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Robert Axelrod

>>> import axelrod as axl

>>> players = (axl.TitForTat(),

... axl.Cooperator())

>>> axl.Match(players, turns=5).play()

[(C, C), (C, C), (C, C), (C, C), (C, C)]

>>> players = (axl.TitForTat(),

... axl.Defector())

>>> axl.Match(players, turns=5).play()

[(C, D), (D, D), (D, D), (D, D), (D, D)]

>>> players = (axl.TitForTat(),

... axl.Alternator())

>>> axl.Match(players, turns=5).play()

[(C, C), (C, D), (D, C), (C, D), (D, C)]



Robert Axelrod

>>> import axelrod as axl

>>> players = (axl.TitForTat(),

... axl.Cooperator())

>>> axl.Match(players, turns=5).play()

[(C, C), (C, C), (C, C), (C, C), (C, C)]

>>> players = (axl.TitForTat(),

... axl.Defector())

>>> axl.Match(players, turns=5).play()

[(C, D), (D, D), (D, D), (D, D), (D, D)]

>>> players = (axl.TitForTat(),

... axl.Alternator())

>>> axl.Match(players, turns=5).play()

[(C, C), (C, D), (D, C), (C, D), (D, C)]
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FUNCTION K92R(J,M,K,L,R, JA)

C BY ANATOL RAPOPORT

C TYPED BY AX 3/27/79 (SAME AS ROUND ONE TIT FOR TAT)

c replaced by actual code, Ax 7/27/93

c T=0

c K92R=ITFTR(J,M,K,L,T,R)

k92r=0

k92r = j

c test 7/30

c write(6,77) j, k92r

c77 format(’ test k92r. j,k92r: ’, 2i3)

RETURN

END



import axelrod_fortran



0 10 20 30 40 50 60
Original Rank

0

10

20

30

40

50

60

Re
pr

od
uc

ed
 R

an
k

Original Rank
Rank including self interaction (MAE=1.492)
Rank including self interaction with python implementation of Champion (MAE=1.524)
Rank including self interaction with python implementation of all strategies (MAE=1.524)
Rank excluding self interaction (MAE=1.937)
Mean rank over every repetition (excluding self interaction) (MAE=2.254)



0 50 100 150 200

Rank in library tournament
0

10

20

30

40

50

60

Ra
nk

 in
 A

xe
lro

d'
s t

ou
rn

am
en

t



Ev
ol

ve
dL

oo
ke

rU
p2

_2
_2

Ev
ol

ve
d 

HM
M

 5
Ev

ol
ve

d 
FS

M
 1

6 
No

ise
 0

5
Ev

ol
ve

d 
FS

M
 1

6
PS

O 
Ga

m
bl

er
 2

_2
_2

Ev
ol

ve
d 

AN
N

Ev
ol

ve
d 

AN
N 

5
Om

eg
a 

TF
T

PS
O 

Ga
m

bl
er

 M
em

1
Ev

ol
ve

d 
FS

M
 4

PS
O 

Ga
m

bl
er

 1
_1

_1
PS

O 
Ga

m
bl

er
 2

_2
_2

 N
oi

se
 0

5
Gr

ad
ua

l
Ev

ol
ve

d 
AN

N 
5 

No
ise

 0
5

DB
S

W
in

ne
r1

2
k8

5r
Sp

ite
fu

l T
it 

Fo
r T

at
k8

0r
k4

2r
Do

ub
le

Cr
os

se
r

k5
8r

k8
7r

k6
0r

k6
5r

Eu
gi

ne
Ni

er
k5

9r
k5

6r
k4

0r
Fo

rg
et

fu
l F

oo
l M

e 
On

ce
Fo

ol
 M

e 
On

ce
k3

2r
k5

5r
AO

N2
Ba

ck
St

ab
be

r
M

EM
2

k4
9r

Re
vi

se
d 

Do
wn

in
g

M
et

a 
Hu

nt
er

NM
W

E 
Fi

ni
te

 M
em

or
y

NM
W

E 
St

oc
ha

st
ic

k3
8r

Ni
ce

 M
et

a 
W

in
ne

r E
ns

em
bl

e
k8

1r
ZD

-G
TF

T-
2

k4
1r

So
ft 

Jo
ss

NM
W

E 
De

te
rm

in
ist

ic
k4

4r
M

ich
ae

lo
s

NM
W

E 
Lo

ng
 M

em
or

y
Ev

ol
ve

dL
oo

ke
rU

p1
_1

_1
NM

W
E 

M
em

or
y 

On
e

GT
FT

Sh
ub

ik
St

ei
n 

an
d 

Ra
po

po
rt

k8
4r

Le
ve

l P
un

ish
er

TF
3

k6
6r

So
ft 

Gr
ud

ge
r

Ge
ne

ra
l S

of
t G

ru
dg

er
Ni

ce
 M

et
a 

W
in

ne
r

k3
4r

Ad
ap

tiv
e 

Ti
t F

or
 T

at
k9

2r
k6

8r
Re

su
rre

ct
io

n
Fo

rg
iv

in
g 

Ti
t F

or
 T

at
k8

6r
ZD

-G
EN

-2
M

et
a 

M
aj

or
ity

 L
on

g 
M

em
or

y
Fi

rm
 B

ut
 F

ai
r

Ea
th

er
le

y
k4

6r
Gr

ud
ge

rA
lte

rn
at

or
k7

2r
M

et
a 

M
aj

or
ity

Ch
am

pi
on

Do
ub

le
r

k6
1r

Sh
or

tM
em

Da
vi

s
k4

7r
k4

3r
k6

4r
k9

1r
k3

5r
Dy

na
m

ic 
Tw

o 
Ti

ts
 F

or
 T

at
M

et
a 

M
aj

or
ity

 F
in

ite
 M

em
or

y
On

ce
 B

itt
en

k7
9r

Ad
ap

tiv
e 

Pa
vl

ov
 2

01
1

k7
3r

Ad
ap

tiv
e 

Pa
vl

ov
 2

00
6

Lim
ite

d 
Re

ta
lia

te
 3

Fo
rg

iv
er

k5
3r

Gr
of

m
an

So
ft 

Go
 B

y 
M

aj
or

ity
: 5

Ti
de

m
an

 a
nd

 C
hi

er
uz

zi
Ve

ry
Ba

d
k8

3r
In

ve
rs

e 
Pu

ni
sh

er
Sl

ow
 T

it 
Fo

r T
wo

 T
at

s 2
Lim

ite
d 

Re
ta

lia
te

 2
k3

7r
k7

0r
St

al
ke

r
Ha

rd
 T

it 
Fo

r 2
 T

at
s

So
ft 

Go
 B

y 
M

aj
or

ity
: 4

0
So

ft 
Go

 B
y 

M
aj

or
ity

: 1
0

So
ft 

Go
 B

y 
M

aj
or

ity
: 2

0
M

at
h 

Co
ns

ta
nt

 H
un

te
r

Re
ta

lia
te

 3
Lim

ite
d 

Re
ta

lia
te

k8
8r

W
or

se
 a

nd
 W

or
se

 3
Re

ta
lia

te
 2

Ni
ce

 A
ve

ra
ge

 C
op

ie
r

k3
1r

k5
7r

k7
5r

Gr
um

py
Fo

rg
et

fu
l G

ru
dg

er
Pu

ni
sh

er
Re

ta
lia

te
k9

0r
N 

Ti
t(s

) F
or

 M
 T

at
(s

)
De

la
ye

d 
AO

N1
Tr

ick
y 

Le
ve

l P
un

ish
er

k3
9r

Th
um

pe
r

Ap
pe

as
er

W
in

-S
ta

y 
Lo

se
-S

hi
ft

In
ve

rs
e

Tw
o 

Ti
ts

 F
or

 T
at

Ha
rd

 T
it 

Fo
r T

at
M

et
a 

M
aj

or
ity

 M
em

or
y 

On
e

Ev
en

tu
al

 C
yc

le
 H

un
te

r
k7

8r
k6

9r
k6

7r
k8

2r
Ny

de
gg

er
Ra

nd
om

 H
un

te
r

k4
8r

Cy
cle

 H
un

te
r

De
fe

ct
or

 H
un

te
r

Al
te

rn
at

or
 H

un
te

r
k7

6r
Te

st
er

k5
1r

k3
3r

Av
er

ag
e 

Co
pi

er
Pr

ob
er

 2
k4

5r
Co

op
er

at
or

Kn
ow

le
dg

ea
bl

e 
W

or
se

 a
nd

 W
or

se
Ri

po
ff

Ra
id

er
k5

2r
k7

7r
Ha

rd
 P

ro
be

r
k6

2r
Sn

ea
ky

 T
it 

Fo
r T

at
Do

ub
le

Re
su

rre
ct

io
n

k8
9r

W
illi

ng
Su

sp
ici

ou
s T

it 
Fo

r T
at

Re
m

or
se

fu
l P

ro
be

r
Fe

ld
Ri

sk
y 

QL
ea

rn
er

Ar
ro

ga
nt

 Q
Le

ar
ne

r
Ca

ut
io

us
 Q

Le
ar

ne
r

He
sit

an
t Q

Le
ar

ne
r

W
or

se
 a

nd
 W

or
se

 2
ZD

-M
em

2
Tu

llo
ck

Ra
nd

om
 T

it 
fo

r T
at

k7
4r

W
or

se
 a

nd
 W

or
se

Ad
ap

tiv
e

k5
4r

Ha
rd

 G
o 

By
 M

aj
or

ity
: 5

Op
po

sit
e 

Gr
ud

ge
r

Pr
ob

er
Ha

rd
 G

o 
By

 M
aj

or
ity

St
oc

ha
st

ic 
Co

op
er

at
or

Pu
n1

AL
LC

or
AL

LD
Na

iv
e 

Pr
ob

er
Jo

ss
Ea

sy
Go

Fo
ol

 M
e 

Fo
re

ve
r

Ha
rd

 G
o 

By
 M

aj
or

ity
: 4

0
Pr

ob
er

 4
Ha

rd
 G

o 
By

 M
aj

or
ity

: 2
0

Pr
ob

er
 3

Ca
lcu

la
to

r
Ha

rd
 G

o 
By

 M
aj

or
ity

: 1
0

M
et

a 
Hu

nt
er

 A
gg

re
ss

iv
e

So
lu

tio
nB

5
M

et
a 

M
ix

er
W

in
ne

r2
1

St
oc

ha
st

ic 
W

SL
S

Fo
rtr

es
s4

Cy
cle

r C
CC

CC
D

Fo
rtr

es
s3

Cy
cle

r C
CC

DC
D

k7
1r

ZD
-S

ET
-2

TF
2

Cy
cle

r C
CC

D
Se

lfS
te

em
Co

op
er

at
or

 H
un

te
r

So
lu

tio
nB

1
Cy

cle
r C

CD
k6

3r
Al

te
rn

at
or

ZD
-E

xt
or

t-2
ZD

-E
xt

or
t-2

 v
2

Cy
cle

r D
C

M
et

a 
W

in
ne

r E
ns

em
bl

e
Th

ue
M

or
se

k5
0r

TF
1

M
et

a 
W

in
ne

r S
to

ch
as

tic
W

in
-S

hi
ft 

Lo
se

-S
ta

y
ZD

-E
xt

or
t3

k3
6r

Th
ue

M
or

se
In

ve
rs

e
Cy

cle
r D

DC
An

tiC
yc

le
r

Pr
ed

at
or

ZD
-E

xt
or

t-4
M

et
a 

W
in

ne
r L

on
g 

M
em

or
y

M
et

a 
W

in
ne

r M
em

or
y 

On
e

M
et

a 
W

in
ne

r D
et

er
m

in
ist

ic
M

et
a 

W
in

ne
r

M
et

a 
W

in
ne

r F
in

ite
 M

em
or

y
Co

lle
ct

iv
eS

tra
te

gy
Tr

ick
y 

Co
op

er
at

or
kr

an
do

m
c

Ag
gr

av
at

er
ZD

-M
isc

hi
ef

Be
tte

r a
nd

 B
et

te
r

ZD
-E

xt
or

tio
n

Gr
ad

ua
l K

ille
r

Bu
sh

 M
os

te
lle

r
De

sp
er

at
e

e M
et

a 
M

in
or

ity
Ho

pe
le

ss
Bu

lly
De

fe
ct

or
Ne

ga
tio

n
Tr

ick
y 

De
fe

ct
or

Ha
nd

sh
ak

e
An

ti 
Ti

t F
or

 T
at

EvolvedLookerUp2_2_2
Evolved HMM 5

Evolved FSM 16 Noise 05
Evolved FSM 16

PSO Gambler 2_2_2
Evolved ANN

Evolved ANN 5
Omega TFT

PSO Gambler Mem1
Evolved FSM 4

PSO Gambler 1_1_1
PSO Gambler 2_2_2 Noise 05

Gradual
Evolved ANN 5 Noise 05

DBS
Winner12

k85r
Spiteful Tit For Tat

k80r
k42r

DoubleCrosser
k58r
k87r
k60r
k65r

EugineNier
k59r
k56r
k40r

Forgetful Fool Me Once
Fool Me Once

k32r
k55r

AON2
BackStabber

MEM2
k49r

Revised Downing
Meta Hunter

NMWE Finite Memory
NMWE Stochastic

k38r
Nice Meta Winner Ensemble

k81r
ZD-GTFT-2

k41r
Soft Joss

NMWE Deterministic
k44r

Michaelos
NMWE Long Memory

EvolvedLookerUp1_1_1
NMWE Memory One

GTFT
Shubik

Stein and Rapoport
k84r

Level Punisher
TF3

k66r
Soft Grudger

General Soft Grudger
Nice Meta Winner

k34r
Adaptive Tit For Tat

k92r
k68r

Resurrection
Forgiving Tit For Tat

k86r
ZD-GEN-2

Meta Majority Long Memory
Firm But Fair

Eatherley
k46r

GrudgerAlternator
k72r

Meta Majority
Champion

Doubler
k61r

ShortMem
Davis
k47r
k43r
k64r
k91r
k35r

Dynamic Two Tits For Tat
Meta Majority Finite Memory

Once Bitten
k79r

Adaptive Pavlov 2011
k73r

Adaptive Pavlov 2006
Limited Retaliate 3

Forgiver
k53r

Grofman
Soft Go By Majority: 5

Tideman and Chieruzzi
VeryBad

k83r
Inverse Punisher

Slow Tit For Two Tats 2
Limited Retaliate 2

k37r
k70r

Stalker
Hard Tit For 2 Tats

Soft Go By Majority: 40
Soft Go By Majority: 10
Soft Go By Majority: 20
Math Constant Hunter

Retaliate 3
Limited Retaliate

k88r
Worse and Worse 3

Retaliate 2
Nice Average Copier

k31r
k57r
k75r

Grumpy
Forgetful Grudger

Punisher
Retaliate

k90r
N Tit(s) For M Tat(s)

Delayed AON1
Tricky Level Punisher

k39r
Thumper
Appeaser

Win-Stay Lose-Shift
Inverse

Two Tits For Tat
Hard Tit For Tat

Meta Majority Memory One
Eventual Cycle Hunter

k78r
k69r
k67r
k82r

Nydegger
Random Hunter

k48r
Cycle Hunter

Defector Hunter
Alternator Hunter

k76r
Tester

k51r
k33r

Average Copier
Prober 2

k45r
Cooperator

Knowledgeable Worse and Worse
Ripoff

Raider
k52r
k77r

Hard Prober
k62r

Sneaky Tit For Tat
DoubleResurrection

k89r
Willing

Suspicious Tit For Tat
Remorseful Prober

Feld
Risky QLearner

Arrogant QLearner
Cautious QLearner
Hesitant QLearner

Worse and Worse 2
ZD-Mem2

Tullock
Random Tit for Tat

k74r
Worse and Worse

Adaptive
k54r

Hard Go By Majority: 5
Opposite Grudger

Prober
Hard Go By Majority

Stochastic Cooperator
Pun1

ALLCorALLD
Naive Prober

Joss
EasyGo

Fool Me Forever
Hard Go By Majority: 40

Prober 4
Hard Go By Majority: 20

Prober 3
Calculator

Hard Go By Majority: 10
Meta Hunter Aggressive

SolutionB5
Meta Mixer

Winner21
Stochastic WSLS

Fortress4
Cycler CCCCCD

Fortress3
Cycler CCCDCD

k71r
ZD-SET-2

TF2
Cycler CCCD

SelfSteem
Cooperator Hunter

SolutionB1
Cycler CCD

k63r
Alternator

ZD-Extort-2
ZD-Extort-2 v2

Cycler DC
Meta Winner Ensemble

ThueMorse
k50r
TF1

Meta Winner Stochastic
Win-Shift Lose-Stay

ZD-Extort3
k36r

ThueMorseInverse
Cycler DDC
AntiCycler

Predator
ZD-Extort-4

Meta Winner Long Memory
Meta Winner Memory One
Meta Winner Deterministic

Meta Winner
Meta Winner Finite Memory

CollectiveStrategy
Tricky Cooperator

krandomc
Aggravater
ZD-Mischief

Better and Better
ZD-Extortion

Gradual Killer
Bush Mosteller

Desperate
e

Meta Minority
Hopeless

Bully
Defector
Negation

Tricky Defector
Handshake

Anti Tit For Tat 0.0

0.2

0.4

0.6

0.8

1.0



Lookerup

Player

C

C

D

D
...

D

C

C

C

C

Opponent

C

D

C

C
...

D

D

D

C

C

CD
CCCC
DCC

D or C



Gambler

Player

C

C

D

D
...

D

C

C

C

C

Opponent

C

D

C

C
...

D

D

D

C

C

CD
CCCC
DCC

(pc , pd)



Neural network

Player

C

C

D

D
...

D

C

C

C

C

Opponent

C

D

C

C
...

D

D

D

C

C

(6, 5, 9, . . . , 1)

...

D or C



Finite State Machine

Player

C

C

D

D
...

D

C

C

C

C

Opponent

C

D

C

C
...

D

D

D

C

C

States

2

1

2

4
...

3

1

2

2

1

(C, C, 1) D or C and s ∈ {1, 2, 3, 4} (next state)



import axelrod_dojo
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Selection Birth Selection Death



Image made by http://www.freepik.com from https://www.flaticon.com is licensed by CC BY 3.0
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Invasion (N = 14)

Player Min 5th % Mean Median 95th % Max Std

1 Evolved FSM 16 0.000 0.0054 0.2096 0.079 0.7241 0.842 0.2172
2 PSO Gambler 2 2 2 0.000 0.0113 0.2042 0.079 0.5940 0.842 0.2045
3 EvolvedLookerUp2 2 2 0.000 0.0270 0.2014 0.079 0.6608 0.840 0.2097
4 Evolved ANN 0.002 0.0164 0.2014 0.079 0.5939 0.842 0.2074
5 Evolved ANN 5 0.002 0.0505 0.2004 0.079 0.5940 0.834 0.2009
6 Evolved HMM 5 0.000 0.0321 0.1972 0.079 0.5940 0.842 0.2034
7 PSO Gambler 1 1 1 0.001 0.0455 0.1955 0.079 0.6150 0.841 0.1931
8 Fool Me Once 0.002 0.0058 0.1955 0.079 0.5940 0.842 0.2032
9 Evolved FSM 16 Noise 05 0.003 0.0607 0.1943 0.079 0.5930 0.842 0.2005
10 PSO Gambler Mem1 0.000 0.0517 0.1920 0.079 0.6118 0.841 0.1907
11 Evolved FSM 4 0.000 0.0000 0.1918 0.079 0.5930 0.842 0.2049
12 Meta Hunter 0.000 0.0049 0.1869 0.079 0.5883 0.840 0.1882
13 Evolved ANN 5 Noise 05 0.001 0.0303 0.1858 0.079 0.5930 0.840 0.1968
14 Omega TFT 0.003 0.0704 0.1849 0.079 0.5939 0.840 0.1927
15 Fortress4 0.000 0.0000 0.1848 0.066 0.5919 0.840 0.2211
16 TF3 0.002 0.0041 0.1846 0.079 0.6190 0.842 0.1890



Resistance (N = 14)

Player Min 5th % Mean Median 95th % Max Std

1 CS 0.921 0.9970 0.9984 1.000 1.0 1.0 0.0062
2 TF1 0.938 0.9950 0.9973 0.999 1.0 1.0 0.0069
3 TF2 0.925 0.9820 0.9949 0.996 1.0 1.0 0.0104
4 Predator 0.836 0.9912 0.9941 0.999 1.0 1.0 0.0212
5 Prober 4 0.895 0.9110 0.9863 0.996 1.0 1.0 0.0250
6 Handshake 0.514 0.9131 0.9812 0.999 1.0 1.0 0.0743
7 Winner21 0.921 0.9210 0.9778 0.996 1.0 1.0 0.0310
8 Hard Prober 0.916 0.9160 0.9731 0.995 1.0 1.0 0.0327
9 Fortress4 0.929 0.9290 0.9726 0.981 1.0 1.0 0.0287
10 Ripoff 0.919 0.9190 0.9669 0.978 1.0 1.0 0.0318
11 Tester 0.919 0.9190 0.9662 0.977 1.0 1.0 0.0320
12 Grudger 0.921 0.9210 0.9592 0.921 1.0 1.0 0.0390
13 TF3 0.921 0.9210 0.9589 0.921 1.0 1.0 0.0388
14 Davis 0.921 0.9210 0.9588 0.921 1.0 1.0 0.0387
15 Retaliate 3 0.921 0.9210 0.9580 0.921 1.0 1.0 0.0383
16 Retaliate 0.921 0.9210 0.9576 0.921 1.0 1.0 0.0382
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Julie Rymer - @Chadys - (10 May 2017):

And I really wanted to thank you all, I discovered your project because
of a course where we needed to participate in an open source project,
and I had the occasion to compare the welcome me and my coworkers
received here compared to other people from my class who worked on
different project. And I’ve got to said you are awesome on that part
and on the help your provide to newbies I like your project so I’ll try to
continue to contribute now and then !

▶ @NikoletaGlyn

▶ @opcampbell

▶ marcharper.codes

▶ github.com/Axelrod-Python/Axelrod

▶ gitter.im/Axelrod-Python/Axelrod

▶ arxiv.org/abs/1707.06920

@drvinceknight

▶ software.ac.uk

▶ rse.ac.uk

▶ carpentries.org

▶ joss.theoj.org

https://gitter.im/Axelrod-Python/Axelrod?at=591388592b926f8a6741435d
https://twitter.com/NikoletaGlyn
https://twitter.com/opcampbell
http://marcharper.codes/
https://github.com/Axelrod-Python/Axelrod
https://gitter.im/Axelrod-Python/Axelrod
https://arxiv.org/abs/1707.06920
https://twitter.com/drvinceknight
https://www.software.ac.uk/
http://rse.ac.uk/
https://carpentries.org/
http://joss.theoj.org/

