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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

Iterator Design Pattern

ARRAY[G]  +

LINKED_LIST[G]  + ARRAYED_LIST[G]  +

ITERABLE_COLLECTION

app
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sorted­collections

SORTED_MAP_ADT [K, V]*

feature ­­ model 
    model: FUN[K, V] 

    sorted_keys: ARRAY [K]

 

feature ­­ commands
    extend (key: K; val: V) 

        require ¬has (key)         
         

    remove (key: K) 

        require has (key)        
 

feature ­­ queries 
    item(key:K): V 

    has (key: K): BOOLEAN 

         

invariant
    ∀i ∈ [1, model.count):  
      sorted_keys[i] < sorted_keys[i+1]

     

   sorted_keys.count = model.count 

 

   ∀k ∈ model.domain : k ∈ sorted_keys   
 

  

+ 

SORTED_MODEL_MAP [K, V]

+ 

SORTED_MAP_

CURSOR [K, V]

* 

SORTED_MAP_

DESIGN [K, V]

+ 

SORTED_RBT_ 

MAP [K, V]

+ 

SORTED_LINEAR_

MAP [K, V]

+ 

SORTED_BST_

MAP [K, V]

SORTED_ADT [K, V]*

feature ­­ model 
    model: SEQ [KV_PAIR[K,V]]
 

feature ­­ commands
    extend (a_item: TUPLE [key: K; value: V]) 

        require ¬has (a_item.key)  
 

    remove (a_key: K) 

        require has (a_key)
 

feature ­­ queries
    item alias "[]" (a_key: K): V 
        require has (a_key) 
 

    as_array: ARRAY[KV_PAIR[K,V]] 

 

invariant
    ∀i ∈ [1, model.count):  
      model[i].key < model[i+1].key

 

    ∀i ∈ [1, model.count]:  
      as_array[i] ~ model[i]

     

+ 

SORTED_

LINEAR [K, V]

+ 

SORTED_

TREE [K, V]

+ 

SORTED_

BST [K, V]

+ 

SORTED_

RBT [K, V]

new_cursor+

implementation

implementation

implementation

implementation

sorted­maps

student­design

ITERATION_CURSOR [G]*

item*: G 

forth* 

after*: BOOLEAN

new_cursor*
* 

ITERABLE [G] o
-

. ..⇒*
instance

't

antenna :Hea
+

DO

: 00



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

Iterator Design Pattern

ARRAY[G]  +

LINKED_LIST[G]  + ARRAYED_LIST[G]  +

ITERABLE_COLLECTION

Cursor - index

-
-

Go÷iii



Implementing the ITERATOR Pattern : Had Case

class
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Iterator Pattern at Runtime
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Once Routine ED
fresh

awl - M¥7
-

T →

*⇐--

←
1st time

⇒ - - -

→ ①

Yet
ignored .



Approximating Once Routines a Javad ) breaking singleton .

to n

-

-

→ ¥44" di →

If
- data

7¥.EE#::q:i:h*.sdda?¥÷•*÷:÷÷:÷÷g:÷÷÷
dl.seeIRCI.es ) ;



Approximating Once Routines a Java G) Separation of
Concerns .

. Data(Data Aces

€
p

data

Static
- I

-

BankData dl = nee
I I

f

ra¥a¥¥÷
private .data

access

-



Singleton Pattern : Coded )

does←d§#④D
's

-0¥O

⑦D=aeate-aess.ua/cexYTe's expanded

D-
, ) →¥77'Estoyto

→

-

z
- -

=
 -



class BANK
-

D- A -2
Singleton Pattern : Gdek

. "

aIdataon.IE?aaaeeResukmake.#-⇒→

EOE→d⇐¥##⇒¥001€
-



dtaeaee
"

- -
.±

.

others.de?Yeanxseane

of
RANK

-

DATA
using

constructor

this

class

ACGNQdajia-A-f.cat?..da.daeaV

"

Ei÷:IEIa⑧
end



Banian
\

aeaee4B#m€BANkDATAo_A

IR→
create data

.
make ? X



class

Account

make

↳¥dd④:LBEAT
d

deEtat
,

data
2 : B

-

D deft
→ data isIida.datadata:

-HII. data
ad end f

2nd time
data I = data ?

that { B- RAJ
.

data

once routine To called



Singleton Pattern : Adem

⇒ttime
,

calling 1B
- RAS .

 data

→
- O

→
- - O



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  +

Singleton Design Pattern
client supplier

C) =-D ADACGONT reference type expanded type

@ Too A-
D€

-

-

I

TeJ@OIanotheracadlla.a
routineMII"

data routine
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Violation of -
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II
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Without Inheritance : Collection of Students

J
Anders : a

-aj%%
"

I-# I

E- = I I

↳y,
morph eaton



Inheritance :

Code Reuse

TO
*

Bug poor

-
\

Precursor ( →
→

M pretenses!E"defined a
dass I --

M€-012
00117020



tests

TEST_ACCOUNT
feature ­­ Test Commands for Contract Violations 
  test_withdraw_postcondition_violation 
        local 
            acc: BAD_ACCOUNT_WITHDRAW 
        do 
            create acc.make ("Alan", 100)
            ­­ Violation of Postcondition  
            ­­ with tag "balance_deduced" expected 
            acc.withdraw (50) 
        end 

acc

BAD_ACCOUNT_WITHDRAW
feature ­­ Redefined Commands 
  withdraw (amount: INTEGER) ++ 
        do
            Precursor (amount)
            ­­ Wrong Implementation
            balance := balance + 2 * amount
        end 

ACCOUNT
feature ­­ Commands 
  withdraw (amount: INTEGER) 
        require
            non_negative_amount: amount > 0
            affordable_amount: amount ≤ balance
        do
            balance := balance ­ amount 
        ensure 
              balance_deduced: balance = old balance ­ amount 
        end 

model

€00

&
I

* e

a o
→ ⇒ "

" "

→ -00
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" Tom
" R : empty collection ?

t.se?IIeiihiifpushetoii
i " across④..laas I

list 'Ll ] I 2 all
old

→
FEiiHFajifanptettemJad@dtmp.d

. t ) Ei Hem - I

list .KpYw× 2 3

new
→ →iD→F

across l.tl count IT across Gunt I
. .

I 1 IT X
at

endE Aunt - I Teem .



Developing a LETO STACK

C ]

€id
e ,

@

ironer::÷÷d÷¥aaess④
.

o

es

C ]

E ]



class C

Tmp
?Now.gs ?

ft

ensurer
Tmp → Tmp

f 2
ensure

Tap → Tmp

end
-



class C

Tmp
You

?EhA
⇒

÷¥i⇐¥E*f I

ask.in#modeQ
f 2

ensure

end

EPm
-



Using HATHMODELS Library

Implementing Abstraction Function TAFE 1¥71 Fg

FeseqHoA end of seq
the top

Writing Contracts
using

Abstraction Function

>

call -6 gray

80
.

. ¥ . value
a
tater :Yungay .





class LIIO
-GACKT

.  - ]
Implementing a LIFO STACK

says
: KEG ] -

-⑦@" tom " model : a ]
" mark "

defeat
Result

.
make

- empty
' don " III:

Strategy
I

yep
topEuategy2EIaee@3.FFophd.y

"

altan
" "

thank
" '

Hon
"

natan"k""Itai.
Imai

,!fMODEL No
model

MODEL

m%µlTwa
model



s.push(“Jim”)

Checking HATH MODELS Contracts at Runtime

StrategyPreheatedm⑧tdIapMonte'd.de

tops

Post - State!?immutably

modelIf-10



Strategy I .
. Mathematical Abstraction

Sadf



Strategy 2 .
. Mathematical Abstraction

" Tda/ .

a

s as I
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Testing
REL in MATHMODELS

. . . .  - - .  -

A

o :adding ceases

B- a O

-

O
I

3
domain

-
restricted - bye →

&
'a¥s¥

Ede 's's's →

3 4 I
→

←EmIFOp
r IS  not mutated

O @#↳grey
:

use "
traces--_

→ command : used% . xp.

ITS mutated



V relation

ds set of pairs

r .

domain
-

restricted Cds )

domain
-

subtracted Cds) ~ t



Birthday Book
b. put C

"

s
Nov -29 ) ]overddatf .

t domain
b. Mtc

"Alai's

tug⇒n
in

range

b#ubCoct%ov
- 29

" o¥-oowbe"#
b. remind a Ma

b. remind ( aug -23 ) cc a Kass
b .

remind ( feb - B ) KD



Birthday Book : Design
m :

2

d : 30

⑧
-

←

year : INTEGER"

%ddiomvdmmdldd.EE?dDCm=ivm..s

. . )
-

iddmoddd'T ⇒d=4
D @I ¥m=bv . . .>

it ' I}Isdd¥iessay⇒gzo
-

- - O
-

00 ⇒E¥tE¥q
STRING names

"
@# C )

"

←'

model
-

In
.

-

Hen ] - d name : NAME name "

Hts
"

ad addfesgif.fi#h's " )
Turridae 'M



Carrotmodel
. ran

-

res -

by

-Cds
.

domain as n

Result
.

has Cn
.

Hear )

end



Birthday Book : Implementation

hand.

EEa
-

- EE -

B

O a
.

⇒



tests

TEST_ACCOUNT
feature ­­ Test Commands for Contract Violations 
  test_withdraw_postcondition_violation 
        local 
            acc: BAD_ACCOUNT_WITHDRAW 
        do 
            create acc.make ("Alan", 100)
            ­­ Violation of Postcondition  
            ­­ with tag "balance_deduced" expected 
            acc.withdraw (50) 
        end 

acc

BAD_ACCOUNT_WITHDRAW
feature ­­ Redefined Commands 
  withdraw (amount: INTEGER) ++ 
        do
            Precursor (amount)
            ­­ Wrong Implementation
            balance := balance + 2 * amount
        end 

ACCOUNT
feature ­­ Commands 
  withdraw (amount: INTEGER) 
        require
            non_negative_amount: amount > 0
            affordable_amount: amount ≤ balance
        do
            balance := balance ­ amount 
        ensure 
              balance_deduced: balance = old balance ­ amount 
        end 

model

#
:#÷Eee
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Static Type vs . Dynamic Type

qstattfpepp.nameD-#ST

⇒ €5
.

TDT
of s is the same af, of s .



Student classes c with inheritance ) : Expectations ST: expectation

one
=

DT :

¥¥•o⇒E⇐# p
STUDENT ST

.

I - •
stir

→ ④v v

F
v

*
x x x⑧V v v v x x x x

S3

vs

hrs



if ( o instanced C) f

I
¥ attached I c } o ther

-

ed



Polymorphism . Intuition I:-c ⑤ compiles .

substitute rs for s .

I@TDlSaye.I
÷

-

-

HI

87k€- " %. E .

Assume compiled.z.si#YHe.

!Expectations
on it. s StellapIDComptes

' IST of  as

-

Rs declares pr"

÷:* 's:* run::÷¥¥÷¥¥
-



Dynamic Binding : Intuition

° o I o

I
-

=
LENIENT tutor

• ÷#eIEAE⇐÷⇐⇒⇐⇐⇐⇒.

Q o IEo

'



Inheritance Forms a Type Hierarchy

am⑦beB⑨⑦ImD em E F A H hm

fun gun

mjrexpecea

" on

an ona&e
stars expectations

descendants①⑦
an all classes

.

⑤
Asc an ,

@
Cs FA , HD

A



Inheritance Forms a Type Hierarchy

ancestors expectations

descendants
SMARTPHONE

ANDROID

Estep



51 : A ST :

DO

④
: =

020
=

⇒
Compile

ST of 02
⇒ a descendant

of ST of 01
.



Type Cast : Motivation ②

'

÷:÷9÷¥



undecidable

in class C
.

#HRS

t÷¥x÷ " " '



Type last : Syntax stoats

¥e@en=T-
D

jin:

@ cast→ "

EY .

:* .ae .

expectations.i
↳d. do:÷:gd÷:

expectations



Gmp -table last : Upward or

← s

⑧→one##→
÷ .µ

mad - O

*
-

- •

÷÷÷¥Ei



hemp -table Cast May Fail at Runtime

:¥÷÷

is

he

¥ .

.00000000
!

, um
¥ east was ok

.

##@#
.star



F⑤
popt.¥00
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Compile ?
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Type Checking Rules CD

④÷⑥→
5k

sa , ⇒ a
dead ;!

of

17¥
sie

s3 :

→⑤
a

ed :GE
burs



Type Checking Rules

(2)
class

SIS
get -

SCI : INTEGER ) : STUDENT

→ check attached { c } y then
do

. . .

. . .

- - end

end
end

→ quadI C is either ancestor of ST of Ydown of ST of Y
Sms : Sits ⇒ check attachedIRISthen .  - end

Sl : ChendaattachedI Store§2,
then - . . and

S2 : Rs → cede attache sl then . .
. and

check attached 11253 S3 then . .
. end

S3 : NRS check attached ERS} Sms
. get CD then .

. . end



Type Checking Rules class sus

JC %:

offqgetdo-S.CI

: INTEGER ) : Stoker

check s

-④④
her and

" '

tstteap -

.Cadend t f -⇐£
→ check attachedIRISES.ge#astempthen

Sms : sus

Sl : Stupor
s1mp

52 : Rs

s3:=temp
S3 : NRS

end



Feature Call
Arguments : client 1ST

[⇒_@@
±⇐⇒⑧E@€€⑧

000¥ ST : Stop
.

O -

ss.at&€ sstss.am#

→

→ →.

↳

s⇐¥s¥EaoiiEioiois9@Iiisiseore.riE.s'T



Type Checking Rules

CH
class SMS

⇐iiipE.sixaddaorscsooRs@DEfeaen.e

f , end
end

- - .

j declared in X

sms :

ST offtp.ad#ss2)

is a
des

. Sms .

add
-

rscsl )
Sl : fNof formal

Sms .
add

-
rscsz ) S :

-

-
S3

S2 : RS
Paige

of
l④s.adT

Is NRS
S3 t . It -

designed
of

STINKS
NO



Type Checking Rules

Css
class sins

get -

SCI : INTEGER ) : STUDENT
do

check attached as

temp
then and

" '

and

add-qqcs.RS
)

end

↳ check attached

912535ms
.get - SCD as temp then

Sms : Sits Sms .

add
- rsctemp )

Sl : Stupar
end

S2 : RS check attached

HRsms.get.su
) as temp then

S3 : NRS Sms .

add
- rsctemp )

end



'

tosms-sEE.info#l7IEE=
-÷⇒→

p " %§%k¥?
-

-

one
÷ .

→

Estate
:* drawn.

→
-

- O D D



Feature Call Return Value

!!
"

→→

a€00dad
ST :

Ost

:S
!

di Possible DTs of Result ?

I S#aEETs
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BD
①

"

¥

→
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Type Checking Rules

Cb
)

class SMS

⑦:=¥f¥
getdos??

: INTEGER

):fuDE④
end

team typeotx I endfades
.

ofZXSms : SMS → sl :  
-

-

⑧
get - SCD

Sl : Stupor Sl :
-

- Sms . get -
SCD

52 :

lsms.gee.sc#tST:STuM-T

S3 : NRS S3 : = Sms . get - SCI )

↳
sins . get . SC "2

" )



⑧
s s

sea .

④④:A⇒Qs " "

÷!
.

Ds
.

Ss
:

AINRS
]
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Lab Test 2
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SIEW

£70
" adds "

-  .

' spns

zp¥
,

a
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¥0what's
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.
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dex.IQ
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class Book E

*Jstor
.

ISI
RS 9

adds r :

Des es
do

. .

④
client :

end

big
,

Book -1 STUDENT ]

Book ERS ]

ad
!÷÷BhDbl.addCsQuoI.addcs8@DbT.add④

⑤ hi add 621
③ bl . add 03

)⑥b3#
added



chat

4assBodi
" '" .

- b. add # b. addAbg
etc . is HIT

b : Book

-LStup]b.get - )
b

.

add C- )



Instantiating Generic Parameters

€80
a

-

-

-

→ #ATEE
D

-

-



Generics us . Inheritance CD

g
O

EG]

°
eat

a
EAT

O



Generics us . Inheritance (2)



Multiple Inheritance : Example

•

• @ @
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Multiple Inheritance : Exercise

⇒
u¥③

TEA
Is =

.

/



receive
O

I

WI D Yq!q
Retain "



Multiple Inheritance : Name dashes
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O

aclass C
Inherit

ajE÷e±O

Te name
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PARENT
t Xpossrfpos
1- widths height
+ change - width ⑥+ descendants

• coherence

• base vs . composite

CHILD
t parent



First Design Attempt

⑧ammonpy.at#:.÷÷÷±÷⇒÷. ⑤a
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The Composite Pattern : Architecture
price

ehaEfdd①y
no

P
O

@
-

-

::¥÷÷↳
qegteaeoidiidaie

#
doesnt

ftfadadddcgrdd
}

dadd
. een couple .



ddceet )

. ]chide
: tested

aclass6uRP
inherit

qµpoSITE[FAD



across

chHdre c
'

II ⇐. ]chide
: LISTEN

9 earn

toMB-

Compte
✓

ps:Pow ¥scene
.

"
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.
sup



"
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The fompostte Pattern : Implementation
↳

•man.

•
I



Testing the Composite Pattern
-

- -

cab
-

⇒

*⇒Eo
seem

⇒
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3
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Design of Language Operations : How to Extend the Composite Pattern ?

←

I Structured

erduaee@t-pnfIneEpoEy.pe
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→→gqEasan4y→@ 0
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" Labret
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Design of Language Structure : Composite Pattern

Or .

.
How do

you
construct an object representing

"

341 t 2
"

?



Design of Language Operations : How to Extend the Composite Pattern ?

Scenario

¥ opt
Structure

Lange 'Design

edna
.

design s④
✓ v

optetopt edopt 9 ??

p - pt p - pt ,

0pm
operations
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Operations¥4148
,

III.
It.
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Design of a Language Application . Open -
Closed Principle

gµµ①④ §
bothopen
tank

say

QA ÷÷÷÷
Hot flexible

operations :

-1¥
: pet.

y

%%YEYE
!-96¥ '
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> visitor
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Visitor Design Pattern : Architecture
visa - expression X

TOa ←
ANY

E@e
→

⇒Idf
:

?q¥t
- - -

earned't:&?dg÷k÷%toM
-

↳ test of Visit
-

features
How to Use Visitors correspond to the test of
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esaantofrts
butd

→ composite

wide
to are



Client of Visitor
- .

" e :

ftp.ee.se#-sdefnedbuHdIeaompoSTtetree

2 '
N .

-

lVzsz⇒I→deferred

attach V to a particular VISITOR type

3 . E. accept ( I) 4
.
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result of risk
from N .
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Visitor Design Pattern : Implementation

¥:Visualizing Line 4 to Line

Istdespatch : same add
2nd dispatch : FuscoAAR vs . TYPE

- CHECKER
.



Executing Composite and Visitor Patterns at Runtime Cdoubledispatchm

Double Dispatch

Tracing-ad@d.aC④0a④A⇒NTIED
1stDispatch
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↳
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versionth
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Visitor Pattern : Open - Closed and Single ChoicePrinciples
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State Transition Diagram ( FSM )
Transition Table

Finite State Machine

-

①wrong

choice



Design of a Reservation System : First Attempt

- Debugging
C spa . . odes

.

- Sep
.
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e¥¥⇐€①
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→ Display -



Design of a Reservation System : Gand Attempt CD
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Design of a Reservation System : Second Attempt

=
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delete state
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Design of a Reservation System : Second Attempt



Moving fan Hierarchical Design to 00 Design

00 ←

Current -
State : STATE

current - State .
execute - session

+

,
HIERARCHICAL#i÷÷÷÷.÷÷÷÷÷÷÷



Non - 00
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Current - State : = 2
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u
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State : STATE
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,

INA 'S current - State
.
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→ current - State
. execute

→

create { RESERVATIONS current -
State

.
make

Current
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update

.

" "
"

isno 0¥¥5of'¥¥÷¥'d
. ,GiftIn;Fadings.pe?Addinganewobserver?-



Event-driven Design in Java I

- - -
→ o 000

II⇒
-

⑨
ON B.

-
O

→

④agajtpdaeetehfed'i÷¥¥¥:"*go.at
←

" BE

a.

⑧
=

o
-

¥⇒s⇒



Event -Driver Design in Eiffel
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Event - Driver Design : Multiple Subjects and observers
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Weather Station : Testing the Observer Pattern
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Event - Driver Design : Multiple Subjects and observers
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