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Intel GPU and Microarchitecture

Intel® Iris® Xe MAX discrete GPU
* 6 DSS x 16EUs (96 EUs x 7thr).
 VRAM 68 GB/s
e PCle3x16 card, 2456 GFLOPS (SP)

Intel® Gen9 HD Graphics

* Embedded to Coffee Lake SoC and newer

* Up to 48EUs x 7thr, up to 883 GFLOPS (SP)

L3 CACHE

e 2 SIMD-4 FPUs of 32-bit FP or INT data
IWOCL & SYCLcon
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GPU Development Environment and Runtimes

Several high-level languages for Media and GPGPU programming
= OpenCL™ Technology via Intel® Media SDK

= SYCL/Data Parallel C++ direct programming
= OpenMP offload to GPU

®» Performance Libraries

Set of Intel Compilers based on LLVM technology

Intel® oneAPI DPC++/C++ Compiler CPU, GPU, Base

dpcpp FPGA*
. .
I-ntel oneAPI DPC++/C++ Compiler CPU Yes iz Base
icx GPU*
. .
Intel® Fortran Compiler CPU, GPU* e Yes HPC

ifx
IWOCL & SYCLcon
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OpenCL™ Technology and Intel® Media SDK

Runtime Architecture

SYCL host/ host device

DPC++ e | O = Controlled via SYCL_BE env
applcaion var-
DPC++ runtime library
DPC++ SYCLAPI PI_OPENCL
runtime Pl discove Memory Device Host device
&plugin nia || Scheduler manager | manager | RTinterface P I_LEV ELO
DPC++ Runtime Plugin Interface (PI) P |_C UDA for o pen-source
Pltypes & services Device binary management com p | | er

Pl plug”"] Pl/Level Zero plugin PI/OpenCL plugin m Pe rformance data comes

from most of the levels

Nati\/e ru ntime Level Zero Runtime
& driver

TBBRT
' o
m More info: tinyurl.com/dpcpp-pi
IWOCL & SYCLcon
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CPU or GPU bound? VTune Offload Analysis

All execution resources in focus ACCELERATORS
= Explore code execution on various CPU and GPU cores mﬁﬁgda

= Correlate CPU and GPU activity -

= |dentify whether your application is GPU or CPU bound iy

Find kernels for further analysis
= Task level analysis
= Kernel efficiency

= Data transfer rates

IWOCL & SYCLcon
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GPU Task Efficiency

Thread

=]
=
=

=
S

= | Recommendations
rour EU Array Stalled/ldle: 98.4% -
GPU metrics detect some kernel issues. Use % GPU Compute/Media Hotspots (preview) to understand how well your application runs on the
c specified hardware. SIMD Width SVM Usage Type .
_0ca ACT
ma Execution % of Total Time: 0.1% 12 32 0.
ze( Execution time on the device is less than memory transfer time. Make sure your offload schema is optimal. Use Intel Advisor tool to get an
[OU insight into possible causes for inefficient offload. |.earn more
) Elapsed Time : 60.013s
(3) GPU Utilization ©': 88.9% 5790ms Thiead -
ol =
[ ] [ Running
) Hottest GPU Computing Tasks 2 zeCom | S
This section lists the most active computing tasks running on the GPU, sorted by the Total Time. Focus on the computing tasks flagged as fp : "‘.n(' J o _c"
performance-critical. @ Clocktick Sample
[1User Tasks
% of @ o l = GPU Computing
Computing Task Total @ pyecution® Total — "StENCE o
Time Time Count ) GPU Execution Units
matrixhMultiply1<float, (unsigned long)2048>(void, std:array<std::array<float, (unsigned long)204 EU Arrays o
&>, (unsigned long)2048> const&, std: amray<std::array<float, (unsigned long)2048>, (unsigned | 51.943 0.053s 0.1% 2010 e
ong)2048> std: array<float, (unsigned long)2048>&){lambda(cl:-sycl:-handler&)#1} operator{) s ' r ’ Idle
(cl:zsycl) const::MatrixMultiply1 & e Stalled
zeCommandListAppendBarrier & 0.002s Os 0.0% 0 e 4
IWOCL & SYCLcon ‘
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GPU Task Efficiency

| Recommendations
EU Array Stalled/ldle: 55.4%

GPU metrics detect some kernel issues. Use # GPU Compute/Media Hotspots (preview) to understand how well your application runs on the
specified hardware.

Execution % of Total Time: 0.1%

Execution time on the device is less than memory transfer time. Make sure your offload schema is optimal. Use Intel Advisor tool to get an
\ insight into possible causes for inefficient offload. |.earn more

IWOCL & SYCLcon
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GPU Task Efficiency

/ © Elapsed Time ": 60.013s

(3) GPU Utilization ©: 88.9%

() Hottest GPU Computing Tasks
This section lists the most active computing tasks running on thg GPU, sorted by the Total Time. Focus on the computing tasks flagged as
performance-critical.

% of =

~

. Total L - Instance ©
Computing Task Time Execution Tptal Count
Time

matrixhMultiply1<float, (unsigned long)2048>(void, std::array<std: array<float, (uMmsigned long)204
&=, (unsigned long)2048> const&, std:array<std:.array<float, (unsigned lang)2048>, (unsi 51.943 0.053s 0.1% 2010
ong)2048> std-array<float, (unsigned long)2048>&){lambda(cl::sycl:-handler&)#1} -operator() 5 —_— !
(cl:sycl) const::MatrixMultiply1 &
zeCommandListAppendBarrier & 0.002s Os 0.0% 0

IWOCL & SYCLcon
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Computing Tasks and Data Transfer

Grouping:| (custom) Computing Task ~ || ~ || Q || % |
. Total Time by Device Operation Type [®] Transfer Size (€ Work Size
computing fask "Exe.. 0Hostto-Device.. [ Device-to-Host.. §Synchro... nstance Gount Host-to-Device Device-to-Host | Global ¥ Local S
» matrixMultiply1<float, (unsi¢| 51.943s EEEE e 2,010 94 GB 0B 2048 512
» zeCommandListAppendBal| 0.002s 2,010 0B 0B
» [Outside any task] 0
D . + - | 8730ms &740ms 8750ms 8760ms 8770ms &8780ms 8790ms |Threai:| w
= ) ) [ Running
E matrix_multiply (TID: 13204 . : : . s CPU Time
matrix_multiply (TID- 13205 #u Spin and Overhe...
- - [ ] ® Clocktick Sample
matrix_multiply (TID: 13205. .. [JUser Tasks
GPU Execution Units = GPU Computing ...
GPU Computing Threads Dis. .. || \ m:. [ \'1 I ‘"\ l LIl ,TL‘ I ‘_. [ L\ f \ r[d E GPU Execution Units
GPU Utilization EU ‘“‘;‘“'5 .
¥l i Active
CPU Time i Idle
IWOCL & SYCLcon <
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Computing Tasks and Data Transfer

Grouping:| (custom) Computing Task v || « || Q || %o
_ Total Time by Device Operation Type | Transfer Size
Computing Task Instance Count
Execution Hosi-to-Device Transfer Device-to-Host Transfer | Synchronization Host-to-Device Device-to-Host
P matrixMultiply1<float, (unsi{| _0.053s 44 528s D 7.362s B Os 2,010 94 GB 0B
> zeCommandListAppendBa Os Os Os 0.002s 2,010 0B 0B
0

» [Outside any task]

IWOCL & SYCLcon
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Computing Tasks and Data Transfer

O: o == o

matrix_multiply (TID: 13204 .

Threa

oo W o W | [ |
matnULMy TP 13205

matrix_multiply (TID: 13205...

8730ms a740ms &750ms a760ms &770ms 8780ms B790ms

Y

GPU Execution Units ‘

GPU @plﬁ)g{ﬂjeads Dis. .

[ [ [ [y [ 3 [y [ A [

L GPU Utilization )
CPU Time
IWOCL & SYCLcon
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[ Running
i CPU Time
# Spin and Overhe...
(] @ Clocktick Sample
[ ] User Tasks
= GPU Computing ...

GPU Execution Units

EU Arrays
e Active
s Idle

intel. "~



Computing Tasks decomposition

matrix_multiply (TID: 1320405)

User Tasks
Start: §751.718ms Duration: 1.82
Task Type: zeMemAllocDevice

matrix_multiply (TID: 1320405)

User Tasks

Start: 8753.556ms Duration: 5. 737

matrix_multiply (TID: 1320405)

User Tasks

Start: 8759.342ms Duration: 16.927usec

Task Type: zeCommandQueueExecuteCommandLists ‘

Task Type: zeCommandListAppendiVlemoryCopy

reMemAliocDevice zec:umnﬂjsmmmmm{:m ||

v

I matrx_multiply (TID: 1320405)

User Tasks
Start: 8759.499ms Duration: 4.379ms

Task Type: zeEventHostSynchronize

D = + - l_‘h . . a740ms 8760ms |Thread o
g B Running
o matrix_multiply (TID: 13204. .. .
= zzCnmnm- ze zeComman ze zeGarnman|ze zeComman | EEERER ze zeComman ze zeComma |ze zeComman [z=Event | z= zeCo ta CPU Time
matrix_multiply (TID: 13205, M Spin and Overhe. ..
i fioly (TID: 13205 (] ® Clocktick Sample
matrix_multiply (TID: [ User Tasks
GPU Execution Units = GPU Computing ...
GPU Computing Threads Dis. .. GPU Execution Units
GPU Utilization EUAmays
e Active
CPU Time dle %
IWOCL & SYCLcon
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Applications to offload to GPU. SYCL/DPC++

DPC++ “Hello World”: Vector Addition

int main() {
float A[1024], B[1024], C[1024];
{
buffer<float, 1> bufA { A, range<l> {1024} };
buffer<float, 1> bufB { B, range<l> {1024} };
buffer<float, 1> bufC { C, range<l> {1024} }; | Host code

queue q;

g.submit([&] (handler& h) {
auto A = bufA.get access<dpc_r>(h);
auto B bufB.get access<dpc_r>(h);
auto C bufC.get access<dpc_w>(h) ;

J |

h.parallel for(range<l> {1024}, [=] (id<1> i) { Accelerator
C[i] = A[i] + B[i]l:; -

"y device code
})

for (int 1 = 0; i < 1024; i++)
std::cout << "C[" << i << "] = " << C[i] << std::endl; .. Host code

IWOCL & SYCLcon https://github.com/oneapi-src/oneAPl-samples/tree/master/DirectProgramming/DPC%2B%2B/DenselinearAlgebra/vector-add intel. =
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https://github.com/oneapi-src/oneAPI-samples/tree/master/DirectProgramming/DPC%2B%2B/DenseLinearAlgebra/vector-add

Applications to offload to GPU. OpenCL

__kernel void vector _add( global const float *x,
__global const float *y,
__global float *restrict z)

// get index of the work item Accelerator

int index = get global id(0); — device code
// add the vector elements
z[index] = x[index] + y[index];
}
) Top Tasks
This section lists the most active tasks in your application.

Task Type Task Time® Task Count® Average Task Time ©
clBuildProgram 0.237s 1 0.237s
clCreateBuffer 0.118s 3 0.039s
clCreateKernel 0.016s 1 0.016s
clCreateContext 0.000s 1 0.000s
clCreateCommandQueueWithProperties 0.000s 1 0.000s

IWOCL & SYCLcon
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Applications to offload to GPU. OpenCL

void run() {

cl int status;

const double start time = getCurrentTimestamp() ;

// Launch the problem for each device.

scoped_array<cl event> kernel event(num_devices) ;

scoped array<cl event> finish event(num devices);

for(unsigned i = 0; i < num devices; ++i) {

// for the host-to-device transfer.
cl event write_event[2];
status = clEnqueueWriteBuffer (queue[i], input a buf[i], CL_FALSE,

0, n_per device[i] * sizeof(float), input_. a[1], 0, NULL &write_event[0]);
checkError (status, "Failed to transfer input A");
status = clEnqueueWriteBuffer(queue[i], input b buf[i], CL_FALSE,
0, n_per device[i] * sizeof(float), input b[i], 0, NULL, &write_event[l]);

checkError (status, "Failed to transfer input B");
// Set kernel arguments.
unsigned argi = 0;
status = clSetKernelArg(kernel[i], argi++, sizeof(cl_mem), &input_a buf[i]);
checkError (status, "Failed to set argument %d", argi - 1);
status = clSetKernelArg(kernel[i], argi++, sizeof(cl_mem), &input b buf[i]);
checkError (status, "Failed to set argument %d", argi - 1);
status = clSetKernelArg(kernel[i], argi++, sizeof(cl_mem), &output buf[i]);
checkError (status, "Failed to set argument %d", argi - 1);
const size_t global work size = n _per device[i];

status = clEnqueueNDRangeKernel (queue[i], kernel[i], 1, NULL,
&global work size, NULL, 2, write event, &kernel event[i]);

checkError(status, "Failed to launch kernel"),

// Read the result. This the final operation.

status = clEnqueueReadBuffer (queue[i], output buf[i], CL_FALSE,

0, n per device[i] * sizeof(float), output[i], 1, &kernel event[i], &finish event[i]);

// Release local events.

clReleaseEvent (write_event[0]); clReleaseEvent (write _event[1l]);
// Wait for all devices to finish.
Wai Events (num devices, finish event);
I“’ events

9T”‘””f”8¥?19%§‘£3ﬁ%&5"% 0; i < num_devices; ++i) {

—

Partial
Host code

intel.
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Applications to offload to GPU. OpenMP offload

void __ attribute ((noinline)) MatrixMulOpenMpGpuOffloading() { i
int i, 3j, k;
// Each element of matrix a is 1.
for (1 = 0; i < M; i++)
for (3 = 0; j < N; j++) a[il[j] = 1.0f;
// Each column of b is the sequence 1,2,...,N .— |Host code

for (1 = 0; 1 < N; i++)
for (j = 0; jJ < P; j++) b[i][j] = i + 1.0f;

// ¢ is initialized to zero.
for (1 = 0; i < M; i++)
for (j = 0; j < P; j++) c[i][j] = 0.0f;

// Parallelize on target device. —
#pragma omp target teams distribute parallel for map(to : a, b) \ ™
map (tofrom : c) thread limit(128)
{
for (i = 0; i < M; i++) {
for (k = 0; k < N; k++) {

// Each element of the product is just the sum 1+2+...+n - Accelerator
for (j = 0; j < P; j++) { device code
c[i][3] += al[i]l[k] * b[k]I[]]~
}
}
} —
}
https://github.com/oneapi-src/oneAPl-samples/blob/master/DirectProgramming/DPC%2B%2B/DenselinearAlgebra/matrix mul/src/matrix mul omp.cop

IWOCL & SYCLcon
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https://github.com/oneapi-src/oneAPI-samples/blob/master/DirectProgramming/DPC%2B%2B/DenseLinearAlgebra/matrix_mul/src/matrix_mul_omp.cpp

In-kernel Analysis

ELVTUNE PROFILER ACCELERATORS
ot o
GPU Compute/Media Hotspots . & e S
(preview) Compute/Media

Hotspots
(preview)

Analyze the most time-consuming GPU kernels, characterize GPU utilization based on
GPU hardware metrics, identify performance issues caused by memory latency or
inefficient kernel algorithms, and analyze GPU instruction frequency per certain
instruction types. Leam.more

e Characterization ® Overhead

Overview -

GPU sampling interval, ms
1

Analyze memory bandwidth

+| Trace GPU programming APls

Work Size Computing Task Data Transferred
GPU Adapter / Computing Task : : : :

Global ¥ Local Total Time Average Time |Instance... | SIMD Width | SWVM._. Size Total, GB/s...

v DG1 [Iris Xe MAX Graphics] 2.167s 0.361s 6 64 MB 0.024
b matrixMultiply2<float, (unsigned long)2048>(vq| 2048 x 2048 512 x 1 1.880s 1.890s 1 32 0B 0.000

b zeCommandListAppendMemoryCopy 0.017s 0.006s 3 48 MB 2.963

p zeCommandListAppendMemoryCopyRegion 0.160s 0.160s 1 16 MB 0.105

p zeCommandListAppendBarrier 0.000s 0.000s 1 OB 0.000

ek intel.




Memory Stalls in GPU Microarchitecture

PCle

GPU Uncore System
GT GTI VRAM LLC DRAM
Slice
x6 L3
SubSlice
x16
} i < 0.0B/s 0.0 Bis — OtM
Execution Unit <— 345GB/s — 17.3 GB/s —» Traffic Router =~
Sampler S
Active: 8.3% -—
Stalled: 9M7% Kk L1 L2
Idle: 0.0% .
Threads lssued: 85536 . Total 518 GBIs
QOccupancy: 98.0%
CPU
CPU core -
Utilization: 6.2%
Grouping:| GPU Adapter / Computing Task v ‘ EE
) EU Array EU Threads Computing Threads | L3 Bandwidth Shared Local Mem ... | GPU Memory Bandw . . ]
GPU Adapter / Computing Task e Py - Occupancy Started GB/sec =— e =—_— — GPU Barriers GPU Atomics
DG [Inis Xe MAX Graphics] 6.9% 83.8% 9.3% 88.5% 376,832 6.2% 0.0% 0.000 24 699 12 397 0.000 0.000
b matrixMultiply2<float, (unsigned long)2048>(void, std: 8.3% 91.7% 0.0% 98.0% 65,536 8.7% 0.0% 0.000 34539 17.279 0.000 0000
zeCommandListAppendMemoryCopy 0.3% 99 2% 0.5% 96.5% 47,759 1.1% 0.0% 0.000 3.576 2827 0.000 R | Q.*E)UO
zeCommandListAppendMemoryCopyRegion 0.2% 99 4% 0.4% 92.8% 262144 0.1% 0.0% 0.000 0.425 0.422 0.000 0.000




GPU Instructions Count

Computing Task / Function / Call Stack
/\

GPU Instructions Executed by Instruction Type

i«

SIMD Utilization

Control Flow Send Int16 & HF Float Int32 & SP Float Other
matrixMultiply2<float, (unsigned long)20| 33,554,432 (]l 1.611,005,952 @ 33,423,360 (0  7,919.239,168 1,159,462 912 § 99 2%
matrixMultiply2<float, (unsigned long): 0 131,072 0 131,072 786,432 | 100.0%
__spirv_Globallnvocationld_y 0 0 0 2 359 296 131,072 100.0%
clsyclaccessor<float, (int)2, (cl::sycl 0 0 0 7.471.104 393216 | 100.0%
cl::sycl:iaccessor<float, (int)2, (cl::sycl 0 0 0 524 2838 0 100.0%
b matrixMultiply2<float, (unsigned long)] 33,554 432 ] 1.610,874880 B 33,423360 " 1,281,753,088 805,830,656 § 97 2%
clsycliaccessor<float, (int)2, (cl:sycl 0 0 0 3,623,6878,656 218,103,808 § 100.0%
cl::sycl:iaccessor<float, (int)2, (cl::sycl 0 0 0 1,426,063,360 50,331,648 | 100.0%
cl::sycl:iaccessor<float, (int)2, (cl::sycl 0 0 0 67,108,864 16,777,216 | 100.0%
cl::sycl:iaccessor<float, (int)2, (cl::sycl 0 0 0 1,909,949 440 67,108,864 | 100.0%

Instructions decomposition for a Computing Task and underlaying functions

IWOCL & SYCLcon
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GPU Instructions Count

matrix_multiply.cpp =

Bl o0 o= G v bk

Source Line A

Source

# GPU Instructions Executed by Instruction Type ®
® Control Flow @ Send @ Int16 & HP Float [ Int32 & SP Float [ Other

146

147

hdlr.parallel for<class MatrixMultiply2> (matrixRange,

[=]

39,845,888 |

148

{

149

size t 1 id[0], j = id[1]:

150

151

rc[il []] T{}:

917 504

152

for (size t k = 0; k < w; k++)

302,120,960 |00

153

{

194

rc[i] [j] += ralillk]l * rblkl[]jl:

3422552064 (NSS4 e

155

156

157

b):

Instructions decomposition for a source line

IWOCL & SYCLcon
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Basic Blocks Latency

) ] Work Size Computing Task Data Transfe. .. )
Computing Task / Function / Call Stack : : - Estimated GPU Cycles
Global ¥ | Local Total Time Average Time | Instance ... | SIMD Width | SWM. .. Size \(
2048 x 2048 512 x1 199 224ms 199.224ms 1 32 0B |100.0% D
0.1% |
< 0.0%

matrixMultiply2<float, (unsigned long)2048=(s 44.6% D
clsycl-accessor<float, (int)2, (cl::sycl:access 142% P
clsyclaccessor<float, (int)2, (cl::sycl:access 201% @B
clsyclaccessor<float, (int)2, (cl::sycl: access Q}.T% | J

Define function calls that took most of GPU cycles

IWOCL & SYCLcon
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Basic Blocks Latency

) ] Work Size Computing Task Data Transfe. .. )
Computing Task / Function / Call Stack : : - Estimated GPU Cycles
Global ¥ | Local Total Time Average Time | Instance ... | SIMD Width | SWM. .. Size

matrixMultiply2=<float, (unsigned long)2048=>(voiq| 2048 x 2048 512 x1 199.224ms 199.224ms 1 32 0B 100.0% D
clsyclaccessor<float, (int)2, (cl::sycl:access 0.1% |
clsyclaccessor<float, (int)2, (cl::sycl: access 0.0%

b matrixMultiply2<float, (unsigned long)2048=>(s 44.6% D
clsycl-accessor<float, (int)2, (cl::sycl:access 142% P
clsyclaccessor<float, (int)2, (cl::sycl:access 201% @B
clsyclaccessor<float, (int)2, (cl::sycl: access 0.7% |

Analysis Configuration  Collection Log  Summary  Graphics = matrix_multiply.cpp l o

Assembly I = & & & b

Source Line & Source i‘i Estimated GFPU Cvcles\

145 auto rc = bC.template get access<dpcpp::access::imode::discard write> (hdlr);

146

147 hdlr.parallel for<class MatrixMultiply2>(matrixRange, [=] (dpcpp::id<2> id) 0.2% |

148 {

149 size t 1 = id[0], J = id[1];

150

151 rc[i1[3]1 = T{}: 0.0%

152 for (size t k = 0; k < w; k++) 26% 8

153 {

154 rc[il[j] += ralillk] * rblk][jl: 419%
[\ 155 ]

L S — : N
om| 156 by J 23




Memory Latency

Assembly II|= & W b e Assemblygrouping:|Address v D

Source Line A ‘ Source &Averaqe Latency, Cy...[® Address A | Source Line Assembly Average Latency, Cycles *
. - S— ——— UxX858 54 add (Le[MlIo] r3Z.

145 auto rc = bC.template get access<dpcpp::J 0x860 154 add (16|M0) r20.0

140 0x868 154 2dd (16|M16) r24.

147 hdlr.parallel for<class MatrixMultiply2>( send.dcl (16|M0)

148 { . . | | _ send.dcl (16|M16)

149 size €t 1 = 1d[0], J = id[1]: send.dcl (16|M0)

150 o | send.dcl (16|M16)

151 rcl[il[3] = T{}: { add (1|M0} rl

192 for (size t k = 0; k < w; k++) 0x8c0 154 (W) mul (1|M0) ac

193 ‘ 0x8d0 154 (W) mach (1|MO) ¢ B
: ; = : 4 S

15? o 0x8f0 154 (W) mul (1|M0) ag i

136 . 0x900 154 (W) or (1IM0) rl2

AET T4 -

Latencies per individual instructions

IWOCL & SYCLcon S
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Platform Analysis

Analysis Configuration ~ Collection Log  Summary  Graphics Pz o I P V//

O: & = v = oy 1 20s 3 4 oe s Computing Queue Elapsed Time: 60.013s
3 ; [ ] GPU Computing Task GPU Utilization: 88.9%
o Intel(R) Graphics [0x4905] Computing Queue
e Bl Transfer In Bandwidth Utilization Histogram
(=)
£|  [Unknown] Bandwidth Domain: |PCle Bandwidth, MB/sec v |
= [ Transfer Qut SR ——
E [ Synchronization andwi hzatlol prAM, GB/sec
= matrix_multiply (TID: 13204. . W 1
= | Thread v| o B pCle'Bandwidth, MB/sec £
[ Running 7] E g
matrix_multiply (TID: 13205__. i CPU Time gc j:‘ g
[ User Tasks H o
matrix_multiply (TI1D: 13205... ' GPU Computing Task 6e %
0
GPU Execution Units o
matrix_multiply (TID: 13204 __. EU Arrays 4z -
GPU Execution Units ks Active -
| " Idl
GPU Computing Threads Dis... [ \( -qlf :' [ l{_,__ 4 €
J v | ! \ i Stalled 0e -
GPU Utilization
- GPU Computing Threa... 0 2.000
CPU Time BT TR F_
= 3105.377 | Mmmm M”
._g > package_0 = EU Threads Occup Bandwidth Utilization
= GPU Utilization
i Render/GPGPU Com...
18]
£ > oack o 23380 | CPU Time
Z pactags- d CPU Time
-
@ Inbound PCle Bandwidth
; S Inbound PCle Bandwi. ..
g p package 0 Read
Z i Write .~
@ ~ Total, MB/sec
= ||

© O 6



Quick References

Intel® VTune™ Profiler — Performance Profiler
= Product page — overview, features, FAQs...
Training materials — Cookbooks, User Guide, Processor Tuning Guides

Support Forum
Online Service Center - Secure Priority Support
What'’s New?

Additional Analysis Tools
= Intel® Advisor — Design and optimize for efficient vectorization,

threading, memory usage, and accelerator offload. Roofline and flow
graph analysis.
= |ntel® Inspector — memory and thread checker/ debugger E

= Intel® Trace Analyzer and Collector - MPI Analyzer and Profiler

Additional Development Products
= Intel|® Software Development Products
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https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/vtune-profiler.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-cookbook/top.html
https://software.intel.com/content/www/us/en/develop/documentation/vtune-help/top.html
https://software.intel.com/content/www/us/en/develop/articles/processor-specific-performance-analysis-papers.html
https://community.intel.com/t5/Analyzers/bd-p/analyzers
https://software.intel.com/content/www/us/en/develop/support/priority-support.html
https://software.intel.com/en-us/articles/intel-vtune-amplifier-xe-release-notes
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/inspector
https://software.intel.com/en-us/trace-analyzer
http://software.intel.com/en-us/intel-sdp-home/

Notices & Disclaimers

Performance varies by use, configuration, and other factors. Learn more at www.Intel.com/Performancelndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See
configuration disclosure for details.

Your costs and results may vary.
Intel technologies may require enabled hardware, software or service activation.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names
and brands may be claimed as the property of others.
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http://www.intel.com/PerformanceIndex




