200 £ 31 BRI SR o ELH

AR VRS R TV 878 SE i
— Mountain Pass B3k’ )

A

(WL KRFHFFR)

A VARIATIONAL NUMERICAL METHOD FOR FINDING THE
TRAVELING WAVES OF NONLINEAR SUSPENSION BEAM
EQUATIONS — THE MOUNTAIN PASS ALGORITHM

Chen Yue
(Dept. of Math., Zhejiang University, Hangzhou)

Abstract

On solving differential equations, the classical numerical algorithms require us to
have some knowledge of the solutions before we find them. For examples, to solve an
ordinary differential equation of order 4, the classical Runge-Kutta method requires
the initial data of the solution together with its first, second, and third derivatives; the
generalized Newton’s method depends severely on the initial guess; etc. This paper
presents a variational algorithm, based on the Mountain Pass theory, for solving the
traveling wave solutions of nonlinear suspension beam equations. Some results of the
nunierical experiments are shown to indicate that this algorithm does overcome some

of the shortcomings of the classical methods.
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£ (Standard Mountain Pass Lemma). ¥ E £ —5C Banach 5[], 12
I € CYE,R), H B, & E L p AKBHER. %

M) N TFTH—weE FEEH p,a>0F5

I|w+aBP > I(w) + a.

(I2) f77E e € E\B, {18 I(e) < I(w), W{E E HELEFH {u.}, HRE Y n - oo
i,
I(un) = s H [|I'(un)l| = 0,

XH s=inf max_ I(u), Hth I' = {g € C([0,1], E)|g(0) = w,g(1) = e}.

9€T ueg([0,1))

Frig B8Rk HE, B
Ugt + Uggas + f(u) =0 (1.1)

75, H utz) REBRZIIFMAE, fu) ABRRHEEIES, WHESH
F0)=0. XEHZIR f(u) HAELIERE AW

TSR BT R AR, BADEE K u(t,2) = 2(z — ot), Hh c AE—HEHLT
B, WS w7 (1.1) A LUFH 9

ZW 4 22" 4 f(z) =0. (1.2)

BATERMAE oo BB FHIHET 0 KR 2(2).
£ H*(R) P HIBIZ

I(z):/R(|Z’2"2 @JFF(Z))M, (1.3)

steb F(e) = [ ftdu, i 121 = ([ (P - 2+ i) ke (1

R UE T I 35 /&2 Mountain Pass o B8 [ P 00 35 A {5 % (1), (12), Hpr @ XLz %Y
<2 W5 H? FERTEHEM. —BEAT, E6IRENEELSE, CEREZ
o T W2 — S EHA&HF, 0 Palais-Smale 4544 7). X F (1.3) &5 I(z), ¥EHZFI A
FE PR R B E B8] T Mountain Pass EH K416, BHETFE LGSR EKE
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ERBBAITHE 1.2) BREGN THRUBFELS ZL R R AN FEN O,
TXRERI &4k B T 22 B 3 (40 Runge-Kutta 2 3%), T AN K65 3] — 1 F L#
z(z) = 0.

§2. HiZBATR

FEFIH Mountain Pass R #HATHE 7N, BATERABXE L, L], HH L
BT A LURIERR 2(£0) ~ 0. 46K M %4, H AR h= o0 W o = —L +ih
(i=01,--,M). BIAMEABBKEE LR I E‘JMA}%%N‘K/J\}E w(z) fEA B
—¥, FEH 2(0,0), BP 2(0,i) = w(z;) (6 = 0,1,---, M). BRI FH - w E R
M4 e(z) R I(e) < I(w), BZAEABBR B —%, B 2(N,9), Bl 2(N,3) = e(zi)
(1=0,1,---, M), X8 (N +1) ABE L5/ S5

N— &R DBl ESE o M e WHRRER) BE, HEFHRBZ
B A 1(z) B AEN S AR 20max1) (@ =0,1,-+,M): RATHM AW “B
ETREFMA” TH#, HHANABRABREYANSA, B —&RSKE N AHER
RSB E F g SRR — B T HERE. XA TR P A — R0 5 R
45 /5 PR B ED & Mountain Pass B H ) {u,}. BIEHECIEMLE RERH, RS
BH LS E — A LR RS, RN MM S FRNAEELE#E. Hik
W ige 5 R GEME B — 2B ) T HEBERY,  SRATTAT LA A B AR 0 X B 14T AR B 2 (Jimax, ©)
(i=0,1,---, M) BRATATT R H 2 (1.2) HEEB.

2.1 ¥R S IEE

TR —EAHI f(2), 1] FIERA TUTRASR

(1) w=0£TK—AREWHEAE, WETHETERN, BEN— RS EE
B A 2(0,4)=0,7=0,1,---, M.

(2) £ v € HZ, H v <0, RATE LA do > 0 oD, 8 uo(z) = v(hoz)

i /R (ug)? - Pluplyde < 0. #—47 tim O - oo BrATE 40 > 0 FHK,

B I(Aowo) < I(w) = 0. HIFE—2H1%, RATTIER v e H-11), 0 <0 WA
FHELENE B BRI R RN Ao Al Ao RIS SIARY L = max{ ) iR

HREA b 4 2(N,1) = Aogv(r0,:), i = 0,1, M, ﬁﬂ%éﬂ‘l%—ﬂ%)ﬁ@ﬁ
22 VLBRENET |

EH G R T BRECHERTEM A w Fle B, HAK ARBERRE LY
514345

2(4,3) = 2(0,9) + %(z(N,i) —2(0,4) i=0,1,---,M, j=1,2,--,N-1. (2.1
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H—REAT, e ANWEBEEE v SEE, EEEZEE, FESHHHR,
M Xt ot B4 R ARRIEH. X ERAITTH ¢ SEMEE S, B L 8
AVWRRBIZRME 1(Z,) G>1). ~BRMN I(Zjo) < I(Zo), B4 Z;jo B Zn, HE
FH (2.1) KBRS E IR K .

2.3 IESA9ITE

BAWBRE Mt EA TSR ENZEME 1(2;), LR A ME A S 1(Z,,.) 4
R, MG ERLBHER, RIHF—SHEBLENT:

(1) B 1<jmax <N 1B, BAVEHEERE Z,,.. 5 2.1 WHSE, FEEE
HERD—ANEIFHES. BIKR ac(0,1) 8 1(Z;,, +aZ) HES FBAME, HF
2 = Zjprtt = L BARIE

(s1) & vo = Zjppi1, WH vigr = 3 Zima

(62) % 1(002) > 1), WHZ A 2y i1, B 5 (Zp +virn) T~
Ul £, E SRR T M 2R P X R P R K S BRI ARAL 2, BRI E B B,
lvigr — Zjll <&, W =0, RKZE Z;_._.

REBREUBEE Z,... 5 Z. 10 ZEHM 2, HHCE.

(2) BB R A REE AR, ATEEH I jmax = 0 BF R, X B HEH
KRR 2(z) = w(z) = 0 R (1.2) MM, EIFERMERMGIET LE. — Nk
HRAEMAI— AR 5 1(Z5,0) =0, W 1< o < N 468 |12 = min_ |,

HE Zn = Zi,, B MRTHAELE Z, BENSICABRBRNS A, BHKREET
PItaAL, RN BEE S B T RS K GER 2.4 39), B0 FTE desmax = || Zn]|. X B
Mountain Pass }Eﬂﬁéﬁfﬁﬂ‘]ﬂuﬁ:ﬁﬁﬁﬁzVﬂfgfﬁlﬁﬂﬁiﬂ@)ﬁ B BRAR, NIEEATLL
gk ak.

(3) B Mountain Pass [RBE AT 40, M6 REAE7E T e S HHE, BERPIE SIS, Bl
Krigfed — S8 ARETE S FE. RIS A0S nadjust, FIINTEALE
#l B nadjust=15, M#E 2., 25, B4 Ziunt1s WAL Z; 1, HEEEZ, 5§
ijx+1 H{Jﬁéfjlﬂfffslﬁ‘jﬁ ijax+1, T ,ijax+14- Xt F Lo —1 R A2 b,

24 FRES

WA BREAREREY Z, . WERETHEG M ERAHBMZXE), Dike
Befliem —— B8, BRI AR (12) M— 5. - ABRETHESE v Mt
B, 0T ARRENE, XK I(z)v BFAME, HE |l =1 XEEIIIA
Lagrange ¥, WH#AW A LAKRRE: HEIZH

1
+ v;);

L
J(v) = /_L{[z"v" -+ F(2)0] + A" = ') + lv|?]}de,

1) % jmax 5 0 8 N Z 4B A F nadjust i, RHITHSE.
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H Frechét ¥4
L
J'(v)w = / {["w" — 22’ + f(2)w] + 2A["W" — Fv'W' + vw]}da,
-L

W J'(v) = 0 XFREF LAF 2R 05 72 1 55
20(v@W 0 4 v) = -2 + 22" + f(2)). (2.2)

Bz ARTTE (1.2) KR, WITRE (2.2) FAEIETLE 2. HEEER, 4 0=
2+ 20, W5 (2.2) HH TRETTE

7+ 20" + 54 f(z)— 2= 0. (2.3)
AHTHE X K IER, HE

z+ev)—1I(z L
Iz tev)—I(z) E) 1) /_L(z"v"—c2z'v'+f(z)v)dx+0(€) = =2\||v]|2 + O(e) = —2X + O(e),

ﬁfl@ﬁl)\>0,§pv:+—ﬁ_—z

o — =]

TR (2.3) KRBNRAZ R 5HRITE O, 1% B2 K

J(6) = /_LL [|1“;"|2 _ c2|217'|2 + ||2 ) - Z)ﬁ] N

FIRE B, FTHEiL o = 6(21), -, 9em)T, g = (91, 9m)T, HH g = 2(z;) —

flz(z:), i = 1,--, M, W] J(&) = g*m —h#®Tg), Hf K h— M x M 5, B
K:K1—62K2+K3,

5 —4 1
-4 6 -4 1 2 -1
1 -4 6 -4 1 -1 2 -1
1 N N 1
Kl — ﬁ . . ’ K2 - ﬁ )
1 -4 6 -4 1 -1 2 -1
1 -4 6 —4 -1 2
1 -4 5

K= BAr5ERE. MR EIZ R J(5) MRMEA o = K 'g. X8 K AXHRIEEHE, ®
13 Cholesky 43 f& it K1

BETHETM v HBEZE, BAE A ENHK desmax JEEN, FARLTHEA
AL EFAB K - KMRB S L, K8 >0, HE 1(Z;,., +0) < [(Z;,..) &
18l <e, MLt 8, B Z;,.,. =2 AFE (1.2) K@, ZENEDH% 23, EFiTE
BRAZ IR I 5.
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§3. HEXKER

Xt F— AR E £(2) TR (1.2) MMTRET B H. ATERFERE,
XHEH f(z) = 4+ -1 E A8 KA, Hd ut = max{u,0}. 7£ [10] &1, McKenna
5 Walter 25 T X5 B2 (0 ST, (AT AT LA S b 4T — R A LA SEH . R i3
—

Bl ¢ = 1.40,L = 100, h = 0.10, M = 2000, N = 400, nadjust=15, & & K £ {H %
SN 1(a), (b) Fron. HITEMEATR, X A 2000 437 A4 1K o EUHE BRG]
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—100 —50 0 50 100 —100 —50 0 50 100

M1 —100<z<100, —2.0<y <20
HPHET W RMSHRE, BOSHENLIHMAREMERSGER 145
HE 548 T B nadiust XE TR0, HR orror = max [2(z) - 2° ()] Ak
fhi 22, A WRCI IR — BOBR AR

£1
nadjust error
5 0.0378
10 0.0259
15 0.00312

i A7 ANHE — PR R IR TR T — B . ZIRERERE
W, ZEL - EDRGAE] 2 TR E.

§4. HiFH S RFRAMNEER

Gt PN, R H A B NIA. B, BV EY, A
AR W, WIS e MR — R ERBE R, B AR EAR AL W
(HE L, HBAME—R, XNFRE—A e, HATHEEREE T DK desmax, B8]
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RBZANAEMMR); £=, BOBSREEER, XA HRNEERE; BN, it
B g, miE— R GER 23 355 (2) ), B THENDERBE. 82, &
FEEINA, ZE KRB K HAH Mountain Pass 15 53 K15 2 J7 72 A BHIA.

R T HIEW RIFZATASE, WBEAR S AH N, 0 5B Y % nad-
just, R B T M5 K LR desmax %%, B RGMATREMMTRA —EHAE.

Boh, BIZE I(z) MESHE, ROREESREEBEN, B RER
(Bl B SR AR Be) W BE AR AR A HEUE OB B0, TSR B AT ICRE AR HERE, WTRESL T
HE, mRESCERE. X 77 TAERAE UG RS .
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