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class BSTree

public class BSTree extends BinaryTree {
Int size;

public BSTree() {}
public int size() { return size; }
public boolean isEmpty() { return size == 0; }

int compare(Object a, Object b) {
return ((Comparable)a).compareTo(b);

}

public Object get(Object e) {...}

public Object getMin() {.-.}

public Object getMax() {---}

public void add(Object e) {...}

public void remove(Object e) {...}

public static treeSort(Object|[] data) {...}

© S. Prasitjutrakul 2006

04/10/49 6




N1TAUKLAYR

e lgnsuznusu il Aaa q Wsauiay
« lafnnnisatAugalun1sau

© S. Prasitjutrakul 2006

04/10/49 7

get : NMTAUKNLAUAR

public class BSTree extends BinaryTree {

public Object get(Object e) {
Node node = getNode(root, e);

+
Node getNode(Node r, Object e) {

while (r = null) {
int cmp = compare(e, r.element);
iIf (cmp == 0) return r;

3
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return node == null ? null : node.element;

if (cmp < 0) e
r = r.left;

oo
r = r.right;

) l}:eturn null; ee
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public class BSTree extends BinaryTree {
Node getNode(Node r, Object e) {
if (r == null) return null;

int cmp = compare(e, r.element);
if (cmp == 0) return r;

iIf (cmp < 0)
return getNode(r.left, e);
else
return getNode(r.right, e);
+
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getMin : AsAuMdayaftiaage

U ]

- Yulalignnvding danlidayaiiasnin
- slagdn vin lalaaldunisnnualas ldniedne
AunIzwului lifignae

public Object getMin() { L C)(h)
Node r = root;
iIT (r == null) return null;
while (r.left = null) {
r = r.left; ezab
} ® ®
return r.element; @ @
: 25754

& @6
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getMax : NMNsAUMNLTANAMINUINFA

« Yulalignnvann daulidayaininnin

« wsnnngn vin e leaiduisinualat ldneen
AunIzwului lidignan

public Object getMax() { L C)(h)
Node r = root;
it (r == null) return null;

while (r.right !'= null) {
r = r.right;

20
+
, return r.element; @@@
5) (a7 (60

&
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add : nsLANdaYa

public void add(Object e) {
Node newNode = new Node(e, null, null);
iIfT (root == null) root = newNode;
else {
Node p = null, r = root;
while(C r = null ) {
int cmp = compare(e, r.element);
it (cmp < 0) {p r; r = r.left;}
else 1T (cmp > 0) {p r; r r.right;}

else return;
] 20)

1T (compare(e, p-.element) < 0)
p.left = newNode; @

else
p.right = newNode; @ @

}

) ++size; @ @
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r +<9> re
O
iIfT (r == null) return new Node(e, null, null)
1+® m O

iIT (compare(e,r.element)<0) r.left = add(r.left,e);

r
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add : wuuaULAic

public void add(Object e) {
root = add(root, e);
s
Node add(Node r, Object e) {
iIT (r == null) {
r = new Node(e, null, null);

++size;

} else {
int cmp = compare(e, r.element);
it (cmp < 0)

r.left = add(r.left, e);
else if (cmp > 0)
r.right = add(r.right, e);
s

return r;

}
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remove : LUULIEULAR

public void remove(Object e) {
root = remove(root, e);
}
Node remove(Node r, Object e) {
iIT (r == null) return r;
int cmp = compare(e, r.element);
iT (cmp <0) {
r.left = remove(r.left, e);
} else 1if (cmp > 0) {
r.right = remove(r.right, e);
} else { .
// Wuua? auni

}

return r;

}
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remove : LUULEULAR

Node remove(Node r, Object e) {

} else {
it (r.left == null || r.right == null) {
= (r.left == null ? r.right : r._left);

--size;

} else {
Node m = r.right;
while (m.left = null) m = m.left;
r.element = m.element;
r.right = remove(r.right, m.element);

- N\
@EA
J
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}
}

return r;

}

o Ll BSTree ids1v93nngayagdu

. guwlifiiAudiaya n 6

e GIVaIAINGY : Llog,n] < h < n-1

e ANdSNINYaYAFN FIU190LAT1EN LA
- audnndsvandunieln ~ 1.39 log, n

— AuaNAauwal null ~ 2+1.39log, n
— AN (ANANVaIlUaINER) = 2.99 log, n

«11,,‘,‘ W i H l V "“:?"

\ll l|x
44 14

h

Devroye, L. 1986. A note on the height of binary search trees. J. ACM 33, 489-498.
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DATNSVINIIULAIATSLAN AL AU

« get, getMin, getMax, add, remove : O(h)

« Auliifiaugelue Llog,nl<h<n-1

. nsdliage (fu'ldiiiagn) : O(logn)

« nsalinge (u'ligega) : O(n)

. nydlinde (Waduligseanndayady) : O(log n)
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treeSort : NTBENAAUTANA

public class BSTree extends BinaryTree {

public static void treeSort(final Object[] data) {
BSTree t = new BSTree();
for (int 1=0; i<data.length; i1++) {

. t.add(data[i]); Y«?&m n afslaan O(n log n) ’

t.inOrder(new Visitor() {
int k = 0;
public void visit(Object e) {
data[k++] = e;

} >3 ﬁnz&hu n Ua 1#aan O(n) ’

(O(n log n))
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AN9ds1NLEan28 BSTree

public class BSTSet implements Set {
protected BSTree tree = new BSTree();
public Int size() {
return tree.size();
+
public boolean isEmpty() {
return tree.isempty();
+
public boolean contains(Object e) {
return tree.get(e) '= null;

+
public void add(Object e) {

) tree.add(e); ﬁSTreeVLmﬁuﬁa%ﬁ@gjuﬁa ’

public void remove(Object e) {
tree.remove(e);

}
}
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ANsd3vAaatandunia BSTree

« U5Ul¥ BSTree 1Auaigi TaaT luiiunieeine
* f1iin19au Ag1a1vagnNwINA e (A ldiduls)

Node add(Node r, Object e) {
iIT (r == null) {
r = new Node(e, null, null);
++size;
} else {

Iint cmp = compare(e, r.element);
iIT (cmp <= 0)

r.left = add(r.left, e);

else o 9

r.right = add(r.right, e);

} (0) @ (5
return r;

}
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