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Course Learning Outcomes (CLOs)

CLO1| Describe software specifications via Design by Contract, including the
use of preconditions, postconditions, class invariants, as well as loop variants and
invariants.

Implement specifications with designs that are correct, efficient, and
maintainable.

CLO3| Develop systematic approaches to organizing, writing, testing, and de-

bugging software.

CLo4

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.

CLO6

Develop facility in the use of an IDE for editing, organizing, writing,

debugging, documenting designs, and the ability to deploy the software in an
executable form.

Cron

Write precise and concise software documentation that also describes the

design decisions and why they were made.
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private boolean on;
private boolean Iocked;
void power() {on = true;} -
void lock () {locked = true;}
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class Microwave {
private boolean on;
private boolean Iocked;
void power() {on = true;}
void lock() {locked = true;}
void heat (Object stuff) {
/+ Assume: on && locked */

/* stuff not explosive
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A Simple Desiqgn Problem: Bank Accounts

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 integer amount from an account.




Bank Accounts in Java: Version 1

1 |public class AccountVI {

s private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

.2 public int getBalance() { return balance; ("/0;
6 public AccountVl (String owner, iskimseeesyeey

F 4 a this.owner = owner; this.balance = Lodedes;
8 } ’ . __la

9 public void withdraw(int amount) ({

10 this.balance = this.balance - amount;

11 }

12 public String toString() {

13 return owner + "’s current balance is: " + balance;
14 }




Bank Accounts in Java: Version 1 Critique (1)

[ 4 /le

I 1
‘public class ankAppV1l) { |
public static void;aiz?(String[] args) { W‘ ’
System.out.println("Create an account foe=fsyn with lance -10:Y);

AccountVl alan = new AccountVl ("Alan"

System.out.println(alan);

Console Output:

Create an account for Alza ety Dalance -10:

Alan’s current balance @




Bank Accounts in Java: Version 1 Critique (2)

[

Ipublic class BankAppV1 { |

public static void main(String[] args) {
System.out.println("Create an account fg;/Mark with balance 100:7V);
AccountVl mark = new AccountVI1("Mark", 100);

System.out.println(mark) ;
System.out.print thdraw -1000000 from Mark’s account:");

System.out.println(mark) ;

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

Withdraw -1000000 from

Mark’s current balance




Bank Accounts in Java: Version 1 Critique (3)

[
|public class BankAppV1 {
public static void main(String[] args) {
System.out.println("Create an accoun YQom with balance 100:");
AccountVl tom = new AccountVl ("Tom
System.out.println(tom);
] ("Withdraw 150 from Tom’s account:");

System.out.princln(tom);

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

Withdraw 150 from Tom’s a {
Tom’ s current balance is( =50 )
L )
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- Textbook: OOSC2 on course wiki
AA A
- Slides for self-study:
Eiffel: Overvies of Syntax
Eiffel: Common Error
BON Design Diagrams
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Bank Accounts in Java: Version 1

1 |public class AccountVI {

s private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

.2 public int getBalance() { return balance; }

6 am Hublic AccountVli (String owner, int balance)

7 this.owner = owner; this.bala?zce_=5alance;
8 }

9 public void(withdra#(int (amount)/ {

10 this.balance = thistbalafice - amount;

11 }

12 public String toString() {

j I return owner + "’s current balance is: " + balance;
14 }

1= 1)




Bank Accounts in Java: Version 1 Critique (1)

public class AccountVI1 {
private String owner;
private int balance;
public String getOwner() { return owner; }
public int getBalance() { return balance; }
public AccountVl (String owner, int amsmigge) {
this.owner = owner; this.balance = balance;

} /.
public void withdraw(int amount) ({ o
this.balance = this.balance - amount;

1
2
3
4
5
6
74
8
9

}
public String toString() {

return owner + "’s current balance is: " + balance;

}

Supplier

public class BankAppV1 {
public static void main(String[] args) {
System.out.println("Creg count for Alan with balance -10:

AccountVl alan = new @ "Alan", ‘—10) '

System.out.println(alan);

Console Output:

Create an account for Alan with balance -10:
Alan’s current balance is: -10




Bank Accounts in Java: Version 1 Critique (2)

public class AccountV1 ({
private String owner;
private int balance;
public String getOwner() { return owner; }
public int getBalance() { return balance; }
public AccountVl (String owner, int balance) {
this.owner = owner; this.balance = balance;

} -!M
—) public void withdraw(int ) |

this. balancthis . bal@
}

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

1
2
3
4
5
6
7
8
9

}

o
l public class BankAppV1 {
Supplier

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

System.out.println("Create an account for Mark with balance 100:#);
AccountVl mark = new AccountVl ( |
System.out.println(mark);

System.out.println("Withdraw -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 Markis-a-eeQunt :
Mark’s current balance ;1000100 ]




Bank Accounts in Java: Version 1 Critique (3)

1 |public class AccountVl {

2 private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

5 public int getBalance() { return balance; }

6 public AccountVl (String owner, int balance) {

7 this.owner = owner; this.balance = balance;
8 } S‘O

9 public void withdraw(int agéuuw) {

10 this.balance = Shirtedovdaice — aewmwat ;

11 ) 02 /€D

12 public String toString() {

13 return owner + "’s current balance is: " + balance;

public class BankAppV1l ({
public static void main(String[] args) {

System.out.println("Create an account fgor Tom with balance 100:"
AccountV1l tom = new AccountVl ("Tom"
System.out.println(tom);

System.out.prjg "Withdraw 150 from Tom’s account:");

@)

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

Withdraw 150 from Tom’s acco t:/)<:
Tom’s current balance is:<?50 ’
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Bank Accounts in Java: Version 2

1 |[public class AccountV2 ({ 2

2 public AccountV2(String owner, int balance) thrjf“ Mf,’p/
3 BalanceNegativeException ﬁ”"e'}/" (7 ﬂ

4

) alance < 01 { /* negdted precondition x/ .{

6 row new BalanceNegafiveException(); }

¥ 3 this.balance = balance;)

8 Mﬂf Z
9 draw (int amount) throws ,

10 NegativeException, WithdrawAmountTooLargefxceptig
11 negated precondition */

12 egativeException(); }

13 { /* negated precondition =/

14 hew WiTRATawAmount ooLargeException(); } M{‘P

15 this.balance = this.balance - amount; } J, ‘M
16 } Lo i




Bank Accounts in Java: Version 2 Critique (1) SorPere

o Version 1

ublic AccountV2(String owner, int pm=msec) throws
Ba].i?ceNegativeException

if(‘balance<;) ((' I 1ted precc \

thr anceNegatlveExcepm
elkse—t—tirrsomrrer ety —m—————— balance; }
}

public void withdraw(int amount) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptid

if( amount < 0 ) { + negated precond
throw new W1thdrawAmountNegatlveExceptlon()
else if ( balance < amount ) { + negate ]
throw new WithdrawAmountTooLargeException();
else { this.balance = this.balance - amount;

I
| public claskapmzz_,()

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

try {
AccountV2 alan = new AccountV. ("Alan",@;
System.out.println(alan);

}

catch ( BalanceNegativeException bne) {

Supplier

g AW =

T

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

O W O NO®

—ry

oune rtor Alan

with D ce -10:
legal negative account balance. > !
—_——




Bank Accounts in Java: Version 2 Critique (2) Compared
with

1 |public class AccountV2 { [0 =) .
2 public AccountV2(String owner, int jpedaé#tec) throws vers'O" 1
3 BalanceNegativeException
4 {
5 if((balance < 0) { /» negated precondit
6 throw new gaLance’_Nec@uJ;aE.&aepf_Lm }
i else { this.owner = owner; this.balance = balance; }
8 } -
9 public void withdraw(int o) throws
10 WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidn
11,._>if(amount il < Dogated proconditica g
12 throw new 1thdrawAmnunLNonariveExcept{ggl); } °
13 else if ( balance < amount ) { /+ negated precond Cl|en+
14 throw new WithdrawAmountToolargeExcantion(); } S I I —
15 else { this.balance = this.balance - amount; } ‘

} |public class BankAppV2 { V

args)¥ {

1
2 public static void main(String[]
3 System.out.println("Create an account for Mark with balance 100:
4 try {
5 AccountV2 mark = new"Mark", 100) ;
L
6 System.out.println(mark);
7 System.out.println("Withdraw -1000000 from Mark’s account:");
8
9
0
1
2
3

Supplier

pum== ) mark .| withdraw @-1000000) ;

System.out.println(mark);

}

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

catch UVithdrawAmoun;Nggg“ zeExceetiod wane) {
System.out.println("Illegal negative withdraw amount.");

}

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

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

Withdraw -1000000 from Mark’s account:
Illegal negative withdraw amount.




Bank Accounts in Java:

Compared

Version 2 Critique (3) with

Version 1

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

Supplier

Console Output:

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

Withdraw 150 from Tom’s account:

Illegal too large withdraw amount.

1 |public class AccountV2 {

2 public AccountV2(String owner, int balance) throws

3 BalanceNegativeException

4 {

5 if ((balance < 0) { /* negated precondi

6 throw new BalanceNegativeException(); }

7 else { this.owner = owner; this.balance = bala }

8 } V(-1

.9_>public void withdraw(int ewsewad) throws

10 WimAmountNegatiVeException, WithdrawAmount TooLargeExceptign {

1 if( <0 { # ya 1 pr ndit i ’

12 throw new [ijhdrawA NegativeException(); } °
13 |=Delse if mount ) { /+ _pegat Cl|enf
14 {throw new WithdrawAmountTooLargeException (W

r
|public class BankAppV2 {
public static void main(String[] args) {

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

|~9 AccountV2 tom = new AccountV2("Tom 100 ;

System.out.println(tom) ;
’ System.out.pr'withdraw 150 from Tom’s account:");

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

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

catch ([WithdrawAmountTooLargeExceptio. wane) {

System.out.println("Illegal TOO rerde withdraw amount.");
}




Bank Accounts in Java: Version 2 Critique (4)

REeaQ1 [ Each account is associated with the name of its owner|
(e.g., "Jim") and an integer balance that is always positive.

é\oﬂso‘z OM:M :

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

Withdraw 100 from Jim’s®t:
s 0

Jim’s current balance i

CONOUPRAWN—-0O OO NOO HAWON =

°

1 |public class AccountV2 { suppl'er

2 public AccountV2(String owner, int balance) throws T 17T |

3 BalanceNegativeException

4 { . ’00

5 if( balance < 0) { yated precondit 4 )

6 throw new BalanceNegatlveExceptlon(), }

7 else { this.owner = owner; bhis . balance = balance; }

A =Y

9 public void withdraw(int <owesey) throws
10 WithdrawAmountNe tivﬁxﬁ%o’i, WithdrawAmount TooLargeExceptidn {
11 | if( a REEEON ) n®T ed precondition +
12 )( throw new Wy tNegativeException(); }
13 .q,else if (balanc‘ Emount) { + negated precondition x* °
14 thhrow new WithdrdwAmountTooLargeException(); } Cl'gnf
15 se { this.balance = this.balance - amount; } — .
16 T

: ’1:? ‘public class BankAppV2 {

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

100) ;
—

Syste intln("Withdraw 100 from Jim’s account:");
ey jim withdraw gl 00) ;
o
Syste rintln(jim);
}
catch (BalanceNegativeException bne) {
System.out.prifitln("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.");

}
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1 |public cla tv2 | -
2 PUbli@?;i%ﬁring owner, int balance) throws ‘7f’£/ e
3 BalanceéNe iveException y
4 {
5] if( balance < 0) { /* negated precondition */
6 throw new BalanceNegativeException(); }
i’ else { this.owner = owner; this.balance = balance;/\}
: L
9 public voint amount) throws ﬂff@f i
10 WithdrawAmomsededativeException, WithdrawAmountTooLargeE den {
11 if((amount < 0) { /* negated precondition #*/
12 throw new WithdrawAmountNegativeException(); } ‘7/ 0
13 else if ( balance < amount ) { /* negated precondition #/
14 throw new WithdrawAmountTooLargeException(); }
15 %else { this.balance = this.balance - unt; |}

_—

7
Conle L1
[ >

Bt

ases

LAM (e

o\  [eet Lab o

7y ( —~
ﬂ N



Bank Accounts in Java: Version 3

—
QW O NOUTHA,WN =

P P G 3
OO, WON =

-t b
o

public class AccountV3 {
public AccountV3(String owner, int balance) throws
BalanceNegativeException
{
if (balance < 0) { /* negated precondition =*/
throw new BalanceNegativeException(); }
else { this.owner = owner; this.balance = balance; }

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

“
£(T-
p&;lic void withdraw(int amount) throws

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptig
if (amount < 0) { /* negated precondition x/

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

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

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

n



Bank Accounts in Java: Versio Compared

ith
public class AccountV3 { .
public AccountV3(String owner, int balance) throws ver8|on 2

BalanceNegativeException
{ L’o [®

if (balance < 0) { /* negated p iol
throw new BalanceNegatlveExceptlon() }
else { this.owner = owner; this.balance = balance; }

assert this.getBalance() > 0 : "Invariant: positive balance";
} (og
public void withdraw (int throws
> WithdrawAmountNegatiVeException, WithdrawAmountTooLargeExceptic

O W 0 NOOHA WN =

£ (amount < O y 1 1
E throw new dra wAr?jﬁtNegatlveExceptlon O )

lse { this.bglgpce this_pBalance - arnlgunt; }

lse if ance < amount) { ] precond
throw new WlthdrawAmountTog.%geExcep G &
l e

"Invariant: positive balance";

|public class BankAppV3 {
public static void main(String[] args) {
System.out.println("Create an account for Jim with balance 100:"
try AccountV3 Jjim = new AccountV3("Jim", 100);
2System.out.println(jim) ¥ I
System.out.println("Withdraw 100 from Jim’s account:");
jim. withdraw (100) ;
System.out.przg?fh(jim); }

QWO NGO WN —

pury

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.AssertionErr

Invariant: positive balanc




Bank Accounts in Java: Version 3 Critique (2)

public class AccountV3 {
public void withdraw(int Jamoun throws
| ATdrawAmoORt NegativeException, WithdrawAmountTooLargeExceptidn {

A WON =
<
-

Kamount < 0 { + negated precondition +
: tVegativeException(); }

( balance < amoun { * negated precondition h}ge W
: Ao Foolasgebuemnption ) ; JEIHE |7

© ooxlctm
3

throw ne =
———." P
else this.balance = thls.balanc(— émount; } ‘(o//
| assert this.getBalance() > 0 : "InVariant: positive balarfe"; f
|

When the amount is neither negative nor too large,
is there any obligation on the supplier of withdraw?




Bank Accounts in Java: Version 4

with an evil supplier

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

{ if (amount < 0) { /* negated precondition */
throw new WithdrawAmountNegativeException(); }

throw new WithdrawAmountTooLargeExceptlon

e d 1&'1' \,'.‘\/H]' .ll'./lL / / / J /1/ ." ‘/ )];
:> this.balance = this. balance + mount, />

10 assww ce M-

~
f/ owner + "Invartares—e ve balance";

oONOO OGP, WON =

else if (balance < amount) { /* negated wz«uvwd'

O N
101

/; /; @

WithdrawAmountNegativeException, WithdrawAmountTooLargeException




public void withdraw(int amount)

throws

else if

(balance < a&aunl )

{ /+

negated precondi

tion

- /

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptio —
if (amount < 0) { /* negated precondition */ 100 lua,f(e =
throw new WithdrawAmo§MRegativeException(); } :2

e { /* WRONI

this.balanc

> assext,

throw new WithdrawAmountTooLargeException();

[ MF

Qs

this.getBalanc

AT T AN y
VITA ON %,

his.balanc€ +) amount

19

YAS1

"Invariant: positive

‘"
ce"; }

System.out tln

this previous slide:

1 |public clas{ _BankAppV4

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

3 System.out.println("Create an account for Jeremy wi balance 10
4 try { AccountV4 3jeremy = new AccountV4("Jeremy"f 100);

5] System.out.println(jeremy) ;

6 System.out.println("Withdraw 50 from Jeremy’s account:");
7 _> jeremy. withdraw@i;

8 .prin (jeremy); }

9

0

Why St

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

Withdraw 50 from Jeremy’s account:

Jeremy’s current balance is: 150




Bank Accounts in Java: Version 5

public class Accoun {
public void |withdraw (fint amount) throws
WithdrawAmountNe s Lon, WithdrawAmountTooLargeExceptidn

{belintloldBalance this.balance; |

if (amount < 0) { + negdted precondition
throw new WithdrawAmountNegativeException(); }
else if (balance < amount) { + negated precondition
throw new WithdrawAmountTooLargeException(); }
else { thig.bal =Athis.balance - amgunty }
assert this.getBalance() > 0 :"Invariant: positive balance";

11 +—E> assert[ﬁhis.geEBalance(;]== oldBalance - amount : |

—_—
COWONOOOLHA WN =

12 | ) "postconditfon: balance deducted"; } - |
C —pe
[705‘(4""0,’ =t y’&;yjﬂfv %

M ok
194/%0\0./1& 4 Lo -
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Bank Accounts in Java: Version 5

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

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

10 assert t

OCOoONOOOL A WON =

public class AccountV5 {
public void[withdraﬂ(int amount) throws
’ e
Withdra S eExceptlon, WithdrawAmount TooLargeExceptio
, 04 7
| intfoldBalance | this.ba (‘A e fép f/f S72rP 7/4./ |
if(a'mount < 0) T /+ negated precondition

| . 74,/44;,,
throw new W1thdrawAmountNegatlveExceptlon(), } Qﬂ

&l : positive balance";

ﬁ ldBalance amount J
ence deducted"; \\\\\:s

n



I . Ny Compared
Bank Accounts in Java: Version 5 Critique it

Version 4

public class AccountV5 {
public void withdraw(int amount) throws

withdrawAmountNegativeException, WithdrawAmountTooLargeExceptid
int oldBalance = this.balance;

if (amount < 0) { /* negated p ondition +#
throw new WithdrawAmountNegativeException(); }

else if (balance < amount) ({ + negated precond
throw new WithdrawAmountTooLargeException(); }

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

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

©CoONOOOL A~ WD =

assert this.getBalance() == oldBalance - amount

"Postcondition: balance deducted"; }

|public class BankAppV5 {

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

Supplier

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); }

~atch ot at ntFa o 2s thi

O WO NOOOOTHA WN =

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




Design by Contract in Java

public void withdraw(int amount) throws
WithdrawAmewsntNegativeException, WithdrawAmountToglargeExceptic
: i : Ervor Lodbinet)

else if (|balance < _amouh ] p1
throw new Wi thdrawAmountTooLargeExceptlon()

N = ] A >4 i i
oldBalanc:
Postcondition: balancé deductec; |} osf-

{

W out.println reate an account for Jim with balance 100:"

AccountV2 Jjim = new AccountVé("Jim", 100);

System.out.println(jim);

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

| 3im. withdraw(100) ;
————

gystem.out.println(jim);

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.");




Design

by Contract in Eiffel

Contract View

end
invaria nvari
N—

balance > 0

end
—

class ACCOUNT
create
make
feature Attributes
owner STRING
balance : INTEGER
feature Constructors
make (nn: STRING; nb: INTEGER)
require -- precondition
pos.1t1ve balance: nb > 0
end
feature - Cor :
class ACCOUNT withdraw(amount: INTEGER)
create require -- precondition
make ;
feature —- AtEribubes non_negative_amount: amount ) 0 ‘
R STRING affordable_amount: amount <= balance proble ic,
balance INTEGER ensure —- postcondition
feature balance_deducted: balance = old balance - amount
—)nake nn: STRING; nb: INIEGER) end
require precondition invariant -- class invariant
a5 positive_balance: nb > 0 positive_balance: balance > 0
owner = end
balance := nb
end (ﬁ ﬂa
feature I 5 g"’ ew
= w1thdraw(amount INTEGER)
require ——_prioC
on_negative_ amount 'amount > of
arrordable_amount: amount <= balance problematic
do
gf’ balance := balance - amount
a(P- ensure 7o
balance deducte balance = old balance - amount

Implementation View
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class ACCOUNT
create
make
feature -- Attributes
owner : STRING
balance : INTEGER
feature -- Constructors ’/ﬂ o“y-
make (nn: STRING; 5@: INTEGER)

L\

- require -- precondition /bﬂ
ﬁ positive_balance:
end
feature - Commands loo
withdraw (apaunts—INTEGSER)
require -- precondition
— non_negative_amount: amount & 0
affordable_amount: amount <= balance -- problematic, why?
ensure -- postcondition

balance_deducted: balance = old balance - amount

end 3

invari

end



j‘\Ave A{‘B’dﬁ"‘
Cll?dw fp o TJ}?‘V f yof W

postcona¥withdraw:
acc.balance = old acc.balance - a and acc.owner ~ old acc.owner

precond_withdraw: execute @202 TTe-l _
-.0<aand a < balance P . acc.withdraw(a)

2 saﬁ ffﬂ”[w V74 w’mﬁrm/)

not (account _inv) not (precond_ W|thdraw) not (postcond_withdraw) .
Preconditior
& Violation

= not (postcond make) :
. call precond_make: execute .
L create {ACCOUNT} acc.make -~ a>0 o create {ACCOUNT} acc.mak ?
S 5 3 Feeeeeccceceeee~ R L e

postcond_make: b/ MQ&‘P.

Postcondition

Violation

acc.balance = a and acc.owner = n




Precondition Violation: positive_balance

a |0 APPLICATION xal @ ACCOUNT I

o 0

ELOB 6w

Feature

#[F 0330 0ti AV A2
“lat view of feature " make' of class ACCOUNT

make (nn: STRING_8; nb: INTEGER_32)

require
(positive_balance: nb >= 0)

B

do
2 owner := nn
2 balance := nb
2 end

bank ACCOUNT make 4 » & O

Supplier

Client

class BANK_APP

inherit
ARGUMENTS
create
make
feature —- Initialization
make
—-— Run application.
local
alan: ACCOUNT
do
—-— A precondition violation with ta
create {ACCOUNT} alan.make ("Alan",

end
end

clas& ACCOUNT
create
make
feature Attributes
owner STRING
balance INTEGER
feature Constructors
make (nn: STRING;
requjre
end
feature - C s
withdraw (amount: INTEGER)
require - preco tion
non_negative_amount: amount » 0
affordable_amount: amount <= balance pr
ensure postcondition
balance_deducted: balance = old balance -
end
invariant class invariant
positive_balance: balance > 0

roblema

amount

=l




Precondition Violation:

1| appLicaTioN | Account &0

bank ACCOUNT withdraw < » % O X

RO ewa R

Status = Implicit exception pending

. featire {non_negative_amount: PRECONDITION_VIOLATION raised)
non negat've amounf !E Ialyzipe ..: HEAVAB o In Feature |ln Class |Fromclass | @
 c— — Flat view of feature " withdraw' of class ACCOUNT » withdraw  » ACCOUNT
- - - 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
o create
Supplier | .
L feature -- Attributes
owner STRING
P balance INTEGER
< I'enf feature nstructors
A4i0 458 08 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 £y :
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)

mark.withdraw(-1000000)
end
end

—-— A precondition violation with tag

"ne




Precondition Violation:
affordable_amount

0 call Stack

L] |® APPLICATION ::| @ ACCOUNT

Foowewa

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

P e3¢ 2224 SV A2 &

i In Feature
Flat view of feature " withdraw' of class ACCOUNT

P withdraw
make

|ln Class
= + ACCOUNT
B + APPLICATION
withdraw (amount: INTEGER_32)
require
non_negative_amount: amount >= 0

© (affordable_amount: amount <= balance)

do

balance := balance -
ensure
© balance = old balance - amount i
© end =l

amount =

| From Class l @
N 2

2

° class ACCOUNT
create

Client

make
feature Attri :
STRING
INTEGER

*uct

butes
owner

balance
feature

Const ors
onst ors

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

Initialization

-— A precondition violation with tag "

tom.withdraw(150)
end
end

make (nn: STRING; nb: INTEGER)
require -- precondition
positive_balance: nb > 0
end

feature - S
withdraw(amount:
require - itior

non_negative_amount: amount 2 0
affordable_amount: amount <= balance
ensure postcond
balance_deducted: balance =

INTEGER)
dition

prec

dLTLON
old balance -
end
invariant class invariant
positive_balance: balance > 0
end

problema

amount

("Tom!; 100)




Class Invariant Violation: positive_balance

B |0 APPLICATION z:l @ ACCOUNT |

,
o0 ELdOdewarOR

bank ACCOUNT

_invariant 4> * O X :
o/

F;?;'e & f" .’ “ ! positive_balance: INVARIANT_VIOLATION raised
#|T e 3= 3¢ e = € . (E 1 ‘F——a— {
Flat view of feature ' _invariant' of class ACCOUNT > _invariant ’|;I\r::é:cl)aus:T (IENR LA lo I
(positive_balance: balance > O) x;::raw ::»:ESEZTTION 2
° class ACCOUNT
Supplier [
0 make
feature -- Attributes
owner STRING
° balance : INTEGER
Cllenf feature -- Constructors
I make (nn: STRING; nb: INTEGER)
class BANK _APP require - :.‘; econdition
inharit positive_balance: nb > 0
end
ARGUMENTS feature - Cor s
create withdraw(amount: INTEGER)
make require preco tion
feature - Initialization non_negative_amount: amount » 0
make affordable_amount: amount <= balance o)l >
-— 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)
class invariant violation with tag "positive_balance"

-— A
end
end




Postcondition Violation: balance_deducted

® |o APPLICATION |o ACCOUNT zz]

ERSH Call Sta

Feature

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

Faoswewea

E]

‘!E geRes] ok .F =_: i f% VAR In Feature IIn Class IFrom Class I @
Folat view of feature "withdraw' of class .ACCOUNT — " » withdraw ACCOUNT "
affordable_amount: amount <= balance make . APPLICATION 12
do
o balance := balance + amount
en
s (balance_deducted: balance = old balance - amount )
© end
° class ACCOUNT
Supplier |~
make
~ER feature \ttribute:
° owner STRING
Cl'enf balance : INTEGER
Ao 40 RN feature onstructors:
make (nn: STRING; nb: INTEGER)
class BANK_APP require Srecsnditic
inherit ARGUMENTS positive_balance: nb > 0
create make end
feature -- Initialization feature; ana:
withdraw(amount: INTEGER)
make require precondition
-— Run a]:plicatimi- non_negative_amount: amount 2 0
local affordable_amount: amount <= balance problema
jeremy: ACCOUNT b~ 1 M ol Lt A
do balance_deducted: balance = old balance - amount
-— Faulty implementation of withdraw in ACCOU}jinvariant e{‘i_w Snvariank
—-— 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"”




Runtime Monitoring of Contracts

postcond_f:

Qf
N\ ainv call precond_f: execute iy
SLLLE: I af(..) ... Pf .- af(..)
attributes of }------ >‘—>: R R > '
class A e - *
not Pf .

Postcondition
Violation

Precondition

Violation
: 4 A
: not Qm
not Pm: Q :
call + precond_make: execute '
create {A} a.make(...) -*-. Pm --. create {A} a.make(...) --.
: il Busow scemons dikinc & P Feccccccciencconnah >

-~
-
-----
-------

postcond_make:
Qm
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Precondition & Postcondition Exercise @‘

2

a: ARRAY[STRING];@INTEGER; ns; STRING)
- =Change index ‘i’ in array "a’ to string “ns”~

require
@ | <= T ol T <= Qbunt

ensure
27
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change_at (a: ARRAY[STRING]; i: INTEGER;(nhs, STRING)
- - Change index "i” in array a to string ns’

require
g @
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change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
- - Change index "i" in array a to string ns’
require
?7? I~ s
ensure . - .0,,\/‘“'{ -
> -7 44







How is DbC Useful in Guiding System Development?
Clients Vi

console appw

- Keep entering names randomly until done.

- Keep inquiring if a name exists until quit.

start inquiring:
start inquiring:
start inquiring:
start inquiring:
start inquiring:
start inquiring:

stop inhquiring: a

Enter a name, ) ) stop inquiring:
b exists!

Enter a name, : h stop inhquiring:
c exists!

Enter a name, : h stop inquiring:
d exists!

Enter a name, ) ) stop inquiring:
e exists!

Enter a name, or ° ) stop inquiring:
f does not exist!

Enter a name, or ° ) stop inquiring:
g does not exist!

Enter a name, or ° ) stop inquiring:

Suppliers Implemen
- Store names i
- Upon an inqui

Binary Search,




Version 1: Wrong Implementation, No Contracts

class interface
DATABASE_V1

create class interface
make UTILITIES_V1
feature -- Constructor create

default_create
add_name (n: STRING_8)

--Add "n’ to database. ﬁ feature -- Binary Search

data—_e_"és‘::s('\‘:‘ ?Lﬁf:ﬁ;ﬁ;%‘;&f:s':, search (a: ARRAY [STRING_8]; a_name: STRING_8): BOOLEAN

make end -- class UTILITIES_V1
-- Create an empty database.

end -- class DATABASE_V1

- Data array in DATABASE is not kept sorted.
- Binary search in UTILITIES does not require a sorted input array.

- When user enters names in an unsorted order, output is wrong.
- But no contract violation!

- A bad design is when something goes wrong, there is no party to blame.



Version 1: User Interaction Session

Enter
Enter
Enter
Enter
Enter
Enter

name, or “done’ inquiring:
name, or “done’ inquiring:
name, or “done’ inquiring:
name, or “done’ inquiring:
name, or “done’ inquiring:
name, or “done’ inquiring:
e C a b

Enter a name, or "quit’ inquiring:
a does not exist!

Enter a name, or "quit’ inquiring:
b does not exist!

Enter a name, or "quit’ inquiring:
Cc does not exist!

Enter a name, or "quit’ inquiring:
d exists!

Enter a name, or "quit’ inquiring:
e does not exist!

Enter a name, or "quit’ inquiring:
f does not exist!

Enter a name, or "quit’ inquiring:
g does not exist!

Enter a name, or "quit’ inquiring:

Qa0 9 9 090 Q9 Q9




Wrong Implementation, Proper Precondition

class interface class interface
DATABASE_V2 UTILITIES_V2

create create
make default_create

feature -- Constructor fea -- Binary Search

-- Add 'n’ to database.

add_name (n: STRING_8) uﬁ sear a: ARRAY [STRING_8]; a_name: STRING_8): BOOLEAN

require
data_exists (n: STRING_8): BOOLEAN Array_sorted: a

-- Does 'n" exist in the database? a”a.lower |--IKK(a.uppe( - LpAs i

Talil<ali+1] -
end

make
-- Create an empty database.

end -- class DATABASE_V2 end -- class UTILITIES_V2 VL l plows < | 4 a.Urfer-'l .

Alt] < ATt+1]

- 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

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

name, or “quit’ to stop inquiring: a

Qo909 999

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

ek ek o e e ek ok ek ok ok ke sk sk ok ke kok sk k kkkkkk k k- Thread exception 3k 3k 3k 3k 3k 2k ok 3k 3k 3k 3k ok ok 3k 3k 3k 3k ok ok 3k 3k 3k %k %k %k %k %k %k %k

In thread Root thread 0x0 (thread id)

3k 3k 3k 2k 3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k %k ok 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 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k 3k ok 3k %k 3k %k %k %k %k %k %k k

UTILITIES_VZ2 array_sorted:
<000000010EFFOFB8> Precondition violated.

DATABASE_V2
<000000010EFEFDF8>




Version 3: Fixed Implementation, Proper Precondition

class interface

DATABASE_V3 class interface

UTILITIES_V3

create

Riake create

default_create

feature -- Constructor
feature -- Binary Search

add_name (n: STRING_8) u

-- Add "n’ to database. search (a: ARRAY [STRING_8]; a_name: STRING_8): BOOLEAN
require
data_exists (n: STRING_8): BOOLEAN array_sorted: across
-- Does “n’ exist in the database? a.lower |..| (a.upper -1)isi
all
make af[il<ali+1]
-- Create an empty database. end

end -- class DATABASE_V3 end -- class UTILITIES_V3

- Data array in DATABASE is now kept sorted (so as to avoid contract violation).
- Binary search in UTILITIES still requires a sorted input array.

- A sorted array is always passed for search, a contract violation never occurs!
- Now finalize/deliver the working system with contracts checking turned off.



Version 3: User Interaction Session

Enter a name, inquiring:
Enter a name, inquiring:
Enter a name, inquiring:
Enter a name, inquiring:
Enter a name, inquiring:
Enter a name, inquiring:
a b d e

Enter a name, inquiring:
a exists!

Enter a name, or inquiring:
b exists!

Enter a name, or ° inquiring:
C exists!

Enter a name, or ° inquiring:
d exists!

Enter a name, or ° inquiring:
e exists!

Enter a name, or ° inquiring:
f does not exist!

Enter a name, or ° inquiring:
g does not exist!

Enter a name, or ° inquiring:
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Reference vs. Shallow vs. Deep Copies

= Tnitial situation:

= Result of:

@ = a.deep_twin " “Almaviva”

—

loved_one
[: ,Cﬁ()l IOVO{ = & g e “Figaro” l “Susanna”
L. lano( [ovo( =0 (H I R







Collection Objects: Reference Copy & Make Changes

= old_imp = imp -- Result {8
mp[2) := "Jim"

—

ResuwAdt :=

~ old imp [ 7]

rAf) (2 //77:[
end —— Result { (J"’o J

(//——‘\‘ ARRAY[STRING]

ﬂﬁ? imp[1] imp[2] tﬁn” imp[3]
fmrLZ] ~A

dd-‘('mr(ﬂ

I
I_across 1 [lse] Z0ip.count 28 4 T [J Jlj”f(]
all)imp [ 7] j

STRING STRING STRING




+xl| Lhip.count A8 g
imp [j] ~ old_imp [7]
d —— Result = true

/‘ . [STRING] _l[.

old+p »rcﬂ !

imp[1] imp[2] imp[3]
mr[‘] OM..(-»FJ (
‘M' STRING STRING
m “Alan” value m “Tom”

ay(a] ~ Jot-rvf‘[ﬂ



Collection Objects: Shallow Copy & Make 1st-Level Changes

old_-imp := imp.twin

Resudt—= P

imp[2] := "Jim" ’[L]
e
Result :=

across 1 |..| IiImp.count is j OIJ_NTD

all imp [¥]] ~ old_imp [&]

end ——- Result =
ARRAY[SZRING]
C 2. )
im ——

”w o[ 1] imp[2] imp[3]

STRING STRING
ﬁ value value

:,JJ_MF["Z]

STRING
value




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

old.imp := imp.twin
Res := old_imp = imp -- Result = [}
im Lappend ("xxx") - -
Result := M l] i ’,d—"“fll]
across 1 |..| imp.count 1is

all imp [¥] I, old _imp [%1 @"F{Z] ~ olo‘..rwf(ZJ

end —— Result = -

o’ O‘,T“‘ ‘7 ARY[ﬁTR%NG]
( .
L ﬁ\ e AV
w STRING STRING
m “Alan”




old_-imp := imp(. twin>

Result := old imp = imp - Result = false

Result : MFM( ‘Ef ’ M/?

s || JImpn couint 18 3
all imp [j] ~ old_imp [ 7]
end ——- Result = true

ﬁ\‘ ARRAY[STRING]
-7 P’ " imp
( 70 'W‘C{ge
~ imp[1] imp[2] imp[3]

STRING STRING STRING
value value value
7 :ﬁ M :ﬂ
&




ochimp<:=>imp.twin
Result := old imp = imp

Result :=
across 1 |..| imp.count is j
all imp [j] ~ old _imp [ 7]
end - Result = true

r\‘ ARRAY[STRING]
Cr‘) \
imp[1] imp[2] imp[3]
STRING STRING STRING







—



2. oot <CMT = 4o’ +1
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Collection Objects: Dee

D Copy & Make 1st-Level Changes

Result
across 1 |..|
all imp [j] ~ ol

ARRAY[STRING]

[, |

21

JMPI1] &mp[2]

disp | dAp

[ A

imo., COUnt 18 7

d imp [j] end —— Result

AR ING]

\
v

imp

imp[1] imp[Z] imp[3]

" STRING STRING
value value

STRING
value

STRING STRING STRING
value value value



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

=— Result =

~

h ARRAY[STRING]
[\

il GOt 18 7§

old imp [j] end ——- Result

JE%%pHQW]
\

imp[1]

JMB[1] @mp[2] ' ’[3]
Jddp *p d[;p
" STRING STRING

value

value

imp[2]

¢

STRING STRING
value value

STRING

STRING
value



Runtime Contract Checks

(&IIFD

require




require

ensure
...| old(ex
—

end
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Contract View Runtime Contract Checks

check postcondition of f

-
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Caching Values for old Expressions in Postconditions

(ensure)(in context of BANK) | How to cache at runtime?
— v

Q gl_c_l_laccounts[i].idi @/\ BA% i

»

@ (old(accountsTi}.id accounts \.ﬂ 6

(old|accountsli].twin).id

@)= Lot oz \2 ACCOUNT
@ (old|accountd)[i].id

akah e Ll id| 23
(old laccounts.twin))[i].id (
QO 23

.
@_ldm).aﬁunts[i].id®,~\? T
@ﬁgl_c.l|Current.twinﬁ.accounts[i].id gecs

® := lwrore

@ = M&] @ :
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class BANK
create make

feature a[&'ﬁ"‘fg.
accounts: ARRAY[ACCO, _’_%

unts.make_empty end

has ( ﬂ)

) : ACCOUNT 4 S
ts

he input name exis
existing: across accounts is acc some c.owner ~ n end
-— not (across accounts 1is 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
class end
ACCOUNT

inherit deposit (a: INTEGER)

ANY do
redefine is_equal end balance := balance + a
ensure
create balance = old balance + a

end

feature - Attributes is_equal (other: ACCOUNT): BOOLEAN

owner: STRING do
balance: INTEGER Result :=
owner ~ other.owner
feature - Commands and balance = other.balance
make (n: STRING) end

end
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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")

reate b.make

b.gdg ("Bill™
b.add ("Steve")

—— deposit 100 dollars to Steve’s account
CE)Qgpositxx{gz)(”Steve", 100)
Result := 7 -
b.account_of ("Bill") .balance
and b.account_of("Steve") .balance 100
check Result end

end
end




Version 1: Incomplete Contracts, Correct Implementation

b.deposit(“Stﬂle”, 0

BANK 0 1
b.accounts
accounts

ACCOUNT

balance

class BANK
deposit_on_vl ; & a- >

—Drequire across accounts is acc some acc.owner ~ n end

local i: INTEGER

rom I := accounts.lower
ntil i > accounts.upper

if accounts[i].owner ~ n then accounts[i].deposit(a) end

ensure
num_of_accounts_unchanged:
accounts.count = old accounts.count




Version 2: Incomplete Contracts, Wrong Implementation

|b..deposit Steve/) 100)

BANK 0 1 /
b.accounts
al T, ]

ACCOUNT ACCOUNT

“Steve”

balance

class BANK e Jep
deposit_on v2 (ne=SIRING; a: INTEGER)

require across accounts is acc some acc.owner ~ n end
local i: INTEGER

d

-— imp. of version 1, followed by a deposit into 1st account
accounts[accounts.lower].depositiﬁl

ensure

num_of_accounts_unchanged:
accounts.count = old accounts.count

balance_of _n_increased:
2 of uuu«._uf(u, ~—atarTe
old Current.account_of(n) .balanc

end ~
0o
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Use of old in across Expression in Postcondition

class LINEAR CONTAINER
create make

(=58 ;
feature - Attributes

a: ARRAY [STRING]

feature -- Queries
count: INTEGER do Result := a.count end
Eﬁﬂi(fi INTEGER) : STRING do Result := a[i] end _
feature -- Commands A C
mak create a.make_empty end (—7 l
update |(i: INTEGER; v: STRING) - LL
A~ 7do ...

ensure ——- Others Unchanged

(””{ Z“O{;@X é_d Lt -/ﬁ‘(‘?faj

vV i=( Z?f(z-/?"_";}-) X J eT/T“‘" pCFars Mfﬁlﬂrj

Hint: What value will be cached at runtime
before executing the implementation of update?
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class BANK
[ E——
create make
feature
accounts: ARRAY[ACCOUNT]
make do create accounts.mgkam@uoty end
Fccount_of ) STRING) :(ACCOUNT )
— the input name exi%ts

exlisting: across accounts is acc some acc.owner ~ n end
-— not (across accounts 1is 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

deposit (a: INTEGER)

redefine is_equal end balance := balance + a
ensure

create balance = old balance + a
make end

—-— Attributes

feature is_equal (other: ACCOUNT): BOOLEAN

ownery STRING do
Balance: INTEGER Result :=
N

owner ~ other.owner
feature - Commands and balance = other.balance
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

—)b.add ("Bill")
_?b.add ("Steve)

——————

—— deposit 100 dollars tojajve’s account
b.deEOSitJNLVl ("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

b.deposi, 100)

— BANK 0 1

b.accounts
accounts

ACCOUNT ACCOUNT

“pill~” “Steve”

balance balance

class BANK g 2
deposit_on_vl Q RING; a: INTEGER)
require across ficcounts is acc some acc.owner ~ n end
NTEGER

:= accounts.lower
until i > accounts.upper

ts[i].deposit(a) end

~_accounts_unchanged:
accounts.count = old accounts.count
alance _of _n _increa
Current.account_o balance =
old Current.account_of(n) .balance + a

end
end




Version 2: Incomplete Contracts, Wrong Implementation

BANK 0 1
b.accounts
al T, ]

ACCOUNT ACCOUNT
“Bill” “Steve”

balance

lass BANK -t ‘ I-,

deposit_on v2 (x F ; a: INTEGER)
require across accounts is acc some acc.owner ~ n end

0“2 local i: INTEGER

0 . mp. . T &l /owed by a deposit into 1st account]

num_of_accounts_unchanged:

accounts.count = old accounts.count - 0 f,’.
bglance of p increased: W -
[ Current.accou

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

b.deposit@teve”s 100)

ANK 0 —

b.account

account

ACCOUNT ACCOUNT
owner “Billf//| owner /Steve
balance balance '

W class BANK ey
deposit_on_v3 ( G; a: INTEGER)

require across accounts is acc some acc.owner ~ n end

local i: INTEGER

{o QS
-— imp. of version 1, followed by a deposit into 1st 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 Wﬂ‘( 4

) ,f "

)

—
others_unchang

I3

S ~——— - i
’W'&@ implidgfacc urrent | Jccount_of ( er
ndad

end aﬁc’ o & riot 1*! 0"0 ti ‘9




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

b.deposit(“Steve”, 100)

Ad_ecss | i= L. aes ]

ACCOUNT

’.M owner “Steve”
x ﬁ balance RS o

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

accounts[accounts.lower].deposit (a)

sure

num_of_accounts_unchanged: accounts.count = old accounts.count
balance_of_n_increased:

Current.account_of(n) .balance =
old Current_ 2 Tt 0L (1) . Dalalice T

= nchan \

all
acc.owner /~ n implies ~ Current.account_of(acc.

=/
end .,

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




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

—
BANK 0 ; b.deposi@iteve/, 100)
S

b.account

¢ accounts U \ !

ACCOUNT

"BIill” “Steve”

Joo

balance

ass BANK

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

others_unchanged :

across - accounts.dee:-twin is




AnsS —/
e
e
&
qf C w{g ol
: : Douh-
ed EJ/MM
[t Kg/
i gd‘
WM;,d /l’f‘ Oaof
] -

Ql
ead?
vvon
tl
hos- eol
e C
e2
)



v ﬁ
Complete Postcondition: Exercise ae /'éﬁ

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:

ké;accounts old accounts ——il?%ﬂﬂ? [x
2 accounts = [old counts.twin pno)[?_&,a -

O | accounts = old accounts.deep_twin

—

O | accounts -~ old accounts

O | accounts ~ old accounts.twin

O | accounts =~ old accounts.deep_twin

ptpoants —L L L L [u{%ac/i;?% B
bovonrts ™2 [ LT_LLOY

oV













unchanged: across 1 | .. | 1 as i all
imp[i.item] (~ old imp. deep_twin) [1.item] end

;2 o] ~p olee[zfum [('(/)’('fem—l]

i€
'(7“]7' it = [t
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Developing a LIFO Stack

class LIFO_STACK[G] create make
feature {NONE} -~ Shalogiy @ ar
imp: ARRAY [G] 2
feature - tialization
make do create imp.make_empty ensure imp.count = 0 end
feature - Co
push(g: G)
do imp.force(g, imp.count + 1)

1ds

ensure
changed
unchanged, a-qf’sant - 1 as i all
imp[i.item] ~ (old imp.deep_twin) [i.it
end
pop
do imp.remove_tail(l)
ensure
changed: count = old = s
unchang; cross 1 |..| count as i all
imp[i.item] ~ (old imp.deep_twin) [i.itg
end

end

end

class LIFO_STACK[G] create make
feature (NONE} -- Strategy 2: linke

imp: LINKED_LIST[G]
feature - Initialization

make do create imp.make ensure imp.count
feature - Commands

imp[i.item] ~ (old imp.deep_twin) [i.item - 1]

push(g: G)
do imp.put_front (g)
ensure
changed: imp.first ~ g
unchanged: across 2 |..| count as i all
end
pop
do imp.start ; imp.remove
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all

imp[i.item] ~ (old imp.deep_twin) [i.item + 1]

end

0 end

class LIFO_STACK[G] create make
feature {NONE} - St
imp: LINKED_LIST[G]

St

feature - Initializat
make do create imp.make ensure imp.count = 0 end
feature - C nd.
push(g: G)
do imp.extend(g
ensure
changed: imp.last ~ g
unchanged: across 1 |..| count — 1 as i all
end imp[i.item] ~ (old imp.deep_twin) [i.item]
end
pop
do imp.finish ; imp.remove
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all
end imp[i.item] ~ (old imp.deep_twin) [i.item]
end

end

end
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Implementing a LIFO Stack

“tom”

“*mark”

“alan”

Strategy 1 fop top Strategy 2 ||'Strategy 2> top
A, I’alllall /")|/'—)|/
e ¢ v v . v % )
“alan” “mark”“tom” || “tom mark” “alan” “alan” “mark” “tom”
MODEL ), 1012318 MODEL

_ T [T ez
|oA] el [ o |46 ] el [ |deA| el [ o




Using MATHMODELS Library

Implemenhnq an Abstraction Func’rlon

class LIFO_ STACK{G}—> attached ANY] create makg \

feature —— Implemen @b
INKED_LIST)G] mo( o£ Cé. — J—H
> .

ction fur the stack ADT

make_empty | e——————
& cursor looleesultépen@rursor.item) end

—

Exercuse 1: Write postcondition of model.

Wha’r %@as adopted?







class LIFO STACK[G —-> attached ANY] create mak
feature {NONE} -- Implementation <S~L/#Z Z
imp: LINKED_LIST[G] 7&,,,,4-( zS -(60 @ g /
feature - Abstraction function of thef stack ADT
model: SEQ[G] d
do create Result.make empty F(e
across imp as cursor loop Result. (cursor.item) end
end
+
Strategy 2

top

Kefulf

Py
/ /
om” /\"mark” an”

Weml t




Using MATHMODELS Library

Writing Contracts using the Abstraction Function

class LIFO STACK[G —> attached ANY] create make
feature-—— Abstraction function of the stack ADT !
model:” SEQ[G] 9/&{6 cal
feature - Commands a {BF@ yflode( ™ W P
pui.b-—(.§: f—; y?g’ﬁ“{ =
ensureg model/ ~ ldf'model .fJeep_twin) .appended(g) end r
= —
Question: ¢an clients tell which strategy is being adopted?
Exercise: What if strategy was changed? Change what?
«AR\ A{Q
OAQ og{/;(
(A \\ &W' (



Checking MATHMODELS Contracts at Runtime Strategy 2

Pre-State L
top @I IMPLEMENTATION | W il (%)

\Lz

“tom” r “alan” A’M—I; &‘ﬁw@
s{pus im” |

=0

MPLEMENXATION | ' SN\ MODEL
et I/ A{“"‘ |

push
ensurf @ alc eep wi @

rnmlefg aM-’Cﬁv\ ’(_ ‘
——————




push (g: G) 4/7/*'0{
ensure model ~ (old model.deep_twin).épesded (g) end

tlss  Seq "
QQS«ZA O adl e
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athematical Abstraction

of LIFO_STACK ADT——— —__

‘push(g: G-
[ public lient’s yfew)
model ~ (old model.deep_twin).appended(g) L~ ~
blg I: SEQ[G]
g\ ——

abstraction
Sfunction

convert the current array convert the current array
into a math sequence into a math sequence

abstraction
Sfunction

~—

r =~ 1\
{ old imp: ARRAY[G] ) . : imp: ARRAY[G]
S ‘ imp.force(o, imp.count + 1) N

=z, =7

private/hidden (implementor’s view)




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 | convert the current liked list convert the current linked list | abstraction

Sfunction into a math sequence into a math sequence Sfunction

old imp: LINKED_LIST[G] imp: LINKED_LIST[G]
imp.put_front(g)

private/hidden (implementor’s view)




Use of MATHMODELS:
Single-Choice Principle

class LIFO STACK[G —-> attached ANY] create make
Q / lem Strategy

s —
AbsTraction

function of the ADT
model: SEQ[G]
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 —— Comm

?make do create imp.make_empty ensure lmodel.count 0 lend
push (g: G) do 1mp forcel(qg, L)

ensure pushed: model ~ (old model.deep_twin) . appended(g)\end

imp, . count &+

pop do imp.remove_tail (1)

ensure popped: [model ~ (old model.deep_twin{;ffiiij
d
en

end

create make

>

class LIFO _STACK[G -> attached ANY]
feature {NONE} Implemer
imp: LINKED. LIST[G]
feature - ZAbs
model: SEQ[G]
do create Result.make_empty

1tation Strategy :

2ction f ~ ¢ r
ac 1on 1 O1

unction

across imp as cursor loop Result.prepend(cursor.item) end across Iimp as cursor loop Result.append(cursor.item) end
ensure ensure
counts: imp.count = Result.count counts: imp.count = Result.count
contents: across 1 |..| Result.count as i all contents: across 1 |..| Result.count as 1 all
Result [i.item] ~ imp[count — i.item + 1] Result[i.item] ~ imp[i.item]
end end
feature feature - ¢ ne

make do create imp.make ensure
push (g: G) do imp.put-front (g)

(first

create make
(las

class LIFO STACK[G
feature {NONE} Ir
imp: LINKED. LIST[G]
feature -- Abstracti

model : SEQ[G]
O create Result.make_ _empty

attached ANY]
top)

on

make do create imp.make ensure

Godel.count = !s end
push (g: G) do jmp.extend(g)

ensure pushed: | mo, twin

pop do imp.start imp.remove

. appended (g)

ensure pushed:\ model ~ (old model.deep-twin) .appended (g, end
pop do imp.finish i

ensure popped: We—[ ~ (old model.deep-twin) .frontr end
end

ensure popped: rmfdeep_t win) .tront ej
end T —




Testing REL in MATHMODELS

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

———

((@.3).(c.4)} U {(b.2).(b.5).(d.1).(.2).(f.3))

t r.domain_subtracted(f.domain)
———

{a,c}

2),(f,3)}

{(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),(3,0), (4,a), (5,b),(6,c),(1,d), (2,e), (3,f)

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 o
local
r, t: REL[STRING, INTEGER] o r.domain_subtracted(ds) =
ds: SET[STRING] o e.g., rdomain_subtracted({a, b}) =
do a
create r.make_from tuple_array (
<<["a", 1], ["b", 2], ["c", 3], o r.range_restricted(rs) =
("a", 41, ["b", 51, ["c", 6], o e.g., rrange_restricted({1, 2}) =
["dll 1]’ [lle" 2], ]:"f" 3]>>

create ds. make from array (<<"a">>)
-— r 1s not 1ang by the query ‘domain_subtracted
t :=r. domaln subtracted
Result :=

t /~ r and not t.domain.has

check Result end

(ds)

("a") and r.domain.has

i"\r the command ‘domain_sub

(ds)

! s changed
r. domaln subtract
Result :=
t ~ r and not t.domain.has
end

r.domain_subtracted(ds) ‘ sub-relation of r with domain not ds.
={(d,r)|(d,r)ernd¢ds}
{(c.6),(d,1). (e,

r.range_restricted(rs) ‘: sub-relation of r with range rs.
{(d,r)|(d,r)yernrers}

{(a1),(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)}

2),(f,3)}

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

("a")




R OOTEAN
local
r, t: REL[STRING, INTEGER]

ds: SET[STRING]

do )
create@make_from_tuple_array ( << X l,
S EBe—, ("R, 21, ("e", 3], —tﬂ A
X (2admd]l, ["b", 51, ["c", 6], A
[lld", 1], ["e", 2], ["f"’ 3]>>)
create ds.make_ from array (<<"a'>>) 0( (

r et e st he _query ‘domain subtracted’
domain_subtract 3 @s} jﬁ W
su = °
t /~ r and not t.domain.has ("a") and r.domain.has ("a")
check Result end

—= stV e ) cOmmand ‘domain_subtract
Ur.gomain_subtract kds)!
SULT™ ——

t ~ r and not t.domain.has ("a") and not r.domain.has ("a")
end

’
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Testing REL in MATHMODELS
REL - ovewdle pd.

v® btan

((@.3).(c.4)} U {(b.2).(b.5).(d.1).(.2).(f.3))

t r.domain_subtracted(f.domain)
———

{a,c}

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

2 C°’5>, [C-» 4')

Sal 5 (a7, (b,2), (687, (a4, (b,5), (c87(d. 1), (,2), (£,3)}
r.domain|: 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={1,2,3,456}
« [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,c), (4,a), (5,b), (6,¢), (1,d), (2,€), (3,f)

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
logcal
REL[STRING, INTEGER]
LNIECER

ds SETFTR;N{i

create r.make _Trom tuple arrajw (

et ["B", 21, ["c", 31,

[eg==—=4], ["b", 5], ["c", 6],
["dll 1]’ [lle" 2], ["f" 3]>>
create ds. make from array (<<"a">>)

-— r 1s no 1ang by the query ‘domain_subtracted
t :=r. domaJ.n subtracted (ds)
Result :=

t /~ r and not t.domain.has ("a") and r.domain.has
check Result end

r is changed by the command ‘domain_subtract

r. domaJ.n subtract (ds)
Result :=

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

end

r.domain_subtracted(ds) ‘ 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,2), (f,3)}

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

o 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)}

("a")
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all_positive_values (a: ARRAY[INTEGER]): ARRAY[INT R]
require T

no dup//cates® ABrsS | I..] a. &MA{'V ”

all &y
x>0

ensure —
across Result is x I?-JeM(/[dm *l lﬂa«n I‘

> L
G:{ lgl olfm‘w? 73
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Writing Postcondition: Exercise

all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
require

no_dup/icates 0k”- __V(«—l, —7-,_2,ng> >

across Result is x L'b &K 2., | o /0>
all

x>0

O~ ' -
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all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]
require FP T vf/f

no_duplicates: ??

ensure

across Resultis x
a
0
’fnd —
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all_positive_values (a: ARRAY[INTEGER]): ARRAY[INTEGER]

require aJ;
no_duplicates: ?? ol @ net -
ensure__— asH

@cross Result is
/;/@/K
nd

g o @& on Al
A >0 ‘@FES 2 }143‘(/0

tl

; EEEN=S L)
&_))('2 1 ,T?J'If — z






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

require
no_duplicates: ??
ensure

across Result is x |
M
end
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Model of an Example Birthday Book 7
p yév‘ Y > [N
yemdl( 29 —

L
Doo\'\* domain )w”\“ Ml( w-range
LOO\C' yeH
. "Alan”

== Auqust-11 )

] October-15

“Jim”

“Mar




Birthday Book: Desian

day: INTEGER
month: INTEGER

count: INTEGER

: invariant
-- number of entries M
put(n: NAME; d: BIRTHDAY) 1 <day <3l

ensure

model operanon
-- infix symbol for ovemde operator: v @#_ ﬁ
|<rem1nd;2 IRTHDAY
ensifre

nothing_changed: _ ( WME

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

remind: ARRAY..] item: STRING

”MF ﬁ@
H’hw/ « gy (- j

invariant:
k consistent_book_and_model_counts: count = model.count
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- Labtest 1:
* Birthday Book
* MATHMODELS
* Iterator Patterns: Two Tutorial Series



Birthday Book: Design

( BIRTHDAY BOOK

model: FUN[NAME, BIRTHDAY
-- abstraction function

model_operation: model ~ (old model.deep_twin).overriden_by ([n,d])

TRIRSYMOOT for override operator: @<+

remind(d: BIRTHDAY): ARRAY[NAME]
ensure
nothing_changed. model ~ (old model.dee

ame_contents: ¥ name U TRt =revrerereo
-- infix symbol?or range restriction: model @> (d)

m

odel: FUN[NAME, ..]

|—

[ BIRTHDAY

day: INTEGER
. month: INTEGER

invariant
1 <month <12
1 <day <31

remind: ARRAY]..]

T )

item: STRING

invariant
item[1]EA.Z

_/







Birthday Bogks el Operation (1.1) J
o
book.pu eeyeon’, ober-15)
omain model A range

o\ (o k] ), lanrioha Pl

. " May-21
Mark

August-11

"" Otober-15
’

I

"

“Tom

\\Ji mll

e




motle|  ~ (o|0( o2 ,.ol’(>-wav7ﬂon([n,oﬁ)

mode] ~ (olol welel.d¢) €<+ el
b‘)' @

N @ .
% é{; w\&y& c()

Y\



May-21

“Mark”
< gust-11
To - Ik
T October-15

\\Ji mll




Birthday Book: Model Operation (2.1)

book.remind(August-11) @a W)\) KQM

domain

August-11

i

October-15










@and Col) - ATA])
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Birthday Book: Implementation

a ) ( )
BIRTHDAY BOOK BIRTHDAY
= —
mod@IAME, BIRTHDAY] (‘,ﬁ }-" day: INTEGER
- ction function M&{ ' model: FUN[NAME, ..] I month: INTEGER
t— promote hashtable to functioa 6 . .
-~ invariant
same_counts: Result.count = implementation.count 1 <month <12
same_contents: Y [name, date] € Result: [name, date] € implementation 1 <day <3l
end J
put(n: NAME; d: BIRTHDAY)
do
-- implement using hashtable 4
ensure
model_operation: model ~ (old model.deep_twin) @<+ Th,d] 4‘
end @ N
> o
wJﬁl gt HASHABLE

vt

remind(d: BIRTHDAY): ARRAY[NAME]
do "y vﬂ‘f -
-- implement using hashtable *
ensure
nothing_changed: model ~ (old moglel.deep twin)
same_counts: Result.count =f(model @> d)¥ount
same_contents: ¥ name € (model @= @)-:d0Main: name € Result
end

count: INTEGER -- number of names

eature {NONE

A

(d

W

([ NAME

item: STRING

remind: ARRAY]..]

implementationf HASH_TABLE[BIRTHDAY, NAME]

e

invariant:
consistent_book_and_model_counts: count = model.count
consistent_book_and_imp_counts: count = implementation.count

.

invariant
item[1] EA..Z




Stack of S’rrlngs vs. Stack of Accounts

top:

eature

class /SFRENC STACK \STQ ( ’(
featAire {NONEC-—Implementation

/mp: ARRAY [ EZBENG] ; 1: INTEGER ___%7 Sﬁh e
fgature - Queries

count ;3 INTEGER do Result := i end

umber of items on stack.

MG do Result := imp

—-— Returp top of stack

—— i@ ands
(v: B G ) do imp[i]

—-— Add v’ to top of stack.

i :=1 -1 end
emove top of stack

= Wy

U\ Con) .

[1]

:= 1 + 1 end

class ACCOUNT _STACK
feature {NONE} - Implementation
imp: ARRAY[ ACCOUNT ] ; i: INTEGER

feature —— Queries
count: INTEGER do Result := i end
—— Number of items on stack.
top: ACCOUNT do Result := imp [1]
—— Return top of stack.
feature - Commands
push (v: ACCOUNT ) do imp[i] := v;
—-— Add ’v’ to top of stack.
pop do i := 1 - 1 end
—— Remove top of stack.
end

end

1

i + 1 end




A Generic Stack

Supplier

class @AC
feature {NO
imp: ARRAY

.
’

1 éﬂ‘fﬁ"l\’l‘

} A /Ymplementation
XS

1

feature
count:

—— Queries

INTEGER

INTEGER do Result
—— N bé%‘of'items on stack.

1 end

oo« b do Result := imp [i] end
—— Return teQI stack.
feature - 770K\ SY
?g NS =P/ R
ush (v:( JN\-—R==fp[1i] vi 1 :=1 + 1 end
o —-— Add v’ to top of stack.
M pop do i := i - 1 end

—— Remove top of stack.
1
2
3
4
0 do {

ss{push("A") 0

——
push (create

——
= SS.top

SS. Lop

reate {ACCOUNT} .make ("Alan",

IB")

X

12 := sa.top
13 = sa.top

‘
pmm (
{ACCOUNT} .make ("Mark", 200))7(~ VWE Y

1omb L,////
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Principle of Information Hidi

e

Suppller/7

¥l \QMQ

Y [ORDER ]

class
C'ART
feature
orders.:
end
V)
class
ORDER
feature
price: INTEGER
quantity: INTEGER
end

| 3

Je »\’r

class
] 20
fe = “p—
(cartb CART
c#teckouf: INTEGER
do
rfrom
i := cart.orderg.lower
until
i > cart.orderg.upper
do
Result := Result +

cart.orders[i] .price

*

i:=1i+1
L-end

end
end

cart.orders[i] .quantity

_

o @6\(/\‘(.
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e . 3
~

-

’

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)

’

\_ J

~
~

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

accounts+

_-_— .

supplier

\_

new_cursor,

CURSORI[G]

== Fres cursor associated with current structure

ensure
result_attached: Result # Void

A

+
ARRAY_ITERATION_CURSORI[G]

new_cursor+

z ITERATION CURSOR[G]*

e ——
fe Access

[tem at the current cursor position
require
valid_position: - after

valid_position: - after

kS

INDEXABLE_ITERATION _CURSOR[G]

new_cursor+

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

~
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Implementing the Iterator Pattern:’Easy Case

supplier

ON_CURSOR[G]*

feature -- Access
item*: G
== Item at the curren 'sor position
require
valid_position: - after

~

feature -- Status report
afier*: BOOLEAN
-- Are there no more items to iterate ove

feature -- Cursor movement
orth*

v love to next position.
dE%\&’ require

valid_position: ~ after

*

INDEXABLE_ITERATION_CURSOR[G

iterable_collection

+ + + +
HASH_TABLE[G, K LINKED_LIST[G] RR R LINKED_LIST ITERATION_CURSOR([G] HASH_TABLE_ITERATION_CURSOR[G, K

1
1
1
1
1
1
1
1
]
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

\

-

new_cursor+

new_cursor+




Implementing the Iterator Pattern: Hard Case

supplier

~

result_attached: Result # Void

A

iterable_collection
.

+ + +
HASH_TABLE[G, K. LINKED_LIST[G] ARRAY([G]

1
|
1
1
1
1
1
1
]
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-

‘tem at the current cursor position

valid_position: - after

valid_position: - after

*

INDEXABLE_ITERATIO!

+
LINKED_LIST_ITERATION_CURSOR([G],

o

HASH_TABLE_ITERATION_CURSOR(G, K.

new_(‘ursoH—




Implementing the Iterator Pattern: Hard Case

IV
Trerore

’,Bc;ok

new— BASov”

2
Tvertrzol_ CurSaA

CURSOR

ITERATION_CURSOR[ TUPLE [STRING, G]

cursor_position: INTEGER
names: ARRAY [STRING]
records: ARRAY[G]

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

forth
"’ do ..

. end

]

feature - Constructor
MN_AMbj make (ns: ARRAY[STRING]; rs: ARRAY[G])
do ... end
feature {NONE} -- Information Hiding




Iterator Pattern at Runtime S o AC
~ S

” e
‘@ ITERABEE _am1

nnnnn -
S

rrrrrrrrr

! A\‘m\‘ns
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vabues_2 X) goss a1 Z
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Use of Iterable in Contracts

is_all_positive: BOOLEAN
—-— Are all items 1in collection positi
do

ensure
[across

re0 ,
~collection is@ m' L[/o (U'
all

account LISTY[ACCOUNT]
binary_sear (acc_id: INTEGER): ACCOUNT

item > 0

—— Search on accounts sorted in non-descending order.
require
across
1 |..| (accounts.count —_1) is 1
. al ~_
“eLkﬁ/l accountsf/[il1,1id <= accounts [1 + 1].1id
Lb end

do

ensure
Result.id = acc_id
end









Use of Iterable in Contracts: Exercise

o Q/ tannt Lo TreghpLe

accounts:(LIST JACCOUNT] . o0,
contains_duplicate: BOOLEAN ¢ [ w f’sf(

M. [: INTEGER | oh o0
1 < i< accounts.count A 1< j< accounts.count eé o"‘ [P
accounts[i] ~ accounts[j] = i = | ra r
L.umd
Ao

Qhss2 \ l..) CCCouns . Lutf 75 j,agr.‘v/'
Do
v

Qr -




Use of Iterable in Implementation (1)
l‘ol- V1IOJ—-irhay -

require

local 7) ‘@
cursor: ITERATION_CURSOPfACCOUNT]; max: ACCOUNT / LAY 7 FS
= A by

. itemf.balance > max.balance then 5 31?(‘53z~

cursbr.t item

e‘"c;ursor forthH W f“ﬂ /%'?/'A\ 'ﬂf

ensure ??
end

C l(ii!'
Pyl T#5



o

Lollecton - TTERAR

| t: TLCS]
posss @) s Gon) anan
o o ARIEAAR
" . 7 :I{'l
- | IHED AN
\» 8=



Use of Iterable in Implementation (2)

lass SHO »

cart:(CART) I'

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

require ??

gi;::i:;:)
cros
t is
car 1l‘!!!!,’

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

ensure ?7?

accoun ITERABLE [ACCOUNT]
max_balance: ACCOUNT
—-— Account with the maximum balance value

end S:

require ??
local

max:
do

ACCOUNT

ax := accounts |
across
accounts is acc

loop

if acc.balance > x.balance then
max := acc
end

d
ensure ?:

end




deferred class

ITERABLE [G]

Exercise 1 |..o..="

new_cursor: ITERATION_CURSOR [G]

deferred end
end

test_database: BOOLEAN
local
db: DATABASE[STRING, INTEGER]
tuples: LINKED_LIST[TUPLE [INTEGER, STRING]]
do
create db.make
create tuples.make
across
db is t
loop
tuples.extend (t
end
end

class
DATABASE[G, H]
inherit
rreraces (D
feature {NONE} - Implementation
gs: ARRAY[G]
[H]
feature - Iterable
new_cursor: ITERATION_CURSOR[-]
local
db_cursor: ITEM _ITERATION_CURSOR[H, G]
do
create db_cursor.make (-)
Result := db_cursor
end
end

deferred class
ITERATION_CURSOR
feature Cursor
new_cursor* item: G

deferred end

[G]
features

after: BOOLEAN
deferred end

forth
deferred end

class
ITEM _ITERATION_CURSOR[M, N]
inherit
ITERATIOALCURSOR['IIIIIIII.]
create
make
feature {NONE}
ms: ARRAY [M]
ns: ARRAY[N]
feature -- Constructor
make (new_ns: ARRAY[N]; new_ms: ARRAY[M])
do ... end
feature - Cursor features
item:
do ... en

- Implementation

after: BOOLEAN
do ... end




d

lass _
Exercise 1 o2+ %

new_cursor: ITERATION_CURSOR D;{]
deferred end

new_cursor¥*

after: BOOLEAN
deferred end

test_database: BOOLEAN

forth
deferred end

create db.make
create tuples.make
across
is

end

inheri

ITERATION_CURSOR[TUPLE [M, N]]
ﬂ create
74 ) make
(‘@ft feature ({NONE} Implementation
= —’Gl ms: ARRAY [M] /_/
=—1 TIIn lementation—‘t 4 ns: ARRAY[N] é"

e —— Construc
make) (new_ns: ARRRA
... end

fegewmre - Cursor features
TUPLE [M, N] 3-3

1, B
10 4

create db_cursor.) d

Result :=
end

end L_7 ‘/B
e e gk (4K
forth FA A)

do: .
end

end
end






Modelling: Aqqreqation vs. Composition

k

m

n

KEYBOARDI

CPUI

MONITORI

k KEYBOARDI

¢ CPU2
m MONITOR2
n

A

m

n

KEYBOARDI

CPU3

MONITOR3

(WORKSTATION)

(WORKSTATION)

v

(NETWORK)

(WORKSTATION)



Expanded Type for Composition

class KEYBOARD ...
class MONITOR ...
class WORKSTATION
k: expanded KEYBOARD
c: expanded CPU

m: émp@@Rg MONITOR

end class CPU ... end
end class NETWORK ... end

n: NETWORK
end

rexpanded class KEYBOARD ... end
expanded class CPU ... end
peoppaded class MONITOR ... end
class NETWORK ... end

class WORKSTATION
k: KEYBOARD
2 P
m: MONITOR
n: NETWORK




Letime 12
Wemesvry Fesromry 12






Modelling:

qqreqatio

s.(Composition

k

m

(

; / CPU1

KEYBOARD

—_———

|

MONITORI

‘

(

ORKSTATJON)

i 1

4

.

KEYBOARDI

CPU2

MONITOR?2

RKSTATION)

VORK)

k

m

n

KEY ARD

o CPU3

MONITOR3

(WORKSTATION



Expanded Type for Composition YE‘[ )

S —— kl: ket

CPU ... end

expanded CPU
m: expanded MONITOR
n: NETWORK

snd expande assKEYBOARD . e
pantled class CPU ..~~end
&\ xpanded class MONITOR ... end
SWD class NETWORK ... end
\’. o*k class STATION
\." \ &s{ ¢\A % FEYBOAR
i o avalPd
;1 MONITOR 67
1’ 1T ORK
end




~\
b

test expandeg B' n
oca M 0“?
: ebll, eb2 m é BLZ'M
W

d

check 0 and |e Lﬂ.i = 0 end
7,

check ef }E b2 end

eb2. chang' 1 (15)

check ebl. 1 = and eb2.1 = 15 end

Scheck /= eb2 end J#‘

2 -

: INTEGER)

ebl

feature
. 11 acheck ebl. i =loerrd
g?-w 12 ebl.gémhge 1 (10) /o
18 eck ebl.i = 10 and eb2.i = ¥ 8 -‘
14 » che 2 =ohlond
end







L [
Use of pand} Type el - k2
1 -

test_expanded
local
ebl, eb2: B

o
feature
change_ i (ni:
do
i:=
end

and eb2 1 = .0 endl
end-r

?'tgas

15 end

feature
i: INTEGER
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Reference Type or Expanded Type

expanded-typed author

_teferenge-typed adthor~

“The Red and the Black”

1830

341

)

“Life of Rossini”
1823
307

reference /
[ S /
ol A\X
ol
“Swall"
“Henri Beyle”
1783
1842

N\

“The Red and the Black” / “Life of Rossini” \
1830 1823
341 307
of
“Stg all” “Stendhall”
“Henri Beyle” “Henri Beyle”

1783 1783
1842 1842

\

/



Shared Data via Inheritance

Cohesion
Single Choice Principle

r/ass
Descendant: ot 88 m & S 7/p o o
Sene
class DEPOSIT inherit SHARED _DATA [/
- 'maximum_balance’ relevant Ancestor ; Fé gﬂP
end (U
class Uq
class WITHDRAW inherit SHARED DATA SHARED DATA & ed )l
-— 'minimum_balance’ relevant feature W
end interest_rate: REAL
exchange _rate: REAL
class INT_TRANSFER inherit SHARED_DATA minimum balance: INTEGER
—— ‘exchange_ rate’ relevant maximum balance: INTEGER
end
end
class ACCOUNT inherit SHARED_DATA -

feature

‘interest_rate’ relevant
deposits: DEPOSIT LIST
withdraws: WITHDRAW LIST

end

77
Problems? Q
=

o

r
ZIS 95 25 Ty,



Shared Da’ra via Inheritance(Cohesion—>

interest_rate: REAL

Jexchange_rate: REAL

inimum _balance: INTEGER
y aximum_balance: I R

ingle Chonce Principle

ax

2.34
1000

1000000 |

WITHDRAW

0

er

2.34

min

1000

max

1000000

dl.set_max_balance
w2.set_min_balance
t2.set_exchange_rate

AL_TRANSF

TRANSFER

0.

er

2.34

¢ —

min

1000

max

1000000

DEPOSIT

oAT

min

2.34
1

max

1000000

)

WITHDRAW

g

er

2.34

min

1000

max

1000000

TRANSFE

2.34

min

1000

max

1000000




Once Routine (1)

class A
create make

feature - Constructor
\ make do end
////’\ feature —- Query

test_query: BOOLEAN <
local
a: A do
arrl, arr2: ARRAY [STRING]
) G
do
create a.make end
—
end

arrl := a.new_array

new_once_array

(s: STRING) : ARRAY[STRING]

—-— A once query that returns an array.
once

create
Resu

{ARRAY [STRING] } Result.make_empty
. force (s, Result.count + 1)

STRING) : ARRAY [STRING]
An ordinary query that returns an array.

creat ARRAY [STRING Result.make_empty
Result. force (s, Result.count + 1)

esult := arrl.count
check Result end

arr o=

Result := 3arr2.count =2

check Result en
(iResult Shizail
check Re

end

"Mark"




class A
create make
feature

—— Constructor
make do end

feature —— 4
‘new_once_array (k: STRING) : ARRAY [STRING]

—

e

Result. force

Result. force

T 5
—— A once query that returns an array.

{ARRAY [STRING] } Result.make_empty
(s, Result.count + 1)
STRING) :

(s: ARRAY [ STRING]

—— An ordinary query that returns an array.

{ARRAY [STRING] } Result.make_empty
(s, Result.count + 1)

P eate
p\\(ﬂ/
end
test_once_query: BOOLEAN new_array
local
a: A dO
arrl, arrZ2: ARRAY[STRING] S aalie
do
create a.nfke Uﬁ\ p—_—
g 1St end
arrl Ji= a.new_once_array ("Alan")
t := arrl.count = 1 and arrli[l] ~ "Alan"
check Result end (
S gt 1 o
y ~A F j? ? N
( //:= a.new_once_array] ({Mark"
\'f’ﬁlt = arrZ2.count E—T)and arr2[1] "Alan"

check Result end

—_

1 Result := arrf\=J)arr2
heck Result end

end

|
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- afﬁce hours today moved to

( Tuesday A2:30 - 14:30
/Mo . ouncement on Labtest1
ETF Tutori

—
Video 7 on au’roma’ring{ acceptance testing
AN~ — -




Once Routine (1)

class A?([
create #Make

feature - Constructor
make do end
feature - OQuery

new_once_array (s: STRING): ARRAY|[STRING]
once query that returns an array.
? l once?
credte {ARRAY[STRING]} Result.make_empty
Result. force (s, Result.count + 1)
end

test_query: BOOLEAN
local

a: A

arrl, arr2: ARRAY [STRING]
do

check Result end

Result := not (arrl = arr2)
check Result end
end

new_array (s: STRING): ARRAY [STRING]
—— An ordinary query that returns an array.
do
“CYeate {ARRAY[STRING]} Result.make empty
Result. force (s, Result.count + 1)

create a.make end
end
arrl := a.new_array ("Alan")
Result := arrl.count = 1 and arrli[l] ~ "Alan"
check Result end
arr?2 := a.new_array ("Mark")
Result := arr2.count = 1 and arr2[1l] ~ "Mark"




Once Routine (2

Av‘/\
Owﬂ Hen”

clasé&)
ake

create’m
—— Constructor

feature

\%A,y

Y [STRING]

{ARRAY [STRING]} Result.make empty

test_once_query: BOOLEAN
local
ai A

arrl, arr2: ARRAY[STRING

o)

o

E—

|

create a.make
e —1

esult. force (s, Result.count ¥ 1)
new_arra STRING) : ARRAY |[STRING]

'An ordinary query

create {ARRAY[STRING]} Result.make empty

returns an array.

T1lt
check Result end

Refult :#Z arr2.count =’f'a22’§yf
check Result end

Result arrl arr2
check Result end

end

k Ca‘ Result. force (s, Result.count + 1)
' 5 end
) end
@ :=[a.@ew_once_ar1;aﬂ "Alan")
Re = arrl.count = 1 and arrl/ ~ "Alan"
2 24 ca
érr2)={ /r(once arr<§ @a@
"Alan"







Approximating Once Routines in Java (1)

e

)

r;, /4

LerestRate;
d gsetIR(double r);




Approximating Once Routines in Java (2)

We may encode Eiffel once routi

doukle interestRate;
void setIR(double r);

' StICIC Boolean InrronCe;
static BankData dgtas
static BankDat@ getpata (

if(!initOnce) {

initOnce = true;

}

return data;

}

S Iin Java:

ﬁ,ﬁm/“”’”

data = new BankDatal() ;




pre] \‘ ) : ;
7 de¥ ke, Client:
‘,’L A &/‘\
: Qest)Bo EAN
{M local
3 Y accesd: DATA ACCESS
make do v := 10 end] fl“‘;a" dl, di: DATA z«
feature Data Attributes \Makél
v: INTEGER A dl := accesshdides
&4 'AI ° Z_g—ﬁ‘
change_v (nv: INTEGER) b"'" dz = accessadata
do v := nv end = Result := dl = d2
end and dl.v = 10 and d2.v = 10
check Result end
(/j_ \ ‘b\e dl.change_v (15)
- ass ./ 0‘”7, F\[Q Result := dl = d2
DATA-ACCESS o and dl.v = 15 and d2.v = 15
feature NW A L{? end
data :( DAT. (0 (\g.\ d
en
" L one sndeenz e S ;
oncekcreate % nd krl i ;
invariad T —— Writing | create d7.make |in test

feature does not compile. Why?



Supplier:

class< DATA

create {D.
feature {DATA
make do v :

'A_ACCESS} make
SS}
10/ end

feature - DatgfAttributes
v: INTEGER
change_v (nv: INTEGER)
do v := nv end
end

f =)

expanded class
DATA_ACCESS

featural”
data:’D TA

Somm—

invarianfﬁdagg;%ﬁiﬂir--—-

Client:

test: B
loca
accews? DATA ACCESS
d,<ﬂ4@!§i

do

access.data
access.data
dl = d2

dz [:=

Result :=
and dl.v =

che

dl.change_v

Result := -
and dl.v =

end
end

10 and d2.v =

15 and d2.v =

10

15

Writing | create d1.make

intest

feature does not compile. Why?



Supplier:

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

make do v := 10 end
feature —- Data Attributes
v: INTEGER

change_v (nv: INTEGER)

s sl T - 0

expanded class
DATA_ACCESS

Client:

test: BOOLEAN

local

access: DATA ACCESS

e 3
do

dl

g2

d2: DATA

1= access.data
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

13

LT de
g
Obllm @Dlam

Writing | create d1.make
feature does not compile. Why?

intest







Supplier:

class DATA
create {DATA_ACCESS} make
feature {DATA A SS}

make do v :=[10/end
feature - DatafAttributes
v: INTEGER

change_v (nv: INTEGER)
do Vv i= nv 1nd

Pg./

O any tless Fvaningue
Client: Nrdotan 7 /lo

}and?lass
DATA_ACUESS
feature

data: DATA
—— The one and only access

test: BOOLEANQ 54{"((??5

local /€
—Iaccessl DATA_ACCESS ﬁ"

dl, d2: DATA

do W

dl := access.data m NW
d2 := access.data *
Result := dl = d2

and dl.v = 10 and q2.v = 10
check Result end i m
dl.change_v (15) W/ 48
Result := dl = d2 © at4

and dl.v = 15 and d2.v = 15
L—End

]

&o?}ﬁe - Reéglg_[nake end
invariantldata ata
[ —— N

10 0
— [h

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




Export Status Case 1

local class SUPPLIER

s, old_s: SUPPLIER

create L f @0\(}’
print (old_s = 5) Mmake
(m M
ende"';m ik feature {4 j
ake [(init_i: INTEGER)
clas{{CLIENT 2 do

. evd Q= init

end

test: BOOLEAN
local
s, old_s: SUPPLIER

create s.make (5)

feature

print fold_s =5} i: INTEGER
= s) end

end
end



Export Status Case 2

class CLIENT 1

test: BOOLEAN
local
s, old_s: SUPPLIER

(O Y

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

®enpc:| t e d_) ='s) mLe lz zmT-‘Z
make (init T: INTEGER)

e

clasf CLIENT 2 do
Ess————

test: BOOLEAN I = init_i
end

feature
i: INTEGER
end



Singleton Design Pattern: Code (2.1)

Supplier:

class BANK DATA

create {BANK_DATA_ACCESS} make

feature {BANK DATA ACCESS}
make do ... end

feature - Data Attributes
interest_rate: REAL
set_interest_rate (r: REAL)

end

expanded class
BANK_DATA _ACCESS

featu
l data i BANK DATA
—— The onée and _Qhlideaeeey S
oncchreate Result.make [2and

invariant “data = ddctd

Client:

cl
ACCOUNT
featur

data: BANK_DATA

make (...)
—— Init.
rlocal

data_access:
do
data := data_acces?\data

e

Writing | create data.make

client’'s make feature does not

compile. Why?

access to bank data.

BANK_DATA_ACCESS

in



Singleton Design Pattern:

Code (2.2)

test_bank shared _data:

—— Test

BOOLEAN
that a single data

local accl, acc2: ACCOUNT

do
comment ("tl: test t
create (accl.-make jRj————"

createlacc?2.make ("§Eeua¥)
Result Zlcell s elEIEE dcc2.data
check Result end
Result accl.data ~ accZ2.data
check Result end
accl.data.set_interest_rate
Result
accl.data.linterest_rate
and accl.da&a.interest_rate
check Result end
acc2.data.set_interest_rate
Result
accl.data.linterest_rate
and accl.data.interest_rate
end

i ol ‘
object

i1s manipulated

single data object is shared")

2t ocll

(3 sl )

acc2.data.linterest_rate
o TNl

(2.98)

acc2.data.linterest_rate
2.98

% o/afq






client 1

+
APPLICATION 1

4

data_access+

supplier of shared data

- wm o = -
-

create {DATA_ACCESS} -- Creation Restriction

make

feature {DATA_ACCESS} -- Update Restriction

make+

'te Result make @ -- Initialize a data object

feature -- Data
v: SOME_DATA CLASS
-- An example query

once to a shared data object

1
|

¢
-- An example command

- om mm mm mm mm mm mm mm mm mm mm mm mm m mm mm mm

data_access+




ETF: Input-Output-Based Acceptance Teshng

.

Jbpew(Nalan”) E— 7/{}
new(“mark”) €= /)3 new(Malan™)
deposit(“alan”, 200) {alan: 03
deposit(“*mark”, 100) C -> new("mark™)

hansfer( alan”, “mark”, 5

’JaL“ et |-> deposit(Talan”, 200) _—
pf € {alan: 200, mark: 0}
¢ -> deposit("mark”, 100)—

k‘f‘) {alan: 200, mark: 100}

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

. {alan: 0, mark: 0} ’




g

F: Workflow ). govaCWg
7 NG A Tus I
l define limplement‘/ldeib\
\ oy
monitored business use ' ddmé\\
events model cases )

generate

Code
Skeleton

un | Abstract
State

= [

redefine



ETF: Separating User Interface and Business Model

V@ ¢ A )

mmmmmmmmmm ds

o Em EmEm e -----

(e \
% ’ : ' ;‘v bde 1 'C‘F\ \) 1
ETF_COMMAND . ] TF_MODEL !
- / 1 : — —/ 1
1
/ \ I l 1
1 )
{ 1
1
| 1
! 1
el Yecess g

1
I | —
1 = &~ i 1
1 + + + y + ] 1 |
X ETF NEW ETF_DEPOSIT QF_WITHDRAW ETF_TRANSFJR i 1 ‘ [
\ ——— m——— > p— e 7 + 4 1
) A\ ETF_MODEL_AC !
N 1
/

----- Do mm mm mm mm mm mm mm o o EE EE Em mm Em Em Em EE Em EE Em Em mm mm mm mm mm v o o o
------

- - - - - - - e mm Em mm e e e e e e mm e e e e e A e e e e e e ey,




Regression Testing ,\r‘dp ,
expected outputs

atO1.expected.txt
at02.expected.txt

at99.expected.txt

identical?

atO1l.gctual.txt
atO2.actual.txt
O ——

’ at99.actual. txt
o~ ;

actual outputs




Automating Regression Testing

{ Github copy

- backup
- version histo

A

heme copy

Geveloomen_
- debug )
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Thursday 12:30 - 14:30
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Inheritance: Motivating Problem

ouns -> classes, attributes, accedsors
> mutators

Problem: tudent management system stores data about
students. There are two kinds of TUniversity ‘students: resident
students and non-resident students. Both kinds of students
have a name and a list of registered courses. Both kinds of
students are restricted to register for no more than 10.courses.
When calculating the tuition for a student, a base amount is first
determined from the list of courses they are currently registered
(each course has an associated fee). For a non-resident
student, there is a discount rate applied to the base amount to
waive the fee for on-campus accommodation. For a resident
student, there is a premium rate applied to the base amount to
account for the fee for on-campus accommodation and meals.







class RESIDENT_-STUDENT

151. DesJi n Affempf :Zj:ﬁ:emf]feﬂttributes
name: STRING

courses: LINKED_LIST][COURSE]

premium-rate: REAL

feature - Constructor
make (n: STRING)
do name := n ; create courses.make end
feature - Commands
set_pr (r: REAL) do premium_-rate := r end
register (c: COURSE) do courses.extend (c) end

class NON_RESIDENT_STUDENT featPré —— Queries
create make tuition: REAL

feature - Attributes local base: REAL

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

set_dr (r: REAL) do discount_rate := r end
register (c: COURSE) do courses.extend (c) end
feature - Queries
tuition: REAL
local base: REAL
do base := 0.0

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

Result := base « discount_rate
end

end



1st Design Attempt

RCcourses: INKED_LIST [COURSE] ’i
premium_rate( REAL % W’ r
feature - Constructor ﬁ gs
Enake (n: STRING)

do name := n ; create courses.make end
feature —— Commands

set_pr (r: RE. remium_r s =
register (c: COURSE) do courses.extend (c) end

tuition: REAL
local base: REAL

Good desi
Judge

Cohesion

class NON_RESIDENT_STUDENT
create make
feature - Attributes

name: STRING do base := 0.0 |
courses: LINKED LIST[COURSE] across courses as c loop base := base + c.item.fee end
discount_rate: _REAL Result := base x premium.rate

f[elu'!_-u!.-e——— coloeroceer end

make (n: STRING) 2 6/)?& d
crea

do name := n ; courses,m end
feature - Commands ”

set_dr (I : REAL e mmmtsitimiimt—————
! register (c: COURSE) do courses.extend (c) end]
== QUuerles | }

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

Result := base « discount_rate
end

end



class RESIDENT_-STUDENT
create make
feature - Attributes
name: STRING
courses: LINKED_LIST][COURSE]

premium-rate: REAL

1st Design Attempt

- M uﬁfmﬁasq
Good design?
Jlt}dge by Si gle Choice Princi

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

—— Commands
REAL) do premi
register (c: COUR
feature - Quers:
tuition: REAL
local base:

do base := 0.
across course

set_pr (r:
ourses.extend (c) en

2 ts théA
. 20 rm.\-'(c)
obt Son ;ag.: Yoo +

class NON_RESIDENT_STUDENT
create make
feature - Attributes
name: STRING
courses: LINKED_LIST|[COURSE]
discount_rate: REAL
feature - Constructor

Result := base #*
end

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

set_dr (r: REAL) do discount_rate
T GuimSaliaamy PRSL) do courses.
feature - Queries
tuition: REAL
local base: REAL
do base := 0.0

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

:= r end

Result := base # discount_rate
end
end



class RESIDENT_-STUDENT

create make
‘ —

',e(a o o

uﬁ premium_-rate:

feature - Construc
a——TTN )
Crm——— aLgate courses.make end
feature - Commands
set_pr (r: REAL) do premium-rate := r end
P ———— O —— el
class NON_RESIDENT_STUDENT featprg —-— Queries (W
create make tuition: REAL v
feature - Attributes local base: REAL
——— do Jgmmem==r
i i e e —— e
T ————— Result := base # premium-rate
feature -- Constructor end
= AT end
feature - Commands
set_dr (r: REAL) do discount_rate := r end

Yok B-3 -V ol Ho L Al0)8 12X\ A< - =TS IR XS]

A

feature —- Queries &w 14
tuition: REAL W ‘Q
local base: REAL
doO wsemmmm————
et —— ' R VST~
Result := base « discount_rate
end
end




class RESIDENT_-STUDENT

create make
feature - Attributes
name: STRING

Good desiqn? courses: LINKED_LIST [COURSE]

premium-rate: REAL

How do you build a feature - Constructor

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

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

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

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

Result := base x premium-rate
end

set_dr (r:

RS/ (aKRS

Result := base # discount_rate
end

end






Without Inheritance (Design 1) Collection of Students

class TUDENT MANAGEMENT _SYSETY
.&S : LINKED LIST[RESIDENT_STUDENT]

nrs : LINKER LIST [NON_RESIDENT.SIUDENT
add_rs (rs: RESIDENT_STUDENT) do ... end

» NON_RESIDENT_STUDENT) do ... end
register_allf(Course c) —-- Register a common course ’c/

(o] [ ]

acr as loop c.item.register (c) end
across nrsfasfc loop c.item.register (c) end

nd [ “—

Clinet's Code

c: COURSE
rs: RESIDENT_STUDENT
nrs: NON_RESIDENT_STUDENT

sms: SMS sms.add_rs(rs)
create c.make("3311") sms.add_nrs(nrs)
create sms.make sms.register_all(c)

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



2nd Design Attempt

cl
STUDENT

create
make
feature -- attribures

premiumRate: REAL
=p discountRate: REAL
-- command
makej(kind: INTEGER)
=5 | | | ] |

kind := a_kind
end

end

toc JoomaS . male (1)
= — 8. mP[2)

Tuition CREAL)

do
across courses is c loop
. i “. L
tuition := tuition + c.fee

ifkind = hen

Res ; ition * premiumRate
elseif kind = hen

Result : = tuition * discountRate
end

if kind =(Drhan(MAX =
elseif kind ﬁthen MAX := 4

end *
[if courses.count £MAXhen -- Error
else courses.extend —
end

end




2nd Design Attempt

cl
STUDEN
te
make
feature -- attribures
courses: LINKED _LIST[COURSE]

dlscountRate REAL
ature -- command
make (kind: INTEGER)
do
kind := a_kind
end

1\
12

'(P 4;0-(

end

Good design?
Judge by Cohesion X

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

register (c: COURSE)

local
max: INTEGER

do
if kind = 1 then MAX := 6
elseif kind = 2 then MAX := 4
end
if courses.count = MAX then -- Error
else courses.extend (c)
end

end




get(tuition:

2nd Design Attempt

tuition: REAL
do

across courses is c loop
tuition : = tuition + c.fee

class
STUDENT
create

o S
hent ww’]

feature -4 attribures

elseif k|nd = 2 then
Result : = tuition * discountRate
end

feature -- command
make (kind: INTEGER)

Good desian?

Judge Smgle Choice Pr@
\//A-new kmd”
n existing kind is obesel

=4

else courses. extend (o)
end
end




2nd Design Attempt get_tuition: REAL
local
class U|t|0 EAL
STUDENT a
create across coMrses is c loop

make tuition := tuition + c.fee
feature -- attribures end

courses: LINKED_LIST[COURSE]
kind: INTEGER
premiumRate: REAL
discountRate: REAL

feature -- command
make (kind: INTEGER)

do
kind := a_kind -(‘

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

if courses.count = MAX then -- Error
else courses.extend (c)

‘..end

end




Without Inheritance (Design 2) Collection of Students
Clinet’s Code

feature -- command
add_student(s: STUDENT)

do
students.extend(s)

create c.make("3311")
create ims.make

end
register_all (c: COURSE)

do
across students is s

loo

sdreglsteb( C) o\
en [,
end 7 ‘n
end

et S, meko( )
Lty Wes. “alko (2)

sms.add_student(r
sms.add_student(@rs)

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



/etire £
Vowoyt Moms 7



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

-'Lab 4 due 3pm Friday March 13

- Automated regression testing



Design Attempt 2.5 get_tuition: REAL

do
across courses is c loop
tuitionfkind, :=
tuition[Kind] + c.fee
end
tuition[kind] :=
tuition[kind] * rate[kind]
end

class
STUDENT 4/‘1 &
create &4‘\“‘
P

re -- kind-specific attribues

: LINKED LIST[REAL]
LINKED_LIST[INTEGER
featdre -- attribures
courses: LINKED_LIST[COURSE]
kind: INTEGER

fea -- command [AH1ke}{]-{
(make Jkind: INTEGER)
d

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

else courses.extend (c)
end
end

kind := a_kind
rate :=[ << 1.25, 0.75 >>
max :=|<< 6, 4 >>

tuition {= <<0.0, 0.0 >»;‘ GOOd design?

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

- An existing kind is obeselete?




Desigh 3:

Inheritance

Cohesion?

Single Choice Principle?

-— Attributes H
Code Reuse [T swmme " :l Collection of Students?
P — courses: LINKED_LIST|[COURSE
feature - Commands that can be used as constructors.
make (n: STRING) do name := n ; create courses.make end
feature -- Commands
register (c: COURSE) do courses.extend (c) endJ
feature - Queries
tyition: REAL
local base: REAL
do base := 0.0
ny{ across courses as ¢ loop pase := base + c.item.fee end
?M / Result := base
Y d
end
class class
RESIDENT_STUDENT NON_RESIDENT_ STUDENT
inherit inherit
STUDENT N STUDENT
redefine Quition g2nd I redefine tuition end
create make create make
feature - Attribute feature - Attributes
premium_rate : REAL discount_rate : REAL
feature - Commands feature -- Commands
set_pr (r: REAL) do premium rate gz= r end set.dr (r: REAL) do discount_rate := r end
70 ” feature —- Queries
, VW OF fJﬁ 7““6 ﬁs tuitions: R%EAL
#ﬂ local base: REAL
Result := base * premium-rate end| do base := Precursor ; Result := base x discount-rate end

end










Desigh 3:

Cohesion?

o class STUDENT H H p H H
Inheritance Single Choice Principle?
— - — " — — ) create make

feature - Attributes “ H {: d ?
Code Reuse | name: strinc Collection of Students?
L ]
courses: LINKED_LIST|[COURSE]
feature - Commands that can be used as constructors.
make (n: STRING) do name := n ; create courses.make end
feature -- Commands
register (c: COURSE) do courses.extend (c) end
feature - Queries
tuition: REAL
local base: REAL
do base := 0.0
across courses as ¢ loop base := base + c.item.fee end
Result := base
end
end
class class
RESIDENT_STUDENT NON_RESIDENT_ STUDENT
inherit inherit
STUDENT STUDENT
redefine tuition end redefine tuition end
create make create make
feature - Attributes feature - Attributes
premium_rate : REAL discount_rate : REAL
feature - (¢ ] feature -- Commands
set.pr (r: REAL) do premium rate := r end set.dr (r: REAL) do discount_rate := r end
feature - Queries feature -- Queries
tuition: REAL tuition: REAL
local base: REAL local base: REAL
do base := Precursor ; Result := base * premium.rate end do base := Precursor ; Result := base x discount-rate end
end end




Desigh 3:

Inheritance

Cohesion?

class STUDENT
create make

Single Choice Principle?

feature - Attributes R F
Collection of Students?
ode Kreuse name: STRING
N
courses: LINKED_LIST|[COURSE]
feature - Commands that can be used as constructors.
make (n: STRING) do name := n ; create courses.make end
feature -- Commands
register (c: COURSE) do courses.extend (c) end
feature - Queries
tuition: REAL
local base: REAL
do base := 0.0
across courses as ¢ loop base := base + c.item.fee end
Result := base
end
end
class class
RESIDENT_STUDENT NON_RESIDENT_ STUDENT
inherit inherit
STUDENT STUDENT
redefine tuition end redefine tuition end
create make create make
feature - Attributes feature - Attributes
premium_rate : REAL discount_-rate : REAL
feature - (¢ ] feature -- Commands
set.pr (r: REAL) do premium rate := r end set.dr (r: REAL) do discount_rate := r end
feature - Queries feature -- Queries
tuition: REAL tuition: REAL
local base: REAL local base: REAL
do base := Precursor ; Result := base * premium.rate end do base := Precursor ; Result := base x discount-rate end
end end




With Inheritance (Desiqn 3) Collection of Students

class
STUDENT_MANAGEMENT_SYSTEM

feature -- attribures c: COURSE
students: LINKED_LIST[STUDENT] rs: STUDENT

feature -- command nrs: STUDENT
add_student(s: STUDENT) sms: SMS

do \ V{4
students.extend(s) create c.make("3311")

end create sms.make
register_all (c: COURSE)
do
across students is s
loop
s.register(c)

end sms.add_student(rs)

end sms.add_student(nrs)

end sms.register_all(c)

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



Static Type vs. Dynamic Type

{'r dﬂﬁ"‘f(
- i lava? ia/w/? 4

[ 4
Stude S = hew((Studefait ("Alan");
Student )rs =| new\Residen denf ("Mark") ;
 C——

e In Eiffel:

éoﬂmﬂ\ ]

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

local U. ﬂ) 3 I
do [create s.m ("Alan" )7_~

[veaf? i(ﬁm@i ¢ wdee (-2






Student Classes (with Inheritance): Expectations

ON_RESIDENT_STUD,

G
STUDENT ED LIST[COUNRSE]

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

, /5 gfined featu
,‘, _\ > — tuition) REAL +-f-
slys2, s3: QTUDENT 'ész RESIDENT STUDENT ; nrs NON_RESIDENT STUDENT
Create {SZoiZiiC =S I " )
create ((RESIDENT_STU (BWimake ("S2") gz ~
create {NON RESIDENT- STUDENT/} s3.make ("S3") W 1
create {RESIDENT_STUDENT} rs.make ("RS") ‘T// -
create {NON_RESIDENT_STUDENT} nrs.make ("NRS")




Polymorphism: Intuition

register (Course c)

tuition: REAL STUDENT

name: STRING

/* new features */ /

premium_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT
/* redefined features */

<

NON_RESIDENT_STUDENT

tuition: REAL

courses: LINKED LIST[COUNRSE]

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

/* redefined features */
tuition: REAL

local

STU.
RESIDENT STUDENT

reate s.make ("Stella")
\/createC%%?make ("Rachael")
rs.set_ (1.:2:5)
x Is this valid? =/
W Is this valid? */

fco)oo\loum-hool\)—n
P

_&_Lia_éﬁw”?fé”

/. Qfsww 29 &mv"oll

2. > W) pues w e StpwT  ehgece 2.




Dynamic Binding: Intuition

AN =

local ¢ : COURSE ; sv: STUDENT y&_ZS‘ 5 Ws : AKY
do crate c.make é"EECS3311", 199.0)

create {RESID o T} rs.make ("Rachael")

create {NON_RESIDENT_STUDENT} ' nrs.make ("Nancy")

rs.set_pr(l.25); rs.register (%%
nrs.sekadr(0.75); o geEaee

rs:RESIDENT STUDENT

courses

premium_rate

s:STUDENT

100.0

—

nrs:NON RESIDENT STUDENT

courses

discount_rate










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

TEST _ACCOUNT

ACCOUNT

| fe. =- Commands
withdrawYamount: INTEGER)
i“:lre

non_negative_amount: amount > 0
affordable_amount: amount < balance

fa;fA-d
.

feature -- Test Commands for Contract Violations
test_withdraw_postcondition_violation

lo
@BAD ACCOUNT WITHDRAW.
do
create acc.make ("Alan", 100)
-- Violation of Postcondition
PR deduced” expecte,
withdrap)50)

ent

-

L



Adding Postcondition Tests

O©CoOoONOOOA~,WN =

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

class TEST ACCOUNT
inherit ES_TEST
create make
feature - Constructor for adding tests
make
do
-afdd_violation_case_with_t "balance_deduct
agent test_withdraw_postcondition_violation)

end
feature - Test commands (test to fail)
Ftest_withdraw_postcondition_violation
local
acc: BAD ACCOUNT_WITHDRAW
do

comment ("test: expected postcondition violation of withdraw")
create acc.make ("Alan", 100)

—— Postcondition Violation with tag "balance_deduced" to occur.
acc.withdraw (50)

- end

end




Testing of Postcondition: Exercise

class BANK
deposit_on_v5 (n: STRING; a: INTEGER)
do ... —— Put Correct Implementation Here.
ensure

others_unchanged :

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

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

class BAD BANK _DEPOSIT
inherit BANK redefine deposit end
feature - redefined feature
deposit_on_v5 (n: STRING; a: INTEGER)
do Precursor (n, a)
accounts [accounts.lower] .deposit (a)
end

end



[ecime b
Weoecoy  Maredd ¢



Multi-Level Inheritance Hierarchy@r’rphones

°
)
SM&PM E :dla basic featflre
'\. ((surf_web - )basic feature
N
A/ \
surf_webl—- redefined using safari ANDROID [surf_web -J redefined using firefox
facetime -- new feature skype — new feature
Arnrn —
/ /\ " Sync

= @ = _-~

‘ ’
11 SAMSUNG
|
7 < ;

zoomage . \ \

| - 3 = 3 ~J
‘ HUAWEI_P30_PRO ' | HUAWEI_MATE_20_PRO | GALAXY_S16 ‘ GALAXY_S10_PLUS
| < i e |

™\

7
IPHONE_XS_|
I —







Ances’rors,/m Descendants, and Code Reuse

N e

el z 7N\ 4
4 ﬁl







Inheritance Forms a Type Hierarchy (1)

A am
B |bm C |[cm
D E F G H
dm em fm gm hm
im_ 1 J  |jm
ancestors expectations | descendants

Q) |®




soe O oyl 1= a2 X
J @ DLJZ (= z>£J| X

\
p‘f’ 108 surf v_/veb -- redefined using safari ANDROID surf_web -- redefined using firefox
C facetime - new feature ( \skype D new feature

o Skl _
z I-V , I —?;o SAMSUNG

ooooo g/\ P

>

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO 4/ GALAXY_S10

IPHONE_XS_MAX HUAWEI

GALAXY_S10_PLUS
B,

\

ancestors ﬁcfaﬁons descendants
¢ S.Y teol - M{'\_w

| , A, S ol s
117,18 3 el Jarf_w

| eheses ™ -hﬁermﬁ){
W) 3 0/05”5’)’










name: STRING
STUDENT courses: LINKED_LIST[COUNRSE
_courses: LINKED_LIST[ ]
/ \ /* new features */

discount_rate: REAL
NON_RESIDENT_STUDENT | set_dr (r: REAL)

/* redefined features */
tuition: REAL

. »worf
ok C
jim: STUDENT ’Ln_’l RESIDENT STUDEN

.. Y /\/\.V
“Zl\ - ( {
5 g

v
CVJ K Cﬂi,g( /ﬂ( J




Reference Variables: Static Type

& SMART_PHONE 2 )

quick_take

sz A

ANDROID

surf_web -- redefined using firefox
skype -- new feature

IPHONE_XS_MAX

IPHONE_11_PRO

HUAWEI

ooooo ) / \

SAMSUNG

/N

HUAWEI_P30_PRO

HUAWEI_MATE_20_PRO

GALAXY_S10 GALAXY_S10_PLUS




Change of Dynamic Type

ONOO O WN =

test_polymorphism students
local
jim: STUD

rsj) RESIDEN DENT

7S, NON_RESIDENT. STUDE
%&ﬁd1
_S create {STUDEN .make

("J. Davis")

S

S GRS

reate {RES AH'STUDENT} rs.make ("J. Davis")
te {NON_RESIDENT_STUDENT} nrs.make ("J. Davis")
I o« — \/
rs := ji X
jim := nrs V'
rs := jim X
end
STUDENT RESIDENT_S. NON_RESI_S.
n. n. n.
CS. CS. CS.
pr-. dr.




test_dynamic_binding_students: BOOLEAN

Testing of Dynamic Binding |- 3> ST-

e} S
RESIDENT_S. NON_RESI_S. T¥s: NON RESIDENT STUDENT
( ES D

c: COURSE
n. n. do
create c.make ("EECS3311", 500.0)
Cs. CS. create {S = ake ("J. Davis")

pr. dr. ——9 ate¥ { RESIDENT STUDENT} rs.make ("J. Davis")l

:is- tuition
STUDENT check Result end

le::::e f;L}ZENT =2 create {.NON,RES nrs.make ("J. Davis")
n- feature Attr nrs.register (c)
name: STRING nrs.set (0.5)
CS. courses: LINKED_LIST[COURSE]
feature 1ds that be ed as ¢ t

n ; create courses.make end

make (n: STRING) do name ﬂtuition :< 250.0 )
feature —— ands —_— -
register (c: COURSE) do courses.extend (c) end
feature Queries
tuition: REAL
local base: REAL
do base := 0.0 COURSE
across courses as ¢ loop base := base + c.item.fee end
Result := base 1'
end °
= \ fee
class class
RESIDENT_STUDENT NON_RESIDENT_STUDENT
inherit inherit
STUDENT STUDENT
redefine tuition end redefine tuition end
create make create make
feature Attributes feature -- Attri s
premium-rate : REAL discount-rate : REAL
feature - Co feature s
setpr (r: REAL) do premium rate := r end set_dr (r: REAL) do discount_rate := r end
feature —- Queries feature -- Queries
tuition: REAL tuition: REAL
local base: REAL local base: REAL
do base := Precursor ; Result := base * premium.rate end do base := Precursor ; Result := base » discount_rate end

end lend




0J]/\9
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Type Cast:
Motivation

/* new features */
premium_rate: REAL
set_pr (r: REAL)

/* redefined features */
tuition: REAL

register (Course ¢)
tuition: REAL

STUDENT

<

=

name: STRING

courses: LINKED LIST[COUNRSE]

RESIDENT_STUDENT

NON_RESIDENT_STUDENT

P S O I O -

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

/* redefined features */
tuition: REAL

A WON =

:( RESIDENT_STUDENT
UDENT} jim.mak

J. Davis")

e —

RESIDENT

e




Inferrinqg the DT of a Variable is Undecidable

Your Program lasf@f s 5
Gl

class MyClass
make
local

d? STUDENT
._> create {RESIDENT_STUDENTY s.make

end
end




A WO =

Type Cast: Syntax o T ak‘s of J""
, \ 0w 5
check ttacl.'zled ' NT )/ ji‘fyas [rs_ jim|then
rs TS JImM = -
rs.set_pr %SC
end \

174
W2 RESIDENT_S.
S J! N. |3 Davies \
CS.
‘QS’YS//@/\ pr. [ ©
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Labtest 2 (course wiki/forum):
€ undo/redo Pesign patfern
- Reading: OOSC Ch{ 21

- Exercise from Github




register (Course, e: STRING
Ty p e C ast : tuition: RE STUDENT rses: LINKED LIST[COUNRSE]

M 01. l vaf l o n /* new features */ /* new features */

premium_rate: RE discount_rate: REAL

set_pr (r: REAL) RESIDENT_STUDEN NON_RESIDENT_STUDENT set_dr (r: REAL)
Vil l‘_(‘dcﬁncd featuNg/ - /* redefined features */
P tuition: REAL

tuition: REAL

A WON =

o T
RESIDENT_S M aifd"‘ed J-Mig T

n.

2
@ CS. Q_ @ = ):’SJ\E;




Multi-Level Inheritance Hierarchy of Smartphones

SMART_PHONE

dial -- basic feature
surf_web - bastc feature

surf_web -- redefined using safari
facetime -- new feature

/ \ quick_take

( vpsﬂnm?? 97(/7'0 C)

ANDROID

surf_web -- redefined using firefox
skype -- new feature

IPHONE_XS_MAX

IPHONE_11_PRO

HUAWEI

Zoomage /

/ " D( i

SAMSUNG

e ey

HUAWEI_P30_PRO

HUAWEI_MATE_20_PRO

GALAXY_S10 GALAXY_S10_PLUS

ARo1r)

= L-?S’[




Violation-Free Cast: Upwards or Downwards (1)

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

il ;7 of5

108

rf)web -- redefined using safari
lagetime -- new feature

!1/

IPHONE_XS_MAX

- (faretm

. f _
surf_web -- redefined using firefox

ANDROID
skype -- new feature

L/

end

now

su

rf_web,

all

racet

check attached {SMART_PHONE} my_ phone as sp then

feat

ire

features defined in

__take,

quick_take side_sync
IPHONE_11_PRO HUAWEI SAMSUNG
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
on myPhone

side_sync, zoon*aqe.
_sync, zom:aq@‘

sKype,




Violation-Free Cast: Upwards or Downwards (2)

91 * " — N wv - basif feature f d?a
“ urf_web -- basic feature
0 g wY
o F - e’ Fetetad

urf_web -- redefined using safari - i ing fi
|0s - ] ANDROID surf_web -- redefined using firefox
‘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

my_phone: IOS
create {IPHONE_11_PRO} my_phone.make

only call features

defined 1in

zoomage .

g
quick

in SM. E

kype, side_sync, zoon:ag@‘

check attached {IPHONE_11_PRO} my_phone as ipll_pro then

now call features defined in IPHONE_11_PRO on ipll_pro

side_sync, zoomage .

i ned

end

== €an

surf_web, facetime,




Violation-Free Cast: Upwards or Downwards (3)

ad"t T

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

108

IPHONE_XS_MAX

surf_web -- redefined using safari
facetime -- new feature

surf_web -- redefined using firefox

ANDROID
skype -- new feature

8
7 '% }}u\ —

L Zomage
¢t 4 r

HUAWEI o\ ‘/l\/ SAMSUNG
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

only call

1, surf_

web,

AR eﬁ; 'IOS
PHONE_11 PRO} my phone make

racetime

gt 11

RO on ipll_pro
ype, side_sync, 4701”27@.




Ancestors, Expectations, Descendants, and Code Reuse

@ ¢

b BS o, vale

check attached {C} Y then ... end always compiles

What if C is not an ancestor of y’'s DT?
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Cast Violation at Runtime (1)

| —

(SMART_PHoy

_

dial -- basic feature
surf_web -- basic feature

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 1
attached

ine is HUAWEI
hs sp then ... end

ST

check attached {HUAWEI} mine as huawei then

end
is HUAWEI; DT of huawei is HUAWEI

check attached {SAMSUNG} mine as samsung then

Assertion violation

ST of huawei

... end

- ** SAMSUNG is not ancestor of f“v'n@’s DT (HUAWET)

lat
= HL’AMrEIi 30_PRO 1s not ancestor of mine’s DT (HUAWETI)
end




Cast Violation at Runtime (2)

dial -- basic feature

SMART_PHONE N
surf_web -- basic feature

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
-y
zoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

end

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 1S gSMARI-FPHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huaweli then ... end
ST of huawel 1s HUAWEI; DT of huawel is HUAWEI
check attached {SAMSUNG} mine as samsung then ... end
—-— Assertion violation
-— '+ SAMSUNG is 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 (HUAWEI)




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_syn

N
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
P
/'/
zoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 &AXY_SA 0_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 huaweli s DT of huawei is HUAWET

check attach {SAMSUNGY mine as samsung then ... end

-— Assertion F -

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

check attached {HUAWEI_P30_PRO} mine as p30_pro then ...
Assertion violation

end

\Vg
IZM‘M o4 1
1 ]77 (Grinof
ﬁ”b/f ﬂ/’f on

end

fsssaon gioTatden s JA Mt
—— *r HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWET) -




Cast Violation at Runtime (4)

dial -- basic feature

SMART_PHONE ;
surf_web -- basic feature

5| LC
U

end

—-— Assertion violation

—— ** SAMSUNG 1isgphot.ancestor-0f 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)

surf_web -- redefined using safari ANDROID surf_web -- redefined using firefox
facetime -- new feature skype -- new feature
/ \ quick_take side_sync d‘z \,>
\
IPHONE_XS_MAX IPHONE_11_PRO ( HUAWEI SAMSUNG
R
g '
QL'J s D&’Z
A Zoomage J
-—
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
test_smart_phone_ » _cast_violation -
local mine: ANDRO ﬂm (d?
do create {HUAWEI} mine.make d e Z,
-— ST of mine is ANDROID; DT of mine is HUAWEI -— ! V4
check attached {SMART PHONE} mine as sp then ... end - (\ﬂ S‘F - (’04
—-— ST of sp is SMART _PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huaweli then ... end
-— ST of huawei 1is HUAWEI; DT of huawel 1is HUAWEI
check attached {SAMSUNG} mine as samsung then ... end

R ot cast
ZOWW #ﬂ'/' DT
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SMART_PHONE

surf,_web -- redefined using spfari
faceti ew feature

7~

IPHONE_XS_MAX

IPHONE_11_PRO

~

SC\x(A" o o(‘

\’AX

o

R- V'('f

T~

4

'ﬁd
S“\b MA cos
\ t 5/ ;M (45 "'j
& o rd ( to

HUAWEI

/7M:‘r0/

(St
(gg onee ﬁf\n&/

ANDROID

surf_web -- redefined using firefox
skype -- ne!

w feature

SAMSUNG

/\

% HUAWEI_P30_PRO

Dlo..MLJ Arf?f

HUAWEI_MATE_20_PR

GALAXY_S10 GALAXY S10_PLUS/
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Feature Call Arquments: Supplier

- |RESIDE.
NON_R

Say: P”‘WSS[‘]> SS(Z] - @

sms: STUDENT_MANAGEMENT_SYSTEM

When should the following calls compile?

smsiadd_s N%)\7 NZJ\MM{ q 1;4 alug

sms.add=rs
e = ArPuosst
sms.add_nrs (0) Ya'mdf
S e 0

N




S 28

A’D(A__S < St Q‘(o PedT >

L = xS

e i 75 7

rEacl




Feature Call Arguments: Client

class STUDENT MANAGEMENT SYSTEM {
ss : ARRAY[STUDENT] -- ss[i] has static type Student
add_s| (s:YSTUDENT) do ss[0] := s end

add_rs (rs: RESIDENT_STUDENT) do ss[0] := rs end
add nrs (nrs: NON_RESIDENT STUDENT) do ss[0] := nrs end

test_polymorphism feature arguments

local
sl, s2, s3 STUDENT
rs: RESIDENT STUDENT ; nrs: NON_RESIDENT _STUDENT
sms: STUDENT MANAGEMENT SYSTEM

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_RESIDENT STUDENT} nrs.make ("nrs")

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



O

olymorphic-Collection
- register (Course ¢) name: STRING

tuition: REAL STUDENT courses: LINKED LIST[COUNRSE]

SMS

SS I /* new features */ / \ /* new features */

premium_rate: REAL discount_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT sgt_dr (r: REAL) '
/* redefined features */ /o .l‘t:"defllwd features ¥/
tuition: REAL tuition: REAL

class STUDENT _MANAGEMENT SYSETM
students: LINKED_LIST|[STUDENT]

RESIDENT_S. test_sms_polymorphism: BOOLEAN add_student (s: STUDENT)
n. local do
Cs. rs: RESIDENT_STUDENT stndents. axbend (=)
nrs: NON_RESIDENT_ STUDENT
pr. c: COURSE end
sms: STUDENT MANAGEMENT SYSTEM registerAll (c: COURSE)
do do
NON_RESI_S. create rs.make ("Jim") across
n. rs.set_pr (1.5) students as s
=
dr. cre;te ;ms.maée iiltem.reglster el
en

sms.add_s (rs)
end

sms.add_s (nrs)

create c.make ("EECS3311", 500) end

sms.register_all (c)

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




Feature Call Return Values [Giass STUDENT vy s voTa |
LINKED_LIS ' ‘

SMs | & add_S (s: STUD
SS do
ss.extend (s)
nd
S SIDENT_S, NON_RESL_S get_student (i: INTEGER)WSTUDENT
Y LAC = n. p* +—afnd—i—<= 55.C

CS. Cs. —

pr.| L€ dr. | 0.&

:=(ss[1] 37:9@

test_sms_polymorphism:

local
rs: RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT POSSible DT }\@
z <

c: COURSE ; sms: STUDENT_ MANAGEMENT SYSTEM /\'\’\.
do

&
of Result? 3%
create rs.make ("Jim") ; rs.set_pr (1.5) Q
create nrs.make_ ("Jeremy") ; nrs.set_dr (0.,2) §;1~ {;\
create sms.make ; Fﬁﬁfﬁad;s Qfs} ; |sms.add_s Qgrs)b — |
create c.make ("EECS 5 S s eqgrsqer (c) %Vﬂ D m KS

. Coslaizion)- 1508 gpudmt(Z v
-t < G \ & AN <K §7omM/§J
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= Lab4/extended until 1 lamlon Monday
-{TA Hours:(9:30 to 11:30 on Thursday ~
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Finite State Machine (FSM). /A<
tate(Transition Tabl
Vnﬂde, CHoice [[ |,
[//

SRC STATE
11 Initial 512
patiiill R 5 (Flight i‘nquiry) 1]
State Transition Dia 3 (Seat Enquiry) 2 | 4
e :

P 4 (Reservation) S |5
@ 5 (Confirmation) 4

f 6 (Final) , =, -
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Design of a Reservation System: First Attempt

nitial_panel:

—— Actions for Label 1.
_Flight_Enquiry_panel:

—— Actions for Label 2.
_Seat_Enquiry_panel:

—-— Actions for Label 3.
_Reservation_panel:

—-— Actions for Label 4%
_Confirmation_panel:

—-— Actions for Label 5.
_Final_panel: 1
—— Actions for Label 6.




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

transiti onj Clhalof: INTEGER ch01 ce: INTEGER INTEGER
-ﬁ LA 1 ( >/ f rom /' S1 i < at
Eequlre Vx;alllldd cshooulrcce @te < ‘8.
Tensure valid_target_state AFK% ')
Ap Ly M
< Examples: e st
St >
ZZCAGSR 5> @ transition(3, 2) M;((M G’"
ition(3, 3)
State Transition Table 2D Array plemem‘a’non@
CHOICE \:J choice
1| 243
SRC STATE 2 2 @
= e T s T 2
1 (Initial) 652
2 (Flight Enquiry) ~ |1 N K| 1 3
K(3)Seat Enquiry) - 12| | ... N 2 @
4 (Reservation) -13|5 < 3 5
5 (Confirmation) - 141 5| N 4 1
6 (Final) =10 6| X | L
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A Top-Down & Hierarchj sign S ant
Level 3 execute _ .
session 9L, 4ptP (('S ' 7160
4AL ,;mf'l“(pﬁ}‘ -
@ & ) @
@ transition _gi);_'efthe_ is_ﬁneQ
Leve WJ,J M'{?M)
disp!a read corre message process
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Level 3 execute_
m session
HERUEE
Level 2
oo e execute_ . "
\> initial transition Stals is_final
/
ﬁ\ Level 1
’ .
execute_session display read correct message process
Loy a full interd

do

from
current_state :=
dls final) (current_ state

local
icurrent-state, choice: INTEGER

/

current_starte - ition
end
end

[ch01ce g (¢ execute_stat (Icurrent_state ) l

(current_state, choice) ]

care-

VAC( ¢

A




1

e )
execute_%tgl (\current-state} INTEGER) : INTEGER
~— Hafdle interaction at the current state.
Return user’s exit choice.
local
answer: ANSWER; valid_answer: BOO ; choice:
do
p— }M‘f‘f‘f"' MBa( o
til

valid _answer

S
display = E

urrent_s e.)

answer =

< answer)
eurrent_stata,

INTEGER

answer)

m eath S (—['PMFAfe

end ] 7 N\
process ( crrent_stat
esult := Level 3 »| execute_
& session
en
Level 2
initial < transition is_final
Ty
~ read COIT. SS érocg
N— _—
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display(current_state: INTEGER)
require

valid _state: 1 < current_state < 6

do
if current _state = 1 then
Display Initial Panel
elseif current_state = 2 then
-— Display Flight Enquiry Panel
else Level 3 execute

session

-— Display
end
end Level 2

e o execute_ , .
initial transition Sfalc is_final
Level 1
display read correct message process




2nd Design Attempt

d

class
STUDENT

create
make

feature -- attribures

~roiees; LINKED_LIST[COURSE]
ala=

’
w. EGER
~—nremidifRate: REAL

T a—
discountRate: REAL

feature -- command
make (kind: INTEGER)
do
kind := a_kind
end

end

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

:l.te' kind = 1 them\
Res = tuition * premiumRate

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

register (c: COURSE)
local
max: INTEGER

do
< ifkind = 1 then ?BX =6
£ ld = en MAX :=4

end
if courses.count = MAX then -- Error
else courses.extend (c)
end
end




Object-Oriented <

A
current state

current_state.execute_session

L~

Level 3

S APPLICATION

session

- 7F execute :
L : initial transition e is_final
Am({' 'f U STATE
{ # Level 1
v Lf display read correct message process
A
Level 3 execute _
session
Level 2 m )TOD-DOWFI
/ l J
TT T execute ; .
initial transition T is_final
current_states
state execute_ seSSI
Level 1 st tate state state
displa read correct message rocess
piay g p ?-‘-,lM Aflmﬂ,f




tate Pattern: '

+
APPLICATION

chk
cless 47

s ST

Q SEAT ENQUIRY

RESERVATION

4

¢ (5) e
enfirmation
—
3 2

sS.execute
( ) reate {CONFIRMATION} s

Reservation
N

[



Read user
== answer’
<§;€§§;;;5end

answe#% ANSWER

choice: INTEGER

—-— Choic

“from
until
good

i splay,

------

process,

“rTequire correct
defer end
messag

[a

“require not correct
deferred end

en
end

good: BOOLEAN
do

YA
v 9. Oy

rocess,

ey o hoicd
LI

/

7

TEMPLATE



deferred ass QZATE
i

Read user’s inputs

Set ’"answer’ and
deferred end
answer: ANSWER
Answer for curr
choice: INTEGER
ror ne

—— Choice xt
display
Display
deferred end
correct: BOOLEAN
deferred end
process
require correct
deferred end
message
require not correct

deferred end

7
C

~11rrent -+
current SUCc

~hoice

7

do
from
until

‘readi (

|executg—l

“Iscar

od: BOOLEAN

answer and choice

end

good := EBrrect'
if_not gdod

hessage
end’-—‘




State Pattern: Test

test_application: BOOLEAN
local
app: APPLICATION ; current_stat
do
create agg,mg&g (6, 3)
app.put_state (create {INITIAL}.make, 1)
—— 5?5;?3??;-}or other 5 states.
1‘ app.choose_initial (1)
—-— Transit to FINAL given current state INITIAL and choicHq
app.put_transition (6, 1, 1)
- §Eﬂzlarly for other 10 transitions.

index: INTEGER

4)
Reservation

fonrtn (1 53)— 2
stateS = Hreg([Srare]

choice

Seat Enquiry

in = initial
current_state ):=
esult := attache ht_state
check Result end
—-— Say user’s choice is 3: transit from INITIR

26 3)

plndexsmmann. transition. item

(current_state !=
T h

end m

AW (N RGN
=lu(d W

APPLICATION

; \ /7 S o
transition: ARRAY2[INTZGER] @ 0
—— 7/ - =
[—

states] ARRAY[STATE]
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bject-Oriented Lo

\

lcurrent_statel,| STATET

current state

WT

\

2

@xecute SeSSIOI'I?

execute_
session

APPLICATION

Level 2 ﬂ\

initial

transition

execute _
state

is_final

STATE
Level 1

Level 3

display

execute_
session

read

correct

message

process

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

Level 2 m (j-;p -EOWE
5. ]

(current_stata: INTEGER
e e ———

execute_session(current_stste)




State Pattern: Architecture

+ state+ p \/ réaJ;" -
APPLICATION %

Q (4)
eryation

(5)
Confirmation

é Ean|ry

process*
message*,

Qﬂvy
CONFI RMATQ
s: STATE

create {SEAT ENQUIRY} s.make

state_implementations




State Pattern: State Module

deferred clas< -”/)

read
—-— Read user’s inputs

-— Set ’“answer’ and

deferred end
answer: ANSWER
—-— Answer for current state
INTEGER

choice:

ext step

~ay current state
deferred end
: BOOLEAN
deferred end
process
require correct
deferred end
message
require not correct
deferred end

r=)

’choice’

fem F’N?

execute
o

od: BOOLEAN

good := correct
if not good then
message
end
end

rocess
==

~ and cho

ica

7
TEMPLATE




class (APPLICATION create make
feature {NONE} -- Implementation of Transition Graph
transition: ARRAYZ|[INTEGER]
-— State transitions: transition/[state,
states: ARRAY [STATE]
—— State for each index, constrained by size of ‘transition’
feature
initial: INTEGER
number. of_ states: INTEGER N o
number _of choices: INTEGER S-'- -|- p -|-~|- . A l 1- M d l
s — are varrern. Aapplicarion oaule
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

Q
=~
(©]
[
Q
0]

do initial := index end (2)
put_transition(tar, src, choice: INTEGER) Flight Enquiry
require
1 € src £ number_of states
1 <€ tar £ number_of_ states
1 £ choice £ number_of_ choices Rﬁézﬁm &ﬂgmmW
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 ; current_state:‘STATE ; Index: INTEGER

do ——

create app.make (6, 3)
app.put_state (create {INITIAL}.make, 1) m
rd

-— Similarly for other 5 states.

app.choose_initial ((1)

—-— Transit to FINAL given current statgf/ INXTIAL and chOlce
app.put_transition (6, 1, 1)

—-— Similarly for other 10 transitions JI@ A
1 140 18

Reservation

=) index := app.j gl —r M—#Mﬁwcg, l)
=Y [current gt‘:’al-t-@.a;p.states: D te
:= attached (INITIALJ |(curfent_state

heck Eesult end 4

er’s choice is 3: trans Pt from TNITIAL to FLIGHT STATU

@Ag' transition.item ( ) ; cbo;‘ce
[ ?f?e := app.states @Q\/ﬂ [‘S‘% a(—s)
NQU. .

| 2
1= attached {FLIGHT E current_state g ;C 1 3
end state ? X 2 1
4 3 5
5 4 1
APPLICATION 6
SARRAX2[INTEGER 1 3 4 5 6

app.stateg




State Pattern: Interactive Session

choice
2

—

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

app.states

class APPLICATION

feature {NONE} - Implementat
transition: ARRAYZ[INTEGER]
statesk ARRAY[STATE

feature S’(
execute_session

local
current state:iSTATE,

index: INTEGER ‘;S(

do
from
index := initial 1,8 A
until
is_final wr S ATF
loop .

‘states [index]i -— polymorphism

~—> current._ state.(executeiff dynamic binding
index : transition.item 1ndex, current_state.choice ,‘ll le

vig TB.: de[m 6 on fhe, o 4 M-,ap

CHUlE E@IAE -

pont.










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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Multiple Inheritance: Exercise

class RECTANGLE

feature —— Queries
- TREE

width, height: REAL| |C128S [e1 ,
poS 0s: REAL feature - Queries
i e descendants: ITERABLE[G]

feature ——- Commands

feature - Commands
make (w, h: REAL)
: add (c: G)
change_width i
ehamie. batialn -— Add a child ‘c'.
e g end
move
end
test_window: BOOLEAN
local wil, w2, w3, w4: WINDOW
class WINDOW —_— e —
inherit €
create make (8, 6) ; create make (4, 3)
RECTANGLE
TREE [ WINDOW] create( wS.make (1, 1) ; creatgql wdgmake(l, 1)
end w2 .add( ; wl.add(w2) ; wl.add(w3)
Result := wl.descendants.count = 2
end
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T

- e ) !
v—ﬁ
CLIENT > : ea
IYadd child($: EQUIPMENT)
==

ensure iildren[children.count] = e

G T

%m (AR

: CHASIS

create crd.make
create d.make
ch.add_child{crd)
chi.add_child(d)

Lcrea ch.make

(crd JMEEEO_CARD
(918 ¢

equipment

____________

______________________________

@ildrm : LIS’@

feature
price: REAL

-~ ; g E + + f*\
t\ i ISK_DRIVE IDEO CAR *( COMPOSITE EQUIPMENT /,
P

irst Design Attempt

.ao(gi,-()l/ltlol (1),




/é@ tlass Aldle §
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S

tle
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+ et
CLIENT

CHASIS
crd/ VIDEO_CARD
d) DISK

create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)

equipment

featarme=b _
((add_cAidlp

RSUEe children[children.count] = e

-

L T B S g g e ——




equipment

P i e I I R R R L E R R R

‘ .
EQUIPMENT* N @
— - DI$TI..
feature " L-]
N\ price: REAL [
\ T—
~ o, A

f- = /(,/‘ =

w VIDEO CARD
il g zld
dren| chzldren count] =c¢

create ch.make

create crd.make < Al 'V'
create d. make L‘-O' Lo







The Composite Pattern: Architecture /

childrenl L1
7/ add_child(c

ensure chi\dren[children. counﬂ

EQUIPMEN 5
- |feature @ ,( LIST[.] .
price: REAL -

MWVIM

ch: CHASIS .
crd: VIDEO _ CARD
d: DISK A
create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add child(d)
crd.add_child(d)




COMPOSITE[T]

The Composite Pattern: Architecture //

children: LIST[T]
add_child(c: T)
ensure children|[children.

equipment

P

/

( EQUIPMENT* b

1

i children+: LISTI..]
et ! feature <

' price: REAL

1

1

1

*
COMPOSITE_EQUIPMENT

ch: CHASIS

crd: VIDEO_CARD", YR DY:
d: DISK e A > oy

create ch.make
create crd.make
create d.make
ch.add_child(crd)
ch.add_child(d)
crd.add_child(d)




The Composite Pattern: Architecture

COMPOSITE class is reusable by instances of the composite pattern.
| —

\ ‘\L]Dnm‘f

gobz 2

be u&mt‘itf?o{ 7‘»’ FPJ‘

4

childrendLIST[.]

children+: LIS

g———

- A
OMPOSITE_FURNITURJ;
W \A
;
. DRAWER

tless

(_
bt e [QOR ] o A erie QEORT)









The Composite Pattern: Implementation

deferred class

7

EQUIPMENT COMPOSITE
feature feature

b children: LINKED_LIST ]
name: STRING E—

price: REAL uniform access_principle add_child (c: T) e
end i

children.extend (c) —— Polymorphism

1
<CARD )

EQUIPMENT

STRINE : REAL)

v\

= p —— price 1is an attribute

(010

S| ; create children.make end
REAL —- price 1s a query

e
m the net prices of all sub-equipments
@. -
i

+ cursor.item.Lrice -/ldynamic binding

across

#,
children as cursor
loop
Result := Res
nd
end




Testing the Composite Pattern

class
CARD

inherit

e
chassis.add(bus)
chassis.add(drive)

€7 CEIGTITEIE 5 &l
Result :=Ncabinet Joricel&® 700 |
end < i

test_composite_equipment: BOOLEAN
local
card, drive: EQUIPMENT
cabinet: CABINET —- holds a CHASSIS
chassis: CHASSIS —-- contains a BUS and a DISK DRIVE
bus: BUS —-- holds a CARD
do
create {CARD} card.make("16Mbs Token Ring", 200)
create {DISK DRIVE} drive.make("500 GB harddrive",
create bus.make("MCA Bus")
create chassis.make ("PC Chassis")
create cabinet.make ("PC Cabinet")
=9 bus.add(card)

EQUIPMENT
feature
make

do

(n:

vl

500)

STRING; p: REAL)

class
COMPOSITE_EQUIPMENT
inherit
EQUIPMENT
COMPOSITE
create
make
feature
make (n: STRING)

[EQUIPMENT]

Nne n ; create
| pricel?
- —

REAL - price
I do

Sum
across
ﬂ’ children as cursok
loop
Result
end
end

end

the net

priges

children.make end
queRrpy

Result +|cursor 1tem}pr1ce
— b

foudszss pe
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The Composite Pattern: Architecture

COMPOSITE[T]

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

sure children[children.coun

t]=c
J




. 3 class
Testing the Composite Pattern CarD
inherit
" " EQUIPMENT
test_composite_equipment: BOOLEAN feature
e k : STRING; p: REAL
card, drive: EQUIPMENT make (n: ot )
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("16Mbs 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") COMPOSITE_EQUIPMENT
inherit
bus.add(card) EQUIPMENT
chassis.add(bus) COMPOSITE [EQUIPMENT]
chassis.add(drive) create
cabinet.add(chassis) make
Result := cabinet — 700 festuts
end make (n: STRING)
do name := n ; create children.make end
_ E() price REAL -- price 1s a query
—— Sum the net prices of all sub-equif
f L
do
AmSB across
children as cursor
loop
Result := Result + cursor.item.price
!Hg end
end

N —
)51’-’:"' _‘f’ Dend
) J
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Design of Language Structure: Composite Pattern

[ EXPERSSION* ] [ composITE*
value INTEGER eft right: EXPRESSION

CONSTANT+ ADDITION+

— | J

|

(Q: How do yoy cons’rruc’r)a composite object represen’rin




Design of Lanquage : How to Extend the Composite Pattern?

| COMPOSITE* |

teft, right: EXPRESSIONJ

Structure

kte # o o5 1
b we valate any d. ?}:)7

Wf\t









Design of a Lanquage Application: Open-Closed Principle

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

Structure

\_

ADDITION+

,«tw W’K J

prln’r_preﬁx
print_postfix

"Alternative 2 Closed |




Design of a Lanquage Application: Open-Closed Principle

EXPERSSION* COMPOSITE*
value: INTEGER left, right: EXPRESSION
M,ttwmﬂ M Structure
\ J
<4 N h—
. V”
‘ E_L
W,J\aq M"Ya«

ADDITION+ _MLT

CONSTANT+

N

evaluate

Closed
Open
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¥isitor Desian Pattern’ Architecture

, clogdd

expressiol ’aﬂgz“.lx.e ____________________ IR e a LA L LY, P L] LT bl

| o hat 10 ‘
01 € - I .
Y ; CISITOR* 2. < .
; i ' wsrt conste C: CONSTANT)* i
! o_tt? ! . -//srt additior: ADDITION)* L
8- i |
> X : :
1 ' ' 1
‘ \n' P '
' ' h
P Z . '
A (=" ApDITION+ oL EVALUATOR+ ) (  ererry prNTER: ) [ TYPE CHECKER+ | !
f : ' !

. : |‘ 1

;

r a\
CONSTANT+ ‘I
1 | accept(v: VISITOK)+
b ‘ |
\

Lvisit_constant(c: CONSTANT)j Lvisit_cons[ant(c: CONSTANT)j Lvisit_constan[(c: CONSTANT)+J

visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+

@{ ' éd&mm tla«l’iu oF

ton) £ ]
MM/ g _¥ MAVIMA \_[Q.L’;_

1 test_expression _evaluation: BOOLEAN I
2 local@ cl, c2: EXPRESSION ; v: VISITOR
3 do
4 create {CONSTANT} cl.make (1) ; create {CONSTANT} c2.make (2)
¥ ( create {AD add.make c2)
6 ate (GVALUATOR} v.make V. 2
74 | lacce (© 'V'(SW-
8 check attached {EVALUATOR} v as eval then
9_” Result := ). value
10 Lena fa T s»/ (4. valae?
end Nt | & ;
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Design of a Lanquage Application: Open-Closed Principle

)
ke EXPERSSION*
Dd“ value: INTEGER

\

CONSTW )

)

evaluate

C—
print_prefix
print_postfix
Qg




~

A

ADDITION+

ccegt( : VISITOR

=)

CONSTANT+
accept(v: VISITOR)+J) a
—
\ \

/
How to Use VISI‘I'O

RS > =R EEEEEEERER e

e S oS mlmm"'
S «mhe Izﬂ p\gfuolf oAt DT of Vadv

-t
QWO NOOPWN =

—
-

local add, cl, c2:
do

create {ADBM

create / ﬁVALUATOP

test_expression_evaluation: BOOLE

&[create { CONSTANT} c1.

add.make (cl, c2)
) make

For enoht dlesppd gt

EXPRESSION_ ;( vy VISITOR
- T oA, the
°f Vs
make (1) ; create {CONSTANT} c2.make (2)

AR oy be of

| add. accept 7 V‘r 2
check attached {EVALUATOR} v as eval then al't 51' V-.Ig- A t {
Result := eval.valueg=)3 =
end K mﬁl‘& = mdwgﬁ“a/
end “{vale & R Uit
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Visitor Design Pattern: Implementation

1 test_exp ion_evaluation: BOOLEAN
2 localéﬁ cl, c2: EXPRESSION ; v: VISITOR

do

create {CO. } gkad (1)}~ aate {CONSTANT} c2.makd (2)

04 create gg@;m" a - Q
((9| create (EV. TOR} V.make€

7 | add.accept (v)

8 check attached {EVALUATOR} v as eval then

9 Result := eval.value = 3

10 end

11 end







Executing Composite and Visitor Patterns at Runtime

ADDITION
right

Tracing add.accept(v)
oubls Qspatch

CONSTANT

CONSTANT |

value | 1

value| 2

L
200eh G
MVl o VT
deferred class VISITOR
visit_constant (c: CONSTANT)
visit_addition(a: ADDITION)

end
class EVALUATOR inherit VISITOR

INTEGER

. & -mb-aou

_Beerte

™M 4l t( l""‘

5 dm. b
gt "
Iet Jv

i op a/o( 3 Avpz’m:d

: I
s mpe @ AT gl

deferred end
deferred end

&P‘T/ 4

class CONSTANT inherit EXPRESSION|

accept (v:
do
Viivdisaits]
end
end

VISITOR)

constant (Current)

~visit.copstant(c: TANT) do 1= c.value end‘ class |ADDITION
visit addition ) inherit EXPRES3SION COMPOSITE

loca — eval 1 « EVALUATOR 1‘(' A Vr r4] g@maz
d .left.@Cceptpeval_left) & laccep.aL(HéLSJ-PQ-R)

)} .right&accept (eval__ t) o ——

Value | := eval_ left.value + eval rlght value v.visit_ addition (

end I m l end

end oA vV end




Visitor Pattern: Open-Closed and Sinale-Choice Principles

FION -
:aucpt ' > VISITOR* ]
' visit_constant(c: CONSTANT)*
\Visitfaddil’ion(a: ADDITION)*
[\

accept(v: VISITOR)*

t ( constant: ) ( ApprTion+

ONSTANT)+ visit_constant(c:

\ |
! [accept(vz VISITOR)+ st addto n(a: ADDITION)+J L isit_ addto n(a: ADDITION)+J !
\

—

{accept(v: VISITOR)+

—

ML= S.
What if a new(language construct/is added?

G plbd & # dored e X

A&F the vnsn‘or pattern is adopf@uld be clos)

[0« e C‘ﬁﬂl('toiv




Visitor Pattern: Open-Closed and Sinale-Choice Principles

-
VISITOR* ]

expression _operations
~\ "’
' .

1
\accept v ™

. >

i i -9 visit_constant(c: CONSTANT)*
' i visit_addition(a: ADDITION)*
oo B i e

'

: 1

: '

N 1

H '

N 1

' '

EXPERSSION*

accept(v: VISITOR)*

)

'

)

' constants ) ( apprmon+ ) P EVALUATOR+ ( prerTy pRINTER+ )\ [ TYPE CHECKER+ ) !

/ : 1| visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+ visit_constant(c: CONSTANT)+| |

1 | accept(v: VISITOR)+ accept(v: VISITOR)+ ! visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+ | |
B '
N

qr(“ﬂ’.: (_‘:

fole -4t
What if a new language opgzl’rion is added?
[_,) 4o.tzS‘fzej’ j\ CP

BIF the visitor pattern is adopted; what should be open? >
[3, o}»ﬁ’(’a/l :




Weather Station: 1st Design

q/ & < FORECAST+Z h

featu
q display +
eve and display the latest data.

» current_pressure: REAL

weather_data

s

—_—

i last _pressure: REAL )

By Pressure: REAL

orrect_limits\(t, p,h): BOOLEAN
ent data within legal limits?

invariant
Orrect_limits (temperature, humidity, pressuure)

igwe”and display the latest data.
= temperature: REAL

EATHER_DATAA
M ey ( %URRENT_CONDIT@
E humldtty REAL )

(QSTATISTICS-.L )

AA('R A/d ﬂ . weather_data

eve and display the latest data.
Iemperature REAL

Le geo athl(g ﬂ{zsmLAPO{
@) When '5445#9/ o v, vt dhte (whzckﬂ

At






[EtuRE 7%
away Mad 7]



Weather Station¢ 1st Design
——]

weather_data

demperature: REAL

lusmidity REAL
: REAL /
— weather_data

orrect_limits (t : BOOLEAN
-- Are current data within legal limits?

invariant
correct_limits (temperature, humidity, pressuure
e

weather_data

ore-diectze|
clea§

( RECAST

feature

‘display +?
-- Retrieve and display the latest data.

current_pressure: REAL
last_pressure: REAL

-- Retrieve and display the latest data.
temperature: REAL
humidity: REAL

feature

| display +i
-- Retrieve and display the latest data.

temperature: REAL
-—




Weather S'ra'rion:g'urp(m, 2 &

1st Implementation vedl e
] oy

BOOLEAN

correct_limits(t,p,h: REAL):

ensure

Result implies -36 <=t and t <= 60
Result implies 50 <= p and p <= 110 ‘
Result implies 0.8 <= h and h <= 100

ature -- Commands d’? l

ake (t, p, h: REAL) YCMP ro M‘ .

correct_limits (temperature, pressure, humidity)

erature = t and pressure = p and humidity

currentipressure:
— : REAL
weather_datayj WEATHER DATA
eat TT
ke (wd: WEATHER_DATA)
sure weather_data =
ate

Mtmands

a-weather_data

o last_pressure := current_pressure
current_pressurgs”T weatyer_data.pressure
da{ll updat. I
clas URRENT_CONDITION: eate make
feature —— At bute
temperature: REAL
il L
weather_datp: WEATHER DATA
f et ure—— 1ds

make (wd: WEATHER DATA)

ensure weather_data = wd
update
do temperature := weather_data.temperature
humidity := (weathe umidity
end -
ldlsplay' —? EAA0-V 4
do L te

hi
correct_1IMNts (temperature, pressure, humidj fea e— - Lblces
en UTTENtCemp: REAL
} max, min, sum_so_far: REAL
num_readings: INTEGER
feature - nds
make (wd: WEATHER DATA)
—
a-weather_data

update

ensure weather_data =

do current_temp :=

Jpaate min,

weather datastemperature

m i f n
ma ne




Weather Station:
Testing 1st Design

iclass WEATHER STATION create make

feature Attribut
cc: CURRENT_CONDITI
wd: WEATHER DAT.

feature nd

ONS ; fd: FORECAST ; sd: STATISTICS

C

featu |
current_pressure:
last_pressure: REAL
weather _data: WEATHER DATA
feature - C s
make ( wei—irEarrrER=TAYA)
—_—
ensure weather_data
update
do last_pressure := current_pressure
current_pressure := (Weather datalpressure
end
dispflay
dc.. update

= a_weatherdata

ands
make

; creatée sd.make(wdil’

y;ececsa’”

do create|w make,(9 ey gég

create liccfﬁake @:,_ create ake (wd

-4 ‘—""!Il!L-_ E;;
gwd.se’t_melasuremant's (15, 60, 30.4)

%gcc.display m
.

8 sd.display:
¥4 wo rlhd\?e N
U . set_measureffi¢nts

(11,"9‘9,;‘.';5‘6’)t

'lcc.display ; fd.display ; sd.displa

i,

wd

@
7~;*°

end

lend

Wt

e —
'cIassI CURRENT_CONDITI ONS{ create make

featur® —- Attributes
temperature: REAL
humidity: REAL
weather_data:

feature -

make ( re=
—
weather_data

WEATHER DATA

ensure
update
do temperature := (weather_data.temperature
humidity := (eather data.humidity
end
displav.
”
do

pd 2
D) m.w.;g(d,-

— -

WEATHER_DATA ‘z;i\ o

-btemperature T FORECA >
_|, pressure # 2 ' @a’rher_da’ra

TR el =
b humidity £ L) {CURRENT_CONDITION

eather_data

*

g
W’J\;"fe\( z

class||STAPISTICS crleate make
feature ™= ACCr.iDUrED
weather_data: WEATHER DATA
current_temp: REAL
sum_so_far:
INTEGER

max, min, REAL
num_readings:
fpotuee \ ds
make (wd: WEATHER _DATA)
ensure weather_data
update

do current_temp :

a_weather_data

weather data.temperature

—-— Update min, max if nece ry.

end
displgy
do | update
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4

notify4+
-- Notify an update to observers
ensure

Yo : observers |odipdate_to_dateAvith_subject

N ‘
feature -- { NONE } —1
observers: LIST[OBSERVER]
feature -- { OBS

1 feature _a.l SUBJECT }
updat®s

-- React to a update.

--1Is current observer up [0 dalcw

-- the latest state of the subject?

_————————————_—_‘



Observer Pattern: Application to Weather Station

subjects observers

an update to observers

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

D i S

M e owm me e e e e e e e me e e

~







b

class SUBJECT create make
feature -- Attributes

observers : LIST[OBSERVER]
bg —— Commands
l make
Create {LINKED_LIST[OBSERVER]} observers.make
ensure = TS oDscrvers.count = 0 end
feature -- Invoked by an OBSERVER
attach (o: OBSERVER) -- Add ‘o’ to the observers

require not_yet_attached: not observers.has
ensure is_attached: observers.has (o) end

(o)

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

invoked by a SUBJECT

Notify each attached observer about thewl

ss observers as cursor looplcursor.item‘,_lpdat

aip .
e{end

= ————
nsure all vieps_updated:
across obsejfvers as o all o.item.up_

class( WEATHER DATA
inheri JECT

create make

feature -- data available to observers
temperature: REAL '
humidity: REAL m‘
pressure: REAL
correct_limits(t,p,h: REAL): BOOLEAN
feature - Initialization d‘
make (t, p, h: REAL)
do
make_subject —-- initialize empty observers
set_measurements (t, p, h)
end VJ
feature - Called by weather station
set_measurements(t, p, h: REAL)

require correct_limits(t,p,h)
invariant
correct-limits (temperature, pressure, humidity)

end

) date_with_subject end

'l




Weather Station:

Observers

class FORECAST
inheritT UBSERVZZR
feature
make (a_weather_data:
do weather_data

1ds

C
WEATHER_DATA)
a_weather._data

weather_data.attach (Current)
a_weather_data

ensure weather_ data =
weather_data.observers.has (Current)
end
feature Que
up_to_date_with_subject: BOOLEAN
ensure then

deferred class

OBSERVER
feature -- To be effected by a descendant
up_to_date_with_subject: BOOLEAN
-— Is this observer up to date with its
deferred
end
update
—— Updat the s view of ‘s’
deferred
ensure
up_to_date_with_subject: up_to_date with _subject
end
end

*

Tmecul) = curgentgpressure = weather _data.pressure
update
U0 - Sl = / on demand
end
= _—

classCURRENT_CONDITIONS
inher%mﬂr
feature - == .

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 Result temperature weather_data.temperature and|
humidity = weather_data.humidity
L4

nly on demand

clal STATISTICS
inheri

feature - ¢
make (a_weather_data: WEATHER DATA)
do weather_data := a_weather_data
weather_data.attach (Current)

a_weather_data

ensure weather_data
weather_data.observers.has (Current)

end
feature - Ou
up_to_date_with_subject: BOOLEAN
ensure then
2 £

a temperature = weather_data.temperature

on demand




Weather Station: Testing the Observer Pattern

class WEATHER _STATION create make class QORECAST
feature Attributes inherit SERVER
cc: CURRENT _CONDITIONS ; fd: FORECAST ; sd: STATISTICS feature Comgg#fids

wd: WEATHER DATA make (a_wea®her_data: WEATHER DATA)

feature - (¢
make

d reate make 5, 25)
creat Ima ke § B creat< fd.lake . ; creat
%wd.set megsurements (15, 60, 30.4) A AQ MAM
G a e
—>cc displayv idelsplay ; sd.display a M_A ..—“

ds

cc.display ; fd.display Sl eolc
wd.set_measurements (11, 90, 20) <& a W&-—h'mh
wd.notify o r (CC)
cc.display ; fd.display ; sd.display
end de
end

e vd

WEATHER_DATA [~75 g
temperature [ IS |
retsure A% o K/l weather_data
humidity _ [3€ 0.t (94|CURRENT CONDITION
observers / v weather_data

N\a— ]

STATTSTICS
[ A

~uuaia

I wllcl

o weather _data := a_weather_data
wearthentcda talatizachil(CGiiErenE)
ensure weather_data = a_weather_data
weather_data.observers.has (Current)
end

class |CURRENT.CONDITION) |

inherit OBSERVER

feature -

mak g ( G — ) Ad
O weather data := o
Queather_data.attach (@) [‘t

ensure weather_data = a_weather_data
weather-data.observers.has (Current)

Comm

el dai

Z ATTSTIC,
inherit OBS ER

end

class

feature - C nds

make (a_ weather data:
do weather_data :=

WEATHER _DATA)
a_weather_data

weather_data.attach (Current)
ensure weather_data = a_weather. data

weather_data.observers.has (Current)
end
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Assertions: Weak vs. Stronqg
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Assertions: Preconditions roondA T

/[s\/b}?(f@ﬂ

W|thdraw (vllamount INTEGER) !;m.WthVCN—V/@]

|re
P1 amoun

@%“‘ s @ [300 Mrfholvm,vz(o)/

0’0 PP VelRtaL.
withdraw amount: INTEGER)
re mrJeV@ 1~ W‘”"““)"’VZ
ég) amount(>)0 :9 oo et o
b 55 fetept miuf 'Vﬁ/wPé,
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Assertions: Postconditions

N

@i: INTEGER): BOOLEAN
re

: Result (i >0 E’

NPA\“?’

i: INTEGER): BOOLEAN
su v
esult = (_@)l/\ (i mod 2@0)




Program Correctness: Example (1)

febaet)
class FOO qt )m?vav/l:
i: INTEGER @_ﬂﬁ I
volomaviatir V. ppcelseation

T @™ty

rGM’/\ \/alrol @{y\t (‘%{?PMJ MS{’\>

) w) the @ )
Q?{P&A’(j p @lezMMM

wdl ) temwate-
(2) Hp timaot A

; ' the % pratktn 2 WJ/
2 ot L‘onect_ 4+q > 12 .

incremen t_by@




Program Correctness: Example (2)

class FOO [WD'MQ V"W (?’(’

1: INTEGER
1ncrement by 9




5
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R
%
\
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INTEGER

increment_by. % increment_by 9

requi require
L~ /_\\ . \
1 > o (i>5

[ —

N

ensur
@

end
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re Triple as a Predicate
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class FOO
i: INTEGER
increment_by 9




Program Correctness: Revisiting Example (2)

class FOO
i: INTEGER
increment_by 9
require
L > 5

do
ensure
3 > L3
end
end

{Q} s {R} = Q= wp(S, R)
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Rules of Weakest Precondition: Assignment




Correctness of Programs: Assignment (1)

What is the|weakest Drecondition foraprogramx := x + 1to
establish the po ta{ jon x > xp?

?}r 1= X 1]{r>x

e X>2/a)

ﬁ { wp me&-ffﬂz«ﬂnm’c{

Y«;ﬁ 7(>7(o LX“'( B
A
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Program Correctness: Revisiting Example (1)

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

1: INTEGER
increment_by 9
require 9 ot

&> 3k @
ensure S
X = I3
end
end







Correctness of Programs: Assignment (2)




Rules of Weakest Precondition: Conditionals

@If B then S1 else S2 end, R)@

y=1,X=-4



Yelset - 1endI& o= 0)

e —




Rules of Weakest Precondition: Summary

wp(x := e, R)=R[x:=¢e]

B = wp(Sy, R)
wp(if B then S; else S; end, R)=| A
- B = wp(S2, R)

wp(S1 ;i Sz, R) = wp(Sy, wp(S2, R))




Proof Rules using

Weakest Precondition

{Q} x := e{R} — Q= R[x:=¢]
wp(x :=

e, R)

{Q} if B then S; else S, end {R}

{Qr-B } S2{R}

{@AB} S {R}
= A < N
(Qr-B) = wp(Sz, R)

)
(QA B) = wp(Si, R)

wp(Si

{Q} S1 i S2{R} <= Q= wp(Si, wp(Sz, R))

7 SZaR)

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




Correctness of Programs: Conditionals

Is this program correct?

; smaller := vy

;@:=x

e, H 2o BT
@Ca[wlo&? lw|7 (_S > b 8|

L
~>
%’
T
3
( N
N
o)
Y
==
—~
o
&
0w
=
0






Correctness of Programs: Sequential Composition

Is {(rue)} tmp := x; x := y; y := tmp@correct?
0 epl:Lolouloie QL tup =75 ) - SRR, 75>

_5M$W%S
%9 X wpltep:=A ]_____ )>
5% = fdaP of np F 53
@ P g =L g epif)
_{deP f pfr =3
{“\aw N wF(T}?K 1 )
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Loops: Eiffel vs. Java y
f 0
4oy ﬁ”‘j

e ! /
@(ﬂ, Ww{z {0}

Sinit S
unB' 7 wlln't.le(—ﬂ B) ¢
150 \ Sbody
Sbody (R
end
{R}
at (=15
Al = l
7t%,o\ 1~ e d Wt=o)) {
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Contracts of Loops
Syntax

from

S

invariant

\
invariant_ta
=

until

loop
Sbody

variant
variant_taq@::>—

end




Contracts of Loops

: Example

Syntax

test
local
i: INTEGER
do
fro
2 i :=1
invariant
A :L;z i and 1 <= 6 ,

4 > 5
lOOy
P4 io.put_string ("iteration "

Runtime Checks

Invariant
Violation

Loop
Variant
Violation




Contracts of Loops: Violations

Runtime Checks

i: INTEGER
do
from
i:=1
invariant
1 <=1 and 1 <= 6
until
i > 5
loop
io.put_string ("iteration " + i.out

Invariant
Violation

i :=1+1
variant
6] = i
end
end

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




Contracts of Loops: Visualization

Previous state

~

Initialization

/ -
; Bodly

Body

Invariant

FExit condition

Postcondition
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