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template<class T>
class STACK1

{
public:

/** 1s stack empty? */
bool empty() const {...} // Same as count==0

/** Top element

* @pre: 'empty(Q
*/
T top() const {...}
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NTIN 9"V n1onn

/** Is stack Tull? */
bool full() const {...}

/** Add x on top
* @pre: fullQ)
* @post: lempty()
* @post: top() == x
* @post: count == $prev(count) + 1
*/
void push(T x) {...}

8 C++ nowa nmyy nnain NidN
22X 7N NL'oN1MIK




NTIN 9"V n1onn

/** Remove top element
* @pre: lempty(Q)
* @post: 'full(Q)
* @post: count == $prev(count) - 1
*/
void popQ) {---}

private:
/** Number of stack elements */
int count;

3
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STACK2

template<class T>
class STACK2 {

public:
/** Allocate stack for maximum of n elements
* @pre: positive_capacity: n >= 0
* @post: capacity_set: capacity == n
* @post: array_allocated: representation.capacity >= n
* @post: stack_empty: empty()

*/

STACK2(int n) : capacity(n), count(0),
representation(capacity)

i
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STACK2

/** The maximum number of stack elements
*/
const int capacity;

/** Top element
*  @pre: not_empty: lempty(Q)
*/

T top() const

{

}

return representation[count-1];
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STACK2

/** 1s stack empty?

* @post: empty definition: $result == (count == 0)
*/

bool empty() const

{

}

/** Is stack full?

* @post: full_definition: $result == (count == capacity)
*/

bool full() const

{

}

return count == O;

return count == capacity;
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STACK2

/** Add x on top
* @pre: not_full: ITullQ)

* @post: not_empty: lempty()

* @post: added_to_top: top() == X

* @post: one_more_item: count == $prev(count)+1l

* @post: in_top_array_entry:representation[count-1] == x
*/

void push(T x)

{

representation. insert(
representation.begin()+ count , X);
count++;

}
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STACK2

/**
* @pre: not_empty: 'empty()
* @post: not_full: 'full(Q)
* @post: one_fewer: count == $prev(count)-1
*/
void pop() { count--; }

private:

/** The array used to hold elements */
vector<T> representation;

/** Number of stack elements */
int count;
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STACKS3

template<class T>
class STACK3
{
public:
/** Allocate stack for maximum of n elements,
* if n>=0. Otherwise set error to
* Negative_size. No precondition!

*
/
STACK3(int n): representation(NULL),
error(NoError)
if(n>=0)
{
capacity = n;
representation = new STACK2<T>(capacity);
}
else

error = Negative_size;

22 } C++ nowa nmyy nnain NidN
22X 7N NL'oN1MIK




STACKS3

/**

* @post: error_code_ if_impossible:

* (n<0) == (error == Negative_size)
* @post: no_error_if _possible:

* (n>=0) == (error == NoError)

* @post: capacity_set_if _no_error:

* (error == NoError) => (capacity ==
* @post: allocated_if_no_error:

* (error == NoError) =>

* representation '= NULL

* @post: stack empty if no_error:

*

4
STACK3(int n);
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(error == NoError) => empty()

n)

STACKS3

/** Top element if present, otherwise a new object with
* the type’s default value is allocated and returned, with

(error

* error set to Underflow. No precondition!
* @post: error_code_if_impossible:

* ($prev(empty())) == (error ==
* @post: no_error_if _possible:

*/ (1 ($prev(empty()))) ==

T &top() const
it (lempty())
{

assert(representation!=NULL);
error = NoError;
return representation->top();
}
else
error=Underflow;
return new TQ;

Underflow)

== NoError)




STACKS3

/** 1s stack empty?

*  @post: empty_definition: $result == (count() == 0)
*/

bool empty() const

return (count() == 0) || representation->empty();

}

/** Is stack full?
* @post: full_definition: $result == (count == capacity)

*/
bool full() const
{
return (count() == capacity) || representation->full();
}
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STACKS3

/** Add x on top if possible, otherwise set
* error to Overflow. No precondition!
*/

void push(const T& x)

{

it (fullQ))
error = Overflow;
else
{
assert(representation != NULL);
representation->push(x);
error = NoError;
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STACKS3

/** Add x on top if possible, otherwise set
*  @post: error_code_if_impossible:
(Sprev(full()) == (error == Overflow)

@post: no_error_if_possible:

1($prev(full()) == (error == NoError)

@post: not_empty if no_error:

(error==NoError) => lempty()

@post: added_to_top_if_no_error:

(error==0) => top() == x
@post: one_more_item_if_no_error:
(error==NoError) =>
count() = $prev(count())+1

ok ok % X X X % % %

>/
void push(const T& X);
27
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STACKS3

/** Remove top element if possible,
* otherwise set error to Underflow
* No precondition!

*/
void pop(Q)
{

if(empty())
error = Underflow;
else
{
asssert(representation = NULL);
representation->pop();
error = NoError;
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STACKS3

/**
* @post: error_code if _impossible:
$prev(empty() == (error == Underflow)
@post: no_error_if_possible:
1($prev(empty()) == (error == NoError)
@post: not_full_if_no_error:
(error==NoError) => Ifull()
@post: one_fewer_if _no_error:
(error==NoError) => count() == $prev(count())-1

% ok % % k¥

*/
void popQ);
enum ErrorCode {NoError=0, Overflow, Underflow,

Negative_size};
ErrorCode error;
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STACKS3

private:
int count() const

{
}

/** unprotected stack used to hold elements
*/
STACK2<T> *representation;

return representation->count;

/** The maximum number of stack elements
*/
int capacity;
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STACK2 7w nnmwn

N
*
*

@inv: count_non_negative: count >= 0
@inv: count_bounded: capacity >= count
@inv: consistent _with_array_size:
capacity == representation.capacity()
@inv: empty_if_no_elements:
empty() == (count == 0)
@inv: item_at_top:
(count > 0) =>
representation.at(count-1) == top()

ok E % % % % %

*/
template<class T>
class STACK2 { ... }
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shifted vector<T>

template <class T>
class shifted _vector

{

public:
/** Allocate array with bounds

*

*
*
*
*

from “minindex® to “maxindex“
(empty if “minindex® > "maxindex®)
@inv: consistent _count:

count == upper - lower + 1
@inv: non_negative_count: count >= 0

*/
shifted vector(int minindex, int maxindex)

{..

-}
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shifted vector<T>

/**

* @pre: meaningful_bounds: maxindex>=minindex-1
* @post: exact _bounds_if_non_empty:

* (maxindex>=minindex) =>

* ((lower==minindex) && (upper==maxindex))

* @post: conventions_ if _empty:

*  (maxindex<minindex) =>

* ((lower==1) && (upper==0))

*/

shifted_vector(int minindex, int maxindex)

{---}
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shifted vector<T>

/** Entry at Index "i°, if in interval
* @pre: index _not too small: lower<=i
* @pre: index _not too large: i1<=upper
*/

T &operator[]J(int 1) {...}
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shifted vector<T>

/** Assign v to the entry at index "i1°,
* if in interval
* @pre: index_not_too_small: lower<=i
* @pre: index_not_too_large: i<=upper
* @post: element_replaced: item(i) == v
*/

void put(T& v, int i) {...}

private:
/** Minimum, maximum index; array size */
int lower, upper, count;
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assert 2 wvin'w

#include<cassert>
void assert(boolean_expression);
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assert(representation != NULL);
representation->push(x);
error = NoError;
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* @loop_variant: loop variant

* @loop_invariant: loop_invariant

*/
initialization_instructions
while(as_long_as)

loop_instructions-— ., a1 o
DY (assertion)
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/** Greatest common divisor of a and b
* @pre: a>0
* @pre: b>0
* @post: returns the gcd of a and b
*/
int gcd(int a,b)
{
int x, y;
. see next slide
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/**
* @loop_variant: max(x,y)
* @loop_invariant: x>0 && y>0
* @loop_invariant: (X,y) have same gcd as (a,b)
*/
x=a; y=b;
while(x!=y)
it Ocy)
X=X-Y;
else
y=y-X;
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doc++ 2 STACK?2
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Public Fields

@const int capacity

The maximum number of stack elements
Public Methods

@T top()
Top element @pre: not_emply: lempiy()
@bool empty()
Is siack empiy?
@00l full()
Is stack full?
@void push(T x)
Add x on top @pre: not_fuil: Wdl() @post: not_empty: lewpiy() @post: added_to_top: top() *
(count)+I @posi:in_fop_array eniry: represeniationfcount] == x
@void popl)
(@pre: not_ewpty: lempty() {@past: nat_fuil: ull() @past: ane_fewer: count == Jprevicount)
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/** Indirect invariant effect
* @inv: forward==NULL ||

* (forward->backward == this)
*/
class A {

B *forward;

public:
AQ : forward(NULL) {}

/** Chain bl to current instance */
void attach(B *bl)
{
forward = bl; // Update bl"s backward
// reference for consistency
if (bl 1= NULL)
bl->attach(this);
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class B

{

A *backward;

public:
B : backward(NULL) {}

/** Chain al to current instance
*/
void attach(A *al)

{
backward = al;

¥

¥ R
'Y XN NNinv

int mainQ)
{

A al, a?;

B bl;

al.attach(&bl)

bl.attach(NULL) // A’s invariant
// violation

a2.attach(bl) // A’s invariant
// violation
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