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ABSTRACT
We compare how multiple of training scenarios in the evolution-
ary search produce different solutions and performance on train-
ing and test scenarios. The experiments use grammar based Ge-
netic Programming on the Femtocell problem with one grammar
for generating real-values and another grammar for generating dis-
crete values for changing the pilot power. The use of a grammar
which produces discrete changes to the pilot power generate better
solutions on the training and the test scenarios.

Categories and Subject Descriptors
D.1.2 [Programming Techniques]: Automatic Programming
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1. INTRODUCTION
In Evolutionary Computation over-fitting is an open issue [7]. A

generated solution is fitted to training data, thus reducing its general
performance on other data to which the solutions might be applied.
Additionally, generalizability and robustness have also been stud-
ied [6]. A method for evolving robust solutions is needed when
evolving solutions that can be deployed in actual consumer prod-
ucts. One such product is the Femtocell, a low power, low-cost,
user-deployed cellular base station with a typical coverage range of
tens of meters [1].

Previous studies have evolved Femtocell algorithms using Ge-
netic Programming (GP) [4] and Grammar based Genetic Program-
ming [3] for specific scenarios. We use Grammatical Evolution (GE) [2].
Our aim is to evolve more robust solutions, i.e. solutions that work
well over a number of different scenarios, which we measure as the
average fitness over out-of-sample test scenarios. In the Femtocell
case, this is especially important since each fitness evaluation is a
simulation that is quite computationally expensive.
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2. EXPERIMENTS & RESULTS
The problem addresses distributed coverage optimisation by ad-

justing the pilot power of the base stations in order to alter the cov-
erage of the Femtocells and satisfy the mobility, load and leakage
objectives: Mobility, to minimise Femtocell mobility events within
the Femtocell group’s intended area of coverage; a mobility event
is a handover from a Femtocell to a Macrocell or vice versa. Load,
to balance the load amongst the Femtocells in the group to prevent
overloading or under-utilisation. Leakage,to minimise the leakage
of the Femtocell group’s coverage outside its intended area of cov-
erage.

2.1 Setup
Simulation model The setup is the same as Hemberg et al. [3].

In total 50, 200 and 400 users in low (l), medium (m) and high (h)
load scenarios. Office (O12, O8, O4). There are versions with 12,
8 and 4 Femtocells for the different configurations. Outdoor (Od4)
There are no walls. The coordinates of the 4 BSs are the same
as in the office with 4 BS. Cross (C5) There are walls and 5 BS.
All the way-points and hot-spots are different. The way-points are
set to explicitly model the need for load balancing and a different
path loss model is used, where signals bounce off the walls. The
training scenarios are Od4, C5, O12 with medium load and the test
scenarios are O8, O4 at low, medium and high load.

Grammars Two different grammars were tested. A conditional
grammar that changes the pilot power with discrete values and a
conditional equation grammar changing the pilot power with con-
tinuous values calculated from generated equations. The search
space is very different for the grammars and a difference in perfor-
mance is to be expected. Conditional Statement Grammar (CG),
the thresholds and the size of the increase and decrease of power
needs to be predetermined, the change is 1dBm. The values of
the thresholds are mobility (MT = 0), leakage (LeT = 0) and
load (LT = 7). Symbolic Regression and Conditional Statement
Grammar (SRCG) combines the grammars in Fig. 1 and the gram-
mar from [3].

Statistics of mobility, load and leakage are collected over a spec-
ified update period. These statistics are then used as inputs into
the algorithm, and for calculating the fitness. Mobility fitness is
based on the number of handovers and relocation of users using the
Femtocells’ statistics of the mobility events involving Femtocell
users. During the simulation in a number of update periods, the
mobility events between Femtocells and Macrocells are recorded
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<CODE> ::= if gt(h, MT) if gt(l, LT) if gt(mrt, LeT)
<fun> else <fun> else if gt(mrt, LeT)
<fun> else <fun> else if gt(l, LT) if gt(mrt, LeT)
<fun> else <fun> else if gt(mrt, LeT)
<fun> else <fun>

<fun> ::= <terminal><fun> | <terminal>
<terminal> ::= p = increase_power(p); | p = decrease_power(p);

| p = do_nothing(p);

Symbolic Regression and Conditional Statement Grammar (SRCG)
<function> ::= my_power = <expr_0>;
<expr_0> ::= (<expr><op><expr>) | <pre-op>
<expr> ::= (<expr><op><expr>) | <var> | <var> | <var> | <var>

| <pre-op> | <pre-op_step> | <pre-op_monotone>

Figure 1: Symbolic Regression and Conditional Statement
Grammar (SRCG) and Conditional Grammar (CG). Only the
differences in CG and SRCG are shown

Table 1: Fitness on test data for the non-extreme solutions on
the first front.

Version Avg Fit Std Med Min Max
CG STS 0.467 0.033 0.471 0.374 0.521
SRCG STS 0.301 0.077 0.316 0.130 0.458

for each period. Mobility is the ratio of update periods where a
mobility event occurs divided by the total number of update pe-
riods. It is maximised when there are no handovers or relocation
to the Macrocell underlay, and is 0 when all Femtocell user han-
dovers are to or from Macrocells. The average mobility is 1 if there
are no handovers or relocation Load fitness has the objective that
the Femtocells should serve enough users. The fitness for the load
is based on the ratio of average number of times the load has been
greater than a defined maximum load threshold, LT , and the to-
tal load, including the Macrocell. If the mean cell load during an
update period exceeds this threshold, load fitness is equal to one,
else it is equal to zero. Leakage fitness is the number of outside
users trying to use the Femtocell is measured by leakage. Leakage
increases the number of unwanted users captured, which increases
the signalling load to the core network. The leakage is the ratio of
blocked calls and maximum number of Macrocell users.

GE Setup To find extreme solutions and those which have uni-
form fitness components we use the index from Jain et al. [5],
where a score of one is uniform and zero is non-uniform, φ(x) =
(
∑n

i=0 xi)
2

n
∑

n
i=0 x2

i
. We penalise the fitness function, f(x) to get f ′(x) by

multiplying it with its score, h(x), where h(x) = 1 − φ ◦ f(x)

and f ′(x) = e−h(x)(1− h(x)1/4). It leaves the extreme solutions
unpenalised when one of the objectives is zero, h(x) = 1 if x = 0.
The settings for the GE algorithm are as in [3] except for population
size of 20, generations are 10, and 28 runs.

2.2 Results
The values from the training fitness of the population are the av-

erage fitness of non-extreme solutions, shown in Fig. 2. The fitness
is the average of all objectives. The difference between the meth-
ods are significant as can be seen by the non-overlapping error-bars.
The graphs show that the representation in CG finds good solutions
very fast in comparison to SRCG.

The results from the test scenarios are shown in Tab. 1. The non-
extreme solutions from the first front for each run are evaluated
on the test scenarios. There is a significant difference in fitness
according to the non-parametric Wilcoxon rank sum test for equal
medians at a 0.05-level for all values.
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Figure 2: Femtocell average fitness of non-extreme solutions.
The fitness is the average of all objectives.

3. CONCLUSIONS & FUTURE WORK
Methods for generating robust solutions are needed when evolv-

ing solutions which are deployed in actual consumer products, e.g. Fem-
tocells. The use of a grammar which produces discrete changes to
the pilot power generate better solutions on the training and the test
scenarios. Future work is to study more problems and setups.
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