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• Motivation

• The layers of Casl
◦ Casl basic specifications

◦ Casl structured specifications

◦ Casl architectural specifications

◦ Casl libraries

• each layer: syntax, examples, informal semantics,

later also semantics

• Casl proof calculi and tools

• Casl extensions: CoCasl, HasCasl, HetCasl
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Why formal specification?

Erroneous software systems may lead to

• economic losses

(e.g.: loss of Ariane V and mars probe, pentium bug),

• security problems (e.g.: Lovsan virus),

• damage of persons (e.g.: death due to erroneously

computed radiation dose)

T.Mossakowski: Casl Stara Lesna, June 2004



4

Formal specification — Success stories

• complete formal verification of microprocessor arithmetic

(pentium 4, AMD)

T.Mossakowski: Casl Stara Lesna, June 2004



4

Formal specification — Success stories

• complete formal verification of microprocessor arithmetic

(pentium 4, AMD)

• NASA uses axiomatic specification of physical units

T.Mossakowski: Casl Stara Lesna, June 2004



4

Formal specification — Success stories

• complete formal verification of microprocessor arithmetic

(pentium 4, AMD)

• NASA uses axiomatic specification of physical units

• verification of the Java bytecode verifier

T.Mossakowski: Casl Stara Lesna, June 2004



4

Formal specification — Success stories

• complete formal verification of microprocessor arithmetic

(pentium 4, AMD)

• NASA uses axiomatic specification of physical units

• verification of the Java bytecode verifier

• found 12 deadlocks in Occam code for international space

station

T.Mossakowski: Casl Stara Lesna, June 2004
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Axiomatic Specfication

• loose requirements, close to informal descriptions

• clarification of underlying mathematical concepts

• design of algorithms and data structures independently of

any implementaion language

• Casl is a standard for axiomatic specification

• The term “algebraic” refers to Casl’s powerful

structuring concepts
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Example: sorting

To sort a list means to find a permutation in ascending order

(requirements specification)

• is ordered(sorter(L))
• is ordered(L) ⇔ ∀L1 ,L2 : List ; x , y : Elem .

L1 = L + +[x , y ] + +L2 ⇒ x ≤ y

• permutation(L, sorter(L))
• permutation(L1 ,L2 ) ⇔

∀x : Elem . count(x ,L1 ) = count(x ,L2 )

T.Mossakowski: Casl Stara Lesna, June 2004



7

Sorting (cont’d)

We want to show insert sort to enjoy these properties.

We therefore specify the design:

• insert(x , []) = [x ]
• insert(x , y :: L) =

x :: insert(y ,L) when x ≤ y
else y :: insert(x ,L)

• insert sort([]) = []
• insert sort(x :: L) = insert(x , insert sort(L))
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A corresponding Haskell program

insert :: Ord a => (a,[a]) -> [a]
insert(x,[]) = [x]
insert(x,y:l) = if x <= y then x:insert(y,l)

else y:insert(x,l)

insert_sort :: Ord a => [a] -> [a]
insert_sort([]) = []
insert_sort(x:l) = insert(x,insert_sort(l))
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• “Invent-and-verify”: correctness proof with theorem

provers or model checkers

T.Mossakowski: Casl Stara Lesna, June 2004



9

From specifications to programs

Requirement specification

⇒ Design specification

⇒ Program

• “Invent-and-verify”: correctness proof with theorem

provers or model checkers

• program synthesis (out of specification)

T.Mossakowski: Casl Stara Lesna, June 2004



9

From specifications to programs

Requirement specification

⇒ Design specification

⇒ Program

• “Invent-and-verify”: correctness proof with theorem

provers or model checkers

• program synthesis (out of specification)

• systematic generation of test cases from a specification

T.Mossakowski: Casl Stara Lesna, June 2004
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CASL – the Common Algebraic Specification
Language

• de facto standard for specification of functional

requirements

• developed by the “Common Framework Initiative”

(an open international collaboration)

• approved by IFIP WG 1.3

“Foundations of Systems Specifications”

• Casl User Manual (LNCS 2900) and Reference Manual

(LNCS 2960) just have appeared

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

• formal definition of abstract and concrete syntax

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

• formal definition of abstract and concrete syntax

• complete formal semantics

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

• formal definition of abstract and concrete syntax

• complete formal semantics

• proof systems for the various layers

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

• formal definition of abstract and concrete syntax

• complete formal semantics

• proof systems for the various layers

• libraries of basic datatypes

T.Mossakowski: Casl Stara Lesna, June 2004



11

Foundations of CASL

• detailed language summary, with informal explantation

• formal definition of abstract and concrete syntax

• complete formal semantics

• proof systems for the various layers

• libraries of basic datatypes

All this is contained in the Reference Manual

— here, we will largely follow the User Manual

T.Mossakowski: Casl Stara Lesna, June 2004
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CASL has rock-solid foundations

• the complete formal semantics maps the syntax to

underlying mathematical concepts

• Casl specifications denote classes of models

• The semantics is largely institution-indepdendent

• The semantics is the ultimative reference for the meaning

of Casl

T.Mossakowski: Casl Stara Lesna, June 2004
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CASL on the web

• Casl in general: http://www.cofi.info

• Casl tools: http://www.cofi.info/Tools

• Casl libraries: http://www.cofi.info/Libraries

T.Mossakowski: Casl Stara Lesna, June 2004



14

Layers of CASL

Casl consists of several major layers, which are quite

independent and may be understood (and used) separately:

Basic specifications many-sorted first-order logic, subsorting,

partial functions, induction, datatypes.
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Layers of CASL

Casl consists of several major layers, which are quite

independent and may be understood (and used) separately:

Basic specifications many-sorted first-order logic, subsorting,

partial functions, induction, datatypes.

Structured specifications translation, reduction, union, and

extension of specifications; generic (parametrized) and

named specifications
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Layers of CASL (cont’d)

Architectural specifications structuring of implementation:

define how models of a specification may be constructed

out of models of simpler specifications.


