
CS450 High Level Languages 

Defining New Variables in 

CS450js lang 



Logistics 
•

•
•

•

•





•
• World

• x

;; A WorldState is a: 
;; (world x y vx vy p1 p2 sc1 sc2) 
;; x   : XCoordinate 
;; y   : YCoordinate 
;; vx  : Velocity 
;; vy  : Velocity 
;; p1  : YCoordinate 
;; p2  : YCoordinate 
;; sc1 : NaturalNum in [0,10] 
;; sc2 : NaturalNum in [0,10] 

;; A WorldState is a 
;; (world b p1 p2 sc1 sc2) 
;; b   : Ball 
;; p1  : YCoordinate 
;; p2  : YCoordinate 
;; sc1 : NatNum in [0,10] 
;; sc2 : NatNum in [0,10] 

vs 

or 

;; A WorldState is a 
;; (world b p1 p2) 
;; b : Ball 
;; p1 : Player 
;; p2 : Player 



•

•

;; next-world : WorldState -> WorldState 
(define (next-world w) 
  (match-define (world b p1 p2) w) 
  (world (if (scored? b) 
             (mk-center-ball/rand-val) 
             (next-ball b p1 p2)) 
         (update-p1-score b p1) 
         (update-p2-score b p2))) 

;; A WorldState is a 
;; (world b p1 p2) 
;; b : Ball 
;; p1 : Player 
;; p2 : Player 



•

•

;; next-world : WorldState -> WorldState 
(define (next-world w) 
  (match-define (world b p1 p2) w) 
  (world (if (scored? b) 
             (mk-center-ball/rand-val) 
             (next-ball b p1 p2)) 
         (update-p1-score b p1) 
         (update-p2-score b p2))) 

;; A WorldState is a 
;; (world b p1 p2) 
;; b : Ball 
;; p1 : Player 
;; p2 : Player 

“ball-in-scene/x?” 



•

•

;; next-world : WorldState -> WorldState 
(define (next-world w) 
  (match-define (world b p1 p2) w) 
  (world (if (scored? b) 
             (mk-center-ball/rand-val) 
             (next-ball b p1 p2)) 
         (update-p1-score b p1) 
         (update-p2-score b p2))) 

;; A WorldState is a 
;; (world b p1 p2) 
;; b : Ball 
;; p1 : Player 
;; p2 : Player 

“ball-in-scene/x?” 

vs 

next-world 



•

•

•

•



 post rest-chars : 
(ed->list ed0)

•

;; mouse-handler : Editor Coord Coord MouseEvt -> Editor 
(define (mouse-handler ed x y mevt) 
  (cond 
   [(mouse=/ mevt “button-down”) (split ed x)] 
   [else ed])) 

pre post 

Editor ed0 

x

 pre  post 

Editor 

 pre chars-sofar :  
empty

ed0 



•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

 pre chars-sofar :  
empty



•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

 pre chars-sofar :  
empty

 post rest-chars : 
(ed->list ed0)



 pre chars-sofar :  
empty

 post rest-chars : 
(ed->list ed0)

•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

ed0 



•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 



•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 



•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

ed0 




•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

ed0 




•

(define (split ed0 x) ;; split : Editor Coord -> Editor 
  ;; split/a : List<1str> List<1str> Coord -> Editor 
  ;; ACCUMULATOR: chars-so-far 
  ;; invariant: represents (rev) of chars seen so far, where 
  ;;   (append (rev chars-so-far) rest-chars) = (ed->lst ed0) 
  ;;       and: (image-width (render-chars chars-sofar)) < x 
  (define (split/a chars-sofar rest-chars x) 
    (cond [(empty? rest-chars) (editor chars-sofar rest-chars)] 
          [else         (match-define (cons c rst) rest-chars) 
           (if (chars-at-cursor? x (cons c chars-sofar)) 
               (editor  (cons c chars-sofar) rst) 
               (split/a (cons c chars-sofar) rst x))]) 
  (split/a empty (ed->lst ed0) x)) 

(compute-before/after x chars-sofar c rst) 



•

•
•

•



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 

parse450js 

run450js 

Last Time 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (var Symbol) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct var [name]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; ??? 

parse450js 

run450js 

;; A Variable is a Symbol 

Q
1

A
1

Q
2

A
2

run

Last Time 



;; run: 450jsAST -> 450jsResult  
;; Computes result of running a CS450js program AST 

(define (run p) 
  (match p 
   [(num n) n] 
   [(add x y) (450+ (run x) (run y))])) 

(define (run p) 
  ;; accumulator acc : ??? 
  ;; invariant: ??? 
  (define (run/acc p acc) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run/acc x) (run/acc y))])) 
 (run/acc p  ???  )) 

Environment 

Contains variable+result pairs that are currently in-scope 

run450js



•
• maps hashes

•

•
• add 

• lookup 
;; An Environment is one of: 
;; - empty 
;; - (cons (list Var 450jsResult) Environment) 

;; : a runtime environment for  
;; (ie gives meaning to) cs450js-lang variables 

;; if there are duplicates,  
;; vars at front of list shadow those in back 



•
• maps hashes

•

•
• env-add    : Env Var Result -> Env 

• env-lookup : Env Var -> Result 



• cs450f23/lecture21-inclass 

• env-< >.rkt 

•
• env-add    : Env Var 450jsResult -> Env 

• env-lookup : Env Var -> 450jsResult 

;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var 450jsResult) Environment) 

;; : a runtime environment for  
;; (ie gives meaning to) cs450js-lang variables 

;; if there are duplicates,  
;; vars at front of list shadow those in back 



;; run: 450jsAST -> 450jsResult  
;; Computes result of running CS450js AST 

(define (run p) 
  (match p 
   [(num n) n] 
   [(add x y) (450+ (run x) (run y))])) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run x) (run y))])) 
 (run/acc p  ???  )) 

run450js

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(add x y) (450+ (run/acc x env) (run/acc y env))])) 
 (run/acc p  ???  )) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - ????? 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (var Symbol) 
;; - (bind Symbol 450jsAST 450jsAST) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct var [name]) 
(struct bind [var expr body]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

parse450js 



;; run: 450jsAST -> 450jsResult  
;; Computes result of running CS450js AST 

(define (run p) 
  (match p 
   [(num n) n] 
   [(add x y) (450+ (run x) (run y))])) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run x) (run y))])) 
 (run/acc p  ???  )) 

run450js

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(add x y) (450+ (run x env) (run y env))])) 
 (run/acc p  ???  )) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/e p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(bind x e body) (run/e body (add env x (run/e e env)))] 
     [(add x y) (450+ (run/e x env) (run/e y env))])) 
 (run/e p  ???  )) 

450jsResult
x

add x

run 



(define (run p) 
  (match p 
   [(num n) n] 
   [(add x y) (450+ (run x) (run y))])) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run x) (run y))])) 
 (run/acc p  ???  )) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(add x y) (450+ (run x env) (run y env))])) 
 (run/acc p  ???  )) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/e p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(bind x e body) (run/e body (add env x (run/e e env)))] 
     [(add x y) (450+ (run/e x env) (run/e y env))])) 
 (run/e p  ???  )) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘fn List<Variable> 450jsExpr) 



;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; - ??? 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘fn List<Variable> 450jsExpr) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - `(bind [x ,450jsExpr] ,450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - `(fn List<Variable> ,450jsExpr) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; - ??? 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘fn List<Variable> 450jsExpr) 
;; - (list ‘fncall 450jsExpr 450jsExpr) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - `(bind [x ,450jsExpr] ,450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - `(fn List<Variable> ,450jsExpr) 
;; - `(fncall ,450jsExpr ,450jsExpr) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; - ??? 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘fn List<Variable> 450jsExpr) 
;; - (list ‘fncall 450jsExpr 450jsExpr) 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - `(bind [x ,450jsExpr] ,450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - `(fn List<Variable> ,450jsExpr) 
;; - `(fncall ,450jsExpr ,450jsExpr) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; - ??? 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘fn List<Variable> 450jsExpr) 
;; - (list ‘fncall 450jsExpr 450jsExpr) 



No More Quizzes!

push
cs450f23/lecture21-inclass 


