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Abstract 

'I'his 1)nper clesc-rilxs t,he result,s of a project sup- 
l)ortc~l I I ~  the It,alian Spacc .lgency ( M I )  ' aimed 
; r l  clc,velopi~~g a general framework for int,elligent 
~ .o~~st ra i~~t- l>a . ;ec l  sc-lletll~li~ig and adivity manage- 
~irc'nt i n  spa(-r applic-at,ions. The initial goal of the 
1)ro.jw.t ronsists of I~uilcling a refereuce nrcllitccturc 
for temporal planning and schecluling that  could I)e 
Ilrsihly c-onfigurrtl for different space applicat,ions. 
.4lthougl1 s e ~ m a l  rrsult,s of t,lle project (-an be in- 
J r p e n d e ~ ~ t l y  used ill 110th plan~iing and scllecluli~~g 

'Tliis lxtper clescril~es research developed u~lder a 
I 11we years project titled "Stazione di lavoro per la grrler- 
azio~ir interattiva cli piani per sistemi spaziali cornplessi" 
( "ti \~orkstation for the interact.ive generation of' activity 
plan> for complex space systems"). In No\.einber l%W 
.-\I-;] hCw approved the continuation of the project for two 
f~~r t l ler  ?car1 with the title "ITn toolkit per la creazione 
t l i  pia~lihcatori interattivi per sistenii spaziali cornplessi" 
( "A toolkit for the syntllesis of interact,ive planners for 
roln1)lex space. syst,e~ns'' ) .  

npplicatio~~s.  during t,he project particular attent,ion 
hns been dedicated to sclltdulillg probIe111s that  were 
relevant for the support,ing agent-y. 

Leading itleas for the project llah 1 1 ~ ~ 1 1  the following: 

t,o guarantee a c,o~npletc approar l~  to the resolu- 
tion and management of a prol~lenl.  This means 
Ix41ig int,erested not only in ilcvrloping a partic- 
ular search algorithln for t,lir, problein but also 
ill  l~uilding up a fra~neworli able t,o support t,he 
p rob lem life-cycle" from tlic, tlescript,ion of t,lle 
d o n i a i ~ ~  laowledge to the presc>nt,ation of differ- 
ent solution aspetrt,s to ~,!IP 11stlrs;i; 

to pay particular attention to the problem of 
pla~i/schedule 1l1aintr1ianw 111 particular we 
aim at s ~ ~ p p o r t i n g  a rich clurry set t,o the so- 
lution and thc definition of' il nlml11er of update 
and modific-ation comma~ld. o n  the current solu- 
l,io11. 1Ve c-onsitler t lies? aspc,<.ts as I~asic st,arting 
point,s to allow the cont,inuous use of intelligent 
sc-hecluling syst,ems in a work environment,; 

to create an open representmat ion able t,o support 
mdt, iple approaches to the resolut,ion of prob- 
lems. 111 part,icular we have been inkrested to 
i~itegrate ~nult iple problem wlving st,rategies in 
an uniforni fra~lie~vorli to allow croinparisons but 
also to allow th r  use of t l i r ,  Illore appropriate 
approach ncc,ording to the i)rol~lenl at hand: 

to design a software strt1c.t urc, that  a l l o w  to in- 
tegratc, different research reh111ts for the solution 
creation and rnanageme~lt,. 

Specifically  requirement,^ a ~ ~ t l  c-o~lstraint,s c.onle from 
space applic-ations. In particular: 

since space missions span for several years since 
their origi~lal design. a major role assumes the 
possil~ility of ~notlifying plans and schedules, as 
well as the details of the applitrat ion clomain, as 
soon as the steps of a mission I~ecrome Inore ma- 
t,ure. .\t,t,ention towards thc clymmic evolut,iou 
of reality has been a pec-uliar aspect of o u r  work. 

the explicit consideration given to aspe(-ts of 
user int.eract,ion and acceptance of the aut'o- 
mated syst,enl in a worliing e~~v i ronment~ .  .4 con- 
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t i ~ ~ u o u s  at,trl~tioil has heen dedicated to the ill- 
vest ipat ion of human-computer interact ion as- 
pel-ts ruhtomized to  the application domain. 

.I f i m l  c:l~aracterization concerns our own approach 
to the pri jhle~n. Our main interest is focussed on 
mnst raint- based approaches t.o scheduling problems, 
Lve l~eavil>- rely on const,raint satisfaction as bot,11 a 
rcpwwntation tool, and as a mecllanism for guitl- 
i r~g problenl solving, in t,his way being similar to ap- 
1~(1:1i-t1e~Iesc.riljed in [12; 10; 111. ,4 more specific 
feature of our work has been the interest for schedul- 
ing problrms with a strong temporal structure, in 
part 11-ular we Iiave considered probleln where quail- 
t itati1.e temporal constraints are defined t ~ e t w e n  ac- 
t i\.it leh to lmund ininimal and m a s i ~ n a l  dist,ances 
~lnlt111g t l l f ~ l l l .  

'l'lie major result of our investigation has been 
t l ~ e  software arrhit,ecture named 0-OSCAR (Object,- 
Orirntecl S(':lletluling .iRchitecture) t,lmt represent a 
(~aref'ully design library of functionalities designed t,o 
h ~ ~ p p o r t  the previous requirements in an integrat,ecl 
\\-a?; 

2 Iilgredients for a Scheduling 
Architecture 

'To tlevelol~ ;I c,omplete solution for a p lm-  
nillg/scl~etluling p r ~ b l e m  a basic step consists in 
iclr,nt ifying esac-t ly the basic problems t,o be acl- 
dressed, their pet-uliarities. and t,he interrelationshipss 
I)etween t hem. Figure 1 sketclles the results of our 
ilnalysis sl~owillg four aspects t,hat contribute to tl ic ,  
\ O I U I  ion. 

Current Soluhon 

Domain Representation Language. A 1ct.y ini- 
tial tlecisior~ consists in defining the class of 
problems that  is possible to address with t , l~e  ;I[.- 

(-hitec-ture. .i Domain Representatioll Lai~guage 
,illow:, the system developer t,o describe differci~t 
;~hperts  of t,lle world t,llat t,he schecluling system 
nerds to know in order to produce a solution. 
17suall!; such languages allow the representat,ion 
of (-lasses of prohlems and thp peculiar domain 
1.011ht rnint,s. 

Solution Representation and Management. 
Constraii1t~-based methods are cwltered on the 
production a d  maint,enance of a symbolic 
solution that  relies on a number of a specialized 
constraint reasoners, represent,ing different 
aspects of the currents contest (e.g., temporal 
constraints, resource availability). When a 
change to t,he solution is pcrfor~necl by a prob- 
lem solver or a user, the ~not lu l r  taking care of 
solution representat,ion cl~erks the consistency 
of the change and updates its representation. 
The solut,ion manager is usuall!. entlowecl with 
a set of primitives t,llat allow I>ot11 atomic or 
nggregat,e changes, and with n set of query 
fuuctionalities for knowing spec.ific information 
in the solut.ion. 

It is not surprising t,hat t,he basic re1)resentation Ian- 
guage and the tools for representing the solut,ions 
represent the core part of an architrc-t,ure ( the  part 
that  more influences the further choices). It should 
be also clear that  they are strictly interconnected. 
in fact the tlornaiii description s l ~ o l ~ l d  allow to  ex- 
lxessin a suitable way the main feat [Ires of a domain 
but also, and inore importantly, tlic c-o~ist~raints tha t  
limit finding a solution to a problem in that  domain. 
A11 this feat,ures should be natural11 mapped in the 
representation mechanisnl of the solution manager 
Im-ause the core of the constraint-hasetl approach 
is all atrtive service t,llat autornat,ically take care of 
c-he<-king/rnaintaining th r  satisfact,ion of the basic 
domain constraints. 

Oncc done the archit,ectural choiws for realizing 
these t,wo core coii~ponent~s, a complete approach to 
t , l~e solution is obt,ained addressing the two missing 
i~spc(ts:  adding one or more strat,c>gies to solve the 
prol~lem and roping with the int,erac,t io11 with users. 
'I'his ineans atltling t,wo further hloclih to an architec- 
t ure: 

Automated Prohlenl Solving. This is t hc mod- 
ule t,hat makes available a portfolio of solution 
~net~llods for a given (-lass of prol~lems (e .g . ,  es- 
ha~~s t i \ , e  sear(.I~ pro(-cdures, g w d y  I~euristics. 
local search approaches). All the met,hocls use 
the query and change primit,iv~. of the solut,ion 
nianager. 

User-System Interaction. This inodule allows 
t lrt,  interart ion of the user \\-it 11 I>ot,h the so- 
lution and the problem solvi~ig 111~tllods. The  
interaction functionalit~ies mav \.nr\- from more 
or less sophistitrated v isual iza t io~~ servic'es, to a 
set of con~plex ~~ lan ipu la t ion  fl~n(-t iollalities al- 
lowed to t,he user or1 the solul ion. .4 further 
aspect. very relevant in developi~~g applications, 
consists in t,lle possibility of atl;il)t,ing t,he inter- 
action to the working tasks ant1 c~oinprtence of 
different users, in order to allon. nlasimal pro- 
ductivit,~. to each person that i~~tc,rnc-ts with the 
schedding system. 

atlva~it,age of having itlentifiecl t l ~ r ,  I~asic fun(:- 



t io~~nli t icb (alicl as a conseeluelice t,lle basic modules) 
A hc~lic~d~liiig itrcliit,ecture should be ericlowed with 
,t a\;s in thc possibility of focalizing tlie research on 
spwific. features of each part (e.g. .  the espressive- 
U P ~ S  for [.he De~cript~ion-lai~guage, t,he efficiency and 
tirsil~ilit!; of services for the Solut~ioii-manager. t,he 
al~ility to c-ont~rolling search for the Solver; t , l~e  ca- 
[)ability to he adapt,able t,o different nerds for the 
I~ltrrac~tioii-motlule). 

I t  is worth ol~serving the liey role t , l~at  the solution 
~ua~lngeinent  has ill this approac-11 (see the central 
1)lacenlent in Figure 1 ) .  As a consequence. a major 
effort i l l  our work has been dedicated to producc a 
tirsil)lr., c~oiifigr~ral~le and efficie~it software system for 
scl~etlule mi~nage~i lent~ .  

3 The  0-OSCAR Architecture 

.Ah said in t,lle introcluction, t,he project has focussed 
its at t ,entio~i on t81ie product~ion of ail open software 
i~r(-hit,rrture for t,he solution of scheduling problems. 
S11r1i a software syst,em, named 0-OSCAR (Ohjrv~t- 
Oriented S( 'heduling ARchitectl~re), is a printriplecl 
kernel of fu~lct.ionaIities t,llat has allowed to create 
an o p m ~ >  c.oilfigurahle framework to be adapted to 
111111tiple rontests .  

Following the distinctions int,roduced in Section '2, 
0-OSC'XR ~na in lg  consists in a software sys- 
t c ' r l l  that 111alies available the pair (Descupfrort-  
/ r r ~ ~ g r ~ t r ~ c ; S o l u t ~ o ~ ~ - r r z n ~ z u g e r )  accorcling to a class of 
problems. Such software syst,em guarant,ee an 
itmotlilt of functionalities that  joined wit,li a prol~lein 
halving. algorithm and all iuteract,ion ~notlule allows 
for t,he tlevclopiiient of a complet~e sys te~n t,o solve a 
(.I. clhb , , of III'OII~PIIIS. 

. is  esplic-itly stressed ill t,he ilanle of the s!;st,eni, 
a lilaill feature of 0-OSCAR is t,lie at,t,ent,ion paid 
t,o t ,lic> object,-oriented design. Object#-orie~it~ed t,ecli- 
~ l iquc~aal low t,he stable i i n p l e ~ n e n t a t ~ i o ~ ~  of specific 
~notlules with clear interfaces that  can be coniposed 
to mnfigurc the soft,ware systein according to the ap- 
plic-at ion. Rlorrover, tlie use of specialization tecll- 
~liclur~s allows also an  in(-renlent,al refinenlent of tlif- 
ferent frrnc-tionalities. 

Figure, 2 shows the general sclleina follo~vcd to (-re- 
ate 0 -OS( 'AR versions for two different classes of 
~,ro1'1e111s. 

SSP 0-OSCAR MCM 0-OSCAR 

\\'e have designed a generic represent at  ion for sched- 
ules named Generic 0-OSCAR t,llat currently plays 
t,he role of Domain Description Language a t  the 
higher level of abstraction. Gencrlc 0-OSCAR iden- 
tifies the t,ypical aspects involved in a schedule, 
namely resources, adivit ies,  constraiiit~s and deci- 
sions. Having chosen a general representation al- 
lows us t,o int,erface our work direct,ly with t,ypical 
ahst,ractions from Operations Hesearch (see for es- 
anlple [ l ~ ] ) .  

The generic level has been spec-~alized to create soft- 
ware architectures for two classes of scheduling prob- 
Ien1s: 

The ,ifSP yroblenx (SSP st,ands for Satellite 
Scheduling Problem). I t  represents scheduling 
do~nail is  in which resources have binary capaci- 
t,ies, act,ivit,ies may have flexible temporal dura- 
t,ions and t,he user may specify preferences over 
allocatioii intervals. This class of cloinains is 
quite frequent in space applications in partic- 
ular in satellite allocat~ioii requests scheduling 
(see lat8er the DRS request allocation problem 
we have studied). 

?he JICM problem (hIC'IZ1 stands for Multi- 
C'apac~tated and Metr~c) .  The .\IChl 0-OSCAR 
nianageinent system represents a more sophisti- 
cated problem cliaracterized by resources whose 
capacities are integer numbers greater than 1 
( to  represent aggregate reqources), and several 
metric temporal separation and time-window 
constraint,s may be represent,ed. This class of 
prohlents include quite complex cases like Multi- 
Capacitated Metric Job-Sllop [5] anel Resource 
Const,rained Project Schedrlling [8]. With such 
an estension it is possible for esample t,o deal 
wit,l~ several ~nission planning problems having 
the possibilit,y of expressing a cluit,e realistic set, 
of c-onstraiilts over available resources. 

The developnient of t.wo different software systerns is 
due to needs of the project,. Fotralizing on SSP has 
allowed us to prot,otype quiclil?. a complete syst,em 
t,o be used to make t,lie dialogue with tjhe ~uppor t~ ing  
agency more concrete. Nevert,heless SSP 0-OSCAR 
allows t,o address effectively a subset of scheduling 
problein very frequent in space t lo~~ la ins .  The devel- 
opinent of RICRI 0-OSCAR derives from t , l~e  espe- 
rielice of SSP but has involvecl a major redesign to 
(.ope with more sophist,icated c-onstraints and a wider 
class of problems. 

Both SSP and MChl 0-OSCAR. share the same 
layered soft,ware design t,llat allows us t,o interface 
the qr~it,e general representation language with the 
const,raint,-based XI techniques we nwit,ed t,o use at, 
the lower level. In particular three layers have beerl 
defincd a sequencing layer, a causal layer, a con- 
straint layer. 

'L'l~r S ~ Q U E I K ~ I ~ ~  [ ~ F I .  is the interface of the syst,enl 
with the p r o l ~ l e ~ n  solver (also rnllecl Sequewer in the 



following) and the interaction inodule funct~ioiialit~ies. 
It inherits the ahst,ract charact,erizatioil of Generzc 
0-0.5'C'rlR and allow to see a schedule subdivided 
in resources, activities, constraints and decisions. In 
particular I lie decisions represent an association with 
all activity and the resources it require to be executed 
and i t  is ~ ~ s r d  as an input/output parameter to return 
t l i p  artual  solution. Of course in the SSP and h1Ch.I 
wftwarr. systems different methods are available t,o 
allow intclrve~~tion by t,he sequencer and the users. 

T l ~ e  c o r ~ d  l ay t r  is t,lie level i~ifluericed by Art,ifi- 
rial Intel l ige~ce hyniholic representation techniques. 
I t  cont,ainb a struc-tured descript,ion of t,he temporal 
t~volution c,f the resources and the activities (in this 
\\.ii!. i t  represent a "causal model" of t,he domain. 
 hen(^ the llanie of the layer). In particular a further 
internal representation entity is used, the token, to 
fully represent the association among an activity. t,he 
S P S O I I ~ ( - ~ S  i t ,  requires, the temporal and technological 
cmnstraint,s it should satisfy in any solution. 

'I'he ~ ~ o i ~ s l ~ ~ a i n l  lour r  is t,lie level at  which hot11 
senera1 m t l  spccialized coiistraint satisfact'ioii t,ech- 
nique> are used. This level a t  present co~it~ains rep- 
r c w ~ l t  at ion rapaI~ilit,ies for temporal co~lst~raints (in 
partic-ular co~isistent with the quantitative time net& 
t~or l i  lilanager described in [2: 41). and for resource 
c-o~~straints (nan~e ly  t,he possibility is given t,o use 
(.ither the propagation algorithms described in [i] 
or t 1 1 ~  luore procedural profile-based represe~ltat~ions 
Sornn;dized in [5]). It is to he noted that t,his lower 
l r , ~ . ~ > l  is a layer that  offers services to the higher levels 
; t ~ ~ t l  (.a11 1w hophist,icatetl more or less according to 
t I I O  r tquiren~ents of the current prol>lem. 

\Ye t ~ l l t l  t , l~is becrtioii I-omme~iting ahout siiiiilarities 
Ix-twen 0-OSC'.lR solution management capabili- 
tie5 and.  c1i1 onr side, the blackboard-based repre- 
 tation ion 11scc1 i n  O P E  [12] and SOSI.l  [ lo] ,  and. 
O I I  atlotl~cr side. with the temporal data-base used 
i 11 H.S.1.S [ I  1). Sill~ilarit ies wit,h the first t,wo syst,e~ns 
ii1.r at the ~ilr~thodological level both that system he- 
i ~ i g  rt:ferenre e s a i ~ ~ p l e s  for t,lie constraint-based ap- 
proach to x l l e r l~~ l ing .  The similarities with  I-ISTS are 
more strict ant1 s l~ould  be more carefully analyzed. 
\\i,  h a r e  with that sj7stern the use of a co~nplct,r 
1 , . ~ i ~ p o r a l  l~opaga t io i i .  TVe differ strongly wit 11 our 
wlut>u(, ing layer Im-ause we interface a more simple 
gi~~ieritr sc.ltccl111e description language (influenced 11y 
[l:i]) 111steatl of the description language of HSTS [ I  1: 
:I] 111ore 511it able for te~nporal  planning prol~lei~is.  
. \ t  tlle c.a~lsal and c-onst,raiilt lavers the difference 
,tart. froni our at tempt to deal w ~ t h  complex multi- 
c-apnc-~taterl problems that  turned out In a represell- 
tat loll ~ L I I ~ P  cllffcrent from the one currently reported 
f o ~  II5T5 

\Ye c-ontinue the paper giving a short overview of the 
two coinplete systems we have built st,arting from 
SSP ;111tl hI(-'%I 0-OSCAR respec-tively. 

4 Using SSP 0-OSCAR 

As a first use of the SSP version of 0-OSCAR we 
have developed a complete sys t e~n  to  solve request al- 
locatmion problem for the Data  Relay Satellite (DRS) 
System that  we had previously addressed with a 
more "classical" knowledge-hased approach [I]. The  
Data Relay Satellite (DRS) Syst,em is a European 
Space Agency progranl aimed at providing a da ta  
relay service between Low Earth Orbiting (LEO) 
sat,ellites and their ground terminals. Act,ually this 
program is in tlie last step of tlevelopnieiit, and it 
mill be operative within 1999 (its actual name being 
Artemis). 

The sclleduliilg problem of DRS consists in tlie pro- 
duction of a mission plan, that  a l l o w  the clients to 
utilize the transmission services. All high number of 
access requests is expected, so that  their temporal 
extension exceeds the t,otal transniission time avail- 
able, introducing conflicts that  have to be solved fol- 
lo\ving some quality ohject,ives. Given the t,ech~lical 
characterist,ics of the DRS system, tl~c, crucial aspect, 
in the production of t,he plan is tmlie ~nanagement of 
the link between the DRS and the LEO sat,ellites, 
while the links between DRS and ground stmations 
are less problematic. The first t,ype of link imposes 
the satisfact,ion of physical constrailits of the DRS's 
antennas, temporal const,raints of the requests, and 
 requirement,^ of prior it,^, commercial vall~e a d  allo- 
cation preference. 

An interest,ing aspect of t,lle problem is represented 
by the requests and relat,ed co~lstraints. 1111 user 
requests specify a nuinber of desired characteristics 
which include: ( a )  static priority assoc-iat.ed t,o t,lle re- 
quest's owner; (11) t ech ica l  recluirenle~~ts: t,hese may 
include for esample t,he band, speed of tra~isnlission 
and the number of channels required: ( 1 , )  user flesibil- 
ities: in i~i i~i lum and maxinluin t,ime il~tervals for the 
tluratioii~ the interval of t,iine within which tlie access 
 nus st be xhecluled (flesibilit,~ interval) aud the utility 
func t , io~~  associated with these flesihilities; (d)  user 
preferences: preferred values for the durat,ion and the 
actual access time. 

Goal of the system is t,o generate tlie L)ct,ailed 24ssign- 
111cnt Plat1 (DXP) :  ( a )  scliedules of as Inany access re- 
quest,s as possiljle; (11) satisfies of as 111any ~ s e r  pref- 
erenc-es as possible: ( ( I )  gives priorit!- to preferences 
of requests having a higher "relevaliw" c-oefficient. 
The goals are potentially corlflictil~g: a11 optimiza- 
tioli in resource use required to satist'!. the first goal 
\vot~ltl ilnply talii~lg full advantage of user specified 
flesibilities but in doing so. t,he pref'orence (or ut,il- 
ity) function given by the users may 11ot be satisfied. 
The other two goals are ill turn partiallj. contrasting, 
since masinlizing user preferences dors not necessar- 
ily c-oincidc with satisfying the rrclurht,s of preferred 
11sers. 

Accortling t,o the technic-a1 doc-uinent at,ion, tlie pro- 
duction of the UAP is supposed to follow all iterat,ive 
process repealed three t , i~nes,  and t l 1 ; t t  itivolves two 



I> 1 ) ~ s  of' lluliian operators (bee t lie schema in Fig- 
I I rf, .3 ) : 

,Sl~(/('t( r~/ft  t ~ ~ q r r ~ c r - ~ , ~  (called Operative users) at 
t Ilr. Operation Cont,rol (-'enter modify t,lw plan 
i ~ i s e r t i ~ ~ g  sollie special activities for the maill- 
t13~innc-e of tlie syste~ii  operativity and requests 
\vit , l l  a bpecial recluirement of urgency. 

I'igr~rc~ 3: I-sers \'iews in DRS 0-OSC'XR 

I ' l ~ t w  two opra t iona l  profiles follow different and 
~ j o t r ~ ~ l t  i a l l~ .  c~nflic-ting ol,ject ives ( ~ n a x i m u ~ n  satisf'ac.- 
t io11 of' rcyuest,s vs. DRS's resources saving). Thow 
r~l>,jtwli\-c~s have to he integrat,etl together i l l  an ;IU-  

t r > 1 1 1 ; 1 1 t ~ l  h1'1liduling s!.st,e111 that supports tlec.isiou 
~ll;\liilig i l l  this r n \ . i r o ~ l n l ~ ~ ~ t .  

A11 Irz t~rnctror~ Moclult. that  allows nlultiple 
users t,o use the planning fac-ilities of 0-OSCAR 
estracting services according to the working 
t,asl;s. In particular two interface profiles have 
beell defined one for the tasks of C'ominercial op- 
erators and one for the tasks of Operat,ive users 
(a picture is shown in Figure -2 ) .  

.\ peculiar I-l~aracteristic of O-OSCAIR is it,s ability to 
support dynamic modification to tlie schedule after 
producing a solut,ion: it is possible to int,roduce a 
single new activity in the schedule. remove activities 
to serve a nlaxinial priorit,y one. et,c. 

5 Using MCM 0-OSCAR 

Ha\.illg t lr~~lonstratet l  the pot i > l l t  ialitj. of the O- 
OSC'.\R architectural approacli n-c have ~vorlie~l at 
produtring a framrwork able to cope n i th  a wider 
class of problems. It is worth renlarking that  estend- 
ing 0-OS(I'.AR to cope n i t h  ,\lCq.\I problelns allows t,o 
niodcl t enlporal const saints likc ..olxervation tempo- 
ral wiridows" very peculiar in spare exploration and 
sc-iencc, and resource constraints like "amount of en- 
erg!." and "\vorliforc:e" that are iwmnioll in modeling 
the ground preparation of spac~tJ ~li issio~is and  in the 
man ;~g i~ ig  of space instrumelits, 

.\ quite c-o~ilples exanlplc, of tllt~, I i r v  rangr of funtr- 
t io~~al i t ies  giww I,!. RIClI 0-OSC';\R is represented 
11). tlic so-ra l ld  RC'PSP/max pml~ lem (Resource 
( ' o~~s t ra i~ ie t l  Project Sclletldi~ig Prol~leni with Time 
\\.indon-s, or with Ge~ieralizc~l l'recede~ice Rela- 
tions). 111 such problenl a set uf activities are con- 
nec-ted hy n tenlpora1 stru~'tl~rc> that rcpresent a 
pso.je~-t to I Y  co~npletcly esec-l~tc>tl to solve, t lie prob- 
I ~ I I I .  Earl1 ;lctivity requires cliff-rwt sizes of certain 
r ~ s o ~ ~ r r e s  to 11i. rsecutecl and hl~oultl satisfy a nuni- 
IPS of ten~poral  c-oristraints n.it 11 resprrt to other ac- 
tivities. TIIP clistal~ce s rpara t i~lq  t ~ v o  acti \ i t i rs  ma!. 
hatisf!. n l i n i ~ ~ ~ a l  and nlaxi~iial (Iuratioll ~~ons t ra in t~s .  
D o ~ ~ i n i ~ i  resourc.es have a c.apa(-lt!. greater then one. 



; \ I I  l i t t t  tuc.t~otl Afoilule. In  this case a c0111pIex 
t l i r c c t i o ~ ~  has  bee11 successfully at,tempt,ecl: the  
tle\.clopliie~~t of a client-server archit,rcture a i d  
a .Java. client t ,hat interacts  with t h e  scl~edul-  
i11g sykteni th rough  a specialized r o ~ n m u n i c a t i o n  
i~rotoc.ol. T h e  result is a qu i te  sophisticated in- 
trrfact,  a snapshot  of wliicll is shown in Figure .5. 

I ' l~ i .  ~ ~ ~ s i l l t  of' this  effort is t , l ~ e  PS 0 - O S C A R  sys- 
~ ~ ' I I I  t h a t  a t  present is able  t o  effectively solve rec- 
ognized Ix~nr l imark  problems a n d  has  also been of- 
ficially t l e ~ ~ i o n s t ~ r a t e t l  t o  ASI. I t  is worth remarking 
t h a t  also i l l  t lie' (.as(! of P S  0-OSCAR, the  function- 
a l i t ~ .  of ( I , v n a ~ ~ ~ i ( .  ~ i iod i f ica t io~l  of t,he scliedule ( tha t  
~va:, piwll iar  aspect  in t,lle DRS tlemonstrat80r) has  
I)wn r c p r o i l ~ ~ c w l  ill th is  more complex scenario. 

I'liis rcwarc.11 i z  supported by AS1 (I ta l ian S11ac.e 
.!gcllc-?;) ant1 is part of a joint effort among Dipart i- 
~ n r n t o  tli In for l l~a t ica  e Sistemistica dell'lTnivrrsita' 
c l i  R o m a  ..La Sapienza" , Dipart i lnento cli Informatirn 
s 3  .-!r~tornnzionc della Terza I 'niversita '  cli R o m a ,  antl 
I I>-( 'NR. ( ~ ' o ~ ~ s i g l i o  Nazionale tlelle Ric-ercl~e. R o m a .  
' I ' l ~ a r ~ k s  to L ~ ~ i g i a  (larlucci Aiiello (Project  C'oorcli- 
11;1tos). 11arta ('ialtlea h'layr~r and  llarc-o S~-liaerf for 

creating a s t imulat ing environment  tor t h e  project .  
Special tl lanks t o  several people tha t  cont,ribut,ed 
t o  t,he 0-OSCAR development ,  na l i~c ly  Paolo Bazz- 
ica, Gianni  C a s o n a t , ~ ,  Gabriele Giuwppin i .  Att8ilio 
SIainct,ti and  Fahrizio Peroni.  
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