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ABSTRACT

The domain transfer problem with large dynamics shift commonly exists when
using offline reinforcement learning (RL) in real-world applications, where the
source dataset collected from one domain needs to be reused to accelerate train-
ing the target domain agent with offline RL. The large dynamics shift issue arises
when there are unpredictable changes in the target domain’s environment. Exist-
ing works typically assume that each state-action pair in the target domain should
be at least covered in the source domain, which is often unrealistic and limited
to small dynamics shift transfers. To tackle the large dynamics shift problem, we
propose to use the source domain data not only for offline policy training but also
for safe and efficient data collection in the target domain, thus relaxing the above
requirement. Specifically, the source data will play two roles, one is to serve as
augmentation data by compensating for the difference in dynamics with modified
reward. Another is to form prior knowledge for the behaviour policy to collect
a small amount of new data in the target domain safely and efficiently. The tar-
get domain policy is trained using offline RL with the source data and modest
amounts of newly collected target data. We justify our method in gridworld and
autonomous driving environments. Results show that our method requires fewer
target domain data and collecting the data in a safer manner compared with prior
methods.

1 INTRODUCTION

Reinforcement learning (RL) is a paradigm of learning from interaction, so as to maximize the accu-
mulated reward signal (Sutton & Barto, 2018). Combining with deep neural networks (Goodfellow
et al., 2016), DRL shows powerful capabilities on various decision-making problems, including
video games (Mnih et al., 2015; Hessel et al., 2018), robotic control (Lillicrap et al., 2015; Haarnoja
et al., 2018) and two-player zero-sum board games (Silver et al., 2016; 2017). Though this trial-
and-error paradigm achieves huge success in domains which are cheaper to collect data, there are
many domains where collecting data is costly and laborious. For example, in autonomous driving,
trials should be cautious because the errors are too costly. For healthcare scenarios, the data for a
particular patient is often limited. These real problems push us to make RL algorithms safe and
efficient. Relief is that there are many different but similar tasks we call them source domains. We
can help the learning on a target domain by transferring the knowledge contained in different but
related source domains (Zhuang et al., 2020).

In this paper, we design a transfer method for large dynamics shift in offline RL. The motivation is
that if a similar transition can be obtained from source data, we can make use of it and don’t need
to collect that part of the data in the target domain. And when we collect data in the target domain,
we should visit transitions with a large dynamic shift in the target domain compared with the source
domain and also avoid unsafe actions. Our method makes most of the source data in two aspects.
One is to use source data as data augmentation for the target domain with a modified reward that
compensates for the dynamics shift. Another is to compose prior knowledge for safe and efficient
data collecting in the target domain. Figure 1 gives an illustration of our method. We have a source
domain and a target domain with different dynamics. We construct the target domain using source
data and target data. Source data with modified reward provide similar transitions in both domains,
and target data mainly contribute to the part that has a big difference.
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we have access to a large offline dataset col-

lected from a source domain and a small amount of initial target data. We first train a pair of
classifiers to distinguish source and target transitions using supervised learning. Then, based on the
classifiers, we use the offline source data for two purposes: (1) Since the dynamics are different
between source domain and target domain. The source data cannot directly be used to learning a
policy for target domain. We use the classifiers to modify the reward for the source data by adding
Ar to compensate the dynamics difference. (2) For the transitions that never appear in the source
domain, we need to collect that part of data in the target domain. We predict the source data with
classifiers, if a transition may also appear in the target domain with high probability, we store it into
a graph structure to compose prior knowledge. A behaviour policy is designed based on the prior
knowledge to collect a small amount of new data in the target domain. The prior knowledge will
guide the behaviour policy to visit unfamiliar transition in a safe manner. Combining the two usages,
the source data with modified reward and the small amount of newly collected target data will be
used together to learn a policy for target domain with offline methods.

Our contribution is four-fold: (1) We propose to combine source data with a small amount of target
data for large dynamics shift transfer in offline RL. (2) We augment target data with reward modi-
fication for source data with a pair of learned domain classifiers. This data augmentation technique
improve sample efficiency to a large margin. (3) We design a behaviour policy with prior knowledge
based on source data for target domain. The prior knowledge will guide the behaviour policy to visit
unfamiliar transitions in a safe manner, which achieves safe and efficient data collection in target do-
main. (4) We justify our method on gridworld and autonomous driving environments. Results show
that our method collects data in a safer manner and achieving higher sample efficiency comparing
with prior methods.

2 RELATED WORK.

Offline Reinforcement Learning. Offline reinforcement learning (also known as batch RL) de-
scribes the setting that online interaction with environments is not allowed. The goal is to learn
a highly rewarding policy (target policy) only using previously collected data (by behavior pol-
icy) (Lange et al., 2012; Levine et al., 2020). Consider that online interaction is impractical for
many real-world problems due to high expense and safety risk (e.g. robotics, autonomous driving
and healthcare), offline RL, the pure data-driven learning of policies is a more practical setting.

Without further interaction with environments, one unique challenge for offline RL is the distri-
butional shift between the policy that collected the data (behavior policy) and the learned policy
(target policy). It means a policy might be trained under one distribution but evaluated on a different
distribution (Fujimoto et al., 2019; Levine et al., 2020). Offline RL methods address this problem
by constraining the target policy to be closer to the behavioral policy. Common methods include
constraining the difference between the target policy and behavior policy, such as BCQ (Fujimoto
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et al., 2019), BEAR (Kumar et al., 2019) and AWAC (Nair et al., 2020). Other methods achieve
this by doing conservative value update based on penalty term or ensembled () function such as
CQL (Kumar et al., 2020) and REM (Agarwal et al., 2020).

Dynamics Shift Transfer in offline RL. One cause for distributional shift is dynamics shift. Dy-
namics shift describe the situation that the dynamics of source domain/data is different from that
of target domain/data. The source domain can be a simulator or some part of the environment, the
target domain can be the real world. Transfer learning has been a popular and promising topic in
machine learning (Pan & Yang, 2009) and deep learning (Tan et al., 2018). It aims at fast adaptation
and performance improving on target domains by transferring the knowledge contained in different
but related source domains (Zhuang et al., 2020). The same demand exists in offline RL. RL tends to
be task specific and suffers from low sample efficiency. A more realistic problem is that the interac-
tion with environments is impractical for many real-world problems due to high expense and safety
risk such as for robotics, autonomous driving and healthcare (Li, 2017). These challenges highlight
the demand of combining transfer learning with offline RL (Taylor & Stone, 2009; Zhu et al., 2020).

To handle this setting, DARC (Eysenbach et al., 2021) learns auxiliary classifiers to distinguish tran-
sitions from source domain and target domain. With a reward penalty based on the classifiers, agent
is encouraged to learn a policy that performs well in both domains, especially in target domain.
DARS (Liu et al., 2021) proposes to learn transferrable skills with an unsupervised domain adapta-
tion method. It introduces a KL regularized objective to identify and acquire adaptive skills across
dynamics. DARA (Liu et al., 2022) extends the learning of auxiliary classifiers to both model-free
and model-based offline settings. Sasso et al. (2022) propose fractional transfer learning and uni-
versal feature spaces from a universal autoencoder (Chen et al., 2021) based on Dreamer (Hafner
et al., 2020). This method autonomously extracts relevant knowledge and resulting in substantial
performance improvements compared to learning from scratch. Different from these works that fo-
cus on representation or skills transfer, our method focuses on the full use of source data and a small
amount of target data with transfer learning to tackle big dynamics shift.

3 BACKGROUND

Markov Decision Process (MDP). The interaction of an agent with the environment can be modeled
asa MDP M = (S, A, R, P, pg, ). S is the state space, A is the action space, P : S Xx A X § —
[0, 1] is the environment transition dynamics, R : S X AxS — Ris the reward function, pg : S = R
is the initial state distribution and « € (0, 1) is the discount factor. The goal of the agent is to learn
the optimal policy that maximizes the expected cumulative rewards E.[>.° ~v'r¢]. We have Q
function Q(s,a) := E-[>;2, v~ "ry|s, = s, a, = a], value function V(s) := Eqr(a|s) [Q(s, )],
to measure the cumulative rewards under policy 7.

Dynamics shift in RL. We consider two different MDPs. M oyce represents the source domain, it
can be a simulator, a similar but different real scenario, or a learned model. Mg, represents the
target domain, it can be the real world or a task that is too costly to collect enough data. Mg is
the domain we want to learn an optimal policy for. We assume the only difference between the two
domains is the dynamics P and other elements are the same. Though Py is different from Pyrget,
experience in the source domain is much cheaper to collect. Different from DARC (Eysenbach
et al., 2021) that assumes any transition in target domain must appears in the source domain, i.e.
ptarget(st+1|8t7at) >0 = psource(st+1|st,at) > 0, for all Sty St41 € S7at € A. We relax the
assumption that not all but some of the transitions in target domain should appear in the source
domain, that is for all s, s;11 € S, a; € A, we have:

{(Sh G, 5t+1)|ptargel(8t+1|5taat) > O7ps0urce(5t+1|8t7 at) > 0,} 7é 0. (1

The intuition here is to guarantee the two domains to be at least similar in some parts, thus there
exists related knowledge. Otherwise, there is no knowledge to transfer since the two domains are
completely different. In offline RL setting, we have access to a static dataset D = {(s,a,r,s’)}
collected by one or mixture of &k behavior policies {31, 82, - , Bk }. The goal is to learn the best
possible policy using the offline dataset collected by the behaviour policies. Combining offline RL
with transfer learning, suppose we have two offline datasets Dyoyrce and Diarger from source domain
Msource and target domain M. We aim to learn a best possible policy for target domain M rget
by using data Dsource and Diarger properly. In our setting, we can further collect a few amounts of
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Figure 2: An illustration of our method. At each data collection iteration, we update classifiers with source
and target data. We modify the reward for target data, and design a graph-enhanced behaviour policy to collect
a small amount of new data in target environment. Both source and target data are used for policy learning.

data from target domain with behavior policy Sy at iteration k. This allows us to supply some data
that is not accessible in source domain.

4 METHOD

Our intuition is to make full use of source data to help improve sample efficiency and relax the
requirement for the target data. Our method first learns two classifiers to distinguish transitions
from source domain and target domain. The classifiers is used to compensate the dynamic shift for
transitions in source domain by modifying rewards. Then, also based on the classifiers, we build
a graph structure to construct prior knowledge for target domain. The prior knowledge is used
to guide the behaviour policy to newly collect a small amount of data in target domain. During
policy learning, both transitions from source domain and target domain are used for learning. In
Section 4.1, we introduce the way we learn the classifiers, and then use the classifiers to modify the
reward for source offline data. In Section 4.2, we describe how we build a graph to construct prior
knowledge and use it to guide the behaviour policy to collect data in target domain. In Section 4.3,
we combine the two usages with offline RL algorithms and summarize the whole method.

4.1 DATA AUGMENTATION WITH REWARD MODIFICATION

Domain Classifiers. We learn a pair of classifiers to distinguish state-action pairs and state-action-
next-state pairs respectively. Similar to DARC (Eysenbach et al., 2021), let gq,, (target|s;, a;) and
(os s (target| sy, at, s¢11) be the two classifiers parameterized by s and 0sps. We minimize the
cross-entropy loss:

Lsa = —Ep,, [log o, (target|s;, a;)] — Ep,,,,..[log g, (source|s;, at)]

2

Lsas = —Ep,,. [10g gogs (target]se, a, $e41)] — Ep .. [10g Gos,s (source|sy, ar, sp11)]
In our large dynamics shift setting, besides the initial target data, we are allowed to collect a small
amount of new data in the target domain. During the process, the two classifiers will also be updated
with newly collected data.

Reward Modification. Since the dynamics are different between source domain and target domain.
The source data cannot directly be used to learning a policy for target domain. We use the classifiers
to modify the reward for the source data by adding Ar to compensate the dynamics difference. Ar
is defined as:

AT (81, az, 5041) 2 108 Prarget (St-+1]5t, at) — 108 Psource (St+1]8¢, ar). 3)
Using Bayes’ rule and the domain classifiers, we have:
t t
Ar(st, at, 841) = log Qogs (tarEet] 51, a1, St41) log qes"(source"st’at). 4)
osas (sOUTCE|St, Aty St41) qos, (target|st, at)

Then the transition in the source data is modified as (sy, a;, 7+ Ar, s;41). This fomulation is similar
to DARC (Eysenbach et al., 2021), we leave the derivation in Appendix A.l1. From the definition
of Ar in equation 3, this reward modification only applies when transitions appear in both source
domain and target domain.
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4.2 SOURCE DATA-INFORMED TARGET DOMAIN DATA COLLECTION

Algorithm 1 Behaviour Policy for Data Collection
1: Input: Graph G, embedding function ¢, source data Dyource, target data Dyarger
: Input: Learned classifier gy,,,, learned policy 7
: Output: Target data Digrger

2

3

4:

5: / * Graph Building * /
6: for transition (s, a,r, s") in Dyoyree O
7 if 0sas (target|sta Qt, St+1) > then
8: Add (s,a,r,s")t0 G, N(s,a,s") + N(s,a,s")+1

9: endif

10: end for

11: Compute 7 via equation 7 and Q(s, a) via equation 8 for all transitions

13: /* Data Collection * /

14: Initialize the target environment sg <— Env
15: for environment step t =0 to 1" do

16:  if ¢(s;) € G then

17: at = arg max Qat:,@source(at‘st)>0(st? )
18:  else

19: Ay = Ty (St)

20:  endif

21:  Execute a; in Env and get 1y, S¢41

22: Add (s¢,as, 7, S¢41) t0 G and Dyarger, update N (¢, a, S¢41), update 7 via equation 7
23:  Update Q(s, a) via equation 8 with a sample batch

24: end for

For transitions that only exist in target domain, we design a behaviour policy to newly collect a small
amount of data in target domain. To collect data safely and efficiently in target domain, we make
use of source data to construct prior knowledge for the behaviour policy. We connect source data
using a directed graph, the graph will give us an empirical environment dynamics and a conservative
estimation. Then, a behaviour policy is designed on top of the graph.

Graph Building. We build a directed graph to save source transitions that may also appear in target
domain. Along with transitions, we compute the corresponding statistics. We define the graph G as

G = (V.E),V ={o(s)I(s,Q(s,))}, E = {o(s) > ¢(s")|(a, 7, N(s,a,5"))}. (5)

Here, V' denotes the set of vertices and F denotes the set of egdes. V' contains states and action
value estimation Q(s, ). ¢ is an embedding function to map the high-dimensional states to a low-
dimensional representation for fast query (keys in the graph G). We store vertices in a dictionary,
and with ¢ as a hashing function to serve as keys, thus we can retrieve a state in O(1) time. For
environments with continuous state and action spaces, we first employ the K-bins discretization
technique (Kotsiantis & Kanellopoulos, 2006) to merge similar actions and states. (s, ) only
contains values for actions that were taken by behavior policy in source domain Ssoygce, 1.€., @ :
Bsource(a]8) > 0. E is identified by the tuple (¢(s), a, #(s’)), each edge contains statistics of action
a, reward 7 and visit count N (s, a, s’). These statistics are similar to the ones that used in Monte
Carlo Tree Search (MCTS) of AlphaGo (Silver et al., 2016; 2017; 2018; Schrittwieser et al., 2020),
where statistics are stored in a tree. With a discount factor smaller than 1, our graph has no limitation
for the structure. For example, the graph can have cycles and dynamics can be stochastic. Then we

estimates the empirical dynamics P at transition (s¢, at, S¢+1) with visit counts:

~ N(Smat» St+1)
5 = . 6
P(se1]st, ar) S, Vst a0, 501) (6)

Before we add a source transition to the graph, we first use the classifier gy, (target|s;, as, S¢41) to
discriminate if this transition may appears in the target domain. We set a probability threshold 7,
if o, (target| s, at, s¢11) > 7, this transition will be added to the graph. Otherwise, the transition
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will be discarded. When we add a transition to the graph, we first check if ¢(s) exists in the graph.
If not, we create a new vertex and edge and initialize Q(s,a) = 0, N(s,a,s’) = 1. Otherwise, if
¢(s) already exists, we merge the same states into one node and update the visit count N (s, a,s’) =
N(s,a,s’) + 1. It means different trajectories that have the same state representation will intersect
with each other. To collect data more efficient, we add a count-based intrinsic reward based on the
state visits,

7= Tenv + QTintrinsic (7)
. . A/ N(s) . L. ..
Teny 18 the reward from the environment, 7jginsic = TING) will encourage visiting less visited

states, and « is a parameter. This formula is similar to UCB (Kocsis & Szepesvdri, 2006) algorithm
that commonly used in MCTS (Browne et al., 2012), which makes a trade-off between exploitation
and exploration.

Behaviour Policy for Data Collection. We first solve the graph to form prior knowledge. With all
these statistics, the graph structure forms a MDP with finite states and actions. Then tabular method
can be used directly. We use value iteration to update Q:

Qls,a) « Y p(s']s, a)[F + 7

S

Q(s',a")], (8)

max
a’:Bsource (a’[7) >0

where p is the empirical dynamics based on the graph computed by equation 6,  is discount factor,
Q(s',-) and 7 can be queried from corresponding vertex and edge in O(1) time. Since there is a
constraint a’ : Bsource(@'|s") > 0 when we update Q) based on equation 8. This will exclude unvisited
actions when computing maximum ). This means the () value will give us a conservative estimation
that considers both safety and performance. This is a good prior knowledge to construct a behaviour
policy for target domain.

Then the behaviour policy is a combination of the () function estimated from the graph and the cur-
rent learned policy. When we collect data in the target domain, we first inquiry if the representation
of current state ¢(s) is in the graph. If it is, we choose the action with maximum @) value, otherwise
we use the current learned policy to choose actions. Remember that, () only includes existed actions,
this will avoid dangerous unvisited actions. And the intrinsic reward nested in 7 will help collect
data more efficient. During the data collection, each interaction step will add a new transition to the
graph. We need to update () simultaneously. We use a sampling-based method to update () instead
of updating the whole graph at each step. Similar to experience replay (Lin, 1992), we sample a
batch from the graph and update ) with equation 8. Besides, when an episode ends, we update Q)
along the episode in a reversed manner, which is similar to EBU (Lee et al., 2019) algorithm. With
the sampling-based update and episode-based update, the two techniques allow sparse and delayed
rewards to propagate quickly through all transitions of related trajectories, and the computation
complexity is controlled in a low degree. We summarize the process in Algorithm 1.

4.3 ALGORITHM SUMMARY

Then, we use the transitions both in the source domain (s¢, as,r + Ar, s;y1) and target domain
(8¢, a4,7, St+1) to learn a policy that performs well in the target domain. For each data collection
iteration, we first update the classifiers, then update the transitions in the graph and collect data in
the target domain with prior knowledge computed based on the graph, and finally we modify the
reward of source data and update the policy using both source and target data. We summarize the
overall method in Algorithm 2.

Algorithm 2 Domain Transfer with Large Dynamics Shift

1: Initialize graph G, embedding function ¢, source data Dygyrce, target data Digrger
2: Initialize classifiers gp,, and gy, , policy mg
3: for data collection iteration k£ = 0 to K do
Train g, and g, With Dgource and Diagget
Build graph G and collect data in target domain via Algorithm 1
Modify rewards for source data via equation 4
Update policy my with any offline RL method using Dyource and Digrger
end for

AN A




Under review as a conference paper at ICLR 2023

5 EXPERIMENTS

In this section, we aim to answer the following questions: (1) Does our method improve performance
compared with previous works? (2) What are the effects of reward modification? (3) Does the graph-
enhanced behaviour policy collect data safely and efficiently?

5.1 A Toy EXAMPLE

We first give a toy example to illustrate that our method can learn an optimal policy efficiently. Con-
sider gridworld environments as shown in Figure 1. The source domain and target domain contain
different obstacles. The goal is to start from the top left, bypass obstacles and finally reach the goal
state at the bottom left. The reward of reaching the goal is +10. The max steps is set to 500, and
each step have a penalty reward -0.1 so that an agent will get -50 if it does not reach the goal. In
our experiments, the source offline data has 100k transitions and target data has 10k transitions. We
additionally allow 10k interactions with target domain. We compare our methods with Source, Tar-
get and DARC algorihms. Source learns a policy only with source data. Target learns a policy only
with target data. DARC uses both source and target data, and applies reward modification technique.
Our method uses both reward modification and graph-enhanced data collection techniques.

We report two metrics in Table 1. Final score shows the final performance for each method. Col-
lisions shows the number of times the agent collide into walls or obstacles, which indicates unsafe
actions in target domain. We can find our method achieves the best performance. DARC reaches the
goal finally but with a suboptimal path. Source fails to reach the goal and collides into the obstacle
due to unwareness of the dynamics difference. Target fails to reach the goal due to limited interac-
tion with the target domain. Our method combines both source data and target data and construct
the dynamics for target domain. This method can take use of similar source data and also make the
best use of liminted interactions with target domain. We show the combination dynamics and the
policy trajectory for each method in Figure 1 for clear comparison. In addition, from the number of
collisions in Table 1, we can easily find that with the graph-enhanced behaviour policy, our method
collects data in a safer manner.

Table 1: Performance on gridworld environment.

Source  Target DARC  Ours
Final Score -50 -50 7.3 8.3
Collisions 0 1349 1487 294

5.2 EXPERIMENTS ON HIGHWAY

We further evaluate our method on highway environments (Leurent, 2018). Highway is a collection
of environments for autonomous driving and tactical decision-making tasks. We design a task with
different source and target environments. A source environment called expressway, and a target
environment called city way. The difference between source and target environments is the speed
of vehicles. On the expressway, vehicles usually drive faster than on the city way. We initialize
the speed for each vehicle using normal distribution, the source and target have different means.
Figure 3 shows the highway environment and speed ranges for two domains. In this task, the ego-
vehicle is driving on a multilane highway populated with other vehicles. The agent’s objective is to
reach a high speed while avoiding collisions with neighbouring vehicles. Driving on the right side
of the road is also rewarded.

In our experiments, we first learn a policy in the source domain with SAC algorithm (Haarnoja et al.,
2018). We interact 100k steps with the source domain and save all transitions as our source offline
data. And we collect 10k transitions in the target domain with random policy as initialized target
data. During each learning iteration, we additionally allow 1000 interactions with target domain to
collect a small amount of new data. Our method collect data with graph-enhanced behaviour policy.
Other methods use the current learned policies. We compare our methods with Source, Target and
DARC algorihms as introduced in Section 5.1. And we use AWAC (Nair et al., 2020) as the offline
RL algorithm. We use the same network architecture for all algorithms. The network has two hidden
layers with 256-units each and ReLU activations. We run each experiment with 5 different random
seeds. The performance is evaluated by running 100 episodes at each iteration.
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(a) Highway Environment. (b) Speed Ranges.

Figure 3: (a) The illustration of highway environment. (b) The vehicles’ speed ranges are initialized with two
different distributions in source and target environments.

We show the results in Figure 4. We can find our method achieve the best performance with the
least extra interaction. Source cannot adapt to the target domain due to unwareness of the dynamics
difference. Target learns nothing on the target domain due to limited interaction. To our surprise,
DARC learn nothing on the target domain, this may because the modified source data conflict with
newly collected target data. In addition, from the number of collisions, we can find except for Source
which does not collect data in the target domain, our method is the safest way to collect data in the
target domain. This highlight the effectiveness of graph-enhanced behaviour policy.

10
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(a) The mean score at each iteration. (b) The number of collisions.

Figure 4: (a) The performance of each algorithm on target domain. Each iteration means extra one thousand
interactions with the target domain. (b) The number of collisions of each algorithm on target domain.

6 CONCLUSION

In this work, we aim to solve large dynamics shift problem in offline RL with transfer learning.
Our intuition is to make full use of source data to help improve sample efficiency and relax the
requirement for the target data. In our method, the source data will play two roles. One is to serve as
augmentation data by compensating for the difference in dynamics with modified reward. Another is
to form prior knowledge for the behaviour policy to collect a small amount of new data in the target
domain safely and efficiently. We learn a policy using offline RL with both the source data and
modest amounts of newly collected target data. Experiments on gridworld and autonomous driving
environments show that our method achieve high performance with fewer target domain data. And
the graph-enhanced behaviour policy collects target data in a safer manner compared with other
methods.
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A APPENDIX

A.1 DERIVATION OF REWARD MODIFICATION

Let the optimal policy in the target domain with probability proportional to their exponentiated ()
value, where @ is the discounted cumulative rewards. Trajectory 7 under the policy in the target
domain appear with probability,

p(7) o po(s0) | [ Prarger(s41lse, ar) exp (O 4'r(se,ar)), ©)
t t
where py is the initial state distribution. Similarly, the trajectory in the source domain is,
Q(T) = pO(SO) Hpsource(5t+1 |5t7 at)ﬂ'e (at‘st)- (10)
t

Improving the performance of policy m.heta in target domain can achieve by minimizing the reverse
KL divergence between p(7) and ¢(7),

min) Dxi(qllp) = —Epyuee [Z Yor(se, ar) + Halar]se) + v Ar(se, ar, s141)] + ¢, (11)
t

7(als

where Ar(sg,ar, 5i41) = 108 Drarget (St41/5¢, at) — 108 Psource (S¢+1|5¢, a¢). Using Bayes’ rule and
the domain classifiers, we have
p(St41, St, ag, target)
p(st, at, target)
_ pltarget|s, 1, 5¢, a)p(St41, St, at)

ptarget(5t+1 s, ar) =

p(target|s;, a;)p(st, at) a2)
:p(targetISt, at, St11) ‘C
p(target|s, a;)
Similarly, we have
Peoumee (5141150, ar) = p(source|sy, at, Sty1) Lo (13)

p(source|ss, ar)
C = p(sy1]st,ae) is a constant. The learned classifiers gy, (target|s,, at, Si+1), qos, (target| s, a;)
can be good approximations for p(target|s;, at, s¢+1) and p(target|st, a¢). So Ar can be written as:
Qosss (1AIEL|S¢, ar, Se41) L oy, (source[sy, ar, e41)
Qos, (target|s;, a;) Qos, (source|s;, a;)

Ar(sg, at, Sev1) = log (14)

And the transition in the source data is modified as (s¢, ag, 7 + Ar, s¢41).
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