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Static Array Query
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ACM Beimmny Conaest

o prefix sum array

Index 0 1 2 3 4 5 6 7
Sequence V[i] 1 3 4 8 6 1 4 2
Prefix sum array S[i] | 1 4 8 16 22 23 27 29

e sum(a, b) =sum(0, b) —sum(0, a — 1) = s[b] — s[a-1]

— Sum(3, 6) = v[3] + V[4] + v[5] + v[6] = s[6] — S[3-1] = s[6] - s[2] = 19
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Static Array Query
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Segment Tree

e Segment Tree
— BIRERGES
- BEgh#EE—ERELRNEN - BEAMIEZF

~ EEREL S AHMSREE L R]

 Operation

— calculating the sum, minimum, maximum of elementsin a range =>
O(log n)
— inserting, deleting and modifying the value of an element => O(log n)

e Limitation

— Asegment tree requires more memory and is a bit more difficult to
Implement.
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Segment Tree e

e Structure

— E.g. find the maximum
value in a range

struct Node {
int val;
Node "1, "r;

* E‘T;I;ﬁ void update(int update_val) {

— build val = update_val;
bottom upZ 17 4R Ex &l AU #148 }
A RS

— {224 cover
BoasrEzta - X ol S EERE
o B (& FE E X

— & query
HxEEERARE L, R]

void pull() {
val = max(1l-»>val, r->val);

W




Segment Tree

Implement

1)
2)
3)
4)

Is this node a leaf
Create left subtree
Create right subtree
pull

=

ACIM Beginmng Conaat.

Node *build(int L, int R) {

Node “now Node();

(L R) {
now->update(s[L]);
now;

}

int mid (L+R) e
now->1 build(L, mid);
now->r = build(mid+1l, R);

now->pull();
now;

N\
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Segment Tree e

e Single node modification

1) Isthis node a leaf
2) Modify the subtree which contains x

3) pL”| void cover(Node *now, int L, int R, int pos, int delta) {
(L == R) {

now->update(now->val + delta);

}
int mid = (L+R) 1;

(pos mid) {
cover(now->1, L, mid, pos, delta);

} {

cover(now->r, mid+1, R, pos, delta);

}

now->pull();
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 Query Segment tree (Find the value in range [L, R])
1) Thereis nooverlap between [L, R] and [X, y] => return -INF
2) [X,y] completely include [L, R] => return the value of this node
3) Others (partial overlap)=> keep query from left and right subtree

int query_max(Node *now, int L, int R, int x, int y) {

(x>R y<L)
INF;

(x<=L y>=R)

now->val;

int mid (L+R) 1;
max(query_max(now->1, L, mid, x, y), query_max(now->r, mid+1l, R, x, y));

made by electron & free999 & a711186
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- [GEIEHE
— EBARER O(N)
— BB O(Iog N)
— H Q E#RF - Z2EFHES O(N+Q log N)
- EERMEER O(N)




Practice

POJ-3264 ()


http://poj.org/problem?id=3264
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Binary Indexed Tree ===

e Operation
— calculating the sum of elements in arange => O(log n)
— modifying the value of an element => O(log n)

e limitation
— Binary indexed tree can’t insert or delete the nodes.

 Naive Solution
— fEFIERE =N

— Query #=Q
— KEEARM - HEEHE O(QN)...
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Binary Indexed Tree ===

e Fenwick Tree

 Fenwick trees are particularly designed to implement
the arithmetic coding algorithm, which maintains counts
of each symbol produced and needs to convert those to
the cumulative probability of a symbol less than a given
symbol.

« Although Fenwick trees are trees in concept, in practice
they are implemented as an implicit data structure using
a flat array analogous to implementations of a binary
heap
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Binary Indexed Tree ===

e ori[x]: [RfEF]
e c[X]: ¢ index 1 % index x BITC =42

o s[x]: 11 BIT ERIFFES
— s[0]=0

o PIAREEEILIZRNAZHNEMN - Mt aliiE—3fF
ZRIR B — Z: 51 7 51 RO A




Si]

the sum of elements in
therange [I —k + 1, 1]
( k is the largest power
of two that divides i)

Sequence ori[i]

Binary Indexed Tree

=
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1 [ 4 [ 4 [ 6] 6 [ 7 | 4 [ 29
| -
_

1 3 4 8 6 1 4 2

index 1 2 3 4 5 6 7 8
bit 0001 (0) | 0010 (1) | 0011 (0)| 0100 (2)| 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)

lowbit(i) 1 2 1 4 1 2 1 8
range [1, 1] [1, 2] [3, 3] [2, 4] [5, 5] [5, 6] [7,7] [1, 8]
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Binary Indexed Tree

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]

ori[i] 1 8 6 1 4 2
c[i] 1 16 22 23 27 29
i 1 4 5 6 7 8
SIi] 1 16 6 7 4 29




Binary Indexed Tree

Detine: s A 2ETREEE
int lowbit (int in) { 128 ﬁ i &
. . 127 [ Piririn T [T
in & (-in); - [ | BIIiT 01111110  |e—o 01111110  |e—rn
= 2 80000010 00000010 |+— = 00000010 | «— =
1 00000001 00000001 2| 00000001 2
_ 0 00000000 00000000 1 | 00000000 2
ex. 0 10000000 11111111 ] ?g 00000000 ] gg
lowbit(1) =1 [0001] -1 10000001 11111110 g | 11111111 s
: -2 | Tooooo1o 11111101 || (= 11111110 ||| =
lowbit(2) = 2 [0010] A : : :
lowbit(3) =1 [0011] 2 11111110 10000001 |« 10000010 |+—
: 27| Miititnl 10000000 |«—— 10000001 | «+——
lowbit(4) = 4 [0100] 128 - = 10000000
[ 1 2 3 4 5 6 7 8
i 2 0001 0010 0011 0100 0101 0110 0111 01000
-1 (9 1111 1110 1101 1100 1011 1010 1001 11000
lowbit(i) 1 2 1 4 1 2 1 8




Binary Indexed Tree ——=

= orl
= orl
= orl
= orl
= orl
= orl
= orl
= orl

w v wnwww v n v
DO N9 0K 8N R

XL N o0 wN R

+ s[1]

+ s[3] + s[2]

+ s[5]

+ s[7] + s[6] + s[4]

What's the regularity?
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sum[1] =s[1] + s[1-1=0]

Binary Indexed Tree

(0001 + 0000 )
S[8]
S[4] j
S[2] S[6]

S[1] S[3] S[5] S[7]

i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum[2] = s[2] + s[2-2=0]

Binary Indexed Tree

(0010 + 0000 )
S[8]
S[4] j
S[2] S[6]

S[1] S[3] S[5] S[7]

i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum|[3] = s[3] + s[3-1=2] + s[2-2=0]
(0011 + 0010 + 0000)

S[4]

Binary Indexed Tree

s[8]

¥

S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




suml[4] = s[4] + s[4-4=0]

Binary Indexed Tree

( 0100 + 0000)
S[8]
S[4] j
S[2] S[6]

S[1] S[3] S[5] S[7]

i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum[5] = s[5] + s[5-1=4] + s[4-4=0]
(0101 + 0100 + 0000)

S[4]

Binary Indexed Tree

s[8]

¥

S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum|[6] = s[6] + s[6-2=4] + s[4-4=0]
(0110 + 0100 + 0000)

S[4]

Binary Indexed Tree

s[8]

¥

S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum[7] =s[7] + s[7-1=6] + s[6-2=4] + s[4-4=0]
(0111 + 0110 + 0100 + 0000)

Binary Indexed Tree

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)




sum[8] = s[8] + s[8-8=0]

Binary Indexed Tree

( 1000 + 0000)
S[8]
S[4] j
S[2] S[6]

S[1] S[3] S[5] S[7]

i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
bit(lowbit) | 0001 (0) | 0010 (1) | 0011 (0) | 0100 (2) | 0101 (0) | 0110 (1) | 0111 (0) | 1000 (3)
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Binary Indexed Tree ===

int lowbit(int in) {
in & (-1n);

int get sum(int index) {
int ans = ©;
(index > @) {

ans s[index];
index lowbit(index);
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Image 1.4 - tree with tree frequencies
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Binary Indexed Tree ===

So...what about the change...?

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8




Binary Indexed Tree ~—

change ori[1] will affect s[1], s[1+1=2], s[2+2=4], s[4+4=8], ...

S[8]

S[4] j

S[2] S[6]

S[1] S[3] S[5] S[7]

i 1 2 3 4 5 6 7 8

lowbit(i) 1 2 1 4 1 2 1 8
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Binary Indexed Tree ===

change ori[3] will affect s[3], s[3+1=4], s[4+4=8], ...

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
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Binary Indexed Tree ===

change ori[6] will affect s[6], s[6+2=8], ...

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
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Binary Indexed Tree ===

change ori[4] will affect s[4], s[4+4=8], ...

S[8]
S[4] j
S[2] S[6]
S[1] S[3] S[5] S[7]
i 1 2 3 4 5 6 7 8
lowbit(i) 1 2 1 4 1 2 1 8
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Binary Indexed Tree ===

sponsor

int change(int index, int delta) {
(int 1 = index; 1i maxsize; 1 lowbit(i))

s[i] delta;

e Notice: index starts from 1
— index=0 > 0 + Lowbit(0) = 0

— infinite loop | | !
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Binary Indexed Tree ===

 How to find the summation between interval [i...]] ?
— call the subroutine “getsum|[j] — getsum|[i-1]”

« EXxpand the 1 dimension into 2 dimension by yourself

« Replace such routines with a segment tree by yourself




=

Binary Indexed Tree ===

- FEEH#E
— #1I5E% O(NlogN)
- sTEEEEEARMN - BXERZE O(log N)
— H Q E#E1F - #AEFHES O(N+Q log N)
— EVZEREA O(N)




Practice

POJ-2352 ()


http://poj.org/problem?id=2352
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2015 10l camp
http://ioicamp.csie.org/content

Segment Tree

https://github.com/vo0O1github/Data Structures/blob/master/Tr
ee/Segment%20Tree/Segment%20Tree.md

PKU Judge
Online
http://poj.org/

Competitive Programmer‘'s Handbook (written by Antti
Laaksonen)
https://cses.fi/lbook.html
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