Lecture 2

Part 1

Modularity & Modular Design
Abstract Data Types (ADTs)






Modularity: Daily Constructions




Modularity: Computer Architectures
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Modularity: System Developments

(* Function block

(*+ DECLARATION *) (
o

"""" o
A -t |LIMITS'Y"
ALARM
REAL —|H QHf| - BOOL |

REALAH-|X Q| -fBoOL
REALH- |L oL | —BOOL\

| ot —

FUNCTION_BLOCK LIMITS_ALARM
VAR_INPUT
H : REAL; (* High 1
X : REAL; (+ Variable value H-(EPS/2 NC(No change)\
: ; Jariable v | \ HYSTERESIS
L : REAL; (* Lower limit - \ IN1

EPS : REAL; (* Hysteresis QH=0(FASLE)
END_VAR
VAR_OUTPUT L+EPS

QH : BOOL; (+ High flag ) LeEpsi2 / e \

Q : BOOL; (* Alarm output x)

QL : BOOL; (* Low flag *) L

QL=0(FALSE)

D_VAR QL=1(TRUE)
END_FUNCTION_BLOCK » TIME




Modularity: Software Design

* new_cursor*
ITERABLE [G]

\ after*: BOOLEAN

sorted-maps

e — - ————

SORTED MAP_ADT [K, V]*

feature -- model
model: FUN[K, V]
sorted_keys: ARRAY [K]

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

ORTED_MAP
remove (key: K) DESIGN [K, V]
require has (key)

feature -- queries
item(key:K): V
has (key: K): BOOLEAN

| — :

3
7/ del t): SORTED_RBT _ SORTED_BST_

s mocel.count): ) MAP K, V] MAP [K, V]
sorted_keys[i] < sorted_keys[i+1]

sorted_keys.count = model.count

Vk € model.domain : k € sorted_keys

i

implementation

+
SORTED_LINEAR _
MAP [K, V]

implementation

SORTED_ADT [K, V]*

feature -- model
model: SEQ [KV_PAIR[K,V]]

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

remove (a_key: K)
require has (a_key)

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

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]

implementation

SORTED_ SORTED _
LINEAR [K, V] TREE [K, V]

SORTED_MODEL_MAP [K, V]

implementation




Java Classes: Abstract Data Types? Ko .

isetlint index, E element) ([

Replaces the element at the specified position in this list with the specified element (optional
operation).

E set(int index, éet( f—. ’ &ew\)
E element) /

(Replaces the element at-the specified position in this list with the specified element (optional operationu

Parameters: T

index - index of the element to replace

element - element to be stored at the specified position

Returns:
the element previously at the specified position 7{‘0»‘

(ntertacg LSHAED)

UnsupportedOperationException - if the set operation is not supported by this list

ClassCastException - if the class of the specified element prevents it from being added to this list

‘E - the type of elements in this 1ist] NullPointerException - if the specified element is null and this list does not permit null elements

eq_- if some property of the specified element prevents it from being added to this list

All Superinterfaces:

Collection<E>. Iterable<E> r IndexOut0fBoundsException )if the index is out of range (index < 0 || index >= size()))¢

All Known Implementing Classes:

AbstractList, AbstractSequentiallist, ArrayList, AttributeList, CopyOnWriteArrayList, LinkedList, Rolelist,
RoleUnresolvedList, Stack, Vector

public interface List<E>
extends Collection<E>

‘An ordered collection (also known as a sequence).’l he user of this interface has precise control over where in the list each element is
inserted. The user can access elements by their integer index (position in the list), and search for elements in the list.




feature -- Commands
l"assign_at (i: INTEGER; s: STRING)

-- Change the value at position 'i' to 's'.
require

class interface ARRAYED_CONTAINER valid_inde

feature - Commands ensure

ontract View )~

\ 4

assign_at (i: INTEGER; s: STRING) size_unchanged: imp.count = (old imp.twin).count
—-— Change the value at position ’i’ item_assigned: imp[il =.§
require L thers_unchanged(v j:1<j<imp.count: j#i=>imp[j] ~ (old imp.twin) [j])
valid index:[1 <= i and 1 <= count

feature -- { NONE }

24 -- Implementation of an arrayed-container

grze guglangen: imp: ARRAY[STRING]
imp.count = (old imp.twin) .count

item assigned: invariant
imp [i] ~ s consistency: imp.count = count

others_unchanged: \_ _
across

1 |..| imp.count as j
&P !all!

j.item /= i implies imp [j.item] ~ (old imp.twin) [ j.item]
end
count: INTEGER
invariant
consistency: imp.count = count
end —-- class ARRAYED CONTAINER



Lecture 2
Part 2

Copying Objects:
Reference vs. Shallow vs. Deep



Reference Copﬁ@gp_Z ve.l.\. A?g,
A DERSE— -




Shallow Copy: (c D(:Qlczg’rwin,’ gha“;ﬂ?%




Deep Copy: cl(=Xc .deep_’rwin7 a{ee{) &pd,




Reference vs. Shallow vs. Deep Copies

= Initial situation: name
[_Iandlord

‘:Ioved_one

“Aﬁavival ‘

01

-—

e o

= Result of:

“Susanna”

c :=(a.twin

d := a.deep_twin

loved_one

“Almaviva”

“Fiqaroﬂ

“Susanna”




DECNEPIEEP) - Result = true

(1T e, - £tP
across(l)|..| @mp.count _dis j
B mp ( J:’ @old_imp @

end - Result = true

imp[2]

\l {'(’A fé STRING STRING STRING
]7’ P/ m \\Alanll m \\Mark" m \\Tomll




Collection Objects: Shallow Copy & Make

1 | old.imp :=(imp.twin N *hgf ‘J(
Result ;= old imp = imp —- Result_ = false (me] - o0l_& J

3)| imp :=) "Jimy

4 |Result = _ Pﬂ"‘? D{

5 across 1 |..| Imp.count is j ?v “( (MF[}! ~ c(l)(_(ul []

6 all imp [j] ~ old _imp [3] sm‘P f»e-g-m

s end —— Result = false

dA_TMF Gj T m})["lzj f\‘ RRAY[STRI
. o)

3 s

STRING

STRING

value P E &

lue 0




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

twi Lr’ﬂ V0 1(011‘()

147? MD{/'A

'f*i")imp —— Repult falsey "~ MPE‘:] oyd.-{\/l‘l?z—:]

1 old-imp :=(imp.
2 |Res =

3 | im®K[2]1¥.]a end’

4

5 across 1 |..|

6 all imp [F] ~
7 end —— Result

Lﬁ r STRING STRING STRING
L “Unde se5657

= true

iflng.c?oun?"ié 7 )Wé;ffai? @4 PL?] JD(_MF(J
old_imp [J] \Fos\c Stafp

apz] efo(_r';’t}?@?

ARRAY! TRING]

)

EL)
imp[1] imp[2] imp[3]




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

2
old_-imp := imp Fieep_twir Aﬁ! 7'74#

R = 3 = 1t
l;}s;z_l—l')(9 "Jlm" imp esu | 1;{_ @
Result := ¢ (I"PL':( (LD—"'[J

across 1 |..| imp.count is j ?5{»_&4#
all imp [j] ~ old imp [Jj] end —— Resul

-~

’ O(‘\M[)LZ ’LO_(_[ZJ

o0 5= L. obep- R raily
ﬁ\; ARRAY[STRING]

)

u T /\bl I imp[1] imp[2] \W imp[3]
ol MF ! l ‘
'[ STRING STRING STRING
‘l/ 17 I '/ “Alan” “Mark” value
ﬁ o




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

old-imp := imp.deep-twin
Result := old imp = imp -- Result = |

imp[2].aggend ("xxx™) {
— e ?ﬂ?"“

across 1 |..| imp.count is j _gea®?
all imp [j] ~ old imp [Jj] end - Redult = false

F\’ ARRAY[STRING]
\

im

p
—td]
ou_,'('m /\?/l; rI [‘ P:niiu imp[2] imp[3]
["“"'g i - STRING STRING
] (] e -k
o

STRING

ake wesex 7



Lecture 2
Part 3

Writing Complete Postconditions



Contract View Runtime Contract Checks

of f

expresgons7

execute implementation of f
ra:(-—gfwﬁ"
check postcondition o




Caching Values for old Expressions in Postconditions

class(f BANK.
accounts: ARRAY|A
O\

some_feature
[req uire




Caching Values for old Expressions in Postconditions e 7

. . Gne Fa
ensure (in context of BANK) | How to cache at runtime? Fstand.

)] old('accounts[i]zf?sv ol (Z‘__I,)
A[ e q_BANK ﬁ e 0 0o ! » e o o
|@(old ccounts[| @/_\ dCCounfs;j :
2n -47 1L ,'l' b B Y ey
nel iI=

(old ,ccount;[l] twin).id @
Ls Aetsout ~
@(old[accounta)[l] id @ wl “
Z T baran et
(oldaccounts.twin)[i].id :vat'{WM Qo4
L (A4 %
® (old Current accounts[l] id
)

~

obl_aa;s_z ol = A't&anﬂftl.?o(
|23



Revisit: Bank Accounts in Java V5

public c1asslAccountV5 ﬂ
public void withdraw(int amount) throws

L= int oldBalance = this.balance; é—",’?——m
“if (amount < 0) { + negated precondition #
throw new WithdrawAmountNegativeException(); }
else if (balance < amount) { + negated precondition
throw new WithdrawAmountTooLargeException(); }
else { this.balance = this.balance - amount; }

O©CoONOOOOL A~ WN =

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptig

10 assert thi&s—getBalance()\> 0 :"Inwassant: positive balance";
Wil | assergetBalance( == amount : |

wlonddf

12 | "Postcon{i ion: baigzce deductdd"; }
s —Shet0 ');»ét-g
How does the correspondigg\Eiffel design/look like

n




Use of old in across Expression in Postcondition

class lLINEAR CONTAINER ’
create make /_2 e -
feature - Attributes _— c —

a: ARRAY[STRING] 7~ T_"ctem :ngé('[' M/
feature —- Queries / _J 9 —

count: INTEGER do Resdlt := a.count end

get (i: INTEGER) : S8TRING do Result := a[i] end

feature -- Commasds A T 3
lmake éze/(e a.make_empty end N # L
update INTEGER; é-) STRING)
) e N 0 N

& ‘ensure - th@r: (J???]“Pmapd &

[acrossl °

L |..| count é‘%)-—)

\7’ Gl . -
j.item /= 1 implieg gé £

N2

end
end
end

/
Hint: What value will beﬁacheaaf runii

before executing the implementation of update?




class

inherit
ANY
rede

ACCOUNT

feature - Attributes
owner: STRING
balance: INTEGER

feature - Commands
make (n: STRING)

fine is_equal end

end

deposit (a:

ensure
balance
end

is_equal (other: ACCOUNT) :

do
Result

owner ~ other.owner
and balance

end

INTEGER)

class BANK

create make

feature
accounts: ARRAY [ACCOUNT]
make do create accounts.make_empty end
account_of (n: STRING): ACCOUNT

Sts

require -- the input name exi
exlisting: across accounts is acc some acc.owner ~ n end
(across accounts 1s acc all acc.owner /~ n end)

not
do ensure Result.owner ~ n end
add (n: STRING)
require —- the input name does not exist
non_existing: across accounts is acc all acc.owner /~ n end
end)

(across accounts 1is some acc.owner ~ n

ACCOUNT

—— not
local new_account:
do

create new_account.make
accounts. force
end
end

acce

(n)

(new_account, accounts.upper + 1)

balance + a

old balance + a

BOOLEAN

other.balance




\(/ 74 , Ko - o

7@?( Ry - 777(7f>>



Unit Test for All 5 Versions

class TEST BANK
test_bank_deposit_correct_imp incomplete contract: ‘BOOLE
local
@ BANK
do
comment ("tl: correct imp and incomplete contract")

lcreate b.mak

b.add | "Blll"

b.add 1 ?

—-— deposit 100 dollars to Steyve’s account
b.deposit_on-vl ("Steve”,
Result :=
[b.account_of "BilTl"M. balance = 0
and .balance = 100
check Result end

end
end




Version 1: Incomplete Contracts, Correct Implementation

>Pr€
b.deposit{"Stev

>
C ([ eccounsy/ P "—>f~=ct

b ——

ACCOUNT ACCOUNT
“B owner
balance balance
class BANK
deposit_on_vl T, G; a: INTEGER)
== require across accounts is acc some acc.owner ~ n end]
-7 el local i: INTEGER
, Sq do

from i := accounts.lower
\\ until i > accounts.upper

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




Version 2: Incomplete Contracts, Wrong Implementation

BANK m
<i////"’ —— b.accounts ‘ N I"’7'

ACCOUNT ACCOUNT

owner

balance

deposit_on v2 (n: STRING;(a:)INTEGER)
[fequire across accounts is acc some acc.owner ~ n end
local i: INTEGER

. of version 1, followed by a deposit into 1st account]

accountsifaccounts. lowe{] .deposit (a) k

—
num_of_ac unchanged: ’
counts.count old@accounts.count 2
balance of n Jnereased:
2

"/
urrent.acco = v
old{Current.account_of(n) .balancel)+ a /OO = 'D +

end
end




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

b.deposit

(‘Stevel, 100))
: s

ACCOUNT

balance

class BANK
deposit_on_v3 STRING; a: INTEGER)
require across accounts is acc some acc.owner
Hlocal i: INTEGER

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

sure

num_of_accounts_unchanged: accounts.count = old accounts.count

balance_of_n_increased:

au:owner:N n n1phe Current.account_of(n) .balance =

old Current.account_of(n) .balance + a
Bdl Gae

Znd Iteration

(o

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

end



Use of across in Postcondition T5F=*%
7 Pe-SBP F>pP="T
scrosgloaREE G pee-dixe “rehe”
P > > AoNT o pach Atwant

acc.owner /~ n
> ?ag@sfnﬁﬂ

acc éurrelyaccount of‘(acc owner))——> /GZ:C
end Ly }70«__ Gofd

fm!’-— stateé

For each iteration:
/@cc. ownej) is not|n] i v il

"I"
lacc ownep /~ “jmplv s@_(:urrgnt account of (acc.owner)

&)

Case 2*|acc. owner\ls@‘(’f“’e

F (aeamne@@kmplies acc ~ Current.account_of (acc.owner)
e




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

b.deposi{loterd), 100)

Nt

et EER

CCO \ =" — .
; S = Lm&((]

Y/

0 deposit_on_v4d 2 ; a: INTEGER)
Ad/ [require across dccounts is acc some acc.owner ~ n end
local i: INTEGER
do ...

[ imp. of version 1, followed by a deposit into lst account
accounts[accounts.lower].deposit (a)g—-
l./ émsure
H num_of_accounts_unchanged: accounts.count = old accounts.count
1st Iteration ; ;
balance_of_n _increased: —
. | rrent . E_OfF .balance = /
|%ﬂim lie urrent.account_of[(ace-ewner) Cuzrel ascount_of (n)
| S 0 B RO M w10 r 3 24 o s ea a2 o e o w o A o= 8 S L G{ R T
Bl Jtap

A3 others_uncha

— — __Tj across, d{accounts.twin ace

H —p all

2nd Iferaf|on s acc.owner /~ n implies acc ~ Current.account_of (acc.ownelf)
R N~ end

(R OMNRE 7 plies acc ~ Current.account_of (acc.owner)




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

b.deposi‘100
-[—emr[OJ = b.awslo].dt

“Steve” —»1?;1 b MS[‘] At
,.APF""?” (7 “"17

class BANK & <
deposit_on_v5 =) STR G; a: INTEGER)

require acros¥*Gccounts is acc some acc.owndr ~ n end
local i: INTEGER

-— imp. of version 1, followed by a deposi éﬁto Ist account
" a

accounts

ccounts[accounts.lower].deposit (a)@—

nts.count

sure
ls«l- Ii-eraflon num_of_accounts_unchanged: accounts.count = old Yewes
= balance_of n_increased:
oW |m;fe€r0-urren raccount_of (acc.awner ‘ Current.account_of(n).balance = ﬁ
old Current.account.of(n).balance +_a

& ¥ e I a
'. ) across{oldfaccounts.deep-twin fis a
t.account_of

all
acc.owner /~ n
's acc ~ Current.account_of (acc.owner) ’ end
end

Z] . \

acc ~ Cur : (acc.owger)

end




Complete Postcondition: Exercise

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

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

state of the bank remains unchanged:

(0]

(0]

(0]

accounts old accounts

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

acecounts old accounts.twin
accounts old accounts.deep_twin




