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Game Theory - Part 3

April 3, 2025



You are player A in the game described by the following 
payoff matrix. What are the Nash equilibria of the game? 

                         

                     

Recap question:

April 3, 2025

Strategy 1
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 A
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Strategy 1 Strategy 2
<latexit sha1_base64="IJ/7g5irBGaWPROPGU+xGRknrm8="></latexit>

(2,1) (1,0)
(1,0) (-3,1)



Recap question:
Top right: no, because player B would want to 
change to strategy 1. 

Bottom right: no, because player A would want to 
change to strategy 1. 

Bottom left: no, because player A would want to 
change to strategy 1.  

Top left: this is a Nash equilibrium because 
neither player would want to change, if the other 
keeps their choice fixed. 

Strategy 1

Strategy 2

Strategy 1 Strategy 2
<latexit sha1_base64="IJ/7g5irBGaWPROPGU+xGRknrm8="></latexit>

(2,1) (1,0)
(1,0) (-3,1)



Game Theory - Part 3

April 3, 2025

By the end of this lecture, you will be able to: 

1. Define pure and mixed strategies 
2. Find Nash equilibria of mixed strategies 
3. Explain Braess's paradox



Mixed strategies

So far, all the strategies we have seen have been 
pure strategies, where we make up our mind and 
choose one strategy.  

A mixed strategy is a mixture of several 
strategies, where each strategy is selected with 
some probability, in every round of the game. The 
sum of these probabilities is one for any mixed 
strategy.



Mixed strategies

So far, all the strategies we have seen have been 
pure strategies, where we make up our mind and 
choose one strategy.  

A mixed strategy is a mixture of several 
strategies, where each strategy is selected with 
some probability, in every round of the game. The 
sum of these probabilities is one for any mixed 
strategy.



Player one may have pure strategies a1 and a2 and 
a mixed strategy  0.3 a1 + 0.7. This means that, in 
the mixed strategy, player 1 selects the pure strategy 
a1 with probability 0.3 and the pure strategy a2 with 
probability 0.7.  

The average rewards we expect when playing the 
game many times are computed as a weighted 
average over the rewards of the pure strategies.
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Mixed strategies



Player one may have pure strategies a1 and a2 and 
a mixed strategy  0.3 a1 + 0.7. This means that, in 
the mixed strategy, player 1 selects the pure strategy 
a1 with probability 0.3 and the pure strategy a2 with 
probability 0.7.  

The average rewards we expect when playing the 
game many times are computed as a weighted 
average over the rewards of the pure strategies.
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Mixed strategies



Player 1 uses a strategy wherein she denies 
with probability 0.3 and confesses with 
probability 0.7. 

<latexit sha1_base64="qnUeWI3WtjyCSFmcZ9IvDCGUt00="></latexit>

Reward(mix, defect) = 0.7⇥ (�5) + 0.3⇥ (�10) = �6.5

Reward(mix, cooperate) = 0.7⇥ 0 + 0.3⇥ (�2) = �0.6

Confess
Confess

Deny

Deny

Mixed strategies



Confess
Confess

Deny

Deny

Mixed strategies

Player 1 uses a strategy wherein she denies 
with probability 0.3 and confesses with 
probability 0.7. 

<latexit sha1_base64="Jty6pPMj22XqnNGIX7RZmwMja/M="></latexit>

0.7⇥ (�5) + 0.3⇥ (�10) = �6.5

0.7⇥ 0 + 0.3⇥ (�2) = �0.6

Rewards:
Player 1 mixed, player 2 confesses

Player 1 mixed, player 2 denies



Mixed strategies

There always exist mixed-strategy Nash equilibria! 



Mixed-strategy Nash equilibrium 

How do mixed-strategy Nash equilibria arise in 
real life?



One segment of a commute to Princeton: 

US-1 or I-295? 





PrincetonHome



20

20

PrincetonHome

Travel time in minutes



20 /3

20
Parts of the routes are congested and the 

travel time depends on how many cars pick 
the route.        pick blue and       pick red

PrincetonHome

Travel time in minutes

<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB
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How many cars will choose the red route?

PrincetonHome
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Let’s play a game!

PrincetonHome
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Show of hands, how many pick blue 
and how many pick red?

PrincetonHome
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR



20
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Do you want to change your route?
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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If 20 +             <         + 20 

What happens?
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB/3
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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If 20 +             <         + 20 

      should increase until the travel times 
are equal

<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB/3
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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But if 20 +             >         + 20 

     should decrease until the travel times 
are equal

<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB/3
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

/3

<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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At equilibrium, 

  
20 +     /3 =     + 20 

= 3 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB
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At equilibrium, 

  
20 +     /3 =     + 20 

= 3 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

i.e., 3/4 of the drivers choose the red route.
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How can we ensure that 3/4 of drivers 
choose the red route (since each driver is 

allowed to make their own decision)? 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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If you commute between these two points 
every day, choose the red route with 

prob. 3/4. 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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If you commute between these two points 
every day, then with prob. 3/4, choose the 

red route. 
You are playing with a mixed strategy! 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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Every driver is playing with a mixed 
strategy with probabilities 0.75 and 0.25 

for the two pure strategies! 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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The two probabilities 0.75 and 0.25 for 

the two pure strategies is a mixed-
strategy Nash equilibrium because no-
one wants to be the only one to change 

their route! 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR



Next, we change the game slightly 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
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At the equilibrium… 

  
20 +      =       + 20 
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<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB
<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR
<latexit sha1_base64="QbKAlB41eWADMbuCl4vTjw1GJ7s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48R84JkCbOT3mTI7OwyMyuEkE/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzfzWEyrNY1k34wT9iA4kDzmjxkqP9V61Vyy5ZXcOskq8jJQgQ61X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzUKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeOtPuExSg5ItFoWpICYms79JnytkRowtoUxxeythQ6ooMzadgg3BW355lTQvyt51+erhslSpZnHk4QRO4Rw8uIEK3EMNGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfxzY2X</latexit>

TB=

<latexit sha1_base64="QUn1K7Fio+MmbKyL9TOOfA1N1EQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eoeUGyhNnJJBkyO7vM9AphySd48aCIV7/Im3/jJNmDJhY0FFXddHcFsRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0O/WbT1wbEakajmPuh3SgRF8wilZ6rHUfusWSW3ZnIMvEy0gJMlS7xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn85OnZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/rWfChUnyBWbL+onkmBEpn+TntCcoRxbQpkW9lbChlRThjadgg3BW3x5mTTOyt5l+eL+vFS5yeLIwxEcwyl4cAUVuIMq1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w8KHI2n</latexit>

TR



20 10

10 20

If there are 20 cars in total, this means 
that              and             .  

PrincetonHome

<latexit sha1_base64="8vXlJHzObubOl9sAdEWdzhsdcWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxSl6QLGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oNGChqKqm+6uIJbCoOt+Obml5ZXVtfx6YWNza3unuLvXMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+85FrIyJVw3HM/ZAOlOgLRtFKrVr3nlwRz+0WS27ZnYH8JV5GSpCh2i1+dnoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EHFmlR/qRtqWQzNSfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy39J46TsnZfP7k5LlessjjwcwCEcgwcXUIFbqEIdGEh4ghd4dR6cZ+fNeZ+35pxsZh9+wfn4BhoPjrc=</latexit>

TR = 10
<latexit sha1_base64="N6L9gBOtl+AODD7QDTKYYqmWk1o=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRFCvHiMkBckS5iddJIhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR3dRvPqHSPJI1M47RD+lA8j5n1FipVetWyC3x3G6h6JbcGcgy8TJShAzVbuGr04tYEqI0TFCt254bGz+lynAmcJLvJBpjykZ0gG1LJQ1R++ns3gk5tUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/GT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRHkbgrf48jJpnJe8q9Llw0WxXMniyMExnMAZeHANZbiHKtSBgYBneIU359F5cd6dj3nripPNHMEfOJ8/AX+Opw==</latexit>

TB = 10



20 10

10 20

Now, for both routes,  
the travel time is 30 min 

PrincetonHome
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Discussion: what will happen? 

0 PrincetonHome
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Discussion: what will happen? 

4 routes: A-C-B; A-D-B, A-C-D-B, A-D-C-B 

0

T

C

D

T



A B

20

20

T is the sum of people choosing A-D-B and A-D-C-B 
T is the sum of people choosing A-C-B and A-D-C-B 

Pick a route:  
A-C-B; A-D-B, A-C-D-B, A-D-C-B 

0
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A B

20 T=10

T=10 20

At this point, which route is more preferable? 

0
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A B

20 T=10

T=10 20

More and more cars take route A-D-C-B, until the 
new equilibrium is established, which is … 

0
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A B

20 T=20

T=20 20

All cars choose A-D-C-B, and the travel time is 40 
minutes!

0
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A B

20 T=20

T=20 20

Wait… we added a new road,  
and the travel time increases?

0
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A B

20 T=20

T=20 20

The mixed strategy Nash equilibrium 
 may not give an optimal choice ! 

0
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20 T=20

T=20 20

This phenomenon is called Braess's paradox

0

C

D



Braess's paradox

Braess's paradox  is the observation that 
adding one or more roads to a road network 
can slow down overall traffic flow through it. 

In Stuttgart, Germany, investments were made 
in 1969 to improve roads to decrease 
congestion. Congestion did not decrease until a 
section of newly built road was closed for traffic 
again. 

https://en.wikipedia.org/wiki/Germany


In 1990 the temporary closing of 42nd Street 
in  New York City  for  Earth Day  reduced the 
amount of congestion in the area.



In 2009, New York experimented with closures 
of Broadway at Times Square and Herald Square, which 
resulted in improved traffic flow and permanent 
pedestrian plazas



How to find Mixed-strategy Nash equilibrium ? 

When there are two players: 

• Step 1: Player 1 needs to identify the mixed 
strategy that will make player 2’s strategies 
have equal payoff. 

• Step 2: Player 2 needs to identify the mixed 
strategy that will make player 1’s strategies 
have equal payoff. 



Does the following game contain any pure-
strategy Nash equilibrium? 



Does the following game contain any pure-
strategy Nash equilibrium? 

No!



We find the mixed-strategy Nash equilibrium

Step 1: We find the strategy for player 1. 
Assume that player 1 plays strategy a1 with 
probability p and a2 with probability      1.pWe 
compute the reward of player 2 if she uses 
strategy b1and the reward of player 2 if she 
uses strategy      . 

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p <latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="4zEycSpsPFIgizm9PHCTYlbgTCs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/GbT6g0j+WjGSXoR7QvecgZNVZ68E6TbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPYzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindZubg/L1dv8jgKcAhHcAIeXEEV7qAGdWDQh2d4hTdHOC/Ou/Mxa11y8pkD+APn8we2OY1w</latexit>

1� p

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2



We find the mixed-strategy Nash equilibrium

If player 2 plays     , reward is
<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1

If player 2 plays     , reward is
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2



We now equate the two rewards and solve for   .<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

We find the mixed-strategy Nash equilibrium



We now equate the two rewards and solve for   .<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

If the two rewards are equal:

We find the mixed-strategy Nash equilibrium

This means that the strategy for player 1 in the Nash 
equilibrium is                      

<latexit sha1_base64="3DSjoz+oCayuqqE+KB0iPuhNQSg=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxGGmWHUjFN24rGAf0A5DJs20oZlMSDJCGfoBbvwVNy4UcesHuPNvTKddaOuBwOGcc7m5JxCMKu0431ZuaXlldS2/XtjY3NreKe7uNVWcSEwaOGaxbAdIEUY5aWiqGWkLSVAUMNIKhjcTv/VApKIxv9cjQbwI9TkNKUbaSH6xJJDvwhNYdk/FMfIr8Ao6dnWqZaQCbZNybCcDXCTujJTADHW/+NXtxTiJCNeYIaU6riO0lyKpKWZkXOgmigiEh6hPOoZyFBHlpdkxY3hklB4MY2ke1zBTf0+kKFJqFAUmGSE9UPPeRPzP6yQ6vPRSykWiCcfTRWHCoI7hpBnYo5JgzUaGICyp+SvEAyQR1qa/ginBnT95kTQrtntuV+/OSrXrWR15cAAOQRm44ALUwC2ogwbA4BE8g1fwZj1ZL9a79TGN5qzZzD74A+vzB3Qzli8=</latexit>

pa1 + (1� p)a2 = 0.5a1 + 0.5a2.



We find the mixed-strategy Nash equilibrium

Step 2: We find the strategy for player 2. 
Assume that player 2 plays strategy a1 with 
probability p and a2 with probability      1.pWe 
compute the reward of player 1 if he uses 
strategy b1and the reward of player 1 if he uses 
strategy      . 

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2
<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="zb9xxwv7U0qr8SlQ0uip+yiOk9M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmgckS5iddJIhs7PrzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HwZuI3nlBpHskHM4rRD2lf8h5n1Fjp3jt57BRLbtmdgiwSLyMlyFDtFL/a3YglIUrDBNW65bmx8VOqDGcCx4V2ojGmbEj72LJU0hC1n05PHZMjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9K78lMs4MSjZbFEvEcREZPI36XKFzIiRJZQpbm8lbEAVZcamU7AhePMvL5L6adm7KJ/fnZUq11kceTiAQzgGDy6hArdQhRow6MMzvMKbI5wX5935mLXmnGxmH/7A+fwBt72NcQ==</latexit>

1� q



We find the mixed-strategy Nash equilibrium

If player 1 plays     , reward is
If player 1 plays     , reward is

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2



We now equate the two rewards and solve for   .

If the two rewards are equal:

We find the mixed-strategy Nash equilibrium

This means that the strategy for player 2 in the Nash 
equilibrium is                      

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="amfLAT4bRqqxSLSHEWGuMYI33b4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARKmJJ4nUjFN24rGAv0IYwmU7aoZNLZyZCCXkPN76KGxeKuBJc+DZOmyy09cDAz/efw5nzuxGjQhrGt1ZYWFxaXimultbWNza39O2dpghjjkkDhyzkbRcJwmhAGpJKRtoRJ8h3GWm5w5uJ33ogXNAwuJfjiNg+6gfUoxhJhRzdGrmOCY9gxTweHbqOBa9g1+MIJ2aanKSZlwErA1bV0ctG1ZgWnBdmLsogr7qjf3Z7IY59EkjMkBAd04iknSAuKWYkLXVjQSKEh6hPOkoGyCfCTqa3pfBAkR70Qq5eIOGU/p5IkC/E2HdVp4/kQMx6E/if14mld2knNIhiSQKcLfJiBmUIJ0HBHuUESzZWAmFO1V8hHiCVhFRxllQI5uzJ86JpVc3z6tndabl2ncdRBHtgH1SACS5ADdyCOmgADB7BM3gFb9qT9qK9ax9Za0HLZ3bBn9K+fgCc054e</latexit>

qb1 + (1� q)b2 =
1

3
b1 +

2

3
b2.



Nash equilibrium



Nash equilibrium


