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Case Study: Expression Tree Evaluator

e The following inheritance & dynamic binding example constructs
expression trees

— Expression trees consist of nodes containing operators & operands

x Operators have different precedence levels, different associativities,
& different arities, e.g.,
- Multiplication takes precedence over addition
- The multiplication operator has two arguments, whereas unary

minus operator has only one

x Operands are integers, doubles, variables, etc.

- We'll just handle integers in this example . . .
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Case Studies Using Patterns

e The following slides describe several case studies using C++ & patterns
to build highly extensible software

e The examples include

1. Expression Tree
— e.g., Adapter, Factory, Bridge
2. System Sort
— e.g., Facade, Adapter, lterator, Singleton, Factory Method, Strategy,
Bridge
3. Sort Verifier
— e.g., Strategy, Factory Method, Facade, Iterator, Singleton

N ™
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Expression Tree Diagram
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via different traversals

Expression Tree Behavior

evaluated

x e.g., in-order, post-order, pre-order, level-order
— The evaluation step may perform various operations, e.g.,

— Trees may be
* Traverse & print the expression tree
* Return the “value” of the expression tree
* Generate code
x Perform semantic analysis

e Expression trees

OO Pattern Examples
Vanderbilt University
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Memory Layout of Algorithmic Version

Tree
Node

12/
CLASS
RELATIONSHIPS

e Here's the memory layout of a struct Tree_Node object
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Limitations with Algorithmic Approach

e Problems or limitations with the typical algorithmic approach include
— Little or no use of encapsulation
e 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

Vanderbilt University
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00 Alternative

e 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:
x 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
x 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)

E}'E1"E 10
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More Limitations with Algorithmic Approach

e The program organization makes it difficult to extend, e.g.,

— Any small changes will ripple through the entire design &
implementation
x e.g., see the “ternary” extension below

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

e 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!

Vanderbilt University
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Expression Tree Diagram
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Relationships Between Tree & Node Classes

Binary Unary Int
Node Node Node

1\1

Ternary | Nodke
Node > 1
1 w?
3 Tree
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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

// Important to make destructor virtual!
virtual “Node ();

private:
int use_; // Reference counter.

};

D-O-C
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Design Patterns in the Expression Tree Program

e Factory

— Centralize the assembly of resources necessary to create an object
% e.g., decouple Node subclass initialization from use

e Bridge

— Decouple an abstraction from its implementation so that the two can
vary independently
% e.g., printing contents of a subtree and managing memory

e Adapter

— Convert the interface of a class into another interface clients expect
% e.g., make Tree conform C++ iostreams

E}'E+"E 13
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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

D-O-C ]
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The Factory Pattern

e Intent

— Centralize the assembly of resources necessary to create an object
x Decouple object creation from object use by localizing creation
knowledge

e 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 . . .

e A generalization of the GoF Factory Method pattern

o L
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Using the Factory Pattern

e 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)) {}

o L
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Structure of the Factory Pattern

Factory

make_product() Q_

O

creates
N

N

Product product =...
return product

Product

o L
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Printing Subtrees

e Problem
— How do we print subtrees without revealing their types?
e 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

e Solution

— Use the Bridge pattern to shield the use of inheritance & dynamic
binding

o L
Vanderbilt University E} E L 27
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The Bridge Pattern

e Intent

— Decouple an abstraction from its implementation so that the two can
vary independently

e 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,
ie.,
— 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<<

N ™
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Using the Bridge Pattern

1: print()
Tree Node
print() prink()
D
Int Node
print() Bina
Node| Unary
print) | Node
print()

N ™
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Structure of the Bridge Pattern

1: method_impl()

Abstraction Implementor
method() method_impl()
Concrete
ImplementorA
method impl() Concrete
ImplementorB
method_impl()

Vanderbilt University E} E1 - 29
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lllustrating the Bridge Pattern in C++

e The Bridge pattern is used for printing expression trees:

void Tree::print (std::ostream &os) const {
this->node_->print (os);

¥

e Note how this pattern decouples the Tree interface for printing from the
Node subclass implementation

— ie., the Tree interface is fixed, whereas the Node implementation
varies
— However, clients need not be concerned about the variation . . .

o L
Vanderbilt University E} E L 31
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Integrating with C++ 1/0 Streams

e Problem

— Our Tree interface uses a print method, but most C++ programmers
expect to use /O Streams

e Forces

— Want to integrate our existing C++ Tree class into the 1/O Stream
paradigm without modifying our class or C++ 1/0

e Solution

— Use the Adapter pattern to integrate Tree with I/O Streams

J
-

Vanderbilt University 32
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Structure of the Adapter Pattern

1: request ()
—_

client Target
request()

Adapter Adaptee

% .
request() 2: specific_request() specific_request()

D

Vanderbilt University L - 34
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The Adapter Pattern

e 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

e This pattern resolves the following force:

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

Vanderbilt University E - Wi 33
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Using the Adapter Pattern

1: operator<<
—_
client Target
operator<<
iostream Tree
operator<< > print()
P 2: print()
Vanderbilt University E - Wi 35
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Expression Tree Diagram 1

e Expression tree for t1 = ((-5) * (3 + 4))
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Adding Ternary_Nodes

e Extending the existing program to support ternary nodes is
straightforward

— i.e., just derive new class Ternary_Node to handle ternary operators,
eg,a==Db7?7c:d, etc

#include "Node.h"
class Ternary_Node : public Node {
public:
Ternary_Node (const string &, const Tree &,
const Tree &, const Tree &);
virtual void print (std::ostream &) const;
private:
const string operation_;
Tree left_, middle_, right_; };

N ™
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C++ Ternary_Node Implementation
#include "Ternary_Node.h"
Ternary_Node::Ternary_Node (const string &op,
const Tree &a,
const Tree &b,
const Tree &c)
operation_ (op), left_ (a), middle_ (b),
right_ (c) {}
void Ternary_Node::print (std::ostream &stream) const {
stream << this->operation_ << "("
<< this->left_ // recursive call
<< ", " << this->middle_ // recursive call
<< ", " << this->right_ // recursive call
<< _.v n w
}
A i
Vanderbilt University E n._. i 43
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OO Pattern Examples Douglas C. Schmidt

Top-level Algorithmic View of the Solution

e Note the use of existing C++ mechanisms like 1/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;

)

N isT
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General OOD Solution Approach

e Identify the classes in the application/problem space & solution space
— e.g., stack, array, input class, options, access table, sorts, etc.

e Recognize & apply common design patterns
— e.g., Singleton, Factory, Adapter, lterator

e Implement a framework to coordinate components

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

Q)

rll e
Vanderbilt University D E
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Top-level Algorithmic View of the Solution (cont’d)

e 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
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C++ Class Model

= System
Options
Sort AT
Adapter
STRATEGIC Sort T
COMPONENTS <
/ Sort AT
/ Adapter
| array]
Sort =1
e |
TACTICAL Access
COMPONENTS Table
i) i
- Input
Stack Array
LD-C-L 55
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OO Pattern Examples Douglas C. Schmidt
Access Table Format

ACCESS BUFFER
| ———>] or

ACCESS ARRAY

Tt
I
I
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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.

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

// recursively.

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

// large enough to hold entire input

1 // 2. D0On way out of recursion, copy buffer into chunk

Vanderbilt University I—-l--"||I EL 1'Ii:-: 62
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The Input Class

o Efficiently 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 ();

/] .
E™
r T
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Design Patterns in the System Sort

e Facade

— Provide a unified interface to a set of interfaces in a subsystem

x Facade defines a higher-level interface that makes the subsystem
easier to use

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

of efficient sorting

e Adapter

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

x 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
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OO Pattern Examples

Douglas C. Schmidt

Selecting a Pivot Value

e Problem

— There are various algorithms for selecting a pivot value
x e.g., randomization, median of three, etc.

e forces

— Different input may sort more efficiently using different pivot
selection algorithms

e Solution

— Use the Strategy pattern to select the pivot selection algorithm

Vanderbilt University
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Structure of the Strategy Pattern

STRATEGY

Strategy

Context
context_interface()

algorithm_interface()

Concrete
Strategy A

Concrete
Strategy C

algorithm_interface()

algorithm_interface()

Concrete
Strategy B

algorithm_interface()

Vanderbilt University
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The Strategy Pattern

e Intent

— Define a family of algorithms, encapsulate each one, & make them
interchangeable
* Strategy lets the algorithm vary independently from clients that use
it

e 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 fits all interface without forcing a one size fits all
implementation

Vanderbilt University E} ---‘| R 69
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Using the Strategy Pattern

quick_sort Mot
S5~ Strategy
T
: get_pivot()
|
|
pivot_strat->get pivot (array, lo, hi)
Median
of
Select
, Three
First Random
Vanderbilt University E} E1 - 71



G/ KyIs1anluf 1j1qiapuep

5-D-@

weJsSoid pos sy Aydwis o3 suisiled usidepy 79 apese4 syl as() —

uoinjog e

140s ued am sAeule Jo sadAl Hwi| A[uealIgIe 01 JUBM 3 UOP SAN —
qdAL Mes1 79 ‘az1s ‘spoylaw []aoaexedo suoddns “Fo x
s140s 1

Aeise ay1 1noqe suonndwnsse may e sayew Ajuo Suipios ‘Ajjenideouor) —
asnaJ 79 Al[IQISUSIXd

o8eJnoosip pue ‘suoid Joad ‘ssn 01 piey aie doepRlul xs|dwod) —

$92104 A2y e

asn 01 a|dwis aq p|noys adepalul
ay1 ‘xojdwod sI uorpuny 1x0s ay3 jo uoijejuswsajdwi syl ySnoyyy —

wojqoi ] e
aoeyiaju] 1Mog ajdwig e Suisinag
Ip1wyds ) sejSnoQ sa|dwexg uislied 00
- £
€1 ogoNd USIPAIUN 1qiapuEBA
{
{

© + * g0a1d 03 aatrjefax [Ty ‘or]Lexxe uotratiIed //

f(ty ‘o1 ‘Aexxe) jgoatd qe8<-qeIigsTqoatd
-+ *£18utpaoooe 1Y, B (OT. //
oqepdn 3 senTea ay3 Iopioal ued ()3oatd 388 os //
oouexsgex Kq pessed oq pTnoys Ty, B OT, 910N //
= 20ATd HJAL: :AVYYY oweusdLq
} o(ff) xoz
} (3ex3ysT3oaTdx LYYLIS IOAId
‘fexxen Lyyyy) 3I0s”¥OTNb
<IVY1S™LOAId SSBTO ‘AyHHy euweusdL3> ejerdwes

uialled A393ea1g ayl Sunuawajdw|

Ip1wyds ) sejSnoQ sa|dwexg uislied 00

vl ..u_..._t..l.___:nm Ausiaaiup 3j1qiepuep
o
¢~doa 37 ezTS

‘[4zI18]"¥oeas 1
roqeatad

Y.
¢() £adwe~stT TOOQ
¢ (woaty 1) dod ToOq
‘(weat meuy I 3suod) ysnd Tooq
:o1Tqnd
}
¥o®18TPOXT SSRTD
<IZIS 31~ ezTs ‘] eweusdLy> ojqerdwel

140S32INb 9AISIND2J-UOU Y1IM BSN J0J 3OB1S 9ZIS Paxl) B sauld(] e

3oe1g azis-paxi4
Pp1wydg ) sejSnoq ssjdwex3y uslieq 00

= K
cL .-u_p.._....l._f.a 1ISI9AIUN 1|IqIdpuUBA

‘dureq = Lexxe

‘<je13sTr0ATd> S939T9pP <IOPTOY> JO I030NILS8q //
¢ (aexasTaoaTd ‘dwel) 3x0sTOTND

‘fexxe = dweq LYYHV

‘£qoyes uotqdeoxe einsuy //

¢ (rexas”qoatd) JepToy
< <AVHHY>L8eaeiqgTaoaTd> Iad-oane: :pas
£(() 2exasTaoatd<-() edoueasur::suoradQ)
j0aTdTo¥RW: : < AYYYY>L1020€ 7 20ATd
= qe118710ATdx <AyHHY>LS8e3eI38730ATd
} (fexremn Ay¥yy) 2I0S pPTOA
<Ay¥yy euwreusdAi> sjerdwes

LxP1u00 senoiled Syl SI AVYHYY ©

uialled A393ea1g ayl Sunuawajdw|

Ip1wyds ) sejSnoQ sa|dwexg uislied 00




OO Pattern Examples Douglas C. Schmidt
Facade Pattern

e Intent

— Provide a unified interface to a set of interfaces in a subsystem
x Facade defines a higher-level interface that makes the subsystem
easier to use

e This pattern resolves the following forces:

1. Simplifies the sort interface
— e.g., only need to support operator[] & size methods, & element
TYPE
2. Allows the implementation to be efficient and arbitrarily complex
without affecting clients

-
g
i-

76
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Using the Facade Pattern

I ARRAY!
==

rll e
Vanderbilt University E} g L 78

OO Pattern Examples Douglas C. Schmidt
Structure of the Facade Pattern

-------- Facade |- ---

-
g
i-

7

Vanderbilt University E}
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Centralizing Option Processing

e Problem

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

e Key forces

— Unrestricted use of global variables increases system coupling & can
violate encapsulation
— Initialization of static objects in C++ can be problematic

e Solution

— Use the Singleton pattern to centralize option processing

o i IO
Vanderbilt University E} r" L 79
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Singleton Pattern

e Intent

— Ensure a class has only one instance, & provide a global point of
access to it

e This pattern resolves the following forces:

1. Localizes the creation & use of “global” variables to well-defined
objects

2. Preserves encapsulation

3. Ensures initialization is done after program has started & only on first
use

4. Allow transparent subclassing of Singleton implementation

l-'-":‘
Dr“ 80
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Using the Singleton Pattern

if (unique_instance_ == 0)
unique_instance_ = new Options;
return unique_instance_;

/
7/
/

Options y

static instance() ol
bool enabled()

field offset()

static unique_instance
options _

l-'-":‘
Df-'1, 82
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Structure of the Singleton Pattern

if (unique_instance_ == 0)
unique_instance_ = new Singleton;
return unique instance ;

/

/
/
/

Singleton

static instance() J
singleton_operation()
get singleton data()

static unique_instance
singleton_data

Vanderbilt University
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e 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 };

Options Class

enum Pivot_Strategy { MEDIAN, RANDOM, FIRST };

Vanderbilt University
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OO Pattern Examples Douglas C. Schmidt

The Bridge Pattern

e Intent

— Decouple an abstraction from its implementation so that the two can
vary independently

e 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,
ie.,
— Closed to prevent direct code changes
— Open to allow extensibility

2. How to simplify the Line_Ptrs::operator< implementation &
reference counting for Access_Table buffer

EE1E o8

Vanderbilt University
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Using the Bridge Pattern

1: compare()

Line Ptrs > | Options
operator< compare()
0 | |
strem
P ) strcasecmp()
Vanderbilt University E} ™ N 90
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Abstraction

Structure of the Bridge Pattern

1: method_impl()

method()

Implementor

method_impl()

e

Concrete
ImplementorA

method_impl() Concrete
ImplementorB

method_impl()

Vanderbilt University
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Using the Bridge Pattern

e 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;

e This solution is much more concise

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

— Which is equivalent to a virtual function call

Vanderbilt University
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Initializing the Comparison Operator

e Problem

— How does the compare pointer-to-method get assigned?
int (xcompare) (const char *left, const char *right);

e forces

— There are many different 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

e Solution

— Use a Factory pattern to initialize the comparison operator

Vanderbilt University E} E1 L 92
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Structure of the Adapter Pattern

1: request ()
client Target
request()
Adapter Adaptee
- 5 -
request() 2: specific_request() specific_request()|
Vanderbilt University E}' E1"‘:.- 94
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The Adapter Pattern

e 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

e 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+4++
istd::ostream operators

o L
Vanderbilt University E} E L 93
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Using the Adapter Pattern

_____ 1 "conforms to"
| ARRAY | ——————T ARRAY
sort ARRAY:: TYPE
operator|]
size()

1: ARRAY:TYPE t
= array[i]
"conforms to"

Line_Ptrs /

Sort AT _Adapter ——— I typg |

—_

L EGA T R4 Access_Table
make_table() =
operator][] make_table()
size() length()

1 t0

o i IO
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OO Pattern Examples

Douglas C. Schmidt

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 (); }

The Factory Pattern

e Intent

— Centralize the assembly of resources necessary to create an object
x Decouple object creation from object use by localizing creation
knowledge

e 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

OO Pattern Examples

Douglas C. Schmidt

-
:
I

100 Vanderbilt University 101

OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern

Factory

make_product() Q|

O

creates N
N

Product product =...
return product

Product

Using the Factory Pattern for Comparisons

Options

parse_args() Q

creates N

initialize compare

Compare
Function

J
-
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Method Pattern

Creator

factory method() = 0
make product()

AN
AN
N

P T OdHCt Product *product = factory_method() )
return product

Concrete
Creator

factory method()

\
Concrete AN
Product |<-%27%

return new Concrete_ProductS

D-O-C
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Using the Factory Method Pattern for the
Sort_AT _Adapter

e 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);

o L
Vanderbilt University E} E L 110
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Using the Factory Method Pattern for Access_Table
Initialization

—— TYPE |
Access Table

make_table() =0

Line Ptrs|
Sort AT [~~~
Adapter
make_table() O
AN
\
// initialize the table
Vanderbilt University 109
OO Pattern Examples Douglas C. Schmidt

Implementing the Factory Method Pattern

e 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;

N ™
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High-level Algorithm (cont’d) UML Class Diagram for C++ Solution

if (basic sanity check succeeds) then L
Initialize search structure, srchstrct IV |
for i < 0 to size - 1 loop

insert (potential_sort[i])
into srchstrct ——
ILONG

for i < 0 to size - 1 loop —

if remove (originall[i]l) from Range
srchstrct fails then Vector
return ERROR ——
return SUCCESS =y
else Binary
return ERROR Search
end if Nodups
}
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C++ Class Interfaces C++ Class interfaces (cont’d)
e Search structure base class. e Strategy Factory class
template <typename T> template <typename ARRAY>
class Search_Strategy Search_Struct
{ {
public: public:
virtual bool insert (const T &new_item) = 0; // Singleton method.
virtual bool remove (const T &existing item) = 0; static Search_Struct<ARRAY> *instance ();
virtual ~“Search_Strategy () = 0;
}; // Factory Method

virtual Search_Strategy<typename ARRAY::TYPE> x
make_strategy (const ARRAY &);
s

™y W o
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C++ Class interfaces (cont’d)

e Strategy subclasses

// Note the template specialization
class Range_Vector

public Search_Strategy<long>
{ typedef long TYPE; /* . . . */ };

template <typename ARRAY>
class Binary_Search_Nodups
public Search_Strategy<typename ARRAY::TYPE>

{
typedef typename ARRAY::TYPE TYPE; /* . . . x/
};
" 1] ik L
Vanderbilt University D n._. e 132
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Design Patterns in Sort Verifier

e Factory Method

— Define an interface for creating an object, but let subclasses decide
which class to instantiate
x Factory Method lets a class defer instantiation to subclasses

e In addition, the Facade, Iterator, Singleton, & Strategy patterns are used

N ™
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OO Pattern Examples Douglas C. Schmidt
C++ Class interfaces (cont’d)

template <typename ARRAY> class Binary_Search_Dups
public Search_Strategy<typename ARRAY::TYPE>

{
typedef typename ARRAY::TYPE TYPE; /x . . . x/

+;

template <typename T>
class Hash_Table
public Search_Strategy<T>
{
typedef typename ARRAY::TYPE TYPE; /*x . . . %/
s

N ™
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The Factory Method Pattern

e Intent

— Define an interface for creating an object, but let subclasses decide
which class to instantiate
x Factory Method lets a class defer instantiation to subclasses

e This pattern resolves the following force:

1. How to extend the initialization strategy in the sort verifier
transparently
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Using the Factory Method Pattern

Search
Strategy
Search make_strategy()
Struct
New Search
Strategy
make_strategy() Oy
New Search N
Struct CREATES N
ST ‘|return new New_Search_Structg
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Structure of the Factory Method Pattern

Creator

factory_method() = 0
make_product()

N
N
N

P T Odu ct Product *product = factory_method()
return product

Concrete
Creator

factory_method)Q

\

Concrete AN

Product |<-Z27

return new Concrete_l’rnductﬁ

N ™
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OO Pattern Examples Douglas C. Schmidt
Implementing the check_sort Function

e c.g., C++ code for the sort verification 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);

o L
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