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Version 3 : Class Invariant
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Version 4 : Uncaught Faulty Implementation
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Account Class : Gate
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,

Creation
, Updates



state

namebatepreaad posted
outdated violate
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violation
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STATE:
balance
owner

Class 
Invariant 
Violation

call 
acc.withdraw(a, n)

Precondition 
Violation

execute 
acc.withdraw(a, n)

Postcondition 
Violation

precond_make:
a > 0

execute 
create {ACCOUNT} acc.make(a, n)

call 
create {ACCOUNT} acc.make(a, n)

account_inv:
balance > 0

not (account_inv)

precond_withdraw:
0 < a and a < balance

not (precond_withdraw)

postcond_withdraw: 
acc.balance = old acc.balance - a and acc.owner = old acc.owner

not (precond_make)

postcond_make:
acc.balance = a and acc.owner = n

not (postcond_make)

not (postcond_withdraw)
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Account Class : Gate
,

Contracts
,

Creation
, Updates
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STATE:
balance
owner

Class 
Invariant 
Violation

call 
acc.withdraw(a, n)

Precondition 
Violation

execute 
acc.withdraw(a, n)

Postcondition 
Violation

precond_make:
a > 0

execute 
create {ACCOUNT} acc.make(a, n)

call 
create {ACCOUNT} acc.make(a, n)

account_inv:
balance > 0

not (account_inv)

precond_withdraw:
0 < a and a < balance

not (precond_withdraw)

postcond_withdraw: 
acc.balance = old acc.balance - a and acc.owner = old acc.owner

not (precond_make)

postcond_make:
acc.balance = a and acc.owner = n

not (postcond_make)

not (postcond_withdraw)



STATE:
attributes of 

class A

Class 
Invariant 
Violation

call 
a.f(…)

Precondition 
Violation

execute 
a.f(…)

Postcondition 
Violation

precond_make:
Pm

call 
create {A} a.make(…)

a_inv:
I

not I

precond_f:
Pf

not Pf

not Pm

postcond_make: 
Qm

not Qm

not Qf

execute 
create {A} a.make(…)

postcond_f: 
Qf
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command ( a : ARRAY [INTEGER ] 's E : INTEGER)
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Programming with Expanded Types
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Reference Copy : @:@

×
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Deep Copy :
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Ref . vs .

Shallow vs . Deep Copies



Copying Collection Objects : Reference
Copy
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Copying Collection Objects :
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Gpyag Collection Objects :
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Copying Collection Objects :
Shallow

Gpy
& Make2yd . level changes
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Copying Collection Objects : Deep Copy
& MakeEnd . level changes
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Caching Values for old Expressions -nBstand#ons %'d
ensure

( arrest
class

ensure Rank ) How touched
✓ old balance -

.
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.
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Use of old in across expression
apostanditton

Hint : What value will be cached at runtime

before
executing

the imp . of update ?



Test for Success
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Test for Precondition Violation
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Test for Postandittoh Violation : Architecture
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Test for Postanditon Violation : Code
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Version Ii Incomplete Contracts
,
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Version 2 : Incomplete Contracts
, Wrong Implementation b. deposit ( " fine's lad
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Version 4 : Complete "sd"into
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Test - Driven Development ( TDD )
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Stack of Strings vs .

Stack of Accounts

- STACK [ G) C-

*÷xa =
-



twinsetAxsAxs\
What happens if  the client declares :

"
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Information Hiding Principle

Problemswith the aware design ?



new_cursor*: ITERATION_CURSOR[G]
        -- Fresh cursor associated with current structure.
  ! Result ≠ Void item*: G

        -- Item at current cursor position.
  ? valid_position: not after

forth*
        -- Move to next position.  
  ? valid_position: not after

after*: BOOLEAN
        -- Are there no more items to iterate over?  

ITERABLE *

new_cursor*

ITERATION_CURSOR[G] *CLIENT_APPLICATION+

container+
increase_balance(v: INTEGER; name: STRING)       
       -- Increase the balance for account with owner name .
    ? across container as cur 
         all 
             cur.item.balance ≥ v 
         end
    ! across old container.deep_twin as cur 
         all 
             (cur.item.owner ~ name implies 
                  cur.item.balance = old cur.item.balance + v)
            and
            (cur.item.owner ~ name implies 
                  cur.item.balance = old cur.item.balance)
         end  

container: ITERABLE+
        -- Fresh cursor of the container.

some_account_negative: BOOLEAN       
       -- Is there some account negative?
    ! Result = 
          across container as cur 
             some 
                 cur.item.balance < v 
             end 

INDEXABLE_ITERATION_CURSOR[G] +

new_cursor+

after+: BOOLEAN
        -- Are there no more items to iterate over?  

item+: G
        -- Item at current cursor position.

forth+
        -- Move to next position.

start+
        -- Move to first position.

CLIENT SUPPLIER

ARRAY[G]  +

LINKED_LIST[G]  + ARRAYED_LIST[G]  +

ITERABLE_COLLECTION

•

" "

.PED•§*:::¥ . . .

O O



Implementing the ITERATOR Pattern : Easy
Case

class

that

'*¥ERAaE[@t@]
feature {

NONEI
- - Information Hiding

0¥.
ARRAY

[012*2]feature -
- Heade

newgfonvsor
: ITERATION

-
Cursor [

0$#
end Taffesuk it orders

. new . cursor



Implementing the ITERATOR Pattern : Had Case

p
TORE [ STRING }

G ]
class

Book [ G ]
#

inherit ITERABLE [
-

]
feature {NONE } - - Information

Hiding
names : ARRAY [ STRING ]

records : ARRAY [ G ]

features
- µµ .

. E-
-

]

and
and -
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new_cursor*: ITERATION_CURSOR[G]
        -- Fresh cursor associated with current structure.
  ! Result ≠ Void item*: G

        -- Item at current cursor position.
  ? valid_position: not after

forth*
        -- Move to next position.  
  ? valid_position: not after

after*: BOOLEAN
        -- Are there no more items to iterate over?  

ITERABLE *

new_cursor*

ITERATION_CURSOR[G] *CLIENT_APPLICATION+

container+
increase_balance(v: INTEGER; name: STRING)       
       -- Increase the balance for account with owner name .
    ? across container as cur 
         all 
             cur.item.balance ≥ v 
         end
    ! across old container.deep_twin as cur 
         all 
             (cur.item.owner ~ name implies 
                  cur.item.balance = old cur.item.balance + v)
            and
            (cur.item.owner ~ name implies 
                  cur.item.balance = old cur.item.balance)
         end  

container: ITERABLE+
        -- Fresh cursor of the container.

some_account_negative: BOOLEAN       
       -- Is there some account negative?
    ! Result = 
          across container as cur 
             some 
                 cur.item.balance < v 
             end 

INDEXABLE_ITERATION_CURSOR[G] +

new_cursor+

after+: BOOLEAN
        -- Are there no more items to iterate over?  

item+: G
        -- Item at current cursor position.

forth+
        -- Move to next position.

start+
        -- Move to first position.

CLIENT SUPPLIER

ARRAY[G]  +

LINKED_LIST[G]  + ARRAYED_LIST[G]  +

ITERABLE_COLLECTION

=%%z¥
defied

⑨g⑧new

P

. :*:

¥÷¥
.OF

9
I



1 2 3 … names.upper

1 2 3 … records.upper

ArrayedMap 
inherit ITERABLE[TUPLE[STRING, G]]

names

records

new_cursor

ITERATION_CURSOR[TUPLE[STRING, G]]

values_1

values_2

item
after, forth

1cursor_position E7÷÷:÷i9⇐i⇒.
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Programming with

Interface vs . Implementation

¥ ,
change

'IIeIn:* ?

I'MITERdBf
ITERATED -

XO -

9 o

-

Scary

*



Use of ITERABLE us .

ITERATION
-

ARSON
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- D

looseFunnypEaI⇒ -Khanty.dk#dfEnuse
of across without and mention

of  the iteration cursor ?
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Once - Query iydaok "
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.
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ITERABE.DK#DDdz.nar-arsor

class M A ,I class

M¥25012
-

inherit a
'

I
'

ITinherit④*¥k us
TEENIE

]

tea .I"#class

DATABA5t#④④neuters: ITERATION
-arsoR③d⑧DEEHElAagtend

"

"  

Eason*"Wedgies'EaI4s. "

classtEs①.EE#zEIsII$@
new

-
cursor : ITERATION

-

GRSORTGDu-¥¥%jdassIeeratIo@CRsDEswswd.i

:-
a " "

I

b0Prea¥extend
m)

item : A .
end D

. -
.

end
end



fingletonPattern : Adell )

dta/]/Jthe
o

⇒
-0 #⇒'⇒⇒⇒= r

o*eF•⇒
d%÷÷÷÷

.

?÷÷÷±⇒x
.III

:
→

⑨make
x ②



DATA_ACCESS +

data: DATA
        -- A shared data object.
    once
        create Result.make
    end

Invariant
shared_instance:
        data = data

DATA +

data +

DATA_ACCESS

v: VALUE
    -- An example query.
c
    -- An example command.

make
    - - Initialize a data object.

CLIENT_1

APPLICATION_2  +

CLIENT_2

APPLICATION_3  +

CLIENT_3

SUPPLIER_OF_SHARED_DATA
APPLICATION_1  +

0
o

←pOFD O

I



fingletonPattern : Adele )

-0*0
-Tp

as

IX
Tae

!adaxamd8←
~



Testing of fingleton Pattern ✓

→ I c- 1st time data Tn DATA - Access -  TS called
← 2nd time



Violation of -

Ees
'

Single
Choice Principle

-

# change
on

register
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Inheritance Architecture : Students

saggier
{ RBs

.

make

sTµ⇒
Einstein'

Se¥RE④Be⑤stayset-fCRFAEXPECTATIONS
,

Static type

rs : RS IREEiNON-RESIDT.at#a-eNTfIeafeT4YYsYrs.nakecallables

.name rs.name nrs.name

create {

RSSS.mdpfeatuvess.es
VS .es hrs .

s .

veg
b. reg nrs . vegf. f ←  inherited

versions
.  tuition rs .  tuition

nrs.tn#ons.see-fotSToDEMs.prYs:MseeprTnrss.dsVeedrsi=rsc-s

.

f s '

E.dr x



s -

- neeITIS
"

Alan
" ) ;

DT

hrs = nee
" dark

,

y
nrs :

NEDoka±{bE⑦s.make
so::÷¥÷÷÷. .



otx

-

J Rs

G
while C true ) {

,

fondue S -

- ne RSC ) ;



Polymorphism : Intuition

÷÷ . . .

u

@•o⑦* 17¥rs;¥¥To④*%o*¥←
.•



Dynamic Binding : Intuition

•

#Io-2=-7IES§rs →
100*1.25--125

⇒ 'Ff
too *

o .
75--75DO§



Inheritance
Hierarchy : Smartphones

ancestors for ANDROID :

⑧
ANDROID s Sp

•.÷÷÷:•÷.÷.
force ,

touch



Substitution
.

I

ST
Ts

Toi!Dis :&
.

.

|s:STuDI⑤O⑤→when
expecting

a STUDENT

S : = NRS
you can substitute it by

any of Tes descendant classes
.



Inheritance
Hierarchy : Smartphones

@
S :

;
SMART -

PHONE

s . surf -

web

00- sp : SAMSUNG D⑧- O X

Ig:: a . .ae .

gov
• @ v



R⑧A
v④.see_p



is.ih¥÷÷÷i=Lrs.se#Ct75
end
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- Lab I marks C
programming ) by Friday

-
Midterm

Average
: until Wednesday's lecture

Review : Friday 3 pm

- Lab 3

-
Tutorial Videos

- Tomorrow 's Lab Session



Type - Checking Rules

X :
STut 1€

if :

RSD
I

x :
-

-

y
DRS

Y :-c x



fast : Motivation @

✓

→

A
- -¥Ts-

ya
.at . prx¥→F



Gmp -table last : Upward or Downward sp .

#qq.me#,.ngyqqmy.pn.ney/
=

TPbs - " " "

" " "
d "

" "

00=0;¥¥±Es..a←

not rekfraff.pk#on

→ S ' -

→*.rs#sioesqs¥
-

in
-

I

.io#s-plus/



Gmpilable Cast May Fail at Runtime

s¥ne→F€
-

-

i.x.si?....E.Dsan tf→
-

I

→
-

iz T Assume this Cast⇒EITES⇒ could hexed
→

I
ODAtamales ! ⇒

glaxyf
would fail

DA D ' : DT is Samsung



Feature Call
Arguments : Supplier ss →

stuff
°

-

I
D

-

DDD

5- 
I# Egs u

II -
O9f!Id thefallsms.ad¥compile ?

rs

addr⑤
. RD de

.
.  . aid

E



Feature Call
Arguments : Client

I

a
- -

-

I
-  -

→

-

-

-

-

Sms .
add

. say>

-

- →

so



as

'7t¥¥eIiiA#000€
*

-  =~*Isete4¥ aE€ I
'

Masseurs

→
-
¥

"

%B9.ir#Do
O



Feature Call Return Value hunter

sus

-t7¥yD%F¥f⇒
→,

i peak :S " " " "

rs→f
'

no

-47¥
'

-2
,

• II

client *@s# V

-

t

→
-

→ dilatable DTs of Result ?Is
-

#
- O

→

→
→pTiR④I -

→
→

su
pTiNR€
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- Review Session

Friday 3pm LAS B



Type Checking Rules a )

④④:=⑧5④I: STUDENT
I Sl := S2 ✓

S2 :

2 SI := S3 ✓

-

3s②:=xIs: NRS
4 S3 i -

- St X582
:  = S3 X

6 S3 :  =

SI
X



Type Checking Rules class

SMSC④?y⑥
' 5k adddorscs

:Rend
end

- . .

is
anddnr@cs23xsesiSHSzxsmDs.addrCs0Ksst.ssI.s;zNsvsms.add-rscsokssa.SE

-

44ns
.

add
- rs

sz
: Y#



Type Checking Rules
class SMS

gets

end

end
' ' '

sins: SMS I SlgetsCDXISTUDENT
z

=

sms.ge#CD)
✓SIRSlsgmss.ge#sQxEs

:

4

lg#
X

ARI STU? -64
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Correctness of Program :
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Correctness of Program : Sequential Composition
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Correctness of Program : Sequential Composition
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Contracts of Loops : Visualization
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Marks for :
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Initialization:

Before Termination:

Upon Termination:

Non-Negative Variant: Decreasing Variant:

Proof Obligations for Correct Loops .
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