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6. MODULARIZATION OF CODE 

Lisp code, if properly used, is inherently modularized. In this section, we’re going to see two examples of how 
complex processes can be mapped to easily-readable lisp code. We’ll develop a procedure to calculate square 
roots using Newton’s method.  

6.1. Newton’s Method for finding square roots 

The procedure  

Steps are:  

1. Start with a guess (we take this to be 1.0)  

2. If the guess is acceptable as a square-root of x, return it.  

3. Otherwise, improve the guess by averaging the guess and x.  

4. Retry the square-root procedure using the average as a guess.  

The Lisp procedure  

> (defun sqrt-iter (guess x) 
    (if (acceptable? guess x) 
        guess 
      (sqrt-iter (improve guess x) 
                 x))) 

That’s all!  

Of course, we still need to define what acceptable is and how to improve a guess. But that’s easy. We improve the 
guess by averaging the guess with the original x.  

>(defun improve (guess x) 
   (average guess (/ x guess))) 

And averaging is straight-forward: 

>(defun average (x y) 
   (/ (+ x y) 2)) 

And a guess is acceptable if the difference between x and the guess’s square is close enough.  

> (defun acceptable? (guess x) 
  (< (abs (- (square guess) x)) 0.001)) 
> (defun square (x)  
  (* x x )) 

There is still a small problem. Right now, we need to start sqrt-iter with a starting guess. We need to abstract this 
decision away from the user. So, we define a new function which takes only x and starts the first iteration using 
1.0 as a guess:  
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> (defun newt-sqrt (x)  
    (sqrt-iter 1.0 x)) 

And now, the user can simply use the square root function like so:  

> (newt-sqrt 49)  

6.2. Using functions as data 

Until now, we’ve used only numbers and symbols as data. Now we see an example where we use a function as a 
parameter for another function. 

The idea is to use the same square root technique but with a difference.  

The process 

A fixed point of a function is the value such that:  

f (x )  = x 

Assume there is a function f such that:  

f(y )  / 
xC

x
y

2  

The fixed point of this function f is the square root of x because:  

f ( x ) = 
x C x

x
2

  = x C x
2

= x  

So, all we need to do is find the fixed point of this function f and we’ve got our square root. Here’s how we’ll do 
it in Lisp.  

First we define the procedure fixed-point. It takes as its arguments, a function and a starting value.  

Finding the fixed point 

It starts with the starting value (duh!) and keeps applying the function f on the value until two consecutive values 
are close enough to each other at which point, the new value is returned as the fixed-point.  

(defun fixed-point (f start) 
  (defun iter (old new) 
    (if (close-enough? old new) 
        new 
      (iter new (funcall f new)))) ;; new becomes the old value  
      ;; and (f new) becomes the new value 
  (iter start (funcall f start))) ;; start with start and (f start)  
 
(defun close-enough? (old new) 
  (< (abs (- old new)) 0.001)) 
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Using fixed point for finding the square root  

Now, it’s simply a matter of finding the fixed point of our averaging function.  

(defun sqrt-iter (x) 
  (fixed-point  
   (lambda (y) 
     (average y (/ x y))) 
   1.0)) 
 
(defun average (x y) 
  (/ (+ x y) 2)) 

Here, two arguments are being passed to fixed-point. The first is the function (which simply averages) and 
the second is the starting point – in this case, 1.0.  Fixed point keeps applying this averaging function to the 
values until it gets two consecutive close-enough values.  

Finally, to use this sqrt-iter:  

> (sqrt-iter2 36) 

 


