
CS450 High Level Languages 

More High-Level Features 



Logistics 
•

•

•



;; A WorldState is a 
(struct world [x y]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 

Last 
Time 

;; A Coordinate is a Real 
;; Represents x or y position on big-bang canvas 



;; WorldState TEMPLATE 
;; world-fn : WorldState -> ??? 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

;; A Velocity is an Int in [0,10) 
;; represents pixels/tick 
;; positive = down or right 
;; negative = up or left 

(define (world-fn w) 
  .... (world-x w) .... (world-y w) .... 
  .... (world-xvel w) .... (world-yvel w) ....) 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (world 
    (+ (world-x w) (world-xvel w)) 
    (+ (world-y w) (world-yvel w)) 
    (world-xvel w) 
    (world-yvel w))) 

(check-equal? 
  (next-world (world 2 2 1 1)) 
              (world 3 3 1 1))) 



let 

;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (let ([x (world-x w)] 
        [y (world-y w)] 
        [xvel (world-xvel w)] 
        [yvel (world-yvel w)]) 
    (world (+ x xvel) (+ y yvel) xvel yvel))) 



 define let

;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (define x (world-x w)) 
  (define y (world-y w)) 
  (define xvel (world-xvel w)) 
  (define yvel (world-yvel w)) 
  (world (+ x xvel) (+ y yvel) xvel yvel))) 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
 
 
 
  (world (+ x xvel) (+ y yvel) xvel yvel))) 





;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
 
 
 
  (world (+ x xvel) (+ y yvel) xvel yvel))) 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (>= x RIGHT-EDGE) (- xvel) xvel)) 
 
  (world (+ x xvel) (+ y yvel) new-xvel yvel))) 
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;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (world (+ x xvel) (+ y yvel) new-xvel yvel))) 
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;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (world (+ x new-xvel) (+ y yvel) new-xvel yvel))) 

xvel
new-xvel



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (define new-yvel??? 
    (if (or (>= y BOTTOM-EDGE) 
            (<= y TOP-EDGE)) (- yvel) yvel) 
 (world (+ x new-xvel) (+ y yvel) new-xvel yvel))) 





• define/contract

rackunit
•

rackunit



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (define new-yvel??? 
    (if (or (>= y BOTTOM-EDGE) 
            (<= y TOP-EDGE)) (- yvel) yvel) 
 (world (+ x new-xvel) (+ y yvel) new-xvel yvel))) 



;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

;; A Coordinate is a Real 
;; Represents x or y position on big-bang canvas 
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;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: XCoordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

;; An XCoordinate is a real number in one of these intervals: 

;; (LEFT-EDGE, RIGHT-EDGE) : image fully within scene 
;; (-infinity, LEFT-EDGE]  : (at least) part of image out of scene, to the left 
;; [RIGHT-EDGE, +infinity) : (at least) part of imageout of scene, to the right 

;; Interp: The coordinate is the x coordinate of image center; 
;; the intervals represent whether the image is fully within the scene 
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;; An XCoordinate is a real number in one of these intervals: 

;; ( LEFT-EDGE + IMG-WIDTH/2, RIGHT-EDGE – IMG-WIDTH/2) : image fully within scene 
;; (-inf, LEFT-EDGE + IMG-WIDTH/2]    : (part of) image out of scene, to the left 
;; [RIGHT-EDGE – IMG-WIDTH/2, +inf)   : (part of) image out of scene, to the right 
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IMG 

IMG-WIDTH 

;; TEMPLATE??? 



;; An XCoordinate is a real number in one of these intervals: 

;; ( LEFT-EDGE + IMG-WIDTH/2, RIGHT-EDGE – IMG-WIDTH/2) : image fully within scene 
;; (-inf, LEFT-EDGE + IMG-WIDTH/2]    : (part of) image out of scene, to the left 
;; [RIGHT-EDGE – IMG-WIDTH/2, +inf)   : (part of) image out of scene, to the right 
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IMG 

IMG-WIDTH 

;; TEMPLATE 
(define (x-fn x) 
  (cond [(< (/ IMG-WIDTH 2) x (- RIGHT-EDGE (/ IMG-WIDTH 2))) ....] 
        [(<= x (/ IMG-WIDTH 2)) ....] 
        [(>= x (- RIGHT-EDGE (/ IMG-WIDTH 2))) ....])) 



;; An XCoordinate is a real number in one of these intervals: 

;; ( LEFT-EDGE + IMG-WIDTH/2, RIGHT-EDGE – IMG-WIDTH/2) : image fully within scene 
;; (-inf, LEFT-EDGE + IMG-WIDTH/2]    : (part of) image out of scene, to the left 
;; [RIGHT-EDGE – IMG-WIDTH/2, +inf)   : (part of) image out of scene, to the right 
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IMG 

IMG-WIDTH 

;; outside-L/R-edges? : XCoordinate -> Bool 
(define (outside-L/R-edges? x) 
  (cond [(< (/ IMG-WIDTH 2) x (- RIGHT-EDGE (/ IMG-WIDTH 2))) ....] 
        [(<= x (/ IMG-WIDTH 2)) ....] 
        [(>= x (- RIGHT-EDGE (/ IMG-WIDTH 2))) ....])) 



;; outside-L/R-edges? : XCoordinate -> Bool 
(define (outside-L/R-edges? x) 
  (cond [(< (/ IMG-WIDTH 2) x (- RIGHT-EDGE (/ IMG-WIDTH 2))) #false] 
        [(<= x (/ IMG-WIDTH 2)) #true] 
        [(>= x (- RIGHT-EDGE (/ IMG-WIDTH 2))) #true])) 

cond

TRUE 
FALSE 

TRUE 



;; outside-L/R-edges? : XCoordinate -> Bool 
(define (outside-L/R-edges? x) 
  (or (<= x (/ IMG-WIDTH 2)) 
      (>= x (- RIGHT-EDGE (/ IMG-WIDTH 2))))) 

cond

or`

TRUE 
FALSE 

TRUE 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (define new-yvel??? 
    (if (or (>= y BOTTOM-EDGE) 
            (<= y TOP-EDGE)) (- yvel) yvel) 
 (world (+ x new-xvel) (+ y yvel) new-xvel yvel))) 



;; next-xvel : Xcoordinate Velocity -> Velocity 
;; Computes a (possibly) new velocity, based on x position 

(check-equal? (next-xvel LEFT-EDGE -10) 10) 

(check-equal? (next-xvel RIGHT-EDGE 10) -10) 

(check-equal? (next-xvel (sub1 RIGHT-EDGE) 10) 10) 

(define (next-xvel x xvel) 
  (if (outside-L/R-edges? x) 
      (- xvel) 
      xvel))) 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel 
    (if (or (>= x RIGHT-EDGE) 
            (<= x LEFT-EDGE)) (- xvel) xvel) 
  (define new-yvel??? 
    (if (or (>= y BOTTOM-EDGE) 
            (<= y TOP-EDGE)) (- yvel) yvel) 
 (world (+ x new-xvel) (+ y yvel) new-xvel yvel))) 



;; next-world : WorldState -> WorldState 
;; Computes the next ball pos 

;; A WorldState is a 
(struct world [x y xvel yvel]) 
;; where: 
;; x: Coordinate – represents x coordinate of ball center 
;; y: Coordinate – represents y coordinate of ball center 
;; xvel: Velocity - in x direction 
;; yvel: Velocity – in y direction 

(define (next-world w) 
  (match-define (world x y xvel yvel) w) 
  (define new-xvel (next-xvel x xvel)) 
  (define new-yvel (next-yvel y yvel)) 
  (world (+ x new-xvel) (+ y new-yvel) new-xvel new-yvel))) 





•
•

•
• [0, 100) 

•
• “green” “red” “yellow” 

•
•
•

•
•

Previously 



•
•

•
• [0, 100) 

•
• “green” “red” “yellow” 

•
•
•

•
•

Previously 



big-bang

• Start: 

• On a click: 

• If any ball “hits” an edge: 
•

•

;; A WorldState is … an unknown number of balls! 





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

TEMPLATE?? 



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

TEMPLATE?? 

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

cond



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

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

TEMPLATE?? 



big-bang

• Start: 

• On a click: 

• If any ball “hits” an edge: 
•

•

;; A WorldState is … an unknown number of balls! 

;; A WorldState is … a list of balls! 



Check-In Quiz 9/27 


