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'Develop or Copy’ Decision of New Information Technology

Kyoichi Kijima
Dept. of Industrial Engineering and Management
Tokyo Institute of Technology

Abstract

The present paper aims at discussing ’develop or copy’ deci-
sion problem on new information technology in a formal way by
focusing on its unique feature.

Information technology is characterized by its unique {eature
that it cosis almost none to make a copy of it while its research
and development requires a huge amount of money and man-
hours. It distinguishes the decision on information technology
development from that on other technologies: If there is no in-
centive mechanism for encouraging the innovation the people
may well tend to sit back for emerge of new information tech-
nology and to copy it rather than to develop it by themselves.
I{ the society seeks to develop new information technology seri-
ously it has to introduce some social mechanism by which strong
incentive for research and development of new information tech-
nclogy can be provided.

We first show by using simple mathemaiical models that if
the sociely introduces no incentive mechanism it is really pos-
sible that no one leels interested in development of new infor-
mation technology. Then, after praposing several conditions,
each of which represenis desirability of the mechanism to real-
ize innovation of information technology, we formally compare
four types of incentive mechanisms in terms of them . We be-
lieve thal onr formal treatment based on intuitive but rigorous
inference succeeds in clarifying the discussion,

1 Introduction

The present paper will discuss incentive mechanisms {or encour-
aging innovation of new information technology.

The question of 'develop or copy’ decision seems analogous to
the classical but still contraversial ‘make or buy’ decision prob-
lem. However, we will focus on a unique feature of information
technology that it costs almost nothing to make a copy of it
while its research and development requires a huge amount of
meney and man-hours.

It distinguishes the decision on information technology devel-
opment from that on other technologies: If there is no social
device the people may well tend to sit back for emerge of new
information technology anz to copy it rather than to develop it
by themselves. If the sociely seeks to develop new information
technalogy seriously it has to introduce some social mechanism
by which strong incentive {or research and development of new
information technology can be provided.

The paper discusses and compares {our types of incentive
mechanisms in terms of their desirability to realize innovation
of information technology. The argument is carried out in a
formal way based on simple and intuitive but rigorous inference
since we believe the attitude is the most appropriate to reveal
essence af the mechanisms and to clarify their advantage and

disadvantage without ambiguity.

2 Desirability Conditions of Incen-
tive Mechanisms

This section begins with giving a definition of original infor-
mation technology. Since research and development of original
information technology "usunally requires a huge amcunt of re-
sources while the cost for copying it is negligible, the people
may feel no interesls in its research and development. We will
explore conditions under which an original information technol-
ogy sufficiently attracts researchers and developers whenever it
is 'socially desirable’.

Let asociety 5 consist of s people, i.e., §={1,2,...,5} and
t be information technology. We assume that every people in
the society uniformly estimate ’intellectual excitement’ created
by t to be v(t) dollars in monetary term. It means that the
people are not willing to pay for ¢ more than v(?) if they buy
it and they evaluate ¢ as v(t) if-it is in their hand., We also
suppose that they consider that the technology t is worth V' (2}
dollars when selling it.

Definition 1 Information fechnology t 1s called original if we
have v(t) < V{1).

The definition has the following implications: If the technol-
ogy is not original enough and there is another person who de-
velops a similar technology, then the interested people in £ may
possibly mave to the second innovator to purchase the technol-
ogy. In order to keep the people back the first innovator has to
propose V{t) such that V(#) < v(t).

Let us denote a set of original information technologies we
are concerned with by T. Since the present paper is interested
only in the original information technology, we assume

Assumption 1 For eecht € T there 1s one and only ore po-
tentiel innovator of ¢ in S.

The potential innovator is a person in § who has technological
ability to innovate ¢ but is not necessarily motivated economi-
cally to research and develop . We will write 4, for the potential
innovator. We assume that ; is compleiely determined by 1.

In order 1o highlight the unique feature of information tech-
nology we put

Assumption 2 The people in the society are able to copy any
t € T without any cost.

This assumption implies that the potential innovator is sim-
ply a person who has the knowledge of ¢ at the beginning point.

Suppose another n; people of the society besides the potential
innovator i; are interested in ¢. Let us denote the group of the
interested people except ¢, by N, C'S, where |¥,| = n,.
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Even if the technology is original and V(#) > #(t) holds, each
pemson in I, gets v(¢) — V(¢)/n, provided that the people in ¥,
equally share V(). To make v(t) — V(t)/n: positive n, should
be relatively large. We assume this, i.e.,

Assumption 8 For each t € T we have v(t) — V(t)/m > 0,
that is, n, > V(%) fu(t). :

Since all the people who are interested in ¢ evaluates it as v(t),
the total 'needs’ for the technology in the society is evaluated
by (n-F 1)u(t). Let C(2) indicate all the "cost’ for the potential
innovator to develop the technology. Then,

Definition 2 We say development of the technology t is needed
by the society S if the needs for t by the sociely exceeds the cost,
v.e., if we have

Ct) < (me+ Lu(t).
We will call D(1) = (n, + 1)v(t) — C(2) desirability of the tech-
nology £. .

It should be noticed that the value D(t) is completely deter-
mined the technology itself.

Even if# is needed by the society, the potential innovator may
not be willing to carry out the research activity if, for example,
only one buyer of t appears and his/her utility v(t)+V{t)—-C(t)
is negative. We will then introduce incentive mechanism as
device to activate the potential innovator.

Definition 3 An incentive mechanism M {for innovation of
information techrology) is o set of ubility functions of all the
people in the society, that is, M = {uM};cs, where for each
i€ 8 uM is a utility function from T infa the set of all the
reals.

We will denote the society S equipped with M by (S, M).

Definition 4 Lett € T. (S, M) is called to activate the poten-
tial innovator iy of the technology ¢ if we have '

Wity >0
where M = {u}].
The definition claims that under (5, M) 4, should try to develop
tif w(t) > 0.

Now we propose four desirability conditions of incentive
mechanisms.

Definition 5 We say (S, M) satisfies the individual incentive
condition of the information technology ¢ if (S, M) activates the
innovator & of ¢, whenever development of t is needed by the
saciety, or formally, if we have

D) >0=> Mty >0
where 4, is the potential innovator of ¢.
Under such a mechanism any information technology can pro-

vide incentive to the potential innovator as far as it is needed
by the society.

Definition 8 We say (S5, M) satisfies the social incentive con-
dition of ihe information fechnology t if the social surplus

SSM(t) created by t under (S,M) is positive whenever devel-

opment of £ is needed by the society, or formally, if we have
D{t)> 0= S5¥(1) > 0

 where SSM(t) is defined by

SSM(t) = Biesud(t).
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Under such a mechanism any information Llechnology can pro-
duce positive social surplus as far as il is needed by the sociely.

Definition 7 We say (S, M) satisfics technoloqy and individual
incentive compatidility if

(Ve, 2" € TYD(t} > D(t') & ul(1) > u (1))
where 4, is the potential innovator of £.

The definition claims that research and development driven by
individual interest is actually compatible with the needs of the
saciety and vice versa. In this case the individual interest always
leads the society to a desirable direction in the sense of D(t).

Definition 8 We say the society (S, M} satisfies technology
and sociely incentive compatibility if

(Ve, 2 € T)(D(t) > D(') & SSM(2) > SSM(1")

The definition means that the desirability of information tech-
nology measured by the social surplus is equivalent to that in
terms of the net social needs.

3 Incentive Mechanisms for Innova-
tion )

Let ¢ € T be given. First let us consider a social situation with
free mechanism’ where no intervention from the society are
realized. Then, 2 person, say &}, appears in N,, who first pays
V(#) to the potential innovator and then collect V@) /(me — 1)
each from other n, — 1 persons in N; to allow them to make a
copy of £. We call i} the copy organizer. In this case the copy
organizer i gets v(t) exactly.
This implies

Definition 9 We say a mechanism My = {u®} is the free mech-
anism if

v+ V() + Rt —C(@), ifi=1,
1) = w(E) + V(L) -V (), ifi=a
' ) =V({©)/(ne - 1),  ifie N - {if}
0, otherwise

where R(v(t)) represents ‘repulation’, ‘prize’ or honor’ brought
by the innovation, which is assumed to be determined by w(2).

Then we have,

" Lemma 1 If

(e + Dw(t) < v(t) + V() + R{w()) or
neolt) < V) + o)

holds then (5, M) satisfies the individual incentive condition of
t.

The condition of the lemmma represents the needs for the tech-
nology is not so high compared with the utility of its innovator,
that is, the technology ¢ is not desired so strongly by the society.
Conversely speaking, Lernma. 1 indicates that if the needs of the
soclety is higher than the utility of the innovator the society S
does not always satisfy the social development condition of #.

To provide the people with motivation for innovation even in
such a situation the society has to introduce some devices or
mechanisms.  Omne of ways to do it directly is to regulate the
society by imposing law of prohibiting the copy. Then since the
people in N, cannot copy ¢ even though they are interested in
it, everyone in V; pays V(z) for .
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Definition 10 We say a mechanismn M,
requiation mechanism if

= {ul} is the leagal

w(1) + nV(2) + Riof )) c), ifi=i
u.’(i)={ i) -V, fien,
0, otherwise

Proposition 2 Lel M; be the legal vegulation mechnism. Then,

L. (8, M)) satisfies the individuel incentive condition of {

2. (8, My) satisfies the social incentive condition of i,

In this case the utility of the people in N, is v(t) — V(1) < 0.
Hence similar to the case of the free mechanism there must
appear a copy organizer ¢;. Then the remaining people in ¥,
can get v{t)— n_(-")I Since v(t)— ﬂf)— > u(t)—V(¢) and w(t)— r{%
is positive if n, is relatively large the people may not obey ihe
law.

Another and more feasible way for the society is to enconrage

the innovation by providing subsidy K and ‘emotional praise’.
Let the subsidy mechanism I be a subsidy mechanism where X
is raised from only the people in N,. That is,

Definition 11 We say o mechanism M, =
mechanism T if

{u?} is the subsidy

K+ R'(u(2)) + V() +v(t) — (1), ifi1=14

v(t) +V(E) - V() - K/n,  fi=1

(1) = v{t) = V{t)/{ni — 1) — K/, yich
0 at}u:rwise

1

where i; denotes the copy organizer. K denotes monetary prize
while R'{u(t)) represents mental or emotional praise.

Proposition 3 Let M, be the subsidy mechanism I such 1hat
K+ R'(v{t)) 2 no(t) — V().
Then,
1. K 4 R(u(1)) is positive.

8. (S, M;) satisfies the individual incentive condition of £.

3. (5, My) satisfies the sociel incentive condition of 1.

A proof of 3. of Proposition 3 shows that as n; and/or
R'(v(t)) increases the social surplus goes up as well. It clearly
suggests that education on science and technology, which cre-
ates interests in new techunolegy in the society, plays a crucial
role 1o increase the social surplus, since it helps increase of n,.

When K + R'{s(t)) = n,v(t) — V(t) holds, we call the sub-
sidy mechanism balanced since then the potential innovatar gets
activated while the load over the people in N; is minimized.

Proposition 4 Let My I be the balanced subsidy mechanism I
Suppose thatt € T R'(v(t)) = 0. Then,

1. (8, M;) satisfies the fechnology end individual computibil-
iy,
2. (8, M) salisfies the technology and social compatibility.

M; is called a subsidy mechanism IT if it is exactly the same
as the subsidy mechanism I except that the money X is raised
as tax from all the members except the innovator in the society
S. That is,
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Definition 12 We say a mechanism My =
mechaniam H if

{ul} is the subsidy

K4+ B (e(t)) + V() +v(t) — C(1), ifi=14
%(1) + V() - V() - K/fs, ifi=q
wl(t) = u(t) = V() (m — 1) — K/, ifie N,
—{i}
— /s, otherwise

where i} 1s the copy organizer.

Proposition 5 Lei M; be the subsidy mechanism IT such that
K+ R'(u(t)) > neu(t) — V().

Then,

1. K+ R'(v(t)) is positive
2. (8, Ms) satisfles ihe individual incentive condstion of ¢

3. (8, M;) satisfies the social incentive condition oft.

Proposition 6 Letf My be the balanced subsidy mechanism I
Suppose that R'(v(t)) = 0. Then,

1, (8, M3) saiisfies the technology and individual compatibil-
iy,
2. (S, M) satisfies the fechnology end social compatibility.

Corollary 7 Let M, and My be the balanced subsidy mecha-
nism I and II, respectively. Suppose R'{u(1)) = 0 for both the
mechanisms, Then, we have 5S5;5(t) > S8,(1).

We may think that in this sense the mechanism II is more de-
sirable than the mechanism I.

The final mechanism discussed in this paper to support R & D
activities of new information technology is a project team based
mechanism, where Assumption 1 is relaxed to allow cooperative
R & D activities. That is, we consider a situation where a
project team is organized to share the huge cost C(7) of the
development and to distribute the income ¥ (#) to each member
of the team equally.

Let L C N, form a project team. Set |L| = k, where & < n,.

Definition 13 We say M, = {ul} is the k-person project team
based mechanism if

V() h +u(t) — C(8)/k, ifie L

() + V() —V{t),” ifi=i;

ui(t) = vt} — V(£)/(n: — k), ifiE N,
ey
Q, otherwise

where 77 1s the copy organizer in N,.

Proposition 8 Let M, =
based mechanism. Then

{u!} be the k-person project team

1. (8, My} satisfies the individual incentive condition of ¢ if
k> ci)—-vie)

(e

2. (8, M,) satisfies ihe social incentive condition of ¢.

8. (S, M) satisfies the technology and individua! compaiibil-
1ty

4. (5, M) satisfies the technology and social compatibility.
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