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I. INTRODUCTION 

In recent years, many problems concerning the design and ope- 

ration of water resources systems have been solved through mathemati- 

cal programming techniques (mostly linear ~] , dynamic ~] , [3] , 

non linear ~] , [5] and chance constraints ~] programming) or effi- 

cient search-simulation schemes ~] . The validity of these approaches 

lies on the crucial assumption that there exists a single decision ma- 

ker with a single objective function, where all the economic goals to 

be pursued can be summarized. 

With the aim of a closer connection to real situations, diffe- 

rent viewpoints have been considered. Specifically, the two following 

cases have mainly been taken into account. 

a) One decision-maker without complete knowledge of the economic fra- 

mework and then bound ¢o consider a set of alternative Targets. 

This approach leads to the use of multiobjective mathematical pro- 

gramming techniques (see, for instance, [8] - D~ ). 

b) Many decision centers, each pursuing an individual objective and 

hierarchically subjected to a supervisor. This approach leads to the 

use of multilevel systems analysis techniques (see, for instance 

- D 8  ).  

In many cases, however, the real situation is conspicuously different 

even from the ones considered in a), b). In particular, it is often 

characterized by the existence of many decision makers, each pursuing 
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an individual objective in conflict with the others. Such a situation 

has not yet been extensively analyzed in the literature. Among the 

few examples, the approach has been followed in ~I~ , ~J , ~J for 

different kinds of problems: in both cases the solution has been found 

by means of game theory techniques. 

The "conflictual" decision-making structure is also considered 

in the present paper, where the authors discuss the operation problem 

of a short-term regulated lake. Specifically, the operating rule is 

assumed to result from a tradeoff between the consociated users of the 

reservoir outflows and the "recreational user", the population living 

along the sides° The analysis is carried out in Section 3 by following 

the classical game theory approach ~7] , under some additional hypo- 

theses about the economy of the system (Section 2). More in detail, 

the basic viewpoint of neglecting the losses due to contract failures, 

provided that their amount is not "too large", is adopted ( see also 

DS], ~ ). Furthermore the operating rule to be determined is bound 

to belong to a given class, so that the problem is turned into a fini- 

te dimensional game. 

In Section 3, it is shown how the formulation of the lake regu- 

lation problem as a game leads to a very simple solution in the non-coo 

perative situation. Moreover, as pointed out in the final example (Se_c 

tion ~), such a solution can be determined by means of an efficient 

search algorithm, to be easily run on a computer. The example is drawn 

from the analysis of the Lake Maggiore regulation system, presently 

carried out by the authors. The lake, which lies partly in Switzerland 

and partly in Italy, where all downstream users are situated, is mana- 

ged with a short-term policy somehow similar to the one considered here 

and changed practically twice during the year. The operating rule para- 

meters, here considered as the decision variables of the game players 

are presently fixed by a law resulting from a past tradeoff. However, 

in front of an increasing demand of downstream water it is worthwhile 

questioning whether these values can be "reasonably" changed. 
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2. PROBLEM FOP~IULATION 

Consider a lake which supplies water for a certain number of 

consociated downstream users and cont~mporarily provides a recreational 

benefit to the population living along its sides. 

Let the following assumptions about the regulation and the economy of 

the system be true. 

a) Operatin$ rule and decision variables 

The reservoir is continuously regulated, i.e. at every instant 

of time a decision must be taken about the flow-rate to be released 

at that instant. This assumption simplifies the derivation of the re- 

sults, which, anyway, can be extended to the case of short-term (e.g. 

daily) regulation (see the example below). 

Consider the lake continuity equation 

d s ( t )  
dt : a(t) - r(t) (s(t I)=sI) (2.1) 

where 

s(t) 
a(t) 
r(t) 

t I 

s I 

= storage at time t; 

= inflow flow-rate at time t; 

= release flow-rate at time t; 

= initial regulation time; 

= given initial storage. 

Moreover assume that the decision on the release is taken in accordan- 

ce with an operating rule of the following kind (fig. I) : 

r ( t )  = 
g ( s ( t ) )  0 _-4 s ( t )  < x I , s ( t )  7 x 2 ( 2 . 2 . a )  

g ( x  1) x t _~ s ( t ) ~  x 2 ( 2 . 2 . b )  

where 

g(s(t)) = maxlmum admissib!~ melease flow-rate when the sto~age is 

s ( t ) ;  
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x1~ x 2 = bounds of the regulation range = decision variables of the 

regulation problem. 

/ 9(s ( t ) )  

/ 
I 

/ 

i / 

x I x2 s(~) 

Fig.1 Operating rule 

In other terms, for given x I and x2, the release is chosen 

only on the basis of the present storage: other possible information, 

such as inflows forecast, is not considered. The operating rule (2.1) 

is the same for the different periods of the year. However~ the pro- 

cedure here developed for determing (Xl,X2) under the one-season 

hypothesis can be used as a subroutine for the multiple season case 

(see the example of the last section again). 

Furthermore, the results obtained under (2.2) do also hold 

when replacing (2.2.b) by any non-decreasing function of the storage. 

This, together with the consideration that x I and x2 are not fixed a 

priori but are the decision variables of the problem make the assump- 

tion of (2.2) less restrictive. 

Let T = I year and NT denote a given time horizon. If the 

inflows are introduced into (2.1) as a given seg~nent ~j~I,t~+NT ] 

taken from historical record, for instance) then, in view oh (2.1), 

2.2), both the storage and the release at time t only depend on 

Xl,X2). In the following ~(.,Xl,X2) and ~(.,Xl,X2) 
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will denote the storage and release segments corresponding to 

A m ar'lT~,~t +NT~ .J They ust be regarded to as obtained by means of a 

"sy~tel simulation", i.e. by solving (2.1), (2.2) in correspondence 

with (xl,x 2) and the given inflow segment. 

On the other hand, if the inflows are considered as a T-peri~ 

dic stochastic process, then, for every (Xl,X2) , both storages and re- 

leases must be dealt with as stochastic processes s(.;xl,x 2) and 

r(.; xl,x 2) respectively, (~(o; xl,x 2) and 9(., Xl,X 2) being (incomple- 

te) realizations). 

Furthermore, it is quite reasonable to assume and it may be 

proved by means of the analysis carried out in i~ , that both processes 

asymptotically tend to become T-periodic. 

b) The economy of the system 

In periods of normal conditions, i.e. when water is neither 

scarce nor in excess a constant flow-rate g(xl) is released downstream 

(Eq. 2.2.b). Hence g(x I) has the economic meaning of a target outflow 

(contract). 

~p:l)(r(~)) ~ q:IJ(cj(x~)) 

J 
9 (x~) 

(a) 

r ( t )  

(b) 

g(x I) 

Fig. 2 The downstream users' benefit (a) and target benefit (b) curves 
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A typical behaviour ~I] of the downstream users' benefit 

( 1 ) ( r ( t  curve p )) is shown in Fig. 2.a, where it is clear that the ex- 

tra-return due to the flow-rate~ supplied in excess of the target, is 

practically negligible. On the other hand, outflows less than the con- 

tract correspond to rapidly decreasing benefits or even economic losses. 

The target benefit line q(1)(g(xl)) is drawn in Fig. 2.b. Instead of 

making direct use of p(1)(.), here the criterion suggested in ~8], 

~ is adopted, i.e. it is assumed that losses due to contract failu- 

res may be negligible provided that "their amount is not too large". 

More in detail, only the yearly target profit T.q(1)(g(xl))= p[l)~ "(Xl) 
will be taken into account~ together with a constraint on yearly 

failures° Specifically~ define the downstmeam users' deficit at time t 

o s(t) ~ x I 

h kl}' ' (t) = ~2.3) 
g(x l ) - r ( t )  s(t) < x I 

and subsequently the k-th year deficit volume 

t +kT 
I 

f(1)(k) = J h(1)(t) dt (2.4) 

t1+(k-1)¢ 

If the inflows ape PepPesented by a given segment ~ ..... ~ then, 
[tl,tl~/ 

for any (Xl,X2) , it is possible to determine the corresponding yearly 
N 

failures sequence { ?(1)(k; x1'x2)] k=1 by simulation : 

~(1)(k; x1,x 2) 

where 

tl +kT 

j ~(1) (t ,  xl,x2)dt 

t1+(k-1)¢ 

k=l,2,...,N (2.5) 

, ~ ( l ) ( t ;  x1'=2 ) = 
0 ~(t;xl,x2) ~ x l 

[ g(Xl)-~(t;x1,x 2) ~(t; Xl,X2)~ x I 

(2.6). 

On the other hand, if the inflows are represented by a stocha 
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stic T-periodic process~ for a fixed (Xl,X2) also the yearly failures 

must be regarded to as a discrete stochast ic process [ f ( 1 ) ( k ; x l , x 2 ) t k .  
Apparently, in view of (2.3), (2.4) and the properties of s(.;Xl,X2) , 

r ( . ; X l , X  2), the process { f (1 ) (k ;X l ,X  2) ]k must be considered as asymp- 
t o t i c a l l y  becoming a stationary one {f(1)(k;x 1,x2)]k. 

This allows to define the following deficit index : 

w(1) fit) (X1~X 2) = E (k;Xl,X2). 

In practical terms (see the example below),the effect of the initial 

storage can be considered as negligible after a very short interval 

and hencelf(1)(k;~ Xl,X2~can~ be approximately regarded to as a statio- 

nary process° Therefore, for N large enough~ w(1)(xl,x2) can be deter- 

mined via simulation : 

w(1) ~ I A ~(I) (k;Xl,X2) (2.7) ( x I , x 2) = -g- 
k=1 

It is then possible to specify when yearly failures may be considered 

as tolerable by setting the constraints 

w(1> w(1) (x I ,x 2) 

where W (I) denotes a given volume, 

Of course~ instead of the index (2.7)7 different percentiles of the 

distribution of f(1)(k;x1~x 2) might be used in order to define the 

constraint on failures. 

As for the recreational user~ it is here assumed that his b~ 
p(2)( 

nefits only depen d upon the storage, in accordance with the curve .)~ 

drawn in Fig. 3. 

The storage exceeding a given s* corresponds to a flood situation on 

the lake and causes rapidly decreasing benefits and economic losses. 

By following the same viewpoint adopted for the other user~ a "yearly 

target profit" is defined and considered as the user's performance in- 

dex~ while setting a constraint on lake floods. 

Specifically (see (Fig. 3) let : 
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Fig. 3 The recreational users' benefit curve. 

q ( 2 ) ( k )  = 

t +kT 
I 

pl2)(s(t)) d t  

t1+(k-1)T 

represent the target profit for the k-th year. 

Again~ if the inflows are introduced into the continuity 

equation as the segment ~ .... ~, for any (Xl,X2) it is possible to 
I 

determine the corresponding yearly target profit sequence 

- - {~ (2) (k ;x l , x2) ]  N by simulation : 
k=1 

t +kT 

- { 1 (2 )  )d r  ( 2 . 8 )  ~(2)(z' x1'x2) = j Pl (~(t;x1'x2) 

t1+(k-1)T 

If a (.) is regarded to as a T-periodic process, then the yearly 

t a r g e t  p r o f i t s  must be c o n s i d e r e d  a s  a p r o c e s s  -u~q(2)(k; Xl'X2)~k~ ' 

become a s ta t i ona ry  one . ,O{q~) (k ;Xl ,X2) ]k .~ Hence i t  which tends to 

is possible to define a "yearly target profit" as 
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p(2)(xl,x 2) = sq~ (1) (k; xl ,~ 2) . 

Approximately it turns out to be 

I N 
P(2)(Xl,X2) =-~____. P~(2)(k; x l ,x  2) (2-9) 

k=1 

for N large enough, 

Similarly it is possible to define a "reservoir flood" at time t 

0 s ( t )  _~ s *  
h(2) (t) = 

s(t)  -s*  s(t)  > ~* 

a k-th year flood index 

f(2)(z 
, t +kT 

i / lh(2)(t) at 
= 7%1+(k_i) r 

] a stationary process (k;x1'x2) k and a yearly flood index 

w(2) f~2)(k ~ ,x2), (x1,x 2) = E x 1 

Moreover~ simulation in correspondence with (x1~x2) and ~ ~I' tI+NT) 

allows to determine 

[ 0 , s(t;x I,x2)~ s* 
Z(2 ) ( t ;  x l ,x  2) = i (2.1o) 

L ~(tix1~x2)-s* , ~(t;x1~x2)> s* 

and 

t +kT 

~(2)(h; xl ,x2) = j f l ~ ( 2 ) ( t ; x l , x 2 )  at . (2.11) 

t1+(k-1)T 

It turns out to be 

N 
I 

~(2)(x1,~ 2) ~ ~ Z ~  f(k~ xl,x 2) 
k=l 

(2.12) 

so that it is finally possible to specify when reservoir floods may 
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be considered as tolerable by setting the bound 

(2) ~ W(2) 
w (Xl,X 2) __ 

where W (2) is an assigned volume. 

c) The decision making structure of the system 

In pmesence of a single decision maker 7 the regulation problem 

could be expressed by the following mathematical program: 

max p(1) p(2) (x I) + (Xl,X 2) (2.13) 
Xl,X 2 

x2~ x I ~ 0 (2.14) 

w(m)(xl,x2)~ w (m) m = 1,2 (2.15) 

This is the decision making structure usually assumed in the litera- 

ture. In many real situation however there does not exist any super-- 

visor or "water seller", but the management results from a direct tra- 

deoff between the users. In this case a more satisfactory formulation 

of the lake regulation problem is given by the following two person 

non--zero sum game : 

max p(1) (Xl) (2.16) 

X 1 

x 2 ~ x I ~ 0 (2.17) 

w(1) (x l ,x  2) < w (1) ~2.18) 

for the downstream user 

p(2) 
max (Xl,X2) (2.19) 

x 2 

x 2 ~ x 1 (2.20) 

(2) w(2) 
w (Xl,X 2) ~ (2.21) 
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for the recreational user. In fact, as in the case described in the 

example~ the decision process evolution may assumed to be roughly the 

following : 

I) the downstream users decide to build the dam in order to make a 

satisfactory "guaranteed water" g(xl) available to them; 

II) the population living along the lake sides care that the extra- 

storages~ due to the dam construction~ do not become excessive 

by requiring a proper regulation range (xl,x 2) and specifically a 

proper x2, the parameter which mostly influences the floods on 

the lake. 

In the next section the characteristics of the game (2.16)- 

(2.21) will be discussed and an algorithm for determining the solution 

will be given. 
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First the characteristics of the feasible regions of the op- 

timization pmoblems (2.16)-(2.18) and (2.19)-(2.21), respectively, 

are examined. Such an analysis enables to draw some conclusions about 

the existence and the uniqueness of the solution of the game (2.16)- 

(2.21), and allows to choose an efficient solution algomithm® In fact, 

it must be recalled that w(1)(.,.) and w [2)" " (.,.) are defined via simu- 

lation~ so that, a priori, the solution of the game must be found by 

using (2.1), (2.2), (2o5)-(2.7), (2.10)-~2o12) a certain number of 

times, each time corresponding to a different pair (Xl,X2). 

subregions of~ where (2.18) and (2.21) ape respectively satisfied. 

The following property leads to obtain useful informations about the 

shape of~ m)-' , m=1 , 2° 

Propo sit i on 

The functions w (1)(.,x~) and w (2)(xI,.) are non-decreasing, 

the functions w (1)(x I,.) and w~2)(.,x2) ape non-increasing. 

To justify the statement, recall [19] that ~(t~;.,x2) is non-increas- 

ing while ~(t ;x I,.) is non decreasing. Hence the conclusions about 

the flood index follow by applying (2.10)--(2.12). In particular, with 

respect to (2.10), note that the non-flood interval It:~(t;''x2) _~ s*] 

is non-increasing while the non-flood interval It: ~(t;x I,.) _~ s*~ is 

non- decreasing. 

Moreover, in view of (2.2), it turns out that 9(t;xl,.) is a non- 

increasing function while ~(t;., x2) is a non-decreasing one. This 

directly yields the conclusions about the deficit index, if (2.5)- 

(2.7) ape taken into account. Apparently the boundamy of ~(m) consists 

of the vertical axis, the bisector x 2 = x I , as well as of the cur- 

ve implicitly defined by 

w (m) W (m) 
(x 1,x 2)  = (3.1.m) 
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Let x 2 = x2(m)(x I) represent the explicit form of (3.1m). 

Since 

(m) --~(m)(x1'x2) I I 

dx 2 (x I ) ~x I 

dxl ~w(m )(xl,x2)- : (3.2) 

~x 2 

in view of the Proposition it turns out that x (m)(.) is a non-decrea- 

sing funotion. Moreover, by r~marking that w(1[(O,x2)=O while 

w(2)(x I xl) const min w (2) = = (Xl,X2) , it is possible to guess the 

x2 w(2)(Xl const, and, in particular, of behaviour of thecurves ,x2) = 

the contours of ~I) and ~(2) 

,4'%J 
X 2 =X I 

Q 

(~) (b) 
x I 

Fig. 4 The single (a), the multiple (b) intersection case 
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Property (3.2) is not enough to ensure the uniqueness of the intersec- 

tion between the two curves, since situations of the kind described 

in Fig. ~.b might occttr. However, apart from problems characterized 

. ^ (I) ) 

L~ o, t. +~ r] 
I 

most common case is the one described in ~ig. 4a. From now onwards 

the existence of a unique intersection E will be assumed: the analy- 

sis however could also be carried out in the multiple intersection ca- 

se. 

First note that in view of (2.8), (2.9) and the above mentioned 

property of the storage/p(1)(., x2) is a non-increasing function, while 

p(2) (Xl,.) is a non-decreasing one. Moreover consider Q(O,x2(2)(O)) 

and let M and 1 M respectively denote any point of the curve segment 

QE and the tangent to QE in M. Then it is possible to specify which 

is the Pareto optimal line for the game (2.16)-(2.21), i.e. the 

set 

~-- (xl x2):~(xl x2)~ ~ I> n ~2):p(I) > p(1 ,p(2) (x I) - )(~i ) (x I,x2)> 

p(2 )  ~. ,,. ] 
(x 1 ,x 2) 

Specifically, the shape of ~I) {] ~(2) 

allows to conclude that, in the present case, 

as shown in Fig. 4.a 

~l H 
< 

Xl --~1 
x2=~ 2 

A basic characteristic of the game (2.13)-(2.18) is that 

E(XIE,X2E ) is the unique equilibrium strategy of the game, i.e. if the 

first user plays ~IE' the second one must play ~2E otherwise either 

he violates his constraint or he does not maximize his payoff. Vic~ver-- 

~" the first is must select ~IE for sa, if the second user plays x2~, 

the same reason. Hence E~ being both a Pareto optimal and an equili- 

where 

(&* = (x 1 , x 2 ) :  

~p(2) 
%,% (~1,x2)~ @ , (x1'x2) o t (3.3) 
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brium strategy, may be assumed as the solution of the game (2.16)- 

(2.21) in the non-cooperative case. Of course since the contour of 

-- ~I)~ -- ~2) is not explicitly given, the intersection E must be found 

via simulation~ in accordance with some efficient search scheme (see 

the example below). 

The cooperative case, which is much more complicated if~* 

is nonempty, is briefly discussed in the following. 

Mope in detail~ the solution can be looked for 

i) by solving the mathematical program (2.13)-(2.15); 

ii)by assuming a "right" bargain rule, i.e. a division of the extra- 

profit due to cooperation. 

For instance if (31(° {" ~2 (e)) is a solution supplied by step i), then 

a bargain rule may be the following [17] : 

d 1 - A 2 p(1)  p(1) 
= (Xls) + 2 

to th6 first user 

p(2) p(2) ~ ~ - a 2  
= ( X l E '  ~2E ) + 2 

where 

p(1)  ~ (o ) )  ( I )  ~ 
= (x I - p (xiE) 

= ~ ~ p ( 1 )  ~ 
P ( 2 ) I x I ~ , ~ 2 E )  - (x I 

(°),22(°)). 

Note that~ while the determination of the non cooperative so- 

lution does not imply the knowledge of the explicit form of p(1)(.) ~ 

and p(2)(.,.)." On the contrary such knowledge is fundamental when 

analysing the cooperative case, which hence requires a much greater 

amount of data. 
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. EXAMPLE 

This section summarizes the results of an analysis performed 

on data taken from the lake Maggiore system (Northern Italy). 

a) Data 

The maximum admissible release curve g(s(t)) has been plotted 

i | 
o '2 h 

in Fig. 5. 

g (s(~))' 
2 0 0 0  

1 5 0 0  

I000 

500 
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5 s ( t J  

The maximum admissible release curve for the example 

The historical record 1943-1967 has been used as the hydrologi- 

cal input for the simulation. For the sake of convenience~ the con- 

straints on failures and on floods have been respectively expressed 

in terms of percents of deficitary and flood days over the time hori- 

zon instead of using volumes: 

_ ~ ( i )  

_ ~ ( 2 )  ~(2)(Xl,X2) ~ 

The behaviour of the corresponding feasible regions is obviously 

quite similar to the one of ~I and ~2" 
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b) Solution Algorithm 

A situation of the kind described in Fig. 4a~ i.e. the exi- 

stence of a unique equilibrium point has been a priori assumed and 

verified a posteriori. The point E has been found through the angular 

bisection-bisection search algorithm~ whose k-th step is illustrated 

in Fig. 6. More in detail~ the (k-1)-th step provides a sector S k 

and a search analysis along the bisector b k is carried out at the k-th 

step~ in order to determine the bisector position with respect to 

the unknown equilibrium and subsequently to select the (k+1)-th sec- 

tor by properly discarding an emisector. Specifically~ the search along 

- (~ ) rx  (J) x ( j )  b oonsist of a simulation for determining w , i , 2 )x#i~ ~ 

_~2)~ ( j )  ( j )  ~__ ~ ( j )_ (x ( j )  w <Xlk  , x2k  ) i n  c o r r e s p o n d e n c e  w i t h  p o n r s  a k  - l k  ~ 

c h o s e n  i n  a c c o r d a n c e  w i t h  a b i s e c t i o n  s e a r c h  s c h e m e  [ 2 2 ] .  When t h e  

search leads to a point A [j) 
f ~ 

jk where only one of the constraints 

(2.18), (2.21) is satisfied~ then it is possible to determine the bi- 

sector position. The algorithm stops when the sector ~!~th becomes s~aal 

let than a fixed value. 

• x2 _-. x 7 

x 1 

Fig. 6 The k-th step of the solution algorithm 
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c) Results 

The solution has been found under different data s*, Q(1), 

3 (2). More in detail, the behaviour of (~IE' ~2E ) versus ~(I) ~ for 

fixed s*, ~(2), is shown in Fig. 7. On the other hand, Fig. 8 exhibits 

the effect of the flood level s* on the solutions of the game. 

^ 

Xl E 

- .4C 

- . 4 2  

- . 4 h  

- . 4 6  

- . 4 8  

! ' I I 
2 3 4 5 ,~)'/. 

w 

X2 E 

1 80 

1.78 

1.76 

Fig. ? Problem solution (m) for different failure constraints 
(s*=2.5 m, w(2)= I%). 

Finally, the case when the operating policy parameters are 

changed twice during the year, in correspondence with a "summer" and 

a "winter" season respectively, has been considered. Apart from the 

double dimension of the game, there is no substantial difference with 

the one-season case and the above mentioned algorithm can be used as a 

subroutine when looking for the two-season equilibrium point. The re- 

suits in t~o cases corresponding to s* = 2.5 m are reported in Table 

I, where the index s and w denote the summer and the winter season re- 
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spectively (the uppem pair is the summem solution~ the lower pair is 

the winter one). 

^ 

XIE 

:h8 

-.50 

-.52 

m I 2 ] 6  i z > 
2,h 2.5 2.7 2.8 S* 

^ 

X 2E 

2 . ~  

2.2 

2 . 0  

1 .8  

1 . 6  

1 I I | 1 
2J; 2.5 2.6 2.7 2.8 

Fig. 8 ProbSe~ solution (m) for diffement flood levels 
s*(W<1~=2%, W (2)  = 1¢) 

Data 

w(1)= w(1)= 2% 
S W 

W (2 )=  W (2 )=  I% 
S W 

w (I)= w (I)= 4~ 
S 

w(2)= w(2)= 2% 
S W 

Summer Solution Winter Solution 

- 0.225, 1.578 

- 0.14-4-, 1.964 

-0.626 , 2.141 

- 0 . 6 1 0  , 2 . 3 4 - 8  

Table I Solution (m) of the two seasonal problem s* = 2.5 m 
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5. CONCLUDING REMARKS 

A short-term regulation problem of a lake has been discusSed 

in this paper and formulated as a non-cooperative game. The solution 

does not require an explicit knowledge of the players' performance 

indexes. T~e estimation of such benefits, specially the ones concer-- 

ning recreation on the lake, is a major drawback for solving the pro- 

blem in the cooperative case. A certain amount of criticism may in- 

volve the~onomy of the system as assumed in the paper. An alternative 

and a priori more rigorous way would apparently be the one of introdu- 

cing dificits and floods into the objective function instead of using 

target benefits and considering losses in the constraints set. 

When following this view point, however, it would be quite difficult 

to determine structural pmoperties of the problem able to suggest on ef 

ficient search-simulation scheme. 
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