
Sequence

! Add (pos, x)
! Remove (pos, x)
! Accessor, i.e., [pos]
! Length ()

Instantiating Sequence

#include ÒCT/Sequence/Kernel_1a_C.h Ó

concrete_instance
class  Sequence_Of_Integer :
    i nstantiates
        Sequence_Kernel_1a_C <Integer>
{};



Code Using Sequence_Of_Integer

object  Sequence_Of_Integer r ates;
object  Integer heart_rate ;
...
rates.Add (rates.Length (), heart_rate ) ;
...

An Example

gl obal _pr ocedur e Smoot h (
        pr eser ves Sequence_Of _I nt eger & s1,
        pr oduces Sequence_Of _I nt eger & s2
    ) ;
/*!
    requires
        |s1| >= 1
    ensures
        |s2| = |s1| - 1  and
        for all i, j: integer, a, b: string of integer
            where (s1 = a * <i> * <j> * b)
          (there exists c, d: string of integer
            (s2 = c * <(i+j)/2> * d  and
             |c| = |a|))
!*/



Set

! Add (x)
! Remove (x, x_copy)
! Remove_Any (x)
! Is_Member (x)
! Size ()

Mathematics: Set Theory Notation

! Declarations of sample variables to explain
set theory notation:
x: T, p: str ing of T, s1, s2: Þnite set of T

! empty_set, { } , { x} , { x1, x2, x3}
! |s1|
! x is in s1
! x is not in s1



Mathematics: Set Theory Notation

! s1 is subset of s2
! s1 is not subset of s2
! s1 intersect s2
! s1 union s2
! s1 Ð!s2

Mathematics: Set Theory Notation

! elements (p)
ÐRemember that p is a str ing of T in this

expression!



Instantiating Set

#include ÒCT/Set/Kernel_1_C.h Ó

concrete_instance
class  Set_Of_Integer :
    i nstantiates
        Set_Kernel_1_C <Integer>
{};

Code Using Set_Of_Integer

obj ect  Char act er _I St r eam i ns;
obj ect  Char act er _OSt r eam out s;
obj ect  I nt eger  n;
obj ect  Set _Of _I nt eger  t est _set ;

out s << ÒPl ease ent er  an i nt eger :  Ò;
i ns >> n;
t est _set . Add ( n) ;



Code Continued

out s << ÒPl ease ent er  anot her  i nt eger :  Ò;
i ns >> n;
i f  ( not  t est _set . I s_Member  ( n) )
{
    t est _set . Add ( n) ;
}

out s << ÒSi ze i s Ò << t est _set . Si ze ( )
     << Ò\ nÓ;

Code Continued

out s << ÒEl ement s ar e: \ nÓ;
whi l e ( t est _set . Si ze ( )  > 0)
{
    t est _set . Remove_Any ( n) ;
    out s << n << Ò\ nÓ;
}

out s << ÒSi ze i s Ò << t est _set . Si ze ( )
     << Ò\ nÓ;



Catalyst Objects

obj ect  cat al yst  Set _Of _I nt eger  t emp;
. . .
whi l e ( t est _set . Si ze ( )  > 0)
{
    t est _set . Remove_Any ( n) ;
    out s << n << Ò\ nÓ;
    t emp. Add ( n) ;
}
t est _set  &= t emp;

Queue

! Enqueue (x)
! Dequeue (x)
! Accessor, i.e., [current]
! Length ()



Instantiating Queue

#include ÒCT/Queue/Kernel_1a_C.h Ó

concrete_instance
class  Queue_Of_Integer :
    i nstantiates
        Queue_Kernel_1a_C <Integer>
{};

Code Using Queue_Of_Integer

global_procedure  Find_Min (
        preserves  Queue_Of_Integer & q,
        produces  Integer& min
    );
/*!
    requires
        q /= empty_string
    ensures
        ...
!*/



Another Example

gl obal _pr ocedur e Fi nd_Mi n_And_Max (

        pr eser ves Queue_Of _I nt eger & q,
        pr oduces I nt eger & mi n,
        pr oduces I nt eger & max
    ) ;
/*!
    requires
        ...
    ensures
        ...
!*/

Record

! Accessor, i.e., [your own Þeld name]

! Þeld_name statement lets you provide the
name to be used for any Þeld of any
concrete instance of Record



Instantiating Record

concr et e_i nst ance

cl ass Name_And_Gr ade :

    i nst ant i at es

        Recor d <

                Text ,

                I nt eger

            >

{ } ;

Naming The Fields

f i el d_name ( Name_And_Gr ade,  0,  Text ,  name) ;
f i el d_name ( Name_And_Gr ade,  1,  I nt eger ,  gr ade) ;



Code Using Name_And_Grade

obj ect  Name_And_Gr ade st udent _i nf o;
. . .
st udent _i nf o[ name]  = ÒJoeÓ;
st udent _i nf o[ gr ade]  = 95;
. . .
i f  ( st udent _i nf o[ gr ade]  > 100)
{
    st udent _i nf o[ name] . Add ( 0,  Ô* Õ) ;
}

The ÒChecksÓ Relation

! One concrete component can check another:

checksSequence_
Kernel_1a

Sequence_
Kernel_1a_C



Example: Sequence_Kernel_1a_C

Sequence_Kernel_1a
Ð (standard operations)
Ð Add (pos, x)
Ð Remove (pos, x)
Ð Accessor (i.e., [pos])
Ð Length ()

Sequence_Kernel_1a_C

Ð Add (pos, x)
Ð Remove (pos, x)
Ð Accessor (i.e., [pos])

c

Decoupling ÒChecksÓ

Sequence_
Kernel

Sequence_
Kernel_C

checks

implements



Instantiating a Checking
Component
! Here is a CCD for some Sequence family

components:

Sequence_
Kernel_1a

i

Sequence_
Kernel

Sequence_
Kernel_C

c
i

Partial Instantiation

! Partial instantiation: creating a new
template by Þxing some (but not all)
parameters of an existing template



Code for Sequence_Kernel_1a_C

concrete_template  <
    concrete_instance c lass I tem
  >
class  Sequence_Kernel_1a_C :
  specializes
    concrete_instance  Sequence_Kernel_C <
        Item,
        Sequence_Kernel_1a <Item>
      >
{};

The ÒSpecializesÓ Relation

! Here is the CCD for what weÕve done:

Sequence_
Kernel_1a_C

specializesuses

Sequence_
Kernel_1a

i

Sequence_
Kernel

Sequence_
Kernel_C

c
i



The ÒExtendsÓ Relation (A-to-A)

! One abstract component can extend
another:

Sequence_
Kernel

extends Sequence_
Reverse

Example: Sequence_Reverse

Sequence_Kernel
Ð (standard operations)
Ð Add (pos, x)
Ð Remove (pos, x)
Ð Accessor [i.e., pos]
Ð Length ( )

Sequence_Reverse

Ð Reverse ( )

e



Example: Sequence_Reverse

procedure Reverse () i s_abstract ;
/*!
    ensures
        self = reverse (#self)
!*/

The ÒExtendsÓ Relation (C-to-C)

! One concrete component can extend
another:

extendsSequence_
Kernel_1a

Sequence_1a_
Reverse_1



The Pattern Without Decoupling

i

Sequence_
Kernel

e Sequence_
Reverse

Sequence_
Kernel_1a

i

e Sequence_1a_
Reverse_1

The Pattern With Decoupling

Sequence_
Reverse_1

e

i i

Sequence_
Kernel

e Sequence_
Reverse



Utility Classes

! Utility class Ñ  a class that Òpackages
togetherÓ a set of (one or more) operations
that you:
Ðcould declare as separate global operations, but

which intuitively Òbelong togetherÓ, or

Ðwant to pass as an actual parameter when
instantiating a template

Rationale For Utility Classes

! First use:
Ðto aid in human understanding of a program

! Second use:
Ðto permit passing an operation as a template

parameter: different instances of a template Ñ
even in the same program Ñ  might need
different versions of some operations, so these
should be template parameters (e.g.,
Are_In_Order operation for sorting)



(Regular) Class vs. Utility Class

cl ass
Ð deÞnes a type (may

declare objects using
name of class as type)

Ð procedure
Ð function
Ð client calls are of the

form:
obj ect _name. oper at i on ( ) ;

ut i l i t y_cl ass
Ð deÞnes no type (may not

declare objects using
name of class as type)

Ð utility_procedure
Ð utility_function
Ð client calls are of the

form:
cl ass_name: : oper at i on ( ) ;

Example: CCD for Queue_Sort_1

Queue_
Sort_1

e

i i

Queue_
Kernel

e Queue_
Sort

i

General_
Are_In_Order

u



Private Operations
! If an operation is to be used only within a

component, not by any clients, then declare it
pr ivate, not public:

  concr et e_t empl at e <. . . >
  cl ass Queue_Sor t _1 :  . . .
  {
  pr i vat e:
      l ocal _pr ocedur e_body Remove_Mi n (
          al t er s Queue_Sor t _1& q,
          pr oduces I t em& x
        )  . . .
  publ i c:
      pr ocedur e_body Sor t  ( )  . . .
  } ;

Sorting_Machine

! Insert (x)
! Change_To_Extraction_Phase ( )
! Remove_First (x)
! Remove_Any (x)
! Size ( )
! Is_In_Extraction_Phase ( )



Instantiating Sorting_Machine

#i ncl ude ÒCT/ Sor t i ng_Machi ne/ Ker nel _1_C. hÓ
#i ncl ude ÒCI / Text / Ar e_I n_Or der _1. hÓ

concr et e_i nst ance
cl ass Sor t er _Of _Text _I ncr easi ng :
  i nst ant i at es
    Sor t i ng_Machi ne_Ker nel _1a_C <
        Text ,
        Text _Ar e_I n_Or der _1
      >
{ } ;

Stack

! Push (x)
! Pop (x)
! Accessor, i.e., [current]
! Length ()



How Recursion Works

! Nothing special Ñ  a recursive call is
exactly like any other operation call

! Key ideas:
ÐTracing table is accurate cover story for a call

ÐEach call (recursive or not) results in a new
tracing table

ÐNo short-cuts allowed just because you Òknow
what itÕs going to doÓ

Example: Tracing Into Reverse
for Queues



An Extention of Stack_Kernel

Stack_
Reverse_1

e

i i

Stack_
Kernel

e Stack_
Reverse

Partial_Map

! DeÞne (d, r)
! UndeÞne (d, d_copy, r)
! UndeÞne_Any (d, r)
! Is_DeÞned (d)
! Accessor, i.e., [d]
! Size ( )



Instantiating Partial_Map

#i ncl ude ÒCT/ Par t i al _Map/ Ker nel _1_C. hÓ

concr et e_i nst ance
cl ass Par t i al _Map_Fr om_Text _To_I nt eger  :
    i nst ant i at es
        Par t i al _Map_Ker nel _1_C <
                Text ,
                I nt eger
            >
{ } ;

Code Using This Partial_Map Type

obj ect  Par t i al _Map_Text _To_I nt eger  payr ol l ;
obj ect  Text  ssn,  t emp;
obj ect  I nt eger  pay;
. . .
payr ol l . Def i ne ( ssn,  pay) ;
. . .
i f  ( payr ol l . I s_Def i ned ( ssn) )
{
. . .
}



Code Continued

payr ol l . Undef i ne ( ssn,  t emp,  pay) ;
pay += 10;   / /  same as:  pay = pay + 10;
payr ol l . Def i ne ( t emp,  pay) ;
. . .
payr ol l [ ssn]  += 10;
. . .
whi l e ( payr ol l . Si ze ( )  > 0)
{
    payr ol l . Undef i ne_Any ( ssn,  pay) ;
    . . .
}

The ÒImplementsÓ Relation

! How do you implement a kernel abstract
instance or abstract template?

Natural_
Kernel_18

i

Natural_
Kernel

Set_
Kernel_1

i

Set_
Kernel



Component ImplementerÕs View
Integer i

13
Abstract

View

Concrete
View

Integer i

<TTFT>

How To Think As An Implementer



Convention And Correspondence

correspondence
mapping

constraint holds in
abstract state space

convention holds in
concrete state space

Data Representation Approach in
RESOLVE/C++ (The Rules)
! Every RESOLVE/C++ data representation

consists of exactly one internal object
! The type of this object (the representation

record) is always a template parameter
called Rep that implements some instance of
Representation

! Representation is just like Record (i.e., it
has named Þelds, one accessor per Þeld)



Data Representation Approach in
RESOLVE/C++ (The Intuition)

249
Abstract
View

Concrete
View

<9,4,2>

Natural_Kernel n

Natural_Kernel n

Data Representation Feasibility
Rules of Thumb
! Suppose A is the kernel component to be

represented, and B is (a Representation
record) being considered to represent it

! Feasibility rules of thumb:
ÐThere is some natural correspondence between

the abstract state space of B and that of A
ÐThe abstract state space of B is at least as large

as the abstract state space of A



Data Representation Preference
Rules of Thumb
! Suppose B1 and B2 are (Representation

records) being considered to represent A
! Preference rules of thumb for B1 over B2:

ÐIt is easier to write/understand the
implementions of the kernel operations of A
using B1 rather than B2

ÐImplementations of the kernel operations of A
are more efÞcient using B1 rather than B2

The ÒEncapsulatesÓ Relation

! A kernel concrete template encapsulates
some instance of Representation

Set_
Kernel_1

encapsulates

Representation

i



Complete CCD for Set_Kernel_1

Set_
Kernel_1

u

i

i

Set_
Kernel

encapsulates

Queue_
Kernel

i

General_
Is_Equal_To

u

Representation

i

How An Operation Works: The
Commutative Diagram

concrete state space

abstract state space

concrete state space

abstract state space
Before After



Constructor

! Operation that is invoked automatically for
every object of every type at the point
where object is declared, to give object its
initial value

! By default (i.e., without your writing any
code), all of the Rep ÞeldsÕ constructors are
invoked automatically so they start with
initial values for their respective types

Destructor

! Operation that is invoked automatically for every
object of every type at end of block where object
is declared, to Òclean upÓ memory used by
objectÕs representation

! By default (i.e., without your writing any code),
all of the Rep ÞeldsÕ destructors are invoked
automatically so these Þelds are cleaned up



Swap and Clear Operations

! Automatically available to the client of any
concrete component that is declared to
encapsulate an instance of Representation

! As an implementer of a kernel component,
you never write code for Swap or Clear if
you follow the rules (i.e., parameterize by
Rep and encapsulate it)

Static_Array

! accessor, i.e., [i]
! Lower_Bound ()
! Upper_Bound ()



Instantiating Static_Array

#include ÒCT/ Static_Array/ Kernel_ 1_C.h Ó

concrete_instance
class  Real_Vector_100 :
  instantiates
    Static_Array_Kernel_1_C <Real, 1, 100>
{};

Code Using Real_Vector_100

object  Real_Vector_100 v;
object  Real x, y;
object  Integer i;
...
in >> v[i];
if  (v. Upper_Bound ( ) >= i/2)
{
    y = 3.14 * v[i/2] + x;
}
...



Array

! Set_Bounds (lower, upper)
! accessor, i.e., [i]
! Lower_Bound ()
! Upper_Bound ()

Instantiating Array

#include ÒCT/Array/Kernel_1_C.h Ó

concrete_instance
class  Real_Vector :
  instantiates
    Array_Kernel_1_C <Real>
{};



Code Using Real_Vector

object  Real_Vector v;
object  Real x, y;
object  Integer i;
...
v.Set_Bounds (1, 100);
...
in >> v[i];
if  (v.Upper_Bound () >= i/2)
{
    y = 3.14 * v[i/2] + x;
}
...

Static_Array vs. Array

! General rule:
ÐUse Static_Array if you know the bounds at

compile-time.

ÐUse Array if you don��Õt know the bounds at
compile-time.

ÐThere is no real difference in performance
between the implementations provided in the
Resolve/C++ Catalog Ñ  but there could be!



Implementing Partial Map

! Data structures Ñ  Partial_Map_Kernel_1
uses an unordered Queue of Records as the
representation

! Algorithms Ñ  Partial_Map_Kernel_1 uses
linear search through this Queue of
Records as the basic algorithm

Performance (Td1. I s_Equal _To( d2)  = c)

Tm. Par t i al _Map_Ker nel _1( )  =
Tm. Def i ne( d, r )  =
Tm. Undef i ne( d, d_copy, r )  =

Tm. Undef i ne_Any( d, r )  =
Tm[ d]  =
Tm. I s_Def i ned( d)  =
Tm. Si ze( )  =
Tm. ~Par t i al _Map_Ker nel _1( )  =



Speeding Up Linear Search

! ThereÕs really only one thing you can do to
speed up linear search, without abandoning
it altogether: search through fewer things!

Hashing

! Divide records among many buckets (of
approximately equal size), and conÞne
linear search to the bucket containing the
item

number of d values in bucket

bucket
number

0

29



The ÒInitializeÓ Operation

! Recall: By default, Rep ÞeldsÕ values are
automatically initialized to initial values of
their respective types when a
Partial_Map_Kernel object is declared

! Problem: In this situation, the default initial
values of Rep Þelds do not represent an
initial value of type Partial_Map_Kernel!

Initialize

! This pr ivate operation is present only when
you must change one or more of the default
Rep Þeld values, to get a valid
representation of an initial value of the new
type

! Initialize, if present, is invoked
automatically (by Representation) at Òthe
right timeÓ (i.e., after defaults are created)



A New Math Type: Binary Tree

5

7 8

4 92

31

root

parent of 4 and 9

leaves

size = 8
height = 4

children of 8

internal
nodes

Recursive Structure

root

left subtree
right subtree



Binary_Tree Operations

! Binary_Tree is modeled as a mathematical
binary tree

! Operations
ÐCompose (x, left_subtree, right_subtree)
ÐDecompose (x, left_subtree, right_subtree)
ÐAccessor, i.e., [current]
ÐHeight ( )
ÐSize ( )

Binary Tree Traversal

! A traversal visits each item of the tree once and
only once

! Types of traversals:
Ð preorder: root, left subtree, right subtree
Ð inorder: left subtree, root, right subtree
Ð postorder: left subtree, right subtree, root



Traversals ContinuedÉ

preorder

postorder

inorder

1

2

3

1

2 3

1 2

3

Binary Search Trees (BSTs)

! An ARE_IN_ORDER binary search tree is a
special kind of binary tree
Ð ordering property 1: for each item x in the tree and for

each item y in the right subtree rooted at x:
ARE_IN_ORDER (x, y)

Ð ordering property 2: for each item x in the tree and for
each item y in the left subtree rooted at x:
not ARE_IN_ORDER (x, y)



Math DeÞnition

mat h def i ni t i on ARE_I N_ORDER (
    x:  I t em,
    y:  I t em
  ) :  bool ean sat i sf i es r est r i ct i on
  f or  al l  x,  y,  z:  I t em
    ( ARE_I N_ORDER ( x,  x)  and
    ( ( ARE_I N_ORDER ( x,  y)  or
      ARE_I N_ORDER ( y,  x) )  and
    ( i f  ( ARE_I N_ORDER ( x,  y)  and
         ARE_I N_ORDER ( y,  z) )
     t hen ARE_I N_ORDER ( x,  z) ) )

Examples

25

12 30

325 28

14

10 14

Item is Integer
ARE_IN_ORDER (x, y) !  (x "  y)

25

12

6 18 14

10 14



Non-Examples

18

15 24

10 18

25

12 41

4 20 34

14

21

2

2

1

37

26

Item is Integer
ARE_IN_ORDER (x, y) !  (x "  y)

Searching a BST

25

12 37

415 27

Let!s search for 27:



Searching ContinuedÉ

25

12 37

415 27

Let!s search for 18:

Inserting Into a BST

Let!s insert 29:

25

12 37

415 27

29 goes here29



Inserting ContinuedÉ

Let!s insert 25:

25

12 37

415 27

25 goes here 2925

Deleting From a BST

Let!s delete 8 (a leaf item):

25

12 37

415 27

2981 5040



Deleting From a BST

Let!s delete 8 (a leaf item):

25

12 37

415 27

291 5040
Just get rid
of the leaf

Deleting ContinuedÉ

Let!s delete 12 (no right child):

25

12 37

415 27

2981 5040



Deleting ContinuedÉ

Let!s delete 12 (no right child):

25

37

415 27

2981 5040

Deleting ContinuedÉ

Let!s delete 12 (no right child):

25

37

41

5

27

29

81

5040

Just move up left
child (and whole
subtree)



Deleting ContinuedÉ

Let!s delete 27 (no left child):

25

12 37

415 27

2981 5040

Deleting ContinuedÉ

Let!s delete 27 (no left child):

25

12 37

415

2981 5040



Deleting ContinuedÉ

Let!s delete 27 (no left child):

25

12 37

415 29

81 5040

Just move up right
child (and whole
subtree)

Deleting ContinuedÉ

Let!s delete 37 (item with two children):

25

12 37

415 27

2981 5040



Deleting ContinuedÉ

Let!s delete 37 (item with two children):

25

12

415 27

2981 5040

Deleting ContinuedÉ

Let!s delete 37 (item with two children):

25

12 29

415 27

81 5040

Remove largest
item from left
subtree and put
it in place of the
deleted item



Deleting ContinuedÉ

Let!s delete 37 (item with two children):

25

12

415 27

2981 5040

Deleting ContinuedÉ

Let!s delete 37 (item with two children):

25

12 40

415 27

2981 50

Remove smallest
item from right
subtree and put
it in place of the
deleted item



Let!s delete 37 from a slightly different tree:

25

12 37

415 29

2981 504026

Deleting ContinuedÉ

Let!s delete 37 from a slightly different tree:

25

12

415 29

2981 504026

Deleting ContinuedÉ



Let!s delete 37 from a slightly different tree:

25

12 29

415 29

81 504026

Deleting ContinuedÉ

Oops!

Let!s delete 37 from a slightly different tree:

25

12

415 29

2981 504026

Deleting ContinuedÉ



Let!s delete 37 from a slightly different tree:

25

12 40

415 29

2981 5026

Remove smallest
item from right
subtree and put
it in place of the
deleted item

Deleting Finished!

Computer Memory

object  Integer i, j;
object  Character c;
object  Text t;



Pointer Operations

! Declaration
! Allocation (i.e., New(p))
! Dereference operator (i.e., * )
! Assignment operator (i.e., =)
! Equality testing operator (i.e., ==, !=)
! Special constant (i.e., NULL)
! Deallocation (i.e., Delete(p))

The Life of a Typical
RESOLVE/C++ Variable/Object

Out of
scope

Alive

declare

}

Call operation



The Life of a C++ Pointer

Out of
scope

Alive Null

Deaddeclare

}

}

}

New

New

New Delete

Delete
NULL

NULL

NULL*

*

*

Delete

?

States of a C++ Pointer

Out of
scope

Alive Null

Dead



Good Transitions

Out of
scope

Alive Null

Deaddeclare

}

}

New

New

Delete

Delete

NULL

NULL*

Bad Transitions

Out of
scope

Alive Null

Dead

*

*

Delete



Possibly ÒLeakyÓ Transitions

Out of
scope

Alive Null

Dead

}

New

NULL

Out of
scope

Alive Null

Dead

?

ÒSpontaneousÓ Transitions



The Life of a C++ Pointer

Out of
scope

Alive Null

Deaddeclare

}

}

}

New

New

New Delete

Delete
NULL

NULL

NULL*

*

*

Delete

?

FYI: The Life of a Java Reference

Out of
scope

Alive Null

declare (data member only)

}

}
new

new

NULL

NULL* *



Comparison of Complexity

! R/C++ object

! Java reference

! C++ pointer

List

! Move_To_Start ()
! Move_To_Finish ()
! Advance ()
! Add_Right (x)
! Remove_Right (x)
! Accessor, i.e., [current]
! Left_Length ()
! Right_Length ()



Code Using Lists

object  List_Of_Integer kids;
object  Integer age;
...
kids.Add_Right (age);
...
if  (kids.Right_Length () > 0)
{
...
}

Code Using Lists

kids.Remove_Right (age);
age++;
kids.Add_Right (age);
...
kids[current]++;
...
while  (kids.Right_Length () > 0)
{
    ...
}



Code Using Lists

obj ect  Li st _Of _I nt eger  t eens;
whi l e ( ki ds. Ri ght _Lengt h ( )  > 0)
    / * !
        . . .
    ! * /
{
    i f  ( ki ds[ cur r ent ]  > 12)
    {
        obj ect  I nt eger  age;
        age = ki ds[ cur r ent ] ;
        t eens. Add_Ri ght  ( age) ;
    }
    k i ds. Advance ( ) ;
}

Summary: Pointer Problems

! Storage/memory leak

! Dereferencing dead pointer

! Deleting dead pointer

! Dereferencing null pointer

! Aliasing (leading to ÒspontaneousÓ state change)



How RESOLVE/C++ (Without
Pointers) Avoids These Problems
! Storage/memory leak

! Dereferencing dead pointer

! Deleting dead pointer

! Dereferencing null pointer

! Aliasing (leading to ÒspontaneousÓ state change)

The ÒFinalizeÓ Operation

! Recall: By default, destructors for Rep Þelds
are automatically called to Òclean upÓ their
respective types when, e.g., a
Queue_Kernel_1 object goes out of scope

! Problem: In Queue_Kernel_1 Ñ  a raw C++
implementation Ñ  this canÕt be done until
after the nodes representing the
Queue_Kernel_1 object are deallocated!



Finalize

! This pr ivate operation is present only when
you are writing a Òraw C++Ó
implementation, where one or more Rep
Þelds is a pointer Ñ  in which case you must
deallocate some memory yourself

! Finalize, if present, is invoked
automatically (by Representation) at Òthe
right timeÓ (i.e., before Rep Þelds go away)

C++ Pointer Pitfalls

! Many problems arise from two common
practices in normal C++ programs:
ÐUsing pointer types to objects, where you really

should have used the objects themselves
ÐUsing assignment of pointers to objects

(shallow copy), where you really should have
assigned object values (deep copy)

ÐIn both cases, you get aliasing that causes
trouble!  (See Names_2.2_C++.cppÉ )



Before First Push:

0

top

lengththis
(all_names)

x
(one_name)

'A' 'm' 'y' '\0'

After First Push:

1

top

lengththis
(all_names)

data

next

x
(one_name)

'A' 'm' 'y' '\0'



Before Second Push:

1

top

lengththis
(all_names)

data

next

x
(one_name)

'a' 'm' 'y' '\0'

After Second Push:

2

top

lengththis
(all_names)

data

next

x
(one_name)

'a' 'm' 'y' '\0'

data

next



Before Third Push:

2

top

lengththis
(all_names)

data

next

x
(one_name)

'B' 'o' 'b' '\0'

data

next

Questions to Consider in Normal
C++ Use of Pointers

! Where is the right place to allocate
memory?

! Where is the right place to deallocate
memory?

! Example: Inside the last loop of
Names_2.3_C++.cpp, should more memory
be allocated here?



Loop Invariants

! Helps you understand how and why a loop
works
ÐMode of each material object indicates

(generally) what changes over a single iteration
Ðmaintains clause says what does not change

over a single iteration (hence, is ÒinvariantÓ)
Ðdecreases clause gives a non-negative integer-

valued expression that gets smaller over a
single iteration

Example

global_procedure Concatenate (
        alters  Queue_Of_Integer & q1,
        consumes  Queue_Of_Integer & q2
    );
/*!
    ensures
        q1 = #q1 * #q2
!*/



Reasoning With A Loop Invariant

whi l e ( q2. Lengt h ( )  > 0)
/*!
    alters q1, q2
    maintains
        q1 * q2 = #q1 * #q2
    decreases
        |q2|
!*/
{

}

Why Optimizations Should Wait

obj ect  I nt eger  k = q2. Lengt h ( ) ;
whi l e ( k > 0)
/*!
    alters q1, q2, k
    maintains
        q1 * q2 = #q1 * #q2  and
        k = |q2|
    decreases
        k
!*/
{
    . . .
}



Observations About Loop
Invariants

! Discovering an invariant made it easier
(possible?) to reason about (predict the
behavior of) a loop.  (Recall single and
double LEGO¨  blocks.)

! Given a correct invariant, one can predict
the behavior of a loop without seeing its
body.  (Recall Concatenate example.)

Establishing A Loop Invariant

whi l e ( q2. Lengt h ( )  > 0)
/*!
    alters q1, q2
    maintains
        q1 * q2 = #q1 * #q2
    decreases
        |q2|
!*/
{
    obj ect  I nt eger  n;
    q2. Dequeue ( n) ;
    q1. Enqueue ( n) ;
}



Another Example

gl obal _f unct i on Real  Power  (
        pr eser ves Real  x,
        pr eser ves I nt eger  p
    ) ;
/*!
    requires
        p > 0
    ensures
        Power = x ^ (p)
!*/

Version 1

obj ect  Real  r esul t ;
obj ect  I nt eger  t hi s_p;
r esul t  = x;
t hi s_p = 1;
whi l e ( t hi s_p <= p/ 2)
/*!
    preserves p
    alters result, this_p
    maintains
        result = x ^ (this_p)  and
        this_p <= p  and
        there exists k: integer (this_p = 2^(k))
    decreases
        p/2 - this_p
!*/
{
    . . .
}
. . .



Version 2

r esul t  = 1. 0;
f act or  = x;
p_l ef t  = p;
whi l e ( p_l ef t  > 0)
/*!
    alters result, factor, p_left
    maintains
        p_left >= 0  and
        result * factor ^ (p_left) =
            x ^ (p)
    decreases
        p_left
!*/
{
    . . .
}


