Mathematica 11.3 Integration Test Results

Test results for the 284 problems in "Hearn Problems.m"

Problem 20: Result unnecessarily involves imaginary or complex numbers.

1
J dx
1+x2+x4

Optimal (type 3, 67 leaves, 9steps):

ArcTan[*2%]  ArcTan[#2X] 1 1
- EN, V3 - = Log[1-x+x?] + = Log[1+x+x?]
23 243 4 4
Result (type 3, 73 leaves):
i [ 1-i+/3 Ar‘cTan[i (—i+\/?) x| _AJ1+i+/3 Ar‘cTan[i (J‘H\/?) x|

Ve

Problem 44: Result unnecessarily involves imaginary or complex numbers.

1
J dx
2+ x2+ x4

Optimal (type 3, 196 leaves, 9 steps):

_l\/i(_1+2\/?) ArcTan[ -1+2v2 _ZX]+
2 14 ,1+2\/?

2\ 14 1+22 4\/m 4\/W

Result (type 3, 91 leaves):

EJL(‘hz\/?) ArcTan | _1+2\/?+2X]‘Log[\/?7 o2z xex] Log[Va y-1a2v2 xod]
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iArcTan[%] i ArcTan|
(1 ]L\/_) 1+11\/_
%(1-1%7) 1+1\/_

Problem 45: Result unnecessarily involves imaginary or complex numbers.

1
Jidlx
2-x%+x4

Optimal (type 3, 196 leaves, 9 steps):
1+2+/2 -2 x
“1+2+/2

1

(1 +2V2 ) Ar‘cTan
2 14

1 |1 \/1+2\E+2x Log[ﬁ—mmxz} Log[V2 ++/1+22 x+x?]
- —(1+2\/7) Ar‘cTan +
2

14 14242 4W 4W

Result (type 3, 91 leaves):

iArcTan[——>*———] iArcTan]
%(7171\5) / 1+1\F
% (—1—]’1\/7) % 1+Jl\/_

Problem 51: Result is not expressed in closed-form.

1
Jidlx
1-x*+x8

Optimal (type 3, 275 leaves, 19 steps):
Ar‘cTan[@] Ar‘cTan[@} ArcTan| Y22 2x] A,«cTan[lzngz 2]

) Vs T Javs \2:3 V23 B
26 26 26 26

Log[1-4/2-+/3 x+x?] Log[1+/2-+/3 x+x?] _Log{l—x/2+\/? x+x2|  Log[l+1/2+/3 x+x?]
46 46 46 46
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Result (type 7, 42leaves):
Log[x - H1]

1 4 8
= RootSum|1 - #1% + #1% &,
4 -n13 4+ 2117

8]

Problem 52: Result more than twice size of optimal antiderivative.

x7
J dx
1+ x12

Optimal (type 3, 49leaves, 7 steps):

1

Ar‘cTan[ﬂ] 1
3 —Log[1+x*| + — Log|[1-x*+x8]

43 12 24
Result (type 3, 260 leaves):
S 2\/?ArcTan[1+\E72\/?X] 72\/?ArcTan[17\/?+2\/?x] +
24 1-+/3 1++/3
Zx/?Ar'cTan[_lJrﬁJrzﬁx} —2\/?Ar‘cTan[1+\/?+2\/?X} —2Log[1—\/7x+x2] —2Log[1+\/7x+x2] +
1+\/? —1+\/?

Log[2++/2 x-/6 x+2x?] +Log[2+V/2 [-147/3 | x+2x?] + Log[2- (V2 +V/6 | x+2x?] +Log[2+ (V2 +V6 | x+2x]

Problem 81: Result more than twice size of optimal antiderivative.

JSec[x] dx

Optimal (type 3, 3leaves, 1step):
ArcTanh[Sin[x]]

Result (type 3, 33 leaves):

_Log[cOs[g] —Sin[g]] +Log[Cos[§] +Sin[§]]

Problem 82: Result more than twice size of optimal antiderivative.

JCsc[x] dx
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Optimal (type 3, 5leaves, 1step):
-ArcTanh[Cos[x]]

Result (type 3, 17 leaves):

_Log[Cos[zH + Log[Sin[g]]

Problem 108: Result more than twice size of optimal antiderivative.

JCos [a+bx] dx

Optimal (type 3, 10leaves, 1 step):
Sin[a+bx]
b

Result (type 3, 21 leaves):
Cos[bx] Sin[a] Cos[a] Sin[bXx]
+
b b

Problem 111: Result more than twice size of optimal antiderivative.

JCsc [a+bx] dx

Optimal (type 3, 12leaves, 1 step):
ArcTanh[Cos[a+bx]]
b

Result (type 3, 38leaves):
Log[Cos[% + bTX} ] Log[Sin[§+ bTXH

b : b
Problem 112: Result more than twice size of optimal antiderivative.

JSec [a+bx] dx

Optimal (type 3, 11leaves, 1step):



ArcTanh[Sin[a + b Xx]]
b

Result (type 3, 68 leaves):

Log[Cos[?H’T"} 7Sin[i+b?"]] Log[Cos|

- +

b b

Problem 120: Result more than twice size of optimal antiderivative.

1
Jidlx
1+Sin[x]

Optimal (type 3, 10leaves, 1step):
Cos [Xx]
1+Sin[x]

Result (type 3, 23 leaves):

2sin[*]

Cos[i] +Sin[§}

Problem 121: Result more than twice size of optimal antiderivative.

1
Jidlx
1-Sin[x]

Optimal (type 3, 11leaves, 1step):
Cos [Xx]
1-Sin[x]

Result (type 3, 25leaves):

2sin[ ]

Cos[i] —Sin[ﬂ

Problem 190: Result more than twice size of optimal antiderivative.

i e —
Vo1ex2
Optimal (type 3, 12leaves, 2 steps):
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ArcTanh| #]
V-1 +x?
Result (type 3, 38leaves):

X X

—lLog[l— ]+3Log[1+

2 V-1+x2 2 V-1+x2

Problem 197: Result unnecessarily involves imaginary or complex numbers.

1
—— dx
JX\/—1+x2—x4
Optimal (type 3, 30leaves, 3 steps):

1 2 - x?
——Ar‘cTan[—
2 2 -1+x%-x4

Result (type 3, 37 leaves):

-1 Log[X] +%iLog[—2+x2+2jm/—1+x2—x4]
Problem 202: Result more than twice size of optimal antiderivative.

J[ 10 1
+
-4+ x? -1+ x2

Optimal (type 3, 27 leaves, 5steps):

dx

X X
rclanh| ——— | + Arclann| ——
10 ArcTanh | | +ArcTanh| ]

Result (type 3, 71leaves):

-5 Log[1- L] +5Log[1+ L] - 1Log[1- #} +1Log[1+#]
T Voaexr o 2 Voiex2 o 2 Vo1ex?

Problem 206: Result unnecessarily involves imaginary or complex numbers.

1

dr

r \/—alpha2 -epsilon?+2hr?

Optimal (type 3, 46 leaves, 3 steps):
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ArcTan { \/—alphaz—epsilon2+2 hr?

+/ alpha?+epsilon?

\/alpha2 +epsilon?

Result (type 3, 58 leaves):

[ 2 (—J‘L \/alpha2+epsilon2 +\/ —alpha?-epsilon?+2 hr?

i Log

r

\/alpha2 +epsilon?

Problem 207: Result unnecessarily involves imaginary or complex numbers.

dr

J 1
r‘\/—alphaz—zkr‘+2hr‘2

Optimal (type 3, 37 leaves, 2 steps):

alpha?+k r

alpha/ -alpha?-2k r+2hr?

alpha

ArcTan |

Result (type 3, 48 leaves):

i (alpha?ik r)

2
alpha +\/7a1pha +2r (-k+hr)

J‘LLog[Z(

r

alpha

Problem 208: Result unnecessarily involves imaginary or complex numbers.

1

dr

r \/—alpha2 -epsilon?-2kr+2hr?

Optimal (type 3, 61leaves, 2 steps):

2 3 2
ArcTan [ alpha®+epsilon®+k r

\/a1|:>haz+epsilon2 \/ ~alpha?-epsilon®-2k r+2h r?

\/alpha2 + epsilon?

Result (type 3, 72leaves):
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2 (—7ﬁ (alpha? repsilon sk r) +\/—a1pha2—epsilon2+2 r (-k+hr) ]

~/ alpha?+epsilon? ]
r

iLog

\/alpha2 +epsilon?

Problem 211: Result unnecessarily involves imaginary or complex numbers.

dr

J r
\/—alpha2+2er‘2—2kr‘4

Optimal (type 3, 56 leaves, 3 steps):

e-2kr?

Ar‘cTan[
-alpha?+2er2-2kr*

2+/2 ko
Result (type 3, 66 leaves):

1'1Log[—@v’%krzl+2x/—alpha2+2er‘2—2kr‘4]

22 Vk

Problem 213: Result unnecessarily involves imaginary or complex numbers.

dr

J 1
r‘\/—alpha2+2hr‘2—2kr‘4

Optimal (type 3, 44 leaves, 3 steps):

2 2
Ar‘cTan[ alpha-hr }
alpha/ -alpha?+2hr2-2kr*

2 alpha

Result (type 3, 59 leaves):

-2 alpha?+2 i hr?+2 alpha+/ -alpha?+2 r? (h-k r?) }

ilo
g [ alpha r?

2 alpha
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Problem 214: Result unnecessarily involves imaginary or complex numbers.

1

dr

r \/7a1pha2 -epsilon?+2hr2-2kr?

Optimal (type 3, 68 leaves, 3 steps):

ArcTan [ alpha?+epsilon?-hr?
\/alpha2+epsilon2 \/ -alpha?-epsilon?+2hr2-2kr*

2 \/alpha2 + epsilon?

Result (type 3, 80 leaves):

2 [—M+\/—alphaz—epsilonz+2 r? (h-kr?) ]
[ A/ alpha?+epsilon? ]

i Log

r,Z

2 \/alpha2 + epsilon?

Problem 235: Result more than twice size of optimal antiderivative.

J\/ 1+Sin[x] dx

Optimal (type 3, 12leaves, 1 step):
2 Cos [X]

V1+Sin[x]
Result (type 3, 40leaves):
2 (~Cos[%] +sin[*]) V1+Sin[x]

Cos[ﬂ +Sin[§]

Problem 236: Result more than twice size of optimal antiderivative.
J\/ 1-Sin[x] dx

Optimal (type 3, 14 leaves, 1step):
2 Cos [X]

\/1-Sin[x]
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Result (type 3, 42leaves):
2 (cos[*] +sin[*]) V1-Sin(x]

Cos[?] —Sin[f]

Problem 256: Result more than twice size of optimal antiderivative.

X
J dx
-1+x*

Optimal (type 3, 8leaves, 2 steps):

1 ArcTanh |[x?]
2

Result (type 3, 23 leaves):

1 Log[1-x?] - 1 Log[1+x?]
4 4

Problem 278: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

—8-8x-x2-3x3+7x*+4x>+2x°
J dx

(—1+2X2)2\/1+2X2+4X3+X4

Optimal (type 3, 94 leaves, ? steps):

(1+2x)\/1+2x2+4x3’+x4 X (2+%) (7-x+27x2+33x3)
) (1.2 - ArcTanh|

(2+37x2+31%3) V1+2x2+4x3 x4

Result (type 4, 5137 leaves):

(1+2x) V1+2x2+4x3 x4

+ |5 (x-Root[1-n1+311%+11% 8, 1])?

2 (-1+2x?)
1 (1+x) (Root[1-#1+3n12+11%8&, 1] -Root[1-11+311%+n13 &, 3])
[1 + EllipticF [ArcSin| |- B
V2 (x-Root[1-11+311%+ 113 &, 1]) (1+Root[1-11+311%+n13 8, 3])

((Root[1-#1+3112+11% &, 1] -Root[1-11+311%+11%&, 2]) (1+Root[1-n1+311%+u138, 3])) /
((1+Root[1-n1+3m1%+11%8, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-11+3n12+u138&, 3]))] -
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- - +Root [1-51+3m12+11%§, 1}) (1+Root[1-11+3n12+u1%8, 3])
EllipticPi[—2 ,
-1- L) (-Root[1-1+3n12+1138&, 1] +Root [1 -1 +3n1%+11° &, 3])
vz

arcsin| (1+x) (Root[1-n1+3m12+11%8&, 1] - Root|[1-n1+3n1%+n1° &, 3])
rcsin -
(x -Root[1-11+3112+113&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])

((Root[1-#1+3n1%+11% &, 1] -Root [1-#1+311%+11%&, 2]) (1+Root[1-n1+3n12+u138, 3])) /
((1+Root[1-n1+3m12+11%8, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-11+311%+u138&, 3])) |

2 3
- )
(1+Root[1-11+3n1%+u1%8&, 1])

(1+Root[1-11+3112+m138&, 1)) (x-Root|[1-n1+3n1%+n11° &, 2])
(x -Root[1-11+3112+u513&, 1)) (1+Root|[1-n1+3n1%+n11° &, 2])

(1+Root[1-11+3112+u138&, 1]) (x-Root|[1-n1+3n1%+n1° &, 3])
(x -Root[1-11+3112+m13&, 1)) (1+Root|[1-n1+3n1%+n1° &, 3])

(1+x) (Root[1-n1+3u12+11%8&, 1] -Root[1-u1+3n1%+n13 &, 3])
(x -Root[1-n1+3112+1138&, 1]) (1+Root[1-u1+3n1%+n138&, 3])

(1+Root[1-n1+3u1%+11%8, 3])}/

Jiv2xteaxdox L—Root[l-:ﬂ+3m12+m3&, 1]] (1+Root[1-11+3n1%+u138&, 1])

V2

(=

(Root [1-#1+311%+11° &, 1| - Root [1-n1+3u1%+ 11?8, 3})] +

{S\E (x-Root[1-#1+3m12+511% &, 1])°

1 Root |1 -#1+3112+113 &, 1| -Root|1-#1+3H1%2+1138&, 3
EllipticF[ArcSin[\/— (1+x) (Root[1-#1+311%+ 117§, 1] -Root[1-#l+3n1%+ 178, 3]) I,

1+

[( V2 (x -Root[1-n1+3112+113&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])
((Root[1-#1+3n1%+11% &, 1] -Root [1-51+3112+11% &, 2]) (1+Root[1-n1+3112+u13&, 3])) /
((1+Root[1-n1+3u1%+11%8, 2]) (Root[1-nl+311%+n1%&, 1] -Root[1-11+3n1?+u138, 3]))] -

—%+Root[1—n1+3n12+nl3&, 1}) (1+Root[1-11+3n1?+u1%8, 3])
EllipticPi|
-1_i) (-Root[1-11+3#112+113&, 1] +Root [1 -1 + 3112+ 113 &, 3]) ’
NF3
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arcsin| (1+x) (Root[1-n1+3m12+11%8&, 1] - Root|[1-u1+3n1%+n1° &, 3])
rcsin -
(x - Root[1-n1+3112+113&, 1]) (1+Root|1-n1+3n1%+n1° &, 3])

((Root[1-#1+3n1%+u1% &, 1] -Root [1-#1+311>+11%&, 2]) (1+Root[1-n1+3n1%+u138, 3])) /
((1+Root[1-n1+3m12+11%8, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-11+301%+u138&, 3])) |

1+Root|1-11+3:1%2+1138&, 1 ~Root|1-#1+351%2+1138&, 2
(1+Root[1-51+3512+ 1128, 1]) J< +Root[1-u1+3m17+ 518, 1]) (x-Root[1-u1+351%+ 517 &, 2])

(x -Root[1-11+3112+m13&, 1]) (1+Root|[1-n1+3n1%+n01° &, 2])

J (1+Root[1-11+3112+m138&, 1]) (x-Root|[1-n1+3n1%+n1° &, 3])

(x - Root[1-11+3112+m13&, 1]) (1+Root|[1-n1+3n1%+n1° &, 3])

(1+x) (Root[1-n1+3u12+11%8&, 1] -Root[1-u1+3n1%+n13 &, 3])
(x -Root[1-n1+3n12+1138&, 1]) (1+Root|1-u1+3n1%+n138&, 3])

(1+Root[1-n1+3u1%+11%8, 3])}/

\/1+2X2+4X3+X4

L—Root[1—111+31¢12+1113&, 1}) (1+Root[1-n1+3n1%+1138, 1])
V2

[

(Root [1-#1+311%+11° &, 1| - Root [1-n1+3 1%+ 113 &, 3”] + [5

2 3 2
- - ]
(X ROOt[l 71+ 381°+181° & 1])

(1+x) (Root[1-n1+3112+11%8&, 1] -Root[1-u1+3n1%+n1° &, 3])
EllipticF[ArcSin[ - ],
(x-Root[1-n1+3112+1138&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])

:
V2
((Root[1-#1+3n1%+ 1% &, 1] -Root [1-n1+311%+11%&, 2]) (1+Root[1-n1+3n1%+u138, 3])) /
((1+Root[1-n1+3m12+11%8&, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-n1+3812+u138&, 3]))] -
—— 1 Root[1-#1+3m12+ 513 &, 1}) (1+Root[1-n1+3n12+1138, 3])
Ellipticpi[ — /2 ,
(14 -1 (-Root[1-#1+3m12+ 11 &, 1] + Root[1- 11+ 3112+ 1% &, 3])
\/T

]

((Root[1-#1+3n1%+11% &, 1] -Root [1-11+3112+11%&, 2]) (1+Root[1-n1+3n12+u13&, 3])) /
((1+Root[1-n1+3m12+11%8&, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-n1+301%+nu138&, 3])) |

J (1+x) (Root[1-n1+3m12+11%8&, 1] - Root 1 -1 +311%+11° &, 3])
ArcSin[ |-

(x -Root[1-n1+3112+113&, 1]) (1+Root|1-u1+3n1%+11° &, 3])



Mathematica 11.3 Integration Test Results for Hearn Problems.nb | 13

(1+Root[1-11+3812+m138&, 1]) (x-Root|[1-u1+3n1%+nu1° &, 2])

(1+Root[1-11+3u1%+u1%8&, 1])
(x -Root[1-11+3112+513&, 1]) (1+Root|[1-u1+3n1%+11° &, 2])

(1+Root[1-11+3812+m138&, 1]) (x-Root|[1-u1+3n1%+11° &, 3])
(x -Root[1-11+3112+u513&, 1]) (1+Root|[1-n1+3n1%+n1° &, 3])

(1+x) (Root[1-n1+3u12+11%8&, 1] - Root[1-u1+3n1%+n1° &, 3])
(x -Root[1-n1+3u12+1138&, 1]) (1+Root|1-u1+3n1%+n138&, 3])

(1+Root[1-n1+3n1%+1138, 3])}/

1 1 s a3
- —— -Root[1-#1+3n1%+1138&, 1]

V2 V2

(Root [1-#1+311%+11° &, 1] - Root [1-n1+3u1%+ 11?8, 3})] -

2 -1+ Jiv2xtiaxdox (1+Root[1-n1+3n1%+1138&, 1])

[sﬁ (x~Root[1-#1+3m12+71% &, 1])°

&

((Root[1-#1+351%+11% &, 1] -Root [1-51+31512+11%&, 2]) (1+Root[1-n1+3u12+u13&, 3])) /
((1+Root[1-n1+3m1%+11%8, 2]) (Root[1-nl+311%+n1%&, 1] -Root[1-n1+3n1?+u138&, 3]))] -

(1+x) (Root[1-n1+3m12+11%8&, 1] -Root[1-u1+3n1%+11° &, 3])

]5

EllipticF [ArcSin [\/ -

(x -Root[1-n1+3112+113&, 1]) (1+Root|1-u1+3n1%+11° &, 3])

[ +Root[1-m1+3m12+ 11 &, 1]) (1+Root[1-r1+3m1%4 11’ 8, 3])

. . . 2

EllipticPi| s
(-1+ ﬁ) (~Root[1 -1 +3112+11% &, 1] + Root [1 -1 + 3112 + 1113 &, 3])

Arcsin| (1+x) (Root[1-n1+3u12+11%8&, 1] -Root[1-u1+3n1%+n1° &, 3])
rcsin -
(x - Root[1-n1+3112+1138&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])

((Root[1-#1+3n1%+u1%8&, 1] -Root [1-n1+3u1>+u1%&, 2]) (1+Root[1-nl+3n1?+u138, 3]))/
((1+Root[1-n1+3u1%+11%8, 2]) (Root[1-#1+311%+n1%&, 1] -Root[1-11+3n1%+u138, 3])) ]|

1+Root|1-#1+3:1%2+1138&, 1 —Root|1-#1+351%2+1138&, 2
(1+Root[1- 1+ 3512 + 117 &, 1] \/( +Root [1-#1+311%+11% &, 1]) (x-Root[1-n1+3m12+11%8, 2])

(x -Root[1-11+3112+1138&, 1)) (1+Root|[1-n1+3n1%+n11° &, 2])
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(1+Root[1-11+3112+1138&, 1)) (x-Root|[1-u1+3n1%+n1° &, 3])
(x -Root[1-11+3112+1138&, 1)) (1+Root|[1-u1+3n1%+n1° &, 3])

J (1+x) (Root[1-51+3m12+11%8&, 1] - Root[1-u1+3n1%+11° &, 3])

(x -Root[1-n1+3112+113&, 1]) (1+Root|1-51+3n1%+n1° &, 3])

- Root[1-#1+311%+ 113 &, 1]

2 3
- 3
(1+Root[1-n1+3n1%+u1%8& 3])}/
i (1+Root[1_n1+3n12+n13&, 1])
2

(5

(Root [1 -1 +311% +11° &, 1] - Root [1-n1+311? + 113 &, 3])

\/1+2X2+4X3+X4 [—

+

(1+x) (-Root[1-#1+311%+n1%&, 1] +Root[1-n1+3112+u13 &, 3])

6 E1lipticF[ArcSin [\/

(x -Root[1-11+3112+m13&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])

((Root[1-#1+311%+ 113 &, 1] -Root [1-n1+3m12+11%&, 2]) (-1-Root|1-n1+3m12+n1%&, 3])) /
((-1-Root[1-#1+3n1%+n1°8&, 2|) (Root[1-#1+3n1%+u1%8&, 1] -Root [1-n1+3u1%+u1®g, 3]))]

(1+Root[1-n1+3n12+u138&, 1]) (x-Root[1-u1+3n1%+n1’8&, 2])

(x-Root[1-#1+3m12+51%8&, 1])°
(x-Root[1-11+3112+1138&, 1]) (1+Root|1-u1+3n1%+n1°8&, 2])

(-1-Root|[1-#1+301%+n1° &, 3])

(1+Root[1-u1+3n12+u138&, 1]) (x-Root|[1-ul+3u1%+u1’8&, 3])
(x -Root[1-u1+3n12+u138&, 1]) (1+Root|[1-ul+3u1%+nu1’8&, 3])

\/ (1+x) (-Root[1-#1+311%+n1% &, 1] +Root[1-n1+3112+1138, 3]) /

(x - Root[1-11+3112+113&, 1]) (1+Root|1-u1+3n1%+n1° &, 3])

[\/1+2x2+4x3+x4 (1+Root[1-n1+3n12+1138&, 1]) (-Root[1-#1+3n1%+113 &, 1] +Root [1 - 11 +3 112+ 113§, 3]))

Problem 279: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
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dy

J(1+2y)x/1—5y—5y2
y(1+y) (2+y)\J1-y-y?

Optimal (type 3, 142leaves, ? steps):

1-3y)/1-5y 5y 4:3y)J1-5y 5y2 11+7y)J1-5y 5y
- l ArcTanh [ ( y> Y y } _ 1 ArcTanh [ ( + y) y y ] + 2 ArcTanh [ ( + y) y y ]
4 5 2 " 4 :

(1-5y)\1-y-y (6+5y) \J1-y-y 3(7+5y)+/1-y-y

Result (type 4, 630leaves):

1

_1-
16+/1-5y 5y \[1-y y2 [ V5

(1+\/?+2y)2 5+3+/5 +10y
5+5+/5 +10y

- 4\/5+3ﬁ10yJ1+\52y ﬁ\/5+3ﬁleyJ1+\E2y 5\/ 5+ﬁ+2ﬁy\/ -3++/5 +2+/5 y
_ N N _ _

1+\/?+2y 1+\/?+2y 1+\/?+2y 1+\/?+2y 1+\/?+2y 1+\/?+2y
2 5+3+/5 +10
-5++/5 +2+/5 -3+4/5 +2+/5 145 +2y 15
2y | 5rs2sy [ 3es 205y EllipticF [ArcSin[ ——— ], =]+
1+\E+2y 1+\E+2y V15 16
5 5+3+/5 +10y
-5+3+/5 -10 -1 5 -2 5 5 1+/5 +2y 15
r335 10y /5 -2y 9\/?Ellipticpi[——£, Arcsin[—————], =] (-20:95
1++/5 +2y 1++/5 +2y 8 8 \15 16
2 5+3+/5 +10y 2 5+3+/5 +10y
3 1+4/5 +2y 15 3 1+4/5 +2y 15
EllipticPi[- = (-5++/5 |, Arcsin[——————], =] +2+/5 EllipticPi[~ (5++/5 |, Arcsin[—————], —|
8 /15 16 8 /15 16

Problem 280: Result more than twice size of optimal antiderivative.
Jx (—\/—4+x2 +x2\-4+x2 —4+/-1+x2 +x2m)

(475X2+X4> (1+\/—4+x2 +\/*1+X2)

dx
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Optimal (type 3, 21 leaves, 1step):
Log[1+/-4+x2 +/-14x2 ]

Result (type 3, 97 leaves):

—lAr‘cTanh[x/—4+x2 ] +1Ar‘cTanh[1x/—1+x2 ] +1Log[17—5x2—4\/—4+x2 Jo1ex ] +1Log[5—2x2—2\/—4+x2 NEETY
2 2 2 4 4




Mathematica 11.3 Integration Test Results for Hearn Problems.nb | 17

Summary of Integration Test Results

284 integration problems

e

A - 257 optimal antiderivatives

B - 14 more than twice size of optimal antiderivatives
C - 12 unnecessarily complex antiderivatives

D - 1 unable tointegrate problems

E - Ointegration timeouts



