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makefile! Z@EALT7 ISy —arEav R (ILLET,

make build version=dev06 simd=avx2

Y—ZO—RIZREHD run_on_xeon.pl RVYTrEFERLT7 IV —LavEETLET,

-/run_on_xeon.pl executable _name nl1l n2 n3 nb_iter nl_block \
n2_block n3_block kmp_affinity nb_threads
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FREA
-executable _name: E{TI77/I/ILDEH]
-nl: N1 //X Rt
-n2: N2 //Y Rt
-n3: N3 //Z Rt
-nb_iter: RiEEI¥
-nl_block: x RFEDFryiaTOVIDYAX
-n2_block: y RIEDFry2aTOvIDHAX
-n3_block: z REDFvryi2TOvIDHYAX
-kmp_affinity: ALYFDOHE
-nb_threads: OpenMP* ZL-yF®D#
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- numactl ZERALAENEE D 2 VA ybD/RATA—T VR (1 Virykdi=Y 22 RLYR):

-/run_on_xeon.pl bin/iso3dfd_dev06_cpu_avx2.exe 448 2016 1056 10 448 24 96 compact 44

n1=448 n2=2016 n3=1056 nreps=10 num_threads=44 HALF_LENGTH=8
nl_thrd_block=448 n2_thrd_block=24 n3_thrd_block=96
allocating prev, next and vel: total 10914.8 Mbytes

time: 3.25 sec
throughput: 2765.70 MPoints/s
flops: 168.71 GFlops

-numactl ZEALIGED 1 VYD INTH—T VR

numactl -m O -c 0 ./run_on_xeon.pl bin/iso3dfd_dev06_cpu_avx2.exe 448 2016 1056 10 448 24
96 compact 22

n1=448 n2=2016 n3=1056 nreps=10 num_threads=22 HALF_LENGTH=8
nl_thrd_block=448 n2_thrd_block=24 n3_thrd_block=96
allocating prev, next and vel: total 10914.8 Mbytes

time: 3.05 sec

throughput: 2948.22 MPoints/s

flops: 179.84 GFlops



-2 70BREFRRDITINTEITLIEBED/INT+—I2 R (L V7 ybHT=Y 22 ALYER):

numactl -c O -m O ./run_on_xeon.pl bin/iso3dfd_dev06_ cpu_avx2.exe \
448 2016 1056 10 448 24 96 compact 22 & \

numactl -c 1 -m 1 _/run_on_xeon.pl bin/iso3dfd_dev06_cpu_avx2.exe \
448 2016 1056 10 448 24 96 compact 22 &

n1=448 n2=2016 n3=1056 nreps=10 num_threads=22 HALF_LENGTH=8
nl thrd _block=448 n2_thrd _block=24 n3_thrd_block=96
allocating prev, next and vel: total 10914.8 Mbytes

time: 2.98 sec
throughput: 2996.78 MPoints/s
flops: 180.08 GFlops

n1=448 n2=2016 n3=1056 nreps=10 num_threads=22 HALF_LENGTH=8
nl_thrd_block=448 n2_thrd_block=24 n3_thrd_block=96
allocating prev, next and vel: total 10914.8 Mbytes

time: 3.02 sec
throughput: 2951.22 MPoints/s
flops: 179.91 GFlops
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amplxe-cl -c memory-access —knob analyze-mem-objects=true \
-knob mem-object-size-min-thres=1024 -data-limit=0 \
-r 1SO_dev06_MA 10 ./run_on_xeon.pl bin/iso3dfd_dev06_cpu_avx2.exe \
448 2016 1056 10 448 24 96 compact 44
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CPU Time 176.285s o]
') Memory Bound “: 61.5%

The metric value is high. This canindicate that the significant fraction of execution pipeline slots could be stalled due to demand memary load and stores. Use

VTune Amplifier XE Memory Access analysis to have the metric breakdown by memory hierarchy. memory bandwidth information. correlation by memory

objects.

Loads: 136.683.410,049
Stores: 8,092,921,392
L1 C Miss Count : 194.261.655
Average Latency (cycles) = 21
KNL Bandwidth Estimate (GB/s) 11.137
Total Thread Count: 63

Paused Time ~: 0s



Bandwidth Utilization Histogram

This histogram displays a percentage of the wall ime the bandwidth was utilized by certain value. Use sliders at the bottom of the histogram to define thresholds for Low, Medium
and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group data and see all functions executed during a particular utilization type. To
learn bandwidth capabilities, refer to your system specifications or run appropriate benchmarks to measure them; for example, Intel Memory Latency Checker can provide
maximum achievable DRAM and QPI bandwidth
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Bandwidth Utilization Histogram

This histogram displays a percentage of the wall time the bandwidth was utilized by certain value. Use sliders atthe bottom ofthe histogram to define thresholds for Low, Medium
and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group data and see all functions executed during a particular utilization type. To
leam bandwidth capabilities, refer to your system specifications or run appropriate benchmarks to measure them; for example, Intel Memory Latency Checker can provide
maximum achievable DRAM and QPI bandwidth.
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[Bottom-up (RELT7 V)] E2a—T. ZALFA - RAVDT DY YKL, ZDBEEEEAICETINLD%E
~LET . QPI FREDE L BEISZEMEEET SIZIX. [Bandwidth Domain / Bandwidth Utilization Type /
Function / Call Stack (FigilEF A1 | FEIEOERKR / B¥ / 23— I RAvD)] JIL—T%:ERL. QPI
KALL O [High ()] ZEBELET .

Grouping: | Bandwidth Domain / Bandwidth Utilization Type / Function / Call Stack v |be| |G| |
[ ! Memory Bound I ~
Bandwidth Dormainf.Bandwidth Utilization CPU Timew I T T T DRAM Bound | i
Type / Function / Call Stack L1Bound | L2Bound | L3Bound | - Other
| | | | | Memory Bandwidth| Memaory Latency |
EIQPI, GB/sec | 1702705 (NN 3.4% 20.0% 23.7% 0.014 0.569 0.5% 136,31
=IHigh 164,788 (DD 3.2% 20.6% 24.3% 0.014 0.583 0.5% 130,11
[iso_3dfd_itSompSparallel @44 begnmamal L. L 233% 27.3% 0.015 0.640 0.6% 1097
[#__kmp_wait_template< kmp,ﬂagj_ 0.0% 0.0% 0.000 0.110 0.0% 18,73
[#[Qutside any known module] | hat's Tk ([l T71% 17.9% 0.040 0.515 0.0% 1,00°
[ __kmp_wait_template<kmp_flag_§ Shiowy Data L 0.7% 0.0% 0.00C 0.100 0.0% A0:
F__kmp_yield | {ide iR 0.0% 0.00( 0.195 {
H__kmp_x86_pause Show All Columns 0% 0.03 0.000 0.128 26.4%
Flkmn_hasir flan<unsianed lona Inf Select All Ctrl+ & 0.0% L0 .00 n.151 0.0% ¢
Selected 1 233% 27.3% 0.015 0.640 06% 1097 v
Expand All >
Collapse All | e °
o

Expand Selected Rows
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BZHENHYET , src/dev06/iso-3dfd_main.cc (ISO3DFD V—RIO—K (ZREHR) 12H D ¥ HALEISZ . first-
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void initialize_FT(float* ptr_prev, float* ptr_next, float* ptr_vel, Parameters* p, size_ t
nbytes, int nl_Tblock, int n2_Tblock, int n3_Tblock, int nThreads){

#pragma omp parallel num_threads(nThreads) default(shared)

float *ptr_line_next, *ptr_line_prev, *ptr_line_vel;

int n3End = p->n3;
int n2End = p->n2;
int nlEnd = p->nl;

int ixEnd, iyEnd, izEnd;
int dimnln2 = p->nl * p->n2;
int n1 = p->nl;
#pragma omp for schedule(static) collapse(3)
for(int bz=0; bz<n3End; bz+=n3_Tblock){
for(int by=0; by<n2End; by+=n2_Tblock){
for(int bx=0; bx<nlEnd; bx+=nl_Tblock){

izend = MIN(bz+n3_Tblock, n3End);
iyEnd = MIN(by+n2_Tblock, n2End);
ixEnd = MIN(n1_Tblock, nlEnd-bx);

for(int iz=bz; iz<izEnd; iz++) {
for(int iy=by; iy<iyEnd; iy++) {
ptr_line_next = &ptr_next[iz*dimnln2 + iy*nl + bx];
ptr_line_prev = &ptr_prev[iz*dimnln2 + iy*nl + bx];
ptr_line_vel = &ptr_vel[iz*dimnln2 + iy*nl + bx];

#pragma ivdep
for(int ix=0; ix<ixEnd; ix++) {
ptr_line_prev[ix] = 0.0F;
ptr_line_next[ix] = 0.0F;
ptr_line_vel[ix] = 2250000.0F*DT*DT; // v2 & dt2 DEH

}

float val = 1.T;
for(int s=5; s>=0; s--){
for(int i=p->n3/2-s; i<p->n3/2+s;i++){
for(int j=p->n2/4-s; j<p->n2/4+s;j++){
for(int k=p->nl/4-s; k<p->nl/4+s;k++){
ptr_prev[i*p->nl*p->n2 + j*p->nl + k] = val;

val *= 10;

}
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The metric value is high. This can indicate thatthe significant fraction of execution pipeline slots could be stalled due to demand memory load and stores. Use
VTune Amplifier XE Memory Access analysis to have the metric breakdown by memory hierarchy, memary bandwidth information, correlation by memory

objects.

Loads: 124,689,374.067
Stores: 4,663,869,957
LL C Miss Count : 150.459.027
Average Latency (cycles) = 18
KNL Bandwidth Estimate (GB/s) 13.078
Total Thread Count 63
Paused Time Os
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System Bandwidth

This section provides various system bandwidth-related properties detected by the product These values are usedto define default High, Medium and Low
bandwidth utilization thresholds for the Bandwidth Utilization Histogram and to scale overtime bandwidth graphs in the Bottom-up view.

Max DRAM System Bandwidth —: 140 GB
Max DRAM Single-Package Bandwidth —: 70 GB

Bandwidth Utilization Histogram

This histogram displays a percentage of the wall ime the bandwidth was utilized by certain value. Use sliders atthe bottom ofthe histogram to define thresholds for
Low, Medium and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group data and see all functions executed during a
particular utilization type. To leam bandwidth capabilities, refer to your system specifications or run appropriate benchmarks to measure them; for example, Intel
Memory Latency Checker can provide maximum achievable DRAM and QP bandwidth.
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Bandwidth Utilization Histogram

This histogram displays a percentage of the wall ime the bandwidth was utilized by certain value. Use sliders atthe bottom of the histogram to define thresholds for
Low, Medium and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group data and see all functions executed during a
particular utilization type. To learn bandwidth capabilities, refer to your system specifications or run appropriate benchmarks to measure them; for example, Intel
Memory Latency Checker can provide maximum achievable DRAM and QPI bandwidth
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./run_on_xeon.pl bin/iso3dfd_dev06_cpu_avx2.exe 448 2016 1056 \
10 448 24 96 compact 44

n1=448 n2=2016 n3=1056 nreps=10 num_threads=44 HALF_LENGTH=8
nl_thrd_block=448 n2_thrd_block=24 n3_thrd_block=96
allocating prev, next and vel: total 11694.4 Mbytes

time: 1.70 sec

throughput: 5682.07 MPoints/s

flops: 346.61 GFlops



AR —THOEANRHESN, TTVS5— 30 DR IL—TyRH 2765 MPoints/F s 5682 MPoints/FZ[E £
L.#¥ 2 EE&EICHYEL=,

—BLEN\TF =R ADA LN GONDLEHRET 510 a—FERFEERRD/NN—CavEETnEN
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OpenMP* R4 22— L% static & dynamic [ZREL TETLEL Iz, ZRED NUMA £2H T 53—R(E,
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http://www.intel.com/performance (Z3:g) ZSBL TS,

avR—RUk ik |
AT L 2 ykDY—iN—
RAR-TOEyH—  L2FIL® Xeon® FOtvH— E5-2699 V4 @ 2.20GHz
a7IALYER 44/44
RARAE)— 64GB/V vk
aAVIINT5— AT IL® C++ A /8(5— 16.0.2
Ja7745— A>T IL® VTune™ Amplifier XE 2016 Update 2
RRk OS Linux* A—=JL 3.10.0-327.el7.x86_64
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optimizations-for-3-dimensional-finite-difference-3dfd-code-with-an-isotropic-iso) (¥:&


http://www.intel.com/performance�
https://software.intel.com/en-us/articles/eight-optimizations-for-3-dimensional-finite-difference-3dfd-code-with-an-isotropic-iso�
https://software.intel.com/en-us/articles/eight-optimizations-for-3-dimensional-finite-difference-3dfd-code-with-an-isotropic-iso�

AT I)L® VTune™ Amplifier XE 2016 (http://www.isus.jp/intel-vtune-amplifier-xe/)
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