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Abstract In this paper, a hide-and-search game with the risk criterion is investigated. The target space
consists of n discrete regions and each region is characterized by the searching cost, the detection rate per
unit searching effort and the reward when the target is detected. At the beginning of the game, a target
selects a region so as to maximize the expected risk of the search and hides himself in it. On the other hand,
a searcher searches the target allocating his available total searching cost among regions so as to minimize
the expected risk of the search. We formulate this search situation as a two-person zero-sum game and derive
optimal strategies.

1. Introduction

Since Koopman [8] pioneered the search theory, studies on the optimal search have
been investigated by many authors. On analysis of optimal search, the previous authors
adopted various criteria of the search such as the detection probability of the target,
the expected time or cost to detection, the expected risk or reward, the whereabouts
probability and so on. As for the optimal search with the criterion of the detection
probability or the expected time in one-sided search, many authors have investigated
the problems thoroughly and the results are compiled by Stone [11]. Furthermore, the
hide-and-search game (one stage search game) with these criteria were also studied
by many authors [1]. However, we cannot find so many papers with other criteria.
In this paper, we study the optimal search in a two-sided search with the expected
risk criterion. Here, the definition of the expected risk is that the expected
search cost until detection or stopping of the search, whichever comes first, minus
the expected reward gained by the detection of the target. The expected risk criterion
is useful to analyze not only the optimal allocation of searching effort but also the
optimal starting and the optimal stopping of the search. As for the optimal search
under this criterion, only problems of one-sided search are studied [2,3,6,7,10].
However, we cannot find any study on the optimal two-sided search with the expected
risk criterion,

In this paper, we formulate a hide-and-search game with the expected risk and
derive the optimal strategies of the searcher and the target. In the next section, we
define the system parameters of the search and assumptions of the model are described
in detail. In Section 3, we formulate the problem as a two-person zero-sum game and
optimal strategies are derived in Section 4. In Section 5, special cases of our game
are examined,. Finally in Section 6, séeveral comments on the results presented in
this paper are discussed.

2. Definitions of the System Parameters and Assumptions of the Model

Assumptions of our model and system parameters used in this paper are described
as follows.
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288 K. Iida, R. Hohzaki & K. Sato

(1) The target space consists of n discrete regions: {i;7 =1,2,:--, n}. The regions are
called boxes.

(2) The target selects a box at the beginning of the game and hides himself in it.
The target is assumed to be stationary during the search.

(3) Total search cost ¢ (>0) is available to the searcher and he searches the target
allocating ¢ among boxes. Here, the total searching cost ( is assumed to be contin-
uously divisible in allocating it among the boxes and the search in box 7 costs ¢; (O0)
per unit searching effort.

(4) The searching effort allocated to box 7 is denoted by ¢ ; (20). We assume that the
effort is allocated in each box simultaneously and the search cost is imposed at
the beginning of the search.

(5) If the target exists in box I, the conditional probability of detecting the target
with unit searching effort is assumed to be a, (>0) irrespective of the history of
the past search. This assumption implies that the random search is conducted in each
box and the conditional detection probability of search ¢, in box 7 is given by an
exponential function ; 1-exp(-a ;¢ ;).

(8) If the searcher detects the target in box i, he gains a reward £: (O0).

(7) The parameters of the search, ci, R;, a; and ( are assumed to be known to both
players in advance of the game.

(8) The payoff of the game is defined by the risk of the search. Here we assume that
both the target and the searcher are opposing against each other completely in a
sense that the target desires to maximize the payoff and the searcher wants to minimize
it. The omniscient rationality of both players is assumed.

3. Formulation of the Hide-and-Search Game

At the first step of formulation of the search game, we define the pure strategies
of both players. The target' s pure strategy is defined by his selection of box 7 in
which he hides himself at the beginning of the game. On the other hand, the searcher's
pure strategy is defined by the allocation of the searching effort: ¢ = {¢,, i =1,2,
.-, n}, where constraints: £ ;c;¢ . < Cand ¢, 2 0 for any 7, are imposed on .

The payoff g(i, ) of the target when the strategies 7 and ¢ are employed by both
players, is presented by

3(1', é) = (l‘eXD(_OL P i))(z iCiP j—Ri) + exp(—a ;P i)zjc_i¢ J
= EJ‘C_,'¢J' - Rj(l'exp(_ai¢ i))- (1)
The searcher should not begin his search if g(7, ) > 0, since the search is expensive
compared with its reward in average, and then, obviously g(i, $={0}) = 0. Here, we
examine the properties of the payoff g(7, ) and have the next lemmas.
Lemma 1. Let §° = {¢ ;°} be the conditionally optimal strategy of the searcher
given the target's strategy 1.
(1) If Riai:/c; £ 1, the search should not be started: ®° = {0} and g(i, $°) = 0.
2) Let C:° = c;(log(Ria:i/ci))/ ai. IfRia:/c: > 1 and the total searching cost C
is larger than C:°: C > C;°, the optimal allocation of searching effort to box I Is
given by
1 R a;
¢ .0 = o log _‘La_L

In this case, the search should be stopped at C:° and then

605, 8°) = Fi(iriog H12s) — p <0,
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Hide-and-Search Game with the Risk Criterion 289

8) IfRia./c: > 1 and C< C:° the search should be stopped by the cost constraint C.
A
¢ 1_0 -

= &
g(i, §°) = ¢- R:(l-exp(- ac+6')) < 0.
Proof: Differentiating g(7, ) with respect to & ;, we obtain

ﬂ%ﬂ = ¢ - Riaexp(-a .9 .), @
a aj ) = Cyj, i# J-

Since dg(7, §)/dd ;> 0, i+j, from the second equation of (2), g(i, §) is minimized
by ¢, =0 for all j (#1), and if Ria:/c: £1, dg(i, ®)/0¢ ;> 0 for all ¢, >0
from the first equation of (2). Hence, g{(7, ) is minimized at @° = {0}, i.e. the
search should not be started in this case. On the other hand, if R;a:/c: > 1, then
1g(i, ®)/0¢; <0 at ¢, =0 and lime ~wdg(i, $)/30; = ¢; > 0. Therefore, if C is
sufficiently large, g(7, ) minimized at some positive ¢ ;° = log((R;a:)/c:)/a; from
1g(7, @)/0d;: =0and ¢, = 0 for all J (#7). In this case, the search should be
continued until 2 ,¢c,¢ ;= ¢c;®; = cilog(Kia :/c:)/a;: = C;° (KC). However, if the
total cost € being available to the searcher is not so much: (< (:° the searcher

must stop the seqrch by his cost constraint (. (g.e.d.)
Lemma 2. g(i, ) is strictly convex in § for any 1.
Proof. Since g(1, ) is the exponential function of ¢, as shown in Eq. (1), we can

easily prove the next inequality for any ¢! and $2, ¢' 5 ¢2, satisfying the
constraints and for any A :0 <A< 1.

L Ad+(1-2)9%) < 2g(4, ") + (1-2)g(4, $2). (q.e.d.)

As shown in Lemma 2, our search game is a strictly convex game. The basic theorem
of the strictly convex game is quoted from the text [12] without proof.

Lemma 3. In a strictly convex game, the minimizer (the searcher) possesses a unique
optimal strategy;, moreover, this strategy Is pure.

Here, we define the mixed strategy of the target: P= {p:, 7 =1,2,+--, n}, where p;
is the probability that the target selects box 7 for his hiding box. The expected
payoff (P $) of the target is given by

G(R Q) = Zipig(l', @) =2 i0i¢ it 2 iPiRi(l'eXp(_ai¢ 1‘))- (3)
Therefore, our problem is formulated as the game to obtain the optimal strategy
(P*, d*) satisfying

AP*, %) = mingmax, XA $) = maxming XA ) = G-
subject to constraints:
2 0 for any I, (4)

Zj0j¢j € ¢ and ¢1’
2 0 for any I )

2:pi =1 and p;:
4. Solution of the Game

Let P*= {p;*} and ®* = { ¢ ,*} be the optimal strategies of the target and the
searcher, respectively. P*and @* are optimal if and only if

XEP*) S G &P*, §). 8

Theorem 1. Let I° be the set of boxes {i| c./(R:a )21}, If there exists some box k
belonging to I°, the optimal strategy of the target is P*= {p*=1, k€I° and p;*=0

Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited.
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for all i} and the searcher’s optimal strategy is * = {¢ .*=0 for all i}. The value
of the game is G = 0. If plural boxes belong to I°, since the above holds for any k
€ I°, the mixed strategies weighted by arbitrary p. 2 0 for all k€ I° are also
optimal: P*= {p*20 for any k €1° and p;*=0, 1 €I°}.

Proof: Since X2 $*={0}) = 0 for any P, the first inequality of (8) is obvious.
The second inequality ¢ =0 £ X P*, $) is proved by Lemma 1-(1). (q.e.d.)
Theorem 2. If and only if ¢i/(Ria:) <1 for all i and = {c./(R:a@)} 2 1, the
optimal strategy of the target is any p;* such that P*= {Kp;*Se¢:/(R; @) for any I}
and the searcher’'s optimal strategy is ®* = {¢ .*=0 for all i}: the searcher should
not start the search.

Proof: To prove the necessity of the theorem, we assume that c¢;/(R: a@;) <1 for all
fand T {ec:/(Ria;)} 2 1. The first inequality of (8) is proved by substituting ¢* =
{0} and showing X2 ¢*) = 0 for any 2 To prove the second inequality of (6), we show
ming & P*,d) = ¢ = 0. Differentiating G(P*, P) with respect to ¢ ;, 'we obtain
GG(P’ , Q)/6¢ i< Ci‘P;‘*ﬁ’i(l’, iexp(—a;¢ .'). Since 0 < p,-* < Ci/(ﬁ;(l’, i), BG(P* , Q)/a(b i
>0 for all ¢ > 0: &XP*, ¢) is a strictly increasing function of all ¢, > 0. There-
fore, XP*, P) is non-negative and has a minimum value at ¢ = {0} and mins XP*, §) =
¢ = 0 is proved. »

Next to prove the sufficiency, we assume that the optimal strategies are given by
P*= {0<p;*<c:/(R;a )} and @* = {0}). In this case, since any P‘” such that P'¥)=
{pi=ci/(Ria :),08p,Sc,/(R; ;), j #1} is also optimal for any 7, pi=c:/(Ria;) <1 is
concluded and ¢;/(R:e ;) <1 for all i is proved. Then, the inequality = {c./(Ria )} 2
% .:p: =1 is obtained directly. (g.e.d.)

If 2 {c:/(R:ax:)} <1, obviously c¢;/(R:a ;) <1 for all s and the target cannot
select such {p;*} : {0<p;*sc:/(R: ;)}, since X ;p;* < 1. In this case, the next Lemma
is proved.

Lemma 4. If 2 {ei/(Ria )} <1, the optimal strategies of the target P* and the
searcher $* satisfy p;* > 0 and ¢ ;* > 0 for all i

Proof: The contraposition of Theorem 2 is that if = :{c:/(R:ia )} <1, (3i, p:*>
ci/(Ria ;) or (31, ¢ ;*>0). In the former case, since XL @)/3® iloi=0 = ci-p"Rict;
< 0,9, >0 is concluded too, and therefore in either case, the searcher should not
stop the search immediately if = {c,/(R:a:)}< 1. The lemma is proved by the reductive
absurdity. Here, suppose that there exists an optimal strategy @* of the searcher such
as ¢ ;* = 0 for some box 7fand ¢ ,;* > 0 for any s (#7). In this case, since the target
should select the box which is not searched, the target's optimal strategy P* opposing
the searcher’s optimal strategy @* is obviously {p:*=1, p,*=0, j #7} and then X P*, $*)
= ¥ ,c;,9,° > 0 holds always from Eq.(3). It contradicts the definition of the
searcher’ s optimal strategy. Hence, ¢ .* > 0 is concluded for all i

Next, suppose P* be a target' s optimal strategy with p;* = 0 for some 7. Then the
searcher’ s optimal strategy @* opposing P*is ¢ ;* =0 for I, since the searcher should
not search the box in which the target does not exist certainly. In this case, obvious-
ly there exists such box 4: p* > 0 and ¢ * > 0, and let Pbe a target's strategy such
as {p=4p O0), pe=p*-4p, p;~p;* for all j (#i, k) and p*>0}. Then, we have X P*, ¢*)
- XP®*) = -Mp(l-exp(-a,P.*)) <0, and AP*, P*) < XL ¢*) is deduced. It contra-
dicts the definition of the optimal strategy P*, hence, p.* > 0 is concluded. (q.e.d.)

Hereafter, we assume = ;{c:/(R;a )} < 1. In this case, since p;* > 0 and & ;* >0
for all 7 from Lemma 4, our problem is reduced to obtain P*and * such that

{p:*}: maxr AB ®*) = G (N
{¢:*}: ming XP*,d) = G
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under the constraints (4) and (5). Then, the next lemma is derived.
Lemma 5. Let n and 1 be Lagrange multipliers., If p;* > 0 and ¢ ;* > 0 for all i,
the optimal strategies ®* and P* are obtained by equations:

Ri(l-exp(-a ;% ;%)) = 7 for all j (8)
ci - pitaRexp(-a;9.:") = cip for all | ®
(C-Zicid:Hu =0, 10)
and FKgs. (4) and (5). The value of the game Is given by
G=Zic:0:" - 7. (11)
Proof: Since (£ ®*) is a linear function of {p:;} and p;* > 0 for all / from

Lemma 4, Eqg.(8) is obtained from the first problem of (7). On the other hand, Egs.
(9) and (10) are obtained from the Kuhn-Tucker theorem since X P*, §) is a strictly
convex function of {¢ ;} for the second problem of (7). Then, we have Eq.(11) from

max, XA $*) = ming XP*,P) = S;c;9:* - 7. (g.e.d.)

As for the Lagrange multiplier x in the above lemma, we can conclude that x« < 0
since I P*, ®*)/1d * £ 0. If (> Zicid:* =C°, u =0 from Eq. (10) and then we
have

ci - pita Rexp(-~a ;9 ;*) =0 for all j, 12)

from Eq. (9). In this case, the search is stopped at C° before using the total search
cost (. (The derivation of C° will be shown later.) In either case of stopping the
search by Cor C°, {¢ .*} must satisfy Eq.(8). Therefore, Eq.(9) or (12) is used to
determine p;*. Let % and 7, be the Lagrange multipliers when the search is stopped
by Cand C°, respectively. By determining the Lagrange multipliers in Lemma 5, we
can derive the solution of the game as follows.

Theorem 3. Suppose = {c:/(a k)Y < 1. n and n, are the solutions of the next
equations,

Ci R; _
T 5 los( 1?,-—71) =G (13)

Cj =
2 B~ b e

respectively. [lsing mo, we have the threshold cost C° by

0 _ Cj R;
C°= 2 5tlog( g=i—). (15)
If %2 C the optimal strategies of the searcher and the target are given by
« _ 1 R
¢t = 5 loa( A’Fer)’ (18)

» __cif(a  (F-
ARy crizDR an

The value of the game is obtained by
G=C- 7. (18)
If C°< C the optimal strategies are given by

bt = o log( g, (16)
pi* = —(—'—50' an
! ai(R~70) :
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292 K. lida, R. Hohzaki & K. Sato

The value of the game Is given by
G=0C° - no, (18)

Proof. Let A, be min; #;.. For 7 ;0 < n < R, we obtain ¢ ;* as Eq. (16) from Eq.
(8). Hence, if the search is stopped by the constraint of total cost ¢ ((C° 2(), Eq.
(13) is established. From Eq.(13), we can obtain » uniquely. To see it, we set the
left-hand side of Eq.(13) as An). Then, An): (0,&) - (0,») and df(n)/d7p=
> A{ci/(a i (Ri-5))} > 0 are easily confirmed. Hence, the equation f{n) = Chas a
unique solution 7, 0 <% < K. Using % obtained from Eq. (13), we can derive x and
p:* from Egs. (5), (8) and (9) as follows.

B 1
S R CHE MR

x _ ci%l—g) _ cfzga,'g[ﬂ—zz))
pi _041- Rj“"? _Zj C; a,—R,-—n ° (19)

Next, we consider the case that the search is stopped optimally before exhausting
the total search cost € ((°<(), and then, let 7», be the Lagrange multiplier #» in
Eq. (8). The searcher's optimal strategy ; Eq. (18)' is derived from Eq. (8) too. In
this case, since # = 0 as described before, Eq.(12) holds from Eq. (10). Then, we
obtain Eq.(17)" from Eqgs.(8) and (12). Since ¢> X :c: ¢ ;*, Eq. (13) does not hold
in this case. Hence, we use the constraint (5) to determine 7, and we have Eq. (14).
We can easily show that Eq. (14) has a unique solution as follows. Since 0 < 7
{Ro as mentioned before and 3 :{c;/(@ ;R:;)} < 1 by the assumption of Theoren,
S {ei/(a :(Ri-n0))} is a strictly increasing function of 7, from = {c:/(@ :R:i)}
(<1) to infinity. Hence, Eq.(17) has a unique solution. Eq.(15) is derived by
substituting Eq. (16)' into C° = T ;c:¢ ;*. The value of the game Egs. (18) and (18)’
are obtained from Eq. (11).

5. Special Cases of the Game

In this section, we examine special cases of our game.

If R; = R for all 7 in our model, the solution of the game is very simplified and
the closed form solution is derived easily. Omitting proof, we show the next.
Corollary 3-1. If R; = R for all i and & {c:/(a R} <1 in Theorem 3, the solution
of the game is as follows.

We define C° as

Ci

c* = o6 s gay V2 G

If C°< (, the optimal strategies of the searcher and the target are

¢ ;" = Elljlog( ﬁa—lj ),
x _ C;
Di _O’.ijZCj;ajj'

The value of the game Is given by

- 0 .G
G=C 1?+E,E’Ij.

If C°2 ( the optimal strategies are

« ¢

¢ = a,-E,-fc;}on’ (20)
* _ Ci

pi = a2 (ci/o) (1)
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In this case, the value of the game is given hy

o _ _ 4
G=C- K1l-exp( m)}
Next, we set ¢; = 1 and #; = R~ ® in Corollary 3-1. In this case, we have the next
Corollary.
Corollary 3-2. If we set ¢; =1 and R; = R~ w for all I in Corollary 3-1, the
optimal strategies P* and ®* are obtained as follows.

s _ c
¢j _aizila—ﬁ’

x _ 1 )
P TS ey

The result of Corollary 3-2 is completely identical with the optimal strategies of
the hide-and-search game with the criterion of detection probability of the target
studied previously by Gittins and Roberts [5] or Nakai [9]. This correspondence is
elucidated as follows. The constraint of the total searching cost C becomes (2 % ;¢
(the total searching effort) by setting ¢, = 1, and if we set R; = R, the target
space becomes homogeneous with respect to the cost-and-reward structure. Furthermore,
if we set R~ w, the search is not stopped before exhausting the total searching
effort (. Therefore, the problem of minimizing the expected risk becomes identical with
the problem of maximizing the detection probability of the target under the constraint
of the searching effort. This problem is just the same as the previous studies [5,9].
This is the reason why the solution of special case of our game coincides with the
results obtained by the previous authors.

Next, setting £ - ® in Corollary 3-1, we deal with the cumulative searching cost
as a variable increasing sequentially from zero until the detection of the target. Let
¢ ;*(C) be the optimal density of searching effort in box 7at Cand ¢,* =f ¢ .* (X dx
Then, the next corollary is obtained. °
Corollary 3-3. Suppose R; = R and R 1s sufficiently large. We consider the case in
which cumulative searching cost C Increases from zero continuously with rate AC and
the search is continued until detection of the target satisfying 2 ;c;9;* = C in each
time., Then, the optimal strategies are

470 - Ty @)
PGS el @)

Let p:*(0) be the posterior probability of the target being in box I when the target is
not found until C, the next relation holds.
L‘gji—q = constant for any I. (24)

Proof. By the assumption: #; = K Corollary 3-1 is established, and in this corollary,
if R - ©, then we have C°~ ®w, Hence, the searcher's optimal strategy is always
stopped by the cost constraint C and Egs. (20) and (21) hold. As for the searcher’s
optimal strategy, Eq.(20) holds and we obtain Eq. (22) by differentiating ¢:* given
by Eq. (20) with respect to . Eq.(23) is the same as Eq.(21). Eq.(24) is derived as
follows. The posterior probability p:*(() of the target being in box 7 when it is not
found until € is presented by

Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited.



294 K. Iida, R. Hohzaki & K. Sato

In the above, since exp(--afffﬂ/’i*(x)dx) = exp(-(/> ;(c:/ @ ;)) is obtained from Eq.
(22), substituting it into the above, we have p;*(() = p:*. Therefore, Eq.(24) is
derived from Eq. (23) as follows.

& 101' - aCi B Zi(léi;aij. (q'e'd')
It should be noted that Eqs. (22), (23) and (24) are completely identical with the
optimal strategies of the search game with the criterion of the expected cost shown
by Gittins [4]. In this case, since the reward is assumed to be sufficiently large,
the search is continued until detection and the searcher gains the reward & certainly.
Then, to minimize the expected risk means to minimize the expected cost until detec-
tion. Hence, the solution given by Corollary 3-3 becomes identical with the solution
of Gittins' problem [4].

§7. Discussions

In this section, we examine the meaning of the optimal conditions and discuss

generalizations of the model to be investigated in future.
(1) According to Theorems 1 and 2, the searcher should not begin his search in either
case: (min; ¢;/(Ria ;) 2 1) or (2 ;{c:/(Ria)} 21 and ¢;/(R:i;) <1 for all 7).
The implication of Theorem 1 is explained as follows. The value ¢./(R;a,) is the
conditional expected cost versus reward ratio when unit searching effort is allocated
to box 7 given the target being in the box really. Hence, if this value is not smaller
than 1, the search in box i is too expensive for the searcher. If there exists such
box, since the target selects always the box by the assumption of the omniscient
rationality of the target, the searcher is always compelled to do the expensive search.
Therefore, if min; c¢;/(R:a ;) 2 1, the searcher should not begin the search to avoid
the expensive search. On the other hand, if the condition of Theorem 2: ¢./(R:a ;) <1
for all 7, such box mentioned above does not exist. However, if = {c:/(Ria)} 21
in this case, the target can select an optimal strategy {p:*} by which the expected
risk of the searcher becomes non-negative as stated in the proof of Theorem 2. Hence,
since the search is also too expensive in average in this case, the searcher should
not begin the search.

On the other hand, if c¢;/(Ria ;) <1 for all 7and = ;{c;/(R;ia )} <1, the
optimal strategies of the target and the searcher are p;* > 0 and & :* > 0 for all s
by Lemma 4 : The searcher should not remain any box unsearched and the target should
not eliminate the possibility of hiding in any box. Because, if otherwise in either
side, by the assumption of omniscient rationality of the players in the game theory,
the searcher or the target can take advantage of the knowledge p;* = 0 or @ ;* =0,
respectively, to maximize his own reward.

(2) The interpretations of Egs.(8), (9) and (10) for the optimal strategy ¢:* in Lemma
5 from the view point of the searcher are stated as follows. Since the left-hand side
of Eq.(8) is the conditional expected reward given the target being in box i, Eq.(8)
means that the searcher should allocate his searching effort so as to equalize the
conditional expected reward to % among boxes. By this allocation, the searcher does
not give any advantageous box to the target to hide. As for Bq.(9), dividing both
sides of Eq.(9) by c:;, we obtain {¢c,~p:* @ ;Rexp(-a ;¢ ;*)}/c; =u. The left-hand side
of this equation is the ratio of the marginal expected risk at ¢:* and the searching
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cost in box 7. By Theorem for the optimal distribution of searching effort given by
Iida [6], the searcher can minimize the overall expected risk by allocating his
searching effort so as to equalize the marginal expected risk versus searching cost
ratio to x among boxes. Therefore, the searcher can gains the minimum risk by
allocating his searching effort according to Eq. (9). As for Eq. (10) which is the
complementary slackness condition of this non-linear programming problem, this
equation elucidates the stopping condition of the search. As stated before, if the
search should be stopped by C° (<(), then the marginal expected risk versus cost ratio
& becomes zero at C°, and if the search should be stopped by the cost constraint
the value of 4« is non-positive.

On the other hand, from the viewpoint of the target, the optimal conditions of
Lemma 5 are interpreted as follows. Since the conditional risk g(7, ) given the
target’ s box are equalized to £ - 7 by Egs.(l) and (8), the target has not any prefer-
able box to hide. But by determining his distribution by Eq. (9), the target can avoid
to give the searcher any efficient box having the low marginal expected risk, and this
strategy is effective for the target to maximize the expected risk.

(3) The value C°¢ given by Theorem 3 is the total searching cost on which the marginal
expected risk of the search among boxes becomes all zero, namely the optimal stopping
point of the search before the cost constraints (.

(4) Finally, let us consider problems to be investigated in future. In this paper, we
assume a stationary target. If the target can move and if he knows the searcher’'s
current position, the problem is formulated by an evasion-and-search game which is
characterized as a multistage game. Theoretical treatment of this problem may be very
difficult, but 1t is an important problem to be studied in future. In this paper, we
consider the optimal allocation of the total searching cost (. If the search game
being constrained by a cost rate in every search time instead of the total cost, the
time dependent allocation of searching effort is obtained. As for the search problem
of this type with the risk criterion, Iida [6] investigated the one-sided search. The
exponential detection function f{¢) assumed in this paper can be generalized to more
general detection functions with regular properties: dA¢)/d¢ > 0 and d2AP)/d¢?
< 0 for all ¢ without any difficulty. We deal with the discrete target space in this
paper. This assumption will be generalized to a continuous target space and the
similar optimal solution to Theorem 3 will be derived by the variational calculus
approach instead of the Kuhn-Tucker theorem.
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