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8.	Lập	trıǹh	OpenMP	với	shared-memory

• OpenMP	(Open	Multi-Processing)	được	cung	caPp	
bởi	The	OpenMP	Architecture	Review	Board	
(ARB)	published	its	first	API	specifications,		

• 10/1997:	OpenMP	for	Fortran	1.0	
• 10/1998.	OpenMP	for	C/C++	standard	
• 2000:	version	2.0	of	the	Fortran	specification
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• 2002:	version	2.0	of	the	C/C++	specifications	
• 2005:	Version	2.5	is	a	combined	C/C++/Fortran	
specification	

• 5/2008:	Version	3.0	
• 7/2014:	Version	4.0	
• 11/2018:	Version	5.9	
• The	current	version	is	5.2	(11/2021)
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http://www.openmp.org
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• Đee 	install,	có	thee 	thông	qua	website	https://
releases.llvm.org	đee 	download	phiên	bản	ca)n	
thieP t.	

• Hoặc	install	thư	viện	libomp	dùng	Homebrew	ở	
terminal	của	hệ	đie)u	hành,	bahng	lệnh:	
• brew	install	libomp
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• Với	C/C++,	có	thee 	dùng:	
• GCC	(GNU	Compiler	Collection)	
• Clang++	
• Intel	C	Compiler	
• Microsoft	Visual	C++	

• Chakng	hạn,	với	macOS,		
• install	GCC(vd	gcc-11):	brew	install	gcc	
• gcc-11	-o	vidu	vidu.c	-fopenmp	
• Lưu	ý:	với	gcc,	đã	có	OpenMP	đee 	dùng
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• OpenMP	là	dạng	lập	trıǹh	MultiThread	
• Dùng	đee 	lập	trıǹh	(Code	Generation)	song	song	
trên	bộ	nhớ	chia	sẻ	và	multicore	

• Chương	trıǹh	vieP t	trong	OpenMP	dùng	mô	hıǹh	
SPMD	(Single	Program	Multi	Data)
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• Các	thành	pha)n	của	OpenMP	bao	go)m:	
– Các	chı	̉thi	̣biên	dic̣h	(Compiler	Directives)	
– Các	hàm	thư	viện	(Runtime	Library	Routines)	
– Các	biePn	môi	trường	(Environment	Variables)
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Chı	̉thi	̣parallel

• OpenMP	được	đie)u	khieen	thông	qua	các	chı	̉thi	̣
• Những	chı	̉thi	̣của	chương	trıǹh	C/C++	được	bap t	
đa)u	bởi	từ	khóa	tie)n	xử	lý	#pragma.	

• Với	OpenMP,	chı	̉thi	̣được	bap t	đa)u	bởi	#pragma	
omp
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• Chı	̉thi	̣#parama	omp	parallel	cho	bieP t	các	câu	lệnh	
trong	khoP i	được	thực	thi	song	song	trên	các	
thread	của	máy.	

• Vı	́dụ:

11



• Chương	trıǹh	này	xuaP t	ra	4	dòng		
“OpenMP:	Hello”		

nePu	máy	đó	có	4	thread
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• Lưu	ý:	
– Chương	trıǹh	sử	dụng	các	hàm	thư	viện,	nên	phải	có	
#include <omp.h>	

– Khi	biên	dic̣h,	phải	chı	̉điṇh	thư	viện	với	–fopenmp.	
Chakng	hạn,	đee 	dic̣h	tập	tin	first.c	ra	tập	tin	first	khi	
dùng	GCC:	

gcc -o first first.c –fopenmp 
g++ -o first first.cc –fopenmp 

– Hoặc	dùng	Clang	phải	chı	̉điṇh,	chakng	hạn	
clang –o first first.c –fopenmp
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Chı	̉thi	̣parallel	for

• Chı	̉thi	̣này	chia	các	công	việc	trong	vòng	lặp	for	
cho	các	thread	

• Vı	́dụ:
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int main() { 
 int n, tid; 
#pragma omp parallel for 
 for( n = 0; n < 12; ++n ){ 
  tid = omp_get_thread_num(); 
  printf( "(%did, %d) ", tid, 
n ); 
 } 
 printf( "\n" ); 
 return 1; 
}



• Trên	máy	có	4	thread,	với	12	câu	lệnh	lặp	được	
phân	chia	cho	mow i	thread	đảm	trách	3	câu	lệnh.		

• Câu	lệnh	printf	giá	tri	̣0,	1,	2	(của	vòng	lặp)	được	
thực	hiện	bởi	thread	thứ	I	

• Câu	lệnh	in	giá	tri	̣3,	4,	5	bởi	thread	thứ	II	
• Câu	lệnh	in	giá	tri	̣6,	7,	8	bởi	thread	thứ	III	
• Câu	lệnh	in	giá	tri	̣9,	10,	11	bởi	thread	thứ	IV
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• KeP t	quả	la)n	lượt	4	
thread	xuaP t	ra	3	con	
soP 	của	mıǹh	ca)n	print	
(4	x	3	=	12	con	soP )	

• KeP t	quả	của	5	la)n	chạy
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• Thay	12	bởi	8,	trên	máy	với	4	thread.	
• Chương	trıǹh	như	trên	cho	keP t	quả	(0,1:	Thread	
I;	2,3:	Thraed	II;	4,5:	Thread	III,	6,7:	Thread	IV)
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• Lưu	ý:	
– Với	chı	̉thi	̣này,	ta	có	thee 	chı	̉điṇh	soP 	thread	ca)n	thực	
hiện.	Chakng	hạn,	chı	̉muoP n	dùng	2	thread:	
#pragma omp parallel for num_threads(2) 
– Khi	đó,	với	vı	́dụ	trên,	các	câu	lệnh	in	0,	1,	2,	3,	4,	5	
cho	thread	thứ	I;	6,	7,	8,	9,	10,	11	cho	thread	thứ	II.
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• Lưu	ý:	
– Việc	khai	báo	sau	đây	là	tương	đương	nhahm	chı	̉ra	n	là	biePn	
điạ	phương	của	từng	thread	

 int n; 
 #pragma omp parallel for private(n) 
 for( n = 0; n < 12; ++n ) 
Và	
 #pragma omp parallel for  
 for( int n = 0; n < 12; ++n )
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Vı	́dụ

• Khởi	tạo	giá	tri	̣ban	đa)u	cho	một	mảng	dữ	liệu	có	
	pha)n	tử,	trong	đó	 	

• Cách	giải	quyeP t:	
• Chia	thành	 	mảng	con,	mow i	mảng	có	 	pha)n	
tử	

• Từ	đó	 	tiePn	trıǹh	đo) ng	thời	khởi	tạo	các	
mảng	con	này

N N ≫ 1

P N
P

P
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• Chương	trıǹh	con	khởi	tạo	của	mow i	tiePn	trıǹh:
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• Chương	
trıǹh	con	
phân	chia	
cho	mow i	
tiePn	trıǹh:



Chương	trıǹh	Simple3.c++	

• Chương	trıǹh	chıńh:
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Tıńh	toe ng	đơn	giản
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• Với	thuật	giải	trong	pha)n	paradigm	ve) 	chia	và	
cheP 	ngự
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#include	<stdio.h>	
#include	<math.h>	
#include	<stdlib.h>	
#include	<omp.h>	

int	main(){	

	 float	*A,	*B,	*S;	
	 long	int	N,	i,	j;	
	 int	R,	K,	p;	
	 	
	 printf("No.	of	elements:");	 	
	 scanf(	"%ld",	&N	);	
	 K	=	log2(N);	
	 R	=	N/K;	
	 	
	 A	=	(float	*)calloc(	N,	sizeof(float)	);		
	 for(	i	=	0;	i	<	N;	i++	)	
	 	 A[i]	=	i+1;	
	 B	=	(float	*)calloc(	R,	sizeof(float)	);	
	 double	wt	=	omp_get_wtime();	

#pragma omp parallel for 
 for( i = 0; i < R; i++ ){ 
  B[i] = 0.0; 
  for(int j = 0; j < K;j++) 
   B[i]+= A[(i+1)*K+j-K]; 
 } 
 p = R/2; 
 while( p > 0 ){ 
#pragma omp for 
  for( i = 0; i < p; i++ ) 
   B[i]= B[2*i]+B[2*i+1];  
  p /= 2; 
 } 
 printf( "Elapsed Time: %lf sec\n",  
   omp_get_wtime()-wt ); 
 printf( "Sum of Sequence: %lf\n", B[0] ); 
 return 1; 
}



• Vı	́dụ:	nhân	ma	trận	 ,	với	 	

• Chương	trıǹh	tua)n	tự:	

c = a × b cij =
l

∑
k=1

aikbkj
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int	mult(	double	**a,	double	**b,	double**c,	int	n,	int	m,	int	l	){	
	 double	wt;	
	 wt	=	omp_get_wtime();	
	 int	i,	j,	k;	
	 for	(	i	=	0;	i	<	n;	i++	)	
	 	 for	(	j	=	0;	j	<	m;	j++	){	
	 	 	 c[i][j]	=	0.0;	
	 	 	 for	(	k	=	0;	k	<	l;	k++	)	
	 	 	 	 c[i][j]	+=	a[i][k]*b[k][j];	
	 	 }	
	 printf(	"Elapsed	time:	%lf	seconds\n",	omp_get_wtime()	-	wt	);	
}



• Chương	trıǹh	song	song
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int	par_mult(	double	**a,	double	**b,	double**c,	int	n,	int	m,	int	l	){	
	 double	wt;	
	 wt	=	omp_get_wtime();	
	 int	i,	j,	k;	
#pragma	omp	parallel	private(	i,	j,	k	)	
	 {	 	
	 	 if	(	omp_get_thread_num()	==	0	)	
	 	 	 printf(	"Num	of	threads	%d\n",	omp_get_num_threads()	);	
#pragma	omp	for	
	 	 for	(	i	=	0;	i	<	n;	i++	)	
	 	 	 for	(	j	=	0;	j	<	m;	j++	){	
	 	 	 	 c[i][j]	=	0.0;	
	 	 	 	 for	(	k	=	0;	k	<	l;	k++	)	
	 	 	 	 	 c[i][j]	+=	a[i][k]*b[k][j];	
	 	 }	
	 }	
	 printf(	"Elapsed	time:	%lf	seconds\n",	omp_get_wtime()	-	wt	);	
}



• KeP t	quả	tıńh	với	C	=	A	x	B	trên	máy	gpu.vast.vn	
với	24	processor	
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Matrix A Matrix B Par Time (s) Seq Time (s)

800 800 800 800 0,49 3,25

800 800 800 8000 5,39 60,29

8000 800 800 8000 51,56 598,01



Chı	̉thi	̣critical

• Xem	xét	vı	́dụ	tıńh	toe ng	của	một	dãy	{an}	go)m	n	
soP 	thực.		
– Khi	đó,	từng	thread	tıńh	toe ng	riêng	(khai	báo	là	ls).		
– Thread	chủ	làm	nhiệm	vụ	tıńh	các	toe ng	(khai	báo	là	
s)	từ	các	toe ng	riêng	này	ro) i	xuaP t	ra	mà	hıǹh.	

• Khi	đó,	việc	tıńh	s	=	s	+	ls	được	ngăn	ngừa	đee 	các	
thread	không	tıńh.		
– Việc	này	được	thee 	hiện	qua	chı	̉thi	̣critical.
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• Vı	́dụ
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Mệnh	đe) 	reduction

• Với	cách	tıńh	toe ng	dãy	soP 	{an}	như	trên,	có	thee 	
dùng	reduction	đee 	có	keP t	quả	bahng
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Mệnh	đe) 	private

• Nhahm	chı	̉ra	các	biePn	liệt	kê	trong	danh	sách	của	
mệnh	đe) 	này	là	biePn	điạ	phương	của	thread.	

• Xem	các	vı	́dụ	trên
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Một	soP 	hàm	thư	viện

• double	omp_get_wtime():	trả	ve) 	thời	gian	hiện	tại,	
tıńh	ra	giây	

• int	omp_get_thread_num():	đee 	nhận	bieP t	thread	nào	
thực	hiện	

• int	omp_num_threads():	cho	bieP t	toe ng	soP 	thread	
• int	omp_get_num_procs():	trả	ve) 	soP 	processors	hiệu	
lực	vào	thời	đieem	hàm	này	được	gọi.	
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• int	omp_get_max_threads():	trả	ve) 	soP 	thread	toP i	đa	
được	sử	dụng	mà	không	có	mệnh	đe) 	num_threads	
trong	chı	̉thi	̣#pragma.	

• int	omp_get_num_threads():	trả	ve) 	soP 	thread	được	
sử	dụng	trong	vùng	tác	động	của	lệnh	thi	hành	
song	song	mà	nó	được	gọi.
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• Vı	́dụ:	chı	̉chương	trıǹh	chạy	trên	thread	#0	mới	
xuaP t	ra	soP 	lượng	thread	đang	sử	dụng	dưới	một	
chı	̉thi	̣song	song	

if ( omp_get_thread_num() == 0 ) 
 printf( "Num of threads %d\n", omp_get_num_threads() ) 
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Chı	̉thi	̣Section

• Khi	phân	rã	theo	chức	năng,	có	thee 	có	những	đoạn	
chương	trıǹh	chạy	ở	những	tiePn	trıǹh	khác	nhau.	

• Chakng	hạn,	
– Work0:	thực	thi	ở	taP t	cả	các	tiePn	trıǹh	và	song	song	với	các	
Work1,	Work2,	Work4,	Work5	

– Work1:	thực	thi	trong	1	tiePn	trıǹh	
– Work2,	Work3:	thực	thi	tua)n	tự	trong	cùng	1	tiePn	trıǹh,	
nhưng	song	song	với	Work4	

– Work4:	thực	thi	song	song	với	Work2	
– Work5:	thực	thi	ở	tiePn	trıǹh	chủ	(tiePn	trıǹh	#0)
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• KeP t	quả
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• Vı	́dụ,	có	2	section,	thực	thi	2	công	việc	đo) ng	thời
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Vı	́dụ	tıńh	toe ng	song	song	và	tua)n	tự	cùng	
nhau
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