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Abstract

This paper introduces Honor of Kings Arena, a reinforcement learning (RL) envi-
ronment based on Honor of Kings, one of the world’s most popular games at present.
Compared to other environments studied in most previous work, ours presents new
generalization challenges for competitive reinforcement learning. It is a multi-
agent problem with one agent competing against its opponent; and it requires the
generalization ability as it has diverse targets to control and diverse opponents to
compete with. We describe the observation, action, and reward specifications for
the Honor of Kings domain and provide an open-source Python-based interface
for communicating with the game engine. We provide twenty target heroes with
a variety of tasks in Honor of Kings Arena and present initial baseline results for
RL-based methods with feasible computing resources. Finally, we showcase the
generalization challenges imposed by Honor of Kings Arena and possible reme-
dies to the challenges. All of the software, including the environment-class, are
publicly available at: https://github.com/tencent-ailab/hok_env. The
documentation is available at: https://aiarena.tencent.com/hok/doc/.

1 Introduction

Games have been used as testbeds to measure AI capabilities in the past few decades, from backgam-
mon [22] to chess [19] and Atari games [14]. In 2016, AlphaGo defeated the world champion through
deep reinforcement learning and Monte Carlo tree search [19]. In recent years, reinforcement learning
models have brought huge advancements in robot control [8], autonomous driving [16], and video
games like StarCraft [23], Dota [1], Minecraft [7] and Honor of Kings [26, 28, 29].

Related to previous AI milestones, the research focus of game AI has shifted from board games
to more complex games, such as imperfect information poker games [2] and real-time strategic
games [28]. As a sub-genre of real-time strategic games, Multi-player Online Battle Arena (MOBA)
games have attracted much attention recently [1, 29]. The unique playing mechanics of MOBA
involve role/hero play and multi-player. Especially since MOBA games have different roles/heroes
and each role has different actions, a good AI model needs to perform stably well in controlling the
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(a) User interface (b) Change of opponents (c) Change of targets
Figure 1: Game user interface (UI) and the change of opponents and targets in one match of Honor of Kings. (a)
In the main screen, there are four sub-parts: a mini-map on the top-left, a dashboard that records the number of
KDAs (kill/death/assist) on the top-right, a movement controller on the bottom-left, and skill controller buttons
on the bottom-right. (b) The environment changes with different opponent heroes. (c) The action space changes
with different target heroes.

actions of different heroes against different opponent heroes. This makes MOBA 1v1 games, which
focus on hero control [29], a perfect testbed to test the generality of models under different tasks.

Existing benchmark environments on RL generality are mainly focusing on relatively narrow tasks
for a single agent. For example, MetaWorld [30] and RLBench [10] present benchmarks of simulated
manipulation tasks in a shared, table-top environment with a simulated arm, whose goal is to train the
arm controller to complete tasks like opening the door, fetching balls, etc. As the agent’s action space
remains the same as an arm, it is hard to tell the generality of the learned RL on more diverse tasks
like simulated legs.

In this paper, we provide Honor of Kings Arena, a MOBA 1v1 game environment, authorized by
the original game Honor of Kings1. The game of Honor of Kings was reported to be one of the
world’s most popular and highest-grossing games of all time, as well as the most downloaded App
worldwide. As of November 2020, the game was reported to have over 100 million daily active
players [21]. There are two camps in MOBA 1v1, each with one agent, and each agent controls a
hero character. As shown in Figure 1(a), an Honor of Kings player uses the bottom-left steer button to
control the movements of a hero and uses the bottom-right set of buttons to control the hero’s skills.
To win a game, agents must take actions with planning, attacking, defending and skill combos, with
consideration on the opponents in the partially observable environment.

Specifically, the Honor of Kings Arena imposes the following challenges regarding generalization:
� Generalization across opponents. When controlling one target hero, its opponent hero varies
across different matches. There are over 20 possible opponent heroes in Honor of Kings Arena (in the
original game there are over 100 heroes), each having different influences in the game environment.
If we keep the same target hero and vary the opponent hero as in Figure 1(b), Honor of Kings Arena
could be treated as a similar environment as MetaWorld [30], which both provides a variety of tasks
for the same agent with the same action space.
� Generalization across targets. The generality challenge of RL arises to a different dimension
when it comes to the competitive setting. In a match of MOBA game like Honor of Kings and DOTA,
players also need to master different hero targets. Playing a different MOBA hero is like playing a
different game since different heroes have various attacking and healing skills, and the action control
can completely change from hero to hero, as shown in Figure 1(c). With over 20 heroes to control for
Honor of Kings Arena, it calls for robust and generalized modeling in RL.

Contributions: As we will show in this paper, the above-mentioned challenges are not well solved
by existing RL methods under Honor of Kings Arena. In summary, our contributions are as follows:
� We provide the Honor of Kings Arena, a highly-optimized game engine that simulates the popular
MOBA game, Honor of Kings. It supports 20 heroes in the competitive mode.
� We introduce simple and standardized APIs to make RL in Honor of Kings straightforward: the
complex observations and actions are defined in terms of low-resolution grids of features; configurable
rewards are provided combining factors like the score from the game engine.
� We evaluate RL algorithms under Honor of Kings Arena, providing an extensive set of benchmark-
ing results for future comparison.
� The generality challenges in competitive RL settings are proposed with preliminary experiments
showing that existing RL methods cannot cope well under Honor of Kings Arena.

1https://en.wikipedia.org/wiki/Honor_of_Kings
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What Honor of Kings Arenaisn't: Honor of Kings Arenacurrently only supports the 1v1 mode of
Honor of Kings, where there is only one hero in each camp. Though we acknowledge that some game
modes ofHonor of Kings(i.e., 3v3 or 5v5 mode where there are multiple heroes in each camp) are
more popular than 1v1 mode, they might complicates the generalization challenge in competitive RL
with the cooperation ability between heroes (which is out of the scope of this paper). The cooperation
ability also makes it hard to evaluate the generalization ability of different models. Thus,Honor of
Kings Arenaleaves these 3v3 and 5v5 mode ofHonor of Kingsout of the current implementation.

2 Motivations and Related Work

The key motivation behindHonor of Kings Arenais to address a variety of needs that existing
environments lack:

Diversity in controlled targets A unique feature ofHonor of Kings Arenais that it has 20 heroes
for the agents to control, where each hero has its unique skills. In most existing open environments
like Google Research Football [13], StarCraft2 AI Arena [17], Blood Bowl [12], MetaWorld [30] and
RLBench [10], the meaning of actions remains the same when the agent controls different target units.
The change of action control between a great number of heroes inHonor of Kings Arenaprovides
appealing scenarios for testing the generalization ability of the agents. RoboSuite [31] provides seven
different robotic arms across �ve single-agent tasks and three cooperative tasks between two arms.
HoK environment differs from Robosuite by providing a large number of competitive settings.

Free and open accessibility DotA2 shares a similar game setting withHonor of Kings(both are
representative MOBA games with large state/action spaces), which also has multi-agent competition
and coordination, unknown environment model, partially observable environment and diverse target
heroes to control, but the environment in [1] used by OpenAI is not open with only an overview
posted. Other MOBA environments like Derk's Gym [15] lack free accessibility because of the
requirement of commercial licenses. XLand [20] also focuses on the generalization capability of
agents and supports multi-agent scenarios, but it is not open-source.

Existing Interest This environment has been used as a testbed for RL in research competitions2

and many researchers have conducted experiments under the environment of Honor of Kings [3, 4,
11, 24, 25, 26, 28, 29, 27].Though some of them veri�ed the feasibility of reinforcement learning in
tackling the game [11, 26, 28, 29], they are more focused on methodological novelty in planning, tree-
searching,etc. Unlike these papers, this paper focuses on making the environment open-accessible
and providing benchmarking results, which could serve as a reference and foundation for future
research. Moreover, this paper showed the weaknesses of former methods in lacking of model
generalization across multiple heroes.

3 Honor of Kings ArenaEnvironment

Honor of Kings Arenais open-sourced under Apache License V2.0 and accessible to all indi-
viduals for any non-commercial activity. The encrypted game engine and game replay tools fol-
lows Tencent's Hornor of Kings AI And Machine Learning License3 and can be downloaded
from: https://aiarena.tencent.com/hok/download . The code for agent training and eval-
uation is built with of�cial authorization fromHonor of Kingsand is available at: https:
//github.com/tencent-ailab/hok_env . Any non-commercial users are free to download our
game engine and tools after registration.

3.1 Tasks

We use the term "task" to refer to speci�c con�gurations of an environment (e.g., game setting,
speci�c heroes, number of agents, etc.). The general task for agents inHonor of Kings Arenais as
follows: When the match starts, each player controls the hero, sets out from the base, gains gold and
experience by killing or destroying other game units (e.g., enemy heroes, creeps, turrets). The goal is
to destroy the opponent's turrets and base crystal while protecting its own turrets and base crystal. A
detailed description of the game units and heroes can be found in Appendix B.

2https://aiarena.tencent.com/aiarena/en
3https://github.com/tencent-ailab/hok_env/blob/master/GAMECORE.LICENSE
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