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> 142

3
Operations Arithmetic Examples
Operators
Addition + 1+2
Subtraction - X-y
Multiplication * 54%4
Division / X/y
Exponentiation " or FF 273 or 2%*3




Example: Creating an expression sequence

> 5,6,3,4,x
5,6,3, 4, x

Example: Defining a List

> list] = [1,1,5,5,3]



9.0 6
> 2V 0
8 +5
2.325000000
> 100"

10000000000000000000000000000000000000000000000000000000000000000000000"
000000000000000000000000000000

> (3+31)
(2+61)
3003
22
510



Symbolic Computations on Expressions

e (25 25 o _
> simplify (sin(x)”-x” + cos(x)*x") Simplifying an expression

> .simpig'f}'(sin[xj2+x5 + CUS{I}E'IE,'ln')

s;in{,af)2 x>+ cos(x

X vt
normal : + -
[ (x 1 ) (x + 1)
# canceling out numerator and denominator common factor
(x +1)



Equations

=y 42 Definine Equations

> .h‘ofve[{x.’ + x2 = %,23:1 + 5x2 = %}, {ch’.,,x,Z}]

_ 19 . _ 79
[,1:2‘— ?z,xi’ ?2]

float number solution
> ﬁah’e[le + x2 =%,2xi + 5x2 = %}, {xi,x,?}]

{x1 =1.097222222x2 = — 2638888888



Functions




Graphics

> plot(x’ + 5x°,x ==10..10)

> pfu!(lxz,—xzj,x —10..10, color [b!ue,red]]
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> with(plots )

> graphl = pfm‘(xz,x = —10..10, color = bfue] :
> graphl = pfu::( —xz,x =—10..10, color = rcfd]

100 -
. display (graphl , graph2 )
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Calculus

Differentiations
o diff(expr,x) #Computing the derivative of the expression expr
# with respect to x
o diff(expr,xS$i) #Computing the ith-order derivative of the expression

# expr with respect to x

5 . . .
> expr = X~ # assign an expression name. Here we call it expr

IS

> diff (expr, x) # compute the derivative of expr with respect to x
4
Sx

> diff (expr, x82) # compute the second-order derivative of expr
3
20 x

> diff (expr, xS5) # compute the fifth-order derivative of expr
120



compute multiple-variable derivatives

o diff(expr, x1,X2,X3...,X): #computing the partial derivative of an
#expression expr with respect to
7 X,X,...X, respectively.
diff(expr,x;Snpx:8n3,..x,,8n,,); #computing the n;th-order partial derivative
#of the expression expr with respect to x;,
# the nsth-order partial derivative of expr
# with respect to x...... and the n,,th-order
#partial derivative of expr with respect to x,,

> expr = x4y532; # Define the expression expr

5.2

4 :
Xy oz

> diff (expr.x,y,z); #f Compute the partial derivative of expr
S #with respect to x,y,z, respectively
diff (expr, x$4, v$3, z);
# Computer the 4th-order partial derivative of expr 403 4
Xy oz
i with respect to x, the fifth-order partial derivative

# of expr with respect to y and the first-order partial
it derivative of expr with respect to z.

5760z



Integrals

» int(exp,x) 1s the syntax used for computing the indefinite integral
of the expression exp with respect to the variable x.

> expr = x-exp(x); # Define the expression expr

xe

> int(expr,x) # Compute the integral of expr with respect to x

Definite Inteerals

» int(exp,x=a..b) 1s the syntax used for computing the definite integral
of the expression exp with respect to the variable x

between the mterval [a,D].
I

> expr = RN # Define the expression expr
[1 + X )
|

l—i—.ac2

> int(expr,x =0..10) # Compute the definite integral of expr
arctan(10)

> evalf (%) # Convert arctan(10) to floating point number result
1.47112767-



Limit Function

> expr = (3*x"2 + 5)/(4*x"2 + 7); # Define the expression expr
3xP+5
4x° 47

> limit{ expr, x = infinity ) # Find the limit as x approaches infinity
3

4

> limit( (exp(x)—1)/sin(x), x =0) #Find the limit as x approaches ()
1



Linear Algebra

Vectors

o vector([xpx2...x,]) or vector(n, [x5,X),...X,]). #Creating a vector of length »
#containing the given elements
HXLX0,..X) .

» vector(n). # Creating a vector of length » with unspecified elements.

> with(linalg) # Load the linalg package

> a =vector([1,2,3,4,5]) # Define the vector a
(12345

> a = vector([1,2,3,4,5]) # Define the vector a
[12345)]

> al2]



evalm(c*v1);
evalm(vZ+v2);

evalm(vZ-v2);

dotprod(vi,v2);

crossprod(vl,v2);

Vector Aleebra

# Multiply each element of the vector v/ by scalar ¢
# Sum of the vector v/ and v2 (v/ and v2 must
# have the same length).
# Difference of the vector v/ and v2 (v7 and v2
# must have the same length).
#Dot product of the vector v/ and v2
# (vI and v2 must have the same length).
#Sum the vI/i/ *v2[i]. as i ranges over
# the length of v/ and v2
# (vl and v2 must be 3-element vectors). The cross product
# of vector v/ and vector v2 1s defined:
# [vI[2]®2[3]-vI[3]*2[2], vI[3]*v2[1]-vi[l]*2[3],
#vIf1]®™2[2]-vI[2]*2[1]].



> vl = vector(3,[1,2,3])

[123]

> v2 = vector(3, | -4,-2,—1])

| -4 -2 -1

> evalm(2*vl)
246 |

> evalm(—-3*v2)
[ 126 3|

> eamviov)

[544]

> evalm(vl + v2)



> vl = vector(3,[1,2,3])

[123]
> v2 = vector(3,|—-4,-2,—1])
| -4 -2 -1 |
> dotprod (vl, v2)
-11

> crossprod (vi,v2)
4 116



Matrices

o A:=array(l..m,1..n); # A matrix with 2 rows and » columns
o A:=matrix(m,n,[..list f elements..]):#a matrix with m rows and » columns
#with specified elements

> with(linalg)

> A= matrix(2,2,[1,3,5,4])

o swaprow(4,i,j); # Interchange the row 7 and row j of matrix 4

o delrows(A4,i..j); # Return the submatrix of the matrix 4, which 1s
# obtained by deleting rows 7 through ;

o addrow(A,ij,c); #Return a copy of the matrix 4 in which
#row r1;1s replaced by c*row(4, ;) + row(4, r;).

> A= matrix(2,2,]1,3,5,4]) > swaprow (A, 1,2)
13
54

54
1 3




> 4= matrix(3,3,[1,1,1,2,2,2,.3,3,3])

222
333
> All = delrows(A4,1..2)
1333]
> A22 = addrow (4, 1,2, -2)
1 11
000

333



Matrix Aleebra

* inverse(4); # Inverse of matrix 4

o det(A); # Determunant of matrix 4

* transpose(4); # Transpose of matrix 4

o evalm(c*4); # Multiplying each element of matrix 4 by a scalar ¢

> inverse (A) # Compute the inverse of A




> det(A) # Compute the determinant of A

> transpose (A) #Compute the transpose of A
15

36

> evalm(2*A4) # Multiply a matrix by a constant

2 6
10 12




Multiple Matrix and Vector Operations

multiply(4,v); # Matrix-vector product 4 *v. The number of entries in v
# must be equal to the number of columns of 4

evalm(A4+B); #Sum of the matrix 4 and B. 4 and B must have
# the same numbers of rows and columns.

evalm(4-B); #Difference of the matrix 4 and B. 4 and B must have
#the same numbers of rows and columns.

multiply(4, B); #Calculate the matrix product 4 *B; The dimensions of
#each matrix must be consistent with the rules of matrix
# multiplication.

> A= matrix(2,2,1,2,3,4]) #Define the Matrix A
1 2
34

> multiply(A,v) # Multiply A and v

> vi=vector(2,|1,1]) # Define the vector v

11



> A= martrix(2,2,1,2,3,4]) # Define the matrix A
12
3 4

> B = matrix(2,2,[ -1,-2,-3,-4]) # Define the matrix B

-1 -2

-3 -4
> evalm(A + B) # Add A and B

00

00
> evalm(A—B) # Subtract B from A

24

6 8

> multiply(4, B) # Multiply the matrices A and B

-7 —10
-15 -22



Eigenvectors and Eigenvalues

> with(linalg)

> m = malrix(3,3,]2,3,4,5,6,7,8,7,6])

234
567
876

> v = eigenvalues (m)

>

0,7+ 85,7— 85

matrix(2,2,[2,3,4,5])

eigenvectors (A)
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