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Abstract
Highly competitive markets have forced many organizations to come up with generational
products. The relevance, appropriateness, added functionality, and sustainability are some
of the potential reasons behind the launch of a new generation over the previous generation. The launch time of the new generation is dependent on the performance of the existing generation in the market which can be measured based on the attributes viz. the adoption behavior of the customer and indicator of adoption rate. The introduction of a new
generation greatly affects the market of the existing generation of the product and huge
capital is ought to be invested in feature enhancement in the latest generation as compared
to the existing version. Consequently, the investment made in production and marketing
activities should be economical which significantly influences the launch time. Based on
these attributes, the focus is on determining the launch time of the successive generation
of the product. In this paper, three conflicting and contrasting attributes: customer adoption
behavior, adoption rate indicator, and cost are proposed. The aim is to study and understand the impact of the trade-off for these attributes on the launch time of successive generations of the product. To examine the tradeoff between these attributes, multi-attribute
utility theory has been used. The proposed decision approach is based on three different
weighted combinations of the utility function in multi-attribute utility theory. Additionally, three different forms of utility functions viz, the weighted arithmetic, geometric and
harmonic forms have been used in understanding their superiority over one another. For
validation purposes, the case in which an organization launches successive generations of a
durable product for which demand is characterized by an innovation diffusion process has
been assessed.
Keywords Cost function · Innovation diffusion process · Customer adoption behavior ·
Speedy launch indicator · Weighted arithmetic, geometric and harmonic mean
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1 Introduction
Promotion procedure (articulation of the market objective, market position, and advertising blend) should be arranged and designed before the introduction of the product in the
marketplace (Anand & Bansal, 2016; Calantone et al., 1994; Song & Parry, 1997). The
dynamic consumer behavior has forced marketers to innovate, which has become the survival vehicle for many organizations (Wang et al., 2021). Moreover, the companies who
spend more on innovative products obtain higher sales revenue and have better likelihoods
to capture the global market. Today companies are recognized for their distinguishing
strategies and frequent launch of innovative products. Successful introductions contribute
substantially to prolonged economic achievements and are successful policies to broaden
primary demand. The classical internal–external diffusion model as given by Bass (1969),
was based on a certain set of assumptions wherein the focus was to model the adoption pattern for the growth of new products especially consumer durables.
Speedy and drastic technological shifts have prompted rapid development and frequent
introduction of sequential generations of a product accompanied by the latest technology.
Several examples can be quoted for generational products to name a few Microsoft Windows, Microsoft Office, Apple iPhone, Android versions, and many more (Aggrawal et al.,
2014; Jiang & Jain, 2012). The introduction of a new product initiates a diffusion process
among the potential purchasers with time. The diffusion process is regulated by the behavior of potential consumers besides many other factors such as price, quality, promotional
offerings, and after-sale services (Byambaa et al., 2015). The diffusion process intends to
represent the growth of the adoption process. Norton & Bass (1987) proposed a diffusion
model of adoption and substitution for generational products. The model dealt with the
dynamic sales behavior of a high technology product with successive generations by making a clear distinction of substitution models being a function of market share. The model
considers demand as a function of time, thereby establishing a relationship between decision variables and market size. The model is a natural extension of the work of Bass (1969)
and Fisher & Pry (1971) and is proficient in projecting the adoption of the future sale of the
generational product quite satisfactorily (Johnson & Bhatia, 1997).
Despite having progress made by Speece & MacLachlan (1995), Mahajan & Muller
(1996), Kim et al. (2000), Danaher et al. (2001), Jiang (2010), and many more; in modeling the inter-generational sales behavior, the field is still the focus of many researchers
to investigate and model varied aspects like cross-generation repeat purchases, the distinction between switcher and substitutes, and the distinction among the sales and the actual
adopters of the product. When products are launched in a generational manner, successive
generations have substitution and switching effects on the earlier generations. This calls for
the consideration of decision-makers to determine the introduction time of successive generations of a product in a manner that the existing generation has performed well in terms
of revenue generation and its performance in the marketplace.
In literature, several arguments have been presented for the introduction time ‘now or
never’ and ‘now or maturity.’ In particular, the focus of the work revolves around the interface between three attributes that directly or indirectly impact the introduction time, which
can be:
• Diffusion process that explains the propagation in the marketplace.
• The production and promotional cost of the product.
• The pace of adoption in the marketplace.
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These factors have a straightforward implication on the launch time. Early and late
introduction both have their own merits and demerits, making it a significant aspect for
decision-makers to decide the time to introduce the innovative version of the product.
As the introduction time of the generation product is being influenced by several attributes, the utility theory which describes all the outcomes in terms of utility can be used
as an assistance tool. For the decision-making process, Multi-Attribute Utility Theory has
been applied here, which can simultaneously consider the three attributes viz the adoption behavior of the customer, the expenditure incurred in production and promotion of
the product, and indicator of adoption rate. Given the conflicting attribute, MAUT helps
in deciding the time to introduce the successive version by making use of utility functions
that can adapt to the different perspectives according to the aspiration level and lead to a
consistent solution. Keeney & Raifa (1976); Neumann & Morgenstern (1947), and Zirger
& Maidique (1990) were the early contributors that have initially verified the utility theory
and its related axioms. Different functional forms of utility functions exist, here all three
functional forms have been formulated and analyzed. The three kinds of Multi Attribute
Utility Function (MAUF) are the weighted arithmetic utility function (WAUF), weighted
geometric utility function (WGUF), and weighted harmonic utility function (WHUF).
The organization of the paper is as follows: after the brief introduction, an in-depth
exploration of the literature has been done. Section 3 presents the methodology used for
the determination of the launch time for the sequential generations of the product. The
decision-making tool that has been used on the considered attributes and their assessment
criteria have been discussed alongside. In Sect. 4, a discussion on the considered data and
the numerical illustration has been presented followed by a discussion in Sect. 5 which
highlights the academic as well as the practical implication of the work. The conclusion
has been supplemented in Sect. 6 and lastly the list of references.

2 Literature review
In recent years, the researchers have worked extensively on the concept of understanding the dynamics behind the product that are introduced in a generational manner. Starting from the pioneering work of Norton & Bass (1987) to date there are several studies
in which the rational has been mathematically examined. Researchers like Meade (1985),
Gamerman & Migon (1991), have opposed the assumption of the constant-coefficient
which was in the work by Norton & Bass (1987), and instead found that parameters of the
diffusion process change over time for a single innovation of a product. Islam & Meade
(1997) observed that under the assumption of constant coefficients the shape of the cumulative adoption curves will be the same for all generations, and subsequently, the timing
of peak adoptions always occurs at an equal interval after the introduction of each generation. But for technological innovations, the product which has a higher expected profit with
lower investment for a consumer diffused much faster in comparison to the other products
and it occurs mostly for later technological generations rather than the earlier technologies
(Mansfield, 1961). Bayus (1992) said that the coefficient of innovation and imitation may
be negatively correlated. Thus, for technological generations of a product, it is quite natural
that the adoption behavior of consumers will not remain constant across generations.
Mazumdar et al. (1996) proposed a framework for the optimum time to introduce the
new generation that can have subsidized the sales of the old generation. Danaher et al.
(2001) worked on the same concept of generational product diffusion and advertising
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mix. Versluis (2002) showed the supremacy over the Norton & Bass model (1987) by
making use of the framework as given by Marchetti (1977) in terms of a better fit to
the data. Ofek & Sarvary (2003) studied the dynamic competition in markets for the
introduction of technologically advanced next-generation products. Sohn & Ahn (2003)
used the Norton & Bass (1987) model to demonstrate a cost–benefit examination of
launching a new generational version for information technology. The work by Huang
& Tzeng (2008), contributed toward the development of a novel concept for making the
predictions of product lifetime of multiple generation products using fuzzy piecewise
regression analysis.
Researchers like Wilson & Norton (1989) determined the optimal time for the product
line extension. Arslan et al. (2009) gave the mathematical framework for two product generations to determine the introduction time and extended the analysis for a duopoly environment. Jiang (2010) has proposed an extended multi-generational diffusion model that
exclusively distinguishes between switchers and substitutes overpowering the Norton &
Bass (1987) model that explicitly claims the existence of substitution and skippers but did
not distinguish the two. Kapur et al. (2010) proposed a multigenerational diffusion model
to study the marketing dynamics of the Indian Television Market (both Black & White and
Color Television). They considered the effect of repeat-adoption-substitution diffusion in
their model. Kuo & Huang (2012) developed a generic model wherein two different scenarios for dynamic pricing have been investigated the optimal pricing decisions and the
related revenue of the retailer and compared them with the general models. Ismagilova
et al. (2020) described a meta-analysis of the factors affecting eWOM providing behavior
and Jeyaraj & Dwivedi (2020) provided a meta-analysis in information systems research.
Recently, Aggrawal et al. (2015) have also given an approach to meticulously examine
the number of products sold and the number of products in use for two generations. In
the work by McKie et al. (2018) the rationale behind the consumer preference and selection between different product generation and market conditions have been examined. In
today’s time, many studies are now being channelized using artificial intelligence for decision making; like the recent study by Dwivedi et al. (2021) and Duan et al. (2019), explicitly talked about artificial intelligence for decision making.
Several researchers have used varied approaches for the determination of launch time.
The present study is built on the stream of work wherein the aim is to determine the launch
time for the advanced generation of the product. The paper is related to several literature
streams but is novel in respect to consideration of three conflicting attributes namely the
adoption behavior (Yang et al., 2021) of the customer, indicator of adoption rate, and the
expenditure on the production and promotion of the product for determination of launch
time. The focus here is to determine the launch time of the generation product based on
these three attributes by examining the trade-off between these attributes. The proposed
decision approach is built on three distinctive weighted combinations of utility functions in
Multi-Attribute Utility Theory (MAUT). Additionally, three different forms of utility functions viz, the weighted arithmetic, geometric and harmonic forms have been used in understanding their superiority over one another. Therefore, this paper is designed to answer the
following research questions:
• RQ1: How to compute the optimal launch time based on the adoption behavior of the
customer, indicator of adoption rate, and the expenditure on the production and promotion of the product?
• RQ2: How to prioritize the different forms of utility functions viz, the weighted arithmetic, geometric and harmonic forms?
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3 Research methodology
The rise in product alternatives has vividly expanded the number of options available to
buyers in which time to enter the marketplace is a significant decision for the firms. The
emphasis is given to the determination of the launch time of the multiple generations of the
product using Multi-Attribute Utility Theory for making the tradeoff between three differing attributes. The diffusion process is the first parameter that explains the propagation of
innovation in the marketplace with its four key elements namely (Rogers, 1962): an innovation (that is being launched into the market), the social system (Zhou et al. (2021), the
marketplace which is being influenced with new offerings), the channel of communication
(the mode through which the knowledge is being propagated) and lastly the time (which is
the length of time taken for message propagation).
Among the rudiments, the way the knowledge is transmitted among the social system forms the core of diffusion theory (Bass, 1969; Mahajan & Muller, 1996; Mahajan
et al., 1990; Norton & Bass, 1987). The general perspective about the concept, process,
and dynamics of diffusion can be understood with the help of innovation diffusion theory.
Considerable tools and models, both quantitative and qualitative, have been established to
simplify the adoption decision of new technology and the calculation of diffusion rate. The
main impetus underlying the contributions of modeling methods is a new product growth
model suggested by Bass (1969) and Bass et al. (1994).
The second parameter examined in this paper is product development & promotional
cost. Due to intense competitive market conditions, continual development turns into the
existing strategy for organizations, numerous market makers present advancements frequently by adding new variations into the fundamental item. The business does have a high
rate of risk and high cost associated with the planning and development of the new product. Therefore, the importance of considering the cost parameter in the present study is
unquestionable.
The third attribute considered in the present proposal is the adoption rate indicator.
Unlike the old-style market, the present scenario includes more adopter participation. The
count of people engaged in buying process generally relies on the features of the item and
its appeal in the marketplace (Bansal et al., 2021a; Kapur et al., 2004; Aggarwal et al.,
2014). Especially, the new form of the item can draw in an expanding number of adopters
in the beginning stage in the meantime dynamically more individuals know it and they
use it. When the number of adopters touches the pinnacle level, at that point it will begin
declining as the product loses its market value. Appropriately, it is practical to consider that
the adoption rate significantly contributes toward the determination of product launch time.
We obtained a high correlation between the adoption rate indicator and the optimal launch
time of the new generation.
Researchers have suggested that the success of the product depends on grabbing the
right chance of market penetration, the behavior of potential adopters, and in what way and
based on what criterion the launch time has been determined. Thereby making it the need
of the hour to balance the necessity to innovate and the complexity associated with the
launch of the generational product. For this purpose, the MAUT technique (Bansal et al.
(2021b) has been used in which three significant strategies are taken into consideration as
adoption pattern, the cost of the production and promotion, and adoption rate indicator.
Following is the list of notations.
N(t): the total count of individuals who have adopted the product by ′ t′.
m: the total poetential market size.
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f (t): probability distribution function representing adopter’s behavior.
F(t): cumulative distribution function for the adoption pattern.
p and q : innovation and imitation coefficients.
U : Overall Multi Attribute Utility Function.
Ui (xi ): Utility function of ith attribute.
xi : the value of ith the attribute.
wi : relative importance of the weights for the utilities of attributes.

3.1 Modeling adopter’s behavior
In the twentieth century, F. M. Bass proposed a growth model for the planning of buying patterns of new products, and a behavior rationale has been presented. Since its publication, many researchers have considered the Bass model (1969) as the base of their
work (Mahajan et al., 1990, 1993; Sultan et al., 1990). The Bass model comprises a
system that is utilized for the experimental speculation and the basic principle portrays
that the likelihood for an individual adoption at the time ‘t’ given that people have not
yet adopted as a linear function of existing adopters:
)
q
dN(t) (
= p + N(t) (m − N(t))
(1)
dt
m
as:

Making use of the preliminary condition N(0) = 0 , the solution of this model is given

(

1 − e−(p+q)t
N(t) = m
1 + pq e−(p+q)t

)
(2)

Equation (2) can be rewritten by using the alternative form of the Bass Model (1969)
given by Kapur et al. (2004):
(
)
1 − e−bt
N(t) = m
(3)
1 + 𝛽e−bt
For describing the special property of adopters’ behavior, the first derivative of the
cumulative number of adopters has been selected that can be given as:
(
)
(p+q)2
e−(p+q)t
p
�
N (t) = m (
(4)
)2
( )
1 + pq e−(p+q)t
Equation (4) can help in determining the time for highest sales at (T ∗) with maximum value as:

S(T ∗) = m
and the time as:
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1
ln
T ∗=
(p + q)

( )
q
p

(5)

3.2 Determination of optimal launch time
(Assume that x1 , )x2 , x3 , … , xk ,k ≥ 2, are attributes related to the decision. The overall utility
x1 , x2 , x3 , … , xk can be computed in the following manner:
• Direct
assessment:
) Here, the overall utility is assessed in the combined form
(
U x1 , x2 , x3 , … , xk using all the attributes under consideration.
( )
• Decomposed
assessment:) Using the individual(utilities
of all the attributes Ui xi , com)
(
puted U x1 , x2 , x3 , … , xk by combining the Ui xi of all attributes in different manners.

For decision making three representations of MAUT viz. WAUF, WGUF, and WHUF
have been used and are explained below.
i. Weighted arithmetic utility function (WAUF)
For the consequence set of attributes that has values x1 , x2 , x3 , … , xk , k ≥ 2, its overall
WAUF is computed as
)
( )
( )
( )
(
U x1 , x2 , x3 , … xk = w1 U1 x1 + w2 U2 x2 + … + wk Uk xk

=

k
∑

( )
( )
wi Ui xi , 0 ≤ Ui xi ≤ 1,

i=1

(6)

k

∑

wi = 1, 0 ≤ wi ≤ 1

i=1

The WAUF form is probably the best known and most widely used. The total score for
the multi-attribute function is computed by multiplying the utility function for each attribute by importance assigned to the attribute and then summing these products over all the
attributes.
ii. Weighted Geometric Utility Function (WGUF)
In WGUF the attributes are connected in product form. The weights become exponents
associated with each attribute value. For a consequence set of attributes that has values
x1 , x2 , x3 , … xk ,k ≥ 2, its overall weighted geometric utility representation can be given as:

U(x1 , x2 , x3 , … xk ) = U1 (x1 )w1 ⋅ U2 (x2 )w2 ⋯ Uk (xk )wk
=

k
∏

( )w
Ui xi i ,

( )
0 ≤ Ui xi ≤ 1,

1

(7)

k

∑

wi = 1, 0 ≤ wi ≤ 1.

i=1

iii. Weighted Harmonic Utility Function (WHUF)
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In WHUF the inverses of each attribute are connected by the importance weight assigned
to the attribute. For a consequence set of attributes that has values x1 , x2 , x3 , … xk ,k ≥ 2, its
overall WHUF is computed as

1
1
1
1
1
= w1
+ w2
+ w3
+ ⋯ wk
U(x1 , x2 , … , xk )
U1 (x1 )
U2 (x2 )
U3 (x3 )
Uk (xk )
=

k
∑
i=1

k
∑

wi

1
( ),
Ui xi

( )
0 ≤ Ui xi ≤ 1,

(8)

wi = 1, 0 ≤ wi ≤ 1.

i=1

The method of the utilization of the MAUT approach is explained wherein the utility functions are evaluated using the following procedure:
i.
ii.
iii.
iv.

Assessment of attributes.
Formulation of the single utility function for all attributes.
Estimation of scaling constants.
Optimization of MAUF

3.2.1 Assessment of attributes
The attributes considered should be the most important ones and should be relevant to the final
decision. They should be fundamentally independent among which appropriate tradeoffs may
later be made. The attribute should be selected in a meaningful and practical way for effective decision-making since product launches act as a critical driver for firms’ performance.
Most importantly, to sustain the fierce competition, the firms need to innovate which means
that the new product development is possibly the main process in the present market scenario.
Still, the introduction time is measured over time and that sometimes becomes too difficult. To
overcome this challenging situation, understanding the customer adoption pattern for the current product in the market can be an alternative option. In the current proposal, the emphasis is
laid on the customer’s adoption indicator. Consequently, the intent of the customer’s adoption
pattern can be expressed as:

Maximize A1 =

N(t)
m

(9)

where the customer’s adoption indicator A1 represents the first alternative.
Yet, the introduction is particularly the costlier action during the new product development.
Concerning the strategy of generational product, early or delayed entry impact the firm’s profit
as well as the position of the firm. Thus, the second attribute is the total cost of production
and promotion for the first generation of the product over the total investment that is available.
Also, to note an organization always wish to invest less and reap more profit, hence the second
attribute can be given as:

Minimize A2 =

C(t)
CB

(10)

where A2 represents the second attribute and the cost structure as given by Aggrawal et al.
(2014) has been utilized.
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C(T) = C1 N(T) + C2 (m − N(T)) + C3 T
where C1 denotes the expenditure incurred on the production of the previous generational
product before the launch of its succeeding version (t ≤ T); C2 represents the expenditure
incurred on the production of the previous generational product after the launch of its succeeding version (i.e t > T) and C3 is the advertisement cost per unit time.
More specifically, each generation release began attracting a greater number of adopters
initially and reach its peak value with time. This will lead to market saturation and declining interest of the customer and necessitates the upcoming of a new generation. Consequently, it is rational to presume adoption rate indicator to be the function of hazard rate
h(t) acts as an indicative parameter for deciding the launch of a new generation of the product, given as follows (Kapur et al., 2004):

h(t) =

f (t)
1 − F(t)
−bt

1−e
and f (t) = dtd (F(t)).
For the analysis purpose, it has been assumed that F(t) = 1+𝛽e
−bt
The third attribute A3, representing the adoption rate indicator
[
] which is based on the rate
interval
t
,
t
at which adoption h(t) occurs in a certain time
1 2 , is defined as the probabil[
]
ity that an adoption occurring in the interval t1 , t2 , given that adoption has not occurred
before t1, which can be formulated as:

Maximize A3 =

h(t)
hmax

(11)

where hmax being the maximum value of h(t) that will be ‘1’, as this quantity represents
the probability. The hazard function reflects the picture of adoption changes over the product’s life. The product adoption pattern and the rate that persuade the adoption are important aspects to understand the future adoption of successive generational products. Equations (9), (10), and (11) will be used for analysis purposes.

3.2.2 Formulation of utility functions for all attributes
In this subsection, the emphasis is on assigning values to utility functions. Each utility
function corresponding to different attributes will be designed to signify the management’s
satisfaction level. These values can be determined on the extreme points for which considering the(worst
) and best (values
) for customer adoption behavior and indicator of adoption
rate as u AW = 0 and u AB = 1 where AW and AB to represent( the)worst and (best)utility point. Similarly, for the formulation of cost-utility function, u CW = 0 and u CB = 1
corresponds to lowest and highest budget consumption. To establish the functional form of
utility functions either an additive or exponential form can be used which is:

u(xi ) = b ⋅ xi + a or u(xi ) = b ⋅ ek⋅xi + a

(12)

where a, b and k are constant parameters that secure the normalization of utilities between
0 and 1, i.e., u(xi ) ∈ [0, 1].
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3.2.3 Estimation of scaling constants
The estimation of weights parameters corresponding to three attributes be represented by
wA1 , wA2 and wA3 which indicate the importance given to each attribute. Basically, in the literature, the researchers (Anand et al., 2014) have talked about the existence of two common
methods for assessment of weights viz. deterministic and probabilistic approaches. As in the
present work, only three attributes are considered, probabilistic scaling technique has been
used wherein wA1 + wA2 + wA3 = 1.

3.2.4 Optimization structure of multi‑attribute utility function (MAUF)
Considering the recently assessed utility functions and scaling constants, picking the MAUF
form is significant. MAUF is a blend of utilities of various attributes alongside their importance. The MAUF is the objective that needs to be maximized. We have examined three functional forms of MAUF. The generally applied design of MAUF is an additive linear form of
utility with their weights and two other nonlinear types of MAUF which have been examined
above given in Eqs. (6), (7), and (8).
Weighted arithmetic utility function (WAUF) can be given as:
( )
( )
)
( )
(
U A1 , A2 , A3 = wA1 × u A1 + wA2 × u A2 + wA3 × u A3
(13)
Weighted geometric utility function (WGUF) can be given as:
)
( )w
( )w
( )w
(
U A1 , A2 , A3 = u A1 A1 × u A2 A2 × u A3 A3

(14)

Weighted harmonic utility function (WHUF) can be given as:

)
(
1
1
1
U A1 , A2 , A3 = wA1 × ( ) + wA2 × ( ) + wA3 × ( )
u A1
u A2
u A3

(15)

where wA1 + wA2 + wA3 = 1 and they represent the associated importance corresponding
to all three different attributes. The u(A1 ), u(A2 ), and u(A3 ) utility function for customer’s adoption behavior, cost of production and promotion, and the adoption rate. From the
general perspective, for customer’s adoption behavior and the adoption rate needs to be
maximized whereas the cost of production and promotion needs to be minimized. To align
the different notions, convert minimization cost-utility by multiplying “–” the sign before
the cost-utility form. By maximizing MAUF’s, the optimum time to release T ∗ will be
obtained.

4 Case study
With the help of the sale data from the first release of the DRAM data set (Victor & Ausubel,
2001), a choice model for computing the launch time of the successive generation is presented
here.

13

Successive generation introduction time for high technological…

4.1 The data set
The data consists of six generations (Victor & Ausubel, 2001), 4 K, 16 K, 64 K, 256 K,1 M,
and 4 M of DRAM collected from 1974 to 1997. Here, only first-generation has been used
and based on which the introduction time for the next generation of the product has been
determined making use of MAUT. Table 1 contains the parameter estimation for the first
generation of the product.

4.2 Formulation of the utility function for all attributes
Using the managerial experiences, the single utility function for each attribute is computed
by the method suggested in Sect. 3.2.2. Assuming the management scenarios in our application example are as follows:
• From the managerial perspective, the risk-neutral attitude for each attribute has been
demonstrated.
• For the customer adoption behavior criterion, the administration has confirmed that at
least 70% of the population must have adopted (as higher the adoption level the more
desirable it becomes); its highest expected value is 100%. The highest value is attained
when the maximum sale of the product is reached (see Fig. 1). The lowest customer
= 0.7 and the highest customer adoption for the base product are conadoption is AW
1
sidered as AB1 = 1
• Accordingly, the production and promotion cost aspirations are on the lower front that
is the managers always wish to minimize the investment being done in the product and
promotional cost. But at the same time, a handful amount is always spent which cannot
be decreased below a certain limit and increased on the higher front. Thus, the lowest
budget consumption requirement is AB2 = 0.2 and the highest budget consumption is
AB2 = 0.6.
• Additionally, the lowest adoption rate indicator is AW
= 0.2 while the highest adoption
3
rate indicator for the product is AB3 = 0.5.

The linear form of the utility function is chosen, based on management’s risk-neutral
attitude toward these three attributes, and its simple structure is obtained using Eq. (12)
parameters a and b are determined. The functional form can be given as follows:
Customer adoption behavior attribute single utility function

u(A1 ) =

7
10
A − ;
3 1 3

Production and promotional cost attribute single utility function

Table 1  Parameter estimation of
data set

Parameters
m

341.05

b
β

0.980
55.53
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Fig. 1  Utility graph for arithmetic functional form

u(A2 ) =

1
10
A − ;
4 2 2

Adoption rate indicator attribute single utility function

u(A3 ) =

2
10
A − ;
3 3 3

Based on organization cost evaluations, we assume that c1 = 150, c2 = 180, c3 = 50
and the amount of budget (Cb) for DRAM is 500000 units of currency. The weight parameter considered here are subjectively used wA1 = 0.3; wA2 = 0.5; and wA3 = 0.2. Lastly,
using the assessed single utility functions and the weight parameters, the three different
functional forms of MAUF are evaluated using Maple package software., obtained results
are supplied in Table 2. Figures 1, 2, and 3 shows the MAUF for all three structures.
According to the results obtained, the maximum utility and introduction time is achieved
for WAUF. Suggesting that the second generation of the product should be introduced in
the 14th week for the successful growth of the first-generation product in the marketplace.
Also, the result obtained shows the supremacy of the WAUF over the other two functional
forms WGUF and WHUF.

Table 2  Utility assessment result

13

MAUF structure

Optimal release time

Utility value

WAUF

13.78

0.940

WGUF
WHUF

12.12
10.81

0.594
0.408
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Fig. 2  Utility graph for geometric functional form

Fig. 3  Utility graph for harmonic functional form
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5 Discussion
5.1 Research contribution
The dynamic nature of the market is continuously increasing pressure on decision-makers to
come up with newer products. It becomes quite imperative for decision-makers to launch the
product in such a way that its existing generation has catered to a substantial market share. The
work contributes to well-known innovation diffusion process-based decision model for examining the strategic decision which an organization can take for deciding the launch time for its
newer generational product. The approach presented here is based on using three conflicting
attributes and help in guiding the decision-maker in determining the launch time of successive
generation based on customer adoption behavior, adoption rate indicator, and cost perspective.

5.2 Implications for practice
For survival in the marketplace, it has become quite imperative for decision-makers to introduce advanced products which can fulfill customers’ expectations at the same time generate
greater profits for the company. In the competitive world, the managerial concern includes
explaining how generational products go up against one another. There are two types of competition that one generation faces that is the competition from the existing generation of the
same product and with other competitors offering a similar product. Several generations compete in terms of catering to many adopters and at the same time impact each other’s performance in the market. It is significant for any firm to concentrate on optimum launch time for
generation product(s). The choice related to early or late introduction depends on understanding the determinants of customer expectations.
Early entry impacts the prior existing generation and eventually, the presence of both will
cannibalize the sales, whereas too late entry will lead to trailing down the market opportunity
that can result from the competitor’s presence in the market. Thus, the tradeoff which should
be performed in the decision model is significant and selection criteria form the base in decision making. The optimization model talked about in this article considers that the second version of the product will be presented in the market based on three conflicting attributes which
are of utmost importance to any organization. The market presence and advertising play a significant role in generating revenue for any organization and knowing the optimal introduction
time can help in managing the same effectively and efficiently.

5.3 Limitations and future research directions
The idea has been validated on consumer durable products. It would be interesting to know
how the methodology works on another category of products. Further, the parameters and
the functional form of utility function have been studied in the crisp environment that can be
extended to include the uncertainly that commonly exists in the marketplace.
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6 Conclusion
The strategy behind the launching of any new generation has always been a milliondollar question for almost every organization. For most of these organizations minimizing cost or maximizing adoption, of their product has been the basic tradeoff they have
dealt with. From an administrator’s perspective, it is basic to comprehend the ideal span
between the introduction of different versions of the product that can address both the
expenses incurred and market adoption limitations. The fundamental thought behind the
launch of the progressive product is to catch the advantages of advances made by the
association’s innovative work division as far as creating new highlights, upgrading the
product configuration, delivering innovation, and so on. In this manner, to get the serious edge it is basic to realize the ideal time for the launch of the generational product. In
this investigation, we discover three ascribes as customer’s adoption behavior, adoption
rate indicator, and cost which affect the timing of introduction of the new generation.
For compromises between these ascribes, MAUT has been used.
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