
CS450 High Level Languages

Accumulators 
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map 
Last 
Time 

;; map: (X -> Y) Listof<X> -> Listof<Y> 
;; Produces a list resulting from applying  
;; a given fn to each element of a given lst 

(define (map fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (map fn (rest lst)))])) 

RACKET



map 

Lambda
lambda 



foldl foldr 
Last 
Time 

(define (foldr fn initial lst) 
  (cond 
   [(empty? lst) initial] 
   [else (fn (first lst) (foldr fn initial (rest lst)))])) 

;; foldr: (X Y -> Y) Y Listof<X> -> Y 
;; Computes a single value from given list, determined by given fn and initial val. 
;; fn is applied to each list element, 

(1 + (2 + (3 + 0))) 

(1 - (2 – (3 – 0))) 

??? 

(define (foldl fn result-so-far lst) 
  (cond 
   [(empty? lst) result-so-far] 
   [else (foldl fn (fn (first lst) result-so-far) (rest lst)))])) 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 
;; Computes a single value from given list, determined by given fn and initial val. 
;; fn is applied to each list element, 

(((1 + 0) + 2) + 3) 

(((1 – 0) - 2) – 3) 



fold reduce
Last 
Time 

lambda 



build-list 

(build-list 4 add1)  

;; = (map add1 (list 0 1 2 3))  

;; = (list 1 2 3 4) 



apply 

• apply

•
# == length list

(apply + (list 1 2 3 4)) ; = (+ 1 2 3 4) = 10 

(apply string-append (list “a” “b” “cd”)) ; = “abcd” 

(foldl + 0 (list 1 2 3 4)) ; = (+ (+ (+ (+ 1 0) 2) 3) 4)) = 10 



(define (filter pred? lst) 
  (cond 
   [(empty? lst) empty] 
   [else (if (pred? (first lst)) 
             (cons (first lst) (filter pred? (rest lst))) 
             (filter pred? (rest lst)))])) 

;; filter: (X -> Boolean) Listof<X> -> Listof<X> 
;; Returns a list containing elements of given list 
;; for which the given predicate returns true 

filter 

pred? lst



filter 



(define (filter pred? lst) 
  (cond 
   [(empty? lst) empty] 
   [else (if (pred? (first lst)) 
             (cons (first lst) (filter pred? (rest lst))) 
             (filter pred? (rest lst)))])) 

;; filter: (X -> Boolean) Listof<X> -> Listof<X> 
;; Returns a list containing elements of given list 
;; for which the given predicate returns true 

filter 

lambda

;; smaller-than: Listof<Int> Int -> Listof<Int> 
;; Returns a list containing elements of given list less than the given int 

(define (smaller-than lst thresh) 
  (filter (lambda (x) (< x thresh)) lst)) 

lambda

define 



(andmap p? lst) (apply and (map p? lst)) 

(foldl and #t lst) 

(foldl (λ (x y) (and x y)) #t lst) 



lst-max 

;; lst-max : Listof<Int> -> Int 
;; Returns the largest number in the given list 



(check-equal? 
  (lst-max (list)) ???)) 

;; lst-max : Listof<Int> -> Int 
;; Returns the largest number in the given list 

lst-max 

(check-equal? 
  (lst-max (list 1 2 3)) 3)) 



;; max: Listof<Int> -> Int 
;; Returns the largest number in the given list 

lst-max 

;; lst-max : Listof<Int> -> Int 
;; Returns the largest number in the given list 
(define (lst-max lst) 
  (cond  
    [(empty? lst) ....] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



;; max: Listof<Int> -> Int 
;; Returns the largest number in the given list 

lst-max 

;; lst-max : Listof<Int> -> Int 
;; Returns the largest number in the given list 
(define (lst-max lst) 
  (cond  
    [(empty? lst) ???] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



;; max: Listof<Int> -> Int 
;; Returns the largest number in the given list 

lst-max 

;; lst-max : Listof<Int> -> Int 
;; Returns the largest number in the given list 
(define (lst-max lst init-val) 
  (cond  
    [(empty? lst) ???] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



•
•
•

•



lst-max 

;; lst-max : Listof<Int> Int -> Int 
;; Returns the largest number in the given list 
;; max-so-far : Int 
;; is the largest val in lst “so far” 
(define (lst-max lst max-so-far) 
  (cond  
    [(empty? lst) ???] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



lst-max 

;; lst-max : Listof<Int> Int -> Int 
;; Returns the largest number in the given list 
;; max-so-far : Int 
;; is the largest val in lst “so far” 
(define (lst-max lst max-so-far) 
  (cond  
    [(empty? lst) ???] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



lst-max 

;; lst-max : Listof<Int> Int -> Int 
;; Returns the largest number in the given list 
;; max-so-far : Int 
;; is the largest val in lst “so far” 
(define (lst-max lst max-so-far) 
  (cond  
    [(empty? lst) max-so-far] 
    [(cons? lst) .... (first lst)  .... 
       ....  (lst-max (rest lst)) ....])) 



lst-max 

;; lst-max : Listof<Int> Int -> Int 
;; Returns the largest number in the given list 
;; max-so-far : Int 
;; is the largest val in lst “so far” 
(define (lst-max lst max-so-far) 
  (cond  
    [(empty? lst) max-so-far] 
    [else (lst-max (rest lst) 
              (max (first lst) max-so-far))])) 



•
•
•

•



;; lst-max : List<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

“so far” 



;; lst-max : List<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

“so far” 



;; lst-max : List<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

“so far” 



;; lst-max : NonEmptyList<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

“so far” 



;; lst-max : NonEmptyList<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

“so far” 



;; lst-max : NonEmptyList<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max initial-lst) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/accum (rest initial-lst)             ???       )) 

(define (lst-max/accum lst max-so-far) 
  (cond 
    [(empty? lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

;; lst-max/accum : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in initial-lst “minus” lst 

(first initial-lst)

 lst 



fold reduce

Previously 

lambda 



;; lst-max : NonEmptyList<Int> -> Int 
;; Returns the largest value in the given list 

(define (lst-max lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (lst-max/a (rest lst0) (first lst0))) 

(define (lst-max/a rst-lst max-so-far) 
  (cond 
    [(empty? rst-lst) max-so-far] 
    [else (lst-max/accum (rest lst) 
                         (max (first lst) max-so-far))]) 

;; lst-max/a : List<Int> Int -> Int 
;; max-so-far : Int 
;; is the largest val in lst0  rst-lst 

map 

filter 

fold 



foldl 
Prev 

(define (foldl fn result-so-far lst) 
  (cond 
   [(empty? lst) result-so-far] 
   [else (foldl fn (fn (first lst) result-so-far) (rest lst)))])) 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 
;; Computes a single value from given list,  
;; determined by given fn and initial val. 
;; fn is applied to each list element, 

(((1 + 0) + 2) + 3) 

(((1 – 0) - 2) – 3) 
;; sum-lst: ListofInt -> Int 
(define (sum-lst lst) (foldl + 0 lst)) 





;; rev : List<X> -> List<X> 
;; Returns the given list with elements in reverse order 

(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

(define (rev/a lst acc ???) 
  ??? 
) 

;; accumulator ??? : ??? 
;; invariant: ??? 


