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Graduate institude of Management of Technology

National Chiao Tung University

Abstract

In new product development (NPD), fuzzy front end (FFE) refers to the
process in formative stages of new product concept. FFE is key to the success
of NPD. Not only can it improve the effectiveness of new product
development, but it also saves time in new product - development. Literatures
touch upon this stage, but they barely take deep look into the clear processes
in execution. The original brand manufacturers (OBMs) target customer needs
to define product specifications. Taiwan’s industry consists mainly of OEMs
(original equipment manufacturers) and ODMs (original design
manufacturers). = Ambitious = manufacturers are encouraged to evolve
themselves intor  OBM by differentiating —products = and establishing
brandnames, so as to add value to their products.

This paper analyzes the critical success factors of NPD, as well as the
strengths and weaknesses of existing NDP models. The authors, by exploring
ways to outvalue competitors, construct the originative need-based fuzzy
front end of innovation process (nFFI) that fits the domestic ecosystem. nFFI
includes three procedures and six steps. Three procedures are (a) extracting
target customer needs; (b) establishing differentiated product/service concept;
and (c¢) planning research and development roadmap. Six steps include (1)
setting the theme areas; (2) observing and analyzing trends; (3) transforming
trends into demand scenario; (4) translating scenario into need attributes; (5)
converting need attribute into products/services; and (6) plotting R&D
roadmap. The nFFI model, which revolves around differentiated
products/services, was tested and implemented twice in large scale at

Industrial Technology Research Institute (ITRI). The first implementation
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covered five themes, while the other focused on four product categories. The
operation process has been refined three times, thanks to the feedback gained

from the experiments at ITRI.

Key words: patent value, persona, Fuzzy Front-end Innovation, NPD
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Abstract. Technological innovation-is-characterized by the substitution of new technologies for
full-fledged ones in the development of new products, processes and techniques. Global TV
market is seeing a price down-spiral for FPD(Flat Panel Display) -TVs, replacement of CRT by
LCD, and consumer’s defection to larger screen. The LCD-TV market started in Japan from 2003
and took off globally from 2005. LCD panel production is moving toward larger sizes. In the
357-39” size market, the price/performance ratio of LCD-TV is better than that of PDP. The
purpose of this paper is to estimate the demand function of worldwide big-size (35”-39”) TVs
including LCD and PDP with an explicit consideration of market competition. The demand
function was estimated using Lotka-Volterra model, a famous competitive diffusion model. The
results exhibit a kind of predator-prey relationship, in which the PDP market was hunted by LCD
product. In addition, the coefficients of difference equations of Lotka-Volterra model in this

analysis are also used to forecast the future market of the big-size LCD and PDP.

Keywords: Lotka-Volterra model, product competition, simulation and forecast.
Introduction

TV is the entertainment center of living room. LCD TV doesn't have a "tube" like
traditional CRT TV-set, that makes it ultra thin and light. The LCD-TV market was first
seen in Japan in 2003 and leaped high in the world market from 2005. The trend of global

TV market is (1) faster price decline for FPD-TVs, (2) a steady shift from CRT-TVs to
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LCD-TVs, and (3) larger screen sizes. LCD panel production has progressed to larger
sizes every year from 6G in 2004 to 7G in 2005 and 8G in 2006. In the 35”-39” size market,
the benefit over cost of LCD-TV could compete with PDP.

Technological innovation is testified in the development of new products, processes
and techniques so that emerging technologies often substitute for more mature
technologies. LCD-TVs are not only to substitute the CRT-TVs in mainstream 32” size in
2007 but also rely on the mass production with fast price decline to compete with
PDP-TVs in bigger size as 35-39” or below 50” segment.

The purpose of this paper is to estimate the demand function of worldwide big-size TVs
including LCD and PDP with a comprehensive consideration of market competition. The
demand function was estimated using Lotka-Volterra (LV) model, a famous ecological
competitive diffusion model.
model and data
Lotka-Volterra Competition Model

Lotka-Volterra model competition-model [1] describes the competition of two species
that compete for the same limited living resource: As the result of the limitation, their
maximal populations have a ceiling limitation. It does not matter whether the competition
exists or not.

When the competition does exist, the interaction can be expressed in the two

differential equations, as follows:

ax _ aX-bX*—c XY
dt (1)
ar_ a,Y —bY* —c, XY
! (2)
Where X and Y are the populations of two competing species at time t. And ai’s(i=1,2)
are the birth rates, which describe the increasing abilities of these species while
consuming the same resource. bi’s are the limitation parameter of two species. Here ci’s
are the interaction with the other species.
Discrete Analogue
The Leslie/Gower model [1,2] is a difference equation for exhibiting the same dynamic

competition as does the Lotka-Volterra model. In this paper, we use the exponential

discrete form [3] of Lotka-Volterra model as follows.
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X(t+1) = X (0)exple, - X (1)~ 1Y ()] 3
Y(e+1)= Y0y expla, - B,Y ()~ 1, X ()] “

Where ao; and B; are the logistic parameters for the single species i when it lives alone.
And this model couples two interspecific competitions terms y;Y(t) and y,X(t).

It turns out that solutions of the discrete dynamics model for competition populations
obey the same four-phase portrail alternatives of the Lotka-Volterra competition model.
Estimation Of Lotka-Volterra Model

We can use the exponential discrete form of Lotka-Volterra model and to evaluate the

demand functions of the global 35-39” market LCD_TVs and PDP_TVs. The non-linear

least-square method of software Eviews was used to estimate the coefficients of the model.

The estimated coefficients and the related statistics are shown in Table 1.

TABLE 1. The estimated coefficients and the related statistics of Lotka-Volterra model (2004q1-2007g4)
LCD PDP
Parameters Coefficient  Std. Error t-Statistics |Parameters Coefficient Std. Error t-Statistics
o 0.173735 0.419341 0.414305 0y 0.082524 | 0.027718 2.977233%**
B 2.75E-05 1.27E-05 2.165837** Ba 3.10E-06 1.70E-05 0.18255
Yi -0.000113 0.000206 -0.547542 Ya 3.89E-06 1.95E-06 1.993981*
R’ 0.996199 R’ 099788
F 1703.576*** F 3059.538%***

*p<0.1, **p <0.05, **%p <0.01.
The relations between the coefficients of the Lotka-Volterra equations (3) and (4)
shows thaty; < 0 will make the value of interactive item -y,Y(t) positive, equivalent to
increase in LCD-TVs shipment. And thewvalue of y, is bigger than zero, making the
value of interaction item -y,X(t) negative. This'leads to the conclusion that competitive
relationship between big-size LCD-TVs and PDP-TVs may be a Predator-prey mode [4] in

Table 2.

Table 2. The types of competitive relationship
Interaction term
Mode Definition
T Y2
Symblosis A win-win situation + +
Predator-prey On serves as food for the others + -
Pure competition Both species suffer from each other's existence - -
A itic t f relationship in which ies benefits fi th
Commensalism Param ic type of rela 1(.ms ip in which one slfecws enefits from the + 0
existence of the other,which nevertheless remains unaffected
. One species suffersfrom the existence of the other, which remains
Amensalism . . . . - 0
impervious to what is happening
Neutralism No Interaction whatever 0 0
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The demand functions of the global 35-39” market of LCD TVs and PDP TVs, which
are the quarterly units starting from 2004 to 2007, are demonstrated in Figure 1.
K units

16,000 r
14,000 =

12,000

10,000

8,000 |
—A— LCD(LV)

—<— PDP(LV)

—— LCD(actual)
—=—— PDP(actual)

6,000

4,000

2,000

R S A

Figure 1 Actual data and estimated results for the cumulative shipment of 35-39” FDP TVs

Comparing Forecasted Performance between Lotka-Volterra and logistic
model

To further show the performance-of the Lotka-Volterra model, the forecasting power of
the Lotka-Volterra model is compared to that of the monopolistic logistic model expressed
in Eq.(5).

K
(-ct)

X(f) =1+*—
m™exp (5)

The parameters of both models are estimated with the quarterly shipment data of
35-39” market of LCD TVs and PDP_ TVs that was also from 2004 ql to 2006 q4. The

evaluated coefficients and related statistics are shown in Tables 3 and 4.

TABLE 3. The estimated coefficients and the related statistics of Lotka-Volterra model (2004q1-2006q4)

LCD PDP

Parameters Coefficient Std. Error t-Statistics |Parameters Coefficient Std. Error t-Statistics
o -0.403105 0.437559 -0.921259 oy 0.036147 0.046089 0.784294
By 0.000106 3.70E-05 2.853758%** B, -3.33E-05 3.32E-05 -1.001843
Y1 -0.000513 0.000262 -1.95702* Y2 1.32E-05 7.67E-06 1.714958*
R’ 0.997064 R’ 0.996425
F 1528.198*** F 1254.241%**

*p < 0.1, **p <0.05, ***p <0.01.
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TABLE 4. The estimated coefficients and the related statistics of logistic model (2004q1-2006q4)

LCD PDP

Parameters Coefficient Std. Error t-Statistics |Parameters Coefficient Std. Error t-Statistics
K 475652.2 4394357 0.108242 K 500000.2 19579645 0.025537
m 6961.996 63400.62 0.109810 m 519.8473 20388.85 0.025497
c 0.363221 0.020226 17.95836%%* c 0.075971 0.010157 T.47975%%*
R? 0.998816 R’ 0.998089
F 3796.176%** F 2350.288***

*p < 0.1, **p <0.05, ***p <0.01.

Then the forecasts of two competitive products’ shipment in 2007 are compared with

the actual number of accumulated sales units.

The forecasting results are illustrated in

Figure 2. In the graph, the forecasts by the Lotka-Volterra model show similar trend as the

actual market of LCD and PDP in 35-39” segment. And the forecasts by the logistic model

are prone to overestimate specially on 'the LCD-TV that is the major growth part.

MAPE (Mean Absolute Percentage Error) is good for measuring the forecasting error.

The MAPE of the logistic model is 10.4%, about two times higher than the Lotka-Volterra

model (5.8%) in LCD-TV segment-

Based on the above results it is-strongly recommended to use the competitive diffusion

model like Lotka-Volterra model when analyzing products to attract the same consumers.

—— 1 C I (actual

- PP actual)

- - e - - LODAomistic)
—e—— PDPdogistic)

K units
/ .=
B ] r 3 ~ P
4‘” ?ﬁ # i 4“} &‘5 i i »p&’ &&‘ 4‘&7 &‘; »p&’ 4‘0’( 4‘&7 &M

Figure 2 Actual data and forecasting results for comparison of LV model with logistic model from

2007q1 to q4

Conclusion

The Lotka-Volterra model indicates that two products no longer interact but each

follows a simple S-shaped

growth pattern.

And we proposed the exponential discrete

form of Lotka-Volterra model be used to estimate the parameters in which the value of

interactive items -y;Y(t) and -y,X(t) lead to the conclusion that competitive relationship

between big-size LCD-TVs and PDP-TVs may be a Predator-prey mode. After comparing

forecasted performance between Lotka-Volterra and
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model it

is strongly




recommended to use the competitive diffusion model like Lotka-Volterra model when
analyzing products’ competition.
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