Rubi 4.16.1.4 Integration Test Results

on the problems in the test-suite directory "1 Algebraic functions”

Test results for the 1917 problemsin "1.1.1.2 (a+b x)"m (c+d x)*n.m"

Problem 369: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
_ + dx

J 2(a+bx)3/2 Vva+bx

Optimal (type 3, 13 leaves, ? steps):
Xm

\a+bx
Result (type 5, 92 leaves, 5 steps):

x" (—b?x)fm Hyper‘geometr‘icZFl[—i, -m, %, 1+ b?x] 2mx" (7%)()7"' \Va+bx Hyper‘geometr‘icZFl[i, 1-m, 3, 1+ LX}

a

Va+bx a

m -1+m
b x m X

Test results for the 3201 problemsin "1.1.1.3 (a+b x)"m (c+d x)*n (e+f x)"p.m"

Problem 957: Result valid but suboptimal antiderivative.

J(ex)"‘ (a-bx)*" (a+bx)"dx

Optimal (type 5, 211 leaves, ? steps):
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b% x?
aZ

1+m 3+m b2 x? ]

(ex)1" (a-bx)™" (a+bx)™" 2a? (2+m+n) (ex)™" (a-bx)" (a+bx)" (1— )m Hyper‘geometr‘icZFl[T, -n, =%,

- +

e(3+m+2n) e(1+m) (3+m+2n)

2ab (ex)?™ (a-bx)" (a+bx)" (1— bzafz)fn Hypergeometr‘icZFl[Z;m, -n, 4;'", bzafz]

ez (2+m)

Result (type 5, 238 leaves, 11 steps):

a? (ex)™ (a-bx)" (a+bx)" (17 b;—;z)_n Hyper‘geometricZFl[lfm, -n, 3;'", bzfz]
e (1+m) .
2ab (ex)?™ (a-bx)" (a+bx)" (1— bz;‘z)fn Hyper‘geometr‘icZFl[z*T’“, -n, 4;’", b;;‘z]
e? <2+m) !

b2 (e x)3m <a—bx)” <a+bx)n (1_ b;@)—n Hyper\geometr‘ic2F1[3?m, _n, S blxz]

e3 (3+m)

Test results for the 159 problemsin "1.1.1.4 (a+b x)"m (c+d x)"n (e+f x)*p (g+h x)*g.m"

Problem 111: Unable to integrate problem.
J 1
(a+bx)*? (c+dx)**Ve+fx /g+hx

dx

Optimal (type 4, 786 leaves, ? steps):
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2d3Va+bx Ve+fx /g+hx 2b3Vc+dx Ve+fx v/g+hx
- - +
(bc—ad)2 (de-cf) (dg-ch) Vc+dx (bc—ad)2 (be-af) (bg-ah)Va+bx
2b (a*d?fh-abd? (fg+eh) +b? (2d?eg+c2fh-cd (fg+eh)))Vc+dx Ve+fx /g+hx

(bc-ad)? (be-af) (de-cf) (bg-ah) (dg-ch)Va+bx .

2+\/fg-eh (a®d*fh-abd® (fg+eh) +b* (2d°eg+c®*fh-cd (fg+eh)))

(be-af) (g+hx) E11ipticE[Ar‘cSin[\/bg7ah e+ fx 1, - (bc-ad) (fg-eh) }]/

(fg-eh) (a+bx] Vfg-eh Va+bx (de-cf) (bg-ah)

Veo+dx \/—

(be-af) (c+dx) N
(de-cf) (a+bx]

[(bc—ad)2 (be-af) (de-cf)Vbg-ah (dg—ch)\/

4bd [{beafilexdx) /gy E111pt1cF[Ar'c51n[vbgah efx 1, _(bcad (fa-eh) |
(de-cf) (a+bx) /-Fgeh Vabx (de-cf) (bg-ah)
(bc-ad)?*vVbg-ah v/fg-eh +/c+dx B T e
(fg-eh) (a+bx)

Result (type 8, 39 leaves, 0steps):
1

<a+bx)3/2 (c+dx>3/2\/e+'f:x \/g+hx

CannotIntegrate| » X]

Test results for the 34 problemsin "1.1.1.5 P(x) (a+b x)*m (c+d x)"n.m"

Test results for the 78 problemsin "1.1.1.6 P(x) (a+b x)"m (c+d x)*n (e+f x)"p.m"

Test results for the 35 problemsin "1.1.1.7 P(x) (a+b x)*m (c+d x)"n (e+f x)"p (g+h x)*q.m
Test results for the 1071 problemsin "1.1.2.2 (c x)"m (a+b x*2)*p.m"

Problem 662: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
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J a(2+m)x¥™ b (3+m) 3"
+
Va+bx? Vva+bx?
Optimal (type 3, 17 leaves, ? steps):

X2 +/a+ b x?

Result (type 5, 127 leaves, 5steps):

2+ bx? : 1 2:m 4um bx? 4. bx? : 1 4sm 6em bx?
ax>m 1+ 2 Hyper‘geometr‘1c2F1[2, o, B, - a] b (3+m)x#m [1+ 2 Hyper‘geometr‘1c2F1[2, o, e, - a]

+

Jaibxl (4+m) VJa+rbx®

dx

Problem 664: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

dx

J[ b X1+m m X—1+m
- +
(a+bx2)*? aibx?
Optimal (type 3, 15leaves, ? steps):

Xm
Vva+bx?
Result (type 5, 123 leaves, 5 steps):

bx? ; 1 m 2em bx? 2+ bx? B 3 2+em 4+m bx?
VR R Hypergeometr‘1c2F1[2, o, B, | bxxm 14 ’ Hyper‘geometr‘1c2F1[2, o, A, ]

Va+bx? a(2+m)\/a+bx2

Test results for the 349 problemsin "1.1.2.3 (a+b x*2)*p (c+d x*2)*g.m"

Problem 301: Result unnecessarily involves higher level functions.

J(l—ZXZ)"‘ ix

1-x2

Optimal (type 5, 62 leaves, ? steps):
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272 mA/x2 (2—4x2)1+"I Hyper‘geometr‘icZFl[i, 1?"', 3+Tm, (1—2x2)2]

(1+m) x

Result (type 6, 23 leaves, 1step):

1 1 3 s o
xAppellFl[f, -m, —, —, 2X°, X }
2

Test results for the 1156 problemsin "1.1.2.4 (e x)"m (a+b x*2)"p (c+d x"2)*q.m"

Test results for the 115 problemsin "1.1.2.5 (a+b x*2)*p (c+d x*2)Aq (e+f xA2)Ar.m"

Test results for the 51 problemsin "1.1.2.6 (g x)"m (a+b x*2)"p (c+d x"2)"q (e+f x"2) r.m"

Test results for the 174 problemsin "1.1.2.8 P(x) (c x)"m (a+b x"2)"p.m"

Test results for the 3078 problemsin "1.1.3.2 (c x)"m (a+b x*n)*p.m"

Problem 2686: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
_ + dx

J 2(a+bx")3/2 Va+bx"
Optimal (type 3, 15leaves, ? steps):

Xm

Va+bx"
Result (type 5, 126 leaves, 5 steps):

bx" : 1 m men bx" + bx" : 3 min m bx"
X" (14 2 Hyper‘geometr‘1c2F1[2, o, - a] bnx™n [1+ 5 Hyper‘geometr‘1c2F1[2, £, 248, - a]

Va+bx" 2a (m+n) Va+bx"

bn X—1+m+n m X—1+m

Problem 2697: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.
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J

Optimal (type 3, 26 leaves, ? steps):
2x*Varbx 2m

b (4+m)

6 a x? X"
+ dx
b(4+m) Va+bx 2" ~Ja+bx2m

Result (type 5, 160 leaves, 5 steps):

2ax* |1+ 2" Hypergeometric2F1[ 2, - 2, - L, _0xZR] e [, X5 Hypergeometric2Fl[t, - M, 12n L bx Tt

b(4+m) Va+bx2m (1+m) Va+bxzm

Problem 2699: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

J 2<a+bx”)3’/2 va+bx"
Optimal (type 3, 15leaves, ? steps):

Xm
\a+bx"
Result (type 5, 126 leaves, 5 steps):

bx" . 1 m men bx" + bx" : 3 min m X"
xm o1y . Hyper‘geometr‘chFl[;, I —T} bnx™" [1+ . Hyper‘geometr‘1c2F1[2, ) 2+ i ]

bn X—1+m+n m X—1+m

dx

Va+bx" 2a (m+n) Va+bx"

Test results for the 385 problemsin "1.1.3.3 (a+b x*n)*p (c+d x"n)*g.m"
Test results for the 1081 problems in "1.1.3.4 (e x)"m (a+b x*n)”*p (c+d x"n)*g.m"

Problem 455: Result unnecessarily involves higher level functions.

XG
dx
J(8c—dx3)2 (c+dx3>3/2
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Optimal (type 4, 256 leaves, ? steps):
2/3_1/3 41/3 2/3 2 - 1/3,41/3
27/2++/3 (c¥2+dV3x) \/ PP P xR EllipticF[ArcSin[M], ~7-4+/3]

2 x (4 c+d x3) ((14V37) ¥/3+d¥3x) (164/3 ) 350t/ x

81 c d? (8 c-d X3) Vec+d x3 g1 31/ ¢ g7/ /3 (c1/3+d1/3 X)
C
((1+\/?) cl/3.d1/3 X)Z

Ve+dx3

Result (type 6, 66 leaves, 2 steps):

7 4, 8¢ 7 5 3 10 dd _dx
X [1+ 2 Appe11F1[3,2,2,3,8c, c]

448 c3/c+dx3

Test results for the 46 problemsin "1.1.3.6 (g x)"m (a+b x"n) p (c+d x*n)"q (e+f x n) r.m

Test results for the 594 problems in "1.1.3.8 P(x) (c x)*m (a+b x*n)*p.m"

Test results for the 454 problems in "1.1.4.2 (c x)*m (a x*j+b x*n)*p.m"

Test results for the 298 problems in "1.1.4.3 (e x)"m (a x"j+b x"k)"p (c+d x*n)*q.m"

Test results for the 143 problemsin "1.2.1.1 (a+b x+c x*2) p.m"

Test results for the 2590 problemsin "1.2.1.2 (d+e x)"m (a+b x+c x"2)*p.m"

Test results for the 2646 problems in "1.2.1.3 (d+e x)*m (f+g x) (a+b x+c x*2) p.m"

Test results for the 958 problems in "1.2.1.4 (d+e x)"m (f+g x)*n (a+b x+c x"2)*p.m"

Problem 833: Result valid but suboptimal antiderivative.
Jm VIx

1+ x-x2




8 | 1 Algebraic functions.nb

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

“AncCoshx] + : (71+\/?) ArcTan | = ] + 2 (1+\E) ArcTanh | LEXES ]
5 Jo2evs e VP J245 VCiex

Result (type 3, 191 leaves, 9steps):

L (11495) VTTox VIvx ArcTan[ T

2 (5 ) [
V-1+x \/1+x ArcTanh| ] % (1 B \/?) V-1+x V/1+x ArcTanh| 2 (145 ) x ]

J:T ° [2 (1+\E) \ ~1ex?

V-1+x? V-1+x?

Test results for the 123 problemsin "1.2.1.5 (a+b x+c x"2)"p (d+e x+f x2)*Aq.m"

Test results for the 143 problems in "1.2.1.6 (g+h x)"m (a+b x+c x"2)"p (d+e x+f xA2)*q.m"
Test results for the 400 problemsin "1.2.1.9 P(x) (d+e x)"m (a+b x+c x"2)*p.m"

Test results for the 1126 problemsin "1.2.2.2 (d x)*m (a+b x"2+c x"4)*p.m"

Test results for the 413 problemsin "1.2.2.3 (d+e x*2)Am (a+b x"2+c x"4) p.m"

Problem 174: Unable to integrate problem.
J\/a+bx2 q

1-x4

X

Optimal (type 4, 112leaves, ? steps):
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avi-x2 | J—Laajb*iz EllipticPi[i, Ar‘cSin[La*b X ] , - ﬂ]

a+b
a+b x?

Va+b V1+x? a (1)

a+b x?

Result (type 8, 25leaves, 0steps):
Vva+bx?

Vi1-x*

Unintegrable| » X|

Test results for the 413 problemsin "1.2.2.4 (f x)"m (d+e x*2)*q (a+b x"2+c x*4)*"p.m"

Problem 374: Result valid but suboptimal antiderivative.

(d +e XZ) 3/2
J dx
X2 (

a+bx2+cx4)

Optimal (type 3, 260 leaves, ? steps):

Jm[bm]e . Jm[mm)e .

(ch—(b—\/b2—4ac)e)B/ZAr‘cTan[ ]

] (2cd—(b+\/b2—4ac)e)B/ZAr‘cTan[

d~/d+ e x? b-y/b%-4ac +/d+ex? \[ b+y/b%-4ac +/d+ex?
- - +
ax Vb2-4ac (b—\/b2—4ac)3/2 Vb2-4ac (b+\/b2—4ac)3/2

Result (type 3, 432 leaves, 16 steps):
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e X

\/ZCd[b\/bZAac
2cd- (bfx/b274ac ) e (d+M] ArcTan |

]

d+vd+ex? b-dac b-+/b2-dac +/drex?
ax 2ar/b-+b%2-4ac

X

\/2cd(b+x(b24ac e
] Je x
ofoiase Jaow Ve ArcTanh[ -]

+ —

2a/b+vb2-4ac @

d- M) ArcTanh [ (2] e

b?-4ac

\/2cd—(b+\/b2—4ac>e

d- -bd2ae ] ArcTan|
b%-4ac

Ve

d 2d-2ae ) Ar‘cTanh[—*Le |

d+e x? b?-4ac d+e x?

2a 2a

Test results for the 111 problemsin "1.2.2.5 P(x) (a+b x"2+c x"4)"p.m"

Test results for the 145 problemsin "1.2.2.6 P(x) (d x)*m (a+b x*2+c x*4)"p.m"
Test results for the 42 problemsin "1.2.2.7 P(x) (d+e x"2)"q (a+b x"2+c x"4)"p.m"
Test results for the 4 problems in "1.2.2.8 P(x) (d+e x)*q (a+b x"2+c x"4) p.m"
Test results for the 664 problemsin "1.2.3.2 (d x)*m (a+b x*n+c x*(2 n))*p.m"

Problem 24: Result valid but suboptimal antiderivative.

st (a2+2abx3+b2x6)3/2dlx

Optimal (type 2, 119leaves, ? steps):

a2 (a+bx3‘)3\/a2+2abx3+b2x6 2a(a+bx3)4\/a2+2abx3+b2x6 (a+bx3)5\/a2+2abx3‘+b2x6
- +

12 b3 15 b3 18 b3

Result (type 2, 167 leaves, 4 steps):
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a3x?Va2+2abx3+b2x6  atbx2+/a?2+2abx3+b2x6  ab2x¥®/a?+2abx3+b2x6  b3x¥B+/aZi2abx3+b?xb

+ + +
9 (a+bx3) 4 (a+bx3) 5 (a+bx?) 18 (a+bx3)

Problem 478: Result unnecessarily involves higher level functions.

- dx

(a2+2abx¥3+b2x?3)P  2b3 (1-2p) (1-p)p (a®+2abx?3+b>x?¥3)P
J[ x2 3a3x

Optimal (type 3, 146 leaves, ? steps):

(a+bx/3) (a2+2abx13+b2x23)P b (1-p) (a+bx'/3) (a2+2abx3+b2x23)" b2 (1-2p) (1-p) (a+bxV3) (a+2abx1/3+ b2 x2/3|P
- +

aX a2 X2/3 a3 X1/3

Result (type 5, 162 leaves, 7 steps):
_r
a® (1+2p)

b X1/3

a

b X1/3

a

+

2b* (1-2p) (1-p)p (1+ ) (a® +2abx'/?+ b?x?/3)P Hypergeometric2F1[1, 1+2p, 2 (1+p), 1+

3b3 (1+ b’;i) (a® +2abx'/3 + b?x?/3)P Hypergeometric2F1[4, 1+2p, 2 (1+p), 1+ —bx1/3]

a

a® (1+2p)

Test results for the 96 problemsin "1.2.3.3 (d+e x*n)*qg (a+b x*n+c x*(2 n)) p.m"

Test results for the 156 problemsin "1.2.3.4 (f x)"m (d+e x*n)*q (a+b x*n+c x*(2 n))*p.m"
Test results for the 17 problemsin "1.2.3.5 P(x) (d x)*m (a+b x*n+c x"(2 n))*p.m"
Test results for the 140 problemsin "1.2.4.2 (d x)"m (a x*g+b x*n+c x*(2 n-q))*p.m"

Test results for the 494 problems in "1.3.1 Rational functions.m"

Problem 174: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

J(bxl*p (bx+cx3)p+2cx3*p (bx+cx3)p) dx
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Optimal (type 3, 27 leaves, ? steps):
x1P (b x+cx?) Lep

2(1+p)

Result (type 5, 116 leaves, 7 steps):

b x2+P (1+ %)7') (bx +cx?)P Hypergeometric2F1[-p, 1+p, 2 +p, —%] c x4P (1+ %)7’3 (bx + ¢ x?)P Hypergeometric2F1[-p, 2+p, 3+p, -

2
%]

+

2(1+p>

Problem 221: Result valid but suboptimal antiderivative.

J(1+2x) (x+x2)3 (—18+7 <x+x2)3)2dlx

Optimal (type 1, 33 leaves, ? steps):

81 x* (1+x)4-36x7 (1+x)7+£x10 (1+x)1°
10

Result (type 1, 96 leaves, 3 steps):

12551 x1©
81x*+324x>+486x% +288x7 -171x%-756 x> - —————— ~ 1211 x** -
10
1071 x*2 6174 x> 441 x8 49 x20
1336 x2®+993x* + ————— 1+ 1029 x16 + 588 x*7 + +49 X1 ¢ ———
2 5 2 10

Problem 222: Result valid but suboptimal antiderivative.

Jx3 (1+x)° (1+2x) (—18+7x3 (1+x)3)2d1x

Optimal (type 1, 33 leaves, ? steps):

81 x* (1+x)4-36x7 (1+x)7+£x10 (1+x)1°
10

Result (type 1, 96 leaves, 2 steps):

12551 x1
81x*+324x>+486x% +288x7 -171x%-756 x> - —————— ~ 1211 x** -
10
1071 x*2 6174 x> 441 x8 49 x2@
1336 x2®+993x* + ————— 1+ 1029 x16 + 588 x*7 + +49 X1 ¢ ———

2 5 2 10

2+p



Problem 329: Result valid but suboptimal antiderivative.

~20 X + 4 x>
Jidlx
9-10x2 +x*

Optimal (type 3, 31leaves, ? steps):
Log[1l-x] - 1 Log[3 - x] + i Log[1+x] -2Log[3 +X]
2 2

Result (type 3, 41 leaves, 11 steps):

—iAr‘cTanh[i] + M+£Log[1—x2] - ELog[9—x2}
2 3 2 4 4

Problem 393: Unable to integrate problem.
J <1+X2>2 dx

axb+b <1+X2)3

Optimal (type 3, 168 leaves, ? steps):

:{ 1/3,p1/3 A C(21)1/3 31/3.p1/3 :{ &7 iz/z 1/3_ p1/3
ArcTan [ Y20 X ApcTan [ e b x| ArcTan [ e x

pl/6 pl/6 pl/6

+ +

3Wb5/6 3\/_ (_1)1/3 3l/3 L pl/3 p5/6 3\/ (_1)2/3 al/3 , pl/3 p5/6

Result (type 8, 68 leaves, 5steps):

1 2

X

CannotIntegr‘ate[ ) x] +2 CannotIntegr‘ate[

ax6+b(1+xz)3 ax6+b(1+xz>3

Problem 493: Unable to integrate problem.

+ +

J[3 (-47+228x+1zex2+19x3) 42 -320x-75x%2-8x%x3 30 x
<3+X+X4)4 (3+X+X"’>3 <3+X+X4>2

Optimal (type 1, 27 leaves, ? steps):

2-3x+5x2+x*-5x°

(3+X+X4>3

Result (type 8, 121 leaves, 7 steps):

dx

B x] +CannotIntegr‘ate[

1 Algebraic functions.nb | 13
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19 1 621 1

- + - — CannotIntegr‘ate[i, x] +
4<3+X+X4>3 <3+X+X4>2 4 <3+X+X4)4
2
684 CannotIntegr‘ate[;, x| + 360 CannotIntegr‘ate[Xi, x| +44 CannotIntegrate| ———————, x| -
<3+X+X4>4 <3+X+X4)4 <3+X+X4>3
X X2 X
320 CannotIntegr‘ate[i, x] -75 CannotIntegr‘ate[i, x] + 30 CannotIntegr‘ate[i, x}
<3+x+x4)3 (3+x+x“>3 (3+x+x“)2
Problem 494: Unable to integrate problem.
J[3+10X+4X330x5 3(1+4%%) (2-3x+5x%+x*-5x°) 5
- X
(3+X+X4)3 <3+X+X4>4
Optimal (type 1, 27 leaves, ? steps):
2-3x+5x>+x*-5x°
(E’:+X+x4)3
Result (type 8, 177 leaves, 13 steps):
7 63 X 12 x2 5 x3 3 x4 10 x°

_ _ _ + _ _
2(3+X+X4>3 22(3+X+X4)3 (3+X+X4)3 <3+X+X4>3 2(3+X+X4)3 <3+X+X4>3

1 5 x2 4 1 8
+ + CannotIntegrate| ———————, x| + CannotIntegrate| ————————, x| +
2<3+X+X4>2 (3+X+X4>2 11 <3+X+X4>4 11 <3+X+X4>4
X2 1 X
18 CannotIntegrate| ———————, x| - 4 CannotIntegrate| ——————, x| - 20 CannotIntegrate| ——————, x|
(3+X+X4>4 <3+X+X4>3 (3+X+X4)3

Test results for the 1025 problems in "1.3.2 Algebraic functions.m"

Problem 197: Unable to integrate problem.

dx

J<d3+e3 X3>P

d+ex

Optimal (type 6, 135leaves, ? steps):

-p -p
3 3 y3)\P 2 (d+ex) 2 (d+ex) _ _ __2(d+ex) 2 (d+ex)
(d® + 3 x3) (1+ (Mﬁ)d] (1 (Mﬁ)dJ AppellFi[p, -p, -p, 1+p, iy )a’ (Mﬁ)d]

ep
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Result (type 8, 23 leaves, 0steps):
(dS + e3 X3) P

CannotIntegrate|
d+ex

» x|

Problem 396: Result unnecessarily involves higher level functions and more than twice size of optimal
antiderivative.

J Vvax?" 2x "/ ax3" B
+ X
V1+x" (2+n)\/1+x”

Optimal (type 3, 34 leaves, ? steps):
2x3 " axZm /14 x"

2+n

Result (type 5, 80 leaves, 5steps):

x+ax2n Hyper‘geometr‘icZFl[i, 1+ i, 2+ i, —x”} 2 xt " +/ax2n Hyper‘geometr‘icZFl[i, i, 1+ i, —x”]
+
1+n 2+n

Problem 616: Unable to integrate problem.

J%(a+bx+cx2)m (d+ex+fx*+gx*)" (-ad+ (bdm+aen) x+ (cd+be+af+2cdm+bem+ben+2afn) x*+
X

(2ce+2bf+2ag+2cem+bfm+cen+2bfn+3agn)x’+ (3cf+3bg+2cfm+bgm+2cfn+3bgn)x*+cg(4+2m+3n)x°) dx

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

(a+bx+cx2)1*m (d+ex+fx2+gx3)1*”

X

Result (type 8, 306 leaves, 2 steps):
(c(d+2dm) +be (1+m+n) +af (1+2n)) CannotIntegrate| (a+bx+cx?)" (d+ex+fx2+gx’)", x| -

a+bx+cx?)" (drex+fx2+gx®)" (a+bx+cx?)" (dvex+Ffx2+gx3)"

ad CannotIntegrate| ; , X] + (bdm+aen) CannotIntegrate|

X X
(ce(2+2m+n) +bf (2+m+2n) +ag (2+3n)) CannotIntegrate|[x (a+bx+cx?)" (d+ex+Ffx?+gx®)", x| +
(cf(3+2m+2n) +bg (3+m+3n)) CannotIntegrate|[x® (a+bx+cx?)" (d+ex+fx>+gx3)", x| +

cg (4+2m+3n) CannotIntegrate[x® (a+bx+cx?)" (d+ex+fx*+gx®)", x|

L x]
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Problem 617: Unable to integrate problem.

J%(a+bx+cx2)m (dvex+fx*+gx?’)" (-2ad+ (-bd-ae+bdm+aen) x+ (2cdm+bem+ben+2afn)x*+
X

(ce+bf+ag+2cem+bfm+cen+2bfn+3agn)x’+ (2cf+2bg+2cfm+bgm+2cfn+3bgn)x*+cg(3+2m+3n)x>) dx

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

(a+bx+c:x2)1+m (d+ex+-l:x2+gx3)1+n

x2

Result (type 8, 305leaves, 2 steps):
(ce(1+2m+n)+bf (1+m+2n)+ag (1+3n)) CannotIntegrate|(a+bx+cx?)" (d+ex+Ffx*+gx®)", x| -

(a+bx+cx?)" (d+ex+fx2+gx3)"

2 ad CannotIntegrate| ; , X] -
X

b 2)m (d Fx24gx3)"
(bd(l—m)+ae(1—n))CannotIntegr‘ate[(aJr xrext)T (drex: fxirgx)

5 ,X]+
X

a+bx+cx?)" (d+ex+fx2+gx3)"
( )

(2cdm+2afn+be (m+n)) CannotIntegrate| , X] +
X
(2cf (1+m+n) +bg (2+m+3n)) CannotIntegrate|x (a+bx+cx?)" (d+ex+fx?+gx3)

cg (3+2m+3n) CannotIntegrate[x* (a+bx+cx*)" (d+ex+fx>+gx’)", x|

", x|+

Problem 941: Result unnecessarily involves higher level functions.

J[(1x6)2/3+(1_xs>2/3 dx

X6

Optimal (type 2, 35leaves, ? steps):
1 _x6)2/3
_( X) +—X(1—X6>2/3
5 x° 5

Result (type 5, 36 leaves, 3 steps):

Hypergeometric2F1| - %, - %, i, x° |

, 2 1 7
+ X Hypergeometric2F1[- =, =, —, x°]
5 x° 3 6 6
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Problem 995: Unable to integrate problem.
J\\/l—x2+xﬂ—1+x2 dx

Optimal (type 3, 63 leaves, ? steps):

3ArcSin|x -+ -1+ x?
Z3x+q/-1+%2 \/1x2+x “1+x® o+ [ }
4 4~2

Result (type 8, 24 leaves, 0steps):

CannotIntegrate [Jl -x2exA/-1+x% , x|

Problem 996: Unable to integrate problem.
J\/ X+\/—\/1+X

1+X

Optimal (type 3, 66 leaves, ? steps):

3Ar‘cSin[\/——\/1+x]
22

%(J?+3VTT?)J7X+JIVTT§’7

Result (type 8, 31 leaves, 1 step):

Jox X Tix
V1+Xx

CannotIntegrate| » X]
Problem 997: Result valid but suboptimal antiderivative.

j X+2V1+x?
X+x3+V1+x2

Optimal (type 3, 78leaves, ? steps):
X + \/ 1+ x?

Result (type 3, 319leaves, 25 steps):

dx

2 (145 ArcTan [/ -2+ /5 |+ [2(-1++/5]) ArcTanh G

x+\/1+x )
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1 2 2 2
- x] - | = (1++/ rcTan x] - | —————— ArcTan J1+x? |-
) 1++/5 } 10 (1 5) Aret [\/1+\/5 } \IS(1+\/5) Arctan| ~1++/5 e
2 2 2
- +4/5 | Arc an A1+ x? ———————— ArcTan x| +
\ 5( ' ! \[ -1+ ' 5(-1++/5 | pretenn] -1+5 |

i(—1+\/?) Ar‘cTanh[\/lf\E x}\IS(lJr ArcTanh A/ 1+ x? %(1+\/?) Ar‘cTanh[ 1+2\E «/1+x2}

Problem 1017: Result valid but suboptimal antiderivative.

J 1-x2 dx
(1—x+x2) (1—x3)2/3

Optimal (type 3, 103 leaves, ? steps):

2213 (1-x)
1-

1-x3)1/3
\/—ArcTan[——J—r ]

Log[1+2 (1-x)?>-x*] 3Llog[2'? (1-x)+ (1-x3)"7]
22/3 - 2 . 22/3 v 2 . 22/3

Result (type 3, 425 leaves, 42 steps):

122" (\17’x] ]_Jrzi/Z (1-x) 122 ) s
21/3 ApcT 153113 ArcT 153113 ArcT 153113 ArcT 1+22/3 (1-x3 Log 22/3 _ 1-x
rc an[—f—J—ﬁ ] rc an[—‘—]—3 ] ) rc an[—‘—J—\E ] ) rcTan| i ] ) Log[1+x?] ) [ (17)(3)1/3] )
ﬁ 22/3 \/? 22/3 \/? 22/3 ﬁ 3. 22/3 3. 22/3
Log[1 s 22 1x2 22 (ax) Log[2 21/3, _(x? 222 (x
g[ + (17)(3)2/3 (1—x3)1/3 } . 1 J1/3 Log[1+ 21/3 (1—X) i g[ + (17)(3)2/3 + (17)(3)1/3 ] ) Log[21/3_ (1—X3>1/3] B Log[—21/3x_ <1—X3>1/3]
3 22/3 3 (1 _X3>1/3 6 22/3 2 22/3 2 22/3

Problem 1018: Result unnecessarily involves imaginary or complex numbers.

X2
dx
J\/1+X4 <1+X4)

Optimal (type 3, 49leaves, ? steps):
1 1+x2 1 1-x?
- — ArcTan [ 7} - — ArcTanh [

4 xV-1+x* 4 xV-1+x4



Result (type 3, 47 leaves, 9steps):

1 i <1+J'1)x 1 1 <1+J'L)X
(7—7 —] ArcTan|[——"—| + (—+ —) ArcTanh| ———
8 8 V-1+x4 8 8 V-1+x4

Problem 1023: Unable to integrate problem.
j(1+x+x2+x3)’" (1-x*)"dx

Optimal (type 3, 34 leaves, ? steps):

(1-x) (Tex+x2+x3) " (1-x4)"

1+n

Result (type 8, 25leaves, 0steps):

CannotIntegrate| (1+x+x>+x?) ™" (1-x*)", x|
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Summary of Integration Test Results

26125 integration problems

A - 26092 optimal antiderivatives

B - 9 valid but suboptimal antiderivatives

C - 13 unnecessarily complex antiderivatives
D - 11 unable to integrate problems

E - 0 integration timeouts

F - O invalid antiderivatives



