Vol.3.Issue.3.2015 (Jul-Sent) BULLETIN OF MATHEMATICS
AND STATISTICS RESEARCH

A Peer Reviewed International Research Journal

htto://www.bomsr.com
RESEARCH ARTICLE

ISSN:2348-0580

METHOD NUMERICAL TO ACCOUNT IMPROPERTRIPLE INTEGRALSBY USING
COMPOSITE SIMPSON'S RULE AND ROMBERG ACCELERATION

ALl HASSAN MOHAMMED?, ROAA AZIZ FADHIL?

University of Kufa, Faculty of Education for women, Department of Mathematics, Iraq
Email: Aabass85@yahoo.com®,roaaazizfadhil@gmail.com?

;;;.n"-.:.f‘*‘)'_ ARSI DN I:: ABSTRACT
e ISSN:2348-0580 -, . . . L
k * Inthis paper to derive numericalmethod to calculate values of triple integrals
=t e < jts integrands have singular partial derivatives and singular integrals at end of
1 A pl

xy) 3

i - region of integration and to derive the form errors (correction terms) by using

k Simpson's rule with triple dimensions xand y and z , we will use Romberg
i: 'om.'n ij. accelerationto improve the results we will apply this rule integral particular
] : when h1=h2=2h3

»
w

=
w

r;:-;-',.:;'-;g;i};;L—;.';'g-;;‘,v_}2;:{;,::;1;5‘;,-,;f; Keywords: Triple integral ; Simpson's rule ;Romberg Acceleration
Academic Discipline And Sub-Disciplines Numerical Analysis
©OKY PUBLICATIONS

1. INTRODUCTION

There are many research studied computations of triple integrals numerical Pheyaa
[1]methods of a single integration to make composite to calculate the triple integration by using
midpoint rule and Simpson's rule <and Salman[4] , introduced derive rule to find values of triple
integrals, numerical its integrands have singular partial derivatives not on the end of the region of
integration by using the midpoint ¢<In this paper we will use composite Simpson's rule to calculate an

approximate values of triple integrals its integrands have singular partial derivatives and singular

integrals at end of region of integration and to derive the form errors for it , this Method resulted
from the applied Romberg accelerating on the values that resulting from the usethe Simpson's rule

on the three dimensions indicated by the symbol sim? [2] when( n ) the number of subinterval on
the number of sub intervals on the dimension x and ( r ) the number of subintervals in the dimension
y and ( m ) the number of subintervals on the dimension z we will applied the base integral
particularly when (n=r),(m=2n) and ( n,r, m even numbers) h; =h,=2h;.
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2.Triple Integrals For Continuous Integrands With Singular Partial Derivatives
We now introduce the style of computing triple integrals numerical when the
functionf (x Y,z ) continuous integration but have singular partial derivatives in one end of region

integration.
Theorem

let function f(x,y,z) differentiable and Continuous in every point of region
[a,b]x[c,d]x[e,g], but at least one of the partial derivatives undefinedat the

point(a,c,e)or(b,d g )is to know the approximate value of integration / can be calculated from

the following rule
gdb

L= [[[f (x.y.2)dxdydz = sim?(h,,h,,h,) +E (hy,h,.h);

sim?(h;,h,,h,) = LI [ f (X ¥0:Zo)+f (Xo¥oiZm )+F (X0, ¥ 10Z0)+F (Xou Y102 )+
n/2
f (Xn!y0’20)+f (XniyO’zm)+f (Xn!yr’zo)+f Xn’yr’ +4Z|: f 0’ O)

+f (X2i—17y0’zm)+f (X2i—1’yr’20)+f (X2i—l’yr’zm):|+2 Z I: f (X2i,y0,20)

r/2
H (X1 Y02 ) +E (Xo00Y 1Z0) +f (xz_yr,zm)]+4z[[f XY 25 1:20)

n/2
+f (XO!ij—l'Zm)_'_f (Xn1y2j—1720)+f (Xn!yzj—l +4Z[ 2|—11Y2j—1120)

(n/2)-1

+f (XZifl’ij -1 :|+2 Z |: f 2|’y2j—1’ZO)_|_f ( 2i y2] -1

)] ]
2 z [ [ f (Xo’y2j120)+f (XO’yzj’Zm)+f (Xn’yZJ”Z ) (X Y 2j Zm)+
)]

_|_

n/2 (nl2)-1

4 L F (Yo 2o+ (asYog20) |42 2. [ (xaYapza)+ (xa Yap2a)]
+4:Zj [ F(Xo:YorZaa)+F (Xoo¥ o Zaa)+F (X0 V0.2 ) +F (X0 ¥ 020c0)

(n/2)-1 (r/2) -1

f (X2i—1’y2j—l’22k—l)+2 Zl f ( 2ivY2j 1022k }+2 |: f (XO’ij’22kfl)+

n/2 (n/2)-1

f (Xn'ij'ZZk—l)+4 zf (X2i—1’y2j’22k—1)+2 Z f (X2i’y2j’22k—l):| ]+
i=1 i=1
(m/2)-1
2 Z |: f (XO’yO’ZZk)+f (XO’yr122k)+f (Xn1y0’22k)+f (Xn’yr’zzk)
k =1
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n/2 (n/2)-1

+4Z—1:[ f (X2i—1’y0’22k)+f (X2i—1’yr122k )]+2 Z_l: [ f (X2i,y0122k)+
r/2 n/2

f (X2i'yr’22k )]"'42[ f (X01y2j—1’22k)+f (Xn’ij—1’22k)+4Zf (XZi—l!ij—l’ZZk)

(n/2)-1 (r/2)

+2 Z f (le,yzj _1:Z 5k :|+2 Z |: f (Xo y217 2k)+f ( n’y2j’22k)+

i=1

n/2 (n/2)-1
421: f (X2i—1’y2j’22k)+2 2 f (Xzi’y2i’22k )] } }

=
And
i)f (X,Yy,z)isContinuous and With Singular Partial Derivatives at the point (a,C,e) then
E(mﬁbhg+[@mﬂymoj+%nmﬂhoj+%mmniﬁ)+@mﬂyme+%mmwgﬁ
+aghhh/D} +a,hhZhDID, +...)+(ahth,h,D) +ahhihD] +.. )+ | (x,y,.2,)
+C,h! +C,h; +C.h) +C,hf +C.h2 +C h? +
ii)f (X,y,z)is Continuous With Singular Partial Derivatives at the point (b,d, g) then
E (h,hy,hy)+[ (c,h’h,h,Dyf +c,hhshiDy +eshih,hiD ) +(c,h/h,h,D e +c,hhihD?
+Csh,h,h DY +c,h’h7h,D 2D, +)+(ch’h,h,D) ...+ shhih,D) +..)+

: ] f (Xor ¥V Zma)+d:0 +3,0) +3.07 +3,h7 +3ch7 +3ch? +...

, X; =a+ih,i =0,1,2,...,n ,y; =c+jh,,j=0,12,...,r suchthat
a,.,c,,,C;J;,...constants forall i =1,2,....
PROOF: |) We can partition integration / to
I —J'”f (x,y,z) dxdydz —.H'J.f (x,y,z ) dxdydz —TTTf X,y ,z)dxdydz +
eca Zg Yo Xo Zo Yo Xo
fyf]f (x,y,z ) dxdydz +IIIf (x,y,z ) dxdydz +JTTTf X,y ,z ) dxdydz
Zg Yo X2 Zo Y2 Xo Z3 Yo Xo
+Tyfx_ff (x,y,z ) dxdydz +nyfxff (x,y,z ) dxdydz +Ty_fxff (x,y,z ) dxdydz
Zg Y2 X2 Z3 Yo X2 Z3 Y2 Xo
+Zj.nyfx.ff (x,y,z ) dxdydz (1)
Zp Y2 X2

All above integrals have continuous integrands in it's region of integrationexceptedthe first

integration ( I 1) hassingularity in it's region at the point (XZ, Y.z, ) so it can be the values of these
integrals (1,,15,1,,15,14,1,,15)account from [2] either to find a first integration spread function
using (Taylor's series for a function of several variables) around the point(Xz, Yo,z 2)Sestri [5] so

we have

2 2
X=X y-y
f(x'y’z):[ 1+(X_X2)Dx+(y_y2)Dy+(Z_Zz)Dz+( 2|2) Df‘f‘( le) D;-i—
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%Dzﬁ(x -x,)(y -y ,)D,D, +(x —=x,)(z -z ,)D,D, +(y -y ,)(z -z ,)D, D,

+... ] f(X,,Y,.2,) (2"

Zy Y2 Xy
[ []f (x.y,z)dxdydz =[ 8nhh,h,—8hZh,h,D, —8hhZh,D, —8hh,hID, +
Zo Yo Xo

32 32 32

—hlshzhssz +—' _l

3!
8h,h?h?D, D, —%h;‘hzhst —%hlhz“hpj’ _%hlhzhgaj —%hf’hthDny -

%hfh;hgox D? —%hfhzthsz _§h5h2hgox D2 _§hlh;h32ojoz

_% h,hZh2D, D2 —8h?hZhZD, D, D, +l§—?h15h2h3Df +1:_?hlh;h3D; "

h,h3h,D? +Z2hh,h3D2 +8n2hZh,D, D, +8h?h,h?D D, +

128 64 64 64
= hheDf + Zhhzh,DID, + o hhihgD, D + 7 ohh,hiDD, +

64 64 128

a m Zhlhfhg“DnyjL%hfhfthnyz +

126 o nip D7 + 2 hninin D - 2P a2 - 2P nin,0; -

64

h’h,h;D, D} +-—hh’h’D’D, +

%hlhzhfof—lg—?hfh;th;Dy —152—'8h12h25h3DxD;‘—... 1 (x0y5.2,)

(3)
From the forms (2') we have
Df (X0,¥0:2)=| 1-2nD, —2h,D, ~2h,D, +2hD} +2hD; +2h;D? +4h,h,D, D,

8 8 8
3 h’D}——h;D; 3 h;D} -4h?h,D?D, —4hh;D, D,

3!
—4h?h,D?D, —4hh;D, D} —4h;h,D’D, —4h;h,D D —8h°D, D, D, +%h;‘D;‘+

1—? h’h,D;]D, +§ h,h;D, D;

+4h,h,D, D, +4h,h,D, D, -

ShID; + 2o hiD + TR, DID, 4
+13_? hih,D®D, +1£ h,hiD, DS +4h2h2D2D? +4h*h?D?D,? + 4h?h?D?2D?2 -
32 32 32 32 32

aI,.]:LSD)'(EJ_ahZSDj _athZS_ﬁhsD:'Dy _thDX D;-’- j| f (XZ’yZ’ZZ)

h,h;D,D; +

8

3l

2)f (xz,yz,zo):[ 1-2h,D, +2h?D? - h§Df+%h3“Df—%h§Df+... } f(X,Y,.2,)

3 (Xy,Y0.2,) = 1-20D, ~20,D, + 202D+ 20D7 +4h,D, D, —%thf—%thj
16 16 16 16
—4h’h,D{D, —4hh;D, D’ +Zh14DX4 +Eh;D; +ah13h2Dny +§hlh§Dny3 +
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32 32 32 32
4h12h22DX2Df—ah15Dx5—ah25Dy5—Zhl‘*thx“Dy —Zhlh;DxD;‘+... ] f(X,.Y,.2,)4)
8 16 32
f (xz,yo,zz)=[ 1-2h,D, +2h22Dy2—athy3+Ih24D;‘—§h§Dy5+... ] f(X,Y52,)
8

3l

16hl“DX“—gthf+... ] f(X,Y,2,)

S)f (X0 22,)=| 1-20D, + 20D} - P 5!

h’D}+

8

3!

6)f (X0,Y,.2,)=| 1-2nD, —2h,D, +2h/D}+2h;D} +4hh,D,D, ——hD? -

16

8 3D _an’h,D?D, —ahhD D2+ Phips 4 10
3! 41 4

?hlthx Df+4hfh§Dfo—%thf—%thh... ] f (X5,Y5:25)

h;D!+=—h’h,D’D, +

8

3!

f (X2¥0:2o)=[ 1-2h,D, —2h,D, +2hD} +2h?D +4h,h,D, D, -—hJD’ -

8 33 ap2n N2 2 2,16 4, 4 16 , . 16 5 _
75, D, —4h;h,DID, —4h,hiD, D} +—~h/D] + 7 hiD/ +hih,DID, +

32

51

32

16
th;—ahgst+... ] f(X,,Y,2,)

S 1eniD, D} +4nhiD;D? -

8)f (X, +h1,y0,zo)=[ 1-hD, —2h,D, —2h,D, +%th3 +2h;D;} +2h;D; +2hh,D,D, +

1 8 8
2h,h,D, D, +4h,h,D, D, _EhlBDXS —ahgoj —athf—hfthij —2hh?D, D’
~h?h,D?D, —2hh?D,D? —4hZh,D’D, —4h’h,D D?-4hh,h,D,D D, +%h1“DX“
16 4N 4 16 4N 4 2 3 3 8 3 3 2 3 3 8 3 3
+Zh2 Dy +Zh3 DZ +—!h1 hZDX Dy +_!hlh2Dx Dy +a hl h3Dx DZ +—! h1h3 Dx DZ
16 3 3 16 3 3 2h2 20y 2 2220 2 2122102 1 55
+§ h;h,D;D, +§ h,h;D, D, +hh;D, D, +h’h;D,;D; +4h;h;D /D, o h’D,
32 32 2 16
—athf—athf—mhfthny —mhlh;‘DXDy“+... ] (%2 ¥22,)

f (Xo+h,Yo2,)=[ 1-hD, -2h,D, +%h12DX2+2h22Dy2 +2h,h,D, D, —%thf =

9)%h§Dy3 —h’h,DD, —2hh;D, D} +%th;‘ +%h2“D;‘ +§hfh2Dny +§Ihlh§DXD§

1 32 2 16
+h12h22DX2Dy2—athf—ahz"’Dj_Zh;‘thx“Dy —Ehlhz“DXD;‘+... ] f(X,,Y22,)
10)f (x0+h1,y2,zo)=[ 1-h,D, —2h,D, +%h12DX2+2h3'.2D22+2h1h3DXDZ —%thf
_%hgaj_hfhgafoz —2h,h?D,D? +%h;‘DX“+% hg“DZ“+%hfh3Dx‘°’Dz ;
8 1 32
ahlthfo+hfh32DX2Df—ahf’Dx5—ah§D25+... ] (x2y22,)

1 2r 2 1 3n3 1 44 1 55

11)f (x0+h1,y2,22):[ 1-hD, +§h1DX _thDX +$h1DX —ghl D) +... ] f(XY,.2,)
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1
f (Xo, Yo +h2,zo):[ 1-2hD, —h,D, —2h,D, +2h’D/ +§h22Dy2 +2h?D?

8 1 8

12)+2h,h,D, D, +4hh,D, D, +2h,h,D D, _thng _Eh;DVB —ah;’Df -
2h12h2Dny —h,h?D, Df —4h?h,DD, —4hh?D D/ —h22h3Dy2DZ —2h2h32DyDZ2 -
16441441644833 233

4hh,h,D, D, D, +Ehl D, erthy erhsDZ +ah1 h,D,;D, +ah1thny +
16 16 2 8

—!hl3h3DX3DZ +—!hlh§DX D’ +ah23h3Dy3Dz +ah2h§Dy D’ +h’h;D’D’ +

21 2 2 2 21W 2 2 2 32 55 1 55 32 55 16 4 4
4h1 h3 Dx DZ +h2 h3 DyDZ —Ehl Dx —gthy —ahs DZ —Zhl hZDx Dy —
32 32 16

21 2 2 2 21 2 2 2 5 5 1 5 5 5 5 4 4
4h7h{DID; +hZhiD D —2hiD} ——hDJ —ohyDf —~th'h,DD, —
2
Zhlh;DXD;‘+... 1 (x20Y202,)

1 8
f (XoYo+hy2,)=] 1-2hD, —h,D, +2thf+§h§Dj +2hh,D,D, —athf—

l 3 3 2 2 2 2 16 4N 4 1 i 4 8 3 3 2 3 3

13)§h2Dy —2h1 hZDx Dy —hlh2 Dny +Ehl Dx +mh2Dy +ahlh2Dny +ahlh2Dny
32 1 2 16

+h12h22DX2Dy2—athx5—ah,ny5—Ehl“thX“Dy —Zhlh;DXD;w... ] f(X,,Y,.2,)

18)f (X,,y,+h,,2,)=| 1-h,D, —2hD, +%h22Dy2+2h32D22+2h2h3DyDz —%thj—

8 1 16 2
ah;‘DZ3 —h7h,D’D, —2h,h;D D/ +Zh24Dy4 +zh;D;‘ +ah23h3Dsz +
8 1 32
—!hzthyDjmjh;D;D;_ahgnj_ah;D;_... 1 f (x00¥22,)

1 1 1 1
15)f (xz,y0+h2,zz)=[ 1-h,D, +§h22Dy2_§h23Dy3+Eh;D;_ah§Dj+m ] f(X,Y212,)

16)F (Xg1Y0:Zo+hs)=[ 1-2nD, —2n,D, ~h,D, +2hD} +2hD? +%h§Df

8 8 1
+4hh,D, D, +2hh,D, D, +2h,h,D D, —athf _ﬁh;Dj —ah:f’Df—
4h’h,D?D, —4h,h7D, D} —2h7h,D?D, —hh’D,D? —2h7h,D’D, —hZh,D, D} —

164416441441633 163 3
4h1h2h3DnyDz +Zhl DX +Zh2 Dy +Zh3 DZ +ahl hZDXDy +§hlh2Dny
8 3 3 2 3 3 8 3 3 2 3 3 2h2M 20 2
+§h1 h,D,/D, +—'hlh3DXDZ +—'h2h3DyDZ +§h2h3DyDZ +4h’h; D7D/
2220 2 2222325532551553244
+h’h;DD; +h;h;D/D; —athx —athy —§h3DZ —Zhl h,D/D,

32
—mhlthxD;_'" ] f(X,Y2.2,)
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17 (X,Y,.2,+h) =] 1-2hD, —h,D, +2thf+%h§Df+2h1h3DXDZ —%hf’Df

1 16

1 8
~5;N$D; ~2h?h,DD, ~hhiD, D7 +

2 h/D*+—h!D!+—h*h,D’D,
41 41 3!

+§hlh23Dfo+hfh32Dfo ?;zh D5—5—h D>+ ] f(X3Y2:2,)

18)f (X,,Y0:2o+hy)=[ 1-2h,D, —h,D, +2h:D’ +%h§Df+2h2h3DyDz _

%thj —%hin—2h§h3Dy2Dz ~h,h2D,D? +
2h h3D D3+h?h’D?D? - 32h D5 h D f
+§ 23y ;. TN, y -~z 5l 5l +.. :' (X21y2’22)

16 8

1 1
19)f (xZ,y2,20+h3)=[ 1-h,D, +§h32DZZ_§h§D§+ﬂh;D3_§h;Df+"' J f(X,¥,2,)

20)f (X, +h,,yo+h,,2,)=| 1-hD, —=h,D, —2hD, +%thf+%h22Df+2h32Df+

h,h,D, D, +2hh,D, D, +2h,h,D D, —%thf _1

3!
1 1
Ehfthny Ehlh,jDx DJ—hh,D7D, —2hh;D, D —h;h,D/D, —2h,h;D D’

1 1 16 1
~2nhhD, D, D, +- hD 4~ hiDJ+ 7 /D + - h'h,DD
2 8

2 13,D°D, + S hhiD, DF +-2hh,DD
3l 3l 3! v

8

h;D/’ —gthf—

1
, +ah1h23Dx D, +

+3§h2h;D D? +1hfh;D3D2 ;

h2h2D?D? +hZh2D2D? —gthf _Lhsps_32

;D) -1 hD5——h4hD D,

1

Zhlh;‘DXD;HL... 1 (x2¥2.2,)

20)f (X, +h,,y,+h,2z,)=| 1-hD, —h,D, +%thf+%h22Dy2+hlh2Dny—
Lhps_Lns D? - 1neh,0?D, —Lhnip DZ+ih4D4+ih4D4+
3| 3| 2 1°°2 X y 2 1" 2 X y 1 X 4| 2 y

Ehfthny +§hlh23Dfo +%hfh§Dij —éthf—ah D, - 4|h14h2Dx4Dy
1

_mhlh;DxD;‘Jr... ] f(X0Y202,)

22)f (Xo+hy,Yo.20+hy)=[ 1-hD, —2h,D, —h,D, +%h12Df+2h22Dy2+%h32Df

1 8 1

+2h,h,D, D, +hh,D, D, +2h,h,D D, _Ethf —athj —athf—
h?h,D?D, —2hh?D,D? —%hfthsz —%hlh,ijDf —2hZh,D?D, —
h,hiD,D} —2hh,h,D, D, D, +%h;‘D;‘ t—Gh D, + %h D} +§h3h DD,
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.8 h,n)D,D}? +ihf'h3Dx‘°’DZ +lh1h33DXDZ3+§h2‘°’h3D3DZ +£h2h§D D+
! 3! 3! 3! 3!

32

—h, D5——h D’
5! 5!

h?hZD?2D? +1h5h;D303 +hZh?D2D? —éthf

—%hl“thx“Dy—Ehh D,D} o | T (X01¥502,)

23)f (Xo+hy,y,,2,+0,)=[ 1-hD, —h,D, +%thf+%h§Df+hlh3DxDz -

ihfoj _ihgoj oo ~Lhnip D? +ihl4D; +Lhipt s thsnpip,
3! 3! 2 4] 3!

2 5 5
+3thD+ thD—5—hD—§hD o (%0Y202,)

1 1
f (xo,y0+h2,z0+h3)=[ 1-2hD, -h,D, —h,D, +2h12DX2+§h22Dy2 +§h32D22

8
24)+2h,h,D, D, +2h,h,D, D, +h,h,D D, _Ethf_Eh D —gh D3 —

2h?h,D?D, —hh;D,DJ—2h’h,D?D, —hh;D D7 —%h§h3Dy2Dz —

lh2h§D D?—2hh,h,D,D,D, +16h D4+ih 'D, +ih 'D} +8h3h DD,
4 4 4 3!
1

+2thD3+8h‘°’hDD+2thD3 1h3hDD+ thD3
3! 3! 3! 3!
32

+h’hZ?D? D +h?hZD’ D2+ h hZD D2—5—h D5—5—h D5—5—h D’

Th“h DD —%hlthfoJf--- 1 (xayaze)

1

25)f (xz,y0+h2,zo+h3)=[ 1—h2Dy—h3Dz+§ L

hyD; +Eh32D22 +h,h,D, D, —

31h;D3_31h;D3_%h;h302D2 _%hzh;D D22+ih24D4+%h34Dz4+
|h h,DD, +3 h,hiD, D3+ h2h2D Dz—gh D5——h D .. | (X,Y5:2,)

3! 51
26)f (x0+h1,yo+h2,z0+h3)=[ 1-hD, —h,D, —h,D, +%thf+%h§Dj+%h§Df

+h,h,D, D, +hh,D D, +h,h,.D D, —%thf——h DS - LhiD3-

3! 3!
1hthDny —%hlthny2 —%hfhprz —%hlh;Dfo —%hzzhsDyzDz -
1, ., ) 1 1 1 1,3 a3
EhzhaDyDz —hh,h,D, D, D, Zh D) Hhe h,D; + Zh;‘D;‘+ahlh2Dny+
L D, D+ 1hih,D3D, +=hh3D, D3 +—=h3h,D°D, +—h,hiD D>
_' y+§13xz+al3xz+§23yz+523yz+
lhfhzzDzDz+1h12h32D2D2+1h§h§D2D2—ith5 ! —h} D5—ih D’ —

4 Y4 R | T - The 5!
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1 1
5h1“thx4Dy —ﬁhlh;DxD;+... } f(X5Y202,)

(hDy+h,Dy+h3D; )

from (3'), (1) - (26)and T (X,,Y,,Z,) = Ef (X, ¥;,2,) where E=¢ we get:-

2, Yo X,

h.h,h
.'.I1:'”If (x,y,z) dxdydz :#[ f (X0 Y0:Zo)+F (X0 ¥0:2Z,)+F (X0, Y,.20)+

Zo Yo Xo

F (XorY225)+ (X50Y0:Z0)+F (X5,Y002Z,)+F (X5, Y5020)+F (X5,Y,5,2,)+4 |

f (Xo+h,yeZo)+f (Xo+h,yo.2,)+f (Xg+h,y,20)+F (Xo+hy,Y,.2,)
+ (Xo, Yo +h,,20)+F (Xo.Yo+h,,2,)+F (X, ¥ +h,,20)+F (X,,¥,+h,,Z,)
+H (X0 YorZo+h3)+F (X0, Y520 +hy)+F (X,,¥ 0,20 +hy)+F (X,,Y,,2,+h;)
+4[ £ (Xo+h,y,+h,,z0)+f (Xo+h,yo+h,,z,)+f (Xg,y,+h,,Z,+hy)
+H (X, Yo +h,,zg+hy)+f (Xo+h,ye.zo+hy)+f (Xo+h,y,.2,+h;)
4% (Xo+hy,ye+h,zo+hy) ] ]+[(a1hfh2h3D;‘ +a,h,hsh,Dy +a,hh,hD )+
(a,h/h,h,D? +ashh/h,DP +a.hh,h/D; +a,hth;h,DD, +...)+

+(a,h’h,h,D) +ahhih,D) +.)+... | f(x,y,2,) (4
ZpYa Xy Y, (n/2) -1 Xai2 hlh2h3 (n/2)-1
l, _ZJ;VJ;XJ;f (x,y,z ) dxdydz _Z'[y'[ I X,Y,z ) dxdydz :?IZ:;

(%o Y0:Z0)+f (Xa:Y0.25)+F (Xz,Y 202 0)+f (Xa:Y2Zo)+f (Xz1.2.¥0.22)

f (Xp2:¥0:Z2)+HF (Xo0:¥2:20)+F (X000, Y2:2,)+4] T (X +hyo.20)
+H (X 0 Y6, Z,)+F (Xy 0y, z0)+F (X, +hy,Y,02,)+F (X, Y0 +h,2,)
+H (X, Yo +hZ,)+F (Xo00 Yo +h.20)+F (Xo00 Yo +h.2,)+F (X5, Y0.Z0+h;)

H (Xp020Y0rZo+hs)+E (X, Y2020 +03)+F (Xp,0. Y5020 +h)+4 [ £ (X, +h,yo+h,,2)
+H (Xy +hu Yo +h,,z,)+F (X5, Yo +h,,z0+hy)+f (X0, Yo +h,,20+hy)+
F (Ko Ny Y0, 2o+ 0 )+F (X Ny 0,20 +0)+4F (g0 +hy, Yo+, 2+0) | ] ]

+

+e,h +e,h) +e,h) +e,h’ +e.h? +eh) +.....(5')

Z, Y, Xy 2y (r12)-1 Y2si2 Xz h,h,h, (ri2)-1
Igzz_[y.[x_[f (x,y,z ) dxdydz =£[ SZ:; yjl X.ff (x,y,z ) dxdydz == SZ:; [

f (X0 Yos:Z0)+F (Xo1Vs:Z5)+F (XouVpeiasZ0)+F (X0 Y pea2sZ0 ) +F (X5 Y 5502,)
H (X Y060 Z,)+F (X0 Y aei2:Z0)+F (X0 Yoeinr Z,)+4[ f (Xo+hi Yo, 2)+
f(Xo+h,Yo.Z,)+F (Xo+h0 Yo Zo)+F (Xo+hY o002, )+ (Xo Y +0y020)+
f (Xo Yo +h5.2,)+F (X5, Y5 +0,,20)+F (X5, Y5 +0,,2,)+F (X0, Y 55,20 +hy)
H (X5, Y 0e:Zo+hy)+F (X0: Y osi2:Z0+h3)+F (X5, Y 5e0:Z0 +hy ) +4]

f (Xo+hy,y,+h,,z0)+f (Xg+h,y,+h,,z,)+f (XY, +h,z+h0y)+
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f (X5 Y2 +h2,zo+h3)+f (Xo+hy,Y,.zo+hy)+f (Xo+hy, Y o020 +hy)+
4F (Xo+h,y, +hy,zo+hy) | } }+glh14+g2h24+g3h§+g4hlﬁ+gsh25+gsh§+...
..(6")

(Mm/2)-1 Zats2 Y2 X3 m/2)-1

|4=nyfo (x,y,z)dxdydz = > j jff (x,y,z ) dxdydz =%(Z [

Z3 Yo Xo t=1 Zat Yo Xo t=1

f (X0 ¥orZa )+ (Xo0VorZoa)+F (X02 Y2020 )+F (X0 Vi Z oo )+ (X0 Y0025 )+
f (X0 YorZoso)+F (X0, Y0.Z20 )+ (X0 Y2 Zp0n )4 T (Xo+h Yo Z0)+
f(Xo+huYoiZow )+ (Xo+hu Y,z )+ (X +h,Y 5,250, )+F (Xo Yo +h,.2, )+
f (X0, Yo+h,Zo)+F (X0 Yo+, )+F (X, Yo +h,,2,0)+F (X0, Y .25 +hy)+
f (Xou¥oiZo +h)+F (X0 Y025 +hy)+f (X, Y5025 +hy)+4 [ f (X +h,yo+h,.2,)
+f (Xo+h,yo+h,,Z,,)+F (Xo. Yo +h,Z, +hy)+F (X,,y,+h,,2, +hy)
+H (Xo+h, Yoz, +hy)+F (Xg+hy, Y, 2, +0y)+4F (X +h,yo+h,2, +hy) ] ] J

+j,h + i)+ jhy +j,h +jh +jhd +. A7)

Zo Yy Xn Zo(r/2)-1 Yas+2 (n/2)-1 X2142

Iszjjjf(x,y,z)dxdydz=jz IZ jf(x,y,z)dxdydz=

Zg Y2 X2 z, S= Yas =1 X2i
h,h,h, (253 (72
7 s=1 1=1
f (X0 Yasi2:Z2)+F (X120 Y200 Z0)+F (Xp12:Y56,2,) +F (X2|+2,y25+2,20)+
f (Xai2 YasuzrZ2) 4L T (X +h Yo, 20)+F (X5 +hyy o, 2,)+
f (XZI +hl’y25+2’20)+f (XZI +h17y25+2’22)+f (XZI’y25+h2’ZO)+f (XZI’y25+h2’ZZ)
+H (Xpa2:Yos +N5,20)+F (Xp00: Y5 +05,2,)+F (X5, Y 06,20 +hy)+
f (Xoa2:Yas:Zo+Ns)+F (X010 Yoei0:Zo+0y)+F (Xp 100 YasiniZo +hy)+4]

f (X, +h, Yy, +h,,20)+F (X, +h, Yy, +h,,2,)+F (X,, Y, +h,,20+hy)+

I: f (XZI'yZS'ZO)+f (X2I’y25’22)+f (X2I’y25+2’20)+

f (X2I+2’y25 +h2’ZO+h3)+f (XZI +h11y25120+h3)+f (X2I +h1’y25+2’20+h3)+
+4f (Xy +h Y, +h,z+h;) | ] ]+ p,nt +p,hy +phd +p,hf +phl +phd ..
(8")

Zm Yo Xq (Mm/2)-1 Zatr2 Y2 (n/2)-1 X2142 h.h.h
12" '3

IB:IIIf(x,y,z)dxdydz= > IIZ jf(x,y,z)dxdydz:

Zp Yo X2 1=l Iy yo 71 X2l
(m/2)-1(n/2)-1

f (XZI’yO’ZZt)+f (XZI'yO'221+2)+f (X2I7y2’22t)+f (X2I7y2'22t+2)

t=1 1=1

H (Xa2: Y00 Z2)+F (Xai20Yo0rZaa )+ (K20 Y202 )+ (Xa120Y 20202 +
4 f (Xy +h, Y020 )+ (Xg +h0Y0iZ )+ (Xo +h0 Y5025 ) +F (X +00 Y50 25,)
H (X Yo +h,,Z, ) +F (X5, Yo +h5,Z 5 5)+F (X100 Yo +h,,Z 5 )+
f (Xoi00Yo+hoZo)+F (X0, ¥0.Z5 +hy)+F (Xy,Y,5,2, +hy)+

f (X2I+2’y0722t +h3)+f (X2I+2’y2’22t +ha)+4[ f (le +h1'y0’22t+h3)
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+f (XZI +hl’y2’22t +h3)+f (XZI +h1’y0+h2’22t)+f (XZI +h1'y0+h2’22t+2)+

f (XZI’y0+h2’ZZt+h3)+f (X2|+2’y0+h2’22t+h3)+4f (XZI +hl7y0+h2’22t+h3) ] ] ]

+q,h! +a,h; +q,;hy +q,h’ +q.h? +g.hd +... (9)
In YiXp (m/2)-1 Zas2 (r/2)-1 Yase2 X2 hh2h3 (m/2)-1 (r/2)-1

I, = f (x,y,z)dxdydz = f (x,y,z)dxdydz =—+22

IR DU F A

[ f (X0, Yos:Zo )+F (X0, Y os1Zoin) +F (Xor YeirZo ) +F (Xo0Yogi20Zasn )+
f (X0 Yos1Zo ) +F (X0uYosrZoin )+ (X500 Voeinr Zo ) +F (X0 Y g1 Z o )+
A F (Xo+h, Yo 2o )+ (Xo+h, Yo Zon)+F (Xo+h, Vo002, )+
f(Xo+hY o000 Zaa)+F (Xo0Yas +150 20 ) +F (X0 Vo #0507 505 )+ (X5, Y 5 +h,,2 )
H (X Yo #0502 000 ) +F (X0 Yoo Zo +05)+F (X5, Y 50,20 +03)+F (X00Y 000025 +5)
H (X5 Y 0202 +03)+A[ F (Xg+h, Yo +hy,2, )+ (Xg+h, Y, +h,025,,)+
f (Xor Yo +N50Z 5 +hy)+F (X, Y5 +h, 25 +hy)+f (Xg+h, Yo, 2, +hy)+

f (Xo+N,Y o2, +hy)+4f (Xo+h,y, +h,z,+hy) ] ] ]+ulhl“+u2h2“+

ushy +u,h’ +uchy +ugh? +... .. (10")
Zm Yy Xp (M/2)-1 Zas2 (r/2)-1 Yas+2 (n/2)-1 X21+2 h.h.h

I, = f (x,y,z)dxdydz = f (x,y,z)dxdydz =122

=) 212 [y Jreys 21

(m/2)-1 (r/2)-1 (n/2)-1

Z I: f (X2I1y25’22t)+f (X2I1y25’22t+2)+f (le’y25+2’22t)+

t=1 s=1 1=1
f (X2I1y25+2’22t+2)+f (X2I+21y23122t)+f (X2I+2’y23'22t+2)+f (X2I+21y23+2122t)

H (Xpis YosiorZosn ) FA[ T (X A0y, Y00 25 )+ (Xo 00 Y og0 2000 ) +
f (Xo N0 Y o0 Zo )T (X 0 Y pei00Zoin ) +F (X000 Yo +0,,2,5 )+
f(XoYas ¥, Z 0 0)+F (Xp1is Yoo 15025 )+F (X100 Yoo 1502 50,) +
f (Xp Yo Zo +03)+F (Xou Y aeiniZo +0g)+F (X000 Y 640025 + )+
f (Xo, Y0520 +hy)+4 [ £ (X, +h,y,+0,,2,)+f (X, +h Yy, +h,,2,,,)+
f(Xo1 Yo +0,,Z5 +0)+F (X0 Yo +0,,2 5 +hy)+F (X, +h,y,,2, +hy)+

f (X +h,Y gei00Z o +13)+4F (X +h, Y, +h,,2, +hy) ] ] ]+Vlhl4 +V,h) +v h +

v, hl+v he v hd+.. (11
where€, ,0:,J.,P;,0;,U, V., 1 =12,...,Collection of formulas from (4')-(11')
gdb
| =[[[f (x.y.,2)dxdydz =sim* (h, by, h;) +| (ah;h,n,Dy +ahhh,Dy +ahh,nD; ) +
eba

(a,h/h,h,D? +ah,h/h.D? +ahh,h/Df +a,hh;h,DID, +...)+(a,h’h,h,D) +
,shsh,D) +. )+ | f (X Y1,2,)+Cih) +C,h) +Cohf +C hf +Ch) +Cohy +.

..(12")
wherea, ,C,, 1 =12,...
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ii) We can partition integration / to
=ﬁi X,y ,z) dxdydz —fny X,y,z ) dxdydz = jyjjf (x,y,z ) dxdydz +
F T Tty mas | T Ttooy)mas | ] 1 (0y.e) ooy
Zm-2 Yr2 Xo Zma Yo Xn-2 Zo Vi Xns
+me yfff (x,y,2) dxdydz +I yf I (x,y,z ) dxdydz + jyjj X,y ,z ) dxdydz
+T yf Tf(x%z)dxdydz .(13)

Zm2 Yr-2Xpn-2

All above integrals have continuous integrands in it's region of integration excepted the first
integration(ls) has singularity in its region at the point (Xn , yr,zm) so it can be the values of
these integrals(l,,1,,15,1,,15,15,1,) account from [ 2] either to find a first integration spread
function using (Taylor's series for a function of several variables) around the
point(X n2y Y 0,2 m_Z)Sestri [5] so we use the same method of proof (i).

NOT:-

1. From the theorem if h;=h,=2h;we get
gdb

=”jf (x,y,z )dxdydz =sim®(h,,h,,0.5h,)+E (h,,h,,0.5h,)

*f (X,Y,z)is Continuous and With Singular Partial Derivatives at the point (a,c,e)then
E..(h.h,05h)=|h/(b,Dy +b,D; +b,D})+h’(b,D; +b,D; +bsD; +
b,D,;D, +...)+hll° (bZZDX7 +b,,D/ +...)+... ] f (X,y1,2,)+G;h! +G,hS +

..(14")

**f (x,y,z)is  Continuous With Singular Partial Derivatives at the point(b,d,g)then
E,.(h,h,050)=[ h/(d,D}+d,D}+d,D})+h?(d,D}+d,D; +d,D’ +d,D;D,
+...)+h11°(d22Dx7 +d23Dy7+...)+... } f (XY 0 Z ) K+ K+ .(15")

Such that b, ,d,,J,,K, are constants forall i =1,2,... .

2. If the integrand of integral has singularity at one end of region of integration we will use the
suggestion ofDavias and Rabinowitz [3] to evaluate the integral .
3.Examples.

111
| = j J. J. zy \J1—xyz dxdydz The integration Integrandcontinuous the integration period But a

050505
single partial derivatives in point(X Y.z ) =(1,1,1), And the type of radical singularity .and his

analytic value (0.0514008709909)Rounded to (13) decimal placestheformula of the correction terms
for the integrationby using formula (15") is

E. .=ah**+Ah+ah* +ah>*+AhP+a,h>®+..i=1,23.. , A,a.We

Vol.3.Issue.3.2015 (July-Sept) 166



ALI HASSAN MOHAMMED, ROAA AZIZ FADHIL

Bull.Math.&Stat.Res

conclude from the tableThe value of integration using the simpson's Rule with Romberg accelerating

that value equal to the analytical valuewhen ( subintervals
n =64,r =64,m =128)( 2" subintervals)

n=r | m Simpson value K=3.5 K=4 K=4.5 K=5.5 K=6
2 | 4 [ 00513372307920
4 | 8 | 0.0513942765097 | 0.0513998075675
8 | 16 | 0.0514002076099 | 0.0514007826795 | 0.0514008476870
16 | 32 | 0.0514008061995 | 0.0514008642377 | 0.0514008696749 | 0.0514008706916
32 | 64 | 0.0514008648205 | 0.0514008705043 | 0.0514008709221 | 0.0514008709797 | 0.0514008709863
64 | 128 | 0.0514008704149 | 0.0514008709573 | 0.0514008709875 | 0.0514008709906 | 0.0514008709908 | 0.0514008709909
Table (1)
111
And  The integration  Integrand| = .”J.X *log(x +y +z)dxdydz has  singleln
000

point(X,y ,Z )= (0,0,0)And the type of singularity here logarithm, and his analytic value
(0.09840938817995 )Rounded to (14) decimal placesandcorrection terms by usingformula
(14)E_ . =Ah’+Ah’ +ahlInh +Ah’ +..1=1,23.. , A,a since ah’Inh +Ah’
appear in the correction terms ,so will use shanke suggestion [6] andas suggested by Davias and
Rabinowitz[3] for evaluation the value ,We conclude from the table(2)The value of integration using

the simpson's rule with Romberg accelerating that value equal to the analytical valuewhen
(subintervals n =64, r =64, m =128)( 2" subintervals)

n=r | m Simpson value K=4 K=6 K=8 K=8 K=10
2 | 4 | 0.11940653750843
4 | 8 | 0.09983154814037 | 0.09852654884917
8 | 16 | 0.09850023996758 | 0.09841148608940 | 0.09840965969639
16 | 32 | 0.09841509905467 | 0.09840942299381 | 0.09840939024626 | 0.09840938918960
32 | 64 | 0.09840974563139 | 0.09840938873650 | 0.09840938819274 | 0.09840938818468 | 0.09840938818074
64 | 128 | 0.09840941052888 | 0.09840938818871 | 0.09840938818002 | 0.09840938817997 | 0.09840938817995 | 0.09840938817995
Table (2)
111
. . 2Xyz . L
The integration Integrand | :”Iﬁdxdydz has single point in (x,y,z )=(0,0,0)
000 «fX +y +Z
And the type of Radical and relative at the same time, And his analytic value
(0.2157192692857)Rounded to thirteen decimal places ,and use suggested by Davias and
Rabinowitz [3] andcorrection terms by Using formula (14")
4 5 6 8 ;
E... =Ah +ah’+Ah’+Ah’ +...wherei =12,3.. , A;,a Constants ,We
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conclude from the table(3) The value of integration using the simpson's rule with Romberg

accelerating that value equal to the analytical valuewhen (subintervals
n =64,r =64, m =128)( 2" subintervals).
n=r | m Simpson value K=4 K=5 =6 K=8 K=10
2 | 4 | 0.2176470369505
4 | 8 | 0.2158859756477 | 0.2157685715608
8 | 16 | 0.2157301928727 | 0.2157198073543 | 0.2157182343154
16 | 32 | 0.2157199567951 | 0.2157192743899 | 0.2157192571975 | 0.2157192734337
32 | 64 | 0.2157193122553 | 0.2157192692859 | 0.2157192691213 | 0.2157192693106 | 0.2157192692944
64 | 128 | 0.2157192719690 | 0.2157192692833 | 0.2157192692832 | 0.2157192692858 | 0.2157192692857 | 0.2157192692857
Table (3)

4. The discussion
It is clear according to tables of results apove that when we calculate the approximate value

for the improper triple integralswhen Continuous Integrands With Singular Partial Derivatives and

Singular Integrandsby the composite simpson's rule with Romberg accelerating method we can get a

best results with respect to convergence to value of integration with a few number from

subintervals Thus, we can depend on it'smethod in a calculation This type of the triple integrals.
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