90UdI2S J93INdwWOD 404 243udD) NMUn| |E=H

ALISIDAIUN J91SEINDIN ‘IMSuUlIDMSS |[1w3T
UM MJOM JUulOol uO paseqg

jwepeyy oqy / 92UdldS J4aindwoD J04 2J3UdD NYUN
AO|[eUMIIN pPIUODT]

wa|qold sse|D aseg

9/lbeiH syl JO ApniS v




90UdI2S J23NdWOD 404 243UdD NMIN_ “mn

ublsap buLINp
UOI1eJIDPISUOD Salinbal wa|qoid sse|d aseq a|1bed) 9yl Wa1SAS usado ue ul e

92I110eud ul

2|gIseajul 2 ued 1ng AJoay3l ul 91ql1ssod Sl Wa1SAS 2417Ud 2yl UO SUOISIABI
SSe|D> 9seq uleluad JO 129JJ9 9yl buizAjeue WD1SAS paso|D obue|l e Ul e

wa|go.d

SIYl 01 9|gedau|nA aJe uoisinsaJd-4[as Yllm buoje wsliueydsaw asnaJl uolje]
-uswa|dwl 8yl se asueiriayul apod bulAko|dwa SWIISAS pPa1udII0-123[qO e

wa|qoJdd Sse|D aseg o|ibel4 dljuewas ay | e

pabueyd ale sasse|d
9seg UDUM SISSe|D Jual|D pue uolsualxa ajldwodal 01 A]ISSedau ayl e

w9|qoJd Sse|D aseg a|1beiH D110LIUAS By | e

Apnis ayi Jo 109/qns v




NS

\m 92U3IDS J491NdWOD 404 242UdD NYIN | “mn N
—
4 puo N
19| =: + = (quz : 4 sox)figyDuULpind
§¢ N q=:q = (4vyo fo bpq : sq TeA)|yppo
[zl N 9=:9 = (uyo : = eA)pp
[ 1 =19 = nw
A0yd Jo boq : q
sse[o = bng
pua pua
u=:4 = (Qur : 4 S8I)MiJYDUIPIDD 9] =: « = (Qu2 : 4 sax)fiyypuULp.d
po
puo
[f] — 59 =: 59
() ppv fjos
-8Q O fi | i TeA UIS9q
op [ # sq apiym

= (uvyo fo bvq : sq TeA)) )y ppD

(z)ppo-uaadns ‘T 4+ v =: u = (DY : T [@A)PPD [z] N 9 =:9 = (uvyo : = TeA)ppD

puraadns 10 =: u = Jul [1=:9 = nuw

uL U ApYd fo boq : q

bog sylaayul ssed = bogbuyunoy) sse[d = bog
wa|qo.id sse|DH aseg a|ibei- ayl Jo ajduwexg uy




90UdI2S J23NdWOD 404 243UdD NMIN_ “m“
=0=

/

(opowr W) IO % (Opowr W) 1,0 V ,0310
'2°1 ‘|eJauab ul pjoy 10U sa20p

(,O powr py) fig paurfas s1 ) usayl
(O powr ) fiq pourfor st D pue O fiq paurfas s ) 4|

AJsedoud A111qixal4 dY_L

wajqoid sse|H aseg a|ibei- oyl JO 82Uassg ay |

11 JO JuswaAoJdWl Ue 1o )
AQ palelausb s109[qo 1O JOIABYD(Q 9|geAtasqo Ajjeuldalxa ayl sl ,»D AQ palesausb
S109[qO JO JOIABYD(Q 3|gBAIDSUO A|leUJD1IXD Byl JI ;) Sse|d e fiq paulfa.l st 1) SSe|d v

‘O powr )y =/ o'l ‘) sse|D
oseq e 01 JA Jaljipow e JO uolledlidde syl woJd) S3Nsad 4 SSB|D UOISudlIxXa uy

A1111qeIN31ISqNS SSe|D ‘SIBIIPOIN BIA 8ouelLIdyU]
wia|qodd ayl JO 22UsssTg oyl

pue ‘A3111qein3iasqns ‘eoueilisayur

~




Ho0.L /
22U3I2S J91ndwoD) JOJ 243UdD NYJIN | “m“
- -
4 N
solouspuadap poyiasl 21240 Mau adnpodiul Ajauior
10U p|noys Jaljipoll e pue UOISINSJ SSe|D aseq vy :juawlinbaa [ S9|1DAD ON,,
puo
I+rz=T=u
ufjos = w
0 =:7ut:x
sse[o = D
puo puo
we fjos = u I+z=2=u
IT+z=7T = w
QO=:7ut:.x
JIoyipowr = Jy SSe[D = )
U0ISIND2Y [eninpy paiedidigueun
// k\




\ 5.0 L /
9 92U3IDS J491NdWOD 404 242UdD NYIN | “mn
=l
\ ‘uoljeidspisuod oqul usXel /
9q Aew sse|d> aseq oyl ul paqlidssp Joineyaq ayl AjuQO °Jjesil JO spoyial 1aylo
oY1 JO Joineyaq ayl jnoqe suoizduwinsse jeuollippe Aue axew jou p|noys spo
-19W SSe|D UOISINGY :juawalinbaa suonipdwnsse Buljjed-}|9S UOISINDJ ONl,,
pua
(4 )w Jras (4 ‘x)ws f)as
= (IpaL : 4 S8IDAL T TRA)U
TN =:u4
= (Ivo4 @ 4 S8IDAL I T [eA)WL
sseP = |0
pua pua
T =4 9s0d 0 <z oid
= (Ipo4 1 4 SBIDAL I T TRA)U
TN—=:u T = 1sod 0 < z aad
= (Iva4 : 4 SBI‘ DAL I T [eA) W = (Iva4 : 4 SBI‘ DAL I T [eA) W
Lyipow = ssepR =
sse|d UoISINeY Ul suoildwnssy paijizsniun
// K\




\N

90UdI2S J93INdwWOD 404 243udD) NMUn| |E=H

-

"buipuiq o1uueusp ou alam adayl J1 se ‘pealsul paispisuod aq p|noys sse|d aseq
oyl ul spoyilaw buipuodssiiod ayl JO Salpoq ased Siyl ur -4/asil 4aljipowl ayl
01 paldalipad 18b ued s||ed-J|8s sselo aseq 1eyi 1oe) ayl pJebaudsip pjnoys spo
-yjaw Jaljipoyy :puawdinbaa suoljdwnsse puijjed-umop ssejd aseq oN,,

pus pus
{g<a} = (qur : a rea)u (@)1 f1os = (qur @ a TeA)u
{g <a} = (qur : a rea)w (@)1 f1os = (qur @ o Tea)w
dpys = (Juz @ a Tea)] dpis = (Juz @ a Tea))
sse[d = (,O pouw ) sse[d = () powr Jy)
puo

diys = (qur : a ea)u
,Hm Nlﬁ, = (qur : @ TeA)w
{g < a} = (yu : a 1RA)]

sseP = ,»
pus pus
(Q)w fjos = (qur @ a eA)u diys = (qur : a rea)u
(@)1 f1os = (Que @ o Tea)w
diys = (qur : a pea)) {6 < a} = (qur : a [ea)]
Lyipow = SSeD =

JBIJIPON Ul SUOIIdWNSSY paljiasniun




Ho0.L
22U3I2S J91ndwoD) JOJ 243UdD NYJIN | “m“
e

\

‘Spoylaw sselo aseq bulled
ybnouyl Aluo 1nq ‘Aj3o084ip sse|d aseq Sil JO 231e1S oyl SSo20e 10U p|noys sseld
uoisuailxs Uy :jusdwaJdinbal ,931e1s sse|Dd aseq 2yl 0] SsSsadde 1024Ip ON,,

puo
A —= H.._”l_lmw””mu = wl
O=tpur:flg=1qur:x
ssed = )
puo puo
ct+tr=1T=1u ctr=T=1u
IT+z=7T = w
O=:7ul:.x
_YIpowr = N sse[d = )
91L1S Sse|H aseg oyl 0] SS222y 128417
// k\




22U3I2S J91ndwoD) JOJ 243UdD NYJIN |

"G JO 1eyl 01 I, JO aoeds a1els HulDIS0D
Y uolle|24 uolldoeJIsge 1AM S Sauljad T, 44l sploy L ¥ § "sooeds o91e3s
JUSJ3JJIp UuO HBulresado swespbold uddIMIDQ JUSWLBUISS JusWBBUlDS elep

'S AQ palsiies uolleolyloads Aue salysies [ il spioy L I S
"SSDU1D9440D bulAIDSaud d|IyMm weaboud e bulaoidwl Jusdwauliald

‘b g 5 d 1 (b‘d) uolreolynads 01 109dsad YlIM 1094400 S| § :SSDUIDDII0D

JowiIo)
-sueJ] 91edipaJd uolllpuodaid 1S9 eam S1I UM PalJizuspl SI Juawa1els AIans

pue G - JeA urdaq | po g op 6 a[ym |
g &g esp g ueyy 6 g1 | egi1g | [q- @ =: 2] |
{g- z=ta} o=z |[d] | {d} |dps =g
'Spuewwod papienb s,eqisylig Jo abenbue| papuslxa
sninoje>) juaiauljo




Formalization of Classes

Classes are templates for creation of objects.

A method of a class with n methods is defined by:

m; = Aself .c;, where self = (x1,...,xp)

Method parameters are modeled by global variables that methods of a class
and its clients can access.

A class C' is declared by:

AN AN

C = classc:=c¢y, mi = ci1,....,,my = c, end
and is defined by:
C = (co,cm),where cm = Aself - (c1, ...,cn),

and where cg is an initial value of the internal class state.

— Cs +—

Graphical representation of a class C:

|l|
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Object Creation
Objects have all self-calls resolved with methods of the same class.

Statement tuples form a complete lattice with the refinement ordering and
cm = Aself - (c1,...,c,) IS monotonic in its self argument, therefore there exists
a unique least fixed point of the function em.

The operation create returns an object of class C':

AN

create C = (co,p cm)

Graphical representation of _
creating an instance of class ('
J —lc

self

|l|
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\\
Modifier = extension class - base class.

A modifier is declared as follows:
L = modifier m1 = [4,...,m, = [, end
and modeled by:

L = Xself- Asuper- (l1,...,1,), where

self is an abbreviation for (z1,...,z,)

super is an abbreviation for (yi,...,y,)
(l1,...,1,) are the bodies of the overriding methods
L is monotonic in both arguments

super
|

M
3
m

self
|

Graphical representation of a modifier L:

[ bl |
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