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Francois Jeanjean
Competition through Technical Progress

Abstract

The relationship between technical progress anmkgrompetition is a controversial issue in
economics. This paper highlights the fact that stiweent in technical progress is an authentic
type of competition which benefits the consumertharathan the industry. This type of
competition exists when the potential for technigadgress, which can be incorporated by
firms through investment, is high enough. Compmtitiis, in fact, made up of two
components: A static one which is known as pricguantity competition and a dynamic one,
the Technical Progress competition which also doutie to reduce prices and increase
guantities for consumers. Consequently, the econdawtors that increase a firm’s margin do
not have to be viewed as the consumers’ enemy,rdtber as an ally, under specific
conditions, because they allow higher investmentsew technology by which firms increase
their capacities and attract higher demand fromsgorers. This paper also underlines that,
for a mature market, the maximum Consumer Surgusel as Social Welfare are attained
by a constant level of combined competition whishonly dependent on the size of the
market and the number of firms. The level of corebitompetition can be defined as the
product of the static and the dynamic level of cetitpn. As a consequence, the higher the
potential of technical progress is, the lower #nel of static competition must be in order to
reach the maximum level of Consumer Surplus aniaBd¢elfare.
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1 Introduction

Technical progress is commonly considered, amongauists, to be one of the main factors
that leads to economic growth as Solow (1956). rEtetionship between technical progress
and competition is a controversial issue in ecomsmbschumpeter (1934, 1950) thought that
monopolies or highly concentrated markets were deafole to innovation due to the higher
potential for profits as well as their economiessoéfle which can be used for Research and
development. Arrow (1962), on the contrary, illagtd that a firm in competitive industry is
more willing to innovate in a new technology thapueie monopoly because the difference of
the profits it can earn is higher. A monopoly caoréase its profits from the new technology,
but at the expense of its profits from the old teitbgy. This is known as the “replacement
effect” mentioned by Tirole (1997). Moreover, theseno clear evidence whether market
concentration influences innovations more favowrakdther than less. Gilbert (2006)
indicates that this depends on market structurasticplarly entry barriers, the kind of
innovation, product innovation or process innovatiand issues such as intellectual property
rights.

In general, technological progress is regarded has sble outcome of R&D. However,
investments in technological progress are not itmvests in R&D alone, but also investments
in production capacities which integrate technymalgress. For instance, telecommunication
networks’ operators invest in network capacitied hay new generation facilities in order to
improve the service they deliver to their custom@isey do not necessarily create the new
technology and may not have even been involvetienR&D process that brought about the
new technology, yet their investment allows endsise benefit from them.

R&D is generally regarded as a process that leadmpredictable stochastic shocks on the
industry which are hard to anticipate. This exm@aiwhy Schumpeterian competition,
according to Barney (1986), has resisted applinatito strategic thinking. This is also why,
Industrial Organization models take neither theisteffects (prices, product differentiation,
market structure,...) nor the dynamic effects (inrimrg new products, new technologies,...)
into account at the same time. They separate timondifferent frameworks: On the one
hand, the static competition and on the otherdgmamic competition.

This paper will be based on the principle that steeents in technical progress provide a
means to increase production capacities (netwopaates for a network operator). This
phenomenon has become more predictable and alletdors have equal access to the new
technologies. The aim of the paper is to focusumih & context, in order to study the strategic
interactions among competitors which reconcile sketic and the dynamic aspects into a
single framework.

Over time, production capacities tend to increagmeentially. Koh and Magee (2006, 2008)
have studied the evolution of technical progreemfthe middle of the nineteenth century to
the present and focused on Information technologies Energy sectors. During this period,
the technical progress in both sectors has incdeabaost exponentially. This implies an
annual technical progress rate which is relatistgady over time even if it may vary from
year to year. The order of magnitude is clearlyhbrgor Information Technologies (about 20
to 30%) than for Energy (about 3 to 6%).

The power of technical progress in the Informafi@chnologies highlights the relevance of
the recognition of the dynamic point of view pamtarly in this sector. This paper is
organized as follows:

Section 1 is the present introduction, Section 2his theoretical model that studies the
strategic interaction from the static and dynamiings of view. It reveals an inverted U
relationship between price competition level anch&oner Surplus or Social Welfare like
Aghion and al (2002). Price competition encouraigess to invest yet, at the same time, it
reduces their investment capabilities. The highertechnical progress rate is, the lower the



level of price competition must be to maximize Vded. As a result, technical progress
appears as a type of competition comparable tce prampetition. The level of technical

progress competition is characterized by the teehnprogress rate. Competition is
characterized by two components, on the one hanthasstatic aspect which is price

competition, and on the other hand is the dynansigeet which is Technical progress
competition. Section 3 is a discussion that dewlibye idea that there is an optimal social
level of competition comprised of price competitiomumber of firms and technical progress
competition. An increase in a certain type of cotitipe leads to a proportional decrease of
the other kinds of competition in order to mainttie optimal social level. Section 4 is the
conclusion and the policy implications of the model

2 The model

Firms compete in price. They invest in technicalgoess in order to improve the value of
their product. The duopoly case will be considdiesd, to focus on the strategic interactions
then we shall generalize the modeNd@rms.

First let us consider the model from the statiapof view.

2.1 Static model of duopoly

The two firms compete in price. A total mfconsumers are uniformly distributed along a line
whose length is normalized to one. Firm 1 is lodaé the extreme left and Firm 2 at the
opposite end. Each consumer desires one unit afod.gVe assume that the consumers’
values of both firms’ productg andv, are high enough to assure a complete coveradeof t
market. A consumer located at a distarfe®m the extreme left incurs a disutility bx if he
buys from Firm 1 at pricg; and h(1-x) if he buys from Firm 2 at pric@,. h is the
transportation cost. We assume that both firms aavequal marginal cost

Each firm maximizes its profit, and there is a Nasjuilibrium where the market share of

firmi; i, joO{12}, is:

g ==+ (1)
(see annex 1)
With the conditionv, —v; < 3h to remain in a duopoly witlw; > 0
The price of firmi’s good is:

v, -V,
p=c+h+ 3 (2)

And each firm earns:

n V. —V. 2
ni:%(h+ '3 ]] (3)

The consumer surplus is the difference between consumer utility andeari



cs= n(]{l(vl —hx - p,)dx + Jl'(v2 ~h@-x) - pz)dx]

0y

_ 2
cs=n V1+V2_C_§h+(V1 Vz) (4)
2 4 36h

The Welfare as the sum of Consumer Surplus andflotl’ profits:

_ 2
w=n V1+V2_C_1h+5(vl Vz) (5)
2 4 36h

Consumer Surplus, as well as Welfare, decreasésthgttransportation cobt

Notice that if both firms propose an equal conswnealue for their offer, they will earn the
same profit. Ifv, =v, =vthen 7 =11, :n?h; p,=p,=c+hand g, =0, :%. In such a
case, consumer surplus becomes:

cs:n(v—c—%h) (6)
And Welfare:
W:n(v—c—%h) 7)

h can also be read into a coefficient of differetindia between the offers of both firms. When
h = 0, the offers of both firms are perfect substituted #re moreh increases, the more the
offers of both firms are differentiated. This driéatiation allows firms to make higher profits.
However, whenv, =v, =v, h also represents the margin. Competition is allrtiuge fierce

the lowerh is. %can be regarded here as a proxy for the intensitgrapetition.

From this static point of view, we can notice tRainsumer Surplus as well as Welfare are
both at their maximum level for perfect competitishenh = 0. Competition causes prices to
decrease and Consumer Surplus and Welfare to s&rea

The outcome may vary when we take the dynamic mdiatew into account.

2.2 Dynamic model of duopoly

Let us assume that at tinig both firms sell a good that all consumers valughe same
degreev, =v, =Vv. Each firm can reinvest a part of its profit ichaical progress in order to

improve the consumers’ value of its offer. Thisaatment can be a R&D investment or an
investment in the production capacities which aidechnical progress to integrate the good.
For instance, an Internet Service Provider canshiue network capacities by buying new
generation devices which improve the bandwidththedavailable bit rate of its subscribers.
This investment; increases the consumers’ value of the product fraah timety to vi+V(l;)
attimet; .

V(I;) represents the response of the consumers’ valtietmvestment in technical progress.
Let us assume functiov(l;) is increasing and concave and when there is nsimant there

is no improvement of consumer vall0) = 0.



At timet = tp firms investWhat is the amourlt firm i has to invest in order to maximize its
profit if firm j invest |?

Attimet = ty, firm i’s static profit becomes:

V() -V({I )Y
mt1) = g ne ) ®

The investmenk; atty is worth |, 1+ o ) at timet;. p is the discount rate.
The dynamic profit of firm is:

m(tl,li)—ll(1+p):2'}1(h+v('i);v('j)j -1, {1+ p) (9)

Firmi tries to maximize its dynamic profit, the firsder condition leads to

n2dv(l,)(, . V({,)-V({,))_ _
3 d. [h+ . J 1+p)=0 (10)

Firmsi andj face the same constraints, therefore they wilttrsamilarly, thusl; =1, =1
andV(l;)=V(l;) =V(l). Finally:

dv(l) _ 31+ p)
di n

(11)

dv (1)

Snce V(l) is concave, d is strictly decreasing. Consequently, there are passibilities

@+0)
=

according to the value o?% In comparison t3 (figure 1)

i dv (0) < 301+ p)
di n

to the investment in technical progress is too ldtve investment is too costly compared to
the consumers’ value improvement, firms do not gtwe such a case.

there is no solution to equation 11. The respohsleeoconsumers’ value

; dv (0) > 301+ p)
di _n

investmentl that maximizes dynamic profit. The response of ¢cbasumers value to the

investment in technical progress is strong enofighs incentive to invest is sufficient and so

there is a solution to equation 11 and thereftrere is a value of

both firms will invest an amount ¢fin technical progress such th \:/d(ll ) :M and
n

we can definel (o,n s a function depending on nothing but the discoatep and the
number of customernrs

2.3 Discussion



We can notice that is independent ofi, which is linked to the level of price competition
The level of price competition has no influencetba amount” firms are encouraged to
invest. However, it can have an influence on theabdity of firms to have this amount at
their disposal.

I” decreases witpp and increases with (figure 1).

dv(l)
di
v () >M Thetwofirms invest
di n
MSM Nofirm invest
d n
31+ p)
n (
Y
~
s~ ~
I* / ‘

figurel

The discount ratep , represents the valuation of the present timsmparison to the future.
The higherp is, the more the present is important in comparigothe future, and then the
less investment is encouraged. As a resuttecreases whemincreases.

However, the number of customersencourages investment, because the willingnepayo

of each consumer increases thanks to the investrreriigure 1, we notice that the line

Mincreases withoand then crosses t 0 curve for a lower value of . By
n di
contrast, it decreases withand therefore crosses tlggdl(—l) curve for a higher value of.

2.4 Reinvestment rate

Firms try to invest the exact amountin technical progress each time. When they earn a
profit higher thanl”, they have no problem doing it, but when theirfipis not sufficient,
they cannot invest enough unless they resort textégrnal source of financing. Such sources
of financing, in the long run, are costly and nastainable in this particular model, because
firms’ profits and financing needs to remain stedeélyms will never be able to pay back such
external sources of financing. In this paper, wauage that firms resort only to self-financing.
Let us assume thatis the reinvestment rate such tlmar=1"

If 77> 1 thena <1. Firms do not need to reinvest all their profits.

If 77<1”, we should obtainy > ,1but this is not possible because firms resory ¢mlself-
financing which creates the conditian< . Ibh such a casey = , &nd firms reinvest all the
profit in technical progress even if it is not scint to attain . This investment in technical



progress, which is lower than expected, will sloowd the rate of improvement of the goods
on the market and therefore restrict the Consuragsl&s growth. (figure 2)

Reinvestment rate O

1*
nh

v

n figure 2

Figure 2 represents the reinvestment matecording to the differentiation parametenhich
also represents the margin here. When the margreases, profits increase as well.

*

ﬂ:h_zn T2l = hzzLin such a casey :%sl the optimal level of investment in
n n
technical progresk is reached.

If m<l’ :>h<iin such a caseg = .1The optimal level of investment in technical
n

progresd” is not reached even if firms reinvest all theirfjiso

2.5 Prisoner’s dilemma

When we consider the global outcome, if technicagpess is strong enough to incite firms to
invest, both firms will have invested the same ampand likewise they will have increased
the consumers’ willingness to pay for their offas. a result, neither of them has acquired any
competitive advantage, therefore, at timéhey still earn the same profit as at timer spite

of their financial effort. Whereas the situationgisite unchanged for firms at the end of the
game, customers, on the other hand, have gainetdod $urplus thanks to technical progress.
Thus firms’ investments have not been advantagkmwukem, but rather for the customers. In
this respect, firms would be better off not invegtihowever they made the choice to invest,
becausenot investing is very risky in the event that theompetitor does. Fear of the
competitor urges them to invest. This is the consage of competition. In fact, investment in
technical progress, as a result, is a competitigkabiour. The amount of investmeht
depends on the strength of technical progress.Hidteer the latter is, the highéris. The
level of competition through technical progresstisn determined by . The competitive
behaviour through technical progress appears irptisener’s dilemma firms are confronted
with.

The table below (table 1) summarizes this dilemma iadicates the gains each firm earns
whether it invests or not according to its rivddshaviour.



- Firm 2 Invest Do not invest
Firm 1
o Y(O© V(D)
-1 1+ p) 18h 3
Invest
-1 1+ ) oY VO L
3 18h P
V() V(I)zj
n(+ -1(1+p)
Do not 3 18h 0
invest n(v(l )’ —V(')J 0
18h 3
table 1

The situation mentioned in the table above is sogmer’s dilemma if :

3 18h

(V) vay
18h 3

j—|(1+p)>0> I(l+p)>n(v(|) wj (12)

Equation 12 leads tb < 3”15';) (see annex 2) and by replacing (11) on the tigtmd side:

vy
(dV(I )j
di
This inequality is checked for all> ,®ecausé&/(l) is concave an¥d (0) =0 (see annex 3).
Firms face a prisoner’s dilemma since the techmpoadress is dynamic enough to incite them

pv (0) 3(L+ p)
n

(13)

to invest. That is to say if

A prisoner’s dilemma can incite firms to cooperdtéhe game is repeated. This incentive

appears whei® > n(v(l) V(I)j |1+ p) + (V(I)z —m] which means:
18h 3 18h 3

2
> ﬂ (14)
91+ p)h
By replacing the right-hand side by equation 11

V(I7)?

I* >—*
3h(dV(I )J
di




Equation 14 shows that the incentive to coopenatecases withh and decreases with .
Both kinds of competition, Price competition andchieical progress competition tend to
reduce incentive to cooperate.

3 Consumer Surplus and Welfare in dynamics

In the dynamic model, investment in technical pesgt even if it has no impact on firms’
profits it has a great impact on Consumer Surphgs\Welfare. Improvement of firms’ goods
increases consumers’ willingness to pay. As botmdi prices remain unchanged, the
Consumer Surplus, i.e. the difference between tiee @mnd the consumers’ willingness to
pay, increases.

Social Welfare, defined as the sum of Consumer I8sirpnd firms’ profits, increases too
because the firms’ profits remain steady, whereassGmer Surplus increases.

Investment in technical progress increases theurness’ value of firms’ products.

Let us assume that &tthis value isv, at timet; this value is upgraded tg =v, +V (I . At

. : h .
timet,, it becomesy, =v, +uV(l )and consumer surplus, = v, —c—% (equation 6).

The dynamic Consumer SurpluSS$ is the discounted sum of static consumer surples o
time and the disounted consumer surplus at tie

Eu = CS“ - - Csue—ln(1+p)u
1+ p)
therefore
= [ 5h —In(1+p)u
CS= nj V,7C—— € du (15)
0 4
then
n V() 5h h_2n if h< 2l
= V,—Cc—— | withl = P (16)
In@+ p)| In@+ p) 4 Y
static consumer surplus I if h> T

(see annex 4)
From this equation, contingent on the level of @@ompetition, the variations of Consumer
Surplus can be deduced. There are two possibls:case

When 7<1” = h<i, firms reinvest all their profit then =n_2h. In such a casd,
n

depends on the margih,When the level of price competition decreasemcreases and the
static consumer surplus decreases. However, adime time, the investment capabilities of
firm, | increases and compensates for the static decreaseresultCSincreases. (figure 3)

When7=1" = h> A, firms can attain the optimal level of investménthereford =1".
n

In such a casel no longer depends on the marghm, Only the static portion remains
dependent oh. Therefore, whild increasesCS decreases. (figure 3)

Likewise, we can calculate the dynamic Welfare as:



hn 21

S LN . 4 ) EFRVRPIL L) YR n (17)
InL+ p)| InA+ p) 4 i h>2L
static welfare n

(see annex 4)

CSattains its maximum level farnin(ZL,h;S)andeor min(ZL,hjv).
n n

With h, the value oh which maximizes Consumer Surplus wher 2
n

and h,, , the value oh which maximizes Welfare whehn = 2
n

(see figure 3)

A

Surplus

27 hy h, | h
n

figure 3

We can prove thaﬂrl < h;¢ < h, (see annex 5)
This property highlights that the Maximum Consun$mrplus or Welfare is attained for

*

h= ZL in other words fot™ = 77.
n

3.1 Law of maximum Welfare conservation

Let us denotey:%, y represents the substitutability coefficient betwefirms which

represents the indicator of the level of price cetitjpn.

Maximum Consumer Surplus and Welfare are achieoed f

2yl” =n (18)



y represents price competition ahdechnical progress competition. Equation 18 hidtikg
that the product of those two kinds of competiti®gonstant and equal to the market’s size
divided by 2. Now 2 is the number of firms. We gaave that equation 18 can be generalized
to N firms (see annex 6) and becomes:

Nyl =n (19)

Equation 19 means that the product of the two kofdsompetition and the number of firms
must be equal to the market’s size in order to m&a Consumer Surplus as well as Welfare.
This also means that the two kinds of competitidaypa symmetrical and inversely
proportional role in Welfare maximization. The hégh’ is, the lowery must be. Ifl" is
multiplied by a coefficientymust be divided by the same coefficient in ordem@aintain
Consumer Surplus and Welfare at their maximum level

Eventually, Competition is composed of both typesampetition, Price competition can be
regarded as the static component of competitiontaoknical progress competition as the
dynamic component of competition. The number aghéN reinforces competition in both of
its components.

The level of competition which leads to the sod@ptimum is proportional to the market’s
size and inversely proportional to the number ahé. For a given market’'s sizeand a
given number of firmdN. The socially optimal level of competition is congtand not nil. It

is equal to the product of its static and its dyitatomponentsy/| . (figure 4)

I” depends on the strength of the technical progitissan exogenous parameter, upon which
policy makers have no hold. However, they haveghsinfluence over the static parameter
of competitiony. That is why the author of this paper believelicganakers should strive to
adapt the static component to the dynamic one.example, the dynamic component of
competition is particularly high in the Informatieechnology sector according to the Koh and
Magee (works 2006, 2008). This high level of techhiprogress suggests that the static
component of competition should be lowered.

N=2
y
c NE3
2 n
B Optimal level of y=
Q — competition curves *
£ - NI
(@]
‘5 LY
=
(0]
C
o
Q
E g
8 Over competition
Qo
S
%)
Under competition —————
Dynamic component of competition "

figure 4



In figure 4, competition is represented by its te@mponents which correspond to the two
axes:” andy.

. n . .
When competition falls below the curye= N the optimal level of competition is not

attained, because there is not enough competthanis “under-competition”.
When it is located above the curve, the optimaklex competition is not attained either
because there is too much competition, this iSdker-competition”.

When the technical progress is not dynamic enotigms are not encouraged to invest
I =0. In such a case, the optimal level of competitoattained whem or y'tend towards
infinity, in other words, for a state of perfectngpetition. The result of the static model is
found again. When the dynamic competition is migsionly the static component remains.
The corollary is that when the static competitismil, the dynamic component should tend
towards infinity. This also would be a state offpet competition in its dynamic version.
However, this is a theoretical point of view beafisms’ resources and consequentlyre
both necessarily limited.

*

Notice thatDN;& < h, <hj, can be proven (see annex 7)
n

3.2 Sustainability of competition

When there is over-competitiotN y1” > n, firms cannot sustain the amount of investnient
in technical progress. They invest as much as tia@yof a certain amount of monéy |
such thatN y | =n. However, they are encouraged to invest more. [Eaids to a tension on
the parametersN and y Firms are incited to lowerN, market concentration, or
¥, productsubstitutability, in order to reduce the tension.

In case of under-competitiolN y1* <n. Firms can invest without reinvesting all their
profits. This situation is sustainable even if Qangr Surplus and Welfare are not optimized.
There can be an opportunity for new market entrﬁNf+1)yI* <n. However, when the
market strays from the social optimum, ConsumeplBsrand Welfare decrease more slowly
into the side of “under-competition” than into teele of “over-competition”. Indeed, the
slope ofCSandW is steeper foh < NI~ than forh > NI

lim 225 - 1im Z2 and [im 22> - [im 2 (see annex 8)
ho NI - ah ho NI+ ah ho NI = ah ho NI+ ah

3.3 Performance unit price (Hedonic price)

The improvement of firms’ products at a constamntepleads to a price decrease for a constant
level of performance.

Let us assume that performance&jsat timety andK, at timet, . Firms invest an amount of
money,| at each stage of technical progress which leadgd¢chnical progress raté] sych

that:



Ku B Ku—l

K (20)

r(l) =

Notice that, at the end of the game, the situatbrfirms is unchanged, even though

Consumer Surplus and Welfare has increased. Thauscas repeated each time and firms’
investment remain constant, (inflation is not tak&ie account). The technical progress rate
also remains constant. This is consistent withMIie works of Koh and Magee (2006, 2008).

From performance at tintg, Ko it can be deduced that the performandg &, is:

Ku = K0(1+ T(l ))U
Let us assume that consumers’ values for firmstpets is logarithmically related to their
performance. This is a common assumption whichbleas confirmed by Peter Reichl, Bruno
Tuffin and Raimund Schatz (2010). Therefore, it bardeduced that:

In(K,) =In(K,) +uln(l+z(1))

with v, =In(K,);V, =In(K,)and as a resu¥ (1) = In(L+ (1))

The price of the goods remains constgmtc+h but the price of a performance unit,
P, decreases. The price of a performance unit at finsethe price of the good divided by the
total performance 4.

p c+h

s “

Figure 5 illustrates the evolution of performancieg over time according to the level of the
two components of competition. For this figure, agsume thd, = .1

Rt h<2l™ ----
C+hy, h=21" —
ceor T A—
c+hl\\

o

Perfect static ., __
competition h =0

figure 5



Under conditions of perfect static competition, ti@t price of performance is lower than
under conditions of imperfect static competitiortret beginning of the period of time, If
h=0; P, =c. But the unit price of performance remains coristaer time because there is

no dynamic competition. The imperfect static cortet allows the rise of dynamic
competition that improves performance. Under imgerf static competition,
performanceK ,increases exponentially over time and thereforeg tmit price of
performance decreases exponentially as well. Teiesaand lowest decrease is attained for
h=21"under optimal investmerit=1". For h<2l", investment is not optimal and the
technical progress rate is lower than expectedofeance increases more slowly and then
the unit price of performance decreases more slaslyvell. For h > 2I" the investment is
optimall =1 but nothing more and static competition is ineffitly lowered. As a
consequence, the unit price of performance is mighehe beginning of the period of time
and will remain higher over time than whar 21" .

Such unit price of performance decrease has begmighited by Koh and Magee. Three
examples, the prices of computer memory, bandwaitl computing performance have
dramatically fallen.

Computer memory: Price of Mbits (in US $ 2004) nfir@420 in 1952 on a magnetic tape, to
$8.75 10" in 2004 on an optical disk.

Bandwidth: Price of Kbps/km (in US$ 2004) from $&61billion in 1858 by telegraph, to
$440.41 in 1951 by TAT(undersea cable) and $3.04°1ii 2002 by Apollo (undersea cable).
Computing performance: Price of the instruction pecond capacity (in US$ 2004), from
$1000 in 1951 with UNIVAC_| to $8.5 1%in 2004 with Athlon 63 3800.

Due to the fact that computer component pricesdameasing, the hedonic price index of
computers (of comparable performance) is also dsgrg in France as well as in United
States and figure 6 illustrates that the evolutibthe index is quite similar.
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However, even if the hedonic prices of computenrgehapidly fallen, the average price of a
PC has decreased much more slowly. The graph bgigwe 7) illustrates a year by year
comparison of the price variation rate of PC (blackve), the hedonic price index (grey
curve), and the performance improvement (white €urv



Year on year evolution of PC price index

Evolution of PC price index
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figure 7

Performance evolution is the difference betweeneb@ution of the hedonic price and the
evolution of the average price of a PC. The slowrelese of the average price of a PC
compared to the stability of the price used inni@del above, arise from the growth of the
PC market which is not totally mature yet even lie OECD countries such as France.
Indeed, the economy of scale allows the PC industlgwer prices.

Furthermore, we can notice the dramatic acceleratidechnical progress from 1997 to 2000
which coincides with the Internet bubble. The inwents in technical progress were very
important during this period. Investments exceettet financial capacities of the industry
which was not sustainable in the long run. Afte@@ehe rate of technical progress decreased
and fell heavily below the pre-bubble level.

The following example, Internet access in Frandmws a quasi stable price of internet
access with an exponential decrease of the hegoicie index (figure 8).

Average price of Internet access
(France)

25,00 Access price

Price of Mb/s
10,00 N— (Hedonic price)

€/month
(=Y
o
o
o

Source: Author appraisal from ARCEP and Enov Resedata
(see annex 9)
figure 8

Internet Service Providers’ investments in netwegdpacities in order to implement the
technical progress allowed them to propose morenaok internet bit rate connectivity to
their subscribers.



In the same period of time, the static competittonthe market tended to decrease as time
went on, as illustrated by the increase of the iHeahl index for the corresponding period of
time. Therefore the dramatic fall in the price oMdb/s is more due to technical progress
rather than price competition. (figure 9)
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figure 9

Figure 9 highlights a positive correlation, 20%jveen the Internet access price and the
Herfindahl Index but a negative correlation betwéss hedonic price (Mb/s price) and the
Herfindahl Index, -35%. Static competition appedarfiave only a limited impact on hedonic
prices even if it seems to have a large one onrlateaccess price. The primary cause of the
decrease in the hedonic price clearly stems fratnieal progress.

3.4 Limits of the model

This model, based on a hotelling competition, pmessithat the entire market is covered, this
is a mature market. When the market is not totallyered, competition is not the only
incentive to invest, the conquest of newcomersni®teer one. In such a case, if there were
increasing economies of scale, marginal costs ghoetrease as the number of newcomers
increases, and prices should decrease, as illedtiatthe example of Personal Computers.
Moreover, a monopoly also has an incentive to invescause the monopolist's margin
increases with the consumers’ willingness to pay.

Nevertheless, in case of imperfect competitioneittive to invest to gain newcomers tends to
vanish when the market approaches maturity. Alsothe end, thanks to the constant
improvement of the performance of a good, a maakeays becomes mature.

4 Conclusion

Technical progress improves the services and gdbds firms provide and increases
consumers’ willingness to pay. In mature markédis improvement essentially benefits the
customers. Indeed, competition, more precisely,féae of the competitors, urges firms to
invest in technical progress without increasingrtheargin.

Competition has two components: a static one, knaw/ price competition, and a dynamic
one, known as technical progress competition. Whehnical progress potential goes beyond
a certain threshold, the investment in technicabpss becomes profitable and the dynamic



component of the competition appears. When thenteah progress potential is not high
enough, investment in technical progress is nofitalde and the competition has only its
static component.

The intensity of dynamic competition is determingdthe amount of investment firms are
encouraged to invest. This amount is independetiteofevel of static competition, it depends
solely on the potential technical progress of tigustry. This potential is particularly high in
the information technologies. For a given numbefirofis, the maximum level of Consumer
Surplus as well as Social Surplus is attained faromstant product of the two kinds of
competition. This competition product multiplied bye number of firms is equal to the

market size: Equation 1 y'1~ =n.

When the competition product is higher, the maflees a structure of “over-competition”.

This over-competition structure is not sustainabléhe long run and finally firms invest only

the maximum amount they can, but that lowers theeahtechnical progress.

When the competition product is lower, the marleetef a structure of “under-competition”.
This under-competition structure is sustainabldowers the level of Consumer Surplus a
little, but to a lesser extent than “over-competiti Consumer Surplus and Social Welfare
are better off if the competition product is ddittoo low than if it is a little too high.
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51 Annex1l

Utility for a consumer located at x to purchaseessively firm 1's and firm 2’s goods is:

U, =v, - p, —hx
U, =V, - p,~h(l-X)

The indifferent consumer is located at x such that U,

1 v,-v

Xx="+ 2+p2_p1
2

2h 2h
x is the market share of firm 1 and (1-x) the mastere of firm 2

_1+V1_V2+ P, = Py

g, =
2h 2h
o, =£+V2_V1 + P~ P,
2 2h 2h
V. — V. s
As a result firm i's market share forj 0{12} o, S B L B
2 2h 2h

Firm i's profitis 7z = (p, —c)o,

The first order condition for the maximization abfit leads to
dzz _h+v,-v,+p, -2p +c
dp, 2h

And as aresulp; =v; -v, +2p, —c—h

=0

Same manner from the profit of firms, = (p; —c)o;



We can writep; =v, —=v; +2p; —=c—h
Now we replacep; in the expression op; and p; in the expression o,

. Vi—V< V. :
We obtain: p, = 3 ~+c+h andp, = ’3 +c+h

V. -V,
As the result we obtain equation (&) = % + I6h !

52 Annex?2

Let us break down the equation 12 into three inktipga

1) n(m+ﬂj—l(1+p)>o

3 18h
2)0>-1(1+p)
_ V()E V()
3) I(1+,o)>n( 18 3 ]
The first inequality becomemvéI ) (6h :3?‘1/0 )j >|(+p)

If 1 >0 the second inequality is checked.

The third inequality becometsfvéI ) (Gh _6;]/0 )j > 1+ p)
. . V(1)

The sum of inequalities 1) and 3) leadd t& Nn————
31+ p)

53 Annex3

: _~ av(0) . .
It is known thatV (0) = 0, ——— =0 becaus&/(l) is increasing, then V() _
di (dv (0))
di

V()
av(l) daVv(1)

Equation%(ll))increases faster than [T] V(I)( B ]

& (Y

IR0
(dzva)] (dV(I)j
< 0 because(l) is concave andf(l) > 0then di* < and therefore \\_d

(dV(I))Z d
dl

dAv(l)
di?

>1

and as aresult, V(1) _, for1>0

o



5.4 Annex 4: Calculation of Dynamic Consumer Surplus atWelfare

Dynamic consumer surplus is provided by equatian 15
— T 5h —-In(1+p)u —
CS—nJ' vu—c—Z e du andv, =v, +uV(l) so:
0

CS= nj (vo +uV(l)-c- 5%‘) e "™*Adu=n j [vo -c- 57:]} e"@*Augy +n I UV (1) e gy
0 0 0

cs=n 4(v0—c)—5h+ V()
4in+p)  (n@+p))’

n V()

= A —C—S_h This is equation 16.
In+p)| In(L+ p)

static consumer surplus

Likewise, dynamic Welfare can be deduced fromstatelfare, equation w=n(v—-c —%h)

W = nj'(vu = c—gj e"™Mdu andv, =v, +uV(l) so:
0

W= nj(vo +uV(l) —c—%)e""(l*")“du = nj[vo —c—%)e""(“p)“du + n_[uV(I ye "Eudy
0 0 0

wer[Me=9=h, V()
4n@+p)  (n@+p))°

_n V(l)
" In(+ p) | In(L+ p)

+V, — C_D This is equation 17.

static welfare

21 . \
55 Annex 5: Proof of — < hCS < hN
n

dv(l)
CS_ n Tdh )5 | yign SV(D _adv() di _ndv(l)
oh In(l+p)| In(1+p) 4 dh d dh 2 d
{20
Then 9CS _ N d _J_>5
oh  2In(1+p)| In(1+p) 2
dv(nhés
oCS 0 2 _5In(1+p)

If h=h.. then— =
es then=o di 2n



We know that av(l )= 3L+ p) equation 11, ariﬂp>0;l2e, then,
di n In(L+ p)
31+ p) S eln(1+ p) S 5In(1+ p) becausee>§
n n 2n 2
dV nh;s
av (1) 2 dv(l) . - -
Then " > g . We know th&td—I is decreasing becausé(l) is concave, as a

consequencet” < n_';cs o2 < hes
n
+ +
Likewise, for Welfare‘M:oj 2 = In@+ p) and 5ind+ p) > In( p). As a result,
oh di 2n 2n 2n

dv(”hés] dv(”m] N
2, 2 ) therefore™es < M
dl dl 2 2

. 217 . \
Finally: — <h. <h,
n
5.6 Annex 6: Generalization to N firms

Let us consider &l firms’ model of price competition. Each firm idfdrentiated from the others “a la
Hotelling”. Let assumewy v,, ....., W the consumers’ values for respectively firm 1,2\ product.
Whateveri, j D{:LZ,...,N} we assume that consumers are regularly sharadesnamedi,j) where
firm i is located at one end and firjrat the otherA total of n consumers are uniformly distributed
along eacH(i,j)line whose length is normalized to one. A consulbeated at point x on the ling))
incurs a disutility ohx if he buys from firm andh(1-x) if he buys from firmj.

The ratio of consumers which purchase from fiiis

_1+Vi_pi_vj+pj

O'i_ = —
b2 2h
, N(N -1 . S ,
When there are N firms, there arez— braces(i,)) where I # . This means there are
N(N -1

2n
lines and thenm consumers on each line.

Firm i appears ir(N —1) braces.

Demand for firm q is:

_ . 2n
q —mz%

j#i



on (N _1) (N _1)Vi _ZVJ z P; _(N _1) P

j#

G = + + L
N(N-D| 2 2h 2h
2P
=+ |y —p +22 17
ql N Nh | pl (N _1)

Let us assume that each firm incurs the same ptioducostc

Firmi's profitis: 77 = (p, —¢) q,

At Nash equilibrium'% =0, this leads to

ij +HN=Dv, = >,

p = 2 = 2N-D __ and then
(N 1) .- (N_Z)Z P2
z p] (h +C) + i | J#l J#
= 2 2(N-1)
Zv

Sp =N e g D —y)+ 2

j#

@N-D(h+c)+p +(N-Dv - v,

Thereforep, = la
ep' 2N
(N-Dv, _Zvi (N=Dv, = >y,
And as aresultp, =c+h+ v—andg =i, GF
(2N -1) TN (2N -1hn
(N=Dv, =>v, ’
Finally, 7 =" | h+ i#i
N h (2N -1)

We can check this whe¥=2 and equation 3 is obtained again.

If all firms have an equal consumers’ valuationtfegir goodv, =V, =--- =V, =V then:
nh
TL=T7T, = =Tl :]7:W

The generalization of equation 9 becomes:

(N-DV(I) -3V )Y

n L
“(t,1.)=1,A+p)=—1| h+ ) -1, 1+
74 (b 1) =1 A+ p) = N1 1@+ p)

The first order condition leads to:



h+ i -@+p)=0
Nh(2N-1) dl, 2N -1 d+p)
If 1,=1,=---=13 =1 which happens when at timgall firms earn the same profit
thendv(li) = (@N-DN [+ o) . It can be observed that whéix2 equation 11 is obtained again.

dl, 2(N -1)n
dv(I') _ @N-1)N @1+ p)
dl 2(N -1)n

In such a casel " is defined by and maximum Consumer Surplus and

Welfare are reached whdn: = 77, this mean® y'|~ = nwith y:%

5.7 Annex 7 Generalization of annex 4

N
Is the equation— < h.g < h,, always true whatevex ?
n

Whenv, =v, =--- =v, =vConsumer Surplus and Welfare do not depend on uhgber of firms
because the number of customers n and prices danotccording to N.

)
CS_ n dh ) 5] i AV(D _dV({) di _ n av(l)

oh ~In(1+p)| In(1+p) 4 dh d dhv N d

n( dV(l))
Then 9CS n d ) 5N

oh  Nin(1+p)| In(1+p) 4

dv[”hES]
If h:hés thenE:OS N :5N|n(1+'0)
oh di 4n

dv(I") _ @N-1)N L+ p)

It is known that

dl 2(N-Dn

andlp >0, 2N -DN @1+ p) S 5In(1+ p)N
2(N-Dn an
nheg
av(l’ WV N dv(l)
Then d(l )> 5 . It is known that—dI is decreasing becaudgl) is concave, as a
consequence: < _”:lcs o< hes -
n

Likewise, for Welfare:



dv(nh*NJ
W _o N ) _NIn@+p) 4nqg QN‘DNﬂ+p)>Nma+p) A
on d 4n 2(N-1)n an
nh:: nhjv
dV(SJ dV[J . . )
N N nhes _nhy, _ NI L
therefore—<3 < —* Finally: — < h ¢ <
di g dl N N y n hes <hy

S a result,

5.8 Annex 8: Proof of |im@>_|imﬁ and | a—W>—|im ow

hoNIT = oh ho NI+ oh h-21"- oh ho2l™+ oh

n(d\/(')j
aCS_  n d ) 5N

oh _Nln(1+p) In(1+p) 4

im 9CS___n @N-DN(@+p) 5N
nen- oh  NIn(L+p) 2(N-D)In(1+p) 4

im 9CS__ N [_ﬂj
h-n'e h - NIn(l+p)\ 4

+p

————— 2> e; eis the minimum of the function attained for=e-1
In@+ p)

Functionp > 0;

@N -1+ p)

then N = 2,
2(N=-DIn(1+p)

> e and yet it is known thae > g , therefore

(2N -DN@+p) SN >N and as a resultlim 9cS lim 9cs which means

2IN=-DIn(1+p) 4 4 h-N'- dh ho NI+

that CNI") decreases faster whhiis a little too low rather than if it is a littteo high.

A fortiori @N-DNA+p) N >N and likewise lim M>— lim oW
2(N-DIn(l+p) 4 4 h-N"- 9h h-N"+ dh
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The chart below indicates the consumers’ interitaake in France, source (Enov research)

Bit Rate S2 2004 S1 2005 S2 2005 S1 2006 S2 2006 S1 2007 S2 2007 S1 2008
>8Mbts/s 1% 9% 14% 16% 15% 18% 15%
3-8Mbts/s 2% 8% 13% 15% 17% 17% 20% 21%

2Mbts/s 3% 13% 16% 16% 13% 12% 11% 7%

1Mbts/s 23% 24% 16% 15% 18% 19% 15% 13%

512 Kbts/s and less 60% 37% 27% 21% 16% 11% 8% 7%

This leads to the author’s following appraisallué eiverage internet bit rate (see graph below):



Avertage Internet access bit rate

Mb/s

i

S2 2004 S1 2005 S2 2005 S1 2006 S2 2006 S1 2007 S2 2007 S1 2008

The Herfindahl index has been calculated (by thiaaay from the market shares (revenues) of the
operators given by Enov research.

[ S22004 | S12005 | S22005 | S12006 | S22006 | S12007 | S22007 | S12008 |
|Herfindahl index | | 2407 | 2447 | 2426 | 2255 | 2507 | 2644 | 2689 |

Whereas, the number of connection and the reverarass from ARCEP in the following chart:

S2 2004 S1 2005 S2 2005 S1 2006 S2 2006 S1 2007 S2 2007 S1 2008
Connections (millions) 55 7,3 8,5 10,5 11,8 13,7 14,8 16,3
Revenues (€ millions) 425 527 599 722 785 949 1021 1128




