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PART ONE

Using Guttag’s heuristic, give consistent and complete algebraic specifications for this ADT(class).

Syntax Specification: Presentations

LIB (library)

new  :




-> LIB

add  :
LIB x BOOK


-> LIB

rem  : 
LIB x BOOK


-> LIB

cko  : 
LIB x BOOK x PERSON
-> LIB

cki  :
LIB x BOOK x PERSON 
-> LIB

wait :
LIB x BOOK x PERSON 
-> LIB

nah  : 
LIB x BOOK x PERSON 
-> LIB

has  : 
LIB x BOOK


-> boolean

num  :
LIB x BOOK


-> int

avail:
LIB x BOOK


-> int

Canonical Constructors:

new, add, cko, wait

Semantic Specification: Axioms

Variables:

LIB: S, Book: j,k, Person: m,n,o

Axioms formed by using the Guttag heuristic:
rem(new(),j) = { error: book does not exist }

rem(add(S,j),k) = ite(j==k,rem(S,k),add(rem(S,k),j))

rem(cko(S,j,m),k) = ite(j==k, { error: book currently checked out },





cko(rem(S,k), j, m))

rem(wait(S,j,m),k) = wait(rem(S,k), j, m)

regardless of whether or not there exists a copy of the book in library, put person on back of waiting list for that book 

cki(new(),j,m) = { error: no book record in new library }

cki(add(S,k),j,o) =
if(avail(S,j)==0 & avail(S,k)==0)

{ cko(nah(S,j,m),j,m);  cko(nah(S,j,n),j,n) }




elsif (avail(S,j)>0 & avail(S,k)==0)





cko(cki(nah(S,k,n),j,o),k,n)




elsif (avail(S,j)==0 & avail(S,k)>0)





cko(nah(cki(S,k,o),j,n),j,n)




else





add(cki(S,j,o),k)

cki(cko(S,k,n),j,m) = ite(m==n, cko(cki(S,j,m),k,n),





ite(avail(S,j,m)==0, cko(nah(cko(S,k,n),j,m),j,m),





cko(cki(S,j,m),k,n))

cki(wait(S,k,n),j,m) = ite(j==k, cko(wait(nah(S,j,o),k,n),j,o),





wait(cki(S,j,m),k,n))

nah(new(),j,m) = { error: book does not exist }

nah(add(S,k),j,m) = add(nah(S,j,m),k),


nah(cko(S,k,n),j,m) = ite(m==n, cko(S,j,n),





cko(nah(j,m),k,n))

nah(wait(S,k,n),j,m) = wait(S,k,n),j,m)

has(new(),j) = false

has(add(S,j),k) = ite(j==k, true, ite(num(S,k)>0, true, false))

has(cko(S,j,m),k) = ite(num(S,k)>0, true, false)

has(wait(S,j,m),k) = ite(num(S,k)>0, true, false)

num(new(),j) = 0

num(add(S,j),k) = ite(j==k, ite(has(S,k),num(S,k)+1,1), ite(has(S,k),num(S,k),0))

num(cko(S,j,m),k) = ite(has(S,k), num(S,k),0)

num(wait(S,j,m),k) = ite(has(S,k), num(S,k),0)

avail(new(),j) = 0

avail(add(S,j),k) = ite (j==k, avail(S,k)+1, avail(S,k))

avail(cko(S,j,m),k) = ite (j==k, avail(S,k)-1, avail(S,k))

avail(wait(S,j,m),k) = ite(j==k, 0, avail(S,k))

PART TWO

Design an ADT “BT”, a binary search tree. You are free to create and define it as you wish as long as it does the basic things one wants of a BT: add left and right children, store and retrieve values for nodes, traverse it, those sort of things.

Syntax Specification: Presentations

BT (binary search tree)

new  :

-> BT

add  : BT x int
-> BT

rem  : BT x int
-> BT

left : BT 

-> BT

right: BT

-> BT

val  : BT

-> int

size : BT

-> int

#empty: BT

-> bool

#has  : BT x int
-> bool

#search: BT x int -> bool

#traverse: BT
-> BT

Canonical Constructors:

new, add

Semantic Specification: Axioms

Variables:

BT: T, int: m,n

Axioms formed by using the Guttag heuristic:

left(new()) = { error }

right(new()) = {error}


Empty tree does not contain left or right nodes

left(add(T,m)) = ite(left(T)=={ error },




Ite(m < val(T), add(new(), m), { error: no left child } ,




Left(T))

If no left subtree exists, but m is of lesser value and therefore has been added to the left, return m as a new left subtree. If m greater than value, then m becomes right child and an error occurs since no left child exists. If the left subtree of T already exists, return that subtree.

right(add(T,n)) = ite(left(T)=={ error },




Ite(n > val(T), add(new(), n), { error: no right child } ,




right(T))

If no right subtree exists, but n is of greater value and therefore has been added to the right, return m as a new right subtree. If n is less than the value, then n becomes left child and an error occurs since no right child exists. If the right subtree of T already exists, return that subtree.

val(new()) = { error }


No root element exists since its an empty tree is created.

val(add(T,m)) = ite(size(T)==0, m, val(T))

If T is empty, then the new value is the root value since it’s the only element. If T is not empty, return the actual root value.

rem(new(),m) = { error }


no element in tree to be deleted since new tree is empty

rem(add(T,m),n) = ite (m==n, rem(T,n), add(rem(T,n),m))

if m equals n, then we need not add m to T, we can remove all instances of n. if m is not equal to n, then inverting the order of events will result in the same tree.

size(new()) = 0


An empty tree contains no elements

size(add(T,m)) = size(T) + 1

Since multiple occurrences of an element are allowed, add not only adds a new element but increases the size by 1.

