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Abstract

This paper aims to cultivate computational thinking for students majoring in science and engineer-
ing through computer experiments. These methods are expected to enable students to learn using
technology for study, creation, and invention, and develop computational thinking via simulation,
visualization, and data analysis. We design examples for advanced mathematics and probability sta-
tistics courses to foster computational thinking through simulation, visualization, and data analysis.
The open-source statistical programming language R is employed in this study. The objective is to
let readers experience the functions of R, rather than providing a comprehensive tutorial on the R
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language. According to experience, such interactive computer experiments can be readily inte-
grated into intelligent classrooms. Furthermore, these experiments can stimulate students’ enthu-
siasm, encourage active participation in learning and problem-solving, and help them develop bet-
ter intuition to understand complex mathematical concepts.
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(T B SR, R OGBS M T AN P AT . RStudio $E(E T —ANEEE AR A T K IR
(IDE), P H A 3 4 25 A BB 0 KT S RAB S i — LUK B IR 5 LATEX S — I B3 455 AT -
RStudio 42 % % 117, 3F H3Z4L 73 H T Mac. Linux F1 Windows ] — 3] S 14 . RStudio 7] LA [4] F#.
RIGE CAKBERA—DBKITHEFG, H Tl BRI 20 e 7R i e YA B A BE LAY |
GELH TS ANEAE AT, DAB SR A 5T 4 (58 LR PR e (0 B B S5 . b2 AR e R B 5 T
DASEANARAT 13RS o 0 i 5 ) A HR AR ROl 22 o

TEARSCH, $R4E T FTE SIS AT FTA RAREY, JRHET T VER MU, DME S Bes F AL Huts
HB B AR FIAE . ERCARE P EHZMEARAERANE. XRT RES, A L HNE
FTELHRE, @VURGBI S SH R —L, DEE AR ) RIESEREREE. oA,
J7 TS [5]-[7]
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SEALHIE R SR BIEAT IR & H R XAy “A3 57 o AT 3 R R BOR BRIk & 2%, R BT IS 1
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AIARACAD AL AN TT T (P& S R AU B S — Ik ik . A S0 8 — AN A X P VR (R e s ], B ek 3L
f(x), 3 A LAE[S]h R B E VAR R . 224 v DUBE A& AW R E, 70 ) LB MIE f(x), A XfEH
R 1E TR SEIINT fO) I REFUTEl, Feshl LB

ARG ST = A R r(x), R A e ek A () 38— N AR, o LR

X, 0<x<1
r(x)=42-x, 1<x<2 (@))
0, HAth
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Figure 1. Graph of the function r(x)
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r<-function(x) x*(x>=0 & x<1)+(2-x)*(x>=1 & x<=2)# 7> B %k
x<-seq(from=-1,t0=3,by=0.01) # ¥ X [A][-1,3]4% 5K 0.01 &%
plot(x, r(x),type="1",lwd=3,col="blue",main="Graph of r(x)")

EE, (x>=0&x<1)#& R & H M — MEHRLN(&FREEY), USH x NER, ZRIEAXS
R —AEEE R R, JEREFAR TS, KRGO 1A 0 AR kR R, AR
TRUE M1 FALSE. /5, RIA x*(x>=0&x<1)2xiR [al—AN44 0 [ m &, FF H R A8 m & x i 2 &4
MfE . PREL r PRI R SLT r(x), WaR(L)FR.

BB () TE A Mo 7 # R E L, BAE x=0. 1. 2 AT S, B FRXA K, FLLE R
YT PREE MR AR ERAS T S A RE L s A L, BATE rOO)F 8 N 8 B 5 pR 2 9(x)

g(x)= r(x—ZFIoor(%D, )

Forbr, JATHE Floor(x) 7€ SCNANKT x B R HEH . W] DU ] 2 U BR 3 r MDY & R %Y floor(), 7E R
KL)% AT 9(x), RS 2R D R A g(x), Al 2. XM R ACHS A :

x<-seq(-6,6,by=0.01) # ¥ [X [H][-6, 6]4% L+ 0.01 47X
g<-function(X)r(x-2*floor(x/2)) # 454 I B ¥k
plot(x, g(x),type="1",lwd=3,col="blue",main="Graph of g(x)")
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I

Figure 2. Graph of the periodic extension function g(x)

2. BIHRESR R E g() IR

FESCRBF A, (X)) IPH () ORI B
f(x)=lim,_,, ,(x) 3+ fn(x):j@ a(4x) o

k=0

AT EAFHERR f(X) BITERT, FEE 3 il T £, (X) B, FRRIEA f(X) BUERETEL. HRiE
RK(@3), 16 RIET I 0 (X) & LHEHEL 00

f20<-function(x){

k<-0:20 # A A&

return(sum((3/4)Mk*g(42k*x)))} # IR [8] f20(X) FI1E

f20<-Vectorize(f20) # &P 75 K 1) 4k R 8

K 3 s for()fE3R, RTLALE 2 x 2 MFERE B P 7 DA AN A X TR L F R0 () TP R . B )i — 5K 4
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KT 100 fis. MIGEIXIE: [-1, 1], #ZXIH: [-0.01,0.01]. XFRif R ARADA:

zoom<-c(1,0.2,0.04,0.01)# ¢ ()BRECK Z AN EUE & H A — N E

par(mfrow=c(2,2)) #4 &K

for(nin 1:4){ # FHF M 4 IEEEE K for 153

x<-seq(-zoom[n],zoom[n],length.out=1e4)

plot(x,f20(x),type="1",lwd=0.5,col="blue",

main=paste("Graph of f20(x) in [",-zoom[n],",",zoom[n],"]™)

}

BT (X) A g (X) fE AR S B RS . i f(X)=lim, | f, (X) . 7 f, (X) e s s A IR
LRPEM A, BRUL T (X) R, HEMATHEAT f(X) BRESM. 1€ 3RRT f(X) REGHHERE, &2
tHEA B RIERI R TRk RIERFEEOR, BRI RHE T AR I, X — s e U417 b i
Wre] Woo XEEAETTE, PR — GRS K 3 AU T B S I B, IR AR BIE
B, JURIEETBORE MR BBA SR FEX IR, 4 7 EWAEIE.
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Figure 3. Magnified view of the plot of fo(x) approximating f(x)
3. I F()RY fao(x) ER A TRLA VL 82

AT LU SR M RSSO X B, 2D (x) = sin (x—1)° BIEIR, F7E x =0 2 HT A H i A7
“EAE RBOOWEE . W4 FET AT R E R HBATRRSHON,  h(X) MEBLE R (0,h(0))
BRI 22 AR AR BT . 7E R — KK 100 50 F R v, C24% 0 A MHE I X IRBCR ] T JLT-5 h(X)
75 4 (0,7 (0)) AbH VI 52 4 4 (RS

BB h(x) 7645 (0,h (0)) AR TIZ T FE A

y=h(0)+h'(0)x=0.84-1.08x ©)
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Figure 4. Magnification of the differentiable function h(x)
4. FARFT M ERE h(x)
3.2. flrit =4 A AT ekiF R (AR
SYERRECEREA L 308 B (1) c R AT LAROR N = RS
V= .[”BS (r)ldxdydz (5)

Horf, G ERRR B FTA L X+ Y2+ 22 <P (X, y,2) e RO FR . 22T OB LR J7 il i R® g
REERAR AR FELL(O, 0, 0) bl TN 2 HISETT AR A RENLAE s, SRS e vt Je b V& 76 B L BR 1 P4 1Y

R

library(scatterplot3d)# %25 2e3%, (%)

N<-led # BN AT IEE

# M54 U(-1, D)HFREES RN xo . z BENLE A =
x<-runif(N,-1,1); y<-runif(N,-1,1); z<-runif(N,-1,1)
scatterplot3d(x,y,z, pch="+", highlight.3d=TRUE,tick.marks=F,
main="Random points inside the cube™)

I EARBELR BB EPEBEHLS

@) (b)

Figure 5. Generate random points inside a cube and visualize those lying within the unit sphere
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HER AR (X + y? + 2° <1), AT IR RO TR AR O Y B BERL AT R 51
ind<-(xA2+y™2+7/2<=1)# 1B 4B AH F] &

scatterplot3d(x[ind],y[ind],z[ind], pch="+", highlight.3d=TRUE,

tick.marks=F,main="Random points inside the unit ball*)

PIIXR T scatterplot3d() R B ZE BRG] 5 BRI Z4EHU B, AT AL SRR I8 moR AR A2
s BT SRR ARG A ) R BB, 2T E AR A () + y* + 27 <1) IOEEA B K xtifl S
WKy 2 ISEIT ARV = 2° AR, BIVAT 459 2 S = R AR R A5 TR

# AEIAK Y 20 LA T R RIS RN A i B AN BE L
x<-runif(1e6,-1,1); y<-runif(1e6,-1,1); z<-runif(1e6,-1,1)
frac<-mean(x 2+y"2+z°2<=1)# ALK BEAL A 5 L

VEAE BT ER VR 0 S L), FERE T BRI X 4y + 2 LIRS EA R, RN
0.5239,

vol<-2/3*mean(xA2+y"2+z/2<=1)# BAfr ER AL LA A
TS 3 1) BT BRAA RS THE vol = 4.191, SR AEAE T 2000 4F 5T & DL RS A 204 AR w B

V(Bg(l))zgnz4.189 (6)

4. EHEGITHNA

RS T — ARG R S M “BEHLAS R HIBEHUR 1050 B B A, 5%
BLPEA SR 5 H bR .

BRI

B 4.1: 45 F AT OB AN IR IETRA 524, P TAT 100 4% . BHGLB 13 2R
WIEA S, PHIBUCN 22 78, FFAEZEN 4 76, 0% MO AU LS, ELS B0 A8 N AR TR S
LI R 8 S A0, R SO TR L SRR 2, IR B D N 2000 TEROMEAR .

YEB,, B, By N N LMK . AESKIK I B IRIEZS A0, B B, ~ N (1 = 22,05 = 4) . 5%
BN TRAGERA S5, BN ~ Pois(4=100) , %4524t 1 100 44 Bi% M0 T 4ME s . BT 1kl
e R R

S=in, N ~ Pois(4=100), B, ~ N (15 =22,0, =4) )
k=1
HAR LT 2280 S (0 A, Horb S 52 i aX(7) 7 CHBENLAS R BEALAT . SEEUE B2 Bt — Bl
PSRRI AL & S SO IIME, a2 A R B E LRI 2k, PAER S IREEA

spending<-function(){ #H T — IR BEHLSZL6 ) 5K
N<-rpois(1,100) # FUIARAFKEE
bills<-rnorm(N,22,4) # N N IEZ A AikE A
return(sum(bills)) # FRIRELIE BRAEEA

}
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Figure 6. Density histogram of total consumption
6. DHBRTNEEESE

BEHLAZ & S f By Sz BL ml 3E i i FH 2R % spending ()24 7k, 1% B BUH T Se L BENLSE56 . N T /4355S
f53 A4, M R 15 S [ replicate() BRI ECK 1ZBENLSL I 5 108 K. replicate) IS A0 HE: A HEEREHLK
IIUREL, LA F B R B RLIZBENL L0 1) R A EIEx R 2, T DA S IR A AT R A AR
BON—E I RIREAR . I60] DAR BIX SR AR ST S 1S 45 R

spending.sample<-replicate(1e6,spending())
summary(spending.sample) # ARG &

BEMLAS & S FIFEAbRIE ZZ BT sd(spending.sample) 15, Z55°N 223.44. 7E1€ 6, @IT 4 HIAE
FEA )% B B 7 R AT S 190 A

hist(spending.sample,breaks=100,freq=F,col="blue",border="white",
xlab="total spending",main="Density histogram of total spending")

MRS A0 A PRI — N RREA,  BEAR 22 AR AT TR it & . BRI, o EDN
2000 JTHIMEAE AT I A N (7) V5
PP(S >2000) ~ mean (spending.sample > 2000) = 0.81 (8)

5. &ig

RS 7T T S Bm i e gnfE TR, BE0s Do/ 0 TAR B PG R B 2% i)
AR R TT 56 ARSI R (7R ) 5 AR AL AR50 R BT L& i S ST AL RE . A A7
FUEMAE AR R BR RS B F G . DA R ARIITF R TR, BEINER 2 A0 2% fa JUA it SR O
S, ZHEEEVOIFAAT MR E, EMMUE B TR, on SiEnhe, iEhe
FETHABATAESRIU 5T S 21 5 AL S I 54 0o B0 e A0 Af: H3ORAS S I A 7 V4 I I A
11 R BEAE i i H AR KT B
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