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iterated Prisoner’s Dilemma

player B

cooperation  defection

cooperation

player A

defection

implementation error occurs with probability €

long-term payoff 1 T—1 )
fi = lim lim 7 ZFZ

e—0 T — o0
t=0



olal

Strategies for IPD game

Tit-For-Tat (TFT) Win-Stay-Lose-Shift (WSLS)
It is guaranteed that your payoft Cooperation is tolerant against
IS no less than the co-players'. an error.
Cooperation is fragile against an Repeatedly exploited against
error. AllD.
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Other strategies (TF2T, ZD strategies, generous TFT...)
have positives and negatives.



partners or rivals?
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Partners and rivals in direct reciprocity
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It would be great if a single strategy satisfies these advantages
simultaneously.
=> Nash equilibrium with a guarantee that you'll never lose.



A solution for Prisoner’s Dilemma
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Combination with anti-tit-for-tat remedies problems of tit-for-tat @ CroseMark

Su Do Yi*, Seung Ki Baek”", Jung-Kyoo Choi®*

Yietal., J. Theor. Biol. (2017)

comprehensive search in Memory-2 strategies

3

4 out of 65,536 strategies satisfies the conditions

TFT-ATFT

It Is iIndeed possible to realize cooperation
without exposing themselves to the risk of being exploited.



Murase & Baek, J.Theor.Biol. (2018)

What about n-person
oublic-goods game?

N=3 the number of defecting co-players
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TFT-ATFT does not work for n=3.
Does a solution exist for n=37



Enumeration using K-computer




Enumeration of strategies

# of m=2 strategies 1,099,511,627,776

Defensibility against AllD 805,306,368
[ Defensibility ® )

Defensibility > > 9 3,483,008
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Impossibility for m=2

memory-2 strategies
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no successful strategy exists in memory-2 strategy space.

0/1,099,511,627,776

No solution for n=3 game? or The solution exists when m>27



Memory-3 strategies

= 820840100456150797347/17440463

497323236409786642155382248146
2288
97689315949701253337/5533056

comparable to the number of protons in the universe

Although direct enumeration is impossible,
we found there are at least 256 solutions!



Enumeration of strategies

# of m=2 strategies 1,099,511,627,776
Detensibility against AllD 805,306,368
( Defensibility .
Defensibility > > 9 3483 008
N . J
"Partial” Efficiency (Dcooperation> 0) | @ =~ - g 544
Distinguishability 2 > 256

“Partially” Successful Strategies (PS2)



elevating m=2 PS2 to m=3 successful strategies
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Successful strategies indeed exists when m=3.
Full cooperation is achieved

while keeping the detensibility and the distinguishability.




Table 4

One of successful memory-3 strategies. We have picked up the strategy having the
largest number of c. The left column shows the state of Bob and Charlie, whereas
Alice’s state is shown on the right.

Bi 3Bt 2B 1G 3G 2C1 Ar3Ar2Ar
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ccc ccd dcc dcd ddc ddd

cccecc
ccceed[ccdccc
cccedc/cdceccc
cccedd/cddcecc
ccedec/dccccc
cceded/dcdcecc
cceddc/ddcccc
cceddd/dddccc
ccdeed
ccdedc/cdcccd
ccdedd|cddccd
ccddec/dccecd
ccddced|/dcdccd
ccdddc/ddcced
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cddddd/dddcdd
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dccddc/ddcdcc
dccddd|/ddddcc
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An example of successful strategies.
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memory length and # of players

Murase & Baek, J.Theor.Biol. (2018)

A
n=2: TFT-ATFT (m=2)
n=3 : m=3 Successful Strategies <
C) 7/
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for general n (>=3), we show 2 T @2
q) //
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E— # of players

must be satisfied.

There is a critical memory length above which
a fundamentally new class of strategies may exist.



Conclusions

* A new class of Nash equilibrium strategies was found with the aid
of the K computer.

* Well-computed strategies can solve social dilemma without

appealing to our moral.

Exploring a broader strategy space does make a difference.
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