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Abstract: In the realm of iterated prisoners’ dilemma equipped with evolutional generation of strategies, a
model has been proposed by Lindgren that allows elongation of genes by means of doubling and fission of
one-dimensional genetic arrays multiplied by point mutation of genes. We conducted numerical simulations
of this type of models under various conditions, and found that approximately 60 percent of long-lived strate-
gies share the same structure represented by [1001 0x0% 0«0« 0001]. Such strategies are characterized by the
following three features: (1) to cooperate as long as the opponent cooperates (2) to revenge immediately if
defected (3) to offer cooperation after continuous defections. In other words, we have discovered the type of
gene structure of long-lived strategies in more strict manner compared to the original structure suggested by
Lindgren. Such strategies are stronger than a simple TF'T, and robust strategies that survive under many
matches with various kinds of strategies. We consider when and how such strategies are generated in the
history of simulation.
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Table 1 Payoff table of prisoner’s dilemma.
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Table 2 Effect of noise on the actions of a TFT pair and a

Pavlov pair.
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Fig. 1 A strategy and the history of actions (m=2).
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Fig. 2 Three types of mutations used in our model (point mu-

tation, doubling, fission).
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Fig. 3 Triplet pattern (1001-0001-01) repeats in the long run.
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Fig. 4 Collapse of the triplet pattern by the emergence of ALL-
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Fig. 5 Collapse of the triplet pattern by intricately evolved
strategy.
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Fig. 6 The rate of strategies not containing the important four
elements (TFT, Pavlov, R-TFT, ALL-D).

D7, K4 TlE, 00 EEEASZELHYIZ 2 5 10000 AL 20
5 01 #ME25H 5 EAS% 70000 HAL F T 00 #ilg O 32 BL A
WTW5h, 2O L9, 0001 EEEDfE D D 12 00 Mg AE
NHE, 3¢ AHITHELLEV. H51%, L0EHMIC
HEAL L 72 AT B 5 2 212X, 33 ADBERIH
BELAFGAO12THD, i, BECHEMISELLZZS

12X D, 01 BI%<° 1001 g, 0001 HlE (25 E T & %
RS L 727207282615,

4.3 RHIMEFT 2HIBICE N 248

ERGEETFOY b, WENHEGOEVWDDIZIEEHT S
&, 5 I2RA X912, 00011001 % 1001000100011001 &
W7z, 1001 & 0001 2 EFEE L TR OD AOHE A
LTH D, 1001 #hE - 0001 lE 2 {57 1S FE O ikig %, )
HERBEICBWTEMNICHEEERSL Z LS TE 5D TIE 2V
heEzHNA, 22T, RIIMICH LIRS Ei2S, L0
&9 RBEHRESEA TV A DOWIEE T - 7.

50 MDY I 2 L= a3y CHITL - NG 7,927 1 (E
) omrs, HWEE 4 DL O % 0 SICHEE % 1T
J. KHET RS 4 OBEMEFHERTXID, £0EEHER
250000 225 1111 O EDWFTNTH 5 5% AF I
WAL 72 B, 3T ADERIZH - 72 TFT, Pavlov,
R-TFT ICEHRT 5. 2ofRE+H 6, M7, X8 IIRT.
F ORI AAT L e E R L, fiEs (5
W OYEEBIA T % & A T 2 EREEEL /1A I O A TR s 50
THRT.

#“HS 5 A% (TFT, Pavlov, R-TFT, ALL-D) %
ETICE LRV AAFHIRBOE &2 6 I2RT. &
MLz E, &Mzl T2%mEIcE EE LT EANE
HTEL,

LT 15 Pavloy # BEE L L TEH T EMK O 4G IZ 5
WAEEEEM T OEIRT. EEABHEEET RV L
B LT, S 2Tk E 2 IR TREEEHIKIC Pavlov 258

35



BIRNIBR ARG FEEEFEESA Vol.e No. 31-37 (Mar. 2013)

Rate of Strategy[%o]

0

0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Survival time

7 EETEE Pavlov () & R-TFT (F) Z#FEE L TEOMBOEEIEI L0 586

Fig. 7 The rate of strategies containing Pavlov (left) and R-TFT (right) as a function
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Table 6 Examples surviving strategies.

e LA S
0101 89364
1001 0001 0001 0001 88546
0001 0001 88504
1101 0001 0001 0001 88096
1001 0001 0001 0001 88055
1001 0001 0001 0001 1001 0001 0001 0001 88016
1001 0001 0000 0001 87539

12, BRVERREASR &4 BN Kb AR HERRTE 5. TFT
2 WTHARZZL )T, 3DODEHFLREIKETH S 5% 3
AaAfl 2 728 T 5. Pavlov & TFT £ 1) / 4 X258
WE s, /A XDPHAET HEETO Pavlov £ LD
W OW 6, TFT L) b EWARE2ELZ N TES.
7272 L, Pavlov 1358 D ATE) FARDO MG 2L X D THy
WEW)EH Ao TWwA YD, R-TFT O X 9 7%, 34
DT VG IZIZES>Z e TE v, L2 L, RTFT
X, TFT 2253 SWHERE LNV, 2O Ehb,
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TFT>Pavlov>R-TFT>TFT> --- &£\ 9 3 3 { ADFFR
HEDPREER SN T VD Z LD 5. B3 OFRIE, 203
FTLADERDO 726 LIHEREWR 5,
BT 2 8BED 59%2%, [1001 sk sk 0001]
DFLTHE LR LR TE/Z. £72, M6 25
B 7 X0, REIMICEST 5EIEOEETI2E, Pavloy R
R-TFT "% W2 L A CE L. 2T Lhn, BHIMIC
HAE S 2 s O EIETECAIE, [1001 0%0% 0x0% 0001] TH
HEEzHNA. iU, Lindgren 5% 5 L 72 [1001 O
Ok %001] IZHFFET HHERTH S [6]. [1001 0x0% 0x0x
0001] ZFFOMIEDFEMEE LT, RD 3 OXHIFHN 5.
1 B0 51335 20,
2. EYLNH T CICHIET 5.
3. HEE Y ¥ < L AG D SHIATEIZATD .

1L, 2087 7 e va y FOERRLFE UFEETH 5 [4].
F 72, 3 OFF#UE Pavlov LA L TH S, LA L, [1001
0%0% 0x0% 0001] % EIEF-ECHIZFFOHMEIL, 26 50 51
77 % 3 B2 Pavlov ICHARTEW., 20729, Pavlov
L0 HEYYEIEICHEERS W, 72, 2 ORI
[1001 Osxk O %001) TIIFER T E RV TH L. I
5 OFFEA S, [1001 0%0% 0%0% 0001] % HixT-ELHIZFFD
W1, /A A S OBERIEICB T 28R LINAD Y L
VRICBWTEREIEIC R >/ &2 5N 5.

5. b

BB X AN D% & £ 240§ 2B 2 BRI 12 B W
T, WIERED LI L T L Dh%, IPD = v/
Yialb—=YarEfAwTnatieitol. TOME, 77
tnay FOERICBWTEFZE#EEEZ L TFT, /4
ZIZ5R\ Pavloy, HAEMMOTR TFT TH 5 R-TFT O
3 OO OEIE TR VE E 2 R/, $/, XD
KM AL L 7o BIA G 12 BV T h, s Ok
BIETIERE LT TWA I EAMERTE, 72, 20
FLAEIE, [1001 00% 0x0% 0001] TH o7z, L DFEHR
25, BINRBREICBWCHHZEMIE, TFT, Pavlov,
R-TFT CTHER S 4172, [1001 0%0% 0x0% 0001] D& fz 11
EEFOW TRV NEEZOND,

KECORFBRITEEN 2RI Lo TRONZZ DS
Wz, EEMNAREZELZODICRESIIEZENDY I 2
L= a2 BERLLENRSHLEEZLND
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