
CS450 High Level Languages 

Tree Data Definitions 



Logistics 

•
•

??? 



Previously 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

Previously 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

(define (rev/a lst acc ???) 
  ??? 
) 

;; accumulator ??? : ??? 
;; invariant: ??? 

Previously 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

(define (rev/a lst acc ???) 
  ??? 
) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 

“so far” 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

(define (rev/a rst rev-so-far) 
  ??? 
) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 

(define (rev/a rst rev-so-far) 
  (cond  
   [(empty? rst) ...] 
   [else (rev/a (rest rst) ... ) 
                  ... (first rst) ... rev-so-far ... ])) 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 

(define (rev/a rst rev-so-far) 
  (cond  
   [(empty? rst) rev-so-far] 
   [else (rev/a (rest rst) ... ) 
                  ... (first rst) ... rev-so-far ... ])) 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 

(define (rev/a rst rev-so-far) 
  (cond  
   [(empty? rst) rev-so-far] 
   [else (rev/a (rest rst)  
                (cons (first rst) rev-so-far)])) 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 ???)) 

Previously 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 

(define (rev/a rst rev-so-far) 
  (cond  
   [(empty? rst) rev-so-far] 
   [else (rev/a (rest rst)  
                (cons (first rst) rev-so-far)])) 



(define (rev lst0) 
 
 
 
 
 
 
 
 
 
 
 
 
  (rev/a lst0 empty)) 

(define (rev/a rst rev-so-far) 
  (cond  
   [(empty? rst) rev-so-far] 
   [else (rev/a (rest rst)  
                (cons (first rst) rev-so-far)])) 

;; accumulator rev-so-far : List<X> 
;; invariant: items of `lst0` minus `rst` in reverse order 

Previously 

;; rev : List<X> -> List<X> 
;; Computes a list with elements of the given list reversed 



;; A List<X> is one of: 
;; - empty 
;; - (cons X List<X>) 

;; TEMPLATE for list-fn 
;; list-fn : List<X> -> ??? 
(define (list-fn lst) 
  (cond  
    [(empty? lst) ...] 
    [(cons? lst)   ... (first lst)  ... 
         ...  (list-fn (rest lst)) ....])) 

: 
cond

: 

:  

Previously 



struct node { 
 int data; 
 struct node* left; 
 struct node* right; 
}; geeksforgeeks.org 

^ 



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

;; A List<X> is one of: 
;; - empty 
;; - (cons X List<X>) 

struct node { 
 int data; 
 struct node* left; 
 struct node* right; 
}; 

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



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

: 
cond : 

:  



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

• git clone git@github.com:cs450f24/in-class-10-23 

• git add tree-template-< >-< >.rkt 

• tree-template-Chang-Stephen.rkt 

• git commit tree-template-Chang-Stephen.rkt –m ‘add chang tree template’ 

• git push origin main 

• git pull --rebase 

• HEAD 

: 
cond : 

:  



;; 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

: 

:  



geeksforgeeks.org 



;; 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 



;; 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)) ...])) 

• git add tree-traversal-< >-< >.rkt 

• tree-traversal-Chang-Stephen.rkt 

• git commit tree-traversal-Chang-Stephen.rkt  
  –m ‘add chang tree traversal’ 

• git push origin main 

• git pull --rebase 

• HEAD 

;; 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 



(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 



(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 



(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 



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 



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)) 



;; 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-Stephen.rkt 

• git commit bst-valid-Chang-Stephen.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? 



;; 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 TREE1 (node empty 1 empty)) 
(define TREE2 (node empty 2 empty)) 
(define TREE3 (node empty 3 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-Stephen.rkt 

• git commit bst-insert-Chang-Stephen.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 TREE1 (node empty 1 empty)) 
(define TREE2 (node empty 2 empty)) 
(define TREE3 (node empty 3 empty)) 
(define TREE123 (node TREE1 2 TREE3)) 

(check-true (valid-bst? (bst-insert TREE123 1))) 

(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 (< (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 (< (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)))])) 


