Lecture 8
Part 1

General Book: Storage vs. Retrieval



General Book
class BOOK Supplier‘

names: ARRAY|[STRING]
records: ARRAY@]

—— Create an emp{\—’ book
make do ... end

—— Add a name-record pair/to the book
add (name: STRING; record: do ... end

E——— M . .
RAat+i179 ' A O Tt N+ trd it} - > - -
Retiurn the recora agssociraced witl a given name

(name: STRING) :|ANY|/do ... end

Client

birthday: ; phone_number: STRING
b: "BOOK; 1is wWednesday: BOOLEAN
create {BOOK} b.make

phone_number := "416-677-1010"

b.add ("SuXeon", phone;'number)\/ ‘

create {DATE} birthday.make (1975, 4 o oA Vdff
b.add ("YdHa", : a4
BM is_wednesday :




General Book: Retrieval from Polymorphic Arrary

birthday: DATE; phone_number: STRING
b: BOOK; is_wednesday: BOOLEAN
create {BOOK} b.make

phone_number := "416-677-1010"
b.add ("SuYeon", phone_number)
create {DATE} birthday.make (1975,
b.add ("Yuna", birthday)
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V4 Cao-b11-loto”. FFIS@:W veoonlt (2] _Ai\f THE

check attached
is_wednesday :
end

is_wednesday :
end




General Book violates Single Choice Principle

recl: C1 Sforagg

. —— declarations of recZ2 to rec99
reclOO Cc100
create {Cl} recl.make(...) ; b.add(..., recl)
... —— additions of rec2 to rec99
create {C100} reclO00.make(...) ; b.add(..., recl00)

Retrievals

—— assumption: “f1’ specific to Cl, ’f2’ specific to C2, etc.
if attached {Cl1} b.get ("Jim") as cl then

47. cl.frl
AXVAA@ e . —— cases for €2 tonC99
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—— assumption: ’fl1’ specific to Cl, ’f2’ specific to C2, etc.
if attached {Cl1} b.get ("Jim") as cl then

Gz £

..——cases for C2 to C99
»JJe;f actached {CIl0U)Y b.get("Jim") as—<clld tlern

of &
I
2 [\rplaf ch ena > M ﬁéﬁthdl ft{0|3 L o
What if a new type C101 is introduced? X
What if type C100 becomes obselete?
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names:

records:

—— Create an empfly
make do ... end

birthday:/;;aE; phone_number: STRING
b: BOOK ; 1s_wednesday: BOOLEAN

create BOOK[DATEB b.make p ye;{;vf(‘me

phone _number = "416-671= o é’/ o/1 ﬁb?7%
b.add ("SuYeon", (@hone_number X
create {DATE} birthday.ma {13 4, 10)

7
b.add ("Yuna‘"/ birthda ST Vaff’

is_wednesdayY:=|b.get["Yuna") .et_day_of_week




Instantiating Generic Parameters

Say the supplier prov/des a generic DICTIONARY class:

clasleICTIONA—ﬂ[5 .K1 —-— V type of values; K type of keys
add_entry (v: V; k: K) do ... end
remove_entry (k: K) do ... end

end

@entg’ use prcrronary With different degrees of instantiations:

class DATABASE TABLE
CI imp: DICTIONARY

( end ,[F v
S =

(Z e9. Declaring DATABSE_TABLE[INTEGER CSTRINQ instantiates
DICTIONARY[STRING, INTEGER] |.

class STUDENT BOOK [V
imp: DICTIONARY[V)” STRING]
end

e.g., Declaring [ szupznz_soox (aRRaY [coursE]]] | instantiates
“{ DICTIONARY [ARRAY [COURSE], STRING] |

! of 18T




Generics vs. Inheritance (1) @

. Abstraction @

o
lType paﬁneterizatign‘

INKED_LIST>
OF_

Specialization



Generics vs. Inheritance (2)

Inheritance

Inheritance and
4 A I =
H

T Generalization genericily
Genericity

“CHAIN [TAXI] D{-------- Q
(type parameterization)
(e M r— »)

LINKED LIS
[T4XT]

=

‘Specializatiou

A
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Finite State Machine (FSM)

@’re Transition Table

CHOICE P
SRC STATE
1 (Initial) 6151
ey : 2 (Flight Enquiry) — @
State Transition Diagram eat-ERgHify) 5
(6) 4 (Reservation) = |93
@ 5 (Confirmation) - | 4
o 6 (Final) = | & || &
it
e 3
&
| 2 . 2
‘ N
Rese(:/?ation ) x Se
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Design of a Reservation System: First Attempt

lo (g th® V. wot) aasies
whde ( g g )

L as ls s b

l((’PY ?l’ef-fUL MAJ(( 05

@
M”A o\J\B o) éﬁ

(4) (3)
‘ 3_Seat_Enquiry panel: Reservation Seat Enquiry

from

,Inltlal,panel: lay Seat Enquiry Panel V'

-— Actions Xor Label 1. : = - ” ) { / !g‘
_Flight_Enquiry.panel: not)(wrong answer!or! wrong choice) I YK* W.a. A Lon)
—— Actions %r Label 2. w.c

—

, Read user’s answer for current panel
_Seat_Enquiry_-panel:

ad user’s choice for next step

—— Acti Label 3. =
e Hor Labe if)wrong answer or wrong choice then| — A)We“ ﬂ A
i i Asaia Output error messages A '
—-— Actions ¥or Label 4. o P g

5_Confirmation_panel: ( ) f:ﬂ'
—— Actions %‘or Label 5. e p ;'L % Yﬂf f
’ Process user’s answer
_Final_panel: .
—-— Actions %r Label 6. case = . . ":W% -

2: goto 2 Flight_Enquiry_panel
3: goto 4_Reservation_panel
end
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L ]
K~
\transition’(src: INTEGER; choice: INTEGER): INTEGER

TP TN USORNN TIRUUIRRS SR, SO0 NRUSHORD, SR, R T U JE - f I i
>turn starcte Oy CtaxKking transition cnoice I rom SI( stateg.

require valid source_state: 1 < src £ 6
valid_choice: 1 £ choice £ 3
ensure valid target_state: 1 < Result < 6

Examples: f"’é'ﬁc
transition(3 @) > 2
transition(3,(3)—=> <«

State Transition Table (2D)Array Implementation
I choice
SRC STATE L @ @ N 4 £ 2
1 (Initial) 6 5] 2 o > 2
2 (Flight Enquiry) - |1 @ 2 1 3
3(Seat Enquwy) — @ ceate > 2 4
~Z (Reservafion) - 1315 4 3 5
5 (Confirmation) - 141 5 4 1
6 (Final) - = - .




Desian of a F . .

A Top-Down & Hierarchical Design s
¢ /W(’M
Level 3 e e1® execute_ 1~ m
5 wWe 4&“‘6 session
initial transition —gi’é—'etthe— is_final

bl 4 %

display read correct message process




Level 3 execute_
session
£-8
Level 2 [‘,‘Sl/ (-
initial transition g;;etgute_ is_final
Level 1
execute_session display read correct message process
== pXecute a Ifull 1nterec
local
current_state , choice: INTEGER
do
from
current_state := initial
until
is_final (current_state)
do o
choice := execute_state ( current_state)
current_state := transition (current_state, choice)
end
end




execute state ( current_state : INTEGER): INTEGER
Handle interaction at the current state.
Return user’s exit choice.
local
answer: ANSWER; valid_answer: BOOLEAN; choice: INTEGER
do
from
until
valid _answer
do
display( current_state )
answer := read_answer ( current_state )
choice := read-choice( current_state )
valid _answer := correct( current_state , answer)
if not valid _answer then message( current_state , answer)
end
process( current_state , answer) L 13 .
Result := choice eve session”
end
Level 2
initial transition is_final

Level 1

LS

correct

message

process




display(current_state:

require yA

valid_state: ¥ < current_state < %

elseif current_ state =@then
-— Display Fllgm,

INTEGER)

Enquiry Panel

7| B 4 ved sote 7D
bloe st ¢
lekre an erzrfd &

—>eed 5"

else Level 3

end
end Level 2

execute_
session

initial

execute _

transition stato

is_final

Level 1 %

dis Ta"
aepey

read correct message process

————
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ppﬁﬂ’ﬂ' oLKPCf -

. R L
bJ ect-orlenfed ¢ Level 3 execute APPLICATION

session
current_state

« S Level 2 ﬂ\
current_state@xecutes 0,33

execute _

initial transition is_final

state

N ¢ Jess. I
Y"M%NM “ %L?bccm/l STATE
7 (28
d\l" ‘7( ‘3 r%@%‘dﬁa display read correct message process

Level 3 execute_
Session

Lovel’2 ﬂﬁm 2TOP-Down/

L~ t 1
initial transition ( ggetg“ s is_final cur até~INTEG

— : execute_state(current_stste)

state
Level 1 te Stat state

S

@ @% co'rrea9 essfge -




State Pattern: Architecture

(2)
Flight Enquiry

(4) (3)

Reservation Seat Enquiry




State Pattern: State Module

S[-5dTE

deferred class g_

read
Read user’s 1iMRuts
-— Set ’answer’ and
deferred end
answer: ANSWER
—-— Answer for current
choice: INTEGER

1re not correct
deferred end

sta

Jhoice for next step

do

;

)isplay current state
ed end
correc OOLE.
dzerre%ﬁﬂ/\

re re correct V1
deferred
messag ™~

1

e

2 e ot

‘ ‘r
xecute (,(
local

i good: BOOLEAN

’choice’ %

until -
good Q
[e]e) 5. N

display ﬂd

—— 3 ansplr -= choic
ead

g T=jcorrect

if not gcm_tITen
messag

en

nd

process

e
end

s,) STATE
create {SEAT_ENQQIBY } s.make
Shlexecutée[ ~> {SrATET. expofd

create {CONFIRMATION
s.|execute

s.make

) S-Ei

o & olr,;liﬁ

2 ‘ J‘r/

7
TEMPLATE
CFA’C('QM D
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e of

class (APPLICATION create make
feature {NONE} - Implementation of Transition Graph
transition: ARRAYZ|[INTEGER] p
—-— State transitions: transition[state, choice] ’ J\ /7
~ 0
-— State for each index, constraj ‘tr gw
-—
feature
initial: INTEGER
number._of_states: INTEGER
make(n, m: INTEGER)
do number_of_ statef : / _
fes = m okt Slectin of sfel
create trans'tlon make filled(O,
—eput state index: INTEGER)
< 1ndéx < number_of_states
s;wqo states.force(s, index) end
— —
choose_initial (index: INTEGER)

states: ARRAY|[STATE]
mnberof_choiccs: mizpin  State Pattern: Application Module
create statgs.make_empty
en Qv \MM‘(' U ”P BOVP
featu:e Op hMg M fﬁ
require 1 < index < number_of_ states

do initial := index end @
put_transition(tar, src, choice: INTEGER) Flight Enquiry
require - - ‘L T
1 £ src £ number_of_states thp
1 <€ tar £ number_of_ states
1 < choice £ number_of_choices M(t’&7§) (3)
do h Seat Enquiry
transition.put (tar, src, choice)
end
invariant

transition.height = number_of_states

transition.width = number_of_choices
end



State Pattern: Test P?;‘"P"?f

BOOLEAN

test_application:
local .

app: APPLICATION ; Gl
do

.?create app.make Lg,

_9 fgf.gut_statg (create
-— Similarly for ot
—9 app.choose_initial
-— Transit to FINAL
-)app.put_transition
-— Similarly for other 10 Lransiltions.

Tven curXent state INITIAL and choicH 4)

Reservation

(2)
Flight Enquiry

wtg 'bo

et (T

current_state := app.states [in
Result := attached {INITIAL} current_state
check Result end

2 ]- _Say user’s choice is 3: tra@ fr
|~ _Ainded := app.transition.item (irfdex,
current_state := app.states [index
Result := attached {FLIGHT ENQUIRY}
end

¢-S. JZTF/
INITIAL to FLIGHTI ST/

thN i

state=

e tat (\_30(;7/%[

= | APPLICATION

transition;JARRAY2[INTEGER]
states: ARRAY

ST: Sl
St [ ]
o7

app.states

=lu(dw

FINAL




State Pattern: Interactive Session

choice
2

—

APPLICATION
transition: ARRAY2[INTEGER]
states: ARRAY[STATE]

app.states

class APPLICATION
feature {NONE} - Implementat
transition: ARRAYZ[INTEGER]
states: ARRAY|[STATE]
feature
execute_session
local
current_state: STATE
index: INTEGER

do \/’
from J b

index := initial I~/.
until

is_final (index)

N

loop
,;7A:urrent_state := states[index] -- polymorphism
current_state.execute -- dynamic binding
index := transition.item (index, current_state.choice
end
end

end




Interactive System: Top-Down Design vs. OO Design

P-/
Object-Oriented

,

current_state: STATE
current_state.execute

Level 3

execute_
session

execute+
read*

+ state+
APPLICATION

e o o i i —— — o oo )

display*
correct*
process*
message*

state_implementations

+
RESERVATION

[}

[}

I

[}

[}

[}

[}

. |
SEAT_ENQUIRY |
I

I

[}

I

[}

[}

I

[}

. |

CONFIRMATION 1

I

Level 2 m

TT T execute ; .
initial transition T is_final
state
Level 1 st State state state
display read correct message process

Top-Down

current_state: INTEGER
execute_state(current_stste)



