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LAP CHUONG TRINH BANG NGON NGU PASCAL TINH GAN DUNG TICH
PHAN XAC DINH BANG CONG THU'C SIMPSON

Poan Vinh Ngoc, Hoang Hié'r}, Truong Quoc Huin
Khoa Tu nhién, Truong Cao dang Su pham Dién Bién

Tém tit: Phan 16n cdc tich phan xdc dinh ciia mot ham s6 déu khé c6 thé tim dwoc gid tri ding. Thay
bang viéc tinh gid tri ding ciia mét tich phdn xdc dinh, thi tin hoc c6 thé givip ta tinh dwoc gan ding tich phan
xdc dinh v6i mét sai s6 € (di nhd) nao dé. "Lap chwong trinh bang ngén ngit Pascal tinh gin ding tich phin
xdc dinh bang céng thivc Simpson" 1 mét huéng ding mdy tinh va ngoén ngit ldp trinh dé thay con nguoi gidi
quyét bai todn vé tich phin xdc dinh mot cach hiru hiéu nhat.

Tir khéa: Tich phan, gan ding, ham sé, ldp trinh, ngén ngit Pascal, cong thite SIMPSON.

1. Ddt van dé

Nhu da biét, néu ham sd f(x) lién tuc trén doan [a,b] vaF (x)la mt nguyén ham cua
ham sd f(x) trén doan [a, b] thi ta c6 cong thirc Newton - Leibnitz nhu sau:

b
b

[r(x)dx =F(x)l.=F(b)—F(a), TONEA0 FOO=F().

Trong thyc té ta thuong phai tinh tich phan xac dinh ctia ham sd f (x) duoc cho bdi bang
gi4 tri, khi d6 khai niém nguyén ham khong c6 y nghia. Mit khac sd 16p ham f(x) ma ta ¢ thé
tinh duoc nguyén ham ctia n6 13 rét it. Phan 16n cac biéu thic giai tich ctia ham s f(x) da biét
nhung nguyén ham F (x ) ciia né khong thé biéu dién duoc bang ham sé so cap. Trong trudng
hop ay khong thé dung cong thirc Newton - Leibnitz dé tinh dugc tich phan xac dinh.

Vé6i cac ham s6 khong tinh duoc nguyén ham, hay viéc tinh nguyén ham cua nd gip
nhiéu khé khin, thi thay bang viéc tinh chinh xac tich phan xac dinh cua ham sd, ta di tinh gan
dung tich phan xac dinh ctia ham s6 do.

Pé tinh gin ding tich phan xac dinh cia mot ham sé ta co thé dung cong thic hinh
thang hodc cong thirc Simpson. Nhung khi dung cong thirc Simpson thi d¢ chinh x4c cao hon
hay sai s6 nho hon. Vay "Ldp chwong trinh bang ngén ngiv Pascal tinh gan ding tich phan
xdc dinh bang cong thirc Simpson" khong chi 1a cach tinh gan ding tich phan x4c dinh véi

d6 chinh xac cao ma con 14 cach ding may tinh thay con ngudi giai quyét dang bai toan nay.
2. Néi dung

2.1. Mgt s6 khai niém co ban
2.1.1. Dinh nghia tich phan
Cho ham sb y = f(x) xac dinh trén doan [a, b ] . Chia tily y doan nay thanh n phan bang

cac diém chia (va goi 1a mot phan hoach):

a=X0<X1<...<Xj<Xij+1<....<Xp-1<Xn =b.
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Takyhi€u Ax (i=0,n-1) viraladoan[x:,xi.1] vira la do dai cia doan thing d6. Trén

mdi doan ax: , ta ldy tuy v mét di€m ¢ | 101 1ap tong (goi la tong tich phdn):

o= an?a YAX .
o
R rang tong nay phu thudc vao phép chia doan [a,b] va cach chon diém & . Do dai 16n
nhét cia cic doan A x (i= 0,n-1) (kyhiulax)duoc goi |3 dwong kinh cua phan hoach. Dé
cho d06 dai cua tat ca cac doan  x ' tién t&i 0 chi can r - 0.

Khi d6 gioi han cia tong tich phan khi 2 - o:

l=limoc

c6 nghia la:

Vé&imoie>0 tim dugc 5> 0 sao cho chi can a <8 (ttrc 1a mo1 phan hoach c6 duong
kinh nhé hon 5 ), bt déng thirc ‘G ~ I| < ¢ dugc thoa man véi bat ky cach chon cac diém ¢ . |

Dinh nghia:

Gi6i han I ciia tong tich phan o khix - 0, néu c6, duoc goi 14 tich phdn xdc dinh - £(x)
hoic tich phan Riemann - ciia ham s6  trén doan[a,b]va ky hiéu:

1= Jf(x)dx =lim 2 f(g)Ax:

. -0

Khi d6 ta ndi ham s6 f (x) Kkha tich trén doan [a,b], a va b tuong ung 1a cdn duwéi va cdn
trén cua tich phan [3, 190].

2.1.2. Sai sé

2.1.2.1. 86 xdp xi o , ’

Dinh nghia: Ta goi a goi 1a sO xap xi cta so dung A, ky hiéu a ~ A, néu a khac A khong
dang ké va dugc dung thay cho A trong tinh toén.

Néu a<A thi a goi 1a xdp xi thiéu ctia A. Néu a>A thi a goi 1a xap xi thira ciia A [1, 5].

2.1.2.2. Sai s6 tuyét doi

Dinh nghia: HiuAa=A-a(hodcAa=a—A) goi 1 sai sd cta s xap xi a. Tri tuyét d6i
A:‘Aa|JA—a| goi 1a sai s tuyét dbi cua s6 xdp xia [1, 6].

Dinh nghia: Sai s6 tuyét dbi gii han ctia sé x4p xi a 1a s6 khong nho hon sai sb tuyét
dbi cua sb xap xia [1, 6].

2.1.2.2. Sai s6 twong ddi

[a-al
véi gia

. ~ - A K: o X L. F 1A 5 A
Dinh nghia: Sai so twong doi cua so xap xi a, ky hiéu s, la: 8= __
A Al
thiét A #0.
Tirdoa= |als[1,7].

Dinh nghia: Sai s0 twong doi gidi han cua sO xap xi a, ky hiéu 5, 1a s6 khong nho hon
. A A o KX, , T
sai sO tuong doi cua s6 xap xi a. Do do: s<5, nghia la m <8, .

Tur do: A< ‘A‘.Ba va c6 thé chon
Aa =lalsa [1, 7).

2.2. Cong thirc Simpson va sai s6
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Dé tinh gin dung [ f(x)dx tachia [a,b] thanh hai doan bing nhau béi cic diém chia

a

b-a \ \ £ TP A 3
X ,=a,x =a+ =a +h,x ,=b=a+ 2h vathay ham so duéi dau tich phdn f(x) bdng da

2
thtc ndi suy Newton tién bac hai (di qua ba diém A(xe —a,yo =f(x0)),

C(x:=a+h,y: =f(x1)) VA B(x2=a+2h =b,y »=f(xz)) c6 hoanh dd déu nhau) xuat phat tir
nut trung voi can dudia =xo,ta cod

b X X 2

Jf(x)dx - If(x)dx~ Jpo(x)dx

Pé tinh duoc tich phan xac dinh & vé phal, ta d6i bién sd x = x ,+ht.Khido dx=hdt, t
bién thién tir 0 dén 2 va ta duoc

b X2 2( t(t—l) . \\
Jf(X)dX=Jf(x)dx=J\y o+ tAYo + A ‘yo | hdt
. X, o\ 2 J

( t, 1 (t, t,))2

=h|y0t+Ay o +_A2yo |_——|| ,
\ 2 2 (3 2))].,
trong do:

Ay ;=Y .-V,

ATy =AY Ay =Y, -y, (Y, =Y )=y -2y +Y
V X2 h (1)
ay: If(x)dx—,[f(x dx = 3(y0+4y LY 2)

V& mit hinh hoc, (1) ¢6 nghia la di¢n tich hinh thang cong aAcBb (Acslacung
duong cong y = f(x) di qua ba diém A, C, B) duogc thay xp xi bang dién tich hinh thang

congaacsb (AcB lacung parabol y=p (x) di qua ba diém A, C, B). Néi khac di, duong
congy = f(x) di qua ba diém A, C, B duoc thay x4p xi boi duong Parabolyba =p(x)diqua-:
diém A, C, B (Hinh 1).

Ya y=f(x)
R é . / y=P2(x)
N

h h

& &
<<~

0 Xo=a X1 X2=h X Hin.ﬁ
1

Cong thuce (1) dugce goi 1a cong thirc Simpson.
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b
2 . . X h .o - A M \ A
bé¢ xac dinh sai so: R=J'f(x)dx——(yo+4y1+yz),tag1athletranghamso y = f(x)
a 3
c6 dao ham c§p4liéntuc trén [a, b].Cé dinh diém gilra x1 va xem R 1a ham sb cuah (h >0):
x‘+h h
R =R(h)= .[f(x)dx——[(f(xl—h)+4f(xl)+f(xl M.
3
xxfh
Pao ham ba lan theo h ding thic trén, ta co

1 h
R'(h) =f(x,+h) +f(x, —h)—g[f(x —h)+ 4f(x )+Ff(x, +h)]-g[-f (x,—h)+f'(x +h)]

2 4 h
=—[f(x, -h)+f(x +h)]-—f(x)- —[-f'(x,-h)+f ‘(x +h)]
3 3 3
2 1 h
R"(h) =—[-f'(x,-h)+f '(x, + h)]-—[-F'(x —h)+f '(x, +h)]-—[-f"(x‘—h)+f “(x ,+h)]
3 3 3
1 h
=—[-f'(x, —h)+f(x +h)]-—[f "(x —h) +f "(x +h)]
3 3 ’
R "(h) ==[f"(x1 —h)+f"(x1+h)]——1[f"(x1 —-h)+f "(x1+h)]-£[-f "(xy=Nh)+f"(x1+h)]
3 3

[f"(x1 +h)—f"(x1 -h)].

Ap dung cong thirc sé gia hitu han (cong thic Lagrange) ddi véi f"(x ), taco

h )
R "(h) :_Tf (¢,)ic,e(x ,—h,x +h)

Ngoai ra: R(0) = 0; R'(0) = 0; R"(0)=0.
Tu do, ap dung dinh 1y trung binh thur hai cua tich phan xac dinh, ta nhan dugc

R"(h)=R "(0)+"R "'(t)dt:;';IZf(A)(C )dt

0 0
h
—— 2fMW(c) | t2dt=-2h%F@(c);c e[x ~h,x +h]
3 2 9 2 2 1 1
0

h h
20w
R'(h)=R '(0)+ J.R"(t)dt =9 Itf (c2)dt

0 0

h
2w 3 1w
:—gf (Cl)J‘t dt:—1gh f (ci);cie[x1 —h,x1+h]

0

R(h)=R(0)+ "R'(t)dt=— tht“f(“(c)dt
i 18 1
0

h
—— LW (e) [ t*dt=—Ln%F™(c);ce[x ~h,x +h].
18 90 ! '

0
Tom lai, voi gia thiét ham s y = f(x) c6 dao ham cép 4 lién tuc trén [a,b], ta cO cONg
thirc Simpson sau day

b
i h[ (a+Db) 1 1 .. b-a
Jeoydx - Lo e e 1wy - —h t () VOih = cefa, bl (2)

|
. 3L L2 ) ] 90 2

2.3. Céng thirc Simpson tdng quat va sai s6
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b

Dé tinh gén dang tich phan xac dinh j f(x)dx ,tachiadoan [a,b] thanh n=2m doan

bang nhau (nghia 14 n 14 s6 nguyén, dwong va chin):

[XU,Xl],[Xl,Xz],...,[XZm—Z,XZm—l],[XZm—l,XZm]
. b-a b-a ,,. , .2 .
cododaila: h = - —— béi cac diém chia:
n 2m
X, =a;X;, =a+ih(i=L,2m-1),x _ =x, =hb.

Ky hidu: y, —f(x,).i=0,n , khi d6:

b X2 X4 X2m

,[f(x)dx = ,[f(x)dx+,[f(x)dx+...+ I f(x)dx(3)

Dbi voi mbi tich phan xac dinh & vé phai cua (3), ta tinh gan ding bang cong thirc
Simpson (1), ta nhan dugc:
’ h h h
If(X)dX ~ g(y0+4y1 +y2)+ g(yz +4ys +Ya)+..+ ;(yZm—Z +4y oms 7Y Zm)

b

h
If(x)dx: _3[(y0 FYom)+A(Y 1 +Ys 4ty o) +2 (Y, FY ety )]

b
h
hay: [ f(x)dxs —[(yo+yen )+401+202] (4),
: 3
trongdé ci1=Yi1+ys + ...+Yoem-1;02 =Y2 +Y4 +...+Yom-2
Cong thirc (4) duoc goi la cong thirc Simpson tong quat.
Néuhamsd y — f(x)co dao ham cap 4 lién tuc trén [2.b7] thi do (2), sai s ctia cong

thirc Simpson tong quat 1a:

X

2m h m
R = J f(x)dx—gz (Yok-2+4y2ca +Y2k)
X k=1
m (xzk \
h
=3 ] ) dxe —(yeroe 1 ayaes 1yee) |
k:1‘k)(2k72 3 )
h5 m o
== g = () (5)

Vé’ick S [X2|<_2,X2k]-
Xéttrung binhcfng 1 . Doy, Vinam f*)(x) lién tuc trén doan [a, b] nén né dat
H: k ).
m k=1

gia tri nho nhat mz va gia tri 16n nhit M2 trén [a, b]. Do d6 f(4)(Ck) nhan gia tri trung gian giira
m2 va Mz trc 1a m ,<f™(c,)<M ,(k=1,m). Vi vAy ton tai di€m ce[a,b] sao cho

u=f*(c) hay

2@ (cr)=m.p=m.F@ (c).

k=1

Thay vao (5), ta nhan dugc

Ro- MN° ey gy m(b-a)h? ray oy (b= )¢y cela,b](6)
90 2m.90 180
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Tom lai, voi gia thiét hamsd  y=f(x) c6 dao ham cAp bdn lién tuc trén [a.b] va chia
oo A ) 3 f oA 1s b-a b—a 4 e
doan lay tich phan [a, b ] thanh n = 2m doan bang nhau, c6 d6 dain - = ta co cong
n m

thirc Simpson tong quat sau:

- h (b-a)h *

[f(x)ydx = —[(y, +y,, )+4o,+20 ]~ f(c),cefa,b] (7)
3

) 180
tI'OIlg dé: 9 = y l+y 3+"'+ y2m,1;02 = y 2+y 4 oot yZm -2
Nhdn xét:
Tinh sai s6 cua cong thirc Simpson tong quat bang cong thic (7) doi hdi phai bict
f (4y(x), nghia 1a phai biét biéu thirc giai tich ciia ham s6 y=f(x). Nhung trong thuc té,

thuong chi biét ham s y = (x) dudi dang bang, do d6 ngudi ta thudng xac dinh gan ding sai

sO clia cong thirc Simpson tong quét nhu sau: gid sirtrén  [a,b] dao ham (4 (x) it bién doi,
do (7), nhan duogc bi€u thirc gan dung cua sai s phaitimla R =Mh , trong d6 M xem la hang

b

£ . N h NI R ’ ) ~ A , .
s0. Goils(h) va |,(—)la gia tri gan dung cua l—jf(x)d han dugc tur cong thirc Simpson
) =
2 (g . \ . h p
tong quat voi budce h va bude —, ta co:
2
=1 (h)+Mh*

h h o,
=1 (=) + M(—)"
2 2

Tudor hy—1n)= 15mh ,va | ey
o e Sl =1-1.(h) @®)
2 16 (2)] 15| (2
Vi gia thiét dao ham fr(x) it bién doi trén doan [a,b] , ta cO cOng thuc thuc hanh tinh
. h h , N s era . A , ,
sai sO: |—|T|(—\| z_j|T|(—\|—|T(h) (9), trongdd 1 (h) va I ™) 14 gid tri gan ding cla
\2) \ 2) 2

b

I= j f(x)dx nhan duoc tir cong thirc hinh thang téng quat v6i bude h va bude N
2

15in(l+x2)
2.4. Vi du: Tinh gan dung tich phan xac dinh  1=["1+3x° dx, v6im = 5.
Taco: n=2m=2.5=10; [a;b ] =[0;1]=h =120 _g 1
10
X0=0,Xxn=xw0=1,Xi =xo+ih=0+i.01( j_79)

Ta c0 bang gia tri ctia ham f(x) tai cac Xi:

i Xi f(xi)
0 0 0.84147098
1 0.1 0.84429895
2 0.2 0.84219163
3 0.3 0.82019141
4 0.4 0.76913012
5 0.5 0.69017063
6 0.6 0.59336444
7 0.7 0.49124581
8 0.8 0.39337791
9 0.9 0.30484059
10 1 0.22732436
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Vay ép dung cong thirc Simpson ta co:
h
~ g[f(x D AFF(X 1)+ 4 (F(X)+F(X )+ +F(X))+2(F(X,)+F(X )+...+f(x,4))]=0,6289

(1am tron t&i bdn chit s6 thap phan).

2.5. Chuong trinh b Sin(l+x?)

. ~1=] T1+3x® dx,canavab ty y nhip vao tir ban
Tinh gan ding tich phan xéc dinh .

phim vdia,be “;a<b.

PROGRAM PP_SIMPSON;

USES CRT;

VAR i,n: integer;
a,b,h,s0,s1,s2,i1,i2,epsilon: real;

t: boolean;

KT: Char;
{*********************************************************************}
FUNCTION f(x:real):real;

BEGIN
f:=sin(1+x*X)/(1+3*X*X*X);
END;

{*********************************************************************}

BEGIN

CLRSCR;
REPEAT
Writeln(" Tinh tich phan gan dung theo cong thuc Simpson’);
Writeln(" Tinh tich phan gan dung cua hamso y= M ;
1+3x°

Write(' Nhap can duoi a="); ReadIn(a);

Write(' Nhap tren duoi b="); ReadIn(b);

Write(' Nhap sai so epsilon =); ReadIn(epsilon);
s2:=0;

n:=2;

h:=(b-a)/2;

sl:=f(a+h);

s0:=f(a)+f(b);

i2:=h*(s0+4*s1+2*s2)/3;

{Tinh tich phan}

t:=false;

Repeat
i1:=i2;
§2:=51+S2;
h:=h/2;
s1:=0;

FOR i:=1 TOnDO
sl:=s1+f(a+(2*i-1)*h);
n:=2*n;
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12:=h*(s0+4*s1+2*s2)/3;
if ABS(i2-i1)<epsilon then

begin
t:=true;
WriteIn(' Tich phan | =',i2:10:2);
end;
until t;
Writeln;

Write(' Ban muon tiep tuc khong (c/k)?"); ReadIn(KT);
UNTIL UPCASE (KT)='K;
END.

* Két qua khi chay chwong trinh véi a = 0, b = 1 va sai s6 ciia tich phan nhoé hon

o E:\SetupiATPEINYTURBO. EXE

Tinh tich phan gan dung theo cong thuc Simpson

Tinh tich phan gan dung cua ham so y = C{sin{l+x3cd - 01 +3 s
Mhap can duci a= A

Mhap tren duoi b= 1

Mhap sai zo epsilon = A.AAAAL

Tich phan I = A.6289
Ban mwon tiep tuc khong Ccsk>7_

o . Lo tsin(l+x ?)
V61d0 chinh xac ¢= 0.00001,tacod | dx~0.6289

. 1+3x3

Vidu trén 1a cach tinh tich phan gén ding ctia mot ham s6 cu thé. Vi cac ham sb khac,
dé tinh duoc gin dung tich phan ctia nd véi can trén va can dudi tiy chon ta c6 thé sira phan
ham “FUNCTION f(x:real):real;” trong chuong trinh trén thanh cic ham theo mong muédn sau

d6 chay chuong trinh binh thuong.
e* +1

1
Tuong tu vo1 ham trén ta tinh dugc J
5 1+5x °

nho hon ¢-0.00001 . Két qua kiém tra nhu sau:
cv D:\DATA\MONTP\BIN\TURBO.EXE

Tinh tich phan gan dung theo cong thuc Simpson
Tinh tich phan gan dung cua ham so y = (sin{l+x%x) )/ (1 +32xxx3x)
Nhap can duoi a= @

Nhap tren dwuoi b= 1
Nhap sai so epsilon = 0.00001

Tich phan I = 1.74852741

Ban muon tiep tuc khong {c/k>7_

3. Két lugn

dx ~1.74852741 v{i sai sO cua tich phan

Phuong phap Simpson chi 1a mot trong cac cach tinh gan dung tich phan xac dinh cia
mot ham sb ma ta co thé lap trinh dé may tinh thyc hién thay con nguoi. Ngoai ra con cb cac
phuong phéap khac trong viéc tinh gin dung tich phan xac dinh ta ciing c6 thé lap trinh dé giai

quyét.

Mot cau hoi dit ra la: Ngoai viée tinh gan dung tich phan xac dinh cia mot ham sd, con

bai toan nao c6 thé lap trinh dé may tinh thay thé con nguoi tinh duge khong? C6 nhiéu bai
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todn c6 thé lam nhu vay. Tir ddy mé ra hudng ding may tinh va ngdn ngir 1ap trinh dé giai
quyét cac bai toan ma theo cach giai thong thuong ta khong (hodc rit kho) lam duoc.
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USING PASCAL PROGRAMMING LANGUAGE TO CALCULATE

APPROXIMATE VALUE OF DEFINITE INTEGRAL WITH SIMPSON’S

FORMULA

Doan Vinh Ngoc, Hoang Hien, Truong Quoc Tuan

Dien Bien College

Abstract: In fact, it is very difficult to find the correct value of the most definite integral of the function. In

spite of calculating correct value of definite integral, informatics can help us calculate approximate value of
definite integral with the so-called acceptable errors & “Pascal programming language calculates approximate
value of definite integral by Simpson’s rule” is the way to use computer and programming language to solve
problems of definite integral effectively.

Keywords: Integral, approximate, function, programming, Pascal language, SIMPSON formula.
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