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profiler. Gain insight into code optimization opportunities using hardware performammatoring
counters. Examples may include assembly and C/C++.

Ken Mitchell is a Senior Member of Technical Staff in the Radeon Technologies Group/AMD ISV Game Enginee
team where he focuses on helping game developers utilize AMD CPU cores efficiently. Previously, he was taske
automating & analyzing PC applications for performance projections of future AMD products. He studied compui
science at the University of Texas at Austin.

Elliot Kim is a Senior Member of Technical Staff in the Radeon Technologies Group/AMD ISV Game Engineerin
where he focuses on helping game developers utilize AMD CPU cores efficiently. Previously, he worked as a gal
developer at Interactive Magic and has since gained extensive experience in 3D technology and simulations
programming. He holds a BS in Electrical Engineering from Northeastern University in Boston.
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Introduction



AMD 1

Microarchitecture
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MICROARCHITECTURE AMDZ1

AN UNPRECEDENTED IPC IMPROVEMENT
RYZEN > 5 2 0/0

ZEN'Goal  |PC UPLIFT

INSTRUCTIONS
PER CLOCK

“Excavator” Core

Updated Feb 28, 201 BeneratinalPCuplifff 2 NJ (0 KS & %Sy ¢PiledrNgg K A NOKRdZNR (2N h & bpw: GAOGK Yy SadAYIKOSR {
G I FAESR oonDI I @ DSYSNI GA2y Il f Lt/ dzLJX AFG T2 N (KGinebeWcERIE 1T, landial§o i 64% @ith daNSStimgteéd d ¢
SPECint_base2006 score compiled with GCEOR6at a fixed 3.4GHz. SysteamfigyY ! a5 NBFSNBYOS Y2UKSNDB2F NRoOoav2687a5 wl RS2
6G4%SyéOkyMoo 56WDE O @I-Miy2cNBhlentidgéD).> 5 50owdey (idz [ Ay dzE mc ®E o6{t 9/ Ay (i o ICiacBencts). SaAGA YLl (S0
{t9/AylywolaSunnc PlelriveéY l6bnadYp A3 &1 n@rd pa bp 2 0 X & %Ljhébendw wp a B & Oh JP RBAKNcE 6 bR P B3
020K 4 odnD p bTtcer03 a%Syé gaod G9HMI JFi2NE omcn Fad &1 dp 020K |4 nonDpy bem
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MICROARCHITECTURE AMDZ1
SIXTEEN LOGICAL PROCESSORS

y Relationship Masks:

PI’OCESSOI’

______
0k

— FF00
PackagaNumaNods FFFF

} Use Case Benefits:
} High Gaming FPS
} Consoles have 8 physical cores without MA@ I Sy n 1T 3IABS& &2dz y LIKeaAOlft C
} Fast Digital Content Creation
} Fast Compile Times
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MICROARCHITECTURE AMDZ1

COMPETITIVE FREQUENCIES FOR HIGH END DESKTOP WITH SIK HFHEDIKEISICRS

Precision Boost

Pstate0 3600 State MHz | Description

FmaxExtended 4100 The max frequency the part can run at when 6+ physical
Frequency Rang cores are in CC6 idle. Subject to ctoecore variance, past
(XFR) to-part variance, and temperature.

Pstatel 3200
Pstate? 2200

Gstate Boost 4000 The expected average frequency of a typical, 1 threaded
application.

AllCoresEdcFma 3700 The max frequency the part can run at with all cores actr

Base 3600 The expected average frequency of a typical, fully thread
application.

y High precision tuning with 25MHz increments
y Actual frequency is limited by TDP, current, and temperature
y! a5 welSyu 17 mynn- &aKz2gy
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MICROARCHITECTURE

CACHE IMPROVEMENTS

y Caches:

Line
Level Count Capacity Sets Ways Size Latency
| uop | 8 | 2Kuops| 32 | 8 [8uops|  NA
L1l | 8 | 64KB | 256 | 4 | 64B | 4clocks
LD | 8 | 32KB | 64 | 8 | 64B | 4clocks

L2 | 8 | 512KB [1024] 8 | 64B | 17clocks |
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MICROARCHITECTURE AMDZ1

CACHE IMPROVEMENTS
Cache Latency

(less is better)

40 /

. /
20 /
10 /

/

L1D L2U L3U
level

AMD Ryzen —Intel Skylake
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MICROARCHITECTURE AMD ¢\

INSTRUCTION SET EVOLUTION

AOHT WU NANZL<ASIoul Ot >n T
9,:I'(-'nJ(-}—_)§522§§>m§m8§§ﬁ<250’mm<gﬁ
Ba "voryIRoond> X001
im > X X pjad m% 82 O
_ LX< d
YEAFFAMILYPRODUCT FAMILY ARCHITECTUIEXAMPLE MOD © R

201717h &4 { dzYYA (G wAf6%Syé Ryzen71800X 11111111111111111111111111/1/000
201515h &/ | NNAT 2 é Kk éa 9 EOl @I A129800 00000000111111111111111111/0/111
201415h 4G Yl OSNRA € k ¢ [a{ G S| Y NA107890K 00000000000001111111111111/0/111

2012 15h  &Visherd oPiledrive  FX8370 00000000000000011111111111[0[111

201115h &%l Yo ST A é & . dzf f R2FX8150 00000000000000000011111111/0/101

2013 16h  dKabiné a Wl 3 dzI NA6-1450 00000000001000110111111111[/0[000

201114h &hydl NA2¢ a. 26 Ol (iE450 00000000000000000000000001/0[00 0

201112h  a[ f | y2¢ & | dza 1 & ¢A83870 00000000000000000000000000[0[00 0

200910h &G DNB & K2 dzy Ré6 DNB & K 2Phenom 11 X495000000000000000000000000 0 0/0/00 0|

+ ADX multi precision support + CLZerZero Cache Line
+ CLFLUSHOPT Flush Cache Line Optimized SFENCE order

+ RDSEED Pseudorandom number generation Seed

+ SHA Secure Hash Algorithm (SH8HA256)

+ SMAP Supervisor Mode Access Prevention

+ XGETBV Get extended control register

+ XSAVEC, XSAVES Compact and Supervisor Save/Restore
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MICROARCHITECTURE
DATA FLOW

AMDZ1

32B/cycle

32B fetch 16B/cycle

32B/cycle
_

?B/cycle

>
2*16B load
_
1*16B stor

32B/cycle

Ucclk |
l

32B/cycle

U memclk

y 10 Hub has 24 lanes BCI® 3.0 (pendingCle

certification) y Example clocks:
x16 GPU CCIK3.6 GHz
x4 AMD Chipset MemClkl.3 GHz (DDR2667)

x4 Storage LCIk600 MHz
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MICROARCHITECTURE

SMTOVERVIEW

64K I-Cache 4 way

Decode

LO/L1/L2 ITLB

Instructions

Micro-op Queue

Vertically Threaded

INTEGER

Branch Prediction

Micro-op Cache

Micro-ops

6 ops dispatched

Retire Queue

FLOATING POINT

Integer Rename

Schedulers

Floating Point Rename

Integer Physical Register File

Scheduler

FP Register File

2x AGUs 4x ALUs MUL ADD ' MUL ADD
512K
TR T
Load Queue DTLB Cache 8 Way
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All structures available in 1T mode

AMDZ1

Front End Queues are round robin with priority

overrides
high throughput from SMT

+41% performance i@inebencR15nTwith

SMT enabled*

* Based on preaelease Ryzen 7 8C16T running at fixed

3.6GHznT Score SMT Off: 1150T Score SMT On: 1617.
Gain: 40.6%. Test system: AMD Internal Reference

Y2G3KSND 2 NRE wl RS2y u
Radeon Software 16.12, 8GB DER&7.

Competitively shared structures
Competitively shared and SMT Tagged
Competitively shared with Algorithmic Priority
Statically Partitioned

w g

H doJ



MICROARCHITECTURE
PERFORMANCE MONITORING COUNTER DOMAINS
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POWER MANAGEMENT AMDZ1

NORMAL OPERATION

y The default power management settings y Windows® 1@icklessidle improves
are recommended for normal operation boost performance
to help achieve maximum active
performance and lowest idle power.
High Performance Power Scheme

Maximum processor performance
All logical processors are in PstateO only

vy Profiling tools using small sampling
Intervals can increase activity which may
reduce effective boost frequency.
Precision Boost latency

Core Parking Disabled ~1msto change frequency
OS scheduler may use any processor & Windows 10 Timeout Intervals
prefers physical cores Platform Timer Resolution 15.6ms default, 1ms
Balanced Power Scheme games
. o
Utilization determines processor performance PerfincTimek PerfDecTiméd*30ms
i *
All logical processors may chari@states CPIncreaseTimgo unpark 3*30ms
Core Parking Enabled CPDecreaseTin{e park) 10*30ms
OS scheduler eligible processor range Software Profiler Sampling Intervals
limited by utilization Microsoftxperf
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POWER MANAGEMENT AMDZ1

FIXED FREQUENCY

y Disabling power management can reduce variation during AB
testing.

y BIOS Settings
a ¥ SGo6mmon Options

Custom Cord®states

Disable all except PstateO
Set a reasonable frequency & voltage such as PO custom default
Note SMU may still reduce frequency if application exceeds power, current, thermal limits

Core Performance Boost = Disable
Global Gstate Control = Disable

y Use High Performance power scheme
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AMD 1

Profiler

CodeXL



CODEXL AMDZ1

y y Instruction Based Sampling (IBS) can be more accurat

than traditional sampling. Use IBS.
CodeXlv2.3 Features i .
y Traditional sampling, used by Events by Hardware

CPU Custom Source, attributes performance data for a window of
Timebased Sampling time to the instruction pointer after the expiration of
Instructionbased sampling a user defined sampling interval.

All IBS op samples IBS selects a random instruction fetch or mio

after the expiration of a user defined sampling

All'1BS fetch samples interval. When the fetch or microp completes, an

Events by Hardware Source ISR is called to store the performance data.
Corerdpmcevents only IBS is disabled by default to improve
Power Profiler performance.
Logical cored+AvgFrequency (MHZz) BIOS > Zen Common Options > Enable
RAPL Package Energy)( IBS=Enable

Corad+ RAPL Core Energy)

Traditional sampling windowO

IBS op sampling uopO0 ruopl
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https://github.com/GPUOpen-Tools/CodeXL

CODEXL

POWER PROFILER

eXL (MDA version) | Profile Mode (Power Profiling)
File Edit V Debug  Profile  Frame Anal; A Window  Help
b Continue ™ D

Summary

Use Logical corel5 Avg
Frequency fo on
ation.

@
-
H
-1
K]
-
o™
°
-

Value [mJ]2
L Package energy  11737.22

1204.68

121042

ore Energy 122013

Energy [m1J]

e Energy 1241.55

B Logical corel Avg Frequency
B Logical corel Avg Frequency
B Logical core? fvg Frequency

B Logical core3 Avg Frequency

Frequency [MHz]

B Logical cored Avg Frequency




PROFILER AMDZ1

CODEXPOWER PROFILER CLI

y Frequency profiling
pushd"CAProgram Files (x88}odeXL
CodeXLPowerProfiler.exe frequencyo cllogs freq.csv-d 60
popd

y Energy profiling
pushd"C\Program Files (x88YodeXL
CodeXLPowerProfiler.exe energyo cllogsenergy.csvd 60
popd

y Frequency + Energy profiling

pushd"CAProgram Files (x88)odeXL
CodeXLPowerProfiler.exe frequencyP energyo cilogsfregAndEnergy.csyd 60

popd
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CODEXL

EVENTS BY HARDWARE SOURCE

D301 2Multithreading - CodeXL (MDA version) | Profile Mode (CPU: Custom Profile)
File Edit View Debug Profile Frame Analysis Analyze Tools Window Help
WO - m | B crurrofie v 01 B
A Feb-19-2017_17-37 (CPU: Custom Profile)

@ Profile Overview i Functions £

Functions Display:System Modules Hidden 1 Modules Shown, 49 modules hidden Process D30 12Multithr

Functicn Medule Ret uops Ret branch Ret misp branch  Prefetch inst

D301 2Multithreading:WerkerThread(int) D3D12Multithreading.exe Ii) 123
D3D12Multithreading:SetCommonPipelineState(s... D3D12Multithreading.exe
FrameResource:WriteConstantBuffers(struct D3D... D3D12Multithreading.exe
Direct¥: XM5ScalarSinCosifloat * float * float) D301 2Multithreading.exe
std:operator+ <wchar_t,struct stdi:char_traits<wc.. D3D12Multithreading.exe
StepTimer: Tick{void (*)(void)) D3D12Multithreading.exe
Directi:XMMatrixLookToLH(union _m128,unicn ... D3D12Multithreading.exe
FrameResource:Initivoid) D3D12Multithreading.exe
D3D12Multithreading:OnRender(void) D3D12Multithreading.exe
D301 2Multithreading:OnUpdate(void) D3D12Multithreading.exe
Direct¥:XMMatriPerspectiveFovRH(float, float flo..  D3D12Multithreading.exe
UpdateSubresources(struct ID3D12GraphicsCom...  D3D12Multithreading.exe

2
6
]
1
1
1
]
1
1

Eﬂl‘ Functions with & high sample count usually indicate performance bottlenecks. Sort the table according to a spedific metric to highlight potential bottleneck functions
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CODEXL

ALL IBS OP SAMPLES > FUNCTIONS

24 |

D301 2Multithreading - CodeXL (MDA version) | Profile Mode (CPU: Custom Profile)

Eile

e

A

@ Profile Overview

Edit View Debug Profile Frame Analysis

) = [ 2| B cruprofie ~ [l

Analyze Tools

Feb-19-2017_15-19 (CPU: Custom Profile)

8| Functions 3

Functions

Function

D301 2Multithreading:WerkerThread(int)

Directi:xMMatrixLookTolH{union __m128 union ...

FrameResourcenWriteConstantBuffers(struct D3D...

D301 2Multithreading:SetCommonPipelineState(s...

D3D12Multithreading:OnRender(void)

Direct:XMMatrixPerspectiveFovRH(float, float flo...

D3D12Multithreading:OnUpdate{void)
CameranGet3DViewProjMatrices(struct DirectXuiX..,
Directx:xM5ScalarSinCos(float * float * float)
FrameResource:Init(void)

_security_check_cookie

D301 2Multithreading::BeginFrame(void)
StepTimer: Tick{void (*)(void))
D3D12Multithreading:EndFrame(void)

*

Win32Application:WindowProc{struct HWND_ ..,

swprintf_s< 30> (wchar_t (&])[30],wchar_t const *,...)

Module

D3D12Multithreading.exe
D3D12Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe

Window

Help

B+ ...lease\D3D12Multithreading. exe - Source/Disassembly

IBS all ops
1,724

30

23

20

15

12

Display:All Data, System Modules Hidden

IBS tag-to-ret
35,801
2,960
1,657
6,004
452
1,236
2,063
1,473
539
639
362
259
426
251
12

5

1 Modules Shown, 41 modules hidden Process |D3012Multithr

IBS comp-to-ret  IBSER
16,676 135
1,630

1,349

5448

720

668

1,685

475

200

236

327

226

232
6
1

IBES misp BR IBS taken BR
1 155 1

IBS misp taken BF 1BS RET

Eﬂl‘ Functions with & high sample count usually indicate performance bottlenecks. Sort the table according to a spedific metric to highlight potential bottleneck functions

Ready
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CODEXL

ALL IBS OP SAMPLES > SOURCE

D301 2Multithreading - CodeXL (MDA version) | Profile Mode (CPU: Custom Profile)
File Edit View Debug Profile Frame Analysis Analyze Tools Window Help
WO - m | B crurrofie v 01 B
A Feb-19-2017_15-19 (CPU: Custom Profile)
@ Profile Overview % Functions Bt ...lease\D3D12Multithreading. exe - SourceDisassembly [
CiWsers\Public\Documents\CodeXL Yexamples\D 30 12Multithreadingd 3d 1 2multithreading. cpp

Function: | [0x7ff7ba044d30 - 0x7ff7ba045121] : D3D12Multithreading::WorkerThread(int) ™  Display: Al Data, System Modules Hidden TID: Al Threads ¥ | Hotspot Indicator | All IBS op samples

Line Address Source Code Code Bytes  Hotspot Samples % of Hotspot Samples  IBSall ops  IBS tag-to-ret  IBS comp-to-ret  [BSBR IBS misp BR  |BS taken BR ™
V953 Ox 7 7bald5049 PIXEndEvent (pShadowCommandList) ; 560 32.48% 560 10,213 3810 36 56
O 7 7bald5049 movups xmmd, [rspt+48h] JF 10 - 21 22% 21 376 52
r eax, [rsp+00000084h] 33 1.81% 33 631 156
r r&d, 00000001k 1 01.- 36 9% 36 7 536
10, [rbx] 13 33 91 33 616 160
r rox, rbx 8 17 0.99% 17 37 37
r edx, [rsp+00000080h] 24,30 L)) 565 106
rldg xmmd, Och 66 OF 73.- 33 9% 33 789 302
movd rId, xmmil 66 41 0F._ 30 30 568 6o
mow [rsp+28h],zl3d c.. 27 Tk 27 510
mowv [rsp+20h]l, eax 22 22 437 33

add esi,03h & 03 29 29 458 250
lea xzdi, [zdi+48h] » TE.. 30 30 581 330

& 32 32 517 238
cmp rax, 00000401k » 01.. 28 2% 28 443

jb $-0000007£h {0x5010) ) B 6 22

ThrowIfFailed (pShadowCommandlist->C1.

ﬂ Select a function from the drop-down list to display its source disassembly lines with sample counts

Ready
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CODEXL

ALL IBS FETCH SAMPLES > FUNCTIONS

D301 2Multithreading - CodeXL (MDA version) | Profile Mode (CPU: Custom Profile)
File Edit View Debug Profile Frame Analysis Analyze Tools Window Help
WO - m | B crurrofie v 01 B
A Feb-15-2017_17-20 (CPU: Custom Profile)

@ Profile Overview 8 Functions [£J B+ .. lease'\D3D12Multithreading. exe - Source Disassembly

Functions Display:System Modules Hidden 1 Modules Shown, 36 modules hidden Process D30 12Multithr

IBS fetch IBS fetch killed IBS fetch atternpt  1BS fetch comp  B5 fetch abort IBS L1 ITLE hit IBSITLE L

26 |

Function Module

301 2Multithreading::WorkerThread(int)
D301 2Multithreading:OnUpdate(void)
DirectX::XM5ScalarSinCosifloat * float * float)

D301 2Multithreading:SetCommonPipelineState(s...

FrameResource:Init{void)
Camera:Get3DViewProjMatrices(struct DirectiXuX..,
D3D12Multithreading:BeginFrame(void)
_security_check_cookie

Directi:xMMatrilookToLH{union __m128 union ...
FrameResource:WriteConstantBuffers(struct D30...

WinMain
D301 2Multithreading:EndFrame(veoid)
D301 2Multithreading:OnRender(void)

Win32Application: WindowProc{struct HWND__ *..,

Camera:Camera(void)

Directi:XMMatrixPerspectiveFovRH(float, float flo..,

operator new(unsigned __inth4)
“eh vector destructor iterator'(veid *,unsigned __i...

3012Multithreading. exe
D3D12Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D301 2Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe
D3D12Multithreading.exe

=1
=

T ¥ ET VX R VY T SN S UV Y
B i S P I WX S WK S WK R N S Oy Y

B L I T T L o o - T

=

o o o W W e e e ofa —

E{iﬁ' Functions with & high sample count usually indicate performance bottlenecks. Sort the table according to a spedific metric to highlight potential bottleneck functions

Ready
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CODEXL

ALL IBS FETCH SAMPLES > SOURCE

D301 2Multithreading - CodeXL (MDA version) | Profile Mode (CPU: Custom Profile)
File Edit View Debug Profile Frame Analysis Analyze Tools Window Help
WO - m | B crurrofie v 01 B
A Feb-15-2017_17-20 (CPU: Custom Profile)

@ Profile Overview % Functions Bt ...lease\D3D12Multithreading. exe - SourceDisassembly [
CiWsers\Public\Documents\CodeXL Yexamples\D 30 12Multithreadingd 3d 1 2multithreading. cpp

Function: | [0x7ff7ba044d30 - 0x7ff7ba045121] : D3D12Multithreading::WorkerThread(int) ™  Display: System Modules Hidden TID: |All Threads = | Hotspot Indicator |All IBS fetch samples

Line Address Source Code Code Bytes  Hotspot Samples % of Hotspot Samples  IBS fetch IBS fetch killed  IBS fetch attempt  IBS fetch comp  |BS fetch abort
w 953 s 7 Thald 5049 PIXEndEvent {pShadowCommandlist) 7 104 34.67% 104 104 104
07 3045049 movups xmm0, [rapt+48h] 0F 10 44 14.67% 44 44 44
mov eax, [rspt00000084h]

mov rid, 00000001k

mov rl0, [rhax]

mov rox, rhor

mov edx, [zsp+00000080R]
parldg xmmO, Och

movd r9d, xmm0

mov [rsp+28h],rl3d

mov [zap+20h],eax

call gword [rl0+&8h]

cmp rax, 00000401k
b 5-0000007£fh (0x5010)

ThrowIfFailed (pShadowCommandList—>..

Select a function from the drop-down list to display its source disassembly lines with sample counts
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Optimization



AMD 1

Compller



COMPILER AMD ¢\
SURVEY

y Many recent AAA games are using
old compilers.

y But many developers who were
using 2012 have already moved to
2015.
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COMPILER AMDZ1

REASONS TO UPGRADE

Year Visual Studio Changes AMD Products

Improved code generation of loops: Support for automatic vectorization of division of & %Sy ¢ k € { dzY
constant integers, better identification shemsetpatterns. AddedCmakesupport. Added
faster database engine. Improved STL & .NET optimizations.

Improvedautovectorization& scalar optimizations. Faster build timegh G. dz f R21 SN
/LTCG:incrementaAdded assembly optimizedemset& memcpyusing ERMS & SSE2.

Improved inline. Improved autgectorization. Improved ISO C99 language and library. G.dz f R21 SN
che N

S
Addedautovectorization Optimized container memory sizes. G . dzf f ROgoch®
Addednullptr keyword. Replace®CBuildvith MSBuild

Tuned for Intel Core microarchitecture. Improvgauidex& intrinsics Added GDNBeé K 2 dz
/Qfast_transcendental& STL/CLR library. Faster build times with /MP & Managed

incremental builds.
Added x64 native compiler. avYyé
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Concurrency



AMDZ1

CONCURRENCY
PROOF BY EXAMPLE THAT GAMES CAN USE 16 LOGICAL PROCESSORS

100%

= EREE
tion: Sum) 80% 76%

60%

%time

40%

20%

0% 1% 1% 2% 3% 4% 3% 2% 2% 196 104 104 196 0% 0% 1%

0%
0(1 2 3 4 5 6 78 9 10 11 12 13|14 15 16

OK Ideal

Histogram of Concurrent Processors

* Results based on use of the Ashes of the Singularity game's benchmark.
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CONCURRENCY AMD 1
twhhC .. 9-1lat[9 ¢l!¢ '{LbD ![[GOPDDDL/'[ twh/9{{hw{ L{bQ¢ !

D3D12Multithreading y
1025 Draws ===10250 Draws

250%
DefaultNumContexts 3

200% / \/\_ Onlnitcalls beginthreadexor each

;%-} 500 Default Draws = 1025

§ / y Recommend

‘% 100% useSMToption

E / Set default value based on profiling

5 / Some applications can benefit from SMT
0% processorsx(seSMTJ?ogical:physical

NumContexts= min(processorsl, Draws/300)

-50%
\1 2 3 4 5 6 7)8 9 10 11 12 13 14 15 16

“ NumContexts
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https://github.com/Microsoft/DirectX-Graphics-Samples/blob/master/Samples/Desktop/D3D12Multithreading

CONCURRENCY AMDZ1

vy WinMain+ NumContext7 vy - WinMain+ NumContext8

Getting Started s Getting Started 5
4 CPU Usage (Precise) Timeline by Process, Thread* 2 ¥ 4 CPU Usage (Precise) Timeline by Process, Thread *~ 0 $% E H=0ox

Series

= - )
W

Start: 4.5
End: £.5
Duration: &.8

Diagnestic Console Diagnostic Console

WinMainhas SMT sharing & thread migration
These penalties outweigh work benefits in this case
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ShaderCompiling



SHADEROMPILER AMDZ1

vy Avoid complilingghadersduring game play if possible
Shadercompiling often has high branchisprediction& memory usage

y Else
Use drivershadercache for D3D12, D3DINulkan

Compile on many threads

y D3D11 AGShaderCompiler Controls
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http://gpuopen.com/ags-5-0-shader-compiler-controls/

AMD 1

Prefetch

Avoid software prefetch



PREFETCH AMD
AVOID SOFTWARE PREFETCH

y Avoid software prefetch. Improve Instruction Cache (IC) & Op Cache (OC) hit rate by |
efficient hardware prefetch. Allow additional compiler optimizations.
vy Profile
Minimize prefetch instructions dispatched
Events by Hardware Source / 04Bh [Prefetch Instructions Dispatched]
(LsPrefinstrDigpLoad & Store (& not NTA)
y Code
Try removing prefetcimtrinsics
_m_prefetchw
_m_prefetch
_mm_prefetch(except  MM_HINT_NTA)
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PREFETCH
SOURCE CODE

"stdafx.n " void main(int argc, char *argv(]) {
“intrin.h using namespace std ::chrono;
<numeric> double bO=( argc >1)? strtod (argv[l], NULL: 1.0;
<chrono> double cO=( argc >2)? strtod (argv[2], NULD:1.0;
std ::fill(b, b + LEN bO0);
N0 ey e LENe
(64) double b[LEN: hlgh_resolutlon__clock .o time_point t0= \
(64) double c[ LEN; high_resolution_clock :now();
volatile double r;
oid work() { int hash = 0;
for (size t i =0; i <LEN/4; i++){ for (size t iter =0; iter <1000; iter ++){
#if 1 work();
_m_prefetchw (&a[ i * 4 + 64]); r=al iter% LEN;
_m_prefetch (&b[i *4 + 64]); hash = (hash >> 1) * ( int )r;
_m_prefetch (&c[ i * 4 + 64]); }

Hendif . . L : _
ali *4]=b[ | *4]*c[ | *4] high_resolution_clock  :: time_point t1= \

[ : : . .
ali *4+1]=b[ i *4+1]* i x4+ . hlgtg_h_reiglutltc))ln_flgck ..now_(),\
a[i *4+2]=b[ i *4+2]*([ i *4+2); ura |Oﬂ. ouble Ime__span = .
a[i *4+3]=b[ i *4+3]*[ i x4+ 3; duration_cast <duration <double >>(t1 - t0);
printf  ("time (milliseconds): % If \n", \
1000.0 * time_span.count ());
printf(  "result: %If  \n", r);
printf  ("hash: % i\ n", hash);




PREFETCH AMD 1
EVENTS BY HARDWARE SOURCE FOR BINARY WITH PREFETCH

201 prefetchinst
E} prefetch - CodeXL (MDA version) | Profile Mode (CPU: Customn Profile)
" per 1000 Reinst

File Edit View Debug Profile Frame Analysis Analyze Tools Window Help
WO - m | B crurrofie v 01 B
A Feb-20-2017_02-44 (CPU: Custom Profile) : Feb-20-2017_02-45 (CPU: Custom Profile)

@ Profile Overview i Functions £

Display:System Modules Hidden | 1Modules Shown, 41 mgdules hjdden Process | All Processes
N\

Functions

Functicn Medule Ret uops Ret branch Ret misp beag®a™ Prefetch inst

22° work{void)  prefetch.exe 4,189 213 322
&* main prefetch.exe 14

E{iﬁ' Functions with & high sample count usually indicate performance bottlenecks. Sort the table according to a spedific metric to highlight potential bottleneck functions




PREFETCH

EVENTS BY HARDWARE SOURCE FOR BINARY WITHOUT PREFETCH

prefetch - CodeXl (MDA version) | Profile Mode (CPU: Custom Profile)

File  Edit Analyze
WO - m | B crurrofie v 01 B

A Feb-20-2017_02-44 (CPU: Custom Profile)

View Debug Profile Frame Analysis

@ Profile Overview i Functions £

Functions

Function Module

Eﬁ“ work(void)
& main

Tools

 prefetch.exe
prefetch.exe

Window

Help

Feb-20-2017_02-45 {CPU: Custom Profile)

Display:System Madules Hidden

1 Madules Shown, 31 modules hidden Process | All Processes

Ret inst Ret uops Ret branch
1,092 3,116 35
5 0 1

Ret misp bramoh

1

Prefetch inst

Eﬂl‘ Functions with & high sample count usually indicate performance bottlenecks. Sort the table according to a spedific metric to highlight potential bottleneck functions
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PREFETCH

MSVS2015U3 DISASM

; with prefetch

xor eax,eax
lea rcx ,[140000000h]

nop dword ptr [rax]

movsd xmmO,mmword ptr  [rax+rcx+4640h]
mulsd xmmO,mmword ptr  [rax+rcx+52840h]
movsd mmword ptr  [rax+rcx+0A0A40h],xmmO0
movsd xmmO,mmword ptr  [rax+rcx+52848h]
mulsd xmmO,mmword ptr  [rax+rcx+4648h]
movsd mmword ptr  [rax+rcx+0A0A48h],xmmO0
movsd xmmO,mmword ptr  [rax+rcx+52850h]
mulsd xmmO,mmword ptr  [rax+rcx+4650h]
movsd mmword ptr  [rax+rcx+0A0A50h],xmmO0
movsd xmmO,mmword ptr  [rax+rcx+52858h]
mulsd xmmO,mmword ptr  [rax+rcx+4658h]
movsd mmword ptr  [rax+rcx+0A0A58h],xmmO0
add rax,20h

cmp rax,4E200h

b 0000000140001010

ret

With software prefetch instructions.

loop not unrolled.
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; without prefetch

Xor eax,eax
lea rcx ,[140000000h]

nop dword ptr [rax ]

movsd xmmO,mmword ptr  [rax+rcx+4640h]
mulsd xmmO,mmword ptr [rax+rcx+52840h]
movsd mmword ptr  [rax+rcx+0A0A40h],xmmO
movsd xmmO,mmword ptr [rax+rcx+52848h]
mulsd xmmO,mmword ptr [rax+rcx+4648h]
movsd mmword ptr  [rax+rcx+0A0A48h],xmmO
movsd xmmO,mmword ptr  [rax+rcx+52850h]
mulsd xmmO,mmword ptr  [rax+rcx+4650h]
movsd mmword ptr  [rax+rcx+0A0A50h],xmmO
movsd xmmO,mmword ptr [rax+rcx+52858h]
mulsd xmmO,mmword ptr [rax+rcx+4658h]
movsd mmword ptr  [rax+rcx+0A0A58h],xmmO
movsd xmmO,mmword ptr [rax+rcx+52860h]
mulsd xmmO,mmword ptr  [rax+rcx+4660h]
movsd mmword ptr  [rax+rcx+0A0A60h],xmmO0
é

add rax,140h

cmp rax,4E200h

jb 0000000140001010

ret




PREFETCH AMD

PERFORMANCE

y Performance of binary compiled with Microsoft Visual Studio 2015 Update 3

Tested at 3GHz
y Binary compiled without prefetch instructions show higher performance.

binar normalized| avg ms min max stdev cVv samples
compiled with prefetch 100% 25.9 25.4 26.1 0.2

compiled without prefetch 117% 22.1 21.1 23.7 0.3
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AMD 1

Data Cache

Use Structure of Arrays



DATA CACHE AMDZ1
USE STRUCTURE OF ARRAYS

y Use Structure of Arrays rather than Arrays of Structures to improve locality and data cache hit rate.

y Profile

Minimize Data Cache Misses
Instructionbased sampling / All IBS op samples / IBS DC Miss

y Code

Use
struct S {
float xYLEN];

}s;
Avoid

struct S {
float x;

}.f.i.[LEN];
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DATA CACHE

ARRAY OF STRUCTURES SOURCE CODE

#include "stdafx.h " void main(int argc, char* argv[]){
#include <chrono> using namespace std ::chrono;
#include <algorithm> float v=( argc >1)?( float )atof (argv[1]): 1.0f;
charl6 t ch =(argc >2)?( argv[2][0]): ua';
#define  LEN 64 for (sizet i =0; i <LEN++1i){
afi]x=v;
struct S { std ::fill( std ::begin(a] i]. str), std:end(@ i]. str) - 1, ch);
float  x; V+=,
charl6e_t str [4096]; }
}a[ LEN; high_resolution_clock .o time_point t0= \
high_resolution_clock :now();
float stdev p (S af], size t len){ volatile float r;
float sum =0.0; int  hash =0;
for (sizet i =0; i <len;++1i){ for (size t iter =0; iter <1000000; iter ++){
sum += a[i].x; r = stdev_p(a, LEN;
} hash = (hash >> 1) » int (r);
float mean=sum/ len; }
float sumSq=0.0; high_resolution_clock o time_point  t1= \
for (sizet i =0; i <len;++1i){ high_resolution_clock :now();
sumSq+=( a[i].x - mean)*(a[i].x - mean); duration <double > time_span =\
} duration_cast <duration <double >>(t1 - t0);
return sqrt( sumSq/ len); printf  ("stdev_p (milliseconds): % If \n", \
1000.0 * time_span.count ());
printf(  "stdev_p: %f \n",r);
printf  ("hash: % i\ n", hash);




DATA CACHE

STRUCTURE OF ARRAYS SOURCE CODE

#include "stdafx.h " void main(int argc, char* argv[]){
#include <chrono> using namespace std ::chrono;
#include <algorithm> float v=( argc >1)?( float )atof (argv[1]): 1.0f;
charl6 t ch =(argc >2)?( argv[2][0]): ua';
#define  LEN 64 for (sizet i =0; i <LEN++1i){
sxs[i]=v;
struct S { std ::fill( std ::begin( s.strs [i]), std:end( s.strs [i]) - 1,ch);
float  xs[LEN; V+=,
charl6 t strs [ LEN[4096]; }
}s; high_resolution_clock .o time_point t0= \
high_resolution_clock :now();
float stdev_p (float a[], size t len){ volatile float r;
float sum =0.0; int  hash =0;
for (sizet i =0; i <len;++1i){ for (size t iter =0; iter <1000000; iter ++){
sum += a[i]; r = stdev_p(s.xs, LEN;
} hash = (hash >> 1) » int (r);
float mean=sum/ len; }
float sumSq=0.0; high_resolution_clock o time_point  t1= \
for (sizet i =0; i <len;++1i){ high_resolution_clock :now();
sumSq+=(a[i] - mean)*(a[i] - mean); duration <double > time_span =\
} duration_cast <duration <double >>(t1 - t0);
return sqrt( sumSq/ len); printf  ("stdev_p (milliseconds): % If \n", \
1000.0 * time_span.count ());
printf(  "stdev_p: %f \n",r);
printf  ("hash: % i\ n", hash);




DATA CACHE AMD ¢\
IBS OF ARRAY OF STRUCTURES BINARY
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