Lecture 6
Part 1

Abstract UI



ETF: Abstract UI vs. Concrete UI Concrete Ul

Concrete UI Interaction - eeposi
- Insert a bank card j k. ATV St 1012 Choaue Dtals
- Validate password ‘ " e o, st th " iomatn
- Select Deposit Transaction
- Select cheque account
- Enter amount

- Select confirm

\gb—s'rracf UI

TAKE BACK PHOTO

dlgnarel

system bank

Deposit To
Select...

new (id: STRING)

—— create a new Wg#k account for "id"
_deposi_t(id: STRING; amount: INTEGER)

——"déposit "amount" into the account of "id"
withdraw (id: STRING; amount: INTEGER)

—-— withdraw "amount" from the account of "id"
transfer (idl: STRING; id2: STRING; amount: INTEGER)
"idil" teo "id2"

—— transfer "amount" from
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Abstract States, Acceptance Tests



Acceptance Testing

new(“alan”)

new(“mark”)

deposit(Yalan”, 200) : .

deposit(*mark”, 100) -> new("mark”)

transfer(“alan”, “mark”, 50) {alan: 0, mark: 0}

-> deposit(Malan’”, 200)
{alan: 200, mark: 0}

-> deposit("mark”, 100)
{alan: 200, mark: 100}

-> transfer(Malan”, "mark”, 50)
{alan: 150, mark: 150}



Acceptance Test vs. Unit Test

i

—>new ("alan")

test: BOOLEAN
local acc:
do create acc. ("alan")

{alan: 0}
—>deposit ("alan",
{alan: 200}

acc.@ada@N200)

pRboct st olStect Buents ﬂ?bmm‘afm ot
( obdtect UTD
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ETF: Abstract UI, Model, Regression Tests



g

: Workflow

st
l a’eﬁne/ UL limplement

business
model

|
connect to |
|

ETE generate Code
Skeleton

redefine

fix or add

kS




ETF: Separating User Interface and Business Model

user_commands

-----------------------------------------------

o, N

T2 V

(%3
%g,
|

N e e e e e e e =

system ban

new (id: STRING)
—— create a new bank account for "id"
deposit (id: STRING; amount: INTEGER)

—— deposit "amount" into the account of "id"
withdraw (id: STRING; amount: INTEGER)
T —— withdraw "amount" from the account of "id"
transfer (idl: STRING; id2: STRING; amount: INTEGER)
=— transfer "amount" from "idl" to "id2"




ETF: Singleton Pattern

srr—ores Bk

fgature {NONE }
lmak%L.J

Iocal E;ka:

ma: BFF—HODEI, ACCESS

do

model ({EE{T‘
end

end

class

ETF_DEPOSIT

inherit

ETF_DEPOSIT_INTERFACE
redefine deposit end

create
make
feature

-- command

deposit(id: STRING ; amount: REAL_64)
~—do

o

if not model.has_user (id) then

-- Set_some error message
elseif not amount <= model.get balance (id) then

-- Set some other error message

‘ SR
epositJid, amount)




ETF: Input-Output-Based Acceptance Testing

I-meW(“alan”)- {}

new(“mark”) -> new("alan”)
|dﬂmﬂ'ﬁﬂ‘alan” 200) S {alan: 0}
$ deposit(“mark”, 100) -> new("mark™)

afransfer( alan”, “mark” {alan: 0, mark: 0}

-> deposit(“talan”, 200)
{alan: 200, mark: 0}

-> deposit("mark”, 100)
{alan: 200, mark: 100}

-> transfer(Malan”, "mark”, 50)
{alan: 150, mark: 150}




Regression Testing

expected outputs
atOl.expected.txt

oracle program ) atO2.expected.txt

inputs
atOl.txt at99.expected.txt
at02.txt
identical?
at99.txt

atO1l.actual.txt
’ atO02.actual.txt

Your Program

at99.actual.txt

actual outputs



Automating Regression Testing

> Github copy

- backup
- version history

home copy school copy

- development 1 oracle

- debug - regression
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A Motivating Problem



Inheritance: Motivating Problem AS

| Noun;) -> classes, attributes, accessors
(Verbd -> mutators soman!

Problem: A studentmanagement system stores data about
students. There are two kinds of university students: #esident
students andnon-resident students. Both kinds of students
have amame and a list of registered courses. Both kinds of
students are restricted to register for no more than 10 courses.
When calculating the tuition for a student, a base amount is first
determined from the list of courses they are currently registered
(each course has an associated fee). For a non-resident
student, there is a discount rate applied to the base amount to
waive the fee for on-campus accommodation. For a resident
student, there is apremium rate applied to the base amount to
account for the fee for on-campus accommodation and meals.
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1st Design Attempt without Inheritance



class RESIDENT_-STUDENT

151. DesJi n Affempf gzzzz:em?]feﬂttributes
name: STRING

courses: LINKED_LIST][COURSE]

premium-rate: REAL

feature - Constructor
make (n: STRING)
do name := n ; create courses.make end
feature - Commands

set_pr (r: REAL) do premium_-rate := r end
register (c: COURSE) do courses.extend (c) end
class NON_RESIDENT_-STUDENT feature -- Queries
create make tuition: REAL
feature - Attributes local base: REAL

name: STRING dO[base = 0.0 |
courses: LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end

discount_rate: REAL
feature - Constructor
make (n: STRING) end
do name := n ; create courses.make end
feature - Commands
REAL) do discount_rate := r end
register (c: COURSE) do courses.extend-(c) end
feature - Queries
tuition: REAL
local base: REAL
do base := 0.0
across courses as c loop base := base + c.item.fee end

Result := base x premium-rate
end

set_dr (r:

Result := base # discount_rate
end

end



1st Design Test e _&EE{ ,

test_students: BOOLEAN

e

local JIVI &M[Qf M
+cl, 02‘: COURSE @
e jim: RESIDENT STUDENT ’ Rx{; »
- jeremy: NON_RESIDENT STUDENT ~> o
do C:l t | . E’ :“ik)
createl(cl). make ("EECS2030", 500.0) (0
create(c2 nake ("EECS3311", 500.0)

create

Jim.make ("J. Davis")

jim.set _pr (1.25)

jim.reqister((clil -

check Result end

create

m. i "\9 1 \ bud tr
l/R;I:qu.i itejim.czit'ion = 1250 CZ . ,-)-\), ‘EHS %((

jeremy.make ("J. Gibbons"
e ——————————

jeremy.

set_dr (0.

jeremy.

V/déremy.
Result

end

J

<. oS = —~7 1/}123 ’_;_?u-—'Aaamsf/
Mzweﬂ-wasw@, R 4

75)
register (cl)*
register (c2)-:
:= jeremy.tuition = 750

9

v |0 |e7 v

3 g |

4l

1| 1




classQ RESIDENT_STUDENT

create ni*wea

feature - Attributes
® name: STRING

® courses: LINKED LIST[COURSE]

® premium-rate: REAL

1st Design Attempt

Good design?

feature - Constructor
®*make (n: STRING)

(]
Judge by COheS|on do name := n ; create courses.make end
feature —— Commands
LD W. ® set_pr (r: REAL) do premium_-rate := r end

s register (c: COURSE) do courses.extend (c) end
feature - Queries
etuition: REAL

local base: REAL

class NON_RESIDENT_STUDENT
create make
feature - Attributes

e name: STRING do base := 0.0
e courses: LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end
W i scommsraizes  REAL Result := base x* premium.rate
feature - Constructor end
emake (n: STRING) end
do name := n ; create courses.make end
feature - Commands

e set.dr (r: REAL) do discount_rate := r end
e register (c: COURSE) do courses.extend (c) end
feature - Queries

e tuition: REAL

local base: REAL

do base := 0.0

across courses as c loop base := base + c.item.fee end

Result := base « discount_rate
end

end



clasgRESIDENT_STUDENT

create make
-— Attributes
STRING

1st Design Attempt

Good design?

Judge by Single Choice Principle
- A new Kind is infroduced?

- Ch@gﬁ on registration policy?

premium-rate: REAL

—— Constructor

—— Commands

set_pr (r: REAL) do premium_-rate := r end
(c: COURSE) do Yurses.extend (c) end

—— Queries
£ tuition: REAL

Loesl 122 b [EPE de 2.

class NON_RESIDENT_STUDENT
create make
—-— Attributes

LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end

discount_rate:
-— Constructor

Result := base #* premium-rate

LINKED_LIST[COURSE]

STRING)
= n ; create courses.make end

create courses.make end
—-— Commands

REAL) do discount_-rate
do courses.extend

set_dr (r:
end

—— Queries

local base:

across courses as c loop base
* discount_rate




R class RESIDENT_STUDENT
.|- -l--I- -I- create make
ls Des'gn A em_p feature - Attributes
name: STRING

GOOd dQSiqn? courses: LINKED LIST[COURSE]

premium-rate: REAL

How do you build a feature - Constructor

make (n: STRING)
STUDENT_MANGEMENT—SYSTEM do name := n ; create courses.make end
class OCCOf'diHQIY? feature - Commands

set_pr (r: REAL) do premium_-rate := r end
register (c: COURSE) do courses.extend (c) end

class NON_RESIDENT_STUDENT featPré -— Queries
create make tuition: REAL

feature - Attributes local base: REAL

name: STRING do base := 0.0
courses: LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end
S ceomme_raites  RIEAL Result := base x premium-rate
feature - Constructor end
make (n: STRING) end
do name := n ; create courses.make end
feature - Commands

set_.dr (r: REAL) do discount_rate := r end

register (c: COURSE) do courses.extend (c) end
feature - Queries

tuition: REAL
local base: REAL
do base := 0.0
across courses as c loop base := base + c.item.fee end
Result := base « discount_rate
end

end



Without Inheritance (Design 1) Collection of Students

class STUDENT MANAGEMENT SYSETM
rs : LINKED_LIST[RESIDENT.STUDENT]
nrs : LINKED_LIST[NON_RESIDENT.STUDENT]
add_rs (rs: RESIDENT.STUDENT) do ... end

add_nrs (nrs: NON_RESIDENT_STUDENT) do ... end
register_all (Course c) Register a common course ’‘c’.

do
across rs as c loop c.item.register (c) end
across nrs as c loop c.item.register (c) end
-—
end

end

Clinet’s Code

c: COURSE
rs: RESIDENT_STUDENT
nrs: NON_RESIDENT_STUDENT

sms: SMS sms.add_rs

create c.make("3311") sms.add__nrs
create sms.make sms.register_all(c)

Q: What if more kinds of students are to be introduced?
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2nd Design Attempt without Inheritance



Attempt

nd Desi

class
STUDENT iz
create
make
feature --fattribures
courses:|\LINKED_LIST[COURSE]
kind: INTEGER
(premiumRate: REAL
‘discountRate: REAL
feature -- command
make (kind: INTEGER)
do
kind := a_kind
end

end

get_tuition: REAL
local
tuition: REAL
do

acrass courses is c loop
:= tuition + c.fee
end

if kind =@ then
Result : = tuition * premiumRate
elseif kind =®hen
Result : = tuition * discountRate
end 1
end

register (c: COURSE)

loc
Cmax)INTEGER
|f kind =C?hen MAX : _—_(6)
ki

elseif hen MAX
_end
if courses.count =_MAX then -- ELO"
else courses.extend (c)
end
end




get tuition: REAL

2nd Design AH'emp’r local

tuition: REAL
class ol do ]
STUDENT—"7 ™ across courses is c loop
create tuition := tuition + c.fee

make ; end
feature -- attribures ‘ if kind = 1 then

es: LINKED_LIST[CQURS B .
INTEGER mﬁﬁwf Re_sul-t := tuition * premiumRate

elseif kind = 2 then
Result : = tuition * discountRate
< : end
make (klnd INTEGER) end
do
kind := a_kind register (c: COURSE)
end local
max: INTEGER
do
if kind = 1 then MAX := 6

end

elseif kind = 2 then MAX := 4
end
if courses.count = MAX then -- Error
else courses.extend (c)
end
end

Good design?
Judge by Cohesion




2nd Design Attempt

class
STUDENT
create
make
feature -- attribures
courses: LINKED_LIST[COURSE]
kind: INTEGER
PrEvh i Rato AREIE
discountRate: REAL
feature -- command
make (kind: INTEGER)
do
kind := a_kind

en % ‘g
w 7%65 bdlblé 5

end

Good design?
Judge by Single Choice Principle

- A new kind is introduced?
- An existing kind is obeselete?

get_tuition: REAL
local
tuition: REAL
do
across courses is c loop
tuition := tuition + c.fee
end

Y s AT AP

pLiseif kind = 2 then
Result : = tuition * discountRate
end

nd |, eleel bl =3t

end

register (c: COURSE)
local
max: INTEGER

elseif kind = 2 then MAX =4
end wol = LLM

if courses.count = MAX then -- Error

else courses.extend (c)
end
end




2nd Design Attempt

class
STUDENT

create
make

feature -- attribures
courses: LINKED_LIST[COURSE]
kind: INTEGER
premiumRate: REAL
discountRate: REAL

feature -—cerrmand
maké (kind: INTEGER)
do

kind := a_kind -
end

end

Good design?

How do you build a
STUDENT_MANGEMENT_SYSTEM
class accordingly?

get tuition: REAL
local
tuition: REAL
do
across courses is c loop
tuition := tuition + c.fee
end
if kind = 1 then
Result : = tuition * premiumRate
elseif kind = 2 then
Result : = tuition * discountRate
end
end

register (c: COURSE)
local

max: INTEGER

do
if kind = 1 thed MAX := 6
elseif kind = 2 the A
end

if courses.count = MAX then -- Error

[else courses.extend (c)
end
end




Without Inheritance (Design 2) Collection of Students

class Clinet’s Code
STUDENT MANAGEMENT SYSTEM

feature -- attribures c: COURSE
udenfs: LINKED_LIST[STUDENT] |lrs: STUDENT

feature -- command G dnrs! STUDENT
add_student(s: STUDENT) g_/?"_d | sfs: SMS

do — A\Y n
students.extend(s) 2 create c.make("3311")

end create sms.make

register_all (c: COURSE)
do N | B >r7 M v ”Rllpa)
across students is s | _L , g LEo oo wol’é CZ)

loop

(S.register(c) |
end A Jsms.add_student(rs)

sms.add_student(nrs)
ms.egister_all(c)

Q: What if more kinds of students are to be introduced?




Lecture 7
Part 4

Using Inheritance for Code Reuse



Desigh 3: Cohesion?
Inheritance [c:sslszooenr Single Choice Principle?

Code Reuse iae: swmime Collection of Students?

-92%_;5_@; LINKED_LIST[COURSE]
feature -- Commands that can be used as constructors.
make (n: STRING) do name := n ; create courses.make end
feature - Commands
|registerlm do courses.extend (c) end ﬂz-s
RS feature, —"Queries
— REAL ﬂ
“. ocal base: REAL
do base := 0.0 tS
09, across courses as c loop base := base + c.item.fee end
S—— Result := base w
PV end
T end

I~

1 S Se— —— C

Q(RESIDENT_STUDENY 6’(9/ yﬂg I<]_NON_RESIDENT_STUDENT

inherit P'a w fnherr— .

STUDENT 5 M STUDENT

redefine tuition fend NS e com redefine tuition end
—

create make —— create make

feature - Attributds feature ___liiiputes

.,premium_rate : REA] — REAL
feature - Commands { fiands
set_pr (r: REAL o premium rate = r end ;‘ set.dr (r: REAL) do discount_rate := r end

feature - Oue s L2 feature -- Queries
tuition: REAL ‘hA tuition: REAL
local hase: REAL /' local base: REAL

do| base :=|Precursor; Result := base * premium-rate end| do base := Precursor ; Result := base x discount-rate end
end end




Desigh 3.
Inheritance
Code Reuse

Cohesion?

class STUDENT

create mak
feature -
name:
courses:
feature -
make (n:
feature —-
feature -
CulElems
lo
do| base

across courses
Result :=

end

STRING

e
Attributes

LINKED_LIST[COURSE]
Commands that can be
STRING) do name
Commands
(c: COURSE) dogcourses.ext
Queries 4‘

REAL

used as constructors.

:= n ; create courses.make end

AL
:= 0.
+ c.item.fee end
base

>~

Single Choice Principle?
Collection of Students?

class
RESIDENT_STUDENT
inherit
STUDENT
redefine tuition end
create make

feature - Attributes feature - Attributes
premium_rate : REAL discount_rate : REAL
feature - (¢ ] feature -- Commands
set.pr (r: REAL) do premium rate := r end set.dr (r: REAL) do discount_rate := r end
feature -- Queries feature -- Queries
tuition: REAL tuition: REAL
local base: REAL local base: REAL
do base := Precursor ; Result := base * premium.rate end do base := Precursor ; Result := base *

end

class
NON_RESIDENT_ STUDENT
inherit
STUDENT
redefine tuition end
create make

end

discount_rate

end




Desigh 3:

Cohesion?

Inheritance
Code Reuse

feature
name:

courses:
feature
make
feature
register
feature
Buitions

(1

do base

end
end

local base:

Attributes

STRING
LINKED_LIST[COURSE]
Commands that can be

STRING) do name
Commands
(c: COURSE)
Queries
REAL

REAL
:= 0.0

across courses as c loop base :
Result :

base

do courses.extend (c)

Single Choice Principle?
Collection of Students?

used as constructors.

create courses.make end

n .y

end

base + c.item.fee end

class
RESIDENT_STUDENT
inherit
STUDENT
redefine tuition end
create make
feature - Attributes

premium_rate :

feature - C«¢
set.pr (r: REAL) do premium rate := r end
feature - Queries
tuition: REAL
local base: REAL
do base := Precursor ; Result := base x premiumrate end

end

class
NON_RESIDENT_ STUDENT
inherit
STUDENT
redefine tuition end
create make

feature - Attributes
discount_rate : REAL
feature -- Commands
set.dr (r: REAL) do discount_rate := r end
feature -- Queries
tuition: REAL
local base: REAL
do base := Precursor ; Result := base x discount-rate end

end




With Inheritance (Design 3) Collection of Students

class 2ol |5| (-
STUDENT_MANAGEMENT_SYSTE
feature -- attrib c: COURSE > ST

students: L - QT DENT"

feature -- command nrs: STUDENﬂ: >
add_student(s: ST sm5: SMS ST

do : . A\Y n

students.extend(s) create c.make("3311")

end i fﬁ’—-\ create sms.make

-

redgcl;ster_al/ (c: L@ LA SKS?) YS.W\AL’?

across students is s 7
loop S 2 2\ {NRSS & wale
| s.register(c) | \@I -
end % smsJadd_student(rs
end ¢ La@a 1 smsladd_student(nrs)
end AT «J' sms.register_all(c)

Q: What if more kinds of ’ruden’rs are to be introduced?



