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Abstract

With the development of computers and machine learning, Monte Carlo method (MC) has gradu-
ally become an important statistical sampling theory for approximate calculations. This paper
mainly studies the application of Monte Carlo methods in solving definite integrals, and imple-
ments some Monte Carlo methods for solving definite integrals based on Matlab software. The
comparison between the approximate solution obtained by Monte Carlo method and the accurate
value obtained by traditional methods verifies the feasibility and superiority of Monte Carlo me-
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thod for solving definite integrals. Meanwhile, the reasons for the error of Monte Carlo method in
solving the definite integral are analyzed, and improvement measures such as increasing the sam-
ple size, selecting the sampling method, and adjusting the random number generation function are
proposed to improve the calculation accuracy of the algorithm.
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Figure 1. Principle of point casting method
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Figure 2. Principle of expectancy method for solving
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Table 1. Calculation results of Example 1
= 1. B 1T EER

W&:1d B 1 ik 2 H%3 Hik4
1 0.3318 0.3334 0.3334 0.3496
2 0.3312 0.333 0.3333 0.3336
3 0.3268 0.3333 0.3333 0.3331
4 0.3342 0.3334 0.3333 0.3317
5 0.3398 0.3331 0.3333 0.3328
6 0.3308 0.3334 0.3333 0.3314
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7 0.3378 0.3337 0.3334 0.3301
8 0.3381 0.3334 0.3333 0.3305
9 0.3331 0.3331 0.3333 0.3298
10 0.3257 0.3335 0.3333 0.3321
11 0.3339 0.3331 0.3333 0.3334
12 0.3359 0.3333 0.3333 0.3309
FHME 0.33326 0.33331 0.33332 0.3325

VE: BE L BEVIRSIETHE, ByE 2 SRAWIEEYE - WA R ECR AR Bk 3. RS - IES A6 R EUR R
Bk 4: R HAEEYE - Beta 7040 R AR ARG TR SC R FE S U3 5 AR ) -
B 2: RIET = [ & dx
1) TR
T= .f; e dx=¢’ L)l e dx = %eSIOI ¢’*d(7x)
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Table 2. Calculation results of Example 2
= 2. B2 EER

KA A7 Hk 2 HE3 Hik 4
1 2.30 2.32 2.32 2.28
2 2.24 2.32 2.32 231
3 2.20 2.33 2.32 2.30
4 2.32 2.33 2.32 2.29
5 2.35 2.32 2.32 2.31
6 2.33 2.32 2.32 225
7 2.32 2.32 2.32 2.25
8 2.19 2.32 2.32 2.30
9 2.30 2.32 2.32 2.30
10 2.34 2.33 2.32 2.28
11 2.35 2.33 2.32 2.32
12 2.36 2.32 2.32 227

¥ 2.30 232 232 2.29

TE: Rh AL A*10%

HISEG] 1 AN 2 WTLUE Y, RN EIR S R TIORMR N GE R, IR ERIE ] VIR ZEVEEIN,
UER T 58K R 2 T3 R SR I E AR (T AT HE
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3.2. EXEROHSSH

FGEE AT I B AR T LIS BIRR 2 G5 R ARG WAL, SR T S AR B B 2
BRI g(x) = a+bx+ox’ +dx’ +ex’), TAFRNERBMNTAE. R Aeil i BUER Mot ST AR,

TMAUEAR AT SR 2 20K

B,
W

BH 3. Ki# h(x) — J’; e3+5x+7x2+9x3dx
HUEBUMERERS, R Matlab (898 5% trapz BORSIL, RIFERN: h(x)=5.9597+10" .
SRR B LRSS R 3 R

Table 3. Calculation results of Example 3

=3 B3 HEER

Mo BB, SRR TR E R

Dﬁj\,

B f(x)= ) AR

AT LATO AR b R R

e CA| 5k 2 Bk 3 Sk 4
1 5.77463 5.95427 5.96290 5.02056
2 5.90707 5.94327 5.96607 5.37941
3 6.17197 5.92348 5.95366 5.89497
4 6.01303 5.93257 5.96197 5.70686
5 6.43686 5.97858 5.96047 5.86049
6 5.48325 5.96380 5.95907 6.44015
7 6.35739 5.95086 5.96407 5.14587
8 6.54281 5.92047 5.96523 6.11780
9 5.98654 5.94082 5.95945 5.12198
10 5.27134 5.95988 5.95865 6.42569
11 5.90707 5.93148 5.95598 5.39883
12 5.82761 5.93022 5.96498 5.76032
YA 5.97330 5.94414 5.96104 5.68941
T a RPEUR AL 9410%
ol 4. RKiR h(x) _ J‘; e3+5x+7x2+9x3+11x“dx
BUERMERRLE RN h(x)=1.6618+10" , ZEHRF-R D BAER ML R0 T4 4 Fios.
Table 4. Calculation results of Example 4
T4 B ATEER
€1 A7 CAPY) k3 % 4
1 1.60187 1.79754 1.80861 1.80797
2 1.83978 1.82167 1.80953 1.80929
3 1.83978 1.80297 1.80860 1.80934
4 1.88736 1.80921 1.80896 1.8086
5 2.41074 1.80416 1.80601 1.80799
6 2.21253 1.81469 1.81041 1.80904
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7 1.60187 1.79004 1.81294 1.80852
8 2.07768 1.81173 1.80569 1.80886
9 1.85564 1.79701 1.80869 1.80854
10 1.71289 1.78324 1.80556 1.80869
11 2.04596 1.81562 1.80399 1.80894
12 1.93494 1.81057 1.81178 1.80852
FME 1.91842 1.80487 1.80840 1.80869

M a BIPEERE AL A*100,

M 3 MR 4 TS A R AT R A SRR 2 R AR 3, THEAR SR EUER AR R E
AR, HRF] 4 BUER MR E R S5 R Y INAN T AR BB R 2. h TRUER k)
THRAR SOV KIGEW, FATE BN 5245 R 27535 R AT 2 ) 45 558 Bl SEPn 45 R K fMe
HIF50E 1 TSR rh, BR A BoGiRE, SFEE 1 T EE, BEGE 2. BA 3. Bk 4 i
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4. BRPGE R

AT AR R4 RAER] 1A S5 R 2 UHERIER 2 AT AT 1. (B, BT RENLAFE BT 2 O FEA
R AR ARG R EAER D X N BRSO, FEAGEE S HSHE WA ZE. B, 58
RPTHERSRBA RIEE AFE—EIRE . N T IREZERRPINERMER D R, 5T R
FIRERCMUAR AL, AORIRZ M, IR MR RS i R LA

4.1. RERBFRRIRES

M TS5 R DTk — MR T REALI R ROR M TH S5 RN TT ik, B B RIRENLED™ A AL B R A S,
RFFIIREL N AT RE R RANGE SR AR R0 o ASSCRER AN K] N ABL, SR 73T KA BRI 28 SRt R (1
. N T ERERI Mk SEAE R, ek BN RSB AR IO SEB 1 BEAT 0, SRR S FR. TR
SIS HE I AER, A N AR LN SR BT BE A S %

Table 5. Calculation results for Example 1 with different N values

=5 B 1 ANE N ETEER
RIG T E FENLEL N HiELWEBE FE2dERE BEIHEBME FE4iESE

1 10° 0.3367 0.3328 0.3182 0.2828
2 10° 0.3392 0.3288 0.3151 0.3244
3 10* 0.3324 0.3339 0.3325 0.3177
4 10° 0.3329 0.3336 0.3354 0.3395
5 10° 0.3334 0.3333 0.3332 0.3279

N T EEVBILI N AAEA R R T EE R B FE AR N TR AR BB OR Z= B E A 3 ps.
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Figure 3. Histograms with different N values in Example 1
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1) ZRAEEL N BN < 1000)ET, 535 3 FIBIE 4 WIS ah vl B A an v 1 AR 2.

2) RFEREL N BRIV > 1000), ik 1. Bk 2 FISE 3 BT R4 S HEr i — 5. (H2&Y
N=10,000 F1 N= 1,000,000 I, 5% 4 B vH525 SRR FERS T HoAth =P 5005, WIREJE 1T Beta 434 BREL
(1 NBE 26 5 12 R 00 AT 2R P i 1, BRI AE S THIREAT VEZH 717

K bR 4y A T FRL A ) LR BN BT AN R N O B AR e R TS SR Rg i v, B T e A4 1)
SER R TIEH T E A e B MR . SR 4 BHATIONE, SO0 REEE Rk 6 fis.

Table 6. Calculation results for Example 4 with different N values

5= 6. B 4 INE N ETHHESER
R H BEHLEL N L LU A SR THEIME BRI TMEIMME Ak 4rsEE

1 10° 1.85035 1.72424 1.09084 1.96514
2 10° 1.82392 1.94128 2.24766 1.90247
3 10 1.78162 1.85014 1.80298 1.78636
4 10° 1.52598 1.81351 1.80923 1.81199
5 10 1.78621 1.81363 1.81891 1.80829

TE: DAL 107,

[FEFREA 758 BRI NAEAS AT B2 5, o & BN ) N AB T4 S B A ot 22 B 7 B
Kl 4 Fiomo

XTEL 4 AT 04T WERBAR R B LB A%, SRR N = 100 B, S RFEAHE T HERE A
BORKIRZE: MRFEEL N> 1000 B, & 50ERRZESERDWTEE A 52 N=100000 B, %% 1 RifiA
LN

B IR AN AT TR, SRR RO SRR B 510 R B 2 B T 4 SR PR A TR A R . k)
TRHRANER, GEREREEREGEAME . Bz, BEERFERE N B, vHE g Rk 21 .
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Figure 4. Error histogram of Example 4
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4.2. BELRBARRIRES

RIS R D THERMER S, FEARCR LSRR — DRI R . R REOL D, W
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Figure 5. Error histogram of six simulation experiments in Example 1
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Figure 6. Error histogram of twelve simulation experiments in Example 1
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E IR SR 20 BV 30 BOE 4 SRIBERUANIT, Bk 3 T IES AT REE, T IESS
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Table 7. Comparison of discrepancy of algorithms

= 7. BEMEMELR

Hl 1 gl 2
B R 2 it 22 BT ME P A 22
B 0.33326 433x107° 1.93494 x 10" 2.39 x 10"
k2 0.33331 2.02x107" 1.81057 x 10" 1.13 x 10"
H%3 0.33332 2.92x107° 1.81178 x 10" 2.67 x 10"
Hik 4 0.33325 2.10x10°° 1.80852 x 10" 435 x 10°
Hl 3 Hl 4
BT R 1E i 22 RSP ME PRt 22
R 5.97330 x 10* 3.73 x 107 1.91842 x 10" 2.39 x 1012
k2 5.94414 x 10* 1.77 x 10° 1.80487 x 10" 1.13 x 10"
H%3 5.96104 x 10* 3.87 x 10° 1.80840 x 10" 2.67 x 10"
Hik4 5.68941 x 10® 4.87 x 107 1.80869 x 10" 432 x10°

BEAh, N TIPS FE T AR, IR B LA R FEEAR R 2R AF N TS 1] R SR A
EER, AR, SEOHRRER RS, Pl EER mR AR, Skm Rk 7 fos.
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Figure 7. The computing time of algorithms
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