
CS450 High Level Languages

List Functions, Abstraction 



Logistics 
•

•



 ;; A ListofInts is one of 
;; - empty 
;; - (cons Int ListofInts) 

C

Previously 

cons 



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

cons 

(first (cons 99 empty)) 

(rest (cons 99 (cons 88 empty))) 

 ; => 99 

; => (cons 88 empty) 



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

(list 1 2 3) (cons 1 (cons 2 (cons 3 empty))) = 

(first (list 1 2 3)) 

(rest (list 1 2 3)) 

; => 1 

; => (list 2 3) 

(second (list 1 2 3)) ; => 2 

(third (list 1 2 3)) ; => 3 



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

TEMPLATE?? 



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

TEMPLATE?? 

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

cond 



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

TEMPLATE?? 

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

cond 



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

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

TEMPLATE?? 



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

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

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

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

(list 5 9) 

(list 1 3) 

;; 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)))) 



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

(define (smaller-than lst x) 
  (cond 
   [(empty? lst) ...] 
   [else ...    (first lst)    ... 
             (co...ns (first lst) (  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else ...    (first lst)    ... 
             (co...ns (first lst) (  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 

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



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else ... (f (first lst))   ... 
             (co...ns (first lst) (  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 

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



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else ... (f (first lst) x)   ... 
             (co...ns (first lst) (  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 

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



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

(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else ... (< (first lst) x)   ... 
         ...co(int-fn (first lst))(  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 



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

(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else ... (< (first lst) x)   ... 
         ...co(int-fn (first lst))(  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 

Interlude 



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (< (first lst) x) 
         ...co...(n (first lst))(  ...ller-than (rest lst) x)) 
         ... (smaller-than (rest lst) x)) ...])) 

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



(define (smaller-than lst x) 
  (cond 
   [(empty? lst) empty] 
   [else (if (< (first lst) x) 
         ...co...(n (first lst))(  ...ller-than (rest lst) x)) 
             (smaller-than (rest lst) x))])) 

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



(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))])) 

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



(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))])) 



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

 



;; 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)) 



;; 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 



;; 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 



;; 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 



big-bang

• Start: 

• On a click: 

;; A WorldState is … a list of balls! 

Previously 



;; next-world : WorldState -> WorldState 
;; Updates position of all balls by one tick 
(define (next-world w) 
  (cond  
    [(empty? w) ....] 
    [else ....  (first w) .... 
          ....  (next-world (rest w)) ....])) 



;; next-world : WorldState -> WorldState 
;; Updates position of all balls by one tick 
(define (next-world w) 
  (cond  
    [(empty? w) empty] 
    [else ....  (first w) .... 
          ....  (next-world (rest w)) ....])) 

Ball 



;; next-world : WorldState -> WorldState 
;; Updates position of all balls by one tick 
(define (next-world w) 
  (cond  
    [(empty? w) empty] 
    [else ....  (next-ball (first w)) .... 
          ....  (next-world (rest w)) ....])) 



;; next-world : WorldState -> WorldState 
;; Updates position of all balls by one tick 
(define (next-world w) 
  (cond  
    [(empty? w) empty] 
    [else (cons (next-ball (first w)) 
                (next-world (rest w)))])) 



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

;; A WorldState is a ListofBall 



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



;; lst-fn1: (?? -> ??) Listof?? -> Listof?? 
;; 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)))])) 



;; lst-fn1: (X -> X) ListofX -> ListofX 
;; 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)))])) 



;; lst-fn1: (X -> Y) ListofX -> ListofY 
;; 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)))])) 



;; 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>) 

Listof<Int> 

Listof<Ball> 

list? 





;; A Posn is a (mk-Posn [x : Int] [y : Int]) 
;; where 
;; x: Int - represents x coordinate in big-bang animation 
;; y: Int - represents y coordinate in big-bang animation 
(struct Posn [x y]) 
(define/contract (mk-Posn x y) 
  (-> integer? integer? Posn?) 
  (Posn x y)) 
 



;; 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)))])) 



map 

;; 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 (rest lst)))])) 

RACKET map(check-equal? (map + (list 1 2 3)  
                     (list 4 5 6) 

(list 5 7 9)) 



map 

Lambda
lambda 





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

Previously 



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

Previously 



;; render-world : ListofBall -> Image 
;; Draws the given world as an image by overlaying each ball, 
;; at its position, into an initially empty scene 

(define (render-world lst) 
  (cond 
   [(empty? lst) .... ] 
   [else .... (first lst) .... (render-world (rest lst)) ....])) 



;; render-world : ListofBall -> Image 
;; Draws the given world as an image by overlaying each ball, 
;; at its position, into an initially empty scene 

(define (render-world lst) 
  (cond 
   [(empty? lst) EMPTY-SCENE] 
   [else .... (first lst) .... (render-world (rest lst)) ....])) 



;; render-world : ListofBall -> Image 
;; Draws the given world as an image by overlaying each ball, 
;; at its position, into an initially empty scene 

(define (render-world lst) 
  (cond 
   [(empty? lst) EMPTY-SCENE] 
   [else (place-ball-into-scene (first lst) (render-world (rest lst)))])) 

;; place-ball-into-scene : Ball Image -> Image 
;; Draws a ball into given scene, using its pos as the offset 
(define (place-ball-into-scene b scene) 
  (place-image BALLIMG (Ball-x b) (Ball-y b) scene)) 



;; 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)))])) 



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

;; sum-lst: ListofInt -> Int 
(define (sum-lst lst) (list-fn2 + 0 lst)) 
;; render-world: ListofBall-> Image 
(define (render-world lst) (list-fn2 place-ball EMPTY-SCENE 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)))])) 

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

fn



foldr

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

reduce



(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



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



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



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 

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 (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) 



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 
(((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 
(((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 

- initial result-so-far 

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



foldl 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 
;; Computes a single value from given list, determined by given fn and initial val. 
;; fn is applied to each list element, last-element-first 

(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, first-element-first 

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

(1 - (2 – (3 – 0))) 

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

(((1 – 0) - 2) – 3) 



fold reduce

lambda 



build-list 

(build-list 4 add1)  

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

;; = (list 1 2 3 4) 



(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))])) 

Previously 



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

;; lst-fn3: (Int Int -> Boolean) ListofInt Int -> ListofInt 
;; Computes a list containing elements of given list 
;; that are ??? when compared to another given int 



;; lst-fn3: (Int Int -> Boolean) ListofInt Int -> ListofInt 
;; Computes a list containing elements of given list 
;; that are ??? when compared to another given int 

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



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

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

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

;; lst-fn3: (Int Int -> Boolean) ListofInt Int -> ListofInt 
;; Computes a list containing elements of given list 
;; that are ??? When compared to another given int 


