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The research is motivated by the significant increase in multiproduct mergers in
the meat-protein processing sector, whereby the largest firms now process beef, pork, and
chicken. This thesis conducts a theoretical merger analysis, accounting for both within-
and across-submarket substitution of demand related goods. The model developed is
suitable for analyzing markets in which there are identifiable consumer submarkets
within a larger market.

The results indicate two primary findings. The first finding is that Bertrand firms
have a unilateral incentive to merge. Firms involved in a given merger increase profit, as
well as those not included in the merger. Second, it is found that without sufficient
realized scope economies by the merged firm, significant anticompetitive price increases
are likely. However, as substitutability within and across submarkets tend towards each
other in magnitude, the required cost reductions for welfare neutrality increase vastly.

Additionally, guidelines for future empirical analysis are discussed.
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CHAPTER I

INTRODUCTION

“Tyson Foods has a multi-protein business model. We produce about one out of
every five pounds of chicken, beef and pork in the United States along with a
broad portfolio of prepared foods...”.

Tyson Foods, Inc.’s Fiscal 2013 Fact Book (Tyson Foods, Inc., 2014)

The preceding statement published by a leading processor of beef, pork, and
chicken in the United States illustrates the meat protein industry’s belief that the relevant
consumer product market in the U.S. is that for ‘meat-protein’. The objective of
producing all meat-proteins is not new, but the realization of these multiproduct firms is
relatively new in the history of mergers and acquisitions, within the meat-protein sector.

Beef, pork, and chicken are the primary meat-protein sources for American
consumers. The United States Department of Agriculture’s Economic Research Service
(USDA-ERS) calculated that 2013 per capita availability' of beef was 53.6 boneless

pounds, pork was 43.4 boneless pounds, and chicken was 57.7 boneless pounds (USDA-

! Per capita availability is a commonly used proxy for U.S. food consumption (USDA-
ERS, 2015b; Bentley, 2012). Bentley (2012) describes per capita availability, “Per capita
estimates are calculated by dividing the total annual supply of a food by the U.S.
population for that year. Although these estimates do not directly measure actual
quantities eaten, they provide an indication of whether Americans, on average, are
consuming more or less of various foods over time.”



ERS, 2015a). Figure 1.1 provides per capita availability for beef, pork, and chicken from
1963 to 2013, in boneless weight equivalents. Figure 1.1 is adapted from the work of

Bentley (2012), published in USDA’s Amber Waves Magazine, using more recent data.
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Figure 1.1  1963-2013 U.S. Per Capita Meat Availability: Beef, Pork, and Chicken

Source: USDA-ERS

In recent years, there have been several mergers within and across the three major
meat-protein industries; beef, pork, and chicken. Today, two of the three top meat
processors in the United States, Tyson Foods, Inc. and JBS USA, maintain significant
market shares in beef, poultry and pork processing (Tyson Foods, Inc., 2016; JBS, 2016).
Further, Cargill, Inc. remains a significant competitive force in the beef industry, as well

as competing in the domestic turkey industry (Cargill, 2016).



On October 30, 2015, JBS SA purchased Cargill’s pork division with no comment
or restriction from the Department of Justice (Reuters, 2015). Given the high percentage
of domestic consumption of beef, pork, and chicken, consumers are at risk of being
negatively impacted by increased market concentration and changing market structures in
the meat protein processing sector. One reason for these impacts is that demand for meat
protein (and by extension the derived demand to processors) is necessarily more inelastic
than that for any one sub-product. Hence, there is a potential for market power extension
and higher aggregate meat prices.

To understand the potential competitive implications of multiproduct mergers, it
is important to first understand how the Department of Justice (DOJ) has historically
evaluated the potential for economic harm from multiproduct mergers. In any merger
analysis, the definition of the relevant market is a critical step, and frequently the most
contentious when courts evaluate the competitive implications of a challenged merger.
The relevant market has two dimensions, product space and geographic location? (DOJ,
2010). The predicted competitive implications of a merger are necessarily impacted by
how broadly or narrowly the relevant market is defined. For instance, if the relevant
market is narrowly defined, the number of competitors is necessarily reduced and
increases the market concentration and the potential for economic harm from a merger.
As aresult of this, the firms proposing the merger will contend that the relevant market is

much broader and thus the merger has little potential for economic harm.

2 Refer to the 2010 Horizontal Merger Guidelines (HMG) (DOJ, 2010) pages 7-14 for detailed information
regarding the market definition concepts of product space and geographic location.
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Problem Statement

Little research has addressed the impacts of any multi-product merger in the meat
protein sector. In past meat processing mergers, the DOJ has restricted the definition of
the relevant product market to include only beef, pork, or chicken. For example, when the
DOJ challenged the JBS-National Beef merger, they considered only the competitive
effect in beef processing, primarily on the potential for a lower price paid to local
producers and higher beef prices to consumers, as seen in the DOJ statement of the
abandonment of the merger (DOJ, 2009). No mention was made towards the effects the
merger would have on competition, if allowed, in the other meat protein markets. A
limited number of empirical multiproduct merger analyses exist, and still even fewer

generalizable models exist for such an analysis.

Economic Research Contributions

The primary objective of this analysis is to develop a theoretical model to analyze
the competitive implications of multi-product mergers and their potential welfare
impacts. The resulting theoretical model will then be applied to the major meat
processing sectors. Further, this model generalizes to & differentiated markets, with j
unique submarkets within the larger market. The results of this work are intended to
identify conditions in which multiproduct mergers reduce competition and welfare.
Additionally, this research is intended to provide guidance for future merger simulations
and econometric analysis, first in the meat processing industry but applicable to any

differentiated product industry.



CHAPTER 1II

HISTORICAL AND LEGAL CONTEXT OF THE ISSUE

This chapter provides insight into the historical aspects of the beef, pork, and
chicken processing industries. Their past conduct and practices have shaped how these
industries are viewed today. Understanding the origins and early history of the meat
processing industries is fundamental to understanding how mergers and acquisitions will
affect the structure and conduct of those engaged in these industries. Azzam and
Anderson (1996) and Azzam (1998) also provide historical perspectives of meat
processing firms and a review of the relevant economic methods.

To understand the economic concepts involved is not sufficient for proper
analysis. The legal environment must also be considered. This chapter provides
background about some the applicable legal concepts. Understanding the legal
environment of antitrust is essential because antitrust policy issues and merger analysis
are largely legal issues that are heavily informed and guided by sound application of

economic principles.

A Short History of the Meat Processing Industries
Early History of the Beef and Pork Processing Industries
The meat sector has an intriguing history in the United States. This sector has long been
associated with competitive concerns. Francis Walker (1906) provided a thorough

background of the early meat-packing sector. Walker describes that in the early 1900’s,
5



four firms (known as the “Beef Trust”’) dominated both the beef and pork processing
industry, primarily in the Midwestern United States. The Beef Trust consisted of several
dominant firms that owned the stockyards where producers sold their livestock,
processing facilities that slaughtered both beef and pork, rendering plants, and hide
plants. The Beef Trust also controlled cold storage warehousing, refrigerated rail cars,
marketing resources, and other distribution systems. This market structure brought
concerns by livestock producers, consumers, and federal regulators regarding price-fixing
and other anticompetitive actions extending to unfair treatment of workers and unsanitary
production conditions. Walker goes on to detail that on March 20, 1905 a grand jury
indictment was given for violation of the “Anti-Trust Act”. However, the meat-packers
were not prosecuted due to technicalities surrounding immunity and subpoena (Walker,
1906). Walker concludes with the following:
“In the report on the “Beef Trust” the country has shown that the popular opinions
respecting the wholesale prices of beef and the profits in the beef industry were
founded on ignorance and error. At the same time it prosecuted the packers for
alleged violation of the anti-trust law. The failure of the Government in that
undertaking was not due to any lack of zeal and energy, but to a technical legal
obstruction which no one could foresee—the opinion of one judge on a new point
of law; and if that obstruction had not appeared, the case would have been fought
to a finish on its merits.” (Walker, 1906).
Later, in 1918, President Woodrow Wilson received a report from the Federal
Trade Commission (FTC) detailing the extent of continued anticompetitive actions by the
meat packing companies (FTC, 1918). The FTC found significant abuses of market

6



power; unethical, anticompetitive, and often illegal business practices; and evidence of
collusion among meat packers. The FTC recommended that the government take over
much of the railroad sectors utilized or owned by the packers (rolling stock, stockyards,
refrigerator car equipment and operations, cold storage facilities, etc.) and establish fair
marketing and storage systems(FTC, 1918). In 1920, the largest meatpackers signed a
consent decree with the DOJ agreeing to liquidate all activities except meat processing.
(Fewster, 1930). Soon after, the Packers and Stockyards Act of 1921 was enacted into
law, giving the Secretary of Agriculture regulatory authority over meat packers and live

poultry dealers (Folsom, 1980).

Early History of Poultry Processing

The poultry processing industry also has unique beginnings. According to the
National Chicken Council (National Chicken Council), it was largely a subsistence-level
activity until the 1920’s and 1930’s. Until that time, broilers were largely a byproduct of
egg production. Large broiler production operations began to gain in popularity in the
1940’s. At first, these were separated from feed mill operations and processing centers.
Quickly, the poultry industry began to show signs of vertical integration (National
Chicken Council, 2015). Currently, companies in the poultry industry are vertically
integrated; a typical poultry firm consists of hatcheries, feed mills, chicken houses, and

processing plants.

Recent Consolidation and Concentration in the Meat Processing Industries

Beginning in the 1970’s and 1980’s, consolidation and concentration have been

on the rise within the beef processing industries, while the pork industry has experienced



increased consolidation with moderate concentration increases, as well as a significant
shift toward vertical coordination (MacDonald et al., 2000; Azzam, 1998). Ollinger et al.
(2000) argues that there has been increasing consolidation in the poultry industry as well,
although the four firm concentration ratios are not unacceptably high. The authors argue
that the impacts of increased concentration may be limited by large increases in demand,
both domestic and abroad. Additionally, in the poultry sector, the need for quality birds
and increasing size of poultry plant facilities has led to vertical integration (Ollinger et
al., 2000).

Consolidation in these industries has given rise to concerns about market power
by some, including those in government. An example of this is the Senate Hearings on
Agricultural Market Concentration (2001), at which several notable individuals testified
concerns about concentration and market power in agriculture, including the beef packing
industry. Interestingly, a vast majority of the literature supports that increased
concentration in beef packing has occurred for reasons other than purely gaining and
exerting market power. For example, MacDonald et al. (1996), MacDonald et al. (2000),
and Ollinger et al. (2000), discuss the increasing economics of scale as a primary reason
why these industries have become more concentrated and processing plant sizes have
increased.

Four-firm concentration ratios, which measure the percentage of the market
slaughtered by the four largest firms, provide a widely used measure of market
concentration. GIPSA provides the following information: the largest four firms (in their

respective industries) accounted for 85 percent of steer and heifer slaughter, 56 percent of



cow and bull slaughter, 64 percent of hog slaughter, and 51 percent of broiler chicken

slaughter (GIPSA, 2014).

Legal Context of Merger Analysis

Historically, mergers and acquisitions in meat processing were largely within
animal species and allowed to continue unfettered until recently (DOJ, 2009). To evaluate
horizontal mergers, The DOJ and FTC utilize the Horizontal Merger Guidelines, herein
HMG, (DOJ, 2010). The HMG detail many of the conditions and tests used to determine
if a merger is anticompetitive, increases market power unacceptably, or provides
increased opportunities for collusion or exclusion (DOJ, 2010). Of these possible
anticompetitive outcomes, increases in prices to consumers are often the greatest concern.
With the rejection of the JBS/National Beef merger in 2009, the DOJ seems to have
halted further concentration in the beef packing industry. The DOJ rejected the merger on
the basis that it would lower prices received by producers and result in higher beef prices
for consumers (DOJ, 2009).

Over the last 20 years, there have been more multiproduct mergers (i.e.,
horizontal mergers across species and related meat products). Firms engaged in one of the
three meat-protein industries have merged with firms producing a different meat-protein,
resulting in a new merged firm that is engaged in multiple major meat-protein industries.
Historically, these multiproduct mergers have not been challenged. On October 30, 2015,
JBS announced the completion of the acquisition of Cargill’s Pork assets (Reuters, 2015).
The DOJ did not challenge the merger. The DOJ may have considered the merger a
conglomerate, a type of merger very infrequently challenged by the DOJ (Kolasky,

2001). The DOJ may have looked at the merger as simply a “change of ownership” in a
9



separate market. It does appear that to date, beef, pork, and chicken products are not
included in the same relevant product market by the DOJ or FTC.
The DOJ has in the past defined “beef” products markets as separable markets, as
stated by then Deputy Assistant Attorney General Turetsky (1996):
“Past analyses of mergers in the meat packing industry suggest that steer/heifer
and cow/bull are usually distinct product markets for antitrust purposes, for
example. This is because the kind of livestock used in each of these two markets
is not readily suitable for use in the other.”
Notwithstanding the fact that Mr. Turetsky appeared to be focusing on the input side of
the meat packing industry, this statement emphasizes a clear preference for a smaller,
more narrowly defined relevant market, when dealing with meat products. This further
limits the possibility that beef, pork, and chicken might be included in the same relevant
market by the DOJ or the FTC. Given its importance to the current problem, further

discussion regarding defining the relevant product market is included in the next section.

Market Definition

The HMG detail many important aspects regarding the analysis of mergers. One
of the major focal points for nearly any merger analysis is the ‘relevant product market’.
The HMG state that a relevant market is composed of two dimensions: product market
definition and geographic market definition, utilizing the hypothetical monopolist test to
help in determinations (DOJ, 2010). Given that the relevant market plays a critical role in
the determination of competitive harm, there is much debate about the adequacy of the

HMGs role in defining a relevant product market.
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Remer and Warren-Boulton (2014) provide a timely analysis of recent
developments of market definition use in merger analyses, including the consideration of
differentiated products when the final consumer purchases the goods. The authors
provide background about the modes of thought regarding market definition: the
traditional structural approach reliant on a market definition and the more recent use of a
direct, market effects approach using simulation. In the context of United States v. H&R
Block, Remer and Warren-Boulton conclude that:

“The H&R Block trial demonstrates that despite some desire in the antitrust

community to move beyond the two-step approach to merger analysis, market

definition is still an important part of presenting a case at trial. However, effects
analysis, such as merger simulation, can be used as part of the market definition
exercise, and therefore market definition and effects analysis can be viewed as
complementary. Indeed, merger simulation was used by the DOJ for both the
effects analysis and market definition, and the court relied on the results in
reaching the conclusion that the merger was anticompetitive.”

Additionally, Coate and Simons (2012) provide a thorough background on market

definition. Coate (2014), in regards to the H&R Block Case (among others), also finds the

following:

“Although these markets are difficult to define, the replacement of fact with

theory is problematic. As noted, additional competitive analysis in H&R Block

could have identified an empirically supportable market or isolated customer
niches at risk for price discrimination. Either approach would have allowed

standard analysis to be undertaken without the need to apply the problematic
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diversion model to effectively assume a narrow market. Further discussion notes

that even if a narrow market is used and a monopoly or near monopoly structure

is generated, fringe expansion and entry issues must be carefully addressed prior
to concluding the merger is likely to substantially lessen competition.”

Prior to H&R Block, several others were already questioning the traditional view
of market definition. Farrell and Shapiro (2010) develop a method for considering
differentiated products industries when unilateral effects are the concern. They provide an
economics based test that would identify the likely anticompetitive effects resulting from
such a merger. Kaplow (2011) strongly favors abandoning the use of the HMG market
definition, opting in favor of methods more based in economic theory. He describes the
HMG as beginning to show some openness to the idea of alternatives to the traditional
market definition approach, although he concedes that the guidelines still tend towards
using the traditional approach®.

Coate and Simons (2012) counter these claims, stating that the traditional market
definition practices are applicable, and offer insight into whether a merger may be
anticompetitive, despite the arguments of Shapiro and Ferrell (2010) and Kaplow (2011).
Zimmer (2016) attempts to define the “new” role for market definition as a combination
of sorts, stating,

“The role of market definition is in a state of flux: instead of forming the point of

departure for determining market shares, its future will be that of describing the

3 Kaplow (2011) states, “Nevertheless, some controversy concerning the revised Guidelines questions their
increased openness toward more direct, economically based methods of predicting the competitive effects
of mergers. By contrast, this article suggest that, as a matter of economic logic, the Guidelines revision can
only be criticized for its timidity.”
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competitive landscape. The application of modern methods of directly

determining market power and competitive conditions also often requires the

identification of those undertakings that exert competitive pressure on each other.

In addition, an analysis of the degree of product differentiation and of the nature

of completion that exists on the market is often necessary. All this can in the

future be encompassed—in a broad sense of the term—by the definition of the
relevant market.”

Understanding the market definition concept serves to help understand the issues
encountered when identifying a modeling construct in this thesis, as well as framing the
problem in its appropriate antitrust context. Some of the ideologies of the noted scholars
will be adapted to the current problem, such as the status quo role of DOJ’s apparent
market definition in the meat industries. This is accomplished by formulating the
assumptions and conventions adopted in this thesis. First, it is assumed that the product
market includes the three major meat protein sources (beef, pork, and chicken) due to
these products being substitutes in retail demand (Capps, Jr., 1989) and the movement of
industry toward this multiproduct structure. Previously, it appears the DOJ considers each
meat product constitutes its own unique product market. The relevant market for meat-
protein is considered the United States, thereby addressing the geographic component of
market definition. To incorporate a methodology more in line with the newly embraced
effects approach, mergers are simulated in order to see how scenarios generated by the

new market definition may affect market power in a differentiated product market.
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CHAPTER III

LITERATURE REVIEW

The existing literature relevant to this problem pertains to four primary areas:
meat processing specific literature, horizontal merger analysis, multiproduct firm merger
analysis, and differentiated products and differentiated product merger analysis. To
begin, a select amount of literature focusing on mergers, acquisitions, and more
generally, the market structure and major demand considerations relevant to the meat
processing sector is discussed. Then, the horizontal merger analysis literature, provides
the basic framework and tools utilized in merger analysis, is highlighted.

Finally, the literature regarding modeling of mergers in differentiated products
and multiproduct settings are utilized in the development of the model herein. It is
important to note that the streams of literature surrounding multiproduct firm competition
and differentiated products analysis often work in tandem. That is, often these streams of
literature will incorporate aspects of each other in their analysis. An easy example of this,
and one discussed below is the work of Xu and Coatney (2015), who allow multiproduct

firms to produce two demand related products that are differentiated from each other.

Mergers, Market Structure, Structural Considerations in Meat Processing

Formal justification for including beef, pork, and chicken as substitutes in a meat-
protein market comes from Capps, Jr. (1989). Capps Jr. also demonstrates empirically the

following using scanner data to analyze retail demand functions: “All other meat products
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excluding beef (nonbeef) are substitutes for roast beef, ground beef, and steak. Similarly,
all other meat products excluding poultry (nonpoultry) are substitutes for chicken. All
other meat products excluding pork are substitutes for pork chops, ham, and pork loin”
(1989).

Nevo (2001) analyzed the ready-to-eat cereals industry assuming Nash-Bertrand
competition for differentiated products. Using scanner data, Nevo estimated that high
price-cost margins in the ready-to eat-cereals markets were due in part by firms
maintaining several brands and the use of effective advertising. This is an early example
of a highly concentrated, product-differentiated market in agricultural products, as well as
an example of potential government concern about market concentration. Additionally,
Nevo does two things that are relevant to this analysis. First, he obtains elasticities for
each brand. This is relevant because the model created herein is suited for empirical
estimation if the appropriate substitutability parameters can be estimated. Second, he then
utilizes them in a Nash-Bertrand pricing game between the firms to analyze if they are
reaching the collusive outcome. This thesis will also utilize Bertrand competition in the
analysis.

Additionally, Nguyen and Ollinger (2006) study the meat processing industry to
determine how productivity in both meatpacking and poultry plants are affected by
mergers and acquisitions. They find that after a merger, both meat packing and poultry
slaughter plants generally show an increase in productivity for most plant sizes compared
to those who have not merged. They note that the largest meat packing plants and small
poultry plants did not show these gains in productivity, as compared to those who had not

merged. It is important to note that the authors organized the three types of industries by
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SIC code (meat packing, prepared meat products, and poultry slaughter and processing).
Nguyen and Ollinger make another important conclusion that plant closures and/or
reselling was a distinct possibility after a merger or acquisition, which may have other
welfare consequences that were not included in the scope of their analysis. Nguyen and
Ollinger conclude that the evidence supports that mergers and acquisitions in these
industries are driven by efficiencies and synergies.

Gallet (2010) conducted a meta-analysis on price elasticities of meat. Utilizing
and accounting for various functional forms, publication types, and other potential biases
to the elasticities, several important results are discovered. Gallet finds that the price
elasticity of poultry is consistently less elastic compared to beef, lamb, and fish. Gallet’s
study also yields important information regarding the price elasticity of meat (he uses a
composite variable for meat consisting of several meats). Gallet finds that the price
elasticity of meat is susceptible to influence by three things in his meta-analysis: the
demand specification employed, the method used for estimation, and characteristics of
the journal in which the elasticity value was published. Gallet’s work highlights the
challenges of estimating consumer substitutability behavior estimates from price

elasticity estimates.

Horizontal Merger Analysis

As previously discussed, horizontal mergers are between firms engaged in the
‘same’ market level, such as two beef-packing firms in the same geographic market. Hay
and Werden (1993) provide a basic primer for analyzing horizontal mergers, pointing out
some of the major issues surrounding horizontal mergers. They provide overviews about

how Cournot, Bertrand, and dominant-firm models have been used in merger analysis.
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They also discuss the potential for collusion, both overt and tacit, as being a concern
associated with mergers. Additionally, Hay and Werden suggest that a merger policy
should not be bound by only using calculable benefits and costs. Their discussion
identifies that though the DOJ/FTC led merger investigations are primarily based on
economics, other more qualitative aspects are incorporated into the determinations about
competitive harm.

Salant et al. (1983) discover that in a Cournot setting, horizontal mergers may
result in losses. In their analysis, only when at least eighty percent of firms collude, does
the Cournot model result in a profitable merger. Facilitating this result are the following
assumptions: identical Cournot-behaving firms, constant marginal costs, and a linear
demand system.

Joseph Farrell and Carl Shapiro (1990) study horizontal mergers with
homogenous goods using a Cournot oligopoly model. They find that horizontal mergers
typically raise prices when no synergies are available. They also indicate that in order for
a horizontal merger to lower price, significant realized economies of scale and/or learning
must take place. However, they make clear that their results hold only when goods are
homogenous and firms behave in the Cournot fashion. They leave for future research how
their results will apply if products are differentiated. They also suggest that under the
Cournot framework with homogenous goods, that it may be possible that mergers, which
reduce output, may actually improve total welfare by removing less efficient firms from
the industry.

Nocke and Whinston (2013) also apply a Cournot framework to horizontal
mergers in order to discern an optimal merger policy. The authors accomplish this by
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extending Williamson’s (1968) basic merger principle that even if some market power is
gained, the merger must create efficiencies, which must have the ultimate effect of
improving consumer welfare. Their results indicate that some larger mergers may need to
be rejected in favor of smaller mergers that have larger increases on consumer welfare.
The efficiencies’ mentioned by Nocke and Whinston would come in the form of

economies of scale in the Cournot framework.

Multiproduct Firm Competition and Mergers

Early attempts at understanding market power exertion in agricultural markets
with multiproduct markets were conducted by Schroeter and Azzam (1990) in the U.S.
beef and pork industries and Wann and Sexton (1992) in the California pear industry. Of
the extensions Wann and Sexton make to Schroeter and Azzam, perhaps most important
is that the output products were considered to be heterogeneous. These authors utilized
conjectural variations frameworks. Also, these articles address market power in their
specified industries, but do little to create a generalizable competitive model capable of
analyzing multiproduct industries from a consumer utility perspective.

Generally, the literature related to multiproduct firms has not addressed the issue
of merger analysis. Rather, the multiproduct literature discusses other aspects of merger
analysis. Typically, when multiproduct firms are considered in an analysis, a property of
their nature is being discussed.

For instance, Zhang and Zhang (1996) analyze the conditions encountered for
stability to be achieved in related multiproduct markets of various compositions,
assuming Cournot competition. The authors find that the conditions required for a stable

equilibrium in one market do not necessarily translate in the overall equilibrium for all
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considered markets. Others have considered elements of strategy regarding the behavior
of multiproduct firms, such as Symeonidis (2002), who analyzed whether or not cartels
are sustainable in a multiproduct setting.

Yet others have analyzed other issues associated with multiproduct industries,
such as De Fraja (1992) who analyzed how multiproduct structures affect optimal product
line choices. De Fraja’s results provide some interesting insight into why a meat-protein
firm might choose to merge into another meat product. Specifically, De Fraja states, “As
long as the economies of scale are non-negligible, a firm will never supply products
which are very good substitutes. However, the negative effect on the length of the
product line of the substitutability between products can be offset by high economies of
scope: a firm may supply products which are very good substitutes if the extra cost
involved by the broader product line is small.”

An early compilation of the primary concepts applicable to multiproduct
industries was achieved in Bailey and Friedlaender (1982). Their work reviews the state
of the literature and highlights the contributions from authors associated with

multiproduct firms, especially with respect to cost concepts.

Differentiated Product Analyses and Mergers

This literature review will primarily discuss product differentiation as it relates to
merger analyses. For a more thorough review of the differentiated products literature,
generally, consult Xu and Coatney (2015). Differentiated product mergers, as the name
implies, are mergers between firms in the same industry that have some form of product
differentiation. Product differentiation includes having branded products within a product

group, improved service, quality, customer service or other ways by which firms can
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differentiate their products to the consumer (Shapiro, 1995). Product differentiation
becomes pivotal to the current problem when the relevant market is considered the meat
protein market instead of simply beef, pork, and chicken in isolation; the relevant market
is now conceptually a differentiated protein market. The core change in perspective of
how to define the relevant market is to identify how the consumer views the
substitutability of these meat products.

Carl Shapiro (1995) states that products which are ‘close’ substitutes to each other
offered from two potentially merging firms are especially conducive to producing
anticompetitive price increases. He goes further to detail how to calculate diversion
ratios, a rough measure for calculating price increases, for such a merger when better
methods are not available. Closeness is of particular relevance for the meat industry
because how ‘close’ substitutes chicken, pork, and beef are to each other will be shown to
alter the impact a multiproduct merger will have on competition. Unfortunately, there is
no standard for how ‘close’ is ‘close enough’ for inclusion in the relevant product market
for merger analysis (Shapiro, 1995).

Baker and Bresnahan (1985) study mergers and/or collusion in an n-firm product
differentiated market assuming Bertrand competition. To estimate their derived
equations, they find the residual demand curves. Empirically, they find that both options
would increase market power for the dominant firm after the merger, using the U.S. beer
market as an example. This paper provides an illustrated example and background to the
issue, but does not broach the subject of how consumer welfare would be affected.

Deneckere and Davidson (1985) investigate incentives for firms to form coalitions
through mergers in a differentiated Bertrand oligopoly setting. They use Shubik’s (1980)
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demand specification as a framework. Of note, they find that gross substitutability allows
coalition members to raise price after a merger. Assumptions of their analysis include
constant marginal costs and symmetric demand. The authors also limit their analysis to
firm profits, and do not consider total welfare. Their analysis characterizes mergers in
price setting games. Deneckere and Davidson state:

“Price setting games, on the other hand, seem to capture traditional industrial
organization insights rather well. Under certain plausible conditions on the demand
system, mergers are always beneficial to existing members and become more profitable
as the size of the merger increases. The resulting industrial concentration confers large
positive externalities on other industry members, so that coalitions producing a small
number of varieties earn more than larger ones. Not surprisingly, short of antitrust policy,
the industry would concentrate almost completely towards monopoly.”

Mcelroy (1993) also investigated mergers in differentiated products industries.
Mcelroy finds that without cost savings being possible, Bertrand duopoly with linear
demand and marginal costs results in lower welfare after merger. Similarly, Mcelroy
finds that after merger and no cost savings, Cournot duopoly with constant marginal cost
results in lower welfare.

Hausman et al. (1994) evaluate differentiated product mergers in the beer industry
with specific attention given to multi-product firms. The study identifies the impacts and
importance of controlling for own-firm cannibalization, increased efficiencies on pricing
of products, use of demand elasticities for each relevant product, competition between
different market segments, and how demand for other products sold by the same firm and

competing firms may be affected by the merger and resulting price changes. Additionally,
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the authors do include basic calculations for the effects of mergers on consumer welfare.
Additionally, using empirical estimates, they calculate the required reduction in marginal
cost to offset any changes in post-merger prices. Interestingly, they find that competition
from different market segments in the beer industry is often enough to keep price
increases limited after a hypothetical merger, even when no efficiency gains are present.
Hausman et al. also show that other brands produced by the same firm (a multi-product
firm) affect the price-cost margin markup. They point out that most previous analyses
have not identified that some of the products that consumers switch to, with a price
increase, may in fact be produced by the same firm.

Werden and Froeb (1994) expand the literature by using a logit model to study the
welfare implications of mergers in a differentiated products industry under Bertrand
competition using long distance telephone carriers as an example. They find that some
mergers lessen welfare, while others have relatively little impact or slightly raise welfare,
depending on the specific attributes of the merging parties. Their study includes a welfare
analysis. However, the authors assume economies of scale and scope are not
incorporated, although they include the ability for cost advantages to be incorporated.
This analysis will preclude economies of scale from merger, but allow economies of scale
to be obtained in application. Werden and Froeb also incorporate a framework that is
easily used; requiring only market shares, prices and demand elasticity parameters.

Davis (2002) added to the literature by incorporating experimental economics to
studying the effects of mergers in product-differentiated markets. They analyze both
Bertrand and Cournot competition with different amounts of available information (basic
amounts and extra information), using the DOJ’s ALM (Antitrust Logit Model). They
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assume that all firms are identical and symmetric in a four firm oligopoly. They find that
the ALM does reasonably well at predicting large increases in price, and suggest it may
be a decent “screening tool”.

Xu and Coatney (2015) advance the differentiated products literature by easing a
prevalent restriction in differentiated products modeling that the firm can only produce
one product. By doing so, Xu and Coatney introduce the potential for a differentiated
products market composed potentially of multiproduct firms. Although this article did not
delve into merger analysis, it did serve as the cornerstone for the multiproduct,
differentiated product model created and analyzed in this thesis.

Other authors (Dixit (1979); Singh and Vives (1984); Hiackner (2000); others)
also contributed to the development of the model and hence, will be discussed in the next

chapter.
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CHAPTER IV

MODEL DEVELOPMENT

In this chapter, the Bowley differentiated products utility function, Bowley
(1924), is altered to facilitate various merger scenarios (cases for comparison). Though
the Shubik-Levitan utility function is more appropriate when the analysis must consider
the addition or subtraction of products (Martin, 2002), it is assumed that for the instant
case (meat protein), no additional major categories can or will be created or eliminated as
aresult of a merger. Additionally, various attributes of the meat industry are explored to

formulate which type of competition, Cournot or Bertrand, best describes competition.

Consumer Utility

The starting point for representing consumer utility in this analysis was first
presented in Hackner (2000), which was an n-firm extension of the two product Bowley
function (Bowley, 1924; Dixit, 1979; Singh and Vives, 1984). Early analyses include the
assumption that the consumer only identifies each product by the firm that produces the
product, and each firm produces only one product. Xu and Coatney (2015) relaxed this
assumption to allow for firms to produce multiple products and the consumer identifies
products by the firm producing each product. The Héckner representation, with minor

notational adjustments here, is provided in (4.1).

i#]

U(q,Z)=ia,- qi—%[i@q,2+202q,-q,}+2 4.1)
i=1 i=1
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In this form of utility, the @; 's represent the representative consumer’s reservation prices
and the ,B, 'Sare independent inverse demand slope parameters. For simplicity, it is
assumed the @; 'S are symmetric*. Though the slope of inverse demands may vary, this

analysis follows Héckner’s simplifying assumption that the ﬂl 'S are symmetric and

normalized to one. The parameter @ e[—1, 1] represents a symmetric product
substitutability, where a value of -1 indicates perfect complements, 0 independent, and 1
perfect substitutes. Because the current analysis is applied to the meat sector, only the
region of substitutes will be considered. Finally, Z is a composite numeraire good.

The most important modification to the previous model is that utility can be
further refined to include the possibility of sub-markets within the aggregate market. A
submarket would entail any subset of products whose attributes are considered to be
‘relatively close substitutes’ within a wider sector of consumer products. For example,
the meat protein sector is comprised of several potential submarkets, such as beef, pork,
and chicken. Each submarket is in turn comprised of competing firms, each producing
aggregate composite of similar products from animal carcasses. Even if the quality
characteristics of the composite products produced by each firm are viewed as
homogenous to the consumer, some differentiation may be established by well-known
branding, such as Tyson Foods, Inc. and Pilgrim’s Pride Corporation chicken. Brand
differentiation across beef firms is much weaker at the retail level, as these firms have yet

to significantly brand their products. However, a small degree of indirect differentiation

4 Varying the reservation prices not only complicates merger solutions, but will also detracts from the
within- and across-submarket substitutability impacts on mergers.
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may be attained via product quality and service provided to the retailer, regardless of
branding.

To facilitate the analysis of submarkets, product substitutability is further broken
down into two major components: within-submarket and across-submarket. The within-
submarket substitutability will be denoted by @, while the across-submarket
substitutability will be denoted by & . The O parameter measures how substitutable a
within-submarket firm’s product is with those products not included in the same
submarket. Because the consumer views subsets of products to be closer substitutes than
other subsets, it is logical to assume that within-submarket substitutability is greater than
the across-submarket substitutability. This relationship is formalized as 0 <o <8 <1.
An analogous interpretation is that the difference between two differentiated beef
products is less than difference between beef and chicken products. The resulting general

representation of utility is provided in 4.2.

n l n
U@.2)=ay q, —E[Zq?+29Zq,»q,»+25zqhqkj+2 (4.2)
i=1

i=1 i#j h#k
The utility identifies the i # j firm combinations within-submarket and the / # k firm

combinations across-submarkets.

In the merger analyses that follow, it is assumed the DOJ has stopped all within-
submarket increases in concentration, leaving two firms within each submarket.
Additionally, it is assumed there are only three relevant submarkets (beef, pork, and
chicken). To begin, each firm is assumed to produce only one product within its
respective submarket, therefore, six firms in total comprise sector competition. The
resulting set of pairwise within-submarket product combinations identified by firm are
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{1,2}, {3,4}, and {5,6}. The resulting pairwise across-submarket combinations identified
by firm are {1,3}, {1,4}, {1,5}, {1,6}, {2,3}, {2,4}, {2,5}, {2,6}, {3.5}, {3.,6}, {4,5}, and
{4,6}. The firm/product specific utility function is provided in (4.3).

6

a7 +20(q19, + 04, +4595)

6 1| =
U= az q;, — 5
= 28

+Z 4.3)
[%% + 4,9, + 9,95 + 49 + 9,95 + 9,9, ]

+4,9s + 4,96 + 4395 + 4595 T 4495 T 4.9,

6
Consumers maximize utility subject to a budget constraint Z P +Z <1 wherel
i1

is income and the price for the composite good is normalized to one. The resulting system

of firm/product specific linear inverse demands are provided in (4.4).

p=a—q,—0q,-5(q,+q,+qs+q,)
(4.4)

Pe=a—qs—0q;—5(q,+9,+q,+q,)

The corresponding system of linear demands is in (4.5).

a(1-25+260-07)~(1+25 45" +0) p, (45" —0-250 - 0°) p, —(80 ) (py + p, + s + D)
"= (26-0-1)(0-1)(1+45+0)

a(1-25+260-0")~(1+25 45" +0) p,—(46° —0-250-0" ) p;— (505 ) (p, + p, + Py + p.)
1= (26-0-1)(0-1)(1+45+0)

(4.5)

It is now possible to formulate own- and cross-price elasticities as a function of

the parameters, primarilyf, & and a Comparative statics of these elasticities for the

premerger case will yield insight into their properties.
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q; i=1..6]

To find the own price elasticity for it is necessary to take the partial

derivative of 9; with respect to P, . The representative and symmetric derivative is
provided in 4.6

dq, ~1-25+45" -0 “6)
op, (-1+26-0)(-1+0)(1+45+0) '

The resulting own price elasticity for firm one is provided in 4.7 as an example.

_ 0y P
o, q,(Dys-es Ds)

d,ql

_ (-1-20+45"-0) p, 0
(~1-25+45" = 0) p, +(—46" +0+250+ 0" ) p, —(~1+0)(a (126 +0)+ 5 (p; + p, + ps + 15))

(4.7)
From the own-price elasticity in 4.7, several comparative statics are now
conducted. However, to facilitate this process and maintain the premerger prices, several

restrictions are required. These assumptions include that all prices are positive, all prices

oE OE
441 <0 and 441 <0

are equal to each other, and & > P, . It is found that both Py 20 ,

indicating that increasing substitutability within or across submarkets would cause the

O, ,

>0 which
aa wnic

own price elasticity to become more relatively elastic. Conversely,

shows that increasing the representative consumer’s maximum willingness to pay would

force the own price elasticity to become more inelastic.
Additionally, cross-price elasticities were calculated for ¢; with respect to P, .

This will allow for evaluation of the cross-price effects of the other good in the same
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submarket. Again, given symmetric demand only the derivative ¢, with respect to D,

will be taken, and is provided in 4.8.

oq, —45° +0+250+6°
— = (4.8)
op, (-1+26-6)(-1+0)(1+45+0)
The cross price elasticity is provided in 4.9.
04y P _
dgl,p2 — -
Py G (Prses Do)
(~46°+0+200+6") p,
= >0

(~1-26+46" -0) p, +(~40" +0+200+ 6" ) p, ~(~1+0) (e (1-25+0)+8 (p, + p, + ps + 1 ))
(4.9)

oE
g,z,pz >0 and

As was the case for the comparative statics of own price elasticity

aEd,ql,pZ
00

>0, indicating that increasing substitutability within or across submarkets

positively increases the cross-price elasticity. This is to be expected because increasing

the substitutability between the two goods, increases the amount of the good switched

OE

d,ql,p2

oa

when good 1 has a price increase. Alternatively, <0, which indicates that if the

representative consumer’s maximum willingness to pay were to increase, then an increase
in the price of good 1 would cause a small shift towards good 2. This follows intuitively
because if the consumer were to value the good more (higher maximum willingness to
pay) then, a marginal price change would cause a much smaller price change than if they

did not value the good as much.
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Firm Competition

Shapiro (1989) stated, “The choice between a pricing game and a quantity game
cannot be made on a priori grounds. Rather, one must fashion theory in a particular
industry to reflect the technology of production and exchange in that industry.”
Following this logic, competition in the meat processing sector, be it Cournot or
Bertrand, is identified in relation to supply chain characteristics within each meat
industry. Specifically, the structure of the supply chain directly impacts the level of
control the processing firm has over the quantity produced.

To begin, the biological production cycles for the three live animal inputs varies
significantly and there are various levels of production sectors from conception to
slaughter. According to Ward (1997), the biological production cycle for beef cattle is
twenty-four months. The major production sectors before processing are cow-calf
producers, stocker operators, and feeders. It is only the cow-calf producers that set
quantity in the market. In stark contrast, the biological broiler chicken production cycle
takes about five months, and the production system is fully vertically integrated, hence
quantity produced is directly controlled by the processor in two major stages: hatching
and growing. Pork production exists between these two extremes. The biological
production cycle for pork is twelve months and the supply chain is moderately vertically
coordinated. The supply chain generally is comprised of farrowing and finishing firms
(Ward, 1997).

These production cycle and supply chain structures impact the processor’s ability
to control quantity in response to changing prices. It appears that there is no clear
identification which best describes competition among all competitors in the meat
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processing industry. However, due to the long production cycle in one (beef) and the
breeding of two (beef and pork) are largely controlled by upstream suppliers (for the
exception of chicken), it is assumed the processors are more prone to Bertrand
competition. This is in stark contrast to the prevalent assumption of Cournot competition
in the Agricultural Economics literature, even for beef processors (Schroeter and Azzam,
1990; Crespi et al., 2010, and others). It is of note that it is possible to allow some firms
to be Cournot competitors and others to be Bertrand competitors® (Tremblay and
Tremblay, 2011).

Given the assumption of competition and {; is the firm/product specific demand,

firms maximize the profit objective function provided in (4.10).
m=(p,—¢)q—F (4.10)

Firms maximize the objective function by choosing their optimal output price P, , subject
to the reaction of their within- and across submarket rivals. It is also assumed that firms

have reached economies of scale within each submarket from previous mergers and thus

experience constant marginal costs, C;, within the relevant region of production. Fixed

costs are denoted by E and are assumed to equal zero. To ensure a solution exists, & > C;
. This assumption is made such that the marginal cost of producing a product is not

greater than the maximum the representative consumer would be willing to pay. Finally,
Q; was previously assumed to be symmetric, and appears to be inconsistent with market

price differentials across meat submarkets at relatively equal quantity demanded

5 However, this approach was not pursued for the sake of tractability.
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(Bentley, 2012). However, to maintain ‘relatively’ symmetric profitability across meat

processors, it follows that C; can also be assumed to be symmetric.
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CHAPTER V

MERGER CASE ANALYSIS

This chapter uses the theoretical consumer model developed in Chapter IV to
model several merger cases and the resulting impacts, in terms of prices, quantities,
profit, and welfare, each merger would have. This chapter is organized in two parts. The
first part provides a description of each of the merger cases being analyzed, including
each Case’s relevance to the analysis. The second part of this chapter reports, discusses,

and compares the impacts of each merger case.

Merger Case Descriptions
Case I: Premerger

Case 1, the premerger case consists of three submarkets with two firms in each of the
submarkets. This will serve as the baseline, from which later calculations can be
compared. In the context of this research, each submarket would represent a different
meat protein submarket (i.e., beef, pork, or chicken) as a part of the larger meat-protein
market. A visual representation of the market depicted in Case I is presented in Figure

5.1.
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Meat-Protein

Industry
Beef : s ' Pork s Chicken
Submarket Submarket Submarket

5:Chicken g 6:Chicken

1:Beef Firm 1-%:2:Beef Firm 2 3:Pork Firm 1-®.4:Pork Firm 2 : R :
Firm 1 Firm 2

Figure 5.1  Case I: 3 Submarkets, 2 Firms per Submarket

This figure demonstrates the relationships between different actors in Case I. Also
provided in the figure are the relevant substitutability relationships.

Case II: A Single Multiproduct Firm across all Three Submarkets

Case II depicts a scenario in which one firm has merged across each submarket,
much like we see in these markets today, resulting in a multiproduct firm with contact in
all three submarkets. It seems unlikely that the DOJ would challenge such a merger
because it would be viewed a change of ownership in a new market. This stems from the
traditional view that the each meat product makes up its own unique market. However, a
cornerstone of this analysis is entertaining the notion of an alternative market definition
encompassing the major meats in the meat-protein sector.

Now, each submarket consists of an entity operated by the multiproduct firm and
a fringe firm, where the fringe firm is specific to that submarket. These relationships are
provided in Figure 5.2. Mathematically, Case II is different from Case I in that the
multiproduct firm is no longer maximizing profit for each product individually. Instead,

they are now maximizing the joint profit for all products they produce.
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Meat-Protein

Industry
Beef _ 5 : Pork 5  Chicken
Submarket Submarket Submarket
*1. i *Q. i . i . H
1:Beef Firm -8.5.8e6f Firm 2 3:Pork Firm .8.4-Pork Firm 2 S..Chlcken 8 6.C_h|cken
1 1 Firm1 Firm 2

_| *Beef firm 1, pork firm 1, and chicken firm 1
are all owned by the same firm.

Figure 5.2  Across-submarket Merger by One Firm

Case I1I: Two Multiproduct Firms across all Three Submarkets

Case III depicts the next logical step from Case II. If one firm is allowed to merge
across products unchallenged due to being a change of ownership, then it would be
possible for the three fringe firms to merge together and create a matching multiproduct
firm. Figure 5.3 depicts the new industry structure. In Case 111, both multiproduct firms

are now maximizing joint profits across all their products.
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Meat-Protein

Industry
I
[
Conglomerate Conglomerate
1 2
1: Beef Firm 1 5. 3; Pork Firm 1.8 > f;hlcken 6.12: Beef Firm 2 8 4: Pork Firm 29 6 (;hwken
Firm 1 Firm 2
] ] ]

Figure 5.3  Meat-Protein Industry: Two Conglomerates

Note: As before, substitutability between the beef, pork and chicken submarkets is the
same ( O ) and within-product substitutability is the same ().

Case IV: Monopolization of One Submarket

Case IV provides a “what-if” analysis, given the DOJ interpretation of market
definition. DOJ would surely challenge any submarket attempting to merge to monopoly.
However, this likely constraint is removed in order to compare the impacts of a change in
the relevant market. In our analysis, the beef submarket merges to. In order to avoid
functional form issues with the Bowley function and to maintain the slight differentiation
between the two fresh beef products, the monopolized beef industry would still consist of
two products. This coincides with real world conditions because often a merged firm
maintains the brand they have purchased, so that they may not risk losing those
consumers who display brand loyalty to the acquired brand. A visual of Case IV is

provided in Figure 5.4.
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*Products Beef 1 and Beef 2 are
produced by the Beef Submarket

Meat-Protein

Indust
Monopolist U
Beef Submarket 5 i 5 Chicken
Monopolist Pork Submarket). " Submarket
*1:Beef 1 B, *2:Beef 2 3:Pork Firm 1 Rk 4:Pork Firm 2 >iChicken 16|  6:Chicken

firm1 ~ Firm2

Figure 5.4  Monopolization of the Beef Submarket

Note that beef submarket has merged to monopoly while the pork and chicken
submarkets each consist of two individual firms.

Case IV allows for insight into whether a merger to monopoly (Case IV),
multiproduct firm (Case II), or conglomerates (Case III) would be more or less
competitive under the market definition given for this analysis. In Case IV, the beef
submarket monopolist is maximizing joint profits across his two beef products. The other

firms are maximizing their profits.

Case V: Hypothetical Meat-Protein Monopolist

Case V depicts a scenario in which a monopolist controls the entire meat-protein

market. This is visualized in Figure 5.5.
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Meat-Protein Monopolist

Beef é Pork R Chicken
Submarket - " Submarket - " Submarket

*5:Chicken  *6:Chicken

*1:Beef 1 8. *2:Beef 2 *3:Pork1 e *4:Pork 2 1 6. 5

Figure 5.5  Meat-Protein Monopolist

*The meat-protein monopolist controls the entire industry, but maintains separate lines
for each product (a necessity with the Bowley function).

Case V is extremely unrealistic and highly unlikely to be allowed by the DOJ.
However, this case highlights several important outcomes. Note that the monopolist is

still allowed to carry all 6 products, such that he can still capitalize on brand loyalty®.

Results

The mergers in each case were analyzed using standard profit maximization
techniques utilizing Wolfram Mathematica Version 10.2 software, in order to obtain
equilibrium price, quantity, profit, and welfare results. These results are discussed below.
For further understanding of the methods used to obtain results, see Appendix A, which
details the calculations utilized in the Bowley differentiated product duopoly model and
how the mathematical system functions. Appendix B provides supplementary information
about the price results and comparisons, while Appendix C provides further details for
quantity comparisons. Additionally, Appendix D lists the resulting price, quantity, and
profit expressions, sorted by each case. Finally, Appendix E details the symmetry

relationships established in the various cases. This is included as an aid to the reader.

¢ Additionally, this is required because it satisfies previously mentioned requirements of the Bowley
functional form.
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Results indicate that the DOJ’s stance toward mergers in the meat-protein sector
is understandable; mergers with submarket do carry significant potential lessening of
competition. Interestingly, results also show that mergers across submarkets, absent
sufficient cost reductions, are also capable of anticompetitive harm. Further, this becomes
stronger when within submarket substitutability and across submarket substitutability are

sufficiently close.

Equilibrium Prices

Table B.1 in Appendix B and its corresponding figures, show all comparisons
among prices. Compared to the premerger case (Case I), all prices were higher after
merger. Case V, the meat-protein monopolist case, results in higher prices than in any
other case presented. The multiproduct firm in Case II charges higher prices than any
fringe firm in Case II. Additionally, the price charged by either conglomerate firm in
Case I1I is higher than the price charged by both the multiproduct firm and fringe firm in
Case II. The price charged by the submarket monopolist in Case IV is greater than the
price charged by any of the fringe firms in Case IV.

An interesting result was found when comparing the prices charged by firms in
either Case II or Case III versus the prices charged by firms in Case IV. Clear results
were not immediate. Depending on the levels of substitutability within and across
submarkets, different results arose. This, itself, is a valuable discovery in that in a
differentiated products industry, how consumers view the relationships between
substitute goods affects the prices firms can charge, and subsequently the quantities
produced, firm profits, and welfare. In order to simplify the depiction of the results,

restrictions are placed on the substitutability parameters, 0 <0 <.75< 68 <1. However
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arbitrary the break point, the qualitative nature of the results are not affected in any
meaningful way. These parameters are likely justifiable for any industry It is logical that
consumers view products within a submarket as more highly substitutable than across
submarkets. For example, two firm’s chicken products (boneless breasts, for example) are
likely to be highly substitutable, with only branding or some relatively small magnitude
quality differentiation. However, consumers likely view beef products as less
substitutable for chicken products.

Appendix B provides further details about the equilibrium price comparisons
between Case IV and Case II and Case III. It is important to note that the Case IV yields
higher prices so long as the two substitutability parameters are “sufficiently different”
from each other and in agreement with the other restrictions made for many of the cases.
However, this should not be misconstrued into an absolute meaning regarding Case V.
Refer to Appendix B for specific analysis. The equilibrium prices show that
substitutability greatly affects the price a firm is willing to charge for their product or
products. Given optimal pricing for each case, equilibrium quantities, profits, and welfare

can now be provided.

Equilibrium Quantities

Comparisons were made among the resulting quantities produced by each firm for
each resulting case. Some general findings are presented below, while the complete series
of comparisons is available in Appendix C and its associated tables and figures. The first
finding is that every merger case results in lower output quantities as compared to the
premerger case (Case I). Additionally, Case V results in the lowest quantities produced,

as compared to any of the other cases.
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In Case II (the case with a single multiproduct firm and fringe competitors), the
multiproduct firm produces less of any given product than does the fringe. However,
comparing the quantities produced in Case II and Case III some intriguing results occur.
For good 1, the conglomerate firm (Case I1I, product 1) produces more than the single
multiproduct firm (Case I, product 1). However, the fringe firm in Case II (Case II,
product 2) produces more than the corresponding product in Case I11.

Several interesting outcomes are observed regarding Case IV, the submarket
monopolist case. To start, any fringe firm in Case IV produces a larger quantity of
product than the submarket monopolist in Case IV. The submarket monopolist firm
producing product 2 (Case IV), produces less than the fringe firm in Case II, product 2.
However, any fringe firm in Case IV produces more per product than the multiproduct
firm in Case II, or a product of one of the conglomerate firms in Case III.

Relative to product substitutability, the first comparison is of quantity produced of
product 1 for a submarket monopolist (Case IV) against one of the products (product 1)
produced by a multiproduct firm in Case II. For product 1, the submarket monopolist
only produces a higher quantity when the two substitutability parameters are sufficiently
close to one another. As such, the submarket monopolist (Case IV) produces less of
product 1 than does a firm in the conglomerate case (Case III). Finally, any fringe firm in
Case IV will produce less than any fringe firm in Case II unless the substitutability
parameters are sufficiently close.

The equilibrium quantity results, much like the equilibrium price results, indicate
that within submarket and across submarket substitutability play a prominent role in the

actual quantity produced.
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Equilibrium Profits

Next, the profits earned by the firms in the various merger cases will be analyzed
and compared. These findings will highlight the incentives firms may have to merge.

Table 5.1 below provides the relevant profit comparisons.

Table 5.1 Profit Comparisons by Case (I-V) and Firm (Or Firm Combination in after
A Merger)

Comparison Explanation/Notes (if Necessary)

7[11,135 > 7[1,1

Ty >7p,

7[111,135 > 7[1,1

i >,

T3> 75

Ty, >7Z'1,1

T35 > T s

7[11,135 < 7[1[1,135

< See Figure 5.6.

TTh13s =712

>

T35 > Ty 5

72-11 135 < ﬂ-V

72-11,2 < 72-11],135

ﬂ][,2 < ﬂ.[V,l2

< See Figure 5.7.
2=y
>

72’-]1 2 < ﬂ.V
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Table 5.1 (Continued)

< See Figure 5.8.

T35 =y 12
>

72.]1],135 > ﬂ]V,3

7[111,135 < ﬂ-V

ﬂ.IV,lZ < ﬂV

ﬂ-IV,3 < ﬂV

s <y

Unless otherwise noted, these comparisons hold for the conditions0 <o <1, 6 <@<1,
a >0, and 0<c <. Notation for this consists of the item being described in regular
script. Subscripts directly below allow for each case to be identified (I, I, IIL, IV, V), as
well as the firm/product to be identified (1..6). Refer back to Tables (5.1-5.5) for
additional information, if needed. In the context of the problem, firms 1 and 2 produce
beef, firms 3 and 4 produce pork, and firms 5 and 6 produce chicken.

Given the equilibrium price and quantities, the profits earned by both the merged
parties and remaining fringe firms were higher than any firm in the premerger case. This
illustrates that even if a given firm is not involved in a merger, they still benefit from
higher profits. The fact that profits for the multiproduct firm (Case II; products 1, 3, and
5) are greater than the premerger profits shows a unilateral incentive for firms to become
multiproduct firms.

The multiproduct firm (Case II) achieves higher profits than any fringe firm in
Case II. Additionally, profits for both conglomerate firms (Case III) were unilaterally
greater than the profits earned by the multiproduct firm in Case II or any fringe firm in
Case II. Given that one firm has merged to become a multiproduct firm (as in Case II), it

is in the remaining fringe firms’ self-interest to achieve higher profits by forming the
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matching multiproduct firm, resulting in Case III. This again verifies the unilateral
incentive to merge.

Comparisons between Case II and Case IV as well as between Case Il and Case
IV also highlight some highly significant findings, especially as they relate to the DOJ’s
apparent position regarding product conglomerate mergers. First, the multiproduct firm in
Case II earns higher profits than any single fringe firm in Case IV. Also, the submarket
monopolist in Case IV earns higher profits than any fringe firm in Case II. Similar to this,
a conglomerate firm in Case III earns higher profits than any single fringe firm in Case
IV. Additionally, the submarket monopolist in Case IV obtains higher profits than any
fringe firm in the same case. Profits for the hypothetical meat-protein monopolist were
higher than profits earned by a single firm in any other case. This is to be expected, and is
a somewhat rudimentary check to ensure the model has reliable predictive properties.

A pivotal comparison for analysis into whether or not a multiproduct frim is more
damaging than a submarket monopolist can now be considered. This comes from
comparing the multiproduct firm in Case II against the submarket monopolist in Case IV.

Figure 5.6 provides this comparison.
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1.0

1 0.00
Rel. Profit

-0.01

-0.02

0.0
[] Difference: Profit135{Case II}-Profit12(Case IV} ] Plane at 0

Figure 5.6  Relative Profit Comparison: mi35 (Case II) vs. 12 (Case IV)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, highlight the areas in which the multiproduct firm (Case II) obtains a higher
profit than a submarket monopolist (Case IV). This occurs under the restriction
0<o0<.75<0<1.

From Figure 5.6 it can be seen that there are significant regions of product
substitutability in which the submarket monopolist will have higher profits than the
multiproduct firm. Also note that for some values of the substitutability parameters, those
values tending close to perfect substitutes within submarket and/or independent across
submarkets, there exists no possibility for the multiproduct firm from Case II to earn

higher profits than the submarket monopolist of Case IV.
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0.0

L Difference: Profit2{Case Il}-Profit{Case IV) iJ Plane at 0

Figure 5.7  Relative Profit Comparison: m> (Case II) vs. 3 (Case IV)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, highlight the areas in which the multiproduct fringe firm (Case II) obtains a
higher profit than a fringe firm in Case IV. This occurs under the restriction
0<6<.75<0<1.

Similar to Figure 5.7, Figure 5.6 provides the areas in which a fringe firm in Case
IT will have a higher profit than a corresponding fringe firm in Case IV. Like before, only
when the substitutability parameters are sufficiently close, will the fringe firm in Case 11
have a higher profit than a fringe firm in Case IV. The final profit comparison, provided
in Figure 5.8, compares the profits of the submarket monopolist in Case IV against a

conglomerate firm in Case III.
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[ Difference: Profit135{(Case Ill}-Profit{Case IV) [ Plane at 0

Figure 5.8  Relative Profit Comparison: mi35 (Case III) vs. w2 (Case IV)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, highlight the areas in which the conglomerate firm (Case III) earns a higher
profit than a submarket monopolist (Case IV). This occurs under the restriction
0<o0<.75<0<1.

The comparison between the conglomerate firm’s profit in Case III and the
submarket monopolist’s profits in Case IV, are similar to that of the Case II multiproduct
firm and submarket monopolist in Case IV. There are still regions of substitutability
where the Case IV submarket monopolist is able to earn higher profits than even a two
multiproduct firm of Case III. In its totality, these results indicate that there exists
significant credence to the DOJ’s views towards not allowing merger to monopoly in any

submarket.
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Welfare Consequences

Perhaps the most important economic concept for merger analysis is the
calculation of welfare (including consumer, producer and total welfare). This allows for
the net effects of the merger to be calculated in totality. Practically, this yields a
justifiable set of results, in terms of pure economics. However, this misses much in the
larger realm of antitrust analysis. Kirkwood and Lande (2008) show that antitrust laws
intended, and courts have consistently upheld, that the purpose of these laws is consumer
protection, not economic efficiency. Kirkwood and Lande also provide information on
the ‘traditional’ view focused on the efficiency argument, but make clear that the courts
have not embraced this view. The courts have opted for the consumer protection
argument. Further, Zerbe (2015) finds the following, “This nevertheless means that in at
least 1,478 cases, or ninety-eight percent of all federal antitrust cases, consumer
protection was the overriding concern.”

This thesis will not address the merits of these arguments. Rather, results
reflecting both modes of thought will be presented. Total welfare results will be
presented, noting both producer and consumer surplus. This will allow for comparisons
of total welfare, consumer surplus, and producer surplus. This thesis is merely showing
the welfare implications in the traditional economic sense, whilst carefully noting the
broader, legal perspective of antitrust analysis.

To calculate consumer and producer surplus, the methods of Chung et al. (2013)
are utilized. They performed similar welfare calculations based on a modification of the
Bowley functional form, from which their calculations may be modified to fit the
specification provided in this paper. Producer surplus (PS) is simply the total industry
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profits (for a given case). Because the underlying utility function is that of the
representative consumer, consumer surplus (CS) can be calculated in the manner

provided in expression 5.4.

6
CS:U—Zpiqi (5.1)

i=1

Total surplus, or total welfare, is simply 7S = CS + PS'.

Consumer Surplus

Table 5.2 provides the relevant consumer surplus comparisons.

Table 5.2 Consumer Surplus Comparisons for Merger Cases

Comparison Notes/Explanation (if Necessary)

Cs, <CS,
Cs, <CS,
cs,, <CS,
Cs, <CS,
cs, <CS,

See Figure 5.9.
CS

w=

cS

1

Cs, <CS,

1
< See Figure 5.10.

s, =CSy,
>

Cs, <CS,,
Cs, <CS,

Unless otherwise noted, these comparisons hold for the conditions0 <o <1, 6 <@<1,
a>0,and 0<c<a. See related graphs for additional information.
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From Table 5.2 it is seen that consumer surplus in every case is less than Case 1.
Additionally, Case V unambiguously results in the lowest consumer welfare compared to
any other case. Consumer surplus in the two multiproduct firm case (Case III) is lower
than in the multiproduct case (Case II). Figure 5.9 visualizes the comparison. Given the
restrictions, it is seen that as long as the substitutability parameters are sufficiently

different from each other, that consumer welfare is greater in Case II than in Case IV.

0.00

Rel. Welfare
-0.05

] Difference: CS{Case IV}-CS(Case 11} |E] Plane at 0

Figure 5.9  Relative Consumer Surplus Comparison: Case IV vs. Case II

Note: To aid in graphing, 0=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which consumer surplus is greater for Case IV
than Case II. Notice that given the additional restrictions, 0 <0 <.75<@<1, which are
graphed here, it can be seen that this only occurs when the substitutability parameters are
sufficiently close.
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As provided in Figure 5.10, Case IV compared against Case III results in very
similar findings. When the substitutability parameters are sufficiently close, consumer
surplus is greater in Case V. Otherwise, when the substitutability parameters are

sufficiently different, consumer surplus is greater in Case III than in Case I'V.

1.0

0.00

-o.o5Rel. Welfare

0.0

L Difference: CS(Case IV)-CS(Case Ill) ] Plane at 0

Figure 5.10 Relative Consumer Surplus Comparison: Case IV vs. Case I1I

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which consumer surplus is greater for Case IV
than Case II. Notice that given the additional restrictions, 0 <0 <.75<@<1, which are
graphed here, it can be seen that this only occurs when the substitutability parameters are
sufficiently close

Producer Surplus

The producer surplus comparisons made here result in nearly the exact opposite

outcomes as the consumer surplus comparisons. When compared to the premerger case
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(Case I), every subsequent case results in higher producer surplus. Along with this, the
meat-protein monopolist case (Case V) results in higher producer surplus than any other
case. Additionally, producer surplus is higher in the two multiproduct firm case (Case III)
than in the single multiproduct firm case (Case II). These comparisons are provided in

Table 5.3.

Table 5.3 Producer Surplus Comparisons for the Merger Cases

Comparison Notes/Explanation (if Necessary)

PS, > PS,
PS,, > PS§,
PS, > PS,
PS, > PS,
PS, >PS,

See Figure 5.11.
PS,, =PS,
>

PS§, > PS,
< See Figure 5.12.
PS,, =PS,

>

PS, > PS§,,
PS, > P§,,

Unless otherwise noted, these comparisons hold for the conditions0 <o <1, 6 <@<1,
a >0, and 0<c <. Notation for this consists of the item being described in regular
script. Subscripts directly below allow for each case to be identified (I, II, III, IV, V).
Refer back to Tables (5.1-5.5) for additional information.

Comparison between the submarket monopolist case (Case IV) and the single

multiproduct firm (Case II) is provided in Figure 5.11. Given the restrictions, producer
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surplus in Case IV is always greater than that in Case II so long as the substitutability

parameters are sufficiently different from one another.

1.0

0.06

0.04

Rel. Welfare
0.02

...... 0.00

0.0

L. Difference: PS{Case IV)-PS(Case I} i Plane at 0

Figure 5.11 Relative Producer Surplus Comparison: Case IV vs. Case II

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which producer surplus is greater for Case IV
than Case II. Notice that given the additional restrictions 0< 9 <.75 <@ <1, which are
graphed here, it can be seen that this only occurs when the substitutability parameters are
sufficiently different.

Producer surplus in Case IV is also compared to the producer surplus in Case I,
as provided in Figure 5.12. Given the restrictions, 0 < 0 <.75< @ <1, producer surplus in
Case IV is greater than Case Il in all cases where the substitutability parameters are

sufficiently different.
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1.0

0.06

0.04

Rel. Welfare
0.02

0.00

0.2
0.0 5

L Difference: PS{Case IV)-PS{Case Ill} |i] Plane at 0

Figure 5.12 Relative Producer Surplus Comparison: Case IV vs. Case 111

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which producer surplus is greater for Case IV
than Case III. Notice that given the additional restrictions 0 <0 <.75< 6@ <1, which are
graphed here, it can be seen that this occurs when the substitutability parameters are
sufficiently different.

Total Welfare

Total welfare comparisons were also conducted as a part of this section. Generally
speaking, the results for total welfare did not qualitatively differ from the results for
consumer surplus. Out of the ten possible comparisons, only Case III compared to Case 11
was somewhat different. In the consumer surplus case, Case III was unambiguously
lower than Case II. However, in terms of total welfare, Case III compared to Case 11
required further restrictions to reasonably classify. This, along with other total welfare

comparisons will be discussed below. Table 5.4 provides the total welfare comparisons.
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Table 5.4 Total Welfare Comparisons for the Merger Cases

Comparison

Notes/Explanation (if Necessary)

IS, <T§,

IS, <T8,

IS, <15,

IS, <T§,

<
TSHI ZTSII

See Figure 5.13 and 5.14.

TS, =TS,

See Figure 5.15.

IS, <I§,

TS]V =TS111
>

See Figure 5.16.

IS, <TS,

IS, <1S,,

Unless otherwise noted, these comparisons hold for the conditions0< o <1, 6 <0<1,
a >0, and 0<c <a. Notation for this consists of the item being described in regular
script. Subscripts directly below allow for each case to be identified (I, 11, II1, IV, V).

Refer back to Tables (5.1-5.5) for additional information.

Total welfare in the premerger case was greater than that of any other case
presented. Additionally, total welfare was unambiguously lower in Case V than any other
case. Again, the further restrictions on the two substitutability parameters was required
for further analysis. The total welfare comparison that is slightly different from its related

case in consumer surplus was the comparison between total welfare in Case Il and Case

III. Figure 5.13, provides this comparison.
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1.0

0.00020

0¥ Wertare

0.00010

0.00005

0.00000

0.2

0.0

[ Difference: TS{Case II}-TS{Case lll} [ Plane at 0
Figure 5.13 View 1:Relative Total Surplus Comparison: Case II vs. Case III

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which total surplus is greater for Case II than
Case III. Notice that given the additional restrictions 0 <6 <.75 <8< 1, which are
graphed here, it can be seen that this occurs generally, albeit with some exceptions.

Strictly speaking, this result does not differ from its consumer surplus iteration.
Generally, total surplus in Case II is greater than that of Case III. However, due to some
strange nonlinearities near the limit of the model where J tends towards 0 and 6 near 1,
total surplus can be greater for Case III than Case II. Figure 5.14 provides the extreme

example of this. More research should be done to understand this peculiarity.
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0.0000
L Difference: TS{Case Il)-TS{Case Ill} ] Plane at 0

Figure 5.14 View 2:Relative Total Surplus Comparison: Case II vs. Case III

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which total surplus is greater for Case Il than
Case III.

Two other comparisons warrant further discussion. The first of Case IV and Case
II. This is presented in Figure 5.15. With the added restrictions, total welfare in Case IV
is only greater than total welfare in Case II when the substitutability parameters are

sufficiently close.
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10.00

. Welfare
-0.01

-0.02

L -0.03

0.0

L] Difference: TS{Case IV)-TS(Case Il) ] Plane at 0
Figure 5.15 Relative Total Surplus Comparison: Case IV vs. Case II

Note: To aid in graphing, 0=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which total surplus is greater for Case IV than
Case II. Notice that given the additional restrictions, 0 <0 <.75< 8 <1, which are
graphed here, Case IV is only greater than Case II when the substitutability parameters
are sufficiently close.

The final total welfare comparison is that of total welfare for the submarket
monopolist case (Case V) compared against the two multiproduct firms case (Case III).
This comparison is provided in Figure 5.16. With the restrictions 0 <6 <.75< 6 <1, it can
be seen that total surplus for the two multiproduct firm case (Case III) is greater than the
total surplus for the submarket monopolist case (Case IV) for all areas except those areas

in which the substitutability parameters are sufficiently close to one another.
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0.0
L] Difference: TS{Case IV)}-TS(Case lll} ] Plane at 0

Figure 5.16 Relative Total Surplus Comparison: Case IV vs. Case III

Note: To aid in graphing, a=1.5, c=1, and Z=1. Areas in orange, which are above the
horizontal plane at 0, visualize the areas in which total surplus is greater for Case IV than
Case II. Notice that given the additional restrictions, 0 <0 <.75< <1, which are
graphed here, Case IV is only greater than Case II when the substitutability parameters
are sufficiently close.

Generally speaking, it did not make a significant difference as to whether a

consumer surplus standard or total welfare standard was utilized as the criterion for harm.
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CHAPTER VI

ECONOMIES OF SCOPE

Case II demonstrated that when a firm merges across all three submarkets, market
power increased resulting in harm to both consumers and economic efficiency. These
results assumed no economies of scale or scope were gained as a result of the merger.
Economies of scope, if present, are a possible source of market power neutralization.
Case I and Case II will now be revisited with a focus on incorporating economies of
scope into the analysis. This allows for derivation of the required cost reductions to keep
prices, and by default welfare, at the premerger levels.

In their landmark text, “Contestable Markets and the Theory of Industry
Structure”, Baumol, Panzar, and Willig (1982) explain economies of scope as,

“...there is also the possibility that cost savings may result from simultaneous
production of several different outputs in a single enterprise, as contrasted with
their production in isolation, each by its own specialized firm. That is, there may
exist economies resulting from the scope of the firm’s operations.”

Economies of scope apply when the merged firm produces a product in three submarkets.
To incorporate economies of scope, the constant cost parameter, ¢, will first be redefined

for each of the i pre-merger firms in expression 6.1.

¢, =k +m, (6.1)
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In expression 6.1, the parameter k represents product specific costs. These costs
are unique to the product being produced and cannot be reduced or increased due to
merger. Reductions in production specific costs is not expected due the heterogeneous
production processes for each animal species. For example, if a beef firm merged with a
chicken firm, the processing equipment in either plant would not substitute into the other
production process.” The parameter m represents the general business costs common to
all products produced, for example “management” costs. Management cost captures
corporate level costs primarily in three areas: management, marketing, and distribution.
In this model, scope economies (diseconomies) can come from reductions (increases) in
management cost.

For instance, the reduction in salary and benefits expenses from only having one
CEO and Board of Directors instead of two would be an area in which some management
cost savings may be realized. Another probable area targeted for management cost
reductions likely would be post-slaughter cold storage and transportation.

After a merger, the merged firm’s new cost structure of the j across product

market firms is provided in expression 6.2.

C=Yk+A) m (6.2)

The A parameter is a scalar that measures the realized management cost changes after a
multiproduct merger. The cost savings parameter A can take on values between

O0<A<ow.

7 Sexton and Zhang (2001) state, “For example, although pork, beef, and poultry may substitute for one
another in consumers’ budgets, they do not substitute at all as inputs into a particular processing plant.”
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Next, the relationship between A and economies of scope are addressed. For this
analysis, Baumol, Panzar, and Willig’s (1982) measure for economies of scope (S). The

adapted equation 6.2 with adapted notation is

g - 14,0,0)+7(0,4;,0)+7(0,0,95) ~7(4,,93.95) 6.3)
17(41, 955 95)

where 77(q;) represents the cost as a function of the relevant differentiated product

quantities. The presence of economies of scope occurs when it is less expensive to
produce all three products than it would be to produce each one separately. This would
result in the numerator being positive, along with the denominator.

In regards to one firm merging across the three submarkets as in Case 11,
substitution of 6.1 and 6.2 into 6.3 the derivation of post-merger economies of scope

presented in 6.4.

= 3(k+m)(q, +q,+q5)—3(k+Am)(q, +q, +q5)

(6.4)
3(k+Am)(q, +q; +4qs5)

As such, when S >0 there are economies of scope, S <0 indicates that diseconomies of
scope, and when S=0 there are no scope economies. As can be seen, when 0<A< 1

there are economies of scope and diseconomies when A>1_ When 4= there are no
economies of scope.

Next, the exercise presented in Chapter V, Case I was repeated utilizing the
redefined cost function in expression 6.2. Each firm’s objective is to maximize profit
given their actions and those of their competitors. From this, the optimal prices charged
by all firms and the resulting output quantities were obtained. The optimal prices and

quantities for each firm are provided in expression 6.5.
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a(-1+26-0)(-1+0)+k(1+25-45" +0)+m(1+25-45" +0)

.o = 2-452+0+250 -6

(6.5)
. (a—k-m)(-1-26+45"-0)
T (454 0)(40" 200 +(2+0)(1+0))

Expression 6.6 provides the premerger profits.

. (kem—a) (1-0)(88" +(1+0)" -457 (2+0))
T 6= (6.6)
e (1+45+6)(2-46> +6+250-6°)

Now, reiterating Case II with the expanded cost function (6.2), results in
equations 6.7 and 6.8 which illustrates the new resulting equilibrium prices and

quantities.

a(-1+0)(-125>+25(2+0)+(1+6)(2+6))

+k(248° - (1+0)(2+0)-25(4+50))

+m(85° (14+24) = (1+60)(0+22)+45” (~1+ 0+ A—04) =25 (1+20+3(1+0) 1))
245° —126% (—1+0) +(-2+0)(1+6)(2+0)+ 25 (—6+(—4+6) )

pn:l,3,5 =

—a(-1+25-0)(-1+0)(2+65+0)

+k(1+265)(65 (-1+25)—(1+6)(2+96))

+m(1+25)(-25(2+2)+45° (2+2) - (1+0)(2+62))
P14 2457 “1257 (<14 0) + (2 + 0)(1+ 0) (2+ 0) + 25 (~6.+ (~4+ 0) 0)

(6.7)
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(1+25) (k(~1+0) (=126 +25 (2+0) +(1+0) (2+0)) - a (-1 9)( 125°+25(2+0)+(1+0)(2+0))
(887 (—1+2) =48> (<1+0)(1+22)+ 26 1420+ (-3+(-1+0)0) 1)+ (1+0) (0+(-2+67) 2) )
(—1+9)(1+45+9)(2453—1252(—1+9)+(—2+9)(1+0)(2+9)+25( +(~ 4+9)¢9))

G135 =

. (1+2§—452 +0)(k(—1+9)(2+65+6)—a(—1+6)(2+65+6)+m(—2+452(—1+ﬂ)+6(6+1)+25(—4+1+6(2+1))))
0= (-1+0)(1+45+0)(245° =125" (—1+ 0) +(-2+ 0) 1+ 0) (2 + 0) + 25 (—6+ (-4+ 0)0))

(6.8)
The required cost savings A~ needed for a welfare neutral merger can now be derived.

Derivation is accomplished by setting P;=1,3,5 (the multiproduct firm price in Case II)
equal to pl*,m,6 (the premerger case price) and solving for A" . The result is provided in 6.9.

m(2+25-0)(-1-25+45" - 0)-2(k-a)5(-1+6)
m(1+25)(46° —250+(-2+0)(1+0))

*

(6.9)

m(2+25-0)(-1-25+45" - 0)+2(k—ar) 5 (-1+0)’

, then the
m(1+25)(46% =250 +(-2+0)(1+0))

Thus, when 1 <

premerger price from Case I is ensured to be greater than the post-merger price in Case
1L

Comparative statics also provide insight into the properties of the required 1".

®

The partial derivative of A~ with respect to across-submarket substitutability is 25 <0.

This shows that an increase in across-submarket substitutability lowers the required A"
value for the merger to be welfare neutral, meaning that a larger cost reduction is required

for welfare neutrality when across-submarket substitutability rises. The partial derivative

*

of A" with respect to within-submarket substitutability is greater than zero, 20 >0.
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This comparative static reveals that increasing substitutability within submarkets
increases the required 1", thus lowering the required cost reduction for welfare neutrality.
Together, these two substitutability parameters create an interesting relationship,
whereby as they approach one another in magnitude, increasingly higher cost reductions
are required for welfare neutrality, as visualized in Figure 6.1. From Figure 6.1 it is seen
that as within submarket and across submarket substitutability tend toward values close to

one another, more management cost reductions are necessary to offset any price increase.

Figure 6.1  Required Cost Reduction to Ensure No Welfare Loss

Note: For simplicity, & =3. The parameters m and k were also normalized to one each,
respectively.

This is especially important because the firms engaged in these markets are trying
to just that: differentiate their product from other direct competitors in the same subsector

and differentiating their products from other possible substitutes in the broader market.
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When the firm pursues product differentiation both within and across submarkets, it
allows them to increase the price-cost margin for each product in their portfolio of goods,

which improves firm profits.

£

Other comparative statics yield informative results. For instance, e <0, which
a

means that the higher the existing consumer maximum willingness-to-pay increases the
required cost reduction for welfare neutrality. This occurs because by doing so the firm
has effectively increased the price-cost margin, which increases the required cost
reduction for welfare neutrality. To counter this, greater cost reductions are required by
the firm (and passed on to the consumer via pricing) for welfare neutrality. Antitrust
agencies would be advised to look into to situations in which the price-cost margin

increases in this modeling framework. Also, the comparative static for both subsets of

costs results ina— >0 or—k > 0. Therefore, if either or both costs are initially high
m

requires lesser cost savings for a welfare neutral merger. Higher costs lower the price-
cost margin for a firm’s product. The results indicate that with a lower price-cost margin,
it requires less scope economies for a welfare neutral merger. It follows that the antitrust
regulator might forgo analyzing situations in which the price-cost margin is lower in
favor of investigating situations in which the price-cost margins have increased.

In all, the expected post-merger economies of scope are an important
consideration in differentiated product merger analysis. Without sufficient cost savings, it
would not be possible to offset the increases in market power, and depending upon the

initial state of the industry, even greater cost savings may be required.
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CHAPTER VII

CONCLUSIONS AND GUIDANCE FOR FUTURE RESEARCH

The analysis is relevant and timely due to the prevalence of this merger pattern in
meat protein markets. The product differentiation model developed in this study is a
mathematically tractable and informative. Although this analysis focuses on the meat-
protein industry as a guiding example, it is easily extended and adapted to other markets
in which mergers and acquisitions of a similar nature are occurring.

This thesis provides several contributions to the literature that are relevant to
academicians, antitrust regulators, and firm decision makers. The modeling framework
and findings presented contribute to a better understanding of the potential effects of
multi-product mergers, considers the required cost savings to offset market power,
identifies factors which inhibit adequate cost savings to be realized by the merger, and
has further characterized the role that within- and across-submarket substitutability play
in affecting the welfare neutrality of the merger.

The modeling approach also considers alternative market definitions and provides
several important findings. The primary finding of this thesis is that there appears to be
merit in the DOJ’s view that mergers within submarkets are more likely to cause harm
and must be thoroughly scrutinized. However, the results also indicate the importance of
recognizing that mergers across submarkets may also have considerable anticompetitive
effects as well; especially if sufficient economies of scope cannot be realized.
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Additionally, the results also indicate that firms should not blindly attempt to define the
relevant more broadly. This is because that even in a broader market definition,
significant anticompetitive harm may still occur, especially when the likelihood that
sufficient management cost reductions are small.

Finally, the results of the analysis also provide a plausible explanation for the
emergence of multiproduct firms and increased consolidation, especially as has been
observed in the meat processing sectors. The emergence of multiproduct firms and
increased consolidation is much in agreeance with Deneckere and Davidson (1985), who
demonstrated that in a Bertrand game with differentiated products, firms have an
incentive to merge. However, there may be non-market power driven motives firms have
for merging beyond strict profit maximization. Motivations for mergers and acquisitions
are not always transparent, and there often are several motivations for merger (Nguyen et
al., 2012). Given the demand relationships of the industry described in this thesis, it is left
for future research whether portfolio diversification may be a reason for these mergers in
the meat-protein sector. Additionally, this analysis ignores the fact that mergers are not
always profitable endeavors. In fact, Ravenscraft and Scherer (1989) find that average
profitability decreases after merger, with very few exceptions. The authors also suggest

‘control loss’ of the merged firm as a possible explanation for this.

Limitations and Extensions

The model developed in this thesis does not come without limitations.
Assumptions and simplifications are made as a necessary step for clarity of exposition.
As such, the major shortcoming of the current work is that the modeling framework has

not been fully generalized so as to be empirically testable in in a realistic market setting.
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Additionally, this model is specified using the Bowley function, limiting its application to
market settings which exhibit similar traits, making the Bowley specification suitable. If
the Bowley model does not accurately describe the market under consideration, a more
suitable functional form must be used. However, it is unknown if the model and results
presented in this thesis is robust to changes in functional form.

Assuming the broader market has a finite set of possible products as in the meat
protein industry, the generalized consumer utility was presented in expression 4.28. As
described in Chapter IV, several other generalizations are possible: allowing the

parameters ¢, and S, to vary for each product in the market, and allowing the number of

firms in each submarket to vary. To allow for a wider range of product competition,
another set of substitutability parameters may be added to account for each pairing of
products. For instance, it is likely the case that differentiation of products within
submarkets are asymmetric. In turn, every product, both within and across submarkets,
would have a unique substitutability parameter. This would result in a sizable matrix of
differentiation parameters. Additional extensions include allowing for costs to vary
across products being produced. This step would only improve the current modeling
framework if it is reasonable to assume the relative cost to maximum willingness-to-pay
differentials are significantly different.

Additionally, opportunities for extension of this model to include various strategic

concepts may present emerging research opportunities. For example, it is unknown how

8 For clarity, the fully generalized model is shown here:

n 1 n 5

U@.2)=a,2.q, —E(Zﬁiq[ +249,»,,~Zq,~qj+25h,k2qhqkj+2-
i=l1 i=1 i#j h#k

For detailed parameter descriptions and relationships, see Chapter I'V.
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the outcomes might change if exclusionary bundling or tie-in sales were incorporated as a
second phase strategy of the merged firm.

As an intermediate step for empirical analysis of an industry, or if relevant firm
data (costs) are not readily available, the modeling framework is well suited for use with
simulation methods. This type of testing has a distinct advantage for further
understanding the power and implications of the modeling framework. The advantage of
using simulation methods to test this model is that the relevant parameters can be easily
adjusted to “realistically relevant” levels, thus allowing for a wider set of predictions and
scenarios.

Finally, steps for future empirical estimation will be discussed. First, data on
market prices and quantities consumed are readily available (e.g. scanner data and USDA
reports). Once the data are acquired, econometric estimation of the relevant consumer
demand parameters is possible by utilizing the system of linear inverse demands shown

in 4.4. From this system, direct estimates of «, , f,, , and 0, can be obtained. In turn,

realistic estimates for the required cost reductions for welfare neutrality can be either
simulated by obtaining estimated for production specific and management costs from the
firm and inserted into the generalized expression 6.9. The value of this simple approach is
that a rough measure of the required cost reductions for welfare neutrality can be
obtained as an initial merger screening or “quick-look” tool, utilizing a limited amount of

data and low time commitment.
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APPENDIX A

TWO PRODUCT BOWLEY MODEL CALCULATIONS
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This appendix illustrates the mathematics for the two product duopoly model with
the Bowley function, notably published by Dixit (1979) in the Bell Journal of Economics.
The Bowley function portrays the utility of a representative consumer for two goods

using a quadratic function, shown in (A.1).

1
U(q,,9,) = aq, +ayq, _E(zchﬂZ +IBIQ12 +182Q§)+Z (A.1)

In (A.1), a is a reservation price, b is a slope parameter, and z is a representative good for
all other goods and has been normalized to 1.6 is the substitutability parameter between
the two goods. At 8 =0, the goods are independent of each other. When0 < <1, the
goods are imperfect substitutes. At € =1, the goods are perfect substitutes. Next,
Equation (A.2) shows the inverse linear demand equations implied by the Bowley

function.

p,=a,—0q,—q,p

(A.2)
p,=a,—0q,—q,p,

These can be solved for quantity to find the Bertrand-Bowley demands for each

quantity, as in (A.3).

Oa,-0p, +(_a1 +p1)ﬁ2

q9, = 2
0 _ﬁlﬂ2 (A.3)
_ Oa, — O p, +(—a2 +p2),31
- 0~ B,

Note that it is possible for a and b to vary across products, making them no longer
symmetric, but this is not done here.
Next, the quantities will be added together in order to find aggregate demand.

This is done because g, +¢q, = Q . After simplification, (A.4) will result.
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Op,—0p,+a, (‘9_:81)"'172@ +a1(0_:82)+p1ﬁ2
ez_ﬁlﬂz

0=(q,+q,)=— (A.4)

The differentiated aggregate elasticity for g, will now be calculated, which will also
work for g,because the firms are assumed to be symmetric. The first step is to take the

partial derivative of g, with respect to p, , resulting in (A.5).

P (A.5)
o, 0 -5
Then, % can be multiplied by o , in order to find the
op, Oa,—0Op, + (_al + D ) 5
‘92 - ﬂuBz
differentiated elasticity for g,, shown in equation (A.6).
1 p B
E =— * 1 = 172 (A6)
d.q, b(l—@z) Oa, —0p, +(—a1 +p1)ﬂ2 Oa, _9p2+(_a1 +p1)ﬂ2
‘92 - ﬁ]ﬂz

For this comparison, the elasticity of composite aggregate demand will be calculated.
This requires making a composite price variable, p. This is done in (A.7). Note: Prices are

normalized such that p, = p, =1. This can be done because the firms are symmetric.

p= -5(p1 +p2) (A7)
Given this, p =1. With these changes, expression (A.4) can be rephrased as expression
(A.8).

a,(0-p,)+a,(0-5,)+p(-20+ B+ ,)
ez_ﬂlﬂz

(A.8)

Taking the first derivative of (A.8) with respect to p allows (A.9) to be obtained, which is

the composite partial derivative.
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a_Q:—26?+/)’1+,B2 (A.9)
op 6 -Bp,

From (A.9), the composite elasticity of demand for the composite aggregate demand can

be found, as in (A.10).

g _ 20+ B+ p
e 0’ -Bp, —Op—0p,+a,(0-B)+p.B+a(0-5)+pp
92 _ﬂlﬂz (A~10)

_ p(—20+,31+,52)
a, (9_181)"'“1(0_:82)"'17(_29"':81+:B2)

Now, it is possible to check to see if composite aggregate demand is more inelastic than
for each individual aggregate demand. The elasticity of demand for g, should be more

negative than elasticity of demand for the composite aggregate demand. From (A.6) and

(A.10), (A.11) can be obtained.

p(_20+ﬂ1 +ﬂ2) S pps
a, (6’—,31)+a1(6?—,82)+p(—26?+ﬁ1 +132) Oa, -0p, +(_a1 +p1)ﬁz

(A.11)

It is known that p, p, and p, are all equal to 1. Plugging these values in, (A.12) results.

20+ 5+ 5, B b
20+a,(0-B)+ B +a,(0-B,)+p, g 0—0a,+(-1+4a,)p, (A.12)

This is the required expression for which the Bowley function will need to satisfy in
order to be said to have the properties desired. It is found that for values of —1<8<1

and a >1 this condition is satisfied. Happily, this means that under the assumptions made
by this exercise, the full range of 6 possibilities from & =—1 (perfect complements) to

6 =1(perfect substitutes) is possible so long as a > 1.
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4
45 e E|asticity-q1
5
Figure A.1  Comparison of Composite Own-price Elasticity of Demand and Own-price

Elasticity of Demand for Good 1
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Table B.1

Price Comparisons for Merger Cases

Comparison

Notes/explanation (if necessary)

P >P/,1

11,1

W ERRIE

By, > B,

11,1
.1 > ‘I:;,l

P
By o> P,

1,6

5., >R,

P, . >P

11,1 17,1

P, >P

11,2 11,2

See Figure B.1 and discussion.

See Figure B.2.
B, , > P, , when the condition

0<0<.75<0<1 is satisfied.

See Figure B.3 and discussion.

See Figure B.4 and discussion.

A

P

w3

=P

1.3
>

See Figure B.5 and discussion.

P, . >P

V., L1

P, >P

I8 1V,1

P .>P

V.3 v,3

P, >P

11,1 1,2

&3




Table B.1 (continued)

Comparison Notes/explanation (if necessary)
< See Figure B6 and discussion.
Pu 2 :PIV,3
>
P[V,3 < BV,I

Unless otherwise noted, these comparisons hold for the conditions0 <o <1, 6 <@ <1,
a>0,and 0<c<a. Notation for this consists of the item being described in regular
script. Subscripts directly below allow for each case to be identified (I, II, III, IV, V), as
well as the firm/product to be identified (1..6). Refer back to Tables (5.1-5.5) for
additional information, if needed. In the context of the problem, firms 1 and 2 produce
beef, firms 3 and 4 produce pork, and firms 5 and 6 produce chicken.
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0.2

0.1 Rel. Price
1.0

0.0

0.0

. Difference: P1{Case IV}-P1{Case Il} I Plane at 0

Figure B.  Relative Price Comparison: P; (Case IV) vs. P; (Case II)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the price for the submarket monopolist in Case IV is
greater than the price for the multiproduct firm in Case II. Conditions required for

P, > P, as reported by Wolfram Mathematica are

Root[-40 120" -116° - 6" +36° + 6°
+(8—160—5402 —246° +106* +495)#1
+ 48+20.9—892+1693—494)#12

0<O<1, 0<o< (
+(24+144¢9+112¢92—1603)#13
(
(

,a>0, O<c<a.

¥ —208+1129—4802)#14
+(-96-1920)#1° +192#1°&,2]
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0.2

0.1 Rel. Price

0.0

0.0
L Difference: P2{Case IV}-P2{Case II} ] Plane at 0

Figure B.2  Relative Price Comparison: P> (Case IV) vs. P> (Case II)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the price for the submarket monopolist in Case IV is
greater than the price for the multiproduct fringe firm in Case II. Two possible conditions
required for B, , > P, ,, as reported by Wolfram Mathematica are:

1,22
2
0<935(3+2\/7),
(1) 0<o<0,
a>0,

O<c<a

or
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19

2(3+2ﬁ)<0<1,

40 +86° +30° -20* -0’ +(206’+34¢92 +46° —1004)#1

(2) | 0<58<| Root| +(-24+120+486° — 240 )#1’

a>0,

O<c<a

This implies that for the restrictions0 < <.75<8<1, then P,

+(—88—32¢92)#l3—489#14+96#15&,4

>P

V.2 /X
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4 0.002

el. Price

4 0.000

-0.002

L. Difference: P3({Case IV)-P3{Case Il) i Plane at 0

Figure B.3  Relative Price Comparison: P3 (Case IV) vs. P3 (Case II)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the price for the Case IV fringe firm is greater than

the price for the multiproduct firm in Case IL. The conditions required for B, , > P, , , as

reported by Wolfram Mathematica are

—3+\/E< 0<l1,

—4-20+90"+80° + 6" +(—16+449+28492 +803)#1
0< 0O <| Root

+(—4—169—1692)#12+(3z—809)#13+48#14&,3
a >0,
O<c<a

Within the realm of 0<5<.75<60<1, P, , > B, so long as the substitutability

parameters are ‘sufficiently different.’
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1.0

0.2

0.1 Rel Price

0.0

0.0

L] Difference: P1{Case IV)-P1(Case lll) |I] Plane at 0
Figure B.4  Relative Price Comparison: P1 (Case IV) vs. Pi (Case I1I)

Note: To aid in graphing, 0=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the price for the submarket monopolist in Case IV is
greater than the a price for a firm in the two multiproduct firm Case III. The condition

required for B, | > P, , as reported by Wolfram Mathematica is:
0<0<1

20+36>-6* +(—4+89+86’2 —493)#1
0< 0 <| Root

+(-20+160 867 J#1* ~160#1’ +16#1'&.3
a>0
O<c<a
It suffices to say that under the restrictions0 <0 <.75<8<1, P, > P, when the within

w1 ar,1
and across submarket substitutability’s are ‘sufficiently different’.
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1‘.0 8

0.002

O'Rce’]. Price

0.000

-0.001

-0.002

0.2
0.0

L] Difference: P3{Case IV})-P3{Case Illl} ] Plane at 0

Figure B.5 Relative Price Comparison: P3 (Case IV) vs. P3 (Case III)

Note: To aid in graphing, 0=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the price for the submarket monopolist in Case IV is
greater than the a price for a firm in the two multiproduct firm (Case III). The condition
required for B, , > B, ,, as reported by Wolfram Mathematica is

g<6’<1

3
0<5<%(—3+40)+%\/1—200+2802 :
a>0

O<c<a

90



1.0

0.002

Rel. Price
0.000

-0.002

0.0

L] Difference: P2{Case Il)-P3{Case IV) |i] Plane at 0

Figure B.6  Relative Price Comparison: P> (Case II) vs. P3 (Case V)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, show the areas in which the price for the fringe firm in Case II is greater than
the a price for a fringe firm in Case IV. The two possible conditions required for

P, , > P, ,, as reported by Wolfram Mathematica are:

1,2
—14+26#1-94#1°
+180#1° +51#1'° &, 2

-30° 360" +(4-40-186° )#1
+(20-200)#1° +24#1° &, 3

0<6£R00t[

(1) Root[ ]<5<6’ or

a>0

O<c<a
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[ 1426#1-94#12 +180#1°
Root <f<1

| +51#1°&,2

_—302—3H3+(4—49—186’2)#1
(2) | Root <o0<6
| +(20-200)#1° + 24#1°&,1
a>0
O<c<a

As opposed to previous results, for the restriction 0<6<.75<60<1, P, , > P, , when

the substitutability parameters are sufficiently close. Or, conversely, the price for a Case
IV fringe firm is greater than the price for a Case Il fringe firm only when the
substitutability parameters are sufficiently different from one another.
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Table C.1

Quantity Comparisons for Merger Cases

Comparison

Notes/explanation (if necessary)

9uy <4,

Gury <4;,

91 <4,

9ve =416

9y <d4;,

Qury =49,

Q> <4u>

<

Ay 1=4951,

>

See Figure C.1 and discussion.

Qv <4y>

9wz =493

vy <4y,

9y><4u>

<

Q=49
>

See Figure C.2 and discussion.
4,1 <4, under restrictions

0<6<.75<0<1.

Qs> 93

Qvi <49,

Qvi <4y,

Qs <43

9uz >4

9uy <4y,

<

9u2=9w 3
>

See Figure C.3 and discussion.

A3 >4y,

Unless otherwise noted, these comparisons hold for the conditions0 <o <1, 6 <@ <1,
a>0,and 0<c<a. Notation for this consists of the item being described in regular
script. Subscripts directly below allow for each case to be identified (I, II, II1, IV, V), as
well as the firm/product to be identified (1..6). Refer back to Tables (5.1-5.5) for
additional information, if needed. In the context of the problem, firms 1 and 2 produce

beef, firms 3 and 4 produce pork, and firms 5 and 6 produce chicken.
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0.00

-0.05Rel. Oty.

-0.10

0.0
L. Difference: Q1{Case 1V)-Q1{Case Il) [ Plane at 0

Figure C.1  Relative Quantity Comparison: : Q (Case IV) vs. Q; (Case II)

Note: To aid in graphing, a=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the quantity for product 1 of the submarket

monopolist in Case IV is less than the quantity for product 1 for the multiproduct firm in
Case II. The actual conditions required for ¢,,, > g, , are laborious to present and detract

from the analysis. However, it is appropriate to state that given the additional restrictions,
0<0<.75<6<1, only when the substitutability parameters are sufficiently close will
the submarket monopolist produce a higher quantity of good 1 than a multiproduct firm.

95



L] Difference: Q1{Case 1V)-Q1(Case lll) ] Plane at 0

Figure C.2  Relative Quantity Comparison: : Qi (Case IV) vs. Qi (Case I)

0.00

1 =0.0%el, oty.

1-0.10

Note: To aid in graphing, a=1.5 and c=1. Under the restrictions 0<0 <.75<6@<1, the
area in orange is never above the zero plane indicating that for product 1, a firm in the
two multiproduct case always produces more than the submarket monopolist. Without
these restrictions, the actual conditions in which ¢, , > ¢, are

O<6’<3L4(3+\/14_5)

—260-36* +6* +(4—166>—12.92 +893)#1
Root
+(20-400 +867 )#1° +(32-160)#1° +16#1' &, 2

a>0

O<c<a
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|Rel ovv.

0.0 6
L Difference: Q2{Case I1}-Q3(Case IV} ] Plane at 0

Figure C.3  Relative Quantity Comparison: : Q2 (Case II) vs. Q3 (Case IV))

Note: To aid in graphing, 0=1.5 and c=1. Areas in orange, which are above the horizontal
plane at 0, detail the areas in which the quantity for Case I, product 2 (a fringe firm) is
greater than the fringe firm in Case IV. Given the restrictions, 0 < <.75< <1, only
when the substitutability parameters are sufficiently close will the Case II fringe firm
produce a higher quantity than a submarket monopolist in Case IV. Without the
restrictions presented, the actual conditions in which ¢, , > g,, ,are

0<o<l
452087 245" + (45+ 205> )#1
0 <0< Root
+(3+185)#1° +3#1°&,3
a>0
O<c<a
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Table D.1

Case I: Prices, Quantities, and Profits

Price . a(-1+25-0)(-1+0)+c(1+25-45" +0)
Pi=1,.,6 " 24571012506
Quantity . (a-c)(-1-25+45"-0)
i " (1+45+6)(40"~200+(—2+6)(1+6))
Profit « (c—a) (-1+25-0)(-1-25+45>-0)(1-0)
gy (1+45+06)(2-46> +6+250-6°)
Table D.2 Case II: Prices, Quantities, and Profits
Price s or-1+6)(—128" +28(2+6)+(1+6)(2+6) )= c (245 —(1+6)(2+6)-26(4+56))
}i?j?f?' B 245 —125° (—1+8)+(-2+6)(1+8)(2+6)= 25|'_—ﬁ—|_’l—'1—ﬁ?_'|ﬁ?.]
x —a(-1+26-0)(-1+6)(2+65+8) +c(1+25)(65(-1+25)—(1+6)(2+8))
:__:__{; 2457128 (-1+8)+(-2+6)(1+6)(2+8) +25( 6 +(—4+6)6)
Quantity | (c—c)(1+25)(126" - 25 (2+ 6)—(1+ 6)(2+6))
?;{{f (1+45+6)(245° -1267 (-1+ 6) = (-2 6)(1+ 6)(2+6)+ 25(—6+(—4+ 6)8 )
x (—c)(-1-25 +45"-6)(2+65+ 6)
qr= = AV A T 1 o — — —
ZF o (1+46+0)(248° 1287 (-1+ 6)+ (-2+ 6)(1+6)(2+6)+ 256+ (—4+6)6))
Profit :

] 3(c-a)'(1+28)(1-6)(-1267 + 25(2+ 6) +(1+ 6) (2 + 6))

T (1+46+6)(246° 1287 (1+6)+ (-2+6)(1+6)(2+ 6) + 25(-6+( 4+ 6)6) ||

. (c—a) (-1+25-8)(-1-25+48" —8)(1-8)(2+65+8)°

Te= 3 ; , N : : L
_f (1+45+6)(246 —1287(-1+6)+(-2+6)(1+8)(2+6)+25(—6+(—4+6)6))
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Table D.3 Case III: Prices, Quantities, and Profits
Price *  ct+a+2co-al
i,c 24+25-0

i=l,...,6
Quantity *  (a-c)(1+206)

Dic = (2+256-0)(1+45+0)

i=l,...,6
Profit x  3(c-a) (1+25)(1-0)

e (2-26+6) (1+45+0)
Table D.4  Case IV: Prices, Quantities and Profits
Price 1[ 4(c-a)(-1+6)6(1+45+86) )

*
p__z;f{m ZE{MH T i 18 3616+ 28(-3+6) [1+9)J

x*  —a(-1+28-8)(-1+8)(1+36+68)+c(-1+5)(1+25+8)(1+45+6)
Pgﬂ@‘ —2+48° +85° -36+6 +25(-3+8)(1+6)
Quantity | (a—c)(1+25+6) (48" +(-2+6)(1+6)+5(—-6+46))
g{=bjﬂ 2(1+46+6)(2+487 +88 —30+6° +25(-3+6)(1+ 6))
. (a—c)(-1-25+45"-6)(1+35+6)
‘?gﬁ - (1445+6)(-2+45" +85° 36 +6° +25(-3+6)(1+6))
Profit «  (c—a) (1-25+6)(1+25+6)(45% +(-2+6)(1+6) + 5(—6+46))
T = p . - - T
om 2(1+45+6)(-2+46> +85 ~36+ & +26(-3+6)(1+6))

x  (c—a) (1-26+86)(-1-26+45" - 8)(-1+6)(1+35+86)’

(1+45+6)(-2+45" +85° 36 +6" +25(-3+6)(1+6))

=
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Table D.5 Case V: Prices, Quantities, and Profits
Price *  cta
vi 2
i=l,...,6
Quantity * a-c
Vi 2(1+45+6)
i=l,...,
Profit x ( c— a)2

i~ 4(1545+6)

i=l,...,6

Table D.6

Case | Welfare Calculations

Consumer Surplus

(3¢ (1426457 +6) —6car(1+25-482 +6) 1

(362 (142648 +6) +2(1+45+6)(2-46> +6+256-6°) |

(1+46+6)(2-48 +6+286-67)

Producer Surplus

=

6(c—a) (-1+26-6)(-1-26+45" —6)(1-6)
(1+45+9][:2—45‘+9+259—9‘:]:

Total Surplus ((6(c—a) (-1+26-8)(-1-26+45" —6)(~1+6) |
13c2(1425-457+6) —6ca(1+426-45" +6) +302(1+25-45"+6) |
421445+ 6)(2-48 + 6428 -6°)) J

(1+45+0)(2-46° +6+250-6°)
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Table D.7  Case II Welfare Calculations

Consumer , (1445* +2885° +28(1+8)(2+86)(7 +59j+[’2+39+93‘]”-
3e—a) (1+28) N o _ . -
Surplus 2457 (6+6(8+8)) -2 (-13+8(-9+6(3+6))) )
4 " 3 i \ 3 L -
(1+45+6)(245° —1287 (14 6) +(-2+8)(1+6)(2+6)+25(—6+(—-4+6)6) |

Producer . (—(-1+25-6)(-1-25+45"-8)(2+65+6)"

e—a) (-1+6) o ' N

Surplus \—(1+28)(-128" +25(2+6) +(1+8)(2+8)) |

(1+48+6)(248° ~1267 (—1+ 6) +(-2+6)(1+8) (2+8)+ 25(—6+( 4 +6) aj_‘]:

Total Surplus

f{3(c—aj3 (5765° —5765° (—1+68) —(1+6) (2+6) (-3+26) )

4965 (—6-+(—4+6)6)-25(1+6)(2+6)(21+8(-T+6(9+6)))

| +45°(—103+6(—39+8(51+198)) )+ 257 (43 +6(85+ 8(41-8(5+26) ‘|']"|)j
-4 1 | . r 3 \ ) EEN

(1+45+6)(245° -1257 (-1+6) +(-2+6)(1+6) (2+6)+ 25['_—6+[—4+6‘j5‘:|j]1

Table D.8

Case III Welfare Calculations

Consumer Surplus —6ca(1+25) +3(c+2¢8) +3(a +2as)’

zZ+

(—2-25+6) (1+45+0)

Producer Surplus 6(c- a)Z (1+25)(1-0)

(—2-25+6) (1+45+6)

Total Surplus

3(c—a) (1+26)(3+25-26)
(—2-25+6) (1+45+0)
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Table D.9 Case IV Welfare Calculations

Consumer Surplus —6ca(1+26) +3(c+2c8) +3(a+2as)

z+ 3
(-2-26+6) (1+45+0)

Producer Surplus 6(c—a)2 (1+268)(1-0)
(—2-26+6) (1+45+0)

Total Surplus +3(c—ayX1+25x3+25—29)
z
(-2-25+6) (1+45+0)

Table D.10 Case V Welfare Calculations

Consumer Surplus 3 ( c— 0{)2
Z+———
4(1+45+6)
Producer Surplus 3 ( o— C)2
2(1+45+0)
Total Surplus 9 ( c— a)z
ZH————"
4(1+45+6)
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Appendix E provides an explicit listing of the symmetry relationships exhibited
by the model. Table E.1 shows the relationships for all five cases presented. This

reference will aid readers looking at the comparisons.

Table E.1 Symmetry Relationships in Merger Cases: Prices, Quantities, and Profits
Case Prices Quantities Profits
I |R=R=RB=F=F=F\q=0,=4,=q,=q4s=qs| 7 =7, =7, =71, = s =7,
u R=P=F 4, =49;=4;s Ty =7 =75
P, =F =F 9, =49, =94 Ty =7y =T
Il |R=P,=P=R=F=F|q=9=0=q,=4s=4q, | T =7, =71 =7, =7; =7,
v R=PF 9, =49, T =Tt
B=F=F=F 9: =494, =495 =4, Ty =70 =75 = T
V \B=R=P=P=P=F|4=9,=0,=q9,=q5s=q, | T =70, =0 =70,=7T; =7
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({#Modified Bowley: 3 prodoct sobmarkets and 2 firms per sobmarket,
snhstitotabhility within sobmarketsz =gnal
(theta) and across sobmarkets egonal (delta)s)

FullSimplify|s -py @ - Pz 92 - P393 - P4 @ - P2 9 =
1
Pegera(momemememem) s (-af-af-afi-gi-qf-ai-

2485 (quqge+ @z Qs+ T T+ Cz Ta o+ Qi T8+ Gz Ta # Fa T8 & G s+ Gi e # Tz Te # Tz Te # T Te) -
Zwa {q;qz-q;.q;-q::qcl_l]

SoP: gL -Prd: POl P44 -PSds -Peder @ (v gr g vgsegs vge) v

L
z [-af-af-ai-29qiqu-gi-25q:qs-25g4qs-af -2 (5 (g1 +g4) +5as) e -

gi-285g; (e +qqvQs+Ge) -2y (Ba+8 (Gyray+as v ae)})

FollSimplify [0 [m-p1qu =Pz @ - P393 - P4 G4 =P 92 -
1
Do e+ @ (Qn o+ Q2 # Oy # Qg+ OG5 + D) r; {-qi-q;-qj-qj.qi-qi.

2w 0 (Qugy + Q2 Oy + Q1 G+ q2 Ta o+ T2 T8 4 D2 T8+ T3S+ Tu s+ D1 Te o+ D2 Te o+ T3 Je + T e -
2ue (qageegage+asge) ), ({92, 92, 33, 3¢, 33, F1}]]

(@-pr-@-Fq - (Qa+rQa+as+Qe), T-Pz-8q - Q2 -5 (3 +Qa + qs + e} s

a-pa-@a -8 g -0 (M r@zr @t i), A-Pa-F -G-8 (D r gz gs v el

a-ps-8 (Qrgerga v ge) - Q-5 G, A-Pe- 8 (@t v gav @) -9 g8 - Qe

(=Demandsx )

FullBimplify[Solve[a-py -q -6qgz =& (g +qu+qs +ge) = DEE
a-pz-fm-gz-5 (@regueguege) =0 kbka-ps-q-Fqu-5 (mrgeergseage) =05k
a-pi-8@m-qi-F (Qegeguegs) m0bba-ps-5 (Mo +Qasqu) gz -9 qs = 0Lk
a=pe=8 (@+@+qyeqm) ~Oge-qge == 0, {@, gz, g3, T, T3, e}]11]
{[g:—: [{—].-251--!-52-9] P1+|:—-§-52+-5'+2|55152]P2—
{=1+8) (@ (l-25+8) +8 (ps +pa +p=+pn:|]:lfl:[—l+2 S-8) (-l+8) (1+348+3) ),
@ ([§5-286-8(1+8)|pr+ [Lr28-45+8) pz+
{=1+8&) l{n:(1—2516]15l{p;qutpgfpa:l]:lfl:[—l-ra:l [l-28+«8) (L+28r8) ),
g3 -+ [|:| (-l+28-8) [-1l+8) + (-8 1+ (S-58) pr-pa-20pa+4F pa-0pa-1 8 pu +
Bpi+258pa+5 parSps-58ps-8 (-1+8) pe) S ({-1+28-8) [-1+8) (Led8+8)),
@y ¥ [|:| (-l+28-8) [-1l+8) + (6-88) pa+ (5-858) pr -2 pa+6pa+2H0pa+0¥ pa-pu-
285pa+ 45 py-Opa+Sps-58ps-8 {-1+8)pe) S ({-1+25-8) [-1+8) (LedE+0)),
@ -+ [|:| {(=l+28-8) (-l+8) ¢+ (-8 + (S-S0 pr+dpa-Sopa+Spy-G6py—ps -
2Sps+ 45 pu-Opsr [-458+8+250+8% pu] f({-1+28-8) [-1+8) [L+45+8)}).
o+ [u—2a5+2|:|59—u52+|:5-59] Pr+ (B-508)pr+dpa-S50pi+8pi-S6pi -2 85 ps +
Sps+250pse6ipsw [-1-28+455-0)pa) f([-1+28-8) (-L+5) {(1+45+8))}}

(#Inverse demsnd=z)
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Multprodud Megersnb | 117

km[{“{{c-n:’ [8326'.546’ (15-48) + (1+8)* (36+2 (-28+38)) »
45 (L+8)” [EE+e (-49+68)) + 165" [-06+0 [-4+98)] «
45 (1+8)? (97432 (-34+118)) +165° (L+5) [-52+8 {-15.239}}}]f
[1 (Led6ss) (-2+46%+86°-T0+5"+25 (-3+8) (L ve}]’]] »
{: . {3 (c=a)® [5756'-5766’ [-1+8) - [L+8)® [248)° (-3428)
965" [-6+ (-44+0)8) -25 (Lea) [248) (-2L+8 (-T+a [3+8]])] +
45 (-103 48 (-3948 [5SL+198))) +25% (4340 (8545 [41-8 (S ma_]]}_]”l;'
[{1 +45+8) (2457128 (-148) + [-248) (Les) (2+8) +25 [-6+ (-24+8) a”’” ¥
DebclEEfcoclbEhas DEED <
[ 4
a]
= & Bmals &5 [|:El -\:EsRth-[
-12370E64 505 560 508577184 662 T22 800 + 27 825 225 445 020 502 065 557753 168 080
fml+ 8465631 092 082 625 888 662 417761 538 048 nl1¥ -
2E1 560265044 201 TA1 098 TEO 498 807 126 11¥ -
9671 606065 7E0 408 651306 170 326 442 740 014 +
20122390909 226 767 675874 080591 TO6 224 Hi1® +
1E022 561443 916004241 436181112 137472 it -
145415217250 936 204 547 465531 288 546608 BLT +
67152460922 EASEE3 255 010 160 245 620 460 #1% +
548162 676242 916059152 202 678 288 148688 BL? -
27560295 765770506 282 122 614 542 062 952 1139 -
15671 6625320850 GA0BEO311 248 42 572 046 460 [L3E -
1667028431 160 680654571 G630 820 24T 216 W12 +
7531724825012 622 076162 228 512951 276 528 M1 4
€B842 615292049 105266094597 090 160 251 64 m134 -
23157166 655722 601 472 443 322 606 237 261 520 41 -
17452 216166254511 216 256 579 967 181 655 200 41 +
453208416761 540506 335 655 BEE 264 75T 670 448 6137 +
10229374064 654573 556 512 353 526 055 404 420 9130 -
73262 306861 082861 226 505 665 146 061 096 272 413 +
2082624521 220 466 567110244 923 4006 211 628 m13° 4
TE214224525 452 695 189 703 056 228 208 360 288 41 -
156268623 675 016506 220 966 056 120 785 572 600 413 -
61152804 706526 241 450 266 504 171 455223 T48 413 +
20156715956 215523 710 252 BE1 092 762 653 875 6413 +
25606515 205527 654 635 641 241 102 089 663 288 4124 -
15561274267 2778 TE 272 612 BT0 800 142 262 212 541 -
15475266792 250055 222 251 778 788 517 €65 224 0137 +
#346332 452447 085101459 365 692 564 237 526 1138 4
4517031674599 676262 346 716509 068 246 048 m13® -
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118 | Multipoduct Mengersnb

2229431097497 717410163 526211 0TE B30 864 H1* -

1060488561 432 041244746273 963 827 506 286 51 +

001 60T 412 256 406 417 841 522 816 256 £80208 gL 4

125220840 616 772 606 502 609 G05 004 046576 g1 -

170 28T 6LE47L 556637 TE2 551 877 644 251 E00 1M &

620321 000170154 600 528 107 468 286 B2E 1Y 4

10408 2649206256922 542 058 D06 965 BE2 428 ma ¥ -

2166148262 566 856 401005 608 020074 980 @137 -

998 E12 893 016 508 926 86 220 598 485 544 H1%0 4+

190 740516564 108 460 442 5562 160 TE9 400 H12? +

916331128 635 S0F 64 OT2 250 486 331 014 &, 1|:u] &E

nnot[-aqa-aza e% - G407 - 202 0% + 22265 + 505 5%+ 1A2 5T - 15550 - 112 89 -

254140+ 252 4 (102 - 1605 - 312057 - 5832 87 - 1702 5% +
4620 2% + 2840 8% - 74057 - 1632 o° - 252 5% + 208 520 + 60 212 ) B1 +

(2080 + 2952 5 - 8232 57 - 15416 57 + 560 5% + 12068 57 + 2056 2% - 605657 -
2002 a® + 736 6% + 212 6°%) 11?4 (5606 + 14076 0+ 1127607 - 304 07 - 6752 5% -
BBLE 8% - 481609% + 112 8" » 256 8% - 208 &%) f11% + [-10 272 + 21 088 &+
87024 6% + 24823257 - 69560 &' - L9616 5% + 27504 0% + 392607 - 4528 &) mlt +

[-604B0-225120+7208960% + 9472 0% - 21622 0 + 32768 8% + 16128 2° - 2816 &)

m1% + |:—5696— 176128 8- 119168 8 + 150400 5% + 2225607 - 41 2168 + 15 564 a‘]
a1t + |:215-:|-||:| -1T9456 5 - 92928 8 + TE032 &% - B3 200 &' - 11 520 a!'] a1 +

(95072 + 227166 5 - 262 400 5% + TT 824 07 - 60 864 %) 01 +

[-212244+ 4638725 -1768176 5% + 110808 &%) 117 +

(128240 - 116736 5+ 135168 5°) MLY% + (147456 - 164 220 8) H1* +

2EAEI WL &, 6] cHcoEEax0EE0 ccca) ||

(Roos [—12 370864909 56% 909 577 184 €62 732 800 +

27825235445 020503 065997 TH2 198 DAO HL +

946921002 082 625 088 662 417 761 538 048 11 -

2E1 560 2E5 044 201 T81 098 TEO 498 007 136819 -

0571 606065 TED 400 651306 170 226 242 240 #19 »

20122390 905 226 TET 675874 080 501 THE 224 g1 4

1E0ZZ 561 443916004 741 426 181112127 472 mat -

145419217350 936 204 847 465521 288 546608 0L +

67192 460 922 BESBE3 255010 190 245 620 460 1% +

548 162 676 342 916059 152 202 678 288 149 E88 BlY -

27560299 765 T7S9 596 282 123 614 542 062 352 |41 -

1571662529850 0E0DSE0 311 248 E42 572 046 460 1Y -

1E6T028 421 1E0 080 654071 860 280 A26 24T 216 w112 o

TEOLTI48250l2 022 0TELE2 228512051 276528 m1lY

6842 E15202 048 105266004507 080 1EG 251 864 14 -

22157 18E 696 T22 601 472 443 222 606 227 261 520 H115 -

17452 216166254911 Z1F 256 979 967 LAL 655 200 H11% +

453208416 TEL 940 996 239 695 B0 364 757 €70 448 8117 +
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Multprodud Megersnb | 119

10229374064 954573 558512 253 520 055 404 420 g119 -
723262 386 861 082861 226 505 665145 961096 272 B11% &
2082624521 220 466 567110 244 022 4006 211 628 m120
TE214274 520452605185 703 006 228 268 360 288 g1l -
15626862 6TH0LE 506 220 960 D56 120 765 §T2 BO0 132
61152 804 706526241 400 260 504 171 465223 T48 q137
20156715 956 215523 T10 252 BAL 002 762 653 875 113 4
25606010 205527 604 EA5 641 241 102 980 063 288 B35 -
15561274 267 277 8T8 272812 BT0 800 142 262 217 H1¥¢ -
15475266 793 350055 222251 778 TEA 517 €69 224 8137 +
53463232453 447095101459 365 692 564 237 536 H1%® +
4512031674550 676 262 346 TLES0D OBE 246 048 m12% _
2229431097457 71T 410162 526211 OTE B0 869 130
1060488561 422 041 244746272 062 827 506 206 1M o
001 607 412 256 406 417841 522 816 256 £80208 B1I2 4
175220840 616 772 606 502 609 G055 064 046576 g133
170 287 616471 556 637 763 551 877 644 25LE00 BLM &
620321 000170154 690 528 107 468 386 526 H1YS +
19408 264 835 3560822 542 058 006 965 BE2 428 H1* -
2166148262566 85E 401005 608 020074 980 #137 -
OO0 B12 803 01E 808 926 DOE 220 508 485 544 n1¥0
100740516564 108 460 442 562 160 TE0 400 H#1%9 4
016221128 635 005 EE4 0T2 250 486 221 0190 &, 1|:|] <8 <lEE
Rnc-t[—E--IE—ES!E- % - G407 - 202 0% + 222 6% + 50558 + LAZ2 5T - 156559 - 112 87 -
259+ 190M + 25+ (102 - 1606 -31205% - 5822 57 - 1702 5% +
4620 5% + 3840 6% - T40 5" - 1632 5° - 252 6* + 208 5% + 60 &) @l +
(2080 + 27520 -B232 6% - 1541657 + BE0 0% + 12068 &% + 2056 2% - €056 07 -
2092 8% + 736 6% + 212 6°%) ®1? + (5696 + 149765+ 113765° - 204 57 - €752 8% -
B8LE 8% - 2816 0% + 112 8" + 256 &f - 208 a’:| 12+ {-1|:| 272 + 21088 8+
87024 57 +» 24822 5% - 60568 5% - 15616 5% + 27504 8% » 3926 87 - 4526 5°) mlt
[-604B0- 22512 5+ 72806 5% + 0472 57 - 21 622 0% + 32 768 &% + 16 128 & - 2816 87)
Bl%+ (-5606- 176128 5- 119168 &F + 150200 5% + 22256 8 - 41216 0% + 10 564 8t
Bl®s (215040 - 1794565 - 92 928 &% + TE02Z 5° - B 200 &' - 11520 6°) #17 +
(28072 + 327166 5 - 262 400 6% + 77822 57 - 6B 864 &%) w1® +
[-313344 + 463 B725-17E 176 57 + 119 808 &%) #1% +
[-128240 - 116736 5+ 135168 &%) AL1% + (147 456 - 164 320 8) ALY +
26864 mL% s, 2] <SG oEEarleslcca))
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130 | Muitipoduct Mengersnh

Hanipmlates
E‘lot]ﬂ[{{{{:t{{c-u]z{3325“+&455 [15-48)+ (Leg)* (3648 (-28+38)) +45
(Leg)® [66+0 (-49+68)) + LESY (-96+0 (-4+08])) +
46 (1+8)" (97+35 [-344118)) 4165 [148) {-5215{-161235}}]}’;
{4 [Le4848) [-2+456°488°-358+8"425 (-3 48] {J..s”’”]-
{{51:{3 {c=a)? {5165'-5165’{-1.5]-{1.&}’ (2+8)® (-3+28) +
965" (6o (=400} 8) =25 (Les) (2es) [=2Les [=Tee (3es)]])+
45 (=103 +e [=39+0 (51+198))] »
2-&‘{&3.5{HS;&{&J.-H{5-26”””!{{_1.1519]
(248" -128% [-1s0) s [-248) (Leo) [248) +25 -6+ (-4 m}a”’””,
o}, {5, 0, .75}, {8, .75, 1}, PlotLabel » "", AxesLabel -+
e,
"Rel. Welfare"},
AxesStyle - Larger, LabelStyle -+
B'D‘]"dr
Plothegends -+
Placed[
{"Difference: TS (Case IV)-TS{Case II}", "Blane at 0"},
Below] |,
{e, 1, 1}, {a, 1.5, 1}, (=, 1,
1}]
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Multprodud Margersanh | 121

L Difference: T5{Case W)}-T5({Case l) ] Plane at0

(#case 5 vs case 2x)
Rednee |
9 (c-a)?
["4 [Le25+2)
965" (=6 (=4+58) 8) =25 (Les) [2e8) (=2Lse (=Tsa [3e5]]] »
46° (-103+8 (-39+5 (SL+198))) +2 6% (4345 (855 {ll-&{ﬁt?ﬂl]}l]}!

» {. . {3 {e-a)? {51'6 5°-5765% [-1+8) - (L+o)? (2+8)% [-3+28) »

[{1 +454+8) (2457 =125 [-1+8) s [-2+8) [Les) (248) +25 (-64 (-2 +8) a”’” I3
0¢5<1Ek5<0<1Eka>0Ek0<c<al

False

(#case 4 vs case 3Ix)
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133 | Muitipoduct Mengersnh

k.—:lue[{s. {{c-n:’ {8325'.545-" (15-48) + (1+8)* (36+2 (-28+38)) »
45 (L+8)” [EE+e (-49+68)) + 165" [-06+0 [-4+98)] «
45 (1+8)? (97432 (-34+118)) +165° (L+5) [-52+8 {-15.239}]}]f

[1 (Led6ss) (-2+46%+86°-T0+5"+25 (-3+8) (L ¢e}:|’” »
Ife=a)? (Le25) (3e25-28])
' (-2-25+8)% (1+45.8)

EED <

& <
LEES ¢
g<lEbas
0EED < < a
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Multprodud Margersaah | 133

s € B=als &6
LEEE R.ond:[lEE 511222462 6E8 - 2152108 622 8552066 81 + 1T 217 €86 920 042872 m1? -
84276042 604725696 m1Y 4 2A2 220 4494206 T00 768 #14 - 682 810 149322278 720815 +
1224808225577 170522 w1t -1 28 852075826 200 6B #1T +
1E05E463405E5 401 858 m1Y -1 072342 467722100 444119 +
254 355253 552 470 205 8110 » 154 DE7 200 531017 1758111 -
205 626043 E4T 004 006 BLY2 + 278 202 656 BES 454 616 H11T -
108 542 254 96T 467 414 B11Y » 25257 419832 511 406 H1*S - THZ8 278 740 TS50 990 11 4
1117927530236 804 8127 - 90079181 442 907 H11% + 2 6233192 621222 51l? &, z] &
Rn-nt[—lﬁ&—&ﬁa’ +4384+128° - 1B -48"+36%+
[95—1145-132 of + 216 8 + 420 5% - 180 &° - 132 5% + &0 a"_:| ml +
[552 -704 8- 1008 &2 + 1260 &% + LEO &% - 720 &% +» 1892 a‘] a1+
([40-128 8- 2045% + 204 0% - 224 8% - €4 8%) HLY +
[-1648 + 5056 & - 4220 &% + 1664 57 - 2224 8% ml¥ +
[-25€0 + 4086 & - 3072 &% + 1408 &) #1% + (256 - 1792 5+ BI6 5%) #lf +
(L2800 - 1280 @) B17 + 256 01" &, 5] <S<oksaxDEElcc<a) ||
(Roos [12:1 511 237 62 €68 - 2 152 106 622 855 296 81 + 17 217 688 620 943 872 #12 -
84276042 604725696 51% + 282 220 444306700 768 #1% - 682 810 149 322 278 720 615 +
12248082255T7170522 m1t -1 38 852075826 200 6B 1T +
1E05E463405E5 401858 m1Y -1 072342467722 100 424 119 +
254 355253 552 470205 6110 » 154 DE7 200 531 01T 1758111 -
205 626043 E4T 004 006 BL12 » 209 202 €56 BAS 454 616 11T -
108 542 254 06T 467 414 #1119 » 35357419822 511 406 H135 — TH28 270 740 TS50 900 11t 4
1117827520236 804 0127 - 90079181 442 507 018 + 2 623 182 621222 01l? &, z] <
& < Root[-B0- 65201 - 1270 m1% + T4l @1 » 1247 01* &, 4] &&
Rn-nt[—lﬁ&—&ﬁa’ +4384+128° - 1B -48"+36%+
[95—1145-132 of + 216 8 + 420 5% - 180 &° - 132 5% + &0 a"_:| ml +
[552 -704 8- 1008 &2 + 1260 &% + LEO &% - 720 &% +» 1892 a‘] a1+
([40-128 8- 2045% + 204 0% - 224 8% - €4 8%) HLY +
[-1648 + 5056 & - 4220 &% + 1664 57 - 2224 8% ml¥ +
[-25€0 + 4086 & - 3072 &% + 1408 &) #1% + (256 - 1792 5+ BI6 5%) #lf +
(L2800 - 1280 @) B17 + 256 01" &, 4] <S<okiaxDEED <c<al)
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134 | Muitipoduct Memgersnb

Hanipulate
p1n1-.111[[[“=+{{n-n}= [3326' +64 5% [15-40)+ [Les)* (3648 (-28438)) s 45

{J..a}’ {55 - {-{9+55” + 16 54 {-95 - {-4 .ga” .
46 (1+8)" (97435 [-344118)) 4165 (148) {-52-5{-16.235}}]}}
{4 [Ledd+e) [-2+48°+88°-3+8+25 (-3 +8) {.L.a}}*”] -

[[l' 3(c-a)f(L+25) (3+25-20) ]]] o}, (5, 0, .75,
(-2-28+8)" (Lot 5+a)
{&#, .75, 1}, PlotLabel =+ "", AxesLabel -
{"&", "8", "Bel. Welfare"},
AxesStyle = Larger, LabelStyle -
Bold, PlotLegends -+
Placed[{"Difference: TS (Case IV)-T5(Case IIT)", "Plane at 07}, Below]],
{e, 1, 1}, {a, 1.5, 1}, (=,
1,
1]

4
« 4}
.zﬂ

08
L Difference: TS{Case W}-TS({Case W) L] Plane at D

(#case 5 vs case Ix)
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Multprodud Megersnb | 13§

—a® I(e-a)® (Le25) (3426-2
lc:lncE[(st 2lc-z) ]:- =+ o= { - :Ir' - E:I (11
4(L+45+8) (-2-28+8)" (L+4548)
D<5<1Ek6<o<lEka>0EE0<c<al

False

(#case 5 vs case 4x)
l:ﬂnce[

[;.4—;111‘:—%] > (z+ (e-a)? (83257464 58° (15-48) + (Les)* (3640 (-28438))

45 t_l .e].’ f_ﬁﬁua {-49.59” + 16 54 t_-gﬁfa {-4.95}] .
26 (148)® (97438 (-34+118)) +165° (L+5) (-52+8 f_-lﬁ.zae}]”‘{

[1 (Led46ss) (-2+46%+86°-T0+5%+25 (-3+8) (L w}]*”u
D<5<1EkS<@<lika>0&k0<c<al

Fal=se
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2 | mMulbiproduct Mergers nb

PullSimplify [Solve[{gi == [(-1-25+45 -0)pi+ [-45°+0+2858+5% p2 -
{-11-9} {n {1-251-9] w8 ['p;tp;ip,tp;}”!“-li2ﬁ-a} {-1 +E} {liiﬁt&”r
gz == t{&ﬁz-zﬁﬂ-ﬂ{ltﬂnmo{loZﬁ-i&zoE}pzo
{-1-5} {n {1-245-5] L] [p:tp;opgtpg}”!“-ltﬂl :_1-251-9} {1#!&.5}},
que= [z (=1428=8) [=L+8)+ (5=568)pr+s (6=58)p2=pa=28p1+ 45 p1=0p3=45puw
OGP+ 250 P+ partSpa-S0ps =5 {-115} m]f{{-liEd-E} l-liﬂ] f_l 1!&#9]},
gy == :.u: t-l-r:zﬁ-e} {-lre}t{ﬁ-ﬁe}p;t[ﬁ-&e}p:-iﬂ‘moﬂp;iﬂﬁﬂp;r&zp;-m-
25pu+ 45 pu-OpasSpa-58ps-6 (-1+8)pe) f([-1+25-8) [-1+8) [Lea5+0]),
gs == :.u: {-li:-ﬁ-ﬂ} {-lre}t{ﬁ-ﬁe}pg_t{5-Ee}p:oﬁp:-&ep;rﬁm-ﬂﬂp.-m-
25ps+ 45 pa-Opas [-45°+0+25040% ps) f((-1428-8) (-1e0) (L+45+8)],
g =8 :_::-2.:51-211.5&-.:9!*{5-591p:_t-{ﬁ-&&}p:iﬂp;-&&p,iﬁp..-
59p|-4452p5-|5p51255p5tengt{-l-iﬁr!&z-ﬂlpu]ff
H-lt?-ﬁ-ﬂ} {-1 te} {lt&-ﬁ 1:-15?”]-J {pP1, P2, P32, Pa, P=, pg]]]
(prra-gi-0q:-5 (Qa+ Qi+ Qs +qe), Pr+A-5qQa-q: -5 (@ + a + Q8 + e} »
Pra-Qa=-0qQa -5 (Qu+ @ +Qe+Qe), PAa»a-Fqga-ga -5 (@ + Q2+ e+ ge)
Pea-0 (@ gzt Qs Qe) - Q-9 ger Pera-0 (@ e g vgyrgs) -9 g -gel)

(eprofit firm 1)

{[.u-E}t{{{-l-2ﬁtl&z-ﬂip1r{-lﬂzrerZEEoﬂzll:u-

{-1 re} {nz {1-26.5};5 (P * pa *ps rm}:}f{{-lozﬁ-ﬂl {-ltﬂl {1 oiﬁoﬂ’}}
[{-=+pa) [[-1-25+48-8)p1+ [-245° v +280+6%) pa-

{-1+8) {2 (l-25+8) +5 (pa+pa+ps+pe}) )] f((-1+28-8) [-1+8) [L+48+8))
(#Case I: Premerger (Or "Base Case™)=x)
(#profit max firm 1=}
FullSimplify|
D[t{-:tpﬂ :_{-1-25',4.5?-5}1:-1. {-!ﬁ"tﬂ +2 &eu:ﬂzlpz-{-l iﬂ} {n {.1.-25 re}i

|5‘P:ipqtm.“}}}:!{{-lizﬁrﬂ} {-loe} {li&ﬁtﬂ}l_p;]]
[a{-1+28-8) (-1l+8)+c ([Le25-282+8)+ [-48+B82-2 (L+a))py+
[-48tv@r280+8%) py-& (-L+o) (PatParPsrRel) f[(-1+28-8) (-1+8) [L+rdEra))

(eprofit firm 2Zw=)
{Fz-E}t{{{iﬁ:-z-ﬁﬂrﬂ{ltﬂl}mi{liz-ﬁ-‘iﬁ;iﬂlpzt

{-l re} {nz 11-26.5} + 5 (pasparps rm}:}f{{-los} {1-2 Eoﬂ} {1145 re}:}
[{-=+p2) [[#5°-288-8(1+a))pyr(Lr28-452+8)pyr

{-1+8) (@ (l-285+8) +5 (By+Pa+Ps+Pel) )]/ ((-1+8) {1-Z8+8) {(L+a5+8))

(eprofit max firm 2=)
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PullSimplify |
O[({-c+pz) [(46°-250-0(1+8))pas (Le25-245"40)pz+ [-1+8) [z (L-25+0)+
8 (pa v pa rpgopg}}”f{{-loﬂl {1-251-5} {lt!ﬁ-oﬂl}.p:]]
[[45°-288-8(Ll+g))pi+ [L+28-45+5)pz+ [L+285-25+8) [-cepz) +
(=1l+8) (g (l-28+8) +8& (pgfp.fpb.-rpe,]:l] l,lII [{=1+8) {1-2&+8) {(l+28+8))

(#profit firm 3x)

FullSimplify[(ps=c) »
[{z(=1+285=8) (=Lee) s (5=55)pr1+ (6=5658)p2=-p1-28pa+ 45 pa=6p1=-4 5 pa+Opus
2E50pu+e  purSpa-58ps-5 [-Les) p.}f{{-l.za-a_] [-1+8) [Le25+8)))]
[f-c+pa)
|:a' [Fl+28-8) (-l+8) + (5-88)p1+ (8-08) p2-p3-20p3+ 28 pa-Opa-1565pavBpa +
ZEopareiparSpi-G8ps-8 (-leg)pe)) S {(-1+r28-8) (-L+B) [Lr4&va))

(eprofit max firm 3=)

FullSimplify |

O[{{-c+pa) (= (-1428-8) [-1+8) +(5-E0) pr+ (5-58) p2-Pa-25pas 45 pa-

Bpg-ld‘p;iﬂp.oEEEp.tE’p.t&m-&ﬂp—_;-ﬂ{-lre}p.}_:f

((-L+25-8) [-1+8) [L+45+8)], ps]]

[ai-1+28-8) (-1+8)+c[Le25-252+8) + (5-88)pr+ (6-58)pz-Zpa-
45ps+8 8 pa-20pa-4 5 pu+opa+280py+8fpu+Sps-S0ps -8 [—.'|.1n-El:|]_:|-|;.:I',"I

[(-1l+2&-8) [-1+8) [(L+45+8))

(#profit firm 4=)

(Pa=-c) =
([z(-1+285-8) [-Les) s (-G8l pre (5-58)pz-4 6 prsopar250pare pa-Pu-25pur
45 py-OpisSps-58ps-5 [-1+8) P.:Il,.f{{-l.za-a] (-1+8) (Lea5+8]))
[t-c+pa)
|:n' [Fl+28-8) (-l+8) + (5-88)p1+ (8-08) p:-15 pa+opa+206ps+8 pa-pa -
ZSpa+ 45 py-Opa+Eps-808ps-5{-1+8)pe)) S ([-1+285-8) {-L+5) {L+25+8))

(eprofit max firm 4=)
PullSimplify |
O[({-c+ps) [z (-14285-8) [-1+8) + (5-58) prs (5-58)p2-45 paeBpa+258pa+
sz,-p.-Eﬂp.+1Fp.-ﬂp.+&p=-6ﬂp5-§{-ltﬂjpu_”f
((=L+26=-8) [=L+8) [Led45e8)], pu]]
[ai-1+28-8) [-1+8) +c [Le25-252+8) + (5-88)py+ (65-58)pp-258py+
Bpy+Z288p;+03 Py -2 py -4 8p,+ 05 py,-20py+8py-80py -5 (-1 +8) p,,_]l,l"
[(~leZ2&=-8) (-l+8) [LedS+8))

(#profit firm S5}
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4 | mMulbiproduct Mergers nb

(pa-c) =

([z(-1+25-8) [-Les) + (5-58)pr+ (5-58)pz+5pa-56pa+5pa-568pa-pa-25ps+
45 ps=opss (=45 +00288+8% pu) f([=1926=8) (-1a8) [Led5ss))]

[f-c+ps) [a{-1+25-8) (-1+8) + (5-58)pa+ [5-858) p:+Sps-S0pa+Spa-56pa —ps -
2 Sps+ 455 ps -Ops + [—-!52+9r2|55151]pg]]l,u"'l:[—l-rﬂ-ﬁ-a:l (-l+5} {1+485+8))

(#profit max firm S=)

FullSimplify|
O[({=c+ps) [z (=Lle285=8) (=1+8) + (5-E68)pr+ (6=568)p2+sSpa=-58pssSpa=
Gep..-p:-2&p=+4&’p=-epg.o{-4&’.5.26&»-&’}9.”;"
((-1+25-2) [-1+8) [L+a54+2)], ps]]
[ai-1+28-8) (-1+8)+c (Le28-25%+8)+ (5-85)p1+ (6-58)p2rSpa-
EEpgfﬂpq—5Elp.|—21:|:-‘Inﬁp:fﬂﬁng-EE‘p;-r{-‘lﬁz-rEIfZES'rE‘] pn]f
[(-1l+2&8-8) [-1+8) (L+425+8))

(epzofit firm G)

(pe-c) «

{[n-2n&r2n&é-ﬂﬂ=r{6-ﬁe}mo[&-5B}pzo§p3-|5ﬂp;r|5m-ﬁﬂp|--Iﬂngoﬂpgr
25ops+s pas [-1-25+45"-8] p._]j{{-laz.s-a} (-1+8) (L+25+8)))

[I:-I: + e [|:|-2a|5 +2afo-asf + (6-S8)m+ (5-88)pr+8ps-S0pa+Spa-0ps -2 88 po v
Bps+258ps+5ps+ [-1-28+45 -8)pe)) S ({-L+28-8) [-1+8) (L+48+8))

PullSimplify |
D[({-c+ps) [z-2ab+2abe-as®+(5-58)pi+ (5-58)pa+Spa-58pasSpa-
JEp.--idngin,iEEEpgé-angé-{-1-26+1&=-E}puj}f
((=L+26-8) [=L+8) [Led45e8)], pe]]
[:+u+2.:.5—2.:5--1.:.51-n:5+2u.59—.:a=+ (-88)py+ (6-88) pa + S py -
SEpy+8py -89 py - 238 p+9ps +2 58P + 5 Py + 2 [—1—25+151—-EI:| |:-,,,:|J.IIl
[{=1l+285=-8) [-1+8) [L+rd5+8))

(spremerger pricess)
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Multiprodud Megersnb | B

PullSimplify |
Bolve[{[z (-1+25-58) [-1+8)+o(l+25-45"+0)+ [-45+85°-2 (Le0]] pas
{-4&zoBrEEEoE=Jp;-&{-loE} {p;op.tpgopg]}f}r
((=1+26=8) [~L+8) [Led5+8)) =0,
((246°-268=0(Las))prs [Le26-245"+8)pas [Le25-45"48) (~cepz) »
(-1+8) [a(L-285+8) +5 {_‘p:.tp..tp:tpq]}]!{{-ltﬂ] (L-25+8) (L+45+s)) =0,
[a(-1L+28-8) [-1+8)+c (Le2865-45%+8)« (5-58)pas (5-58)pz-2pa~
4E-Pgiﬂ-ﬁng-ﬂﬂpg--lﬁ'!PqiEF.tEEEP.tE’P.t&E--ﬁBF;-E{-1#6: p'}!
((-1+285-8) [-1+8) [Le25+8)) =0,
[a(-1+28-8) [-1+8)+c (Le28-45°+8)« (5-58)prs (5-50)pz-45pav
Ep;izﬂﬂpgiﬂzp;-2p.-!|5p|.|-Hﬁzm-29miﬁp5-ﬁﬁlp=-5{-119}1};}ff
((=1+26=8) [~L+8) [Led5+8)) =0,
[a(=1+28=0) [=Le8)sc (Le25=-45"+8)+ (5=-58)prs(65=-58)pz+bpa=
geP,..ﬁp,l-ﬁsp.-zm-iﬁpgoﬁﬁzp:.-2spg.t{-ifreoEﬁs.gz}F.}f
((-1+285-8) [-1+8) [Le25+8)) =0,
{EouiEcﬁ-ﬂu&-icﬁzrce.EnﬁE-nBzi{&-Eﬂ]mo{E-Eﬂ]pzrﬁpg-
ﬁe:p-,-iﬁpg-EEp.-!&ngteBo255p§iElp5i2{-l-z&.lﬂ:-e}p'}f
{{-1125-9} {-1 re} {1145 re}} --IZI:I-J {p1, Pz, P3, P4, P, p.]]]
a{-1+2&-8) [—l+a]rc{1+26—452r9:|
45 +8+258 -6 '
@xf{=1l+Z&=-8) [-l-rB:ItCI:'lelfl-‘!-ﬁ:fE:l
Z-462+0+266-02 !
af{-1l+2&5-8) [—11-B:Irc|:'1+2|5—452+9:|

{{es -

P; =

2-48 +o+r2d8-8°
af{-1+2&-8) [—l-rB:ltCl:'llefl—‘!-ﬁ:fE:l

Z-452+9+250-0t !
af-1+25-8) [-l-rB:ItCI:'lelfl-‘!-ﬁ:fE:l

2-482+8+286-0¢ !
af{-1l+2&5-8) [—11-B:Irc|:'1+2|5—452+9:|

P—.“
. Z-45 +8+258 -6t

(=5olwing for Qty'ss)

(# Solving for glw)
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& | Mulbiproduct Mergers nb

1
(=142 8=8) (=1+8) [Lr45+85)

[{_1_25'452.51 [.z [=1+25=8) [=Les]+e |:1..z.5-1rs=.e]] .

FullSimplify|

2-45s0+258=-8"
|z|:-].1-2|5-6'] {-1..5}..: ;1.25-152.9]]

(-252+8+250+0%)
2-45s0e258=-8"

(-1ve) [a (1-2508) +5 [[.z [-1+25-8) [-1ls8] +e |:1.z.5-qs=.e]] .

2-45 s0+258=-8"
[.z |:-1.2.5-s} {-lrﬁ}tc‘lrEE-&-ﬁztE] ] .

2-46+0+2860-8
- - - - 2
[.z|:1.2.5 B}{lrﬁ}tc‘lrEE 45 +5]]*

2=-456s8+28658=-8

[.z [-1+285-8) [-1ee) s [le25-25%48) ]]]]]

2-45 s8+2658=-8

[c-a) [-1-25+45 -0)

(led5+8) (488 -280+(-2+8) [L+a))

(=gf to checks)
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1
(=142 8=8) (=1+8) [Lr45+85)
af=1+25=6) (=1e8] s [Lle25-45"s5) .

FullSimplify|

2-45's0+288-8°
a ;-1.25-5] {-1*9} rcﬁlrzﬁ-lﬁire] .

[u-Eu:ﬁrEuﬁB-n:ezt[ﬁ-EB}

(&-58)
2-45's0e250-8"

. [-u (-L+285-8) [-L+8] +c {1.25-4.5%3]]_

2-45 04280 -6"
se [n{-lrzﬁ-ﬂj |:-1...e] s {1.25-4.5113]]‘

2-45 +0+260-8°
o {-1?25-9] |:-1...a:| s {1.25-45213]]_

2-45 v0e2650=-08"
5 [u{-lrzﬁ-aj |:-1.+e]m{1.25-1.5=m]]
e =

Z2ed5voe2650-08"
. a(=1+25=05] [-1&5]..:{1.2.5-15%9]]
*

45
2-45s0+2568=-8

. [u (=1+28=8) [=Le8] sc {1-25-4.5213]]'

2-45+04+268-8°
ase [n{-liz-ﬁ-ﬂj [-1+8) +e {1;25-45215]]‘

2-45+v04250-6°
Bi[u: ;-1'25-9] [-he] .n{l.z.s-lshe]] .

2-45s0+2608=-8"

(-1-25.45-a) [u{-hzs-a] [-1+8) +c {1.25-4.51.:5]]]]

2-45+0+258-6"

[e-a) [-1-25+4 58 -a3)

(lrdSeg) (482-2850+ (-2+8) (Lr+a))

Re:lnce[
fm=c) [=l=25+45"-5) fc=a) [=1=25+45=85)
(Led5es) (4652584 [=248) [Les)) - [Lea5es) (4572504 (=2+5]) (Les)])

]

Tru=

{#Checking propertisss)
fa=c) [=1=25+45-8)
(Le25+8) (46°=2508+[=2+8) [Les]]

Rednee | *DEED < S <o < 1]
gEBReals gkl < i< lEEScaclBEcca

(=profits)
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8 | Mulbiproduct Mergers nb

e e

[ {c-a) [-1-25+45 -8 ]]
il

. {1.4.51.5} {451-255.{-2 .e] {J.na”
{c-a)? (-1+28-8) [-1-285+452-5) {-1+

[L+ddi+g) [2-48°sm+280-87)"

{c=a)? [=1+25=-58) (=1=28+25%=8) (=18 _

Reduee[- [Led46sse) (2-45"ver280-6")°

fe-a)?[-1+25-0) [-1-25+45%-8) |:1-.5|]:|

[Lr45+8) (2-452ear2808-87)"
Tru=
(#Checkings)

Rcl:'lnce[
{e-a)® [-1+25-8) (-1L-25+45" -8 (1-8)

>0EED <5< 1EES5<B<libas lEke<al
(Led45e8) (2-45ens2508=-87)"

0<dclEedcBclEEarlEsc<a

(#total indnstry profit (Prodocer smrplos)+)

simplity[- fe-a)? (-L+285-8) [-1-25+45°-8) [-1+8) .

(1e46e8) [2-4610e260-0%)"
(c-a)?(-1+285-8) (-1-25+45-8) [-1s+85)
- +

(L+45+8) [2-2 ﬁ2i51256‘-6‘!}2
f=-a)*(-1+25-8) (-1-25+48%-8) [-1+8) .

(Led45e8) [2-45200s2508=-57)"

(c-a)?(-1+285-8) (-1-25+45-8) [-1s+85)
i (L+45+0) [2-2820+250-87)° )

i fe-a}® [-1+268-8) (-1-25+45"-58) [-1+8) .

(Led45e8) [2-45200s2508=-57)"
) fe-a)? [-1+28-8) [-1-25+45"-8) {-1;-9}]

{1.4.5..9} {2-4 .F.s.zae-e!}’
€ (c-a)? (-l+28-8) [-l-28+4862-8) [-1+8)

(L+d6+8) [2-282+m+280-82)°

(#Consumer surplnzs)

a {-1..2.5-5] {-J.na] v |:1¢.25-45’..s}

FollSimplify|s -
[ [ 2-45+0+260=-0"
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ja-c) [-1-286+45° -8) )

(Lea5s+0) (452-2508+(-24+0) [Lso))] i

a(-1+25-8) [-les) wc [L+25-4548)
[ 2-452+04288 =057
fa-c) (-1-25+45%-8) 3

[1+45+0) ([1582-250+(-248) [Le8))] i

@ (-1+25-8) (-1+8) e (Le25-45%+5)

Z2=48s0+288=6"
[ fa=c) [=l=254+45-5) )

(Leabes) (4622504 (=248) [Les)]] i

a(-1+25-8) (-1+8) s [Le25-4545)
[ 2-45 sa+288=-08"
fa-c) [-1-25+45-85) 3

(1+45+0) ([46°-250+(-248) [L+8]]]
a(-1+285-8) [-LeB)wc(L+25-25248)

Z2-46°+0+268-8"
fa-c) [-1-25+45" -85) b

(Leab5es) (4672584 (=2+8) [Les))] i

a(=1+25=8) (=1le8) v [Le25-45"45)

2-45s04+258-8°
fa-c) [-1-254+45%-5) 3
(L+45+0) (482-250+(-248) [L+8)]]
([ {a-c) [-1-25+45 -8
[L+45+8) (2862-2580+(-2+8) (L+8])

fm-c) (-1-25+48 -5

[Letses) (46°=250+ [=2+8] [Les])]
fz=c) [=1-25+45"=5)

(Lea5+s) (455-250+ [-2+8) [Le5])]
fm-c) (-1-25+48 -5

(Led5+0) (45°-250+[-2+8) [L+5))
fm-c} (-1-25+45-5])

(Lets+s) (45°-250+ [-2+8) [Les)]
fa=c) [=1=-254+45=5)

(Lea5+s) (45°-250+ [-2+8) [Le5])]

£

[ {a-c) [-1-25+45 -8

MIH
p—
i

fm-c) [-1-25+45 -5

{1.4.5+s} {451-259. {-2 +e] {l'I-E:I}

(Letses) (46°=250+ [=2+8] [Les]]

124
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10 | mMutiproduct Mergers nb

fa-c) (-1-268+48 -8) *
(Led5+8) ([45°-250+ [-2+0) [L+8)) B
{a-c} (-1-25+45-8)

{1..4.5+e] {152-2.55. {-2.9] {113}]
fm-c) [-1-25+45%-8])
(Le25+8) [465°=-2564%(=2+8) [Les]]

fz-c) [-1-25+45%-5) 2
[{1'45.9] (26°-288+ -2+8) (L+8]] .
fa-c} (-1-25+45%-9)

(L+45+8) (2562-258+ (-2+8) [L+8))
fm-c) [-1-25+45%-8])
(Le25+8) [465°=-2564%(=2+8) [Les]] .
{z=c) [=1l=25+45"=8)

26

(L+45+8) (45°-255+(-2+8) [L+8))
{a-c) [-1-25+45 -8]

{1.4.5.9] {162-2551‘-21.9] {1.5}] )
fm-c) [-1-25+45 -5 =
(Letses) (46°=250+ [=2+8] [Les]] B

als {a-c) [-1-25+45 -8
[ [[I:l*'-l-hs'} (¢6°-2804+ [-2+8) (Lea)) *

[ {a-c) [-1-2 5+45 -8) ]]'

{1 Hsua] |:4 E-2584+ {-2.9} |:1...e]:|

{a-c) [-1-25+45 -8)
e (Le25es) (462 -250+(-2+8) (1 m]}]]
fa=c) [-1=25+45"=8]
(Lea5+8) [467°-2560(=2+8) [Les]] :

fm-c) (-1-25+48 -5 2

[{1'45.9] (252-288+ [-2+8) (L+8]] .
fa-c) (-1-25+45 -8)

(Lrd45es) (457 -2584 (-2+8) [Les]]
fa=c) (=1=2 545" -8)

[( (Lea5s+s) ([452-250+(-24+8) [L+a)]
{a-c) [-1-25+45 -8

[L+45+8) (48622504 (-2+8) (L+8])
[ {a-c) [-1-25+45% -8

|:1.4.5..s] {452-259. {-2»,5] {113”
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Multiprodudt Megersnb | 11

{z=c) [=1=-25+45 -8)
(Le25+8) (482-250+(-24+8) {ha”l] i
fm-c) (-1-25+4 5 -5)
[{114 G+e) (4568 -2858+ [-2+8) (L+8))

fa-c) [-1-25+45%-8)
[E[{J.ﬂha] (48 -288+(-2+2) [Lre)] '

5 fa=c) [=1=254+45 =5
[[{lii-ﬁt&} (45°-258+ [-2+8) (L+8])

{a-c) [-1-25+45 -8)
[{1.451.5] [162-2504+(-24+8) [L+8])
[ {a-c) [-1-28+45 -8)

{1 .4513] f_a 52-2584+ {-2.9] f_l.e}]

YO M

(Led5+8) [467=-2504(=24+8) [Les]]

[3:2 [1+28-452+5)"-6ca(le25-452+8)"+2a (1+25-482+0)%+

z(l+45+a) (2-48 +a+269—a=]’:|f."[-:11-4.5+a:| |:2—q.5=+9+2.59-a=]=:|

(#Total surplusw)

ﬁqufr[_ﬁ fe-a)? (-l+25-8) [-1-25+458-8) (-1+8) .

(Led6re) (2-46"r0r260-67)°
{3.:’ (Le26-46%+8)" -6ca (Le26-26"48) 430" (Le26-245"48)"s
= [Led548) f_z-la‘.e.zss-az}’}f{{lﬂa.e} [2-452.9.259-92}’}]
1

{l+48+8) [2-282ver250-0%)°
[—E fc-a)? (-l+28-5) (-1-285+488-8) (-1+8) +3c® (1428485 v8)® -
Eca(le2s-282+8) +2a% (L+25-452+8) "+ (Lrdbra) [2-1ﬁ215f259—92:lz}

1

[1+464+0) [2-26°4042568-a%)"

{-6 fe-a)® [-1+285-8) (-1-25+45°-8) (-L+8) +3c° {1125-45’.3]‘-
Gea(le285-45248) 3% [Le25-4548)% sz (Led5+0) {2-4.52.3.259-9!]‘]]

FullSimplify |

1

{1+dd+a) (2-a6+o+280-07)"
[-E (c-a)? (=1+25-5) [-1-25+48%-8) (-lea) v3cF (1 +2h-46%+8)% -
Eca(le285-082+8)%+2a? (L+25-452+5)%+z (L+48+0) [2-28 +a+z.§s~-9=:|’J'|

(#Case II: Single Hultiproduct Firm with fringe firmm in each submarkets)

(#profit firm 1)
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17 | mwtinmoduct Mergers nh

{[.u-E}t{[{-l-26t‘l&z-ﬂjp1r{-lﬂ‘re»-E&B.B‘Jpg-

{-1 +E} {.z {1-2519]#5 (p3 # pa + ps +p.]-]}'f{{-li2§-ﬂ_] {-1+EJ [1 i-lﬂilﬂ_”}
[f-c+pa) [[-1-28+25-8)pr+ [-288+0+258+8%) pz-

{-1+8) {2 (l-25+8) +5 (pa+pavps+mel) )] S ((-1+28-8) [-1+8) [L+45+8))

(*profit firm 2Zw)

(pz-c) = ([[(45"-250-0(1+8))pas [L+25-45"8)pz+

{-1 re} {E {1-25-5]1‘5 (P » pa » pa rm}]}f{{-loﬂ} {1-2 ﬁ-oﬂ} {1-46 re”}
[f-c+p2) (288 -285-8(1+8))pis[L+285-45°+8)p2+

{-1+5) {a(l-25+8) +5 (ps+pavps+pel) )] S ((-L+5) {1-25+8) {L+45+8))

(#profit max firm 2=)
FullSimplify|
Of({-e+pz) [(46°-250-2(Leg))pre (Le25-245"se)p2s [-Lr8) [a(L-25+2)
5 (pavps rmom}}}l!{{-loﬂ] {1-25.9} {1#!&.9}}.[::]]
[(#8*-2868-0(les))pr+ [L+26-45"+8)p2r [L+25-45°+v5) (-cepa) »
[-l+8) (@ (l-28+8) v+ (pgrp.fpb.-rp@]:l] l.l" [{-l+8) {(l-Z28+&) (l+25+3))

(eprofit firm 3x)
FullSimplify | (pa-c) +
([z(-1+285-8) (-1e8) + (5-58) pas (5-58)p2-pa-25pa+ 25 pa-8pa-4 5 pavBpus
250pi+8 pusSpa-58ps-8 (-Les) p..}ff{{-l.za-a_j (-1+8) (L+45+0)))]
[f-c+pa)
|:n' [-Fl+28-8) (-l+8) + (5-&88)p1+ (6-88) pz-p3-28ps+ 28 pa-Opa-4&6pavBpa+
2S5ops+8ipa+Sps-85ps-8 [-le8)pe)) S{(-L+28-8) [-1+8) [L+48+8))

(#profit firm 4=)

(Pa=c) =
([z(-1+285-8) [-Les) s (6-G8)pr+ (5-58)pz-4 6 prsopar250par pa-Pu-25pur
45 py-OpisSps-58ps-5 [-1+8) P.:Il,.f{{-l.za-a] (-1+8) (Lea5+8]))
[t-c+pa)
|:n' [~l+28-8) (-L+8) + (§-83) p1+ [(§-08) pa -4 pa+Opy+ 206 py v py~py -
ZEp,+ 450 py -Opy+ 8Py -850 ps -5 {-1+8)pe)) S ([-1+285-8) {-L+5) {L+25+8))

(#profit max firm 4=)
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PullSimplify |
O[({-e+ps) [z (-Le285-8) [-1+8) + (5-58)pa+ (6-58)p2-45 pa+opa+256pa+
sz,-pq-zﬁpltlfp.-ﬂp.tﬁ-pg-ﬁﬂpg-ﬁ{-ltﬂjpu_’];
((=L+26=-8) [=L+8) [Led45e8)], pu]]
[ai-1+28-8) [-1+8)+c [Le25-258+8) + (5-858)pr+ (65-58)pz-25pa+
Bpi+Z286pi+F ps -2 pa -2 8pa+ 855 py-20pi+8ps-88ps -5 (-1 +8) Pq.]l,lll
[(~leZ2&=-8) (-l+8) [LedS+8))

(#profit firm S5)

(pa-c) =

([=[-1+28-8) (-L+8) ¢ (6-58)pr+ (5-58) pz+5pa-50pa+Spu-50pa-pa-28pss
45 pa-0pss [-46°+0+2504+0% pa) f([-1+28-8) (-1+9) (L+45+8)]])

[{-=+pa) [ {-1+28-8) (-1+8) + (6-58)par (5-58)pz+Eps-S0pavSpa-E5 P4 —Pa -
ZSps+ 45 ps-9ps+ [—4.5=+s~f2.59+51]1:.,,]]’.".;[—1+25-a;| (-l+8) {1l+45+8))

(epzofit firm G)

(pe-c) «

{[n-2n&r2n&é-ﬂﬂ=r{6-ﬁe}mo[&-5B}pzo§p3-|5ﬂp;r|5m-ﬁﬂp|--Iﬂngoﬂpgr
25ops+s pas [-1-25+45"-8] p._]j{{-laz.s-a} (-1+8) (L+25+8)))

[I:-I: + e [|:|-2a|5 +2afo-asf + (6-S8)m+ (5-88)pr+8ps-S0pa+Spa-0ps -2 88 po v
Bps+258ps+5ps+ [-1-28+45 -8)pe)) S ({-L+28-8) [-1+8) (L+48+8))

PullSimplify |
D[({-c+ps) [z-2ab+2abe-as®+(5-58)pi+ (5-58)pa+Spa-58pasSpa-
JEp.--idngin,iEEEpgé-angé-{-1-26+1&=-E}puj}f
((=L+26-8) [=L+8) [Led45e8)], pe]]
[:+u+2.:.5—2.:5--1.:.51-n:5+2u.59—.:a=+ (-88)py+ (6-88) pa + S py -
SEpy+8py -89 py - 238 p+9ps +2 58P + 5 Py + 2 [—1—25+151—-EI:| |:-,,,:|J.IIl
[{=1l+285=-8) [-1+8) [L+rd5+8))

(#profit mltiprodoct £1 £3 £5&)
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PullSimplify |
(fpa=-c) « [[(-1-25+45%-8)pas [-45%40+258+8%) pz-([-1s8) (z(L-25+8)+
& (paepy rpgtp.}”lll'r{{-l w2 E-E} t-loﬂ] :_lo-lﬁoﬂ:”” *
(pa=e) » ([a(=14265=8) [=Les) «(5-58)prv (5=58)p2=-pa=25pss
1&zpl-EP:-i-ﬁzp;oﬂpqtzﬁﬂp..oﬂzp.oﬁpgrﬁﬂ'pg--ﬁ{-loﬂ}p.}f
([-1+28-8) (-L+8) (Le45+8)])])]+ ((ps-2) =
({=(-1+28-8) [-140) s (5-58)pas (5-50)pz+5pa-50p21+5ps-50pa-pa-28ps+
45 ps-opas -4 azoaoz.se.e’}p.}jf_{-l.za-a] [-1+8) [Le25+2)]))]
1
[(-l+285-8) (-1+8) (1+45+8)
({=ceps) @ (-1+28-8) (=1+8) + (5-858)py+ [5-58) pz-ps-28py+
18 py -G Py -1 P+ B P r 2 SO P+ Pyt P -G8 ps -8 (-l +8) p.t_] +
[~c+ps) |:'|:|: {~l+28-8) (-lra)+r (-068) gyt (f-S50)parSpy -SSPy v
5P4—ﬁEP.-Pb—Z-\ﬁP:f‘!ﬁsz—Bpaf[—"llflzfﬂ‘leflﬂ-rBz]Pb] +
(-e+py) [[-1-28+48%-8)p,+ [-282+8+280+0%) p; -
{-1+8) {2 {l-25+8) +5 {py+ps *Ps +Fel ]

{#joint profit max multiprodoct £l £3 £5=)
1
(-1+25-8) [-1+8) [L+45s2)
[t-e+ps) [ (-1e28-8) [-1l+8)+ (5-58)pr+ (6-58)pz-pa-25pa+
'IEzp;-G'p,-iﬁngiﬂp.oEEBp.iﬂzpqiﬂpg-&EE-ﬁ{-loﬂ}p.}r
{-c+ps) (2 (-Le25-8) [-1+8)+ (5-58)pr+ (65-50)pz+5pa-50pa+
ﬁ-p;-ﬁﬂp.-pg-zﬁ-pgti-ﬁng-ﬂpgof_-&ﬁzostiﬁﬂrez}pg}t
{(=Cc*pa) {{-I-Eﬁolﬂz-e}p;[ot-&ﬁzoﬂoz-ﬁﬂtvﬂ'z}p}-
{-loE} {n {1-251-6}1:# [p;rp;op:.tp;]}”,p;_”
[-i-1+28~-58) {crar2cbl-ab)+ [-456+B8°-2 (Lea)|pr+v [-255v6s288+0%) p2-
&(-1+8) (ZparparZps+ped) S ((-L+28-8) (-1+8) [L+45+8)})

FullSimplify[D[

1
(~1+28-2) [-1+8) [Lrd5es)
[t-e+pa) (e (-1+285-8) [-1+8) + (5-F8)pr+ (6-58) pz-pa-285pa+
lFp;-EP,-iﬁzpiiquozﬂﬂpgiﬂzpqiﬁpg-&e:pg,-ﬁ{-loﬂ}m}r
(-c+ps) (2 (-1+285-0) [-1e8) ¢ (5-58)pr+ (5-560) pz+Epa-50pa+
5m-55p.-p=-25m.452p5-6|:|5.{-45215t255rv&1}p¢}i
{=c+pa) {{-1-25145!-6}[41.1-452151255r91}p1-
{-loﬂ} {n {1-251-6}.5 [p;rp;op;op;]}:]},p;]]
[—l:—l-rZ-ﬁ-E] jcra+Zcd-af)-28(-l+8)p;+r [(6-08) pa-2py-28py+
BSipy-28py- 45 py+Op +285py+08py+28ps-250ps-5 (-1 +8) pa) /
[{-1+2&5-8) [-1+8) (L+25+8))

FullSimplify[D[
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1

(=1+26=-8) [=1+8) [Led5es)

[(=eeps) [x(~1425=8) [=1+8) + (5=-58)pr# (5=58) pz=pa=25ps+
1Fp:-EP;-iﬁngoEpioEﬁBp.oB’pqoﬁpg-ﬁ-eh-ﬁ[-loﬂ}pl}r

FullSimplify[D[

{=c+ps) (@ (=Le25=8) [=1e8) s (5-58)pr+ (6=58) p2+5pa=568pa+
&m-ﬁﬂp.-p:-Z&p:.t&ﬁzp:.-ﬂpgo{-4621131-2691-92}9;]1
{=c+p) {{-l-Eﬁolﬁ‘-e}mo{-462151265rv&=}m-
{-loﬂ} {n {1-261-6}.6 {PI*P‘I'FE'P‘}}J}rPE]]
[—I:—l +2d8-8) ([cra+Zcd-ag)-28(-1l+2)p+ (§-08)pa+28py-289py+dpg-S8p;-
2p=-‘|5pb+352p5-29pb+{—4521-512551-91:Iph:llf'}l:[—lleﬁ—ﬂ:l [(-l+8) (LedS+a)}

(*Postmerger prices: £135, £f2, £4, £6=)
FullSimplify [Solve|
{{{-[-1&26-5} {cruoEcE-nBJi{-&&rﬂﬁi-2{loﬂj}mo{-4?.5126&&&11:9;-
&{-liﬂ} {2[:;1-1:-.. +2p=.|-|_:|.”f“-lt26-&] {-lta} {li-ivﬁwajl} == 0,
(((#86°=268=6 (Leg))pr+ (L+26-45"+0)pae (L+25-45"+8) (~cepz)»
{-loﬂ} {n {1-26&&}-6 {pa tp;op;op;]”!{{-ltﬂj {1-25-5] {ltiﬁtﬂ}” -
0, ([-[-1+26-8) [c+a+2cb-ae)-25(-Ll+o)pr+ (5-58)pz-2pa-45pa+
HFp;-ZEP,-iﬁzpqtEmoEﬁBp.iB‘pquﬁpg-Zﬁﬂpg-ﬁ{-loﬂlmll{"
([-r1e+258-8) [-1+8) (L+254+8))]) =0,
[{a{-1+28-8) (-1eo) +c(Le25-25248)+ (5-58)prs (5-58)pa-458pas
6mo265p;oﬂip;-2p|-lﬁp‘oﬂElng-Ee:pgoﬁpg-ﬂﬂpg-n'.i{-loﬂjpujlli'l
{[-1+25-8) [-1+8) (L+45+0))]) =0,
([(=(-1425=8) [crae2cbf-as) =25 (=1es)pr+ (65-58)p2+25pa=258ps+s
&p;-ﬁﬂp.-Epgriﬁpgoﬂﬁng.-iepgo{-&Foﬂt?dﬂtﬂ"}p;]lf
[[-1+285-8) (-1+8) (Led&+o))] =0,
{{cintZrz&-znﬁ-ir:ﬁ-z-rcﬂtEu:&e-nzB‘r{d-de}p:_o[ﬁ-ﬁe}p:iﬁpg-
EG‘P:'IGF'.-EHP.-’E‘!HOEPgizﬁ'ﬂ‘hiﬂzhiz{-l-zﬁiiﬁz-ﬂ'}m}f
{{-1126-6} {-1 -QB} {1146 re}l} -ﬂ]-. {p1, P2, Pa, P4, p;,pg}]]
{[P:"‘
la(-1+8) [-1282+285(2+8) +(L+8) [2+8)) +< (2488~ (1+8) (2+8)-248{4+5a))]/
[2459-12582 (-L+8) + {-2+8) [L+8) (2+8) +25 (-6+ {-4+8) 8] ).
pr=+ [~a [-1+28-5) {-1l+8) (2+685+8) +c [(L+258) (65 (-1+25) - [1+8) .:zfe]”f
(22459-1252 (-1+5) + {-2+8) (L+8) (2+8) +25 (-6+ {-4+8} 5} ). ps =+
[z (-1+8) [-1282+285{2+8) + {L+0) [(2+5)) += (2483 - (1+8) [2+8)-25 {4+58)]))f
[2853-125% (-Les)+ {-2%8) [L+8) (Z+B) +25 (=6+ (-4+8)5)).
Py [-o (-1+Z28-8) (-1+8) (2+68+8) +c (L+28) (66 (-1+28) - [{1+8) (2+8))) f
(2469 -128% (-Leg)+ (-2+8) (L+8) (2+0) +2&5 (-6+ {-4+8} 5]} ). ps+
la(-1+8) [-1282+285{2+8) +(L+8) [2+8)) +< (2487~ (1+8) [2+8) -2 {a+58)]]/
[245%-12588 (-L+8) + {-2+8) [L+8) (Z+B) +2 5 (-6+ (-4+8) &) ).
Pe= [~a (~1+28-58) {-1+8) (2+685+8) +c (L+28) (65 (-1+28) - [1+8) .:zfejjﬁf
([2459-12582 (-1+8) + {-2+8) [L+8) (2+8) «+25 -6+ {-4+8)}5))}]
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PullSimplify |
[~z [-1+25-8) (-1+58) (2+65+8)+c(L+25) (65 (-1+25) - (Lsa) f_zm”}j
(2467 =125% [=148) w [=2+8) [Les) (248) +25 (=64 (=2+8)8)]]
(~z (-1+28-6) {-1+8)} (Z2+68+8) +c (L+258) (65 (-L+25) - {1+8) ¢2+9]::.,f
([2889-1252 (-1+8) » (-2+5) {1e8) (2+5) +258 (-6+ (-1+5) 8]

Reduce [
(= (-Les) (-125°«25 (2+8) + [Le8) (2+0)) +c (2457 - (L+e) (240) -25 {4.55].].”
(245" -125" [-1+08) + [-2+58) (L+8) (2+8) +25 [-6+ (-4+8)8)) -
[=e(=1+25=8) [~Leo) [206548)sc (Le25) (65 (=Le25) - (Les) [z.a”];‘
(246" =125% [=Les)+ (=2e8) (Les) (2+8) +25 (=64 (=4+8) 58]] >
0EE0 <5 <o <lEkkazc>O]

OedclEedcoc]lffar»DEElccca
(#50lwving for goantitiess)

({#solwving for ogls=)

1
(=142 8=8) (=1+8) [Lr45+85)
((=1=25+85"=58) ([a [=Les) (~125°+25 (2+8) ¢ [Les] [2e8)]
c(246°=(Leg) (2e8) =25 (4 .551}}}{245’-12? [=1+8)
[=2+8) (Les) (2+8) +25 -6+ (-2es)8)]])+r([-46%+ar280+07)
((-a(-1+256-8) (-1+8) (2+65+8) v+c(L+25) (65 (-1+25)-(L+8) {2.5]}]f
(248°-128% [-1+8)+ (-2+8) [Leo) [240)+25 -6+ (-2+8)8)]) -
[-1+8) (e (1-28+8) 48 [([z(-1+2) [-1252+25 (Z+8) +(Les) (2+8)] «
c(245%- (Le5) (2+8)-25(4+58))) /(2457-125% (-1+8) +
(-2+8) [L+8) [2+8) +25(-6+ {-2+8)))) +[[-a(-1+25-9])
(=1+8) [2+65+8) vc (Le25) (65 ([-1+25)=(Les) (2 ve}”l,.f
(2467 =125% [=148) » [=2+8) [Lee) [2+8) +25 [=6e (=4+8)5))) +
{{E t-ltﬂ] {-12#‘ +2 & I_Ete} r{l rﬂ:| f_Z tE}}t
c (248 -[L+8) (2+8)-25(2+58))) /(2467225 (-148) +
(-2+8) [L+o) (2+8) +25 -6+ (-2+o)8))) +([-a(-1+25-9)
[-1+8) (2+685+8) v (Le25) (65 (-L+25) - (L2 (2 .e].”l,."
(245°-1258% [-1+8) + [-2+8) [Leo) (2+8) +25 -6+ (-4+8)8))])]]]]
-({l{e-a) (1+28) (L1252 -25 (2+8) - (L+8) .;zfs]]”"
[(L+28+5) (298%-125% (-1+8) + [-2+8) (L+8) {2+8) +25 [-6+ [-2+2) 8} ]]]

FullSimplify|

Reduce[[(z-c) (L+25) (125 -25 (2+8) - [L+9) f_z.s}”f
((Let5+8) (248%-125 (-1+8) + (-2+0) [L+8) (2e0)+25(-6+(-240)8)])) =
-[(le-a) (L+25) (1286 -25 (2+8) - (L+8) :_z.s}}”
((L+45+8) (245°-125% (-1L+8)+ [-2+0) [Leo) (2+8) 425 (-6« (-248) 8)]]]]

Troe
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(#5olving for g2s=)
1
(-1+8) (L-28+8) [Leas5+0)
([46°-26868-5([Les)) [[a[-Lee) (-125%+25 (242)+ [Les) (2+8)) »
c (245 - (Leo) (2+8)-25(4+5 s}”;’f_ua’-u&’ (-1+8) «
(-2+8) (1+8) [2+8) +28 -6+ (-4+8)8)]) ¢ (L+256-45+8)
([-a(-1+25-8) [-1+8) (2+65+8)+= (L+25) (65 (-1+25) - (L+8) :_z.s”}l,.f
(245°-125% (-1+8) + (-2+8) (Les) [2+0) «28 -6+ (-2+8)8)])+
(-148) [z (1-25+8) +5 [([a(-1+98) [-125%+25 (2+8) s [Le8] [2+8)) +
c (245 = [Les) (248) =25 (24+58))) /(246" =125 (=Ls5)
(=2+8) [Leg) (2+8) +25 (=6« (=2+8)8)])) + [[-a(-1+28-8)
(1+8) (2+65+8) ec (Le25) (65 (-1+25) - (Les) (2+8)])/
(246 -125% [-148) o [-2+8) [Leo) [248) +25 (-64 (-2+8)8)]) +
{{nz {-1.5: f_-lzs‘ +2.5{2+e} r{loﬂ: {21-5:”1
c (245 - (Les) (2+0)-25({4+58))) /(245 -125° (-Les)+
(-2+8) (Leg) (2+8) +25 -6+ (-2+8)2))) + [[-a(-L+25-8)
(-1+8) (2+65+8)sc (Le25) (65 (-1+25)-(Les) (2+8))) /]
(24 6" =125% (=1 48] [=24+48) [Lea) (2+8) +25 (=64 (=2+8)8]])])]])]]

PullSimplify |

-({lte-a) [-1-28+4 5 -0) (2+€5+8))
[(Le28+s) (245°-128 (-1+8) + [-2+8) (1+5) {2+8) +2 5 {-6+ [-2+8)8}]])

Reduce[({a-c) [-1-25+46°-8) [2+65+8))
((Lea5+8) (245°-128% [-1+8) « (-2+8) [L+8) [248) +25 (-6+ (-2+08) 8)]] ==
=([te=a) (~L=26+45%-8) [2e66+8)) f
((Le45e8) (24567=125% (=L 48]+ [=2+8) (Les) (2+8) »25 (=6+ (=2+8)8)])]]]

Tru=

(=PROFIT mmltiprodoct firm 135}
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PullSimplify |

(({{=(-1+2) (-128%«25 [2+8) s (L+B) (248)) +o (245" - (L+a) [2+8) -25 (4 .59}}”’
(245" =125 (=Les) s [=248) (Led) (248) +25 (=64 (=448)5]]) =) =
(=({{te=a=) (L+25) (1267°=25(2+8) =(Lea) f_z-s}]}ﬂ_{lua &)
(246" =125% (=Leg) s [=248) (Les) (2+8) +25 (=6« (=2+8)8]])]])]] »
(({(=(-1+8) [-1286%¢25 (228) + [L+8) (2+0)]+
e (248" (1e8) (298] -26 (2+58)))/
(248 -125° (-L+8) + [-2+8) [Les) (2e0)+25 -6+ (-4+8)8))) -]+
[-{({t=-a) (Le25) (125°-25(2+8) - [Le2) :_z.s].”ﬂ_{l.a‘afe}
(2457 -125% (-1+8) + [-2+8) [Leg) (2+8) +25 -6+ (-2+8)8))]])]] +

(({{=(-1+8) (-128%+25 [2+48) + [L+8) [2+8)]) +
o (24 6%=(148) (2e8) =26 (2458)))/
(245" =125 (=Les)» [=248) (Les) (2+8) +25 (=6 (=44+8)58]]) =) =
(={{te=-=) (L+25) [1256°-25(2+8) - (Lea) f_z;s}]}jf_{l.&a + )
(245°-125% (-1+8) + [-2+8) [Leg) (2+8) +25 -6+ (-2+8)8))]])]]]
-{|:3 le-a)? (1+28) (-1+8) [-1252+25 (2+48) + [L+8) (21.9:.]’];:’
|:[1+-15+s-] (228%-1252 [-1+8) + [-2+8) (L+58) {2+8) +28 {-€+[-4+8) a:.]z]1'|

lcﬂnne[{E (e-a)® (L+28) (L-8) (~125%+26 (2+8) + [Lus) {2.3”’]{"
[{1.4.5*9} (248 -128 (-L48) + (-248) [L+8) (248) 425 (-64 (-448) s}}‘} -
-“3 (e-a)? (1+25) [-L+a) (-128%+25 (2+8) + [1+8) {2-5”2}"1’
{{1 +46+8) (2467-126% (-148) + (-2+8) (L+8) (2+8) +25 (=64 (-2+8) a}}’”]

Truo=
(«PROFIT 2, 4, or 6#)
FullSimplify|

([[-=(-1+28-8) (-1+8) ([2+685+8) s (L+28) (656 (-1L+25)-(L+8) {z.s]}]f

(2456%-1252 (-1+8) + (-2+8) (L+o) [2+0) +25[-6+(-2e8)8))) -]«
L'_-:_{{c-.z]. :_-1-25*4 .53-5; f_z.ﬁa.s”f

[(1+45+8) (245°-125% [-L+0) +[-2+8) (Leo) (2+8) +25(-6+(-2+8)8]])]]))]
—{|:.:.:—u:|=.:-1rz.5—a:| [-1-za8+28%-8) (-1+8) (hﬁ.ﬁw;ﬁ]f

|:[1+-1.'5+5~] (248*-125% (-1wg)+ [-2+8) (L+6) {2+48) +25 {6+ [-4+8) E:']Z]Jll

lcl:ln.ce[{{c-n]‘ (-L+26-6) (-1-28+48%-8) [1-8) {2.5.5»,&}’}',-’
{{1-4.5.-9} (245" =125 [=Lws)+ (=248) [Le8) [248) 25 (=6 (-448) s”‘} =
([te-a? (-1428-8) (-1-25+48-5) (-148) {2.55+e:|‘1'|!.’
{{1 +85+8) (2467-1287 (-148) + [-248) (L+8) (2+8) +25 (=64 (-4+8) a”’”]

Tru=

(#Indunztry Profit [Prodocer Surplus)s)
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h:l_mi.-pufg[_-“a {e-a)® (1+28) [-1+8) (-1287+25 [248) + (L+8) (2 .s”’}f
{{1 +85+8) (246°-128% (-148) + [-248) [1+8) (2+8) +25 (=64 (-4+8) a”’” .
-“{u-u:‘ [-1e28-8) [-1-25+48-8) (-1+8) {2.55.9]‘]/
{{1.4 5es) (2467-125% (-1+8) + [-2+8) (Les) (2+8) +25 (-6+ (-248) a}}’” .
-{{{r_--u:]z (-1+26-8) [-1-25+45%-8) [-1+8) {2-55»-&:]1]1‘{
{{1 +46+8) (2467-128% (-148) + (-2+8) (L+8) (2+8) +25 (=64 (-2+8) s}}’” .
([te-a1? (-1426-8) (-1-25+48-5) (-148) [2.55+e:|‘1'|f
{{1.4 5es) (2467-1257 (-1+8) + [-2+8) (Les) (2+8) +25 (-6+ (-248) a}}’”]
[3 {c-a)? {-1+8) |'l [-1e28-8) (-1-26+85°-8) (Ze68+a)% -
{1+25) (-1282+25 (2+8) + [L+8) [zfs-]:.’”r,f
[.:1+45+9:| (245%-1282 {-1+8) + [-2+8) (L+8) {2+8) +25 (-6+ [-4+8) 9]]’]

(*Consumer surplosw)

PullSimplify|= -
([=(-1+8) [-128%+25 (2+8) + (L+8) [2+8)) v+ (2457~ (Lso) (2+8)-25 (4+5 91”#"
(2452 -125% [-1+8) + [-2+8) (1+8) (2+8) +25 [-6+ (-4+8) 8)]]
((fx=ec) (Le25) (125 -25 (248) = [Les) (2+8)]) )
((Le45e8) (24567=125% (=Le8) « [=2+8) [L+5) (2+48) +25 (=6+ (=2+8) 8))]) -
((~=(-Le28-8) (-1+8) (2+65+8)ec (Le2s) (65 (-1+25)-(Les) (2+8)))/
[246°-128% [-L+8) + [-2+8) (1+8) [2+8) +25 [-6+ (-4+8) 8)]]
({f=-=) (-1L-285+48%-8) [2+65+8)) [
((1+45+0) (245°-1252 (-1L+8)+ [-2+0) [Leo) (2+8) 425 (-6+ (-248) &)]]]) -
([=(-1+8) [-128%+25 (2+8) + (L+8) [2+8)) v+ (2457~ (Lso) (2+8)-25 (4+5 91”#"
(2452 -125% [-1+8) + [-2+8) (1+8) (2+8) +25 [-6+ (-4+8) 8)]]
((fx=ec) (Le25) (125 -25 (248) = [Les) (2+8)]) )
((Le45e8) (24567=125% (=Le8) « [=2+8) [L+5) (2+48) +25 (=6+ (=2+8) 8))]) -
((~=(-Le28-8) (-1+8) (2+65+8)ec (Le2s) (65 (-1+25)-(Les) (2+8)))/
[246°-128% [-L+8) + [-2+8) (1+8) [2+8) +25 [-6+ (-4+8) 8)]]
({f=-=) (-1L-285+48%-8) [2+65+8)) [
((1+45+0) (245°-1252 (-1L+8)+ [-2+0) [Leo) (2+8) 425 (-6+ (-248) &)]]]) -
([=(-1+8) [-128%+25 (2+8) + (L+8) [2+8)) v+ (2457~ (Lso) (2+8)-25 (4+5 91”#"
(2452 -125% [-1+8) + [-2+8) (1+8) (2+8) +25 [-6+ (-4+8) 8)]]
((fz-=) (Le25) (1252-25(2+8) - [L+8) (2+8)]) f
((Le4508) (24567=125% (=L es) »[=2+8) [Lo5) (2+48) +25 (=6 (=2+8) 8))]) -
((=ax(=1e28=8) (=L+8) (2+65+8)ec (Le25) (65 (-1+25)=(Les) (2+8))) /]
(2486 -128% [-Les)+ [-2e8) (Les8) (2es)+25 -6+ (-4+8)8]]]
({f=-=) (-1L-285+48%-8) [2+65+8)) [
((r+45+8) (245°-125% (-1L48) + [-2+0) [Leo) (2+8) 425 (-6+ (-248) 8))]] +
a((({la-ec) (Le25) (1252 -25(2+8) - (L+8) {2.9}”,"
[[L+45+2) [245°-125% [-1+8) « [-2+8) [Lee) [2+8) +25 -6+ {-4+8)8)])]] +
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((ta=e) [=1-25+45%-08) (2e65+8))/

([Le25es) (245 -128" [-1e8) s [-2+8) [Les) [2¢8)+25 (-6 (-2+08)8)]])]
({(=-e) (Le25) (126°-25(2+8) - Ls+8) (2 re].”l,."

([L+45+8) (245°-125% [-L+8) « [-2+8) [L+0) [2+8) +25(-64 (-2+8)8)]])]+
({t=-e) [-1-28+45%-8) [2+85+0)) /

([1+45+2) (2457 -125% [-1+8) + [-2+8) [Lee) (2+8) +25 -6+ {-2+8)0)])]]+
(((=-e) (Le25) (128°-25(2+8)- (L8] (2 .e].”;‘

([Lea5s+2) (2457 -125" [-148) + [-2+8) [Leo) [2+8)+25 (-6 (-2+0)8)])])]+
((ta=e) [=1-25+45%-08) [206598)) f([Le25+8)

(2457 =125" (=Les) + [=2+8) (Leg) (2+8) 25 (=6+ (=248)8)]]])) +

%{-{{{n-rz} [1e28) (128%-25 (2v8) - [Lre) (2es))) /((1re8r8)

(24 8" -125% [-1+8) + [-2+8) [L+o) (2+8) +25 -6+ (-4 m}-u”}]‘-
((ta=e) [=1-25+45%-08) [206598)) f([Le25+8)
(248" =125% (=Leg) s [=2+8) (Les) (2+8) +25 (=6« (=4 tﬂ‘}ﬂ:}]}z-
({ta==) [Le25) (126°-25(2+8) - (Les) (2 ve}”;‘{{l.&a +8)
(245°-125% (-14+8) + [-2+8) [Les) (2+08) +25 -6+ (-2 ..e}a””’-
2o (((a-c) [Le28) (125°-25 (2+8) - (Ls2) f_z.s}”'i
([L+45+0) (2457 -125° [-1+8) + [-2+8) (Lee) [2e8)+25 [-6+(-4+8)8]]])
[{ta=c) [-1-28+48-8) [2+68+8)) /[[1+25+8)
(248" -125% (-Lso)+ [-2+08) [Les) (2+48) +25(-6+ (-4+8)8]]]) -
((ta=e) [=1-25+45%-08) [206598)) f([Le25+8)
(248" =125% (=Leg) s [=2+8) (Les) (2+8) +25 (=6« (=4 tﬂ‘}ﬂ:}]}z-
28 ([ta-c) (Le25) (1256°-25 (2+8) - (Leg) f_z.s]”;‘
([L+245+0) (2457 -125° [-1+8) + [-2+8) (L+8) [2e8)+25 [-6+ (-4+8) 8]]])
[{ta-c) (L+258) (126°-25(2+8) - (L+8) f_z.s}”,‘f_{l.&a +8)
(245°-125% (-1+8) + [-2+8) [Les) (2+8) +25 (-6+ (-2+2) 8)]]] -
25 ((la-e) [-1-25+45%-8) {2.65.5”{"{{1.45v9}
(248" -125% (-L+o) s [-2+8) (Les) (2+0) +25 -6+ (-4+8) 8]]])
[[ta=e) [Le25) (126°-25(2+8) = (Lea) f_z-s}]}ﬂ_{lua &)
(246" =125% (=Leg) s [=2+8) (Les) (2+8) +25 (=6« (=4+8)8]]]) -
({ta==) [Le25) (126°-25(2+8) - (Les) (2 ve}”;‘{{l.&a +8)
(245°-125% (-14+8) + [-2+8) [Les) (2+08) +25 -6+ (-2 ..e}a””’-
2(5(((ta-c) (Le28) (1258 -25 (2+8) - (L+8) {2-5}}’f{{1+!&-5}
(2456%-128% [-1+8) + [-24+8) [Leo) [2+0)+25 -6+ (-2+8)8)]))) +
({ta-2) (-1-25+45 -8) {2»-5.5-5”‘}"“1-46-5} [245 -
125 (-1+8) + [-2+8) [Leg) (2+8)+25 (-6« (-2+8)8))]]) +
o ((fz=2) [L+25) (125%-25 (2+8) - [L+8) {2.5}}];"“1..4.5.9}
(2467 =125 [=Lws)+ [=2w8) (Les) [2+8) +25 [-6+ (=428} 8]]])])
[{tz=c) [-1-26+86%-8) [2e6540)) /([Le25+8)
(2487 -125% (-Leg)+ [-2+8) (Les) (2+8) +25 (-6« (-2+8)2]]]) -
({t=-e) [-1-28+45%-8) [2+65+0)) f([Le25+8)
(245°-125% (-14+8) + [-2+8) [Les) (2+08) +25 -6+ (-2 ..e}a””’-
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25 ([ta=c) [=1=-25+45"=8) {z.ﬁa.a”;‘f_{l.&a «8)
(248" -125% (-Leg)» [-2+8) (Les) (2+8) +25(-6+(-2+8) 2]]]]
[{{t=-2) (Lez25) [125°-25(2+8) - [L+8) (2+0)])) /((1+2542)
(245 -125% [-148) « [-2+8) [L+0) (28] +25 -6+ (-4+8)8)]))] +
([ta=c) [-1-256+48"-8) (2+e66+8)) /[(1ra5+8)
(245" -125 [-1+8) « [-2+8) [Leo) (2es)+25 -6+ {-4+0)8)))] +
({t=-e) [Le25) (128°-25(2+8) - (L+8) {2.9””’{_{1*45.5}
(2457 -125% [-148) + [-24+8) [L+o) (2+8)+25 [-6+ {-4+8)8))]] +
({{a=e) [=1-26+85°-8) (2e6648)) /((Lera548)
(246" =125" [=148) » [=2+8) [Lee) (2+8) +25 (=6« (=4+8)8))]]) -
2((le-c) (Le25) (L25°-25(2+8) - [Lee) (2 .e}”;‘
([L+245+0) (2457 -125° [-1+8) + [-2+8) (L+8) [2e8)+25 [-6+ (-4+8) 8]]])
{e ({{=-2) [-1-25+245%-8) [2+65+8)) f([1+2848)
(245 -125 [-L+8) + [-2+8) (L+o) [2e8) +25 [-6+(-4+8)8)]]] +
E(([{ta-e) (Le25) (125°-25(2+8)-(Le8) (2 .e].”;‘“l.a‘afe}
(248%-125% [-1+8) + [-248) [L+8) [2+8) +25 [-6+(-248)5)])) +
((tz=e) (=1=25+45" =5) (2 vﬁ&.s]}j“_l +4540) (245" -
125% (=1a8) s [=248) (Les) (2+8) +25 (=6+ (=2+8)8))]]) »
((t==<) (L+25) (128°-25(2+8) - [Lee) (2ea)]] /([Lrd5e9)
(246%-128° [-1+8) + [-2+48) (Leo) [2+0)+28 -6+ (-2+8)8)])])) +
({ta-=) (-1-25+45-8) (2 +5.5.s”j“1 +45+0) (245 -
125 (-1+8) + [-2+8) [Les) (2+8)+25 (-6+ (-1+8) a””}”]

[z (1+d&+0) (2246%-126% (-1+8) + (-2+8) (L+8) (2+8) + 28 (-6+ [-2+8) 5] |7+
AcE (1+28) |:-14454+zasﬁ=+25.:1+a:| (Z+5) {(T+58) +
{2+aa+a=]’-2151 (6+o(B+0))-25 (-12+0(-0+85 [;ha:n:.]] -
Eca (l+25) [-14454+23M=+2.5 il+) (2+8) (T+58)+ [Z+25+02)%-
245 (Gra (B+8)) -25% (-13+8 .:-sfs.;afs]”] +
da? (L+24&) [—1415*+25E:5=+25.:1+a:n [Zrs) (T+58) + [2r3Bro2)"-
458 (E+o (B+0)) -28% (-13+8 .:-9+9|;3+9]:|:|]J,"
[.:1+-15+9:| [228%-125% {-1+8) + (-2+8) (L+5) {2+8) +25(-6+ (-4+8) 9]]’]

FullSimplify|s -
([= (-1+8) [-128%°+25 (2+8) + (L8] [2+8)) v+ (245" - (Lso) (2+8)-25 (4+5 s}”f
(246°-128% [-L+8) + [-2+8) (1+8) [2+8) +25[-6+ (-4+8) 8]]]
(-(({te-a) [Le25) (126°-25(2+8) - [Ls+8) (2 +e}”;‘{{1.45 +8)
(2457 -125 (-1+8) + [-2+0) (Les) (2+8)+25 (-6+ (-4+8) 8)]))]]) -
([-=(-1+25-8) [-1+8) (2+65+8)+c(L+28) (65 (-L+28)-(L+8) (2+8)]))/
(245" -125 [-1+08) + [-2+8) (1+8) (2+8) +25 [-6+ (-4+8) 8)]]
[=[{te=g) [=1=-25+45%=0) (2065e8)) f([Led5+8)
(245" =125 (=Les) » [=2+8) (Leg) (2+8) 25 (=6+ (=248)8)]]])) =
({=(-1+e) [-126°+25 (2+5) + (Lee) (2¢8)) +o (245 - (Lee) [2+5)-25 (4+5 E}:I}!'Ir
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(246" =125 [=Leo)+ [=2+8) (Le8) (2+8)+25 [=6+ (=4e8) 5)]]
[=[{te=-=) [L+25) (126°-25(2+8) - [Les) (2 ve}”;‘{{l.&a +8)
(22567-128 (-1+8) + [-2+0) (Les) (2+8)+25 (-6+ (-2+8) 8)))]]) -
([-=(-1+25-8) [-1+8) [2+65+8)+c(L+28) (65 (-L+258) - (1+8) (2+8]]))/
(246 -128% [-L+8) + [-2+8) (1+8) [2+8) +25 [-6+ (-4+8) 8)]]
(-(({te-a) [-1-285+45%-8) [2+65+0)) f([Le25+8)
(22457 -125 (-1+8) + [-2+0) (Les) (2+8)+25 [-6+ (-2+8)8)])])]]) -
({=(-1+8) [-125°+25 (2+8) + (L+5) (2+48)) +o (245 - (L+8) [2+8) =25 (4+5 9}”;’
(246" =125 [=Les) s (=205) (Le8) (2e8)»25 [=6+ (=408} 8)]]
[=[{tc=e) [L+28) (126°=25(2+8)=[Les) (2 *e}”'i{{l.&a «8)
(245" -225" [-Leg) s [-2+2) (Leg) (2+8) +25 -6+ (-2+8)8)]])) -
([-=(-1+25-8) [-1+8) [2+65+8)+c(L+28) (65 (-L+258) - (1+8) (2+8)]))/
(246 -128% [-L+8) + [-2+8) (1+8) [2+8) +25 [-6+ (-4+8) 8)]]
(-(({te-a) [-1-285+45%-8) [2+65+0)) f([Le25+8)
(22457-125 (-1+8) + [-2+0) (Les) (2+8)+25 [-6+ (-2+8)8)])])]]) +
af(-({te-a) (L+25) [125°-25 ([2+5]) - [L+8) {2.9”};‘“_1 +454+0)
(24 6" =125% [=148)  [=24+8) [Lea) [248) +25 (=6 (=2+8)8]])]]]) +
(=[{{te=a) [-1-26+46°-8) [2+66+8)) /((1e2648)
(24 6" -125% [-1+8) « [-2+8) [Lee) (2+8) +25 (-6« (-2+8)2)])]]]) +
(-{({te-a) [Lez25) (125°-25 [2+8) - [149) f_z.a]}}fﬁ_{l +45+8)
(246" -125% [-148) « [-2+8) [L+o) [2+8) v25(-6+ (-2+8)8)])])]) +
(-{{te-a) [-1-28+45"-8) [2e68+8)) f[(Led6+8)
(245" -125% [-1e8) « [-2+8) [Leo) (2+8) +25 -6+ (-2+8)8)]))]) +
(-({te-a) (Le25) (128°-25 [2+8) - [1+2) f_z.s”}ﬂ_{l +4 548
(24 6" =125% [=148)  [=24+8) [Lea) [248) +25 (=6 (=2+8)8]])]]]) +
(=[{{te=a) [-1-26+46°-8) [2+66+8)) /((1e2648)
(24 6" -125% [-1+8) « [-2+8) [Lea) (2+8) +25 -6+ (-2+8)2)])]]])] *

%{-{-{{[r_‘-n} (Le28) (126°-26 (2v8) - (1+8) [2+8))) /[(1v25+8)

(246" =12 5" [=L+8) + [=2958) (1+8) [2+8) #25 (=64 (=4s8) e}]}”’-
(=({te=a) [=1=-25+45"-5) [2+65 t&”fﬂ_{l.&&te} (246" -125°
(-1e8) +(-2+8) [1+8) (2e8) +25 [-6+ [-4+8) s}”}]’-
(-{({te-a) [Lez25) (125°-25 [2+8) - [149) f_z.a]}}fﬁ_{l +45+8)
(245 -125" [-148) « [-2+8) [Leo) (2e8)+25 -6+ (-4 .e}e”}”’-
(-{{te=a) [-1-28+45"-8) [2e68+8)) f[(Led6+8)
(245" -125 [-1+8) « [-2+8) [Leo) (2ea)+25 f_-s.{-a.e}e”}”’-
(-{({te-a) [Le25) (125°-25 [2+8) - [149) f_z.s}}}ﬂ_{lﬂﬁ.e}
(2457 -125% [-148) + [-24+8) [L+o) (2+8)+25 [-64+ (-4 .a}a”}”’-
(=[{te=a) [-1-26+45°-8) [2e66+8)) /((1e2648)
(2467 =125 [=148) » [=2+8) [Lee) (2+8) +25 (=6« (=4 .e}e”}”’-
2ad ([-([te-=) [Le25) (1286°-25 (2+8) - [Les) (2 .s}”;‘f_{luhe}
(246%-128° [-1+8) + [-2+48) [Leo) [2+0)+25 -6+ (-2+8) 8)]]]]
(-{{te-=) (1+28) [126%-25(2+8) - [Les) (2+0))) /[[1+28+8)
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(2486 =126% [=1e8) + [=248) [Les) [2e8) +28 (=64 (=248} 58)])])] »
(={{te=a) [-L-25+25"-5) {21.5.5.5}]‘(“_1 +45e8) (245 -
125 (-1+8) + [-2+8) [Les) (2+8)+25 (-6« (-2+2) 8)])]])
(-{{te-=) (1+28) [126%-25(2+8) - [Les) (2+0))) /[[1+25+8)
(246%-128° [-1+8) + [-248) [Leo) (240)v25(-6+(-2+8)8)]))] +
(-({te-=) (L+28) (12867 -25 [2+8] - [L+8) {2.a”}j“_1.45.s}
(2456%-125% [-1+8) + [-2+8) [Les) [2+0)«25 -6+ (-2+8)8)]))]]
(-({te=-=} (-1-25+25-8) (2 +5.5.s]}j“_1 +45+0) [24 5 -
125% (=1as) s [=248) (Les) (2+8) «25 (=6» (=2+8)8))]]))
(={{te=a) (-L=25+45"-85) {zm&.s}”{f_l +45e08) (245" =
125 (-Lag)+ [-248) (Les) (2+o)+25 (-6« (-2+8)8)]]])
(-{{te-a) (-1-25+25 -8) (2 +5.5.s]].;‘“_1 +45+0) (245 -
125 (-1+8) + [-2+8) [Les) (2+8)+25 (-6« (-2+8) 8))]]] +
(-({te-=) (L+28) (12867 -25 [2+8] - [L+8) {2.a”}j“_1.45.s}
(2456%-125% [-1+8) + [-2+8) [Les) [2+0)«25 -6+ (-2+8)8)]))]]
(=(({te=-=h (1+25) (1255 -25(2+8) - [L+5) (2+8))) f((L+254+0)
(2486 =126% [=1e8) + [-248) [Les) [2e8)+25 (=64 (=448} 58]])])] »
(={{te=a) (-L=25+45"-85) {zm&.s}”{f_l +45e08) (245" =
125 (-Lag)+ [-248) (Les) (2+o)+25 (-6« (-2+8)8)]]])
(-{{te-=) (1+258) [126%-25(2+8) - [Les) (2+0))) /[[1+25+8)
(246%-128° [-1+8) + [-248) [Leo) (240)v25(-6+(-2+8)8)]))] +
(-({te-=) (L+28) (12867 -25 [2+8] - [L+8) {2.a”}j“_1.45.s}
(2456%-125% [-1+8) + [-2+8) [Les) [2+0)«25 -6+ (-2+8)8)]))]]
(=(({te=-=h (1+25) (1255 -25(2+8) - [L+5) (2+8))) f((L+254+0)
(2486 =126% [=1e8) + [-248) [Les) [2e8)+25 (=64 (=448} 58]])])] »
(={{te=a) (-L=25+45"-85) {zm&.s}”{f_l +45e08) (245" =
125 (-Lag)+ [-248) (Les) (2+o)+25 (-6« (-2+8)8)]]])
(-{{te-=) (1+258) [126%-25(2+8) - [Les) (2+0))) /[[1+25+8)
(246%-128° [-1+8) + [-248) [Leo) (240)v25(-6+(-2+8)8)]))] +
(-({te-=) (L+28) (12867 -25 [2+8] - [L+8) {2.a”}j“_1.45.s}
(2456%-125% [-1+8) + [-2+8) [Les) [2+0)«25 -6+ (-2+8)8)]))]]
(-({te=-=} (-1-25+25-8) (2 +5.5.s]}j“_1 +45+0) [24 5 -
125% (=1as) s [=248) (Les) (2+8) «25 (=6» (=2+8)8))]]))
(={{te=a) (-L=25+45"-85) {zm&.s}”{f_l +45e08) (245" =
125 (-Lag)+ [-248) (Les) (2+o)+25 (-6« (-2+8)8)]]])
(=({te=a} [-1-285+25"-5) (2 rﬁ&os”!‘“l +45+0) [24 5 -
125 (-1+8) + [-2+8) [Les) (2+8)+25 (-6« (-2+8)8))]]) +
(-({{te-=) (Le28) [128°-25 [2+8) - [L+8) {2.a”}j“_1 +4 548
(2456°-128% [-1+8) + [-24+8) [Leo) [2+0)+25 -6+ (-2+8)8)])]]]
(-[{te-=} [-1-25+45 -8) {2+5.5.s}].j“_1.45.a} (245 -
125 (-1s8) + [-248) (L+8) (2+8) +25 (-6« (-2+8) 8)])]])) +
(=({{te=a) (~L=25+45"-5) {2.-5.5.5}”“_1 4508 (245"
125% (=1ag) s [=248) (Les) (2+8)+25 (=6« (=2+8)8)]]])

138



24 | mutinmoduct Mergers nh

(=(({te=a} [-1=25+45"-5) (2 *ﬁ&.a}}j“_l +45+0) (245" -
125 (-1ag)+ [-248) (Lee) (2+8)+25 (-6« (-2+8)9)]])])) -
z2se ([-([(e-a) (L+25) (126°-25(2+8) - (Le8) (2 .a]”{f_{l.&.sfe}
(246%-128° [-1+8) + [-2+48) [Leo) [2+0)¢25 -6+ (-2+8) 8)]]]]
(-{{te-=) [-1-25+25 -8 (2 +5.5.a”j“1 +45+0) (245 -
125 (-1+8)+ (-2+8) [Les) (2+8)+25 (-6« (-2+8) 8))]]]) +
(-({te-=) (L+28) [126°-25 [2+58) - [L+8) {2.5””“_1.45”]
(248%-125% [-1+8) + [-248) [L+8) [240)+25 [-6+(-2+8)8)]]]]
(=(({te=a) (~1=25+45"-5) (2 vﬁ&.a}}j“_l +4540) (245" -
125% (=1as) » [=248) (Les) (2+8) «25 (=6+ (=2+8) 8))]])] +
(={{te=a) (L+25) [(1257-25 [2+58) - [Les) {2;5”}‘(“_1 +45+0)
(246%-128° [-1+8) + [-2+48) [Leo) [2+0)+25 -6+ (-2+8) 8)]]]]
(-{{te-=) [-1-25+25 -8 (2 +5.5.a”j“1 +45+0) (245 -
125 (-1+8) + [-2+8) [Les) (2+8)+25 (-6+ (-1+8) a””}”]
[a (1+d&+0) (2246%-126% (-1+8) + (-2+8) (L+8) (2+8) + 28 (-6+ [-2+8) 5] |7+
AcE (1+28) |:-1-!1ﬁ*+2555=+25-:1+a:| (Z+5) {(T+58) +
{2+aa+a=]’-2151 6+ [B+a)) -2 &8 ¢-12+a.:-9+s-[3+a::.]:|-
Eca{l+25) [-14454+23M=+2.5 il+) (2+8) (T+58)+ [Z+25+02)%-
245 (Gra (B+0)) -2 60 .:-1.3+a.:-91.9.;3+9];|:.]+
Fa? (1L+24) [—1415*+25E:5=+25.:1+a:n [Zrs) (T+58) + [2r3Bro2)"-
285 (E+o (B+8)) -2 &8 .:-1.3+a.:-9+9|:3+9]:|:|”,"
[.:1+45+9:| [228%-125% {-1+8) + (-2+8) (L+5) {2+8) +25(-6+ (-4+8) 9]]’]

l-:l:'ln.-ne[{: [Le25es) (2467125 (-Lee) +(-2+8) (Leo) (228) +25 (-6+ (-4+8) a}}’.
3c? (L+25) {-léiﬂ‘rzﬂﬂﬁf"ozd (Leg) [2e8) (To58)
{2.39..91]’-245’ (6+2(B+8)) -25 [-1340 (-9+8 |:_3+e}”]-
Eca(l«25) [-u-l 5442885+ 25 [Les) (2+8) (Te58)+ [2+38+8%)% -
24.5’{sre{ﬂoa”-2&‘{-13&9{-9.31{_3.5””*
3a® (1+28) [-144&%235.5:-.2.5 (Lee) [2+8) (T+58) « [2e30+8%)° -
245° (640 (848)) -25° (-13+8 (=945 (348))) )] /
{{1.4.5..9]. (245" -125 [-1+8) + (-2+8) [Leo) [2+0) +25 -6+ (-4+8) a”‘} -
=+ {3 {e-a)? (1+23) |:-1u 542885425 (Lag) (248) (T+58)»
[2e30+6®)* 245" (6+8 [Be8)) -25% (-13+0 (-3+8 :_]te}””f
{{1.-4 Ge8) (24 5°-126% (-Le8) + [-208) [Les) (248) +258 (=64 (-4 48) a”’}]

Troe
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PullSimplify |[Collect |
{s (Leas+n) (245" -125% [-L+8)+(-24+8) [L+8) (2+8) +25[-6+ (-4+8) s”‘+
3c* (1+28) {-14!5"»-285.5"-26 (Les) [2+8) (T+58) +
{2.35.,3?]’-245’ [6+o [B+s)) -25° [-13+0 [-9+2 f_are}”]-
Gca(Le25) {-1{1 5'#28B5" +25 (Les) (2+8) (Te58) « (2 .33.5’}’-
246’{Era{ﬂ-a_”-2&‘{-13*6{-9-5{3;5}}]}*
3a® (1+28) {-14-!5"»-285.5"-26 (Leo) [2+8) (T+58) + {2.39..&]’-
246’{sve{ﬂoa”-zf[-late{-goaf_a.a”}”f
{{1.4.51.9} (246°-126° (-1+8) + (-2+8) (L+8) (248) +25 [-6+ (-2+8) a”‘},
[Le25+8)]]
51-[3 [c-a)® {1+285) [-quauzasahza.:ha: (Z+8) {T+58) +
[z+30+8%) -2458% (6+0 (B+a)) -2 & I:—J.EfBI:—BfE‘[zfa:l:l]]Jllllf
|:.:_1+-1.§+9] [246%-1282 (-1+8) + (-2+8) [L+5) {2+8) +25 (-6+ [-4+8) 9]]’]

(sTotal Surpluss)
h:l_mi.-pufg[{a {c-a)? [-1+8) [-{-1.25-a_j [-1-285+48%-6) [2e659+8)%-
(Le28) (-126%425 (248) + [Le8) (2+8))%]) /
[{1.4.5*9} ([248°-128 (-148) + (-248) [L+8) (248) +25 (-64 (-448) a}}‘}.
{;.{3 {e-a)® (L+25) {-1446'.2556’.25{_1”} (2+8) (T+58) »
[2e38+6®)®-245" (640 (Bae))-25° [-13.9{-9.5{_3;9”]”3’
[{1 +46+8) (246°-128% (-148) + (-2+8) (L+8) (2+8) +25 (=64 (-1+8) s}}’”]
s+ (2(c-a)? (57654-57658% (-1+8) - (1+8)2 (2+8)2 (-23+25) +
GES4 [~6+ [-8+8)8) 28 (1ea) (2+8) (-21+8 (-T+& (8+8))) +
457 (-102+6 (-20+5 (5l+188))) +2 &2 {43+a.:asfsu[-n-a.:sfzs-:.]”]:.f’
|:.:_1+-1.§+9] [246%-1282 (-1+8) + (-2+8) (L+5) {2+8) +25 (-6+ [-4+8) 9]]’]
(#Case III: Two Multiproduct Firms Firml35 and Firm 246s)

(#profit Firm 135«)
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PullSimplify |
(fpa=-c) « [[(-1-25+45%-8)pas [-45%40+258+8%) pz-([-1s8) (z(L-25+8)+
& (paepy rpgtp.}”lll'r{{-l w2 E-E} t-loﬂ] :_lo-lﬁoﬂ:”” *
(pa=e) » ([a(=14265=8) [=Les) «(5-58)prv (5=58)p2=-pa=25pss
1&zpl-EP:-i-ﬁzp;oﬂpqtzﬁﬂp..oﬂzp.oﬁpgrﬁﬂ'pg--ﬁ{-loﬂ}p.}f
([-1+28-8) (-L+8) (Le45+8)])])]+ ((ps-2) =
({=(-1+28-8) [-140) s (5-58)pas (5-50)pz+5pa-50p21+5ps-50pa-pa-28ps+
45 ps-opas -4 azoaoz.se.e’}p.}jf_{-l.za-a] [-1+8) [Le25+2)]))]
1
[(-l+285-8) (-1+8) (1+45+8)
({=ceps) @ (-1+28-8) (=1+8) + (5-858)py+ [5-58) pz-ps-28py+
18 py -G Py -1 P+ B P r 2 SO P+ Pyt P -G8 ps -8 (-l +8) p.t_] +

[~c+ps) |:'|:|: {~l+28-8) (-lra)+r (-068) gyt (f-S50)parSpy -SSPy v
-5P4—|5EP.-P5—25P=1-'§|52P5—BP=+[—4521-91'2591-52]Pb] +
(-e+py) [[-1-28+48%-8)p,+ [-282+8+280+0%) p; -
{-1+8) (@ (1-25+8) +& (ps+Py +Ps +Pe} )} |

1
(-1+25-8) [-1+8) [L+45s2)
[t-e+ps) [ (-1e28-8) [-1l+8)+ (5-58)pr+ (6-58)pz-pa-25pa+
'IEzp;-G'p,-iﬁngiﬂp.oEEBp.iﬂzpqiﬂpg-&EE-ﬁ{-loﬂ}p.}r
{-c+ps) (2 (-Le25-8) [-1+8)+ (5-58)pr+ (65-50)pz+5pa-50pa+
ﬁ-p;-ﬁﬂp.-pg-zﬁ-pgti-ﬁng-ﬂpgof_-&ﬁzostiﬁﬂrez}pg}t
{(=Cc*pa) {{-I-Eﬁolﬂz-e}p’_ot-&ﬁzoﬂoz-ﬁﬂtvﬂ'z}p}-
{-loE} {n {1-251-6}1:# [p;rp;op:.tp;]}”,p;_”
[-(-1+28~-58) {crar2cbl-ab)+ [-456+B8° -2 (Lea)|pyv [-285ver288+0%) py-
&(-1+8) (ZparparZps+ped] S ((-L+28-8) (-1+8) [L+45+8)})

FullSimplify[D[

1
(~1+28-2) [-1+8) [Lrd5es)

FullSimplify[D[

((=cepa) (e (=1+25=8) [=1+8) + (5=-58)pr+ (5=58) p2=pa=25pa+
1&zpl-EPJ-iﬁzp.oqutEEBp..oEzp..odp:-&eP:.-#{-ltﬂ}p..}r
{-c+ps) (2 (-1+285-0) [-1e8) s+ (5-58)pr+ (5-560) pz+Epa-50pa+
&m-ﬁﬂp.-pg-Z&mi&-ﬁzm-ﬂpgo{-45215t255rv&1}m}i
{=c+pa) {{-l-EEolﬂ‘-e}p’_o1-452151255r92}p1-
{-115} {n {1-251-6}.5 [p;rp;op;op;]}l},p;]]
[—l:—l-rZ-ﬁ-E] jcra+Zcd-af)-28(-l+a8)prr [(6-08)pz-2ps-28pa+
B pa-20pa-4 5 pa+Opu+ 206y +5 pu+28ps -2 88ps -5 (-1 +8) 1:||5.]J.Ir
[{-1l+25-8) [-1+3) [L+rd5+8))
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1
(=1+26=-8) [=1+8) [Led5es)
[(=eeps) [x(~1425=8) [=1+8) + (5=-58)pr# (5=58) pz=pa=25ps+
1Fp:-EP;-iﬁngoEpioEﬁBp.oE’pqoﬁpg-ﬁ-eh-ﬁ{-loﬂ}pl}r
{=c+ps) (@ (=Le25=8) [=1e8) s (5-58)pr+ (6=58) p2+5pa=568pa+
&m-#ﬂp.-p:-Z&p:.t&-ﬁzp:.-ﬂpgof_-iﬁzostzﬁﬂreﬂp‘}i
{=c+p) {{-1-25115‘-6}[4.{-452151255rv&=}m-
{-115} {n {1-251-6}.5 {PI*P‘I'FE'P‘}}J}rPE]]
[—(—1125-9] fcrtar+Zcd-af)-28(-l+8)p+r (6-08) parldpy-200py+dpy-S8py -
zpa-‘lﬂpb-rﬁ-ﬁ:pb-ZE‘Pb-rI:'—‘lﬁztE-rZ-ﬁEfEl:lph:llf"l:[—1?25—6! [(-l+8) (LedS+a)}

FullSimplify[D[

(eprofit Firm 246«)

PullSimplify[((pz-c) » [[(28°-286-0 (Les))prs [Le25-45%+8) pas
{-loﬂ} {n {1-251-6}.5 {pa rp;ipg.op;]}:]f{:.-loﬂl 11-25151 tlt‘lﬂtﬂ}}:]} +
[pa-e) * ([=(-1+25-8) [-L+8) + (5-58) pr+ (5-58)pz-45°pa+bpas
268py e pa=pu=-26pa+ 45 pu-0pi+Gps-58pas=5 {-ltﬂ]pu:“l"
[[=1+285=8) (=L+8) (Le45+8)])])] * ((pe=c) =
[(-2a8+2abo-ac®s (5-58)pr+ (6-58) pr+ipr-50pa1+ Spu-50pu-46pss
@ps+2868psssipas [-1-25+4 5 -8) p.]f“_-l +285-8) [-L+8) (L+25+8)])]]

1
(=1+8) {(l+248+8)
1
[—-:-.:rpr.:l |:n'—2|:|:|51-2|:|5£l-n'9'1-r (f-88)pi1+ [§-58) prrdps-
-lv25-8
Sopy v Spy-08p -1 py+6py+ 280 py v+ 5% pg # |:—].-251-4 51-5] pn] +
1

— - Py ) [a{-lenﬁ—E:l [Flea) ¢+ (B-S0)py+ (5-850)ps -4 865 Py +
-l+285-8@

Bpa+ 250 pa+S pa-Pu -2 0P+ 35 pu-Opa+ Sps-86ps -4 (-1 +8) PQ.:I +
1

1-25+8
{-1+8) -:-Ii1-2-5+-53*5':P:.*qupafpa:']:l)

{-erp:) [[#82-280-8{1+8) )P+ |[Lr28-482e8)par
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PullSimplify[D|
1 1
(=1+8) (L+25+8) Ll=-1s25-8

[{=c +ps) {n-zn&rZEEE-nﬂzo[&-&e}mt (6=-58) pz+

Eps=-50pi+5pi-50pi-4 5 pi+Opas2 50pa +8 pa s f_-l-25+1 &Z-BJPHJ #
1

=l+2865=-8
Bpas258ps+eips -p.-ZEp;o&-ﬁzp;-quiEpg-Eﬂpg-ﬁ{-loﬂ}pq} *
1

l=28e8

(-208) (o (1-25+8) +5 @sepurmsera))]. ]

{-c+ps) (2 (-L+25-08) [-L+0) s (5-58) pr+ (6-58) pz -4 F pas

(=c+pz) “_4-5'2-255-6{1 tﬂ”p:_-r {1-25-1 ﬁ'zllﬂ}pzt

[i-1+25-8) [c+a+r2cd-as)+ [958 -255-5(L+5))|pa+2 (L+25-458+5)pz+
S(-1+8) pa+Zpisps+2ped]| S ((-L+5) {1-25+8) (L+45+8))
PullSimplify[D|
1 1
(=1+8) (L+25+8) Ll=-1s25-8

[{=c +ps) {n-zn&rZEEE-nﬂzo[&-&e}mt (6=-58) pz+

Gpa=50p1sSpy=60pi-4 5 peeOpas2 58ps #5 pa b f_-l-iﬁrl &Z-BJPHJ L]
1
————(-c+pa) |2 (-L+25-0) [-L+8)  (5-58)p1+ (5-5659) pz-4F pas
=l+285=8
Bp3s258ps+5tpa -p.-ZEmo&-ﬁzm-ﬂmiEpg-Eﬂpg-ﬁ{-loﬂ}pq} *
1

l=28+8

(-1+8) ([a[1-25+8) +5 (ps +mip:ip¢]”]rpl]]

{=c+pz) “_4-5’-2#9-&{1 rﬂ”p;-r {lt2ﬁ-1 ﬁ-’iﬂ}pzr

[-:-l+2|§—El:l [c+a+2cl-ad)+85(-1l+8)pi+285(-l+8) pz+ 255 pa-8ps-
258 p1 -8 P+ 2P+ O pu-B S pu+ 20 pa-Ops+ S5 ps+ 2 6 [-J.-m-a:ll:u;.:l';"I
[{=1+8) {(1-248+8) (L+28+8&))

FullSimplify[D[
1 1

{1 5} {1 Ts g} 1oz E[-crp‘} {n-Zn&rZuﬁE-nﬂzi{&-&e}mo[&-Eﬂ]po
=1 * * =1 -

Gpy-50pa+Spy-00p- 46 pssOpas2 50ps+5 pa s {-1-251—1 &Z-BJPHJ *
-t
=l+286-8

Bpaes2S58pr+aipa -p.-E&p;o&-ﬁzp;-quiﬁpg-&ﬂpg-&{-ltﬂ}pg} *
-t
l-2&5+8

(-1e8) (a(1-25+8) 45 s+ purmsona))]. o]

{-c+ps) (2 (-1+25-08) [-1+0) + (5-58)pr+ (65-58) pz -4 F pas

(=c+pz) {{4&2-255-6{1 rﬂilmi {11-25-1 &ziﬂlpzr

[-:-l+2rj-a:| [crarZcl-ad)+S (-l+e8)pr*28(-l+8)pr-Spa+SEpa-28par2 58Dy *
q.ﬁ=p,—sp,-zaap,-ép,fzmw.'Lz.f---mhs:lpn:lf[.:-lfs] [L-2&8+8) (LedSva))
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PullSimplify [Solve|
{{-{-liEﬁ-E] {Eiﬂi2c5-u9}t{-!§iﬂﬂz-2 tlt&}]p;t{-lﬂztﬂ'tzﬂﬂiﬂijm-
& {-1-5} {ngipitzhipu:llffl{-lizﬁ'-ﬂ:l f_-lme] {lt-lﬁilﬂ” =0,
:_{-11-25-5:] f_uoni!cﬁ-ue}i {4&‘-2&9-5 {1 oﬂ:”p:_-rz :_1-25-452-5};911
& {-1-5} {p;ozpq tpgong”ffl{-loﬂl {1-2&15} {1 4 &-e}] =0,
[-[-1+28-8) [c+ra+2cf-ae)-28(-Les)pre (5-F8)p2-2p1-45pa+
H&zp;-ZEP;--iﬁzP;iquoEEquiﬂzpquE:p:-Zﬁ-eh-ﬁ{-115}1};}!‘
((-1+285-8) [-1+8) [Le25+8)) =0,
:.{-11-25-9] :.Eiﬂizc-ﬁ-ﬂﬂ‘}i-ﬁ {-liﬂ}miiﬁ {-l oﬂ}mtiﬁzp;-ﬂp;-
2E-G'p;-ﬂzp;-rﬂl:uolﬁp.-ﬂ&zp|¢25p|-E-pg.iﬁﬂpg.oEE:.-1¢G:| p;}’f
((-1+9) [1-25+8) (L+45+5)) =D, (-(-1425-8) [c+as+2cb-as)-
25(=1w5)p1s (5=568)p2+25ps=256pasSpu=55pi=2ps=-45pssB5 pa=
2ep,.1{-45’.5-259.9’}1.;};‘f_{-lozﬁ-a] [=1+8) (Le45+8)) =0,
:_{-11-2&-9:] f_:ontzc#-ue}t# {-loE}pJ_i:Z# {-1 tE}m-ﬁp: vrSEpy -
2&mi2ﬁﬂmoiﬁzh-ﬂﬁ-Eﬁﬂpgufp=¢2Bi2{25-&f15}m}j

[(-1+8) [1-2648) (Led54+8)) =0}, {p2, P2, P13, P, Ps, Pel]]

c+ra+Zcd-ad c+t+a¢r2cl-ad cra+Zcd-a8
{[P:-’ . P2+ + PA -F
2+28-8 2+28-8 2+285-8
crtra+Zcd-aad c+tarZcld-ad cra+Zcld-ag

Py Ps —+ Pe -
! 2+28-88 2eZE-g 2+285-8 H

(#solwving for gls)
FullSimplify|

[[-1-25“5!-9]. [%} (-482s0s25000%) (m::z::g] )
(-1+8) [.z (1-25+8) 46 [[ciut?c&-uﬂ)' [c.mzca-ue] . [cm.zcs-ua] .

2e28=8 2e28=8 2e285=0
(ctutzcﬁ--nﬂ

2425-8 ]]])/“'1'25'91 (-1e8) (Le4540))]

{c-a) (1L+28§)
(Z+2&-8) (L+48+8)

Rednce [ fz-e) [L+25) L {c-a) [L+25) ]
(2+28-8) [Le254+8) [2+28-8) [Le25+8)

True

(«FROFIT 1)

crarZcl-a8 celaol- (o=a) {112-5:]

[[ Zv2E-8 ] ] (2+25-8) (L+t5+8)

{c=-a) {1+24) [-E+M]

242 8-0

(Z+28-5) [L+45+8)

(#Profit 135, by symmetry 246s)
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{o =) :11-25} {-Ei - }

r“J_Lﬁ'-lﬂif!r[[- (2e25-28) (Led5+a)

]

[_ () (1025) [“‘f-‘:‘]] [ (-a) [1020) (-cv madazae)

(2+285-58) (L+45+8) (2#25-8) (L+454+8)
3 {c-a)? (L+25) (-l+8)
(-2-2&8+8)% [L+48+8)

Reduce 3c-a)? (L+25) (1-8) _‘_3:.:-.:].1;1.25} (-1+8)

(-2-25+8)" [Le2c+e) [-2-26+8)" [Le2sws)
(#Indostry (sprofits)s)
3 jc-a)? [L+25) [-1+8) ‘_3 fe-a)? [L+25) [-1+8)
[-2-28+8)% (Le25+8) [-2-25+8)% [L+45+8)

Elc-a)? (1+28) (-1e8)
(-Z-Z&+8)2 [L+2E+a)

PullSimplify|-

6ic-a)? (L+25) (1-8]) .5 fe-a)® [Le25) [-1+8)

Il.cl:'lnce[
(-2-28+2)% [Led5+8) [-2-26+8)% (L+a5+s)

Tru=
(#Consumer surplunss)
ruJ_LSi.-pl;i.fg[s-p;g;-ng;-P:g;-le =psgs =
Bescalmememimesea) o= (-al-d-d-dl-ad-di-
ERERC AT AR R R AR AR AR AR R AR IR S
2#0 (@ gz +qaTe + 38 T8} | |
E-Pi @ ~Pr T ~Psda ~Pa Qi ~Ps s P T # T (3 + Q2+ Qs + Jq # Tg +qa) +
%I:-q’t-qi-qi -2O gy - -2 Say s -2 Sy ge -l -2 (5 (g rqy) v gs) gs-
gi-28qg: (gs+qeras+qe) -2 qa (Bg:+ 8 [gav g +qsvae)))

Fullsimplify[s - (“::Z::EE] [{2 i ::.5-‘!:}{:1.‘.2:.5] ~8) ] )

cra+Zeb-an fm-c) (L+28)
( Z+25-8 ][{2.2.5-5]{1.4.51.9] )

(“::Z::E E] [{2 + ‘:ﬁ-cs}]{;-l'f:i +8) )

(i) (e ) ()
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[ c) (L+285) ] [ ue] [ c) [Le25) .
(2+26-8) (Lea54+8) Z2+26= (2e25- e] (Lea548)
([:2 I::.5 }}{;-1 z:.! ]] [{2 26- ]]l:;l 21551 ]] [{2 ::.5 }}{{11. 2:.5:I ~8)
(1225) (1e29] (1.28)
(2+256- e]r] (Let5+ e]] [|:2 25= ]‘] (Lea5+ ]] [{2 25- e]r] (1ed5+ ]]]
[ [{2 jm=c) [1+25) ] [{2 fz=c) [Le25) fa=c) [Le285)

25-8) (L+45+85) 25-8) (Led s e], (2e25-8) (Le25+8)

(m=c) [L+25) ][l: =e) (1+25)
2+25-

{2 +25-8) (L+45+8) 8) [L+45+ }
[ {a-c) [L+28) ’_25[ {a-c) [L+285) ][ ja-c) (L+25)
)

{2125-9] {1.45.9] [2 +25= e] {J. +45+8 {2 +2 5= }{1 + 45 e]

fm-c) (L+25) -c) (1+285) -e) [L+25)
2#[{2 ][;2 2&6=

v*265=8) (Led5+8) &) (L+45s } {2 +25=8) [Led5+8)
2[II'j [[;h::.s-cs}}{;-l:zqﬁ: }l [{2 25~ ;]{:1 2:2 ]]l'
{a-c} (L+285) ]][l: fa-c) (L+25)
2 .

[2+285-8) (145 } 25-8) (L+45+8) B
{a-c) [L+28) -c) (L+25)
(2+256- e] [Le25+8) [2 +26-8) [Let5+o)

[( (2+25- ]]l:;ll 2:: ]] [{2 ‘:.5 ]]{;-1. 2:5] 8|
{m=e) (1+24) -c) (Le285)
|:2 +25-8) (L+45+ ]] [{2 25-8) [L+45. ]]]
-} [1+25) -e) (1+285)
{2 +25-8) [Led 5+ e]][ [{2 25-8) [L+25+8) )
[[{2 2E- ;]{{11 2:5] e]] [|:2 25- ]I}l:;-l zqﬁj 8) *
({2 25- J]‘{ll 2155: ]) [{2 l: ;]{{1.1.'2:5] e]]]]]]

[-6ca(le28)+2 (cr2cd)? B (~2-25+8)2 (Ledbes)) S
|::-2-26+E:-3:'_'46+E|:|I|

[:n]_'l.er_'t[{-ﬁ ca ‘1#25}213 {ct2c5:|213 {nzi-2u|5:|=¢= {-2-25 tﬂ]i {l t&ﬁté]]!’
“-2-25.9]’ [1es 5.9”, [-2-28+8)% (1+45+8)]
—6ca{l+28)%2+2 (c+2c8)%+2 (a+2as)t
' (~2-248+8)F [(lr48+3)
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-ﬁcu{ltZE}zoStctzcﬁ}zt_:l{u:oEnzﬁ}z .

lcl:'ln.ce[:i
(-2-26+8)" (Let5+0)

{-ﬁcu {1-25]’.3 {1:1-21:&]'!03 {utZu&}zo: :_-2-2.5.5}’ tlt!ﬁoﬂ}}'f
{{-z-zsfa]‘ {1.45.9}]]

True

(#total surpluss)

huswufy[ﬁ{c-ul’{lti#] (1-8) .[l -6ca(le258)*«3 [c+2c5)%+3 (asr2as)? 1
(-2-28+8)% [Lea5+0) (-2-26+8)% [Le4548)

B(c-a)® (L+248) (3+28-28)
= (m2-28+28)2 (L+48+8)
(#Case IV: Submarket Honopolistws)
({# monopoly £irm 12, 3-6 individmal firms«)
(#Profit monopoly Ll-2x)

PullSimplify[(pr-c) « ([[-1-285+452-8)pa+ (-458+8+258+8%) pz-

{-11-9} {u {l-EJiEJ w8 ['p;tp;ip,tp;}”f“-li2ﬁ-a} {-1 +e} {liiﬁt&”} *
(pz=c) e [([467=266=-6 [Les))pr+ (Le25-45 48] paw

{-11‘5} {u {1-25-9] L] [p;tp;ipgtp;}”!“-liﬂl :_1-251-51 {11:'!&-5}”]

1
(—.:-c+p,;| [[-1-285+282-8)py+
-l+25-8 '
[-2482+8+288+5)p2-{-1+8) (a{l-25+8) +8 (pa+pa+Ps+Pel )] +
1

—(-c+* 152 -288-a(l+g +[l+285-28% ¢+ +
T 2s.5. ez) || { V) pv | ) B2

{=1l+8) (@(l-24+a8) f-ﬁ{p;fp;fphfpn:l]:ll/ ((=1l+8) (L+48+8))

({#Profit max monopoly l-Zw)
PullSimplify |

D[[ﬁ{-cim] “_-l-z-ﬁtiﬁ-z-ﬂllnt {-15‘#5#2&515‘]1};- {-liﬂ}

{u {1-25 oe:| 8 {pa tmip;im}}: *
1

l-2&8+8
{-los} {-u {1-251-6}15 {pa tp;ip:ipi]”]/“_'l‘ﬂi t_l“‘ﬁ"a}}a P"-]]

[2{1+28-282+0)p,+ (852 -4860-28 (L+8)] pz+

{=c+pz) “_4.52-259-&{11-9”:9-11 {li25-1.§-’iﬂ}pz+

(=1l+8) ([cr+ra+2cd-2af+ (cra) e+8 I:P:fp.‘rpbfpn]:l]l,lll
[{-1+8) {1-28+8) {(L+285+8))
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PullSimplify |

D[[ﬁ{-ctm] “_-.'L-2ﬁr1 &z-ﬂllnr{-iﬂzrﬂ *2 &Etﬂzlp_:-{-ltﬂ}

{n {1-25 re: 8 {pa "PI-"‘FE"‘Pi}}J *
1

1-25+8
(-1+8) (a(1-28+8) +5 (ps rpup_-,op«}}]]/“_-l-ﬂ:l [L+d5+8)), pe]]

[[25*-488-20(Lem))pr+2 [L+28-988+5]pz+

{=c+pz) “_4&2-259-9{1 +B”p;_1- {lt25-1 &ziﬂ}pzt

(=1l+8) ([cr+ra+2cd-2af+ (cra) e+8 I:P:fp.fp:,'rpn]:l]l,lll
[{-1+8) {1-28+8) {l+285+8))

({#Postmerger pricess)
FullSimplify|
Solve[{[2 (L+26-456"+8)p1» [(B6*-450-268 (Leog))pzs (-1e8) [crar2cb-2abs
{cra)@+8 (pa omtp;opu]}}f{{-ltﬂl {1-26.6’ :.1 oiﬂoﬂ}}-ﬂ‘
((B5®-45e6-20(Leo))pas2 (L+25-48%48)pas (-148) [crar2eb-2ab.
{cra)@+8 (pa omtp;opﬂ}}f{t-ltﬂl {1-26161 :.l olﬁoﬂ}}-ﬂ‘
[a(-1+28-8) [-1+8)+c (Le285-452+8)« (5-58)pas (5-58)pz-2pa~
4E-p,iﬂﬁzp_‘-2ﬂ|_:|;--lﬂ‘p.iﬂp.+2§ﬂp.+&zp|+ﬁ-h-ﬁﬂp5-ﬂ:_-1+E:| p.}!
((=1+26=8) [~L+8) [Led5+8)) =0,
[(=1+26=8) [=1+8)+c (Le25=-4548) s (5=56)prs(5=-58)p2=45pan
Bp;-r2#ﬂ|_:utﬂ"pg-21}.-‘!&9..1Hﬁzm-ZeF;-r#p:.-ﬁEpg-&{-ltﬂ}p;}I,r"
((-1+285-8) [-1+8) [Le25+8)) =0,
[a(-1L+28-8) [-1+8)+c (Le2865-45%+8)+ (5-58)prs (5-58)pz+Epa~
ﬁe:p-,-iﬁpg-Eﬂp|-2p=-45p513§!p5-25|:5.1{-45‘rEoEEEoﬂz}p'}f
((-1+25-8) [-1+8) [Le25+8)) =0,
f_ciniEcﬂ-Zu&-lcﬁ‘H:El-EﬂEEl-nlei{&-Eﬁljp;_i{E-Eﬂjpzﬂip;-
ﬁePg-rﬁpi-ﬁﬂp.-!ﬁ?pgtehoiﬁﬂhts‘pgtﬂ{-l-Eﬁoif-e}p.}f
H-lt?-ﬁ-ﬂ} {-1 te} {lt&-ﬁ te” -III]-J {p1, P2, P2, P4, D=, p.]]]
L fjc-a) (-l+8) & [L+26+0)
{[P:—.ﬁ—[:fﬂ:f ],
z —2+48%+ B8 -230+07+ 25 (-2+8) (L+B)
L
pz-.i?[l:fﬂ:f

4{c-a) (-1+8) & [L+28+83)

~Z+482 4B -0+ e 25 (-2+8) (Lea)d

pi=* ([~ (-l+28-8) (-l+r8) (l+38+8) +c (-1+48) (L+28+8) [].1'*51‘5‘]]‘."
[-2+28°+B5*-30+8%°+28 (-3+8) (Lea)],

pi* [~@ (-l+285-8) (-l+r8) (l+3S5+8) +c [(-1l+d8) (L+28+0) [].-r'iﬁfsi]]‘."
[-z2+282+B8%-30+0%+25 (-3+8) (L+)),

P [~@ (-l+285-8) (-l+5) (l+385+8) +c [-1l+S5) (L+28+8) [].-r‘!nﬁfSl]:IJ.'r
[-2+482+B5-30+0%+25 (-3+8) (L+8)),

pe= [~ax (-l+28-8) (-1l+8) (l+3285+8) +c [(-1+8) (L+28+8) [].1451'5']]‘."
(-2+482+B5'-28+0%+25 (-2+8) (L+8})]]}
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Reduce[[-a [-1+28-8) (-1+8) [L+38+8) sc (-1+5) (Le25+0) [Led5en)) /S
(-2+25°+85" -30+5"+25 (-3+8) [L+8)) ==

(=2 (=L+285=8) (=Les) (Le35+8) se (-1es) [Le25+8) (Ledses)] ]
(2425485 =30+5"+25 (=348) [Les)) ==

(=2 (=L+285=8) (=Les) (Le35+8) ve (=1e5) [Le285+8) (Led5es)] ]
[-2+28 + 85" -38+8"+25 (-3+8) [Les)) ==

f_-.z f_-l.z&-s] {-1.5] {1.3.5.5] e f_-lusj t_l .2513} f_l.a&.s”f
{-2.45’.35’-39.5’.2.5{-3na:| {1.9}]]

True

(=folving for gl=)
1
(-1+28-8) (-1+8) [L+45+8)

[{.1 -25+45%-8) [i [E vy — :zf:-‘s-:-f.;:::z :{i:f:g?{l +8) ]] .

AEene2 S e 1 e 4(c-a) (-1+5)5(1L«45+8) _

(-2e 280+ [2[ -2+45 4887 -38+0%425 (-340] 1 .e].]]

(-1+8) (e (1-285+8)+8 [[[-a(-L+28-08) [-1+8) [Le35+8)sc(-1+8) [L+25+8)
[Ledsve)) [/ (-2e482v86%-30+0"+28 (-308) [Lee)]])

{{-u{-l.za-a] {-1.9} {1.35¢a:| P {-1.5} {1.25.9} {1.45.9}}{
{-2.4.521353-35.93.2.5 f_-sm] {1.5}]} .

([-=(-1+25-8) [-1+8) [L+35+8) sc(-1+5) (Le25+8) [Ls45 m}}'f
(2425248535257 +25 [=348) (Les)]]

[[==(=1+26=8) [=1+8) [Le35+8) ec(=1+5)] (Le25+8) {1145.9}}{

[~2+45%e8 6" -30ve'+26 (-3 48] {1.5}]]}]]]

FullSimplify|

(e-a) {1+28+8) (482« (-2+8) (L18) +d (-Ev48)])
2(led5+8) [-2+452+857-35+8%+25 [-3+8) (L+8)]

Redne {a=c) [Le25+8) (862 [=248) [Les) »5 [-6+48)] .
E[z (1+45+8) (-2+45°+885°-304+8%+25 [-3+5) (Lea]]
(o-a) (Le25+8) (4554 (-2+8) [L+8) +5 [-6+48]))

-2{1.45.33 :_-2.4.52.553-35.93.251_-3'33 :_1.9}].]

True

(#solving for gis)
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R 1
wsthﬂ{-l.zﬁ-s} [=1e8) [L+4 548
1 4 fc-a) [=Le5) 5(Led5as)
[‘I (-e28-e) [-1ee) s (0-02) [;(E“"-2.4.52.553-35'93.2.5f_-s.a] f_l.s}]]'
1 4 {c-a) {-1.5}5{1.45.9]
(=42 [; [E“n -2+452 4857 -38+8%425 (-3 48] {1.9}]]-

f_{-u {-1125-9} {-1 .e} {J.' 35 .e} .c{-l.ﬁ] {11.2.5-5} {1 4 .5.9].]{
{-2.49.35’-35.3’.25f_-a.e] {1.5”]-
25 ((-a(-1+28-8) (-1+8) (L+IE+o) s (-1+5) (Le25+8) {1.4.5.5”,"
[-2+45+88 -3048%+25 (-3+8) [Les])]+
45 ([-a(-1+28-8) [-1+8) (L+35+8) s [-1+5) [Le25+0) (Led8ea]) [
[~2+862 485 =308 +25 [=3+8) [Les]])] -
8 ((-a(=1e285=8) [=Lea) (Le35+8) e (=1e5) [Le25s5) {1.1.5.5}];‘
[-2+48+B5 -30+e”+25 [-3+8) [Les])] -
4 52 “_-u {-1.25-9] f_-l.a] f_l .3513] .cf_-l..s]. {J..zana] f_l.uha]],f
{-2.45%3.5!-3-913’.25{_-3‘9} {J..s}].].
g((-a(-1+28-8) [-Les) (Le35s8)+e(-L+8) (Le25+8) {1.4.5.5].],"
[-2+45+88 -3048%+25 (-3+8) [Les])]+
286 [(~ax[-1+25-8) (-L+8) (Le35sn)+e[-1+5) (Le28+5) (L+25+8)) S
[~2+862 485 =3008”+25 [=348) [Les]])]»
& [[=a(=Le28=8) (=1+8) (Le35+5) sc(=1+8) [Le28+0) (Ledbea)) /]
[-2+48+B5 -30+e”+25 [-3+8) [Les]]] +
5 f_{-.z {-1.2 .5-9]. {-1 .s} {1.3.5.9]. .c{-lns] f_1¢2.5.s] {1.4.5.5].]{
{-2.45%3.5!-3-913’.25{_-3‘9} {J..s}].]-
o ((-a(-1+25-8) (-1+8) (L+IE+o) s (-1+5) (Le25+8) {1.4.5.5”,"
[-2+45+85 -3048%+25 (-3+8) [Le8])] -
5(-1+8) [(-a[-1+25-8) (-L+8) (L+385+5)+c[-1+5) (Ls285+5) [Led5s8)) S

[=2+4862+B5 =3048”+25 =348 {115}}]]]

fc-a) [-1-28+852-8) (Lv2Bwa)

(led5+8) [-2+252+8589-35+8%+25 [-2+8) (L+5))

fa-c) [-1-25+452-58) (L+35+8)

(L+45+8) (-2+45°+85°-30+8%+25 [-3+8) [L+o]) -
{c-a) (-1-285+45%-08) [L+3548)

i [Led45+e) [-2+45%+B8°-30+6"+25 (-3e9) f_hs}]]

lcl:'ln.ce[

Tru=

(#Profit monopolizt 12%)
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ruJ_ISi.-pl_ifg[[

[i("“" 4 jc-a) [-1l+5)5(L+45+8) ]]-c]*

~2+4584BE5 -35+07+25 [-3+8) [Les)
(-{(te-a) [Le28+0) (457« [-2+8) [Leo)+5(-6+28)))/

(2(Led5+0) [-2+85° B85 -30+0"425 [-340) f_l.s}}}”] N

[[[l [m“ 4 (c-a) {-1.5}.5:_1.{4.5.?{ }]]-c]*
2 ~2+4 85 +BE -3F5+0%+26 [-F+0) [Leo
(-((t=-a) (Le28+8) (467« [-2+8) [Leo)+5(-6+28)))/

(2(1e25+0) [-2+2452B5°-30+8"+25 (-349) [Le5)]]]]]]

-{|:.:.:-u3= (-l+28-8) (L+28+8) (467« (-2+8) (L+B) +8 (-Ema”’jf
|:z [L+486+8) [-2+458+882-20+8%+24 (-2+8) (1 +53:|‘J'|]

lcl:ln.c:[{{c-u]z (L-28+8) (Le2b+e) (465+ (-208) (Lee)+5(-6+4 s”’]f
{2 [Let8ea) (-2+245°+86°-30+8°+25 [-3s8) {liﬂ]}zl -
.“{c-u:‘ (-1+26-8) (1+25+8) (4874 (-24+8) {1.a}.s|}_-ﬁ.4e}:|‘]f
{z (L+4848) (-2+445%+858%°-35+5%+25(-3+8) {1.9}}’”]

Tru=
(«FROFIT 3,4,5, or 6x)

FullSimplify[(([-= [-1+286-8) (-1+8) (L+386+8) v [-1+5) (Le254+0) (Let5+0)) ]
{-Ztiﬁztﬂﬁl’-Sﬂiﬂ’oEE :.-31:6} {liﬂ}}J -vr_'J -

) je-a) (-1-25+45°-8) (L+35+8) 1
(L+48+8) [-2+45%+85%-30+8%+25 [-3+8) (L+0])

{c-a)? (-1+286-8) [-1-26+48%-8) (-1+8) (Lr2d+e)?

(Lrd8es) [-2+852+883-20+6%+25 [-2+8) (Leg))®

(#Indnstry profit [Prodocer Snrplus)s)

151



Multiprodudt Megersnb | 37

ruJ_mi.-pufg[-“{c-u;’ [-1+28-8) [1+254+8) (467« (-24+8) [Les)+5 {-6.49”’]‘,"
{z [L+4648) (-2+446%+86°-38+5%+25 (-348) {1.9}}’”.
-“{u-u:‘ [-1e28-8) [-1-25+48-8) (-1+8) {1.35.9]‘]/
{{1.4.5.5} (-2+46% 486 -38+8%+25 (-34+8) {1.9”’”.
.{{{r_‘-u:]‘ (-1+26-8) [-1-25+45%-8) [-1+8) [1.35.9]‘1‘/
{{1.1.5.5} (-2+46%+86 -38+8%+25 (-348) {1.&”’”.
.“{c-u:‘ (-1+26-8) (-1-25+45%-8) [-1+8) [hu.e]‘]!
{{1.4.5.5} (-2+48%+88 -38+8%+25 (-3+8) {1.9”’”.
.“{c-u]‘ (-L1+26-8) (-1-256+48%-8) (-1+8) {li]-ﬁtﬂ‘JzJ‘{
{{1.1.5.5} (-2+46%+86° -38+8%+25 (-348) {1.&”’”]
-“.:.:-a:.z (-1+2 &-8)
(22 8%+ 368 8% (-1 48) + (1+8)* (12+ (-12+8) 8) +2 & (1+8) (4B+5 (-10+5) &) +
B8 (-T+34 (-1l+8) 8) +248° (L+o) (Sl+2e [—asfsa;.]ﬁ]ll,f
|:2 (L+48+8) [-2+46°+88%-28+58%+24 (-2+5) (1 fa”‘”

(#Consumer Surploss)

hJ-ISi-plify[s-[i(mu. 4(c-a) (-1e8) 5 (L+dd+8) ]]

=2+454B5°=38+6"+25 [=3e8) [Les)
((fx=ec) (Le25e5) (45%% [=248) [Les) ..5{-6.43”};"
(2(L+48+8) (24256 e85 =30+8"+25(=3+8) (Lrs)])] -
[i(.:m. fjc-a) [-L+5] 5 (Lrd 58] ]]
2 =2+454B5 =-38+8"+25 [=348) [Les)
((fx=ec) (Le25e5) (45%% [=248) [Les) ..5{-6.43”};"
(2(L+48+8) (24256 e85 =30+8"+25(=3+8) (Lrs)])] -
[(~=(-Le28-8) (-L+8) (Le3E+8)ec(-Les) (Le25+8) [Leds m}]f
{-2.45’.35’-35.3’.25f_-a.e] {1.5”]
(a-c) [-1-25+45-8] [Le35e0)

{1.45.9] {-2.4.521553-35.93.25f_-a.a] f_l.s” i
[(~=(-Le28-8) (-L+8) (Le3E+8)ec(-Les) (Le25+8) [Leds m}]f
{-2.45’.35’-35.3’.25f_-a.e] {1.5”]
(a-c) [-1-25+45-8] [Le35e0)

(Ledbes) [-2+457+B87-30+8"+25 [-3e2) [Les]) i
[(=x(=1e28=8) [=L+o8) (Le3E5+8)sc [=Les) (Le25+8) [Led5 .e}”’
(-2+48%°+85°-30+0%+25[-3+8) [Lr+a)]]
{a-c) [-1-25+45-8] [Le35e0)

(Ledbes) [-2+457+B87-30+8"+25 [-3e2) [Les]) i

((=x(=1e28=8) (=1+8) (Le35+8)sc(=Le8) (Le25+8) [1145.9}”’
(-2+48°+85°-30+0%+25[-3+8) [Lr+s)]]
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fa=c) [=1=25+45"=8] [LeI5as)
(Ledb5es) [=2+457eB5%=3548"+25 [=3e8) [Les])
al((tz-2c) (Le285+8) (45 +[-24+8) (Leo)+5 {-5.49}}}{
(2(1s45+0) [-2425+85" -35+5"+25(-3+8) (L+0)]]])+
((ta=e) [Le25+8) (5 [=248) (Les)+5(-6+48))) ]
(2(Le4508) [-2425 +85 =35+6"+25(=3s8) (Les)]]]»
({ta=e) [-1-26+45%-8) (Le3Sag)) /((Letbre) [-2+45°+B5" -3+
e'+258 (-3+8) (L+8)])) « [((=-2) [-1-25+25-8) {1.35“;”3’
([Le245+8) [-2+45° 85" -30e8%°+25 (-3+8) [Lea]]]]
((t=-e) [-1-28+48%-8) [Le35e0)) f([Led8+0) [-2+45°4BE -30s
8'+25 (-3+8) (L+8)])) « [((=-2) [-1-25+45-8) {1.35””{
([Le25s5) [-2+245° 88" -30+8"+25(-320) (L+o]]]])

%[-“.;..-E} (1e2648) (1524 (-248) (Les) 45 (-6+18)))/

(2(1+48+8) [-2+45°4BE -30+0"+25(-348) {J..s}].”’-
((t=-e) (Le25+8) (25 +(-2+8) [Les) «5(-6+48))) )
(2(1+45+0) [-2+45°+85" -30+0"+25 [-3+9) f_l.s”]}’-
((ta=e) [=1-25+45%=8) (Le35as)) /((Lesbsse) [~2+45%°+BE =35
&' +25(=3+8) f_he}”}’-zs ((fe=c) (-1=-25+45%=8) (Le3Bws)) [
([Led5ee) [-2+25° 88" -35+8"+25 [-3+8) [Les]]])
[{ta-e) [-1-285+45" -8 {1.35.a”|{'f_[1.45+e} (-2+45+85 -39+
e°+25(-3+8) [Lve))]]) - ((ta-c) [-1-25+25-8) [1.35+e”f
([L+45+0) [-2+25°+85 -3048"+25 [-3+8) f_l.s}”}’-
25 ((la-e) [-1-25+45%-8) {113515:”{":.{1-45&&} (-2+455+85" -
3o+6" 25 (-3+8) (Les)]]) ((tz-2) [-1-28+45"-8) (14385 +a}:|f
([Led5e8) [=2+25° e85 =F0e8 425 [=3e8) (Les]]])] =
25 ([ta=c) [=1=-25+45"=8) {1.35.5”}{{1.45 v8) (=244 5 °+B 5" -
3e+e’ w25 (-3+8) (Lesg)]]) ((te-=) [-1-26+45"-8) (L4385 ve}”’
([Lv245+0) [-2+25° 85" -3048"+25 [-3+0) (Les)]]] -
({t=-e) [-1-28+45%-8) [Le35.0))/
([L+45+0) [-2+25°+85 -3048"+25 [-3+8) f_l.s}”}’-
2(5((({ta-e) [-1-25+45%-8) {1.35+e}:|ﬂ_{1»,4.5.s} (-2+45°+85"-30+
8" +25[-3+8) [Leo)]))) + [({a-e} (-1-25+45%-2) (L+35+8)) [
([Led4508) (2445488 =30+8" 025 (=348) (Lea]]]]])+
& (((z=c) [=1-25+45"=8) [L+35 *e}”'f_{lu.hs} (=2+45 +85 =
3o+8” 425 (=3e8) (Les]])])]) ([te=c) [1=26+45"-8) (Le35 *e}”'
([Led5ee) [-2+25° 88" -30e8"+28 (=328 (Les]]]) -
({t=-e) [-1-28+45%-8) [Le35.0))/
([Lv245+0) [-2+256°+85 -3048"+25 [-3+8) f_l.s}”}’-
25 ((la-c) [Le28s0) (25« [-2+8) (L8] .s{-hqe}”;‘
(2(Led5+0) [-2+25° 488 -30+0"+25 [-348) [L+5]]])
{({tz=-2) (-1-25+45%-8) [1+35+8)) f((L+45+0) (-2+45%+85"-35+
@ +26 [-3e8) [Le8)])]) ¢ [[ta=c) [-1-25+45"-8) (L+35+8)) ]
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([ta=ec) [=1=26+45"=8) [Le35 *e”;‘f_{luha} (=2+45"+85 =
3o+8” +258 (-3+8) (Leg)))) s (({=-2c) (-1-26+45"-8) (L+35es))/
((1e45+8) [-2+48%+B5 -30+0 25 (-3+8) [Le8])])]]]) -
2([ta-e) (Le25+0) [46°+ [-2+8) (Leo) +5(-6+48)))/
(2(1e25+0) [-2+25% 488 -30e0" 425 (-340) (L+8]]])
(e [({=-c) (L+25+e) (28°« [-248) [Les)+5[-6B:+28]]) [
(2(1+25+8) [-2+45°+85 -3048"+25(-3+8) [Le0]]])]
E(((la=c) [-1-285+45"-8) (Le38s0)])/([Led5+8) [-2+45°+B5"-35.
8" 928 [=3+8) [Les)]))) » (([{a=c) (=1=25+45"=8) (Le3sss)) /S
([Le45e8) (-2+45°+BE8 =30+8" 225 [=345) (Lea]]]]»
((t==<) (-1-25+45"-8) [1+3 &.a}};‘“_l +454+8) [-2+45°+B5 -3
e'+25(-3+8) [Lea)])))+ (((a-c) (-1-26+45%-8) (Le35+8)) /[
((r+46+8) (-2+245°+86°-30+87+25(-3+8) {1.9”}””]

G {l+a5+8) [-2+45°+BS5'-20+8%¢25 (-2 +5) l:ltE:l]zf
cf (1+28+0) (980 8%+ 4B 8% (-11+70) +45° (1+0) (4244 [-11+5) 8] +
€5 (1+8)% (16+ (-6+0)8) #+8 5 (-2L+10 (-6+8) 8) + (L+8)? (1Z+ [-4+8) 8)) -
Zca{l+28+8) (4605 + 468" (-11+78) +46° (L+0) (23+2 (-11+8) 8) +
65 {l+8)f {16+ (-6+2)8) +B5 (-3 +10 (-6+8) @) + (Lro)? (1Z+ [-4r0) 8)) +
af (1+285+5) (480 5%+ 4B 5% (-11+78) +25% {1+90) (42+4 {-11+8) 8] +
685 {1l+0)2 [16+ [-6+8)8) +B 5 {-21+10 (-6+5)8) + (Lea)? (12 + (-4 +8) 9]”;’

[-1.:1+-m+9] (-2+482+B8%-38+8%+25 (-2 +8) .:1+s:|]’]

1

FullSimplify|[Collect
4(Le45+0) [-2+482+B5 -30+0%+25 [-3+0]) {1.::”’

{4:{1..4.5.31} (-2+245+85 -30+8"+25 [-3+8) {1.a”’.
c® (L+28+8) [una-‘r.m&‘ (-11+78) +25% (L) (43+4(-10+8) 8] +
66 (Lve)” (164 (-6+8) @) + 86 [-31+10 [-6+e) &)+ [Lee)” (12+ (-4+8) a”-
Zea(le25+8) [una-‘run & (=11+78) +»45° (Leg) [43+4 (=11+8) 8] »
65 (L+0)” (164 (-6+8) @) 485 (-31+10 [-6+8) 8) + (Lea)” (124 (-4 +8) a”.
at (Le25+8) [uu’.m&* (-11+78) +245% (L+a) (43+4(-11+8) &) +
5.5{1+e_j‘{15.f_-s+e_j 8]+ 85" (-31+10 [-6+8) 8] +
[1ee)® (124 (-448) a}” (1+4548)]]
5+ [{c-unz [Lezs+8) [{nnﬁ’uu' [-11+78) +45° [1ee) (4344 [-1148) )+
65(L+8)® (16+(-6+8)8) +85° [-31+10 (-6+8) 8) + [Les)? [_12#{-1#3]&}”"1’
{4 [Led548) (-2+46°+88°-3048" 426 (-348) [1.3”’}
se{c-a)® {l+v28+s) (4608° +4644 (-11+78) +45° (1+8) (43+2({-11+8) &) +
68 {1+8)2 [16+ [-E+8)8) +85% [-2L+10 (-6+8) 8) + (Lea)? {12+ [-4+8) 9]]:.;’

|:-1 (1+48+8) [-2+456°+88°-20+8%+24 (-2+8) -:.1+a:|]’]

154



40 | Multiproduct Mergers nb

Reduce |
- [{c-n:‘ [L+254+8) [uu’.mﬁ‘ [-114+78) +45° (Leo) (4344 (-1148) ) +65
[1e8)® (164 (-6+8) &) +867 (-30+10 [-648) &) + (L+s)® (124 (-44+8) 5}”/
{1 (Le48+8) (-2+46°+86°-38+8%25 [-348) {1+a”’] .
1

4 (Leddea) (=2+45°+86°-30468%°268 (=3+8) (Lea))?
{45{1..4.5.9} (-2+45°+85"-30+8"+25[-3+8) {ha”’.
et (L+25+8) [uu’.m&* (-11+78) +245% (L+a) (43+4(-11+8) &) +
66 (L+e)” (164 [-6+8) 8) +86" (-31+10 [-6+8) &)+ [Lee)” (124 (-448) 5”-
Zea(L+25+8) {4505’-!3 6 [-11+78) +45 [Leo) (24344 (-11+8) 8] +
66 (L+0)” (16+ [-6+8) 0) + 85 (=31+10 [-6+8) 8]+ (Lea)” (124 (-2 +8) s”.
o (Le25es) {uua’.m&* (=11e78) +45% (Lea) (4344 (=11 e5) &) »
65 (1+8)° (164 (-6+8) 8) +85° (-314+10 [-6+8) &) + (1+8)” (124 (-2 +8) s”]]

True

(=Total Surplusw)
PullSimplify |
{[[r_'-u:}z (1-25+8) {325’r3£8§' [-1+8) + (148)? (124 [-1248) &) +25 [L+8)*
(4845 [-10+8) 8) +8 5% (-7+34 [-1+8) &) + 45 [L4s) {51.25[-35.95””‘)'
{2 (Le48+8) (-2+46°+86°-38+8%25 [-348) {1',9”1”»,
{nr{{c-n]z (Le254+8) {ﬂnﬁ’uu' (=11478) +45% (1es) (4344 [-1148) 8) + 65
[1+8)% (164 [-6+8) &) +B & (-3L+10 (-6+8) &)+ (Lea)? (124 (-24+8) s}”/
{4 [L1+4648) (-2+46%+86%-38+5%+25 (-34+8) {1re}}’”]
s ({c-a)? (B228%+ 68 5% (15-45) + (L+8)* (26+5 (-28+28) ) +
38 (1+8)? (66+5 (~49+60)) + 1644 (-56+5 (-4+98)) +
382 (L+5)2 (87 +30 (-232+118)) +164° [L+8) (-52 +8 .:-15+zaa:|]]:|f

|:-1 (1+88+8) [-2+45°+88°-20+8+245 (-2+8) .:1+a:|]’]

FullSimplify |
Collect[s + {{c-nlz {3325'-64&" [15-48)« (Lee)* (3645 (-28+38)) +45 (1+8)°
(6+e [-49+68)) + 165" [-96+0 [-2+98)) +
462 (Lee)? (97230 (-34+118)) + 168 (Les) (-52+8 (-16 »,zaa””f
{4 (L+46+8) (-2+45 488" -38+6"+26 (-348) {1.5”’], [L+45+8)]]

s ({c-a)? (8224%+ 685 (15-45) + (L+8)* (36+5 (-28+238) ) +

45 (1+o)? (66+o (-49+68)) + 1648 [-BG+o (-4+88)) +

452 (L+9)? (87 +38 (-28+118)) +164% (L+8) (-52+o [-16+23 a:.]]:.a;'r

|:-1 (1+48+8) [-2+45%+858%-238+5%+24 (-2+8) .:.1+a;|]’]
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(#Case V: Heat Protein Homnopolists)

(#Profit max meat protein monDoplistw)
FullSimplify |
(tpa-e) o [[(-1-28+45%-8)pas [-46240+250+8%) pa-(-Ls8) [aL1-254+8)+
& (pavpa *B'Fi}j}f{{'l w2 ﬁ-ﬂ} {-loﬂj {liiﬂiﬂ}}j} *
[tpz-c) « ([(2862-280-0(Lso))pas [Le25-25248)pas
{-loﬂ} {n {1-261-6}.6 {pa rmip;om]}}f{:‘-loﬂj 11-25151 tltlﬂtﬂ}}}} +
(pa-e) # ([a(-1+26-8) [-L+8) « (5-58) pr+ (5-58)pz2-pa-25ps+
4ﬁ‘zpj-Eh-iﬁzmiﬂpiiEﬁBF.iﬂzpqiﬁpg-ﬁ'ﬂh-ﬁ{-'liﬂlpllil'r
[[=1+285=8) [=L+8) (Leds+8]])])])»
[a-e) « ([ (-1+28-8) [-Le+e)+ (5-F8) pre (5-58)pz-45 " Prsopar
2EEP,oBZP,-pq-Eﬁpgtlﬁlng-Ep;rﬁm-ﬂﬂp;-ﬁ{-ltﬂjpgj!"
([-1+28-8) [-1+8) (L+25+8))))
(tes-e) « ([a(-1+28-8) [-1+8)+ (5-58) pr+ (E-F8)pzeSpa-Sepas
Em-ﬁﬂp.-pg-ZEmi&dzm-ﬂpgi:.-462.5.269#&:}:9;];
[[-1+25-8) (-1+8) (L+25+8))])] + [(pe-2) =
(([z=2c8s2abo-ae®s (5-56)pr+ (6=58) p2+bpi=50p1+Spu=-58pu=-456"pas

Gps+250psesipas [=1l=25+4 5 =0 p._j‘.r‘“_-l +28=8) [=Lea) (Let5+8)])]]]
1

[-l+28~-8) (-1l+8) (l+2d+8)

|:E|:n'[—1-r25-5:| {—l+9]+{1+25-151+5] pif[l-rZﬁ-linﬁl-rE] pi-cpi-aparZclipas
Zafpi-2cédopi-2adopitc paracipi+pi+28pi-2 5 pi+opi-cpa-apa +
2clfparladpi-2clfp-2adom+cf p+a py+8 5 papi -2 8 papu -2 5P pa -
2efpspi+pi+28pf-45°piropf-cpi-aps+2clps+2aSps-2cliops-Zaliaps+
cofps+ac®pe-28papr+ 2 55 paps -2 0pips+ 2 SO paps+pi+20pl -2 S pi +ropi -
[lera) (=L+28-8) [-1+8) =25 [-1+5) (parpa) +2 [-455+5+250+6%) ps) par
[Le2s5-28 va)pir (-Lr8)pz (-(cra) (-l+28-8)+25 (Pa+parpsrpal) -

Pi (2 [-48 +0+280+8%) pa-(-1+8) [-(c+a) {-1+285-8) +25 ([pa+pa+ps+pe} )]
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1
o[- [=1+28=8) (=1e8) (Lr45+8)
{E r_-u:{-lozﬁ-ﬂj {-lve} r{loﬂd-iﬁﬁzoﬂjp}t{loi G=4 ﬁ’oﬂ]pi-l:p,-np—;ozcﬁp:o
Zabpa-2ciepa-2alfopirc paradparpl+26pi-4 5 pieapli-cpu-apis
Z2eblpar2alpi=-2clfpu=-2afemic pur+ad p+ B papu-28papu-2858papu -

2o piparpi+26pf-45°piropl-cps-aps+2clpsrZalps-2cliopa-2Zalops+
colpseac®ps-28paps+ 250 papa-20pips+ 2 5o pupaepi+26pi -4 5 plvopd -
{{vr_'tu:: {-11-2&-5} {-loﬂ} =28 {-lte} (pavrpu) +2 {-iﬁ‘tﬂozﬁﬂiﬂz}pg.}p.i
{1.25-46215}PE.{-ltﬂ}pg{-:_r_'iﬂ} {-1126-5_"26 [p;rpqtpgrp;]}-
P1 {2 {-4315.265&6'2}?1-{-1.&} {-{vr_'ru:]- {-ltEE-B}oEE L‘pgip..pgip.}l}}.
{{pa. P2. P3. P4, P2, P} ]
[-l{z1+25-252+8)p, -2 [-2452+8+258+8%) py+ {-1+8)
{[-c-a) 1—1125—E:|1-2-5|:p=-rp,|+p5_-rp,,_]:|.:li,"l[{-1+2|5—E:| i=1+8) (11—-‘!515#]],
-{[-2(-482+8+285+82) py+2 (1+25-482+8)pz+ [-1+8)
{(=Cc=ma) l:-lfzﬂ-a:l1-25(p,-r]_:l,.+p=_-r1:|,,_]J}l,u"'[l:-lrﬂnﬁ-a:l [=1+a) |:1r1!|5-ra:|]:|,
—{t—:—utEcEtEud—Zcﬁ&—Euﬁa-r:aztn:szleﬁ (=l+8)py+28 [-1l+3) pa+
Zpyrddpy -0 parZopyt 86 py -2 py -2 08p -2 py -2 8pa v+
258py+28 (-1+8)pg) S ({-1+28-8) [-1+8) (L+48+8)}].
—{|:—|:—|:|+2|:|51-2|:|:6—Z|:59—2|:|:|59-r|:62+r.|:92+2|5 (=l+8)py+28 [-l+3) pa+
ES2py-20py~-180py-28%pav2p+d0py-BE8py+26p-28pa+
258py+28 (-1+8)pe) f({-1+28-8) [-1+8) (L+45+8)))s
—{|:—|:—|:|+2:E+-2|:5—2:E-9—2|:|59+:-EI?+|:E!2+25 (=1l+8)p;+28 [-l+0) p: -2 8psg +
2551:,-2ﬁp,rﬂnﬁap.+2pb+iﬁp,-ﬂﬁ=pb+25p=-2E-462r5+265+91_:lp5_:|l,|"l
[[=1l+28=-8) (-1+8) 111‘161-6”],
“{(-feva) [-1l+285-5) {(-1+8) +28 (-1+8)py+28 [-Llea)par
ZE5{-1+8) (PavPs) -2 [-252+8+2850+82) pe+2(l+285-458248) p,,]ﬁf
((-1+28-8) (-l+8) {1+25+3)})}
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PullSimplify [Solve|
[(-{(2(1+25-245"+8)p2-2 [-45°+0+250+8% pzs [-Le8) ((-c-a) [-L+25-8]+
26 (pavparpsepe) )]/ ((-1926-8) [=148) [Letb4a)))) =0,
(=[[-2(=45"+5425648")pre2 (Le25-45"28)p2+[=Le8) ({~c=a) [=Le25-5]+
26 (pa+parps+pe) )]/ ((-19426-8) [-148) [Letb4+0)))) =0,
f_-H-c--ut2=&12ﬂ§-2c59-2ﬂ§51c92tzﬂ‘tE&{-ltE}p:_tzﬁ{-loslpzi
Ep;ii&P;-Bﬁzp;i29p;oﬂﬁ!B-Equ-lEqu-29’[4..-251):1:
zﬁsp,.25{-1.a]p.]ff_{-1.25-e:| (-1+8) (L+25+8)))) =0,
:.-{{-c--ut2r_-|5-|2|z§-21:56-2|2551c92onE‘tE&{-liB}pl025{-115}:9-11
B8 pa=-20p1-4508p3=-28 pa+2pu+ 4 5pa-BE pue28pu=-26pa+
zssp”z.5{-1;9]1:.];':_{-1;25-9] (-1+8) [L+45+8)))) =0,
f_-H-c--utﬂc&tzuﬁ-icﬁe-inﬁsicazonﬂ‘tEﬁ-{-liB}p:_tiﬁ-{-loslpz-
25p1+260pa=-26pu+250pae2pa+d6pe=-B5 paeZOps=
2(-48+8+280+08%) pu)f([-1+28-8) (-Lesg) [Lr25+e)]])) =0,
{- {{- (owa) {-1-.25-9:] t-l oe:| 1-25{-1 oE}miZﬁ {-loE}Pzi
25(-1+8) (pa+pa) -2 [-45°+0+2850+8% | pas2 (Le25-45+8)ps) )

([-1+28-8) (-1ve) (Le285+8)))) =0}, (P, P2, P2, Pu, P2, Be}]]

{[ cC+a c+a cC+a c+a cC+a Cfﬂ}}
1= 2 =+ 3= 4 =¥ 5= -+
F z 'F : ' F : 'F : ' F : 7

(#solving for gl=)

ruus:.-phfy[({ 1-25+46°-8) [—) (-26%+0+26046%) [E“I]-

(-2ve) [a (-2800) oo {[Z5) o (55) - (555 - (59))))/

[(-1+28-2) [-1+8) (Le45e2]]]

-+
Z2{l+dd+8)

a=c =C+d
lcl:'ln.ce[ ]

2(1+45+8) . 2(1L+45+8)

Tru=

(#profit la)

o574 [ )

2 {1.45.9}
[c-a)?

2{l+dd+85)

(*profit S}

158



44 | mMuitipoduct Mergers nb

PullSimplify |
(= - § [ cC+a L= g
( —-.:]*[[.z [-1e268-8) [-Le8)+ (5-868) —+ (5-58) + 5 —
z 2 2 2
cC+a cC#+a c+a cC+a cC+a zf.'tE c+a
&& & -8 — - -25 4 —— e —
2 2 2 2 z 2

. )/{{.1.25-.;} (-1es) (Les5e2))))]

(=465 e0+2584587)

[c-a)?

2{l+dd+85)

{+*PROTETN HONOPOLIST PROFIT (Producer Surplus)w)

S ryreerrey B e

[; {ic.:::e]] ' [; 1:::::9}] * [4 {::ﬂ:e}] * L {i::}je] ]]

2 (c-a)?

Z(l+a8+5)

3 (a=-c)? 3 {c=-a)?

km:lz{luhs} 2(1L+45408)

]
True
{sConsumer Surpluzs)
FullSimplify|s -py @ - Pz 92 - P393 - P4 @ - P2 9 =
Pege+a [G1eqe+qne g s gs +ae) + 117 (-af-af-ai-qi-af-ai-

a8 (qu gy Q2 Q3+ Q2 Qa* Q2 G+ Q1 T8+ Oz T8 T3 J8 & G s+ Q1 e # 2 Te # T3 Te + T Te) =
2#8 (g1 gz + Qs Qe+ as q:]:l]
S-P: T -Pr3:-PrTs-Pa T ~Psds ~PaTe # T (G + Q2 + s + 0 # Qg +Qa) +
1
T |-af-ai-ci-2o0qiqy-gi-20Qas-25gyqe-qgi-2 (8 (gyrqy) +Ogs) Q-

GE-2 85 (G + T+ Qs+ Qe) -2 (O + 5 (@1 + 3+ + 3] })
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PullSimplify

Bl s | Pyrovrseey B e | Prrovroeey B e | Eyroerse B
() ) (B == = =)
| Freerrey R yrevyre) K yrevyee) M exrveveey M Froerre B
Freeree | 1§ Byreerres) Y e W e
2 Prreerren: | Pyrevvreey M Pyreevrees IR Prreevsend
=) sl s )
[[lzp ) =) Lp )
= Z(1esos ]] w2 [z[x ioe }][[ 2 (1eaoe }] [2[1 soe ]]
AR e M By e b
-s[llf[L::.E]]*L{:;:.a,]~[zp:;,a})*[z[::;:,5]]]]]1

=+
£(l+28+8)

(*Total Surplusw)

FollSimpli fg[[zl:l ;.s }I) [ 4|:1 T }]]

5 (e
L Lk el
4 (l+28+8)

(+*ECONOMIES OF SCOPEw)
(*profit firm lw)

(Pr-k-m) s [[[-1-25+45°-8)pi+ [-45°+8+2808+0%) pa-

(=1+8) [a(1=28+8) +5 (preparps p.]]};’([ 1e25=8) [=1+8) [Lea5+8)))
[i-E-mepy) [[-1-28+282-8)p,+ [-24852+8+288+57) g,
(-1+8) (2 (l-25+8) +8 (Py+pg+Pa+Pel))) /S ((-1+28-8) (-1+8) (L+48+0))

(sprofit max firm 1=}
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PullSimplify |
O[({-k-mspa) [[~1-25+45" -8)p1+ [-45°+0+2850+8" ) pa-(-1s+8) (= (L-25+8)+
ﬁ-[p;tp.rpgopg}}”!{{-loid-e} {-loe} {lo&ﬁtﬂ”,p:.]]
[-(-1-285+48 -0) (k+m-p1) + [-1-285+45-8)pr+ [-48+0+250+8%) p2-
(=1l+8) (e (l-28+8) +&5 (pa+pa +p5.+p.¢,]:|] l,lII [({-l+2&5-8) [-1l+8) (L+2S5+a))

(#profit firm 2Z=)

(pz=k-m} = [[[46°=2856-5 [L+5))prs(Le25-45 28] p2s

{-1 te} {E {1-25-5]1‘5 (P * pa » pa tp.}]}f{{-loﬂ} {1-2 &oﬂ} {1-&6 re}”
[{-k-m+ps) [[258-280-0{l+8))m+([le25-252+8)pa+

{=l+5) {a(l-25+8) +5 (prrparps+pel) )] S ((-L+5) {1-285+8) (Led5+a8))

(#profit max firm 2=)
FullSimplify|
O[((-k-m+pz) [(465-260-8(Ls8))pav (Le25-4540)pav(-Les) (aL-25+8)+
5 (pa+vpa rpgopg}}}lf{{-loﬂl {1-25.9} {1#!&.9}}.[::]]
({452 -288-2(leg))pir [L+28-45 +8)pzr [L+28-45°+5) (-E-mepz) +
(-l+8) (@ (l-28+«8) +& (ngqupg.-rpg,]:l] lIlll [{-1l+8) {1l-2Z28+&) (l+25+3)}

(epzofit firm 3x)
PullSimplify|(pa-k-m) =
([z(-1+285-8) (-Le8) + (5-58)pas (5-58)p2-pa-25pa+ 25 pa-8pa-4 5 pa+vBpus
250pi+8 pu+Spa-56ps-5 [-Les) p.}f{{-laza-a_] [-1+8) [L+254+8)))]
-([{E+m-pa) (2 {-1+285-8) (-1+8) + (5-So)pa+ (5-58) pz-pa-25par
15 py-6p3-2 8 pu+Opa+ 2 SO+ pu+fipe-S8ps -4 (-1 +8) P"‘]].l"r
((-l+28-28) (-1+8) {1+45+0)}])

(#profit max firm 3=}

FullSimplify|

O[({({-k-m +pa} (= [-1+25-8) [-1+0) s (5-50)pa+ (6-58)pz-pa-25pas 45 pa-

Bp--‘ld‘miﬂp.oEﬁﬂp.tE’p.t&m-ﬁBp—_;-ﬁ{-lre}p.}_:f

((-1+25-2) [-1+8) (L+454+2)], pa]]

[a{-1+28-8) (-1+8)+E[L+25-252+8) +m [L+25-482+8) + (5-855)p, + [5-858) ps -
2py~48py+ESpy -2 6py -2 8 purOpu v 250 py v pyrSpy -85 py—-8 (-1 +8) :|_:|,|,,]l,lll

({-1+2&-8) [-1+3) (L+45+8))

(epzofit firm 4w)
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(pa-k-m) =
([z(-1+25-8) (-Les) + (5-58)pr+ (5-58)pz-45 pr+Opa+256pa+8 pa-pa-25pa+
45 °pyi=8pisSps=58ps=5 [=les) m}j{{-l.za-a} [=1e8) (Le254+8)))
[I:-l-nfp.:l
|:n' [-F1l+28-8) (-l+8) + (5-&8)p1+ (6-88) p:- 45 pa+Opa+2866ps+8 pa—-pa -
28pi+ 45 pa-0pa+8Sps-80ps-5(-L+5)lpe)) f([-1+28-5) {-1+5) {1+25+8)}

(#profit max firm 4=)

FullSimplify|

O[({-k-m+pa) [z [-1+25-8) [-Les) ¢ (6-58)pr+ (5-58)pz-4 5 paeopar

2|5'EP'JIIB=P',-F1-2§P|t!§zplremiﬁﬁ-ﬂﬂpg-ﬁ'{-liﬂjpuj}!‘

((-1+25-2) [-1+8) (L+254+2)], pa]]

[ad-1+28-8) (-1+8) +k [Le25-48+0) rm (le25-48+8) v [5-88)pr+ (5-55) pz-
45 P+ Bpa+ 2 80P+ Pa-2pi -2 py+ B S py -2 pu+dpe-86ps -8 ({-1+8) Pq.]lll'l

[(-l+2&5-8) [-1l+8) (L+425+8))

(#profit firm S}

(pa-k-m} =+

([z(-1+25-8) [-Les) + (5-58)pr+ (5-58)pz+5pa-56pa+5pa-568pa-pa-25ps+
45 ps=opss (=45 +00288+8% pu) f([=1926=8) (-1a8) [Led5ss))]

[f-E-meps) [@(-1+25-8) (-L+58) +(5-58) p1+ [§-58) pz+Sp1-58ps+5pa - 50 pa—ps -
2Eps+ 45 ps-Ops+ [—!52+9+259+53]pe,]]l,."'([—l-rﬂ-ﬁ-aj (-l+8} {1+285+a)}

(#profit max firm S=)
FullSimplify|
O[({-k-me+ps) [z [-L+25-8) [-Les) s (§-88)pr1+ (5-58)pzrfpa-Fopa+
ﬁm-ﬂﬂpq-h-zﬁmiiﬁzm-ﬂﬁi{-*GEOEGEEEGEE}H}J!
((-1+25-2) [-1+8) (L+a54+2)], ps]]
[ad-1+28-8) (-1+8) +k [Le25-48+0)rm(le25-48+8) v [5-S8)pr+ (5-58) par
ﬁp;-ﬁﬂp;-rﬁpq—nﬁapq-2p;—45p>+352p5—251:=1r|:—4521n-91255+-92:|p5:|!‘}
[(-l+2&5-8) [-1l+8) (L+425+8))

(#profit firm G)

FullSimplify | (ps-k-m) +
“a-?ndé-iu:ﬂﬂ-nﬂzi (6-88)p1+ (6-858)p2+6p1-88pa+8pi-50ps-45°pseops+
250pses”pss [=1l=25+45"=8)pa) f([=1+25=8) (=1s5) (Led5e8])]]]
—{l:{k-rm-p‘_:l
{n—? af+2alo-aoi+ (8-808)p; ¢ (-00)pa+Spy-06py+8p,-~50p,-453pg #
Ops+280pyeBipge [-1-25+ 458 -0) p,]”(u:-l *28-8) (=1+8) (Lerd5+8)}]
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PullSimplify |
O[-({(k+m-ps) ([c-2a8+2a50-as”+ (5-58)pi+ (5-58)pz+5ps-50pasSpu-
&Em-&dngrﬂpﬁtZdBp;oﬂngt{-l-iﬁ-tlﬂz-ﬂjpu]]!ﬂr
((=1e28=8) [=L+8) [Led5+8))). pe]]
[l:ﬂnfn'f2k|5-r2m.5-2n|5—-! S -dm& + k5 +mo+2adg-asf + (§-88)p1+ [(6-88) pz +
|5p;-|5-9p;+51:4—|59p.-1§1p=+9p=+259p5+52p5+2{-1—2|5+'152—E:Ip5:|l,"'
[{=1l+285=-8) [-1+8) [L+rd5+8))

(spremerger pricess)

FullSimplify|

Solwe[{(-[-1-28+45 -8) (kem-pa) + (-1-25+45%-8)pas (46 +0+256045% pz-
{-1-.9} {n {1-26151 L X @:tmop:tm]}l!{{-loZﬁ-e} {-1 re} {li&ﬁte}} =

0, ((46°-280-8(L+e))prs (Le25-45c0)pe+ (Le25-45+0) [-k-mepz) »
{-liﬂ} {n {1-26151 w8 (I‘I*PI'PE*PG}}J}II{{'J-'EJ {I-ZEQB} {1#!5.5}} =0,

[z(-1+28-9) [-1+8)+k (L+25-45"48) sm (Le25-45" 48]« (5-58)pas
(6=68)pe=2py=45p3+B 5 p1=20pa=- 25 paeOpu+ 260 pa+8 pas
Gpa-58ps=5(=1e8)pe) /[[-1e26=-8) [-1+8) (1e254+8)) =0,

[g(-1+28-2) [-L+8)+k (Le256-45"+8) +m (Le25-45" 48]+ (5-58)par
{ﬂ-dﬂ]p;-l&zp;reP,o2ﬁeP,oB!P,-2p.|--l§p.|rﬂﬁzpq-ze:p..t
Epa-beps-5(-1ee)pa) f[[-1e28-8) [-1v8) (Leds5+8)) =0,

[a(-1+28-8) [-L+8) +k (Le25-45+0)+m(Le25-45 48]+ (5-F8)pa+
(5-58)pz+8ps=-50ps+Spa=-58ps-2pa-45ps+B85pa-28ps+
(4865 +0+258+57) p.]j[{-laza-a} (-1+8) [L+25+8)) =0,

[k+msae2kbe2nb-2ab=-4k5 ~4ns svkosmno+2ab6-as s+ (5=-58) pr» (5-58)
pzoﬁp-;-&ﬂp;t&m-ﬁﬂp.-iﬂngoﬂpgt2&ﬂp=tﬂ'2p=t2{-l-zﬂtidz-ﬂ}p;}f

H-lt26-e} [-1 re} {lt&ﬁ re” -ﬂ]-, {pP1, Pz, B3, Pi, P, p..]]]
{{er= [a{-1+28-8) (-1l+8) +k [Le25-35 v em [Ler2b-45%+5]) f

[2-482ree288-0%),

e -([a{-1+28-8) (-l+8) +k(1+28-48+8)rm|le25-28ra)] )
[25°-288+(-2+8) (Lea)]].

pr+-((a{-1+28-8) (-1+8) +k(1+28-25+0) +m(l+25-25%+0)) )
[45°-288+(-Z+8) (Lea)]].

e - [[a{-1+28-8) (-1+8) +k[1+25-25+0) +m(l+25-245%+0)) )
(258 -2586+(-2+8) (L+a}]].

pro-([ai-1+258-8) (-1l+8) +k[1+25-48+8) +m(le25-252+a)) f
(458 -256« (-2+8) (Lea}]].

pes-([a{-1+28-0) (-1+8) +E([1+25-48+8)rm|le25-45+a)] [
(452 -286«(-2+8) (Lra}]]}}

(spremerger qls)
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PullSimplify |
([-1-28+45-8) [[a(-1+25-8) [-1+8) +E(1+25-45"+0) +m [Le25-45"40])) )
(2-45%+0e2858=-6")) ¢ (=455 e0 4250457
((a(=1+25=8) [=1les) +k[Le25=-45"sa) .111-25-45’.91};’
(2-45"+0+2858=6")) = [=Lus)
([(1-28+8) e85 (((=(-1e285-8) [-Lre)+k(Le25-45"+8) u{loza-iﬁzoa”;‘
{2-45‘»-&»-2&5-5‘:]}-{{11{-erE-E} {-1.5}.1:{_1.25-45’.5].
.{1.25-45’.5}}{{2-45’.5.259-3’”+{{u f_-l.za-e} {-1.9]”
1{1.25-45’.5}.-:_1.25-45’.s}”{z-a‘a’.s.zaa-a‘”.
{{=[-1+285-8) (-Les) +k [Le25-45 +8) v-{l..z.s-{s‘m”;‘
I_E-lﬁ‘+a+2.59-9'”}”f{{-1-2§-n} [-1+9) (Lea5s8)]]
(k+m-a) (-1-25+4 5 -8)

) il+45+8) (482 -250+({-2+8) [L+8])

kME[{.z-t-.: [-1-25+45-8) L (kem-a) [-1-25+45-8) ]
[Le25+8) (245°-250+ [-240) (L+8)) [Le45+0) [282-280+(-2+8] (L+8])

True

{l‘ bbbt b b il s bbb R b bR i e bbb bR bbb bRt Rl b h bRl
kA EEENA RN AN AR AR }

{#profit mmltiproduct £1 £3 £54}
FullSimplify|
(fPr=k=Rem) s [[[=1=26+45" =8 pr+ (=45 +0+250+8% pa=(=Les) [a(L=25+8)+
& (pavpu tp:.tp..}”lf'r{{-l w2 E-E} :_-J.tﬂ] tlo-’lﬁoﬂ}}” *
(fpa-k-2sm) = ((a(-L+285-8) (-14o) ¢ (5-88)pas (5-58) pz-pa-25pa+
l&zp;-6p-452m15p1oEEBp..E’pqiﬁpg-&eh-ﬁ{-loﬂ}m}f
([-1+25-8) [-1+8) (Lea5+0))]) = ((pa-k-Rum)«
({[=(-1+28-8) [-1e0) s (5-58)paw (5-50)pz+bpa-50pa+ 5pa-50pa-pa-28pa+

45°ps-opss [-4 &’.a.z&a.e’}p.}ﬂ_{-hza-a] [-1+8) (L+25+8)))])]
1

(-l+28-8) (-1+8) (L+4&+8)
[(-E-ma+py) (2 (-1+28-8) [-1+8) + (5-58)py+ (5-858) pz-Py-28ps+

482 py-Opy -~ 458 pyurOpyr 2 SOpy v P+ O ps~88pg -5 (-1 +85) P-t-] +
(~k-mi+rps) [u-:-l *+28-8) [~l+8) + (S-S8) py+ [5-50) perOpy-STpy v

51:4—6Ep,.-p=_—Zﬁp,fdnﬁ!pb—aphf[—dnﬁ!fﬁfﬂnﬁe-ra!]pb] +
(~k-mi+p,) [[-1-25+252-8)p+([-2482+0+250+8%) p,-

{-1+8) {z{1-25+8) +5 {psy+py +Ps +Be) )} )
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({#joint profit max moltiprodoct £l £3 £5=)
1
(=1+26=-8) [=1+8) [Le45es)
[(-E-mXisepa) [z [-1+25-8) (-1+8) « (5-58)pr+ (5-58)pz-pa-25pa+
1&zp:-EP;-iﬁngoEpioEEBp.-E’pqoﬁpg-ﬁ-eh-ﬁ{-loﬂ}pl}r
{(=k=mleps) [a(=le25=8) [=L+8)+ (5=-58)p1+ (5=58) p2efpa=
&eluoﬁp.-551}.-15-2#[:51-{&‘:95-5[::t{-ifrﬂtEﬁEiBz}p.}r
(-k-miepa) ([-1-25+25 -8)pas [-46°+0+250+8% ) pz-
{-115} {n {1-251-6}.5 {PI*P‘I'FE'P‘}}J}rPI]]
[-i-1+28-5) (k+a+2k8-aormA+ZmdR)} +[-456+85° -2 [Lra)] Py
|:—452+E+266+62]p1—6-:—l+9] -:zp,fp4+zp,+p,,;|]j
[(-l+2&5-8) [-1l+8) (L+425+8))

FullSimplify[D|

1
(-1+25-8) [-1+8) [L+25s2)
((-k-mA+pa) (2 (-1+25-8) (-1+8) + (6-58)pr+ (5-58)pz-pa-28pa+

PullSimplify[D|

iEzp;-EP,-iﬁzp;iEpgoEEBp..E’pqiﬁpg-EEE-ﬁ{-loﬂ}p.}r
{-k-mieps) [a(-1e28-8) [-L+8) +[5-58)pr1+ (5-58) p2sSpa~
&Ep,iﬁp.-Eﬁlp|-p=-2-ﬁp5i-lﬁng-9pg+{-IE‘+E§2§Eiﬂz}p.}+
(=k=mlep) [(=1=25+45"=8)prs (=456 °e0+250845% p2=
{-loﬂ} {n {1-25&&}-5 [p;tp;op;op;]}”,p;]]
[—|:—l+2-5-9] (k+a+2kf-g8+mil+2m8A) -28 (-1l+8)pu+ (S5-80)pr-Z2pa-28pa+
B pa-20p1-4 8 pa+Opu+ 286D+ pi+2dps -2 88ps-4& (-1+8) p;]f
[{=1l+28-8) [-1+3) [L+25+8))

1
(~1+28-2) [-1+8) [Lrd5es)
[(=k=miepa) (@ [=1+25=8) (=1+8) s (5=58)pr+ (5=56)p2=pa=25pa+
1&zpl-EPJ-iﬁzp.oqut2§ﬂp.o9’p.o§p:-&&p:.-#{-ltﬂ}p..}r
(-k-mieps) [a(-1+28-8) [-1+8) +(6-68)pr+ (5-58) p2+Spa~

FullSimplify[D[

EEP,oﬁl:u-65p.-m-2-ﬁp;tlﬁzp-5pgr{-lﬁeroEEEiBz}p.}r
(-k-miepa) ([-1-25+245 -8)prs [-45°+0+250+5 ) p2~
{-loﬂ} {n {1-251-6}.5 [p;rp;op;op;]}’},p;]]
[—l:—l-rZ-ﬁ-E] (k+a+2kf-af+miA+2Zm8A)~-28 (-l+8)pr+ (5-58) pr+20pa—-
2651:;1-594-5Ep—ng—dnﬁp;fﬂﬁzp;-Epr-r{-152+B+259+52] pn]f
[{-1l+25-8) [-1+3) [L+rd5+8))

(*Postmerger prices: £135, £2 £4, £6=)
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PullSimplify |

Bolve[{[-(-1+25-8) (k+a+2kS-ao+mAe2mEN) + [-45+B5°-2 (Les))pa+
{-4n5-zo5 w2 &e-a‘_j pz-ﬁ-{-loﬂl {Zp;opltEPgop;”‘i‘
((=1+26=8) [~L+8) [Led5+8)) =0,
((#46°-268=0(Las))prs [Le26-245"+58)pas [L+25-45"48) (~k=-mep2) +

(-1+8) [a(L-285+8) +5 [_p;.tp..tp:tp;]}l!{{-ltﬂj (L-25+8) (L+45+s)) =0,
[-[-1+25-8) (k+a+2kb-a0smA+2m8L) -25(-1+8)pr+ (5-58) pz2-

2m-4dp;oﬂﬂ!p3-2ﬂp;-'lﬁzpltel:qu &EP;iBzP;i:zdpg.-
25eps-6(-le8)ps) f([-1+25-8) (-1L+0) (Led45+8)) =0,
[a(-L+28-8) [-L+8) +k (Le285-45+0)+m [Le25-45 48] ¢ (5-58)pa+
(6-58)p: =46 p1+0p3+250p3+8 pa-2pi-48pu+B 56 pu-20pa+
Gpa=-68ps=5(=1e8)pe) /[[-1e26=-8) (-1+8) (Le25+8)) =0,
[=[=1+26-=8) (kva+2kf-aosmA+2mbEL) =25 [=Le8)pr+ (6=58)pa+

Zipry-280pavSpu~-008pu-2pa-45pas+B ﬂng.-Eﬂpgq-{-iﬂ'*erEEEoﬂzJ pu}!
((-1+285-8) [-1+8) [Le25+8)) =0,

[(k+msas2kb+2mE-2ab-4kE -4ms s ko +mo+2abe-as + (6-58)pr+ (6-58)
pziﬂp-.-Eﬂp:tﬁm-dﬂp..--lﬂngiﬂpgrZEBpgtangtZ{-l-ﬂﬁi&dz-ﬂ}m}f
{{-1126-9} {-1 re} {lo&& re}} -ﬂ]-. {p1, Pz, P3, P4, D=, p.]]]
{{p=
a(-1+8) [-1282+28{2+8) +([l+o) [2+8)) +E (2487 - (1+8) (Z+8)-25{4+53)) +
m (85 [L+2A)-{1+8) (B+2A) +458 (-1+58+A-81)-25(l+28+2(1l+8) .1:.”,"
(228 -128% (-L+8) + (-2+8) [L+08) (Z2+0) +2 8 (-6+ (-4+0) 8] ).

P+ (-3 (-1+28-5) (-1+8) (Z+68+5) +k [L+28) (66 (-1+28) - (1+8) (Z+8)) +
m{l+28) [-286{2+3)«4& [2+3) - {1+8) izfﬁ'*"]”f

(248 -128% (-L+8) + (-2+8) [L+8) (2+B) +2 8 -6+ (-4+8) 8} s P2+
la(-1+8) [-1282+28(2+8) +(L+8) [2+8)) +Ek (2487~ (1+8) (2+8)-25{2+58)) +

m (85 (L+2A)-(1+8) (B+2A) +48% (-l+E8+A-8A)-25(L+28+2(1l+8) .1:.”,"'
(2887-125% (-1+5) + {-2+8) (L+8) (2+0) +25 (-6+ {-4+8) 5] ),

pis [~a {-1428-8) {-1+5) (2+685+5) +k (L+28) {(65(-1+28)-{1+8) (2+5))+
mn{l+28) [-28{2+2)«25 [2+1) - {1+8) (2+ax]”;’

(228 -128% (-L+6) + (-2+8) [L+08) (Z+8) +2 8 (-6+ (-4+8) 8} ). ps =+
[z (=1+8) [-1286%°+28{2+8) + [LeB) [2+5)) vk (245 - (1+8) [2+8)-25 (4+58)) +

m (B8 [Le2h)-{1l+8) (8+2X)} +28° (-lroeh-82)-258(1+28+2{1l+8) .1:”,"
([2283-125% (-1+5) + (-2+8) (L+8) (2+8]) +25 (-6+ {-4+8) 5) ),

P [~a (-1428-8) {-1+5) (2+685+8) +k (L+28) (65 (-1+28) - {1l+8) (2+5))+
m{l+248) [-Z28(2+2)+458 (2+1) - (1+8) .;zfex]”f

[2459-128% (-L+8) + {-2+8) [L+28) (2+8) +25 -6+ {-4+8) 5} }]

(#solwving for ogls)
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1
[~Le25=8) [=Le8) [Let5+s)
([=1-26+45-8) [[a(=1+8) [~125°+25 (2+8) e [Les) (2+8))+
k(245°-(1eo) (2e8) =25 (4+58)) »
= (B& (L+22) = (Les]) f_e.z:;}.15‘{-1.&.1-31]-25{1.23*3{1&5]1}}”
(248 -125% (-Leg)+ (-2¢8) (Lee) [2es) +28 [-6+(-2+e)8)])+
(-45%+8+2850+0%) ([-a(-1+25-08) [-1e0) (24655+0)+k (Le25) (656 (-L+25) -
[1ee) (2+8))+m(re2s) [-25 (2+a)+25% [2+2)-[1+8) {2.51]}];?
(245°-1252 (-1+8) + (-2+8) (Leo) [2+0) «25 -6+ (-2+8) 8)]] -
[-1+8) [ (1-25+8) +8 [[[=(-1+8) [-125%+25 (2+8) + [Les] (2+8)]) +
k(245°- [Les) (2+48) -25({4+58)) +m (B [Ls221] -
(Leg) [po221) +4 5 [=Leosli=0id]=25(Le2a4+3 {1-5]1}}];‘
(24 8 =125 [=148) » [=2+8) [Lea) [2+48) +25 (=6+ (=2+8)8]])) +
([-=(-1+25-8) [-L+o) (2+685+8) ¢k (Le25) (65 (-Le28)-(Les) (2+8))+
m(Le25) (-285 (2+2) +25 (242]) - (Le8) (2+02)))/
(246 -125% [-148) « [-2+8) [Leo) [248) +25 (-64 (-2+8)8))) +
{{nz {-1.5: :--1261 rZE{itE} r{loﬂ: :.21-5:”1
k(245 - (Les) (2+0)-25({4+58)) +m (B 5 [L+22]) -
(Leo) [p+22) +4 5 [-Leosd-02)-25(L+204+3 {1.9]1}}];‘
(24 8% =125% [=148) » [=24+8) [Les) [248) +25 (=6e (=2+8)8]])) +
([=a(=1+28=8) [=L+5) [2+65+8) ¢k [Le25) (65 (=-Le25)=[Lss) (248))+
m(Le25) (-28 (2+1) +45% (244) - (Les) (2+e2)))/
(246 -125% [-1+8) « [-2+8) [L+o) (248) v25 -6+ (-2+8)8)]))])]]]

Simplify|

[{1+25)
[E(-1+2) (2-1282+30+82+25(2v8)) -a(-1v5) (2-1252+36+02+25(2+8))r
m (852 {-1ed) -482 (-1+8) {L+ZA)+(l+8) [B-2A+822)+
25 (l+2e-3a-sa+a22)]))/
[(-1+8) {1+45+5) [-4+28 891252 [-1+8) -45+82+8%+25 [-6-18+82)]]

({#solwving for g2=)
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1
(=1+8) [1-25+8) [Led5+0)
((46%=288=5 (Les)) ([a(=Les) [-125% 425 (2ee)« (Les) (2+8)]«
k(245%= (L+8) (208) =28 (4458} +m
(B&* (Le2)=(1+8) (8+21) #2458 (=lessd=-0l)=25(le2e+3(Les) J.”];‘
(248*-125% [-Les)+ [-240) [Leg) [2e8)+25 -6+ (-4+8)8)])+
(Le285-245248) ([-a(-Le25-8) [-L+o) (2+65+08) +k [Le25) (65 (-Le25) -
[1e8) (2+8)) +m(Le258) (-25(2+a)+25% [2+2) - [1+8) {2.a1”}f
(245°-128% [-1+8)+ (-2+8) [Leo) [240)+25 -6+ (-4+8)8)])+
(-1+8) (2 (1-28+8) 48 [[[z(-1+2) [-125%+25 (2+8) +(Lea) (2+8)] «
k(245°-(L+5) (2+8)-25(4+58)) +m [BE* [Ls22) -
(Leg) (0e22) »45° [=Lesed=-01]=-25(leZ2o+s3 (Les) J.}}]j
(2467 =125% [=148) » [=2+8) [Lee) [2+8) +25 [=6e (=4+8)5))) +
[[-=(-1+26-9) (-L+o) (2e65+0) ¢k (Le25) [65(-1e248) -
(Lee) [2+8)) +m (L428) [-26 (2+2) + 482 (2+42) - [148) (2 .51]”,’
(245 -125% [-148) + [-2+8) [Leo) (2e8) +25 -6+ (-4+8) 8))) +
{{E [_-lte:| {-125! +2 & [_Ete} r{l rBJ {2 15}}1-
k(245°-(L+8) (2+8)-25(4+58)) +m (B [Lo22]) -
(Leg) [+22) +45 [-Lessd-01)-25(ls2a+3 (L+8) J.}}]j
(2467 =125% [=148) » [=2+8) [Lee) [2+8) +25 [=6e (=4+8)8))])+
[[==(=1+26=8) [=1+5) (2e65+8) +k(Le25) (65 (-1s25) =
(Leg) [2e8)) em (Le25) [-25 (2+2) +45° (2+2) - [Lee) (2 .s.x}”;‘
(245°-125% [-148) + [-2+8) [Lee) (2e8) +25 -6+ (-4+8)8)])])]]]

FullSimplify |

=(({-1-28+482-8) [kE{-1+5) {2+65+8)-a(-1+8) (2+65+8) +
m(-2+45 (-lrd) ro (BrA) v+ 28 (-4+Ara (2+2))])) S [{-1+8) (1+25+85)
[ze82-128 (-L+8) + [-2+8) [L+5) (Z+8) +25 -6+ [-4+8) 8)]]]
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PullSimplify |
([{=(-Le8) (-128%425(2+0) + (Les] (2+8)) +k (245" - [L+8) (2+8) -25({4+58)] +m
(B&6" (Le2)=(1+8) (8+21) +45" (=lesed-al]=-25(le2os3 (Les) J.”];‘
(248" =125% [=Le8)+ [=248) [Le8) (298] ¢25 (=64 (=44+8)8)) ~k=md] »
(([Le28) (E(=1+8) (2=126%s30+6" 225 [2+8)) =
a|-1+8) [2-1256%«30+8°+25 (2+8)) +m (BE" (-Led] -
43‘{-1.5} {1 +2.1]| r{lo-ﬂ: f_e-z).-azl} +25{1t29-31-91re’1””f
“_-1.5] f_l .uiu;] {-4.245’-125’ {-loa:-laoazos’tz.{i{-ﬁ-ia re’}”}].
“:tu:{-loﬂ: {-12&'&25{2 rBJi{loE} [_2»-&” *
k(245 - (L+o) [2+8) -25(4+58)) +m
(B5" (L+22)-(1+8) (8+21) +45° (-1lepsd-02)-25(ls284+3(Les) J.”];‘
(248" =125% [=Le8)+ [=248) [Le8) (298] ¢25 (=64 (=44+8)8)) ~k=md] »
(([Le28) (E(=1+8) (2=126%s30+6" 225 [2+8)) =
a|-1+8) [2-1256%«30+8°+25 (2+8)) +m (BE" (-Led] -
43‘{-1.5} {1 +2.1]| r{lo-ﬂ: f_e-z).-azl} +25{1t29-31-91re’1””f
“_-1.5] f_l .uiu;] {-4.245’-125’ {-loa:-laoazos’tz.{i{-ﬁ-ia re’}”}].
“:tu:{-loﬂ: {-12&'&25{2 rBJi{loE} [_2»-&” *
k(245 - (L+o) [2+8) -25(4+58)) +m
(B5" (L+22)-(1+8) (8+21) +45° (-1lepsd-02)-25(ls284+3(Les) J.”];‘
(248" =125% [=Le8)+ [=248) [Le8) (298] ¢25 (=64 (=44+8)8)) ~k=md] »
(([Le28) (E(=1+8) (2=126%s30+6" 225 [2+8)) =
a|-1+8) [2-1256%«30+8°+25 (2+8)) +m (BE" (-Led] -
43‘{-1.5} {1 +2.1]| r{lo-ﬂ: f_e-z).-azl} +25{1t29-31-91re’1””f
“_-1.5] f_l .uiu;] {-4.245’-125’ {-loa:-laoazos’tz.{i{-ﬁ-ia re’””]]

—{|:3 [1+28) [(E(-1+8) [-125°+28 [2+8) +{1+8) (Zv5])] -a{-l+s)
[-128%+25(2+8) + (Lva) [248)) +m [BE* (-1+A) =45 (-1+8) (L+22)+
26 (l+28+ {3+ (-1+8) 8) &) + (L+8) |8+ (-2 +o2 .1]”’]}![.:-1*9]
(ledS+o) (288-125% (-1+68) + {-2+8) [1+8) (Z2+0)+25 (-6+ (-4 +8) 9]:|’J'|]

(spremerger profits)

169



Multiprodudt Megersnb | 55

PullSimplify[(([a (-1+25-98) [-1+8) +k (L+25-45%+0) +m [L+25-4548)) [

[2-462+8+250-8%)) -k-m) = (-1+26-6) (<1e5) (Le4d+6)

((-1-25+245"-8) ([a[-L+25-8) [-1+5) +E(L+25-45+8) u{l.za-q&’m”f
(2-45%+0e2858=-6")) ¢ (=455 e0 4250457
((a(=1+285=8) [=1les) +k[Le25=-45"+8) .111-25-452.51};’
(2-45"+v0e+280-6")) - [-Les)
{u f_l-z .5.5} 5 t_{{u f_-l.za-e} {-1 .s} tl:{ltE&--lﬁz +e]| tl{liz-ﬁ-l .5’“;”',."
f_z-ui‘ +E 2 .55-5‘” . f_{u {-1 +2.5-s} .[-J..a} .
1{1.25-4 .5’.5} .-:_1.25-45’.s}”{z-a‘a’.s.zaa-a‘” .
{{.z f_-l..z.s-s} {-1.5} +k {1.25-43‘.9} v-{l..z.s-{s‘m”;‘
(2-45"+84+2508-8%))+ [[a(-1+25-58) (-Lea) sk ([L+25-25"48)+
mlse25-45"w8))/(2=25"+8+258-6"]))]]]]
lk+m-a)i(-1+8) (8814 (l+0)2-482 (2+8))

iL+45+8) (2-482+0+288-62)°

hus{i-pliﬁfzy[hlvt[{n f_;}l +285-8) [-Le8) +k (1+25-45+8)+m (Le25-48 ra”l,."
[a(-Le8) (12574285 [2+0) + [Les) (2+8)) +k (2457 - [Le8) (2+8) -25({4+58)) +
m (85 (Le2a)-(Les) (0+22) +45° [-Leosr-52)-25 {1.25.3{1”]1}”;‘
(2457 -125% [-1+8) + [-2+8) (L+8) [2+8) +25 (-6« (-4+8) 8)), 2]]
m{2+25-8) [-1-28+45°-8)-2(k-a} & [-1+8)°F

{[J.-ﬁ

m{l+28) (48 -288+(-2+8) (L+5]}]

FullSimplify |[Reduce[(a (-1+28-8) (-1+8) +k [Le286-45°+8) smLe25-258)) /)
{2-&5‘»-&-255-52} <
[a(-1+2) (-125°+25(2+8) + [Lee) (2+8)) +k (24 5°- [Les) (2+8) -25 (4+58)]) »
m (85 (L+22)-(L+0) (8+22) +45° [-Lebsd-01)-25 {1.29.3{1.3]1}}”
(246" =125% [=Les)+ (=2w5) (Le8) (2+8) »25 (=6« (=408} 5)) &k
mr>DEEk>DEED <5< 1EES <6 < LEEa > DEED < (kom) < a, 1]]
fxleEf<«P<lEEm>»0EEE =~ DEEk+m <« O EE
-m(2¢25-8) [~l-285+45 -8) +2 (k-a} & (-1l+8)?

+d >0
m{l+25) [482-288+({-2+8) [L+a)]

PullfSimplify [Solve[(a [-1+285-8) [-L+8) +k [1+25-45+8) r-{lv2&-lﬁ‘+ﬂ”rf
[2-45+8+255-07) a=
[-a[-1+28-8) (-L+9) (2+465+8) +k [1+25) (65 (-L+25)-(L+8) (2+8))+
m(le25) (=2565(2+2) a5 (242)=(Les) f_z.-e.l}”ff
(246" =125 [=Le8)+ [=2e8) (Le8) [2+8) +26 (=6« (=4+8)5]), 2]]
m{ZeZ5-8) [-1-25+452-8) -2 (k-a} s [-1+a)d

{[l-ﬁ

m{l1+25) [482-250+(-2+8) [L+5])])
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m(2+25-8) [-1-25+452-8) -2 (k-a) & [-L+8)°

FullSimplify[D 5
implify[n] m(le25) (4822584 (-248) (Ls8)) - 5]]
Z{k+m-a) (-1l+8)? [Z+165% -4 5 (-1+8) +5-5)
m(l+26)F [Z-a6%+0+288-07)"
kaue[z{h-'u} [-1+5)% [2+1652-4 58 (-1+5) +5-57) -
m(1e25)? [2-452ver250-0%)"
mr0EEk>0EED <5< 1ELS <o <l &ka> 05E0 < (k+m) < a
ledclEedcBclESar»leElcncageslckc -mra
m(2+285-8) [=1=265+45%-8)=2 (k=a) & [=1+8)*
FullSimplify[D[ { ) ( ) { ) ]
m(Le25) (482-286+[-24+8) [Lea]]
2 (kem-a} & (-1+8) [-5E+ES&+8-25 [1+8)])
(m+2ms) [2-252+0+280-82)°
kME[-ﬂ{kin-uJE{-loe} [-5+8&8 +0-25(1+8)]) . 0gE
[me2m5) (2-452s0+258=-67)7
mr>DEEk>0EED <5< LEES <O < LEEa > DEED < (kem) < a
DS lEed<B<]lEEa>»lEElcsmncabElck<-msra
Ze2 5= =l=25+45-8) =2 (k=-a) & [=-1 t
S:i.-p]_-i_fg[]:ll-{ * e}{ * E} {k=a) { 15} ru:]]
m(le25) (456°-258+ (-248) [1+8])
25 (-1+a)?
m{l+248) [46°-288+(-2+8) (L+8])
25(-1+8)°
Reduce | < DE&
m(1+25) (4862 =256+ [=2+8] [Les])
my>DEEk>0LE0 <5< 1EES <o« LEka s> DEED 2 (kem) < a
lcaclesel<S<ossar>»lesleancaeelck< mera
Ze2 5= =l=25+45-8) =2 (k=-a) & [=-1 t
S:i.-p]_-i_fg[]:ll-{ * e}{ * E} {k=a) { 15} rl:]]

m(le25) (456°-258+ (-248) [1+8])
25 (-1+8)2
mi{le2s) [46°-280+(-2+8) {1+8))

Rednee [ = 26 (-1v8)7 » 0 &&
m(l+25) (45 -250+(-2+8) (L+a)])

m>DEEk >DEED < S5 < LEES B < LEEa > DEED < (k+m) Cu:]

OceclEel<S<«oESar»lEElcmncaeslck< -mra
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m(2+25-8) [-1-25+452-8) -2 (k-a) & [-L+8)°
m(le25) (452-258+(-248) [L+8])
2 (k-a} & {-1+a8)2

-=]]

PullSimplify[D|

=¥ (L+265) (485 -260+ (-Z+0) [1+8))

[ 2(k-a}&(-Lea)”

=

o’ [Le25) (457 =256+ [=248) [Les]]
m>O0EEk>DEED <5< 1EES5 <O < LEEa > DEED < (k+m) < a

DEE

Rednc

Icoclseldcdcobiar>leElcncaeelckc —mea

m(2+25-8) (-1-25+45%-08)-2 (k-a} &(-1+8)® i m-k
m(l+25) [462-250+(-2+8) (L+8]) Zam

EE

lcl:'lm:e[l >

mrx0EEk > DEED < S LEES <P < LEEar DEED < a, B:-nl:]

~dgf+Bado-4dade?

Ocecleel<S<«oE5ax>DE&E Ocm sz E&
-2-88+452+85-0+2d88-45a+r82-24882

[Zm+Bms-4cs-4ms-0ns'+mo-4nse+Bado+indo-nsl+2imse?-qas5e?)/
{-2-561-4521-56’-91-169--‘!5291-92-259‘:| -:k-:-n-v-n:] 1

-dgfS+Bafe-2adal

cm-akE0l < k< -nfu’]l
~2-BS+48°+ B 5 -5+250-285°0+08% -2 55°

Manipulate |
BlotID[{(- ([{c-a) (L+25+8) (4524 (-2+8) [Les) ..5{-6143]”,"{2 [L+25+8)
(-2+452+85%-30+6%+25(-3+08) [1+8])]))])]) -
(-{{te=-=) [L+25) (125%-25(2+8) - (L+a) f_zm}]}ﬂ_{lnam}
(245 =125% (=Leg)» [=248) (Les) (2+8) +25 (-6« (=2+8)9]]]]]). 0}.
{6, 0, .75}, {&, .75, 1}, Plothabel = "", AxesLahel = {"5", "8", "Rel. Qty."},
AxesStyle -+ Largex,
LabelStyle - Bold,
Plothegends -+
Placed[{"Difference: QL{Case IV)-01{Case II}", "Plans at 0"}, Below]],
{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1}]

(#Graphing lambds starw)
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Manipmlate |

m(2+25-8) [-1-25+45-8)-2(k-a) 5(-1+8)°
m(l+25) (45°-258+ (-2+8) [L+8))

PlotLabel + ""  AxesLabel = {"5§", "8" , "Beguired 1*"}, AxesStyle - Medimm,

PlotLegends = Placed[{"1*"], Below] ], {k, 1, 1}, {=, 1, 1}, {=, 3, 3}]

Plot30 [{ }. 16, 0, .75}, {8, .75, 1,

“
]
* 4
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m(2+25-8) [-1-25+452-8) -2 (k-a) §[-1+8)°
m(l+25) (4582-250+(-2+8) [Les])
{8, .75, l]]‘ {k, 0,1}, {m, O, 1}, {a, 2, 4}, Awes = True , AxesOrigin -+ {0, I]]-]

Manipulate [Plot3D[{ }. 15, 0, 151,

k Il
|}

(#Scopew)
({kem) & (@) + (kem) # (g@z) + (kem) & (g3} - (R+edem) & (@ ¢ qz+q1)) /
((k+lem) » (q2eqgzeqga))

{(k+m) g+ (k+m) ga+ (E+m) ga- (E+mA) {3+ +qs)

{E+mid) (gu+qg:+qgi)

ru]_'l.s:i.-plifg[]][{k":l e (k+m) gz ¢ (kem) g3 = (E+mA) (gu+gz+qa) ) J..]]
{(k+mA) (@ +qgzeqa)
_ml:l'.fm:-
(E+m A)?
Snlve[ (k+m) que (k+m) gz + (kem) gz= {kemld) (gue+gz+qgi) -1, 1]
(e+md} (gu+qz+qga)
~k+m
A
{2+ 21
Snlve[ (k+m) qu s (k+m) gz + (kem) ga= {kemld) (gue+g:+ga) -, 1]
(e+md) (gu+qz+qga)
{{a=1}}
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P,

[u-: (kem)guv (Eom) qae (kem) ga={k+mi) (gu+qgee+qg) <1E&
(k+md) (g +qz+qa)
m»0EEk>DEED <5< 1EES <o <L EEa> DEED < ;1:..-:.“:,1]

+m
[ga|gz |g1) €Peal=sgE 0 c o< leE 0 « O Eem > 056k » DG > k+mEE <hel
2m

Subin 1 star
FuJ_lSi.-pl_'i.fy[{{kt:l]q;o{kol]lnt{kol_lq;.-
{k.-[{. (2+268-8) (-1-25+46-8) -2 (k-a) & {-1*9}*}[
{-.{1.26] {l 51-215&#{-215} {lte}”” [q;._olptq;]}lt
{[kil[{-{ﬂtzﬁ'-ﬂ} {-1-25-4&*-3}-z[t-u}a{-l.a}’]f
[m{1e25) [46°-2504(-248) (1 +e}”” (@ az Hm}]

[Zik+m-a) & (-L+8)%) /(-2 (E+m} +2 (-2 (k+m] +a) &+
4(k+m) 5 +B (k+m) 8- [E+mr2aded (E+m) &) 5+ [(krmr2as) st

Hanipulate [Plot3D |
{[2 (kem-a) 5 (-1 m_j’]f{-z (kem) +2 (-3 (kem) +a) 5+4 (kem) 5248 (kem) 57 -

[E+medades (kem) 6) 0+ (keme2as)6®), .05}, (&, 0, .75}, {8, .75, 1}],
{k, 0, 1}, (m, 0, 1}, {=, 2, 12.5}, Axes -+ Troe, AxesOrigin -+ {0, D}]

g (F

267
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m(2+26-8) (=1-25+452-8)-2(k-a)5[-1+8)?

( ) J-2(k-a) 5 )
.{1'25] (452-259.{-2.93 |:1.e]:|

{e, -75,1}], {k, 0, 1}, {m, O, 1}, {=, 2, 10}, Axes =+ True, AxesOrigin - {0, 0}]

Manipulate [Plot3D[{ }. 15, 0, 151,

(#Price Comparison Tablesw)
(*PRICESs)
(#Compstat: moltiprodoctlis pl v=. pl premercger E&0<SclERS<o<lEfaxDE&d<ooon]

Rcl:'lnce[

(= [-1+8) [-125° 25 [2+8) + (Lee) [248)) +c (2457~ [1e8) (2+8) -25 {4.59]”;’
(245 -125 [-L+8) + (-2+8) (L48) (2+8) +25 -6+ (-4+8) 8)]] =

a(-1+25-8) [-le8)sc(l+25-45 48]

EED < & < ll&E{E(lEEu:ﬂ&lﬂ(r_‘da]
2-45+0+2850-87

OedclEedco<clEfax>xDeeElaccca
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Manipnlate [Plot3D |
[{{=(-1#9) [-125%+25(2+0) s [Leb) [2+48)) +c [245"- [Lss) (2+0) -25(4+58)])) f
(245 =126% [=Le8) + (=248) (Les) [2e8) #25 [-6+ (=4s8)8)]) -
a(=Le25=8) [=les) sc(Lle25-45" 5]
2-45+04+2 850 -7

PlotLabel -+ "" AwezLabel - {"5§", "8 "Rel. Price™), AxesStyle -+ Larger
LabelStyle = Bold, Plothegends = Placed[{"pl mp", "pl pre"],B-elnu]],
{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1}]

}. 18, 0, .15}, {8, .75, 1},

L

L]

=]
e e |

(#*Compstat: Conglom pl vs. Premerger ple)

kdn“[(cm.zns-.zs] , [.z [-1+25-8) [-1e8) +c (Le25-45 48] e

2+285=-8 2-45s0+250=-0"

ﬂ{ﬁtlliﬁ{ﬂ(li&u:rﬂil:ﬂcr_'{nz]

e lEelcdcafEa>»DEElccca

(#*Compstat:suhmarket Honopoly pl vs. premerger pls)
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le:lnce[(i [m“ 4fc-a) [-L+5) 5 (L+45405) l]’

=2+ 454 BEV-FEe0%42 5 f_-].a] f_l.s}
a {-1.25-5} {-1.3] s {1.25-452

Y]
} EED < & « lliﬁiﬂcliiurﬂilﬂcr:{ﬂ]
2-4 5 s0+2858-0°

OcepclEel<dcoafarlEsElc<ca

(rcompstat: submarket Honop pf vs. Premerger pfx)

kﬂme[f_{-u :_-1.25-9} {-1.9} {1.35.9} rc {-1.5} {1.2.5.5]. {1.45.9}]j
{-2.45’.35’-39.3’.25 :_-a.e] {1.9”] >
a(-1+25-8) (-1+8) s [Ls25-45°

8
} EED < & < lliﬁiﬂcliiuiﬂilﬂcrz{ﬂ]
2-45+8+2850-8°

Icoclseldcdcobiarleelaccaca

(#compstat: pl protein monop vs pl premergers)

l:ﬂncl:[(
2 2-45 +8+2858-8°

ﬂ:ﬁilliﬁtﬂ(liiu:ﬂilﬂcr_'-:nz]

E.u] L [= [=1+26=8) [=1+8] e {1.25-452.5}] i

D« lEel<S<8kEa>»0EElcc<a
(#compstat: conglom pl v= Moltiprodoct pls)
kmE[(ciuvtEr_-ﬁ-nE] .
Ze25-8
({a{-1+8) [-1282«25 [2+8) + (L+8) [2+48)) +c (245°- (L+0) [2+8) -25 :4.59}].”‘
(2452 -125% [-1+8) + (-2+8) (L+5) (2+8) +25 [-6+ (-4+8)0)])] EE
0<5<1EE5<coclEka>DEED<e<al

lcoclEelcSdcabkEar>»lEElccca
(#compstat: conglom p2 vs. moltiprodoct p2s)

crar2ocl-ag
lcl:'ln.ce[ — 5,

2s285-8
([-=([-1+28-8) [-1+8) (2+65+8) +c (L+28) (65 [-L+25) - (L8] f_z.e}”;‘
(2452 -125% [-1+8) + (-2+8) (L+5) (2+8) +25 [-6+ (-4+8)0)])] EE
0c5<1EES <O <lEka>»0EED <o <a]

lcoclEelcSdcabkEar>»lEElccca

(*compstat: submarket monop pl v HMultiprodoct pls)
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kﬂue[(i [““ 4fc-a) [-L+5) 5 (L+45405) l]’

~2+ 454 BE -30+07425 (-3+0) [Les)
({a{-1+28) [-128%«25(2+8) + (L+e) [2+0)) +c (2457 - (L+o) {2..9}-25:4..55}]”'
(245 -125 [-L+8) + (-2+2) (L+8) (2e8) +25 -6+ (-4+8) 8))] EE
0c¢5<1ELF5 ¢80« lbEka>DEED <o <a)

Dca<l &

n-c.scnnnt[-qa-lza!-ua!-s'+3a=+a=+ [E-16e-540%-240?+108% + 2 2%) H1 4
[#B+200-B5 + 1607 - 458 01%+ (24 + 1445+ 112 85 - 16 0%) 1%+
(-208+112 0-4285%) H14+ {-96- 102 5) #19+ 102 01" &, 2] sfaxDEEDcc<a

Hanipulate |
Plot]]:l[{[[l [c”" 4{c-a) [-le&) 5 (Lerd5en) ]l]'{{‘ (~1ve)
z =2+ 45 +B5°=38+8"+25 (=348) (Les)
(=125%«25 [2+8) » [Les) (2es)) vc (245 = [Les) (248) =25 (4 ..53]]];‘
(248" =126% (=Le8) + (=2+8) (Les) [2e8) +25 [-6+ (=2+8)8)]), 0],
{6, 0, .75}, {&, .75, 1}, FlotLabel -+ "", AxesLabel - {"§", "8", 6 "Rel. Price"},
AxesStyle = Larger, LabelStyle = Bold, PlotLegends -+
Placed[{"Difference: PL({Case IV)-P1(Case II}", "Plans at 0"}, Below]],
{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1}]

[

-

=]
CoCaco

L] Difference: P1{Case W)}-P1(Case ll} [T Plane at 0
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(#compstat: sobmarket monop p2 v=s. multiprodoct p2s)
4(c-a) (-L+5) 5 (1+45+8) X
=2+ 45 +B5 =30+087 425 =348 f_l-s}]]
([~= [-L+28-8) [-1+0) (2465+8)+o (L+25) [65(-L+25)-(Lsa) (2 +e}”ff
(246" =12 5% [=Les)+ (=295) (Les) (2+8) +25 (=64 (=4es8) o)) k&
0c5<1EES5 <O <lEka>0EED < <a]

S R

z \
[I:I-:-Bs-—[312-ﬁf?]iiﬂ:ﬁc9&iu:ﬂ]&iﬂ -cccu]||
15

[%l{afzfﬁ'—]\:aqlﬁiﬂﬂﬁcﬂnot[

18+86° +3a=—29'-a=+|:zna+34a=+qa=-1na*] fl + |:-zq +12 8 +48 5 -2493] 12 4

{-as-azez] H#1? - 48 & #1* + 96 H1® &, *!]i.su:xl:leil:lcc-:.:]

({*compstat: submarket monop p2 vs. multiproduct p2s)
4fc-a) [=Le5) 5 (Led55)
~2+452 4857 -30+0%4+25 [-3+9) f_l.s}]] g
([-=([-1+28-8) [-1+8) (2+65+8) +c (L+28) (65 [-L+25) - (L8] f_z.e}”;‘
(2452 -125% [-1+8) + (-2+8) (L+5) (2+8) +25 [-6+ (-4+8)0)])] EE
0c5<1EES< . T5<o<lEia>0EE0<c<al

S Y -

- Reduoe was unable to solve the arstem with ineect coefficients.
Thee snswer was obtsined by solving a cormesponding e system and numersicizing the result. e

0«50 . TEER0. TS5 <8<l EEax>0EElcc<a
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M“lﬂu[m“m“[i[““ 4{c-a) [-1+5] 5 [L+454+8) ]l_

-2+ 458+ BE -304+8%425 [-348) (Lea)

([-a(-1+268-8) (-1+8) (2+85+8) +c (L+25) (65 (-1+25) - (L+8) |:2+5”}|,f
(2456°-128% (-1+8) + (-2+8) (Leo) [2+0) +28[-6+ (-2+8) 8)]). 0],

{&,0, .75}, {&, .75, 1}, PlotLabel -+ "", AxesLabel -+ {"5", "8" "Rel. Price"},

AyezStyle -+ Larger, LabhelStyle -+ Bold,

Plothegends = Placed [ {"Difference: P2 (Case IV)=-P2(Case II}", "Plan= at OQ"},
Below]], {e, 1, 1}, {=, 1.5, 1.9

N

i=,

lr

1}]

iRl
a ]
4]

L| Difference: P2{Case W}-P2{Case ll) | Plane at 0

(#snbmarket sobmarket monop fringe p3 wvs. moltiprodoct p3s)
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Reduce[[[-a [-1+2&8-8) [-1+8) (Le35+8)+c [-Le5) (Le25+8) {1.4.5.9]”
(-2+45%+85" -30+0"+25([-3+8) [L+a)]] >
((z(=1+8) [=125°+25([2+8) »(Leo) (2048)) +c (245" = (1+8) {2;9}-25:4;59]]”’
(246" =125% [=Les) s (=2w5) (Les) (2+8) +25 (=6« (=4e8)5))) &&
0<5<1EE5<oclEka>DEED<c<al
—2+-Jﬁ<a < 1l EE
OchcRoot|[-4-28+968 +Ba%+6%s [-16+20+268° +B0%) Ul (-4-160-168°) ui%s
{22 - A0 =) 21? + 48 @1 &, 3] EEax»DlEEl<c=a

Hanipulate |
PlotID[{((=a ([=1+26=8) [=1+8) (L+3I5s8) sc (=L+5) [Le25+8) {1.15.3”;‘
(-2+48%«B8 -30e07+25([-34+8) [Lre]]],
({a{-1+8) [-128%°«25(2+8) + (L+e) [2+0)) +c (245" - [L+0) {2;5}-25;4;55}]],’
(245 -128% [-L+8) + [-2+8) (148) [2e8) +25 -6+ (-4+8) 8)]]],
{&, 0, .75}, {&, .75, 1}, PlotLabel - "", AxesLabel - {"5", "8" "Rel. Price"},
AxesStyle = Larger, LabelStyle =+ Bold, PlotLegends -+
Placed[{"Difference: P3(Case IV)-P3(Case II}", "Plane at 0"}, Below]],
{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1}]

(]

L]

=]
o e |

1.0 ool

Rl Prideds,

L] Difference: P3{Case W}-P3(Case ll) [ Plane at 0

(*meat market pl vs. multiprodoct plx)
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:ngam:e[(cm] »
([= {-12.9]. (-128%«25(2+8) + (L+e) (2+0)) +c (245 - (L+o) [2+8) -25 :4.55].].”‘
(245 -128 [-L+8) + (-2+8) (L+8) [2+8) +25 -6+ (-4+8) 8)])] &
0c5<1EL5 <0< lbEas0EED <o <a)

OceclEel«S<coEfax>DeeElaccca

(*meat market p2 vs. multiprodoct p2s)

:II.um:ln.;r:e[{ﬂ ]
2

([~= [-L+28-8) [-1+0) (2465+8)+o (L+25) [65(-L+25)-(Lsa) (2 +e}”ff
(2467 =125% [=Les8)+ (=298) (Le5) (2+8) +»25 (=64 (=4e8)o)]] k&
0c5<1EES5 <O <lEka>0EED < <a]

leacleeldl<dcosiax>leElaccaa
(#snbmarket monop pl vs. conglom plw)

e ) g

ﬂ:ﬁtlliﬁtﬂ(liiu:ﬂilﬂcr_--hz]
0<B<lEed<dx

Rnnt[25+352-9"+ [-4+88+B02-483) Ly [-20+165-852) 0l - 168013 + 16 811 &,
a]ﬁiuaﬂ&iﬂtccu
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Manipmlate |

1 4 (c-a) [-1+8) 5 [L+254+8) ceas2ol-as
PlotIEI[{ = lo+a+ -[ ],I]]-,
2 ~2+452 B85 -304+8" 425 (-348] (Lea) 2+25-8

{&, 0, .75}, {&, .75, 1}, PlotLabel -+ "" 6 AxesLabel = {"5", "8" "Rel. Price"},
AxesStyle + Larger, LabelStyle = Bold, PlotLegends -+

Placed|[{"Difference: Pl{Case IV)=Pl(Case IIL}", "Plam= at 0%}, B'El.“]],
{e, 1,1}, {2, 1.5, 1.5}, {=, 1, l]]

(o]

-

=]
el e |

L] Difference: P1{Case W}-P1(Case ) [ Plane at 0

(#snbmarket monop p3 vs. conglom p3w)

:E.m:'lne:[[:{-u (-1.25-9] {-1.9] {11 35 .e] rn:{-l ns} {1..2.5+a] {1.4.5.9]:|j

{-2;452135’-351531-26|:-3¢e:| {1?9}]] >

cras2olf-ad
— D 5 L EES -:Ev:li&n::-[liil]{r_-ru]
2+286-0

Z 1 1
—w@<lEElcdc — (-3+485) +—W¥1l-205+266° gsax0sslccca
2 4 4
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Manipmlate |

plotm[{[n-.z [-1+28-8) (-148) (L+35+8)sc [-1+8) (Le25s0) (Lea5e8))/

(-2+48°+85"-30+5"+25 (-3 +8) {1.-&1”]-["""'“2‘“5 ma']] o},

Z2+285-8

{6, 0, .75}, {&, .75, 1}, Plothabel - "" , Axeshabel = {"5§", "8" k6 "Rel. Price"},
AxesStyle = Larger, LabelStyle -+ Bold, PlotLegends -+

Placed|[{"Difference: P3(Case IV)=-P3(Case IIIL)", "Plane at 07}, B-elcm]],
[EJ lr 1]] [ul 1'5r l'SJT {’r lr l]]

L

=]
e o e

re

L| Difference: P3{Case W}-P3(Case ) L] Plane at 0

(*meat market pl vs. conglom plw)

crae2cl=a8
R:l:lncl: ] [

]Ei[l(ﬁclﬁlﬁcﬁiliﬁahﬂlﬁﬂic (-u:]
2e25=-0

e lEalcdcoffar>DEalccca

(*meat market pl vs submarket monmop plw)

4c-a) [-L+5) 5 (L+45+8)
- oo &&
~2+452 485 -30e0%425 (-348) {1.-5]]]

L=

Rcl:'lnce[

ﬂcﬁilli§<arliiu:ﬂilﬂlrr.'-:nz]

e lEelcdcafEa>»DEElccca

(emeat market p3 vs. sohmarket monop p3x)
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lcl:'ln.ce[

[22%) > ((-a (-2e26-0) (-2v0) (103500 ve(-208) (10280e) (10a50e)) /(20

4&’.85’-39.9’*25{-3”; f_l.e}”:u <52 LEES B < LEEa>DEED < o Cu:]

Ocecleel«S<coEfax>DeeElaccca

(smmltiprodoct 2 4.6 ws bases)

Rednce[([-a (-1+285-8) (-1+58) (2+65+8) +c (L+25) (65 (-1+25)-(L+9) f_zm}”l,.f
(2467 =125% [=Les)+ (=298) (L45) (2+8) +»25 (=64 (=4es8)0)]] >

a(=le25=8) (=1+8) sc (Le25=-45"+85)

EED <5< 1lEES <O <lbka>0EED <o <al
2-45s0+268-8°

lcoclEelcSdcabkEar>»lEElccca
(smmltiprodoct 135 pl vs mmltiprodoct p2s)

Rednee |
([=(-L+2) (-125°+25 [248) + (Leg) [2e8)) e (2457 - (L8] f_z.e}-z&urﬁe}”,‘
(245°-125% [-L+8) + [-2+8) (1+8) [2+8) +25 -6+ (-4+8)8)]) >
({-=[-1+268-8) [-1+8) (2+65+8) +c (Ls28) (66 (-L+25) - (Le0] (2 re}”'i
(245 -125 [-L+8) + (-2+2) (L+8) (2+8) +25 -6+ (-4+8) 8)]] &
0c5<1EL5 <0< lbEas0EED <o <a)

OceclEel«S<coEfax>DeeElaccca

(smmltiprodoct p2 vs. submarket fringe p3w)

Rednce[([-a (-1+285-8) (-1+58) (2+65+8) +c (L+25) (65 (-1+25)-(L+9) f_zm}”l,.f
(246" =12 5% [=Les8)+ (=298) (Les) (2+8) +»25 (=64 (=4es8)8)]] >
(== [=Le¢28=8) [=1e8) (Le35s8)sc(=Les) (Le25e8) (L4 he}];‘
(-2+48%+88 -30+08"+25(-3+8) [Lee))) &k
O0c5«<lEkS<o<lEka>DEk0<c<al
[DeosRoot[-1+2601-04m1%+18001% +5101% &, 2] &6
Boos[-236%-26+ [4-40-186°) Hlv (20-208) H1®+ 240176, 3] c S c O
er0selccea) || [Roos[-L+260l - 5201+ 18001+ 51014 5, 2] <o < 1lss
Boos[-26%-26+ [4-40-186") ulv (20-208) H1%+2401%6, 1] c S c o ks

|:|::-EIEE':I<|::|:|:|
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Hanipulate [Plot3D |
[{{{-=(-1+28-8) [-L+8) ([2+65+8) +c(L+25) (65 (-1+25)-(Ls0) f_z.a””’
(248" =1256% [=Le8)+» (=248) [Le8) [2e8) 25 (=64 (=48] 5]]) -
((~a (=L1+26=8) (=1e5]) (L+35+8)+c(=1e5) [Le265+8) [Ledses]] ]
(=2+48°+85"=30+8 425 (=3+8) (1+8]])]]), 0}, {5, 0, .75},
{2, .75, 1}, PlotLakel =+ "", AxesLabel -+ {"&", "8”, "Rel. Price"},
AxesStyle =+ Larger,
LabelStyle -+ Bold, PlotLegends -+
Placed[{"Difference: P2 {Case II)-P3(Case IV}", "Plane at 0"}, Bcluu']],
{e, 1,1}, {=, 1.5, 1.5}, {=, 1, 1}]

(o]

23

I =]
e lf e |

_ | ;’h.a
L] Difference: P2{Case I}-P3{Case W) [ Plane at 0

(#snbmarket fringe p3 vs sobmarket pls)
Rednee[((-a (-1e28-8) [=1+8) [Le36+8) sc (-1+8) (Le2d+s) (Letbes))
(=2+45%+85 =30+8" 425 [=34+8) [Lea)]] »

v s rrvent |

ﬂ{ﬂ-tllﬁﬁtﬂ{liin}ﬂilﬂ{r_‘-:ﬂ]

Fal=se
(«0TANTITY COMPARTSON TAELEs)

(#fmantitiesws)
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(*Compstat: mmltiproductl35 gl vs. gl premergers) («EE0<5<lEES5<8<lEEa>DEEDcodan)
Reduce[ (- (({=-a) [L+28) (126 -25 (2+8) - [Lee) (2+8)]]) /([Le25+8)
(2857-128 (-1+8) + [-2+0) [Les) (2+8)+25 (-6+ (-2+8)8)))]) >
{c-a) [-1-25+45 -8)
. (Le25e8) (462 =2504 [=2+8) (Les]]
leka»0EED < e < a]

EED < LlEES o<

Fal=se

(#Compstat: Conglom gl vs. Premerger gls)

km:{[_ {e-a) [L+25) ]:-[- {e=-a) [-1-25+45 -8
[2+26-8) (Lr45+s) (Led5es) (462 =250+ (=2+8) (Lea]]
0c5<1EES <O <lEka>»0EED <o <a]

Fal=se

(#Compstat -Honopoly gl vs. premserger gls)

Redoce[(=(({c=a) (L+28+5) (46%+ [=24+8) [Les) +5 [-6+48]]))/
(2(Le45e2) [-2+28 +85° -30+5"+25(-328) [Les)]]]) =
{c-a) [-1-25+45 -8

) [Le25es) (467 -2504 [-2+8) (Lea])

Eiﬂ{E{lliﬁ{ﬂ{li&u:ﬂilﬂ{c{a]

False

(#compstat: Monop gf vs. Premeroger gfisz)

Reduce[[-(({c-a) (-1-25+456%-98) (L+3540))/
([Le25+8) [-2+25° 85" -30+8°+25 (-3+8) (L+8)]]]] >
{c-a) [-1-25+45 -8

- Eiu:E<1Li§<acli&u:ﬂilﬂc;-:.z]
[L+45+8) (2862-250+ (-2+8) (L+8])

OedclEedcg<lefarlaalcc<a
(rcompstat: gl protein monop vs gl premergers)

- ])[_ fe-a) [-1-25+45 -8)
2{11-{51.9] {J.u;a.e]. {45‘-2&5-{_-24.9] {J..s}].

kam,[(

ﬂ{ﬁtll&ﬁ{ﬂ(li&u:rﬂil:ﬂcr_-{nz]

False

(#compstat: conglom gl vs Moltiprodoct gls)
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{e-a) [L+25)
25-8) (L+45+8)

(-(({te-a) [Le25) (125°-25(2+8) - [Ls+g) (2 tﬂ}:}f{{li*-ﬁtﬂ}
(2857 -125 (-L+8) + [-2+8) [Les) (2+8)+28 (-6+ (-2+0) 8))]]]) &&
0c5<1EL5 <0< lbEas0EED <o <a)

lcl:ln.ce[(- =

OceclEel«S<coEfax>DeeElaccca

(*compstat: conglom g2 vs. multiproduoct g2s=)
Rednee |

[- {2*::&':}{;:.2;:'&} »(={((le=a) (=1=26+48%-8) [2+68+8)) [ ([Le45+0)
(245°-125 (-Len) + [-2+0) (Le8) (2+8) +25 (-6+ (-4+8)5]]])]) &&
0c5<1EES <O <lEka>»0EED <o <a]

Fal=se

(#compstat: sobmarket monop gl v= HMultiprodoct gls)

Bedoce[(=(({c=a) (L+28+5) (46 [=2+8) [Lea) +5 (-6+48]]))/
(2(Le45e2) [-2+28+85°-35+57+25 (-328) [Les)]]]] =
(-({te-a) [Le28) (128°-25(2+8) - [Ls+8) (2 +e].”l,,"{{.1..45 +8)
(2457-128 (-1+8) + [-2+8) [Les) (2+8)+26 (-6+ (-2+0) 8)]])]]) &&
nqﬁ-tlliﬁ-caclilmrﬂilﬂm—.--:.z]
[D:BiRnat[—32353-§+lSEl TZEH1 + 28 E12 824 212 + 54 4032 564 513 +
ZE2G24TO4 B14 » 682816 544 015 + 524 514964 116 - G1TET4 450 H1T -
12B7 586246 H1® + 356 268 511 #1% » 1 012 865 120 #1310 - 2 §21 312 §111 -
282 280 BEA §112 - 25337 648 H112 + 24 £25 440 H114 + 4256 272 ml28 g, 5] &E
Boot[48 41208+ 116+ 89 -25°% -0t + [-B+ 280+ 8267+ 4807 - 1404 - 126%) UL +
(64 +280+15258+ 3207 - 2B H12+ [-136 - L2B 5 » 4B 53) 013+
(48 - 232 5+ 48 92) H14 + (352 - 256 5) H1% + 102 m1* &, 5] cfcossax0sElcccal|]
[Runt[—azase-nl SEL728 Bl + 28 813 E24 WL + 54 403 5401 + 262 544 704 H1 +
G2 H16544 H1% » 524514 564 H18 - 913 A74 260 =17 - 1 387 586 249 118 +
256266511 B1% + 10132 865 120 #1160 - 2 E21 212 ul32 - 282 260 BEE H11Z -
25337 648 H1MY 4 24 635 440 H1M 4 4256272 #1158 &, 5] <8 «<les
F.nnt[-!El-rlﬂ921-1].531-5"-295—5"1- [-2+240+8257+4807 1401 -125%) 01 +
[-€2+289+15252+228%-2B09) 512+ [-126-12B 5+ 4B 87 ull+
(48 -232 5+ 48 52) H14 + {352 - 256 5) #1% + 102 m1* 5, 3] <8<85eax>0560<c<al
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Hanipulate
PlotaD[{(- ([{e-a) (L+28+8) (46°+ (-248) (Lee)+6(-6+28))) /(2(Lsa540)
[~2+25 285 =38+8"+25 (=3+8) (L+s])]])]] -
(=({te=a) (L+28) (126725 (2+8)=(Les) (2 -a”];’{{lua &)
(2487 =125% (=Leg)» [=248) (Les) (2+8) +25 (=6« (=2+8)8]]]]]. 0},
{6, 0, .75}, {#, .75, 1}, PlotLabel + "", AxesLabel + {"5", "8", "Rel. Qty."},
AxesStyle =+ Larger,
LabelStyle -+ Bold,
Plothegends -
Placed[{"Difference: QL{Case IV)-0l(Case II}", "Plane at 0"}, Bcluu']] .
{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1]]

A e _ | us
4 0.6 s’

[ Difference: G1{Case IV}-G1{Case Ilj [J Plane at 0

(rcompstat: sohmarket monop g vs. mmltiprodoct g2s)

Beduce[ (- (({c-a) (L+28+8) (4862 [-2+8) [Lee)+6 [-6+28))) /)
(2(1ed450e0) [-2445 4857 -30+0"+25(-300) (Les]]]]] »

(-((te-a) [-1-285+45%-8) [2+65+0)) f([Le25+8)
(245°-125 (-Len) + [-2+0) (Le8) (2+8) +25 (-6+ (-4+8)5]]])]) &&

l]l:ﬁ-tlliﬁtﬂfliin}ﬂilﬂ{rzqn]

Fal=se
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(#snbmarket sobmarket monop fringe g3 vs. moltiprodoct gis)

Reduce[ (- (({=-a) [-1-25+45%-92) (Le35s2))/
([[Le245+0) [-2+252 857 -30+8"+25 (-3+8) (L+8)]]]] »
(-({(e-a) [Le28) (128°-25 (2+8) - [Ls9) f_z.e}”;’{{l'&a.e}
(2457-128 (-1+8) + [-2+8) [Les) (2+8)+26 (-6+ (-2+0) 8)]])]]) &&
n:ﬁ«.ll&ﬁe.arlih::ﬂilum—.--:.z]

Ocecleel«S<coEfax>DeeElaccca

(smeat market gl vs. multiprodoct glz)

lcl:'ln.ce[

[2 tl-.c::ig_:l 5 {_.“'lg.u} {liﬂﬁl f_ugz_zﬁ 12 os} -{ltﬂ} {219}”!“_1#1&15}

(22457 -125 (-1+8) + [-2+8) [Les) (2+8)+28 (-6« (-4+0) 8))])]]) &&
0¢5<1EES <0 clEka»DEED <o < a]

Fal=se

(emeat market g2 vs. moltiprodoct gZs)

2 {l-'::.-ﬁut )
(245 =125 (=Leg) » [=2+8) (Les) (2+8) 225 (=64 (=4+8)5]]]]) &&
0<5<1EEF <o <lEka>0EED < <a

l-:l:'ln.-l:l:[[ *(-({te-a) (-1-28+45" -8 {2.5&.5”‘(“_1 +45+8)

Fal=se

(#snbmarket monop gl vs. conglom glw)

Reduce[[-(({e-a) (L+25+8) (4624 [-2+8) (Les)+5(-8+28]))/
(2(re25+0) (242524887 -30+07+25(-3s08) (Le8)]]])] >

[_ j=-a} (L+25)
[z+28-8) (L+45+8)

0<ad< ;—4|:E+1‘|'145:|5&F.nnt[

-25-38%+5'+ [4-165-1257+B5") Bl + (20-405+86%) 0l » (32 -168) B » 16 11" &,

2] cicofEa>»lsElccoa

ilu:E<l&i§<a<ll&u:ﬂllﬂc;-:n]
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Hanipulate

Yulprodudt Megersabh | 77

E1nﬂn[[[{-{{{c-u} (1+2640) (465 [=248) (Lea)sd [-6e28))) /(2 (1e26+8)

[-2+45"+85"-30+8"+25 (-34+8) (L+0]])]]) - |-

{e-a} (L+25) ”

{2.25-5} {1.-1 .5.5}

l.'l]-, {&, 0, .75}, (e, .75, 1}, PlotLabel -+ "", AwesLabel - {"&", 6" "Rel. Qty."},
AxesStyle = Larger, LabelStyle =+ Bold, PlotLegends -+
Placed|[{"Difference: QL (Case IV)=0l (Case III)", "Plam= at 0%}, BELD'H]],

{e, 1,1}, {a, 1.5, 1.5}, {=, 1, 1}]

A1 03
2 0.6 s

I Difference: @1{Case V}-Q1(Case I} [ Plane at 0

(#snbmarket monop g3 vs. conglom g3iw)

Beduce[ (- (({c-a) [-1-26+45%-8) (Le3see))/

“1.45.5] {-2.462oBﬂ’-He.B’rZ&{-B.E} {1 +e]|”}:| >

j=-a} (L+285)
. [2+28-8) (Lra5+8)

e lEelcdcafEa>»DEElccca

(emeat market gl vs. conglom gl=)
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lcl:'ln.ce[
[ - ] [ {c=-a) [L+25)
s |- EED <5< 1EE5 <0 < 1EEa> DELD ¢ ¢ a]
2(L+4540) (2+25-28) (Lea5.0)
Fal=e=

(*meat market gl vs submarket monop glw)

2 {l-:!-:l-ﬁﬂi a)
(2(Ls45+0) [-2+252+85°-35+5%+25(-3+8) [Ls+0)]]])) &&
0c5<1EES <O <lEka>»0EED <o <a]

lcl:lnce[( > [=[{te=a) (Le25+s) (£6°+ (=2+8) [Les) .&{-ﬁﬂa]}];‘

Fal=se

(emeat market g3 vs. sobmarket monop g3s)
[[2 {1-;;:.5} > (-((te-= (-1-25+48%-0) (143540)) /

([Le25e8) (242457 +88 =30+8"+25 (=3e8) (Les)]]]) 58
0<5<1EEF <o <lEka>0EED < <a

False
(smmltiprodoct 2 4.6 g vs basex)

Beduce[ (- ([(c-a) [-1-26+46"-8) (2e68+8)) /[[Lr46+8)
(22567 -128 (-1+8) + [-2+0) [Les) (2+8)+25 (-6+ (-2+8) 8)])]]]) >
) {c-a) [-1-25+45 -8
[L+45+8) (2862-250+ (-2+8) (L+8])

EEO0 <SS lEES <o <

1&:u>n&:u:c<u]

OedclEadcoclGfarx»lEElccea
(smmltiprodoct 135 gl vs mmltiprodoct g2s)

Beduce[ (- ({(e-a) (1+25) (1287 -25(2+8) - (L+8) {2.3}}]!“_1.45.5}
(2457 -125 (-1+8) + [-2+0) (Les) (2+8)+25 [-6+ (-2+8) 8)])]]]) >
(-((te-a) [-1-285+45%-8) [2+65+0)) f([Le25+8)
(245 -125" [-Len) + [-2+0) (Les) [2+8) +25 (-6+ (-4+2)5]]])]) &&
0c5<1EES <O <lEka>»0EED <o <a]
Fal=se

({smmltiprodoct gf vs. sobmarket fringe gis)
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Beduce[ (- ({(c-a) [-1-26+46"-8) (2e68+8)) /([L+r46+8)
(2456% =126 (-148) s [=248) (L8] (248) +28 -6+ (-242) 8)]])) »

(=[{te=g) [=1=-25+45%=8) {lo3ﬁ-5]}f{{lo46re} (=2+45"+B5 =38
&' +2 5 (=3es) {he”}”unqﬁqluaqa-eur.u;-ur.n-:c-:u]
IZI-\:.5-\:1Eeﬁcackont[—dﬁ—zllﬁz-zid’f|:-|.51-2D.51.:|nl+1:!-rl!|5:|n12+3n1-‘5, 2]55

a>01sE0cc<ca

Hanipulate
PlotI[{((-(((c-a) [-1-26+86%-8) [2+66+8)) /((Le28+0) (246°-126" (-L+8) s
(=2+8) [Leg) (2+8) +25 (=6« (=2s8)8]])]])]) -
(={{te=a) [-1-26+46°-8) [Le36+a))/((1e26+8)
{-zna*.sa’-ae.a’»,25{-3.5} (r+e)))))). 0},
{&, 0, .75}, {&, .75, 1}, PlotLabel - "", AxesLabel -+ {"&", "8", "Rel. Qty."},
AxesStyle = Larger,
LabelStyle -+ Bold,
Plothegends -
Placed[{"Difference: Q2 (Case IT)-03(Case IV)", "Plane at 0"}, Below]],
{e, 1,1}, {=, 1.5, 1.5},
is, 1, 1]]

"

I =]
o e |

L2l

ne "

éu; ;J"J'J.a
R

L] Difference: G2{Case N}-Q3{Case V) L Plane at 0

(#snbmarket fringe g3 vs sobmarket gls)
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Beduce[ (- ({(c-a) [-1-26+46"-8) (1Le356+8))/
([Le25s8) [-2+245° 88" -30+8"+25 (-320) (L+a)]]]) »

[=[{te=e) [Le25+8) (25 [=2+8) (Les) 5 (-6+48))) ]
(2(Le4508) [=2425 485" =35+5"+25(=3e8) [Les)]]]) &k
0c5<1EES5 <O <lEka>0EED < <a]

<o lEelcdcokEa>DEElccca

(*PROFIT COMPARTEON TRELE)

(=Profits)

(#Compstat: mmltiprodoctl3s profit wvs. profit 1 premergers)
(#EED <5< LEES co<lEEbas DEED <o caw)

kaue[[-{{a {e-a)? (Le28) [-1e8) (12567425 (248) + (L+8) {z.s}]‘]/’{[luamj
[248°-128° (-L1e8) » (-2+8) [1+8) (2+8) +25 -6+ (-4+8) s}}’”] »

) {o=a)? {-liz-ﬁ-ﬂ‘:l {-1-2&.45‘-9} {-1.5} 5D <5< lEES <

[Letbes) [2-26°+pe260-07)"
8<lEka>DEED < e <a]

lcacleeldl<dcobiax>leElaccca
(#Compstat: mmltiprodoct?, 4 orf profit vs. profit 1 premergers)

kaue[{-“{e-u:’ (-1+28-8) (-1-25+458%-8) (-14+8) (2 .ssm}’]‘,"“lnsm}
[248°-128° (-1 e8] » (-2+8) [1+8) (2+8) +25 -6+ (-4+8) s}}’”] »

[_ fe-a)? (-L+285-8) [-L-25+45%-8) [-1+8) 6D <5<l EES <

[Letbes) [2-26°+pe260-07)"
8<lEka>DEED < e <a]

lcdclEedcoclEfa>»lEElccca

(#Compstat: Conglom profitli5 wvs. Premerger profit ls)

Rednee |
[_3 (c-a)® (1+248) (-1 .e}] i [_ fe=a)® [-1+26-0) [-1-26+46"=-8) [-1+8) e
(-2-25+8)% (Lat5+8) (Lea5+8) [2-45s0+250-2%)°

ﬂdE{llEE{EcliLu:ﬂilﬂCr_-{nz]

Ocecleel«S<coEfax>DeeElaccca

{=Compstat : submarket monopoly profitl? vs. premerger profit L)
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kam:e[{-“{c-u;’ (-1+26-8) (1e254+8) (46%+ [-248) [L+8) ..5{-614:5”’]‘,"
{2 ([1e45e8) [-2+44582+85°-35+8%+25 (-3+8) (1 .e}]’”} >

) jc=a)? (=ls25=8) [=1=25+45"=8) [=Lss5) ‘e

[LetE+e) [2-482004250-6°)°
Decb<lEbS<o<lEbas>DEED <o ¢af

lcg<clEel<d<osdarlealac<a
(rcompstat: submarket monopoly fringe2, 4,5, or € profit ws. Premerger profit Lx)

Reduce[(-[((e-a)? (-1426-8) (-1-28+487-8) [-128) (1+3546)%) /
((1e4508) (-2+452 288 -30+0%+25 (-348) (148))%]])

[ (c=a)? (=le25=8) [=1l=25e45%=8) [=Lss) ‘e
[LetE+e) [2-482004250-6°)°
0cS5<1lEkS5coclbias0EED <o <al

OedclEadco<clefarlEslcca

(scompstat: meat monopolist profit vs profit 1 premergerw)

3 {c-a)? ] . [_ {e-a)®(-1le25-0]) [-1-25+452-0) t_-l.e]]u
Z2(L+d5+0) [Le4648) [2-45240+258-6%)"

-

ﬂ{ﬁtlliﬁ{ﬂ(liiu:ﬂilﬂcr_'-:nz]

e lEeEl«ScaRiar»lEElccoca
(ecompstat - Huoltiprodoct profit 135 vs mmltiprodoct profit? 4, orfx)
lcl:lm:l:[{-“] {e=a)® (L+26) (-1e8) (-1286°+25 (248) + (Le8) {2.5}]‘]/{[1145.9]
(245%-125% (-148) + (-2+8) [Les) (2+48) +25 (=64 (-448) s}}’”] »
{-H{c-n:‘ [-1+25-8) (-1-25+45%-8) [-1+8) [_21651-9]2]‘}'“1.45-9]
[248°-125% (-1 +8) » [-2+8) [1+8) (2+8) +25 -6+ (-4 +8) s”’”] &
D<5<1Ek6<o<lEka>0EED < <a

leaclEelcdcobia>lEElccca
(#compstat: Muoltiprodoct profit 135 vs. conglomeratel35 profits)

Reduce[ (- (3 (e-a)? (1+28) (-148) (-126% 428 (248) + (L28) f_ZoH”zJ‘/{{lt&-ﬁte‘]
[245%-125% (-148) + [-2+0) [Lss) (248) +25 (-6+ (-448) 9}}’”] 5
-3[;'-{:}2 {L+25) [-1+8)

uu:§<1&:§<ac1uu:u:&ncr_-<a]
[-2-26+8)" (Lo 2dvs)

False

(#compstat: Moltiprodoct profit 135 vs. Submarket monopolistl? profitw)
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Reduce[ (- ({3 (e-a)® (1+28) (-148) (-12567+25 (248) + [149) (2 .a”‘]!‘{{l.&a +8)
[248°-128% (-1 +8) » [-2+8) [1+8) (2+8) +25 -6+ (-4+8) a”’”] >

[-[{{c-n;‘ [-1+28-8) (L+25+8) (467 [-248) [Les)+s {-6-45]]’]/‘
|:2 (1e45e0) [-2+445 488 -35+87+25 (-3+28) (1 .e”‘]”u
D<5<1lEkb<o<lEka>0EE0cc<al
[D-:.Ei-—lfﬂr#_l':iﬂcﬁcEEEu:h']EE']t:tn] 11
[—l11.’3_:.&-:lEiRn:-ut.[EZflE']EI-rEEEEF—lﬁe‘—E:HE"—E:!DE“—lEEEI"lelDEI"rlEE-EI“r

260 -170¥ - 8ol - 5% + (264 + 1622 0+ LUGE 5° - 1176 o¥ - 2080 o - 4224 05 -
272 0%+ 1488 57 + BO4 8" - 106 9% - 24 5% ) mL + (1276 + 24800 & + 2166 &% -
26325% - 11706 5" - 781607 + 369 0% + 2084 87 + 1012 0% - 232 5% - 128 5% m1% +
[-122- 16008+ 11236 0% + 10256 67 + 9184 5 - 2264 0% - 4600 55 - 592 87 + 512 8% + BD &%)
#11+ [-89728 - 28160 5 - 80 &% + 64 256 &% + 56 224 & -
2474 5° - 17566 5% - 2422 8% + 1202 &) w14 »
[-9216-202760-12246 5% + 35200 5 + 26268 &% + 1600 5* - 6012 5% - 512 &%) w1«
{25408+ 412165 -102 016 5% - 199248 8% + 11 904 &* + 26 BE4 5° - 4006 8] =10+
(21988 + 1020260105084 0% - 1226225% + 14236 6% + L2822 0% m17 +
[-2E 916+ 445420+ 2229765% - 041607 - 5EE0 &4 ) mL? +
[-460B0-79872 5+ 273406 6% - 55296 8%) #1%+ (-9216 - 135166 5+ 24 576 &%) R1™% +
{36864 -73728 ) H1' + 36 BE4 B1Y &, ﬁ] dcoEEa> &R0 <c -:.:}|
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Manipulate [Plot3D

{((-((3 tc-m* (1426) (-146) (-1282 425 (246) + (146) (246))°) /(1446 +0)

(248°-128% (-148) + (-246) (L+e) (240) +25 (64 (-4 40) 8))F)]) -
(-(((c-a)' (-1426-8) (142648) (4674 (-248) (L48) +5 (-sue))')/
(2(144646) (24487488 -3046° 425 (-340) (146))%)))). 0},

{6, 0, .75}, {8, .75, 1}, PlotLabel + "", AxesLabel «+ {"6", "6", "Rel. Profit"},

AxeszStyle -+ Larger,

LabelStyle = Bold,

PlotLegends -+
Placed[{"Difference: Profitl35(Case II)~Profitl2(Case IV)", "Plane at 0"},

Below]], {e, 1, 1), {a, 1.5, 1.5), (=, 1, 1}]

C.D B
a [} o
.IE )

[ Difference: Profit135(Case H)}-Profit12(Case IV) [J Plane at 0

(#compstat: Multiproduct profit 135 vs submarket monopoly fringe2,
4,5, 0r 6 profits)
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lcl:'ln.ce[{-{{] {e-a)® (1+28) [-1+8) (-1256%+25 (2+8) + (L8] (2 os”'J‘/{{loéﬁ +8)
[248°-128% (-1 +8) » [-2+8) [1+8) (2+8) +25 -6+ (-4+8) s”’”] »
[-H{c-n:‘ [-1+28-8) (-1-25+456%-8) (-1+8) {1.35-5]’];"
“1.45.:5} [-2+48 488" -384+5"+25 (-348) |1 m].J‘”}r.:
D<5<1Ekb5<0<lika>0&k0<c<al

Oceclael«S<oEfarDeElccxa

(rcompstat: Hultiproduct profit 135 vs. meatmonopolist profitw)

lcl:'ln.ce[{-{{] {e-a)® (L+25) [-1+8) (-1256%+25 (2+8) + (L48) (2 .s”’J‘{{{l.J‘a +8)
(248°-128% (-Lee) » (-2+8) [Lee) (2+8) +25 -6+ (-4 +8) s}}’”] »

[ 3 {c=a)®

EED < S <lEES <8 <1Eka> 0850 <c<al
2(1e454+8)

Fal=se

(= multiprodoect profit? 4, orf vs. conglomeratel35 profitw)

kaue[{-“{e-u:’ (-1+28-8) (-1-25+458%-8) (-14+8) (2 .ssm}’]‘}'“h{sm}
[248°-128% (-1 e8] » (-2+8) [1+8) (2+8) +25 -6+ (-4+8) s”’”] »
_3;.-_--4:}! [L+25) [-1+8)

EE0<5<lEiS<oclEba>0EED e <a
[-2-28+8)% (Lr45+5)

Fal=se
(smmltiprodnct profit?, 4 orf wvs. Submarket monopolistl? profits)
Reduce[(-(((e-a)? (-1426-8) (-1-26+48%-8) (-148) (2+6548)%) / [(1+45648)
(245 -125% (-148) + [-2+0) [Les) (248) +25 (-6+ (-448) 9}}’”] 5
{-H{c-n:! [-1+28-8) (1+25+58) (457 [-24+8) [Les)+5 {-6.49”’]‘,"
{2 ([1e46e0) [-2+4456° 485 -35+8%+25 (-3+8) (1 .e].]’”}u

0<S<1EE5<o<l&ka rﬂilﬂcr_--:nz]
False

(smmltiprodnct profit?, 4 orf vs. submarket monopoly fringe2 4,5 or 6 profits)

ll:ﬂncl:[{-[{{c-u]z (-1+26-8) (-1-28+48%-8) (-1+8) (2 .ﬁﬁ.s}’]/“lﬂﬁ.s}
(2487128 (-1 e8] » (-2+8) [1+8) (2+8) +25 -6+ (-4+8) s”’”] -
{-H{c-n;! [-1+256-8) (-1-25+45%-8) [-1+8) {1.35.9]’];"
“1.45.9] (-2+48 886" -38+8"+28 (-348) (L »,e}]’”}r.:
D<5<lEkb<o<lEka>0EE0<c<al

Ocd<lsas<o<Root|[-45-2052-285%+ (£5+2042) 6l + (2+185) B12+ 38125, 2] &8

a>x01§E0ccaca
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Hanipulate
p1n+_1n[[{|:-“{c-u}= (-1+28-8) (-1-25+45%-8) [-1+8) {2.56+e}‘]f{{1.4a..ej

(246 -128% [-148) » [-248) [L+8) (248) +25 [-6+ (-448) a”’”] -
[-“{c-u;= (-1e26-8) (-1-26+48%-8) (-1+8) {1.36&5]‘]_‘/
{[hiamj [-2+456% 4B -30+67425 [-348) {1.5}}’}”], 0},
{5, 0, .75}, {&, .75, 1}, PlotLabel + ", AxesLabel -+ {"5", "&", "Rel. Profit"},

AyezStyle -+ Larger,
LabelStyle =+ Bold,

Plothegends =
Placed[{"Difference: Profitl (Case II)-Profit(Case IV)™, "Plane at 07}, Belu-]] '

[El lr lll [nl 1'5r l's}r {’r lr l}]

L

23

I =]
o e e

-
0.0005
Rel. Gigbiio,

-10.0005t, ;
-0.0010% e
g e A8
0.2 el i
3-4 .. "--.____ ;(.- 0.3
U.ﬁ '-.___I!_.'

[ Difference: Profit2{Case I}-Profit{Case N} [ Plane at @

({smmltiprodoct profit?, 4 orf 1 vs. meatmonopolist profitw)
Reduce[(-({(e-a)? (-1426-8) (-1-254+48%-8) (-12+8) [2 .sa.a}’]‘/“_lota.a}
(248°-128% (-Lee) + (-2+8) (Lee) (2+8) +25 -6+ (-4 +8) a}}’”] *
[ﬂ EED <5 <LlEkS <o <LlEka>0EE0 <c<al
2(1e454+8)

False
(#conglomeratel35 profit ws. Sobmarket monopolistl? profits)
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km[[_3 fo-a)? (1+25) [-L+8) .
[-2-26+8)" (Lo 25+8)

{-[{{c-n:‘ [-1+28-8) (1+28+8) (46%+ [-2+8) (Lee)+s {-6.49]]’]!

[2 [Led548) [-2+448° 485" -30+8"+25 (-348) (L .e}_j‘]”u
0¢5<1Ek5<0<1Eka>0Ek0<c<al

[D-:.-Bi-—lfﬂr#_&i-l:lcEcEE&u:-']EE']c:tu:l 11
[—l-rfﬂ_:.&-\:l&iRnut[ﬂflﬁQ—lD?—#ﬂE’-lﬂB"flE-El"f!El"-
25" -8+ (64+1046-1085%-244 8% -200% + 108 8% + 160% - 165" ) BL +
(184 r2005- 360 5% -384 5% » 152 8% + 120 5% - 40 8%) H1% +

[20B-2405+ 065 +252 8% - 102 &) |1 + [-48 - 12485+ 2900 0% - 284 & - 19254 mL' +
[-256 - 10288+ 1728 8% - 576 &%) 1% + (126 - 640 5 - 126 8% ) M1+
{512 -512 o) €17 + 256 61" &, 4] cH<coska>05&0 -cn:w:u:l
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3 (e-a)® [1+25] [-Ls5) )
[-2-26+8)" (Lo 25+8)
[-“{c-u}‘ (-1+26-8) (Le26+8) (48°+ (-248) (Lee)+5 (-6 ue”’]/’

Manipnlate [Ploe3D[{ [[-

(2(1+8648) (24467488 -3040°425(-349) {l.s}}’}”]. o},

{6, 0, .75}, {e, .75, 1}, PlotLabel «+ "", AxesLabel + {"5", "e", "Rel. Brofit"},

AxesStyle =+ Larger,
Labe=]lStyle - Bold, Plotlegends -
Placed|[{"Difference: ProfitliS(Case III)=-Frofit(Case IV)", "Plan= at 0"},

Below]], {e, 1, 1}, {a, 1.5, 1.5}, (=, 1, 1}]

(]

L2l

=]
e e

|| Difference: Profit1 35(Case I}-Profit{Case V) [ Plane at 0

(rconglomeratel3S profit wvs. submarket monopoly fringe2, 4, 5,or 6 profitw)

3(c-a)? (1+25) [-1.8) X

[-2-26+8)" (Le2d+8)

{-[{{n-n]‘ [-1+28-8) (-1-25+456%-8) (-1+8) {1.35-5_}’]/’
“l-lﬂ-a} (-2+48 485" -38+5"+25 (-348) |1 m].j‘]”n

nqﬁ-f.lliﬁtacliiu}ﬂilﬂ{c-:.z]

_—

OceeclEel«S<cosfax>leeElaccca
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(#conglomeratell5 profit vs meatmonopolist profits)
Il.cl:ln.-l:l:[

3 (c-a)? (L+28) (-1 ¢e}] 5.[ 3 (o =a)?
(-2-28+08)% (Leas+0) Z(Lea5e8)

Eiﬂt-ﬁclil-ﬁ(e{liiuhﬂiiﬂ{ctu]

Fal=e=
(=Submarket monopolistl? profit vs. submarket monopoly fringe2 4,5 or 6 profitws)
kﬂm:e[{-“{c-u:! (-1+28-8) (1+254+8) (487 (-248) [L+8) ..5{-6.43”’]‘,"
{2 (1e45e0) [-2+448° 485" -35+8"+25 (-3+8) (1 .e].]‘”} >
{-H{c-n]‘ [-1+268-8) (-1-25+45%-8) [-1+8) :.10351-9:]2]‘;‘,
“1.45-5] [-2+45% 486 -3048"+28 (-348) (L .e}]‘”}&:

ﬂ{ﬁ{ll&ﬁ{ﬂ{li&u:ﬂilﬂrr:r_'{nz]

Ocaclesel-S<ossa>»leslacca
(»Sobmarket monopolistl? profit vs meatmonopolist profitw)
kﬂm:e[{-“{c-u:! (-1+28-8) (1+254+8) (487 (-248) [L+8) ..5{-6.43”’]‘,"
{2 (1e45e0) [-2+448° 485" -35+8"+25 (-3+8) (1 .e].]‘”} >

[ 3 (o -a)?

EED <5< lEE5 <o <lEka>0LE0 <o <al
2 {1145.9]

False
(esubmarket monopoly fringe? 4,5 or 6 profit vs meatmonopolist profitw)

neance[{-“{c-u:’ (-1+26-8) (-1-28+45%-8) [-1+8) :_1.3519}’]‘,."
“1.45-5] [-2+45% 486 -3048"+28 (-348) (L .e}]‘”} »

[ 3 (e -a)?

EED <S5 <1lEES<B<1lEka>0EE0 < <al
2(1+454+8)

Fal=se

(smmltiprodoct 2 4,6 profit vs premerger profit l=)
Reduce[(-[((e-a)? (-1+28-8) (-1-28+48%-8) (-148) (2+6848)%) / [(1+4540)
(248°-128° (-148) + (-2+0) (148) (248) +25 -6+ (-4+0) 8))%)]] >

(c-a)?(-1+25-8) (-1-25+45-8) (-1+8) EEOD <5< LEES <

{J.u;a.e} {2-452 .s.aaa-e?}’
8<lEka>DEED <c <a]

OedclEedcoc]lffar»DEElccca

(smmltiprodnst 135 profit vs mmltiprodoct profit24 orfs)
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lcl:'ln.ce[{-{{] {e-a)® (1+28) [-1+8) (-1256%+25 (2+8) + (L8] (2 os”'J‘/{{loéﬁ +8)
[248°-128% (-1 +8) » [-2+8) [1+8) (2+8) +25 -6+ (-4+8) s”’”] »
[-H{c-n:‘ [-1+28-8) (-1-25+456%-8) (-1+8) {E-GE-B]’J!“I-!E-E]
(2487128 (-1 e8] » (-2+8) [1+8) (2+8) +25 -6+ (-4+8) s}}’”] &
D<5<1Ekb5<0<lika>0&k0<c<al

Oceclael«S<oEfarDeElccxa
(smmltiprodoct perofit 2,4,6 vs. submarket fringe profit Ja)
kam:e[{-“{c-n;’ (-1+26-8) (-1-254+45%-8) [-149) (2 .ﬁﬁ.a}’]‘f{f_lots.a]
(248°-128% (-Lee) » (-2+8) [Lee) (2+8) +25 -6+ (-4 +8) s}}’”] »
[-H{c-n:‘ [-1+26-8) (-1-25+45%-8) (-14+8) {1.35.9]’];"

“1.45.:5} [-2+48 488" -384+5"+25 (-348) |1 m].J‘”}r.:
D<5<1Ekb5<0<lika>0&k0<c<al

Dcd<lead<o<Roos|[-45-2056°-288%+ (26+206%) Hl+ (2+185) HL2+ 2 01% 5, 2] &5

axlsElcc<a

({esubmarket frionge profitd vs submarket profit 12=)
Reduce[(-[((e-a)? (-1426-8) (-1-28+487-8) [-128) (1+3546)%) /
“1.45.9] ([-2+48%+88°-38+8°+25 (-348) (L ve}]‘]” »
[-H{c-n:* [-1+26-8) (1+25+8) (482 [-248) [Les)+s f_-s.&u]}’]‘,"
{2 (1e45e0) [-2+445 488 -35+87+25 (-3+28) (1 .e].J‘”}u
D<5<1lEkb<o<lEka>0EE0cc<al

False

{+PRODUCER. SURPLUS COMPARTSON TARLE)

(sComparison tables: Producer Surplus  (sk&D<bclEEGcsclEbasDEEDcocas) )
(sCase 2 vs case ls)

]"E"“E[H3 {e-a)® [-1+8) {-{-1 +25-8) [-1-25+46"-8) [2+65+8)7 -

(1+25) (-1282+25 (2+8) + (1+8) {z.s}}’”‘}'
{{1 +86+8) (2467-126° (-148) + (-2+8) (L+8) (2+8) +25 (-6+ (-2+8) a}}’” >
_6 (e=a)? [=le25=8) [=1=26+45=8) [-Les) ‘e

{1-45+e} {2-452.5.259-91}2
0cS5<1lEkS5coclbias0EED <o <al

OcepclEel<dcoafarlEsElc<ca

(#Case 3 vs case lw)
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Reduce |
_E{c-u}i (1+25) {-he}] N [_E[r_'-u:}z [-1+25-8) [-1-25+45-8) [-1s5) ‘e

(-2-26+8)" (Let5+0)

[Led45+8) [2-462v0r250-6%)"
O0c5«<1lEk5<o<lEkar»DEk0<csal

e lEelcdcafEar>»lEElccea

(#Case 4 vs_ case l1s)

Reduce |
{-{{{r:-nz]z [-1+25-8) {32?.365.5‘ [-1+8) + (1e8)? (124 [-1248) &) +25 (1+8)"
(48+5 (-10+8) ) + 857 (-T+34 [-1+2) 8] »
46° (Leg) {51.29{-35+9e}]]}f
{2 (Led6en) (-2+448°+86°-30+8%+25 (-3e8) (1 .e}]‘”} »
6lc-a)? (-1+25-8) [-1-25+45-8) [-1+8)

EED ¢
leds5+8) [2-462s0e280-02)°
( ) )

5
LEES <

- 4

lEka»
0LED <o <a)

Icoclseldcdcobiarleelaccaca

(#Case 5 vs case lx)

m::'m:e[( 3 (o =a)? ] , [_ﬁ{c-u]‘ (=le26=8) [=1=25+4 5 =8) f_-l.e}]u

Z(Lea5+8) [1+48+2) [2-2452+8+258-8%)°
DS lEbScoclEka>0EED cr_--:.z]

Ocecleel«S<coEfax>DeeElaccca
(#case 3 vs case 2Zwx)

lcl:'ln.ce[
6 (c-a)f (1+25] [-1+8)
- *

(2o2eeo) (1e4220) “3 {e-a)? (-1+8) [-{-1.25-5] [-1-26+45%-8)

(2e68+8)* - (1e25) (-126%+26 (2+8) » [Lesg) {2.9”’”’-’

{{11-4.51-9} (246%-125% (-148) + [-2+8) (Le8) (2+8) 425 (-6+ (-448) a}}’” I3
0¢5<1Ek5<0<1Eka>0Ek0<c<al

OceclEel«S<coEfax>DeeElaccca

(#case 4 vs case 2wx)

205



sulprodud Magersah | 91

Reduce
{-H{c-.z}’ [-1+28-8) {32&51-365.5" [-1+8) + (Le0)? (124 [-1248) &) +2 5 (L+8)*
(4B+5 (-10+8) &) «+ 852 (-T+34 (-1+2) 8] »

45" (1a40) [S1e28 {-35+9e”]}f

|:2 ([1e46e8) [-2+44582+85°-35+8%+25 (-3+8) (1 .e}_j’]” »

(3 te-a)? (-1+8) [-(-1+26-8) (-1-26+46%-6) (2+6548)-

(L+28) (-1252+25 (248) + (148) (2 .s]}’”/"
[{1 +85+8) (2457-128% (-148) + [-2+8) (L+5) (2+8) +25 (=64 (-44+8) a”’” EE
0<5<1lEkS<o<l&ka>0EED < e <
a]
[I:I <8 %

Root [320 052 180 054 162 401 512 483 285376 - 712 821 260 621 502764 172 114 624 512 811 -
28425041 542775 664140 357 026 607 104 #12 -
104102451 265 621 752 015335 408 T6€2 BE0 817 +
30 EE0437 206 185377 687 082 205 062 126 #14 +
47 456 825581 125 607 463 086 270 938 880 115 -
1220765402 136313 069 390 T32 642 430 576 H1® +
624477466 482 4659 616 215504 270 TO6 432 617 +
74692592 620 370 352 161 626 228 77T 218 §12 H1® +
1020405213 507 256 675 016 424 521 509 632 #1Y -
15756 336 624 422 721 587 649 £94 6239 227 504 51 -
10 BO0 362 577722 B56 452 216 722 042 187 264 8122 4
27464 5TE 531320 666423216 301 614447 424 8122 4
24902815207 410 074380236 384 972 894 592 8133 -
15364036579 520 658 755214 574 964 521 616 6134 -
28307860052 647 168 559252 580 501 829 040 #1354
2631156007 122 564323 228 TH4 206 413 246 H11% +
16 B15 167 207 226 442 270 542 826 519 426 464 8127 4
3116226825742 511 480 500 634 571 272 016 #1118 -
2813565562 530720 488 870 644 526 207 040 #119 -
1017260253 T28 065 218 024 546 BOE 418 240 #1204
1417262 994 T01 645 216 503 975350 482 824 H121 -
160282342791 212171 545833 240 495 456 H13 -
1247147654 741121 079 823 265272 548 096 #1329 -
19287022 552 404 090 465 516 234 172 264 0134 +
169182427 586432 642 741721 225 346 232 Q12 +
612 821206 767 747724 964430 218 565 424 H12 4
260892230 584 555320 247 622 275 621 656 5127 4
104 366 400 754 251 711 776165 925 572 540 #128
175614427 346500 242 532 385 070 284 532 5129 -
178 855035782 124 157 787 662 555 100 196 513 -
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24044 EE0547 044252256 242 832 540 416 H19 +

21622376932 256484 48F 123196822 B60 B132 -

§260ET00L1 512052 B26 4234019184 236 173 -

17E12 261 188 81EEB5 541 278 406 226 €57 914 -

2032042252 074524175132 757844 768 1Y &

ZEDEEIZADEB12 JE0 220 GOE 040 486 728 612+ 1 055362 E48 072542 322 048 250 006 356

#1374+ 102 657824 208 868 456 876 DED 220 401 010 &, 5] EE
0 <5<Rnut[-1ﬁa=-gﬁa=-zzz gf-2T2Ei-1215t+ 580 + B0 s 2R ST - TaA0 -

6ol -glfy [-325-42207 - 1656 5% - 2756 0% - 1B24 5% + 494 5% + 1228 07 + 564 08 -
9697 -12401% - 245" ) Bl + (286 + 320 9 - 3208 67 - 9552 5° - BBZ0 &% + 1256 5° +
7256 5% + 2806 87 - 276 0% - 606 57 - 136 &%) 1% + (2292 » 4600 5 - 5328 57 -
1712665% + 4046 5% + 19 456 0% » 8624 0% - 152087 - 576 o + 160 a’] 13+

{12872+ 160325+ 3760 5% + 21120 6% + 27 €46 5% - 7202 5% - 16000 5% + 280 57 + 2560 )

#14+ [-26B8 + 18 624 5+ 77688 5% + 27 276 &' - 65020 &' - 52 864 o° - 2268 5% + 2776 &7
H19 + [-57435+11 E4E 5+ 72704 8% - 98712 &% - 40 truqa*+1512355-125145°] H18 +

(-90624-535045-106752 5% + 77568 &% + LD1 BAA 5* - 2608 2% ulT +

(192768 - 256512 9+ 112364 0% + 6E G008 5% + 55552 64) m1? »

(261120 -583020+153605° -BE016 57 ) 61" » [-156 672 » 270 336 5 - 233 472 &%) @l +

{-1E4 220 + 147456 ) H1*® + 36 EE4 1Y &, 5] szaxUssl<c<a) ||

[ngm:[zzn 052180054 162401512 492 ZE5276 - TL2E21 260 621 503 TE4 172114 €24 512 &l -

28 429041542775 604140 257 026 607 104 #1¥ -

1041024561 260621754 015335 408 T2 BE0 =Y +

40 E80 427406185277 €8T 082 205062 126 H1% +

42 406 825581 139607 462 086 370928 B0 |15 -

1220765402 136313 069 290 T2 642 430 676 101% +

6242477468 482 269 616 2155042370 TO6 232 =1t +

T469 253 620 270352 161 626228 777 218 §12 H1Y +

1020405213507 206 675016 424 521 900 £22 u1Y -

16706326624 422 T21 587 640 894 620 227 004 1o -

10E003E2 577722 E56 452 216 722042 18T 264 12 4

FT4E45TESI1 230 EE6 422216 0L 614 44T 424 112,

Z4002 815207410074 380 236 384972 804 502 m1i%

163264036579 S20E58 755214 574 964 521 616 m14 -

28307 8E0 D52 €47 168 555 292 580 501 839 040 215 4+

2621156007 122 SE4 322 228 794 206 413 246 0118 +

lEE151E7 357326 4422705423 B26 519426464 1137 +

211E22EA25T42 611 480 500 634 671 272 016 #1106 -

4813565562 030720 488 870 044 626 207 040 #11Y -

1017260253 728 060 218 024 046 GOE 418 240 5120 4

1417262904 701 E40 216 503 075250 482 824 p1¥l -

160282242701 212171 8408332 240 405 456 1132 -

12471476594 T41 121 079822 265 272 848 096 01%9 -

E19287 022552 404090 465516344 172 264 5134 +

207



Yulfprodud Magersnh | 83

1691083427 506432 6423 741721 225 346 232 518 +

613831206767 747724 964430318 565 424 u1%0 4+

4E0892 730004595320 247 €22 275 021 656 m12T 4

104366400754 2351711 TTE165 925 572 540 n12®

175 614427346509 242522 385070204 522 n12%

178055035782 124157 727 €62 550 100 10E 1

24044 EE0547044 202 256 242 822 540416 H1

21622376032 256484 48F 1223 196 822 BE0 B132 -

6260ET00L1 512052 B36424 919184 2336 01 -

17E612 261 LBA 81EEB5 541 278 406 226 657 513 -

32032042253 074924175122 757 844 768 BLY &+

ZEDEEIZADE B12 B0 220 GOE 049 486 728 12 + 1 055362 E48 072542 322 948 250 906 356

1137 4+ 102 65T 824 208 868 456 876 DED 220 401 n1Y0 &, 5] <o« lEE
0 <5<Ruut[-lﬁal-gsa=-232 gt -27285-1215% + 580" + B0 + 28 5% - T 010 -

6511 -81+ [-325-422 5% - 1656 57 - 2756 5% - 1B24 5° + 444 5% + 1328 87 + 564 87 -
9607 -124 0% - 24 5% ) 0L + (28E + 220 9 - 3208 ©F - 9502 5% - BBZ0 &% + 1256 5° +
72565 + 2816 67 - 276 8" - 606 57 - 136 8] m1¥ + (22392 # 4600 5 - 5226 5° -
17T12665% + 4046 5" ¢ 19456 5° + 8624 6% - 1520 8" - 976 6" + 160 0% #1* +

(11872 + 160325+ 3TE0 67 + 21120 6% + 27 646 8% - 7202 5% - L6000 5° + 480 &7 + 2060 &°)

H1% + [—263& +18624 0+ TTEEA 6 + 37376 6% - 65920 8% - 52 864 05 - 2268 6 + 377551‘]
#15 + [—57435+11 64E 5+ 72704 8% - 98712 &% - 40 'r-:|-|a4+1512355—125145°] a1+

(-90624 -525042-106752 8% + 77568 0 + 101 BE8 &% - 2608 5%) w17 +

(192768 - 256512 &+ 112264 57 + 6B 608 5 + 55552 54) &% »

(261120 -5830209+152605° - BEDLE 57) #1% + [-156 672 + 270 306 & - 232 472 &%) m12% 4

{-1B4 220 + 147456 8) H1*® + 36 EE4 01 &, -1] sea> 050 <c<al
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Manipmlate |
plotm[{{“-[{{e-a}‘ [-1+28-8) {325’*3535' [-1e8)+ [L+8)? (124 [-1248) &) +
25(1+0)® (4845 [-10+8)8) «B 5 [-T+34 [-Le8) 2] +
45 (1+8) {51.29(-35;99}]”’:’
{2 [Le48+8) [-2+462+88°-3048%+25 [-348) {J..a]]’]”] -
{{{3 fe=a)* [=1+a) {-{-1;25-3} ([-1-28+48%-8) (2+6648)"-
[L+28) (-1282 425 (248) + (1+8) {21-9”2”’1’“1145 +8)
(248°-128% (-148) + [-2+8) (Les) (2+8) +25 -6+ (-2+8) a”’””
o}, {5, 0, .75}, {e, .75, 1}, Plothabel = "*, Axeslabel -+
{"&",
"Rel. Welfare"},
AxesStyle = harger, LabelStyle =
Bold,
PlotLegends -+
Placed|
{"Difference: PS(Case IV)-ES(Case II)", "Plame at 0"}, Below]],

{c, 1,1}, {=, 1.5, 1.5}, (=, 1,
l]]

“d]
4l

|

-
00660
.04

(]
Rel. WeHaPel2: 5
0.00) 255

[0 T

L] Difference: PS{Case W}-PS(Case I} [ Plane at 0

(#case 5 vs case 2a)
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lcl:'ln.ce[
[ 3 (c-a)®
2(L+454+8)

[Le258) (-128% 425 [2+8) + (148) (2 .s}].’”‘,"

{{1.4.5.5} (248°-125% (-148) + [-2+8) [148) (2+8) +25 [-6+ (-2+8) a”’” &&

]:- “3 (c=a)® (-1es) {-f_-l.z&-e} [-1-285+45-8) [2+6548)° -

DS« 1EE5<0«l&ka rﬂilﬂ(r_'{nz]

<o lEelcdcokEa>DEElccca

(#caze 4 vz caze Ix)
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Reduce
{-H{c-.z}’ [-1+28-8) {32&’*3655‘[-1+a}+{1.u_j’[12¢{-1z.s}a}+2.5{1+e_]‘
(4B+5 (-10+8) &) «+ 852 (-T+34 (-1+2) 8] »
45 [La8) {51.25{-35+9e”]}f
|:2 ([1e46e8) [-2+44582+85°-35+8%+25 (-3+8) (1 .e}_j’]” >
_G[r_--u}’ (Le25) [=1e5)

EED <5< 1EES <
(-2-25+8)% (L+45+8)

8

likay

DEED ¢

[ K+

a]

[EI < 8 s-Rou-t[
ZBE3771921520 - 60321 58601625601 + 415543526192 984 12 - 1 T0Z 466 266 2098 248

H1%+ 4674979 693212380 01% - 9134457053 660 400615 + 13 236 884 740895890 5% -
14778 406076272382 0817 + 12318062 52346323713 81% - 10160 531 190 817 622 5l% +
6576956126 760 626 m19 - 3 725720 400 239 8LE §1? + 768 203 455 9B2 297 1ld 4
332 882217177 8E6 w11 - 402 228 075865 BOZ 5124 + 167 T84 757 113928 ulls -
30820704212 812 510 + 540712271424 85117 + 426022 472 481 H#120 5, 3] EE

D<&<Root[-48°-128"-Gaf+d95+6a%-a"+
(165-565"-1605%-12 8+ 1245°+ 200 - 2607 ) H1 +
(144 + 165~ 608 5% - 264 5% + 520 5" + 184 6% - 120 5%) H1* +
(992 -11205-9605% + 1280 5% + B0 6% - 48 5% 1%+
(1808 - 2222 5+ 2944 6% - 1088 &% + D6 &%) 614+
{-32-: + 8322 8+ 640 8% - 1zana=] m15 o+ [—255::: + 3968 8- 2048 a=] 1t +
{-1024 +10245) H17 + 256 019 &, ﬁ] Esax»D&E0=c :.n'] 11

[Ront[?ﬂﬁﬂ TTLE21520 - 60221 5BE0LE 256 B + 415542526192 a4 |12 -

1703486268 260248 1% + 4 674079693 212 2p0 m14 - 0134497 053 686 400 :1* 4+
13236 8E4 T40 BO5EGO H1® - 14778 406 076272382 H17 +
13318063 934622712 81 - 10160531 190617 €22 01% + 6 STE 956 126 769 £28 {120 -
3225739409339 818 ml*® + TEE 203 4559822597 B1l? + 322 @82 21T 177 8A6 H1YT -
402 226075865092 511 » 167 7TE4 TST 112 926 H1%5 - 30920704 212 B12 |18 +
540712271424 8117 + 426022 472 481 6118 5, z] <8 <lEs

Dc&<Roos[-48®-126%-Galrdast+Gat-a"
{159—5691—15093—12a"+12-|e=~+z-:|a=-235’]n_u
(142 +162- 608 5% - 264 8% + 520 6" + 184 2% - 120 8%) ml¥ +
(992 -11205-960 8% + 1280 &7 + BO & - 48 2%) m1Y 4
(1808 - 2222 5+ 2044 5% - 1088 5% + DE&4) B4 +
(-220 +832 5+ 640867 - 1280 8] #1% + (-2560 » 3968 5 - 2048 5% H1% +
{-1024 +10245) H17 + 256 11" &, 1] Esa>»DE&s0«cC :.u']
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Manipmlate |
Plot]ﬂ[{[{[-[{{c-a]z [-1+28-8) {325%-3535' [-1e8)+ [L+8)? (124 [-1248) &) +

25(1+0)* (4845 [-10+8)8) «B 5 [-T+34 [-Le8) o)+
45 (1+8) {51.29(-35+99]]”;’
{2 [Ledds+e) (-2+467+86°-30+8°+25 (-3 +8) [119}]’]”] -
[_6{.:-.:]1[1.25] (=1e8])
[-2-268+8)" [Letd48)
PlotLabel + ", AmesLabel -+ {"6", "8", "Rel. Welfare"},

)] 0}, 6, 0, .75}, {e, .75, 1},

AxesStyle =
Larger, LabelStyle -+
Bold, PlotLegends -+
Placed|[{"Difference: PS(Case IV)=P5(Case III)", "Plan= at 07}, BE].CI'I]],
{c, 1,1}, {=, 1.5, 1.5},
s,
lr
1}]

<
el
4]

Ll Difference: P5{Case W}-P5(Case I} I Plane at0

(#case 5 vs case J=)
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l:ﬂnce[

3 (c-a)? 6{=-a)f(L+25) [-1s8)
zt_l.uhaj] [

EED <5< 15E5 <0< 1EEas>0EED <o <al
[-2-25+8)" [Le2540)

e lEalcdcoffar>»DEElccea

(rcase 5 vs case 4wx)

kﬂnﬂ:[(ﬂ %

Z2(L+d5+0)

{-H{c-u;’ [-1+25-8) {325’.3535' [-1e8)+ (148)" (124 [-1248) &) +
25(1+0)® (4845 [-10+8) 8) + 88" (-T+34 (-Le0) 8]+
45% (Lag) [51.26 {-354.9&}]”}/

{2 (Let5es) [-2+48°+86°-30+8’+25 (-308) (1 .e}]‘”}u
0<5<1Ekf<0<lEba>0EED <o <

a]

<o lEelcdcokEa>DEElccca
(«COMSTMER. SURPLUS COMPARTSON TABLEs)

({#Comparison tables: Consumer Surplus (s#&EE0<S<lE&S<o<lEEka>DEE0<c<an) =)
{#Case 2 vs case ls)
Rednee |
{[: (Led46ee) (245°-128° (-Le8) s [-2+8) (Leo) (2+8) +26 -6+ (~2+8) 8)) 3
e? [L+2 5) {-1445'.2535’.2&{1 v8) (Z+8) (Te58)+
{2.39.9‘3‘-245’ {ﬁ.s{s'a”-za‘{-13'9{-9.513.5””-
Bca(1+25) {-144.5%235.5:-'25 (Lee) [2+8) (T+58) {2.33.92].’-
2457 (642 [Bes)) -25° {-13.9{-9.9{3.3””.
Ia® [Le25) {-uiﬁhznsﬁhz&{l +8) (2Z+8) (T+58) + {2¢3e¢e=}’-
24 5% [6+8 (B+s)) -2 8 {-l3iﬂ{-9iﬂ{319}}:]}’l’
{{1.4.5.9} (245°-128% (-148) + [-2+8) (1+8) (2+8) «25 -6+ (-2+8) a”’” 5
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