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LLTEZOLNTED, BEOERES 2B X DM
ExFIFICIT S 5E, FEOBRFEMEIC X ) /MBS
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I : Section with facilities
need intervention
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Output

Il : Section in work-zone

with facilities intervened
[1: Sections in work-zone with
no facilities intervened
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HAEB MR OREREHEICE T 212813, Bk
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QA Y PV =7 20Ny L5t LT, Medury
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LA ERAY b= LT, 2y T —FIHRIZ
X2 HHEEHZE 8 L 7R MR E 2 SR
LTW3. Leeetal. Y IIFMEHELRSHILEELH T 5
LICE o THEREIN D EHZES X T 2L T, RER
BH 2 OPEH BITHIRISEDSTEE S 2 MRS B SR R
BEMNGE LTW3., HHEEY Mizutani et al. @ &R
MEERHBEIEZ H T 2RI K o TR L5 Fid
AT LAIHLT, MEEHOBBOREFEEEEL
7-RfEE 205 Y LT\, Nakazato et al.” 1%,
ERHEELET2ERY V7005 %y b7 —
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V7 bEMRE LTED, HERIC K 2 ERIMUSA D
FEFIFNIR 2 B L 7 EANMERTHEEZ MR e L
T\ 5. Miralinaghi et al. 'O &, BEHHED <y 7 —
DT X BT - fIEB AR Z E & L ENEE
HEEZNRE LTWS. 20X 5 RN B
BZNRE LSRR T 20, ZDIELALDH
A OFEFHE Y > 7 lofMEFTHOEHZH I L
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MM E N & MIEE M ORI OEFR M2 FIRFICE R, (2)
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EXR, THHWFUIMFELZ.
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AT, EES Y DT — 2128 2ERHE -
HIFHERTEZ MR e LTW5. EEFDIZ, FERH
ER2TORXPEMMRKICL > TRET . Zhb
DR DFEEFZ—ETH 3720, AWFETIEIER
Lgw, fifEIX, Hisk OIS SSEBRE]Z1T 5 &
Endh, ZORGEMHIER, Rt oEREH,
g oBEBEAENNE L 72 5. LT 2 8K XM
HIE U EREINC D 2358, MBEXEHDDZh
SOERMPHIRE NS, T, BRI X 2 FRK
&Y, 2y V=2 2KORHEE D EH5A]
REMEDSD 5. AW T, sG@EMGIOBUCLLEIT 5
WHEIERHE, 2y b= OFBEIC XD LET
Z2AMEEH, o2 BEHEOBEHEZEZ 5. flEEMH%
ERLRWRD, ME - HflEHEE, 2TofEs8
B XEzGERGICEEN S X 57%, H - XKEHID
R OEHEY 72 5.
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¥3, FHEAR 2 R 7 = {1, .-, T} TER
T 5. ARWSETIFERGHEN R E L T\W57:9, T =365
b, teT X, t HHEZEKT 2. X, MR35
3y NU—2RKFHTTT7 GIN,A) TEHRT 3. NI
J—FREAE, AFZ/—F2BEIF268m) Y I7EETH
3. B U7 FACEXOBERXEICXIUTTT 5N T
BY, 2y b7 —22KT S HOEKXEEET 5.
F/z, VY7 (i,)) O nHHOEBXEIIXHEESXK-
2D XS {i,j,n} ¥12 3. BEBXEIHED LT
&, 2MEER 13, j,n) TRILINTED, IG,j,n) =1
VIERSIXE (7, j,n) DEENICHENIRETHL %
kT 3.
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V(i,j) e LVne N;;jNteT 3)

(j (pGi,j.n.1) |Vne Nij}\{0} =0 VieT
(i,j)eA

“)
p(i’j’n’t) € {0,p(i,j,n— 1,[),

max{p(i,j, 1,t),p(i, j,2,t),--- ,p(i,j,n—=1,6)} + 1}

Ve Nij \{1},¥(i,j) € LVt €T )
p(i,j.n,t)>p(i,j,n—L,t)
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V(i,j)e LVt eT 6)
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DIGBIRHNCH 2 Z L ZEBKT 3.
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FEHE RS OREEHE) o2 MEOEM» S
7%, EhatE P OO @EMFEH R(P) IZL D
E2WEALTE 5!

R(P)=W¢ max max i,j,n,t
(P) Afg;adkﬁneMJﬂﬂ Jj.on0)}

T I, Wy l3ZEE Mo, w, [ XEEEH O i
ThH5.

AFFETIE, Vo7 OEmEPBEY Yy 7 a
Thh, Vx> arofErthoXEofiE e B
BZZLICEHL, Vv rryarohoERXE L olF
FEE=, Py 7 arvieEdR@HMEER LT
WAL, XBHI, ZOXIICEADOHBOREE Y &~
MDD B Z T, v b — 27 2RO EHTIE
A o Z e oGafifilEHOGE e v b, AIFE
DIRETH 5 Bi-level fRIEIC & 2 T IERDAIREIC TR 5.
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AWZETIE, RADNERRZHAWTHR Y M7 —2 OF|
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0 if Z p(i,j,n,t)=0
€, (1) = neN;,; V(i,j) e LNt €T
1 else
(14)
wij k(1) 20 V(i,j) € LVk e K (15)
Wi(t) >0 VkeX (16)

By Y — 7 ORBRATTFIEIEZ K FET 5,
A TIIHICE Z L ITER A Y N7 — 2 OFGIRIZE
ELF 270, FIHEDERHEZERZIT S HERITHEN
ML, HLETHAY b —Z7DHEZEL LTHWS
728, HEMABIERO—>2TH 2 H/NEHARE W
3. 7, BNERTRE WS Z 2 THRED BRI
D, KFELFETHHIRD Y LN—I12 & 3 fRDEH
DRI D) AR DIRE TH 5 Bi-level FHEIC X 3
FrEARDFERICIKT T 3.

4. Bi-level &%

BIEDERNICE D &, REMAE - RHIFHmEE
URe7ks:

min U(P) + R(P) (17)

ZOMBEIXEAELME (MIP) THDH, MIP I3
e ROF 27200 D7 NLITY XLHBREINT
WAHR, 7Y A LEEZEMEHLTHEST 2DI1ER
HTHD., BEEETH D PIIZ, BEEE mp(s,1)
C2MEE B 6p(s,t) B3, TR NS T xS HEEN
TW3. BUEIZED Casel Tld, B v P 7 —212
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7 — 7 OREE - FRFIFHEIEEFCH 963,600 fE DL
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BitT2Z Ik TRETE, 285V Y 270KE
B, srEfgmEEL CEhzhoy 27 12E|
D YT SN2 BEH DOBUTIE U TR REL T &
5. —J7, FHAZBEHZ, TXTORRICERE%
BV YISV THETE 2720, VY 7HMNOD
01 2R X 2 RB(LRIEIC R .. Zh o DFHEEE R
LT, RAKTIER-3I1TRL7zES5%R, 30DRTy
THER XN 2 Bi-level fRIERIRE T 3.
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Step 1: Section-unit link-level work-zone
Pareto frontier problem

Step 2: Optimal link-unit network-level work-
zone assignment schedule problem

2 work-zone optimal schedule]
8 work-zone sections

Work-zone assignm

\
|
~

ent schedule }

Day 1

2 work-zone ‘

2 work-zone ‘

=

3 work-zone optimal schedule:
6 work zone sections

Traffic assignment

() S ) o )

User cost
for Day 1

2

H §-

= -

N ‘- Traffic assignment

& User cost
‘ 1 work-zone ‘ "o for Day 2 S T‘?t?‘ (.:osl to
minimize
<

Step 3: Section-unit link-level work-

}7

zone section assignment /
Day 1
v Sum up
PN
3 work-zone : 2 work-zone
Step 2 result for Link 12: =6 work-zone sections =2 work-zone sections
Total 3 work zone m N4
Day1 2 work zone I:> \\¥e i
DaiZ Twork aone 2 1 work-zone -o % Total work- |
Day 2 =4 work-zone sections ' zone cost —
= "
H P
1 work-zone H 2 work-zone
=1 work-zone sections | || | =5 work-zone sections
3

X-3 Bi-level f#Z DO REE

N —En

E%ﬁlvﬁﬁﬁ%ﬁ%ﬂﬁﬂﬂ = Ci,j (m) =4

L,

min
{p(i.j.n.1)|YneN; ;}

+Wol{p(@i, j.n,1) | n e Nij}| (18)

Pm(i,j,n) ={pm(i,j,n)} 19)
= argmin Wys max {p(i, j,n, 1)}
{(Pm(injim)|¥neN; ;} ~ MENi
+Wol{p (i, j.n, 1) | ¥n € N j}| (20)
s.t.max{p(i,j,n,1) | Vn e N; j} <m 21
p(i,j,n1) > 1@, j,n1) VneN;; (22)

ZDRL—h7arT 4 7L, BEERET 2 EE
BTH37-0, MEIHT S, m A3 wnwe x K (18),
0) XEDTFE LR WARENED D D, TRhbBY V7
(i, )) W X N2 5@ O m 53, V> 2 (i,j) D
ETORBEEPRITVWILEERT S, mBAkE
{kBicon, GEHRHIBERP I DN E57%
Bl kR —REOM D, Bl X3 @ EE O m
Y AOEHIHIE ¢; j(m) DXL— b TaryT 4 THES
na.

(2) Step2: By FT—o D) > BNDIERE
[iGpagiita:]

Step 1 DFER KD, EHEA Y PV —2 DV ¥ 7 HALD
ZEFREIE S RIE P = {p(i, j, DIV, j. 1) € AX T} Z
IV ENORE N AW

minU(P) + R(P) (23)

P
UP) =min ), 2,

Z Cijwi k(1) + Cobi (1)

|

teT keK ‘(i,j)eL
(24)
s.t. Z Pl j. ) <MNteT (25)
i,jeA
Z Wn,j,k(t) - Z Wi,n,k(t) =0
(i,j)eA (i,n)eL
Vne N \ {Ok,Dk}, Vk e K
(26)
WOk,j,k(t) +wi(t)=fr VYkeXK (27)
(Ok,j)eL
DL Wik w0 = fi VkeK (28)
(i.Dr)eL
D owi k() < pi (1 -ye () VG, j)e L
keK
(29)



0 ifp(i,j,1)=0
€,j(t) = (30
1 else

wijk(t) =0 Y(,j)e LYkeK (31)

We() >0 VkeXK (32)
Ry = > e (> pli 1) (33)
(i,j)eA teT

R Py, Stepl THoALAAL—b 7O YT 4T
ci,j(m) | Vm e M ZilAEDE 5 Z LT, JTLOREM
& - HHIEE P 2 FELWRERE NS, TTOBEKX
MHAL ORI LR T, VU > 7 B o R E 2
LB PICP Vi, mEt71ra) X a2k 55
HHAAREL 72 5.

(3) Step3: VYU - EERXEEMOIGERG/NZ—
> DS

Step 2 DFER KD,

&R — > DELS

V7N - SERSIX ] HAA D AE AR
HIATD X 512725

p(i,j,n,t)

_ ﬁ(i’j’t) lfﬁ(l’.]’t) +Z(i»j’t_ 1) zﬁz(i,j,T)(ivj’t)

0 else
(34

26, ,0) = Xyp<ewery P J,0D) &, V7 (i, j) ICHIC
b 132 IZHITHL T STV 2 3SR 2 Bk T 5.

5. BEEHE

BUEFIREZ, UTFoaryYa—&k—r7urs6%
i L T{T->7= : OS: Windows 10 Pro (64 ¥' v +); 71
+ v ¥ Intel(R) Xeon(R) Gold 6258R CPU @ 2.70 GHz;
Python N—3 =3 v 3.8.11; Gurobi Optimizer N—3 =

:9.1.2 BV K v9.1.2rc0 (win64). Gurobi Optimizer (&,
@ﬁ@%ﬁ%ﬁﬁﬁmﬁﬁ?%%ﬁ,%@5%@#o
DAHERD D70, FHEMERIEEZ L IR 2 A
WDH 5. LrL, MIP Y N—DFEEREE D i
fROE D L, RHAFLDONRINTH D SR DFED
—DrLb.

(1) Case 1: Nguyen %y k7 —% - B3@RHI LR L
Nguyen 2 v b7 —2121313 /— K, 19V 2, 2,640
DEFXENC L > THREN S, /—RDOfiEr Y >~
7 OHANIE-4 IR EINTED, FVVI7DOEXEXR
BEEIIR-1IZRT. Case 1,2 128 2 fEHHER
ik & RO IX L, B-5 IRETRENTVS.
Case | DFFREIF 260 M THK T L. TRTOMER
3E%TETL #H - &V 7 OEBHE e R-2 12
sl oERXEX. ehrhE-6. B-7. B
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R-1BV I OHMAZFER Y 7u— LR

Vo (i,)) | MIHEEMC,; 7v—FR g
(1,5) 7 800
(1,12) 9 400
4.,5) 9 200
4,9) 12 800
(5,6) 3 350
(5,9) 9 400
6,7) 5 800
(6,10) 13 250
(7,8) 5 250
(7,11) 9 300
(8,2 9 550
(9,10) 10 550
9,13) 9 600
(10,11) 6 700
(11,2) 9 500
(11,3) 8 300
(12,6) 7 200
(12,8) 14 400
(13,3) 11 600

@—. 2
4 © ® @ g
O @ @D @
Q——06

X4 FfEFIHTHWA Nguyen % v b7 —2

FUR-8ITRENT WS, HEIIFERIHE T NE Y
LRWREHHXEZRL, REEHEEZLEL TS
REHHXEZRLTWS

Z DFTHENCIE 273 ORERHINEZEN, TRTOK
RS 3 HENCEF L. 12D ¥ 7 3@ X
Mz atias, RERHZEGY v 72fkoREEE
MDY T 2720, Zhrzho) U ZETCHIZETD
FEEIT>TWS. %/, FHEEAZHIRS 27729
BEHI L7z > 27 HFE U HISGERGIDE D H TS X5
Wi - TED, Iy > 7138 iz 2 Hic @R
DEDHETENDE XS5 1TR-oTWVW5.
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W : Sections with facilities need repair
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M : Sections in work-zone with facilities intervened
: Sections in work-zone with no facility intervened
. Sections not in work-zone

X6 Case 1: 1 H H D 2@ X i

(2) Case2: Nguyen % k7 —% - B@RHI LIRS D

Case2 Tl&, HY7:b 0@ HHED LR% 20 2 L
THEZITWV, FEHE Case 2 DFFEIZ 583 BWTKRT L
72. Case2 DFH « &V ¥ 7 O EHRHEIEZR-3 1T~
J. Case | LB LT, ZEMHIE D ERIC X DEIE
FFEDRZ K Lo TBD, METI2HIZED 3 H2S
16 HICH 2 7=. Z 2 Tl&, Case2 ® 1 HHD @RI
DEWEE DA, R IRT. BN THONALHICH
DL EIZBWT, 1V Y ZDABRBINTED,
RO ¥ 7 HFRICHEIMTbATwa HIZE 2H
H, 4HH, 7HH, 8HH, 9HH, 12HH, 13HH)
Ti&, EAY 7 CRRICHIERITOA TV .
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M : Sections in work-zone with facilities intervened
: Sections in work-zone with no facility intervened
: Sections not in work-zone
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B : Work-zone sections with repairing facilities
: Work-zone sections without repairing facilities
: None work-zone sections
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Optimal annual work-zone schedule by days and sections for road networks: A Bi-level
solution method

Yuto NAKAZATO, Daijiro MIZUTANI

In asset management of road networks, intervention for the facilities is determined based on a long-term
management plan. To carry out all interventions in each day,it is desirable to appropriately consider the
economies of scale in intervention costs and user costs arising from traffic regulations for intervention. This
study formulates an optimal daily work-zone schedule at a 100-meter sectional level for road networks, with
the goal of minimizing the sum of user costs and intervention costs. To alleviate computational load, this
study introduces a bi-level optimization method that divides the problem into a lower-level problem at the
100-meter sectional level within links, and an upper-level problem at the link level within the entire road
network. Numerical case studies demonstrate the proposed approach ’ s capability to derive an optimal
work-zone schedule for a real-scale network.



