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Computer Algebra
Systems

Y. L. CHEUNG

In recent years there has been tremendous interest shown in
some new software known as computer algebra systems (CAS). The
most popular ones are DERIVE, MAPLE and MATHEMATICA. CASs 
are large and powerful programs that can manipulate mathematical 
objects not only numerically but also and graphically.
The advantages of a CAS are its ability to handle exact arithmetic, 
algebraic computations and graphic to draw 

and 3-dimensional graphs and pictures. CASs are
impressive in terms of the range and type of mathematics they can
do, covering almost all mathematics such as algebra, calculus etc 
encountered in schools, junior colleges and tertiary institutions. 

There has been much debate about the real benefits of CASs.
Some argue that the use of CASs would lower standards in
mathematics since there is an obvious danger that the mathematical 
skills such as algebraic factorisation, equation solving, differentiation, 
integration, graph drawing and so on which are regarded as important
might no longer be taught the same way as before. Those who are
in favour of the use of CASs argue that these mathematical skills 
which require a lot of practice to learn may not matter as much to
engineering, science and other non-mathematics students. More time 
can be spent on conceptual understanding and relevant applications 
in their own disciplines. In fact, even for mathematics students, they 
often spend so much time and effort on algebraic manipulations and
numerical computations that they have no inclination at the end to do
some thinking about the results. 

It is generally recognised that CASs have great and long lasting
potential in problem solving, teaching and learning of mathematics.
My personal experience shows that both teachers and students enjoy
using the CASs and are impressed by their powerfulness.
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These systems have been in existence for a few decades. Why 
have the systems taken so long to reach the classroom? The main 
reasons are: 

* It is only in the last ten years that the software has migrated 
from the mainframe computers to microcomputers. 

* Only the latest versions are user-friendly and powerful. 
* The cost of the software is not as expensive as before. 

Computer algebra systems have great impact on mathematics 
education. They wrll influence the content of the curriculum and the 
way we teach mathematics. We need to rethink what mathematics 
should be taught and how it should be taught with the use of the 
computing technology. Some topics will either be removed or 
deemphasized in the curriculum just as calculators have rendered 
obsolete the use of logarithms in computations and the use of 
trigonometric tables. Some topics such as graphs of functions will 
become more important whereas the techniques of differentiation 
and integration in calculus will not be so much emphasized. 

The attached Appendix illustrates some of the capabilities of 
CASs. 

It is likely that schools and students will have access to these 
powerful CASs in the near future. Teachers of mathematics have to 
adapt to this technology use or else mathematics taught in schools 
might become irrelevant. This is because over 90% of people's use 
of mathematics in society does not involve paper and pencil 
computation whereas in schools about 90% of student's learning of 
mathematics is still with pencil and paper. The pace at which 
adaptation will be required is not easy to forecast at the moment. 
Although no one can completely or accurately make the prediction, 
the future for CASs in mathematics education is very promising. 
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Appendix 

Some Uses of Computer Algebra Systems in Mathematics 

The following examples illustrate some of the capabilities of 
computer algebra systems. 

l (a) Differentiate x3 sin (5x) cos (7x) 

(b) Integrate (x2 + 5)312 

2. Expand (2x - 5)1° 

3. Decompose into partial fractions x2 - 5 
X(X - I )3 

4. Factorise 2" - 1 

5. Factorise xi6 + 7xi2 + 28x8 + 63x4 + 81 

6. Solve x5 + 3x4 - 57x3 - 1 87x2 + 4 9 2 ~  + 1260 = 0. 

7. Solve X - 2y + z = -4 

3 ~ + 2 y - ~ = 8  

X - 3 y - 5 z = o  

8. Draw the graph of y = (x2 - 1) / (x2 + 1) with X = -10 to 10 

9. Draw the graph of y = sin(cos(tan(x))) with X = -3 to 3 

10. Draw the graph of z = l / x  + I /y  with X = -10 to 10 and 
y = -10 to 10 

11. Find the point of intersection of the equations: 

9x + 4y = 22 

6~ - 5y = 7 
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12. Find an approximation to the integral (x2 + 5) dx between 1 
and 5. 

J 

Compare it with the exact value of the integral. 

l(a) Differentiate xA3 sin(3x) cos(5x) 
> diff(xA3*sin(3*x)*cos(5*x),x); 

(b) lntegrate (xA2 + 5)A(3/2) 
> int(xA2 + 5)A(3/2),x); 

(c) lntegrate 1/(1 - xA4) 
>int(l/(l - xA4),x); 
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(b) Expand (X - y + 
> expand ((X - y + ~ ) ~ 3 ) ;  

3. Decompose into partial fractions (xA2 - 5)/(x(x - 1)A4). 
> convert((xA2 - 5)/(x*(x - 1)A4), parfrac,~); 

4. Factorise 2"63 - 1. 
>ifa~tor(2~63 - 1); 

5. Factorise xA16 + 7xA12 + 28xA8 + 63"4 + 81 
> factor (xA16 + 7*xA12 + 28*xA8+ 63xA4 + 81); 

6. Solve xA5 + 3xA4 - 57xA3 - 187xA2 + 4592x + 1260 = 0 
> solve (xA5 + 3*xA4 - 57*xA3 - 187*xA2 + 492*x + 1260 = 0); 

7. Solve X - 2y + z = -4 3x + 2y -z = 8 X - 3y -52 = 0. 
> solve ({X - 2*y + z = 4, 3*x + 2*y - z = 8, X - 3*y - 5*z = 01, 

{X,Y ,zH; 

8. Draw the graph of y = (xA2 - 1)/(xA2 + 1). 
> plot ((xA2 - 1)l(xA2 + l), X = - 10..10); 
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9. Draw the graph of y = sin(cos(tan(x)). 
> plot (sin(cos(tan(x))), X = -3..3); 
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10. Draw the graph of z = l l x  + lly. 
> plot 3d(l/x + lly, X = -10..10, y = -10..10); 

11. Find the point of intersection of the equations: 9x + 4y = 22 
and 6x - 5y = 7. 

To draw the lines 

> with (plots): 

> implicitplot ({9*x + 4*y = 22,6*x - 5y = 71, X = -3..3, y = -3..3); 
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To solve the equations 

> solve ({9*x + 4*y = 22, 6*x - 5*y = 71, {X, y)); 

{ y =  1, X =  21 

To verify the answers 

> subs ({X = 2, y = 1),{9*~ + 4*y = 22 ,6*x - 5*y = 7)); 

(22 = 22, 7 = 7) 

12 Integrate xA2 + 3 between 0 and 4. 

> f(x): = "2 + 3; 
f(x): = 9 + 3 

To generate a plot of rectangular boxes to approximate the 
definite integral 

> with (student): 

> leftbox (f(x), X = 0..4, 100, colour = black); 
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To find the area of the rectangular boxes 

> leftsum (f(x),x = 0..4, 100); 

To evaluate the integral 

> int(f(x),x=0..4); 

100 - 
3 
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