EELS231|
Loriope  “Ves164

Lerriod A Fau Qolf

TR,
Jute laog



[etore L
THUREDA(  SEPTEMBER. &



@O

use of preconditions, postconditions, class invariants, as well as loop variants and
invariants.

Implement specifications with designs that are correct, efficient, and

maintainable.

CLO

Develop systematic approaches to organizing, writing, testing, and de-

bugging software.

Cro4

Develop insight into the process of moving from an ambiguous problem

statement to a well-designed solution.

Design software using appropriate abstractions, modularity, information
. -
and design patterns. T e
lesign patterns.

CLO6

Develop facility in the use of @ editing, organizing, writing,
debugging, documenting designs, and the ability to deploy the software in an

Cron

executable form.
Write precise and concise software documentation that also describes the
design decisions and why they were made.

~
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class Microwave {
private boolean on;
private boolean Iocked;
void power() {on = true;}

void Jaek () {locked = true; Object obj =< E0i |
voibject SCUELy L . r ck () ;] |
/ * oA pe: on && locked x/ | : "o‘f ﬂ/bf

[
| class MicrowaveUser ({
| public“static void main(...) i

Microwave = Microwaye () ;

/* stuff not explosive. */

¥ 9
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eful in Guiding System Development?

- A consale gpplication.

- Keep ent name$ rando until_done.

Enter a name,
b exists!
Enter a name,

upplier's Ifiplementation Strategy ¢ exists!

Enter a name,

- Stofe names in array. j) d exists!

Enter a name, or °

- Upon an inquiry: Binary Search, e exists!

JR—. Enter a name, or °

f does not exist!

Enter a name, or °

g does not exist!

Enter a name, or °

start
start
start
start
start
start
stop
stop
stop
stop
stop
stop
stop

stop

inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:
inquiring:

inquiring:

inquiring:

inquiring:



Version 1: Wrong Implementation, No Contracts

cl. r
DATABAS 1

create cl. e
make UTILITIE9 V1
feature -- Constructor c S create &\
% default_create '

‘n’ exist in the database?

<) add_name (n: STRING_8) o p\P
-- Add "'n’ to database. @eamrc —=.RBipary Search / M
@‘: SIRING, 95 BEOOLEA search (a/ARRAY [STRING_8]; a_name: STRING_8): BOOLEAN
- 1
end --

9make ass UTILITIES_V1
-- Create an empty database.

end -- class DATABASE_V1

- Data array in DATABASE ’r sorted.

- Binary search in UTILITIES oes not require a sorted input array.
)When user enters names in an unsorted order, output is wrong.
jBu’r no contract violation!

- A bad design is when something goes wrong, ’rhere@ blame.




Version 1: User Interaction Session

name, or “done’ start inquiring:
name, or “done’ start inquiring:
name, or “done’ start inquiring:
name, or “done’ start inquiring:
name, or “done’ start inquiring:
name, or “done’ start inquiring:
a b

name, or "quit’ stop inquiring:

a does not exist!

Enter a name, or "quit’ stop inquiring:

b does not exist!

Enter a name, or “quit’ stop inquiring:

c does not exist!

Enter a name, or "quit’ stop inquiring:

d exists!

Enter a name, or "quit’ stop inquiring:

e does not exist!

Enter a name, or "quit’ stop inquiring:

f does not exist!

Enter a name, or "quit’ stop inquiring:

g does not exist!

Enter a name, or "quit’ stop inquiring:

Qa0 9 9 9 QO Q9




Version 2: Wrong Implementation, Proper Precondition

create
make

DA U
cla terface .
DATABASE V2 A class interface
- O( UTILITIES_V2
create

default_create
feagture -- Constructor

add_name (n: STRING_S8)
-- Add__n.

data_exists (n: STRING_8): BOOLEAN rray_sorted: across
-- Does "'n’ exist in the database? a.lower |..| (a.upper - 1) i
all

make alil<ali+1]
-- Create an empty database. d

end -- class DATABASE_V2 end -- class UTILTTIES_V2

- 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.



Version 2: User Interaction Session

a name, or “done’ start inquiring:
a nhame, or “done” start inquiring:
a name, or “done” start inquiring:
a nhame, or “done’ start inquiring:
a name, or “done’ start inquiring:
a name, or “done’ start inquiring:
d a b

a name, or “quit’ to stop inquiring: a

why-dbc-useful: system execution failed.
Following is the set of recorded exceptions:

3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k %k ok %k %k %k *k %k Thread exception 3k 3k 3k ok 3k ok 3k 3k 3k 3k 3k 3k 3k ok 3k 3k 3k ok 3k ok 3k 3k %k % %k %k %k k %k

In thread Root thread 0x0 (thread id)

3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k ok 3k 3k 3k 3k 3k 5k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k 3k 3k 3k 3k ok 3k 3k %k %k 3k %k 3k 3k 5%k 3k %k %k %k %k %k %k k %k

UTILITIES_V2 array_sorted:
<000000010EFFOFB8> Precondition violated.

DATABASE_V2
<000000010EFEFDF8>




Version 3: Fixed Implementation, Proper Precondition

class interface
UTILITIES_V3

create
default_create

class interface
DATABASE_V3

create

feature -- Binary Search

add_name (n: STRING_S8) : : . .
& e S R b SR, d sea:recilhu’gra. ARRAY [STRING_8]; a_name: STRING_8): BOOLEAN
data_exists (n: STRING_8): BOOLEAN ray_sorted: across L
-- Does 'n’ exist in the database? ”a.lower |-.] (a.upper - 1) is
a
alil<ali+1]

-- Create an empty database. end

end -- class UTILITIES_V3

end -- class DATABASE_V3

0c

~ Dafa 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.




Version 3: User Interaction Session

Enter
Enter

“done” to
“done” to

inquiring:
inquiring:

“done” to
“done” to
“done” to
“done”

inquiring:
inquiring:
inquiring:
inquiring:

Enter
Enter
Enter
Enter

a b
Enter a
a exists!
Enter a name, or “quit’

b exists!

Enter a name, or "quit’

Cc exists!

Enter a name, or "quit’

d exists!

Enter a name, or “quit’

e exists!

Enter a name, or "quit’

f does not exist!

Enter a name, or “quit’ to
g does not exist!

Enter a name, or "quit’ to

‘quit” inquiring:
inquiring:
inquiring:
inquiring:
inquiring:

inquiring:

inquiring:

inquiring:
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REQ1 | Each account is associated with the.name.of its owner
(e.g., "Jim") and an integer balance that is always positive.

REQ2 | We may withdraw an integ@r amount from an account.

— —_—
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public class AccountV1 {

private String owner;

private int balance;

public String getOwner () { return owner; }

public int getBalance() { return balance;_)z>

public AccountVl (String owner, int bedaaec) |
this.owner = owner; this.balance = balance;

S e

public void withdraw(int amewssd) |
:j>this.balance = this.balance - amount;
}

public String toString() {
return owner + "’s current balance is: " + balance;

}
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public class BankAppVI1 {

AccountVl alan = new AccountVl ("Alan",

4

[
‘ public static void main(String[] args) {
‘ System.out.println(alan);

1
System.out.println("Create an account for an with balance —10:L);
(—10> |

Console Output:

Create an account for Alan with balance -10:

Alan’s current balance is: -10
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[

|public class BankAppV1 {

public static void main(String[] args) {
System.out.println("Create an account for Mark with balance 100:7);
AccountVl mark = new AccountVIi("Mark", 100);
System.out.println(mark) ;
System.out.prin Lijthdraw -1000000 from Mark’s account:");
mark. withdraw{-1000000)); |
System.out.println(mark) ;

Create an account for Mark with balance 100:
Mark’s current balance is: 100

Withdraw -1000000 from Mark’s account:
Mark’s current balance is: 1000100
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[

|public class BankAppV1 {

public static void main(String[] args) {
System.out.println("Create an account for Tom with balance 100:"
AccountVl tom = new AccountVI1("Tom", LQQL;
System.out.println(tom);
System.out.println("Withdraw 150 from Tom’s account:");
tom. withdraw(1320) ;
System.out.println(tom);

Create an account for Tom with balance 100:
Tom’ s current balance is: 100

Withdraw 150 from Tom’s account:
Tom’ s current balance igf
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public class AccountV2 { Y (7]

public AccountV2(String owner, int be=mm=c) throws

BalanceNegativeException

{ -
if ((besmmee < 0) { /* negated precondition x/
=) throw new BalanceNegativeException(); }

else { this.owner = owner; this.balance = balance;

} /o
public void withdraw(int amew=smt) throws

WithdrgﬁAmountNegativeException, WithdrawAmount TooLargeExceptio

if (amount < 0) { /* [ocdcdee————10n */
O . . 3
thro hd AmountNegativeException(); }
else if ( balance < amount|) { /* negated precondition =/

throw new WithdrawAmountTooLargeException();
else { this.balance = this.balance - amount;

}

}

}

}

n
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|public class BankAppVZ2 {

public static void main(String[] args) {
System.out.println("Create an account for Alan with balance -10:
try {

| AccountV2 alan = new AccountVZ2("Alan",\-10) ;
System.out.println(alan);

}

| catch ( BalanceNegativeException bne) {

System.out.println("Illegal negative account balance.");

}

Create an account for Alan with balance -10:
Illegal negative account balance.
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]public class BankAppV2 {

public static void main(String([] args) {

System.out.println("Create an account for Mark with balance 100:

try {
AccountV2 mark = new AccountV2("Mark", 100);
System.out.println(mark);
System.out.println("Withdraw -1000000 from Mark’s account:");
mark. withdraw (-1000000) ;
System.out.println(mark);

}

catch (BalanceNegativeException bne) {
System.out.println("Illegal negative account balance.");

}

catch ( WithdrawAmountNegativeException wane) {
System.out.println("Illegal negative withdraw amount.");

}

catch (WithdrawAmountTooLargeException wane) |
System.out.println("Illegal too large withdraw amount.");

}

Console Output:

Bodk Asours @ Jain, - Uosit 2 &ztzgua (2 <0°‘“Y“ﬁ JosohF)

) ;

Create an account for Mark with balance 100:
Mark’s current balance is: 100

Withdraw -1000000 from Mark’s account:
Illegal negative withdraw amount.
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|public class BankA22V2 {

public static void main(String[] args) {

System.out.println("Create an account for Tom with balance 100:

try {
AccountV2 tom =@ccountV2("Tom", 100);
Sm.println tom) ;
System. intln("Withdraw 150 from Tom’s account:");

tom. ithdra SN ;
System.out.println(tom);

-—}

catch (BalanceNegativeException bne) {
System.out.println("Illegal negative account balance.");

}

catch (WithdrawAmountNegativeException wane) {
System.out.println("Illegal negative withdraw amount.");

}

catch ( WithdrawAmountTooLargeException wane) {
System.out.println("Illegal too large withdraw amount.");

}

"

"
Console Output:

Tom’s current balance is: 100
Withdraw 150 from Tom’s account:
Illegal too large withdraw amount.

Create an account for Tom with balance 100:
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prec

throws

WithdrawAmount TooLargeExceptidn {|

o)

}

Cuppton

}

}

1 |public class AccountV2 {

2 public AccountV2(String owner, int balance)

3 BalanceNegativeException

4 {

5 f( balance < 0) { /* negated preconditi

6 throw new BalanceNegativeException(); }

V4 else { this.owner = owner; this.balance = balance; }

8 }

9 public void withdraw(int aesesssy) throws

10 WithdrawAmountNegatiVeException,

11 if(lamount < 0) { /* negated p

12 throw new Wdraw}u?w\legatlvelixceptlon()

13_9else if ( oo < e ) { /+ negat
O

14 hrow new WithdrawAmountTooLargeException();

15 else { this.balance = this.balance - amount;

16 }

. Each account is associated with the
always positive.

REQ1
(e.g., "Jim") and an integer balance th

forsole Qi

Create an account for Jim with balance 100:

Jim’s current balance is: 100
Withdraw 100 from Jim’s ac

Jim’s current balance i 0

ne:

OCONOAPRARWN—-0OOONOU hWN =

I
|pub1ic class BankAppV2 {

public static void main(String[] args) {
System.out.println("Create an account for Jim with balance 100:"
new AccountV2("Jim"

try {
AccountV2 jim = ,.
System.out.println(jim);
System.out.pr] "Withdraw 100 from Jim’s account:");
jim. withdrawEOO) ll

System.out.println
}
catch (BalanceNegativeException bne) |
System.out.println("Illegal negative account balance.");
}
catch (WithdrawAmountNegativeException wane) {
System.out.println("Illegal negative withdraw amount.");
}
catch
System.out.println("
}

jim);

(WithdrawAmount TooLargeException wane) {
Illegal too large withdraw amount.");
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public class AccountV3 {
public AccountV3(String owner, int balance) throws
BalanceNegativeException
{
if (balance < 0) { /* negated precondition =*/
throw new Ba : T
is.owner = owner; this.balance = balance; }

assert this.getBalance() > 0 : "Invariant: positive balance

(=
public void withdraw(int amessss) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidn

if (amount < 0) { /* negated precondition */
throw new WithdrawAmountNegativeException(); }
else if (balance < amounl)eddideizogatocd precondition #*/

thro 1thdrawAmountTooLargeException(); }
e { this.balance = this.balance - amount; }

ssert this.getBalance() > 0 : "Invariant: positive bala 5

V7dePS \5\(747? ~hotte 7’7\70(; 20 .
l
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|
1 |public class BankAppV3 { |
2 public static void main(String[] args) {
3 System.out.println("Create an account for Jim with balance 100:"];
4 try { AccountV3 jim = new AccountVB("Jhn"( 100);
5 System.out.println(jim) ;
6 System.out.println("Withdraw 100 from Jim’s account:");
7 | jim. withdraw(&OO); |
8 System.out.prin®ln(jim); }
9 /' catch statements same as this previous slide:
0 Version 2: Why Still Not a Good Design? (2.1) +

Create an account for Jim with balance 100:
Jim’s current balance is: 100
Withdraw 100 from Jim’s account:
Exception in thread "main"
java.lang.AssertionError: Invariant: positive balance
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public class AccountV3 {
public void withdraw(int amount) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptig
if ( amount < 0 ) {
throw new WithdrawAmountNegativeException();

+ negated precondition x/
else if ( balance < amount ) ({

throw
else {

}

/+* negated precondition x*/
wWithdrawAmountIgaolLargeException () ; } ‘Jwif»
this.balance = this.balancei amount;ﬁ ‘17;,

|

assert this.getBalanc > @ 5
[ -

na/[ry
Nl’@/\ AM/\{? 7 vedther' v

—

"Invariant: positive balance";

Al g79°4 o 8y s0,-
L vor w0 |ade,
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— —

Bodk Loouns 7 ur: Upsh b (1 2 ler D

O O oOoONOOGOa PN —

oN ’\\

ff

public class AccountV4 {
public void withdraw(int amount) throws

{ if (amount < 0) { /* negated precondition */
throw new WithdrawAmountNegativeException();
else if (balance < amount) { /* negated preco
throw new WithdrawAmountTooLargeException();
else { /+* WRONT IMPLEMENTATIO /

| this.balance = this.balanc
assert this.getBalance() > 0
owner + "Invariant: positive balance"; }

}

ndition x*/

}

WithdrawAmountNegativeException, WithdrawAmountTooLargeException

/
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Create an account for Jeremy with balance 100:

Jeremy’s current balance is: 100
Withdraw 50 from Jeremy’s account:
Jeremy’s current balance i 150

[
1 |public class BankAppV4 {
2 public static void main(String[] args) {
3 System.out.println("Create an account for Jeremy balance 10
4 try { AccountV4 Jjeremy = new AccountV4("Jeremy 100)
5 System.out.println(jeremy) ;
6 System.out.printlp("Withdraw 50 from Jeremy’s account:");
7 | jeremy. withdra ;
8 System.out.printI( jeremy); }
9 x catch statements same as this previous slide:
0 + Version 2: Wi till Not Good Desig (2.1)




Precondition & Postcondition Exercise b/ 3

change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
- - Change index "i” in array "a’ to string ns’
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public class AccountV5 {

1
2 publlc void withdraw (int amawﬁﬁ throws
/Eib tNegativeException, WithdrawAmountTooLargeExceptidn {

this.balance;

1L (
throw new WithdrawAmountNegativeException(); }

else if (balance < amount) { /* negated precondition x/
throw new WithdrawAmountTooLargeException(); }

else { this.balance = this.balance amount; }

assert this.getBalance() > U T oITrvessere—pPT=itive balance";

| assert(Ehis.getBalance())== olnglgncg - qmgung : |

| "Postcondifion: balance deducted"; |

)

- v ~ 4 4 'l y
nedgacca preconaition */

N = OO O >

— —
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|public class BankAppV5

public static void main(String[] args) {
System.out.println("Create an account for Jeremy with balance 10
try { AccountV5 jeremy = new AccountV5("Jeremy", 100);
System.out.println(jeremy) ;
System.out.println("Withdraw 50 from Jeremy’s account:");
| jeremy. withdraw (50) ;
System.out.println(jeremy); }

/ o~ . fAmAanta aame . RS SR (O (T
/* catcn statements same as trtIil1lS previous slide:

, O+ 4717 T~ 4 A Naed rerm D P 1 /
] Still Not a Good eSS 1O : (MA) * /

Create an account for Jeremy with balance 100:
Jeremy’s current balance is: 100
Withdraw 50 from Jeremy’s account:
Exception in thread "main"
java.lang.AssertionError: Postcondition: balance deducted
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Design by Contract in Java

public static void main(String[] args) {
System.out.println("Create an account for Jim with balance 100:"
try {

AccountV2 3jim = new AccountV2("Jim", 100);

System.out.println(jim);

System.out.println("Withdraw 100 from Jim’s account:");

jim. withdraw(100) ;

System.out.println(jim);

(BalanceNegativeException bne) {
v.out.println("Illegal negative account balance.");

ithdrawAmountNegativeException wane) {
p.out.printin("Illegal negative withdraw amount.");

WithdrawAmount TooLargeException wane) {
em.out.println("Illegal too large withdraw amount."

)i

¥CccountV5 {
public void withdraw(int amount) throws
WithdrawAmountNegativeExceptsen, WithdrawAmountTooLargeExceptic
iut oldBalance = this.balance;
mount < 0) { ] 1 ]
W WithdrawAmountNegatlveExceptlon()

elgﬁgigl}ﬂalance < amount) 1 " ] 1 p1

new WithdrawAmountTooLargeException();

else~ft—this oo lamr= st —_—

assert this.getBalance() > 0 :"Invariant: positive balance";

assert this.getBalance() == oldBalance - amount :

"Postcondition: balance deducted”;



Design by Contract in Eiffel

Iﬂﬁ@vﬂt@« o)

cla€ ACCOUV
create

make
feature - Attribu
owner STRING
balance : INTEGER
feature Construct
make (nn: STRING; nb: INTEGER)
trequire pre i

tes

ors

ondition

positive_balance: nb > 0

feature - C

clasé ACCOUNT
creat

make
feature - ributes
owner STRING
balance : INTEGER
feature - C tructors

make (nn: STRING; nb: INTEGER)
require - p oy
positive_balance:(nb > 0

withdraw(amount: INTEGER) / ;

require RLeg

L4
Wn@amunt > 0
affordable_amount: #mount <= balance problematic

- ~OT +ion
con tion

ensure post dit3
balance_deducted: balance =

scondition
econaition

end

old balance - amount

end

invariant class invarlant

positive_balance:| balance > 0

do
owner := nn end
balance := nb
end
feature mmands /@/\.)
withqgaw(amount: INTEGER) b{m (
require - lition
non_negative_amount: amount > 0
affordable_amount: amount <= balance problematic
do
balance := balance - amount
Ensure postcondition
balance_deducted: balance = old balance - amount
end
invafiant cla invari
positive_balance: balance > 0
end




Runtime Monitoring of Contracts

% ua/ri/ ,79;1‘3[6\( At et o,qévr«;gj

@) pi-en” a0, pie Seap wsle »efm(//;‘%“

acc.balance = old acc.balance - a ami~aec.owner ~ ol

)- \\qcc.withdraw(a)

balance \\}--------- Il P N - NNarrrrrremnl e

not (account_inv) not (precond_withdraw) .

\
Class

Invariant
Violation

Precondition
Violation

not (precond_make)
call '
eate {Al a, n

— S R
~ .t

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




Precondition Violation: positive_balance

|o APPLICATION zleACCOUNT I Rl Call Stack SO
bank ACCOUNT make < & & O 5 ZspHoniperng
Feature RECONDITION_VIOLATION raised
!l? 3z @ 'F = o: avaA B : ature From Class
“lat view of feature “make' of class ACCOUNT > make . ACCOUNT 1
| ,_{9 make . APPLICATION 1
make (nn: STRING_8; nb: INTEGER_32)
= require
“3 = (positive_balancenb >¢ 0
do S
J owner = nn
2 balance := nb
2 end
class ACCOUNT
<\ create
\AH I.. make
16/ feature Attributes
owner STRING
balance INTEGER
feature onstr “i<7

(e

class BANK;A%E/,/
inherit

ARGUMENTS
create
make
feature —- Initialization
make
—-— Run application.
local
alan: ACCOUNT
do
-— A precondition violation with

—_—

end

9create {ACCOUNT} alan.make ("Alapl
nd

G

>make G u}a— INTEGER)
require precondition
nb > 0

positive_ balance
end - 7/

feature - Commands s,o
withdraw (amount: INTEGER)
require -- precondition
non_negative_amount: amount » 0
affordable_amount: amount <= balance problema
ensure postcondition
balance_deducted: balance = old balance - amount
end
invariant class invariant

positive_balance: balance > 0




pre ION: | |*appuicaton:|® account &b oo EevE
tatus = Implicit ion pending
. featire hasailsb bl diilel {non_negative_amount: JRECONDITION_VIOLATION raised)
non_negative_amouny |7 rx s xxavss P e o [rromams | o
 c— — Flat view of feature " withdraw' of class ACCOUNT > withdr KCCOUNT 1
- - - make - APPLICATION 2
\___ withdraw (amount: INTEGER_32)
require
& (non_negative_amount: amount >= 0)
2 affordable_amount: amount <= balance
do
2 balance := balance - amount
ensure
2 balance = old balance - amount
2 end
—
class ACCOUNT
create
é make
W feature - Attributes
owner : STRING
balance : INTEGER
c At/ feature Constructors
12 make (nn: STRING; nb: INTEGER)
require precondition
class BANK_APP positive_balance: nb > 0
inherit end
ARGUMENTS feature - Cc
create w1thdraw(a710unt: INTEGERV)
require ——- precondition
make = :
o ) ) non_negative_amount: amount » 0
feature -- Initialization affordable_amount: amount <= balance problema
make ensure postcondition
-— Run application. balance_deducted: balance = old balance - amount
local : , exid
invariant class invariant
mark: ACCOUNT positive_balance: balance > 0
do end
create {ACCOUNT} mark.make ("Mark", 100)
—-— A precondition violation with tag "nc
mark.withdraw(=1000000)
end
end




Precondition-Vetation:

aftordable_amount
\\____

Lo,

0 call Stack

L] |® APPLICATION ::| @ ACCOUNT

Foowewa

bank ACCOUNT withdraw 4 b ¥ O 7] iekus = Implicit exception pendi
‘aﬂordableiamnur\l PRECONDITION_VIOLATION raised

» .y = *»” .
HEEEEIETIE NI #| Infeature  [InCass  |FromClass | @
Flat view of feature " withdraw’ of class ACCOUNT —| > withdraw s ACCOUNT v

= - make < APPLICATION 2

withdraw (amount: INTEGER_32)
require
non_negative_amount: amount >= 0
(affordable_amount: amount <= balance)
)

d
balance := balance - amount =
ensure
balance = old balance - amount

[eXe)

end ﬂ:

class ACCOUNT

44#%“ createmake

feature Attributes
STRING
INTEGER

*uct

owner
balance
feature Const

Ape
ors

class BANK_APP
inherit
ARGUMENTS
create
make
feature - Initialization
make
—-— Run application.
local
tom: ACCOUNT
do

create {ACCOUNT} tom.make
-— A precondition violation with tag "

tom.withdraw(150)
end
end

("Tom!; 100)

make (nn: STRING; nb: INTEGER)
require -- precondition
positive_balance: nb > 0
end
feature - Co S
withdraw(amount: INTEGER)
require -- preconditior
non_negative_amount: amount 2 0
affordable_amount: amount <= balance
ensure postcond
balance_deducted: balance = old balance -

aLrtion

dLTION
end
invariant class invariant
positive_balance: balance > 0
end

problema

amount




Class Invariant Violation;

ositive__balance

\

B |0 APPLICATION z:l @ ACCOUNT |

,
ELdOdewarOR

Feature

bank ACCOUNT

_invariant 4> 20X

positive_balance: INVARIANT_VIOLATION raised o

end
end

H[X ez ez K94 2 £ s From Class |
Flat view of feature " _invariant' of class ACCOUNT > _invariant - ACCOUNT 0
withdraw » ACCOUNT 5
(positive_balance: balance > OJ make APPLICATION 2
class ACCOUNT
4A create
make
feature -- Attributes
owner STRING
balance INTEGER
[’1&/\{/ feature -- Constructors
make (nn: STRING; nb: INTEGER)
class BANK_APP require * rl‘;c\,\,ru\uﬁA,:J
inharit positive_balance: nb > 0
end
ARGUMENTS feature -- Co
create wi thdraw(amount INTEGER)
make require preco n
feature - Initialization non_negative_amount: amount » 0
make affordable_amount: amount <= balance problema
-— Run application. ensure —- postcondition
local balance_deducted: balance = old balance - amount
jim: ACCOUNT _ _ end v
do invariant - class invariant
. positive_balance: balance > 0
create {ACCOUNT} tom.make ("Jim", 100) end
jim.withdraw(100)
-— A class invariant violation with tag "positive_balance"




Postcondition Violation:

alance_deducte

® |o APPLICATION |o ACCOUNT zz]

a0

Feature

bank ACCOUNT withdraw < b & O i oaus = Implicit exception pendi
balance_deducted: POSTCONDITION_VIOLATION raised

Faoswewea

E]

; e 3z 3 T e 4 2
‘!E oo B o ._ “aHvan In Feature IIn Class IFrom Class I @
Flat view of feature "withdraw' of class ACCOUNT » withdraw  » ACCOUNT '
© affordable_amount: amount <= balance BN make . APPLICATION 12
do
o balance := balance + amount
en
s balance_deducted: balance = old balance - amount )
o end
class ACCOUNT
\A W create
make
feature \ttribute:
owner STRING
balance : INTEGER
st
C l@/lb feature onstructors
make (nn: STRING; nb: INTEGER)
class BANK_APP require preconditic
inherit ARGUMENTS positive_balance: nb > 0
create make end
feature —- Initialization feature, SEEEASS
withdraw(amount: INTEGER)
make require precondition
—— Run application. non_negative_amount: amount 2 0
local affordable_amount: amount <= balance problema
jeremy: ACCOUNT ensure postcondition
do balance_deducted: balance = old balance - amount
end
-— Faulty implementation of withdraw in ACCOU}jinvariant class invariant
—-— balance := balance + amount positive_balance: balance > 0
create {ACCOUNT} jeremy.make ("Jeremy", 100) end

jeremy.withdraw(150)
-— A postcondition violation with tag

end
end

"balance_deducted"”




Ut Moﬂ?éov?«éf op AWOCS

STATE:
attributes of
class A

P Y

Postcondition

y lass e
. C,( s Precondition
' Invariant - : = :
. : Violation Violation
; Violation
Il A
! not Qm
R call precond_make: execute
create {A} a.make(”.) --. Pm ,--. create {A} a.make(...)  --.
s YN EEEEEE LT SRR LR T PP >

postcond_make:
Qm



2 3 ¥
Precondition & Postcondition Exercise @ l |

»change_at (a: ARRAY[STRING];@INTEGER; ns; STRING)
- - Change index "i’ in array "a’ to string ns’
require
27

ensure
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= Initial situation: name ___“Almaviva’
landlord"
o loved_one 9 B3
“Figaro” [-“Susanna”
= Result of:
(] \

o7
“Susanna”

20 “Figaro”
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imp

old imp = imp -- Result |
"Jlm" 2

—_—

Resul

imp [@]
Result

—>across L [esl ZmpE. count is j
all imp [j] ~ old _imp

end —— Result :-

imp

old-™7

imp[1] imp[2] imp[3]

STRING STRING STRING




/,271714(«\4 A\a”ocm/\ OL@(‘PS 41010»\) Z;w £ M&er ZSE /we’ c}wapg

¢ N

@IS

Result : g ' —— Result = false
>lmp[@. i >

Result : /[ _ - L 17 O
across 1 |..| imp.count 15@ M}?U] r\/O’d K%j T

all imp [j] ~ old _imp [j ,,7;[2] ’bvla/ MP(?

AAd- ’“PDJO_MZUO

g—é ARRAY[ST | wa,’
0’0‘_ 704}7 /\;?‘ﬁ

imp[ imp[2] imp[3]

STRING STRING
> value value

end —— Result

L

STRING
value
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X 7

old_-imp :

Result := old 1 = imp ——- Result = false
qlmp L @ @

Result T =

across 1 |..| imp.count 1s<:} - T
all imp [j] ~ old_imp [7] 2]~ olo &F[z
end ——- Result = - F

STRING

STRING STRING
m “Alan” value, WK
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[7]

across 1 |..| iImp.count is J
en

¢

/  wap[a]
7 el e,

—— Result =

F1

— Result

ARRAY[STRING]

y i

p

v,

imp[Z]

gl 2 Moo Tg- lowl Mﬂ@es

i

STRING
value
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—— Result

Result : 7 (e —(_ZJ L 0(0(-—(
across 1 |..| imp.count is(j
all imp [j] ~ old imp [Jj] end —— Result

F\‘ ARRAY[STRING]

imp[2]

imp[1]
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Caching Values for old Expressions in Postconditions

énsure)(in context of BANK) )_lw ) /‘acllp ot }Z,the? |

e N )
@ (olda@ccounts[il). id J‘l’j‘;{ﬁ} AU / P :

ot

a
Id(accounts]i].twin .id'7L
— :

@ (old accounts)[i].id

g o | 23

P - R
O := aewd(ed. 70/
@ = Qlloumts [_-_E_]

—= Aﬂ&‘;. twn
él/\/ req€
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feature - Attributs
a: ARRAY[STR

class LINEAR CONTAINER
Aol — ﬂe ﬁé{’( A ?pr\)
NTEGER do Result := a.count end

create make
get A1i: INTEGER) STRING do Result := a[i] end

make do create a. make »_empty end
._ﬁate (i: INTEGER; v: STRING)

1 |..| count as @
all >

j.item /= i impliesfold |get m & get(j.item)
end T
nd

and __d AAVYQ"(\QPf(—' ('F()M)
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Programming Client-Supplier Relation

_——~ /‘/7&1‘

\

class TABASE,
feature (N implementation
data: ARRAY[STRING]

feature - Commands
add_name (nn: STRING)
Add name ‘'nn' to database.

require ... do ... ensure ... end

name_exists (n: STRING); BOOLEAN

Does name '‘n' exist 1in database?
require ...
logal <
A 7.
U UIILITIES £/
do . u end
invariant

end

class UTILITIES
feature - Queries
search (a: ARRAY[STRING]; n: STRING) :
—— Does name 'n' exist in array ‘a
require ... do ... ensure ... end

end

BOOLEAN

Vo

dito  Arrd [iwos )




Presenting CS Relation in Diagram: Approach 1

If STRING is to be emphasized, label is|data: ARRAY[...]

where ... denotes the supplier class STRING being pointed to.

’ ) datds) ARRAY )
DATABASE+ - =+
f
eature ¥
add_name+ (nn: STRING)
-- Add name ‘nn" into database.
require '-('—-(—
ensure
n,nn
name_existst (n: STRING): BOOLEAN
-- Does name 'n" exist?
require
4 )
ensure
UTILITIES+
invariant @ feature
( ( search+ (a: ARRAY[STRING]; n: STRING): BOOLEAN
\_ _J -- Does name “n" exist in array ‘a’?
require
ensure
\_ J




Presenting CS Relation in Diagram: Approach 2

If ARRAY is to be emphasized, label is |data |
The supplier's name should be complete: ARRAY [STRING]

[ (_pAtABASEX )"

feature (/
add name+ (nn: STRIN @‘

-- Add name ‘nn’ into database.
require

ensure

name_existst+ (n: STRING): BOOLEAN STRING
-- Does name 'n" exist?
require

®
o -

invariant

\— v,
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Caching Values for old Expressions in Postconditions

énsure)(in context of BANK) )_lw ) /‘acllp ot }Z,the? |

e N )
@ (olda@ccounts[il). id J‘l’j‘;{ﬁ} AU / P :

ot

a
Id(accounts]i].twin .id'7L
— :

@ (old accounts)[i].id

g o | 23

P - R
O := aewd(ed. 70/
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class BANK
create make

feature M[ MS albun? 7zt 00
accounts: ARRAY[ACCOUNT] All Ll O'J'fa//"’”

make do create accounts.make_empty end
account_of (n: STRING): ACCOUNT éhj >
require -- the input name exists —
existing: across accounts is _acc_some acc.owner ~ n end
—-— not (across accounts 1s acc all acc.owner /~ n end)
do ... ensure Result.owner ~ n end
add (n: STRING)
require -- the input name does not exist
non_existing: across accounts is acc all acc.owner /~ n end
—-— not (across accounts 1s acc some acc.owner ~ n end)
local new_account: ACCOUNT
do
create new_account.make (n)
accounts.force (new_account, accounts.upper + 1)
end
end

ACCOUNT

INTEGER)

deposit (a:
do
balance := balance + a
ensure
create balance = old balance + a
end

Vx: K- Hx)
=T ko

feature - Attributes is_equal (other: ACCOUNT): BOOLEAN

owner: STRING )
balance: INTEGER Result :=
owner ~ othe
feature - Commands and balance = othey”
make (n: STRING) end

end







Unit Test for All 5 Versions

class TEST BANK
test_bank_deposit_correct_imp incomplete_contract: BOOLEAN
local
b: BANK
do
comment ("tl: correct imp and incomplete contract")
_€>create b.make
o..a8d ("Bill™)

b.add ("Steve")
B T e ———

—— deposit 100 dollars to Steve’s account
b.deposit_onlvl) ("Steve", 100)
Result :=
b.account_of ("Bill") .balance =_0

and b.account_of("Steve") .balance € 100

check Result end
end
end




Version 1: Incomplete Contracts, Correct Implementation

N

b.depositCSteve’)(100)!
7 7
ACCOUNT

/Bill" owner “ Vt (
balance lance

@O{ ﬁr%.d,@(ﬂ) T a/ﬂd@ldass e (A+—STRIY INTEGE

ACCOUNT

deposit_on_vl +—STRING; a2
require across accounts is acc sgme acc.owner ~ n end

l (Q local i: INTEGER

P do
—//‘RJV/T \LS ~ from i := accounts.lower
( \ until i > accounts.upper

fﬁ\ loop
- [ /(»t 1 l/‘ if accounts[i].owner ~ n then accounts[i].deposit(a) end

ﬁ id =1+ 1
,é'\f’/] .{’[AW enesnure 7
0 Y e
0\\\ ‘.})JJ\G\ S ounts. count
(i

V\O

‘ Taccount_of(n))bala



Version 2: Incomplete Contracts, Wrong Implementation

b.deposit(«Steve”Qloo ;P

> BANK 0 1
b.accounts
- T,

ACCOUNT ACCOUNT
vV

balance balance

class BANK
deposit_on _v2 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end
local i: INTEGER

do ...
-— imp. of version 1, followed by a deposit into 1st account

_eyaccounts[accounts.lgwer] dep051t(a)

—_—
ensure
zfum of_accounts_unchanged:

ccounts.count —L_}d accounts. count[

balance_of_n_increased:
d Current.account of@ balancg\

old‘Current account_of (n balance &(:7 7{
0ygnd
(e0




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

b.depodif"Stev )
Y

BANK
b.accounts
accounts
b

/f\\ | 7 c dO(-—d(\CS - =
GClocmr]

A
0\ ACCOUNT ACCOUNT

f//”/’/ﬁ owner

balance

I‘e,m%w (

"B "fear” Faplies
5 b (fa Iy Jecau

~ P [Sde
I[vac/oﬂ 4 de oLpl
/ ‘40.[ 750

‘i1 owner Steve”

balance O

K
eposit_on_v3 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end
ocal i: INTEGER
do ...

-— imp. of version 1, followed by a_deposit into
accounts[accounts,lowerj.deposit(a)l

ensure
{funzofaccountsunchanged: accounts.count = old accounts.count

ot o .-
1st account

balance_of_n_increased:

Current.account_of(n) .balance = I (/7’
old Current.account_of(n) .balance + a 127
SIS "

] 7 rerty

acros
all

w@mplies acc p~[ICurrent.account_o CC.owner|
en —_—

end

others_unchang
|




Use of across in Postcondition

Version 1

across old accounts is acc
all

acc.owner /~ n

implies

acc ~ Current.account_of (acc.owner)
end

Version 2

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




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

b.deposit(“Steve’, 100
posit("Steve)) 100)

el

BANK

accounts

deposit_on_v4 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end

S - 1 1 i:
lﬁf ('(;M'F(oq cg—c.a. ‘ INTEGER

- imp. of version 1, followed by a deposit into 1st account
accounts[accounts.lower].deposit (a)
ensure
_hunLof;accounts_unchanged: accounts.count = old accounts.count
balance_of_n _increased:
Current.account_of(n) .balance =
old Current.account_of(n) .balance + a

s acc g aL E(f
) SQw
acc.owner /~ n implieq acc f urrent .Jaccount_of (acc.owner)
P




Version 5: Complete Contracts (Deep Copy), Correct Implementation

< AS P
BANK , — Acwulss ( ‘ _t & 7o Lo:de (msg(’stexy 100)
accounts T \ /L ( )

ACCOUNT

nent

ACCOUNT

balance

[ol_a—dlt =
A ot o(eef?,zﬁ/a

deposit_on_v5 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end
local i: INTEGER

—-— imp. of version 1, followed by a deposit into lst account

accounts[accounts.lower].deposit (a)
ensure
num_of_accounts_unchanged: accounts.count = old accounts.count
balance _of_n _increased:
Current.account_of(n) .balance =
old Current.account_of(n) .balance + a




Complete Postcondition: Exercise

Consider the query account_of (n: STRING) of BANK.

How do we specify (part of) its postcondition to assert that the

state of the bank remains unchanged:

o

O

O

accounts old accounts

acCounts old accounts.twin
ACeOUITLS old accounts.deep_twin
accounts old accounts

acecounts old accounts.twin
accounts old accounts.deep_twin




Writing Postcondition: Exercise 1.1




Writing Postcondition: Exercise 1.2

is_positive (x: INTEGER): BOOLEAN

> e\/g@
X S0 (igles ) Kenule Mﬂof Jer !

A
1 (X S0y Tegles )t Lepde
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j = i implies a[j] ~

S
and /—\
j /=i implies a[j] ~ / [§]

end ~' d
Complete Postcondition? { > 1%
N pot appepcR T A E =i/€///‘ =t

no
What if a.count > old a.coﬁn’r? cbye%w %" .- N,
(

What if a.count < old a.count? @—:’\~ l.l




Writing Postcondition: Exercise 3 s : posiRe rambty o
o

require
ensure

no_duplicates: ??

across Result is x

®

x>0 ’—§V7(

all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
AN AN ———

—12
,70_/\ -| € fenike

-1

RUNEYR
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Stack of Strings vs. Stack of Accounts

class STRING _STACK
feature {NONE} ——

—— Return top of stack.

o

Implementation

imp: ARRAY |
feature - Queries
count: INTEGER do Result := i end
-— N r:;if;zaziAyLéﬁzﬂﬂf__————k
top: (STRING esult := imp [i] en

feature - Commands
push (v: (STRING ] [ = v
-— Add © top of stack.

sy (

> 6

|

1 := 1 4+ 1 end

class  Stdok /[_—é{j

D

L

pop do i := i - 1 end
—-— Remove top of stack.
end

class ACCOUNT _STACK
feature {NONE}

count: INTEGER do Regsult
—— Number ] 1 stack

top: imp
-— R&&trn top of

feature - C

push (v ) do imp[i]
-— Add o top of stack.

pop do i := i - 1 end

—— Remove top of stack.
end

i + 1 end




A Generic Stack

ya)

class STAC
feature

O©CoOoONOOOPAWN =

S il Gl ol
APWON—=O

imp

count:

feature

ush
H -— Add
Client i s &
test_stacks: BOOLEAN end

SS
SS
S
a
sa

a
S
end

local

feature —— %ue M es

INTEGER do Result

= 1 -

gfcler @
Implementation
INTEGER

v/ to top of stack.
1 end

—— Remove top of stack.

e —Y
STACK i (sa ? STACK [JA CCOUN
STRING 4 COU

.push("A")
.push(create {ACCOUNT} .make
t= ss.top
t= ss.top
.push(create {ACCOUNT} .make
sa.

("Mark",

("Alan",
push("B")

t= sa.top
t= sa.top

200))

100))
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Principle(of In Formai'l

|e

el

upplieryl/ 23 !/
=

price: INTEGER
quantity: INTEGER
end

class 2
ORDER OA%
feature
h’ Ek‘

[f

Problems?

: §\\
NP

SHOP

-~

Z.

INTEGER

carty CART
checkout:

i := cart.orderld Jlower
until

i > cart.orders
do

Result := Result +

cart.orders[i] .price

*

ppe

y

cart.orders[i].quantity
3 o=l o il
end
end

end

Mo O 7
Jf/ﬁf7 /
}60( (%%237
fEor 7 5
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Iterator Pattern at Runtime -J\ea{u,,p {/(/a,dl_lf wesis e’

b whon vetiiowg
148 =7 AN ffon o N IR T > 1

V—..i 7‘“/ ’-A\] names .upper
== - Ilﬂl\Winl.ll-I_

.records ,upper

E&\'Ilﬂﬁ-‘-_

TSR

aew_cursor

Al/
» f"' S

values_1

values_2 W&-}/ 74)/ ﬂﬁ?

curSu:;e!’:S' oy aves 143 j/fgé/m \gﬂ/f(ﬁ("(
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Implementing the Iterator Pattern: Easy Case

class

CART
m harth

— (eRoB D oRvEA

fea 'NONE}
orders” ARRAY[ORDER]

Jontust = Loty

Vs tawsst - {eBTz00) - LR LoRgTR ]
do
o K?Ju\\f ‘= oVO(B/S- few_ cavsay/

"



Jectore [
Tussoay  Seprevser. 2b



e . 3

-

client

4

4

4

( )

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:
Jacc : 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:
Jacc : 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:
Y acc : acc € accounts.deep_twin :
acc.owner /~ n = acc ~ account_of (acc.owner)

invariant
unique_account_owners:
Yaccl, acc2 : accl € accounts A acc2 € accounts :
accl.owner ~ acc2.owner
=
account of (accl) = account of (acc2)

N

\_ J

~
~

T o o mm mm e mm e mm e Em e e Em e Em e Em mm o mm

accounts+

supplier

r

ITERABLE[G]*

ensure

\_

result_attached: Result # Void

feature -- Access
new_cursor¥*: ITERATION_CURSORJ[G]
-- Fresh cursor associated with current structure

—r

(ART

iterable_collection

N L

A

new_cursor*

ﬁ

require
valid_position: - after

kS

INDEXABLE_ITERATION _CURSOR[G]

new_cursor+

+
HASH_TABLE_ITERATION_CURSORJG, K]

new_cursor+

T ey mm mw wm mm mw m e mm mm mm mm mm m m mm mm mw mm mm mw mw mw mm mw mm e mw mm mw mm mm mm mm mw mm mm mm mm

~



Implementing the Iterator Pattern: Easy Case

feature - Iteration

new_cursor: ITERATION_CURSOR[ORDER]

do
Result := ordersf new_curso
end




Implementing the Iterator Pattern: Hard Case (1)

ANONE} ——- Information Hiding

RRAY [ STRING] NoPJ. n_.¢

@ Iteration ° ndt’

new_cursor: ITERAT

“roTEITT
| CUrsors:
—

do
create cursor.make
—
Result := cursor

end
Fap

MY_TITERATION_CURSOR

(names, records)




Implementing the Iterator Pattern: Hard Case (2)

new— DS *
W CTrertrtion._ LorSoA

L)

é clas
“1 Y ITERATION CURSOR| I)
;la in

1
ITERATION CURSOR[ TUPLE [STRING, G] |
+ feature - Constructor
zi@ke (ns: ARRAY[STRING]; rs: ARRAY[G])
EEE——

do ... en
feature(({NONE /- Information Hiding
cursor._po8ition: INTEGER
names: ARRAY [STRING]
C———
records: ARRAY[G]

feature -- Cursor Operations
item: TUPLE[STRING, G]
do ... end
after: Boolean
do ... end
forth

do ... end




Iterator Pattern at Runtime

ArrayedMap

RABLE[TUPLE[STRING, G]] names . upper
names _
rece=2s

new_cursor

values_1
values_2
cursor_position
iter.
afte ', forth




Use of Iterable in Contracts  ul

collectio ITERABLE [INTEGER]
—
feature Queries
is_all_positive: BOOLEAN
C
—-— Are all items in collection positive?

do

ensure

CEE—
accounts ACCOUNT]
binary_ seal? (acc_id: INTEGER): ACCOUNT

—— Search on accounts sorted in non-descending order.
require
across

| .. | (accounts.count - l= is 1
a

accounts [1].1d <= accounts [1 + 1].1id
end

ensure
Result.id = acc_id
end
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Use of Iterable in Contracts: Exercise

P
AN
accounts: LIST [ACCOUNT] A
. —
contains_duplicate: BOOLEAN
—— Does the account 1ist contain duplicate?

do

ensur
m INTEGEF?Q "“'70
s.count A

1°<j < accoun 1 < j < accounts.count( e

accounts




Use of Iterable in Implementation (1)

clas NK —
account i TERABLE WACCOUNT]
ax

alance® ACC&UNT
—— Account with the maximum balance value.

require ?7?
local
CULrs0or:

end

ensure
end




Use of Iterable in Implementation (2) @

GART

cart :{ CAR
checkout: INTEGER
—— Total price calculated based on orders in the cart.

require ??
do
across /'7 {at{. yleul-—&'w

cart is order
1555

Result := Result + order.price * order.quantity
end

ensure ?7? £ g2y
accountsyf ITERABLE [ACCOUNT]
ax_b® ancmNT

—-— Account with the maximum balance value

end

require ??
local —
max: ACCOUNT
do
max := accounts [1]

T Ay g

loop

max := acc
d
end

——
Cj acc.balance > max.balance then

ensure ??
end
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deferred class -/_% 7 .

ITERABLE [G] 7 eferred class

—— ITERATION_ CURSOR

feature -- Acces new_cursor*

new_cursor: ITERATION_CURSOR [G] ﬁfeatur CULSOrL s S

deferred end ite 7’;2{ [h/
end deferred €
test_database: BOOLEAN after: BOOLEAN

local

5142 NG,

db: DATABASE([

Exercise 1

create db.make
create tuples.make
across

> » i) gglﬂﬁﬁfgf?/

loop
extend @

end
end

H I%%iﬂaﬁr——————_{;;;g
uples: LINKED LIST|[ LE [INTEGER, STRI 11
o ~

L

deferred end

forth

H &

deferred end

\z

class
DATABASE [
inherit
ITERABLE [TUPLE [ H;
feature {NONE}
gs: ARRAY|[G]
hs: ARRAY[H]
feature - Iterable
new_cursor:
loca

do

Result
end
end

"4
v/ﬁnikﬁiﬁg£t>

ITERATION_CURSOR|[ TUPLE[H G]
db_cursor: ITEM_ITERATION_CURSOR&% 6%

create db_cursor)
db_curs

TGl

Implementation

/ﬂn{g@ new_cursor+.

a (gs, hs)

0, by

‘
class
—_— EM _ITERATION_ CURSOR M&'@,

EDITERATION CURSOR [TUPLE
create
make
feature {NONE}
ms: ARRAY [M]
ns: ARRAY[N]
feature Const
make (new_ns:
Tdo ./
feature -- Cursor features
item: TUPLE[M, N]
do ...%end ~ @
after: BOOLEAN
do ... end
forth
do ... end
end

hs 495

4

S

2




deferred class
ITERABLE [G]
feature cce
new_cursor:
deferred end

ITERATION_CURSOR

new_cursor¥*

[G] %

end
test_database: BOOLEAN
local
db: DATABASE[STRING, INTEGER]
tuples: LINKED_LIST[TUPLE [INTEGER, STRING] ]
do

create db.make
create tuples.make

Exercise 2

deferred class F[F(l‘/a 4
ITERATION_CURSOR

feature Cursor
1tem:@
deferred end

after: BOOLEAN
deferred end

forth
deferred end

across
db is t ° °
Still compiles?
tuples.extend (t)
end class P ,—l
end
ITEM _ITERATION_CURSORI[M, N]
‘J.nherlt
=) ITERATION_ CURSOR[TUPLE [M) N.
class /2reate [ [ ] 'd
DATABASE(G, H] make Pl
inherit feature {NON| - Img ientation
ITERABLE [ TUP ms: ARRAY
feature {NONE} mplementation ns: ARRAY
ARRA feature or
7 e new_cursor+ make (new_ns:
hs: ARRAY[H] = do ...
feature -- Iterable feature -— Cursor features
new_cursor: ITERATION_CURSOR[TUPLE[H, G]] ~=)item: TUPLE [%27]
local do ... end A)
db_cursor: ITEM ITERATION_CHRSOR [%, ){] ?
[ after: BOOLEAN
do
H do ... end
create db_cursor.make @ h & J
Result := db_cursor - forth
end do ... end
end end




Modelling: ms Composition
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Use of Expanded Type

1
2
expanded/tlass 3
4
feature 5
change_i (ni: INTEGER) 6
do T
1 am gyd 8
end o 9
feature 10
i: INTEGER 11
end 12
13
Ey 14

0. Areg (2

o A g il

Result :=
check Result e

—> Result :=
c k Result end

—peb2/.change_1i (15)
Result := ebl.i =
check Result end
Result := ebi?/=
check Result end

end

N

0 and eb2.1

5
eb2

ebl|=)eb2 l/

o

cl

a9

-
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Shared Data via Inheritance %
D

Descendant:
class DEPOSIT inherit SHARED_DATA 4 /
—— 'maximum balance’ relevant Ancestor: Mé‘l
end
class
class WITHDRAW inherit SHARED DATA SHARED DATA
—— 'minimum_balance’ relevant feature
end interest_rate: REAL
exchange _rate: REAL
class INT_TRANSFER inherit SHARED DATA minimum balance: INTEGER
—— ‘exchange_ rate’ relevant maximum_balance: INTEGER
end N
end
class ACCOUNT inherit SHARED DATA
feature
—— ‘interest_rate’ relevant
deposits: DEPOSIT LIST Problems?
withdraws: WITHDRAW LIST
end
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Once Rom}d'ine (1)
fer?

ﬁvv'
y Alon’

> ke

)class Ao

create

make

test_query: BOOLEAN

onc
reate {ARRAY[STRING]} Result.make_empty
E——
esult. force (s, Result.count + 1)
[ d
= STRING) : ARRAY [STRING]

feature

feature
=D new_once_array

make
—— Constructor
do end

—— Query
STRING) ARRAY [STRING]

‘s:’ :
once quer®y that returns an array.

ordinary query that returns an array.

{ARRAY [STRING]} Result.make empty
ZE 5 JResult count
end
end Y
arrl[1l] ~ ‘F

local
Da: A
..’a—J:.L;l, ﬁ: ARRAY [STRING]
do
create a.make
.earrl = a.new_array ("Algn))
_%,Result w=.arrl scount :4} and

check Resul

Result arr2 count 1 and

check Result

Result ‘not,(arrl( a%rZ)
check Result
end

.-9arr2 s= i.new_arrazﬂ"Mark"),

o
arr .

2

a7 l
o

tfall '(L" cfcl Volr

[«‘.#«(‘Q C "d"s A&wrt-&\)

"Mark"
———




class A

Once ROUfin_e (2) brl\ create make

feature - Constructor

g o fhe make do end
[ﬁdte ol |feature —— oQuery
Fddveﬁ Elew_once_array](s: STRING) : ARRAY|[STRING]

——_A once query that returns an array.

o | B

Ye c¥eate {ARRAY[STRING]} Result.make_empty
V? Np\(de) esult. force (s, Result.count + 1)
Ad end
test_once_query: BOOLEAN new_array (s: STRING): ARRAY[STRING]

do
create {ARRAY[STRING]} Result.make empty

local AVl/&: 62?6‘((&‘(/2&){{) -— An ordinary query that returns an array.
a:((A
ar l:,

arr2: ARRAY [STRING]

{—Me Result. force (s, Result.count + 1)
=3 create a.make f.{,j
&. end
0"’9 7 Z‘ld

arrl := a.new once arra ("Alan")
[/Result := arrl.count = 1 and arrl[l] =~ "Alan" fb? 7¢F fﬁ-?

check Result end =7} Ge

arr2 := g.new_once_array

A—

Result := arrZ2.count = 1 an

~ D7\ Jl zwp /_§ 04&?/ A
ﬂa// "Ton )

9 check Result end 3 ﬂ\-
= _
Result := arrl )(V% j C"Iy
ck Result end
end
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clas BankDataAcces

—>static boolean

g%EEatlc BankData daf
static BankData getData (

af{linitOnes)

./>/.4',p

class (Account/ { )
—BankData ‘.@; ﬁ? =
Account ()

data = BankDataAccess.{etDatal()
} o —
’}
&l 4o s al = rez Ay
o Problem? /4
toatt pl = 182 4.

_J_ Shm% (ot (%7/ Aafren®)

L7Z///A%Mbﬂ

ll 5 yew Mﬁ‘Mf
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Approximating Once Routines in Java (2)

We may encode Eiffel once routines in Java:

ass BankData { _?D"/\" l%‘n/c%‘zf /
 [(private BankData/(’ﬁ{ } {_\E‘N‘ o1 m/ r/7f
Y double TrrterestRate;
oid setIR(double r); Problem?
static boolean initOnce;
static BankData data;
static BankData getData () {
if(!initOnce) {

L/
dgfaAL data = new@[@_/ W&W% Aaffan@ )

; initOnce = true; <
ﬁf(('_"

} _57// Lofesa:  Lommwcre  defuren Mé/%*
return data; >< M/dim@( Jrhe e aé/a

S
2

NJ

<}

}
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Singleton Design Pattern: Code (1)

Supplier: Client:
class DATA @st) BOOLEAN
create {DATA ACCESS} make 1oca;l_;
feature {DATA_ACCESS} ccess; DATA_ACCESS
make do v := 10 end iji’ d.: DATA
feature Data Attributes E;(&?H(’ Dr(ffs,w--lte
v: INTEGER dl := access.data
——or e
change_v (nv: INTEGER) dz := @.data
do v := nv end Result := dl = dZ2
end and dl.v = 10 and d2.v = 10
check Result end
dl.change_v (15)
class Result := dl = d2
TA-ACCESS g and dl.v = 15 and d2.v = 15
feature 23 end
data: DATA end
—— The one and only access
once create Result.make end i 2
invariant DarsS) g‘;’i”;’f Writing | create d7.make |in test
e = feature does not compile. Why?

rE=



VioloteS M? £ aay daf o O G
ien

Supplier: 7 t: ves doldh.
class DATA // est ;/BOOLEAN
create MlGmZEEsy make cal

feature YEFEZ#%)

make do v := 10 end
feature —- Data Attributes
v: INTEGER
change_v (nv: INTEGER)
do v := nv end
end

expanded class
DATA_ ACCESS
feature
data: DATA
—— The one and only access
once create Result.make end
invariant data = data

access: DATA ACCESS

dl, dZ: DATA
do O( v4GJCP

dl := access.data

1= access.data
Result := dlI = dZ2

and dl.v = 10 and d2.v = 10
check Result end
dl.change_v (15)
Result := dl = d2
and dl.v = 15 and d2.v = 15
end
end

Writing | create d7.make |in test
feature does not compile. Why?




Supplier:

Client:

class DATA
create {DATA ACCESS} make
feature {DATA_ACCESS}

make do v := 10 end
feature —- Data Attributes
v: INTEGER
change_v (nv: INTEGER)
do v := nv end/7 'ZAOW'S\
end “\,ﬂf‘ ('45
W‘
expanded class ! & Ap
DATA_ACCESS RN
feature { 0)
,Jf ;
access

{0

L

test: BOOLEAN
local
access:
dl, d2: DATA
do
dl
d2

access.data
access.data
Result dl dz2
and dl.v = 10 and d2.v
check Result end
dl.change_ v (15)
Result dl d2
nd di.v = 15 and d2.v

10

v& 15

( end
end

Writing | create d71.make |in test
feature does not compile. Why?




Supplier: k1 A ( ., Client:

1\ 4

ol

class DATA U
create {DATA_ACCESS} make
feature {DATA_ACCESS}

make do v := 10 end
feature - Data Attributes

v: INTEGER

change_v (nv: INTEGER)

do v := nv end

end

£LimaeiEd class

DATA ACCESS
feature
data: DATA
—— The one and only access
once create Result.make end
invariant data = data

test: BOOLEAN
local
access: DATA_ACCESS
dl, d2: DATA
do pueare  ALCess make
= access.data
d2 1= access.data
Result := dlI = d2
and dl.v = 10 and d2.v
check Result end
dl.change_v (15)
Result := dl = d2
and dl.v = 15 and d2.v
end
end

10

15

Writing | create d7.make |in test
feature does not compile. Why?




Supplier: 71Q§I7|ent:
class DATA tegt: BOOLEAN
create YAEMEEEZESRS} make
feature jm
make do v := 10 end
feature - Data Attributes
v: INTEGER dl := access.data
change_v (nv: INTEGER) d2 := access.data
do v := nv end Result := dlI = d2
end and dl.v = 10 and d2.v = 10
check Result end
%\Aﬁ dl.change_v (15)
g%’%%iass Result := dI = d2
CCESsS and dl.v = 15 and d2.v = 15
feature end
data: DATA end

—— The one and only access
once create Result.make end

fivarlant ders & e Writing | create d7.make |in test
"V, feature does not compile. Why?




Singleton Design Pattern

—_—_——— e

mSIIPPLIER OF SHARED DATA

Z#DATA_ACCESS + 7~ DATA+
A omce
data: DA v: VALUE
‘ -- A shared data object. daidl+ -- An example query.
once ¢
, create Result.make -- An example command.
end . DATA_ACCESS
Invariant k
shared j make
\ Nita = data -- Initialize a data objeg
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Export Status Case 1

class CLIENT_1

test: BOOLEAN < /;7?
local ;
og,aold_s: SUPPLIER /. Ad‘s 1 Iy class SUPPLIER
do (42 -
@ HEVTENS
2 ey create
—Sgreate/s makelH) — ¢
= prin; (oid_;— s) X 7 make

—> old_s :=

> ke () »0all & Lofmand!

— print (olds = s)

~end ’ feature'c - Swmand
en

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

class CLIENT_2

test: BOOLEAN
local
s, old_s: SUPPLIER
do
create s.make (5)
old_s:=s

create s.make (5) featu re
i | i: INTEGER

old_s :=s
s.make (7)
print (old_s = s) end
end
end



Export Status Case 2

class CLIENT_1

test: BOOLEAN

local class SUPPLIER

s, old_s: SUPPLIER
do

Create grmake ) creatd E LLIRT_

create s.make (5)
print (old_s = s) make ‘L

g.hrjn_ask:e=(7s) o [—Z foof
eanmt (old_s = s) feature . Cq// Mf\é’;‘, &S G
make (init_i: INTEGER)
do

I i=init_i
end

class CLIENT_2

test: BOOLEAN
local
s, old_s: SUPPLIER

d

(;:reate s.make (5)
old_s:=s
create s.make (5)

feature

print (old_s = 5) i: INTEGER
old_s:=s

s.make (7)

print (old_s = s) end
end

end



Export Status Case 3

class CLIENT_1

test: BOOLEAN
local
s, old_s: SUPPLIER CIaSS SUPPLIER
do
create s.make (5)
old_s:=s
create s.make (5)
print (old_s = s)

old_sk:= s K

s.make (7)

O feature M {[ZZPV

make (init_i: INTEGER)
do

class CLIENT_2

test: BOOLEAN | 1= Init_|I
local
s, old_s: SUPPLIER end
do
/create s.make (5)
old_s:=s

feature

create s.make (5)

print felgsT= i: INTEGER
old_s :=s

x E'F.T]afk(adis =5) end

end

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

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 4

class SUPPLIER

create 7 (Tt T 57

make

feature { (LIET Zf
make (init_i: INTEGER)
do
I = init_i
e
featur—ea Lot (- )
i: INTEGER
end




Writing Postcondition: Exercise 4

is_all_positive (a: ARRAY[INTEGER]): BOOLEAN

ensure (<
across_a is{i 7 el’“&{




Writing Postcondition: Exercise 5

names: ARRAY[STRING] (A
name_at (i: INTEGER)
require [1 R
names.valid_index(i)

ensure QO (olo{ neweS . faiiA ) Lont

names.count Id/names).rount
across 1 |..| names.count 1% j (a/a( Hew S, de).
all : \
names[j] «t/old names| ,]
end @ =i

(old_names.twin).count or old names.count

(old names.deep_twin)|[i]

&eml
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class NON_RESIDENT_.STUDENT
H H create make

V|Olaflon OF fhe feature Attributes
name: STRING

SinQIe ChOice PriNCiple courses: LINKED_LIST [COURSE]

discount_rate: REAL

feature - Constructor
make (n: STRING)
do name := n ; create courses.make end
feature - Commands
set_.dr (r: REAL) do discount_-rate := r end

register (c: COURSE) dogcourses.extend (c) end

eature Queries

class RESIDENT-STUDENT B s s i kw b\‘q( l g @M
create make local base: REAL

do base := 0.0

feature Attributes
name: STRING

courses: LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end
; Result := base #* discount_rate
premium_rate: REAL
feature Constructor sng
make (n: STRING) enc
do name := n ; create courses.make end
feature Commands K'S
set_pr (r: REAL) do premium-rate := r end A/
Lregister (c: COURSE) do courses.extend c end \
eature Queries { .
tuition: REAL &)‘m M“{ <
local base: REAL -
do base := 0.0 <
across courses as c loop base := base + c.item.fee end ®
Result := base #* premium-rate
end

end
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class NON_RESIDENT_-STUDENT

create make

feature Attributes
name: STRING

Single Choice Principl
N—

discount_rate: REAL
feature constructor
ad make (n: STRING)

feature Commands

feature Queries
tuition: REAL
local base: REAL
do base := 0.0

class RESIDENT_-STUDENT
create make
feature Attributes

name: STRING

courses: LINKED_LIST[COURSE]

courses: LINKED_ LIST[COURSE]

set_.dr (r: REAL) do discount-rate
register (c: COURSE) do courses.extend (c) end

across courses as c loop base

do name := n ; create courses.make end

:= r end

:= base + c.item.fee end

P e Result := base #* discount_rate
feature Constructor end
end
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
feature Queries

tuition: REAL
local base: REAL

do base := 0.0
across courses as c loop base := base + c.item.fee end
Result := base #* premium-rate

end

end
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Without Inheritance: Collection of Students

class STUDENIT_ _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 cC) Register a common
do
across rs as c loop c.item.register
across nrs as c loop c.item.register
end
end

course '/
end
end

(&)
(&)

~ 7/

C

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




Inheritance:
Code Reuse

create make
feature
name:

STRING
courses:
feature
make (n:
feature
register
feature
Buitions
local base:
do base :

(e

Result :
end
end

class STUDENT

Attributes

LINKED_LIST[COURSE]

Commands that can be
STRING)
Commands

do name

COURSE)

Queries
REAL

REAL
0.0

across courses as c loop base :

base

do courses.extend (c)

used as constructors.
create courses.make end

n;

end

base + c.item.fee end

class
RESIDENT_STUDENT
inherit
STUDENT
redefine tuition end
create make

feature -
premium-rate : REAL
feature - Cor ds
set.pr (r: REAL) do premium rate := r end
feature - 0O
tuition: REAL
local base: REAL
do base := Precursor ; Result := base x
end

premium_rate end|

class
NON_RESIDENT_ STUDENT
inherit
STUDENT
redefine tuition end
create make

feature - 2
discount_rate : REAL
feature -- Commands
set.dr (r: REAL) do discount_rate := r end
feature - Quer:
tuition: REAL
local base: REAL
do base := Precursor ; Result := base * discount-rate

end

end




Static Type vs. Dynamic Type

e |n Java:

Student s = new Student ("Alan");
Student rs = new ResidentStudent ("Mark");

e In Eiffel:

local s: (STUDENT
rs: STUDENT
do create SYmake ("Alan")
create {RE ENT_STUDENT} rs.make ("Mark")

o |n Eiffel, the dynamic type can be omitted if it is meant to be the
same as the static type:

local s: STUDENT
do create s.make ("Alan")

na _2n~



Student Classes (with Inheritance): Expectations

register (Course c¢) A
o { uition: REAL IANKED_LIST[COUNRSE]

/* new features */
discount_rate: REAL
set_dr (r: REAL)

( RESIDENT STUDENT

RT NON_RESIDENT_STUDENT
/’mmc d features */ Z

/* redefined features */
tuition: REAL tuition: REAL
’52 s3: GrinEnT) | m _STUDENT ; nrs : NON.RESIDENT STUDENT
3 reate {STUDENT} sl (S

create {RESIDENT STUDENT} B amake ("S2") —M f 5 S. WL?

create {NON_RESIDENT_STUDENT} s3.make ("S3"
\create {RESIDENT_STUDENT} rs.make ("RS")
create {NON_RESIDENT_STUDENT} nrs.make ("NRS")

[ name [ courses [ reg [ tuition [ pr Jl setpr [ dr Jl set_dr]
3l X < X
a |17 o ~IK] Xk X
$>
v v IR 2 BN

nrs




)

Polymorphism: Intuition L e wer AN, Ve
A -
>
1 |local
2 s: TUDENT /)ST
3 rs: R T_STUDENFl
4 |do T —
5 _;create s.make ("Stella)
6 7 create rs.make ("Rachfel")
7 rg, setepor (1. 25)

Cror
Whot o expat & ol m@ e

Y. 5{{,\7,/ D’WI’\ o fI7V oVl Q JCODF/\)Y

aéUPC‘(



Dynamic Binding: Intuition p2

S := rs;| ; check !s B (- 125.0 end

| ERE nrsﬂ ; check‘ s.tuitioﬁ1=075.00end

rs:RESIDENT STUDENT

1 |local ¢ : COURSE ; s : STUDENT

2 |do_crate c.mgke 100.0)

3 :gkreate q make ("Rachael")

4 ’i7create ' } (hrs. nake ("Nancy")
o repet_ pri{l. 25)y re.re er(c)

6 nrs.set_dr(0.75); nrs.register(c)

7

8

courses

premium_rate

s:STUDENT:

COURSE
“EECS3311”

nrs:NON RESIDENT STUDENT
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/ (_ ACCOUNT
mands

% withdraw ount: INTEGER)

non_negative_amount: amount > 0

1

1

1

1 reqire
1

1 affordable_amount: amount < balance
1

tests

’

e

EST _ACCOUNT

feature -- Kest Commands for Contract Violations
test_withdkaw_postcondition_violation
local
ac D_ACCOUNT_

< g_;CCQUNT_W}TﬁDRA\@\

f ==R¢defined Commands
withdraw ount: INTEGER) ++
~do ; Wror
d[Precursor (amount)
~- Wrong Impl.
tbﬁlance = balance + 2 * amoul ET-

0
create}c.make "Alan", 100)
=- Violation of Postcondition

- I e e e e e e e e .-

. = =

J

-

L



Adding Postcondition Tests

O©CoOoONOOOA~,WN =

[\ I S e e e e e e e T N
QOWooONOOOUIA~,WN—=O

Z48 ?
class TEST ACCOUNT

inherit ES_TEST /. et

create make

make

feature - Constructor for adding tests 77051%;40/‘

do
add_violation_case with t ("balance_deducted", Z
e e — - = 2/
//27 agent test_withdrawspostcondition_violation) . o iﬁf1

o
r

end
feature -- Test commands (test to fail) ﬁﬁe ’ﬂﬂk)
test_withdraw_postcondition_violation
local
acc: BAD ACCOUNT_WITHDRAW fifaf 741
do

{ comment ("test: expected postcondition violation of withdraw")

create acc.make ("Alan", 100)
—— Postcondition Violation with tag "balance_deduced"
acc.withdraw (50)
end
end

to occurs

s

A

L Wbrze

(‘é CSES
nea Fm/




Testing of Postcondition: Exercise

STRING; a: INTEGER)

ensure

others_unchanged :

across old accounts.deep-twin as cursor
all cursor.item.owner /~ n implies

cursor.item ~ account_of (cursor.item.owner)
nd

it BANK redefine deposit end

fature - redefined feature

deposit_on_v5 (n: STRING; a: INTEGER)
do |Precursor (n, a)

accounts [accounts.lower].deposit (3




Multi-Level Inheritance Hierarchy of Smartphones

SMART_PHONE

surf_web -- redefined using safari

- new feature

/ \ quick_take

facetime -

dial --
surf_web -- basic feature
S

basic feature

ANDROID

surf_web -- redefined using firefox
skype -- new feature

/

IPHONE_XS_MAX IPHONE_11_PRO

HUAWEI

zoomage /

N

\ popm—

SAMSUNG

/N

HUAWEI_P30_PRO

HUAWEI_MATE_20_PRO

GALAXY_S10 GALAXY_S10_PLUS
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Inheritance Forms a Type Hierarchy (1)

= ancestors e,?gfaﬂons descendants ' [ 1 @
B, A | (fw EDLEL] L™
G)[ L L O T ¢ M ()
Q715 b € B 9 (& )/ T =



Inheritance Forms a Type Hierarchy (2)

I SMART_PHONE

dial -- basic feature
surf_web -- basic feature

/

108

surf_web -- redefined using safari
facetime -- new feature

B

IPHONE_XS_MAX

gquick tak

.

ANDROID

surf_web -- redefined using firefox

skype -- new feature

/

IPHONE_11_PRO

\ side_sync

HUAWEI SAMSUNG
o / \ / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

ancestors

expectations

descendants




Ancestors, Expectations, Descendants, and Code Reuse
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register (Course c)

Ty p e C ast . tuition: REAL

STUDENT

Motivation o oatres RN

name: STRING
courses: LINKED LIST[COUNRSE]

/* new features */

premium_rate: REAL

discount_rate: REAL

set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT | set_dr (r: REAL)
/% red. efined features */ /* redefined features */
tuition: REAL tuition: REAL
local 2 [ STUDENT SIDENT_ TUDENT
do create SIDENT._ STUDENT ake Davis")

rs:=)jim
rs.setPremiumRate (1.5

A WON =

Resroet— Swaed]

[ RESTDENT_s. S KS

(WA n.
CS.

pr.




Inferrinqg the DT of a Variable is Undecidable

% é’{m{/mﬂ
) @ last(DT of(s)y

N




Type Cast: Syntax

1 Icheckza_miached @NT_STUD%} w ahen
2 ['E 1= Irs_jim % ==
o rs.set. pr (1.5)
4 |(end ﬁ }S = }/\g‘___'(—/;/\_
F’A/g, .
RESHE A

91\)?(‘:(

Jjim

1

RESIDENT_S.

n.

1] J— 'Va\/fesll

Cs.

| pr. |
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Ancestors, Expectations, Descendants, and Code Reuse

P veat® '{175
o’ /477’4\4;«49 Wfﬁéﬁj/ou@d fé\g (Gst
—— ST £
(Y [ @ agzc_% -

ﬂ then ... end| always compiles

K/Q)‘ (m. %A Funtin e hssertion violation 00 :;,l

\\"‘ <, --y’'s DT cannot fulfill the expe&tation of C.

L o Cast * ZC i
J\Acceﬁﬁ‘l 7 "E 7’5 e




Violation-Free Cast: Upwards or Downwards (1)

SMART PHONE dial -- basic feat'ure
- surf_web -- basic feature

N f 7

surf_web -- redefined using safari
108

surf_web -- redefined using firefox

: ANDROID
facetime -- new feature skype -- new feature
quick_take side_sync
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

e —
Qy_phone) oS

create {IPHO. _11 PRO} my_phone.make

-— can only

L 158, IS) JC‘L‘L“‘C"‘Ci;A

end
check attached {IPHONE_ 11_PRO} my phone as ipll_pro then

—-— can now call features

;AL PRO on




Violation-Free Cast: Upwards or Downwards (2)

SMART_PHONE oo 1@
= b -- basjc feature

surf_web -- redefined using safari ) ! rf b defined using firef
10S : v ANDROID surf_web -- redefined using firefox
‘acetime -- new feature skype -- new feature
t
—— / \ -
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

d— g i:ﬁlz surf web .

en

check attached {IPHONE_ll_PRO} my._ phone as 1pll _pro then




Violation-Free Cast: Upwards or Downwards (3)

SMART PHONE ‘ dial -Zasic featflre
- _web -- basic feature

, Ledefined using safari surf_web -- redefined using firefox

) ANDROID
W ew feature skype -- new feature

/ \ o

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

owd

my_phone: IOS ‘DF M/V .ZV , »yOo

create {IPHONE.11 PRO} my_phone. makek V F y
—— can only call features defined in IO my

& dial, surf_web, facet AJM. quick_ {akﬂ skype, Sideis\yc, Afmma"/@. [‘a” b‘e %

heck attached {SMART_PHONE} my._ phone as sp then f {:S‘

i t
]




0. o — “B.am

ok A o 6@

A A
o THAIBT ok

m—




ﬁ’ j"” b 'é’/—lg

( [ check  atvcoled
(o
iﬁ""“ ;ﬂ
ZaN < 7 "
/ QY wﬁjf;:()(j“;; A
\ C (v s o fp é v(r\



,IZPS O /me /W)w/o7

S
\/@ §on % fm&w? = (00{7

e

gy



[eture 17
Toeomty Okwzer. 22



Violation-Free Cast: Upward o@nwar&/s‘_@l)
D= 8
D= Ae(K— /‘é X

rf_web -- redefined using safari

surf_web -- redefined using firefox

A ANDROID
acetime -- new feature skype -- new feature
: quick_take side_sync
‘ -
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

,@é@ T o5 m/_ﬂlae

—-— can only call res defined in IOS on myPhone

—-— dial . quick_ tglgg, skype, side_sy, oomage.
check attach my_phone as’:hen

==-can now ca eline SMARYT. PHONE on qs

-—- dial, surf_web ‘ facetime, quick_take, skype, side_sy.
end
check attached {IPHONE_11 _PRO} my_phone as ipll_pro then

—-— can now call features defined in IPHONE_11_PRO on ipll_pro

-— dial, surf_web, facetime, quick_take ' skype, side_sync, zoomage.
end




Violation-Free Cast: Upwards or Downwards (3)

SMART_PHONE

surf_web -- redefined using safari
acetime -- new feature

dial -- basic feature
surf_web -- basic feature

ANDROID

surf_web -- redefined using firefox

skype -- new feature

IPHONE_XS_MAX IPHONE_11_PRO

side_sync
HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

my_phone: (I0S
create {IPHUNE’II.PRO} my phone make




Cast Violation at Runtime (1)
)——

dial -gbasic feature

SMART_PHONE N
" web -- basic feature

<,

s web -- redefined using safari - i ing fif
10S 4 g ANDROID surf Wheb -- redefined using firefox
facgitime -- new feature sk -- new feature
— = =
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG

s —— /

g

HUAWEI_P3('y

GALAXY_S10_PLU

HUAWEI_MATE_20 < GALAXY_S}

test_s one_type_cast_violation
locaRmin ANDROID
do create {HUAWEI} mine.make

-— ST of mine is ANDROID; DT of mine 1is HUAWEI

check attached {SMART PHONE} mine as sp then end

-— ST of sp is SMART PHONE; DT of sp is HUAWEI

check attached {HUAWEI} mine as huawei then ... end

-— ST of huawei is HUAWEI; DT of huawei is HUAWEI

check attached {SAMSUNG} mine as samsung then ... end

—-— Assertion violation

—-— ' SAMSUNG is not ancestor of mine’s DT (HUAWETI)

check attached {HUAWEI_P30_PRO} mine as p30_pro then end
-— Assertion violation

—— *» HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWEI)

end

okl gttehed {013
mmp X

O asats

V?béﬁ.,



Cast Violation at Runtime (2)

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

surf_web -- redefined using safari
facetime -- new feature

/ \ quick_take

surf_web -- redefined using firefox
skype -- new feature

ANDROID

side_sync

IPHONE_XS_MAX IPHONE_11_PRO

HUAWEI SAMSUNG

zZoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
test_smart_phone_type cast_violation
local mine: ANDROID
do create {HUAWEI} mine.make
—-— ST of mine is ANDROID; DT of mine is HUAWEI
check attached {SMART PHONE} mine as sp then ... end
—-— ST of sp is SMART _PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huawel then end
ST of huawei 1s HUAWEI; DT of huawel is HUAWEI
check attached {SAMSUNG} mine as samsung then end
—-— Assertion violation
- SAMSUNG 1s not ancestor of mine’s DT (HUAWEI)
check attached {HUAWEI P30_PRO} mine as p30_pro then ... end
—-— Assertion violation
—— HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWETI)
end




Cast Violation at Runtime (3)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

surf_web -- redefined using safari ANDROID surf_web -- redefined using firefox
facetime -- new feature skype -- new feature
/ \ quick_take side_sync
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

test_smart_phone_type cast_violation
local mine: ANDROID
do create {HUAWEI} mine.make
-— ST of mine is ANDROID; DT of mine is HUAWEI
check attached {SMART PHONE} mine as sp then ... end
-— ST of sp is SMART _PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huaweli then ... end
—-— ST of huawei is HUAWEI; DT of huawei is HUAWET
check attached {SAMSUNG} mine as samsung then ... end
—-— Assertion violation
—— ** SAMSUNG is not ancestor of mine’s DT (HUAWETI)
check attached {HUAWEI_P30_PRO} mine as p30_pro then ... end
Assertion violation
—— s HUAWEI_P30_PRO 1s not ancestor of mine
end




surf_web -- redefined using safari

facetime -- new feature St

surf_web -- redefined using firefox
skype -- new feature

/ \ quick_take

IPHONE_XS_MAX

IPHONE_11_PRO

side_sync
HUAWEI SAMSUNG

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO

GALAXY_S10 GALAXY_S10_PLUS

test_smart_phgp
local mine:
do create

@z

e

\ check attached {HUAWE mine as huawel then end
-— ST of huawel 1is HUAWEI; DT of huawel 1is HUAWEI
check attached {SAMSUNG} mine as samsung then ... end

—-— Assertion violation
SAMSUNG 1s not ancestor of mine’s DT (HUAWEI)
check attached {HUAWEI P30_PRO} mine as p30_pro then
Assertion violation

* HUAWEI_P30_PRO is not anc

stor of mine’s
end

... end

DT (HUAWETI)

p ~
1p. shpe




Feature Call Arquments: Supplier

class STUDENT_MANAGEMENT SYSTEM @
1

ss. : ARRAY[STUDENT] ' i] ha\¥Qs}a
(add_slA STUDENT) do 0] :=(s)énd

add _rP"\(rs: RESIDENT STUDENT) do & : end
add _nrs (nrs: NON_RESIDENT STUDENT) do ss[0] := nrs end

Say:
sms: STUDENT_MANAGEMENT_SYSTEM

When should the following calls compile?
_Asms.add_s ©7% g := 0
sms.add_rs (0)
sms.add_nrs (0)



Feature Call Arguments: Client

class STUDENT MANAGEMENT SYSTEM {
e ARRAY!STUDEN 9D —— ss[i] has static type Student

[0] :=
do ss[0] := nrs end

test_polymorphism feature arguments

E > 2, éTUDEN;
RESIDE "STUDENT ; nrs: NON_RESIDENT_STUDENT

Sms: STUDENT MANAGEMENT SYSTEM r

do
create sms.make
create {STUDENT} sl1.make ("sl1l")
create {RESIDENT STUDENT} sZ.make ("s2")
create {NON_RESIDENT STUDENT} s3.make ("s3")
create {RESIDENT STUDENT} rs.make ("rs")
create {NON_ RESIDE%}Z@TUDENT} nrs.make ("nrs")
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register (Course ¢) name: STRING
tuition: REAL STUDENT courses: LINKED LIST[COUNRSE]

/* new features */ / \ /* new features */

premium_rate: REAL discount_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT | set_dr (r: REAL)
/* redefined features */ /o .l‘t:"defllwd features ¥/
tuition: REAL tuition: REAL

TUDENT MANAGEME P
students) LINKED_LIST STUD%
$ RESIDENT_S. test_sms_polymorphism: BOOLEAN add_sttident (s: STUDENT)\
n. “}M"/ local do
cs ] rs: RESIDENT STUDENT students.extend (s)
. nrs: NON_RESIDENT _STUDENT & ’
pr.| L€ c: COURSE o
sms: STUDENT MANAGEMENT SYSTEM registerAll (c: COURSE)
WS,_ v/ do do
( NON_RESI_S.\ create rs.make ("Jim") across
) n. u]& _?rs.set_pr (1.5) students as s
s %K' create nrs.make ("Jeremy") loop
d. nrs.set_dr (0.3) s.item.register (c)
r. ﬂﬁ |;rcreate smsﬁe
i end
sms.add s (rs

sms.Bdd_s (nrLs) end
create c.make” ("EECS3311", 500 end
sms.register_all (c)

Result := sms.ss[l].tuition = 750 and sms.ss[2].tuition = 250
end




S8, &S/ vs.(xS
Feature Call Return Values ,fTUDENT_MANAGEMENT_SYSTEM {
sst 1, INKED LIST[STUDENT]

| 2

Jwis SMS L add_s (s: STUDENT)
ss | > do
ss.extend (s)
oS end 2
SIDENT_S. NON_RESL_S. get__student((i:) INTEGE STUDENT
YS n. "370\'/ 1 _rr/ “require 1 <= i and i <= &
cs. —BtN| cs. b do {
pr. /f)] Ndr. [ 0.¢ Result := sg[1i]
NG . end >
end

t&st_sms_polymorphism: BOOLEAN

local —
[zs :l ; nrs: NON_RESIDENT_STUDENT Possible DT
c: COURS ;  Shrs= TUDENT MANAGEMENT _SYSTEM

do ‘WS% of Result?
—xreate rs. "Jim") ; rs.set . pr (1.5)
:>create nrs.make ("Jeremy") ; nrs.set_dr
create E@f.make ; sms.add s (rs) ; sms.add s (nrs)
create c.make ("EECS3311", 500) ; sms.reglister_a Ge)
Result :=
lget student j 50
250

drgef student (2)Ktuition

end
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General Book @W(Afrw]? v @ W'ffff”lé%o/a\f&,.

AT
1 BOOK 1! .
c;;n;g ARRAY [ STRING] IQ""C__{‘ Affkdlm( {V_@)S b-jet( \%42’5‘:9]
records: ARRAY [6%9] ~ — G -
—— Create an empty book '9"‘4 l A_w := 4) 4—[1_,.0_ NS—CP

make do ... end v
—— Add a name-record pair to the book
add (name: STRING; record: ANY) do ... end

—— Return the record ggssociated with a given name
laetl (name: STRING) :(ANY,do ... end

end

———————
C@b L —— E S8 7]

Z gb [—‘%]

1 |birthday: DATE; phone_number: S IN&J

2 |(6) BOOK; is_wednesday: BOOLEAN fg_

3 |create {BOOK} b.make r—l %‘

4 phone_number := "416-677-1010" —

5 |b.add ( "SuYeQnr", phone_number)

6 |create {DATE} birthday.mak o Ae L X

¥ || :bagde ("Tunan, m)

@ is_wednesday :=|Db. .get_day_of_week = 4
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General Book violates Single Choice Principle.

recl: C1 Sforagg

... —— declarations of recZ2 to rec99

recl00: C100

create {Cl} recl.make(...) ; b.add(..., recl)

... —— additions of recZ to rec99

create {C100} reclO0.make(...) ; b.add(..., recl00)

v

—-— assumption: /fl1’ specific to Cl, ’'f2’ specific to C2, etc.

if attached {C1} b.ge%("Jim") as cl then
cl. ge&-%m-“(-)’ ; 74‘/

. —— cases for Cl.+te CQQ

Retrievals

“D :r

elseif attached t="Jim*)] as cl0U then

,\//‘76 ’5 Hed oS - - Ay 3 -

end

7

£

\/ *hd \) elfeqf afmclwa( {C(O):( _ o fher - —
What if a new type C101 is introduced?
What if type C100 becomes obselete?

—— assumptic ’f1’ specific to Cl, "f2’ specific to C

if attached {Cl} b.get ("Jim") as cl then
cl-gs-t.i_'ulj.ml) L

”f—:, cases for°CZ2 to C99

clself attached {C100} b.get("Jim") as—<ei86 then

-
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Lorkor Gﬁeneric Book 0/9,,02‘,/-7 Jowe T2,
class BOOK| VA v Wof \/C/c/ﬂ
names: ARRAY[ST G]
records: ARRAY/[(¥K MJP O;CEFW /OM‘(
-— Create an ewpty c, ALl ,4[3‘-,“‘/{
make do ... end -
/+ Add a name-record pair/ */ LIE;gkCJ&El
add (name: STRING; reco end

I/« Return the recor

a
ﬁet (name: STRING) : @
2

octYa¥ed with a given name x/

—, end
d (ﬁ%ﬂé? -
ﬂ_@/\k y, A e ot NG (7 c:fl Beol- _

birthday: DATE; 'Qhone_number: STRING

bj BOOK .'@ ; 1s_wednesday: BOOLEAN

N 4
create BOOK[DATE] b.make
phone_number = "416-67-1010" (D > e[
IR
add ("SuYeon", que_numbeﬂé7§w ¢
create {DATE} birthday.make 4(1975, 4, 10)@
D.add frTnna®;, irthdg
1 s_wednesday :=Q. get ("Yuna")

.get_day_of_ week ==




@ EDDLZ STUVG@T

W]

lass BOOK| 1'“97

C::mses: ARRE(Y[STRINC:@TU Ltcee @ 8. wakec. )
records: ARRAY[ Y1370, teee @S S2. Wa/c?(. )

—— Create an empty book

s( s 82 (STVER/

make do ... end
/* Add a name-record pair to ok */
——f7add (name: STRING; record: g{éﬁ;ﬁ?” end
/* Return the record associat&dwith a given name x/
get (name: STRING) 5(_do ... end

end Ji/ i S

b N\%ﬁw bo - adl ' (31D
be. oo (e 52)
==
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Instantiating Generic Parameters

Say the supplier provides a generic DICTIONARY class:

class DICTIONARY[V, K] —- V type of values; K type of keys
add_entry (v: V; k: K) do ... end
remove_entry (k: K) do ... end

end

Clients use p1cTIONARY wﬂlefferent degrees of instantiations:

class
ses DazASASE TASLECK, F) CVGT dRAST_ T4 T, S
,e“d S T S

K/e.g., Declaring | pATaBSE_TABLE[INTEGER, STRING] |instantiates

DICTIONA RING, INTEGER) |

— / N~
class STUDENT BOOK|[V]
imp: DICTIONARY[V, STRING]
end

e.g., Declaring | sTupENT_BOOK[ARRAY [ cOURSE] ] |instantiates
DICTIONARY [ARRAY [ COURSE], STRING] |

)af i




Generics vs. Inheritance (1)

Abstraction

SET OF
BOOKS
Type parameterization Type parameterization
LIST OF_ LIST OF LIST OF
PEOPLE BOOKS JOURNAL
LINKED LIS

OF BOOKS

Specialization



Generics vs. Inheritance (2) _C_(“_SE_ éﬁ(f@

. ~ N Inherl.la.nce and
Inheritan Generalizatior genericity
= |
(Gencriciss)
T LIST .. J

] L)
(Type parameterization

K-[[-— LIST (P







Multiple Inheritance: Example

Grne ) Cood







Multiple Inheritance: Exercise

class| RECTANG?] A TREF C G ZJZUR)(,J]
.—/_'
feature —— Queries ¢
: . class TREE[G]
width, height: REAL )
oo o5: REAL feature - Queries
i L —>descendants: ITERABLE [G]
feature ——- Commands
feature - Commands
make (w, h: REAL)
: add (c: G)
change_width o .
—_— —-— Add a child ‘c'.
change_height
end
move
end

test_window: BOOLEAN

class WINDﬂﬂ ézcal wl, w2, w3, wd: WINDOW Aﬂ
~?inherit
—?RECTANGLE

create .make (8, 6)_; create w2.make(4, 3)
create w3.make (1, 1) ; creatd w ake(1l, 1)

-S> TREE[WINDOW] !
eﬂa : J w2.add(w4) ; wl.add(w2) ; wl.add(w3)
Result := wl.descendants.count = 2 - |

| end Lﬂ#
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equipment

_____________________________________________________

N
~
~
A
\
~
J
Q
=
g
3
3
ol
7
e
=
R
4
’
7’
‘f

EQUIPMENT*
feature —
e e+ price: REAL
CLIENT - feature
add_child(e: EQUIPMENT)
_

ensure children[children.count] = e
N\ J

P e s
'~

CHKZ
.

DISK_BRIVE VIDEOtCARD
Mo | (2D
ch? CHASI !
crd: VIDEO CARD .
ISK : ‘

_____________________________________________________

sd]_(Hd (6dd) First Design Attempt

ch.make
create crd.make
reate d.make

ooy i oA



equipment

- e e

e

sure children[children.count] = ¢

I, ~N \\
i ( EQUIPMENT* cwwen+: LIST]..] v
feature / \ .
4 e+ price: REAL :
CLIENT > feature :
:
1
1

%chﬂd(e: EQUIPMENT)

N\ J
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The Composite Pattern: Architecture

feature

children: LIST[T]
add_child(c: T)

ensure children[children.count] = ¢

equipment

P

V QUIPMENT*

,I
1
1

et feature
- prlce REAL
I

. 7nhat
LT ]
ch: CHASIS /“5—[637%7 Cj‘—” LT
crd: VIDEO_CARD' mhact (LT I et
d: DISK oy

create ch.make
create crd.make

create d.make  |Why is COMPOSITE a separate class?

ch.add_child(crd)
ch.add_child(d) Wﬂ\e dorc® Vm@ﬂg

crd.add_child(d)



The Composite Pattern: Architecture

COMPOSITE class is reusable by instances of the composite pattern.

_ W{«/&f'/ﬂ”

it & ﬁm"‘

“

eature
childre ARRAY[']
dd hld( ) wot?

chi lt[ children.count] = ¢

2

EQUIPMENT* _ |

children+: LIST][..] children+: LIST][..]

JEAN

ure
riCs REAL

L class i AN sy CF



The Composite Pattern: Implementation

deferred class deferred cla/ss
COMPOSITE[[]

EQUIPMENT = ,=
£ C?t feature FOUZF
b children: LINKED_LIST|

name: STRING -

price: REAL —-- uniform access principle add_child (c: & @UZP
end do

children.extend (c) —— Polymorphism

c -
lCOMPOSITE¥EQUIPMENT
Qo
heF¥It

EQUIPMENT
COMPOSITE [EQUIPMENT]

STRING; p: REAL)

make (n: STRING)
do name := n ; create children.make end
Price| : REAL -- price 1s a query

&= sum the net prices of all sub-equipments

o A
dacross Yffce S’( 7‘
price —- dynamic-b%din

children as cursor
R+ Xt

name
Price := p ——- price is an attribute
end
nd

cursor.ite

loop
Result :% Result 1

en

em:l}cl/z2 M, £ =

end
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. 3 class
Testing the Composite Pattern CarD
inherit |~
" " EQUIPMENT
test_composite_equipment: BOOLEAN feature
local
card, drive: EQUIPMENT make (n: STRING; p: REAL)
cabinet: CABINET —-- holds a CHASSIS do
chassis: CHASSIS —-- contains a BUS and a DISK_DRIVE ® name := n
bus: BUS -- holds a CARD price := p ——- price 1is
do end
create {CARD} card.make("l1l6Mbs Token Ring",<200> end
create {DISK DRIVE} drive.make ("500 GB harddrive"( 500
create bus.make("MCA Bus")
create chassis.make("PC Chassis") class
create cabinet.make ("PC Cabinet") COMPOSH[/Q_IPMENT
inherit
—9 bus.add(card) EQUIPMENT
chassis.add (bus) ‘7& - COMPOSITE [EQUIPMENT]
chassis.add(drive) create _f'UO
ex cabinet.add(chassis) make
Result :=|cabinet.pricqd = 700 feature 17\£v Ce
end = make (n: STRING)
D do name := n ; create children.make end
- prlce : REAL -- price 1s a query
_—_—l Sum the net prices of : quirp
do 7°a
across I t *
children as cursor
loop
Result := Result@cursor.item.price
Sond thasi$







Design of Language Structure: Composite Pattern

[ EXPERSSION* ] ( composiex )

{value INTEGER Lleft right: EXPRESSION
[ constant+ ) ADDITION+

7
{ | | |

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




Design of Language : How to Extend the Composite Pattern?

| EXPERSSION* I | COMPOSITE* |

dfl £ 2 Jue: INTEG ight:
value: Vfllua'r * left, right: EXPRESSION Structure
print_pre
?z_;[ ~ fﬁ\AP print_pos{fix*¥
CONSTANT+ |

Lobesron @—7 i Sy
@alua're +

> I
) [—,—V 2? (
print_postfix € print_postfix €

[‘(f\

print_prefix ¥

’ry‘pe_check type_check -
evaluate 7
D /n L] <M . <l L (/
™~ oy 2
print_postf “ Z,, 4

~(
type_chec S @2}“\} Y
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Design of a Lanquage Application: Open-Closed Principle

EXPERSSION* COMPOSITE*
value: INTEGER left, right: EXPRESSION

0 OO

Structure

),

evaluate
print_prefix
print_postfix
type_check

VPCSIAnvIin

Closed
"

. Open)




Visitor Design Pattern: Architecture

>

EXDPesSIOn langUage . .o o s S RS SRS S CXPrOSSion ODErARONS. .o v cv e e s se RS s s e s ee s s e R S e T
.- RN P
. (4 8 .
’ b ’
( ‘accept > ¥
e —
2 i (3

i EVALUATOR+ ) [ PRETTY_PRINTER+

) (. TYPE CHECKER:

I
[
[
[
[
1
[
[
[l
[
'
[
[
1
[
[
[
1
[
1

'

visit_addition(a: ADDITION)+

visit_addition(a: ADDITION)+

visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+
visit_addition(a: ADDITION)+

1 | test_expression evaluation: BOOLEAN

2 local add, cl, c2: EXPRESSION ; v: VISITOR
3 do

4 create {CONSTANT} cl.make (1) ; create {CONSTANT} c2.make
5 create {ADDITION} add.make (cl, c2)

6 create {EVALUATOR} v.make

7 | add.accept (v)

8 check attached {EVALUATOR} v as eval then
9 Result := eval.value = 3

10 end

11 end

(2)




[ztime 18
Tusevty  Orrorer. )



Aﬂ' 4_

1
! wszt constant(c ONSTANT)+

visit additiorfla: ADDITIONG+

W —)
.

visit c: CONSTANT)+
isit_additionfa: ADDITION{+

"tw &a([ﬁw Flfvllf ‘f/f?—d-m?(‘f Ed

ac‘ceré )

ne. -f Pl:fur(’:

How to Use VlSl"'OI"S L’ﬁf( vl :

TRWC
1 test_expression_evaluation: BOOLE
2 | local add, ¢l, c2: EXPRESSION M Wffq
3 do ’£9
4 create {CONSTANT} cl.make (@) ; create {CONSTANT} c2.make (2) d
5 create { add.make (cl1, c2) E{M
6 v.make _- 744 7/{ \/ B‘KF ce
7 l FodR V- il 7
8 "V a q v)as @val’ then -
9 Result := evadl.walue
10 end V Uﬁ[dl@ X
11 end
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Visitor Design Pattern: Implementation

1 test_expression_evaluation: BOOLE

2 local add, cl, c2: EXPRESSION ;@ VISITOR

3 do - -

4 _;create {CONSTANT} cl.make @ : create {CONSTANT} c2.make \(2)

5 create {ADD ON)/ add/make (cl, c2) -
{ADD L]

6 _l_> create IQZ!ZE!@make

7 | add.acc

8 check attached {EVALUATOR} v as eval then

9 Result := eval.value = 3

10 end

11 end

/

el
Visualizing Line 4 to Line & RS

Al T
g ~—

(2,

Lot
Vv



ADDITION
~ |left [
ALUATOR , — - =
Ve = g .~ '
© ‘m’ >} ‘,\‘m(‘lﬁ!s
= L_l DA v
> 9_77 A\ c1 o@w
iod Son WA A, = 7 «/4
\g( VP

-n — "'"“" A

S <Emmo)
J

visit_const&nt(c:
visit_additiomteas
end

deferred clasgs VISITOR

CONSTANT) deferred end Tn
AZPD1ITION) deferred end E(/[

class EVALUATOR inherit VISITOR

class CONSTANT inherit EXPRESSION]

accept (v:

VISITOR)
do
v.visit_ constant (Current)
end
end

class ADDITION

inherit EXPRESSION COMPOSITE
accept (y: VISIIOR
do

I v.iZisit_ addition
nd T —

end
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Visitor Pattern: Open-Closed and Sinale-Choice Principles

OI.WI-MZ- -5-‘(’4

- DPESSION -ODETUORS. . v v s e T e T A e T e e e e e AT e e e
L&)
Al /_\ \

jaccept  visitore/ Ng— [ (LLPF_ |

EXPERSSION*

\ 4

accept(v: VISITOR)*

visit_constant(c: C'ONSTANT)*J l—ff.—c f E

E E visit_addition(a: ADDITION)* P I
; ! = 6 VET-4 "
' : ‘v’“ — - - I
- /,ﬁwﬁ&(m.“ﬁ%\qﬂ(zg_h(i

'
' constants ) ( apprmon+ ) o[ EVALUATOR+ ) (  eRETTY.PRINTER+ | [ TYPE CHECKER+ | !
' 1| visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+| |
! | accept(v: VISITOR)+ accept(v: VISITOR)+ *)| i | visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+ | | visit_addition(a: ADDITION)+ ) !
\ ' f

\

sty (- )¢ ww-_naa(a[oc. Yt ATEwedilo (Y

l Moﬂ)-é,o ‘
What if a new lanquage construct is added?

hat if a new lanquage operation is added?

Q‘IF the visitor pattern is adopted, what should be open?
If the visitor pattern is adopted, @Id be @.’0
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Developing a LIFO Stack

SUP vobred

O/Mf cates (o wACrS)

7. ¢

M vduP M«A%//€

class LIFO_ STACK[G]

he /F o1 /M//“mﬂvfa 4

make do create imp. make empty ensure 1m

feature - Co 1ds
push(g: G)
do imp.force(g, imp.count + 1)
ensure /i
changed

end
pop
do imp.remove_tail(l)
ensure
changed: count = old count -

unchanged: across 1 |..|
imp[i.item]
end

create make

count - 1 as 1 all//

P/M;uf

.count =0
;r'/tﬁfet?
J

(

(old imp.deep_t

i

count as 1 all

(old imp.deep_twin) [i.item]

end

3

(houger ol
class LIFO_STACKI[G]

create mak
feature (NONE} -- Strategy J‘/ZZA'N list first item as
imp: LINKEDiLIST[ ]
feature - Init
make do create imp.make ensure imp.count
feature
push(g: G)
do imp.put_front (
ensure
changed: imA firs,
unchanged: across

ialization

0 end

—— Commar

1ds

end
pop
do imp.start ; imp.remove
ensure
changed: count = old count - 1

count as i all
(old imp.deep_twin) [i.item + 1]

unchanged: across 1 |..|
imp[i.item]

end

end

class LIFO_STACKI[G]

feature {NONE} - Str
imp: LINKED_LIST[G]
feature - Initializat

make do create 1mp make ensure imp.count

unchanged: across 1 |..
imp[i.item]

end

create make

0 end

count — 1 as i all

feature - C
push(g: G)
do imp.extend(g
ensure
changed: imp.last ~ g
unchanged: across
end iﬂ:lllll!!’
end
pop
do imp.finish ; imp.remove
ensure
changed: count = old count -

i:
| count as i all

(old imp.deep_twin) [i.item]

(old imp. deep_twil@_em]\end

end




Using MATHMODELS Librar
Implementing an Abstraction Function

class |[LIFO _STACK[G —> attached ANY] cre

feature {NONE} -- Tmplementation o
Limp: LINKED_LIST[GW% -
&ature — AL T I CTL0N function of the ack ADT

model. q@ 74°" Wfﬁ%ﬂég‘ —
dof create Kesult.make empty [~ ~\
across (imp)as cursor loop Res iippend hrsor.item) en
en =
44

Writing Contracts using the Abstraction Function

class LIFO _STACK[G —-> attached ANY] create make
feature - Abstraction function of the stack ADT

model: SEQ/[G] (‘q‘/ﬁ 7]
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Implementing a LIFO Stack yno;;(é( . CEAlA]

~ dos wp 8
el - SEQLA] e«&i—mﬁ“'ﬁ@
&Mg p X % Kﬂ
e«o(ﬁd‘ l?arm/f. %}
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Checking MATHMODELS Contracts at Runtime Strategy 2

Pre-State

@I IMPLEMENTATION (lcPeF F/Pyaﬁj ') @ld»MODEL

e

|
IMPLEMENTATION |Ma€! MODEL

I‘J'M/ j&[M l wkz'ﬁm \ S a
m
{4 ..:L.<tcbdﬂ\2;‘]i’ appended (g) end

—
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Strateqy 1: Mathematical Abstraction

push(g G) feature of LIFO_STACK ADT

model ~ (old model.deep_twin).appendeci(g)

abstraction | c g convert the current arra abstraction

fumtwn nto a math sequence into a math sequence .l ction
ARRAY[G ap: ARRAY[G] l
imp.force(g, imp.count + 1) ___

T B /




Strateqy 2: Mathematical Abstraction

'‘push(g: G)’ feature of LIFO_STACK ADT

[ public (client’s view)

model ~ (old model.deep_twin).appended(g)
old model: SEQ[G] model: SEQ[G]

abstraction
Sfunction

convert the current liked list
into a math sequence

private/hidden (implementor’s view)

convert the current linked list
into a math sequence

abstraction
Sfunction

imp.put_front(g)
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Use of MATHMODELS:

class LIFO STACK[G —-> attached ANY]

create make
feature {NONE} lementation Strategy 1
imp: ARRAY[G]
o 3 H 8 feature -- Abstraction function of the sta ADT
Single-Choice Principle | “iicr szorci
do create Result.make_from.array (imp)
ensure
counts: imp.count Result. count
contents: across 1 |..| Result.count as 1 all
Result[i.item] ~ imp[i.item]
end
feature -

Commands

make do create imp.make_empty ensure model.count
push (g: G) do imp.force(g,
ensure pushed: model ~ (old model.deep-twin) .appended (g)
pop do imp.remove_tail (1)

ensure popped:

= 0 end
imp.count + 1)

model ~ (old model.deep-twin).front end
end
class LIFO_STACK[G -> attached ANY] create make class LIFO _STACK[G -> attached ANY]
feature {NONE} Implemer tion Strategy 2 (first as top) feature {NONE} Implementatio
imp: LINKED_LIST[G]
feature -- Abstraction function of the stac
model: SEQ[G]

ion
imp: LINKED LIST[G]
feature —-— Abstraction function of the stack
model: SEQ[G]
do create Result.make empty do create Result.make_empty
across imp as cursor loop Result.prepend(cursor.item) end
ensure
counts: imp.count =

across Iimp as cursor loop Result.append(cursor.item) end
ensure
Result. count counts: imp.count Result. count
contents: across 1 |..| Result.count as i all contents: across 1 |..| Result.count as i all
Result [i.item] ~ imp[count — i.item + 1] Result [i.item] ~ imp[i.item]
end end
feature c feature - ¢ ands
make do create imp.make ensure model.count = 0 end make do create imp.make ensure model.count = 0 end
push (g: G) do imp.put_front (g) push (g: G) do imp.extend(g)
ensure pushed: model ~ (old model.deep-twin) .appended(g) en ensure pushed: model ~ (old model.deep-twin).appended(g) end
pop do imp.start ; imp.remove pop do imp.finish ; imp.remove
ensure popped: model ~ (old model.deep-twin).front end densure popped: model ~ (old model.deep-twin).front end
end en




Safe Use o@y Evil Clients

class LIm_ [G —> attached ANY] create make
feature {NONE} J—- Implementation
imp: LI —LLIST [G]

featuré‘—— Abstraction function of the stack ADT

tel: SEQ[G] P, e A/l
do create Result.make empty j
acr esult. append(cursorfitem) en
g IKMAH’ ¢ /Qﬂ‘m/f d_.-E. (

Ellen’r l ynd’?[ 19991 iy

E STACK[ACCOUNT] o
. X =

s. pﬂar @ﬂr £ T

O >

5. mJel U@F&o(m w ( /ooo)
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Testing REL in MATHMODELS
—

{(a,3),(c.4)})

r.overridd

5),(d,1),(e,2),(f,3)}

r.domain_subtracted(f.domain)
- ———

(|

{(a,3).(c,4)}"

t

b,2), (b,

{(a,3),(c,4),(b,2),(b,5),(d,1), (e,

Say r={(a,1),(b,2),(c,3),(a,4),(b,5),(c,6),(d,1),(e,2),(f,3)}

. : set of first-elements from r
o rdomain={d|(d,r)er}
o e.g., rdomain = {a,b,c,d,e,f}
* [r.range|: set of second-elements from r
orrange={r|(d,r)er}
o e.g. rrange={1,2,3,456}
rinversel: a relation like r except elements are in reverse ordef
o rinverse ={ (r,d)|(d,r)er}
o e.g., rinverse = {(1,a),(2,b), (3,¢), (4,a), (5,b), (6,¢),(1,d), (2,€), (3, )

. ‘r.domain_restricted(ds) ‘: sub-relation of r with domain ds.

o r.domain_restricted(ds) = { (d,r) | (d,r)erndeds}
o e.g., rdomain_restricted({a, b}) = {(a,1),(b,2),(a,4),(b,5)}

test.rel: BOOLEAN
local ﬁ
r, t:|REY4[STRING, INTEGER]
ds: SET[STRING]
do
create r.make_from tuple_array (
<< " o q ("b", 2], ["e", 3],
, 41, ["b", 5], ["c", 6],
["dll 1]’ [lle" 2], [llf" 3]>>

create ds. make from array (<< a

- s not

t := rf doma:.n subtracted (ds) ——> ,MM R
et SuotracLe
Result :=

1ang by the qt ‘do.

o |r.d : sub-relation of r with domain not ds.

o r.domain_subtracted(ds) = { (d,r) | (d,r)ernd¢ds}
o e.g., rdomain_subtracted({a, b}) = {(¢,6),(d, 1), (e,

r.range_restricted(rs) ‘: sub-relation of r with range rs.

o r.rrange_restricted(rs) = { (d,r) |(d,r)erarers}
o e.g., rrange_restricted({1, 2}) = {(a,1),(b,2),(d,1),(e,2)}

r.range_subtracted(ds) ‘: sub-relation of r with range not ds.

o r.range_subtracted(rs) = { (d,r) | (d,r)ernr¢rs}
o e.g., rrange_subtracted({1, 2}) = {(¢,3),(a,4),(b,5),(c,6)}

ain_subtracted(ds) |.

2),(f,3)}

t /~ r and not t.domain.has and r.domain.has

check Result end

("a™)

1ged b 2 okd

is ch the command ‘domain,subtrac
- Gasiiieadt D —> Oowr agof
Result :=

t ~ r and not t.domain.has
end

("a") and not r.domain.has ("a")

("a")




Mazpzes

ca
SET
e

/’\
TOA




44>

Say r={(a1), ). (c.3),(a4), %C 6),(d,1),(e2),(f,3)}
» [r.domain: set of first-elements from r r. OVl (i e ;
o rdomain={d|(d,r)er}
o e.g., rdomain = {a,b,c,d,e,f} S

. : set of second-elements from r

orrange={r|(d,r)er}
o e.g. rrange = {1,2,3,4,5,6}

« [rinverse | a relation like r except elements are in reverse order
o rinverse ={ (r,d) | (d,r)er}
o e.g. rinverse = {(1,a),(2.b),(3,0), (4,a), (5,b),(6,0), (1,d), (2, 8), (3, N}

Y. ovénale ( f(g,ZP); C-é5é)§>



© e @0 ® @

Say r = {{gg+b,2), (¢, 3), . (b,5),(c,6),(d,1),(e,2),(,3)}

r.domain|: set of Fiat:elemanis from

o rdomain={d|(d,r)er}

o e.g., rdomain = {a, b,c,d,e,f}

* [r.range|: set of second-elements from r

orrange={r|(d,r)er} - 7

o e.g. rrange = {1,2 3,4,5,6} Y. Oomt — ¢ tf/ff_

« [rinversel: a relation like r except elements are in reverse order

o rinverse = { (r,d) | (d,r)er} {‘ 5
o egd., rinverse = {(1,a), (2,b), (3,¢), (4,a), (5,b), (6,¢), (1,d), (2,e),(3,f)} >
Y. Ooma! — Mbtre(t ( Zfég> < f (a), (a, ¢>§

Sayr— (a1 ?gx(?(ambsncﬁ <d1>£ f30>} Y. 1wngp_ J\A};'ﬁl‘\e{égb

o rdomam set of first-elements from r

o rdomain={d|(d,r)er}
o e.g., rdomain={a,b,c,d, e,f}

° : set of second-elements from r

orrange={r|(d,r)er}
o e.g., rrange ={1,2,3,4,56}

« [rinverse: a relation like r except elements are in reverse order

o rinverse = { (r,d) | (d,r)er}
o e.g., rinverse = {(1,a),(2,b),(3,c). (4, a), (5,b),(6,c), (1,d), (2, e), (3,1)}







Model of an Example Birthday Book

domain range
I A Ve(ﬂ%/\
kil v /:jtol A el 7\

“Alan” e o MAC
“ August-11

“Mark” ‘
‘ October-15

“Tom”




Birthday Book: Design

[ BIRTHDAY BOOK

model@\\lAME IRTHDA )<
-- absi on function |

BiR-
@: FUN[NAME

yode| :  BIRAIZ(
count: INTEGER

-- number of entries ,

p = £

ut(y: NAMJEL d: BIRTHDAY)
< sare 7>
model_operation| model~ Jold model.deep twin [n,d])

-- infix symbol for override operator: @<+

remind(d: @: ARRAY IM
ensure L@ .
nothing_changed: model ~ (old model.deep_twin
same count: RTS8 coun
same_contents: ¥ name € (model.range_restricted_by(d)).domain: name € Result

-- infix symbol for range restriction: model @> (d)

invariant:
consistent_book_and_model _counts: count = model.count

Rz -
(e : - T X

remind: ARRAY[Nﬂ;ﬁE]

/./A\
(€T

| month: INTEGER

day: INTEGER

invariant
1 <month <12
1 <day <3l

item: STRING

invariant
item[l]E A..Z
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Birthday Book: Implementation

( )

<
BIRTHDAY BOOK ” gl [gziz ,"m‘p& /BIRTHDAY

model: FUN[NAME, BIRTHDAY]

- - day: INTEGER
-- abstraction function m&' ”@‘[/ model: FUN[NAME, ..]

> month: INTEGER

do
c’&ﬁ— promote hashtable to function . .
e'xe' amsure invariant

same_counts: Result.count = implementation.count I <month <12
same_contents: V¥ [name, date] € Result: [name, date] € implementation 1 <day <31
end \

put(n: NAME; d: BIRTHDAY)
do
-- implement using hashtable
ensure
model_operation: model ~ (old model.deep_twin) @<+ [n,d]

end %

remind(d: BIRTHDAY): ARRAY[NAME] HASHABLE

do /\
-- implement using hashtable
ensure
nothing_changed: model ~ (old model.deep_twin)
same_counts: Result.count = (model @> d).count
same_contents: ¥ name € (model @> d).domain: name € Result
end

count: INTEGER -- number of names ( NAME

L

feature {NONE} remind: ARRAY[NAME] item: STRING
implementation: HASH_TABLE[BIRTHDAY, NAME]

invariant

invariant: item[1] € A..Z
consistent_book_and_model_counts: count = model.count

consistent_book_and_imp_counts: count = implementation.count




Finite State Machine (FSM)

State Transition Table

BT |

State Transition Diagram

CHOICE
1)1(2A(3
/ 1 (Initial) 6|5 L2
2 (Flight Enquir - 1113
_3 (Seat Enquiry) - 1214
4 (Reservation) =13 |5
Confirmation) -1 4 1




Design of a Reservation System: First Attempt

nE
i
n

2d

l_Initial_panel:

—— Actions for Label 1.
2_Flight_Enquiry_panel:

—— Actions for Label 2.
3_Seat_Enquiry_panel: |

—-— Actions for Label 3.
4_Reservation_panel:

—-— Actions for Label 4.
5_Confirmation_panel:

—-— Actions for Label 5.
6_Final_panel:

—— Actions for Label 6.

(4)

Reservation

Read user’s answer for current panel
Read user’s choice for next step
if wrong answer or wrong choice then
Output error messages

end

end

Process user’s answer

case in
2: goto 2 Flight_Enquiry_panel
3: goto 4_Reservation_panel

end




e

>

Kif?nsition‘l¥rc: INTEGER; choice: INTEGER) :

require valid source_state: 1 < src £ 6
valid _choice: 1 £ choice £ 3

ensure valid target_state: 1 < Result < 6

PG SR, A I vi e 3
turn "starte 10} caKking transi INOJ! cnoice I

INTEGER

v/

State Transition Table

Examples: Y £01€
transition(3,(2)— 2.
transition(3, 3)> <z

2D Array-Imptementation

CHOICE

SRC STATE
1 (Initial)
2 (Flight Enqui
[ (Seat Enquiry)

eservation)—
5 (Confirmation)
6 (Final)

— O [\
w N w

1 T

S

—

choice

/_\ 1 2 3

1 6 5 2

2 1 3

3 2 4
state

4 3 5

5 4 1

6 ///




Desian of a R tion System: Second Attempt (2)

A Top-Down & Hierarchical Design

Level 3 execute _
session
‘ 7 (( ¢
Level 2 _@
—y " execute .
initial transition -sfa-l‘e_ ) is_final
Level 1

TN\

Z —J —
displam read ) ( correct JJ|(message ﬁw )
— / A —

L7\

.

N \
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Finite State Machine (FSM)

State Transition Table

CHOICE
SRC STATE L8|
1 (Initial) 6|5 |2
2 (Flight Enquiry) - 1113
State Transition Diagram 3 (Seat Enquiry) - 124
4 (Reservation) -1 31]5
5 (Confirmation) -1 4|1
6 (Final) e

(2)
Flight Enquiry

(3)
Seat Enquiry

(4)

Reservation




Desian of a B tion System: Second Attempt (1)

transition (src: INTEGER; choice: INTEGER): INTEGER

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

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

State Transition Table 2D Array Implementation
CHOICE 1 o 3 choice
SRC STATE s < 2
1 (Initial) 6 5] 2 o > 2
2 (Flight Enquiry) - 1113 2 1 3
3 (Seat Enquiry) -1 2|4 ctate > 2 4
4 (Reservation) - (315 4 3 5
5 (Confirmation) -4 |1 5 4 1
6 (Final) = | & | = 6




Desian of a R tion System: Second Attempt (2)

A Top-Down & Hier

Level 3 execute

S ) g utill

ve
d initial transition —gt%eithe— is_final
Z . 5 7/
j - 2} G’Y ¥ J‘

displa read correc ess ro




t
B . sen

Level 2
oo e execute_ . "
initial transition ¢ Stals is_final
Level 1
display read correct message process
yll interg

current_state choice: INTEGER

from ‘ P/
current_state := initial
I youtml

until
is_final
do

choice : execute_stat ( current_stafe )
current_s 2 Llon icurrent_state, choice)

(current_state)




execute state (fcurrent_state :
—— Handle interaction

- Return user’s exi® choice.
local
answer: ANSWER; valid_answer: BOOLEAN;
do
from
until
valid _answer
do
display( BRI -SIE E)
answer := read_answer (
choice := read-choice
valid _answer := correct (

NTEGER) :
he current

INTEGER
state.

choice:

INTEGER

Result
end

answer)
Level 3 execute_
session
Level 2
initial transiti is_final
/
dispiay ad correct ssa 1




I@l—a\ current_state:
reduire

1 < current_state < 6

valid state:
do

if current_state

= 1 then

Display Initial Panel

elseif current_state = 2 then
—— Display Flight Enquiry Panel

et p3=7

else
-— DI1Splay
end
end

INTEGER)

Level 3

execute_
session

ool 2 ﬂ\

initial

transition

execute _
state

is_final

Level 1

message

‘{ process




/

& APPLICATION
- Level 3 execute_
ObJecf Orlen’red
SQGS.LQI'I
initial transition g;:,jgu te_ is_final

STATE
Level 1

Level 3

display

session

execute _

read

correct

message

process

Level 2 m

N

initial

transition

execute _
state

is_final

Top-Dow

urr

stat

- State

execute G@SGJ-QB rrent stste




Nor—00  Jofutat
purent _S¥are ;. Lol

Sl ~

|
expeonte __stare (8« Iap)

e : T67)
medngy) ( 8: Tn7)

|




tate Pattern: i ﬁﬂ 7( ex’m’r.sa;

g~

D cess* .

0‘ fo w | state_implenie s
\(L 7a) | Y i
N A

3
(5) 2 (2)

Confirmation Flight Enquiry
A

3 2 3 2

5 X ,: WAL ( e
Q/ . e CCCONFIRMATIO) @
Reservation 3 W s.execute




W

de ed class -

execute
read
Read user’ inputs ot
— 'S t
= . good: BOOLEAN
—-— Set ’"answer’ and ’choice’
do
deferred end efy '
answer: ANSWER 'J. ’
= until
-— Answer for current state
good

V,ch01ce: INTEGER

TN Cce for next step

and choicae

) > gooad~” OBLECE
. if not godd n
essage
e en
re correct

en

N /}:9-1\ S_(QYQ a‘ Gdses??d e : rocesg/e—

oded. et e
e J
1\ . (SENTEMPLATE

Erea¥e (SEATENQUTS

W E
STE O
5 s O Uk L
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class (APPLICATION create make
feature {NONE} -- Implementation of Transition
transition: ARRAYZ|[INTEGER]

Graph

‘transition”’

Application Module

—-— State transitions: transition[state, choice]
states: ARRAY [STATE]
—-— State for each index, constrained by size of
feature
initial: INTEGER
number. of_ states: INTEGER
number_of_choices: INTEGER S-'- -|- p -|--|- .
make (n, m: INTEGER) are a ern’
do number_ of_ states := n
number_of_choices := m

create transition.make filled(0, n, m)
create states.make_empty
end
feature
put_state(s: STATE; index: INTEGER)
require 1 < index < number_of_states
do states.force(s, index) end
choose_initial (index: INTEGER)
require 1 < index < number_of_ states
do initial := index end

put_transition(tar, src, choice: INTEGER)

require
1 € src £ number_of states
1 <€ tar £ number_of_ states
1 < choice £ number_of_choices

do
transition.put (tar, src, choice)

end

invariant

transition.height = number_of_states

transition.width = number_of_choices

end



State Pattern: Test

test_application: BOOLEAN
local
app: APPLICATION ;
do Sl'ﬂﬂbj
AGswrira
—>create app.make g‘ ﬁ > ¥ g SR
_ﬁ;gﬁp.put_state (create {INITIAL}.make(:)

S ———————
-— Similarly for other 5 states.
1§>app.choose_initial (1)

current_state: STATE ; index: INTEGER

(5)
Confirmation

(4)

(2)
Flight Enquiry

(3)

Reservation

Seat Enquiry

—-— Transit to FINAL_Qiven current state INITIAL and choicH
app.put_transition‘(6’_2‘ jﬁ

—-— Similarly for otlMér 10 transitions.

index := app.initial
current_state := app.states [index]
Result := attached {INITIAL} current_state

check Result end
—— Say user’s choice is 3:

index := app.transition.item (index, 3)

current_state := app.states [index]

Result := attached {FLIGHT ENQUIRY} current_state
end

transit from INITIAL to FLIGHT STATU.

state

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

'\__/

app.state.

choice

1 2 3
1 6 5 2
2 1 3
3 2 4
4 3 5
5 4 1
6

2 3 4 5 6

——— (

FINAL




State Pattern: Interactive Session

——

class
featur
t rada

execute_session

%ICATION/

{NONE} -- Implementat

e

on: ARRA

local

until

is final_ (1

7. o)

—

APPLICATION

transition: ARRAY2[INTEGER]

states: ARRAY[STATE]




Interactive System: Top-Down Design vs. OO Design

P-/
Object-Oriented

,

current_state: STATE

current_state.execute_session

Level 3

execute_
session

execute+
read*

+ state+
APPLICATION

e o o i i —— — o oo )

display*
correct*
process*
message*

state_implementations

+
RESERVATION

[}

[}

I

[}

[}

[}

[}

. |
SEAT_ENQUIRY |
I

I

[}

I

[}

[}

I

[}

. |

CONFIRMATION 1

I

Level 2 m

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

Top-Down

current_state: INTEGER
execute_session(current_stste)
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Subcontracting: Architectural View

HONE_USE

Eiy_ﬂone;\sMARTPHONE ]
d
PlatiC f'ffe

1—p°
s 7 ~
IPHONE 652PTUS

T[EVENT]

require ls ﬁé)
ensure the W‘V
J




Subcontracting: Example (1)

class (SMART PHONE

get_remin —
(.13 )

PHONE_USER . o L
hyr}h‘r: J—F’{ er“(
K pppeft



class SMART PHONE
get_reminders: LIST[EVENT]
o ire
a:) battery level > 0.1 —— 10%
ensure
B: Ve:Result | e happens today
end

class IPHONE_11_PRO
inherit SMART PHONE redefine get_reminders end
get_reminders: LIST[EVENT] ’(

require else
v: battery_level > 4 - —
ensure then p.0¢
d0: Ve:Result | e happens today or tomorrow
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Subcontracting: Example (2)

class (SMART PHONE
get_reminders: LIST[EVENT] @ I.F ﬁmd J an

require

a: battery Jd€ével > 0.1 —- 10% Wm? 2 Z'bq:

ensure

B: Ve:Result | & happens today

end

class IPHONE_11_PRO
inherit SMART PHONE redefine get_reminders end
get_reminders: LIST[EVENT]
require else
¥: battery level 2 0.15 —— 15%
ensure then

6: Ve:Result | e happens today or tomorrow m}/ e M.

end

PHONE_USER}-=heneyISMART _PHONE

i

IPHONE_11_PRO
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class SMART PHONE
get_reminders: LIST[EVENT]

end

class IPHONE_11_PRO
inherit 3MART PHONE redefine gs
get_reminders:
require else
~v: battery levd
ensure then

end

2 MART Rion

beate TIP3 J- mallf
S~3e{_vemad55 _
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MART PHONE
get_reminders: [EVENT]
require
a: battery level > 0.1 —— 10%
ensure

esult | e happens today

class\ IPHONE_11_PRO
get_re.minders: LIST[EVENT & k“f
require fufiamng wu

y: ba level 2 0.15 —- l%ﬁ
ensurf_t A f\)’ HoN f ? -
0: Ve: esqu € happens today or tomordrow

end
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Subcontracting: Architectural View

( PHONE USER ]

tny phone: SMART PHONE

o
> 8 l@A 9‘7

>t

IPHONE 6S PLUS

get _reminders: T[EVENT]
require else ??
ensure the N
(81 y




Subcontracting: Example (1)

class (SMART PHONE
get_reminders: LIST[EVENT]
require
oa: battery level > 0.1 —— 10%
ensure

B: Ve:Result | e happens today

end

class IPHONE_11_ PRO
inherit SMART PHONE redefine get_reminders end
get_reminders: LIST[EVENT]
require else
o batteryslevel >R0015 —— 153
ensure then

d: Ve:Result | e happens today or tomorrow
end

PHONE_USER}2202 3/SART PHONE

i

IPHONE_11_PRO




class SMART PHONE

get_reminders: LI$T[EVENT]
require M
af Eattery_level p Ol) 10%
ensu

B: Ve:Result | e happens today
end

class IPHONE_11_PRO
inherit SMART PHONE redefine get_remipllers end
get_reminders: LIST[EVENT]

require else l‘b" é’

am) batitery level > g.l'
ensure en

0: Ve:Result | e happens today or tomorrow




class SMART PHONE
get_reminders: LIST[EVENT]
require
a: battery level > 0.1 —— 10%
ensure
B: Ve:Result | e happens today

end
class IPHONE_11_PRO
inherié-EMZRT:?HUNE'rédefine get_reminders end

get_reminders: LIST[EVENT]
require else

9% tery level > Ndo —— 153
ensure the

d: Ve:Result | e happens today or tomorrgs
end /)

b Y I B3 o malg (fE .
@ ‘y. a!Lvemno(M . ' z Q}%AMW "tﬁ
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Subcontracting: Example (2)

class (SMART PHONE
get_reminders: LIST[EVENT]
require
a: battery _level > 0.1 —— 10%
ensure
B: Ve:Result | e happens today

end

class IPHONE_11_PRO
inherit SMART PHONE redefine get_reminders end
get_reminders: LIST[EVENT]
require else
¥: battery level 2 0.15 —- 15%
ensure then
0: Ve:Result | e happens today or tomorrow
end

PHONE_USER}-=heneyISMART _PHONE

i

IPHONE_11_PRO




Contract Re-Declaration:

Missing Pre-Condition in Ancestor ot X2
o
class FOO Shans n
inherit FOO redefine f end
z d:‘m f require else paBg¥e€
and do ... Y>O

end snd —_—

f end

J

4 ,,:\ }?uf\tme

& #0
b 15 b
ot veope
o B 0 p-€




Contract Re-Declaration:

Missing Post-Condition in Ancestor

class FQOO
F
do ...
end)Ja,Me
end
e 7
w20 :FA‘.[J@

g of

'J\JZ

ézsf
7V

_ | eclass BAR

inherit F0OO redefine f end%’
'e

do ...
ensure then new_post

g

end

OEEE——

end

@R tn Goorpr)

]




Contract Re-Declaration: o +
Missing Pre-Condition in Descendant —
class FOO class BAR
f require inherit FOO redefine f end
S i
do a do ... .
end end
end end




Contract Re-Declaration:
Missing Post-Condition in Descendant

class FOO
class BAR

o inherit FOO redefine f end
(s [ TR f

en
i original _post = on —
end L 1y
end end t W :
LM

L; st /Wwf-mfe
L3 ‘([ Mo 'k‘W \rxﬂ(\? /4’
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Weather Station: 1st Design 4/7

FORECAST > ) A

‘A /?y feature h ) NV/
-- Retne) and display the latest data.

current_pressure: REAL
last_pressure: REAL )

WEATHER_DATA+ =
fonfraur REAL { ORRENT_CONDITIONS+ )

dity: REAL -
ure: REAL
feature

weather_dat

oret_limits (t, p, h): BOOLEAN eatier doca catur
-- Are current data within legal limits? D2 Gy s
P, P -- Retrigfe and display the latest data.
corRgct_limits (temperature, humidity, pressuure) l ;emp .Zrlat?;{el:aﬁfAL
umidity: )

\_, '“/ &__STATISTICS+

-

weather_data
feature
) . ko)
m -- Retri€ve and display the latest data.
A ‘ &‘ ( \_ temperature: REAL



Weather Station:
1st Implementation

class WEATHER DATA create make
feature - Data

temperature: REAL

humidity: REAL

pressure: REAL

feature —- Quer 5
correct_limits(t,p,h: REAL): BOOLEAN
ensure

Result implies -36 <=t and t <= 60
Result implies 50 <= p and p <= 110
Result implies 0.8 <= h and h <= 100
feature - C 5
make (t, p, h: REAL)
require

correct_limits (temperature, pressure, humidity)
ensure
temperature = t and pressure = p and humidity = h
invariant
correct_limits (temperature, pressure, humidity)
end

class FORECAST create make
feature - Attri s
current_pressure: REAL
last_pressure: REAL
weather_data: WEATHER DATA
feature - Cor 1s
make (wd: WEATHER_DATA)

ensure weather_data = a-weather_data

update
do last_pressure := current_pressure
current_pressure := (Weather data:pressure
end
display
do update

I

class CURRENT _CONDITIONS create make
feature -- Attributes

temperature: REAL

humidity: REAL

weather_dat

WEATHER DATA

feature -

make (wd: WEATHER_DATA)
ensure weather_data = wd

update
do temperature weather data.temperature

humidity := weather datashumidity

end

display
do update

class STATISTICS create make
feature - Attributes

weather_data: WEATHER_DATA
current_temp: REAL
max, min, sum_so_far: REAL
num_readings: INTEGER
feature - ¢ s
make (wd: WEATHER_DATA)

ensure weather._data = a-weather_data
update

do current_temp := weathér.datastemperature

s 7
ax 11 5 V.

- ate min




Weather Station:
Testing 1st Design

iclass WEATHER STATION create make

feature -
cc: CURRENT_CONDITIONS ;
wd: WEATHER DATA

Attributes

fd: FORECAST ;

feature - Co
make
do create wd.make (9, 75, 25)

create cc.make (wd) ; create fd.make

qwd.set_measurements (15, 60, 30.%

cc.display ; rd.arspray ; sd.dispray
cc.display ; fd.display ; sd.display
wd.set_measurements (11, 90, 20)

cc.display ; fd.display ; s8d.display

en

Fnd

(wd)

agpt

sd: STATISTICS

create sd.make (wd

s,

u

{
/0

class FORECAST create make
feature - Attri
current_pressure: REAL
last_pressure: REAL
weather_data: WEATHER DATA
feature - C ds
make (wd: WEATHER DATA)
ensure weather_data = a-weather_data
update
do last_pressure := current_pressure
current_pressure := (Weather data)pressure
end
display

do update

(UR_OJD

)2 WeHR 040

NO\ + WEQ T

Fogel 06T
7 .

WA -

A odds

class CURRENI_CONDITIONS create make
feature - Attributes
temperature: REAL
humidity: REAL
weather_data
feature - Corn
make (wd: WEATHER_DATA)
ensure weather_data = wd

WEATHER DATA

update
do temperature := weather_data.temperature
humidity := (weather data.humidity
end
display
do update

class STATISTICS create make
feature - Attributes
weather_data: WEATHER DATA

current_temp: REAL

max, min, sum_so_far: REAL

num_readings: INTEGER
feature - C

make (wd: WEATHER DATA)
ensure weather_data = a-weather_data

update
do current_temp := weather datasytemperature
—-— Update min, max if nec 2
end
display
do update




The Observer Pattern

-
’

- o e o e
~
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’
4 |
A
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\
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1

subjects
~

s

SUBJECT+ / )

notify +

ensure

\

feature -- { NON
-’observerS' OBSERVER) e==p
feature -- { OBSERV d
-- Notify an update to observers
Yo : observers : @: to_date_with_subject

R R e

AN

\
1
1

.

1
attach, detach

~

observers

7

feature -- { SUBJ }
update *

-- React to a update.
et Uptodsto_ with | Ay

fe:

-- Is current observer up to date with
-- the latest state of the subject?
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The Observer Pattern: Application to Weather Station

)
o
Q

)
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™
w2

| 55
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feature -

¥ observers; LISTIOBSERVER]
feature .- { OBSERVER }

tify an update to observers
ensure up_to_date_with_subject: BOOLEAN *

Yo : observers : o.update_to_date_with_subject -- Is current observer up to date with

1
1
: the latest state of th bject?
-- the latest state o € supject’
J fd -
1
1

-- React to a update.

feature -- { SUBJECT }

EATHER_DATA+

A temperature: REAL
/,humidity: REAL
Lpressure: REAL
fcorrect_limits (t, p, h): BOOLEAN

-- Are current data within legal limits?
invariant

correct_limits (temperature, humidity,
. \_——

e wm mm mm wm mm wm ow
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Weather Station: 1st Design

weather_data

WEATHER_DATA

temperature:
humidity: REAL
pressure: REAL
correct_limits (t, p, h): BOOLEAN

-- Are current data within legal limits?
invariant

correct_limits (temperature, humidity, pressuure)

FORECAST+

f A
‘display +
== and display the latest data.
current_pressure: REAL
ssize: REAL Y

I display + l
== Retrieve and display the latest data.

temperature: REAL

\Paidi : REAL

S

TQETISTICS+
ﬁ: v
( display + k

o= display the latest data.
m“ @ure: REAL




Weather Station:

Testing 1st Design

iclass WEATHER STATION create make

feature - Attributes
cc: CURRENT_CONDITIONS ; fd: FORECAST ; sd: STATISTICS
wd: WEATHER DATA
feature l
make
do create wd.make (9, 75, 25)
create cc.make (wd) ; create fd.make (wd) ; create sd.make (wd
wd. set_measurements (15, 60, 30.4)
cc.display ; fd.display ; sd.display
cc.display ; fd.display ; sd.display
wd.set_measurements (11, 90, 20)
cc.display ; fd.display ; s8d.display
end
Fnd

class FORECAST create make
feature - L
current_pressure:
last_pressure: REAL
weather _data: WEATHER DATA
feature -
make (wd: WEATHER_ DATA)
ensure weather_data =
update
do last_pressure := current_pressure
current_pressure := (Weather data)pressure
end
display

Attri

a-weather_data

do update

temperature
pressure
humidity

wd
WEATHER_DATA [

fd~ FORECAST

weather_data

CC,4CURRENT_CONDITION

weather_data

class CURRENI_CONDITIONS
feature - Attribu
temperature: REAL
humidity: REAL
weather_data: WEATHER DATA
feature - C nds
make (wd: WEATHER_DATA)

create make

PR
ces

ensure weather_data = wd
update
do temperature := weather_data.temperature
humidity := (weather data.humidity
end
display
do update

class STATISTICS create make
feature - Attrik

butes

weather_data: WEATHER DATA

current_temp: REAL

max, min, sum_so_far: REAL

num_ readings: INTEGER
feature - C ok

make (wd: WEATHER DATA)
ensure weather_data =
update

do current_temp :=

a-weather_data

weather data.temperature

—-— Update min, max if neces

end
display
do update
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observers

" OBSERVEIG:)

feature -- { SUBJECT }
update *
-- React to a update.

The”Observerattern

subjects

[

=~ -
Y

4 \ 4

i SUBJEC’I;/ R

feature -- { NONE }

observers: LIST[OBSERVER] »
feature -- { OBSERVER }

- - = -

attach, detach

notify +
-- Notify an update to observers feature -- { SUBJECT }
ensure up_to_date_with_subject: BOOLEAN *
Yo : observers : o.update_to_date_with_subject
L 2 ) -- the latest state of the subject?
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1 -- Is current observer up to date with
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Observer Pattern: Application to Weather Station

observers
P g = [N RS S S SRS USSR UESUS LA = S T s = = ~~ %
4 \

1 4 \
I 1 OBSERVER* \
] 1
1 3 g |
1 obg : SERVER] !
B P :
1 notify + 1
1 »f}Ij\Iotify an update to observers 1 feature - { SUBJECT } 1
1 nsure 1 1 up_to_date_with_subject: BOOLEAN * 1
1 Yo : observers : o.update_to_date_with_subject 1 1 -- Is current observer up to fiale with 1
1 k I 1 -- the latest state of the subject? 1
1 J I \ 1
1 1 |
1 ] |
1 | |
1 | 1
! EATHER_DATA+ : :
: temperature: REAL ! :
| humidity: REAL ' :
1 pressure: REAL . |
I correct_limits (t, p, h): BOOLEAN ! |
. -- Are current data within legal limits? ! I
\ invariant h

\ correct_limits (temperature, humidity, pressuure) Il

’
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~
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Weather Station: Subject

l feature

class SUBJECT create make
feature - Attri
LIST[OBSERVER]

butes
observers :
feature - Cor
make
do create {LINKED_LIST|[OBSERVER]} observers.make

ensure no._observers: observers.count = 0 end
feature -- Invoked by an OBSERVER
attach (o: OBSERVER) ‘o/ to the observers

require not_yet_attached: not observers.has (o)

ensure is attached: observers.has (o) end
detach (o: OBSERVER) -- Add ‘o’ to the ob:
require currently attached:
ensure is attached: not observers.has (o)

oked by a SUBJECI

observers.has (0)
end

ttached observer about the update.

notify ! i
do across observers as cursor loop cursor.item.update end
ensure all views_updated:

ify ea

class WEATHER DATA
inherit SUBJECT

create make
feature -- data available to observers
temperature: REAL

humidity: REAL
pressure: REAL

correct_limits(t,p,h: REAL): BOOLEAN

feature —— I ialization
make (t, p, h: REAL)
do
make_subject —-- initialize empty
set_measurements (t, p, h)
end
feature - Called by we er station

set_measurements(t, p, h: REAL)
require correct_limits(t,p,h)
invariant
correct-limits (temperature, pressure,
end

rename make as make_subject end

humidity)

end
end

across observers as o all o.item.up_to_date_with_subject end|




Weather Station: Observers

deferred class Result = current_pressure = weather_data.pressure
update
OBSERVER do —— & only on demand
feature -- To be effected by a descendant end
up_to_date_with_subject: BOOLEAN
- Is this observer up to date with its £lafs S CONNILOS
- - B o . o - N h inherit OBSERVER
deferred feature —-
end make (a_weather_data: WEATHER DATA)
do weather_data := a_weather_data
weather_data.attach (Current)
update ensure weather data = a_weather data
- Up(ﬂ the obse /s view of Yg? weather_data.observers.has (Current)
deferred end
feature leri
ensure up_to_date_with_subject: BOOLEAN
up_to_date_with_subject: up_to_date_with_subject ensure then Result = temperature = weather_data.temperature and|
end humidity = weather_data.humidity
update
end do same as lst design; Called only on demand
end
class STATISTICS
inherit OBSERVER
feature - ¢ s
make (a_weather_data: WEATHER DATA)
do weather_data := a_weather_data

class FORECAST
inherit OBSERVER

feature - C 1ds
make (a_weather_data: WEATHER _DATA)
do weather_data := a_weather_data
weather_data.attach (Current)
ensure weather_data = a weather _data
weather_data.observers.has (Current)
end
feature -- Que

up_to_date_with_subject: BOOLEAN
ensure then

weather_data.attach (Current)
ensure weather_data

a_weather_data
weather_data.observers.has (Current)
end
feature - 0
up_to_date_with_subject: BOOLEAN
ensure then
Result = current_temperature = weather_data.temperature
update
do —-—

—end

on demand




Weather Station: Testing the Observer Pattern

class WEATHER _STATION create make

wd: WEATHER DATA
feature - C
make
do create wd.mak
create (cc Jnake

cc.displ

feature Attributes
cc: CURRENT_CONDITIONS

’

4 ;'-fd.display ; sd.display

cc.display ; fd.display ; sd.display A)o Sc Gllfeﬁ;,

rements (15, 60, 30.4)

fd: 'FORECAST ; sd: STATISTICS

(C . wectipr ok
. WA ateath ((C)

create ¢fd.make (wd) ; create sd.make (wd]

class EQR
inherit OBSERVER
feature Commands

make (a_weather._data: WEATHER DATA)
= do weather. _data := a_weather_ data

wearthentcda talatizachil(CGiiErenE)
ensure weather_data =

a_weather._data

weather_data.observers.has (Current)
end

s CURRENT_CONDITIO.
inhers ER
feature - Co

nds

Ly

make (a_weather._data: WEATHER DATA)

wd.set_measurements (11, 90, 20) — do weather _data := a_weather_data
wd.notify C O weather_data.attach (Current)
. s g = g ensure weather_data = a _weather data
cc.display ; fd.display ; sd.display L
end 0D - %! 1. weather.data.observers.lias (Current)
end end
A class STATISTICS t
inherif OBSERVER‘ ,7
WEATHER DATA feature - command
o FORECAST make(a_weather_data: WEATHER_DATA)
temperﬂfure do weather._data := a_weather_data
preSSure / weafher_dafa weather_data.attach (Current)
A ensure weather_data = a_weather_data
o g — e —, — L_ e
humldlfy Y 4 @ N CONDI .\‘ weather_data.observers.has (Current)
observers - f"" T U= » end
/ ! wea'rher_da'r’ \
2 ORS /‘ t
A) Bl
- —\(
i




Multiple Subjects vs. Multiple Observers: Observer Pattern

Ve

wd;: WEATHER_DATA

-

-

wd2: WEATHER_DATA

N

N A

lﬁ¥“J’M*( [N ]
7 ke
wdm—1: WEATHER_DATA
S >4

~

w@ WEATHER_DATA
N\

Q1. Overall Complexity? {)/~-7\),

[

application; ]

applications ]

Y Wmfiﬁi{/

applicati@ }

Q2. Complexity of adding a new subject? ﬂé/l)

Q3. Complexity of adding a new observer?
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Multiple Subjects vs. Multiple Observers: Event-Driven Design

-

{Wdfz: WEATHER_DATA }\p”b”s" S"”"‘V/ application, }
- L
ﬂdﬂf_( /> change_on_temperature: EVENTJ‘\(/ "

/ ( -
[wdn_l: WEATHER_DATAJ / \ 7 application,,_;

L
[ w@\/ EATHER_DATA \{ applicati@ ‘J
J
~

[ wdi: WEATHER_DATA

Q1. Overall Complexity? 17( w =< /1)

Q2. Complexity of gdding a new subjec
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Cyber-Physical Systems: Plant, Sensors, Controller, Actuators
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Event-Driven Desiqgn in Java

public class WeatherStation ({
public static void main(String[] args) {
-’WeatherData wd = new WeatherData(9, 15, 25);
- CurrentConditions (e = new CurrentConditions () ;
tem.out.println("=======");

Wi (15, 60, 30.4);
ceridisplay ()
System.out.println("=======");
wd. setMeasurements (11,
cc.display();

—}

) &

ox€

D

public class CurrentConditions {
private double temperature;
public void updateTemperature (double t)
public void updateHumidity (double h)

private double humidity;
{ temperature = t; }
{ humidity = h; }

public CurrentConditions() {
MethodHandles.Lookup lookup = MethodHandles.lookup();
try {
MethodHandl1

lookiga —zacay =
this.getClas5(),
MethodType.methodlype (void. cle fﬁ.class) Y
WeatherData.changeOnTemperature(subscribe/(this, ‘_t) H
MethodHandle uh = lookup.findVirtual (
this.getClass(), "updateHumidity",
MethodType.methodType (void.class, double.class));
WeatherData. changeOnHumiditz. subscribe (this, uh);
} catch (Exception e) { e.printStackTrace(); }

public void display() {

System.out.println("Temperature: " + temperature);
System.out.println("Humidity: " + humidity); } }

7 Vad
public class Event {
Hashtable<Object, MethodHandle> listenersActions;
Event () { listenefsActions = new Hashtable<>(); }

i B void (subscribe (Object listener, MethodHandle action) {
listenersActions.put( listener ,
}
voidlgublisbqoznject arg) {
for (Object listener : listenersActions.keySet()) {
—_——
MethodHandle action = listenersActions.get (listener);

txr
actiogy’. invokeWithArguments ( listener..
} catch (Throwable e) { } I

}

Geony) ;
—

public class WeatherData {
private double temperature;
private double pressure;
private double humidity;
public WeatherData (double t,
setMeasurements(t, h, p);

}

double p, double h) {

public static Event (changeOnTemperaturée = new Event();
public static Event (changeOnHumidity = new Event();
public static Event changeOnPressure = new Event();
public void setMeasurements (double #, double J, double ,ﬁ) {

temperature = t;
humidity = h;
pressure = p;

chan geOnTemperaturd . gublish ( tempel'ag:ure) H

changeOnHumidity .publish (humidity);

s bo -

changeOnPressure .publish(pressure);




Event-Driven Design in Java: Runtime
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Observey

- R R o

-

’

~

subjects

SUBJECT+

feature -- { NONE }
observers: LISTTOBSERVER]
OBSERVER }

attach, detach

_PaHern: Application to Weather Station

observers

OBSERVERV

y an update to observers
ensure
Yo : observers : o. updme

W&M

([ WEATHER_DATA+

_date_with_subject

_J

~

temperature: REAL
humidity: REAL
pressure: REAL
correct_limits (t, p, h): BOOLEAN
-- Are current data within legal limits?
invariant
correct_limits (temperature, humidity, pressuure)

-

L e - -

(4
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wd

P I I .

\_

eature -- { SUBJECT } r Y
update *
-- React to a update.

feature -- { SUBJECT }
up_to_date_with_subject: BOOLEAN *

-- Is current observer up to date with

-- the latest state of the subject?

A

+ +
CURRENT_CONDITION STATISTICS

’

- = o = = -

’
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Multiple Subjects vs. Multiple Observers: Observer Pattern
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Event-Driven Design in Eiffel

class WEATHER STATION create make
feature
cc: CURRENT_CONDITIONS
make
do create wd)make (9, 15,

25)
’ create (xd)

>wd get_meéiurgments , O, 30.4)
cc.display
wd.set_measurements (11, 90, 20)
cc.display

end

end

)

class CURRENT_CONDITIONS
create make
feature

nake G}

do__

Initialization
WEATHER DATA)

ang Frrmridlit,
feature —~—#—
temperature: REAL

humidity: REAL

wd.change_on._ tempese&uﬁo ubscribe/ (@

ubscribe dgie e tem eratur@)
gent uedate humidit

—-> TUPLE ]

B

ons. make end

clas@ [ARGUMENTS
create make

feature -- Initialization
LINKED_ LIST|[
make do cre
feature
‘subscribe’(

_action) PROCEDURE [ARGUMENTS])

publish\ (awrgs—G)

do from actions.start until actions.after
—ale

loop actions.item.call ( )

end A 7kotfwl"zE

end

require action not alr ubscribed: not actions.h
do{actions.extehd €Gan _action
ensure action_subscribed: tion.has(an_action) end

; actions.forth end

update_temperature (t: REAL) do temperature := t end
update_humidity (h: REAL) do humidity := h end
display do ... end
end
class WEATHER DATA
create make
feature - WM ments
temperature: REAL ; humidity: REAL ; pressure: REAL
correct_limits(t,p,h: REAL): BOOLEAN do ... end
make (t, p, h: REAL) do ... end
feature -- Event for data changes

change_on_temperature :
change_on_humidity :
change.on_pressure :

feature Command [S' ‘0 0.0
set measgrements (L f ¥ REAL)

require correct_limits(t,p,h)

do tempergture : & i

change_on_pressure . publlsh
end

([h])

invariant correct_limits(temperature,

EVENT [TUPLE [REAL] Jonce create Result end
EVENT [TUPLE [REAL] Jonce create Result end
EVENT [TUPLE [REAL] Jonce create Result end

pressure, humidity) end




Event-Driven Design in Eiffel: Runtime

CC,3ICURRENT_CONDITION
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Program Correctness: Example (1)

class FOO
i: INTEGER
increment_by_ 9
require

C > o w@Aé

do Lt
[% x L) /\\[/OWJ —[-':d

en'sure 7 5
’i:ﬁf ' whah vl

| (B P <f£ovw,zf/;«|

yoleti.




Program Correctness: Example (2)

class FOO
1: INTEGER
increment_by 9

! require

J( do
i := 1 + 9
ensure
5 = L3
end

end a’fe/mfz/eff e L{,




class FOO
i: INTEGER
increment_by._

require
41 > 3)
do

endend g‘Afz’w A O Stafe that
A gi{f\f the &p%lzfm KL
Q)'ff’vm?« i%
5+M17% WW@&ﬁﬁéd

We APt (D\V.



class FOO (>UAC (= E\‘ﬂ? {E>I§j
i: INTEGER — [~ T

bremenictned ({1233 1o ceq § 1
s 2 4 l> Ble 0 T-d i
ii=1i+ 9 Jo olbeed (;7 /@%/aéf;az

ensure

. % LS
end ¢ =
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Hoare Triple as a Predicate
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Program Correctness: Revisiting Example (1)

class FOO {Q} s {R} = Q= wp(S,R)

1: INTEGER
increment_by 9 {-[- >3‘3 E; gq 5‘! > BE

require =Q
%
(@]
5

d

=T LI
% > 13 /

en ‘

end

NP( '[::‘(.(-q b1 7")‘)



Program Correctness: Revisiting Example (2)

class FOO {Q} S {R} = Q> Wp(S, R)

i: INTEGER

increment by 9 @ T:= ¢ 1:-4" { [ (3}

require

1 > 5§




Rules of Weakest Precondition: Assignment







Correctness of Programs: Assignment (2)

What is the weakest precondition for a program x := x + 110

establish the postcoadi Xp?
> 22
}ori= x + 1 {x=283}

Is thy progew lovrect7
[ loledare wp(X=Flf X=23) (-

,pﬂ/' A+] = 23
Q2 ey
2. Yoo X 7 220D bmeiaie 72 23)




Rules of Weakest Precondition: Conditionals

wp(ifi B/then S1 else(S2 2nd, R)

B> LOF@" 29, = Wp (i)
v VS. ??
B 2 wp(, R B =y &R

7o X+ 20







Correctness of Programs: Conditionals

Is this program correct? Z

"

bigger := x(??smaller :

else .

[bigger = yi;,smaller ;

&)
[ leleslote
wp (it 151 shen G elp(Sbd L b %5 )

- 'f P pib e pondktionds
XY > wplSiy b4 )
AW > p( s b2










NF< S) ; So s Cs 2)
= wp(S1, ap(Se,1p(6,R)) )



Correctness of Programs: Sequential Composition

Is{ True } tmp := x; x := y; y := tmp{ x>y } correct?
D Laledate wf(f»f}? = 2’9.&’:;;[5(7” 77«/17, Z’ﬁ)
= {NF wle of s S

NFUMF’;X'> bo}?(it’w;{; ,2’>g))
= {AJ‘? wb of 5%
NF( ‘fwlfzz-.j(, L)F(X"j 7(#))
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fwar @ mo(

Kitho ut W(j g0 tEmedbar
'V&\%L/P ,



éecme 2
Tuesvay TecemeeR >



Hoare Triple as a Predicate

{@} s {R} =(@B wp(S,R) o




Rules of Weakest Precondition: Summary

wp§_:=@ R) = Blf)= el &«77(5" 5 w}?(fz,}Z)>
sz;f oW ﬂ_(cfj' e )

- S8 = Wp(SZa R)

WP@ ;E, R) = wp(S1, wp(Sz, R))

AnIE®

e fov Ji
Jtat for §T



Correctness of Proqrams Sequential Composition

g

D Llekre UpCEHPER K= Jztp, 1) (D W
= {wp e o 53

Y,
up (s, wp(Eis oty ) RuALi
< fup b of 53 YA =‘>‘7>}
NF( fmrv:?(, L)F(X"g 'X‘i"l)) Z?
— = X>t*‘l7[k::y] z\' P'
W (’cwf =X, Wp(X:= Y g



Proof Rules using
Weakest Precondition

{Q}x := e{R} =(Qf4 R[x:=e¢€]

C——

wp(x := e,R)

{@Q} if B then S; else nd { R}
{QA B} S {R} (Qr B)= wp(Si, R)
A A — A
{QAr-B }S: {R)} (QA-B) = wp(Sz, R)
(@) 815 S (R) =(Q) wp(S1, wo(S2. R))

wp(Sy ; Sz, R)
i




Loops: Eiffel vs. Java

al o 4f py:
C(slo 7 tme, ba w 5%

eXE . ¥ -



7

ey
Syntax V MMA/‘,. Z}unhme Checks 44‘, A,f 7.

x B o
Sinit

invariant
invariant_tag:

uafil
B

loop

body
var t

variant: tae; @ -~
end




Contracts of Loops: Example

Syntax 4 o tawy {1 Runtime Checks

0',"1
- 2‘4 not B
. |4b=0




Contracts of Loops: Violations

Runtime Checks

i: INTEGER
do

invariant
1 <= 1 and 1 <=¢
until
Moy T >
loop L 0
io.put_string ("iteration " + i.out

exit condi’rion:li > 03]9 Z¢
invariant: 1 <=i<=5 2 /z

variant: 5 - i

V7 lbre




Contracts of Loops: Visualization
ZS‘f Mfﬂﬂ

o 71 2454

Prev state

Iyitializati

Body

Loy

nvariant

( E:mt condztzon )

Postcondition




find max [(a: ARRAY
local i: INTEGER

[INTEGER] ) : INTEGER

do
from
i :=la.lower); Result := al[i] ////’/
invariant /\ Z:
[lOQ_D i riante, v] .:’ fowar </ {- Besylt ﬂrl}
across a.lower |. 5 all Result >= a [j.item] end
untitr———— G _ é 2 / /
i(>) a.upper L’ &g aé"ﬂgg d _Z T

Result then Result := a [i] end A\I / C
vaciant p ‘,44/-{ V. Jj

loop_variant: la.upper — 1 + 1
end

ensure —r—
correctr result: -+~ Vjlalower<j< a. e Res /t> aly]
acrdss a.lower |..| a.upper as jfaleesu >= a [j. J.tem]'
end

end

—

Invariant: Result stores the max of the array scanned so far.
s \
_———————— \ o,cOU‘“







Finding Max: Version 1 4™

find max (a: ARRAY [INTEGER]): INTEGER
local i: INTEGER
do
from
K‘j ”“’9’
1nvar15ht

loop_invariant: —- v/|a/ower<j</ e Result > a[j]

3

20 10140

r:w

R
G,
2) &

across a.lower |..| i as j all Result >= a [j.item] end
until
i > a.upper L
7|4
1f a [i] > Result then Result := a [i] end };Z'/, 62
i :=1+1
variant )
loop_variant: a.upper - 1 + 1 T
end }2’2; 6?(5;;]
ensure <
correct_result: —- Vj|a.lower<j< a.upper e Result > a[j]
across a.lower |..| a.upper as j all Result >= a [j.item]
end
end AFTER ITERATION || i | Result || LI | EXIT (i > a.upper)? | LV
Initialization |@| @ [@ @ o
fst e & © ® o
2nd O © ® ® @




Finding Max: Version 2

find _max (a: ARRAY [INTEGER]): INTEGER 20 lo
local i: INTEGER
do
from
i := a.lower ; Result := a[i]
invariant
loop_invariant: Vj| a.lower < j\< i o/ Result > a[j]
across a.lower |..| (i - 1) as/j all Result >= a [j.item] end
until
i > a.upper
loop
if a [i] > Result then Result := a [i] end
i =1 + D
variant
loop_vari@Rtff a.upper) - i
end
ensure
correct_result: Vj | a.lower < j < a.upper e Result > a[j]
across a.lower |..| a.upper as j all Result >= a [j.item]
end o —
end AFTER ITERATION || i | Result || LI | EXIT (i > a.upper)? | LV
Initialization 1 20 v X .
1st 2 20 v X 2
2nd 3 20 v X 1
3rd 4 40 v X 0
4th ® 6 o o (3




Correct Loops: Proof Obligations

{Q}

o A loop is partially correct if:
» Given precondition Q, the initialization step S establishes L/ .

4LA 8@ Sy 2 Do8 |
V% At the end of Sbod,.‘ not yet to exi I/ is maintained.

T - JZC_ |{/A-B} Spoy {1}
A= y

o if read tcl'ld L‘?I maintained, pOStCOhdItlon R is established.

\
DS Sl T S| -

YAB=H
inates if:

, and Aot yet to ex SbodLmalntaln@ agnon—negative.
) —
(e Given @nd not yet

o A Ioop




Correct Loops: Proof Obligations Initialization:

—

ﬂ;ggngu;J (a: ARRAY [INTEGER]): INTEGER

local i: INTEGER

do

7 from
[} := a.lower ; Result := a
invariant -

loop invariant:

j| a.lower <j<i e Result > a[j]

T

i > a.upper

Toop
if a [1i] > Result then Result := a [i] end
1 =1 + 1

variant
loop_variant: a.upper - 1 + 1

end

ensure

| correct_result: Vj|a.lower<j< a.upper e Result> a[j]
end

end

Non-Negative Variant:  Decreasing Variant:

Before Termination:

Upon Términation:



| { Vj|alower<j<i e Result>a[j] }

@[lelafe w (c-—d/owa’; fm’t R[c.]







Prove

Establishment of Postcondition upon Termination:

(Vj|alower <j<i e Result > a[j]) ni> a.upper
= Vj | a.lower < j < a.upper o Result > a[j]

Hint: Rewrite j < i and i > a.upper using >=

Hint: Identify i, j, a.upper on the number line.



Prove

Loop Variant Stays Non-Negative Before Exit:

{ (Vj|alower<j<i e Result>al[j])A-(i>a.upper) }
if a [i] > Result then Result := a [i] end
1 v= 1 + 1

{ a.upper-i+1>0 }
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Visifgr Design Pattern: Architecture

’ \ p
’ A EXPERSSION* Y e N\
\accept . > ( OR*
accept(v: VISITOR)* _'_./ ONSTANT)*
O~ s, #ISTL_addition(9TY\DDITION)E

-2 yrat-

—

([ PreIIY_ PRIN@

N

S e TN
How*\é Use V|S|1'ors

VSt

1 | test_expression evaluation: BOOLEAN

2 local add, cl, c2: EXPRESSION ; v: VISITOR
3 do

4 create {CONSTANT} cl.make (1) ; create {CONSTANT} c2.make (2)
5 create {ADDITION} add.make (cl, c2)

6 create {EVALUATOR} v.make

7 | add.accept (v)

8 check attached {EVALUATOR} v as eval then
9 Result := eval.value = 3

10 end

11 end

visit_ constach CONSTANT)+
26T UONJ¥




Visitor Design Pattern: Implementation

test_expression_evaluation: BOOLEAN
local add, c¢l, c2: EXPRESSION ; v: VISITOR

o g—
create({ CONSTANT} cl.makecah;; create {CONSTANT} c2.make (2)
7 create {ADDITI add.make (cl, c2)

create {EVALUATOR} v.make — —

eck attach
Result := g

d {EVALUATOR} v as eval then
val.value = 3

- OO NOOPAP,WN =

—




gste

w

( —

@& o
O [\hﬁﬁj

V7))







0o by
" ¥ W""TA ok
Tt
4
) @:’“‘7 S (AS
S?/Zm[*1
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Y GGl



Executing Composn’re and Visitor Patterns at Runtime

Tracind add.accept
Double Dispatch

Y/ evaLuato Add atle f[’l/)
S Eers] & 974 sl : Roo7r7m

TS m// acept 2
> PI) Lall V’ff.ﬁ% ;j

= class CONSTANT‘ inherit EXPRESSION|
deferred class VISITOR —_—

visit_constant(c: CONSTANT) deferred end accept (v: VISITOR)

visit _addition(a: ADDITION) deferred end do

AN Ay e e
M v.visit_ constant (Current)
clasKk EVALUATORAnherit VISITOR end

R IIIIOE ona

value |: _INTECER

_ class\( ADDITION
nd e ——
inherit” EXPR ION COMPOSITE

¢ EVALU o',ﬂ/p ,

P 60/04(!?







7

clas

ALUATOR inherit VISITOR

(vazze )

INTEGER

visit_constant(c: CONSTANT) do |value| := c.value end

visit_addition(a: ADDITION)

value

~

ﬂﬁﬁ@% Z




class

with

do

ccounts:

RRAY[ACCOUNT)
w_from (i: INTEGER,; a: INTEGER)
a’ from account stored as M ; | ’th item in accounts =

-- Withdraw amount *

require

sitive_amount: a > 0
enough_balance: accou
£ e

accounts|i|. withdraw (a)

accounts [z].balance >a

end

end







class DICTIONARY[V, K]
feature {NONE} -- Implementations \
. ARRAY [K] ’yw/w
keysy ARRAY K]

featyte -- Abstraction Function
model: FUN[K, V] k‘e
feature -- Queries

get_keys(v: V): ITERABLE[K]
local i: INTEGER; ks: LINKED LIST[K]
do

from i := kevy ower ; create ks.make_empty
invariant

until i > keys.upper
do if values[i] ~ v then ks.extend(key
end

Result = .New_cursor 7 V) ’
ensure \Vﬁ\f / VP ‘
result Valid: Yk |k cResult e model.item(k) ]
7 o4

nomissing keys: Yk |k e model.domain e model.item(k) ~ v = k € Resul
d




class DICTIONARY[V,

feature
values: ARRAY[K]
keys: ARRAY K]

model: FUN[K, V]
feature -- Queries
get_keys(v: V):
local i:

INTEGER;

{NONE} -- Implementations

feature -- Abstraction Function

ITERABLE [ K] l
; ks: LI _LIST[K]

K]

' A;;q..ﬁ nat rfAd
‘@_"foé’m‘z fa/f'?g_

6d 4 woated , LI o
wa ) fameof

ensure
result valid: Vk |k eResult e model.item(k) ~ v

nomissing keys:
end

l't>ko(7;.»m>

Vk | k e model.domain e model.item(k) ~ v => RRqRegult

Vo\z Tt 95%]#’91‘ pe LT.
{ Tne §

§
e (1
b, 47l G
b‘ﬂ



Correct Loops: Proof Obligations Initialization:

—

ﬂ;ggngu;J (a: ARRAY [INTEGER]): INTEGER

local i: INTEGER

do

7 from
[} := a.lower ; Result := a
invariant -

loop invariant:

j| a.lower <j<i e Result > a[j]

T

i > a.upper

Toop
if a [1i] > Result then Result := a [i] end
1 =1 + 1

variant
loop_variant: a.upper - 1 + 1

end

ensure

| correct_result: Vj|a.lower<j< a.upper e Result> a[j]
end

end

Non-Negative Variant:  Decreasing Variant:

Before Termination:

Upon Términation:



| { Vj|alower<j<i e Result>a[j] }

@[lelafe w (c-—d/owa’; fm’t R[c.]
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Extend the composite pattern to support operations such as
evaluate, pretty printing (print _prefix, print_postfi

and type_check.

PERSSION*

r COMPOSITE*

left, right: EXPRESSION

/

CONSTANT+ ADDITION+

evaluate+
print_prefix+
print_postfix+
type_check+

evaluate+
print_prefix+
lprint_postfix+
\type_check+

hared Data via Inheritance

Descendant:

Af 1

class DEPOSIT inherit w
Ry T ——

—— 'maximum balance’ releva

end

class WITHDRAW inherit SHARED DATA
—— 'minimum balance’ relevant
end

class INT_TRANSFER inherit SHARED DATA
—-— ‘exchange_rate’ relevant
end

class ACCOUNT inherit SHARED_DATA
feature
-— ‘interest_rate’ relevant
deposits: DEPOSIT_LIST
withdraws: WITHDRAW_LIST
end

[d LASSONDE

SCHOOL OF ENGINEERING

B i oheind

1 % % o

C.
D_DA
£

eature

AL
. INTEGER
maximum _balance: INTEGER
end
Problems?

@/ -
/



ZZ
Correct Loops: Proof Obligations af‘f‘ € i .

@ =

o Aloop is partially correct if:

_9 Given grecgndi:ign Q. the initializaff

“ At the end of’Sbo_du |

ngestabli

Q} 3in' ”F

iS maintained.

»If ready to exit and L/ / maintgined, posjcondition A s established.
rastosre sy

o Aloop terminates if:

o G

A7
_5F

iven LI /, and not yet 10-8Xit, Spoqy Mainjai V V as non-negativg.

CT Dy

iven L/ I, and not yet to exit, Speg, decrements LV V.
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Correct Loops: Proof Obllqa’rlons

find max
local i:

';ho
’). x:
inwv

an

. - ;
loop_invariant:ffVj| a.lower <j<i e Result > a[f

(a: ARRAY
INTEGER

[INTEGER]) : INTEGER

L

o

13 S $<z3 x

Before Termination:

¥ A

untj -
i > a.upper
1o —
if a [1iT > Result then Result := a [i] end
i :=1+1
variant
loop_variant:esa.upper — 1 + 1
end /\/Vda.“’\
ensure
correct_result: Vj|a.lower <j< a.upper e Result> a[j]
end
end

Non—Negative Variant:

Decreasing Variant:

Upon Tergination:

o e e

'iVJl R-boey <7< T- Jonlt 7 ag] 4 1@ a.«”e«)j






meX_of ( 7+ ToTeatR Zj Tote4e)
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0. Tomdht0 -
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Interactive System: Top-Down Design vs. OO Design

EZecutz zp
( * + state+ ~ e ) read*
_— displa <*
( * APPLICATION =/ N STATE Forrect
/ process.*
messayc
state_implementations
° d FoT-TTTTT T T T T T T T T T T T T T

Object-Oriente

current_stateSSTATE)

.+ .+ .+ .é’

[}
: |
! |
[} ]
! :
: |
[}
. | S
current_state.c2xecute session i R i
! |
! :
! |
! |
| :
! |
! |
! |
[}

RESERVATION
Level 3 ‘ gggg/%tﬁ_ CONFIRMATION

[ 81 L e e i e e - e i et
Level 2 state\ -

I — = : 0 I “‘
initial ‘ transition | L g;ggmi' is_final | |TOP-DOWﬂ

Pl

stw//,{ N = current_state: INTEGER

Level 7¢si State g7 Staleyy slate execute_session(current_stste)
>

ispla read @ mess.aﬂk rocess

P k= L ocess )







AT
e Consider the query account_of (n: STRING) of BANK.

* How do we specify (part of) its postcondition to assert that the
state of the bank remains unchanged:

O) | accounts = old accounts : [><]

ol | accounts = old accounts.twin| ° [x]

| accounts s nts.deep twin | [ x]
[ <]
[ <]

O] | accounts ~ old accounts.deep_twin [\/]

O\A/,EC :’/AU codla (--—) A A R




First Design Attempt | “onpiasiiinonts

double tuition = 0;
for(inti =0; i < noc; i++){
tuition += courses[i].fee;

Course[] courses; b

if (this.kind == 1) {

return tuition * premiumRate;

: I
:".I

o

— ——— else if (th.is.k.indﬁ:_gz{
&ISCOUNTRJLY return tuition * discountRate;

double register
int MAX;
if (this.kind == 1) { MAX = 6; }
else if (this.kind == 2) { MAX = 4, }
if (noc == MAX) { /¥ Error */ }
else {
courses[noc] = c;
noc++;

¥
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Solution to Proving (1.2)
We first calculate the wp for the loop body to maintain the LI:

wp(if ali] > Result then Result := al[i] end; i := i + 1,|Vj |a.lower < j <i—1ealower < jAj<aupper A Result > a[j] I)

= {wp rule for seq. comp. } E‘D -f
wp(if alil > Begult then Result := alil end,|wp@l:= i + 1,|Vj|a.lower < j <l o a.lower < j A j < a.upper A Result > alj) |)

= {wp rule for assignment}

wp(if ali]l > Result then Result := ali] end,|Vj | a.lower < j ii a.lower < jAj < p-upper A\ Result > alj] |)
= {wp rule for conditional} \"4
ali] > Result — !up(| Vi |a.lower < j <iealower < jAj < aupper A %Ttlz alj) ')
A v
afi] < Result — wp,"v’j |a.lower < j <iea.lower < jAj < aupper /\M > alj] ‘)

= _{wp rule for assignment, twice}
ali] > Result = Vj|a.lower < j <iealower < jA j< aupper

afi] < Result = Vj|a.lower < j <iea.lower < jAj < a.upper

We then prove that the precondition (i.e., —(exit condition) and LI) is no weaker than the above calculated wp:

e To prove: B _ ‘I

iz gazner) N (Yilglower < 7 < i—1e
18“#1 \ (jf 7Y »=> ali] > Result = |V]|alower<] <zoalower<]/\j<aupper/\a[z] > alj]
Y ekl a? 1_ Z Y v
Al L | [/

= {split range: Vj| alower <j<ie P(j)(Vj |a.lower < j<i—1eP(j))AP(i)}

> (Vj |-a_._lﬂ,'er <j<i-lealower <jAj<aupperAali] > alj]) A (alower <iAi< aupper Aali] > ali])

{antecedent: ali] > Result; and RHS of precond: Vj|a.lower <j<i—1le a.—l;wer < jAj < a.upper A Result > a[j|}
true A (a.lower <i Ai < a.upper A ali] > ali])

{LHS of precond: —(i > a.upper) and ali|] > a[i] = true}

true






po \7(\4(‘71
15@ 7(’7/16"”"/0' D,?U: A s: J Lz s

i/ x > y Ehen SHE 3
else S > S wplhet, wplgs Q },7/5»
bigoer 1= Yy | smadder = X = -{ b Ay 0 ¢

end ID 5 = 7( >
{b.aggir>sma#er} \/’X A g HF(LIeYJw L—{gl)’
0. fx>0/\3703_{x>gml, X382 A7

B by g7 {1,7,33@ i(>0/\

e}

[ wp ( f?(ia/w\b =75 8 i@ﬁ ,4,59
_{uP rlo |

O 7(713 > (wp (b x>5
QEETYy 747—2" —




Y| 1< i

1 e X

(27 ;@ 27/3

T3 ka3 A 393 AP W)

< (x| lex <) - Z23) A 8> >
(P T
P
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oA ).
@Vk | k e Result e model.item(k) ~ v
nomissing keys: Vk|ke model.domain e model.item(k) ~ v = k € Result
(] vty

< L
kel R




Invariant
Violation

Variant
Violation




Gzcounts ld account)i@
accounts = old<accounts twin ‘@

Dbbowr nf§ d
wnff @O dd wmwnm ‘M‘%‘,

courlsS -
i /j(%l_‘(%?__: w::"










2

L A ’S‘I’fk o
l;e;ult.:— ali /7( VX\ "’ ?70 o

ijlalower</<C) Result > a[j] }

/ ( T:= plowtr 5 Karal f{ﬂ[c] Vs lﬁ/owe/< <7 - fook 2
. L\)F (= Qi lowbl 5 féMm ] ﬁ/w {ﬂ)
= { W"Q 5 3 (f/

f Ujllaja;&f gsza ﬂﬁa}z AJU




e

@cbmge.on.tmperatura@ @ update temperature)
wd.change on humidity.subscribe (agent updatg humidity)

el W
&y




Testing of Postcondition: Exercise

class BANK
deposit_on_v5 : STRING; a: INTEGER)
do ... —— Put Correct Implementation Here.
ensure

/7 b,.l;."@ = OM )c’knq

others_-unchangege—m——

cross @Z_a\gﬁ as cursor

all cur ownerf/~)n implies
cursor.item(~5a¢ccount_of (cursor.item.owner)

nd

class BAD BANK DEPOSIT
inherit BANK redefine deposit end
feature - redefined feature

deposit_on_v5 2 - : INTEGER)

eposit (a)




Qec;r;:mperature EVENT [TUPLE [REAL] ] e k:geate Result.] end
S = 0
change_ midity-T EVENT[TUPLE [REAL]]on create Result end

change_on_pressure : EVENT[TUPLE[REAL]] create Result end
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