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What is performance tuning?

"It is the adaptation of the speed of a computer system to the speed of the real world."

" The art of increasing performance for a specific application set."

Before you attempt to tune your system to improve performance, you must fully understand your applications, users, and system environment and you must correctly diagnose the source of your performance problem.

The major elements of the system environment that must be considered in a performance and tuning analysis:

·  Process management 

·  Memory usage 

·  Interprocess communication 

·  I/O subsystems

Process Management

----------------------------------

Programs that are being executed by the operating system are known as processes. Each process runs within a protected virtual address space. The process abstraction is separated into two low-level abstractions, the task and the thread. The kernel schedules threads. A process priority can be managed by the nice interface or by the real-time interface. 

Memory Management

----------------------------------

The memory management system is responsible for distributing the available main memory space among competing processes and buffers. You have some level of control over the following components of the memory management system:

    * Virtual memory is used to enlarge the available address space beyond the physical address space. Virtual memory consists of main memory and swap space. The operating system keeps only a set of the recently used pages of all processes in main memory and keeps the other pages on disk in swap space. Virtual memory and the unified buffer cache (UBC) share all physical memory. 

    * Paging and swapping is used to ensure that the active task has the pages in memory that are needed for it to execute. Paging is controlled by the page reclamation code. Swapping is controlled by the task swapping daemon. 

    * The I/O buffer cache resides in main memory and is used to minimize the number of accesses to disk during I/O operations. The I/O buffer cache serves as a layer between the file system on the disk and the operating system. The I/O buffer cache is divided into the unified buffer cache (UBC) and the metadata buffer cache.
UNIX memory management components constantly interact with each other. As a result, a change in one of the components can also affect the other components.

Interprocess Communications Facilities

-------------------------------------------------------------

Interprocess communication (IPC) is the exchange of information between two or more processes. Some examples of IPC include messages, shared memory, semaphores, pipes, signals, process tracing, and processes communicating with other processes over a network. IPC is a functional interrelationship of several operating system subsystems. Elements are found in scheduling and networking.

In single-process programming, modules within a single process communicate with each other using global variables and function calls, with data passing between the functions and the callers. When programming using separate processes, with images in separate address spaces, you need to use additional communication mechanisms.

I/O Subsystems

------------------------

The I/O subsystems involve the software and hardware that performs all reading and writing operations:

· The software portion includes device drivers, file systems, and networks.

·  The hardware portion includes all peripheral equipment, for example, disks, tape drives, printers, and network and communication lines. 

The various I/O subsystems are:

·        Disk Systems
·        File Systems
·        Network systems

Monitoring Your System

-----------------------------------
Before you start to monitor your system to identify a performance problem, you should understand your user environment, the applications you are running and how they use the various subsystems, and what is acceptable performance.

The source of the performance problem may not be obvious. For example, if your disk I/O subsystem is swamped with activity, the problem may be in either the virtual memory subsystem or the disk I/O subsystem. In general, obtain as much information as possible about the system before you attempt to tune it.

In addition, how you decide to tune your system depends on how your users and applications utilize the system. For example, if you are running CPU-intensive applications, the virtual memory subsystem may be more important than the unified buffer cache (UBC). 

Monitoring Tools

---------------------------

Numerous system monitoring tools are available. You may have to use various tools in combination with each other in order to get an accurate picture of your system. In addition to obtaining information about your system when it is running poorly, it is also important for you to obtain information about your system when it is running well. By comparing the two sets of data, you may be able to pinpoint the area that is causing the performance problem.

Primary Monitoring Tools

iostat 
Reports I/O statistics for terminals, disks, and the system. 

netstat 
Displays network statistics. The netstat command symbolically displays the contents of network-related data structures. Depending on the options supplied to netstat, the output format will vary. The more common format is to supply the netstat command with a time interval to determine the number of incoming and outgoing packets, as well as packet collisions, on a given interface. 

nfsstat 
Displays Network File System (NFS) and Remote Procedure Call (RPC) statistics for clients and servers. The output includes the number of packets that had to be retransmitted (retrans) and the number of times a reply transaction ID did not match the request transaction ID 

(badxid). 

ps 
Displays the current status of the system processes. Although ps is a fairly accurate snapshot of the system, it cannot begin and finish a snapshot as fast as some processes change state. As a result, the output may contain some inaccuracies. The ps command includes information about how the processes use the CPU and virtual memory. 

uptime 
Shows how long a system has been running and the system load average. The load average numbers give the number of jobs in the run 

queue for the last 5 seconds, the last 30 seconds, and the last 60 seconds. 

vmstat 
Shows information about process threads, virtual memory, interrupts, and CPU usage for a specified time interval. 

Monitoring Processes - ps Command

---------------------------------------------------------

The ps command displays the current status of the system processes. You can use it to determine the current running processes, their state, and how they utilize system memory. The command lists processes in order of decreasing CPU usage, so you can easily determine which processes are using the most CPU time. Be aware that ps is only a snapshot of the system; by the time the command finishes executing, the system state has probably changed. 

An example of the ps command follows:
#  ps aux

USER  PID  %CPU %MEM   VSZ   RSS  TTY S    STARTED      TIME  COMMAND

chen  2225  5.0  0.3  1.35M  256K p9  U    13:24:58  0:00.36  cp /vmunix /tmp

root  2236  3.0  0.5  1.59M  456K p9  R  + 13:33:21  0:00.08  ps aux

sorn  2226  1.0  0.6  2.75M  552K p9  S  + 13:25:01  0:00.05  vi met.ps

root   347  1.0  4.0  9.58M  3.72 ??  S      Nov 07 01:26:44  /usr/bin/X11/X -a

root  1905  1.0  1.1  6.10M  1.01 ??  R    16:55:16  0:24.79  /usr/bin/X11/dxpa

sorn  2228  0.0  0.5  1.82M  504K p5  S  + 13:25:03  0:00.02  more

sorn  2202  0.0  0.5  2.03M  456K p5  S    13:14:14  0:00.23  -csh (csh)

root     0  0.0 12.7   356M  11.9 ??  R <  Nov 07 3-17:26:13  [kernel idle]

            [1]  [2]   [3]    [4]    [5]               [6]

The ps command includes the following information that you can use to diagnose CPU and virtual memory problems:

   1. Percent CPU time usage (%CPU). 

   2. Percent real memory usage (%MEM). 

   3. Process virtual address size (VSZ) - This is the total amount of virtual memory allocated to the process. 

   4. Real memory (resident set) size of the process (RSS) - This is the total amount of physical memory mapped to virtual pages (that is, the total amount of memory that the application has physically used). 

   5. Process status or state (S) - This specifies whether a process is runnable (R), uninterruptible sleeping (U), sleeping (S), idle (I), stopped (T), or halted (H). It also indicates whether the process is swapped out (W), whether the process is exceeding a soft limit on memory requirements (>), whether the process is a process group leader with a controlling terminal (+), and whether the process priority has been reduced (N) or raised (<) with the nice or renice command. 

   6. Current CPU time used (TIME). 

From the output of the ps command, you can determine which processes are consuming most of your system's CPU time and memory and whether processes are swapped out. Concentrate on processes that are runnable or paging. Here are some concerns to keep in mind: 

· If a process is using a large amount of memory (see the RSS and VSZ fields), the process could have a problem with memory usage. 

· Are duplicate processes running? Use the kill command to terminate any unnecessary processes. 

· If a process using a large amount of CPU time is running correctly, you may want to lower its priority with either the nice or renice command. Note that these commands have no effect on memory usage by a process. 

· Check the processes that are swapped out. Examine the S (state) field. A W entry indicates a process that has been swapped out. If processes are continually being swapped out, this could indicate a virtual memory problem. 

Measuring the System Load - uptime Command 

The uptime command shows how long a system has been running and the load average. The load average counts jobs that are waiting for disk I/O and also applications whose priorities have been changed with either the nice or renice command. The load average numbers give the average number of jobs in the run queue for the last 5 seconds, the last 30 seconds, and the last 60 seconds. 

An example of the uptime command follows: 

#  uptime 
1:48pm  up 7 days,  1:07,  35 users,  load average: 7.12, 10.33, 10.31

Note whether the load is increasing or decreasing. An acceptable load average depends on your type of system and how it is being used. In general, for a large system, a load of 10 is high, and a load of 3 is low. Workstations should have a load of 1 or 2. If the load is high, look at what processes are running with the ps command. You may want to run some applications during off-peak hours. You can also lower the priority of applications with the nice or renice command to conserve CPU cycles. 

 Monitoring Virtual Memory and CPU Usage - vmstat Command 

The vmstat command shows the virtual memory, process, and total CPU statistics for a specified time interval. The first line of the output is for all time since a reboot, and each subsequent report is for the last interval. Because the CPU operates faster than the rest of the system, performance bottlenecks usually exist in the memory or I/O subsystems. 

An example of the vmstat command follows: 

example% vmstat 5

	     procs  memory          page             disk      faults       cpu

     r b w swap  free re mf pi p fr de sr s0 s1 s2 s3  in  sy  cs us sy id

     0 0 0 11456 4120 1  41 19 1  3  0  2  0  4  0  0  48 112 130  4 14 82

     0 0 1 10132 4280 0   4 44 0  0  0  0  0 23  0  0 211 230 144  3 35 62

     0 0 1 10132 4616 0   0 20 0  0  0  0  0 19  0  0 150 172 146  3 33 64

     0 0 1 10132 5292 0   0  9 0  0  0  0  0 21  0  0 165 105 130  1 21 78


The vmstat command includes information that you can use to diagnose CPU and virtual memory problems. The following fields are particularly important: 

Memory: swap -  amount of swap space currently available, free   - size of the free    list.

page ( in units per second).
           re    page reclaims -  see  -S  option  for  how  this field is modified.
           mf    minor faults -  see  -S  option  for  how    this field is modified.
           pi    kilobytes paged in
           po    kilobytes paged out
           fr    kilobytes freed
           de    anticipated short-term memory shortfall (Kbytes)
           sr    pages scanned by clock algorithm
    faults
                  in    (non clock) device interrupts
                  sy    system calls
                  cs    CPU context switches 

    cpu  -    us    user time
                  sy    system time
                  id    idle time

While diagnosing a bottleneck situation, keep the following issues in mind: 

· Is the system demand valid? That is, is the increase in demand associated with something different in your system that typically has an adverse effect on the environment, for example, a new process or additional users? 

· Examine the po field. If the number of page outs is consistently high, you could have a virtual memory problem; you are using more virtual space than you have physical space. You could also have insufficient swap space or your swap space could be configured inefficiently. Use the swapon -s command to display your swap device configuration and the iostat command to determine which disk is being used the most. 

· Check the user (us), system (sy), and idle (id) time split. 

A high user time and a low idle time could indicate that your application code is consuming most of the CPU. You can optimize the application, or you may need a more powerful processor. 

A high system time and low idle time could indicate that something in the application load is stimulating the system with high overhead operations. Such overhead operations could consist of high system call frequencies; high interrupt rates, large numbers of small I/O transfers, or large numbers of IPCs or network transfers.

You must understand how your applications use the system to determine the appropriate values for these times. The goal is to keep the CPU as productive as possible. Idle CPU cycles occur when no runnable processes exist or when the CPU is waiting to complete an I/O or memory request. 

Monitoring Disk I/O - iostat Command 

The iostat command reports I/O statistics for terminals, disks, and the CPU. The first line of the output is the average since boot time, and each subsequent report is for the last interval. An example of the iostat command is as follows: 

#  iostat 1 
      tty     rz1      rz2      rz3      cpu

 tin tout bps tps  bps tps  bps tps  us ni sy id

  0    3   3   1    0   0    8   1   11 10 38 40

  0   58   0   0    0   0    0   0   46  4 50  0

  0   58   0   0    0   0    0   0   68  0 32  0

  0   58   0   0    0   0    0   0   55  2 42  0

The iostat command reports I/O statistics that you can use to diagnose disk I/O performance problems. For example, the command displays information about the following: 

· For each disk, (rzn), the number of bytes (in thousands) transferred per second (bps) and the number of transfers per second (tps). Some disks report the milliseconds per average seek (msps). 

· For the system, the percentage of time the system has spent in user state running processes either at their default priority or higher priority (us), in user mode running processes at a lowered priority (ni), in system mode (sy), and idle (id). This information enables you to determine how disk I/O is affecting the CPU. 

Note the following when you use the iostat command: 

· Determine which disk is being used the most and which is being used the least. The information will help you determine how to distribute your file systems and swap space. Use the swapon -s command to determine which disks are used for swap space. 

· If a disk is doing a large number of transfers (the tps field) but reading and writing only small amounts of data (the bps field), examine how your applications are doing disk I/O. The application may be performing a large number of I/O operations to handle only a small amount of data. You may want to rewrite the application if this behavior is not necessary.

 Monitoring the Network - netstat Command 

To check network statistics, use the netstat command. Some problems to look for are as follows: 

· If netstat -i shows excessive amounts of input errors (Ierrs), output errors (Oerrs), or collisions (Coll), this could indicate a network problem, for example, cables not connected properly or Ethernet saturation. 
· If the netstat -m command shows several requests for memory delayed or denied, this means that your system had temporarily run short of physical memory. 

· If the netstat -m command shows that the number of network threads configured in your system exceeds the peak number of concurrently active threads, your system may be consuming system memory unnecessarily. (The number of network threads can be reduced by modifying the netisrthreads attribute in the sysconfigtab file.) 

Most of the information provided by netstat is used to diagnose network hardware or software failures, not to analyze tuning opportunities. 

The following example shows the output produced by the -i option of the netstat command: 

#  netstat -i 
Name  Mtu   Network     Address         Ipkts Ierrs    Opkts Oerrs  Coll

ln0   1500  DLI         none           133194     2    23632     4  4881

ln0   1500  <Link>                     133194     2    23632     4  4881

ln0   1500  red-net     node1          133194     2    23632     4  4881

sl0*  296   <Link>                          0     0        0     0     0

sl1*  296   <Link>                          0     0        0     0     0

lo0   1536  <Link>                        580     0      580     0     0

lo0   1536  loop        localhost         580     0      580     0     0

Displaying NFS Statistics - nfsstat Command 

To check NFS statistics, use the nfsstat command. For example: 

#  nfsstat 
Server rpc:

calls     badcalls  nullrecv   badlen   xdrcall

38903     0         0          0        0

Server nfs:

calls     badcalls

38903     0

Server nfs V2:

null      getattr   setattr    root     lookup     readlink   read

5  0%     3345  8%  61  0%     0  0%    5902 15%   250  0%    1497  3%

wrcache   write     create     remove   rename     link       symlink

0  0%     1400  3%  549  1%    1049  2% 352  0%    250  0%    250  0%

mkdir     rmdir     readdir    statfs

171  0%   172  0%   689  1%    1751  4%

Client rpc:

calls     badcalls  retrans    badxid    timeout   wait       newcred

27989     1         0          0         1         0          0

badverfs  timers

0         4

 


Client nfs:

calls     badcalls  nclget     nclsleep

27988     0         27988      0

 


Client nfs V2:

null      getattr   setattr    root      lookup    readlink   read

0  0%     3414 12%  61  0%     0  0%     5973 21%  257  0%    1503  5%

wrcache   write     create     remove    rename    link       symlink

0  0%     1400  5%  549  1%    1049  3%  352  1%   250  0%    250  0%

mkdir     rmdir     readdir    statfs

171  0%   171  0%   713  2%    1756  6%

The ratio of timeouts to calls (which should not exceed 1 percent) is the most important thing to look for in the NFS statistics. A timeout-to-call ratio greater than 1 percent can have a significant negative impact on performance. 

If you are attempting to monitor an experimental situation with nfsstat, it may be advisable to reset the NFS counters to zero before you begin the experiment. The nfsstat -z command can be used to clear the counters. 

Tuning Subsystem Operations

This section describes how you can tune your system to use resources most efficiently under a variety of system load conditions. Tuning your system can include changing system configuration file parameters or sysconfigtab attributes, increasing resources such as CPU or cache memory, and changing the system configuration, such as adding disks, spreading out file systems, or adding swap space. 

As a general rule, performance tuning consists of performing several of the following tasks: 

· Analyzing the work load on your system and determining which system components may need tuning 

· Optimizing CPU use 

· Tuning memory 

· Tuning interprocess communications 

· Tuning I/O 

Analyzing Tuning Possibilities 

Prior to tuning your system, you need to understand how your system is being used. For example, is your system used primarily as a file server? Are users running many small applications or are they running mostly large applications? Without this understanding, your attempts at tuning may cause more harm than good. If you understand the system's intended use and you perceive a performance problem, keep the following tuning rules in mind: 

· Avoid unnecessary changes. The  operating system tries to tune itself in many ways according to the work load. For example, it dynamically adjusts the unified buffer cache (UBC) according to file system I/O. 

· Try the tuning suggestions that cause the least disruption to the user community. All components of the operating system interact in some manner. A change you make in one component may have an unexpected effect elsewhere. 

· Make the easy changes first (for example, add an additional swap space area). 

· Make one change at a time. Try to avoid making too many changes at once. By making one change at time, you can track exactly what has helped or hurt the system and, if necessary, you can ensure that you can return to a previous state. 

· Know when to quit. Tuning has diminishing returns. Squeezing out the last half-percent of performance improvement may not be worth the effort that goes into it. 

After you determine where your performance problem exists, you can then begin your effort to remedy it. The following sections describe the various tuning possibilities.

Optimizing CPU Utilization 

When applications are operating correctly but are experiencing CPU saturation (that is, a lack of available CPU cycles), your options for correcting the situation are limited. If the CPU overload condition is expected to continue indefinitely, the best long-term solution is to add more memory, add an additional processor (on multiprocessor systems), or replace your system with a larger one. In the short term, before you are able to increase CPU capacity, you can make a number of adjustments to temporarily increase performance on a system that is compute bound.

Tuning Memory 

The memory subsystem is one of the first places where a performance problem can occur. Performance can be degraded when the virtual memory subsystem cannot keep up with the demand for pages. 

Memory tuning can be divided into the following two areas of concern: 

· Tuning the UBC 

You can limit the amount of memory that the UBC uses for the file system buffer cache. In some cases, an I/O-intensive process may degrade the performance of other processes by using a major portion of the UBC. If you need more memory for the virtual memory subsystem, you can reduce the amount of memory that is available to the UBC. Note that reducing the memory available to the UBC may adversely affect file system I/O because less file system data will be cached in the UBC and increasing amounts of data will have to be accessed from disk. 

The UBC is flushed by the update daemon. UBC statistics can be viewed by using dbx and checking the vm_perfsum structure. You can also monitor the UBC by using the dbx -k command and examining the ufs_getapage_stats kernel data structure.

· Tuning your virtual memory subsystem

You can tune several sysconfigtab attributes to improve the performance of the virtual memory subsystem. Another method of improving its performance is to configure additional swap space or spread out your disk I/O. Adding more physical memory is an option that will always improve performance. 

Excessive paging, which is sometimes called thrashing, decreases performance. This means that the natural working set size has exceeded available memory. Because the virtual memory subsystem runs at a higher priority, it blocks out other processes and spends all system resources on servicing page faults for the currently running processes. 

Some general solutions for reducing excessive paging and swapping are as follows: 

· Reduce memory demands on the system by running fewer applications simultaneously. Use the at or batch command to run applications at night. Reduce the application's use of memory by using dynamically allocated memory instead of statically allocated memory. Also, use dynamically allocated memory more effectively, if possible. 

· Add more physical memory. 

· Reduce the amount of memory available for the UBC. Note that this may adversely affect I/O performance. 

· Optimize the use of your swap space. 

Tuning Interprocess Communication 

You may be able to improve IPC performance by tuning the following configuration attributes in the sysconfigtab file: 

· msg-mnb (maximum number of bytes on queue) 

The process will be unable to send a message to a queue if doing so would make the total number of bytes in that queue greater than the limit specified by msg-mnb. When the limit is reached, the process sleeps, waiting for this condition to be false. 

· msg-tql (number of system message headers) 

The process will be unable to send a message if doing so would make the total number of message headers currently in the system greater than the limit specified by msg-tql. If the limit is reached, the process sleeps, waiting for a message header to be freed. 

You may also want to consider tuning several other IPC attributes in the sysconfigtab file. How you tune the following attributes depends on what you are trying to do in your application: 

· Message attributes 

· msg-max (maximum message size) 

· msg-mni (number of message queue identifiers) 

Semaphore attributes 

· sem-mni (number of semaphore identifiers) 

· sem-msl (number of semaphores per ID) 

· sem-opm (maximum number of operations per semop call) 

· sem-ume (maximum number of undo entries per process) 

· sem-vmx (semaphore maximum value) 

· sem-aem (adjust on exit maximum value) 

Shared memory attributes 

· shm-max (maximum shared memory segment size) 

· shm-min (minimum shared memory segment size) 

· shm-mni (number of shared memory identifiers) 

· shm-seg (maximum attached shared memory segments per process) .

Tuning I/O 

I/O tuning can be divided into the following three areas of concern: 

· File systems performance 

You can improve disk I/O performance by changing file system fragment sizes         and other parameters that control the layout of the file systems. 

Disk throughput is the gating performance factor for most applications. Data transfers to and from disk are much slower than data transfers involving the CPU or main memory. As a result, configuring and tuning disk subsystems to maximize the efficiency of I/O operations can have a critical impact on an application's performance. 

The size of the disk operation is also important. In doing I/O to a disk, most of the time is usually taken up with the seek followed by the rotational delay. This is called the access time. For small I/O requests, access time is more important than the transfer rate. For large I/O requests, the transfer rate is more critical than the access time. Access time is also important for workstation, timeshare, and server environments. 

Try to improve performance by making some of the following adjustments:

·  Use fast disks. 

·  If possible, use many small disks instead of a few large ones. Small-sized disks usually have a better seek time and less rotational delay.

·  Reduce or stop paging and swapping by tuning the UBC or virtual   memory.

·  Run fewer applications simultaneously. 

·  Compress files to regain disk space. 

·  User LSM mirroring to improve read performance.

·  Use quotas to limit users' disk space. 

·  Layout the file systems across multiple disks to spread the I/O load evenly. Group together similar files, projects, and groups.

· Spread out swap partitions across multiple disks. 

· Optimize some file systems for transfer rate (for example, use striping on your fastest disks and use more than one controller if multiple disks are involved) and some for access time (for example, reduce fragmentation).

· Network performance 

Most resources used by the network subsystems are allocated and adjusted dynamically, so tuning is typically not an issue with the network itself. NFS tuning, however, can be critically important because NFS is the heaviest user of the network

The one network subsystem resource that may require tuning is the number of network threads configured in your system. If the netstat -m command shows that the number of network threads configured in your system exceeds the peak number of currently active threads, your system may be configured with too many threads, thereby consuming system memory unnecessarily. To adjust the number of threads configured in your system, modify the netisrthreads attribute in the sysconfigtab file. Adjust the number downward to free up system memory.

Network performance is affected only when the supply of resources is unable to keep up with the demand for resources. Two types of conditions can cause this congestion to occur: 

· A problem with one or more components of the network (hardware or software) 

· A workload (network traffic) that consistently exceeds the capacity of the available resources even though everything is operating correctly 

Neither of these problems is network-tuning issues. In the case of a problem on the network, you must isolate the problem and fix it (which may involve tuning some other components of the system). In the case of an overloaded network (for example, when the kernel issues a can't get mbuf message on a regular basis), you must either redesign the network, reduce the number of network applications, or increase the physical memory (RAM).

· NFS performance 

The Network File System (NFS) shares the unified buffer cache with the virtual memory subsystem and local file systems. Adding more disks on a server and spreading the I/O across spindles can greatly enhance NFS performance.

Most performance problems with NFS can be attributed to bottlenecks in the file system, network, or disk subsystems. For example, NFS performance is severely degraded by lost packets on the network. Packets can be lost as a result of a variety of network problems. Such problems include congestion in the server, corruption of packets during transmission (which can be caused by bad electrical connections, noisy environments, babbling Ethernet interfaces, and other problems), and routers that abandon forwarding attempts too readily.

Apart from adjustments to the file system, network, and disk subsystems, NFS performance can be directly enhanced in the following ways: 

· Adjust the number of nfsiod and nfsd daemons on client and server systems.

· For read-only file systems and slow network links, performance may be improved by changing the cache timeout limits. Note that these timeouts affect how quickly you see updates to a file or directory that has been modified by another host. If you are not sharing files with users on other hosts, including the server system, increasing these values will give you slightly better performance and will reduce the amount of network traffic that you generate.

· NFS does not perform well when it is used over slow network links, congested networks, or wide area networks. In particular, network timeouts can severely degrade NFS performance. This condition can be identified by using the nfsstat command and determining the ratio of timeouts to calls.

If fragment drops are a problem, use the mount command to set the size of the NFS read and write buffers to 1KB. For example: 



mount -o rsize=1024,wsize=1024 server:/dir /mnt

Also, when evaluating NFS performance, be aware that NFS does not perform well if any file-locking mechanisms are in use on an NFS file. The locks prevent the file from being cached on the client.
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