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introduce

Hierarchical Reinforcement Learning (HRL) is a promising approach to 
solving long-horizon problems with sparse and delayed rewards

two major categories of HRL :

1. subgoal-based methods : the high-level policy specifies subgoals for low-level skills 
to learn

2. selector methods : high-level policy to select pre-trained skills in downstream tasks, 
and each selected skill is executed for a fixed number of steps
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HAAR Learning Framework
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Algorithm

improvement: : 
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Advantage Function-Based Auxiliary Reward

high-level advantage :
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Interpretation
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Interpretation
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Proof :  Monotonic Improvement of Joint Policy

assertion : 
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Proof :  Monotonic Improvement of Joint Policy
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Experiments
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Results and Comparisons
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Visualization of Skills and Trajectories
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Transfer of Policies
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Universal Value Function Approximators (UVFA)
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Framwork
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Off-Policy Corrections for Higher-Level Training
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introduce
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nested policy
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Hindsight action transitions

The first is that the subgoal state achieved in hindsight is used as the action 
component in the transition, not the originally proposed subgoal state

The second key component of the hindsight action transition is the reward 
function used at all subgoal levels.  requements : 
1 . incentivize short paths to the goal
2 . independent of the path taken at lower levels

[initial state=s0,action=s1,reward=-1,next state=s1,goal=yellow flag,discount rate=gamma]

[initial state=s1,action=s2,reward=-1,next state=s2,goal=yellow flag,discount rate=gamma]
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Hindsight goal transitions

Enable each level to learn more effectively in sparse reward tasks by extending the idea 
of Hindsight Experience Replay.

1. high level set goal
2. low level execut H steps, get H transitions
3. choose hindsight goal’ from H transitions
4. reset the goal of H transitions to goal’ and modify their reward at the 
same time
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Subgoal testing transitions

enable a level to understand whether a subgoal state can be achieved by the 
current set of lower level policies. 
if subgoal ai is not achieved in at most H actions by level i − 1, level i will be 
penalized with a low reward, penalty.

[initial state = s2, action = g2, reward = -5, next state = s3, goal = Yellow Flag, 
discount rate = 0]
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Experiments
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Experiments


