Maple 2018.2 Integration Test Results
on the problems in "1 Algebraic functions/l.1l Binomial products/1.1.4 Improper"

Test results for the 123 problems in "1.1.4.2 (c x)"m (a x"j+b x"n)"p.txt"

Problem 27: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

JL &
\/be-Fax
Optimal (type 3, 43 leaves, 3 steps):
a arctanh xz—\/?
be+ﬂx +xdbf+ax

3p3 /2 3b

Result (type 4, 996 leaves):

[_3(—ab2)1 L3 (cab?)! 3)x

/b fax a[ (-at?)' ” Iﬁ(—ab2)1/3) 2b 2b [x
3b 2b 2b (_(—ab2)1/3+1ﬁ(—abz)‘/3J[ - (_abz)1/3J
2b 2b * b

~ (—ab2)1/3 )

2 (-ab2)1/3 (x+ (_agzb)l 3 + 1\/?(;;172)1 3)
b[_ (_ab2)1/3 - IJT(-abz)l/3 ] (X—M]

2b 2b




(-a 2)1/3[ L ab)'” 1Y (cab?)! 3)

2b 2b l/b (—ab2)1/
(at’)'” W (ca?) P (car))'”
b(_ 2b 2b J[x_ b J
[_3(—ab2)1 L3 (cab?) 3Jx
| A i e 7\ [, Car) A
[' Y 2b ](x_ b ]
(3(—ab2)1 D3 (cap?)! 3)[(—ab2)1 13 (ab?)! 3)
2b 2b 25 2b 1 (a)
( (-at?)' ” | /3 (-ab?)'” ) [ 3(-at?)' Iﬁ(-ab2)1/3) b
2b 2b 2b 2b
(_3(—ab2)1 * L L3 (ap) 3})( at)'” F (cap?)
> EllipticPi y 20 /2b R 2b ye 2b R
(L) W ) D) (Lot D) 2 Cat)' D 1T (o)
2b 25 ¥ b 2b 2b

3(-at®)'” | 1F (cat)' P [ (cat®)' P 1YF (cab?)' "
| ' I |

2b 2b 2b 2b ((_3(—ab2)1/3 N 13 (-ap?)' " )(
(ar?)'? 1T (ai?)' P (30-at) P 1VF (cap)) 2 2
( TV 2b )[ 2b B 2b )
/ (-at?)" (=at’)' 7 . 13 (-at?) " (-at?)'” 1/ (-at?)] J
bal i/bx(x— b ](x+ 2 + 25 J[x+ b b ]

Problem 28: Result more than twice size of optimal antiderivative.
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Problem 29: Result more than twice size of optimal antiderivative.
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Problem 30: Result more than twice size of optimal antiderivative.
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Problem 31: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
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Problem 34: Result more than twice size of optimal antiderivative.
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Problem 35: Result more than twice size of optimal antiderivative.
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Problem 36: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

1
dx
JXSKA/bJ;-+ax



Optimal (type 2, 84 leaves, 4 steps):

_4\/b\/? +ax n 24ay b\x +ax _ 32a2\/b\/?+ax i 64a3\/b\/?+ax

7h 22 355223 /2 3553 x 3564 %

Result (type 3, 231 leaves):

- ! [ bx +ax

350 Vx (b+ayx) b5 72

3547 /2ln[ 20 Vx (b+aVx) Ja +2ax +b
2a

+70a4\/ bx +axx9/2—44(b\/?+ax)3/2x5 /2ab2+76a2(b\/?+ax)3/2bx3 +20(b\/?+ax)3/2x2b3]]

i /21n[ 265 tax [T +2a5 +b |, 5
2Ja

bx’ /2+7Oa4\/\/?(b +a\/7) )c9/2—140a3 (b\/7+ax)3/2x7 /2

Problem 37: Result more than twice size of optimal antiderivative.
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Problem 38: Result more than twice size of optimal antiderivative.
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Problem 74: Unable to integrate problem.
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Problem 79: Result more than twice size of optimal antiderivative.

J 13 /2
— dx

Jbx +ax?

Optimal (type 4, 272 leaves, 5 steps):

xs/z‘/bxS +ax? _ 7a\/bxs +ax? i [7(15 /3xg Vo (al /3+b1 /3x)/ Eal /3 +b! /3x(

5b 2002 %

1—\/?))2 (a1/3+b1/3x(1
al /3+b1 /3x(1+\/?))2

/1_ (al/“rbl/}x(l‘JT))z,J?+J7]/“2 a 75 Pxt b Px 33/4]/(120(a1/3+b1/3x(1
WA amGeym) 28 @ AT
_\/—))bzx/bx5+ax2/ o Zx(a 24b Pa) ]
al b1/3 (1+43))°

Result (type ?, 2016 leaves): Display of huge result suppressed!
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Problem 80: Result more than twice size of optimal antiderivative.
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Problem 81: Result more than twice size of optimal antiderivative.
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Problem 86: Result more than twice size of optimal antiderivative.
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Problem 87: Result more than twice size of optimal antiderivative.
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Result (type 1, 134 leaves):
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Problem 88: Result more than twice size of optimal antiderivative.
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Problem 89: Result more than twice size of optimal antiderivative.
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Problem 95: Result more than twice size of optimal antiderivative.
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Problem 96: Result more than twice size of optimal antiderivative.
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— b + —ab + —a*b + b x130 + Ap3 7 4 Sp7 X0 4 PO+ == d X+ = B+ = AP
169 347" RS T 13 ¢ 13 13 3 47T Ty ey Ty
22 210 52,39 a1l b 26 412,13
+ == 40230 + b0 +
13 3
Problem 97: Result more than twice size of optimal antiderivative.
Jﬁ(bx’”ﬂ)”dx
Optimal (type 1, 14 leaves, 1 step):
(637 +a)"
481 b
Result(type 1, 134 leaves):
6 55 99 132 132 99

L opaasr o L 44a . 00 2400 407+ B30+ 48333 4 9 5,7 296 6 6,259 4 Tp5 222 4 22 8 p4 185

48 37 37 37 377 37 ¢ 37 ¢ 37 ¢ 37977

+§_7 2B 148+%a10b2 111+ianbx74Jr 212,37

Problem 99: Unable to integrate problem.

q-L ‘
~% 2 Jax +bx" dx

Optimal (type 3, 65 leaves, 3 steps):



L
2

2 arctanh _xiVa Ja
Jax +bx" _24aﬂ+bﬂ
Jj—n A

Result (type 8, 23 leaves):

Problem 101: Unable to integrate problem.

J (a2 +b2) 2 dx

At
Optimal (type 3, 92 leaves, 5 steps):

24 /2 arctanh[ L J
2 (a2 + b))’ N Jal by ) 2aad +bx"

304(2—71)%3 c4(2—n) c4(2—n)x

Result (type 8, 68 leaves):

a2
dx
2 (4a +0") Jad +0 ™M) Vax +be ™

3(n—2)x3c4 &

Problem 102: Unable to integrate problem.
32
J(cx)7 /2 [% +bx”) dx

Optimal (type 3, 100 leaves, 5 steps):

24 /2 ¢* arctanh \/7 \/7
9,2 ( 4 3 /2 /2 a 3 | @
2 (ex) (;+bx”) X /;+bx” 2ac® (ex) /;+bx”
- +
3c¢c(3+n) (3 +n)Jex 3+n

Result (type 8, 21 leaves):

dx

/
J(cx)7 /2 [% +bx”)3 i



Problem 106: Unable to integrate problem.

Optimal (type 3, 52 leaves, 3 steps):

Result (type 8, 25 leaves):

Problem 107: Unable to integrate problem.

Optimal (type 3, 31 leaves, 2 steps):

Result (type 8, 15 leaves):

Problem 108: Unable to integrate problem.

Optimal (type 3, 74 leaves, 4 steps):

2 (cx)

|

2 arctanh [

1

dx

xﬁj

Jax +by"

(2—n)Ja

|

1

1

dx

(cx)’ /2(

R
X

j3 /2

dx



2 arctanh [ Ja Jx

NER
X n 2

@23 (1 4n) Jex ad (1+n)ex [ < +bx"

Result (type 8, 21 leaves):

1
J(cx)s/2 (% +bx"

)3/2‘1"
Problem 109: Result unnecessarily involves higher level functions and more than twice size of optimal

antiderivative.
4
bx +a
x

2 arctanh{ L

L pi?
X

Optimal (type 3, 24 leaves, 3 steps):

3Jb

Result (type 4, 476 leaves):

Y +a - - (1/3 —3) xb bx ab? 1/
[4(b ra (13 1)/ (1v3 = 1) (-bx+ (-ap?)' ) (e tar)

3)2/1E(—ab2)1 S t2bx+ (mab?)' /IJT(—abz)1 S 2px—(-ab?)' [Euipticpi[/— (13 —3) xb
(1V3 +1) (-bx+ (-at?)' ) (1v3 =1) (-bx+ (-a6?)' ) (V5 1) (bt (-ap?) B

W3 -1 [ (3 +3) (/3 -1) ]_EmpﬁcF[/_ (1y3 —3) xb / (/3 +3) (1V3 —1) ]]]/
W3 -3 (13 +1) (1y3 -3) (V3 1) (-bx+ (-ap®)' ) ) (15 +1) (143 —3)

(52 b te e (10T
_3)/x(—bx+(—ab2)l ) (17 (cat?) P+ 2bx+ (-at?) 7)) (13 (ab?)' " —2bx— (-at?)' ") J

b2



Problem 110: Unable to integrate problem.

et
\/JJ’ (a +b27")

2 arctanh[ L J
JbE +ax

(2—n)Jb

Optimal (type 3, 31 leaves, 3 steps):

Result (type 8, 19 leaves):

et
\/JJ’ (a +b27")

Problem 111: Unable to integrate problem.

"
Jx(bx-+ax’1+”)

2 arctanh[ L J
Vb +ax

(2-nm)Vb

Optimal (type 3, 31 leaves, 3 steps):

Result (type 8, 17 leaves):

"
Jx(bx-+ax’1+”)

Problem 112: Unable to integrate problem.

J@xW#aﬂ+bf(h

Optimal (type 5, 94 leaves, 3 steps):

n
l+m+ — ;
Jj—n .
2 x (¢x)™hypergeom ——,_—2 ,[l—i- 2+.2m+n ’_ax vax +bx"
2 j—n 2j—2n b
Jj—n
(2+2m+n) 1+“xb

Result (type 8, 161 leaves):



m(ln(c)+ln(x)— Imcsgn(Icx) (-csgn(Iex) +esgn(lc)) (-esgn(Icx) +csgn(lx)) ) .
2xe 2 \/aejln(x) +pet ) N
2+2m+n
m (ln(c) G — Imesgn(Icx) (-csgn(Iex) +cesgn(lc)) (-csgn(lcx) +csgn(lx)) ) .
e 2 aejln(x)(j_n) d
(2 +2m+n)\/aejln(x) 4+ hetn®
Problem 113: Unable to integrate problem.
(cx)
J i 5,2 dx
(ax/ +bx")
Optimal (type 5, 103 leaves, 3 steps):
5 1+m—52—n 1+m—52—n j—n 77
2x! 72" (¢x)™hypergeom| | =, , S+ , -4 |+
2 j—n j—n b b
B2(24+2m—5n)Jax +bx"
Result (type 8, 21 leaves):
(cx)™
J ; 5/2 dx
(ax/ +bx")
Problem 114: Unable to integrate problem.
1
dx
i 2
J (ax/ +bJJl)5 /
Optimal (type 5, 95 leaves, 3 steps):
|- 3n
_ 5 2 2—5n ax/ " -
2x! 72" hypergeom| | =, , 1+ , - 14+ —
YPeIE 2 j—n 2j—2n b b

> (2—=5n)Jax +bx"

Result (type 8, 15 leaves):

1
dx
J (axj—l-b)ﬂ)5 Z

Problem 118: Unable to integrate problem.

1
J‘(ax1 /3-|-bx2/3)1/3 &



Optimal (type 4, 738 leaves, 11 steps):

a2

4542 (a +2bx' 73) (_b(ax1 B4 p2 ) )1 /322 p

_4salatbd A) A 9(a+bx A) 2/
28b2(ax1/3+bx2/3)1/3 7b(ax1/3+bx2/3)1/3 28b3(ax1/3+bx2/3)1/3[1—22/3[—b(“+bx1/3)x1/3J1/3—\/?

a2

13Y.1 3N\ /3 1 /3 5y N\ /3
+ 153 gt 12 blatbe Z)x blax P 4be ) EllipticF a 2113
g “ I 22/3( blatbx ) AN/ /3
_ ) : _
a
_1+22/3(_b(a+bx1 /3)x1/3J‘ : ) _b(ax1/32+bx2/3)
+bXZ/3)1/3 - 1/ 2 |~ 4531/4a4[1—22/3(_b(a+bxlz/3)xl/3 )1 3] a
[1_22/3(_b(a+bx12/3)x1/3) —\/T] a
a

_1+22/3 [_b(a-l-bxl /3)x1 /3 ]1 3

a2

[1—22/3 [_b(a+bxl /3)x1 /3 ]1/3—ﬁ)2

a2

Result (type 8, 15 leaves):

1
J(ax1 /3'—i-bxz/3)1/3 &

Problem 119: Unable to integrate problem.
J?m(aﬂl+bfﬁpdx

Optimal (type 5, 91 leaves, 3 steps):

-j+n
+]p+m+1}[1+]p+m+l]’_bx )

T (ax + b2 (a4 bx7TT) Mmaemn IL,1+p
-j+n -j+n a

jp-+nz+1)
Result (type 8, 19 leaves):

J#"(axi+le)pdx

Problem 120: Unable to integrate problem.
J(axm+bxmp+m+1)” dx




Optimal (type 3, 45 leaves, 1 step):

(a{n_'_bxmp-i-m-i-l)l""l’
b(1+p) (mp+1)xr1+p

Result (type 8, 20 leaves):
J(ax’”+bx”’p+m+1)pdx

Problem 121: Unable to integrate problem.
an (axm+bxmp+m+n+1)}7dx
Optimal (type 3, 47 leaves, 1 step):

(axm_l_bxmp-i-m+n+l)1+17
b(1+p) (mp+n+1)xm1+p

Result (type 8, 25 leaves):
an (axm+b)gnp+m+n+1)l7dx

Problem 122: Unable to integrate problem.
-1+n

J(x P (a-%bfﬁ)pdx

Optimal (type 3, 59 leaves, 2 steps):

_ - 1+p
(1 —n)(1+p) na 1+n ;
X P bx 7+
1—n
x P
bn(1+p)

Result (type 8, 21 leaves):

Problem 123: Unable to integrate problem.
Jx71+"7p(1+q)(ax”-kbxp)qu
Optimal (type 3, 40 leaves, 1 step):

(ax" +b2)' 1
a(n—p) (l4+q)1+7

Result (type 8, 27 leaves):



Jx'1+"_p(l+”)(ax"—kbxp)qu

Test results for the 79 problems in "1.1.4.3 (e x)"™m (a x"j+b x"k)”p (ct+d x*n) " qg.txt"

Problem 38: Result more than twice size of optimal antiderivative.

J(sz +4) (et +522)*

dx
xlO
Optimal (type 3, 120 leaves, 5 steps):
y y 3(—Ac+6bB)mmmm[——jﬂ@i——]
_(-Ac+6bB)ﬁw4+bf)32 _,4@m4+bf)52 _ Jext + b2 _(%—Ac+6bB)chL+bf

24 b 6bx! 1653 /2 1653
Result (type 3, 272 leaves):

TE ! VY ((cx4+bx2)3/2[—18B62\/m197/2x6—6B62(xzc—l-b)3/2b5 23 4343 Fetb 1520 448 (Pe+b)
48 ct+b b

2003 2 4 6Bc(Pe+b) P 2 — AR (Re4b) PP 24128 (Pe+b) P 22 —24c (Pe+b) b 22

2(\/7\/x20+b +b> Jb3x6+183621n[ 2(\/7\/96204'17 +b> Jb4x6+8A(xzc+b)5/2b7/2]j

-34S 1n

Problem 76: Unable to integrate problem.

ax"+bx" dx
cx +dX"

Optimal (type 5, 56 leaves, 4 steps):

1

ax | m—n

c cd

(—da+bc)thagmm([h

[rgh=)

m—n

Result (type 8, 43 leaves):

bx "M (gq —pe)
— +
d (Cem In(x) +de ln(x)) d

Problem 77: Unable to integrate problem.



(Hﬁ)"w

X
dx +c
Optimal (type 6, 64 leaves, 4 steps):
n
(a—i—é) xmAppellFI(—m, —n,l,l—m,—i,—L)
X ax dx
n
dm(1+i)
ax
Result (type 8, 22 leaves):
b n
(a-+-—) X"
N X
dx +c
Problem 78: Unable to integrate problem.
b n
()
X
———— dx
2 (dx+c¢)
Optimal (type 5, 86 leaves, 4 steps):
b
b 1+n b 1+n C(Cl‘i‘;)
(a—i——) d(a+—) hypergeom| [1,1 +n], [2 +n], ————%
X _ X ac—bd
bec(1l+n) c(lac—>bd) (1 +n)
Result (type 8, 22 leaves):
n
[
X
K (dx+c)

Problem 79: Unable to integrate problem.

(dx +¢)?

Optimal (type 5, 58 leaves, 3 steps):



1+n
b(a+—) hypergeom| [2,1 +n], [2 +n],
. ac—>bd

(ac—bd)? (1 +n)
Result (type 8, 19 leaves):

Summary of Integration Test Results

202 integration problems



HoQw >

158 optimal antiderivatives

18 more than twice size of optimal antiderivatives
4 unnecessarily complex antiderivatives

22 unable to integrate problems

0 integration timeouts



