The Value of Cooperation Within a
Profit-Maximizing Organization

N. Tran', D. West, C. Giraud-Carrier, K. Seppt, S. Warnick, and R. Johnsdn

I Information Dynamics and Intelligent Systems Group
Computer Science Department, Brigham Young University, Provo, UT 84602

2 Charles River Associates, Inc.
Salt Lake City, UT 84101

Abstract—This paper proposes a measure to quantify the weak indicator of market power [3]. A more direct measure
value of cooperation experienced by a firm. Using a "reverse” of market power that is insensitive to legal definitions of
gnueég‘t?(; s(')’g(‘j'ag'rggoippégﬁcrgéherlzggeelmaggtg:rgi::g’s _?rr]?;'tsis market boundaries but highly sensitive to the economics of
accomplisherc)i by considering trF])e profitymaximizing dynamics _the U”de”y'”g product network would make a §|gn|f|c§nt
of firms in the market as defining a value function of a coalition ~ impact on antitrust efforts. The value of cooperation a firm
game. A simple example illustrates the ideas. is able to realize within a given economic environment is a
| INTRODUCTION step in the direction of computing market power directly.

. o o This work draws heavily from the theory of industrial
This paper derives a method for quantifying the Valu%rganization and coalition games[7], [1], [5], [6], [4]. The
of cooperation (VC) and the relative value of cooperatiomost closely related work to our study is recent work on
(RVC) experienced by a firm. The idea is to let the profitnerger simulations. One paper [2] describes how the impact
maximizing dynamics of a given market structure define thgs 5 proposed merger can be computed by evaluating the
value function for a particular coalition game. post-merger equilibrium prices. The paper considers com-
With this idea, we may aid anyone who needs to knoWnon functional forms of demand functions, and indicates
aboutaprodupt’s place in the product network. For busine%w to conduct the merger simulation in each case. The
managers, this means they can know the products thgiiiye of cooperation proposed here is found through a kind
business offers which contribute to a greater whole, ast "reverse” merger simulation that explores the impact
opposed to those product lines which may be sold off witl¢ gpjitting the firm into its constituent economic units to
minimal impact. They may also discover which producletermine the value it is realizing by unifying the objectives

lines would be most advantageous for their business. GiVgf these basic units.
any set of products inside or outside the business, we mayrpe next section introduces the dynamic framework mo-
calculate the value of this set (with profit maximization thecivating the profit gained at equilibrium as a viable value

objective). . , L function. A coalition game is then formulated using this
Our method is also useful for the antitrust division of thevalue function, and the Value of Cooperation and Relative

Justice Department. They are interested maximizing 0@k e of Cooperation are then introduced as measures on

social welfare in a market by protecting market competitiony,;q game. A simple example is then provided to illustrate

To do this, they attempt to measure the control a particulgfe jgeas, and the conclusion and future work summarizing
company has on the market and take appropriate measurgs, \vork follows.

Their preferred measure of the market power of the com-
pany is the Herfindahl-Hirshman index (HHI) [7], the sum

) ; [I. PROFIT MAXIMIZING DYNAMI
of the squares of each firm’'s market share, given by © ¢ cs

N Consider a marketM, of N products. Without loss of
Iy = Z(Si)2 (1) generality, give these products an arbitrary order and integer
i=1 label so thatM = {1,2,...,n}. Let p € RY be the vector

This measure, however, relies on legal definitions off (non—rjlfgative) prices for thes¥ products, and ley :
particular markets and focuses on a computation of markBt — R be the (non-negative) demand for these products

share. Market share, however, has been shown to be@hPricesp. .
A firm, F' is a subset of théV products in the market,
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model, this implies that the firm may set the prices of the Notice that if the market system (2) has an equilibrium,
n = |F| products assigned to it. such a pricing vectap., would represent prices from which

We suppose that the products of the market are partio firm can improve its profits by unilaterally changing the
tioned betweenn firms. This implies that no two firms prices over which it has control. Under certain technical
control the same product; (F; = 0 Vi # j, and that conditions such an equilibrium can be shown to exist.
the union of all products assigned to thefirms compose Moreover, this equilibrium can often be shown to be asymp-
the entire market J;" | F; = M. totically stable, in the sense that any pricing vegt@r) will

Let ¢;(g;), 7 =1,...,N be the cost of production af; converge to the equilibriurp., ast — cc.

units of productj. The profit of thei*” firm then is given . THE EIRM AS A COALITION IN A

by MULTI-COALITION ENVIRONMENT

i = Z 19 (P)p; = ¢(4;(P))] Under the assumption that the market dynamics are
) ) _]_eFi ) stabilizing, we expect price perturbations to re-equilibriate.
A profit-maximizing firm under the Bertrand model of | this context, it is convenient to simplify the problem
market behavior will tend to change its prices to maximizgy only considering the profits of the firms at equilibrium.
its short-term profit. We model this behavior by assuming-hese profits define a payoff function reminiscent of those
that the firm will evolve the prices of its products in thesed to define coalition games.
direction of maximally improving its profits. That is, if Letv(F;) = m|,_, be the payoff or profit of firm at
product j belongs to firmi, then we expect the firm t0 the market equilibrium prices.,. In this way the firm may
evolve the price of product as be thought of as a coalition of; players in anN-player
dpi(t)  Omi(p) cooperative game. Each player is a one-product company
“at p; that completely manages the production, distribution, and
»(6) pricing decisions for its product. The firm, then, is a
wherep(t) is the pricing vector for the entire market at timeconfederacy of these one-product companies that works
t. together to maximize their combined profits or payoffs.
Notice that these dynamics suggest that if the partial The theory of coalition games studies the behavior of
derivative of profits is negative with respect to the price okuch coalitions once the payoff function is defined for every
productj, that the firm shouldiecreasehe price of product possible coalition. The idea is that any given coalitiBn
J. This is in the direction of improving profits. Likewise, if yields a well-defined payoffi(F;), and then a number of
the partial derivative were positive, the firm woufttrease questions can be explored regarding how to distribute the
the price of producy to improve profits. When the partial payoff among the members of the coalition, etc.
derivative is zero, the motivation is to hold the price at this Qur situation is different because the payoff to a given
locally profit-maximizing position. firm doesn't just depend on the products it controls, but
Reordering theN market products so that each firm'salso on the market structure of the products outside the
products are grouped together, and lettinde the number firm. For example, consider a 10-product market and a three
of products controlled by firmi, we then can partition the product firm in the market. The payoff to the firm does not
pricing vector into components associated with each firm. jfist depend on the prices of the three products it controls,
every firm in the market is assumed to be profit maximizingout also on the prices of the other seven products. The
this yields the following market dyanmics: profit-maximizing equilibrium prices of these other seven
p1(t) q - (01 /Op1) (p(2)) q products, however, may be_ set qlifferently depending on
) whether they belong to a single firm or whether they are

: controlled by seven different companies. Thus, the payoff
Py (1) (0m1/0pn, ) (p(t)) to the three-product firm depends on the entire market

structure.

Pny+1(t) (Om2/Opn, +1)(p(t)) Coalition game theory addresses such situations by con-
: : sidering partition systems and restricted games. For our
purposes, it is sufficient to partition th€ products of M
into m firms and then assume that this structure is fixed
outside of the particular firm that we are studying. This
enables us to work with a well defined payoff function
- induced by the profit-maximizing dynamics of firms within
Py m o1 (t) (0 / Ops-~ m—1 ni1)(P(@)) the market without eliminating the multiple-coalition (i.e.
. . multiple firm) cases of interest.

Poina® | = | 072/, 1) (0(1)

I pZN(t) | I (7 /PN ) (p(1)) | ' IV. VALUE OF COOPE.R/.AT|0N
(2) To quantify the value of organizing a group of one-
where the dot notatiop(t) is used to represenlp(t)/dt.  product companies into a single firm, we need to compare
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the profits the firm receives if it sets its prices as if eache divided between members of the team. In both cases, the
of its products were independent companies with those jitotential and Shapley value do not suggest anything about
realizes by fully capitalizing on cooperation between thé¢he intrinsic benefit of forming coalitions in the first place.
products. More precisely, lei., be the profit-maximizing The Value of Cooperation, VC, and Relative Value of
equilibrium prices for the given market structure. In conCooperation, RVC, on the other hand, capture the natural
trast, consider the new profit maximizing equilibrium pricessignificance for organizing production into multi-product
achieved without cooperation if; were divided into its firms. Nevertheless, these measures do not yield any infor-
constituent one-product companies and each independentiation about how the profit of a firm should be efficiently
optimized their prices. Let this second set of equilibriumnvested into each of the firm's constituent production
prices serve as a basis for comparison, or reference, ales. Thus, the measures are inherently different from the
be denoted,.. . The value of cooperation (VC) of a given potential or shapely value of the coalition game that focus
firm F; in marketM with structureS = Fi, Fs, ..., F,,, IS more on the value of a member of a coalition to the group
then given by rather than the value of the coalition as a whole.

VCret(F5,5) = mil,, — ™

Pref ®3) V. EXAMPLE

This measure captures precisely the value realized byTo illustrate the point, consider a two product economy

the firm due to cooperation within its organization. Nev—With linear demand given by

ertheless, the measure carries units of dollars and reflects a
kind of absolute dollar-value of cooperation within the firm. a) | | =35 -1 pi(t) 100 )
Moreover, note that the measure is always non-negative | ¢»(t) |~ | —3 -2 pa(t) 100

since the cooperating firm can always recover at least the hat th . ducti f h d .
non-cooperating, or reference, profits by simply setting th§_uppose that the unit pro .uct|on cost of each product is
c1 = 10, co = 10. If we consider a market structure where

prices it controls inp., to those ofp,. . .
A related measureg captures thée mrelative” value of cof@ch product is produced by an independent company, the

operation (RVC) by normalizing/C,¢ by the equilibrium profit function for each company becomes

profits as: m(t) = @) (pi(t) —c1)
il — il = —3.5p7 — p1p2 + 135p; + 10p2 — 1000
RVC (£, 8) = e (4) (6)
e m(t) = @) (pa(t) ) @
This measure is interpreted as the percentage of profits = —2p3 — 3p1p2 + 30p1 + 120ps — 1000

due to cooperation within the organization. It is bounde King th tial derivati f h fit functi ith
between zero and one, and it facilitates direct compariso lngt te ?ﬁr lal deriva |:/es of eac p_robll unc |(]2_n (;Nlth
between firms of different sizes. respect to the appropriate pricing variable, we fin e

Sometimes we may be interested in measuring the Val@éoflt—maxmlzmg market dynamics to be:
of cooperation between structures other than the current [ ap, () 7 1 ‘ 135
market structure and the reference structure. This could be l ] = [ 3 4 } { pi(t) } + { ] (8)

o . -3 - pa2(t) 120
the case when considering mergers between firms, or when
management is considering selling off a piece of the firm.
In such cases it is easy to extend the definitions of VC
and RVC by simply replacing the equilibrium and reference
prices with the equilibriated profit-maximizing prices of the
two market structures being compared.

It is instructive to contrast the VC and RVC with other
measures used to characterize cooperative games. Hart i 5 .
Mas-Colell defined a measure, called the potenfglthat @
computes the expected normalized worth of the game i.
the per-capita potentiaP?/N, equals the average per-capita -
worth (1/m) ", (m;)/(|Fi|). Given a market structure, this 6000
measure characterizes the expected profit of an averac
sized firm (where size is measured with respect to th
number of products the firm controls) in the market, ever &
if such a firm does not actually exist.

Moreover, the potential has been connected to anoth
measure, called the Shapley vailbig, which yields the
marginal contribution of each product in the market. This
measure characterizes how the payoff of a coalition should Fig. 1. Two firm price trajectory and profit function

dt
dp2 (t)

dt

-2000
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Figure 1 shows how the two-firm dynamics drive an VI. CONCLUSION
initial pricing vector to a profit-maximizing equilibrium.  Tpis paper explored quantitative measures to calibrate

This equilibrium price is the value of cooperation within a specific firm in a given
16.8 market. The idea is to assume profit-maximizing dynamics
Dref = [ 17.4 ] : among the firms within the market and compare equilib-

_ o _ rium profits in two different scenarios. The first scenario
and the associated equilibriated profits are = 161.84,  considers the firm as it is, as a single economic entity with
T2 = 109.52. a unified objective and exhibiting full cooperation between
Now, consider a market structure where both products afg various economic units. The second scenario considers
controlled by the a same firm. In this case, the firm’s profigplitting the firm into its constituent economic units and
function becomes computing market equilibrium prices if these units were
) = qt) (i) — 1) + ga(t) (pa(t) — ¢2), to fail to c_ooperate and_acted completely mdependen_tly
_ 2 _ 9.2 out of self interest. The difference between the cooperative
= —3.5p{ + 165p1 — 4p1p2 + 130p2 — 2p5 — 2000. ( : , :
profits of the first scenario and the aggregate profits of the
(9) fits of the first d th t fits of th

With this market structure, the firm adjusts the prices ofndependent units of the second scenario define a measure

both products to optimize the same objective. These newe call the Value of Cooperation, VC, of the firm in its
dynamics become: current market environment. A second related measure is

the Relative Value of Cooperation, RVC, which normalizes
[ dpdl—t(t) ] B { -7 —4 ] [ p1(t) ] N [ 165 } (10) the VC measure by the cooperative profits to yield a unitless
dp2(t) | T | —4 —4 pa(t) 130 |- metric that reveals the percentage of profits derived from
cooperation within the firm.

Quantifying the value of cooperation is a first step
in understanding how firms exert market power in their
respective environments. This information is important for
both managers, who hope to leverage the information to
better lead their organizations, and regulators, who want to
monitor the impact of corporate decisions on social wel-
fare. Future work will concretely establish the relationship
between the VC and RVC measures and market power and
indicate how to compute approximations to these metrics
from readily available market data.

dt

profit
T
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