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Rules for Parallel Programming for Multicore

James offers eight key rules for multicore programming based on parallel programming experiences of his
own and others.

By James Reinders, Dr. Dobb's Journal
9 05, 2007
URL:http://www.ddj.com/hpe-high-performance-computing/201804248

James is part of Intel’s Software Development Products team, and author of Intel Threading Building Blocks: Outfitting C++
for Multi-core Processor Parallelism. He can be reached at_james.rreinders@intel.com.

Programming for multicore processors poses new challenges. Here are eight rules for multicore programming to help you be
successful:

1. Think parallel. Approach all problems looking for the parallelism. Understand where parallelism is, and organize your
thinking to express it. Decide on the best parallel approach before other design or implementation decisions. Learn to
"Think Parallel.”

2. Program using abstraction. Focus on writing code to express parallelism, but avoid writing code to manage threads or
processor cores. Libraries, OpenMP, and Intel Threading Building Blocks are all examples of using abstractions. Do not
use raw native threads (pthreads, Windows threads, Boost threads, and the like). Threads and MPI are the assembly
languages for parallelism. They offer maximum flexibility, but require too much time to write, debug, and maintain. Your
programming should be at a high—enough level that your code is about your problem, not about thread or core
management.

3. Program in tasks (chores), not threads (cores). Leave the mapping of tasks to threads or processor cores as a
distinctly separate operation in your program, preferably an abstraction you are using that handles thread/core
management for you. Create an abundance of tasks in your program, or a task that can be spread across processor
cores automatically (such as an OpenMP loop). By creating tasks, you are free to create as many as you can without
worrying about oversubscription.

4, Design with the option to turn concurrency off. To make debugging simpler, create programs that can run without
concurrency. This way, when debugging, you can run programs first with—then without—concurrency, and see if both
runs fail or not. Debugging common issues is simpler when the program is not running concurrently because it is more
familiar and better supported by today's tools. Knowing that something fails only when run concurrently hints at the
type of bug you are tracking down. If you ignore this rule and can't force your program to run in enly ene thread, you'll
spend too much time debugging. Since you want to have the capability to run in a single thread specifically for
debugging, it doesn't need to be efficient. You just need to avoid creating parallel programs that require concurrency
to work correctly, such as many producer—consumer models. MPI programs often violate this rule, which is part of the
reason MPI programs can be problematlc to implement and debug.

5. Avoid using locks. Simply say "no” to locks. Locks slow programs, reduce their scalability, and are the source of bugs
in parallel programs. Make implicit synchronization the solution for your program. When you still need explicit
synchronization, use atomic operations. Use locks only as a last resort. Work hard to design the need for locks
completely out of your program.

6. Use tools and libraries designed to help with concurrency. Don't "tough it out” with old tools. Be critical of tool
support with regards to how it presents and interacts with parallelism. Most tools are not yet ready for parallelism.
Lok for threadsafe libraries—ideally ones that are designed to utilize parallelism themselves.

7. Use scalable memory allocators. Threaded programs need to use scalable memory allocators. Period. There are a
number of solutions and I'd guess that all of them are better than mafloc(). Using scalable memory allocators speeds up
applications by eliminating global bottlenecks, reusing memory within threads to better utilize caches, and partitioning
properly to avoid cache line sharing.

8. Design to scale through increased workloads. The amount of work your program needs to handle increases over time.
Plan for that. Designed with scaling in mind, your program will handle more work as the number of processor cores
increase. Every year, we ask our computers to do more and more. Your designs should favor using increases in
parallelism to give you advantages in handling bigger workloads in the future.

http://www.ddj.com/hpc-high-performance-computing/201804248
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1. Learn to “Think Parallel.”

2. Program using abstraction.

3. Program in tasks(chores), not
threads(cores).

4. Design with the option to turn
concurrency off.

5. Avoid using locks. Avoid when
you can, use when you must,

6. Get tools to help.

7. Use scalable memory allocators.
8. Design to scale through
increased workloads.
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Virtual Flight on High-Performance Architectures
M. J. Aftosmis, S. M. Murman, M. Nemec, NASA Ames

SC2004,Pittsburgh, PA, Nov. 6-12, 2004
Graphics courtesy of NASA Ames
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M=5
DO I=1,N
DO J=1,M
A@J,) =B@J,)+CJ,)*D
ENDDO
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(directives/pragmas) [Z& %

1514k

—-C R C++TDFETIT

#pragma omp construct [clause [clause]...]

— Fortran T D $87R1T:
C$OMP construct [clause [clause]...]
ISOMP construct [clause [clause]...]
*$OMP construct [clause [clause]...]

c £ DI —FKTDF7AI)L

#include “omp.h”
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arallel Program

Sequential Program #include “omp.h”
void main()

{
int 1, k, N=1000;
double A[N], B[N], C[N];

void main()

{

int i, k, N=1000:
double A[N], B[N], C[N]:

#pragma omp parallel for
for (1=0; i<N; 1++) {
A[1] = B[1] + k*C[1];
}

}
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void main() #include “omp.h”
{ void main() Thread 3
int i, k, N= {
double A[N], int i, k, N=1000;
1b = 0; double A[N], B[N], C[N];
ub = 250; #pragma omp parallel for , N=1000;
for (i=1b;i< for (i=0; i<N; i++) { [N], B[N], C[N];

U N - ;_-.ag;,. W// =

A[i] = BI[i A[i1] = B[i] + k*C[1];
}

}
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printf(*program begin¥n”);

N = 1000;
#pragma omp parallel for
for (i=0; I<N; i++)

Ali] = BJ[i] + CIi];
M = 500;
#pragma omp parallel for
for (j=0; |<M; j++)

P01 = albl - rO;

printf(“program done¥n”);
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HPC Server 2008
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>“Thread|ng Building Blocks
(C++ template library)

Iﬁte ®

Concurrent Containers
concurrent_hash_map

Generic Parallel Algorithms
parallel for
parallel_reduce

concurrent_queue
pipeline concurrent_vector

parallel_sort
parallel_while
parallel_scan Task Scheduler

Low-Level Synchronization Primitives
atomic
mutex

Memory Allocation

cache aligned allocator
scalable_allocator

spin_mutex
gueuing_mutex
spin_rw_mutex Timin
gueuing_rw_mutex tick _count
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static void SerialUpdateVelocity() {
for( int I=1; i<UniverseHeight-1; ++1)
#pragma ivdep
for(int j=1; j<UniverseWidth-1; ++j)
VIl += (SOl - SOju-1] + Thiol - T0-
1101)*MQf;
}
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e - provided by 88
struct Upd&t@VElOCityBOdy { black = boilerplate for library
void operator()( const blocked range<int>& range ) const {

Int end = range.end();
for(int i= range.begin(); i<end; ++i) {
#pragma ivdep
for(int ]=1; j<UniverseWidth-1; ++j )
VIl += (SOI0T - Shl0-1] + TO]0] - TO-1]0D)*MI:}

}
¥

void ParallelUpdateVelocity() {
parallel for( blocked range<int>( 1, UniverseHeight-1, GrainSize ),

UpdateVelocityBody() );
== -
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., }
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=2 )—Fx2VYTv kx4 37

- - i T R
era Term VT = [ @lES)
ontrol ~Window Help

37 min, 2 users, load averaze: 7.38, 2.26, 0.92

—a 0%,
1670%

2.168.1.3 - Tera Term VT
Flle Edit Setup Control Window Help

: . : ] 17 runnine, 222 sleepmg, 0 stopped, 0 zombie
‘address sizes 38 bits physmal, 48 bits virtual
: 0.0 0.0%id, 0.0%wa, 0.0%hi, 0.0%=i, 0.0%st
[orer memmsement 00k K 00w DDt DR 00k
A i .0%id, WA, .0%hi, Ok=i, LOkst
Processer : L i 0:0%ni, 9:2%id, 0.0%ma, 0.0%hi, 0.0%si, 0.0%st
pooderid, 0. 8.0%id, 0l0%wa, 0.0%hi. 0.0%si, 0.0%st
| i 25 0. 8.0%id, 0.0%wa, 0.0%hi, 0.0%=i, 0.0%st
nodel name ¢ Tntel(R) eon(R) CPU E5472 @ 3.00GHz 0L I.oid, O.gm. 003D D00 0.0
gt | i 0.0%ni, 0.0%id, 0.0%ma, 0.0%hi, 0.0%si, 0.0%st
cache Slze < 8144KB 0. UO%Id, 0 0%wa, 0 O%hly UO%SI, OU%ST,
ohysical i 0. 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st
bl inas : 0.0 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st
feore id D ! 0.0 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st
Lot i i .Ofus, 0. 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st
fpu A ‘ O%us, M. 0. 0.0%id, 0.0¥wa, 0.0%hi, 0.0%=i, 0.0%st
et escention, © via Coulb :100.0%us, A0.0¥sy, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, 0.0¥=i, 0.0%st
cpqu E] 110 : 63100756k Wtal, 27359058k used, 35750700k free, 121032k buffers
i Pwap: 4192956k 1 Ok used, 4192956k free, 14255632k cached
fl : d 1 8 t
1a§§x fxsr sse ssegus;mﬁt Emp§§sc§(l:lm§; Tgecngggtggt ?gtlchi?pdg g;lpgnfx HD USER MEN TUHE+ COMMAND
bt oe 019.82 ) .76 xlinpack_xeonf4

clflush size .08 xlinpack_xeonB4

cache_aliznment : 64
address sizes  © 38 bits physical, 48 bj irtual
power management :

.85 xlinpack_xeonB4
.82 xlinpack xeonbd
.75 xlinpack_xeonB4
2 xlinpack_xeonB4
.00 xlinpack_xeonB4

L‘QNI—')—‘)—‘O‘K:QO—‘

] ®,
0 20.0 0
0 20.0 0
0 20.0 0
0 20.0 0
0 20.0 O
3 i
b " Genuinelntel 0 200 0:12.04 xlinpack xeon6d
lcpu fag 4 0 20.0  0:12.02 xlinpack_xeonb4
odel 123 0 20.0 0: 9 xlinpack_xeonB4
} odel : Intel(R) Xeon(R) CPU Eb472 @ 3.00GHz 0 20.0  0:05.88 xlinpack xeontd
l=tepping 1B 0 20.0  0:05.87 xlinpack_xeonB4
lcpu WHz : 3000.110 0 20.0 0:05.89 xlinpack_xeonf4
lcache =ize 14 KB 0 20.0  0:05.89 xlinpack xeon64
physical i 0 20.0  0:06.00 xlinpack_xeonb4
l2iblings 0 20.0  0:05.90 xlinpack_xeonf4
core id 8 : g 88 81 .lg aut omount,
K 0L, init
5400 EBEH T § 8 8 oBE b0 thupeuag
f u_exce 9 A :00. softirg
cguld Tevdl e‘n 10 0 0 08 0 0.0 0°00.00 watchdog/0
! yes 5 root 0 0 08 0 0.0 0:00.00 migration/1
flags fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge 6 root 19 0 03 0 0.0 0 .00 ksoftirad/1
i mmx fxsr sse sseZ s ht tm svscall nx lm constant_tsc pni ds_cpl wmx 7 root 0 0 03 0 0.0 0:00.00 watchdos/1
bogomips : B022.14 8 root 0 0 03 0 0.0 0:00.00 migration/2
clflush size 9 root 19 0 03 0 0.0 0:00.00 ksoftirad/2
cache_aliznment : 64 %(1] root 8 8 8 g 8 88 81 88 wad;chclog/,Z/3
address =i 3 i hysical, 48 bits virtual root ) :00.00 migration,
Siress Bl g3 00 plvselys Fhitsrizhy ‘ 19 root 19 0 08 0 0.0 0°00.00 ksoftirad/3
13 root 0 0 05 0 0.0 0:00.00 watchdos/8

[
I root@localhost "1#
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® 1333MHz FSB(128cores/16 boards) 1600MHz FSB(128cores/16 boards) m6.4GT/s QPI(128cores/16 boards)
500000 A All results are in MB/s --- 1 MB=10"6 B, *not* 2720 B
Machine ID ncpus CCOPM SCALE ADD TRIAD
450000 - SGI_Altix 4700 1024 3661963.0 3677482.0 4385585.0 4350166.0
SGT_Altix 3700 Bx2 512 906388.0  870211.0 1055179.0 1119913.0
SGI_Altix 3000 512 854062.0  854338.0 1008594.0 1007828.0
NEC SX-7 32 876174.7 865144.1  869179.2  872259.1
400000 - IBM Power 595 64  679207.2  624707.8  777334.8  805804.6
NEC SX-5-16A 16  607492.0  590390.0 607412.0  583069.0
ScaleMP_XeonX5570_vSMP_16B 128  437571.0 431726.0  442722.0  445869.0
350000 - NEC SX-4 32 434784.0  432886.0  437358.0  436954.0
HP AlphaServer GS1280-1300 64  407351.0  400142.0  437010.0  431450.0
~—~ Cray T932 321024-3E 32 310721.0  302182.0  359841.0  359270.0
3 ScaleMP_XeonX5570_vSMP_8B 64 276040.0 267553.0 268462.0 268722.0
» 300000 - Fujitsu/Sun_Enterprise M9000 128  224401.0 223113.0 224271.0 227059.0
o NEC SX-6 8  202627.2  192306.2  190231.3  213024.3
S IBM System p5 595 64  186137.0  179639.0  200410.0 206243.0
~ HP Integrity SuperDome dc 128 154504.0 152999.0 169468.0 170833.0
< 250000 - IBM Power 575 32 142708.2  142612.4  159010.7  162844.0
S VXSMP 2800 (Xeon X5550) 32  136845.2 137574.5 137685.6 139606.5
S Cray C90 16 105497.0 104656.0 101736.0 103812.0
S 200000 - IBM System p5-575 8 77901.0 81228.0 96726.0  100523.0
c SGI_0rigin3800-500 256 87019.5 85514.4  101695.6 99680.2
Lfg Azul Vega2 7280 768 83968.4 83223.6 90757.1 91394.2
150000 - http://www.cs.virginia.edu/stream/top20/Bandwidth.html
100000 -
o .
0 _4—_-__ .

8 16 32 64 128
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y mLU-MZ
) u SP-MZ
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LU-MZ
2 4 8 16 32

OpenMPR Ly F#/N FO+wvyHa7

EBBLRREANYFI—DVY—)UThHDBNAS Parallel Benchmark (NPB) M—DT&d3NPB-MZ (NPB Multi-Zone) [k D KIEDK
TRAHIUEDRBET > TUNE T, NPB-MZTIE. /\1 T w REDOIHINIBDORZ + UIZOpenMPD T X FHO'QJRETY, CCTOHE
RIE. OpenMPIZIFTHOUHINIBOMREESTH L TLE T,
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$ cat -n pi.c

1 #include <omp.h> // OpenMPEFTRIEIMEUHL

2 #include <stdio.h> /] DI=HDNIFEI74IVDIETE
3 #include <time.h> =

4 static int num_steps = 1000000000; ODEHMP#E?TT:[T I

5 double step;

6 int main ()

T -

8 int i, nthreads; OpenMPi’i‘TlﬁfFﬂﬁ I
9 double start time, s

10 double x, pi, s

11 step = 1.0/ (d // OpenMPHUFITOTS L :
12 #pragma omp parallel priva // WHIRITHEBDERTE
13 { nthreads = omp get/ num threads(); // EITHEARIZKIALYFHEOEIEF
14 #pragma omp for reduction(+:sum) // “for” T—ILITHEX
15 for (i=0;i< num steps; i++){ // private&reductionf§fl
16 x = (i+0.5) *step; // DIEFE

17 sum = sum + 4.0/ (1.0+x*x) ;

18 }

19 }
20 pi = step * sum;
21 printf ("%$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);
22 }

$ icc -0 -openmp pi.c
pi.c(14) : (col. 3) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.

pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLELIZED [N ket
$ setenv OMP NUM THREADS 2 «— AN IEAYE—D l

$ a.out
RBZERBORTE I

2 Threads : The value of PI is 3.1415927
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Cluster OpenMPa 2784 JL
oRsmshT—s0% |

///OpenMPSRATHBABIFEF U HIL
!/ DIEHDAYFEI7AILDIETE

$ cat -n cpi.c

#include <omp.h>

#include <stdio.h>

#include <time.h>

static int num steps

double step;

#pragma intel omp sharable (num_stepys)

#pragma intel omp sharable (step)

int main ()

{

10 int i, nthreads;

11 double start time, stop_time;

12 double x, pi, sum = 0.0;

13 {#pragma intel omp sharable (sum)

14 step = 1.0/ (double) num_steps;

15 #pragma omp parallel private (x)
{

o JdJoUd WDNR

OpenMPER TR B %

/4 OpenMPH LT ILTATS A
7/ HHIRITRIBDEHRE

[I

16

17 nthreads = omp_get num_ threads // EITHFBERICKIALYFE OIS

18 #ipragma omp for reduction (+:sum) // “for” T—ULTTHEEX

19 for (i=0;i< num steps; i++) { // privateéreductionigiRf]

20 x = (i+0.5) *step; // DIE

21 sum = sum + 4.0/ (1.0+x*x) ;

22 }

23 }

24 pi = step * sum;

25 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);

26 }

27 - : " —_—
$ icc -cluster-openmp -O -xT cpi.c <+— :J;\“r‘jb&){ Jt ~ I
cpi.c(18) : (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.

cpi.c(15) : (col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

$ cat kmp cluster.ini

--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_ timeout=500
$ ./a.out

4 Threads : The value of PI is 3.1“ ﬁﬁ]%ﬁﬂﬂﬂﬁ@%i I

RF—=5T NI RT LA
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Vertical Scaling
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N foom OOOO

. Q &
MPIfOpenMP/Af T 1)y Ka— K
. MPITIBHE & ht=F T~ — 3 2I1Z0penMPTO LI £ B

. MF%JE%&OpenMP'GO)U—O VIT7ZEFRALTHERRWILSNED
<

Fortran C/C++
include ‘mpif.h’ #include <mpi.h>
program hybsimp int main(int argc, char **argv){
int rank, size, ierr, i;

call MPI_Init(ierr)
call MPI_Comm_rank (...,irank,ierr) ierr= MPI_Init(&argc,&argvl[]);
call MPI_Comm_size (...,isize,ierr) ierr= MPI_Comm_rank (...,&rank);
I Setup shared mem, comp. & Comm ilerr= MPI_Comm_size (...,&size);
ISOMP parallel do //Setup shared mem, compute & Comm

doi=1,n #pragma omp parallel for

<work> for(i=0; i<n; i++){

enddo <work>
I compute & communicate }
call MPI_Finalize(ierr) // compute & communicate
end ierr= MPI1_Finalize();

A= WO RT LAk &1t
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« MPIUIFEEIZEZEZET-
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Biltsnt=-T—2 &

Hx 1=

Eortran

1731

5

C/C++

include ‘mpif.h’
program hybmas

ISOMP parallel

ISOMP barrier

ISOMP master

call MPI <Whatever>(...
ISOMP end master
ISOMP barrier

Jierr)

ISOMP end parallel
end

#include <mpi.h>
int main(int argc, char **argv){
int rank, size, ierr, i;

#pragma omp parallel

{

#pragma omp barrier
#pragma omp master

{
ilerr=MPI <Whatever>(...)

}

#pragma omp barrier

A= WO RT LAk &1t
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Hybrid OpenMP MPI

Benchmarkproject (“homb")
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SpeedUP
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MPI14 X 2 #

This is the Hybrid OpenMP MPI Benchmarkproject (‘homb”)
This project was registered on SourceForge.neton May 16, 2009, and is described by the project
team as follows:

HOMB is a simple benchmark based on a parallel iterative Laplace solver aimed at comparing the
performance of MPI, OpenMP, and hybrid codes on SMP and multi-core based machines.
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Intel® Software Network

Connect with develo
N gevelopers and Intel
pers and Intel engineers

What If Experimental Software

Welevie o
W\

What if software were like this?

Communities

t  About Inte]
utIntel Chang .
Change Locatior ==

— Ssarch

Downloads To
ols  Forums/gl
0gs  Resources Sof
tware Support

English | 3 | Pycexwin

b L E

Login

Login ID:
Password:
Remember Me?

3] Login
What if you could experiment with Intel" -
ntel's advanced research and t

And then see your feedback addressed in a future product? Find ouetctcorgy ‘lmz‘emﬁﬂlﬂ!l?ﬂs e atowor
& ownloading one of the offerings listed below. Test . assword?
pl:::elool:, lc:llaborare with your peers and send us your feedback through our software engineering blogs and support fo 'd:‘/’e ow Sagstrnon?

o dﬂ'u e that these are the only mechanisms for interactions with Intel on these implementations. Intel Premier Su’ppo;( is o’n;l
offered for our commercially released products. The offerings listed below augment Intel p urce TBS offi 4
you'll find elsewhere., . ‘ o

Search L))

Active Projects
Building New Capabilities
Game Technology Demo Popular Download

tel® Direct Ethernet Transport
Intel® Software Development Emulator New Update

Creating Concurrent Code
o Intel® Concurrent Collections for C/C++ 0.3 New Release

e C r OpenMP= for Intel® Compilers
e Intel® C/C++ STM Compiler, Prototype Edition 3.0 New

Release

Math Libraries
Cluster Poisson Solver Library New Project
Adaptive Spike-Based Solver

ting-Point Math Library

Statistics Library New Release
ations Solver Library

Decma!
Summar
® Ordinary Differentia

performance Tuning

Intel® Performance Tuning Julity 3.2 New Release

tel® Platform Modeling with Machine Learn

past Projects

Mashups for the Masses

INI Environments i
opment Kit 1.0

Intel® Mash Maker
grated Debugger for Java
® Location Technologies

.
e frware Devel
.

K)

What If Blogs 8

We have two new Intel Employee Black Belts
Congratulations to Timothy Prince and Viadimir Dudnik, our
latest Intel Employee Black Be...

me play with zombies (and fire) at GDC tutor
Have you seen the Smoke demo? Have you thought - yeah,
it's pretty cool, but ... if only ...

Threaded Al: FTW

Writing threaded Al (Artifical Intelligence) is epic? It's easier
than you would think!
Intel® Summary Stati
for streaming data?
Algorithms of Intel® Summary Statistics Library provide
support for huge datasets which ca...

Library: how to compute quantles

More...

What If Support Forums

Intel® Concurrent Collections for C C++

We have just released Intel® Concurrent Collections for
C/C++ and are interested in your fue

Observer registration in mo

Hi,I'm currently taking 3 look at the sm
having some trouble understandin...
vtdpview error

1 am seeing the following error message
the end of loading sampling data...

A problem with vtssrun
Hi everybody! 1have 2
doesn't work under Linux. 1 hav...

mework
oke framework and

s

oke de

on the console at

problem. It seems that my vtssrun

More...

New Parallel Languages
New Threading tools
*Thread Management &
Abstraction layers
*Transactional memory
«Auto-threading compilers
*Auto-threading hardware
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In general, the name of the company and the product name, etc. are the
trademarks or, registered trademarks of each company.
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