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priv ean on; —= { '

private boolean locked;
void |éower” {on = true; } |

void [fock ()] {locked =_true;}
void(éeatzOb'ec stuff) {

i‘@ new Microwave ( ;|,|
o

—

/* Assume: o6n && locked */
+ stuff not explosive. */[ 1
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class Microwave ' { 1
private boolean on; class @:owaveUse {
private boolean locked; public static void main(...) {
VOld power() {on = true;} Microwave m = new Microwave () ;|

locked = true;} Object obj = | 227 ;
JeCt stuff) |{ | . POWEL lo\c/k/@
‘77 [Asstme: on ¢& locked +/ TN |
/* stuff not explosive.
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: Fach account is associated with t ' ner
im") and an integer balance thatis always positiv
: We may withdraw an integer amount from count.
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public class AccountVI ({ §Z§
. . 1
private String owner;
private int balance;
public String getOwner () return owner; } Ué
public int getBalance() return bal ‘é

public AccountVl (String owner, int
this.owner = owner; thi
} ~
public void withdraw(int
this.balance = this.

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

}
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[ 1
|public class BankAppV1 { |
public static void main(String[] args) {
System.out.println("Create an account for Alan with balance -10:V);

AccountV1l alan =(new/ AccountVl ("Alan",(-10) ;
System.out.println(dlan);

console Output:

Create an account for Alan s balance -10:

Alan’s current balance is:
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‘public class BankAppVI1 { |

public static void main(String[] args) {
System.out.println("Create an account for Mark with balance 100:7);
AccountVl mark = new AccountVl("Mark",(lOO ;
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 Mark’s account:
Mark’s current balance is: 1000100
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[
|pub1ic class BankAppV1 {
public static void main(String[] args) {

AccountVl tom = new AccountVl("Tom",SlOOi;
System.out.println(tom);
System.out.prin ("Withdraw 150 from Tom’s account:");

tom. wi thdraw

System.out.println(tom);

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

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:
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1 |public class AccountV2 {

2 public AccountV2(String owner, int balance) throws

3 BalanceNegat iveExceptign

5 if \balance < 0) { /+ negated precondition =/

6 throw new B anceNegativeException(); }

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

8 }

9 public void withdraw(int amount) throws

10 WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidg
11 Eif( amount < 0) { /* negated precondition */

12 throw new lithedrawdiuntNegativeException(); }

13 [else if (balance < amounY ) { /+ negated precondition */
14 Tthrow new WithdEawAmotnt looLargeException(); }

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

16 }

n
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| public class BankAppV2 ({

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

‘ AccountV2 alan = new AccountV2("Alan", ;

System.out.println(alan);

}

-

‘ atch ( %gianceNegativeException bne) | {
Sysijyéout.prlntln("lllegal negative account balance.");

balance -10:

llegal negative account balance.
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|public class BankAppV2 {
public static void main(String[] args) {
System.out.println("Create an account for Mark with balance 100:
try {
AccountV2 mark = new AccountV2("Mark", 100);
System.out.println(mark);
System.out.println("Withdraw -1000000 from Mark’s account:");
u\>mark. withdraw (-=1000000)
System.out.println(matk) ;

(BalanceNegatiVeException bne) {

ystem.out.println("Illegal negative account balance.");
}
@ WithdrawAmountNegativeException\wane) {
SyStem.out.printin("Illegal negative withdraw amount.");

}
catch ithdrawAmount TooLargeException wane) {

S em.out.println("Illegal too large withdraw amount.");
}

Console Output:

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

') ;

Create an account for Mark with balance 100:

Mark’s current balance is: 100
With 00 from Mark t: L////
egal negative withdraw amount. fS
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1 |public class BankAppV2 ({ |
2 public static void main(String[] args) {

3 System.out.println("Create an account for Tom with balance 100:"};
4 try { Y an

5 AccountV2 tom = new AccountVZ("Tom",;

6 System.out.println(tom) ;

7 System.out.pripEp("Withdraw 150 from Tom’s account:");

8 | tom. withdra

9 System.out.pri n(tom) ;

10 }

11 catch (BalanceNegativeException bne) {

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

13 }

14 catch (WithdrawAmountNegativeException wane) {

15 System.out.println("Illegﬁi/zégative withdraw amount.");

16 }

17 | catch ( @;thdrawAmountTooLargeException b@ne) {

18 System.out.println("Illegal too large withdraw amount.");

19 }

Console Output:

Create an account for Tom with balance 100:

Tom’ s current balance is: 100

Withdraw 150 from Tom’s account: (////

Eilegal too large withdraw amount\
—
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REQ}//Eaci account is associ with the ngame
&0, ' Jim\.and an integeDalance dhat ig
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Jim’s current balance is:
Withdraw 100 from Jim’s

1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9

1 |public class AccountV2 { 4 W

2 public AccountV2(String owner, int balance) throws

3 BalanceNe iveException

5 if { /*» negated precondition */ -

6 7t row ceNegativeException(); } /72, / Aa/a,ﬂ@ <; AMOMfﬂf

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

8 }

9 public void withdraw(int amount) thro

10 WithdrawAmountNegativeExceptipi, WithdrawAmountTooLargeExceptidn {]

11 if ( amount D=l ol precondition +/

12 thrg — tiveException(); }

13 elsé ) , /* negated precondition x*/

14 th LargeException(); }

15 else is.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 o~ bak-
AccountV2 jim new AccountV2("Jim", |100); ]
System.out.println(jim);
System.out.println("Withdraw 100 from Jim’s account:");
jim. [PIPRGE AW 00)* I
System.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.");

}
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public class AccountV3 {
public AccountV3(String owner, int balance) throws
BalanceNegativeException

if (balance < 0) /* negated precondition */
throw new BgtanceNegativeException(); }
else { this.owner = owner; this.balance = balance; }

O NOOR~rOWN—

10 public void withdraw(int amount) throws

se if (balance < amoupt) { /# negated precondition #*/
throw new Withdraw ountTooLargeException()' }
nce - amount;

17 L%?(:fffﬁft(fffftff_jjiiiigffi\;_f//)"Invarlant p051jizi_fEEE§EE2>
18

| assert is.getBalance() > 0 : "Invariant: positive balance";
9 }
11 WithdrawAmewnt NegativeException, WithdrawAmountTooLargeExceptio
12 f (amount < 0) /* negated precondition x*/
13 throw new wWiThdrawAmountNegativeException(); }

Ta[SQ,

n
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|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", ;
System.out.println(jim);
System.out.printl%*;Withdraw 100 from Jim’s account:");
| jim. withdraw(100) ; /53

System.out.println¢jXa¥
/* catch statements same as this previous slide:

*+ Version 2: Why Still Not a Good Design? (2.1) =*/

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

Withdraw 100 from Jim’s account:

Exception in thread "main"

—
\java.lang.AssertionErrorflzgzariaqggzﬁgsitive balance Z

—
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public class Acc 3 {
public void(withdray (int amount) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptign
if( ameuntagsml ) { /* negated precondition '
throw new WithdrawAmountNegativeException(); }
—)else if ( batance"<Wagmount®) { ,/» negated precondition
throw new WithdrawAmountTooLargeException();_ }
else { this.balance = this.balance - amount; }

-fibassert this.getBalance() > 0 : "Invariant: positive balance"; h
|

Wen  gwomts e weshed vefsie mor Cio age ,
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public class AccountV4 {
public void withdraw(int amount) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeException
—p if (amount < 0) { /* negated precondition x/
throw new WithdrawAmountNegativeException(); }
—else if (balance < amount) { /#* negated precondition x/
throw new Wi
else RONT IMPLEMENTATION

tion(); }

*/
this.balance = this.balance + amoun
s gctBalance() > 0
owner + "Invariant: positive balance"; }
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1 |public class BankAppV4 {
2 public static void main(String[] args) {
3 System.out.println("Create an account for Jeremy walance 10
4 try { AccountV4 Jjeremy = new AccountV4("Jeremy", ;
5 , System.out.println(jeremy) ;
6 ak{ S stem.out Lot In ("Withdraw 50 from Jeremy’s account:
7 | jeremy@‘=!g=:=zggiy ;
8 )4&J AA 'ystem.ou (jeremy); }
9 /* catch statements same as this previous slide
0 *+ Version 2: Why Still Not a Good Design? (2.1) x*/

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

Withdraw 50 from Jeremy’s account:
Jeremy’s current balance is

")
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e { /+ WRONT IMPLEMENTATION x*/

—
1 |public classCAc (%

2 public void (withdraw(int aé@emt) throws

3 WithdrawAmountNegativeException, WithdrawAmountTooLargeException
4 if (amount < 0) { /* negated precondition */

5 throw new WithdrawAmountNegativeException(); }

6 -?else if (balance < _amount) { /* negated precondition #*/

7 throw new WithdrawAmountTooLargeException(); }

8

9

this.balance = this.balanc@amount; } > |
ert this.getBalance() > 0

a :
/[ owner + "Invariant: positive balance"; } ﬂ§§8€ ‘fﬁﬂ‘é&é‘”

@&fw

7t el gtf/z,‘n(.’@ = fé{(‘ : Za/mcg 5 ]
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|public class BankAppV4 { |
public static void main(String[] args) {
System.out.println("Create an account for Jeremy wi balance 100:")
try { AccountV4 jeremy = new AccountV4("Jeremy",«§%%B;
System.out.println(jeremy); -
A@Lf£§$ystem.out.println("Withdraw 50 from Jeremy’s account:");

1
2
3
4
o
6
Q| jeremy. withdraw@ ; |
Aﬂkc -_abystem.out.println(jeremy); }

~ ~h . ~ ~ ~ Y o } | o ~AT7 T o o~ y —
9 /* catch statements same as this previous slide:

~

1

+ Version Z

’: Why Still Not a Good Design? (2.1) */

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

Withdraw 50 from Jeremy’s acco :
Jeremy’s current balance is:( 150 ;>
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public class\ AccountV5 : ggzi
publlc void wi raw(int throws

(_Bls balance; /o0

—

/* negated precondition #*/

else if (balance < amount) { /* neg
8 throw new WithdrawAmountToolLarge
9 else { this. balance = this.balance

0 assert thlS r"Invariant: positive balance";
1

2

| assergi[this. getBalance( oldBalance]— amount
| ostcondltlo ance deduc?éd", //

yd pre(ond7f70n */

egatlveExcept1on,ifjthdrawAmountTooLargeExceptlo

/4

n
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|public class BankAppV5 {
public static void main(String[] args) {
System.out.println("Create an account for Jeremy with balance 10
try { AccountV5 Jjeremy = new AccountV5("Jeremy", 100);
System.out.println(jeremy) ;
System.out. ' “Withdraw 59 from Jeremy’s account:");
y. withdraw (50) . C_
System.out.printin (jeremy); }
/+ catch statements same as this previous slide:

+ Version 2: Why Still Not a Good Design? (2.1) */

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

Withdraw 50 from Jeremy’s account:
Exception in thread "mai
rror: Postcondition: balance deduc
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class\éggggﬁ;/

create
make
feature - At
owner
balance
feature Constructors
make (nn: STRING;

tributes

STRING

require

Py

Commands

posit

I«ﬁwm« o)

class ACCOUNT

feature

INTEGER

nb: INTEGER)
Dr@c’)!)cl ition
ive_balance:

INTEGER)

precondition

egative_amount:
—>affordable_amount:

ostcondition

Ensurezw— po
- alance_deducted: balance

Tant

balance > 0

nb > 0

amount > 0
amount <= balance

problematic,

old balance - amount

why?

lereate withdraw (lamount:
make
feature -- Attributes T Shon_n
owner : STRING
balance INTEGER
feature - Constructors
make (nn G; nb: INTEGER)
require precondition enr:i .
positive_balance: nb > Off —— ciass 1nys
do positive_balanc
owner := nn end
balance := nb
feature ands
withdraw(amount INTEGER)

1]

Jition
(‘7;; non negatlve amount: amount > 0
,tﬂéffordable amount: amount <= balance —-- proble

balance - amount—‘ Z Crntat et
ensure (-- postcondition
balance_deducted: balance

old balance - amount
end

invariant - class invariant
positive_balance: balance > 0

end

fm{ﬂm Ve
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postcond withdra

z X all precond_withdraw: execute
i - D
owner ..

not (account_inv) not (postcond_withdraw)

yafe

not (precond_withdraw)

podl

ceeeeeeany

v

<-----

not (precond_make)
call :

precond_make:
reate {ACCOUNT}(acc)nak&@Xn) Y 0

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



I VdateLO)

g |0 APPLICATION zzl @ ACCOUNT I

o 0

Feature
P[F o0 enzit AV A B

“lat view of feature " make' of class ACCOUNT

|
make (nn: STRING_8; nb: INTEGER_32)
reguirﬁ i
‘@ ositive_balance: nb >= 0
5 do

owner := nn
2 balance := nb
2 end

ELOB e

(/ class |ACCOUNT
<| create
make
\A%&/ feature - Attributes
l/ owner : STRING
( balance : INTEGER
feature Constructors
67@{\{: make (nn: STRING; nb: INTEGER)
requir TTECONAITTSR
class BANK_APP positive_balance;
inherit end
ARGUMENTS feature - C
create withdraw (amount: INTEGER)
make require - precondition
feature —— Initialization non_negative_amount:
affordable_amount:
make e
. . ensure —- postcondition
—— Run application. balance_deducted: balance
local end
alan: ACCOUNT invariant class invariant
do positive_balance: balance > 0
—-— A precondition violation with tagjsag

amount » 0
amount <= balance —-- problema

old balance - amount

create {ACCOUNT} alan.make ("Alan'", w
end
end
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o0 ELdOBewa R

TFadetit Violotin @

Feature

R 20 2= 20 02 =2

aAEVAR
Flat view of feature " withdraw' of class ACCOUNT

bank ACCOUNT withdraw < b & O 53 fonizen g
non_negative_amouny/ PRECONDITION_VIOLATION raised)
- e Mass |From Class | @

— P withdraw » ACCOUNT 1
ke » APPLICATION 2
withdraw (amount: INTEGER_32) mexe
requi
g @rgggative_amouﬁz amount >= 0)
2 affordable_amount®™ amount <= balance
do
2 balance := balance - amount
ensure
2 balance = old balance - amount
2 end
class ACCOUNT
create
é make
W feature - Attrik
owner STRING
balance INTEGER
c e/\t/ feature 1
1 make (nn: STRING nb: INTEGER)
require precondition
class BANK_APP positive_balance: nb > 0
inherit
ARGUMENTS feature - 1ds ;
create withdraw (amount: INTEGER) »
require - precondition
make == ]\
o ) ) non_negative_amoun amount
feature -- Initialization affordable_amount: <= JbeTlance —- p na
make ensure - postcondition
-— Run application. balance_deducted: balance = old balance - amount
local . , end
invariant class -
mark: ACCOUNT positive_balance: balance > 0
do

create {ACCOUNT} mark make ("Mark",
i ation with ta

1OO
"nc
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| From Class | @
N 2

N2

amount

A /I} l ( B @ APPLICATION 33| @ ACCOUNT 2O call Stack
- — =
I(ZRM o Joloted (5)
F IR IS Class
Flat view of feature ' withdraw' of class ACCOUNT | > withdraw  « ACCOUNT
withdraw (amount: INTEGER_32) meke HAPPLICATION
require
o
© et
o balanc ance - amount B
ensure :
© balance = old balance - amount
o end K]
class ACCOUNT
create
eV make
feature - Attributes
owner : STRING
balance INTEGER
£ @\b feature - Constructors
make (nn: STRING; nb: INTEGER)
class BANK_APP require -- precondition
inherit positive_balance: nb > 0
end
ARGUMENTS feature - Commands
create withdraw (amount: INTEGER)
make require - precondition
- L . , non_negative_amo :
feature Initialization affordable_amount.\@unt <= balance
make ensure postcondition
-— Run application. balance_deducted: balance = old balance -
local . . and , ,
invariant class 1nvariant
tom: ACCOUNT positive_balance: balance > 0
do ond—_
create {ACCOUNT} tom.make ("Tom" A\ 100
—-— A preconditj violation with g "
tom.withdraw( 150j
end
end
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L) |0 APPLICATION zzl @ ACCOUNT |

Feature
[ 20 2= 200 =2

“avan

bank ACCOUNT _invariant <4 » % O %

£

positive_balance: INVARIANT_VIOLATION raised

1 1l L
- — — =2 n Feature |In Class | From Class | |
Flat view of feature " _invariant' of class ACCOUNT > _invariant o ACCOUNT ’ 0
— withdraw » ACCOUNT | 5
[posmlve_balance: balance > 0] make . APPLICATION 12
class ACCOUNT
44 18V |create
make
feature - Attributes
owner STRING
balance INTEGER
T&/\t/ feature - Constructors
make (nn: STRING; nb: INTEGER)
class BANK _APP require o }‘)IG‘COJIHL‘*ZLOH
inherit positive_balance: nb > 0
end
ARGUMENTS feature - Commands
create withdraw(amount: INTEGER)
make require - precondition
feature - Tnitialization non_negative_amount: amount » 0
make affordable_amount: amount <= balance problema
-— Run application. ensure —- postcondition
local balance_deducted: balance = old balance - amount
jim: ACCOUNT _ _ snd _
do invariant - class invar 1t
. positive_balance: balance > 0
create {ACCOUNT} tom.make ("Jim", 100) end

Jjim.withdraw(100)

end
end

-— A class invariant violation with tag

"positive_balance”
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B |OAPPLICATION |0ACCOUNT23| Rl Call Stack Eaoswevs
ot bank ACCOUNT withdraw < b & 0 53 coatus = Im
balance_deducted: POSTCONDITION_VIOLATION raised
‘!l? iz ela HVAR | iFeature IIn Class IFrom Class I @
Flat view of feature *withdraw' of class ACCOUNT » withdraw  » ACCOUNT Y NT
o) affordable_amount: amount <= balance 4 make 4 APPLICATION » ATION|2
do
o balance := balance + amount
en
e (balance_deducted: balance = old balance - amount)
o end
class ACCOUNT
é:‘ W create
make
feature Attributes

owner : STRING

DS balance : INTEGER
IGA feature Constructors

make (nn: STRING; nb: INTEGER)

class BANK_APP require -- precondition
inherit ARGUMENTS positive_balance: nb > 0
create make end
feature - Initialization ReSUre - Commancs
withdraw(amount: INTEGER)
make require -- precondition
—-— Run application- non_negative_amount: amount 2 0
local affordable_amount: amount <= balance -- problema
jeremy: ACCOUNT ensure -- postcondition
do balance_deducted: balance = old balance - amount

end
-— Faulty implementation of withdraw in ACCOUQjinvariant —- class invarian

—-— balance := balance + amount positive balance: balance > 0
create {ACCOUNT} jeremy.make ("Jeremy", 100) end
jeremy.withdraw(150)
—-— A postcondition violation with tag "balance_deducted"”
end
end
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postcond_f:

Qf
precond_f: execute e
STATE: .

- ey Pf LN a.f(...) .
attributes of S EEEE R e >
class A - T Te

not Pf . not Qf .
' \A

; Class " "
. . Precondition Postcondition
' Invariant . . . .
. . . Violation Violation
: Violation
| i A
. ' notQm :
. not Pm: :
.. call +  precond_make: execute .
: create {A} a.make(...) -, Pm ,--. create {A} amake(...) -,
. P reeseeeieeee | S >

postcond_make:
Qm



? Lot R
- T
- _.VQ A {354 8
(\/&(‘&\( a/ T
Ao
RN Zj«f ) i

2-d









Me O/AQSO{%L Jama

éectu e






Ut - luese. Opoctos e ézq‘m:) COroiator
I U ]

oadian | griows - AR T o] S0t s ot Torez >

7= )
f/,gt), %Séﬂve F AT DT
o\ \\gamm@. loer <= z\(ﬁgg ) ‘ﬁx
oo — : l l

——
Wl s [T] ble > mt (&
Jﬂ”/ [ Te=) domnts viped OO
jek

Dk
Nl T L= T
&r&mg@l e Qut / 7
Y 2o > o €3 e

cZ










Aietztion 15 Lompsial

A

’ KliYB()ARDl; D

\/

k<ﬂ()ARDl | )
,\7(

MONITOR2

CPU2

ol

CPU1 c
MONITORI_J ”
T ] n D
n y
AN 4
\ . /I (
YORKSTATION)

STATION)

v

k KEYBOARDI

- CPU3

m MONITOR3

D

(WORKSTATION)

W3



Eqwdai'%@ 45’/$y%8%61

lclasg KEYBOARD ...

@lasg

end

endlclass?QPU ... end
. end [class| NETWORK ... end

M

class NETWORK ...
class WORKSTATION

end

[K:_KEYBOARD
c: CPU

m: MONITOR
n: NETWORK




eyl == a2

h
anded/£Class
B
fedture

change 1 (ni: INTEGER)

test_expanded: BOOLEAN

loca
4] RO
E[R.esult 1= éEEZi =(83and(fhﬂ 1 =<Q()

(check Result éEEL;::3>ébw,// -

<rGp n -

do —>Result := ebl (F)eb2 Lo &'«/’S
(?j>= ni check Resu end
end _j>é§;§.chan e_1 (@EQ
feature ResuIE_7:7Egﬁ;g_f:§:;nd Eggig\{ZEEZ
INTEGER 11 check Result ?fi)\\59
= 12 Result := ebl(/=)eb2 _
esult) end aé/'ﬁ 2%
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Nl s A
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expanded class
B
feature
change_1
do
i :=
end
feature
i:) INTEGER

end Vrﬁ%ﬁgx}

(ni: INTEGER)

ni

OCoONOOOGLA~,WN =

test_expanded: BOOLEAN

local
ebl, eb2: B
do
Result := ebl.i = 0 and eb2.1 = 0
check Result end
Result := ebl = eb2
check Result ep_;
eb2.change_1i ((15)
Result := ebl.i = 0 and eb2.1i = 15

check Result end

Result := ebl /=
che
—
end leél = a2
D —

eb2

dl. 1= ezt
Bél-[? < ELz‘D
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reference-typed author
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341 307
- refere reference
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| @id-imp) := imp
Result := old imp = imp ——- Result = true
[Result := | Z ji

all imp [ jitem] ~ old imp |[Jj—item]

nd —— Result = true

NOOoarTh~hwND =

[:cross 1 |..|/1mp.count as(i) L/
_

RRAY[STRI
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1 N Rf ey
- ' —— Result = true
3
p @/ Z 3
5] )| ..| imp.count as\ j _
6 [j.item] ~(old imp) [j.1item] /MFL(] N_ |
7 Result = true DH:/T*Z[@—A
‘;L} ' ARRAYr FGT)
| |V =] »
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2 |Result 1’71 - Result = false < Z]
'Oj clf (2
esu :
5] oss 1 |..| imp.count as j < e
6 @imp [j.i@mp [j.item] \T’
7 d —— Resul als
= N

TS |\ T
7& ~ ARRAY[STRING]
lL A

o/ofij‘((] ;= /“meQ 5

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

STRING STRING STRING
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5 across 1 |..| imp.count as j T
6 imp [j.item] ~ old imp [j.item]
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d - Result =((tra
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| old_-imp := 1mp<§éi:i;f§})

Result := old imp =—4mp ——- Result = false

Reoute 2 o, Feple] = o?d«m,z&ﬂ >F
across 1 |..| Imp.count as j / 1 / 0/0(-—"” [j )

L< all)imp [j.item] ~ old imp end —— Result Q false
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1 | old.imp := impéep_twin
2 |Result := old imp = Imp -- Result = false
€ ' m .append (Mxxx")
Result :=
5 across 1 |..| imp.count as j
6 @ imp [j.item] '~ old imp [j.item] end —— Result @;s\e
— 7
I =7
d_zp— (
—
\/ f\‘ ARRAY[STRING]
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Ly T / \

—] ——  imp[1] imp[2] impf 3] %{/
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ACCOUNT ACCOUNT .//(

“Billl “Steve”

balance balance [0

CMNK

deposit_on_vl (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end

7|(¢<€ local i: INTEGER

] do
from i := accounts.lower
(\M‘A . .

until i > accounts.upper

loop
if accounts[i].owner ~ n then accounts|[i].deposit(a) end
i =1+ 1

num_of_accounts_unchanged: ﬁ,
accounts.count = old accounts. coun_t/ﬂ—__fi___\
alance_of n_increased:

-T[E]account ofjf)l balance —rld account of (n) . balaa + a
end N
end \J'\fgfc

eprure 1o M;*‘j’ o
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b.accounts

ACCOUNT ACCOUNT

“Bill” “Steve”

balance balance

class BANK
deposit_on_v2 (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end
local i: INTEGER
do

accounts [acce

ensure
num_of_accounts_unchanged:
accounts.count = old accounts.count
balance_of n_increased:
account_of (n).balance = old account_of (n).balance + a
end

end
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Vorsion > K«‘ww]e’c et Nm”g/ Lugbroration b depect (s o)

BANK 0 1
b.accounts
accounts ‘| \ I / l
b
ACCOUNT ACCOUNT
“Bill” “Steve”

balance balance

class BANK
deposit_on _v3 (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end
local i: INTEGER
do

deposit

accounts [accounts.lower] .deposit (a)
ensure
num_of_accounts_unchanged: accounts.count = old accounts.count
balance_of _n_increased:
account_of(n) .balance = old account_of(n) .balance + a
others_unchanged—

gccount_of (cursor.item.owner)
nd
en

end
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BANK 0 1
b.accounts
accounts

ACCOUNT ACCOUNT

“Bill” “Steve”

balance balance

class BANK

local i: INTEGER

do
from i := accounts.lower
e(F until i > accounts.upper
v loop
A . i =1+ 1
( end
ensure

num_of_accounts_unchanged:
balance_of n_increased:

en
end

deposit_on_vl (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end

accounts.count = old accounts.count

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

ccoumt—o (n)} balance = old account_of (n).balance + a
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b.accounts

(70 ~°

ACCOUNT ACCOUNT

“Bill” “Steve”

balance balance

class BANK
deposit_on_v2 (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end
local i: INTEGER
do

— I;ﬁﬂ HP*s’accouan.lowcrj.dcposit(1)

ensure
num_of_accounts_unchanged:
accounts.count = old accounts.count
balance_of n_increased:
account_of (n).balance = old account_of (n).balance + a
end

end




accounts

ACCOUNT

“Steve”

balance [0

- posit_on_v3 (n: STRING; a: INTEGER)
require across accounts as acc some acc.item.owner ~ n end

local i: INTEGER
—5°
ame loop a n versior
[’ wrong mentation: also deposit in the first account
—%Pducoun[s/quounlH.lowo[/.dopusillij
ensure

num_of_accounts_unchanged: accounts.count = old accounts.count

balance_of_n_increased:
account_of(n) .balance = old, account_of(n) .balance + a

= ol acc

others_unchanged..
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implies
(old accounts)[i.item] ~ Current.account_of(X) Mo\pm 9, -\

end ow/;oY‘f / o
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BANK 0 1
accounts \ l /
ACCOUNT ACCOUNT
owner #B411" “Steve”
balance o balance (oo
ass BANK
7{8;/| deposit_on_v4 (n: STRING; a: INTEGER)

dd.pct =
A

thuAfS.{“[

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

do

A

ation: also deposit in the first account
[_accounts [accounts.lower] .deposit (a)
ensure —
num_of_accounts_unchanged:
balance_of_n_increased:
account_of (n).balance

| ~—> others._unchanged :

accounts.count old accounts.count

old account_of

end
end
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BANK
b.accounts, [
accounts ~—

| D dol  2conms
@pld ArCaunel_teie]

ACCOUNT
“Steve”

(o0

balance

FZTass BANK

deposit_on_v5 (n: STRING; a: INTEGER)

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

do
%3 =
same loop as in version 1
P imp ]

I ation . ) deposit in the first account
accounts[accounts.lower] .deposit (a)

sure
num_of_accounts_unchanged:
balance_of_n_increased:

account_of (n).balance = old account_of (n).balance + a
others_-unchange€

,Ai“, 4

accounts.count = old accounts.count
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Consider the cﬂ:ery(account_oﬂ@ STRING) of BANK.
)

How do we specify mpostcondition to assert that the
state of the ba/gl%rz%rp - \chan ed

£ 10 / F- [ ]
o accountsC%d accounts.twin
accounts@{d accounts.deep_twin
O cc,ounts“z@d accountﬁl <. T.

~ ‘—/ -
o ccounts ~ ol ounts.twin

ccounts ~ ol ccounts/ciegt\iL/_rj ij ﬂ(‘m"“”{gz[/'] [\/ ]

e

GOCSantS —R 2

C /

o /gccounts =/0ld
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class LINEAR CONTAINER
create make

feature Attribut

a: ARRAY [STRING]
feature ueries

count: INTEGER do Result := a.count end

get (i: INTEGER): STRING do Result := a[i] end
feature mmands

make do create a.make_empty end
update (i: INTEGER; v: STRING)
do ...
ensure
across
1 |..| count as j
all
j.item /= i implies old get (j.item) ~ get(j.item)
end
end
end
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Codh L Sae vs. Gack L Dwouats
JRIE =N

—

class

K%ST\ACTIQ
feature { } —— Tmplementation

a5+ S_S

Q};D ARRAY[lSTRINGh ; 1: INTEGER
_
feature - Queries S;
count: INTEGER do Result := i end as - =
-— Nu of items on stack.

top: (STRING/do Result
—-— Retdrn top of stack.

feature Com s
TRING/) do imp[i] :
—-— Add ’v’“to top of stack.

imp

push (v:

end

[1]

v, 1 := 1 + 1 end

5 @) Skl
09~ SAL ]

]

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

end

\
class

ACCOUNT __STACK
feature ementation

imp: ARRAY [ .ACCOUN ; 1: INTE
feature —- Querles
count: INTEGER do Result

feature - Commard
push (v: ) do imp[i]
—-— Add v’ to top of stack.
pop do i := i - 1 end

—— Remove top of stack.
end

;?fﬁ§:7

i end

-- N of items on stack.
top: COUNT ) do Result := imp
—-— Retu top of stack.

[1]

Vi

end

i+ 1 end




OCOoONODOPA,WN =
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—_ L
APWON—=O

-ONE}

imp: ARRA%%J 1: INTEGER
\AFE‘Z@\/ eature —— bies

_“] count: INTEGE!

er O 1tem% an Eac
i = [1]

Resu

do Result := 1

i stack.

- Implementatlon

end
k.

end

i :=

feature —eumAnds
VA
/--7push ( @(6} imp[i] := v;
—-— Add v to top of stack.
"gﬂb pop do i := i - 1 end
= —— Remove top of stack.
test_stacks: BOOLEAN end

i1 + 1 end

lcal —
@m N i(say stack(ascoun
: ; a: ACCOUNT =

@ pus (cr ate {ACCOUNT} .make ("Mark", 200))
S := Ss.top
a := _ss.top

—>(J.Qush (create {ACCOUNT}.make ("Alan", 100))
sa.push("B")
a := sa.top
S (= sa.top

end
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Client

upplier; |class
[ ,/\,Ra SHOP
‘ (S]] feature
class L(AS« _—
CART ’( cart: CART
feat W checkout: INTEGER
rders: [ORDER] ) do
en from vSor
i := cart.orders.lower
class until
ORDER i > cart.orders/ugpe&r
feature do
price: INTEGER Result := Result +
— . .
quantity: INTEGER cart.order{[i])price
end *
cart.orders[i] .quantity
i:=1i+1
end
roblems? end
) end







lterator Design Pattern

P ————————

LLENY APPLICATION: ") N\

/
(LLE ITERATION_CURSGR|G| * "\
== 2 —_/
’) (( aﬁ‘er*) BOOLEAN
- Fresh cursor of the container. == 22 Are there no more items to iterate over?

! Result # Void new_cursor* Gem 2
» -- Item at current cursor position.
? valid position: not after

@)

ner~+
increase balance(v: INTEGER,; name: STRING) %
-- Increase the balance for account with owner name .

? across container as cur

all - Move to next position.
cur.item.balance > v \' ?valid position: not after
end \ /
! across old container.deep twin as cur
all

(cur.item.owner ~ name implies
cur.item.balance = old cur.item.balance + v)
and
(cur.item.owner ~ name implies
cur.item.balance = old cur.item.balance)
end

/—\_/
/~ INDEXABLE_ITERATION_CURSOR[G] +

- - 7

aftek+: BOOLEAN
some_account_negative: BOOLEAN —-"Are there no more items to iterate over?
-- Is there some account negative?
| = 7 A -
! Result e124.L 04 > OV
across w

some

cu@balance <vy
en
\ k / /

N e e M e~

new cursor+ .
— itemfr.

»ltem at current cursor position.

fort§+ 3
ove to next position.

L S
\ >“Move to first position. j

N e e

R Pl AV
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RTED_MAP_AD!

deferred cl
SORTED_MAP_ADT [K -> COMPARABLE, V -> ANY]
inherit
ITERABLE [TUPLE [K, V]]
feature -- model
model: FUN [K, V]

deferred
d

-- may return nothing if no elements between
require
lower_less_than_upper:

“lower'

lower < upper

Result deep_twin
across
M Current as cursor
-te loop

if lower <= cursor.item.key and then cursor.item.
Result.extend (cursor.item.key, Current [cursd
end
end
=

feature -- commands
put (val: V; key: K)
deferred
ensure
inserted: model ~ ((old model.deep_twin) @<+ [key, val])
ub_map ) (lower, upper: K): like Current xclusive

and

“upper’

SORTED_MODEL _!

=
L_MAP [K -> COMPARABLE, V -> ANY]

inherit

SORTED_MAP_ADT[K,V]
create
make_empty, make_from array, make_from_sorted_map
feature -- model
model: FUN [K, V]
-- abstraction function
do
Result
end
feature{NONE} -- attributes
implementation: FUN[K,V]
-- inefficient but abstract implementation of sorted map
attribute
create Result.make_empty

:= implementation

instance: like Current

attribute
create Result.make_emp

nd

feature -- commands
put (val: V; key: K) --(key: K; val: V)

-- puts an element of “key' and “value' into map
-- behaves like “extend' if “key' does not exist
-- otherwise behaves like “update’

-- NOTE: This method follows the convention of “val'/“key'
do
implementation.override_by ([key, val])

end
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» MBE#ADT [K -> COMPARABLE, V -> ANY]

inherit

ITERABLE [TUPLE [K, V]]
feature -- model
model: FUN [K, V]

deferred

feature -- commands
put (val: V; key: K)
deferred

ensure
&, inserted: model ~ ((old model.deep_twin) @<+ [key, val])

lower, upper: K): like Current xclusive
-- may return nothing if no elements between “lower' and “upper'

e <

instance.@dep_twin

across
Curre: sor
loop
if lower <= cursor.item.key and then cursor.ifeh\k inherit _MODEL_MAP [K -> COMPARABLE, V -> ANY]
end Result.extend (cursor.item.key, Current /cukjsc SORTED_MAP_ADT[K,V]
create
make_empty, make_from array, make_from_sorted_map
feature -- model
d?c -f model: FUN [K, V]
-- abstraction function
do
Result := implementation
"""Tt: end
feature{NONE} -- attributes
—— implementation: FUN[K,V]
-- inefficient but abstract implementation of sorted map
&I& attr;bute

. male.os

feature - G
put (val. V; key: K) --(key: K; val: V)
-- puts an element of “key' and “value' into map
-- behaves like “extend' if “key' does not exist
-- otherwise behaves like “update’
-- NOTE: This method follows the convention of “val'/“key'

do
implementation.override_by ([key, val])

end
—
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[ ITERATION_CURSOR [G]* ) sorted-collections

new_cursor* . ’
- item*: G ’

*

ITERABLE [G]

- e
forth N AORTED_ADT (K, V]’B

after*: BOOLEAN
feature -m——/
model: SEQ [KV_PAIR[K;

feature -- commands
extend (a_item: TUPLE [key: K; value: V])
require —has (a_item.key)

sorted-maps

N
SORTED MAP ADT M*

feature -- model
model: FUN[K, V]
sorted keys: ARRAY [K]

remove (a_key: K)
require has (a_key)

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

feature -- commands require has (a_key)

extend (key: K; val: V)
require —has (key)

remove (key: K) (
require has (key) g m ﬁ
feature -- queries

item(key:K): V m ¥
has (key: K): BOOLEAN nee

invariant

as_array: ARRAY[KV_PAIR[K,V]]

invariant
Vi € [1, model.count):
model[i].key < model[i+1].key

Vi € [1, model.count]:
as_array[i] ~ model[i]

Vi € [1, model.count):
sorted keys[i] < sorted keys[i+1]

SORTED LINEAR \.
RLIAP K, V] , 7 \2
implementation
SORTED_

LINEAR [K, V

sorted keys.count = model.count

Vk € model.domain : k € sorted keys

SORTED _
TREE [K, V]

.
implementation ( +
SORTED_
RBT [K, V
1
_‘, 1
~ \

implementation

N



lterator Design Pattern

—~ -~ P ————————

= = = = b = —— ——— ————————————————————

a ITERABLE * N\ ITE " CURSOR/G]y*

-/-\/
new_cursor*{\ ITERATION CURSOR[G] afier*: BOOLEAN
-- Fresh curs rated wit Structure. -- Are there no more items to iterate over?
! Result # Void new_curso@ )tem e

— < -- Item at current cursor position.
? valid position: not after

forth*

4 CLIENT_APPLICATION+ N\

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

increase balance(v: INTEGER,; name: STRING)
-- Increase the balance for account with owner name .
? across container as cur

container+

‘ \

all -- Move to next position.
cur.item.balance > v ? valid_position: not after
end K < K /
! across old container.deep twin as cur N
all

(cur.item.owner ~ name implies
cur.item.balance = old cur.item.balance + v)

and

(cur.item.owner ~ name implies
cur.item.balance = old cur.item.balance)

— —_——————_——————————————— b —_—_— e ——————————

/" INDEXABLE_ITERATION_CURSOR[G] + \

end ARRAY[G] +

after+: BOOLEAN

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

new_cursor+

-- Is there some account negative? item+: G
! Result = -- Item at current cursor position.
across container as cur ARRAYED LIST[G] + forth+
some - -- Move to next position.

start+
\ -- Move to first position.

S

cur.item.balance < v

\ \ end / /

—_—————ee e e =~

|
|
|
|
|
|
|
|
|
|
|
T »
|
|
|
|
|
|
|
|
|
!
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new— D\AvSw*

Y ITERATION CURSO

ITERATION_CURSOR|[ TUPLE [STRING, G] ]

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

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

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

do ... end
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AB UPLE[STRING G]1]
=\

values_
values 2
cursor_paosition
item
aftes forth

upper

O m.--—

records.upper
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class
CHECKER

feature - Attrlbuii
: T TERABL [INTEGER]

feature - QuerTe

[ posiie\'scorznn

-— Are all items in collection positive?

A’yVT( ‘1&]/[1g1

d . - lary’
° ,5.0°w°ﬁﬂ
.. 0¢£
ensure
cros 7
collection as |cursor
all
class BANK
Mrg@> 0
end t - ACCOUNT
end accounts: [ ]

binary_ search

require
acros

(acc_ 1d INTEGER) : ACCOUNT
on accounts sorted in non—-descending order.
[ 7nﬂuwa/
as cursor

Search

(accounts.count

a
accounts [cursor.item].id <= accounts [cursor.item + 1].
end
do
ensure
Result.id = acc_id

end

id
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class BANK

(accounts: |LIST [ACCOUNT]
(contains_duplicate] BOOLEAN

—— Does the account 1ist contain duplicate?

T

ensure
li,j: INTEGER | 7

% z /‘%aﬂﬁ? TA] > Awnts(t] i~
mhmdS[}]
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class BANK

accounts: TERABLE JACCOUNT]
max_balance: NT

—-— Account with the maximum balance value.
require °??
local

cursor: lITERATION_CURSOR}ACCOUNT]; max: ACCOUNT

—

max =

accounts [1] ((curso# = account&@w_curs

L)
cursor(after //,

O
1f curso@alance > max.balance then

max :=

cursor. item

ensure
end

@Aw\m&

85 (s

fep

Mo = S or. rtewy

1 hrol-need :
~= Kfov.
ol " @——




lclass BANK
accounts: ITERABLE [ACCOUNT]
max_balance: ACCOUNT
—— Account with the maximum balance value.

require ??

local
max: ACCOUNT
do
max := accounts [1]
cart: accounts as cursor
checkout : “ZINTEGER
loop

—— Total price calculated based

require B if cursor.item.balance > max.balance then

local max := cursor. item
order: ORDER end
do end
(acros;: ensure 2?7
t as cursor end
wqpvq'grder := cursor. item
v

DJZL Result := Result + order.price x order.quantity

end
ensure ??
end
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Descendant:

class DEPOSIT i i ATA
aximum balance’

rel

end

WITHDRAW inherit SHARED DATA
—— 'minimum_balance’ relevant

cla
HARED DATA
feature
/ [interest_rate: REAL
REAL

exchange_rate:
INI_TRANSFER inherit SHARED_DATA minimum balance: INTEGER

—— ‘exchange_rate’ relevant maximum balance: INTEGER

end

—— ‘interest_ _rate’ relgvant
deposits: DEPOSIT _LIST Problems?
| thdraws: WITHDRAW LIST
end
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class (g)
OV]CQ ?O“tr‘/]e Cl> create make

feature - Constructor
make do end
feature - Query

—>new_once_array (s: STRING): ARRAY[STRING]

Al 7 —-— A once query that returns an array.
| Bef
&VA once

create {ARRAY[STRING]} Result.make_empty

ﬁvfz — \ﬁwky Result. force (s, Result.count + 1)
end
%oowm —>new_array (3; STRING): ARRAYJSTRING]
—1dcal —-— An ordinary query that returns an array.
arrl, arr2: ARRAY [STRING] create {ARRAY[STRING]} Result.make_ empty
do Ei?Result.force (s, Result.count + 1)
create(é]make end
end

arrl @g.new_array lAlan}
Result := arrl.count = 1 and arrli[l] ~ "Alan"
check Result end

Result := arr2.count = 1 and arr2[1l] ~\_ "Mark"
check Result end

Result :=@(arrl = arE2)
check Result .&nd

end
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Ylon

ﬂw!

oot

class A
create make

feature - Constructor
make do end
feature - Query

—>new_once_array (s: STRING) : ARRAY[STRING]
—— A once query that returns an array.

once
create {ARRAY[STRING]} Result.make empty
esult. force (s, Result.count + 1)

end

test_once_query: BOOLEAN

new_array (s: STRING): ARRAY [STRING]

local -— An ordinary query that returns an array.
a: A d
o
daril, arrZ: ARRAY[STRING] create {ARRAY[STRING]} Result.make empty
o
Result. force () Result.count + 1)
create a.make Vo Igf €7
e end
ot once aresy, (L™
arrl := a.nhew_once_array y Y
Result : r1[1l] ~ "Alan"
check Result end Md{ jkﬁ fﬁm?
| . arr2 := a.new_once -rray'q\
Result := arr2.count = 1 and r2[(1] ~ "Alan"

check Result end

Result := arrl = arr2
check Result end

end
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create

et

make

\aé{b/1ﬁf7

é}vvl ,//)bl

2

Qvvl

end

—
est_once_qu

ffz})BOOLEAN

create a.make

t7-e
- Bt

new_once_array

end
end

("Alan")

feature

feature
new_once_array

(c=>Result. force

new_array

Result. force

class A

make
—— Constructor
do end
—-— Query
(s: STRING) : ARRAY[STRING]
once query that returns an array.

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

(s: STRING) : ARRAY [STRING]

local —— An ordinary query that returns an array.
a: A d
0N
darrl, arrZ2: ARRAY[STRING] create {ARRAY[STRING]} Result.make empty
o

(s, Result.count + 1)

;arrl>:=
Result arrl.count

check Result end

=

a.

- nt ]@f f7mp —7

a.new_once_array [Mark"

1 and arrl[l] ~ "

Result arr2.count
check Result end

Result arrl arr2
check Result end

end

~

1 and arr2[1

7

Alan"

"Alan"
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class cvias( Account/{
BankData() { } BankData data:
double interestRate; ’
Account () {

void setIR(double r);

}

datd = BankDataAccess.

Tz -

N V2
_.

//
class QﬁﬁisataAcqegs i ;?j3A€

static\boolean (i

y —_— _\
ystatio BankDat @2t
8 tat1 Data getData

'1n1 nce)

X[-Aédata = new@ata()
>initOnce =

}

> return data;

}
}

Jx06 Problem? ol —2

p ol

RenklatoATess bio, ~ #82

- EL‘.V\

[

@

Sen dl = bdo qeff/émo;

BB oz = o

dl sttIR ([ %3);

j}gﬁ?& re();
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We may encode Eiffel once routines in JavatJdadess

class nkData ){
rivate ) BankData () { } dafg
ouble interestRate;

Sot i void setIR @ ; Problem?

l?tatic boolean initOn

static BankData data; 0[
. =
static BankD { gwb@ﬁ} l ue-’

if (!initOnce) { Teaklben( s

data = new BankData ( </ Il s
initOnce = true; X( «/ﬁf}%ﬁﬂﬁ{

}

return data;

}
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e

change_v (nv: INTEGER)
do v := nv end
end
\
-}\ lass

o)
=7

; @ATA )
e~bne and only access

ce 'greate Reéultm end

invariant data = data

Supplier: Client:
Pr— N
o
\tngBOOLEAN
local
DATA ACCESS —>access: DATA_ACCESS

@ake)do v :=C0 Jend —>dl1, d2: DATA L
feature -- Data Attributes do M eare ACCOSS. ""a[zax S e
@ INTEGER >dl := M@}P wal/

Y
%

d2 ):= accesge,dsa__ta —> ot LF =
Result := dI dz
and dl.v = 10 and d2.v = 10
check Result end
—> dl.change_v (@)
Result := dl = d2
and dl.v = 15 and d2.v = 15
end
end
Writing | create d71.make|in test

feature does not compile. Why?
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Supplier:

e

class BANK DATA

create { make

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

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

(AQS K@dle_ (7
dator - €§7

2 A4_2

ot LreatP Zéw#'ka’

s

Client:

) BANK_DATA
he one and only access

e//create Result.make end

invar:.nt data = data

c
| ACCOUNT
featur
data: BANK_DATA
€7make (...)
—— Init.
(local }

access to bank data.

—
[% ta_access: ({ KJJATAJ-&CCESS/

D

do A
.ﬁdata :=|data_ acces
end {L&,—e aeea . M0f€ ~—
end
Writing | create data.make| in

client's make feature does not
compile. Why?
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test_bank_shared_data: BOOLEAN
—-— Test that a single data object 1is manipulated

commy ("tl: test that a single data obj ct 1 shared"
create accl.make ("Bill")&— J[st tme ('a/ ‘fg
—> create accZ.make ("Steve") 6?
j5>Result 1= accl.data(:DaCCZ.data -*T
check Result end
Result := accl.data ~ accZ.data

check Result end

‘5>accl.data.set_interest rate (3.11
Result :=

accl.data.interest_rate = accZ2.data.interest_rate
and accl.data.interest_rate = 3.11
check Result end
+—laccz.data. set_interest_rate ((2.98)
Result :=- —
accl.data.linterest_rate = accZ2.data.linterest_rate

and accl.data.linterest_rate = 2.98
end

local accl, acc2: ACCOUNT <z£;22
do




// \ | QIIPDPT TER (VF QHARED TVATA | |
(Fmrcimon ) R £ SUEPLER O SHARED DATA|
\ /

=
\pAra+) O\

kc_i_ata.' v: VALUE
S0 T T T AN ! -- A shared data object. -- An example query.
|’ ; : once &q <
\\ // : create Result.make -- An_example command.
Tttt . ! end Invariant (@I
| ——
! shared_instance: makeln’t’ ’ data obiect
———————— -- Initialize a data object.
| CLIENT 3 | ! > {ag=lata / K j /

- ——— ek o = an o e e ———

s R N /. \% ’
I vl o S S == - — =
.\ — one call noothey “rol]

oo ’ £o dara youtme 4 data rutet
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class NON_-RESIDENT_STUDENT

create make
feature
name:
courses:

lebton o
‘leQ A’lo?(‘e ?F(/IC@!&
1M

STRING

discount_rat

-— Attributes

LINKED_LIST[COURSE]

e: REAL

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

set_dr (r:

REAL) do discount_-rate

:= r end

register (c: COURSE) do courses.extend (c) end
feature - Queries
class EEEFDENISTUDENT (EUitEEE{’REAL
create make ) local base: REAL
feature - Attributes do base := 0.0
name: STRING across courses as c loop base := base + c.item.fee end
courses: LINKED_LIST[COURSE] . _
S Result := base #* discount_-rate pv4,?ﬂf?
feature - Constructor end -
make (n: STRING) end
do name := n ; create courses.make end
feature - Commands
set_pr (r: REAL) do premium-rate := r end
register (c: COURSE) do courses.extend (c) end
feature Queries
(Fuition? REAL
ocal base: REAL
do base := 0.0

across courses as c¢C lOOP base :=

Result := base #* premium-rate X T thP
e = -
nd

end

base + c.item.fee end
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> SwdseS: LLTEITN F

class “STUDENT_MANAGEMENT YSETM
—>rs : LINKED_LIST[RESIDENT.STUDEL 1
->nrs : LINKED_LIST{NON RESIDENT. STUD

add _rs (rs: RESIDENT_STUDENT) do
add _nrs (nrs: NON_RESIDENT_STUDENT) do ... end

register_all (@urse c)] —— Register a common course ’c’.
do

—>across %s%as c loop c.item.register (c) end 1

=

—across(nrs)as ¢ loop c.item.register (c) end

—

end
end (
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Lode Teuz,

class STUDENT
create make

feature - Attributes

name: STRING

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 - Oueries

Guitiop! REAL

local base: REAL
dofbase := 0.0
across courses as ¢ loop base := base + c.item.fee end
esult := base
end
end
class class
RESIDENT STUDENT NOZ\LRESIDENZ;STUDENT\
s s - Y —
inherit inherit
STUDENT STUDENT Y U —
redefine tuition end redefine tuition end JI€C
create make create make
feature - Attributes feature - Attributes
premium-rate : REAL discount_-rate : REAL
feature -- Commands feature -- Commands
set_pr (r: REAL) do premium rate := r end set_dr (r: REAL) do discount_rate
feature -- Queries feature - Queries
. g tr ] 7, ohss uz
tuitiont REAL ‘,ﬁ 0‘ tuitiony REAL
local base: ( o base: R
do base :=\|Precursoy)|; Result = base *(premium_rate ?end Result := discount_rate end
end .




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

feature -- Test Commands for Contract Violations
test_withdraw_postcondition_violation

local
—> acc/BAD ACCOUNT WITHDRAW.
do

create acc.make ("Alan", 100)
-- Violation of Postcondition
-- with tag-"halance deduced" expected

end

N -

~

eature -- Commands
({withdraw(amount: INTEGER)
equire

=7 non_negative_amount: amount > 0
=> affordable_amount: amount < balance
do

balance := balance - amount
ensure

Ebalance_deduced
en

v

alance = balance + 2 * amount

-—9{Precurs§3 (am ount)
-- Wron Imple

-

L
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class LIFO_STACK|

feature {NONE}
imp: ARRAY[G]
feature —-
make do create imp.make_empty ensure imp.count
feature - Commands
push G)
do (imp. force(g,

Vhelomg, o (170 Sk
v

Initialization

0 end

i~

ensure
changed:

imp.count + 1{]

imp[count] ~ g

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

[

count old count - 1
ed: across 1 |..| count as i all
imp[i.item] (old imp.deep_twin)

count - 1 as i all
(old imp.deep_twi

end
pop
do \imp.remove_tail(l)
ensure
chan

(z:;:;;;>end

class LIFO_STACK[G
feature {NONE} -
imp: LINKED_LIST
feature
make do create imp.make ensure imp.count
feature - Commands

Initialization

push(g: G)
do imp.put_front(g):l
ensure
changed: imp.first ~ g
unchanged: across 2 |..| count as i all
imp[i.item] ~ (old imp.deep_twin) [{i
end
pop
do |imp.start ; imp.remov%:l
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all
imp(i.item] ~ (old imp.deep_twin),
end

0 end

class LIFO STACK[G] create make

em as top feature {NONE} -- Strategy 3: linked-list last item as top
imp: LINKED_LIST[G]
feature - Initialization
make do create imp.make ensure imp.count = 0 end
feature - Commands
push(g: G)
do imp.extend(qg
ensure
changed: imp.last ~ g

unchanged: across 1 |..| count — 1 as i all

imp[i.item] ~ (old imp.deep_twin) [i.item] end
end
pop
do imp.finish ; imp.remove
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all
é:tEEEE:E:;) end imp[i.item] ~ (old imp.deep_twin) [i.item] end
end
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Ao nctron. Totnl M

class IFO_S? [G —> attached AN eaf)e\ make
feature {NONE} - Implementatlon
imp: [LINKED_LIST|[G] V/

oop Resul ‘ append ( ursor. item)

end

———

_Amg &/\MCLS usmq( AkLé&ach Factan

class LIFO STACK[G —> attached ANY] create make
feature —— Abstractlon function of the stack ADT
model: ISEQ[G]'

feature - Commands

.appended(qg)

end




class LIFO STACK[G —-> attached ANY]
feature {NONE}

imp: ARRAY[G]

create make
—-— Implementation Strategy 1

feature Abstraction function of the stack 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 —— Commands

make do create imp.make_empty ensure model.count
push (g: G) do imp.force(g,

ensure pushed: model ~
pop do imp.remove_tail (1)
ensure popped: model ~

= 0 end
imp.count + 1)

(old model.deep-twin) .appended(g) end

(old model.deep_twin).front end
end
class LIFO_STACK[G —-> attached ANY] create make class LIFO_STACK[G —-> attached ANY] create make
feature {NONE} Implementation Strategy 2 (first as top) feature {NONE} -- Implementation Strategy 3 (last as top)
imp: LINKED_LIST[G] imp: LINKED LIST[G]
feature -- Abstraction function of the stack ADT feature -- Abstraction function of the stack ADI
model: SEQ[G] model: SEQ[G]
do create Result.make empty do create Result.make_empty
across imp as cursor loop Result.prepend(cursor.item) end across imp 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 i all
Result [i.item] ~ imp[count - i.item + 1] Result([i.item] ~ imp[i.item]
end end
feature - Commands feature -- Commands
make do create imp.make ensure model.count = 0 end
push (g: G) do imp.put_front (g)

make do create imp.make ensure model.count = 0 end

push (g: G) do imp.extend(g)

(0ld model.deep-twin) .appended(g) en ensure pushed: model ~ (old model.deep-twin) .appended(g) end
imp. remove pop do imp.finish ; imp.remove

ensure popped: |model ~ (old model.deep.twin).front| end ensure popped: model ~ (old model.deep-twin).front end

end

end

ensure pushed: model ~
pop do imp.start ;
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push
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A
ensure model ~( o0ld model.deep_twin ‘ggegg»ggﬂay end
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rpush(g G) WKADT

abstraction'  convert the current array convert the current array | abstraction
Sfunction into a math sequence into a math sequence Sfunction

gl
o 4

private/hidden (implementor’s view)




&meg% 7. Medramatirl Qbstoctn

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

f public (client’s view) /Il Aarren

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

convert the current linked list
into a math sequence

abstraction
Junction

abstraction § convert the current liked list
JSunction into a math sequence

N~ —
old imp({ LINKED_LIST[G] : )
J imp.put_front(g) ]

private/hidden (implementor’s view)

. v
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Testing, Rel. i Mo/ &
4 S e T EIGUTREy
vdon . b set of first-elements from r =~ gzver
%ve.,‘ 0(34_7( Ca .,{D ° r.domam ={d| %
- - . °eg.r rdomain_ .b,c.d,e
(Boverridder{( @m& ) set of second-elements from r

¢ o r.range {r|(d,r
= {(a,3),(c,4)}u{(b,2),(b,5),(d,1),(e,2),(f,3)} o e.g., rrange =41,2,3,4,5

o a relation like r except elements are in reverse order
o rinverse = { (r,d) | (d,r)er}

(@) o !pveﬁﬁ%—fﬁ a c a c e
2 {(a,3),(c,4), (b, 2) (b 5), (d 1), (e 2),(f,3)} 9. i (2Ab) £3 )J‘é/('ﬂ’y(sﬁwéﬁ ) 0, 2.), &0

t r.domain_subtracted({.domain)
- T —  —

= ™y * |rdomain_restricted(ds) | sub relation of #/with domain ds.
@ )k) (c )7) Y ) (0( (7“ 5) ~a>r.domain_restricted(ds) = { (d,r) | (d,r)erndeds}
CRN G 4 € /“9 (e 2) © e.g. rdomain restricted({a, b}) = {(a,1):(b:2).(a.4). (b.5))
EeSE mels EooLET * |r.d@main subtracted(ds) |: sub-relation of r with domain not ds.
oca
r, t: REL[STRING, INTEGER] —a, r.domain_subtracted(ds) = { (d,r) | (d,r)ernd¢ds}
ds: SET[STRING] o e.g., rdomain_subtracted({a, b}) = {(¢,6),(d,1),(e,2),(f.3)}
d°create ke fro le array | * |r.range restricted(rs) |: sub-relation of r with range rs.
<<lyp###r), ("b", 2], ['c", 3], o rrange_restricted(rs) = { (d,r) | (d,r)erarers}
vipeze), [_",QL_J- ["e" s 6]r o e.g., r.range restricted({1, 2}) = {(a,1),(b,2),(d,1),(e,2)}
["d", 11, ["e", 2], f //__ . .
create ds mfkv%efro ray (< i e |r.range_subtracted(ds) \ sub-relation of r with range not ds.
~ 2oL ch ﬂm“‘“ oy _the query d‘“” = subtracted o r.range_subtracted(rs) = { (d,r) | (d.r)ernrgrs}
C;)e;lt demainsubt (as Jay . we ij o e.g., r.range_subtracted({1, 2}) = {(c,3), (a.4), (b.5), (c,6)}
t /~ r and not t.domain.has {"a") and r.domain.has ("a")

check Result end

- r is changed b\ ”e comman 1:741&7 rq >t
domain_s t M'J
ﬁm. 2

esult :=
~ "an t r.domain.has ("a")
v @ J and not t.domain.has ("a") and no
A it
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S

~
IRTHDAY ~BOO _/
L- IRTHDA (———/

ensure
model_operation: model ~ (old model. _twin).overriden by ([n, d])
-- infix symbol for override operator (/<+ @

<+ /{
> Ay

same wunls Result count = fmodelrange restricted d)).count

mﬁx symbol for range restriction: model @> (d)

- abstraction function =
L_count, N"IZGE\%\{?ZQ lapk OJB/ Zkﬁ) ‘
umber Y \ ( EY\ ;
Bt N&.E d:BIRTHDAY) 0012 N{ 2 ,J\o%(tv

model.range estncted by(d .domain: name@

invariant:
con.vistent_book_and_model_count‘@ =@
. J
ya

g BIRIHDM

day: INTEGER
month: INTEGER
SEOn . TaTR
invaria
<month <12

1 <day <31
N— y
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BIRTHDAY BOOK

ME, BIRTHDAY]
' absttaction function

9
- promoteghashtableito function

NS e_countst Result.count ple tion.count
same_contents: Y [name, date] € Result;/[name, date]
—_ catimant Bt

end ‘4
FM
put(n/ NAME; d: BIRTHDAY)

do

-- implement using hashtable
ensure

model_operation: model ~ (old model.deep_twin) @<+ [n,d]
end

remind(¢: BIRTHDAY): ARRAY[NAME)]
o
-- implement using hashtable
ensure
nothing _changed: model ~ (old model.deep_twin)
same_counts: Result.count = (model @> d).count
same_contents: Y name € (model @> d).domain: name € Result
end

count: INTEGER -- number of names

feature {NONE}

implementati SH TABLE[B , NAME]

-
invariant:
consistent_book_and_model_counts: count = model.count
consistent_book _and_imp_counts: count = implementation.count

implementation
\/

i BIRTHDAY

N

model: FUN[NAME, ..]

|—

day: INTEGER
month: INTEGER

invariant
1 <month <12

(

1 <day <31

*

HASHABLE
A

NAME

|

remind: ARRAY[NAME]

item: STRING

invariant
item[1] €E A.Z
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tests

— o mpEe E o o Em Em m o -

[ (TEST_ACCOUNT ) )

feature -- Test Commands for Contract Violations
test_withdraw_postcondition_violation

~Tocal
QE:IBAD_ACCOUNT_WITHDRA;)

do

create acc.make ("Alan", 100)
-- Violation of Postcondition

-- with tagetbalance_deduced" expected
> acqfbithdraw)(50)
S end ~~__~

1
1
1
1
1
1

~

eature.s Commands
(amount: INTEGER)
require
non_negative_amount: amount > 0

affordable_amount: amount < balance
do

e := balance - amount

v

en

nt
J

re —
ance_deducegéalancz old balance € @moul

feature -- Redefined Commands
withdraw (amount-
—

L



class TEST ACCOUNT

inherit ES_TEST

create make

feature - Constructor for adding tests
make

add.violation_case_with_t “halance_deduct ;

agent test_withdraw_postcondition_violatﬁon)

end
feature - Test commands (test to fail)
test_withdraw_postcondition violation
local
acc: BAD ACCOUNI_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
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. In Javar” 79 71D

wgStudent\("Alan") ;
Studént rs = new ResidentStudent ("Mark");

» InEiffel: 7T

local¢§ﬁfSTUDEﬁT]

. ("Alan")
TUDEN.} rs.make ("Mark")

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

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

ar o i

AS .
P4 s @ W g s



Loddat, s ¢ wm@

7 = Sl & 71
o.—
/-_
re gister (Course D '\/'e's 75'4
EAL courses: LINKED LIST[COUNRSE]
mnt —
45‘? L QI NG
/uew ﬂatur / * S/
premium_rate EAL t'd““t I:E/'\L)EAL]
ON_RESIDENT_STUDEN]J/ set dr g
se—t_.l),_‘ f(,rml;;:‘ aL) /* pedefined features */
RE ,;r‘\\\ yifion: IREAL
y 7 o
s, 32 S3 (('N VX ; (rs SIDENT STUDENT ; nrs @DENT STUDE?;"
Pcreate {STU ENT) s1-make ("S1")
==a )
Bcreate |{RES NT} s2.make ("S2") Srpedl ST.
Pcreate {NON- ENT_STUDENT 3.mak "s3n vy,
{ } s3.make ( ) g/ yV >
pcreate SIDENT_STUDENT} make ("RS") i IL S__
S reate {NON_RESIDENT STUDENT} nrs.make ("NRS")

-I[@'II

> (@l X< <1 <
27 1/ 4 v v X )< < | <
$>
vS

nvs
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4
A= 2 777PS
/I%L/MOVPL\ISVA: Tntuction S @ A i
wéﬁfw s AL Q.

\ 90\760_(
5 > create S.make ("Stella")
6 |> create rs.make ("Rachael") 723
7 +» rs.set—pr (1.25)
@ s := /« Is this valid? */ d VJ] = S
9 § := « Is this valid? */ ‘/)’700,/0/ not

L Lo (8 1= ) bl

S o (8
2 Cperfotmns o @7
Y1cwp 7ad

i

£l

2 STz ébw/f/é
'lﬁ V3§~§éVi

<7 S’T VF S
Aockigs P
Rontip !

T < ol
6 7 f ot /ﬁ’f
& L
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local@: COURSE ; @ JDEN
doﬂcrate c.make ("EECS33',

—> create {RESIDENT_STUDENT} rs.make ("Rachael")
—> create {NON_RESIDENT STUDENT} IE_.make ("Nancy")

—>rs.set_pr(l.25); rs.register(c)

1
2
3
4
5
—nrs,set_dr(0.75); nrs.regéster(c)
@ 5 Y:=Xrs)) ; checkE).tuitiopd= 125.0 end
8

-~
/,01772“( rs}RESIDENT STUDENT gestor
courses
E j( ‘jEI jijj{ \ l premium_rate
VIR '
’i v ¥ g .STUDENT

nrs )NON RESIDENT STUDEN

courses

| discount_rate

Ccoumse L

NEECSS SIS ’
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Thaaane Fows a e )Jre«avc}y (2)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

|0S SUffJ'/Eb -- redefined using safari ANDROID surf_web -- redefined using firefox
facetime -- new feature skype -- new feature
IPHONE_6S IPHONE_6S_PLUS SAMSUNG HTC
three_d_touch -- new feature / \
side_sync -- new feature GALAXY_S6_EDGE GALAXY_S6_EDGE_PLUS HTC_ONE_A9 HTC_ONE_M9

LSt G expetotonS | destendpats

SuaRT Vi

Anwroty

pLLp
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A WN =

[‘ a . -~ \/ = register (Course ¢)

tuition: REAL

/* new features */

) name: STRING

STUDENy courses: LINKED_LIST[COUNRSE]

premium_rate: REAL

set_pr (r: REAL) RESIDENT_STUDENT

/* redefined features */

T
/* new features */

discount_rate: REAL

NON_RESIDENT_STUDENT | set_dr (r: REAL)

/* redefined features */

tuition: REAL

7z

tuition: REAL

Qg

~——

rs: RESIDENT-STUDENT

("J. Davis")

-
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/erz[aUe Lot - UFWJ or M

(digLL ic feature
surf_web 7 basic feature
\’_

ANDROID

surf_web -- redefined using firefox
skype -- new feature

T

IPHONE_6S SAMSUNG HTC
side sync - new feature | GALAXY_S6_EDGE GALAXY_S6_EDGE_PLUS | | HTC_ONE_A9 HTC_ONE_M9
> diol
— o .
sCreate _6S_PLUY} my_phone.make —> m)/_ﬂr g

~~—ea# oniy catl features defined in IOS on myPhone
——— dial, surf_web, facetime v three d_touch, skype)(‘

/{VLY/f}dS i 'ft"e_g’&(z(

rchga:k attached {SMART PHONE} my_phone as(sp Jhen _I_-r?—__
\_/—’
U‘[I"”__ can now call features defined in SMART PHONE on sp 109 )"1/ o
-—- dial, surf _web v facetime, three_d_ touc skype x —77

_ PLUS on ip6s_

us
A
-- dial, surf_web, facetime, three_d_touch v skype X M T‘%’MJ S
_end j./

\—

nd “ N S/
fiheck attached({ IPHONE_6S_PLUS} my_phone a 18) then ;§7
7 } 1

—-— can now call features defined in IPHONE_65




ﬁmgﬂwe o8t Moy Tl ot Duntme

Syt -- redefined using firefox
skype /- new feature

( { IPHONE_6S IPHONE_6S_PLUS N
cg) S

/\ three_d_touch -- new feature /

/-: —
Z——" N\
ALAXY_S6_ /’

"/,, E\\\})\
)
“‘\//

"/check attached {SMART PHONE} mine as sp then ... end /
-— ST of sp is SMART_PHONE; DT of sp is SAMSUNG > /-——C. f‘e
“check attached {SAMSUNG} mine as sams en . end

-— ST of samsung is SAMSNG; DT samsung 1s SAMSUNG
l/checklattached {HTC} mine as then ... end
-— Compiles * HIC is descendant of mine’s ST (ANDROID)




O
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©

local b: B ; d: D '

do

create@b.make
? check a ched {D}@as temp then d := temp end

end

&;m}ﬂle /
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Ty(ﬂz lelec/a?néé Bales (2>

s SMS

ﬁd _ (i TureR): GogsaT
do
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Ty lhedirg Bdles ) s SMS
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G
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ES‘TUDEN

has/statjc typ tudent
. = K —
:=(:;§ gend ‘g( \Q’UD

e

) do ss[0] := nrs end SS[(j

test_polymorphism_feature_ arguments -
local s
@ 2, 33=@ S8 TSS toumt]
RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT
sms: STUDENT MANAGEMENIT SYSTEM
do
->create sms.make = /Zg
create {STUDENT} sl.make ("s1") rS
create {RESIDENT_STUDENT} sZ2.make ("s2") /
create {NON_RESIDENT_ STUDENT} s3.make ("53")3/
~>create {RESIDENT STUDENT} rs.make ("rs")
create {NON_RESIPENT SLUDENT} nrs.make ("nrs") S

G, oo pt B
: =t PG T TA . RS/_
o s (@ y o8 Mb@g\ (R 2N
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get _ a1 Tuwar): GroswaT
do
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—> sms:
do

\> 1
S| T do
S —>students.extend (s)
@)) -J end
S \ €@ ;

— ""’z — YYSTIN mreglsterAll; (c: COURSE)
|test_sms_polymorphism: M — Y a
Y local do et @D

—=>rs: RESIDENT_STUDENT across | S 3

_> nrs: NON_RESIDENT_STUDENT U/f)students as s |

~> 2 é//

STUDENT_MANAGEMENT _SYSTEM w)(_ s, 1tem?@ (c)

‘c

lass STUDENT MANAGEMENT S TM
;.INKED_LIST
add_student (s: STUDEN

=N :/_" ?,
/‘\, student g

— create rs.make ("Jim")
rs.set_pr (1.5 L S(/ end & ST S‘VO/Q:P
= create nrs.mdke ("Jeremy") 1 epﬂdk/g = O/P(\/NPS
nrs.set_dr (0.5) ,#S’S g?""dg) ,
>create sms.make D“ C gﬁ’?/ ! SIUW:T ]m"
/ \9' VO af?fﬁﬂ
sms.add_s (nrs)
>create c.make ("EECS3311", 77‘,/ D/V
;;gg;ster al@ Gl 75“\77%/’«
.QResult = sms. s tuition =\"750 )and ‘sms. s tu.7_t10n 250>
end —




buler
I’/QO\WV@ &\“ /Ketmm /Valme class STUDENT_MANAGEMBNT SYSTEM f

—>SS

do

end

7@/&/

test_sms_polymorphism: BOOLEAN
local

: LINKED LIST [(ETUDEQT]
add_s

(s: STUDENT

ss.extend

—>get_student (1i:

(s)

rs: RESIDENT _STUDENT ; nrs: NON_RESIDENT STUDENT

c: COURSE ; sms: STUDENT_ MANAGEMENT SYSTEM

do
create rs.make ("Jim") ; rs.set_pr (1.5)
create gzg.make ("Jeremy") ; nrs.set_dr (0.5)
create Eﬁﬁimake ; sms.add_s (rs) ; sms.add_s (nrs)
create c.make ("EECS3311", 500) ; sms.,register_all (c
oAt ( ’ ) g —S_‘eg T)‘j (c)

enEl@ ) uition = 750 5 AS

0. Tl Vs ap T

c M. tuition = 250 &
lend

’ M
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class BOOK

names: ARRAY |[STRING]
records: ARRAY [ANY]
—— Create an empty book

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

—— Return the recor ociated with a given name
get (name: STRING) do ... end

end

ONO O WN =

N

birthday: DATE; phone_number: STRING
b: BOOK; 1is_wednesday: BOOLEAN
create {BOOK} b.make

phone _number := "416-677-1010"

b.add ("SuYeon", phone_ number)

2 25 e - A
1s_wednesday (@) 'Yuna" week(|3
2 N
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class@OK i
names: Y[STR ]

G
records: ARRAY |§EY D
—— Create an empty book

make do ... end
—— Add a name-record palir to_the book
add (name: STRING; record: ) do ... end

—— Return the recorgs=ss

@ (name: STRING)

ena

——
(\@m‘ ... end

yocliated with a given name

N

birthday:@phone_number: STRING Cr}/({go/lﬂ}

b: BOOK; 1is_wédnesday: BOOLEAN E? Q{
create {BOOK} b.make j

phone_numb = "416-677=1010"
create {DATE} birthda (
b.add ("Yunay, (ki ) 28/

is_wednesday :

OONOOTR~WODN —
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Geeae Bk @.aab(f"-~'§ }7/‘>

class BOO Y_Zﬁ]f_?_ J, p
names: ST G] _
: ARRAY @QZL.%g;ﬁ

make do ... end

@ (name: STRING; record:
Return the record associat

(name: STRING) @

en

/* Add a name-record pair to Lie

(%)
%

end
' th a glven

ZH/

¢ WW(

me

k/))

birthd

9create BO [DATE] b.make
hone_number = "416-67- 0 ALA

"

; phone_numben:

; 1s_wednesday:

édd )("SuYeon", (J)\)

L ©- Bodl

) oet day_of_week
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IAQJravt{:&tr“«tg, glell@v’((‘, %«é‘«we’ce S
Say the supplier provides a generic DICTIONARY class:

claséCTIONAR @] -— V type of values; K type of keys
(dd en\t) @) do ... end
remove_ entry (k: K) do ... end
end
Cllents/se—afeﬁow , |th difte Jegrees of instantiations:

@ 'DICTIONARY[{
end

- —7
e.g., Declaring (Qarasse_rasre/INTEGER), (STRING) |instantiates

DICTIONARY[STRING, INTEGER] |

class GTUDENT_BOOK {2
imp: DICTIONARY [(&)

end

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

)af 1
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Type parameterization Type parameterization

LIST OF
OURNAL

pecialization



oite 6 Tnhey (2

Inheritance

/ A \ Inhen:ta-nce and

T Generalization genericily

“CHAIN [T@- -------- L
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class RECTANGLE
feature —— Queries
width, height: REAL| |C12SS TREE[G] ,
— Queries
xpos, ypos: REAL
feature - Commands IREE[G]
: LIST[TREE[G]]
make (w, h: REAL)
change width feature -~ Commands
change—hei e dd_childy(c: TREE[G])
ge— g end
move
end
class WINDOW g#gﬁg;ujM?&} BOOLEAN
. . local wl, w2, w3, w4: WINDOW
inherit do
RECTANGLE
—>create wl.make(8, 6) i &reate w2.make(4, 3)
TREE [ WINDOW] \ _—
— : make(l, 1) ;_ereate w4. 1, 1
SentuEe ; (wi) 2add w2) ; (wd). add
add (w: WINDOW) ! ’ ! )
end 7= wl.descendants.count =
end //
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COMPOSITE [
feature
children: LINKED_LIST[T]

T]

add_child (c: T)
do
children.extend (c) —— Polymorphism

price: REAL —-- uniform access principle end
end P — L

clas inherT
~. CARD EQUIPMENT
in;;zit COMPOSITE [EQUIPMENT]
EQUIPMENT create
feature make
make (n: STRING; p: REAL) feature
make (n: STRING)
do do name := n ; create children.make end
SE price : REAL - price 1s a query
price := p -- price 1s an attribute -— Sum the net prices of all sub—-equipments
end do
end across
children as cursor
loop
Result := Result + cursor.item.price —- dynamic binding
end
end

end




= CARD
Eshvl/d‘ e [OMVOQE%@ %ﬁct@m | CARD
- l inherit
< EQUIPMENT
test_composite_equipment: BOOLEAN feature
local
card, drive: EQUIPMENT make (n: STRING; p: REAL)
cabinet: CABINET -- holds a CHASSIS
chassis: CHASSIS —— contains a BUS and ISK DRIVE
bus: BUS -- holds a CARD -— price 1is
do
~»create {CARD) card.make("1§MD§.IQK£Q.B£2§":<Zi}

~—» create {DISK DRIVE} drive.make("500 GB harddrive",

create bus.make("MCA Bus")
cre C ; "PC Chassis"
e cabinet.make Cablnet"

V: CYE%T
CALMdf }7’

bus.add(car
chassis.add

chassis.add(drive
inet.a chas ( '((\p
= = 700
end
— 1Y~ |[ABIKEL >
Ll
[ 2
c

L

Cox 70(‘7

class

&

class
COMPOSITE_EQUIPMENT
inherit
EQUIPMENT
COMPOSITE [EQUIPMENT]
create
make@
(n: “STRING)
o name := n ; create children.make end|
pricef: REAL —- price 1is a query
—— Sum the net prices of all sub-equifp
do 1. bug.pree
across
children as cursor
loop
[Result := Result + .price
end
end CSZP

—
end
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accept(v: VISITOR accept(v: VISITOR[+))
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494

m e

(5 CONSTANT)+ ‘ visit_constant(c: CONSTAN

Ztvisit_ addmo

: ADDITION Isll‘ addmon( :

How 10 Vg Vo va«ef/;owl o e
test_expression_evaluation: BOOLE@ [#‘/Mé/ﬁ"ﬁ B/‘
:.local dd, cl, cz: ]EXPRESSIOa VISITOR

GJ’)(J‘I-#(.»JI\)—L

7 U

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

10 end

11 end [\}
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1 test_expresgion evaluation: BOOLEAN

2 localcl, c2: EXPRESSION ; v: VISITOR

3 do

4 reate ; create {CONSTA —e2-make )

5 e_(cl, c2)
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CHOICE
SRC STATE

1 (Initial)

2 (Flight Enquiry)
3 (Seat Enquiry)
4 (Reservation)
5 (Confirmation)
6 (Final)
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—)Read user’s answer for current paned
5Read user’s choice for next step
e if wrong answer or wrong choice then

Output error messages
end
end
Process user’s answer
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transition fsrc) INTEGER; choice: INTEGER):@TEG?
rom SIrc stateg.

—-— Return s¥ate by taking transition ’‘choice’
require valid_source_state:@ < src <(6
27 . ,
Valld_ch01ce:®s choice <
ensurezvalid_target_state: 1) £ Result S@

i Q > s 2
of. bass BT s E%][Z]ﬁ i
1 oSt (352) T
Taston Thle K- é]«w% Topbmotots/

CHOICE choice
1®|%)
SRC STATE ! 2 3
— /\Q 6 5 2
1 (Initial) 652
(Flight Enquiry) -11/83 2 1 3
Seat Enquiry) - @@ I 2 4
4 (Reservation) — 5 4 3 5
_—
5 (Confirmation) -4 |1 5 4 1
6 (Final) — == )
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Level
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Level 1 — /Y )
> display ( read') %recy\c\@sage_/ ~process
~ -




%d}ﬂ of & Hewaston fpgen: epol Atenpt

£ //”"\\
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'
LeveI ~ »
< E ( is_ﬁg :>
/
Level 1
L~
q= ecute/session display read correct message process
~——_>7Lxecute a full interd
loc
urrent_-state , )choice: INTEGER
do -
T %l
from L P! /.m%:/J?‘
current_state := initial ue ¥ -
AN - £
until- & ot & A J@f€ {aﬁc /
HISGs_final | ,ﬁn fﬁoy 7
do
Neurrent state, @)
end
end
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ew_( current_state : INTEGER): INTEGER
—— Handle interaction at the current state.
—-— Return user’s exit choice

local . __C(]__SCi ﬂ*""e"f:— Safp Lp

answer: ANSWER; valid _answer: BOOLEAN; choice: INTEGER

> AR L

until

valid _answer
do

answer =

choice

)
( current_state )
( current_state )

valid _answer
if not valid an

.\"/T.t\)\/(\)

?{ current_sf te , answer)
swer essagi current_state , answer)

end s
process)( current-state , answer)
Res .= choice Level 3 execute_
d : session
en

Level 2

initial is_final

transition\(\ %

( ispl; re cg@()( messa C
\ N—
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display(current_state: INTEGER)
require
valid_state: 1 < current_state < 6
do
if current_state = 1 then

elseif current _state = 2 then

—— Display Initial Panel

—— Display Flight Enquiry Panel

else Level 3 execute_
, , session
—— Display
end
end

Level 2 ﬂ\

initial transition

execute _
state

is_final

Level 1 %

display read correct

message

process
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r (4)_ 3) .
3_Seat_Enquiry.panel: Reservation Seat Enquiry

/_\ from

Display Seat Enquiry Panel

1 until
’ not (wrong answer or wrong choice)
2 do

Read user’s answer for current panel
Read user’s choice for next step

- if wrong answer or wrong choice then
4 Output error messages

’ end
5. end

Process user’s answer

6. case in

2: goto 2 Flight_Enquiry_panel
3: goto 4_Reservation_panel
end
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session CONFIRMATION

SIS I S — '
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APPLICATION

=

dispia
correci
process>
rmessagi

state_implementations

(2)
Flight Enquiry

3)
Seat Enquiry

(4)

Reservation

s: STAT.
creaté {SEAT_ENQUIRY} s.make
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deferred class STATE
read
—-— Read user’s inputs
-— Set ’“answer’ and ’choice’
deferred end
answer: ANSWER
—-— Answer for current state
choice: INTEGER
—— Choice for next step
display
-— Display current state
deferred end
correct: BOOLEAN

d ed end
‘processi

(cequize correct]

deferred en ~
message |

reggire[not correct ’
deferred end

STATE

SEAT_ENQUIRY} s.make
Sar¢

create({CONFIRMATION} .make

sS.execute

execute
local
good: BOOLEAN

choica

good .= _correct
if ot good %hen

(messagel

end
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class APPLICATION create make
feature {NONE} - Implementat
transition: ARRAYZ|[INTEGER]
State transitions:

states: ARRAY[STATE]

ion

transition/[state, choice]

—-— State for each index, constrained by size of
feature
initial: INTEGER
number_of_states: INTEGER
number._of_choices: INTEGER
make (n, m: INTEGER)
do number_of_states := n
number._of_choices := m
create transition.make filled(0, n, m)

create states.make_empty
end
feature

put_state(s: STATE; index: INTEGER)
require 1 < index < number_of_states
do states.force(s, index) end

choose_initial (index: INTEGER)
require 1 < index < number_of_states
do initial := index end

put_transition(tar, src, choice: INTEGER)

require
1 £ src £ number_of_states
1 £ tar £ number_of_states
1 < choice < number_of_choices

do
transition.put(tar, src, choice)

end

invariant

transition.height = number_of_states

transition.width = number_-of-choices

of T‘rrj;jsirion GI:TY oh MM@MWMA %d‘llﬁ,

‘transitio
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test_application: BOOLEAN

local
~>app: APPLICATION ; current_state: |STATE|; index: INTEGER
do

2

—> create app.make ((é), € # &
—> app.put_state (create {INITIAL}.make,@

—-— Similarly for other 5 states.
—>app.choose_initial

—— Transit to FINAL given current state INITIAL and choice
> app.put_transition (6, 1, 1)
—-— Similarly for other 10 transitions.

—> index :=

(2)
Flight Enquiry

3)

Seat Enquiry

current_state := app.states [index]

Result := attached {INITIAL} current_state
check Result end > [l SGfP- E,%
t

—o Say user’s choice is 3: transi m INITIAL to FLIGHT_STATUS

I index := app.transition.item 2 3
current_state := (app.states 6 5 2
—=Result := attached [F \current_state J/ Iﬁ/ 2 1 3
end <& vyout_ Set@. al {
e -éVL JZ, _\/ state 2 4
— 4 3 5
5 4 1
é S APPLICATION
Q wt_ €18 ]4 () transition: ARRAY2[INTEGER] 1 e 3 4 5 6
W" }7 < states: ARRAY[STATE] app-states ) | | [

9 —
Sre afk Mt

ﬂ/7)7- }mt ticqs (g X s¢,>

¥ V&‘" f-/j%ﬁ

-

FINAL
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app

—

APPLICATION

transition: ARRAY2[INTEGER]

choice

HWIN| =W,
=y dWIN|w

app.states

states: ARRAY[STATE]

feature
execute_session
local
current_state: STATE
index: INTEGER
do
from
index := initial
until
is_final (index)
loop
current_state := states[index] ——- polymorphism
current_state.execute -- dynamic binding
index := transition.item (index, current_state.choice)
end
end
end

FINAL
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my_phoneASMART PHONE

r

PHONE_USER )| (" e

vS S -

X )
( SMARTTPHONV
get reminders: LIST[EVENT]
require_??
kensur v y
A
S=v
a )

IPHONE 6S_PLUS

get reminders: LIST[EVENT]
C e RISE 27
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( PHONE USER )

o i

my_phone

tny phone: SMART PHONE

Treand1S

-
(__sMART PHONE”

(ymlm{ FJ/ND)(/ —

[PHONE 6S_PLU})

et reminders; EVENT]
require else ’

%ensure then(??
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class SMART PHONE Ua-'I’Z \
get_reminders: LISTTEVENTI \/([272, o.l8 a3
" require 0’5 N
g 7
— (o battery_l>efl 2@— 10% [/
re

) et : Y > A —
s ? Ve:Result | -e_p_g_p/\pen m%@ S o ” v

get_reminders: LIST[EVENT]

require else = fﬂ( 7
o battery_level 2% 7/0- ? @

I
V4
class IPHONE_6S_PLUS
inherit SMART PHONE redefine gef_reminders end

—
()
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class SMART_PHONE
get_reminders: LIST[EVENT]
require
a: battery;levellz 0.1,—— 10%
ensure
B: Ve:Result | e happens today

end

class IPHONE_6S_PLUS
inherit SMART PHONE redefine get_reminders end
get_reminders: LIST[EVENT]

require else E
v: battery_level|> 0.05)—— 5%

ensure then é7%4
d: Ve:Result | e happens today between 9am and 5pm

end
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class@
inherit~F 0O edefiend
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class(EE;)
f

do .

endC::D

end

é

class BAR
inherit FOO redefine f end
f
do ...
ensure then\y
end
end

Tue A el =

b BAR
bt — L =CD)
P Wk
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class BAR

inherit FOO redefine_ﬁ_end
r

do ...
end
end

[
At watie: [—m ﬁt" legrzp Blp
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e L r




/.fwwcb Ho- Vec’a«atfbft M&aéz Todt- z)o«w(w # 'Vescw/mb

class FOO
f
do ...

lensure ~
original _pos @
end —

end

class BAR
inherit_EQQ_redefiné;E)end
&
a0 ...
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e ——
[ CFORECASTs/

~

feature

display *
nd display the latest data.

18/ weather_data ‘ REAL J

_
/ C_WEATHER DATA+) ]}'ﬁ —— -

emperature: REAL ( CURRENT_CONDITIONS+

umidity: REAL
pressure: REAL
feature
display +

orrect_limits Qm: BOOLEAN
-- Are current data within legal limits? . .

¢ & -- Retrieve and display the latest data.
temperature: REAL

invariant
khumidiry: REAL

correct_limits (temperature, humidity, pressuure)

r

STATISTICS+

weather_data

feature

-- Retrieve and display the latest data.
temperature; REAL
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class WEATHER DATA create make
fe Data
temperature: REAL

class FORECAST create make

feature - Attr es
current_pressure: REAL
last_pressure: REAL
weather_data: WEATHER DATA

feature - C
make (wd: WEATHER _DATA)

ensure weather_data a-weather_data
update
do last_pressure

current_pressure

current_pressure
weather data.pressure

en
displ

humidity: REAL

Wre: RE

=
/c1ass CURRENIT_CONDITIONS create make

feature Attributes
temperature: REAL
humidity: REAL
weather_dat WEATHER DATA
feature —- ¢ I

»make (wd: WEATHE.
ensure weather_data = wd
update
do temperature := weather data.temperature
humidity := (weather_ data.humidity
end
display
o

feature - Qua
correct_Ilimits(t,p,h: REAL): BOOLEAN
ensure
Result implies -36 <=t and t <= 60
Result implies 50 <= p and p <= 110
Result implies 0.8 <= h and h <= 100
feature - Commands
make (t, p, h: REAL)
require
correct_limits (temperature, pressure, humidity)
ensure
temperature = t and pressure = p and humidity = h
invariant

correct_limits (temperature, pressure, humidity)

end

class STATISTICS create make
feature Attributes
weather data: WEATHER DATA

current_temp: REAL

max, min, sum_so_far: REAL
num_readings: INTEGER
feature - ok}

make (wd: WEATHER_DATA)
ensure weather_data
update

do current_temp

a-weather_data

= weather_ data.temperature




oother St - Test%r I Tt

class @THER_STATIOD create make

feature Attributes ¢~ v v
cc: CURRENT CONDITIONS ; _fd: FORECAST ; sd: STATISTICS

wd: WEATHER DATA

feature

make
doéereate wd.make
~Fcreate cc.make (

—-— Commands

13,
@ ; create fd make (wd) ; create &make(wd}

G set_measurem 5, 60, 30.4)

' fd.dl:spla ; sd.djfs la o M o
cc.display ; fd.display ; (sd.display V
- - - ,qée YA Ps
wd.set_measurements (11, 90, 20) ‘1/
cc.display ; fd.display ; sd.display ae rég

end

kg

"/’/"ﬁv

Cuﬂ_tbuv

(_> e pavrbnt

clas
feature - =TC >
current_pressure:
last_pressure: REAL
weather data: WEATHER DATA
feature Commands
EDMake (Wi ER T HER=DAFA ) ‘.14
ensure lwe;ath&daﬁ } =w==therdatx
update
ast_pressure :
current_pressure

urrent_pressure
weather _data.pressure

T _CONDITIONS Qgreate make
feature - Attributes

temperature: REAL
humidity: REAL
weather_data: WEATHER DATA
feature -~ Commands
make (wd: WEATHER_DATA)
ensure weather._data

update
ds m e := weather_data.temperature
umidity :=

weather data.humidity
end

do E%-%date )

wd

>

WedHeR 40
()

/V

()

WEA._Tam

Fopel 06T
/ m_mm
Gt
/

qrics
W& 7am

class STATISTICS create make
feature - Attribut
weather_data:
current_temp: REAL
max, min, sum_so_far:
num_readings: INTEGER
feature - Commands
make (wd: WEATHER DATA)
ensure weather data
update

do current_temp

es
WEATHER DATA

REAL

a-weather_data

weather data.temperature

—-— Update min, max if
end

display

do update

necessary.
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subjects

[ CsuBkcty” )

feature -- { NONE }

notify +

ensure

\_

observers: LISTTOBSERVER]
feature -- { OBSERVER }

-- Notify an update to observers

Yo : observers : o.update_to_date_with_subject

N

N o - - -

>

attach, detach

L el

[ COBSERVER®) ]

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

feature -- { SUBJECT }

—» up_to_date_with_subject: BOOLEAN *
-- Is current observer up to date with

-- the latest state of the subject?

> oo

~_ ________ -———-———-———'

- Ee s Ee Ee o Em Em o Em Em Em Em o s P

U



c N
/ (_ OBSERVER* Y
: f (SUBJECT}
o
L atiach, detach : - RedCt to a update.

feature -- { SUBJECT }

1
1
1
1
1
1
-- Notify an update to observers 1 . . 1
ensure 1 1 up_to_date_with_subject: BOOLEAN * 1
Yo :observers : o.update_to_date_withSubject 1 ! - :; C:’r:elltt (t)btser\;etrhup “'; fia‘:) with 1
1 -- the latest state of the subject? 1
1
N J ' \_ _J .
X ' S A » |
1 ! 1
—————— 1 ! 1
N ! X :
! 1
WEATHER DATA+) |\! ! !
— — X ,
temperature: REAL 1 ‘
humidity: REAL "e_‘\% .
pressure: REAL ,é e %\ ——
correct_limits (t, p, h): BOOLEAN ! ﬂ //// ~ \M:} o \ // N
-- Are current data within legal limits? ! ’\(\( ) L, + . ") \\ \
invariant ! \\\ : ////' RNT—CONDIT 0~ = 7
%_Iimim(temperature, humidity, pres ,' = i/ ‘ = — _ ,
\ A . ’
- - - - - --./---’ ~~ ----------------- -7
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N

(°  WEATHER_DATA4/ )

Tesap/L
d

temperamreREAL__——— /"

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

correct_limits (temperature, humidity, pressuure)

weather_data

( (' FORECAST+

/ )

current_pressure: REAL
last_pressure: REAL

fea = /
displqy +
-- feve and display the latest data.

J

CURRENT_CONDITIONS+ )

display +
-- Retrieve and display the latest data.

temperature: REAL

\Juunidiry: REAL

e

_J/

’ ( STATISTIC

—_
S+

feature

display +

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

\ )
e

_J
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subjects observers
Y m E E e e E, e, _,_,_,E_—E—-———— mmememememememmmmm———— === = -
’ ~
4 AY

1 y 4 \
1 SUBJECT+ OBSERVER* 1
1 1
1 feature -- { feature SUBJECT } 1
! observer_ LIST[OBSERVER] SULLILYE !
1 feature -- { OB ) == React to a update. 1
1 notify + 1
1 --bNotify an update to observers feature -- { SUBJECT } I
1 ensure 1 1 up_to_date_with_subject: BOOLEAN * 1
1 Yo : observers : o.update_to_date_with_subject 1 ! - {; Clllrtrentt (t)btservfetrhup t(l; ,d"“; with 1
1 1 -- the latest state of the subject? 1
- J . W, .
1 1 1 1
1 ] 1 1
I ] 1 1
1 ~ ! 1
1

' WEATHER_DATA+ :

1

' temperature: REAL !

' humidity: REAL !

' pressure: REAL !

' correct_limits (t, p, h): BOOLEAN !

' -- Are current data within legal limits? !

\ invariant !

\ correct_limits (temperature, humidity, pressuure) ,'

« J,

~ -

- - - -




class SUBJECT create make
feature - Attributes

Iay]ww% Ueathw btk - Jec‘o

observers : LIST[OBSERVER]
feature - Commands
make
do create {LINKED_LIST|[OBSERVER]} observers.make
ensure no_observers: observers.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
feature -- invoked by a SUBJECT

notify -- Notify each attached observer

do across observers as cursor loop
ensure all views_ updated:

across observers as o all o.item.up_

class WEATHER DATA
inherit SUBJECT rename make as make_subject end
create make

feature -- data available to observers
temperature: REAL
humidity: REAL
pressure: REAL
correct_limits(t,p,h: REAL): BOOLEAN
feature - Initialization
make (t, p, h: REAL)
do
make_subject -- initialize empty observers
set_measurements (t, p, h)
end 4.
feature - Called by weather station ﬂd*‘

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

end

end
end
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end
feature - Queries
up_to_date_with_subject: BOOLEAN
— ensure then
Result = current_pressure = weather_data.pressure
de ass
update
OBSERVER do —— as 1 on demand
Eﬁre —-— To be effected by a descendant end
up_to_date_with_subject: BOOLEAN
-— Is this observer up to date with its subject? zi:::iEUgg};Z;;;gNDIHONS
deferred feature - ands
end make (a_weather._data: WEATHER DATA)
do weather_data := a_weather_data
weather_.data.attach (Current)
update ensure weather_data = a_weather _data
—-— Update the observer’s view of ‘s’ weather.data.observers.has (Current)
deferred end
feature Que
ensure up_to_date_with_subject: BOOLEAN
up_to_date_with_subject: up_to_date_with_subject ensure then Result = temperature = weather_data.temperature and|
end humidity = weather_data.humidity
update
end pdo Same as Ist Called only on demand
end

eather._data

WEATHER_DATA)
1= a_weather data

ensure weather data

weather_data.attach (Current)

—tm s a8 e—

a _weather data
weather_data.observers.has (Current)

class STATISTICS
inherit OBSERVER

feature -- Commands
make (a_weather_data: WEATHER _DATA)
do weather_data := a weather data

weather_data.attach (Current)

weather_data.observers.has
end
feature - Queries
up_to_date with subject: BOOLEAN
ensure then

update
do

—end

ensure weather_data = a weather_data

Result = current_temperature = weather_data.temperature

(Current)
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N J

L

clasé\@fxTHER STATI_y create make
feature - Attributés
—=>cC: CURRENT _CONDITIONS
’9Wd: WEATHER_DATA
feature - Commands

fd FORECAST

’

st

’

sd STATISTICS

Vclass FORECAST

inherit OBSERVER
feature - Commands
make (a_weather._data:
do weather data
weather_data.attach (Current)
ensure weather_data a_weather_data
weather_data.observers.has (Current)

TR

WEATHER_DATA)
a_weather_data

end

C

—_—
1ass§CURREN:LCONDIHON9

wol

i EATHER _DATA)

inherit OBSERVER
feature - Commands
make ( guweath
e
weather ddita = —dlata
weatirer—datd.attach (Currgm‘;)
er_data a_. T_data
weather_data.observers.has (Current)

egd

make&
do¥¥reate wd. mak
g[create (cc)make ( dp ; create fd.make (wd) ; create sd.make(wd
wd. se asurements (15, 60, 30.4) [J,
d:not1f> >
c displa ; fd.display ; sd.display (0(\,
ecc display ; fd.display ; sd.display (J {{l
ewd set_mea ements (11, 90, 20) w ‘
ST %
cc.displ@y ; fd.display ; sd.display
end
end
U
T (R_Bwp ¢
SR |~ | et
T s
Wy | ¢ | KA
Z T

HOST

7 | ¥

lass STATISTICS
inherit OBSERVER
feature - Commands
make (a_weather_data:
do weather_ data
weather_data.attach (Current)
= a_weather_data

WEATHER _DATA)
a weather. data

ensure weather_data =
weather_data.observers.has (Current)

end

N

Geened
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N
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néut)
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public class( eatherStatiod {

public static yoid main(String[] args) {
~—7 WeatherData @= new WeatherData (5 @, (25);

CurrentConditions ‘— new CurrentCondit:.ons();

System.out. prlntln("=======
- wd.setMeasurements
cc.display();
System.out.println("=======");
wd. setMeasurements » 90, 20);
cc.display();
} o}

W— @c/ \
wd [t 7% (B
74
|

ThandC-. on __ T2m,

fatowé

h
public clas&gurrentConditi s |

private double temperature; private double humidity;

public void updateTemperature (double t) { temperature = t;
public void upd idity(double h) { humidity = h; }
public rrentConditions{) {

MethodHandles.Lookup lookup = MethodHandles.lookup();
t {
MethodHandle lookup. findVirtual (
this.getClass (), "updateTemperature",
MethodType.methodType (void.class, double.class@
;

WeatherData. ngeOnTemperature (subscribe (this,
MethodHandl = lookup.findVirtual (
‘ this.getClas$(), "updateHumidity",

MethodType.methodType (void.class, double.class));
WeatherData.changeOnHumidity (subséribe (this, uh);

} catch (Exception e) { e.printStackTrace(); }

U

public void display() {
System.out.println("Temperature: " + temperature);
System.out.println("Humidity: " + humidity); } }

}

WLH‘ 1\
public class Event |{ ’

Hashtable<Object, MethodHandle> listenersActions;
Event () { listenersActions = new Hashtable<>(); }
void (subscribe (Object listener, MethodHandle action) {
listenersActions.put( listener , action);
}
void publish(Object arg) {
for (Object listener : listenersActions.keySet()) {

MethodHandle action = listenersActions.get (listener);

try {
action .invokeWithArguments( listener , arg);
} catch (Throwable e) { }
}
}
}

public
public

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

public = new Event();

= new Event();

= new Event();

public void setMeasurements (double t, double h, double p)
temperature = t;
humidity = h;

re

I

changeOnTemperatu .publish}t re)

> changeOnHumidity .publish

,.a changeOnPressure .publish(pressure);
) ~————

}

umidity) ;
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class CURRENT _CONDITIONS
class WEATHER STATION create make create make
feature feature - Initialization
make (wd: WEATHER _DATA)
cc: CURRENT _CONDITIONS do
make —> wd.change_on_temperature.[gubscrib
do create wd.make (9, 75, 25) wd.change_on_temperature. subscribé
create (cc.make (wd) end
wd . set.measurements (15, 60, 30.4) feature
cc.display temperature: REAL
wd.set_measurements (11, 90, 20) humidity: REAL
cc.display —->update_temperature (t: REAL) do temperature := t end
end update_humidity (h: REAL) do humidity := h end
displ do ... end
end LopLdy
end

class({ WEATHER_DA 9/
create make '

class EVENT [ARGUMENTS —> TUPLE ] sl M
create _make temperature: REAL ; humidity: REAL ; pressure: REAL

feature —- Tnitialization correct_1limits(t,p,h: REAL): BOOLEAN do ... end 09’{

o>
. W n
actions: LINKED_LIST[PROCEDURE [ARGUMENTS] ] make (t, p, h: REAL) do ... end whea Yo o ’f‘r:{ﬂj 0%

cé. ‘.
. feature -- Event for data changes -

make do create actions.make end v vent te ata changz ﬂf
]Jonce create Result end

fe change_-on_-temperature : EVENT |@H@
subscribe fan_action: |PROCEDURE [ARGUMENTS]) change-on-humidity) : EVENT[TUP ]Jonce create Result end

require action not_already_subscribed: not actions.}n‘: change_on_pressure : EVENT[TUPLE [REAL]]once create Result end

do actions.extend (an_action)

’ : ) ) feature Command
ensure action_subscribed: action.has(an_action) end set_measurements (t, p, h: REAL)
publish (args: G) require correct_limits(t,p,h)
do from actions.start until actions.after do temperature := t ; pressure := p ; humidity := h
loop actions.item.call (args) ; actions.forth end change_on_temperature .publish (@t@)

end

change_on_pressure .publish

end change_-on-humidity .publish %)
pd)p

end
invariant correct_limits(temperature, pressure, humidity) end
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public class WeatherStation {
public static void main(String[] args) {
WeatherData wd = new WeatherData (9, 75, 25);
CurrentConditions (cc new CurrentConditions();
System.out.println("

wd.setMeasurements (15, 60, 30.4);

cc.display(); :'
System.out.println("=======");

wd. setMeasurements (11, 90, 20);

cc.display();
} o}

public class CurrentConditions {
private double temperature; private double humidity;
public void updateTemperature (double t) { temperature
public void updateHumidity(double h) { humidity = h; }
public CurrentConditions() {
MethodHandles.Lookup lookup
try f{
MethodHandle ut
this.getClass (),
MethodType.methodType (void.class,
WeatherData.changeOnTemperature {subscribe (this,
MethodHandle uh lookup. findVirtual (
this.getClass (), "updateHumidity",
MethodType.methodType (void.class,
WeatherData.changeOnHumidity (subscribe (this,
} catch (Exception e) { e.printStackTrace(); }
}
public void display()
System.out.println("Temperature: " + temperature);
System.out.println("Humidity: " + humidity); } }

t;

MethodHandles.lookup();

lookup. findVirtual (
"updateTemperature",
double.class));
ut);

double.class));
uh) ;

}

public class Event {
Hashtable<Object, MethodHandle> listenersActions;
Event () { listenersActions new Hashtable<>(); }
void (subscribe (Object listener, MethodHandle action) {
listenersActions.put( listener , action);
}
void (publish (Object arg) {
for (Object listener : listenersActions.keySet()) {
MethodHandle action listenersActions.get (listener);
try {
action .invokeWithArguments( listener ,
} catch (Throwable e) { }

arg) ;

}

public class WeatherData {
private double temperature;
private double pressure;
private double humidity;

public WeatherData(double t, double p, double h) {
setMeasurements(t, h, p);

}

public static Event (changeOnTemperature = new Event();

public static Event (changeOnHumidity = new Event();

public static Event changeOnPressure = new Event();

public void setMeasurements (double t, double h, double p)

temperature
humidity = h;

pressure = p;

t;

changeOnTemperature .
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class\ WEATHER STATIO%atf make I
feature
cc: CURRENT_CONDITIONS J:F:F/r@
make
do create make (9, 75, 25)

~> create (ccl. make (wd)
—?y_c_l.set.measurements (}_5, iO,

30.4) ' feature
20)

class CURRENT_CONDITIONS
create make

fea —-— Initialization
make (wd: WEATHER DATA) *
do
wd.change_onX
wd. change on_ t:empei.jf-aﬂ:e

end M-'r \’y

(agent update_ temperature)
(agent update_humidity)

cc.display temperature: REAL
wd. set_measurements (11, 90, humidit
cc.display —+=fupdate_tem f— do temperature := t end
end ,? update_humidity : do humidity := h end
display do ... end
end i
—
class\m@éjHER_DA{é)
create make
clas EVEN, [ARGUMENT —-> TUPLE ] feature - Measurements
create m U Bﬁ _tmf"* "Nt ~Ptemperature: REAL shumidity: REAL sgppressure: REAL
feature —— Imualuauon correct_limitq(t,p,h: REAL): BOOLEAN do ... end [,EE
actions: LINKED_LIST [PROCEDURE [ARGUMENTS] ] make (t, p, h: REAL) do ... end aryg 7(”
feature -- Event for data changes

make do create actions.make end
feature

subscribe (an_action: PROCEDURE [ARGUMENTS])

require action_not_already_subscribed: not actions.h(l‘

reate Result end

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

—->change_on_pressure : EVENT[TUPLE [REAL] Jonce create Result end

do actions.extend (an_action) feature Command
ensure action_subscribed: action.has(an_action) end set_measurements (t, p, h: REAL)
publish (args: G) t require correct_limits(t,p,h)
| 77 do from actions.start until actions.after m do temperature := t ; press# . .= K
loop actions.item.call (args) ; actions.forth end ,ﬂlf gchange on._temperature/publish fj‘
end
end 4 change-on-humidity (.publish M

¥ . change_on_pressure

end
invariant correct_limits(temperature, pressure, huml it end
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class FOO
g%

require

INTEGER
increment_b
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7

do
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end

+ 9
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class FOO
1: INTEGER
increment_by_ 9

@? do' o +<§>

A - )

—_—

ensure
1€ (1)>) 13
end
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ass FOO _
711/: INTEGER {Q} S{R} = Q=wp(5,R)

increment_by 9
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class FOO
1: INTEGER

{Q) S{R} = Q= wp(S,R)

increment_by_ 9

require [ f'/z') > 4
‘;i > gj) 4

do e

Vi = i + 9 S
ensure

v 1 > 13

end
1EssB b e g 18

end
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Sinit

while (& B
Sbody
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invariant
*?invariant_tag:@

until
Vet
8)

end

variant_tag@-

Invariant
Violation

Variant
Violation
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test
local
i: INTEGER

fmm___‘
inwvaria
‘15<= i and 1 <—,

= 1>8 F
NS 258 F

25 i0.put_S2fhg Mt
+ 1
variant
na v ©_
end
FHeuwtion) |
F/P/H’/on Pl

6
¢ @

Loop
Invariant
Violation

Loop
Variant
Violation




test

1 <= 1 and 1 <= g

local
i: INTEGER
do
from
i:=1
invariant
until
i>5
loop
io.put_string
i :=1+1
variant
6 - 1
end

end

("iteration " + i.out



test

local
i: INTEGER
do
from
i :=1
invariant
1 <= 1 and 1 <= 6
until
i>5
loop
io.put_string ("iteration " + i.out
i :=1+1
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test
logél
dol .

INTEGER

from
i :=1
invariant

Loop
1 <= 1 and 1 <= 6
until

i>5

Invariant

Violation
loop
io.put_string
i :=1+1
variant
6 — 1
end

end

("iteration " + i.out

oot Udator - [¢T<&
b, Vsbean: $-T
~rg. Zna??uzlll : .0

Loop

Variant N
Violation
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find max (a: ARRAY [INTEGER]) :QI)TTEGEy
local i: INTEGER \vl- \ A IMQ/ < T T e A[—::l
do R - \‘}\’ L J
from =
—1i =@ ); Result :=(ali] T ,FPJV/(L
invariant N/ T
loop_invariant: -- YjLRJower <j S@o Result >\a[/] \ 2
across a.lower |..| s j all Result >= [j.item] end H ' _ ¢ [ %
uhtil 1 TS |- >
)1 > a. upper > ~ 0'4}/ Lo ée &W‘D’/P’m/ C& ﬁ[,]
loop A 7‘440 LomtaQ 724 o 70 3 azijJ
ﬂ-lf gthen Result := a [1] end
1 =17+ 1
varlant @ 20
—> loop_variant: a.upper - _ =< S
end A v{//ve/-f' u , ,‘-'J ~ 2 poXa
ensure &Q.:l
—> correct_result: —- Vj| <J< aupper o Result > a[j] 202 Al
> across a.lower |..| @.upper)as j all Result@ a [j.item] @ > TZ]
end
end AFTER ITERATION || i | Result || LI | EXIT (i > a.upper)? | LV
<
I Initialization 1 20 v X -
0-T|e i, ﬂ\st ® & © ® L
\Zg O © @ ® ®
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find_max (a: ARRAY [INTEGER]): INTEGER — X? VI/'IL 60\/ lo dO %0
local i: INTEGER C gA
do :: )
from I >O
G-:@ Result := al[i]
invarian —
—, loop_invariant: -- Vj|a.lower <j&) o Result > aj] V- < <\ O q
across a.lower |..| (i — 1) as j all Result >= a [j.item] end g) b
until 20 > A[J]
i > a.upper :
loop
if a [i] > Result then Result := a [i] end
i =1+ 1
variant
loop_variant: a.upper — i
end
ensure
correct_result: —- Vj|a.lower<j< a.upper e Result> a[j]
across a.lower |..| a.upper as j all Result >= a [j.item]
end
end AFTER ITERATION || i | Result || LI | EXIT (i > a.upper)? | LV
Initialization 1 20 v X -
1st 2| 20 |v x 2
2nd 3 20 v X 1
3rd 4 40 v X 0
4th ® 6 o o ( ]
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fro \

@ riant

unt11

loa@
90

o A loop i&&tially corre@
o Given precondition Q, the initialization step S establishes L/ 1.

e Atthe end og

(@} S

if not yet to exif, LLJ is maintained.

@)MB@@F

e If ready to exit and L/ / malntamed <postc\od|t|on Ris abllshed

L B+T

AB=R

o Aloop terminates if:
e Given L/ I, and not yet togxit, Shoay) Maintains\LV )V as non- negatlve.

BV 2 0)

i,

o Given L/, and not yet to exit,\Spoq) decrements |L

.{I/\ ﬂB} Sbody {V < VO}
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feature -- { NONE } —

LIST[OBSERVER]
feature -<{ OBSERVER }

—Dnotify +
-- Notify an update to observers
ensure
Yo : observers : o.update_to_date_with_subject

\_

g ﬁ SUBJECTT)) |

- - -

attach, detach

e el el S

observers

[ C_OBSERVER®)

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

feature -- { SUBJECT }
up_to_date_with_subject: BOOLEAN *
-- Is current observer up to date with

-- the latest state of the subject?
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/ [ C OBSERVER* )

’

~
~

\

{ OBS
< notify
;’- :onty an update to observers
efisure

\
( SUBJECT+ B

feature -- { NONE }
(observers LlST[

//ﬂ“

Yo : observers : o.update_to_date_w 11/1_3 Mbj( ct

\_ _J

lm

- - -

humidity: REAL
-- Are current data within legal limits?

EATHER_DATA+
pressure: REAL
invariant

-
4

f?ﬂﬂ’:er(llm'ei REAL /
correct_limits (t, p, h): BOOLEAN
correct_limits (temperature, humidity, pressuure)

observers

(ot

0]
DLwoSS obIBES
=8 o

feature --
update *
-- React to a update.

{ SUBJECT }

feature -- { SUBJECT }

the latest state of the subject?

Id$7 L

up_to_date_with_subject: BOOLEAN *
1 -- Is current observer up to date with

_J

2k wd oc%mh ( fwrert)

- NUj




class SUBJECT create make

Iay]wm%i AJeathw btk - Jec‘o

’.

feature - Attributes
observers : LIST[OBSERVER]
feature - Commands
make
do create {LINKED_LIST|[OBSERVER]} observers.make
ensure no._observers: observers.count = 0 end
feature -- Invoked by an OBSERVER
attach (o: OBSERVER) Add ‘o’ to the observers
require not_yet_attached: not observers.has (o)
ensure is_attached: observers.has (o) end
detach (o: OBSERVER) —-- Add ‘o’ to the observers
require currently attached: observers.has (o)
ensure is attached: not observers.has (o) end
feature -- invoked by a SUBJECT
notify —-- Notify each attached observer about the update.

do across observers as cursor loop cursor.item.update end
ensure all views_updated:
across observers as o all o.item.up_to_date _with_subject end]

class WEATHER DATA
inherit SUBJECT rename make as make_subject end
create make

feature -- data available to observers
temperature: REAL
humidity: REAL
pressure: REAL
correct_limits(t,p,h: REAL): BOOLEAN
feature - Initialization
make (t, p, h: REAL)
do
make_subject -- initialize empty observers
set_measurements (t, p, h)
end
feature - Called by weather station
set_measurements(t, p, h: REAL)

require correct_limits(t,p,h)
invariant

correct-limits (temperature, pressure,
end

humidity)

end
end
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EXPERSSION*

accept > VISITOR*

visit_constant(c: CONSTANT)*

accept(v: VISITOR)*

1

1

' @
'  visit_addition(a: ADDITION)*

1

1

1

1

E \
E PZ /

1

E(

l

( constant+ ) ( abpmon: ) MY EVALUATOR+ PRETTY PRINTER+ TYPE_CHECKER+
' visit_constant(c: CONSTANT) ISIf constant(c: CONSTANT)+ v:stt constant(c: CONSTANT)+
accept(v: VISITOR)+ accept(v: VISITOR)+ , visit_addition(a: ADDITION)+ visit_addition(a: ADDITION)+ wsrt -_addition(a: ADDITION)+
'
S A\ NISTE s ViICH _w VBH_ w .

o 2L
How 0 U2 1t @L CI’M]P{'M/

1 | test_expression evaluation: BOOLEAN ED =
g ;gcal add, cl, c2: EXPRESSION ; v: VISITOR add a 1 'U‘)
4 _)create {CONSTANT} cl.make (1) ; create {CONSTANT} c2.make (2) \va\,q{)ﬁuﬁI 60}4 °
5 create {ADDITION} add.make (cl, c2)
6 '7 A%ATOR} v.make _{, MJL./Iﬂz[ézm
7 | ) (v)
8 ached {EVALUATOR} v as eval then / N \3\(,\7
9 Result := eval.value = 3 (: I —_
10 end ( \
11 end
r 2/
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deferred class VISITOR

visit_constant(c: CONSTANT) deferred end

_~>visit_addition(a: ADDITION) deferred end

end

clas VALUATZR inherit VISITOR

[valuels TRTEGER
o Vvisit_constant (c: CONSTANT) do ’

Qvisit_addition(a: ADDITION)
local eval left, eval_right: EVALUATOR

dof a. left.accept (eval_left)
a.right.accept (eval_right)
:= eval_left.value + eval_right.value

end
end

c.value end

. FugLodnn

Vi ‘@l[ +h o7 £
class CONSTW inherit EXPRESSION
accept (v: VISITOR) E/éldﬁ/ff?
do
v.visit_ constant (Current)
end
end
clas ADDITIO

rit EXPRESSION COMPOSITE

. ¥isit_ addition (Current)
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exec

(2)
Flight Enquiry

(4) (3)

Reservation Seat Enquiry
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class WEATHER _STATION create make
feature - Attributes
cc: CURRENT_CONDITIONS ;
wd: WEATHER DATA
feature - Commands
make

doz:reate wd.make @ @

create (cc)make (wd

(25)
créate

fd: FORECAST ;

sd: STATISTICS H

@ JATHE-P

fd. make (W ; create sd.make (wd

class FORECAST
inherit OBSERVER
feature - Commands
make (a_weather._data:
do weather_ data :=
weather_data.attach (Current)
ensure weather_data = a_weather_data
weather_data.observers.has (Current)

WEATHER_DATA)
a_weather_data

end

class CURRENT_CONDITIONS
inherit OBSERVER a/
feature - Commands H

make ( —PATA) (04
ather _dat —
M weather—data.attach ()

ensure weather_data = a _weather data
weather_data.observers.has (Current)

egd

—> wd. se{_measurements (15, 60, 30. 4)
ﬁﬂﬁ% Z
~—>cc.displ }/;fd.display ; sd.display
—> cc¢display); fd.display ; sd.display
wd.set_measurements (11, 90, 20)
wd.notify
cc.display ; fd.display ; sd.display
end
end I /0o \ G
W

class STATISTICS
inherit OBSERVER
feature - Commands
make (a_weather_data:
do weather_data :=
weather_data.attach (Current)
ensure weather_data = a_weather _data
weather_data.observers.has (Current)

WEATHER _DATA)
a weather. data

end
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class (CURRENT_CONDITIONS )

class WEATHER STATION create make

create make—

feature - Initialization

feature make (wd: WEATHER DATA)
cc: CURRENT_CONDITIONS . g o
make wd. change on_temperature.Subscribe ent’) update—temperature)
do create wd.make (9, 75, 25) wd change.. one_e},_mg%ﬁ subscr_ibe (a update humidity)
create (cc.make (wd) -y,
wd . setumeasurements (15, 60, 30.4) feature 'ﬁﬂf UM_A/,.\('?
cc.display temperature: REAL u ;(
wd.set_measurements (11, 90, 20) humidity: REAL %ﬁ = <5 —>
cc.display We do tempeWature := t end
end update_humidity REAL)Y do humidity := h end
end display do ... end
end
CJ clasg WEATHER_DA }
B create e
clas@w t{-J feature —- Measurements
create make o temperature: REAL ; humidity: REAL ; pressure: REAL
feature —— Initializatio C'EL‘ Z correct_limits(t,p,h: REAL): BOOLEAN do ... end
actions: LINKED_LIST (BROCEDURE WRGUMENTS] | make (t, p, h: REAL) do ... end
e —— feature - Event for data nges
make do create actions.make
feature change_-on-temperature :( EVENT?[TUPLE [REAL] Jonce create Result end
1 ysubscribe (an_action: (PROCEDURE [ARGUMENTS], (change-on-humidity : EVENT[TUPLE [REAL]]once create Result end
require action not_already_subscribed? not actions.h change_on_pressure : EVENT[TUPLE [REAL]]once create Result end

do actions.extend (an_action)
ensure action_subscribed:
> (publish (args: G)

do from actions.start jons.after
loop m@ (args)| ;
end
end m 0{‘?5“3 MMCD'7$>

action.has(an_action)

actions. forth end

fe o
et_measuremen

=

end t, p,

do temperature := t ;

change_on_temperature .

h: REAL)

require cor ect:limits—(t,p,h)

pressure := humidity := h

ublis

change_-on_humidity

change_on_pressure
end

.publish
.publish

invariant correct_limits(temperature,

pressure, humidity) end
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