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Introduction
Reinforcement learning (RL) problems (Sutton & Barto 1998)
are characterized by agents making decisions attempting to
maximize total reward, which may be time delayed. RL prob-
lems contrast with classical planning problems in that agents
do not know a priori how their actions will affect the world.
RL differs from supervised learning because agents are never
given training examples with the correct action labeled.

An RL agent operating successfully in an environment
could have its available actions disabled, degraded, or even
augmented. Instead of learning from scratch with its new ac-
tion set, we would like the agent to identify which of the ac-
tions in the new set, A′, are most similar to the actions in the
original set, A, and then leverage its existing knowledge.

In the general problem of transfer learning, a learner trains
in a source task and then utilizes its learned knowledge to
speed up learning or increase performance in a target task.
In this paper, we consider pairs of tasks with different ac-
tion sets. We present Inter-Task Action Correlation (I-TAC),
a method for identifying actions in the target task which are
most similar to actions in the source task. This mapping can
then be used to automate knowledge transfer by identifying
similarities between pairs of RL tasks. We evaluate our algo-
rithm by fully implementing and testing it in the RoboCup-
soccer Keepaway domain.

Value Function Transfer
In our previous transfer learning work (Taylor, Stone, & Liu
2005), we use temporal difference (TD) methods (Sutton &
Barto 1998), one popular way of solving RL problems. TD
methods learn a value function that estimates the expected
long-term discounted reward for taking a particular action in
a state. Value function transfer speeds up learning by trans-
ferring a learned value function from agents in a source task
to agents in a target task. The states and actions in the two
tasks may be different and thus we must utilize a functional,
ρ(Q(S,A)) �→ Q′(S′, A′)), so that the learned value function
is applicable in the target task.

The efficacy of value function transfer is largely determined
by ρ which must currently be constructed by a human to take
advantage of similarities between pairs of tasks. This work
is a step towards automatically constructing ρ and performing
value function transfer.

Inter-Task Action Correlation
Consider an RL agent that has learned in a source task with
action set A and states S. We would like to use its value func-
tion Q to speed up learning in a target task that has actions
A′ and states S′. Further, suppose that we are given a func-
tion γ that maps every state in the target task to some state
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in the source task: γ(S′) �→ S. We would like to discover a
function, β, such that β(A′) �→ A, where every action in the
target task is mapped to an action in the source task. β can
then be used to identify similarities between source and target
actions, allowing us to use value function transfer.

To learn β, we train a classifier on data from the source task.
The classifier is given pairs of states from the source task,
s1 and s2, and the action a that the agent took to transition
between the two states. The classifier trains on many of these
tuples to learn to label pairs of states with actions.

We then use the trained classifier to label actions in the tar-
get task. Again, pairs of states will be given to the classifier
but they must first be transformed from S′ into S via γ so
that they are valid inputs to the classifier. The classifier reads
γ(s′1) and γ(s′2) and predicts the action in A that causes the
most similar state transition. Thus, if the agent in the target
task took action a′ to transition from state s′1 to state s′2 and
the classifier labeled the action as a, this would be one data
point suggesting that action a′ is most similar to action a. Af-
ter collecting sufficient data, we can determine which actions
are most similar and then use this mapping, along with the
provided γ, to automatically construct a ρ and perform value
function transfer. As we will argue in the Results section,
learning β takes very little time when compared to the re-
quired training time and thus I-TAC has the potential to greatly
outperform learning from scratch.

The Keepaway Domain
To evaluate I-TAC, we use the Keepaway domain, a standard
RL benchmark task (Stone et al. 2006). This multiagent do-
main has noisy sensors and actuators as well as hidden state
so that agents have only a partial view of the world. Details
of the Keepaway task are presented elsewhere (Stone, Sutton,
& Kuhlmann 2005). All our experiments are run on a code
base derived from version 0.6 of the benchmark Keepaway
implementation1 (Stone et al. 2006).

An agent’s state is composed of distances and angles from
itself to its teammates, other keepers, and its opponents, the
takers. In 3 vs. 2 Keepaway, three keepers attempt to main-
tain control of the ball from two takers. The state of 3 vs. 2
is described by 14 state features: those of the standard Keep-
away task (Stone, Sutton, & Kuhlmann 2005) and distance to
the ball. There are three possible actions in 3 vs. 2: hold ball,
pass to closest teammate, and pass to 2nd closest teammate.
4 vs. 3 has more players and is thus described by 20 state
features. The extra keeper also adds a fourth possible action,
pass to 3rd closest teammate. γ, the mapping between states
in 3 vs. 2 and 4 vs. 3, is defined as the state mapping in ρ from
previous work (Taylor, Stone, & Liu 2005).

1
http://www.cs.utexas.edu/˜AustinVilla/sim/Keepaway/
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To record s1, s2, a tuples, each keeper saves the state of
the world when it begins an action. When the action ends,
i.e. another keeper touches the ball, the keeper that took the
action again records its state and saves the tuple. If the action
is not completed because the ball is intercepted or the ball
goes out of bounds, the saved state is discarded2. The I-TAC
process in Keepaway is summarized in Figure 1.

1. In the source task, record multiple s1, s2, a tuples. s1 is the
state of the world before action a and s2 is the state of the
world after action a has finished.

2. Train a classifier via rule learning to label pairs of states
with actions from the source task.

3. In the target task, record multiple s′1, s′2, a′ tuples.

4. Use the state mapping γ and the trained classifier to classify
each pair of states from the target task as an action from the
source task: γ(s′1), γ(s′2) �→ A.

5. For each action a′ in the target task, define β(a′) = a such
that a was the action most often selected by the classifier
when presented a pair of states from tuples containing a′.

Figure 1: Summary of the I-TAC methodology in Keepaway

Results
We utilize four pairings of Keepaway tasks to test I-TAC. Ta-
ble 1 shows that actions in 3 vs. 2 are correctly identified from
1,066 tuples after training on 1,010 tuples of 3 vs. 2. Actions
in 4 vs. 3 are also correctly identified from 1,051 tuples af-
ter training on 1,010 3 vs. 2 tuples. “Hold ball” and “pass
to closest teammate” were correctly mapped between tasks.
“Pass to 3rd closest teammate” was mapped to “pass to 2nd

closest teammate” in 3 vs. 2 as both actions pass to the fur-
thest teammate. Finally, “pass to 2nd closest teammate” in
the target task was mapped to both passes in the source task,
and either are reasonable. Results (not shown) also hold for
{source, target} pairs of {4 vs. 3, 4 vs. 3} and {4 vs. 3, 3
vs. 2}.

3 vs. 2 3 vs. 2 3 vs. 2
Hold Pass 1 Pass 2

3 vs. 2 target action: Hold 382 0 4
3 vs. 2 target action: Pass 1 0 330 26
3 vs. 2 target action: Pass 2 2 25 297
4 vs. 3 target action: Hold 227 0 71
4 vs. 3 target action: Pass 1 1 174 97
4 vs. 3 target action: Pass 2 0 133 133
4 vs. 3 target action: Pass 3 1 51 163

Table 1: Confusion matrix from two different learning trials that
both use a source task (columns) of 3 vs. 2 Keepaway. The target
tasks are 3 vs. 2 Keepaway and 4 vs. 3 Keepaway.

In informal experiments we found that increasing the num-
ber of training instances in the source task to 25,000 from
1,000 provided only a slight improvement in accuracy. Col-
lecting 1,000 s1, a, s2 tuples takes approximately 10.7

2We plan to relax this restriction in the future as failed actions
may also contain useful information.

minutes of simulation time, which is negligible when typi-
cal learning experiments in Keepaway take 10-50 simulated
hours. We also tried reducing the number of training instances
in the 3 vs. 2 source task to 25 and found that all actions in
4 vs. 3 were still identified correctly, although the number of
misclassified instances was increased. Reducing the number
of 3 vs. 2 training instances to 12 resulted in 4 vs. 3 actions
being misclassified. This suggests I-TAC requires very little
data to succeed. We expect that the speedup of learning via
value function transfer will therefore still provide significant
speedup over learning from scratch, even when some training
time is used to learn β.

To our knowledge, this work is the first successful applica-
tion of machine learning to identify similarities between ac-
tions in pairs of RL tasks. We demonstrate how I-TAC lever-
ages γ to learn β, a mapping between actions in two tasks.
We next plan to focus on learning γ when given β. A final
step will be to attempt to learn both γ and β simultaneously,
thus enabling fully autonomous transfer between tasks.

Related Work
I-TAC is inspired by our previous work on value function
transfer (Taylor, Stone, & Liu 2005). There are other meth-
ods for transfer, such as using advice (Torrey et al. 2005),
but this and other existing work relies on a human to specify
the relationship between tasks. Morales (2003) suggests ways
of speeding up learning between two relational reinforcement
learning (RRL) tasks automatically. However, it is impracti-
cal to force some RL problems into the RRL framework.
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