[lepeBo ®eHBUKA
Introduction to Fenwick tree



Nepeso PeHBYKA — CTPYKTYpa AaHHbIX, TpebytoLas O(n) namsaT 1

nossongarouwaga agddekTMBHO (3a O(log n)) BbINOMNHATL crieaylowmne
onepauun:

Memory: O(n), Time: O(log n)

Operations

* UIBMEHATb 3Ha4YeHue Nbdoro afnemMeHTa B MaCCuBe,
* To change the value of any element in the array

* BbIMOSTHATb HEKOTOPYIO acCoLMaTUBHYH, KOMMYTaTUBHYIO, U
obpaTMmMyto onepauunto Ha OTpeskKe.

* To calculate some associative and commutative functions on the interval



Phere is an array A[0..N-1].

Let’s construct an array T[0..N-1] .
l

Ti: z Ak

k=F (i)
where F (i) is some function, we will discuss it below.



Penepb Mbl MOXXeM peann3oBaTb caeayowme GyHKLUK:
l

Ti: z Ak

k=F (i)

//Sum [0; R]

int sum(int r) //Update i on value delta

{ void update(int i, int delta)
int result = 0; { . . . .
while (r >= @) { for all j, where F(j) <=1 <= ]
result += t[r]; { .
P = f(P) - 1; t[j] += delta;
} } }
return result;



UT0 32 PyHKUMNA F - ?

et F(x) = x & (x + 1), where «&» is bitwise AND.
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How can we find for given i all the j that F(j) <=i<=j



UT0 32 PyHKUMNA F - ?

et F(x) = x & (x + 1), where «&» is bitwise AND.
How can we find for given i all the j that F(j) <=i<=j

Let’s use H(x) = x | (x + 1), where «|» is bitwise OR.



int sum (int r) void change (int i, int delta)
{ {
int result = @;
for (; r>=0; r=(r & (r+1)) - 1)

result += t[r];

For (id % nid=ofd |ExE)))
t[i] += delta;

return result; ¥

int sum (int 1, int r)

{

return sum (r) - sum (1-1);



Initialization in O(N log N)

void init (vector<int> a)
{
t.resize((int) a.size(), 0);
for (int i = @; i < (int)a.size(); i++)

change(i, af[il]);



Initialization in O(N)

void init(vector<int> a)
{
int k;
for{(int i=0; i < (int)a.size(); i++)
t[i]+=ali];
if((k =1 | (i + 1)) < (int)a.size())
Lk]+=t[1i];

e

—



Advantages

* |t allows to calculate the value of some associative, commutative
operations on the interval [L; R] and to change the value of any
element in O (log N)

* Memory in O(N)
* The easy implementation
* It can be easy transformed into 2D and 3D arrays



2D Fenwick Tree

int sum (int x, int y) void change (int x, int y, int delta)

{ {
int result = 0; for: {int i =53 1 2 03 3= i | Ge)))
for (int i =x; i>=0; 1i= (1 & (i+1)) - 1) EOEOLRE 5 e T 2 9 5 65 | RN
for (int J=y; j>=0; j=(] & (j+1)) - 1) £T3175 —’dlt"
result += t[i][j]; [1103] += delta;

return result;



Disadvantages

* The using operation in Fenwick Tree must be reversible, so it can’t
work with “maximum” and “minimum” operations well on intervals.




...but!

* [1pn HekoTOpPOM MOoaNdUKALINK, Mbl BCE e CMOXXeM paboTtaTb C
MUHUMYMOM (C MaKCMMYMOM) Ha OTpE3Ke, HO C OrpaHNYeHUAMM.

* Tak ke aepeBo MOXHO MoandunumpoBaTb AN U3MEHEHUS
ONEMEHTOB Ha OTpe3Ke.

* We can modify it so it can work even with max and min (with some
limitation).

* The tree can be modified to work with changing elements on the
interval.



[lonesHble CCbINKN

» ObOLWwan nHpopmaumsi rno gepesy
a) E-maxx
b) KoHcnektbl N TMO
c) Xabpaxabp

* [lepeBO 1 MAKCUMYM
 [lepeBo ¢ MoanduKaLmMen Ha OTpeskKe




