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Using Functions That Take Functions as Arguments and 
Lambda Expressions to Define Your Own Functions 
 
 
  
 
                                    From sec. 7.8 of                  
     Touretzky’s book. 
 
 
 
 
 
 
 
 

                         Note: To avoid using x with 2 meanings, 
 Solution (on p. C-39):        change (lambda (x) (< 1 x 5))  
                               to     (lambda (y) (< 1 y 5)).
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• A lambda expression anywhere in the body of a 
function f can use the formal parameters of f!  
 

Example from Touretzky:  
  

?  ? 
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• A lambda expression anywhere in the body of a 
function f can use the formal parameters of f!  
 

Example from Touretzky:  
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Examples of the Use of  
MAPCAR, REMOVE-IF-NOT, and REMOVE-IF 
 
(defun inc-list-2 (L n) ; cf. problem 3 of Assignment 4 
  (mapcar (lambda (x) (+ x n) ) L)) 
 
(defun neg-nums (L)   ; cf. problem 2 of Assignment 4 
  (remove-if-not #'minusp L)) 
 
(defun neg-nums (L)   ; cf. problem 2 of Assignment 4 
  (remove-if-not (lambda (x) (< x 0)) L)) 
 
(defun partition (L p)  ; cf. problem 7 of Assignment 4 
  (list (remove-if-not (lambda (x) (< x p)) L) 
        (remove-if (lambda (x) (< x p)) L))     ) 
 
(defun singletons (L)   ; cf. problem 13 of Assignment 4 
  (remove-if (lambda (x) (member x (cdr (member x L))))  
             L)) 
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Examples of the Use of  
MAPCAR, REMOVE-IF-NOT, and REMOVE-IF 
 
(defun inc-list-2 (L n) ; cf. problem 3 of Assignment 4   
  (mapcar (lambda (x) (+  x  n)) L)) 
 
(defun neg-nums (L)   ; cf. problem 2 of Assignment 4   
  (remove-if-not #'minusp L)) ; use built-in function 
 
(defun neg-nums (L)   ; cf. problem 2 of Assignment 4   
  (remove-if-not (lambda (x) (< x 0)) L)); use lambda expr 
 
(defun partition (L p)  ; cf. problem 7 of Assignment 4 
  (list (remove-if-not (lambda (x) (<  x  p)) L) 
        (remove-if     (lambda (x) (<  x  p)) L))) 
 
(defun singletons (L)   ; cf. problem 13 of Assignment 4 
  (remove-if (lambda (x) (member x (cdr (member x L))))  
             L)) 
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Having seen examples of how to use functions that take 
functions as arguments, we now consider: 
 

Question 2: How do we write functions that take  
            functions as arguments? 
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Question 2: How do we write functions that take  
            functions as arguments? 
 

In Common Lisp the value of an identifier F (as a 
variable) and the function definition of F are  
two unrelated and independent attributes of F!  
 

At any given time, an identifier F may have neither,  
just one, or both of these attributes. 
 

In this regard Common Lisp is like Java (in which a class can have an 
instance variable named f and a method that's also named f) and unlike C++. 
 

(defun f ... ) sets the function definition of F, but 
               doesn’t affect the value (if any) of F. 
 

The following will set the value of F but won’t affect 
the function definition (if any) of F:  
• (setf F ...) 
• (let ((F ...)   or   (let* ((F ...) 
• Parameter passing (if F is a formal parameter). 



216 
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Q: Can the value of a Lisp expression be a function? 
 

A: Yes! Three important cases of this are:   
 

• If G is a symbol that has a function definition, 
      the value of #’G is G’s function definition. 
 

• The value of a lambda expression is a function. 
 

• You can make the value of a variable G a function 
using SETF, LET / LET*, or parameter passing. 
 

Q: When the value of a variable or other Lisp expression  
   is a function, how can we call that function? 
 

A: Use FUNCALL (or APPLY, which we’ll look at later). 
 

  
                                   From sec. 7.12 of 
                                   Touretzky. 
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... 

   
 
 
 
 
 
 
 
 
 
               Value of G is the function named by F. 
             (g 1) calls the function named by G. 
               (funcall g 1) calls the function  
                 given by the value of G. 
             (funcall #’g 1) calls the function  
                 given by the value of #’G, which 
                 is the function named by G. 
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FUNCALL Can Call Functions That Take 2 or More Args! 
 

(funcall f  e1 ...  ek) calls the function given by the  
                  value of f; the values of e1, ..., ek 
                  are passed as arguments.    

  

                                  This example is 
                                  from sec. 7.2 of 
                                  Touretzky.  
     

                                  It also serves as a 
                                  reminder that if the 
                                  2nd arg of CONS isn’t 
                                  a list, CONS returns                       
                                  a dotted list!  
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Writing Functions That Take Functions as Arguments 
 

• When computing a call of a function g, each  
formal parameter of g is a variable whose value is 
set to the corresponding actual argument.   
 

• So if a formal parameter p corresponds to an  
actual argument that is a function, then we must 
use (funcall p ...) to call that function.   
 

(p ...) and (funcall #'p ...) would not work here: 
They’d call the function whose name is p, rather  
than the function given by parameter p’s value! 
 

Example:  
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an expression that computes (our-mapcar f L)  
from X and, possibly, f and/or L. 

 

 

 

Writing Our Own Version of MAPCAR 
 

(defun our-mapcar (f L) 
  (if (endp L) 
      nil 
      (let ((X (our-mapcar f (cdr L)))) 
 
                                             ))) 
 
 
To write      , consider a specific example: 
 
Let L ⇒ (9 4 1 9 0), f ⇒  n ↦ √𝑛𝑛. So (cdr L) ⇒ (4 1 9 0). 
Now X ⇒   (2 1 3 0) 
and we want        ⇒    (3 2 1 3 0) 
                      = (cons (funcall f (car L)) X) 
 
From this we see that   
(cons (funcall f (car L)) X) is a good       expression. 
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(cons (funcall f (car L)) X) 

(cons (funcall f (car L)) (our-mapcar f (cdr L))) 

Writing Our Own Version of MAPCAR 
 

(defun our-mapcar (f L) 
  (if (endp L) 
      nil 
      (let ((X (our-mapcar f (cdr L)))) 
 
 
 

                                       )))   
 
X isn’t used more than once, so we eliminate the LET: 
 

(defun our-mapcar (f L) 
  (if (endp L) 
      nil 
      (let ((X (our-mapcar f (cdr L)))) 
 
 

                                                        )))  
  



246 
 

an expression that computes (sigma g j k)  
from X and, possibly, g, and/or j, and/or k 

Writing the SIGMA Function 
 

Recall that SIGMA should behave as follows:  
 

  If   g => a numerical function of one argument  
  and  j, k => integers,  
  then (sigma g j k) => g(j) + g(j+1) + ... + g(k).   
                                                 [This sum is 0 if j > k.]   
   

Q. What should we make smaller for the recursive call? 
A. The no. of summands (k–j+1 in the above example). 
 

(defun sigma (g j k) 
  (if (> j k) 
      0 
      (let ((X (sigma g (+ j 1) k))) 
 
                                           ))) 
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an expression that computes (sigma g j k)  
from X and, possibly, g, and/or j, and/or k 

 

 

 

Writing the SIGMA Function 
 

(defun sigma (g j k) 
  (if (> j k) 
      0 
      (let ((X (sigma g (+ j 1) k))) 
 
                                           ))) 
 
To write      , consider a specific example: 
 
Let g ⇒ x ↦ x2, j ⇒ 3, and k ⇒ 6.  So  (+ j 1) ⇒ 4. 
Now              X ⇒      42 + 52 + 62 
and we want        ⇒  32 + 42 + 52 + 62 
                                      = (+ (funcall g j) X) 
 
 
From this we see that   
(+ (funcall g j) X) is a good       expression. 
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(+ (funcall g j) X) 

(+ (funcall g j) (sigma g (+ j 1) k)) 

Writing the SIGMA Function 
 

(defun sigma (g j k) 
  (if (> j k) 
      0 
      (let ((X (sigma g (+ j 1) k))) 
 

                           )))  
 
X isn’t used more than once, so we eliminate the LET: 
 

(defun sigma (g j k) 
  (if (> j k) 
      0 
      (let ((X (sigma g (+ j 1) k))) 
 

                                          )))  
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Using the SIGMA Function  
 

(defun sigma (g j k) 
  (if (> j k) 
      0 
      (+ (funcall g j) (sigma g (+ j 1) k))))  
 
The following function  
    sum-of-kth-powers-of-1st-n-positive-integers 
does what its name suggests; for example: 
 

(sum-of-kth-powers-of-1st-n-positive-integers 5 9) 
  => 15 + 25 + 35 + 45 + 55 + 65 + 75 + 85 + 95 = 120825 
 

(defun sum-of-kth-powers-of-1st-n-positive-integers (k n) 
  (sigma (lambda (i) (expt i k)) 1 n)) 
 
 
expt is a built-in Common Lisp function that performs 
exponentiation:  (expt i k) => ik 
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• As we have seen, functions given by lambda expressions  
can be passed as arguments to other functions. They 
can also be returned to the caller of a function (as 
the result of the function call). 
 
 

• Suppose a function f has a formal parameter k, and  
a lambda expression in the body of f uses k. Then, 
regardless of where the function given by that lambda 
expression is called, the variable name k in the lambda 
expression’s body will denote the formal parameter k 
of the call of f that created the lambda expression. 
 
 

o The function given by a Common Lisp lambda expression 
is represented as a closure (also called a lexical 
closure): This representation provides access to f's 
parameter k during execution of the function given 
by the lambda expression in the above example. 
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A Concrete Example: 
 

Recall the following function from an earlier slide: 
 

(defun sum-of-kth-powers-of-1st-n-positive-integers (k n) 
  (sigma (lambda (i) (expt i k)) 1 n)) 
 
This function passes (lambda (i) (expt i k)) into a call 
of the function SIGMA, which we defined as follows: 
 

(defun sigma (g j k) 
  (if (> j k)  
      0  
     (+ (funcall g j) (sigma g (+ j 1) k))))  
• ssions  can be passed as arguments to other  
When (lambda (i) (expt i k)) is called inside SIGMA's body,  
k in the lambda expression still refers to the parameter k 
of sum-of-kth-powers-of-1st-n-positive-integers! 
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• Similarly, a lambda expression anywhere in the body 
of a LET or LET* form can use the local variables of 
the LET or LET*: The closure representation of the 
function given by a lambda expression provides  
access to any such local variables that are used in 
the lambda expression when the function is executed.  
 
Note: In addition to ordinary variables, Common Lisp   
      also supports so-called "special" variables    
      that are dynamically scoped, but special    
      variables will not be used in this course. The  
      above remarks assume that no formal parameter  
      or local variable is a special variable. 
 

        In the above example, if k were a special variable of  
        SIGMA and sum-of-kth-powers-of-1st-n-positive-integers, 
        then k in the lambda expression would refer to the  
       parameter k of SIGMA and not the parameter k of 
       SUM-OF-KTH-POWERS-OF-1ST-N-POSITIVE-INTEGERS! 
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MAPCAR Can Also Map Functions of Two or More Arguments 
 
 

                              From Touretzky’s book 
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Three More Examples of MAPCAR 
 

 
 
 
 
 
 

========================================================== 
 
 
 
 
 
=========================================================== 
 
    
   
   
 
 


