; Parkinson et al. 2007; Sergey et al. 2015; Vafeiadis and
Parkinson 2007]. In addition, a number of general approaches have been developed to help structure
the high-level proof argument [Feldman et al. 2018, 2020; Kragl et al. 2020; O’Hearn et al. 2010;
Shasha and Goodman 1988]. However, the use of these techniques has been mostly con!ned to
manual proofs done on paper, or mechanized proofs constructed in interactive proof assistants.
We distill from these works a concurrent separation logic suitable for automating the construction
of local correctness proofs for highly concurrent data structures. We focus on concurrent search
structures (sets and maps indexed by keys), but the developed techniques apply more broadly. Our
guiding principle is to perform all inductive reasoning, both in time and space, in lock-step with the
program execution. The reasoning about inductive properties of graph structures and computation
histories is relegated to the meta-theory of the logic by choosing appropriate semantic models.

Running Example.Wemotivate our work using the Harris non-blocking set data structure [Harris
2001], which we will also use as a running example throughout the paper.
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• tool	 	 	 ~~>	 first to verify challenging examples like Harris' set
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Table 1. Experimental results for verifying set implementations with plankton, conducted an Apple M1 Pro.

Benchmark Lineariz.

Fine-Grained set 46B 3
Lazy set 77B 3
FEMRS tree (no maintenance) 130B 3
Vechev&Yahav 2CAS set 125B 3
Vechev&Yahav CAS set 54B 3
ORVYY set 47B 3
Michael set 306B 3
Harris set 1378B 3

overall runtime, averaged across 10 runs, and the linearizability verdict (success is marked with 3).
Across all benchmarks we observe that two iterations are su�cient to reach the �xpoint Ilfp: the
�rst iteration discovers all interferences, the second iteration con�rms that none are missing. This
is remarkable because the �rst iteration uses I0 , ú, i.e., considers the sequential setting. Further,
we observe that most benchmarks spend signi�cantly more time reasoning about the past than
the future. The reason is twofold. (1) Introducing new futures either succeeds, meaning that a
future candidate is resolved and can be ignored going forward, or it fails fast, which we attribute
to Z3 �nding counterexamples much faster than proving the validity of our SMT encoding of
heap updates. (2) For histories, we do not have a heuristic identifying candidates. Instead, we
eagerly introduce histories upon interference. We also apply hindsight reasoning eagerly. Lastly,
we observe that the overall runtime tends to increase with the nesting depth and complexity of
loops, as plankton requires several loop iterations (often between 3 and 5) to �nd an invariant. A
proper investigation of how �nding loop invariants a�ects the overall runtime is future work.
We also stress-tested plankton with faulty variants of the benchmarks. All buggy benchmarks

failed veri�cation. Note that plankton does not implement error explanation techniques, which are
beyond the scope of the present paper.

9 RELATEDWORK

Program Logics with History and Prophecy. Program logics have been extended by mechanisms
for temporal reasoning in various ways [Abadi and Lamport 1991; Bell et al. 2010; Delbianco et al.
2017; Fu et al. 2010; Gotsman et al. 2013; Hemed et al. 2015; Liang and Feng 2013; Manna and Pnueli
1995; Parkinson et al. 2007; Schneider 1997; Sergey et al. 2015].

The work closest to ours is HLRG [Fu et al. 2010], a separation logic based on local rely-
guarantee [Feng 2009] that tracks and reasons about history information, and its variation [Gotsman
et al. 2013]. The separation algebra behind HLRG is constructed like ours. The focus of [Fu et al.
2010; Gotsman et al. 2013], however, are temporal operators in the assertion language and means
of reasoning about them in the program logic. We only have now and past, but add the ability to
propagate information between them. The simplicity of our approach enables automation ([Fu
et al. 2010; Gotsman et al. 2013] has not been implemented in any automated or interactive tool, as
far as we know). A minor di�erence is that we work over general separation algebras to integrate
�ows [Krishna et al. 2018, 2020b] easily and make the requirement of frameability explicit.

A program logic with temporal information based on di�erent principles appears in [Delbianco
et al. 2017; Sergey et al. 2015]. There, histories are sub-computations represented by timestamped
sets of events. The product of histories is disjoint union. While highly expressive, we are not aware
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