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LEFT-ROTATE (7, x)

y = Xx.right
x.right = y.left
if y.left # T.nil
yv.left.p = x
y.p =x.p
if x.p==T.nil
T.root =y
elseif x == x.p.left
x.p.left =y
else x.p.right = y
y.left = x
X.p=y

// set y
// turn y’s left subtree into x’s right subtree

// link x’s parent to y

0(1)

// put x on y’s left

LEFT-ROTATE(T, x)
-||E ................................
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RIGHT-ROTATE(T, y)
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RB-INSERT-FIXUP(T, 7) 0(&)
while z.p.color == RED
if z.p==2z.p.p.left
y = z.p.p.right 0 (}/ﬁ ;,l)
if y.color == RED
Z.p.color = BLACK
y.color = BLACK
Z.p.p.color = RED
Z =2Z.p.p
elseif z ==z.p.right
Z=2.p
LEFT-ROTATE(T, 7)
Z.p.color = BLACK
Z.p.p.color = RED
RIGHT-ROTATE(T, z.p.p)
else (same as then clause with “right” and “left” exchanged)
T.root.color = BLACK

// case 1
// case 1
// case 1
// case 1

// case 2
// case 2
// case 3
// case 3
// case 3
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RB-DELETE(7, 2)

y =2

y-original-color = y.color

if z.left == T.nil
X = z.right
RB-TRANSPLANT(T, z, z.right)

elseif z.right == T.nil
x = z.left
RB-TRANSPLANT(T, z, Z.left)

else y = TREE-MINIMUM (Z.right)
y-original-color = y.color

X = y.right
if y.p==z
xX.p=Yy

else RB-TRANSPLANT(T7, y, y.right)
y.right = zZ.right
y.right.p =y

RB-TRANSPLANT(T, z, y)

y.left = z.left

y.left.p =y

y.color = z.color

if y-original-color == BLACK
RB-DELETE-FIXUP(T, x)

RB-DELETE-FIXUP(T, x)

while x # T.root and x.color == BLACK
if x == x.p.left
w = X.p.right
if w.color == RED
w.color = BLACK
x.p.color = RED
LEFT-ROTATE(T, x.p)
w = X.p.right
if w.left.color == BLACK and w.right.color == BLACK
w.color = RED
X = X.p
else if w.right.color == BLACK
w.left.color = BLACK
w.color = RED
RIGHT-ROTATE (T, w)
w = X.p.right
w.color = x.p.color
X.p.color = BLACK
w.right.color = BLACK
LEFT-ROTATE(T, x.p)
x = T.root
else (same as then clause with “right” and “left” exchanged)
x.color = BLACK

// case 1
// case 1
// case 1
// case 1

// case 2
// case 2

// case 3
// case 3
// case 3
// case 3
// case 4
// case 4
// case 4
// case 4
// case 4



(a)

(b)

(c)

(d)

w

Case 1

Case 2

Case 3

new x = T.root



