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Motivation

• Better Reward Characterization?
• How high the immediate reward is
• How varied the past rewards were 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 =

𝔼𝔼(𝒓𝒓)
𝝈𝝈(𝒓𝒓)



Our Approach

• New Characterization
• How high the immediate reward is:
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• How varied the past rewards were:

𝜔𝜔 = 1 −
𝜎𝜎 𝛿𝛿ℛ
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

𝜏𝜏

• Variability-Weighted Reward (VWR)
𝑟𝑟𝑣𝑣𝑣𝑣𝑣𝑣 = ℛ𝐻𝐻 × (1 −

𝜎𝜎 𝛿𝛿ℛ
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

𝜏𝜏

)



Our Approach

• ℛ𝐻𝐻: How high the immediate reward is

𝐫⃗𝐫 = [𝑟𝑟𝑡𝑡− 𝑇𝑇−1 ,⋯ , 𝑟𝑟𝑡𝑡−2, 𝑟𝑟𝑡𝑡−1, 𝑟𝑟𝑡𝑡]

𝐝𝐝 = [𝑟𝑟𝑡𝑡− 𝑇𝑇−1 , 𝑟𝑟𝑡𝑡− 𝑇𝑇−2 − 𝑟𝑟𝑡𝑡− 𝑇𝑇−1 ⋯ , 𝑟𝑟𝑡𝑡 − 𝑟𝑟𝑡𝑡−1]

𝐟𝐟 = 𝑓𝑓1, 𝑓𝑓2,⋯ , 𝑓𝑓𝑡𝑡 = [𝑑𝑑𝑡𝑡,𝑑𝑑𝑡𝑡−1,⋯ ,𝑑𝑑𝑡𝑡−(𝑇𝑇−1)]
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𝑑𝑑𝑛𝑛 = 𝑟𝑟𝑛𝑛 − 𝑟𝑟𝑛𝑛−1
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Our Approach

• An example: ℛ𝐻𝐻 = ℛ𝑇𝑇
1/𝑇𝑇−ℛ0

1/𝑇𝑇

ℛ0
1/𝑇𝑇 = 8.01

The green curve is ℛ



Our Approach

• 𝜔𝜔: How varied the past rewards were

ℛ𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 = ℛ0 𝑒𝑒0× �ℛ , 𝑒𝑒1× �ℛ ,⋯ , 𝑒𝑒𝑇𝑇× �ℛ �ℛ =
1
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The green curve is ℛ

The orange curve is ℛ𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧



Our Approach

• Variability-Weighted Reward (VWR)

𝑟𝑟𝑣𝑣𝑣𝑣𝑣𝑣 = 4.88 𝒓𝒓𝒗𝒗𝒗𝒗𝒗𝒗 = 𝟕𝟕.𝟖𝟖𝟖𝟖



Our Approach

• Advantage Actor Multi-Critic (A2MC)

𝑟𝑟𝑣𝑣𝑣𝑣𝑣𝑣 = ℛ𝐻𝐻 1 −
𝜎𝜎(𝛿𝛿ℛ)
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

𝜏𝜏

convolution
state 

𝑠𝑠𝑡𝑡

Actor:  𝒂𝒂

Critic 1: 𝑉𝑉 𝑠𝑠 → Short term reward: 𝑟𝑟

Softmax

Critic 2: 𝑉𝑉𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠 → Long term reward: 𝑟𝑟𝑣𝑣𝑣𝑣𝑣𝑣



Our Approach

• Hot-Wire Exploration



Experiments

• Atari

Win: 55.3%
Fair: 38.3%
Lose: 6.4%

A2MC vs. ACKTR



Experiments

• Atari: A2MC has a human-level performance rate of 74.5%  (38 out of 51 games) 
in the Atari benchmarks, compared to 63.6%  reached by ACKTR.



Experiments

• MuJoCo
A2MC vs. ACKTR



Experiments

• MuJoCo



Experiments

• FPS Game DOOM



Experiments

• Ablation Study on Hot-Wire Exploration

–– ACKTR
–– A2MC (- hotwire)
–– A2MC



Demo

• https://youtu.be/zBmpf3Yz8tc

https://youtu.be/zBmpf3Yz8tc


Summary

• We introduce an effective auxiliary reward signal (VWR) that
considers both the current reward and the volatility of past rewards.

• The original and auxiliary rewards are trained in a multi-critic manner.

• Extensive experiments in discrete and continuous domains validate
the effectiveness of our approach.
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