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Brief Facts about Maple
What is Maple?

Maple is a system for symbolic mathematical computation which has been under develop-
ment at the University of Waterloo since December, 1980.

Implementation

The basic system is written in- a BOPL-derivative Ianguage called Margay, which is then
macro-processed into other languages of the BCPL family. Maple has been brought up in versions
of C and in B, and there are plans to implement it in other languages such as WSL {Waterloo Sys-
tems Language) and Waterloo Port.

Machines

Maple is currently available on VAX computers, Honeywell 6000 series computers, and on
MC68000-based microcomputers which support Unix-like operating systems.

Size
The basic Maple system occupies about 100K bytes on a VAX 11/780. Library functions are

automatically loaded as required, so the data space grows at a rate that depends on the user's
application.
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April 1983.

Sample Interactive Session

In the interactive Maple session demonstrated on the following pages, lines beginning at the
left margin are user input lines and centered lines are system responses,

‘The Maple system is initiated by a command such as

Ju/maple/bin/maple on many Unix systems
maple/maple on the Honeywell GCOS system.

When Maple is initiated, it displays a maple leaf and the version number of the Maple system that
kas been loaded.
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# One form of arithmetic in Maple is exact rational arithmetic.
‘*+’ is the exponentiation operator,

1+ 1/4+ 1/16 + 1/64 + 1/256;
341
256

d 1= (3%%50 + 5420} / 2¢280;
d:= 358048093893610010205437
© 604462900807314587353088

# Coustants in Maple may be approximated by floating-point numbers and the user has control
# over the number of digits carried. The ‘evalf’ function causes ‘evaluation to a real’.

evalf{d);

50383120728
Digits :== 50,

Digits ;== 50
evalf{d);

.593831207288418637242048488166265736624277460364851

h := tan(3+Pi/10);
h := tan{3/10 P)

evalf(h);
1.3763819204711735382072005819108876795258993360082
# Restore the global variable ‘Digits’ to its default value.

Digits = 10;
Digits 1= 10
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# Maple supports rational expressions both unexpanded and expancted The double-quote symbol
# refers to the Iatest expression.
(x-+1)eaT;

(z+1)

expand(“};
2T+ 7254+ 2125436214 3523 4+ 21224+ 72 + 1

(y—x)s(ysed-rysedex-tyse2exesd-tyexssd$xerd);
(=2)y'+y’z +y%2 +yz+24)

expand{“};

(xry/2 = (y#+2)/3} » (x—y}ss2;
(V2 zy ~ V3 yH){z—y)?

expand(“);
V2t - 43 2% + Wo gt - 13 4*

# Maple does not force rational expressions into a canonical form.

“ (Bex4y) f (x=yk
(172 2%y — 4/3 222 + 6 2y = 113 ¥1)(3z+y)
=y

# However, normalizing facilities are available for simplification.

normal{“);

1/8 (2y—3z)y(3z +y){y—=z)

“ [ (xee3 — xas2ey = xuy + you2);
6 (2y—3z_}y(3z+y)(y-z)
23— yzlmzy+y?

expr :== normal{“);

= U6 !22—3::!#;33-&2!

y=z*
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# There are explicit functions for ged (greatest common divisor) and lem (least eommon multiple)
# computations with polynomials,
p == 143exee3ey — 30sxes2syea~11exey-+11ex+43ey s 3uy;

p = 1432%~302% %~ 112y + 11z +3y2~ 3y

q = 55exey*s3+11exeyse2-L11exsy+11ex~150ys 4 Jeyee3— Iy sl 3uy;
q = 652y’ + 11y + 112y + 112 — 1552 =35 -3y 2 =3y

ged(p, q);
-1z +3y

lem(15%(x—5)sy, Ou(xe+2—10ex+25));

45yz%— 4502y + 1125y
# Maple has facilities for differentiation of expressions.
f = sin(x) * cosfx);

J = sinf2) cosfz)

fp = diff{t, x);
fp := cos(z)? — sin(z)?

diff{t, x, x);

=4 sin{z) cosfz)
diff{sin(x} * xse(xe#x), x) = cos(x) » xes(xesx);

sin(z) 257 (z* (1n(z) + 1) Infz) + -‘—:-)

# The “subs” command is used below to substitute 1 for x in an expression.

subs(x=1, fp);
cos(1)? — sin(1)?

evalf(“);
- 4161468366
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# The “subs” command also can do more gex';eral substitutions.
subs(sin(x)s*2 == 1 — cos(x)++2, Ip);
2 cosfz)® ~ 1

expand( (sin(x) + 1}ee2 );
sin(z)? + 2sinfz) + 1

subs(sin{x)##2 = 1 — cos{x)es2, “);
2 — cos(z ) + 2'sin(z)
# In Maple, equations may be manipulated as expressions.
eqnl == 3#x 4 Sy == 13;
egnl ;= 3z+5y=13

eqn2 =z fax — Tey = 30;
egn2 ;= 4z —-Ty=30

3+eqn2 ~ 4veqnl;
—4ly=38

y = 38/(—41);

equnl;
100
3z m 13
x = (13 4 190/41)/3;

5 o 241
T

equl; eqn2;

# Unassign the names x and y 5o that their values will be their own names.
L X x' y=y’;
z =z

y=y
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# Maple has a solve function which can solve many kinds of equations, including systems of linear
# equations, single equations involving eiementgry transcendental functions, and polynomial equations.

solve( {eqnl, eqn2}, {x, ¥} );

338 _ on
by==3p ="}

# Note that the use of a colon instead of a semicolon suppresses maple's output in the following.
eqnl == 3er 495 —~ ¢t by = —2:
eqn2 im=p 8+ 20t 4 Z4u =T
eqnd (== 4er — 345 4 49t ~ Jey == 2:
equd ;= —r+ 8+ Ot — usw==1:
solve{ {eqn.{1.4)}, {r, 5, t, u} );
{t=3/4, u=2, r=12, s=~1}

solve( cos{x) + y = 9, x );

arccos{~y +9)
solve{ 2e#u + G =0, u );
In(—-G)
In{2)
solve{ x#+2 — 46ex + 520 == 0, x };
23, 23

solve( 1/2¢nexss2 + bex 4+ c == 0,x );

—b+{b2=2ac)/? = p~(b2~20ae)2
a ’ a

{x+y+3 = 8, x+2ey—aez = 0, sin(a)sz-+asy == 0}:

solve( “, {x, y, 2} );
~-g2 y= ~{—sinf{a)—a2~a)a + (~c =2)a? + & . 2(=sinfa)=a%=g)a = (~a=~2)a?,
-sin{e) ~ 42 ~ o’ ~sin{a) = o — a T —sinfa) ~ a2 — & '

{z=



[ N

# Maple has arrays and also a general "table” facility.
S == array(1..10);
§ = array(1..10, ] |}

S[9] = xeg;
Slo] ;= 2°

T := atray(0..3, 0..3, symmetric);
T := array(symmetric, 0..3,0..3, | |}

T[,2) = G12;
(L, 2 = G12

T[1,2] + Ti2,1];
2 G12

Risin{x)] :== cos(x): Rlcos(x)] := — sin(x}:

sin{x} * Rlsin{x)] + cos(x) * Rcos{x)];
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# Maple has facilities for computing series expansions of expressions. The series representation
# includes an O( ) term to indicate the order of truncation of the series. The order of truncation
# can be controlled by the user; the default value is order 6.

expr,

16 (2y~3x m]gz +y)
y—z

taylor(expr, x=0};
— 2 — 2
V3 412 gz + 16 —-34'—;5"1!-3% V2 5%+ 16 4’—3—}"1-34+vz—;-z5+0(30)
¥

Pi== (x4  Gax = 1} [ (2exe42 + 1)os2;
2246z -1
(2z2+1)

sl ;= taylor(r, x=0);
a1:= —1+62+527=242%~162*+72:5+0(z)

82 = taylor(r, x=1, 2);

02:= 23 — 80 (z=1) + 12%(3—1)2 + O((z=1)9)

83 1= taylor{ exp(3exv+2 + x}, x==0, 4 );
83:= 1+z+7/2 % +19/6 23 +-l§‘;-5-z* +0(z%)
taylor(s1#s3, x==0};

~14+524152 2% = 76 10 — 224 4 o(s8)

# Maple knows how to compute with asymptotic series as well as Taylor series,

f ;= ne(n+1) / (2en—3);
o= ngn +1)
: 2n -3
asympt{f, n};

w1 45 o 135 .5 405 _. 1215 _ -
120 =2.000  ~3 32U —g, 110 g 6
V2 n+5/4 +15/8 n i aa ™ T h ot 128 " +0(n""%
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# There is a limit function to compute the limiting value of an expression as a specified variable
# approaches a specified value.

imit( (tan(x)=—x)}/x#*3, x==0 );

pi= (x*e2 — 1) [ (11exee2 ~ Zex — 0);
z2-1
Hz?~2z-9

limit(r, x==0);

9
limit(r, x==infinity);

Vit
limit{r, x=1);

/10

# Maple integers can be arbitrarily long. The following is an example using the factorial operator.
720t

26012180435657051002049032270810436111915218750169457857275418378508356311569473
82240678577058130457082619920575802247259536641565162052015873791984587740832529
10524469038881188412376434119195104550534665861624327194010711300084553672727853
70963456208555867 193697740700037004307837580074206767840169672078462806292200321
07161660867260548088445514257 193985490448030504406064045132362140265086103073240
36977047760606768067017649166940303481996188145562510550256691883082551404204750
65372748456246288242345265977897377408964665530024350287862125150674832200760205
05696699927284670563747137533019248313587076125412683415860120447566011455420740
58995256354306828863463108496565068277155200625670084523570255218622235813001670
08345234432368219357031847019565107207818043541738905607274280485830050197290217
26612291208420516067570036232337609453064191475175567557695392233803056825308500
97744167578435281591346134030460490126954202883834710136373382448450666000334848
444071193129253760465735433737567247722301815340326471775310845373414786743270484
57083786618703257405038924215700695994630557521063203263493200220738320023356300
9232675044017017605720260108292880423356006430898887 1020738079757801 305604957634
283868305719066220520117482251053669775660302057404 3387983471 5185526028053338663
57139101046336419769007397432285994219837046079100956303380604675880865795711176
56667003915674815311594398004362539939973120306640060132531130471902889849185620
3766669164468791125249193754425845805000311561682074304641 1425380748972817233750
55380661719801404677935614793635266265683339509760000000000000000000000000000000
00600000000000000000000000000000000000000000000000060000000000000000000000000000
0000000000000000000000000000000000000000000000000060000000000000000
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# Maple can represent and manipulate sets. The set operators are + {union}, * (intersection), and
# — (set difference).

a == {x, 2¢y+1/3};
a = {z, 2y+1/3}

b = {24, x};
b= {z, 24}
¢i==a b .
¢ = {z, z—4, 2y+1/3}
di=a~—-b;
d = {2y+1/3}
e:==aeb;
e := {z}
f==b=xd;
fo={}

# Selection of elements from a set (and more generally, selection of operands from any expression)
# is accomplished using the “op" function. op(i,expr) yields the i-th operand. Also, nops(expr)
# yields the “number of operands” in expr.

nops(c);

g = op{2,);
g s zeqd

b = {op{3,c),2};
h o= {7, 2y+1/3)
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# Another data structure in Maple is the list, represented using square brackets. Selection of
# elements from a list is accomplished using the “op” function. For composition of lists, it is
# convenient to use the form op{expr) which yields a sequence of all the operands separated by
# commas, Ako, op(i.j, expr) yields the sequence opfiexpr), op(i+L,expr), . . ., oplj,expr) .

listl := [x, 2¢y+1/3};
listl := [z, 2y +1/3]

list2 == {24, xJ;
list2 := [z—4, z]

new_list == [op(list1), op{list2)};
new _list := [z, 2y+1/3, 24, z|

a == [op(1, listl), op(3..4, new_list)];

= [z, 24, z]

F( op(list2} );
F{z—4, z)
# Maple can do indefinite summations ss well as definite summations.

sum(ies2, i =1 .. n-1);
13nS— 120+ 6n

sum( (5+i—3)#{2+i+9), i == 1 .. 9876543210 );
3211394431368108288556200751725

sum( (5%i--3)#(2¢i+9), i == 1 .. n-1};
10/3 n® + 20/2 n2 — 260/6 n + 27

sum{is*4 » Tewj, i = 1 .. n-1);

91 " 70 n . 2 . 3 40 70
———— Py + —— - —
547 n+817 149 7™ n T 0+ 16t 7 St

sum{(i—1}/{i+1),i==1 .. u);
: n ~ 2 Pei{n+2) + 2 Psi(2)

o = 100: evalf{““};
91.60544298
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# An important facility in Maple is analytic integration.
[ 1f2exa9(=2) + 3f2ex08{~1) + 2 — 5/2ux + 7[2axea2;
r=wmtvamlio e ms
z E

intff, x);

—lfz-i‘+3/2ln(z}+2:-‘5/432-{-7!633

int(f, x = 1..2);

20/3 + 2/2 In(2)
evalf(“};
7.706387438
int{ (x~7) f (Bex+11)ss2, x );
-y3 3: :L + 1/9 In(3z +11)

g = (xe42 — Bex + 2} * sinfx);
g = (2%~32 +2) sin(z)

int(g, x);
=(2?=32+2) cos{z) + (22 ~3) sin(z) + 2 cos(z)

expand(“);
~2% cos(z) + 3 z cosfz) + 2 2 sinfz) — 3 sinfz)

h := gin{t) * cos{t);
k := sin(t) cos{t)

int(h, t);
12 sinft ?

int{exp{x=*2}, x};
int{exp(zﬁ), z) »
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# Ap important component of the Maple system is the Maple programming language which may be
# used to write procedures. Following are some examples of procedures written in Maple.

fibonacci :== proe (n)
option remember;
if nargs<>1 or not type(n,integer) or n <0 then
ERROR(" wrong number or type of parameters in fibonacei' )
else
i n<2 then n else fibonacci(a—1) + fibonacci{n—2) i
fi
end;

# The “option remember” statement at the beginning of the above procedure tells the Maple

# system to store each computed result in a table. Then the syastem will retrieve the result rather
# than re-compute whenever the procedure is called with a previously-computed argument. In this
# example of a recursive procedure, “option remember” will be very advantageous.

*

# This procedure also includes error-checking on the arguments. The value of the special name

# “nargs” is the number of arguments with whick the procedure was called, <> is the “not equal”
# operator, and “type” is Maple’s type-checking function,

# Some examples invoking procedure fibonacei:
fibonacci(101);
573147844013817084101

fibonacei{~1);
ERROR: wrong number or type of parameters in fibonacci



-14 -

# Techebysheff(n) : Computes the Tschebysheff polynomials of degrees 0 through n into a table.

Tschebysheff := proc (o}
local p.k;
plo} ;= 1; pft] == x;
for k from 2 to n do
plk} := expand( 2ex+p[k—1] — plk~2] )

od;
RETURN(p)
end;

# An example invoking procedure Tschebysheff:
a = Tschebysheft(5):

a{0}, aft], af2], a[3}, al4}, als};
1, z, 2221, 42%~3z, 824 ~82%+1, 1625~ 202%+52
x = 1/4:

a[0], af1], a[2], af3], al4], al5};

11 17 61
1, 14, =18, 16° 32° 64

# member: Test for membership in a list,
member == proc (element, List)
local i;
false; for i to nops(List) while not “ do
evalb( element = opfi,List) ) od;

“

end;

# The above is an example of a Boolean procedure — the value returned will be true or false, The

# Maple function “evalb” causes “evaluation as a Boolean", “nops” yields the “number of operands”,
# and the double-quote symbol refers to the latest expression.

# Some examples invoking procedure member follow.

member( x+y, [1/2, xsy, x, ¥] );

true

member( x, [1/2, xey] );
false

member( x, [ ] );
false
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# max: Compute the maximum of a sequence of numbers.

max

end;

= proc¢ { )

local i, M, p;
if nargs = O then
ERROR(" function max called with no parameters*)
else
M := args|l};
for i to nargs do
p == argsli;
if mot type(p, rational) and not type(p, real) then FALL fi;
fM<pthen M:=pfi
od;
M

# The above procedure is taken from the Maple system library which defines Maple’s “max"

# procedure to compute the maximum of a sequence of numbers. Unlike the previous procedures,
# no names are specified for the formal parameters. Rather, the parameters are accessed by the
# special array args. This procedure may be called with any number of parameters.

# Some examples invoking procedure max follow.

max{3/2, 1.49);

a2
max(3/5, evalf(in(2)}, 9/13);
6931471805
max(5);
5
max({—1001, /2, —1/2, —9);
2

max{x, y);

max(z,y)



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

