
CS450 High Level Languages

FP vs OOP 

(last lecture!) 



Logistics 

•
•

•

•
•

• #lang 450lang
•

•

•

•

•

 

(last lecture!) 



•
•

•
• [0, 100) 

•
• “green” “red” “yellow” 

•
•
•

•
•

Previously 



;; A Shape is one of: 
;; - (mk-Rect [h : Num] [w : Num] [c : Color]) 
;; : fields are width, height, color 
;; - (mk-Circ [r : Num] [c : Color]) 
;; : fields are radius and color 
;; Represents a shape to be drawn on a canvas 



;; A Shape is one of: 
;; - (mk-Rect [h : Num] [w : Num] [c : Color]) 
;; : fields are width, height, color 
;; - (mk-Circ [r : Num] [c : Color]) 
;; : fields are radius and color 
;; Represents a shape to be drawn on a canvas 

;; shape-fn : Shape -> ??? 
(define (shape-fn sh) 
 (cond 
  [(Rect? sh) … (rect-h sh) … (rect-w sh) … (rect-c sh) … ] 
  [(Circ? sh) … (circ-r sh) … (circ-c sh) … ])) 



;; A Shape is one of: 
;; - Rectangle 
;; - Circle 

;; A Rectangle is a (mk-Rect [h : Num] [w : Num] [c : Color]) 
;; : fields are width, height, color 
;; A Circle is a (mk-Circ [r : Num] [c : Color]) 
;; : fields are radius and colors 



;; A Rectangle is a (mk-Rect [h : Num] [w : Num] [c : Color]) 
;; : fields are width, height, color 
;; A Circle is a (mk-Circ [r : Num] [c : Color]) 
;; : fields are radius and colors 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 

;; shape-fn : Shape -> ??? 
(define (shape-fn sh) 
 (cond 
  [(Rect? sh) … (rect-fn sh) … ] 
  [(Circ? sh) … (circ-fn sh) … ])) 



;; A Rectangle is a (mk-Rect [h : Num] [w : Num] [c : Color]) 
;; : fields are width, height, color 
;; A Circle is a (mk-Circ [r : Num] [c : Color]) 
;; : fields are radius and colors 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 

;; shape-fn : Shape -> ??? 
(define (shape-fn sh) 
 (cond 
  [(Rect? sh) … (rect-fn sh) … ] 
  [(Circ? sh) … (circ-fn sh) … ])) 

;; render : Shape -> Image 
(define (render sh) 
 (cond 
  [(Rect? sh) (rect-img sh)] 
  [(Circ? sh) (circ-img sh)])) 



interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { 
  return rect-img ( width, height, col ); 
} 



interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { 
  return rect-img ( width, height, col ); 
} 
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interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { 
  return rect-img ( width, height, col ); 
} 

cond
Shape

cond
Shape
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interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { 
  return rect-img ( width, height, col ); 
} 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 

(struct rect [w h col]) 

(struct circ [r col]) 

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(Rect? sh) (rect-img sh)] 
  [(Circ? sh) (circ-img sh)])) 
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;; (explicit) render: Shape -> Image 
(define (render sh) 
 (cond 
  [(Rect? sh) (rect-img sh)] 
  [(Circ? sh) (circ-img sh)])) 

;; (implicit) render: Shape -> Image 
Image render (Shape sh) 
  if (sh instanceof Rectangle){ rect-img(sh); } 
  else if (sh instanceof Circle){ circ-img(sh); } 



interface Shape 
Image render(); 

class Circle 
 
Num radius;    Color col; 
// … 
Circle( r, c) { 
  radius = r; 
  col = c; 
} 

class Rectangle 
 
Num width;    Num height;    Color col; 
// … 
Rectangle( w, h, c) { 
  width = w;    height = h; 
  col = c 
} 

Circle c = Circle( 10, blue ); 
Image img = c.render(); 
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(define (mk-Circ r col circ-render-fn) 
  (circ circ-render-fn r col) 
(define (mk-Circ r col  
           [circ-render-fn circ-img]) 
  (circ circ-render-fn r col) 

;; render : Shape -> Image 
(define (render sh) 
 (cond 
  [(Rect? sh) (rect-img sh)] 
  [(Circ? sh) (circ-img sh)])) 

Shape

(struct Shape [render-method]) 

(struct circ Shape [r col]) 

rect … 

Shape

Shape

circ 
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interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { // render-circ 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { // render-rect 
  return rect-img ( width, height, col ); 
} 

Summary 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; : Represents a shape image 

;; A Rectangle is a (rect Num Num Color) 
;; fields are width, height, color 

;; A Circle is a (circ Num Color) 
;; fields are radius and color 

(struct rect [w h col]) (struct circ [r col]) 



interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { // render-circ 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { // render-rect 
  return rect-img ( width, height, col ); 
} 

Sumnmary 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; : Represents a shape image 

cond
Shape

cond
Shape

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)])) 



interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { // render-circ 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { // render-rect 
  return rect-img ( width, height, col ); 
} 

(struct Shape [render]) 

(struct circ Shape [r col]) (struct rect Shape [w h col]) 

;; render-circ : Circle -> Image 
(define (render-circ this) …) 

;; render-rect : Rectangle -> Image 
(define (render-rect this) … ) 

( Circle this ) { ( Rectangle this ) { 



interface Shape 
Image render(); 

class Circle 
 
Num radius; 
Color col; 
 
Image render() { // render-circ 
  return circ-img ( radius, col ); 
} 

class Rectangle 
 
Num width;    Num height; 
Color col; 
 
Image render() { // render-rect 
  return rect-img ( width, height, col ); 
} 

(struct Shape [render]) 

;; render-circ : Circle -> Image 
(define (render-circ this) …) 

;; render-rect : Rectangle -> Image 
(define (render-rect this) … ) 

( Circle this ) { ( Rectangle this ) { 



(struct Shape [render]) 

(struct circ Shape [r col]) (struct rect Shape [w h col]) 

;; render-circ : Circle -> Image 
(define (render-circ this) …) 

;; render-rect : Rectangle -> Image 
(define (render-rect this) … ) 

(define (mk-rect w h col  
           [rect-render-fn render-rect]) 
  (rect rect-render-fn w h col) 

(define (mk-circ r col  
           [circ-render-fn render-circ]) 
  (circ circ-render-fn r col) 

Shape



(struct Shape [render]) 

;; render-circ : Circle -> Image 
(define (render-circ this) …) 

;; render-rect : Rectangle -> Image 
(define (render-rect this) … ) 

;; render : Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)])) 

;; render : Shape -> Image 
(define (render sh) 
 ((Shape-render sh) sh)) 

;; render-circ : Circle -> Image 
(define (render-circ this) 
  (match-define (circ r col) this) 
  (circle r “solid” col)) ; 2htdp/image fn 

;; render-rect : Rectangle -> Image 
(define (render-rect this) 
  (match-define (rect w h col) this) 
  (rectangle w h “solid” col)) ; 2htdp/image fn 
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interface Shape 
Image render(); 

class Circle 
 
Num r;    Color col; 
 
Image render() {  
  return circ-img ( r, col ); 
} 

class Rectangle 
 
Num w;    Num h;    Color col; 
 
Image render() { 
  return rect-img ( w, h, col ); 
} 

rotate

class Triangle 
 
Num side1; // … 
 
Image render() { 
  return tri-img ( … ); 
} 



interface Shape 
Image render(); 
Image rotate(); 

class Circle 
 
Num r;    Color col; 
 
Image render() {  
  return circ-img ( r, col ); 
} 
 
Circle rotate() { … } 

class Rectangle 
 
Num w;    Num h;    Color col; 
 
Image render() { 
  return rect-img ( w, h, col ); 
} 
 
Rectangle rotate() { … } 

rotate

class Triangle 
 
Num side1; // … 
 
Image render() { 
  return tri-img ( … ); 
} 
 
Triangle rotate() { … } 



;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; : Represents a shape image 

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)])) 

;; A Rectangle is a (mk-rect Num Num Color) 
;; fields are width, height, color 
(struct rect [w h col]) 
;; A Circle is a (mk-circ Num Color) 
;; fields are radius and color 
(struct circ [r col]) 



;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; - Triangle 
;; : Represents a shape image 

;; A Rectangle is a (mk-rect Num Num Color) 
;; fields are width, height, color 
(struct rect [w h col]) 
;; A Circle is a (mk-circ Num Color) 
;; fields are radius and color 
(struct circ [r col]) 
;; A Triangle is a (mk-tri … ) 
;; fields are … 
(struct tri [ … ]) 

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)])) 



;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; - Triangle 
;; : Represents a shape image 

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)] 
  [(tri? sh)  (render-tri sh) ])) 

;; A Rectangle is a (mk-rect Num Num Color) 
;; fields are width, height, color 
(struct rect [w h col]) 
;; A Circle is a (mk-circ Num Color) 
;; fields are radius and color 
(struct circ [r col]) 
;; A Triangle is a (mk-tri … ) 
;; fields are … 
(struct tri [ … ]) 



;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
;; : Represents a shape image 

;; render: Shape -> Image 
(define (render sh) 
 (cond 
  [(rect? sh) (render-rect sh)] 
  [(circ? sh) (render-circ sh)])) 

;; A Rectangle is a (mk-rect Num Num Color) 
;; fields are width, height, color 
(struct rect [w h col]) 
;; A Circle is a (mk-circ Num Color) 
;; fields are radius and color 
(struct circ [r col]) 

;; rotate: Shape -> Shape 
(define (rotate sh) 
 (cond 
  [(rect? sh) (rotate-rect sh)] 
  [(circ? sh) (rotate-circ sh)])) 
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• Mixin class

 

•
• RACKET 

• JAVASCRIPT 

• SCALA 

 

• (add-rotate-mixin class-without-rotate)  
=> class-with-rotate 

class



Thank you for a great semester! 


