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Firms outperforming competitors often get their success through innovation and new technological
knowledge acquisition. This study offers a Three-Stage decision-making model for acquiring new
technological knowledge and the optimal time to invest. In the first Stage, two competing firms decide
to invest in a new technological knowledge without knowing its level. In the next stage, firms will
develop and integrate it with their knowledge. Due to the uncertainty of new technological knowledge,
a stochastic programming model is used to determine the optimal acquisition time. This model
identifies the leader and follower by considering advantages such as branding and high market share as
well as disadvantages such as high cost of uncertainty. Finally, we used Cournot and Stackelberg game
to determine the winner in the market. The proposed model can be used as a decision-making tool to
help organizations, in uncertainty, invest as leaders in acquiring new technological knowledge and
entering the market, or wait until things are clear. The results of stochastic programing and game
theory model show that the level of knowledge of firms at the time of production, knowledge
absorption coefficient, and constant demand coefficient will have a special effect on determining the
winner in the market.

Keywords: Technological Knowledge Investment; Knowledge Acquisition; Knowledge Development;
Game Theory; First Mover Advantage;

1. Introduction

Companies use their existing knowledge to develop the product and present it to the market. This knowledge
may come from the educational background of the employees who work on the product development project,
work experience, performance evaluations, and past experiences of similar research and projects. These sources
of knowledge are helpful but it is not enough to reduce the price of products or increase their quality and
maintain a competitive advantage in the market. Technological knowledge is a new innovation or technology
that reduces production costs [1].

New knowledge adoption, or deciding to acquire the best knowledge at the best time, in a competitive
environment and uncertainty, has become a key issue in companies' profitability. Acquiring this new knowledge
is a strategic decision that has faced many challenges for organizations. The new technological knowledge is
associated with uncertainty, and until be fully captured by firms, its actual level will not be revealed [2]. In
addition, not all of this technological knowledge is transferred to the company, and anyone who has more
available knowledge will absorb more of it. On the other, a quick acquisition of it will lead to a first-mover
advantage, including brand loyalty, technological leadership, and the preemption in acquiring scarce assets [3-
6]. However, acquiring new technological knowledge often involves significant spending on research and
development, and the first one who absorbs it, bears the main burden of these costs [7].
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Researchers in recent years have used various methods to model knowledge acquisition problem, including
system dynamics, impact analysis, scenario analysis, risk assessment, and decision analysis [8-16]. But these
models do not take into account important parameters such as competition; Game theory is one of the tools that
can model the conflict of interest in new knowledge adoption by considering the competition between firms [17-
25].

In addition to the competition, uncertainty and the technical level of new knowledge, as well as the level of
knowledge of firms, should be considered in deciding to acquire it. This work focuses on the optimal timing of
the adoption of a cost-reducing technological knowledge by two competing firms. We discuss profit-
maximizing behavior in three stages. We assume that the new technological knowledge is uncertain and its
value will be determined when it is acquired by the firms. Two competing firms decide to acquire new
knowledge in the face of uncertainty, and the firm that acquires it sooner at a higher cost will be able to enter the
market as a leader. We assume that the production cost will be inversely related to the total knowledge acquired
and the existing knowledge of the firm. Finally, according to the cost of production for each firm, they enter a
game to determine the amount of product in the market and the winner will be determined. To model these
concepts, a two-stage stochastic model is developed for deciding on the time of new technological knowledge
acquisition, based on which, the product amount of each firm is determined by a Cournot or Stackelberg game.

New knowledge adoption is a strategic decision that involves a variety of dimensions. This decision is based
on four levels: new knowledge, firm, competitive environment and the market. At the level of new knowledge,
its fitness to the firm's capabilities is very important and the need for knowledge assessment is based on external
and internal factors. At the firm level, the initial knowledge of the firm has a great impact on the success of
knowledge acquisition and product development in the market. Competition and the time of new knowledge
adoption and methods of acquiring it are the main factors of the competitive environment. Ultimately, the
uncertainty that exists in new knowledge, the competitive environment, and the market will affect the success or
failure of the acquisition of new knowledge. To this end, many models for optimal decision making of the new
knowledge acquisition by researchers to consider the above factors have been used but most of them are suitable
for covering one or more of the above factors. This study unveils a model for new knowledge acquisition
decision making that uses two-stage stochastic programming and game theory to solve investment problem in
the uncertainty environment and if utilized properly, can be utilized as a decision support tool for firms to find
the optimal timing of the adoption of a cost-reducing technological knowledge. This tool will help managers of
organizations to choose the best time to invest and make the most profit in the market, given the uncertainty of
new knowledge as well as the existing level of knowledge of the firm.

The remainder of the paper is organized as follows. Section 2 reviews the literature on technological
knowledge adoption. Section 3 discusses the model framework. Section 4 offers some experimental results and
managerial insights. The paper is concluded in Section 5 by outlining the major insights and future research
avenues.

2. Literature Review

Acquiring new technological knowledge has profit and risk, which makes it important in competitive markets
[26, 27]. So, in recent years, researchers have paid much attention to the effect of the new technological
knowledge acquisition on market structure and competition between firms.

2.1. Strategic Decision Making on Technological Knowledge Adoption

Nowadays, absorbing a new knowledge is considered as a strategic decision issue for companies. This strategic
decision-making consists of three dimensions: 1) Knowledge selection, 2) timing of Knowledge Development
(KD) and introduction and 3) knowledge acquisition mode. These three dimensions’ influence each other. The

knowledge strategy elements are shown in Figure 1 [28].



2.2. Technological Knowledge Selection

The selection of technologies is a key step in the overall technology-development process of the firm. In recent
years, much attention has been paid to establishing criteria for evaluating different knowledge and selecting the
best one for investment [26, 29, 30]. The factors for assessing the new knowledge can be categorized internally
and externally. These factors include the cost of adoption, production capacity, market status and ... as shown in

the Table 1.

2.3. Timing of Knowledge Adoption

One of the main dimensions of decision-making for investing in new knowledge is adoption time. Studies show
that leaders are earning more incomes than their rivals, but also face higher costs, which in the long time lead to
fewer profits [7]. Table 2 shows the advantages of being first or second mover.

2.4. Technological Knowledge Acquisition Model

The third dimension of a technology strategy is the method of acquiring knowledge, which means that the
development of knowledge through internal development, collaboration with other firms or institutions, or the
purchasing knowledge. In the literature of knowledge sourcing, there are several ways to acquire a knowledge,
each with its own characteristics [31]. Table 3 shows studies of different types of knowledge acquisition

methods.

In addition to timing, selection, and acquisition mode, a compehensive model to develope for new
knowledge adoption should consider the market structure, the competition, uncertainty and the knowledge level
of firms

2.5. Customer Segments of Technology Adoption

When a new product is introduced to the market, not everyone will select it at the same time. Studies have
shown users of a new product can be divided into the following groups (Figure 2):
e Innovators: The group of people who look for innovation
e Early adopters: the group of people who use a new product or technology before it becomes widely
known or used.
o Early majority: The group of people who purchase new products after a much smaller population of
innovators and early adopters has done so.
e Late majority: people in this category will adopt an innovation after the average member of the society.
e Laggards: refers to the last large group of people to adopt a new product or technology.For a new
product to take off, the first two groups are obviously the most important ones [32].

2.6. Knowledge Adoption Methods

Since new knowledge adoption is an investment project, most of these projects following three characteristics:
uncertainty, competition and knowledge level of firms. The knowledge adoption (almost) always has to deal
with uncertainty. For most investments the future revenues are stochastic, due to uncertainties in, e.g., the firm's
market shares and the market price. It is also possible that the investment cost is uncertain, which is the case in
many infrastructure projects. On the other competition is an effective factor in new knowledge adoption. studies
show that competition limits the ability of firms to appropriate the benefits of new technology adoption [33].
Most knowledge acquisition assessment models consider “intangible benefits” (i.e., benefits like customer
satisfaction, improved employee motivation, etc.), such as multiobjective, multi-criteria methods, value analysis,
critical success factors, methods for risk, real option, portfolio approach, and the Delphi method [34]. Other
studies on technological knowledge investment methodologies seek to just define a combination of quantitative
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and qualitative methods. In the Table 4, the most important methods used in the modeling of new knowledge
investment are discussed.

New knowledge adoption is a strategic decision that involves a variety of dimensions. This decision is based
on four levels: new knowledge, firm, competitive environment and the market. At the level of new knowledge,
its fitness to the firm's capabilities is very important and the need for knowledge assessment is based on external
and internal factors. At the firm level, the initial knowledge of the firm has a great impact on the success of
knowledge acquisition and product development in the market. Competition and the time of new knowledge
adoption and methods of acquiring it are the main factors of the competitive environment. Ultimately, the
uncertainty that exists in new knowledge, the competitive environment, and the market will affect the success or
failure of the acquisition of new knowledge. To this end, many models for optimal decision making of the new
knowledge acquisition by researchers to consider the above factors have been used that can be referred to
financial and non-financial methods.

Examining the various models mentioned in this article shows that most methods are suitable for covering
one or more of the above factors. One of the ways in which it can be used to cover all six critical factors in the
success or failure of knowledge acquisition is the game theory. As shown in Table 4, many researchers have used
this tool to model selection, timing and method of acquiring knowledge. The theory of the game uses
mathematical models to analyze the methods of co-operation or competition of rational and intelligent beings.
This study unveils a model for new knowledge acquisition decision making that uses two-stage stochastic
programming and game theory to solve investment problem in the uncertainty environment.

3. Research contribution

Base on the proceeding discussion, this study unveils a model for new knowledge acquisition decision making
that uses two-stage stochastic programming and game theory to solve investment problem in the uncertainty
environment. Finally, significant novelties and contributions that separate this research from pertinent literature
are as follows:

3.1. Knowledge flow

In this research, to increase the level of firms’ technological knowledge, two ways are considered: technological

Knowledge Transfer (KT) and development. The knowledge flow in this article includes:

e The level of new knowledge :In the first stage of the New Product Development (NPD) project, new
technological knowledge choice raised for technological knowledge transfer.

e Initial level of knowledge: The initial technological knowledge level includes education records, work
experience, and evaluation of employees' performance in the NPD project. In the first stage, the
technological knowledge level of each firm changes due to the technological KT.

o Knowledge Absorption: Absorptive capacity is the ability to learn from external technological knowledge
through processes of technological knowledge identification, assimilation, and exploitation.

e KD: It includes processes of external technological knowledge procurement, creation of specific
technological knowledge resources like research and development departments, and formation of personal/
technical technological knowledge networks.

3.2. Competition

Two competing firms will produce their products in a duopoly competitive market, with investing in new
technological knowledge that is uncertain. Competition between two firms starts with acquiring knowledge and
will continue until the product is sold in the market. The competition in this work includes:

o Leader or follower: In the proposed model, the firm that acquires new knowledge sooner at a higher cost
will be able to enter the market as a leader.

e switching customers: In the proposed model, one of the competitive advantages that is considered is based
on customers who compare the level of knowledge used in the product and choose a higher quality product.

e marginal cost: In the proposed model, the two firms are deciding on gaining new technological knowledge
that will reduce their costs. The range of the reduction in marginal cost depends on the quality of the new
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technological knowledge. The higher technological knowledge level and the greater absorption coefficient
will lead to lower marginal cost in producing.

3.3. Knowledge acquisition time

One of the main criteria in acquiring new knowledge is time, which in this article includes the following:

o knowledge acquisition time: In the proposed model, the cost of uncertainty is considered for acquiring
knowledge earlier, and the firm that acquires knowledge later can use the opportunity to learn from the
competitor.

e Innovators and early adopters market share: Innovators and early adopters, which constitute 16 percent
of the total market demand, are waiting for a new product to buy, and the first-mover can make use of this
advantage.

3.4. Uncertainty

Two competing firms decide to acquire new knowledge in the uncertainty condition. The new technological
knowledge has two-level of quality and firms cannot differentiate between them until they earn it.

3.5. Model

In this study, a two-stage stochastic model is developed for deciding on the time of new technological
knowledge acquisition, based on which, the product amount of each firm is determined by a Cournot or
Stackelberg game. In the proposed model, due to the uncertainty environment, a robust optimization approach is
applied. Using nominal data, the game theory-based mixed-integer problem under deterministic and robust
conditions has been coded by the Benders optimization algorithm in GAMS software.

4. Model framework.

Two competing firms will produce their products in a duopoly competitive market, with investing in new
technological knowledge that is uncertain. The study includes the following assumptions:

e  The competition is hon-cooperative and symmetric.

e New technological knowledge is from the outside and has uncertainty.

e Two scenarios are considered for new technological knowledge: high or low quality.

e The acquisition of new technological knowledge reduces production cost.

e Demand is definitive.

The Table 5 represents model indexes, variables and parameters. The decision making takes place in three
stages:
e Stage 1: Acquiring new technological knowledge. The first stage consists of two periods

(je {l, 2}) in which firms will invest to buy the new technological knowledge without knowing its

level. Any firm which gains new technological knowledge will enter the market sooner. It is worth
noting that if the process of gaining technological knowledge is sequential, the second-mover will be
less cost-driven because of learning this process but the first-mover will faster reach the technological
knowledge of the production and will make more profit from customer demand (innovators and early
adopters).

e Stage 2: Technological KD and integration At the end of the first stage, firms will develop and
integrate new technological knowledge with their first technological knowledge. The cost of
developing technological knowledge at this stage depends on the new technological knowledge level
and the first technological knowledge of the firm: if the new technological knowledge level is high,
firms incur less expense for developing and integrating technological knowledge to produce the
product.

e Stage 3: Determining Market Structure. As discussed in the first stage, if the acquisition is
sequential, the share of 16% of customers is owned by the first mover. But to determine the share for



covering the remaining demand, it is necessary to create a Cournot or Stackelberg game. Figure 3
shows the model framework.

4.1. Technological knowledge levels.

In this research, to increase the level of firms’ technological knowledge, two ways are considered:
technological KT and development. The variable K. represents the level of technological knowledge used in
the NPD project by firm i at time j, where ie{l, 2}, j 6{0,1, 2}. In the first stage, the technological
knowledge level of each firm changes due to the technological KT.

In the first stage of the NPD project, new technological knowledge choice raised for KT. The new
technological knowledge (K ) has two-level of quality and firms cannot differentiate between them. Various
scenarios for new technological knowledge include Eq. (1) :

K., =K. s=12 (1)

new’

where S stands for the scenarios and « is the probability of a low-quality technological knowledge scenario
(pis= l} =a) and 1-a is the probability of a high-quality technological knowledge scenario
(pis= 2} =1—a) .We consider the KT, as a KT driven change in the technological knowledge level of firm
i in the first stage (EQ. (2)).

K, =K, +KT:;i=12 @)

With the increase in absorption capacity, firms benefit more from KT. The absorption capacity of each firm
is considered as ﬂi. Therefore, the amount of technological knowledge at the end of the first period is as Eq.

3).

S _ — I'<i +ﬁiKr11eva:a oy —
Kil - KiO +Bi Knew - { Kig*ﬂiKr%erp:l_a i _1' 2 (3)

The second way to increase the level of technological knowledge is to develop existing technological
knowledge (KD), which occurs in the second period. Let KDiS denote the change in the technological
knowledge level of firm i due to KD. Therefore, the technological knowledge level of the firms at the end of the
second stage will be as Eq. (4):

KS = K5 +KD? =K,y + BKS,, +KD;i =125 =12 (4)

new

4.2. Expected profit.

The Common part of the firm’s expected net revenue has four main components: 1-loyal customer’s valuation,
2- switching customer’s valuation, 3- and the probability that each firm is alone in the market at the end of stage
2, i.e., its competitor does not develop a new product by the end of that stage, and 4- having a market share of
innovators and early adopters.
e Loyal customer’s valuation. This part of the revenue is earned from customers who buy from their
expected company without comparing their competitors' level of technological knowledge Ozkan
[1]. Therefore, when the new product is released to the market, the revenue earned from loyal
customers at the end of stage 2 is Eq. (5):

2 2
ﬁlzzz PO Z K, (5)

s=1 i=1l

where 1, is the expected profit of loyal customers and pg is the probability of scenario s.
e The second part of the expected net revenue represents the customers who purchase based on the
technological knowledge level used in the product. OZKAN [1] refers to these as ‘“‘switching
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customers”. Therefore, the increase or decrease of the expected net revenue due to switching customers
(7,) isas Eq. (6):

2 2 2

Ty = ZZZ o o (K —Kr,)  (6)

If only one firm acquires the technological knowledge at the end of the second stage, it is recognized as a
monopolist and earns more revenue from the market. Thus, 7, is the expected net revenue of the firms due to
the additional market share (Eq. (7)).

T3 = ZZZ POy (=07 14 K (7)

s=1 i=1 n=i

o Finally, if a firm reaches the technological knowledge of the NPD sooner, it can capture the share of
innovators and early adopters. This means that the customers of these groups, which constitute 16
percent of the total market demand, are waiting for a new product to buy, and the first-mover can make
use of this advantage. Here, for simplicity, we assume that the remaining demand for the product is
provided by the product demand function, which will be discussed in the third stage. So, the first-
mover will gain 16% of the total demand share, which we consider V, and the first part of the profit
will be:

If they simultaneously acquire the technological knowledge, the profit will be divided between the two firms
(7,) asEq. (8):

\
Ty = E (Xll—ll + X;1) (8)

where Xi'; denotes the decision variable: if firm i in period j of the first stage acquires technological
knowledge simultaneously, it is 1; otherwise 0,1, J € {1, 2} .
If technological knowledge acquisition is sequential, then the profit is for the leader:

7 =V (X1Tl + X;l) (9)

Where in the Eq. (9), X; denotes the decision variable: if firm i in period j of the first stage acquires
technological knowledge sequentially, it is 1; otherwise 0, I, j € {l, 2}
So the expected profit (w) is (Eq. (10)):
r=m+7x,+r,+7x, (10)

4.3. Costs

In the first stage, the cost incurred by the firms will be due to the cost of technological knowledge acquisition
(I). This cost differs depending on the first movement or the second: if both firms (in period 1 or 2) gain
technological knowledge in the first stage, the acquisition cost will be the same for both and equal to | ; if
technological knowledge acquisition is sequential and one firm gains technological knowledge in the first and
the other during the second period, the cost of technological knowledge acquisition will be lower for the second-
mover due to its learning from the first-mover (Table 6).

Parameter L € {0,1} represents the advantage of learning. Learning makes the technological knowledge
acquisition cost lower for the second-mover in period 2. As the two firms get closer, L gets closer to 1. Thus, the
cost of technological knowledge acquisition is:



C,= IOZZ:ZZ.:X‘JH +Z2:I0x£ +1,(1- L)ixf2 (11)
i i i

Where in the Eq. (11), C, denote technological knowledge acquisition cost.

In acquiring new technological knowledge, there is a risk-driven uncertainty, which depends on the first
technological knowledge level of firms and the period of new technological knowledge selection. We denote by
I the risk of new technological knowledge selection for firm i in period j. C denotes the risk cost of new
technological knowledge selection in Eq. (12):

2 2
C,= ZZ I (xijH +X; (12)
i

We consider the technological KD cost in the second stage, which depends on the technological knowledge
level at the start of the second stage. In the this stage, each firm undertakes a marginal cost to produce the
product. So C is equal to:

C, = ZZZZZZ p.o’KD (13)

Where in the Eq. (13), a)is is the cost of developing technological knowledge for the production of the firm i
in the second stage under the scenario S. So the total cost (C) is (Eq. (14)):
C=C,+C,+C, (14

4.4. Technological knowledge level and marginal cost

The higher technological knowledge level and the greater absorption coefficient will lead to lower marginal
cost in producing. Given that the level of new technological knowledge is uncertain, firms will know their
marginal cost after receiving it. So, assume that the relationship between the marginal cost and the level of
technological knowledge of the participants is:

¢ = z (15)
LK, + K, +KD;

new

In Eq. (15), S € {1, 2} is the predicted scenarios for the new technological knowledge level, ¢ is the marginal
cost of each firm in production, and y is the coefficient of converting technological knowledge to the marginal
cost of each firm.

4.5. Demand

The market is duopoly and two firms supply the total demand. In the model, we use a linear demand function
widely used in economics and marketing literature: (e.g. [35-40])

PQ)=0-Q=0-(q+q,) (16)

In the Eq. (16), P is the product, € is the constant demand number, Q is the total supply from the two
suppliers and (; the production quantity of firm i on the market.



4.6. Model Objective Function
2 2 2 2
Z=Min(C-r)= I{ZZX&* +inTl +(1- L)Zx;}—
V(XI1+X;1) (Xll +X21)+ZZ (le +X

2 2 2 2
z Ps (Z o’ KD; _Zé}szi K —224355@ (K, —Kp) _Zzé‘is A-0;) 1K)

i n=zi i n=i

17)
Constraint:

i.(Xu“ +x)=LVi (18)

2
Zlo(xi'j* +X;)+@’KD; <B;Vi,s (19)

Kf2 =K,, + BK.,, +KD’;Vi,s (20)
H

X = nJ,V| i=n  (21)

T

Xj = X Vi jii=En j=m o (22)

X', % €{0,1};KD; >0;Vi, j,s (23)

ij N

The Eq. (17) defines the expected revenue and cost of the firms. The Constraint (18) describes the decision-
making process: simultaneously or sequentially. Constraint (19) specifies the firm’s budget limitation , where B;
is the total budget of firm i. The Constraint (20) states the level of the final technological knowledge of the firms
at the end of the second stage. The Constraint (21) shows that if the first firm decides in each period
simultaneously to acquire technological knowledge, then the second firm chooses the technological knowledge
at the same time. Equivalently, the Constraint (22) state that if the first firm decides in a sequential manner in
each period, the second firm will choose technological knowledge in the opposite period And finally, the
Constraint (23) specifies the feasible solution space.

4.6.1. The proposed robust model

The Eq. (24) is objective functions of the robust counterpart model and constraints (25) to (31) represent the
corresponding constraints of the robust counterpart model in the proposed model.



Z:Min(C—ﬂ):Io[iix;+ix£+(l—L)ixf2}—
V(XI1+X;—1) (X11+X21)+zz (Xu +X
ZpS(Zw KD? — 2552 K, — 225555¢,(K3 K:,)— 2253(1 S K3+

Z Z ply +T°A1°
(24)

Constrains:
Pl + 1° > p,@’KD Vi, s (25)

i.(Xu” +X)=LVi (26)

Is —

ZI (X +X] )+’ KD + p2g + A2:Tw <B;Vi,s  (27)

p2“’ +427 >KD’@’;Vi,s  (28)

Is —

K =K, + 5 KneW+KDf;Vi,s (29)

X; =xi;Vi, j;i=n  (30)

n]’

i = X Vi, jii#En j=Em o (31)
4.6.2. Robust budget adjustment.

Consider the Robust counterpart model, each of the constraints (27) has only one non-deterministic parameter in
the corresponding constraint. The maximum steady budget (Fi”;) is the limit of one and at least equal to zero.
For convenience, for a random parameter a)is , a total steady budget is determined and the contribution of each
limitation to the total budget is considered.

4.6.3. Benders decomposition algorithm

To apply the Benders algorithm to formulate the model, the sub-problem (Eg. (32) and Constrains (33) to (36))
and its dual (Eq. (37) and Constrains (38) to (43)), the main problem (Eq. (44) and Constrains (45) to (48)), and
finally the optimal cut of the Benders are as follows.

e Sub Problem

2 2 2 2 2 2 2
Min(SP) = Z P, (ZwiSKDiS _Zé‘iszi Ky _Zzé}sé‘nsﬁ”i (K, —K:2) _Zzé‘is A-6,) 1K) +

ST ple 4 1oL
1 S (32)

Constrains:
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Pl + A“ > p,@’KDVi,s  (33)

[0]

s <B,;Vi,s (34)

ZI (x5 +%;)+a@; KDf + p2; + A2y, |F

p2“’ +127 >KD’@';Vi,s  (35)

Is —

K, =K, + 8K, + KD Vi, s (36)

e Dual SP. To write the dual sub problem, the variablesb D1, D2, , D3, and D4, are considered
for each of the SP constraints. The DSP is written as follows:

Max(DSP) = ZZDZ.SU (X +%;)-B)- ZZD4.S(K.o+ﬂKneW) (37)

Constrains:
D1, <1;Vi,s (38)

2
> DL, < (39)

-D2, + D3, <0;Vi,s (40)
Fa)
(I

_psa)l Dl|s — 0 D2is - D3 + D4|s < Ps@; (42)
DA, <57, 550 -5 AV Lz (43)

)D2,+ D3, <0;Vi,s (41)

e MP Problem

Min(MP) =z +1, [ii X +ix£ +(1- L)ZZ: X |-

(44)
V 2 2
VO ) - (6 X + 2+ X
i

Constrains:

2 2

2.2 D2, (I,(%]" + %)~ B) - ZZD4.S(K.0+/3KW)<7: (45)

i(xi'j4 +X;)=LVi (46)
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H Hovi i
Xp =Xy Vi, ji=n (47)

= Xqj s

X-T_XT .

ij — nm?

Vi, jji#n;j#m  (48)

Benders decomposition algorithm

{Initialization}
Set Eq. (49) as initial feasible integer solution

(&%) (@9)

j o
LB =—0,UB =+, L = K = 0, while(UB— LB > £) DO (50)
{Solve Sub-Problem}
If (Sub-Problem is Unbounded) then
Get unbounded ray p
Add cut Constraint (46) To master problem and run Eq. (51)
L=L+1 (51)
Else
Get extreme point p
Add cut Constraint (45) To master problem and run Eq. (52):

PR et
i j i i

K = K +1,UB = Min o
V
V(XL+XL)—E(X1'1 £X5)+ 20> (%' + %)+ DSP
i

(52)

End if

{Solve master problem}

LB=x (53) /1 results of master problem
End while

As is clear from this pseudocode, first, we must find a feasible solution to the main problem. This is done by
solving the main problem without any cutting plane (Eq. (49)). Then, the solutions obtained from the main
problem are given to the SP (Eqg. (50)), and this problem is solved. If the SP is not feasible and the dual is
unlimited, then an infinite direction is taken from the dual and is produced using the direction of a cut. This cut
is added to the main problem.

4.6.4. The numerical example

Using nominal data, the game theory-based mixed-integer problem under deterministic and robust conditions
has been coded by the Benders optimization algorithm in GAMS software. The obtained results are reported in
the following. The deterministic and robust models have been compared at three different levels of maximum
violation probability (Pr = 0.1, 0.15, 0.2) and three deviation rates from nominal data (5%, 10%, 15%). The
solutions of the deterministic and robust models are given in the following tables. According to Table 7, Table 8
and Table 9 it can be said that by the reduction of the constraint violation probability, the robust model has been
worsened step by step. Figure 4 shows the trend of the robust model changes against the maximum violation
probability at the level of 5% deviation from the nominal data.

As can be seen, by the reduction of the maximum violation probability (the increase of the conservation
level), the robust model has been worsened at each step. The objective function is a minimization one and thus
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its increase is undesirable. By the deterministic model, we mean the initial model that includes non-deterministic
parameters instead of which nominal values are replaced. Thus, the maximum violation probability and
deviation percentages from the nominal data have no impact on the deterministic model. On the other hand, by
the increase of the deviation from the nominal values, the robust model has been worsened at each step. In
Figure 5, the robust model changes against the deviation from the nominal values at the maximum constraint
violation probability 10% has been shown.

The increase of the deviation from the nominal data has had a negative effect on the robust model. By this
increase, we are interested to know what will happen if the uncertainty ranges of the non-deterministic
parameter increases. Thus, if this range is estimated correctly and it reduces considerably, the negative effects
can be mitigated.

In specific dimensions, in each state of the sensitivity analysis, both models converged in about 15
iterations. As can be seen in Figure 6 and Figure 7, the lower bound has increased regularly, while the upper
bound has experienced a non-regular trend and finally the algorithm converged. Figure 6 displays how the
robust model has converged at the maximum violation probability 0.2 and deviation 10%. Figure 7Error!
Reference source not found. shows this for the deterministic model.

Solving this model helps determine whether the technological knowledge acquisition process is
simultaneous or sequential as well as the technological knowledge amount at the end of the second stage.

4.7. Market Structure

As stated in the section 3.5, the stochastic programming model determines the game type (simultaneous or
sequential) and marginal cost. Thus, we have:

4.7.1. The technological knowledge acquiring process is simultaneous.

In this case, we consider a game with the following properties:

Players: firm 1 and 2

Strategies: Production amount in the marketplace (0};)

Payoffs: The profits of each firm from selling products in the market:

(7, :[P —C]*qi) , Where 7; is the profit of the firm i and P is the price of selling the product on the
market)

By solving this game, we will have Eq.(54):
0+c; —2¢

qi I1VI’J1|¢J (54)

4.7.2. The technological knowledge acquiring process is sequential

Here, we assume that firm 1 (the leader), who gain new technological knowledge in the first period from the
first stage, determines g, and then the follower (firm 2) will decide on the amount of its production (qz) in the
market. Here, we have Eq. (55):

(55)

q _0+c,—-2¢ q 03¢, +2¢
1 2 1 M2 4
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4.7.3. One firm does not enter the technological knowledge gaining process

We assume that firm j does not choose the new technological knowledge. In this case, this firm can use its old
technological knowledge.

5. Numerical analysis.

To solve the proposed model, we use the research data [1] and [41]. Table 10 shows the data of this example. In
this example, it is assumed that the first technological knowledge and its absorption coefficient are greater for
firm 1. We estimate the firm budget based on the investment rate and the technological knowledge level of the
firms. We solved the stochastic programming model by the GAMS software, the results of which are shown in
Table 11 and Table 12. The results show that the choice of new technological knowledge is sequential and the
second firm will gain the technological knowledge as a leader in the first period. Although the first firm has a
higher level of technological knowledge and a lower risk of choosing the new technological knowledge, the
second firm, due to its high learning rate that causes it lower cost, will act as a pioneer in the gaining of the
technological knowledge. The sensitivity analysis of the model shows that with a slight change in the learning
coefficient, the choice of firms will undergo many changes.

In relation to the second stage variables, as shown in Table 12, in the first scenario, where the new
technological knowledge level is low, the technological KD is more than the second scenario. This difference
means that when the new technological knowledge level is low, firms need to develop greater technological
knowledge to reach the desired level of technological knowledge for launching their new product. Table 12 shows
the total technological knowledge level of each firm at the end of the second stage. A firm with more
technological knowledge will produce its product at a lower cost.

According to the stochastic programming model, the second firm as a leader, with a lower level of first
technological knowledge, will gain new technological knowledge and enters the market sooner. The Stackelberg
game determines the market share for each firm, as shown in Table 13, and the winning firm is shown in Table 14.
The analysis of the results shown in Table 14 is interesting since it is clear that factors such as the technological
knowledge level, technological knowledge converting coefficient, and constant demand number play a decisive
role in determining the final market winner. These results suggest that although a firm may be a leader in
acquiring a leading technological knowledge, it will not necessarily win the market. This is a reality that is often
observed in the real world. For example, in 2013 Google launched Google Glass, the head-mounted wearable
computer as a first-mover, but the product was discontinued in 2015. Later, numerous companies have picked it
up where Google left it [42].

6. Managerial implication

This study suggests that the competition, uncertainty, investment time, and knowledge level of firms have the
strongest influence on the decision to acquire new knowledge. One of the managerial implications of the results
and discussion is the need for the organization to decide on heavy investments in uncertainty. Investing in new
knowledge is a two-pronged decision, just as it can create a competitive advantage for the organization, it can
also lead to failure, and managers play a key role in this. In this decision, managers need:

a. Assess the quality level of new knowledge and its relationship with the existing knowledge of the
organization.

b. Determine the amount of capital needed for KD.

c. Assess competitors and choose the optimal time to acquire knowledge.

d. Determine the optimal amount of production in the market.
Therefore, managers must consider several factors to be successful in the market. The outcomes of this research,
if utilized properly, can be utilized as a decision support tool for firms to find the optimal timing of the adoption
of cost-reducing technological knowledge. This tool will help managers of organizations to choose the best time
to invest and make the most profit in the market, given the uncertainty of new knowledge as well as the existing
level of knowledge of the firm.
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7. Conclusion

This study was undertaken to suggest an efficient solution for deciding how to acquire new technical
knowledge. We introduced a two-stage stochastic programming model that explores Knowledge Management
(KM) strategies that drive NPD for two profit-maximizing firms. The KM strategies included the KT between
the firms and the KD pursued by each firm independent of its competitor. After determining the technological
knowledge acquisition strategy, the leader-follower and the production cost, they enter a game theory model to
determine the amount of the product in the market. This novel two-stage stochastic programming and game
theory model has been developed to determine the competition equilibrium between two firms in adoption and
developing new knowledge. The proposed model considers the process of adoption and developing a knowledge
and according to various factors such as firms 'budgets, new knowledge uncertainty, firms' current level of
knowledge, risk of early market entry, branding advantage and product demand in the market, determines the
best time to acquire new knowledge.

In this study, we examined how adoption and developing new knowledge reduces production costs and
increases market competitiveness. The initial level of knowledge of firm, by adoption new knowledge and
developing it, will reach a level that can be used to produce and market it.

In the proposed model, we considered branding as an advantage of earlier knowledge acquisition. In this
way, any firm that absorbs knowledge sooner will gain more market share. This advantage includes loyal
customer’s valuation, switching customer’s valuation, and the probability that each firm is alone in the market
and having a market share of innovators and early adopters. On the other hand, the second firm, by learning
from the entry of the first can absorb knowledge at a lower cost. We considered the risk of acquiring knowledge
early .The risk of selecting new technological knowledge is lower for a firm that has a higher level of
technological knowledge. Also, the risk becomes lower if the choice of new technological knowledge is
postponed because of the time spent in acquiring technological knowledge. Finally, firms enter the market using
the acquired and developed knowledge to determine the amount of production by Cournot and Stackelberg game
theory model .We assume that demand is linearly related to price, firms 'products are homogeneous, and that
production cost is inversely related to firms' total knowledge at the time of production.

The results of stochastic programing and game theory model show that the level of knowledge of firms at
the time of production, knowledge absorption coefficient, and constant demand coefficient will have a special
effect on determining the winner in the market. These results show that although a firm may be a leader in
acquiring a leading technological knowledge, it will not necessarily win the market. As shown in Table 14, while
the second firm has a lower technological knowledge level and a lower risk, it chooses new technological
knowledge sooner due to the advantage of innovative customers. But, considering the production cost and
market demand conditions, the final winner in the market may be determined regardless of the benefit of the
first movement.

8. Future Study

New knowledge adoption is a strategic decision that involves a variety of dimensions. This decision is based on
four levels: new knowledge, firm, competitive environment and the market. At the level of new knowledge, its
fitness to the firm's capabilities is very important and the need for knowledge assessment is based on external
and internal factors. At the firm level, the initial knowledge of the firm has a great impact on the success of
knowledge acquisition and product development in the market. Competition and the time of new knowledge
adoption and methods of acquiring it are the main factors of the competitive environment. Ultimately, the
uncertainty that exists in new knowledge, the competitive environment, and the market will affect the success or
failure of the acquisition of new knowledge. To this end, many models for optimal decision making of the new
knowledge acquisition by researchers to consider the above factors have been used that can be referred to
financial and non-financial methods.

Our work has some limitations that should be addressed in future work. The following are suggested for
future studies:

o At the level of new knowledge, the selection of knowledge among the appropriate options is not
considered in this work. A model that examines the selection of knowledge among several options
can provide better results for firms.
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Each of these alternatives will have a different cost, proportionality factor with the firm's current
knowledge, and uncertainty, which can have an impact on the firm's knowledge acquisition
strategy.

In the literature of knowledge sourcing, there are several ways to acquire a knowledge, each with
its own characteristics. These methods include domestic research and development, equity R&D
joint venture, joint venture, equity R&D consortium, complementary license purchase, license
purchase, Sub-contracted R&D, Firm take-over, cross licensing and joint take-over. In this work,
the mode of acquiring knowledge is not considered. While each of these modes is very important in
the knowledge acquisition strategy of firms.
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FIGURE CAPTIONS

Figure 1. Elements of knowledge adoption strategy

Figure 2-Customer Segments of Technology Adoption

Figure 3.Model Framework

Figure 4 .The deterministic and robust model changes against the maximum violation probability
Figure 5-The deterministic and robust model changes against the deviation from the nominal data
Figure 6- The robust model has converged at the maximum violation probability 0.2 and deviation 10%

Figure 7--The deterministic model has converged at the maximum violation probability 0.2 and deviation 10%.
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Table 1. Knowledge Selection Factors in literature

Knowledge Selection Factors Ref.

) costs
internally

production capacity

marketing status
knowledge difficulty [43-49]
externally Paybacks period

Risk of the knowledge

Flexibility

Table 2.Advantages of being first or second mover

First mover advantage First mover disadvantage Ref.

Market reputation, Heavy R & D spending
Technological readership and

Brand loyalty

pre-emptible Underdeveloped channels for [2, 50-55]
resources procurement and distribution
customer switching cost The lack of Enabling technologies

and complementary products
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Increasing returns

Uncertainty about customer needs

Table 3 . knowledge acquisition methods types

Subject
Knowledge acquisition method Innovation type Ref.
fixed fee licensing, Royalty licensing, L . [56-59]
Fixed fee plus royalty licensing cost-reducing innovation by a
external firm
Licensing
policiesand  royalty licensing, fixed-fee licensing, , L . [60, 61]
R&D two-part tariff contract, ad valorem cost-reducing innovation by a
environments  royalties internal firm
fixed-fee and royalty licensing, fixed- ~ Magnitude of the cost-reducting
fee plus royalty innovation. [62-68]

Table 4. Knowledge Adoption Methods

Knowledge Adoption Strategy Knowledge Adoption Method Ref
Discounted Cash Flow [69, 70]
Cost/Benefit Analysis [71-74]
Net present value [75-77]
Return on Investment (ROI) [78, 79]
AHP [80, 81]

Selection _
Critical Success Factors [82, 83]
Dynamic Programming [84]
Real Option models [33, 85-88]
Game Theory Models [89-93]
Discounted Cash Flow [94]
Cost/Benefit Analysis [95]
Net present value [96]
AHP [97-99]

Acquisition Mode Critical Success Factors [100]
Real Option models [101]
Game Theory Models [1, 102-105]
Bayesian Decision Analysis [29, 106]

N Real Option models [107-110]
Timing
[2, 41, 54, 85, 111-
Game Theory Models
116]
Table 5. Model indexes, variables and parameters
Simbol Description
i, ne {1, 2} Two competing firms
Index

j,me {l, 2} Time periods of decision making
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Se {1, 2} new technological knowledge level scenarios

K The technological knowledge amount of firm i at stage 2 under
i2 scenario s
KDiS KD in firm i under scenario s
Variable XH If firm i in period j from the first stage acquire technological
1 knowledge Simultaneously then 1; otherwise 0.
XT If firm i in period j from the first stage acquire technological
I knowledge Sequentially then 1; otherwise 0.
S - - -
Knpw Various scenarios for new technological knowledge
Kii The technological knowledge level of firm i at time j
T, Part y of the expected profit
T Expected profit
Technological knowledge converting coefficient to the marginal
9 g 9 9
Y cost for each firm.
CiS The marginal cost of firm i under scenario s
C A Total technological knowledge acquisition cost

Production quantity of firm i on the market

The probability of a low-quality technological knowledge

Q;
a
ﬂi Absorption capacity
Z

loyal customers’ valuation for firm i

Parameter -~ .
5 the successful probability of firm i in the marketplace under
! scenario s
ps probability of scenario s
() technological knowledge valuation of firm i in the market
|0 Fixed cost of technological knowledge acquisition
L The advantage of learning
r the risk of new technological knowledge selection in period j for
i firm i
s The KD cost for firm i in the second stage under scenario s.
i
B The budget of firm i
Customers’ valuation of the firm i if it is the only one to
H successfully develop a new product.
Table 6.The role of learning in acquiring technological knowledge
Situation Learning Firm i’s Cost Firm j’s Cost
If both firms acquire technological No I |
knowledge in the same period. 0 0

If firm i acquires technological knowledge Yes
in the first period and firm j in the second
period.

l, a-u,

Table 7.The objective function value of the robust model with 5% deviation from the nominal data

Pr=0.2 978828
Pr=0.15 979293
Pr=0.1 979501

Definitive Model Object Function=9782611
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Table 8.The objective function value of the robust model with 10% deviation from the nominal data

Pr=0.2 987212
Pr=0.15 987423
Pr=0.1 987470

Definitive Model Object Function =987261

Table 9.The objective function value of the robust model with 15% deviation from the nominal data

Pr=0.2 995364
Pr=0.15 995497
Pr=0.1 995517

Definitive Model Object Function =978261

Table 10 .Data of example

Parameter ~ Value  Parameter  Value Parameter ~ Value Parameter Value
2 2

K., 100 r, 20 K., 500 a)11 3

K., 80 r,, 60 o 20 a)% 6
yoA 0593 r, 30 0, 20 a)i 4
5, 0.375 B, 1000 Z, 100 0, 0.33
L 03 B, 1000 Z, 100 o’ 05
I, 300 P, 05 m 10 5y 0.33
V 100 D, 05 1, 10 o; 05
r, 50 KL 200 o 4

Table 11.First stage variables

Firm1 Firm 2
First period  Second period First period Second period
Simultaneous selection 0 0 0 0
H
(%")
Sequential selection 0 1 1 0

)

Table 12. Second stage variables

First scenario second scenario
(Low level of new (high level of new
technological technological
knowledge) knowledge)
175 233.333
The amount of first - firm technological KD
§ . 116.667 175
The amount of second- firm technological KD
393.6 629.833
Technological knowledge level of the first firm
at the end of the second stage
271.667 442.5

Technological knowledge level of the second
firm at the end of the second stage
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Table 13.Market share

First scenario

(Low level of new
technological knowledge)

Second scenario

(high level of new
technological knowledge)

The production cost of the first 0-00257/ 0-00167/

firm(follower)

The production cost of the second firm 0-00377 0-00237

(leader)

Market Share of the first firm(follower) 6— 00017 6— 0.0027/
4 4

Market Share of the second firm(leader) 6— 0_0099}/ 6— 0.0062}/
2 2

Table 14.Winner in the market

Parameter value Winner
0>0.02y First scenario Second firm(leader)
second scenario
0.012y <6 <0.02y First scenario first firm(follower)
second scenario Second firm(leader)
0 <0.012y First scenario first firm(follower)

second scenario
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