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Course Learning Outcomes (CLOs)
-



Surviving through this Course
-

o § ?



Software Development Process

- Natural Language
  (incomplete, ambiguous, contradicting)
- Requirement Elicitation

- Blueprints
- Not necessarily executable & testable

- API Given
- Efficient (data structures & algorithms)
- Unit Tests

- Customer’s Acceptance
- Return?
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Client vs. Supplier in OOP
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A Simple Design Problem: Bank Accounts
-



Bank Accounts in Java: Version 1
③

→
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Bank Accounts in Java: Version 1 Critique (1)
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Bank Accounts in Java: Version 1 Critique (2)
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Bank Accounts in Java: Version 1 Critique (3)
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Precondition us . Exception
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- Lab0

- Textbook: OOSC2 on course wiki

- Slides for self-study:
       * Eiffel: Overvies of Syntax
       * Eiffel: Common Error
       * BON Design Diagrams

e
-
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A Simple Design Problem: Bank Accounts#0X④
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Bank Accounts in Java: Version 1
③
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Bank Accounts in Java: Version 1 Critique (1)

Supplier
Client



Bank Accounts in Java: Version 1 Critique (2)

Supplier
Client



Bank Accounts in Java: Version 1 Critique (3)

Supplier
Client
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Bank Accounts in Java: Version 2
-

II amount co)

EEE
""""

serklgnd.aton .

Lexaption conditions.



Bank Accounts in Java: Version 2 Critique (1) Compared 
with
Version 1
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Bank Accounts in Java: Version 2 Critique (2) Compared 
with
Version 1
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Bank Accounts in Java: Version 2 Critique (3)
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Bank Accounts in Java: Version 2 Critique (4)
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Client
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class invariant
not change

↳ property that holds time for
all objects of a particular class

e. g . Accent .
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When the data structure to large,
checking contract leg.
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Bank Accounts in Java: Version 3
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Bank Accounts in Java: Version 3 Critique (1) Compared 
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Bank Accounts in Java: Version 3 Critique (2)

When the amount is neither negative nor too large,
     is there any obligation on the supplier of withdraw?
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Bank Accounts in Java: Version 4
with an evil supplier
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Bank Accounts in Java: Version 4 Critique
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Bank Accounts in Java: Version 5
⑧

IT
→a-O

murmur

¥.. ...in?...
-

T?
biffsdanceII sdone!.



LECTURE 3
MONDAY JANUARY 13



Bank Accounts in Java: Version 5
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Design by Contract in Java

Supplier
Client

I single
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Design by Contract in Eiffel
Contract View

Implementation View

→



T.eatuves-n-E-ffel.fmwands ( a mutations)

Attributes
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Commands vs. 6nsGs
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Runtime Monitoring of Contracts acc: ACCOUNT
create acc.make(a, n)
acc.withdraw(a)

to

fe statecan. maintained,
.
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Precondition Violation: positive_balance

Supplier

Client



Precondition Violation: 
non_negative_amount

Supplier

ClientE



Precondition Violation: 
affordable_amount

Supplier

ClientEE



Class Invariant Violation: positive_balance

Supplier

Client



Postcondition Violation: balance_deducted

Supplier
ClientEF



Runtime Monitoring of Contracts
-



Precondition & Postcondition Exercise

change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
       - - Change index `i` in array `a` to string `ns`
    require
        ??
    ensure
        ??

--
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Shorter Office Hours today: 3pm to 4pm

Lab0: Tutorial Videos (basic syntax, debugger)

Lab1: See due date in course wiki

plagiarism check

This Friday: in-lab demo at 10:30

-

80
O-I



Precondition & Postcondition Exercise

change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
       - - Change index `i` in array `a` to string `ns`
    require
        ??
    ensure
        ??

⑦
.
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change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
       - - Change index `i` in array `a` to string `ns`
    require
        ??
    ensure
        ??
Tina

Efts Is
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Exercise : translate to Eiffel
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change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
       - - Change index `i` in array `a` to string `ns`
    require
        ??
    ensure
        ??t¥i¥÷

.
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How is DbC Useful in Guiding System Development?
Client’s View:
- A console application.
- Keep entering names randomly until done.
- Keep inquiring if a name exists until quit.

 

Supplier’s Implementation Strategy
- Store names in an array.
- Upon an inquiry: Binary Search,

Expected Run¥0



Version 1: Wrong Implementation, No Contracts

- Data array in DATABASE is not kept sorted.
- Binary search in UTILITIES does not require a sorted input array.
- When user enters names in an unsorted order, output is wrong. 
- But no contract violation! 
- A bad design is when something goes wrong, there is no party to blame.

u



Version 1: User Interaction Session
→



Version 2: Wrong Implementation, Proper Precondition

- Data array in DATABASE is not kept sorted.
- Binary search in UTILITIES now requires a sorted input array.
- When an unsorted array is passed for search, a contract violation occurs!
- A good design is when something goes wrong, there is one party to blame.

u-i÷÷÷÷÷:



Version 2: User Interaction Session
→



Version 3: Fixed Implementation, Proper Precondition

- Data array in DATABASE is now kept sorted (so as to avoid contract violation).
- Binary search in UTILITIES still requires a sorted input array.
- A sorted array is always passed for search, a contract violation never occurs!
- Now finalize/deliver the working system with contracts checking turned off.

u

input
string



Version 3: User Interaction Session
→



Reference Copy: c1 := c2

¥¥¥o O
da

.



Shallow Copy: c1 := c2.twin
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④



Deep Copy: c1 := c2.deep_twin→

Cz = a- deep- Erm ⑦
G. a = CZ

- deep-term . a ⑦ .
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In-Lab Demo last Friday:
   - across
   - comparator and sorter
Breakpoints and Debugger: See tutorial video

o
#



Reference Copy: c1 := c2→



Shallow Copy: c1 := c2.twin
a.eu
!

= na①
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Deep Copy: c1 := c2.deep_twinT.de#fc2.a--c2.dt.a I
×
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- copy . a is a.a.
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deep- turn I fc2.deep.tt
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Reference vs. Shallow vs. Deep Copies
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Collection Objects: Reference Copy & Make Changes
#
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Collection Objects: Shallow Copy & Make 1st-Level Changes
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Collection Objects: Shallow Copy & Make 2nd-Level Changes
#
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Collection Objects: Deep Copy & Make 1st-Level Changes

#

f-
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Jim "

Index D
otdinp Id
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×



Collection Objects: Deep Copy & Make 2nd-Level Changes

¥
. .1

Index
Ident Id.Tnp oidiup "Mark#It"

×



f
   require
       ...
   do
       ...
   ensure 
      ... old expr ...
   end

Contract View Runtime Contract Checks

call f

check precondition of f

check postcondition of f

execute implementation of f

cache old expressions'¥¥¥÷i¥⇐
÷:÷:::¥%? ..
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   ensure 
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Lab1: Due at 3pm this Friday

TA Office Hours: 12pm - 2pm

My office hours: 3pm to 5pm, Wednesday
Extra office hours: 3:30pm to 5:30pm, Thursday

O O-
52056

→



f
   require
       ...
   do
       ...
   ensure 
      ... old expr ...
   end

Contract View Runtime Contract Checks

call f

check precondition of f

check postcondition of f

execute implementation of f

cache old expressions

HEs€



old accounts[i].id

(old accounts[i]).id

(old accounts)[i].id

(old Current).accounts[i].id

Caching Values for old Expressions in Postconditions

(old accounts[i].twin).id

(old accounts.twin)[i].id

(old Current.twin).accounts[i].id

ensure (in context of BANK)

BANK
accounts

i

id

ACCOUNT

23

How to cache at runtime?
→

÷
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-
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② " no..
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③ in- accountsees . earn 99917¥
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class Bank

accounts : ARRAa]
end #au
class ACCOUNT

lacaountstcI-d.IE?aeaountsEc3.-dhd-
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bank
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Unit Test for All 5 Versions 
→



b.deposit(“Steve”, 100)

Version 1: Incomplete Contracts, Correct Implementation

=

i

I##j=of#



b.deposit(“Steve”, 100)

Version 2: Incomplete Contracts, Wrong Implementation

To

.. it?
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accounts
→

so) v

b. deposit-
ok" F¥

How to specify
"

all accounts except the one with
owner n have remained the same"

acres fold qq.deep.tk I ace ace . owner

data ace . owner in nanites.cn?Ee.ai...e.Ii,



Use of old in across Expression in Postcondition

Hint: What value will be cached at runtime
       before executing the implementation of update?

-

=

-

=
.

-

¥7- -
'¥1

If one:* ..... Tzk±dan¥gtI -er p compiles
Cold gets g. item* /¥dh€getGx(
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f- C . - - 7
require
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de
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Unit Test for All 5 Versions 



b.deposit(“Steve”, 100)

Version 1: Incomplete Contracts, Correct Implementation

→

one



b.deposit(“Steve”, 100)

Version 2: Incomplete Contracts, Wrong Implementation

To

re
"
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b.deposit(“Steve”, 100)

Version 3: Complete Contracts (Ref. Copy), Correct Implementation

→
• O
-sp±⇐.a5B¥iEz⇒old-aces

: " ×s
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across old accounts is acc
all
   acc.owner /~ n
   implies
   acc ~ Current.account_of (acc.owner)
end

across (old accounts.lower |..| old accounts.upper) is i
all
   (old accounts)[i].owner /~ n
   implies
   (old accounts)[i] ~ Current.account_of ( (old accounts)[i].owner )
end

Use of across in Postcondition

Version 1

Version 2

=



b.deposit(“Steve”, 100)

Version 4: Complete Contracts (Shallow Copy), Correct Implementation

T

÷:
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b.deposit(“Steve”, 100)

Version 5: Complete Contracts (Deep Copy), Correct Implementation
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Complete Postcondition: Exercise accounts#11$
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class STACK TCI
inp : CARELG ] - -fatty of qq.is the top

top : A

ensure I

→ Result ~ TmpCHIT



Developing a LIFO Stack

E



classy STACK

Tmp
: *

um

,diF⇒deF⇐€e
a

pop
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Implementing a LIFO Stack

Strategy 1 Strategy 2 Strategy 2

“alan” “mark”“tom”

top

“tom”“mark”“alan”

top

“tom” “mark” “alan”

top

MODEL MODEL MODEL

“alan”
“mark”
“tom”

MODEL MODEL

T
13

¥iµ¥¥17M¥67 FEET" µ⇒Y
'



Using MATHMODELS Library
Implementing an Abstraction Function

Exercise 1: Write postcondition of model.

Strategy 3

Exercise 2: What if Strategy 2 was adopted? Change what?

“tom”“mark”“alan”

top
¥.⇐⇒⇐o0--0

Rent -ME⑦



moduhrdT¥µa.in:*
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adjust .



Strategy 2

“tom” “mark” “alan”

top

tf⇒÷÷



Using MATHMODELS Library

Writing Contracts using the Abstraction Function

Exercise: What if strategy was changed? Change what?

Question: Can clients tell which strategy is being adopted?

-

#¥eP%tdthere state .

§mm No 'i no mention of Toy?

✓

Year -unaided.se- state



Checking MATHMODELS Contracts at Runtime Strategy 2

Pre-State
old MODELold IMPLEMENTATION

“tom” “mark” “alan”

top

s.push(“Jim”)
Post-State

IMPLEMENTATION MODEL

push (g: G)
   ensure model ~ (old model.deep_twin).appended (g) end

“alan”
“mark”

“tom”

“tom” “mark” “alan”

d mg
del I



push (g: G)
   ensure model ~ (old model.deep_twin).appended (g) end

dats Seong
WEED

appoidcg.la#-mpkmaEIuaaanappadedlg:fh:t"""
trite contractioncontract .
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Strategy 1: Mathematical Abstractiona-

⇒@•
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Strategy 2: Mathematical Abstraction
⑧



Use of MATHMODELS:
Single-Choice Principle



Testing REL in MATHMODELS

ED



'

"

a.
'

÷:÷ :*
..#¥a⇒ domain.re.FI

.

T

" "



domain range

“Alan”

“Mark”

“Tom”

August-11

October-15

Model of an Example Birthday Book

me . .
. .
..

in:i÷
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- Labtest 1:
  * Birthday Book
  * MATHMODELS
  * Iterator Patterns: Two Tutorial Series
↳REL TYLER
→
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Testing REL in MATHMODELS
'" E -



override ( s : SEK PAIR . - s)

overridden ( s : SET ether . - s) .
- RELLGi-B

r . override ( s) → command
- does not return

↳ not to be used

" overridden ( s) . domain
in contract



V. overridden (KL ''d's too] , [' 'E''shoo]D
o - -

/ Lasko) (9,200)
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vs . ↳ v2
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, -74



all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
      require
         no_duplicates: ??
      ensure
         across Result is x 
            all 
               x > 0
            end

°'÷¥¥÷÷÷¥¥⇐
÷④÷¥t÷÷÷÷÷:÷.



Writing Postcondition: Exercise

all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
      require
         no_duplicates: ??
      ensure
         across Result is x 
            all 
               x > 0
            end

'

÷!.. .
real.nn⇒→:÷÷÷:÷

.



all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
      require
         no_duplicates: ??
      ensure
         across Result is x 
            all 
               x > 0
            end

"

÷÷÷:÷÷÷÷÷÷÷÷i÷÷
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all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
      require
         no_duplicates: ??
      ensure
         across Result is x 
            all 
               x > 0
            end

"
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all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
      require
         no_duplicates: ??
      ensure
         across Result is x 
            all 
               x > 0
            end

tall
- pos- in- a- in- result :

-

across a I n alt

ad
n >0 implies Result

.
hash,

a"
-

in

::
":¥¥¥n::" an:÷. .

end
.

resolution : FduphT¥f : ? ?
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domain range

“Alan”

“Mark”

“Tom”
August-11

October-15

Model of an Example Birthday Book

May-21

“Jim”

- → Hak , Tom

aunt
"
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Birthday Book: Design→
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- Labtest 1:
  * Birthday Book
  * MATHMODELS
  * Iterator Patterns: Two Tutorial Series



Birthday Book: Design
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Bow design diagram . .
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domain range

“Alan”

“Mark”

“Tom”
August-11

October-15

Birthday Book: Model Operation (1.1)

May-21

“Jim”

book.put(“Heeyeon”, October-15)⇒÷÷.÷::÷.



model n (old model.de) . overriddenlends)

model n (old model.de) @stLn.d]

T extend
and ①

extended Gd
-



domain range

“Alan”

“Mark”

“Tom”
August-11

October-15

Birthday Book: Model Operation (1.2)

May-21

“Jim”

book.put(“Tom”, September-14)



domain range

“Alan”

“Mark”

“Tom”
August-11

October-15

Birthday Book: Model Operation (2.1)

May-21

“Jim”

book.remind(August-11)
"'



domain range

“Alan”

“Mark”

“Tom”
August-11

October-15

May-21

“Jim”

book.remind(August-11)

domain range

“Mark”

“Tom”
August-11

.
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m.de?range.resercHddY
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l::s;e:¥



domain range

“Mark”

“Tom”
August-11

domain

“Mark”

“Tom”

model?range-
restricted (tug

-
ID

o⑦
model . vantage- restricted Csg

-ID.dqa.in
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Birthday Book: Implementation
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Stack of Strings vs. Stack of Accounts



A Generic Stack

Client

Supplier

STRING ACCOUNT
-

×SA

-

xs A

→

¥000
⇐¥¥=* not onpile
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Principle of Information Hiding
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iterable_collection

client

BANK+

feature -- Queries
   accounts+: ITERABLE[ACCOUNT]
      -- List of active accounts in the bank

   account_of+ (name: STRING): ACCOUNT
         -- The account object whose owner is `name`.
      require

         owner_exists: 
            ∃acc : acc ∈ accounts : acc.owner ~ name
      ensure

         correct_result:
            Result.owner ~ name

feature -- Commands
   withdraw_from+ (n: STRING; a: INTEGER) 
         -- Withdraw amount `a` from account with owner `n`.
      require 

         owner_exists: 
            ∃acc : acc ∈ accounts : acc.owner ~ n
         positive_amount: 
            a > 0 

         affordable_amount: 
            a ≤ account_of (name).balance

      ensure

         number_of_accounts_unchanged: 
            accounts.count = old accounts.count

         balance_of_name_decreased:
            account_of (n).balance = old account_of (n).balance - a

         others_unchanged:
            ∀ acc : acc ∈ accounts.deep_twin :
                            acc.owner /~ n ⇒ acc ~ account_of (acc.owner)

invariant

   unique_account_owners:
      ∀acc1, acc2 : acc1 ∈ accounts ∧ acc2 ∈ accounts :  
                                acc1.owner ~ acc2.owner 

                                ⇒ 

                                account_of (acc1) = account_of (acc2)

ITERATION_CURSOR[G]*

feature -- Access
   item*: G
         -- Item at the current cursor position
      require

         valid_position:  ¬ after

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

feature -- Cursor movement
   forth* 
         -- Move to next position.
      require

         valid_position:  ¬ after

ITERABLE[G]*

feature -- Access
   new_cursor*: ITERATION_CURSOR[G]
      -- Fresh cursor associated with current structure
      ensure

         result_attached: Result ≠ Void

new_cursor*

*
INDEXABLE_ITERATION_CURSOR[G]

+
ARRAY_ITERATION_CURSOR[G]

+
LINKED_LIST_ITERATION_CURSOR[G]

+
HASH_TABLE_ITERATION_CURSOR[G, K]

+
ARRAY[G]

+
LINKED_LIST[G]

+
HASH_TABLE[G, K]

new_cursor+
new_cursor+

new_cursor+

supplier

accounts+

←In
-
o IA

o g

Ipo
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Implementing the Iterator Pattern: Easy Case

" i'



Implementing the Iterator Pattern: Hard Case
-
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Implementing the Iterator Pattern: Hard Case

→

→
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Iterator Pattern at Runtime

n,
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Use of Iterable in Contracts
#
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Use of Iterable in Contracts: Exercise
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Use of Iterable in Implementation (1)
#

@
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↳ cursor ' startI
, not necessary.

Itwithout this Here.Inf. loop
lit
*⇒A TEE



collection : ITFRABLE k¥1.es]

f.io#-itemOTfe. m¥*.
d- . top

a%¥d
lection Est c. Hem

. aIt



Use of Iterable in Implementation (2)
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new_cursor+

new_cursor*

d
b

+

Exercise 1QD

.



new_cursor+

new_cursor*

d
b

+

Exercise 1
3.5

3.4

1.1
2.2

2.1

1.2
2.3

2.6

3.1
4.2

3.2
3.6

3.3

2.4
2.5

4.1

y
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Modelling: Aggregation vs. Composition
-



Expanded Type for Composition

TGOin:



LECTURE 12
WEDNESDAY FEBRUARY 12



- Labtest 1 Review Session:
   Thursday 10am to 11am R S201
- Labtest 1 Seat Map
- Lab 3: ETF Turorial Videos
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Modelling: Aggregation vs. Composition



Expanded Type for Composition
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days B obj : B
obj : expanded B

obj I off
.
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Use of Expanded Type
- x xL
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obj) s obj Z ,

obj obj
① A is not expanded , equal

compare addresses.
n
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Reference Type or Expanded Type



Shared Data via Inheritance Cohesion
Single Choice Principle
-

i
✓ features in a single classshould save

the same
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Shared Data via Inheritance

d1, d2: DEPOSIT
w1, w2: WITHDRAW
t1, t2: INTERNATIONAL_TRANSFER
...
d1.set_max_balance
w2.set_min_balance
t2.set_exchange_rate

ir
er
min
max

DEPOSIT
0.11
2.34
1000
1000000

ir
er
min
max

DEPOSIT
0.11
2.34
1000
1000000

ir
er
min
max

WITHDRAW
0.11
2.34
1000
1000000

ir
er
min
max

WITHDRAW
0.11
2.34
1000
1000000

ir
er
min
max

TRANSFER
0.11
2.34
1000
1000000

ir
er
min
max

TRANSFER
0.11
2.34
1000
1000000

Cohesion
Single Choice Principle-es

wi-

EE



Once Routine (1)
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Once Routine (2)
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- Office hours today moved to 
      Tuesday 12:30 - 14:30
- Moodle announcement on Labtest1
- ETF Tutorial 
   Video 7 on automating acceptance testing

€
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Once Routine (1)



Once Routine (2)
⑨ *¥kk "

→
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- single

choice principle
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instance



Approximating Once Routines in Java (1)
I
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Approximating Once Routines in Java (2)
I
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Singleton Design Pattern: Code (1)
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Export Status Case 1

class SUPPLIER

create 
      make

feature 
   make (init_i: INTEGER)
      do
         i := init_i
      end

feature
   i: INTEGER
end

class CLIENT_1
   ...
   test: BOOLEAN
      local
         s, old_s: SUPPLIER
      do
         create s.make (5)
         old_s := s
         create s.make (5)
         print (old_s = s)
         old_s := s
         s.make (7)
         print (old_s = s)
      end
end

class CLIENT_2
   ...
   test: BOOLEAN
      local
         s, old_s: SUPPLIER
      do
         create s.make (5)
         old_s := s
         create s.make (5)
         print (old_s = s)
         old_s := s
         s.make (7)
         print (old_s = s)
      end
end

"



Export Status Case 2

class SUPPLIER

create 
      make

feature 
   make (init_i: INTEGER)
      do
         i := init_i
      end

feature
   i: INTEGER
end

class CLIENT_1
   ...
   test: BOOLEAN
      local
         s, old_s: SUPPLIER
      do
         create s.make (5)
         old_s := s
         create s.make (5)
         print (old_s = s)
         old_s := s
         s.make (7)
         print (old_s = s)
      end
end

class CLIENT_2
   ...
   test: BOOLEAN
      local
         s, old_s: SUPPLIER
      do
         create s.make (5)
         old_s := s
         create s.make (5)
         print (old_s = s)
         old_s := s
         s.make (7)
         print (old_s = s)
      end
end

÷:p



Singleton Design Pattern: Code (2.1)
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Singleton Design Pattern: Code (2.2)
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client_1

DATA+

create {DATA_ACCESS} -- Creation Restriction
   make

feature {DATA_ACCESS} -- Update Restriction
   make+
      -- Initialize a data object

feature -- Data
   v: SOME_DATA_CLASS

         -- An example query
   c
         -- An example command 

DATA_ACCESS+

feature -- Data
   data+: DATA
      -- Reference to a shared data object
         once
            create Result.make
         end  

invariant
   shared_instance:
      data = data

data+

supplier_of_shared_data

data_access+

+

APPLICATION_1

client_2

+

APPLICATION_2

client_3

+

APPLICATION_3

data_access+

data_access+

•

no IQ
-Eexpanded .

-7
a

E
e
,

p
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ETF: Input-Output-Based Acceptance Testing

new(“alan”)
new(“mark”)
deposit(“alan”, 200)
deposit(“mark”, 100)
transfer(“alan”, “mark”, 50)

    {}
-> new(“alan”)
    {alan: 0}
-> new(“mark”)
    {alan: 0, mark: 0}
-> deposit(“alan”, 200)
    {alan: 200, mark: 0}
-> deposit(“mark”, 100)
     {alan: 200, mark: 100}
-> transfer(“alan”, “mark”, 50)
     {alan: 150, mark: 150}

input output

i



ETF: Workflow

et⑨¥¥



ETF: Separating User Interface and Business Model



Regression Testing

Your Program

oracle programinputs

at01.expected.txt
at02.expected.txt
...
at99.expected.txt

expected outputs

actual outputs

identical?

at01.actual.txt
at02.actual.txt
...
at99.actual.txt

at01.txt
at02.txt
...
at99.txt

- video .

÷¥÷ .



Automating Regression Testing

home copy
- development
- debug

school copy

- oracle
- regression

Github copy

- backup
- version history-0
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- Office hours today moved to 
      Thursday 12:30 - 14:30
- Lab 3: Use of Enumeration Types

features .
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Inheritance: Motivating Problem
Nouns -> classes, attributes, accessors
Verbs -> mutators
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1st Design Attempt

Eo



1st Design Attempt

Good design?
Judge by Cohesion



1st Design Attempt
Good design?
Judge by Single Choice Principle
- A new kind is introduced?
- Change on registration policy?

'⇐'"±±¥÷-00



-



1st Design Attempt
Good design?
How do you build a 
STUDENT_MANGEMENT_SYSTEM 
class accordingly?
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Q: What if more kinds of students are to be introduced?

Without Inheritance (Design 1) Collection of Students

c: COURSE
rs: RESIDENT_STUDENT
nrs: NON_RESIDENT_STUDENT
sms: SMS
create c.make(“3311”)
create sms.make

sms.add_rs(rs)
sms.add_nrs(nrs)
sms.register_all(c)

Clinet’s Code



class 
   STUDENT
create
   make
feature -- attribures
   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
      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 then MAX := 6
      elseif kind = 2 then MAX := 4 
      end
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

2nd Design Attempt

÷:÷÷÷÷÷÷
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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 then MAX := 6
      elseif kind = 2 then MAX := 4 
      end
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

Good design?
Judge by Cohesion

class 
   STUDENT
create
   make
feature -- attribures
   courses: LINKED_LIST[COURSE]
   kind: INTEGER
   premiumRate: REAL
   discountRate: REAL
feature -- command
   make (kind: INTEGER)
     do
       kind := a_kind
     end
   ...
end

2nd Design Attempt

t÷÷÷÷÷8



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 then MAX := 6
      elseif kind = 2 then MAX := 4 
      end
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

Good design?
Judge by Single Choice Principle
- A new kind is introduced?
- An existing kind is obeselete?

class 
   STUDENT
create
   make
feature -- attribures
   courses: LINKED_LIST[COURSE]
   kind: INTEGER
   premiumRate: REAL
   discountRate: REAL
feature -- command
   make (kind: INTEGER)
     do
       kind := a_kind
     end
   ...
end

2nd Design Attempt
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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 then MAX := 6
      elseif kind = 2 then MAX := 4 
      end
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

Good design?
How do you build a 
STUDENT_MANGEMENT_SYSTEM 
class accordingly?

class 
   STUDENT
create
   make
feature -- attribures
   courses: LINKED_LIST[COURSE]
   kind: INTEGER
   premiumRate: REAL
   discountRate: REAL
feature -- command
   make (kind: INTEGER)
     do
       kind := a_kind
     end
   ...
end

2nd Design Attempt



Without Inheritance (Design 2) Collection of Students

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

class 
   STUDENT_MANAGEMENT_SYSTEM
feature -- attribures
   students: LINKED_LIST[STUDENT]
feature -- command
   add_student(s: STUDENT) 
      do 
         students.extend(s)
      end
   register_all (c: COURSE)
     do
       across students is s 
          loop
             s.register(c)
          end
     end
end

Clinet’s Code
c: COURSE
rs: STUDENT
nrs: STUDENT
sms: SMS
create c.make(“3311”)
create sms.make

sms.add_student(rs)
sms.add_student(nrs)
sms.register_all(c)

#
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- Office Hours Change (for the rest of the term)
   Monday’s office hours moved to:
   12:30 to 14:30 on Tuesdays

- Lab 4 due 3pm Friday March 13

- Automated regression testing



class 
   STUDENT
create
   make
feature -- kind-specific attributes
   rate: LINKED_LIST[REAL]
   tuition: LINKED_LIST[REAL]
   max: LINKED_LIST[INTEGER]
feature -- attribures
   courses: LINKED_LIST[COURSE]
   kind: INTEGER
feature -- command
   make (kind: INTEGER)
     do
       kind := a_kind
       rate :=  << 1.25, 0.75 >>
       max := << 6, 4 >>
       tuition := <<0.0, 0.0 >>
     end
   ...
end

get_tuition: REAL
   do
      across courses is c loop 
         tuition[kind] := 
            tuition[kind] + c.fee
      end
      tuition[kind] := 
         tuition[kind] * rate[kind]
   end

register (c: COURSE)
   do
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

Design Attempt 2.5

Good design?
Judge by Single Choice Principle
- A new kind is introduced?
- An existing kind is obeselete?

-
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Desigh 3: 
Inheritance
Code Reuse

 Cohesion?
 Single Choice Principle?
 Collection of Students?
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rode
registry

c : horse I
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 Cohesion?
 Single Choice Principle?
 Collection of Students?

Desigh 3: 
Inheritance
Code Reuse

EEE



 Cohesion?
 Single Choice Principle?
 Collection of Students?

Desigh 3: 
Inheritance
Code Reuse
'



With Inheritance (Design 3) Collection of Students

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

class 
   STUDENT_MANAGEMENT_SYSTEM
feature -- attribures
   students: LINKED_LIST[STUDENT]
feature -- command
   add_student(s: STUDENT) 
      do 
         students.extend(s)
      end
   register_all (c: COURSE)
     do
       across students is s 
          loop
             s.register(c)
          end
     end
end

c: COURSE
rs: STUDENT
nrs: STUDENT
sms: SMS
create c.make(“3311”)
create sms.make

sms.add_student(rs)
sms.add_student(nrs)
sms.register_all(c)

⑦



Static Type vs. Dynamic Type
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Student Classes (with Inheritance): Expectations
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#I"⇒H##H#I



Polymorphism: Intuition

.*÷i÷⇒⇐
¥T-¥¥¥e."Ex
-

Bifs.Y.KYokEm@Od.s.E.xeecenaine.n:
.

2
.

⇒④ points to the STUDENT object lrs.pt .



Dynamic Binding: Intuition
-

t rs.IR s hrs:NRS_

⑨ IT
s' FtfI"'FI r#

D*I o
↳@•

•



⇐



Testingofpostandton .

FET



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

✓ DO

d? oiIfq.y@iTessi.II tag.Stas
ran. ÷÷÷i÷¥ES



Adding Postcondition Tests

⇒



Testing of Postcondition: Exercise

To
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Multi-Level Inheritance Hierarchy of Smartphones→

E
. D E

O

soo



ancestor
Th ① inherit

a
⑨

"

inherit

child descendant



Ancestors, Expectations, Descendants, and Code Reuse

A

a-

'

a

Yea
¥0 ¥¥÷÷÷÷i:

.



①
.

post- I

÷.
MM÷s E post- I



Inheritance Forms a Type Hierarchy (1)

am

cm

hm

bm

dm em fm gm

im jm

A

B C

D E F G H

I J

B
G
J

ancestors expectations descendants

T##



Inheritance Forms a Type Hierarchy (2)

ancestors expectations descendants

% :
'
z

:

a.YesE.in% v

and D D
sin .

¥si

→ s
.p
s
DD

Ia.si#f7iFeF*s.:;aix.
-
H
-
P
g
IoS

s
S-Pdial , surf- web,fagq_@



objl : A

is if
'¥77?

obj 2 D
Q : Compte?

expectation of
B

should be atashf.ee:p.
"



*D

¥
:c. ÷::* .



Reference Variables: Static Type

Design 1:

jim: STUDENT

Design 2:

jim: RESIDENT_STUDENT

#→ expectations

C) I yimoeeqxc
I-1--2'"

'

Ii
,

'"" "

the.in



Reference Variables: Static Type

Design 1:
mp: SMART_PHONE

Design 2:
mp: IOS

ossa. A

doe i ermp . facetime x



Change of Dynamic Type

STUDENT
n.
cs.

n.
cs.
pr.

RESIDENT_S.
n.
cs.
dr.

NON_RESI_S.

→

sirs

OF # ¥



Testing of Dynamic Binding

STUDENT
n.
cs.

n.
cs.
pr.

RESIDENT_S.

n.
cs.
dr.

NON_RESI_S.

COURSE
t.
fee

¥

DO



objl :
¥
"

i

↳ ST 9 OSI
: BQ

→ creates soso.mai.at:i¥ii÷%:"
t '

DT. 7h51)

obj -so⑧•→



x.¥: are:* descendents

obj : A -

→→ any design:
"

of A

create { had 3 make C. -J
obj .£ ⇐St support at least asa,may expel



TEA
✓

current
"÷÷÷÷÷¥÷÷÷÷.
-

-ng
f - Imprinted



#
:@Do *

so.÷÷÷¥÷.
⇐



Type Cast: 
Motivation

n.
cs.
pr.

RESIDENT_S.

-

¥e



MyClass.e

s last DT of s

Inferring the DT of a Variable is Undecidable

Your Program

class MyClass
   make
      local
         s: STUDENT
      do
         create {RESIDENT_STUDENT} s.make
      end
end

¥÷.



Type Cast: Syntax

n.
cs.
pr.

RESIDENT_S.
jim J. Davies

1.5

70€55
' at

i÷÷¥7¥÷÷÷



→ check assertion

¥Oa¥÷ie
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Labtest 2 (course wiki/forum):
- undo/redo design pattern
- Reading: OOSC Ch. 21
- Exercise from Github

-
I



Type Cast: 
Motivation

n.
cs.
pr.

RESIDENT_S.

-

- s⇐e¥¥
④

i-rs-J-mmakas.fi#tIiEsitE



Multi-Level Inheritance Hierarchy of Smartphones
#

'

f upward ( reseating expec ).

M
-

f.doind
( ordering expect

p : Au7Ro
= ↳ ST



Violation-Free Cast: Upwards or Downwards (1)

÷¥÷¥÷⇒

needier
.

÷



Violation-Free Cast: Upwards or Downwards (2)

t.p.ue.b.ee.exsi €

. ÷



Violation-Free Cast: Upwards or Downwards (3)
-

ST of nip
.

→ ex.tn"
"fat-Rue

my phone

⇐ ofTFF
① Q

o.
② o

- s-A
@ ①



Ancestors, Expectations, Descendants, and Code Reuse

C

y’s DT

-

ST ##→ o: A
DE dead 1133 obj . make

-

Et

i.
DD ! "If:# den.com#s



ST →DA obj : A

9 Create { B) obj . make

DT → checks attached obj Elahi
tog

expect
" ¥

, cast violation at mneme
expectation .

icfoohgieoidaiedefea''the's"InE



Cast Violation at Runtime (1)

⇒

✓
runway



Cast Violation at Runtime (2)



Cast Violation at Runtime (3)

O

Future violation
' : DJ cannot

C) Support expel on
SAMSUNG

.



Cast Violation at Runtime (4)
-

can:c:
O '

o:÷÷¥¥
Ruleforauoiokag
RTcadatn

Do Not cast

Lower than



na.iqieiiainis@TIfIIan.es.us,¥÷÷?¥÷÷i¥0oD
can cast doinward -

e.g. minor

Etfdiie .EE/waI#sI:i...nEti7a descendants) a"



Feature Call Arguments: Supplier

Say:
   sms: STUDENT_MANAGEMENT_SYSTEM

When should the following calls compile?
   sms.add_s (o)
   sms.add_rs (o)
   sms.add_nrs (o)

partner fi] , SSE] s - - -ST:STupE
.

①As argument passionalparament ie argument
S : -- O



"Ptaddscs .
- Goren )

s vs

diners ..RS

I,ms?add_s④#
.



Feature Call Arguments: Client

   sms.add_s (rs)    sms.add_rs (s1)

-

s .

.
.

. .



Polymorphic Collection

n.
cs.
pr.

RESIDENT_S.

n.
cs.
dr.

NON_RESI_S.

ss
    SMS

IEEEO



Feature Call Return Values

Possible DT 
of Result?

n.
cs.
pr.

RESIDENT_S.

n.
cs.
dr.

NON_RESI_S.

ss
    SMS

°

.

O
- BA

ne ⇒e'

i÷÷÷
te⇒

④
¥Eii¥*¥¥



ft
O

'¥÷÷÷:÷÷÷÷.✓
• spy

oks compiles
*:*::*:* .

¥
.
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- Lab4 extended until 11am on Monday 
- TA Hours: 9:30 to 11:30 on Thursday 
- Office hours today shifted: 1pm to 3pm on 
Friday
    * Lab4
    * Labtest2
    * Exam

O e
-I
-

⇒
=

me



State Transition Diagram

State Transition Table
Finite State Machine (FSM)

shiner""
"



Design of a Reservation System: First Attempt

.wavw⇒h¥iii= → ex"

Tzexited" a
0 ¥32 pstay& while f

TE se.no#:::ie .



Design of a Reservation System: Second Attempt (1)

State Transition Table 2D Array Implementation

Examples:
transition(3, 2)
transition(3, 3)

e-
I 08%" transition :dRRA¥oD
transition(3. 3) →④ gansevoort ,"

@
"
④

•

¥.

x
xx



A Top-Down & Hierarchical Design

Design of a Reservation System: Second Attempt (2)

T.tn#e:::::::::s
÷
.



Design of a Reservation System: Second Attempt (3)

I -

÷.



Design of a Reservation System: Second Attempt (4)

#µ pattern of ¥99191 sea. Ctemplate)
"



add state 7
.

delete state 2
.

display@C.cs : INT) e¥cs : INT)
de de
tf CS -- I then I CS -- I then

[/eke¥fzenaI
diet! Cs -- b ther dsieftq.es -- b the

end eIeif.es -

- 7 the end I a-7 thee
at adc



Design of a Reservation System: Second Attempt (5)

LOT



class 
   STUDENT
create
   make
feature -- attribures
   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
      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 then MAX := 6
      elseif kind = 2 then MAX := 4 
      end
      if courses.count = MAX then -- Error
      else courses.extend (c)
      end
   end

2nd Design Attempt



Moving from Top-Down Design to OO Design

current_state: STATE
current_state.execute_session

current_state: INTEGER
execute_session(current_stste)

Top-Down

Object-Oriented

-

←

¥¥e¥¥¥¥¥¥T
→W
.?¥g.



State Pattern: Architecture
.

thine supplier ¥¥¥¥:¥s
class

.

App
state : STATEd#

a 00



TEMPLATE

State Pattern: State Module

sIE@dieIFtIqOzzEEmiemerea.a¥¥⇒¥⇒**÷÷÷i÷
iii. ¥⇒: n:

is
I

@FTTFEnsuas.n.¥¥¥



template

0

implead ,#→ deferred.

Ed

÷display



State Pattern: Test

D

rife¥¥i÷÷÷:÷. →
is:÷÷÷÷¥¥¥¥. 000
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Moving from Top-Down Design to OO Design

current_state: STATE
current_state.execute_session

current_state: INTEGER
execute_session(current_stste)

Top-Down

Object-Oriented
'

LEE



State Pattern: Architecture

O



TEMPLATE

State Pattern: State Module
→ •

9 .

Tea

*⇒

""



State Pattern: Application Module

To



State Pattern: Test
-

a
o ⇒ Be

⑤
. O±¥¥o⇐i÷

¥E#=EEd÷¥¥¥ 97*5
STATE →

0 ⑧



State Pattern: Interactive Session
I

↳ D.B
.
: depending on thenee PII: I;! of ex¥l!led.



Polymorphism
. exp.
..

%E7fgnnpp.ve
:= ⇒

1. 1
Ample? ST: ? ST:?④

cendant of



¥
-i



Interactive System: Top-Down Design vs. OO Design

current_state: STATE
current_state.execute_session

current_state: INTEGER
execute_session(current_stste)

Top-Down

Object-OrientedTia



µ .

I .
limited to

interface .

class c
extends a
#

eh!!; implement
Inherited

④ ⑧
e¥*¥# ④
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Multiple Inheritance: Example

I
-

J
"h there

• Is a



psupermandassMukipleInh@ac.e"

÷÷÷÷÷÷÷÷:÷÷÷÷÷:*::÷÷÷:÷÷÷÷::÷÷⇒
to 'dinned:÷
t¥



Multiple Inheritance: Exercise
-

⇒
.
.

.

D8



Multiple Inheritance: Name Clashes
-

a O O
a

h
.

class

a

tfar
B



• a

too→④§ too→zo⑧

D U ② X
o
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First Design Attempt

ch: CHASIS
crd: VIDEO_CARD
d: DISK
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)

7¥. ¥a00•.BEFIT

vrgairsaedIFEtF.eE@cabj.caBNEI

ooo oPO""" a→F¥Ea⇒
-

Ed-7k¥ E. addicted) .



potato
deferred class EauIPM-÷i÷*E

"

"÷:*

Supplier name Sutphen type
EdoIF

"
"er

TD.www.a.sii.IT4
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First Design Attempt

ch: CHASIS
crd: VIDEO_CARD
d: DISK
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)

ME

¥n*⇒&
rear

adgdd-child Cd)-



Second Design Attempt

ch: CHASIS
crd: VIDEO_CARD
d: DISK
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)
crd.add_child(d)

Single choice÷÷÷÷:
SEE:÷¥:÷EIacaa,
-c.o.EIV.CM#QXotP9adIohdad.eYaagfpEdes¥'oi



Fauci fnglechoaepr.nu#
- - violation⇒ change'm.it?pYeplaces-auudeo.
-

° onward;¥iiiY¥"⇒÷¥⇐¥÷÷÷:÷÷¥Ha .

'

*⇒?÷÷÷
in:&:& :&:

":b:¥ : ::*
. ÷ii:÷÷"
s¥¥



ch: CHASIS
crd: VIDEO_CARD
d: DISK
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)
crd.add_child(d)

The Composite Pattern: Architecture

⇒ I t.me
so " it

see.

DO

#egg is ample
?



ch: CHASIS
crd: VIDEO_CARD
d: DISK
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)
crd.add_child(d)

Why is COMPOSITE a separate class?

The Composite Pattern: Architecture
- o

#÷÷÷÷÷÷÷÷÷÷÷.



The Composite Pattern: Architecture

COMPOSITE class is reusable by instances of the composite pattern.

-

-
→ gamera instantiated for itsalias'¥Iem to

generic.¥±¥¥¥EoEE¥%.
' " ⇒

C)O '
→add-child C)cc :⇐¥EEo.ae#ELEeoIE3tk7nhEiItbuposi.-itEtor.3



templated
?

ft
→

effect
.ie/-mplemen-ed .

⇒ a

t.÷i⇒¥÷÷÷÷:
create { 133 obj . make
obj - f

beat { C } obj . make
=

=

off versionBIE g
version C
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The Composite Pattern: Implementation

a
¥⇒
⇒⇒¥es .¥¥?E



Testing the Composite Pattern

TE
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The Composite Pattern: Architecture
-

e-

e
or"

'

②
e.pal
y

'
⇒

c. price / l l
'

④at'⑤¥



Testing the Composite Pattern

TO!.¥E#ii.
bus-



→
Runtime (± graph)

o uha.it#.ndhEih
*::*:

A d. e :

HT¥favara⇐ .
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. is. arm.

"

a:ha¥¥¥¥E÷÷I¥¥da÷i¥n
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object -comparison

to net children.④④ Current )
a ListEEOIIPI

→
EauIP .

② across children I ④

Had a.me ④D
def

is
not
redefined

it
-

others arent ftp.ff?a..aganea#not
ref -



Design of Language Structure: Composite Pattern

Q: How do you construct a composite object representing “341 + 2”?

⑧

⇐

LET



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

Structure

Operations evaluate
print_prefix
print_postfix
type_check

#

"I
" o¥E¥Ek¥¥he÷:¥,
" n

'
'¥i¥÷÷÷÷i÷÷÷¥÷÷÷÷÷.

ID As the # of ops T

-w@ do we violate anypd.nq.ie"?



openldosedt.hn
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":i:÷::nm:::::* ie::&it::* ..
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Design of a Language Application: Open-Closed Principle

Structure

Operations evaluate
print_prefix
print_postfix
type_check

Structure Operations
Alternative 1
Alternative 2

Open
Open
Closed

Closed

-

i⇒¥÷±÷÷¥



Design of a Language Application: Open-Closed Principle

Structure

Operations evaluate
print_prefix
print_postfix
type_check

Structure Operations
Alternative 1
Alternative 2

Open
Open
Closed

Closed

-

i@
¥¥¥#



apply-

vsiatIGpQCmy_applreooiIatE.s.yguae.iYoed@do.D
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How to Use Visitors

Visitor Design Pattern: ArchitectureI at@-i. What -f- addingmultiplication?
O ¥0 2- whaatddfg

VISITOR code-gen ?

⑧towmauydesedmnydpasf.tn#srIaIhIIwee .
→How many rtDtcommands in VISB?

↳ how many effect.ve/tmplemmeed
language
,:p:p.

I
can Isay:Hvdl
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Design of a Language Application: Open-Closed Principle

Structure

Operations evaluate
print_prefix
print_postfix
type_check

Structure Operations
Alternative 1
Alternative 2

Open
Open
Closed

Closed
o.EE#iEiEEs



How to Use Visitors

Visitor Design Pattern: Architecture
Fedie)

'tent ftp.III?aEfIhdtlY:i,

¥Effiesignified quake
.

. STRING&value :Booted"" ÷⇒⇒¥
V . D

,
or ② , or③ which version to call at B.T

depends on the D.T. of Visitor

for each descendant
← O- of VISITOR

,
the*⇒÷÷÷¥÷÷÷÷÷÷÷: ÷÷¥÷¥÷:.



Eiffel (no feature overloading
visit
-
constant ( GNSTAN)

visit - addition ( ADDITION)

Java ( supports method
overloading)

→
visitfoseant (Gustav)

② Visit ( Constant c )
visit Addition ( Addition) Visit (Addition a)



Visitor Design Pattern: Implementation

Visualizing Line 4 to Line 6

•E¥→
add→E¥

n -Eit a -1¥ .



" iii.not"
"

add→④ How
do we

evaluate

⑨
.

addition ft ← Here:÷g! -na
ie" combine.fi:

"

using

Lateef ,
eatght

:

Ertw#÷÷÷÷÷÷÷÷:÷÷:÷÷÷÷÷÷:÷÷÷÷÷:¥¥::÷÷÷i..



Executing Composite and Visitor Patterns at Runtime

Tracing add.accept(v)
Double Dispatch

ADDITION
right
left

CONSTANT
value 1

CONSTANT
value 2

c1 c2

add

v
EVALUATOR

value

i¥O¥
②②Ddd.accept

↳ din . bind .

↳ and despair:*
.
.

em . .
TITI:p:* his "area

' E DT of vadcsdtuw . i , visit- add ↳ execute : v.ve#addcadId.

Exercise
. Explain "

.¥¥i÷¥⇒.

Explain 17.17
.

for - .

⇒-- ed



Visitor Pattern: Open-Closed and Single-Choice Principles

What if a new language construct is added?

If the visitor pattern is adopted, what should be closed?

#

closet opens

VIII. cnn.fkt.T.IT

a @ a
visit-MT visit-Mt niet-wit

t Imu
?"s.ci.

www.T#edoTedpaeX
t -2

↳
language structure



Visitor Pattern: Open-Closed and Single-Choice Principles

What if a new language operation is added?

If the visitor pattern is adopted, what should be open?

#

closed oped

0

⇒

¥¥i¥÷code -gen .

s s.c.P
↳

↳ operation .



Weather Station: 1st Design
-

chats

supplier

a
I C
"E- IP
①dea and a# ma#

be geographically distributed .

I
when "display" is invoked , retrieve data (which m¥Ya¥



- Event -Driver Resign
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Weather Station: 1st Design↳ one -directing!,
supplier

##End →
=

=



Weather Station: 
1st Implementation

d. whenever we 00
- update, -42 I

hTa"Ydesatbuted
...

remote procedural , .
←

"I

µ
÷::¥e¥oh¥'t:*.÷÷⇒



Weather Station: 
Testing 1st Design

WEATHER_DATA
temperature
pressure
humidity

wd
FORECAST

weather_data
fd

STATISTICS
weather_data

sd

CURRENT_CONDITION
weather_data

cc

-

A

-

-

-wd¥¥÷÷÷:÷÷÷÷÷÷÷
€

" a
-

renin:c: O



1st design
app's update may be unnecessary
( if they retrieve the same value)

M2nd¥gn ( observer pattern) .
④ ④ let all apps be phased on updating

only when there's a change on the weather data
well weather invoke updates on apps



The Observer Pattern
hfobs

:
OBSERVER)

#Wd pp

I
'⇒

- -#
→IT .

E sn

"b sub . ate

"gate
-'

tempo



Observer Pattern: Application to Weather Station

To
→

O
'gy
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Weather Station: Subject
-

Rpc is still necessary -2

when notify
TS called on

call Tepdatpdyfmorphic STEERER
.

÷÷i:g .

:S:*:¥÷a
Dynamic binding

.
.

e.g. obey
has d.t

.

a.new.fi#IfIIeiI



Weather Station: Observers



Weather Station: Testing the Observer Pattern

WEATHER_DATA
temperature
pressure
humidity
observers

wd
FORECAST

weather_data
fd

STATISTICS
weather_data

sd

CURRENT_CONDITION
weather_data

cc

g-
T-aaostwdsot.SI:Ys¥a

n.iq#daYci5h →- ⇐ a

i:¥¥¥¥a¥e¥.
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Assertions: Weak vs. Strong

x > 3

x > 4

→ e O°

④
÷
.. .



runtime I class
on .

⇐⇒÷÷÷:÷:÷¥:
wtf object which class invariant is stronger ? ID,

sea. ⇒ o

.
?



Assertions: Preconditions

withdraw_v1(amount: INTEGER)
    require 
      P1: amount > 0

withdraw_v2(amount: INTEGER)
    require 
      P2: amount ≥ 0
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Assertions: Postconditions

f1(i: INTEGER): BOOLEAN
    ensure 
      Q1: Result = (i > 0) ∨ (i mod 2 = 0)

f2(i: INTEGER): BOOLEAN
    ensure 
      Q2: Result = (i > 0) ∧ (i mod 2 = 0)
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Program Correctness: Example (1)
⑧

i⇒⇒¥÷÷÷÷÷÷¥÷÷:÷÷÷÷÷÷÷÷÷÷÷¥:

Bl@TfOtgYIadion.tneposeaIdonsiatisf.L
> not correct
=.



Program Correctness: Example (2)
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Hoare Triple as a Predicate
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Program Correctness: Revisiting Example (1)
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Program Correctness: Revisiting Example (2)
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Rules of Weakest Precondition: Assignment
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Correctness of Programs: Assignment (1)
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Hoare Triple as a Predicate
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Program Correctness: Revisiting Example (1)
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Correctness of Programs: Assignment (2)
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Rules of Weakest Precondition: Conditionals

wp(if B then S1 else S2 end, R)
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Rules of Weakest Precondition: Conditionals

wp(if B then S1 else S2 end, R)

Consider:

vs. ??

wp(if y > 0 then x := x + 1 else x := x - 1 end, x >= 0)

   B ⇒ wp(S1, R)
   ∨ 
 ¬B ⇒ wp(S2, R)

   B ⇒ wp(S1, R)
   ∧ 
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Rules of Weakest Precondition: Summary
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Correctness of Programs: Conditionals
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Correctness of Programs: Sequential Composition

#
Dstepl : Calculate wpltmp :=XsXy, ymp, KY)
thou

-

-

Tdef
. of up for s }

② True ⇒ fix up limp :-X } #Cx :
-iffy:mps→)

= {identity of ⇒3 -- { def. of Wp for s }
-

(E) wpltmpxgwplxf.wpcgi-tmp.x.gl)
4-

-

- { def . of up for : =3
-

main:!! genies PD

¥¥¥Ei¥÷.ge#.Yoiehti:EitI*h:..s



Loops: Eiffel vs. Java
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Contracts of Loops

Syntax Runtime Checks

⑧

÷i÷÷Ofateaeke!:is¥v.v.@
=

q@onedcedthtaefTYetamedgf.eqq.eeon .



Contracts of Loops: Example

Runtime ChecksSyntax
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Contracts of Loops: Violations

Runtime ChecksSyntax

exit condition: i > 0
invariant: 1 <= i <= 5
variant: 5 - i



Contracts of Loops: Visualization
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