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Disclaimer

The views expressed herein are our own and not necessarily those
of the Bureau of Economic Analysis, the US Department of
Commerce, the Federal Reserve Bank of New York, or the Federal
Reserve System
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e What is the role of competition on technology adoption?
e We focus on personal computer industry
e Computer manufacturers adopt innovative intermediate inputs
D how does that adoption decision depend upon competition?
e We build on a literature examining the relationship between
competition and innovation
e Schumpeter: competition impedes innovation because it
dampens rewards from innovation.
e Arrow: competition drives innovation because bPrms need to
distinguish their products from competing products.
e Important implications across a variety of belds, including
economic growth and anti-trust.
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Overview of the Paper

Why analyze the personal computer industry:

Two retail computer markets:

@ IBM-platform (OPCO) (many brms)
@ Apple-platform (one brm)
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Overview of the Paper

e Document a number of stylized facts describing dilerences
across 2 markets

e Use a model to examine the importance of market structure in
explaining these dilerences

e Main result: Model predicts that competition drives faster
rate of tech adoption, in support of Arrow.
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NPD Techworld scanner data

e Monthly unit sales and revenue by computer-model
e Impute price from sales and revenue data
e Specibcations of each computer-model
(e.g. laptop, screen-size, and RAM).
e November 2001 to April 2009

e Collected from retail stores
— misses direct manufacturer-consumer sales (e.g. Dell).
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Summary of Stylized Facts

R e o

PCs \ Apple
Competitive market Monopolized Market
Frequent product entry Infrequent product entry
5 month product cycle 8 month product cycle

Sales bunched at introduction | Sales spread over product cycle
Prices decline over product cyclePrices are Rat over product cycle
Wide Income Distribution Narrow and High Income Distribution
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price

price

Hewlett Packard
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Age of Newest CPUs (Notebook Computers)

| AllCPUs | Intel CPUs

Avg. Max || Avg. Max
Hewlett Packard|| 0.8 3 11 3
Compaqg 1.1 4 14 5
Toshiba 0.9 4 1.0 4
Apple 2.9 8 29 8
Gateway 15 5 1.5 5
Sony 15 7 1.5 7
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Adoption of Intel CPUs

Age (Months)

2006m6 2006m10 2007m2 2007m6 2007m10 2008m2 2008m6 2008m10 2009m2
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Sales cdf over the Product Cycle by Brand
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Price Decline over the Product Cycle by Brand
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Empirical exercise

e Big Question: What is driving the dilerences between two
retail markets?

o Claim: Market Structure

e Empirical exercise:
© Develop a vintage-capital model
@ Choose parameters to match model to PC prices and sales
@ Ceteris paribus, switch from competition to monopoly
@ Compare modelOs predictions on (price, sales) to data on Apple.
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Environment
e InPnite horizon model
e N single product Prms (no potential entrants)
e Computers are dilerentiated by vintage; (one dimension of
di'erentiation)
e Each period, mass one of consumers arrive. They buy/not buy
and leave.

e Consumers are dilerentiated by incomg,~ U(a, b)
Demand system (Shaked and Sutton 1983,1984)

e Static problembbuy a computer or outside option.

o Utility

u -(y —pit) Iif purchase vintages Q)
y: -y if purchase outside good (2)
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Firm

(]

Single-product brms, =1,2,...,N
Beginning of period, decide on pricp;
End of period, decide if update computedy = {0, 1}

e if update, then adopt latest technology and pay bxed cost
>0

Constant marginal cost, same across all brms
State variabless, = (v1,v2,...,uN, §it)

Given competitorsO strategies, brm1,2,...,N solves
|

Vi(st) = ;T?Xt (Pt —C)Qr (P, Pry it S)+ ©))

" $ %&
3 di E[vi(sé)] —¢ +(1 —dp)E[Vi(s)] @)
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Equilibrium

e Equilibrium concept is Markov perfect equilibrium
e Focus on stationary equilibrium

e sales and prices of a computer over lifecycle to be independent
of time

e Firm strategy in stationary equilibrium

e where the lowest-quality Prm updates
o all other brms do not update

e in initial periodN bPrms each produce a dilerent computer
vintage
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Parameterization algorithm

e Pick 6 parameters to match modelOs prediction of sales and
prices over the product cycle to PC data:
@ price decline over product cycle
@ sales cdf over product cycle
@ (implicilty) product cycle length
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Model versus Data: Prices over the Product Cycle
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Model versus Data: Sales over the Product Cycle
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Single product monopoly case

e Faces same environment and same choices of price/updating
o same set of consumers
e same growth in product quality
e same marginal cost
e Big dilerence from competitive case B no market-specibc
obsolescense
e Solve for optimal prices and replacement cycle
e Compare probtability of dilerent replacement cycles over 500
periods.
e We select bxed cost to match length of product cycle
— with upper bound constraintp <" ¢
e i.e. ensures monopoly and competitive cases are consistent
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Monopolist: Data versus Model

Price decline, relative to brst month
1-2 1-3 1-4 1-5 1-6 1-7 1-8 average
D 0 -0.3 -0.6 -1.8 -40 -10.7 -20.3 -4.0
M | -0.03 -0.06 -0.09 -0.011 -0.15 -0.18 -0.22 -0.12

Sales cdf
1 2 3 4 5 6 7 8
D | 0.165 0.309 0.446 0.584 0.730 0.856 0.940 1
M | 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1
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What do we learn?

e A simple vintage capital model can capture main dilerences
between PC and Apple by only changing market structure
assumption.

— ModelOs prediction for Apple pricing strategy is
out-of-sample.

e The good bt of the model to AppleOs stylized facts, suggests
competition is main driver of dilerences in tech adoption.

e For personal computers, competition increases rate of tech
adoption (consistent with Arrow school of thought).
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Conclusion

e Document stylized facts of the computer industry

e Stark dilerences in product entry, pricing, and sales across
IBM-compatible and Apple platforms

e Vintage-capital model predicts that market structure plays a
major role in explaining these dilerences

e The model predicts that competition drives faster technology
adoption
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Parameterization

Product quality
o frontier value is normalized at 10

e Quality growth rate is bxed at 1.029
— based on MooreOs law

o ¥ is bxed at 0.01
Income
e Lower and upper income boundsa f 1, b]
e density of consumers; > 0.
Cost
e marginal cost:mc > 0

Weights across 4 updating cases;(wy, w3, ws),
where normalizevs = 1.
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Model parameters

Product quality

Frontier value v1 | bxed 10
Quality growth rate ~ | Pxed 1.029
Utility ratio ( | bxed 0.01
Income distribution
Lower bound a | bxed 1
Upper bound b | Rexible| 58.00
Density of consumers « | Bexible| 0.079
Cost
marginal cost mc | Rexible| 1.243

Entry Pattern Weights

entry every period wy | Rexible| 0.729
entry every 2 periods w, | RBexible| 0.615
entry every 3 periods w3 | RBexible| 1.360
entry every 4 periods wqg bxed| 1
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Monopoly Prices Over the Product Cycle
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Monopoly Sales Over the Product Cycle
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