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Editorial
Special Issue on Adaptive Dynamic Programming

and Reinforcement Learning

THE PAST decade has witnessed a surge in research activi-
ties related to adaptive dynamic programming (ADP) and

reinforcement learning (RL), particularly for control applica-
tions. Several books [item 1)–5) in the Appendix] and survey
papers [item 6)–10) in the Appendix] have been published
on the subject. Both ADP and RL provide approximate solu-
tions to dynamic programming problems. In a 1995 article by
Barto et al. [item 11) in the Appendix], they introduced the
so-called “adaptive real-time dynamic programming,” which
was specifically to apply ADP for real-time control. Later, in
2002, Murray et al. [item 12) in the Appendix] developed an
ADP algorithm for optimal control of continuous-time affine
nonlinear systems. On the other hand, the most famous algo-
rithms in RL are the temporal difference algorithm [item 13) in
the Appendix] and the Q-learning algorithm [item 14) and 15)
in the Appendix].

It all started more than 40 years’ ago, when Werbos out-
lined an approach [item 16) in the Appendix] which was later
named “adaptive critic designs” (ACD) [item 17)–20) in the
Appendix]. By the time when he published the 1992 book
chapter [item 18) in the Appendix], Werbos has used the three
terms “ACD,” “approximate dynamic programming (ADP),”
and “RL” interchangeably, and later, also interchangeably with
“adaptive dynamic programming (ADP)” [item 21)–23) in the
Appendix].

The main focus of ADP/RL research is to solve the
Hamilton–Jacobi–Bellman (HJB) equation with manageable
amount of computation to avoid the “curse of dimensional-
ity.” Many methods of direct solution and iterative solution
have been proposed to solve the HJB equation, but new ideas
are still wanting. A very important research direction would
be to find novel and efficient approaches for solving the HJB
equation.

Dynamic programming is an important subject in optimal
control [item 24) in the Appendix]. It is therefore expected
that ADP/RL plays an important role in solving optimal con-
trol problems of complex nonlinear systems. Furthermore, the
most famous application of ADP/RL is the AlphaGo [item 25)
in the Appendix] computer game, when combined with deep
learning. Applications of ADP/RL to real-world problems
which can bring about more significant social and economic
impact are expected.
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This special issue contains 22 articles from those accepted
by the Transactions during 2018–2019. It can only give a
glimpse of the rapid development of the field of ADP/RL.
On the one hand, we were not able to put all articles accepted
by the Transactions on ADP/RL into this special issue. On
the other hand, quite a few other journals including several
IEEE TRANSACTIONS have also published a good number of
articles on ADP/RL.

The 22 articles are divided into three groups: 1) theoret-
ical foundations of ADP/RL; 2) ADP/RL for controls; and
3) applications of ADP/RL.

The first group consists of eight articles that deal with recent
theoretical development of ADP/RL. It starts with the arti-
cle by Luo et al. on the adaptive RL method for control of
discrete-time nonlinear systems, where a balancing parameter
is added to integrate value iteration (VI) and policy iteration
(PI), in order to accelerate VI and avoid the need of an initial
admissible control of PI. Invariant ADP is studied in the article
by Zhu et al. to develop a new PI algorithm for optimal control
of discrete-time systems, where a given policy is evaluated in
its invariantly admissible region at each iteration and a new
policy and a new region are updated for the next iteration.
The next article by Liang et al. studies the optimal control
problem for discrete stochastic processes, by developing a
novel local PI ADP algorithm, where the iterative decision
rules are updated in a subspace of the state to reduce the
computational burden for the CPU in comparison with the
conventional PI algorithm. In the article by Zhang et al. a
novel integral RL method based on VI is proposed for the
H∞ control of continuous-time constrained nonlinear systems,
where a nonquadratic function is introduced to reconstruct the
L2-gain condition and the implementation using critic-only
structure is employed. In the next article, Su et al. develop
a novel ADP algorithm for infinite-horizon H∞ optimal con-
trol problems of unknown continuous-time nonlinear systems
subject to external disturbances, where the generalized fuzzy
hyperbolic models are utilized to establish an identifier–critic
architecture. In the article by Song et al. an optimal critic
learning algorithm based on single neural network (NN) PI
is developed for continuous-time 2-player zero-sum games,
where a single NN-based online PI algorithm is employed
with the NN weights obtained by the least-squares method.
Finally, the article by Song et al. considers the tasks of fea-
ture selection and policy evaluation based on linear value
function approximation in RL problems, where an efficient
l1-regularized recursive least-squares-based online algorithm is
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developed through nested optimization decomposition to solve
a series of standard optimization problems.

The second group has 11 articles that studies ADP/RL for
control applications to nonlinear systems and linear systems.
These applications include tracking control, robust control,
guaranteed cost control, decentralized control, networked con-
trol, sliding-mode control, and consensus control. This group
starts with the article by Fan et al. presenting a new model-free
approach for the output regulation problem of networked con-
trol systems with the possibility of loosing the system state in
the feedback process, where an off-policy algorithm based on
RL is developed to calculate the feedback gain using the mea-
sured data when dropout occurs. Next, the article by Yang and
He develops a decentralized event-triggered control strategy
for nonlinear systems with uncertain interconnections, employ-
ing gradient descent approach and experience replay technique
in critic network training to obtain asymptotically stable over-
all system performance. Then, Mu et al. study an ADP-based
optimal control strategy for the tracking control of a class of
continuous-time nonlinear systems with unmatched uncertain-
ties, by transforming the unmatched uncertain term into an
auxiliary system that contains a steady part and a transient
part with the related controllers solved separately. The arti-
cle by Guo et al. presents an integral RL-based adaptive NN
tracking control for continuous-time nonlinear systems with
unknown control directions, where the reinforcement signal is
explicitly embedded in the updating law of the action NN to
minimize the long-term performance index. Liu et al. study
the H∞ tracking control problem for a class of discrete time-
delay systems using the data-based ADP algorithm, where
novel data-based Bellman equation is derived and solved. In
the article by Yang et al. they develop a novel event-triggered
integral sliding-mode control strategy for constrained nonlin-
ear systems with disturbances via robust ADP, where a mixed
event-triggering scheme with two different triggering parts
is developed and the optimal performance of sliding-mode
dynamics with input constrains is ensured by a critic-only
NN-based ADP scheme employing concurrent learning. The
next article by Hou et al. develops an H∞ optimal track-
ing controller for completely unknown discrete-time nonlinear
systems with control constraints by using an iterative adap-
tive learning algorithm, where an action–disturbance–critic NN
structure is employed for the iterative dual heuristic program-
ming algorithm with convergence guarantee of the costate
function and the control policy. The article by Peng et al.
studies an online reinforcement Q-learning algorithm for H∞
tracking control of unknown discrete-time linear systems,
where both state-data-driven and output-data-driven reinforce-
ment Q-learning algorithms toward finding the control policies
are elaborated. Wang et al. develop in their article a local
Q-function-based ADP method for the optimal consensus con-
trol problem for unknown discrete-time nonlinear multiagent
systems, where the local Q-function is defined using the local
consensus error and the actions of the agent and its neighbors
and a distributed PI technique is employed with guaranteed
convergence. Zhang et al. present a novel event-driven guaran-
teed cost control method in their article for nonlinear systems
subject to actuator faults, where an RL algorithm is utilized to

develop a sliding-mode control strategy. Finally, Wu and Liu
develop a data-driven guaranteed cost control design for lin-
ear systems with time-varying parameter uncertainties, where
a modified simultaneous policy update algorithm is proposed
for solving the algebraic Riccati equation using off-policy RL
and experience replay technique.

The third group contains four articles on practical applica-
tions of ADP/RL. In the article by Liu et al. a switching-based
control formulation for multi-intersection and multiphase traf-
fic light systems is developed based on ADP, which can handle
different cycle times across intersections without the need
for synchronization constraints. In the next article, Li et al.
proposed an RL-based adaptive control algorithm to solve
the tracking problem of a wheeled mobile robot by trans-
forming the robot model into an affine nonlinear system,
and introducing a delay matrix function and appropriate
Lyapunov–Krasovskii functionals to overcome the problems
caused by the state and input time delays. The application
considered in the article by Mu et al. is about automating
the configuration of MapReduce, where an RL-based scheme
for automatically configuring the MapReduce parameters is
proposed and two variations are evaluated which are traditional
RL-based and deep RL-based, respectively. Finally, Chen et al.
study deep RL for improving the efficiency of searching for
the most informative sampling locations in wireless sensor
networks with mobile robotic sensor nodes.

We hope you enjoy reading this special issue and hope it
may inspire some future endeavors.
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