3y b7—90358

HEZ

RRARZFEKRE
seo.t.701d@mu.isct.ac.jp
B8l - HHEH F 7 & — - HFMRE 2026-10-26 £IRKF



= EE
— B
— B EER
— AYKBRETIL - Izl —> gV
— %%{LIDUE - DSO

O - Rk 1

— XYRBERY T 2L —KUXsim

= J0H - EiX 2

— O RIREARE MY T 2 L — & UNsim

><

= OSSSEFHIDEER TH o NT-HE




2y M7= RERIE R

sy N — 07 LﬁfEEEHﬂ
—Z‘/ |\7_7T0) /ﬁ@éﬁéj.]%—_’na
— ZDEB R
« VU TDORBER - B DIEE
/ — FTORBER - HiFEDEE
c v b7 — 2 L TORITE DR ER

A l@/l IE%E?H?
| - BER EOXBROEE % TR
o T - EXICIRY Y 7ERED, /- FHET

find h* € As.t. = IR BERLS (DTA: Dynamic Traffic Assignment)
(@p(t,h*),h—h*>20 Vh € A —?“7 |"7_73C1_/JILE C\:_EE'%E:E)T%
— ISR ENER - B RAICE T 5 EmIvEEk L = ER




v M7 — U@ R

AR AT R ]

" FRRYSCB SR & DE L

58 =
B BT H R EETT

Morning Afternoon %g FIEﬁ E/] 72‘\ 12X /I'|1 0) 1£ T%l% 75: Ea \ \

= = -ﬁ%ngm T, %%Uxﬁw%ﬁi@ CHE LK

’/\]\ W, BESIUOETIE, LERYr7ZiiahTtnl

SOXBERETILEDEW

—M@maﬁéﬁ(mmﬁat>®£ |3 L
—~ ETOD2RITNEEFH ETE R

- BEIREE

- REETOREE
— INT A =20 K AERERHARAE




2y M7= RERIE R

s ZEH D L D B KBERALBEIERROONICEL TWLWDS
~ZHZH, TEEBEME IIFEESEFERNICRE> TEL S
IR

— ] . BHEET, BMEs BE)EELR -7V V7T -
EVHIEEMmICRIZFTHEL L

 [RIBRANCE D K BRI ER
Wim T NITUTORAIZ T TEaTHEAHN>TWD

o - [ERRLOEENTIALR YR FIOED ]
PO g - [ANEHTRAMNICELENH D]
_ TRITE GRS A4 5 ADEETEIRT 3 |

s ZZEFIZIABITEIOFZRTREIAHADT, —TVIZH->TWS,
HIICL-INITEMAD ZERINIE L0



Kinematic WaveIEis

= Kinematic Wave (KW)¥E5& : @Rz mAE L TR LKRBROBERGE 2RI 2 ET L
— §L4kA D g, H_T—k REv
W DRI : ZOBIRREA FZE IR IERAIC D L TV DS k(L x) R E

7 ILDRA]
— XERRFL  EEIEERAL K RKE, HR, BEREBEIL AV
)lLMSO)FEE{%T_E' ZHEH
- ;ﬁ?—%rﬁaﬁ* (Fundamental Diagram: FD) : {FEDORKFER R OEIRRE T AT FDICHE S

— REMRIIAIEELREY BIICED : @I o ZYR LD ZENIL—IL q
= HIHE - BREUAEZ ONF-E ZFIZ, MOEHORBIRELZ KD 3 q*gqﬂw """"
s KWESRICIISMAREL AEBAH S, EEICENT ug ”
\ q . ® ot
X A X
RN -
(HHA - R )
> t > t




—\

LWRE T /U
 KWESRDOEARTEA (BEHEK) N
- %ﬁfﬁﬁ%ﬁﬂ” . Sikl_ﬂ-ﬁ Cigiljﬂﬂ < %E, }“ﬁf@l, Hﬁtﬁaﬂziﬂ L/ 7’3:\'\ vehicles m
q o ____:Z+Am
ot Tor " ‘ SN
- FDIRE : FREORZHER/DBREE LT FDBEHQZ M7 T T e PR

timet=t+ At

q = Q(k)

- F & &;’C
Ok N dq 0 Ty
< ot Oz or Ok T 0Q(k) — () A
ot Ox N\ = Q00
4= Q(k)
— RAZEL k(t,x) Wi
cFD&q =kvidBITHE-SNBDT, kD RFEFNITqvETEES
c SOBIREARENIE, EMEMIFHFERIEE e o

— I N & ICLighthill-Whitham-Richards (LWR)E 7L & FER[1,2] o ‘

ill and G. B. Whitham. 1955. On kinematic waves. II. A theory of traffic flow on long crowded roads. Proceedings of the Royal Society of London. Series A. Mathematical and Physical Sciences 229, 1178: 317-345
e

8=



= [ WRET /L
ok  0Q(k)

(915+ ox =0

= FEATRVAR L ¢ A1 HRRRIL, Variational Theory
s BYEREE - > T 2L — 3% Cell Transmission Model

time-space diagram

9
B.
i
T 1
7
E- —
b=
= 51 ] 0
o 55 1
w 47 =
g 4= 0 [0.0][0.0][0.0][00][0.0][0.0][0.0][0.0]
2 3 2
(38 0 2 4 6 8 10
2.
-2
1 -
-1
|}.
— 0
0

20 40 &0 80
time {timestep)



LWRETILDOZER (BHER{L)

» KWEEERICIXHFE M FRA BERLL H S

= IWRE T /VILEulerBE 2R (t, x) L CEREREIREEEH & L7-ER1L

* NET /L EulerEEIR R (¢, x) L CREEHRN 2 IREBEHK &L L71-EH1L

NMIXIF =LA TES

k91 : PN PN THS A (BB ELY)
ot Ox o dxot  Otox >
ON ON
= = — ON ON
q_Q( ) ﬁaN ot ( ‘C);If) WQ(_@_)
k - —a— T
X



LWRETILDOZER (BHER{L)

= I 5|2, NET I/ %ZLagrangeEZ2 R (t,n) LOEMMEX ZIKEBEH E L7-T
TILICE i
» XETIL .
—REZTHX(t,n) : BRtDERnDAE
—V(s) : HEEEHsD L EORE, BREMRICHEY FD: g = Q(k)
- Zhig, EREAOMEBEBERRT 2LV EKTEI AN, < >
. ax((;, n) ’
s(tm) = _ax(g:;;n)
k=1/s

q=kveqg=v/s

ON ON 2 0X 0X
Ot Q(_a;z:) —> Wv(_ﬁ>




LWRETILDOZER (BHER{L)

: XET I 0X ox
- REZEX (L) : BAoEmnomE 5 =V | T

— V(s) : EHBEIFREsD & T DRE
— ZNiE, EREmMOMNEZERELRTSEWVWIEKRTIEIZAH

* LIWRET N, NET N, XETIVIEBRICIEFMZD, KR - KA - @AHPEL S

X(t,n)
X N(t, x) n X(t,n) x /
A A 1 1 1 A 1 1 1
! ! t--n=0
’/ | / | | a-=="T |
o S Len=1
----------------------------------------- ,}:/ E
1 .o n=2
-
> > - ; >
Eulerian coordinates Lagrangian coordinates Lagrangian coordinates

in Eulerian domain



XE T ILDEEE

« XETJL

0X 0X
- — V —
ot ( on )

= HASHEX (0, n): BFZIODEETMDNE

= IEREMEX(t,0); EmOD NI

x(t,0) /< « TS5 ORBRY (s): EHEERsD & X OEE
. L B @EmOBMUX (¢, n) DEHE
X(0,1) .
X(0,2) ®
X(03)

t=0



NewellEﬁ"@ EREETIL

= Newel| BEfEEET L[] : XETIILOEE

" REESARRRERERIIAK E T 5

oo Rt DIRBBICE DX, Bl + tDRREZE K
0 %

- X(t+1t,n) =f(X(tn),X(tn-1))

— 7. F 74 NN—=IoEE

— X(t,n—1): ATERDALIE

— i FTANZEFexRIT AN DEK

EfRNAETCHEEZELYT S
— BRBRIZIIEEEFELEWE WTAEWDT, ZDEE
o IEBE




Newel B EREET /L | EEERNEH

2
\
\
[ |

1—|—|

FADIBRICEDZEX(t +1,n)Z KDL

X(t,n) +ur

s ZORBERIEEBRAMRIRENSEFIRRED EH
> TH 5

> i

T  RICEERRETH B LTS
—DFY, EITEA—-1DPTDEATH D

Iml

BCI N

S nDRE TR AKBEuTH

s m X oTC, X(t+1,n)=X(t,n) +ur



Newel EffBREE T/ | EENEH

= R [Z, RISETFIRRETH D ET B
— E1TEn — 1H5E W

s ZDEE, nDOREE I FuRFEIZH

s FEITEICXT L, f/INEETEFEEHS IXFEXT (ZHE
FLEITNIEX D S AL

s 5t + T CHEEICSZHERT B IC1E
t+TICSONIE X TEHITR WL

- Xt+t,n)=Xtn—-1)—-96




, R IOFIRED & F,
Bn— 112X L =/NE2EAEREES
ARt 2 MER T 5 K 5 I2EK<




Newel B EREET /L : BENEH

= 2RI B RTREDNSFIREDO EL b
MTH D

R X(t,n—1)—-6

X(t,n)+ur

- RICBEBMIRETHNIL
—X(t+1,n) =X({tn)+ur

t o a = {fz | u/)(/m'lj( e THILIE
—X(t+t,n)=X({tn—-1)—-6

| X(t,n)+urt

AX(t,n—1)—6

s obBbAEL WY

1-3 t+T1




Newel EffBREE T/ | EENEH

s “ODRERMEDH B, NS WD D IERE

R X(t,n—1)—-6

= Newel B BHREE T /L

X(t,n)+ur

X(t+7,n) = min { X(t,n) + ur, }

X(t,n—1)—1/k

= R AN—DITERE DR
’ ~ Hll3 &/ ERER R/ EEREE S D
| - HElEHEARAEEZHFD
. [ - 2oRTT, ERETRERY EET 5
KW DO ERRE BB
- [HEIZZeD@EANTREGR Y ESFISED ]




19

X Q. n = 1 & 2D EEEHFFDOEF % Newel |l EHIEREE
i M TIVISHE > THAT

= N T A N—DITENRIEDEER
B (3 &/ \EEBATRRES & s/ NE BRIt & B

X(0,1) o
2> (Newell box)
X(0,2) —~ Hl e RKEREuziFD
> ZDHET T, BEMIITTREARY BIET 2
EmMZER/NTA—S

T

/L 5 W|




AVRZI9TAT7TE

inflow = 0.24

] D D DDORPDDRRODD B [ ] 1}
flow 022 026 026 024 0480 0500 N0S0N aise oise eisa

density 0.06 0.07 0.07 0.07 0.46 0.50 0.42 0.13 0.13 0.13

speed _ 104 | 100 | 118 q

https.//toruseo.jp/trafficflow/bottleneck jp.html



https://toruseo.jp/trafficflow/bottleneck_jp.html

— XY (mesoscopic) : T7RB &7 BDHR
- X7ZADELDICKRY b7 —=7%FW, TR D LS ICERIEMEHKRLT-L
- $IC, EREmZRZ 2 ERBBREZEERECECHEL WL, w7 AEETEE

s [ XYTBRETIV] ZREDETIVICIEIRA RS DD H B[1,2]
— gas-kineticE7 /L BETENT 7R —FICLA3RBRET IV
* llya Prigogine [3] (/ —RIL{LFE) AL, SITTX
—~ BRI AEmEZERT BN, TOEHFETLEEI /0L HEVETIL
c UV I EHRECEHSNAREZERRICEDZETMZEH A TET /L. DynaMIT [4], SUMO mesosim [5]7 &
c VY I DHEAY DHEERD ETI, BENEFLITIZMED ET /LA L. MATSIm [6], SUMO meso-Itm [7]7% &£

A i)
> o
. o L
Do | 0

,.\‘ | > )(‘/< | :

& y
S

0 2 4 6 8 10

)i & < 0O

aimsun.c

[1] S P Hoogendoorn and P H L Bovy. 2001. State-of-the-art of vehicular traffic flow modelling. Proceedings of the Institution of Mechanical Engineers, Part I: Journal of Systems and Control Engineering 215, 4: 283-303.

[2] Sven Maerivoet and Bart De Moor. 2005. Transportation planning and traffic flow models. arXiv preprint physics/0507127.

[3] llya Prigogine and Frank C Andrews. 1960. A Boltzmann-like approach for traffic flow. Operations Research 8, 6: 789-797.

[4] Moshe Ben-Akiva, Michel Bierlaire, Haris Koutsopoulos, and Rabi Mishalani. 1998. DynaMIT: a simulation-based system for traffic prediction. In DACCORD short term forecasting workshop.

[5] Nils Gustaf Eissfeldt. 2004. Vehicle-based modelling of traffic. Theory and application to environmental impact modelling. Universitat zu KéIn.

[6] Andreas Horni, Kai Nagel, and Kay W Axhausen (eds.). 2016. The multi-agent transport simulation MATSim. London: Ubiquity Press.

[7] Ying-Chuan Ni, Anastasios Kouvelas, and Michail A Makridis. 2026. Simulating link-level interrupted flow traffic dynamics and the comparison between different models for urban road networks. Simulation Modelling Practice and Theory: 103252.



» FIEEHICED < ETFILHAAL L
— 7 AaxERERORIERE  REFLH], AXBEBER, mANBIE

¢

= Newel EFBREET LI AV EWR B
— 7 AXBARTETIVEEM
~- B EmZ EE
- AY DI 70T TIVEERBBEINRE TlE AL

—~ 7=72L, BEDNewell ET /I TlIIstERHEREREIIRGER (1) ©tHY), =2
JARETIESFHE IR FHREIE




—\

)( \/i\%\;}:ﬁ:%T}l/ 23

* Newel EfBREE T ILOEERIBZAW-ERN
— Newell EfEREETIVIE, BElZ&ERN (orffi5lI<) L THHEUICTTE I NITEM
B RBIREEDREZTEONS(1,2]
~AMBOEmE—DDEREE L, Newel B BREETILTENT A X —
- STERRERBAEICLDDT, sSTEIXR MZ1/M?ICHIRTE 5
— ZN% A Newel EfEREET /L EIER
cRICEWLELT-DOHHERDOI IO OHE WD, BIBAINZEXAVEBRETILEFRATWLS

x A 1 -Ié?
7/{/
7 7 7 ll/
E:> & spacing st

>

speed

3 O

vehicle n vehiclen —1 vehiclen —2

[1] L. Leclercq, J. A. Laval, and E. Chevallier. 2007. The Lagrangian coordinates and what it means for first order traffic flow models. In Transportation and Traffic Theory 2007, 735-753.
[2] Jorge A. Laval and Ludovic Leclercq. 2013. The Hamilton-Jacobi partial differential equation and the three representations of traffic flow. Transportation Research Part B: Methodological 52: 17-30.
Laval and F

[3] Jorge A. Lava elipe Castrillon. 2015. Stochastic approximations for the macroscopic fundamental diagram of urban networks. Transportation Research Part B: Methodological 81: 904-916.



- BHIER & BRI — L OEEE

= Wardrop/R Al : (XFRAY L REERIL—IL
— Dynamic User Equilibrium (DUE): EEMABEICE > THR/NI X MREZEIRYT 5. H
cHmERARL
— Dynamic System Optimum (DSO): HEMAY, Y X TLEEDOIX bZ2R/IMET 5 L H
B ERYT 5, afmERlt

= DUE : DSOIZEESRBIICEE L M >TWaEWLWAaEDH %, BEYIRWIEIESICEH L W
— RRABEIRTAEATIE, BEOIX MIFgEkDEFELDOTHD S AL

SR T DMEEERAN’EHT, AT REZKD 5 DHEE

- —iREHZEICIE, BOM—EIEIEERFAT, ELFEEDLANoNTULARL

Iml




FAYR B =R - DUO

l'I'I

s BB EZH L, RYIFEWZBRSIC L= EBERL—ILEDH S

= Dynamic User Optimum (DUO): REMAHEIZE » TSOEMA I X F A&/
DS 2 EIRT B
—cf, DUE: BEMABEICL » THRENG IX b A RNDRBERZEIRT S
- SoEBMaAXN BREEOEY VY IOREZEZLEDOERBREKIX T
— \E*EHEEI’J@\ BIR. fll : SORBIBERIE T2 A TREZRD D, FFRERTIEA L

~- FTRITLEERNE Z
é?[ jo_)j:%’)%?f * i’j’[*:[ '
AN AN

& 4’}
H B DUO R DUE




FRY @ =Rl - Z{LUDUE - DSO

» DUOIE H 2 FRE RSB/ IERIEAR. DUE - DSOS H AR L UL

= FRto <)L 7&EiHday-to-dayBc 2[1,2]
— BRpHD AN REASLVEIRFDELEDICEZZE WS BREAEYIRT
— IN%E, SEOOERBRALRI-HOZIREE Lo/ T7EEEALRT
— TNAT7EHITEVRHFDOL E THE—DEEDPHICNRT S ENFRIEINTWLS
— NEREHDUEDREY & AT
— NERMEE IR MZESHNIXDSORAfED KD 5N 3 [3,4]
— {RICZE{LIDUE « Z2LIDSOEMERZ LT D (LHBREAICERICEHFELLTIELLY)

20/\ 2263\ m 20-28 NG
2/\

O 0’\ 2863\ 24- 28/\

1E|E 2E|§ 3E|§ nBE~% .%ﬁj\*'ﬁ?

R MR, FE I@I’& 2015. %37 Eiél ;Z@)JE’J |~'7 7)0_;%63 AP RIHIED3 (i7k +@+> 1 5 503 1509.

m ry dWIg and Martin Haz 202 timating Markov Chain Mixing Times: Convergen ards qu um o of a Stochas o ess Traffic gmnMdI nsport tionS 58611681192

dai dM h b i, Jakob E dm ann, Sg ambi, S eyedehsan Seyedabrishami, d Maaike S elder. 2023 mu I I simu I b ddy amic traffic assignment mo d | for mix d affic flow of c ted and a vehicles and human-driven vehicles. Transportmetrica A: Transport Science 21, 2.
Wd and D dWIgZOZZ Dynamic system optimal traffic assignment with atomic s: Con g d tability. Ti portatnReeachP B: Methodological 155: 88209

Q
%o
53



2y b7 — 3B RERRD — KAV ETE L E A

1. #H, >FVFTFEE
— BESRIODEE, Xy M7 —7BE, KBRETIUNNTIA—2%
2. &/ —FCTREEERETILZFE
— DUO, FT5EDREERKA L
3. &/ —FRTY VIR BRIoEZETE
— J—=FETN (SEOERTII)
4., ZBYv oYV IAXRBRETILVLESE
— XY Newell BEfi BREET LA L
5. B4 )Xk
6. EASHRFZIENZETRT
—  R{IDUE - DSODIFE, ¥ Ial—avyBExigYRLEAE

\

R R

» BEGldbhh o7 LTH, INZEDPTHAEOLETCETETA2DIEAL LY XKE
s IEORBEY I 2L —RIIIZAOFTIANT VT4 ET 4 ETILAL L, s
T/ AEY I BB LA
— HBE R ITEZRAWLE Z(Z, SUMO * MATSimIZKIF &

s AR TESICIEE D TNIEV LD 2 FENRT LI L OABL L |



= EE
— B
— B EER
— AYKBRETIL - Izl —> gV
— %%{LIDUE - DSO

O - Rk 1

— XYRBERY T 2L —KUXsim

= J0H - EiX 2

— O RIREARE MY T 2 L — & UNsim

><

= OSSSEFHIDEER TH o NT-HE




UXsim

Python traffic simulator
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https://github.com/toruseo/UXsim
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[1] Lara Codeca and Jéréme Harri. 2018. Monaco SUMO traffic (MoST) scenar io: A 3D mobility scenario for cooperative ITS. EPIC series in engineering 2: 43-55.
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UXsim

Python traffic simulator

“Open in Colab"7RA2>

UXsim: Fast network ic flow simulator for Python

20 Open in Colab : downloads | 982/month | 10ss [10.21105/j055 07617

UXsim is a free, open-source macroscopic and mesoscopic network traffic flow simulator written in Python. It simulates
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<> méemonstratesbasicfunctionalitiesofUXsim. For further details, please see the GitHub re¢ o j _ I\\\t }b _(\\Egz-;j_:‘ﬁ \/ (Or

2

-
cl

i ze sho:v t\ln;o examplles: simple one and large-scale one. E}E Hﬁ jz S h ift + E nte r) % T@ —é— t % G) t } b G) j _
Imple Exampie o Sy —

o Here, we show a simple traffic simulation in a Y-shaped network. I\ 75\ gé TT é n %

=2

First, install UXsim using pip and import the required modules. o %I:I:lz% ‘j: % O) .IE—F L: i%/—-l__\ é n %

- |° Ipip install uxsim a— l\\\—b}[/ _

1 v ot S ) — EpwlEFICEITL, —EDT7ATZ
v Scenario Definition Eﬁ" Hﬁﬁ( -ZA % 3%{[_-]—_?\\ % %

First, we will define the main simulation W . The unit of time is s (seconds) and the unit of length is m.

H W = World(

»
name="simple demo”, # Scenario name. Can be blank. Used a;‘ue_fﬂdel'\nen‘nz‘o! léwing results.
deltan=b, # Simulation aggregation unit An. Defines how many vehicles are grouped together (i.
tmax=1200, # Total simulation time (s)
print mode=1, save mode=1, show mode=1, # Various options. print mode determines whether to pr
random seed=0  # Set the random seed. Specify if vou want repeatable experiments. If not, set t
)

=
The simulation scenario (network structure and demand) is defined. Fiﬁﬁbﬁy@sﬁ added, then links &
and finally the traffic demand between the nodes is specified. In this case, we define a simple Y-shapec
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— n‘li-%EH https://toruseo.jp/UXsim/docs/notebooks/demo notebook 09en dynamic traffic assignment.html
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UNsim

Python/JAX traffic simulator with AutoDiff

= GitHub T2 : https://qgithub.com/toruseo/UNsim

= UXsim & 1 E1Z[F) U B CTHI AR BE

s UXsimDEEZH A L2026 FE ICHF - N6

Seo, T. End-to-end differentiable network traffic simulation with dynamic route choice. arXiv preprint arXiv: 2604.11380, 2026.
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