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Intel® Processor Gr ap hics? Increasing Graphics Performance

80x
70x

75X
Increase

» Intel® Processor Graphics: ox
3D Rendering, Media, and Compute o
» Discrete class performance but... o *

integrated on-die for true heterogeneous
computing, SoC power efficiency, and
a fully connected system architecture

2006 2007 2008 2009 2010 2011 2012 2013
Source: Intel, 3DMark06

Intel® Core™ M:

« Some products are near TFLOPS performance

« Highly threaded, data parallel compute engine

Intel Processor Graphics is a key Compute Resource




Example Chip Level Architecture: Intel® Core™ M

Many different processor products,
with different processor graphics
configs

Multiple CPU cores, shared LLC,
system agent

" Intel® Core M Processor

Multiple clock domains, target power
i where it's needed

Intel® Processor Graphics Gen8




EU: The Execution Unit

@ Gens: Seven hardware threads per EU

@ 128 general purpose registers per thread
4K registers/thread or 28K/EU

EU . Execution l:!.n it Each register : 32 bytes wide

(9 8 x 32b floats, 8 x 32b integers

<9

16 x 16b half-floats, 16 x 16b shorts

® Thread Arbiter picks instructions to run
from runnable thread(s)

Each cycle: can co-issue multiple instructions,
from up to four different threads

Dispatches instruction to appropriate functional unit

The fine grain threaded nature of the EUs ensures continuous streams of ready to
execute instructions, while also enabling latency hiding of longer operations such as
memory scatter/gather, sampler requests, or other system communication.




Subslice: An Array of 8 EU’s

fSuthir_n: R Fl:

F
Instruction
cache

) @ Each: Subslice

) Eight Execution Units
@ Local Thread Dispatcher & Inst §

® Texture/Image Sampler Unit:
Includes dedicated L1 & L2 caches

Dedicated logic for dynamic texture
decompression, texel filtering, texel addressing
modes

64 Bytes/cycle read bandwidth

@ Data Port:
- General purpose load/store memory unit

Memory request coalescence
64 Bytes/cycle read & write bandwidth

Sampler
ache

(
N

ZIE



Slice: 3x Subslices

‘Slice: 24 EUs

: Fixed function units

Subslice: 8 EUs

Subslice: 8 EUs

Subslice: 8 EUs

L3 Data Cache

|
| Barriers | ‘

Each Slice: 3 x 8 =24 EU’s
3x 8x7=168 HW threads/slice

@ Dedicated interface for every sampler
& data port

D Level-3 (L3) Data Cache:

Typically 384 KB / slice, though
Allocations are app reconfigurable
64 byte cachelines

Monolithic, but distributed cache
64 bytes/cycle read & write

® Shared Local Memory:
64 KB / subslice
More highly banked than rest of L3

. @ Hardware Barriers, 32bit atomics

ﬂ



Product Configuration Examples

Intel® Processor Graphics Gen8 Intel® Pracescar Granhice Genf Intel® Processor Graphics Gen8

. Global Thread Dispatcher function units

Slice: 24 EUs

Command Streamer Rendering
fixed
Global Thread Dispatcher function units

Command Streamer

Global Thread Dispatcher | Rendering fixed function units | J

Slice: 12 EUS Slice: 24 EUs Slice: 24 EUs

130w e e
GTI: Graphics Technology Interface
-

——— -
[ GTI: Graphics Technology Interface ]

12 EUs 24 EUs 48 EUs
ﬂ



OpenCL™ Execution Model maps to Intel® Graphics
Architecture

OpenCL* Kernels run on an Execution Unit
(EV)

EU: Execution Unit

Each EU is a Multi-Threaded SIMD Processor

Up to 7 threads per EU
= 128 x 8 x 32-bit registers per thread

Up to 8, 16, or 32 OpenCL* work items per
thread (compiler-controlled)

= “SIMD8”, “SIMD16”, “SIMD32”

= SIMD8 - More Registers

= SIMD16 and SIMD32 - Better Efficiency

ﬂ




OpenCL™ Execution Model maps to Intel® Graphics
Architecture

Gen Architecture
Execution Model

EU: Execution Unit

OpenCL™ Exec
Model

SIMD Compile
Model

k Slice: 24 EUs

|
|
|
Work Group I : .
| .
|




Memory Hierarchy and Sharing

Intel® Processor Graphics has full
performance access to system memory

“Zero Copy” CPU & Graphics data
sharing

Shared Virtual Memory — new in Gen8

Facilitated by OpenCL™ 2.0 Shared
Virtual Memory:

Coarse & fine grained SVM

CPU & GPU atomics as synchronization
primitives

System SVM as soon as OSVs are
ready

-----------------------------------

SRR et

R: BSB’LT
W: 32B/fcyc

Each Subslice:

Local Mem
64KB/subslice




Agenda

* The Intel® OpenCL™ Code Builder ---- Presenter: Uri Levy




OpenCL™ Code Builder

A comprehensive developers’ tool-chain for OpenCL™ and Intel® Graphics compute
Supports Each State of the OpenCL™ Code Development

Getting Started Build Debug Tune

Tune the
application

a Identify Debug your code -

accelerations and performance

opportunities for N7 18 both functional
o OpenCL code

Code Sample Kernel development framework API level debugging
Case Studies OpenCL 2.0 development API calls and commands tracing
Identify performance environment and analysis
bottlenecks in applications Pre-defined projects Step-by-step kernel debugging
Redesign algorithms IDE integration — auto (preview)
compilation, syntax highlighting Kernel statistics views
* This stage is largely manual Offline compilation with errors Memory debug
reports

Application level profiling
Platform level timeline view
Platform performance counters
Correlate CPU & GPU activities
Kernel hot-spots analysis

Carry-on performance optimizations in each step of the development

H



OpenCL™ Code Builder
What Is New in Version 20157

OpenCL™ Code Builder fully integrated in Intel's development suites

* Available with Intel® Integrated Native Developer Experience (Intel® INDE)

* Available with Intel® Media Server Studio

* Advanced new editing and debugging features with Microsoft* Visual Studio plug-in
*  Free Windows & Android development with Intel INDE starter edition

Commercial OpenCL 1.2 Linux* driver for Intel® Graphics
* Available with Intel® Media Server Studio

OpenCL 2.0 on 5t Generation Intel® Core™ Processors

* Fine-grained shared virtual memory (SVM) support

*  Support Intel® HD Graphics 5500/6000 and Intel® Iris™ Graphics 6100

* Available with Intel® Integrated Native Developer Experience (Intel® INDE)

Where did The Intel® SDK for OpenCL™ Applications go?

Intel® SDK for OpenCL™ Applications is now available as OpenCL™ Code Builder

All SDK's capabilities are now integrated into Intel’s suites for developers through the OpenCL™ Code Builder.

With new suite support, developer now gets OpenCL Code Builder, profiling features, and interoperable products in a single place.

A standalone Intel® Code Builder for OpenCL™ APl is available for support configurations that are not available with the integrated suites
» E.g Ubuntu* for CPU, Intel® Xeon Phi™ coprocessor, and more

M



Intel’s Portfolio of Tools for OpenCL™ Development

Maximize the power of the platform with OpenCL™ and Intel® Graphics Compute
* Build high-performance applications
* Optimizing tasks with standard APIs and best available compute engines
 Tap into a comprehensive developers’ tool-chain, IDE integration, and more.

Intel® INDE = Intel® Media Server Studio

For mobile and PC client applications gl For enterprise media solution

Create & Debug with OpenCL™ Code Builder Create & Debug with OpenCL™ Code Builder

Analyze with INDE Analyze capabilities Analyze with Intel® VTune™ Amplifier XE
Supports: Supports:

- OpenCL1.2&2.0 - OpenCL1.2&2.0

-  Windows*, Android* - Linux*, Windows*

- Intel® Core™ & Atom™ - Intel® Xeon® E3 & Core™ i7

- Intel® Graphics Compute - Intel® Graphics Compute

Intel continues to support Intel Xeon® E5 & E7, and Intel Xeon Phi through a standalone

Don't leave performance on the platform! M



Which Suite To Download?

Intel® Media Server Studio Intel® Code Builder
Tool suite for OpenCL™ API for
Essential edition: $499 Linux*
free
Supported devices Intel® Graphics (GPU) X X
Intel® processors (CPU) X X X
Intel® Xeon Phi™ coprocessors X
Target OS Windows* X X
Android* X
Linux* X X
Host OS Windows* X X
(De\_/elopment Android*
environment)
Linux* X X
IDE Integration Microsoft Visual Studio* X X
Eclipse* X X
Standalone Ul X X X

Select the tool that best fit your target applications and OS matrix:
- PC & Mobile applications 2 Use Intel® INDE
- Enterprise media applications - Use Intel® Media Server Studio

- HPC apps = Use Intel® Code Builder for OpenCL™ APIs m



Availability Intel® INDE Intel® INDE | Intel® Media Intel® VTune

TO O ls fo r O p e n C LTM D eve lo p m e nt —_— Starte ” Server Studio\ Amplifier XE

System And Platform Analyzer

The Development Flow Intel® VTune Amplifer XE . -

(with Platform Analyzer features)

When |

CREATE
my OpenCL Code

When | first ANALYSE
my Application

When |
== TUNE
oJ od my entire system
System 5
Analyzer E Intel®

M Mo B W M B B Me Me M

_g Platform

= \/Tune™
Amplifier

An.ar_lyzer _

Don’t leave performance on the table!

Get optimized code faster - use performance tools during each step of the development




OpenCL™ Code Builder
Development Tools Features




OpenCL™ Code Builder - Features and Support Matrix

Development Environment

VISUAL STUDIO*

ECLIPSE*

STANDALONE

FEATURES:

OpenCL™ 1.2 support

OpenCL™ 2.0 support with Intel® Core™ M and 5% Gen Intel® Core™ Processors
OpenCL™ 2.0 development environment on previous CPU generations
Kernel Development Framework

New OpenCL Project wizard

Syntax highlighting

Code auto completion

Offline compilation

SPIR* 1.2 generation and consumption

Remote development for Android*

API-level debugging

Image and memory view

API calls tracing

Step-by-step debugging for CPU kernels

Step-by-step debugging for GPU kernels

API calls and memory command analysis

Kernel occupancy and latency analysis

PREVIEW
FEATURE

Create
&
Build

Analyze




ot X Code Editing and Compiling

» |DE integration (Visual Studio e m
" 17 Read @ fmod (Tx Ty) ~
: . fract T "ipt
and Eclipse) b
get_global_id (uint D}

bal work-item |D value
i las

get_global_size (uint D)

= Offline compilation and binary e gt

get_image_channel_order (image3d_t image)

generation of OpenCL™ kernels [= [ v R —

__kernel wvoid ScbelFily

= Syntax checking and compile | R

@ 1 emor CL: expected ' at end of declaration SobelFilter.cl 3
e rro r re O rts int X = get_global | @2 erorMSB3721: The command ""C:nteNINDE\OpenCL SDK\A0\binkx64\iochd,exe” -cmdl=build - IntelOpenCLtargets 70
X I b input="C:\Users\ulevy\Desktop\lab-content\lab-session2\SobelFilterApp\ScbelFilterApphScbelFilter.cl”
p . int ¥ = get_global ~output="x64\Debug\SobelFilter.out” -VS -device=CPU -simd= default -targetos=current -bo="

" exited with code -1

/ Read image coordl
intZ PixelCoords = {X,Y!:

* Project wizards R

if (Mask([X)

= Offline build for the Android* B

for (int wvertical J; wertical < ++vertical)

int2 Coords {¥+horizontal-1,¥+vertical-1};

ta rget plhorizontal] [vertical] = read imagef (Imput, Sam, Coords):
» .

float4 SobelH =
float4 SobelV




co X Kernel Development Framework

» Create and build OpenCL Kernels
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o
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Analyze kernel's performance E——
with “What-if” analysis on work
group sizes = =
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Coretre) 33ty 8 2,800

ration

Device vensoe: Inte1() Corpe
Bevice profile: FULL_PROFILE
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Objecs Tree Code Buider Sessi... | Soluion Explorer  Image Yiew | Trace View Problems view Output Emor it

= Remote development on Android
devices




sesus o8 | APl Level Debugging

= Seamless debugging of OpenCL™ @ oaaeim v v R

» Continue + . -0 *eba X, Ll =
W E @41 . Opencl Platoem  InekR Opencl OpenCt Device. GPLL InteR) HD Graphic - Target Architechture 164« (@) - | SelectKemel Simplekemel -rEe-.
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environment of an application
throughout execution

= OpenCL API calls tracing
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Date View Image View

Objects Tree View

: 0 SobelFiterApp (Debugging) - Microsolt Visual Stucio Show the content of OpenCL Memory Show the visualized content o
EXp|0re a” OpenC ObJeCtS FILE EDIT VIEW PROJECT BUILD DEBUG TEAM SQL TOOLS  TEST .
. d thei {@-0| 8- &K P[P -C-| b Coniue - [Amo Objects (Buffers + Images) . OpenCL Images Objects
n memory a t eir “E B E 4 L BB . OpenCLPlatform  Intel(R) OpenCL - OpenCL Device GPU: Intel Ml L P ES

properties * Process: [4196] SobelFilterApp.exe - Suspend - B Thread: [8264] Main Thread -1 Stack Frame: wmain

Objects Tree 94 SobelFilter.cpp maincpp B X SobelFilter.cl

41 Sort By + [ Show Objects = (Globsl Scope) HAR * argu{])
& Platform [1] (Intel(R) OpenCL) - 58
T Contet[1] 59 /4 retrieve perf. counter frequency
7 app->Performancereport( )i Max Constant Buffer Size (1 131072
7 Max Constant Arguments | 480
72 /4 cleanup all resources 4 Other Information
-8 Program [1] (Buili) e = app->Cleanup();
&{4p Kernel [1] (SobelFilter) 7a e PO ipsogl) 2002
& Sam o Sf(false == res) Device Type CL_DEVICE_TVPE_CPU
© Input e R 4 Single Precision fp
& Output LD0CRES [0 CL_FP_DENORM
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56 [1] (SobelFilter] CL SUCCESS CL SUCCESS 15:58:30:213 | | Not Available
Call Stack | Breakpoints | Output Trace View | Autos Locals| Threads| Modules Watch 1
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Problems View
Look for hints for potential
error or warnings during
execution

Trace View Properties View
Trace application’s OpenCL API calls View the properties of the
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DEBUG

s 4oF Kernel Level Debugging on the CPU

= Step into Kernels runningontheCPU . ... .
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- . Puekoords 1 2 _
types like float4, int4, etc o T ! :
v 18448 O o Wiorkes Thread OciCpuDebuggin _ # ¥ 1 it P L fcumrently )
= =g & Workes Thoad thbliteead | 5 @ f50bel AR50 SST2M0ANEL 1D flamd (o condition) - break abways (currenty 9)
u a ta LARL AL e e s ) amns foae (o comiton) bresk abways fcumentsy @)

= Auto and local variables views




Code Builder

ANALYZE

» Host level analysis

Identify performance bottlenecks in
the API calls

Optimize the host code to reduce API
execution time and kernels run time

= Kernel level analysis

Optimize the kernel code to get better

utilization and reduce the latency

Measure compute metrics (latency,
and utilization)

@ Code Builder — Application Analysis

L
Search: [oCraatsBufe 8
Avg ) i | AL
1553
(ko)
~
v
E
s




Demo Session
Introduction with OpenCL™ Code Builder
A Walkthrough




Code Builder Walkthrough Session Content

Create, Build and Analyze my OpenCL kernel with
Kernel Development Framework

Building

Debug my OpenCL host application and Kernel
with OpenCL® Debugger

Debugging

Performan
ce Analysis

Analyze and Optimize your OpenCL application and
kernel code with OpenCL® Code Analyzer




Code Builder Walkthrough Session Content

Create, Build and Analyze my OpenCL kernel with
Kernel Development Framework Building

Debug my OpenCL host application and Kernel
with OpenCL® Debugger

Debugging

Performan
ce Analysis

Analyze and Optimize your OpenCL application and
kernel code with OpenCL® Code Analyzer




Create, Build and Analyze your OpenCL Kernel

with Kernel Development Framework

Code Builder x
BUILD

Our case study: Sobel Filter Kernel

- Edge detection algorithm

- Discrete differentiation operator, computing an approximation of the
gradient of the image intensity function

Source
Image
+1 0 -1 f +1 +2 +1
G.,=|+2 0 -2{%*A and G, = 0 0 0 =« A

\+1 0 —1 /' -1 -2 -1
horizontal and vertical

derivative approximations

G =4/G,*+ G’




Code Builder Walkthrough Session Content

Create, Build and Analyze my OpenCL kernel with
Kernel Development Framework Building

Debug my OpenCL host application and Kernel
with OpenCL® Debugger

Debugging

Performan
ce Analysis

Analyze and Optimize your OpenCL application and
kernel code with OpenCL® Code Analyzer




- .4 Debug OpenCL host applications and kernel code
DEBUG {§} with OpenCL Debugger

Our case study: Sobel Filter App

CPU Device

In-Order Command Queue

4 OutPtr

-
-
-

NDRange Kernel °

In-Order Command Queue 1

’,vV
GPU Device
\\\

————————————————————————— -»  OutPtr

\ cl_event / In-Order Command Queue 2

NDRange Kernel




Code Builder Walkthrough Session Content

Create, Build and Analyze my OpenCL kernel with
Kernel Development Framework

Building

Debug my OpenCL host application and Kernel
with OpenCL® Debugger

Debugging

Performan

Analyze and Optimize your OpenCL application and ce Analysis
kernel code with OpenCL® Code Analyzer




Analyze OpenCL host applications and kernel code

Code Builder

ANALYZE with OpenCL Code Analyzer

1st case study: Host level optimization on trivial “Hello World” application

- Serial execution of 4 basic compute workloads (OpenCL kernels)

kernel2 kernel3 m

[CI=[A]+[B] [CI=[A]-[B] [CI=[A]][B] [CI=[A]&[B]

e kernell

- Non optimized host code

- 4 optimization step

H



15t optimization — Wrong APl Usage

Avoid redundant usage of API calls

clBuildProgram calls takes ~40% of total execution time

Regular application (c/c++)

\, OpenCL Application

1

1

1

: foo ()

! {

1

main () : j{for
{ I
£ ; .
el 1 }
| )
foo(); 1

1

1
1
bar () ; ! ?ar()

! for
bar(); < | !
EOO(); b

} }

1

(...

(...

)

)

/ New OpenCL implementation

// RQpenCL initialization
// RN kernel

| // Reledge OpenCL objects]

}
bar ()
{

// OpenCL initialXNation

// Run kernel

N\

| // Release oOpencL objeds| 1

}

clGetPlatformIDs
clGetDevicelDs
clCreateContextFromType
clCreateCommandQueue
clCreateProgramWithSource
clBuildProgram
clCreateBuffer

clCreateKernel
SetKernelArguments
clEnqueueNDRangeKernel

clReleaseMemObject
clReleaseProgram
cIReleaseCommandQueue
clReleaseContext
clReleaseDevice

ﬂ

OpenCL Application (optimized)

// New OpenCL implementation

/| // OpenCL initialization

foo ()

/| // Run kernel

}
bar ()
{
\\i // Run kernel |
}

\‘l // Release OpenCL objects |




15t optimization — Wrong APl Usage

Avoid redundant usage of API calls

A inefficient "clCreateBuffer" calls. | \

The host program inchades 10 callz to "clCreateBuffer” where "flags” inchudes
"CL_MEM _COPY HOST PTR"

A "cICreateBuffer” calls where "host_ptr” isn't 4K aligned. View Mode: [ DATA TABLE ] BARS CHART
The host program inchades 10 calls to "clCreateBuffer” where "host ptr” is not
Search: |cICreateContextFromT
3045 4K aligned. ¥P
-~ Api Name 4" Count #Errors Total Duration (ps) Avg Duration (ps) Min Duration (ps) Max Duration (ps)

4339 A 4 redundant calls to "clCreateContextFromType".

The host program inchades 3 calls to "clCreateContextFromType" with the same

- clCreateContextFromType 5 0 47888.293 9577.659 5903.734 22866.952

- arguments.
Duration (us) Start Time (ticks) )
1432 A 4 redundant calls to "clCreateCommandQueue".
The host pro inchudes 5 calls to "cIC: C i " that refer to the [-] CL_SUCCESS Context [1] 22866.952 1432126614796 1432126666041 ~
14328 e device: "Device [2] (Tntel(R) HD Graphics 4000)". [.] CL_SUCCESS Context [2] 6230235 1432128774565 1432128788527
1432 [.] CL_SUCCESS Context [3]
14321 4 "cIEnquencReadBuffer” calls. [-] CL_SUCCESS Context [4] Consider using the same OpenCL context

The host program inchudes 3 ealls to "clEnqueneReadBuffer”. instead of recreate it.

Showing 1 to 5 of 5 entries

1718 4 The work-group dimensions are defined as "column" work-group |
The host program inchades 1 eall to "clEnqueneNDRange” for kemel "Kemel [1]

) (Add)" where the work-group dimensions are defined as "column” work-group.




2"d optimization - Memory Access Patterns
Row memory access VS column memory access

el , e .
1 const int id =y width + x;
i local = buffer[id];

_____________________________________________

, size t localWorkSize[2] = {1, 16};
. clEnqueueNDRangeKernel (.., localWorkSize,..);

g QS Loca kSize[2] = {1,16}
- -
\QQ“ {x,y}= 0,1 0,15
oy
NN .
151 ;:;::\\ y * width + x = 0 h\\ o 15360
NN
WA
\Qs:::::: Y is different for every work-item in the work-group; every rea operation comes
t‘t\\ from a different cache line for every work-item in the work-group
Width = 1024
01 30
0 NN NN N Ny AN i -
2 - -1 bbh bbh \b LocalWorkSize[2] {16,1}
N AN AN AN I
N NN NN P NNN { X,y } = 0,0 1,0 15,0
y * width + x = 0 1 15

Y is constant for all work-items in the work-group. Id increases monotonically
across the entire work-group, which means that the read operations comes from
a single L3 cache line (16 x sizeof(int) = 64 bytes).




2"d optimization - Memory Access Patterns
Row memory access VS column memory access

View Mode: [ DATATABLE ]|  BARS CHART

clCreateBuffer

Axvg Duration (ps) Min Duration (us) Max Duration (us)

Search:

A inefficient "clCreateBuffer" calls. \

The host program inchades 10 callz to "clCreateBuffer” where "flags” inchudes
"CL_MEM _COPY HOST PTR"

Api Name 4 Count  #Errers Total Duration

- clCreateBuffer 15 a 650827 934 4338853 25632227 56880679

A "clCreateBuffer” calls where "host_ptr"” isn't 4K aligned.
The host program inchudes 10 calls to "clCreateBuffer” where "host ptr” isnot Arguments Error Code Return Value Duration (ps) Start Time (ticks) 4" End Time (ticks)
4K aligned. [] CL_SUCCESS Buffer [1] 56880.679 1432127402471 1432127529941

3045

~ [-] CL_SUCCESS Buffer [2] 51796.804 1432127540234 1432127656311
4333 A 4 redundant calls to "clCreateContextFromType". [.] CL_SUCCESS Buffer [3]
The host program inchudes 3 calls to “clCreateContextFromType” with the same | B
L = [-1 CL_SUCCESS Buffer [4] For best results, align memory address to

arguments.

host memory page (4K bytes).
Showing 1 to 10 of 15 entries

1432 A 4 redundant calls to "clCreateCommandQueue".

The host program inchades 3 calls to "clCreateCommandQuene” that refer to the
14321 ame device: "Device [2] (Tntel(R) HD Graphics 4000)".
1432

14321 & "clEnqueueReadBuffer” calls. View Mode: [ DATATABLE |  BARS CHART

The host program inchudes 3 ealls to "clEnqueneReadBuffer”.

Kernel Name 4" Global Work Size Local Work Size Total Duration (ps) Avg Duration (us) Min Duration (ps)
= Kemel [1] (Add) (4096,8192) (132) 1 234276.16 234276.16 234276.16

— (Add)" where the work-group dimensions are defined as "column” work-group. = I B e

1719 & The work-group dimensions are defined as "column" work-group
The host inchades 1 eall to "clEnqueneNDRange” for kemel "Kemel [1
P - ! 25047.44 25047.44

~ Kemel [3] (01 (4096,5182) When reading from memory, best to 26162.24 26162.24

+ Kemel [4] (And) (4096.8192) reorganize the work-group to read in lines 8 25951.68 2395168
Kemel [5] (Xer) (4096.8192) instead of columns. 27104.32 27104.32




3'd optimization - Host to Device Transfers

clCreateBuffer(..., CL MEM COPY HOST PTR, ...);

clEnqueueReadBuffer(...);

_________________________________________________________________

 clCreateBuffer

« CL_MEM_USE HOST_ PTR flag enables the application
to share its memory allocation with the OpenCL™ runtime
implementation, and avoid memory copies of the buffer.

Global Memory

Buffer created

by malloc()

Global Memory

Buffer created
by malloc() < -

Buffer created by clCreateBuffer

(..., CL_MEM_COPY_HOST_PTR,...




"d optimization - Host to Device Transfers

A inefficient "clCreateBuffer" calls.
The host program includes 10 callz to "clCreateBuffer” where "flags" includes
"CL_MEM_COPY HOST PTR"

3045
4338

1432
14321

A "clCreateBuffer” calls where "host_ptr" isn't 4K aligned.
The host program inchides 10 calls to "clCreateBuffer” where "host ptr” 1s not
4F ligned.

£ 4 redundant calls to "cICreateContextFromType”.
The host program inchides 3 calls to "clCreateContextFromType” with the same
arguments.

A 4 redundant calls to "cICreateCommandQuene”.
The host program includes 3 calls to "clCreateCommandQuene” that refer to the
same device: "Device [2] (Intel{R) HD Graphics 4000)".

1432
1432

A "clEnqueneReadBuffer” calls.
The host program includes 3 ealls to "clEnqueueReadBuffer”.

1718
9577

A The work-group dimensions are defined as "column"” work-group
The host program includes 1 eall to "clEnqueneNDRange” for kemel "Kemel [1]

(Add)” where the work-group dimensions are defined as "columm” work-group.

4" End Time (ticks)

View Mode: [ DATA TABLE | BARS CHART

Search:

cICreateBuffer

Max Duration (s)
56880.670

Api Name 4 Comt  #Errers

- ciCreateBuffer 15 0

Total Duration ()
650827954

Avg Duration (us)
4338853

Min Duration (js)
25632.227

ents Error Code

CL_SUCCESS

Return Value
Buffer [1]

CL_SUCCESS Buffer [2]
There are two ways to ensure zero-copy
CL_SUCCESS Buffer [3] . .
- path on memory objects mapping.
CL_SUCCESS Buffer [4]

Allocate memory with
MEM_ALLOC_HOST_PTR", this method
ensures that the memory is efficiently
mirrored on the host Another way is to
allocate properly aligned and sized
memory yourself and share the pointer
with the OpenCL framework by using the
“CL_MEM_USE_HOST_PTR" flag.

Showing 1 to 10 of 15 entries

View Mode [ DATATABLE | BARS CHART

clEnqueusReadBuffer

Max Duration ()

Search:

Api Name 4 Commt  #Errors Total Duration (s) Avg Duration (us) Min Duration (js)

56650.425

- clEnqueneReadBuffer 5 0 382829.237 76565.847 111241955

Duration (js)
111241955

Start Time (ticks)
1432128355857

CL_SUCCESS 1432128605151

CL_SUCCESS

CL _SUCCESS CL_SUCCESS 56650423 1432120913359 1432130040313
CL_SUCCESS CL_SUCCESS 1432131403424
CL _SUCCESS oMo When possible, use "clEnqueueMapBuffer”  LEERENEY]

and “clEnqueueUnmapMemObject*
Showing 110 5 of $ entries instead of call to “clEnqueueReadBuffer”
or “clEnqueueWriteBuffer”.




Host level optimization — Summary

On Intel® Iris™ Graphics 5100

2568 ms

1330 ms

1187 ms

1%t Optimization 2"d Optimization 3rd Optimization
Avoid redundant usage of Row memory access VS Host to Device Transfers
API calls column memory access

H



Code Builder

ANALYZE with OpenCL Code Analyzer

2"d case study: Kernel level analysis with:

- Occupancy View — how much the GPU

is busy =

Higher is better g

- Latency View - execution time of each
kernel instruction (especially memory) ¢

Analyze OpenCL host applications and kernel code

Kepsslinfo.
- Glsbal workgroup e [236:312,0)
Local meckr

Olebel worky | Quseiect s

s
i
......................... ..|||||||""|||||““m|‘|‘|‘|‘|‘|||"‘ll“|h.

‘Total Latency (%) v Totallatency (cycles) Count ‘Average Latency (cycles)

6005 304445328 131072 28227
3995 202546628 131072 15453

Showing

Lower is better

1102 of 2 entries

// Intel Corporation is the author of the Materials, and requests that all
/I problem reports or change requests be submitted to it directly

/I Latency Kernels:
ELIETHLELLIETL LT E AL LA LTI T LA AT TIA LI LI T LA LTI EL LTI A ELIAT 1AL 1A E L 1P 1T

_ kernel void LatencyTest(__global int* a, _global int* b, _global int* c, _global int* d, _global int* out)
{

size t x - get_global id(e);
sizety - get_global id(1);

size_t width = get_global size();
size_t height = get_global size(1)}

size t ida =y * width +x;
size_t id b = x * height + y;
/fsize t 1d.b =y * width +x;

int 1b - a[id_b];
int la = b[id_a + 1b];

out[id a] = latlb;



Download, Learn, Code, Optimize

= Free download at: intel.com/software/opencl What is available online?

= Follow us: @IntelOpenCL Free Downloads

Code Samples
= Contact as through our forum: :

Documentation
http://software.intel.com/en-us/forums/opencl Tech Articles

Reviews

Forums and Support
Try related products PP

= Native client development with Intel® Integrated Native Developer
Experience (Intel® INDE)

= Performance tuning with the Intel® VTune™ Amplifier XE

Webinars

= Media performance with the Intel® Media SDK




Agenda

* Intel® VTune™ Amplifier 2015 ---- Presenter: Alexandr Kurylev




What We Are Going To Talk About

 Introduction into GPU Analysis for OpenCL* applications with Intel® VTune™
Analyzer XE

 New features in recent releases
« Case study: an OpenCL* kernel optimization

« Summary / Questions



Advanced Hotspots Hotspot: ) Intel VTune Amplifier X 2015

o Target Anal
Grouping: | Computing Task Purpose [ Computing Task (GPU)  Instance v |ha| |G |
Computing Task Purpose / Work Size Computing Task Data Transfer... EU Array L3 L3 |Shared Loca... GPU Memor...|  Sampler | gpy 3 Misses, | Comput...| GPU | GPU [l
Computing Task (GPU) / Instance | go,,, | Local | T. v‘ﬁ’|Aver‘..| Inst... | SIM...| Size |Bﬂﬂd.. Actlve‘ Stal\‘..| ldle | Sha..|5am...| Read | Write | Read | Write | Busy ‘Bot‘t‘.. Misses/sec | Threads ...  Sha.
™ |ECompute 14.297s 0.007s 2,088 0.000 54.6% 44.1% 18.084 27.892 1.902 6471 20.765 0811 73.6% 11.8% 264,903,059.296 14,063,458 0.000 0.0C
65536 |64 | 104525 00155 95| @ 0.000] 50.25 L3 { 204,569,670.522] 6,
AdvancePaths 65536 64 2.692s 0.004s 635 3 0000 28.0% 67.8% 4.2% 33782 2246 0157 0.524 15054 2742 81% 0.7% 200,517,849.855 5144113 0.000 0.0C GPU hardware
[#5ampler 63336 64 1.146s 0.002s 696 16 0.000 79.2% 18.0% 2.8% 31538 0.000 0.000 0000 9220 2339 0.0% 0.0% 145926281585 2720225 0.000 0.0C metrics attributed
OpenCL kernel - nit 65336 64 0.007s| 0.007s. 1 16 0.000) 31.4% 68.2% 04% 22222 0000 0.000 0000 10039 6300 0.0% 0.0% 213,031,879.552 7,102 0.000 0.00
and data transfers 5] nitFrameBuffer 3624... 64 00015 0007 1 32 0000 136% 786% 7.8% 16947 0000 0.000 0000 5869 4949 00% 00%) 166,224,860.127 8104 0.000 0.0C to kernels
ETransfer 0.179s| 0.001s| 282 814MB | 4769 51% 91.2% 3.7% 9957 0.000 0.000 0.000 3.467 6.608 0.0% 0.0% 155532822774 1,180,207 0.000 0.0C
[# clEnqueueReadBuffer 0.179s| 0.001s| 282 814MB | 4769 51% 91.2% 3.7% 9957 0.000 0.000 0.000 3.467 6.608 0.0% 0.0% 155532,822.774 1,180,207 0.000 0.0C
Selected 1 row(s): 10.452s| 0.015s| 695 0.000) 59.2% 40.4%| 0.4%| 12564 37.576 2562 8.716|23.500 0.142) 97.3% 15.7%%| 294,560,670.522 6,183,909 0.000| 0.00 v
< >« >
-
T 1 T T T 1 T T T i T T T 1 T T T 1 1 T T T 1 T T T 1 T T T T T 1 T 1 m
o G 7900ms T920ms T840ms 7960ms T980ms | 7990.4ms fO00ms B8020ms B8040ms 8060ms 2080 0 Vsyne
o |[func@0x7854345e (TID: 41 [ = O [ S S S S (S —— I
g (0 cWaitForEvents W aithorEvents W aitForEvents cWaithorEvents vents TWaithorEvents Thread w
# s s .55 | ZEmum—
— Computing Task (GPU) Mk CPUTI
- m303.0 MHz / 00.0% / m100.0% = \ 1 ime
- . \ . . Start: 7980.727ms Duration: 15.04ms y L
. . AP e WYY \ n I L ] .
GPU Execution Units WL;HMH]WM Computing Task (GPU): Intersect " A nn ik Spin and ...
- Purpose: Compute | [[]* Hardware E...
m10,071,467.008 Global Size: 63536 GPU Engi...
GPU Computing Thread... Local Size: 64
o P A i [ SIMD Width: 8 N ey N Render a...
m100.0% . User Tasks
: GPU Engines Usage
GPU GPU EU Instructions ‘ MMMMREME’EM GPGRU: 1 PL-\.._‘,_L_ L‘ M Computi...

hardware = P Cache i 4 |maTsTo/m275T6/ W33 565,694.33] VI iy o verhead Time ECAEET =
i . ’ ' Core Fre...
metrics ache Misses an M M\ﬁ i . . ik Core Fre

EU Array

(m100.0% / m100.0% CPU Time Mk EU Array ...
GPU Texture 5 | 1.1%
ure Sampler va_’j ‘ ‘ L T [¥] dlidk EU Array ..

[¥] GPU C

m15.545 /ma5.545
GPU L3 Cache Bandwidth ik Computi..
GPU EU Instruct...
RN R N [ N [ I e e

duk EU2FRU .
GPU Cache Miss...
Intel(R) HD Graphics 5500 am - - duik GPU Me...
ik GPU Me...
ik GPUL3 ...

GPU software GPU Software Queue ‘ ‘ [7] GPU Texture Sa...
ik Sampler ..

queue vve e e T T e V] | Saksee
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OpenCL
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Computing Q...

amplifier-xe-getting-started-with-opencl-performance-

https://software.intel.com/en-us/articles/intel-vtune-
analysis-on-intel-hd-graphics




GPU Analysis Features Overview

* Intel VTune Amplifier is a powerful performance debugging tool with mature
GPU profiling capabilities

 Shows host and GPU activities correlated
* OpenCL kernel queue graphical view
* Allows to see kernels and their characteristics

« Goes down to hardware level by showing both GPU and CPU hardware
metrics



Metric Presets For Intel® Graphics Analysis

» “Overview”: useful for Graphics and Compute and indeed, provides an
overview

« “Compute Basic”: details about compute as Occupancy, IPC, FPUs Active etc.

« “Compute Extended”: Memory Access and Coalescence metrics

Grouping: | Computing Task Purpose [ Computing Task (GPU) / Instance v La| |G| |4
Computing Task Purpase / Computing ... | Data Transfe... EU Array EU Threads EU Instructions L2 Shader | Memory Transactions Coalesce... | Shared Loca...| gpy Shader | GPU Shader
Computing Task (GPU} /... | Tot, 3% | Aver...| Size |Ban. Actil.re| Stall...| Idle | Occupancy | |pC Rate| 2 FPUs active | Send active | Bandwidth... Untyped...|Untyped...|Typ.|Typ. Read | Write | Barriers Atomics
=l Compute 15.061s| 0.007s 0,000 54.8% 43.8% 1.3% 76.9% 1.400 20.8% 5.0% 18,167 46.9% 63.9% 1912 6504 0.000 0.000
[ Intersect 11.022s| 0.013s 0.000 59.4% 40.2% 0.5% 71.8% 1.374 21.1% 5.4% 12.615 59.8% 68.4% 2.572 8752 0.000 0.000
[ AdvancePaths 2,827 0.004s 0,000 28.2% B7.5% 4.3% 90.3% 1.205 5.2% 3.0% 34,054 39.3% 46.3% 0157 0.525 0.000 0.000
[ Sampler 1.204s 0.002s 0.000 79.7% 17.5% 2.8% 95.5% 1.781 61.8% 7.1% 31.670 43.9% 62.2% 0.000 0.000 0.000 0.000
[ Init 0.007s 0.007s 0,000 30.7% 68.7% 0.6% 97.7% 1.126 3.8% 1.1% 24,329 24.5% 7.2% 0,000 0.000 0.000 0.000
[ InitFrameBuffer 0.0015 0.001s 0,000 9.1% 85.6% 5.3% 39.6% 1.026 0.2% 1.7% 7.917 25.0% 0,000 0.000 0.000 0.000
[=I Transfer 0.183s 0.001s 860 MB | 4932 53% 91.1% 3.6% 90.4% 1.009 0.0% 1.3% 10.821 25.0% 12.5% 0,000 0.000 0.000 0.000
[ clEnqueucReadBuffer 0.183s 0.001s 360 MB | 4932 53% 91.1% 3.6% 90.4% 1.009 0.0% 1.3% 10.821 25.0% 12.5% 0,000 0.000 0.000 0.000
Selected 1 row(s):| 11.022s 0.013s 0.000) 59.4% 40.2% 0.5% 71.8% 1.374 21.1% 5.4% 12,615 59.8% 68.4% 2.572| 8752 0.000 0.000
‘ 49




Architecture Diagram

Grouping: |Corrputng Task Purpose / Computing Task {GPU) ( Instance

Computing Task Purpose / Computing Task EU Array EU Threads EU Instructions L3 Shader | Untyped Mem...| Shared Loca...| Typed Mem...| GPU Memor...
Computing Task (GPU) / I.- | Total..% [ Aver.. Inst...| Active| Stalled| Idie | OCCUPANCY | |pC Rate| 2 FPUs active | Send active| Bandwidth-..| Read [ Write | Read | Write | Read | write | Read | wiite
= Compute 63855 D.007s 950 55.3% 434% 13% : 1.308 209% 5.1% 18.253 8666 0586 1933 £.572 0000 0.000 20927 0.811
| 3 30.0% 71.8% 137 ) 893 0.000] 23.830
[ AdvancePaths 12185 0.004s 316 27.8% 632% 40% . 1.200 5.0% 29% 33716 25395 8317 0141 0473 0.000 0.000 14854 2.714
[®Sampler 05055 0.002s 316 79.2% 18.0% 2.8% : 1.772 60.7% 71% 30494 16560 13.033) 0.000 0.000 0.000 0.000 9.008 2.255
®Init 0.007s| 0.007s 1 30.5% 69.0% 05% : 1.130 3.9% 1.0% 23276 1942 21.334 0.000 0.000 0.000 0.000 10.522] 6.599
[#lInitFrameBuffer 0.001s| 0.007s 1 11.1% 824% 6.5% : 1.025 0.2% 21% 13.369 0000 13368 0.000 0.000 0.000 0.000 4.630 3.876
Selected 1row(s):|  4.653s 00155 316 60.3% 30.2% 05% T1.8% 1375 215% 5.5% 12870 3442 9438 2515 8.803) 0.000] 0.000]23.830 0.147f

2 <

<
Metrics Over Time Architecture Diagram ]

ample Uncore System
:
. images LLC
cend: 22,5 s Shows GPU blocks &
talled: 39.2% (41.4%) - .
ek R | L wite: 015 cals vt 712 card CPU utilization and
Typed Write: 8.88 GE/s 8. 8%

SR Uncore bandwidth
while specific GPU task
was running

buffers SLM Re=d: 2.61 GB/s (1.5%
SLM Write: B.89 GB/z {5.1%]

¥

GPU

utilization: @.4%

CPU




Case Study: Gaussian Blur Kernel

Original Image

« Convolves the image with Gaussian
function

1 22,2
Gl,y) = g€

2o

 Reduces noise and details

« Good representative
of image processing kernels

The sample matrix, produced by sampling the Gaussian filter
kernel (o = 0.840896) at the midpoints of each pixel and then
normalizing:

0.00000067  0.00002292  0.00019117 000038771  0.00019117  0.00002292  0.00000067
0.00002292  0.00078634  0.00655965  0.01330373  0.00655965  0.00078633  0.00002292
0.00019117  0.00655965  0.05472157 011098164  0.05472157  0.00655965  0.00019117
0.00038771  0.01330373  0.11098164  0.22508352  0.11098164  0.01330373  0.00038771
0.00019117  0.00655965  0.05472157 011098164  0.05472157  0.00655965  0.00019117
0.00002292  0.00078633  0.00655965  0.01330373  0.00655965  0.00078633  0.00002292
0.00000067  0.00002292  0.00019117 000038771  0.00019117  0.00002292  0.00000067

Source: http://en.wikipedia.org/wiki/Gaussian_blur

Edge Detection on Original Image



http://en.wikipedia.org/wiki/Gaussian_blur

Naive implementation

» Uses Sampler
» Processes one pixel per a work-item

blur_radius

|

table width ~

const sampler_t samplerA = CLK_FILTER_NEAREST ;

__kernel void gaussian_blur_naive(read_only image2d_t src,
_ global float* table,
const int blur_radius,

write_only image2d_t dst)

float4 dst_val = { @, @, @, B}, src_val = {0, 8, 9, 0};
int i, k, h, w ;

int x = get_global_id(@);
int y = get global id(1);

int table_width = blur_radius®2 + 1;

for (1 = @; i < table_width; ++1i)

{
w =1 - blur_radius;
for (k = @; k < table width; ++k)
{
h = k - blur_radius;
src_val = read imagef(src, samplerA, (int2)(x + w, v + h));
dst val += src_val * table[i*table width + k];
}
}

write_imagef(dst, (int2)(x, y), dst_wval);




What Can We Learn From The Tool?

const sampler_t samplerA - CLK_FILTER_NEAREST ; Computing Task Purpose / Work Size Computing Task EU Array Sampler | Computing
Computing Task (GPU) / Inst...|  Global | Local Tot.v*|Averag...||nstance...|5|MD Active|5ta|l...| Idle | Busy |Bott...| Threads St...
__kernel void gaussian_blur_naive(read_only image2d_t src, = Compute 32.088ms 32.988m: 1 74, g 0.7% 261,056
—global float* table, | mgaussian blurnaive | 2048 2048|5121 1 261,056
const int blur_radius, = Transfer 2.064ms  2.064ms 1 7.5 Vo) 0, W00Bop A 70% 31,673
write_only image2d t dst) Selected 1 row(s): 33.988ms 33.988ms 1 748% 25.0% 0.2%) 99.8% O07% 261056
{ < >
floatd dst_val = { @, @, @, 8}, src_val ={ 0, 8, 8, 0};
int i, k, h, w ; JPlatfnrm ]Ardﬂihectl..lre Diagram
[ol=1e JeTlel] 1555ms  1560ms  1565ms  1570ms  |1575.666ms)580ms  1585ms  15%0ms  1595ms  1600ms 16050
int x = get_global_id(@); e =: —

int y = get_global_id(1); func@Oed041F9 (TID: 5...

Thread

int table_width = blur_radius*2 + 1; T
h = k - blur_radius; GPU Computing Thre... [W18,043,733.460 75.5%
. . RS GPU Texture Sampler 24.5%
dst val += src_val * table[i*table width + k];
}

II‘I.EGHZI /m100.0% / m100.0%

for (i = @; i < table_width; ++i) I LA [ WIWFVWW-‘“WW
{ GPU Execution Units |

w =i - blur_radius; El.[l);t}rrayldle

for (k = @; k < table width; ++k) o

{ L‘/‘w—\u

src_val = read_imagef(src, samplerA, (int2)(x + w, y + h));
s

1 8 Intel(R) HD Graphics 4... o]

EU Array Active m
inwaan.
| e
write imagef(dst, (int2)(x, y), dst val);

* Code source by Intel

'EU Stalled ~ 25% — EUs are waiting 25% of the time




Optimization Considerations

25% stalls due to Sampler accesses

However:

= regular access pattern allows using plane buffers instead of images
(memory buffers are faster to access than Sampler)

blur_radius

table width

B
>

= can use Gaussian Blur’s separability property
= make two kernels (instead of one): horizontal and vertical pass G(z,v) =
» access image data from linear buffers

22002
Lo

Qmra?




Gaussian Blur: Two Passes

Taking advantage of Gaussian Blur’s separable property

Floatd _unpack_uchar4(uchard src) __kernel void gaussian_blur_hor_1(_ global read_only uchard* src, —kernel void gaussian_blur_vert_1(_global uchard® src,

*

{ ) __global read_only float* table, Aglobél float tat_:lej
private uchard temp = src; const int blur radius const int blur_radius,
floatd res; . ’ __global uchard* dst)

2 __global write_only uchard® dst)
res.x = (float)temp.x; { {
_ (float)t ) float4 dst_val = { @, @, @, @}, src_val = {8, 0, @, 0};
res.y = (float)temp.y; floatd dst_val = { @, @, @, @}, src_val = {9, 8, 0, 0}; int x - get_global id(8);
res.z = (float)temp.z; int x = get global id(8); inty = get}lobaliidﬁl);
res.u = (float)temp.w; int y = get_global id(1); int image_width = get_global size(@);
return res; int image_width = get_global size(); int image_height = get_global_size(1);

}

for (int k = 8; k < blur_radius*2 + 1; ++k) for (int k = @; k < blur_radius*2 + 1; ++k)
{ {

int w = x + k - blur_radius; int w =y + k - blur_radius;

if ((w >= 0@ & w < image_width )

uchard _pack_float4(floatd src) h if (w =@ & w < image_height )

{ src_val = _unpack_uchard(src[image_width*y + w]); {
uchard res; 3 src_val = _unpack_uchar4d(src[image_width*w + x]);
res.x = (uchar)src.x; else if (w < @) )
res.y = (uchar)src.y; { else if (w < @)
res.z = (uchar)src.z; src_val = _unpack_uchard(src[image_width*y]); { 1 & uchard(src[ x1);
res.w = (uchar)src.w; src_val = _unpack_uchard(src[ x]);
return res; else if (w >= image width) else if (w »= image_height)

} { { -

src_val = _unpack_uchard(src[image width®y + image width-1]); src_val = _unpack_uchard(src[(image_width)*(image_height-1) + x]);
}
floatd mult = (float4)table[k]; floatd mult = (floatd)table[k];
dst val += src_val * mult; dst_val += src_val * mult;
}
dst[y*image width + x] = _pack_float4(dst val); dst[y*image_width + x] = _pack_float4(dst_val);




Memory Access Pattern

private uchard temp = src;
floatd res;
res.x = (float)temp.x;
. res.y = (float)temp.y;
Read/Write from/to memory by 4 bytes res.2 - (Float)temp. 2
res.w = (float)temp.w;
return res;

Optimizes memory access and makes it coalesced

uchard _pack_floatd(float4 src)
{

) 5 uchard res;
X|Y|Z|W i a Worklng item res.x = (uchar)src.x;

res.y = (uchar)src.y;
res.z = (uchar)src.z;

‘ 0‘ 1‘ 2‘3‘4‘ 5‘6‘ 7‘ 8‘9‘10‘11‘12‘13‘14‘15i SIMD16 thread res.w = (uchar)src.w;

\ Y } , return res;
64 bytes == 1 cache line (!)

for (int k = 0; k < blur_radius*2 + 1; ++k) for (int k = @; k < blur_radius*2 + 1; ++k)

{ {
int w = x + k - blur_radius;
if (w =0 8 w < image width )
{

int w = y + k - blur_radius;

if (w >= 0 & w < image_height )
{

src_val = _unpack_uchard(src[image width®y + w]); src_val = _unpack_uchar(src[image width®w + x]);

) }
else if (w < @) else if (w < @)

! src_val = _unpack_uchard(src[image_width*y]); { src_val = _unpack_uchard(src[ x]);
:Else if (w >= image_width) else if (w >= image_height)
src_val = _unpack_uchard(src[image_width®y + image width-1]); ! src_val = _unpack_uchard(src[ (image_width)*(image_height-1) + x]);
float4 mult = (float4)table[k]; 1}Tloat4 mult = (float4)table[k];
dst_val += src_val * mult; dst_val += src_val * mult;
zlst[y*imageiwidth + x] = _pack_floatd(dst_val); dst[y*image_width + x] = _pack float4(dst_val);




Two Passes. Is more speed-up possible?

» EU4L3 memory bandwidth is far from its peak value (43 + 28 = 71 vs 128 GB/s for 2
slices @ 1 GHz)

» Process more pixels in one work item

Computing Task Purpose / Work Size Computing Task EUl Array ‘ Untyped Memory Bandwi]’ Computing
Computing Task (GPU)/ Inst...|  Gighal ‘ Local | Tot.w # | Averag... |Instance‘..| SIMD ... | Active| Stall... | Read ‘ Write | Threads Started
= Compute 16.018ms  8.00%ms 2 833 To.l% Y0 35.294 2.07] 519,840
gaussian_blur_vert_1 2048 2048 242 063 260,160
gaussian_blur_hor_1 2048 x 2048 | 512x1 729 729 1 16| 824 &) 174%| 0.2% ....259,680
[ Transfer 0.000ms  0.000ms 1 0,0 it 00, ... ot >
Selected 2 row(s): 16.018ms  8.009ms 2 83.3% 16.2% 04% 35.294 2,076 519,840
< >

J Platform l Architecture Diagram ]

T T T T T T
Q=0 Sms 14%0ms 1495ms 15000 1301.600ms 1505ms 1510ms 15
Func@0x40419 (TID: 6... | | |

|13 GHz/ J/m100.0% /m100.0% T W R
EU Array Idle
0.0%

[ v e wVINY
L v AW .
GPU Computing Thre... |.35-354'534-[309 U \ W Els.l é‘tray Active
5%

V
ma3, m45,293 v
3293/ maas ! EU Array Stalled
GPU Untyped Memor... / ’ 13.5%

Intel(R) HD Graphic;4...“ | I I\ | I }I\ I

Thread

GPU Execution Units

-

S
o

Use available memory bandwidth to speed up the kernels M



Gaussian Blur Optimization Steps

HW Metric value, relative to maximum
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Gaussian Blur Performance Data

@; 16

Naive 2 passes, 1 px per work-item 2 passes, 2 px per work-item 2 passes, 4 px per work-item 2 passes, 8 px per work-item
. EU Stalled . Memory bandwidth utilization @ Total time

Hardware metrics guide optimization of GPU bound code
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What To Optimize For

Optimization Target Metric(s) to Watch

Memory Throughput Untyped Read/Write - Non-coalesced accesses

for 128 GB/s at 1 GHz per 1 slice might consume additional
bandwidth

Occupancy Kernels with too small work for More EU threads is not
working item good when the working
EUIdle —>0% item is doing too small
EU Stalled > 0% work

Compute Throughput EU Active - 100 % Redundant calculation
EU Stalled > 0 % might elevate EUActive

EUldle —>0%

ﬂ



Operating Systems Support

e —i L

GPU usage, per engine

GPU usage items attributed to OpenCL V V

GPU Hardware Metrics \4 \4
Media Server Studio CPU-side APIs support V

OpenCL 1.2 support V V

OpenCL 2.0 basic support V V

GPU Architecture Diagram V



Summary

Use VTune to analyze OpenCL* applications running on Intel® Graphics

= Watch for hot kernels and possible inefficient CPU<>GPU interactions
Optimize Hottest OpenCL* Kernels using Intel Graphics Hardware Metrics
Watch for

= Memory Access Pattern

= Occupancy

= EU utilization

VTune helps use full potential of Intel Iris Graphics with your OpenCL* application




Agenda

« Optimization Techniques and Examples ---- Presenter: Anita Banerjee




Optimization Techniques and Examples

» Host Side Optimizations

 Memory Matters
= Host to Device
= Device Access

« Compute Characteristics
= Maximizing Gflops

» Device Side Optimizations

ﬂ



OpenCL" Host Side Optimizations

* Pre-compile kernels if possible

« Compile once and save binary — load at app start

* Enqueue multiple commands in queue
« Use in-order queues
* No need to wait or “clFinish()” on every kernel

* Allows OpenCL runtime to minimize overhead

 Use null for LWS

* Let driver to choose the best LWS for you if you are not sure

H



Optimizing Host to Device Transfers

Host (CPU) and Device (GPU) share the same physical memory

For OpenCL* buffers:

= No transfer needed (zero copy)!

= Allocate memory aligned to a cache line (64 bytes) and multiple of 4KB (page size)

= Create buffer with system memory pointer and CL_MEM USE HOST_PTR

» Use clEnqueueMapBuffer () to get pointer to access data from CPU

*» Use clEnqueueUnmapMemObject () to give the pointer back to GPU before using at kernels.

For OpenCL* images:
= Use cl_khr_image2d_from_buffer Ext.
=  http://www.khronos.org/message boards/viewtopic.php?t=5545

H



http://www.khronos.org/message_boards/viewtopic.php?t=5545

__global and _ constant Memory Access Examples

Adjacent work items should ideally read/store adjacent memory locations

X = data[ get_global_id(0) ] T

. 0 lobalID:{ o | 1| 2|34 |5|6|7|8|9|w0|12]12|13]14]15
= One cache line, full bandwidth saugpoonaunnonooon

Especially avoid the work items reading/storing skipping memory or vertically

X = data[ get_global id(0) * 2] Cace inen | Cahe inen+

X = data[ get_global_id(0) * 16 ] [ coneuren E

|
= Very strided, worst-case lobal "@

Cache linen+1 Cache Linen +2

- |



__global and _ _constant Memory

Global memory access performance depends of size and alignment.

Best: Load/Store 16 bytes of data at a time, starting from a cache line aligned
address

OK: Load/Store at least 4 bytes of data at a time, starting from a 4 bytes aligned
address




local Memory

L3$ SL

data[get_global_id(@)]; data[get_local_id(@)];

data[get_global id(@) + 1]; data[get_local id(@) + 1];
data[get_global id(@) * 2]; data[get_local id(@) * 2];
data[get_global id(®) * 16]; data[get local id(@) * 16];

data[get_global id(®) * 17]; data[get local id(@) * 17];

When picking a memory type,
consider access patterns!




private Memory

Compiler can usually allocate Private Memory in the Register File

= Even if Private Memory is dynamically indexed
= Good Performance

Fallback: Private Memory allocated in Global Memory

= Accesses are very strided

= Bad Performance




Intel® HD Graphics Memory Hierarchy

E L Main memory J

Intel® HD Graphics Register FiIeJ

‘ Global/Constant

Private ‘ ‘ Local |

Minimal latency Low latency

Longest latency




Use Built-in Functions

dp

=V0.x * Vl.x + VO.y * Vl.y dp = dot(VO, V1) ;
+ VO0.z * V1.z + VO.w + V1.w;

C = sgrt(A * A + B * B); C = hypot (A, B);

cl = cl = clamp (X,
fmin (fmax (X,minVal) ,maxVal) ; minVal, maxVal) ;

{ Allow the Compiler to Optimize Better }




Trade Accuracy vs. Speed

: : _ clid] =
c[id] += a[id]*b[id]; -> fma (a[id],b[id],c[id]);

I a[id] =
afid] = sin(a[id]); native sin(a[id]);

* Use mad()/fma(): Either explicitly with built-ins or via -cl-mad-enable build option
* Use native_* versions of trigonometry functions

or compile with —cl-fast-relaxed-math build option
* floats processing is about ~2x of throughput than int — HD5200 and older

ﬂ




Avoid Byte/Short Load and Stores

__kernel void k(global uchar* a, global uchar* b)
{

int gid = get global id(0) ;

a[gid] *= b[gid];

__kernel void k(global uintd4* a, global uintd* b)
{

int gid = get_global id(0);
a[gid] *= b[gid];

L Avoid byte or short loads. Load and store in greater chunk J

ﬂ
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Shared Virtual Memory (Pre-history)

Builds upon “shared physical memory” (SPM) feature
» SPM established with OpenCL 1.0 => CL. MEM_USE_HOST PTR flag
» Supported on Intel 3" Gen processors with HD Graphics
» Eliminated buffer copy costs, aka “zero-copy” buffers*
» Buffer must have 4k byte alignment and size divisible by 64

( SPM available since

2011, but many
OpenCL apps still not | || raphics |
using it... P e B ES & /

e

RS Memory Controller 1/0 1SN MR TR

\_

* See “Getting the Most from OpenCL™ 1.2: How to Increase Performance by Minimizing Buffer Copies on Intel® Processor Graphics”



https://software.intel.com/en-us/articles/getting-the-most-from-opencl-12-how-to-increase-performance-by-minimizing-buffer-copies-on-intel-processor-graphics

Shared Virtual Memory

//
. /I Array of Element Array of floats
Allows de-referencing of host- " “tructures ’
allocated virtual memory e,
i i I/ | | ------------- | | | |============| |
pointers directly on the GPU ) H _____________ H< _____ X H __________ H
/] S — float
I/ || float* internal--||------ + | ] float ||
/ \ I/ || float* external--||---—--——--------——- > float ||
Enables GPU offload [ || et ete I
of pointer-oriented ol [ [l flost 1]
a |gOI‘Ith ms Y | P — | || float ||
: 72N | | R | float ||
(e'gl'_ l:llfélagl _tsrtese)s or I/ || float* internal--||------ + | ] float ||
| | I/ || float* external--||--—---——--------——- > float ||
\ / I/ || float value || | ] float ||
1/ | | s===================] | | float ||
/! e i [ . |
1 1 i | | ============]|
/72 | E—
//
SVM buffer SVM buffer

H



3 types of SVM

Coarse-grain buffers (intel 5" Gen Processors w/ HD Graphics 5300)
» SVM buffers are mapped to either CPU or GPU at any given time
» Access is controlled by clEnqueueMap/Unmap commands

|

H




3 types of SVM

Coarse-grain buffers (intel 5" Gen Processors w/ HD Graphics 5300)
» SVM buffers are mapped to either CPU or GPU at any given time
» Access is controlled by clEnqueueMap/Unmap commands

Mapped state:
Only CPU can
access buffer




3 types of SVM

Fine-grain buffers (intel 5" Gen Processors w/ HD Graphics 5500+)
» SVM buffers can be accessed from either CPU or GPU at any time

> Can use atomics to avoid ‘race’ conditions
Check if device supports (CL_DEVICE_SVM_FINE_GRAIN_BUFFER &
CL_DEVICE_SVM_ATOMICS flags)

(Fine fqrain S VM\

buffer allows

simultaneous
access from
CPU & GPU

|\ Y,




3 types of SVM

Fine-grain system memory (Future Intel Processors)
» CPU & GPU can share anything allocated from the C-runtime ‘heap’
(i.e. malloc/new)
» ldeal end-state — requires convergence of OS, H/W, and API support

" Full CPU/GPU )
memory
coherency for

] all heap
11\ allocations P




Shared Virtual Memory — API Basics

Allows host-allocated VM pointers to be de-referenced directly on the GPU
» No need for clCreateBuffer() => c/_mem object to encapsulate a buffer
» Use c1SVMAlloc() to allocate memory. To create Fine-grained buffer, use flag

CL_MEM SVM FINE GRAIN BUFFER \

- \CPU host
_ _kernel void svmbasic // Allocate SVM

s
(global float *inputFleats) ftloat* inputFloats = (fleoat*) clSVMAlloc(

. / .
CL_MEM_READ OMLY, // input buffer
— #¥3 . — — —
float x = *inputFloats; size*sizeof(float), // size (bytes)
e ); // alignment

IlllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll'llllgigilllllll



Shared Virtual Memory — Kernel setup

Two ways to pass SVM pointer to a kernel
» Use clSetKernelArgSVMPointer() to pass the pointer directly

» If this buffer contains pointers to additional SVM regions, use
clSetKernelExecInfo () withCL KERNEL EXEC INFO SVM PTRS flag

CPU host

// inputElements is an SVM allocation
err = clSetKernelArgSVMPointer(kernel, @, inputElements);

// inputElements contains pointers to inputFloats
err = clSetKernelExecInfo(kernel,
CL_KERMEL_EXEC_INFO_SVM_PTRS,
sizeof (inputFloats),
&inputFloats

);

IlllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll'llllgigilllllll




Nested Parallelism

“Device-side enqueue”

» OpenCL kernels can launch ‘child’ kernels on the device without returning control to
the CPU host

Enables flexible work scheduling entirely on the GPU
» Recursive algorithms (e.g. quickSort, Sierpinski’'s Carpet, etc.)

Also, meets competitive challenge with CUDA's implementation

Device-side enqueue Building blocks:

» Host side API: creating a default device queue from the host
» Block Syntax: simplifies device side enqueue

» Device side API. enqueue_kernel



Sierpinski Carpet

The Sierpinski carpet is a plane fractal first described by Wactaw Sierpinski in 1916.

Start with a white square.

Divide the square into 9 sub-squares in a 3-by-3 grid

Paint the central sub-square black.

Apply the same procedure recursively to the remaining 8 sub-squares

Andsoon ...

See http://en.wikipedia.ora/wiki/Sierpinski carpet for more info

* Sierpinski Carpet image sequence above from http://en.wikipedia.org/wiki/Sierpinski carpet



http://en.wikipedia.org/wiki/Wac%C5%82aw_Sierpi%C5%84ski
http://en.wikipedia.org/wiki/Sierpinski_carpet
http://en.wikipedia.org/wiki/Sierpinski_carpet

Sierpinski Carpet Kernel in OpenCL 2.0

__kernel void sierpinski( global char* src, int width, int offsetx, int offsety)

{
int x = get global id(0);
int y = get global id(1);
queue_t q = get_default_queue();
int one third = get global size(@) / 3;
int two thirds = 2 * one_third;
if (x >= one _third && x < two thirds & y >= one third & y < two thirds)
{
src[ (y+offsety)*width+(x+offsetx)] = BLACK;
}
else
{
src[ (y+offsety)*width+(x+offsetx)] = WHITE;
if (one_third > 1 & x % one_third == 0 && y % one_third == @)
{
const size t grid[2] = {one third, one third};
enqueue_kernel(q, @, ndrange 2D(grid), ~{ sierpinski(src, width, x+offsetx, y+offsety); 1});
¥
} - -
} Easy to translate recursive algorithm

to implementation m



Sierpinski Carpet - Result

[ 2187x2187 image: 8° = 299592 enqueue_kernel calls!
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