Mathematica 11.3 Integration Test Results

Test results for the 208 problems in "8.3 Exponential integral
functions.m"

Problem 4: Unable to integrate problem.

ExpIntegralE([1, b x]
J dx

X

Optimal (type 5, 32leaves, 1 step):

b x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -bx] - EulerGamma Log[x] - l Log[bx]?
2

Result (type 8, 11 leaves):
jEprntegr‘alE[l, b x] dx

X

Problem 5: Unable to integrate problem.

X

JEprntegr‘alE [1, bx] q
2

X

Optimal (type 4, 20leaves, 1 step):
ExpIntegralE[1, bx] ExpIntegralE[2, bXx]
- +

X X

Result (type 8, 11 leaves):
JEprntegr‘alE [1, bx] dx

X2

Problem 6: Unable to integrate problem.

X

JEprntegr‘alE [1, bx] q
3

X
Optimal (type 4, 25leaves, 1 step):
ExpIntegralE[1, bx] ExpIntegralE[3, bx]
- +

2 x? 2 x?

Result (type 8, 11 leaves):
JEprntegr‘alE[l, b x] dx

x3
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Problem 7: Unable to integrate problem.

ExpIntegralE[1, b Xx]
J dx

x4

Optimal (type 4, 25leaves, 1step):
ExpIntegralE[1, bx] ExpIntegralE[4, bx]
- +

3 x3 3 x3

Result (type 8, 11leaves):
JEprntegr‘alE [1, bx]
4

dx
X

Problem 11: Unable to integrate problem.

ExpIntegralE[2, b x]
J dx

X

Optimal (type 4, 13 leaves, 1step):
-ExpIntegralE[1, bx] + ExpIntegralE[2, b x]

Result (type 8, 11 leaves):
JEprntegr‘alE[Z, b x] dx

X

Problem 12: Unable to integrate problem.

X

JEprntegr'alE [2, bx] q
2

X

Optimal (type 5, 46 leaves, 2 steps):
ExpIntegralE[2, b Xx]

X

1
b? x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -bx] + b EulerGamma Log[x] + —b Log[b x]?
2

Result (type 8, 11 leaves):
JEprntegr‘alE [2, bx] dx

X2

Problem 13: Unable to integrate problem.

ExpIntegralE[2, b x]
J dx

x3

Optimal (type 4, 20leaves, 1 step):
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ExpIntegralE[2, bx] ExpIntegralE[3, bx]
- +

2 2

X X

Result (type 8, 11 leaves):
JEprntegr'alE [2, bx]
3

dx
X

Problem 14: Unable to integrate problem.

dx

JEprntegr‘alE [2, bx]
4

X
Optimal (type 4, 25leaves, 1step):

ExpIntegralE[2, bx] ExpIntegralE[4, bXx]
- +

2x3 2x3

Result (type 8, 11 leaves):
ExpIntegralE[2, b x]
J " dx

X

Problem 15: Unable to integrate problem.

dx

JEprntegr'alE [2, bx]
5

X
Optimal (type 4, 25leaves, 1 step):
ExpIntegralE[2, bx] ExpIntegralE[5, bx]
- +

3 x4 3 x4

Result (type 8, 11 leaves):
JEprntegr'alE [2, bx]
5

dx
X

Problem 19: Unable to integrate problem.

JEprntegr‘alE [3, bx]
X

X
Optimal (type 4, 19leaves, 1step):
- 1 ExpIntegralE[1, bx] + 1 ExpIntegralE[3, b x]
2 2

Result (type 8, 11 leaves):
JEprntegr‘alE [3, bx]

X
X
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Problem 20: Unable to integrate problem.

ExpIntegralE[3, b x]
J dx

x2

Optimal (type 4, 20leaves, 1step):
ExpIntegralE[2, bx] ExpIntegralE[3, bx]
- +

X X

Result (type 8, 11 leaves):
ExpIntegralE[3, b x]
[ : ax

X

Problem 21: Unable to integrate problem.

ExpIntegralE[3, b x]
j dx

X3
Optimal (type 5, 70leaves, 3 steps):
b ExpIntegralE[2, b x] B ExpIntegralE[3, b Xx]

2 X 2 x2

4
1.5 ; 1.5 1., 2
— b” x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -bx] - — b EulerGamma Log[x] - — b Log[b X]
2 2 4

Result (type 8, 11 leaves):
JEprntegr'alE [3, bx]

dx

x3

Problem 22: Unable to integrate problem.

ExpIntegralE[3, bx]
J ax

x4

Optimal (type 4, 20leaves, 1 step):
ExpIntegralE[3, bx] ExpIntegralE[4, bXx]
- +

3 3

X X

Result (type 8, 11 leaves):
ExpIntegralE[3, b x]
J " dx

X

Problem 23: Unable to integrate problem.

ExpIntegralE[3, b x]
J dx

x>

Optimal (type 4, 25leaves, 1 step):
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ExpIntegralE[3, bx] ExpIntegralE[5, bx]
- +

2 x4 2 x4

Result (type 8, 11 leaves):
JEprntegr'alE [3, bx]
5

dx
X

Problem 24: Unable to integrate problem.

dx

JEprntegr‘alE [3, bx]
6

X
Optimal (type 4, 25leaves, 1step):

ExpIntegralE[3, bx] ExpIntegralE[6, bXx]
- +

3 x° 3 x°

Result (type 8, 11 leaves):
ExpIntegralE[3, bx]
J . dx

X

Problem 29: Unable to integrate problem.

ExpIntegralE[-1, b x]
J dx

X

Optimal (type 4, 19leaves, 1 step):

- 1 ExpIntegralE[-1, bXx] + 1 ExpIntegralE[1, b Xx]
2 2

Result (type 8, 11 leaves):
JEprntegr‘alE [-1, bx] dx

X

Problem 30: Unable to integrate problem.

ExpIntegralE[-1, b Xx]
J dx

x2

Optimal (type 4, 25leaves, 1 step):

ExpIntegralE[-1, bx] ExpIntegralE[2, bXx]
- +
3x 3x

Result (type 8, 11leaves):
jEprntegr‘alE [-1, bx] dx

XZ



6 | Mathematica 11.3 Integration Test Results for 8.3 Exponential integral functions.nb

Problem 31: Unable to integrate problem.

dx

JEprntegr'alE [-1, bx]
3

X
Optimal (type 4, 25leaves, 1step):

ExpIntegralE[-1, bx] ExpIntegralE[3, bx]
- +

4 x2 4 x2

Result (type 8, 11leaves):
JEprntegr‘alE [-1, bx]

dx

x3

Problem 37: Unable to integrate problem.

ExpIntegralE[-2, b Xx]
J dx

X
Optimal (type 4, 19leaves, 1step):
- 1 ExpIntegralE[-2, bx] + 1 ExpIntegralE[1l, b X]
3 3

Result (type 8, 11 leaves):
JEprntegr'alE[fz, b x] dx

X

Problem 38: Unable to integrate problem.

dx

JEprntegr‘alE [-2, bx]
2

X
Optimal (type 4, 25leaves, 1step):
ExpIntegralE[-2, bx] ExpIntegralE[2, bX]
4 x 4x

Result (type 8, 11 leaves):
JEprntegr‘alE[—z, b x] dx

x2

Problem 39: Unable to integrate problem.

ExpIntegralE[-2, b x]
J dx

X3
Optimal (type 4, 25leaves, 1step):

ExpIntegralE[-2, bx] ExpIntegralE[3, bXx]
- +

5 x2 5 x2
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Result (type 8, 11 leaves):
JEprntegr‘alE[—z, b x] dx

x3

Problem 40: Result more than twice size of optimal antiderivative.

st ExpIntegralE[-3, bx] dx

Optimal (type 4, 25leaves, 1step):

1 1
- = x% ExpIntegralE[-5, bx] + — x® ExpIntegralE[-3, bx]
2 2

Result (type 4, 60 leaves):

1
__Gebe (60 + 68 b x + 20 b x* + b® €”* x> ExpIntegralE[-2, bx] +5b* e”* x* ExpIntegralE[-1, bx])
b

Problem 41: Result more than twice size of optimal antiderivative.
jx‘* ExpIntegralE[-3, bx] dx
Optimal (type 4, 20leaves, 1step):
-x° ExpIntegralE[-4, bx] + x® ExpIntegralE[-3, bx]
Result (type 4, 49 leaves):

1
- —5<b4 x* ExpIntegralE[-2, bx] +4e™®* (6+3bx+b®e®*x?ExpIntegralE[-1, bx]))
b

Problem 43: Result more than twice size of optimal antiderivative.
JXZ ExpIntegralE[-3, bx] dx
Optimal (type 4, 20leaves, 1step):
-x3 ExpIntegralE[-3, bx] + x> ExpIntegralE[-2, bx]

Result (type 4, 42 leaves):
2 e %+ b3 x3 ExpIntegralE[-2, b x] + 2 b2 x? ExpIntegralE[-1, bx]

b4 x

Problem 46: Unable to integrate problem.

ExpIntegralE[-3, bx]
J dx
X

Optimal (type 4, 191leaves, 1 step):
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1 1
- — ExpIntegralE[-3, bx] + — ExpIntegralE[1, b X]
4 4

Result (type 8, 11 leaves):
JEprntegr‘alE[—3, b x] dx

X

Problem 47: Unable to integrate problem.

ExpIntegralE[-3, bx]
J dx

x2

Optimal (type 4, 25leaves, 1step):

ExpIntegralE[-3, bx] ExpIntegralE[2, bx]
- +
5 x 5x

Result (type 8, 11 leaves):
ExpIntegralE[-3, bx]
[ 2 ax

X

Problem 48: Unable to integrate problem.

ExpIntegralE[-3, bx]
dx
j x3
Optimal (type 4, 25leaves, 1step):
ExpIntegralE[-3, bx] ExpIntegralE[3, bXx]
- +

6 x2 6 X2

Result (type 8, 11 leaves):
JEprntegr'alE [-3, bx] dx

x3

Problem 53: Unable to integrate problem.

ExpIntegralE[1, b x]
J dx

X

Optimal (type 5, 32leaves, 1step):

b x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -bx] - EulerGamma Log[Xx] - : Log[bx]?
2

Result (type 8, 11 leaves):
JEprntegr'alE [1, bx] dx

X
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Problem 54: Unable to integrate problem.

ExpIntegralE[2, b X]
J dx

x2

Optimal (type 5, 46 leaves, 2 steps):
ExpIntegralE[2, b Xx]

X

1
b% x HypergeometricPFQ[{1, 1, 1}, {2, 2, 2}, -bx] + b EulerGamma Log[x] + — b Log[b x]2
2

Result (type 8, 11 leaves):
JEprntegr‘alE[Z, b x] dx

X2

Problem 55: Unable to integrate problem.

ExpIntegralE[3, b x]
J dx

x3

Optimal (type 5, 70leaves, 3 steps):
b ExpIntegralE[2, bx] ExpIntegralE[3, bXx]

2 X 2 x2

4
1.5 . 1, 1, 2
— b” x HypergeometricPFQ[ {1, 1, 1}, {2, 2, 2}, -bx] - — b EulerGamma Log[x] - — b“ Log[b x]
2 2 4

Result (type 8, 11 leaves):
JEprntegr‘alE [3, bx]

dx

x3

Problem 56: Unable to integrate problem.

J(d X) 3/2 ExpIntegralE [- i, bx| dx
2

Optimal (type 5, 62leaves, 1step):

4 (dx)®*HypergeometricPFQ[ {2, 2}, {2, 2}, -bx] 3./ (dx)*? Log [x]
- +

25d 4b<bx>3/2

Result (type 8, 17 leaves):

j(d X) 3/2 ExpIntegralE [- 3, bx| dx
2
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Problem 57: Unable to integrate problem.

1
J\/ d x ExpIntegralE [— —, b x] dx
2

Optimal (type 5, 62 leaves, 1 step):

3

4 (dx)>"? Hyper‘geometr‘icPFQH%, ;}, {3, 3}, ~bx] Vr Vdx Log[x]
.

9d 2b+/bx
Result (type 8, 17 leaves):

1
j\/ d x ExpIntegralE [— -, b x] dx
2

Problem 58: Unable to integrate problem.
EprntegralE[i, bx|
[

Optimal (type 5, 57 leaves, 1 step):
4+/dx Hyper‘geometr‘icPFQ[{i, l}, {3, 3}, -bx] V7 /bx Log[x]

dx

2 2

d b+/dx
Result (type 8, 17 leaves):

ExpIntegralE [ i, b x]
Vdx

dx

Problem 59: Unable to integrate problem.

JEprntegralE [ %, bx]

(d X)3/2

dx

Optimal (type 5, 58 leaves, 1 step):
4Hyper‘geometr‘icPFQ[{7i, —i}, {i, i}, -bx| 2/ (b x)3/2 Log[X]

d /TX b (d X)3/2
Result (type 8, 17 leaves):

J\Explntegr‘alE [ i, bx]

(d X>3/2

dx
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Problem 60: Unable to integrate problem.

JEprntegralE [ i, bx|

(d X)S/Z

dx

Optimal (type 5, 62leaves, 1step):

4Hyper‘geometr‘icPFQH—§, —f}, {—i, —%}, -bx] a4~ (bx)®'? Log[x]
- +

9d (dx)*? 3b (dx)°>?

Result (type 8, 17 leaves):

J‘Explntegr‘alE[z, bx]

(d X)S/Z

dx

Problem 61: Unable to integrate problem.

Jx’“ ExpIntegralE[n, x] dx

Optimal (type 4, 32leaves, 1 step):
xt*m ExpIntegralE[-m, x] x*"ExpIntegralE[n, x]
+

m+n m+n
Result (type 8, 9leaves):

jx"‘ ExpIntegralE[n, x] dx

Problem 62: Unable to integrate problem.

Jx’“ ExpIntegralE[n, b x] dx

Optimal (type 4, 36leaves, 1step):
x*Mm ExpIntegralE[-m, bx] x!*™ExpIntegralE[n, bx]

+
m+n m+n

Result (type 8, 11 leaves):

Jx’“ ExpIntegralE[n, bx] dx

Problem 63: Unable to integrate problem.

j(d x)" ExpIntegralE[n, x] dx

Optimal (type 4, 42 leaves, 1step):
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(dx)*"™ExpIntegralE[-m, x] (dx)*"ExpIntegralE[n, x]
- +
d (m+n) d (m+n)

Result (type 8, 11leaves):

j(d x)" ExpIntegralE[n, x] dx

Problem 64: Unable to integrate problem.

J(d x)" ExpIntegralE[n, bx] dx

Optimal (type 4, 46leaves, 1 step):
(dx) '™ ExpIntegralE[-m, bx] (dx)"™ExpIntegralE[n, bx]

- +

d (m+n) d (m+n)

Result (type 8, 13 leaves):

J(d x)" ExpIntegralE[n, bx] dx

Problem 65: Unable to integrate problem.
Jx’“ ExpIntegralE[n, x] dx
Optimal (type 5, 52 leaves, 1 step):

x" HypergeometricPFQ[{1-n, 1-n}, {2-n, 2-n}, -X]
(1-n)°

+Gamma [l -n] Log[X]

Result (type 8, 11 leaves):

Jx‘“ ExpIntegralE[n, x] dx

Problem 66: Unable to integrate problem.

Jx’“ ExpIntegralE[n, bx] dx

Optimal (type 5, 66 leaves, 1 step):
x1" HypergeometricPFQ[{1-n, 1-n}, {2-n, 2-n}, -bx] x" (b X) "Gamma[l-n] Log[X]

+

(1-n) b
Result (type 8, 13 leaves):

jx’“ ExpIntegralE[n, bx] dx
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Problem 67: Unable to integrate problem.

J(d x) " ExpIntegralk[n, x] dx

Optimal (type 5, 67 leaves, 1step):

(d X)lfn HypergeometricPFQ[{1-n, 1-n}, {2-n, 2-n}, -X] " (dX)‘n Gamma [1 - n] Log [x]
_ n _

d (1—n)2

Result (type 8, 13 leaves):

J(d x) " ExpIntegralk [n, x] dx

Problem 68: Unable to integrate problem.

J(d x) " ExpIntegralE[n, bx] dx

Optimal (type 5, 73 leaves, 1step):
) (dx)l'" HypergeometricPFQ[{1-n, 1-n}, {2-n, 2-n}, -bx] .
d(1-n)?
(bx)" (dx) "Gamma[1-n] Log[x]
b

Result (type 8, 15leaves):

J(d x) " ExpIntegralE[n, bx] dx

Problem 72: Unable to integrate problem.

JEprntegr'alE [n, bx]
X

X

Optimal (type 4, 28 leaves, 1 step):

ExpIntegralE[1, bx] ExpIntegralE[n, bx]
1-n 1-n

Result (type 8, 11 leaves):
JEprntegr‘alE[n, b x] dx

X

Problem 73: Unable to integrate problem.

X

JEprntegr‘alE [n, bx]
2

X

Optimal (type 4, 34 leaves, 1 step):
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ExpIntegralE[2, bx] ExpIntegralE[n, bXx]
(2-n) x (2-n) x

Result (type 8, 11 leaves):
JEprntegr‘alE[n, b x] dx

x2

Problem 74: Unable to integrate problem.

jEprntegr‘alE [n, bx]
X

X3

Optimal (type 4, 34 leaves, 1step):

ExpIntegralE[3, bx] ExpIntegralE[n, bXx]
(3-n)x? (3-n) x?

Result (type 8, 11 leaves):
JEprntegr‘alE[n, b x] dx

x3

Problem 80: Unable to integrate problem.

ExpIntegralE[1, a+bX]
J dx

<C+dx>2

Optimal (type 4, 84 leaves, 5steps):

bc
be ® & ExpIntegralfi |- 24X\ ]

ExpIntegralE[1l, a+bx] bExpIntegralEi[-a-bx]

d(cdx) d(bc ad) ' d(bc-ad)

Result (type 8, 17 leaves):
JEprntegr'alE [1, a+bx]

<C+dx>2

dx

Problem 81: Unable to integrate problem.

JEprntegr'alE [1, a+bx]
X

<C+dx>3

Optimal (type 4, 174 leaves, 7 steps):
beabx ExpIntegralE[1, a+bx] b?ExpIntegralEi[-a-bx]
2d (bc-ad) (c+dx) 2d (c+dx)? 2d (bc-ad)?

+

bc bc
b2e ® ¢ ExpIntegralEi[- b—“;ﬂ)—} b2e ® ¢ ExpIntegralEi[- b—(c;ﬂ)—]

2d (bc-ad)? 2d? (bc-ad)
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Result (type 8, 17 leaves):
JEprntegr‘alE [1, a+bx]

<c+dx)3

X

Problem 82: Unable to integrate problem.

ExpIntegralE[1, a + b x]
J dx

(c+dx)*

Optimal (type 4, 292 leaves, 10 steps):

b e—a—bx b2 e—a—bx b2 e—a—bx

6d(bc-ad) (c+dx)2 Bd(bc—ad)z(c+dx) +6d2 (bc-ad) (c+dx)

bc
b*e ® ¢ ExpIntegralEi|- MC;ﬂL]
N _

3d (c+dx)? 3d (bc-ad)? 3d (bc-ad)’

ExpIntegralE[1, a+bx] b3 ExpIntegralEi[-a-bx]

bc bc
b>e ¢ ExpIntegralEi|- b—“;ﬂ)—} b>e "¢ ExpIntegralEi|- b—(cgﬂ)—]
+

3d? (bc-ad)? 6d> (bc-ad)

Result (type 8, 17 leaves):
JEprntegr'alE [1, a+bx]

<c+dx)4

X

Problem 89: Unable to integrate problem.

ExpIntegralE[2, a + b x]
J dx

(c+dx)3

Optimal (type 4, 117 leaves, 6 steps):
b ExpIntegralE[1, a+bx] ExpIntegralE[2, a+bX]
2d? (c+dx) 2d (c+dx)?

+

bc
b2 e ™ ¢ ExpIntegralEi[- o1edx|

b2 ExpIntegralEi[-a - b x] d

2d? (bc-ad) 2d? (bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [2, a+bX]

<c+dx>3

dx

Problem 90: Unable to integrate problem.

ExpIntegralE[2, a + b x]
J dx

<C+dx>4
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Optimal (type 4, 198 leaves, 8 steps):
b2 e bx b ExpIntegralE[1, a+b x]
+
6d? (bc-ad) (c+dx) 6d2 (c+dx)?

ExpIntegralE[2, a+bx] b3ExpIntegralEi[-a-bx]
+
3d (c+dx)’ 6d> (bc-ad)?

bc bc
b>e ® ¢ ExpIntegralEi |- bgc;ﬂq b*>e ® ¢ ExpIntegralEi |- UC;ﬂL]
+

6d?> (bc-ad)? 6d> (bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [2, a+bXx]

(c+dx)*

dx

Problem 98: Unable to integrate problem.

ExpIntegralE[3, a + b x]
J dx

(c+dx)*

Optimal (type 4, 141 leaves, 7 steps):
b2 ExpIntegralE[1, a+bx] bExpIntegralE[2, a+bX]
- +
6d> (c+dx) 6d? (c+dx)?

bc
b*>e ® ¢ ExpIntegralEi|- ML]

ExpIntegralE[3, a+bx] b?*ExpIntegralEi[-a-bx] d

+

3d (c+dx)? 6d> (bc-ad) 6d*> (bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [3, a+bx]

(c+dx)*

X

Problem 104: Unable to integrate problem.

ExpIntegralE[-1, a +bX]
J dx

c+dx

Optimal (type 4, 157 leaves, 7 steps):

de3bx e abx d ExpIntegralEi[-a-bx]
- - - +
b(bc-ad) (c+dx) b(a+bx) (c+dx) (bc-ad)?
de s ExpIntegralEi |- BLedxl C;dx ] e ExpIntegralEi |- BLedx. c;dx ]
(bc-ad)? i bc-ad

Result (type 8, 17 leaves):
JEprntegr‘alE [-1, a+bx]

dx
c+dx
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Problem 105: Unable to integrate problem.

ExpIntegralE[-1, a+ b Xx]
J dx

<C+dx)2

Optimal (type 4, 258 leaves, 10 steps):

d e—a—bx e—a—bx 2d e—a—bx
- - - +

b(bc-ad) (c+dx)2 b (a+bx) (c+dx)2 (bc—ad)2<c+dx)

bc
e-a-bX 2bdExpIntegralfi[-a-bx] 2Pde ™ ¢ ExpIntegralEi[- >t o]

+ —

(bc-ad) (c+dx) (bcfad)B’ (bcfad)3

bc bc
2be "¢ ExpIntegralEi|- bgc;ﬂq be ¢ ExpIntegralEi- chﬂl}
+

(bc-ad)? d(bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [-1, a+bx]
(C +d X) 2

dx

Problem 106: Unable to integrate problem.

ExpIntegralE[-1, a +bXx]
J dx

<C+dx)3

Optimal (type 4, 416 leaves, 14 steps):

d e—a—bx e—a—bx

b(bc-ad) (c+dx)3 b (a+bx) <c+dx)3

3de?x eabx 3bde b
+ - +
2 (bc-ad)?(c+dx)® 2(bc-ad) (c+dx)® (bc-ad)’(c+dx)
3bePbx be2abx 3b2dExpIntegralEi[-a-b x]
- - +
2 (bc-ad)® (c+dx) 2d(bc-ad) (c+dx) (bc-ad)*

bc bc
3b2de * ¢ ExpIntegralEi|- Mc;ﬂ)—] 3b%e * ¢ ExpIntegralfil- Mjﬂ)—]
- +

<bc—ad)4 (bc—ad)3

bc bc

3b2e * ¢ ExpIntegralEi|- Mc;ﬂl] b?e ® ¢ ExpIntegralEi |- ch;ﬂL]

2d (bc-ad)? 2d? (bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [-1, a+bx]
(c +d X) 3

dx
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Problem 112: Unable to integrate problem.

ExpIntegralE[-2, a + b Xx]
J dx

c+dx

Optimal (type 4, 287 leaves, 11 steps):

d2 e—a—bx d e—a—bx 2 d2 (e—a—bx d e—a—bx
+ + - -

b2 (bc-ad) (c+dx)> b2 (a+bx) (c+dx)®> b(bc-ad)?(c+dx) b(bc-ad) (c+dx)

a2 7 b (cedx)
ExpIntegralE[-1, a+bx] 2d?ExpIntegralEi[-a-bx] 2d*e ™« ExpIntegrali|- cd x|
+ - +
b (c+dx) (bc-ad)? (bc-ad)?
2de ™ ExpIntegralfi|- M“;ﬂ)—} e ExpIntegralfi|- MC;&)—]
(bc-ad)? _ bc-ad
Result (type 8, 17 leaves):
JEprntegr'alE [-2, a+bx]
X
c+dx
Problem 113: Unable to integrate problem.

ExpIntegralE[-2, a + b Xx]

J dx
<C+dx)2
Optimal (type 4, 422 leaves, 15 steps):
2 d2 efafbx 2d (efafbx 3 d2 efafbx
+ + -
b2 (bc-ad) (c+dx)> b2(a+bx) (c+dx)’> b(bc-ad)?(c+dx)?
d (e—a—bx 6 d2 e—a—bx 3d e—a—bx
+ - +
b(bc-ad) <c+dx)2 (bc—ad)3<c+dx) (bc—ad>2<c+dx)
e abx ExpIntegralE[-1, a+bx] 6bd?ExpIntegralEi[-a-bx]
_ + _
(bc-ad) (c+dx) b (c+dx)? (bc-ad)*

bc bc
6bd?e * ¢ ExpIntegralEi|- b—“;ﬁ)—] 6bde ® ¢ ExpIntegralEi|- ucgﬁ)—]
N _

(bc-ad)* (bc-ad)’

bc bc
3be ® ¢ ExpIntegralki[- ®1<X.] be ™ s ExpIntegralEi[- 2{edxl]
d . d

(bc-ad)? d(bc-ad)

Result (type 8, 17 leaves):
jEprntegr‘alE [-2, a+bx]
(c+dx) 2

dx
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Problem 114: Unable to integrate problem.

ExpIntegralE[-2, a + b Xx]
J dx

<C+dx)3

Optimal (type 4, 609 leaves, 20 steps):

3 d2 e—a—bx 3d e—a—bx 4 d2 e—a—bx d (e—a—bx
+ + - +
b2 (bc-ad) (c+dx)* b2(a+bx) (c+dx)* b(bc—ad)z(c+dx)3 b (bc-ad) (c+dx)3
6 d2 e—a—bx 2d e—a—bx e—a—bx 12 b d2 e—a—bx
_ N N _
(bc—ad)3<c+dx)2 (bc—ad)Z(Cerx)2 Z(bc—ad) (c+dx)2 (bc—ad)4(c+dx)
6bde b 2beabx be3bx ExpIntegralE[-1, a+b x]
+ - - +
(bc-ad)® (c+dx) (bc-ad)?(c+dx) 2d (bc-ad) (c+dx) b (c+dx)?

bc
—a+— . b (c+d
12 b2 d? ExpIntegralEi[-a-bx] 12 b>d?e®" s ExpIntegralil- cd x|
- +

(bc-ad)® (bc-ad)®

bc bc
12b2de * ¢ ExpIntegralki|- b—“;&)—} 6b2e * ¢ ExpIntegralEi|- b—(cgﬁ)—]
- +

(bc—ad)4 (bc—ad)3

bc bc
2b2e * ¢ ExpIntegralEi|- MC;ﬂL] b?e ® ¢ ExpIntegralEi|- bJC;ﬂL]

d(bc-ad)? 2d? (bc-ad)

Result (type 8, 17 leaves):
JEprntegr‘alE [-2, a+bx]
(c +d X) 3

dx

Problem 120: Unable to integrate problem.

ExpIntegralE[-3, a+bx]
J dx

c+dx

Optimal (type 4, 453 leaves, 16 steps):
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2 d3 e—a—bx 2 d2 (e—a—bx 3 d3 e—a—bx
- - - +
b> (bc-ad) (c+dx)> b*(a+bx) (c+dx)® b?(bc-ad)?(c+dx)?
d2 e—a—bx 6 d3 e—a—bx 3 d2 e—a—bx d e—a—bx

— + — —

b2 (bc-ad) (c+dx)> b(bc-ad)’(c+dx) b(bc-ad)®(c+dx) b(bc-ad) (c+dx)
ExpIntegralE[-2, a+bx] dExpIntegralE[-1, a+bx] 6d®ExpIntegralEi[-a-bx]
+ .
b (c+dx) b2 (c+dx)? (bc-ad)*

+

bc bc
6d> e ¢ ExpIntegralEi|- mc;—d“] 6d2 e ¢ ExpIntegralki|- bJC;ﬂL]
- +

(bc—ad)4 (bc—ad)3

bc bc
3de ¢ ExpIntegralEi|- MC;&)—} e *"¢ ExpIntegralfi|- MC;&)—]

(bc—ad)2 bc-ad

Result (type 8, 17 leaves):
JEprntegr'alE [-3, a+bx]

X
c+dx

Problem 121: Unable to integrate problem.

ExpIntegralE[-3, a+ b Xx]
J dx

<C+dx)2

Optimal (type 4, 621 leaves, 21 steps):

6 d3 e—a—bx 6 dZ e—a—bx 8 d3 efafbx
- - - +
b> (bc-ad) (c+dx)* b*(a+bx) (c+dx)*® b?(bc-ad)? (c+dx)’
2 d2 e—a—bx 12 d3 e—a—bx 4 d2 e—a—bx
b? (bc-ad) (c+dx)3 ) b (bc—ad)3 (c+dx)2 b (bc—ad)2 (c+dx)2 i
d e—a—bx 24 d3 e—a—bx 12 d2 e—a—bx 4d e—a—bx
- + - +

b(bc-ad) (c+dx)2 (bc—ad)4(c+dx) (bc—ad>3<c+dx) (bc—ad)z(c+dx)
eabx ExpIntegralE[-2, a+bx] 2dExpIntegralE[-1, a+bX]
- +
(bc-ad) (c+dx) b (c+dx)? b2 (c+dx)?

bc
—a+t— . b (c+d
24 bd3 ExpIntegralEi[-a-bx] 24b d>e*" ¢ ExpIntegralEi|- cd x|
N _

(bc—ad)5 (bc—ad)5

bc bc
24bd” e ¢ ExpIntegralEi[- -] 12bde ™ ¢ ExpIntegralEi[- > |
. -

(bc-ad)* (bc-ad)?

bc bc
4be ™ ¢ ExpIntegralki[- 2(9XL]  pe ™3 ExpIntegralfi |- BLerdxy]
d N d

(bc-ad)? d(bc-ad)

Result (type 8, 17 leaves):
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ExpIntegralE[-3, a+ b Xx]
J dx

<C+dx)2

Problem 182: Unable to integrate problem.

dx

Je"x ExpIntegralEi[b x]
3

X

Optimal (type 4, 82leaves, 10 steps):
e?bx  pe?bx ePXExpIntegralEi[bx]
Caxr ox 2 x? )
b e®* ExpIntegralEi[b x]

2 X

1
+ — b% ExpIntegralEi[bx]? + 2 b2 ExpIntegralEi[2 b x]
4

Result (type 8, 15leaves):

Je"x ExpIntegralEi[b x]
X

x3

Problem 183: Unable to integrate problem.

dx

Jeb X ExpIntegralEi[b x]
2

X

Optimal (type 4, 45leaves, 5steps):

e?bx  ebXExpIntegralEi[bx] 1 . 5 .
- - + — b ExpIntegralEi[bx]“ +2b ExpIntegralEi[2b x]
X X 2

Result (type 8, 15leaves):

X

j‘EbX ExpIntegralEi[b x]
2

X
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Summary of Integration Test Results

208 integration problems

A - 146 optimal antiderivatives

B - 3 more than twice size of optimal antiderivatives
C - O unnecessarily complex antiderivatives

D - 59 unable tointegrate problems

E - Ointegration timeouts



