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Abstract: The new schemes of calculation of double integrals and triple integrals are proposed in this
paper. The formulas in which the double integral is converted into a line integral with respect to the arc
length, and the triple integral is converted into a surface integral with respect to the area or a line integral
with respect to the arc length are given separately. The effectiveness of the proposed methods is verified
by several examples. Under certain conditions, these methods become the normal iterated integrals in
Cartesian coordinate system or polar coordinate system, and the commonly used triple iterated integrals
in Cartesian coordinate system, Cylindrical coordinate system or Spherical coordinate system. The
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multivariate integrals.
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1. Introduction

Multivariable calculus [1] is a rich and fascinating subject. Multivariate integrals are widely used
in various disciplines. For example, in optimization and (multidimensional) optimal control theory,
authors [2, 3] studied the optimization of some multiple or curvilinear integral functionals subject to
ODEs, PDEs or isoperimetric constraints. In 2018, Mititelu and Treantd [4] proposed optimality
conditions in multiobjective control problems which involve multiple integrals. In the computation
method of multivariate integrals, we often convert the double integral into iterated integrals in a
Cartesian coordinate system by Fubini’s Theorem or a polar coordinate system [5]. The triple integral
is converted into iterated integrals in a Cartesian coordinate system, or a cylindrical coordinate
system, or a spherical coordinate system. In general, a line integral is converted into a definite
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integral, and a surface integral is converted into a double integral. In addition, Green’s formula,
Gauss’s formula and Stokes’s formula could be applied to perform the calculation [6].

In the last twenty years, more researchers worked on the conversion relationships for several types
of multivariate integrals. For example, the surface integral with respect to area is converted into the
line integral with respect to the arc length in [7]. In [8], Li and Shi proposed a method of computing
the surface integral by curvilinear integral in the special case when the projection of the surface on
the coordinate plane was a curve. In the current paper, we propose new transformation algorithms for
multivariate integrals, which further enhances the computation methods of multivariate integrals.

2. New methods for calculating double integrals

The main idea is to use the change of variables formula to transform double and triple integrals to
iterated integrals which can be done more easily.
Theorem 1. (1) If the bounded closed region D is generated by a family of planar smooth curves

L:y=yx,t),a<t<bx(t) <x<x(),y, #0

with no double point (i.e., a point traced out twice as a closed curve is traversed), and the function
f(x,y) is continuous on the closed region D, then

b x2(1)
[[ remarey= [ ar [ peem|an 2.1
D a x1(6)
f Fx,y)dx dy = f " f P 22)

where the symbol ‘ds’ represents the arclength differential.
(2) If the bounded closed region D is generated by a family of planar smooth curves

L:x=x(,1),a<t<by(t)<y<yt),x #0

with no double points, and the function f(x,y) is continuous on the closed region D , then

b va(t)
f f £ey)dx dy = f a [ a0 x| dy (2.3)
D a

1(®)

D

b X
f(x,y)dxdy = f dt f f(x,y)——— ds (2.4)
f a 7 J1+ x;?

Proof: Let transformation y = y(x, t), which transforms the D on the xOy plane to
D:a<t<b,x(t) <x<x(()

on the tOx plane. Notice
x,y) _
d(x, 1)

I 0O

’ ’

Y Wi

=y, #0.
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According to the integration by substitution, the formula (2.1) holds. On the other hand, since ds =
+/1 +y?2 dx on the curve L,,

x2(1)

y/
f Foy—2dg= [ fonyinn)
L 1 +y7? xX1(0)

y;| dx.

The formula (2.2) can be obtained from (2.1). In the same way we can get (2.3) and (2.4).
Example 1. Calculate the double integral I = f f \/x% + y* dx dy, where the closed region D is
D

bounded by three curves y = V1 —x2,x = y/yandy = V—-x.

Method 1. Take a family of concentric circles arcs
Liy=vE—e i feslarayffrel-l
2 4 4 2’

where 0 < 7 < 1 as shown in Figure 1. Obviously, the central angle of each arc segment is 7, which
results in the length of arc L, is ’g It follows from (2.2) that

1 1 1
1
I:f dtf\/x2+y2ds:f dtftds:ft-—mdl:z.
0 Y 0 0 2 6

Ly

Method 2. Label regions Dy, D, and Dj; as shown in Figure 2. Rotate D, clockwise by 5 to get Ds.
It is not difficult to find that D = D, UD,and D, UD; : x*+3y> <1, x>0 y>0. Make a

~" then

. . X
rotation transformation {

b

ff\/x2+y2dxdy:ff Vu2+v2dudv:ff\/x2+y2dxdy.
D3 D;

D,

So,

I:ff\/x2+y2dxdy+ff\/x2+y2dxdy=ff\/x2+y2dxdy+ff\/x2+y2dxdy
D) D> Ds D>

5 ! p
:ff \/x2+y2dxdy:f der-rdr:—.
0 0 6

DyUD;3
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Figure 1. A family of concentric circles Figure 2. The division of regions.
arcs.

Example 2. Calculate the double integral I = f f % dx dy, where the closed region D is in the first
D

quadrant and is bounded by two curves xy = 2, xy = 12, and two linesy = x+ 1,y = %(x +2), as shown
in Figure 3.

Since the shape of the integral region D is very complicated (at least it needs to be represented as
two sub-regions), as shown in Figure 4, the method of directly converting to the iterated integral in
the Cartesian coordinate system or the polar coordinate system is quite cumbersome. Moreover, it is
difficult to calculate with the integration by substitution.

2.0)
0 > 0 2 3 -
Figure 3. The closed region D. Figure 4. The division of regions.

The methods developed in Theorem 1 work well for this kind of regions.

Solution: Let’s take a family of hyperbolics

L :y <x< V4t+1-12 <1< 12)

o NAr -1
=,

X

as shown in Figure 5.
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v

0
Figure 5. A family of hyperbolics.

It follows from (2.1) that

12 Var+1-1 1 1 12 1 1
I:f dr - —dx= —— dt =2+ -1n3.
2 Ml XX 2 Vér+1-1 2

Example 3. Calculate the double integral I = f f —‘xiﬂz do, where the closed region D is bounded
D

by four lines x = 1,x =2,y = 0 and y = x, as shown in Figure 6.
If we adopt the method of converting to the iterated integral in the polar coordinate system, the

integral will eventually be transformed into the definite integral fonm sec® x dx. And the calculation
process is complicated.
Solution: Let’s take a family of lines

L:y=tx,1 <x<2(0<t<1)

as shown in Figure 7. It follows from (2.1) that

1 2 [2 tzz 1 2 3
I:f dtf u-ledx:f V1+t2dt-f xdx:Z(\/E+ln(1+\/§).
0 1 X 0 1

y=x
)A ’ 1 = TAA
0 1 2 0 1 2
Figure 6. The closed region D. Figure 7. A family of lines.

It can be seen from the above three examples that the calculation method of double integral varies.
The calculation method proposed by Theorem 1 is an important component. This method can
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simplify the calculation process, which has certain theoretical significance for studying the
multivariate integrals.

According to the differential method of the implicit function, the following inference is easily
obtained by Theorem 1.

Corollary 1. The bounded closed region D is generated by a family of planar smooth curves

L F(oy,n=0,as<t<b(F #0,F7 +F7 #0)

with no double points. If function f(x,y) is continuous on D , then

’ |7l
Flx,y)dx dy = f dr f Flx,y)——— ds.
j:[[; a L, ’F)zc + F)%

In addition, in Theorem 1, if the family of curves take the family of vertical lines, the family of
horizontal lines and the family of lines passing through the origin respectively, three common
calculation methods of double integral can be obtained.

Corollary 2. (1) The function f(x,y) is continuous on the bounded closed region

D, ={(x,y)la<x <D,y (x) <y <y},

b y2(x)
ff f(x,y)dxdy = f dx f(x,y)dy. (2.5)
Dy a y1(x)

(2) The function f(x,y) is continuous on the bounded closed region

then

Dy ={(x,y)[c<y<d x(y) <x<x(},

x2(y)
f f fx,y)dx dy = f dy . S(x, y)dx. (2.6)
c X1y

D,

then

(3) The function f(x,y) is continuous on the bounded closed region D . If D can be expressed as
D={(r,0)|a<0<B,r(0) <r<n))

with the polar transformation x = rcos 6,y = rsiné , then

B r2(6)
fff(x,y)dxdy:f d9f f(rcos@,rsiné) - rdr.
@ r1(0)
D

Proof: Taking the family of vertical lines
Lt X = t’a <t< b,)’I(t) < y < yz(t)’
we can know from (2.3)
b 2 (f) b y2(x)
([ renavar= [“ar [ pen-rav= [Cax [ rea.
5 a y1(®) a yi1(x)
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That is, the formula (2.5) is established. Similarly, taking the family of horizontal lines
L:y=t,c<t<d xi(t) < x < x(),

we can get (2.6) from (2.1).
If we use
Ly:x=rcosf,y=rsiné,

where
a<0<B,r0) <r<r),

we can get y = xtan 6 and

’ 2
Yy = xsec” g = .
0 cos 6

It follows that from (2.1)

B r2(0)
bf_ﬂnyﬂx@nzjﬁdQ £(rcos 6, rsin@) - —— - | cos Bldr
) @ () | cos 6

B r2(6)
= f de f(rcos@,rsind) - r dr.
a r1(60)

3. New techniques for calculating triple integrals

Theorem 2. If the bounded closed region Q is generated by a family of smooth surfaces

Xoiz=2x,y,1),a <t <b,(x,y) € Dy(1)

with no double points, where D, (?) is the projection area of the surface X, on xOy coordinate plane

and z; # 0, and the function f(x,y, z) is continuous on the closed region Q , then

b
ff f(x,y,z)dx dy dz:f dtf f(x,y,z(x,y,t))|z;
Q a

Dyy(1)

dx dy,

b |Z;
f(x,y,2)dxdy dz = f dtf f(x,y,7)———————=dS.

X=X,
Proof: Lets y =y, then the Jacobian determinant
z=z(x, 1),
1 0 0
a b b
e»d 1o 1 ol=z%0.
8(‘x’ y, t) /7 ’ ’
%y %4

And it transforms Q in O — xyz to

Q:a<t<b,(x,y) €Dyt

3.1)

(3.2)
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in O — xyt . By substitution method of triple integral, we can obtain formula (3.1). Since dS
J1+ 22+ 72 dxdyonZ, , we know

2
[fresaBz
1+

Z12 + Z/Z

ds = f fCey,z(x,y. 1) |z] dx dy.
D (1)

Substituting the above formula into (3.1) yields (3.2)

Corollary 3. (1) Let the bounded closed region € be generated by a family of smooth surfaces
Zl X = x()’aZ’t),a S t S b’(y7z) e Dyz(t)

with no double points, where D, (¥) is the projection area of the surface X, on yOz coordinate plane and
x, # 0. If the function f(x,y, z) is continuous on the closed region Q , then

ffff(x y,z)dxdydz—f dr [ f(x(rz, 0.y,

D (1)
3.3)
ffff(x y,2dx dy dz = [ aff s y,z)\/H"TdS-

(2) Let the bounded closed region €2 be generated by a family of smooth surfaces

iy =yxz,0,a <t <b,(x,2) € D(r)

with no double points, where D, (¢) is the projection area of the surface Z, on xOz coordinate plane and
v, # 0. If the function f(x,y, z) is continuous on the closed region Q , then

ffff(x y,z)dx dy dz—f dr ff f(x,y(x, z, |dxdz,
dxdyd dD - Iy:] (3.4)
ffff(x y.o)dxdydz = [ tfff(x D)= 0S.

Example 4. Calculate the triple integral I = f f f (x +y+z)dx dy dz, where
Q

Q-

Y

<x+y+z<1,x>0,y>0,z>0,

as shown in Figure 8.

Method 1. As shown in Figure 9, Taking a family of triangle planes

1
Et:ZZt—x—y,ESts1,03x$1,03y§t—x

then |z; =
into (3.2) gives

L+722+27 = V3 hold, and the area of %, is ‘f . Substituting the above formula

1—f dtf (x+y+z) ftdtfde—\/_f 2 -dr = 15

128
AIMS Mathematics
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Figure 8. The closed region Q. Figure 9. A family of triangle planes.

According to the additivity of the integral region, this integral can also be calculated as follows.
Method 2. Let

Q ={(x%y2]10<z<1-x-y0<y<1-x0<x<1},
Qz—{(xy,z)|0<z<——x y,OSyS%—x,OSxS%},

then Q = Q; — Q, . According to the symmetry of the triple integral, we have

I:fff?)xdxdydz:fff?)xdxdydz—fff?)xdxdydz
Q Q Q

1 1-x 1=x—y % %—x %—x—y
:f dxf dyf 3xdz—ff dxf dyf 3xdz
0
1-x
f3xdxf (1—-x—-ydy- f?)xdxf (——x y)dy
3 2 d 3 d
—fo‘i(x x+x)x £2(4x x+x)x

1 15

128 128

1

8

Example 5. Calculate the triple integral I = f f f Vx2 +y? + 72 dx dy dz , where
Q

Q: X+ +77<1,—z<x+y<2z

Method 1. Taking a family of spheres

=E-x2-y2,0<1<1,-z<x+y<2z
/l = \/l‘z—tx—z—y2’ [1+22+272 = mhold In addition, the plane x + y + z = 0 and the plane

2z — x —y = 0 are perpendicular to each other, so the area of X, is 7> . Substituting the above results
into (3.2) gives

1 1 1 1
I:f dtﬂ\/x2+y2+z2d5:f dtfftdS:ft-ﬂtzdt:ﬂf t3dt:§
0 0 0 0
z %

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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Method 2. Let a orthogonal transformation u = \%(x —y),v = %(x +y+2),w= \/ig(k —x—y).
And it transforms Q in O — xyz to

Q: > +vV+w<1,v>0,w>0

in O — uvw, thus

I:fff Vu? +v2 + w? du dv dw.
Q

Using spherical coordinates, we can obtain

fdef dgofp p° singdp = fd@ f smgodgof 3dp—Z

Example 6. Calculate the triple integral [ = f f f VX2 +y? dx dy dz , where
Q

Q:0<z< V24,2 +y2<1,x>0,y>0.
Method 1. Taking a family of cylindrical surfaces

Yo x4y =£x>0,y>00<z<1,0<r<1

then the area of %, is 7rt2 Because of x = /12 — \/1% = 1 holds. Substituting the above
+X57 X,

results into (3.3) gives

1 1 1 1 T
I:f dtff x2+y2dS=f dtfftdS:ft-—thzdt:—.
0 5 0 4 0 2 8

Method 2. Taking a family of conic surfaces
Sooz=tV2+y, 2 +y' <1,x>0,y>0,0<7< 1.
then z; = \/m holds. The projection area on the xoy coordinate plane:
Dy :x*+y"<1,x>0,y>0.
Substituting the above results into (3.1) gives

I , I z I
I:f dtf \/x2+y2-‘\/x2+y2|dxdy=f dt‘f2 dHf Pdr=2.
0 0 0 0 8

Dyy(1)

Similarly, in Theorem 2, if we choose three kinds of special plane families, three common

calculation methods of triple integral will be obtained.
Corollary 4. (1) If the function f(x,y, z) is continuous on the bounded closed region

={(x,y,2)la<z<b,(x,y) €D},

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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then y
ff f(x,y,2dxdydz = f dzf f(x,y,z)dx dy.
Q ¢ D,
(2) The function f(x,y, z) is continuous on the bounded closed region Q . If Q can be expressed as
={(n0,2)|a<0<B,n0) <r=<nr(f),z(r0) <z < z2(r,0)}

with the cylindrical coordinate transformation x = rcos 6,y = rsiné, z = z, then

r2(6) 22(r,0)
ff f(x,y,2)dv = f def dr f(rcos@,rsind,z)r dz.
ri(6) 21(r0)

(3) The function f(x,y, z) is continuous on the bounded closed region Q . If Q can be expressed as

={0,0,0) |a <0< B,01(0) < ¢ < 2(0), p1(p,0) < p < pa(p, 0)}

with the spherical coordinate transformation x = psingcosf,y = psingsinf,z = pcos ¢ , then

B 02(6) 02(,6)
ﬂ f(x,y,2)dv = f do f de f(psingcos 6, psingsin b, p cos )p” sin edp.
@ ¢
Q

1(0) p1(p.0)

Proof: (1) In Theorem 2, we take plane family

X = x,
5, ] y=y. c<t<d,(x,y) € Dy(0)
z= Z(x,y,t) =1

where D, (?) is the projection area of the cross section of X, and Q on the xOy coordinate plane. It is
easy to calculate z; = 1 . Substituting this result into (3.1) gives

d
ff J(x,y,2)dx dy dz = f dz f f(x,y,2)dx dy.
c D,
g :

(2) In Corollary 3, we take plane family

X =rcosé,
o:8 y=y(rz0) =rsinf,a <0 <B,(r,z) € D..(0)
=73,

where
D, (0) ={(r,2) | r1(0) < r < r2(0),21(r, 0) < 2 < 22(r, 0)}

is the projection area of the cross section of %y and € on the rOz plane. Obviously, y = xtan# is true.
Thus y, = Substituting this result into (3.4) gives

0052 0 ~ cos (9

ff f(xy,z)dv—fd@f f(x,y(x,2,0),2) - oo |dxdz

D (6)

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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cosd O
0 1

oxz) _

Since D =

‘ =cos @, dx dz = |cos 6|dr dz holds. Thus

ffff(x v.dv=["d6 [[ f(rcos6,rsin6,z)-rdrdz.

D,.(6)

r2(6) 22(r.6)
_f defr(g) fl(r,e) f(rcos@,rsiné,z)r dz.

(3) In Corollary 3, we take plane family
X =psingcosé,

26: y:y(p,go,G):psingosin@,aSHSﬁ,(‘P,P)€D¢p(9)
Z=pCOS ¢y,

where
Dyp(0) = {(¢,0) | 1(0) < ¢ < ¢2(0), p1(, 0) < p < p2(¢p, O)}
is the projection area of the cross section of £y and Q on the ¢Op plane. Obviously, y = xtan 6 is true.

Thus y, = 5 = zt)nsf) Substituting this result into (3.4) gives
ff Jf(x,y,2)dv = f d@f flx,y(x,2,0),2) - Wd xdz
D..(0)
D) _ sin ¢ cos cosg | _
Since %09 = | peospcosd —psing ‘ = pcosf,dx dz = p|cos 6|ldpdy holds. Thus

ffff(x y,z)dv—f do ff f(osingcosd,psingsinb, pcos ) - psinededp.
Dyy(6)

©2(6) 02(:6)
= fa d@fwm dgof (08 f(psin g cos 6, psin ¢ sin @, p cos p)p? sin ¢dp.
4. Another new scheme for calculating triple integrals

Theorem 3. Let the bounded closed region Q be generated by a family of smooth surfaces
Yiz=z(x,y,0),a <t < b, x1(t) £ x < xp(0)

with no double points and z; # 0 . Let I'y, be the curves where the planes, which pass through the
point (x, 0,0) and are perpendicular to the X-axis, and surface X, intersect. If the function f(x,y,z) is
continuous on the closed region Q2 , then

ZI
f(x,y,2)dv = ff dx dtf f(x,y, z)—t ds, “4.1)

where D = {(t,x) | a <t < b, x1(t) £ x < x(1)}.
Proof: Let x = x,y = y,z = z(x, y, 1), then the Jacobian determinant

1 0 0
a b b
»d 1o 1 o |=z%0.
o(x,y, 1) 7 7 7

X 'y t

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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And it transforms Q to
={(x,y,2)|a<t<b,xi(t) < x < x(8),y1(x, 1) <y < yo(x, 1)} .

By substitution method of triple integral we can obtain

ffff(x,y,z)dx dydz = ffff(x,y,z(x,y,
Q

X (1) V2 (x,1)
f dr f dx fCy,2(x,y. 1) |z] dy.

1(0) yi(x)

/| dx dy dt

On the other hand,

V2 (X,1)

ds = fx,y,z2(x,y,1)) |z;| dy,

ff(x Y, D) ——
,1 +Z’2 yi1(x,0)

then

Z; | b xz(t) Y2 (X.1)
ff dthff(x’yaz)— ds:f dl f f(x’yaZ(X,y,t))|Z;|dy
3 & [1 + Z;z a x1(1) yi(x1)
Zr
ffff(x’y’Z)dv:ff dthf f(X,yaZ)l—td
Q D o N 7

Example 7. Calculate the triple integral / = [[[zdv, where Q : x* +y? + 22 < 1,z > |y].
o

thus

Method 1. Taking the surface family

Yoiz= P -x2—-y2(0<t< ).

For any given r € [0,1], x € [—¢,¢] and

1 1
—— V2 - x? <y < — V2 - X%
V2 V2

Let I'y, be the curves where the planes, which pass through the point (x, 0, 0) and are perpendicular to
the X-axis, and surface X, intersect. That means

o X =X,
Xt - s = Z‘Z—Xz—yz.

thus

/ —
Then z; = m

LV
s:f rdy = V2t V2 - x2.
— LRy

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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Substituting the above formula into (4.1) gives

I:ff V2t V2 — x2 dx dt,
D

where D = {(t,x) |0 <t<1,-t<x<t}. So,
1 t 1
1 2
I:f dtf \/zt\/tz—x2dx:—7rf t3dt:£7r.
0 - V2 Jo 8

Method 2. According to the symmetry of the integral, it is easy to see that
I:fffzdv:fofzdv,
Q (0)4

QX +y+72<1,z>y>0.

where

And the projection area of {0’ on xOy plane is

Dy ={(.y) | +2” <1y20},

I:2ffa’xa’yf ZdZ:ff(l—xz—Zyz)dxdy.
y
D

ny Xy

thus

Using the generalized polar transformation, the above integral can be calculated as follows:

T 1 1 2
I = f d@f (1 - rz) —rdr = in.
0 0 V2 8

Corollary 5. (1) The bounded closed region Q is generated by a family of smooth surfaces
Yiiz=2xy,0,a<t<b,y(1) <y < y()

with no double points and z; # 0 . Let I'y, be the curves where the planes, which pass through the
point (0, y,0) and are perpendicular to the Y-axis, and surface X, intersect. If the function f(x,y,z) is
continuous on the closed region Q , then

[
<,,>d=ffddzf<,,>—d,
ff N e =

where D = {(t,y) |a <1 < b,yi(1) <y < y2 (D} .
(2) The bounded closed region € is generated by a family of smooth surfaces

Zoiy=y(xz0,a <t < b xi(f) < x < xh)

AIMS Mathematics Volume 6, Issue 3, 3009-3024.
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with no double points and y; # 0 . Let I',, be the curves where the planes, which pass through the
point (x, 0,0) and are perpendicular to the X-axis, and surface X, intersect. If the function f(x,y,z) is
continuous on the closed region Q2 , then

i
f(x,y,z)dv:ff dx dtff(x,y,z)— ds, 4.2)
I [J acar [ s 25

where D = {(t,x) |a <t < b, x1(t) £ x < (1)} .
In fact, there are several other cases of Theorem 3, which are not repeated here.
Method 3 of Example 6. Taking a family of cylindrical surfaces

L iy=VNP-x%, D={tx)|0<r<1,0<x<1}.

X=X,
then \/l% = \/[2’72 holds. LetI'y; be { y = V2 —x2,0 < x <t . And the length of the straight-line
+y} -
z=1,

segment I',; is ¢ . Substituting the above results into (4.2) gives

t 1> 1? T
— 2 2, = _— = —_— = —
I—‘gdxdtrf\/x Y ds ﬂdxdt! — ds g s rdxdr= 2.

Corollary 6. Let the function f(x,y, z) be continuous on the bounded closed region

Q= {(x’y,Z) | Zl(X,y) <z< Zz(x,)’)’ (x,y) € D}a

22(X,y)
ff f(x,y,2)dxdy dz = ff dx dyf f(x,y,2)dz,
z1(x.y)
Q D

where D is the projection area of Q on the xOy coordinate plane.
Proof: In the Corollary 5(2), if we take

then

X iy=y(x,z,t) =1,
'y is straight lines T',, parallel to the Z-axis. Notice
y;=1,y,=0, ds=dz,
It follows from (4.2) that

1 22(x,)
fx,y,2)dv = ﬂ dx dy ff(x, ¥,2) ds = ﬂ dx dyf f(x,y,2)dz.
IQ[ )s Y V1 + 02 s 21(x)

5. Conclusions

In this paper we establish several formulas for converting the double integral to a line integral with
respect to arc length, and the triple integral to a surface integral with respect to area or a line integral
with respect to arc length. Some commonly used calculation methods are special cases of our methods.
Examples show that the methods presented here are simple and effective in computing certain complex
double integrals and triple integrals.
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