
CS450 High Level Languages

Programming with Compound Data 

class Horse  
  implements Animal { 
    Int age; 
    Float weight; 
} 
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class Horse  
  implements Animal { 
    Int age; 
    Float weight; 
} 
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;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
;;  coordinate in big-bang animation where: 
;; - x is ball (red solid circle) horizontal center 
;; - y is ball vertical center 
(struct World [x y]) 
(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y) 
;; ... 

struct
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(struct World [x y]) 

struct
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World 

World-x World-y 

World? 
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;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
;;  coordinate in big-bang animation where: 
;; - x is ball (red solid circle) horizontal center 
;; - y is ball vertical center 
(struct World [x y]) 
(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y) 
;; ... 

struct

struct

(define INIT-WORLDSTATE (mk-WorldState 0 0)) 
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;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
;;  coordinate in big-bang animation where: 
;; - x is ball (red solid circle) horizontal center 
;; - y is ball vertical center 
(struct World [x y]) 

(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y)) 

(define (WorldState? arg) 
  (and (World? arg) 
       (integer? (World-x arg)) 
       (integer? (World-y arg))) 

struct
World?

World? 
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• define/contract

check-equal?
•

check-equal?

Previously 
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;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
(struct World [x y]) 

;; TEMPLATE for WorldState-fn: WorldState -> ??? 
(define/contract (WorldState-fn w) 
  (-> WorldState? ??? ) 
  .... (World-x w) .... 
  .... (World-y w) .... ) 

(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y)) 
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;; TEMPLATE for WorldState-fn: WorldState -> ??? 
(define/contract (WorldState-fn w) 
  (-> WorldState? ??? ) 
  .... (World-x w) .... 
  .... (World-y w) .... ) 

;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
(struct World [x y]) 

(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y)) 



• define/contract

check-equal?
•

check-equal?



;; next-WorldState : WorldState -> WorldState 
;; Computes the ball position after 1 tick 

(check-equal? 
  (next-WorldState  
    (mk-WorldState 0 0)) 
  (mk-WorldState X-VEL Y-VEL)) 

;; TEMPLATE for WorldState: 
(define/contract (WorldState-fn w) 
  (-> WorldState? ??? ) 
  .... (World-x w) .... 
  .... (World-y w) .... ) 

;; A WorldState is a (mk-WorldState [x : Int] [y : Int]) 
(struct World [x y]) 

(define/contract (mk-WorldState x y) 
  (-> integer? integer? WorldState?) 
  (World x y)) 



(check-equal? 
  (next-WorldState  
    (mk-WorldState 0 0)) 
  (mk-WorldState X-VEL Y-VEL)) 

 
(define/contract (next-WorldState w) 
  (-> WorldState? WorldState?) 
  .... (World-x w) .... 
  .... (World-y w) .... ) 

;; next-WorldState 
;; Computes the ball position after 1 tick 



(check-equal? 
  (next-WorldState  
    (mk-WorldState 0 0)) 
  (mk-WorldState X-VEL Y-VEL)) 

(define/contract (next-WorldState w) 
  (-> WorldState? WorldState?) 
  (mk-WorldState 
    (+ (World-x w) X-VEL) 
    (+ (World-y w) Y-VEL))) 

;; next-WorldState 
;; Computes the ball position after 1 tick 



(define/contract (next-WorldState w) 
  ; … 
  (let ([x (World-x w)] 
        [y (World-y w)]) 
    (mk-WorldState (+ x X-VEL) (+ y Y-VEL)))) 

(define (next-WorldState w) 
  (let ([x (world-x w)] 
        [y (world-y w)]) 
    (mk-WorldState (+ x X-VEL) (+ y Y-VEL)))) 



(define/contract (next-WorldState w) 
  ; … 
  (define x (World-x w)) 
  (define y (World-y w)) 
  (mk-WorldState (+ x X-VEL) (+ y Y-VEL)))) 



(define/contract (next-WorldState w) 
  ; … 
  (match-define (World x y) w) 
 
  (mk-WorldState (+ x X-VEL) (+ y Y-VEL)))) 



WorldState
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Last 
Time 

WorldState fn  

(handle-left w) ??? 

(handle-right w) ??? 

KeyEvent

WorldState
KeyEvent

WorldState 
WorldState

WorldState



(define/contract (key-handler g k) 
  (-> GameState? key-event? GameState?) 
  (cond 
    [(key=? k GET-RED)           ....         ] 
    [(key=? k GET-BLUE)          ....         ] 
    [else w]) 

(handle-red-key g) 
(handle-blue-key g) 

KeyEventGameState 
GameState



(define/contract (key-handler g k) 
  (-> GameState? key-event? GameState?) 
  (cond 
    [(key=? k GET-RED)           ....         ] 
    [(key=? k GET-BLUE)          ....         ] 
    [else w]) 

(handle-red-key g) 
(handle-blue-key g) 

(check-equal? (key-handler  “r”) 
              (handle-red-key )) 
(check-equal? (key-handler  “b”) 
              (handle-blue-key )) 
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(check-equal? (key-handler  “r”) 
              (handle-red-key )) 
(check-equal? (key-handler  “b”) 
              (handle-blue-key )) 

(check-equal? (key-handler  “r”) 
              ) 
(check-equal? (key-handler  “b”) 
              ) 



(define/contract (GameState-fn g) 
  (-> GameState? .... ) 
   
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-red-key g) 
  (-> GameState? .... ) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-red-key g) 
  (-> GameState? GameState?) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-red-key g) 
  (-> GameState? GameState?) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-red-key g) 
  (-> GameState? GameState?) 
  (mk-GameState 
   (Player-fn (GameState-p1 g)) 
   (Player-fn (GameState-p2 g)) 
   (PlayerID-fn (GameState-active g))) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 

Player GameState



(define/contract (handle-red-key g) 
  (-> GameState? GameState?) 
  (mk-GameState 
   (Player-fn (GameState-p1 g) (GameState-p2 g) (GameState-active g)) 
   (Player-fn (GameState-p2 g) (GameState-p1 g) (GameState-active g)) 
   (PlayerID-fn (GameState-active g) (GameState-p1 g) (GameState-p2 g))) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 
(struct GameState [p1 p2 active]) 

;; p1 “red” + p2 “red” <= MAX-TOKENS 

;; p1 “blue” + p2 “blue” <= MAX-TOKENS 

GameState

Player

;; A Player is a  
;;  (mk-Player [red : TokenCount]  
;;             [blue : TokenCount]) 

(define/contract (mk-GameState p1 p2 id) 
  (-> Player? Player? PlayerID? GameState?) 
  (GameState p1 p2 id)) 

Previously 



;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 
(struct GameState [p1 p2 active]) 

(define (GameState/invariant? x) 
  (and (GameState? x) 
       (<= (+ (red-count (GameState-p1 x))  
              (red-count (GameState-p2 x)))  
           MAX-TOKENS) 
       (<= (+ (blue-count (GameState-p1 x)) 
              (blue-count (GameState-p2 x)))  
           MAX-TOKENS))) 

(define/contract (mk-GameState p1 p2 id) 
  (-> Player? Player? PlayerID? GameState/invariant?) 
  (GameState p1 p2 id)) 

;; p1 “red” + p2 “red” <= MAX-TOKENS 

;; p1 “blue” + p2 “blue” <= MAX-TOKENS 

GameState



;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 
(struct GameState [p1 p2 active]) 

(define (GameState/invariant? x) 
  (and (GameState? x) 
       (GameState-red-invariant? x) 
       (GameState-bluue-invariant? x))) 

(define/contract (mk-GameState p1 p2 id) 
  (-> Player? Player? PlayerID? GameState/invariant?) 
  (GameState p1 p2 id)) 

;; p1 “red” + p2 “red” <= MAX-TOKENS 

;; p1 “blue” + p2 “blue” <= MAX-TOKENS 

GameState



•

•

•

•

•

•



(define/contract (key-handler g k) 
  (-> GameState? key-event? GameState?) 
  (cond 
       .... 
    [(key=? k SPEND-KEY)       ....      ] 
       ....         
    [else w]) 

(handle-spend g) 

GameState



(define/contract (GameState-fn g) 
  (-> GameState? .... ) 
   
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-spend g) 
  (-> GameState? .... ) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-spend g) 
  (-> GameState? GameState?) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-spend g) 
  (-> GameState? GameState?) 
  (mk-GameState 
      ....    (GameState-p1 g)    .... 
      ....    (GameState-p2 g)    .... 
      ....      (GameState-active g)  ....   ) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 



(define/contract (handle-spend g) 
  (-> GameState? GameState?) 
  (mk-GameState 
   (Player-fn (GameState-p1 g)) 
   (Player-fn (GameState-p2 g)) 
   (PlayerID-fn (GameState-active g))) 

;; A GameState is a 
;;  (mk-GameState [p1 : Player] [p2 : Player]  
                  [active : PlayerID]) 
;; where: 
;; - p1 : represents “Player 1” data … 
;; - p2 : represents “Player 2” data … 
;; - active : it’s this player’s turn 

Player GameState



(define/contract (handle-spend g) 
  (-> GameState? GameState?) 
  (mk-GameState 
   (player-spend (GameState-p1 g)) 
   (Player-fn (GameState-p2 g)) 
   (PlayerID-fn (GameState-active g))) 



(define/contract (player-fn p) 
  (-> Player? ....) 
  (mk-Player 
           .... (Player-red p) ....) 
           .... (Player-blue p) ....)) 

;; A Player is a  
;;  (mk-Player [red : TokenCount]  
;;             [blue : TokenCount]) 



(define/contract (player-spend p) 
  (-> Player? Player?) 
  (mk-Player 
   (spend-token (Player-red p)) 
   (spend-token (Player-blue p))) 



(define/contract (player-spend p) 
  (-> Player? Player?) 
  (if (can-spend? .... ) 
 
      (mk-Player 
       (spend-token (Player-red p)) 
       (spend-token (Player-blue p))) 
       .... ) ) 



(define/contract (player-spend p) 
  (-> Player? Player?) 
  (if (can-spend? .... ) 
      (mk-Player 
       (spend-token (Player-red p)) 
       (spend-token (Player-blue p))) 
       .... ) ) 



(define/contract (player-maybe-spend p) 
  (-> Player? Player?) 
  (if (can-spend? p) 
      (player-spend p) 
      p)) 
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big-bang

• Start: x y

• On a click: 

• If a ball “hits” an edge: 
• x 

• y

Random 






