¥ = OlElZ2 CMP MEDIA LLC2t2

GAM“S“'I’RA ctoldA Aol SoJal  =E2=Z
==

The Ast & Business of Moking Gomes

E& JIAE 501 1 SUE A2 2N Bistdl= CPUS!| AIAH
Sponsored Feature: Who Moved the Goal Posts? The Rapidly Changing World of CPUs

2tolot #etRE 2 210l dlioldIA( Ryan Shrout & Leigh Davies)
tDF=E2t 52(2009. 10. 19)

http://www.gamasutra.com/view/feature/4168/sponsored_feature_who_moved_the_.php

[2 SHSAHE 229 HIFZ ZHFHE 0/0/FZA0/E £Z0 HEFRELD LHO/ILIADF & WY
CPU & 288z ZEE & 25 2t8et B2 STIEE AUcILE EHIFAIZE AL
Z L0 2& ZZHA OIF8H 9 SHA 245 Ho19 bIgsS D5} ]

204

0 SHIUAN HES ofs, HE HEo Z2 24 |0 2IHE e AW 2010 & =
UCH AL HSS A6 AlEet A2l 12201 Mao MS L2 & Aol 21 KE Lol
dEtS NotuXkt Faot AY 3 A0l

HiIr 2@ H
HO &2 r &

A 10

Hed=El 380 == E24d= MSot8A o
T2ANIAMIL L2 OO JHEXNEE 08 Z2AHAD
HEcAolEe &8E 2011, &8 AlAEO zlas2 PC JF Eefel 2

= -
= (=} = _
JIBHOIAE DY AIAEIEC= BE 240let) JHESIH ZE0F dHE 240l M2

cll
t

to

0x N 40 4>
Bl

n

"M #E 27012 Dol me
J

R H

ddlh X =30 2d ZZ2AA OPIEMet A0 2 $H3tel Hig2 0lg 22d xS
B0 SECOHE ALz HBHRH=s/ACH 1Y DN i7 ZZ2MAMIE UEAM HEY HEHS2

OlMl & M A2 Jts3E ZRE Me=2 =2 =0 8l g = UCH

l
o


http://gamasutra.com/
http://www.gamasutra.com/view/authors/1393/Ryan_Shrout_&_Leigh_Davies.php
http://www.gamasutra.com/view/feature/4168/sponsored_feature_who_moved_the_.php

TZ2MAM B2 JIs2 O 0l Moz SIIGH 22l HE RAE 22 MI|I=2 AAH
das0l &4gs dets 012 = A0 0 20 oE 320180 XS Hd=a 2ot
Z2ANAM NUE AXISEAN =& Jtse & Otllet 22 0/cHel OPIEIMUE SA6HH HEE
= A= M2 SHACH

LF OE g

Z2NAM 452 0led 228 Bate Z2AAM OIEXH AANAM L0 =8 Ji=d a9
ZICH X 3 & s e HE & B FIE 2= MHE Hs9 “€§-5" 22
200, = "=2'2 A0 SLE 22lE U0l SAUAM O E2 EMIAHE XE: =
UEE ot= G0l #Eg3a & Jl=s Tote g, "§"'2 85 & JIsHAS &0 &N
MZ2 00132028 HE Hd20110 UCH

ETO ADI S ZZAA D=2 2005 Hol S E 65nm MU MSSE 2007 H2l 45nm
NICHOERL &St 2009 & Z0HAl 32nm O 2 AO0ICH "SS9 J12F s¢F Fefel olg HEH
TZMA O H= 2006 E©el OIE 20 OIOI3ZO02I8IHE Matoll 1€ 2N i7 D

A0 2008 EHol= M=Z=2 0OtOIZZ2O0PIEME <2 =HRUACH 8 1 2 0lcist 2dyS
S Aot UL

2L=4Y2l uArchitectures

2005-06 2007-08 2009-10

gl =S &l = gl =S

Intel ® | Intel® Core™ | Intel® Core™ | Intel® Core™ | WESTMERE SANDY

Pentium® D | 2 2 processors | i7 ZZ2AIA T2 AHM BRIDGE
T2 M A

65nm 45nm 32nm

4002 &0l u-Ot1 & X

3He &f0let B2E Jl=

)
— —

Ja

ez UE ESZX




2005-06
TICK  TOCK

Intel® Intel ®
Pentum@®D Core™ 2

2007-08
TicK TOCK

Intel ®
Core™ i/
processors

Intel @
Core™ 2
pProcessors

2009-10
TICK TOCK

SANDY
BRIDGE

processors

WESTMERE
processors

4 different u-architectures
3 different process technologies
Radically different topologies
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Intel® Pentium® 4 ZZAMA

42,000K-124,000K EH X AE 122mm®
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Intel® SSE2

SIMD #% 2X 64 BIE

22

64 HIE Jis, Intel® SSE3

DO G E0 2 HDHKIS SMT

Intel® Pentium® 4 Processor

42 000K- 124 D00K Transistors =

122mm?2 - =

3 instructions per clock cycle
.
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Pipeline Stages 31
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Trace Execution Trace 'hig::_-::;:le

Cache ~ C-'il-:-l‘e -8
Rename/Alloc
SIMD Units 2 x 64-bits I

Schedulers

Additions T

Execution Unis
B4 bit capable, Intel® S5E3
16kB
_ Data Cache
SMT up to 2 threads per core
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Intel® Core™ Micro-architecture

582,000K Transistors (Dual Core), 107mm?
£20,000K Transistors (Quad Core) 214mm?

4 Instructions per clock cycle; 14 Stage Pipe,
Micro and Macro Fusion

Each core pair can access shared L2 cache

Thread per core 1
Upto4 Cores

SIMD Units 3* 128 bit Single cycle SSE

New instructions SSE4

SIMD performance enhancements
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Intel® Core™ i7 architqcture

731,000K Transistors (4 Core, & Thread) | ; i1
263mm? i
Simultaneous Multi-Threading/Threads per core 2
Up to 4 Cores in Desktop

Additional Caching Hierarchy

4 instructions per clock cycle; insimcton Fetch gL,
: : e : d Pre Decad
16 Stage Pipe, Enhanced Micro and Macro Fusion R

Instruction Queus

Decode

Deeper Buffers g o sseks L2and
Renams/Aloc Lovel TLE 27 Lovel d=p

Cache beyond
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Ratiemeant Uni

4

SIMD Units 3* 128 bit Single cycle SSE Resarvation
= g Station
— E-:E-:thl'i:-nfl'..lnim
DTLB

328
Drata Cache

Macrofusion® in both 32-bit and 64-bit modes
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*Common “core”

- Same core for server, desktop,
mobile

- Each core supports SMT

- Architecture improvements
over Core 2

Modular Uncore

Last Level Cache Par
&

IMC QP QPl
$and

Differentiation in the "Uncore”
# of cores

# of memory channels

# of QPI links

Size of cache

Type of memory

Uncore

Best performance comes from
properly threading your game.
Amdahl will get you every time.
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Bigger better memory system

3B 11 328 11 32k8 11 328101
Data Cache Inst. Cache Dats Cache Inst Cache

Core Core
Unified 256kB Unified 256k8
8 Way L2 Cache 8 Way L2 Cache
10 Cycle 10 Cycle

$ihclusive L3 Cache (35-40Cycles)

Provides benefit of an on-die snoop filter
Built to vary size with varied core counts

Built to easily increase L3 size in rm“

i 3375
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Corea2 Corei7

HIN 200 B OMHE  INFMIZESE OFF T2 MHT
mem e H HOMHzmen NHMLE B4 OFY 55 MHzmen

Relative Memory Latency Stream Bandwidth — Mbytes/Sec (Tnad)
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instructions instructions instructions imstructions 2007
* Single- » Double- » Complex » Decode
Precision precision Arithmetic
Vectors, Vectors
» Streaming » 128-hit 47 7 instructions
operations : vertor instructions * XML accelerator
integer * Video Acralerators sApplication
» Graphics building blocks Targeted
» Coprocessor Accelerators acrelerator

95.72% of system on the Valve Steam"” survey report SSE2+
All Dual core system support SSE3 or above.
Hardware improvements to help compilers

*Steam Hardware Survey: February 2000
“http://store.steampowered.com/hwsurvey
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64-byte aligned global and static

- __ declspec(align(64))

When each thread needs to use its own copy variables

- Use modifier___declspec(thread)
- Or use stack variables where reasonable

For dynamic allocation, avoid using malloc and new

- Use routines that allocate from separate 64byte aligned per thread pools




False Sharing

Can occur when 2 threads access data that falls into the same
cache line

64-byte aligned global and static;
pec(align(64))

When each thread needs to use its own copy of variables;
- Use modifier __declspec (thread)
- Or use stack variables where reasonable

For dynamic allocation, avoid using mallec and new

- Uselmutines that allocate from separate 64 byte aligned per thread
pools
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Ensure task queues are Cache aware

B F e
N R e

Ensure task queues are Cache aware




Ensure task queues are Cache aware
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Intel® Hyper-Threading can benefit
performance

-=- ---- Note: Each box
wlo SMT — . represents a
B EEEE e

- execution unit
—  Time(proc.cycles) ——

|
B
* Also known as Simultaneous Multi-Threading (SMT)
- Run 2 threads at the same time per core

* Shares Resources(Cache, Frontend, Execution Units)
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SMT is better on Intel® Corei7™

* Intel® Core i7™ u-architecture Performance Gain ST enzbled vs disebled

advantages
- Larger caches
- Massive memory BW
- 4-wide execution engine
- More execution resources

Fofigfat ddky  Intmer Cretem10PV-Ry®37 DMk
s - betzdS  Vartzge OFU

Floating Point is based on SPECHp_rate_base2006* estimate
Integeris based on SPECint_rate_base?006% estimate

Intel® Core™ Intel® Core™i7
u-architecture u-architecture

Rezervation Station 32
Load Buffers
Store Buffers
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http://softwarecommunity.intel.com/articles/eng/3887.htm

CPUID (don’t cut corners!)

Right way to detect number of Cores per package:
Copy CPU Topology Enumeration whitepaper exactly
http://softwarecommunity.intel.com/artides/eng/3887.htm

- CPUID can detect logical processors
- CPUID can detect shared caches
- CPUID reports cache sizes
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QueryThreadCycleTime

GAIE M0 2R MOIZS AlZS ZAEC ditE AlZ22E2 SHE CPU 2 A0

BEtS ASTolXl 2=C

QueryProcessCycleTime

S TIZHMAIt ZE E= MU ES AOIE A2 S8t ZMeth

QueryldleProcessCycleTime

ANAEOA 2 Z2HAS R M0 2R AOIZ AlZES ZMEHT

Thread Information Functions

Code snipped to enumerate all threads within your process

reateToolhelp32Snapshot{ TH32CS_SNAPTHREAD, 0 ):

L1
)_ALL _ACCESS FALSE,te32.th32ThreadID )

QueryProcessCycle]

Retrieves the sum of the

Retrieves the cyde time for the idle thread of each processor in the system

L

EDRENALIN

18 17. AgES AN ZULIHEE Sl 45 S84 &l #2 = UL

a8 17 2 62201810 DISANIH ddAE M= Zol=s YES LIEtHT HIAE
2 M=o @HEE S 200 0Ll E2 A0l AL, S8 MY = 20t
Qci dAA=A SE HEXUA Zd=E = UsE 2 M2 ME2E2 API FIEE T2RCL
Olgd 85 Jdg M HE LE= =S MESI0AH AN Med ds0l Ue e 242
2Adg gAeZ 2dols A0l #= AOICH

HO
|0
Hu
oc
ro
Mo
=




HE| MY, DHOIZZOIEH 21D AolYel Dol THoH A28HXL 2 Jhel 20122
Jl=0l HRECH MCH S2IX OPIHME Zels 489 “S'2 ol 0SHMAS
AAHEE(Intel AVX)E S22 AOICH sY QY SSE4 M2l 128 HIE HEUWHE EU=
SFE o AVX & MO 128 HIE SSE BOISH B2 CHA JbsE 256-HIE FHOIS
HBE 20/ 64 HIE AXNAEIE NAsts B MM HY ANAH 22U Hos
ANSEORM 32 HIE DEES AW & Y= D HO DEIINR AVX-IIs ZRHNE
Zool YXAES ASHH 1Y SSE HUOE KRBT

MES 4-A0ICHOE 59 OPIMHMIL H2E 4 A= 8-A0SE AW 200/D
JyozM WS 4o HOIE Y ¥EEY Js82 SR NY S50 2 HaE

o= o =< =
ZOICH MO Eellle gt O =2 20 =% O U2 022 ds= M3 M2stE &g
X

P
=Z0A XHEES O HOl & = UAESF

Larrabee: =5 CHOI{ &

s ZZ2AAM 20

et dado IHAl

22 Ao M8 =2 =5

Larrabee = CPUOllAl E0l= S&sS KSA210H




Larrabee: Block Diagram

Multi-Threadec Multi-Threadad
Wide SIMD

_

|
L2 Cache

_I—

ot Theade . D VuttiTheades
vme 5-1 Wide SIMD
DS |

Function
Interface

Texture
Interface

* Multiple processor cores
» Fully coherent caches
» Dedicated logic blocks where needed

Larrabee continues the trend seen in CPU’s
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