Hyper-Threading Enabling and OS Support

This document tries to provide some guidelines on how to enable Hyper-threading on Intel Xeon Processor systems for different Operating systems. It also contains links to some useful documents and web sites that have more information on this subject.  It is a collection of other peoples work put in one place for convenience and no guarantees of accuracy or freshness of data are implied.

Windows XP and .NET Server beta have Intel® NetBurst™ and Hyper-Threading optimizations complete today. Windows® 2000 Server/Advanced Server can recognize Hyper-Threading.

.NET Server includes optimizations with expected release in Q2’02
Linux releases based on 2.4 kernel support Hyper-threading today.

Targeting further optimizations for Red Hat 7.1 and SuSE 7.2 in Q1’02

Novel Netware 6.0 and Netware 5 SP3 have basic support today

Optimizations expected in Netware 6 SP1 and Netware 5 SP4 in Q1’02
Caldera (SCO Unix) is being supported with SDVs. Targeting optimizations in 1H’02

Useful Background information:
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Useful Links to Intel sites:

Intel Software Tools:

http://www.intel.com/software/products/
Intel Tools training:

http://www.intel.com/software/products/college/classroo/
Software training on the web:

http://cedar.intel.com/cgi-bin/ids.dll/topic.jsp?catCode=BMK&thisPage=training
RedHat Linux support:

The released version of Red Hat Linux 7.2 does not support hyper-threading correctly.  There is a post-7.2 kernel available with changes provided by Intel that resolves the problems, providing the expected hyper-threading functionality.  

This kernel is currently available for download from Red Hat but is described there as a security fix with a few feature enhancements.  No mention is made there of the hyper-threading fixes.  These same changes are expected to roll into the Red Hat 8.0 release due sometime in the June timeframe.

In the past, OIP has hesitated to recommend interim kernels for Linux because of the limited testing associated with them, the technical difficulties of upgrading the Linux kernel, and the often realized potential that a new kernel will break existing drivers.  In this case, hyper-threading is such a salient marketing feature that we feel it would be difficult to launch products without full support.

OIP has finishing up a quick test cycle to verify the basic stability of the kernel.  We are now recommending a move to the new kernel for testing purposes because without the upgrade, hyper-threading will not be exercised during product testing.  The PDTs own deciding whether to follow OIP's recommendation.

The updated kernel and instructions for installation can be found at http://andante/scripts/isoview.pl?view=/Redhat/HyperThreading-Kernel-Patch-v2.4.9-31.  (For information on all OSes see 

http://andante.intel.com -> OS Information -> Current OS Releases and Patches)

The POR for the platforms affected, Shasta, Clearwater, Westville, Hodges and Bryson, call for standard Red Hat 7.2 as the supported build.  Going forward, the various PDTs must decide if they want to change the POR to support the newer kernel instead.

For those platforms shipping the AIC7902, the current recommended patch is not a complete solution for Red Hat Linux.  There is a second issue regarding U320 SCSI which is expected to require another set of fixes beyond the kernel update.   There is the added risk the U320 fix may conflict with the hyper-threading fix.  OIP is working with Adaptec to address that issue.

Please use RH 7.2, then upgrade to the errata kernel (2.4.9-21).  But the easiest way for them to see if they have the problem is to stop using X-Window. If they disable X-Window, and they still see the problem, that's not it.

http://www.redhat.com/support/errata/partners/intel/index.html
Instructions for RedHat:

If you are using a Prestonia/Foster Processor and would like to use Hyper Threading with Red Hat 7.2 Linux, you need to follow the following steps:

A.
Apply the following RPMs to the machine after Red Hat 7.2 installation:


These RPM packages are available internaly at andante web-site
or 
externally at ftp://updates.redhat.com/7.2/en/os/i386/



1.
tux-2.2.0-1.i386.rpm> (required)



2.
modutils-2.4.13-0.7.1.i386.rpm> (required)



3.
kernel-doc-2.4.9-31.i386.rpm> (required)



4.
kernel-headers-2.4.9-31.i386.rpm> (required)



5.
kernel-smp-2.4.9-31.i86.rpm


# rpm -Uvh modutils-2.4.13-0.7.1.i386.rpm


# rpm -Uvh tux-2.2.0-1.i386.rpm


# rpm -Uvh kernel-doc-2.4.9-31.i386.rpm


# rpm -Uvh kernel-headers-2.4.9.31.i386.rpm

B.
Once you applied the above RMPs, you need to apply kernel-smp-2.4.9-31


# rpm -Uvh kernel-smp-2.4.9-31.i686.rpm

C.
Finally, 


1)
if you are using GRUB for bootloader, 



#vi /etc/grub.conf 


and add the following kernel parameter at the end of kernel line



acpismp=force


Afterward it should look like this:   


kernel /vmlinuz-2.4.9-31smp ro root=/dev/xxx acpismp=force


Note:
xxx represent existing enteries in your grub.conf file.


you need to reboot the system to update changes.

2)
if you are using lilo as the bootloader you need to edit /etc/lilo.conf to change or add lines like the below, adding the boot parameter list to the kernel built above to enable HT.



image=/boot/vmlinuz-2.4.9-31smp


        label=linux


        initrd=/boot/initrd-2.4.9-31smp.img


        read-only


        root=/dev/xxx


        append="acpismp=force"


Run /sbin/lilo to make the parameters effective and permanent. Note that 


# /sbin/lilo


You need to reboot the system to make the updates permanent and effective.

Redhats Instructons ( from their web site):

	If you are using a Prestonia Processor with Plumas chipset machine, and would like to use Red Hat Linux, you need to follow the following steps: 

A. Apply the following RPMs to the machine running you have installed Red Hat 7.2: 

  kernel-headers optional 

  kernel-doc optional 

  modutils required 

  tux required 

# rpm -Uvh modutils-2.4.10-1.i386.rpm
# rpm -Uvh tux-2.2.0-1.i386.rpm

B. Once you have applied the above RPMs, apply the kernel-smp.rpm 

  kernel-smp 

# rpm -Uvh kernel-smp-2.4.9-21.1.i686.rpm

C. Finally, depending upon which boot loader you use, please modify the appropriate conf file as below.

If you use grub as your boot loader:
- Edit the file /boot/grub/grub.conf to add acpismp=force like below:
title Red Hat Linux (2.4.9-21.1smp)
root (hd0,0)
kernel /vmlinuz-2.4.9-21.1smp ro root=/dev/hda6 acpismp=force
initrd /initrd-2.4.9-21.1smp.img

If you use lilo as the boot loader:
- Edit the file /etc/lilo.conf and add the line append="acpismp=force" like below:
image=/boot/vmlinuz-2.4.9-21.1smp< /br> label=linux
initrd=/boot/initrd-2.4.9-21.1smp.img
read-only
root=/dev/xxx
append="acpismp=force"

Run /sbin/lilo to make the parameters effective. Note that
- The xxx is found on the existing entries in the /etc/lilo file.
- label=linux should appear only in this entry. Edit to change such a line(s) if any.
- The line default=linux is in that file. This specifies the default kernel, which is vmlinuz-2.4.9-21.1smp.

# /sbin/lilo

D. You need to reboot the system to make the updates effective.


# reboot



	


  


Large Memory support for Linux:

Linux supports memory beyond 4GB. Typically you need a kernel configured (CONFIG_HIGHMEM64G=y) and built as such. RedHat, for example, calls the Enterprise configuration, providing an RPM for such a kernel. 

Linux Tool Site List

	The sites listed below provide pointers to and descriptions of development tools (and in some cases, other types of software) available for Linux. There is a brief description with each link describing what you can expect to find on each site. The list is sorted based on the author's opinion of the most useful sites.


  

	Site
	Description

	Linux Development Tools
	A collection of links to development software available for Linux. Nicely categorized by type with an "explorer-like" navigation tree. Provides a paragraph description of each tool and a link to it's website.

	Linuxapps.com
	Collection of links to available Linux software. Divided into categories with paragraph descriptions of each item. Similiar to Linux Development Tools (above) but not as strong a focus on dev. tools.

	Linuxlinks.com
	"Yahoo-like" portal of Linux software. Organized by type (more categories than the Linux Center Project below). Brief description and web link for each item.

	The Linux Center Project
	"Yahoo-like" portal of Linux software. Organized by type. Single line descriptions.

	firstLinux.com Development tools list
	Alphabetized list of development tools with a paragraph description and web links

	Linux Applications and Utilities Page
	Database of available Linux software. Divided into categories. Very similar to Linuxapps.com but only single line (or less) descriptions.

	Intel Software Development Tools Page
	Intel compilers, optimized libraries, threading tools and VTune

	Red Hat Application Marketplace
	Red Hat's listing of available software. Highlights a few commercial packages with short descriptions. The rest is simply an alphabetized set of links with no descriptions.

	GnuPro Toolkit 
	Red Hat's GNUPro toolkit (gcc, g++, gas, gdb, insight, Source-Navigator).

	Java Tools for Linux
	Categorized list of java tools available for Linux with paragraph descriptions and web links for each.

	Parallel Programming Tools
	Kuck and Associates (KAI) web site (now owned by Intel). Tools for multi-threaded applications. 

	Woven Goods' Linux Software Links
	Linux portal providing links to many Linux software and tool sites 

	Racke's Package and Resource Database
	"Package and resource database" maintained by an avid Linux user. Best navigation is to choose "Sort by Groups". Provides indexed list of tools with brief descriptions.

	About.com's "Focus on Linux"
	See left hand column. Categorized list of Linux software. For each category, provides an alphabetized list with brief descriptions.


Microsoft Document on Hyper-Threading Support:

[image: image4.emf]Physical Processors

Logical Processors

Figure 1: Numbers

indicate the order in

which logical processors

are recognized by the

BIOS when written

according to Intel

specifications. This

example shows a four-

way system enabled

with Hyper-Threading

Technology.

1 2 3 4 5

7

6 8

 

[image: image5.emf]Physical Processors

Logical Processors

1 2 3 4

Figure 2: Numbers

indicate the order in

which logical processors

are used by Windows

2000 Server (4-CPU

limit) on a four-way

system enabled with

Hyper-Threading

Technology.

Assumes BIOS is

written according to Intel

specifications.

 


Operating System

Microsoft Windows-Based Servers and Intel Hyper-Threading Technology

By John Borozan

Microsoft Corporation

Published: February 2002

Abstract
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Introduction 

What is Hyper-Threading Technology?

Intel’s Hyper-Threading Technology allows a single physical processor to execute multiple threads (instruction streams) simultaneously, potentially providing greater throughput and improved performance.

Intel will introduce Hyper-Threading Technology in their Intel® Xeon™ processor family for servers in the first quarter of 2002.  For more information, see Intel Demonstrates Breakthrough Processor Design at http://developer.intel.com/pressroom/archive/releases/20010828comp.htm. 

These processors will contain two architectural states on a single processor core, making each physical processor act as two logical processors for the operating system. However, the two logical processors will still share the same execution resources of the processor core, so performance gains do not approximate having two complete, physical processors. For more information, see Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf.

Hyper-Threading Technology complements symmetric multi-processing (SMP) by allowing more threads to execute simultaneously per processor. 

How Do Windows-Based Servers Recognize Processors with Hyper-Threading Technology?

Windows-based servers receive processor information from the BIOS. Each server vendor creates their own BIOS using specifications provided by Intel. 

Assuming the BIOS is written according to Intel specifications, it begins counting processors using the first logical processor on each physical processor. Once it has counted a logical processor on all of the physical processors, it will count the second logical processor on each physical processor, and so on, as shown in Figure 1.
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It is critical that the BIOS count logical processors in the manner described; otherwise, Windows 2000 or its applications may use logical processors when they should be using physical processors instead. For example, consider an application that is licensed to use two processors on the system diagrammed in Figure 1. Such an application will achieve better performance using two separate physical processors (such as 1 and 2) than it would using two logical processors on the same physical processor (such as 1 and 5). 

Note: The numbers used in these diagrams reflect the order in which logical processors are recognized by the BIOS and used by Windows; they do not reflect the actual processor numbers reported by the operating system. 

Windows 2000 Server Family and Hyper-Threading Technology

Windows 2000 Server does not distinguish between physical and logical processors on systems enabled with Hyper-Threading Technology; Windows 2000 simply fills out the license limit using the first processors counted by the BIOS. For example, when you launch Windows 2000 Server (4-CPU limit) on a four-way system enabled with Hyper-Threading Technology, Windows will use the first logical processor on each of the four physical processors, as shown in Figure 2; the second logical processor on each physical processor will be unused, because of the 4-CPU license limit. (This assumes the BIOS was written according to Intel specifications. Windows uses the processor count and sequence indicated by the BIOS.)  
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However, when you launch Windows 2000 Advanced Server (8-CPU limit) on a four-way system enabled with Hyper-Threading Technology, Windows will use all eight logical processors, as shown in Figure 3.
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Although Windows recognizes all eight logical processors in this example, in most cases performance would be better using eight physical processors. 

Windows .NET Server Family and Hyper-Threading Technology

When examining the processor count provided by the BIOS, Windows .NET Server distinguishes between logical and physical processors, regardless of how they are counted by the BIOS. This provides a powerful advantage over Windows 2000, in that Windows .NET Server only treats physical processors as counting against the license limit. For example, if you launch Windows .NET Standard Server (2-CPU limit) on a two-way system enabled with Hyper-Threading Technology, Windows will use all four logical processors, as shown in Figure 4. 
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Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, go to http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp
This example illustrates the great benefit provided by Windows .NET Server on systems enabled with Hyper-Threading Technology—customers are able to harness the processing power of four logical processors using a 2-CPU license. 

Windows Server Applications and Hyper-Threading Technology

Regardless of whether an application has been specifically designed to take advantage of Hyper-Threading Technology, or even whether the application is multi-threaded, Intel expects the existing body of applications in the market today to run correctly on systems enabled with Hyper-Threading Technology without further modification. For more information, see Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf.

Windows Server Performance on Processors with Hyper-Threading Technology

At the time of this publication, there is insufficient data to generalize the performance of Windows on systems enabled with Hyper-Threading Technology. However, it is safe to assume performance will vary depending on the application, system configuration, and version of Windows that is used. 

Although Windows 2000 is compatible with Hyper-Threading Technology, we expect customers will get the best performance from Hyper-Threading Technology using Windows .NET Server. This is because the Windows .NET Server Family is engineered to take full advantage of the logical processors created by Hyper-Threading Technology. Microsoft expects to see positive performance gains with Windows .NET Server and Hyper-Threading Technology, while Windows 2000 performance gains are expected to be more modest. 

Windows Server Licensing on Systems Enabled with Hyper-Threading Technology

Because Windows 2000 Server does not distinguish between physical and logical processors, Windows 2000 simply fills out the license limit using the first processors counted by the BIOS. For example, consider the system diagrammed in Figure 1. When launching Windows 2000 Server (4-CPU limit) on this system, Windows will use logical processors 1-4 and disregard logical processors 5-8.

In contrast, Windows .NET Server distinguishes between logical and physical processors, regardless of the way they’re counted by the BIOS. Consider the system diagrammed in Figure 4 earlier. When launching Windows .NET Standard Server (2-CPU limit) on this system, Windows will use all four logical processors (1-4). 

Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, see http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp.

The table in the Appendix indicates the number and type of processors used by Windows-based servers on various systems.

Frequently-Asked Questions

Q: What is the difference between Hyper-Threading Technology and Jackson Technology (JT)?

A: Jackson Technology was the Intel code name for Hyper-Threading Technology.

Q: What is the difference between processors that contain Hyper-Threading Technology and multiple-core processors?

A: Processors enabled with Hyper-Threading Technology share more resources (for example, execution resources) on the same physical processor than do multiple-core processors. For example, multiple-core processors have separate execution units and first-level memory caches. 

Q: Which applications will work with Hyper-Threading Technology?

A: Intel expects the existing body of applications in the market today to run correctly on systems enabled with Hyper-Threading Technology without further modification. For more information, see Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf. Check with your application vendor for further details.

Appendix 

The following table indicates the maximum number of physical/logical processors used by Windows-based servers on systems enabled with Hyper-Threading Technology.

	
	2-way 
	4-way
	8-way

	Windows Server Product
	Physical
	Logical
	Physical
	Logical
	Physical
	Logical

	Windows 2000 Server
	2
	4
	4
	4
	n/a
	n/a

	Windows 2000 Advanced Server 
	2
	4
	4
	8
	8
	8

	Windows 2000 Datacenter Server
	n/a
	n/a
	4
	8
	8
	16

	Windows .NET Web Server
	2
	4
	2
	4
	n/a
	n/a

	Windows .NET Standard Server
	2
	4
	2
	4
	n/a
	n/a

	Windows .NET Enterprise Server
	2
	4
	4
	8
	8
	16

	Windows .NET Datacenter Server
	n/a
	n/a
	4
	8
	8
	16

	 
	16-way
	24-way
	32-way

	 
	Physical
	Logical
	Physical
	Logical
	Physical
	Logical

	Windows 2000 Server
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Windows 2000 Advanced Server 
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Windows 2000 Datacenter Server
	16
	32
	24
	32†
	32
	32†

	Windows .NET Web Server
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Windows .NET Standard Server
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Windows .NET Enterprise Server
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Windows .NET Datacenter Server
	16
	32
	24
	32†
	32
	32†


† Windows 2000 Datacenter Server and Windows .NET Datacenter Server (32-bit Edition) do not use more than 32 physical or logical processors. 

Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, see http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp.

Related Links

See the following resources for further information:

Intel Demonstrates Breakthrough Processor Design at http://developer.intel.com/pressroom/archive/releases/20010828comp.htm.

Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf.

For the latest information about Windows 2000 Server, see the Windows 2000 Server Web site at http://www.microsoft.com/windows2000/server.

For the latest information about Windows .NET Server, see the Windows .NET Server Web site at http://www.microsoft.com/windows.netserver.
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Hyper-Threading Technology complements symmetric multi-processing (SMP) by allowing more threads to execute simultaneously per processor. 


How Do Windows-Based Servers Recognize Processors with Hyper-Threading Technology?


Windows-based servers receive processor information from the BIOS. Each server vendor creates their own BIOS using specifications provided by Intel. 


Assuming the BIOS is written according to Intel specifications, it begins counting processors using the first logical processor on each physical processor. Once it has counted a logical processor on all of the physical processors, it will count the second logical processor on each physical processor, and so on, as shown in Figure 1.
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It is critical that the BIOS count logical processors in the manner described; otherwise, Windows 2000 or its applications may use logical processors when they should be using physical processors instead. For example, consider an application that is licensed to use two processors on the system diagrammed in Figure 1. Such an application will achieve better performance using two separate physical processors (such as 1 and 2) than it would using two logical processors on the same physical processor (such as 1 and 5). 


Note: The numbers used in these diagrams reflect the order in which logical processors are recognized by the BIOS and used by Windows; they do not reflect the actual processor numbers reported by the operating system. 


Windows 2000 Server Family and Hyper-Threading Technology


Windows 2000 Server does not distinguish between physical and logical processors on systems enabled with Hyper-Threading Technology; Windows 2000 simply fills out the license limit using the first processors counted by the BIOS. For example, when you launch Windows 2000 Server (4-CPU limit) on a four-way system enabled with Hyper-Threading Technology, Windows will use the first logical processor on each of the four physical processors, as shown in Figure 2; the second logical processor on each physical processor will be unused, because of the 4-CPU license limit. (This assumes the BIOS was written according to Intel specifications. Windows uses the processor count and sequence indicated by the BIOS.)  
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However, when you launch Windows 2000 Advanced Server (8-CPU limit) on a four-way system enabled with Hyper-Threading Technology, Windows will use all eight logical processors, as shown in Figure 3.
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Although Windows recognizes all eight logical processors in this example, in most cases performance would be better using eight physical processors. 


Windows .NET Server Family and Hyper-Threading Technology


When examining the processor count provided by the BIOS, Windows .NET Server distinguishes between logical and physical processors, regardless of how they are counted by the BIOS. This provides a powerful advantage over Windows 2000, in that Windows .NET Server only treats physical processors as counting against the license limit. For example, if you launch Windows .NET Standard Server (2-CPU limit) on a two-way system enabled with Hyper-Threading Technology, Windows will use all four logical processors, as shown in Figure 4. 
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Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, go to http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp

This example illustrates the great benefit provided by Windows .NET Server on systems enabled with Hyper-Threading Technology—customers are able to harness the processing power of four logical processors using a 2-CPU license. 


Windows Server Applications and Hyper-Threading Technology


Regardless of whether an application has been specifically designed to take advantage of Hyper-Threading Technology, or even whether the application is multi-threaded, Intel expects the existing body of applications in the market today to run correctly on systems enabled with Hyper-Threading Technology without further modification. For more information, see Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf.


Windows Server Performance on Processors with Hyper-Threading Technology


At the time of this publication, there is insufficient data to generalize the performance of Windows on systems enabled with Hyper-Threading Technology. However, it is safe to assume performance will vary depending on the application, system configuration, and version of Windows that is used. 


Although Windows 2000 is compatible with Hyper-Threading Technology, we expect customers will get the best performance from Hyper-Threading Technology using Windows .NET Server. This is because the Windows .NET Server Family is engineered to take full advantage of the logical processors created by Hyper-Threading Technology. Microsoft expects to see positive performance gains with Windows .NET Server and Hyper-Threading Technology, while Windows 2000 performance gains are expected to be more modest. 


Windows Server Licensing on Systems Enabled with Hyper-Threading Technology


Because Windows 2000 Server does not distinguish between physical and logical processors, Windows 2000 simply fills out the license limit using the first processors counted by the BIOS. For example, consider the system diagrammed in Figure 1. When launching Windows 2000 Server (4-CPU limit) on this system, Windows will use logical processors 1-4 and disregard logical processors 5-8.


In contrast, Windows .NET Server distinguishes between logical and physical processors, regardless of the way they’re counted by the BIOS. Consider the system diagrammed in Figure 4 earlier. When launching Windows .NET Standard Server (2-CPU limit) on this system, Windows will use all four logical processors (1-4). 


Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, see http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp.


The table in the Appendix indicates the number and type of processors used by Windows-based servers on various systems.


Frequently-Asked Questions


Q: What is the difference between Hyper-Threading Technology and Jackson Technology (JT)?


A: Jackson Technology was the Intel code name for Hyper-Threading Technology.


Q: What is the difference between processors that contain Hyper-Threading Technology and multiple-core processors?


A: Processors enabled with Hyper-Threading Technology share more resources (for example, execution resources) on the same physical processor than do multiple-core processors. For example, multiple-core processors have separate execution units and first-level memory caches. 


Q: Which applications will work with Hyper-Threading Technology?


A: Intel expects the existing body of applications in the market today to run correctly on systems enabled with Hyper-Threading Technology without further modification. For more information, see Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf. Check with your application vendor for further details.


Appendix 


The following table indicates the maximum number of physical/logical processors used by Windows-based servers on systems enabled with Hyper-Threading Technology.


		

		2-way 

		4-way

		8-way



		Windows Server Product

		Physical

		Logical

		Physical

		Logical

		Physical

		Logical



		Windows 2000 Server

		2

		4

		4

		4

		n/a

		n/a



		Windows 2000 Advanced Server 

		2

		4

		4

		8

		8

		8



		Windows 2000 Datacenter Server

		n/a

		n/a

		4

		8

		8

		16



		Windows .NET Web Server

		2

		4

		2

		4

		n/a

		n/a



		Windows .NET Standard Server

		2

		4

		2

		4

		n/a

		n/a



		Windows .NET Enterprise Server

		2

		4

		4

		8

		8

		16



		Windows .NET Datacenter Server

		n/a

		n/a

		4

		8

		8

		16



		 

		16-way

		24-way

		32-way



		 

		Physical

		Logical

		Physical

		Logical

		Physical

		Logical



		Windows 2000 Server

		n/a

		n/a

		n/a

		n/a

		n/a

		n/a



		Windows 2000 Advanced Server 

		n/a

		n/a

		n/a

		n/a

		n/a

		n/a



		Windows 2000 Datacenter Server

		16

		32

		24

		32†

		32

		32†



		Windows .NET Web Server

		n/a

		n/a

		n/a

		n/a

		n/a

		n/a



		Windows .NET Standard Server

		n/a

		n/a

		n/a

		n/a

		n/a

		n/a



		Windows .NET Enterprise Server

		n/a

		n/a

		n/a

		n/a

		n/a

		n/a



		Windows .NET Datacenter Server

		16

		32

		24

		32†

		32

		32†





† Windows 2000 Datacenter Server and Windows .NET Datacenter Server (32-bit Edition) do not use more than 32 physical or logical processors. 


Note: This reflects features defined at the Beta 3 release of the Windows .NET Server Family. CPU limits and product offerings are subject to change prior to final release. For more information, see http://www.microsoft.com/windows.NETserver/evaluation/choosing/default.asp.


Related Links


See the following resources for further information:


· Intel Demonstrates Breakthrough Processor Design at http://developer.intel.com/pressroom/archive/releases/20010828comp.htm.


· Introduction to Hyper-Threading Technology at http://developer.intel.com/technology/hyperthread/download/25000802.pdf.


For the latest information about Windows 2000 Server, see the Windows 2000 Server Web site at http://www.microsoft.com/windows2000/server.


For the latest information about Windows .NET Server, see the Windows .NET Server Web site at http://www.microsoft.com/windows.netserver.
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