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Biological systems
- typical diversifying system -




Life-time distribution
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species-lifetime distribution
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*Estimated from “The Fossil Record Vol. 2”

T. Shimada, S. Yukawa and N. Ito, Intern. J. Mod. Phys. C vol.14, No. 9 (2003).
Y. Murase, T. Shimada and N. Ito, New J. Phys. vol.12 (2010) 063021



dynamical graph model

An Ising model of ecoevolution
Species takes two states: extinct or alive. (Ising like)

Interspecies interaction aj.
If 2aijj = O, species / can survive. (2aj = fithess of /'th species: fi)

aij takes a random number drawn from a Gaussian distribution
with probability ¢. (With 1-c, aijj is zero.)

loop over generation £ {
add a new species (invasion)
loop until no fi is negative {

remove the species whose
fitness is the minimum

* avalanches of extinctions may happen
Yohsuke Murase, Takashi Shimada and Nobuyasu Ito, New J. Phys 12 (2010) 063021



hypothesis 2

assumption ; random walk in N space + “Red-Queen” hypothesis

Number of species

120 . .
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Vr(bt)" Y% exp (—2Vbt)  (t > 1)

modified Red-Queen hypothesis




other empirical data

the distribution of product life-cycle in convenience stores
T. Mizuno and M. Takayasu, Progr. Theor. Phys. Suppl., 179, 71 (2009)

(am/pm Japan Co. Lid. 2004 ~ 2007)
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New J. Phys. 12 (2010) 063021 [1

2

Y. Murase, T. Shimada, N. Ito and P. A. Rikvold,.l D_
Phys. Rev. E vol.81 (2010) 041908
Y. Murase, T. Shimada and N. Ito,
Artificial Life and Robotics, vol.13 (2009) 460
T. Shimada, Y. Murase, S. Yukawa, N. Ito and
K. Aihara, Artificial Life and Robotics, 11
(2007) p.153 3
T. Shimada, S. Yukawa and N. Ito, 1 D
Intern. J. Mod. Phys. C14 (2003) p.1267
T. Shimada, S. Yukawa and N. Ito,
Artificial Life and Robotics, vol.6 (2002) p.78
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Time scales in social Networks
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K. Kaski, private communication.



Event Time Scales:
calls & text messages in a Social Group

Thu Jan 18 20:38:07 2007

K. Kaski, private communication.




social modelling: graph(network) dynamics and dynamics on graph
an example - mobile phone communication
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Vasyl Palchykov, Kimmo Kaski, Janos Kertesz, Albert-Laszlo Baraba, Robin [.M.Dunbar,
“Sex differences in intimate relationships”, Scientific Report vol.2 (2012) p.370.
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Big success
of dynamical treatment of cars,

or other sociological phenomena

using agent type models

0.25 | Vimax=2
1-, 2-,..., ﬁ-cluster appmr.im. S
simulation <
02}
=b, parallel update
(1) Acceleration
0.15 }
than v ,,, the spec 3 .
(2) Slowing dou <= . nberg,
to the next car a ' 1 neider,
speed is reduced t« d N. Ito,
(3) Randomizat 0.05 {1 :51(1995)
a vehicle (if gre 2939
— —_ 0 L i i .
(v=v—1). 0 0.2 0.4 0.6 0.8 1

(4) Car motion. density ¢



Car traffic simulation of Kobe

Using “Simulation of Urban Mobility”
(SUmoO)

D. Krajzewics, J. Erdmann, M. Behrisch and
L. Bieker, Intern. J. Advances in Systems
and Measurements vol.5 (20012) 128-138.

Trip set is generated by
ACTIVITYGEN, a SUMO application,
from mobile phone distribution from
NTT Docomo.

Totally 10000 cars
0 — 2hour: from homes to offices
S5hour — from offices to homes

Y. Asano, N. Ito, H. Inaoka, Y. Murase, T. Imai,
and T. Uchitane, "Traffic Simulation of Kobe-
city", to appear in proceeding of “Social
Modeling and Simulation + Econophysics
Colloquim 2014”, (Kobe, Japan, Nov. 2014)



Kobe city

WFML;:?‘ . e ¥ 100,000 cars a day
"G A SRS o 70,000 just passes
/4 \\/—,: from/to East/West
o P e 30,000 local

simulation parameters
Highway: 100 Km/h
National Road: 60 Km/h

’EEEII:

wpfﬁngﬁ T - PR % . ‘- Local Road: 30 Km/h
area x range(m) y range(m) De?arture
all (0.00, 11469.73] (0.00, 9308.76] areal | area2 | area3 | aread | areab | areab

areal | 250 250 250 | 8750 | 250 250
area?2 | 250 250 250 250 250 250

[

[ areal | 250 250 250 250 250 250
area3 [5264.30, 733280] [405520 9308.80 aread | 8750 250 250 250 250 250

[

aread | [1387.10, 5264.30] | [6188.00, 9308.80 areab | 250 | 250 | 250 | 250 | 250 | 250
areab | [0.00, 4900.50] [0.00, 5557.70] areaG | 250 | 250 | 250 | 250 | 250 | 250
areab [0.00, 1387.10] [5557.70, 9308.80

areal | [9385.50, 11469.80] | [1659.30, 6722.00
area2 | [7332.80, 9385.50] | [2785.35, 9308.80

Arrive

Table 2 6 Ki[il&H 720 O HF I EHEE 3 E area

T. Uchitane and N. Ito, in preparatiol
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T. Uchitane and N. Ito, in preparation.



No. J& J7 A area,
1 | &, EiE, B ] areal,2,3,4 15
2 i, FE (it} areal,2,3,4 JtiE
21 i, EE (] area2,3 HHED
3 E=E, VRiE B aread JtifS 1t ni
LY el I Descritpion of the 33 factors.
6 138 W aread JEHF
5 EE, RiE ] areal,2 JLED
10 1= 81| [iic} area3.4 L&k
4 hiE [li] area3.4 &k
8 HiE [lif] aread Ik
15 i, FaE W areal,2 HFHR
9 1B B aread Lk ¢ : , o
11 IRiE, mhiE ] area2 JLER I);), FEI?IE %ﬁ) areal(d) :I_Enﬁ
.- 5 ; — area2 FANR
24 ER, EE [li] area2 FgHb or s 5 area3 I
14 =B W area2 FALY - 8 2 B
2 8 5 area2d TEs |16 iE & area2 F
18 38 1 aread 1B 13 QEEC! _ aread M1l
30 EE, iE 1 areal FAHD
27 B — area3 JLFAER
28 B [iif] areal FAHP
19 i - area3,4 JLEL
20 E3BiE] - areab MH
23 il piit] aread HER
12 =, i H areal FFRAFH
31 =& — area’ 1t I
26 i - area3 JLFGER
T. Uchitane and N. Ito, in preparation. iz gg 5 areagjrti;f%%géttpnﬂ




Factonj No.1: 10.3%
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Open Street Map {#

T. Uchitane and N. Ito, in preparation.



Factonj No.2: 4.8%
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Open Street Map {#
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T. Uchitane and N. Ito, in preparation.
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Collaboration with K. lzumi et al.

model
Bolt] = Plt — 1]Ry! Ry* Reg® + nlt]
yE 3 .,
[ Plt—1]
R = FTT] Ry = = R3 = exp (e[t]) allazﬁg’ﬂis_}
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TFAvIHAXE T DR

ADEEIE 7 10’#=500E X B =
(#)HA{E90%) (AFMZ13FE30)
W
S
S
A
A4
N
3
A
N
O
0.03% 0.33% 3.3% 17% 33% 67%
ADTAY9H 4 Xa (TAvIHA XD FERIL,

EXESBFEDIERT D
ZEREICTHLD)

o HEARMIZ. Ta4vIHAXDINEWVTHENKREWLVTHEBEDL I T7EES,
a=bIZIE-EYELI-ERNFET S,
o TAVIHAZXBNNTESLE. TAVIHAXDKRIMEIT7IZEARLELY,

KEZEH-B)IEL-FIRZ-FH A 2012
TATIHIESSIal—o 3V EALE
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HIE-TYEX —> BIT-BLVEX

HiZABEDLIC [AICRAT-BEULVEXAEHSINAHER  =TAOHKES

IEFR 72 fG(x) =1-IBIZRIT-BLVEXHAHEINDHESE

THEXZ 1
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S. Nagumo, T. Shimada, N. Ito and K. Izumi, in preparation.
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S. Nagumo, T. Shimada, N. Ito and K. Izumi, in preparation.



fE  R-RARE. ETDE

& EEPE L N= FEIEE
feAgent (Trip) A 4,132,715 2,051,031 353,809 688,919 41,327,150
ZE= N 891,335 224,213 117,319 40,619 8,913,350
s L 2,465,767 608,913 301,341 121,543 24,657,670
Stepai (F2&1) 46,800 61,200 21,6004 50,400 86,400
R TSt HEER] 2.028736 0.4666752 0.0958334 0.0770688 220.0588475
sTEER(FLE0) Calc 158,495 36,459 7,487 6,021 17,192,097
sTE & (FLOP) 2.02874E+16| 4.66675E+15 9.58336E+14  7.70688E+14| 2.20059E+18
Calc/(N*Step*D) 0.106094088 0.048275523 0.054353665 0.026151776 1.15081227
Departure (D) 3.58127E-05 5.50384E-05 5.43572E-05 0.000112462 1.93986E-05
L*log(M) 33782180.66 7502022.358 3517448.626 1289813.248 394598190
Departure (D) 3.58127E-05 5.50384E-05 5.43572E-05 0.000112462 1.93986E-05
T1+T2 0.109922665 0.04012748 0.028344813 0.041279958 1.15081227
20[E ST (5FE0) 0.067455729 0.01551701 0.003186479 0.002562547 7.316984593

Hideyuki Mizuta (2015) private communication




ui |
f !
/ ; \ A -
! / / /\k._ )Mr. .\_H\
\ Wi Ty - ¢
\ ~\".\¢ /—A-—.%ﬂ‘—‘oo it 1 X L \ﬁ
@RS Ent 1]
AN ) ﬁa e L _

W
//:‘//”‘/
Lo



LYBREDRT— 5 E Hajime Inaoka(2015) private communication
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RAVE1—RIZ&BRT—LTRIE,

BA£EDDOSMER, Hb [ 4E B 2B 4> (2 Sin < ol RS
~ . = gleThread Cifi §]{E L TULVELVAY

{BL. 32/3A JLIE-DNDEBUGTIFZELY, LTS LA Ao CUAELY.,

& Crossingl=2B8 NEEEE. 10005 DSImETS KEBAMIT7AIEGRAHAHFFRE T, COERFHS0MT—E,
R = Bc. > 7] o
DeltaTime=0. 01, §10000TimeStep,

Crossing Count 5887609
Road Count 8143352
ERKBIER 1284452.215560 [sim : km]
EHm 11775218 5000
BARERNOEWMH#IEIKH770085E,
H10%MNETLTWNSETHE1177TABITETZLN,
Sy Al AT=B5H, 500
== Sim A fi5]
1005 DSimIZ2//—KT11. 58, A8. 3#(EMPITRE, —8— MPIERS
. . : S i
81/—k~1296/—RETIFEKRA/—FRIZHBILIE-ZT—1)2 o
5. == 7 A JLBEE
129655184 /—FTRIZEL D, Tyl aDME?
5184->20736/—KTIZAIZELL D, MPIOX DD,
BEEEEISHL, MPIARMDEIENEL, /—FEBLREVLD T, s
MPIJRRDIEMAREE|-IE->TLVS, ' ' '
. : a1 50 500 5000 50000
2 /—FTIEHA>TELSAEE L H S,
y riE
J-F# SmESR MBS T D7 {)UR SR /—K&tcY Eapsed Tme Memory
81 2122.727044 92.282358 104.106949 51.497063 55.472125 0.684841049 2239 2596.4
324 561.679519 69.120104 74.593487 51.609969 209.643001 0.647046299 651 1540.4
1296 139.1762 30.541476 67.608539 52.926513 846.065493 0.652828313 212 1284.4
5184 22.183964 10.024689 67.302202 52.005345 5307.986367 1.023917123 117 1220.4

20736  11.521264 8.288863  66.103649  52.835504 10220.42196 0.492883003 192 1252.4
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Roadmap of traffic simulations
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Roadmap of securities market simulations
1EFLOPS 1ZFLOPS 1YFLOPS

107 T | EXEENCEIE HG | ~ r—
=¥ | \
= L ERYRAT
1PFLOPS LOREM \
= | clqud o
g DN o REERH
e N VGemER3l @ N O\
S ~ Basel‘sagnal Ac\o;@(loo name)
© :
5 | Cloimg =
_*18?_ | _inter- na'rngl JA— t}leﬁr&ﬁll \
1TFLOPS ] E\ -
t|32cu?d.h-
E—TTD 7 E|
10" Ny :

Xeon d'dere 1@%];“—;@&

1 day :
iCsize \

CARAVAN T~

N L
1GFLOPS 10 10° mlmhprm*l‘ citnatinng
10° 106
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Roadmap of evacuation simulations
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