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classficrowave SM/W4$/ ' . |
private can on; clas .Microw'veUsg {'
private boolean locked; publilc atic void main(...) |
void power() {on = true;} | Microwave/m = new Microwave()4

void lock() {locked = true;} Objéct obj = 222 );

void heat (Object stuff) m.power(); m.lock();]
/* Assume: on && locked */ | |
/* stuff not explosive. */ i
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REQ1 | Each account is associated with the name of its owner

(e.g., "Jim") and an integer balance that is always positive.

ReEQ2 |1 We may withdraw an integer amount ffom an account.
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public class AccountV1 {
private String owner;
private int balance;
public String getOwner() { return owner; }
public int getBalance() { return b
public —(String owner, i

this.owner = owner; this.bala alance;

}

public void withdraw(int @HOUEE !

this.balance = this.balance - amount;
}

public String toString() {

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

}
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Vorso. 2 " Approrcmated.” Repordtonts

public class AccountV2 {

public AccountV2(String owner,
BalanceNegativeException

{
balance < (

if(
TE; Cihrow newl Balance

7

int balance)
DaLallce

ondition */ Zr Jiff

throws

if ( amount < 0
throw new #+1

else ifj
throw n

else { this.balance =

asevt LS D

K;}

negatedprecondition */

Tegac ru‘TF'
tiveException } 06{
owner; this.balance = balance; } lé °
' < sssot 6 >0 4

egativeException(); }

) { /#
tTooLargeException(); }

#

negated precondition #y

J
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bL=0 2

this.balance - ajﬁunt; } gﬁﬁa?
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public class AccountV3 {
public AccountV3(String owner, int balance) throws
BalanceNegativeException
{
if (balance < 0) { /# negated precondition x/
throw new BalanceNegativeException(); }
else { this.owner = owner; this.balance = balance; }

} [ Aaéwé“ V%%

public void withdraw(int amount) throws

if (amount < 0) { /# negated precondition x*/
throw new WithdrawAmountNegativeException(); }
else if (balance < amount) { /* negated precondition x/
throw new WithdrawAmountLloekas : 7 )
EEZs.balance = this.balance - amount;

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

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidgn { 4Zj;

&“/9#;' L A /\’

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

| }

Lo| Yedud (0, 25)
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public class AccountV4 {
public void withdraw(int amount) throws

WithdrawAmountNegativeException, WithdrawAmountTooLargeException

{ if (amount < 0) { /# negated precondition

*/

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

else { /* WRONT IMPLEMENTATION x/
this.balance = this.balance + amount;

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

}

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

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptig

int oldBalance = this.balance;

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

throw new WithdrawAmountTooLargeException(); }
else { this.balance = this.balance - amount; }
assert this.getBalance() > 0 :"Invariant: positive balance";

assert this.getBalance() == oldBalance - amount

"Postcondition: balance deducted"; }
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Desude Cls: Lpte, (ntvote . Caron UlrJﬂﬂ’S

class ACCOUNT
create
make
feature ——- Attributes
owner : STRING
balance : INTEGER
feature —- Constructors
maké(nn: STRING; nb: INTEGER)
require —-- precondition
positive _balance: nb >= 0
do
owner := nn
balance := nb
end
feature —— Commands
withdraw(amount: INTEGER)
require -- precondition
non_negative_amount: amount >= 0
affordable _amount: amount < balance

\)]

do
balance := balance - amount
ensure —— postcondition

balance_deducted: balance = old balance -

end
@NVEEEN® - class invariant
positive balance: balance > 0
end

amount
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postcond_withdraw:
acc.balance = old acc.balance - a and acc.owner = old acc.owner

..................................
-
............
.......
........
- ® e oo
- © ® -
® -
® -
® e
-

account_inv: call precond_withdraw: execute ...l

STATE:

balance > 0 acc.withdraw(a, n) 0 <aand a < balance .. acc.withdraw(a, n) IR

balance  }------ .- >‘ > L AR LR e TR >
owner e T Te
£ : :
, not (account_inv) not (precond_withdraw) . not (postcond_withdraw).
' \/

Postcondition
Violation

Precondition
Violation

Invariant
Violation

. A
"\ : t ke) :
not (precond_make) ' not (postcond_make) :
call +  precond_make: execute :

create {ACCOUNT} acc.make(a, n) .~., a>0 .- create {ACCOUNT} acc.make(a, n) -~.

R : L e ». ............................ »: '

- -
- - ©
- -
- -
- -
® e - - ®
® - e - ® ® = ©
-
.------.------_-------------.----.--..--.-.

postcond_make:
acc.balance = a and acc.owner = n
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Desude Cls: Lpte, (ntvote . Caron U{Jﬂﬂ’s

class ACCOUNT - \
create
r/

k T
make ‘ ‘ Lﬁf ! " :}(7

—_—

feature —— Constructors

makéeynn: STRING; nb: INTEGER)
require —-- preconditig

do
owner
balance := nb

end

do .
lance := balance - amount
(::EEE;EE:i— postcondition
alance_deducte alance = old balance - amount
- e —
-/ class invariant

p tive_balance: balance > 0

—

end
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postcond_withdraw:
acc.balance = old acc.balance - a and acc.owner = old acc.owner

..................................
-
............
.......
........
- ® e oo
- © ® -
® -
® -
® e
-

account_inv: call precond_withdraw: execute ...l

STATE:

balance > 0 acc.withdraw(a, n) 0 <aand a < balance .. acc.withdraw(a, n) IR

balance  }------ .- >‘ > L AR LR e TR >
owner e T Te
£ : :
, not (account_inv) not (precond_withdraw) . not (postcond_withdraw).
' \/

Postcondition
Violation

Precondition
Violation

Invariant
Violation

. A
"\ : t ke) :
not (precond_make) ' not (postcond_make) :
call +  precond_make: execute :

create {ACCOUNT} acc.make(a, n) .~., a>0 .- create {ACCOUNT} acc.make(a, n) -~.

R : L e ». ............................ »: '

- -
- - ©
- -
- -
- -
® e - - ®
® - e - ® ® = ©
-
.------.------_-------------.----.--..--.-.

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



postcond_f:
Qf

precond_f: execute
Pf ... af(..)
>

attributes of

class A

not /

<
*® o ® o @

Class . ..
: Precondition Postcondition
Invariant ) : : '
: ! Violation Violation
Violation
. : not Qm -
. not Pm: :
. call +  precond_make: execute '
create {A} M Pm .-. create {A} a.make(...) -+.
. R R SRR EEEEEEEEEREE >
postcond_make:

Qm
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feature
change_1i (ni:
do
1 := ni
end

feature
é INTEGER
end SzEﬁRUﬂz

INTEGER)

@ ol

CoONOOOPLWN =

—

/&/7452« !

\tgfg_expanded: OLEAN

loca

ebl, eb2: B

check Result end —
—>eb2.change_1i_(15)
—> Result :=
check Result end

bl.i = 0/and

a_%ﬁﬁesult := ebl /= eb2

check Result end

end gé[ 04

ar?é’... ( /fj)

b2.i = 15
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d .= a.deep_twin

Initial situation:

Result of:

O
Il

@

y 4

02

01
name [ “Almaviva”
landlord
loved_one . _l 03
“Figaro” “Susanna”

04 “Almaviva”
name | _“Almaviva’ 05
landlord =
loved_one : _l o7
“Figaro” “Susanna”
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ARRAY[STRING]
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imp
Jm
imp[1] imp[2] imp[3]

STRING STRING

STRING
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imp
imp[1] & imp[2] imp[3]

STRING STRING STRING
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ARRAY[STRING]

—

(
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D

imp

imp[1]

x&:f

Ol()/_f"”\[? = E«F.'frff-/l

STRING STRING
“Alan” “Mark”

aA
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r ARRAY[STRING]

imp[1] imp[2

imp[
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STRING STRING
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STRING

value

DQC‘M



/\01714(«\4 A\D”QC{M\ OLfOC‘PS 7@2}7 Z;Vﬂ &£ Malfe ]é(-/aue{ W

=

Y /. ol z] v 24 (e
offa—v;?fﬂ 4%{fézﬁ] J

dD/ /M/? = /977 ﬁé@% ﬁfﬁ P ]

imp o‘(G] _17&7
imp[1] S iﬁ [3] (
\(J7 —F:
STRING STRING STRING |
value value value T
“%éé-’ ﬂ/[t(cwf'

9)0’ ~ 7”}7 ‘\_/\

AWW( |

D= 0/04_2«\17
wp 0] s ol 7
Ty T T~ DIOf_TmFTrj T



/"?’?Fﬁ A\a”oc%fo/\ OLSOC‘PS ] VQBP AVE‘) £ Maze Z'O/—/a/e/ 044@5
! I v 17

r\‘ ARRAY ING] L oleeZ
(. ) 010(¢7WY .2 er// m//L

imp /\ ==




oo
8001’\‘7‘4, /]/a,meg ﬁf 0,01 gYF/E{(’Fo/LS @szp@g gvl( olof

LAV"a

C , vert A%
one. St e o wcke?

L/O’d 1:9}&4(12 =L0\}a/\(0 -Q all_Loleveg = LQ/MCQ

& L A0ountST .
oo W
0) 010{ vl veat Awev(/

©) Q’,(Zk_ AA‘/M’\{’ Tt 04_0,‘&/ = AAVW\{@ZA

& dd Boritdegtdd oo di < bt e



% ID/MZ‘EW yaet




UQZ ot olol A QWSS e)cl7vf><sfo/l m%@m‘%4

class LINEAR_CONTAINE}
create make

)

feature tribu
a: ARRAY [STRING]
feature 1er
count: INTEGER do Result := a.count end
get (1: INTEGER): STRING do Result := a[i] end
feature ‘ommand
make do create a.make_empty end
update (1: INTEGER; v: STRING)
do ...
ensure
across
1 |..| count as j
all
j.item /= 1 implies old get (j.item) ~ get (j.item)
end
end
end
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TEST UNT
inherit{ ES.TES
create make

feature - Add tests in cons
make
do
add boolean_case
end

socution of witihdraw feature")

s =X
create( % 2 (ake W aLan", 100
e R e S ud
check-Resutti D> dse thue (f@//p/
OReBult)/ (E€CTc balance =

‘» '.a‘ - = "\

—
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class TEST _ACCOUNT
inherit ES _TEST
create make

feature - Add tests in constructor
make
do ll.ll l! |I
:
agent test_withdraw_precondition_violation)
end
feature - Tests

test_withdraw_precondition_violatié::::>
local

accy ACCOUNT

comment ("test: expected precondition violation of withdraw")
_ff>create {ACCOUNT} acc.make ("Mark", 100)
—-— Precondition Violation

-— with tag "non_negative t" is expected.
’@M acc.withdraw (( 1000000))
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non_negative_amount: amount > 0
affordable_amount: amount < balance

TEST_ACCOUNT

feature -- Test Commands for Contract Violations
test_withdraw_postcondition_violation

local
acc: BAD_ACCOUNT_ WITHDRAW

do
create acc.make ("Alan", 100)
-- Violation of Postcondition
-- with tag "balance_deduced" expected
acc.withdraw (50)

feature -- Redefined Commands
withdraw (amount: INTEGER) ++

recursor (amount)
-- Wrong Implementation
:=balance £

end




class ACCOUNT
create
- _ p— make
]es' m'{' (O/L (l/( Af(a\/\ P e feature Attributes
owner : STRING
balance : INTEGER
feature nstructors
make (nn: STRING; nb: INTEGER)
require precondition
positive balance: nb > 0
do
owner := nn
balance := nb
end
feature “ommands
withdraw(amount: INTEGER)
require precondition
non-negative.-amount: amount > 0
affordable_amount: amount <= balance problema
do
balance := balance - amount
ensure postconditior
balance-deducted: balance = old balance - amount
end
invariant class invariant
class TEST _ACCOUNT positive balance: balance > 0
inherit ES.TEST end
create make class
feature Constructor for adding tests BAD _ACCOUNT_WITHDRAW
m‘ﬁ(e inherit
(o]
add violation_case with tag ("balance_deducted", ACCOUNT
agent test_withdraw_postcondition_violation) redefine withdraw end
end create
feature Test commands (test to fail) make
test_withdraw_postcondition_violation 1 , ,
local feature - redefined commands
acc: BAD_ACCOUNT._WITHDRAW withdraw (amount: INTEGER)
do do
comment ("test: expected postcondition violation of withdraw") Precursor (amount)
A\l A\l ' '
create acc.make ("Alan", 100) -— Wrong implementation
Postcondition Violation with tag "balance _deduced" to occur. -
acc.withdraw (50) : balance := balance + 2 % amount
end end
end end
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BANK

accounts

balance

- Toompbte (oreses , buect Tbrprenton b.depesz (o', o)

b.accounts

ACCOUNT ACCOUNT

“Bill” “Steve”

balance

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

do
from i := accounts.lower
until i > accounts.upper
loop
if accounts[i].owner ~ n then accounts|[i].deposit(a) end
i =1+ 1
end
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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b.accounts

ACCOUNT ACCOUNT

“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

smanftFarinne alen Aernnait ' +ha F1raf N~ AAT1IN T
WIOI mentation: also deposit 1n the rirst accountc

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
end

end
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BANK

accounts

ACCOUNT

owner

balance

1O ()

T

/ : STRING; a: INTEGER) ’;
= require a accounts as acc some acc.item.owner ~ n end

A0rdSS ‘

0 {[ '0_6( @Wﬂﬂ‘ ot )aS T (1i:ca1 i: INTEGER

ﬁ(_i sam
old acounts [T o] ~ R

0[\& ff\f C ),l> num_of_accounts_unchanged: accounts.count = old accounts.count
A - balance_of n_increased:

account_of(n) .balance = old account_of(n) .balance + a

— TMQ across cursor
—

K 11 cursts Q. ¢ n implies
— .
-— q

oy
®
R
P
c
a]
o

=
)
2]
Q
0
0O
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BANK

accounts

b.accounts

i

balance

ACCOUNT

ACCOUNT
“Bill” “Steve”
]

v

balance

/oD

0
cla BANK
eposit_on_v4 (n:

STRING; a: INTEGER)

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

counts s.lower].deposit (a

num_of_accounts_unchanged: nts.count = old accounts.count
balance_of_n_increased:
account_of (n).balance = old account_of (n).balance + a

others_u

s.twin)as cursor
all cursor.item.ownée n implies
cursor.item ~ account_of (cursor.item.owner)
end
end
end
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BANK
b.account
accounts

4

>

balance

ACCOUNT

ACCOUNT

“Steve”

balance

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

1T a ) depdg 1

5. lower] .deposit (a)

num_of_accounts_unchanged: accounts.count old accounts.count
balance_of_n_increased:

account_of (n).balance .balance + a

cursor.item ~ account_of (cursor.item.owner)
end
end
end
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( ~—— fix the Eiffel class under test
e

xtend, maintain when some test fails

N
\E‘l{el Classes

(e.g., ACCOUNT, BANK) T )

J

(re-)run as ESpec

derive —
espec test suite Framework

ESpec Test Suite
(e.g., TEST ACCOUT,
TEST BANK)

;/’a/(
Yeav t /'”3 hen all
405 when all tests pass

add more tests
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class@ ST}_EKD Sm{-b(i&

feature {NONE}

imp: ARRAY [ :;Eg&g i:
feature -

count: INTEGER do Result

3§& é%o Result

feature -

push (v:

pop do i := i - 1 end
end

6%do 1mp

imp

I

[1]

INTEGER

1 end

end

v; 1 := 1 + 1 end

cla ACCOUNT _STACK

feature {NONE)} n
imp: ARRAY[ ACCOUNT ] ; 1i:

feature ueries —
count:
top: ACCOUNT do Result :=

e N

feature mmand

push (v: ACCOUNT )

do imp]|

pop do 1 := i - 1 end

end

INTEGER do Result :=

INTEGER

1 end

[1]

imp

i] :=

end

i+ 1 end




4
L///A

|c ass STACK 1’%]5
| feature {N‘;Li;i S
imp: ARRA K i: INTEGER

feature —— C
count: INTEGER do Result := 1 end

topzs(\é\So Result := y“p [1] end
} feature p(
push K&o y"p = v; 1 :

odel::i-lend

LJLmt h&p}?@/@ J te dane dedoes
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Supplier:

Client:

class

CART
feature

orders: ARRAY[ORDER]
end

class
ORDER
feature
price: INTEGER
quantity: INTEGER
end

class
SHOP

feature
cart: CART
checkout: INTEGER

do
from
il := cart.orders.lower
until
i1 > cart.orders.upper
do
Result := Result +
cart.orders[i] .price
*
cart.orders[i] .quantity
i:=1+1
end
end
end

Enﬁm W e fuwek o(esﬁ/t?
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4 CLIENT_APPLICATION+ I

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

increase_balance(v: INTEGER; name: STRING)
-- Increase the balance for account with owner name .
{ dgontainer as cur

container+ new_cursor*

all

cur.item.balance > v

d container.deep_twin as cur

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

(e :

(cur.item.owner ~ name implies 7 [/f( Z - :
cur.item.balance = old cur.item.balance + v) Z;f/ ¢ |
and i
(cur.item.owner ~ name implies |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

cur.item.balance = old cur.item.balance)

‘ A’Z HAL ( [ 4 INDEXABLE_ITW_CURSOR@%
X—_ ~

|

i

end | ARRAY[G] +
|

|

|

|

|

i

| G + ARRAYED_LISTI|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 Sforth+ o .
some -- Move to next position.
cur.item.balance <v start+
-- Move to first position.

K end j /

e e e e e e e~

N // k

N e __—

S
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4 CLIENT_APPLICATION+ I

4 ITERABLKY) N\

new_cursor*: ITERATION_CURSOR|[G]
-- Fresh cursor associated with current structure.
container+ ! Result # Void

—_—)

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

new_curs

all
cur.item.balance > v )K j
end
!'across old container.deep_twin as cur ( \
all

) om/éxé, NN Xdysor”

(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

after+: BOOLEAN

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

-- 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.

cur.item.balance <v

K end j /

e e e e e e e~
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names.upper

RABLE[TUP RIN . z 3
: ‘ N L/ p'\' '/
g@-‘---
names
e uss u-b,"‘or

records [ > j d
new —<uisor n m ---

e —

h_cumssgly) 2 b Oy

values_1

values_2 C _(:['9"‘/( [ /[7650’0( |

cursor_pdosition F ( / r‘/\ ‘ | ‘ \' V B
item ,\/ l
/)

after, forth 0 —-’by-([/\ C -7'f€m" —




class
CHECKER

feature C bt
collection < I TERABLED INTEGER]
CE—

feature
is_all posmve BOOLEAN

do
ensure
across
collection as cursor

770 Wlw\mﬂ/

WA,

Tntorkott, . L]Jemmfm

class BANK

accounts\y

{ ACCOUNT
Pinary—search (acc_id:

require

all
accounts [cursor.item]
end
do
ensure
Result. id =
end

acc_id

INTEGER):

ACCOUNT

l) as cursor

.1d <= accounts [cursor.item + 1].1id
e

Geany




Ue of Temame . Tt _[OkoR

maxX—t=mTance: ACCOUNT

require 2?7 / M T —
loc
ITE§§ZION;CURSOR[ACCOUNT]; max: ACCOUNT

-
from max := acgos [11; [cursor := accounts.[;ew-cursor
. ~ g— e ——— -
until Fursor. 4!ﬂv$:y. &
do »—‘, 4
| if o 7 Nalance \ax.balance then X W
y
o Ppe——
Lend
nsure
end

QOMM%&@WMM

buvsor £
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eate {ARRAY [ STRING] }

Result. force (s, Result.couht f\T)
end

test_query: BOOLEAN |

local
a: A \/\
arrl, arr2: ARRAY[STRING] //,\_//77

do ,
create a.make ﬂﬂ/ 24

2 o
arrl :=(a.new_array
i_) Result := arrl.count

™)
1 )and arrl@~ "Alan"
check Result end \’////;7K

_—
B ety oD o I
Result := az'z' and arr2[1] ~\ "Mark" / 74
check Result end \(AJQLJL;\

Result :
check Resul
end

(arrl = arr2)







e Qoo

new_once_array”(s: STRING): ARRAY[STRING]

= 4 n-0-0(%E)
créate {ARRAY[STRING]} Result.make empfy —
Result. force (s, Result.count + 1) QVV( = \/

and OWVZ .= EE Yl_O_(;f.fj

l

test_once_query: BOOLEAN

[N
7 (LQ“H g[smlusl e ca]/fxy
(4
>create a. mak% 4&,{{ F
Resdl z’[l] ~

arrl.count = "Alan"
—_—c

check Result end
g«z/’ fA‘e

ol
\“-sult ' = azz7 count = 1 and r2(1] ~ QEQEEE:)

check Result end {
. JL

N e

Result :=
check Resur

\/KL@X

end
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Supplier: Client:
N\
(£est;) BOOLEAN
ldcal
Geces) @
I
feature - Tata Attributes do \
v: INTEGER d1[:5
change_v (nv: INTEGER) :>access.data
do v := nv end Result = dl = d2 v
end and dl.v = 10 and d2.v = 10
eck Result end
. change_v (15)
Result := dl = d2
' and dl.v = 15 an= 15
feature. , end
P\@f;’é end

d ’,;
;:7 o




—_ —_————— e

DATA_ACCESS}) ™\

A data: DATA
shared data object.
» (once
create Result.make
end

Invariant

N\ pata+) O\

»| shared_instance:

A0S T A ____7"
/

| CLIENT 2 |
T T T T T T T T T T T ~
/ \
! <APPLICATION 2 + > |
\\ ///
| CLIENT 3 |
T T T T T T T T T T T N
/ \
{ < APPLICATION 3 + > ——
/
N\ /

N

v. VALUE

-- An example query.
¢

-- An example command.

DATA_ACCESS

make

\- - Initialize a data obj ey
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Supplier: Client:
class
ACCOUNT
fe
make do ... end ata: BANK_DATA
feature - Data Attributes make
interest_rate: REAL —-— Init. access to bank data.
set_interest_rate (r: REAL) local
data_access; BANK DATA ACCESS
end do —

)
_ i e don w0 3

data —[data access.data

2CCess
end




’a%v% ot éfm%leta/\ Tatten /

test_bank shared _data: BOOLEAN
—— Test that a single data object is manipulated
local accl, acc2: ACCOUNT
do

commeni;:Ei;/L§§§ that a single data object is shared")
—> create ¢accl.make) ("Bill") &— Tot +me db{a A %]ﬁ.ét

create acc2.make ("Steve")&

2 1ae

Result := accl.data = acc2.data
check Result end
Result := accl.data ~ accZ.data

check Result end
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
accZ.data.set_interest_rate (2.98)
Result :=
accl.data.linterest_rate = acc2.data.interest_rate
and accl.data.interest_rate = 2.98
end

7

cesrzr(&/@/




class NowRESEEENT=SFODENE STUDGRT

« % create make
/U(0,0\t(a‘/\ (@) feature - Attributes reg%,’f‘. (%OZ(_
name: STRING ———______?f —
Q‘VQE [\L[O-({\e 1Y‘(‘(/|CRJ€ courses: LINKED_LIST|[COURSE] —
<] !

discount_rate: REAL

feature - Constructor
make (n: STRING)
do name := n ; create courses.make end
feature - Commands
set_-dr (r: REAL) do discount_-rate := r end
( —TCOURSE) do courses.extend (c) end
ear —_ Queries

class RESIDENT-STUDENT AL

‘f:re:te make\u s local base: REAL
eature £ riputes do base := 0.0

name: STRING

r 1 = + c.1 . £ n
courses: LINKED LIST[COURSE] across courses as c’ oop base base c.item. fee end
, Result := base #* discount_rate
premium_-rate: REAL d
en
feature - Constructor end
make (n: STRING)
do name := n ; create courses.make end
feature - Commands
set_pr (r: REAL) do premium-rate := r end CAO-W e G 9’6@/
l@register (c: COURSE) do courses.extend (c) end\

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

end
end
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x Is this valid? =/
Is this valid? */




/V%wwmf?§mk@%: Tt

local ¢ : COURSE ;(g): STUDE,

do Ccrate c.make ("EECS3311",
—> create {RESIDENT STUDENT}

@ set_pr(l.25);
@

—, create {NON_RESIDENT_STUDENT} nrs.make ("Nancy")
N — =

100.0)

rs.make ("Rachael")
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‘_I;/IVQ"CLQ&TA% Roalps

|| Cope [[ CONDITION TO BE TYPE CORRECT
m y’'s ST a descendant of x's ST
. £(y) 7/ Feature f defined in x's ST
y’'s ST a descendant of £’s parameter's ST
Feature f defined in x's ST
z 1= x.f(y) y’'s ST a descendant of £’s parameter's ST
ST of m's return value a descendant of z's ST
check attached {C} y C an ancestor or a descendant of y's ST
then ... end
check attached {C} y as temp C an ancestor or a descendant of y's ST
then x := temp end Cc adescendant of x's ST
check attached {C} y as temp C an ancestor or a descendant of y's ST
then x.f (temp) end Feature f defined in x's ST
C adescendant of f's parameter's ST

X - (Stovuiy g
@ 1
s

? —
. &~



A
/\ L{S‘l’, - Mot":l&fé/\ register (Course ¢) name: STRING
= tuition: REAL STUDENT courses: LINKED_LIST[COUNRSE]

W/

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

premium_rate: REAL discount_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT | set_dr (_r: RE.AL)

/* redefined features */ /* 'l't.’dcffmcrljeature.\' */
tuition: REAL tuition: REAL

RSzs

_— =
l§l< i:@ dSTUDENB rs: SIDENT_STUDENT
do~Create {RESIDENT STUDENT} jlm make ("J. Davis")

rs := jim§
rs.setPremiumRate (

ﬂs.fmfp J

check

rs :
[rs.set_pr (i.S»

tached) { RESIDENT STUDENT}( jim as )
= rs_jim

end)
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3
SMART_PHONE dia_//' basic feature */ -
@ surf_web /* basic feature */ 'f %
surf_web /* redefined using safari */ ANDROID surf_web /* redefined using firefox */

new feature */ CL\ skype /* new feature */

< e
/N RN

Z/ (/ﬁ /’ P /uf /’ aﬂ GALAXY_S6_EDGE GALAXY_S6_EDGE_PLUS HTC_ONE_A9 HTC_ONE_M9

_ iz
Screate {’ my_phone.make €

—-— can only—e Satures defined in IOS on myPhone

\—— dial, surf_web f'me Iﬂsthree_d_touch, skype X
%heck attached m ( as then
——. can now call featurds defined In SMART PHONE on s

-— dial, surf_web v facetime, three_d_ touch, skype X \ids
w7

nd IO /L

heck attached {IPHONE.6S_PLUS} (my_phonel as g@then

—— can now call features defined in IPHONE 65 PLUS on ip6s_plus
-— dial, surf_web, facetime, three_d_touch v/ skype x

end



fompleble Lo Moy Tl at Q e 7

s

108 surf_web /* redefined using safari */ surf_eb /* redfefined using firefox */
\X(C facetime /* new feature */ skybe /* new fdqure */
\ N
» IPHONE_6S IPHONE_6S_PLUS SAMSUNG HTC /
WC y -

-l vy /N

test_smar hone_ t cast_vI ion
——}local(miné: SV
do create {SAMSUNG} mine.make
-— ST of mine is ANDROID; DT of @ine is SAMSUNG 14{4,’“/]9 14’75 [@;—f
—> check attached { SMART_PHONE} |m1ne as sp then ... end /l\
ST of sp is SMART BHONE; /T of sp is SAMSUNG g l’d 0(,\4”9”{
QE:heck attached @ @as then ..
_f{;ﬁf of samsung d§ SA G; DT of samsung is SAFSUNG / / _;i>
check attached @ minelas htc then ... end J/ eS « — lﬁ ‘p /\)M(J 7/;«/
-— Compiles ** HIC 1s descendant of mine’s ST (ANDROID) ’
—-— Assertion violation 27
Juo ‘s HTC 1is not e . min s DT (SAMSUNG) ’
- check attached } \minel|as %then ... end S D_[ Zg ﬂfdﬂé(
—-— Compiles * GAL > /1s descendant ~ mine’s ST (ANDROI !

Assertion violation
—— ¢ GALAXY S6_EDGE 1is not ancestor of mine’s DT (SAMSUNG)

end
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class STUDENT MANAGEMENT SYSTEM { ‘

Zzas static t\pe Student

-"!'.‘ : &O @ end v

) do ss[0] GEEDend

-”_1 ﬂowr"c[@?
~_L v

- ed




Tostwe (il %Am&/\fs . Chent,

class STUDENT_MANAGEMENT_ _SYSTEM ({

—>ss : ARRAY [STUBENT] -- ss/[i] has static type Student
— add_s (s: (STUL ) do ss[0] := s end

— add_rs (rs: RESIDENT_STUDENT) do ss[0] := rs end
\>add_nrs (nrs: NON_RESIDENT_STUDENT) do ss[0] := nrs end

—\
@,els/tipolymorphi sm_feature_arguments
o

al
s, _s_2, s3: (STUDENT
rs: RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT

sms: STUDENT_ MANAGEMENT SYSTEM

do

—> create sms.make
create {STUDENT} sl.make ("s1")
create {RESIDENT STUDENT} sZ.make ("s2")
create {NON_RESIDENT_ STUDENT} s3.make ("s3")
create {RESIDENT STUDENT} &make ("rs")
create {NON_RESIDENT STUDENT} Eﬁgf.'make ("nrs")

oS add_s(g)>
—Tr




test_sms_pol5T
local
Irs: RESIDENT STUDENT
nrs: NON_RESIDENI STUDENT
c: COURSE

sms: STUDENT MANAGEMENT SYSTEM
d/
create rs.make ("Jim")
rs.set_pr (l.5)
("Jeremy")

create(nrs)make
nrs.set_dr (0.5)
create sms.make

_e>sms.add;s (rs)
sms.add_s (nrs)

—

end

do
students.extend (s)
end
registerAll (c: COURSE)
do

across

ST: Stovev
‘D:T"Ss .QfA//%




I’/QO\WV@ &\“ /Ketmm /Valme class STUDENT MANAGEMENT SYSTEM {

Lupden’

D
3“3/@7

YS]\ R ORLS

7@/&/

x ss: LINKED ST ]
”35(
= do

ss.extend (s) ;Qdmﬂ
end
| get_student (1) INTEGER) :( STUDENT |

~—>require 1 <= 1 and i <= ss.count

do
+>create Lrs.make ("Jim") ; rs.set_pr (1.5)
“?create nrs.make ("Jeremy") ; nrs.set_dr (0.5)
+—>create s\ms_.make ; sm }éms.add S rs
__>create c.make (MEELCS3311", 500) ;ﬂs.register_all (c)
Result ::ﬂ 'p'[@ ¢
—>get__studen

lend

c: COURSE ; sms:

and>get__student

STUDENT_MANAGEMENT _SYSTEM

(1) = 750
= 250
U prEARS

test_sms_polymorphism: BOOLEAN end
local A
rs: RESIDENT STUDENT ; nrs: NON_RESIDENT_ STUDENT “

<>Q'~ @QUQ jﬂs a/\ ?&4/17
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class BOOK Al
names: Y[SW
records: ARRAY 6{
—-— Create an empty boo

make do ... end
A Add a name—record

Qadd E(Hame: STRING; rerord:|\§ { Y
~==Return the recor "1 o
get (name: STRING) :

end 47;

d

/ L. gouk TATE

/wb ,ﬁ i =

1 DATE; phone_number: STRING

2 1s_wednesday: BOOLEAN

3 BOOK} b.make

4 | phone_number := "416-677-1010"

5 |b.add ("SuYeon", phone_ number)

6 |create {DATE} birthday.make (1975, 4, 10)

7 |b.add ("vuna", birthday) SR7C

8 | is_wednesday :=\_Q.fiet("Yu@,".) .get_day_of_week = 4
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class BOOK & A0 '" — [_]ng/ ;m> ,M (arl;
names: ARRAY [STRING f{ —
records: ARRA A clwcl( A{'{’N}L@O{ {PﬁTEE_ Lot("
-— Create an g ?7( LQD(.";_W_/I
make do ... end Ug T_Wi= '(;(7 t_d -
-—_Add a ngme-record Ralir ¢ e bok M é’b

(name. STRING; recdrd: do ... end <«
—< Returfi the recorg f.f\:!g’:} d with a given name
et) (name: STRING) j//l ... end

end

1 —3blrthda :@ phone_number:@@
2 Vg@@y is_wednesday: BOOLEAN

3 créate {BOOK} b.make
4 pphone_numbex := "416=077=164Q"

/|
N
7N

6 Tpcreate {DATE}

&

=975, 4, 10)

b1 rLhcaysuak

b1 s_wednesday :
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names: RING 7 O/f'&f(

records: ARRAY [@ V/d /(
Ly

—-— Create an em book

make do ... end

/* Add a name-record pair

add (name:lSTRING} record:

/* Return the record associdrs ¥h a given name %/

get (name: STRING) : do
end

create BOK[DATE] b.make g@ktgﬂﬂfdﬁ—l

phone_number = Sez VEZ ﬁD(o( (—— g}bﬂP o)
Fb . add (l"SuYeon;}ﬂ , &VFK

X bzoodd ¢ Ly
create {DATE}@Mm (1975, 4, 10) —%/)
05 add ("Yuna', < 1/

.}S_wednesday e\ b.get ("Yunal) .get_day_of_week == 4

TRTG
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class BOOK[ & ] Semedt
names: ARRAY [STRING]
records: ARRAY[ G ]
—— Create an empty book

make do ... end
/* Add a name-record palir to the book =*/
add (name: STRING; record: G ) do ... end
/* Return the record associated with a given name x/
get (name: STRING) }{ do ... end
end

Sty
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class POINT —— Version 1
feature —— Attributes

feature —— Constructors
make cartisian(nx: REAL;

do
X = NnNX
y = ny
end

end

nx: REAL)

class POINT ——- Version 2
featureﬂMMﬂAttributes

r : REAL
p : REAL
feature - Constructors
make_polar(nr: REAL; np: REAL)
do
ro:=lpr
p = np
end
ure - Queries

REAL do Result

Q.
(o}
o
(7]
o
=
ﬁ
I

rxsin(p) end
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q*fflL/?'/Q 0- ]D 0 @

ngg 0.4 0.@

2a-sz’n30°—
test_points: BOOLEAN
local ﬁ
—>,_4, X, Y: REAL < L/
pl, p2: POINT N 2a-cos30° = [q V3 7 o=
do T T é(};
comment("test two systems of points") m|
=@ -G x :- 0. mls
create {POINT} make artisiap (X, Y) < NG i
crea!e {POINT} 'make Qolar 5@ ><A, \%_71' >\ =)
—> Result :=@ x =(p2.Xx and pl y = p2 v~ ( '
AAN—~—— - 2. nT ft
end l . - l (\’7 m%
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SRC STATE

CHOICE

1 (Initial)

2 (Flight Enquiry)

Seat Enquiry)
4 (Reservation)
5 (Confirmation)
6 (Final)
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N 4) N
| Seat_Enquiry.panel: er"a“°" 3 22
M ro ‘Qt\ \‘ —
1= Display Seat Enquiry Pa ‘/
A= s \

unt
not (wrong answer or wrong choice)

do
—>Read user’s answer for current panel

._>Read user’s choice ‘D for next step
if wrong answer or wrong choice then
Output error messages

A ¥ end
(A rmation_panel: end
tions for Label 5. ,
Process user’s answer

in

\ goto 2. Flight_Enquiry_panel

erva tion_pa




st o a Neswwstan fﬁaw Lopoach :4tfemlpt (1)

BZ S

(s¥c: INTEGER; choice: INTEGER): INTEGER

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

state by taking transition ’choice’ from

/f—)./~kﬂ/ (‘t

2.4. trastar\ @@ —

tovStel (352)
Taston Thle K- AN% Iy@m@«fa’cﬁb
CHOICE 1 3 choice
SRC STATE | 5 2 3
— /\1" 6 5 2
1 (Initial) 6|52 -
2 (Flight Enquiry) -111]3 2 1 3
(3)seat Enquiry) - @ L 2 4
4 (Reservation) - 13|95 4 3 5
5 (Confirmation) -4 |1 5 4 1
6 (Final) - | = | - p
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Level 3 éxecute_ )
—_— session
Level
([ G Xz o
initia ransition is_fina
L \\ // N
Z N -

/7

—

7 /
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—> current_state

end

until

is_final (Current_state
do

choice :=

current_state ransition —state, choice)
end

Level 3 (| (execute
session
Level 2
initial transition is_final
Level 1
execute_session display read correct message process
—-— Execute a full interg
local
current_state , choice: INTEGER
do
from




(2)

s of a /h]eémt(o/\ St Gepadl diton

INTEGER) QTEGEV

execute_state ( urrent state

Handle interaction at the current state.
—-— Return user’s exit choice.
local
answer: ANSWER; valid _answer: BOOLEAN; choice:

——

Are))

until > \
do ™S >

N
Ff);‘hoice := read.choice (

_avalid answer := correct ((current_stateg answer)
correct
valid_answer then(messagg( gdrrent_state)

=

’cliFgfrom ﬂé%/g/ oMwent

,_71f not answer)
ena

( Current_state), answer) L 13 execute

. :/; eve ute_

: choice session

end
Level 2
initial transition % is_final
Level 1
display read correct message process
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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




TLWSO'%L (bt %
Loctwe |2



4&%@ Tanstani ﬁag«M CESWD

Fadp Goto Mochae

T«aﬁ?c(a/\ TIUQ

SRC STATE

CHOICE

1 (Initial)
2 (Flight Enquiry)
3 (Seat Enquiry)
4 (Reservation)

5 (Confirmation)
6 (Final)

I A WON—=O1 [\

| b WM w

(2)
Flight Enquiry

(3)

Seat Enquiry
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nitial_panel:
—— Actions for Label

—— Actions for Label

- Actions for Label
eservation_panel :
Actions for Label

P Flig Yo, panel:

(4)

az,-;:uu._iui;—_y—y_ aricl. Y

rom

Display Seat Enquiry Panel \
until
not (wrong answer or wrong choice)
do
Read user’s answer for current panel
Read user’s choice for next step
if wrong answer or wrong choice then
Output error messages

end
Lend
Process user’s answer
case in
@ goto @light_Enquiry_pane
goto 4_Reservation_pane

end -




%@A o & Hesnnton dpon: el 14ffewt|7{: (D
triris_lt/zy_tﬂ@) IN';['EGER ' @}@ INTEGER INTEGER

¥y I w7 ~ +
— R hc om S I state

require valid _source_ state l g src < 6
valid_choice: 1 < ch01ce <3

ensure valid target_state: < Result < 6
Z
g Ctuares C@,@) @K*@
iVMSI‘cco )

Taston Thle 27l Lkt

CHOICE ", |75 3 > cth
SR STARE \ M ! 2 3
1| 6 5 2\
/f hitial) 6|52
Flight Enquity) - 3 2 1 3
( eat Enquiryy) — 4 ceate 2 4
(Reservatio -1 3|5 4 3 5
5 (Confirmatign) - 141 5 4 1 /
/
(Fmal) - | = | - p
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Level 3

Level 2

—

=
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( session__#
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initia”</<@siticﬁ
—  —

N

, N
xecute {\
K stale ./

—

=

—

—

is_final

/|

Level 1

—

/
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7

display
N~

correct) (

messa@
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/
process
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Level 3 < execute_
sessjon
Level 2
initial transition is_final

Level 1
execute_session display read correct message process
—— Execute a full interd
local (< sé
current_state , choice: INTEGER
do
from
current_state := initial
initial
until
is_final g;;zz;;g;gg;gb)
is_I1inal
do
choice :=- gxecutesstater  CuEESHESSEEEE )
current_state := transition (current_state, choice)
NS AN
end
end
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execute_state ( currentistate : GINTEGER) : INTEGER
—— Handle interaction at the current state.
—-— Return user’s exit choice.
local
answer: ANSWER; valid _answer: BOOLEAN; choice: INTEGER
do
from
until

valid _answer
do

current_state
answer

read_answer (

read_choice (
valid _answer

choice

correct (

if not valid answer then message (
end

answer)
— > eve L=
Result : choice session
end
Level 2
initial transition

is_final

Level 1

display

reae coftect

message process
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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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e APPLICATION

session

?\A\/VZ’\’E_.Q’Z:{'Q . Q’K@Mfe_%m initial transiti% g;;etgute_ is_final |
3/ N .
( display read correct message process
Level 3 execute _ O
session
Level 2 State > ;,/IEKQIZZY‘MQL
- execute d
initial transition — is_final
state - PAviBnt _ &octo - !IdTeAEIZ\Z
state oeonte _corio ( pavent _¢tate)
Level 1 st Stat at State
N—"_" — —— //
display read correct message process
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deferred class STATE
read

—-— Read user’s Iinputs

a I amawer’
-— Set answer’® anad

deferred end
answer: ANSWER

\ N S ~ F ~ A1 rent ~F ¢
—— Answer I1Or current state

choice: INTEGER

- hoice for next step

display
Display
deferred end
correct: BOOLEAN
deferred end
process
require correct
deferred end
message
require not correct
deferred end

execute

good := correct
if not good then
message

reate {CONFIRMATION} s.make

S.83equte







class APPLICATION create make

feature {NONE} - Implementation of Transition Graph ég _ ’?7 [ !C{ !
transition: ARRAYZ[INTEGER] T:’ !
choice]

-— State transitions: transition/[state,
@ARRAY STATE
—-— State for each index, constrained by size of ‘transition’

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

&, & chqfiée: 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
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test_application: BOOLEAN

local

imilarly or o
app.choose_initial
—— Transit to FINAL gi
app.put_transition é
B Similarl/y

ec sult end
user’s y
Z inde = app (s R tem
cu ent_state s

attached {FLIGHT ENQ

rrent te JNITIAL and choice
%%7

for other 10 transitions.

TS
ac. L from INITIAL to FLIG TUS
\@ WWV

' urrent_state

(5)
Confirmation

(4)

U7 .

Flight Enquiry

3)

Reservation

Seat Enquiry

vt et
Wit7,

| ?Result :=
d

TAE —fnn!

(a#

&ﬂrwf/fﬁfe

1T

app

|~ APPLICATION

FINAL
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—

app APPLICATION

transition: ARRAY2[INTEGER]

states: ARRAY[STATE]

fe
(_execute_sess1io
local

current_state: STATE

choice

HWIN| =W,
=y dWIN|w

app.states

FINAL

index: INTEGER

do
Jfro /~\
un
is_final (index)
loop
-{7 current_state :=|\states[index]| ——- polymorphism
> current_state¢éxecute

end Zﬁ S'

end

- ic bindi
L:§§§§EE>:= transition.item \(index), rrent_state.choice)
_en

&

]
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tax_id ;\‘s tax_id
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tax_id ~, SWiSs_tax_id—

.7l—
pay_taxes n(pay_swiss_taxes)
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class RECTANGLE
feature —— Queries
width, height: REAL| |C12SS TREE[G] ,
feature —- Queries
xpos, ypos: REAL
feature - Commands parent: IREE[G]
: descendants: LIST[TREE[G]
make (w, h: REAL)
change width feature - Commands
ge_wia add_child (c: TREE[G])
change_height
end
move
end
class INDOW test_window: BOOLEAN
. local wl, w2, w3, w4: WINDOW.
= do S
—>create (wl)make(8, 6) ; create mak
create W3l make(l, 1) ; create ) mak
(w2) add Plwl) add (w2) 7Tiwl.ad

end

ﬁésult 1= wl.descendants.count =

w2
N \
]
wW>
— T
\ _
e(4, 3)
e(l, 1)
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deferred class

The &Mrom Tttt - Loewpraton

compos11a(1)
N feature
deferred class children: LINKED_LIST[T]
EQUIPMENT
fem— add_child (c: T)
do
na@e' STRING ) . ‘ children.extend (c) —- Polymorphism
price) REAL —- uniform access principle end
en end
class
COMPOSITE_EQUIPMENT
class inherit
CARD, EQUIPMENT
inherit COMPOSITE ]
EQUIPMENT create
feature make
make (n: STRING; p: REAL) featurs
make (n: STRING)
do do name := n ; create children.make end
flalie e price|l : REAL —- price is a query
pdrice - price is an attribute =— Sum the net prices of all sub-equipments
en do
end S“&JV“}(’ Qross
u children as cursor
loop
Result := Result + cursor.item/price —- dynamic binding
end
il
ol
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class
CARD
inherit

V]

test_composite_equipment: BOOLEAN

local
Eéfg’ drive: EQUIPMENT
cabinet: CABINET —- holds a CHASSIS
chassis: CHASSIS ——- contains a BUS and a DISK _DRIVE
éﬂfi BUS —-- holds a CARD

do
,EEEEES {CARD} card.make("l6Mbs Token Ring",(ZE@E)
create {DISK DRIVE} drive.make("500 GB harddrife",
create bus.make("MCA Bus")
&feate chassis.make("PC Chassis")
create cabinet.make ("PC Cabinet")

1= bus.add(card)
chassis.add(bus)
chassis.add(drive)

] cabinet.add(chassis
Result := cabinet.= 700
end

EQUIPMENT
feature
make
do
name
price
end
end

(n: STRING; p: REAL)

n
p —— price 1is

00

;;lass
COMPOSITE_EQUIPMENT
inherit

EQUIPMENT
COMPOSITE
create
make
feature
make (n:
do name

[EQUIPMENT]

STRING)
create children.make end|

= n ;
price
—— Sum the net prices of all
do
across
children as cursor

REAL -- price 1s a query
sub—equij

loop
Result := Result + cursor.item.@
end
end

end
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deferred class
coMPOSITE{T)
feature

de class children: LINKED_LIST[T]
feature add_chi (c: T)

name: STRING ) ) ) children\extend (c) —— Polymorphism

: REAL —- uniform access principle end

en end
class T

CARD _->EQUIPMENT
inherit L NCOMPOSITE [FEQUIPMENYT] 0A7M/34 B ZC_ @1

EQUIPMENT create
feature fmife

eature
mé:fe (n: STRING; p: REAL) make (n: STRING)
. name := n ; create children.make end
nanlle iy ) ) ) : REAL - price 1is a query
jprde =)p —- price is an attribute == Sum the net prices of all sub- eqz,u_pments
end
vﬁ(
end , cross UA ? 0}"
\, as cursor P
it
M Result := Result + cursor.it - dynam:l.c bJ.ndJ.ng
"l ﬂl,alwféﬁ
end ’ 1




class

L CARD
Tstag te lopste Tatten , carD
- l inherit
EQUIPMENT
test_composite_equipment: BOOLEAN feature
local k .
2: EQUIPMENT make (n:
BQUIPHMENL
CABINET ——- holds a CHASSIS
CHASSIS —-- contains a BUS and a DISK_DRIVE

—— holds a CARD

STRING; p: REAL)

p —— price 1is

do
create \—eardmakel{"1loMbs Token Rj_n.n_"_,—-‘@—l—\
create {DISK DRIVE} drive.make("500 GB hardd}i;;", 500)
create bus.make ("MCA Bus")
create chassis.make ("PC Chassis") class
[Tcreate cabInet}make ("PC Cabinet") GOMPOSITE_EQUIPMENT
— ) inherit
EQUIPMENT
COMPOSITE [EQUIPMENT]
| create
cabinet. make
Result feature
end make (n: STRING)
- := n ; create children.make end
REAL - price 1s a query
Sum the net prices of all sub-equif
across
children as cursor Q/
loop ———— |
Result := Result + ..price
end ‘ <
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1 test_expression_evaluation: BOOLEAN

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

4 create {CONSTANT} cl.mak& _(l) ; create {CONSTANT} c2.make@
5 create {ADDITION} add.make;;(cl, c?

6 create {EVALUATOR} v.make

7 | add.accept (v)

8 check attached {EVALUATOR} v as eval then
9 Result := eval.value = 3
10 end
11 end
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visit_constant (c: CONSTA]| deferred end
visit_addition(a: ADDITIPN) deferred end
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lass ADDITION
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1 |class Point { 1 |class PointCollector {

2 double x; 2 Arr int>

3 double y; 3 ointCollector () ».

4 Point (double x, double y) { 4 void addPoint (Point p) {
5 this.x = x; 5 | Vul[lpoints\ add(p); )

6 this.y = y; 6 Point getPointAt(int 1) {
7 |} 7 return points.get(i); } }
The above Java code compiles. But anything wrong?

1 |@Test

2 |public void testl() { F(‘ _/707/1@
3 +—>PointCollector pc = ne@

4 1 pc)addPoint (new Point (3, 4));

5 Point p = pc.getPointAt(0);

6 assertTrue (p.x == 3 && p.y == 4); }
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. 1 |class PointCollector {
1 |class Point { 2 ArrayList<Point> points;
2 | double x; avod Tats POLnts;
3 PointCollecto
4 Point (double x, double y) { P . Y g
5 this. x — x: 5 void addPoint (Point p
6 this. _ ’ 6 points.add(p); }
7 1) Y =Y 7 Point getPointAt (int 1) {
8 retur@t%get(i); bl
1 | @Test
2 |public void test2() {
3 Point%lector 6] new)PointCollector();
4 Point = null;
w(
5 c.addPoint @';/7‘4 4
6’—% o- Poin ) ;
Z/ assertTrue. 3)8& p.y == 4); }
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1 [elass point | 1 |class PointCollector {
5 double x: 2 ArrayList<Point> points;
3 double yt 3 PointCollector() {
_ ! 4 oints = new ArrayList<>();
4 | Point(double x, double y) {| . vfid addpoint(Pointyp) {
this.x = x; .
g th;: x _ X. 6 points.add(p); }
7 | Yo=Y 7 Point getPointAt (int i) {
8 return points.get(i); } }

}

public void test3()
PointCollector pc
Scanner input =

OCoONOOTPA,WN —

{

-ssertTrue(pc.getP01ntAt(O)

new PointCollector();

new Scanner(System.in);
Syste rout println("Ener an integer:"

) ;

4));
.X == 3 && pc.getPointAt (0).




_ACC |

nal| = Wf

Allaelp

Clleatdl) oGl )
. @CC




Yedd Ll

Ll |

C1D

—
CQOWONOOOOPA,WN =

—_
WN —

class
POINT
create
make
feature
x: REAL
y: REAL
feature
make (nx: REAL;
do x := nx
y = ny
end
end

ny: REAL)

O©CONOOOOTPAWN =

class
POINT _COLLECTOR_1

creati
\
fea

\’pomts | LINKED_LIST[POINT]

feature

acQ >~ POINT)
do points.extend (p) end
get_point_at (i: INTEGER): POINT
do Result := points [i] end
end




/1/0701 C:l\@ WA pc#%l

1 class 1 class

2 POINT 2 POINT_COLLECTOR_2

3 | create 3 | create

4 make 4 make

5 | feature 5 | feature

6 x: REAL 6 points: LIN

7 y: REAL 7 | feature

8 feature 8 make do create points.mak¢ end
9 make (nx: REAL; ny: REAL) 9 | add_point (p: POIN

10 do x := nx 10 do points.extend (p) end

11 y := ny 11 get_point_at (i: INTEGER): POINT
12 end 12 do Result := points [i] end
13 | end 13 | end

test_2: BOOLEAN

VO‘))U’IACAJI\)—‘

pc.get_point_at (0)
:= p.x = 3 and p.y = 4

—
o O @
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1 class 1 class

2 POINT 2 POINT_COLLECTOR_2

3 | create 3 | create

4 make 4 make

5 | feature 5 | feature

6 x: REAL 6 points: LINKED_LIST[POINT]
7 y: REAL 7 | feature

8 feature 8 make do create points.make end
9 make (nx: REAL; ny: REAL) 9 add_point (p: POINT)

10 do x := nx 10 do points.extend (p) end

11 y := ny 11 get_point_at (i: INTEGER): POINT
12 end 12 do Result := points [i] end
13 | end 13 | end

1 test_3: BOOLEAN

2 local pc: POINT_COLLECTOR_2 ; p: POINT ; i: INTEGER

3 do create pc.make

4 lo.print ("Enter an integer:%N")

5 io.read_integer

6 if io.last_integer < 0 then pc := Void end

7 pc.add_point (create {POINT}.make (3, 4))

8 p := pc.get_point_at (0)

9 Result := p.x = 3 and p.y = 4

10 end







1 v VAP / € Méﬂfw ~ ’7“‘\"”0'%‘ B
_;{:Z\/“fﬁlézbq édzﬁnr.7, f%%’ 4_2!7(7 L) ;iﬂc77 léziz b4%aﬂ/ AQZQQ751?{
clas§/ L{Zo

‘ACK[G] create make

Vhelomg, o (170 Sk
v

feat —NONER_ - Strategy 1: array
Ftialization

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

; g
across |..\@as i all
imp(:..item] )~ (61ld~Tmp.deep_twin){(i.item]| end

~ (old imp.deep_twin) (i.itgfM] )end

{/D{P / : : old count - 1
§ a H gs ..| count as i all

class LIFO STACK[G] create make

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

create make
tegy 2: linked-list

class LIEQ”STACK[G]
—

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

push (g push(g: G)
d do imp.extend(q)
ensur ensure
~ g changed: imp.last ~ g
unchanged: acro | | coun unchanged: across 1 |..| count — 1 as i all
imp[i.item] imp[i.item] ~ (old imp.deep_twin) [i.item] end
end end
pop

pop

do imp.finish imp.remove

count - 1
|..| count as i all
.item] ~ (old imp.deep_twin) [i.item] end
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Juoplewpntind, Ao nction. Faotin

LINKED LIST @

— PN
class \LIFO_ STAC@ﬂ y—> attached ANY]
fe- ure {NONE} - Implementation

g—=sl raction function of the stack A

create make

I

MO&’QI ?JB«I{ Lot '74)«/\ ”;’/7 o

SZI

| & Result (make empt T &’MV
mplas curs [eYe) 4_@ ﬁa@:g cursor.item) e7> %%’
cr /
&v\iw&s 4 MIM’/ ' 2Ll
N UST kLS't:acbe/L Acf:u/l —

[, '/q /ﬁa,, Zm,,/
class LIFO STACK[G —> attached ANY] create make &:/ 4
feature —- Abstractlon function of the stack ADT

model: ( SEQ[G ] JA w&$b - 639
‘Me o $El mm
feature - Commands Df o )
1

pende end
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class LIFO _STACK[G —> attached ANY] create make
feature {NONE} - Implementation
imp: NKED_ LIST[G]

Result.make 7 ‘;ﬁ;wgﬁﬁy?

iﬁé}as cursor 1o i " | end : /}¢>
— SL ate SEQ
&'&'% [ontuocts s Bgacten Fumcean /
[G

class LIFO STACK —> attached ANY] create make
feature - Abstraction #£#r
model: SEQf6E

feature
push( (

Ton of the stack—4A&R




pu

g: G)’ feature of LIFO_STACK ADT

public (client’s view)

|/
W
/ gbstraction pr ver? The Current array

r Q¢ function into a math sequence

\

—

private/hidden (impleméntor’s view)

/ model ~ (old model.deep_twin).appended(g)
old mode

@ imp.force(g, imp.count + 1)

———————

AT

T
)7,2)},«@



W Hetramatieel - Qlstvactin
~— %7

‘pus : G)’ feature of LIFO_STACK ADT

b/lic (client’s view)

( AN model ~ (old model.deep_twin).appended(3)
old mode ‘ / model: SEQ[G]
ean%
the curren&t?ei?list

Ivaert the current liked list
into a math sequence 0 a math sequence

abstraction
JSunction

M imp.put_front(g)

7

s view)




fea

t
ensure

end
feature —-

class LIFO_STACK]|
feature {NONE}
imp: ARRAY[G]

model: SEQ[G

counts:
contents:

make do create imp.make_empty ensure model.count =
(push’(g: G)

ttached
—-— Implémentat#

traction function of the stack ADT

Result.make,f;zz_array (imp)
imp.count = Result.count

across 1 |..| Result.count as 1 all
Result[i.item] ~ imp[i.item]

Commands

0 end

do imp.force(g, imp.count + 1)

—ensure model ~ (old model.deep_twin) .appended(g) end
Bl o ittt
pop do imp.rgaove_tail (1)
ensure popped: model ~ (old model.deep-twin).front end
end

class LIFO_STACK[G —-> attached AN class LIFO_STACK[G —-> attached
feature {NONE} - Implementat as top) feature {NONE} -- Imp as top)

imp: LINKED_LIST[G] imp: LINKED_LIST[G]
fwz‘ckion function of the stack ADT Abs™action function of the stack ADI

odel: SEQ[G] =) (: SEQ[G

do createé Result.make empty ’/’/ ZL ate t.make empty //’/
acro p as cursor loop Re (cursor.item) end across imp as cursor loop Result \append(cursor.item) end

ensure
counts: imp.count = Result.count
contents: across 1 |..| Result.count as i all
Result[i.item] ~ implcount - i.item + 1]
end
feature - Commands

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

model ~
_

(old model.deep_twin) .appended (g) en
imp.start ;

imp.remove
(old model.deep_twin).front end

opped: model ~
&—/

ensureé
counts: imp.count = Result.count
contents: across 1 |..| Result.count as i all
Result[i.item] ~ imp[i.item]
end
feature - Commands

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

‘pushl(g: G imp.extend(g)
ensure pushed: /model ~ (old model.deep_twin).aggggggd(g)
pop do imp.finish ;

end
imp.remove

ensure popped:
end

model ~ (old model.deep-twin).front end




Testing,

Ret. w Moppre/ 8

. 083 &N b2y , (G35

(é,f) «,(Gé) 7[0/9’))

O

r overridden({(a,3), (c,4)) Ps 2y CFi ¢ )S

—_—

{(a,3), (074)}U{(b,2[)7 (b,5),(d,1),(e,2),(.3)}

t r.domain_subtracted(f.domain)
——

{a;c}

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

i

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

. et of second-elements from r
orrange={r|(d,r)er}
o e.g ange = {1,2,3,4,5,6}

. D a relation like r except elements are in reverse order
o rinverSe ={ (r,d)|(d,r)er}
o e.g., rinverse = {(1,a),(2,b),(3,0),(4,a),(5,b),(6,¢),(1,d),(2,€), (3,f)

(1
r.domainestricted(dp) |: sub-relation of r with domain ds.

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

N h? //”76
cst_rel) BOOLEAN v ) R
local .
L 5C) (©) (REL)Y STRING, INTEGER] o r.domain_subtr
ds: SET[STRING]
do
cr te(;)make_from_tuple_array (
<<pra", 11, ["b", 21, ["c¢", 31,
Z{"a", 41, ["b", 51, ["et. 6],

1 gl

check

end

’5“-, , ["f" )
create ds.make_from array (<{'a"}>)

Smietmelharget—sUthe gue ry ‘domaip
[%;: Qr)domai @HEQ!;!EQ; ng (E) ?U
Result :
t /~ r and not t.domain.has ("a") and r.domain.has ("a")

— LS. €
r(domain_subtract Jds)

Result :=
t ~ r and not t.domain.has

["e", 21,

~—

Result end
tlEn Co

Ol 1a

@ o

TP o a11bF gt
domain_subtract

wand]

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

r.domain(subtracted@s) ‘: sub-relation of r with domain not ds.

ed(ds) ={ (d,r)|(d,r)ernd¢ds}
o e.g., rdomain_subtracted({a, b}) = {(¢,6),(d, 1), (e,2), (f,3)}

* |r.range restricted(rs) |: sub-relation of r with range rs.

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

r.range_subtracted(ds) ‘: sub-relation of r with range not ds.
o r.range_subtracted(rs) = { (d,r) | (d,r)ernrg¢rs}

o e.g., rrange_subtracted({1, 2}) = {(¢,3),(a,4), (b,5),(c,6)}

nan)
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r

( PHONE USER \ my_phone SMART PHONE

ct reminders; IST[EVENT]
my_phone; ART PHONE pCquire ?
ensure "”

IPHONE 6S PLUS )




ensure ” e
B: Ve:RBesult ) e happens today
/

end

et_

ensure then '

%‘v’ezﬁesult | e happens today or tomorrow

d D —— e _ ————————
en

clas IPHONE_6S_1(>LKU§S—1
inheri PHONE redefine get_reminders end o
e.mlnelr: LIST[EVENT] ‘ ot Wﬂyf
[}
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class SMART PHONE
get_reminders: LIST[EVENT]

require
ensu

B: Ve:Result | e happens today

end
//“\ /\\
clas{ IPHONE_6S_PLUS
inheri T _PHONE redefine get_reminders end

get_reminders: LIST[EVENT]
require else
v -— 5%
ensure

d0: Ve:Result | e happens today between 9am and 5pm
end
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( PHONE USER )

tny_phone: SMART PHONE

v Lt 7t tebr fff/

: ’W f;f/we
2. o=

my_phone

( SMART PHONE

get reminders: LIST[EVENT]
require ??

ensure ??
_

A

[ IPHONE 6S PLUSN\\)

get_reminders: LIST[EVENT] /]
require else ??

Mﬂ 7?7
s

—




L = N\,
class(IPHONE_6S_PLUS \
inherit PHONE-redefine get_reminders end

get_reminders: LIST[EVENT]

cize sise— > r@ ey B o

(ot ery_leve 20.1 g Z““ﬂy
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class SIV_IART_PHON/ELQ [ 2om
get f rs:
equi
o tery_level 2 - %
esult | e happens today
end
— —

class@:65y Q’t_ e,
inherit S T _PHONE redefine get_reminders end
x’_et_re. inders: LIST[EVENT] oA v 24

Wfﬂ?’r(’f /"/S

- - - /
'l +e7 Result |—e~Lappens today between@m
enac — A_ D
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Westhes St - Tet Tészg/t

weather_data

WEATHER DAT

emperaturg. REAL
tmidity,)REAL
ressure, REAL
ect_limits (t, p, h): BOOLEAN
- zurrent data within legal Timits 7
invagiant

corre its (temperature, huq{,' i

weather_data

\&_,

weather_data

ECAST+

fi (4 \ /
display +

-- Retrieve and display the latest data.
wrrent_pressurg? REAL
egsure: REAL

RRENT_CONDITIONS+

fgm;Lj' ,//
display +
etricve and display the latest data.
omperanye: REAL
humidiry: Y,

i STATISTICS+

>/leat re o _/

disKlay +

-- icve and display the latest data.
temperatures 2 A




class FORECAST create make
b\) L@\/ 4’ Z feature - Attr es
t _m-t"% . t I } current_pressure: REAL
QG- (O 1 Wemm last_pressure: REAL
| weather data: WEATHER DATA
feature - C 5
make (wd: WEATHER _DATA)
ensure weather_data = a-weather_data
update
do last_pressure := current_pressure
current_pressure := (weather_data.pressure
class WEATHER DATA create make die;dlay
feature - Data do update
temperature: REAL
humidity: REAL class CURRENT CONDITIONS create make
pressure: REAL feature - Attributes
feature —- Queries temperature: REAL
correct_limits(t,p,h: REAL): BOOLEAN humidity: REAL
ensure weather_dat WEATHER DATA
Result implies -36 <=t and t <= 60 feature —— ( nds

make (wd: WEATHER _DATA)
ensure weather_data

Result implies 50 <= p and p <= 110
Result implies 0.8 <= h and h <= 100

I

feature -- Commands update <
make (t, p, h: REAL) do tempergture éather7
require humidity :=
e end
correct_limits (temperature, pressure, humidity) display
ensure do update
temperature = t and pressure = p and humidity = h
invariant class STATISTICS create make
correct_limits (temperature, pressure, humidity) feature -- Attributes
4 weather data: WEATHER DATA
en

current_temp: REAL
max, min, sum_so_far: REAL
num_readings: INTEGER

feature - Co ok}

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

update
do current_temp := weather data.temperature

-— Update max 1f necessa

end

display

do update




oother St - Test%r I Tt

class WEATHER STATION create make
feature -~ Attributes

cc: CURRENT_CONDITIONS ;
wd: WEATHER DATA
feature - Commands

make

fd: FORECAST ;

sd: STATISTICS

do \create wd.make

750 (29) ]

;rEréate fd.make

end

Fnd

(wd)i;]create sd.make(&*

class FORECAST create make
feature - Attributes
current_pressure: REAL
last_pressure: REAL
weather_data: WEATHER DATA
feature -- Commands
make (wd: WEATHER_DATA)
ensure weather.data =
update
do last_pressure
current_pressure =
end

disp.
do

class( CURRENI_CONDITION,

feature —— Attributes
temperature: REAL
humidity: REAL
weather_data:

a-weather_data

1= current_pressure
weather data.pressure

create make

WEATHER DATA

feature __ Commands
ake (d;/ WEATHER_DATA)
ensure lweather_data = wd]
update
do temperature := weather_data.temperature
humidity := (weather data.humidity
end

disp.
do

class STATISTICS create make
feature - Attributes
weather_data: WEATHER DATA
current_temp: REAL
sum_so_far:
INTEGER

max, min, REAL

num_readings:

feature - Commands
make (wd: WEATHER DATA)
ensure weather_data =
update
do current_temp :=
—— Update min,
end

a-weather_data

weather data.temperature
max 1f necessary.

dis;
do
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subjects

ensure
Yo : observers : o.update_to_date_with_subject

\ _J

WEATHER_DATA+

( )

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

o m wm mm wm wm mm wm mm mm wm wm wm wm wm owm w

observers
P ————
F = _—
(_OBSERVER* )
" L SUBJECT }

R —; update.

feature -- { SUBJECT }
up_to_date_with_subject: BOOLEAN *

-- Is current observer up to date with

-- the latest state of the subject?

A

\_

_J




class SUBJECT create make
feature

Attributes

LIST[OBSERVER]
nds

observers :
feature Co.

Ly]wm%i Ajeatlaa/ btk - Jec‘o

l feature -

make
do create {LINKED_LIST|[OBSERVER]} observers.make
ensure no_observers: observers count = 0 end
feature - I
attach (o:

to the obser

Add ‘o’ s
require not_yet_attached: not observers.has (o)

OBSERVER)

end

v he obs
o’ to the obse

ensure is_attached:
detach (o: OBSERVER)
require currently attached:
not observers.has (o

observers.has (0)
-— Add

vers
observers.has (o)
ensure is attached: end

invoked

ver al the update.

notify -- Notify 1
do across observers as cursor loop cursor.item.update end

ensure all views_updated:

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) :
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

BOOLEAN

correct-limits (temperature, pressure, humidity)

end

end
end

across observers as o all o.item.up_to_date_with_subject end|
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8 / WEATHER DATA+

tdmperature: REAL
umidity: REAL
-j ssure—REAL
—tmits (t, p, h): BOOLEAN
re current data within legal limits?

correc

limits (temperature, humidity, pressuur

)

weather_data

—

QQ# FORECAST+) ) |

@ (Clﬁ{ENT_CONDITIONSﬁ

feature /

di \pIa\ +

c T1 display the latest data.
curren(pressure: REAL
last_pressi AL )

D

feature
Ldmpla\ +
and display the latest data.
: REAL
humicdy: REAL )

0 GTATTSTIC_&) B

feat

ZRetrieve and display the latest data.

emperature:
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! -~ = 1
I feature -- { SUBJECT |
I pdate * 1
1 -\ React to a update. 1
! 1
1 feature -- { SUBJECT } 1
1 ensure ; ip_to_date_with_subject: BOOLEAN * 1
I Yo : observers : o.update_to_date_with_subject ! éZSYC":j/ <Js current observer up to date with 1
1 -- the_latest state of the subject? / 1
1 - \ _J .
1 N 1
! 1
. - 1
, 1
! 1
Csin, D -
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deferred class
OBSERVER
feature -- To be effected by a descendant
up_to_date_with_subject: BOOLEAN
-— Is this observer up to date with its subject:
deferred
end

update
—-— Update the observer’s view of ‘s
deferred
ensure
up_to_date _with_subject: up_to _date with subject
end
end

7

clas{ FORECAST,
inherX VER
£ -- C I

makega_weather._data: WEATHER_DATA)
© weather._data := a_weather_data

ands

weather_data.attach (Current)
ensure weather data = a_ weather data
weather_data.observers.has (Current)
end
feature - OQueri
up_to_date_with_subject: BOOLEAN
ensure then

Result = current_pressure = weather_data.pressure
update
do - as on demand
end

N
class \QURRENT_CONDITIONS
inherit OBSERVER

WEATHER_DATA)
a_weather_data

weather_data.attach (Current)
— —
ensure weather_data = a _weather_data
weather_data.observers.has (Current)
end
feature Q
up_to_date_with_subject: BOOLEAN
ensure then Result = temperature = weather_data.temperature and|
humidity = weather_data.humidity

update
do same as 1st des
end

Called only on demand

—

classq};gISTIC;‘/

inherit SERVE:

feg g —— Commands

7weatherﬁdata: WEATHER _DATA)
weather._data := a weather _data
ather data.attach (Current)

weataer aga —_—
ensure weather data = a weather data

weather_data.observers.has (Current)

end
feature - 0 ies
up_to_date with subject: BOOLEAN

ensure then

Result = current_temperature = weather data.temperature

update

do

on demand

—end
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class WEATHER STATION create make

feature - Attributes
cc: CURRENTI_CONDITIONS
wd: WEATHER _DATA

; fd: FORECAST ; sd: STATISTICS

. agtech(CC)

make

clas@CA?/
inherit OBSERVER
ffi.t-\:e —-— Commands ;\/J
make/( a—weathesr—cata: WEATHER DATA)
do[ weather data a_weather_data
weather_data.attach (Current)
ensure weather_data

a_weather_data
weather_data.observers.has (Current)
end

|wd set_measurements @ 3@.4
—= ¢wd.notif G) Nd 08 Z:lj
cc.dis fd.display ; sd.display

cc.diégéay ; fd.display ; sd.display

® wo{-os(z]

———'> d.set_measurementsjll, 90, 20)
wd.notify

cc.display ; fd.display ; sd.display
end

end

, m/aéf

@ W()l ) osl;sjl).

A

class| CURRENI_CONDITIONS

inherit OBSERVER /

feature - Commands
make (a—weathesws—ecata: WEATHER_DATA)

do,weather._data mw

N{ weatherdata. attach Wc
ensure weather_ data = a_wéather_data

weather_data.observers.has (Current)

egd

)

At

(R _OJp

G /?_@

NedHeR D40

(1, an

D

¥ /S
lo
«Zé?o i

We_vam
ToRELOST |
J<{Kﬂ'—m

V.

f

cla STATISTICS
inherit OBSE
fe e —— ”ommarzds [
makeA a =weather—data:
weather data

WEATHER _DATA)
a_weather_data

weather_data.attach (Current)
ensure weather data

a_weather_ data
weather_data.observers.has (Current)

)

I

VAR,

) / |

(> .

V.

D
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d 'Z_ '; - public class CurrentConditions {
&M' (JB/L w— private double temperature; private double humidity;
public void[updateTemperaturéd(double t) { temperature = t; }
public void updateHumidity(double h) { humidity = h; }

public class WeatherStation { public C@urrentConditionsy) |

public static void main(String[] args) { ethodHandles.Lookup lookup = MethodHandles.lookup();
WeatherData wd = ne We\astherData(% 75, 25);
CurrentConditions = new CurrentConditions();

System.out.println("=======");
wd. s(15, 60, 30.4); :'

cc.display();

i lookup. Vi 1
System.out.println("======="); ookup. tindVirtual(

this.getClass(), "updateHumidity",
wd. setMeasurements (11, 90, 20); MethodType . methodType (void.class, double.class));
cc.display(); WeatherData.changeOnHumidity (§ubsczibe (this, uh);
b} } catch (Exception e) { e.printStackTrace(); }

}

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

public class
private double temperature;
private double pressure;
private double humidity;
public WeatherData(double t, double p, double h) {
nehle actiokh) | setMeasuremen

> o/é )
- public stati

}
void @Object fﬁ?) { public statid
for (Object listener : IdsfensrsActions.keySet A

MethodHandlelactlon{= listenersActions.get (listene public static{ / F new Event () ;

try | public void SetMe double h, double p) {
uacti on l QvokeWithArgume%

temperature = t;
} "ecatch (Throwable e) { } humidity = h;
}

}

pressure = p;
}

r TP
-r@f
W

changeOnTemperature .@( temperature) ;
(humidity) ;

changeOnPressure (P isP(pressure) ;
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class CURRENT_CONDITIONS ( \
create make () J\AAf@’ 7k ( 4—"—.§->
class WEATHER STATION create make Eont Fnitializatd Z f)
eature —— nitialization
feature e o
make (wd: WEATHER _DATA) @ J\‘/’;M (
cc: CURRENT_CONDITIONS Tdo
make wd.change_on_temeerature@ (agent [u date_temperaturq)
do create—wdrmake—{5775, 25) wd.change,on,bemp.eja.tu.:e.s scéribe (agent update_humidity)~
reate (cc.mak g end hoam? I{y
d (15, 60, 30.4) feature
temperature: REAL
wd.set_measurements (11, 90, 20) humidity: REAL —
cc.display [_'upaate_tem erature t: REAL l do temperature := t_end
end Update humidity J(h: REAL) do humidify := H end
displ do ... end
end pLay
end
- y——
,’ﬁ"ﬁ' lﬁ class%m_mm
s create
feature - Measurements
class( EVEN. _’ UPLE
createCm:._T}l) %) temperature: REAL ; humidity: REAL ; pressure: REAL
feature —- Tnitialization correct_limits(t,p,h: REAL): BOOLEAN do ... end
actions: LINKED LIST[PROCEDURE [ARGUMENTS] ] make (t, p, h: REAL) do ... end
feature - Event for data changes

make do create actions.make end

feature
(an_action: ®ROCEDURE GUMENTS] )

subscri.

require action_not_already_subscribed: not actions.h:
do actions.extend
B

(an_action)

action.has(an_action) end

7

EVENT [TUPLE [REAL] Jonce create Result end

: EVENT[TUPLE [REAL] Jonce create Result end

change_on_pressure : EVENT[TUPLE [REAL]]once create Result end

feature Command
set_measurements\t, p, h: REAL)

require correct_limits(t,p,h)

do temperature := t ; y p ; humidity := h
change_on_te ature i (
\change.on_humi dity I.publish )
change_on_pressure .publish ([] )
end
invariant correct_limits(temperature, pressure, humidity) end
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class FOO
i: INTEGER
increment_by 9
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class FOO
i: INTEGER
increment_by 9 @,M
requi 72, 62
> i;if/// ﬁ7.f>§?d,
do 2 et _—
i =1+ 9 7 T oA
ensure
& &= 13
end

end
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' : INTEGER

@@ ‘Yf?%ﬁ Ti=1 ¢ {’[wgﬂ
/ (i > 3 )& \( / C ?

do -
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class FOO
1: INTEGER
increment_by_ 9
require

i > 5

do
i = 1 + 9
ensure
i > 13
end
end
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class FOO =
i: INTEGER Q) S 1A} = Q=wp(S,A)
increment_by_ 9
0. 1z2
e’@ @
S
N 4‘
end wp( T 9. =3 C |
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class FOO
i: INTEGER
increment_by_ 9
require

1 >‘§
do

nsuare—

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

R

1)
0

@m

end
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Is this program correct?

{<>0/\y9}
i > y then

bigger := x ; smaller :=y
else

bigger := y ; smaller := Xx
end

{bigger > smaller}

| Glodere the p Lz Jpose o olepres €

o (E@ Yt lpaps =] (977 7
de LIPS T fd, by 8
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Is{ True } tmp := x; x :=vy; y := tmp{ x>y } correct?
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{@}x := e{R} < Q= R[x:=¢]
~—_——
wp(x := e,R)

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

{QA B }S {R)} (Qr B)= wp(Si, R)
<~ A\ <~ A
{Qr-B )} S {R} (QA-B) = wp(Sz, R)

{Q} S1 5 S {R} < Q= wp(Sy, wp(Sz, R))

Wp(S1 7 827 R)
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s= X; X = V; v _:= tmp correct?
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Tt Lhaka

from
Sinit
invariant
invariant_tag: .
until

B

loop
S%mw
variant
variant_tag: “V
end

d

Loop
Invariant
Violation

Loop
Variant
Violation
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bowe

test
local
i: INTEGER
do
from

io.put_string ("iteration " + i.out
1 :=‘!ﬁF15

vaxiant
6 — 1

end

end

Loop
Invariant
Violation

Variant
Violation
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Ik = =5
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test gv -
local 04 ,7 (\dl/)-
i: INTEGER
Ceron
Y et
invariant
1 <= 1 and 1 <= 6
until
i>5
loop
io.put_string ("iteration " + i.out
variant et
6 — 4 :> ‘f@/w1/WGvayq
end
Iend

Ejmamvxg Uddator ): 1€ T<&
Mook, Volatsn) (6-T

g Lo By - € 50

Invariant
Violation

Loop
Variant
Violation
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from

invariant

=1

until

variant
variant_tag

Loop
Invariant
Violation

Variant
Violation
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until

find _max (a: ARRAY [INTEGE EGER
local i: INTEGER U*[ <T< ,%;M/f > A[:‘—j
do / J — ) "(
fram _— false < ¢
[ ) _ , —
= ) esult := a[i] C
. S~—
invariant
—> | Aoop_invariant: —- Vj|a.lower < Result > a[j
across a.lower |..| as j all Result >= a j.item]

end

= a [1] end
loop_variant: a.upper — i + 1 >
end
| ensure VJ]@J_.SQ('@V
correct_result: —- Vj|a.lower<j< a.upper o Result > a[}, - g a@
across a.lower |..| a.upper as j all Result >= [F.\item] 7S Zé%' iy
end 7 X X —
lena U1l AFTER ITERATION || 1 Result\ L\ E.xw@ a.upper)7 LV
X( ® ] A Initialization 1) o) || v y @
P [ 1st 20 O x
@) |« o
x ®

(3)

2nd







mdm% Mo : 12

% | lo |4o |30
find _max (a: ARRAY [INTEGER]): INTEGER
local i: INTEGER
do /
from
i :=@ Result := al[i]
invarian
loop_invariant: —-- Vj|aldower<j<i e Result> a[j]
across a.lower |..| (i — 1) as j all Result >= a [j.item] end
until . //
i > a.upper [/ Z\/
loop J/
if a [ Result then Result := a [i] end
i :=
T\
variant g
loop_variant ‘f
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 20 v x —)
1st 2 20 | v x D
2nd ¢ 20 | v x 1
(ard) 0 | v < 0
—
W/ [5] @ |@ ® 1

#
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1 «B =K

{Q}

invariant
/

until
B

lo

Shoady
variant

V
end {R}

}; =
SIRABS Sede &V 20§
MmE e
1 3 _Skd 1713

A

¢ ol V

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

QSN
e Atthe end Wto/exﬂfuﬂs maintained.

« If ready to exit and L/ [ maintained, postcondition R is established.
o A loop ‘terminates if:

e Given LI I, and 1ot yet to exity Speg, Maintains LV V as non-negative.
{//\ —|B} Sbody {V > 0}
e Given LI I, and not yet to exit,(Spoqydecrements LV V.
{//\ ﬂB} Sbody {V < Vo}




find max (a: ARRAY [INTEGER]): INTEGER
local i: INTEGER
do
from
i := a.lower ; Result := a[i?] -1
iirm——"\_‘— L
loop_invariant: m\ a.lower < j < i e Result > a[j]
until
i > a.upper
loop
if a [1i] > Result then Result := a [i1] end
i :=1+1
variant
loop_variant: a.upper — 1 + 1
end
ensure
correct_result: Vj|a.lower <j< a.upper e Result> a[j]
end
end

Non-Negative Variant:  Decreasing Variant:

{Tmez [z Qlawty 3
/e{.,(/f = lalz]]

g

Before Termination:

Upon Termination:



Tt

Establishment of Loop Invariant:
{ True }

1 := a.lower

Result := a[i]
{ Vj|a.lower <j&) e Result>a[j] }

wF (0= ﬂe[w&@ Ganlt = Al2] VJIAZE}Q ’/?\%@

= {wp b o 5 3

W}?< T = 0 bwer zoF( M s =\gfz ] yj[ﬂgé‘?q -@w@

:%\WF wib Aov i'«j Tl

wp( Do or > Wil ol ggel]: all>alsl)
Ville 27\ e bk ﬁldjjzﬁgjg [




mination:

AT e
lower < j < a.upper o Result > a[/§

]
(Yx |llexed|- £<&l)
2 Wx |[lexe o <8l




T

@ys Non-Negative Bﬁfore Exit:

{rj |alower<j<i e Poeu/fm.u]_))«ﬂw aupper)[ }

1f a [_1] > Result then Result := [i] end
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