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INORDER-TREE-WALK (X)

1 if x £ NIL

2 INORDER-TREE-WALK (x.left)
3 print x . key

4 INORDER-TREE-WALK (x.right)
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O(h)u_ggbg.) (S 9= Sy gf.ﬁ PRI E IIWE

TREE-SEARCH(x. k)

]
2
3
4
3

if x == NIL or k == x.key

return x
if k < x.key

return TREE-SEARCH (x.left. k)
else return TREE-SEARCH (x.right. k)
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O(h)@gbgs (S 9= Sy gﬁ.ﬁ PRI E IIWE

ITERATIVE-TREE-SEARCH (x, k)

1
2

3
4
5

while x # NIL and k # x.key
if k < x_key
x = x.left
else x = x.right
return x
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TREE-MINIMUM (x)

I while x.left # NIL
2 x = x.left
3 return x

TREE-MAXIMUM (x)

1 while x.right # NIL
2 X = Xx.right
3 return x

(29999 (ST T )
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TREE-SUCCESSOR (x)

1 if x.right # NIL

2 return TREE-MINIMUM (x.right)
3 y=x.p

4 while y # NIL and x == y.right

3 X =y

6 y=y.p

7 return y
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(2999 Ggmr i) S5l 4 5 paie )0

TREE-INSERT(T, z)

y = NIL

x = T.root

while x # NIL
y=x
if z.key < x.key

x = x.left

else x = x.right

p=Yy

if y ==NIL
T.root = z // tree T was empty

elseif z.key < y.key
v.left = z

else y.right = z
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TRANSPLANT(T, u,v)
if u.p == NIL
T.root = v
elseif u == u.p.left
u.p.left = v
else u.p.right = v
if v # NIL
v.p = u.p
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TREE-DELETE(T. )
1 if z.left == NIL
TRANSPLANT(T, z. z.right)
elseif z.right == NIL
TRANSPLANT(T, z. z.left)
else y = TREE-MINIMUM (z.right)
if y.p # 2
TRANSPLANT(T, v, v.right)
y.right = z.right
y.right.p =y
TRANSPLANT(T,z.y)
v.left = z.left
v.0efttp =y
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LEFT-ROTATE(T, x)

Sl ol

y = x.right
x.right = y.left
if y.left # T.nil
v.leftp = x
y.p = XxX.p
if x.p==T.nil
Troot =y
elseif x == x.p.left
x.p.left = vy
else x.p.right = y
y.left = x
xX.p=y

// sety

// tumn y’s left subtree into x’s right subtree

// link x’s parent to y

// put x on y’s left
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RB-INSERT(T, 2)

SO =1 O Wn e D B =

e e e T T = =
=] O Lh B D o= DD

v = T.nil
x = T.root
while x # T.nil
y =X
if z.key < x.key
x = x.left
else x = x.right
.p =Yy
it v ==T.nil
T.root = Z
elseif z.key < v.key
v.left = z
else y.right = z
z.left = T.nil

z.right = T.nil
7.color = RED

RB-INSERT-FIXUP(T, 2)
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RB-INSERT-FIXUP(T, z)
1 while z.p.color == RED

2 if z.p==z.p.p.left

3 y = z.p.p.right

4 if y.color == RED

5 z.p.color = BLACK

6 y.color = BLACK

7 z.p.p.color = RED

8 I =2z.p.p

9 else if z == z.p.right

10 z = Z.

11 LEFT-ROTATE(T, z)
12 Z.p.color = BLACK

13 z.p.p.color = RED

14 RIGHT-ROTATE(T. z.p.p)
15 else (same as then clause

with “right” and “left” exchanged)
16 T.root.color = BLACK
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RB-TRANSPLANT(T,u.v)

1 ifu.p==T.nil

2 I.root = v

3 elseif u == u.p.left
4 u.p.left = v
5 elseu.p.right = v
6 v.p = u.p

s8] el g ok



RB-DELETE(T. z)
1 y =1z o

/Jid.).}

U

2 y-original-color = y.color
3 ifz.left==T.nil
4 x = z.right
5 RB-TRANSPLANT(T, z. z.right)
6 elseif z.right == T.nil
7 x = z.left
8 RB-TRANSPLANT(T, z. z.left)
9 else y = TREE-MINIMUM (Z.right)
10 y-original-color = y.color
11 X = y.right
12 if y.p==z
13 x.p=y
14 else RB-TRANSPLANT(T, vy, y.right)
15 y.right = z.right
16 v.right.p =y
17 RB-TRANSPLANT(T,Z.V)
18 v.left = z.left
19 v.ieftp = vy
20 v.color = z.color
21 if y-original-color == BLACK
22 RB-DELETE-FIXUP(T, x)
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(a)
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Case 2 .
s i new x _H i

Case 3

(c)

Cased4

(d)

new X = T.root
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RB-DELETE-FIXUP(T, x)
1 while x # T.root and x.color == BLACK

2 if x ==x.p.lefi

3 w = Xx.p.right

4 if w.color == RED

5 w.color = BLACK // case 1

6 x.p.color = RED // case 1

7 LEFT-ROTATE(T, x.p) // case 1

8 w = x.p.right // case 1

9 if w.left.color == BLACK and w.right.color == BLACK

10 w.color = RED // case 2
11 X =Xx.p // case 2
12 else if w.right.color == BLACK

13 w.left.color = BLACK // case 3
14 w.color = RED // case 3
15 RIGHT-ROTATE (T, w) // case 3
16 w = x.p.right // case 3
17 w.color = x.p.color // case 4
18 x.p.color = BLACK // case 4
19 w.right.color = BLACK // case 4
20 LEFT-ROTATE(T, x.p) // case 4
21 x = T.root // case 4
22 else (same as then clause with “right” and “left” exchanged)

23  x.color = BLACK oy o g b



(priority queue) o glgl o yoxa 63l £ 9

:)..al.;c e gomoe ©
ooy 48,5 Jhai o uglel slaS e gl aS e oolo 5l gl acges

]
e Slles dcgommo ®
Coglgl iyl b paie 50,5 law
Coglgl (pyiin b paie B>
rais S 7y

S5 abla ool oylaxs L



Ca.i9.|9| 20 (6 )kw o.)l.:.»?

u.s).o d..s‘)T )‘ ool @

it b g paie Bi> (O(1) coglyl onitin b s paie 286 < O(N) £50)
(O(1) coglyl

5 o6 alyl 5l eolaw!

i b g pare Bd> cO(N) cuglyl i b spare 33 < O(1) z,0)
(O(n) coglsl

(29990 Slo p,2) 5 o o &)1 51 ooliul @

gy i O(1) Caglyl oyiies b s pmis 38l . O(logN) z,0) *
(O(l0gh) sl s i

S5 abla ool oylaxs L



3l sadlo

(heaps) o ,a

(Max-priority-tree, max-heap) wos ;o o,

(G yiaS uilaiy 8 polde 5105 jo lade o]0 a8 500) @

(min-priority-tree, min-heap) yocws p,»
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MAX-HEAPIFY (A, 1)

1 [+ LEFTCHILD (1)

2 r+«— RIGHTCHILD (%)

3 ifl < length[A] and A[l] > Ali]
4  then bigehild — 1
5
§
7

elsebigchild «— 1
if r < length[A] and A[r] > Albigchild]
then bigchild «— r
8 1if bigehild # 1
9  then swap(Al[i], Albigchild])
10 MAX-HEAPIFY (A, bigchild)
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BuiLD-HEAP (A)

1 fori— LMJ downto 1

2

]
do HEAPIFY(A, 1)
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Build-Heap o

k=logn

i=1 O(k)
i=2,3 O(k-1)
i=4,56,7 O(k-2)
i=2°,2°41,..,2°" -1 O(k-5s)
=2 2" 41,2 ~1 0(1)
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MAX-HEAP-INCREASE-KEY (A, 1, key)

if key < Ali]
then error “new key is smaller than current key”
Ali] — key
while i > 1 and Ali] > A[PARENT(i)]
do swap(A[i], A[PARENT(Z)] )
i «— PARENT(i)]
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MAX-HEAP-INSERT (A, key)

1 length|A] — length[A] +1
2 Allength[A]] — —oc
3 Max-HeApP-INCREASE-KEY(A,length[A], key)
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HEAP-DELETE-MAX (A)

1 if length[A] <1

then error “heap underflow”
maz «— All]
All] «— Allength[A]]
Allength| — Allength] — 1
MAax-HEAPIFY(A, 1)

return maxr
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