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Review outline (and timeline)

• October 21, 2022 – Basic Notions: Example, Syntax, 
Semantics, Basic Properties

• October 28, 2022 – Instances: Propositional Calculus, 
(Pure) Predicate Logic, First-Order Logic, Modal Logic, 
Separation Logic

• November 1, 2022 – Reduction to Predicate Logic with 
Equality, Sound and Complete Deduction
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Basic Notation
October 21, 2022
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Motivating and illustrative example
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• C. Ellison and G. Rosu. An executable formal semantics of C with applications. In POPL, pages 533544. ACM, 
2012.

• C. Hathhorn, C. Ellison, and G. Ro³u. Defining the undefinedness of C. In PLDI'15, pages 336345. ACM, 2015.
• A. Stefanescu, D. Park, S. Yuwen, Y. Li, and G. Ro³u. Semantics-based program verifiers for all languages. In 

OOPSLA'16, pages 7491. ACM, 2016.

[ref. below]



Reading, storing and reverse writing 
a sequence of integers
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Towards the loop invariant 
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Towards the loop invariant (cont.) 
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http://kframework.org

http://kframework.org/


Towards the loop invariant (cont.) 
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Towards the loop invariant (cont.) 
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Syntax of patterns
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Some “standard” syntax stuff
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Semantics
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Why matching logic?
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How to understand matching?
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Extension works as expected 
with the derived constructs
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Warning: Matching Logic is not two-valued!

21-28(?).10.2022
Nikolay V. Shilov - review of "Matching Logic" by Grigore Rosu (2017) for 

ruStep seminar 16



Matching Logic is not two-valued! (cont.)
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Predicates
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Properties of entailment
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Warning on entailment
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Matching logic specification
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Pure predicate logic reasoning 
can be used to reason about patterns

21-28(?).10.2022
Nikolay V. Shilov - review of "Matching Logic" by Grigore Rosu 

(2017) for ruStep seminar
22



Basic structural properties
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Basic structural properties (cont.)
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Instances
October 28, 2022
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Propositional Calculus
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On slide 22

𝜑 ∷= 𝑉𝑎𝑟𝑃𝑟𝑜𝑝 ¬𝜑 𝜑⋀𝜑.



(Pure) Predicate Logic
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Recall

Slide 26



(Pure) Predicate Logic (cont.)
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¬𝜑 𝜑⋀𝜑 | ∃𝑥. 𝜑 .



(Pure) Predicate Logic (cont.)
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First-Order Logic
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¬𝜑 𝜑⋀𝜑 | ∃𝑥. 𝜑 .

Slide 10.



First-Order Logic (cont.)
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First-Order Logic (cont.)
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Modal Logic
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Hereafter we only discuss S5 and thus implicitly mean the S5 modal logic whenever we say modal logic.

¬𝜑 𝜑 → 𝜑 | □𝜑 .



Modal Logic (cont.)
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(What about Modus Ponens Rule: If 𝜑 and 𝜑 → 𝜓 are derivable then 𝜓 is derivable? 



Modal Logic (cont.)
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Modal Logic (cont.)
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Separation Logic

Separation logic (originating with ideas in late 1990, followed by a canonical work 

• J. C. Reynolds. Separation logic: A logic for shared mutable data structures. In LICS'02, pages 55-74.
IEEE, 2002.

There are many variants, but here we only consider the original variant according to the  cited paper. 
Moreover, here we only discuss separation logic as an assertion-language, used for specifying state properties, 
and not its extension as an axiomatic programming language semantic framework. 
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As follows:



Separation Logic (cont.)
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Separation Logic (cont.)
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Separation Logic (cont.)
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Definition 9.1. (Separation logic semantics, cont.)

(slide 13);

monoid



Separation Logic (cont.)
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Separation Logic (cont.)
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We only discuss maps from natural numbers to natural numbers, but they can be similarly defined over 
arbitrary domains as keys and as values. Consider a matching logic specification of maps with its axioms 
explicitly listed, and with a syntax that deliberately resembles that of separation logic (i.e., we use “*” instead 
of “,”)



Separation Logic (cont.)

Maps, like natural numbers, do not admit finite (or even recursively enumerable) equational (or first-order) 
axiomatizations, so adding a good enough subset of equations is the best we can do in practice. We chose ones 
that have been proposed by algebraic specification languages and by separation logics for several reasons.

• First, they have been extensively used, so there is a good chance they are good enough for many purposes. 

• Second, we do not want to imply that we propose a novel axiomatization of maps; our novelty is the 
presentation of known specifications of maps using the general infrastructure of matching logic at no 
additional translation cost. 
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Separation Logic (cont.)
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Separation Logic (cont.)
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Separation Logic as 
an Instance of Matching Logic
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Slides 30-32 .

Slides 30-32

Recall  



Separation Logic as 
an Instance of Matching Logic
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Reduction to FOL with equality
and axiomatization
November 1, 2022
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Translation of FOL to Pure Predicate Logic 
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Translation of Matching Logic
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Translation of Matching Logic (cont.)
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Translation of Matching Logic (cont.)
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Sound and Complete Deduction

• On slides 54 & 55, we propose a sound and complete proof system for matching logic (for total 
interpretations). The first group (slide 54) of rules/axioms are those of FOL with equality, the second group 
slide 55) of rules/axioms are about membership.

• We have made no effort to minimize the number of rules and axioms in our proof system. On the contrary, 
our approach was to include all the rules and axioms that turned out to be useful in proof derivations, 
especially if they already existed in FOL. Moreover, we preferred to frame unexpected properties of 
matching logic as axioms or proof rules, so that users of the proof system are fully aware of them. 
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in slides 54-55



FOL axioms and rules
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Membership axioms and rules
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What to read/watch next
November 1, 2022
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• Grigore Rosu, Traian Florin Serbanuta: An overview 
of the K semantic framework. The Journal of Logic 
and Algebraic Programming 79 (2010) 397–434.

• Xiaohong Chen, Dorel Lucanu, Grigore Rosu:
Matching logic explained. Journal of Logical and 
Algebraic Methods in Programming 120 (2021) 
100638

• Grigore Rosu: Matching Logic: Foundation of the K 
Framework. Presented at CPP'20, co-located at 
POPL 2020. 
https://www.youtube.com/watch?v=Awsv0BlJgbo

• Васил Дядов: Формальная операционная 
семантика в промышленной разработке (на 
примере K-framework). Presentation for ruSTEP,
2022. https://youtu.be/2Zz4eInn3AM. 
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