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OpenM P Benchmark R

0 Tounderstand the performance of OpenMP
program, the following factors are important
+ Theoverhead of OpenMP constructs
= EPCC microbenchmark

* The performance of thetarget SMP’s shared memory
= PARKBENCH for OpenMP

0 Glve guidanceto the programmer:

+ How much performance to be obtained on shared memory
hardware for typical arithmetic loops.
= Mainly for parallel loops, not test full range of OpenMP directives.
* The overheads of OpenM P |oop constructs are evaluated with
respect to the loop performance.
» Overhead = The half-performance length
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0 Introduction and M otivation
* OpenMP benchmark

0 PARKBENCH for OpenMP

¢+ RINF1: arithmetic operations
¢+ POLY1: memory and cache bottleneck

0 Results
0 Conclusion
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OpenM P benchmark R

0 Synthetic benchmark
¢ EPCC microbenchmark
* Low level benchmark of PARKBENCH

0 Kerne benchmark
* NAS paralle benchmark in OpenMP (NPB 3.0?)

0 Application benchmark
¢ SPEC HPC benchmark (SPEChpc96)
+ SPEC OpenMP benchmark (coming soon?)
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PARKBENCH T

0 A set of benchmark programs proposed by PARKBENCH
committee, for distributed memory systems

0 Use Low-level Benchmarks as an OpenM P benchmark

TIC1LTICK2Z2--timer resolution

PARKBENCH

RINF1-- basic arithmetic oper ations

L ow-L evel Benchmark

POLY1,POLY2--
Kernd Benchmark cache and memory bottleneck
NA [ h Kk
> parallel benchmar COMM1,COMM2,COMM3 —

message passing in dist. mem. systems

Application Benchmark

POLY3--dist. mem. version of POLY 1
HPF Benchmark

SYNC1 -- barrier synchronization




RINF1: Arithmetic operations R

penM P

No | Operation Flops Comment

1 | DYADS, A(1)=B(1)*C(l) 1.0 contiguous

2 | DYADS, A()=B()*C(I) 1.0 sride=8

3 | TRIADS, A(N=B()*C(1)+D(l) 2.0 Contiguous

4 | TRIADS, A()=B()*C()+D(1) 2.0 gride=8

5 | Random Scatter/Gather 2.0

6 | A()=B*C()+D1)*E()+F() 4.0 contiguous

7 | Inner Product, S=S+B(1)* C(l) 2.0 single, reduction

8 | First Order Recurrence 2.0 not parallelized

9 | Charge Assgnment;A(J())=A(J(1))+S 1.0 atomic

10 | Trangposition: B(1,J)=A(J,I) N

11 | Matrix Mult BY Inner Product 2*N*N

12 | Matrix Mult BY Middle Product 2*N*N

13 | Matrix Mult BY Outer Product 2*N

14 | DYADS, A(1)=B(1)*C(l) 1.0 gride=128

15 | DYADS, A(1)=B(1)*C(l) 1.0 stride=1024

16 | DAXPY, A(I)=S'B(1)+C(l) 2.0 contiguous — .

17 | DAXPY, A(X1))=S*B(K(D)*C(L(1)) 2.0 Indirect Extended for O
18 | DAXPY,A(1)=S'B(1)+C(]) 2.0 contiguous, pardlel do

19 | DAXPY, A(1)=S'B()+C(l) 2.0 contiguous, schedul e(static,10)
20 | DAXPY, A(1)=S*B(1)+C(l) 2.0 contiguous, schedule(dynamic,10)
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RINF1: Metrics ~

7 Theexecution timeof theloop ~ S5 4  [Executiontime

(length=n,q floating point
operatlons) IS approximated by:

Ta=(gxXnN)/ro+To

Th=(g*xN)/r=+To

To
¢ Asymptotic performancerate: [
* Half-performancelength: /o >
7 Loop startup overhead To is Loop length n
represented by Ni/2, whichis DSt Performancerate
the quantity known to the
programmer . y e i ————
N1/
To=—2 d
Feo fo | __
0 Toincludesthe OpenMP loop 2
scheduling over head.
/2 Loop Ien'gth n



RINF1: cache effect .:3:.

0 Twosetsof r- and Ni/2 arereported for both in-cache and
out-of-cache cases.

0 Theparametersare deter mined by aleast squarefit of the

datato thestraight line defined by:

+ |[ftheerror becomelarge, restart thefitting.
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POLY12: Metrics T

0 Measurethe basic hardwar e performance on shared memory
bottleneck.

0 Computational intensity f isdefined by the number of
floating point operations per memory reference.

0 Theasymptotic performancerate [I» isgiven by:

¢+ The peak performance of arithmetic unit: [w Foo
¢ Thehalf computational intensity: f Fo =
P NS e 1+ f1/2/ f
Flops [~
(o |  —

fi/2 Computgtional intensity f
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POLY12: Metrics T

0 Usetheevaluation of polynomials by Horner’s rule.
¢ Tocontrol the computational intensity
¢ POLY1for in-cache, loop length=10,000
¢ POLY2for out-of-cache, loop length=100,000

0 If memory access and arithmetic operation are not
overlapped, fi72  shows the ratio of arithmetic speed to the
memory speed.
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Per for mance measur ement .'V'.

Each kernel loopsare

parallelized by OpenM P T1 = DWALLTI MEOO()

dir ectives. | SOVP parallel private(JT)
. DO JT=1, NTI M
The function DWALLTI MEOO CALL DUMMY(JT)
returnsthewall clock time. | SOVP do
The execution timeis DO | T/iétgr computation
computed by: END DO
T =T2-T-TO | $OVP end do
¢ TO isthe execution time of END DO
dummy loop | $OVP end parall el

+ DUMMW isinserted to prevent T2 = DWALLTI ME0O()

optimizations.
Change the number of
threads (processor s)



Platforms .::';:.

0O Omni-Linux

¢+ COMPAQ ProLiant 6500(Intel Pentium |1 Xeon 450M Hz*4CPU,
1M B cache/CPU, 1GB memory)

¢ Linux Red-hat 6.0

¢ Omni OpenM P Compiler (backend:egcs 2.91.66, option -O3 -malign-
double)

0 PGI-Linux

¢+ COMPAQ ProLiant 6500

¢ Linux Red-hat 6.0

¢+ PGl OpenMP Fortran Compiler(pgf 3.1.2)
0 Omni-Sun

¢ Sun Enterprise 450(UltraSparc 300MHz*4CPU,1GB memory
¢ Solaris 2.6

¢ Omni OpenM P Compiler (backend: SUN Wspro 4.2, options. -fast)
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RINF1 summary R

0 Changethe number of threads (processors).

0 Asasummary of RINF1, twosetsof r-~ and /2 are
reported for each kernel loop.
Out-of-cache

In-cache /

| No. | #P || vlen(1) | P oo | Ty, 2 || vlen(2) | oo | 1y 0 || Iy min | r, max |
1| seq <= 400 52.95 1.8 == 200 9.74 -4414.7 9.64 33.67
2 <= B000 53.02 35.5 || == 30000 [ 15.41 | -15515.9 5.96 58.41
1 <= K000 B1.03 0.1 >= 30000 | 18.38 [ -21211.0 4.31 O7.46
2| seq <= 50 1953 1.4 >= 00 3.83 -554.4 3.08 18.95
2 <= 90 63.42 92.7 == A0 6.93 -879.4 6.17 33.33
1 <= 1000 35.7H 18.2 >= 5000 | 15.12 -2010.6 1.81 H1.52
3 | seqg <= 30 B.56 0.8 =300 | 1527 -2081.9 15.26 BT.098
2 <= B00 | 114.20 79.9 == 3000 | 26.71 -6ATH.T 11.9% 102.97
. . 4 <= 3000 | 162.49 97.1 >=T000 | 41.11 -9602.1 B.T8 180.82
Omni-Linux 1] seq <= 10 | 8125 | 2.1 >=80 | 5.35 | -191.8 533 | 77.42
2 <= 80 | 116.20 H3.5 == 300 8.37 -967.8 7.59 59.34
RI NFl Sl'jmmary 4 <= 0900 G2.70 17.6 >= 4000 | 17.59 -3300.3 9.69 94.25
5 | seq <= 600 1656 1.1 >= 1000 | 15.87 -AT91.7 1517 16.79
2 <= BO0O0 52.64 L7.5 || == 30000 | 22,81 | -17599.7 6.08 5886
.| <= B000 01.91 [ 117.5 || >= 30000 | 52.35 -491.9 1.60 96.01
6 | seq <= 00 | 102.62 1.1 =400 | 19.78 -2588.6 20.20 101.83
2 <= 800 | 149.79 37.0 >= 3000 | 31.33 -GOG0.T 23.46 151.86
1 <= 1000 | 331.29 | 165.1 »= 5000 | 47.27 -8695.8 17.85 2TR.T3




Kernel 6

0 Kernd6 result on Omni-Linux
o« A(HD=B(H)*C()+D()*E()+D(l)
Reported summary
#thdl vlen(1) cinf | nhalf |l vlen2) | rinf | noholf
1 =00 10262 1 >=400] 19.78] —4797
ol <=800 14979 370| >=3000] 31.33] -6960
4l <=10000 331200 16510 >=5000] 4727] 8693

0 vlen(1) and vlien(2) showsthe

break point of least square

fitting.

¢ vien(1) for in-cache
+ vien(2) for out-of-cache

0 Theloop overheadsare
reported in term of the half
performance length.

R
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Kernel 6 .:$:.

0 Thesame SMP, different compilers

Because Omni isatranslator to C code, the resultsreflect the performance
of backend C compiler (gcc).

0 PGI does good instruction scheduling(?).

FL OPS
M FL OPS00 50!
450  [+—1 ind 450 _—0—1thd
2 thd 2 thd
400 [ 4 thd 400 4 thd |__
350 Omni-Linux 350 PGI-Linux
300 300
250 250
200 = 200
150 - 150
100 100
50 J;*‘ ~ﬂ‘r’**\“~&—+*w~gi\‘*;:;; 50 (/ﬁh,w“**"*\%uu»—r*o«g%\wk“;:;
0 I I I I ! 0 | 1 1 1 ]
10 100 1000 10000 100000

10 100 1000 10000 100000



Kernel 6 .:$:.

The same compiler, different SM Ps
Thein-cacheratesaresimilar.

In Sun, the differencein-cache rate and out-of-cacherateissmall. Main
memory bandwidth islarger than x86's for CPU performance.

50 ——————MFLOPS so0 [ MFLOPS
| |—*—1 thd ——1 thd
450 2 thd 450 17 2 thd
400 H 4 thd 400 H 4 thd
350 Omni-Linux 350 Omni-Sun
300 300
250 250
200 = 200
150 - 150
100 100 :
0 | ] ] ] ] 0" ] ] ] ]

10 100 1000 10000 100000 10 100 1000 10000 100000
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L oop scheduling(ker nel 16,18,19,20)-'\?'.

0 Daxpy, A(1)=S*B(1)+C(l), 4 threads

0 Comparedifferent loop scheduling loops
0 The performances of “do” and “do parallel” become closer in larger n.

500

450

400

350

300

250

200

150

100

50
0

500

450

PGI-Linux

— 400

350

|
Ay
L7

10

—MELOPS —
450

Omni-Linux {-4o0

— ——do 350
o, stati o 300
o do, dynam c10 250
200

SN

/ a0

/ VL 50
= i

100 1000 10000

100000 10

1000

10000 100000 10

Omni-Sun |

A

e
pra—

1000 10000 100000



e
L oop scheduling(ker nel 16,18,19,20)-"?'.

Kernel 16

Kernel 18

Kernel 19

T1 = DWALLTI MEOO()

| $OMP parallel private(JT)

DO JT=1, NTI M
CALL DUMMY(JT)
I $OWP do
DO | =1, N
A(1)=S*B(1)+C(I)
END DO
I $OVMP end do
ENDDO
| $OMP end parall el
T2 = DWALLTI MEOO()

T1 = DWALLTI MEOO()
DO JT=1, NTI M
CALL DUMWY(JT)
| $OWP parallel do
DO I =1, N
A(1)=S*B(I)+C(1)
END DO
| $OMP end parallel do
ENDDO
T2 = DWALLTI MEOO()

T1 = DWALLTI MEOO()
| $OMP parallel private(JT)
DO JT=1, NTI M
CALL DUMMY(JT)
| $OMP do schedul e(static, 10)
DO 1=1, N
A(1)=S*B(1)+C(1)
END DO
I $OMP end do
ENDDO
| $OMP end parall el
T2 = DWALLTI MEOO()




POLY1,2: reaults

0 I showsthe (estimated) peak har dwar e perfor mance.
+ |In both in-cache and out-of-cache, [« arealmost the same.

0 fi2 showstheratio of the arithmetic speed and the memory speed.

[]

|n in-cache case,
memory speed isfast
enough. Cache
performanceis
Independent on the
number of threads.

When CPU
performance increases,
theratio become larger
In POLY 2(out-of-cache)

Sun’s memory
performance is more
well-balanced than
Xx86’s performance.

POLY 1(in-cache)

POL Y 2(out-of-cach

)

#thd [oo f1r2 [ oo far2
Omni-Linux 1 80.28| -0.15 75.80] 1.24
2| 160.65( 0.01 152.6| 1.27
4 314.13] -0.09] 409.09] 584
PGI-Linux 1] 189.81f 0.39] 233.66f 8.3
2| 380.14 0.38 47296 8.63
4 761.34] 043 97893 9.25
Omni-Sun 1 98.71) 0.23 95.89( 1.2
2| 197.12 0.2 197.78] 25
4 390.89] 0.19 34996, 202
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Comments -‘V'.

0 Other kernels
* PGl compiler achieves good performance in in-cache case.

* The performances of PGl and Omni become close in the
kernel that needs memory access (e.g. kernel 10,17)

+ The performance of Sun shared memory iswell-balanced
than x86’s one.

0 Problems

* The proposed low-level benchmark is mainly for
arithmetic loops. Tested OpenMP directives are limited.

= Application benchmarks are also required.

+ Does the benchmark reflect actual usage of OpenMP?
» Typical arithmetic loops, but too ssmple?

+ The least square fitting sometimes mis-estimates?
» L1and L2 cache
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Conclusion -‘V'.

0 Thelow-leval benchmark of PERKBENCH is used
asa OpenM P benchmark.

+ Report: shared memory hardware performance and
memor y/cache bottleneck

¢ Theoverhead of OpenMP ismeasured with respect to
loop performances.

0 C version isavailable.

0 Wehave a plan to make our benchmarks available
at Netlib.



