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ABSTRACT

In recent times, India has emerged as one of the fastest growing telecom markets in the
world and witnessed a telecommunication revolution brought about by a collaboration of
government, industry, and the scientific community. From a situation where an applicant
had to wait three years to obtain a telephone connection to a position where telephone
companies are wooing consumers, it has been a success of indigenous technology
development and effective diffusion management.

Derived from the insight gained in the course of literature research and interaction with
industry experts, in this paper, a system dynamics integrated model of Indian
telecommunication sector (Mobile Telephony) has been calibrated to demonstrate the
nature of interactions among system variables and the resultant outcome which assume
degrees of importance at different stages of the diffusion/adoption process in the Indian
telecom sector. From a supply chain perspective, the study has encompassed system
modeling of the entire ‘supply-line’ of Telecom diffusion i.e. Supply-side dynamics (R&D,
Infrastructure, Production & Promotion), Adoption-dynamics (Potential Adopters, Rate of
Adoption and Number of Adopters) and Market-side dynamics (Subscription demand,
Revenue and Profitability)

The work done here proves how the application of system dynamics modeling and
simulation can contribute in a meaningful way to improve the holistic understanding of
the dynamic structural complexities and forces driving and arising from the supply line of
telecom diffusion. Several model simulations show the potential of using system
dynamics as a promising modeling approach to capture, integrate and predict the
structural behavior of innovation diffusion process. In the end, a novel interface of
neural net has been explored to perform sensitivity analysis and a scenario projection of
multiple usage situations has also been conducted.
Key Words: System Modeling, System Dynamics, Innovation Diffusion & Supply Chain,
Indian Telecom

____________________________________________________________________
*Dr. Sanjay Bhushan is Lecturer (Sr. Scale) in the Dept. of Management, DEI,
Dayalbagh and Prof. Janat Shah is Professor in Operations and associated with the
SCMC, IIM Bangalore. This research is done under the MoU between the Supply Chain
Management Centre, IIM Bangalore and the Dept. of Management, Dayalbagh
Educational Institute (Deemed University), Dayalbagh, Agra. The authors acknowledge
and express their gratitude to Prof. Sanjeev Swami, Head, Dept. of Management,
Dayalbagh Educational Institute (Deemed University), Agra and Mr. Raj Kumar
Upadhyaya, Dy. GM, BSNL for fruitful discussion and providing valued insight in the
area of Telecom innovation diffusion .



3

INTRODUCTION:

Innovation can be attributed as a systemic and interactive process which is developed
in a specific social, economic and institutional context. (Lundvall 1992; Morgan 1997). In
a traditional business set up, innovation used to be a linear trajectory from new
knowledge to new product and historically, the conventional approaches to innovation
diffusion have tended to regard innovation as the product of research, and view its
dissemination as a largely linear process confined to researchers, producers and target
users. Contrary to this, systems approach places greater emphasis on the rapidly
changing internal and external structural dynamics and on the importance of a diversity
of key actors and the surrounding operating environment. Applied systems research
addresses real world problems concerned with complex, unstructured, multidisciplinary,
large scale systems which require acquiring information of the system and its
components and environment which seek approximate solutions to precisely or
imprecisely formulated problems (Satsangi et al. 2001)

Organization of the Paper:

In this paper, we endeavor to present a system dynamics framework to explain diffusion
dynamics and associated dimensions for handling them in the Indian telecom sector. It
is proposed to design a robust innovation model through the selection of appropriate set
of decision variables based on real time observed values.

Section I covers a brief exposition accompanied by a consolidated tabular presentation
of past studies and researches in the field of innovation diffusion inclusive of Telecom
diffusion. In Section II, an integrative model structure with a modular dynamic
hypothesis using system dynamics stock-flow framework has been parameterized,
calibrated, validated and simulated. Section III begins with discussion of invoking the
framework of soft computational neural nets to perform sensitivity analysis for selected
set of control variables, covers scenario projection and ends with conclusion and
direction for future research.

Section-I: Review of Literature and Conceptual Framework

The innovation diffusion model suggested by various researchers concerns to how
innovations are spread. In this respect, diffusion is claimed to be the process through
which an innovation spreads via communication channels over time among the
members of a social system. (Rogers, 2003, Stoneman, 2002). Drawing from the
diffusion of innovation theory, we normally come to infer that the new technology
pursues a diffusion path illustrated by a logistic curve and it illustrates emergent
behavior and feedback when aggregates of individual behavior scale up to a similar
behavior on a system level (Rogers 2003).
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A Standard Diffusion Process Diagram

1.1. Past Studies and Problem Identification: (Refer Consolidated Table 1)

Many researches in the past in the area of innovation adoption and prediction have
attempted to model the various structural aspects of innovation diffusion processes and
properties of the product life cycle curve namely, the Bass Model, Gompertz Curve, the
Pearl Curve, the Mansfield Model, the Blackman Model, the Fisher-Pry Model, the
NSRL Model, the Non-Uniform Influence (NUI) Model, the Sharif-Kabir Model, the
Weibull Distribution Model (or Sharif-Islam Model), and the Horsky Model. These
models are now used widely for demonstrating and explaining technological changes
and diffusion processes of new ideas (X. Tingyan 1990).

Standard Bass Model:

The Bass Diffusion Model propounded by Frank M. Bass and the later extensions of
diffusion theory have been used extensively for market analysis and demand
forecasting of new technologies. The Bass model itself, or variants of it, is broadly
applicable to a wide range of diffusion and growth phenomena, and there is a much
literature applying the Bass model and related models to innovation diffusion. The
spread of a new product in a market can be characterized by the following Bass
formula:

The three parameters of the Bass Diffusion Model to predict Nt (Number of adopters at
time t) are: m = the market potential, p= the coefficient of innovation and q= the
coefficient of imitation.

Subsequently, the Bass model and other generic innovation models have been
subjected to several improvements (Mahajan and Wind 1986, Mahajan, Muller and
Bass 1990, Maier 1995a). Renana (Renana et al. 2010) has also recognized the need
to extend the scope of diffusion modeling, and update the metrics and data sources
used therein. It has been widely believed that the nature of diffusion processes requires
broadening the scope of diffusion modeling from focusing on interpersonal
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communications to include other social interactions and suggested that development of
such a framework and model would assist in deciphering the relative importance of
each of the various growth drivers.

The following Table-1, presents a consolidated detail of past studies and literature
review suggesting that structural variables do affect the diffusion process; and, there is
a need to analyze further, theoretically and empirically, diffusion models that addresses
this issue more comprehensively. It is paramount to know that innovation diffusion
process might show tendencies to increase or decrease abruptly because many specific
factors for the innovation ‘supply chain’ may cause interventions in the series and it is
important to consider larger portfolio of structural variables which not only impact the
overall nature of diffusion but, in turn, also get affected by the process and condition of
diffusion/adoption itself. The later effect is equally significant in making prediction about
future behavior of integrated components of diffusion system.

One can accomplish this by using Bass and Rogers' diffusion framework and expanding
or integrating it with additional system variables to identify key structural relations. In
this regard, it is evident that in the nature of things, the component functions of
innovation system are interrelated and hence need coordinated handling and it would
be desirable to look at the innovation diffusion system as a single unified system and
optimize the efficiency of the system as a whole. This is precisely what a “Systems
Approach” of innovation diffusion propounds.

1.2. Utility of System Dynamics in probing diffusion structural dynamics:

Graphic tools of System dynamics namely causal loops and flow diagrams offer
powerful communicability between modeler and decision maker. It is prudent to make
use of the multiple simulation experiments with the help of SD model for acquiring
capability for alternative policy formulations (Satsangi  et al2002). System dynamics
framework also proves to be immensely useful to the innovation diffusion study
examining structural complexities and disruptions in a holistic sense and this interface
means an interesting alternative that allows structural complexity and dynamics to be
shown which are not adequately handled by linear and equilibrium models.

Some approaches based on system dynamics applied to the Bass model can also be
found in literature. Milling (1986a; 1996) first applied it to model innovation diffusion for
a monopolistic market, considering several decision variables as endogenous elements.
The coarse structure of the model is structurally identical to the mixed influence model
developed by Bass. In contrast to the Bass model, Milling (1986a; 1996) explained
imitative purchases through a combinatorial analysis and added a clear and
understandable corporate model to map system elements. This monopolistic core
structure serves as a fundamental basis for a series of different models for analyzing
the consequences of varying decision variables, such as pricing policies, capacity
investment, or production policies (Milling 1986b; 1987; 1989).
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Table.1: SNAPSHOT OF REVIEW OF LITERATURE ON INNOVATION DIFFUSION (Part-I) :
Authors Theme of Research

Geroski, 2000 Key explanatory of rate of diffusion
Chatterjee and Eliashberg, 1990 Change of attitude to innovation
Malcolm Wright et al. 1995, Frank Maier 97 Means of innovation diffusion
Mansfield (1961), and Bass (1969), Bass 1980; Oster 1982; Baptista 1999, Geroski
2000, Fourt and Woodlock (1960)

Diffusion modeling

Yang 2001 Diffusion in Telecom and E-Commerce
Seung et al. 2006 Extension of Diffusion Model
Milling 1986b; 1987; 1989; 1996; Maier 1995a, 1997 Broader perspective of Innovation diffusion and need of

combinational analysis
Schumpeter 1947; Stoneman 1995 Process of innovation diffusion
Mahajan and Peterson (1985), Mahajan and Wind (1986), Mahajan, Muller and Bass
(1990),

Improvement of generic diffusion model

Van den Bulte and Lilien, 1997, Van den Bulte and Stremersch, 2004, M. N. Sharif
and C. Kabir (1976), M. N. Sharif and M. N. Islam (1980)

Non-linear estimation of Bass Model and revision of
coefficients

Kalish [1995] 2 Differential equation extension of Bass Model
Hani 1996 Study of extension on US cable industry
Jones and Ritz, Freeman 1974, Barnett and Carrol (1995), Rogers (1995), Mohr,
1969, Moch and Morse, 1977, Kang 1999, Global Wind Energy Council 2009 report

Macro environmental influences and Adaptation

Frank Maier 1998, Zipkin P (1999)  and Lee et al. 2000, Johnson, 2001 Stress on Feedback in diffusion process
Warner (1999), James Perry (1976) Social and economic context of diffusion

Substantive methodological change in diffusion research
Mohr, 1969, Moch and Morse, 1977 Empirical studies on diffusion
Renana, Mahajan & Muller (Renana 2010) Need to update diffusion metrics and data sources
Mahajan Muller and Wind 2000; Mahajan Muller and Bass 1990 Multiple growth drivers of diffusion
Roshan et al. 2007 Affecting variables in diffusion process
Erik et al. 2009, Robinson et al. 1973; Dietzenbacher et al. 2005 Structural complexity and Non-linearity of supply chain of

diffusion
Giddens 1990) Geographical variation
Mitul Shah, Patent application number: 20090248488, USA Complexity in system modeling of diffusion
Graziella et.al.). Distortion of S-Shape of Diffusion
Barbara 2002, Graziella Integrating array of variables in diffusion
La Londe 2005 Contingency planning due to uncertainties in diffusion
Skipper et al. 2009, Erik et al. 2008, Christopher 1992, Jain et al. (1991), Ho et al.
(2000)

Supply chain disruption in diffusion
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Forrester, 1999, Sterman, 2000, Sabine et al. 2005, Bhushan 2009, Kleijen et al.
2003

Utility of system dynamics in complex system modeling and
decision making

Milling (1986a; 1996), Sterman 2000 Application of system dynamics in diffusion modeling
Huang and Alfonso Use of system dynamics in innovation forecasting
Speller USA Methodological demonstration of system dynamics
Griliches 1980; Dixon 1980; Chatterjee & Eliashberg 1990 Demand-Supply equilibrium of Innovation
Zang 2004, Swaminathan et al.1998, Lee and Billington, James Lyneis. Utility of simulation for control policies
Young 1998), Rich and Ross 2006 Contagion effect in Diffusion system
Frank Maier 98, David et al. 1991, Rich et al. 2006, Rogers 2003, Johnson, 2001 Learning, observation  and mutual interaction in diffusion
Enrico et al Micro level feedback effect in diffusion
Rogers (1995), Skiadas, 2005, Young 1998) Willinger, Burns and Ulgen [2004] Delay an dTime-dimension in diffusion process
Part-II : Literature on Supply-Market Side Innovation Dynamics
Forrrester 1961, Simon and Sebastian (1987), Rogers 1962, 1995, 2003, Christopher
(1992, Ayers, 2002; Frances S. Berry, Andersen 1996), Pasinetti (1981), Carter
(1990), Jeremy 2006, Lynn et al. (1996, p. 97, McEvily et al. 1999, (Freeman, 1987;
Lundvall, 1992; Nelson, 1993; Edquist and Johnson, 1997, Freeman, 1991; Callon,
1994; McEvily Zaheer, 1999), Frances S. Berry, Temkin 2002 and Anderson and Lee
1999). Ravi Shankar et al, David Corkindale, Talukdar et al, 2002; Van den Bulte &
Stremersch, 2004, McEvily and Zaheer (1999), Kumar and van Dissel 1996, Smith et
al. 2007, Caputo et al 2002; Rogers 1995

Supply side dynamics of innovation and supply restriction,
Network collaboration

L. Martin et al. 2001) and Soo Wook Kim, Cohen and Levinthal 1989, Branch 1974,
Rosanna and Calantone 2002), Arthur 1989, Grabowski and Mueller 1978). Lundvall
(2002)..

R&D perspective of innovation diffusion

Peter Danaher et al, Bass, Krishnan, and Jain 1994, Nair, Chintagunta, and Dube
2004; Tellis Yin and Niraj 2009

Marketing-Mix and promotion effect on Innovation diffusion

Nagurney et al., 2005, Lorenzoni, Guido 2009, Ashayeri et al, Kang et al. 1999, Yong
et al. 2004, Hani 1996, Spekman and Davis (2004)

Demand Sensitivity and Demand management in Innovation

Carlsson et al. 2002, Rogers 1994, Graziella et al.), Lee Ho, Christopher and Lee,
2004, Mahler and Rogers (1999)

Attributes of demand, Critical Mass

Renana 2010 et al, Van den Bulte et al. 2004; Dekimpe et al. 1998, Michael Porter’s
1990, Reichheld (1996)

Competition dynamics and substitution effect  in Innovation

Stoneman 2002, Hannan & McDowell 1984; Rose & Joskow 1990, Graziella,
Carlsson 2002, Freeman, 1988; Lundvall, 1988, 1992; Nelson, 1988, 1993; Max
Ahman 2004, Soete and Arundel, 1995, Freeman, 1994; Blazejczak et al., 1999,

Macro externalities of innovation adoption and policy
influence

Herald 2001, Comin 2004 & Hobijn, 2003, Graziella, Bretschneider 1980, Bemmaor’s
(1994), Rogers 1999, Economides (1991), Allen (1988)

Economic value, Infrastructure and Network externalities
effect on innovation



8

If the traditional Bass model is reviewed from a system dynamics point of view, N and X.
and Nt and Xt are the state variables of the system, the so-called market potential and
the adopters of a product. If no capacity restrictions are assumed, the sales in a period
consist of innovative and imitative demand. They reduce the market potential and
increase the number of adopters. This sort of Bass model equation has already been
transferred into a SD-version (Sterman 2000). The coarse structure of the mixed
influence diffusion model from a system dynamics perspective can be shown below:

Figure 1: SD Framework of Bass Diffusion

A system dynamic model developed in the above manner can serve as a simulator for
analyzing the consequences of different strategies. It is not suitable for dynamic
optimization, but it allows an enhanced understanding of the influencing elements and
the behavior they cause (Milling 1986b; 1987; 1989; 1996). It shows, for example, how
innovation and imitation effect influence the dynamics of the diffusion process. Although
the aim of SD models is the better understanding of the relationship between underlying
structure and behavior of the feedback system, it can also — at least in principal — be
used for forecasting (Huang et al. 2009). It must be noted here that, Feedback
(interaction), which is the key differential factor of system dynamics from other modeling
approaches, is what also makes an innovation systems dynamic.

System dynamics, thus, help showing how the traditional innovation models can be
extended and modified to incorporate critical cause-effect relations leading to structural
complexities and map their mutual interaction and try to formulate a dynamic
hypothesis. The modeling framework used in this research captures structural variances
and measures their performance through simulation under a parameterized setting.
Several modular model simulations in the end show the potential of using system
dynamics and neural network as a promising modeling combination in this regard.

Section II: Model Parameterization, Calibration and Simulation: Indian Telecom
Sector
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Derived from the insight gained in the course of literature research, a system dynamics
integrated model of Indian telecommunication sector with a specific reference of Mobile
Telephony has been calibrated and simulated to demonstrate the nature of interactions
amongst variables which assume degrees of importance at different stages of the
diffusion/adoption process in the Indian telecom sector. However, the availability of data
remains an issue in order to capture the complete embedded dynamics of any system.
Though, the model was evaluated for its consistency and compatibility across the sub-
sectors but, due to the very nature of the case under study, this modeling step was
difficult to execute with respect to historical consistency. Hence, the dimensions of only
those parts were analyzed for which data were available. The choice was also to model
the telecom innovation diffusion in a generic mode and subject to the assumption of an
essentially homogenous population of potential adopters. This choice provides
compatibility to the modeling approach of system dynamics which has normally been
used for the aggregate level modeling problems.

2.1. Indian Telecom Scenario

The telecom services have been recognized the world-over as an important tool for
socioeconomic development of a nation. Telecommunication is one of the prime support
services needed for rapid growth and modernization of various sectors of the economy.
It has become especially important in recent years because of enormous growth of
information technology and its significant potential for the impact on the rest of the
economy. The Telecom Sector, which has the multiplier effect on the economy, has a
vital role to play in economy by way of contributing to the increased efficiency. In case
of India, telecommunications is one of the few sectors in India, which has witnessed the
most fundamental structural and institutional reforms since 1991.

As we see in recent times, country has emerged as one of the fastest growing telecom
markets in the world; India has witnessed a telecommunication revolution brought about
by a collaboration of government, industry, and the scientific community. From a
situation where an applicant had to wait three years to obtain a telephone connection to
a position where telephone companies are wooing consumers with rewards for over the
counter connections, it has been a success of indigenous technology development and
effective diffusion management. Within Telecom and among its various sub-segments,
wireless or mobile segment has been the key contributor, offering a wide range of
opportunities to provider and services to customers. Greater demand for better services
and speed have made the market more competitive; as a result tariffs have been falling
continuously across the board, making Indian tariffs one of the lowest in the world.
Going forward, the sector is likely to achieve greater growth rates with a whole range of
new services expected over next few years with the coming of 3G.

2.2. Data Collection and Model Construction:

The parameters of the base level-rate model were set using data collected from publicly
available sources. Following Table-2 compiles together innovation indicator data of the
observed and predicted values. These values have been obtained and cross verified
through multiple sources, whereas some of them are based on estimates or projections
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of what they may be in near future, given extraneous information. The consultation of
several data sources has proven most useful in providing the information and expertise
necessary to build the system model, and in particular to identify underlying feedback-
feed forward loops.

2.3. Data Source:
 Press Release No. 20 /2010, TRAI, New Delhi, 2010 (www.trai.gov.in)
 Telecom Regulatory Authority of India (TRAI)
 Religare Institutional Research
 Stanford University and consulting firm BDA
 Frost & Sullivan industry analyst
 Nokia Research Group
 Business Monitor International, India
 Department of Telecommunications
 Telecommunications Consultants India Ltd.
 Private Investment Promotion in Indian Telecom
 RNCOS Industry Research Solutions
 Business Monitor International, India
 Duane-March10 TelecomTalk.info
 Optimus, ROA Group

Table 2: TELECOM SYSTEM DATA TABLE: Base case specification (t0=Year 2010,
t15= year 2015, t10= Year 2020), Monetary value in Millions, Time Value in Years

Input Parameters Value (Real & Projected)
Innovation Dynamics

 Market Potential (Population)
 Number of Subscribers
 Growth rate
 Coefficients of Growth*

1.3 Billion (up to 2020)
584 Million

@20% CAGR of  Adopters
Innovation: 0.0003, Imitation: 0.550

Supply Dynamics
Research & Development (Equipment & Technology)

 Revenue-Investment
15% of Revenue

Projected to grow 30% by 2012
 R&D –GDP Ratio 1.3%

Operating Firms:
 No. of Operators
 Operators Density

22
10 / Circle

Demand Dynamics
Accumulated Telecom Revenue $43 Billion

Projected to $54 Billion in 2012@CAGR
18%

 ARPU (Average revenue Per User)
GSM

CDMA
$54.66/ annum (@Rs. 205/Month)

$26.4/ annum (@Rs. 99/Month)
 Decline Rate-ARPU:

GSM
CDMA

Annual Average 30%
35%
26%

 ACPU (Average Cost Per User) $26/annum
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Competition:
 GSM Share 68%
 CDMA Share 32%
 Competition Substitution/ Churn rate 6%

Market Share (Bharti Airtel) 26 %
Macro Externalities Dynamics

 Current Population
 Population growth rate

1.15 Billion
1.3%

 India’s GDP $1.25 Trillion
 GDP Growth rate CAGR 8.5% (2010-2020)
 Telecom Revenue-GDP Contribution 5.6% to GDP

Projected GDP: 15.4 per cent by 2014
 Tele density-GDP Contribution Ratio 1: 3
 National Tele Density (Per 100 persons) Overall: 52.74% (Mobile: 49.60%)

 Combined economic Value of Firms
 Value Gain
 Loss of Value (Due to License, regulations etc.)

$100 Billion (Rs 4.5 Lakh Crore)
2 Times Revenue

6-7% /year, (3G-STEP, Yr. 2010=15%)
Infrastructure :

 Accumulated Investment $76.8 billion
 Annual Investment: @ 5% of Annual Gross Revenue

(Universal Service Obligation -USO Levy)
 Number of Network Towers 2 Lac, Projected to 3.5 Lac by 2012

 Network Mortality/Retirement rate 3% per annum (Historical Mortality
Analysis)

(*Talukdar et al. 2002)
Note that, since the values of coefficient of innovation and imitation were not known in a
specific Indian context of diffusion and also it was not possible to derive it by means of
regression as the information pertaining to influence of system factors are not entirely
known, the parameterization was consequently a complex issue. Moreover, It has been
found that the nonlinear estimation of static models such as the Bass model leads to
downward biases in parameter values of market potential and the coefficient of
innovation and an upward bias in the coefficient of imitation (Van den Bulte and Lilien,
1997). In order to overcome such a constraint, the parameters used as a basis for
evaluating such effects were obtained by combining the p and q values found by
Talukdar et al (2002) for developing countries. It is noteworthy that this derivation has
been capable of almost successfully approximating the historical and prevalent diffusion
pattern of Indian telecom sector with the adjustment of contact rate value. Here q>>p,
that is, in terms of attracting new subscribers, the internal influence(word-of-mouth
communication) is much greater than the external influence(mass-media
communication).That shows a brand’s formation depends largely on the extent to which
it receives good word-of-mouth from its own previous adopters.

2.4. Diffusion of Telecom: Dynamic Hypothesis and Level-Rate Model

The composite structure of the dynamic hypothesis with the interactive feed forward-
feedback loops is shown in the telecom system model (Figure 2) below. Borrowed from
the conceptual framework of innovation diffusion developed in the previous section and
based upon the available observed values, the “slicing” of the telecom level-rate model
into six ‘sub-sectors’ or ‘concentration zones’ has been done as follows:
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Figure 2: Integrative System Model
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Table 3: Sub-sectors of Indian Telcom Diffusion Model

1. Telecom Adoption Sector Population, Potential Adopters, Adoption
process and Adopters

2. Market Sector Tele-density, GSM, CDMA and GSM
Firm’s Market Share (a Leading mobile
company)

3. Revenue & Profitability Sector
( Telecom Equipment & technology)

Accumulated Gross Revenue, Sector
Revenue, Economic Value and Profitability

4. GDP & Infrastructure Sector GDP, Accumulated Infrastructure
Investment, Towers infrastructure

5. Research & Development Sector Gross Telecom Research & Development
and Industrial R&D

6. Additional: 3G Sector Dynamics 3G Base & Revenue

The integrative model defines the blueprint architect for the level-rate modeling and
represents a selective set of interactions prevalent in the Indian telecom sector. For
ease of presentation only, the overall level-rate model has been split and discussed in
sector frame together with the simulation results. This discussion has been carried out
in two parts-

I. Model Validation
II. Simulation

2.5. Part-I: Validation of Calibrated Model Using Historical Data

The power of a modeling technique is a function of validity, credibility, and generality
(Solberg 1992). Hence model validation is not an option but a necessity in a dynamic
modeling scenario. It can be noted that due to the nature of the problem modeled and
the lack of availability of historical data for all the sector modules used in the integrative
model, only a part of the total model could be validated for its historical accuracy. We
have chosen the primary and the base Innovation Diffusion sector of the integrative
model for this purpose and generated simulation results for the duration 1999-2010
using historical data by invoking exactly the same modeling framework that has been
calibrated for the integrative system model. This approach has proven the robustness of
the main model by approximating the historical diffusion pattern and corresponding
system behavior for the chosen period demonstrated by the curve estimation graph
(Fig.3) and related values too.

Table 4: Validation Results (m=1000, p=0.0003, q=0.554)
ADOPTION Years Observed Value (1999-2010) Simulation Value (1999-2010)

1999-2000 1.88 1.80
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2000-01 3.58 5.80
2001-02 6.5 11.90
2002-03 13 21.40
2003-04 33.6 36.24
2004-05 52.2 59.06
2005-06 90.14 94.36
2006-07 165.11 140.98
2007-08 261.07 233.40
2008-09 392 364.18
2009-10 584 566.39

Figure 3: Comparison of Observed Values and Simulated values

This further proves the historical consistency and the structural validity of the calibrated
system model. Robustness of the model has also been checked by simulating individual
sub-sectors and individual modules before running the simulation for the entire model.
We have also examined the model output for reasonableness under a variety of settings
of the input parameters and also ensured that these parameter values have not been
changed inadvertently at the end of simulation.

2.6. Part-II: Discussion: Simulation Results

Any problem that cannot be solved analytically given the complexities and non linearity
find solace in simulation. It helps uncover and explain complex relationships between
control policies and business processes (Zhang 2004). It is very important for
organizations and its processes to have the abilities, both at design and operation level
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to be responsive to different configurations to be tested against different realizations of
future scenarios (Swaminathan et al.1998, Lee 2001, James Lyneis).

The integrated model framework and its test presented in this part has proven to be
suitable to be extended for distributed simulation and thus supporting large-scale,
complex analysis and design of integrative innovation model. Moreover, as most of the
information has been taken from the prevailing scenario of the telecom sector to
simulate the model behavior, it lends extra credibility and confidence in making future
projections. In the present section, we discuss the simulation results performed on the
base model together with some scenario projections. The base numerical simulation
has been performed with parameters of the set-up as presented in Table I and set for
the period 2010-2020. In the following paragraphs, we describe the flow of the
simulation.

Simulation 1: Adoption Dynamics

First things first, in the Telecom Innovation Adoption Sector (Figure 5), a chain of
interactions between Population, Potential adopters, Adoption and Adopters along with
Innovation and Imitation trend has been simulated and one can observe how the feed
forward-feedback pulses propagate smoothly through the chosen time-path creating a
synchronized pattern of behavior. (Simulation Graph S1).

From the marketing perspective, adoption diffusion is projected to move towards
stagnation starting from year 2013 onwards, showing a substantial decline in the
aggregate number of potential adopters and the adopters, By the year 2015, the
telecom market in India is projected to reach up to 1053.17 million users covering
approx 84% of total Indian population (closing at 1246.15, Year 2015). In the next five
year period i.e. 2015-2020, though, an extra 200 million new customers are projected to
join in (taking total number of adopters to 1240 million), steeply down compared to more
than 100 million new subscribers adding up every year during the period Year 2010-
2013. However, the absolute number of adopters and potential adopters will keep on
moving, albeit at a very slow rate, on account of increasing population (Market Potential
projected to grow at CAGR 1.3). Inclusion of incremental population trend of a country
and its ensuing effect over the number of adopters is a remarkable creative departure of
our model from other diffusion models. Here, it is noteworthy that when we use the
estimated GAGR value of Adopter’s growth in India (i.e. CAGR 20%) estimated by TRAI
and the other market agencies, in place of historical coefficient values, we arrive at
approximate similar estimate (i.e. 1292 million subscribers by 2020).
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Figure-5 for Graph S1

In this module, one can also notice positive feedback loops between Market Population,
Potential adopters, Adopters and Rate of adoption. However, as one moves along the
adoption path, the respective stock values of potential adopters, innovation and
imitation effects diminish (see GraphS1) indicating a negative feedback loop at work.

Figure-6 for Graph S2

Simulation 2: Market Dynamics

Moving to the Market Sector (Figure 6), we find the proportionate increment in the GSM-
CDMA market share holding respectively a differential but steeping growth curve of
market share initially before flattening out due to stagnation in adopter’s volume which
starts creeping from the 3rd year onwards. It also creates a positive feedback impact
over the national telecom density which has an exponential growth slope as it
represents accumulated number of subscribers over a period of time. This has also
occurred due to a positive causal effect of market feedback to the total number of
adopters at a given point of time. This market dynamics has also been collaborated with
cumulatively increasing market share of a leading GSM operator in India having 26%
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market share taken here as a sample example to depict the incremental growth of
market share (Graph S2).

Simulation 3: Revenue Dynamics

As a consequential output of above diffusion dynamics, one can expect a corresponding
propagation in the growth curves of individual revenue estimates for CDAM and GSM
operators It must however be mentioned that the revenue realization stock also have an
outward flow of decline in revenue (estimated @30%) calculated as Adjusted Total
APRU (Average revenue per user) and which has effectively moderated the CDMA and
GSM revenue curves as the time progresses (Graph S3). However, Telecom operators
in India have something to cheer about. Seeing that the subscriber base continues to
substantially increase in the coming 3-5 years, they would continue to make profit in
spite of falling ARPUs. Moreover, it is not that a falling ARPU tells us that there is no
growth; instead, ARPU is falling because there is growth.

Figure-7 for Graph S3, S4, S5
Behaving as a contagion effect, related to this revenue sector, we can observe a
gradually increasing but moderated Industrial Economic value of telecom as a whole
(Graph S3 and S4) and one may take notice of the shift happening to Appreciation and
loss curves at the first time point after Base 2009-10 i.e. at Year 2010-11, on account of
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15% ($15 Billion or Rs. 70,000 crore) direct outgo of the economic value to the industry
due to spectrum allocation fees charged by the Indian government (Graph S4). This
effect thus shifts the relative phase of appreciation ratio and loss ratio despite the slope
of aggregate ARPU remaining unchanged rather appreciating (Graph S5) which is
understandable due to the fact that new spectrum allocation will be supposedly fetching
more subscription and revenue to the operators (official sources estimate it to be @250
per user at the volume of 60 million subscribers by the year 2013).

S1: ADOPTION DYNAMICS

S2: MARKET DYNAMICS

S3: PROFITABILITY  & REVENUE DYNAMICS

S4: ECONOMIC VALUE  GAIN-LOSS
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S5: REVENUE-COST & RATIO S6: GDP & INFRASTRUCTURE

Simulation 4: External Dynamics

Coming to the GDP and Infrastructure sector, it is observed that Indian GDP will make
steep gain beyond time point three (Year 2013) due to strong fundamental economic
revival as projected by government sources and it would in turn presumably result in
exponential growth of the overall infrastructural investments graph (Graph S6). This rise
in the infrastructure can however be directly attributed to the contribution made by the
Telecom Revenue sector (estimated value @5% per annum). We can thus see a
positive feedback loop emerging between GDP-Revenue-Infrastructure sectors. Towers
infrastructure which as of today stands at 2Lakh is also expected to mount up to 3.5lacs
by 2012 in order to cope with the growing market requirement.

The telecom services have been recognized the world-over as an important tool for
socio-economic development of a nation and has the multiplier effect on the economy,
playing a vital role by way of contributing to the increased efficiency. Hence, so far as
GDP-Revenue relation concerned, there is a strong positive feedback as depicted in the
model below as GR-GDP ratio which is estimated to have contributed 5.6 % of total
GDP in 2009-10 and expected to mount up to 15% by 2013 (Step Graph G8). This step
effect has been deliberately shown to project the quantum of contribution made by
telecom revenue towards national GDP. Added to it, as seen in the curve projection of
Construction ratio (CR) and Mortality ratio (MR) for the Tower infrastructure (number of
towers), it is projected to grow at a moderate frequency due to the 6-7% mortality factor
calculated under mortality analysis. This has been demonstrated in Graph S7. As can
be seen here, over a long horizon, technological obsolescence would result into higher
MR which would in turn require more construction of new towers.
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Figure-8 for Graph S6, S7, S8 and S9

Keeping the number of operators constant in the Infrastructure sector, Graph S9
projects increasing revenue per operator keeping operators number unchanged, but,
considering the merit of maturing competition and the shift of margin due to new
entrants (projected to grow @50% per annum from the current volume of
10operators/circle), the revenue fall is only at arm’s length distance most probably
starting by year 2012 itself, despite the fact that there may also be some sort of
industrial consolidation (Exit ratio pegged @10%) (Graph S10).
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S9: OPERATORS & REVENUE

S10: INCREAING OPERATORS-ARPO

S11: GDP-REVENUE-R&D DYNAMICS

S12: 3G DYNAMICS

Simulation 5: Research and Development Dynamics

Figure-9 for Graph S11
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Technology and Equipment R&D is fundamental both for the manufacture of mobile
handsets and the service providers to garner industrial long-term success: R&D fuels
infrastructure up gradation, new products, market share, high margins and rates of
growth. The telecom R&D sector is equally interesting (Graph S11). In the composite
graph depicting Industrial Gross Revenue, GDP growth and R&D as an integrative
dynamics, we can see the R&D growth for product and equipment innovation which is
projected to be doubled to 30% from current 15% (using indicative STEP function) by
the year 2012 on account of improved competitiveness supported by the revenue
contribution (projected to grow to $54 billion from current $43 billion by 2012). It also
signifies why telecom manufacturing and Technology companies in India have started
recognizing that when the cycle turns upward, companies with upgraded technologies
and innovations coming out of the development pipeline are better positioned to profit
than those companies that slashed R&D.

In case of Gross telecom R&D, shown here as a GDP derivative variable (estimated
@1% rate), a net gain in GDP growth would further push the gross R&D slope upward
under a positive feedback mechanism which would also translate into leveraging the
domestic telecom market pull and firms firms that cut R&D too much are in danger of
saving today to the detriment of growth tomorrow.

2.7. 3G Impact dynamics of Telecom Diffusion in India:

It is estimated that as a result of 3G introductions in the telecom sector, the number of
3G subscribers in the country will grow from existing 8 million users at a CAGR of
around 130% to around 60 Million during 2010 to 2013. This trend data, once modeled
in our base model (Graph S12), gives a sudden push at time point 3, however, in reality
the trend of subscribers growth is expected to be more gradual spanning over three
years during 2010-2013. Nevertheless, the quantum of 3G impact is also reflected in
revenue gain (Graph S13-A*) and by 2013, 3G service revenues are expected to
generate $15.8 billion, accounting for a share of 46% in overall wireless service
revenue. Also, this would invariably translate into ARPU of $250 per user for 3G
operators and effectively create a reversal impact over the declining APRU (estimated
going down by declining rate of 30% / annum) slope for Indian mobile industry during
2010-2013 period (Graph S13-B*). This will be in a historical contrast to the declining
trend of ARPU even though accumulated revenue will always be on rise. The projection
done here is in congruence with various official estimates that the 3G ARPU is not
expected to rise significantly in the initial years rather would be more visible in relatively
long term. For instance, the overall ARPU has improved by 13% in countries
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Figure 10: G3 Dynamics Diagram

like South Korea and Italy, whereas UK had a 15% increases. Further on account of
rapid growth of 3G subscribers and resultant higher revenue realization as compared to
GSM or CDMA subscribers, 3G  revenue might be approaching to intersect the GSM
revenue in long term beyond 2020 by a narrow margin (Graph S13-C*). Not to mention
that, 3G revenue is projected to surpass the CDMA revenue curve much before that.
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S13-C: G3-GSM REVENUE DYNAMICS

S13-D: MVAS IMPACT

S14-A: FEEDFORWARD-I DYNAMICS

S14-B: FEEDFORWARD-II DYNAMICS
Hence, the impact of 3G on industry is projected to be strongly positive, more so, as
users gain a richer and more engaging service experience, prompting them to use new
multimedia services and use them for longer periods of time. However, the overall
impact on ARPU will be determined by pricing/bundling strategies that operators adopt.
In some markets, where 3G services have already been provided, operators have
adopted a penetration pricing strategy, aimed at building a strong base of 3G users by
pricing 3G services attractively

2.8. Multimedia (Mobile) Value Added Service Impact of 3G:

As we have seen in the earlier simulations that falling ARPU is the foremost concern of
India telecom operators, as a result, telecom operators need to focus more on data and
value added services to meet the revenue deficit caused by fall in revenue by their core
business i.e. Voice. World over the higher percentage of Data revenue balances the fall
in ARPU and seeing the trend, India offers enormous opportunity (Table 5).
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Table 5: International Market Vs Indian Market

At present in India, the share of MVAS is 10% in total operators revenue, but it is
expected to go 18% by 2013 (S13-D*) with 60 million users expected to be using 3G
services (i.e. 10% of existing number of adopters) once 3G comes in to the picture and
we can expect this segment to become bigger and play a very important role (in terms
of total revenue generation, it is poised to touch approx US$ 2 billion by 2013).(Graph
13-D)

(Note: *In the projection graphs from 13A-13D, certain projection have been deliberately
done using STEP function to point out their quantum impact over the system and
highlight the magnitude of difference with respect to the impact done by other related
variables knowing that the real impact would be more gradual and progressive in
nature.)

2.9. Feed Forward- Feedback Dynamics of Telecom Diffusion

Feed Forward (Contagion Effect):

Integrative model stands to highlight the marvel of contagion effect which signifies that
any change occurring at any segregated module of a total system model gradually spills
over other connected sectors and therefore, brings about proportionate systemic
changes. A metaphor of this can normally be seen now days in the global stock market
behaviour. We also see strikingly similar flow of signals or dynamic pulses spanning
over our innovation model. Simulated separately, we see such feed forward contagion
effect clearly visible through the first connecting feed forward loops of Adopters, GSM
Base, ARPU, Gross Revenue-GDP Ratio, GR-Infrastructure Ratio (S14-A) and the
second loop of GDP-R&D, GR-R&D and ARPO all together generating an orchestrated
diffusion mechanism. It further demonstrates the power of systemic analysis in policy
making in order to improve the economic landscape of a nation holistically.

2.10. Feedback Dynamics (S15-S18): GDP-Tele-density Ratio-Rate of
Adoption-Average Revenue Per User (STEP Year: 2010-2013)-

Developing an SD model of system behavior consists essentially of identifying the
feedback loop structure of the system and validating it by comparing the model behavior
to actual observed behavior. Apart from several underlying feedback effects discussed
earlier, it is found that extraneously, mobile telephony and growth in Gross Domestic
Product (GDP) have strong positive correlation. It is estimated that, for every one
percent increase in tele- density, the GDP growth rate goes up to 0.3 to 0.6 percent or
vice versa, it is estimated that every single percent increase in GDP in India results into
effective increment of the national mobile tele-density by 3 percent (S15, Ratio 1:3). We
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have been able to simulate this positive feedback effect first at the national level taking
into consideration the annual growth of Indian population and then, estimated that the
mobile penetration in India would reach the level at 1053.17 million subscribers by 2015
which is approx 85% of market penetration when population is projected to grow at
CAGR 1.3% per annum which is demonstrated in Graph S16 applying STEP time
function. Other government sources also suggest that there is direct relationship
between tele-density, GDP and economic growth. The Government of India also
reorganizes that provision of world class telecommunications infrastructure and
information is key to rapid economic and social development of the Country. According
to our estimate, though, that the feedback effect will not stop here; rather, it would
spread over to the revenue sector (S17 & S18) and result into revenue of $ 56,546.36
billion by the year 2015 divided proportionately between CDMA and GSM sector.

Suming up, seeing the simulation results, we can say that the systems dynamics based
integrative modeling approach has yielded valuable insights into the mechanics of
innovation diffusion of Indian telecom market. Moreover, these simulation models can
serve as decision support tools for diffusion planning purposes since they also educate
us about the dynamics of diffusion under a macro perspective. We, however, view the
model presented here as a first step towards a more comprehensive model of
innovation diffusion for the Indian telecom industry.

S15: FEEDBACK DYNAMICS (GDP-TELEDENSITY)

S16: FEEDBACK (GDP-DENSITY RATIO)

S17: FEEDBACK (DENSITY-ROA-APRU)

S18: FEEDBACK (APRU-ROA-TOTAL REVENUE
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2.11. Future Projections:

Based on the base model simulation, following is a consolidated projection (split for the
Year 2015 & 2020) for identified system variables understood to be critical decision
parameters in view of their impact and representation of the holistic telecom dynamics:

Table 6: Simulation Forecast Values
SD-SIMULATION FORECAST 2015-2020 ( in millions, DT .25= 1 Year on

X-axis)
VARIABLES YEAR 2015 YEAR 2020

POPULATION 1246.15 1342.31
ADOPTERS 1,053.17 1,237.84
3GBASE 32.67 133.43
GSM 716.16 822.41
CDMA 337.01 387.02

REVENUE 3G 6744.52 26120.28
GSM 38720.38 53518.52
CDMA 8292.17 11370.56
Total  ARPU (Revenue) 55180.43 98246.22
Total  ACPU (Cost) 27382.43 32183.92

INVESTMENT INFRA 107,494.18 138,101.95
TEL R&D 31,207.16 53,004.86
INDUSTRY R&D 6,952.58 10,599.19

Section-III: Application of Neural Netwotk in Capturing Innovation Dynamics in
Telecom

It is evident in the above exploration of system model that there are still a number of
interactions of the diffusion model for which we don’t have explicit relative formulation
on account of unavailability of required data or information.

To address this problem, we can invoke the pattern learning and a quick response
capability of artificial neural network (Satsangi 2002). In case of imprecisely formulated
problem, neural net can extract information from the given set of input-output data
pattern and through repeated learning of back propagation; the network tries to adjust
the weights to minimize the error. In this way, the network is basically discovering
patterns in the given data series and moving towards the optimum representation of the
problem situation.

For our study, architect of Multilayer perceptrons (MLPs) of neural network has been
used to train the neural net with the system dynamics simulation results generated in
the previous exercise of modeling. A visual schema of neural architect can be seen
below in Figure 5. The decision panel in Neurosolution software has been used to
specify the parameters of neural training and for its cross validation. The number of PEs
and learning parameters can be seen in the corresponding columns of table. The
learning rule and nonlinearity are selected from a list of options contained within the
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software environment. Note that, for our problem, the selected output is “Number of
Adopters’ tagged in the interfacing spreadsheet of neural environment as an output
column whereas 10 input columns have been tagged as Infrastructure, GDP, Industrial
R&D, Population, Profitability, ARPU, ACPU, CDM Revenue, GSM Revenue and
Teledensity.

Figure 11: Neural Architect and Input-Outpul Variables
Neural training parameters:
Input PE (Control Variables) 10
Output PE (Adopters) 01
Exempler 120 Time Points
Hidden Layer 01
Processing Elements 04
Input Learning Rule: Momentum
Step Sixe: 1.00
Momentum:0.70

(Default Value in Neurobuilder)

Output Learning Rule: Momentum
Step Size: 0.10
Momentum: 0.70

(Default Value in neuro builder)

Epoch 1000
Minimum MSE Threshold .01
Data Usage: 12 Channels, 1330 data elements, 1320

Used, 120 Samples
Learning from the fed data is the essence of neurocomputing . An MLP trained on the data
generated through the SD modeling and the training results are shown below. The network
is configured to automatically save the weights of the network when the error reaches a
bottom. For the present set of training data, the average error (MSE) range diminishes at
0.000126158 after three runs,

Input:

INFRA
GDP
INDUS R&D
POPUL
PROFIT
ARPU
ACPU
CDMREV
GSMREV
TELEDENS

Output:

ADOPTERS
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Best Networks Training Cross Validation
Run # 2 3
Epoch # 1000 1000
Minimum MSE 0.000126158 0.009524197
Final MSE 0.000126158 0.009524197

Figure 12: Neural Production Plot with Error Values

One can see above in the production plot, the striking resemblence of actual network
output with the desired output of ‘Adopters’ instilling a degree of validy about a
successful neural training, however, one also needs to perfom cross-validation test with
classfied set of data in order to satiate the training requirement. (see the results of
training and validation above)

3.1 Sensitivity Application:

Sensitivity analysis is used to determine how “sensitive” a model is to changes in the
value of the parameters of the model and to changes in the structure of the model.(
(Lucia Breierova et al. 2001). In this section, we focus on parameter sensitivity
performed as a series of tests under neural network simulation capturing patterns to see
how change in the input parameters causes a change in the dynamic behavior of the
output stock of number of innovation adopters. By knowing how the model behavior
responds to changes in input parameter values, neural network based sensitivity
analysis appears to be a useful tool in model building as well as in model evaluation and
simplification. (Hunter et al. 2000).

As we saw in the precious section after successful neural training and validation, we
can now perform sensitivity analysis on a trained network to measure the dynamic and
symbiotic interactions existing between system variables and to check for the influence
of parameters for which no direct empirical estimate was available. From the
perspective of system dynamics, it can help in recognizing the causal relationship
between desirable state variable (Output) and corresponding decision variables (Input)
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in order to generate insight about their mutual interplay and influential sensitivities. We
can see in the table below the sensitivities of some of the tested control variables viz.
Infrastructure, GDP, R&D, Market Population and Tele-density with respect to
cumulative number of adopters (see Table 7)

This insight is remarkably significant in estimating the impact of input variables over the
desired output even when we don’t have precise relational information. In the present
case, higher values of selective inputs also emphasize their criticality and control impact
over the selected output variable of ‘number of adopters’ for telecom innovation
diffusion in India. In other word, we can infer that the more sensitive parameters have
higher impact over the adoption process as compared to low sensitive parameters. This
also opens up the possibility of improving the system model by discarding variables
which stand insignificant to govern the output of the model.

Sensitivity of Key decision Stock variables towards the number of Adopters:
Table 7: Sensitivitiy Results

Base Model Factors Senstitivity
INFRA 23.77370601

GDP 22.49498163

INDUSR&D 14.32566645

MKT. POPULATION 3.896070528

TELEDENS 17.43967239

(Appendix C: Experimental Neural Simulation Results and related Figures)

Applying neural architect in system modeling can thus help us in enriching our
understanding to capture diffusion characteristics at a finer level of detail and make it
more useful for planning and decision making purposes. One can also perform scenario
projections based on sensitivity results and develop simulating topologies with multiple
controllers. It can facilitate creating a scenario based on a number of assumptions and
test the sensitivity of change events over related variables of problem under
investigation. From our analysis, we can treat the sensitivity values of input variables as
their respective magnitude of influence that they exert over the output variable i.e.
Adopters in our case. In fact, the sensitivity value is a coefficient describing the relation
of its movement with that of the input variable and can be treated as a value of
correlated relative volatility. In this way, the sensitivity coefficient is a key parameter in
measuring the part of the ‘output’ structural variance that cannot be mitigated by any
means because it is correlated with the values of other variables in the whole system or
in the portfolio of variables. So, by having arrived at the above values, one can easily
check for the change a single percentile in inputs brings about over the output.

3.2. Scenario Analysis:
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In our base model, we have assumed that one subscriber would be using one mobile
service at a time; however, at some stage of market growth, we need to pragmatically
include a multi service usage situation to the model.

Figure 13: Scenario Diagram
Therefore, by applying scenario in the projection model with respect to repeat purchase
behavior (average consumption of services being > 1) noticeable in many circles in
Indian telecom sector (e.g. in circles like Delhi, the penetration has gone beyond 150
percent), we may find that the number of actual users and thereby total quantum of
sales generated (TSR) would be far more than the total number of subscribers based on
earlier projection (see Graph 19). In our base model, if we assume that even only 20
percent of 85 percent (approx 1000 million) of Indian population above poverty line go
for repeat purchase (which appears to be quite pragmatic), the total number of actual
user would move to 1412 million by Year 2020 from the subscriber’s volume of 1096
million, giving ample indication and incentive to telecom operators to intensify their
marketing campaign in order to capture and exploit the inherent potential of the Indian
market (or at least, in some profitable segments).

Scenario system equations:
Initial_Purchase_Rate (IPR)= ADOPTION*Init_Purch_per_User
Init_Purch_per_User (IPPU)= 1
Avg_Consum_per_user (ACPU) = 1.2
Repeat_Purchase_Rate (RPR) = Adopters*Avg_Consum_per_user
TOTAL_SALES_RATE (TSR)= Initial_Purchase_Rate+Repeat_Purchase_Rate
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Graph S 19: Multi usage Scenario Dynamics
3.3. Conclusion

This research has attempted to propose a new modeling approach for the investigation
of diffusion of mobile telecommunications services in Indian telecom market. It can be
found that the proposed model which incorporates the integrative modular framework of
generating causal dynamics prevalent in the telecom sector also successfully acquires
the capability of short-mid-long term forecasting. It, to a substantial extent, effectively
discards the notion that holistic modeling brings into ‘coarseness’ in the modeling and
therefore cannot be applied for future projections. It has been proved that if the causality
of model variables can be founded upon a robust model with the support of conceptual
and quantitative information, one can succeed to capture the dynamics of any system in
a comprehensive way.

As can be seen here that the modeling was primarily first done based on the conceptual
insight drawn through an extensive literature survey and thereafter it was put to further
refinement, customization and validation taking a case study of Indian telecom market.
The novelty of this kind of modeling approach is that, the generic framework used here
suits to adapt to any socio-economic situation and be able to incorporate, substitute or
modify any number of system variables or values. Furthermore, a new neural
application was developed aimed to measure the non-parameterized sensitivity
amongst the identified system variables. The interface between the system dynamics
modeling and neural network offers novelties revealing the possibilities of real time up
dation and up gradation of a dynamic system and to define and demonstrate the
interactive impact even in imprecisely formulated problem situation.

In nut shell, concerning the methodological approach proposed and discussed in this
paper, we can say that the traditional Bass model of innovation can surely be
comprehensively extended and expanded in order to encompass quite a few numbers
of system variables in order to provide a better fit for holistic demonstration of innovation
diffusion behavior and to consequently acquire insight for the mutual and ever
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propagating interactions taking place in the system. It would also assist in making more
pragmatic assumptions and parameterization for more similar system conditions. Also
when direct causal parameterization is not possible due to lack of data, an alternative
may also be developed in the form of neural network to capture the unknown knowns
and perform sensitive analysis and scenario projections to predict the outcome of
inherent dynamics or variations.

In the end, we can sum up the core attributes of present study by highlighting that the
undertaken research has succeeded in -

 Building a robust integrative system model of innovation diffusion in a specific
context of Indian Telecom Sector.

 Capturing the ‘whole’ along with the ‘parts’ dynamics of innovation diffusion
mechanism.

 Validating and confirming the consistency of the model using historical telecom
trend.

 Identifying some critical incumbent Feedback and Feed forward loops defining
the underlying trends and dynamics of diffusion.

 Developing a forecast model based on real data sourced in from public domain
(this has greatly overcome the limitation of opinion based stock-flow models)

 Creating Scenarios and analyzing the future impact.
 Combining the innovative properties of system dynamics with that of neural

network modeling and simulation
 Charting out a future course of applied researches in the field of system modeling

3.4. Future research direction:

One very useful extension of the present research would be integrating ‘Event’ in the
model. This would greatly facilitate in coping with abrupt uncertainties though calculated
calibration and modification in the base model. It is known that lack of foresight in
projective studies can create uncontrollable ripples in an system and makes it
susceptible. The approach used here has captured the literature and historical data and
derived intelligence from the past and projected known patterns. But in the absence of a
history of calendarized events, the robustness and the performance would be
compromised and moreover, analysis provided by this model is more retrospective with
limited projective ability, while dynamic investigation of a system requires prospective
analysis of the events-looking at the future, with the capability of running "what-if"
scenarios for different combinations of future events.

******************
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**************
Appendix: A: System Model Equations (Telecom Sector) :
GDP & INFRASTRUCTURE SECTOR
Accum_Infrastructure(t) = Accum_Infrastructure(t - dt) + (Infra_Invest) * dt
INIT Accum_Infrastructure = 77000
INFLOWS:
Infra_Invest = External_Funds+RevenueInfra_Ratio
External_Funds(t) = External_Funds(t - dt)
INIT External_Funds = 24000
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GDP(t) = GDP(t - dt) + (Increment) * dt
INIT GDP = 1170000
INFLOWS:
Increment = GDP*GR
Operators(t) = Operators(t - dt) + (ENTRY - EXIT) * dt
INIT Operators = 10
INFLOWS:
ENTRY = Operators*50/100
OUTFLOWS:
EXIT = Operators*10/100
Towers_Infra(t) = Towers_Infra(t - dt) + (Construction - Mortality) * dt
INIT Towers_Infra = 200000
INFLOWS:
Construction = CR+Infra_Invest/Infra_Invest
OUTFLOWS:
Mortality = MR
ARPO = Total_ARPU/Operators
CR = STEP(Towers_Infra*75/100,.50)
GR = CGROWTH(8.4)
GR_GDP_Ratio = Accumulated_GR*5.6/100+STEP(Accumulated_GR*9.8/100, .75)
MR = Towers_Infra*CGROWTH(7)
RevenueInfra_Ratio = ARPU_Gain*5/100
MARKET SECTOR
CDMA(t) = CDMA(t - dt) + (CDMA_Base) * dt
INIT CDMA = 199
INFLOWS:
CDMA_Base = Adopters*32/100
GSM(t) = GSM(t - dt) + (GSM_Base) * dt
INIT GSM = 422
INFLOWS:
GSM_Base = Adopters*68/100
GSM_Firm_Market_Share(t) = GSM_Firm_Market_Share(t - dt) + (Gain - Churn) * dt
INIT GSM_Firm_Market_Share = 0
INFLOWS:
Gain = MS_Ratio
OUTFLOWS:
Churn = GSM_Firm_Market_Share*6/100
Mobile_Teledensity(t) = Mobile_Teledensity(t - dt) + (Share_Gain) * dt
INIT Mobile_Teledensity = 575
INFLOWS:
Share_Gain = Density_Ratio
TELE_GDP = Mobile_Teledensity*3/GDP*1
R&D SECTOR
Gross_Telecom_R&D(t) = Gross_Telecom_R&D(t - dt) + (Investment_2) * dt
INIT Gross_Telecom_R&D = 11500
INFLOWS:
Investment_2 = GDP_R&D_Ratio
Industry_R&D(t) = Industry_R&D(t - dt) + (Investment) * dt
INIT Industry_R&D = 4544
INFLOWS:
Investment = Revenue_R&D_Ratio
GDP_R&D_Ratio = GDP*CGROWTH(1.3)
Revenue_R&D_Ratio = ARPU_Gain*15/100+STEP(ARPU_Gain*15/100,.50)

REVENUE  & PROFITABILITY SECTOR
Accumulated_GR(t) = Accumulated_GR(t - dt) + (ARPU_Gain) * dt
INIT Accumulated_GR = 43000
INFLOWS:
ARPU_Gain = CAGR_ratio
CDMA_REVENUE(t) = CDMA_REVENUE(t - dt) + (Inflow2 - Annual_Decline2) * dt
INIT CDMA_REVENUE = 5227
INFLOWS:
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Inflow2 = CDMA_Base*1188/45
OUTFLOWS:
Annual_Decline2 = CDMA_REVENUE-Inflow2*26/100
ECONOMIC_VALUE(t) = ECONOMIC_VALUE(t - dt) + (Appreciate - Value_Loss) * dt
INIT ECONOMIC_VALUE = 100000
INFLOWS:
Appreciate = Appreciation_ratio
OUTFLOWS:
Value_Loss = Loss_ratio
GSMREVENUE(t) = GSMREVENUE(t - dt) + (Inflow - Annual_Decline) * dt
INIT GSMREVENUE = 23069
INFLOWS:
Inflow = GSM_Base*2460/45
OUTFLOWS:
Annual_Decline = GSMREVENUE-Inflow*35/100
Profitability(t) = Profitability(t - dt) + (Income - Cost) * dt
INIT Profitability = 12150
INFLOWS:
Income = Total_ARPU
OUTFLOWS:
Cost = Total_ACPU
Appreciation_ratio = Accumulated_GR*2+STEP(-Value_Loss,.25)
CAGR_ratio = Accumulated_GR*CGROWTH(18)
Loss_ratio = ECONOMIC_VALUE*7/100+STEP(ECONOMIC_VALUE*8/100,.25)
MS_Ratio = GSM_Base*26/100
Total_ACPU = Adopters*26
Total_ARPU = CDMA_REVENUE+GSMREVENUE+G3REVENUE
TELECOM  ADOPTION  SECTOR
Adopters(t) = Adopters(t - dt) + (ADOPTION) * dt
INIT Adopters = 584
INFLOWS:
ADOPTION = Immitation+Innovation+Adopters
POPULATION(t) = POPULATION(t - dt) + (ADDITION) * dt
INIT POPULATION = 1150
INFLOWS:
ADDITION = POPULATION/Growth
POT_ADOPTERS(t) = POT_ADOPTERS(t - dt) + (POTAD - ADOPTION) * dt
INIT POT_ADOPTERS = 0
INFLOWS:
POTAD = POP_minus_ADOP
OUTFLOWS:
ADOPTION = Immitation+Innovation+Adopters
Growth = POPULATION*Growth_Perc
Growth_Perc = 0.013
Immitation = POTAD*Adopters*Immit_Coeff/POPULATION
Immit_Coeff = .554
Innovation = POTAD*Innov_Coef
Innov_Coef = .0003
POP_minus_ADOP = POPULATION-Adopters
Not in a sector
G3BASE(t) = G3BASE(t - dt)
INIT G3BASE = 8
G3REVENUE(t) = G3REVENUE(t - dt) + (Earn - Expen) * dt
INIT G3REVENUE = 2000
INFLOWS:
Earn =  { Place right hand side of equation here... }
OUTFLOWS:
Expen = 0
ARG3 = G3BASE*250
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Appendix: B

All Runs
Training

Minimum
Training Standard

Deviation

Cross
Validation
Minimum

Cross Validation
Standard Deviation

Average of
Minimum MSEs 0.000142379 1.67593E-05 0.012850877 0.00293633
Average of Final
MSEs 0.000142379 1.67593E-05 0.012850877 0.00293633

Best Networks Training Cross Validation
Run # 2 3
Epoch # 1000 1000
Minimum MSE 0.000126158 0.009524197
Final MSE 0.000126158 0.009524197
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