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OO Pattern Examples Douglas C. Schmidt
Expression Tree Diagram

/ / <— BINARY

NODES

INTEGER
NODES

D-O-C
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OO Pattern Examples Douglas C. Schmidt
Memory Layout of Algorithmic Version

Tree
Node
1 |2
1
Tree
Node
MEMORY CLASS
LAYOUT RELATIONSHIPS

e Here's the memory layout of a struct Tree_Node object

m.{:!u{':"
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OO Pattern Examples Douglas C. Schmidt
Expression Tree Diagram

/ / <— BINARY

NODES

INTEGER
NODES

DHGHO
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OO Pattern Examples

Douglas C. Schmidt

Relationships Between Tree & Node Classes

Binary
Node

Unary
Node

1

Int
Node

Vanderbilt University
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OO Pattern Examples

Memory Layout for C4++ Version

Node Node Node
PART PART PART
node
Tree operator operator operator_
vptr operand left left
(Tree PART) (Tree PART) (Tree PART)
use_
Node Unary Node
right_ middle
(Tree PART) (Tree PAR—T)
Node
PART
Binary
Node
fum_ right
(Tree PART)
Int Node Ternary
Node

e Memory layouts for different subclasses of Node

Vanderbilt University
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern

Factory

make_product() Q_

Q

creates N
N

N

Product product = ...
return product

Product

Vanderbilt University -t Ve - 25
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OO Pattern Examples Douglas C. Schmidt

Structure of the Bridge Pattern

1: method impl()

Abstraction Implementor
method() / method_impl()
Concrete
ImplementorA
method_1mpl() Concrete
ImplementorB
method 1mpl()

ll" B
- - 29
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OO Pattern Examples

Douglas C. Schmidt

Using the Bridge Pattern

1: print()

Tree

>

print()

Int Node

Node

print()

print()

Binar
Node

print()

Unary
Node

print()

Ternary

Node
print()

Vanderbilt University
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OO Pattern Examples Douglas C. Schmidt

Structure of the Adapter Pattern

1: request ()
>

client Target
request()
Adapter Adaptee
>
request() 2: specific request() specific request()

Boe s

-

Vanderbilt University = - 34



OO Pattern Examples

Douglas C. Schmidt

Using the Adapter Pattern

1: operator<<

Vanderbilt University

>
client Target
operator<<
iostream Tree
tor<< > print()
PP 2: print()
DHGHO

35



0¢ Ajisianiuy 1j1qiapue
..“,.:.NU.@ I lun 1j1qIspuep

' 9DBJJ9JUI 98I
oyl ,adepe, 01 sweais ()/| S9SN SAOQE UMOYS SP0d +-+7) SYl MOY 10N e

{

‘s urnqex
- (s ‘Teopouresil) AﬁHngQ>Auumvon.mme*v //
:BUTMOTTOT 9yl se pojusweTdwr //
ST UYOTYM € (s) aqutadg-"opou-esil //
BIA TTBD TeN3ITA x OPON SI933TI3 STIYL //
{(s) autad-eexa
} (P0I3p ©9I] 23SUO0D Sy WedIFSO::p3s) >>I0ojeiadoy WesIlso: :pas

sweaulg O\_ +-+D yum 91ea891ul 01 pasn si uidlled usldepy sy e

uidlled 191depy a9yl Suis

IpP1wYdg ) sej3no(g sajdwex3 wened 00




LE

AJIsJaAIUN 3Ig4apue
..“,.:.NU_@ I lun 1j1qIspuep

{

:T9pou"]1 = ~OpPOoUK-SIUL
{TOpoOU<-STIY] 939T9P

(0 == ©SNK- 9pouk-sSTyYl) JT
. TOSN«-"9pouU<-SIY}—-
. TOSNK-"OpouU"” 21++

joxey juejrodwt Iepio //
‘uanjysx (3% == STYl) JIT

} (3% 991l 3Suod) =io03exodo::99I1] PIOA

{

‘Surqunoo-jyox ‘Jutrxeys // . TOSNK-"OpPOoUL-STIYUI++
} (Topouril) Tepou : (2R 99I] 3SUO0D) OOIL::090IL

wolpl  Apoq pa1unod, 2yl eIA SUIJUNOD 3DUIDSY e

uonjejuawa|dwy 334] ++)

PpIwyYds ) sejsnoq

so|dwex3 uiened 00



8¢

A11SI9AIU() 1[Ig4apue
.ﬂ,:mu_mm ISISAIU( }IGIDPUBA

{TOpoU<-STY] 939TOp
(0 =>"9sSnhk- 9pou<c-sTIyl) JT
. TOSN«-"9pouUK-SIY}—-
UOT109TT0D oFeqield ‘Jurqunod-jyoy //
} () °o9IL_::90I]

(p,3u02) uonejuswa|dwy sau] ++9

1pIwyds ") se|dno(g

so|dwex3 uiened 00



@m __.“...I. ___ B_Ew>_:3u,__€wtcm>
OAOHd
'0doos JUTABOT USYM 9813 ©ITIUS 939T9p // {
ATeaTsanoex g1 B\ T2 JO sIoadniisseq //
) uInisx

“TpPUS >> g3 >> 3nod
(((F +€) * (S-)) *» ((F +¢€) * (5-))) saurad //

(T2 ‘T2 “ux,) ©9IL = g3 ©91] 23Su0d
((F + €) * (§-)) sautad // ITpus >> T2 >> 3IN0OD
(T ‘e “u+u) ®8IL
aAm a:I:v 994], a:*:v ©9d] = [3 ©°J] 13SU0D
} ([]* Ieyd ‘qur) uUTewW JUT

wq ©81dL, °Spniout#
<Y WedaI3SO::P3IST> OPNTOUTH

weisoad uen ++-H

IpP1wYdg ) sej3no(g sajdwex3 wened 00




OO Pattern Examples D

Expression Tree Diagram 1
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C++ Class Model

- System
Options y
Sort AT

Adapter
STRATEGIC Sort T
COMPONENTS 7 \ -
)/ Sort AT
)/ Adapter
L4 {Ml
sor |
DX
TACTICAL Access
COMPONENTS Table
] | TVE |
—TT Input
Stack Array

D.F!u{""

-

l'ﬂ
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Access Table Format

ACCESS BUFFER

Vanderbilt University

Z |
g
< ]
N
N
a8
Q ———
O ===\
<
— =SSN
\-- - SN
5 ===
!
"GO
DHGHO 60



19 W _m_ ST EVN [T oW T[TeBETSIVI=FY

{
//
() pesax ®ATISINIdIx JIBRYD
‘poysew rodley oATSINDSY //
:oqeaTad
:3su0d () ©ZTIS 37 9ZTS
"Isyynq jyo 8z1g //
fqasuod () peoeldex 37 8zIS
‘pooerdex seakq Jo xeoqumy //
f(.0\¢ = ooeTdex qur ¢, U\, = YdDIEBOS JUT
‘J0d = JojeuTlwrel 3url ‘Indur®y WeeIlST::p3sS) pPedIkx IeYD
"IDFING Poa1ed0TTe ATTedTIweulp suinyey "<ooerdaa> yatm //
<yoxessy Juroerdex ‘<rojeurwisl> o3 dn <indur> woxF speey //
:o1Tgqnd
} anduy ssero

uolrledo||e arweuAp T Ajuo Suisn indul pazis-Aiesligie speas Ajjuaidyj] e

sse|) nduj ay |

IpP1wYdg ) sej3no(g sajdwex3 wened 00




I\
9 ™ @ 1SISAIUN 1|IgISPUBA

Junyo ojut Ieyynq Adoo ‘uorsanoex Jo 3no Lem ug g // {
andut eITqUe PTOY 01 UYSnous a3IeT //
funyd o3edoTTe ATTeotweudp ‘peydoesx ST J0d FI A°T //
*KToATsanoax //
()PEOISATISINDSI OfOAUT ‘TINF ST I9FInq FI ©°'T //
"TInF ST //
I9JIngq IO paydesal ST JOH Traun sdoeTdex/yoxess //

gutwrojiad ‘ewra ® 3e I930®IERYD SuUO Jndur pesy T //

* [zIsdnd] 1eFIng Ieyd
} () peex~eATsanosl::qndulx JIeYD

{

() PEBSI OATSINOSI UINJDI
"' rsIeoquew e3ep 9Yl TTe OZTTeTratul //

}

(I 3UT ‘s 3UT ‘9 3UT ‘I% WeaI3sST::p3s) peax::qndulx Ieyd

(p,3u0d) sse|) induj ay |

IpP1wYdg ) sej3no(g sajdwex3 wened 00




€9 W m_ ST EVN [T oW T[TeBETSIVI=FY

SWIea.1S0::P1s!
79 1108 AQq pa109dxs S9OBJI91UI 01 WIOJUOD TR~ SS800Y yew 59 —
s9oejia1ul 9|qrredwodul jo
9SNed9q 9SIMIBYI0 ], Up|nod 1eyl 49Yyia80] YJOM S3SSe|d S139| J91depy x
109dx9 S1UBI[D> 92€)421Ul Jayioue 03Ul SSejd e JO 92e)I91Ul Y] 1USAUOY) —

191depy e

Bu13J0S 1udIdIYd JO
S|1e3ap |eusaiul xa|dwod sy3 J0) spedey e sapinoad uoiouny ()axos “5o —
9sSNn 03 Jalsed
W91SASQNS Syl SOy ew 1eyl 90Balul [9A|-19YS3IYy € Ssuljop apede
WwalsAsqns e ul saoeylajul JO 39S € 0] 90eLI21Ul paljiun e apINOl{ —

opede] e

140G wRIsAg ay3 ul suidyled uSisa(

IpP1wYdg ) sej3no(g sajdwex3 wened 00




DT

79 o T m_ ANSIDAIU }|IgIDpUBA

uo11239|9s 10AId 3|qIX3|} mo|e “Fo —
a|geadueysiaiul
wayl axjew 7p ‘suo yoes aiensdesus ‘swiyllios|e Jo Ajwej e auys( —

AS91e141G @

BULISPIO SUlWISISP 03 Saul| om} Suedwod 59 —
Ajpuspuadaspur Aien
ue> oM1 ay1 1eyi os uoijejusws|dwi s3I wWolj uoiloeiisqe ue sjdnods(] —
3pLg e

asn juanbasqns J1vy3
WwoJ} oTqe ] ss900Yy AQ pasn sI1ad-oUuTT O uoljezijelnul 3jdnodisp 5o —
s109/go 218312 01 papasu $924N0sa.J Jo A|qUISsSe 9zijedjus”) —

Aiojoe{ e

(pP,3u02) 140G wWLISAG ul suidlled usisag

IpP1wYdg ) sej3no(g sajdwex3 wened 00




G9 W 9 ST EVN [T oW T[TeBETSIVI=FY

uollezijeriul 10 uollelussaidal

uisodxa jnoyym saul| papios ayi ino juud o3 Aem e sapinoud “Fo —
uoijejuasaidal Suiklispun s Suisodxs 1noyiim Ajjeiausnbas

109/qo 931354356 uE JO SjUBWSIE SYl SS90 01 Aem e opinoid —

1031eJ3]| e

suoijdo weisSoud

10} 79 Spedej 140S w1sAs ay1 4o} ssadde Jo juiod 3j3uls e sapinoid 5o —
11 01 S$220¢€

Jo 1uiod jeqoj3 e spiroid 7p ‘soueisul auo Ajuo sey ssed> e ainsuy —

uo1SuIS e

(pP,3u02) 140G wWLISAG ul suidlled usisag

IpP1wYdg ) sej3no(g sajdwex3 wened 00




99 W @ ST EVN [T oW T[TeBETSIVI=FY

Aixa)dwod sdeds (1) —

Axa)dwod swiy ased-1siom 79 -a8esane (gu)Q —

ejep , pa49pJo 1sow|e, 3uinIos 40 1uaIdle ddeds 79 swil AYSiH —
J40S U0I1435U| T

JOIABYS( 9SED-]1SIOM PIOAEB O] pasn aJe suolleziwidp —

Aixa)dwod soeds (u 80])0 —

Aixa)dwod swiy ssed-isiom (gu)O —

Aixs|dwod swiy ssed-s8esane (u Soj u) —

ejep Asesiigse Suinios usaidye ddeds 79 swi AYsiH —
40syoIn®d 1

:pasn aJe swyiio3|e Suinos jJo sadAl omy ‘Aousidiyys 1o e

wylos|y oS

IpP1wYdg ) sej3no(g sajdwex3 wened 00




19 W m_ ST EVN [T oW T[TeBETSIVI=FY

ejep pa3Jos 1SOW|e UO }SB} SunJ 1J0S UOILIASU| e
suoiizded [Jjews Joj 110S uoIldsu| "

uonliped ua8ie|  saysnd, shem|y e
A11xsjdwos soeds (u 30|) paajuelens) ¢

A1xs|dwod swi] ased-asiom Jo Alljiqeqoad ssonpay e
uoI123[9s 10A1d ¢ JO ueipsj\ ¢

PESYJDA0 [|BD UOIIDUN 92NPaJ 03 XOe]1S 11D1|dXd ue sas() e
OAISINIS-UON T

suoneziwiyd(Q HosH2INY
1plwydg ") se|sno( so|dwex3 uiened 00




89 Ayisianiun) 3j1g4opue
..“,.:.NU_@ N }!qISpUeA

wy3iio3|e uol1d9)as 10AId ay3 109[9s 031 uJaired AFa1e41G dyl s —
uoiinjog e

Swy3lio3|e uolild9|9s
J0AId JuaJ9j4ip Suisn Ajjualolyys aJow 14os Aew indul JuauaIq —

S2210- ®

'D79 ‘93443 JO uelpaw ‘uoljeziwopuel 3o
anjeA 1oA1d e SuI109|9S 10} SWYIOS|e SNOLIBA 34 3U3Yy | —

wojqoid e

anjep 10Ald e Sul}d9|9g
1plwydg ") se|sno( so|dwex3 uiened 00




69 Ayisianiun) 3j1g4opue
._“;;mu.@ N }H!giSpuep

uoirejusws|duwi

J[€ S1If 9ZIS SUO e FUu1210} INOYIM 3DBJIDIUI [/ S1Ij 9ZIS SUO B IPINOI] T
wyiriosdje 110sx21nb urew ay3
Suifjipow 1noyiim anjea joaid e 5ui12s(3s Joj saidijod syl pusixs o3 MoH T

$9240} SUIMO||04 2Y3 S9A|0SaJ uJdlled Siy| e

1
9sn 1ey3 sjuald wouy Ajpuspuadapul Asen wylioS|e syl s19] AS91e41G
9|geagueydialul

Wyl ew 79 ‘suo yoes alensdedus ‘swyllioS|e jo Apwey e suiysq —

jusjul e

uialled AsSajealg ay

IpP1wYdg ) sej3no(g sajdwex3 wened 00




OO Pattern Examples Douglas C. Schmidt

Structure of the Strategy Pattern

STRATEGY
Context Strategy
context_interface() algorithm_interface()
Concrete Concrete
Strategy A Strategy C
algorithm_interface() algorithm_interface()

Concrete
Strategy B

algorithm_interface()

r i !u r-.
Vanderbilt University D C = 70



OO Pattern Examples Douglas C. Schmidt

Using the Strategy Pattern

quick sort SPV ot
e trategy
: get pivol()
I
I
pivot_strat->get pivot (array, lo, hi)
Median
of
Select
i Three
First Random
PD-O-C

Vanderbilt University = S 71
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OO Pattern Examples Douglas C. Schmidt
Structure of the Facade Pattern

———————— Facade |— - - -

Vanderbilt University Nt 77



OO Pattern Examples

Douglas C. Schmidt

Using the Facade Pattern

L
________ Sort W- _————
HIDDEN \
Quick
e Sort

Stack V \ |ZRT!ATY-:

Vanderbilt University
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Sort
PEGHO
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OO Pattern Examples Douglas C. Schmidt

Structure of the Singleton Pattern

if (unique_instance == 0)
unique _instance = new Singleton;
return unique_instance ;

/
/
/
/
/

Singleton .
staticinstance() G '
singleton operation()
get singleton data()
static unique_instance
singleton data

Vanderbilt University N o 81



OO Pattern Examples Douglas C. Schmidt

Using the Singleton Pattern

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

/
/
/

Ve

Options 7
static instance() of
bool enabled()
field_offset()

static unique instance
options

Vanderbilt University N -t 82
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OO Pattern Examples

Douglas C. Schmidt

Abstraction

Structure of the Bridge Pattern

1: method impl()

method()

Implementor

method_impl()

e

Concrete
ImplementorA

method_impl() Concrete
ImplementorB

method 1impl()

Vanderbilt University
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OO Pattern Examples

Douglas C. Schmidt

Line Ptrs

Using the Bridge Pattern

1: compare()

operator<

> Options

compare()

strcmp()

numemp()

strcasecmp()

Vanderbilt University
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OO Pattern Examples Douglas C. Schmidt

Structure of the Adapter Pattern

1: request ()
—_—>

client Target
request()
Adapter Adaptee
S ;
request() 2: specific_request() specific_request()

Vanderbilt University 94



OO Pattern Examples Douglas C. Schmidt

Using the Adapter Pattern

- 1 "conforms to"
| ARRAY | ARRAY
sort ARRAY:: TYPE
operator|]
O size()
1: ARRAY::TYPE t
= array/[i]

"conforms to'"

Line Ptrs
Sort AT Adapter ——— ! typg |
typedef Line Ptrs TYPE Access Table
make_table() -
operator]|] make_table()
size() length()
element()
Vanderbilt University F‘:-’ N’ s
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Pattern

Factory

make_product() Q_

Q

creates N
N

N

Product product = ...
return product

Product

Vanderbilt University - -~ 102



OO Pattern Examples Douglas C. Schmidt
Using the Factory Pattern for Comparisons

Options

parse_args() Q
@ AN

creates N

initialize compare

Compare
Function

Vanderbilt University = S 103
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Method Pattern

Creator

factory method() =0
make product() .
N

N
N

N
N

Pr OdlICt Product *product = factory_method() ) ¥
return product

Concrete
Creator

factory method()Q

Concrete \
CREATES \
D e
Product |<-—--——____| return new Concrete Product
il
Vanderbilt University E:. A 108



OO Pattern Examples

Douglas C. Schmidt

Using the Factory Method Pattern for Access_Table

Initialization

. TYPE |
Access Table

make table() =0

Line Pirs]

Sort AT [~~~
Adapter
make_table() O

\‘

// initialize the table

Vanderbilt University
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OO Pattern Examples

Douglas C. Schmidt

UML Class Diagram for C++ Solution
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Search
Struct
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OO Pattern Examples D

Using the Strategy Pattern

| TYPE |
check_sort Search
Struct
Strategy
| TYPE |
| long |
Range —.!-IY—P—E . LR AN
Vector Binary
Search
Dups Nodups

e This pattern extends the strategies for checking if
an array is sorted without modifying the
check_sort algorithm

Vanderbilt University
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OO Pattern Examples Douglas C. Schmidt

Structure of the Factory Method Pattern

Creator

factory _method() =0
make product() .
N

N
N
N

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

Concrete
Creator

factory method()Q

\
Concrete \

Product |<-22" :

return new Concrete_Product

Boe s
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OO Pattern Examples

Douglas C. Schmidt

Search
Struct

New Search
Struct

Using the Factory Method

Search
Strategy

make_strategy()

< CREATES

—_——
—_——

New Search
Strategy

make_strategy() O

Pattern
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