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Early Days: 1970-2000

Floyd (1967) and Hoare (1969).
® assertions about global state
mot modulan !
Owicki & Gries (1976).
® is every assertion stable under the interference of every instruction?
R'@. ek modulaa!
Jones (1983).

e what interference must each thread be prepared to tolerate?

® what interference is each thread allowed to inflict?

3/12


https://people.eecs.berkeley.edu/~necula/Papers/FloydMeaning.pdf
http://doi.acm.org/10.1145/363235.363259
https://link.springer.com/referenceworkentry/10.1007/978-0-387-09766-4_182
https://ilyasergey.net/CS6213/_static/05-owicki/rg.pdf

Days of Separation: 2000-2010

SL.
O'Hearn, Reynolds & Yang (2001).

® separation / ownership

® stable knowledge / permission to update WgM\MhMJAMM

o malloc / free, lock / unlock eaRalle [smhale : stonumals Yamatus
CSL. M

O'Hearn (2007), Gotsman+ (2007), Hobor+ (2008), Buisse+ (2011).

® primitive locks

® data-race-free programs

® dynamic allocation of new locks : %
cmmﬂmkg' iy
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http://www0.cs.ucl.ac.uk/staff/p.ohearn/papers/localreasoning.pdf
http://www0.cs.ucl.ac.uk/staff/p.ohearn/papers/concurrency.pdf
http://dx.doi.org/10.1007/978-3-540-76637-7_3
https://www.cs.princeton.edu/~appel/papers/concurrent.pdf
https://cs.au.dk/~birke/papers/locks.pdf

Days of Bloom: 2010-202X
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Thid.
Jung+ (2015, 2016, 2017, 2018). /WAML‘I’&W

® true separation only a special case e

® fiction of separation: machine state + ghost state + invariants
—N\N

® guarded recursion W"L%- I
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https://iris-project.org/pdfs/2015-popl-iris1-final.pdf
https://iris-project.org/pdfs/2016-icfp-iris2-final.pdf
https://iris-project.org/pdfs/2017-esop-iris3-final.pdf
https://people.mpi-sws.org/~dreyer/papers/iris-ground-up/paper.pdf
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Reasoning About Concurrency

Specification and verification of lock-free data structures.
® |ogically atomic triples (Jung, 2019)
® |inearisation point = ghost update (Jacobs+, 2011)
® helping = letting another thread execute the ghost update
® prophecy = write-once ghost cell (Jung+, 2020) u:ww%w»m'
® marriage of Sep. Logic and linearisability (Birkedal4, 2021)

® industrial use (Carbonneaux+, 2021)

Weak memory. R&wned doda shuckuaws.
e OCaml 5 (%éve|+, 2020, 2021). Vm-alowlmk amediow.
+ Dok o%wod‘ ow othes aveale mow. modebs
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https://research.ralfj.de/iris/talk-iris2019.pdf
https://lirias.kuleuven.be/retrieve/140385
https://cs.au.dk/~timany/publications/files/2020_POPL_prophecies.pdf
https://iris-project.org/pdfs/2021-icfp-intensional-final.pdf
http://www0.cs.ucl.ac.uk/staff/p.ohearn/MetaVerificationDraft.pdf
http://cambium.inria.fr/~gmevel/papers/mevel-jourdan-pottier_2020_cosmo.pdf
http://cambium.inria.fr/~gmevel/papers/mevel-jourdan_2021_cosmo-queue.pdf

Relational Reasoning

A relational Separation Logic relates two programs: {P} e; =X e» {Q}.

Concurrency. R

® fine-grained refines coarse-grained (Frumin4, 2021)

Distributed programming, CRDTs, ...
Trilllum .

® concrete implementation refines abstract model (Timany+, 2021)
: - ?
Compiler veriflcation.wm‘%“%‘hw’w' D
' y y [ ]

® compiled program refines source program (Gaher+, 2022)
Security.

T- - -
® noninterference (Gregersen+, 2021)
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https://arxiv.org/pdf/2006.13635v3.pdf
https://arxiv.org/abs/2109.07863
https://dl.acm.org/doi/pdf/10.1145/3498689
https://cs.au.dk/~timany/publications/files/2021_POPL_tini_logrel.pdf

Reasoning About Exotic Programming Paradigms

Actris (Hinrichsen+, 2020, 2022).

® communication via a two-way channel
Effect handlers (de Vilhena-+, 2021)Ha3ed- @Tmia

® communication via jumps between handlee and handler
Aneris (Krogh-Jespersen+, 2020; Gondelman+ (2021)

® communication via message-passing
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https://jihgfee.github.io/papers/actris_popl.pdf
https://jihgfee.github.io/papers/actris_lmcs.pdf
https://devilhena-paulo.github.io/files/separation-logic-effect-handlers.pdf
https://cs.au.dk/~timany/publications/files/2020_ESOP_aneris.pdf
https://cs.au.dk/~timany/publications/files/2021_POPL_ccddb.pdf

Reasoning About Time and Space

Charguéraud+ (2019), Mével+ (2019), Moine+ (2022). @Imuia
® time credits 1$
® big-O reasoning: Guéneau+ (2018, 2019). @Twua
Madiot+ (2022), Moine+ (2023). @Taia

- Ptk ofesakion!

® pointed-by-heap and pointed-by-thread assertions +www\mca'

(Awveue ulau) (ectd)

® space credits 1o

e tracing GC, implicit deallocation
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http://cambium.inria.fr/~fpottier/publis/chargueraud-pottier-uf-sltc.pdf
http://cambium.inria.fr/~fpottier/publis/mevel-jourdan-pottier-time-in-iris-2019.pdf
http://cambium.inria.fr/~fpottier/publis/moine-chargueraud-pottier-transient.pdf
http://cambium.inria.fr/~fpottier/publis/gueneau-chargeraud-pottier-esop2018.pdf
http://cambium.inria.fr/~fpottier/publis/gueneau-jourdan-chargueraud-pottier-2019.pdf
http://cambium.inria.fr/~fpottier/publis/madiot-pottier-diamonds-2022.pdf
http://cambium.inria.fr/~fpottier/publis/moine-chargueraud-pottier-diamonds-2023.pdf

Establishing Type Soundness

Timany+ (2022).
® after 20 years of domination by the syntactic approach,

® the semantic approach to type soundness proofs emerges again.

life = dck o pales
RuakBetk. \ab i

Examples:
® A\Rust: Jung+ (2018)
e ¢gDOT: Giarrusso+ (2020)
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https://cs.au.dk/~birke/papers/2022-submitted-logical-type-soundness.pdf
https://people.mpi-sws.org/~dreyer/papers/rustbelt/paper.pdf
https://dot-iris.github.io/gdot-icfp20-1.02.pdf

Some Challenges and Future Directions

Termination and liveness.

® Transfinite Iris (Spies+, 2021)

® TaDA Live (D'Osualdo+, 2022)

® notify/wait (Hamin+, 2018; Reinhard+, 2021)
Improving automation.

® \/eriFast, Viper, diaframe (Mulder 4+, 2021)

® RefinedC (Sammler+, 2021)

Reasoning about |/O and systems code.

Reasoning about probabilistic programs.
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https://iris-project.org/pdfs/2021-pldi-transfinite-iris-final.pdf
https://arxiv.org/abs/1901.05750
https://people.cs.kuleuven.be/~bart.jacobs/esop18.pdf
https://arxiv.org/abs/2010.11762
https://github.com/verifast/verifast
https://www.pm.inf.ethz.ch/research/viper.html
https://ikemulder.nl/media/papers/pldi22-diaframe.pdf
https://plv.mpi-sws.org/refinedc/paper.pdf

