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From p. 8 of Touretzky: 
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From pp. 8 – 9 of Touretzky: 
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From p. 66 of Touretzky: 
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From pp. 66 – 7 of Touretzky: 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 

• (consp x) = (typep x 'cons) ⇒ T if x ⇒ a nonempty list.  
(consp x) = (typep x 'cons) ⇒ NIL if x ⇒ an atom. 
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From p. 67 of Touretzky: 
  
  
             (atom x) = (not (consp x))                
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(typep x '<type>) ⇒ T if x ⇒ a value of type <type>. 
(typep x '<type>) ⇒ NIL if x  ⇒  a value whose type  
          is not <type>. 
                          

                            <type> can be any of the 
             type names shown in the  
            tree on the right except 
           for COMMON, which is now  
                                   obsolete.        
 

                Reminder: The built-in
             function names     
                ATOM and NULL   
            do not end with P!                    

                 (atom x)   
            = (typep x 'atom)             

               (null x)  
            = (typep x 'null) 
 
 

From p. 367 of Touretzky (with ATOM and REAL types added) 
            

      ATOM 

REAL REAL 
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(> x1 … xn), (>= x1 … xn), (< x1 … xn), and (<= x1 … xn) 
 

1. If any argument value is not a real number, then 
 evaluation of (> x1 … xn) produces an error! 
 

2. If the argument values are all rational or all floating  
 point, then:  
o (> x1 … xn) ⇒ T if (- xi xi+1) > 0 for 1 ≤ i < n.  
o (> x1 … xn) ⇒ NIL otherwise. 

 

3. If there are both rational and floating point argument 
 values, then floating point values are coerced to 
 rational values before being compared with rational values. 
 

 E.g., (> 0.5 1/3) ⇒ T because (> 1/2 1/3) ⇒ T. 
 
 

(>= … ), (< … ), and (<= … ) are analogous to (> … ):  
 

• Fact 3 is true for >=, <, and <= as well as >.  
 

• We can substitute >=, <, or <= for > in facts 1 and 2 to 
get corresponding facts regarding >=, <, and <=. 
 
 

Rounding error may lead to unexpected results. For example, 
(> 0.2 1/5) ⇒ T since the float 0.2 slightly exceeds 1/5. 
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Other Useful Numerical Predicates:  
      zerop, evenp, oddp, plusp, minusp, /= 
 

If any of these functions is called with an argument whose 
value is not a number, there will be an evaluation error! 
 

• (zerop x) = (= x 0);  
note that (zerop 0.0) ⇒ T!   From p. 9 of Touretzky: 
 

•  
 
 

•  
 
 

•   
if the argument  
value is not an integer! 
 

• (plusp x) = (> x 0) 
 

• (minusp x) = (< x 0)  
 

• (/= x1 … xn) ⇒ T just if no two argument values are =. 
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Other Useful Numerical Predicates:  
      zerop, evenp, oddp, plusp, minusp, /= 
 

If any of these functions is called with an argument whose 
value is not a number, there will be an evaluation error! 
 

• (zerop x) = (= x 0);                   From Touretzky, p. 9: 
note that (zerop 0.0) ⇒ T! 
 

• (evenp n) ⇒ T if n ⇒ an even integer. 
(evenp n) ⇒ NIL if n ⇒ an odd integer. 
 

• (oddp n) ⇒ T if n ⇒ an odd integer. 
(oddp n) ⇒ NIL if n ⇒ an even integer. 
 

• Calling (evenp n) or (oddp n) produces  
an evaluation error if the argument  
value is not an integer! 
 

• (plusp x) = (> x 0) 
 

• (minusp x) = (< x 0)  
 

• (/= x1 … xn) ⇒ T just if no two aues are =. 
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Other Useful Numerical Predicates:  
      zerop, evenp, oddp, plusp, minusp, /= 
 

If any of these functions is called with an argument whose 
value is not a number, there will be an evaluation error! 
 

• (zerop x) = (= x 0);                    
note that (zerop 0.0) ⇒ T! 
 

• (evenp n) ⇒ T if n ⇒ an even integer. 
(evenp n) ⇒ NIL if n ⇒ an odd integer. 
 

• (oddp n) ⇒ T if n ⇒ an odd integer. 
(oddp n) ⇒ NIL if n ⇒ an even integer. 
 

• Calling (evenp n) or (oddp n) produces  
an evaluation error if the argument  
value is not an integer! 
 

• (plusp x) = (> x 0). 
 

• (minusp x) = (< x 0).  
 

• (/= x y) = (not (= x y)). More generally: If each z ⇒ a number 
then (/= z1 … zn) ⇒ T just if no two argument values are =. 
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MEMBER: A Built-in Predicate That Never Returns T 
 

Suppose L ⇒ a proper list.  
Then the value of (member x L) is given by these rules: 
 

• If no element of the list is EQL to the value of x, then            

  (member x L) ⇒ NIL 
 

Examples: (member 'K '(2 A (9) 9 A B)) ⇒ NIL 
 

          (member (list 9) '(2 A (9) 9 A B)) ⇒ NIL 
             because (eql (list 9) '(9)) ⇒ NIL. 
 

• If some element of the list is EQL to the value of x, then  
 

  (member x L) ⇒ the part of the list that begins with the 
 1st element that is EQL to the value of x 
 

Examples: (member  2 '(2 A (9) 9 A B)) ⇒ (2 A (9) 9 A B) 
          (member 'A '(2 A (9) 9 A B)) ⇒   (A (9) 9 A B) 
          (member  9 '(2 A (9) 9 A B)) ⇒         (9 A B) 
          (member 'B '(2 A (9) 9 A B)) ⇒             (B) 
 

Note that MEMBER does not use T to represent true: It 
returns a true value that contains more information! 
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From pp. 170 – 1 of Touretzky: 
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From p. 171 of Touretzky: 
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Recall that:  (member (list 9) '(2 A (9) 9 A B)) ⇒ NIL 
     because (eql (list 9) '(9)) ⇒ NIL.               
 

Can we make MEMBER use EQUAL instead of EQL to test equality? 
 

Yes! 
 
 

Suppose L ⇒ a proper list.  
 

(member x L :test #'equal) is like (member x L), but looks for 
an element of the list that is EQUAL to the value of x. 
  

• If no element of the list is EQUAL to x's value, then            

  (member x L :test #'equal) ⇒ NIL 
 

Example: (member 'K '(2 A (9) 9 A B) :test #'equal) ⇒ NIL 
 
 

• If some element of the list is EQUAL to x's value, then  
 

  (member x L :test #'equal) ⇒ the part of the list that                      
                                begins with the  1st element 
   that is EQUAL to x's value 

 

 Example: (member (list 9) '(2 A (9) 9 A B) :test #'equal)     
              ⇒ ((9) 9 A B) 
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From pp. 199 – 200 of Touretzky: 
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IF, COND,  
AND, and OR  
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Review of the IF Special Operator 
 

From p. 114 of Touretzky: 
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From p. 114 of Touretzky: 
  
 
  
  
  
  
  
  
  
  
   
  
  
  
  
 

• Recall: Any value other than NIL represents true! 
o (if 0 1 2) ⇒ 1    o (if '(D E F) 1 2) ⇒ 1 
o (if (member 'D '(A B C D E F)) 1 2) ⇒ 1 
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From p. 115 of Touretzky: 
  
  
  
  
  
 
  
  
  
  
  
  
  
  
  
  

• (if c e) = (if c e nil) 
o (if t e) = e 
o (if nil e) = nil 
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An Example of Nested IFs 
 

We'll define a function KIND-OF-VALUE with these properties: 
 

• If e ⇒ 0, then  
  (kind-of-value e) ⇒ (INTEGER-0 0) 
 

• If e ⇒ any other number, then 
   (kind-of-value e) ⇒ (NUM-BUT-NOT-0 <e's value>) 
 

• If e ⇒ a symbol or any other atom that's not a number, then     
   (kind-of-value e) ⇒ (NON-NUMERIC-ATOM <e's value>) 
 

• If e ⇒ a nonempty list, then 
   (kind-of-value e) ⇒ (NONEMPTY-LIST <e's value>) 

 
 

Examples: 
 

(kind-of-value (- 3 3)) ⇒ (INTEGER-0 0) 
 

(kind-of-value (- 3.0 3)) ⇒ (NUM-BUT-NOT-0 0.0) 
 

(kind-of-value (car '(- 3.0 3))) ⇒ (NON-NUMERIC-ATOM -) 
 

(kind-of-value '(- 3.0 3)) ⇒ (NONEMPTY-LIST (- 3.0 3)) 
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An Example of Nested IFs 
 

We'll define a function KIND-OF-VALUE with these properties: 
 

• If e ⇒ 0, then  
  (kind-of-value e) ⇒ (INTEGER-0 0) 
 

• If e ⇒ any other number, then 
   (kind-of-value e) ⇒ (NUM-BUT-NOT-0 <e's value>) 
 

• If e ⇒ a symbol or any other atom that's not a number, then     
   (kind-of-value e) ⇒ (NON-NUMERIC-ATOM <e's value>) 
 

• If e ⇒ a nonempty list, then 
   (kind-of-value e) ⇒ (NONEMPTY-LIST <e's value>) 

 

(defun kind-of-value (e) 
   (if (eql 0 e)  
       '(integer-0 0) 
       (if (numberp e)  
           (list 'num-but-not-0 e) 
           (if (atom e)  
               (list 'non-numeric-atom e) 
               (list 'nonempty-list e))))) 
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The COND Macro Operator 
 

The macro form  (cond (g1 e1)      
                      (g2 e2)    
                                                   
                      (gn en))   
 

is equivalent to n nested ifs: 
 

           (if g1  
               e1    
               (if g2  
                   e2    
                                            
                        (if gn  
                            en) ⋯ )) 
 

• Each (gi ei) is called a clause of the COND. 
• In any clause (g e): 
o g is called the test.   o e is called the consequent. 

 

• If every test ⇒ NIL, then the COND's value is NIL. 
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From p. 116 of Touretzky: 
 
 
  
  
  
  
  
 
  
  
  
  
  
 

• (compare    4     8)  ⇒   FIRST-IS-SMALLER 
 

• (compare    9   7.3)  ⇒   FIRST-IS-BIGGER 
 

• (compare  7.3   7.3)  ⇒   NUMBERS-ARE-THE-SAME 
 

• (compare    7   7.0)  ⇒   NIL 

COND 
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Often, the last test is t.  
Then we have: 
  

                (cond (g1 e1)     
                      (g2 e2)    
                                                   
                      (gn-1 en-1) 
                      (t   en))   
This is equivalent to 
 

           (if g1  
               e1    
               (if g2  
                   e2    
                                                   

                        (if gn-1  
                            en-1 
                            (if t 
                                en)) …  ))  
 

               which can be simplified because (if t en) = en. 
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Often, the last test is t.  
Then we have: 
  

                (cond (g1 e1)     
                      (g2 e2)    
                                                   
                      (gn-1 en-1) 
                      (t   en))   
This is equivalent to 
 

           (if g1  
               e1    
               (if g2  
                   e2    
                                                   

                        (if gn-1  
                            en-1 
                            en)  )) because (if t en) = en. 
 

• So, if the last test is t and all earlier tests have value 
NIL, then the COND's value is the value of en. 
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The above function definition 
 

    (defun kind-of-value (e) 
       (if (eql 0 e)  
           '(integer-0 0) 
           (if (numberp e)  
               (list 'num-but-not-0 e) 
               (if (atom e)  
                   (list 'non-numeric-atom e) 
                   (list 'nonempty-list e))))) 
 

can be rewritten using COND as follows: 
 

    (defun kind-of-value (e) 
       (cond ((eql 0 e) '(integer-0 0)) 
             ((numberp e) (list 'num-but-not-0 e)) 
             ((atom e) (list 'non-numeric-atom e)) 
             (t (list 'nonempty-list e)))) 
 
  


