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Introduction 

This document provides general recommendations to help you design flash-based 

small notebook PCs that are intended to run the 32-bit version of the Windows® XP 

operating system. Computer system designers can use this document to build small 

notebook PCs that can ease the Windows XP deployment process and reduce 

delivery time of small notebook PCs to customers. 

If you choose to follow these recommendations, you might reduce the development 

cost of device drivers, reduce design time, and optimize the Windows operating 

system experience on small notebook PCs. You can also use ready-made system 

components to build small notebook PCs without developing system designs or 

drivers, and instead leverage Windows XP technology to support the hardware. 

Please note these recommendations are subject to change. There may also be 

additional licensing and hardware requirements that apply to Windows XP 

deployments on small notebook PCs. For more information, please contact your 

Microsoft Account Manager. Any additional hardware and other requirements will be 

outlined in a separate license agreement. 

What’s New in this Version? 

Since the last release of this document, several guidelines have changed, 

terminology has been modified, and sections have been added, removed, or 

updated. The following is a list of the changes. Please refer to the specific sections 

for more information: 

 Ultra Low-Cost PCs (ULCPCs) are now called small notebook PCs 

 Volume compression is only necessary on 2-GB volumes 

 Flash Storage Devices 

 Summary of Design Considerations 

 Additional Resources 

The following sections were added: 

 What’s New in this Version? 

 In the Flash Storage Devices section: 

o Multiple Flash Storage Devices 

o Partition Alignment 
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 Kernel Debug Port 

 Appendix A: How to Calculate the Average Write Rate 

 Appendix B: Example of How to Calculate the Average Write Rate 

 Appendix C: How to Determine the Working Set of Your Set of 

Applications 

What Are Small Notebook PCs? 

Small notebook PCs are small, affordable laptops with limited hardware resources. 

They use the same architecture, the same or similar components, and run the same 

version of the Windows operating system as regular laptops.  

Small notebook PCs that can run Windows enjoy the benefits of application 

compatibility, a trusted and familiar user experience, and a wide variety of 

peripheral device support (such as digital cameras, CD and DVD players, larger 

monitors, and external storage devices).  

The recommendations in this guide also apply to small desktops with flash storage. 

The license agreement will determine the hardware specifications for your small 

notebook PCs. For more information, please contact a Microsoft Account Manager. 

Design Considerations 

This section includes recommendations and best practices to consider in your 

design planning for a small notebook PC that will run Windows XP. In the following 

sections, you will find hardware recommendations and how they can affect 

Windows XP performance. These design considerations can help you understand 

and determine which tradeoffs you can make between hardware and Windows XP 

performance.   

Hardware Considerations 

This section contains system recommendations based on benchmarking of small 

notebook PCs that were running the 32-bit version of Windows XP. These 

recommendations reflect the best price/performance ratio that could be achieved by 

finding a balance between the CPU, RAM, and flash storage device at the time this 

document was written. 

Before following the recommendations outlined in this section, contact your 

Microsoft Account Manager to find out if additional licensing or hardware 

requirements apply to Windows XP deployment on a flash-based small notebook 

PC. For general Windows XP system requirements and recommendations, see: 
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http://support.microsoft.com/kb/314865 

CPU 

We recommend a minimum CPU speed of 500 megahertz (MHz) and an optimal 

CPU speed of 1 gigahertz (GHz). Choosing a CPU with a higher speed can further 

improve performance. The CPU speed that you choose should depend on the user 

scenario, which includes the applications you decide to deploy with Windows XP. 

Note that the minimum CPU speed of 500 MHz is higher than that required by the 

Windows XP system requirements. 

When choosing a CPU, you should consider the following factors: 

 Cost 

 Speed 

 Power requirements 

 Heat considerations 

The CPU speed directly affects the speed at which the Disk I/O request queue is 

processed. You should select a CPU speed that matches the Disk I/O subsystem 

speed. This is because a CPU speed that is too slow might cause Disk I/O latencies 

and affect the overall performance of Windows. You can monitor the average length 

of total disk queues (as well as read and write queues) by using the Microsoft 

Windows Performance Toolkit. 

Microsoft Windows Performance Toolkit  

You can download the Microsoft Windows Performance Toolkit and Xperf command 

line tool from the following webpages: 

http://msdn.microsoft.com/en-us/performance/default.aspx 

http://msdn.microsoft.com/en-us/library/cc305221.aspx 

Flash Storage Devices 

Recent flash technology advances and reduction in prices for flash storage are 

making flash storage devices an increasingly attractive alternative to traditional hard 

disk drives. The main advantages of flash storage devices include: 

 Reliability. There are no mechanical moving parts that can break on 

impact or wear out.  Flash storage devices are less susceptible to 

environmental conditions like heat, dust, and humidity. 

http://support.microsoft.com/kb/314865
http://msdn.microsoft.com/en-us/performance/default.aspx
http://msdn.microsoft.com/en-us/library/cc305221.aspx
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 Power consumption. A flash storage device uses less power than 

traditional hard disk drives. 

 Form Factor. The device’s small size enables smaller form factors. 

 Cost. The minimum cost threshold of a hard disk drive will be greater 

than that of a flash storage device because the flash storage device 

has no mechanical components. 

 Fast Reads. Flash drives have no seek times when compared to 

traditional hard drives found in laptop and desktop computers. 

Flash storage devices also have unique challenges, including: 

 Limited Lifetime. Unlike hard disk drives, there are a limited number of 

erase and write cycles that can be performed on flash storage devices. 

 Limited data retention. Data retention is a flash storage device’s 

ability to retain its programmed state. The ability of a flash storage 

device to retain data may degrade over time, or under extreme 

environmental conditions.  

 Latency caused by wear leveling. Algorithms that help make the flash 

device wear evenly among all the blocks may improve controller 

efficiency. 

Other challenges for the flash storage device stem from the Windows XP operating 

system that runs on it. This is because Windows XP was designed for installation 

on a traditional hard disk drive rather than a flash storage device. The following 

sections address possible challenges. 

Read and Write Speeds 

The recommended random I/O write and read speeds for storage devices are 5 

megabytes (MB) per second or higher. Choosing a flash storage device with read 

speeds below 5 MB per second can affect the start time of Windows XP and its 

overall performance. Flash storage devices with a read speed of 5 MB per second 

or less can take up to 10 times longer to start up as flash storage devices with a 

read speed of 10 MB per second. 

You should consider the user scenario when determining the appropriate random 

I/O read and write speeds for the flash storage device that you choose. Most flash 

storage devices are rated for sequential I/O speeds. Contact the flash storage 
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device manufacturer to determine the random I/O speed of the storage device you 

plan to use. 

Volume Compression 

Volume compression affects the system volume in the following ways: 

 Increases CPU usage. When the system volume is compressed, 

Windows XP compresses and decompresses all data read and written 

respectively to the flash storage device. Compression and 

decompression require that the CPU process the data. This increases 

the CPU usage by 1 to 5 percent. 

 Increases size of write requests to the flash storage device. When 

you compress a volume, the size of write requests increases because 

the amount of data written to and read from the volume increases. This 

is because NTFS can only compress entire blocks so it has to read a 

block, update data, compress it, and write back to disk. On average, 

compression will increase the number of write requests to the flash 

storage device by 25 percent. 

We recommend compressing the volume for 2-GB flash storage devices because 

the total size of Windows XP with Windows updates and add-ins is 1.1 GB, which 

might not leave enough free space on the system volume. A Windows XP system 

volume formatted using the NTFS file system has a compression ratio of 

approximately 1.5, saving approximately 370 MB of flash storage capacity 

compared to an uncompressed system volume. This size and compression ratio is 

only for Windows XP with Windows updates and add-ins; the total size and 

compression ratio for a scenario that includes applications and user data will be 

different. 

Because compression increases CPU usage and the size of write requests to the 

flash storage device, we recommend that you investigate if compression impacts 

the following under your user scenario: 

 Windows XP performance 

 The lifetime of a small notebook PC as determined by the calculations 

in the ―Capacity‖ section of this document 

Capacity 

Windows XP was designed for systems with hard disk drives that are 10 GB or 

larger, but small notebook PCs may contain flash storage devices that have a 
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capacity of 2 GB or more. You can use the following guidelines to help you choose 

the right flash storage device capacity based on the specified user scenario. 

First, you should consider how much space you need for Windows XP on the flash 

storage device. Consider the size of the following items to determine the 

appropriate capacity: 

 Windows XP footprint.  The base size of Windows XP with Service 

Pack 3 (SP3) integrated should be approximately 930 MB. This doesn’t 

include Windows Internet Explorer® 7 updates or Microsoft Windows 

Media® Player 11 updates.   

 Windows XP add-ins and features.  If your user scenario requires any 

Windows XP add-ins, you should include them in your capacity 

calculations. You should also include the following features in your 

capacity calculation: the page file, crash dump file, and hibernation file.  

If Multilingual User Interface Packs (MUIs) and Language Interface 

Packs (LIPs) are installed, they should also be included in the capacity 

calculation. For more information on how capacity can be impacted by 

the page, hibernation, and crash dump files, see the ―Windows XP 

Performance‖ section later in this document. 

 Windows XP updates. The average size of Windows XP updates that 

are stored on the flash storage device during the small notebook PC’s 

lifetime depends on whether you delete the temporary files that 

Windows XP updates create. If you delete all temporary files that 

Windows XP updates create, the updates will be approximately 160 MB 

a year. If you do not delete all the temporary files, the updates will be 

approximately 250 MB a year. These estimated values were calculated 

using the average number of updates since Windows XP RTM through 

the release of Windows XP SP2. The size of Windows XP updates for 

Service Pack 3 (SP3) might be larger. 

Windows XP Update Cleanup 

To free space on the flash storage device in a small notebook PC, you can delete 

certain critical update files by creating a tool that performs the following tasks on 

small notebook PCs: 

1. Scan the drive and delete temporary (.tmp) files. 
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2. Delete the folders that are more than two months old in the backup 

files for Windows Update. This can enable users to roll back the 

updates if necessary. These folders are at the following location:  

3. %windir%\“$NtUninstallxxxxx$” 

4. Where xxxxx is the knowledge base article number. 

5. Delete the files that are more than 10 days old in the download 

cache for Windows Updates. These files are at the following 

location: 

6. %windir%\SoftwareDistribution\download\*.* 

7. Delete Internet Explorer temporary files, cookies, and history.  

8. Remove memory dump files. These files are at the following 

locations:  

9. %windir%\*.dmp 

10.  %windir%\minidump\*.* 

The estimated size of the Windows Update files and folders on the flash storage 

device is 250 MB (183 MB compressed). Because the temporary files, Internet 

Explorer temporary files, cookies, and history depend on the computer user, the 

size of these files will vary. The size of the crash dump file also depends on the size 

that is set for the crash dump file and the amount of RAM in your small notebook 

PC. 

The following table shows the average size of these files per year, and the amount 

of space that is required for the Windows Update files on the flash storage device 

before and after the associated Windows Update files are deleted. If you delete the 

Windows Update uninstallation, temporary files, and download cache files, the 

Windows Update files will only require 0 - 2 MB of space on the flash storage 

device. 
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Table 1: The size of Windows Update files after deleting  

File/folder name File Size  

(MB/year) 

Windows Update files 

(compressed) 

250 

(183) 

Delete Windows Update uninstallation and temporary files - 85  

Delete Windows Update download cache -165  

Size of critical updates after deleting files  0 - 2 

 

 Additional files generated during Windows XP run time.  These are 

additional files that Windows XP generates at run time, such as log files 

and temporary files.  

The following formula can help you determine how much space Windows XP will 

need on the flash storage device:  

WINXP_SIZE = A+B+((C+D)*L)  

Where: 

A = Windows XP footprint (MB)  

B = Windows XP add-ins and feature files (MB) ( You should also consider the 

following files: the page file, crash dump file, and hibernation file. ) 

C = Windows XP updates (MB/year) 

D = Additional files generated during Windows run time (MB/year)  

L = Anticipated small notebook PC lifetime (years) 

 

Next, you should consider how much space is needed by any additional 

applications that you want to install on the flash storage device. Consider the size of 

the following items to determine the appropriate capacity: 

 Base size of application. This is the size of the installation files.  

 Application add-ins and feature files. These are the add-ins that you 

must include in the installation. These vary depending on the 

application. 
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 Application updates. This is the average size of application updates 

that must be installed during the small notebook PC lifetime.  

The following formula can help you determine how much space your applications 

will need on the flash storage device: 

APPS_SIZE = A + B + (C*L) 

Where: 

A = Base size of application (MB)  

B = Application add-ins and feature files (MB) 

C = Application updates (MB/year) 

L = Anticipated small notebook PC lifetime (years) 

Finally, you should estimate the amount of data that users will have for their 

personal files on the small notebook PC. Even though this depends on each user 

scenario, we suggest that you allocate at least 200 MB for personal files per every 2 

GB of storage. You should also consider that your users may increase the quantity 

of personal files they save on the small notebook PC as their computer experience 

grows.  

The following formula can help you determine how much space the user will need to 

save personal files on a small notebook PC: 

USER_DATA = A * L 

Where: 

A = Anticipated storage required for user data (MB/year) 

L= Anticipated small notebook PC lifetime (years) 

The flash storage capacity will be the sum of the values you calculated above, as 

represented by the following formula:  

Flash Storage Capacity = WINXP_SIZE + APPS_SIZE + USER_DATA 

Although we strongly recommend that you use these equations to determine the 

flash storage device capacity for each user scenario, you should allocate at least as 

much free space as the total space occupied by Windows XP and applications. 

For more information on how the page file, hibernation file, and crash dump file 

impact the flash storage device, see the ―Windows XP Performance‖ section later in 

this document. 
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Estimating Flash Storage Device Lifetime 

Understanding the lifetime of the flash storage device is an important factor that can 

help you determine the size of the device that you need. The flash storage device 

lifetime is defined as the number of years it takes for the device to potentially fail 

under the defined user scenario. The limited number of erase cycles on a flash 

storage device will limit the lifetime of the small notebook PC. This is the most 

important consideration when you determine the storage needs for your small 

notebook PCs. 

The following factors affect the flash storage device lifetime: 

 Erase cycles. A flash memory device consists of blocks that contain 

pages, which in turn contain cells where the actual data is stored. Write 

and read operations are performed on the page level, but erase 

operations are performed on the block level. Data can only be written to 

pages in blocks that were previously erased. Flash controllers will 

automatically move data and erase blocks using controller algorithms 

that are intended to help manage data on the flash storage device. Only 

a limited number of erase cycles can be performed on a block of a flash 

storage device before the block starts failing. Write requests can trigger 

a block to be erased if there is no free space in the block. Because a 

flash storage device can only withstand a limited number of erase 

cycles, this factor limits its lifetime. If a block in the flash storage device 

reaches the maximum number of erase cycles, the block could start 

failing. For example, assume we have a flash storage device that has a 

capacity of 1 MB and supports 10,000 erase cycles. Theoretically, this 

device can handle 10,000 MB of written data before it starts to fail. In 

this example, the 10,000 MB of data is not a measure of the device’s 

capacity, but the total theoretical amount of data that can be written to 

the flash storage device before the device fails. In reality, the device 

write capacity, which is affected by many factors, such as controller 

logic, may be less than the theoretical total amount of data mentioned 

in the example above. 

 Capacity. Under the same user scenario, flash storage devices with 

greater capacity generally have a longer lifetime than smaller devices 

because larger storage devices have more blocks to distribute write 

and erase cycles to. However, the lifetime depends on the wear 

leveling algorithm of the controller. 
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 Controller logic. Flash controllers provide data management functions 

such as data-mapping, erase cycle management, error correction code 

(ECC), bad block management, garbage collection, and so on. The 

controller performance may depend on design and provided 

functionality in the controller, and can directly affect the lifetime of the 

flash storage device. For example, each controller has a different-sized 

ECC scheme that is written to the device; the complexity of the ECC 

scheme can increase or decrease the flash storage device. 

We recommend that you investigate and understand how the flash controller that is 

used with the flash storage device works to help you design your small notebook 

PCs. 

Some major factors that affect controller efficiency are listed below: 

 Reclaim Efficiency.  How efficiently the new data is allocated and old 

blocks are reclaimed. 

 Wear Leveling Algorithms.  Algorithms that help make the flash 

device wear evenly among all the blocks may improve controller 

efficiency. 

 ECC Algorithms.  The amount of data that is written for ECC 

algorithms may affect the controller efficiency. 

 Read and Write Disturb Errors. When the operating system reads 

and writes to a block of cells in a flash storage device, an electric 

current is applied to the cells that are accessed. This electric current 

may cause an error in the adjacent cells. 

 Data Retention. Data retention is a flash storage device’s ability to 

retain its programmed state. The ability of a flash storage device to 

retain data may degrade over time or under extreme environmental 

conditions.  

The flash storage device lifetime also depends on many other factors and 

characteristics of how the flash storage device was designed. Please contact your 

flash manufacturer to discuss potential issues that affect flash storage devices due 

to read and write disturb errors and data retention. 

The lifetime of the flash storage device is impacted by two keys factors. These 

factors are the actual write capacity and write rate. The operating system and 

additional applications running on the small notebook PC determine the number of 
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bytes written to the flash storage device. If the write rate is higher, it decreases the 

storage device lifetime. For example, the lifetime of a flash storage device for an 

Internet-only user scenario will be longer than the one for an IT professional user 

scenario. This is because the Internet-only user will run applications and perform 

tasks that write fewer bytes to the flash storage device. 

The following conceptual formula can help you estimate the usable lifetime of the 

flash storage device:  

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒  𝑦𝑒𝑎𝑟𝑠 =  
𝑨𝒄𝒕𝒖𝒂𝒍 𝒘𝒓𝒊𝒕𝒆 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚  𝑀𝐵 

𝑾𝒓𝒊𝒕𝒆 𝒓𝒂𝒕𝒆 (
𝑀𝐵
𝑌𝑒𝑎𝑟

)
 

You can calculate the write rate by using the methods outlined in Appendix A. 

The following list explains the values in the formula: 

 Actual write capacity in MB. The actual write capacity is the total 

number of write requests that can be performed before the storage 

device fails. The actual write capacity includes all write requests (for 

example, those from the user, Windows XP, applications, and hardware 

components) performed on the flash storage device for the defined user 

scenario. Theoretically, the write capacity equals the number of cells, 

multiplied by the capacity of each cell, multiplied by the number of 

erase cycles each cell can withstand. Measuring actual write capacity is 

a complex function that consists of the following factors that may 

contribute to lowering the actual write capacity: 

 Storage capacity 

 Controller logic 

 Write/erase cycle patterns of Windows XP and applications 

 Used space in the storage 

 Currently, the industry is working toward developing a standard for 

measuring actual write capacity for a flash storage device. For more 

information about the factors that may affect the actual write capacity 

and to obtain the actual write capacity for the specific device you are 

using, work with your flash storage device manufacturer.  

 Write rate in MB per year. The write rate is the average number of 

write requests to the flash storage device per year for the specified user 

scenario. The write rate includes the total number of write requests that 
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the user, Windows XP, and various applications perform on the flash 

storage device during normal use for the defined user scenario.  

o To determine the write rate, you can set up a small 

notebook PC that includes Windows XP, drivers, and 

applications specified by the user scenario. You can then 

use a tool such as Performance Monitor to check all write 

requests to the flash storage device over a given time 

period when the user is doing tasks on the small notebook 

PC under the intended workload. The write requests done 

on a computer for a given time period can then be 

calculated and extrapolated to give you the write rate over 

a year.  

o See Appendix A for information about how to use the 

Performance Monitor to accomplish this task. See 

Appendix B for a sample that describes a method for 

determining write rates. Sample data was gathered for 

write rates on a small group of users who were using 

Windows XP.  

For more information about how the flash storage device lifetime can be affected by 

the page, hibernation, and crash dump files, see the ―Windows XP Performance‖ 

section in this document. 

Partition Alignment 

NAND flash storage devices are functionally different from traditional hard disk 

drives in three ways: physical structure, logical structure, and bit erase operation. 

The logical structure of SSDs differs from tradition hard disk drives because they 

are built upon pages, which are a given number of bytes (typically 2 KB or 4 KB), 

and blocks, which are a given number of pages. When the user wants to erase (re-

program or write-erase) a given set of bits in any block, the entire block must be 

erased. This particular anomaly is directly associated with the physics of how NAND 

works at the die level. 

If an operating system or data partition is not properly page aligned, there are 

undesirable consequences. Specifically, if the offset value where the partition 

begins does not line up with a given page boundary, the SSD flash management 

system is burdened with extra overhead each time there is a request to perform an 

erase data operation.  
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When one desires to erase this data there will be the need to erase two blocks 

worth of data (which includes moving all data within the blocks to free areas outside 

of the target erase blocks). A direct consequence is that there may be a reduction in 

performance. Another consequence is that the NAND flash may have lower 

endurance because of the extra erase and write cycles being used.  

Diskpart is a command-line utility for managing disk partitions. The version of 

Diskpart included with Windows XP SP3, when used with default parameters, may 

create a partition that does not start an offset aligned with a NAND Flash Block.  

The Window Preinstallation Environment (WinPE) that comes with the Automated 

Installation Kit for Windows Vista SP1 includes a version of Diskpart (6.0.6002) that 

offers an optional align value. Although this tool is designed for Windows Vista, it 

will work with Windows XP SP3. The use of this tool requires some pre-planning. 

Therefore, there are several specific considerations to think about prior to laying out 

the target disk. These considerations include the following: 

 You may use Microsoft or tools made by other parties to create any 

volume on the target disk other than the operating system. However, 

the operating system volume should be created using the Microsoft 

supplied tools in the Automated Installation Kit (AIK). 

 We recommend that you use DiskPart (6.0.6002) to perform the 

operating system volume creation. 

 When using the DiskPart tool, there is the option to specify either the 

offset or align through optional parameters in the command line. We 

recommend that you not use either of these options. The default values 

that are established in the tool will create the SSD partition/page 

alignment automatically for you. 

 When it comes time to create the operating system partition, and you 

decide to create a service or maintenance partition in front of the 

operating system partition on the destination disk, use the DiskPart tool 

without any optional offset or align parameter values. In this instance, 

the tool will create the SSD partition/page alignment automatically for 

you. 

If you wish to use the align parameter in the DiskPart tool, the correct value should 

be 1 MB for SSDs with page sizes up to 4 KB, and 2 MB for SSDs with a page sizes 

from 4 KB to 16 KB. 
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The following is an example of the use of the DiskPart (6.0.6002) tool on a 16-GB 

SSD with a 4-KB page size, where the align parameter is specified: 

X:\windows\system32\DiskPart.exe 

DISKPART> Select Disk 0 

DISKPART> Create Partition Primary Align=1024 

DISKPART> Exit  

If you do not know what values to use for the alignment then don’t specify the 

alignment. In order to ensure the correct operating system page/block boundary 

alignment for your flash storage device, do not insert any values into either one of 

optional parameters. This applies to the operating system partition or any disk 

partition. Work with the independent hardware vendor (IHV) to find out what the 

alignment value should be. 

Even in the edge case, when you want to create a service or maintenance partition 

or partitions of a given arbitrary value, and you would like to have your operating 

system partition properly page/block aligned, you need to follow the same 

procedures as above. Do not insert any values into the parameters fields or you will 

not be page/block aligned. Allow the DiskPart tool to automatically set the values for 

you. 

Download the Automated Installation Kit (AIK) for Windows 

You can download the AIK from the following webpage: 

http://www.microsoft.com/downloads/details.aspx?FamilyId=94BB6E34-D890-4932-

81A5-5B50C657DE08&displaylang=en 

Multiple Flash Storage Devices 

If your small notebook PC contains multiple flash storage devices that appear as 

separate drives and each has a different endurance, you may be able to redirect 

files to a different volume to help extend the lifetime of your small notebook PC.  

Example: 

C: 12 GB 

D: 4 GB 

You can choose to redirect frequently written files to a flash storage device that has 

greater endurance, and infrequently written files to a device that has less 

endurance. For example, you may want to consider redirecting the page file and the 

http://www.microsoft.com/downloads/details.aspx?FamilyId=94BB6E34-D890-4932-81A5-5B50C657DE08&displaylang=en
http://www.microsoft.com/downloads/details.aspx?FamilyId=94BB6E34-D890-4932-81A5-5B50C657DE08&displaylang=en
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temporary Internet files to the device that has a greater endurance, and install the 

other operating system files on the device with the lesser endurance. This may 

significantly reduce the number of writes on the device with a smaller write capacity, 

and may help extend the lifetime of your small notebook PC. 

Before you select a flash storage device for your small notebook PC, contact your 

flash manufacturer to determine which type of flash offers the optimal endurance 

that is most suitable for your small notebook PC’s design.  

Containment in the Small Notebook PC Case 

The flash storage device should be contained inside the small notebook PC’s case. 

This is required because a license for Windows XP is valid only when the operating 

system is installed on an internally mounted non-removable storage device. You 

may also consider putting the flash storage device in a connector socket so that 

technicians can easily replace the flash storage device when it fails. This will also 

help in a user scenario that requires extending the small notebook PC’s lifetime.  

Storage Interfaces 

Although there are many different storage interface types, implementing some of 

them when using Windows XP may require custom designs and drivers. This can 

extend small notebook PC’s design and development time, impact system support, 

and reduce application compatibility.  

We recommend Advanced Technology Attachment (ATA) interface, which is 

natively supported in Windows XP. ATA is completely transparent to the Windows 

XP operating system, does not impact application and tool compatibility, and thus 

does not require any software development and testing. All parallel ATA (PATA) or 

serial ATA (SATA) interfaces are supported in Windows XP. You can learn more 

about the advantages of using ATA as the interface in the ―Windows XP 

Performance‖ section later in this document. 

All interface drivers should integrate into the Windows storage path below the 

disk.sys or disk.sys equivalent driver. This will guarantee that these devices are 

recognized as disk objects. Disk objects are fully supported by the upper layers in 

the storage driver stack, and do not require any additional changes to the 

volume/partition manager, file system, I/O manager layer, and applications.  

RAM 

We recommend a minimum of 256 MB and an optimum of 512 MB of RAM to run 

Windows XP and additional applications on a small notebook PC. Choosing to 

preinstall more RAM can further improve performance. Running newer applications 
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and loading multiple applications and their DLLs simultaneously may require more 

RAM.  

For more information on how the page file can impact the RAM, see the ―Windows 

XP Performance‖ section later in this document. 

Debug Port 

Many small notebook PCs are designed without any legacy ports. This may cause 

problems with debugging, which is why we recommend that a serial port (either 

physical or through a connector or a daughter board) be supported. The debug port 

is used for kernel debugging. It can help provide a way to investigate and fix driver 

problems. You can set up the debug port by using the following port types: 

 Serial  

 Firewire 

For more information about how to set up debugging, see the ―Debugging Tools for 

Windows – Overview‖ topic online at: 

http://www.microsoft.com/whdc/devtools/debugging/default.mspx 

Windows XP Performance 

The following sections on page file, crash dump file, and hibernation file discuss 

how enabling these files may affect the Windows XP performance and hardware 

components.  

Before following the recommendations outlined in this section, contact your 

Microsoft Account Manager for further information to find out if additional licensing 

or hardware requirements apply to Windows XP deployment on a flash-based small 

notebook PC. 

Page File 

Both the RAM and the page file determine the size of the virtual memory that 

Windows XP uses. You must consider the impact that the page file has on the RAM 

and the space that is allocated on the flash storage device by the page file.  

Page file is only supported in Windows XP when you choose to use ATA or SD as 

your interface for the operating system. If you choose to use a USB interface, page 

file is not supported. 

If the page file is enabled, it can potentially double the number of write requests to 

the flash storage device, which may reduce the lifetime of the flash storage device 

http://www.microsoft.com/whdc/devtools/debugging/default.mspx
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in half. By default, the minimum size of the page file is 1.5 times the size of RAM 

and the maximum size of the page file is 3 times the size of RAM. 

To determine the optimal page file size you should first estimate the minimum and 

maximum page file sizes for your usage scenario. The usage scenario consists of a 

set of applications that your users are likely to perform simultaneously. For 

example, one usage scenario could include users running Internet Explorer and 

Microsoft Word concurrently. To calculate the minimum and maximum page file 

sizes, you must determine the working set for each individual application used in 

this scenario. The working set is the amount of virtual memory that is used by an 

application, including the application itself, application-specific data, application-

specific user data, and DLLs. For each usage scenario, you will need to find (a) the 

largest working set of all applications used in this scenario, and (b) the sum of all 

individual application working sets. The size of the largest working set (a) is the 

minimum value for the page file size. The sum of all application working sets in your 

usage scenario (b) can be used to set the maximum value for the page file size. If 

the second value (b) is too big, select a value between (a) and (b). This allows your 

users to launch the application with the largest working set, as well as a 

combination of the most crucial applications that are used concurrently in your 

usage scenario. 

Your user scenario can help you decide if you should increase the amount of RAM 

or create a page file to increase the size of virtual memory. If your minimum page 

file size is small, you may consider increasing the amount of RAM. You will need to 

work any virtual memory modifications that may impact the flash storage device into 

your calculation in determining capacity.  For more information, see the ―Capacity‖ 

section in this document.   

If you choose to have a page file, we recommend limiting the size of the page file to 

1.5 times the size of RAM. Keep in mind that for a 4-GB flash storage device, the 

operating system with all its files should not occupy more than half of the storage 

space. If the storage device has less than 4 GB, there is no room to include a page 

file. 

If you choose to disable the page file, the size of the virtual memory is the same as 

the size of RAM. In this case, if an application attempts to allocate virtual memory 

and the amount of virtual memory is insufficient, the allocation will fail. If the amount 

of available virtual memory reaches roughly 20% of the total virtual memory, 

Windows XP will display a low virtual memory notification, and starting additional 

applications or allocating virtual memory for an already running application may fail. 
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To compensate for the limited virtual memory size, you can increase the amount of 

RAM in the small notebook PC.  

We recommend disabling the page file for a 2-GB flash storage device because of 

the potential impact that the page file has on the flash storage device lifetime, and 

the reduced free space for additional applications and user data on the flash 

storage device.  

Crash Dump File 

A crash dump file is generated when a failure occurs in the kernel, which includes 

the Windows XP subsystems and drivers. The crash dump file helps you analyze 

the cause of the failure.  

If you plan to enable the crash dump file, remember that the crash dump file is only 

supported in Windows XP when you use ATA as your interface type and if the page 

file is enabled. You should work this back into your calculation in determining the 

capacity for the flash storage device. For more information, see the ―Capacity‖ 

section in this document. If you use USB or SD as your interface type, the crash 

dump file is not supported, and requires you to manually analyze computer failures 

that occur. 

The size of the file depends on the crash dump option that is selected. The 

following are the four available options:    

 No dump. No crash dump is created. 

 Small memory dump. Crash dump file has a size of 64 MB. 

 Kernel memory dump. Crash dump file has a size of 64 MB through 

the size of RAM. 

 Complete dump. Size of RAM.  

We recommend that you disable the page file for small notebook PCs that use a 2-

GB flash storage device. This will also disable crash dumps. You may want to 

enable the crash dump file for flash storage devices with capacities that are greater 

than 2 GB. However, you must use the ATA interface type, enable page file, and 

ensure that you have enough free space on your flash storage device for the crash 

dump file. 
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Hibernation File 

A hibernation file is used to save the operating system state while a computer is in 

the S4 power state. The hibernation file is used to resume operation from the time 

that Windows XP went into hibernation mode.  

A hibernation file is only supported in Windows XP when you use ATA as your 

interface for the volume that hosts the operating system. If you plan to enable 

hibernation files, you will need to work this back into your calculation in determining 

the capacity for the flash storage device. For more information, see the ―Capacity‖ 

section in this document. The hibernation file is the same size as the RAM.  

We recommend disabling the hibernation file for small notebook PCs that have 2-

GB flash storage devices because of the limited capacity of the storage device. If 

the flash storage device has greater capacity and the hibernation file is necessary 

for the user scenario, you may want to enable the hibernation file. 

Summary of Design Considerations 

The following list summarizes the hardware recommendations included in this 

document: 

 CPU speed should be at least 500 MHz and optimally 1 GHz. Choosing 

a CPU with a higher speed can further improve performance. 

 For the flash storage device: 

o The speed of the flash storage device should support read 

and write speeds of 5 MB per second or higher. 

o We recommend compressing the volume only for 2-GB 

flash storage devices. This is because the total size of 

Windows XP SP3 is only 950 MB on the system volume, 

with a compression ratio of approximately 1.5. This total 

size and compression ratio is only for Windows XP SP3. 

The total size and compression ratio for your user scenario 

including applications and user data will be different.  

o Because compression increases CPU usage and the size 

of write requests to the flash storage device, we 

recommend that you do not use compression on volumes 

greater than 2 GB. 

o The capacity should be determined by your user scenario 

based on the calculations for the total size of Windows XP 
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including Windows XP run-time features and add-ins, 

applications, and user data. Work with the flash storage 

device manufacturer to determine the actual write capacity, 

which can help you determine the lifetime of your flash 

storage device. 

o The flash storage device should be contained inside of the 

small notebook PC’s case. 

o We recommend an ATA interface because it is natively 

supported in Windows XP and will reduce design and 

development time, which will help get small notebook PCs 

to customers faster. 

 The RAM should be at least 256 MB and optimally 512 MB. Choosing 

to install more RAM can improve performance. The minimum Windows 

XP system requirements may not be sufficient to run Windows and 

additional applications on a small notebook PC if the page file is 

disabled.  

The following list summarizes the Windows XP performance recommendations 

included in this document: 

 The page file should be disabled for 2-GB flash storage devices. For 

volumes larger than 2 GB, leave the page file enabled.  

 Because we recommend that the page file is disabled for 2-GB flash 

storage devices, crash dump will not be supported for 2-GB flash 

storage devices. If you want to enable the crash dump file, you must 

use the ATA interface type, enable the page file, and ensure that you 

have enough free space on your flash storage device for the crash 

dump file. 

The hibernation file should be disabled for 2-GB flash storage devices. For larger 

flash storage device capacities, consider the user scenario. 
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Additional Resources 

 

 Windows Driver Kit. This kit describes the Windows operating system 

storage architecture and contains information about different types of 

storage devices. For more information, see: 

http://www.microsoft.com/whdc/devtools/WDK/AboutWDK.mspx 

 Windows Logo Kit. This kit provides information on certification, driver 

signing, and logos. The Windows Logo Kit can help you get your small 

notebook PCs certified. For more information, see: 

http://www.microsoft.com/whdc/winlogo/WLK/default.mspx 

Appendix A: How to Calculate the Average Write Rate 

 

The first part of calculating the average write rate involves identifying your user 

scenario. The user scenario helps you to define the criteria and constraints. Once 

these are defined, it will be easier to collect data that is relevant to the people who 

will use your small notebook PCs. The criteria characterize the small notebook PC’s 

user and the typical workload for that user scenario. The constraints define how 

your data is collected to make it relevant to the criteria for your user scenario.  

After you define the criteria and constraints for your user scenario, you can 

automate the defined tasks and you can use Performance Monitor to collect write 

rate data from users. To collect data from users, you must set up the Performance 

Monitor on each person’s computer. See the Performance Monitor Help to learn 

about how to collect data remotely. 

To collect write data by using Performance Monitor: 

1. Start the Reliability and Performance Monitor: 

a) Click Start, and then click Run. 

b) In the Run dialog box, type perfmon, and then click OK. If 

you are prompted for an administrator password or 

confirmation, type the password or provide confirmation.  

2. In the left pane under Monitoring Tools, click Performance Monitor. 

3. In the right pane, right-click the graph, and then click Add 

Counters. 

http://www.microsoft.com/whdc/devtools/WDK/AboutWDK.mspx
http://www.microsoft.com/whdc/winlogo/WLK/default.mspx
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4. In the Add Counters dialog box, under Select counters from 

computer, double-click PhysicalDisk to expand the list. 

5. Click Disk Write Bytes/sec. 

6. Under Instances of selected object, click 0 C: or the drive that 

Windows is running on. 

7. Click Add, and then click OK. 

8. Right-click Performance Monitor, point to New, and then click 

Data Collector Set. The Data Collector Set wizard starts. 

9. On the Create a New Data Collector Set page, type a name, and 

then click Next. 

10. Select a drive that Windows is not running on. Enter a location on 

this drive for the data collector set, or click Browse to select a 

location. 

11. Click Change to specify the user account that you want to collect 

data for, or leave as <Default> to collect data for the user account 

that is logged on. 

12. On the main page of the wizard, click Save and close, and then 

click Finish. 

To view the log file where the data is captured: 

1. Start the Reliability and Performance Monitor. 

2. In the left pane, double-click Data Collector Sets, and then 

double-click User Defined. 

3. Click the data collector set that you created in the previous steps.  

4. Under the Output column, check the location and the name of the 

.blg log file and find that log file on the computer. 

5. Double-click the file to open it in the Reliability and Performance 

Monitor. 

6. Find Disk Write bytes/sec, and then write down the value that is in 

the Average box. 

To calculate the average disk write for a group of users, use the following equation: 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒘𝒓𝒊𝒕𝒆 𝒓𝒂𝒕𝒆 =  
 𝑫𝒊𝒔𝒌 𝒘𝒓𝒊𝒕𝒆 𝒃𝒚𝒕𝒆/𝒔𝒆𝒄

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒖𝒔𝒆𝒓𝒔
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To calculate a more realistic write rate that estimates the average write rate for the 

95
th
 percentile of users, use the following equation:   

𝑾𝒓𝒊𝒕𝒆 𝒓𝒂𝒕𝒆 𝒇𝒐𝒓  𝟗𝟓𝒕𝒉 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒊𝒍𝒆 𝒐𝒇 𝒖𝒔𝒆𝒓𝒔 =  
 𝑫𝒊𝒔𝒌 𝒘𝒓𝒊𝒕𝒆 𝒃𝒚𝒕𝒆/𝒔𝒆𝒄

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒖𝒔𝒆𝒓𝒔
 + 2𝜎 

Where: 

Disk write byte/sec = Average value of the Disk Write byte/sec counter in 

Performance Monitor.  

Number of users = Number of users who you collected data from. 

 ̀= Standard deviation for the average disk write.  

To learn more about standard deviation, see the STDEV function topic online at:  

http://office.microsoft.com/client/helppreview.aspx?AssetID=HP100625411033&ns=

EXCEL&lcid=1033 

Appendix B: Example of Calculating the Average Write 
Rate 

In this example, the user scenario was defined by the criteria and constraints for an 

information worker. The criteria define who small notebook PCs are designed for, 

and the constraints define how your data is collected to make it relevant to the 

criteria for your user scenario.  

Note: Your results will vary depending on the user scenario that you define. The 

results provided here are not statistically significant and are only provided as an 

example. The write rate from this example should not be used to determine the 

lifetime for your flash storage device.  

http://office.microsoft.com/client/helppreview.aspx?AssetID=HP100625411033&ns=EXCEL&lcid=1033
http://office.microsoft.com/client/helppreview.aspx?AssetID=HP100625411033&ns=EXCEL&lcid=1033
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The criteria and constraints for this user scenario are as follows: 

Criteria Constraints 

Generally performs work tasks on a 

computer Monday through Friday 

from 8 A.M. until 5 P.M., but leaves 

the computer on during nonworking 

hours. 

Capture data 24 hours a day, 7 days a 

week while computer is turned on. 

Computer tasks include writing 

documents, checking e-mail, and 

performing Internet research. 

Capture data from users who only 

perform these types of computer 

tasks. For example, secretaries and 

administrative assistants would be a 

good fit for this user scenario. Do not 

collect data from work done by 

software developers or statisticians. 

 

Ten users who met the user scenario criteria are selected, and Performance 

Monitor is used to collect data from their computers over a month. Using the 

calculation for the average write rate in Appendix A, the average write rate for ten 

users is 120 KB/s with a standard deviation (ů) of 30 KB/s. Using this data and 

applying the formula: 

𝑾𝒓𝒊𝒕𝒆 𝒓𝒂𝒕𝒆 𝒇𝒐𝒓 𝟗𝟓𝒕𝒉 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒊𝒍𝒆 𝒐𝒇 𝒖𝒔𝒆𝒓𝒔 =  
 𝑫𝒊𝒔𝒌 𝒘𝒓𝒊𝒕𝒆 𝒃𝒚𝒕𝒆/𝒔𝒆𝒄

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒖𝒔𝒆𝒓𝒔
 + 2𝜎 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑟𝑖𝑡𝑒 𝑟𝑎𝑡𝑒 = 120 𝐾𝐵/𝑠 + 2*30 KB/s = 180 KB/s 

To further convert 180 KB/s to MB/year: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑟𝑖𝑡𝑒 𝑟𝑎𝑡𝑒

=  
180 𝐾𝐵

1 𝑠𝑒𝑐
 ∗  

1 𝑀𝐵

10242  𝐾𝐵
 ∗  

3600 𝑠𝑒𝑐

1 𝑕𝑜𝑢𝑟
 ∗  

24 𝑕𝑜𝑢𝑟𝑠

1 𝑑𝑎𝑦
 ∗  

365 𝑑𝑎𝑦𝑠

1 𝑦𝑒𝑎𝑟
 

=  𝟓, 𝟓𝟒𝟑, 𝟒𝟑𝟕 𝑴𝑩/𝒚𝒆𝒂𝒓 

Work with the IHV who produces the flash storage device to determine the value for 

the actual write capacity. With this value, you can use the following equation to 

determine the lifetime of your flash storage device: 
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𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒  𝑦𝑒𝑎𝑟𝑠 =  
𝑨𝒄𝒕𝒖𝒂𝒍 𝒘𝒓𝒊𝒕𝒆 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚  𝑀𝐵 

𝑾𝒓𝒊𝒕𝒆 𝒓𝒂𝒕𝒆 (
𝑀𝐵
𝑌𝑒𝑎𝑟

)
 

Appendix C: How to Determine the Working Set for 
Your Set of Applications 

To determine the working set for your set of applications, you need to find: 

 The largest working set of all applications that are used in this user 

scenario. 

 The sum of all individual application working sets.  

The size of the largest working set is the minimum value for the page file size. The 

sum of the working sets of all the applications in your set of applications can be 

used to set the maximum value for the page file size. If this value is too large, select 

a value that combines the application with the largest working set and the 

applications that users will most likely use concurrently from your application set. 

To determine your working set by using Task Manager: 

1. Click Start, click Run, and then type ―taskmgr‖ in the Run box. 

2. In Task Manager, click the Processes with Task Manager. 

3. Click View, and then click Select Columns.  

4. In the Select Columns dialog box, select Virtual Memory Size. 

5. Start your set of applications and record the values in the Virtual 

Memory Size column. After you complete all of your tests, use the 

largest working set as your maximum value. The value from the 

Virtual Memory Size column is the maximum working set for that 

application.  

For more information about working sets, see the Working Set topic on MSDN at: 

http://msdn.microsoft.com/en-us/library/cc441804(VS.85).aspx 

Feedback 

Feedback related to the Guidelines for Designing Small Notebook PCs for 

Windows XP can be submitted through the Windows on small notebook PCs 

Connect Website. 

https://connect.microsoft.com/SelfNomination.aspx?ProgramID=2919&pageType=1

&SiteID=620 

http://msdn.microsoft.com/en-us/library/cc441804(VS.85).aspx
https://connect.microsoft.com/SelfNomination.aspx?ProgramID=2919&pageType=1&SiteID=620
https://connect.microsoft.com/SelfNomination.aspx?ProgramID=2919&pageType=1&SiteID=620


Guidelines for Designing Small Notebook PCs for Windows XP—Version 2.0 - 30 

 

 
 

 


