Лекция 3. Аксиоматическое (алгебраическое) определение функций. Множества. 
Algebraic Specification

Example
LIST=

class

type

List

value

empty: List,

add : Int x List —»• List,

head : List -^ Int,

tail : List -^ List

axiom

[ head-add ]

all i : Int. I : List -

head(add(i,D) = i,

[tail-add]

all i: Int, 1: List'

tail(add(i,l)) == I

end

Другой пример
DATABASE =
class

type
Database, Key, Data

value

/* generators */
empty: Database,

insert : Key x Data x Database -^ Database,
remove : Key x Database -> Database,
/* observers */

defined : Key x Database —I- Bool,
lookup : Key x Database -^ Data

axiom

[defined-empty]

V k : Key •

defined(k,empty) = false,

[ defined-insert ]

V k,kl : Key, d : Data, db : Database •

defined(k,insert(kl,d,db)) =

k == kl V defined(k,db),

[defined-remove]

V k,kl : Key, db : Database -

defined(k,remove(kl)db)) s

k ^ kl Л defined(k,db),

[lookup-insert]

V k,kl : Key, d : Data, db : Database •
lookup(k,msert(kl,d,db)) =

ifk = kl then d else lookup(k,db) end
pre k -= kl V defined(k,db),
[lookup-remove]
V k,kl : Key, db : Database -
lookup(k,remove(kl,db)) s lookup(k,db)
pre k/kl Л defined(k,db)
end

Подведение итогов по определению функций 
(Function Definition)

1. Decide name (f)

2. Decide type

(a) Argument type T»
(b) Result type T,
(c) Total (-^ or partial (-^):
i. total: if can define for all values in parameters
ii. partial: if a pre-condition is necessary

3. Decide definition style:

(a) explicit:

if it is possible to state a formula
f(x) = expr[x]

(b) implicit:
if it is possible to write an input-output relation p[x, r]

(c) axiomatic:

· always possible

· typically used in connection with sorts

· necessary, if special argument forms are wanted
e.g. f(g(x),x) - h(f,x)

Множества. Операции над множествами

· Свойства множеств:

- каждый элемент встречается не более одного раза (не мультимножества)

- не определен порядок

· Описание типа

type 

ST1 = T1-set

ST2 = {| s : ST1 :- (card s < maxset) |}

NST1 = T1-infset
· Литералы и агрегаты

{1,2,3}

{}

{x : Text :- x(1) = ‘a’}

· Операции

inter  set intersection=~=isin  element is in a set 

~

isin

union                        

<<    set included by a set  

<<=   -"- or equal             

>>    set includes a set     

>>=   -"- or equal

card

· Диаграмма Гогена




RESOURCE-MANAGER =
class
type
Resource,
Pool = Resource-set

value

obtain : Pool -^ Pool x Resource
obtain(p) as (pi,ri) post ri £ рЛ pi = p\{ri}
pre p ^ {},

release : Resource x Pool -^ Pool
release(r,p) ^ p U {r}
pre r ^ p
end



SET-DATABASE =

class

type

Record = Key x Data,

Database = {( rs : Record-set • is-wLDatabase(rs) )},

Key, Data

value

is-wf-Database : Record-set —»• Bool
isJvf-Database(rs) =
(V k : Key, dl,d2 : Data •
((k,dl) <= rs Л (k,d2) <= rs) =» dl = d2),

empty : Database =» {},

insert : Key x Data x Database -)• Database
insert(k,d,db) = remove(k,db) U {(k,d)},

remove : Key x Database -+ Database
remove(k,db) = db \ {(k,d) ) d : Data • true},

defined : Key x Database —)• Bool
defined(k,db) = (3 d : Data. (k.d) e db),

lookup : Key x Database -4 Data
lookup(k,db) as d post (k,d) б db
pre defined(k,db)
end

---------------------------------------------------------------------------------------------------------------------------
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A Development Step


Algebraic Specification
Example

DATABASE

	
	

	SET-DATABASE


DATABASE =
class
type

Database, Key, Data
value

/* generators */
empty: Database,

insert : Key x Data x Database —^ Database,
remove : Key x Database —)• Database,
/* observere */

defined : Key x Database —»• Bool,
lookup : Key x Database -^ Data

DATABASE - продолжение



Refinement Relation

Исходная спец-я

v
refinement
v
Уточненная спец-я

1. new signature includes the old
(statically decidable)

2. old properties hold in the new
(=>"refinement conditions")

axiom
[defined-empty]
V k : Key -
defined(k,empty) = false,

[ defined-insert ]
V k,kl : Key, d : Data, db : Database •
defined(k,insert(kl,d,db)) ^ k = kl V defined(k,db),

[ defined-remove ]
V k,kl : Key, db : Database •
defined(k,remove(kl,db)) = k + kl Л defined(k,db),

[lookupJnsert]
V k,kl : Key, d : Data, db : Database
lookup(k,insert(kl,d,db)) =

ifk == kl then d else lookup(k,db) end
pro k = kl V defined(k,db),

[ lookup-remove ]
V k,kl : Key, db : Database •
lookup(k,remove(kl,db)) = lookup(k,db)
pre k ^ kl Л defined(k,db)
end


 

\V k : Key :- defined(k,empty) is false/

\V k,kl : Key, d : Data, db : Database •
defined(k,insert(kl,d,db)) is
k == kl V defined(k.db)/

\V k,kl : Key, db : Database
defined(k,remove(kl,db)) is
k ^ kl Л defined(k,db) /

\V k,kl : Key, d : Data, db : Database -
lookup(k,insert(kl,d,db)) is
if k = kl then d else lookup(k,db) end
pre k = kl V defined(k,db)/

\V k,kl : Key, db : Database
lookup(k,remove(kl,db)) is lookup(k,db)
pre k -Ф kl Л defined(k,db) /


\V k : Key :- defined(k,empty) = false/
all-asslimptionJnf:

\defined(k,empty) is false/
unfold empty:

\defined(k,{}) is false/
unfold defined:

\( exists d : Data • (k,d) 5 {}) - false /
isin_empty:

\(exists d : Data • false) is false/
exists_Introduction:
\false is false/
is-annihilation:

ttrue/
qed
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