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RB-INSERT(T, 7) ) Wy ==Lnil
i a ) 10 [.root = 7
y = 1. 11 elseif z.key < v.key

2 x = T.root

3 while x 75 T nil 12 y.left =

13 else y.right =

4 y = X .
" if - f"IL}«’ < x.key 14 :!E’ﬁ = T.nil

6 x = x.left 15  z.right = T.nil

7 else x = x.right 16 z.color = RED

8 zp=y 1’7 RB INSERT-FIXUP(T, 2)
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RB-INSERT-FIXUP(T, z) Types Operation
| while z.p.color == RED Case 1L: Z's uncle is red. Change color
2 if z P =T LPP- left , .
3 y = z.p.p.right z's father is Case Z.L: .: . uncﬁle iS00k Left rotation, p(z).
4 if yv.color == RED I&’ﬁ il and z is rzght child. l
S Z.p.color = BLACK as Case 3L: z's uncle is black Rioht rotati g
6 y.color = BLACK s and z is left child ght rotation, p(p(2)).
; Z.p-p-color = RED Case 1R: Z's uncle is red Change color.
9 T Case Z.R: Z% m"zcie is black Riehizotationsit)
10 _ right child and z is left child
11 LEFT-ROTATE(T, Z _ Case 3R: z's uncle is black Left rotation, p(p(z))
12 z.p.color = BLACK se 3 and z is right child. ’ ke
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-DELETE(T, 7)

| y =z

2 y-original-color = y.color ﬂ‘ 21{'-3 VR ﬁﬂﬂﬂﬁ ’lii
3 ifz.left == T.nil "
4 X = Z.right (Z* zﬁbiﬂ-ﬁ-i)
5 RB-TRANSPLANT(T, z, z.right) .
6 elseif z.right == T.nil X: H&J% 'j ﬁ' k"-}:*ﬁ"%ﬁu
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 ify.p==z
13 X.p=y
14 else RB-TRANSPLANT(T, y, y.right)
15 y.right = z.right
16 y.right.p =y
17 RB-TRANSPLANT(7,Z,y)
18 y.left = z.left
19 y.left.p =y
20 y.color = z.color

21 if y-original-color == BLACK [Jg=RA#]42 3 | »HE (R IRE-EL Ji*"é')
22 RB-DELETE-FIXUP(T, x) ﬂ&x@l—ilﬁ i3 F-'X "“P ( ?—& 3 ktz %ﬁlﬁm)

2. Delete Fix-up Delete~ Fix-up C T, %)
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RB-DELETE-FIXUP(T, x)
1 while x £ T.root and x.color == BLACK

2 if x == x.p.left

3 U = X D IFIonl

4 if w.color == RED

5 w.color = BLACK // case 1
6 X.p.color = RED // case |
7 LEFT-ROTATE(T, x.p) // case
8 w = x.p.right // case
9 if w.left.color == BLACK and w.right.color == BLACK

10 w.color = RED
11 X = X.p
12 elsefif w.right.color == BLACK

13 w.left.color = BLACK

14 w.color = RED

15 RIGHT-ROTATE(T, w)

16 = X N Fc y/Rv

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 (sanmicas then clause with Tight and eIl exchanged

23 x.color = BLACK
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B-TREE-INSERT(T, &)

1 r= T.root

2 frrn==12t—1
s = ALLOCATE-NODE()
1.root = g

5. leaf = FALSE

s.n =0

5. O =7

B-TREE-SPLIT-CHILD(s, 1)
9 B-TREE-INSERT-NONFULL(s, &)
10 else B-TREE-INSERT-NONFULL(r, &)
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B-TREE-INSERT-NONFULL(x, &)
l i=zx.n
2 iz leaf
3 while i = 1 and & << x. kev,
4 T. REY 4 1 = T. REY,
5 i=1i—1
6 . kevii 1= k
7 rn=z.n 1+ 1
8 DISK-WRITE(x)
9 else while i = 1 and & << . key,
10 i =1 — 1
11 i =i+ 1
12 DISK-READ(z. c;)
13 fx.c..on==2t — 1
14 B-TREE-SPLIT-CHILD(x, 1)
15 if 2 > x. key,
16 i =1 + 1]
17 B-TREE-INSERT-NONFULL(x. ¢,y &)
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