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public Value get (Key key)

{

oLuw-)0)3 C14)s )5 oI

o] (S9°9° (§5mn=> S )0 1O g Lsle Lntso oLi...»—}AJS C 50 O o> ol i

Node x = root;
while (x '= null)

{

}

] PR S50 409 );;Q)’b:.o Jdo a4 Ll

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

if (cmp < 0) x = x.left;
else if (cmp > 0 ) x = x.right;
else return x.value;

return null;
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private static final boolean RED = true;
private static final boolean BLACK = false;
private class Node
{

Key key;

Value value;

Node left, right;

boolean color; // color of link to parent
}
private boolean isRed (Node x)
{

if (x == null) return false;

return x.color == RED; ™~
} W ol pas (5o gy

19l s SHlwash

h

h.left.color ~ h.right.color
is RED (E) . is BLACK
(C)
(A) (D) ()
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private Node rotatelLeft (Node h)

() e 0ly9) {

assert isRed(h.right) ;
Node x = h.right;
h.right = x.left;
x.left = h;

x.color h.color;
h.color = RED;

return x;

greater
than S

J.»SLSAJO.O}‘) J.olf u)‘yssm»*&ml} S5 = ijo A>g5
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private Node rotatelLeft (Node h)
{

() 8 Ol,9)

assert isRed(h.right) ;
Node x = h.right;
h.right = x.left;
x.left = h;

x.color h.color;
h.color = RED;

return x;

greater
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private Node rotateRight (Node h)

() cwl, @9, {

assert isRed(h.left);
Node x = h.left;
h.left = x.right;
x.right h;

x.color h.color;
h.color = RED;

return x;

greater
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private Node rotateRight (Node h)
{

() cawl, @9,

assert isRed(h.left);
Node x = h.left;
h.left = x.right;
x.right h;

x.color h.color;
h.color = RED;

return x;

greater
than S
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(dﬁ)gﬁ;gﬂwd”b private void flipColors (Node h)
{
assert !'isRed(h) ;
assert isRed(h.left);
assert isRed(h.right);
h.color = RED;
h.left.color BLACK;
h.right.color = BLACK;
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Ug)gﬁ;gﬂwd”b private void flipColors (Node h)
{
assert !'isRed(h) ;
assert isRed(h.left);
assert isRed(h.right);
h.color = RED;
h.left.color BLACK;
h.right.color = BLACK;

greater
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left
. rotate
private Node put(Node h, Key key, Value value) S:EEQfég— S:gf§:{

if (h == null) return new Node (key, value, RED);

right i
rotate colors
int cmp = key.compareTo (h.key) ;

if (cmp < 0)
else if (cmp > 0)
else

if (isRed(h.right)
if (isRed(h.left)
if (isRed(h.left)

return h;

h.left = put(h.left, key, value);
h.right = put(h.right, key, value);
h.value = value;

e
&& 'isRed(h.left)) h = rotateLeft(h); <« @}ﬂ 4 ¢ kb
&& isRed(h.left.left)) h = rotateRight(h); «—— sJ-F @wJ @/ lsw
&& isRed(h.right)) flipColors (h) ; P o
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