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1 Introduction
This paper follows from previous work by the author
in [1, 2], where controllers were evolved for agents in vir-
tual block-worlds. The agent's behaviour is determined
by a set of genetically evolved programs executed in a
concurrent fashion. The motivation behind this work
is threefold: �rst, to investigate the use of concurrency
in genetic programming, second, to examine the abil-
ity of this paradigm to e�ect emergent agent behaviour,
and third, to assess the e�cacy of implicit state mech-
anisms in building e�ective internal state. Teller's Tar-
tarus world and Ashlock's Dozer world were chosen as
benchmarks because they require intelligent use of state
for good performance and require relatively little com-
putational overhead.
An early implementation of concurrent genetic pro-

gramming used the Java multi-threaded runtime envi-
ronment to provide the underlying mechanism for con-
current evaluation [1], however results were hard to
interpret due to the non-determinism of the runtime-
scheduler. A deterministic runtime environment for con-
current genetic programming was introduced in [2], and
used to evolve agents made up of 1, 2 and 4 programs
evaluated in a �ne-grained manner. This paper adds to
these results by investigating more fully the evolution of
agents with up to 5 programs using di�erent levels of
concurrency from �ne- to coarse-grained.

2 Experiments and Results
Each experimental run was characterised by the number
of programs in the agent (1, 2, 3, 4 or 5), the optional in-
clusion of indexed memory into the function set, and the
program energy (described in [2]), controlling the granu-
larity of concurrency. Program energy was set to 1, 2, 5,
10 or in�nite-energy, and agents used a Yield function
to evolve scheduling strategies around the deterministic
round-robin scheduler. In this way, the full gamut of
concurrency from highly parallel �ne-grained to evolved
multi-threaded programs could be investigated. 84 ex-
periments were identi�ed (42 for each world), and each
was run 20 times with di�erent random seeds.
Concurrent agents were evolved scoring signi�cantly

better than single-tree agents: two-tree coarse-grained
agents scored 5.9 points out of 10 for Tartarus and 13.3
points out of 30 for Dozer. The standard deviation of

best �tness for each experiment was generally large, mak-
ing it hard to make strong statistical statements, how-
ever, some clear trends emerged. The concurrent ap-
proach produces individuals of good �tness, regardless
of the level of concurrency. In general, the mean-best-
�tness of coarse-grained agents is poorer than that of
�ne-grained, however, the higher standard deviation ob-
served in these experiments reveals the presence of out-
liers of high �tness. The best results consistently come
from two-tree individuals: there is no clear advantage
in using greater numbers of trees. The use of indexed
memory with the concurrent approach gives only a mi-
nor improvement in �tness and is not necessary for high
performance: agents without indexed memory evolved
to exploit the characteristics of the deterministic run-
time scheduler to build an implicit form of internal state,
e�ecting sequential behaviour strategies.

3 Conclusions
The concurrent approach a�ords an alternative to ex-
plicit state mechanisms for agents in Tartarus and Dozer.
The e�ectiveness of this implicit state must be addressed
in future work with more complex environments where
sequential behaviour strategies are insu�cient for good
performance.
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