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;; A ListofInt is one of: 
;; - empty 
;; - (cons Int ListofInt) 



;; TEMPLATE for list-fn 
;; list-fn : ListofInt -> ??? 
(define (list-fn lst) 
  (cond  
    [(empty? lst) ....] 
    [(cons? lst) .... (first lst)  .... 
          ....  (list-fn (rest lst)) ....])) 

;; A ListofInt is one of: 
;; - empty 
;; - (cons Int ListofInt) 

Last 
Time 

cond



;; inc-list : ListofInt -> ListofInt 
;; increments each list element by 1 
(define (inc-lst lst) 
  (cond  
    [(empty? lst) ....] 
    [(cons? lst) .... (first lst)  .... 
          ....  (inc-lst (rest lst)) ....])) 

inc-list 

(check-equal? 
  (inc-list (list 1 2 3)) 
            (list 2 3 4)) 

Last 
Time 



;; inc-list : ListofInt -> ListofInt 
;; increments each list element by 1 
(define (inc-lst lst) 
  (cond  
    [(empty? lst) empty] 
    [(cons? lst) .... (first lst)  .... 
          ....  (inc-lst (rest lst)) ....])) 

inc-list 
Last 
Time 



;; inc-list : ListofInt -> ListofInt 
;; increments each list element by 1 
(define (inc-lst lst) 
  (cond  
    [(empty? lst) empty] 
    [else ....  (add1 (first lst)) .... 
          ....  (inc-lst (rest lst)) ....])) 

inc-list 
Last 
Time 

first



;; inc-list : ListofInt -> ListofInt 
;; increments each list element by 1 
(define (inc-lst lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (add1 (first lst)) 
                (inc-lst (rest lst))])) 

inc-list 
Last 
Time 



Last 
Time 

;; A ListofBall is one of: 
;; - empty 
;; - (cons Ball ListofBall) 



;; TEMPLATE for list-fn 
;; list-fn : ListofBall -> ??? 
(define (list-fn lst) 
  (cond  
    [(empty? lst) ....] 
    [(cons? lst) .... (first lst)  .... 
          ....  (list-fn (rest lst)) ....])) 

;; A ListofBall is one of: 
;; - empty 
;; - (cons Ball ListofBall) 

Last 
Time 

cond



;; next-world: ListofBall -> ListofBall 
;; Updates position each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) ....] 
    [(cons? lst) .... (first lst)  .... 
          ....  (next-world (rest lst)) ....])) 

next-world 
Last 
Time 



;; next-world: ListofBall -> ListofBall 
;; Updates position each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) empty] 
    [(cons? lst) .... (first lst)  .... 
          ....  (next-world (rest lst)) ....])) 

next-world 
Last 
Time 



;; next-world: ListofBall -> ListofBall 
;; Updates position each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) empty] 
    [else ....  (??? (first lst)) .... 
          ....  (next-world (rest lst)) ....])) 

next-world 
Last 
Time 

Ball 

first



;; next-world: ListofBall -> ListofBall 
;; Updates position each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) empty] 
    [else ....  (next-ball (first lst)) .... 
          ....  (next-world (rest lst)) ....])) 

next-world 
Last 
Time 

first Ball



;; next-world: ListofBall -> ListofBall 
;; Updates position each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (next-ball (first lst)) 
                (next-world (rest lst))])) 

next-world 
Last 
Time 



;; next-world : ListofBall -> ListofBall 
;; Updates position of each ball by one tick 
(define (next-world lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (next-ball (first lst)) 
                (next-world (rest lst)))])) 

;; inc-lst: ListofInt -> ListofInt 
;; Returns list with each element incremented 
(define (inc-lst lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (add1 (first lst)) 
                (inc-lst (rest lst)))])) 

Last 
Time 



(define (lst-fn1 fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (lst-fn1 (rest lst)))])) 

Last 
Time 



•

•

•



 

;; lst-fn1: (?? -> ??) Listof?? -> Listof?? 
;; Applies the given fn to each element of given lst 

(define (lst-fn1 fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (lst-fn1 (rest lst)))])) 



;; A ListofInt is one of 
;; - empty 
;; - (cons Int ListofInt) 

;; A ListofBall is one of 
;; - empty 
;; - (cons Ball ListofBall) 



•

•

•



;; A ListofInt is one of 
;; - empty 
;; - (cons Int ListofInt) 

;; A ListofBall is one of 
;; - empty 
;; - (cons Ball ListofBall) 



•

•

•

•



;; A ListofInt is one of 
;; - empty 
;; - (cons Int ListofInt) 

;; A ListofBall is one of 
;; - empty 
;; - (cons Ball ListofBall) 

;; A Listof<X> is one of 
;; - empty 
;; - (cons X Listof<X>) 



;; lst-fn1: (X -> Y) Listof<X> -> Listof<Y> 
;; Applies the given fn to each element of given lst 

(define (lst-fn1 fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (lst-fn1 (rest lst)))])) 

;; lst-fn1: [X -> Y] [Listof X] -> [Listof Y] 
;; Applies the given fn to each element of given lst 



•

•

•

•



;; lst-fn1: (X -> Y) Listof<X> -> Listof<Y> 
;; Applies the given fn to each element of given lst 

(define (inc-lst lst) (lst-fn1 add1 lst) 
(define (next-world lst) (lst-fn1 next-ball lst) 

(define (lst-fn1 fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (lst-fn1 (rest lst)))])) 



(define (inc-lst lst) (lst-fn1 add1 lst) 
(define (next-world lst) (lst-fn1 next-ball lst) 



;; lst-fn1: (X -> Y) Listof<X> -> Listof<Y> 
;; Applies the given fn to each element of given lst 

(define (inc-lst lst) (lst-fn1 add1 lst) 
(define (next-world lst) (lst-fn1 next-ball lst) 

(define (lst-fn1 fn lst) 
  (cond  
    [(empty? lst) empty] 
    [else (cons (fn (first lst)) 
                (lst-fn1 (rest lst)))])) 



map 

;; map: (X -> Y) Listof<X> -> Listof<Y> 
;; Applies the given fn to each element of given lst 

(define (inc-lst lst) (map add1 lst) 
(define (next-world lst) (map next-ball lst) 

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



•

•

•
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https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction 



https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction 



https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction 





https://sandimetz.com/blog/2016/1/20/the-wrong-abstraction 
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;; render-world : ListofBall -> Image 
(define (render-world lst) 
  (cond 
   [(empty? lst) EMPTY-SCENE] 
   [else (place-ball (first lst) 
                     (render-world (rest lst)))])) 

;; sum-lst: ListofInt -> Int 
(define (sum-lst lst) 
  (cond  
   [(empty? lst) 0] 
   [else (+ (first lst) 
        (sum-lst (rest lst)))])) 
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;; render-world : ListofBall -> Image 
(define (render-world lst) 
  (cond 
   [(empty? lst) EMPTY-SCENE] 
   [else (place-ball (first lst) 
                     (render-world (rest lst)))])) 

;; sum-lst: ListofInt -> Int 
(define (sum-lst lst) 
  (cond  
   [(empty? lst) 0] 
   [else (+ (first lst) 
        (sum-lst (rest lst)))])) 

Last 
Time 



(define (lst-fn2 fn initial lst) 
  (cond 
   [(empty? lst) initial] 
   [else (fn (first lst) (lst-fn2 fn initial (rest lst)))])) 

;; list-fn2 : (X Y -> Y) Y Listof<X> -> Y 



•

•

•

•

•



foldr

(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 

reduce



•

•

•

•

•



foldr

(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 

;; sum-lst: ListofInt -> Int 
(define (sum-lst lst) (foldr + 0 lst)) 
;; render-world: ListofBall-> Image 
(define (render-world lst) (foldr place-ball EMPTY-SCENE lst)) 



(foldr + 0 (list 1 2 3)) = (1 + (2 + (3 + 0))) 

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

(1 - (2 – (3 – 0))) ?? = ?? (((1 – 0) - 2) – 3)  



foldl

• foldr foldl  

•

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

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

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

(1 - (2 – (3 – 0))) 

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

(((1 – 0) - 2) – 3)  



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

Y

- initial 
- fn



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

- initial 
- fn

Y



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

first

Y
- initial 
- fn



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

first

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

Y
- initial 
- fn



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

Y
- initial 
- fn

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



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

Y
- initial 
- fn

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



foldl

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

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

;; foldr: (X Y -> Y) Y Listof<X> -> Y 

;; foldl: (X Y -> Y) Y Listof<X> -> Y 

Y
- initial result-so-far 
- fn

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





;; smaller-than: ListofInt Int -> ListofInt 
;; Returns a list containing elements of given list 
;; that are less than the given int 

;; larger-than: ListofInt Int -> ListofInt 
;; Returns a list containing elements of given list 
;; that are greater than the given int 

(check-equal? 
  (smaller-than (list 1 3 4 5 9) 4) 
                (list 1 3)) 

(check-equal? 
  (greater-than (list 1 3 4 5 9) 4) 
                (list 5 9)) 

;; quicksort: ListofInt -> ListofInt 
;; sorts a given list (with no dups) in ascending order 
(define (quicksort lst) 
  (define pivot (random lst)) 
  (append (quicksort (smaller-than lst pivot)) pivot (quicksort (greater-than lst pivot)))) 



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (< (first lst) x) 
             (cons (first lst) (smaller-than (rest lst) x)) 
             (smaller-than (rest lst) x))])) 

(define (larger-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (> (first lst) x) 
             (cons (first lst) (larger-than (rest lst) x)) 
             (smaller-than (rest lst) x))])) 



•

•

•

•

•



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (< (first lst) x) 
             (cons (first lst) (smaller-than (rest lst) x)) 
             (smaller-than (rest lst) x))])) 

(define (larger-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (> (first lst) x) 
             (cons (first lst) (larger-than (rest lst) x)) 
             (larger-than (rest lst) x))])) 



(define (lst-fn3 lst x fn?) 
  (cond 
   [(empty? lst) empty] 
   [else (if (fn? (first lst) x) 
             (cons (first lst) (lst-fn3 (rest lst) x)) 
             (lst-fn3 (rest lst) x))])) 

;; lst-fn3: ListofInt Int (Int Int -> Boolean) -> ListofInt 
;; Returns a list containing elements of given list 
;; that are ??? than the given int 



•

•

•

•
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•

•

•

•

•



(define (lst-fn3 lst x fn?) 
  (cond 
   [(empty? lst) empty] 
   [else (if (fn? (first lst) x) 
             (cons (first lst) (lst-fn3 (rest lst) x)) 
             (lst-fn3 (rest lst) x))])) 

;; lst-fn3: ListofInt Int (Int Int -> Boolean) -> ListofInt 
;; Returns a list containing elements of given list 
;; that are ??? than the given int 



;; shorter-than: ListofString Int -> ListofString 
;; Returns a list containing elements of given list 
;; that have length less than the given int 

;; shorter-than-str: ListofString String -> ListofString 
;; Returns a list containing elements of given list 
;; that have length less than the given string 

(check-equal? 
  (shorter-than (list “a” “bc “abc”) 2) 
                (list “a”)) 

(check-equal? 
  (shorter-than-str (list “a” “bc” “abc”) “xy”) 
                    (list “a”)) 



;; shorter-than: ListofString Int -> ListofString 
;; Returns a list containing elements of given list 
;; that have length less than the given int 

;; shorter-than-str: ListofString String -> ListofString 
;; Returns a list containing elements of given list 
;; that have length less than the given string 

;; lst-fn3: ListofInt Int (Int Int -> Boolean) -> ListofInt 
;; Returns a list containing elements of given list 
;; that are ??? than the given int 



•

•

•

•
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•

•
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•

•



(define (lst-fn3 lst x fn?) 
  (cond 
   [(empty? lst) empty] 
   [else (if (fn? (first lst) x) 
             (cons (first lst) (lst-fn3 (rest lst) x)) 
             (lst-fn3 (rest lst) x))])) 

;; lst-fn3: ListofInt Int (Int Int -> Boolean) -> ListofInt 
;; Returns a list containing elements of given list 
;; that are ??? than the given int 



(define (lst-fn3 lst other-int-param general-pred?) 
  (cond 
   [(empty? lst) empty] 
   [else (if (general-pred? (first lst)) 
             (cons (first lst) (lst-fn3 (rest lst))) 
             (lst-fn3 (rest lst)))])) 

;; lst-fn3: Listof<X> (X -> Boolean) -> Listof<X> 
;; Returns a list containing elements of given list 
;; for which the given predicate returns true 



filter 

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

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

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

lambda

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



filter 

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

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

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

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

lambda

lambda

define 



filter 

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

;; larger-than: ListofInt Int -> ListofInt 
;; Returns list containing elements of given list greater than the given int 

;; shorter-than: ListofString Int -> ListofString 
;; Returns list containing elements of given list with length less than given int 

;; shorter-than-str: ListofString String -> ListofString 
;; Returns list containing elements of given list with length less than given string 
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