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/* BSTree.java */
public class BSTree {

private Node root = null;

/] WERZ Z A (2 ZANDT T A) DEFE

public class Node {
private final String key;
public int value;
private Node left, right;

/] F—
/] ME

private Node(String key) {
this.key = key;
this.value = 0;
left = right =
}
}

/] XF—EREL T/ — FEEETDH
// add NEIR G, IRV EITHT I E S THRA
public Node find(String key, boolean add) {

null;

/] KRBZEDOLGE TR

if (root == null) {
if (add) root = new Node(key);
return root;

}

/] HREANTICV—T TROLIRET D
Node n = root;
while (true) {

int cmp = key.compareTo(n.key);

if (cmp < 0) {

if (n.left == ) Ao
if (add) n.left =
return n.left;

}
/] BEESTED T (BoT?) 17<
n =

} else if (cmp > @) {

if (n.right == ) {
if (add) n.right =
return n.right;

}
n =

} else {
// cmp == @ (BER) OHFAETZZITKD
return n;
}
}
}

/] ROFEFET T (=R1rb) r-T 5D
public void traverse() {
traverse(root, 9);

}

/] HIFTHOROERZ T8> TEFRTD
private void traverse(Node n, int level) {

if (n == null) return;

traverse( , level + 1);

for (int 1 = 0; i < level; i++)
System.out.print(" ");
System.out.printf("+ %s(%d)%n",
n.key, n.value);

traverse( , level + 1);

}
}

/* Main.java */
import java.util.Scanner;

public class Main {
public static void main(String[] args) {
BSTree tree =

Scanner sc = new Scanner(System.in);

[/ TEHRIAEEER T 7 7T

while (true) {
System.out.print("FEi4: ");
String key = sc.next();

// QUIT E AN LI=n T a s T AT
if (key.equals("QUIT")) break;

/] F—TEE (NE7 7 2DOFIH L)
BSTree.Node n = tree.find(key, true);

System.out.println("fEE#: " +

n.value);
System.out.print (" ");
int num = sc.nextInt();

/] (EE$) Z2ZH

n.value += num;

tree.traverse();
System.out.println();
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traverse X v KX main A YV v R&Hi-> TEITL,

TR X,

public class AVLTree {

private Node root = null;

/] W7 A

public class Node {
private final String key;
public int data;
private Node left, right;

/] EEDF ) — RERETLHEHMOARDES
private int heightL, heightR;

public Node(String key) {
this.key = key;
left = right = null;
heightL = heightR = 0;
}

/] FEHRDEIAROEE 2GR LES
private void fixHeights() {
heightL = heightR = 0;
if (left != null) {
heightL = Math.max(left.heightL,
left.heightR) + 1;

}
if (right != null) {

/* ERREZZICLTERE L */

}
}
}

/] R E A A > TREAE DN T U A iR 5
/] BIE O ARDE O — RYOAE BT LUVVR
private Node rebalance(Node n) {

/] TR DEIGIARDE S i+ %
int b = n.heightL - n.heightR;
if (b >= 2) {
/] EOFOFNETZDL5E
Node 1 = n.left;
if (1 != null && l.heightL < 1l.heightR) {
/] ZTDHEDEFRD T RENR b _HEEliR
n.left = rotateLeft(n.left);
}
n = rotateRight(n);
} else if (b <= -2) {
/] FOTOFNETEDLHE
Node r = n.right;

/* b >= 2 DEEEBREBI/ERE L */

}

return n;

}

/1 FHRERR STy AR DR

}

FATHE 2R L COEEARD L < 2 & FHREEIZ D0

/] FHDOF ) — REEGROH LWRIZT 5 [BlisEE
/1 B8 EOARDEOIR — RYOAE BT LVDR
private Node rotateLeft(Node n) {

Node r = n.right; // #HLWIR

n.right = r.left;

r.left = n;

/] B LT AROm S &2 kS E 5
n.fixHeights(); r.fixHeights();
return r;

}

/] FEDF ) — REEZAROH LWRIZ T 2 RIS ERAE
private Node rotateRight(Node n) {

/* rotateLeft #&B /BT L */

}

/] BImEFRIH L. 2 — ROBE LA
public Node find(String key, boolean add) {
if (root == null) {
if (add) root = new Node(key);
return root;

}

/] FERLUT2 ) — R —FRpRlE LT T o A
Node ret = find(root, key, add);

root = rebalance(root);

return ret;

}

private Node find(Node n, String key,
boolean add) {

Node ret; // RO/ — F&IKY
int cmp = key.compareTo(n.key);
if (cmp < 0) {

if (n.left == null) {
if (add) n.left = new Node(key);

ret = n.left;
} else {
ret = find(n.left, key, add);

}

/] 7 — RESIMORIEEMED & 2 DTN T o AGiHE
n.left = rebalance(n.left);
n.fixHeights();

} else if (cmp > 0) {
/* cmp < @ OYEESZEITERE L */

} else { // cmp == 0 (F&HR)
ret = n;

}

return ret;

}
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/] 7 — RZzHIRT 5
public void remove(String key) {

if (root == null) return;

/] BERFF LD BHIRT RE ) —Fn 28K T5
Node n = root;
Node parent = null;
while (true) {
int cmp = key.compareTo(n.key);
if (cmp < @) {
if (n.left == null) return;

/] n OBLERE

/] B — RERFELENLLED T~ ER
parent = n;
n = n.left;

} else if (cmp > 9) {
if (n.right == null) return;

/] B — RafREF LD BLHDF~EERE
parent = n;
n = n.right;

} else { // cmp ==

/] BIBRT _&E /—Kn &3 !
break;

}
}

if (n == root) {
/] FER LI — K n MR/ — FOGA,
/1 R — R&HIER L TRZ ST 5

root = removeNode(root);

} else if (n == parent.left) {
/] n B — ROLEDT DA,
/] nEZHIRLCROED T2 ERET D

parent.left = removeNode(n);

} else {
[l nISEL — FOLEDTFDLE,
// nZHIBRL THOL DT %R ET D

parent.right = removeNode(n);

}
}

// 7 —RnZHIRLTZDTOHS AL BHELL,
/] n DOV ITEDFEIC AT ) — FEIRT
private Node removeNode(Node n) {

/] NIRRT UE, TOEFHIBRT TR0 T,

// null (ICEEHZ 57200 TR

if (n.left == null && n.right == null)
return null;

/] n DTN LT RBIE, ZOF (EEDTFOD

/] #H3AR) D n DALEITARDYITAD

if (n.left != null && n.right == null)
return n.left;

if (n.left == null & n.right != null)
return n.right;

/] n PERICTFEROE EITE, n2HIRLE
/] ALEIC n ODEFOMEER> /) — e AVEZ D

/] FDOEDIZ, T, n DEDODFDOTOEWSAT
/] KR/ — K max 2T VENH B

Node max;

/] EOFDTFDEK)— ROB /) — R p 28T
Node p = findParentOfMax(n.left);

if (p == null) {
// p A null DEFAIE, n DEDOTFHIREK
/] 72DT, ThEW-oT-AUHIRT S
max = n.left;
n.left = removeNode(n.left);

} else {
/] &5 TRWGEIE, pDADFRER/ —F
/] TRDT, p DEDTE WS TEAHIRT S
max = p.right;
p.right = removeNode(p.right);

}

/] Wo T AVHEIBR LT K / — R max & n OALEIC
/] ANEZT, nOT%EF k<

max.left = n.left;

max.right = n.right;

// JLD n OALEIZIE, max DA~ 2 L& IKT
return max;

}

/] J—RndDOFnrbgK/—REHEL,
/] ED ) —RKOBL) — R&iET
private Node findParentOfMax(Node n) {

/] nIZEOFRRTIE, n BERERK — R
/] 72DT, B/ — FIIAHE L TET
if (n.right == null) return null;

/] BRKRMEERT DT, H~FaZE>TNL
/] BOFTOEDFRRTIE, O R KE
/] X505, BENEORTHYRVETHD
while (n.right.right != null)

n = n.right;
return n;



