Mathematica 11.3 Integration Test Results

Test results for the 311 problems in "8.1 Error functions.m"

Problem 26: Unable to integrate problem.

Erf[bx]?
Ji dx

x3

Optimal (type 4, 67 leaves, 5steps):

2be ¥ Erf[bx]
- -b2Erf[bx]?
N 2 x2 b
Result (type 8, 12leaves):

Erf[bx]?
Ji dx
X3

Problem 27: Unable to integrate problem.

Erf[bx]?
Ji dx

XS

Erf(bx]2 2b2ExpIntegralEi[-2b2x?]
- +

Optimal (type 4, 125leaves, 8steps):
b2 e 20°X  pe ¥ Erflbx] 2b3e X Erf[bx]
- +

37x? 347 X3 347 X

Erf(bx]2 4b*ExpIntegralEi|-2b2x?]

+

1
=~ b*Erf[bx]?
3 4 x4 37

Result (type 8, 12leaves):
Erf[bx]?
J “EREL ax
XS

Problem 28: Unable to integrate problem.

Erf[bx]?
Ji dx

x7

Optimal (type 4, 177 leaves, 12 steps):
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b2 e20°X  2pte 2" 2pe X Epflbx] 4b3e X Erf[bx]
_ . _ . _

15 x4 9 7t x? 15 /7 x5 45 /70 x3

8b5 e X Erfib x 4 Erf[bx]2 28b®ExpIntegralEi|-2b2x2
e BX] 4 oerpygz EPFIRXIY [ ]
a5/7 x 45 6x° 457

Result (type 8, 12leaves):
Erf[bx]?
j SR EL ax

x’

Problem 72: Unable to integrate problem.
Je“bzxz Erf[bx] dx

Optimal (type 5, 29 leaves, 1 step):
b e x2 HypergeometricPFQ| {1, 1}, {%, 2}, b2 x2]

Vo
Result (type 8, 18 leaves):

Je‘*bzxz Erf[bx] dx

Problem 98: Unable to integrate problem.

jCos[c +1i b2 x?| Erf[bx] dx

Optimal (type 5, 62 leaves, 4 steps):
eic/r Erf[bx]2 b e ¢ x? HypergeometricPFQ[ {1, 1}, {3, 2}, b2 x?]

+

8b 2/
Result (type 8, 20leaves):

JCos[c +1i b2 x?| Erf[bx] dx

Problem 99: Unable to integrate problem.

JcOs[c -1 b?x?] Erf[bx] dx

Optimal (type 5, 62 leaves, 4 steps):
e i/ Erflbx]2 b e € x2 HypergeometricPFQ[ {1, 1}, {%, 2}, b2 2]

+

8b 2/
Result (type 8, 20 leaves):
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JCos[c -ib2x?| Erf[bx] dx

Problem 129: Unable to integrate problem.

dx
3

JEr‘fc[b x]2

X

Optimal (type 4, 67 leaves, 5 steps):

2be ™ Erfc[bx] 5 ,
- b Erfc[bx]* -
VX 252 4

Result (type 8, 12leaves):
JEr‘-Fc [bx]?

3

Erfc[bx]2 2b?ExpIntegralEi [—2 b2 xz]
.

dx
X

Problem 130: Unable to integrate problem.

dx
5

JEr‘fc [bx]2
X
Optimal (type 4, 125leaves, 8steps):
b2 e2Y"¥  pe X Epfcbx] 2b3e X Erfc[bx]
_ N _
372 34/ x3 3/ x

Erfc[bx]2 4b*ExpIntegralEi [—2 b2 xz]

+

1
=~ b*Erfc[bx]?-
3 4 x4 37

Result (type 8, 12leaves):
Erfc[bx]?
J SRR ax

x>

Problem 131: Unable to integrate problem.

dx

JEr‘-Fc [bx]?

x7

Optimal (type 4, 177 leaves, 12 steps):

b2 e 20X 2pte20'X  2pe ¥ Epfc[bx] 4b3e?* Erfclbx]

- + + - +
15 x4 9 7 x? 15 /7 x5 45 /70 x3
8 b5 e X Erfclb x 4 Erfc[bx]2 28b®ExpIntegralEi|-2b?x?
= [ox] - —b®Erfc[bx]?- Xt i & [ ]
457 x 45 6x° 457

Result (type 8, 12leaves):
Erfc[bx]?
J =X ax

x7
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Problem 138: Unable to integrate problem.

J(c+dx)2Er‘fc[a+bx]2dlx

Optimal (type 4, 375leaves, 16 steps):

2 2
d (bc—ad) e2(ahx)? 42 -2 (atbx)? (a+bx> (bc—ad) N EP-F{\/? (a+bx)]

+ — —

b3 3b3 1 b3

5d2Er‘-F[\/7(a+be 2d2 e (@50 Epfca+ b x] 2(bC—ad)ze’(a*b’”ZEr‘Fc[a+bx]

6b>/2 303/ b3/
2d (bc-ad) e @®¥° (a+bx) Erfcla+bx] 2d2e % (a+bx)?Erfc(a+bx]
b3/ 3034/
d(bc-ad)Erfcla+bx]?2 (bc-ad)? (a+bx)Erfc[a+bx]?
2b3 : b3 ’
d(bc-ad) (a+bx)2Er‘-Fc[a+bx]2 d? (a+bx)3Er‘-Fc[a+bx}2
b3 : 3b3

Result (type 8, 18leaves):

J(c+dx)2Er‘-Fc[a+bx]2dlx

Problem 175: Unable to integrate problem.
Je“bz “ Erfc[bx] dx
Optimal (type 5, 50leaves, 3 steps):
e /7T Erfilbx] D€ x? HypergeometricPFQ[ {1, 1}, {%, 2}, b2 x?]
2b . Nes
Result (type 8, 18 leaves):

Jec*bz “ Erfc[bx] dx

Problem 201: Unable to integrate problem.

JCos[c +1ib2x?| Erfc[bx] dx

Optimal (type 5, 85leaves, 6 steps):

eic\r Erfc[bx]? e i<~/n Erfi[bx] b e ' x? HypergeometricPFQ| {1, 1}, {%, 2}, b2 x?]

8b 4b 2/
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Result (type 8, 20leaves):

JCos[c +1ib?x?| Erfc[bx] dx

Problem 202: Unable to integrate problem.

JCos[c -1 b?x?] Erfc[bx] dx

Optimal (type 5, 85leaves, 6 steps):
eic~/n Erfc[bx]? ei~/n Erfi[bx] b e’ x? HypergeometricPFQ[ {1, 1}, {%, 2}, b2 x?|

8b 4b 2 \/;
Result (type 8, 20leaves):

JCos[c - i b*x?] Erfc[bx] dx

Problem 228: Unable to integrate problem.

st Erfi[bx]?%dx

Optimal (type 4, 175leaves, 12 steps):

2 2 2,2 2,2 2 2 .
11 20X 7e2P° ¥ x2  @2b"X x4 5 e X x Epfi[bx]

+ +
12 b8 1 12 b* 6 b% 4 b5/
5e” X x}Erfilbx] e x®Erfilbx] SErfi[bx]2 1 . X
_ + + — x> Erfi[bx]
6 b3~/ 3b+/ 16 b® 6

Result (type 8, 12leaves):

st Erfi[bx]?%dx

Problem 229: Unable to integrate problem.

JX?’ Erfi[bx]2dx

Optimal (type 4, 124 leaves, 8steps):

@2V 20X 2 3D X xEpfilbx] e’ x}Erfilbx] 3Erfilbx]2 1 , . ,
+ + - - + — x"Erfi[bx]

2b* 4 b2 av3\ 7 2b+ 16 b* 4

Result (type 8, 12leaves):

in‘ Erfi[bx]?%dx
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Problem 230: Unable to integrate problem.

Jx Erfi[bx]?dx

Optimal (type 4, 71leaves, 5steps):

zbZXZ bZXZ . . 2
X Erfi[bx Erfi[bx 1
€ - [ox] | X1 L e Erfitbx)?

2b2 b/ 4p? 2

Result (type 8, 10leaves):
Jx Erfi[bx]?dx

Problem 232: Unable to integrate problem.

dx

Erfi[bx]?
J x3
Optimal (type 4, 65leaves, 5steps):

2b e X Erfilb x Erfi[bx]2 2b?ExpIntegralEi|2b?x?
- X b Erfibx? - i PXE & { ]

ﬁx 2 x2 7T

Result (type 8, 12leaves):
Erfi[bx]?
J SMETLLS

x3

Problem 233: Unable to integrate problem.

dx

JEr‘-Fi[b x]?

XS

Optimal (type 4, 123 leaves, 8 steps):

b2 @2’ X p eb? X Erfi[bx] 2b3 e Erfi[b x]

371 x? 3+ X3 3+ x

Erfi[bx]2 4b*ExpIntegralEi 2 b?x?]
+

+

lb4 Erfi[bx]?-
3 4 x4 3
Result (type 8, 12leaves):
Erfi[bx]2
Ji dx

x>

Problem 234: Unable to integrate problem.

dx

JEr‘fi[b x]?

x7
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Optimal (type 4, 174 leaves, 12 steps):
b2e2b’ ¥ 2p*e2X  2pe”X Erfi[bx] 4b3e? X Erfi[bx]
15 7t x4 9 71 x? 1571 x5 457 x3
8 b5 &P Erfilb x 4 Erfi[bx]2 28b®ExpIntegralEi|2b? x?
£ X2 e erfihxg? o i PXT ¢ [ }
457 x 45 6x° 457

Result (type 8, 12leaves):
Erfi[b x]?
J SRR ax

X7

Problem 241: Unable to integrate problem.
J(c+dx)2ErFi[a+bx]2dlx

Optimal (type 4, 366 leaves, 16 steps):

d(bc-ad)e? @b’ d2e2(@bX% (aibhx) 2d2e(@P¥’ Erfifa+bx]
+ + -

b3 n 3b3 33/

2 (bc-ad)?e@®9’Erfila+bx] 2d(bc-ad)e®®0’ (a+bx)Erfifa+bx]

b3~/ 7 b3~/ 7
2d?e@®9° (a+bx)*Erfifa+bx] +d (bc-ad) Erfifa+bx]? .

33/ 2b°
(bc-ad)? (a+bx) Erfila+bx]2 d(bc-ad) (a+bx)’Erfifa+bx]2

b3 ' b3 ’
d? (a+bx)3Er‘-Fi[a+bx]2+ (bc_ady\/;mciw? (a+bx]] 5d2Erfi[V/2 (a+bx) ]
3b3 b? 6b>\2

Result (type 8, 18leaves):

J(c+dx)2Er‘fi[a+bx]2dlx

Problem 242: Result unnecessarily involves imaginary or complex numbers.

J(c+dx) Erfi[a+bx]?dx

Optimal (type 4, 184 leaves, 10 steps):
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de2(atbx? 2 (bc—ad) e@bX)? Epfifa+ b x]

2b% b2 /7t

de(@bx? (a+bx) Erfila+bx] dErfifa+bx]2
.

(bc-ad) (a+bx) Erfila+bx]?

+ +
b2 /7t 4 b2 b2
bc-ad) |2 Erfi[+/2 b
d(aerx)zEr*1ci[a+bx]2 (be-ad) n rl[r(a+ XH
2 b? i b2

Result (type 4, 189leaves):
1

4b?

((4abc+d—2a2d)nEr‘fc[—i (a+bx) ] Erfc[i (a+bx)]+2 (de“a*bx)z+4abcrr+d7r—2a2dﬂ+
2ibcv2xr —2iady2xr —2e@P¥* /[ (2bc-ad+bdx) Erfifa+bx] +
b>rx (2c+dx) Erfifa+bx]?>+2 (bc-ad)V2nr Erfi[V2 (a+bx)]))

Problem 280: Unable to integrate problem.

e X Erfi[bx]
J dx

X2

Optimal (type 5, 60 leaves, 3 steps):

e X Erfi b x] 2 b x2 HypergeometricPFQ[ {1, 1}, {3, 2}, -b2x?] 2b Log[X]
.

x Ve v
Result (type 9, 26 leaves):

—%bMeijerG[{{e}, {1}}, {(e, @3}, {—%}}, b? x?|

Problem 281: Unable to integrate problem.

e ¥ Erfi[bx]
J dx

X4
Optimal (type 5, 105leaves, 5steps):
b e X Erfilbx] 2b%2e ¥ Erfi[bx]

3+ X2 3x? 3x

4 b® x? HypergeometricPFQ| {1, 1}, {%, 2}, -02x%] 43 Log [X]

3+ 3y
Result (type 9, 29leaves):
bMeijerG[( (0}, {2}}, ({0, 1}, {-7}}, b>%’]

2 x2
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Problem 282: Unable to integrate problem.

X

Jebzxz Erfi[bx]

X6

Optimal (type 5, 144 leaves, 7 steps):

b X 2 b3 e ¥ Erfifb x] X 2b2 e X Epfi[bx]
10/ x* 15~/ x? 5x° 15 x?
4b% e 5% Erfi [b x] 8 b7 x2 HypergeometricPFQ[ {1, 1}, {i, 2}, -b2x?]  gps Log [X]
15 x 15/ ' 15/

Result (type 9, 29 leaves):
bMeijerG[ ({0}, (3}}, {{0, 2}, {-3}}, b*x]

2 x4

Problem 304: Unable to integrate problem.
JEr‘Fi [bx] Sin[c+ib?x?] dx

Optimal (type 5, 67 leaves, 4 steps):

ieic+/x Erfi[bx]2 ibe'ex? HypergeometricPFQ[ {1, 1}, {3, 2}, -b?x2]

8b 2+
Result (type 8, 20 leaves):

JEr‘Fi[b x] Sin[c+ i b?x?] dx

Problem 305: Unable to integrate problem.

JEr“Fi[b x] Sin[c - i b?x?] dx

Optimal (type 5, 67 leaves, 4 steps):
ieic o Erfi[bx]2 1ib e * ¢ x? HypergeometricPFQ[ {1, 1}, {i, 2}, -b?x?]

- +

8b 2/
Result (type 8, 20 leaves):

JEr-Fi[b x] Sinf[c-1ib?x?] dx

Problem 306: Unable to integrate problem.

JCos[c +1 b?x?] Erfi[bx] dx
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Optimal (type 5, 63 leaves, 4 steps):

ei< /7T Erfi[bx]2 b e’ x2 HypergeometricPFQ| {1, 1}, {i, 2}, -b2x?]

+

8b 2~/
Result (type 8, 20leaves):

JCos[c +1 b?x?] Erfi[bx] dx

Problem 307: Unable to integrate problem.
JCos [c-1b®x?| Erfi[bx] dx

Optimal (type 5, 63 leaves, 4 steps):

eic /7 Erfi[b x]2 b e i< x2 HypergeometricPFQ[ {1, 1}, {%, 2}, -b?2x?]
+

8b 2/
Result (type 8, 20 leaves):

JCos[c -1 b*x?] Erfi[bx] dx
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Summary of Integration Test Results

311 integration problems

A - 283 optimal antiderivatives

B - 0 more than twice size of optimal antiderivatives
C - 1 unnecessarily complex antiderivatives

D - 27 unable to integrate problems

E - Ointegration timeouts



