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Applications of Maple package in Education of Mathematics
for Statistics
Dae-Heung Jangl)

Abstract
Mathematical packages have the advantages of symbolic computation and
powerful graphics interface in contrast with statistical packages. We can use

mathematical packages as a support tool in education of mathematics for
statistics.
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F4 f(w)7) BAEAE & 5 A
> f 3: =pi ecewi se(x=0, 0, cos(1/x));
> plot(f3(x),x=-3..3);
> pl ot (f3(x), x=-0.001..0.001);
> Limt(cos(1l/x),x=0,right)=limt(cos(1l/x),x=0,right);
> Limt(cos(1l/x),x=0,left)=limt(cos(1l/x),x=0,left);
g 28 1@ e 247 f(z)o 283 =0 2PelA 9 f(z)o 28&
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& % fla)7h vl

f: =pi ecewi se(x=0, 0, x"2*si n(1/x));

pl ot (f (x), x=-0.35..0. 35);

pl ot (f (x), x=-0.005..0.005);
limt(x*2*sin(1/x), x=0);
limt(x"2*sin(1/x),x=0,right);
limt(x"2*sin(1/x),x=0,left);

Di ff(x"2*sin(1/x),x)=diff(x*2*sin(1/x),X);
di ff_f:=x->2*x*sin(1/x)-cos(1/x);
diff_f(0);

plot(diff_f(x),x=-5..5);
plot(diff_f(x),x=-0.005..0.005);
Limt(2*x*sin(1/x)-cos(1/x),x=0,right)=limt(2*x*sin(1/x)-cos(1/x),x=0,right);

vV V.V V V. V. V V V V V V
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> Limt(2*x*sin(1/x)-cos(1/x),x=0,left)=limt(2*x*sin(1l/x)-cos(1/x),x=0,left);

e 29 2@ (e 27tz =0 2welAe] f(z)e] 2@ f(z)e) 28 U
Ak,

(a) (b)
oy 2. f(x)—azsm( )ﬂ- f(z)e 23
A3 T flaz)=a"(@=0)0A f(z)ol z=001e] & Tt om/es
o & R3] f15ke] OHHS’Jr Zo] Mapledl X f (z)8 f (z)& F8la o1&
ol g3ste] FFI(HAALIS ToHH e = 036794 & 5 Al o] = oY E E
S & T U

> f 21 =x- >X/X;

> Limt(x*x,x=0,right)=limt(x"x,x=0,right);

> pl ot (x"x, x=0. . 2,y=0.. 2);

> £2(0);

> Di ff (x"x, x) =di ff(x"x, x);

> di ff_f2:=x->x"x*(1 n(x)+1);

> plot(diff_f2(x),x=0..2);

> sol ve(diff_f2(x)=0,x);eval f(sol ve(diff_f2(x)=0,x));
> Diff(diff(x™x,x),x)=diff(diff(x"x,x),x);

> pl ot (x*x* (1 n(x) +1) *2+x~x/ x, x=0. . 2, y=0. . 10) ;

e a3 3@a), (b), (O 22 f(z), f (z), f (2)E Jepy= adolu),
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(a) (b)
19 4. M_ﬂ} ;g AR fﬂt_LdH 19

(z+1)* " (z+1)° Y (t+1)
919 Alel o@ vaple T A4 thgat 2o

> p5: =pl ot (si n(x)/(x+1)"2, x=0..10, col or=red):

> p6: =pl ot (1/ (x+1) "2, x=0. . 10, col or =bl ue):

> p7:=pl ot (abs(sin(x))/(x+1)"2,x=0.. 10, col or=green):

> di spl ay({p5, p6});

>
Int(sin(x)/(x+1)72,x=0..infinity)=int(sin(x)/(x+1)"2,x=0..infinity);evalf(int(sin(
X))/ (x+1) "2, x=0..infinity));

> Int(1/(x+1)72,x=0..infinity)=int(1/(x+1)72,x=0..infinity);

> I nt (abs(sin(x))/(x+1)"2,x=0..infinity)=int(abs(sin(x))/(x+1)"2,x=0..infinity);
>int_f:=x->int(sin(t)/(t+1)"2,t=0..x);
>int_f1l:=x->int(abs(sin(t))/(t+1)"2,t=0..x);

>
Limt(int(sin(t)/(t+1)72,t=0..x),x=infinity)=limt(int(sin(t)/(t+1)72,t=0..x),x=in
finity);

>

Limt(int(sin(t)/(t+1)72,t=0..x),x=infinity)=eval f(limt(int(sin(t)/(t+1)"72,t=0..x
), x=infinity));

> plot({int_f(x),.3433779610}, x=0..100, | abel s=[x,integral]);

>int_f(x);

>int_f1(x);
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> |16: =[seq([k, sin(k)/Kk], k=1..1000)]:

> poi nt pl ot (1 16, axes=boxed, | abel s=[k, "sin(k)/k"]);
> f16: =n->eval f (sun(sin(k)/k, k=1..n)):

f16(10000);

117: =[seq([n,f16(n)], n=1..1000)]:

pl6_1: =poi nt pl ot (1 17, axes=boxed):

pl6_2: =pl ot (1. 070868190, x=1. . 1000, axes=boxed) :
di spl ay({pl6_1, pl6_2}, | abel s=[k, suni);

\

vV V. VvV V
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>int(sin(x)/x,x=1..infinity);
>evalf(int(sin(x)/x,x=1..infinity));

5. A@Pd4

2% Mapl e o83l o] U FHES
olgdtel, F hFHoR TS AUl ¥

o 6 Maple o] &ao] 7 947t A= FolAx 3x3 AL Ae] FLAE T

St Sl A7 TR F A= oiradi(A)h RS AT S A,
> A =matrix(3,3,[all, al2, al3, a21, a22, a33, a3l, a32, a33]);

> trace(A);

> rank(A);

> det (A);

> jinverse(A);

The Minor

>for i fromlto 3 do

>for j fromlto 3 do

>
Mi,j):=mnor(Ai,j);print("mnor");print("row=",i);print("col=",j);print(Mi,j));
> end do

> end do;

The Adjoint

> adj oi nt (A);

inverse(A) = adj(A)/det(A)

> scal arrmul (adj oi nt (A), 1/ det (A));

o 7: MapleS ©]83le] ZF dAart AEZ FofX= 2X2 P4 A39] &
A5 e, ek A e Efo] A9t BAS Felste] Erul

Eigenvalues & Eigenvectors of a Matrix
> A3:=matrix(2,2,[a,b,c,d]);
char mat (A3, | anbda) ;

det (A3);

trace(A3);

inverse(A3);

\

ei genval s(A3);
sol ve(det (char mat (A3, | anbda) ) =0, | anbda) ;
| anbdal: =1/ 2*a+1/ 2*d+1/ 2*sqrt (a"2- 2*a*d+d"2+4*b*c) ;

vV V.V V V V
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> | anbda2: =1/ 2*a+1/ 2*d- 1/ 2*sqrt (an2- 2*a*d+d"2+4*b*c) ;
> | anbdal+l anbda2;trace(A3);

> sinplify((lanbdal*l anbda?2)-det (A3));

> ei genvect s(A3);

ot
rO
Q‘L
£
e
ol

o] 8: Maples ©]&3lo] spectral deconposition theorems
o]r%
AT
The Diagonalization of a Matrix
> Ad:=matrix(3,3,[1,0,-2,0,0,0,-2,0,4]);
> ei genval s(A4);
> L:=di ag(0,0,5);
> ei genvect s(A4);
> pl:=scal armul (vector([2, 0, 1]),1/sqrt(5));
> p2:=scal armul (vector ([0, 1, 0]),1/sqrt(5));
> p3: =scal armul (vector([1, O, -2]),1/sqgrt(5));
> P: =augnent ( pl, p2, p3); > eval m( P& L&*transpose(P));

o 9: Maples olgsto] 3 X3 thddqH e o|xF A} gk Atole] BAE Lo}
=t

Quadratic Forms

> Al =matrix(3,3,[2,3,-1,0,1,2,2,4,1]);

> ei genval s(Al);

> vl:=vector([x,y,z]);

> sinmplify(eval n(transpose(vl)& Al& vl));

> f1l:=(x,y,z)->eval n(transpose(vl) & Al&* vl);

>

pl_1:=inplicitplot3d(fl(x,y,z)=-10,x=-2..2,y=-2..2,2z=-2..2, axes=boxed, col or=yel | ow
, | abel s=[ x1, x2, x3] ) :

>

pl_2:=inplicitplot3d(fl(x,y,z)=-5x=-2..2,y=-2..2,2z=-2..2, axes=boxed, col or=cyan):
>

pl_3:=inmplicitplot3d(fil(x,y,z)=0,x=-2..2,y=-2..2,2z=-2..2, axes=boxed, col or =magent a)

>
pl_4:=inmplicitplot3d(fil(x,y,z)=5x=-2..2,y=-2..2,2=-2..2,axes=boxed, col or=green):
>

pl_5:=inmplicitplot3d(fil(x,y,z)=10,x=-2..2,y=-2..2,z=-2..2, axes=boxed, col or=vi ol et)

> display(pl_1,pl_2,p1_3,pl_4,pl 5);print("yellow -10, cyan: -5, magenta: O,
green: 5, violet: 10");
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> £3:1=(X, y) - >y* (X" 24y 2) [ (y"2+(X"2+y"2) " 2) ;

> plot3d(f3(x,y),x=-5..5,y=-5..5, axes=boxed, | abel s=[ x1, x2,]);

> contour pl ot 3d(f3(x,y),x=-5..5,y=-5..5, axes=boxed, | abel s=[ x1, x2,f]);

> contourplot(f3(x,y),x=-5..5,y=-5..5, axes=boxed, | abel s=[ x1, x2]);

> f(0,0);

> f4:=y->y"3/ (yr2+yr4);

> plot(f4(y),y=-5..5,1abel s=[x2,f]);

> f5: =x- >0;

> plot(f5(x),x=-5..5,1abel s=[x1,f], col or =red, axes=boxed) ;

> f6: =x- >5*x* (x"2+(5*x) 2) / ((5*Xx) "2+(x"2+(5*x)"2)"2);

> plot(f6(x),x=-5..5,1abel s=[x1,f], col or=red);

> p4:=plot3d(f3(x,y), x=-5..5,y=-5..5, axes=boxed, | abel s=[ x1, x2,f], col or=yel | ow):

> p5: =pl ot 3d(f4(y),x=-0.1..0.1,y=-5..5, axes=boxed, | abel s=[ x1, x2, f], col or=cyan):

> p6: =pl ot 3d(f5(x), x=-5..5,y=-0.1..0. 1, axes=boxed, | abel s=[ x1, x2, f], col or=magent a) :
> p7:=plot3d(f6(x),x=-5..5,y=-5..5, axes=boxed, | abel s=[ x1, x2, f], col or=bl ack):

> di spl ay({p4, p5, p6});

> inplicitplot(x"2+y"2-y=0,x=-1..1,y=-1..1, | abel s=[x1, x2]);

za 6 flon o) = 9ol @ =08 WHdhe 4% 2, =05 W5k A4

a8 Yo o)t
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o Wt}

Pascal's Triangle

>for i fromlto 10 do

expand((p+q)"i);

end do;

for j fromO to 10 do

bi nom al (10, )

end do;

pl ot 3d(bi nom al (floor(n),floor(r)),n=1..10,r=1..n, axes=boxed);
bi nom al (10, 4);

bi nom al (9, 3) +bi noni al (9, 4);

bi nom al (n,r)-binomal (n-1,r-1)-binomal (n-1,r);
Multinomial Coefficient

>multinomal (8, 2, 3, 3); 8!/(2'*31*3!);

\

vV V.V V V V V V

d 12! Mapleg o] &
At Abell diste] Q?li‘ﬂr



114 Dae-Heung Jang

Binomial Distribution
> f 1: =x- >bi nom al (n, x) *p~x*(1-p)~(n-x); # pnf of binomial distribution
> sun(f1(x), x=0..n);
> sinplify(sum x*f1(x),x=0..n));sinmplify(sun((x-n*p)~2*f1(x),x=0..n));
# mean and vari ance of binonial distribution
> simplify(sum(exp(t*x)*f1(x),x=0..n)); # mgf of binom al distribution
> ml: =t->(1- p+p*exp(t) ) n; >dml: =t->di ff(m(t),t);
> EX1: =si npl i fy(subs(t=0, dnl(t))); > ddmil: =t ->di ff (dmi(t),t);
> EXX1: =si npl i fy(subs(t=0,ddnl(t))); > EXX1- EX172;
> F1l:=x->sun(f1(t),t=0..x);
> n:=10; p:=1/2;for i fromO to 10 do print (i,f1(i))od;
> f1: =x->bi nom al (n, floor(x))*p~floor(x)*(1-p)~(n-floor(x));
> pl ot (F1(x), x=0..11,y=0..1); > p3: =pl ot (F1(x), x=0..11,y=0..1):
> n: =10; p: =1/ 6; > pl ot (F1(x), x=0..11,y=0..1, col or=bl ue);
> p4: =pl ot (F1(x), x=0. .11, y=0. . 1, col or =bl ue): > di splay({p3, p4});
> n: =50; p: =0. 1; > p5: =pl ot (F1(x), x=-5..15,y=0..1):
>

F4:=x->int (1/sqrt(2*Pi *n*p*(1-p))*exp(-1/(2*n*p*(1-p))*(t-n*p)~2),t=-infinity..x);
> p6: =pl ot (F4(x), x=-5..15,y=0..1, col or=bl ue):

> di spl ay({p5, p6}); # normal approxi mation to binom al

Poisson Distribution

> f 2: =x- >exp( - mu) *mux/ x! ; # pnf of Poi sson Distribution

> El: =sum(x*f2(x), x=0..infinity);

> sinplify(El); # E(X) of Poisson Distribution

> E2: =sum(x*(x-1)*f2(x), x=0..infinity);

> sinplify(E2); > V: =E2+E1- E1"2;

>sinplify(V); # Var (X) of Poisson Distribution

> sinmplify(sun(exp(t*x)*f2(x),x=0..infinity)); # ngf of Poisson distribution
> mR: =t - >exp(mu*(-1l+exp(t))); > dnR: =t->di ff(m(t),t);

> EX2: =sinplify(subs(t=0,dn2(t))); > ddnR: =t ->di ff (dn2(t),t);

> EXX2: =si npl i fy(subs(t=0,ddn2(t))); > EXX2- EX212;

>mu:=1;for i fromO to 10 do print (i,eval f(f2(i)))od;

> F2: =x->sun(f2(t),t=0..x); > f 2: =x->exp(- mu) *nmu”fl oor (x)/floor(x)!;
> plot (F2(x), x=0..11,y=0..1);

> mu: =5; > pl: =pl ot (F2(x), x=-5..15,y=0..1):

> F3:=x->int(1/sqrt(2*Pi *mu) *exp(-1/(2*mu)*(t-mu)"2),t=-infinity..x);

> p2: =pl ot (F3(x), x=-5..15,y=0..1, col or=bl ue) :

> di splay({p1l, p2}); # normal approxi mation to Poisson
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