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Design Space: Mission Cr it ica l

Perform ance
• Both single- thread speed and total throughput  are im portant
• Goal:  >  2x generat ional perform ance im provem ent

Scalability
• Glueless up to 8 sockets
• Support  larger topologies via node cont rollers from system  vendors

Reliability
• Redundancy and self-correct ion
• Error detect ion and recovery via hardware and firm ware

Com pat ibility
• Socket  com pat ible with I tanium ®  9300 Processor Series (Tukwila)
• Com m on plat form  ingredients with Xeon® E7 Processor Series
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Poulson Overview

Tukw ila Poulson

Process 65nm 32nm

Devices 2.05 Billion 3.1 Billion

Area 700 m m 2 544 m m 2

Power (m ax TDP) 185W 170W

I tanium ® Cores 4 8

Last  Level Cache Size 24MB 32MB

I ntel® QuickPath I nterconnect  Links 4 full +  2 half 4 full +  2 half

I ntel® QPI Link Speed 4.8GT/ s 6.4GT/ s

I ntel® Scalable Mem ory I nterface 
Links

4 4

I ntel® SMI Link Speed 4.8GT/ s 6.4GT/ s
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Poulson Overview

8 I tanium ® Cores

32MB Last  Level Cache

4 full-width and 2 half-width I ntel® QPI  links

2 Directory caches

2 I ntegrated memory cont rollers with 2 I ntel® SMI  links each

Core 0

Directory 
Cache

Directory 
Cache

System  Logic

QPI QPIQPI QPI

SMI SMI ½  QPI½  QPI

Shared
Last  Level

CacheCore 1

Core 2

Core 3 Core 4

Core 5

Core 7

Core 6

Shared
Last  Level

Cache



7

I nte l and the I nte l logo are  t radem arks or  register ed t radem arks of I nte l Corpora t ion the U. S. and ot her  
count r ies. Other  nam es and brands m ay be cla im ed as the proper ty of others. All products, dates, and figures 

are  pre lim inary and are  subject  to change w ithout  a ny not ice . Copyr ight  ©  2 0 1 1 , I nte l Corpora t ion.

I n tel Confident ia l

Exam ple 8 - Socket  Topology

Poulson Poulson Poulson Poulson

Poulson Poulson Poulson Poulson

I / O
Hub

I / O
Hub

I / O
Hub

I / O
HubMem ory Mem ory Mem ory Mem ory

Mem ory Mem ory Mem ory Mem ory

Full I ntel® QPI

Half I ntel® QPI

I ntel® SMI
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Poulson Core

Tukw ila Poulson

Devices 108 m illion 89 m illion

Area 69 m m 2 20 m m 2

Process scaled power @ TDP 1.0 0.4

Process scaled frequency 1.0 > 1.2

Threads 2 2+ 2

I nst ruct ion Q size 48 96x2

Max inst ruct ion issue/ cycle 6 12

Pipeline stages 2 +  6 4 +  7

Pipeline hazard resolut ion I nter lock+ Stall Replay

I nteger RF size 144 185

I nteger RF ports 12R 8W 12R 12W

RF protect ion Parity SECDED

All - new  I tanium ®  core
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I tanium ® New  I nst ruct ions

I nteger operat ions

• mpy4

• mpyshl4

• clz

Thread Cont rol

• hint@priority

Expanded Data Access Hints

• mov dahr

Expanded Software Prefetch

• lfetch.count
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Exploit ing Para lle lism  on All Levels

I nst ruct ion Level Parallelism

Memory Parallelism

Thread Parallelism

Mult i- core Parallelism

Mult i - level para lle lism  exposed to
softw are cont rol
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I nst ruct ion Para lle lism

I PG FET FDC REN DEC REG EXE DET WRB WB2

ReplayReplay

Flush
Front-end Pipeline Main Pipeline

MLD Pipeline

…

I BD/
Q

OZQ

Concurrency via  3  decoupled pipe lines

I PG:  Address Gen
FET:  Array Access
FDC:  Early Decode
REN:  Register Renam e

Fetch width:  32B/ cycle
Mult i- level branch Predict ion
Renam ing:  128 logical to 
185 physical registers 

I ndependent  thread dom ain

I BD:  I nst r Buffer/ Dispersal
DEC:  I nst r Decode
REG:  Register Read
EXE:  Execute
DET:  Except ion Detect
WRB:  Write-back
WB2:  Com m it

Q holds 96 inst ruct ions
I n-order issue

I ndependent  thread dom ain

MLD:  Mid- level data cache
OZQ:  Architectural m em ory 
ordering queue

OZQ holds 16 m em ory ops
OOO issue

I ndependent  thread dom ain
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I nst ruct ion Para lle lism

…

Front-end Back-end MLD

I PG FET FDC REN

NopQ

MQ

I Q

AQ

FQ

BQ

OZQ

1 2 - w ide issue under softw are cont rol

Compilers 
precisely cont rol 

inst ruct ion 
dispersal

Memory

I nteger

ALU

Float ing Point

Branch

NOP

32B – 6 I nst ruct ions
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Mem ory Para lle lism  – Avoiding Hazards

Expanded Software Hints

• Provides cont rol over allocat ion, speculat ion and prefetch policies

• Mult i- line software prefetch

Reduced Speculat ion Costs

• Spontaneous Deferrals on speculat ive loads

• Deferred load can t ransform  into a prefetch to cache and/ or TLB

New Hardware Prefetcher

• I nto FLD and/ or MLD

• Adapt ive based on FLD/ MLD m iss pat terns

Reduced Data Hazards

• Expanded store to consumer bypassing in FLD and MLD

• Single-cycle MLD to FLD line t ransfers

Pipeline bot t lenecks rem oved
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Mem ory Para lle lism  – I ncreasing 
Throughput
More pending m em ory operat ions in each core

• I ncreased from  48 to 64 operat ions in MLD

• I ncreased from  44 to 80 operat ions in Ring interface

Ring Cache

• 8 I ndependent  LLC pipelines and cont rollers per socket

• 2 caching agents per socket  to generate I ntel® QPI  t ransact ions

I ncreased I ntel® QPI  link bandwidth for m ult i- socket  throughput

Mem ory Subsystem  I m provem ents

• Hom e agent  in- flight  t ransact ion t racker increased by 50%

• MC scheduler algorithm  changes focused on perform ance and 
power efficiency

• I ntel® SMI  link speed increased

I m proved queuing and B/ W
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Thread Para lle lism

I ntel® Hyper-Threading Technology with Dual Dom ain Mult ithreading 
support

• Front -end and m ain pipelines are independent ly threaded

• Pipeline-specific thread switch m echanism s

More per thread resources

• I nst ruct ion queues

• Data TLBs

• Hardware page walker handles concurrent  walks to both threads

I nst ruct ions provide software hints to thread switch hardware

At tent ion to Thread Fairness

• Hardware to ident ify unfair  behavior
– Measures inst ruct ion ret irem ent  and data cache resource usage

• Firm ware configurable responses to unfairness
– By biasing towards vict im  thread

I ncreased throughput  via  im proved threading
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Mult i - core and Mult i - socket  Para lle lism

Core 3

Core 2

Core 0

Core 1

Core 4

Core 5

Core 7

Core 6

LLC LLC

LLC LLC

LLC LLC

LLC LLC

10 port

Router HAx2
MCx2

QPI ® x6
I ntel®  QPI

I ntel®  SMI

700GB/ s (aggregate)

128GB/ s

45GB/ s
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Reliabilit y, Fault  Tolerance and 
Recoverabilit y

I ntel® I nst ruct ion Replay Technology
• Main pipeline redesigned for error handling
• Enabled hardware and firm ware recovery of correctable errors

I ncreased Error Detect ion and Correct ion
• Arrays

– MLI , MLD, LLC tag and Directory cache – SECDED
– LLC data – DECTED
– Register files (GR and FR)  – SECDED

• Logic path error detect ion in FP ALU via residues
• Key paths are protected “end to end”  with invalidat ion and replay

Reworked Error Detect ion, Response and Report ing Fram ework
• Large increase in error detect ion and response capabilit ies
• I ncreased hardware responses and recovery
• I ntel® Cache Safe Technology:  lockout  of failing cache locat ions
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Pow er Aw are Design

Replay-based Pipeline

• Enabled fully gated clocks

• Elim inated slow and power-wast ing global pipeline stalls

Aggressive Clock Gat ing

• Substant ial reduct ions in both idle, typical and m ax power

Removed Dynamic Logic from FPU

Low-Leakage FETs

Digital Power Predict ion

• Measures, weights and averages key core state signals

• Beyond architectural state – uses data pat terns

• Est im at ion error decreased from  35%  to 2%

6 0 %  TDP, 7 0 %  idle  Cdyn reduct ion
over process sca led Tukw ila
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Poulson Status

Well into post -Si validat ion

Booted and being tested on mult iple operat ing systems

Running in many topologies

On t rack for 2012 shipments
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Conclusion

All new core design
• 12-wide issue
• I ntel® Hyper-Threading Technology with Dual Dom ain Mult ithreading
• I tanium ® New I nst ruct ions and policies for fine-grain software cont rol of 

hardware parallelism
• I ntel® I nst ruct ion Replay Technology for frequency, power and fault  

tolerance
• Core power efficiency:  >  3x bet ter than Tukwila1

Ring-based design
• Large last  level caches
• High bandwidth system  interface

Outstanding data reliabilit y
• Enhanced error detect ion
• I m proved error recovery
• Bet ter RAS integrat ion

1 – I nternal lab measurement
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Glossary

DECTED Double Error Correct ion, Tr iple 
Error Detect ion

DTB Second Level Data TLB

FI T Failure in Thousands

FLB First  Level Branch Cache

FLD First  Level Data Cache

FLI First  Level I nst ruct ion Cache

HA Hom e Agent :  I ntel QPI  agent  
responsible for m anaging 
m em ory

I LP I nst ruct ion Level Parallelism

I PF I tanium ® Processor Fam ily

LLC Last  Level Cache

MC Mem ory Cont roller

MLD Mid Level Data Cache

MLI Mid Level I nst ruct ion Cache

OZQ Ordering cZar Queue:  
architectural m em ory ordering

QPI I ntel® QuickPath I nterface

RAS Reliability, Availability and 
Serviceability

RF Register File

SECDED Single Error Correct ion, 
Double Error Detect ion

SMI I ntel® Scalable Mem ory 
I nterconnect

TDP Therm al Design Power

TLB Translat ion Look-aside Buffer
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