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FREA 080 F H B, JF FRAREE R B 4E B iR ORI 7 kG2 E C & 2 N T 65
IR AIRE U Giihag M BRI EGAR B T 2R MR S AU POD vk (1 AR 5 gk
ETER/DN A SCT, FHRC G i — d TE A, g R & B s 1 — Rl R e .
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ARSI B S N7 ST G B A5 i S S AR A T POD (1 — i s A B B A1
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PR 4 1) HESS B RH  STE (0.1L) x (0.7) |- BYSF I o R o LA A

nr .

du+d f(u)=s(u), (x,t) € (0,L) x (0,T),

p(x,0)=p"(x), w(x,0) =w"(x), «e (0,L), (1)

p(x,0) =po(x), w(x,0) =wy(x), e (0,7),
Hop, LRGSR, TREBARN ] ,u = (p,w)", f=(pV(w) ,wV(w))",s=(0,7"(V(w)
-0,(p))) " o REARMARNERE w E OB EE AT LLRRAR Ry BT 2 B 7E AR IR B e T 1/w R
7 R 5 SR AR DG ) It A Sk eI, VR BRSO T A R v, SRR LR
B YL 7 =7V (w) 7 IR EL SV, fle, s v Mo, (5 KA E w 5
- R V0, AUTF LR,

v, = V(w). (2)

BE Ax 1 Ar 43 3R 2s KA R2EKAE w! = u(x,,e,) , WIS SRR (1) AR

Zorka

+ n At r n n r n n n
u; 1 =u; _Aix(f(uﬁunl) - f(ul,,ul)) + Aws(u;), (3)
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Hort, i =0,1,2, M + TCEFREIXIR(0,L) B4 0 M + LZE0y), f = (f,,f,) " i f =
(f,.fo) HIBUE AR RN T ARIERUE RS E 1, B Courant-Friedrichs-Lewy ( CFL) 44" g As
< Aw/V, ST 250460 3) HAEZMETB 1R, N Godunov JR#EATALEE , HIE N

min fz(w), w; < w,,
AC wSwSwy AG p] AG
fz(ul,uz): fl(ul’uz)zifZ(ul’U’Z)’ (4)
max fo(w), w, > w,; w,

wZwZwy

Hrp fg(ul ) = f(wl ,w,) HIA Godunov it BB 12 PRER fAf M

Si(u(0)) =f,(u(0))p(0)/w(0) (5)
2, p (0)/w(0) = w,/p, ST AFA REEABD R FT
Po = P> Pyt SP15 Wo = Wy, Wy, =Wy (6)

E A A A AR R AT R SR U R I, S T ORIE AR E I, T CFL 4%
B FESEBRIn) A R CFL 4440 A < Ax/V, 7] B o7 FH AL BROAAA O R A9 O 25 40 Godunov I, Lax-Friedrichs
AT, AT LASE Ay YRR A R 7 AR X I 4 [ A R UERRE PE RS O R, iTRORAF 2 M 22 0048 5K (3) I S5 A
i Z AR 22
| u(x;,t,) —u; | = O(Ax,Ar), IsnsN, 1sisM+2 (7)
XA, QB B RV, e RO o, AP K Ax, SE-B KA V(p),
v.(p) , SRS E] 7 LA KT IG R B p° () , FIFH RIS 55 R Godunov I At T LASK fige 25 ML 22 43
1% (3) IR —dBUESR {p) 0} } ) (i=1,2, M +2).

2 POD E:HELT POD J5ik iy 7225046 A i

2.1 #3i& POD &
PRI 2 A R 22 A% SR AR BT K(0 < K<N) dH{p" wf i (1 <i<sM+2) 1N
WHZ It R R AN (M + 2) x K FiFE .

1 2 K 1 2 K
Py P Py W, W vt wy
pl p2 cee pK wl wz cee wK
2 2 2 2 2 2
Ap = . . . ’ Aw = . . .. . ° (8>
1 2 K 1 2 K
Puiz Pus2 " Py Wy Wyey 770 Wy
YT A, e AR5 =p B w) A AR
X 0
A =U, Ve, (9)
0 0

Hpu, e R RV e RONERREIESCHIE, Y, = diaglo,,0,, 0, } € R™ &XA
M, o (i=1,2,,r) A W&FEH,Ho,=0,= =0, >0,U =(d,,b,, ", .2)
€ RWIANY, = (@00, 0,) € RV IR AAT RIATA, B IESSRFE [ HEAS
FRIEAE . T A AT BGE R T ATA, B, e AT AR RAAE(E AR R] , P T USSR
ATA, WFHIE(E A, FIFFIEIN & @ (= 1,2,-,r) , RIEFIFHERA
¢V:iAx¢v, i=1,2,r, (10)
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BEBRH MM, < 1) A2 Ay = 3 o b, Folt g R (= 1,2, M) 5
HE U, FV IET M, 9 R RS R SIS C R T, 2 M, < r =rank(A,) < KB, f
min |[A, - B || 22 = | A, - AM‘, | 22 = A, - ¢s¢3As [ 22 =0y 41> (11)

rank(B) <M,
Hif, & = (¢, ¢, b,) XEHA, A WEMEL,HREN o, = /Ay, .
tiflal = (d),d}, - ,d),,) " (k=1,2,- K) Fm AW KNDFnE, e, FRE ENDorah
1 A sdi oy O BB [ dt U] Pl R 4 A ) o ) AEL A PR
la; —ay |,= [l (A, -®PDPA)e, |, <
A, ~@DA ., & 0,= /Ay, (12)
Hia), = Z}‘_“i"l((bsj,af)(pv,((ﬁv,af) Jemlit ¢, Flal FINTLASER(12) R a), 2 a1

PRI, JERE R /X, I B, = (b, by ) (M, <M +2) BERAIAT A, H9—41iE e
tFE(s =p B w) , B POD 3,
22 FRRMETBERERET POD ERMEREM E 18X

TS A 1) S A BT LT POD YRR A 25 A =l

Py = (Pupza"',PMsz)T, Wi = (w17w2s“'7wM+2>T° (13)
FH () M E AT IEA .
Uy, = Uy, - F(Uy,,) +S(U;.,), (14)

Hef F = (F,F,) M =(8,,S,) /MM (3) Hilmss 2 M3 BE, Uy, = Up)..,
Win) (0 < n < N = 1) N AT E AR A

a, = (apuapz,“',apMp)T, @, = (awl’awZ’“.’au"Mw)T7 (15)

H(®,a., @ a.) EFR U,
Uy., ~ (®a.,®a')". (16)

FX(16) FRA BN (14) I 5 o S I, RIS 2140 T B Fed .
Do ~da -F(Da Pa)+S(Pa,Dal),

P ww p ww

Do’ =~da - ﬁ2(¢pa’l,¢,a’l) +S(Da,Dal),

ww ww P wow PP

n=0,1,-N-1, (17)

5

T At r + n+ r n n

P da)) = ([ (e @a) - [ (da) 0a),

I n n At r n+ n+ r n n 18
P, @,00) = (A Ba) @) - fo(Ba) dal) + e

A (V(Da) ~v(Da))) .
Fo BATAT AR FREAAA (Mp + Mw) RAR R R R4 .
B, = d’lﬁm, B. = ‘I’ZWLZ, n=1,2, K,
DL =B - F (DL, D, L) +S(PL.,D,LL),
n=K,K+1,-- N-1, (19)
DB =, B - (DB, P L) +S,(PB.D, L),
n=K,K+1,--N-1,
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/E\:EPP;HZ Gl w;,”(l sn<K) %ﬁ*i(:” ib) Kéﬁg*@mﬂgmﬁ’ﬁ; = (:Bpl ’:sz"" ’ﬁM/])T %HB:;
= (B Bus B ) B AHNE] e T b, 1, 19 i) 2 TE A i R B AT
TEF I R T30, T A3 T 1 BRI 22 401 2
BZ =¢Zp:114+2’ B; :¢3;w:|l4+2’ n:1’2’ .“’K;
B =B - DF (DB D L) + DS (PSP, L),

n=K,K+1,-- N-1, (20)
B =Bl - DE( DL D, L) +DS(PLD, L),

n=K,K+1,--,N-1.
MR (20) it B2 FIBL(n =1, 2, -, N) J5 , LT LA 345 i) S5k 5 380 7 A0 WA i X 1

[ 2k

U;’;:Z:(pg;IZ’wil';zz)’p;ZZ :¢pﬂ;’ Ws;fz:‘pwﬁi, n:1’2s'“aN' (21)
TR AT AR 4% 1] S S O B R A ) 0

3 HMEREAEA BRZ A% U iR 2 Ak T SRk S

3.1 SMEREFRESBRABIREMIT
Jek s (19) ERin T e,

Uy =Uy, - F(UL) +S(UyL),  K<n<N-L (22)
M (14)FH
Uu,5' -0, =0 - Uy, - [F(UGL) - F(U,,) ]+
I:S<U;122 _S(Uj{uz):l, KsnsN-1. (23)
Le, =U" - U, WA
le ill,< lle ll,+ ||IA7(U:,;'2 _ﬁ(U;hz) I, +
||S(U;Zz _S(U?vuz) ” 2 KsnsN-1 (24)
BT YRR 55 A < Ax/V SIS, L p 17" L 17" L p 1R w | &R S0, T
- *n - n At
||F<UM+2 _F(Usmz) ||2$M1E||ey,, ”2, (25)

I1S(U,L,) = S(Uy,) I, < MyAt]le, |l ,,
Forh My FM, 25 Ax FI A JERHE R PRI (24) 1T AT A
As
Ay

||en+1 ”2$ ||eu||2+M1 x|e/z||2+M2At||en||29 KSH$N_1' (26)

SR (26) MK K + 1,---,n — 1 30915

At n-K
e, IIZ<(1+M1A+M2NJ le,ll,, Ksns<N-1L (27)
X
MY 1 <n<Kif, B(12) IR UL, = (O,PA e, @ DA )", FIH
le, Il ;= 1Uy -Uyir I, = | Uy, = (D, DA, , @, PAE) ||, <
)\p(swpn) + )‘w(MwH) ’ lsnsK,

At n-K
e, | ,=< (1 + M, Ax * MzAlj [ )‘p(Mp+1) + A e 1,

K+1<snsN-1.
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MEE R At < Ax/V, BROLET M (At/Ax) < M /V, < 1,M,At < M,Ax/V, < 1.

1 A 2R 45 1E.

FE1 A U,,,(n=1,2,- N) BEMAREHK(3) MWLM E UL (n =1,
2,0, N) ET(3) KA SMIERELE 2234 2 (20) FT(21) RO, W 2M 5458 5 Ar < Ax/V, 85T
A

[ Uy = Uyla s < C0) LAy + /A uiuyen 1 n=1,2, N,
HAFCc(n)=1(1<n<K),C(n)=(1+MAt/Ax + M,At)" " (K+1<n <N).
Wik — g5 A 1 A= (7) T LA R T e F
2 FEEH 1 BRI, £ 1) 5Pk 52 38 AR R (%) RS B A A1 A0 R B 22 93 4% =X 1)
(p;" w;") (i=1,2,- M+ 1) HUFAREMTT:
L p(x;,t,) —pi" 1+l w(x,,t,) —w"|=
0(C(n)| /\p(Merl) + A i) 1,Ax,At) 1<n<N. (28)
2 POD JriEnT LAGR s [E] A0 A48 T FAL P A 0 i D R S R B O R S AR (M, +
M) ANARAECGEFI M, = M, = 7 BT EREZOR) AEEH 1 PR RUEES] C(n) = (1 + M, At/Ax +
M,AD)"™ 8K+ 1<n<N)ZBHTIHHEn > KHEET A ¢, BIRERARRITI91R2E BT DUARYE 2 3 1 e
M2 A A BRI TR POD JEMRCE M, A0 M, FEREL /N, oy Ao ] = O(Ax, Ar) JFHLAERSIE
ANl R SR BRI AE [ Xy * Ao en > min{ Ax, Acy BF ZHTIHEE POD HE LI A BN 2K,

3.2 SMEMRERRESEHNEXIH

TEFHAMEREAE 22 53k 2R AR A 1) S A0 i A B S A I, 7T DA% RN T 9 2D SRR A T 5
SIS

T W THE B RICHE V,, - BRIV o,  RREWREEE p,,, W
pfa] 7 BRI A, 25TR) K Ax, FIE RS p°(x) , W Godunov Ji Al JE 4 AL 4 4R i 42
LIS S W
Pl =pi(x), wi =V (v(p}(x(i)))), 1=0,1,2,-- M+ 1;

n _ .n n — . n o _ n n _ n _1 2 ... K'
Po =Pus Pur1 =P15 Wo =Wy, Wy =Wy, n=1,z, s N5

W= - AL CF ) - fu ) + Ais(al),
Ax
i=1,2,- M+2;n=1,2,- K.

F py ! K (0= 1,2, M+ 2) MBRRR Ot TSR 6 S e L1, 7T 2 o Sl i 5
BARBREA SRR ) ot M+ 2 SRS B Ax B E 25 5L

F2 HIRBHEHIEA, = (0) ey ax A, = (W0]) (o2 o SEERIETTFRLUL(AJA, - A 1) @,
=0,(4,4, - A )@, =0, RIERHERDFEIA KB IMESIA,, =4, = =4, >0(A,,
=rankA,)) FIA, =X, ==X, >0(A, =rankA, ) ALHNARAERE @, (7= 1,2,

) M, (=121 .

$3 XMTHERIEIE y = 0(Ar,Av) BI5E M,(< 1) FIM,(<r,) 13 /A0 +
SN wingn 1 S v, HIEPOD D, = (¢, .0, 0, ) (@,,=4,0,/ /X, ,j=1,2,-.M,)
D, = (b, bou) (b, =40,/ /A, j=12,M,).
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%4 HE Godunov i :
min FZ(B“‘) ’ ﬁwl $ﬁw2;

- B, - ~ B, <B<B
F?(ul,u2)=fF(2;(ul,u2),Fg’(ul,u2)= ! :

omas, B, By > B
5 BCE AR
B =Bys Boy =By By =By Buy,, =By, n=KK+ 1, N,
F6 2 pyn=(p1p5,phn) FIw = (w)wh, e wyy,) (0 < n < K), RN 2250
LiZE20

ﬂ dijril/HZ’ Bu ¢Tw’|l4+25 O =n gK,

ﬁ;H :ﬁp—¢:‘F1(¢pﬁ;’d§wB;), n:K’K+1’...’N_1’

B.' =B, - O F (P, PB.),  n=KK+1,.N-1,
/:I-’:Z:dsﬂn VI+2_¢B n:192’“" ’

FREN A 1) S PR A [ B 22 0 M KB p s = (0170057 apin) Blwyly = (w)” w3,

*n
Wiy )

*n

-}‘57 ﬂn% C(n>|: /\P(‘W +1) + Au(M +1)} = Y, ﬁlg/AP{;:z = (pl apz ’ “’p%wn+2> ﬂEﬂ w;;ZZ
=(w1 w;"’. ',w;/;fz) E’jﬁmﬂ?gk*ﬁfﬂgﬁi Dljuj EC(n)[ )\p(y[ +1) + /\u(w +|):| > ’)’,

(pispZ’“"pM+2):(pl 9p2 ’“"pM+2)iFn(w]7w2’“ ’wM+2)_(w| ,wz ," ww+2)(l_n_(K_
1),n=(K=2),--,n) JFEENL2 26 HBH LR ZOR A BT 1 S p L, =
(P " Puin) il Wity = (wy "y wyl, ) (n=1,2,- K,K+ 1, ,N) .

E3 BT ASBCEIR i a1 S 1P —puh 1L H Iwils —wilit < [ wh., -
Wity |l (n = KK+ 1, 1), apt = (p) 03 o) FIw ™ = ()" ", e, wihy) (no= 1,2,
) Ekm%%**%?ﬁﬁ@ﬁﬁ.nﬂﬂ,ﬁﬂﬁ lo5s =paist o> 1P =pais B Wil =wiis 1, > [ whes
Wit lo(n = KK+ 1, N=1), 2 (1o, piea) = (p0 s e pmin) F (w0, wyyys) = ()
W wi ) (== (K=1) 0= (K=2),-,n) JFEE 2 B4 6 1 FI I LA R TR 10 A Il 5
Ry = (p) s pas) Flwyly = (" w; " wyty) (no= 1,2, KK+ 1, ,N) .

SE4 R LT 7 A5 BT ARURSR A% £ A AF 1] 5 5, A R4 PR 28 B 00 |y T AR b b
TR 10 B A i 3o A B A T A TR AU T I 0k A4k L T A SN I 22 4 =
Hh S I BB 3 T M F 2, PR A T L5 4 A TR e ) 9 FL e M A e | A L3 ot
9 B BRSO POD S 1155 — ELHEAT T 25 LA B FTAS BRI AR, X 2 20 02 A0 s BT AR B 4.

4 K Ad 7

I A B ) U B AR B 2 i 2 R
R T BRI A B A AT AU, BIR TR AS S FE I O, & 75 SCHR [ 6 ] i 4 MEUE
D5 BUABS K L =16 000 m, B T=750 s, 23K Ax = 10 m, S REE V,
25 m/s I 7 = 30 s, | KREEL p,,, = 0.16 veh/m, HJE - KR AL
Vip)=1-p/pj>

p/p. —025\7" )
= 1+ L —— -372%x10°°
v.(p) vf{[ eXp( 0.06
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0 160 3L 2o 40 13L -
p(x)=0.22 + 0.2{ [cosh[L( - 8) } } - 4[cosh{L( - 32j } } }

58, FH Godunov YK fif £ 822 4345 5K (3) A BB TH] T = 750 s B A9 2208 B i, - e 1<)
1B T B — e U B (S IE A 2 ) W AR i i A8 A I O, TE A B e 1 LS 42
AL (T OV B S T a6 B R — A EARE B0, YA K L A i ke ) B 1 B A RS
A 3L HP A SR (SR — P 2 0 DA B (4T R 1 R S B A, AN A I D | Tk
T A AZ A 0 ) AERI AR AL (A ¢ = 0 12,6 000 m BRFIT ) 38 56 338 1k 21 HL I 5% 5 (Rt
i S 38 Y Ak B B K, A R ZE A B A T — P AOIR A A I 7 A R AR 0 A A
WREAIR, I BICELZE ) 3 ok (B R ¢ = 0 B Z1,8 000 m BfT) Bl —4 K i sl , 5
M) S 308 7 O, 5 3850 05 28 Mok () 3 T Bt RV s/ R T 30 9 1 B0, AR A T I 4% 2 s i) 2
R AR N TR B Rl 2 & R ITAETE B T I W 2y, 5 R s, 3 %) 4 05 6 i T 1 2
9 10 BB 5 O R IR AR T IR L) S5 & R 1 A2 3 B ZE N BT T DL Y, #E 0~ 6 000 m
A, B R) F 386 o <2 30 B ZE 72 8 7] 5 A5 20 76 8 000~ 16 000 m Ak, i F I 8l i & S5 16 4%,
B T LA 250 B2 AR U, sk 2 1 18T ) 1) 3 i 3 2K,

0.8 Godunov

" B N \ '.\ 5 ‘»\
0 2 (\)OO 40\00 6600 8000 10000 12000 14000 16000
x/m

B 1 g e g 4 B i

Fig. 1 The vehicle density solution of the classic difference scheme

0.8 POD

t 5 T T A
8000 10000 12000 14000 16000 18000

x/m

2 [EBAIMHEZE A% S0 A

Fig. 2 The vehicle density solution of the reduced-order extrapolating difference scheme
W, Godunov FR AR M2 3430 (3) 1R BIEH] 20 (BT K = 20) BIf#AEAHIERBHE,
SRR /A 5 + /A <5 x107°, Bl FETHRERRR IO T > POD LU RS REEOR ARG

5 5 "\
0 2000 4000 6000
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AR 225045 2K (20) A1 (21) R ARSMBEREB 220 D7 21 6 AL BITRR I T = 750 s B i%
fRZE 1 875 L i 440 E BB, DRI AE 1] 2 .

XTECIE 1 AP 2 nT AR, EAREE BT SMEZE 704 U 7 A A i CRAR) (R B 3]
A8 - P B AR T35 16 000 A [ Hh B8 A8 28 92 736 0 20 0 s 2 (LA TR B
WA 25 43 W TR SR i aod A o T R S (B ) R 5 P 0 A2 L it 2 oAk XD i HL o
T P AUBTIR 25 A FR S 2R OR i Dl A, M BE B o S B T3 BRSSPSR,

1.0E-4,

0.5E-4,
0, ‘

~0.5E-4,

€rror e

-1.0E-4,
750
= 3004

150
O \

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
x/m

B3 22 i S R SR 2E S SR A2 40 T AR R 22
Fig. 3 The errors between the solution of the classic difference scheme and the solution of

the reduced-order extrapolating difference scheme
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Fig. 4 The errors between the solutions of the reduced-order extrapolating difference schemes with

different numbers of POD bases and the solution of the classic difference scheme
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A Reduced-Order Extrapolating FDM for Conserved
High-Order Anisotropic Traffic Flow Models

LUO Zhen-dong, XU Yuan
(School of Mathematics and Physics, North China Electric Power University ,
Beiging 102206, P.R.China)

Abstract: A reduced-order extrapolating finite difference method ( FDM) with sufficiently high
accuracy and very few degrees of freedom for conserved high-order anisotropic traffic flow
models was established by means of the Godunov fluid method and the POD technique. The er-
ror estimate of the reduced-order approximate solutions and the algorithm implementation of
the reduced-order extrapolating difference scheme were presented. Finally, a numerical exam-
ple was used to illustrate that the results of the proposed method were consistent with those of
the classic difference scheme. Moreover, the high efficiency and sufficient accuracy of the re-

duced-order extrapolating simulation method are shown.

Key words : Godunov fluid; conserved high-order anisotropic traffic flow model; reduced-order
extrapolating finite difference scheme; POD; error estimate
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