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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, and without being recompiled. 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

Intel has published several benchmarks demonstrating improved performance for Windows-based servers equipped with Intel® Xeon™ and Intel® Xeon™ MP processors. For more information, see Intel® Xeon™ Processors - Performance Indicators at  http://developer.intel.com/design/xeon/perfbref/index.htm. Microsoft expects performance to 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. 

Windows Server Licensing on Systems Enabled with Hyper-Threading Technology
Windows Server licensing is based on the number of physical processors on a system. For more information, see Processors with Hyper-Threading Technology at http://www.microsoft.com/business/downloads/licensing/hyper_threading_processors.doc. 

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: Based on tests with off-the-shelf applications, Intel expects the existing body of applications in the market today to run correctly on systems enabled with Hyper-Threading Technology without further modification or recompiling. 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
	24†
	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
	24†
	32
	32†


† To ensure optimal performance, Hyper-Threading is disabled on partitions larger than 16 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:

· Processors with Hyper-Threading Technology at http://www.microsoft.com/business/downloads/licensing/hyper_threading_processors.doc
· Intel® Xeon™ Processors - Performance Indicators at  http://developer.intel.com/design/xeon/perfbref/index.htm
· 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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