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1 • ! MIROOUCil Qill 

IJI:Iject orientad progr~~~m~in¡¡ 

becO!Ili~ 11 stsnderd deiiill!n 
(00!') U,2l le 

methodolOilY for 
Lsrge softwer11 syat~ devel~ta. 00!' 

fevor® ~ progr~lng style where the softw~re 
c~tli {obj~ts) !!!ro nel!rly. eelf· 
eontainmd (ll!lmlf of th~ constr~~~:tad by 
speclelizin¡¡ existlns enes), hmve wetl 
defined roli!!ll 11M elel!lr lll!!ch!!nlsliliil for 
interactin¡¡ wlth otller obJect!l. Such 
propert i es decreese the efforts delll!inded by 

the implementation ·of complex software 
systems and incremse the system•s 
re!iabHity, testability and 11111inteioobility. 

Unfortunately, 001' techniques are aveilable 
today at the progr~W~~ii'IIJ tangU~~ge leve! lll1d 

few extensions of suell techniques to 
distributed envirooments llave been report<i!d 
[3]. This paper propases oo eJ<tension of 
!II'SK (e Dlstribut<i!d Probll!fll Solving Kernel) 
[4l in order to !lecOIImll:ldate some 001' 

practices like hierarchicat or~anization of 
classes, lnstantiatlon of classes, definition 
of methods, etc. 

The lilllfn objective of this research !ro to 
derive en envirormmt for dlstrlbutad problE~~~ 
solvlng (nemed DPSK+I') that has the 
lldvantages of DPSK in terms of convenience 
!lnd effieiency, plus some edded capabil lties 
that favor object oriented progr~ing at the 
distrlbuted 8pplieatlon :leve!. 

l. Q§JECT-QRIENTED PROGRAMMING 

ls relied 
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¡¡g¡¡r~etad into cl¡¡¡sse11, Md methods. An 

OOj®Ct CM M defined illl 1!1 l:llec!:-boll 
lll!ldellll!l ~~~ ootity of the dom!!ln. Thii!l 
bl~k-box pecks the data necessary to 
qwmtify the .Mtity plw, a eet of 
prccedursi that manipulate the data. 
!:lbjects inter¡¡¡ct by deflnifllil procedllres 
that C3n be activ11ted by other cbjects. Such 
procedure11 ere called ~. fJ. method c:en 
have input ¡:¡sr&llletere, and once act i vated 
produces ol ele effects snd lillly return IIOOI!l 

useful result. The object'e internat date hes 
e publle portion 11M e privete portien. 
Public date can be ~cessed from other 
oojects within the - prOGram, wllile 
prlvete datl! are ll'.!!nf¡;¡uLated exc!uaively by 

the object•s interMl procedures. Figure 1 
sche~i~iitill:es en object. Since objects ere 
nearly sel f·c:ontei!'llld, s ootter structurifi!J 
of the mtl re cede i s ec:h i eved. As 11 

resu!t, produetivíty, extensibility, 
testebH ity 11nd re!ll!bH hy ere favored by 

001' when eompsred to other progrS~m~i ns 
teclm~ques. 

A cmtrm~ concept in 00!' is the concept of 
~· A clllss defines a behevior for e 
family of objects der!ved from it <the clase• 
!nstances). A clase keeps the object•s date 
ene! methods 1, whlch are lnheritad by lts 
lnstences. Some cles$el!! derive from ene or 
more clesses, formill!l en hlerarelly of 
!uperclasses (ancestore) end subclesses 
(descendents). fl. clees lnherits the behevior 
(detii end methoda) í'r001 Ita direct 
superclesses, eleboretlng thls behevlor by 

1 !lome object ori<!nted syst- keep methods 
s~reted from classes (tlOS [8] is the best 
ex~le o1 such systeo~). 



special izing the data and by adding new 
features to the metnoda. 

~"""'""""' PUBLIC DATA 

PRIVATE DATA 

HETHODS 

y CODE 

Fig 1. An. object and a code (other objects) 

using it. 

A program elaborated according to the object 

oriented model is cornposed of e hierarchy of 

classes and 11 set of instances (objects) 

interacting among them. For example, in the 

design of a drawing package, one can define e 

class narned "shape•. Geometric 
figures like clrcles and rectangles are 
speciel izetion of shepes, squares are 

specializations of rectangles, and so on. 

Methods iike "display" can be defined for 

the class "shape" end inherited by all the 

i ns tances be long i ng to the sube las ses of 

~shspe". More special ized methods l ike 

"rotate~ are def i ned for each geometr i e 

figure, possibly by elaborating those 

inherited from the respective superclasses. 
Call ing "rota te" for an argument belonging 

to the clsss "square" wi ll automaticslly 
lnvoke the method that rotatea Sqúares. Thls 
property fs cal ted polymorphísm, and the 

binding between methOds end call ing 

par111100ters can be acc~l i shed at c~i l ¡ ng 
time (early binding) or at run time (late 
binding). 

3. QISTRIBUTED PROBLEM SOLVING 

In short, Distributed Problem Solving (OPS) 

is a methodology for software developments 

that hvors " set of eutonornous modules 

(the problem solving agents) running 
independently fn e multitas~ing or 

mul ti process i ng mech i ne or 

processors l i nked through 

network [5J • 

in " set of 
11 local area 

The modules need to cooperete in order to 

achieve ~ common goal: the solution of the 
problem being processed. Cooperation is 

c~sed of two besic ectivities: 

COilllU'lication and controL COIIiliUilication is 

the exchanging of information among the 
modules llnd control fs the coordin.:;tion 

necessary to guarsntee that each module 

will perfor10 lts task at the right time 

and wl th the proper resources allocsted to 

it. Basic control activities are ínter­

module sequencing (mana¡¡ing tasks l ike the 

access to critical 

control (managing 

modules). 

resources) end execut ion 

tasks l i k e s tart i ng of 

lnter-egent communication can be achieved 

through mechani sms besed on ressage 

psssing, sharing of data, remate 

procedurl!l csll, etc. Hechani sms for control 

include semaphores, events, berriers, etc 
(for sec¡uencing) added to the proper 
operating system directives for execution 
control. Several tools for a1c11ng DPS 

developments have being designed and 

i~lemented. Such tools provide communication 

and control services based on one or more 

mechan i sms ment i oned above. 

The besic communication acthities found in 

central ized object oriented progranming 

longuages and systL'fiiS can be extended to 

distributed enviroronents. COO!ll!Jilication in 
OOP is based on the call ing of methods and 

sharir19 of date (the p<blic portien of the 

•• object' s data). ln di stributed envi rorments, 
>h,, call ing of methods may be rel ied on a 
el ient/server coomunication protocol ( l ike 
rendezvous or remote procedure call >; wh ¡le 

tl>e sharing of datm needs only an accessing 

discipline to keep the data consistent and 

correct !Jilder concurrent eccess. 
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The lllOdel for distributed coqx.¡ting pr"J))S!>d 
in th i s paper ls based on the concept of 
share(! ob!ects. A shared object la a 11111cro 
structure aggregatlng an 8IIIOUI"It of publlc 

(shared) data and a set of active methods2: 
the smallest 8IIIOUI"It of coqx.¡tatlon managed by 

the operatlng system (processes In the cue 
of UNIX). Active methods can be a set of 
ordinary objects lf coded according to the 
OOP lllOdel, or any piece of sequential code. 
llithout loss of generality, we assune that 
each problem solving agent in a distributed 
environment is an active method attached to 
sorne shared object. 

Shared objects interact among them by sharing 

their public data added to a client/server 

COIII!Uiication protocol for accessing the 
active methods. The publ i e data i s a set of 
attrlbute-value pairs (slots), and the 
protocol for method activation rt!flletlb!rs the 

rendezvous mechan! sm found in the ADA 
progranming language. Figure 2 shows 
schematically a shared object. 

To illustrate the usage of shared objects as 
an integration mediun, consider an 
anvlronment for system•a ldentiflcation, 

optimlzation and control as descrlbed In [6). 

This environment has several modules 
(integrated around an executive) performing 
opthwization, real time control, syste~~~•s 

identification, etc. lf these modules are to 
be distributed through many processors, these 
services could be understood as shared 
objects pedorming well deflned tesks. Taklng 
system•s ldentificatlon as en ex~le, 

elgorithms as Recursiva Least Squares, 
Extended Least Squares, etc, are active 
methods of the shared object performing 
system•s identification. Separated active 
methods can be ~loyed for each algorithm, 
or more than one algorithms be grouped into 
an active 111ethod. In the last case, the 
appropriate action (algorithm) is selected 

according to the parameters passed to the 

active method during its invocation (see 
section 7). 

2 All the code attached to a shared object 
wi ll be referred as a !!!!t!h2s!, even those not 
perfortnlng lnterfaclng with other shared 
objects. 
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Even lf the systet~~•s modules are not coded 
according to the object c>ri ented model, the 
concept of shared object brings to the 
systl!ftl's architecture the central ideas 
b;;.,~ind object oriented progranming. As a 

result, ft fs expected an increasing in mony 
desired attributes like reliabil ity, 
testabil 1 ty, etc. 

legend: 
O active ~tethod 

cDMM. via sharing of data 
_ coMJt. hetween client and server 

Flg 2. A shared object. 

4. COHMUNICATION IN DPSK+P 

As stated before, c0fli1U'licaticn in DPSK+P 15 
relied on the sharing of .data and calting of 
active methods. The following subscctions 

describe how shared objects can be ~loyed 

for COIII!Uiication. 

4.1 Defining Classes 

DPSK+P allows the user to define a hierarchy 
of classea shared by all the problem solving 
c~ta. A class ls defined by e set of 



slots (llttrlbutll·velue pairo) and 
dsrlved from 1m0ther .clmsses forming 11 ¡¡rsph 
of superclassme end subclaues. Classes are 
identified by a global l'"l!lme. 1\ single 
pri~~tittve3 i11 11upplled for class definlticn: 

DefineClass. 
building 11 

The prhnitive i111 employed for 

cless eiving Ita direc:t 
superclasses, its date attributes hlots), 
end its active methods (the respective 

eddresses of C<llr~Jiled code holding them). 

Slots define<! within the direct superclasses 

are automatically inherlted by the class 
being defined. !ly definition, a class named 
"t" is e superclass of every class (except 
itsel f). lieo~ classes can be created at any 

time and radsfining an elready existlng ctell$ 
causes the replacement of the old deflnltlon 

by the new one. In such case, all the 
lnstances of the o!d class are marked es 
"obsolete" (see 4.:5). The primitive returns 

an object ldentifier (ID) pointlng to the 

clase being created. 

The primitive GetClass takes the class• Mlill! 

end returns hs object ID. Primitlves for 
navigeting the class hierarchy are provided: 
GetParents and GetChi ldren returns 

respective! y the di rect superclasses l!lfd 

subclessea of s given c:less. Once ths elass 
strueture hes been defined, the e¡¡ents coo 
1t1.1rt to creete lnstences of clesses. 

4.2 lnstantleting rllasses 

/A shered object is an lnstance of sorne cless 

(shared object end lnstance will be employed 

es synonymous). lnstances of classes ere 

created by calling the Makeinstance 

primitive. This primitive takes the pointer 
to the class (returned by DefineClass or 
GetC l ass) and " set of s l ots to be added or 
to repl ace those 1 nher i ted f rom the el ass. 
Jlfter the shared dato has being buil t, e 

special method called "construetor" ls 
invoked (if defined by the class). The 
constructor ínitializes the shared date, 
ca lll na other methods 11 necessary. 

3 The term primitive is used interchengeably 
to reh•r e e, C++ or lisp function; e C++ 
~r function; or a CLOS [8J generlc 
functlon. 
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Make!nsteoce returns an object ID pointing to 
the sharlll<l object )U$t created. 

lf not 8pecified otherwise, shared objects 
are cre111ted In the processor where the 

c"llin¡¡ agent is running (not where the cless 
is deflned 118 in the current version of 

DPSIC). An optiOMl third ersunent in 

Makel nstaoce di rects the c:reat ion of the 

instance to 11 differ~nt processor. 

4.3 Accessln¡¡ Md Updatill!l lnstences 

lnstances Clll'l be accessed by the Getlnstances 

primitfve. This prlmltlve flccepta es input a 

pofnter to the class and m set of 

speciallzation slots that !IUSt be present in 
the lnstances eccessed. A list of object lOs 

pointing to the lnstenc<!!s satisfying the 

given specializetlon slots ls returned. 

With the object ID pointing te en instance it 
ls possfble: 

11. To access any slot in the instance. 

b. To delete, ii!dcl or updete a particular slot 

In the instence. 

Accessing or updating an obeolete instance 
will cauae the calling of 11 special active 
11111thod namecl "repeírer" (if defined within 
the clesa). Thls method hes the mission of 

makin¡¡ the instance buil t under an older 

versíon of the class CCJ111>8tible with the new 

definition of it. The merk. "obsolete" la 

removed when the repairer exits. 

4.4 Deletin¡¡ lnstances 

The primitive Deletelnstanc!ll destroys e 
shared object. An object ID pointing to a 
deleted object becomes unbounded, turniny 

without effect oll. operetions over it. 

l!mlediately before the instance destruction, 
s epecial t!iCtive ~~~ethod c"lled "destructor• 

is tnvoked (if defined in the class). This 
method performs the clean-up relating the 
lnstance under destruction Cperhaps cal! ing 
other methods lnformin¡¡ the el imination af 
the shared object). The object is unbounded 
after the destructor exfts. Active methods 

attsched to the 11 deleted object are ki lled. 



4.5 !lefinitlll end Ciil ling Shared llethods 

Until now we noticed the existence of three 

spec i e 1 methods suppli ed by the user when 
defining e class: the constructor, destructor 

and repairer of instances. 1\ny other active 

method C!Ml be defined by given th""' cHffer""t 
""""'s. Active methods deflned for " class are 
lnstsntieted (started) in behal f of a shered 

object when a CaltMethod or StartMethod 

primitive is called giv"" the shared object 

as target. After its starting, o method can 

exit after the processing of the calt, or 
remains up waiting for new requests. Ellch 

method has a code i""lernenting it (again, e 
process In UNIX) •. llhen fll!lny !ightwelght 

methods are deflned for e class, all of them 
can be grouped l nto a di spatcher. The 

dispatcher selecta the desired ""'thod by the 
input parameter in the c~ll (see soction 7). 

A method is invoked by csll ing the Callt~etho<l 

primi ti ve. This primitive takes three 

parsmeters: the target·-a clsss or instance 

to which the cal! is directed, a single 

object encoding the input parameter of the 

cell (that in lts turn can hold many other 

objects), and a timeout for the calling 

request. The caller r"""'ins blocked unti 1 the 

call is processed by en active method or 11 

ti ""'oot occurs. 

The protocol for calling methods is as 
follows. Calle cen be directed to classes or 
instances. Calla di rected to instences can be 

processed onl y by active methods atteched to 

this instance. Ca lis di rected to classes can 
be processed by active methods attached to 

any ínstance of the class. IJhen s cal! to 

the active method 14 j¡¡ di rected to an 
instance: 

a. lf M is elready running within the 

instance, then queue the call; otherwise 

b. lf 11 is defined in the instance's class, 
then start a clone of M wi thin the 
1 na tance and queue the ca ll . U the el "es 
<loes not define such method 

c. Move up in the class hlererchy untf l ll ls 

found. Start a clone of M withln the 

1153 

instence and quwe the call. H the method 

can not loe found, return 8 null velue for 

the call. 

Notiee that itll!ll c. provides inheritance of 

ll!<!thods. 

lf a call is directed to e class, it is 
qu<lU<ld In the doss unti l !MI lnst.,nce eccepts 
it (no ""'thod ls st~rted). 

Active methods sccepting calls are sc_rvers 

th<~t keep performin¡¡ the fol!owing cycle : 

b. Process the cal 1. 

c. Return the resul t to the caller. 

d. Exit or eo to "· 

Requests ere eccepted by active methods 

through the primitive AcceptCal t. This 

primitive has a timeout which ccntrols the 

OO!Ol.!rlt of time the active method wishes to 

wai t for 11 cal l. The m.ethod becomes blocked 

until the l!rriving of a call for it or a 

timeout occurs. The primitive returns the 

parameter passed by the other end ( the 

caller) end an object identifyin¡¡ the Call­

Accept pair. Yhen the method finishes the 

proce&sing 

ReturnCall 

of a call, the primitive 

completes the coomunication by 

returning the reaul t of the CO<f!:lUtation to 
the callar. The acceptlng protocol ls as 
follows: 

e. lf there are panding calls for this method 

directed to this shared object, process 

the oldest call, otherwise 

b. lf there are panding calls for this methcd 

di rected to toe class, process the oldest 

cal l. 

lf no cell is pending to the accepting 

target, steps s. and b. are performed unti l 
th<> tl.,.,out epeciffed In 1\cceptCal.l occurs. 

Active methods are selected by name and by 

the object holding the lll<!thod (as in the 

Flovor System tn ). No method combinatioo 



atrategy 1!1 provided by DPSK+P. llindllllol occur 
lit N!i tilllll. 

Actiw l!lll!thodll cmn ciimcover the object they 

belllfliíl by calllng the pri1111tive ~. The 

prll!ilitive returl'ill 11 pointer (ooj~~Ct ID) to 

th~~t ¡¡hare<l objec:t the !~!ethc:l belonga. Wi th 

thls polnter the ~~Rthod Clll'l Cflllrólte In tlle 

obj~n:t' 11 3hmrl!d cl&ta. 

4.6 111-rltll oo th• DPK+P CCl!ll!llW!It:atiM 

liltructure. 

The communlcetlon structure edopted In DPSK+P 

ettmds !:1oth detl!l·drlven md goal.- drivm 

¡;¡roble~~~ aolvlnj¡ strategles. D11tm·drivmn 

strmtegles wlll use the menipul1tion cf 

Wiared ciat111 to pr~ress the pr!lbla so! vi ng 

actlvity whlle goal·drlven utretegiea wlll 
uae the method cell il'lll protccol in order to 
lnvoke methods for 3olving subproblema 

generated durfng the pl3nnlng/decompomlt1Gn 
p!'illlillil. 

With these tldO c~lementery eomJWnicetiOI'I 

~ttructurea, we bel leve that DPSIC+P fulftlls 

the eommunicatian requiramenta for e wldG 

range of pr!!Ctieol applieationi. 

5. CQNTRQL IN DPSK+P 

5.1 Lockin;¡ 

co.neurrent the sherad 
Objei:ts umy b=e~ ineomistoot if proper 
control 1!1 not prcvlded. Tlle accessing of 

tlie shared dGta kept by thi!! sherl!d obj ec:t 

needll 11 lockin;¡ meehanll!lll thst assurea 
eonsistency end correctness of the 
sllered cbjects. DPSK+P providGs 11 lcc!dn;¡ 

~M!ehaniSiil based on trensac:t!Oflii [8l, 

Tri!IMactions can be performed over shared 

objacts, clesses or hierarchy of classes. The 

scope of the lcckfn;¡ la the followin;¡: 

11. l\. tr~~n~~ection over e shered cbject wlll 
Lcck onl y the sher®Ci elata ltept by the 
object. 
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b. A tr-eetion. over e e leas ls equivalmt 
to a transsction over al! the shered 
objeet~ belOfl!lin;¡ to thia elass. 

c. A trmnsection over a hlerarchy of classes 
b ll(jl.livelent to 111 trensection over the 
11t111rtln;¡ d&IIS illlld 1111 of lt!l sulxlaases. 

The ~llplt of the lockl"" rllfl9eB frllll! the 

ullarad dlita Btept by a single shered objec:t to 
the 11l!'ltlro 11heréd data (transac:tlon cf 1!1 

Me~srehy of clast~ell Btartlól$ st th<~~ el111111 
"t"). 

A shmrlild obj<Kt ls W aval lable for locking 

lf: 

111. Ita conl!ltructor !u 11ti U ruming, or 

b. ltm destructor is mlready running, or 

e. Tite objeet 18 el ready lccked for 
read/writ<ll, or 

d. The objec:t 18 elready loeked for reed-only 
llmd 111 reed/write loclt 111 being requested. 

A lock la obtained by calling the 

BeginTraosaction prlmitive. This prlmitlve 

aecepts ~ lndicator of locking type 
(read/wrlte or read·only) and a list of 
objects te be locked. The primitive rdurns e 

lcckln;¡ object H the trl!nllaetion 1!!111 

accept®Ci, or a null objeet otherwlse. The 

primltive EndTf!in81lct!on and Ab9rtlranuct!m 
f!nlshell iiind llborts 11 tr&N~actlon In 

p!'o;ress. Both primitiV\1!~ M:cept the locki"!! 

objec:t returned by BesinTransactiO!'! 11111 

ar¡¡l.llll!l'lt. 

lf serialh:abHtty only 111 demanded (without 

atllfilieity and pershtence), e si~Le and 

foster II!!Kh!ll'l!S!II bli11ecll on the ~~~ethod ealling 
protocol c~~n be llllple;mntecl (as lllUBtrated 
in the &ectlon 7). 

5.2 Exaeution Control 

In the object oriented O!Odel data and cede 
are IIQQragsted lnto objeets. Fol Lowin¡¡¡ this 
Line, DPK+P allows the control of the cede 

riNlnill!l within the ac:tive objeete, th!!lt is, 

the shered methods. Two pri~itives are 



prcvlc!ed: Uart!!ethod lll!d lnterrll!?tMethod. 
StertMeth?d atert® ®n metlve ~thod attechi~ 
lt to !!Ciiill! glven !!horl!d objl!!<:t (du¡:!llcmt!oo 

of M attlve ·ethoo 111 the ~~m~e objoot 111 

llllowed). Ti'IE~ l!ll!thoo i!!l!llt 1111 deflf1®d In the 

object'm elea; or in 11f1Y of Ita ~~rcl&~sse~~. 

lnterrwt!!ethod ~~~ 111 algMl to m &~etlw 

method of a givoo !lhiiwed object. !llple 
provided are <:liase fOII!'I!I oo WIIX lllce: 

b. SIJSPEIIO: fr"ltt!ll the IIII®C:Ut 100 of lll 

ethod. 

e. RE~: rnl.li!l!!!ll the u~~eutim of 111 

~~~method. 

d. MIIGUP: h~s-141 (brenches thll llllet:Ytlm 

te e givsn exe~~Ptian h!!Mier) a methoo. 

The h!!Mlil'l1il of the sl!!MI ie 

responsibility (and not poaslble 
PI'O®r&mil'l1iJ l~uagee). 

The blllslc !lynchronlzetlon mechani¡¡¡¡; provided 
by DI'SK .. P la the method es U i!"'ll protocol. 

U&ifll thi!l ¡;rotocol ®!1 11 basls, it is si~l11 
to l~lsment other synchronization ~hmiSil!ll 
l ilce events, seme¡::!liores, b!lrriers, etc. 
S~~etion 1 lllwtrates tllh ve&ture. 

6. INTERFACE$ 

DPSK+I' will provlde interfaces for C, C++ 81'111 
CLOS (COOR!l!'l U sp Object Systlllill) _ ['¡!] 

progr-lng l~uages. The C lnterfsce is 
b!lsecl on e librery of functiOM, llhlle tile 

C++ and CLOS lnterfeces er~ bssed on a set of 

c!esses end 110011! few functíOI'III. The !:<~-+ 

intsrfi!l:li to IIPSOC+i' le Usted-In the ~h: 

"'· 
!ll'll!C+I' itself le I~L~ted In pleln C to 
favor tr-portabl! lty to more speclelized · 
herdliere syste!ll!l. For inter·llllichiM date 
trenllferr!ng, the IJIW! interface to th11 
TI:P/IP protocol ls ~loyed. llet11 
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codiO®/decodlng fotl~ thr®e different 
pretox:ols. llnM til11 Mtwork le hOillOI!<meOO®, 
the blnery protoeol 111 the festest av~llable 

eince data !ltructure¡¡¡ 11re Bhlpped In thel r 

ln--ry fonl!llt (~;~lthoot eooing). For 

heter~ n&t!;!Ork.e t~«~ protox:ols are 

!1Vallmbl11: the eKterm~! li~tlli Repretumtetlon 
(liDIO UOJ protcc:ol (bihen aveHoole in aH 
I!II!Chll'l®l!), or a protoeol blllsed on the ASCII 

e:~ Ulle -t gemnl Mili slower I!VIIil!ible). 

The kerl'lel itsel f een be rep! io::etoo in order 

to 11vold interferenee bet~ different 
¡¡¡:¡¡;;llc¡¡¡ticns blhen rln'lil'l1iJ mt the same til!ll!. 

l. AM EXAMPlE 

Thi~ l!leetlon shoos how a aynchronizetlon 

aeclumiG~~~ b!lsoo en sl!lllaphores [11] c:•u1 be 

i~~PI~tsd wl!'!ll the ~~~etnoo celllng 
protocol. 

The 11-Plore tooehi!Dillllll rel les oo two 

f~n:t l cm: P Mtd V. llhsn the process deli! i res 
to enter the critica! regi@n lt ce!ls P. Upon 

returnll'l1il of 1' it ex~~eutes the cri ti cal 
seetlon, cªll in¡¡ V ;~t the end. P has the 
follooing mtructure: 

a. Subtract 
11-phore. 

f rll!!l the val 1.111 of the 

1:1. lf the va lYil 111 11011 negat i ve return, 
otherwi11e 

l. 1\dd tlle celler proeess to the 

lllllt of blocksd proceases. 

'1 returns !f tlie IMlil'lllphore has ite vatue 
11rater than the unlt, blocltlng th.e c~ller lf 
the velw 11!1 zero or lees. 

b. lf the velue i11 tess then or equal to 

zero: 

1. f!emove ene enti'Y from the 
bloelted processes. 



1 i . Wake up th i s process. 

V makes 11 bl ocked procesa on 111 P call to 
return, ¡¡rentil'l!l it acc:ess to the crltlcal 
r·egion. 

An Interface to the s....,phore mechanisM em 

be i~lemented as 11 C++ class that defines, 

operates 11nd deatroys """"'phoree. The lllellbo>r 
functlona of thle ct .... ., ~>ecesa DPSK+P in 

order to ech i eve the proper synchronl ut í on 

amone the distributed system components. 

To ímplement the semsphore rnechanism, ene CM 

define " DPSK+P cl"ss ilallled •eernaphore~ with 

11 sin¡¡ le 11cti ve method called "PV" that 

implementa both functlons P and V. lhe class 

has lll sin¡¡le slot ("name"). The value of the 

semaphore wil l be kept by the method PV. The 

class semaphore will h"ve en instance for 
esch semaphore defined. 

The interfaces for P and V wi ll Cilll the 

method "PV" ~;~lth an object es input parameter 

statin¡¡ if the cell is to be processed es "P" 

or "V". The method "PV" wi ll keep a 1 ist of 

blocked process (step b. t of 11). Callers will 

be blocked by "PV" simply by not returnin¡¡ 

the cal l. In step b. ti of V, the caller wH l 

be waked-up by returnlng the respective call. 

lhe list of blocked processes is, in fact, a 
list conteining Call-Accept identifierm (soo 
4.5). 

The code of this example is presented in the 
Appendht 11. 

8. CONCLUDING REMARKS 

DPSK+P ·hes some ettrect lve features not found 
in the current version of DPSK. The 

conmJnication structure found in DPSIC I-das 

improved by sddln¡¡ e hierarchicel 

organizetion of classes with inheritanc:e of 

slots and methods. The method call in¡¡ 

protocol allows a cl'ient/server coom.x~ir:•:tim 

structure (sui table for goal-driver ,_, uolem 

solvin¡¡ strategies) plus e wide rense of 
synchronizotion mechanlsms to fit the needs 

of practical applications. Libraries of 

clesses (llke the class "semaphore" defined 

above) can be incrementally bui ld and added 
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to the kernel. A monitor in¡¡ facil i ty is al so 

under oovelopment. Cresh recovery and 

migretion of ahared objects started to be 

lnvest!gated. 
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