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Inconsistent performance is a major problem for many computer users.  Imagine this every day scenario.  A user boots their computer and applications launch quickly.  Later in the day, the user leaves the computer idle.  Background processes take over and pushes the data from more important applications out of memory.  After the user returns from being idle, the computer’s performance is hindered because it has to retrieve the data from hard disk.  Windows Vista has implemented a method to deal with inconsistent performance called SuperFetch.  After briefly explaining hard drive operation, Vista’s approach to memory management, SuperFetch and its predecessor Prefetcher, will be discussed.  Also, the limits of prefetching and advantages to SuperFetch along with another Vista feature called ReadyBoost will be explained.
Before discussing SuperFetch, it is important to realize the importance of secondary storage.  The most frequently used secondary storage, the hard drive, is a major bottleneck in computing.  That is because a hard drive has physical limitations on the movement of the read and write heads and how fast it can spin.  Most hard drives spin only up to 7,200 revolutions per minute.  Hard drives usually access files randomly and have an access time between five to fifteen milliseconds.  Access times are slow compared to the processor since thousands of instructions are executed within the same amount of time.  When pages, which are portions of a process’s data and instructions, are not in main memory, it must be acquired from the hard drive or another secondary storage device (Deitel 421).  The more times a process has to access the hard drive, the more performance suffers.

The predecessor to SuperFetch is the Prefetcher.  Pre-fetching is the notion of loading data and code pages into memory before it is needed.  It is a feature that was added to Windows XP.  When a Windows XP computer is booted, information is traced and saved about what pages and files are fetched from the hard drive.  For future boots, the information on which pages from which files is used to pre-fetch the files while also performing other boot operations.  The same is also done with starting applications.  Frequently accessed pages are traced and are brought into memory to minimize seek times.  This is accomplished by a user service called the Task Scheduler.  The Task Scheduler writes the trace files with the .pf extension to the \Windows\Prefetch directory.  Also, in the Prefetch folder, there is a list of what every boot and program referenced during its launch called Layout.ini.  If the computer is idle, the Layout.ini file is adjusted every three days.  In addition, the dispatcher instructs the disk defragmenter to place all of the files listed in the .ini file to a contiguous portion of the hard drive.  This also serves to minimize seek times (Kernel).
There are, however, disadvantages to pre-fetching.  One disadvantage is that it is subjected to the rules of virtual memory.  When other applications need to be loaded, the pre-fetched data is moved out of memory and back to the hard drive’s page file.  In the future, if the pre-fetched data is needed, it must be retrieved again from the hard drive (Russinovich).  No records are kept on data that was previously in memory.  A second disadvantage is that the Prefetcher does not record how often an application is used or when.  In fact, the boot prefetcher only watches activity for 60 seconds after all services have finished initializing or until 120 seconds after the system has booted, whichever elapses first. With no records on usage, there is no mechanism to try to predict future memory requirements.  Another disadvantage is that pre-fetch depends on the Task Scheduler to function.  The Task Scheduler is a service in user space and can be disabled by going to the Control Panel’s Administrative Tools directory.  As a result, the Prefetcher will stop working completely.
SuperFetch is the newest memory management technology in all versions of Windows Vista.  It pre-loads pages that it believes it will need before it is actually needed into available memory.  SuperFetch works by receiving support from the Memory Manager in kernel space.  After some time, it creates profiles of applications.  The information inside of the profiles include how often pages are accessed and at what time during the day they are used.  The idea is to have the computer learn a user’s application usage patterns in order to predict future memory needs (Thurrott).
SuperFetch also prioritizes the programs a user uses by working with the Memory Manager.  In Vista, pages also have priorities.  Each page is assigned a priority from zero to seven.  By default, a page has a value of five.  SuperFetch directs the Memory Manager to preload data and code from files and can change the priority.  Background tasks, such as disk defragmenter, have a very low priority and can run at the same time as tasks with a high priority.  SuperFetch also tracks code and data that was once in memory and saves the scenario as .db files in the \Windows\Prefetch directory.  However, what happens when background tasks force active, higher priority tasks out of memory?  According to Mark Russinovich, 
Whenever memory becomes available, SuperFetch asks the Memory Manager to fetch data and code that was recently evicted. This is done at a rate of a few pages per second with Very Low priority I/Os so that the preloading does not impact the user or other active applications.  
The end result is that SuperFetch can often place all or at least most of the code and data back into memory (Russinovich).  
At first glance, SuperFetch’s advantages sound great.  However, in the end, does it actually do all Microsoft promises it will?  SuperFetch does make a difference, but it is dependent on how much RAM the computer has.  Vista requires at a minimum 512 MB of RAM to operate.  With only the minimum amount of RAM, there is not a significant difference in application startup time.  Figure 1 shows startup times for Adobe Acrobat Reader 8 loading a 22 MB pdf file with 1,273 pages of text.  The computer used in the test is roughly two years in age.  The processor is a 2.8 GHz Pentium 4 and the hard drive is a 160 GB with 8 MB of cache.  After every three runs, the computer was restarted.
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Figure 1.  SuperFetch startup times with 512 MB RAM, chart, Schmid 8 Feb. 2007.
The first time Acrobat was launched took the longest.  Over time, it decreased to as low as eight seconds to startup and after each restart startup time increased since it had repopulate main memory.  SuperFetch does learn that the application is launched over and over (Schmid).  
SuperFetch is the successor to the prefetching technology that was first established in Windows XP.  The biggest improvement is that it is more efficient than the Prefetcher.  It tracks how often applications are launched and when.  Using this information, SuperFetch can predict what the user will require in memory in the future.  According to Eric Horvitz, a researcher with Microsoft's R&D “SuperFetch can accurately predict up to the next three applications that the user is likely to launch at any given time” (Keizer).  However, SuperFetch still needs work.  The reason is that it relies on available memory to work.  With a few applications open and 512 MB of RAM, SuperFetch will not have much of a noticeable effect.  For this reason in mind, Microsoft developed ReadyBoost to work together with SuperFetch.
ReadyBoost is another performance enhancing feature in Windows Vista.  While RAM is the best to utilize to store data, it is expensive.  A solution is making use of cheaper flash memory.  Flash memory is non-volatile, which means it retains what is stored even without power.  Flash memory is found in USB thumb drives, SD cards, and CompactFlash.  In order to help boost system performance, ReadyBoost adds extra space for SuperFetch to use.  ReadyBoost does not add to virtual memory or to RAM, but rather creates a buffer between RAM and the hard drive (Thurrott).
Before discussing how to use ReadyBoost, it is important to understand the reasoning behind using flash memory to increase performance.  As noted previously, hard drives are a bottleneck in computing because of the physical movement needed to access data.  For random I/O, a flash device is approximately ten times faster than the hard drive accessing the same data (Kingsley-Hughes).  In the worst case scenario, flash is twenty times faster than the hard drive.  For sequential reads, the hard drive is actually faster than flash memory (Russinovich).
To facilitate ReadyBoost, a number of requirements for the device must be met.  First, the device must be greater than 256 MB in capacity.  Second, the device has to be capable of 2.5 MB/s or more for random 4 KB reads, and have a transfer rate of 1.75MB/s or more for random 512 KB writes.  CompactFlash and SD card readers are available to use, but not all external readers are supported (Kingsley-Hughes).  If using an USB flash drive, the remaining requirement is to have a free USB slot and finally plug in the device.
Once the device is plugged in, Windows will ask what to do with the device.  One of the options is to use the device to improve system performance.  After the device is selected, a portion of device’s capacity is allocated for ReadyBoost or the entire capacity is utilized, if desired.  How much faster the system goes depends on how much space is set aside with more being better.  The maximum size that can be allocated is 4 GB.  ReadyBoost supports both the NTFS and FAT32 file systems, but because of FAT32’s limitations, ReadyBoost is limited to 4 GB (Russinovich).  When OK is clicked, ReadyBoost should be working.  
Windows might indicate that ReadyBoost is working properly, but how does it work and is it secure?  After allocating space, “The service creates a caching file named ReadyBoost.sfcache in the root of the device and asks SuperFetch to prepopulate the cache in the background” (Russinovich). The service that implements ReadyBoost is emdmgmt.dll and a driver called Ecache.sys in the System32 directory.  EMD or External Memory Device was the name of ReadyBoost during its development.  Ecache.sys detects read and writes to the local hard drive and copies the data written to the ReadyBoost.sfcache file.  The driver also compresses the data copied.  A ratio of 2:1 is expected so a 1 GB cache file is actually 2 GB.  The data is then encrypted using the Advanced Encryption Standard.  A randomly generated session key is also used so if the device is removed, data being leaked is a small possibility.  Finally, when ReadyBoost sees that random access uses the cache, it is directed to the device instead of the hard drive.  On the other hand, if the read is large and sequential, service is directed to the hard drive even if the data is in the cache file (Russinovich). 
ReadyBoost has several advantages that make it appealing.  Perhaps the major benefit is that computers that cannot be upgraded with RAM can have an improvement in performance.  Some examples are laptop computers and cases where a person cannot afford RAM.  Another advantage is that many PCs have USB slots and many users have access to a USB flash drive or some form of flash memory.  Also, flash is easy to find and relatively inexpensive.  A second advantage is that it is reliable because data is encrypted so privacy is not in danger.  However, what happens once the device is removed?  If the device is removed, no data loss or system instabilities occur.  The only noticeable difference is less performance and the drive is restored to a storage device (Kingsley-Hughes).
Despite ReadyBoost and flash memory’s many advantages, there are some limitations.  The biggest limitation is that once a device is used for ReadyBoost, it is bound to the computer that space was allocated to.  In other words, one flash drive cannot be used for ReadyBoost for two or more computers such as a desktop and a laptop, for example.  Also, when disconnecting the device, the cache file remains on the device until it is deleted.  On the other hand, if the drive with ReadyBoost is disabled, the cache file is deleted.  The other downside is that not all flash devices are supported.  As noted previously, the flash device must meet requirements to be compatible with ReadyBoost.  Most devices can meet the capacity requirement, but finding out random read speeds can be difficult.  Some manufacturers will identify if the device is compatible with ReadyBoost while others do not.  Fortunately, Grant Gibson has compiled a list of 600 compatible flash memory devices.  
Despite some disadvantages, does SuperFetch and ReadyBoost work?  The answer is simply yes, they do.  How much effect they have does depend on RAM, obviously.  For computers with 512 MB to 1 GB of RAM, performance will see the most improvement.  With more RAM, SuperFetch and ReadyBoost have less of an impact.  Figure 2 illustrates startup times for Acrobat 8.  The computer is the same as the last test with the exception that now a USB flash drive is connected.  Both a slow and a fast device were tested.  Again, after three runs, the computer was restarted.
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Figure 2.  SuperFetch startup times with 1 GB RAM and ReadyBoost, chart, Schmid 8 Feb. 2007.
As before, the first launch took the longest clocking around five seconds without ReadyBoost.  After the 4th run, startup time decreased to about two seconds.  The curves are close together so there is a small difference that ReadyBoost makes even with a slow device.  On the other hand, with 512 MB of RAM, ReadyBoost can save up to fifty percent in time at application startup.  The point is that while ReadyBoost does help improve application launch times, it is not a replacement for more RAM.  Still, it does not hurt to use ReadyBoost if there is a spare flash device around (Schmid).  The reasoning behind this conclusion should not be a surprise; main memory is more expensive than secondary storage.
To summarize, SuperFetch and ReadyBoost are two new techniques for memory management in Vista.  SuperFetch is the successor to the Prefetcher found in Windows XP.  Like the Prefetcher, SuperFetch loads data and code pages into memory before it is demanded.  The reason is because the hard drive is slow when compared with other forms of memory and the processor.  Frequently accessed pages are fetched from the hard drive and placed into available memory to decrease boot times and application startup times.  This accomplished by tracing the pages with the Task Scheduler service by writing .pf files to the \Windows\Prefetch directory when the computer boots or when an application is launched. However, SuperFetch goes a step farther than the Prefetcher.  Unlike the Prefetcher, SuperFetch keeps information on pages by constructing profiles on boot and applications over a period of time.  Inside the profiles is information on how often pages are accessed and when during the day.  Also, when background tasks force prefetched data out of memory, SuperFetch writes scenario .db files so when the scenario occurs, SuperFetch can fetch all or most of the recently evicted code and data and place it back into memory.  Over time, SuperFetch learns a user’s pattern in order to predict future memory needs to improve performance.  
Overall, SuperFetch does do what Microsoft promises.  However, if the computer has the minimum 512 MB of RAM, Vista and a few open applications will take up memory and SuperFetch will not have much of an effect.  It is for this reason that ReadyBoost was created.  Originally named External Memory Devices or EMD, ReadyBoost adds extra space for SuperFetch by using non-volatile flash memory.  
By inserting a compatible flash device, ReadyBoost can allocate space up to 4 GB on the device to speed up the system.  Once space is allocated, a cache file is created on the device and copies data written to the hard drive.  The data also gets compressed and encrypted.  When the time comes to read the data, service is directed to the device if the read is random.  When the read is large and sequential, service is directed to the hard drive instead because the hard drive is faster reading sequentially than flash memory.  The advantages to ReadyBoost are that flash memory is inexpensive and can be used on computers that cannot be upgraded with RAM easily like a laptop.  Also, it is reliable because no data loss or instabilities occur when removing the device and since the data is encrypted, security issues are mitigated.  Some disadvantages or limitations to ReadyBoost include a device is limited to one computer and not all flash devices are supported.  Finding out if the device is compatible can be difficult as well since not all manufacturers list if it is or not.  
Despite some limits, SuperFetch and ReadyBoost together does work, but it is dependent on how much RAM there is.  There is more of a noticeable improvement with 1 GB of RAM or less.  ReadyBoost is not a substitute for RAM, but it does not hurt to use an otherwise unused device to improve performance.  Overall, SuperFetch and ReadyBoost are two useful features to have to deal with the problem of inconsistent performance.  
