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Evaluation of Estimated Micro-Data in Land-Use Micro-Simulation using Symbiotic Evolution
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Land-use micro-simulation models deal with detailed attributes of a household and its location which this study
calls micro-data. Since an observed set of micro-data is usually not available, “synthetic population”is created from
general accessible aggregate data provided by the national census with additional information obtained by sample
survey. The validity of estimation method is evaluated by the goodness-of-fit between an estimated and the observed
sets of micro-data. However, the goodness-of-fit cannot be calculated only with a conventional algorithm for an
ordinary size of micro-data. In this paper, we propose a method based on symbiotic evolution to find out the best
approximate value of the goodness-of-fit. Symbiotic evolution is a kind of GA characterized by parallel evolutions
of both partial solutions and whole solutions. The effectiveness of the proposed method has been confirmed with
the applications to the person trip survey data in Sapporo metropolitan area.

1. OO0

o0o0O0o0o0doooDoUooDOUoOooooOoUoooooo
odooooUooooOoooooOoooooooooood
Oooooodoooooooooooooooboooooo
000000000000000000000000o0oog
00o0O0o00o0ooooooooooooooooooon
0000oooooooooooooooooooooooo
000000oooOooooooooooooooooooo
oododooooooboooooboooooooooooa
00000000000 0ooooooooooooooog
000000000o0ooo0oooooooooooooon
0000o00oooooooooOoooooooooog
ooo0O0o0oooooooooooooooooooooog
goooooOoooooDOoUoOoooooDOooOooooooo
0000000000o00o0o0o0oooooooooooon
0000ooooooooooooog

O000000o00ooooIPFO0OOOOOCODOOOOO
O0000000000o0oOooUooon [Pritchard 09,
00 09a, 00 09b, Miyamoto 09, Miyamoto 1000000
DoooooOooboboooooooooooooooooda
0000000000000 0000000000000og
000000000o0o0o0oooooooooooogooon
oooo0ooooooooooOOooUoooooooooooo
00oo0O0o0o0oooUoU0ooUoooooDooooooooo
ooooobooobooooooobooboooooooooa
000000oooooooooooooooooooo

000000000000 000000000000000
0000O00oOoo0oU0ooooOoooooooooooog
000000000 Genetic Algorithm, 00 GAOOOOO
oood0oo GAUOOOOOoOooDOoOOooooooooo
0000000000oo00o00oo0ooo0ooooooon
0000000o0oooooooooooooooooooon

god:0obbooobbbooobbooooo
02248551 0000000000 3-3-10 045-910-2938
E-mail: otani@tcu.ac.jp

2. 000O0OOOo

uoboboboooooooobooooooooooboooboa
goboooooooo

21 0JUO00O0OO0ODOOOOOO

gobooooooobobooooboobooooDboobo
00000000o0oo0oDOoooOo 0o o9p)0ooO
gooooooooooooooooooooobooooooon
gooooobooooooobooooooooboooooooo
gobod 2000000000000

00 (@) 001 002 003 000 (@)1
oooo O oo O(0) 000 (D)2
oo@) o1 O02 03 0oo (0)1
0 u| oo 0O(0) 000 (D)2

0000000 A00O0OOOOO0 E;000000 10
0o00o0oo0oooooooooooo (hyoooo (2)oo
gobooooobo 20000000000

A={a, 1)
E; = {ef = (eglv egzv"' (2)

00o0ONDOOO0O0OO0OOe OO0D00OODODOOOOO0O 0
gooog kDDDDDDDDDDDDDDDDDDDDe{k
O,0000000000000O0.000D0C00 KOO0
goooooooobooooooooooboooooooon
o000o0o00D000000ai O engDDDDDDDD
g999ooon.gooooooon

22 00O0000OOOO

00000 000000 e, 000 Dis(a;,el,) 000
(3)00000000000000000000000000
000000000000000000000000000
Dme. 0000000

= (@1, @iz, a;20)[1 <i < N}

76320)‘1§i§N}

20
. i . i\ 2
Dis(as, e}) = Zmln ((ail — eil) , Dma,c) (3)
1=1



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

U1l 0000o0o0ooooo

[ 00000 IEEER

0oo 2197
0oo 3225
0o 4996
0oooo 1518
0ooo 1582
00000 20 668
0oooooo 1311
0000 20 587
000 (DOO0) | 2201
000 (DO00) | 1109

[ 00 [ 19394

0000000 E;0000 Fit(E;)00 (40000000

ZDZS (a;, e U( )

0o0o0o0s,000{1,2,---, N}OooOOO {1, 2,---, N}
00000000000000000(@) 0000 ¢000 4
0000000 (4)0000000000N!0000000
0000000000000 00000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
oooOooO0O0oO0oO0O0OOOOOOOO0

2.3 00000
000000000000000000000 (1)00 (2)
02000000000000000000099900000
0000000000000000000000000000
000000D0000000000000000000000
01939400046500 0 00000000000000800
0000000000000 50000000000000
000000000 200000000000000000
00000000 10000000
00000000D00000D0000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000

Fit(E

= min
JESn

(4)

3. Uoobbooooobon

oooooooooooooooboboboooobboooo
goooooobooooboooooooobooooooooooon
O0000000O0OMoriarty 000000 GAD 10000
O [Moriarty 96)0 0000000000000 0OOOOO
gboboooooooooobooocoooooooobooooboooon
gooobooboobobooooooobooooooooooon
goooobooooooobooboooobooobbooooo
goooooooooooooooooboooboooooooro
000000000 GAOOODODOOOoOOoOOOOoOoOoOoO
oooooooooIiLpOOO0OOO0OO0OOOOOOOODOOO
000000000000 DO0O0OD 0D 02,00 04]0

gooooobooooooooboooobooobooo
gboooooooooboobooo 2000000000000
gboboooooooooooooooooobooooobooo

3.1 0000000
0000000AOD E; 00000 L, 000000000
000000000000000000000000AQ E;
000000000000000000000000000
oooooooooooo L,00000000000000
1000 L,xL, 000000000000
000000000000 L,x3200000000016
0000 10000000000000000000000
00000000 1(1) 00000001000 L,0000
0000000000000000000000000000
0000000000000000 L, = [N/L,] 000D
000000000000000 1(2)0000
00000000000000000000000000 2
0000000000000000000000000000
()000D000000000000¢!,0¢3, 0000000
0000000000000000000000000(2)0
00010000 10000000000000000000
0000000000000000000000000000
00 ¢/,045,000000000000000000000
0000000000000000000g],0g,0 000
000000000000000000000000000
0000000000000000000000000000
000000000000000000

|gf|gz‘|---|gl‘6|gf7| ---|g3‘z|g%|---|g%6| --------- e
-
NG~
A & 52771 T2 HEes~7TL,
(H)ooooo

iy [<] |7

Dﬂjijﬁ] )< DDIZJI]
I T -TT] I
AR EII]ZZI]]

(200000

1000000

3.2 00000000000

00000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000 I, 0000
fit(I,) 00000 (5) 0000

fit(Ip) = min (fit(Iw)/avail(Ip, Iv))

Ty—1Tp

()

ooool,— I, 000000 ,0 , 00000000
00 fit(l,) O I, 00000 avail(lp, I,) 0 1, 00000
00000000000 [,00000000000 aveil O
00000000000D0000000D0000000000
0000000000000
0000000000000[Moriarty 96) 00000000
0000000000000000000000000000



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

02 0000000000O0O0Od
(1) 00000000

for i:=1 to Lw {
for j:=1 to Lp {
idA:=i 0000000 g{Dg{GDDDDDDD;
idE:=i 0000000 g{7Dg§2DDDDDDD;
if(idA0 idEOODOOODOOODOO0O)
000000 (idA,idE) 00O ;
}
}
for k:=1 to N {
if(k 0 idA0000O00O0O0O00OO00) {
idE:=min(idEJ0000000O0ODOOODOO);
gooooo (k,idE) OO0
}
}

() 0000000

for i:=1 to Lw {
for j:=1 to Lp {
idA:=i 0000000 ¢gj0gl, 0000000;
type:=fidA 000000
n:=1 0000000 g{7Dg§2DDDD;
if (n>0) {
idE:=0 00000 type D0O0OO0OOODOOOODO
n000000000000O0;
} else {
idE:=—n 0000000 ;
}
if(idA0 iqE0 0 00O00OD0OOOOO)
000000 (idA,idE) OO0
}
}
for k:=1 to N {
if(k0 idA000000000ooo0o) {
idE:=min(idE0 00000 OCOOOOOOO0O);
0o0oooo x,idE) OO0 ;
}
}

goobooooboo20b00b0b0oob01oobbooobo
00000 20000000000200000000000
gobo0O0oobOO0o0obOooboobOobobO pobbObnO
000000 oOO00o0oo0o0obOOooooooOoooooooo
ooooog

O0ooU0ooooOoooUooooOoo 9oruooo
0000 MGGO Minimal Generation GapO0 OO0 0O 000
goMGGUOODODOOODOOOODODOOOoDOoOooOoooOan
00000O00ob0obOO0o0oo0obOoobDooboboooooo
goodbD 2000000040000000000000
60000000 D0O0OO0OObOOObOObODO0ObDOoObOO 10
oo 2000dobobobbbobbooogo 1ggoobobooboo
00000 DOO0ODOO0oO0bOoDoOoOooooOobooobob 2000
gdo0oo0oooooobOoooobOoobobooooooo
00o0oo0o00ob0obOOooo0obOoooDoobobooooon
goboooooboooooboooooboooobooo
gooobo pObbO0ObObOOObDbDOO

goobooooboooboboo

1. 00oOoooooooa
2. 00000000000
. uoboobooooooooa

O3 000od
ooooo |

oooo
oooo
oooo
oooo
oooo
oooo
QDD‘B
oo

4. 000000000000

O0000ooo0o00ooooo0oo Goooooooo
gobodouoboooooooooooobocoooo

4. 0000

gbooooooboobooooooooooooboooo
ooooooooobooboooooooooOobooOooooaon
ooooOo0oooOO0O0o0oooOoDbOOoo0oDbDO00000 Intel Xeon
2.5GHz CPUO32GB RAMOOOOOOOOOOOOO 30
gooooooo

4.1 0O000O0OoOoOoODOOO
otoooooooooooooooooooobobooa
goooboooobooboooooooobooooooobooo
oowBolroooooogoooooooogooN =130
lrooboooooooooooobog sbbo0oooboooon
gbooobooobooooobooo 200000000000
coooooooboooobooooDbOOO00b0 L,00000
goboooooboooooo 2000000
goooooN=101I7r000000D000bO0O0DbOO
joboooooooooooobooboooooooooDbooo
gbooooooooboobooooooooobooooooon
gbobooooboobooooobooooooboobooooo
OO0000b00 N=1300900N =170 1746000
goNDOOO0OOOOOobOOOoOoOooOOoOoobDoObDOoOoDoo
N=130 2800N =170 35000000000000
gooboooooboooooooooo

4.2 00000000000

gbooooodobooooooobooobooooooon
goboooobooooooobbooobb40000b0OOO
0000000000000 ADODDAOODODODOOOOO
00000000 Ea0EsO0EBnO0E,s 0000000000
oo

oo0ooo E,; 00000000 ADOOO0OOOO0OO
ooboooooboo

1. AD0D0OD0O0O00 jx4000000000000000

2. 00000000000 bOO0OO0OO0ObOOODOOOn
oboodo1l1oooooon

. Ubbooooooooooooooooooobooooo
gosbooood

4. 00O0O0O0OoO0OooOooOoooooOoOoooOo0ooobooooDo
goboos0o0o0ao

00000 Ey 00000000 ADDOOOOOOOOO
goboooooooo

1. AD0D0OD0O0O0O0O jx4000000000000000
2. 0000000000000 0O0O0O0O0O0O00O00D0
gooooooooo



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

0400000

(1) 0000000
000 || 0000000 | 00000000 | 00 GA
Eal 634808.51 6383285.02 | 799750.09
Ea2 699779.88 74427942 | 901132.78
Ea3 762891.58 778486.92 | 916339.27
Faa 797528.61 827519.81 | 959954.04
Fas 817180.58 859172.53 | 984920.61

(2)00000000000000

000 || 0000000 | 00000000 | OO0 GA
Eyn 699729.17 726418.99 | 979246.19
Eya 883027.10 920309.98 | 1026743.97
B3 994673.01 1033199.72 | 1142986.59
Eps 1115525.26 1188136.00 | 1353977.38
Eys 1187781.18 1269616.22 | 1413006.84

. 00b0oooooobooboooooobbooooboooDn
gbooooboooooboooobooooboo 1
gbooooooooooboooboocobooooooonon
good

ugo200000 j=10500000005000000
gobooooddoyoooooooooooooogooon
gobooooooooobooo

000o000Ooo 2000000000000 GADODODO
gobooooooboooooboocoboobOocoobooooon
gboooboobodobo 40000000000 O000OO0O0D
oob L,0100000000000C000DOOO0OOODO
gooooobooooooooooooooooooooon
goooooooooooooooooboobooooooooo
gooooooooooooocooooooooooooon
goooboobooooooooooooooooooobooon
gobooooooboooooboooooooooooobooa

gboboooobooboooooooboooobooooon
goooooooobooooooboboooooooooDbooo
gooooooooooobooooooooooobooooon
gboooooobooooooocobooooboeoonOoO
00o0oo0oooooooono4s0000000

EF, 00000000000 2000000000000
goooooboooob 2000000D00000DOD
goooboooooooooboooooooooooooon
gooooooooooobobooooocooooooooon
goooooooooo

5. oo

uoooooooboobooobooooooooooboood
goooooobooobooobooboboboooooooooon
gooooobooooooooooooooooooooon
gooooooocoooooocooooooooooooon
goboooooooooobooocoooooooooooooo
gobooobooooobooooooobooooboooo

00

OU0oO0oo0o2002100000000000000 (B)
gobooooooooboooooboooboooooooooo

e 57 4 T = = = el A R |

1400000

1200000

1=

it~ 1000000

=

800000

600000

3000

2000
LRAY

0 1000 4000 5000

02 00000000000000

boboobooboooomoooo 2036023200000000
gobooobooboooooboooo

goobo

[Miyamoto 09] Miyamoto, K. and Sugiki, N.: An Estima-
tion Method of Household Micro-Data for the Base Year
in Land-Use Micro Simulation, in Proc. of CUPUM’2009,
4.1-4 (2009)

[Miyamoto 10] Miyamoto, K., Sugiki, N., Otani, N., and
Vichiensan, V.. Agent-Based Estimation Method of
Household Microdata for Base Year in Land Use Mi-
crosimulation, in Compendium of the 89th Transporta-
tion Research Board Annual Meeting, 10-3478 (2010)

[Moriarty 96] Moriarty, D. and Miikkulainen, R.: Efficient
Reinforcement Learning through Symbiotic Evolution,
Machine Learning, Vol. 22, pp. 11-32 (1996)

[0 02 00 O0,000 ODULOOULOOOUODOODO
gooooobobboooooobo,oooooooboo,
Vol. 17, No. 4, pp. 431-438 (2002)

[00 04 00 00,00 000000O0000O00O0O00
0000,000000000, Vol. 19, No. 5, pp. 399-404
(2004)

[Pritchard 09] Pritchard, D. and Miller, E.: Advances in
Agent Population Synthesis and Application in an In-
tegrated Land Use / Transportation Model, in Com-
pendium of the 88th Transportation Research Board An-
nual Meeting, 09-1686 (2009)

0D 97 000,00 0,00 00000000000000
000000000000000,0000000, Vol. 12,
No. 5, pp. 734-744 (1997)

[0D0 09) OO0 0,00 00,00 OO0, Vichiensan, V.OO
go0oOo0o0oobOoobobOoooooooooO, o400
O0o00oooUooooooo, 18 (2009)

00 09b] OO 0,00 00, Vichiensan, V.0OO OO OO
00000000000000000000000000
0000000,03900000000000000, 135
(2009)



