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Abstract .
High-performance conjugate gradient (HPCG) is the latest benchmark adop

TOP500 organization, and thus how to optimize the HPCG source cod fferent
heterogeneous computing platforms to achieve a higher floating-point ion rate
has already become a new hot issue in HPC field. In the We us U + MIC
heterogeneous computing platforms, and successfull HPCG e platform.
Through the analysis of HPCG source code and o n for C MIC platforms,
practical significance and the value of furtherch i rward Results of
performing the benchmark indicate that the des n 0f0 tlmlzatl ethods is reasonable

and has facilitated the speedup of HPCG ben
*

Keywords: HPCG benchmark, HP K co processor, heterogeneous

computing s\\

1. Introduction A

With the development of a series Iogles related to the supercomputers, high-
performance computi an incr ly important role in many fields, such as the
South African S elesco e analysis of financial model, we all need the high-

performance c stpport them, so the supercomputers running high-
performance %mg also take“an increasingly essential responsibility. Thus, how to
judge the s put rmance effectively and scientifically has become a central
topic. %

In various perf e benchmarks of supercomputer, the most famous test is
HPL 0, usin peak floating-point calculation performance as metric.
Nevertheless, $oblem of HPL in most systems is that it’s easy to be vectorized,
and thus<thg flodting-point computation rate tested in the actual application may be
only a &f peak performance. Hence, only using the results obtained by HPL
metrj measure performance of the multi-processor computer systems is

Qete [2]. On the basis of HPL, HPCC provides far more metric results than
% performance metric routine. However, since the test procedure and test results

too complex, it has not been widely adopted. Subsequently, the University of
Tennessee has proposed a latest metric to better reflect the supercomputer system
performance again - HPCG. It is served as an alternative standard for ranking the
Top500 list and applied widely.

In this paper, we conduct discussion and research based on the latest performance
benchmark of TOP500 supercomputer, and optimize metric results upon a real
platform. The benchmark version used in this paper is HPCG-3.0, which was
released at the end of 2015 and became the latest benchmark for peak performance
evaluation of supercomputer systems.
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2. HPCG: The Benchmark for Supercomputer

The reference HPCG is written in C++, using some C++ standard libraries and
container classes. Also, MPI and OpenMP can be selected by user for parallelization
at the compile time.®) HPCG benchmark generates a synthetic three-dimensional
partial differential equations model problem, and computes sparse linear system
generated by gradient iterative pretreatment. In the establishment, the program will
construct a logically global, physically distributed sparse linear system. The special
sparse matrix system used is a simple elliptic partial differential equations and it can
also be described as the 27-point stencil at each grid point in the 3D domain (as
Figure 1 shows), such that point equation (i, j, k) depends entirely on the value of its
location and other surrounding points.

J
27-point stenQrator .
model

Figure 1. Spar \ ear M

Defining the sparse linear sys 0 pro }e Sy access to execute a collection
of important computational S ande etric mainly uses the symmetric

Gauss-Seidel precondition rative 1 to compute the higher order linear
sparse matrix, which |s most ex IV Youtine in the metric.
Assume the i-th eg of the s linear system Ax=b " is:
ajxj =b(i=12...,n)

After p rmu matlon of above formula, we can obtain the symmetric
Gauss—Sel precondi |terat|ve formula as follows:

.@-(b Zau () _ 39 %) =12,..,n)

j=i+1

Take l%&ro r X as the initial vector, can we obtain the approximate solution

vect by the iterative format. In HPCG, the solution to the equations make
t mprovement on the basis, it performs two steps: forward and backward
Segps.”! Firstly, using the initial value X to get corresponding x** values by

the above-described algorithm according to the order of the line. Continuously using

x®* as an initial value to sweep back. With the above algorithm by the reverse
order of the line, continuing to iterate to get the final result. Therefore, more
accurate computational results are obtained. Specific formula is as follows:

<k+1> = (b - Z 31JX§/(+1>) (-Z =1,.... ’2’1)

1==J
Meanwhile, it needs to be paid attention to that the sparse matrix used in the
HPCG test is not necessarily symmetrical. So the optimized code should be able to

240 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

handle the improved general sparse matrix structure instead of particular matrix
structures.

The HPCG execution procedure is shown in Figure 2. The focus of the program is
operation sparse matrices ). To achieve faster floating-point computational rates,
we need to optimize the metric for particular co-processor. In the paper, we select
many-core Intel Architecture co-processor (MIC) to optimize the source code of the
HPCG. The executing process of HPCG benchmark is shown in Figure2.

(allocate local sub-domain per

[ Call GenerateGeometry }
MPI_process)

Call InitialSparseCGD
(Initialize the sparse matrices

operations)

ComputeSYMGS
(using Gauss-Seidel
iterations to solve the
sparse matrix)

ComputeDotProcuct
(vector-vector dot
products)

ComputeSPMV
(matrix-vector
multiplication )

ComputeWAXPB
(Addition of vegtors ),
|
—_—

Call OptimizeProblem to test
the users’ own routin V
Output Re§ts 5
Figure 2. The Execu{ oceé CG Benchmark

3. Optimization of the ch Coa’ PCG for MIC Co-Processor
In this paper, the tWed on - rocessor (Intel Xeon Phi). The co-processor

is compatible of cogle Intel CRU i he largest degree. Just need to add pragma tags
and include directi r transfefridg data, the routine runs on the multi-core platform.
The programml s and lal es employed for code development for a MIC are the
same as the for CPMs. The MIC co-processor owns independent memory, power
supply anc r equi IC co-processor owns 61 core totally, and single-core
computatlonal capabili stronger than that of GPU, and per core can provides four
threads, being abl t vide more than 230 threads in total.

but in order to utilize the computational capacity of MIC co-processor, the optimization of
code is és&ﬂal. In this paper, the metric is optimized for CPU+MIC platform. The

Wwe did not choose the GPU + CPU heterogeneous computing platform is that,
It to port the code on GPU platform to other platform, and the parallel

3.1. Offload Programming Mode

In the process of porting the HPCG benchmark to the MIC side, the offload
programming mode is mainly used™® , which is the CPU (Host side) offload computing
kernels on the MIC co-processor (Device side) for high performance parallel
computation, then CPU continues dealing with other matters, meanwhile MIC co-
processor continues computing the hot spot kernel. Finally, the computational results will
be transferred to the CPU side when finished.

The most common used key words in offload programming mode is: offload. It only
need to add a small amount of guide statements, such as:
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#pragma offload target( mic:0) // port the source code to No.0 mic cards

for(int i=0; i<N; i++)
a[i] = b[i] + c[i];

But at this time, only transplanting the source code to the MIC co-processor, the
routine still executes serially. Combining with OpenMP parallel programming mode
makes the program execute in parallel and improve the execution rate.!’”

#pragma offload target(mic:0)

#pragma omp parallel for

for(int i=0; i<N; i++)

a[i] = b[i] + c[il;

The above is the offload mode of original program, only using a line of instruction
ports the routine to MIC side, the implement on the MIC is simple and high efficiency. As
for the optimization for the MIC co-processor, it also need other keywords (i.e., in, out,
nocopy etc.) to control the transfer between the Host side and Device side.

\ 2
3.2. Vectorization ? ’

In the OpenMP parallel programming mode, the vectorization 4 of great
significance in optimize the routine on MIC side®. he MI ine, -vec is
compiler will

needed to switch on the vectorization. At the com i% 1
vectorize the internal vector automatically. Wh@ etermine
vectorized does not have the data dependence, (#prag n\vﬂep) option can be
annotated out of the circulation, and we evemgcan annotated tfie code with(#pragma
simd) to guide vectorization, ignoring t}&ing. V\’/@ is uncertain whether to
be able to vectorize or not, (#pragmé or always) Can be used to avoid some
operations which is not memory alj t to b\@)rized. In addition, SIMD can
be modified to vectorize the pr fbg'vely, but the transportability of

more s\
SIMD is relatively poor cbmplex .and™“relies too heavily on hardware
architecture. In this paper, ainly ug\ ICC compiler to vectorize the routine

automatically. @ ,\Q
4. HPCG Acce@n Meth%s
4.1. Basic Appfaach Q
In orde ort th(&e on CPU to MIC side conveniently and accelerate the

algorithm, the basic ation scheme is to use the OpenMP parallel programming
mode, without ¢ @ng the details of the algorithm.f! Just using the advantage of
multithreading co-processor accelerates the part of cycle,™® like the following

pseudocode, bu acceleration has not fully utilized the computing powers of MIC, and

the compmtapal results only obtain 1.x speedup.
gma omp parallel for

@('20;' LEN; i++)
O{ r(i=0; i< i++

ali]=b[i]+c[i];
¥

4.2. Parameter Tuning

In general, the larger size of the matrix is, the larger percent of the valid
computation and the higher floating-point computation rate are™ . But at the same
time, larger size of the matrix will lead to the increase of memory consumption.
Once the memory of system is insufficient, the computing capacity will reduce
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obviously. While increasing the size of matrix, the actual capacity of memory
needed to be considered™ .

In the latest HPCG benchmark, the problem size is arbitrary (The value in file
hpcg.dat). Firstly, by modifying and getting the appropriate size of matrix, let the
MIC co-processor approach the peak performance of floating-point computation

rate. In HPCG, users can set the size of NNy <N, in hpcg.dat file, which is the
whole size of matrices to be assigned to each MPI process. While the number of

PxxPnyZ, the
whole number of processor. Then the corresponding parameters GXXGVXGZ is

obtained, which is G, =RN, G, =RN, and G, =FN, Finally, it is required

that the matrices processed is like a cube as much as possible, in that the methqd cane
improve the floating-point capability of processor, so it is essential to v e

appropriate size of sparse matrix. 0
4.3. Further Acceleration based on MIC \ﬁ 24 @

processor is automatically detected at run-time, and be assigned to

4.3.1. Analysis of the Hot Spot of HPCG Q \/

Although porting the routine on CPU side IC siﬁx\rfﬁ/ needs a line of
guidance statement, but in order to reach peak pegformance of processing, it
must be combined with the characteristi IC tbﬁ’ﬂnize the source code of
HPCG."® By monitoring the serial‘@using Tune tool, we found that
ComputeSYMGS, ComputeWAXP % ompu oduct and ComputeSPMV,
which occupy over 80% of whol i of altj% , in another word, which is the
computational kernel of the I@t m. They PRepresent several aspects of matrix
operations respectively, mewghl e, the rative mode between CPU and MIC is
offload. The CPU side is_responsible degree of parallelism program (i e,. the

initialization of the matfixX,goutput t ult of computing and etc.).™ In the way of
asynchronous compdtifg, it will\unload the hot spot kernels in high degree of
parallelism on ide. waiting until the computational results are

transferred. _Fifa it outp the metric result, which greatly increase the

computati icienc the program®® . The offload programming mode is
shown in Figure 3. 6
@ Host side (CPU) Device side (MIC)
Transfer

Initialize sparse matrices et Initialize the co-
relevan operations
data
O Offload matric operations Prepare for matric

O on MIC side > operations
: ¢
Process the serial routine .
continually ¢ Obtain the

I}
3

T
=4
=
S

@

computational

results

Wait for computational
results of matric
operations

Transfer

relevant Wait for next tasks
results

Output results of matric
operations

Figure 3. Executing Process of HPCG Metric
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4.3.2. The Implementation of HPCG Parallel Algorithm

(1) vector multiplication
In the sparse matrix manipulation, the vector multiplication is essential, which is
mainly implemented in the ComputeDotProduct file. Assuming the n-dimensional vectors

x and y, the computational result is marked as result = xxy ,which is obtained by

multiplying the i-th element of x and i-th element of y. It can be expressed as:

result => ' x xy;(i=12,...,n)

i=1
Serial pseudo-code 3.1:
Begin
Fori=0 Ton
Result+=x[i]*y[i]

End For \/0
End ?‘
. . c

good parallelizability. By adding guidance statements, portipg .t to ide, and
takes multi-threaded execution, then taking advantag&%ﬁ‘to—vec zgtion of Intel
compiler, make the program execute in parallel *\heh the gins, call the
statement ‘in’ to transfer the value of vector X and IC side and call
‘allocif()’ statement to apply dynamically for thcwsgace on side. After the loop
finished, using ‘out’ statement to transfer th erimegta%ult back to the CPU side
and call “freeif()’ statement to free the spa anwhile% e inner calculation kernel,
the compiler will vectorize the progra tlcally mprove parallelism.
Parallel pseudo-code 3.1 é

#pragma omp parallel for s\\

#pragma offload target(mix:Q)
in(N) &

in(x:length(N)) allocifi) ,freeif(0
in(y:length(N)) all freeif ),\,Q

out(result) allqci @eelf(m
Begin

End
(2) Additio ectors
The addifion of vectors is also essential in the sparse matrix computation, which is

mainly | ented in the ComputeWAXPBY file. Firstly, initialize vectors x and y and
two &ients a and [ respectively, the computational result is recorded as

% X+ %Y. In the process, the components of the vectors x and y will multiply
thesLorresponding coefficient and are added up, it can be expressed as:

Wi] = axX[i]+ Ax[i](i=12,...n)

Serial pseudo-code 3.2:

Begin
Fori=0Ton
Ifalpha==1 wl[i]=x[i]+beta*y[i] End if
if beta==1 wili]=alpha*x[i]+y[i] End if
Else w[i]=alpha*x[i]+beta*y[i] End else
End For
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End

In the loop, if-else judgment might make the compiler mistaken that the code might
exists data dependency, which may leads to the failure of vectorization, so it needs to add
compulsory guidance statement. Here the sum of two vectors is able to be processed in
parallel typically. Similarity, using ‘in’ and ‘out’ statement to port the input and output
vectors to the MIC side, meanwhile using nocopy() to reduce the I/O interaction between
device side and host side, and vectors which have nothing to do with the results are no
longer transferred out of the MIC side. Utilizing the multi-thread capability of MIC fully
can greatly improve the efficiency of vector addition.

Parallel pseudo-code 3.2
[ftransfer the variable needed by the MIC side in order to initialize the sparse matrix.

Begin

#pragma simd

Fori=0 Ton ?\/
if alpha==1 wl[i]=x[i]+beta*y[i] End if 0

if beta==1 wl[i]=alpha*x[i]+y[i] End |f
Else w[i]=alpha*x[i]+beta*y[i] En

End For @
o° »V

Irelease the space on MIC side
nocopy((x:length(n)) allocif(0), freeif(L) Q 9
nocopy((y:length(n)) allocif(0), freel \
ion s\\

out(w:length(n))allocif(0) freelf(l)

(3) Matrices and vector m t|

In HPCG, ComputeSP plem he multiplication between matrices and
vectors, which is the key poif of o the source code of HPCG. In HPCG,
assuming that N*N coef@nt matn& Nx1yector is known, the result is recorded

asnxl output veab\/\ his y& , it can be expressed as the following:
X' Xj1)
The@ pseu

Fory=0T

For@o Height
/["execute the computation of sparse matrix

Nesum =il
Q

3.3:

End For
nd For

Q //CPU continues running

it can been seen from the above serial code, the main part of the algorithm focuses
on a nested loop body. We found no data dependencies in Sparse matrix operations,
which indicates the matrix multiplication has good parallelizability. Matrix and vector
multiplication uses the asynchronous computation mode. At first, the matrix A and vector
is transferred to the MIC side for computing. Meanwhile, CPU continues running routines
in high degree of serial. However, when CPU will run the next step relevant to matrix
multiplication, it needs the wait for the computational results of matrix calculations
transferred back from the MIC side. By using the statement “wait” and “signal”, the mode
can be implemented. Under the premise of utilizing fully of CPU computational
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resources, the correctness of the computational results can be ensured, also the efficiency
of the executing can be improved greatly.
The parallel pseudo-code 3.3:
/ftransmit the variable needed by MIC side to initialize the sparse matrix.
/lcheck whether the computation is finished or not
signal(inl) {
Fori=0 ToN
#pragma ivdep
For j=0 To N
sum+=x[j]*a[i][i]
End For
y[i] =sum
End For
/laccept the data from MIC side, which signs that the kernel
/lon MIC side have already been accomplished. \/
/Irelease the space on MIC ?*
nocopy((x:length(n)) allocif(0), freeif(1)) O

nocopy((y:length(n)) allocif(0), freeif(1))
out(sum:length(n)) allocif(0), freeif(1) \
) (\ \>/
4.4. Heat Dissipation of MIC Co-Processor

Due to fact that the power consumptlon& co- pr |s high, it is necessary to
handle the heat dissipation of the mach he aken into consideration that

when the working temperature is to the frequency reduction of co-
processor, which will lead to extr r per e, while the wrong computational
results may be obtained. We oIIo m hod to deal with the problem of heat
dissipation.

@O Figure 4. Design of Cooling Fan
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Figure 5. Funnel-Like D

In Figure 4, two MIC cards are used as co- ssors ,a ur Delta 12cm 12V 1.74A

cooling fans are used for heat dissipation e spee ns maximize in BIOS to
enhance the heat dissipation. Meanwhl mcﬁregg two MIC cards can easily lead
to exceeded thermal budget, in that er c n of MIC is too high. The four
fans which encircled the co- pr are abl anufacture air convection, one of

which is air-blast cools dow S C cq- p ssor continuously and directly. They let
ea fo

the MIC coprocessor stay p rman nuously
In Figure 5, additional fgns are us ction. According to the actual situation, we

used additional card bea design ir duct of system to be funnel-like. Without
affecting other eq [t orkin ing additional low-power consumption fan induced
draft from the jmf¢ syst r induced wind from the internal system. The

efficiency

dissipation reatly improved. Thus, inducing wind blindly from

B;

internal sy S pre hICh may interfere with air convection and weaken the
cooling effect: \6
With the above d he heat dissipation issue is able to be solved and the stability of

system can be ed effectively. In the storage section, a SSD--Plextor PX-
AG256M6e (2 ) is selected, and it can increase the efficiency of reading and writing
operatioggﬁe uces the power consumption of read and write elements from/to disk by

30W. Fi e power consumption of the HPC system is 2839.52W in total.

rimental Test and Analysis

5.1. Experimental Platform

(1) Hardware environment

In this paper, the test platform is designed and constructed based on high performance
computing cluster of Three-River Source Data Analysis Center of Qinghai University.
The power consumption of the test platform constructed is less than 3000W in total, with
CPU+MIC as a heterogeneous computing mode.™” It uses offload programming mode
which CPUs dominate under assistance of MICs. The platform includes three Intel Xeon
E5 CPU processor and two Intel Xeon Phi co-processor. The hardware configuration can
meet the requirements of HPCG benchmark.
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Table 1. Hardware Environment Configuration on Test Platform

Item Name Configuration
CPU: Intel Xeon E5-2680v3 x 2, 2.5Ghz, 12
Server Inspur NF5280M4 cores Memory: 16G x8, DDR4, 2133Mhz

Hard disk: 1T SATAx 1
Power consumption estimation:
E5-2680v3 TDP 120W, memory 7.5W, hard disk
10w

Accelerator Card | XEON PHI-31S1P Intel XEON PHI-31S1P (57 cores, 1.1GHz,
1003GFlops, 8GB GDDR5
Memory)
Power consumption estimation: 27OW

(2) Software environment
The operating system taken in the test is RedHat Linux 7.2. In order %’fully

computational capability of Intel co-processor, the Intel official MKL y, ICC
and Intel MPI are selected.!*® Specific parameters are sho [ Table
Table 2. Software Environment Co n Tes orm
Category Descriptiorh,_/ \V(ersmn number
Operating System Linux\ & % RHEL7.2
Math Library el NKL \:? 2015.0.090
Compiler Intel Co XE Suites 2015.0.090
MPI soft ware mg?l MPJe N\ 5.0.1.035
HPCG ,,\‘HPCGX\‘ 3.0
PBS \) Torgee ° 3.0.5
A\

5.2. Optimization Results-Analysis \?\
5.2.1. Basic Appr, sa
basis@w re obtained. Change the matrix size, ranging from
h

Firstly, the r
8 to 128, test r ich is obtained by porting HPCG metric to MIC side
solel Itithreading character of MIC. The test results show that if

and run it
the routine does any acceleration approach, only by the advantage of

multithreading c:h'a:~ of MIC, the speedup of HPCG metric will not be obvious, just

getting speedu range of 1.1~1.2. Sometimes, results obtained by running HPCG on
MIC co-processe IS even slower than that on CPU.

522.P ter Tuning

@ the establishment time of sparse matrix in HPCG, the size of which has been
@ng from 16*16*16 to 128*128*128. The test results, evaluated on real data, show
hat" the establish time of sparse matrix achieve extremely significant increase with
increasing size of matrix. Even for the same size of matrix, the setup time may be
measured with slightly perturbed. So the figures for the establishment of different size of
matrix were calculated as the average of several repetitive runs.
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16
8 14
12
210
~ 8
Z 6
E 4
E 2 —8—Establishment--
T 0
2 0 500000 1000000 1500000
Problem size Nx*Ny*Nz
Figure 6. Establishment Time of Sparse Matrix 0

Figure 6 shows that, with the increasing size of the matrix, the set up sparse
matrix grows significantly. For example, when the matrix size from
64 x 64 x 64 10104x104x104 the size of matrix gro 1’t|me ablishment
time of sparse matrix also increases 4.932 times.

Adjusting the size of sparse matrix as describe Q CMchmark runs on
the CPU side. At first, the single CPU node is test cause mize size of matrix
allowed in HPCG benchmark is 16, the size of matrix select een increased from 16
to 128. Then count the floating point peak pexfo ance’éred from different matrix
calculation module in HPCG respectl n by the_testdwhen the number of threads
of one node is 20, the floating- comput peed J\ hest. Details information are in
the following Figure 7.

: AQ "o
/ \

b 200000 400000 600000 800000 1000000 1200000

Matrix size (Nx*Ny*Nz)

Flgu®zloatlng Point Performance in Different Matrix Size

utation
=)

s/s)

. om
)o

ng

O

OAI\)Q)JL

calc rate reaches the peak, which is 10.6818 GFlops/s. Wlth the increasing

atrices, the floating-point computation speed does not increase, but has
ned at about 5 GFlops/s.
)

When the size of matrix is 16, the single node of CPU is not limited by memory
capacity, which utilize the computing capacity fully, and achieve floating-point
performance peak.

(2) With the increasing size of matrix, the floating-point computation rate measured by
HPCG is remains at about 5 GFlops/s, instead of rising. It reflects that when the size of
the matrices increases, although calculation related to solve the matrix equation increased
significantly, it also leads to an increase in complexity of memory access patterns. The
capacity of memory limits the increase of float-point computation rate of a single node,

@ Figure 7, when the size of matrix is 16 x 16 x 16 | the floating-point
t
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which leads to the result that the float-point computation rate is measured no significant
growth by HPCG Benchmark.™*!

Next, using the multi-node cluster accelerate the HPCG benchmark. Since it is
measured in the single node that under the 20 threads condition, floating point calculation
rate can reach the peak at the size of 16 x 16 x 16 | 24 x 24 x 24 and 20x20x20 , so
using the three size of matrices, which are in the 20 threads (allocation of threads between
nodes is 7+7+8),24 threads (allocation of threads between nodes is 8+8+8) and 16 threads
(allocation of threads between nodes is 5+5+6) conditions for testing, meanwhile,
recording the floating-point computation rate measured by HPCG at different matrix size.
Details are as follows in the Figure 8.

0.2
0.18

0.16
0. 14
0.12
0.1
0. 08
0. 06
0.04
0. 02
; .I

Threads b \6

4
Figure 8. Floating- erf ce in Cluster

The experimental results sio@ in clus&oatmg -point computation rate has

\/.

rate (GFlops/s)

6% 6%
OI 24%2
20*20

Floating=peint computaticn

significantly decreased i t matrigisize, while the establishment time of
large size of matrix increas bviqu ich indicates that with the increasing
number of the comput des, the m is able to build a sparse matrix more
quickly, but be chedu the processes in different nodes, the
commumcatlon betwee%(j)des , /O operation, consumption related to
process and ov ng of ication will increase obviously. The above all
may great ts corr nding floating-point computation rate, resulting in the
floating-p rform % cluster much lower than in a single node.

5.2.3. Acceleratio @PCG based on MIC

According t bove optimization of source code of HPCG based on MIC, modify
the size qQf matrix from 16 to 128. Under the condition of 20 thread, the floating-point
computati e is recorded. The computational results are judged by the percentage of
accehé te. Details are as follows in Figure 9.

%

250 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

N o~ O~ 0

ps/s)

o]

rate (GFI

o N A O

Float-point computation
[»]
=

0 200000 400000 600000 800000 1000000 1200000

Matric size (Nx*Ny*Nz)
—8—Before optimization

—8— After optimization

Figure 9. Floating-Point Performance after Optimization

According to the Figure 9, after the optimization of the source files of NPCG*
related to matrix operation, the performance has been greatly improved.

size of matrix is6 x 16 x 16 the increasing percent of floating point p nce is
the highest, which is 65. 39526 %. With the mcreasmg e siz ix, it is
obvious that the floating-point rate increases, bu mlzed file may
substantially increase the percentage about 30 ons are the
following aspects:

(1) When the size of matrix is 16, the valld utatlo e related to matrix
operation increases. Due to the small size @R the matri t s adequate streaming
memory systems, so the optimization effec@host ob %

(2) With the increasing of the size of" more beérs of threads on MIC are put
into calculation. However, when the s of § ncrease to a certain degree, the
competition of memory between t ill h »so the memory capacity will limit
the acceleration percent. n word computatlon is proportional to the
memory consumption®® | may Ieﬁ& he fact that the acceleration percentage
keeps at a constant IeveI

The optimized metric ts for th ular platform, evaluated on real data, shows
that the speedup of«H C IS obviou ﬁ%The floating point computation rate has been

significantly i |mpr o S0 t, the drawback of insufficient computation
capability of reatly all ed, and the peak experimental value is also improved
significant

5.2.4. The Influenc at Dissipation to Computation Capability of MIC

The innovati dissipation technologies is adopted in the article, which plays an
important role aintaining floating-point performance peak. The following content is
taking th of matrix is 16 x 16 x 16 as an example, and record the floating-point
perfor eak of MIC at different times.
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Figure 10. Floating-Point Performance of Heat Dissipation
E f MIC

As is shown in Figure 10, before the heat treatment, the peak perfornfia
system measured by HPCG is unstable and fluctuated obvi@usly, whj ause the
wrong computational results. HPC system will have grea ility, whi ill lead to a

significant decline in floating-point performance of M IQ \(

After using the above method to solve th issi Agn( e floating point
calculation rate measured by HPCG at different tifaes’almost s t the same rate, and
the peak of system reached a stable level of t 16.6, G@s/s, which shows that the
design of heating dissipation is feasib@ Uand it maintain the computing

performance of MIC co-processor, and \h not o that the calculation errors or a
significant decline in performance dissipation. It proves that heat
dissipation system is essentlal int ty of t of system.

6. Conclusion and Futu ork

In this paper, the G benc is optimized for the MIC co-processor
architecture. Usmg. y of optimiz tlon techniques, mainly optimizing deeply the
source code relat atrl ions, the results, evaluated on real data, show the
feasibility and eness of ptimization. In this paper, the HPCG is mainly tested
on a smgl pr cesspr. If more than one cards are used under test, we need to
consider th mun| etween different nodes®??. If not handled properly, it is
likely to offset the e y |mprovements after optimized, which may cause that multi-
node results to b orse than the results of a single node®®. Therefore, the future
work will focu@ve further measurement and optimization for the interaction between

multiple on‘es.
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