
CS450 High Level Languages 

Tree Data Definitions, part 2 
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;; An Editor2 is a structure: 
;;   (make-editor2 Lo1S Lo1S) 

;; An Editor1 is a structure: 
;;   (make-editor1 String String) 

(define-struct editor [pre post]) 

;; An Lo1S is one of:  
;; – '() 
;; – (cons 1String Lo1S) 

;; An Editor2 is a structure: 
;;   (make-editor2 Lo1S Lo1S) 
;; interp (make-editor2 l1 l2) describes an editor 
;; whose visible text is (lst->str (append (rev l1) l2)) 
;; with the cursor displayed in between 

;; An Editor1 is a structure: 
;;   (make-editor1 String String) 
;; interp (make-editor1 s t) describes an editor 
;; whose visible text is (string-append s t) with 
;; the cursor displayed between s and t 



;; An Editor2 is a structure: 
;;   (make-editor2 Lo1S Lo1S) 
;; interp (make-editor2 l1 l2) describes an editor 
;; whose visible text is (lst->str (append (rev l1) l2)) 
;; with the cursor displayed in between 

;; An Editor1 is a structure: 
;;   (make-editor1 String String) 
;; interp (make-editor1 s t) describes an editor 
;; whose visible text is (string-append s t) with 
;; the cursor displayed between s and t 

(make-editor1 “Hello” “World!”) 

(make-editor2 (rev (str->lst “Hello”)) 
              (str->lst “World!”)) 

(create-editor2 “Hello” “World!”) 



•

•

•

•

•



;; An Editor1 is a structure: 
;;   (make-editor1 String String) 
;; interp (make-editor1 s t) describes an editor 
;; whose visible text is (string-append s t) with 
;; the cursor displayed between s and t 

;; An Editor2 is a structure: 
;;   (make-editor2 Lo1S Lo1S) 
;; interp (make-editor2 l1 l2) describes an editor 
;; whose visible text is (lst->str (append (rev l1) l2)) 
;; with the cursor displayed in between 

(define (editor-left2 ed) 
  (make-editor  
    (rest (editor-pre ed)) 
    (cons (first (editor-pre ed)) 
          (editor-post ed))) 

(define (editor-left1 ed) 
  (make-editor  
    (string-drop-last (editor-pre ed)) ... 
    (string-append (string-last (editor-pre ed)) 
                   (editor-post ed)))) 

(define (editor-left1 ed) 
  (make-editor  
    (string-drop-last (editor-pre ed)) 
    (string-append (string-last (editor-pre ed)) 
                   (editor-post ed)))) 
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•

•

•
•

•

•

•

•

•

•
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•



for

(for/list ([x lst]) (add1 x)) 

(map add1 lst) 

(for/list ([x n]) (add1 x)) 

(build-list n add1) 

(for/list ([x lst] #:when (odd? x)) (add1 x)) 

(filter odd? (map add1 lst)) 

(for/sum ([x lst] #:when (odd? x)) (add1 x)) 

(foldl + 0 (filter odd? (map add1 lst))) 



for*
for 



;; A Tree<X> is one of: 
;; - empty 
;; - (node Tree<X> X Tree<X>) 
(struct node [left data right]) 
;; a binary tree data structure 

Last Time 



;; A Tree<X> is one of: 
;; - empty 
;; - (node Tree<X> X Tree<X>) 
(struct node [left data right]) 
;; a binary tree data structure 

;; tree-fn : Tree<X> -> ??? 
(define (tree-fn t) 
  (cond 
    [(empty? t) ...] 
    [(node? t) ... (tree-fn (node-left t)) ... 
                        ... (node-data t) ... 
               ... (tree-fn (node-right t)) ...])) 

: 
cond

: 

:  

Last Time 



;; tree->lst/in : Tree<X> -> List<X> 
;; converts given tree to a list of values, by inorder 

;; tree->lst/pre : Tree<X> -> List<X> 
;; converts given tree to a list of values, by preorder 

;; tree->lst/post : Tree<X> -> List<X> 
;; converts given tree to a list of values, by postorder 

Last Time 



(define (tree->lst/in t) 
  (cond 
    [(empty? t) empty] 
    [(node? t) (append (tree->lst/in (node-left t)) 
                       (cons (node-data t) 
                             (tree->lst/in (node-right t)))])) 

;; tree->lst/in : Tree<X> -> List<X> 
;; converts given tree to a list of values, by inorder 

Last Time 



(define (tree->lst/pre t) 
  (cond 
    [(empty? t) empty] 
    [(node? t) (cons (node-data t) 
                     (append (tree->lst/pre (node-left t)) 
                             (tree->lst/pre (node-right t)))])) 

;; tree->lst/pre : Tree<X> -> List<X> 
;; converts given tree to a list of values, by preorder 

Last Time 



(define (tree->lst/post t) 
  (cond 
    [(empty? t) empty] 
    [(node? t) (append (tree->lst/post (node-left t)) 
                       (tree->lst/post (node-right t)) 
                       (list (node-data t)))])) 

;; tree->lst/post : Tree<X> -> List<X> 
;; converts given tree to a list of values, by postorder 

Last Time 



tree-all? 

(define TREE1 (node empty 1 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (tree-all? (curry < 4) TREE123)) 

andmap every

;; tree-all? : (X -> Boolean) Tree<X> -> Boolean 
;; Returns true if given pred returns true 
;; for all values in given tree 

Last Time 



tree-all? 
;; tree-all? : (X -> Boolean) Tree<X> -> Boolean 
;; Returns true if given pred returns true 
;; for all values in given tree 

(define (tree-all? p? t) 
  (cond 
    [(empty? t) true] 
    [(node? t)  
     (and (p? (node-data t)) 
          (tree-all? p? (node-left t)) 
          (tree-all? p? (node-right t)))])) 

: 
cond



tree-all? 
;; tree-all? : (X -> Boolean) Tree<X> -> Boolean 
;; Returns true if given pred returns true 
;; for all values in given tree 

(define (tree-all? p? t) 
  (cond 
    [(empty? t) true] 
    [(node? t)  
     (and (p? (node-data t)) 
          (tree-all? p? (node-left t)) 
          (tree-all? p? (node-right t)))])) 



tree-all? 
;; tree-all? : (X -> Boolean) Tree<X> -> Boolean 
;; Returns true if given pred returns true 
;; for all values in given tree 

(define (tree-all? p? t) 
  (cond 
    [(empty? t) true] 
    [(node? t)  
     (and (p? (node-data t)) 
          (tree-all? p? (node-left t)) 
          (tree-all? p? (node-right t)))])) 

: 

:  



tree-all? 
;; tree-all? : (X -> Boolean) Tree<X> -> Boolean 
;; Returns true if given pred returns true 
;; for all values in given tree 

(define (tree-all? p? t) 
  (cond 
    [(empty? t) true] 
    [(node? t)  
     (and (p? (node-data t)) 
          (tree-all? p? (node-left t)) 
          (tree-all? p? (node-right t)))])) 

cond (define (tree-all? p? t) 
  (or (empty? t) 
      (and (p? (node-data t)) 
           (tree-all? p? (node-left t)) 
           (tree-all? p? (node-right t))))) 



•



;; A Tree<X> is one of: 
;; - empty 
;; - (node Tree<X> X Tree<X>) 
(struct node [left data right]) 
;; a binary tree data structure 

;; A BinarySearchTree<X> (BST) is a Tree<X> 
;; where: 

;; Invariant 1: for all values x in left tree, x < root val 

;; Invariant 2: for all values y in right tree, y >= root val 



;; valid-bst? : Tree<X> -> Bool 
;; Returns true if the tree is a BST 

(define TREE1 (node empty 1 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (valid-bst? TREE123)) 

(check-false (valid-bst? (node TREE3 1 TREE2)) 



• git clone git@github.com:cs450f23/lecture15-inclass 
 

• git add bst-valid-< >.rkt 
• bst-valid-chang.rkt 
 

• git commit bst-valid-chang.rkt –m ‘add chang bst-valid? fn’ 

 
• git push origin main 
 

• git pull --rebase 
• HEAD 



;; tree-fn : Tree<X> -> ??? 
(define (tree-fn t) 
  (cond 
    [(empty? t) ...] 
    [(node? t) ... (tree-fn (node-left t)) ... 
                        ... (node-data t) ... 
               ... (tree-fn (node-right t)) ...])) 

• git add bst-valid-< >.rkt 

• bst-valid-chang.rkt 

• git commit bst-valid-chang.rkt  
  –m ‘add chang valid-bst?’ 

• git push origin main 

• git pull --rebase 

• HEAD 

;; A BinarySearchTree<X> (BST) is a Tree<X> 
;; where: 
;; Invariant 1:  
;; for all values x in left tree, x < root 
;; Invariant 2:  
;; for all values y in right tree, y >= root 

;; valid-bst? : Tree<X> -> Bool 
;; Returns true if the tree is a BST 

(define TREE1 (node empty 1 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (valid-bst? TREE123)) 

(check-false (valid-bst? (node TREE3 1 TREE2)) 

tree-all? 

cond 



;; valid-bst? : Tree<X> -> Bool 
;; Returns true if the tree is a BST 

(define (valid-bst? t) 
  (cond 
    [(empty? t) true] 
    [(node? t)  
     (and (tree-all? (curry > (node-data t)) (node-left t)) 
          (tree-all? (curry <= (node-data t)) (node-right t)))]) 

(define (valid-bst? t) 
  (or (empty? t) 
      (and (tree-all? (curry > (node-data t)) (node-left t)) 
           (tree-all? (curry <= (node-data t)) (node-right t))))) 

cond

tree-all? 



;; A Tree<X> is one of: 
;; - empty 
;; - (node Tree<X> X Tree<X>) 
(struct node [left data right]) 
;; a binary tree data structure 

;; A BinarySearchTree<X> (BST) is a Tree<X> 
;; where: 
;; Invariant 1: for all values x in left tree, x < root val 
;; Invariant 2: for all values y in right tree, y >= root val 

(define (tree? x) (or (empty? x) (node? x))) 

tree? valid-bst?



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define TREE2 (node empty 2 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (valid-bst? (bst-insert TREE123 4))) 

(check-equal? (bst-insert (bst-insert TREE2 1) 3)  
               TREE123)) 
(check-equal? (bst-insert (bst-insert TREE2 1) 3)  
               TREE123)) 
(check-equal? (bst-insert (bst-insert TREE2 1) 3)  
               TREE123)) 

valid-bst?



;; tree-fn : Tree<X> -> ??? 
(define (tree-fn t) 
  (cond 
    [(empty? t) ...] 
    [(node? t) ... (tree-fn (node-left t)) ... 
                        ... (node-data t) ... 
               ... (tree-fn (node-right t)) ...])) 

• git add bst-insert-< >.rkt 

• bst-insert-chang.rkt 

• git commit bst-insert-chang.rkt  
  –m ‘add chang bst-insert’ 

• git push origin main 

• git pull --rebase 

• HEAD 

;; A BinarySearchTree<X> (BST) is a Tree<X> 
;; where: 
;; Invariant 1:  
;; for all values x in left tree, x < root 
;; Invariant 2:  
;; for all values y in right tree, y >= root 

valid-bst?

;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, 
;; result is still a bst 

(define TREE2 (node empty 2 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (valid-bst? (bst-insert TREE123 4))) 

(check-equal? (bst-insert (bst-insert TREE2 1) 3) TREE123)) 



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 

: 
cond



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 

: 

:  



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< x (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< x (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 



;; bst-insert : BST<X> X -> BST<X> 
;; inserts given val into given bst, result is still a bst 

(define (bst-insert bst x) 
  (cond 
    [(empty? bst) (node empty x empty)] 
    [(node? bst)  
     (if (< (node-data bst)) 
         (node (bst-insert (node-left t) x) 
               (node-data t) 
               (node-right t)) 
         (node (node-left t) 
               (node-data t) 
               (bst-insert (node-right t) x)))])) 



•



;; bst-has?: BST<X> X -> Bool 
;; Returns true if the given BST has the given value 

(define TREE1 (node empty 1 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (bst-has? (bst-insert TREE123 4) 4)) 

(check-true (bst-has? TREE123 1)) 
(check-false (bst-has? TREE123 4)) 

(check-true (valid-bst? TREE123)) 



;; tree-fn : Tree<X> -> ??? 
(define (tree-fn t) 
  (cond 
    [(empty? t) ...] 
    [(node? t) ... (tree-fn (node-left t)) ... 
                        ... (node-data t) ... 
               ... (tree-fn (node-right t)) ...])) 

• git add bst-has-< >.rkt 

• bst-has-chang.rkt 

• git commit bst-has-chang.rkt  
  –m ‘add chang bst-has?’ 

• git push origin main 

• git pull --rebase 

• HEAD 

;; A BinarySearchTree<X> (BST) is a Tree<X> 
;; where: 
;; Invariant 1:  
;; for all values x in left tree, x < root 
;; Invariant 2:  
;; for all values y in right tree, y >= root 

;; bst-has?: BST<X> X -> Bool 
;; Returns true if the given BST 
;; has the given value 

(define TREE1 (node empty 1 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (bst-has? (bst-insert TREE123 4) 4)) 

(check-true (bst-has? TREE123 1)) 
(check-false (bst-has? TREE123 4)) 



Check-In Quiz 10/30 


