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ABSTR.ACT 

H i x ) ~ l r c ~ ~ s  co-funded by several agents must be ex- 
p l o i t d  in suc:h a way tha t  three kinds of constraints 
i i r ~  ~nt l t :  (1) physical problem (hard) constraints; 
( 2 )  efficit:r~c,y ~ons t~ ra in t s ,  aiming a t  maximizing the 
sat,isfac:tjion of each agent; (3) a fairness constraint, 
which is ideally satisfied when each agent receives 
;in a n ~ o u n t  of the  resource exactly proportional to 
i ~ s  fi11imcia.l corit,rihut,ion. This paper investigates 
; I  tiecision problem for which the co~iimon property 
rcwi1rc.v is ;in r a r th  observation satellite. The p r o b  
l ~ n i  is to dccidt: on the  daily selection of a subset 
I )f ~)ic.tllrc>s, arno11g a set of candidate pict,ures which 
c.oulil l ~ r  t,al;eri tht: next day considering the satel- 
litti trajectory. This subset must satisfy the  t,hree 
Iiil~tls of cx)nst,raint,s stat,ed above. Altjhougli fair di- 
vision pro1)lerns have received considerable at,t,ent,ion 
for ;I long tirne. especially from rnicroeconomists; t,l~is 
xlwi,ific prohlrrli does not fall entirely wit,hin a das-  
5ic.;1l irppi.oac.11. This is because the cantlidat,c> pic:- 
1 rlrc3s may 1)(1 incompatible, and because a pict,urr is 
01i1!. of vi111111 to  t h ~  ilgerit, request,ing it,. As iri t,llr 
K('~~csral ( . i l s ~ ,  c4fic:ienc:y arid fairness const,raints are 
;1ii1 ;rgo~listitc \T'P propose t,hree ways for solving t,his 
x11;rw I ) I . O ~ ) I ( W I .  The, first one gives priority t>o fair- 
II~V+. I l i t ,  sc~oritl our to efficiency, anti t,hr t,liird oric 
( . O I I L ~ ) I I ~ ( ~ S  ; I  w t  of coniprornis~~s. 

Dl~c' t o  tlwir w s t :  large research or inclust,rial pro- 
, l c ~ t s  ;NP oft,cm co-fimtled by several agents (cwunt,ries. 
c~o~ri~)iulic~s. tmtities . . .). Space  project,^ such as eart,h 
ol)sc~rvirtio~i satellitrs, space stations or qmce probes 
,rrv gootl t w m p l r s .  Once const,ruct,rd and made op- 
I T ; I  t iori;~l. thrl cwnnior1 property resource must brx 
t'sl)loitc~l ;r11(1 shared in n way which s;it,isfies three 
k i l l < l ~  o f  c~o~ist~.airits : 

co~lt~ribution t,o the project; tlit: brtt,er the  pro- 
portionality of returns is achicvctl, the more the 
share yualit,y improves. 

The first, kind of constraints in~is t  absolutely bc. 
met (hard constxaints) whereas t.hc two ot,hers are 
preference constraints (soft const,raints). As it can 
be easily guessed, the  efficiency and fairness con- 
straints are antagonistic: the  scarch for a perfect, 
share may lead t,o poorly efficient tlecisions, arid con- 
versely, decisions which maximin. t,he global satis- 
f;xt,ion of agents are often unfair. So, a cornprom- 
ise betaween the best satisfaction of \loth constraints 
niilst bt: found. 

The usual case involving only one, agent (in which 
case there is no share problern) is ii diffic:ult coni- 
bina.toria1 discretc optirnization ~)rol)lcm (NP-hard). 
Nevrrt,heless, it is a perfa:t,ly uc~lll st,at,ctd problem. 
The rnult~iagent rase is also a tlisc:rc:te c:oirihiiiat,or- 
ial 1)rohlern, hut  is actually a rri~~lti-otjjoctivc: op t in -  
iz;tt,ion prot)lem 141; t,hc first, tlifficxlt,y arisvs when 
searching for a rrieanirigful a~ i t l  principled tlcfinition 
of ;I good c:ornpromise k)rt,wtwi c4fic:icricy a.riil fair- 
11ess. 

This art,iclc sunis up a study, I l i t ,  iti111 of which was 
to pro1)ose methods t,o solvc ii spt>c.ific sharc~ prohlerri, 
r~amoly the fair arid efficicrit c~xploit i i t io~~ of c w t h  
ok)servation satellit,e owned in c~o i r~ l i~or~  hy stlvc:ral 
a g t ~ i t s .  I t  is organized as follmvs. 7'1ir: rirxt sect,ion 
sets t,licl problern more, forrrlall\.. 'Tl~en wc. prcwnt 
t l i r c ~  quitr' tliffermt rrir%l~otls t l ~ v o t c ~ l  to  t,licl rcsol- 
~~t , ior i  of this sliarc, prokhr i .  Tlic~sc~ rr~r>t,Iiotls 11;ivr~ 
I ) P ~ T I  siniulated 011 t,he basis of tlit, txpect,td th t j a  for. 
thr, f i~ti irr~ Spot,,5 s;lt,c>llito. Tht, st>c.tiorl aft,vr rrport,s 
t,hrw siniulations. Last,ly, wc: stirt,cx our c:oric:Iusio~~s. 

2 AN EARTH OBSER\iATION SATELLITE 
SCHEDULING AND SHARIKG PROBLEM 

Thc~ stutiicd problem is tlio followi~ig: ;in (:art11 oh- 
s r r ~ x t i o r ~  satellite, co-fiiridirtl 1)y s c ~ c r a l  agmts ,  is 
c>xploit,rd in conirnon. These agclnts rri;tl<c. daily re- 
qrirst,s for pic.t~irtls they ~vol~l t l  lilw to  IN'  t,;~ken by t,hc 
sati~llitr~. Roughly speaking, t,lw p r o h l m ~  rorisist,~ irl 
sc~lwt,iiig rach (lay, ilrnorlg t,lic sct of  c.;intlitlatc~ pic- 
tiircls which coiiltf I)(, taken the rlcXlct da,y considering 
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t l ~ c ,  si~tc~llit,o tra6(:c:thy, a subset of pictures which 
sat isfiw a11 t l r c l  physic:al constraints, maximizes the 
~iilisfactiou of thr3 agents, arid respects as far as pos- 
biblo ;I fairrioss cwistraint. Such a selection will be 
(~i1.11(~1 i~ decisiorr. The  satisfaction and fairness con- 
striiirrt,~ will 1)r taken into account over a fixed inter- 
\.id of' sc~vc~iil days. 

L(>t 11s tlrwribr> more formally the problem. First, 
t 1111 cliitil: 

a is t hr. s ~ t  of pic:t,ures requested by the agent, ,I; 
f01. t 1 1 ~  (1>1\- k :  let 

!=I 
thv sizo of' a llok is averaging 200; 

c~irc.11 l ) i( t i lw in Dok  could he  taken the  day k,  but, 
i l l 1  l)ic.t~irrs citnnot be t,aken because t,here arcJ in- 
c.orr~l)i~til)ilit,itis twt,ween them: some p11ysic:al hard 
c~orlsti.iiiilt,s mlist be mct (for example no morp 
tllitli I I I  pictures can bct taken a t  once, provided 
t l~cw, iirv only 711 i n~ t~ run~er r t s  on board; a tjrans- 
i t  ion t,iiiirl 1)rt wtcm t,wo pictures taken by the same 
ir~strimirmt must 1)r respected; on board rrrernory 
is lilrlit(y1 ...) : i~ s111)sct X DOk is said adrrrissbble 
if' ill1 pic,trlrc>s in X satisfy hard ~onst~rain1.s (pic.- 
t11r.c~ i ~ r c ~  c~ompat,ible) and hence can all bc. taken 
tlw cwsidcwd (lay; 

0 I I ~ ( . I . )  is tlir weight, of t,lie pic:t,ure :c; it is freely set 
I)\. thcs iigt'llt, rcyuesting the  picture, and reflects 
its importitilc.e for t,he agent,; 

q = ( q l .  q 2 % .  . . : q lL) ,  with qi = 1 is the quota 
v c ~ t o r :  clr isproport,ional to  thc  financial irrvestk 
lllr~llt oi' t.110 irgc11t ./,. 

\\.o c.l~;~riictc,r.izc now the decisions t,hat we artJ 
Ioolting for. E i ~ h  (lay k - 1, t,he demands D,k, with 
c.orr(~sl)ollcli~~g \wight,s. are cdlect,ed arid we must, 
c,oirl~)~lt,c, t . h ~  s ~ t  s of pict,ures -4;~.  which will I,c shot, 
f i l l ,  t l r t l  itgc,ilt i the  diiy k. Thew A,J,. itre such t,lrat,: 

a . I l I .  C (110to tallat .Aik arc! disjoint); 

0 t lit, c~lr~~lt,~~rlal~rr~c .s(~,ti.sf(j,ctro,rl, of each agrtnt. r r r c w -  
11rot1 o\.clr ;I givm int,erval of days I ending on t,ht, 
t l ; r ~  k i i r~~st .  I) (> as high as possiblc (efficiency con- 
st rilirlt.~); t l l ~  s;~.t,isfaction of the agnrit ./, t,ht: day k  
i h  ~ I I ( W I ~ Y I  1)s tlw quantity .s'(&) whcrc 

Iicmc t.. t 11c~ c liiilulative satisfaction over I for tho 
<l~( ' l l t  I 15 

17 

I 
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I 
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f'c, 
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number of  agent,^. 
agent index. 
day index. 
interval of days or1 which s;rt,isfact,ions 

and cost,s arc t,akeri into ilc.c.ount,. 
pictures requested by ageill i (lay k .  
pictures obtained by agent i day k. 
quota vector. q = (ql  q:!, . . . . q, , ) .  
weight of picture .u. 
satisfaction for an  agent r twiving t,ho set, 

X of pict,ures. See eq. 3. 
curndative ~atisfact~ion.  Sr~v t y .  4. 
cumulative maxinlal satisfaction. See, ctq. 7. 
cost of picture z. 
curnulat,ive cost. See eq. 16. 
vector of curnulativc c:ost,s. See eq. 17 
quality of sharc critmion. Sor eq. 21  
global cumulative satisfact,ion. See eq. 22 

Table 1: Main symbols lised in this paper 

These sat,isfact,ioris neeti t,o be rlorrnalized ovcr 
agents, if we compare or aggregate, t,hcni. 

0 t,he "qualit,y of t,he share," ovcr / (t,o he formal- 
iztid later) must be as high as ~)ossible (fairness 
constmint). 

The problem above is statled irs ii. sctcpmrce 
of multi-objective opt,imization prot)lem instances. 
However, the fairness constraint is not yet formally 
stat,cd. We have investigated t,hrcv~ q u i k  different, 
~ne t~hods  devoted t,o the  resolution of t,his share prob- 
Ieni ( that  is general schemes for corrrputing t,he ,4,1;). 
Each one is hascd on a pi~rt~icular. way of t,iiking 
int,o x c o u n t  the fairness cor~st~raint i ~ n d  t,he nec:es- 
sary co~npromise with t,he cfficitrilcy cmist,raints. The 
first t,wo met,hods reduce t,he prol)l(w~ t,o a sequence 
of inorlo-objcc.tive optimization prot)lein inst,andcs, 
whereas the third one keeps t,hc rri~llt~i-ol)ject,ivc as- 
pect. 

3 FA41HNESS FIRST 

Tlie first rric:t,l~od searchts for f'i~irrrc~ss first,, and th:ri 
for c$ficienc:y. The, ent,itlernr>nt t,o I I S ~ ,  thc rcso~irc:ct 
is sllarrd by itlloritt,ir~g ol)sc:rv;tt,iorl windows t,o c?ac:lr 
ilgPllt, 111 t,llrll. ()h~e~Viit,lOll w ln (hW X(! 11leI'(~l~ S(t- 

( ~ ~ ( Y I W S  of s~icmssivc: orbitas of t,llc: s;rtc~llit,c.. Each day, 
t,hr i t g ~ n t  7; is giv(m t,he right, to frc~,ly c,xploit about, 
q, . AT orbits, wl1er.c. N is t,hv nu111t)c~r of orbits daily 
cmw-etl hy t,he sat,ellit,c. Ohscrvatiorl wiildows can bc 
as s ignd  t,o agentas on the basis of ;I fixcrcl rrpet,itivci 
p r o ( w i ~ ~ r e .  This procml~lrc, ;tnd the trajectory of the 
si~t,c!llit,c~ arc suc~li t,hat ('itc.11 agent gt.ts opport,unit,y 
t,o slioot ;my place, in the world wit,hiil ii I~o~lrided 
inmrbrtr of days. 

Following this method, t,hv wholo problmi can br 
citst irko a srt, of optirnizatiorl problv~rl iilst,anc:rs, on(, 
for r d r  agcnt each day, 1)~c;iuse citc.11 agcnt knows in 
advmce his t,irrle winclows. Ass~~nril ig that, vach :I: E 
D,k 1)c:longs t,o t,hc window itssigiic~tl t,o irgcnt 1 t,hc 
(lay k ,  t,hc s ~ ~ ( w s s i w :  opt,irriiziitiorr l)~.ol)lrm i ~ l s t i i ~ ~ c e s  





this is the case with our (realistic) simulation data: 
the simulations show that the fairness constraint 
is always widely satisfied (see results in section 6). 

The furictior~ maximized being a linear combin- 
;tt,ion of individual satisfactions of the agents, de- 
cisions selected by this method are Pareto-optimal 
tiecisionsi in the n-dimensional space of individual 
sat,isfactions. Such decisions are also called e,f f ic ient  
decisions. It is impossible to improve a decision se- 
lected by this method for one agent without reducing 
thr satisfaction of a t  least another agent. This prop- 
vrty explains the good satisfaction levels obtained 
with this method in our simulations and justifies the 
11a1r1c l L e f i ~ i e n ~ y  first". 

We h a v ~  designed a variant of this method, for the 
case whert. tlie fairness constraint would not be satis- 
l id. when requests are poorly distributed and highly 
ir~cwnpat,iblc\ This variant is inspired by the classical 
I\;niist~c~'s procedure of sealed bids [2, section 3.21, 
112, sc>ction 8.21. We compute each day fictitious 
11101i~tdry (ompensations between agents, reflecting 
t l i ~  gap 1)etween the actual and ideal shares. An 
+,ent havlng a positive credit is "late" on its quota 
(it r e c e ~ v d  riot enough pictures selected) and con- 
wrwly, m agent with a negative credit is "ahead" on 
its quota. These compensations are used to modify 
the above normalization procedure for the next days 
in a direction favorable to  a fairest share 

This r n d ~ o d  and its variant can be implemented 
s~~cwssfull?; using the same Valued CSP framework 
;is I do re .  However, t,he number of instances to be 
d \ ~ d  is large (all the s M ( ~ , k )  must be computed) 
mid t,lic: size of t,hc whole instance (for the rnaxirniza- 
tiori of s ' ( . ~ l . ~ . ) )  may be very important,. Our sirnula- 
t,ior~s show that an optirnal decision can be computed 
nlrnost all davs in a reasonable amount of time. For 
W I Y  l a r ~ c  instances, we have to  turn to local search <, 

1'1 o( ~ d ~ i r o s  (descent search or simulated annealing). 

,j (:OhlPROMISES BETWEEN FAIRNESS AND 
E3;FFICIENCY : A MULTI-CRITERIA 
APPROACH 

Tilt, third itpproach does not focus or1 fairness or ef- 
fic,irmcy, 1)ut cnrnputes a set of good compronlise de- 
ckioris. Thv aim is to help a human decision-maker 
t o  take decisions. by providing this decision-maker 
wit,li int,eresting compromises. 

The most precise way to  set the whole problem is 
to forrnuli~te it as a sequence of multi-criteria discrete 
opt,irnizat,ion problems. The criteria to  be maximized 
wo~ild h: 

0 tile r t  i~gc~i t ' s  satisfaction criteria cs,, i = 1 , .  . . ,n ;  

0 ii c.ritcriori j rneasuring the quality of share, t,o be 
dcfincd . 

Orily the set of Pareto-opt,imal decisions in this 
11 t I tlirncmsior~al space are wort,h considering. Tlir 
;rppro;~h which would consist of collecting this set of 
decisions is ~mworkable, because it is very large (in 

' .4 Pareto-optirnal decision always beats any other tie- 
c,isioii on at lt~ast one criterion. 

our application). A straightforward idea is to  select 
the fairest decision within the set of efficient decisions 
(see for example [6, page 141). It is as well unwork- 
able because the number of potential decisions is too 
large to allow exhaustive search. 

So, we have to  resign ourselves to  aggregate some 
criteria. A sensible solution is to aggregate indi- 
vidual satisfactions into a global cumulative satis- 
faction gcs, and to keep apart the quality of share 
criterion j .  Eventually, potentially interesting de- 
cisions will be presented in the two-dimensional space 
j x gcs .  

5.1 Measuring the quality of sharc 

It is questionable to base the qilalit,y of share upon 
the individual satisfactions obtained by agents, be- 
cause these satisfactions are not expressed in a com- 
mon scale, and hence are difficult to  compare. A bet- 
t,er idea is to  base our measure upon some function 
of tlie real cost of pictures, such as time, memory or 
power consumption on board. Let c(x) be the cost 
of the picture z. The cost function is supposed to 
be independent of the agent requesting the picture, 
and to  have been fixed by mut,ual agreement between 
agent,s. Let 

def' 
arid cc = ( c c i ) z l .  (17) 

The last quantity is just the vector of cumulative 
costs of pictures selected for the agents over the in- 
t,erval I. We propose to  measure the quality of share 
over I by a "dist,ancen between cc and q, the quota 
vector. 

Microeconomists have developed a rich set of in- 
equality indices (see for example [6, section 2.6]), that 
we can use to base our function j measuring the qual- 
it,y of share. The popular Gini indice 

measures the inequality resulting frorn a vector of 
utilities u = ( u l ,  . . . , I L ~ ~ ) .  71 is t h ~  itverage value of 
the ui. I t  can be generalized to the non-uniform case 
t,o fit our needs, using an argument similar to  t,he one 
given in section 4, in the following way: 

Taking 

def 
j = 1 - G ' ( c c , ~ )  (21) 

finishes the job. We have 0 5 j 5 1, and j = 1 
when the share is perfect (costs of obt,ained pictures 
exactly proportional to  quotas). 



5.2 Aggregating individual satisfactions 

-4s n rneasurc of the global cumulative satisfaction of 
;igcwts over the interval I, we choose a linear com- 
l)inat,ion of riorrnalized cumulative individual satis- 
f .  , 

' 

,3( t>lOll~ : 

def 1 C S t  I /cs(A.~) = - - 
n cs,M 

z= 1 

It has t,he following properties : 0 5 gcs 5 I (the 
~naxirnurn 1 is reached when each agent is satisfied 
21s much as it can be if it were the only owner of the 
rc~sourcc); gcs is independent of the individual scales 
of wrights; it, is independent of quotas2. 

5 . 3  Co~r~put,ing decisions 
'This 111ctllod is very costly in t,erm of computational 
rc:sourrcl. Thc: set of Pareto-optimal decisions in the 
, j  x ~ C S  space can be computed exactly by a branch- 
;md-bound search, or approached by an adapted local 
scvtrcli m&od when the search space is too large. 

LVP 1ia.vc. i~seti data from the simulated demand con- 
c~rn ing  thv fut,ure Spot5 satellite, which will carry 
t I i r . ( ~  ( .arr~~ri ls  oil board. This data,  provided ori- 
gillally for the mor~o-agent case, has been adapted 
to sir~iul;it.o ;I drrrland from 71 = 3 agents. Simu- 
Iat,c:d ;rgc:nt,s rc~lucst each day about t,he same rium- 
1 ) c ~  of pictures. The quot,a vector for the sirnulation 
is ( 0 . 1 , 0 . 3 , O . G ) .  Weights are in the range 1 t,o 100. 
1%. disposc~ of data  for 371 days. The most loaded 
thy c~ornl)r.isc~s 427 requested pictures and 18878 bin- 
ary alitl t,errlary admissibility constraints. The cost 
f'111ic~tion is simply c(x) = 1, Vx (that is, we only count 
t hc, ni11n1)er of sclect,ed pictures). The interval of days 
I o ~ i  which cllrnulative satisfaction and cost func- 
t ions ;ire I~ased is always I = [1 . . . k ] ,  where k is tjhe 

Tlio t,iblv 2 sums up the numerical results ob- 

FII \ t  

Effie 1e1ic I 
Fu\t 

llultl- 
('llt(511d 
A 0 -- 

t ii111t'(l f i  om the sirnulation. It  gives the cumulative 

' ~ l l i s  opt,ion is questionable but seems rat,her sensible, 
I)c~;t~isc we c,o~lsidcr that the satisfactions of agents are of 
( ~ 1 u d  ir~lport,alic:r, even if they are entitled with different 
rights. NOW t,hat t,hr quota vector is taken into account, 
11y tlrll qualit,y of share. 

T,i1)1t' 2 S ~ ~ i ~ u l d t ~ o n  ~c ,~u l t b  fo1 the t l nw  1nvt110db 

( (  I 

( (  , ( )  
cs, 

1 5 

( (  1 

, ( )  
( 5 7  

( ( )  

( I )  

satisfaction and cost of pictures obtained by agents 
with each method over the whole simulation interval 
I = [l . . ,3711. Cumulative satisfactions csi should 
be compared with the maximal possible cumulative 
satisfactions c s p  for each agent, given on the second 
line. 

For the Efficiency First method, we give the min- 
imal fair shares qi . c s ~ .  As it can be seen, the fairness 
constraint (equation 6) is widely satisfied. 

For these results, we have simulated a restricted 
form of the Multi-Criteria method : instead of build- 
ing a complete set of non-dominated decisions in the 
j x gcs plane, we only look for a decision close to  the 
line of slope X = 9 from the (1 , l )  point (see figure 
1). 

585 1750 3405 
10 2 30 5 59 3 

36491 58036 100408 
11250 33663 69516 

1725 3268 5146 
17 0 32 2 50 8 

33928 54075 90472 
1296 2773 5156 
14 0 30 1 55 9 

1 
9 - ( x - 1 ) + 1  - 

Efficiency First + 
Multi-Criteria(9) x 

Fa~rness First u 

0 I I 

0 0.2 0.4 0.6 0.8 1 
QUALITY OF S H A R E  j 

Figure I:  Comparison of methods in the j x gcs 
planc. 

Finally, the figure 1 sets our three methods in the 
2-dimensional plane (quality of share, global cumu- 
lative satisfaction). On thrse two crit,cria, no method 
dominates over another. Fairness First provides a 
quite perfect share, but a poor ~at~isfaction. Effi- 
ciency First gives the best satisfaction, but a price 
in quality of share must be paid for it (this is quite 
accept,able, since the fairness constraint is satisfied). 
Lastly, Multi-Crit,eria(X = 9) gives a compromise 
solution between the two others. Otjher values for 
X would allow to get other compromises : this is also 
of interest in t,his method. 

7 SUMMARY AND CONCLI'SIONS 

We have described a specific share, decision problem 
involving multiple agents, in which t,he satisfaction of 
t,wo kinds of constraints poses a dilemma: efficiency 
constraints aim at  satisfying t,he agents t,he most,, 
whereas a fairness constraint watches over equity 
among agents. 

We proposed three different lriet,hods to solve this 
problem. The first method searches for fairness first,, 



iultl t,hen for efficiency. I t  is a simple a priori shar- 
ing rncthocl, allocating observation windows to  each 
;~gc'rit in turn.  

The sc~micl  method is based on the opposite view : 
first cfficicncy, fairness if possible. A global satisfac- 
t i o~ i  cr.it,c\ri(m is defined and maximized. A "rninirnal 
h i r  share'' for each agent is defined a yriori but  only 
chrc.lwd ( I  posteriori. 

l ' k i r ,  t,liirtl approach does not favor one cow 
.;tr;iirit o ~ .  the  other, but  cornputes a set of good 
c~oli~prorriise tl~1c:isions. This is a multi-criteria 
irl)l)roii(:h. based on the computation of t,hc set 
of Parclto-optinlal decisions in the  two-dimensional 
spaw (g1ot)al-satisfaction, quality-of-share). 'rhis set 
is c.on~put,cd t>xactly by a branch-and-bound search, 
o r  i ~ ~ ~ l ) r c ) i ~ ( h : t l  hy a n  adapted local search method 
whvn t,lw stwrch space is too large. 

Tlirse ~ , l ~ r . c ~  inet,hods have been simulated on tilo 
I);rsis of thc. rxpwted  da ta  for the  future Spot5 satel- 
litt>. h i  sliort: 

t L I P  first mctllod rcsult,s in very good shares, but, 
ilieffkittnt (It~cisio~is, 

I I I P  src ontl o l i ~  delivers quite good decisions (tniri- 
i~rial fair sliares are always achieved and the global 
satisfaction is high), and uses a tolerable amount, 
of c,omplitat,ional resources, 

tlw lilst 0111~ is very costly in computational re- 
w ~ i r c ~ s .  I)at itllows a liurnan decision-maker t,o 
l~rc'vicv ir hot, of int,eresting non-dominated com- 
1)romisc. tlc~cisions. 

lio rric~tl.iotl (.an be indi~put~ably  put, forward; t,hv 
~)r.ol)letii is liot t,o choose a method against another 
I I I I ( ~ ,  it is to prcxsent, t,o t,hc agents a sctt of rnr:t,hods 
;ri i t l  t,lwir. propertics and to  let t,herri decide ac- 
cording to  t,lic' properties they consider the most 
impori,mt,": 

\vlicrei~s g e n t 4  methods of sharing can be stated,  
oath s1iar.c: problem is specific and must be studied 
(~>~r(~f'lllly: 

cliscwtr s11;tre problems like this one are c:ornpw 
tatio~ially very (*onsunring; more specialized corri- 
l)i~~at,ori;il opt,irriization algorithms are nceded to 
s o l v ~  t he111. 

'T'lir: aut,l~ors ~voultl like t,o thank Lionel Lobjois and 
Lolc Tr6ga11 for t,lieir hrtlp in the  simulat,ion work. 
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