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Intel® Architecture History

Intel NetBurst®P5 P6 Banias

EPIC* (Itanium®) IA-32 IXA* (XScale)

Microarchitecture:
Hardware implementation 
maintaining instruction set 
compatibility with high-level 
architecture

Architecture:
Instruction set definition 
and compatibility

Processors:
Productized 
implementation of 
Microarchitecture 

Examples:

Examples:

Examples:

PentiumPentium®® ProPro
PentiumPentium®® II/IIIII/IIIPentiumPentium®®

PentiumPentium®® 44
PentiumPentium®® DD

XeonXeon®®
PentiumPentium®® MM

* IXA – Intel Internet Exchange Architecture/       EPIC – Explicitly Parallel Instruction Computing 



OverviewOverview

Mobile 
Microarchitecture

Intel® NetBurst®

+ New Innovations

IntelIntel®® CoreCore™™ 2 Duo/Quad/Extreme processors2 Duo/Quad/Extreme processors



A Note on Names

The Core Microarchitecture
–Is used in the core of Core 2 Duo and Core 2 

Quad 
–As opposed to the Core Duo which does not use 

the Core Microarchitecture

By the way, Core is the first Intel 
converged core
–As opposed to Nehalem, which will be a 

converged core different form the Core 
Microarchitecture 

–Or to Core Duo, which is not a converged core

VERY IMPORTANT!!!
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Wide Dynamic Execution: Wide Dynamic Execution: 
MacroMacro--FusionFusion

DECODE

EXECUTE

uCODEuCODE
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WITHOUT MACRO FUSIONWITH MACRO FUSION

INSTRUCTION 3INSTRUCTION 3
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INSTRUCTION 1INSTRUCTION 1

INTERNAL INST 1INTERNAL INST 1

COMPLETED INST 3COMPLETED INST 3

COMPLETED INST 2COMPLETED INST 2

COMPLETED INST 1COMPLETED INST 1
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DECODEDECODE

EXECUTE
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MACRO FUSION EXAMPLEMACRO FUSION EXAMPLE
CMP+JMP IN 1 CLOCKCMP+JMP IN 1 CLOCKMacro

Fusion

*Graphics not representative of actual die photo or relative size

Energy

Perf

ADVANTAGE •• Instruction Load Reduced ~ 15%
• Micro-Ops Reduced ~ 10%



WithoutWithout
MacroMacro--FusionFusion

Read four instructions from 
Instruction Queue

Each instruction gets decoded 
into separate uops

Instruction QueueInstruction Queue

inc inc ecxecx

storestore [mem3], [mem3], ebxebx

dec1dec1 dec2dec2 dec3dec3

jnejne targtarg

loadload eaxeax, [mem1], [mem1]

cmpcmp eaxeax, [mem2], [mem2]

dec0dec0

Cycle 2Cycle 2

storestore [mem3], [mem3], ebxebx

loadload eaxeax, [mem1], [mem1]

cmpcmp eaxeax, [mem2], [mem2]

jnejne targtarg

inc inc ecxecx

Cycle 1Cycle 1



WithWith
MacroMacro--FusionFusion

Read five Instructions from 
Instruction Queue

Send fusable pair to single 
decoder 

Single uop represents two 
instructions

storestore [mem3], [mem3], ebxebx

loadload eaxeax, [mem1], [mem1]

cmpjnecmpjne eaxeax, [mem2], , [mem2], targtarg

inc inc ecxecx

dec1dec1

Instruction QueueInstruction Queue

inc inc ecxecx

dec2dec2 dec3dec3

loadload eaxeax, [mem1], [mem1]

cmpcmp eaxeax, [mem2], [mem2]

jnejne targtarg

storestore [mem3], [mem3], ebxebx

dec0dec0

Cycle 1Cycle 1
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Intel® Advanced 
Digital Media 

Boost

128-bit packed Multiply
plus

128-bit packed Add
plus

128-bit packed Load
plus

128-bit packed Store

2x Compute Throughput / Clock2x Compute Throughput / Clock



Intel® Core™
Microarchitecture

OthersOthers

DECODE
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DECODE

IntelIntel®® Advanced Digital Media Advanced Digital Media 
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CLOCKCLOCK
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00127127

CLOCKCLOCK
CYCLE 11

SSE OperationSSE Operation
(SSE/SSE2/SSE3)(SSE/SSE2/SSE3)

ADVANTAGEADVANTAGE
•• Increased PerformanceIncreased Performance
•• 128 bit Single Cycle In Each Core128 bit Single Cycle In Each Core
•• Improved Energy EfficiencyImproved Energy Efficiency

EXECUTEEXECUTE

Single
Cycle

Execution

Energy   

Perf

*Graphics not representative of actual die photo or relative size
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Improved Prefetchers

Memory 
Disambiguation

Intel® Smart
Memory Access

Data Is Data Is 
WhereWhere You Need It,You Need It,
WhenWhen You Need ItYou Need It

Hiding Latency to Memory Subsystem



Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers
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Memory is too far away
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Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers



Caches are closer
when they have the data
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Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers



Prefetchers detect
applications data
reference patterns

L1
Data

Cache

youngest

oldest

Load1 
Load2
Load3
Load4

Shared
L2

Data
Cache

Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers



And bring the data 
closer to data consumer

L1
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Load1 
Load2
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Data
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Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers



Intel Smart Memory Access: Intel Smart Memory Access: 
PrefetchersPrefetchers
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Load1 
Load2
Load3
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Shared
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Data
Cache

Solving the Problem of Solving the Problem of Where Where 



PrefetchersPrefetchers and Multi Coreand Multi Core

2 data and 1 instruction 2 data and 1 instruction 
prefetcherprefetcher per coreper core

able to handle multiple able to handle multiple 
simultaneous patternssimultaneous patterns

2 2 prefetchersprefetchers in the L2 cachein the L2 cache

tracking multiple patterns tracking multiple patterns 
per coreper core

PrefetchersPrefetchers monitor demand monitor demand 
traffic and regulate traffic and regulate 
““aggressionaggression””

Implementation Implementation ““knobsknobs””
allow platform and allow platform and 
segment specific settings segment specific settings 
tailored to applications tailored to applications 
and usage modelsand usage models
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Memory Disambiguation predictorMemory Disambiguation predictor
–– Loads that are predicted NOT to forward from preceding Loads that are predicted NOT to forward from preceding 

store are allowed to schedule as early as possiblestore are allowed to schedule as early as possible

–– increasing the performance of OOO memory pipelinesincreasing the performance of OOO memory pipelines

Disambiguated loads checked at retirementDisambiguated loads checked at retirement
–– Extension to existing coherency mechanismExtension to existing coherency mechanism

–– Invisible to software and systemInvisible to software and system

Solving the Problem of Solving the Problem of WhenWhen

Smart Memory Access: Smart Memory Access: 
Memory DisambiguationMemory Disambiguation



Smart Memory Access: Smart Memory Access: 
Memory DisambiguationMemory Disambiguation

Memory Load4 must WAIT 
until previous 
stores complete

Waits for Data X 
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Smart Memory Access: Smart Memory Access: 
Memory DisambiguationMemory Disambiguation
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Load4 can get its 
data FIRST

WITH Intel’s new Memory Disambiguation

Loads can decouple from StoresLoads can decouple from Stores
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Efficient Data SharingEfficient Data Sharing

Intel® Advanced Smart Cache Independent L2

core
active

core 
active

core 
active

core 
active

Shared L2 minimizes Shared L2 minimizes 
front side bus traffic and front side bus traffic and 
reduces control logic reduces control logic 
complexitycomplexity

Performance loss and Performance loss and 
increase in powerincrease in power

BUSBUS

*Graphics not representative of actual die photo or relative size



Additional Parallel Design Additional Parallel Design 
FeaturesFeatures

Core 0Core 0 Core 1Core 1

4 MB Shared Cache4 MB Shared Cache

Intel® Core™
Microarchitecture 

to GMCH/ Main Memory

M

Intel® Advanced Smart 
Cache 
–Design features such as 

shared cache can share 
data between cores 
increasing performance 
over 2 single core CPU’s

–One core can use more of 
the cache than the 
second core according to 
the workload



Dynamic Cache AllocationDynamic Cache Allocation

Intel® Advanced Smart Cache Independent L2

corecore
idleidle

core core 
activeactive

core core 
activeactive

core core 
idleidle

Cache Cache 
not not 
utilizedutilized

Performance Performance 
loss due to loss due to 
increased increased 
cache missescache misses

Shared L2 enables Shared L2 enables 
active execution core active execution core 
to access full cache to access full cache 
when one other when one other 
execution core is idleexecution core is idle

*Graphics not representative of actual die photo or relative size
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Intelligent Power CapabilityIntelligent Power Capability

Enhancing Energy EfficiencyEnhancing Energy Efficiency

Extending the power management architectureExtending the power management architecture

––IntelIntel®® PentiumPentium®® M processor innovated a new power M processor innovated a new power 
management architecturemanagement architecture

––IntelIntel®® CoreCore™™ Duo processor extended the PentiumDuo processor extended the Pentium®® M M 
processor capability to multiprocessor capability to multi--corecore

New Power Features within each processor coreNew Power Features within each processor core
•• Ultra fineUltra fine--grained power controlgrained power control



Shared power 
management logic to 
coordinate Enhanced 

Intel® Speedstep
Technology (p-state) and 
idle power management 
state (C-state) transitions 

to efficiently manage 
voltage and frequency

Supports Intel® Enhanced 
Deeper Sleep mode 

unique to mobile

IDLE STATES

Core 2Core 2Core 1Core 1
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DC4 ENHANCED ENHANCED 
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Intel 
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Transitions

Power Efficient DualPower Efficient Dual--Core Performance on DemandCore Performance on Demand



Ultra Fine Grained Power ControlUltra Fine Grained Power Control
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Even during periods of
high performance
execution, many parts
of the chip core can be
shut off.

Example could be a
SW memory 
initialization
executing from front
end with IQ operating
as loop cache.
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Software Impact

“Wide Dynamic execution” & “Digital Media 
Boost”
–Deliver additional performance with no impact or 

changes needed for software developers

“Advanced Smart Cache”
–Additional gains can be achieved by intelligent 

scheduling via software developer. 
– Two threads which “communicate” frequently should be 

scheduled to same two cores sharing L2 cache.  



Software Impact

“Smart Memory Access”
–Delivers additional performance out of the 
box.

–Further performance can be gained by use 
of software pre-fetching and BIOS tuning.

“Intelligent power capability”
–Delivers performance/watt advantage with 
no impact or changes needed for software 
developers



Optimizing for Intel®
Core™ Microarchitecture

Use CMP = employ both Cores
– Go to multithreading!

Prefer SSE as much as possible. If you 
didn’t do it so far, vectorize the code 
now!!

–Intel Compiler has very good 
vectorization engine



Optimizing for Intel®
Core™ Microarchitecture

(advanced)
Use Intel VTune™ Performance 
Analyzer for performance problems 
revealing
–CPI
–Specific CPU events for Core-arch:

RESOURCE_STALLS.RS_FULL, 
L2_IFETCH.SELF.MESI, 
RESOURCE_STALLS.RS_FULL, 
RESOURCE_STALLS.ROB_FULL etc- see VTune 
help
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Real Application ComparisonReal Application Comparison

Woodcrest delivers leading Performance and Performance/ Watt

Power measured is total Power measured is total 
system watts during the system watts during the 
benchmark runbenchmark run

Higher is better

Up to 
1.37x

Up to 
1.42x

PerformancePerformance Performance/ Performance/ 
WattWatt

Source:  Intel internal measurements, Sun X4200:  2xOpteron 
280 (2.4GHz) 2GB DDR-400,  HP DL380G5 pre-production 
2xWoodcrest 3.0GHz 2GB fully buffered DDR2-667 
Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and other countries. Other names and brands may be claimed as the property of others. All products, dates, 
and figures are preliminary and are subject to change without any notice. Copyright © 2006, Intel Corporation. Performance tests and ratings are measured using specific computer systems and/or components and reflect the 
approximate performance of Intel products as measured by those tests. Any difference in system hardware or software design or configuration may affect actual performance. Buyers should consult other sources of information to 
evaluate the performance of systems or components they are considering purchasing. For more information on performance tests and on the performance of Intel products, visit http://www.intel.com/performance/resources/limits.htm
or call (U.S.) 1-800-628-8686 or 1-916-356-3104.    
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Bensley/ClovertownBensley/Clovertown Platform PerformancePlatform Performance
Competitive Landscape based on Published AMD resultsCompetitive Landscape based on Published AMD results

68.5K

162.2K

102.3K

SPECjbbSPECjbb*2005*2005

2.37x

Opteron Xeon 5160 Xeon 53xx

2.80 GHz DC 3.00 GHz DC 2.66 GHz QC

Higher is better

1047

1924

1208

SAP*SAP*--SDSD

1.84

Higher is better

78.3

198

123

SPECintSPECint*_rate_ *_rate_ 
base2000base2000

2.53x

Opteron Xeon 5160 Xeon 53xx

2.80 GHz DC 3.00 GHz DC 2.66 GHz QC

Higher is better

Socket FSocket F

Opteron Xeon 5160 Xeon 53xx

2.60 GHz DC 3.00 GHz DC 2.66 GHz QC

Socket F

76.6

101
81

SPECfp_rateSPECfp_rate_ base2000_ base2000

1.32

Higher is better

Opteron Xeon 5160 Xeon 53xx

2.80 GHz DC 3.00 GHz DC 2.66 GHz QC

Socket F

Windows Server

Data Source: AMD data based on Published results as of September 19, 2006. Intel data based on published and measured data. See backup for details

Clovertown extends Bensley platform leadership

Opteron 2.80 DC – Dual-Core AMD Opteron™ Model 2220 (2.80 GHz);Xeon 53xx – Quad-Core Intel® Xeon® Processor 53xx; (“Clovertown 2.67 GHz”); 
Xeon 5160 – Dual-Core Intel® Xeon® Processor 5160; (“Woodcrest 3.00 GHz”);

41
Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel products as measured by those tests. Any difference in system hardware or 
software design or configuration may affect actual performance. Buyers should consult other sources of information to evaluate the performance of systems or components they are considering purchasing. For more information 
on performance tests and on the performance of Intel products, visit http://www.intel.com/performance/resources/limits.htm or call (U.S.) 1-800-628-8686 or 1-916-356-3104. Copyright © 2006, Intel Corporation. * Other names 
and brands may be claimed as the property of others. 
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45nm Technology
”Penryn”/”Wolfdale”/“Wolfdale DP”

Dual Core PackagePenryn – code name for an 
enhanced Intel® CoreTM

microarchitecture at 45 nm
– Industry’s first 45 nm High-K processor 

technology
– ~2x transistor density
– >20% gain in transistor switching speed
– ~30% decrease in transistor switching power
– Dual core, quad core
– Shared L2 cache
– Intel 64 architecture
– 128-bit SSE

6M L2 Cache

32K I-Cache 
32K D-Cache

Bus

Core Core

32K I-Cache 
32K D-Cache

2 Threads, 1 Package 
(similar to Intel® Core™ 2 

Duo processor)



PenrynPenryn Family Optimized Family Optimized 
MMicroarchitectureicroarchitecture

Deep Power Down TechnologyDeep Power Down Technology
Enhanced Intel Dynamic Acceleration TechEnhanced Intel Dynamic Acceleration Tech

Larger Caches: 6MB, 12MBLarger Caches: 6MB, 12MB
2424--way Set way Set AssociativityAssociativity

Split Load Cache EnhancementSplit Load Cache Enhancement
Higher Bus SpeedsHigher Bus Speeds

Intel SSE4 instructionsIntel SSE4 instructions
Fast Super Shuffle Engine                 Fast Super Shuffle Engine                 

Fast RadixFast Radix--16 Divider Enhanced 16 Divider Enhanced 
Intel Virtualization TechnologyIntel Virtualization Technology

Increased Performance and 
Energy Efficiency

> 3 GHz



Scaleable Across the Scaleable Across the 
EnterpriseEnterprise

MobileMobile
L2

2 Cores

Dual-Core-up to 6MB L2 

Deep Power Down Tech

Enhanced Dynamic Acceleration 
Technology

Intel Core 2 Processor 
Family

DesktopDesktop

L2

2 Cores

>3GHz
Quad-Core – up to 12MB L2
95W/130W TDP
Dual-Core – up to 6MB L2
65W TDP

Intel Core™ 2 Extreme

Intel Core 2 Processor 
Family

L2 L2

4 Cores

Server/Workstation Server/Workstation 
L2

2 Cores

>3GHz
Up to 1600MHz Bus
Quad-Core – up to 12MB L2
50/80W/120W TDP
Dual-Core – up to 6MB L2
40W/65W/80W TDP

Intel Xeon®
processor family
UP, DP, MP

L2 L2

4 Cores



SummarySummary

The new core™ architecture has advanced 
features which give performance advantage to 
your software

This new architecture has a clear performance 
leadership across a broad spectrum of 
applications and benchmarks

The new architecture manufactured using the 
45nm process provides yet a higher level of 
performance at lower power consumption


