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Abstract

This paper provides information about the enhancements made to the printing subsystem and how these improvements affect the scalability and capacity of print servers running on the Microsoft® Windows® family of operating systems. This paper also provides background information and guidelines that will help system administrators and capacity planners determine server requirements for different applications.
This information applies for the following operating systems:

Microsoft Windows 2000

Microsoft Windows XP

Microsoft Windows Server™ 2003

Microsoft Windows codenamed “Longhorn”

Future versions of this preview information will be provided in the updates to the Windows Print Server web site. The current version of this paper is maintained on the web at 
http://www.microsoft.com/printserver.
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Introduction

Capacity and scalability are key factors in planning the purchase and deployment of Microsoft Windows print servers. This paper describes several of the key factors that influence the capacity of a given print server configuration. While this paper cannot provide a predictive formula to determine the printing throughput of a given configuration, it does describe several reference systems and their capacity.  This paper also presents the information necessary to help the system administrator or capacity planner to estimate and later monitor their server workload.

Some of the factors that influence print server performance and capacity include:

· The number of print server clients

· The operating system version or versions on each client’s machine

· The number, size, and frequency of print jobs

· The types of print jobs sent to the print server

· The number and type of printers served by the print server and the types of printer drivers each printer uses

Based on customer feedback, analysis of past print server deployments and performance testing Microsoft has performed in its labs, Microsoft can recommend certain system configurations for specific workloads.

Factors Influencing Print Server Performance

This section examines some of the different factors that can influence print server performance.

Number of Print Server Clients

Print server clients are those client computers and applications that have established connections to a print server. These clients may currently be in the process of a submitting a print job or they may have finished submitting a print job and not yet closed their connection to the print server. 

Each connection, or named pipe, to the print spooler on a print server uses some limited system resources. Depending on the application used to connect to the print server, some of these connections may remain open, continuing to use resources for many hours or, in some cases, many days. It is possible for a print server to become resource-constrained simply because there are too many open client connections. Because of these lingering connections, there may be more active clients on the print server than you might expect. 

The Windows Point and Print Technical Overview  presents more information on these connections and provides information on using Named Pipes with remote procedure call (RPC) connections.

Client Operating System

Client computers running older versions of Microsoft Windows, such as Windows 95, Windows 98, or Windows Millennium Edition, perform more print processing on the client computer than those clients running Windows 2000 or later versions of Microsoft Windows. As a result, clients running the older versions of Windows place less of a load on the print server than clients running a later version of Windows. Upgrading a client to Windows 2000 or later will shift some of the print processing to the print server which will improve print performance on the client computer but add an additional workload to the server. 

The system administrator or capacity planner should consider the additional print server workload resulting from the upgrade of many machines to Windows 2000 or later versions of Windows during the capacity planning process. The overall change in print server performance depends on the percentage of clients originally running older versions of Microsoft Windows—the greater the percentage of older versions of Windows that are upgraded, the greater the change in print server performance.

The Windows Point and Print Technical Overview  provides more information on this topic.

Type of Print Jobs

Complex print jobs, such as those containing detailed graphics, PDF files, or many different fonts, require more CPU processing than simpler documents. The proportion of this processing performed on the client computer versus the print server depends on the operating system the client computer is running. If the client computer is running Windows 2000 or a later version of Windows, the print server will perform more of this processing workload. 

This is an important factor to consider as it will affect both the overall server requirements as well as the change in server workload resulting from the upgrade of older clients to newer versions of Windows.
Number, Size, and Frequency of Print Jobs
The available network bandwidth to a print server computer will affect the number, size, and frequency of print jobs that print server will be able to process. The size and type of disk drives installed the print server will determine how many jobs may be queued and processed at one time. For example, in an environment where clients frequently submit small jobs the disk space requirements are different than in one where clients submit larger print jobs, less often. Further, if your organization needs to save print jobs after printing, the number, size, and frequency of print jobs will be important factors when determining the size of the print server hard disk configuration.
Printer Hardware

The types of printer devices served by the print server affect the throughput and performance of a Windows print server. Higher-end printers can typically accept more complex data and perform the necessary rendering, processing and production steps internally. Less expensive devices, those having less internal processing and memory capacity, require the Windows print server to perform the necessary rendering, processing and formatting. 

The processing speed and internal storage of a printer device also influence the time required for the printer to accept a print job from a Windows print server. The longer it takes to send a print job to the printer, the longer that job remains on the print server’s hard disks and the more disk space the job requires on the print server. 

When selecting printer hardware for your organization, consider the installable options that may help improve printer and print server performance. Standardizing printer models and selecting configurations that enable the printer to perform more print-job processing can help improve print server performance.
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Printer device and driver reliability are also important considerations for selecting printers. Microsoft recommends using the user-mode printer drivers supplied with Microsoft windows 2000 and Microsoft Windows Server 2003 or drivers provided by printer manufacturers displaying the Designed for Windows logo.

Types of Printer Drivers

The number of different driver types supported by a print server has a direct influence on the scalability of the print server. Each additional printer driver requires additional system resources and registry accesses. The fewer system resources used to support a printer, the more of those printers the print server may support and the fewer system resources each print job uses.

For more information about driver architecture, testing, and selection, read Choosing the Right Printer Drivers, found at http://www.microsoft.com/windows2000/technologies/fileandprint/print/default.asp
Print Server Configuration

To achieve maximum performance and capacity for dedicated print servers, consider the following configuration settings.

Server Service

Microsoft recommends that the Maximize performance for file sharing option be set on dedicated print servers. This setting configures the server to dedicate as many resources as possible to file and print server services.

To view or change server optimization settings:

1. From the Start menu, point to Settings, and then click Control Panel. 

2. Double-click Network and Dial-up Connections. 

3. Double-click Local Area Connection, and then click the Properties button. 

4. In the Local Area Connection Properties dialog box, double-click File and Printer Sharing for Microsoft Networks. 
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5. Under Optimization, if you are running Windows Server 2003, the Maximize Data Throughput for File Sharing option is selected by default. 

6. Click OK. 

The following table shows the values for the LargeSystemCache entry with the corresponding options under File and Printer Sharing for Microsoft Networks Properties.

	Registry value
	User interface option
	Description
	Notes

	0
	Maximize data throughput for network applications
	Optimizes systems for distributed applications that typically do their own memory caching (such as SQL Server, which sets this option by default). This setting is useful for computers providing application services because it favors the working sets of processes over the working set of the file system cache.
	This setting is useful for larger server applications and database servers such as SQL Server that need to maximize process working sets over the file system cache working set.

	1
	Maximize data throughput for file sharing
	Optimizes the system for file and printer sharing resources. This is the default set by Windows 2000 Server Setup. 
If you have at least 128 MB of RAM, this value results in a very high maximum size for the cache working set.
The Maximize Data Throughput for File Sharing option is useful for computers that typically run the Server service for file sharing
	On Windows 2000 the file system cache working set can be increased by 464 MB of additional virtual address space (up to 960 MB) if the system has less than 16 GB of RAM, is not configured to start with the /3GB Boot.ini switch, and the PagedPoolSize entry is set to a value other than 0xFFFFFFFF (or 0 on systems with more than 1 GB of RAM), such as 192000000, the system is not running Terminal Services, and the SystemPages entry is not set to 0xFFFFFFFF. For more information about how various memory-management registry entries interact, see "Optimizing Your Memory Configuration" later in this chapter.


Spool Directory

While accepting jobs and processing them for de-spooling, the print server can perform many disk input/output (I/O) operations. Print server activity also uses memory that can cause excessive page faulting during periods of high print server activity. Overall system performance may degrade because of the system becoming I/O constrained from the combination of high page file and disk file activity. 
Microsoft recommends storing spooler files on a physical disk drive or drive array that is different from the physical disk drive used by the operating system for the paging file or the operating system files. This configuration helps to minimize the influence spooler-related disk access has on the dynamic management and allocation of the paging file. The performance of SCSI hard drives can be improved by assigning each hard drive to a different SCSI RAID controller channel. 

The spool folder is defined using the Advanced Settings tab on the Server Properties page shown in the following screen shot below.
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The Microsoft Windows Server 2003 Resource Kit contains additional information on SCSI RAID disk configuration.

Performance Monitoring and Baseline Measurement
It is difficult to predict the exact mix of client operating system versions, number of active clients, and the types and sizes of print jobs in advance. The most effective and quantitative approach to server sizing is to observe existing print server performance. There are 13 new performance counters available in Windows 2000 and later versions of Windows that enable administrators to monitor the general load of the print server on the server computer as well as monitor other printer-specific information. 

The Performance Monitor information in the Windows 2003 Server Resource Kit describes these performance counters in more detail; however, a summary of the performance objects related to print server performance is presented here as well.

Performance Objects

Windows performance counters are grouped into related sets called performance objects. In any performance analysis project, the performance counters of the Processor, Physical Disk, Memory, and Network performance objects should always be examined. They provide a general overview of the system’s performance and can also help identify processing bottlenecks and other issues requiring further investigation.

In addition to the performance objects that provide an overview of the system, there are also performance objects that provide information about specific aspects of system and print server operation. Two of these more specific performance objects are the Process object and the Print Queue object.
Process Object

The process object reports performance information on each process running on the system. To monitor the performance and load of the print server using System Monitor, select the Spoolsv.exe from the list of performance instances and add the following performance counters:

	Counter Name
	Description

	% Processor Time
	The percentage of elapsed time that all process threads used to execute instructions. 
An instruction is the basic unit of execution in a computer, a thread is the object that executes instructions, and a process is the object created when a program is run. This count includes code executed to handle some hardware interrupts and trap conditions.

	Handle Count
	The total number of handles currently open by this process. 
This number is equal to the sum of the handles currently open by each thread in this process.

	Virtual Bytes
	The current size, in bytes, of the virtual address space the process is using. Use of virtual address space does not necessarily imply corresponding use of either disk or main memory pages. Virtual space is finite, and by using too much, the process can limit its ability to load libraries.

	Virtual Bytes Peak
	The maximum size, in bytes, of virtual address space the process has used at any one time. Use of virtual address space does not necessarily imply corresponding use of either disk or main memory pages. However, virtual space is finite, and the process might limit its ability to load libraries by using too much.

	Pool Paged Bytes
	The size, in bytes, of the paged pool, an area of system memory (physical memory used by the operating system) for objects that can be written to disk when they are not being used. Memory\\Pool Paged Bytes is calculated differently than Process\\Pool Paged Bytes, so it might not equal Process\\Pool Paged Bytes\\_Total. This counter displays the last observed value only; it is not an average.

	Pool Nonpaged Bytes
	The size, in bytes, of the nonpaged pool, an area of system memory (physical memory used by the operating system) for objects that cannot be written to disk, but must remain in physical memory as long as they are allocated. Memory\\Pool Nonpaged Bytes is calculated differently than Process\\Pool Nonpaged Bytes, so it might not equal Process\\Pool Nonpaged Bytes\\_Total. This counter displays the last observed value only; it is not an average.

	Working Set
	The current size, in bytes, of the working set of this process. The working set is the set of memory pages touched recently by the threads in the process. If free memory in the computer is above a threshold, pages are left in the working set of a process even if they are not in use. When free memory falls below a threshold, pages are trimmed from working sets. If they are needed, they will then be soft-faulted back into the working set before leaving main memory.

	Working Set Peak
	The maximum size, in bytes, in the working set of this process at any point in time. If free memory in the computer is above a certain threshold, pages are left in the working set of a process even if they are not in use. When free memory falls below a certain threshold, pages are trimmed from working sets. If they are needed, they are then soft-faulted back into the working set before they leave main memory.


Print Queue Object

Windows Server 2003 provides the Print Queue performance object for tracking activity in the print server print queues. The counter values are reset when either the print server or the spooler service is restarted.

	Counter Name
	Description

	Add Network Printer Calls
	Shows the total number of calls from other print servers to add shared network printers to this server since last restart.

	Bytes Printed/sec
	Shows the number of bytes per second printed in a print queue and provides a rough indication of how busy a printer is. This counter can be used for bottleneck detection.

	Enumerate Network Printer Calls
	Shows the total number of calls from browse clients to this print server to request network browse lists since last restart.

	Job Errors
	Shows the total number of job errors in a print queue since last restart. Job errors can occur if the connection to the printer has errors due to network problems.

	Jobs
	Shows the current number of jobs in a print queue. Use this counter to identify excessive use.

	Jobs Spooling
	Shows the current number of spooling jobs (incoming or incomplete) in a print queue. 

	Max Jobs Spooling
	Shows the maximum number of spooling jobs (incoming or incomplete) in a print queue since last restart.

	Max References
	Shows the peak number of references (open handles) to this printer.

	Not Ready Errors
	Shows the total number of printer-not-ready errors in a print queue since the last restart.

	Out of Paper Errors
	Shows the total number of out-of-paper errors in a print queue since the last restart.

	References
	Shows the current number of references to a print queue. A reference can be a user or a program that is connecting to a printer and opening a print queue.

	Total Jobs Printed
	Shows the total number of jobs printed on a print queue since the last restart.

	Total Pages Printed
	Shows the total number of pages printed through GDI on a print queue since the last restart. Since RAW print jobs do not provide page-count data, they are not included in this counter. (Windows 98 and Windows 95 clients submit RAW jobs.  The print volume of a RAW job is not captured by this counter.)


Performance monitoring helps you tune your deployments and anticipate when to add more or more powerful processors, increase the system memory, or modify the disk configuration.

Reference Systems

Microsoft has studied print server performance at external customer sites and also studied print server performance internally. Two sample configurations from this testing are presented in this section to provide additional reference information that can be used when sizing your print server requirements.

Standalone Print Server
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Workgroup-class hardware like the HP/Compaq DL560 or DL580 with 1.5GB RAM, ample, high-performance disks and sufficient network throughput can host approximately 1,500 printers, serving 5,000-10,000 customers. 

It is important to note that the primary limitation of the print server in this configuration is related to remote management and not the result of constraints imposed by the print server hardware or core spooler component.  Specifically, when viewing and sorting columns in the Printers and Faxes folder, one may begin to experience delays if the server is hosting more than 1,500 printers.

Another important factor to consider is the number of client connections handled by the server.  Often, a single client will have multiple connections to the print server. For example, one for each document, one for monitoring the printer status and possibly more resulting from other applications running on the client. Because of this, the factors traditionally considered in server capacity planning play a less significant role in print server capacity planning than they might when planning more traditional server functions.  Factors such as CPU speed, RAM usage, Virtual Memory consumption, and Disk Read/Write times, are not constraining factors until there are more than several thousand printers per server or there are more than 10,000 clients using the server.

The table below shows the hardware configuration used by Microsoft for performance testing and benchmarking.  In actual customer deployments, Microsoft expects the system configuration selected and deployed by customers to be superior to the system described in the table below.  Specifically, Microsoft believes that faster processors, additional RAM, and higher capacity drives will be deployed by customers.
	System Manufacturer
	Compaq

	System Model
	ProLiant DL580

	System Type
	X86-based PC

	Processor
	x86 Family 6 Model 10 Stepping 4 GenuineIntel ~902 Mhz

	Processor
	x86 Family 6 Model 10 Stepping 4 GenuineIntel ~902 Mhz

	BIOS Version/Date
	Compaq P20, 4/5/2002

	SMBIOS Version
	2.3

	Total Physical Memory
	1,024.00 MB

	Available Physical Memory
	473.55 MB

	Total Virtual Memory
	3.41 GB

	Available Virtual Memory
	2.47 GB

	Page File Space
	2.41 GB

	Disk
	Compaq SCSI Drive Array (4 Ultra3 18GB disks)


Clustered Print Server

Microsoft has studied clustered print server performance at many customer sites. Using this information, a clustered print server consisting of a two-node cluster was selected to test print server performance internally.  Each system in the cluster was configured as described in the following table. 

	System Manufacturer
	Compaq

	System Model
	ProLiant DL380 G2

	System Type
	X86-based PC

	Processor
	x86 Family 6 Model 11 Stepping 1 GenuineIntel ~1396 Mhz

	BIOS Version/Date
	Compaq P24, 12/11/2001

	SMBIOS Version
	2.3

	Total Physical Memory
	256.00 MB

	Available Physical Memory
	53.66 MB

	Total Virtual Memory
	875.91 MB

	Available Virtual Memory
	517.17 MB

	Page File Space
	620.38 MB


Based on these tests, Microsoft found that such a clustered system could be used to host up to 2,500 printers and service up to 10,000 clients running a mix of Windows operating system versions.
Resources

Microsoft Hardware and Driver Central 

Includes Windows Driver Development Kits [DDK], Windows Hardware Compatibility Test [HCT] Kits, and Windows Logo Program requirements
http://www.microsoft.com/whdc/default.mspx 
Windows .NET Server Deployment Resource Kit
For more information about deployment and management of Windows print servers, see the Windows .NET Server Deployment Resource Kit.
Windows Driver Development Kit
For more information about the Windows Server 2003 architecture, see the “Display and Print Devices” sections in the Windows Driver Development Kit at http://www.microsoft.com/ddk
Windows 2000 Server Resource Kit
For more information about connectivity options and support protocols in Windows Server 2003, see Microsoft Windows 2000 Server Resource Kit published by Microsoft Press.
Microsoft.com website
For additional information about Windows print servers in general, visit the print server Web site at: http://www.microsoft.com/printserver.

For the latest information about Windows Server 2003, see the Windows 2003 Server Web site at http://www.microsoft.com/windowsserver2003.
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