L > # http://www.mapleprimes.com/questions/204401-Integ ral-With-Meijer-Functions

[ > b=7/10;
=L
L ®*1o
[ > restart;
> Digits:=10; # for the original inputs
[ Digits := 10

> ms := (1.141448075+9.645873109*10°(-11)*I)*(MeijerG
[1/2, O]], .3956862293%(-. 70*x+1)"4)+(2.148399968-2
[l [[1/4], [1/2, 1/4, O],
-.3956862293*(-. 70*x+1) ) +(-12.48809431-3.18886306
{1, 101, [L/2, 1/4, 1/4]],
-.3956862293%(-. 70"x+1)"4)+(4.061500400*107(-10)-8. 649913391*1)*MeijerG([[],
[, [[1/2], [1/4, 1/4, O]], -.3956862293%(-.70*x+1 YA4));

(10, 01, [(2/4, 1/4],
.148399963*I)*MeijerG([[],

3¥107(-9)*1)*MeijerG([[],

indets(ms, symbol);

ms:= (1141448075 0.9645873109101 )(

) 11]]1
MeuerG([[ 1111 ,H;‘, ZIME‘ 0H,O.3956862293{0.7O X+ 14)j

+(2.148399968 2.14839996$MeijerG([[ LI Hf} B % ﬂ -0.39568622930.70 x+ 1‘5)
1

- (12.4880943% 0.3188863063T0) Mel]erG[[[ LI11 [[o %H,—os%esezz%&o.m x+ 1 ‘5)

0
1
24
11
+(0.4061500400 10 - 8.649913391 ) MeljerG[[[ LI11 H } h 20 }],—0.3956862293(-0.70 X+ 1‘5)

)

L x}
> ms: convert(%, rational):
convert(%, StandardFunctions):
#simplify(%) assuming 0<x,x<1: # ?
h:=unapply(%, x);

(58441 1 j . e[ Hl 1} [1 H 2051 j
hi=x- o oaod || MeilerGQ L LITL| |77} 50| | SiaasaA 7 X~ 10)
51199 10367127876 4412 51834000

(114)

jf 178521221958534315 ¥ (~(7 x- 10"

( 52769 23699
3182866770 1429452135

3 5| 2051 4
vperaeol ] %4 sigsanod 71 )™

159960 1 133 2051 4
———— 1 |hypergeomq[ ] | ——— (7x-10)
12809 313591390 [ 2'4"4] 51834000

+
2

ek
( 4 432784 )«/265778835«/ ~7x-10%

1595284835858625 8104461875

2
553) 2051 . oa) (3] / (5/2)
hypergeo’{'[] [4’ & 2} 51834000 ' <10 Jr@ / "

> Digits:=15;

Digits := 15
[ > #H3p_Clean:= proc(ms::algebraic, b::numeric, eps::p ositive:=
0.5*107(1-Digits))
H3p:= proc(ms::algebraic, b, eps::positive:= 0.5*10 "(1-Digits))
local x:= indets(ms, And(name, Not(constant))), D, X, Y;

if nops(x)>1 then
error "1st argument must be an expression

s’pecfunc(anything, Int),
# J-> Int(op(J), epsilon= eps)
J-> Int(op(J))
)

)
end proc:
[ > H:=H3p(f(x), b, eps):
H:=convert(H, D);
#Expand(%);
1

%
Hi= (D(Z))(f)(Y) (X b+1) rD(f)(x)zdx dX +D(f)(Y) (-Y b+1) J
0 0

L>

(=] re-write over unit cube

[ > Int(diff(f(x),x)"2,x = 0 .. Y): convert(%, D);
%=Change(%, x=Y*xi, Xi):
subs1:=subs(xi=x, %);

#subs(subsl , H); #applyrule(subsl , H); # does not work?
Y
2
j D(f)(x)~ dx
0
Y 1

0

subsl::J D)) dx =Y J DIF)(Y x)2 dx
0

end if;
x:= X[
D:= diff(ms,x);
# evalf(
subsindets(
Int(
diff(
subs(x=Y, D)*Int((-b*X+1) *Int(D"2, x=
1.Y),
Y
)*subs(x=Y, ms),
Y=0..1

of at most 1 variable"

0..X), X=

D(Rx)2 dx |f(Y ) dv




[ > It @@ (D,2)(A(Y)INt((-X*b+1)IntDH(x)2,x = 0.X)X=1.
Y)+D(O)Y )Y +L) DA ()"2,% = 0 ... Y))*(Y) Y=0.1)
JL:=Int(C @@ (D,2)(F)(Y)*Int((-X*b+1)*Int(D(f)(x)"2 X=0.X)X=1.
Y)+D(N(V)*(-Y*b+L)(YHInt(D{(Y*%)"2,x = 0 .. 1)) yi.Y=0.. 15
#combine(%, Int);
1
Y
2 8 Y
©P)ne) | (xb+ 1)J D(F)(x) dk dX + D(FY(Y) (~Y b + 1) J D(F)(x)? e (Y ) oY
0 0
1
1
Jl:=
0
Y
2 X '
Oy | (xb+ 1)[ D(F)(x)% dx dX + D(F)(Y) (-Y b+1) YJ D(F)(Y )% o [(Y) oY
o 0
1

> Int(diff(f(x),x)*2,x = 0 .. X):
%=Change(%, x=X*xi, Xi):
subs(xi=x, %);
2 1
[Ef ) dx-J DIF)(X x )2 X o
dx ) -
0

| 0
[ >IN @@ (D,2)()(Y)HInt((-X*b+1)*Int(D((x)"2,x = 0..X)X=1.
YD (Y YDA *X)'2X = 0 .. 1)* MY =0- 1)
J2:=Int(( @@ (D, 2)(F)(Y)*Int((-X*b+1)* (Int(D(F)(X* N2 X x =0 .. 1)).X =
1. Y)+D(A)(Y)*-Y*b+1)*Y*Int(D((Y*X)"2,x = 0 .. YY), Y =0.. 1);
#combine(%, Int);
1
Y
1
@)y | (xb1) JXD(f)(x)2 dx A+ D(T)(Y) (=Y b+ 1) YJ DY) e 1Y)
0 0
1
0
Y

J2:=
0
Y
1 1
(D(z))(f)(Y) (-Xb+1) Jr D(f)(X x)2X dx dX +D(fXY) (=Y b+1) YJ D(f)(Yx)2 dx |f(Y)
0 0
1
dy
[ > Int((-X*b+1)*INt(DE(X*X)A2*X,x =0 .. 1),X =1 .. Y);

Change(%, {x=xi, X = (-1+Y)*Xi+1}, [xi, Xi]):
subs(xi=x, Xi=X, %);
#simplify(%);

%
1
(—Xb+1)J D(FY(X x)2 X dx dX
0
1
1
1
“XYb —Xb+b—1)J DIH((XY =X +1)x)2 (XY =X +1) ck (-1 +Y) dX
0
0
> IN(C@@'(D.2)(N(Y)HINt(-X*b+ 1) IntD{)(X*X)"2+X X=0.1)X=1.
YYD Y LYY DE(Y ) 2,x = 0 .. 1)* V)Y =0 . 1);
IZ=IN(C @@ (D, 2)(N(YY*(INt(-(X*Y *b-X*b+b-1)*Int( D((XFY-X+ 1) )24 (X*
Y-X+1)x = 0 .. 1)H(Y-1),X = 0 .. 1))+D{)(Y)*(-Y*b +1YY Nt DM 2,x
=0, D)FY)Y =0 .. 1),
#simplify(%);
1
0
Y
, 1 1
oy | (xb +1)J D(f)(X x)2 X dk dX +D(F)Y) (=Y b+1) YJ D(F)(Y x)Z dx | f(Y)
0 0
1

dy




v v

1M

1
J3:=
0
1
) 1
(D( ))(f)(Y) —(XYb—Xb+b—1)J D(f)((XY =X +1)x)2(XY—X +1)dk (-1+Y) dX
0
0
1
+D(f)(Y)(-Yb+1) YJ D(f)(Yx)de f(Y)dy
0
[>

#X*Y-X+1; plot3d(%, X=0..1,Y=0..1, axes=boxed);
0<= X*Y-X+1 and X*Y-X+1 <= 1; is(%) assuming 0<=X,

0<XY-X+landXY -X <0
true

0<=Y, X<=1, Y<=1;

‘eval(h(x), b=0.7)"; [eval(%, x=0), eval(%, x=1)]: evalf(%); #%*10"9;

"= 0.7
[-0.641458547493236 i?)+ 0.141780658678275 i%l, -3.09539451232627 0.96831694461084%]()
‘eval(h(x), b=0.7)";

#diff(%,x$2)";
plot([Re(%), 10110*Im(%)], x=0..1, color=[red,blue] );

"= 0.7
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>
ﬂ Chebyshev
[ > with(numapprox);
[chebdeg chebmuylt chebpade chebsort chebyshev confradfermite_pade hornerform infnorm
L laurent minimax pade reméz
[ > chebpade(exp(x), x=0..1, 5):
eval(%, T = orthopoly[T]);
0.824361480821884 1.64872183351086 x 0.20606989261(Z6%3 1)2
+0.0343461102350008(x — 1 3)¢- 0.00434749464920122(x - 1 4)
L +0.000433846958609112 (X - 1 5)
[ > #chebyshev(exp(I*x), x=0..1, .001);
L>
[ > Digits:=32:
mg:=0..1;
eps:=le-8;
st:=time():




hh:=h;

chebyshev(x -> Re(hh(x)), x=rng, eps) + chebyshev(x
107(-10)*eps)*l:

eval(%, T = orthopoly[T]): convert(%, rational, 15)
approx:=unapply(%, x);

hh:=D(h):

chebyshev(x -> Re(hh(x)), x=rng, eps) + chebyshev(x
107(-10)*eps)*I:

eval(%, T = orthopoly[T]): convert(%, rational, 15)
approxl:=unapply(%, x);

hh:=(D@@2)(h):

chebyshev(x -> Re(hh(x)), x=rng, eps) + chebyshev(x
107(-10)*eps)*I:

eval(%, T = orthopoly[T]): convert(%, rational, 15)
approx2:=unapply(%, x);

-> Im(hh(x)), x=rng,

-> Im(hh(x)), x= rng,

-> Im(hh(x)), x=rng,

Digits:=15:
‘seconds needed” = time() - st;
rmg:=0..1
eps:= 0.1 10
hh:=h
562173 1) 106671 2x-1)7 - ) 1)
approx:= X-» = ———————(2x~— - X = X =
PP 161987786 2 309770140 700593199
118349 9 80655 10 11 44933618 5886799
—7§ X= -——————(2x-1) —7§ D u—
93788994 2769083261 257556734 12607573 7494263
51883 18471
—75 - 12—7ﬁ(2x— 13 (—7&2x—1)6
237812560 171432526 1102110832694
gl s 1 9
x-1) - &2x—1) - £2x—1)
3370086840334{5 6589504618392 8791556047804
1 10 201 128
~370855644022082 %~ D " Ta177851516062962 - X+
37985564402298 121778515166629 160678172548 261643766823
1 413
—7%2x—1)12—7 —7Ig2x—1)2
54264899753571 109823321481465 143788702585
217 3 34 5
*5oa13593500002 %~ D * 3006057403575 * "V ~ 3663900806752 X~ 1!
294135935809 302695749337 356639008067
8372599 2 2956853 3 1188173 6114251 5
———(2x- 1)+ (2x- 1)+ -————(2x-1)
15184221 11861225 297023761 422127421
9319415 178756 14375
approxLi= X — - Saa06a924 2%~ ntt + 528996532 %~ 12
2112666 58406492 195289965
137918 144413 4735080
(o 13_7é _ 14 15_ 4735080 ) 1y
766690317 163251291 32693413
2305595 5 255811 6 424257 300227 8
- (2x- 1) -—————(2x-1) —77( —7§ -
55279439 52275230 10221609 14693308
459673 9 3684211 10 25708811 2 2105634 3
“2013579742 % Y " aa178e5502 X" Y * 7 1ss01. Do+ (2x=-1)" +
49135797 634178655 17188213 65781811
275 2
- X-= &2x—1)11+7%2x—1)12
119678851481 7739114695292 161094325178696

1
+782x—113—7£2x— l4—7&2x—115
65794272118690 13377209584370 24515796349638
55 4 1 5 1
—7&2)@ 1) —7&2)(— 1) +7&2 x-1)
163464014115 425628096546 3420580275728
3
- 3ssa00500a 2 X~ )7—7{;@(— 1)8—752 x-1)°
1338390898817 2156692990567 2424803172540
2 10, 0 3
- 2x-1) £2x 1) (I,Zx—l) -
4089823942940& 36371652175 133541329911 29400328859
j 8195987
6033503
54996913 183185 11 647369 12 258221 13
approx2:= X- —— . X- . (2x~- 2(2x 1) 74(2x—
4596180 42252468 24578946 33871763
607981 155471 15 5968650 4 4624775 5
+7(52x—1) Te79974142 %~ D " 103005062 X~V ~ 700530142 %~ 1)
102154829 16799741 14309599 79063214
14027848 1 1953034 7 1037186 g 509645 9
" oa2a38894 2% —————(2x-1) - ————(2x-1)°-———(2x-1)
24243889 57635439 57956559 60406499
331442 10 1387317 2 5029396 3 79111577
S (2x-1) T (2x- 1) - ———(2x- 1) - —————
77188771 7223450 4340619 7611197
495854 429 10
~ 510735004 -1)t6 ( x- gzx—lll
91074500 121144708912 5501275120203

~Toiamassaiaees?* Y " T77a00ea0565552 %~V * sosazirearaert? X~ Y
1814548581886 3723096495635 4084217547491

1 15 190 4 7 5
+7g2x—1) —7%2)(—1) +7g2x—1)
2833295323226 158564222619 1563124490750
1 6 5 7 8
~S5285200011552 %~ D " 293580a5990062 ¥~ '~ Too770631400a2 %~ 1
352852998115 493580459909 1207796314094
12 9 219
- Ta87267629001 2%~ )9—7&%(— 10+7§2x—1)2
1487267629091 2471139967697 40618813593

191 3 122 1 16
- 752 x=-1)" - - &2 x-1
70957907487 29987027685 2189337713376

T ses—— (]2 x=1) J
3746126892224
seconds needed  1.373

r> degree( approx(x), x); #degree( evalc(Re(approx(x) ), X), degree(

evalc(Im(approx(x))), X);
degree( approx1(x), x); #degree( evalc(Re(approx1(x ), X), degree(
evalc(Im(approx1(x))), X);
degree( approx2(x), x); #degree( evalc(Re(approx2(x ), X), degree(
evalc(Im(approx2(x))), X);

13

15

17

> "'h(x) - approx(x)’;
#diff(%,x$1)"; %:
plot([Re(%), 10"6*Im(%)], x=0..1, color=[red,blue])

h(x) — approx X)




[l
v v

5e-09-

4e-09+

3e-09-

2e-09

1e-09-

0 v 02

-1e-09-

[ > 'D(h)(x) - approx1(x)’;

[>
'J3'; #combine(%);
eval(%, (D@@2)(f)="f"):

eval(%, D(f)="f");
#indets(%); indets(%, symbol);

[ > (0@@2)()(X) - approx2(x)’;
#plot([Re(%), 10"6*Im(%)], x=0..1, color=[red,blue] );

04 06

#plot([Re(%), 10"6*Im(%)], x=0..1, color=[red,blue] );

D(h)(x) - approxX ¥

(2)
(D" 7)(h)(x) —approxZ ¥

J3

1
1
1
£7(Y) —(XYb—Xb+b—1)J FUXY =X +1)x)2 (XY =X +1) dk (-1+Y) dX
0
0
0
1
+(Y)(-Yb+1) YJ’ £r0Y x)2dx [ F(Y ) dY
0
r>
Hhelper

to reduce complexity (length) of solution

[ > I1L:=Int(DF)(Y*x)"2,x = 0 .. 1); #eval(%, D(f)=w);
eval(%, D(f)=approx1):
value(%): simplify(%): evalf[2*Digits](%): convert(
collect(%, Y): #factor(%):
r1:=11=%;

%, rational):

1
1 ::J DIF)(Y x)2 dx
0
1

J’ 2 1 1
rl:=| D(f)(Yx) dx=
0

- !
42423071090041788448053323914448567

, (3212071 13 ijo [10399747 lezg
39802428 953130765645 9471278 511910559212
39907265 203 ]ng [63856284 199 j 27

+ |
5585037 168094954018 2160257 39832651707

73665115 1173 jze (188014816+ 2439 j25
844823 79595069966 963903 73983954079

652869694 2015 j24 (105180352&1 38647 ]23
1899921 34695007547 2151743 467781775497

(
(
(
(
o[Ee0ts, L% ) 22 (242008045 1T )21
(
(
(
(
(

+ +
374093 121126194733 437558 189443055803

128896811 2549 ]20 571251077 __ 1848 jlg
284799 ' 33299927514 1826624 34709053639

132160851 2249 52830392 1919
. ] /18 [ | ) V17

| +
525883 96659086154

707851 68202218225
70897213 1511 16 (69082253 1101 )Y15

Y |

| +
1290402 114698586104 1513297 83103617686
38024047 1047 jYM (35747922 3142 ]Y13

+ |

"

339013 ' 82002589427
19435142 4181

yi2_ ( J Sl

553566 4612198626
62870273
509985 1871493999

+ |
184677 95427343870




, 55762988 6023 JYlO [55932749 1067 ]Yg
845331 @ 206955794127 1842539 74833329389
20588541, JY8 (25118363 jY7
2120284 " 106720937733 7025447 310038710213
I]Y5
2765034 1684831344 25486531 161258583785

12788680 2569 ) 4 _ (24944773+ 821 |] 3
3386023 ' 566764256932 1429004 103604131450
68201447 1289 JYZ ( 1138 232 j

+

- Y
24807777943 107068392063

(
(
+(15436129 ) ]YG (19591120
(
(

2297069 58938616256
>
>
> 12:=Int(D() ((X*Y-X+1)*))"2*(X*Y-X+1),x = 0 .. 1);
simplify(%);
eval(%, D(f)=approx1):
value(%): simplify(%): simplify(%, size): evalf[2*D
rational): # collect(%, [X,Y]):

1T

igits](%): convert(%,

r2:=12=%;
1
Q:Joumxv—x+mxfuv—x+mw
0
1
(XY—X+”J‘MO«XY—X+Ddex
0
1
r2::j D(H)((XY =X +1)x)2(xv—x +1)cb<:l3(1+(—l+Y)X)(
0
2500810305551 254786024
3 404505
( 5514295345186 230646853 [551429534518§_230646853] ]x
9 374361 9 374361
(55556370987473598263926j 1+y)26526
254861 (- )
(806091101349861733127 j( 14 Y)27 27
267147
395440780
+(38557886045102 |j( —1+Y)22x?®
60681
984546954 24,24 (3976918841571 14732795] 29,29
+| 85584932515328 ———— 1 |(-1+Y + -1+Y
( 68065 )( ) 41 898684 ( )
6104251387833 99560833 520675783233
+( 3 j( 1+v)28x 28+( ]( 1+Y)30x30
772024
10009434786034271500526 4,4 (3063439809419 158959617
I(-1+Y)"X -1+ Y) x3
279277 977921
16542891272440231501101 2,2, 24138121453162380021997
1(-1+Y)"X 1]( 1+Y) X
470662 125125
14123082438962 334137361 7.7, 25474565760821318727825
1(-1+Y) X 1]( 1+Y) X
175114 351163

L

9523959992669 239625828 755452334 13,13
+ 1] (~1+Y)® x5 +| 7235168794195 ] | (-1 + Y)
435127 55373
1073265747 12,12
+| 4981499667889F —————— | | (-1 +Y)
113761
(63711408946527295779950) eyl dl
1429 )¢ )
41053088566613 797327341 10,10, (39217781377196 404926767
1(-1+Y)""X + (= 1+Y) X
140038 3 93407
2204936890 17 17
+|283942715521199 —————— 1 |(-1+Y)
45687
1308004035 16 16
+| 221795995734428 ——————— 1 |(-1+Y)
34357
2195090359 1515
+| 164015743628969 —— | | (-1+Y) "X
77101
1469296577
+(115379831258394‘4‘4‘4‘4* J( “1+y)HAxt4
72958
+(33909533201663%}§9§59§3§g8] 1+v)18%18
242865 ) EHY)
5590931187 20 20
+| 364490553536436 —————— 1 |(-1+Y)
90754
2185027747 19 19
+|370719517695846 —— ——— 1 |(-1+Y)
34870
5621284621
+(24051941787014¥ j( -1+Y)?2x??
138281
352359811 21 21
+|3171727104288683 ————— I |(-1+Y)
65729
663727304 23 23
156379511124382 — -1 |(-1+Y) / 953130765645

L>
>

[ > subs(rl, J3):

subs(r2, %):

eval(%, (D@ @2)(f)=approx2):
eval(%, D(f)=approx1):
eval(%, f=approx): #length(%);

value(%): simplify(%): collect(%, b):

evalf(%);

Sol:=unapply(%, b);

26.0856584874641 0.3751091811424407110—(21.9402270132279 0.3178964164496177110b
Sol :=
b - 26.085658487464% 0.3751091811424407110-(21.9402270132279 0.3178964164496177llob

> 'Sol(7/10)": '%'= evalf(%);

'Sol(-0.9)": '%'= evalf(%);

7 R
SO(EJ =10.7274995782046 0.1525816896277087]|O

So(-0.9) = 45.8318627993692  0.661215955947095' 10




