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6.090, Building Programming Experience 
Ben Vandiver 

Lecture 4: Sugar, Recursive/Iterative, Basic Lists 

Beginning of class, instructions to write a program that returns a quotient without 
remainder. Utilize the remainder function that we programmed before (remainder is 
also pre-programmed into scheme) 

(quotient x y) as opposed to 
Integer division x/y 
(quotient 5 2) Æ 2 

(define quotient 
  (lambda (x y) 

 (if (> x y)
 0 
(+ 1 (quotient (- x y) y))))) 

Syntactic sugar…syntax: correct arrangement and expression of a language. 
Semantics of language tell you what a syntactically correct statement means. 

(7 3) 
Syntactically accurate and valid scheme expression. Semantically invalid.


)7 3(

Syntactically invalid.


Syntactic sugar means to “sweeten syntax”, i.e., to create shortcuts  


Example:


(define quotient 
  (lambda (x y) 

 (if (< x y)
 0 
(+ 1 (quotient (- x y) y))))) 

The above is the same as the following 

(define (quotient x y) 
  (if (< x y)

(+ 1 (quotient (- x y) y)))) 

“de-sugar” if confused by new notation, and work out problem that way, too. 

Special Form: Let 
let introduces new variables for the duration of the body of the expression. 

(let ((a 3)) 
  (+ a 2)) 

This let creates a new binding of a to 3, then evaluates the body to get 5. 



(let ((a 3) 
 (b 5)) 

  (+ a b)) => 8 

Let can be understood by treating it as “syntactic sugar” 

[(define x 7) <- binding lasts indefinitely in a define
 . 

. 

. 
In a let, the binding is only valid for the duration of the let body.] 

You may assume the existence of a lambda operation as part of the “de-sugaring” 
process. 

((lambda (a b) (+a b)) 3 5) 

The lambda operation returns a procedure. In order to fully “de-sugar” the let 
function, we use a combination with the newly defined lambda procedure. This 
procedure returns 8, the exact return of the let function. 

(let ((a 3) 
 (b (+ a 2))) 

  (+ a b)) Æ 8 

De-sugar


((lambda (a b) (+a b)) 3 (+a 2)) 


No evaluation occurs during de-sugaring. 

The a in the expression (+ a 2) is not bound to anything in this case. In a let , 

binding is simultaneous. Values for a and b appear at same time. In lambda, 

bindings that occur within procedure are only valid within procedure. 


(define a 7) 
(let ((a (+ a 2)) 

 (b (+ a 2))) 
  (+ a b)) Æ 18 

The bindings in the let function are evaluated simultaneously. a = 7 travels 
throughout the bindings because the first binding of a does not carry over to the 
binding of b. 

The bound values are evaluated in the expression (+ a b) simultaneously. 

Special form: Let* 
let* binds sequentially. 
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(define a 7) 
(let* ((a (+ a 2)) 

 (b (+ a 2)))
  (+ a b)) Æ 20   ; here a gets 9, b gets 11 

De-sugared version of the let* function: 
(let ((a (+ a 2))) 
  (let ((b (+ a 2)))

 (+ a b))) 

The let body includes a let within. 

Difference Between Recursive vs. Iterative Processes  
(recursive procedures call themselves). Illustration of the substitution model: 

(define (fact n) 
  (if (= n 0)

 1 
(* n (fact (- n 1))))) 

(fact 3)   not a base case 
(* 3 (fact 2)) not a base case 
(* 3 (* 2 (fact1))) not a base case 
(* 3 (* 2 (* 1 (fact 0)))) base case 

Only after the base case has been reached can the multiplication of the recursive 
part of the definition be engaged. The innermost fact must be evaluated before any 
of the multiplication can begin. This causes the procedure to become very large and 
require a lot of memory to run. For this reason, continuously looping recursive 
procedures with recursive processes return the error message “maximum recursion 
depth exceeded”. 

(define (remainder x y) 
  (if (< x y) 

(remainder (- x y) y))) 

(remainder 17 3) this is not the base case, so the recursive step is employed. 

(remainder 14 3) 

(remainder 11 3) 

(remainder 8 3) 

(remainder 5 3) 

(remainder 2 3) this is the base case, so the return value is 2, and the recursion 

stops. 


The remainder is 2. 


Processes that run forever must be iterative. Deferred operations lead to crashing, 

because too many pending operations (as noted above) return “maximum recursion 

depth exceeded”. 
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Iterative requires less space, because there are no operations to remember. 

In order to identify whether a recursive procedure has a recursive or iterative 
process embedded in it, look to the left of the recursive call, and if there is an 
operation listed before the recursive function, then it is a recursive process. 

Getting iterative process from recursive: 

Example: Pad 

Recursive (stick spaces on end after recursive call) 
(define pad 
  (lambda (s n) 

 (if (= n 0)
 s 

(string-append (pad s (- n 1)) " ")))) 

Iterative (stick spaces on end before recursive call) 
(define pad 
  (lambda (s n) 

 (if (= n 0)
 s 

(pad (string-append s " ") (- n 1)))))  

Example: fact 

(define (fact n) 
  (if (= n 0)

(* n (fact (- n 1))))) 

Change to iterative by storing the answer-so-far in an argument to the procedure.  
When the base case is reached, return the answer-so-far.  In the recursive case, call 
the procedure again with an updated answer. 

(define (fact-helper n answer) 
  (if (= n 0)

   answer 
(fact-helper (- n 1) (* n answer)))) 

fact 3 1 (fact-helper 0 1) base case 
fact 2 3 
fact 1 6 
fact 0 6 

(define (fact n) 
  (fact-helper n 1)) 

This keeps the needed entries to fact down to one entry, which is more user-friendly 
than having to know what to place for the variable space labeled “answer”. 
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(define (double-list lst)
  (if (null? lst) 

nil 
(cons (* 2 (car lst)) (double-list (cdr lst))))) 

Do problems on Lecture 4 handout. Solutions are posted on the server under Lecture 
4. 
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