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Abstract—We consider a scenario where an application LBS provider is not the cellular NSP itself, it may need
service provider (ASP) hires a network service provider (NSP) to rely on the cellular NSP to track the locations of the
to deliver its service and pays for the employment of the NSP. subscribers and deliver the service to them.

We study the interaction between these two provide_rs under Before we can design a suitable contract between these
simple payment rules as a Stackelberg game. We first show, . ) : )
under the assumption that the ASP knows the true utility two players, we first need to understand their behavior, fvhic
function of the NSP, the existence of a unique equilibrium of is the focus of this paper. We assume that the ASP first offers
the game and investigate its properties when the NSP is risk g contract to the NSP, and the NSP either accepts it or rejects
averse. Then, we relax the assumption that the ASP is aware of it. If the NSP accepts the contract, it chooses the amount

the NSP’s true utility function and point out a potential source f it will d iding th . led it
of difficulty in designing a pricing mechanism that encourages of resource It will expend providing the service, called Its

truth-telling by the NSP. effort, and gets paid according to thmutput observed by
both players. The output depends on two factors: The first
I. INTRODUCTION one is the effort made by the NSP. The second is beyond

The issue of network pricing has attracted much attentioiie control of the NSP and is assumed unknown to both the
in the past decade and has been studied in several differé¥P and the NSP when the contract is presented. We model
contexts. Designing suitable network pricing mechanismi using a random variable.
is important for both recovering the cost of providing Boththe ASP and the NSP are assumed selfish; the ASP is
existing network services and encouraging deployment ¢isk neutral and is only interested in maximizing its exjeelct
new services and expansion of network capacities. Hepgofit given by the revenue it collects from the service
we only provide a short list of studies on network pricingdelivered to the customers minus the payment to the NSP.
MacKie-Mason and Varian studied the problem of pricingSimilarly, the NSP wants to maximize its expected utility,
congestible network resources and the effects of differemthich is a function of its profit given by the difference
pricing schemes on performance and industry structure [14jetween the payment from the ASP and the cost of providing
Kelly in his seminal paper [6] suggested an optimizatiorihe service. The cost is a function of the effort made by the
framework for rate allocation in the Internet [6]. Based orNSP providing the service.
his framework, he and his colleagues proposed usage base&ince both the ASP and the NSP are assumed selfish, we
pricing, where prices of resources depend on their cormrestiborrow the tools from game theory to investigate their inter
level [7]. He and Walrand [5] and Shakkottai and Srikant [15ction. Game theory has been applied successfully in recent
investigated the pricing between multiple Internet sexvicyears to modeling and examining the relations between mul-
providers. tiple selfish, non-cooperative entities in networking eoats

In this paper we study the interaction between an Apt€.g., [9], [13], [14]). In particular, we model the intetan
plication Service Provider (ASP) and a Network Servic&s aStackelberg gampt], where the ASP is théeaderand
Provider (NSP), which we cafplayers We assume that the the NSP is thefollower. A similar formulation has been
ASP wants to offer a network application service. Howeventilized by Korilis et al. for a routing problem [8] and by
the ASP does not have a means of directly bringing thBasar and Srikant for a revenue maximization problem with
service to the customers. Instead, it has to employ an NSPacsingle service provider and many adaptive users [1]. Since
provide the service on its behalf. The NSP in return receivébe type of the NSP is not known to the ASP when the game
a payment for its service according tocantractthey both is played, i.e., when the ASP offers a contract, the game is
agree to in advance. For example, consider a Location-Basetlincomplete informatiorj4].

Service (LBS) provider that wants to provide a list of local We only consider a family of affine contracts by the
businesses of interest, advertisements (e.g., notificatica ASP, under which the payment to the NSP consists of
sale at a nearby business) or electronic coupons (e-coppofi} a fixed amount and (ii) a performance based payment
to customers in the coverage area of a cellular NSP. If tHeroportional to the output. We first show the existence of
a unigue equilibrium (Theorem 1 in Section IV). Then, we
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difficulty for designing a pricing scheme with thecentive sum of the profit of the ASPA((Z), and the profit of the
compatibility property (Theorem 3 in Section V) [11]. NSP, N¢(Z, E).

The rest of the paper is organized as follows: Section lé
describes the setup of our problem and assumptions we in-
troduce for our analysis. Section Il explains the Stackejp !N this paper we consider the following scenarios.
model we use for modeling the interaction between the AS!%]_] We assume that the revenue is an affine function of
and the NSP. Our main results are presented in Section e output, i.e.R(Z) = 0+ ¢ - Z for someé > 0 and
We conclude in Section V. 9 > 0. The fixed componend, of the revenue may represent,

for example, the fees the ASP charges to its customers for
Il. MODEL AND SET-UP accessing the service (e.g., monthly subscription feésgeS
A. Application service provider and network service previd the constant) does not affect the choice of the ASP (as

In our problem there are two players — an ASP and aWi" be.clear), without loss of generality, for thg purpose o
NSP. The ASP needs to hire an NSP to bring its servicd@lysis we assumé= 0 unless stated otherwise.
to subscribers and offers a contractto the NSP, which [A2] We assume that the payment between the two players is
determines the payment to the NSP if accepted. The N affine function of the output: The contrdcts given by a
either accepts or rejects the offered contract without anyair (o, 5), « € R, 0 < 8 < ¢, and the set of contracts under
negotiation. If the NSP accepts the offered contract, itonsiderationis givenb¥ = {(«,3) |a € R, 0 < 5 < ¢}.
decides the amount of resource it wants to expend (callélhen the output is:, ASP’s payment to the NSP is given
its effort) providing the service on behalf of the ASP, andoy
receives a payment from the ASP according to the contract, B
based on theoutput produced by the service and observed Pe(z)=a+f-z. @
by the both players. In other words, the payment consists of (i) a fixed amount,

The ASP collects revenue from the provided service. Thand (ii) the performance based paymehtz. The parameter
revenue is a function of the output, which is assumed tg determines how much of the output based revenue (i.e.,
depend on two factors: (i) The effoff by the NSP, and ¢ - z) the ASP will share with the NSP as an incentive
(i) a random variable (rv)V’. As mentioned earlier, the to increase the outpdtObviously, other forms of contracts
effort £ reflects the amount of resource expended by tha&re possible. However, it turns out that this family of affine
NSP providing the service. The i represents anynknown contracts we consider is general enough to capture some of
factor that affects the output, and is beyond the controhef t key expected behaviors displayed by the players, as will be
NSP. Its value is unknown to both the ASP and the NSP g&hown in Section IV.
the time the contract is offered, and only its di§tribut'@ﬂs [A3] When the NSP chooses effafit = ¢, its cost (for the
known to them. We assume that thelrvis continuous and effort) is given by
has a compact rang®, := [Umin, Umax)- Although the value
of rv V is assumed unknown to the NSP when the NSP is C(e) =c-e for somec>0. 2

offered the contract, we assume that the NSP can observe_j

S . . .
value (over time), whereas the ASP cannot directly obserJ%'s 'S a regsonaple assumption as the cost mpurred by
it the NSP while delivering the service will indeed increase

We denote the output bg(V, E) or simply by Z when proportionally to the resource it spends. The property we

the dependence ol and E is clear. When the output is require for our analysis 'S tha’(e) is a convex function

, . of the effort e (although it need not be strictly convex).
Z, ASP's revenue igi(Z). The payment from the ASP to As mentioned earlierC'(E) denotes only the cost of the
the NSP computed according to the contrgcis denoted Y

. . . effort £. We will discuss shortly how other costs incurred
by P¢(Z). The profit or payoff of the ASP is then given by by the NSP but not directly related to its effort (e.g., atiahi
R(Z) = Pe(Z) =: A¢(Z).

The NSP incurs a cost for providing the service, Whicﬁnvestment or administrative cost) can be addressed.

depends on its effor. We denote this cost by(E), which  [A4] The output, which is a function of the effoft and the
satisfies the following conditiohs(i) C'(0) = 0, and (i)C :  rv V, is given by
R, — R4 is strictly increasing, wherR . := [0, c0). Since _ B o
the NSP collects a payment & (Z) from the ASP, NSP’s Z(v,e) =X (1 - exp(-v-e))
profit or payoff is given byP:(Z) — C(E) =: N¢(Z, E). Even though a more general output function can be used
The overall efficiency of the partnership between thes® obtain similar results, we employ this form of output in
two players is measured by the total revenue collected lyder to facilitate the analysis and to provide some insight
the ASP minus the cost of delivering the service incurred bfn important property required for our analysis and cagture
the NSP, i.e. ,R(Z) — C(FE). Note that this also equals the by this function, which one would expect to hold in practice,
is that the output is @oncavefunction of the effort.

IHere C(F) denotes the cost of the effoff. We will discuss how other
cost (e.g., cost incurred once for configuring the networdfter the service) 2Since ASP’s revenue per outputgsa rational ASP would not pay more
may be recovered in Section III. than ¢ per output to the NSP.

Cost, output, payment, and revenue

for someX > 0. 3)



In order to motivate these assumptions, let us consider tldecides whether to accept the contract or not, and then its
earlier example of an LBS provider and a cellular NSP. It ieffort if it accepts the contract. Hence, this problem can be
reasonable to assume that the amount of resource expendeaturally formulated as a Stackelberg game with the ASP as
by the cellular NSP (e.g., the number of timeslots used in the leader and the NSP as the follower.
time-division multiple access system) is proportional tie t
number of advertisements or e-coupons, which we simp@

refSer to aslistir:]gs it delivers to _the fsfubs(;:lr_ib(_ers. . its expected profit. The NSP, on the other hand, mayidie
uppose that a customer is offere |st|ngs OFL, Tor — averse* We model this using a utility functiord/; when
example, restaurants nearby.. The customer Is mterestengp,s profit isw, the utility it receives is given b¥{/ (w). The
each restaurant with .pr_obabllmy, In.dependently of others. utility function U reflects the degree of risk aversion by the
When the customer is interested in at least one restaurafiigp |n particular, we use Arrow-Pratt measure of Relative
it selects one of them. In this case, the probability that thﬁisk.Aversion (RR;A) [16, p.189] to quantify it: The Arrow-

customer will not choose any of the restaurants is given qyratt measure of RRA of a player with a utility function
(I—p)°, while the probability of picking one of the advertisedU(w) atw is defined to be

restaurants ig — (1 —p)°. If we takePr[customer selects a
listing] to be the output per customer and the arrival rate of RRA(w) = WX U"(w) ©)

Risk neutrality and risk aversiontn our setting, the ASP
assumedisk neutraf and its expected utility is given by

the customers i3, it is reasonable to model the output as U'(w)
Ze)=XA(1-(1-p)°) =\1—exp(—v-e)), If the utility function is increasing and concave, then the
RRA is non-negative. In this case, the larger RRA is, the
wherev = —1In(1 —p). However, in practice the exact value more risk averse the player is.

of p (hence, the value of the parametgris unlikely to be  syppose that the utility function of the NSP is of the form
known in advance and will clearly be beyond the control of

the cellular NSP, Us(w) = w)* , 0<a<1. )
Note that the ASP’s revenue (with the assumptioa 0 in
place) is given byR(Z (v, e)) = ¢-A(1—exp(—wv-e)) and the
payment to NSP i®:(Z (v, e)) = a+8-A(1—exp(—v-e)). It
is clear that, without loss of generality, we can assume 1
by scaling upX by ¢ and normalizing3 by ¢. Therefore, in
the rest of the paper we assume= 1 and € [0, 1]. In this a-wet
case, denotes thdraction of the output based revenue thewhich is constant regardless of the valueunfNote from
ASP is willing to share with the NSP as an incentive. (8) that (i) the degree of risk aversion decreases withtytili
Under these assumptions, given a contrgct (., 3),  function parameter, and (ii) the case: = 1, i.e., linear
whenV =wv and E = ¢, the ASP’s payment to the NSP is ytility function, corresponds to a risk neutral player witie

This family of utility functions are known aisoelasticutility
functions [3]. For these utility functions, the RRA is given
by

wea-(a—1) w2

RRA(w) = =1-a, (8)

RRA equal to zero. In this paper we use these isoelastic
Pe(Z = A1 — —-v-e)). 4 - . . .
e(Z(v;€)) = a+ f- Ml —exp(-v-e)) “) utility functions to model a range of risk aversion by the
Consequently, the profit of the ASP is NSP and investigate how it affects ASP’s choice of contract

to offer to the NSP.
Ae(Z(v,€)) = (1= ) A (1 —exp(—v-€)) —a, | o
] ) b) Optimal effort by NSP:Suppose that the utility function
and the profit of the NSP is is strictly increasing and differentiable (e.g., isodtastility
Ne(Z(v,e),e) = a+ 8- A1 —exp(—v-e)) —c-e. (5) function in (7)). Once a coptracg = («, ) is accepted
and the value of nV is estimated to be by the NSP,
I1l. STACKELBERG GAME MODEL the optimal efforte* := e*(&, v) that maximizes the profit,

We assume that both the ASP and the NSP are selfi§gnce the utility, of the NSP satisfies the following necgssa
and are interested in maximizing their individual (expegte and sufficient Kuhn-Tucker (KT) condition [2]: For every
utility. This is a reasonable assumption for the following? € Sv

reason: Once the contract is signed and the value 6f is )

estimated, the NSP is likely to select an optimal effort that %Ng(Z(v,e),e) .

will maximize its payoff. This is because the output, hence P = J

the profit, of the NSP depends only on its selected effort = —P:(Z(v,e)) — —C(e)
once it has the estimate of the value ofifv The ASP, when e oeer de oo
aware of this behavior by the NSP, should also try to choose ' QZ(U e) e

the contract¢ that will maximize its own profit. However, de T e

since the ASP does not know the value ofifvand is given o ‘
only its distributionG at the time of selecting the contract, neu’?raﬁ'ayer that cares only about trexpectedpayoff is said to berisk
the ASP ogght to maximize |texpectecprof|t. Reca!l that 4A player isrisk aversewhen the utility of its expected payoff is larger
the ASP picks the contract offered to the NSP first, whehan the expected utility from the payoff [16, pp.177-178].



=p[-Av-exp(—v-e) —c is equal to its expected profit from the assumption of risk
{ 0 ifer =0 e neutrality and is given by

< f * - . *
<0 ifer=0 E(A(2)] = [ AdZ(v,e(5,0) d0(v)
From the above condition, we obtain

N S tm(xv-Ble) A v-B>c ((1 — B2, e (Bv) - a) dG(v)
6(5’”)—{0 itxov-pg<c O ::/Ag. (11)

Note that the optimal effore*(¢,v) does not depend To be more precise, given the utility functiéh, of the NSP,
on either the fixed amount in the contract or the utility the ASP wants to solve the following optimization problem:
function parameted. This is a consequence of the following o
observation: From the assumption that the utility function maximizge=  Ag 12)
is strictly increasing in profit, the marginal utility (i,ethe subject to Ng‘ > Uqg min (13)
derivative of the utility function with respect to the prfis , .
strictly positive. Therefore, in order to maximize its i) if ~ WNe'€Ua.min iS thereserve utilityof the NSP. In other words,

the optimal effort is strictly positive, the NSP should iease N NSP does not accept any contract offered by the ASP

its effort until the marginal payment from the ASP equal§hf'i_t will result in the expected_ _util?ty smaller than its eege
its marginal cost, i.e., the derivative of tieofit is equal to YUY Uamin. The reserve utility is assumed to depend on

zero. However, it is clear from (5) that the derivative of Nsp @Y initial cost or other administrative/operational expes
profit depends on neither nor a. This observation, although that the NSP bears to provide theffserwce on behalf ‘?]f the
rather intuitive, has interesting and serious consequeane ~SP: but does not depend on its effort. We denote such cost

the effectiveness or suitability of affine contracts as wi wiPY A+ @nd the reserve utility is given b, min = Ua(A).
illustrate in Section IV. Since we can scale both the payment and the revenue by
Since the optimal effort by the NSP does not depend on tHBY S¢alinga, c andA), without loss of generality, we assume
fixed paymentn, with a little abuse of notation, we denotethatA = 1, hencels,min = 1, = Unin for all a € (0,1]. For
it by ¢* (8, v) hereafter, omitting the fixed paymentin the ach fixeda € (0,1], we define
contragtf. .When the NSP applies the optimal effort, the Coi={6cz| ./\/Ea > 1},
output is given by
. ) which is the set of contracts acceptable to the NSP with
Z(v,e*(B,v)) = { A-gs !f Av- >, utility function parametera. The constrained optimization
0 if A-v-f<ec problem in (12) - (13) can then be rewritten in the following
c) Expected utilities and the optimization problem of ASpSimpler form:
As mentioned earlier, when designing the contract to ptesen
to the NSP, the ASP should take into account the selfish
behavior of the NSP. Given a contract («, ), under the The ASP can simplify its problem in (14) further, based
assumed selfish behavior tlegpected utilityof the NSP is on the following observation. After a closer look at (14) (or

maximizecc, A (14)

given by (12) - (13)) one can show that, at an optimal contrggt
the constraint onV¢ will be active, i.e V& = 1. This is

E [Ua(a, B)] because, for a fixed, the expected profid; of the ASP

= E[Ud(P(Z(V,e*(8,V))) = C(e*(8,V)))]  (10) given by (11) is strictly decreasing in, whereas\¢ is

_ . . ok a strictly increasing ina. Therefore, if the constraint is not
B /(a+ﬁ Z(v, e (B,v) —c-e (ﬁ’v)) 45 (v) active, the ASP can decreasetill the constraint is just

satisfied in order to increase its own profit. In fact, by the
= / (O‘ +1l{c<A-v-fG} ((/\ B —c/v) same argument, as the performance based paymenB(iz.,
a does not depend om, for every fixeds € [0, 1], there exists
—c-In(\-v- ﬁ/c)/v)) dg(v) a uniquea* such thatV_ .. , = 1, which depends on the
=: /\/g . utility function parameter. This suggests that we can think

. . of the smallesin* that satisfies the constraint in (13) as a
Here, given a contradiv, 5) and under the assumed Self'Shfunction of 3 anda, i.e.,a* : [0,1] (0, 1] — R. Therefore,

behavior by the NSP, we denote the expected utility of thﬁ] the case of affine payments, the following much simpler

ASPE [Ua(Ne(Z(V. e*(5,V)),e* (B, V)] by E[Ua(c, 5)]  proplem can be considered instead:
for notational simplicity.

Suppose that the ASP is aware of the NSP’s utility function maximize;c (o 1 A(ar(8,0),8) (15)
parameter. We will consider the case where this assumption
does not hold in Section IV. Being aware of the NSP'dt S clear that, for alla € (0, 1], when§ = 0,
strategy, the goal of the ASP is to find an optimal contract N “ u
& = (a*, %) € = that maximizes its expected utility, which /(a (0,a))" dG(v) = (a”(0,a))" =1



or o*(0,a) = 1, i.e., the fixed payment*(0,a) equals the Finally, when the NSP becomes risk neutral, i®.—= 1,
reserve utility of the NSP as the output will be zero and therhis results ing* = 1 and the NSP’s objective is perfectly
will be no performance based payment. aligned with that of the ASP (Theorem 2(ii)). In this case
the ASP charges a fixed fee 8f[Z] — A to the NSP (i.e.,
IV. MAIN RESULTS a*(1,1) = A — E[Z]) for the right to provide the service

In our Stackelberg game delineated in the previous sectiopn behalf of the ASP, which can be viewed as a franchise
given a fixed utility function of the NSP, the action space ofee. Recall thatZ is the output (which is equal to the output
the ASP is given by the s€},. Similarly, the action space of based revenue) andl is any initial or other operating cost
the NSP is the set of mappings := {e: C, x Sy — Ry}, not directly related to the effort. The NSP on the other hand
which determine the effort given the contracte C, and pays the franchise fee and collects all of the output based
the value of rvl/. However, it is clear that the strategy of arevenueR(Z) = Z of the ASP for the service it provides.
rational NSP will be given by (9). Thus, an equilibrium of the
game is given by a paig*, e*), wheree* is defined through
(9) and¢* is an optimal contract i€, that maximizes the
expected profit of the ASP in (11), given the strategyof

Theorem 3: (i) Let aj,a2 € (0,1] such thata; <
ag and ST = (aTMBT) = (a*(ﬁ*(al)val)aﬁ*(al))' lf
P [V >c/(A-B1)] >0, we have

the NSP. As argued in the previous sectigh,is given by U. —EBIU. (o 8] <E[U. (at. gt 16
(a*(8*, a), 3*) for somes* € [0, 1]. min =B [Ua (o, 0] < B [Uay (@, 0] . (16)
We first introduce the following assumptions. (i) For everyv € Sy, the efficiency of the system given

Assumption 1:()) The probabilityP [V > ¢/)] is strictly ~ PY the revenuez(Z (v, e*(5*(a), v))) of the ASP minus the
positive. (i) For every feasible contracty, 3) € C,, the costO(e_*(ﬁ*_(a),v)) of the NSP at the equilibrium is non-
profit of the NSPa + - Z(v,e*(v, ) — ¢ - e*(v,0) is decreasing inu.
strictly positive for allv € Sy . Note that Theorem 3(i) states that the equilibrium contract

The first assumption ensures that, for same (0,1] (for &' = (af,37) of the ASP for an NSP with utility function
example,a = 1), there exists a non-degenerate equilibriunParametera; will be acceptable to any NSP with a larger
with 8* > 0. It also implies that,ayx > ¢/A. The second utility function parameteru,. This result follows from the
assumption, although not necessary, is introduced to gimpl Intuition that, if an NSP finds a contragt acceptable, so

trivial sufficient condition is thatx > 0. consequence of Jensen’s_ inequality [10, p.1]_.1]. _
Our first result states that there exists a unique equilibriu ~ This intuitive observation has the following important
of the Stackelberg game for alle (0, 1]. implication for the design of a pricing mechanism. Recall

that in our analysis we assumed that the ASP knows the

value of NSP’s utility function parameter. Suppose that

i ) o R this is no longer true, and the ASP daest know the NSP’s

?X'S‘S a unique solutiofi*(a) to the optimization problem utility function. Then, Theorem 3(i) implies that the NSPsha

in (15). an incentive tdie about its utility function parameter and to
We denote the unique solution to (15) at the equilibriunpretend that it is smaller than its true value in an attempt to

by 3*(a), and the corresponding expected profit of the ASkhcrease its expected utilify.

by A*(a). The following theorem proves the monotonicity An even more interesting observation is that if the NSP

properties ofa*(3*(a),a), 8*(a) and the expected profit decides to lie about its utility function, it is virtually ipos-

A*(a) of the ASP at the equilibrium with respect to thesible for the ASP to detect it. The reason for this is that, as

utility function parameter. mentioned in Section lll, given an acceptable contéadhe
Theorem 2: (i) The solution3*(a) (resp.a*(6*(a), a)) optimal efforte* (£, v) in (9) doesnot depend on the utility

is increasing (resp. decreasing) in utility function paeten function parametet, and the NSP would behave in exactly

Theorem 1: For every utility function parametea €
(0,1], (i) a*(B, a) is a decreasing function @f, and (ii) there

a. (i) limap, 5*(a) = 1.5 the same way no matter what the valueqof. As a result,
(i) ASE’T’S expected profitd* (a) increases with the ASP cannot prevent the NSP from lying about its utility
' function.

Theorem 2(i) states that as the NSP becomes less riskrhese observations result in following consequences:

averse (with increasing), it becomes more willing to take .
the risk of receiving a smaller profit and its objective gets (i) If the NSP acc_epts the co-n.tract offgred by the ASP
based on an incorrect utility function, the overall

more aligned with that of the ASP, which is assumed risk ici q the total ised f
neutral. This allows the ASP to increase the performance eﬁlcrli?]nci/,h mears\;Jire n?; etho a retvepui- :/?clj?r? taom
based payment, which encourages the NSP to raise its effort, ofienng eﬁse 'I?he US3 ne cost ot pro g the
while reducing the fixed payment, at the same time. The service, suffers (Theorem 3(i)).
higher output produced by the raised effort by the NSP in 5The NSP can increase its expected utility by lying about iitity

turn leads to a larger profit for the ASP (Theorem 2(iii)) function. This is because if it revealed its true utility tion to the ASP,

at the equilibrium its expected utility would be equal to rieserve utility
SWhen the revenue per outpitis not one, this limit equalsg. (which is one) as mentioned at the end of Section IlI.



(i) Deployment of new applications can be hindered befi1]
cause ASPs may not find it profitable enough to offer
the services based on the incorrect estimate of expectgg,
profits when NSPs lie about their true utility.

These findings suggest that simple contracts (such as the
affine contracts studied in this paper) may not be suitable in
practice; the overall efficiency can suffer as a consequentél
of a failure to provide the NSP with an incentive to reveal
its true utility function. This observation can also be végv [15]
as a result of inefficient sharing of the profits between the
ASP and the NSP under the affine contracts, which fail 6]
to provide the NSP with an incentive to be truthful. These
clearly point out some of difficulties in designing a good
pricing mechanism for the task delegation problem between
selfish entities in the presence of asymmetry of information

V. CONCLUSION

We investigated the interaction between an ASP and an
NSP where the ASP is interested in securing the employment
of the NSP to offer its service. We considered a family of
affine contracts that determine the payment by the ASP to
the NSP as a function of the output observed by the both
parties. First, the problem is formulated as a Stackelberg
game between the two players with the ASP as the leader
and the NSP as the follower under the assumption that the
ASP knows the utility function of the NSP. We established
the existence of a unique equilibrium. We also demonstrated
several interesting and intuitive properties of the eftiilim
when the NSP is allowed to be risk averse. Second, when the
ASP is unaware of the true utility of the NSP, our findings
suggest that the NSP may have an incentive to lie about
its utility function to increase its expected utility, pddg
revealing one of main sources of difficulty in the problem of
pricing mechanism design for task delegation between Belfis
entities.
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