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« i
i

class Node {
Object element;
Node leftChild;
Node nextSibling;

}
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oU Liluunidnia (Binary Tree)

- ynUuildasgn : anE1y Lazgnu

class Node {

Object element;

Node left, right;

Node(Object e, Node I, Node r) {
element = e; left = I; right = r;

e

boolean i1sLeaf() {
return left == null && right == null;

}
}
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o daulndsiu iU NIEIN «—Froot

[
public class BinaryTree {‘

static class Node { =N
Object element; B
Node left; {:}+{]lgj
Node right; T =
Node(Object e, Node 1, Node r) {
element = e; left = I; right = r;
+
boolean isLeaf() {
return left == null && right == null;

)

¥
s
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sddnNunu (Huffman Code)
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public static HuffmanTree coding(int[] freq) {

BinaryMinHeap h = new BinaryMinHeap();

for (int 1 = 0; 1 < freqg.length; 1++) {
h.enqueue(new HuffmanTree(freq[i1], null, null));

+

for (int 1 = 0; 1 < freg.length - 1; 1++) {
HuffmanTree tl1 = (HuffmanTree) h.dequeue();
HuffmanTree t2 = (HuffmanTree) h.dequeue();
int ¥ = tl.freq() + t2.freq(Q);
h.enqueue(new HuffmanTree(f, tl.root, t2.root));

+
return (HuffmanTree) h.dequeue();
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o ldgwWiuuu (HuffmanTree)

public class HuffmanTree extends BinaryTree
implements Comparable {

public HuffmanTree(int freq, Node left, Node right) {
root = new Node(new Integer(freq), left, right);

+

public Int freq() {
return ((Integer) root.element).intValue();

+

public int compareTo(Object obj) {
return freq() - ((HuffmanTree) obj).freq(Q);

+
+
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ou Ladiiwanl (Expression Tree)
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 lu: dgnafiunIg (operand)
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public class Expression extends BinaryTree {
public Expression(List infix) {
List postfix = infix2Postfix(infix);
Stack s = new ArrayStack(10);
for (int i=0; i<postfix.size(); i++) {
String token = (String)postfix.get(i);
iIT (lisOperator(token)) {
s.push(new Node(token, null, null));
} else {
Node right = (Node) s.pop();
Node left = (Node) s.pop(Q);
s.push(new Node(token, left, right));

pop 2 gawszidu
binary operaor

}

s
root = (Node) s.popQ);

+
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numNodes

N

\®- numNodes + numNodes

int numNodes(Node node) {
iIT ( node == null ) return O;
return 1 + numNodes(node.left) +
numNodes(node.right);

}
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A1 gufle L

/\ = < 1+ -------------------------------------

Aelghty, | { ------------------------------------

int height(Node node) {
iIT ( node == null ) return -1;
return 1 + Math.max(height(node.left),
height(node.right));

+
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Aand BinaryTree

public class BinaryTree {

static class Node { ... }

Node root;

public 1nt numNodes() {
return numNodes(root);

}

public Int height() {
return height(root);

}
private int numNodes(Node node) {
iIf ( node == null ) return O;
return 1 + numNodes(node.left) +
numNodes(node.right);
+
private int height(Node node) {
if ( node == null ) return -1;
return 1 + Math.max(height(node.left),
height(node.right));
+
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Node rr copy(r);
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N15ELUIEU T (UaILUULASULAR)

public class Expression extends BinaryTree {

// copy constructor
public Expression(Expression e) {
root = copy(e.root);

}
+

Node copy(Node r) {
iT (r == null) return null;
Node leftTree = copy(r.left);
Node rightTree = copy(r.right);
return new Node(r.element, leftTree, rightTree);

+
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« Tree traversal Lﬂungzmumﬁmﬁ’ﬂﬁoﬂumo 9
Tusiu 1l duasnileasvadalisziday
— wuunauanau (preorder) B, C, E, D, F, G, H
— wuumNaeu (inorder)  E C, B, F, G, D, H
— WuUuuava1au (postorder) E C, G, F, H, D, B

© S. Prasitjutrakul 2006
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o WITHIULLUABUAINY Lelwluy prefix
o WIEWNIULLUAINAIAY e wnliuy infix
o WITHIULLUNAIEIAY LaTinuy postfix

+ * 3 N x 2

3 * x N 2 +

© S. Prasitjutrakul 2006

A
4

04/10/49 22




ASLLIENIUA L 137N X 1Tlus1n

e LUUADUINNL void preOrder(Node x) {

_ W X IT (X == null) return;
- Bl visit(x.element);
— N X left oreorder(x. left):

— WIEHU X.right preorder(x.right);

o LUUMNAINU ¥ void inOrder(Node x) {

— WU X.left if (x == null) return;
inorder(x.left);

— WE X 1ot
— WIENIU X.right EE) visit(x.element);
v . o inorder(x.right);
* LLUUANATIMU 1
— wssiu X left void postOrder(Node x) {
, _ iIT (X == null) return;
— WIEWU X.right postorder(x.left);
— T X postorder(x.right);
D) visit(x.element);
© S. Prasitjutrakul 2006 23

toArray( )

« Aud5aNUsTITayan NUNEN g nnduludulyd

public class BinaryTree {

Node root;

.- ) uwmamamwuthﬂumﬁlu

public Object[] toArray() { rooﬁtﬂzﬂumwa a
int n = numNodes(root); Sudoneides 0 ifuduly

Object[] a = new Object|[n];
toArray(root, a, 0); <«
return a;

+

private int toArray(Node x, Object[] a, int k) {
iIT (x == null) return Kk;
a[k++] = x.element; [ﬂﬂsamsﬁ'\mu]

k = toArray(x.left, a, k); bUU preorder
k = toArray(x.right, a, k);
return K;

}

© S. Prasitjutrakul 2006
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e toArray wuu'le Visitor

public abstract class Visitor {
public abstract void visit(Object e);

3

void preOrder(Node r, Visitor v) {
iIT (r == null) return;
v.visit(r.element);
preOrder(r.left, v);
preOrder(r.right, v);

¥ public Object[] toArray() {
final Object[] a = new Object[numNodes(];
\\\. Visitor v = new Visitor() {

T~ int k = 0;
[anongmous lass—» public void visit(Object e) {
a[k++] = e;

1; [ #51900utancive9mad ]

preorder(root, v): Nnidumandanves Visitor
return a;

3

© S. Prasitjutrak 25

USu1l59°l4 Visitor efinnsuiznnule

public abstract class Visitor {
private boolean done = false;
public void done() {
done = true;
s
public boolean 1sDone() {
return done;

¥
public abstract void visit(Object e);

void preOrder(Node r, Visitor v) {
if (r == null |] v.isbone()) return;
v.visit(r.element);
preOrder(r.left, v);
preOrder(r.right, v);

}
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public boolean contains(final Object x) {
Visitor v = new Visitor(Q) {
public void visit(Object e) {
1T (e.equals(x)) doneQ);
+
}:
preOrder(root, Vv);
return v.isbone();

}

© S. Prasitjutrakul 2006 04/10/49 27

A3z NIUAE Visitor

public class BinaryTree {

public void preOrder(Visitor v) { preOrder(root, v);
public void inOrder(Visitor v) { 1nOrder(root, V);
public void postOrder(Visitor v) { postOrder(root, Vv);

“ e

void preOrder(Node x, Visitor v) {
iIT (X == null || v.isDone()) return;
v.visit(x.element);
preOrder(x.left, v);
preOrder(x.right, v);

by

void 1nOrder(Node x, Visitor v) {
iIT (X == null || v.isDone()) return;
inOrder(x.left, v);
v.visit(x.element);
inOrder(x.right, v);

+
void postOrder(Node x, Visitor v) {
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public class Expression extends BinaryTree {

public double eval() {
return eval(root);

}

private double eval(Node r) {
if (r == null) return O;
if (r.isLeaf())

return Double.parseDouble((String) r.element);

double viLeft = eval(r.left);
double vRight = eval(r.right);
ifT (r.element.equals(*+")) return v_Left + vRight;
1T (r.element.equals(''-"")) return vLeft — vRight;
ifT (r.element.equals('*'")) return vLeft * vRight;
ifT (r.element.equals('/'")) return vLeft / vRight;
if (r.element.equals("")) return Math.pow(vLeft,vRight);
throw new IllegalStateException();

}
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f(x)=(Xx*+2)x
f'(x)=(x*+2)-1+x-(2x+0)

=3x%+2

* +

/+< R / \ */ \2
N +/ \1 N \ 3/ N
/N /N /\ 7\
X 2 VAl 0 X 2

X 2 2/ X
f f.diffQ f.simplify(Q
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03019 ¢

4

(u(x)+v(x))
(u(x)v(x))' v(x)u’(X) +u(x)v'(x)
[U(X)) v(x)u’(x) —u(x)v'(x)

u’(x) +Vv'(x)

v(X) (V(x))’

(u(x) C =C u(x) u’(x)
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AN PN
" A
u(x)\ /v(x)
(u(x) +v(x))' =u'(X)+V'(x)

2
./

=
v(x

u(x)\ /v(x)
N\ /U'(x)\ /u(x)\ /V(X)

(u(x)v(x))' =v(X)u’'(x) +u(x)v'(x)
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((u(x))C )l = C(u(x))c_lu'(x)
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ux)\ /v(x) // \\

AA%\ v(x)

(u(x) ~v(xu'(x) —u(x)v'(x)
v(x) (V)Y
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LINAANISUIDUNUS

public class Expression extends BinaryTree {

public void diff() {
root = diff(root);

+

private Node diff(Node r) {
it (r == null) return null;
String s = (String) r.element;
iIT ( roisLeaf() ) {

r.element = (s.equals('x'™) ? "1" : "0');

} else {
iIT (s.equals('+™)) r = diffSum(r);
else 1t (s.equals('-")) r = diffSum(r);
else 1T (s.equals("™)) r = diffExpo(r);
else 1T (s.equals("*™)) r = diffMult(r);
else 1T (s.equals('/™)) r = diffDiv(r);

+

return r;

+
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public class Expression extends BinaryTree {

private Node diffSum(Node r) { ,
r.left = diff(r.left); (U(X)+Vv(x)) =u"(x)+V'(x)
r.right = diff(r.right); [
return r; a + N\

}
private Node diffMult(Node r) { *

Node copy(r.left); \\dv

tl
Node copy(r.right); V
diff(r.left);
diff(r.right); lKX V'(x)

u

\%
Node du
Node dv

tl new Node(''*", u, dv)

new Node(*'*", v, du);

Node
return new Node(''+", t1, t2);

Node t2
(u(x)v(x))' =v(X)u’'(x) +u(x)v'(x)
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