
he Maxima [1] Computer Algebra 

System (CAS) is a free tool for 

solving and simplifying mathe-

matical equations. Originally created 

in the 1960s as a commercial program 

(Macsyma), Maxima is now included 

by many Linux distributions, although a 

Windows version is also available. 

Maxima’s preference for the command 

line reveals its Unix roots, but if you pre-

fer a GUI, never fear. WxMaxima [2] 

 offers a Maxima GUI interface that pro-

vides menus, mouse input, and graphi-

cal output. 

In the simplest of all cases, you can 

use Maxima just like a pocket calculator: 

typing 101*27 at the prompt will give 

you 2727. Input starts with a prompt of 

%i (for input), and output with %o (for 

output). 

The output window numbers the lines 

and gives you the ability to perform fur-

ther computations on previous results. 

For instance, to divide the result of this 

first simple example by 84, just enter 

%/84; the percent sign represents the 

last output.

To calculate with older results, type 

the line number after the percent sign, 

for example, %o3. The result of this first 

experiment might surprise you, 2727/84 

results in 909/28 – the fraction is mathe-

matically reduced to its simplest form.

To request decimal notation, add 

numer (for numeric) to the calculation. 

This option gives you a 16-digit approxi-

mation with the last digit rounded. If 

this is not accurate enough for you, you 

can specify a degree of floating point 

precision of 60 with the command fp-

prec:60, which is available in the menu 

at the top below Numeric. 

Then you must typecast the result as 

a big float, using bfloat(%) or 

bfloat(909/28).This approach lets you 

view as many decimal places as you like, 

but only makes sense for fractions with 

very short periods. 

If you really want to see the first 3,000 

decimal places of pi (Maxima has a %pi 

constant for this), you would just type 

fpprec:3000, followed by \%pi,numer.

Of course, the system can resolve frac-

tions. Entering:

1

2

3

5
7

3

14
*

outputs the exact result: 7/ 5.

Maxima is available from its homepage 

on Sourceforge [1] for Linux and other 

operating systems. The current version is 

5.14.0. Most Linux distributions include 

Maxima and the wxMaxima GUI by 

 default. On Ubuntu 8.04, for example, 

users can just apt-get install maxima wx-

maxima gnuplot to install the full set of 

packages. Unfortunately, the Ubuntu re-

pository only offers the second-to-last 

version – although this should be fine 

for getting started. If necessary, you can 

download the source code or the latest 

RPM package from the Maxima page [2].

Another typical Maxima task is precise 

calculations with very large numbers. 
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Pocket calculators and spreadsheets 

 automatically switch to an exponential 

notation as of a certain size of number 

(for example, 231). 

In contrast to this, wxMaxima gives 

users the ability to calculate with num-

bers of any size; the limit is basically 

 defined by the amount of RAM you have 

available. 

For example, the program has no trou-

ble writing out the number 2170:

149657767662684458824057326870

1473812127674924007424

wxMaxima just outputs the first and last 

digits in even larger numbers and lets 

you know the total number of digits. For 

example, 13220 results in a number with 

about 250 digits, of which just the first 

and last 30 are output. 

If you want to see all the digits, you 

can do so by issuing the set_

display(ascii) command. The factorial 

of 1,500 (1500!) will fill the screen with 

a number comprising over 4000 digits. 

To restore the more convenient reduced 

notation, just tell Maxima to set_

display(xml).

The program implements not 

only the factorial function, but 

also a number of prime number 

functions that allow for interest-

ing experiments, especially in 

combination with calculations in-

volving large numbers. For exam-

ple, the primep() function checks 

whether a number is a prime 

number. primep(788367353713) 

returns true (the number is a 

prime number), whereas a test 

of 788367353643 returns false.

Factoring tells you which prime factors 

the second figure comprises: fac-

tor(788367353643) returns the factors 3 

* 3 * 733 * 119503919. A number built 

out of many prime factors will give you 

a far more impressive list: try fac-

tor(5000!).

Searching for a large prime number 

(which is sometimes necessary with 

cryptographic applications) is fairly sim-

ple. The instruction p1:next_

prime(377220) finds the first prime num-

ber that follows 377220 and stores it in a 

variable dubbed p1 – this is a figure with 

about 500 digits. 

Calling the function p2:next_prime(%) 

finds the next prime number and stores 

it as p2. Depending on your computer, 

this could take a couple of seconds.

The product of the two prime numbers 

(p1*p2) is a useful basis for part of an 

RSA key. However, using consecutive 

prime numbers is not recommended in 

production environments.

The following is an example of a com-

posite number:

34586201178041039787601387318

82024472141341479935277280381

12440197322495509204470242935

32378316538528993082365723227

87110648666243960265281625203

66869362889027847958124572048

49290223893063158998818482613

36192743681923399777828077177

35312582897230196328769838321

20912260937746241731850882601

56978955120655490200139405943

09185368543866142627334637083

67254843891846855372854960491

11850250830357957389815469086

78540702875792312840910506614

17856347622431237601158115857

90702271595966128978378655416

97908514794385246878768150137

30197463102050823855370591872

58157215027913330028366710685

19210347427534113281007898764

64417558967790656991036686872

76576162750908444563452708527

46790478521245034979650230712

48741201488224591348703709919

03642266217195622720897428076

13919578158325332361890921677

81696601196878110414271326709

30807046419164936917809837941

52328256135894898253264957641

10156040863187347010883784957

75346687820728592287341031041

99834644775463040487237495558

91070747017958878188492388101

83904469773608852154820298832

83976880008163640733890944133

46308770932002671418331116040

05645556422780165182446621858

83042717413

Again, this number is the product of two 

large prime numbers. If you don’t need 
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your computer for a while, you can ask 

it to discover the prime factors.

Automatic manipulation of algebraic ex-

pressions is a fascinating example of a 

field in which Maxima draws on a col-

lection of mathematical knowledge im-

plemented over a period of decades. To 

avoid tripping over what – at first glance 

– appears to be a quirky approach to 

sorting variables in the output, you 

might want to take control of how the 

variables are output. The following ex-

ample uses the variables a, b, c, d, x, y, 

and z. The command order-

gre-at(a,b,c,d,x,y,z) forces this order in 

the output. When you type

(( ) * ( * * )) / ( )a b a b a b a b
2 2

2

Maxima displays the expression in a 

 visually attractive way:

( )( )a b a ba b

a b

2 2
2

Like other CAS systems, wxMaxima sup-

ports methods that apply mathematical 

laws to simplify algebraic expressions, 

typically by means of sophisticated re-

phrasing and reducing. The example 

here uses the ratsimp(%) command. 

wxMaxima identifies the binomial for-

mula, converts appropriately, and re-

duces the results to a very simple expres-

sion a2 * b2.

wxMaxima shows 

((9*a-c)/c)+((7*a-2*b)/(2*b-7*a)) as:

9 7 2

2 7

a c

c

a b

b a

Calling the Ratsimp simplification 

method creates the following equivalent 

expression:

9 2a c

c

Graphical output of function curves 

(plotting) is another useful feature. wx-

Maxima relies on the popular Gnuplot 

package for plotting. To access the Plot 

menu, you have two options. The top 

menu bar includes a number of useful 

subitems below Plot, but you can just 

as easily press the 2D Plot button in the 

lower part of the screen. The top line of 

the dialog expects the 

function to plot: 

4*x2+7. You can 

leave the other set-

tings as is for the time 

being. Clicking OK 

displays the graph 

shown in Figure 1.

In many cases, a 

user might want to 

simply change a cou-

ple of graphics pa-

rameters. A simple 

trick to avoid the 

need to enter the 

same values time and 

time again in the dia-

log is clicking the line 

that produced the last 

plot command to tell 

the plot function to 

apply the same values 

the next time you call 

it. Then you can 

change the values in-

dividually.

Some functions with two independent 

variables result in interesting graphs. 

The 3D Plot menu item lets you plot 

three-dimensional graphs. The example 

in Figure 2 shows the output of the func-

tion cos(sqrt(5*x2 + 3*y2)). In this 

case, it makes sense to choose the Open-

math output format. This not only opens 

a new window for the graph but lets you 

use the mouse to rotate, zoom, and scale 

the output (Figure 3).

Maxima is not just a tool for mathemati-

cal experiments; it can help you solve 

genuine problems, as the next simple 

 example shows. 

For an example of Maxima in the real 

world, consider a chemical manufacturer 

who produces two liquid products (P1 

and P2), which are sold with different 

profit margins (PM-P1 = EUR 95 and 

PM-P2 = EUR 75). Both products are 

made up of four component products 

(C1 to C4) – these component products 

might represent color components.

A precisely defined mixing ratio is re-

quired for both of the products: the vec-

tor P1(3; 1; 3; 11) specifies that to pro-

duce one unit (UN) of P1, exactly three 

units of V1 are required, whereas just 

one UN of V2 is required. The vector for 

the other product is P2(1; 5; 2; 2). The 

example also assumes that resources of 

the component products are limited. The 

plan thus needs to take the existing 

stocks S of the component products into 

consideration: S(260; 575; 320; 920).

On the basis of this data, it is possible 

to generate a mathematical model, 

which Maxima can solve by linear opti-

mization. The first thing is to define the 

target function. It is safe to assume that 

the planner will want to maximize the 

profit margins generated by P1 and P2:

x P y P MAX* * !1 2

The values x and y represent the number 

of units to produce. The remaining de-

tails in this example are defined as auxil-

iary conditions that ensure the solution 

is physically possible. In the case of 

component product C1, each unit of P1 

will consume exactly three units of C1. 

On the basis of the same system, each 

unit of P2 consumes one unit of C1, and 

so on. Because only 260 units of C1 

exist, the first auxiliary condition is:

3 1 260* *x y

On the basis of the same reasoning, you 

can apply three further auxiliary condi-

tions. First, add two more to prevent x 
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and y from assuming negative values, 

because a negative quantity can’t exist 

in real conditions in many situations:

1 5 575

3 2 320

11 2 920

0

0

* *

* *

* *

x y

x y

x y

x

y

Figure 4 shows the coherencies: the 

polygon between the x and y axes and 

the colored straight lines containing all 

possible combinations of solution for op-

timizing production. The most favorable 

combination will be at the top, far right. 

The black target function is drawn to in-

tersect some of the auxiliary conditions 

at the optimum point, and you want 

Maxima to calculate this point.

To simplify changes, all the details are 

stored as variables:

Tf: 95*x + 75*y

Con1: 3*x + y <= 260

Con2: 1*x + 5*y <= 575

Con3: 3*x + 2*y <= 320

Con4: 11*x + 2*y <= 920

Con5: x >= 0

Con6: y >= 0

As the first step toward an optimized so-

lution, you first need to load the Simplex 

module using the Maxima load(simplex) 

command. Then you can call the func-

tion maximize_sx(Tf; [Con1;Con2;Con3;

Con4;Con5;Con6]) and pass in the target 

function and the auxiliary conditions to 

it. The results show that producing 34.6 

units of P1 and 108 units of P2 would re-

sult in the perfect profit margin of EUR 

11,394. The Maxima manual still refers 

to this function as maximize_lp(); how-

ever, maximize_sx() replaced it years 

ago. In a similar way, the minimize_sx() 

function handles minimization. The 

Simplex method implemented by Max-

ima is extremely powerful. 

The number of variables and auxiliary 

conditions can be very large, again de-

pending on the amount of RAM you 

have available. This puts relatively small 

computers with the free Maxima pro-

gram in a position to solve optimization 

tasks that would have kept a mainframe 

busy for hours just 20 years ago.

This short excursion into the world of 

Maxima can’t replace a thorough review 

of the Maxima manual – the PDF docu-

ment has no fewer than 800 pages. Some 

commercial competitors might have 

more modern input and output methods, 

but from a mathematical point of view, 

Maxima can easily keep pace with its 

more expensive siblings. 

Easy availability is another argument 

in favor of using Maxima at home, 

school, and college. Anybody can install 

the software in next to no time – and 

there’s no need to purchase an expen-

sive license.  p
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[1]  Maxima homepage:  

http://  maxima.  sourceforge.  net

[2]  wxMaxima homepage:  

http://  wxmaxima.  sourceforge.  net
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