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template<class T>
class STACK1

{
public:

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

/** Top element

* @pre: lempty()
*/
T top() const {...}
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/** Is stack full? */
bool full() const {...}

/** Add x on top
* @pre: full(Q)
* @post: lempty()
* @post: top() == X
* @post: count == $prev(count) + 1
*/

void push(T x) {...}
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/** Remove top element
* @pre: lempty()
* @post: 'full()
* @post: count == $prev(count) - 1
*/
void pop() {---}

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

¥
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template<class T>
class STACK2 {

public:
/** Allocate stack for maximum of n elements
* @pre: positive capacity: n >= 0
* @post: capacity set: capacity ==
* @post: array allocated: representation.capacity >= n
* @post: stack empty: empty()
*/
STACK2(int n) : capacity(n), count(0),
representation(capacity)
{;
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/** The maximum number of stack elements
*/
const Int capacity;

/** Top element
*  @pre: not_empty: l'empty()
*/

T top() const

{

return representationfcount-1];

}
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/** Is stack empty?

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

bool empty() const

{

}

/** 1s stack full?

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

bool full() const

1

}

return count == 0;

return count == capacity;
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/** Add x on top
* @pre: not full: full()
* @post: not _empty: lempty()
* @post: added to top: top() == X
* @post: one more item: count == $prev(count)+l
* @post: In_top array entry:representationfcount-1] ==
*/
void push(T x)
{
representation.insert(
representation.begin()+ count , X);
count++;

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

private:

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

/** Number of stack elements */
Iint count;

}
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STACKS

template<class T>
class STACK3
{
public:
/** Allocate stack for maximum of n elements,
* 1F n>=0. Otherwise set error to
Negative size. No precondition!

*

*/
STACK3(int n): representation(NULL),
error(NoError)
{
1T(n>=0)
{

capacity = n;
representation = new STACK2<T>(capacity);
}

else
error = Negative _size;
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*
*

* % ok ok ok o+ % o+ o

*/

@post:
@post:
@post:

@post:

@post:

STACKS

error_code 1T _1mpossible:

(n<0) == (error == Negative_size)
no_error_ 1T possible:

(n>=0) == (error == NoError)
capacity set 1f no _error:

(error == NoError) => (capacity ==
allocated 1f no _error:

(error == NoError) =>

representation = NULL
stack _empty 1f no_error:
(error == NoError) => empty()

STACK3(int n);
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STACKS

/** Top element 1T present, otherwise a new object with
* the type’s default value is allocated and returned, with
error set to Underflow. No precondition!
@post: error_code if _impossible:
($prev(empty())) == (error == Underflow)
@post: no_error_ 1T possible:
(1 ($prev(empty()))) == (error == NoError)

* % % ¥

*/
T &top() const
{
It (Tempty())
{
assert(representation!=NULL);
error = NoError,
return representation->top();
}
else
error=Underflow;
return new TQ;

}



STACKS

/** 1s stack empty?

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

bool empty() const

{

}

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

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

*/
bool full() const
{
return (count() == capacity) || representation->full();
}
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/** Add x on top 1If possible, otherwise set
* error to Overflow. No precondition!
*/
voild push(const T& X)
{
it (fullQ))

error = Overflow;
else
1
assert(representation !'= NULL);
representation->push(x);
error = NoError;
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STACKS

/** Add x on top 1If possible, otherwise set

x

ok % ok o+ ok % %

*/

@post: error_code 1Tt _impossible:
(Sprev(Full()) == (error == Overflow)
@post: no_error_ 1T possible:
1 ($prev(full()) == (error == NoError)
@post: not empty 1f no_error:
(error==NoError) => lempty()
@post: added to top 1f no _error:
(error==0) => top() == X
@post: one_more i1tem 1f _no _error:
(error==NoError) =>
count() = $prev(count())+1

void push(const T& X);
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STACKS

/** Remove top element 1f possible,

* otherwise set error to Underflow
* No precondition!
*/
void pop()
{ -
1T(empty())
error = Underflow;
else
{
asssert(representation !'= NULL);
representation->pop();
error = NoError;
+
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STACKS

/**
* @post: error_code 1f _impossible:

* $prev(empty() == (error == Underflow)

* @post: no _error_ 1T possible:

* 1 ($prev(empty()) == (error == NoError)

* @post: not Ffull _1f no error:

* (error==NoError) => 1Tfull()

* @post: one fewer 1f no _error:

* (error==NoError) => count() == $prev(count())-1
*/

void pop(Q);

enum ErrorCode {NoError=0, Overflow, Underflow,
Negative size};
ErrorCode error;
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STACKS

private:
int count() const

{
}

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

return rep resentation->count;

/** The maximum number of stack elements
*/
Int capacity;

}
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/**
* @inv: count_non_negative: count >= 0
* @inv: count bounded: capacity >= count
* @inv: consistent with _array_ size:
* capacity == representation.capacity()
* @inv: empty 1f no _elements:
* empty() == (count == 0)
* @inv: 1tem _at top:
* (count > 0) =>
* representation.at(count-1) == top()
*/
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 1T minindex® > "maxindex")

* @inv: consistent count:

* count == upper - lower + 1

* @inv: non_negative count: count >= 0
*/

shifted vector(int minindex, Int maxindex)

1---1
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shifted vector<T>

/**
* @pre: meaningful bounds: maxindex>=minindex-1
* @post: exact_bounds_i1f_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 1tndex 1", 1f In Interval
* @pre: 1ndex _not _too small: lower<=i
* @pre: 1ndex_not_too_large: 1<=upper
*/

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

/** Assign v to the entry at index 17,
* 1f 1In Interval
* @pre: 1ndex_not too _small: lower<=i
* @pre: 1ndex_not_too_large: i1<=upper
* @post: element replaced: 1tem(1) == v
*/

void put(T& v, Int 1) {...}

private:
/** Minimum, maximum index; array size */
int lower, upper, count;
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af
ABST_1 ~ ABST_2

’a afoa:aocf’ ’a
4 Cone
cf

CONC 1

Concrete objects (instances of the class C)




assert 2 vin'v

#include<cassert>
vold assert(boolean expression);

Q"N 010N 'NIN D (Nwn My X7W) waona Y7 nunwun
N7 win!m NIYO 'NIT NINX D'PNNT

:STACKS3 7w push n"yj71191 XnaIrT?
assert(representation != NULL);

representation->push(x);
error = NoError;

NX 'T¥N? XN NIR7N 7¥X 721pn assert 2 win'wn
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* @loop varirant: loop variant
* @loop_mnvariant: loop Invariant

*/

Initialization _instructions

while(as long as)

loop_Instructions

7' 121N
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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, vy;
. see next slide
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/**
* @loop_variant: max(X,Y)
* @loop _1nvariant: x>0 && y>0
* @loop_mnvarirant: (X,y) have same gcd as (a,b)
*/
X=a; y=b;
while(XI=y)
1t (x>y)
X=X-VY;
else
Y=Y-X;
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3 template<class T class STACKZ - Microsoft Internet Explorer ' Gl ;

J File Edit ‘Wiew Favorites Tools  Help

J Back - = - () i | ‘Chsearch  [EFavorites fMedia ¢4 | By & ] - < g

J Address I:E:l File: /E : fi0hady fcourses oo/ C++DOC /doc++hbmlf S TACKZ bkl D0, Do

Public Fields

@ const int capacity

The maximim number of stack elements

Public Methods

@T top()

Top element ([@pre: not_empty: lempiy()
@t ool empty ()

Is stack empiy?

@bool full()
I stack full?
@+oid push(T =)
Add x on top @pre: not_full: ) (@post: noi_empliy: lempiv() @post: added_to_top: top()
fcount) +1 (@posi: in_fop_array_eniry: representationfcount] == x
@<01d popl)
(@pre: not_smpiv: lempiy() @post: nel_full: ) @posi: one_fewer: count == Jprevicount)



NX™M AT 1101

7 0V19) NIWYL 7¥ NODX7 NM1am jmam 'k C++ 7w [N
D'701 N'17N NNYLVN RWI ATIND N9DRX (C now 7w assert
D'Ix'N
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naiw 197 #define NDEBUG naiwin nooin C++ 2
nX" nra assert n N1 NX 70an #include<cassert>
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/** Indirect iInvariant effect
* @inv: forward==NULL ||

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

B *forward;

public:
A : forward(NULL) {}

/** Chain bl to current iInstance */
void attach(B *bl)

{
forward = bl; // Update bl"s backward
// reference for consistency
1T (bl = NULL)
bl->attach(this);
+

} £0 C++ nowa n'mxy nniim NdN
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class B

1

A *backward;

public:
B() : backward(NULL) {}

/** Chain al to current i1nstance
*/

void attach(A *al)

{

}

} 61 C++ nowa nmyy nnam nidn
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backward = al;
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int main()
{
A al, aZ;
B bl;

al.attach(&bl)

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

a2.attach(bl) // A’s i1nvariant
// violation
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