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Background

Programming languages

» many hundreds of them
- older: Fortran, Cobol, Ada, C++, Scheme, Haskell, ...
- newer: Java, C#, Python, Ruby, OCaml, VBScript, ...
- domain-specific: PHP, Javascript, ...

» continually evolving

- new versions of existing languages

- new language designs



Background

Programming language specifications

» program syntax - formal
- lexical symbols
- phrase structure

» program semantics - informal
- static (compile-time) behaviour

- dynamic (run-time) behaviour



Formal semantics

Problems (for major languages):

» reuse
» co-evolution

» tool support



» Structure of language specifications

» Semantic specification frameworks

» Challenges



Conventional specifications

Language semantics
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Incremental specifications
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Component-based specifications

Language semantics
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... with reusable components
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» Semantic specification frameworks



Denotational semantics

Scott & Strachey (1971)

» conventional description structure

» no support for incremental semantics
Problem:

» fixed interpretation of A-notation

Cleo:=e1] = Ap.(ABo.(AB1.Assign(Go|L, 51)) * E[e1](p)) * E[e0] (p)



Denotational semantics

VDM style (Bekic et al. 1974)

» conventional description structure

» some support for incremental semantics
Advance:

» changing interpretation of auxiliary notation

M[mk-Assign(lrs,rhs)] (env) =
def 1: M[lhs] (env);

def v: M[rhs] (env);
STR := ¢ STR + [l — wv]
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Structural operational semantics

Plotkin-style (1981), “natural” style (Kahn 1987)
» conventional description structure
» no support for incremental semantics
Problem:

» explicit auxiliary information in states

plpr] - (C,0) = {C", )
pE{UmCtlo)— {p '} 0




Abstract state machines

Gurevich et al. (mid 1980s)

» conventional description structure
» some support for incremental semantics
Advance:

» suppression of auxiliary entities in transition
rules using imperative assignments

cond(’Vl,ﬁEz,YEg) — if V| then pos := P else pos ;=
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Action semantics

M & Watt (1985-2000)

» conventional description structure
» good support for incremental semantics
Advance:

» operational interpretation of auxiliary notation

execute [{ D C }| = furthermore elaborate D hence execute C
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Moggi (1989), Plotkin & Power (2004)

» conventional description structure
» good support for incremental semantics
Advance:

» flexible interpretation of auxiliary notation

C[{ D C'}] = D[D] >= Ap:1. local(Ap. plp:])(C[C])



Modular SOS

M (1999)

» conventional description structure
» good support for incremental semantics
Advance:

» propagation of auxiliary entities in labels

O {/0=/Oo[m],---}> O

{p1 C} t=pore), {p C'}




Implicitly-Modular SOS

M & New (2008)

» good support for component-based and
constructive semantics

Advance:

» implicit propagation of auxiliary entities

plor] = C — "
pE{ip C}—{ p C"}




» Challenges



The POPLmark Challenge

Pierce et al. (2005)

» Mechanized Meta-theory for the Masses
Main aim:

» machine-checked definitions and proofs about
programming languages

» challenge problems involve “aspects known to
be difficult to formalise” — F.. with records



K-Challenge

Rosu (2007):

» A rewriting-based framework for computation
Main aim:
» incremental semantics

- extending a simple imperative language with
output, procedural abstraction, recursion, references,
call/ cc, nondeterminism, aspects, concurrency,
synchronization, quote
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Semantics-online challenge

Main aim: an online repository
» reusable components
- for language design and specification
» major language specifications
- exhibiting a high degree of explicit reuse

» tool support

- for validation and rapid prototyping
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