
CS450 High Level Languages 

more Recursive Data Definitions 



Logistics 
•

•

•

•
•



;; A WorldState is a Non-negative Integer 
;; Interp: Represents the y Coordinate of a 
;;         ball (center) in `big-bang` animation 
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;; A WorldState is a Non-negative Integer 
;; Interp: Represents the y Coordinate of the center  
;;         of a ball in a `big-bang` animation. 

Top! 



;; A Coordinate is a Non-Negative Integer 
;; Interp: represents x or y coordinate in a big-bang animation 
;;         where (0,0) origin is to left 

;; A BallTop is a Coordinate Integer between [0 WORLD-HEIGHT] 
;; Interp: Represents y coordinate of (the top of) a ball image. 
;;         When any part of ball "falls off" bottom, it re-appears at the top. 

;; A WorldState is a BallTop 
(define INITIAL-WORLD 0) 



;; next-world : WorldState -> WorldState 
;; the next world state = prev worldstate + 1; 
(define (next-world w) 
  (add1 w)) 

;; next-world : WorldState -> WorldState 
;; the next world state = prev worldstate + 1; 
;; reset to zero when the state gets to WORLD-HEIGHT 
(define (next-world w) 
  (modulo (add1 w) WORLD-HEIGHT)) 

;; next-world : WorldState -> WorldState 
;; the next world state = prev worldstate + 1; 
(define (next-world w) 
  (modulo (add1 w) WORLD-HEIGHT)) 



;; render-world: WorldState -> Image 
;; Draws a WorldState as a 2htdp/image Image 
;; - Ball starts flush at top; wraps back to top when it “falls off” bottom. 

world->ballpos 

(define (render-world w) 
  (define lead-y 
    (world->ballpos w)) ; "lead" ball (bottom) 

;; - Use two ball imgs (“lead” and “follow” ball) to simulate "wraparound" 

;; - when not wrapping, only "lead" ball is visible 



world->ballpos 

(define (render-world w) 
  (define lead-y 
    (world->ballpos w)) ; "lead" ball (bottom) 

;; world->pos: WorldState -> Coordinate 
;; Computes y coordinate for ball center from the current WorldState (ball top) 

(define (world->ballpos w) 
  (+ w BALL-RADIUS)) 

(check-equal? (world->ballpos 0) BALL-RADIUS) 



;; render-world: WorldState -> Image 
;; Draws a WorldState as a 2htdp/image Image 
;; - Ball starts flush at top; wraps back to top when it “falls off” bottom. 
;; - Use two ball imgs (“lead” and “follow” ball) to simulate "wraparound“ 
;; - when not wrapping, only "lead" ball is visible 

world->ballpos 

(define (render-world w) 
  (define lead-y 
    (world->ballpos w)) ; "lead" ball (bottom) 

lead->follow 

  (define follow-y 
    (lead->follow lead-y)) ; "follow" ball 



lead->follow 

  (define follow-y 
    (lead->follow lead-y)) ; "follow" ball 

;; lead->follow : Coord -> Coord 
;; Given a y coord of “lead” ball, compute y 
;; of “follow” ball, in wraparound animation 
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  (define (lead->follow y) 
    (- y WORLD-HEIGHT)) 



;; render-world: WorldState -> Image 
;; Draws a WorldState as a 2htdp/image Image 
;; - Ball starts flush at top; wraps back to top when it “falls off” bottom. 
;; - Use two ball imgs (“lead” and “follow” ball) to simulate "wraparound“ 
;; - when not wrapping, only "lead" ball is visible 

world->ballpos 
lead->follow 

(define (render-world w) 
  (define lead-y 
    (world->ballpos w)) ; "lead" ball (bottom) 
 (define follow-y 
    (lead->follow lead-y)) ; "follow" ball 

  (place-ball-img 
   lead-y 
   (place-ball-img 
    follow-y 
    EMPTY-SCENE))) 

place-ball-img 



place-ball-img 

(define BALL-RADIUS 48) 
(define BALL-X (/ WORLD-WIDTH 2)) ; ball only moves up/down, so x is constant 
(define BALL-IMG 
  (circle BALL-RADIUS "solid" "red")) 

;; place-ball-img: Coordinate Image -> Image 
;; Produces new img with ball img added to given Image, 
;; at the specified y coord for ball center 
(define (place-ball-img y img) 
  (place-image BALL-IMG BALL-X y img)) 





;; A Ball is one of: 
(struct ball [x y xvel yvel] #:transparent) 
;; x : XCoord – ball center horiz coord in animation 
;; y : Ycoord – ball center vert coord in animation 
;; xvel : Velocity – ball horiz pixels/tick velocity 
;; yvel : Velocity – ball vert pixels/tick velocity 

(define/contract (mk-ball x y xvel yvel) 
  (-> XCoord? YCoord? Velocity? Velocity? ball?) 
  (ball x y xvel yvel)) 

(define (Ball? arg) 
  (and (ball? arg) 
       (XCoord? (ball-x arg)) 
       (YCoord? (ball-y arg)) 
       (Velocity? (ball-xvel arg)) 
       (Velocity? (ball-yvel arg)))) 

struct
ball?

ball? 



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

;; A WorldState is a ListofBalls 

(define INITIAL-WORLD  
  (list (random-ball)) 



;; A NEListofBalls (non-empty) is one of: 
 
 

;; A WorldState is a NEListofBalls 



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

(define (non-empty-list? arg) 
  (and (cons? arg) 
       (XCoord? (ball-x arg)) 
       (YCoord? (ball-y arg)) 
       (Velocity? (ball-xvel arg)) 
       (Velocity? (ball-yvel arg)))) 

cons?



;; A NEListofBalls (non-empty) is one of 
;; - (cons Ball empty) 
;; - (cons Ball NEListofBalls) 

(define (non-empty-list-fn? lst) 
  (cond 
    [(empty? (rest lst)) .... (first lst) ....] 
    [else .... (first lst) .... 
          .... (non-empty-list-fn? (rest lst)) ....])) 
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Check-In Quiz 10/4 


