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Absteavt, Logeom bs o aengly syped objectasenied
progeamiming  languige based on Oberon. Locking the
el il fonmd i geaclivieand  objgeterieme:d
languages, Logooms sepaate: many of the soncems
psially subsumed by classes, auch as encapudifion,
stviecinde nml Seelavdor, niag  hem Inta imdependent
language consiructs, [ rich dat model can express he
dierenee between specializmiisn wsl combdgaiun, feo
relations that are odherwise aften Both  mapped  anta
iy g,

Ire wiomdrisl b orncst hlrmﬂg|_':.' L:«'pl.:vd admjeclarainled
Paipusges. Lapoonn’s mersages are 000 subeedinnle o
vlneeed, T ore slamdenbors entithes g can b conilbingd
with arbitrary  ohjecis. A delepaion mechanizm 14
pivwisled Iy which aliects can forwanl secsived messoges
even iF Ly b not “nndesstnnd” (heir cenlents, Lageana’s
particular messagesend semantics make fhe construction
af eatensible systents samphe and elegnl,

Koy wards: prgnmalng  linguapges, culaninilee
prepranasing,  efjectoricniation,  specalization vs.
vonnbinnlion, stasialose nessages, Logosan, Oheran

1. Tniroduction

The programming languoge Lagoona 15 a general-
puarpase progeamiming lnguage witly capabilitios Tor
extensible object-orientsd progeamming. [0 is & dinec
descenilant of the nguage Qlapi [22] and continees o
farnily line that has led from Afgel [12] 0 Pascal | 20],
ogrvardls o Aodvle-F (2] and Uhen oy €8eroe. Al firsl
sight, Lagoona doeen't diller much from Chheron, just
gt CMreron dliadns oppaear g0 elifle ooty Freons Beoslila-2
when it firsl amived. Benesh he surface, however,
Lozt provides poswerfnl e absiretion
méchanisms  that,  hopefelly,  will  make  the
comatrieiaon of barge softwone systers casior aml sufer,

When  compared w0 other object-unented
progemnmsing lgeages,  the most conspicuous
charpcleristic of Lageona is that it facks o ol

mechanisiy, Isteml, i alfers two separnfe meshanisns
for classilving objecis the e constroct wnd e
cetepeery copsdrnet. Cotegories ans less coperele Han
types, as they spocily only & peofocel of inferaciion
tal s o ke followed by oclients, sher um
prescribing an actel amplementation. Types, on Lhe
other Teawd, reily datn absteactions o the level of
caplicit stosage layvous and  statemend-hy-stxlemen
specilications of algorithins, Ty offering o chobee
hetween Lhese lwo structuring meshanizms, Lagoona
permits e docoupling of sulsysiems vl Cutegory-
hased interfpces between themd while simulipmeowsly
peowviding For the elficient integration fusing type-tased
interlanes) of the componenls hat sompriss such a
5.1|1:-I.:|".h:|1||.

Calegorics ane similar to profecols in Objective-C
FUA] ol deeerfces i Javie (200 Howeser, Hike nwos
chicclaricnicd  progriomming Bnguages, Objective-C
il Jpvn Bothe wse elisaes s the paminy stiuctucing
mechanism, peoviding encapsifation and delining boh
an objeels  stewcier aml s Befaior, Logioni's
approcch is wery diffcrent, in that i models cach of
these coneema by o sepanue language elemnent. Tn
Lagoona, encapsulation s the doman of the medede
meghanisn, stiucture bs spppdied Dyoa0 sieong 1ype
sysiem tha supports rype extension [23], while
Felvior is prosided By dynamienllv-bomel procalues
(methocds] hat are excoubed In eachion W Messges
st 1o elafeeds, Cateperies wdd o fuher dimensien to
this meatrix, allowing statie espression of & constrain
relationshipe  invelving oiherwise  self-sufficicm
messages, types and vanahles.

Laguoms's  Wessges e wholly  self-contained
entitics that we pol asccied with any particn ks
whject, tvpe o categery by defalt Testead, iy
messaze cun be sent 0 any arbitary object, This has
am effect only it the weeiver object has declanal o
corresponding methoi, Static woping in Lageon can be
wser] by guarontee that a ganticular receiver object vl
wnclerstangd @ cerlain message, bl i canmet exelude it
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the object will also understimed furiher messages mo
staticnlly wisille i compilation time. 00 s exoetly this
criensibility that is lueking in most statical ly-1vpod
olpect-prmenled Dnguages, a0 which the delinitise
micssage prodecol must e specified already fos the
alwbngl fecdiver Ly

The remainder of this paper §s organized as follows:
Thee mend seefaon alars ol by iliscussing twae nusheally
ncompatihle wses of dnkeritimee in objeck-oriented
Tunguges, This ncenpatibiliny provided the initial
motiaaton Tor the calegory concept i Lagoon,
Sulmegguent sections o the paper then intiloee
Lagoona’s two key concepls of coexisting ivpes awd
vertegaries il stonsbaloaee messages, before proseiting
it seatematic overview of the linguage’s Feaures,
Croma Fomailiarety with 1he gemeal conoepis of CHseron,
paticularty e fygee exdonsion concept, is assumcd. )
The language overyview is Follewe] by oo discossio
contered arovmd g large example, A review of welated
progeamming languages axl a0 shert seegion o
Dl mentaiion conclele our paper

2. Specialization vs. Combination

Dbpecl-onemtet progranuming linguages such as Os+
| 1G] wise dnfardfenc toocxpiress structural and Beloviorl
abject commopilitics. Two  mutually  incempatible
Kimds aof selalicnships amoag abjeets con e oexpressaal
Iy ihenitanse in Lhis nummer;

= hpeciafizotion: An obpoed of a spocialioed tepe his

Fewer degeves of freedom an objects of the hase
(parent) Iy, Heree, such an objest can be el
wleerewer the spocitication memtions anly the base
Ivpees iz i e principle of sabstiisability |15].
The relationship belween the specialized tepe wyl
s parend a5 also colled the “s-a" relidionship; any
aiject of the specialized Iype is simulanesusly
e exlrjeet ol (he base ype Por exomple, the
tvpe BealUrr cun be modeled as o specialization of
the type Cars every wd cin s oo, bl not every
cir s ned,
Spechalizaton 5 wvpically associted with @ s
denr besign activity, The well-known technique of
srepwiise et |19 waturndly sts of 1 watly
goieral descriptions of dala stenctures aml algo-
riilims aned keeps genling mode specilic a5 60 makes
progress waards the acteal inplementadion,

o Cileiigtionn: o obgect of scomanation cliss s
s deperes of  feodaor than objects o the
COrmpaniteng [peircin ) lises, §oanhanation
assembles now clisses by infiesiting  freits Tmom
et clisses) nn abgect of a clivas dhiae has Teen
eonstimueted o s manier can perfosm every
acivbie al cacl of s parent clisses, Fog exnmple,
the elass MedCenCiass conld combane 1he waas of

A Bssh Lol a0 Ofject-Oricntztion |15

CrarCless and those of ReelfiecrClasy, Red cors
shiarg the “being el chasserens sl ol nal
obgects,  and  simulcieously  allso share  the
clicrigieriativs of com—hemee, objects ol e eliss
FedCanClnss have sroee fungtionality than these of
citber ot e on B Mo cn e,

Combination 15 a bartopragn acivily; bofore one
cam comitng parts, ong needs fooconstraet e parts,
Caomhination is ovpically wsed i conpuisizon with
cipglicerttenn feasiesianeky, Those peoviile o cnst of
rexdy-miade  building  Blocks  from which
preograiners asenbie their can, Tle loss averlap
there is among e seady-made compoients, he
riwere Dere leral sl b nse elTect ol comiBination
combining indcpendent featores s sonpler than
dlealiang watle lidben depreaden s

The difference etween spesializition wid conmlansion
is somelimes misundersiond amd ofien ignored doe (o
Pl Pt Clnt st coamreent Tongaages canmed exjaess the
dislinction. Concurrent use of the twoe conflicling
mgninings of inheatimes in e some progeant may
jeopandiaoe menintainabilivy or cven Jead o corors. Some
Fanppieags shesigieees avcnl this dilcmai by maling ot
mulieple inberitance and therchy also combination.

Thee propgrmaming laaguape Lagooms cmploys wo
different language  constrect o oorder w0 keep
apcenlizaion ol combnmation dependenl of cuch
olher. Spocialization is nodeleal by mipe eximision il
combination by cotepory fochasion, and the tvpo sl
citlegory lberarchies & separate. Our ealimenl  of
specialization wmd combination above alnsost adopts
Lagoena’s nomenchivure iwhiesly, excepl that the lerm
Haeloss™ novds o e replaced By Ccntegony™,

Mots that agerepatm. also called (e “hos-a”™
relanonship, s a0 coneep diggoant From ok
specialization and combination. In Lagoona, it s
modeked by o refemence from e owniig @ e ownel
abjoct. We  mention  this  bocouse  ahe “his-a”
relationship is sometimes piven a aanee shiimilar 1o
“eeanbimmien™, When we speak of combxination i 1his
paper, v mean the inlegrslion of inherited feies Tiom
minligple parent codepaeies infe an indepemdest pow
cake gy,

J. Coexisting Types and Calegories

Iy Lo, types mmd cutepodies coexist, providing =
richer ditn made] thim s obferad by olher languages.
Fovery olsject i Lagoona P s e, sehiseh sy 1ake
parl in & type-cxlension hicrirchy  satisfving  the
suhstimgslilay  selationship Gust Bxe e Obeond, I
Ui wype extension hiesrchy, every Lype has ar s
anp ahireet Base (pasenth iype, feone whicle st mhceits os
Alrwcior,
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Figure 1. Two separnte type hierarchies that share hebavior in leof nodes,

O the b side, we have e g Y elusion
Bierarchy. Calegories describe minimal scis of trais
hat member objects e pamanteed o poovide,
[ilsciatimee ol calegory wrails is aaditie and objecis i
Belong 1w several catggosies similianeonsly,  They
st Meen alfer every  semvice mindsed by every
category they belong o, which can e verifod
slatically Ty the  compiler. Typically,  calopodies
describe relatively  sieall service  proloeols) e
enpressive poswer of e ntegory constet stems Tom
the combination of artfegomal Lraits.

The separvation of the cabegory wd type hicrrchies
alfoals a polymarphism that cannot e cxpeessed in
Lizan s ancesior Bmguags, Oberon, Lagoona wllowy
ihe declaration of variahles noc only by their tepee, bug
allernmtively alse by dheir cafegory, Sueh a category
radralde s assignment-compatibde with all obgecis ta
Pedomg 1o the category, even il the abjects wmomg
themselves are nol substitaable becanse they origisane
i different aype bicrarchios  and  therelore  have
completely dilfferent inbernal strocures,

As an exumple of the additional semantic meaning
than ean be exprossed by separating calegories ol
eypes, consider an objeci-oriented - envicommenl  thal
prrowides a graghical editor a2 well as an elechonic nail
ayatem. Clearly, these twa applicmions wc o faily
separate; theie 15 ae necd Tor their obsject tepes o b
clerves T o common asceslor—iar is thens? Inagine
hiat the graphical editor provides woneed clocks tha
perminenly display the comect e on the sroen.
Hemee all elock-ohjects need b reccive wpdvie siessages
ab sepular amteesnls G alternutivg archilecture, by
which clocks hawve separate proccsses associabed with
them, comsanbes cosabomble peocessor resounoes el
way nod b seitable for every platform). Similarly, the
mallbsy nesds w cheek Tor the anaval ol new ool
mems perodically, which are then displaved inoo
aerolling directory wincdow, Mgk i ot be seasibde o
miake clocks and mml divestones compatible with cach

b in somee iy, soe et e swme mechanism cun be
e Hor -:_:|'|n||'l:_:-|]i||5 ki |'Iﬂl'i|.h.1i-\_' l|]:-.‘|:|1|.".'\,";'

[ Laggeovena, hene 35 an casy wswer in the definition
of a category deteve (paovinding o message Tick) The
tvpres ol the graphical edior and those of te electromie
i | awstein can then be constmactied ndependently of
each other wp o the poinl ar which they pead (e
comiman Behiavior of being able oo opecolve Tisk
|r||.':_t::.'i1g-:_:x. Thys Comnnom |1{:|'|::'| 0 1% 'inl_'il.'-:_'[cl_l inlu- |'||_|I||
eyt hiberarchioy by membarshap in e cuegory Achive
(Figure 1) Became of e comion  catepory
metbership,  wilitoney esances of  Clock and
MedDivecrory can then be asgigned 1o Active-
categorized variibbes nnd possed s neel parimmetery e
suialable procedines {wille Fornal pameiens of catepory
Agtbve) o spite of e fesd ot ey have ng o
Iy e ancesion!,

.|"'.'. l|'||.: d.liilll]'ltll.' |||u.~\.ll'.|lth. n'.':l.!-l.'gl.u:'il.'h il 1w
mrodue  commion behavaos  bng separide v
hicrarchios i o congistent maiier while preserving
stanic verifabality. Membeeslop i the categoy Active
gupranices et objects andestnd & messape Bl
Hence, iF the procedures of the tsking mechanism
hiive fovikial pavureLers ol Cubeginy Aative, then |.r|||:I
“eompatible”™ olgects can be passed wo them—bot thes:
|:||"|Ij|.!q.'l=. iveed sl Be deiivedd I'|1u|'|.|1l:l.| i :-li:lgl.-.' Ly, The
Iacer w5 mpartant, becanse i enables the idependern
coniislaacian ol il|.'||'|]il.'.l|i.||l|h thal e oeverlioloss
aoeess commeon services 0 makes the vense ol existing
Tulsissines inueh :-l:ll1|j!-||.'|l Wiais i ol Tse e came al Ly joe-
strpetiene necded o be inherited.

4. Stand-Alone Messapges

In most objecl-orented langoaces thal provide stalic
typing wnid ehecking  as e lewling  pranciples,

U Lagoena, adjects. o Fad dooped Belong to
categedies individoally, bl whole dvpes s nssocinted
with categonics; this s cxplained below,
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mersages belong 1o the scopes of classes and e
intimately Bowmd 1o them, This Geilinies the ellicient
implementation of message dispaich using virtual
Tunction tables [S] amd related technigues, Lagoona, an
the other hund. treats messages as independent language
clements, [0 also has weaker compatibility roles Tor
messige-sends than for 1yping, whivh makes @ lensihle
[ pariclary sinapke wmd el

In Lagoona, messapes are not associatod o prior
with amy praatsealar tvpe or entegory, anil in principle
amy mczEnge can be senl o any object. The efled of
sending o mcssige wown obgect @5 govemssl by he
presence or absence of & mechod that associaes
certin Behaviar with oo specilie comlbinutinn of necebver
object and message being sent; when there is no such
me i, the message is simply ignosed, Many weakly
Iyvped objoct-omtented progrumming languages, such ag
Sovllvadk [T] Bae sionilar soessape semantics, bat in
Lagoona maore information s statically available ahogt
the recciver alyead,

Just as in other statically-yped Tinguages, (e type
decluvaion of o receiver woariahle can be ol o
Lagoons o guaniies that o cetain messige protecal
will B wnlerstead by every dynamic inslantinlion of
Heal warikele, What canuer be muled oul, owever, i3
Heat the swme seeciver will also understnd ol
messages thal are nod pare of the satically  visible
message profocal, This Becares pacticulardy important
inwormbination wilh Lagoona's resend mechanism tha
sllows ohjecis w0 oo massages they have ieceived
o other objects. In Lagooma, an object forwarding 2
mcssige necd nod be able w onderstaed i oo al),

astnnd-alome messages and thie resend mechanizm oo
be applicl together o mplement geaeric emibon over
compoutd daa strectores. For example, an objec)
representingt an absiet container dala stroctire {soeh
ars i linked List or ootreed can B2 senl messages destingd
lor ome o woee of s clements. In Lagesnn, it is
simple o progeom the conlainer 0 aocep anbitdary
sesseges and disteibae them dooits clements, In maost
b staticilly-typed kunguages, the set of messapes
that such o contiiner can receive wnd  forwvand ol
have 1o be specilicd wlready in the interlsce of the
COmEnner.

For the purpose of slatically guarantecing message
eomprehension, catemmtes play an imporlant sole. A
wcategnry may b nssocialed witls @ missage protescol,
i, wilh 1 number of messages that together o a
proup Form an interfaee, Every object thil belongs
the calegory must then peovide the  comesponding
methocds, anil this s verified by the compiler, Henee,
when objecls ane passed a5 parnwelers o subsysiems
wlde inlevliees specily categories raher than Dypes,
thens are statically verifiable minimal guarantces as to
which messnge protocols the wewal paraneter olyjects
undersiand.

By trning messiges ivle independent elemsens of
the linguage (which are completely uneelued o cach
ather per e} ratler than subjugaling  them  under
Closses, Lagoona also avoids the sepeated Tibendinee
dilemma thal les I:-'lilgl_:-:_:lj the desigisers of |_-||_-|_i{-._;|;-
oriented programmiig ngoapes, This dilemma pises
when o clas Cinbents from two parent olasses P and
L owhich i fuen bave n common ancsior cliss 8
tleves O then wherit the commaon elemens of P oand (2
Iwice (onsee win cacl peatbndy o omly enee (i which e
oie watlld Bave 1o specify a precedence Far inherited
pethode). This quiestion s peselved differenily i
dilferenl prngmmming languages:  there 15 no
cosmsenans as o which solitin s pacforabile, Instemd ol
multiple inheritanes, Lagoona offers sudiiple canegory
sesnleeslitp, Cotegory nwembesship owerely specifics o
minimum funclionality that each category membsr hes
predped oo provishe, B has nothing e b with
inheritance. Heace, the  protocols  of  individesl
I.‘Illfl.'.!:l.ll'il.'-h L s lige wil lsiai ey cainlliet,

5. Elemenis of the Programming
Language Lagoona

I the dellowing, we inreuce Lagoon as o variant of
(alerain |?:"|. A bdisie I':|||1|i'||:|t'i1l1_,I willy il gxitian ol
Oberon and the concepl of Lype extension [23] is
ananimed,

S0 Objects and Object Types

Anobject i an insiance ol an olfect tyre. Bach olject
by is Brnsesd om o pecomd Ly thad ddessribes e inionanl
structure of objects, and may additionully be ssocied
willy aile of ahode cedegories, Olsjool Lepes e similar
by podnter iypes, excegd that the variables declared in
this manier gain the abdsl capability of Being able @
reccive messages. In Lagoona, just as in Obaron,
exppoeted ddentilices ore murked in he smince 1exl by a
trailing nsterisk; for emphasis, they are also rendercd in
bl face b,

LNl
TYPE
Figure® =0BJECT FiguieCalogory
BASED ON Flgusebese;
Figuralrese® = RECORD
Ky w', b INTEGER;  {* bovrsding box )
linde Figure
Edl:

The vypae Frgeive im the example above (it we imagine
o lie in o module called Coiviprne) has Boen dechured as
anobject  dype  gssocimed  with e catepony
FignreCategory; we alse say it befongy 1o the cotepory.
Bucls abject of whis iype will lave five  inslasce
variahles, namely  Four  integers  ropresenting the
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bowiding bos of its graphical sepresentation, and a
ficlcden (Le., no-cxported) reference to another object

Crberan’s type-compatibility rubes Tor pointer @vpes
et be extersbed e oobjeel types ino a0 struigliforwied
manner,  Hence, in Logoona, type compatibility
hetween  saviabdes  of  different object  lypes a8
estallished by the compatibiliny of the underlying
recoed Lypes. Ao addinonad eequiremient peds e b
inposed, bowever: un object type £ s an extension of
anoibier ohject type & only o & belongs o all of the
catcgorics thil B belongs 10 i may alse belong o
cdidinigsnal omnes,

T the following example, the ohject type Circle (in
a ditferem modale Ciredea) Bas been deglamad s an
extension of the objeo wype Figuee above. The
extension relitionship berween the twr olsjeey iypes is
eatablished  wia  the  base ypes  Cercfelese and
Fewreieor, and s wolilaed by e Get tha
CirelesCirele, just Nike Graplvics. Figore, belongs 1w
e clepory  Ciagalcs FgaeeCaregodr. Ino ablition,
circles also belong o the caegery  CredarCategory
ileclasel i mondels Sliggaes,

sty
TYPE
Clrgle « QEJECT Graphics, FlguaGotegary,

Ehapes CirnularCategony
BASED QRN CirglaDoss,
CirclaDasc’ = RECORD (Graphics.FiguraDasc)
rINTEGER
ERLx,

5.2 Messapes
Plessapes o signmls thi can be osent e objects, A
mcssare consists 0f @ name and a formal-purameter- s
sipratnne, Messages are noL ssociaied o prioed with any
particulir objeat tvpe: in Lagoona, any messape can be
sent W any object. Seading o message hos an elfect
only 1l the recciving objoo possesses a coneponding
el for e message, Such o methed @5 peanmlecd
o exist when the recciving object belongs to &
colegory thi s the nssage in is protocel, Lagoom
docs nol allow he ovedonding of message naes {with
different parmmeter las) swithin e sane medule,
Message declwations form a sepamte section of
Lapmoma presgrams, on the smme Jevel ps constant
deckarmtions, type declarations, variable declimaions md
citegory deghimations, The example Belew shows the
declaration of Tour messipes. Although these messages
Igve been declmst with (he application of o graphical
editor in mind, they e completely nonspecilic ol
iy T sl il By wnnelated clicnt naedales,

Evmwple:
MESSAGE
Doraw ")

Selectable®(x, v INTEGER]: BOOLEAN;
Read* (VAR A Filos Ridi
Wrile VAR A: Files Ridark

5.3 Categorics

Messpges can Be grouped oo oaldgoey o Lo G
consistent inteeface. Bvery objoct type thian befongs taa
cerlabis citegory swast luve wmetholls o overy anesslige
of the ealegory; this condivon is venfied by dhe
compiler, e, membesshap of o receiver alsject in g
certiin calegary  provides Wb possnles That ol
e s declaned i e category WAL b mileralomd Dy
1 l:ﬂ:-il“:l."l.

L o el boliw, eneniberslig by e Latogiony
Crrphies. FignreCaegory s novealed 1o mandate Lhe
|||_'||:'|]|:||'||_'||I.;||_im| ol (e meetlumla lf.-'.ur.lh'nlr.'.'..f.l‘.ll.'h', [ il
phics Selecrable, Graphics Read and Gaeaplics. Wiire.

Exeriple:
CATEGDRY
FigureCategory”=
[nvwy, Solealalde, Roacd, Wila)

Mate that e protocals mandided by diflsrent citegodics
can overlap. For example, 3 complately  wnrclaled
catepory Darelted Centegory gt olso Be using (he
message Oraphics Dagw i ils protncol. An ehject Lype
Mt ds o mwanber of  both FigaeeCanepory mud
LelreedCezegary still only requires a single methusd
i||_-|| lll.'llﬂ.ll'l”ll!l thi IS rr'rn;.'|lr|llni|".'|'. Favgeivs there are o
resulting name conflicls (as me possible with some
pmplemeniations of mltiple isherianee),

Also pole that each olgect wpe can belong
sitlancously to arbiteanl y many catogories, and this
every calepory con lawe arbiwarily many  wembis
ivpes, Two object types thal ane Bath members of the
same calepory can be eomplescly disjmnt; i, they
o't meed o conmion Senglural ancestor inooonder 6
implement the spree category protocol, This 1 e key
il Joose couphing of subsysioms possiffle in the
Lagoona lunguige.

54 Methods

A method specifies Owe actions that are performed when
& message i regived by an objeel of w certiin ohjec
ippe, Eacl melled i associated with exactly o
message and oxactly one object lype and must be
declared in the sume module as the reeeiver 1ype i1 is
associgted  wath. There is oo autorsatic method
inheriianees in Lo,

The example helow  shows an o fplementation
skeich of the wesape Grgphics Moo for the alject
iy Circles Ciele. Singe cicles belong w ihe
calepory Gophive FigiereCategory, the compiler will
ot an o iessage 10 o such implementation is
present i imadule Clecles
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Evapipele:
METHOD Graphics, Hoad(VAR . Filos, RBldoed
== g Cincla;
BEGIM
(" read the paramelors o.x, oy and oo from oider e )
EMND Grophles, Roead,

5.5 Varlables: Typed vs, Citegorized
f]‘l’lﬁi.'l."lk ain by :Luiguwl iy swilahle wamilsles i
Laguona, such variables can be declared not only by the
tipre ol afyjoct it s assignnble, but alloratvely also
|'l_': i CRrEEaTy. Liv 1l I'l;l]h,:-W||1g, wi will refer o e
s Kimd o ediecr pored veiaelles and oo the secomd s
carbegnrized varsalales,

Laniple:
WhR
ligg: Figure; " cbyeck-fypad varalie }
grafobj: FiguraCatageny: [ categerdzod varable *)

Lagoona's alefecd-topeed varinddes ane similar o poinier
vartiddes i Oberon, excepd st one con alss send
messages g thom, Mose ideresting ane coteporfzod
vaersediles, which cun sepresent oljects of any type g
Belongs 0oa coriain eategory, Fust os with oyped
variahlis, messages con be sont o olgects epresented
by categorieed variables. Both kinds of variables can e
compared 10 NIE, ind he value N3G can he assipned 1o
them, The operation NEW can be perfurmed only on
poritter vasiahbes mied object-tpped vaviables, bul gt on
categonized variables,

{-L'-Ilt't:tll'i:-'-l..!vll wiialdles o i]."ahlj'!_ll||||.!|||-I.'ﬁl|]|]:l:‘||_|l1t-|_'.
amwng cich other only within the same catcgory,
Asdignments Froon dyped  samables do caleponised
variables are Tegal i the wvpe of he typod vasiable
Reclorn e B thie category of the categenzed variable. To
ciable iype-safe cxccunon of sssignmens in e
rewerse direetion, ealegarized vamables con be sulsjecied
W Typre Chuords, by which operption they  become
fipeed, This allows recovery of the tvpe infommidion ol
an olject assipned 1o a categorizsd variable,

Calegarized  wvionbles  inleoduce o0 kind o
polymorphasm into the Lagoona language that isn'l
wvailable in CHeron, s they enobibe ile progrnmes e
cofeiiraie on an objecls Behavior wihowl having o
deal wath sinsetural  pspects. They b allow
exprossing  commonality of  behavior  aoross epe
Biernrchies, Any object that may be assigned 10
certain citegomzed vanable hos pledged 1o fullil the
coniricl stipmilared by the interfee of e catezory, b
it mezil not harve Been desved lrom o comumon ancesoor
Iygrees This enables thie Back-box e of oxistng
subsystems using diffoient, bet protocol-companble
Iypes, Foroan ostemded exomple, see the  puslule
Mraoritvlluees b Figare 2,

J.6 Message Dispatch

The phimise “semlasg o message fooan object™ nweans
inveking the metlod mssoctaied with the combimation
ool v recewer dype amd msessage being sent, 1 no
such methsd exists, the semnd operation is ignored,
Svntaclicnlly, semling 0 message s densisl by oo
aretsape eoiivanon desgeator, This consisis ol he
st ol tha nkesaage, the foroand purnmseters G0 any),
thi: sendd arrowe =" and o {saeponcan] or object-yped)
reeiver desipaitor,

LA
Graphics. Aead{id] -= hg;

Mole thiat the message dosigralor appears befove the
receiver desiggsatoe; s reflects s Bt thal funlike o
wther  objecl-oniented  languages)  messages s
commpletely inmbependenn of obpesas and doonot Belog o
(e zenpes.

5.7 Message Forwarding

Seanetinges w ncssige conned b landled by ils original
recevir, bl s for B forwarded oo one or more olher
sbjocts, For dhis puepase, every mellad i Lagoon
i forwand il current message wsing the keywonds
FEEENIY T This s cquivalenty 190 sending e
ofiginal messige aguin explicitly, passing e cireens
verhees of the original parnmnceers in the oririnal onder,
A ewample of s featwre 5 provided ino ahe nest
piragmilh,

Unlike sapercally in other lunguages, in whicls the
sl loelerence remains bound tn the originnl receiver
aljeet, resending a message establishes & pew receiver.
I the eriginal recciver pocds o be preservad along the
cilling chiin, 50 can simply Be passed a5 an explicit
parameter of the message, The semantics of reaeml we
ensrer o understand than ilvose of supercalls, aml moee
ocalized in the sousee el leading 10 programs tha
i sumler i maintin.

5.8 Drefaull Mellods
A object type may specily a et eretiod il is
exccuted] whenever me specitic methed is defingd T a
parhicular arriving message. The default seethod hos no
pocamicters, Bt ocan eeplice peeper awetfies with
arbitrary parameter lists. Defaull methods do not apply
b fiesetivead seetfends thint retrm o resale value, By
prowviding adelault method, & wype s relieved from e
retuimeinent o supply o sepane el Dmplemen
tation for every message in the calegories that i
belongs s 0L then posds e dmplament only s
functional methods,  Delfaul methadts ane also a
corenicnl fednuge for debugging,

The following cxample comies From the Oheron
Swstemny |24, 25 where ebjecis of dype Viewser
represent display windows, Wisnever sech a Yiewer
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MODLULE PriorityClueuss;

CATESORY
ElemGatagory” = [Prioniy); I evary alemard fypo mosd ot a Popely ioethaa ©f

MESEAGE
{" plament messages )
Pricrily*{); LONGINT;

{* queus masgagos )
Inin®;
Pub*{elam; ElomCatogoens
Get' () ElemCategory;

TYPLE
Link = POIMTER TO LankDhese;
[ note il Bils s NOT a0 obyect fipa and thal it iz NOT exported ©)
LinkDaose = RECORD
limk: Link:
afam: Bl alagosy
ERLE

Queue’ = OHJECT BASED Of OusuweDases,
CuouaDes: = AECORD

lirsk: Link
EM¥

St ORJECT ElemCalogory BASED ON RECAD END,

RETHOD Paorityl); LONGIMNT == &) Santinel,
BEGIN AETURM KAsLOsGINT
EMD Pricrily;

METHOD [nit* = o SueLs;

WA&R 5 Soentingd;
BEGIK NEWa): HEWglil): oistatom = 5 o lirstbnk = s
EMCH I

METHOD Put*{alem: ElemCategony] <= q: Quos;
WAR qur, now: Link;

BEGIN cur:= q.dirsy;
WHILE (Prionity < curlink.odom) < [Prigaity <= obem] DO cur s curlink EMND;
MEWnew);, nevalem = elem; miwlink = suslink; Gurlink b= nés

ERD Pul;

METHOD Get™(): ElomCatagory -= o Guaue;
WA cur Link;
BN
IF g.firal¥nk = glirsl THEN ACETUAMN MIL
ELSE e = qfirallink; qfirstlink ;= guwefnk. RETUAN gurelpm
END
ErD Gat;

EMD PriorityQuaues,

Figure 2 The module Fraosy Chieves,
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reciives i messuge thid it doesn't undersiand, i simply
forwieds G0 e the owo subfrwmies tal epresent s
menn bar wnd content arca.

Exvoniple:
METHOD DEFALLT 2= v Wimwar,;
BEGIM
RESEMD TO v momsrami
RESEND TO vcantentFram
EMDDEFALILT;

This programiewing style, w0 whicl massages inickle
dovwn a strectural hicrachy wntil they are finally
undberstonon ] ol sonwe lewel, Tas Been emgloneed wills greal
sucyess in the Obeson Syatem,  Conversely,  in
corvertional  abjeclonenied  sysiems, messiges
ypicully only Irickle down an imberitonce Ticrarcly
wsing e sapee ol mechamsm. The scheme wad in
the Oberon Sysiem, which i given kil lunguage
supgeat in Lagoons, s omore Tlexible, At the <o
e, 1 wvodds dhe incricate sel-recursion paltems of
inheritanee thal can mke pragan comprehension vy
difficul.

349 Generice Broadeast

Dl mectbionls, along wath 8ESENTY, also make
possible on clepant  pereae  froodeast mechanism.
Tamargrime: Uit dho dlispliy subsystem offers o meshanisi
by which & messnge can be sent ooall of the viewers
o the sereen. The st of viewers s maintained by e
display subsysiem and is considered private o il. In the
cxample  DBebow,  the display  system espoits o
distributor object Viewsrsoff thal will broadeast any
wcthond sl o it fo the wlwle privide disply s
UL,

MODULE Viewers;

TYFE
Viewer* = OEIECT BASEDR OM ViawerDeac;
YiewaerDosc* = RECORD

ii.r;ul:: WRwr
ERC:

Distioutor = DEJECT BASED ON BECORD
el Wiewor;
EMNL:

WAR
all*: Disiriflor;

PAETHICKY DEFALLT == of: Disiributorn;
WAR v Viever;

BEGIM % e d ot
WHILE w#MIL DO

RESERD Ty
v ocm ik
EMD
ERNDOEFALILT;

ENG Viewors

Maote that this siyle of pogiammiing & gedhotioally
consistent with dhe inckle-down sppoosch of message
ilaseribustion, in which the s messape 5 diralned
W several recipiems i an ofgect s muldiple
descembints, T iy eapuicl, i ippiroach Ol L iy
[refersble over one in which messages can be passed
Anpliell prrnEich g 0 proger procideses e
presfirn the distribution (is implemented i the Oberon
System without  specilic limgonge  suppore For
|I'|c:-a.:lﬂ|_':,._.":-:].

Alser, the Vieseersalf obdect is now tangible, whicl
apens the path 1o novel sollware architeclures, For
example, comsider the fllivwing change o e module
Al

CATEGORY
DistributerCatagory’ = ()

TYPE
Digtribylsr = QOBJECT DstributanCatagony
BASED ON FHECOR . END:

I omow becoanes posailile o parmctrice a0 whode
subsysiem by the  disributor object  neguined  for
neification, psing o calepasiacd varinble ol calapary
EustrititorCategary. This  provides  unprecedenied
flexibility. Fer example, in the (weron Syslem's
implementation of the Mode! View Conrolfer 9]
apket, maslels aodily the viewer ierorchy by up-
calling an ordinary  procedure. This  procedune s
instalbedl during crention of (e mode] alject, beading to
an wnnatural distinetion bevween displayable inodels
{eg in the Oheron Sysiem, Teatd ercated using the
prosceddure. TextFrases, Tord and pondisplavable ones.
Lrsing (e above mechanism, distributor ehjects can be
passed downwands o g madel shject with  eveay
message. 17 the model changes in response 1w ihe
message i has e, 0 nobifies the  distribsor
comntained i e message,

500 The Category AMY

Every abject type in Lagoona belongs o the poodelined
calegary ANY, Apait froin the Bt that object (ypes
reed mor explicatly mention that they belong o i,
ANY bebaves just like categormes declniad by e
programmer, ANY s wselul  for propramoming
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completely peereg ;‘llt':ilr'-lthﬂ'ls.. Mote that AMNY is pof
an unssle lealwrs, wnlike mechanisms a0 ol
prugr;\nuning |;|np|;'|t‘:|:=\. ihat allow circumventing the
Py systenr, sechias the SVSTEM TR consmiel of
Obegen-2 [11].

Thee  [ewbpmental  probleaws of the By
EFETEM, ETR i Oheron-2 {axl similar Toephalizs in
ey ol leer lnguages) lios in e ot et all peantees
e |:|;Ii|'|FIA;!||||_'II['. with wgeialle parameders of this fype.
The type of o pointer vaviabde boenad 1o such o VA R-
purameter can be changed inside o procedure (hy
wisdgeiment), ond b clamged vislue con be possal bock
in violation of the tvpe system, In Lagoona, on (e
athier buviwd, the segular tvpe comgatibiliy viles s
apply o the category ANY. These rules mandate it
thiz type of the Tern] parimeter amd thet of the aciual
parameter must be sdesiead for call-by-reference (bat
sl for ol =By =value), Pleace, of o abject is passed 1006
procsdure as ANY, 0omust alse he passed back as
ANY, Bedore it eon Be Tondier weigned fe o ypod
wviriable, it muost always be subjecied (o a type guard,

B . DMiscussion

Thie |'|||||mi|'|3 sechion elilsautes on he wsefulsess of
noved aspects of the Lagoona Fanguage and relutes them
o ol wyenk,

i1 Locality of Method Implementations
|.;|!g|'-|\||:| lors e syiatstensdie oethoxd inboritienee; e
associmiion bevwesn methods thal can be sent o objects
ol e petiony thal are porfeaoncd in response hive B0
be providal cxplicilly by the  programmer. The
soanpiler is merely alle W inform the progrmmme af
the omission of any sech associaton Usat 5 sl
by coteposy  membership, The visibiliey mles of
Lagioona riake it possible o hide o nessage and ail of
the gocrespoaing metkods wholly within o maodule,
Hewewer, if & message is exporied, ten all tvpes i
inplement woanethod for 3t feven those in other e
duliesy mwst advertise this Taet in their public meeelee,
Hence, the chients of an objeet iype can sce from
oulside whether ivwill react o some specilic massage,
wirless e moghod sl s also invisible to Nsem,

The: exclusion of metlad inhentance from Lagoons
is i acknowledgement of the Beet that it con Jeod 1o
loss of localiny, forcing Lhe progrommer 1 “boowse™
through inheratange hierrchics (o godher infermtion
about an object’s belavior. Inomany Bnguages he
specificntion of o class alwave inchudes the  full
specilication of all of its superclasses (nol just of s
interfacesk; some Bnguage definigiens, for cxpmple tht
ol Sarhier [17], po s for as do defive mbevitanee o b
cruivalem 10 textoal inclusion of source code, In

Lagoona, & conscientious decision bas been omake 10
implement all object behavior explicitly in e sane
moddile that contains the type declorstion, OF course,
Mes elowes mod mule oul vode e By oway ol onbinry
progidune activation poross madule boomdmies. A
pelated gain of Jocality o pclbeved by replacing e
serngmtics of supercal! by the much simpler ones of
dedvinl,

Lagooi also docs mot provide “Tiend  funcizons™
(6], L., procedses Tt con aecess the privid deoils
of ohjects although  they he o aneiher  soope.
Wisihaliy i Logoong i comeodled swicily by the
mesule mechanizms i a ivpe hides some of s dul
Nelils, v eved e extensions ol thal 1y Iying in
other madnles will nol ke able 10 sceess the fiekis
chipsetly, 10 these nvisibele fells need o b manipalsisl
Iy exiensions inoany way, then (he module hiding
(einn rwast ey ide procedures Toe s puepase, This is
the only way to guarmnie: e fnversiarrs of the hidden
alatn strueture, wind o necsssury prereguisite foe black-
b i e, without socess W the smece ext) of
exisliivg olsject tvpes, Fricmd funclions ane ecessmy
only in languages without proper mdularization
faci| s,

6.2 An Example of the Use of Calegories
Lagegma alfers the system desigres o chove of whether
an inefzce should specily o fipe 00 @ cafegery. The
Fomner beands toan tight coupling between modules ol
o efTicienl code, The latier, antbe other haml, provides
ihe necesary Besililily o strscure conples sefiwane
syatems ko Bong-lived aed isdependendy maintained
sibystenms, Sinee no slorge representation is nssumesd
in ihis interfuce, exch of he sobsyslems  con e
conisbened in independent black Box, with the conract
Between subsystems consising solely ol the calegoy
interlnce, A ofdect dype can belong o seve
cateporics concurrently amd thereby be combined with
sevarnl anbsystems.

For exumple, the following module Priorifvfueaes
implenients an dhateaet dotp dype doljest iype) Qe
that parsmctriaes s elemems willy & cutegory-bassd
delisiion, Any objoet thal belongs o e caegory
Priosin(ienes emCntegory can be pul indg such &
auicie, The esepory-hased  nterfce serves o dud
purpose bere: 11 establishes tope salely by regquinng
every quene clement b posses o methaod Peiorizy that is
Envosked for inserting (s object ol the corect posiiion.,
Bt Murthermone, membership in Foeriy Qs Eles-
Cetregory s serves s o valuable documentation
e the programnen, because 0 espresses information
aboan ke inferndesd uses of an ofjecd tvpe, This mnkes
the resuling program nisch mone iransparent Han any
inheritanese of o “peasney-gquessabls” ot feons g
faperal objeet” vpe coulld ever be,
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The mwslule  Prioricaleeres 5 completely  self-
et g o o beoused withowl keewledge of it
inplementation. Progromees wishing W wse s
serviees el o adedve thelr objects o
PrgrayQaeres. BlemCaregory, which means that they
Do dor supply o Peieeity method, Bog gy don’ nesd
Lo bndeerin oy stoestere and ey Become dependent
o ghisnges i e imglementntion of Praegno0icemes,
The coupling between PeforieyCheses amd D15 clients 1z
unly ps steong as nocessary foe goprantesing pooper
Derietion, Adso note iy the maodule Prooagabmeaes
mplements an internal olsjest e Seadined thal is ao
visible  from e owside,  Sentinels  belong W
FitemCase gy and hence reguire o Prfority mssthonl,

Taken  opether,  cmegories  aml Iypes give
progrmnmses o cdedoe of alerrastion fevel 10 e their
interlices on, The moee geoeral e iterfaee, the waoir
e revse of the compunent withgul aueess o the
implementation, bt in pepel also e less elficient
Fowr eamaple, if woe o known thal every object couldl
PP A0 sl ong preerily dquee aloa te, e
gt bawe sl o type-hased interlace in which the
fionk Tiehd wes pant of the olyeets themeselvwes,

MODULE RestrictedPrior iyQueues;

T%IE
Elerm® = PQINTER TO Elmbess;
ElamDesac® = RECORD
limk: Elam
EMD,

Queue® = Elam;

EMDO ResirlctodPriorityQueues,

Clicnts of e simpler medule ResteiededPolorioe e e s
wepnlel wecd 1o define their objoeis as exensions of the
Iy Resrricted PelpeineCheeses, Bler s thal by would
infierit the lield fok, They would alse need o keow
erougeh about e implementition e take into wecount
that objeces can belong ooonly one gquene @ a Bme,
Mg, however, B e Sak Tobd in e exnmple Debow
i ool expertiod; objoct ypes dkal are desved fom
KestefetedPetority Queses. Elew will nheeid i, buy they
cannod manipolate it divccily, This serves oo goand e
Pvariants ol Beerviered P efoeineQeenes,

G.d  Applications for Colegory-Boased
Interfaces

Thie s coupling bedwaeen subsystems thal is ol Tonded

by Lagoonn’s  eadegory  interfece s particularly

benelicial in conjurction  with  roerise-exrensible

svareiny based o comiponed-docasienr comgeneant

aeciireeteres, A compound docwment i3 a comlamer thi
seanileasly integuates vanons femns ol wee dat, such
as Lext, praphivs end maltimedia. These varioos kinds
ol ol nee suppasrlsad by dmbepnskent comefen? e
{uppledsd Uat couperade in such o oway that they apprear
fr Lhe cil-uses os aosinghe wpplicalisn e,

In omler e miimdaim the Hosion of a united
aptplieatican,  dhe wiious applels eed B Bk
Closely, They lave (0 nepetnde the use of  shansd
reacuree, sucl as tee disploy spue CwBricle con Beecme
nontnvial o the case of overlapping objects and
irrepalar shapes) wnd hence pead o be alile o
sommanicats with eawch other and with the application
contralling the containes docement, O the othes hind,
applets need o b sellsullcient enougl tha they can
b dleveloped  ansd ilistegboled ilepombontly of cch
alhwer.

Lagopna™s lifferentionion between calepries  wd
typees Bibs Lhas situoatiom well, Calgpony-hasasd interlzees
aun e wsed Ao describe the  intersctions helween
applets, while wich mdividoal agplet provides iss own
wiigee iype hicraschy it s dispeind foome all the
olliers. Categoenies represent the inferlaces  beiween
applers:  they  ane pemernl ol leng-lived. Types
instanteiie these amterfoces sl con be delined ard re-
defined in a flexible manner,

fd Related Work on Programesing
Langupages

Ay r,':rl:,' o JUEGEY .‘F.lr_'rr.l'.-'r [0A] anwl fasdow | NI
dilferentised between imgpdearentarion Serarclics anl
fype higraeckivs ol slvocosed e ase of sepamie
mechanisoes in progeamming Rogeages wo ossdel (e
fwiin, To ber pagsen, Diskay presiels o shiong neguinent
in Faver of mobople smplementagons of the same
CHlERY WSing Lliff-:|L':|L-|'|.|i:-;j|:-|r|l:} Lygras., We nlso iHsle
that both papers wse the wom cless o e 2ame
TR §is W s T, winle 1I|t;':.' e Fiprer wherne e
use cdepory. Lagoona’s panicular nomenclate has
Bimtorienl reasons, a3 00 contiinees dhe Alpol-Paseal.
Sodula-Cilszeon linenge in which il 1wy pose o a
weel lunderstossd meaniing

The progromming  langueage  Eaeeald [14] has
similanities with Logoonn in thar 00 also e’
provide smomatic codle slieriiiiee, bul only  steciee
dtheriraree by oway o0 tvpe extension, Brsrald siresses
the concept of lecality (which Us auhoss call alefecr
enterernen’) by fomciing ol Dehavior s be encagrafased
weliliin the detinidon of cach individual objeet type. In
Enerall, the dormain of encapaulition is e gype; e
i5 i separae medule congept (which would have aidad
the congfrwction of birger sysiema), Emerald also s o
wypee ANT wille similor propertics o ils countesparl in
Lapooni, dn interesting aspect of Boverald is the fuct
Ut it bases object substietability on drtere
contferrapty (ealler than conmon fvpe-ancestrvl: henoe
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multiple wplementaions of e s category {hy our
v nelature) ane possille,

The knguage Ohreciive O [13) offers @ consines
eilled  prodoced . that s siosilar e e ctepery
mechamism of Lagoona, Protocels declare mcthods that
are el associted with o Oxeil class, but which any
cluss, and perhaps many classes, maght amplement.
[lamsnred, peaages e nol separste strmbalose entities
im Objective C os they are o Lagoon; if @ method is
shared Betwein By peolocals, this can heoexrpoesad
only by prosiding two texmally equal difinitons.
[lence, e ::-.rll:m-}u:mul stivictuee of 1 anesann it jillinws
assembling abiray messages onginanng an different
mesdoles into new paalaeols cannol e |,|l.||'|||»,'i|I-:_ul LTh]
ensily, Objective O provides {single-parent) mehod
imberitmisee, The presgraniming lssgusce D | 2] iabigies
the prowcol cencepd of ObjectivesCounder the pew
e Iferferer

The language Seifer | 17] differemiates between o
wileivpsivgg wefaticnsfiip ancl o cade infaeritanee refertion
whips Uhese con Toem sepaate higrarchics. The wlea of a
coibe inleritunce hivrarchy s nteresting (alleit dugpes-
cangd, as a0 allows the constrction of classes whoso
wethonls can b oised o el diffeeent v hisir-
chies simulieously. Becall thar inhentance in Sather
is cketied as being equal w0 source owke dnclusion:
gevernl dispoing wypes thal simply happen (0 osc in-
stpnce variables of the spme games can then shong
sore - wethids By dnhenting frony e come-
spomcling cliss, Note tat the “wamed=in™ metbosds have
Cull seeess oo the imersal st of an obyject; in this
respect they wre siwilar o the fevod Tunctions of Ok +
[ 16].

Sather also has the imeresting pooperty that only
wareibles of aleserded mpes can be polymorplie, Henee,
i soane pespiect, Sater’s abstiact iypes ae samlar to
Lagooiin's cidegories: both represent unicns of abject
Lypes withoul Taving conerete istances of heir own,
Clnforunanely, however, absiract  dypes  in Sather
Fodbowe the normna] vules of sfigping n Gies molople
subity plieg, with all e pssocinted problems) and don’t
repaesent @ athapomal hesrcly as e categones of
Lagooi bo, In pemcenl, Saller b5 oa wwch e
complex langeage san Lagoom,

Wo ko ol ok existing lamgeage (el separtes all
iree eoncepls of stracire, Belavier and Jwesfages in
U saeme sy o Lagooma does, There dine, however,
other linguages that tum messoges iwlo scporabe stand-
wlomwe entitbes; thase ane the bnguages offering geneedc
Juncrons (sometimes alse called  sinli-methods),
Creneric functions criginned i the rendm of fusetienal
progriomming: for cxample, they ore the basis of the
TR AT f.l'.'-',l'-' fH?lII'r'H'F ."|'I'|'.'.I'E'JH CULEHST [A). A penenie
(umction is a group of metheds implementing 2 cetain
bl Bor lallioremn Dy ol peeeiver, T onler 1o
activale & chesingd  bebavior,  ope avokes e

corresponcing genersc function. which autonomaonsly
clisnsss one of s constiment ey, for exaniple,
based on the tepes of the speaified arguinens, Haeoe,
while by tsletiomal abject=oriented Tangunges inethmis
ane prouped wpether by the classes 100 which they
¢|'||'|I:.'. HI,!:IlI;'l'il.: fymctinms prowp Abem fopether by the
opertons they perform, Lageena’s messages mprasen
thir some meehaninm as ponene Tunctinns kil e
dispatch on their Dest argument, i 3 contesl of sieong
py i g sind category-hised clissification,

The woak of Harrizon ol Osalier [B] on sabelrided
peerceedrerew 15 nlsee sblar s Lagooma s messages anel
genenc Tunctions. Their system provides feciions!
enderener Iy e mblidien ol affeimne pioscdire Fogved
3 peoeedure, which are selecled based on eriteria
specified by the progeammer, The aldition of methols
0 an exizling masage (with a new type ol nociver
argomenty can be wiesesd as a0 specilization of the
sulshvabe] proocdure neechanism with regand w o the
subclivisiom ertesion (dvpgatel o tvpe only),

6.5 Implementation

In adapding an existing Oberon compiler for Lagoon,
only the wiethed dgperoh deeckaniam reouines changes
in the beck-cnd wndin (e linker, ALl odler Feateres of
Linpeaosmiy caane b hanclesd lacally i the Trons-cod of the
compiler. There is no e K add any run-time suppon
for dhe cotepory meclhanism, since Oberon alrendy
peovides vun-time ypes information for s polymorphic
vunphles aml posamcters, Note that Lageonn doesni
affer an caplicit mechanisin  For fesling cabepory
memlsershap, bug merely poeper dype tesls (which
alrealy exist in Obemonk

[ Lagowma, methasds ane bound o (pednter-valucdp
afrject types amd ol b e wnderdying moond fvpes
Flnee, ewer diffcrent abject types hat are based on the
saime mecond con provicke e object instinces witl
diffesent belevior. Binding melbhods o object types
rouqiires @ separale descnplor for every olgeer Lype, In
coptssst, an the language Oberon-2 [T, methods
feitlbed vy pe-bomd procedunss in e defining repor) ane
Boimd to vecord rpes.

Two different wiys o inplementing  Ligoena's
mcihod cispaich mechanism mmedindely  come o
mind. The straightforsand, albsein ineficient solution is
Fosed on the progromming techmigue of message o
alfervs that is wislely empdoyed in the Oberon Sysem; in
Faet, this progrimming techokpe inspioed some of e
Feabures of Lagoons (wldel are sofer amd mene deseripe
tive than those of is precusor language), With this
I:-::|_:I|||:'||||.-::.L raly HIERSIEE 1% ||.'-.'-.||_.'_|I-:|.| il II.1|!-|I:rIII_'|' LTI L
plentifier and the different methods thar apply 0 a
stgle obsject evpe o strugg together inoa single pivee
of codde thar 1ests Tor the different coses explicilly.
Every object ype Bas such o message hslles
aasceiatel] with i in forms parn ol it fypee descripiorn,
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Lapeple:
[ impenerieladion of alf sicdfods for alajec! fgpe T °)
BEGIN
IF mesange =M1 THEN
[ code for methad KT °)
ELSIF massaga = 412 THEM
[ code for methad K2 °)

ELSE (" code for defacd oo, i ong exdsls )
EM
EMD

An alternative, more elficient selution wses o merfbod
falle for dispalch (Figure 3), Soch s table provides g
direet relorence o the implemensting methad for ey
combination of message and fype. Hence, 0l o
become quile Jarge, although only o small fction of
the entries ane wsed, Bather thon maindaining o barge
svstem-wide  wethisd  table,  amplementanons e
therefore likely o store the table as o nomber of
sepanate rows, cach ol wlich s asaociael with g
particalur type, or w number of seporate columns, cach
ol which is asocited with a specile message, The
fivst ol these orpamentions s simeilar o the well-
Bogawn virtand fudetion wables |5, while the sooomd
comes eloser 1o wnderstanfing wessapes s Iype-dis-
prstched genevic funcions, Since types and messages ane
bewih stk lome entitres of the Lagosnsa Tugoeage, bath
alternatives hasve stissighi s inplementatians, T
aree of Use methad tabde vepresens a challenge, but foe-
mnately the compressiom of sparse dispatels dables s
e aren ol esearch that has promdsing resules [1, 4],

Ao el complicaion anses when Lapoona s wsed
in an environmenl suppating dyaame losding, This
mcans et Vander modutes con be aklal 4o a minning
systenm Al any v As A vesull, omessage and e
memwibes (e, the dices o the method table) cannot
e i e stancally by the compiler, bat only an e
B sl losading, A previous poaper By the awlliar [6)
explors the resalting problems in some defail anl
ddesoriles an implomenticion et salves hem, Maole
iiar the langoage prosented in the eardier paper went
even Lurthar Usan Lagosasa, nllowing the wdliticen of
fusther methads o existing types by external mosdules

BT PN TR ]
0pow

Messige table for lyvpe dispatch,

andd albse supporting code inleoanee, These featues
hove Been disewnded in Logssma in favor of logulity,

7. Coneclusion

Lapgoons is o simple. objectorienied Tangunge it
continues  the dition of  Pascal,  Maodula2 sl
Ceron, Rather than providing 8 ofpes comstruct,
Lapoons akls oessoges aod sethods we e iy
cxfensiot mechanism  alvedy  presenl in Oberen
Purtlher, Lagoons offers cotegpories that Geilipie wenke
coupling between subsysiems an is pessible with
pvpes, s mnovative langepge Fealures make Lagoona
an atroetive ol For developing exwenstble objeg-
origmed systems,

Avtenmsteabpennend, Tl pushor sl Bee o thosk ¥ ortin
Beiger, who opmmented thoreughly on this paper amd
privvided woalushle criticiems Bst helped 16 improve the
preseptatien of this malennl congiderabnly. Thanks @
also due o hfark Hamborg for his thoughtful comments on
FROAY gty of Lagais.
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