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对嫌疑犯A和B独立审
讯，提出惩罚规则： 

若二者都声称无罪，
则同时被判入狱1年 

若二者都声称有罪，
则同时被判入狱5年 

若其中一人认罪，则
认罪者立即获释，否
认有罪者获刑20年。 
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理性
(Rationality)  

纳什均衡
(Nash 

Equilibrium) 

参与者不能通过独自行动
而增加收益的策略集合，
称之为纳什均衡 

Nash Equilibrium is a 
strategy profile in which 
every participant cannot 
benefit through changing 
her own strategy 
unilaterally. 
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Chapter 2: 
如何计算均衡？How to calculate the equilibrium? 

定价问题 A Pricing Problem 

In submission to SIAM-SODA 2011. 

Chapter 3: 
构建特定的机制，确保只有较优的均衡存在 
Construct specific mechanism to ensure only the 
optimal equilibrium is left 

没有金钱参与的机制设计 
Mechanism design without money 

In proceedings of the ACM-EC 2010. 
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社交网络下的定价问题 
The Pricing Problem under Social Network 
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𝑣1 ∼ 𝑈(𝑎1, 𝑏1) 𝑣2 ∼ 𝑈(𝑎2, 𝑏2) 𝑣𝑛 ∼ 𝑈(𝑎𝑛, 𝑏𝑛) 

…… 

Sells windows 7 at a 
universal price of 𝑝 
以统一价𝑝出售 

Each buyer has an interval value 𝑣𝑖 
每个买家有一个心里价位𝑣𝑖 

The utility of buyer 𝑖：𝑢𝑖 = 𝑣𝑖 − 𝑝 
第𝑖个买家的收益： 
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𝑣1 ∼ 𝑈(𝑎1, 𝑏1) 𝑣2 ∼ 𝑈(𝑎2, 𝑏2) 𝑣𝑛 ∼ 𝑈(𝑎𝑛, 𝑏𝑛) 

…… 

Sells windows 7 at a 
universal price of 𝑝 
以统一价𝑝出售 

Each buyer has an interval value 𝑣𝑖 
每个买家有一个心里价位𝑣𝑖 

The utility of buyer 𝑖：𝑢𝑖 = 𝑣𝑖 − 𝑝 
第𝑖个买家的收益： 

The current best strategy is obvious: buyer 𝑖 buys Windows 7 if and only if 𝑣𝑖 > 𝑝 
此时的最佳策略是显然的：第𝑖个买家购买Windows 7当且仅当𝑣𝑖 > 𝑝 

http://www.google.com/imgres?imgurl=http://www.techdreams.org/wp-content/uploads/2009/05/leaked-windows-7-retail-box-professioal-edition.jpg&imgrefurl=http://www.britishblogs.co.uk/categories/student/&usg=__vNGcVUlR_twkjt6hNEjVfm99q80=&h=562&w=450&sz=32&hl=en&start=13&itbs=1&tbnid=ucmquwaFxM_QOM:&tbnh=133&tbnw=106&prev=/images?q=windows+7+microsoft+selling+agents&hl=en&gbv=2&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.webtvwire.com/wp-content/uploads/2008/05/windows-live-messenger-logo.jpg&imgrefurl=http://www.webtvwire.com/microsoft-unveils-messenger-tv-web-video-comes-to-instant-messaging-service/&usg=__t08MU3T-s9_1Yvtm4JavClLQUes=&h=182&w=182&sz=4&hl=en&start=103&itbs=1&tbnid=EHifbVGT7TYysM:&tbnh=101&tbnw=101&prev=/images?q=msn+contact+logo&start=84&hl=en&sa=N&gbv=2&ndsp=21&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.webtvwire.com/wp-content/uploads/2008/05/windows-live-messenger-logo.jpg&imgrefurl=http://www.webtvwire.com/microsoft-unveils-messenger-tv-web-video-comes-to-instant-messaging-service/&usg=__t08MU3T-s9_1Yvtm4JavClLQUes=&h=182&w=182&sz=4&hl=en&start=103&itbs=1&tbnid=EHifbVGT7TYysM:&tbnh=101&tbnw=101&prev=/images?q=msn+contact+logo&start=84&hl=en&sa=N&gbv=2&ndsp=21&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.webtvwire.com/wp-content/uploads/2008/05/windows-live-messenger-logo.jpg&imgrefurl=http://www.webtvwire.com/microsoft-unveils-messenger-tv-web-video-comes-to-instant-messaging-service/&usg=__t08MU3T-s9_1Yvtm4JavClLQUes=&h=182&w=182&sz=4&hl=en&start=103&itbs=1&tbnid=EHifbVGT7TYysM:&tbnh=101&tbnw=101&prev=/images?q=msn+contact+logo&start=84&hl=en&sa=N&gbv=2&ndsp=21&tbs=isch:1
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…… 

0.1 

0.3 

1.2 

0.3 

0.2 

In the reality, people form a social network, and each 
potential buyer may have a non-negative influence factor 
over his acquaintances. 

现实生活中，人们组成一个社交网络，每个潜在的买家
对他的熟人可以有一个非负的影响因子。 

0.2 
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…… 

0.3 

1.2 

0.3 

0.2 

In the reality, people form a social network, and each 
potential buyer may have a non-negative influence factor 
over his acquaintances. 

现实生活中，人们组成一个社交网络，每个潜在的买家
对他的熟人可以有一个非负的影响因子。 

0.1 

0.2 
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…… 

0.3 

1.2 

0.3 

0.2 

In the reality, people form a social network, and each 
potential buyer may have a non-negative influence factor 
over his acquaintances. 

现实生活中，人们组成一个社交网络，每个潜在的买家
对他的熟人可以有一个非负的影响因子。 

𝑢𝑖 = 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑑𝑗
𝑗≠𝑖

 

𝑑𝑗 ∈ 0,1  - whether 𝑗 buys 

第𝑗个人是否购买 
𝑇𝑗𝑖 ∈ ℝ - the influence factor 

影响因子 

0.1 

0.2 
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…… 

0.3 

1.2 

0.3 

0.2 

In the reality, people form a social network, and each 
potential buyer may have a non-negative influence factor 
over his acquaintances. 

现实生活中，人们组成一个社交网络，每个潜在的买家
对他的熟人可以有一个非负的影响因子。 

𝑣𝑖 

𝑣𝑖 

𝑣𝑖 𝑣𝑖 

𝑣𝑖 

Public Knowledge: 
公开信息: 

𝑈(𝑎1, 𝑏1), 𝑈(𝑎2, 𝑏2) 
… ,𝑈 𝑎𝑛, 𝑏𝑛  

0.1 

0.2 
𝑢𝑖 = 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑑𝑗

𝑗≠𝑖

 

𝑑𝑗 ∈ 0,1  - whether 𝑗 buys 

第𝑗个人是否购买 
𝑇𝑗𝑖 ∈ ℝ - the influence factor 

影响因子 
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…… 

0.3 

1.2 

0.3 

0.2 

Bayesian Nash Equilibrium for Games with Incomplete Information 
不完全信息的博弈，需要考虑贝叶斯纳什均衡 

𝑢𝑖 = 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑑𝑗
𝑗≠𝑖

 

𝑢𝑖 &= 𝑣𝑖 − 𝑝 + 𝔼  𝑇𝑗𝑖𝑑𝑗
𝑗≠𝑖

&= 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑞𝑗
𝑗≠𝑖

 

𝑞𝑗 - the probability 𝑗 buys 

第𝑗个买家购买的概率 

𝑣𝑖 

𝑣𝑖 

𝑣𝑖 𝑣𝑖 

𝑣𝑖 

0.1 

0.2 

Public Knowledge: 
公开信息: 

𝑈(𝑎1, 𝑏1), 𝑈(𝑎2, 𝑏2) 
… ,𝑈 𝑎𝑛, 𝑏𝑛  
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…… 

0.3 

1.2 

0.3 

0.2 

Bayesian Nash Equilibrium for Games with Incomplete Information 
不完全信息的博弈，需要考虑贝叶斯纳什均衡 
 
It can be proved that the equilibrium satisfies  
可以证明此均衡满足： 

𝑞𝑖 = Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑢𝑖 > 0 = Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑞𝑗
𝑗≠𝑖

> 0  

𝑢𝑖 = 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑑𝑗
𝑗≠𝑖

 

𝑢𝑖 &= 𝑣𝑖 − 𝑝 + 𝔼  𝑇𝑗𝑖𝑑𝑗
𝑗≠𝑖

&= 𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑞𝑗
𝑗≠𝑖

 

𝑞𝑗 - the probability 𝑗 buys 

第𝑗个买家购买的概率 

𝑣𝑖 

𝑣𝑖 

𝑣𝑖 𝑣𝑖 

𝑣𝑖 

0.1 

0.2 
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Bayesian Nash Equilibrium for Games with Incomplete Information 
不完全信息的博弈，需要考虑贝叶斯纳什均衡 
 
It can be proved that the equilibrium satisfies  
可以证明此均衡满足： 

𝑞𝑖 = Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑢𝑖 > 0 &= Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑞𝑗
𝑗≠𝑖

> 0

&= med 0,1,
𝑏𝑖 − 𝑝 +  𝑇𝑗𝑖𝑞𝑗𝑗≠𝑖

𝑏𝑖 − 𝑎𝑖

 

1 

• Rationality 

•理性 

2 

• Equilibrium 

•纳什均衡 

3 

• Equation Set 

•方程组 

? 
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Bayesian Nash Equilibrium for Games with Incomplete Information 
不完全信息的博弈，需要考虑贝叶斯纳什均衡 
 
It can be proved that the equilibrium satisfies  
可以证明此均衡满足： 

𝑞𝑖 = Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑢𝑖 > 0 &= Pr
𝑣𝑖~𝑈 𝑎𝑖,𝑏𝑖

𝑣𝑖 − 𝑝 + 𝑇𝑗𝑖𝑞𝑗
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> 0

&= med 0,1,
𝑏𝑖 − 𝑝 +  𝑇𝑗𝑖𝑞𝑗𝑗≠𝑖

𝑏𝑖 − 𝑎𝑖

 

1 

• Rationality 

•理性 

2 

• Equilibrium 

•纳什均衡 

3 

• Equation Set 

•方程组 

4 

• Iterated Function 

•迭代函数 
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[𝑎1, 𝑏1] 

𝑝 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0.5 

1 

0.1 

0 

0.4 

0 

𝒒 

𝑝 ↗ 
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[𝑎1, 𝑏1] 

𝑝 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0.6 

1 

0.2 

0.5 

0.4 

0 

𝒒 

𝑝 ↗ 
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[𝑎1, 𝑏1] 

𝑝 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0.8 

1 

0.2 

1 

0.4 

0.1 

𝒒 

𝑝 ↗ 
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[𝑎1, 𝑏1] 

𝑝 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0.8 

1 

0.2 

1 

0.4 

0.1 

Call this the pessimistic equilibrium. 
称之为悲观均衡 

𝑝 ↗ 

𝒒 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0 

0 

0 

0 

0 

0 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0 

0 

0 

0 

0 

0.4 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

0 

0 

0.1 

0 

0.3 

0.7 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

𝐼 − 𝐿 −1 = lim
𝑚→∞

𝐼 + 𝐿 + ⋯+ 𝐿𝑚−1  
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

𝐼 − 𝐿 −1 ≠ lim
𝑚→∞

𝐼 + 𝐿 + ⋯+ 𝐿𝑚−1  

when at least one eigenvalue of 𝐿 is larger than 1 in norm 
当矩阵𝐿至少有一个模大于1的特征值 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

Find one eigenvector with real E.V ≥ 1 
找到一个特征值为实数切大于等于1的特征向量 
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• Rationality 

• 理性 

1 

• Equilibrium 

• 纳什均衡 

2 
• Equation Set 

• 方程组 

3 

• Iterated 
Function 

• 迭代函数 

4 
• Line Sweep 

Method 

• 扫描法 

5 

• Eigenvector 

• 特征向量 

6 

[𝑎1, 𝑏1] 

[𝑎2, 𝑏2] 

[𝑎3, 𝑏3] 

[𝑎4, 𝑏4] 

[𝑎5, 𝑏5] 

[𝑎6, 𝑏6] 

Find one eigenvector with real E.V ≥ 1 
找到一个特征值为实数切大于等于1的特征向量 
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Research Conclusion 

Formally introduced the rationality of buyers in the social 
network pricing problem. 
在社交网络定价问题中，定义了买家的理性行为。 

Exactly solved two extreme equilibria for a uniform valuation 
case in polynomial time. 
在多项式时间内，严格地解出了心理价位均匀分布时，两个
极端的均衡。 

Exactly solved the optimum pricing strategy for the seller, 
assuming the rationality of the buyers. 
假定用户理性行为后，严格地解出了卖家的最优定价策略。 

Further work see our working paper. 
更多的信息参见我们的待投论文。 
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