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Abstract: In this paper, we propose a foresight route providing method based on anticipatory stigmergy
for collecting near-future traffic position. A foresight route providing method combine the previous method
that utilize past travel time of probe vehicle due to efficiency of traffic flow. In this model, all probe vehicle
submit their near-future traffic position as anticipatory stigmergies and are allocated among foresight route
method and previous method based on the allocation ratio. Moreover, collecting dynamic traffic conditions in
distributed processing environment is introduced as implementation environment with reality. A distributed
processing environment are collected links information limited by the area. This study considers the efficiency
of combination with past travel time for a few minutes and near-future traffic position in both a distributed
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and centralized processing environment. that these information are collected in all links.

1. 0goo

1.1 O0Oddd
gooddoooooooooobobobooboooood
goooooooooboobooobooDooooooooo
00000000 00OoO00oooooU0oooooooo
0000000000O0O00oooOoooooooooo
00000000 00OOo00ooo0oooooooooo
0000000000000 o0o0oOooooooooo
00000000 OITSO Intelligent Transport Systems
O0000o0o000oo0o0oooooooooooooo
O000oO0o0o0O0o00oOoooUoooooooooooo
O0000o0o0oUoOooooooooooooooooo
O0000000000000 GPSO Global Positioning
System0 0000000000000 O0OOOODOOOO
O000o00000oo0o0ooooOoooooooooo

! DD0O0000D0ODO0O00DDOOO0000DO
School of Techno-Business Administration, Nagoya Institute
of Technology

2 QgO000O000oO0O0ooo
Nagoya Institute of Technology

) takahashi.jun@itolab.nitech.ac.jp

b)  kanamori.ryo@itolab.nitech.ac.jp

) ito.takayuki@nitech.ac.jp

2013 Information Processing Society of Japan

oooooOooooOoOooooOoOooooOooboooo
oooooOooooOoOoooboOoooooOooboooo
OO00o0O00O0000 1jooobooboooooooooo
oooooOooooOoOooooOoOooooooooooo
O00oU0o0OooUooUooUOoUOoUOoUD PIuoooo
oooooOoooOoOoOoooDooOoOooooOooboooo
oooooooo

00000000 ICTO Information and Communica-
tions TechnologyU O OO0 DO O0O00ODOO0OODOOODOOO
oooooOoOooooOoooooOooooOooboooo
oooooOoooOooOooDboOoOooooOooboooo
0000000000000 0000O0 Stigmergy[3] 00O
oooooOoooooOoOobOoOoOooooOooboooo
ooooooo0oo0oOoOooDOOobDOoO0oocOoboOoDbOoboooon
oooooOooooOoOooooOoOoobooOooboooo
0O 0 0 O Anticipatory StigmergyD OO OO0 Q0O OO0D0O0O
oooooO00ooOoOoOooDbDoOoOooooOooboooo
000000 Anticipatory Stigmergy 0000000 20
oooooOo0ooOoOoOooooOoOooooOooboooo
ooooOoOoooOoOooooOoOooDooOoooDo

OO0000OOoOo0oOoOooooooDoobooDO GpSsO
oooooOo0oboooOoooboOoooooOooboooo



gogoooooood
IPSJ SIG Technical Report

ooboooooooooboooooooobooooon
oobooooooobocooooooooboboOooooooo
0000 Stigmergy 000 0000000O0000O00OO
oobooooooooooboooooooooobooooo
cobobooooooooooooooooooboooo
coboboooooooooobooooooboooooooo
coobooooooocooooooooboOooooooo
oobooooooooooboooooooooobooooo
oooooooooocooooooooboooooooo
cooooooooooobooooooOooobooooo
coboooooooocoooooooooOooooooo
coboooooooocooboooooooOoobooooo
coooboooooocooboooooooOooobooooo
coboooooooooobooooooooobooooo
cobobooooooooooooooooOooooooo
coobOooobooooboooboooOoooOoboOooono

1.2 0000

Chen and Chengl4| 000000000000 Agent
Technology OO0 O O0D0OOO0OOOODOOOOOOODOO
gboboooooboboboooooooboboooog
gbobooooobooboboooooobobooog
goooboo0oobOoobOooboobooobooboon
Dallmeyer et al[5] D00 0000 Ant Colony Optimiza-
tion0O00O0000O0O0O0OOOO0OOODOOOODbOODOO
O000DD0000000OOONarzt et al[6)0 00000
O000000000000000000Ando et al.[7]
ODO0O0OD000O0D0 Stigmergy ODOOO0OOOOODOO
OO00000CO0ODO0O0OO0DOODOO0OO0O0OC Claes et
al.[8]0 0000000000000 OO0OOUOUOOOO
Anticipatory Stigmergy 0 00000000000 0OOO
gboooooobooboboooooobooboboooog
oboboooooboobobooooboboboooog
oboboooooboobobobooooobooboooog
O000O00O00OOWeerdtet al.[9) 0000000000
oooobooobooboobooboobooboon
00000000 (intentions) 000000000000
oboobooooobooboboooobooboboooog
gboboooboobobobooooooboboooog
O00O000000000000 Anticipatory Stigmergy
obobooooobobooooooboboboooog
O0000o0oUoU0o0ooooooUoUo 1000
oooooooobobobooooobooboboooog
obobooboooooooobooboobDo

2. 0DOOoDOOoOD

2.1 000OOO0OOOOO0DOO
uobooooobooooooooboobocoooooono

2013 Information Processing Society of Japan

Vol.2013-ICS-172 No.2
2013/11/12

gooooOopoOoooOoooOoOoOoOoOopoOoopooooo
000000000000000 Long-Term Stigmergy (1]
00000000 00O00O0OO0OoOodDoShort-Term
Stigmergy(IO 000000 D0DODODO OO Anticipatory
Stigmergy0l 0 00O OO0ODODO Casef20 300000
oooo

OCaseODODOOO0OOOCOOODODOO
gooboooooooooooooobooooooogd
oboooooboooooboooloobomoooooo
Udoddedoooooooobgqgooooooooo
gobooooobooooooocoOobooooooboooo
oobooooooooooon

); (1)

0000¢()H)00000000000o00oooooom™
(00000000 vme(HDO0O0O0O00O0O0O0O0O0OOOO
odoDod0oooooDoOOoUoooooooooogoo ob
O Origin-Destination0 0 0 0-000000000C00O0O0O
oooooooooooooooooooo

OCasel0 00000 Stigmergyld

GPSOOD0OOOOOODODODODODOODOOO
00o0ood0oooo0oooooooooooooooo
00o0oo00ooooooooooooogoooooo
00o0oooooooooooooooogooooooo
000oo00o0ooo0ooooooooogoooboooo
0000000000000 Long-Term Stigmergy O O
000oo00oo0oo0oooooooooogoooboooo
000000000000 (2000000000 ooo
O0ae0000000sd00D0D00000O00OOwO00
oooo

v = ave; + p X sd (2)

0000 p00000ooooooooooooo
O0000C0DO000ooDO00 200010000000
OO0pOO05000000
goooOoOoOoOoOoOoOoOOOOOOOObDOODOO
0000000o0oooooooooouoooooaoShort-
Term StigmergyD OO OOOO0ODOOOOOOODOOO
g00o0oOoO00oQoOoOoQoOoOoOoUooDUOUODUOUOoOoOooOo
gooooOoOoOoOoOoOoOoOoOoOOUOUObOOUOOobDOoO
ooOooOoOopopoooOoOoD 100000 OoUoooooo
gooDoO0oU0oooOOoU0OoUooooOOoUoooDOoUooo
000 (Long-Term Stigmergy) 100000000000
0 0 O Short-Term Stigmergy OO0 O0OO0O0O0ODODOv,0O
O00o0ooo3gogoooooo



gogoooooood
IPSJ SIG Technical Report

Vs = aves,
{vs:vl(l),
U00O0Oae,J000000OOOOOOODOOODODOOO
to()D0O0O00D00O0O0D0D0OOO1m™
goboobobodby»,b00bgbooecnoboo
gobobooobobbobooobbeoboboboOoOon
gobodboboobuoobboobuooboboooboo
godboobooobobuoobooboobobooboo
gobooboobboooboobuoobooobbooo
O000000000000000 Short-Term Stigmergy
0000000 (vs)0O0ODOOO0OO0OOO0DODDOOOOOO
gbobobobobobob 2b00b0bobobobo
000000 (vwwOOOOOODODOOOOOODOoooOo
00000000000 (Long-Term Stigmergy) O 00O
0000000000000 00000000 Short-Term
Stigmergy 0000000000 (0,) 00000 (4)00
googd

(f 0000000 >0

‘ ®3)
if0000000 =0

{vs—aves, f 0000000 >0&DDDDDQ4)

vs=u(l), if0000000 =0

gddoooooooobboobbbbobobouoooa
gobodooobbooobbobooobboooooo
Long-Term Stigmergy 0 0000000 v,00 Short-Term
Stigmergy 000 000000,000000000000O0
gboboobobobuoobuoboobobuoobo
Uy, 0000000

v =wx v+ (1 —w) X v (5)

0000 wOLong-Term Stigmergy 0000000000
gboboobbo<w<1g0b0O0b0Ob0O 2400010000
gbobooboeod0ObOoobOoOobDe0oDODOOOO
ocoooOoOoOooooOoOoooOoOooooOooboooo
ocoo0ooooO0ooOooOooOoDOoDOD booooo
oooooOooooooboooo

0 Case2[] Anticipatory Stigmergy[
o0o0oo0o0oo0ooUoooooOooUoDoooOoo
ooo0d0oo0oo0ooO0oooooooooooooo
Ooo000o0oo0Do0ooUoooooUooooooo
goooOoOoOoOoOoOoOoOoOoUOOOUOObOOUOOODOoOoo
O00o000o0o0ooO0OoU0DOoO0ooUooUDOoOooOoo
000000000 0o0oUoooUooooUoooooUoo
OO0O Anticipatory Stigmergy 0 O O O O O Anticipatory
Stigmergy 000 0000000000000 0OOOO
e J00DODDODO CaselUOODDDODODULDDODDODO
gdodoooOoOoooOoooooooogoogdg
e J00UI0UDDOUUDDODDOOUUDODLODOODOODO
gdooOoOoOoOoOoOoOoOoUOOOoOOObObODbDOOOoO

2013 Information Processing Society of Japan

Vol.2013-ICS-172 No.2
2013/11/12

0000000 Anticipatory Stigmergy 00 000 O
e JO00DDODUDDODDDUDDUODDDDDDDDO

0000000000o0o0o0o0oo (p)obooooo

vol(l
) )
OooOov,00000CCOOCOOOOODODOODODOO
O00000000mM¢t,HooooooogVol(l)o
000000000 o0oooUOoCepoOooon
0000 p0000000BPROO [11)0000O
O0 0O a=048,5=282[12]10 0 0O000OOOO
goooOoOoOoOoOoOoOoOoOOoUOOOUObOOOoOoo
O00000o00ooooDOoO0y=04000000O
oo0o0o0o0oO0o0oOoOoOoOoooooooDoOooenOO
gooooOoOoOoOOoOoUOOoOoOoOoUOULoOooo
gooooOoOoOoOoOoOoOoOoOoUOOoOobDObobOboDoDO
00000000000 Anticipatory Stigmergy O O
OO0O0O00O0O0O0000DOd Short-Term Stigmergy
O00o0ooooooooooooooooooO 2
000000000004 Anticipatory Stigmergy O
gooo0oO0oOoOoOoOoOoOOoOoOoDOoUDoUooooo
00000000 (Long-Term Stigmergy) DO OO O
gooooOoOoOoOoOoOoOoOOObOObObOObOboDoO
oooooo (moooo

Vg = to(1)(1.0 + o

va = to(D)(LO+ a5580m)"), if 00000 37)
vs = u(l), if00000

e JO0DODODOvw,000D0DMOIOUIOOOOOODO
goooOoOoOoOoOoOoOoOoOoOoOoOoOoOoboooooo
gooooooooo

Anticipatory Stigmergy 0 0 0000000000000
o0o0o0oDo0o0o0o0ooUoooOoOooUooUooOooooo
goooo0opoOoOoOoOoOooOoOooUoUDUoUopoooo

00000000000 00oooo0monoo Casel O

Combined Long- and Short-Term Stigmergy 0 000 0O

00000000 Anticipatory Stigmergy 0000000

oooooooooooooooooooooog

gooOoOoOoOoOoOoOoOoOoOOOOOOObOOOOOO
goooo0ooOoOooOoOooOoooUoooUoUooOooLoo
gooooOoOoOoOoOoOoOoOoOoOOOUOOOUObDbOODbDO
0000000o0ooooooooooooooog

go0o0oOoOOQOUOOOoUOUODOOOOObOOCOOoOo
g000oOo0o0oOoO0o0oO0Oo0oOoOoOoUOUUUOUOooooo
o00o00o0o0oU0o0o0ooUooUoooOooUooooo
g0o0oOo0o0oQoOoOoOoOoOoOoUooDUOUDUOUOoOoooOo

000000000 oO0oDoDoOooOoooUDOoOx0Oo

Ox 0500000000000C00O0D0ODODOOOODOO

OO0000ODOCOO0O0DOO0 Casel O Combined Long-

and Short-TermStigmergy OO0 O0OOO00O0OOOOOO



gogoooooood
IPSJ SIG Technical Report

AnticipatoryStigmergy 0 00000000 200000
O00000o0o0o0o0oOoooUoooooOooooooo
O000oo0o000oo0o0oooooooooooooo
0000000 U00ooooooooooooooooo
O000o00oooo00ooooUoooooooooooo
0000o00000oooO0o0ooooooooooooo
O0000ooU00oooooUoooooooooooo
0000000 0oooooUoooooooooooo
O00000000000000 Anticipatory Stigmergy
0000000 00oooUoOooooooooooooo
000000o0oU00o0oooUooooooooooooo
O00O000000000000 Anticipatory Stigmergy
0000000000oo0oooooooooo 10%000
00000000o0oO0oo0oO0oDooUoooUooooo
OO0OO0OO0oOoOoDoOoOoDoOO0 Casel O Combined Long-
and Short-TermStigmergy OO0 000000000000
00000o0o000ooO0oooooOoooooooooo
0000000000000 Anticipatory StigmergyO O
00000ooo0oOooooUoOooooooooooo
AnticipatoryStigmergy O 00000000, 0000000
00000o0o000ooO0o0oooooooooooooo
0000000000 Anticipatory Stigmergy 0 0 00O
0000000000000 00000 Combined Long-
andShort-Term Stigmergy OO0 000000000000
o0ooooooooo

00000 e000D0O0OCOO0OOOODOOODOUBE0DO
000000000000o0ooooUooooooon
O 60 0000 Combined Long- and Short-TermStigmergy
OOOC0COOOO0OOoOoOoOoO AnticipatoryStigmergy O O
O000ooO0ooooooooo

3. Uboooboooon

3.1 000OO0O0O0O0OO0O0O0o0OOd

goooooooboooboooboobooocboooao
cbooboooobooooobOoobooboboOoooooao
cboobooocboooooboooooobooooooao
cbooboooobooooobOoobooboboOoooooao
cboocooobOobooobOoocbOoobOOoooOOoooao
O0000000000000000000CAO Cellular
Automatal 00 000000000000 0OOOOOO
oooooi114b0o000ooooooooooooooo
coboboboooooocooobooooooboOooobooooo
coboobobooooooooboooooooOooboooo
coboobobooooooooboooooooOoobooooo
cobooboboooooocoobooooooboooobooooo
cooooooood

2013 Information Processing Society of Japan

Vol.2013-ICS-172 No.2
2013/11/12

3.2 000000
goooooooboooooboobooobol1oooood
ooo04900000000001680000000000O
goboooooooooobood 2mbO0000o00a0o
0oo0016 - 17 = 18016 = 23 = 30018 < 25 = 32030
=31 <3200 20000000 100000000000
O000D0000 10000010025km/h0200000
20030km/h0000000O00O0DOOOOOOOOOIL0O
gooooooboooobooboooooooooooooo
oobooodooooocooboooooobooocoo1000o
gobool1booobooooooooooooon

3.3 UOUOOobooOooboooo
oobooboobooboboobooboboooboo
goooobobbbooo 20000000 booboooa
goboobobobobooboobuoobobooboon
(Short-Term Stigmergy) 0 0000000000000
000000 Anticipatory Stigmergy 1 000 0O000O0O
goboobobobobooboobuoobobooboon
goboooobooboooo

3.4 O-DOODO

coobooooooocoooooooobooboOoooooa
0OoODb0O0O0O0O0O0O0D0 0480200002 - 45020000
4450200006 - 4202000000000

00000 GpSOO0OOOOODOOOOOCOODOOO
Stigmergy 000 0000000000000 OOOOO
uobooooobooocooboooooooooboOooo
uooooooooocobocooOooo »oooooo
uobooooooooooboocoooooooboOooo
oobooooooooooboocoooooooboooo
ooooooo

4. 0000

Case00 Case2 000 O0O0O0O00O0ODODOOODOODODODO
oobooooobooocoobooOoooooOooboOooo

i

{

==0

i

L

SI=C|

=

===}l

lt!;{

01 000o0oood



goooboooooo
IPSJ SIG Technical Report

Total Travel Time(sec * volume)
0 200000 400000 600000

Case0
|

Casel

Casel

Case2

non-Distributed -— D

Case2

0 10000 20000 30000 40000

02 00000000
| booooooooo | to

Casel-Case2 X 4.842
(Oboooo) o 5.378
Casel-Case2 x 6.778
(0ooooo) o 1.050

0 3 Anticipatory Stigmergy 000000

O000oo0oooooooooooooo

e CaseQDDOODODODODDODO

e CaselDDDODODOO Stigmergy

e Case20 Anticipatory Stigmergy
O0000o0o000oo0ooooOooooooooooo
O000o0o000oo0ooooooooooooooo
0000000000000 0000Oo0oooooooo
Casel O Combined Long- and Short- Term Stigmergy O
OO0 Short- Term Stigmergy O O Case2 O Anticipatory
Stigmergy 0 0 O O Short- Term Stigmergy 0 O Anticipa-
tory Stigmergy 0 00000000000 QOOQOOCOCOO
0000000000O0o00oooO0oooooooooo
oooOoOooopoODO2000000000000000OCOCO
go0OO0o20000000000D0O0 100000000
oooooo

41 00000000
0000o00o0o0o0oooooooooooooooo
O00O0OCase00Case2 00000000 OODODO 200
0000o0o00oo0oo0ooooooooooooooo
OO0 Case0 D0 O0O00OOD0ODOODODOOOODOODOOO
O CaselD200000000000DOO0OOCODOOOO
000000000000o0ooooooooooooo
0000000000o0O00ooooooooooooo
0000000000o0O00ooooooooooooo
O000000O 30000000 Anticipatory Stigmergy
O0O0000000O00O0ODOO0ODODOOO Case2000O0OO
00000o0o00ooo0ooooooooooooooon
0000o00o00o0oo0ooooooooooooooon
0000o0o00oooo0ooooooooooooooon
O00000000 CaselDO0DODODODODOOOOtODODO

2013 Information Processing Society of Japan

Vol.2013-ICS-172 No.2
2013/11/12

o | \ X AAMMWW WYV VV VYV

450000 QW}WMM—%—*&-

1400000 AOASA DA

AAAAAAA

05 00000000 Casel JO0ODOO (100iteration)

00o0os%0000000000000000
gobooooooooboooooboooobooooo
oboboobooooobobooo4b00 500000000
ooboooooooooooboocobooboooooboooo
oobooooobooooooboocobooooooboooo
000000000000 CaselOOOOOOOODOOO
oobooooooboooooooooboooooooooo
oobooooobooooooboocobooooooboooo
ooooooooboooooooooboooooooboooon
oobooooooboooooboocobooooooboooo
ooobooooooooooooooooooooon eo
obooooobooooooooboobooobooboooon
ooooooobooooooboooooboooooobooboooon
oshooooooooooooooon

tcongestion = z:(ttra'uel(l) - tO(l)) (8)

0D 0 OteongestionD 000000 Otraua()D 00000
O00000O0¢oooooooooon
0000o0oo0o0ooooO0oooooOOoooooooo
0000ooo0o0ooooooUoooooooooooon
00000o0o000oo0ooooooooooooooo
0O OCombined Long- and Short-Term Stigmergy 0 0 O O
00 50%0 000000000000 50%0000000
ooooooo
goooo0ooooO0oO0oO0OO0OO0OO0OO0OO0OO0OOOOODOOO
000000 6000000000 OUOOUDOODODO
000000000ooO0oooooOoooooooooo
000000000000 Anticipatory Stigmergy 0 O O
U0 Case2 0000000000000 OOOOOOODO
Case00O000ODODODODOOOODOOOOOOOOOOO
O000000 Caseld Case200000O0O0OOOOODO
OOCase20 00000 3000t0O0O6.778000ODOODO



gogoooooood
IPSJ SIG Technical Report

Time Loss in Congestion
Average Starlldalrd Coefficient
Deviation L
[sec] of Variation
. [sec]
Casel 309.4 | 188.7 0.61
Casel 89.4 47.8 0.54
Case 1(Distributed) 83.1 458 0.55
Case? 39.9 19.3 0.48
Case2(Distributed) 92.8 47.3 0.51

06 OOOOOOOOOOODOOOO

550000

)

500000

450000

€ 400000

Total Travel Time(Sec * volum

350000
—8—non Distributed

-- Distributed
300000
0%  10%  20%  30%  40%  S0%  60%  70%  80%  90%  100%

Assign Ratio

07 0OoOooooooooo

coboobooooooooboooooboOooobooooo
cooboooooooooboooooooooobooooo
cooooooooocoobooOoOoooOoocOoobooooo
cooboooooooooboocooooocOoobooooo
OO000000 Caseld Case20000000000OO
Casel00O0OODOOOO0 300000t00 10500000
cooboooooooooboocoooooooboooo
coobOoooooooobooooooooobooooo
cooooooooocoobooooooOoboooobooooo

4.2 O0O0O0O0O0OOOODO

0 O O O Anticipatory Stigmergy 0 00 00O Case2 OO
ocoooooOooooOoOoooOoOooobooOoobooooo
0000007000000 000000O 50%0000
Anticipatory Stigmergy 0 00000000000 0OOO
00000 s0%0000000000000000000
coooooOooooOoOoooOoOooooOoobooooo
oo0ooOoOoOooOooOoOoboOoOooooOooobooooo
oo0oooOooooOooboooooga

goboooO00obOooOoooOooooobooOooooooo
O000000000O000 Anticipatory Stigmergy O O
oo0ooOoOooOoOooOoOobooOooboooobooooo
ooo0oooooogooo

5. OO0

oooooOoooooOooobooOoobboooooooo
oooooOoOooooOoOobooOoOoooooobooooo
oooooOoOooooOooDpoOoOooobooOoobooooo
00000 Anticipatory Stigmergy 0000000000
ocoooooOooooOoOoooOoOooobooOoobooooo
ocoooooOooooOoOoooOoOooobooOoobooooo
oco0oooOoOooooOoooooOooobooobooooo

2013 Information Processing Society of Japan

Vol.2013-ICS-172 No.2
2013/11/12

00000o0o0O00ooo0oUooooooooooooo
0000o0o0o00ooO0o0oU0ooOoooooooooo
0000000000 0o0oooooooo s0%ooon
00000o0o0o00ooo0oU0ooOoooooooooo
o0o0o0oooOoOooooooooo
00000000o00O00ooooooooooooo
0000o0o0o0oooo0oooooOoooooooooo
0000o0o0o00ooooooooooooooooo
0000oo0o0o00oo0oooooOoooooooooo
00000o00000oo0o0oooooooooooooo
OO Anticipatory Stigmergy 1 000000000000
00o00ooO0oooooooooooo

gooo

1] OO0O0O0OO0OO0OO0O0OO0ODOOOOOoOOOoOOo
O0OO0O0O0OPRONAVIDOOOOOOOOOOO Vol. 42,
No.3, 0000 (2007).

[2] Japan,I. DO0O0OO0OOO0OOOO.

[3] Dorigo, M. and Gambardella, L. M.: Ant Colony Sys-
tem: A Cooperative Learning Approach to the Traveling
Salesman Problem, IEEE Transactions on Evolutionary
Computation (1997).

[4]  Chen, B. and Cheng, H. H.: A Review of the Applica-
tions of Agent Technology in Traffic and Transportation
Systems, IEEE Transactions on Intelligent Transporta-
tion Systems (2010).

[5] Dallmeyer, J., Schumann, R., Lattner, A. D. and Timm,
I. J.: Don’t Go with the Ant Flow: Ant-inspired Traffic
Routing in Urban Environments, In the Proceedings of
the 8th Workshop on Agents in Traffic and Transporta-
tion (ATT2012) (2012).

[6] Narzt, W., Wilflingseder, U., Pomberger, G., Kolb,
D. and Hortner, H.: Self-organising congestion eva-
sion strategies using ant-based pheromones, Intelligent
Transport Systems, IET, Vol. 4, No. 1, pp. 93-102
(2010).

[7]  Ando, Y., Fukazawa, Y., Masutani, O., Iwasaki, H. and
Honiden, S.: Performance of pheromone model for pre-
dicting traffic congestion, Proceedings of the Fifth Inter-
national Joint Conference on Autonomous Agents and
Multiagent Systems (AAMAS) (2006).

[8] Claes, R. and Holvoet, T.: Weighing communication
overhead against travel time reduction in advanced traf-
fic information systems, Progress in Artificial Intel-
ligence, Vol. 1, No. 2, pp. 165-172 (online), DOL
10.1007/s13748-012-0014-x (2012).

9] de Weerdt, M. M., Gerding, E., Stein, S., Robu, V. and
Jennings, N. R.: Intention-aware routing to minimise de-
lays at electric vehicle charging stations, Proc. 23rd Int.
Joint Conf. on AI (IJCAI), pp. 8389 (2013).

[10) DOO0O0OUOO0ooUoOoOooOOooOoooOoooOoooOoo
0000000000000 00000Doooooogo
0000000 Vol 133, No. 9, pp. 1645-1651 (2013).

[11] Shefli, Y.: Urban Transportation Networks: Equilib-
rium Analysis with Mathematical Programming Meth-
ods, Vol. 1, No. 1, Prentice-Hall.

[12] OD00DODO0OODOOOODOODOOODOODOOOOOOO
000000 0oU00ooooooo 1oooooooo
00000o0oooooo (2003).



