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e CAu trdc truy van phan t& nho nhat trén doan con

e CAu truc cay phan doan
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

* Bai tdp minh hoa (P.02.03.01). Cho day a,, g, ..., @y.1. Cho s& nguyén duong K, ta can thuc hién K truy van,

mai truy van dang RMQ(j, j) tra vé chi sd cla phan tr nhd nhat ctia ddy a,, a ., Q.

j+1s - 0 Y
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

* Bai tdp minh hoa (P.02.03.01). Cho day a,, g, ..., @y.1. Cho s& nguyén duong K, ta can thuc hién K truy van,

moi truy van dang RMQj, j) tra vé chi so clia phan ti nhd nhat clia ddy g, a,,,, . . ., a;.
e Thuat toan truc tiép RMQ(a, i, 3){
* V&i moi truy van RMQ(i, j), ta duyét ddy a;, a,,,, . . ., a;. min = +o; min_idx = -1;
. Déphu»ctapo(/'_j) for k = i to j do {

if min > a[k] then {

min = a[k];, min_idx = k;

}

return min_idx;
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

» Bai tdp minh hoa (P.02.03.01). Cho day a,, a;, ..., G- Cho s6 nguyén duong K, ta can thyc hién K truy van,
moi truy van dang RMQ(j, j) tra vé chi so cua phan tir nho nhat cua day a;, a4, - . ., G
e Tienxly
* Tinh M([i,j] la chi s& clia phan t&r nhd nhat cdia ddy con bat dau tir a; va cé 2 phantlr, véii=0, 1, 2, ..,
log,(N+1) vaj=0,1,2, .., N-1.
0 1 2 3 4 5 6 4 8 9 10 11 12 13 14 15
41616 |8|7|3|3|518|9|1|2|6]|4

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o/o (1 |2 (3 |4 |5 |6 |7 |8 (9 |10 (11 |12 (13 |14 |15
10 (1 |3 |3 |4 |6 (7 (8 |8 |9 |10 (12 (12 |13 |15 |-
213 (3 |3 |3 |7 |8 |8 |8 |8 |12 |12 |12 |12 |- - -
313 (3 |3 (3 |8 |12 |12 |12 |12 |- - - - - - -
4 112 |- - - - - - - - - - - - - - -
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

* Baitoan con nhd nhat M[0, j]=j,j=0,..., N-1

« COng thirc truy hoi

« Mli,j] = MI[i-1, j] néu a[M[i-1, j]] < a[M[i-1, j+27]
{ MIi-1, j+2"1], nguoc lai

J jr2-1-1

j+ 21 j+2-1
| It i
\‘ —— . ’)
M[i-1, ] M[i-1, j + 2' 1]
MIi, ]
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

* Baitoan con nhd nhat M[0, j]=j,j=0,..., N-1
« COng thirc truy hoi preprocessing(){
¢ Mi, j] = {M[/’-l,j] néu alM[i-1, j1] < alMIi-1, j+21) for (1203 T <l Tae) MLO,T] = 1

MIi-1, j+2"], nguoc lai for (§ = @; 27 < N; F++){

for(i =0; 1 + 27 -1 < N; 1++){
if a[M[j-1,1]] < a[M[j-1,1+27-1]] then{
Mj,i] = M[j-1,1];
}else{
M[F,1] = M[J-1,1+423-1];
}
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CAU TRUC TRUY VAN PHAN TU’ NHO NHAT TREN DOAN CON (RMQ)

 Truy van RMQ(/ /)
e k=[log(j-i+1)]
« RMQ(i,)j) = MIk,i]l néu a[M[k,il] < a[M[k, j-2k+1]]
Mk, j-2%+1]], ngwoc lai
« RMQ(4,14) ="
* k=[log(14-4+1)]=3
* g[7]>a[12] =2 RMQ(4,14) =12 M[3,7] = 12

\

01234567(8910111213\1415
2146|168 |7|3(3|5|8[]9|1[2|6|4
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CAY PHAN DOAN (SEGMENT TREES)

* Bai tdp minh hoa (P.02.03.02). Cho ddy a,, a,, . . ., a,. Hay thuc hién 1 ddy cac thao tac sau day trén day da
cho:

* update/ v:gana,=v

* get-max i j: tra ve gid tri Ién nhat trong ddy a;, a,,4, . . ., a;
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CAY PHAN DOAN (SEGMENT TREES)

* Bai tdp minh hoa (P.02.03.02). Cho ddy a,, a,, . . ., a,. Hay thuc hién 1 ddy cac thao tac sau day trén day da
cho:
* update/ v:gana,=v
* get-max i j: tra ve gid tri Ién nhat trong ddy a;, a,,4, . . ., a;
e Thuat toan truc tiép
* Thao tac update i v: cap nhata, =v, d6 phuc tap O(1)
* Thao tac get-max i j: duyét ddy a, a,,4, . . ., @, dé tim phan tl I&n nhat, d6 phurc tap O(j /)

+1s -
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CAY PHAN DOAN (SEGMENT TREES)

* Segment Trees: cau truc cay nhi phan day du
e MOinut quanly 1 doan con trén cay
e NUt gbccdid=1 quan ly doan vdichisd [1, N]
e MOinUt co id = v quan ly doan vdi chi sb [i, j] thi
« Con traicéid = 2v quan ly doan vdi chisb [i, (i+)/2]
e Con phai cd id = 2v+1 quan ly doan vai chi sb [(i+)/2+1, j]

e Cautrdc dit liéu méi nut cta cay . _
. 2 F4 2 Vi Id, [L, R], maxval[ld]
e jd: chisO clanut

* [ vaR: chisd bat dau va chi sé két thic cta ddy con g, a,,,, . . ., a; ma nut quan ly
« maxVallid]: gid tri lén nhat ctaddy g, a,,, . . ., a; mand quan ly
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CAY PHAN DOAN (SEGMENT TREES)

1 2 3 4 6 7 8
1,1, 8],9
513|716 2| 8
2) [1I 4]I 7 3[ [SI 8]I 9
4,[1,2],5 5,[3,4],7 6, [5, 6], 9 7,17, 8],8
8[ [1I 1][ 5 9I [21 2][ 3 1OI [3I 3][ 7 11I [4I 4][ 6 12/ [5I 5]I 9 13/ [6I 6]I 2 14[ [7I 7]I 8 15[ [81 8]I 4
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CAY PHAN DOAN (SEGMENT TREES)

GetMaxFromNode(id, L, R, i, j){
// return the max value of a;,. . ., a; from the node (id, L, R)
if i > Ror j < L then return -o; // [L, R] and [i, j] are disjoint - not found
if i <= L and j >= R then // [L, R] is within [i, j]
return maxVal[id] // max value is stored in the node (id, L, R)
m= (L + R)/2;
LC = 2*id; RC = 2*id+1; // left-child and right-child
maxLeft = GetMaxFromNode(LC, L, m, i, j);
maxRight = GetMaxFromNode(RC, m+1, R, i, j);
return max(maxLeft, maxRight);
}
GetMax(i, j){
return GetMaxFromNode(1, 1, N, i, j) // Find Max from the root node

E“ DAI HOC BACH KHOA HA NOI
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CAY PHAN DOAN (SEGMENT TREES)

UpdateFromNode(id, L, R, index, value){
// propagate from the node (id, L, R) by the update: a[index] = value
if L > R then return;

if index < L or index > R then return; // node (id, L, R) does not manage a[index]

if L == R then { maxVal[id] = value; return; }
LC = 2*id; RC = 2*id + 1; // left-child and right-child
m = (L+R)/2;

UpdateFromNode(LC, L, m, index, value);
UpdateFromNode(RC, m+1l, R, index, value);
maxVal[id] = max(maxVal[LC], maxVal[RC]);
}
Update(i, v){
UpdateFromNode(1, 1, N, i, v) // start the propagation from the root node

E“ DAI HOC BACH KHOA HA NOI
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CAY PHAN DOAN (SEGMENT TREES)

« SO lvong nut trén segment tree nhd hon hodc bang 4n
e Ky hiéu k=] logN]
e SOlugng nuttrén cdy nhieunhatla 1 +21+22+ .. . +2k =211 < AN
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CAY PHAN DOAN (SEGMENT TREES)

 Phan tigh d6 phirc tap thao tadc GetMax, ta s& duyét qua nhiéu nhat 13 4 nut trén mdi murc cla cay (chirng
minh bang quy nap)
e 0 murc 1 (nut gbc): ta chithdm 1 nut gbce
* Gia s’ ta dang @ mot muc k hién tai, ta tham cac nat v, (| V,| < 4)
 Ta goi 2 doan [a, b] va [c, d] |a over-lap v&i nhau néu doan nay khéng phai la doan con (hodc trung
khép) cla doan kia
* Luu v: @ ham GetMaxFromNodel(id, L, R, i, j) tai nut (id, L, R), ta chi goi dé quy dé di thdm nut con
néu doan [L, R] va [i, j] |a over-lap.
* Gia s cac nut trong V, (di tu trai qua phai) la (id,, Ly, Ry), (id,, Ly, R,), - , (idg, Ly Ry). RO rang, sb
doan trong [Ll, R, . [L R ] over-lap v&i doan [j, j] pha| nho hdn hoac bang 2 du'orc vi néu nguac
lai thi cac nam doan g|u'a trong day cac doan over-lap vai [J, j] nay chac chan s& 13 doan con (hoac

trung khép) cta doan [i, Jj] va Vi thé tir cac nut &ng vdi cac doan & gilra sé khong goi dé quy dé di
tham nut con. T do suy ra so nut con & mirc k+1 dwoc tham nhoé hon hoac bang 4

i J
I
L, R, L, R, L R, L, R,
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CAY PHAN DOAN (SEGMENT TREES)

* Phan tich d6 phirc tap thao tdc GetMax, ta s& duyét qua nhiéu nhat 1a 4 nut trén mdi mirc cla cay (ching
minh bang quy nap)

PO cao cua cay la O(logN). Nhu vay do phirc tap cua thao tac GetMax(, j) la 4 x O(logN) hay la O(logN)
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CAY PHAN DOAN (SEGMENT TREES)

* Phan tich d6 phtrc tap thao tac Update(i, v)

e Xuat phat tr nut gbc, tai mdi murc k, ta chi thdm nhiéu nhat 13 1 nut con vi chi s6 i chi thudc vé nhiéu
nhat 1 doan con trong so 2 doan con duagc chia ra ti doan & mirc trudec.

* Do do, do phirc tap cua thao tac Update(/, v) la dd cao cua cay va la O(logN)
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THANK YOU !

@ hust.eduvn @ fbo.com/dhbkhn



