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1 Introduction

Decision  support  systems  which  model  real-world  decision  problems  as  combinatorial  optimisation 
problems are increasingly used to increase productivity,  improve service quality,  and reduce cost and 
environmental impact in industrial, commercial and government applications. When modelling a real-
world decision problem as a problem of combinatorial optimisation, it is usually assumed that that there 
is  a  single  underlying  objective  (fitness)  measure  to  allow automatic  comparison  between  candidate 
solutions. In real problems, this objective measure is almost always a function of several underlying sub-
objectives relating to revenue, cost, staff and customer satisfaction, sustainability etc. [1, 2], and solution 
heuristics are often highly tailored to deal with complex problem-specific decision rules. In commercial 
computerised decision support systems a weight is usually assigned to each sub-objective to reflect its 
relative importance, and the objective consists of a weighted sum of sub-objectives [2]. Multiobjective 
approaches  [3]  offer  an  interesting  way forward  that  does  not  require  the  user  to  consider  weights 
directly,  although  the  issue  of  effectively  comparing  many  different  Pareto  optimal  solutions  have 
prevented  their  application  in  problem areas  where  understanding  of  a  single  solution  is  already  a 
significant challenge for the user [4, 5].
   The weighted sum objective reflects the relative importance of sub-objectives in a “finished” solution. 
This is not an issue for exact approaches which guarantee to find an optimal solution (e.g. [6]), but since 
heuristic approaches are usually used for hard combinatorial  optimisation problems [7], the objective 
weights for a “finished” solution may be a poor reflection of the objective weights which would provide 
the  best  local  decision  for  a  heuristic,  working  on  a  partial  or  poor-quality  solution.  Designing  an 
objective function which varies from iteration to iteration, and takes account of the features of the current 
solution and the heuristic method(s) used to solve it appears to be a very difficult task. In this talk we will 
use  Variable  Fitness  Function  (VFF)  methodologies  which  can  provide  an  effective  way  of  using 
additional CPU time (which is much cheaper than developer time) to find a way of varying the objective 
weights of a weighted sum objective function, tailored to the problem and the heuristic used to solve it. 

2 Variable Fitness Functions (VFFs)  and Related Approaches

A Variable  Fitness  Function  (VFF)  varies  the  weights  of  a  weighted  sum fitness  function  over  the 
iterations of a search heuristic. In Fig. 1 we give an example of a piecewise linear VFF encoded using a 
Genetic  Algorithm  chromosome,  although  other  representations  are  possible.  Here  the  VFF 
representation simply encodes the value of the weight associated with each objective at certain iterations 
of heuristic search, and we linearly interpolate to obtain the weights at intermediate iterations. 



   Preliminary work [8, 9] shows that 
the  VFF  greatly  outperforms  simple 
random   and  multi-start  approaches 
given  the  same amount  of  CPU time, 
and  that  VFFs  evolved  for  a  set  of 
“training”  instances  yield  instant, 
significant, improvements on an unseen 
“test”  set  of  problems.  VFFs  in  this 
preliminary  work  seem  to  have 
“discovered”  rescheduling  methods 
such as right-left shift, with many very 
effective  VFFs  having  a  somewhat 
“weird”  form  which  would  be  very 
hard for a human to design.
   

3 Results

We discuss the VFF approach applied 
to three types  of problem, a multiobjective travelling Salesman Problem (TSP), the board evaluation 
function of a 2-player board game (the Virus Game) and a very complex and messy real work workforce 
scheduling  problem,  achieving  very good  results  in  each  case,  and  demonstrating  that  the  VFF has 
“learned” useful information about the problem and the heuristics used in its solution.
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Fig. 1. Chromosome representation for a piecewise linear 
variable fitness function


