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What is Bay RAM Five?


Bay RAM Five is very high-speed device that uses RAM for storing and retrieving data files.  Historically, such devices have been called “RAM Disks” or “RAM Drives”.


What is a RAM drive?


A RAM drive is a computer storage device that uses random access memory (“RAM”) to store data, instead of spinning magnetic platters.  The concept of a RAM drive is not new, but in the recent past their capacities were small and they were also extremely expensive.


If there is one common theme that computer users already know and understand very well, it is this:  a computer is only as fast as its slowest part, just as a chain is only as strong as its weakest link.  This is true of almost all modern computer systems.


In most modern computers, the single slowest component is the hard disk drive, abbreviated “HDD”.  Currently most computers store raw data on HDDs that use spinning magnetic platters or “disks”.

Central processors and their memory subsystems are usually left waiting for information to be retrieved from spinning platters, slowing down the entire system.  If your computer feels slow, it’s probably not the CPU or the RAM that is to blame;  it’s probably a hard disk drive that is slowing you down.

Traditional HDDs are only capable of transferring data as fast as the magnetic platters can spin.  And, the inner recording tracks are necessarily slower than the outer tracks, because HDDs maintain the same recording density on all tracks, regardless of their distance from the axis or center of rotation.

Thus, the amount of data stored on any given circular track is directly proportional to its circumference.

Current speeds for traditional HDDs start at 4,200 rpm (most commonly found in laptops), 5,400 rpm and 7,200 rpm (most commonly found in desktop computers), and there are even 10,000 rpm and 15,000 rpm HDDs.  10,000 and 15,000 rpm drives are usually expensive, they run hot and they have shorter life spans than slower speed HDDs.


A spinning magnetic platter can only spin so fast before there is a physical breakdown of the media or in the bearings that keep it in place.

In an effort to improve data transfer speeds, many companies have developed solid state drives, abbreviated “SSD”.  Current SSDs utilize what is known as Nand Flash memory, just like the memory used in widely popular USB “thumb drives”.


Data transfer speeds of SSDs have improved significantly in comparison to the speeds of traditional HDDs.  Nevertheless, current SSDs have their own problems, their own limitations, and their own limited life spans.


Bay RAM Five is a solid state solution that does not suffer from the pitfalls of rotating platters, nor from the problems that come with current Nand Flash SSDs.

Bay RAM Five has no moving parts.  It uses common “off the shelf” memory parts and standard data cables.


Bay RAM Five utilizes common DDR3 RAM instead of Nand Flash memory for its storage media.


Bay RAM Five's design makes it very simple to install in any modern desktop PC or workstation.  It can also be installed easily in an external enclosure or even in a common rack-mounted chassis.


Bay RAM Five's initial geometry fits exactly the same size as a desktop PC optical drive, installed in an industry-standard 5.25-inch drive bay.  This is how the name Bay RAM Five was derived:  it is a standard RAM device designed for a standard 5.25-inch drive bay.

One of the most important features of Bay RAM Five is affordability.  Bay RAM Five’s inventor projects the 5.25-inch design to launch with a manufacturer’s suggested retail price (“MSRP”) of $150.  The cost of RAM to populate the unit will be a separate expense.

Another great feature is versatility.  Bay RAM Five can utilize a variety of different capacities and different DDR3 RAM speeds.  It is also designed to utilize future emerging RAM capacities, as densities of individual RAM chips increase and as their sizes decrease.

Also, its versatility is further enhanced because Bay RAM Five can be marketed to computer enthusiasts, also to IT professionals who need fast data storage, and it can even be installed in average desktop PCs that are assembled and supported by professionals for the average PC user.
Why Bay RAM Five?


Why would one want to buy and use Bay RAM Five?  One simple word -- Performance!

As mentioned already, the data transfer rates of traditional hard disk drives have limits that are well known and well documented.  Current generations of SSDs that utilize Nand Flash memory have made significant improvements in data access and transfer speeds, but they also have very realistic and very practical limits.

By using DDR3 RAM as its storage media, Bay RAM Five harnesses the interface of storage controllers on-board today's computer mainboards and add-on cards at their maximum feasible transmission speeds.


The current storage controller interface is known as SATA.  This is an acronym for Serial Advanced Technology Attachment, or Serial ATA.


There are currently 3 generations of SATA standards in widespread use by modern computers:  SATA-I, SATA-II, and the latest is SATA-III.  The data transfer speeds of these 3 generations of standards have their own theoretical limits or maximum transfer speeds.


Here we must appreciate a few technical terms.  SATA-I has a maximum transfer speed of 150 Megabytes per second.  SATA-II has a maximum transfer speed of 300 Megabytes per second.  The newest SATA-III standard has a maximum transfer speed of 600 Megabytes per second.

The real transfer rates of traditional HDDs do not come anywhere near the maximum transfer speeds of current SATA-III storage controller channels.  Even 15,000 rpm hard disk drives still transfer raw data at a maximum of 160 Megabytes per second;  they are relatively new and also quite expensive.


Current SATA-III Nand Flash SSDs are showing READ speeds of ~550 Megabytes per second.  These SSDs almost fully “saturate” one SATA-III channel’s maximum of 600 Megabytes per second, even with controller overhead.

The WRITE speeds of traditional HDDs and Nand Flash SSDs are typically less than their READ speeds.  By comparison, Bay RAM Five will not suffer such a WRITE speed penalty because it writes to RAM instead of spinning platters or Nand Flash memory.


When configured for its fastest potential, Bay RAM Five should approach a maximum transfer rate of 2,400 Megabytes per second, using the current SATA-III standard “protocol”.  That's nearly half of one DVD disk in just one second, and that speed remains nearly constant when reading data from it and when writing data to it.


Another performance difference between traditional HDDs and Nand Flash SSDs is data access time.  Access time is the amount of time required physically to find the data requested by the host computer.  The best SATA-III hard disk drives have access times of about 4.2 milliseconds.  The current generation of SATA-III Nand Flash SSDs are showing access times of 0.1 milliseconds.

Bay RAM Five is designed to perform with access times equal to or better than 0.1 millisecond, because it utilizes DDR3 DRAM (Dynamic Random Access Memory) in an entirely new, and higher density, configuration.

Another critical performance issue is data fragmentation.  Traditional hard HDDs and Nand Flash SSDs both develop serious performance problems as a direct result data fragmentation.

When writing data, hard disk drives use the next available block or “sector” of space on the storage media.  However, it is often the case that not all data that needs to be written can be written sequentially, with all characters or “bytes” in perfect sequential order.


Fragmentation is one of the main reasons why data access times deteriorate over time.

Operating systems like Microsoft Windows are programmed to retrieve raw data and re-assemble it in the proper order, if it is fragmented.  Traditional hard disks can also be “defragmented” with third-party software utilities.  Doing so dramatically decreases the data access times, but at the cost of running “defrag” programs to successful completion.

Defragmenting an entire HDD usually takes a great deal of time, depending on how much data must be defragmented.  Sometimes it can take several hours to complete that one task, even if it is the only task making significant use of the CPU.

Nand Flash SSDs also suffer fragmentation.  Over time it has been observed by experienced computer users that SSDs do perform slower and slower with prolonged use.  Given the way SSD controllers handle Nand Flash memory, and given the nature of Nand Flash chips, data must be broken into specific block sizes, and unused spaces still remain in those storage blocks.


Although these problems are recognized, and they being addressed in a variety of ways, real problems still persist.  Some IT professionals have even accused SSD vendors of false or misleading advertising.

The SSD industry has created at least one remedy for this problem called “background garbage collection”.  Also, the Microsoft Windows 7 operating system supports a different type of defragmentation called TRIM, which is now a feature of the latest standard SATA-III “protocol”.

Again, the speed drop seen with many SSDs can repair itself only after a system is allowed sit idle, and background garbage collection is allowed essentially to rewrite the SSD’s contents to render them unfragmented.  This too can take several hours of downtime.


By utilizing industry standard DDR3 DRAM, Bay RAM Five will not suffer such access time penalties, nor will it suffer from data fragmentation.  Since it utilizes standard DRAM (Dynamic Random Access Memory), access times will not vary significantly, even if the data is fragmented.


Given the nature of DRAM technology, it does not really matter where data is stored in the media.  There is no need for downtime to regain performance, because there is no performance degradation in the first place.

Random access memory is memory with truly random access!

This is yet another reason why one would want to install and use Bay RAM Five in a personal computer, workstation or dedicated server system.
Longevity!

As mentioned, traditional HDDs use spinning magnetic platters to store data.  They also have tiny READ/WRITE heads that physically move over the surface of the platters.  Eventually these parts wear out and break down.


Magnetic platters can also suffer data loss from heat.  Heat is a necessary by- product of such rapidly moving parts.


The manufacturer’s warranty for most traditional HDDs is 3 to 5 years.


Nand Flash SSDs have a limited life span too.  Nand Flash memory has a limited number times it can be written and read, before it just burns out.

With SATA-III SSDs, the number of write cycles before failure have also dropped from 5,000 to 3,000, with the shift from 34nm to 25nm lithography.  And, the background garbage collection that re-optimizes an SSD’s performance also adds more wear and further reduces its life span.


Typically, the warranty life of most popular SATA-III SSDs is only 3 years.


By requiring no moving parts, and utilizing off-the-shelf DDR3 DRAM, Bay RAM Five will far outlast both SSDs and traditional HDDs.

Nevertheless, if one of the RAM modules should fail, it will be an easy and inexpensive job to replace it.  By comparison, if a memory chip fails in a Nand Flash SSD, the entire unit must be replaced:  the flash chips are surface-mounted onto a SSD’s printed circuit board, and there is also no known way to retrieve any the data from the remaining chips.


Likewise, if a traditional HDD fails, again the entire device is thrown away.  Some of the data stored on the magnetic platters can be retrieved by data recovery specialists, but such data recovery jobs are usually very expensive -- sometimes costing thousands of dollars.


This leads us to address the next important question:  Why would anyone want to acquire and use Bay RAM Five?  Answer:  Cost!

The inventor of Bay RAM Five projects the manufacturer’s suggested retail price (“MSRP”) of one Bay RAM Five unit to be $150, in its 5.25-inch “optical drive” form factor.

The cost of the RAM modules to populate Bay RAM Five is a separate item.  Users will be able to select their own RAM modules from a Qualified Vendor List (“QVL”), and they will also be able decide how much RAM to install, depending on their own budgets.

Bay RAM Five utilizes a version of RAM called DDR3.  The type of RAM is commonly known as a Small-Outline Dual In-line Memory Module, abbreviated SO-DIMM.  SO-DIMMs are the same type of RAM commonly installed in most laptop computers today.  They are space-efficient and energy-efficient.

The overall length of SO-DIMMs is almost exactly one-half the overall length of desktop memory modules.  This makes them ideal for achieving higher densities in the 5.25-inch form factor which Bay RAM Five is designed to use.


DDR3 SO-DIMMs are currently available in sizes of 1 Gigabyte (“1 GB”), 2 Gigabytes (“2 GB”), and 4 Gigabytes (“4 GB”).

The current market prices for 1 GB SO-DIMMs are as low as $13 and as expensive as $50.

The current market prices for 2 GB SO-DIMMs are as low as $20 and as expensive as $25.

The current market prices for 4 GB SO-DIMMs are as low as $40 and as expensive as $60.

One Bay RAM Five unit will have 16 slots for as many DDR3 SO-DIMMs.  At current prices, one could fill it to its current maximum of 64 Gigabytes, using 4GB SO-DIMMs, for a total of $790 i.e. $150 plus $640 for 16 x SO-DIMMs @ $10 per Gigabyte.


$790 may seem like a lot of money for a RAM drive of 64 Gigabytes.  However, by comparing the costs to achieve transfer rates approaching 2,400 Megabytes per second using SSDs or traditional HDDs, this cost is quite a bit less.

By comparing the cost to achieve performance similar to Bay RAM Five, but from traditional HDDs or from Nand Flash SSDs, this will help to explain how Bay RAM Five is able to achieve a performance approaching 2.4 Gigabytes per second at a very reasonable cost.

One might ask how Bay RAM Five, or even traditional HDDs and SSDs, can achieve a speed of 2,400 Megabytes per second, when the maximum speed of any one SATA-III channel is 600 Megabytes per second.

Instead of using a single data channel, the data transfer rate of each Bay RAM Five unit is achieved by using four (4) channels, each transferring data at 600 Megabytes per second in parallel with the other 3 channels.


This is done by using a common technology built into most modern storage controllers called RAID.


RAID is an acronym for Redundant Array of Independent Disks.  Sometimes the word “Inexpensive” appears instead of “Independent”.  RAID allows multiple storage devices to work together in several different ways, depending on how they are configured.


The two main types are RAID level 0 and RAID level 1.


RAID 1 is the easiest to understand:  it uses 2 storage devices to “mirror” the data written to them.  The computer sees the 2 storage devices as one unit, but writes the same data to both devices.


Why would one do this?  Answer:  data integrity.  RAID 1 makes an instant copy of all written data.  If one of the storage devices should fail, the other has a full backup of the exact same data, exactly like a “mirror”.  The failed storage device can be replaced, and the mirror can then be re-created automatically.

RAID 0 is known as “striping”.  What is striping?  Striping allows the storage devices to work together in a way that splits the data between them.  In a 2-member RAID 0 array, one-half of the data is written to one array member, and the other half is written to the other array member.


Why would one want to do this?  Answer:  Doing so significantly increases performance.


If the transfer speed of both storage devices is limited, then logically 2 devices in a RAID 0 array should be twice as fast as a single device.  Again the computer sees the 2 member devices of the RAID 0 array as one logical storage unit.


A RAID 0 array can also be configured with more than 2 member devices.


A single Bay RAM Five unit can be configured as a RAID 0 array and use 4 controller channels to approach a data transfer capacity or “bandwidth” of 2,400 Megabytes per second i.e. 4 x 600 Megabytes per second in RAID 0 mode.

This is why Bay RAM Five is best described as a “quad-channel” device.

One can achieve similar transfer rates using Nand Flash SSDs, but the costs will be significantly greater.

Currently, the only SATA-III SSDs on the market that even approach a speed of 600 Megabytes per second are the newly released OCZ Vertex 3 series.  The model VTX3-25SAT3-120G currently retails for $300 each at Newegg.com.


As such, assembling 4 of those SSDs in a RAID 0 array will cost $1,200.  The maximum speed of that RAID 0 array will approach 2,200 Megabytes per second i.e. 4 x 550 Megabytes per second (allowing for controller overhead).

To achieve maximum speeds with traditional HDDs is also very expensive.  To illustrate, Bay RAM Five’s inventor assembled 4 high-performance HDDs into a RAID 0 array, to measure their maximum performance running “in parallel”.

The HDDs used for this measurement were Hitachi 2.5" 15,000 rpm 147GB Serial Attached SCSI units (“SAS”), designed for sophisticated, enterprise-class environments.  Each HDD cost $250, so four of those cost $1,000 + shipping.

The computer used for this test had an older Intel “P45” chipset, which did not have an integrated SATA-III storage controller.  So, a modern SATA-III RAID “add-on” controller card was separately purchased and installed -- the Highpoint RocketRAID model 2720.  Its current retail price is $230, also at Newegg.com.

To house the 4 HDDs in the computer’s chassis, an Enhance Technology model X14 four-in-one backplane for 5.25” drive bays was purchased for $125.  Another part called a “fan-out cable” was also required to connect each drive to the RocketRAID 2720 controller card, for an additional $30.


The total now for a traditional HDD RAID 0 array is $1,385 + shipping.


A benchmark program developed by ATTO Technology, Inc. was used to measure the READ and WRITE transfer rates of that RAID 0 array.

All four disks together could only achieve a maximum READ speed of 618.5 Megabytes per second.  Thus, the total cost of that storage subsystem was $1,385 and it barely reached one-fourth the expected speed of one Bay RAM Five.


To explore further the price/performance of Bay RAM Five, another question must be asked:  Are there any other RAM Drive products on the market now?  The answer is yes, but not very many, and they too have their own realistic problems and practical limitations.

The ACARD ANS-9010 is one such product.

The ACARD ANS-9010 uses older DDR2 RAM.  It supports 8 desktop memory slots and has a maximum capacity of 64 Gigabytes, assuming 8 GB memory modules can be installed in all 8 slots.


The ANS-9010 has only two SATA-II ports and its advertised speed is a maximum transfer rate of 400 Megabytes per second, using both SATA-II channels.


The ACARD ANS-9010 also has a built-in battery and compact flash (“CF”) socket, for saving data in the event of a system shutdown or unscheduled power loss.  Both of these features obviously add to its manufacturing cost.

Bay RAM Five’s inventor also regards both of these hardware features as adding unnecessary costs and complexity to the ANS-9010 printed circuit board.

The ACARD company lists the ANS-9010 on their website for $549, not including DDR2 RAM, and not including a compact flash card.  The ANS-9010 can be found at other on-line stores for as little as $355, and $237 for the smaller ANS-9010B version with only 6 desktop memory slots instead of 8.

At the time of this writing, the least expensive 4 Gigabyte DDR2-800 memory module currently available at Newegg is priced at $70 each, and the least expensive 32 Gigabyte compact flash card is $56.


Thus, the total cost to outfit an ACARD ANS-9010 with 32 GB of RAM is $355 + $560 + $56 = $971, after buying from a popular on-line retailer.  If the ANS-9010 is purchased directly from ACARD, the total cost is $1,165.  These costs do not include any shipping.


Keep in mind too that DDR2 RAM is becoming more expensive with time, because it is gradually being phased out in favor of DDR3.


Inevitably, like first-generation DDR memory, with time DDR2 memory will be more difficult and even more expensive to obtain, as DDR3 memory declines in cost, as it gains market share, as it continues to mature, and as its capacities “per stick” steadily increase.


Now compare the estimated cost of one Bay RAM Five with 64 Gigabytes of DDR3 RAM, and a transfer rate approaching 2,400 Megabytes per second:  $790 is a great deal when compared to the competition discussed above.


If Bay RAM Five is populated with the same amount of RAM (32 GB) as the ACARD ANS-9010 priced above, then the estimated cost of one Bay RAM Five unit with 32 GB of DDR3 RAM is only $320 + $150 = $470.
Versatility


Versatility and customization are two more features that clearly favor Bay RAM Five over other, competing products.

Most computer enthusiasts are very budget-conscious, as are IT professionals who must balance multiple demands for enterprise purchases.


If one wanted to begin testing Bay RAM Five, one could begin with a minimum setup.  The device has 16 SO-DIMM slots, but only one of those slots needs to be populated, starting out.  In doing so, the unit would only be running at one quarter of its maximum speed, but one could still test a small RAM capacity at the full SATA-III standard of 600 Megabytes per second.


If one wanted to test its maximum speed, one could populate only 4 slots to create a minimally sized but super fast storage device.


Bay RAM Five can be configured with as small as 1 Gigabyte at 600 Megabytes per second using only one SATA-III channel, or as small as 4 Gigabytes approaching 2,400 Megabytes per second using all 4 SATA-III channels.


In fact, there is quite a variety of possible configurations, and this flexibility is another one of its best features.

Bay RAM Five is also designed to be backward-compatible with older SATA-II and SATA-I storage controllers e.g. with the use of a simple “jumper block”.  Using these older controllers will slow the unit down, but it will still work and be amazingly fast.


Even using 4 SATA-II channels at 300 Megabytes per second, or a total channel capacity of 1,200 Megabytes per second, it still beats a RAID 0 array using traditional hard disk drives.


Using 4 SATA-I channels at 150 Megabytes per second, the channel capacity is only 600 Megabytes per second.  This speed equals the maximum observable speed of a RAID 0 array using 4 of the fastest known hard disk drives, and still at a lower cost.

Initially, Bay RAM Five will be available in a 5.25-inch “optical drive” format factor.  It can also be installed easily in an external enclosure.  Some 2U server chassis are now manufactured with 2 x 5.25-inch drive bays;  and, some 1U server chassis are now manufactured with 1 x 5.25-inch drive bay.

These hardware options will be most useful to computer Enthusiasts and System Administrators who consciously prefer super fast data storage subsystems for their predictable effects on user productivity.

For IT professionals who also need super fast data storage subsystems e.g. for transaction databases and other applications needing very high speed, several Bay RAM Five units can be easily installed in a standard 19-inch rack-mounted server chassis, for minimal additional cost.

The most popular application of Bay RAM Five is expected to be the OS system partition for desktop workstations.  The system partition is the place where Windows or other operating systems live.


Computer enthusiasts and IT professionals want workstations that will out-perform the competition.  64 Gigabytes are more than enough to host the average Windows XP or Windows 7 system partition (typically drive letter C:), plus their swap files and run-time caches for software programs like Internet browsers.

The 64 Gigabyte capacity results from the fact that the maximum available DDR3 SO-DIMMs are presently 4 Gigabytes per memory slot, and this capacity is expected to double, and double again, during the visible future.

This is yet another reason highlighting the versatility of Bay RAM Five:  it is also designed to be forward-compatible with larger capacity SO-DIMMs that are being developed right now in the R&D labs of leading memory manufacturers.

Once 8 Gigabyte SO-DIMMs come to market, one Bay RAM Five device will support a capacity of 128 Gigabytes.

Also approaching on the horizon is a future with 16 Gigabyte SO-DIMMs, doubling the capacity of one Bay RAM Five again to 256 Gigabytes.

The design of Bay RAM Five is deliberately forward-looking by making itself usable today, and for many years to come, by exploiting emerging memory technologies to their fullest.

The next industry standard for storage controllers will be SATA-IV.  Its maximum transfer rate is expected to be 800 Megabytes per second per channel, assuming the same protocol as the SATA-III standard i.e. 8 GHz / 10 bits per byte.

Imagine a single Bay RAM Five unit running even faster at 3,200 MB per second (4 x 800) with a maximum storage capacity of 256 Gigabytes.

As long as performance outweighs capacity and cost as major deciding factors, computer Enthusiasts and IT professionals will both enjoy the benefits to be realized from scaling 2 Bay RAM Five units running up to 8 parallel data channels in RAID 0 mode!


As RAID controllers begin to proliferate with full support for x16 lane PCI-Express 2.0 and 3.0 standards, there will be plenty of upstream “bandwidth” to handle 8-, 12- and even 16-channel configurations with few if any difficulties.


Using the published specifications for the Highpoint RocketRAID model 2720 as a baseline, the upstream bandwidth of that controller’s x8 lane PCI-E 2.0 interface is already 4.0 Gigabytes per second!


So, the future looks very bright indeed for very high-speed solid-state data storage, with Bay RAM Five playing a major starring role.

Acknowledgments:  The inventor wishes to express his grateful appreciation to colleague Matt Carey, who offered superb insights and also made major contributions to this technical marketing analysis.
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