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Abstract

Scenarios are an important tool in the
strategic planning process, and are increas-
ingly used in both Defence and the business
world. This paper describes an approach
of combining scenario analysis methods
for systematically selecting and developing
future scenarios. A strategic planning
tool suite based on this approach is
designed and implemented using public
software to allow numerical calculations
to be completely automated and to guide
users through each step of the approach. A
typical Defence strategic planning problem
and numerical experiment are demon-
strated with general guidelines to consider
when using the tool.

Introduction

Scenario analysis has emerged as a
tool for strategic planning [7] when the
future is perceived as surrounded by a
high degree of uncertainty, complexity
and paradigm shift. Scenario analysis
techniques characteristically synthesise
quantitative and qualitative information,
constructing multiple scenarios or alterna-
tive portraits of the future.

Although scenarios are the important tool
in the strategic planning process, and are
increasingly used in both Defence [6, 10,
11, 21, 24] and the business world [12, 13],
there is no single generally accepted ‘best
method’ for constructing them. This paper
describes a possible way for combining
scenario analysis methods (Non-Bayesian
method [2, 3, 18, 19, 28, 29] and Bayesian
method [4, 22, 23]).

We demonstrate the approach of combining
methods with a typical example and numer-
ical experiment. Starting with relatively
simple information from experts and
problem-owners, the approach can help
determine main scenarios, as well as a
balanced mix of plausible futures. In

order to allow all numerical calculations
to be completely automated and to guide
users through each step of the approach,
a strategic planning tool suite is also
designed and implemented using public
software [8, 15, 25].

After providing an overview of scenario
analysis methodology, the paper presents
a six-step approach of combining methods.
The processes and mathematical formu-
lation of the approach is then used to
generate algorithms for developing the
strategic planning tool suite. By intro-
ducing a typical Defence strategic planning
problem for illustration, we then walk
through the approach. The paper finally
concludes by emphasising some general
points to consider when using the strategic
planning tool suite.

Scenario Analysis Methodology: An
Overview

Scenario analysis consists of the three basic
stages:

1. Problem analysis to come up with an
exact definition for the problem of the
investigation,

2. Subsystem analysis to identify relevant
external influences on the problem
investigated and

3. Synthesis process to examine the
existing interdependencies between the
influencing factors and to establish alter-
native scenarios.

The problem analysis helps all experts
and problem-owners gain a similar under-
standing of the problem at hand. Based on
this consensus the problem can be further
bounded and structured. The subsystem
analysis expresses the problem as a
system of inter-related dynamic compo-
nents (subsystems), with the system itself
linked to its external environment. From
every subsystem, a number of represen-
tative influencing factors relevant to the
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problem is then identified. The synthesis
process establishes a logical and system-
atic way for scanning the range of possible
scenarios and for selecting main scenarios
or a balanced mix of scenarios.

A variety of creative methods such as brain-
storming, brainwriting, round table discus-
sion, and the Delphi technique [14] can be
employed in the first two analysis stages.
There are two basic methodologies for
implementing the second and especially
the third stage of the scenario analysis:

» Non-Bayesian method (e.g. Morpho-
logical Analysis (MA) [29], Battelle
approach [28], Field Anomaly Relaxation
(FAR) [2, 3, 18-20]) and

» Bayesian method! (e.g. Cross-Impact
Analysis using System of equations [22,
23], or Goal Programming (GP) [4]).

Some extensions based on both classes
are also developed (Battelle approach
with Cluster Analysis [1], GP with Integer
Programming (IP) [9]).

The non-Bayesian method does not
consider the probabilities of influencing
factors on the problem investigated, there-
fore, the selected scenarios may have very
small probabilities and could not practi-
cally be a basis of a meaningful planning
effort. While the Bayesian method requires
marginal and conditional probabilities for
the pairs of factors as input. High demands
are therefore placed on the expert’s ability
and willingness to make these estimates.
Furthermore, the Bayesian method takes
all scenarios into consideration. In conse-
quence, the scenario probabilities are often

very small (see e.g. [17] for the review of
the processes and mathematical formula-
tion of each method, also the application
issues of employing these methods).

The purpose of the strategic planning
process is to reflect possible alternative
developments which are constructed using
quantitative data as well as the experience
and intuition of experts and stakeholders.
However, they are unlikely to be interested
in the mathematical aspects of the scenario
analysis. Hence the information required
from them should be kept as simple as
possible. We present next an approach
which combines all the above methods in
light of these requirements.

An Approach of Combining Methods

We will use the structure of the non-
Bayesian methods to break down the
problem under examination, but adopt and
use the FAR terminology throughout this
section. Summary of the approach is given
in Table 1.

Description of Future States

The first step in developing scenarios is to
identify sectors (components or dimensions
or environments) hypothesized to influence
the future of the environmental subsys-
tems investigated. The choice of sectors
is critical and requires considerable thought
which can be based on results of problem
analysis (e.g. from brainstorming). They
must also represent the whole system.

Table 1: Six-step Approach of Combining Methods

states’ compatibilities

Step Purpose Method
1. Description of Identify and select sectors and factors Eﬂflr;itgrm,
future states hypothesized to influence the future. Battelle
2. Assessment of Evaluate compatibility/consistency Battelle

values between pairwise factors.

3. Determination of

Define a criteria for plausible/compatible | FAR,

compatible scenarios scenarios then enumerate all of them. Battelle
4. Assessment of Elicit marginal probabilities on Bavesian
states’ possibilities the occurrence of factor. yesl
. Obtain the likelihoods for the compatible .

gée/'}:;arli)éssl,s %fssibilities scenarios and further prune scenarios I\G/Igdlﬁed

P due to their likelihood.

A Group the selected scenarios into a few Cluster
%aliDnetsecrerE;nreia;lson of main ones or choose a balanced Analysis,

mix of plausible futures. IP, FAR

1The central idea of the Bayesian method is to elicit the likelihood distribution for future scenarios to be projected

from the experts in the field.
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Although the number of sectors should be
kept to a minimum, the selected sectors
need to be comprehensive enough to reflect
all relevant concerns about the future and
be thoroughly defined so that all experts
understand relevant assumptions. Six to
seven is usually recommended for the
number of sectors [20].

Each sector can take on several factors
(states or hypotheses). A given scenario
is characterised by the choice of a specific
factor for each of the sectors. There
are as many possible scenarios as there
are combinations of factors. Usually two
to five possible future factors are desig-
nated for each sector by evaluating histor-
ical trends, current conditions, and expert
opinion. These factor are mutually exclu-
sive and technically exhaustive; in other
words, other factors were thought to have a
probability of occurrence so low as to justify
their exclusion.

A symbolic name is also chosen in this
step using particular letters from each of
sector names and then uses these symbols
to describe the scenarios.

Assessment of States’ Compatibilities

The interdependencies between factors is
considered in this step. According to the
Battelle approach [1, 28], compatibility
ratings, ki, are expressed on a scale from
1 to 5, by asking experts to answer the
same question for each: ‘Can we think of
a scenario within which these two factors
might coexist?’

A compatibility rating of 5 indicates two
possible occurrences are very compatible,
and a rating of 1 indicates they are not likely
to occur together. Values of 2, 3, and 4
represent increasing compatibility.

Determination of Compatible Scenarios

The number of scenarios are exponentially
growing with the number of factors. Some
combinations of factors may not represent
plausible scenarios. In order to decrease
the complexity of computation and consider
the real situations, the number of scenarios
are selected by the following rules:

1. A compatibility rating existed between
any two factors in a scenario must
be different to 1 (not likely to occur
together), and

2. The average of individual compatibilities
between the factors in each scenario is
greater than or equal to a lower limit L,

or the number of compatibility ratings of
2 (low likelihood of occurring together)
in a scenario is less than or equal to an
upper limit U, where

» L should be chosen to assure the
remaining scenarios had an average
scenario compatibility above 3 (in
other words, above a neutral compat-
ibility), and

» U should be below half the number of
the sectors in a scenario.

Under these two conditions, scenarios
deemed to have a very low possibility
of occurring are eliminated. In some
cases, the participants have the option to
further prune to a subset of these compat-
ible scenarios or to also reintroduce any
especially interesting scenarios which were
excluded due to their incompatibility.

Assessment of States’ Possibilities

This approach also requires marginal proba-
bilities p(i) on the occurrence of Factors i.
Because possible future states of each
sector are considered to be exhaustive and
mutually exclusive, the assigned marginal
probabilities of each factors in each sector
sum to 1. Also every sector usually only has
2 to 5 factors, these probabilities are quite
easy to elicit.

The marginal probabilities and compati-
bility ratings obtained above are then used
to estimate the joint probabilities between
two factors and to serve as the basis to
obtain cross-impact analysis and conduct
the generation of scenarios.

Analysis of Scenarios’ Possibilities

We now calculate the probabilities of
the compatible scenario selected in the
previous step using goal programming (GP)
approach [4] with some modifications
proposed in [1]. Let us denote

» n the number of influencing factor

» K the number of considered scenarios
(K< 2M)

> a,-d=9f(a,-5),i =1,...,n; s=1,...,K the
column vectors of 0's and 1's (ajs = 0
if Factor i is not in Scenario sand ais =1
if Factor i is in Scenario s)

» y the column vector of the scenario
probabilities ys (s=1,...,K)

» y! the corresponding transposed vector
ofy

» ‘A’ operation indicates a component by
component multiplication of two vectors.
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The modified GP is of the form:

minimise 2(55+5;)+Mé (1a)
0
subject to:
yta; < p(d), (1b)
yi(ai A q)) <p*(i). (1c)
K
dlys <1, (1d)
s=1
p*(ij)+5,-} —6;} = p(§), (1e)
p*iN+p*i))  =p), (1)
0<6, <8 0<6f <6 (19)
¥s>0, s=1,...,K (1h)
i=1,...,n; j>1i and

M is a large value, say 10000,

where the joint probabilities p(ij) are
defined by the transformation of the
marginal probabilities p(i) and compatibility
values ki, using the equations:

p(Dp() = 5 (ki — 3)x
et | [l = p(Dp()], ki €[1,3)
PU=1 biypl) + L (ki — 3)x
[uj—p(Dp()], kijel3,5]
i=1,....,n; j>i

lj'= max{0, p()) + p(j) - 1},
ui = min{p(i), p()}.

In equation (1le), the corrected (or final)
joint probabilities p*(ij) of the prelimi-
nary (or initial) joint probabilities p(ij) are
adjusted by deviation variables 6§~ and 6;
6 is the maximum of all individual devia-
tion variables; and p*(ij) is the corrected
joint probability that Factor i will occurs and
Factor j will not.

The modified GP model provides individual
scenario probabilities, but because of the
degenerate solution problem in linear
programming, alternative probabilities
exist. We should then solve the modified GP
first to obtain the minimum possible devia-
tion (mgey) and then to create a new objec-
tive function and one additional constraint
for use in a post-optimality analysis. Using
this suggestion, the new objective function
is

Min ys or Max ys, (2)
and the additional constraint is
2(55+53)+Mé =Mgev,i=1,...,n;j>i (3)
ij

This model is solved for each of the K
scenarios to obtain their minimum and

maximum probability of scenario. The arith-
metic mean of the upper and lower bound,
after being adjusted by the summation of all
scenarios so the probabilities summed to 1,
defined the probability of each scenario.

Determination of main scenarios

The objective of scenario analysis is to
develop a manageable number of repre-
sentative scenarios that can be used in
strategic planning. The optimal number
of scenario groupings is controlled by the
ability of the end user (analysts, experts,
stakeholders) to conceptualise the alterna-
tives and use them in planning. The goal of
finding a minimum number of scenarios is
to support and limit the work of the scenario
writer and reader.

Cluster analysis is used in the strategic
planning context [1, 16, 26] to group
together scenarios that are ‘similar’ while
integer programming (IP) approaches [9]
are developed to select a set of scenarios
that includes all future states.

Cluster Analysis - Representative
Scenarios

The basis for clustering is similarity defined
by a distance between pairs of scenarios
and the method of grouping scenarios.
Here we use the user-defined inter-scenario
compatibility distance and the standard
complete linkage method [26].

» Inter-scenario compatibility distance is
determined by comparing the compat-
ibility ratings between the factors in
one scenario with each factor in another
scenario, summing all of these compati-
bility levels, and dividing by the number
of factors levels compared.

» Complete Linkage method (based on the
maximum distance between scenarios,
one from each cluster) finds similar
clusters as all scenarios in a cluster are
within some maximum distance of each
other.

However, alternative clustering distance
and method are possible (e.g. squared
Euclidean distance with Ward’s minimum
variance method [16]).

Integer Linear Programming - Balanced
Mix of Scenarios

Selecting a minimum number of plausible
alternate scenario, to be expanded into
scenario descriptions, can be formulated in
such a way that each state (factor) of each
environment (sector) will be represented at
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least once (or twice, or three times; chosen
by the user).

Denote by S; the set of all scenarios in
which Factor i occurs. Using the decision
variable zx, taking binary value 0 or 1
according to whether Scenario kK (among g
accepted scenarios, g < K) is selected for
scenario development, the IP can be written
as:

q
Minimise Z Zk

k=1
subject to (4)

szzN,-, Yi=1,...,n
kES[

where N; is an integer denoting the
minimum number of times Factor i should
be included in a scenario definition.

The formulation has the attraction that it
can be modified and extended easily by
adding a variety of constraints to the formu-
lation. For example, the requirement to
select:

» a particular scenario can be represented
simply by setting zx = 1 for that scenario

» a particular combination of Factor i
and Factor i to be at least R times
could be formulated by denoting the
set of scenarios that contain the combi-
nation Sy, and adding the constraint

ZKGS[I[Z Z[( Z R

A similar formulation results if, rather than
requiring a factor to be represented at least
N; times, the aim is that the total proba-
bility of scenarios in which Factor i occurs
is set to be P;. This obviously requires a
probability estimate Y for scenario k as
input data. We can use the arithmetic mean
of the upper (max yx) and lower (min yx)
values probability estimates in the previous
step for the probability Yk. This formulation
can be written as:

q
Minimise Z Zk

k=1
subject to (5)

Z Yize > P, Vi=1,...,n,
kKeS;

where Y = %(max Yk +min yg).

Note that the IP frequently has multiple
optima. Alternative solutions should be
found and presented to the end user. This
can significantly increase the flexibility for
making a decision. For finding an alter-
native solution of an IP problem (see e.g.

[27]) involving only binary variable (zx €
{0, 1} for all k), we just add the following
constraint to exclude an existing solution:

diza-> z<|Bl-1, (6)

keB keN

where B = {k|zxk =1}, N = {k|zx = 0} and
|B| is the cardinality of set B.

Illustrative Example & Strategic
Planning Tool Suite

Typical Example

As an example to be used for illustrating
the combining methods, we consider the
following strategic question in Defence
planning:

Australia’s Joint Operations for the 21st
century states regional factors (such
as state fragility, poor governance and
economic underdevelopment) may affect
Australia’s security interests, both directly
and indirectly. As a result, a key task for
Australia’s Defence Force is to contribute to
a stable regional environment.

Contributing to a stable regional environ-
ment includes being able to defend
Australian territory against credible threats
without relying on the combat forces of
other countries, providing joint forces to
contribute to, or lead, coalition operations
in Australia’s neighbourhood as well as
contributing to crisis response as part of a
coalition effort in humanitarian assistance
and disaster relief.

This leads to the question, what will
Australia’s regional environment look like
in 2030 and what types of operations will
Australia be required to respond to in this
timeframe in our region?

Numerical Experiment & Tool Suite

The free, open-source Integrated Devel-
opment Environment (IDE) NetBeans [25]
was used in the creation of the tool
suite [5]. For the illustrative example,
Australia’s Regional Environment in 2030,
the description of future states (Step 1) is
recorded using Morphology Analysis (MA)
tool, and captured in the form of Table 2.
The symbolic name is chosen as PESTHAC
from the 7 sectors (listed in the far left
boxes). Each sector has 3 factors except
the Sector A (Type of Operation required by
ADF) which has 4.

ASOR Bulletin, Volume 27 Number 3, September 2008



Table 2: Australia’s Regional Environment in 2030: A Morphological Analysis

Political
Governance

P1: Political stability in most
regions

P2: Unstable political
environment

P3: Collapse or change in
maijor players

Economic Growth

E1: Developing

E2: Declining

E3: Collapse

Social Cohesion

S1: Tolerance between
groups

groups

S2: Factionalisation between

S3: Conflict and uprising
between group

Implications of

T1: Overwhelming rate of
change or development of

advancement of technology

T2: Continuing (comparable)

T3: Lagging advancement
of technology.

S&T technology
Health and H1: Improving/Sustainable |H2: Degradation H3: Collapse, meltdown
Habitat
A1: Peacekeeping/Peace |A2: Counter A3: Conventional warfare |A4: Humanitarian
Type of Operation|| |enforcement ADF role Insurgency/Counter Terrorism assistance
required by ADF
C1: Minor commitmentto [C2: Major commitment to C3: Commitment to
ADF Concurrent || |regional Operations regional Operations Operations further afield
Obligations
Table 3: Sample Data
Compatibility
& Probability P E S T H A C
data 1 2 311 2 311 2 3 2 3]1 2 311 2 3 411 2 3
1/ 0.3
P 2 1 02
3 1 1 0.5
1 5 1 3[ 0.5
E 2 1 5 3 1 04
3 1 3 2 1 1 01
1 2 3 4 3 3 2|05
S 2l 4 3 20 3 3 2 104
3 2 1 1 1 1 1 1 1 0.1
1 5 3 21 3 3 1 1 4 106
T 2 1 3 5 3 3 1 4 2 1 1 0.3
3 1 2 2 2 2 1 1 1 1 1 1 0.1
1 2 5 3 3 3 2 5 2 20 4 3 208
H 2l 4 2 3 3 3 2 2 5 20 2 3 21 101
3 1 1 2 2 2 1 1 1 1 1 2 1 1 1 0.1
1 2 4 31 2 4 1 5 1 1 2 4 1 5 1 1] 0.1
A 2l 4 2 3 3 3 1 2 4 1 3 3 1 3 3 1 1 07
3 2 2 3] 1 3 1 2 1 1 2 3 1 3 1 1 1 1 01
4 1 1 2 1 2 1 1 1 1 1 2 1 2 1 1 1 1 1 01
1 2 3 21 2 4 21 2 4 2 2 3 20 2 4 1 1 5 1 1] 0.3
cC |2 3 3 4 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 105
3] 4 3 3 4 2 21 4 2 21 3 3 1 4 2 1 5 1 1 1 1 1 02
All the necessary data? to run through the » the estimated probabilities p(i) for

approach (Step 2 and Step 4) is presented
in Table 3 with:

» a list of all factors i (i=1,...,22) corre-
sponding to P1, P2, ...,Cz2 and Cs3
respectively,

» the compatibility ratings k;; for every two
factors i and j, where k;; € {1,2,3,4,5}
which is represented as a triangular
matrix (ki = kj;), and

the individual factor { (values on the
diagonal, e.g. p(E1) = 0.5).

In Step 3, all compatible scenarios (i.e.
those without a value of 1) are selected
using the following value of L and U:

» Minimum average compatibility value,
L =3.285,

» Maximum number of “2" ratings, U = 3.

2Note that all data presented here is fictitious and used for illustrative purposes only.
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Table 4: Selected Compatible Scenarios

- 2 - 2

e} o N o = e} o ™ o =
g2 §%3 52 §%3
8 Factor sE g£g2 8 Factor cs 222
2] z <35 2] z X <5

PESTHAC o PESTHAC O
1 1121121 6 3.286 18 3112113 1 3.714
2 1121122 2 3.381 19 3112122 1 3.286
3 1121221 4 3.524 20 3112222 2 3.143
4 1121222 1 3.524 21 3121122 3 3.095
5 2212112 0 3.667 22 3121222 3 3.143
6 2212113 1 3.810 23 3122122 3 3.048
7 2212121 4 3.286 24 3122222 2 3.190
8 2212122 2 3.238 25 3212112 0 3.619
9 2212132 2 3.238 26 3212113 1 3.714
10 2221121 4 3.333 27 3212122 1 3.286
1 2221122 2 3.286 28 3212132 1 3.286
12 2221221 4 3.333 29 3212222 2 3.143
13 2221222 3 3.190 30 3221122 3 3.095
14 2222122 3 3.095 31 3221222 3 3.143
15 2222221 3 3.333 32 3222122 3 3.048
16 2222222 3 3.095 33 3222221 3 3.333
17 3112112 1 3.524 34 3222222 2 3.190

Table 5: Scenarios Probabilities

e £ e £ o £ o £

© Q [\] o) ® o) © o)

5 3 5 3 5 3 5 2

O [e] O [e] [&] [e] O [e)

(2 n T (2B (2B

1 5.90% 10 5.31% 19 8.85% 28 1.77%

2 8.55% 11 5.31% 20 0.00% 29 0.00%

3 3.24% 12 0.00% 21 6.49% 30 6.49%

4 2.95% 13 0.00% 22 2.95% 31 2.65%

5 2.95% 14 1.18% 23 1.18% 32 1.18%

6 2.36% 15 0.00% 24 1.18% 33 1.18%

7 3.54% 16 0.00% 25 2.95% 34 1.18%

8 3.54% 17 2.36% 26 2.36%

9 1.77% 18 2.36% 27 8.26%

Using ‘Battelle’ tool, the result of this selec-
tion process is shown in Table 4 where the
‘Factor’ column lists all accepted scenarios
(e.g. Scenario 6: P2E2S1T2H1A1C3).

We now calculate the probabilities of the
scenarios (Step 5) selected in the previous
step. Here, ‘Baysesian’ tool will call the
external mathematical programming solver
GLPK[15], to find a solution for the modified
GP (1a)-(1h).

Based on the solution of this modified GP,
the upper and lower bounds for all selected
scenario probabilities are then obtained by
re-solving the modified GP with new objec-
tive functions (2) with one extra constraint
(3). The arithmetic mean of these probabil-
ities is calculated and shown in Table 5.

Note that Scenario 12, 13, 15, 16, 20 and
29 were computed to have probability 0
throughout the parametric analysis, this is
strong indication of these scenarios being
implausible. So, subject to expert commen-

tary, these scenarios could be omitted from
further consideration.

In the final step, ‘Clustering’ tool for
choosing representative scenarios or ‘IP’
tool for searching a balanced mix of
plausible scenarios can be used.

Cluster Analysis

The ‘Clustering’ tool will call the statistical
package R [8] to run several sets of trials
(e.g. with 3, 4 and 5 clusters). Table 6
shows the results of an analysis with three
clusters. Table 7 displays the various statis-
tical indicators for each cluster and also
proposes a representative scenario.

To determine which set of clusters are
optimal, an average compatibility rating for
all scenarios within each cluster is calcu-
lated, and subsequently compared to deter-
mine which number obtains a maximum
average compatibility rating.
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Table 6: Sample of Cluster Analysis

Average
Compability
Cluster Scenario Value Probability

1,4,5,7,8,9, 10,
14,17, 18, 19, 21, o

1 22, 23 24, 25, 27, 3.280 77.0%
28, 30, 31, 32, 34

2 2, 26,33 3.480 12.1%

3 3,6, 11 3.440 10.9%

Table 7: Cluster Statistics and Representative Scenarios

Factor Mean Mode Median Maximum Minimum

Representative
Scenario

2.43
1.57
1.57
1.64
1.29
1.79

1.86

w
w

Cluster 1

w
-

3

2.38
1.77
1.54
1.69
1.46
2.00
2.08

2.75
1.25
1.75
1.75
1.50
1.75
2.00

NN=2WINN 2NN DNDNINDNN_2NDNDN

Cluster 3
[6)]

Cluster 2
O>XITHOVMIUOD>DIHIOOMUOD>D>IT4,LMT
N.

NNDNNN=2WNDN_2NNNDNDNDN-=2DNNN

N

WNDNDNDNDNRIWWWNDNDNDN W ONDNNDDNDDND
A aaaaapnp/hNaaaaaaaalaaaaaaa
NNNNN=_2OWNDNDN 2NN NDN-=2NDNON

The representative scenarios (Table 7) may
not correspond entirely to possible real
scenarios. We may use them as end-state
scenarios and others in their cluster as
transition scenarios while the clusters might
represent different branches on a scenario
tree (e.g. [20]).

Integer Programming’s

To illustrate another possibility for selecting
a minimum number of plausible alternate
futures, to be expanded into scenario
theme descriptions, we use the selected
scenarios in Table 4, with the omission of
implausible Scenario 12, 13, 15, 16, 20 and
29.

If we want to find a smallest number of
scenarios that cover each factor twice
except that the factors P3, E3, S3, T3, H3,
A3, A4, and C3 (see Table 2 for the descrip-
tion of the factors) which are believed to

be insignificant in the futures (no scenario
has these factors). In IP model (4), N; thus
takes the value {2,2,0,2,2, 0,2,2,0,2,
2,0,2,2,0,2,2,0,0,2,2,0} for each factor
respectively. The ‘IP’ tool will call GLPK
solver [15] to find a solution to this model.
Scenario 3, 4, 6, 14, 18 and 33 are listed
for this smallest set of scenarios.

If the total probability of the futures
in which the factor occurs is set by
the user, then IP model (5) must be
used. For example, we set P; (where
Zgzz Pi < 1) to the value {1—14,1—14,0,
7101 1201310 1310 12
1—14,0, 0,1—14, 1—14,0}, respectively, for each
total probability of factor and use the corre-
sponding scenario probabilities listed in
Table 5 as the values for Y. The IP tool calls
GLPK solver which outputs Scenario 1, 3, 5,
6, 24 and 32 as a solution.
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Conclusion

The approach of combining scenario
analysis methods offers an attraction that
starting with relatively simple information
from experts and problem-owners, main
scenarios, as well as a balanced mix of
these plausible futures for scenario devel-
opment can be determined. Using system-
atic approach, strategic planning can ratio-
nalise the often ad hoc process of selecting
futures for scenario development.

A computer decision support tool, similar to
the strategic planning tool suite presented
in this paper, needs to be used to automate
all numerical calculations in each step
of the combining methods. Although,
analysing and interpreting data and results
must be cautiously scrutinised by experts.
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A Note on Two-Stage Interval Time Minimization
Transportation Problem
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Abstract

This paper discusses two stage interval time
minimization transportation problem, where
minimum amount available at each source is
shipped to the destinations in the first stage
& enough qunatity of the product is
dispatched in second stage so as to meet
the demand at destinations exactly. An
iterative algorithm is proposed to find a
solution that minimizes the sum of first and
second stage shipment times.

Introduction

Hammer [2] first discussed the time
minimization transportation problem (TMTP)
in 1969. The mathematical structure
proposed by Hammer [2] for this problem is
as follows:

min _[max[7; (x;)]]

X:{ij}e J

where the set S is given by
Zx,.j =a, Viel,
jeJ
S: X=(x,.j)eR’”"Zx"f =b VjeJ,

iel

x; 20V (@, j)elxJ.

This problem attracted the interest of many
scholars, who later on tried this problem and
proposed different solution methodologies.
In literature, some of the available
algorithms to solve this problem are given by
Szwarc [8], Garfinkel et al. [3], Bhatia et al.
[1], Prakash [6] and Arora and Puri [4, 5].
Sonia et al. [7] in 2004 discussed an
invariant of this problem in the form of two
stage interval time minimization

transportation problem, where in first stage,
the sources ship all of their on-hand material
to the demand points and the second stage
shipment covers the demand that is not
fulfilled in first stage. In each stage, aim is to
minimize the duration of transportation and
the overall goal is to minimize the sum of
two stage shipment times. Mathematical
formulation of the problem considered by
them is as follows:

Let a, and a;,iel denote respectively the

minimum and maximum availability of a
homogeneous product at the source i and

b_].,jeJ the demand of the same at

destination j, where

2a<2b,<)a.

iel jeJ iel

In the first stage of the two stage Interval
(TMTP), the quantity a,(<a!) is shipped
from each source i,iel and after the

completion, enough quantity of the product
is dispatched in second stage so as to

exactly satisfy the demand bj at the

destination j, j € J . The stage-I problem is
thus formulated as:

i [maslt 0, )i )

where the set S’ is given by

* Department of Mathematics, Center for Advanced Studies in Mathematics, Panjab University, Chandigarh-
160014, India. e-mail: mathvikas@gmail.com, v_verma1@yahoo.com

b University Institute of Engineering and Technology, Panjab University, Chandigarh-160014, India.

e-mail: kalpanas@pu.ac.in
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Zyi,=ai Viel,
jeJ A
S - Zyl.jﬁbj Vjed,

iel

y; 20 V@, j)elxd.

Corresponding to a feasible solution
Y ={y,} of stage-1 problem, let S'(Y) be

the set of feasible solutions of Stage-2
problem which is stated below :

min _ [max(?;(z;))]= min [T,(Z)]
z-{,)eS'(Y) 1/ ZeS'(Y)

where the set S'(Y) is given by

Zzijﬁa,.'—al. Viel,
jeJ

Dz,=b b Vjel,
iel

z;20 V(i,j)elxJ,

and bj'.ZZy,.j,jeJ.

iel

Thus a two stage time minimization
transportation problem can be defined as:

(P)  min [0+ min ()]

Y :{)’,-/ }E

Closely related to the problem (P) is the
interval time minimizing transportation
problem (P,) defined as:

(B,) r)r(li?[T(X)] = I)I(li?[n]lajx (7, (x;))]
where

2 .
aiSZxU.Sai Viel,
jel

S: lefi =b,

iel

x; 20 V(i,j)elxJ.

Vjed,

Clearly a feasible solution of (P) provides a

feasible solution to the problem (P,) and
conversely. Associated with the problem
(P,) a balanced transportation problem is
defined as:

(Py)  min[T(X)]= min[max (, (x,))]

Xe§ XeS IxJ
where
inj =a, Viel,
jeJ

‘v’jej,

?))
™M
<
I
S

x; 20 V(i,j)eixj.

where,
I={1,2,...m,m+1,...2m},
j=Ju{n+1},
a=a,iel,
a,.=a —a,iel,
. =b,V jed,
bn+l :za; _ij ’
iel jeJ
tl.].=tijV(z',j)eI><J,
;m+i,j =tij V(i,j)E]XJ,
fi’n+1=MVieI,
where M is a very large positive number,
fvinn =0Viel.

It has been proved by Sonia et al. [7], that
(P,) and (P,;) are equivalent. In their
method two sequences of Stage | and Stage

Il time are generated. One of the sequences
consists of generating pairs of the form

(1,().T,(): T,()>Ty(.)) by solving time
minimization transportation problem of the
form P,,(7,(.)) and cost minimization
transportation  problem of the form
CP,(1,(.),T,(.)) where the problem

P, (T,(.)) reduces the on hand shipment
time for Stage |Il, and the problem
CP,(T,(.),T,(.)) gives the minimum

shipment time for Stage Il corresponding to
the Stage | shipment time obtained from

ASOR Bulletin, Volume 27, Number 3, September 2008
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P ,(T,(.)). Similarly the sequence of two
stage shipment time of the form
(T;(),T,():T,(.)<T,(.)) is obtained by
solving the problems B ,(7;(.)) and
CP,;(T,(.),T,(.)), where these problems
play a similar role as played by P, ,(7,(.))

and CP,,(T;(.),T,(.)) with their role for

Stage | and Stage Il reversed. Further it has
been established by them theoretically that
the global minimum value of the problem

(P) is obtained from these generated pairs.

The algorithm developed in the current
paper generates only one sequence of
Stage | and Stage Il time, where at each
iteration, Stage | time decreases strictly and
Stage Il time increases.

Theoretical Development

As shipment time in Stage-l and Stage-Il are
concave functions, two stage interval time
minimization transportation problem aims at
minimizing a concave function over a

polytope. Hence (P) is also a concave

minimization problem. As the global
minimum of a concave minimization problem
is attained at an extreme point only, it is
desirable to investigate only its extreme
points. Let the set of transportation time on
various routes is partitioned into a number of

disjoint sets, B,,h=1,2...,s,

where B, ={(i,j)eIxJ ="} and
> =12, s—1.

Positive weights say A _,.,,h=1,2...,s
are attached to these sets where,
A >> A,V j=1,2...,s—1. This yields
a standard (CMTP):

mini/lh( D> x,),

h=1 (i,))eBy,

where X ={x,} belongs to the

transportation polytope over which original
(TMTP) is being studied. To find an (OFS) of
the Stage Il problem we define the following
(CMTP):

(CP) min ) €%
n 2,

IxJ

where
Ciwn =M Viel,
c =0 Viel,

m+i,n+l1

¢; =0 V(,j)elxJ,
m+i, j zﬂ’sfhﬂ ’t =lh,V(i’j)€Bh

and h=1,2,...,s.

C

m+i,j

Let at any given time of Stage | and Stage |l
say, TlH ’ Tzk—l
T T et ty.. .t ), ke{l,2...s+1}.
The restricted version of the problem (CP),
denoted by (CF,), k 21 is defined below:

(CB) min DD ¢;%;
lin )

ie[jej

respectively,  where

where
¢, =M if 1, >T (i, j)elxJ

=0 if t,<T"",(i,j)elxJ

Cion=M Viel,
cm+i,n+l :O ViEI’

_ . b e
Cm+i,j - ﬂ“s—hﬂ ’tm+i,j =, (17]) € Bh
&h=1,2...,s.

An (OFS) of the problem (CP) is denoted
by Y° with corresponding stage | time T10
and the stage Il time by T20 and let Y* be
an (OFS) of (CP,) yielding corresponding

time of Stage | and Stage Il as 7;* and T,
respectively.

Theorem 1. Tzk is the minimum time of
stage Il corresponding to any given time of
Stage I in the problem (CF,).

Proof: Let if possible there exist a pair
(7},T,) yielded by some feasible solution

Y=1{y,} of (CR,) such that T, <T} and

k-1 — k
I, <1/ where 7, =t, and T, =t¢, for

14
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some Since

p.qe{l,2...,s}.
T, < Tzk, therefore p > g, which implies

s—p+l<s—g+1.

Therefore

20 =Sy, = DAl
PxJ h=1

IxJ

iﬂ’shﬂ( Z yij)’

h=p

> )

(i.))<B),

(i,))eBy,
also
N
kN — k _ k
Z(Y )_Zcijyij _Zﬂ’s—hﬂ( Z yij)
IxJ h=1 (i.))eB),
S
— k
_Z/ls—hﬂ( z y;’j)'
h=q (i,j)eBh

Since A, >>4,,i=1,2...,5-1

= Zﬁ’s—h“( Z le) < Zﬂ’s—hﬂ(
h=p h=q

(i,j)EBh

> )

(i,j)EBh
= Z(Y)<Z(X").

But this contradict the optimality of Y,
therefore 7, <T,.

Theorem 2 (CP) gives optimal time of
Stage Il.

Proof: It follows on the same lines as proof
of Theorem 1.

From Theorem 1 & 2 it is clear that TZO is
the optimal time of Stage I, let the optimal
time of Stage | is denoted by Tll

Remark 1. By construction of (CP,), it is
clear that 7\’ >T;' >...> T further it has
also been observed that T, <T,...<T;,
because let if possible 7, < T, for some
k.let Z, =Z(Y*),Z,.,=Z(Y""). Since
T/ <T), we see that Z,,, <Z,. As
T/ <T), Y is a feasible solution of

(CP,) with Z,,,<Z,, a contradiction to

the fact that Y* is an (OFS) of (CP,).

Remark 2. Since optimal time of Stage-1

problem is 7', (OBFS) of (CP,,) is not M-
feasible.
Remark 3. Let T7,'=¢"for some

re{l,2,...s} then the maximum number
of iterations required to solve this problem is
s—r+1.

Remark 4. Let T(=1",7 e{1,2,...s}) be
the overall time of transportation of the
problem (P,) defined by Sonia et al. [7],

then the proposed method becomes better if
47 —r <3s-3.

Theorem 3. Let the generated pairs of
Stage | and Stage Il time be

(T}, T)),k>0. Then the optimal value of
the  problem (P) is

. h | b
min -0 [ 7 + 15 |-

given by

Proof: Let if possible there exists a pair
(1},Y,) yielding Stage | time and Stage II

shipment (1,,T,) that
T1 + Tz < min{h=o,1...,1}[7]h,7}h]-

T'>T'...>T  and T,) <T,...<T), then
the following cases arise:

time such

Since

Case1..7, >T'. (1)
By construction of (CP),(Y,,Y,)
feasible solution of (CP). Since 7, is the
optimal time for (CP), therefore

T,) <T,. )

is a

Combining (1) and (2), we get,
T +T,>T"+T,,

: h h
=T+T, > min [T7+T)].

Case2. T, <T.

Since T,<T/,(Y,,Y,) is an M-feasible
solution of (CF)), which is a contradiction
as this problem is not M-feasible.
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Case3. T, [T, T]].

In this case, either 7,=T" for some
k=0,1....,] or
Te(TF T [T > T

(i If T, ZTIO, then by construction of
(CP),(Y,,Y,) is a feasible solution of
(CP).

=T,>T), [T, is the optimal time of
stage Il'in (CP)]

>T+T,>T +T,),

> : h h
=T +1,2 min [T7+T,].

Similarly for the case when
7‘1=T1k,ke{1,2...,l} it can be shown
that

T +T,>T"+T*> min
1 2 1 2 (h=0,1...1

“Jﬂ+ﬁl

(i) 7, e (I5, 1.

Then (Y,,Y,) is a feasible solution of
(CP) [“T,<T*']. Also T,>T/) and
T>T,

ST 4T, > T + T,

=T 47, > min [T+ T/

Therefore there does not exist a feasible
solution Y =(Y,,Y,) of (CP,) yielding time
less than {hg)l’l;?;}mh-'_TZh]' Thus the
optimal value of (P) is given by
15+ 7))

ey

The Procedure

Initial Step. Find an (OBFS) of (CP) and
thus obtain the corresponding times 7;° and

T20 of Stage | and Stage Il respectively.

General Step. If £k>1 at a given pair
(le’l,Tzk’l) of Stage | and Stage Il times,
solve the problem (CP,). From the (OBFS)

of (CP,) construct the pairs (7", T,"") .

Terminal Step. If (OBFS) of problem (CP,)

is not M-feasible, then Stop. The optimal
value of (P) is given by

Mingi=o,1...k} [Tlh + Tzh] .

Numerical lllustration

Consider the two stage interval time
minimization transportation problem given in
Table 1. The problem considered here is
same as discussed by Sonia et al [7].

The partition of various time routes is given
by

t'(=59)> 1> (= 48) > £’ (= 40) > t*(= 38)

> (=26)>1°(=23)>1(=20)>*(=19)

as ' =1 =19, therefore s =8.

The corresponding problem (FP;) is shown
in Table 2.

An (OBFS) of the problem (CP) yields
Stage | time as T10 =40 and and Stage Il

time as T,) =19, where 19 is the optimal

time of stage Il. Next pair is obtained by
solving the time minimization transportation

problem (CF), an (OBFS) of which yields

Stage | time as 38 and Stage Il time as 20,
where 20 is the minimum time for Stage |l
corresponding to the stage | time 38.
Similarly proceeding in the same way after

solving further restricted problem (CP,), the
pair obtained is (26,38) and (23,40) is
obtained by solving (CP). Algorithm
terminates here as (CP,) is no more M-
feasible. Thus

min {40+19,38+ 20,26+ 38,23+ 40} =58.
Hence the optimal value of problem (P)

corresponds to the pair (38,20). The

transportation schedule which gives this
optimal value is shown in the Table 3.

16
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Table 1

D, D, D3 D, Ds Dg ai a’;
S, 26 23 59 38 19 20 6 8
S, 40 48 20 19 23 59 15 29
S; 26 38 48 20 19 40 12 18
b 6 9 3 14 10 5
Table 2
D1 D2 D3 D4 D5 D6 D7 éi
S 26 23 59 38 19 20 M 6
S, 40 48 20 19 23 59 M 15
S; 26 38 48 20 19 40 M 12
S 26 23 59 38 19 20 0 2
S, 40 48 20 19 23 59 0 14
S; 26 38 48 20 19 40 0 6
[;A 6 9 3 14 10 5 8
J
Table 3
D1 D2 D3 D4 D5 D6 D7 éi
S 3 3 6
0 0 M 0 0 0
S, 3 2 10 15
M M 0 0 0 M
S 6 6 12
0 0 M 0 0 M
S, 0 2 2
A4 A3 As As A1 A2
Ss 12 2 14
N6 A7 A2 A1 A3 As
Ss 6 6
A4 As A7 A2 A Aé
5 6 9 3 14 10 5 8
J

An (OBFS) of the problem (CF)) is depicted

in Table 3, where the entries in the lower left
hand corner represents the associated cost
and the highlighted entries show the values
of the basic variables.

Concluding Remarks

Present methodology tries to reduce the
computational complexity as only one
sequence of Stage | and Stage Il pairs is
adopted in contrast to the two way

procedure discussed by Sonia et al. [7] and
problems such P, and CP,, are avoided

as there is no need to reduce Stage Il time
separately corresponding to the given time
of Stage |.

As mentioned in Remark 4, for certain
values of r, convergence rate of the
proposed algorithm is better than the one
discussed by Sonia et al. [7].

For the same problem as discussed by
Sonia et al. [7], the current algorithm

ASOR Bulletin, Volume 27, Number 3, September 2008
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suggests maximum number of 6 iterations
as compared to the maximum 14 iterations
suggested by Sonia et al. [7].
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A Report on Operations Research Conference at Canberra

On the 7 & 8 July, 2008, the Defence and Security Applications Research Centre (DSARC) at
UNSW@ADFA in conjunction with the Research Network for a Secure Australia (RNSA) and the
Canberra Chapter of the Australian Operations Research Society (ASOR) held their inaugural OR
conference.

The structure of the conference was to invite a range of OR professionals from different
backgrounds to give their perspectives on what OR is, what it can do and where it should be
heading. This conference was intended to be interactive and generous question and answer
times were included in the program.

Prof John Baird, Rector of UNSW@ADFA welcomed the 40 strong attendees followed by an
eruditious opening speech from Dr Len Sciacca, Chief Operating Officer, DSTO. Both two days
were full packed by exciting talks and discussions. Day 1 was basically dominated by hard-OR
but fascinating topics. The Conference dinner rounded off a successful day one. The venue at
Old Parliament House gave the attendees the opportunity to further discuss OR applications and
chat informally with the practitioners and their counterparts. Day two of the Conference again saw
some more thought provoking topics and attendees were particularly regaled by Prof Mosche
Sniedovich with his presentation, “Responsible decision-making in the face of severe
uncertainty”. The Conference was deemed a success with much positive feedback from all.

Four renown OR academics flew in from different parts of Australia. They were Prof Natashia
Boland from the University of Newcastle, Prof Lou Cacetta from Curtin University, Prof Mosche
Sniedovich from Melbourne University and Prof Amrik Sohal from Monash university. Among
other presenters, Dr Jeremy Manton, Prof. Neville Curtis, Dr. Bruce Fairlie and Dr. Paul
Whitbread from DSTO; Dr Richard Davis, Office of National Security, Prime Minister & Cabinet
Department; Mr Russell Hay and Mr Paul Trushell, Geoscience Australia and Attorney General
Department; and Prof. Hussein Abbass and Dr Ruhul Sarker from UNSW@ADFA. Each of these
hour long presentations commenced with an introduction to their specialist area, discussing
advanced concepts, challenges and open problems in their area. A 10 minute interactive question
time concluded the presentations. The detailed program is shown below.
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Program Day 1

8:30
9:00
9:05
9:15
10:00
10:30
11:30
12:30
13:30
14:30
15:30

16:00
17:00

Registration

Prof. John Baird, Rector, UNSW@ADFA, Welcome

Dr Len Sciacca, DSTO, Opening

Dr. Jeremy Manton, DSTO, The need for OR in organisations
Morning Coffee

Prof. Natashia Boland, University of Newcastle, Progress and challenges in linear
programming, integer programming, and their applications

Prof. Louis Caccetta, Curtin University, Effective computational models for constrained
path problems

Lunch [Officers Mess]

Prof. Amrik Sohal, Monash University, Applying Operations Research to Designing and
Managing Supply Chains

Dr. Ruhul Sarker, UNSW@ADFA, Why use evolutionary computation for solving
optimisation problems?

Afternoon Coffee

Prof. Neville Curtis, DSTO, Operations Research at the front end
Close

1900-2200 Conference Dinner, Old Parliament House, King George Terrace, Parkes ACT 2600]

Program Day 2

9:00 Dr. Richard Davis, Office of National Security, Prime Minister & Cabinet Department,
Challenges for OR in the national security domain

10:00 Morning Coffee

10:30 A/Prof. Moshe Sniedovich, Melbourne University, Responsible decision-making in the
face of severe uncertainty

11:30 Prof. Hussein Abbass, UNSW@ADFA, Managing the known and preparing for the
unknown: computational scenarios for analysis and planning

12:30 Lunch [Officers Mess]

13:30 Dr. Bruce Fairlie, DSTO, Defence OR in the air domain

14:30 Dr. Paul Whitbread, DSTO, OR for command and control analysis

15:30 Afternoon Coffee

16:00 Russell Hay & Paul Trushell, Geoscience Australia and Attorney General Department,
CIPMA: A computational tool to support government & business decision making

17:00 Close
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International Abstracts in Operations Research Online

Beta Version now Available Free of Charge for a Limited Time
at
www.palgrave-journals.com/iaor

The online version of International Abstracts in Operations Research (IAOR) has been completely
revamped and will be opened to subscribers in January 2009. IAOR Online, a publication of the
International Federation of Operational Research Societies (IFORS), is the most complete source
for bibliographic and abstract information in Operations Research and Management Science —
sourced from 180 of the world’s leading journals.

We invite you to try the Beta Version at www.palgrave-journals.com/iaor and provide feedback
which will help us improve the final product. To activate the site, you will be asked to provide
your email address and set up a password, which you may use each time after that for as long as
the Beta Version is available. Each person who does so prior to the end of September and
completes the short online User Survey will be entered into a drawing with the opportunity to win
an iPod Nano.

The Beta Version contains approximately 20,000 indexed abstracts from the years 2002-2007,
which for trial purposes is sufficient for a realistic test of literature searching. When released to
the public, the new IAOR Online will contain more than 55,000 indexed Operations Research and
Management Science abstracts from 1989 to the present, and will be updated weekly from the
current literature.

Search commands are flexible, from simple subjects or author names, to complex Boolean
expressions. All abstracts are in English, but the original source language is identified.

The more comments we receive now, the better this publication will become, so we greatly
appreciate your help.

Hugh Bradley
IFORS Project Manager
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Forthcoming Conferences

The XIV Latin-lbero American Congress on Operations Research (CLAIO 2008)
9-12 September 2008, Cartagena de Indias, Colombia
www.socio.org.co/CLAIO2008/index_eng.php

Operational Research Practice for Africa
October 10 -11, 2008, Marriott Wardman Park Hotel, Washington, D.C.
http://www.orpagroup.net/ORPA2008/index.html

2008 IEEE International Conference on Systems, Man, and Cybernetics
October 12-15, 2008, Suntec Singapore
http://www.smc2008.org/

3" Int. Conference on Bio-inspired Optimization Methods and their Applications
(BIOMA2008), 13 - 14 October 2008, Ljubljana, Slovenia
http://bioma.ijs.si/conference/2008

43™ Annual Conference of the ORSNZ
24-25" November, Wellington, New Zealand
Website: www.orsnz.org.nz

9™ Asia-Pacific Industrial Eng. and Management Systems (APIEMS) Conference
Bali, Indonesia, 3 - 5 December 2008
http://www.apiems2008.org

12™ Asia Pacific Symposium on Intelligent and Evolutionary Systems (IES’08)
7 - 8 December 2008, The University of Melbourne, Victoria, Australia
http://www.complexity.org.au/ies2008/

International conference on “Operations Research for a Growing Nation”
15-17th December, 2008.

Sri Venkateswara University, Tirupati-517502, Andhra Pradesh, India
Website: www.orsicon2008.com

The forth International Symposium on Scheduling (Int.S.S.09)
4-6 July 2009, Nagoya, Japan
http://www.fujimoto.mech.nitech.ac.jp/iss2009/

EURO 2009 Conference
July 5 -8, 2009, Bonn
http://www.euro-2009.de

International Conference on Computers & Industrial Engineering (CIE39)
July 6-8, 2009- Troyes, France
http://www.utt.fr/cie39/

18" World IMACS Congress and International Congress on Modelling and Simulation
(MODSIMO09) 13—-17th July 2009, Cairns, Australia
http://www.mssanz.org.au/modsim09/

The 20" National Conference of the Australian Society for Operations Research 2009
28-30 September 2009, Gold Coast, Australia
http://www.asor.org.au/conf2009/index.php?page=1
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THE 20th NATIONAL CONFERENCE of AUSTRALIAN SOCIETY FOR OPERATIONS
RESEARCH

incorporating

THE 5th INTERNATIONAL INTELLIGENT LOGISTICS SYSTEM CONFERENCE
Holiday Inn Surfers Paradise, Gold Coast, Australia

September 27th - 30th 2009
Dear colleagues,

On behalf of The Australian Society for Operations Research Inc., we are pleased to invite
members and non-members to the ASOR 20th National Conference incorporating the 5th
International Intelligent Logistics Systems Conference. We envisage a conference focusing on
the broad range of areas in which operations research, logistics and operations research
practitioners’ work, within the theme “Making the Future Better by Operations Research”. ASOR
gives you a unique opportunity to keep up-to-date with operations research issues in Australia
and overseas. We welcome you to attend the conference and participate in specialized
workshops and sessions relating to your specific areas of interest and have informal discussions
with researchers and practitioners. We expect everyone who attends this conference to receive
value from the program and enjoy the atmosphere and surroundings of this first class venue.

For further information, please visit our conference web-site:
http://www.asor.org.au/conf2009/index.php?page=1

We look forward to seeing you at the Conference.

Yours sincerely,

Erhan Kozan

Chair,

ASOR Conference 2009
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asQor
BULLETIN

The ASOR Bulletin is published in March, June, September and December by the Australian
Society of Operations Research Incorporated.

Editorial Policy

It aims to provide news, world-wide abstracts, Australian problem descriptions and solution
approaches, and a forum on topics of interests to Operations Research practitioners, researchers,
academics and students.

Contributions and suggestions are welcomed, however it should be noted that technical articles
should be brief and relate to specific applications. Detailed mathematical developments should be
omitted from the main body of articles but can be included as an Appendix to the article. Both
refereed and non-refereed papers are published. The refereed papers are peer reviewed by at
least two independent experts in the field and published under the section ‘Refereed Paper’.

Articles must contain an abstract of not more than 100 words. The author's correct title, name,
position, department, and preferred address must be supplied. References should be specified
and numbered in alphabetical order as illustrated in the following examples:

[1] Higgins, J.C. and Finn, R. Managerial Attitudes Towards Computer Models for Planning and
Control. Long Range Planning, Vol. 4, pp 107-112. (Dec. 1976).

[2] Simon, H.A. The New Science of Management Decision. Rev. Ed. Prentice-Hall, N.J. (1977).

Contributions should be prepared in MSWord (doc or rtf file), suitable for IBM Compatible PC, and
a soft copy should be submitted either as an email attachment or on a 3.5” diskette. The detailed
instructions for preparing/formatting your manuscript can be found in the web:
http://www.cs.adfa.edu.au/~ruhul/asor.html

Reviews: Books for review should be sent to the book review subeditor A/Prof.
G.K.Whymark, c/- the editors. Note that the subeditor is also interested in
hearing from companies wishing to arrange reviews of software.

Advertising: The current rate is $300 per page, with layout supplied. Pro-rata rates apply to
half and quarter pages and discounts are available for advance bookings over
four issues.

Subscriptions: On-line version of ASOR Bulletin is available to all ASOR members.

Deadlines: The deadline for each issue (for all items except refereed articles) is the first day
of the month preceding the month of publication.

Editor: Address all correspondence and contributions to:

Dr Ruhul A Sarker,

School of ITEE, UNSW@ADFA

Northcott Drive, Canberra ACT 2600

Tel: (02) 6268 8051 Fax: (02) 6268 8581
Email: r.sarker@adfa.edu.au



