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A,B,C,D,E
Which of the following must be true about this tree?

@ / @\ B is in the left subtree. X (A)
@ L~

ONO.

e @ /Eisaleaf. @

None of the above. (D)

A binary tree has pre-order traversal:

Cis a descendantof B. X (B)
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Today's Learning Outcomes

67. Write recursive methods on binary trees.

70. Describe the binary search tree invariant and determine whether itis
satisfied by a given tree.

71. Describe the use cases for the Comparable and Comparator interfaces

72. Explain the semantics of generic type bounds and write code that
incorporates them.

73. Write modifying methods on a binary search tree that preserve its
invariant.

74. Analyze the time/space complexities of a given method on a binary
search tree.
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A Nice Binary Tree

Tn-Ocder Travessall 3 Y 6 8 11 12 1y |4 IS 1§ 20 2
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The Binary Search Tree Invariant

IThn o B'mqry Searcl, Tree (BST)) 35\/54 o,ny node \//
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Fra(chre to 1*““‘7 locate a1 element

in o BST (ov)e W per level

PRV elimiaatesS  eatire  sulfree)

Hou do we Compile elemeats that
QfQ/)“I’ ﬂwmber5?
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The Comparable Interface

Types tuat implemeat Hhe  Compararle LT7  npecface
ace  able Yo Cowmpert  tuemgelves  to T glements

T is same type)

(Typically

Owe method . int compare To ( T ai‘rer)
~ re}urns nejq-}wc namber if i€ ¢ ofYer”
. reparas 0 F " this cﬂ/-—.?udeql- o otuer"
~ e turas ras.‘i:ve nambee  if " Hhis S ofher"

To fremewmber. ThiakK " tvig — other'

Do cumentation outlines real-q;reA propecties
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(%3 Coding Demo: Making Points Comparable (%
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The Comparator Interface

ComP4"“'°‘& ovJects Kaow (‘mi‘cr.qall7) how fo Compace
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Suppose we initialize the following Comparator

: i . arniaq . This  Compateter 9 4ol
using a lambda expression: * varaisg congistent it cquals()]

Comparator<Integer>cmp = (x,y) ->x% 5 -y % 5;

Which integer would cmp deem to be the "greatest" ?

Sreﬂler = \”76" fe"‘14;"JCf' mod 5
18 (A) 47 (C)
34 @ 63 (D)



Generic Type Bounds

Our Binary Tree<T”? cliss  gllowed s Yo store 929y
{7pe in ity wnodges.

A BST class needs Yo e able %o compace
e elements it stores so it can Mmaiataia  FS

ocder ;quqfiﬂ4+.
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Jo

& Coding Demo: Generic Sorting Methods
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Jo

& Coding Demo: The BST Class

If\qpor‘fﬁrﬁ’ Tdeas.

— class  declargtion with  gemecic tvpe bouad

— new emply leaves' slate repleseatation
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The Most Important BST Helper Method

Exercise: Work with a partner to write this recursive method.

(

private BST<T> find(T eIem) {
assert elem != null,

if (roo'l‘ ==null |] elem. ComrareTo (f'ooi-) ==0 ) ?

return fui SJ
}e)se F (elem compareTo (re0t) <0) { /[ elem is smaller, e carse o,
retuen left. £iad (elew,) lect
3 else § I elem s lefyer, re(urse  0n right
3 retutn rj‘ol' F'\J(elem)
}

or elem.equels (coot)

&
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Adding an Element to a BST

Calt Find ) -~ If we ead up at noa-leaf, we're addiny a
- If we end 1p duplicate elemeat, Find a switable leaf  below.
at eMpi-y \e,q-Fl Case |. Case 2.
put element Empty Right Child Right Sebice
there
odd (6) 244 (6)
quce)
’9 o
- l"\p\l/'-" )
‘\_/’ ‘\_/’
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g0

& Coding Demo: BST.add()
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If we call add(6) on this BST with our add () definition,
in which "empty" node will the new 6 be written?




Removing an Element from a BST

Call find () Case 7.
Case |, R‘J")l' dubtree

E”'P*Y Ria\oi' Chwild
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BST Complexity Analysis

Eve,ry 851' aperql'.'on inuolues ovn e {?;,,A(l C.QHJ “’P
Yo one  sveessorDesceadaqt() ctll  and  9() ofver ork

Helper methols Loty do 0O(1)) wWerk per leve|l 5o

fua 11 O(H) ‘|":f\'|€,
R \/le:j\a{'

= Al R5T o(,en{:ons heve worst case O(H) runtimes

Que fectursive detinitions reqaire Q(H) space fer
call frames, Vot tecthive  varlasts  o5e 001) Space
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All BST operations have a worst-case O (H) runtime,
where H is the tree's height. What's the tightest runtime
bound in terms of N =the tree's size?

H con e a3 lirge as N 0(log N) (A)
q'n‘\" N
25 O el st o0®) (B

S | ‘ZOED\/ O(N) (C)

5 Y O(NlogN) (D)



Balanced BSTs

For a £ixed heigut H, a bisery 1rec can  have
at wost

%
d=0 O N L E 26 - ZHH —| V)odes. e -
d= Z \I 1boou|n¢§6) by
= 3:=0 /

&2 O \' L/\ N=0(2") = H=1 (1ogN)
Bolanced binrary +ees  have  H= OUOJN)

Fomilies of 56'@*‘04\44&59 BS5Ts fV'q,'/]'l'qiv‘ a baliace
mvariaal v O[H)-:Ouo(yl\l) tive (1’01146 2010 For more i/\Fo)
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