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Abstract: The concept of innovation includes a drastic transformation in business models, specifically,
switching from a conventional product-out type model to a platform type. This article proposes a simplified
dynamic model of a two-sided platform in order to gain insights for promoting this innovation. The model
is constructed with time as a variable and attractiveness coefficients as key constants governing the growth
rate of the scale of a platform. This dynamic model derives an explicit equational solution on the volumes
of the platform users (Provider-users and End-users), including an exponential function of time which
explains the typical growth pattern of this type of business. The competition between different platforms
is modeled and simulated as well. This article also provides platform owners with practical suggestions

obtained through the dynamic model.
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1. Introduction
1.1 Platform business model and innovation
"Innovation" is often understood as a novel technological advancement. But it is also recognized, especially
among business practitioners, as the application of existing technologies to a novel business model. Under
the latter context, one of notable recent innovative occurrences in businesses is the transformation from a

product-out type business model to a platform business model.

Figurel shows the profile of a product-out type conventional business model. The pattern of this business
for a provider is just providing customers with its own products (including services) and obtaining a return
(revenue). During the transition from the initial stage to a growing stage, the number of customers and the
sales volume increase almost proportionally. The growth curve of this business model is often linear and
saturated soon (as shown in the upper right corner), because a resource limitation shortly starts affecting
the provider. The provider has to increase the capacities for both production and sales to keep up with the
potential market expansion. This however rarely continues due to a concern on the over-investment risk,
which often ends up with offering business opportunities to competitors and the growth will be saturated

Soon.

niIEatage Trend of growth
Provid
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Time
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Provid
Provider d Customers Resource limitation
in capacities to provide
f Return I and sales

Figure 1 A profile of a product-out type business model

Figure 2 shows the recently emerging business model, called "platform business model". The platform is a kind
of provider, but it provides services to another third party provider (e.g. "provider-user" in the figure) as well as
end-users. The key role of the platform is to facilitate provider-user businesses by making available platform-
specific functions as well as collecting end-users to the platform on behalf of provider-users.

The platform obtains its own return as a portion of the returns obtained by the provider-users. The typical
case of this model is Apple's "App Store", which is an e-commerce marketplace only for iPhone and iPad

users and software providers. In 2016, the total amount of sales of App Store was 28 billion US dollars"
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and the return of Apple (as a platform) was estimated 30% of it. 2.2 million Apps (application software)

are offered from the provider-uses to end-users on the App Store platform.

It is obvious that if Apple does the development of Apps by itself, 2.2 million Apps should not have been
developed and the total revenue should have been much smaller. As speculated in this example, the
platform is almost free from the resource limitation in contrast to the product-out type business model. In
the period of the growing stage, not only the number of end-users increases but also that of the provider-
users does and the growth trend shows exponential curve due to the intrinsic nature of the platform business

as described in section 2.1.

Hurdles for this business model are unique, firstly the platform has to be sufficiently attractive for both
provider-users and end-users to collect the large number of them, and secondary, an appropriate return
mechanism for the platform has to be designed meticulously from the beginning, which is acceptable to

the provider-uses. In most cases, the percentage of return can be reduced but cannot be raised afterwards.

In addition to the App Store example, the successes of platform business models are actually seen in the
cases of Google (in its web advertising business), Amazon, Uber, Airbnb, Shopping-point cards, and more

that is emerging every day in other areas where innovation is happening.
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Figure 2 A profile of a (two-sided) platform business model

1.2 Related literature

The theory on two-sided platform business model was initiated by Rochet and Tirole (2003)?, and explored
by many other articles such as those written by Evans (2003)> which dealt with anti-trust matters,
Armstrong (2006)” which dealt with competition in two-sided markets, and Hagiu and Wright (2015)
which dealt with the trade-offs for a company's decision between going for a platform or conventional

business model. Those articles all focused on identifying the optimal stable point of balance in the market
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in terms of demand and pricing.

Sinha, Colombo, Shougarian, and L. de Weck (2015)® did a unique analysis on the dynamic characteristic
of the platform business model utilizing the dynamic system theory which can deal with a transient
behavior before reaching the statistic balance by introducing "t" (time) in the equation. Such a dynamic
analysis is more useful for platform business owners because after starting-up a new business, they first
need a guidance on how to grow their business before reaching a saturated stable balance. This work was
based on a detailed dynamic equation of a platform characteristics and thus no analytical simple solution

was derived.

This article also addresses the dynamic feature of two-sided platform business model. In contrast to the
work above®, this article proposes even more simplified equations which allow deriving an analytical
solution as an explicit equation that easily explains why the platform grows in an exponential manner (i.e.
network externality appears) as well as the rigorous conditions to realize such a growth curve. These results
offer easy-understanding insights to business practitioners. This article also addresses the competition

between different platforms, which is of a crucial interest of the practitioners.

2. Simplified model of a two-sided platform

2.1 Single model

We start from describing classic two-sided platform in a very simplified manner based on the model
illustrated in Figure 3. There are no price effect taken into account. Only the volume of User A (provider-
user) and User B (end-user) are the target parameters to be analyzed. The volume can be regarded as either
the number of users (for User A and B both), the number of products and services (for User A), or the

purchase volume (for User B).

User A User B
(Volume m,) (Volume myg)

Retu rn\ jPFOVide
N

Platform

. Symbiotic Interaction
‘ Amyccmp and Amgx my

-~

Figure 3 The simplified dynamic model of two-sided network

As included in the model of Figure 3, a set of simple equations is assumed to describe the interaction of

the two parameters;
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Amy(t) = B X mg(t) (1)
Amg(t) = A X my(t) (2)

where the time "#" is a variable and A denotes the increase of each parameter my4(t) and mg(t) with time.

The increase can be interpreted as either the time derivative, or the difference between the time 7+/ and .

The author calls these relationships as "Symbiotic Interaction” since this is a set of typical equation in the
field of biology describing the growth curves of two organisms living dependent each other, and is called
symbiotic. The interpretation is simple, each cannot grow without the other, and grows in proportion to the

number of the other.

The equation (the model) is simple because no price factors are taken into account and the coefficients A4

and B are assumed constant. In this article they are named the "attractiveness coefficient" of User A and
that of User B respectively. It can be pointed out that 4 and B may change in time as well as change
according to the price levels for the transactions between User A, User B, and the platform. However, we
can reasonably assume that during a limited interval of time (such as "a year") they are almost constant,
especially in a growing stage of the platform. In practice the prices cannot be changed so frequently. This
article therefore dares neglect those changes in order to derive an essential and intrinsic dynamic feature

that is easily visible and understandable.

The set of equations is easily interpreted by starting with time derivative.

L ma(t) = Bmp(t) 3)
S mp(t) = Ama(t) )

The analytical (closed-form) solution of this set of equations regarding my, (t) is the following.

my(t) = ﬁ{(ﬂmA(O) +VBmg(0))eV4Bt + (VAm,(0) — \/EmB(O))e—mf} (5)

\____ Majorterm -/ “——Minorterm —

The other solution for mg(t) is completely reciprocal in terms of suffixes A and B so that the author

skips describing it. A distinct element appearing in the equation is eVABt This explains why the growth of
platform business follows an exponential curve. It is obvious that the second term is minor due to the factor

e~VABt \hich converges to zero. This equation thus can be approximated by an even more simplified
equation as follows;

ma(t) = 5= (VAm,(0) + VBmy (0))e V4Bt (6)

An insightful result derived from this equation is that the factor of exponential growth (network externality)
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depends on VAB. The sole condition of the network externality realization is that the both attractiveness
coefficients 4 and B have to be positive (non-zero). At the same time they are multiplied each other and
thus complementary; if 4 is small then a large B can compensate or vice versa. This result alone can be of
a great value for platform owners to understand and evaluate their businesses if they can identify them and

monitor during their business growth as suggested in subsection 3.4 later.

Another insight is obtained from the term; vAmy4(0) + VBmg(0). If the initial volumes of each users
(m4(0) and mg(0)) or only either one of them is large, the exponential growth kicks-in quickly. This
explains so-called "the chicken and egg dilemma" meaning that at least one of the two initial values has to
be large enough to exploit the benefit of network externality. It is also said a snowball does not role

downhill by self-growing unless it has a critical mass.

2.2 Simulated competition between two platforms

It is believed that "Scale trumps differentiation" in the competition of platforms”. "Scale" corresponds to
"volume" in this article. "Differentiation” includes the quality, price and function which have been believed
the source of key competitiveness of a product in a conventional market. By looking at the equations (1)
and (2), it is noted that the volumes my,(t) and mpg(t) largely effect the growth of the business and quite
in line with "Scale trumps differentiation" idea. On the other hand, differentiation of products or platform
can be understood as significant contributing factors to the attractiveness coefficients 4 and B, which can

also largely influence the growth curve.

The competition between two platforms is not so intuitively predicted. This subsection starts with a
mathematical model of the competition and tries simulating the competition using a very simple tool such

as a spreadsheet.

Let 1 and 2 denote the suffixes for two different platforms; Platform 1 and Platform 2. Assume that the
market is already saturated but there is a time-dependent change in the share of the two platforms that is

to be analyzed. The saturation does not mean "stable" but expressed by the following equation for the User

A of the both platforms.
Amy, (t) = Bymp,(t) — Bymp,(t) (7
Amy,(t) = Bymp,(t) — Bymp, (t) )

The differences from the previous model (equations (1) and (2)) are the negative terms appearing on the
right hand side, which represent the take-away effect of the other platform and featuring the competition.
By adding (7) and (8), we find Amyq(t) + Amy,(t) = 0 , which means the market is saturated by the

two platforms competing each other.

In the same manner, the equations for User B of the both platforms are as follows;
Ampy(t) = Aymy;(8) — Aymy,(t) )
Amp, (t) = Aymy, () — Aymy (2) (10)

Figure 4 graphically illustrates this situation.
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User A H User B

I User A1 J User B1 User A2 H User B2
(Volume my,) | | (Volume mg,) |} (Volume mj,) (Volume mpg,) H

~ ~7

Platform 1 Platform 2

AMai1=B1*Ms1 - B2*MaB2 AMBi1=A1*Mat1 — A2*Ma2
AMaz2=B2*Ms2 - B1*Ms1 AMBe2= A2*Ma2 — A1*Ma1

Figure 4 A model of competition between platforms (for a saturated market)

We can easily simulate by introducing digitized form interpretation (i.e. replacing A with the change
between (¢+1) and (7), for example, change “Amy;” to “my, (t + 1) — my4(t)” in equation (7). See

appendix for other details) and observe the change in the volumes of both platforms.
(Case 1) See the initial volume effect having the same set of 4 and B (attractiveness coefficients)
A =A4,=20, B, =B, =0.03

my41(0) = 850, my,(0) = 1150, mp,(0) = 11000, mpz,(0) = 9000
(Initially, Platform 1 has a larger volume in User B but smaller in User A compared to Platform 2)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0 1 2 3 4 5 6 7 8 9 10

0%

mAl mA2

Figure 5 A simulated result for the shares in User A (case 1)

The figure 5 shows the share (the percentage of each platform in the total) of Platform 1 (red) and Platform
2 (blue) in User A from t=0 to t=10. Initial growth of Platform 1 is observed due to the advantage of a
larger mp(0) against platform 2. Later on, the advantage decreases and platform 1 is overwhelmed by

the platform 2 eventually as the advantage of platform 2 having a larger m,4(0) starts kicking-in with a
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delay. This is because the attractiveness coefficient of User A is considerably larger than User B, which
makes a little larger m,4(0) of platform 2 more influential than a little larger mg(0) of platform 1. This
competition ends up with 100% share of the platform 2.

(Case 2) See the initial volume effect having the different set of 4 and B
A=A, =20, B, =0.04, B, =0.03 (Attractiveness of Platform 1 in User B becomes slightly larger)

mAl(O) = 850, mAz(O) = 1150, mBl(O) = 11000, m32(0) = 9000

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0 1 2 3 4 5 6 7 8 9 10

0%

mAl mA2

Figure 6 A simulated result for the shares in User A (case 2)

This simulation used the same setting except the slightly larger attractiveness coefficient of User B in
Platform 1. The result is drastically changed in contrast to the case 1. Platform 1 continued to grow and
not overturned being fully propelled by its initial larger volume of User B and consequent rapid growth of

the both Users. This competition ends up with 100% share of the platform 1.

3. Discussion

3.1 Trial application to a real-life example

Figure 7 shows the growth curve of Amazon.com Inc.® (by dots), which has not drastically changed its e-
marketplace business style, a typical platform business since its start up, except recently introduced cloud
services (this is however still minor in a net sales). When we let ¢ be the number of years from 1997 to
2016 (i.e. t = 0 to 19), this graph is approximated by a curved line shown in the figure, which
is Net sales (M$) = 660.0e%298%¢  with R? = 0.945.
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Figure 7 The growth in Net sales of Amazon.com Inc.

The last three years are not well fit but the overall trend is almost exponential. Pease be noted that this
graph does not show the volume of users but the total revenue of the company and not directly support the
applicability of the proposed model’s equations (i.e. (1) and (2)) without any available information on the
volume of each user. This trial however suggests that the Amazon’s growth mechanism can be explained

to a large extent by using the proposed model.

3.2 Other factors possibly incorporated in the model
Equations (1) and (2) do not include terms reflecting natural exit rate of users. Let C and D be those natural

exit rates for User A and User B respectively, the more accurate equations can be obtained.
AmA(t) :BXmB(t)_CXmA(t) (11)
AmB(t) =AX mA(t) — DX mB(t) (12)

This makes the analytical solution equation very long, however the exponential terms appear as well. The
easier utilization of these equations can be done in the digitized form interpretation and simulations with a

spreadsheet.

It is not fully accurate to assume that the increase in the volume of users is solely governed by the volume
of users as indicated in the previous equations because this assumption wrongly concludes that nobody can
start a new business with zero users at the beginning. Of course the effort of the platform owner to collect
the initial users is needed aside from the network externality effect. Some may include this platform's

contribution to the equations. Such as,
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Amy(t) = B x mp(t) + f(t) (13)

where f(t) stands for the effort of platform such as sales and advertising. It depends on the type of
platform to decide whether such an exogenous effect (other than cross user interactions) has a large

influence or not.

3.3 Competition in a non-saturated market

Subsection 2.2 dealt with the competition in the market where all the users are already participating in
either of the platforms and the competition is modeled like a take-away game between the platforms. If a
platform owner starts something new and a competitor appears recently, the market is not yet saturated.
There is some take-away effect from the competitor but not so much significant as shown in equations (7)-

(10). In such a case the equations can be modified as follows;
Amy, (t) = Byympy(t) — Biamp,(t) (14)
Amy,(t) = Byamp, (t) — Byimp, (8) (15)
where B;; represents an attractive coefficient for a platform i corresponding to each mg; onits own (j =

1) and on the other (j #1). In contrast to the saturated case, they can be different from each other, in particular,

By; and By, can be smaller than B;; and Bs,.

3.4 Suggestions for platform owners

The model proposed here in this article (as depicted in Figure 3, equations (1) and (2)) still supports the
idea of "Scale trumps differentiation" while indicating the importance of attractiveness coefficients as well.
Suggestions are obtained through the above analysis and discussion to a person who runs a platform

(platform owner).

If we start a new platform business with already collected users, the platform's competitiveness will
become high. This may be realized by transforming a conventional business to a platform. If you are
currently providing customers with a specific product based on a unique technology in a typical product-
out type business model, soon or later you will encounter the resource restriction; the manufacturing and
sales force capacities will cap the scale of the business. In this stage, you may be able to transform the
business to a platform by opening your technology and let other product providers do their own businesses
based on the technology. They become Provider-user (or User A) and you become a platform owner with
initial End-users (or Users B) as your current customers. It is not so easy to keep increasing the number of
end-users so rapidly by your own effort. However by utilizing the resources of Provider-users, the total

penetration of your unique technology in the market will be accelerated in an exponential manner.

It is also to be noted that the attractiveness coefficients can be estimated (by a regression analysis)
periodically by observing the trend in volumes of User A and User B in your business. The results can be

good indicators for evaluating the competitiveness of your platform.

Depending on your business model, other factors described in 3.2 would be better included when doing

such evaluation. If you have or may have a strong competitor, it is useful to evaluate and predict the
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competition as described in 2.2 and 3.3 then feedback the results to your business strategy.

4. Conclusion
This article has proposed a very simple dynamic model for two-sided platform businesses. Although it can

be fine-tuned into more accurate models, it is still valuable to offer basic insights on;
(1) why and how the scale (volume) matters and leads to an exponential growth curve (as shown in 2.1),

(2) how the competition between the two platforms often ends up with "winner takes all" result (as shown
in2.2)

(3) how a new platform can be started up, operated, or transformed from the conventional business (as
discussed in 3.4).

5. Appendix for digitized form of the two-sided platform model
In Subsection 2.1 only a time derivative interpretation of equations (1) and (2) is described with its

analytical solution. They can be also interpreted in a digitized manner as follows;
my(t+1) —my(t) = Bmp (1) (al)

nn

In this interpretation, the term t denotes, e.g., "year", "month" or "day", and it is assumed that the change
in the volume of users (e.g. new contracts) happens intermittently at each timing "t" (e.g. annually, monthly

or daily). The analytical closed-loop solution for m,(t) of equations (al) and (a2) is as follows.
ma(t) = 5={(VAma(0) + VBm(0)) (1 + VAB) + (VAm,(0) - VBmg(0)) (1-VAB)'}  (a3)

The solution for mg(t) is also reciprocal, i.e. obtained by interchanging "A" and "B". In this case, the
second term value is not obviously negligible in contrast to that of the time derivative solution eq. (5)). It
can be large and alternating positive and negative as ¢ increases. But numerically calculated comparison

between the two terms has shown that the first term grows still faster than the second term and the overall

shape of the m,(t) curve is almost exponential being dominated by (1 +VAB )t. The condition for the

exponential growth (or geometric progression) is still the same; A>0 and B>0. The rate of growth is also
determined by VvAB .

References
1) Apple Press Release; App Store shatters records on New Year’s Day; News Room, (2017-01-05)

2) Rochet and Tirole; Platform competition in two-sided markets; Journal of the European Economic Association,
(2003)

3) Evans; The Antitrust Economics of Multi-Sided Platform Markets; Yale Journal on Regulation, Vol 20, Issue 2,
Article 4, (2003)

bk A B F13E FE1lE
Foifr g S 88 —Blia— Ho& 15 (2017.12) 32-55 H

ZAFH 201795 A 11 H ZHLH 2017410 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V—H% A KT Ty b T4 —DBE VR ADEML A F I v 7 ET L
43
4) Armstrong; Competition in two-sided markets, RAND Journal of Economics, Vol. 37, No. 3, (2006), pp. 668
5) Hagiu and Wright; Multi-Sided Platforms, Harvard Business School Working Paper, (2015)

6) Sinha, Colombo, Shougarian, and L. de Weck; A simplified mathematical model for two-sided market systems
with an intervening engineered platform, Proceedings of the ASME 2015 International Design Engineering

Technical Conferences & Computers and Information in Engineering Conference, (2015)
7) Van Alstyne and Parker; Pipelines, platforms, and the new rules of strategy, Harvard Business Review, (2016-04)

8) Amazon.com, Inc.; Annual Reports (1998-2017)

bk A B F13E FE1lE
Foifr g S 88 —Blia— Ho& 15 (2017.12) 32-55 H

ZAFH 201795 A 11 H ZHLH 2017410 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=P RT Ty h T4 — DD R AQHEMA A F I v 7T L
44

CEN

Y—H AL FTSY P IA—LBECRADEMMAAFTFIVIETIL

Ml 5B
SERFIL—ILH B RE B HIR

B :  EDRRETILOKRKBELHRE, LUbTBREO TSI C 7O AL TSy h T+ —
LEADRAYFOTIEA I/ R=230D—DEEZ D, REBLZ DA / R— 3 V&
TEODRBERDIEDITY—YA KTy F I+ —LOBEHIEIN-BHNETILEZRE
5, COETIVIEEHMZZEHEL, BARKEVLWSEHZAWVTEY, ITJaq 51—+ &
T RFA—¥] LWSZO01——DHRBEORKEEICET 2MBTEETEHTES, 20D
RATARICIE, BREIOEHEHNEENATEY, T53Y b I7+r—LEDKRAQOHBEM KRR
ZHBATED, SBICTSY b I+ —LRBOBREICOVWTOETILESZaL—2 3 VERE
TL, SNODETALLELONE TS Y b I +r—LA—F—ICRIT-EAMETREESZ 5,

XF—IJ—F: 759y brI74—L, V—HALAKTSy rTH+—L, BHETIL, Y—HY A F7—
Ty bk, RLFHA KTy b T+—L4

1. Fif
1.1 759 R IA—LESRRETIVES/ R—=D 3y

M/ R=23 0 EESE, CNETICHEVFHLLGHEHMMNES THS LEBREINDLGENS
L LML, EYDTEEREZEOMTIE, BEOEMEFLLESRAETIVICIEALED
DEFHBEINZIBELHD, BEOXRIZEWNT, BEHEBELIEA/ R—2 a3 D5 b4H%ET
RELOD—2OM, T7OFI rT7IRENSTSY P I+ —LBEADEDRAETILORET
Hb

H1E BEOTOLY F 7O MRECRIAETILORKERLTNS, COECRIETIL
TlE, T7ANA FIEHIZZOER (W—EXLE5T) ZEEFICREL, Va—2 (K /5
EIITHD. DRI ORREEANLHBTIMEIC, BEEHETLENIFIEILE L TEMT
5, COEDRRAETILOREHRIEIZDFEERMT, ¥ <CICBALTLES (B 10A
PREDNLY F"SE), BEEL, FEGKLTUY—RADFIBRNTONS FIZEEEF R
MHDIMNLTHD, BEMLBHSLXICHIET 5OIZE, TONAS FIXEEEDERTHD
MAZEOHTOLETREESHEL, LAL, BEREDIRINBESEINEH, hiFF
EAEDBARBE LA, BRELTESRRAF Y VR EHRAMIEICEDLN, I CIZHEN
BEITBICH>TLESHBEMNSZLY,

bk A B F13E FE1lE
Foifr g S 88 —Blia— Ho& 15 (2017.12) 32-55 H

ZAFH 201795 A 11 H ZHLH 2017410 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
VYA RT Ty N 74— LB R ADOHMY A T Iy VTV
45

Rt BEONLUF

FOsqy |:> BE

o
)
R ERE
. BI~DN—FJL
X EERENERFEANIC
Jansq 4 I::} E E1135) Y —20OHE

* a—2 I

1 7O589 79 RRESRAETILOEE

B2 75y b I7+—LEDRRETIV] EFIEND, EFLICHBELIZEDRAETIL
#FRLTWS, 759 b 74— LIF—FBOTAONAETHAHN, T RFa—HFEIFTHEL, B
DE=FTON/AF (D IFanNaF1—H)) I3 H—EXRZRET S, TS5y bT7+—L4
DELBRENE, TANAF1—HFITRH>TTSY FITA—ALICIY FA—H%EH S LR
2, T2y b I7A—LMBOHEZFRATESLSIZTSH2ET, T7ANAF1—HFDEDR
AEREIZTEHIETH D,

L

J0/ 45 I R REO M VR
A=Y=

14
w—>< -2 R /&m
= g )
HARg

B R BB

oA J‘ —F |
19— - WADI-Y—ICHLTH

i
l,,_,< w-> R s NMTHBE

BRIIADIN—- RV

« ISy RIA—-LADYY—
h T39RIA—- L SO

B2 (Y—HAK) TS5y bI+r—LBESRKRIAETFTILO

TS5y hI7+—L4LlE TONSAFA—HHREFDIV2—2O—HBEETD)2—2LLTHED,
CDETILOHMEIFIFEIA, Apple A% iPhone & iPad DA—H—F XUV 7 bz 77ON
A4 FDOHIZIRIMT 2EFEGITHE [ App Store] TH D, 2016 F£D App Store D5t E#ZE(X 280
BUS FLTHY Y, Apple tt®D (TS5 b IT+x—LELTD) UEA—2IEEDELE 30%T
®Hofzo App Store T35 v T+ —LTIE, 220 BADTTY (FFV4H5—23>Y T bz

bk A B FI13E E1E
v g S Ah s —BIGES— FHo%k  H 15 (2017.12) 32-55H

ZAPHE 201745 H 11 H ZPEH 2017 4510 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=P A RT Ty b T —LREDRADEMI AT v VBTV

46
7)) BTANAZA—HYhDb Iy Fa—HFARHEIh TS,
3L LY Apple HEENT7 T DRAKEEToE LD, 220 AREDT T EHKETZH &
BETERLRFTIEL, FERBET LB LGETTHD, COFIMLHRNINE LD
2, TS59 bT74—A4lE, TAFY FTIOREEDRRETIVLEEREERLRY, JY—RDFHIRIC
KBEHEHFIFTEAEZITR L, REEBICEWNTIE, T FA—YOHELIFTHRLSTANA S
A—H0HLEML, HEO LY FIXEHERZRC. Chik 21 8TRHERSETSY T+
—LEDKRRAEEDHEIZLDEDTH D,
COESRRETIVIZIEBFEDON—FILLEH D, £F, HE<0TanN/F1—HELT o Fa
—HEEDONDLETOTREBANTS Y b I+ —LIZEHL>TWWEITAIXESEL, £:
TONA F1—HIZTREINDIES5K, TS5V b IT+r—LADEYGY 2 —20HEHA%E, 4
DO LMEBIZHREF L THDELNH D, E<DHEE, VI—COLEZEILGELTILIET
ETHLEIFBIELIETERLY,
TS59 b I7A—LBEDRAETILOKINAIL, App Store LA Z %, Google (0 ILEE
DX RIZH1+B), Amazon, Uber, Airbnb, &RA > b h— FHEDEHTERICEIZT S
CENTED, ZOMIZEH, 1/ R—=230DRBETVWDHECATHAFIZEENRTLS,

1.2 BEY 58%R

Y—H A RTS5y b ITr—LEDRRAETILOEHIE, &= Rochet and Tirole (2003)2(Z
KOTRIBEIN, TDR, MEZIEDOMEZH L1z Evans (2003)?, ZICE T 55FEm L1
Armstrong (2006)?, 75w b7+ —LBOECRRAETILZHEALESEEEXREDE SR
AETIERRALI-EEOTEDERRED FL—FA 712DV TR L= Hagiu and Wright
(2015972 &, L DML > TREMNTHRA TS, ChHDHXELNTNRE, HFITHIT
BEELMEEED-ODRIRELFHADRBOIZERZTHTTLS,

Sinha, Colombo, Shougarian, and L. de Weck (2015)¢ [&, BIMIL XA TLEHEFALTTS
VI —LEDRRAETILOBMFEICET SHBOBITET o TS, B R T LER
TlE, AERIZY (M) 2BATEHIEICKY, HEMTFEISET SRIOBEMNLTEHZIR
STENTEDS, COLSHEMBINETSY P I+ —LEDRRADA—F—ITE>TELIC
BERTHD, BEHDL, FiI-HBEDRRZABLITHE, TOEDHRRAEZHR ST TREIIKE
TEREFEHICEZESEBICIEES LS LVWAWERTIEMHAET ILEIZLEEINLTHD, =
DHMXNET Ty b TA—LEFHOFHELTBMNARRICESNTEY, Thd 2 BMLHTAEL
BEHhANTULVEL,

AL TEY—HA FTSY FITA—LEDHRRAETILOHMGHHBEZEIY LITHA, LED
WX EIFELGY, FYBMELEZAEXZRET S, ChIT&Y, T3y b T7+—LHIEHE
HHMICHET S (Thbhbbry FT—0NEBENEREND) BHEZRSICHAT 2HRMLATE
RICH T LBHAEE, TOLOIUHRRMBZERTL-OOBRBLGEFHLEEEETHT I EMNT
BEERY, TOHRE ERERIHLTEBLOTVVAREZRETE S, £, XX TIL,
TEREEFORTHICELDEY, BG575y b7+ —LBOBREICOVTIHIEIY LIFS,

bk A B F13E FE1lE
Foifr g S 88 —Blia— Ho& 15 (2017.12) 32-55 H

ZAFH 201795 A 11 H ZHLH 2017410 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V%A KT Ty b T = DME VR ADHEME A F I v 7 ET I

47
2. BfEL=Y—YALA KI5y FIT+—LETIL
2.1 B—ETIL
MOIZ, @3ITRTETIVICEDE, BEMLGY—H A FT5v b T4+ —LIZDNTIBIRICH
e L TERBET 5, C o TlE, EHRHEICOVWTIEEZELLL, BITOXNERELBINSTA—4
[Fa1—H—A (FANSL1—H) L1—H—B(TY F1—Y) OREL T THD, BELL,
1—H—OH (A—H—A 1—F—B OWH) TH, BRELF—EXOH (A—F—ADBAE),
BAE (A—Y—BODHFEE) EZEATHELLY,

1-H¥-A 1-Y-B
(FRUR my) (BUR mp)

u9—>\ / Best
g

TS5YRIA=A

HAEMBEER
AmyuxXmp and Amgxm,

3 B Li=Y—H4A1 FTS5Y b T+—LOBMETIL

HOETIVICEENTWVERY, ZDO2ONFA—2OBREERAEZRTTSH-6H, UTOXSIC
ML=ty FERET S,

Amy(t) = B X mg(t) (1)
Amg(t) = A x my(t) ©)

ZCT, BRECIIEHRTHY, AIFINSTA—Fm,(t) Empg(O)FNEFNDRBOFBIZHES S
ERT, EOIEHBMAEBRLTEEIWL, BRI +1EtEDEEEZTH L,
EFINLDERE THREMBEERI EES, EWVVS501, ChITEMZEOLEHT, HL
[CTERFELTERLTWS (CERELES) 2FBHOAEYMORRMEEZRTHEMNLAELD
Y bEMLTHD, COBRIIEMT, WIFhEHBEFLAZTAIERRTET, BFOHICL
BHILTHRET %,

COARBRK (ETIL) FEMTHS, MEOEREZEELTLEWLL, RE AL BEEHE
LTW3=HTHD, RBXTEINLDOREZEZITNTAI—Y—A L21—F—B D IEHE
B} LR, AL BIEBEOBRBIZHE>TELRT ZAEENHD E VSRS, 1—H—A &
1—H—B OROWMEITOMIELANILOTSY hITA—LIZIELTEDLD E VS IERBAIEET
HH5, LL, BRon-#MKN BRIEL M1 F] &L BolE BTy FI7+r—LDOREE
BREIZHE T, FEAE—ETHDIERELTHREELS L, R, BHREZTNEZEEEICE
BTERW, LEA-T, AXTIE, BTRTICICEBTEEMTETELLS5GAREMNMND
RENLBHNLTEEEZESHT 0, HATINODEIFERITZLIZT S,

e=Ety il F13E 15

Bl g L Ab A d B — Fo%k  F 15 (2017.12) 32-55H

ZfFH 201745 A 11 H ZHH 2017410 H 13 H

WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=P RT Ty h T4 — DD R AQHEMA A F I v 7T L
48

COAEXtY ME, BEMINSBRONERZITHERTE S,

ema(®) = Bmy (D) ©)

Zema(0) = Amy(0) @

COFAERXEY FOm, ()BT 2BFREEILUTDBEY TH S

my(t) = ﬁ{(\ﬂmA(O) +VBmg (0)) eVABt 4 (VAm,(0) — VBmy (0))e‘mt} (5)
N ~ J N\ - Y,
XHeH LT X 5

45— HDme(t) ST HRIE, FFE AL BETRTHICLELDOTHE0, & TIEHHH
EEBT S, COAEXODTHIZHCERILeVBiTHE, chick>T, TSy ITH—ALA
ESRRADBENIEHBEHCEANHRBEINS, 2 BEDIET 0 [TINET B Fihe VABIA
HD-H, BRTEHIETHASIZEIFHATH D, LEHLA-T, COAEKXFUTOLSIZE
HICHEMAEARKICE >TEUTHIIENTE D,

ma(t) = ﬁ (VAmM4(0) + VBmg(0))e V4Bt (6)

COARBRRAND, IBHERMEE (R 7= 50481 ORFIIVABITIRET D E LSRR
[CEALEBRENEIMD, 2y FT—U0N M EZERT IME—DOFEE, BARK ALV B
NI nt (EATHEWY) EDETHDIZETHD, £z, TASIEEWVIZ#HITEHLELSATL
5NDT, WEMLRERIZCHS, D2FY, ADNSITINIEBERECT S ETHERESINSL,
FHEELRYID, COBRLITTE, TSV M I+—LA—F—ICL->TMENKELZID
LY S5%5, ESRADBREDBICINGZHELERTLHILENTENIL, EDRRZHEAE
L 5 L THRILONGTHD, NIZTDWNTIE 3.4 EiTRET %,

512, VAmy(0) + VBmg(0O)DEN S EFARAE LN S, FEA—F—DRIDHEE (m,(0)
& mp(0)) OWEA, HHAIWEIWNWTh—ALRKETITNIL, BHEABVEELZRIZIHED, =
NIEWbhp B TIAEMN, ZT RUDREN] OCLUTTHD, THHLE, Ry FT—2 58
DHRREENZESEBRZIE, ZODMNHPED S VLG ELFARTRICKELETHEITNIE
BoBEWLWDTHD, EEXEEHIBEORETIISELBINIE, REFEA>THFICKELL
B EIFHL, EEEDNS,

222075y b7 4—LBOFHEVIaAL—Pa Yy

T29 b7+ —LDFEETIE TERXENEICEL EEAONTWVS D, [E] (X, XX TE
SETAHD THIE] ITH1=-5, TERME] (X, REOTIETHROELHEEIDREEALONT
=1, RE, @K #ELETHDI. FERXOEQZERD L, EDRRODEEFREM, (OB

bWk i F13E 15

Bl b it —BGiSA— Ho%k 15 (2017.12) 32-55H

ZfFH 201745 A 11 H ZHH 2017410 H 13 H

WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=P A RT Ty b T —LREDRADEMI AT v VBTV
49
FUM(IZ&DETAHNKEL, TEFEIMEICED] OB YBTIEFELIZ LA D, —
A, BREOTIY I+ —LDOERERF, BHARBABSIY BICEXLGEEE5Z25AFTH
EEZBN, N3 FARBIRICKESEET HARMELH S,

ZONTIy b I+ —LEDFEEE, ERNICFATELIZEEELL, AETIK, FIHEE
HEMIZETIEL, RTLYRO—FEEDTKHEEY—ILEZANVTHRFD I 2 L—
AVERAD

LE2EZDDELD TSV M IA—L (TS5 bTH—L1ETSY FIT+H—L2) DRF
ERTLDET D, THET TITAIRELDS, BAREOZD2DOTZY FI+—LDV T
(FEFFEDREBITIRFLTELRT DD ET S, AL [REI] ZEKRT AT TEEN. BT
VR IA—LIZBEFE21—F—ADARBRKXIUTOLS KRS,

Amy, (t) = Bymp,(t) — Bymp,(t) ¢))
Amy,(t) = Bymp,(t) — Bymp,(t) (®

FRDETIL (ARKXOEELTQ) EDEWNE, BILIZHIANDETHD, ik, £5—
FDTS5Y b IT+r—LICKDERYDHMETHY, REEZEHEOTLI2EDTHD. (NEO®ZEE
hEdE, Amy(t) + Amy,(t) = 0THBZ b b, Thlk, EWIFHEWNWESZo>0TS
YR ITA—LIZK>THEMNBEML TSI LEEZELRLTLS,

BRI, TSy b I7+—ALIZEITE2A—F—BOARRIIUTOLSI1ZH S,

Ampy(t) = Aymyq(t) — Aymy, () 9
Amp,(t) = Aymy, () — Aymy, (t) (10)

B 4 (S EEDIKRZRR LT,

|

) )

‘1—'b‘"—A1 C1-¥-B2 J T b‘ A2 H —*f B2 H
(FRAE m),) | FREmg) | (FRAE m)y,) (FRUR myg,)
X f R_f
TSubT4—LA ‘ T59bhTr—L42 ‘
AMat= B1*Mae1 — B2*Ms2 AMsi= A1*Ma1 — A2*Ma2
AMa2= B2*Ms2 - B1*Ms1 AMae2= A2*Ma2 — A1* Ma1

4 BHEELEY—HYA RISy 7 +r—LDEFHETIL

ENABREFBEATELICE>TAFHDEWVEDBDEILTEEMRZ D, B ZIE, “Amy,”
F my(t+1) —my O ICEEBRZ S, FHLIEMNERESR), BHICVIaL—2arETL,
MTSY R I+ —LTORBEOELEFBRTES,

bWk i F13E 15

Bl b it —BGiSA— Ho%k 15 (2017.12) 32-55H

ZfFH 201745 A 11 H ZHH 2017410 H 13 H

WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=Y A FFT7y b7+ =B ECVRADHME A T I v I ET IV
50
(r—2Z1)
A& BDOtEyY b (BHZRE) PELCTHSEEIC, MHRENEZLSMREHERT 5.
A, =A4,=20, B, =B, =0.03,
my,(0) = 850, my,(0) = 1150,
mg1(0) = 11000, mp,(0) = 9000
(T29bTA—L1ETS5YbTH—L 2ICHELT, 2—F—B BV THHELKE
{, A—HY—=AITHWLTIT/NELY)
51& t=0MBt=10FTH, 1—HF—ADTIYrIT+&—L1 ) TV rTtr—L2
(F) O z7 (AFHEICHT R RZDTT Y T+ —LOBRBEDLE) #RL TS,

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0 1 2 3 4 5 6 7 8 9 10

0%

mAl HA2

b A—H—ADYIT7DIIalL—2aviER (5F—X1)

LUETSY b IT+—L 1 BAEELTWDIEIZRMAL., ZhiE, mg(ODEN TSy T+
—L2EKYEREVEVNSIT RN T—IUDHE=HTHDB, TDHE, TOT FENDT—DIE
AL, DWNMZTSY b IA—L 1 XTIy FIT+—L2ITEVBEINE, L, m,(0)D
ENRKZENEVNSITIYRITA—L2DT RAVT—AEBNRTHNTL 3E=HTHD, Lt
H5, 1—H—A OBARENLI—HF—B ICERTHEYREVDT, mgONTSy kT4
—L1TETFEB->-TWAZEEYE, mOBN TSIV R IA—L2 TETH O >TWAIEDA
DRELEEBTEOTHDI COFEFETSIY ETA—L2MNL 7% 100% L THRT L1,

(r—=x2)
A& BOty FHRGDHGHEIC, RVDHABENEZL5MREHIRT D
A=A, =20, B;=0.04, B, =0.03 (A—H¥—BIZxTETS5Y b T+—L 1 DBHEHE
LLECEE)
ma1(0) = 850, my,(0) = 1150,
mp1(0) = 11000, mp,(0) = 9000

bk A B FI13E E1E
v g S Ah s —BIGES— FHo%k  H 15 (2017.12) 32-55H

ZAPH 20175 A 11 A ZEH 2017 410 H 13 A
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=Y A FFT7y b7+ =B ECVRADHME A T I v I ET IV

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0 1 2 3 4 5 6 7 8 9 10

51

0%

mA1l A2

6 I——ADYTT7DIIaL—YavER (F—X2)

CDVIaL—2arvTHRLMEHREEZERLEZY, TS5V b IT7+r—L 1 TOI—H—BD
BARMEDLDTMNCREC LERBRIE ¥—R 1 EELELKBREDZEDELE->TLS (A 6),
To39vbTr—L1E BROICI—Y—BOREARENILLE, HBRELTHADI—Y—
NERICERLEZIENRBALELGY, BEINDIIELERERK T, COBRFETTS v
FIA—L 1ALz 7% 100%EFLET LT,

3. BEE
3.1 REHETOHITHORLT

712, Amazon.com Inc. D RHIEZRTTAY F L1z 9, Amazon [TRIABHTELEFR L
BENNZIWI SV FH—ERERE, RAZUNCABNLETSY P IA—LEDRRATH
BEFHBOEDRARAAILEBIRIZER L TULVELY,

t & 1997 FLIBROEHLET HE (t=0~19), DT T T(E, BPICHBETRT LIS, UTF
[CE-oTELUEN S,

5 L& (EF FIL) = 660.002989,
R2=0.945

RED 3 EMIEELRICEETEESHZVD, 2AMNLTERIZIZZEHEHITHD, CDTS

INRRLTWLWADEFEHDFTY LIFTHY, 22— —DHRBZEERL TLEDITTIEEL,
A—H—DHREZEICEAT 5EHENENORABITRETDIETILOFER (Thhst, K&
K(©2) DELUMEEEMITTRL TIELAEL, LML, KETIE Amazon DR A h =X LHR
EETUICE>THGY DEEFATES LV SATREEEZRLTLS,

bk A B FI13E E1E
v g S Ah s —BIGES— FHo%k  H 15 (2017.12) 32-55H

ZAPH 20175 A 11 A ZEH 2017 410 H 13 A
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V—H% A KT Ty b T4 —DBE VR ADEML A F I v 7 ET L
52

200000

180000

55 £F (M$) = 660.0e%298%

160000

140000

(M$)

——
=
=,

120000

il o

100000

ol

80000

60000

40000

20000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
t (1997 F LA D#ZBE)

7 Amazon.com Inc. DflisE EEDRE

S2ETIICHARAENDTEEMRD H S ETDOEF
AREXODEQIIZE, 12— —0BRBLERERBRLEBEAZENTULEL, CBEEUVDEE
NENI—H—A L1 -BOEABLERLTDE, FYEHGAEXNFTOND.

Amy(t) = B X mg(t) — C X my(t) (11)
Amg(t) = A X my(t) — D X mg(t) (12)

hizklY, BRBOARKMNFEEICRLGDLD, BRERZRZRICEZRNS, TOZILEKIZEL
STHRLRATILY FO—FTOYIaL—2avETAR ChoDARBKXEZLYBRISE
ATE%,

ARDARERRXTHE, 2—F—DOREDEMN L —F —DRELFICEESN D EHREL TV
N, TNERLICEEEFEALGL, GELGL, COREICEINEWHOIL—F—AEODIG
BIZEFHELGESRREBO LI ENTELVNE WS BRBERELINDLTHDH, BARLEN
5, *y FIT—UNBEDHREFRIZ, TS5V IT+—LF—F—ARIDI—F—Z2FD
2ENETILENHD, COTZY b I+—LOERE, UTOLSICAHARRICEHTEE
W55,

Amy(t) = B x mp(t) + f(t) (13)

SCT, fOIF BELLRELV LTIV I+ —LOBAERT. COLSA (—H—

bk A B F13E FE1lE
Foifr g S 88 —Blia— Ho& 15 (2017.12) 32-55 H

ZAFH 201795 A 11 H ZHLH 2017410 H 13 H
WHESE  IDFE T 108-0075 HURHTPEX HEFE 2-14-14 4l A > % — 7 ¢ SF E-mail: yoshiaki.ichikawa.rb@hitachi.com



Simplified Dynamic Model of Two-sided Platform Businesses
V=P A RT Ty b T —LREDRADEMI AT v VBTV
53
FOHEEERUND) NEAEOMRNIKRESEETINESINE, TTv b T+—LDFELIC
&5

3.3 AL TLVERWLWTHIBICH (T 55%SE

228 TR/ =DIE, IRTHOA—HF =BT TIZLWTIALD TSy b T+—AIZSMLTUS
TIETORMETHY, BEIE TSy b7+ —LBOERY EHOKLSITETIVEShTz, 24,
TS99 b7+ —LFA—F—DMAHFH LI EFIRD, MEEFIREICHE >TEHEA LT DL,
MBEELBERML TOEL, BEERFICLIERYDHMRIEIN ohH L, AER(T)~(10)
TRLULEZEERELERL, COLIBHEEIZIE, ARKXZUTOLSIZEETE D,

Amyq(t) = Byymp(t) — Biomp,(t) (14)
Amy;, (t) = Byymp,(t) — Byympy(t) (15)

CCT, BjldT3y b I4—LitDOmgIcBT5BNRETHS (BHDLDIL =), fhbd
FDIE i), BANLTVWATIBEFELY, CASEEWIELZ>TEY, IS, By EBlE
By EByp & UHIMNENEEZ NS,

34 75y 7+ —LBEE~DRE
ABXTRELEZETIL (B3 PRXORUKQ) F, BHARBOEEMEZRLDD, G 2
FZERMEICHEED] EWSEZAIZFELTLD, CNETICHRREZSMOEEN TSV b T
F—LEBEE~NDEONDTENFELND,

FT, HoMLOHLI—HF—FEDERETHLLVTS Y FI+—LESRRAZRRILIE T
59 b7 +—LDOBEEFANTELED, Nl BRFEOESRRETSY b7+ —LBIZHRET
BLETRETESHEEZOND, BT, HEOBMICESI(HENEREZBERFICIRELTL
A% (MEMLGTOFY F7DRE) THNIE ONTYY—RFWNICETETE2THA5, §
BhHhs, BERNFLEIEENDESRAOBREDLREZROTLES, COERET, TOH
MERARLT, HMOBERTONSMFTICZOEMERIZLTELBEDES R R EThEd L&
W ZOREGZTONA A I TAONA T 1—Y (Thbhba—H¥—A) &Y, Bk BEDE
HOBEZMHOIY Fa—4 (Thhba1—H—B) L LTEWVWRAALE TS Y b7+ —LFd—
F—EHd, BRHOBALETTIV FA—YOHEZIRICELETIDIERSTIEBEWLS, 7
AN A 1I—HDYY—REFRAITNIE BHOBMBEMEEHEHNEENTHBIZRES
B5IENTES,

T, A—H—-A L1 —F—BOBRBIZEDL S BIERNESNEINEERATNIEL BHZR
#HEx (ARDWICE-T) THMICHET D ENTED, COMTEDHERIL, BHOTS v b+
T+ —LDBEENEFHET 52 L TORIFOEIZLELY 55,

ECHRRAETIVIZESTIE, COXKSHHTEIZ 32 THRAFESHMOEAFEEEL=IZSA
BWMEELHDH, L LEALGHEEMEN WD, HHIVWEIHTLKHEBEINSIGEICIE 2.2
2.3 THRRIzK S ITHREFRREFTME FRAL, TORREEEHRIZCTIA—FN\YIFTBHIEN
‘RIZIIDIEA S,
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4. HEER
ABXTIK, V=1 KTy h T+ —LEDHRRIIRHT HEEICHEMEL-BMNETILER
ElLfz, MABRZTAREIYERGBETVCTELELARTH SN, COFETHUTIZH
L TEAMGREZRMHT 5DI2KILD,
(1) 2 RR) OFEME, ThrENBERNGHRMRZL-0ITEHALAZE (21 58)
(2) Z20T7Z v F 7+ —LEDOFHEED, LIELIE THERYES) OBRELGLER (225

BR)
B HELITSY b I+r—LDIALEIT EBE, HDLIWIBFEODECRANSOHREDHE (3.4
SHR)

5. 48k : V—HA FTSY FITF+—LETILOESFEK
218 TIE ARKXQOEQDEMMNICEZBIREFZDBNBOAERLEDLN, CALIEFUT
DESIZERAERRIZE>THIRTEHELEELTES,

my(t + 1) —my(t) = Bmg(t) (a1)
mp(t+ 1) —mp(t) = Amy(t) (a2)

CORIRTIE, BtIZ TEITAITA] HEZERL, A—F—DBREDELL (FRIBHULTE)
FENFNDtDEAIVYT (ER AR, BREE) THRIRMIZEET HEDET B, HEER
@DE LV @2DmM,(t)ICEAT 2BFTRIIUTDOEY THD.

1 t t
my(t) = m{ (\/ZmA(O) + \/EmB(O)) (1+VAB) + (VAm,(0) - VBm;(0)) (1 - VAB) }
(a3)
mg(O)ICBAT SEIIFERTHY, A & B #XBTHLTHELBND, CODHY—ARTIX
(1-VAB) DHET 3 2 BEOENER, BEMASORG)DBE LIERAEY, BLMICERT

EHERFBAGL, ENKREVFEEILHYSDHL, tDEBMIHFVEENANBDLLAIREMEND
%o LWL, ZONHEHZHEMICHELTHRT HE, ©EY 1 FEOEDAN 2 FBENHEK

YEHEREMT 578, m,(t) DERFRI, (1+\/ﬁ)tlziﬁﬂéh’c, ERELTRITFEAEEHR

BE#MERE TS, EHEAN (FLHEHIN) RROFHEFPEYELT, A>0H9DB>0 TH
%, RRENABTRELRLERALTH D,
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