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ABSTRACT

Pricing for tolled highways has always been the hot issue for both transportation
researchers and the general public. In effect, there exists a bidirectional, mutual and
dynamic interaction mechanism between road maintenance and highway toll. As the
main purpose of highway toll, the fund of road maintenance mostly drives from
highway charging, thus the road maintenance cost is one of the important factors to
determine highway pricing. In the implementation of the established highway pricing,
highway users can freely make the choice of the traveling behavior, which in turn will
affect the road damage degree and then the maintenance cost. Because of the dynamic
interaction mechanism between road maintenance and highway toll mentioned above,
the optimal objective of the operating system composed of highway managers and users
can be achieved by optimizing highway pricing. Therefore, this paper focuses on
working out the highway pricing problem from the perspective of maintenance and in
reference of the traditional methods of road congestion pricing.

Firstly, by analyzing the factors which impact the route choice of road users, the
traveling cost function composed of travel time and highway charge is determined.
Considering the effect of travel cost on travel demand and according to the basic principle
of user equilibrium, the relational model between highway toll and assignment of vehicle
load is established on the basis of the elasticity of demand of user equilibrium traffic
assignment model. Then this paper proves the uniqueness of the solution and the user
equilibrium conditions, and accomplishes the solving process through the improved F-W
algorithm.

Next, with the inspiring idea of the pavement maintenance benefit in pavement
management system, we put forward the way to quantitatively calculate the road damages,
which is the surrounded area that initial pavement performance index value is the upper
and the pavement performance index curve is the lower. According to the deterioration
model of pavement performance, the relationship between road network damage and the
assignment of vehicle load is established by using the mathematical methods such as
integral.

Finally, taking into account the different status of the highway managers and users in
the operation system, the former work out the highway pricing and the latter can only
passively accept the highway pricing, which will affect the user's traveling behavior, and

the traveling behavior will affect the manager in turn. In this paper, a bi-level programming
m
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model is established to quantitatively describe the relationship described above. The
income-damage ratio is used to measure the objective of highway management in upper
layer, and the lower layer describes the users’ traveling behavior in the given highway
pricing. What’s more, the genetic algorithm is designed to solve the bi level model.

Key Words: Road Maintenance, Highway Toll, Assignment of Vehicle Load,
Road Network Damage, Bilevel Program
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AL R AL, T AN R B TB) A LR, ELAZ 388 PE 70 e A i B 1 o v o i i
g, R

ty =t,(vy), a € A (3.1

¥ oD X Cr, s [A] AT 75 3K S ANE oA PRI = AR 224k, W) R K2

—ANEH, FRIXFNASE FF RO E TR SR, (ESEBRE L, B HAT AR

B, FELL AT OME BN B HEATAT VRO, SCE TR E RN, XA AR BIHAL
M T SRR IE TR o FEm I T R A F AR A AT, Rl

d.s =D,(Utys), T €ER, s €S (3.2)

AP R 7E OD X (r, s) [AIRAR AT A, Drg ()2 S B 7 3K B 4L

E SRR IR AIDE () o A, Do ()& BLHAT A B 28 B ) R R kR 5

AL 73 BO W R ASIE B TR RIS, B oD X (r, s) [A] %2R B8 A I EZ
ANZET oD X FaskaE, M ASRIEWT:

Zfr's‘:drs,rER,sES (3.3)

keKs
B R EAA I oD X (r, o) (A& SRERIE A B B E R, T2
LKA
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=YY 5% aeA (34)

reR seS keK
OD X (r,s) [HJ &k RAT 1) L B BT AS T4 BOZ B AR 1R 254 1 B ) ) BELATL )
[P, s AR REIT .
Ch =D t(v,)0%, r € R, s €S, K€Ky (3.5

acA

3.1.1 HRPHE S ECAET

50 % A5 25 M it 31 B i 2 (A7 AR 2 26 Tk B IR SR 4%, B
KA 38 Be 0% HERA AR B BRI PDIRAS , K RATH R A SR R AR I AT LA, ARG %
AT A S /D B BE AR AT o BT AT OA 22 B B8 42 B E AR AR AL, ik
B T8 B4 FH 38 A e B[R] — BR AR . T8 B8 38 AN B A SUE i o0 AT B 42
M PR AT BROARRS, #EA Rg0A 3] — MR e REs, X EPA Wardrope & L) “H
PR (UED”. H P 8RB E X BRI AR~ OD X (8] T A e % 4
% AR B AE R B AT iAs, BN T8 & T — SR s FH B B 4%

1. [l 75 =R I FH 7 35467 43 o A A

1956 4F Beckmann Z522 3 #5715 Wardrop “ 7 87 R FE ™S54/ (80 2F 0
RIBERL, R e fb e BEAIE B T BEAY g g m— BT, 1975 4, LeBlanc %4
4 Frank-Wolfe 532: F T 3R fif Beckmann £ 74 , 54 H BT RL A 532 19 F-W A%
Beckmann Y BE 5 T 223 4y BT (1) 36t AEZARAY R, e OD XA 1A il
5 SR A [ 75 2K, o B 128 I8 PP A DA B 1 (WA I8 ol [ AR 5 () B s 3 pR 2
HAE e B A B, e an R,

min Z(v):zAjO”ata(w)dw (3.62)
s.t. Z f¢=d,, reR, s€S (3.6b)
keK
=S f5% e A (3.60)
reR seS keK,,
f“>0, re R, s €S, k€ Ky (3.6d)

2. BRIERE R o PO A

FESEBREOL T, OD X (r, s) [AIAAZIE Fa R EAE [ e AR, 2R
17 AR AR AR A, I HL TG 3R B8 H0E BLHAT A Dy B AR B i) B 3 el ok £ LA
[ % 75 K T () Beckmann #E7Y g3 A, T DLSH AT 25 75 5K T #O T 2 e
A, FOR e
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min z(v,d)=Zj:ta(w)da)—zzﬁ“ D (wydw (3.72)
acA reR seS
s.t. Z f=d.,, reR, s€S (3.70)
keKis
V=22 f55%, a € A (3.70)

reR seS keK

f¥>0, re R, s€S, kEK,, (3.7d)

rs —

312 ARG mitniciEE

JH P 53187 i D S 1) e 3 A5 Y 3 52 4 B i 3l 86 H AT AR S AR ) H 47 18
1B, A FARE S S AT . BN RGEMAE K, XMAREIEE ST ok
WA RARBAT A, HET I, Wardrop 21 T RGumAL/E N (SO), Rk
P R AT F5 A AT AR G0 N AT A e /N R UK 3 BC « 28 Gt B DL S U ) A ZE Sy -
BRI OD Xt (r, s) [AIK Fir Ay e gl F B AR IR b AT A AR 2, IR LN T
AEAN]— 25 AR A Y BR AR RIS o 1 RIVIE % sk 5 D403 AT R AR 5 AN 2 il B
ARG AT A

1. [FERRERG 7 Bk

3L OD Xt (r, o) [AIMACIE R REAAL, HH BRI, KRRy
AR () 20 R A 5 P B A R (R 2 R 2 AR ) B A s B A A R G
TEER A ) AT A ey, AR B 2ok s e

min - Z(v) =Y t,(v,V, (3.82)
acA
s.t. Z f=d., reR, s€S (3.80)
keKs
V=22 Y 5%, a €A (3.8¢)

reR seS keK

f“>0, re R, s €S, kKEK, (3.8d)

2. FRPERRAIRGLEA > A Y

518 OD Xt (r, ) [H] (12038 7 SRS Bl HH AT A AL T AL, 14 R STt
RN, S R K T R YR B R A 5 5K R R A A, AT
AR B 5501 75 5K 1) R Ge s P 4 O AR 2 90,

min  Z(v,d)=>t, (v, N, —ZZJ';“ D (w)dw (3.92)
acA reR seS
s.t. Z f=d.,, reR, s€S (3.90)

keKis
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V=Y, fXo%, a € A (3.90)
reR seS keK

f>0, r e R, s €S, k€K (3.9d)

3.13 APHEREREES RGN ECEERXR

P 47 5 RSN 2R 50 4 SR AR5 A ) 4 L) 1
T, WA KRN -, I B BORF, T4 R G
AR A B B 4 B SR 8 £ A TP
UL 04T 5 A5 TR, S5 B A P i T 1 SR
T A T2 T 3 DL 60 0 L5 T o (O T S0 .
I, PR 4R o Bt £ AT ST, &

L) =dint ey, =t ) v, B aea a0)

a

W [CFwydw= [ "[t, (W) +v, M]olw = [ "It (Wydw+v,dt, ()]
0 0 dw 0
) (3.1D)
= [ dwt, (W)=v,t, (w)

W 2% B i AT AR B € (v, ) AR t, (v,) » U P 39047 BB B i Ak R R G e e
SRR . € (v,) R I R B A8 3 0 AN RS R NI PR EOCAS, B P A
MR, — o 2 E AT B AT AR, (v,) 53— 80702 1E N8 I 0 HoAth
s 3 T R I AT AR S 0, By, dt,(vg)/dvg -

IR P 3 oy BO AR RN 2R G A0 20 O AR T S8 e T R A e e 4 T
fre % WX R, BEAS BT R AR R AR B AT A, WML FE AT 812 X B
— FRERABRS DL, AT SEBR o B AR 3 AN BE AR 4R B X AT AR O, R REXT H AT
FRASBEAT A T 0 B IE % 56 FH 35 542 B8 Wardrop 55— JER e 6% 4%, RIIE 4 A
TIRBEHAG T AT A /D AT B8 AT, I8 BIIIBRIRAS I, AT — Ml
PAS e E I 7 T 2OAE H AT B AR R AR AT A o IX AT 43 RO AL RR Oy “ Bl AL
FH P %474y FORE R (Stochastic User Equilibrium, SUE)”. BT, MRIEX AT A
Al THEASN [F BBcse, BEATLA P S5 34 m] LA 4 Logit-SUE #2841 Probit-SUE
B FEJG SCIIBT IR, R ABE 8 2% A0 FH 5 R 0% 50 4 vl 2 40 i ) )8 RO
DA € M FH P 948 73 IR R O R, BT A7 (E B AN XS AL P I B A R A i — 2 1
AH AR FIBF 12 o
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3.2 XEHELSEHIEZEXFR

AL 53 B 7 8 43 T 2 AN 5] A B8 2% 18 R 500) T AR F AN R R I 200 52

I8 43 TC 3 B 2 LR R T AT B D IS, T ZE A 0 T 2 B T SR
X R TS R ARAR . PR VR I AR R, ¥ g B R0, (B & p R X
FAA

FEAZIE TR, 9 1AL [ A8 8 20 s P 28 I i R % 7 [RI AR bR o S 3364 T 20 40T,
EHEAR M, R M THEEAT BE SI ARG K, K SEBRER TN 1) A2 38 20
P 5288l A R T 5 A 80 (Passenger Car Equivalence, PCE) 5 il
HEEYE, AR ECEE (Passenger Car Unit, NMLl%SiW%%E(%
AT RESI T (HCM65) & IRE 3T ZE4mH 5 R 8 fEl W BB %1 F
AR NE R M & S Bl fE %%T?ﬁ@i%ﬁ
MW AR 18 (A TRERIRHE) (JTGB801-2014) H, KHI/INE4
FHETER, BIRFEARER LW R2 500 3% 3.1 Fik:

R 31 HIREARER LI 5 R4

RERRER LR TSN YL

INETE 1.0 JEAT <19 I 2 ZE AT R <2t TR 4R
& 2R 15 JEAE>19 JRE )% 22N 2t < SRR <7t TR 2E
KR % 2.5 7t < FE <20t I8

RES 4.0 W E>20t (T4

FERE bR L A8 UR, T U R 2Ok RS A &

[ [
V, =V x> AE =V[1+ > A(E -] (3.12)
i=1 i=1
AXrp: V, —— - 4B E, PCU;
V- —— B ERZEE,
A—— — B REREE S EEENE A, %

E; — — — 28 i REMFEWIFH AL

[FEE, BR3P B T RAT S R A A SRR 2, RO/ MBS TE], O
T R HR AR ZE AR R o W T B TS5 Mok U, AN S ) BT E RS, TEE M2
2R Y ORISR B S e A A A ZE A2 AR BT o PR BB o S T A [ P B o) i T
VER RGeS AH LU, T AN R b e 4 b . ARAE (A BRI R T
W HLYE) (JTGD50-2006) T HIHLE , I EARERE I THESECy: X H
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# 100KN, LI BZZ-100 */x, %MG/E5y 0.7MPa, HAhferh 4 &EFE 12 r N
10.65cm, RUEE AL (B BR A 3ro AN [RIAh AR K %A 4= A0 5 il BZZ-100 4 A = 1K)
LRI TR AR T

(1 PLBRIFES PTG S 2 2R N Fa bR, 2 Fh 2800 5 )5 g+ =0
WS AR HER L P IR S S B N

K P
N=>CC,n, (;‘)“‘35 (3.13)
i=1

s N — — — PR3 4 &5k, &k/H;
C,— — —RHRE, WHAN1, BiHN 6.4, AN 0.38;
C, — — — M RHL:
n; — — — SR R E R, I/ H
P; — — — By S A R, KN;
P — — — tRifERNE, KN;
LRI R R T 3OKI, 4% — AN BRI TR AR /N T 3 ORI, XUk
EZGNOE PSR C I/l
C,=1+12(m-1) (3.14)

A m—— = fhd

(2) VLAERIPERRLZR IR /7 AR TR AR, 20 4= AL A A il g b 213X
S RSOR HER P A 2 A F R N

K ... P
N=>C/C,n (FI)B (3.15)
i=1

A ¢ ———RARK, AN 1, HiEHN 18.5, WE4AN 0.09;
C, — — — M REL

=S ANYAPS) ar KL N PP EHEIE 2 RO i C 7 i
Ch=1+(m—1) (3.16)
Zi BRIk, T LA H A 20 O AT 2R A0 e A 20 TIC R AAAS [R) A 525 R R ) T B
TER AR I 2. 2230 73 Be 35 2502 25 S8 42 0 T8 PR IE AT BE U OS2, JEH N
T ECEAS [F] ZE B0 A8 AT BE U RENA, 51N ZEARAT B AR HOR R e % b AR A B
FCA R A o B A0 IE T B LR N B T S M AR, O HON T B
AN ) il 385 ) 2 AT S T 55 ) O HR R 2 5 5 N Y A 208 0 RO 2 A [ e 2 480 550 e
FRAERMEA S BRI . FTLL, 2% I A 1 5 38 2H RS A Bk 3R A8 38 4 AN 22 4 i 4890 T
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Mg, IR 7 ACBA T, AT A AR AT S AR BORN b v e A s B A e 7y i
5 M 3 BL Z 1A (R R4 o AR DCE S “ A58 P Be-E A B BC AR B ()7
AL R S bR AE R B = R O LR

B

(3.17)
€=

L e — — — L@ BE— T3k
V, — — — {ELEE, PCU;
N — — — e E B =Rk, /B

T =

M R 5

AL BE- T AT R LR L (o) HACIEAH R H AR, ANF RIS I8 4 poxt
7 PR A2 38 73 e 22 Ay 28 0 I R B () ANARIA] . FEASCHIWT 7T, 9 T Al A
B, (BUE B W rp R AR BRARFR 2, i B ARLRR v 22 2 2 B Sl B A A A A
BB LR G, BIHGHE BB AT B8 7 (0 3 AR BN 1, RIS X it 1 4544 (1) 453
A AR E R B AERXRMEGRE R AT 1 5 2238 20 Bl - A e B0 B AR K Ce)
MEDN 1, WRIAE AL R AT R B 2 R T LB thetl, g —2SEM M, =
R X R MEARARDL .

3.3 By HE—as BB FRE

3.3.1 ERERENDITRAERE

TE PR AT & A 33 AT B A I £ 2 AT AR (] R ATRE S . BRI . B
IS R et AN N ER R RYE S =i, EAR
SCHFFC AT B AR B R, R S5 EEATRERS (R RS B 2R AN R R, IR 1 45
G IRARE AT A

T A FH 2 A B X 2% B AT AR (A S R B AS B B R A DG . MR
A EIG I, BB RS N, TR BUT R A . B
FAS I E RN, BB BAT R (A Sl S G I G K A g, (R
WEE IR — e REE, BB BTN (A AE A2 @ s 3G i s g . BT
FESZ B T T2 SR AT RN TR) BR B 1964 4F 125 [H 23 4 5 (U.S. Bureau of Public
Road, BPR) (1] BPR E&FH %L, HSHTIEMELT, REARIE LR k475 1R,

t@h)ztd1+wuihﬁ] (3.18)

e t(vy) — — — S E v, I B BRI AT REI [H]
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to —— — BB E HIAT RN [A];
v — — — BB LR IEATRET
o B———FIARY, WAE =015, B =4;

i WLAAT FR B 8] R 00 A ECREEE AN A S F Y Smoch B%i#50. Overgaard BRI %5
Davidson ek, #[E TRRL #4445,

XFEERM S, BT A5 E AR E R, P DLIE W o 2
5 B SR PR MR B A 5% o O 1 RHAT RIS (R AN BRI 2 4t — ek, A
of I AMER R R ()7 Rl RIS D3t S Rt TR BSAS, 1 T HEAT RIS 18] 5 18
PR B it AT IS (8] 2 FOAE A 2% 150 FH 5 e 58 HH AT BR AT I 0 AT 1A o FLrping [a]
M RE (@) KR bn R,

GDP

X @ — — — (AN E S R AL
GDP — — — [E WA EH
Q — — — X NI 2%;
n——— WERFT, EHEI0.5;
T — — — VY8 AR AR A

gi ERE, ARSI, FMTE R A AT AR R AT A R
AT RN [ FITE B 5 PN AL, X AR AR (AN ], w] UL I (8] 47
EH S ARE BB BB 3T SR TR RRAS, AT B 28 LA [) Dy B0 R AL AT
JRA, B B RRIE AT B -

Ta(Wg, xq) = ta(vg) +— ! Xglg = t§ ll +a (U )Bl +lxala (3.20)
% Vo %
X Ta(Wa, xq) — — — BANF DY AL AT AR, hs
68— — — BB @ LA TR, by

xq —— — BB a LMRZR PR, J0/km;
ly — — — BB o« FIKAE, km;

7 DL B 5 ) R AT B ke B AT R
ch =TT %,) 0% = G+ o) 155 + Lyls* (321
acA acA 0 ¢

FESCBRR UL, B B 5 ) AT A R A SR IR, H 47 76 SR 0K
2 A, JF HLAE AT ARy B AR R 7% B D ek A 2 HAT AR S
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I, e SRR, B E AT R SRR D sadk, BT
FRASBEARIN, T SRS 25 ) AT 7 SRR 1 K. R SR SR Y
drs =Dyg(ttys), T €ER, s €S (3.22)
s s RIRHZ OD R Cr, s [A] AR AT A, Dy () 22818 5 75 SR PR AL
B R BRECR IR D () o — ML, Dy () UHAT AR 1 728 5 1 B 7 ok R 4
AT R T R BRAD, s () A LM M EUE A A, a0~ proRBe:

AL drs = Dps(urs) = d7(*)s — Tlys (3.23)
T‘éﬁﬁéiﬁ dys = Drs(.urs) = d?sexp(—r,urs) (3.24)
A do — — — THEFREKE;

T— — — AT R AL, B REL
3.3.2 HFEHRIIER

FRAE 3.2 HH 223 43 -5 2R A e 200 T 2 18] 9% 2R (10 18 LA B AR SCH B AR B 1 42
e, AT LAY RS A BC 5 2240t 20 FL 2 A& S 1, AT LA E s, BT
I, XTHTSCHAE A B DL RS U EE— A U

vy TR B B R U R . s 3RoR OD X (1, s) [ (1) B3 M i £
F7N OD X (r, s) 42 k BRI HCU R, k € Ky S RINIE RS B2 A
KA, HMBLafEBE k b, WK =1, {NSK = 0. A2 AW LT 4%
F:

V=22 D 5%, a €A (3.25)
reR seS keK
drs:Zfrls‘,reR,sES (3.26)

keKis
B IACTE 5 A5 FH 7 R i I RS 1 2 40 R i O BRI R B AT A
NRIERAR AT, EDIEAE Wardrop 25— BRI, B2 4% W B PRSI, #
MRGUIARNFE, MU BT A 0L S B A I FHPTAH SE B/, AN TART— 2%
B AE AR BT LK FORIERRE TR kRIS &, v £
PIBPIRES T Bra BRI BT 8 = . wps FoRHIZ OD XT (r,s) (Al AR HAT
BA, B
WERFE >0, BAck =piss T € R, s €S, k€K
MR =0, BAck >uis: TER, s €S, KEK,

5 b, ARE P S SR AC S, AR FR SRR B0 P S AR ROy B AR,
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25 AR ST VR 1 TE A 2 11 H AT A B ORI S8 R SR PR AR, R DA ST IR 5% 5
R BT T AR R /A, AR (3.27) BT

min  Z(v,d) = Zjo t (w)do+ éZvaxala - sz:“ D (w)dw (3.27a)

aeA acA reR seS
st. Y fe=d,, reR, s€S (3.27b)
keKs
V=2 > D 0%, a €A (3.27¢)

reR seS keK

f¥>0, re R, s€S, kEK,, (3.27d)

ZECE R 1) B AR R EZ (v, d) &5 AT AR R BB 2 B AT, 386 B
(IDER R, & —FhHE S 2 7 5070 Do DU A () 3505 T B o BB (1 240 TR 6 AR 2L
FF2Z #1) Beckmann 22 i@ 357 43 BU B R R 2R 45 1F . o, Z93R (3.27h) &
7 OD [A] & Sf B4 b I G250 20 A5 T OD Rl R4 s B 490 (3.27¢)
TR B W ZE S 30 B I AR 2R % B B A ek R T 93K (3.27d)
FoRE AR L AT E AR B

3.3.3 A5 FIE K HFNIEIERR

b NSRBI Y (3-27) 1 H AR e BUR R IME R, AR
BAR L S AN AR DR, IXFP R 1) R A TR B e DLt A2 — B 26 1 (K-
T ). FrBL, WRGIERZEE RIS R (1 — B 265 5 F P ST 26 A S A, TR
UGBS ) AR F P ¥ S U, BIE R T AR A P S8 4 S A

B, WFEARERE (3-27a) HHTHES, W RHIR:

min  Z(v,d) =min{(Z,(v)-Z,(d)} (3.28)

Horr.
Z,(v)= z.[gata(a))daﬂrézvaxala (3.29)
Z,(d)= Y 3 [ D (wydw (3.30)

reR seS

HFv, =SS £55% =v(f), a € A, B AR B i b 1 1

rs—rs
reR seS keK

B -
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L(f,d,U) = Zl[v(f)]-zz(d) +Zzlurs(drs - Z frls() (33D

reR seS keKs

A ppe— FEEA MR LR (3.27h) X BLFIRAK B H 3T
WA H % (3.31) KR RRBRAR MBS FT R Bd, M
RS I H IR T1yso IRYE K-T 250, JRECARRIBEAY (3.27) B9—Fir 46109

oL(f,d,
fk% O; VKirlS (3.32&)
oL(f,d
(afk A0, wkrs (3.320)
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d =0, Vr,s
rs od (3.32¢)
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>0, Vr,s
od.. (3.32d)
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Oy
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d,>0, vr,s (3.329)

SHRikg B H R (3.31) RS, nTeAEH:

o(f.d, ) _aZMD]_aZ,(d)
afl afl 8f| | ZRZS rs rs z frz) (333)

keKs

Herb B B B AR B 3Ry s FRAN T BR A AT B LS I BRI, L
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51 0 (3.34)
| Zzlurs(drs Z frs)_ ~Himn (335)
mn reR seS keKs
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af| _b ~ 8V afl (336)
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MM (3.43a) A1 (3.43b) A%, HEEFE WA LE = O, & = pees 4
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MEEAE (3.43¢) F1 (3.43d) A%, 24 OD X (r, s) A ZEMf 4 B & d,s > 0 I,
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Hae T pups: 73— MRERAT ERA EME, A IZBRAT I AT BUA S 2 KT 5L
T /N AT A s o TX 350 B T8 S48 FH 25 A e @ i 50 07 1) 250728 AT BR AR T
BEARHAT A 1, ATTIERA T @ Sr BRI A (3.27) (R4S 1R T wardrop
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st. gi(x)=0 i=123--
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34



5 3 & WO gk Mo Y

Horf: Zl(v):Zjovata(a))daHéZvaxala (3.46)
acA acA
Z,d)=3 3 [," D (wyw (3.47)
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st o =A4{1-exp[-(13,/1, )" 1} (4.7b)
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aeA alX :

s.t.
o, =2, {1-exp[-(17,/1,, ) I} (5.3b)
A, =ah v (5.3¢)
7, = 3,1V, " (5.3d)
¢, =ash,>v,* (5.3e)
B, =a,h vl (5.36)
Y.(X) =, 1 4[In[PCI, / (PCI, —PCI, )] (5.3g)
=120 n (5.3h)
aceA (5.31)

Hrpy, NE R S U O, T R R

5.1.3 IBRMUAINERRIRBHFRK

R FIRAF B LUE B WG B B O A bR i R R AN DU A o AT
A BN B AR R S AL, TR RCT TDSUZ LRI R, o BT 7] 7747
i A m R SR IR (5.4):
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EE R
PRAAR
maxF T S [ pel,, Pl {1-expl—(a, / y)" 1}y (542)
= :
s.t.
X <X, <X (5.4b)
a, =2, {1-exp[-(n, /1, ) 1} (5.4¢)
A, =ahv° (5.4d)
Mo =3V, " (5.4¢)
Ca =agh V" (5.4f)
B, =a,h v, (5.49)
Y.(X) =, 1 4[In[PCI, / (PCI, — PCI, )] (5.4h)
i=1,2:n (5.40)
acA (5.4))

Horprv, R T R B BCTE DL, R ERAE R
R

min Z(v,d)=Z‘,J.Ovata(a))da)jt%Zvaxala—ZZI;rs DS (w)ydw  (5.4k)

acA acA reR seS

s.t.
Y fe=d,, reR, s€S (5.41)

keKis

V=22 > 5%, a € A (5.4m)

reR seS keK

f“>0, re R, s€S, keK,, (5.5n)

s —
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5.2 fRBEIRKAR

X2 RIS P SR AR HE FERR, — 7 T PR DA XU B 172 — > NP—-hard 7]
RO, B AR 1T R O e 1k B ) ) R NP—hard )i, A7 22 TR AR5
s A A B R R XUZ AR b N E e E bR e R 20 3 e O 2 ek
1, el — AR, JF B AR AT R, R R R R A
RAUBRIAAAE, TR MERR 2 4 J= e Ve . H AR A AR SRAEEXUZ RIS Tt 0 557k
WP, WML AN, s 5E) . WiEEk. EREE itk
IR LR RASEE GBRAERL. MMt . BEFREIREE 2% B RIER A,
GE TR G A SCHRYE L 1 T [ 7737 1 ek 2 O DU R
PEHET B L EVE (GA) SRR RIZHA.,

5.2.1 IR{EERERIA

WAL L (Genetic Algorithm, GA) /& H 3&[H John Holland #04% % A 1 S #
HH IR R J SR I — o B B0 o BRI T AR AR IR RN (R 8 A 2 T
BRI R TE, el R, EEAEF” WA EE S NS
KOV B gt B AR R, IR — R R BRI B S — R B X Ak
AT, TS 3 B v 1 A4S CLERAT, A ORI IR o B IR & B —4R
PREAEE, AN THRRT E—ARMAME . XFE R EBAEIEN, BEiEh &
ANAIIE B BT AR v, LR R PO PR AR A RS, A I B A
(MBI S BB S A A o 1A Rk B T BB A2 B 2% B A AT & R A48
RIGFIR, 48 2% 2 [r) B AR 1 A PR 1 A 8, BT AR ¥ 22 OB R AR A il
AR T T2 BN .

WA =AM % (selection). 22 X (crossover) Fl4s &
(mutation). I8t £& 5% I FEARFE B a0 & 5. 1 flroR 6067681,
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& R RS,
B HIMSHITRETE

|

VIaThET

e
Iy

EIFIRE

BE s 2R [ R

!

FEIRTE

LT

:

i

K 5.1 AL LR AR

5.22 BREFEAAEKMBRE PN H

XN BRI TR AR T Qe AR AR RE T AR AE 3 BRI et A LB
N AR RRE R AR, B2 /AN o 38 2 bR PR A e A BN AR SR I O
FEBALFVE MR G . — O S, G N R EOR AT H br ek O iy i, AR IS
TN RO, EEORAE RO . S, R R FEARSCHI R, N
JEIEFEE B 1 H bn——— R U s A D93 W R 2

Wt MAREH] (Reproduction) , FEAEREAAR i %A iy 775 1A A2 9T Y
FEVR IR . AR HVA M 51 OO E 57, Reproduction Operator) K
SRR T AR BEAT DL IE S5 TR 3T o RFEERAS ARG LB R /NI FE, &N B
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e AN AR 38 B R — AR R 2R 0K, 3 B FE AR ) AR g A% 21 F — AR
P IR ZR AN o SRR TT USE A B A AR AN AR PRI R B AR A W e A PR . IR e
R RS AE AN 3E B BEAT P R R 2 b iR B E R =B H A2 N T B
AHBAEGEERER, IRaeRIEHERT R R BEETHE TR, i
SRR BIE TR A R B TS A Y, 218G RO AR TR AU, (B A AT Y
ARG, 58 FARAME S SRAMEAIE, SR AT, B IE B E
KA R FEAR R K T IA), st R £ 2 ek, P A R AR . R IR
TR LUAE TG BB BRI, SRR TR (s xgy 5 %) BTN AR
REF, Z RS 7 Rt Re DO R B B N — AR, Rz, SRR
PR ZE TR AT AR, IEFR R R AR T B AR “ESIN, &
AL IR

X ARV AR EAERR S, PSRRI AR A, Y RGE
LR, I A HBr MR B R . 28 fic 5820 7 A= WAL Ak Ab it A b i —
ANEBIA . BRI, BRI R XE R A B MR . X
(Crossover) M FREEZL (Recombination), &35 K HIMER MAEM R B A
e, BN FEA B LAT . 2 SGEH TR, FRGK T SRR EEA
REAIE o 22 SR WAL V1 BLFE QAT i 2 28 A BB AR Gn AT sgE A7 3508 4 2o IR 22 A 5 THI
(I 25 o S8R B BT BI5GB 5, & HR A T RC X R e B i b S A 7 xUAH
LA LR A HE R DI TR BRS8Nk o 28 X s B J8 A% B2 IX ) 1 oA ik
WREE W EZRHE, AL EE TS IR, & AR MA R FE Tk,
WAL LA AEAE XIS B J L L e X BEAR R I AMEREATECN,  H A H D
o SV SR BEATLEC N o A8 SR & AR IX SR T et AN AR 2 A R A AR 2 T4 T Y
Bian:

S XETHIPIRI SR 5 RIE: (xps xps 0 )~ (X5 Xhs o0s X053

TG IR R T BRI (xp x5, s xp) (X0 Xgs s Xp)s

A CEAEPIREAL A B ARG R T, 4B M R E RIS T e A
SRR DR 2R PRSI T P A — B A i 224, XS S B 1) S R TR R A A
AR, M= AE R I g ik, R I HUHT AR IHEAR o a8 A% SR AR st A% AT
BEAL I R AR IR . AR (Mutation) & LIS IS AN 4 i e b i) 3
AN B (AT O, R gRAg R 0 80 1, 180 0, ki AR BOB ANk
EBME LRGN T B R E R A FAME . 8L B AR s i,
ST TR A e A G R HF ) S A R P At S5 A7 256 R SR B 48, AT T B — A3
AN . AR IS B AR o= A B A IR B 7 TR, 78 3 AR B & — P B AL
%, BEERMEXHETFEEG, RS RIEEE LA 8. K X8H 24t
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WM L2 T3, BRE T B FIEN 2R REE ST AR Ia H g A
MMRRER I, HE R AR DD, ORI 1St i 2 FErE, R
E 1B FEN R L RAE . X XH T 5 RE TR S, RS R
2 [ 2 SR P 2R R A4 2R, NI A AR 38 A% BTk RES DA R B (1048 R 1k e il A AL
I ¥ SRR . B

FATIR R T RIE: (s X0 0 X0 00 Xp)s

SRS T RIE: (s X 0 X[ s Xp)s

fE RS — AT DU 5 AR B E A 1R 2 At mT DL 23 1o 58 PR AU
B IABE 2 AE B 1R IkAR

5.2.3 E1jl

A =F SR kO], il 5.2, 45 A
T 75 SR BRI, 38 FH AR ST ST R 002 LRI Sk i o 5
I W 2 B S A% A BRI R s

SR ERAR (1 A PR B 5L
BB S b o,

K 5.2 H#MREK

FEAZE M, HRH (O) FHEMH (D) Z I8 =B BT (b B H &
W, RIbRc BB av BB b AR B co BRERHIEEABIES B TR 5.1,

# 5.1 BMEESE

BB

Pcl, h;(cm) lo,(mm) ESALy, m; Si
a 90 15 25 800 1 10
b 80 9 35 800 1 10
c 95 15 25 800 1 10

TEAZER P, BB a. BRE b FIEREL ¢ B HAT AR 73 ol 9
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I BB AR AT 7T

%=02xﬂ+015x%&?ﬂ+05&

Vv
c. =0.2x[1+0.15x (—)*1+0.5x
2 x[: X(800)] .

e N

Ve 73 AT B

a. BB b MigE ¢ ERZiEE

IR NER B ay BREE b FIERER ¢ AU e bnit

e ESR, MHRH (0) FHRH (D) HIZiE
IR o TR ECATREOE A, HEERIA

P AR AR I AT ROAS

Q = 20006 °¢*

v/l

AR A

(5.5)

(5.6)

(5.7)

H Xa\ Xb\

AT A

(5.8)

R 38 [ ARSI AT AR DU RN BUA ST ST [ XUZ RIS R e, i =
TSR, ABRARHER) B RBR U R AR B R A A R S 8, AR

BUE N 5.2 iR .
%% 5.2 WEM KI5
SR ZHEE
e S bt L BR 0.6 (Jt/km)
e F bR R 0 (J/km)
TR AE R 5 (46)
WAL SRV AR A 100
L FE I % 0.8
BHAE A X 0.2
R AR S 0.1
BHEFIEIERIKEL 200

iz H matlab 4fe (PEILFT SR A SKAR, 7T LTS B AL B i

(Xgr Xps Xc) =

X IV FR) 5% % B ) 2R A AT 280 -

(Vg Vpr V) =

(0.57, 0.60, 0.54)

(673, 9, 800)

BERFURNIRIREE N 4.88, Hidr Hik sy 8210.1 J6, EM#RIA N 1681.0. 7E
MRTAIR TR AR, B G ISR B RAT I TR, N T A T A SR ST
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JE IR A 25 R, 29 S 6% 2 Y A B i B P 0.00 J./km, 0.10 Jo/km., 0.20
Jt/kms 0.30 JG/km. 0.40 JG/km. 0.50 yt/km F1 0.60 JG/km N4 — IR S b v
THHEIRIRE, 45584013 5.3 Fis.

*® 5.3 AR T S AR 5 R AR RCIR B

5 e S TG | WASIREL | Hidas o) | B RIBUA
1 (0.57,0.60,0.54) (673,9,800) 4.88 8210.1 1681.0
2 (0.00,0.00,0.000 | (588,588,588 0.00 0.0 1924.5
3 (0.10,0.10,0,10) | (571,571,571) 0.89 1713.0 1915.3
4 (0.20,0.20,0.20) | (555,555,555) 1.75 3330.0 1908.1
5 (0.30,0.30,0.30) | (538,538,538) 2.55 4842.0 1901.3
6 (0.40,0.40,0.40) | (523,523523) 3.32 6276.0 1892.9
7 (0.50,0.50,0.50) | (507,507,507 4.03 7605.0 1885.3
8 (0.60,0.60,0.60) | (493,493,493) 4.73 8874.0 1877.2

N T BN AR AL SRAFSE IR, K3k 5.3 FR 1A LUK 5.3-5.5 %o
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BN BN
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et et i
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BN BN BN BN
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HWEbR. FB, ok PR AR T 2R LR, SgHEEZ. BT, ASCE
S PR TH] ) R4 T 2 BRUSC 2 XU R A B AR 2 SRk =2 R, B RE R 5 A
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iR A HRBSKEE matlab F2FF

% 1 WLEIE TR

function TOP10=ga(popsize,generation,mscale,cscale)

global
% & X REE
=15.7238; h1=0.5861; c1=-0.2064; 22=119.66;
=1.5247; h3=-0.1016; c3=-0.0986; 24=0.6536;
=15; hb=9; hc=15; 1a=25; |1b=35; lc=25; sa=10;
=90; =80; =95; =98; T=5; t1=0.6;
% a6k, RFHIEFRE

zq=zeros(popsize,3);

mb=zeros(popsize,1);

for i=1:popsize
zq(i,1)=floor(t1*rand*100)/100;
zq(i,2)=floor(t2*rand*100)/100;
zq(i,3)=floor(t3*rand*100)/100;
mb(i,1)=mbz(zq(i,1),zq(i,2),zq(i,3));

end

com=[zq,mb];

TOP10=com(1:10,3);

Yo /)Lygﬁ‘ /’\nu Wé
for i=1:generation
% ZX

for cs=1:popsize*cscale
ma=randi([1,popsize]);
pa=randi([1,popsize]);
while ma==pa
pa=randi([1,popsize]);
end

zq1=je(zq(ma,:),zq(pa,:));
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=-0.1124; c2=-0.1053;
=0.3349; c4=-0.0255;
=10; sc=10;d1=-0.0981,
=0.6; t3=0.6; % RLEM(E

mbl= mbz (zq1(1,1),zq1(1,2),291(1,3));
z0=[zq;zq1]; mb=[mb;mb1];
for m=1:10
if mb1>=TOP10(m,4)
TOP10(m,:)=[zq1,mb1];
break
else
end
end
end
% 5t

for ms=1:popsize

a=rand,
if a<=mscale
zq(ms,:)=by(zq(ms,:));
mb(ms,1)=mbz(zq(ms,1),zq(ms,2),zq(ms,3));
for m=1:10
if mb(ms,1)>=TOP10(m,4)
TOP10(m,:)=[zq(ms,:),mb(ms,1)];
break

else
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end
end
end

end

com=[zq,mb];

win =Ipd(com,popsize,cscale);

winl=[TOP10;win];
Oy L S A
zg=winl1(1:popsize,1:3);
mb=win1(1:popsize,4);

end

% 2 ZEAPAT AT

function [esala esalb esalc]=assign(pl,p2,p3)
syms lambda

tt=[0 0 0]; xx=[0 0 0] ;

syms lambda

tt=[0 0 0]; xx=[0 0 0] ;
1=0.2*(1+0.15*(xx(1,1)/800)"4)+0.5*p1;
2=0.2*(1+0.15*(xx(1,2)/800)"4)+0.5*p2;
€3=0.2*%(1+0.15%(xx(1,3)/800)"4)+0.5*p3;
Q=2000*exp((-0.6)*min([c1,c2,c3]);

N=50;  %ikARIREL, A4 60 B B RIEACIEL.
tt(1,1)=cl; tt(1,2)=c2; tt(1,3)=c3;

y=[000];
Min = 10;

% BHIME

for j=1:3
if tt(1,j)<Min
FRASEEAE, A 0 iE o AT B
Min=tt(1,j);
index=j;
end

end

it S AT
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if index ==
xx(1,1)=Q;
elseif index==
xx(1,2)=Q;
else
xx(1,3)=Q;
end
fori=1:N
y=[000];

€1=0.2*(1+0.15*(xx(1,1)/800)"4)+0.5*p1;
€2=0.2*(1+0.15%(xx(1,2)/800)"4)+0.5*p2;
€3=0.2*(1+0.15*(xx(1,3)/800)"4)+0.5*p3;
Q=2000*exp((-0.6)*min([c1,c2,c3]);
tt(1,1)=cl; tt(1,2)=c2; tt(1,3)=c3;
Min=10;
for j=1:3
if  tt(1,j))<Min
HAT AR AR, HI & 20 By 8
Min=tt(1,j);
index=j;
end
end
if index==1
y(1,1)=Q;
elseif index==
y(1,2)=Q;
else
y(1,3)=Q;
% 7 ECUL 2 T B
zz=xx+lambda*(y-xx); % 4% 77 1) (y—xx) #E47
— YR, KNy landa
¢1=0.2*(1+0.15*(xx(1,1)/800)"4)+0.5*p1;
€2=0.2*(1+0.15%(xx(1,2)/800)"4)+0.5*p2;
€3=0.2*(1+0.15%(xx(1,3)/800)"4)+0.5*p3;

end
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Q=2000*exp((-0.6)*min([c1,c2,c3)]);
f=(y(1,1)-xx(1,1))*cl + (y(1,2)-xx(1,2))*c2 +
(Y(1,3) -xx(1,3))* c3;
lambdal=double(solve(f)) ;
k=length(lambdal); % #4104 lambdal [fIf# A
ME—, HSEH, HRT 0T 1

if k==1

WRAETE, i

lambda2=lambdal;
else
for m=1:k
if lambdal(m,1)> 0 &&
lambdal(m,1)< 1 && isreal(lambdal(m,1))
lambda2 =lambdal(m,1);
end
end
end
xx=xx+lambda2*(y - xx ); % 53 i
2AH, HBT T —KiEA
end

[esala esalb esalc]=xx;

% 3 HPFRMEKME
function mb=mbz(ta,th,tc)
global

[esala esalb esalc]=assign(ta,th,tc);
zmda=round(al*ha”bl*esala™c1*100)/100;
na=round(100*a2*ha”b2*esala’c2)/100;
ipsa=round(100*a3*ha”b3*esala’c3)/100;

betai=round(100*a4*hab4*esala™c4*land1)/1
00;

alfa=round(100*zmda*(1-exp(-
(na/la)"ipsa)))/100;

ya=round(100*alfa/log(pciO/(pciO-
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)(L/betai))/100;

zmdb=round(100*al*hb”b1*esalb”c1)/100;
*esalb”c2)/100;
*esalb”c3)/100;

nb=round(100*a2*hh"
ipsb=round(100*a3*hh"

betbj=round(100*a4*hb"b4*esalb cA*Ib d1)/

100;

alfb=round(100*zmdb*(1-exp(-

(nb/Ib)Nipsb)))/100;

yb=round(100*alfb/log(pciO/(pciO-
))"(1/betbj))/100;

zmdc=round(100*al*hc bl*esalc"c1)/100;

nc=round(100*a2*hc b2*esalc”c2)/100;

ipsc=round(100*a3*hc"b3*esalcc3)/100;

betbk=round(100*a4*hc"b4*esalc™ca*Icnhdl)/

100;
alfc=round(100*zmdc*(1-exp(-
(nc/lc)?ipsc)))/100;

yc=round(100*alfc/log(pciO/(pciO-
)(1/betbk))/100;

symsy

mbl=pcia-pci0*(1-exp(-(alfa/y)"betai));

mb2=

*(1-exp(-(alfb/y)"betbj));

mb3= *(1-exp(-(alfcly) betbk));

mb4=sa*int(mbl,y,ya,ya+T)+sb*int(mb2,y,yb
,yb+T)+sc*int(mb3,y,yc,yc+T);
mb=(ta*esala*sa-+tb*esalb*sh+tc*esalc*sc)/m
b4,

mb=subs(mb, 'ta,tb,tc',[ta,th,tc]);

% 4 = XiLFE

function c=jc(a,b)
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global
j=rand;

c=floor((a*rand+b*(1-rand))*100)/100;

if c(1)>t1 || c(1)<0
c(1)=a(1);

end

if c(2)>t2 || c(2)<0
c(2)=a(2);

end

if ¢(3)>13 || ¢(3)<0
c(3)=a(3);

end

% 5 ASidfE
function c=by(a)

global

c=zeros(1,3);

c(1)=a(1)+randi([-2,2])*0.01;
c(2)=a(2)+randi([-2,2])*0.01;
c(3)=a(3)+randi([-2,2])*0.01;

if c(1)>t1 || c(1)<0
c(1)=a(1);

end

if c(2)>t2 || c(2)<0
c(2)=a(2);

end

if ¢(3)>13 || c(3)<0
c(3)=a(3);

end

%6 WEFEILFE

function win=Ipd(com,popsize,cscale)

I=size(com,2);
V=com(:,l);
a=0.8*min(V);

V1=V-3;
V2=cumsum(V1)/sum(V1);
b=popsize;
c=popsize*(1+cscale);
P=rand(1,b);

Q=zeros(1,c);

for i=1:b
for j=1:c
if P(>i)<V2(j)
QW)=i;
break
end
end
end
for s=1:popsize
if (Q(s)==0)==0
win(s,:)=com(Q(s),:);
else
d=round(c);
win(s,:)=com(d,:);
end

end
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