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Reinforcement Learning
An Introduction
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Introduction

ÅSupervised Learning

- Learning a mapping function to regression & classification

- Learning from training data

ÅUnsupervised Learning

- Learning approaches to dimension reduction, clustering, 
density estimation

ÅReinforcement Learning

- Learning to do sequential decision making

- Learning from delayed reward
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Basic concepts

Å Trajectory: (ίȟὥȟὶȟίȟὥȟὶȟίȟὥȟȣ
Å Transition: (ίȟὥȟὶȟί), (ίȟὥȟὶȟίύ Χ
Å From initial state ίȟwe can sample many trajectories.

ŵ stateί, agent gives ὥ

Ŷ Get ὶ from environment

ŷ Transition to state ί

Ÿ stateί, agent gives ὥ

Ź Get ὶ from environment

ź Transition to state ί

Ż stateί, agent gives ὥ

ż ΧΧ
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Basic concepts

ÅState: feature vector of the current situation

- In Atari, A picture

- In RTB, <bias, conversion, pcvr , pctr , ŀ>

ÅAction: given by agent based on current state

- In Atari, left / right / up / down

- In RTB, adjust factor

ÅReward: assessment of action, given by environment

- In Atari, reward=1 if succeed, reward=0 if fail

- In RTB, reward = 
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An example

ÅState: a screenshot

- Picture

ÅAction: left / right

ÅReward: 1 / 0 

- Break the brick, 1

- Miss the ball, 0
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RL Tree
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Markov Decision Process (MDP)
An Introduction

2019/4/15 Tencent Social Ads ᴨ 9



Markov decision process (MDP)
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Markov decision process (MDP)
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Markov assumption / property

Å╟►▼◄ ▼◄ȟ╪◄ȟ▼◄ ȟ╪◄ ȟȣȟ▼ȟ╪ ╟►▼◄ ▼◄ȟ╪◄

Å╟►►◄ ▼◄ȟ╪◄ȟ▼◄ ȟ╪◄ ȟȣȟ▼ȟ╪ ╟►► ȿ▼◄ȟ╪◄

ÅTransition probability: ╟▼▼
╪ ἜἺἻ◄ ▼ ▼◄ ▼ȟ╪◄ ╪

ÅReward function: ╡▼▼
╪ ἏἺ◄ ▼◄ ▼ȟ▼◄ ▼ȟ╪◄ ╪
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Policy Ⱬ
ÅNeural Network

- Ⱬ▼ ╪

ÅAction 

- Discrete action

- Continuous action: Ⱬ ▼ ⱧȟⱫ ▼ ⱭȟἩḐ╝ⱧȟⱭ

state action
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State-value function╥Ⱬ▼

Å╥Ⱬ▼ ╔Ⱬ► ♬► ♬► Ễ ▼ ▼

ÅStart from state ▼, play to the end of the game.

ÅTrajectory 1: ▼ȟ╪ȟ►ȟ▼ȟ╪ȟ►ȟȣ , decayed reward = ► ♬► Ễ

ÅTrajectory 2: ▼ȟ╪ȟ►ȟ▼ȟ╪ȟ►ȟȣ , decayed reward = ► ♬► Ễ

ÅTrajectory 3: ▼ȟ╪ȟ►ȟ▼ȟ╪ȟ►ȟȣ , decayed reward = ► ♬► Ễ

Åɖ
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State-value function╥Ⱬ▼

ÅTrajectory
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State-action function ╠Ⱬ▼ȟ╪
Å╠Ⱬ▼ȟ╪ ╡▼ȟ╪ В▼ ╢ɴ╟▼ ▼ȟⱫ▼ ╠

Ⱬ▼ȟⱫἻ

Å╥Ⱬ▼ ╡▼ȟⱫ▼ В▼ ╢ɴ╟▼ ▼ȟⱫ▼ ╥
Ⱬ▼

Ó

ί ί ί ί

0.1
0.2 0.3

0.4

action = a, reward = R(s,a)

╠Ⱬ▼ȟⱫἻ ╠Ⱬ▼ȟⱫἻ ╠Ⱬ▼ȟⱫἻ ╠Ⱬ▼ȟⱫἻ

╠Ⱬ▼ȟ╪
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Markov decision process (MDP)
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Relationship ╥ⱫȟⱫȟἝⱫ▼ȟ╪

ÅⱫz ╪►▌□╪●Ⱬ╥
Ⱬ▼

Å╥ᶻ▼ □╪●Ⱬ╥
Ⱬ▼

ÅⱫz ╪►▌□╪●Ἡɴ═ ἠἻȟἩ В▼ ╢ɴ╟▼ ▼ȟ╪╥z Ἳ

Å╥z ▼ □╪●Ἡɴ═ ἠἻȟἩ В▼ ╢ɴ╟▼ ▼ȟ╪╥z Ἳ

ÅⱫz ▼ ╪►▌□╪●╪ɴ ═╠z ▼ȟ╪

Å╥z ▼ □╪●╪ɴ ═╠z ▼ȟ╪
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Policy iteration

ÅInitialize Ⱬ

ÅCompute ╥Ⱬ▼

- ▼ȟⱫ▼ ȟ►ȟ▼ȟⱫ▼ ȟ►ȟȣ

- ἤ Ἳ Ἲ Ἲ Ἲ Ễ

ÅUpdate Ⱬ

- Ⱬ▪▄●◄▼ ╪►▌□╪●╪ɴ ═ ╡▼ȟ╪ В▼ ╢ɴ╟▼ ▼ȟ╪╥
Ⱬ▼

ÅCompute ╥Ⱬ
▪▄●◄
▼

ÅUpdate Ⱬ▪▄●◄

Åɖ

2019/4/15 Tencent Social Ads ᴨ 19



Value iteration

ÅInitialize ╥▼

Åupdate ╥▼

- ╥▼ □╪●Ἡɴ═ ἠἻȟἩ В▼ ╢ɴ╟▼ ▼ȟ╪╥Ἳ

ÅCompute Ⱬ

- Ⱬ▼ ╪►▌□╪●╪ɴ ═ ╡▼ȟ╪ В▼ ╢ɴ╟▼ ▼ȟ╪╥▼

ÅOr we could iterate ἝἻȟἩ
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Bellman equation

Å╥▼ ἠἻȟⱫ▼ В▼ ╢ɴ╟▼ ▼ȟⱫ▼ ╥Ἳ

Å╠▼ȟⱫ╪ ἠἻȟⱫ▼ В▼ ╢ɴ╟▼ ▼ȟⱫ▼ ╠▼ᴂȟⱫ╪
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Reinforcement Learning 
--- Q-Learning
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Q-Table

ÅRefer table to choose action

ÅIt can be updated

ὗ(s, a) ὥ ὥ ὥ ὥ

ί -1 -3 3 2

ί * * * *

ί * * * *

ί * * * *

ί * * * *

ί * * * *
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An example
ÅState is the distance away from exit

ÅAction is forward or backward

ÅInitial Q -Table

ÅFirst round later 

Q(s, a) 5 4 3 2 1
forward 1№ 1№ 1№ 1№ 10№

backward 1№ 1№ 1№ 1№ -5№

Q(s, a) 5 4 3 2 1
forward 1№ 1№ 1№ 5№ 10№

backward 1№ 1№ 1№ -1№ -5№
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An example

ÅSecond round later

ÅMany rounds later 

Q(s, a) 5 4 3 2 1
forward 1№ 1№ 6№ 8№ 10№

backward 1№ 1№ 0№ -3№ -5№

Q(s, a) 5 4 3 2 1
forward 3№ 4№ 6№ 9№ 10№

backward 0№ 0№ -1№ -3№ -5№
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Basic Q-Learning

ÅUpdate every entry in Q -Table

ÅIn state ▼, take action ╪, get reward ►, transition to state ▼ᴂ

ÅGradient 

- ► ♬□╪●╪╠▼ȟ╪ ╠▼ȟ╪

- Like Floyd Algorithm

ÅUpdate ╠▼ȟ╪

- ╠▼ȟ╪ ᴺ╠▼ȟ╪ ♪► ♬□╪●╪╠▼ȟ╪ ╠▼ȟ╪
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Basic Q-Learning
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Deep Q-Network 

ÅIf the state set is infinite?

- No Q- Table

ÅDeep Neural Network
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Other variants

ÅDouble DQN

- One network to choose action

- Another network to evaluate Q( s,a )

ÅContinuous DQN

Åɖɖ
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Reinforcement Learning 
--- Policy gradient
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Policy gradient
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Trajectory 
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Policy gradient

Å╣╪▒▄╬◄▫►◐Ⱳ

Å╡Ⱳ В►

Å╡Ᵽ ἏⱲ╡Ⱳ ВⱲ╡Ⱳ▬ⱣⱲ
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Policy gradient
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Proximal Policy Optimization (PPO)
ÅOn-policy

ÅOff -policy

ÅImportance sampling

- Assumption: If ὴ †ὭίίὭάὭὰὥὶὸέὴ †
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Other variants

ÅDeep deterministic policy gradient (DDPG)

ÅTrust region policy optimization (TRPO)

Åɖɖ
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Reinforcement Learning 
--- Actor-Critic

2019/4/15 Tencent Social Ads ᴨ 37



Problem of policy gradient
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Baseline reward

ÅBasic policy gradient

ÅAdd a baseline reward

advantage
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Advantage actor-critic

ÅTD-error

ÅMonte Carlo -error

critic actor
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Asynchronously Advantage Actor-Critic (A3C)
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Reinforcement Learning Application 
in ads
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Problem 

ÅGive adjusted factor ♪

ÅChoose click log

- Max_cpa* ‌> ecpa

ÅCompute score

-

- R
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Problem 

Å 1st interval

- Conversion

- Cost 

ΧΧ

Å 2nd interval

- Conversion

- Cost 

Å 3rd interval

- Conversion

- Cost 

Å n-1 th interval

- Conversion

- Cost 

Å n th interval

- Conversion

- Cost 

Åtotal

- Conversion

- Cost

Åcompute

-

- R
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Experiment setting

ÅState: feature vector

- <pError , iError , dError, timestamp, bias,ŀ>

ÅAction: adjust factor

- Discrete action

- Continuous action, ὥḐὔ‘ȟ„

ÅReward: evaluation

-

- R

ÅMethod: A3C
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idea

ÅUse separated reward

- Reward1: adjust bias

- Reward2: adjust conversion
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idea

ÅReward1: adjust bias

ÅReward2: adjust conversion
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Current result

ÅThe result is on training ads
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Multi -process

ÅProblem: large click log

- Share memory

ÅSolution

- Redis, multiprocessing.manager

- Not work (due to the overhead of pickle)

- Ctypes , multiprocessing.sharedctypes

- Work 
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Multi -process

ÅCtypes class

Åpython class

2019/4/15 Tencent Social Ads ᴨ 50



Multi -process

ÅMachine: 126G memory

Å5 workers experiment

- 20190109 all ads loading

- Shared memory: 20.2G / 126G

- Not share: 84.5G / 126G

ÅSimilar running time
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Future Work About Our Project

2019/4/15 Tencent Social Ads ᴨ 52



Future work

ÅChange the definition of state

- To address sparsity of state

ÅState definition

- <Bias pattern, conversion pattern>

- Clustering N bias/conversion pattern
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Conversion clustering center

ÅN = 25
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