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OOPatternExamplesDo

AlgorithmicVersion

�Atypicalalgorithmicmethodforimplementing
expressiontreesinvolvesusingastruct/unionto
representdatastructure,e.g.,

typedefstructTree_NodeTree_Node;

structTree_Node{

enum{NUM,UNARY,BINARY}tag_;

shortuse_;/*referencecount*/

union{

charop_[2];

intnum_;

}o;

#definenum_o.num_

#defineop_o.op_

union{

Tree_Node*unary_;

struct{Tree_Node*l_,*r_;}binary_;

}c;

#defineunary_c.unary_

#definebinary_c.binary_

};

VanderbiltUniversity



OO Pattern Examples Douglas C. Schmidt

Memory Layout of Algorithmic Version

Tree
Node

Tree
Node

1

1|2

tag_

use_

op_

num_

unary_

binary_

MEMORY

LAYOUT

CLASS

RELATIONSHIPS

� Here's the memory layout of a struct Tree Node object

Vanderbilt University 6



OOPatternExamplesDo

PrintTreeFunction

�Atypicalalgorithmicimplementationuseaswitch
statement&arecursivefunctiontobuild&evaluate
atree,e.g.,

voidprint_tree(Tree_Node*root){

switch(root->tag_){

caseNUM:printf("%d",root->num_);

break;

caseUNARY:

printf("(%s",root->op_[0]);

print_tree(root->unary_);

printf(")");break;

caseBINARY:

printf("(");

print_tree(root->binary_.l_);

printf("%s",root->op_[0]);

print_tree(root->binary_.r_);

printf(")");break;

default:

printf("error,unknowntype\n");

}

}

VanderbiltUniversity
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Expression Tree Diagram
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OO Pattern Examples Douglas C. Schmidt

Relationships Between Tree & Node Classes
Unary
Node

Node

Tree3
1

1

11

2

Binary
Node

Ternary
Node

Int
Node

has
-a
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OO Pattern Examples Do

Memory Layout for C++ Version
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Binary
Node

Node
PART

operator_

right_
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� Memory layouts for di�erent subclasses of Node
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern

FactoryFactory

make_product()

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

return productreturn product

createscreates

ProductProduct
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OO Pattern Examples Douglas C. Schmidt

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

Structure of the Adapter Pattern

AdapterAdapter

request()

1: request ()

2: specific_request()

TargetTarget

request()

clientclient

AdapteeAdaptee

specific_request()
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Using the Adapter Pattern

iostreamiostream

operator<<
2: print()

TreeTree

print()

1: operator<<

clientclient TargetTarget

operator<<
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=

&
t
)

r
e
t
u
r
n
;

/
/

o
r
d
e
r

i
m
p
o
r
t
a
n
t

h
e
r
e
!

+
+
t
.
n
o
d
e
_
-
>
u
s
e
_
;

-
-
t
h
i
s
-
>
n
o
d
e
_
-
>
u
s
e
_
;

i
f

(
t
h
i
s
-
>
n
o
d
e
_
-
>
u
s
e
_

=
=

0
)

d
e
l
e
t
e

t
h
i
s
-
>
n
o
d
e
_
;

t
h
i
s
-
>
n
o
d
e
_

=

t
.
n
o
d
e
_
;

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

3
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
+
+

T
re
e
Im
p
le
m
e
n
ta
ti
o
n
(c
o
n
t'
d
)

T
r
e
e
:
:
~
T
r
e
e

(
)

{

/
/

R
e
f
-
c
o
u
n
t
i
n
g
,

g
a
r
b
a
g
e

c
o
l
l
e
c
t
i
o
n

-
-
t
h
i
s
-
>
n
o
d
e
_
-
>
u
s
e
_
;

i
f

(
t
h
i
s
-
>
n
o
d
e
_
-
>
u
s
e
_
<
=

0
)

d
e
l
e
t
e

t
h
i
s
-
>
n
o
d
e
_
;

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

3
8



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
+
+

M
a
in
P
ro
g
ra
m

#
i
n
c
l
u
d
e

<
i
s
t
d
:
:
o
s
t
r
e
a
m
.
h
>

#
i
n
c
l
u
d
e

"
T
r
e
e
.
h
"

i
n
t

m
a
i
n

(
i
n
t
,

c
h
a
r

*
[
]
)

{

c
o
n
s
t

T
r
e
e

t
1

=

T
r
e
e

(
"
*
"
,

T
r
e
e

(
"
-
"
,

5
)
,

T
r
e
e

(
"
+
"
,

3
,

4
)
)
;

c
o
u
t

<
<

t
1

<
<

e
n
d
l
;

/
/

p
r
i
n
t
s

(
(
-
5
)

*

(
3

+

4
)
)

c
o
n
s
t

T
r
e
e

t
2

=

T
r
e
e

(
"
*
"
,

t
1
,

t
1
)
;

/
/

p
r
i
n
t
s

(
(
(
-
5
)

*

(
3

+
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+
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r
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;
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t
U
n
iv
er
si
ty
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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

H
ig
h
-l
e
v
e
l
F
o
rc
e
s

�

S
ol
u
ti
on
sh
ou
ld
b
e
b
o
th
ti
m
e
&
sp
ac
e
e�
ci
en
t

{

e.
g
.,
m
u
st
u
se
ap
pr
op
ri
at
e
al
go
ri
th
m
s
an
d
d
at
a
st
ru
ct
u
re
s

{

E
�
ci
en
t
I/
O
&
m
em
or
y
m
an
ag
em
en
t
ar
e
p
ar
ti
cu
la
rl
y
im
p
or
ta
n
t

{

O
u
r
so
lu
ti
on
u
se
s
m
in
im
al
d
yn
am
ic
b
in
d
in
g
(t
o
av
oi
d
u
n
n
ec
es
sa
ry

ov
er
h
ea
d
)

�

S
ol
u
ti
o
n
sh
ou
ld
le
ve
ra
ge
re
u
sa
b
le
co
m
p
on
en
ts

{

e.
g
.,
is
td
::
os
tr
ea
m
s,
A
rr
ay
&
S
ta
ck
cl
as
se
s,
et
c.

�

S
ol
u
ti
on
sh
ou
ld
yi
el
d
re
u
sa
b
le
co
m
p
on
en
ts

{

e.
g
.,
e�
ci
en
t
in
p
u
t
cl
as
se
s,
ge
n
er
ic
so
rt
ro
u
ti
n
es
,
et
c.

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

5
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

T
o
p
-l
e
v
e
l
A
lg
o
ri
th
m
ic
V
ie
w
o
f
th
e
S
o
lu
ti
o
n

�

N
ot
e
th
e
u
se
of
ex
is
ti
n
g
C
+
+
m
ec
h
an
is
m
s
lik
e
I/
O
st
re
am
s

/
/

R
e
u
s
a
b
l
e

f
u
n
c
t
i
o
n
:

/
/

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

A
R
R
A
Y
>

v
o
i
d

s
o
r
t

(
A
R
R
A
Y

&
a
)
;

i
n
t

m
a
i
n

(
i
n
t

a
r
g
c
,

c
h
a
r

*
a
r
g
v
[
]
)

{

p
a
r
s
e
_
a
r
g
s

(
a
r
g
c
,

a
r
g
v
)
;

I
n
p
u
t

i
n
p
u
t
;

c
i
n

>
>

i
n
p
u
t
;

s
o
r
t

(
i
n
p
u
t
)
;

c
o
u
t

<
<

i
n
p
u
t
;

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

T
o
p
-l
e
v
e
l
A
lg
o
ri
th
m
ic
V
ie
w
o
f
th
e
S
o
lu
ti
o
n
(c
o
n
t'
d
)

�

A
vo
id
th
e
g
ra
n
d
m
is
ta
k
e
of
u
si
n
g
to
p
-l
ev
el
al
go
ri
th
m
ic
vi
ew
to
st
ru
ct
u
re

th
e
d
es
ig
n
.
.
.

{

S
tr
u
ct
u
re
th
e
d
es
ig
n
to
re
so
lv
e
th
e
fo
rc
es
!

{

D
on
't
fo
cu
s
on
al
go
ri
th
m
s
o
r
d
at
a,
b
u
t
in
st
ea
d
lo
ok
at
th
e
pr
o
b
le
m
,

it
s
p
ar
ti
ci
p
an
ts
,
&
th
ei
r
in
te
ra
ct
io
n
s!

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

G
e
n
e
ra
l
O
O
D
S
o
lu
ti
o
n
A
p
p
ro
a
c
h

�

Id
en
ti
fy
th
e
cl
as
se
s
in
th
e
ap
p
lic
at
io
n
/p
ro
b
le
m
sp
ac
e
&
so
lu
ti
on
sp
ac
e

{

e.
g
.,
st
ac
k,
ar
ra
y,
in
p
u
t
cl
as
s,
op
ti
on
s,
ac
ce
ss
ta
b
le
,
so
rt
s,
et
c.

�

R
ec
og
n
iz
e
&
ap
p
ly
co
m
m
on
d
es
ig
n
p
at
te
rn
s

{

e.
g
.,
S
in
gl
et
o
n
,
F
ac
to
ry
,
A
d
ap
te
r,
It
er
at
or

�

Im
p
le
m
en
t
a
fr
am
ew
or
k
to
co
or
d
in
at
e
co
m
p
on
en
ts

{

e.
g
.,
u
se
C
+
+
cl
as
se
s
&
p
ar
am
et
er
iz
ed
ty
p
es

V
a
n
d
er
b
il
t
U
n
iv
er
si
ty
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OO Pattern Examples Douglas C. Schmidt

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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P
a
tt
er
n
E
xa
m
p
le
s

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

C
+
+

C
la
ss
C
o
m
p
o
n
e
n
ts

�

T
a
ct
ic
a
l
co
m
p
o
n
en
ts

{

S
ta
ck

�

U
se
d
by
n
on
-r
ec
u
rs
iv
e
q
u
ic
k
so
rt

{

A
rr
ay

�

S
to
re
s/
so
rt
s
p
oi
n
te
rs
to
lin
es
&
�
el
d
s

{

A
cc
es
s
T
ab
le

�

U
se
d
to
st
or
e
in
p
u
t

{

In
p
u
t

�

E
�
ci
en
tl
y
re
ad
s
ar
b
it
ra
ry
si
ze
d
in
p
u
t
u
si
n
g
on
ly
1
d
yn
am
ic
al
lo
ca
ti
o
n

&
1
co
py
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n
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b
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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
+
+

C
la
ss
C
o
m
p
o
n
e
n
ts

�

S
tr
a
te
g
ic
co
m
p
o
n
en
ts

{

S
ys
te
m

S
or
t

�

F
ac
ad
e
th
at
in
te
gr
at
es
ev
er
yt
h
in
g
.
.
.

{

S
or
t
A
T
A
d
ap
te
r

�

In
te
g
ra
te
s
A
r
r
a
y
&
A
c
c
e
s
s

T
a
b
l
e

{

O
p
ti
on
s

�

M
an
ag
es
gl
ob
al
ly
vi
si
b
le
op
ti
on
s

{

S
or
t

�

e.
g
.,
b
ot
h
q
u
ic
ks
or
t
&
in
se
rt
io
n
so
rt

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

D
e
ta
il
e
d
F
o
rm
a
t
fo
r
S
o
lu
ti
o
n

�

N
ot
e
th
e
se
p
ar
at
io
n
of
co
n
ce
rn
s

/
/

P
r
o
t
o
t
y
p
e
s

t
e
m
p
l
a
t
e

<
t
y
p
e
n
a
m
e

A
R
R
A
Y
>

v
o
i
d

s
o
r
t

(
A
R
R
A
Y

&
a
)
;

v
o
i
d

o
p
e
r
a
t
o
r
>
>

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

&
,

S
o
r
t
_
A
T
_
A
d
a
p
t
e
r

&
)
;

v
o
i
d

o
p
e
r
a
t
o
r
<
<

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

&
,

c
o
n
s
t

S
o
r
t
_
A
T
_
A
d
a
p
t
e
r

&
)
;

i
n
t

m
a
i
n

(
i
n
t

a
r
g
c
,

c
h
a
r

*
a
r
g
v
[
]
)

{

O
p
t
i
o
n
s
:
:
i
n
s
t
a
n
c
e

(
)
-
>
p
a
r
s
e
_
a
r
g
s

(
a
r
g
c
,

a
r
g
v
)
;

c
i
n

>
>

S
y
s
t
e
m
_
S
o
r
t
:
:
i
n
s
t
a
n
c
e

(
)
-
>
a
c
c
e
s
s
_
t
a
b
l
e

(
)
;

s
o
r
t

(
S
y
s
t
e
m
_
S
o
r
t
:
:
i
n
s
t
a
n
c
e

(
)
-
>
a
c
c
e
s
s
_
t
a
b
l
e

(
)
)
;

c
o
u
t

<
<

S
y
s
t
e
m
_
S
o
r
t
:
:
i
n
s
t
a
n
c
e

(
)
-
>
a
c
c
e
s
s
_
t
a
b
l
e

(
)
;

}

V
a
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er
b
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t
U
n
iv
er
si
ty
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P
a
tt
er
n
E
xa
m
p
le
s

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

R
e
a
d
in
g
In
p
u
t
E
�
c
ie
n
tl
y

�

P
ro
b
le
m

{

T
h
e
in
p
u
t
to
th
e
sy
st
em
so
rt
ca
n
b
e
ar
b
it
ra
ri
ly
la
rg
e
(e
.g
.,
u
p
to
1
/
2

si
ze
of
m
ai
n
m
em
or
y)

�

F
o
rc
es

{

T
o
im
pr
ov
e
p
er
fo
rm
an
ce
so
lu
ti
on
m
u
st
m
in
im
iz
e:

1.
D
at
a
co
py
in
g
&
d
at
a
m
an
ip
u
la
ti
on

2.
D
yn
am
ic
m
em
or
y
al
lo
ca
ti
on

�

S
o
lu
ti
o
n

{

C
re
at
e
an
I
n
p
u
t
cl
as
s
th
at
re
ad
s
ar
b
it
ra
ry
in
p
u
t
e�
ci
en
tl
y

V
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n
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b
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t
U
n
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OO Pattern Examples Douglas C. Schmidt

Access Table Format

A
C

C
E

S
S

  
A

R
R

A
Y

ACCESS  BUFFER
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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

T
h
e
In
p
u
t
C
la
ss

�

E
�
ci
en
tl
y
re
ad
s
ar
b
it
ra
ry
-s
iz
ed
in
p
u
t
u
si
n
g
on
ly
1
d
yn
am
ic
al
lo
ca
ti
o
n

c
l
a
s
s
I
n
p
u
t
{

p
u
b
l
i
c
:

/
/
R
e
a
d
s
f
r
o
m
<
i
n
p
u
t
>
u
p
t
o
<
t
e
r
m
i
n
a
t
o
r
>
,

r
e
p
l
a
c
i
n
g

<
s
e
a
r
c
h
>

/
/
w
i
t
h
<
r
e
p
l
a
c
e
>
.

R
e
t
u
r
n
s
d
y
n
a
m
i
c
a
l
l
y

a
l
l
o
c
a
t
e
d

b
u
f
f
e
r
.

c
h
a
r
*
r
e
a
d
(
s
t
d
:
:
i
s
t
r
e
a
m

&
i
n
p
u
t
,

i
n
t
t
e
r
m
i
n
a
t
o
r

=
E
O
F
,

i
n
t
s
e
a
r
c
h
=
'
\
n
'
,
i
n
t
r
e
p
l
a
c
e

=
'
\
0
'
)
;

/
/
N
u
m
b
e
r
o
f
b
y
t
e
s
r
e
p
l
a
c
e
d
.

s
i
z
e
_
t
r
e
p
l
a
c
e
d

(
)
c
o
n
s
t
;

/
/
S
i
z
e
o
f
b
u
f
f
e
r
.

s
i
z
e
_
t
s
i
z
e
(
)
c
o
n
s
t
;

p
r
i
v
a
t
e
:

/
/
R
e
c
u
r
s
i
v
e

h
e
l
p
e
r

m
e
t
h
o
d
.

c
h
a
r
*
r
e
c
u
r
s
i
v
e
_
r
e
a
d

(
)
;

/
/
.
.
.

}
;

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

T
h
e
In
p
u
t
C
la
ss
(c
o
n
t'
d
)

c
h
a
r

*
I
n
p
u
t
:
:
r
e
a
d

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

&
i
,

i
n
t

t
,

i
n
t

s
,

i
n
t

r
)

{

/
/

I
n
i
t
i
a
l
i
z
e

a
l
l

t
h
e

d
a
t
a

m
e
m
b
e
r
s
.
.
.

r
e
t
u
r
n

r
e
c
u
r
s
i
v
e
_
r
e
a
d

(
)
;

} c
h
a
r

*
I
n
p
u
t
:
:
r
e
c
u
r
s
i
v
e
_
r
e
a
d

(
)

{

c
h
a
r

b
u
f
f
e
r
[
B
U
F
S
I
Z
]
;

/
/

1
.

R
e
a
d

i
n
p
u
t

o
n
e

c
h
a
r
a
c
t
e
r

a
t

a

t
i
m
e
,

p
e
r
f
o
r
m
i
n
g

/
/

s
e
a
r
c
h
/
r
e
p
l
a
c
e

u
n
t
i
l

E
O
F

i
s

r
e
a
c
h
e
d

o
r

b
u
f
f
e
r

/
/

i
s

f
u
l
l
.

/
/

1
.
a

I
f

b
u
f
f
e
r

i
s

f
u
l
l
,

i
n
v
o
k
e

r
e
c
u
r
s
i
v
e
_
r
e
a
d
(
)

/
/

r
e
c
u
r
s
i
v
e
l
y
.

/
/

1
.
b

I
f

E
O
F

i
s

r
e
a
c
h
e
d
,

d
y
n
a
m
i
c
a
l
l
y

a
l
l
o
c
a
t
e

c
h
u
n
k

/
/

l
a
r
g
e

e
n
o
u
g
h

t
o

h
o
l
d

e
n
t
i
r
e

i
n
p
u
t

/
/

2
.

O
n

w
a
y

o
u
t

o
f

r
e
c
u
r
s
i
o
n
,

c
o
p
y

b
u
f
f
e
r

i
n
t
o

c
h
u
n
k

}

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

D
e
si
g
n
P
a
tt
e
rn
s
in
th
e
S
y
st
e
m

S
o
rt

�

F
ac
ad
e

{

P
ro
v
id
e
a
u
n
i�
ed
in
te
rf
a
ce
to
a
se
t
o
f
in
te
rf
a
ce
s
in
a
su
b
sy
st
em

�

F
ac
ad
e
d
e�
n
es
a
h
ig
h
er
-l
ev
el
in
te
rf
ac
e
th
at
m
ak
es
th
e
su
b
sy
st
em

ea
si
er
to
u
se

{

e.
g
.,
s
o
r
t
(
)
fu
n
ct
io
n
pr
ov
id
es
a
fa
ca
d
e
fo
r
th
e
co
m
p
le
x
in
te
rn
al
d
et
ai
ls

of
e�
ci
en
t
so
rt
in
g

�

A
d
ap
te
r

{

C
o
n
v
er
t
th
e
in
te
rf
a
ce
o
f
a
cl
a
ss
in
to
a
n
o
th
er
in
te
rf
a
ce
cl
ie
n
ts
ex
p
ec
t

�

A
d
ap
te
r
le
ts
cl
as
se
s
w
or
k
to
ge
th
er
th
at
co
u
ld
n
't
ot
h
er
w
is
e
b
ec
au
se

of
in
co
m
p
at
ib
le
in
te
rf
ac
es

{

e.
g
.,
m
ak
e
A
c
c
e
s
s

T
a
b
l
e
co
n
fo
rm
to
in
te
rf
ac
es
ex
p
ec
te
d
by
s
o
r
t
&

is
td
::
os
tr
ea
m
s

V
a
n
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b
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t
U
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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

D
e
si
g
n
P
a
tt
e
rn
s
in
S
y
st
e
m

S
o
rt
(c
o
n
t'
d
)

�

F
ac
to
ry

{

C
en
tr
a
li
ze
a
ss
em
b
ly
o
f
re
so
u
rc
es
n
ee
d
ed
to
cr
ea
te
o
b
je
ct
s

{

e.
g
.,
d
ec
ou
p
le
in
it
ia
liz
at
io
n
of
L
i
n
e

P
t
r
s
u
se
d
by
A
c
c
e
s
s

T
a
b
l
e
fr
o
m

th
ei
r
su
b
se
q
u
en
t
u
se

�

B
ri
d
ge

{

D
ec
o
u
p
le
a
n
a
b
st
ra
ct
io
n
fr
o
m

it
s
im
p
le
m
en
ta
ti
o
n
so
th
a
t
th
e
tw
o
ca
n

v
a
ry
in
d
ep
en
d
en
tl
y

{

e.
g
.,
co
m
p
ar
in
g
tw
o
lin
es
to
d
et
er
m
in
e
or
d
er
in
g

�

S
tr
at
eg
y

{

D
e�
n
e
a
fa
m
il
y
o
f
a
lg
o
ri
th
m
s,
en
ca
p
su
la
te
ea
ch
o
n
e,
&

m
a
k
e
th
em

in
te
rc
h
a
n
g
ea
b
le

{

e.
g
.,
al
lo
w


ex
ib
le
p
iv
ot
se
le
ct
io
n

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

D
e
si
g
n
P
a
tt
e
rn
s
in
S
y
st
e
m

S
o
rt
(c
o
n
t'
d
)

�

S
in
gl
et
o
n

{

E
n
su
re
a
cl
a
ss
h
a
s
o
n
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OO Pattern Examples Douglas C. Schmidt

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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OO Pattern Examples Douglas C. Schmidt

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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OO Pattern Examples Douglas C. Schmidt

Structure of the Facade Pattern
HIDDENHIDDEN

EXTERNALLYEXTERNALLY

VISIBLEVISIBLE

FacadeFacade

Vanderbilt University 77



OO Pattern Examples Douglas C. Schmidt

Using the Facade Pattern

StackStack

QuickQuick
SortSort

TYPETYPE

EXTERNALLYEXTERNALLY

VISIBLEVISIBLE

ARRAYARRAY

SortSort

ARRAYARRAY

InsertInsert
SortSort

ARRAYARRAY

HIDDENHIDDEN
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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
e
n
tr
a
li
zi
n
g
O
p
ti
o
n
P
ro
c
e
ss
in
g

�

P
ro
b
le
m

{

C
om
m
an
d
-l
in
e
op
ti
on
s
m
u
st
b
e
gl
ob
al
to
m
an
y
p
ar
ts
of
th
e
so
rt

pr
o
gr
am

�

K
ey
fo
rc
es

{

U
n
re
st
ri
ct
ed
u
se
o
f
gl
ob
al
va
ri
ab
le
s
in
cr
ea
se
s
sy
st
em
co
u
p
lin
g
&
ca
n

vi
ol
at
e
en
ca
p
su
la
ti
on

{

In
it
ia
liz
at
io
n
of
st
at
ic
ob
je
ct
s
in
C
+
+
ca
n
b
e
pr
ob
le
m
at
ic

�

S
o
lu
ti
o
n

{

U
se
th
e
S
in
g
le
to
n
p
at
te
rn
to
ce
n
tr
al
iz
e
op
ti
on
pr
o
ce
ss
in
g

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

7
9



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

S
in
g
le
to
n
P
a
tt
e
rn

�

In
te
n
t

{

E
n
su
re
a
cl
a
ss
h
a
s
o
n
ly
o
n
e
in
st
a
n
ce
,
&

p
ro
v
id
e
a
g
lo
b
a
l
p
o
in
t
o
f

a
cc
es
s
to
it

�

T
h
is
p
at
te
rn
re
so
lv
es
th
e
fo
llo
w
in
g
fo
rc
es
:

1.
L
o
ca
liz
es
th
e
cr
ea
ti
on
&

u
se
of
\g
lo
b
al
"
va
ri
ab
le
s
to
w
el
l-
d
e�
n
ed

ob
je
ct
s

2.
P
re
se
rv
es
en
ca
p
su
la
ti
on

3.
E
n
su
re
s
in
it
ia
liz
at
io
n
is
d
on
e
af
te
r
pr
og
ra
m
h
as
st
ar
te
d
&
on
ly
o
n
�
rs
t

u
se

4.
A
llo
w
tr
an
sp
ar
en
t
su
b
cl
as
si
n
g
of
S
in
gl
et
on
im
p
le
m
en
ta
ti
on

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

8
0



OO Pattern Examples Douglas C. Schmidt

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_;

Vanderbilt University 81



OO Pattern Examples Douglas C. Schmidt

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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b
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p
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=
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=
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2
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R
E
V
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E

=

0
4
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O
R
M
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=
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1
0

}
;
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e
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i
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P
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e
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p
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t
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r
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n
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t

c
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a
r
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n
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c
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a
r
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)
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p
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c
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p
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e
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n
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e
t
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p
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i
o
n
s
_
;

/
/
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i
n
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s

o
p
t
i
o
n
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b
i
t
m
a
s
k

.

.

.

i
n
t

f
i
e
l
d
_
o
f
f
s
e
t
_
;

s
t
a
t
i
c

O
p
t
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o
n
s

*
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n
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t
a
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c
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.
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i
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R
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R
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=
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R
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R
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p
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r
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c
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;
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=
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e
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p
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(
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r
g
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r
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,

`
`
n
r
f
s
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:
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'
)
)

!
=

E
O
F
;
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s
w
i
t
c
h
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)

{

c
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s
e
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n
'
:

{

C
L
R
_
B
I
T

(
o
p
t
i
o
n
s
_
,

O
p
t
i
o
n
s
:
:
F
O
L
D
)
;

C
L
R
_
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I
T
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p
t
i
o
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s
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O
p
t
i
o
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s
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N
O
R
M
A
L
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p
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p
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e
a
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;

} /
/

.

.

.

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

8
5



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

U
si
n
g
th
e
O
p
ti
o
n
s
C
la
ss

�

O
n
e
w
ay
to
im
p
le
m
en
t
s
o
r
t
(
)
co
m
p
ar
is
on
op
er
at
or
:

i
n
t

L
i
n
e
_
P
t
r
s
:
:
o
p
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o
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t
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P
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)
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o
n
s
t

{

O
p
t
i
o
n
s

*
o
p
t
i
o
n
s

=

O
p
t
i
o
n
s
:
:
i
n
s
t
a
n
c
e

(
)
;

i
f

(
o
p
t
i
o
n
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-
>
e
n
a
b
l
e
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O
p
t
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N
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M
A
L
)
)

r
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u
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c
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<
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p
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O
p
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t
u
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c
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h
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<
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p
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O
p
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r
c
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e
c
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t
h
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o
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r
h
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o
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<
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;
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p
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OO Pattern Examples Douglas C. Schmidt

Structure of the Bridge Pattern
ImplementorImplementor

method_impl()

1: method_impl()

ConcreteConcrete
ImplementorAImplementorA

method_impl() ConcreteConcrete
ImplementorBImplementorB

method_impl()

AbstractionAbstraction

method()

Vanderbilt University 89
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Using the Bridge Pattern

1: compare()

Line_PtrsLine_Ptrs
operator<

OptionsOptions

compare()

strcmp()
strcasecmp()

numcmp()

Vanderbilt University 90
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P
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p
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c
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<
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;
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r
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r
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t

c
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r
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h
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e
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r
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d
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at
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OO Pattern Examples Douglas C. Schmidt

Structure of the Adapter Pattern
TargetTarget

request()

AdapterAdapter

request()

AdapteeAdaptee

specific_request()

1: request ()

2: specific_request()

clientclient

Vanderbilt University 94



OO Pattern Examples Douglas C. Schmidt

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

Vanderbilt University 95
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p
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a
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e
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t
y
p
e
n
a
m
e

T
>

c
l
a
s
s
A
r
r
a
y
{

p
u
b
l
i
c
:

A
r
r
a
y
(
s
i
z
e
_
t
s
i
z
e
=
0
)
;

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

s
i
z
e
)
;

T
&
o
p
e
r
a
t
o
r
[
]
(
s
i
z
e
_
t

i
n
d
e
x
)
;

s
i
z
e
_
t
s
i
z
e
(
)
c
o
n
s
t
;

T
*
b
e
g
i
n
(
)
c
o
n
s
t
;

/
/
S
T
L
i
t
e
r
a
t
o
r

m
e
t
h
o
d
s
.

T
*
e
n
d
(
)
c
o
n
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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p
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c
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a
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u
b
l
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/
/
F
a
c
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o
r
y
M
e
t
h
o
d
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r
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n
i
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i
a
l
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n
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c
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v
i
r
t
u
a
l
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n
t
m
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e
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a
b
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s
i
z
e
_
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l
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n
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s
,

c
h
a
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u
f
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e
r
)

=
0
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R
e
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b
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r
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i
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t
u
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A
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c
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s
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b
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e

(
)
;

T
&
e
l
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e
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(
s
i
z
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_
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e
x
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/
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e
r
e
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c
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c
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;
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f
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h
e
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r
i
d
g
e
p
a
t
t
e
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n
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u
b
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i
c
:

A
c
c
e
s
s
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T
a
b
l
e
_
I
m
p
l
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o
i
d
)
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/
/
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
)
;

/
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n
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t
r
u
c
t
o
r

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

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

*
)
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/
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e
t
b
u
f
f
e
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p
r
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v
a
t
e
:

c
h
a
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*
b
u
f
f
e
r
_
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/
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n
d
e
r
l
y
i
n
g

b
u
f
f
e
r

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

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

d
e
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e
t
i
o
n
.

}
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c
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P
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p
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r
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e
d
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o
r
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(
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.
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p
e
r
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r
<

(
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o
n
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t

L
i
n
e
_
P
t
r
s

&
)
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n
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t
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/
/

B
e
g
i
n
n
i
n
g

o
f

l
i
n
e

&

f
i
e
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/
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n
.

c
h
a
r

*
b
o
l
_
,

*
b
o
f
_
;
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p
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b
l
i
c
:

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

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

c
h
a
r
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b
u
f
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e
r
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p
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P
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E
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p
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p
t
A
c
c
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P
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p
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t
o
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i
z
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i
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i
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o
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;
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P
t
r
s

&
S
o
r
t
_
A
T
_
A
d
a
p
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p
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o
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i
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n
e
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e
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e
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i
)
;
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p
t
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern
FactoryFactory

make_product()

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

return productreturn product

createscreates

ProductProduct
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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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O
p
t
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n
s
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p
a
r
s
e
_
a
r
g
s

(
i
n
t

a
r
g
c
,

c
h
a
r

*
a
r
g
v
[
]
)

{

/
/

.

.

.

i
f

(
t
h
i
s
-
>
e
n
a
b
l
e
d

(
O
p
t
i
o
n
s
:
:
N
O
R
M
A
L
)
)

t
h
i
s
-
>
c
o
m
p
a
r
e

=

&
s
t
r
c
m
p
;

e
l
s
e

i
f

(
t
h
i
s
-
>
e
n
a
b
l
e
d

(
O
p
t
i
o
n
s
:
:
N
U
M
E
R
I
C
)
)

t
h
i
s
-
>
c
o
m
p
a
r
e

=

&
n
u
m
c
m
p
;

e
l
s
e

i
f

(
t
h
i
s
-
>
e
n
a
b
l
e
d

(
O
p
t
i
o
n
s
:
:
F
O
L
D
)
)

t
h
i
s
-
>
c
o
m
p
a
r
e

=

&
s
t
r
c
a
s
e
c
m
p
;
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/

.

.

.
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c
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c
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a
r

*

s
2
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{

d
o
u
b
l
e

d
1

=

s
t
r
t
o
d

(
s
1
,

0
)
,

d
2

=

s
t
r
t
o
d

(
s
2
,

0
)
;

i
f

(
d
1

<

d
2
)

r
e
t
u
r
n

-
1
;

e
l
s
e

i
f

(
d
1

>

d
2
)

r
e
t
u
r
n

1
;

e
l
s
e

/
/

i
f

(
d
1

=
=

d
2
)

r
e
t
u
r
n

0
;

}
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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
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OO Pattern Examples Douglas C. Schmidt

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
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:
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m

&
i
s
,

S
o
r
t
_
A
T
_
A
d
a
p
t
e
r

&
a
t
)

{

I
n
p
u
t

i
n
p
u
t
;

/
/

R
e
a
d

e
n
t
i
r
e

s
t
d
i
n

i
n
t
o

b
u
f
f
e
r
.

c
h
a
r

*
b
u
f
f
e
r

=

i
n
p
u
t
.
r
e
a
d

(
i
s
)
;

s
i
z
e
_
t

n
u
m
_
l
i
n
e
s

=

i
n
p
u
t
.
r
e
p
l
a
c
e
d

(
)
;

/
/

F
a
c
t
o
r
y

M
e
t
h
o
d

i
n
i
t
i
a
l
i
z
e
s

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

a
t
.
m
a
k
e
_
t
a
b
l
e
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n
u
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s
,

b
u
f
f
e
r
)
;
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i
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c
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b
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p
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m
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k
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b
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e
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s
i
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e
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t
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l
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n
e
s
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c
h
a
r
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b
u
f
f
e
r
)
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r
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y
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i
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m
e
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t

o
p
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t
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-
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c
c
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s
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i
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e
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u
m
_
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i
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e
s
)
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u
f
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e
r
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=

b
u
f
f
e
r
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O
b
t
a
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r
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e
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u
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t

=
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=
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p
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=
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c
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;
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OO Pattern Examples Douglas C. Schmidt

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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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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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
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OO Pattern Examples Douglas C. Schmidt

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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