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Movement patterns in nature
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What about humans?
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Human mobility patterns

currency tracking
Brockmann D, et al., Nature 439, 462-465 (2006)
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Human mobility patterns

mobile phone tracking
Gonzalez MC, et al., Nature 453, 779-782 (2008)
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Lévy flights: a universal description for movement patterns of
animals and humans
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Problems

Results for animals are controversial
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Problems

|) Data are aggregated over many “different”
individuals. Are we measuring heterogeneity at
the individual or at the population level?

2) Three orders of magnitude represent a
“luxury”. Is the scaling compatible with a power
law?

3) Do modern humans move in the space for
search purposes?



Lowest unigue bid auctions

Win a 5 Bedroom
Detached House!

Dormer Bungalow

Time Left: 10h:34m:06s

RRP : : € 289000.00

Bid range: 0.01 to 200.00

Bid cost: : 30 Credits

End Date: : 2012-05-01 19:00:01
Auction rule : 15000 bids max.

Single Bic m From To I. Hrifl-nol

’ AUCTION DETAILS

Lamborghini Gallardo Spyder

s e

Auction No: 8%
Admin Fee (SAU): $24.00

Bid Increment (SAU): $0.01

Max Bid Amount
(SAU): $1500.00

Maximum No. of Bids: 21500
Bids Remaining: 21486
Retail Price (SAU):  $370000.00
Admin Fee Bid Amount
AUD 24.00 ]

PAY ADMIN FEE .,




Lowest unigue bid auctions

game rules

*------------ﬁ
1 2 3 M-2 M-1 M

» high-valued goods are put up for auction V = 10°$ — 10° $
- agents independently explore the bid space in search for the winning bid M = 10 $ — 10° $

. each bid costs ¢ = 10°$ — 10' $

not unique

1¢

3 bids

not unique

2¢
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unigue and
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4¢
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not lowest

g

5¢
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the winning bid is the lowest and unmatched bid



Date

22/12/07 14:44
22/12/07 14:52
22/12/07 18:49
23/12/07 08:22
23/12/07 08:23
23/12/07 11:08
23/12/07 21:48
23/12/07 21:49
23/12/07 21:49
23/12/07 21:49
23/12/07 21:50
23/12/07 21:50
23/12/07 21:50
23/12/07 21:50
23/12/07 21:51
23/12/07 21:51
23/12/07 21:51
23/12/07 21:52
23/12/07 21:52
23/12/07 21:52
23/12/07 21:53
23/12/07 21:53
23/12/07 22:02
23/12/07 22:02
23/12/07 22:03
23/12/07 22:03
23/12/07 22:03
23/12/07 22:03
23/12/07 22:04
23/12/07 22:04
23/12/07 22:04

Lowest unique bid auctions

data sources

Vaaps ) Bidding History for Auction #100 "Vespa

LX 50"
Member #

11134
13822
13718
13836
13836
11406
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986
6986

Bid Amount

$0.04
$0.09
$0.03
$0.03
$0.07
$0.55
$1.97
$1.95
$1.93
$1.91
$1.89
$1.87
$1.85
$1.00
$1.83
$1.81
$1.79
$1.77
$1.75
$1.73
$1.71
$1.69
$0.31
$0.33
$0.35
$0.37
$0.39
$0.41
$0.43
$0.45
$0.47



Patterns of bid space exploration
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Using the model to fit the data
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good ne_ss _of fit

Py (d) = Z(Qw)iﬁ(d—li—j\)

a U o o M D

1 23 16(1) L4(1) 490 0.00

1 81 1.2(1) 12(1) 2220 026
100 1715 1.6(2) 1.0(1) 150 0.15
100 81 1.5(2) 1.3(1) 480 0.01
104 3093 17(3) 1.0(1) 70 0.1
108 134 1.7(1) 1.3(1) 70  0.09
14 134 1.2(1) Li(1) 530 0.40
14 81 1.9(2) 1.3(1) 870 0.01
15 423 1.6(4) 1.2(1) 120 053
179 3663 1.8(1) 1.3(2) 70 0.35
19 1 1.3(1) 1.3(1) 3050 0.29
19 1313 1.2(1) Li(1) 1650 0.50
19 134 1.2(1) 1.0(1) 2320 0.19
19 1433 1.1(1) 0.9(1) 1840 0.99
10 1448 1.4(1) 1.1(1) 2480 0.08
19 1558 1.1(1) 1.2(1) 2290 0.93
19 1576 1.0(1) 0.9(1) 9580 0.34
19 1601 1.4(1) 1.2(1) 480 0.09
10 1632 1.4(1) Li(1) 2210 0.13
19 1640 1.3(1) 1.2(1) 3080 0.00

< -

Testing the validity of the model

DD (Qar)y;d(d—1i—j)
d 1,9

!

a U 0" o' M P

19 1642 1.3(1) 1.2(1) 3200 0.45
19 1644 1.4(1) 1.2(1) 3010 0.00
19 1645 1.4(1) 1.1(1) 1750 0.03
19 3 1.2(1) 1.3(1) 3310 0.91
19 363 1.2(1) 0.9(1) 890 0.20
19 434 1.1(1) 1.1(1) 1750 0.77
19 438 1.5(1) 0.9(1) 2120 0.43
20 617 1.6(2) 1.3(1) 200 0.09
22 134 1.2(1) 1.3(1) 1000 0.96
44 433 1.1(1) 1.6(1) 3340 0.08
46 2003 1.3(3) 1.4(1) 110 0.03
5 128 1.6(1) 1.4(1) 1830 0.01
62 2392 1.3(3) 1.3(1) 130  0.52
71 324 1.6(2) 14(1) 860  0.00
73 1640 1.5(2) 1.4(1) 1920 0.27
73 1715 1.5(1) 1.2(1) 140 0.68
79 134 1.6(2) 1.3(1) 120 0.21
91 1715 1.5(2) 1.3(1) 70 0.67
97 1715 1.6(2) 1.2(1) 80 0.19




Patterns of bid space exploration
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Patterns of bid space exploration
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Modeling lowest unique bid auctions

single auction

| = = e ]

0 1 2 3 M-2 M-1 M
M

py () =i /mly)  m=xa

prob. that the agent bids on value i = Number of es -

-4i T' = Number of bids per agent
M = Max bid value |
M :' ~v = LF exponent of the population
[p (k)] n I 0 = LF exponent of the agent  }

P — N 0
({n}) T . § ¢ = Fee value
Y ny | ,

k=1 '

V' = Value of the good

prob. to observe a configuration

{n}: (nl,ng,...,nk,...,nM)



Modeling lowest unique bid auctions

single auction

U~ (Z):P,Y (TLZ:1) — pry (’L) [1_p7 (i)]N_l

prob. that a bid on value i is unique

Focus on the agent with strategy (3

I3,y (v) =pg (v) [1—p, (U)]N H 1 —uy (k)]

k<v
prob. that the agent places a unique and lowest bid on value v

M '
)
:

way =Y gy () 11 (Vsy =D vigy(v)
v=1

v=1

prob. that the agent wins the auction (" ﬁ average value of her winning bid



Modeling lowest unique bid auctions

multiple auctions

t G = Total number of auctions

g = Total number of wins

Pacy(9) = () (wan)? (1= w3)7

prob. that the agent wins g auctions

173 (L]g) = Z L3~ (v1) L3~ (v2) - L3~ (Ug)
v1+v2+...+vg=1

prob. that the sum of her winning bids is | in g wins

re~ (9) = (gV —1I) /G

economic return of the agent



Modeling lowest unique bid auctions

multiple auctions

R~ (I ZP57 ) Rg~ (L]g)

prob. that the sum of her winning bids is |

Inthe limit G > 1

(g) = Gwg I'=(g9)(v)gy = Gwgy (V)s,5
average number of wins sum of the winning bids
Tﬁa’y — wﬁﬁ (V o <U>ﬁ,’y) Tﬁ,'y > C positive return

economic return of the agent rg~ < C negative retum *



Modelmg lowest unique bid auctions

multlple bIdS

“[L= (i - j)]
m; () ’

transition matrix i

)= i | il
) (i) =i /m(a) | _: (Qa);; =
first bid

<t) Z Qa gz ézt 1>()

B next bIdS o ; _____probability to visit a given site

S((XT) (2) =1— H [1 — q (Z)}

ug,g ( ) _ N 3<T> ( ,. B S<T> )} N1 [ ng> ( )}

oo prob. that the agent makes on valwi e bid

3 k <v
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Model predictions
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single bid, T =1 multiple bids, T =10
parameters of real auctions
| Data set | Tot. Auctions | Tot. Agents | Tot. Bids | (M) | (c) | (N) | (B)
! UBH 189 3 740 55041 362 | 437 | 50 6
LB 55 445 3 740 1284 | 478 | 13 6
BM 336 127275 | 504 | 174 | 40 | 14
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Evolutionary model for the auctions

A Moran-like model

At generation e=0, agents take their strategies form an arbitrary pdf g(o) (Oz)
1) they play the game.
2) a losing agent copies the strategy of the winner plus some random noise.

3) e ->e + 1/N. Go back to point 1.

~ no mutatons =} § . random mutations
5.0 ; | ; | ; | ; | - i - ' I ' I ; | - -

w'® () = prob. that the winning strategy is a



Evolutionary model for the auctions

A Moran-like model

no mutations ? random mutations
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Agents bid rationally, but ...
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Do humans search as animals?

years ago



We are running some experiments...

http://cgi.soic.indiana.edu/~i60 | levy/index.php



http://cgi.soic.indiana.edu/~i601levy/index.php

Preliminary results

Hard games (n=33)

log(Frequency)
w (o))

Iy
o

log(Distance between clicks (pixels))

Figure 9 - Distance between clicks for hard games
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L.A.N. Amaral, Northwestern University A. Baronchelli, City University London
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