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1
Run

(deflne -struct node
(left right))

(deflne (height abt)
(cond
[(empty’ abt) 0]

else
(max ghelght node-left abt)
height (node-right abt))))1))

(height empty)
(height (make-node
empt:
(make-node
empty
empty)))
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(define (height abt)
(cond
[Cenpey? 250 O]
[else (+ 1
(max (height (node-left abt))
(height (node-right abt))))]))

height height ( )
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. Run

(define-struct node
(left right))

(define (height abt0)
(local (;;accum represents how many nodes height-a
;;has encountered on its way to abt from abtO
(define (height-a abt accum)
(cond
[(empty? abt) accum]
[else (max (height-a (node-left abt)
(+ accum 1))
(height-a (node-right abt)
G+ accum 1))1)))

(height-a abt0 0)))
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height empty)

Eheight (make-node
empt:
(make-node

empty
empty)))
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height

(define (height abt0)
(local (;;accum represents how many nodes height-a
;;has encountered on its way to abt from abtO
(define (height-a abt accum)
(cond
|Rempty? abti accum'
[else [(max (height-a (node-Teft abt)
(+ accum 1))
(height-a (node-right abt)
(+_accum_1))HD)

(height-a abt0 0)))
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(define-struct valnode

(value left right))
- )

h'd
—Ll—l
———m—————t

= (root)

=

valnode

(define-struct valnode

value -
(value left right))
left | right
value value
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(make-valnode 35
(make-valnode 21
(make-valnode 13 empty empty)
empty)
(make-valnode 46
(make-valnode 40 empty empty)
(make-valnode 61
empty
(make-valnode 69 empty empty))))
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(define-struct valnode
(value left right))
(define (search x a-tree)
(cond

[(empty? a-tree) false]
[(< x (valnode-value a-tree))
(search x (valnode-left a-tree))]
[(< (valnode-value a-tree) x)
(search x (valnode-right a-tree))]
[else true]))
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‘(define—struct node (sn pn left right))

node sn
sn °
sn
pn
left .
reight sn

(define-struct node (sn pn left right))

1. empty ( )
2. node
(make-node sn pn tleft tright)
tleft , tright
sn , pn

make-node
empty (make-node (53 A

o 63 'A empty empty)  (make-node

29 'B empty
(make-node
89'C
empty empty))
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search-bt
63 ‘A
29 ‘B
89 'C
15 'D
77 'E
95 'F

add-node (add-node bt (list 89 "J))
;; add-node : node (listof number symbol) -> node
(define (add-node bt alosp)
(cond 6& A
[(empty? bt)
(make-node (first alosp) (first (rest alosp)) 29
empty empty)]
[else .
(cond 6

[(= (node-sn bt) (First sp)) bt]

[(> (node-sn bt) (First sp))

(make-node (node-sn bt) (node-pn bt)
(add-node (node-left bt) alosp)
(node-right bt))]

[else

(make-node (node-sn bt) (node-pn bt)
(node-left bt)
(add-node (node-right bt) alosp))1)1))

(node-left bt)

[ (add-node (node-right bt) (list 89 "J)) |




(define lof-alosp
;;create-bt : node (lof (lof number symbol))->node (list (list 63 'A)

(define (create-btree bt lof-alosp) (list 29 'B)
(cond (list 89 'C)
[(empty? lof-alosp) bt] (list 15 'D)

[else (list 77 'E)

(list 95 'F)

(create-btree (list 10'G)
(add-node bt (First lof-alosp)) (list 24 'H)

(rest lof-alosp))]1)) (list 99 1)

(list 36 )

(list 21 'K)

s (list22'L)

; L (list 88 'M)

= P (list 90 'N)
- . = 5 (list 100 'O)

4 S (list 76 'P)
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(list 35 Q)
4 § oo (list 3 'R)
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m draw-tree

draw-tree a-posn1=(x1,y1)
0 x2 x1
. yl :
draw-node : node posn -> boolean y2 e D
;:(define (draw-node a-node a-posn) ...) a-node
i (branch)
a-posn2=(x2,y2)

draw-line : node posn posn -> true
;;(define (draw-line a-node a-posnl a-posn2) ...)

;; draw-node-and-branches : node posn number -> true
;; (define (draw-node-and-branches node a-posn width) ..)

1 get-next-left-posn : posn  number -> posn

;:(define (get-next-left-posn a-posn width) ..)

;; get-next-right-posn : posn  number -> posn

;;(define (get-next-right-posn a-posn width) .. )
Literee
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(define lof-alosp

;;search-bt : node number->symbol (list (list 63 'A)

(define (search-bt bt sn) (list 29 'B)
(cond (list 89 'C)
[(empty? bt) “none] (list 15 'D)
[else (list 77 'E)
(cond (list 95 'F)
[(= sn (node-sn bt))(node-pn bt)] (list 10°G)
[(< sh (node-sn bt)) (list 24 'H)
(search-bt (node-left bt) sn)] E::Zigg 3))
[else (search-bt (node-right bt) sn)])1)) (list 21 °K)
(list22'L)
;5 test (list 88 'M)
>(define bt (create-bt empty (I?st90 I’\.l)
lof-alosp)) €@ E:'s‘ 120 O))
ist 76 'P.
?(search—bt bt 77) ~g (list 35 'Q)
£ (list3 R)
o )
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;; seta canvas size

(define WIDTH  700) (define HEIGHT 730)

.; set disk radius and color

(define d-radius 5) ;; a disk radius

(define d-color ‘red) ;; a disk color

(define I-color ‘blue) ;; a line color

;7 set root position

(define TopMargine 30) ;; top margin

(define Root-Pos (make-posn (/f WIDTH 2)
(+ d-radious TopMargine)))

(define bt (create-btree empty lof-alosp)) ;; create a binary tree

(start WIDTH HEIGHT) ;; create a canvas

(draw-tree bt Root-Pos) ;; draw a binary tree \
. (stop) . end

(node)

;; draw-node : node posn -> boolean
;; draw a disk and a string at a-posn position | Node
(define (draw-node a-node a-posn)
(and
(draw-solid-disk a-posn d-radius d-color)
(draw-solid-string a-posn

(number->string (node-sn a-node)))

)
;; test
(start WIDTH HEIGHT)
(draw-node (make-node 63 ‘A empty empty)
(make-posn 350 20))
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(branch)

x2 x1

yl

;; draw-line : node posn posn -> true y2
(define I-color ‘blue) ;; a line color
(define (draw-line a-node a-posn1 a-posn2)
(cond
;; if a-node is empty, the branch will not be drawn.
[(empty? a-node) true]
[else
(draw-solid-line a-posnl a-posn2 I-color)]))
;test
(draw-line (make-node 29 ‘B emtpy empty)

. (make-posn 350 20) (make-posn 120 30))
Loy

(define Interval-Time 0.1) ;; 0.1

;; draw-node-and-branches : node posn number -> true
(define (draw-node-and-branches node a-posn width)

(and -
:: draw node - width ”0
(draw-node node a-posn) m

(sleep-for-a-while Interval-Time)
(d draV\I/_ Ieft( ang rilg?tt brzn;hes left-node right-node
raw-line (node-left node) a-posn
(get-next-left-posn a-posn (/ width 2))) width/2
(sleep-for-a-while Interval-Time)
(draw-line (node-right node) a-posn
(get-next-right-posn a-posn (/ width 2))) )

Litorsor

(define TopMargin 10) ;;

(define N (length lof-alosp)) ;;

5 DP:

(define DP (/ (- HEIGHT TopMargin) (- N (log N))))
;; get-next-left-posn : posn number -> posn

(define (get-next-left-posn a-posn width)

(make-posn (- (posn-x a-posn) width) 29} DP
(+ (posn-y a-posn) DP)))

;1 get-next-right-posn : posn number number -> posn
;1 (define (get-next-right-posn a-posn width)
(make-posn (+ (posn-x a-posn) width)

(+ (posn-y a-posn) DP)))
Litereey
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;; draw-tree : node posn number -> true
;; draw a node and branches and then traverse left and rigth nodes
(deflne (draw-tree node a-posn width)

(cond (root)
[(empty? node) true]
[else
(and
;; draw node and edges
\(draw node-and-branches node a-posn Wld“
;; traverse left and right nodes

(draw -tree (node-left node)
‘ (get-next-left-posn a-posn (/ width 2)) (/ width 2)
(draw-tree (node-right node)
‘ (get-next- right-posn a-posn (/ width 2)) (/ widtl 2))‘
)]

\(stan WIDTH HEIGHT)] ‘

(draw-tree (create-btree empty lof-alosp) [ Root-Pos)

Liuf“” Root-Pos=(make-posn (/ WIDTH 2) (+ d-radious TopMargine))




