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B T3 ¥R R B TC 3K 2k s pR 855 A 5 AR G 05 15K U E Y
PRAC SR Tk . FE SR AT S JF 2 M REE, AR =R0E, TLRA TR )
R AR S P E AR 18 f XA [a, 0] ERYESER R AL, FA TR AR T it

PIBURIZE Y AR [ (o) o LS 0)
WisG A AR [ (xy) ~ Lol oh)

SRR f () o SRt ot (ot 20)

ZRHEAR [ (zo) ~o Lot o)

Fabp AR f/(-TO) ~ f(CCO—Qh)—8f($0—h)1;-§f($0+h)—f(x0+2h)

T uE AR () = —25f($0)+48f(10+h)—36f(a:i)2—&;b2h)+16f($o+3h)—3f(xo+4h)




1.1.1 JURPSEIER IR

b s SRR EARR B TR E n+l A {o, 21, ... 20} HY Lagrange Jf{H 2
o+

o) = 32 Fankate) + ST 0 )

w1 AT

n

@) = 32 fe i) + DA T e

(x — )+ (z — xp) gl
plEm s et ree(o))

E;z xz j‘j {ilfo, Tyyen- 7xn} qjﬁ)f—iﬁéu (n+1) ;'{—:_';/ZA\:TK:

foE () n
(n+1)! k:%#j(% — )

f(x) = flaw) Li(z) +

2nltl, 2, 4, HRFPORERBOIARFSHA A, ISR T _Eidr 6 2.
g b, FEEW (n+1) fad, 54 n K, RIBCEZ YA, WA
JESTASIE N HERER, BEETRREm, A AR ER BB S, X7
U SHAREZENRR . AW, BE o i BT, AFUEEDS ETF, (B I wish
KA =R ARG LR A
= b, =A%, &5 Richardson AMETTE, AIPAERI TS AR, THEZE
— MBI B f RATNEBTIRI a8, HSBuEs:, TRA

flwot h) = F@o=h) % pmipy - B )4

filwo) = 2h 6 120
#id
Ni(h) = f(zo + h)2—hf(xo —h)
AR
h? h*
f'(w0) = Ni(h) — Efm(%) ~ 120 (5)(%) -

ZEane: WE L O A~ L

h h? ., h*

f(wo) = N1(§) - 2—4f (z0) — @f@(l‘o) —

AT BTG % p2 1, i

)

/(0) = Na(h) + )
f(x0) = Na( )+@f (zo) — -+~
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HEEE] Nao(2h) BUEATL R s A3 d et n] PARIE T A 202 e = A U i Y 2
Fav
A, #2 BRIk, B4

4M%:M4N%ﬂ%—Nfﬂm
J -1 — 1

7j:2737"'

T PAEE] BT Na(h), Na(h), Na(R), -~ o g1k, B BRI, WEH T ET
Richardson #MfE 7 08T B BUE R B

1.1.2 JLBRhSELm Leg:

2R3

PRl =, TR AN T 20 R 2 R o L A 2 RS E—
T (n+]) JapHESERE N, SRR ET R, RIS EOE, (2
(o6 P B 2 AR T it i T R A R P

Befvi s

T T E I AN R 2 2T B 2 R B B o 5 LS S UE R R SRIRUERA
ERer. RRSILLL, SERIMSR P24, RrhaEA IO AR Y Kl B2
TR h = 0.01,0.1,0.02,0.2,

HISEEREE R, FIMEW R IERRY .

1.1.3  SREMAE 50l

ESCHRREI WA, =, IR AR T EAE R AP R AR/, X &
FEBR R REPAR IR . I, ESCRRBIALA A R A R IR ZE Y LA AR b
i, AARRERNE . FLL3N =R R AT f(2) = sin(z) 1£ 2 = 0.900 ZLr%L
TE IS A BRI BRI B, T RABE I ST VARR 28 R 2 4325 K /N e

PR MEBy  RE

0.010  0.62500  0.00339
0.002  0.62250  0.00089
0.005 0.62200  0.00039
0.010  0.62150 -0.00011
0.020 0.62150 -0.00011
0.050  0.62140 -0.00021
0.100  0.62055 -0.00106

PAESRIEA — A - FESERRAE Pl iR, AR B i i — e s,
BUE AR R R Pl 2R AR, TR B RZEM S PR, KA
BREER . X5 E—Beh a2 A R LA o
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FEAL B AR, BRI FIZ SR AT TR R A A My B, 200 ANHBLY
ZHAOW . HAAKUE S5 55 VA F AL A BRSO IS8 TR g, e A 8k

1.2 BfiiBisr Jiik

BUERR 2 F R R TCVE RIS R B s R, ToisRARRB A R B N T A
Newton-Leibniz A E#H RS FEXM—ForE. BHAMEERS A 2
BB FETE, Simpson 5%, Gauss-Legendre J5¥EPA M ET Richardson #MfEf) Romberg
ke XEE RN EAAR SRR W Burden, RS IR, EHAMESA.

1.2.1  JURGEIL Ik
PARAEL f A FE B T B DA R A, [0, 0] BRI, 15

/a  Ha)da

BEIEES Simpson 435I WA, =ANSFRBEA- 1A 17 M T Lagrange J&{E, {4
M52 2 00X B R 5 R U AR R B AR 43 . XA YA IH 45T Newton-Cotes 24
X, BIEEA n ANSERIFE 0 BT S TE (e, TR0 RS 21 2 3 =X AR 2K i (U AR ol
Ay . il Eppersonl g7, ATPARSHI Newton-Cotes 233 FE— 2450 T & K
Runge $L4 FECTRIRZEARE T SR n W BTN, BB, b7 58 ks B R [a]
Bt En vk 2 AR, AT AR YE S Simpson JFYENEATE AL, A8 ELEEEE S
Simpson J¥%, WPAIERH, X PR VAR EEUE R HALS

Newton-Cotes J5yA3E T4 RIFE AT S 2 2 AR TR D, — 4 B AR
A&, BEE IR AR ORI R AR, B R EE M. Gauss-Legendre
AXEI T X il — R EEE A, 5T Legendre 21X 1) 2= SFEFR /3 X
() b A% SR RARE T A 5 Newton-Cotes AZUANR], A PAIERH , £ Gauss-Legendre
Tk, RS S AE BT, ISR I ME S SR Bk A 4, JF Hax
MRS BERER .

B Gauss-Legendre J7 {54 B HUENS, (HEW & F| Legendre Z A M2 51
IR, PAR R Z Wi, XER S ECLEF RN R ELK . T2 PAX) Gauss-
Lgendre Jy¥AF T ACAL ], 133210 Gauss-Legendre J5¥k.

R b — 4 Richardson AME iz I TEAMIE I, 5 E—a5dJL
TAHFEPES:, RIWTPAFSE] Romberg ¥k,

PRI HRBUA SR Gauss TLRBUAR, Gauss-Legendre KBS I
Bl HpRsREAR S Gauss-Legendre A EA —F AL, FEHATEER.




1.2.2 JLRhGEILLER:

E3

TERBOREFE (degree of accuracy) T , S ABS LB MR E TS S50k 2, 54K Simpson
VR SR0CN 3, BOLABORE EE 4 9124 1, 3. 4T n1 435 08 fk Gauss-Legendre
A, RBOREER 2041,

PFERS BT, BT Romberg SE:485 T 20O, Ht5gs 5 b LA
HRE RSB . - FL. AL Simpson KSR EE R TEALKIE ¥ 76 n BN, BEE
n BT, n A AL Gauss-Legendre J5 VAR BEHL % E T

Bl 5%

R R AR RS KA LR BT ERS 1= (% ze = do St b EiRis il
HETIE. TS ILI1.2, 455 3£322.5,2.6,2.7,2.8.

H SRR, ERIE R IR .

1.2.3 MR Sl

FEVA LIS, ARSCE 28028 TR BE A D5 ik, b2 e s A E R E /Y -
EAATTAR R 3 ) B — 7 P O S B R AR ARIMHER, RO 1o
XA TSR BB AR . S — 5T, TETH R S 4R 8] EROARG I, B DK
e AR o A2 DRI LR AR O T, 19 AT RATSE R DRl b iy AR e Ak o B AR 20 P A
A BT IR T RUET R, (HaA RN A O, SR DS AE AR O A LI, AR Y
TR T T

FES A, R 4T ARRIE T ORBUE AL Monte Carlo BUME, X—T73A] LA
A ks 1 A

—- Monte Carlo #4751k

2.1 Monte Carlo 4 Ji:wisr

Monte Carlo 37575 & BB IRAERUE R 3 UG — AR AT, — PRl
TR R B BV SK AR EAR I B T30 . TR TR S f) e L -

M8 1. DAR" ay—ATMF %, f A D Ly Lebesque 5T FRF 4, RIS

I /D F()de

1, z€Q

21Qﬁ§>‘(ﬂng(a:)={O o
, T
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2 D eSS, il R AR R K A TR g, Rl A

¢:D— D ¥ D FRBY

[ /D F)da

1—/ F(6(F)) det (J(6(7)))di
Hrr J(o()) jﬂ Jacobi #iff. T HEHE D A FEMHI

AR RLE D FIESY

1% ﬂ;‘ Dc[alabl] [anab ] ,7 Ij”J
I _/ f(a)dz _/ F@)p(x
TRIE D BA [ar,bi] x -+ X [an, by] BITE

2.1.2 ke

TR AR
Bik—: L [ A D = a1, bi] x -+ X [an, by _ERYARGUE AT

C={(x1,29, -+ ,xn,y) : (x1,22,...,2,) € D,0 <y < f(x1, 29, ...

F={(z1,29,  ,Zpn,y) : (x1,22,...,2,) € D,0 <y < M}

I R LA A e

BB M OAER—

751371)}

1 Un,Us,y - =B F BR300 Lid., 2 {&) b5 {U} & AR r ke

PR, HA

£ — 1, U, eC

"o, vier\c
W {&} R—FRM b(1,p) 1) iid., Hrp

B I B I
PTVE) T M0 ay)
W) 3 R N
pN:¥—>p,as(N—>oo)

T

In = pyMI_, (bj — aj) — I,a.5.(N — 00)

N1 AMEHES
HIEAFEI DA N 3RA

A R ARG AL D = (a1, b1] x -+ X [an, by]; D _ERJAEGARIIREL £ 4

BLREALEC S N
Wi BUME T = [, f(a)de



Step 1 A5l N Mk D E¥2)pAhE) iid. fEdLa & Uy, Uy, -, Uy
Step 2 X} Fi=1,2,---,N, &
)L Ued
&{0, Ui ¢ F\C
Step 3 %
Step 4 i I

Bk A0 f N D =lag, bi] X - X [an, by) FERIRTEREEEL, 4 {U} H—5RM D
B350 A 1d., S

&= f(U1>
W& R—H IR iid., HEIEN
p=E&)
= E(f(Uz))
1
B /1:>f(x)ﬂ§~‘1(bj - aj)da:
.
7_, (b — ay)
R R HUE 1 N
Zi: gz
Tl — i, a.s.(N — 00)
T

S i

H 1 A
R EI DA R A
WA R AR D = [o1,bi] X -+ x [an, bu) D LRGATRUREC £ A
BLEAE N
s BUME 1 = [, f(2)de
Step 1 /i N MM D 195340y Li.d. BEHLITE: U0, Us, - Uy

Step 2 ¥ T i=1,2,---,N, %

Step 3 %

>t i
=SS (b — ay)

Step 4 i I



2.2 SKRZES P
2.2.1 Sk B
W B i s, drORRE R, A

(ex = P)/N_ 4

p(1 —p)/N MO

T
VN(Ix — 1) % N(0, (M 13[1(;)]. )1 — p)
W Iy BT 250 )
<Mj§1(bj —a;))*p(1 —p)
N
P, In WiRZEPAREY 95.45% HUARRA L

Mjlill(bj —a;)/p(1 —p)
VN

EVHLBEHLIEE ) Oy )«

2.2.2 BTRAESPT
WL SCEE RIS, B Iv — L as., Al

Var(f(Uy))

Var(Iy) = N (17, (b — ay))*

7] A I BENLIRZE W Oy ()

2.2.3 By, RN E
B £ D = [ay, by] X -+ X [an, by] FRHOA FAEGATIN AR, T UE I A b
PSR s BP0 N RS, st 1, Byt
ok 1Y), B
Var(I](\?)) < Var(IJ(\}))
HFFUE, R0 < f <1. 2 {X;} —FURM D FRIESSA Lid., {Vi} H—
FURM. [0,1] F—Faity iid. H (X}, {v;} fhsr. ma

n = f(X;),i=1,2,...

&= b Y;Sf(Xi),izl,Z,...
0, Y;> f(x)
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Monte Carlo 437 LML AET, 24 pRE W] flchE 5 2Pk sl AR 2 XA TR A2 (AR
25, ABGEUERR T o SR AR W{E, T Monte Carlo BYEIAGE M, IR FF
Op( %) WIRER . 55—, AeREUE IR LTI, RS BUER Y Az
FRRKIETH, FETTRIRFEEG G, i Monte Carlo Jy ¥ FT 75 9 115} [E) X B
AEETH i _E T BSOS, X AAEE R AR )z

Monte Carlo F43E W] DA ST — L8k B Pr3lar ol TR A i it 52 4R A R
R, B RRSGEEAR, MRS — T EE R EER S

2.4 B
2.4.1 BRI

24 Monte Carlo J7{AR)SEE, A4l Monte Carlo Bk BAGL IR £ i1 1T
B2, A8 Dy R? W s B, s B SRy

I—/ldx
D

AR, FiRFRR Monte Carlo BV M H K, # ] Matlab i 51 8FF, 10
T LR 1.3, THEZER I ZE2.1, A lg(FENLE NS =n I}, TIEIRELAN 0.45841 )
T 15, ST

S 5L £ PR 228 3o 7R7 B A6 e BT B [RAR A T A 1 I T A, RS R R (e Ty
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7 2.1 WRER iR

GGzt
ML 36 306 318 31272 31362 314164 304119 314145
IHEE 045841 001841 0.03841 -0.01439 -0.00530 0.00005 -0.00041 -0.00014

2.4.2 XM LB
AFEEE PR Monte Carlo #UpA 55 4k Simpson BUMATTRRL)
1= [ sin@)d
/0 sin(z®)dz

PRI R . A ILE SR 1.4, TRIRZEMSIR 1L5£2.2,2.3,

MR, ERTEEMFE E—PitE, B Monte Carlo S3EMg I R/ NTE 404K
HR 5, I H Monte Carlo HIAH YA A I A IREZ/ N T BT EIRZE.
2¢ 2.2: Monte Carlo Bk iRz
1 2 3 4 5 6 7 8

(¥l

BE— 0.089732  -0.00027 -0.02427 -0.00037 0.003642 -0.00032 2.97E-05 6.59E-05
273 -0.00307  0.006256 0.004205 0.001101 -34E-05 -0.00015 24E-06 -4.8E-06

2% 2.3: K4k Simpson B EiRE
lg (B DX Ta) %K)

- 1 2 3 4 5
Ca it

2 Ak Simpson -8.1E-06 -8E-10 -SE-14 -2.8E-16 6.66E-16

= BB i M — iR e BN
AR 2022 F&ERE AR BTN A TS, S0P T SEALH BB
TR LR B S T 150

3.1 gk

WiE 2 GF AL AR, A JSHIGRE IR R AR EETS QE DU Bk i, A Jnl P A i
P B TS A FE Y SR . BOR BBV — R B E R v AR RE R, i) iz, i
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BER, BAWIRYN I HIR . PR B B BE B AR 2 TR BERUASAL I 9 9 6
Az —

B3 U —FPR B BRI, T RT. R A K RE R I R SE (PTO, 4
e as) Mnl, HrbRT. ik PTO B EHER T NES: BT liBiESE >
T A S RN R SE e AR . W e AR A — W2 R 222 v ARl ) S 40T 5
PR e FAE PR ERIRAL R, W PTO RG-S Rl e . ERaRIENT, 7T
sl sk Tizsl, Wl PE Az SRS e, R A e R
o B TEHE K TOR STTHERY % T AEZME R IR e A R 2 32 B R 11 ()
FEEAIEE ) () 24 e Ty (BR) ARy (). FEMAT NI, 20
B, . FRIE M PTO (5T M4 FhEE I .

Bl 3.1 PR AER B A

IR TAEROR P AR iz, 3 BIRT LA PIARG DUE L E H A A AR
BB R BN BEERAL, 15 PTO RGH) V-4 R ek

oL 1 HEREChE &, FHIEREAEXIE [0,100000] PHUHE;

0L 2 FHJE FRECT IR T RIR T RE X 32 %) 4 X (A e F8C L B, B 2R 307 IX T [0,100000]
WIUE, FAREERE [0,1] PHUE.

A PR SRS LIANPH SR 2 108 BU S HUE (BERMARI 2.2143571) 73 BTSRRI O
PR K i 2 238 ORI ) e DL JE AR 4K
3.2 L& KR F

AT AP A5 RLFRC

3.2.1 aghBRIRgHL
AR 1155 A S O AR BRIF R, BRI E O I AT — AR R
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TR BERE B P A A R B W] AZZIR AT, ORI LB T, A2
T SRS B e e 1R . HerhsRsEsi SR R L, e 5T
FIPR AR SR e o R A0 e il AS ik iz sh 5 e :

)\1(1}2 - U1> — mig + k(lo — (xl — L9 — hg)) = miaq (31)

PR AR By 1) BT 00 Ar, TR By ) By W) (IR
T EEE AR NFRIRE T ) « BEREUE J1 . 26U Ty, By S i
MELME eI EM . Ho P BRI N Fe = pgVig, BARBUN IR
INH feoswt, MPEFEIE T G FRABEERIE L, FEANISTIE ) A B o i 2 v .
72 ] AR RS 2R 056 e S i T iyiash AR

—>\1(U2—U1>—mgg—/{?(lo—(l’l—xg—hz))‘i‘f COSMt+ng($2)—U2)\2 = (m0+m2)a2 (32)

Hrbr VR BORBER BEHRAAR, 22— KTz M0 Brek i

0 x>0
1rR2hy(—x)? —hy <2 <0
Vigy=4 3" 2(=2) 2= (3.3)
gﬂ'Rth + 7TR2(—h2 - J}) —(hl + hg) S x < —hg
l’]TRZhQ + 7TR2h1 T < —(hl + hg)

S CrRIIHE TRR ALK R P BRI , 20t SR A B TR 452 4
BERAEHEK R, IR ORI A 1 5 o BORIME 1 (0), 22(0) TR
{x1(0>= (= ) n 2 41y = e

P9 g 3.4
29(0) = —(\tm2s 15 R2h,) /wR? — hy (34)

pg
AR (3.1,3.2,3.3,3.4) HAL K TR TSR 2o iy

( )\1(j32 — ZEl) — mig + k(lo — (Il — T9 — hg)) = mlil
—>\1<j,'2 - IL‘l) — Myg — k’(lo - ((L’l — Ty — )) + fcoswt + ng(l‘2> - jfg)\g = (m() + mg)fig
21(0) = — ({20 LrR2py) /wR? + 1y — ™8

P9

25(0) = —(M L R?hy) /T R? —
(0)

PY

\

(3.5)
H VT zo WRELH (3.3) 4. FEMEOL 1, A\ = 10000Ns/m; FERGH 2 Hr,
Ap = 10000 * |vg — v1|®°Ns/m.

3.2.2 Il RRY L Sy

M PHE REOFIRE R, BORAE P RAS E 1 B 2B e A% A FHL e 22 508 A i B g R
HIR, KA PTO RGERECF o, H A RN R UBLE R A, IR
ff— AR AL
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M TS IR HARX Iz SRS B e A, PTO R GERFFT e D% A o e 5 A
. BRI DMRIE RS P = Fo f@# 3 AR 1057 2 Gy gl AT B e g e i 2
K, B PTO RGER 3. H, diTiedsi a2 Ait, B 7R
BLIEAS N ) 5 H AR e gL e I R/AMHEE . 5 TRk TROARSEREIE H, H
BIRECH Ay v HIFTSIRTEOMERE . AT AR 52 PTO REEHF-
oy )R R A A

P =

1 b
b—a /a )\1(’01 - U2)2dt (36)

o [boa] AR YERGHRIBEXTE], 24 a 5 b BUEBRKR!, “FydiRaTRE,
N T PR R R E N, AT X EE N [T.2T], Hed T 2 40 PR
S BT

I, AlESZ AR B bR AR

YRR FEIROL 1 PONIE AR Ay FEIR DL 2 Pl RS RECS B TR T
FHRT R EE R 2 XA B R FE , i R B LE B R K 8 R R o

Hbse8: Hinh PTO RG-S40 ook,

1 2T
max P(\) = T/ A (v — vp)2dt (3.7)
T

ZResRAt: fHOL 1 EORILE R AAEXTE] [0,100000] Py, SR AAFR -

0 < A; <100000

THOL 2 BOR B R ECE X [0,100000] )Y, FHEECE [0,1] N, AR
0 < < 100000
0<a<l1
3.2.3 BRI

AT AR LB 5515

FIH AR T2k Rune-Kutta J5 ¥R _EAzZ a8, 15 vi, v BERHEIZZALI sE%L F
SR, SIiR3. 61BN ES R 5 Matlab (15t (% 5875 T HKf#
B Ak A A

I3 1 B4 TH e AP B 2 50h 36614.141Ns /m B, “F-359 %t o) B3 fe i 239.0895W .

Wil 2 HBI RO R FEEUR B = 92557.039,a = 0.382 I, P44 tH 2 A EUE e K
239.2856W , i1 1 55 K IELIE R Eh 92557.039|vy — vy |35,

DA OL 1 rpP- 2 ) B AR R BE e A 8y R B R an 3.2 5L 2 ety
iy B DR RIS BB AR KL B TR o B R AR AN 1A 3.3
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B 5

A U

1.1 Bfifssr
BUER > AR Y

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

function ndif=ndif(f,x,h,n m)
switch n
case 1
switch m
case 1
ndif=(f(x+h)—f(x))./h;
case 2
ndif=(f(x)—f(x-h))./h;
end
case 2
switch m

case 1
ndif=(—=3.«f(x)+4.%f(x+h)—f(x+2.%h))./(2.xh);

case 2

ndif=(f(x+h)—f(x-h))./(2.xh);

end
case 3
switch m
case 1
ndif=(—25.%f(x)+48. .« f(x+h)—36.%f (x+2.xh) ...
+16.%f (x+3.%h)—3.xf(x+4.%h))./(12.%xh);
case 2
ndif=(f(x—2.xh)—8.%f(x—h)+8.xf(x+h) ...
—f(x4+2.%h))./(12.xh);
end
end

end
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WY BORFERI TS

1 clear

2 clc

s h=[0.01,0.1,0.02,0.2];
+ x=1;

s a=zeros (8,25);

¢ e=zeros (8,24);

7 for n=1:8
5 a(n,25)=df(x,n);
9 for k=1:3
10 for m=1:2
1 for t=1:4
12 a(n,4x(2%(k—1)+m—1)+t )=
1 ndif (Q(x)f(x,n),x,h(t),k,m);
14 e(n, 4*( *(k—1)+m—1)+t )=
5 a(n,4x (2% (k—1)+m—1)+t)—a(n,25);
16 end
17 end
18 end
19 end
PR BRI K T R L
1 function f=f(x,n)
2> switch n
3 case 1
4 f=1./(14x.72);
5 case 2
6 f=sin (x);
7 case 3
5 f=tan (x);
9 case 4
10 f=x.xlog(14x);
11 case 9
12 f=x.xexp(x);
13 case 6
1 f=exp(x).*xsin(x);

17




15 case 7

16 f=(x.72+41).70.5;
17 case 8

18 f=sinh (x);

19 end

20 end

1 function df=df(x,n)

2 switch n

3 case 1

4 df=—2xx./(14+x.72).72;
5 case 2

6 df=cos (x);

7 case 3

5 df=1./(cos(x))."2;

9 case 4

10 df=log (14+x)+x./(14+x);

11 case 5

12 df=(x+1).%exp(x);

13 case 6

14 df=exp(x).*(sin(x)+cos(x));
15 case 7

16 df=x.%(x.72+1).7(—=0.5);
17 case 8

18 df=cosh (x);

19 end

20 end

1.2 BfaBisr
(LGS

1 function fl1=f1(x)
o fl=x.xexp(—x."3);

3 end

Ak Simpson J57&
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1 function CS=CS(f,a,b,n)

+ h=(b—a)./n;

5 SO0=f(a)+f(b);

¢ S1=0;

7 S52=0;

s for i=1l:n—1

9 X=a+i.xh;

10 if mod(i,2)==0
1 S2=S2+f (X);
12 else

13 S1=S1+f (X);
14 end

15 end

16 CS=h.*(S0+2.%xS2+4.%S1)./3;
17 end

Romberg J5¥

1 function Rbg=Rbg(f,a,b, n)

4 h:b—a;
s R(1,1)=h./2. % (f(a)+f(b));

¢ for 1i=2:n

7 R(2,1)=1/2.%(R(1,1)+h.xsum(f(a+((1:27(i—2))—0.5).%h)));
8 for j=2:i

0 R(2,j)=04"(—1)*R(2,j-1)-R(1,j-1))./(47(j =1)=1);
10 end

1 h=h/2;

12 for j=1:i

13 R(1,j)=R(2,]);

14 end

15 end

s Rbg=R(1,n);

17 end

19




G Ak Gauss-Legendre J5 £

1

10

12

13

14

function CGI=CGL(f,a,b,n m)

switch m

case 2

h=(b—a)./n;

CGIL=h./2.xsum(f(a+((1:n)—1/2).xh—h./(2xsqrt (3)))..

+f(a+((1:in)—1/2).xh+h./(2xsqrt (3))));
case 3
h=(b—a)./(2%n);
CGL=h./9.xsum (5. f(a+(2.%(1l:n)—1).xh...
—h.xsqrt (3/5))+5.xf(a+(2.x(1:n)—1).xh...
+h.xsqrt(3/5))+8.«f(a+(2.%(1l:n)—1).xh));
end

end

BUERY SR EERI T 5

10

11

12

13

14

15

16

17

18

clear
cle
ev=0.1014764825947195668201483098935834921538325145;

cs(1,1)=CS(@f1,1,100,10);
cs(1,2)=CS(@f1,1,100,20);
¢s(1,3)=CS(@f1,1,100,100);
cs(1,4)=CS(@f1,1,100,1000);
¢s(1,5)=CS(Qf1,1,100,10000):;
rbg(1,1)=Rbg(@f1,1,100,5);
rbg(1,2)=Rbg(@f1,1,100,10);
rbg(1,3)=Rbg(@fl,1,100,15);
rbg(1,4)=Rbg(@f1,1,100,20);
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

cgl2(1,1)=CCGL(@f1,1,100,10,2);
cgl2 (1,2)=CCL(@f1,1,100,20,2);
cgl2(1,3)=CAL(@f1,1,100,100,2);
cgl2 (1,4)=CAL(@f1,1,100,1000,2);
cgl2(1,5)=CAL(@f1,1,100,10000,2);
cgl3(1,1)=CGL(@f1,1,100,10,3);

(1,1) (
(1,2)=CGL(@f1,1,100,20,3);
cgl3 (1,3)=CGL(@f1,1,100,100,3);
(1,4) (@f1,1,100,1000,3);
(1,5) (@f1,1,100,10000,3);

€0Ccs=ev—cCs ;
eorbg=ev—rbg;

eocgl2=ev—cgl2;
eocgl3=ev—cgl3;

xlswrite ("C:\ Users\rixinner\Desktop\ £ {E 4 ¥ K AE W\ B fd 247 . ..

Ch_4\Numerical integration\cs.xls” [cs;eocs], Al:E2")

xlswrite ("C:\ Users\rixinner \Desktop\ £ {E 7 1 K A\ Efd 20 47 . ..

Ch 4\Numerical integration\rbg.xls” [rbg;eorbg], Al:D2")

xlswrite (7C:\ Users\rixinner\Desktop\ £ {d 4 ¥ K AE W\ B fd 247 . ..

Ch_4\Numerical integration\cgl2.xls” [cgl2;eo0cgl2], Al:E2")

xlswrite ("C:\ Users\rixinner \Desktop\ £ {E 7 1 K A\ £ fd 0 47 . ..

Ch 4\ Numerical integration\cgl3.xls” [cgl3;eocgl3], Al:E2")

1.3 Monte Carlo B4 il A 5] i

clear
cle
t =8;
area=zeros (t,1);
for k=1:t
area (k)=areal (107k);
end

error=area—pi;

21




o function area=areal(n)

10

n X_center = 0;

12 y_center = 0;

13 radius = 1;

14

15

16 num_ points = n;

17

18

v x = rand (1, num_ points);
20 y = rand (1, num_ points);

21
22
s distance = sqrt((x — x_center).”2 + (y — y_center ). 2);
24

25

56 num__points_in_circle = sum(distance < radius);
27

28

29 area = (num_ points in_ circle / num_ points) x 4;
s0 end

1.4 SRR b
Frik AR

1 function integral = MCl(n)

5 xmin = 0;

6 Xmax = 1;

7 num_ points = n;
8

9

10 ymin = 0;

11 ymax = 1;

22




12

13

15

16

17

19

20

21

22

23

25

x = rand (1, num_ points) * (xmax — xmin) + xmin;

y = rand (1, num_ points) * (ymax — ymin) + ymin;

z = sin(x.72);

num_ points_under_curve = sum(y < z);

integral = (num_ points_under_ curve / num_ points)...
% (xmax — xmin) * (ymax — ymin);

BRI ER

1

10

11

13

14

15

function integral=MC2(n)

xmin = 0;

xmax = 1;

num_ points = n;

x = rand (1, num_points) % (xmax — xmin) + xmin;

y = sin(x.72);

6 integral = (xmax — xmin) * (sum(y) / num_ points);
17 end
WRRTEAR RE
1 clear
2 clc
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10

11

12

t1=8;
t2=5;
ev=0.3102683017233811018081524231653965075745093888324467;
int__ mcl=zeros (1,t1);
int mc2=zeros (1,t1);
int cs=zeros (1,t2);
for k=1:t1
int_mcl (k)=MCI1(107k);
int__ mc2 (k)=MC2(107k );

end

for k=1:t2
int__cs(k)=CS(Q(x)sin(x"2),0,1,107k);

end

error__mcl=int_mcl—ev;
error__mc2=int_mc2—ev;

error_cs=int_cs—ev;

1.5 iRfe¥A It
HIF R A 55

10

11

12

13

14

15

16

17

function V_a = Va(x)

Imd1=10"4;
Imd2=656.3616;
m0=1335.535;
ml=2433;
k=80000;
m2=4866;
omg=1.4005;
10 =0.5;
rou=1025;
R=1;

h1=3;
h2=0.8;
g=9.8;
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

f=4890;
x1_0=—((ml+m2)/rou—pi*R"2xh2/3)/(pi*xR"2)+10—mlxg/k;
x2_ 0=—((ml+m2)/rou—pi*R"2xh2/3)/(pi*R"2)—h2;

if x>=0
V_a=0;
else if x>=-h2 && x<0

V_a=h2xpixR72/3%(—x)" 3;
else if x<~h2 && x>=—(h1+h2)

V_a=pi*R72xh2/3+pi*R72x(—h2—x);
else
V_a=pixR72xh2/34+pi*R™2xhl;
end
end
end

end

1.5.1 {1

SET Wi

10

12

13

14

function dy1234 = odefun3(t,y,lmd)

Imd2=167.8395;
m0=1165.992;
ml=2433;
k=80000;
m2=4866;
omg=2.2143;
10 =0.5;
rou=1025;
R=1;

h1=3;
h2=0.8;
g=9.8;
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16 £=4890;

17 x1_ 0=—((ml4m2)/rou—pi*R"2«h2/3)/(pi*xR"2)+10—mlxg/k;
15 x2_ 0=—((ml+m2) /rou—pi*R"2xh2/3)/(pi*R"2)—h2;

2 dyl234=[y (3);y(4);(lmd*(y(4)—y(3))—gxml...

2 +kx (10 =(y (1) =y(2)=h2))) /ml;(—Imd*(y(4) =y (3)). ..

o —g+m2—kx* (10 —(y(1)—y(2)—h2))+ f*cos (omgxt )...

25 Frouxg*xVa(y(2))—Ilmd2xy(4))/(m0Hm2)|;

20 end
TS

2 function P = Pal(lmd)

4+ Imd2=167.8395;

5 m0=1165.992:

6 ml=2433;

. k=80000:

s m2=4866;

o omg=2.2143;

10 10=0.5;

n rou=1025;

12 R=1;

13 h1=3;

1 h2=0.8;

15 2=9.8;

w £=4890;

17 x1_0=—((ml4+m2)/rou—pi*R"2«h2/3)/(pi*R"2)+10—mlxg/k;
18 x2 0=—((ml+m2)/rou—pi*R"2xh2/3)/( pi*R"2)—h2;
19

o T=200:

a1 a=[x1_0,x2_0,0,0];
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22 U H odedd R B R 7 AR

23 [t,y]=0ded5(Q(t,y)odefund (t,y,lmd)  [T:0.01:2xT],a);
2 VORI T O FE Y R AE — B TR JE AR E R Ok

s JoW] DAFY [T,2T] I [8] 4 Y 7 25 oy 340 3R 2 B 1 19 2 &

26 (/}JU\JEHMMTABFI“L LA SR i K H

ar V01X HLRFRF o) B0OE O H AR pR AR A S %

28 :—lmd*trapz(t,abs(y(:,3)—y(: ,4)).72)/T;

29 end

TR

v %X @Pal ¥ H G 4k T E A A 8t 4% A TR
2 %/t N MW Final Point B 4 B3| & K-35 D) 21 H Je R 4
s WAM R/~ Objective function value B AH S 2 B S~ B oK ¢ K Ih R

(35

N

1 clear% ¥ A8 & N A

5 t=[0:100:100000];
4+ for n=1:1001
5 m(n)=—Pal (t (n)); 0054l o

¢ end

s plot (t,m);%2 il ) 5 4 i 4]
(" AK/(N-s/m)”)

("E TR /W)

n hline = findobj(gca, Type’, line’);
12 set (hline , "LineWidth’ ;0.9);

13 grid on

o xlabel

10 ylabel

1.5.2 155 2

1 function dyl1234 = odefund (t,y,lmd,alpha)

s Y08 AT B )

o 1md2=167.8395;0 1 |7 )0 2 2 4
s m0=1165.992;"0 0 7 [ I i i

o ml1=2433;"{c [ 7ot

27




7 k=80000; 051 = Wi i

s m2=4866; /7 /il I

o omg=2. 2143&%#%&5%%5

w 10=0.5;%0 5% 5 <

1 rou=1025; /#/J W

12 R=1;%7% 1K 12

18 h1=3;% V¢ 1 [l A & 7 v FE

1w h2=0.8;%F 1 5 HE 7 2 =

15 g=9.8;% Jj il #

w6 £=4890;%3E V7 ¥ Jih 11 % 1E

17

s x1 0=—((ml+m2) /rou—pi*R"2xh2/3)/( pi*R"2)+10—mlxg/k ;4] {1
v x2_0=—((ml4+m2)/rou—pi*R"2xh2/3)/(pi*xR"2)—h2;% 4] /]
20

a1 %lmd , alpha 43 % K FH JE & £ 5 & 35 40

2 %M T odedb p& BN iR 15 x1 , x2

as NH Py (1)=x1,y(2)=x2,y(3)=x1",y(4)=x2"

20 JoDAVEEF-T N O JETH , x1 R T b 3

w Vox2 N IF TR s B, SE ) b Ik 7 9]

2 dyl234=[y(3);y (4 )7(1md*( (4) =y (3))*(abs(y(4)—y(3)))  alpha ...

o —gsml+k* (10 —(y(1)—y(2)—h2)))/ml;.

s (—Imdx(y(4)—y (3))*(abs(y(4 )—y(3))) alpha—g+m2. ..

20 —k* (10 —(y(1)—y(2)—h2))+fxcos (omgxt)+rouxgxVa(y (2))...
5o —lmd2x*y (4))/(m0+m2) ] ;

a1 end
TP 5

1 7R R BN T4 E R L E R BE B IR
2 JoZ M ORF N3 1) AF- 3 ) R 0 A SRR

s function P = Pa2(x)

4 Imd=x(1);

5 alpha=x(2);

v JorE A A H # gy =

s 1md2=167.8395;"0 1 /7 22 )7 [0 )2 2 4
o mO=1165.992; 1 7 [ I i it

o ml=2433;70 1
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

k=80000; 71 = Wi 11
m2=4866; /7 1 il it

omg=2. 2143&%#?&5%%5
10 =0.5; % 5% J5 K

rou= 1025‘/#/J<...F“
R=1;%7% ¥ i 2 12
h1=3;%% ¥ [& A ¥ 4 =
h2=0.8;%7% 1 [B #E 7 43 = B
g=9.8;% Jy i # F

£ =4890;% Y7 ¥4 Jih J7 I W

x1_0=—((ml+m2)/rou—pi*R"2«h2 /3)/( pi*R™
x2 0=—((ml+m2)/rou—pi*R"2«h2 /3)/( pi*R™

J0PA R [F] Pal .m () ¥ B¢
T=200;
=[x1_0,x2 0,0,0];

2)+10—ml*g/k ;7 4] (1]
2)—=h2;% W1

[t,y]=o0ded5(Q(t,y)odefund (t,y,lmd,alpha) [T:0.01:2xT]  a);
——Imd.x trapz (t,abs(y(:,3)—y(:,4)).  (alpha+2))/T;

end

TR

4

Xt @Pa2 & I At A T H A i 3t 1% 5 Tk

%N M) Final Point B B3| & K15 3 XK

e R85 B &

%M 78 1) Objective function value B AH 2 Z¢ Bl 8 BT oK £ K3 %

NEAKEE S S HORE W IE X

(35

1

10

clear%iF AN IF A = &

p = 0:1000:100000;
q= 0:0.1:1;

To 3 M Ty 2 43 A A ERF A
for n=1:101
for k=1:11

m(n, k)=—Pa2 ([p(n),q(k)]);

end
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11

12

13

14

15

16

17

18

19

20

21

22

23

end

surface(p,q,m’);

hline = findobj(gca, Type’, line’);

set (hline , "LineWidth’ ,0.9)

colormap (’jet”)

xlabel ("PHJE 2% /(N -s/m)’,’FontSize’ ,12)
viabel ("X #E E R 540, 'FontSize ' |12)
zlabel (7% H IR /W’ ’FontSize ;12)

view (3)

grid on
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2.1 Bt

B i

2% 2.4: Error of Methods

method

sin(z)

fanz)

tlog(z)

Ie

¢" sinz)

41

sinh(z)

two-point

forward

0.002499876
0.024886878
0.00499902
0.049180328

-0.004216325
-0.042938553
-0.008450449

-0.0874618

0054311136
0648000505
0.110615557
1648200667

0.003741693
0036691806
0.007466874
0.071861079

0040956014
0426444322
0.082277882
0.892728737

0014659268
(.143746615
0.029261654
0.279568047

0.001758961
0016826342
0.003500443
0.032075083

0005901773
0.06138213
0.011855278
0.128220174

two-point

backward

-0.002499874
-0.024861878
-0.00499898
-0.048780488

0.004198315
0.041138446
0.00837841
0.080272164

-0.052420457

-0.4530237

-0.103045892
-(.786672983

-0.003758359
-0.038360351
-0.007533543
-0.078557937

-0.040593574
-0.390173373
-0.080828089
-0.747318229

-0.014713848
-0.149229395
-0.029480004
-0.301799494

-0.001776639
-0.018595205
-0.00357115
-0.039163207

-0.005850337
-0.056235955

-0.01164953

-0.107604578

three-point

endpoint

7.32687E-07

0.000593428
5.126E-06

0.003766061

L77991E-05
0001584693
T.03474E-05
0.005431843

-0.001993286
-0.352199656
-0.00842225
-3.879269823

165117E-0
0.001522533
0.04373E-05
0.005596709

-0.00036585
-0.039840093

-0.00147724

-0.175474181

5.08824E-05
0.007925183
0.000236891
0043084258

1.74796E-05
0.001577602
6.91324E-05
0.005628219

-0.1T316E-0
-0.005455914
-0.000208123
-0.023229787

three-point

midpoint

1.24999E-09
1.24997E-05
0.00000002
0.00019992

-9.00499E-06
-0.000900054
-3.60194E-05
-0.003594318

0.000945339
0.097488378
0.003784833
0430763842

-8.33343E-06
-0.000834272
-3.33348E-05
-0.003348429

0.00018122
0.018135475
0.000724897
0.072705254

-2.T29E-05
-0.00274139

-0.000109175
0011115724

-8.83880E-06
-0.000884431
-3.03562E-05
-0.003544062

257181E-05
0.002573087
0.000102874
0.010307798

five-point

endpoint

-2.85025E-08
-0.000166225
-4.32305E-07
-0.001331734

-L05242E-09

-1.852E-06

-1.63816E-08
-TAS131E-05

-8.3038E-06

-0.912352107

-0.00016082

-278.0327971

2.16477E-09
1.56362E-0
3.33421E-08
0.000181245

-3.32607E-08
-0.000396393
-.A2644E-07
-0.007753463

3.04377E-08
0.00033679
4.93168E-07
0.005815231

1A1797E-09
1.75922E-05
2.39402E-08
0.000258821

-3.12573E-09
-3.02829E-05

-3.0663E-08

-0.000653321

five-point

midpoint

-0.000000005
-4.99738E-05
-0.00000008
-0.000793323

-1.80097E-10
-1.T9886E-06
-2 88 14TE-09
-2.86792E-05

-1.15851E-06
-0.013603444
-1.86218E-05
-0.414536482

3.T5025E-10
3.TT999E-06
6.00191E-09
6.1965E-05

-3.43667E-09

- A452E-05

-8.69906E-08
-0.000875389

5.008E-09
5.00545E-05
8.01274E-08
0.000799592

2.20886E-10
2.11256E-06
3.52935E-09
2.90634E-05

-5.14369E-10
-5.14973E-06
-8.23016E-09
-8.26904E-05
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2.2 B aBsy

2% 2.5: Composite Simpson’s Method

Step % % 9 n w0
Value or error 10 20 100 1000 10000
value 1.214002156 | 0.607001078 | 0.122393163 | 0.101470417 | 0.101476482
error -1.112525673 | -0.505524595 | -0.020916681 | 6.06587E-06 | 5.89142E-10
2% 2.6: Romberg’s Method
step % % % %
Value or error ’ 10 = A
value 0.694194116 | 0.101606423 | 0.101476483 | 0.101476483
error -0.592717633 | -0.000129941 | -1.38778E-17 | 2.498E-16
2% 2.7: Composite Gauss-Legendre Method with 2 Nodes
step 9 99 9 99 9
Value o erTor 10 20 100 1000 10000
value 2.21439E-12 | 0.000965015 | 0.105283673 | 0.10147673 | 0.101476483
error 0.101476483 | 0.100511468 | -0.003807191 | -2.47303E-07 | -2.45424E-11
Z¢ 2.8: Composite Gauss-Legendre Method with 3 Nodes
P g ) % w W
Value oF error 10 20 100 1000 10000
value 0.000448374 | 0.048843459 | 0.10142398 | 0.101476482 | 0.101476483
error 0.101028109 | 0.052633024 | 5.2503E-05 | 1.28445E-10 | 1.52656E-16
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2.3 WEEIR

7 2.9: REEA 1

NS (s7') EHH IR (kg)

Pammmieshiia (kg - m2) TEHNUPVERH (N - s/m)

2.2143 1165.992 7131.29 167.8395
PEXURERE (N - m-s) TGl AHE (N)  GUERIHIRE (N - m)
2992.724 4890 2560

7 2.10: R EAH 2

28

IR

i (ke)
FTIRAE (m)
PR R (m)
T BIERS D R (m)
e r i (ke)

e 2P4E (m)

PR R (m)
HEKIN L (kg/m?)
HEIIHEE (m/s?)
SRFENIEE (N/m)
FFEK (m)
MR (N - m)
R AL (N - m)

4866
1
3
0.8
2433
0.5
0.5
1025
9.8
80000
0.5
250000
8890.7
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C Fr=itM

% 311 FFE L]

9 Bl LA
p 7K kg/m?
R PRI m
r R IEEAR m
! Y1 m
d PO 2 AR PR m
dp  WIHAW ZIEE TS AR AR m
hy T A A3 m
ha P71 IR SRR 23 vy E m
g s m/ s
T TR PR AL E R ARAR m
vp 8 RTAEE m/s
T2 PR AR b ) AR bR m
vy BY By PETHYEEE m/s
ap B &1 AR EIEE m/s?
ay B &y FETHYMIEE m/s?
my o IRTRE kg
my TR kg
mo T P R kg
lo 5L I m
k SHLE I 52 N/m
A1 HLRPH RS BE e 25K Ns/m
A2 SRS TN Y Ns/m
f RlEs OnIPAEI N
w PR A A rad/s
[ FRK IR 1R KL Nm
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