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Figure 6 — Modelling a pod using DORIS and MLE

Figure 7 — The CETL space
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Arguably, the dividing-line between the
conceptual simulation and the production system
has become blurred with many components
existing identically in both paradigms. This
allows for a smooth transition from a fully
functional prototype to a real pervasive
environment. Figure 7 shows the final CETL
space in various forms of operation.

5. CONCLUSION

This paper presents the MLE as an addition to the
DORIS framework. DORIS and the MLE present
an alternative to building real environments for
designing and evaluating pervasive computing
applications. The MLE sits on top of the DORIS
framework and has been shown to facilitate the
conceptual modelling of multimedia pervasive
environments and the interaction of devices
contained within them. This enables the easy
integration of pervasive electronic devices into a
large pervasive computing model as well as
fulfilling the retrofitting needs required in using
heterogeneous devices.

The abstracted layers present in the MLE mean
that the higher application layers are not
concerned with the low-level details. This allows
for a move from a high-level model to real
environment in a straightforward step: the
substitution of real devices for simulated models.
Such a transition has been proven in the CETL
case study where a fully functioning pervasive
computing environment is controlled by the
DORIS and MLE framework.
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ABSTRACT:

This paper presents a conceptual modelling
framework, inspired by Soft Systems Methodology
(SSM), for stochastic micro-population simulations
(MPS) of the transmission of contagion where the
focus is on modelling distinguishable individuals
rather than aggregate behaviour. The framework
steps the modeller through the key components of a
micro-population model including the creation of a
heterogenous population system, the propagation
mechanism and the development of performance
measures. Two examples of MPS will be used to
illustrated the use of the proposed framework.

Keywords: Conceptual Modelling, Soft Systems
Methodology, Social Networks, Simulation.

1. INTRODUCTION

Micro-population simulation models are commonly
used in disciplines such as social science and
epidemiology, and more recently in marketing
science. Micro-population models focus on
individuals, treating them as unique entities with
attributes of their own, and analyse their stochastic
and dynamic behaviour within the system.
Ackerman et al (1984), Homer and St. Clair (1991)
and Mather (2000) use stochastic micro-population
models to simulate the transmission of blood borne
viruses through one-to-one contact and follow the
subsequent progression of the disease within a
population of interest. Bampo et al (2008) use a
micro-population model to simulate the spread of a
(viral) marketing campaign through “electronic
word-of-mouth” (EWOM) and pay particular
attention to the structure of the digital social
networks (Fernando, 2007) connecting individuals.
Whilst the simulation models presented in these
papers have been very effective as research or
practice tools, as is often the case, the authors do not
discuss the development of the conceptual model in
a formal manner.

This paper presents a conceptual modelling
framework  for  stochastic = micro-population
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simulations. The paper follows the approach used
by Kotiadis (2006) to employ Soft Systems
Methodology (SSM) (Checkland, 1999) to
understand and define the problem, and set up the
foundation for the conceptual framework. It
considers the population system, the entities,
attributes and their social networks, the stochastic
process and the time and generational progression
of the spread of the contagion. The framework is
presented in the context of the peer-to-peer
transfer of contagion within a heterogenous
population. However, the approach does have
wider appeal - for example in developing
simulation models of sensor networks.

2. UNDERSTANDING THE PEER-TO-PEER
PROPAGATION PROCESS

In order to model the peer-to-peer propagation
process it is important to study the population
system in the context of the contagion. The links
that connect individuals within a population, their
behaviour and the propagation mechanisms that
facilitate the spread of contagion vary. For
example, face-to-face social interaction between
individuals can facilitate air-borne or surface-to-
surface transfer of an infectious agent
unintentionally or pass on a communication
through ‘word-of-mouth’ whilst digital
communication via email or sms can spread a
message between people who are connected
electronically. The spread of epidemics such as
HIV provide examples of the transmission of
infectious agents carried in body fluids resulting
from contact conducive to the spread of this virus.
In all these cases, the nature and strength of the
links connecting individuals, the contagion of
interest and the unique behavioural characteristic
of the individuals play a key role in the
propagation process.

The receipt of the contagion transforms
individuals in some way and this is captured by a
change of ‘state’. In the case of diseases, an
individual changes from being ‘healthy’ (relative
to the disease) or ‘susceptible’ to being ‘infected’



whilst in the case of a promotional message
individuals change from being ‘unaware’ to being
‘informed’. In generic terms when individuals
receive the contagion they change from being
‘receptive’ to being ‘reached’ and in some cases,
those who are reached return to being receptive
whilst in others they become ‘immune’ or
‘removed’. Hence the terms ‘healthy’, ‘susceptible’,
‘unaware’ and ‘receptive’ are interchangeable as are
the terms ‘infected’, ‘informed’ and ‘reached’ and,
‘immune’ and ‘removed’. Once reached, further
state changes representing the progression of the
disease or returning to being receptive once again
will take place over time.

This dynamic system can be studied at various
instances of time using performance measures to
assess the progress of the spread of the agent or to
get aggregate results at the end of the simulation.
Whilst the simulation advances in time-steps, the
underlying transmission process is best captured
using the concept of a ‘generation’ (Bampo et al,
2008).

The above discussion provides a background for the
development of the root definitions (Checkland,
1999) for the problem. We follow the ‘CATWOE’
analysis introduced by Checkland to identify the
elements required for the root definition in two
different cases of peer-to-peer propagation of a
contagion within a micro-population model (Table

D).

3. THE FRAMEWORK FOR DEVELOPING
THE CONCEPTUAL MODEL

The CATWOE analysis is the first step and forms
the basis for the approach used to develop the
conceptual modelling framework. The subsequent
steps are:

1. Investigating the customers and actors (the
population and the contagion), and their
attributes in the context of the worldview prior
to the ‘release’ of the contagion (subsection 3.1
- The system in context).

2. The modelling of the transformation as the

contagion spreads through the population
(subsection 3.2 - The transformation process)
and

3. The development of the assumptions
(subsection 3.3)

4. The development of the performance

measures/outputs of the simulation (subsection
3.4) and

The options available to the owners to achieve their
objectives subject to the constraints (subsections
3.5).
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Case 1: Case 2:
The spread of An email
an infectious based viral
disease (virus) marketing
campaign
Customers Individual Individual

(the victims or
beneficiaries of

members of the
population of

members of the
target market.

the process) interest.

Actors The virus The

(the entity that promotional

performs the message/email

transformation)

Transformation | Susceptible > Unaware 2
Infected Informed

Worldview Unless an Must

(the effective encourage

transformation | intervention is people to pass

in context) implemented, the message
the virus will onto as many
spread through | people as
the population. | possible

Owners Public health Campaign

(those who system manager

have control

over the

process)

Environmental | limited limited

constraints resources, free resources
world (cannot (Promotional
quarantine incentives)
everyone)

Root definition | A public health | A marketing
system that campaign that
aims to aims to reach

maintain health
and wellbeing
of the
population by
containing the
spread of a
disease whilst
recognising the
limited
availability of
resources and
people’s free
lifestyles.

a target
market with a
promotional
message by
encouraging
people to pass
the message
onto their
peers
recognising
the limited
availability of
resources.

Table 1 — Applying CATWOE to define

problem

3.1 THE SYSTEM IN CONTEXT

The system entities are the individuals and the
contagion. In a micro-population model the
individuals have unique attributes and engage in
behaviour that is conducive to the spread of the

contagion.




/v@

(W)
e ©

Figure 1 — The peer-to-peer transmission of the
contagion

Figure 1 shows the peer-to-peer transmission of a
contagion that is first received by individual A
(seed) and transmitted to six further people before it
‘dies off’. B and C are 1% generation infectives, D,
E and F are second generation infectives and G is a
third generation infective. Whilst it is likely that A
had many more social contacts than B and C, in the
context of this particular contagion, only these
contacts were ‘activated’.

Considering the individuals in the population their
attributes can be grouped based on their
functionality as follows:

1. Attributes that identify their social networks,

2. Attributes that determine the ‘receiving’ of the
contagion,

3. Attributes that determine the ‘transmission’ of
the contagion (for example the number of
people in contact with) and

4. Attributes that capture the transformation — the
‘state’ of the individual at any given time (for
example ‘infected’).

The simulation of a micro-population model can
treat the formation of the social networks in two
ways:

a. Build the underlying social networks explicitly
(Bampo et al, 2008) using population level
parameters and capture the resulting links
within the social network attributes of
individuals or

b. Build the underlying social network implicitly
using the social network attributes of each
individual (Mather, 2000).

The ‘receiving’ and ‘transmission’ attributes are
collectively the ‘propagation’ attributes. For
example, in the case of a viral marketing campaign
the receiving attributes would include the receiver
being on the sender’s address book whilst the
transmission attributes would include the receiver’s
propensity to forward electronic messages, the
receiver’s opinion of the person who sent it to them
and the receiver’s interest in the incentive provided
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to participate in the campaign.

The contagion entity has attributes of its own and
these influences the behaviour of those who
receive it. The contagion attributes can be
grouped into the following based on their
functionality:

1. The attributes that capture its ‘infectiousness’

2. The attributes that capture its appeal or
deterrent effect (‘attractiveness’)and

3. The attributes that define its ‘impact’

For example, a viral message may be constructed
in a way that the receiver is compelled to share it
with friends or in the case of a biological
contagion the agent may be highly infectious. The
incentive to win a prize may draw the receiver to
engage in a viral marketing campaign whist the
threat of falling ill would discourage people from
making direct contact with an infected individual.

During this process is it important to give detailed
consideration to each attribute. Some of the
attributes may need to be generated stochastically
using population level parameters. For example,
the number of social contacts a person has per
unit time may be created using a Poisson
distribution with given mean for a population
group. Alternatively, a particular attribute may
itself be a parameter for a stochastic distribution
(that is sampled during the simulation). The
availability and accessibility of data must also be
given consideration

Not surprisingly, the number of attributes used
and the level of detail included in the simulation
model needs to be balanced with the desire to
have a manageable but realistic model.
Assumptions will need to be considered to
provide clarity and reduce ambiguity. Tables 2
and 3 show an approach used to prioritise
attributes and work towards model simplification
in the two cases presented above.

3.2 THE TRANSFORMATION PROCESS

The effect of the contagion reaching an individual
is captured by a change of state. There are at least
two states to consider: the pre-transformation
state ‘receptive’ and the transformed state
‘reached’. The nature of the contagion and
assumptions made by the modeller determine
further states. Table 4 shows some examples of
the changes of state used in a number of
scenarios.



Scenario No. States Rules &
of assumption
states S

Receiving Level of | Is the effect Priority
attributes impact quantifiable /
data
available?
Regularity of | High Yes High
contact
Nature of High Yes High
contact
Broader Med or Unlikely Med
health High?
Age Varies Yes Subject
with to
disease disease

Table 2 — determining the level of detail to
include in Case 1: The spread of an infectious

The 2 Susceptible (S) The

spread of changes of
Influenza state follow
a SIS
model
where
individuals
return to
being
susceptible
after a
period  of
infection

Infective (I)

Viral 3
Promotion
campaign

SIR  model
where once
reached

individuals
play no
further role.

Susceptible (S)
Infective @D
Removed (R)

disease
Transmission | Level Is the effect Priority
attributes of quantifiable /
impact | data
available?
Brand Med Maybe Low
perception (assume
uniform)
Interest in High Yes High
product
(belongs to
target
market)
Perception High Maybe Med
(Influence)
of sender
‘incubation’ High Yes/maybe High
period or (Stochastic)
time between
receipt and
transmission

Table 3 — determining the level of detail to
include in Case 2: An email based viral
marketing campaign
A Markov process is commonly used to model the
changes of state within a stochastic micro-
population model in cases with more than two states
(Mather, 2000). Often, the time between changes of
state is stochastic and the process is semi-Markov.
Once again the modeller has an opportunity to
develop assumptions and rules to ensure a clearly

defined, unambiguous transformation process.

3.3 THE MODEL ASSUMPTIONS

The series of assumptions developed in the previous
subsections need to be evaluated as a whole to
ensure that there is no inconsistency and, the
resulting model is representative of the real system.
Further that the simplified system can be used to
achieve the study objectives. Assumptions made
must also be justified and clearly addressed in the
model documentation.
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Table 4 — Changes of State
3.4 THE PERFORMANCE MEASURES

Some commonly used performance measures in
simulation studies of the spread of contagion
within a population are:

1. The reach (proportion of the population
reached)

2. The rate of spread (reach per unit time)

3. The proportion/number of people in each
State

4. The proportion/number of people in each
generation.

5. The ‘growth rate’- the average number of
people infected by each infective (epidemic
intensity).

A simulation model of the peer-to-peer spread of
contagion needs to consider time steps as well as
generational steps. Whilst the system is observed
over time, the wunderlying generational
progression has a more direct link with the
transmission and spread of the contagion. Figure
2 shows the spread of a contagion over 3 time
periods along with the underlying generational
progression. However, when observing a real
system, such as the spread of an infection within
a population of interest it is often not be possible
to observe the underlying generational
breakdown. Hence, the simulation is also useful
to estimate the wunderlying generational
progression corresponding to the time based
outputs.




The reach at any given time period is the sum of the

number in each generation across the population:

Reach ; = Number gen(0)  + Number gen(1) ; +
Number gen(2) { +....

B Z N() ,

The reach over time is used in micro-population
models to capture the rate of spread of the
contagion.

—— 00—+
O
Time=0 Time= 1 Time= 2
Two people | One of the The second
are seeded seeds sends | seed sends the
with the the message | message to one
contagion to one other | other.
The person
who received
the message at
time=1 sends it
onto two
others
Number in N(g0)=0 N(g0)=0
gen 0, N(gl) =1 N(gl) =1
N(g0) =2 N(g2)=2

Figure 2 — the time and generational steps

3.5 THE SIMULATION STUDY OBJECTIVES

The development of performance measures and
defining the study objectives are difficult to separate
or sequence. In fact, the study objectives and
experimental frames need to be considered at the
very start and revisited at various stages of the
development of the conceptual model to ensure that
the model being developed can be used to achieve
the objectives.

One of the primary reasons for using stochastic
micro-population simulations in the social and
health sciences is the ability to carry out
experiments. For example, in assessing the impact
of a public health initiative, it is not possible to
vaccinate only a subset of the population and
observe its effectiveness over the next decade.
However, a computer simulation provides an
experimentation tool to investigate the medium to
long term impact of different interventions. Bampo
et al (2008) show how a computer simulation of a
viral marketing campaign can be used to evaluate
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various campaign designs and also forecast the
eventual reach of a campaign in real-time
enabling the campaign manager to intervene and
resuscitate a flagging campaign.

4. SUMMARY

The steps used in the framework presented above
are summarised in table 5. It must be stated again
that as in any modelling exercise, the process is
iterative rather than sequential.

Step | Aim Methodology and

approach used

1 To identify the | Understanding the
elements and | problem and its
develop a root | context,
definition for | CATWOE analysis and
the problem. construct root

definition from

elements

2 To develop the | 1. Identify  entities
system in (people and
context contagion).

2. List attributes of
each entity type
using the function
based groupings.

3. Identify stochastic
attributes and the
corresponding
distributions/data.

4. Evaluate and
prioritise the
attributes.

5. Develop a table of
input data required
to  create the
population.

3 To model the | Process flow diagrams
transformation | Activity cycle
process diagrams

4 To document | Revisit 2 and 3 to
the model | extract assumptions
assumptions made and evaluate the

complete set of

assumptions.

5 To develop the | Consider the
performance simulation  objectives
measures and  experimentation

frames.

6 To develop the | Consider the purpose
simulation of the study/problem
objectives

Table 5 — Steps used in the Framework
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ABSTRACT:

The use of person-to-person electronic
communication to spread a marketing message,
otherwise known as viral marketing, is widely
accepted as a very efficient and cost-effective way
to reach a target audience. However, most
marketing practioners assume that a viral
marketing campaign, once started, is a random
and unmanageable process. This study presents a
simulation model of the peer-to-peer transmission
of digital messages through a target population
and shows how the computer simulation is used
as a decision support tool to design and manage
a viral marketing campaign in real time.

Keywords: Viral marketing, social networks,
simulation.

1. INTRODUCTION

Viral marketing takes advantage of the
accessibility and the wide adoption of
technology, in particular with electronic
messaging, to encourage a group of individuals
initially seeded with a promotional message to
facilitate its spread within their social networks.
Viral marketing has considerable potential and is
being taken seriously by both practitioners
(Kaikati and Kaikati, 2004; Kirby, 2004) and
scholars (Helm, 2000; Phillip and Rajneesh,
2004), and its use is becoming increasingly
widespread. However, viral marketing is often
portrayed as a random, ground-up phenomenon
that marketers have little control over once
initiated (Dobele et al, 2005).

The process of transmission of a viral message
has strong parallels with the spread of a disease
that is transmitted through contact and hence
draws on a rich body of literature in medicine and
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the health sciences (Becker, 1989; Mather and
Crofts, 1999; Mather, 2000). However, unlike the
spread of a disease, the objective of a viral
marketing campaign is to maximise the spread of
the ‘contagion’ within the target population.
Hence, the campaign manager aims to design a
campaign that is ‘infectious’ where those who
receive the message are eager to forward it to
their contacts.

2. THE VIRAL PROPAGATION PROCESS

The analysis of the viral propagation process is
divided into the following three components:

1. The structure of the digital social
network through which the message is
propagated,

2. The behavior (of those who receive the
message) that facilitates the propagation
of the message, and

3. The campaign design including the
seeding strategy that initiates the
process, the propagation mechanism and
the message characteristics.

2.1 NETWORK STRUCTURE

The target population and their social connections
are represented by a network. The nodes in the
network represent individuals and the set of edges
or arcs linking pairs of nodes represent their
social connections, a subset of these being digital
links. The number of connections an individual
has represents their connectivity and the
corresponding  connectivity ~ parameter  is
stochastic. Bampo et al (2008) presents three
network models to represent digital social
networks in viral marketing, namely random,
scale-free and small world networks. Vega-
Redondo (2007) presents a comprehensive
coverage of social network models.



2.2 THE TRANSMISSION BEHAVIOUR

When an individual receives a promotional
message they first make a decision as to whether
or not to forward the message. If they decide to
forward it, then they make a further decision to
choose the subset of their digital connections to
activate. These decisions are likely to be
influenced not just by the campaign
characteristics but also the social profile of the
person who sent it to them. Parameters used to
capture the transmission behaviour are the
probability of forwarding and the distribution of
the number of links activated (both stochastic).

2.3 THE CAMPAIGN DESIGN

The performance of a viral marketing campaign
is measured by the proportion of the target
audience members reached. Some campaigns
send a promotional message that is read/viewed
by the audience member whilst others have a call-
to-action such as registering for a promotional
competition on a web site. Viral campaigns offer
an incentive for people to pass the message on to
their peers, ideally those belonging to the target
market. If the incentive is in the form of a free
gift or a discount on a purchase, a campaign that
is more successful than expected may also
present a problem. This is particularly a concern
when viral campaigns are considered to be
unmanageable. The subset of members chosen
from the target market as seeds also plays a key
role in success of the campaign. Hence, the
design of a viral marketing campaign requires
much more thought and planning than a
campaign using mass media.

3. THE SIMULATION MODEL

The computer model is developed as a stochastic
micro-population simulation using C#.net in
Visual Studio. The processes followed in the
simulation can be divided into three stages:

1. The creation of the digital network of the
target market using the estimated target
population size, the proposed network model
and the connectivity parameters;

2. The seeding of selected target members with
the promotional message based on campaign
design and strategy used; and

3. The transmission of the message through the
digital network as potential communication
links are activated based on the probability of
forwarding and the distribution of the number

of links activated. Figure 1 shows the flow of
logic followed to simulate the transmission
behaviour of one individual who receives a
promotional message with separate and
independent call-to-action and forward-to-a-
friend requests.

The computer simulation is validated using data
from a very successful viral marketing campaign
conducted in Australia by Eclipse (Delloite) for
General Motors Holden. This campaign seeded
nearly 39,000 people and reached a further
43,000 (of an estimated target market of 170,000)

Receive message

Interested?

Follow
call to
action?

Yes

Act

|—,l No

Worth
forwarding?

Select contacts to forward to

\ 4

Forward message

Figure 1: Flow diagram of decisions made by
an individual when in receipt of a message
with independent call-to-action and forward-
to-a-friend requests.

The computer simulation model is a very useful
decision support tool for managers of viral
marketing campaigns. Prior to running a viral
campaign there is little knowledge about the
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connectivity of the target population or the
propagation behaviour of the members of the
target audience in response to the particular
product and promotion. As viral campaigns are
also commonly viewed as being uncontrollable,
most campaigns are initiated and then allowed to
run their course. The simulation model is useful
both at the design stage as well as during the
actual campaign.

In the design phase, the simulation is useful for
experimenting with various options and to carry
out ‘what-if” analysis and assess the campaign
performance. For example, if the campaign aims
to reach 40% of the target market, if the mean
forwarding probability is 50% and the mean
number of contacts forwarded to is 3, how many
seeds would you need to use? It is also very
useful to conduct a sensitivity analysis of the
eventual reach to changes in the decision inputs
(Figure 2) in order to explore the best and worst
case outcomes as well as identify interventions
that can be made to reinvigorate a flagging
campaign.

While the campaign is in progress, the computer
simulation can also be used as a forecasting tool.
By calibrating the simulation model parameters
with real-time campaign data, the corresponding
expected eventual reach of the campaign can be
simulated enabling campaign managers to make
interventions if necessary. For example, if the
expected reach based on the first 3 weeks of the
campaign is much lower than the target reach, it
may be possible to send a reminder or modified
communication to the seeds that did not respond
to the initial message.

Sensitivity Analysis
Varying the mean probability of forwarding within a Random
network
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300000 | e —_—— — —0s
L~ —
-~ —

Reach

200000 { i e — || 0.6
100000 //— :

0

0 1 2 3 4 5 6 7 8 9 10

Generation

Figure 2: Assessing the sensitivity of the
campaign to changes to the mean forwarding
probability.

4. CASE STUDY: THE FELT FUSIONS
VIRAL MARKETING CAMPAIGN

FELT Fusions is an on-line business that sells an
exclusive range of ready-to-eat and ready-to-
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cook meals. The target audience is primarily
professionals, who are ‘time poor’ but value
fresh, healthy, home cooked meals (that can be
put together in a short period of time). The menu
changes monthly and they send an email
advertisement to their clients highlighting the
special features of the menu along with any new
promotions that are being offered. Customers
place orders on the company’s web site and the
order is home delivered. FELT Fusions decided
to run a viral marketing campaign for three
reasons: First, to expand their customer database
by getting existing clients to recommend the
products to their friends, second, to reinforce
their brand image as a new age company and
third increase overall brand awareness.

The authors worked with the company to
develop a pilot viral marketing campaign which
could be wused to calibrate transmission
parameters and design a series of larger viral
campaigns. The central feature of the FELT
Fusions viral marketing campaign is a
competition to win a ‘dream dinner party’
tailored to suit the winner’s individual tastes. A
seed email is sent to all existing FELT Fusions
clients inviting them to enter the competition.
The web link provided on the email opens the
competition registration page where they are
asked to enter details of their dream dinner party.
The viral component of the campaign is
triggered by asking the registrant to list friends
who may be interested in receiving the
promotion. In order to provide an incentive to
list many friends whilst ensuring the friends
listed are likely to come from the target
audience, the chance of winning is directly
proportional to the number of listed friends who
register for the competition once receiving the
invitation. The listed friends get an email from
the registrant telling them about the competition
and inviting them to enter.

The database linked to the website records the
registrations including the contacts listed by each
registrant. This enables the campaign manager to
monitor the campaign whilst it is in progress and
reconstruct the digital network generated. The
computer simulation is used to track and monitor
the progress of the campaign over time.

5. RESULTS

The campaign activity was recorded weekly and
used to estimate parameters such as the
probability of registering for the competition,
mean forwarding probability and the mean



number of contact links activated by those who
forward the promotion. The computer simulation
was then used to forecast the expected eventual
reach of the campaign.

These simulations generated using the estimated
parameters showed that the observed level of
viral activity would not achieve the targeted
increase in the customer database (registrants).
Hence, mid way through the campaign, a
reminder email was sent to the clients (seeds)
who did not register for the competition
reminding them that the competition deadline was
approaching. This “re-seeding” had an immediate
impact and increased the probability of
forwarding significantly. The overall learnings
from the pilot campaign were extremely useful
and are being used to design the next marketing
campaign.

6. CONCLUSIONS

This study demonstrates how a simulation model
can be used to design and manage a viral
marketing campaign in real time. Considering
that viral campaigns are typically treated as
purely random, unmanageable processes, the
ability to use the computer simulation as a
decision support tool while a campaign is in
progress, to influence the course of the campaign
if needed, is very valuable.
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