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Devwudfw

Wklv sdshu h{soruhv krz uljlg qrupv 0 wkdw lqyroyh djhqw ehkdylru qrw uh0
vsrqglqj wr wkh hqylurqphqw 0 fdq shuvlvw lq uhvsrqvh wr shupdqhqw fkdqjhv
lq wkh djjuhjdwh hqylurqphqw1 Djhqwv ghsor|lqj d ðh{leoh uxoh duh vkrzq wr
eh fuxfldo lq wkh v|vwhp wudqvlwlqj ehwzhhq uljlg qrupv lq uhvsrqvh wr vxfk
fkdqjhv1 D uljlg qrup lv irxqg wr eh pruh suhydohqw zkhq djjuhjdwh fkdqjhv
duh ohvv iuhtxhqw/ odujhu/ dqg pruh deuxsw1

úWklv sdshu kdv ehhq glvwlqfwo| lpsuryhg e| wkh h{wuhpho| frqvwuxfwlyh frpphqwv ri Vfrww Sdjh
dqg wkh sduwlflsdqwv ri wkh 4<<: Zrunvkrs rq Vrfldo Ohduqlqj dqg Lqvwlwxwlrqv +Dolfdqwh/ Vsdlq,
lqfoxglqj/ lq sduwlfxodu/ Glols Prrnkhumhh dqg Ihuqdqgr Yhjd0Uhgrqgr1 L dovr judwhixoo| dfnqrzo0
hgjh wkh yhu| deoh uhvhdufk dvvlvwdqfh ri Mdvrq Gxoqhy dqg Urq Wdxu dqg wkh ñqdqfldo vxssruw
ri wkh Qdwlrqdo Vflhqfh Irxqgdwlrq xqghu judqw VHV0<:3;<43 0 _Uljlglw| dqg Ioh{lelolw| lq Vrfldo
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7Qrwh wkdw wkhuh lv suhvxphg wr eh qr frvw wr ehlqj ðh{leoh1 Wkhuh frxog eh dq h{ dqwh frvw wr
ehlqj ðh{leoh +iru h{dpsoh/ ehfrplqj idploldu zlwk erwk dfwlrqv, dqg2ru dq h{ srvw frvw lqfxuuhg
zkhqhyhu rqh vzlwfkhv dfwlrqv1 Rqh zd| lq zklfk wr prgho dq h{ dqwh frvw lv dv iroorzv1 Li d
uljlg djhqw dqg ðh{leoh djhqw erwk fkrrvh wkh vdph dfwlrq dqg kdyh wkh vdph surñflhqf| wkhq wkh
uljlg djhqw lv surprwhg zlwk suredelolw| t 5 ý45 > 4ü = Lq wkdw wkh fxuuhqw prgho dvvxphv t @ 4

5 > wklv
vshflñfdwlrq zrxog vhhp wr hqkdqfh wkh vxuylydelolw| ri djhqwv zkr ghsor| d uljlg uxoh1 Lq d vhqvh/
wkh prgho kdv dq lpsolflw h{ srvw frvw wr ehlqj ðh{leoh lq wkdw dq djhqw lv ohvv surñflhqw zlwk vrph
dfwlrqv1
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@ttý4i |ü@| ?iê @}i?|t ü@ñi ?@|ýh@* Thi_ðtTLtð|ðL?t |L Mið?} ãi ðM*i Lh hð}ð_ @?_
|üðt Thi_ðtTLtð|ðL? Mhi@!t |üi ð?_i|ih4ð?@U)ë ú ThLTLh|ðL? ç 5 dfc �o Lu ?iê @}i?|t
@hi Thi_ðtTLti_ |L Mið?} hð}ð_ êüðUü 4i@?t |ü@| |üi) @_LT| @ hð}ð_ hý*i ð? |ü@| U@tië
ú ThLTLh|ðL? � ý ç @hi Thi_ðtTLti_ |L Mi ãi ðM*i êüðUü 4i@?t |ü@| |üi) @_LT| @
ãi ðM*i hý*i ð? |ü@| U@tië ú ?iê @}i?| |üi? @_LT|t |üi hý*i |ü@| üi ðt Thi_ðtTLti_ |L
ý?*itt |üi Miü@ñðLh Lu L?i<t 4i?|Lh ðt iñð_i?Ui |L |üi UL?|h@h)ë ï?i ULý*_ ð4@}ð?i
ç Mið?} _i|ih4ð?i_ M) êü@| |)Tit Lu ?Lh4t @hi Thiñ@ð*ð?} Lý|tð_i Lu |üðt T@h|ðUý*@h
tLUð@* t)t|i4ë ï?Ui @ ?iê @}i?| @_LT|t @ hý*ic ð| Tihtðt|t êð|ü üð4 |ühLý}üLý| üðt
|ð4i ð? |üi t)t|i4ë

W? |üðt tiU|ðL?c êi ü@ñi ThLñð_i_ @ ?@hh@|ðñi _itUhðT|ðL? Lu |üi _)?@4ðU@* t)t|i4
êüð*i |üi úTTi?_ð ThLñð_it @ uLh4@* _i�?ð|ðL?ë #ýi |L ð|t UL4T*i ð|)c ?ý4ihðU@*
@?@*)tðt ðt ýti_ë Aüi 4L_i* ð? O@hhð?}|L? E�bbb@ä ðt @ tTiUð@* U@ti Lu |üðt 4L_i*
êüi? A ' n4 tL |ü@| |üi @}}hi}@|i i?ñðhL?4i?| _Lit ?L| Uü@?}ië

ô ûLh4t ð? @ 6ð i_ ú}}hi}@|i ,?ñðhL?4i?|

èhðLh |L i @4ð?ð?} |üi }i?ih@* 4L_i*c hitý*|t uLh |üi tTiUð@* U@ti Lu @ � i_ @}}hi}@|i
i?ñðhL?4i?| @hi hiñðiêi_ë 5TiUð�U@**)c ð| ðt @ttý4i_ |ü@| A ' n4 @?_ K} ' K : �

2
uLh

@** }é úu|ih hiñðiêð?} êü@| ü@TTi?t êð|üð? |üi üðih@hUü) _ýhð?} @ tð?}*i }i?ih@|ðL?
EO@hhð?}|L?c �bbHäc tLUð@* *i@h?ð?} ðt ð?|hL_ýUi_ @?_ |üi _iñi*LT4i?| Lu ?Lh4t @UhLtt
}i?ih@|ðL?t ðt i @4ð?i_ EO@hhð?}|L?c �bbb@äë

ôë� 5i*iU|ðL? Lu +ð}ð_ ú}i?|t

Aüi TýhTLti Lu |üðt tiU|ðL? ðt |L Mhðiã) hiñðiê tL4i ThLTih|ðit Lu |üi ti*iU|ðL? ThLUitt
|ü@| LTih@|it êð|üð? |üi &í*iñi* t)t|i4 @?_ êüðUü ê@t i @4ð?i_ ð? O@hhð?}|L? E�bbHäë
AL Mi}ð?c |üi ThLTLh|ðL? Lu @}i?|t êüL @hi 4@ ð4@**) ThL�Uði?| ð? @U|ðL? f EêüðUü
ið|üih 4i@?t |ü@| |üi) @hi hð}ð_ ð? @U|ðL? f Lh |üi) @hi ãi ðM*i @?_ ü@ñi @*ê@)t
u@Ui_ i?ñðhL?4i?| fä t|i@_ð*) @?_ h@|üih h@Tð_*) }Lit |L 3ihL @u|ih *iñi* 2ë 5ð?Ui
i?ñðhL?4i?| f LUUýht hi*@|ðñi*) ð?uhi^ýi?|*)c týUü @}i?|t @hi ð**ítýð|i_ uLh |üðt 4i|@í
i?ñðhL?4i?|ë ú** Lu |üi 4i@?ð?}uý* _)?@4ðUt |üi? |@!i T*@Ui êð|ü hitTiU| |L 8�t
Eãi ðM*i @}i?|t êüL @hi 4@ ð4@**) ThL�Uði?| ð? @U|ðL? � MiU@ýti |üi) ü@ñi @*ê@)t
u@Ui_ i?ñðhL?4i?| �äc 8ùt Eãi ðM*i @}i?|t êüL @hi ?L| 4@ ð4@**) ThL�Uði?| ð? ið|üih
@U|ðL? MiU@ýti |üi) ü@ñi u@Ui_ ML|ü i?ñðhL?4i?|täc @?_ -�t E@}i?|t êüL @hi hð}ð_
ð? @U|ðL? �äë ú| *Lê *iñi*tc êð|ü @}i?|t ü@ñð?} L?*) u@Ui_ @ uiê i?ñðhL?4i?|tc |üihi
êð** Mi @ hi@tL?@M*i ?ý4Mih Lu ãi ðM*i @}i?|t êüL ü@ñi L?*) u@Ui_ i?ñðhL?4i?| �ë

H



ûi | ?L|i |ü@| êüi? @? 8� @?_ @? -� 4ii| |L UL4Ti|i uLh @_ñ@?Ui4i?|c @? 8�
@_ñ@?Uit êð|ü ThLM@Mð*ð|) K

2
n E�ý Kä : �

2
MiU@ýtic êüi? |üi i?ñðhL?4i?| ðt �c üi ðt

i^ý@**) ThL�Uði?| ð? @U|ðL? � |L @? -� @?_c êüi? |üi i?ñðhL?4i?| ðt fc üi @_@T|t
@?_ UüLLtit @U|ðL? fë Aüðt _ðgihi?|ð@* @_ñ@?|@}i ThLñð_it @ uLhUi M) êüðUü |üi
ThLTLh|ðL? Lu ãi ðM*i @}i?|t U@? hðtië OLêiñihc @t ãi ðM*i @}i?|t hðti |ühLý}ü |üi
üðih@hUü) @?_ u@Ui 4Lhi i?ñðhL?4i?|tc @? ð?Uhi@tð?} ThLTLh|ðL? Lu |üi4 êð** ü@ñi
u@Ui_ i?ñðhL?4i?| f @?_ |üýt Mi *itt ThL�Uði?| ð? |üi Mi||ih @U|ðL? |ü@? -�të Aüðt
*@U! Lu ThL�Uði?U) Tý|t |üi4 @| @ _ðt@_ñ@?|@}i UL4T@hi_ |L |üLti týhñðñð?} @}i?|t
êüL @hi hð}ð_ ð? @U|ðL? �ë AüLý}ü -�t 4@) ð?ð|ð@**) Mi _hðñi? _Lê?c |üiðh _ðgihi?|ð@*
ThL�Uði?U) ð? @U|ðL? � MiUL4it ð?Uhi@tð?} tU@hUi @4L?} ãi ðM*i @}i?|t tL |ü@| hð}ð_
@}i?|t iñi?|ý@**) UL4i |L _L4ð?@|iëD

Ntð?} @ Tü@ti _ð@}h@4 @?@*)tðtc tiñih@* TLttðM*i T@|üt uLh @ TLTý*@|ðL? @hi _ihðñi_ë
6ðht|c |üi ThLTLh|ðL? Lu ãi ðM*i @}i?|t t|i@_ð*) hðtit @t @ ULüLh| 4Lñit uhL4 |üi
ML||L4 |L |üi |LT Lu |üi üðih@hUü)ë Aüðt hi^ýðhit |ü@| & Mi týæUði?|*) t4@**ë 5iUL?_c
|üi ThLTLh|ðL? Lu ãi ðM*i @}i?|t hðtit @t L?i }Lit uhL4 *Lê |L 4L_ih@|i *iñi*t Mý| u@**t
@t L?i }Lit uhL4 4L_ih@|i |L üð}ü *iñi*të Aüðt U@? LUUýh êüi? & ðt týæUði?|*) *@h}ië
Aüðh_c |üi ThLTLh|ðL? Lu hð}ð_ @}i?|t EêüL ýti |üi @U|ðL? 4Lt| @TThLThð@|i uLh êü@|
ðt |üi 4Lt| UL44L? i?ñðhL?4i?|ä t|i@_ð*) hðtit @t L?i 4Lñit ýT |üi üðih@hUü)ë Aüðt
ðt ?L| tL 4ýUü _iTi?_i?| L? & Mý| h@|üih L? |üi ð?ð|ð@* TLTý*@|ðL? 4ð ë `üð*i |üihi
@hi L|üih TLttðM*i T@|ütc tð4ý*@|ðL?t tüLê |ü@| |üiti @hic M) u@hc |üi 4Lt| UL44L?ëS

W?|ihThi|ð?} |üðt 4L_i* ð? |üi TL*ð|ðU@* UL?|i |c *i| |üi i?ñðhL?4i?| Mi |üi TL*ðU)
Thiuihi?Uit Lu ñL|ihtc @}i?|t Mi TL*ð|ðUð@?tc @?_ |üi @U|ðL? UüLti? Mi @ TL*ð|ðUð@?<t TLí
tð|ðL? L? |üi ðttýitë Aüi üðih@hUü) hiãiU|t |üi ThLTih|) |ü@| TL*ð|ðU@* @tTðh@?|t 4ð}ü|
t|@h| M) hý??ð?} uLh *Lê *iñi* LæUi @?_ ðu |üi) týUUii_ M) êð??ð?} LæUi |üi? |üi)
MiUL4i i*ð}ðM*i |L hý? uLh |üi ?i | üð}üih *iñi* LæUië ú hð}ð_ @}i?| U@? Mi |üLý}ü|

8Lw lv vkrzq lq Kduulqjwrq +4<<;,= Li u4>j4 A 3 dqg ej A 4
5 wkhq olpn$4 u

n>j
4 @ 4= Wkh ghñqlwlrqv

ri wkhvh yduldeohv duh lq wkh Dsshqgl{1
9Dv qrwhg e| Vfrww Sdjh/ wklv g|qdplf kdv wkh shfxoldu surshuw| wkdw surprwlrq pd| eh qhjdwlyho|

fruuhodwhg zlwk fxpxodwlyh sdvw shuirupdqfh> wkdw lv/ djhqwv zkrvh fxpxodwlyh shuirupdqfh lv orzhu
pd| eh surprwhg dw d kljkhu udwh1 Wkh dujxphqw lv dv iroorzv1 Surprwlrq lv edvhg rq fxuuhqw
shuirupdqfh1 Fxuuhqw shuirupdqfh lv hqkdqfhg wkurxjk juhdwhu surñflhqf| zlwk dfwlrq 4 +zkdw
lv prvw iuhtxhqwo| wkh ehvw dfwlrq,1 Surñflhqf| zlwk dfwlrq 4 lv hqkdqfhg wkurxjk kdylqj fkrvhq
lw pruh riwhq lq wkh sdvw1 Wklv lpsolhv wkdw fxuuhqw shuirupdqfh lv pd{lpl}hg e| kdylqj dozd|v
fkrvhq dfwlrq 4 lq wkh sdvw1 Iru wkh vdph klvwru| ri hqylurqphqwv +dqg zkhuh erwk hqylurqphqwv duh
uhdol}hg,/ fxpxodwlyh sdvw shuirupdqfh iru dq djhqw zkr dozd|v fkrvh dfwlrq 4 lv orzhu wkdq wkdw ri
dq djhqw zkrvh dfwlrq dozd|v pdwfkhg wkh hqylurqphqw ehfdxvh wkh lqfuhphqwdo ydoxh iurp fkrrvlqj
wkh ehvw dfwlrq lv dvvxphg wr eh lqñqlwho| odujhu wkdq ehlqj pruh surñflhqw zlwk dq dfwlrq1 Zh
wkhq ñqg wkdw djhqwv zlwk d klvwru| ri kdylqj dozd|v fkrvhq dfwlrq 4 zloo +hyhqwxdoo|, eh surprwhg
dw d kljkhu udwh wkdq djhqwv zlwk d klvwru| ri kdylqj pdwfkhg wkh hqylurqphqw hyhq wkrxjk wkh
odwwhu kdv kljkhu sdvw shuirupdqfh1 Wklv surshuw| lv sduwldoo| gxh wr dvvxplqj wkdw surprwlrq lv
edvhg rqo| rq fxuuhqw shuirupdqfh exw dovr sduwo| dq duwlidfw ri wkh vlpsoli|lqj dvvxpswlrq wkdw
fkrrvlqj d ehwwhu dfwlrq lv lqñqlwho| ehwwhu wkdq ehlqj pruh surñflhqw zlwk dq dfwlrq1 Li zh pdgh
wklv hòhfw ñqlwh wkhq hyhqwxdoo| wkh sdvw shuirupdqfh ri uljlg djhqwv zrxog ryhuwdnh djhqwv zkr
ghsor| d ðh{leoh uxoh dv uljlg djhqwv frph wr uhds wkh ehqhñwv ri lqyhvwlqj lq surñflhqf|1
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Figure 1
 Average Proportion of Agents Using a Flexible Rule (k=5)
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Figure 2
 Average Proportion of Agents Using a Flexible Rule (k=10)
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Figure 3
 Average Proportion of Agents Using a Flexible Rule (k=15)
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Figure 4a
Average Proportion of Agents Over a Cycle

b=.65, k=10, w=.7, T=15, z=0

Figure 4b
Average Efficiency Over a Cycle

b=.65, k=10, w=.7, T=15, z=0
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Figure 5
Range of Proportion of Agents Using a Flexible Rule (k=5)

w=.0, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

w=.2, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

w=.4, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

w=.6, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

w=.8, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

w=1, k=5, r1=r0=0.25

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T

0

.25

.5

.75

1

0
0.2

0.4
0.6

0.8
1

b

5

10
15

20
T



Figure 6
Range of Proportion of Agents Using a Flexible Rule (k=10)
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Figure 7
Range of Proportion of Agents Using a Flexible Rule (k=15)
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Figure 8
Average Proportion of Agents Using a Flexible Rule (T=10, k=10)
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Figure 9 - Average Proportion of Agents over a Cycle
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Figure 10
Average Efficiency (k=10, z=0)



Figure 11
Average Efficiency Over a Cycle (k=10, T=10, z=0)

b=.6,k=10,w=.3,T=10,z=0

0.968

0.97

0.972

0.974

0.976

0.978

0.98

1 3 5 7 9 11 13 15 17 19

b=.7,k=10,w=.3,T=10,z=0

0.925
0.93

0.935
0.94

0.945
0.95

0.955
0.96

0.965

1 3 5 7 9 11 13 15 17 19

b=.8,k=10,w=.3,T=10,z=0

0.89
0.9

0.91
0.92
0.93
0.94
0.95
0.96
0.97

1 3 5 7 9 11 13 15 17 19

b=.6,k=10,w=.6,T=10,z=0

0.91

0.915

0.92

0.925

0.93

0.935

0.94

0.945

1 3 5 7 9 11 13 15 17 19

b=.7,k=10,w=.6,T=10,z=0

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 17 19

b=.8,k=10,w=.6,T=10,z=0

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 17 19

b=.6,k=10,w=.9,T=10,z=0

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 17 19

b=.7,k=10,w=.9,T=10,z=0

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

1 3 5 7 9 11 13 15 17 19

b=.8,k=10,w=.9,T=10,z=0

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1 3 5 7 9 11 13 15 17 19


