Lecture : Object Models

Today we turn to the subject of object models. a dagammatic notation that allowsusto
capture ts of snapshots. Until now, we@ had b illustrate the heap conbgurations of
a program by $iowing individual sngshots using object diagrams. Object models are
far more powerful, because they allow us to describe an inknite set of sngshots all a
once.Astheterm progresses, weOll ma& more and moe use of object models. not only
for describing sngshots of programs but also for describing more astract properties
of a problem domain.

».! Object Diagrams

In our last lecture, we used object diagramsto show particular conb gurations of objects,
or GnagpshotsOHere is an objct diagram showing a shashot of an Account object and

the objects reachable from its kelds:
date
o A e o

name elts

Wee no longer ®ncemed now to explain how asigiment and $ on works; instead,
weé going b focus on stuctural constraints on object conbgurations. !la t@®why the
Account object isn®referenced by avariable in the diagram. [t@ not tat the object isnot
reachable, but just that we€ not mncerned about how it@reached in the wde. Note
that wee abo omitted the primitive values (the balarcebeld of Account and thearmpunt
Pdd of Trans), sine wef@ primarily concerned gbout objects and heir relationships.

Often, weOll ant to elide mllection objects sud as the vestor and only $iow the more
interesting user-debned objects. ! e \ector ispart of the representation of the Account
object, and a dient that calls the mahods of Account seesonly aTransand not the \Vec-
tor itself. SO we might draw this diagam:
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date -
trans /

trans
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in which the astract bPdd arrow labelled trans from the Account object to the Trans
object hidesthe Vector. ! isisn®actually new; we did the same hing with \ector itself,
not showing that it was implemented with an aray.

Many states can be aeated using these dasses, but not all of hem will be desirable.
Here arethree bad sttes. In the bst, two Account objects dare a name; hiswill mean
that names cannot be used as unique idetibers.

name
7

In the scond, two transations in an acount have the same Dateobject (and are thus
recorded as hgpening sinmultaneously):

date
trans 7

\ date
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In the third, a transation belongs to two acounts:

name
e (o
trans
name

Whether these are in fad problemaic depends on the intent of the designer of these
classs, and the properties of the problem domain. IBr example, a transation may be
shared between two acounts if it represents a transkr; two accounts may share the
same name ifiereissome other way to identif y the acounts; it may cause no pioblems
for two transadions to be recorded as accurring simultaneously.

trans

b

So we an®say for sure wheher these mnbgurations ae right or wrong. What®im-
portant is 1o understend that such constraints do arse in pradice, and you ned a way
to record them. ! e crucial point isthat the ade itself does not indicate how it is to
be used, © in addition to sucinctly summaizing some @de features (such as which
classes and kelds there are), the object mode adds @nstraints about potential clients
of the ade.

In these diagrams, 1@ omited the variable bindings and he primitive values, which
are lessrelevant than the obpcts. It will often be convenient to draw object diagams
and obpct models that correspond to only part of the stte, and ®metimes we wil even
omit objects.

Sometimes we will want to talk aout the representations of obgcts, and for these we
will not wart to elide intermediate objects, such asthevector.!le diagamsbelow show
two problemaic statesthat might arise. Both can be created by dients of the wde we
have £en, but both should not be. ! e brst emlndies a raher subtie problem:
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transv

If two Account objects $area vector, an execution of the post method on one will cause
a transadion to tbe added to the vector, but the balance of only one oftie Accountsto
be updated. ! iswill violate a €epresentation invariantQhat the balance sould always
be the sum of the amourts of the transations in the vector. Later, we will describe this
problem as a €presentation exposure@in which part of the representation of an Ac-
count object Bitsvector B hasleaked out, and become acessible fom the outside, tus
compromising the invariant.

le second is smpler:

It shows a violation of the representation invariant that the transadion vector should
only hold Trans objects. Both of these sttes an be prevented by wsing &va language
mechanisms and by oding the Account class more carefully.

*.€ Object Model Basics

We®Qe drawvn lots of object diagrams showing various @nbgurations. When we want
to talk about a program and he onbgurations tat can arise, it would be tedious if we
had to draw object diagramsto illustrate di" erent cases. So instead weOll dva object
models. An object model isrelated to an obgct diagam theway a gammar is related to
a entence:while an obgct diagglam denotes a singe sngshot, an obgct model denotes
a et of sngshots, usually inbnite.

Here® an obgct mode that corresponds to our dass Account, whose code gpears
above (3.1.1):
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Account | transv > Vector elts > Trans

name date
String Date

Each box correspondsto a dass: it representsthe st of all objects that belong to that
class (in ®me gven skte). | earrowsarerelations, sometimes called associations, and
they represent the belds that connect classes. For example, the arrow labelled transv
from Account to Vector shows that each object of the Account class has a keld whaose
value is a\ector object.

le object model specibes a set of object diagrams, by inposing the @nstraint that
each object in the diagram belong to one of he object mode boxes, and that any bdd
arrow in the obgct diagram connect objects from the gpropriate boxes. So our object
model allows, for example, tis stte:

but not this skte:
oo =

Note that the object modd (at least without multiplicity constraints, which weOllalk
about below) can®require that any object or Peld be present; it says what cannot be
present.!'e model above plhaes no onstraintson the relative numbersof objects, so it

admits aazy states sud as:
date
transv elts
% %date @

which the mde dearly rules out
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Even this simple object mode is a bit moe subte than it might brst gopear to be. Al-
though Account represents all objects of that class Vector will not represent all objects
of the dass \ector. Di! erent vectors hold dilerent types of object. WeOll@me bad to
this later; it® alled polymorphism. S while we would neer expect to see two boxes
labelled @ccountO in an oleict model, we might have two boxes labelled OvectorOFor
example, we midnt have a Bank dass with a keld accsv holding a vestor of Account ob-
jects:

Bank | accv __,| Vector[Account] Vector[Trans]
! !
ef’ transv ef’
Account Trans

When this happens it® mnverient to annotate the polymorphic dass with the class of
its elements: \ector [Account], for example, meansthat the box represents \Vectors that
hold Account obijects.

How do we know that the Veector associated with the Account object always holds Trans
objectsand not ary other kinds of object? Last time we sa that we @an all addElemen
on a ring, for example. Well, we ®ethat the only call to addElemehin the code of Ac-
court takesan object that hasbeen declared tobeaTrans. " at doesn®actually dinch it
though. It®possible b add an obgct to the vestor from the outside:

421  Account a = new Accourt (O2ebO);
422  atransvaddEenment (O2rkO);

"i s is bad, kecause presumably we€® planning o add oher methods to Account that
will do thingsto thetransacions, and sut methodswill fail if there are elements of the
vector that aren®transadions.

In a future lecture, weOllalk about how to prevent this kind of thing from happening; itOll
rely both on &valanguage mechanisms and a strieegy for building abstract datatypes.

In the same sy that we astracted away Vectors in the obgct diagam, we @n astract
away the \ector classin the obpct modd:
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Account trans > Trans

name date
String Date

€ Multiplicity

Our object mode doesn®constrain how mary objects there are of each class in elation
to one anoher. For example, we might want to sg that an Account can have sveral
Trans objects, but a Trans can have only oneDate Multiplicity annotations let us do
this.

le  multiplicity symbols ae:
* (zelo or more);

+ (one or moe);

? (zepo or one); and

" Eexadly one).

DY D O D

When a ymbol is omitted, * is the debult (which sa/s nothing).!e interpretation of
these markingsisthat when thereisa making n at the B end of a €lation R from class
Ato classB, thereare n objects of dassBassociated by R wth each A. It worksthe other
way round too; if thereisa making m at the Aend of a elation R from Ato B, each Bis
mapped to by m objects of dass A.

Now we @n add nultiplicity constraintsto our model:

? !
Account | transv > Vector elts > Trans
K K
name date
v v
String Date

Let® look & each of the multiplicity symbols and sewhat it tells us. Wed start with
those on the target ends, because they@e essier to understind:
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a Account to \ector. ! e" on he head of he arow from Account to Vector tells ws that
in any legal state, there is exactly one \ector object associated with each Account
object. In other words, the transv Peld is never null.

a \ector to Trans. | elack of a ymbol, equivalert to *, €lls us that there are zero or
more Trans objects in the \eector.

a TranstoDate ! e " Hls us that the date Pdd of Trans is non-rull.

Now let@&consider the symbols on he urces of the arows:

4 Account to \ector. ! e? on te tail of the arow from Account to \ector tells us that
each of these \ector objects is asciated with at most one Account object. ! at is,
Account objects dorDshare Vectors: two di#erent Account objects must have diter-
ent transv pdds.

a \ectortoTrans. ! elack of a ymbol saysthat each Trans may belongsto any number
of Vectors, so even though each \ector belongsto at most one Account, aTrans may
be shared between Accounts.

a Transto Date Again, the ladk of a ymbol saysthat two Trans objects may share the
sameDate

Some multiplicity constraints an be enbrced in a straiditforward way in the mde. A
Transobject will certainly have @ most onedate, for example, because the Eeld can hold
at most one, and by maikg it private, constructing a Transwith adatethat is checked
to be non-null, and by alloving no sulsequent mutations, we an ensue that the date
pdd is non-null.

Others ae much harder to enforce, and ma require constraints on he dients of these
classes. For example, we micht decide that no two Trans objects can occur at exadly
the same momert, so that we @an always say of two Trans objects whid is erlier. We
can express hisby pladng a ? on lhe urce end of he date arrow from Trans to Date
Similarly, we might want Account objects to be uniqudy idertibed by their name belds.
In both cases, these constraints cannot be wnvenently enforced within the dasses
themselves. Instead, we will ensure that they hold by areful design of collaborations
amongst objects.

. Mutability

An object modd can also show mutability information: how the relationships between
objects are allowal to change. W expect transadions to be added to an acount, but
we dorfDexpect the vector holding the transations to be replaced. ! iscan be siownin
the object model by marking the end of he arow from Account to Vector with a small
hatch:

Account | transv > Vector
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I isimeansthat!thelMectorlassociated!with!algiven!AccountlislBbxed!overlthelif etimelof!
that! Account:lit @set!onlcreation! (in'thelconstructor)!andhot!changed!subsequertly. |Of!
course, thelcontentslof!thelvector!canichange:thoselareldetermined!by'thelarrow!from!
\ector!to!Translinstead.

Whenltheltarget!lendloflarelationlishatched,!thelrelation!islsaidto!beltarget satic.! ! el
decision'to!makeltransvitarget!staticlisialfundamertallonelabout'how!the!Account Iclass!
islimplemented.!Sincelvectorslarelextensible, thereénolneed!tolreplacelthevectorlonce!
allocated.!But!ifl we@ used! an!array!instead, we!would!have!had'to!replace!it! whenit!
could!no!longerhold!as!many!transadions!as!required.!In!that! case, thelrelation! from!
Account!'to!Arraylwould!certainly!not!be!target!static:

Account | transa > Array

Shouldthelnametelation! from!Account!to!String!beltarget! static'too?! ! ere€nothing!
inlthelcodelof!Account!that!preventsthelnamefrom!beinglchanged, but!it! seamnslikela!
reasonable!@nstraint!to!impose.

Rdationskanbelksoucestaticltoo.Welcanputlahatchlon'theleft!lendbflthelarrow!from!
Account!to!Trans,!like!this:

Account + transv __, Vector

I islwould!say!that! which! Account!islassociated!with!algiven!Mector!does!not! change!
overthelifetimebfitheMector.! ! islisisubtly!di*lerent!from!theconstraint!implied!bythe!
hatchlonlthebtherlendoflithelarrow:littmeansthat!iflanlaccount!objectlisinollongerused!
(andsubsequently!garbagetollected!by'thelavalruntimelervironmernt), 'thevector!can-
not!bereused. Ourlimplemenation!saisibesthis,!sincethelconstructorlalwaysreateslal
freshlvector!rather!than!reusinglan!old!one.

».€ Subclassing in the Object Model

Welcan!draw'!an!object!modé!that!includes'the!relationship!between! Account land!Ac-
courtPlus.!Alclosed!arrowhead!from!Alto!B!says!that! every!Alislal B, !or! that! the! set! of!
objectsldenoted!by!Alislalsubset!ofithelset!denoted!by!B.! ! isican!ariseleither!becauselAl
islalsulrlass!ofB,!or!becauselAlimplements!the!interfaceBl(morelon'hat!later).

Becauseevery!AccountPluslislan!Account, the Beldifrom!Account fto!Translalsolimplicitly!
associates!AccountPluslobjectsiwith!Translobjects.!Solthelmodel! allows!stateslin!which!
AccountPluslobjectsthavetrans!belds.!Likewise, itheimultiplic ity! constraints!are!dnher-

ited@fwelhavehconstraint!that!saysthat!noltwo!Account lobjectsktankhareafrans, then!
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Account transv > Vector elts > Trans

name ‘

\ date
AccountPlus String Date

this will mean that no two AccountPlus objects aan either, nor an Account object and an
AccountPlus object.

In a more daborate ystem, we midnt subclass Transtoo: ! isobject mode showsthat
di" erent subclasses may have di" erent belds. Transkr transadions hold a reference to
the other Account; Feetransadions may point to another transadion for which the fee
was charged; Regular transadions have neiher. le blled in arrowhead indicates that
in this case the sulsets exhaust the sugerset: namdy that every transadion belongsto
one of he sulrlasses. In implemertation terms, thiswill imply that Transisan interface
or an astract class.

*.€ Conclusion

le obejct mode notation is a sinple but suprisingy powerful one. We hare £en how
an obect model can help bridge the gap between the problem domain and he program:
we @n aticulate in the obpct mode, for example, very directly and sucinctly, that
the name of an acount should be a unique idetiPer, or that transadions should not
be simultaneous. 'e se properties an be quite subte when we onsider how hey are
enforced in the mde. the obpct model describesgldbal propertiesof the sete; the tricky
task that faces usisto establish these propertieslocally, within the gpropriate dass.

A puzze: which constraint of our object mode (of those we discussed) would be \Jio-
lated if the setement at line 3.2.28 wee hoisted out of the loop, and done jst once &
the start of chamgeMonthlyFee?
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