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Abstract

An SLA/Contract is an agreement between a client and a service provider. It specifies
desired levels of service and penalties in case of violations. The objective of this work is to
develop a mathematical model for the negotiation process before an agreement is reached. The
model will be based on Game Theory models of signaling games. The idea is to try to capture
the bargaining process that occurs when clients are offered not just a take-it-or-leave-it contract
but also the opportunity for them to express their preferences via a counteroffer. Of course,
many times this counteroffer does not meet the service provider objectivess and that’s how the
bargaining begins. Then having the game defined we try to find equilibria of the game.
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1. INTRODUCTION

A Service Level Agreement is (SLA/Contract) is an agreement between a provider and a consumer
which is comprised of Service Level Objectives that guarantee quality of service (such as availability,
performance and reliability), a promise of payment and penalties to impose in case the objectives
are not met. The study of such contracts has become increasingly important with the increasing use
of IT outsourcing procedures, which had reached 56 billion in 2000 and was expected to reach 100
by 2005 (Dermikan et al. 2005). While the original practice of IT outsourcing contracts involved
complicated measures to safeguard the clients interest against the many potential mishaps, a more
modern approach has focused on a system of penalties and rewards based on observed quality of
service, serving as a monetary compensation that insures the client in case the service is suboptimal
(Dermikan et al. 2005).

Of course the design of a SLA requires interaction between the provider and the consumer, since
even though the provider may know the level of service that can be arranged only the consumer
knows the level of service that he requires. Therefore it’s only natural for the design of a SLA that
the provider and the consumer negotiate in order to achieve a SLA that is good enough for both
parties. Of course the develpment of this negotiation is very complex and may eventually result in
a SLA that doesn’t work for any of the parties.

The objective of this work is to develop a mathematical model for the negotiation process before
agreeing to an SLA. The model will be based on Game Theory models of signaling games[4]. The
idea is to try to capture the bargaining process that occurs when clients are offered not just a take-it-
or-leave-it contract but also the opportunity for them to express their preferences via a counteroffer.
Of course, many times this counteroffer does not meet the service provider preferences and that’s
how the bargaining begins.

The idea is to find equilibria of this game, that is to say situations where no one wants to change
their strategy. Since there is some signaling involved, these equilibria must be consequent with the
Bayes’ ruleﬂ This means that in an equilibrium given the strategy of the players I won’t update
my beliefs and therefore I will have no incentive to change my strategy.

First in section [2| we will describe the problem we want to model. In section |3.| we will present
the game that will work as a base for the diferent models, and in section [B] we will describe several
models, make examples of application of those models and characterize the equilibria if possible.
Later, in section [6.} we will describe other works develped in this area. Finally in section |7.| we will
recapitulate the results that the model establishes and also comment on the contrast of the model
with reality.

IThe reason the equilibria are required to comply with the Bayes’ rule is that if they do not follow the Bayes’
rule then it means that the player is not updating her beliefs in a rational way.



2. THE PROBLEM

In this article, we are considering a negotiation scenario between a service provider and a client. The
service provider provides services (which could be n-tier services e.g. cluster of appservers/databases,
or three-tiered services) that the client intends to use. The service provider furnishes the customer
SLA templates to begin with. For example, if the client is seeking to use an HPC service, the
service provider may provide different templates which provide choices between the price and time
to completion. Since different clients have varied needs, clients would like to modify some of the
contracts in order to adjust it more closely to their needs, for example if a contract template states
a price of 200 USD for 10 hrs in time to completion, the client may need to readjust it to obtain
the results earlier in 8 hrs. The client may be willing to pay a premium and a total amount of 400
USD. The client in this case will negotiate and provide a counter-offer. The service provider will
weigh-in on the counter offer based on its overall objectives. The service provider by looking at the
counteroffer gets an idea of the client’s preferences and decides to make a final offer. The client
may then accept the new offer or decide to abandon the negotiation.

This is the problem we are looking forward to model. This is a simplification of a scenario
where the service provider may not only have to solve the negotiation problem with the client,
but also think on how to efficiently allocate resources across clients. Likewise the client may be
negotiating with one or more enterprises for the same service. Of course every client is different,
even the same client at different stages in time might behave completely different, although as a
service provider gets to know different kinds of clients, it may be able to classify its clients based on
common properties that the client have into certain classes (e.g. gold, silver bronze). Also different
clients have varying degree of quality sensistivity, large enterprises are highly sensitive to quality
requirements while small and medim business may not be as sensitive.



3. THE MODEL

We will model the problem as a dynamic game between the service provider and the client. Before
describing the game development, let’s describe the elements of the game. There are initial contracts
M = {(pj,q;)|7 =1,...,m}, the client may have different utility functions based on its type, this
type is denoted as A € A = {\;|i = 1,...,n}, there are probabilities known to each of the players
that refer to the client’s type, these probabilities will be denoted as P(A = \;) = r; and finally there
will be utility functions that describe the utility of commiting to a contract: for the service provider
the utility will be denoted as us(p, ¢) and for the client of type A will be denoted as u1((p, g), \).
Next we describe the game and how it develops:

e The client approaches the service provider, chooses one of the contracts (p,q) € M and
modifies it to his advantage. We’ll model this modification as choosing a contract (p’, ¢") such
that [|(p",¢') — (p,q)|| < ep for a given parameter e which will be refered to as negotiation
percentage.

e The service provider receives this counteroffer and extracts some information about the client’s
type. He uses this information to update the initial beliefs about the client’s type and give a
final counteroffer. Following the previous idea if (p’, ¢') is the client’s counteroffer, the service
provider chooses a contract (p*, ¢*) such that ||(p*,q*) — (', ¢')|| < np’, the parameter n will
be refered to as the service provider negotiation percentage.

Going into details, player 2 will be the service provider with a utility function us : R? — R and
ua((p, q)) describes service provider’s utility when the contract (p, ¢) is established. Player 1 would
be the client with a utility function u; : R? x A — R and u1((p, q), \) represents the client’s type
A € A utility when the contract (p, q) is established. Here the usual hypothesis are assumed, that
is, u1p > 0,u2p < 0,u14 < 0,u2g > 0, U1pp < 0,U19¢ < 0,U1pg = 0,u2pp < 0, U249 < 0,u2p = 0. We
will also assume that the client accepts any contract such that uq((p, ¢), A) > 0, the service provider
will accept any contract such that us((p,q)) > 0. The game played will be G = (A1, Aa, F') where
A; and A, represent action space for player 1 and player 2 respectively and F' is the payoff function
of the game. The action space for the client will be

A= {(p,q) € R?|[[(p,q) — (ps, 4j)|| < pje for some (p;, q;) € M}. (1)

For the service provider or player 2, the action space will depend on the action taken by player 1:

A>(p',q) ={(p,q) e R?[|l(p,q) — (P, d) || < p'n}- (2)

The payoff function F : A; x Ay x A — R? is as follows:

Fl((p/aq/)7 (pa Q)v)‘k) - (ul((pa Q)7>\k))+ (3)

uz(p,q)  Siui((p,q), Ar) >0

Here we will add an additional assumption in order to simplfy the subject:

F*(p',q), (@), A) = {



Assumption 1 Given the assumptions in section[3] then the nondominated strategies for the client
are finite. Moreover there are at most nm possible counteroffers (one for each contract in the menu)
and are solution to the problem:

max ui((p,q), \) ()
st (p,q) — (P, )|l < pje (6)

Here we consider the case when a client try to pretend to have another type. A proposition
follows:

Proposition 2 Given the assumptions in section [3] then the nondominated strategies for the ser-
vice provider given a counteroffer from the client (p',q') are finite. Moreover there are at most m
possible final offers (one for each client type) and are solution to the problem:

max uz((p, ) (7)
st |[(p,q) — @, ) <p'n (8)
ui((p,q),\) > 0 (9)

The assumption and the proposition that followed make it much easier to study the game and
therefore its equilibria. Now we extend the payoff function to the set of strategies:

.Al :{0'1 :(0'1(~|)\1‘))§n:’1| Z 01((p,q)|)\i):1 Vi:l,...,m.}. (10)
(p,.9)€AL
Az = {02 = (200, ) ppyear| Y o2((rs)l(p.9)) =1 ¥(p,q) € Ar}. (11)
(rs)€Az

In the following way,F : A; x Ay x A — R2:
F1(017027)\k Z Z Ul((pa q)|)\k)02((ra S)|(p7 Q))Fl((pv Q)v(rvs)vAk)' (12)

(p.q)€A1 (r,8)€A2(p,q)

F2(01’027>‘k Z Z 01((p,q)|)\k)02((r,8)|(p,q))F2((p,q),(T,S),/\k). (13)
(p,q)€EA1 (r,5)€A2(p,q)

The idea is to find an equilibrium, that is a situation where neither the client nor the service
provider would like to change their behaviour. The concept of equilibrium in this framework is
the perfect bayesian equilibrium or PBE. A PBE is a trio (beliefs, client’s strategy, service provider
strategy) =(u, 07, 03) that satisﬁesﬂ

(P1) Vi,of € arg max F'(ay,05,\),

a1 €A,
(P2) VYay,05(-|a1) € argar;?}z;u()\ﬂal)Fz(al,ag,)\i),

rjoi(ald)
Yoimy ot (an|Ai)

2Here we considered the natural extension of the utility functions to mixed strategies

Z rioy(a1lr;) > 0, u(Ajlar) =




(P1) and (P2) mean neither the service provider nor the client have incentive to change their
strategies since they are maximizing their utility. (B) means that given the actions of the client,
the service provider doesn’t change her beliefs about the client’s type.

Some results have been deduced for the model, such as:

Proposition 3 Given the model described, any strategy that satisfies (P2) is such that:

(V(p',q") € A1)(3(p,q) € A2(p', ")) a5((p,a)|(¥',d') =1



4. NoN LINEAR NUMERIC EXAMPLE: 3 CLIENTS 3 INITIAL CONTRACTS

The model considered for this example consists on a client’s utility function wi(p,q,\;) = a; —

cie~i%—p where the constants {a;}"; and {c;}7., are given, and a service provider utility function:

p—d— ce”? If client type X accepts
0 Otherwise

u(p,q,A) = {

where the constants d, ¢ and z are given. It was also considered m = n = 3, that is 3 types of client
and 3 initial contracts.

Initially we have the clients and the service provider, with their respective utility functions. In
figure [1| we show the contour of the utility function asociated to the reservation utility, that is to
say any contract with utility lower than the described is not acceptable, any contract with utility
greater than the described is acceptable. The contracts with greater utility are in the direction
of the arrow next to the utility function. For example for the service provider the contracts with
greater utility are found by increasing the price or lowering the quality.

Figure 1: Utility functions of the players.

This allows to define negotiation areas, that is contracts that are rationally acceptable for both
the service provider and the client. For example in figure 2] we see the negotiation area between the
service provider and the client type 2.

Figure 2: Negotiation area between the type 2 client and the service provider.

The same can be done for the type 3 client and the type 1 client.

Figure 3: Negotiation areas between the type 1 and 3 client and the service provider.

Initially the service provider offers 3 contracts that can be located in the graph as seen in figure
ik

The client has a certain area in which he can modify the contract, as seen in figure [5}



Figure 4: Location of the initial contracts.

Figure 5: Area of posible replyes from the client.

From within these contracts the client may choose his reply, of course this reply will have less
price and more quality if possible. For example possible client replyes might be like the ones
described in figure [6]

Figure 6: Possible client replyes.

Now seeing this counter offer the service provider tries to infer information about the client
and designs an optimal counteroffer within a certain negotiation range. In figure [7] we present a
negotiation range.

Figure 7: Service provider’s negotation range.



In figure [8] we present the final schema of the negotiation. This is the actual output for the
application developed.

Figure 8: Service provider’s negotation range.



5. AN EXAMPLE OF APPLICATION

The application was developed as a Java Swing frame based application using Eclipse’s Visual
Editor. The applications first screen consist of a dialog where you input all the parameters for the
problem: Negotiation parameters, utility function parameters (This may be estimated also) and
the initial contracts.

© 5P Interface
File Edit Help

Pror Probabittes |

amonetary ualey o 5555
Estimated rof00

Figure 9: Application Screen 1.

The next screen requires as an input a maximum number of iterations, with default value as
100. These iterations are for computing the action space of the players. As we saw in proposition
the client’s actions can be found by solving the problem , therefore according to Karush Kuhn
Tucker conditions the solution to is such that:

9 \iq
= p_ = N 14
p P; (e%q+c§)\§)%e (14)
Ci)\i5
q = ¢+ (15)

(2 + X))
Therefore we used the following fixed point iteration to solve :

B CiNED;
L Ol 1o
Ci/\ié“pj

17
(e2Man + (2X2)3 (17)

Int1 = ¢t
Here gy which corresponds to the solution of the linealized problenEI and the number of iterations
made are defined by the input parameter. To obtain the value of p we just replace the obtained
value of g in .
In the second screen of the application the program prints the optimal replies for the client as
well as a maximum error, this error is the difference:
Ci)\i&‘
(e2Xian + c3A)

Err =gy — (g5 +

o)

3Just linealizing the utility function.



where NN is the maximum number of iterations, then the error is the difference between the last
iteration and what would be the next iteration. The number printed is the maximum error among
all the computations.

P nterface BEX]

File Edt Help

Max Number of Hterations allowed: [100

Compute Rational Counteroffers From The Client

The rational Counteroffers for the clent are:

For the Gold Menu:

:8064.77
18, 4801

For client's type 3 then his optimal choice : $3060.01, G:8003.62 fs not afforda...

For the siver menu:

' 50516
For client’s type 3 then his optimal choice : $2125.44, :5018.23 is not afforda...

For the bronze menu:

Previous Next

Figure 10: Application Screen 2.

After having the solution for the client’s replyes the next step in the program is to find the
service provider replyes. In order to do this the problem to solve is described by @), to find the
optimal solution to this problem we first found the solution to the following problems:

(Pb1) max uz(p, g, \) (18)
st [l(pg) — @, <p'n (19)

(Pb2) ur(p,q,A) =0 (20)
[(p,q) — (@', )l =p'n (21)

To solve (Pbl) we used an analogous method, obtained the Karush Kuhn Tucker Conditions and
the followed the following fixed point schema in order to solve them:

, cznp/
P T AT ea) (22)
cznp’
nt1 = ¢ — P (23)

(6*2'5‘1" + C222)%

To solve (Pb2) we used to obtain a relationship p = f(q) +p’ for some function f that does
not depend on p. and replaced on . The following equation was obtained after replacing:

(q _ q/)2 _ n2p/2 _ (ai _ cie—Aiq _p/>2

Here f(q) = a; — c;e= 9. This problem has two solutions, both may be feasible. Then we

10



followed two fixed point schemas:

% = q (24)
Ghp1 = 4~ \/In2p’2 = (a; — cie™ Mt —p/)?| (25)
W% = (26)
Ghpr = 4+ \/In2p’2 — (@i — cie™ Mt —p/)?| (27)

To illustrate the fixed points we are computing let’s see figure

Figure 11: Fixed points solution.

In figure [11] we represent the negotiation area of the service provider by the brown circle, the
client’s utility function by the green curve and the client’s reply by the pink center of the circle.
The solution to is the blue square which would be the optimal without considering if the client
accepts or not, the solution to would be the black square, which would be a feasible solution for
both the client and the service provider, and the other feasible solution would be (27)). To obtain
the optimal reply given the type we consider out of these 3 problems (if applicable) which one gives
the most utility.

Screens 3 and 4 of the application show the optimal reply of the service provider given each

type.

@ 5 nterface oI [ s wtertace BRI
T e Eat_Hep
Possil Raphes rom The Sence Provder Possibl Reples From The Serce Provder
ihe cllntoffered (3063806477, you belee: v chnt ot 21254501825, ot
The client type is lambda 1, offe 1351.9,8064.77) The client type is lambd (2325.44, 23)
Toeclon tpe I lambia 3 afe: 03510806471 Toe clemt type b bl .t (2325 4 501823
0)

The client type s lambda 3, offer: (0. ‘The client type is lambda 3, offer: (1925.96,5003.91)
dyou beliove:
The client type is ambda 1, offer: (702.03,1090.07)
The client type is lamida 2, offer: (702.03,1090.07)
The client type is lamibda 3, offer: (702.03,1090.07)

[2
“The client type is lambda 1, off
“The client type is lambda 2, off
The client type is lambda 3, offe

.62), and you believe: and you believe:
Toechon ypo s it oor i The client type s lamiia 1, ofer: (692.22,1083.41)
The client type is lambia 2, offer: (3348.01,8003.62) The client type is lamida 2, offer: (692.22,1083.41)
The clent type is lambda 3, offer: (0.00.0) The client type is lambda 3, offer: (692.22,1083.41)

e clent oered 4772512854, sdyou b I the clien offered (612.92,1058.68), and you believe:
The client type s lambda 1, offer: (234 54) The client type Is lambda 1, offer: (668.92,1058.68)
The chont ype bt . offr: G347 12.313854) The client type is lambda 2, offer: (668.92,1058.68)
The client type is lambda 3, offer: 0.0.00) The client type s lambda 3, ofer: (668.92,1058.68)

2 1.67), and you believe:
The ciient type is lambda 1, offer: (2328.58,5051.67)
‘The client type is lambda 2, offer: (2328.58,5051.67)
The client type is lambia 3, offer: (0.0,0.0)

Previous Next Page Previous Equiibria

Figure 12: Application’s screen 3 and 4.

Now that we the information regarding the actions of the player what’s left is to find a perfect
Bayesian equilibrium. Before explaining the methodology followed, first let’s show the natural order
of the problem:

11



e The client follows a strategy o1 (:|\;)

— That strategy induces some beliefs p(Aj]a1) = %
T o (ar A

— The service provider decides to play o3 (-|a1) € argmaxa,ea, Y rey p(Ailar) F% (a1, az, Ai)
— The client obtains a utility F*(o1(:|\;), 05, \i)

Following this idea we decided to take an initial strategy for the client as an input, and use it

to compute a utility F*(o1(-|\;), 05, A;) following the schema mentioned above. Then by using as
motivation replicator dynamics we updated the strategy of the client as follows:

0_n+1 — gh Fl((pv Q),US,)\)
F O = 0N e G N (W )5

This means that whatever action that gives greater utility is used more often that those that give less

utility. Since the utility depends on the service provider response it’s not clear that this dynamics
converge to some value. We have the following proposition:

Proposition 4 Consider the algorithm referenced above, when used over a® such that o®((pj, q;)|(p', ")) >

Ov(p',q") € Ar  (pj,q;) € Ag, if o7 —y, 01 then (61, sigmal, p) with o3, pu obtained by the algorithm
form a PBE.

The application screen 5 is where you input an initial strategy and compute the clients utilities,
while application screen 6 shows the beliefs induced and the optimal reply by the service provider.
In screen 6 there is a RD button that iterates with replicator dynamics, there is a graphic button

which shows the final situation and there is a Txt button that creates and prints the results on the
text file: results.txt.

© 5P interface (=) /B | @ sp interface BEX]
Fle Edi Holp File Edt_Help
Cllent's Strategy. | |
it chnee po's a1 Wt v s cimcas ot ot conk || et of it bong e et oterg:
$3063.9,0 oansncpsorafofeensnesons o T | sossogonsirs s ssoun. e el st 175 som0or X
t216772u§12854 ’01 $2128.58,G:5051.... 0.1_$2125.44,G5018.... ot | szmvzqusn 015 $2128.58,:5051.... 0.15 $2125.44,
o 5 Sess2acions i 015 Se1z 92105068 015

fthe client's type is lambda 2. What are the chances of playing which cont... (|| Belief of chient being type 2 when he offered:
$3063.9,(:8064.77 [01_/$3060.18,6:8014.1 s B ssmeen on e g §iE S e
o e e e 4772, A4,G5018.

o1 3 ! 035 S50 22100547 025 612921105085 025

Ithe client’s type s lambda 3. What are the chances of playing which cont..| (| Belif of cien being type 3 when he offered:

Sossumetr o) e nemitifo jemarasns o, ] | e assuetars ey o igesset ReS S0 arE0s 8

$2147.7265128.54 (1.1 01 ||| $214772a512854 05 05 s F5015... 06
lo1 1 L 02 06 06 06

I cliont offers 3063.9,8064.77. Counteroffer 3351.9,8064.77 Exp.Utl 1420.8
FndEmca] e e
0. roffer 3348.01,8003.62 Exp.UtL 1419...
Expactedchens iy for type:
Gold (Type 1) i5:1341.6'
S (e 768
Bronze (Type 3) is:124.4

W clon afes $40.03,1080.07 Couneralor 70503109007 Exp 8 0050
Wellent offers 63622 1083.41 CounierfTor 892.22,1083.41 Exp i 892

—rre——r— - Fr————

o

Figure 13: Application’s screen 5 and 6.
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][]

File Edit Help

‘With the client’s strategy the induced beliefs are:

Belief of client being type 1 when he offered: |
$3063.9,4:8064.77 0.0 $3060.18,(:8014.1 0.0 $3060.01,4:8003.... 0.0
$2147.72,0:5128.54 1.0  $2128.58,:5051... 0.0  $2125.44,:5018.... 0.0
$646.03,:1000.07 0.0 $636.22,q:1083.41 0.0 $612.92,4:1058.68 0.0

Belief of client being type 2 when he offered: |
$3063.9,:8064.77 0.0 $3060.18,:8014.1 0.0 $3060.01,:8003.... 0.0

$2147.72,0:5128.54 0.0

$646.03,4:1090.07 0.0

Belief of client being tv
$3063.9,1:8064.77 0.0
$2147.72,q:5128.54 0.(
$646.03,:1090.07 1.

If client offers 3063.9,8
If client offers 3060.18,
If client offers 3060.01,
If client offers 2147.72,
If client offers 2128.58,
If client offers 2125.44,
If client offers 646.03,1
If client offers 636.22,1
If client offers 612.92,1

Scenario

w
i
s
A
e

Price
™
o
2
g
Ny

1,000 2,000 3,000 4,000 5,000 8,000 7.000 8,000 8,000
Throughput

10,000

—Type 1 Client @ |nitial Contracts Type 2 Client — Type 3 Client sP Client Replyes
» SP Replyes

Figure 14: Application’s final screen.
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6. RELATED WORK

Bargaining has attracted a lot of interest from economists for a long time. The emphasis done here
is based on signaling games as presented on [4], there is also a great development of this topic in [2]
and [6]; The signaling game that is somewhat similar to the one described is the education game
presented, where the degree adquired acted as a signal for the employer. Different approaches to
bargaining in multiple stages have been made by different authors, for example [5] used fictitious
play to replicate the bargaining process, which is an interesting dynamic that has many appreciable
properties. [7] uses an evolutionary approach to bargainnig such as the one used in the numerical
implementation designed to find the PBE.

This work is also incomplete as it is of great importance the resource allocation problem while
bargaining with two or more clients, since if both clients accept and the resources aren’t enough
the lack of service may lead to great money loses on penalizations and reputation.

Also the design of the initial contracts is of great importance since if they are optimal for the
clients initially there may be no need for bargaining. A great deal about designing optimal contracts
can be seen in [3].

Experiments may be used to validate the model, although as seen in [I] designing an experiment
is a very delicate issue, where cleaning the test tubes in order to isolate the effects is fundamental.
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7. CONCLUSIONS

The objective of this work was to develop a game theoretic framework for SLA negotiation in order
to study the dynamics of the negotiation process. There were several models developed, starting
from really simple models which could be studied completely to more complex models where only
partial results could be stated, the idea of making the models more complex was to be able to
reproduce as many aspects of real life bargaining as possible. The last model developd was the
one presented on this article, this model considered the fact that counteroffers usually don’t go
over a certain range, and that negotiation proceses on IT markets are not usually long which is
the main reason to consider a 2 stage bargaining model. The models had very similar dynamics,
which is good in the sense that it means that there is some sort of robustness of the model. It
is important to notice that the results have economic intuition, and are able to replicate in some
level the negotiation when the players have enough information about each other and also agree
in negotiation ranges. This hypotheses even though sound as too binding, are common sense in
real negotiation, the problem is that the parameters such as the negotiation range differ from each
player, and are usually hidden. The problem in developing a model where all of the parameters are
hidden are that the results will be so variable that it would not be possible to conclude anything.

After defining the model the next step was the development of an application that in some sense
solved the model, this application is to assist decisions more than a decision making application,
this is due to the fact that people usually are not completely aware of their utility functions and
make decisions base on an idea of their utility function.

There are some small adjustments that may be able to help produce more accurate results, such
as consider that if the contract is not accepted the utility may be «(0,0, A) rather than 0. This is
useful to represent situations where the reserve value for all the different client varies. The best way
to decide which adjustments strenghten the model, is to compare results from the model with actual
negotiations, and in order to do this there is first a calibration stage where the parameters such as
utility functions and negotiation precentages are defined, for example, using previous negotation
data or assigned by an expert. Considering the idea as a whole the model and the application
developed are just a contriution to a bigger and more ambitious project that as mentioned before
may be complete by adding some statistic methods for determining the parameters given data, and
equilibrium refinements for example.
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A  PROOFS

1.1 Proof 1: Numerability

Proof. Proposition The first thing is to recall the payoff for player 2 F2 : A} x Ay x A = R
defined by:

0 Siur((p,q), \r) <0
uz(p,q)  Siui((p,q), ) >0

F2((0',4), (0, 0)s \e) = {

Which in its extended version is given by:

| S el D ) E MO ) Silds| > g

2 /7 / Lo ((p, /7 / _ k
(W)l N DN =Y SSS g G DD F( ) (0120 AP a)) Sida] < N
7 k

Then since the player is rational will be maximizing its expected payoff, by choosing an strategy:

o3 € argmax F2((p', '), 02((p, 9)| (', ¢')))

To prove the proposition consider an action (p, ¢) not characterized by the system on the propo-
sition, and examine the cases.

Case 1: It’s feasible but not maximum. It can be seen directly that by choosing an action that
is maximal the payoff would be greater.

Case 2: It’s maximal but does not satisfy the inequality for any client. The payoff will be
zero, which is dominated by any action that’s feasible for some client, or weakly dominated by any
action.

Case 3: It’s not on the negotiation area. In this case the action is not feasible

Then the action space is finite and characterized by the systems on the proposition. m

1.2 Proof 2: Atomic Strategies
Proof. Proposition According to the previous proposition the payoff function for player 2 is:

F2((0' ), o2((p: )| (0 0)) = DD o2((py, )| (0 d ) F (W' 0'): (B 45): M) (Nl (2 0'))
ik

Reagruping:

FX((p',q),02((0, )10, 4))) = D 0203, )| (0, d DD F (@0, (0 43), M) Ok (0, 6)}
j p

By calling g((p;,4;)) = 225 F((P', @), (> 43), M)Akl (P, ¢'))- If we prove that max; g((p;, q5))
is achieved by just one point, the result would be direct. Given the assumptions if the value is
greater than zero, the result follows from the conditions of strict increase and convexity.

The previous proposition allows to identify an strategy form player 2 with a function h : A; — A,
such that h((p,q)) = (r,s) with (r, s) satisfying o5 ((r, s)|(p,q)) = 1.
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1.3 Proof 3: PBE Convergence

Dem. Proposicion We must verify that when we have o7 —,, ¢1 we are on a PBE. Given
tha algorithm (B) and (P2) follow directly since it’s the invariant of the algorithm. (P1) is still to
be checked. Assume (P1) is not satisfied, that means:
i, 07 (| \;) ¢ arg max uy(a1,05,A;)
a1 €A

If we have this it means that there is another strategy that delivers strictly more utility. Such
strategy can not have the same support as ¢y, if it had the same support and also the condition it

means:
F(o},05,)) > Fo, 05, \)
> o1 ((prs @) [N F (0 av), (D5, G5), X)) > > ot (x> 1) M) FH ((Prs ar), (D5 G5)5 i)
ke A ke A
J € Az(px, qr) J € Aa(pk, qk)
> ot (0 @) XD F 0k ak)s By o) i) > D> 010k @) N F (P @i)s By o)) M)
keA; keAy

Since o7 is the limit strategy using (?7?), it satisfies:

Fl((T,S),US,Ai)

3 =4 . 9
A M) = A0 A Ty 2o (25)
This implies that:
a1((r, )|\ F (d1,03, X;) = G1((r, s)| M) E ((r, 5), 05, Xi) (29)
Then:
a1((r, 8)|Ni) > 0= FY(d1,05,\) = FY((r,s), 05, \). (30)

So all actions played on the limit strategy pay the same value. Also there is no (p,q) such that
FY((p,q),05,\;) > F'(51,05, \;), since as they have the same support this contradicts .

Actually the only relevant thing is that there is (r,s) € argmax F!((r,s),03,)\;) such that
d1(r,s)[A;) > 0. This follows directly from the fact that o is achieved on finite time (still to
prove), and in any finite number of iterations N ¢ >0« o >0.m
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B INCORPORATING THE MODEL IN SLA NEGOTIATION

The main thing is to determine what the uncertainty will be. This uncertainty is what is referred
as type in the model, and it can be a parameter of the utility function, may be related to risk
aversion or clients preferences. Given the uncertainty we define the players, their strategies and
the payoffs. Then we start looking for equilibria. There are many possibilities: service provider’s
utility function is uncertain, client’s reservation utility is uncertain, service provider’s reservation
utility is uncertain, client’s type/utility function is uncertain, etc.

2.1 First Model: SP’s Utility Function is Uncertain

The client may not know how tight is the SP situation in terms of resources. The service provider
will most of the time try to give the impression she is in a tight situation in order to get more profit
as the SP may claim it’s more costly for her to give quality given the resources. Let’s define the
game in this situation:

The player with private information is the SP then she will be player 1 and the client will be
player 2. The strategies for both players could be various SLA’s templates and the space of possible
types could be a paramater of a particular function family or completely different functions. It
is important to point out that even if we consider certain utility functions and assumptions, the
client doesn’t know the SP’s utility function (Most of the time the SP doesn’t know his own utility
function) but he does know that if the resources are scarce it will be more costly, and has an idea
of how costly it can be. So in reality the situation is similar, and the main results established apply
in a certain degree.

2.2 Linear Example For The First Model

Consider that the possible utility functions for the SP may be w((p,q),0) = p—0q, 6 € © =
{01, 6>}, where 0; < 05; that is when the SP utility function is u(-,63) it means that the marginal
costﬂ quality is higher than when her utility function is u(-,6;). For simplicity let us consider that
the action sace of the service provider is A1 = {(p,q), (p,q)} such that p —61q > 0 > p — 62q and
P — 01 > D — 02 > 0; (p, q) represents a contract that the SP is unable to accept when she is tight
on resources. We consider that the probability that the SP is under the (-, ;) utility function is ¢,
and that the service provider accepts any contract that gives her utility greater or equal than zero.

Let’s assume that the utility for the client when accepting a contract (p,q) is V(p,q) = ¢ — p,
and that the client’s budget bounded by p*.

Now we can describe the payoff function of the game:

A xR?*x0 — R

. max{0, u((r,s),0}
((p:q), (r,5),0) ( o(r, 8) Liu(.0)>01 (7 8) )

F

The payoff for the service provider when accepting contract (p, q) is F*(-, (p, q), H)El The payoff for

4The marginal cost is the cost of delivering 1 aditional unit of quality.
5Even though it may appear that the initial offer has no relevance, the relevance of the SP initial offer is that it
influences the beliefs that the client has about the resources avaliability of the SP
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the client is F2(-, (p, q), ).
With everything defined we can describe the game in extensive form:

Type & ¢ {61,02)

layer 2

maz(0,u(r,5,8) max (0, (3,01}
V(r,5) Ul o0 V8 Nl os, o0y

Figure 15: Game in extensive form.

The payoff for player 1, as described before, is the first component of the vector located at the
bottom of the figure, player 2’s payoff is the second component .

2.2.1 Equilibria of the game
We would like to find (i, 07, 0%) PBE. Let’s study the possibilities:
(P1) Establishes that the SP must maximize her expected utility. That is:
of € argmax 37 3" ar((p,0)10)3 () (0, 0)) (7 — 05)*
(p,q) (r,5)
Which excluding all the contracts that the SP won’t accept, can be rewritten as:
of €argmax > an((p,q)l0)o3((r, 5)|(p,))(r — 0s) (31)
(p,9) (r,8)€Fp

Where Fy denotes all the feasible contracts for the SP. That is Fy = {(p, q)|p > 0q}.
(P2) Establishes that the client must maximize his expected utility given the beliefs for any
action (p,q). That is:

o5 € argmax Y _ u(0](p, 0) F*((p,q), 02,0)
%
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Which can be rewritten as:

03 € argmax 1(61((p, q)) D aa((rs)(p @) (s —r) + ulbal(pa)) DY aa((r,9)|(p, @) (s =)
(r,5)EF0, (r,5)EFo,
(32)
The last condition is that u satisfies the Bayes’ rule. According to the beliefs induced after the
offer we divide the equilibria in separating, pooling and hybrid.

e Separating Equilibria

A separating equilibrium is one that after the SP makes her move her type is revealed. Since
there is a contract that is unfeasible for the SP under one type, there is only one reasonable
possibility, that is:

wOil(p, @) =1 p(6:2/(P9) =1

What are the consequences/conditions for this type of equilibrium?
Proposition 5 Under the assumptions of this model there are no separating equilibria.

Proof. (P2) establishes that the client should maximize his utility given the beliefs, therefore:

03 € argmax Z az((r,8)|(p, @) (s — 1) (33)
(r,5)€F0,

o3 €argmax > ax((r,9)|(B,7)(s — 1) (34)
(r,5)€F0,

Figure 16: Maximization problem described by

Therefore we deduce that if #; > 1 then ¢3((0,0)|(p,q)) = 1 that is, there is no deal. We’ll sup-
pose from now on, that ¢; < 1. Then the previous condition states that o3 ((p*, §-)|(p, ¢)) = 1

and o3 ((p*, 2)|(7.7)) = 1.

21



Let’s see the conditions (P1) given this strategy o4:

o} € argmaxa, a1 ((5,9)|01)(p* — 0122) + a1 ((p, )101) (p* — 615) (35)
= o1((p,9)|61) =1 (36)
oF € argmax,, a1((p,q)|02)(p* — 02 92) +a1((p, @)|02) (p* — 92 o, )* (37)
0
= o1 ((p,7)|0=2) € [0,1] (38)

Finally the Bayes’ rule condition must be studied by cases:

If 2, 07 ((p, @)|0:) > 0 then (B) is satisfied only by the direct revelation strategy o7 ((p, ¢)|01) =
1,07((p,q)|02) = 0. This goes against condition . Therefore there is no separating equi-
librium such that o7 ((p, ¢)|01) > 0 or o7 ((p, )|91) > 0.

If > o7 ((p,9)]0:) > O then is satisfied only by the direct revelation strategy o7 ((p,q)|02) =
and o7 ((p,q)|61) = 0, but this also goes against condition

Then we conclude that there are no separating equilibria. m

Pooling Equilibria

Pooling equilibria are the ones that after the SP makes her move, the client does not update
his beliefs. That is:

w(01(@.9) =t p(b1l(p.q) =t

Proposition 6 Under the assumptions of this model the strategy of the client will be deter-
L1
02

i,17

ministic depending on the prior probability t. More specifically, oo(p*, 9 ) =1ift>

and o2(p*, %) = 0 otherwise.

Proof. Let’s study the conditions now, let’s call £(r, s) the variable representing as ((r, s)|(7, 7)),
then:

a%Eargmgaxt Z E(rys)(s—r)+(1—1%) Z &(rys)(s—1) (39)

(r,s)€Fo, (r,s)€Fo,

Linearity implies that the solution of the maximization problem is such that £(p*, %) +
&(p*, ’;—2) = 1 since other allocations give strictly less payoff. now the problem is to find the

optimal distribution over these 2 points. Let ¢ = £(p*, %), then the maximization problem
we have to solve is:
P A P
max t[(1—¢)(- —p*)+ ¢(E — )]+ 1 =11 =) (7= —p) (40)

0<$<1 0o 02

- and ¢ = 0 otherwise.

1
The solution to this problem is ¢ = 1 if ¢ > 22—,
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Figure 17: Maximization problem for the client

Since the equations are the same for az((r,s)|(p, ¢)) we have the same result: the strategy is
deterministic depending on t. m

This means that if the probability of a relaxed service provider is high enough the client will
always counteroffer according to the relaxed type. This is consequent with the fact that the
service providers signal does not allow the client to update his beliefs, therefore his decision
is not based in the signal.

Let’s see the other conditions that make this equilibrium sustainable.

Proposition 7 The pooling equilibria of this game are infinetly many, and are characterized

by:
oi (B @)0h) = o1 ((P:)02) =s Vs €[0,1] (41)
* 1 *
oa(p”, p_) =1ift> 012 ! oa(p”, p_) = 0 otherwise (42)
91 E - 01
w(011(p,q)) = w(01l(p,q)) =t (43)

Proof. The characterization of o2 had already been proven, and the last equation is the
definition of pooling equilibrium, let’s see the characterization of sigma;.

Conditions (P1): Since player 2 strategy is deterministic, depending only on the prior proba-
bilities it is not hard to see that if o5 (p*, g—z) = 1 the expected utility is always zero independent
of the type (since when she accepts the counteroffer gets zero, and otherwise she rejects the
counteroffer), and if o2(p*, %) = 0 she gets zero in case her type is 63 and constant equal to

p*— g—;p* in case her type is 61. Then there are no restrictions for o regarding (P1).
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The Bayes condition states that:

( to1—t ) (oi*((p,q)wl)) _ (af((m)lel)) (44)
t 1=t ) \oi((p,q)b2) o1 ((p,9)102)

That is SP’s strategy must be an eigenvector asociated to the eigenvalue 1 for the matrix
above. Then to satisfy this system it is neccesary that o3 ((p,9)|01) = o7 ((,7)|02). Then we
conclude it can be any strategy as long as it doesn’t depend on the type. =

Since we can use any strategy as long as it doesn’t depend on the type it would be nice to

find the optimal in mean for the service provider. But since the client does not care what
the service providers signal, he only cares about the probability ex ante, the Service provider
1

A1
expected utility is t(p* — Z—;p*) only if t < Sj_l regardless of the strategy.

01
Semi-Pooling Equilibria

In the case that the client believe the service provider never offers a contract that does not
give him positive utility, we have that:

w(01|(,q) = t; 11(62|(p,9)) = 0

Proposition 8 The semi pooling equilibria of this game are infinetly many, and are charac-
terized by:

o1 (P, @)|01) = o1 (0, Ql02) =s s €{0,1} (45)
oa(p”, Z—l) =1ift> Zi: — oa(p”, g—l) = 0 otherwise (46)
w01, 7)) =t p(b2l(p.q)) =0 (47)

Proof. (P2) Condition results for o3((r, s)|(p,q)) are basically the same, the change is that
now o3 ((p", 57)l(p: @) = 1.

01
If >~ o7 ((p, q)|0;) > 0 the Bayes’ rule implies that o7 ((p, ¢)|01) = 1 which has as a consequence
that o7 ((p,9)|61) = 0, also if Y o ((p,9)|0;) > 0, the other condition implies that
03 ((p,q)|02) = 0 which contradicts > o} ((P,§)|6;) > 0. Then the service providers strategy
will be to always offer (p, q).

If > of((p,q)|0:) = 0, means that o ((p,q)|0;) = 1 which satisfies condition , then the
other equilibrium is to always offer (p,q). m

Hybrid Equilibria

First we will study the case when the client believes the service provider is not willing to lose
money. In this context we have 1 extra parameter:

wO|(@a)=n  pillpg)=1
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Proposition 9 There are no equilibria with the beliefs u(61](p,q)) = n; 1(01](p,q)) =1
other than the case t =n

Proof. Algebraically is the same problem for the client as the case before, thus o3 ((p*, %)Kﬁ, q) =
1ifn> 1 7! , and o3 ((p*, %)\(f)@)) =1 otherwise.

Since strategy of (P2) is very similar as in the case before (algebracally the same), (P1) does

not add any restrictions just like in the case before.
1

L1
The Hybrid equilibria desirable for the service provider are those where 1 < ej_l. To achieve
01

this Bayes’ rule implies that:
U i\ (oi(BD16) _ (o1((B,9)|61)
( H1=n) 1-n > (01‘((19 q)|92)) - <0T((p,Q)I92)>

Which implies that o5 ((7,9)|61) = (31 tzg *((p,9)]02)

If 207 ((p,q)|0;) > 0, then the other Bayes’ rule condition states that of((p,¢)|f1) =1 and

a1 ((p,q)|02) = 0, therefore 1=07((p,9)|01) # (11 tﬁ’; o1 ((p,q)|02) = 0. Then this equilibrium

is not sustainable.

If o ((p,q)|01) = o7 ((p, ¢)|02) = 0, then the Bayes’ rule does not aply, but this directly implies
that o7 ((p,9)|01) = o7 ((P,q)|02) = 1. Which contradicts the previous Bayes’ condition unless
t = 7. Then the equilibria is not sustainable. =

Now if we allow that the client believes the service provider is willing to offer contracts not .
In this context we have 2 extra parameters:

w01, 9) =n  wbl(p,q) =7
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Proposition 10 The following (0,05, p):

(D) - SEE 48)
Gl = 1- L TF (49
X[ (= — _ (1 — t)77 ﬁ B ﬁ
* _ (1 — t)Tr %—t B ﬁ

0—1((27Q)|91) - t(l—ﬂ') (17 ﬁin_ﬁ) (51)

(o P 1) — (1-m+n _ G-1)
o3 (", )l (g) =1 If 7 g 1)) (52)

o P oy Q-m+n (G-
o3 (", o)l ) =1 If " < g _1)) (53)

- T+ (-n (G-
a3 ((p 7g)|(ljaﬂ))—1 If 1—7 > (;271) (54)

* T _ 1 1
o -1 T Ez_li (53)
w(011(p,q) =n w(01l(p,q)) =m (56)

Is an equilibrium.
Proof. Bayes’ rule condition (if the strategy is mixed) implies that:

1 i\ (o1 (@910 _ (o1 (3,961
( ) 1oy ) (i) = (ripion) o7

™ Zir \ (o1l @lor)\ _ (oi((p.a)l6h)
( Ll-m) 1on ) (ric i) = G dien) (58)

These equations imply that o7 (5, q)]61) = =227 ((p, 7)|62) and i ((p,q)]01) = %0{(@, q)|62).

t(1=mn)
The solution to (P2) maximization problem is:

¢

then o3((p*, 5-)|(p, 7)) = 1, otherwise o3((p*, §-)

(1—m)+n (ﬁ_l)

R * *
0o o 5 then o3((p*, B2)1(p. @) = 1, otherwise o3((p*, 25| (p, ) = L.
n (@*1) 02 =% 61 £

(7,9)) = 1, and if

Now instead of looking at condition (P1) let’s see how the utility function of the service
provider changes as she tries to implement this equilibria. That is let’s assume that the service
provider reacts according to Bayes’ rule, and see how much utility can she get depending on
the beliefs.
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Finally there is a restriction that completely defines o7:

ol (@ D)0h) +oi((p,@)l6r) = 1 (59)
(1-1t)n - (1- t)ﬂ'
T 0 —_— 0 =1 60
=0 . (1—t)m -
4 ) ——(1-o] 0 =1 61
t(l— )Ul((pvq)| 2)+ t(l—ﬂ')( 01((paQ)| 2)) ( )
The last equation implies that:
t T
o (B0 = 1T (62)
1-n 1-7
t T
oi(polts) = 1-5—= (63)
1—n -7
K (= — (1 - t)77 %—t - ﬁ
o (P, 9)l0h) = = (64)
td—n) 4 — %5
(1—r 1=
oi((p,@lb1) = (1- =) (65)
]
Therefore, there are 4 cases:
If U=mtn Gl ond ﬂ+(1 ) G then the SPs expected revenue is t(p* — 61 2-).
n (55— 1) (5;—D 02
If U=mtn (7~ and 7= (g 1 then the SP’s expected revenue is t(p*—6; 92)81 tZ;)’ g

1) )
n (g5— @ 1-n (g;-1)
1) 1)
1) 1)

7T+(1 n) > (91

a-m+n _ (Gr—
If =2 < - =

&=

and then the SP’s expected revenue is t(p*—61 & o ) =

t
1—t 1—
77 )

T—n 1-=

then the SP’s expected revenue is 0.

(1-m+n _ (71 r+(1—n) _ (gr—1)
If GH < s and 2 < A

Observation : Of course the service provider would like to achieve the first equilibrium,

(= ﬁ)+" > Eef 1; and ﬂ+(1n") > Egl 1;, to simplify notation let’s consider

the one when

(1)

(- =¢€ [0,1]. In order to satisfy these conditions it is necesary that :
02

(I-e¢n+er<ec and l—c<ern+(1—c)n (66)

Rewritting this last equation we have:
er+(1—¢c)ne€(el—c) (67)
To obtain this equilibrium it is necesary that % < ¢. We can do the same with the other

equilibria:
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_ =-1 _ -1
To obtain the one when & Z)Jr” > (57 =1) and ”Hlnn) < (57 =1) we must have that:

D = XD
e+ (1 —¢)n € [0,min{c,1 — c}) (68)
a1 a1
To obtain the one when =01 (911 D and ”Hi*") > (‘911 1 we must have that:
n (551 1-n (5;—1)
er+ (1 —¢)n € (max{c,1 — ¢}, 1] (69)
To obtain the one when (1= (i_ ) and mHlon) o (§—1) we must have that:
n (55;-1) 1=n (55;-1)
er+(1—c)ne€(el—c) (70)

To be able to achieve the last equilibrium it’s necesary that % > c,ﬂ

The case and are always accesible, and they give smaller revenue than the one that
can be achieved if % <ec.

So if % < ¢, we can obtain maximum revenue by finding feasible beliefs such that er+(1—c)n €
(¢,1—¢). If % > ¢ the service provider has to solve a maximization problem that yields what
beliefs are optimal.

2.3 Second Model: Client’s type/utility function is uncertain

Now let’s assume the service provider doesn’t know a parameter of the client’s utility function. For
example if the client’s utility function is V((p, ), A\) = ax — cxe™*? — p, where {ay,cy} are known
for each A, and the SP is uncertain of what’s the A of the client he is negotiating with, although he
might have an initial idea. We model this by assuming that there is a prior probability distribution
over a set of posible values of A ( IP(A = \;) = r;), that is common knowledge for both, the client
and the service provider.

The situation we are modelling is the following: The client goes to the service provider and asks
her what are the possible contracts she has to offer. The client then chooses one of the contracts
and modifyies it a little. The service provider’s looks at what the client chose as a contract and
updates her beliefs about what kind of client she is dealing with, and then offers a final contract,
taking into account the client’s counteroffer. The client will then accept or reject this counteroffer.

The changes in the model are as follows:

Now the first player will be the client and his action space is restricted to:

A ={P,9FB, ) e M (5, 2) — (p,a)l| < e}

Where M is the menu of contracts the service provider initially has to offer.
The counteroffer from the service provider when the client offers (p, ¢) will also be restricted to
the set:

Aa2(p,q) = {13, 0) — (P, @)l <7}
6Inducing the belief n = 7 = 1 can not be achieved unless t = %. Since it violates —.

2 2
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We'll consider e, n proportional to the price of the contract being modified.
The proportionality constant will be referred to as the client’s and service provider’s negotiation
factor respectively.

2.4 Linear Example For The Second Model

First let’s consider as an example when the utility functions of the service provider and the client
are linear. Then the client’s utility function is V((p,q),A) = Ag — p where A € {1, A2, A3} (this
is a simplification of the example mentioned before). The service provider utility function will be
u(p,q) = p — zq where z is some fixed constant. The service provider initially offers 3 menus:
(Pv, @), (Ps» gs) and (pg,qy). Now let’s describe the game:

First the client chooses (r, s) such that ||(r,s) — (pp, @)|| < &, ||(r,8) — (Ps, qs)|| < € or ||(r,s) —
(pgs4q)|l < €. Of course, the client has many choices, and for simplicity we’ll usually focus on 9
options: the ones that give maximum utility to the client for any kind of type.

Assumption 11 By solving the mazimization problem:

max Ag—0p (71)
st |(p,q) — (pj, q)| <€ (72)

where j € {b, s, g}, we obtain the different actions that the player may take.

The solution to this problem is:

3

p = Pj— (1+>\2)% (73)
Ae

_ ) 74

q q; + (1+>\2)% (74)

Which is what can be expected, they counteroffer less price and more quality within the range.

Next the service provider will take that offer, update her beliefs, and make a counteroffer that
will also be around the client’s offer. That is, the counteroffer (p, ¢) is such that ||(p, q) — (r, s)|| < 7.
The payoffs are similar to the game described before. If no contract is accepted then they both
get zero, and if the contract (p,q) is accepted the client type A and the service provider get
V((p,q), A) and u(p, q) respectively.We will also assume that the client accepts any contract such
that V' ((p,q),\) > 0, the service provider will accept any contract such that u((p,q)) > 0.

Proposition 12 When z # A, k =1,2,3, the SP actions are:

_ U
p = p +(1+z2)% (75)
e Ty (76)
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Where (p*,q*) is the client’s offer, or

W+ q*) £/ + )2 = L+ X2)(p2 + ¢ — )

T (1+2) 7
) =+ )2 = L+ X)) + g —1P)
po= A 1+ 22 (78)

Where (p*, q*) is the client’s offer and X € {\1, A2, As}.

Proof. Since we know that the client’s offers are limited we may do the same with the service
provider. The service provider will face the problem:

max p— 2q (79)
st [[(psq) — (0", ¢l <7 (80)

Where (p*, ¢*) is the client’s offer. Then the solution to this problem will be:

_ U

p = p +(1+22)% (81)
4/

L TR (82)

With this we have reduced the action space the players.

But there is a chance that the contract is not feasible for the client in that case the service
provider will go for a contract that’s good for him and also feasible for the client. A contract
defined by:

max p— 2q (83)
st [[(psg) — (0", q")I <7 (84)
M —p>0 (85)

The solution to this problem is:

)=V O+ )P = (LX) (2 + ¢ — ?) (86)
B (14 22)

p = M (87)

Whether is plus or minus is determined by which one gives greater utility to the service provider.
]

The game played will be G = (A;, A, F) where A; and As represent action space for player 1
and player 2 respectively and F' is the payoff function of the game. The action space for the client
will be

A1 ={(p,0) € R?|[|(p,q) — (pj, 4)|| < pje for some (p;, q;) € M}. (88)
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For the service provider or player 2, the action space will depend on the action taken by player 1:

A (0. q") ={(p.q) e R||(p.q) — (¥, ¢")|| < p'n}. (89)

The payoff function F : A; x Ay x A — R? is as follows:

FYW ), (.a), M) = (V((p,q)s M) T (90)

ulpg)  SiV((p.g). Ax) >0 S

F2((0',d'), (P, @), M) = {

2.4.1 Equilibria

Here we have more parameters than in the case before, let’s just study the equilibria we’d think
more likely: hybrid equilibria. Let:
p(Ailo;) = as;

Where o, is the optimal offer for client type /\jf[%-],3 when choosing the (p[%]ﬂ, q[%]ﬂ) contract.

To study (P2) condition let’s recall what was mentioned earlier about the action space of the
service provider. Now that we know the strategies, payoff and beliefs for the service provider. This
show us that depending on the belief of the value of A\ the service provider has 3 choices for each
value, and 7 choices total. Considering this the solution to (P2) is direct: The service provider will
play the contract that gives him the most expected utility. Explicitly the condition is:

3(+0j) € argmax > [F%(05, 0s A)ar; + F2(05, 0k, Aa)az; + F*(0;, ¢, As)aglaler)  (92)
Ok

Where ¢ represents one of the possible offers made by the service provider, mentioned in the
previous paragraph. As mentioned before the solution to this problem is o3 (px(;j)|oj) = 1, where
k(j) is such that [F?(0;, or(), M)ar; + F2(0j, @r(j), A2)azj + F2(05, 0r;), As)as;] is maximum.

Now with o3 defined (with the beliefs as a parameter), we can find the client’s expected payoff
given an strategy. Given a strategy o1(+|\;) the client’s payoff is:

Floi(h),o5,0) = Y o1(051M) Y 05 (eklo) Nigk — pr) (93)
J k

= Y o1(051 ) Nk — Prii)) (94)
j

Where gj, and py, are the quality and price stated in contract ¢i. Therefore if the client is rational,
given the beliefs he will maximize his payoff while trying to keep the beliefs.

Even thoughnstudying this game would be interesting we will focus on the next model, which
is a more general than this model.
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