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7. Mau phan chia (Paradigm)

1. M6 hinh cay nhi phan (Binary
Tree Paradigm)

2. Chia dé tri (Devide and
Conquer Paradigm)

3. Phan hoach (Partitioning
Paradigm)
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7.1. Binary Tree Paradigm

* Xét cay nhi phan day dt véinla coé do cao la
log, n (hodc ky hiéu log n)

« Dit lidu dit & 7 nut 14,

* Qua trinh di tr ngon dén goc mat log » thoi gian.
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Khdo sat viéc tinh tong

Thuét gidi tuin tw mat O(n)

Xét véin = 2K dé c6 dwoc cay nhi phan day du

T day chia dir liéu thanh 2 nhém

SO tién trinh can thiétla n/2

Time for a Paradigm Shifi?
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Minh hoa

« Voin = 8 =23 mbinhém c6 4
phan t
—Nhém 1: A, Ay, Ay, A,
— Nhém 2: Ag, Ag, Ay, Ag

 Can 4 task

 V&i day gom 8 phan ti, mé hinh
nhw hinh vé bén dudéi

Scheme of Paradigm
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» B6n tién trinh déng thoi tinh cac gia tri tong cda
noé theo yéu cau

* ROi lwru vao cac bién twong rng
—-A <A+ A,
—A, — A+ A,
—A; — A5+ Aq
—Ay < A, + Aq
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* Giai doan tiép theo chi con lai 4 phan t. Cac
phan t lwu trong 2 nhém
—Nhém 1:A,, A,
— Nhém 2: A5, Ay
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 Khi d6 2 tién trinh dong thoi
cong
-A <A +A
—A, — A+ A,

* Cackét qua duocluuvaoA, A,
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Thuat giai

Algorithm: Tinh tdng nhij phan
Input: Mang A[1..n]

Output: A[1]

l.p=n/2

2. While p>0do

3. Fori=1 to p doPar

4 A1) = A(2i-1) + AQ21)
5. endFor

6. p=p/2

7. EndWhile
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b6 phirc tap

* SO process bandaulap=n/2
* Trong moi IAn thwc hién s6 tién trinh chi con
1/2.
* Nén s6 tién trinh cin thiét 1a
P=n/2 =0(n)

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

* Trong cau lénh 4, chi phi  Algorithm: Tinh téng nhi phin

s N Input: Méang A[1..n]
thoi gian 12 0(1) cho 1 Output: A

tién trinh, nén véi log,n 2. While p> 0 do
Fori=1 top doPar

bk o

bwérc, chi phi thoi gian 4 AG) = AQi-1) + AQi)
O(logn) =1
' 7: EndWhile
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7.2 Chia dé tri

* Chia bai todn thanh céc bai todn con dé dé tim ra
101 giai cho tirng bai toan con riéng I€.

» Hop nhit cac loi gidi nay lai dé dwoc 1oi giai cta
bai toan.
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* Theo cach thuc hién cia mo6 hinh cay nhi phan
 Thuét gidi song song chwa to0i wu, boi:

— Thuat gidi tuan tw cin 0(n)

— Song song cin O(logn) thoi gian véi O(n) task
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« Nén hiéu suat E (n)(Efficiency) qua nho Khi n
) !
ha lon: = <1
O(m)O(logn) logn
« Ching ta phai khao sat bai toan sao cho E,(n) c6
giatrilal
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* Véi thuat gidi tinh tong nhu trén,

O(n)
1 =E(n)=
P p X O(log n)
. SuyraP = k
logn
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Minh hoa

Chia mang A(1:n) thanh r = n/logn nh6m, dé huy
dong r tién trinh

Moi nhém c6 logn phan tt.

(O’ day van gia thiét n = 2k va n/logn 1a s6 nguyén
(k = logn)

Cac nh6m duoc phan b6 nhu sau:
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® AI’AZ’A3’° "’Ak

* Apir Apir Aprzo -0 A

* A(r—l)k+l’A(r—1)k+2’ e ’Ark
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Moi tién trinh céng log n phan ti.

Luwu két qua lai trong mang B(1:r)

Str dung thuit gidi song song (nhw phan 1) dé
tinh tong r phan t& cda B.

Thuit giadi song song trén B nay can O(log n)thoi
gian va O(r) tién trinh.
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b) Thuét giai

Algorithm: Tinh tong chia va ché ngu

Input: A(1..n)
Output: B(1)|

1.
2

3

4.
5.
6.

For i=1 to n/logn doPar
B(1)=0
For j=1 to logn do
B(i) = B(i)+ A(iktj-logn)
EndFor
EndPar
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Algorithm: Nhi phén tinh téng B(1..r)
Input: B(1..r)

Output: B(1)

l.p=1/2

2. While p>0do

3 For i=1 to p doPar i THA
4. B(1) =B(2i-1) + B(2i) oo nrmenccmson - msscney
5. EndPar
6

1.

p=p/2
EndWhile
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bo phirc tap
* Cac ciulénh 2, 3, 4 can O(log n) buéc thoi gian.

* Khi d6, cic bwdc tir 1 dén 5 dung song song mit
O(log n) thoi gian O(n/log n) tién trinh.
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* Cac buwoc con lai dung thuat giai song song dang
ciy nhi phan, can thoi gian véi chi phi:
O(log( )) = O(log n — loglog n) = O(log n)

logn
. Dung O(

1 )tié'n trinh.
ogn

« Nhu vy, thuat gidi can O(log n) thoi gian véi
0( ) tién trinh.

logn
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#include <stdio.h> double wt = omp_get_wtime();

#include <math.h> #pragma omp parallel for
#include <stdlib.h> for( 1 =0; i < R; i++ ){

#include <omp.h> Bli] = 0.0;
for(int j = 0; j < K;j++)

int main()<{ Blil+= A[(i+1)*K+j-K];

float *A, *B, xS;
long int N, i, j; b
int R, K, p; p = R/2;

while( p > 0 ){
printf(“No. of elements:"); #pragma omp for
scanf( "sld", &N ); for( i =0; i < p; i++ )
K = log2(N); Blil= B[2xi]+B[2xi+1];
R = N/K; p /= 2;

A = (float x)calloc( N,
sizeof(float) );

printf( "Elapsed Parallel

for( i = 0; i < N; i++ ) Time: %1f sec\n", _
Ali]l = i+1; omp_get_wtime()-wt );
B = (float *)calloc( R, printf( "Sum of Sequence:
sizeof(float) ); %s1f\n", B[O] );
return 1;
}
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6.3 M6 hinh phan hoach

* Theo cach tiép cin chia dé tri, thuit gidi phai bao
gom 2 buwdrc, trong dé cé bwdc quan trong la viéc
hop nhat cic bai toan con da chia ra dé dwoc loi
gidi ctia bai toan xuit phat.

 Doi khi viéc thwe hién nay lam dnh hwéng dén
két qua cua ban dau.
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* Trong mo hinh phan hoach, nguwoi ta khong quan
tim dén qua trinh hop nhit.

* Tién trinh phan hoach bdo ddm sao cho khi phin
chia xong, viéc gidi cac bai toan con cho két qua
la 1o gidi ciia bai toan dat ra.
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* Gia str c6 2 mang A(1:n), B(1:n) da duoc sap x€p
tang, cin phai hgp nhit thanh 1 mang C(1:2n)
cling tang.

« (b day gia thiét n = 2k, va r = n/log n 1a s6 nguyén
(k=logn)
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A =2 . "

Thuat giai tuan tw
Algorithm: Merge //Thuft giai trn tudn ty
Input: A(1..n), B(1..n)

Output: C(1..2n)
l.i=1;j=1;k=1
2. While k<=2ndo

3, If A(i) < B(j) then
4. Ck)=A()
9. i=i+1

6. Else

7: C(k) = B())
8. j=j+1

9. EndIf

10. k=k+1

11. EndWhile
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Minh hoa thuat giai

* Phin hoach A thanh r = n/log n nhém gém k
phan tr nhu sau:
_Al,AZ,AS,-oo,Ak

_Ak+1’Ak+2’ Ak+3s SRR sAZk
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« Tiép theo can tim r sd nguyén j, j,, . . ., j,.sao cho
—Jila chis616n nhitma A, > B;
—Jp1a chisdlon nhitma Ay > B,

—JrlachisdlonnhdatmaA,; > B;
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* Twr day, phan B thanh r nh6m nhw sau:
_Bl’BQ,’ o e ’Bj]
=Bj11:Bj42: - By,

- Bjr—l+1, Bjr—1+2, e jr
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* Céc phan tr trong nhém 1 cia A déu nho hon
hay bang cac phan ti trong nhém 2, 3, ... ctia B.

* C6 thé dong thoi hop nhit cac phan tir trong hai
nhém thir i cia A va B.

DOLLA
DIVIDE & CONQUER
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« O budc thir 2, dung thuat giai tim kiém nhi phan,
Algorithm: Thuat giai tron chi phi O(log n).

Input: A(1..n), B(1..n) « Buéc 3, tiy theo kich thwéc cta B;

Output: C(1..2n) o , : Ji-r+ 1
1. Fori= 1 tordoPar Néu lon hon k, chung ta dung thuat giai song

5 (i) = max {t/B(t)<A(ik)} song nay dé hop nhat hai phan twong trng cua A

—1+1:ji

3. Merge( A(i-Dk+1. k), BGE-1+1.56)) vaB.
4. EndPar
Minh hoa
« Con khi kich thuéc nay nhé hon hay bang k, « A={1,515,18,19,21,23,24,27,29,30,
thuat giai can chi phi O(log n). 31,32,37,42,49}
* Nhu vay, thuat gidn can O(log n) thoi gian, O(n/ - B={2,3,4,13,15,19,20,22,28,29,38,
log n) tién trinh. 41,42,43,48,49}

*n=16=24k=4,r=n/logn =4
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* A dwoc phan thanh 4 nhém

-1,5,15,18
—19.21,23,24 ""%‘?%;“"%a Fintain
— 27,29,30,31 chmu?;’?w ua“re'have

less power than the o

implementing the strategy
Idest trick in the book
|muar peo le tum on another

Bivide and R opauer

See the 53% for more detail

— 32,37,42,49
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» Khi do, j ={5,8,10}
* B duoc phan thanh 4 nhom
-2,3,4,13,15 '
—19,20,22
— 28,29
—38,41,42,43,48,49
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* Dong thoi hop nhat cAc nhém con cta A va B.

Nhom 1 2 3 4
A 1,5,15,18 | 19,21,23,24 | 27,29,30,31 32,37,
42,49
B 2,3,4,13,15 19,20, 22 28,29 38,41,42,43,48,49
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C(1:9) ={1,2,3,4,513,15,15,18}

C(10:16) ={19,19,20,21,22,23,24)}
C(17:22) ={27,28,29,29,30,31}

C(23:32) ={32,37,38,41,42,42,43,48,49,49}
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U'ng dung: thuat giai Merge-Sort

* Minh hoa, :
véi day 8 s0 e
nguyén, A
thuit giai 3 1\,
tron va sap ] A | s
x€p nhu sau: :

. 2 Rt/ .
45 ] 28
N

L2 - R AL 3 R 14 .

-

”

o
[=]=
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* CAc tién trinh dong thoi sap x€p tuidn tw phan dir
liéu lién quan.

* Sau khi hoan t4t, tron (merge) hai day da sap xép
thanh mot day sap xép

* C&c tién trinh tiép tuc cho dén hét dir liéu
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Vi du

4. Phén tich thuat toan song song tinh so 7 tlr tich

4 . :
phan nhw sau: 7 = [ ———dx bang cach xap
o 1 +x?

S 4
XIT =~ gTXZZAX,

Trong d6 Ax = —, x; = iAx
N
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#include <stdio.h>
#define N 10000000
int main(int argc, const char * argv[]){
double delta, x, sum = 0.0, pi;
delta = 1.0/N;
for ( int 1 = 0; i < N; i++ ){
X = ixdelta;
sum += 4.0/(1.0 + X*X);
¥
pi = sumxdelta;
printf( "Pi = %20.18f\n", pi );
return 0;
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5. Phéin tich thuit todn tinh sé  dung Phwong

phap Monte Carlo:

— Duwong tron ndi ti€p trong mot hinh vuéng

— Néu dit s6 chAm ngau nhién l1én hinh vuéng

— Thi ty 1 gitra s6 chAm nam trong hinh tron va s6

r27r T

chdm nam trong hinh vuéng la: ——— = —
2rx2r 4
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#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#definenpoints 10000000

int

main(int argc, const char % argv[]){
int count = 0;
double x, y, pi;
srand( (unsigned int)time(NULL) );
for ( int i = 1; i < npoints; i++ ){
x = (double)rand()/RAND_MAX;
y = (double)rand()/RAND_MAX;
if ( xkx + y*xy <= 1)
count += 1;
+
pi = 4.0xcount/npoints;
printf( "Pi = %20.18f\n", pi );
return 0;
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