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“The implementation of high-k and metal materials marks 
the biggest change in transistor technology since the 

introduction of polysilicon gate MOS transistors in the late 
1960s,” said Intel Co-Founder Gordon Moore.

Intel press release, January 26, 2007

IEEE Spectrum   October, 1969

Silicon-gate Technology

Intel ConfidentialIntel Confidential
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Standard MOS Standard MOS 
TransistorTransistor

Low resistance layerLow resistance layer

PolysiliconPolysilicon gategate
N+ for NMOSN+ for NMOS
P+ for PMOSP+ for PMOS

SiOSiO22 gate oxidegate oxide

HK+MG MOS HK+MG MOS 
TransistorTransistor

Silicon substrateSilicon substrate Silicon substrateSilicon substrate

HighHigh--k + metal gate transistors provide significant performance increk + metal gate transistors provide significant performance increase ase 
and leakage reduction, ensuring continuation of Mooreand leakage reduction, ensuring continuation of Moore’’s Laws Law

SS DDSS DD

Low resistance layerLow resistance layer

Metal gateMetal gate
Different forDifferent for

NMOS and PMOSNMOS and PMOS

HK gate oxideHK gate oxide
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Providing the Foundation for Providing the Foundation for 
Improved Performance/WattImproved Performance/Watt

reduction in gate oxide leakage powerreduction in gate oxide leakage power

reduction in transistor switching power reduction in transistor switching power 
>10x>10x

~30%~30%

improvement in transistor density improvement in transistor density ––
for either smaller chip size or increased transistor countfor either smaller chip size or increased transistor count~2x~2x

improvement in transistor switching speed improvement in transistor switching speed 

oror
>20%>20%

>5x>5x reduction in sourcereduction in source--drain leakage powerdrain leakage power
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Quad-Core Intel® Xeon® Processor 5400 series based Platforms 
SKU comparison using SPECint*_rate_base2006 “Base”
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QuadQuad--Core Xeon 5400 for General Purpose ComputingCore Xeon 5400 for General Purpose Computing

SC SC 
XeonXeon

Dual Core Xeon Dual Core Xeon 
5100 Series5100 Series

Quad Core Xeon Quad Core Xeon 
5300 Series5300 Series

Dual Core Dual Core OpteronOpteron
2200 Series2200 Series

Quad Core Quad Core OpteronOpteron
2300 Series2300 Series

� #+$#,)�' 
$+
(0&(2*�1
%*++ # ��
	�(*(
 (�*,)� %
�$
3 
(), �
�.�
�CFFC
N
�CFFCM
�C6C>
N
�C6C>

Data Source: Published/measured/submitted 
results as of Mar 18, 2008.

Dual Core Dual Core 
Xeon 5200 Xeon 5200 

SeriesSeries
Quad Core Xeon 5400 Quad Core Xeon 5400 

SeriesSeries

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 Copyright © 2008, Intel Corporation. * Other names and brands may be claimed as the property of others. 

A higher score of 55 has 
been published on  Opt 3.0 

only  with a newer 
compiler. Lower score 

shown here in order to be 
consistent  on the same 
compiler across all skus

Back to 
Index 

Slide 1
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Business Requirement: Deliver 5.1 Million Business Operations Per Second
Using 45nm Quad-Core Intel® Xeon® processor 5400 series

The opportunity to Refresh
Reduce annual cost and floor space with server refresh



13

4�������������F ���G /	�����	���� �

- Deep Power Down Tech.
- Enhanced Intel Dynamic 
Acceleration Tech.

- Advanced Power Gating
- Split Bus Arrays

Intel® Intelligent Power 
Capabilities

- Split Load Cache
- Improved Store Forwarding
- Higher FSB (1600MHz)

- Improved Pre-fetch
- Memory Disambiguation
- Dynamic Power 
Coordination

Intel® Smart Memory 
Access

- SSE4 ISA
- Super Shuffle Engine

- 128-bit single cycle SSEIntel® Advanced Digital 
Media Boost

- 24-way Associative
- 6MB (per 2 cores)

- Shared L2 Cache (16-way)
- 4MB (per 2 cores)

Intel® Advanced Smart 
Cache

- Fast Radix 16 Divider
- Faster OS Primitive support
- Faster Virtualization Context 
Switching
- Intel® VT FlexMigration

- 4 Wide Issue
- Micro-Fusion
- 3 Full ALU’s
-Deep Buffers
- Adv. Branch Prediction

Intel® Wide Dynamic 
Execution

Penryn uArchIntel® Core™ uArch
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Penryn Radix-16Merom Radix-2,4
Clocks

EP 
square 

root

DP 
square 

root

SP 
square 

root

EP divide

DP divide

SP divide

32-bit 
int

divide

Maximum Processor Instruction Latency
(lower is better)

radix-4: 2 bits per clock cycle;             radix-16: 4 bits per clock 
cycle

H�
��+��	@:�*��	�	��

• Leading edge divider 
performance

• 4 bits processed per cycle vs. 2 
bits per cycle

• Innovative radix-16 based 
architecture
• Utilized for both floating-point and 

integer operations
• Optimized square root

• Early-out algorithm for both 
integer and FP data allows lower 
latency
• 6 cycle minimum

On Avg: Doubles the Divide Execution Speed
Source: Intel
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. . .

Input data (2 x 16 bytes)

. . .

Output data (16 bytes)

src1

src2

logic op

• Shuffle operations required for SSE 
data formatting operations
• Unpacking
• Packing
• Align concatenated sources
• Wide shifts
• Insertion and extraction
• Setup for horizontal arithmetic 

functions

• Penryn super shuffle engine 
performs 128 bit operation in 1 cycle 
vs. 2

• No software changes required

Super
Shuffle
engine

. . .logic op

. . .

B0 B1 B2 B15. . .B3 B4 B14

B0 B1 B2 B15. . .B3 B14B4

B0 B1 B2 B15. . .B3 B14B4

dest

Doubles shuffle speed
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Shuffle byte

Insert

Extract

Qword shifts

Align

Unpack integer

Pack

Latency (clocks)
0 1 2 3 4 5 6

PenrynMerom 

2X Faster SSE Shuffle Instruction Execution

! ���!� �����4��	��

• Doubles the speed for 
most byte, word, and 
dword granular SSE 
data shuffle operations

• Also key capability for
performance effective
enabling of new
SSE4 functionality

• Blends

• Dot product

• Multiple sum-of-abs
differences

Processor Latency (clocks)
(lower is better)

Source: Intel
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Virtualization

• Realizing the promise of 
virtualization requires a multi-
faceted approach

�Hardware
� Intel architects processors, chipsets and communications 

components to support a complete virtualization solution

�Software
� Intel’s SW Solutions Group aligns with key VMM & 

manageability vendors for optimized solutions on IA

�The End User
�Understand the needs and constraints in IT virtualization
�Ease transition from dedicated systems to service levels
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Intel® Virtualization Technology
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Intel® Virtualization Technology
Simplifies VMM Operation



Latency Reductions by CPU Implementation

• Further improvements planned for future implementations
• Rule of thumb: every 100-cycle reduction in event cost 

reduces virtualization overhead by ~0.5%-1.0%

Intel® VT-x Transition Latencies by CPU
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Benefits:  Costs, Agility, Productivity



4P+

2P

Intel® Core™
Microarchitecture

Enhanced Intel®
Core™ Microarchitecture

Next Generation 
Intel Microarchitecture

1P

Xeon 7400

Xeon 5400

Xeon 3300

Future

Future

Future

1Backward compatibility for live VM migration also exists with current dual-core Intel® Core™ microarchitecture products (Xeon 5100 and Xeon 3000) 
and forward compatibility with future dual and multi-core processors.  Contact your preferred VMM vendor for support requirements. 

Xeon 5300

Xeon 7300

Xeon 3200

“merom” based “penryn” based “nehalem” based

2006-2007 2007-2008 2009-2010

µarch

Dual Core 5100

Dual Core 7200

Dual Core 3000
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Intel® VT FlexMigration assist

Maximize Virtualization Flexibility
Intel® VT FlexMigration assist and VMware*

IT Investment Protection with Expanding Pools of Hardware Assisted Live VM Migration Compatibility

Increased VM Mobility 
with VMware

Fail-Over

Load 
Balance

Disaster 
Recovery

Server 
Maintenance



VMware ® ESX 3.5 U2 takes advantage of Intel® VT 
FlexMigration assist for VMotion TM & DRS*
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Now You Can Build One Virtualization Pool across multiple 
generations of Intel® Xeon® processors running VMware*

Maximize IT Flexibility and Protect Your Investment 
today with Quad-Core Technology
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Intel Xeon X5470
3.33/1333/120W

Intel Xeon X5270 
3.50/1600/80W

Intel Xeon X5492 ‡
3.4/1600/150W

Intel Xeon L5430 
2.66/1333/50W

Dual-Core 
Intel Xeon Processor 5200 Series

Quad-Core
Intel Xeon Processor 5400 Series

Intel Xeon X5482
3.2/1600/120W
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1,000 unit 
list pricing

$1,493

$1,279

$1,386
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Hardware Vendor System # Chips # Cores / 
Chip

Processor Memory Result Baseline Published Disclosure

IBM Corporation IBM BladeCenter HS21 XM (Intel Xeon E5405) 2 4 Intel Xeon E5405 16 GB (8 x 2 GB DDR2-5300F ECC) -- 86.1 Feb-2008 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5405, 2.00 GHz) 2 4 Intel Xeon E5405 16 GB (8 * 2GB DDR2 5300F, 2 rank, CL5-5-5, ECC) 104 86.0 Dec-2007 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5410, 2.33 GHz) 2 4 Intel Xeon E5410 16 GB (8 * 2GB DDR2 5300F, 2 rank, CL5-5-5, ECC) 115 94.4 Dec-2007 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY TX300 S4, Intel Xeon L5410, 2.33 GHz 2 4 Intel Xeon L5410 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 114 93.3 Mar-2008 HTML CSV PDF PS Text Config
Supermicro Motherborad X7DB8+ 2 4 Intel Xeon E5420 16 GB (8 * 2 GB PC2-5300 FBDIMM, CL-5-5-5, ECC) 120 98.9 Nov-2007 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY RX200 S4, Intel Xeon L5420, 2.50 GHz 2 4 Intel Xeon L5420 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) -- 98.0 Mar-2008 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY TX300 S4, Intel Xeon L5420, 2.50 GHz 2 4 Intel Xeon L5420 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 119 97.4 Feb-2008 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge M600 (Intel Xeon E5430, 2.66 GHz) 2 4 Intel Xeon E5430 16 GB (4x4 GB 667 MHz ECC CL5 FB-DIMM) 129 104 Mar-2008 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5430, 2.66 GHz) 2 4 Intel Xeon E5430 16 GB (8 * 2GB DDR2 5300F, 2 rank, CL5-5-5, ECC) 125 102 Dec-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 1950 III (Intel Xeon E5440, 2.83 GHz) 2 4 Intel Xeon E5440 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 121 107 Nov-2007 HTML CSV PDF PS Text Config
SGI SGI Altix ICE 8200 (Intel Xeon E5440, 2.83 GHz) 2 4 Intel Xeon E5440 16 GB (8*2GB PC2-5300 FB-DIMMs) 130 106 Feb-2008 HTML CSV PDF PS Text Config
SGI SGI Altix XE 250 (Intel Xeon E5472, 3.00 GHz) 2 4 Intel Xeon E5472 16 GB (8*2GB PC2-6400 CL5-5-5 FB-DIMMs) 143 119 Jan-2008 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 III (Intel Xeon X5450, 3.00 GHz) 2 4 Intel Xeon X5450 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 125 111 Nov-2007 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5450, 3.00 GHz) 2 4 Intel Xeon E5450 16 GB (8 * 2GB DDR2 5300F, 2 rank, CL5-5-5, ECC) 134 109 Dec-2007 HTML CSV PDF PS Text Config
Hewlett-Packard Company ProLiant BL480c (3.16 GHz, Intel Xeon X5460) 2 4 Intel Xeon X5460 16 GB (8x2 GB PC2-5300F CL5) -- 114 Feb-2008 HTML CSV PDF PS Text Config
Hewlett-Packard Company ProLiant BL480c (3.16 GHz, Intel Xeon X5460) 2 4 Intel Xeon X5460 16 GB (8x2 GB PC2-5300F CL5) 138 112 Feb-2008 HTML CSV PDF PS Text Config
Supermicro Motherboard X7DWA-N 2 4 Intel Xeon X5482 16 GB (8 * 2 GB PC2-6400 FBDIMM, CL-5-5-5, ECC) 147 121 Dec-2007 HTML CSV PDF PS Text Config
Hewlett-Packard Company ProLiant DL380 G5 (1.6 GHz, Intel Xeon processor 5110) 2 2 Intel Xeon 5110 8 GB (8x1 GB PC2-5300F CL5) 43.2 37.8 Oct-2007 HTML CSV PDF PS Text Config
Hewlett-Packard Company ProLiant DL380 G5 (1.86 GHz, Intel Xeon processor 5120) 2 2 Intel Xeon 5120 8 GB (8x1 GB PC2-5300F CL5) 47.7 41.8 Oct-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 (Intel Xeon 5130, 2.00 GHz) 2 2 Intel Xeon 5130 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 53.1 46.7 Nov-2007 HTML CSV PDF PS Text Config
Hewlett-Packard Company ProLiant DL380 G5 (2.33 GHz, Intel Xeon processor 5140) 2 2 Intel Xeon 5140 8 GB (8x1 GB PC2-5300F CL5) 58.5 51.3 Oct-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 III (Intel Xeon 5148 LV, 2.33 GHz) 2 2 Intel Xeon 5148 LV 8 GB (8x1 GB 667 MHz ECC CL5 FB-DIMM) 58.6 51.1 Mar-2008 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 (Intel Xeon 5150, 2.66 GHz) 2 2 Intel Xeon 5150 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 64.3 56.2 Nov-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 (Intel Xeon 5160, 3.00 GHz) 2 2 Intel Xeon 5160 8 GB (8x1 GB 667 MHz ECC DDR2 FB-DIMM) 68.9 60.5 Nov-2007 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY TX300 S4, Intel Xeon E5205, 1.86 GHz 2 2 Intel Xeon E5205 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 52.6 45.0 Feb-2008 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY RX300 S4, Intel Xeon processor E5205, 1.86 GHz 2 2 Intel Xeon E5205 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 52.6 45.0 Dec-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 III (Intel Xeon X5260, 3.33 GHz) 2 2 Intel Xeon X5260 16 GB (8x2 GB DDR2-667 ECC CL5 FB-DIMM) 82.5 70.3 Feb-2008 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY TX300 S4, Intel Xeon L5310, 1.60 GHz 2 4 Intel Xeon L5310 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 73.5 64.0 Mar-2008 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5310, 1.60 GHz) 2 4 Intel Xeon E5310 16 GB (16*1GB Micron DDR2 4200F CL4-4-4, ECC) 73.6 62.3 Sep-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 1950 (Intel Xeon E5310, 1.60 GHz) 2 4 Intel Xeon E5310 8 GB (8x1 GB 667 Mhz ECC CL5 FB-DIMM) 71.7 63.4 Oct-2007 HTML CSV PDF PS Text Config
Supermicro Motherboard X7DB3 2 4 Intel Xeon E5320 16 GB (8 * 2 GB DDR2 5300, CL-5-5-5, ECC) 80.2 67.8 Nov-2007 HTML CSV PDF PS Text Config
IBM Corporation IBM System x 3550 (Intel Xeon E5320) 2 4 Intel Xeon E5320 16 GB (8 x 2 GB DDR2-5300F ECC) 78.1 68.6 Mar-2008 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 1950 (Intel Xeon E5335, 2.00 GHz) 2 4 Intel Xeon E5335 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 89.6 79.4 Oct-2007 HTML CSV PDF PS Text Config
Fujitsu Siemens Computers PRIMERGY BX620 S4, Intel Xeon processor L5335, 2.0 GHz 2 4 Intel Xeon L5335 16 GB (8x2 GB PC2-5300F, 2 rank, CAS 5-5-5, with ECC) 91.1 78.9 Jan-2008 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5335, 2.00 GHz) 2 4 Intel Xeon E5335 16 GB (8 * 2GB Samsung DDR2 5300F, 2 rank, CL5-5-5, ECC) 92.2 78.1 Sep-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 (Intel Xeon E5345, 2.33 GHz) 2 4 Intel Xeon E5345 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 98.0 86.5 Oct-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 1950 (Intel Xeon E5345, 2.33 GHz) 2 4 Intel Xeon E5345 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 98.1 86.5 Oct-2007 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor E5345, 2.33 GHz) 2 4 Intel Xeon E5345 16 GB (8 * 2GB Samsung DDR2 5300F, 2 rank, CL5-5-5, ECC) 102 85.7 Sep-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 1950 (Intel Xeon X5355, 2.66 GHz) 2 4 Intel Xeon X5355 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 105 93.3 Oct-2007 HTML CSV PDF PS Text Config
Supermicro Supermicro X7DB8+ (Intel Xeon processor X5355, 2.66 GHz) 2 4 Intel Xeon X5355 16 GB (8 * 2GB Samsung DDR2 5300F, 2 rank, CL5-5-5, ECC) 109 91.6 Sep-2007 HTML CSV PDF PS Text Config
Dell Inc. PowerEdge 2950 (Intel Xeon X5365, 3.00 GHz) 2 4 Intel Xeon X5365 16 GB (8x2 GB 667 MHz ECC CL5 FB-DIMM) 112 99.1 Oct-2007 HTML CSV PDF PS Text Config
Supermicro Motherboard X7DB3 2 4 Intel Xeon X5365 32 GB (8 * 4 GB DDR2 5300, CL-5-5-5, ECC) 117 98.0 Nov-2007 HTML CSV PDF PS Text Config

All results use 64-Bit Suse Linux Enterprise Server 10 w/ SP1 for OS & SPEC binaries built with Intel C++ Compiler for Linux32 and Linux64, Version 10.1

Quad-Core Intel® Xeon® Processor 5400 series based platforms
Sku Comparison on Integer Throughput Performance on Intel Xeon Processor

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 Copyright © 2008, Intel Corporation. * Other names and brands may be claimed as the property of others. 

• Single-Core Intel® Xeon® processor 3.80 based platform details: HP* ProLiant* DL380 G5 server platform with two 64-bit Intel Xeon Processor 3.80Ghz with 2M L2 Cache, 800 
FSB, 8GB memory, Microsoft Windows Server 2003 Ent. SP1, Intel C++ Compiler 9.1 for 32-bit apps,, Build 20060323Z Package ID: W_CC_P_9.1.020. Referenced as 
published at 20.9 (SPECint*_rate_base2006). For more information see http://www.spec.org/cpu2006/results/res2006q3/cpu2006-20060513-00027.html


