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Case Studies Using Patterns

� The following slides describe several case studies using C++ & patterns

to build highly extensible software

� The examples include

1. Expression Tree

{ e.g., Adapter, Factory, Bridge

2. System Sort

{ e.g., Facade, Adapter, Iterator, Singleton, Factory Method, Strategy,

Bridge

3. Sort Veri�er

{ e.g., Strategy, Factory Method, Facade, Iterator, Singleton
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Case Study: Expression Tree Evaluator

� The following inheritance & dynamic binding example constructs

expression trees

{ Expression trees consist of nodes containing operators & operands

� Operators have di�erent precedence levels, di�erent associativities,

& di�erent arities, e.g.,

� Multiplication takes precedence over addition

� The multiplication operator has two arguments, whereas unary

minus operator has only one

� Operands are integers, doubles, variables, etc.

� We'll just handle integers in this example . . .
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Expression Tree Diagram
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Expression Tree Behavior

� Expression trees

{ Trees may be \evaluated" via di�erent traversals

� e.g., in-order, post-order, pre-order, level-order

{ The evaluation step may perform various operations, e.g.,

� Traverse & print the expression tree

� Return the \value" of the expression tree

� Generate code

� Perform semantic analysis
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Memory Layout of Algorithmic Version
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� Here's the memory layout of a struct Tree Node object
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Limitations with Algorithmic Approach

� Problems or limitations with the typical algorithmic approach include

{ Little or no use of encapsulation

� Incomplete modeling of the application domain, which results in

1. Tight coupling between nodes & edges in union representation

2. Complexity being in algorithms rather than the data structures

{ e.g., switch statements are used to select between various types of

nodes in the expression trees

{ Compare with binary search!

3. Data structures are \passive" & functions do most processing work

explicitly
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More Limitations with Algorithmic Approach

� The program organization makes it di�cult to extend, e.g.,

{ Any small changes will ripple through the entire design &

implementation

� e.g., see the \ternary" extension below

{ Easy to make mistakes switching on type tags . . .

� Solution wastes space by making worst-case assumptions wrt structs &

unions

{ This is not essential, but typically occurs

{ Note that this problem becomes worse the bigger the size of the

largest item becomes!
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OO Alternative

� Contrast previous algorithmic approach with an object-oriented

decomposition for the same problem:

{ Start with OO modeling of the \expression tree" application domain,

e.g., go back to original picture

{ Discover several classes involved:

� class Node: base class that describes expression tree vertices:

� class Int Node: used for implicitly converting int to Tree node

� class Unary Node: handles unary operators, e.g., -10, +10, !a

� class Binary Node: handles binary operators, e.g., a + b, 10 - 30

� class Tree: \glue" code that describes expression-tree edges, i.e.,

relations between Nodes

{ Note, these classes model entities in the application domain

� i.e., nodes & edges (vertices & arcs)
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Expression Tree Diagram
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Relationships Between Tree & Node Classes
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11
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Design Patterns in the Expression Tree Program

� Factory

{ Centralize the assembly of resources necessary to create an object

� e.g., decouple Node subclass initialization from use

� Bridge

{ Decouple an abstraction from its implementation so that the two can

vary independently

� e.g., printing contents of a subtree and managing memory

� Adapter

{ Convert the interface of a class into another interface clients expect

� e.g., make Tree conform C++ iostreams

Vanderbilt University 13

OO Pattern Examples Douglas C. Schmidt

C++ Node Interface

class Tree; // Forward declaration

// Describes the Tree vertices

class Node {

friend class Tree;

protected: // Only visible to derived classes

Node (): use_ (1) {}

/* pure */ virtual void print (std::ostream &) const = 0;

// Important to make destructor virtual!

virtual ~Node ();

private:

int use_; // Reference counter.

};
Vanderbilt University 14
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C++ Tree Interface

#include "Node.h"

// Bridge class that describes the Tree edges and

// acts as a Factory.

class Tree {

public:

// Factory operations

Tree (int);

Tree (const string &, Tree &);

Tree (const string &, Tree &, Tree &);

Tree (const Tree &t);

void operator= (const Tree &t);

~Tree ();

void print (std::ostream &) const;

private:

Node *node_; // pointer to a rooted subtree

Vanderbilt University 15



O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

In
t
N
o
d
e
In
te
rf
a
c
e

#
i
n
c
l
u
d
e

"
N
o
d
e
.
h
"

c
l
a
s
s

I
n
t
_
N
o
d
e

:

p
u
b
l
i
c

N
o
d
e

{

p
u
b
l
i
c
:

I
n
t
_
N
o
d
e

(
i
n
t

k
)
;

v
i
r
t
u
a
l

v
o
i
d

p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
t
r
e
a
m
)

c
o
n
s
t
;

p
r
i
v
a
t
e
:

i
n
t

n
u
m
_
;

/
/

o
p
e
r
a
n
d

v
a
l
u
e
.

}
;

V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

1
6

O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

U
n
a
ry
N
o
d
e
In
te
rf
a
c
e

#
i
n
c
l
u
d
e

"
N
o
d
e
.
h
"

c
l
a
s
s

U
n
a
r
y
_
N
o
d
e

:

p
u
b
l
i
c

N
o
d
e

{

p
u
b
l
i
c
:

U
n
a
r
y
_
N
o
d
e

(
c
o
n
s
t

s
t
r
i
n
g

&
o
p
,

c
o
n
s
t

T
r
e
e

&
t
)
;

v
i
r
t
u
a
l

v
o
i
d

p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
t
r
e
a
m
)

c
o
n
s
t
;

p
r
i
v
a
t
e
:

s
t
r
i
n
g

o
p
e
r
a
t
i
o
n
_
;

T
r
e
e

o
p
e
r
a
n
d
_
;

}
;

V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

1
7

O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

B
in
a
ry
N
o
d
e
In
te
rf
a
c
e

#
i
n
c
l
u
d
e

"
N
o
d
e
.
h
"

c
l
a
s
s

B
i
n
a
r
y
_
N
o
d
e

:

p
u
b
l
i
c

N
o
d
e

{

p
u
b
l
i
c
:

B
i
n
a
r
y
_
N
o
d
e

(
c
o
n
s
t

s
t
r
i
n
g

&
o
p
,

c
o
n
s
t

T
r
e
e

&
t
1
,

c
o
n
s
t

T
r
e
e

&
t
2
)
;

v
i
r
t
u
a
l

v
o
i
d

p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
)

c
o
n
s
t
;

p
r
i
v
a
t
e
:

c
o
n
s
t

s
t
r
i
n
g

o
p
e
r
a
t
i
o
n
_
;

T
r
e
e

l
e
f
t
_
;

T
r
e
e

r
i
g
h
t
_
;

}
;

V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

1
8

OOPatternExamplesDo

MemoryLayoutforC++Version

tag

op

vptr

use

Node
PART

num

Node
PART

ptr

operator

operand
(Tree PART)

Node
PART

operator

left
(Tree PART)

Node
PART

operator

right
(Tree PART)

left
(Tree PART)

right
(Tree PART)

middle
(Tree PART)

tag

op

Node

Int_Node

Node
PART

Treeoperator_

operand_
(Tree PART)

Unary  Node

Node
PART

operator_

left_
(Tree PART)

Binary
Node

Node
PART

operator_

right_
(Tree PART)

left_
(Tree PART)

right_
(Tree PART)

middle_
(Tree PART)

Ternary
Node

vptr

use_

Node
PART

num_

node_

�Memorylayoutsfordi�erentsubclassesofNode

VanderbiltUniversity



O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

In
t
N
o
d
e
Im
p
le
m
e
n
ta
ti
o
n
s

#
i
n
c
l
u
d
e

"
I
n
t
_
N
o
d
e
.
h
"

I
n
t
_
N
o
d
e
:
:
I
n
t
_
N
o
d
e

(
i
n
t

k
)
:

n
u
m
_

(
k
)

{

}

v
o
i
d

I
n
t
_
N
o
d
e
:
:
p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
t
r
e
a
m
)

c
o
n
s
t

{

s
t
r
e
a
m

<
<

t
h
i
s
-
>
n
u
m
_
;

} V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

2
0

O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

U
n
a
ry
N
o
d
e
Im
p
le
m
e
n
ta
ti
o
n
s

#
i
n
c
l
u
d
e

"
U
n
a
r
y
_
N
o
d
e
.
h
"

U
n
a
r
y
_
N
o
d
e
:
:
U
n
a
r
y
_
N
o
d
e

(
c
o
n
s
t

s
t
r
i
n
g

&
o
p
,

c
o
n
s
t

T
r
e
e

&
t
1
)

:

o
p
e
r
a
t
i
o
n
_

(
o
p
)
,

o
p
e
r
a
n
d
_

(
t
1
)

{

}

v
o
i
d

U
n
a
r
y
_
N
o
d
e
:
:
p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
t
r
e
a
m
)

c
o
n
s
t

{

s
t
r
e
a
m

<
<

"
(
"

<
<

t
h
i
s
-
>
o
p
e
r
a
t
i
o
n
_

<
<

<
<

t
h
i
s
-
>
o
p
e
r
a
n
d
_

/
/

r
e
c
u
r
s
i
v
e

c
a
l
l
!

<
<

"
)
"
;

} V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

2
1

O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

C
+
+

B
in
a
ry
N
o
d
e
Im
p
le
m
e
n
ta
ti
o
n

#
i
n
c
l
u
d
e

"
B
i
n
a
r
y
_
N
o
d
e
.
h
"

B
i
n
a
r
y
_
N
o
d
e
:
:
B
i
n
a
r
y
_
N
o
d
e

(
c
o
n
s
t

s
t
r
i
n
g

&
o
p
,

c
o
n
s
t

T
r
e
e

&
t
1
,

c
o
n
s
t

T
r
e
e

&
t
2
)
:

o
p
e
r
a
t
i
o
n
_

(
o
p
)
,

l
e
f
t
_

(
t
1
)
,

r
i
g
h
t
_

(
t
2
)

{
}

v
o
i
d

B
i
n
a
r
y
_
N
o
d
e
:
:
p
r
i
n
t

(
s
t
d
:
:
o
s
t
r
e
a
m

&
s
t
r
e
a
m
)

c
o
n
s
t

{

s
t
r
e
a
m

<
<

"
(
"

<
<

t
h
i
s
-
>
l
e
f
t
_

/
/

r
e
c
u
r
s
i
v
e

c
a
l
l

<
<

"

"

<
<

t
h
i
s
-
>
o
p
e
r
a
t
i
o
n
_

<
<

"

"

<
<

t
h
i
s
-
>
r
i
g
h
t
_

/
/

r
e
c
u
r
s
i
v
e

c
a
l
l

<
<

"
)
"
;

} V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

2
2

O
O
P
a
tt
er
n
E
xa
m
p
le
s

D
o
u
g
la
s
C
.
S
ch
m
id
t

In
it
ia
li
zi
n
g
th
e
N
o
d
e
S
u
b
c
la
ss
e
s

�

P
ro
b
le
m

{

H
ow
to
en
su
re
th
e
N
o
d
e
su
b
cl
as
se
s
ar
e
in
it
ia
liz
ed
pr
op
er
ly

�

F
o
rc
es

{

T
h
er
e
ar
e
d
i�
er
en
t
ty
p
es
o
f
N
o
d
e
su
b
cl
as
se
s

�

e.
g
.,
ta
ke
d
i�
er
en
t
n
u
m
b
er
&
ty
p
e
of
ar
gu
m
en
ts

{

W
e
w
an
t
to
ce
n
tr
al
iz
e
in
it
ia
liz
at
io
n
in
on
e
p
la
ce
b
ec
au
se
it
is
lik
el
y
to

ch
an
ge
.
.
.

�

S
o
lu
ti
o
n

{

U
se
a
F
a
ct
o
ry
p
at
te
rn
to
in
it
ia
liz
e
th
e
N
o
d
e
su
b
cl
as
se
s

V
a
n
d
er
b
il
t
U
n
iv
er
si
ty

2
3



OO Pattern Examples Douglas C. Schmidt

The Factory Pattern

� Intent

{ Centralize the assembly of resources necessary to create an object

� Decouple object creation from object use by localizing creation

knowledge

� This pattern resolves the following forces:

{ Decouple initialization of the Node subclasses from their subsequent

use

{ Makes it easier to change or add new Node subclasses later on

� e.g., Ternary nodes . . .

� A generalization of the GoF Factory Method pattern
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Structure of the Factory Pattern

FactoryFactory

make_product()

Product product = ...Product product = ...

return productreturn product

createscreates

ProductProduct
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Using the Factory Pattern

� The Factory pattern is used by the Tree class to initialize Node subclasses:

Tree::Tree (int num)

: node_ (new Int_Node (num)) {}

Tree::Tree (const string &op, const Tree &t)

: node_ (new Unary_Node (op, t)) {}

Tree::Tree (const string &op,

const Tree &t1,

const Tree &t2)

: node_ (new Binary_Node (op, t1, t2)) {}

Vanderbilt University 26
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Printing Subtrees

� Problem

{ How do we print subtrees without revealing their types?

� Forces

{ The Node subclass should be hidden within the Tree instances

{ We don't want to become dependent on the use of Nodes, inheritance,

& dynamic binding, etc.

{ We don't want to expose dynamic memory management details to

application developers

� Solution

{ Use the Bridge pattern to shield the use of inheritance & dynamic

binding

Vanderbilt University 27
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The Bridge Pattern

� Intent

{ Decouple an abstraction from its implementation so that the two can

vary independently

� This pattern resolves the following forces that arise when building

extensible software with C++

1. How to provide a stable, uniform interface that is both closed & open,

i.e.,

{ interface is closed to prevent direct code changes

{ Implementation is open to allow extensibility

2. How to manage dynamic memory more transparently & robustly

3. How to simplify the implementation of operator<<
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Structure of the Bridge Pattern

ImplementorImplementor

method_impl()

1: method_impl()

ConcreteConcrete
ImplementorAImplementorA

method_impl() ConcreteConcrete
ImplementorBImplementorB

method_impl()

AbstractionAbstraction

method()
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Using the Bridge Pattern

Int  NodeInt  Node

print() BinaryBinary
NodeNode

print()

NodeNode

print()

1: print()

UnaryUnary
NodeNode
print()

TernaryTernary
NodeNode

print()

TreeTree

print()
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OO Pattern Examples Douglas C. Schmidt

Illustrating the Bridge Pattern in C++

� The Bridge pattern is used for printing expression trees:

void Tree::print (std::ostream &os) const {

this->node_->print (os);

}

� Note how this pattern decouples the Tree interface for printing from the

Node subclass implementation

{ i.e., the Tree interface is �xed, whereas the Node implementation

varies

{ However, clients need not be concerned about the variation . . .
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OO Pattern Examples Douglas C. Schmidt

Integrating with C++ I/O Streams

� Problem

{ Our Tree interface uses a print method, but most C++ programmers

expect to use I/O Streams

� Forces

{ Want to integrate our existing C++ Tree class into the I/O Stream

paradigm without modifying our class or C++ I/O

� Solution

{ Use the Adapter pattern to integrate Tree with I/O Streams
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OO Pattern Examples Douglas C. Schmidt

The Adapter Pattern

� Intent

{ Convert the interface of a class into another interface client expects

� Adapter lets classes work together that couldn't otherwise because

of incompatible interfaces

� This pattern resolves the following force:

1. How to transparently integrate the Tree with the C++ istd::ostream

operators
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Structure of the Adapter Pattern
AdapterAdapter

request()

1: request ()

2: specific_request()

TargetTarget

request()

clientclient

AdapteeAdaptee

specific_request()

Vanderbilt University 34
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Using the Adapter Pattern

iostreamiostream

operator<<
2: print()

TreeTree

print()

1: operator<<

clientclient TargetTarget

operator<<
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OO Pattern Examples Do

Expression Tree Diagram 1

Binary
Node

Unary
Node

Int
Node

t1

55
33

44

-

print()
*

+

� Expression tree for t1 = ((-5) * (3 + 4))
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Expression Tree Diagram 2

Binary
Node

Unary
Node

Int
Node

t1

55
33

44

-

print()

t2

*

*

+

� Expression tree for t2 = (t1 * t1)
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Top-level Algorithmic View of the Solution

� Note the use of existing C++ mechanisms like I/O streams

// Reusable function:

// template <typename ARRAY> void sort (ARRAY &a);

int main (int argc, char *argv[])

{

parse_args (argc, argv);

Input input;

cin >> input;

sort (input);

cout << input;

}
Vanderbilt University 52

OO Pattern Examples Douglas C. Schmidt

Top-level Algorithmic View of the Solution (cont'd)

� Avoid the grand mistake of using top-level algorithmic view to structure

the design . . .

{ Structure the design to resolve the forces!

{ Don't focus on algorithms or data, but instead look at the problem,

its participants, & their interactions!

Vanderbilt University 53
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General OOD Solution Approach

� Identify the classes in the application/problem space & solution space

{ e.g., stack, array, input class, options, access table, sorts, etc.

� Recognize & apply common design patterns

{ e.g., Singleton, Factory, Adapter, Iterator

� Implement a framework to coordinate components

{ e.g., use C++ classes & parameterized types

Vanderbilt University 54
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C++ Class Model

Stack

System
Sort

TYPE

Options

GLOBAL

TACTICAL

COMPONENTS

STRATEGIC

COMPONENTS

Sort

Sort_AT
Adapter

Access
Table

Input

Sort_AT
Adapter

Line_Ptrs

TYPE

Array

TYPE

Sort

ARRAY
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Access Table Format

A
C

C
E

S
S

  
A

R
R

A
Y

ACCESS  BUFFER
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The Input Class

� E�ciently reads arbitrary-sized input using only 1 dynamic allocation

class Input {

public:

// Reads from <input> up to <terminator>, replacing <search>

// with <replace>. Returns dynamically allocated buffer.

char *read (std::istream &input, int terminator = EOF,

int search = '\n', int replace = '\0');

// Number of bytes replaced.

size_t replaced () const;

// Size of buffer.

size_t size () const;

private:

// Recursive helper method.

char *recursive_read ();

// . . .

};

Vanderbilt University 61
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The Input Class (cont'd)

char *Input::read (std::istream &i, int t, int s, int r)

{

// Initialize all the data members...

return recursive_read ();

}
char *Input::recursive_read () {

char buffer[BUFSIZ];

// 1. Read input one character at a time, performing

// search/replace until EOF is reached or buffer

// is full.

// 1.a If buffer is full, invoke recursive_read()

// recursively.

// 1.b If EOF is reached, dynamically allocate chunk

// large enough to hold entire input

// 2. On way out of recursion, copy buffer into chunk

}

Vanderbilt University 62
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Design Patterns in the System Sort

� Facade

{ Provide a uni�ed interface to a set of interfaces in a subsystem

� Facade de�nes a higher-level interface that makes the subsystem

easier to use

{ e.g., sort() function provides a facade for the complex internal details

of e�cient sorting

� Adapter

{ Convert the interface of a class into another interface clients expect

� Adapter lets classes work together that couldn't otherwise because

of incompatible interfaces

{ e.g., make Access Table conform to interfaces expected by sort &

istd::ostreams

Vanderbilt University 63
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Selecting a Pivot Value

� Problem

{ There are various algorithms for selecting a pivot value

� e.g., randomization, median of three, etc.

� Forces

{ Di�erent input may sort more e�ciently using di�erent pivot

selection algorithms

� Solution

{ Use the Strategy pattern to select the pivot selection algorithm

Vanderbilt University 68
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The Strategy Pattern

� Intent

{ De�ne a family of algorithms, encapsulate each one, & make them

interchangeable

� Strategy lets the algorithm vary independently from clients that use

it

� This pattern resolves the following forces

1. How to extend the policies for selecting a pivot value without modifying

the main quicksort algorithm

2. Provide a one size �ts all interface without forcing a one size �ts all

implementation
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Structure of the Strategy Pattern

Strategy
algorithm_interface()

Concrete
Strategy A

algorithm_interface()

STRATEGY

Concrete
Strategy B

algorithm_interface()

Concrete
Strategy C

algorithm_interface()

Context
context_interface()
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Using the Strategy Pattern

RandomRandom

MedianMedian
ofof

ThreeThree

quick_sortquick_sort

pivot_strat->get_pivot (array, lo, hi)

Pivot
Strategy

get_pivot()

Select
First
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p
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OO Pattern Examples Douglas C. Schmidt

Facade Pattern

� Intent

{ Provide a uni�ed interface to a set of interfaces in a subsystem

� Facade de�nes a higher-level interface that makes the subsystem

easier to use

� This pattern resolves the following forces:

1. Simpli�es the sort interface

{ e.g., only need to support operator[] & size methods, & element

TYPE

2. Allows the implementation to be e�cient and arbitrarily complex

without a�ecting clients
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Structure of the Facade Pattern
HIDDENHIDDEN

EXTERNALLYEXTERNALLY

VISIBLEVISIBLE

FacadeFacade
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Using the Facade Pattern

StackStack

QuickQuick
SortSort

TYPETYPE

EXTERNALLYEXTERNALLY

VISIBLEVISIBLE

ARRAYARRAY

SortSort

ARRAYARRAY

InsertInsert
SortSort

ARRAYARRAY

HIDDENHIDDEN
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Centralizing Option Processing

� Problem

{ Command-line options must be global to many parts of the sort

program

� Key forces

{ Unrestricted use of global variables increases system coupling & can

violate encapsulation

{ Initialization of static objects in C++ can be problematic

� Solution

{ Use the Singleton pattern to centralize option processing
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Singleton Pattern

� Intent

{ Ensure a class has only one instance, & provide a global point of

access to it

� This pattern resolves the following forces:

1. Localizes the creation & use of \global" variables to well-de�ned

objects

2. Preserves encapsulation

3. Ensures initialization is done after program has started & only on �rst

use

4. Allow transparent subclassing of Singleton implementation
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Structure of the Singleton Pattern

SingletonSingleton
static instance()static instance()
singleton_operation()singleton_operation()
get_singleton_data()get_singleton_data()
static unique_instance_static unique_instance_
singleton_data_singleton_data_

if (unique_instance_ == 0)if (unique_instance_ == 0)

  unique_instance_ = new Singleton;  unique_instance_ = new Singleton;

return unique_instance_;return unique_instance_;
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Using the Singleton Pattern

OptionsOptions

static instance()static instance()
bool enabled()bool enabled()
field_offset()field_offset()
static unique_instance_static unique_instance_
options_options_

if (unique_instance_ == 0)if (unique_instance_ == 0)

  unique_instance_ = new Options;  unique_instance_ = new Options;

return unique_instance_;return unique_instance_;
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Options Class

� This manages globally visible options

class Options

{
public:

static Options *instance ();

bool parse_args (int argc, char *argv[]);

// These options are stored in octal order

// so that we can use them as bitmasks!

enum Option { FOLD = 01, NUMERIC = 02,

REVERSE = 04, NORMAL = 010 };

enum Pivot_Strategy { MEDIAN, RANDOM, FIRST };
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OO Pattern Examples Douglas C. Schmidt

The Bridge Pattern

� Intent

{ Decouple an abstraction from its implementation so that the two can

vary independently

� This pattern resolves the following forces that arise when building

extensible software

1. How to provide a stable, uniform interface that is both closed & open,

i.e.,

{ Closed to prevent direct code changes

{ Open to allow extensibility

2. How to simplify the Line_Ptrs::operator< implementation &

reference counting for Access Table bu�er
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Structure of the Bridge Pattern
ImplementorImplementor

method_impl()

1: method_impl()

ConcreteConcrete
ImplementorAImplementorA

method_impl() ConcreteConcrete
ImplementorBImplementorB

method_impl()

AbstractionAbstraction

method()
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Using the Bridge Pattern

1: compare()

Line_PtrsLine_Ptrs
operator<

OptionsOptions

compare()

strcmp()
strcasecmp()

numcmp()
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Using the Bridge Pattern

� The following is the comparison operator used by sort

int Line_Ptrs::operator<(const Line_Ptrs &rhs) const {

return (*Options::instance ()->compare)

(bof_, rhs.bof_) < 0;

}

� This solution is much more concise

� However, there's an extra level of function call indirection . . .

{ Which is equivalent to a virtual function call
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Initializing the Comparison Operator

� Problem

{ How does the compare pointer-to-method get assigned?

int (*compare) (const char *left, const char *right);

� Forces

{ There are many di�erent choices for compare, depending on which

options are enabled

{ We only want to worry about initialization details in one place

{ Initialization details may change over time

{ We'd like to do as much work up front to reduce overhead later on

� Solution

{ Use a Factory pattern to initialize the comparison operator
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The Adapter Pattern

� Intent

{ Convert the interface of a class into another interface clients expect

� Adapter lets classes work together that couldn't otherwise because

of incompatible interfaces

� This pattern resolves the following forces:

1. How to transparently integrate the Access Table with the sort

routine

2. How to transparently integrate the Access Table with the C++

istd::ostream operators
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Structure of the Adapter Pattern

TargetTarget

request()

AdapterAdapter

request()

AdapteeAdaptee

specific_request()

1: request ()

2: specific_request()

clientclient
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Using the Adapter Pattern

sortsort

ARRAYARRAY

1: ARRAY::TYPE t
= array[i]

ARRAYARRAY

Access_TableAccess_Table

ARRAYARRAY::::TYPETYPE
operator[]operator[]
size()size()

make_table()make_table()
length()length()
element()element()

TYPETYPE

"conforms to""conforms to"

"conforms to""conforms to"

Sort_AT_AdapterSort_AT_Adapter

typedef Line_Ptrs TYPEtypedef Line_Ptrs TYPE
make_table()make_table()
operator[]operator[]
size()size()

Line_PtrsLine_Ptrs
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s
t
;

/
/
.
.
.

p
r
i
v
a
t
e
:

T
*
a
r
r
a
y
_
;

s
i
z
e
_
t
s
i
z
e
_
;

}
;
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er
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m
p
l
a
t
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<
t
y
p
e
n
a
m
e

T
>

c
l
a
s
s
A
c
c
e
s
s
_
T
a
b
l
e

{

p
u
b
l
i
c
:

/
/
F
a
c
t
o
r
y
M
e
t
h
o
d
f
o
r
i
n
i
t
i
a
l
i
z
i
n
g

A
c
c
e
s
s
_
T
a
b
l
e
.

v
i
r
t
u
a
l
i
n
t
m
a
k
e
_
t
a
b
l
e

(
s
i
z
e
_
t
l
i
n
e
s
,

c
h
a
r
*
b
u
f
f
e
r
)

=
0
;

/
/
R
e
l
e
a
s
e
b
u
f
f
e
r
m
e
m
o
r
y
.

v
i
r
t
u
a
l
~
A
c
c
e
s
s
_
T
a
b
l
e

(
)
;

T
&
e
l
e
m
e
n
t

(
s
i
z
e
_
t

i
n
d
e
x
)
;
/
/
R
e
f
e
r
e
n
c
e

t
o
<
i
n
d
e
x
t
h
>

e
l
e
m
e
n
t
.

s
i
z
e
_
t
l
e
n
g
t
h
(
)
c
o
n
s
t
;
/
/
L
e
n
g
t
h
o
f
t
h
e
a
c
c
e
s
s
_
a
r
r
a
y
.

A
r
r
a
y
<
T
>
&
a
r
r
a
y

(
v
o
i
d
)
c
o
n
s
t
;
/
/
R
e
t
u
r
n
r
e
f
e
r
e
n
c
e

t
o
a
r
r
a
y
.

p
r
o
t
e
c
t
e
d
:

A
r
r
a
y
<
T
>
a
c
c
e
s
s
_
a
r
r
a
y
_
;

/
/
A
c
c
e
s
s
t
a
b
l
e
i
s
a
r
r
a
y
o
f
T
.

A
c
c
e
s
s
_
T
a
b
l
e
_
I
m
p
l

*
a
c
c
e
s
s
_
t
a
b
l
e
_
i
m
p
l
_
;

/
/
R
e
f
c
o
u
n
t
e
d

b
u
f
f
e
r
.

}
;
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p
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/
P
a
r
t
o
f
t
h
e
B
r
i
d
g
e
p
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t
t
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r
n

p
u
b
l
i
c
:

A
c
c
e
s
s
_
T
a
b
l
e
_
I
m
p
l

(
v
o
i
d
)
;

/
/
D
e
f
a
u
l
t

c
o
n
s
t
r
u
c
t
o
r

A
c
c
e
s
s
_
T
a
b
l
e
_
I
m
p
l

(
c
h
a
r
*
b
u
f
f
e
r
)
;

/
/
C
o
n
s
t
r
u
c
t
o
r

/
/
V
i
r
t
u
a
l
d
e
s
t
r
u
c
t
o
r

e
n
s
u
r
e
s
s
u
b
c
l
a
s
s
e
s

a
r
e
v
i
r
t
u
a
l

v
i
r
t
u
a
l
~
A
c
c
e
s
s
_
T
a
b
l
e
_
I
m
p
l

(
v
o
i
d
)
;

v
o
i
d
a
d
d
_
r
e
f

(
v
o
i
d
)
;
/
/
I
n
c
r
e
m
e
n
t

r
e
f
e
r
e
n
c
e

c
o
u
n
t

v
o
i
d
r
e
m
o
v
e
_
r
e
f

(
v
o
i
d
)
;
/
/
D
e
c
r
e
m
e
n
t

r
e
f
e
r
e
n
c
e

c
o
u
n
t

c
h
a
r
*
g
e
t
_
b
u
f
f
e
r
(
v
o
i
d
)
;

/
/
G
e
t
b
u
f
f
e
r

f
r
o
m
t
h
e
c
l
a
s
s

v
o
i
d
s
e
t
_
b
u
f
f
e
r
(
c
h
a
r

*
)
;
/
/
S
e
t
b
u
f
f
e
r

p
r
i
v
a
t
e
:

c
h
a
r
*
b
u
f
f
e
r
_
;

/
/
U
n
d
e
r
l
y
i
n
g

b
u
f
f
e
r

s
i
z
e
_
t
r
e
f
_
c
o
u
n
t
_
;

/
/
R
e
f
c
o
u
n
t
t
r
a
c
k
s

d
e
l
e
t
i
o
n
.

}
;
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s
o
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t

s
t
r
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c
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L
i
n
e
_
P
t
r
s

{

/
/

C
o
m
p
a
r
i
s
o
n

o
p
e
r
a
t
o
r

u
s
e
d

b
y

s
o
r
t
(
)
.

i
n
t

o
p
e
r
a
t
o
r
<

(
c
o
n
s
t

L
i
n
e
_
P
t
r
s

&
)

c
o
n
s
t
;

/
/

B
e
g
i
n
n
i
n
g

o
f

l
i
n
e

&

f
i
e
l
d
/
c
o
l
u
m
n
.

c
h
a
r

*
b
o
l
_
,

*
b
o
f
_
;

}
;
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OO Pattern Examples Douglas C. Schmidt

The Sort AT Adapter Class

class Sort_AT_Adapter : // Note class form of the Adapter

private Access_Table<Line_Ptrs> {

public:

virtual int make_table (size_t num_lines, char *buffer);

typedef Line_Ptrs TYPE; // Type trait.

// These methods adapt Access_Table methods . . .

Line_Ptrs &operator[] (size_t index);

size_t size () const;

};
// Put these into separate file.

Line_Ptrs &Sort_AT_Adapter::operator[] (size_t i)

{ return element (i); }

size_t Sort_AT_Adapter::size () const { return length (); }

Vanderbilt University 100

OO Pattern Examples Douglas C. Schmidt

The Factory Pattern

� Intent

{ Centralize the assembly of resources necessary to create an object

� Decouple object creation from object use by localizing creation

knowledge

� This pattern resolves the following forces:

{ Decouple initialization of the compare operator from its subsequent

use

{ Makes it easier to change comparison policies later on

� e.g., adding new command-line options

Vanderbilt University 101

OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern

FactoryFactory

make_product()

Product product = ...Product product = ...

return productreturn product

createscreates

ProductProduct

Vanderbilt University 102

OO Pattern Examples Douglas C. Schmidt

Using the Factory Pattern for Comparisons

CompareCompare
FunctionFunction

OptionsOptions

parse_args()

initialize compareinitialize compare

createscreates
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r
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]
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.

.

.
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-
>
e
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O
p
t
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&
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r
c
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p
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c
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p
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c
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c
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.

.
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c
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b
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;
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r
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r
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=
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Method Pattern

ConcreteConcrete
ProductProduct

ProductProduct

CreatorCreator

factory_method() = 0
make_product()

Product *product = factory_method()Product *product = factory_method()

return productreturn product

ConcreteConcrete
CreatorCreator

factory_method()

return new Concrete_Productreturn new Concrete_Product

CREATES

Vanderbilt University 108
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Using the Factory Method Pattern for Access Table

Initialization

Access TableAccess Table

make_table() = 0

Sort ATSort AT
AdapterAdapter

make_table()

// initialize the table// initialize the table

Line PtrsLine Ptrs

TYPETYPE

Vanderbilt University 109

OO Pattern Examples Douglas C. Schmidt

Using the Factory Method Pattern for the

Sort AT Adapter

� The following istd::ostream Adapter initializes the Sort AT Adapter

access table

void operator>> (std::istream &is, Sort_AT_Adapter &at)

{

Input input;

// Read entire stdin into buffer.

char *buffer = input.read (is);

size_t num_lines = input.replaced ();

// Factory Method initializes Access_Table<>.

at.make_table (num_lines, buffer);

}
Vanderbilt University 110
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Implementing the Factory Method Pattern

� The Access Table Factory class has a Factory Method that initializes

Sort AT Adapter

// Factory Method initializes Access_Table.

int Sort_AT_Adapter::make_table (size_t num_lines,

char *buffer)

{

// Array assignment op.

this->access_array_.resize (num_lines);

this->buffer_ = buffer; // Obtain ownership.

size_t count = 0;

Vanderbilt University 111
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High-level Algorithm (cont'd)

if (basic sanity check succeeds) then

Initialize search structure, srchstrct

for i < 0 to size - 1 loop

insert (potential_sort[i])

into srchstrct

for i < 0 to size - 1 loop

if remove (original[i]) from

srchstrct fails then

return ERROR

return SUCCESS

else
return ERROR

end if

}
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UML Class Diagram for C++ Solution

BinaryBinary
SearchSearch
DupsDups

SearchSearch
StructStruct

TYPETYPE

TYPETYPE

BinaryBinary
SearchSearch
NodupsNodups

TYPETYPE

HashHash
TableTable

TYPETYPE

RangeRange
VectorVector

LONGLONG
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C++ Class Interfaces

� Search structure base class.

template <typename T>

class Search_Strategy

{
public:

virtual bool insert (const T &new_item) = 0;

virtual bool remove (const T &existing_item) = 0;

virtual ~Search_Strategy () = 0;

};
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C++ Class interfaces (cont'd)

� Strategy Factory class

template <typename ARRAY>

Search_Struct

{
public:

// Singleton method.

static Search_Struct<ARRAY> *instance ();

// Factory Method

virtual Search_Strategy<typename ARRAY::TYPE> *

make_strategy (const ARRAY &);

};
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OO Pattern Examples Do

Using the Strategy Pattern

Range
Vector

long

Binary
Search
Dups

TYPE

Binary
Search
Nodups

TYPE

Search
Struct

Strategy

TYPE

check_sort

Hash
Table

TYPE

� This pattern extends the strategies for checking if
an array is sorted without modifying the
check sort algorithm
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The Factory Method Pattern

� Intent

{ De�ne an interface for creating an object, but let subclasses decide

which class to instantiate

� Factory Method lets a class defer instantiation to subclasses

� This pattern resolves the following force:

1. How to extend the initialization strategy in the sort veri�er

transparently
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Structure of the Factory Method Pattern

ConcreteConcrete
ProductProduct

ProductProduct

CreatorCreator

factory_method() = 0
make_product()

Product *product = factory_method()Product *product = factory_method()

return productreturn product

ConcreteConcrete
CreatorCreator

factory_method()

return new Concrete_Productreturn new Concrete_Product

CREATES
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Using the Factory Method Pattern

SearchSearch
StructStruct

SearchSearch
StrategyStrategy

make_strategy()

New  SearchNew  Search
StructStruct

New  SearchNew  Search
StrategyStrategy

make_strategy()

return new New_Search_Structreturn new New_Search_Struct

CREATES
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Implementing the check sort Function

� e.g., C++ code for the sort veri�cation strategy

template <typename ARRAY> int

check_sort (const ARRAY &orig,

const ARRAY &p_sort) {

if (orig.size () != p_sort.size ())

return -1;

auto_ptr < Search_Strategy<typename ARRAY::TYPE> > ss =

Search_Struct<ARRAY>::instance ()->make_strategy

(p_sort);
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