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Predecessor Successor Insert

X X

t left[t] right[t]

s[t] t Size
s[0]=0

1.2

[31

Delete

[2]

Left-Ratote

Right-Ratote

1.1

Left-Ratote

Search

keyl[t]

Right-Ratote

Minimum

Maximun

1.1 Left-Ratote(x)
Right-Ratote(x)

1.2.1

Right-Rotate(t)

1 k « left[t]

2 left[t] - right[k]

3 right[k] - t

4 s[k] < s[t]

5 s[t] - s[left[t]] + s[right[t]] + 1
6t - k

1.2.2

Left-Rotate (t)

k <« right[t]

right[t] - left[K]

left[k] - t

s[k] < s[t]

s[t] - s[left[t]] + s[right[t]] + 1
t « k
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Size Balanced Tree SBT Size

O(logn)
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Insert(t,v) t SBT v
Delete(t,v) t SBT v
Find(t,v) v
Rank(t,v) v t v Size
k Maxi Mini
Select(tk) Select(t,1) Select(t,s[t]z;v(lmum s
Pred(t,v) v
Succ(t,v) v
SBT key left right size size
SBT t
a
s[right [t]] > s[left [left [t]]], s[right [left [t]]]
b
s[left[t]] > s[right [right [t]]], s[left [right [t]]]
2.1
2.1 L R T A B C D L R

a b S[A],s[B]<s[R]&s[C],s[D] < s[L]
3 Maintain

BST %

Simple-Insert (t,v)

1 If t=0 then
2 t — NEW-NODE(V)
3 Else
4 s[t] - s[t]+1
5 If v<key[t] then
6 Simple-Insert(left[t],Vv)
7 Else
8 Simple-Insert(right[t],Vv)
a b SBT
SBT Maintain
Maintain(t) t SBT t SBT
a b a

L s[left[left[t]]] > s[right [t]]




WC2007 Size Balanced Tree

s[A] > s[R] 2.1 SBT
1 Right-Ratote(t) 21 3.1

(>
A (D
£\

C D
3.1
3.1 2.1
2 SBT s[C] > s[B] s[D] > s[B]
Maintian(t)
3 L Maintain(t)
2 s[right [left[t]]] > s[right [t]]
Insert(left[t],v) s[B] > s[R] 3.2 1

3.2 E B F 2.1 E F B

1 Left-Ratote(L) 3.2 3.3

3.3

3.3 3.2




3.1

3.2

s s[right [right [t]]] > s[left[t]]

. s[left[right[t]]] > s[left[t]]

2

Maintain

Maintain

Maintain (t)
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IT s[left[left[t]]>s[right[t]] then
Right-Rotate(t)
Maintain(right[t])
Maintain(t)
Exit

IT s[right[left[t]]>s[right[t]] then
Left-Rotate(left[t])
Right-Rotate(t)
Maintain(left[t])

10 Maintain(right[t])

11 Maintain(t)

12 Exit

13 If s[right[right[t]]>s[left[t]] then
14 Left-Rotate(t)

15 Maintain(left[t])

16 Maintain(t)

17 Exit

18 If s[left[right[t]]>s[left[t]] then
19 Right-Rotate(right[t])

20 Left-Rotate(t)

21 Maintain(left[t])

22 Maintain(right[t])

23 Maintain(t)

Maintain
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2 Right-Ratote(T) 3.3 3.4
3.4
3.4 3.2
3 1 2 3.4 SBT
Maintain(L) Maintain(T) B
4 3 SBT B a b Maintain(B)
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4.1

51

a b
3 4 boolean
flag false 1 2 3 4
Maintain (t,flag)
1 If flag=false then
2 IT s[left[left[t]]>s[right[t]] then
3 Right-Rotate(t)
4 Else
5 IT s[right[left[t]]>s[right[t]] then
6 Left-Rotate(left[t])
7 Right-Rotate(t)
8 Else
9 Exit
10 Else
11  If s[right[right[t]]>s[left[t]] then
12 Left-Rotate(t)
13 Else
14 IT s[left[right[t]]>s[left[t]] then
15 Right-Rotate(right[t])
16 Left-Rotate(t)
17 Else
18 Exit
19 Maintain(left[t], false)
20 Maintain(right[t],true)
21 Maintain(t,false)
22 Maintain(t,true)
Maintain(left[t],true) Maintain(right[t],false) Maintain

SBT SBT

Insert (t,v)

1 If t=0 then

2 t — NEW-NODE(V)
3 Else

4 s[t] - s[t]+1

5 If v<key[t] then
6 Simple-Insert(left[t],Vv)
7 Else

8 Simple-Insert(right[t],Vv)
9 Maintain(t,v=key[t])

SBT

Delete (t,v)

1 s[t] - s[t] 1

2 If (v=key[t])or(v<key[t])and(left[t]=0)or(v>key[t])and(right[t]=0) then
3 Delete -~ key[t]

4 IT (left[t]=0)or(right[t]=0) then

flag
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5 t « left[t]+right[t]

6 Else

7 key[t] ~ Delete(left[t],v[t]+1)
8 Else

9 1T v<key[t] then

10 Delete(left[t],Vv)
11 Else

12 Delete(right[t],Vv)
13 Maintain(t,false)

14 Maintain(t,true)

52

Delete(t,v) SBT
O(logn*) BST n*

Delete (t,v)
s[t] - s[t] 1
1T (v=key[t])or(v<key[t])and(left[t]=0)or(v>key[t])and(right[t]=0) then
Delete -~ key[t]
IT (left[t]=0)or(right[t]=0) then
t < left[t]+right[t]
Else
key[t] ~ Delete(left[t],v[t]+1)
Else
I v<key[t] then
10 Delete(left[t],Vv)
11 Else
12 Delete(right[t],Vv)
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6
Maintain Maintain
0(1)
6.1
f[h] h SBT
1 (h=0)
f[hk 2 (h=1
f[h-1]+ f[h-2]+1 (h>1)
6.1.1
1 f[0]=1 f[1]=2
2 f[h]zf[h—1]+f[h—2]+1(h>1)
h>1 t h SBT SBT h-1
f[h] s[left[t]] > f[h—1]
h-2 size f[h-1] b

s[right[t]] = f[h- 2]
s[t]> f[h—1]+ f[h—2]+1

fh] SBT h SBT tree[h]
RE— 1N RHBST (h=0)
tree[n)EH P NEE R HIBST (h=1)

tree[h—1] tree[h - 2]ARFHHIBST (h>1)
f[h]= f[h—1]+ f[h—2]+1(h >1)
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6.1.2
f[h]
h+3 h+3 h+3 h
(94 — o . . . A
f[h] = P - = Fibonacci [h + 2] -1 =) Fibonacci [i]
V5 V5 =
1++/5 1-5
a = ﬁ =
2 2
f[h]
H 13 15 17 19 21 23 25 27 29 31
F[h] | 986 | 2583 | 6764 | 17710 | 46367 | 121392 | 317810 | 832039 | 2178308 | 5702886
n SBT f[h]<n h
Maxh n SBT
aMaxh+3
f[Maxh] = -1<n=
J5
Maxh+3
<n+l5=
Maxh < log /39 _3 =
Maxh <1.44log}™°-1.33
SBT O(logn)
6.2 Maintain
Maintain
BST n
BST 4 n SD
Maintain Bl
Maintain
1 21 31 s[right[t]] — s[left[left[t]]]
3.2 3.4 1 s[right[t]] — s[right[left[t]]] -1
O(logn) O(nlogn) SBT O(logn)
SD=nxO(logn)-T =0O(logn) =
T =0(logn)
T  Maintain Maintain T Maintain Maintain
O(T) +0O(nlogn) +O(T) _ o)
nlogn
6.3
SBT O(logn) Maintain  O(1) O(logn)
6.4
P(n*) n* BST O(logn)®!

n* P(n*)
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6.4.1
t Maintain(t,false)
% < S[right[t]] =
s[leffe)] < 23U =1
3
Maintain O(logn)
1 n*=1 P(n*)
2 P(n*) n*<k n*=k Maintain
Maintain 7
O(logn*)+0(logn*)=0(logn*)
3 n*=1,2,3..  P(n*)
Maintain 0(2)
6.5 Maintain
Maintain(left[t],true) Maintain(right[t],false)
1 3.1
s[L] < 2s[R]+1=
s[B] < 2s[L]-1 < 4s[R]+1 -
3 3
S[ELS[F] < 2s[B]-1_8s[R]+3 _
3 9
S[E],S[F] < {%J <s[R]
Maintain(right[t],false) 3.1 Maintain(T,false) Maintain(left[t],true)
2 3.2
s[A] > s[E]
S[F]1<s[R]
E s[A] F s[R] Maintain(right[t],false) Maintain(left[t],true)
7
7.1 SBT
7.1.2
n
1
2
3
4
5 k
6
7

7.1.2
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16

14

12

10

200

Random
BST

13.61

16

14

12

10

200 66% 33%

Random
BST

10 47

200 20% 10% 60%
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Size Balanced Tree SBT BST
SBT 2s 200 SBT
7.2 SBT
Maintain SBT BST
200
SBT AVL Treap BST Splay BST
19.2415 19.3285 26.5062 25.5303 37.1953 18.9514
24 24 50 53 78 20
1568017 1395900 3993887 3997477 25151532 ?
200
SBT AVL Treap BST Splay BST
18.9514 18.9514 25.6528 26.2860 999999.5 18.9514
20 20 51 53 1999999 20
1999979 1999979 1999985 1999991 0 ?
7.3 SBT
BST Maintain
Maintain SBT Treap Skip List BST
7.4 SBT
SBT BST Maintain BST 1 Maintain
7.5 SBT
SBT AVL Treap
height random factor color SBT size
BST Select Rank
7.5 SBT
SBT O(logn) O(logn) Select Splay
o(n) (ol
Fiona
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Advance Binary Search Tree BST
AVL Treap [ 1]
[ 2]
local operation [ 3]

““Generally the less it is, the better a BST is.””[ 4]

““Now we need to concentrate on SD. Its significance is the ability to restrict the times of Maintain.”’SD  ““the sum
of the depths of all nodes”” [ 5]

““We call the statement P(n*) that a BST with the faster and simpler Delete and n* standard Inserts is at the height
of O(logn*).”” [ 6]

““For every leaf of this tree, the subtree pointed by it does not be changed by Maintain.”” [ 7]

3.2 1 3.1 3.2 2 €< 3.1°” ““Incase 1in
Figure 3.2~ [ 8]
““Removing the only additional Maintain in Insert the former turns to be the latter.”” [ 9]
““which is exposed by the char above”” char ““chart”” [ 10]
Size Balanced Tree SBT
ol SBT
ol
A_N
Word
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