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VTL vs. VTA:  Which is faster?
This white paper examines the architectural differences between a Virtual Tape Library (VTL) and a Virtual Tape Array (VTA).  These two product concepts will be defined and compared with respect to interoperability and performance.  The question of which is "better" cannot and will not be answered here, because that depends entirely on a particular customer's own unique requirements.  And those requirements will certainly change from one customer to the next.  However, it will be shown that for some host I/O workloads, the "faster" solution is clearly the Virtual Tape Array (VTA).

Let's begin by examining the physical world that these virtual devices are emulating.  A Physical Tape Library (PTL) is composed of some relatively small number of tape drives and a relatively large number of slots that can hold tape cartridges.  In addition, there is a changer device, or "robot", that physically moves tape cartridges to and from tape devices.  The changer device is separate from the tape devices, and responds to commands that are sent to it by the host.  For example, the host has to tell the robot to physically move the cartridge that resides in slot 1 to tape drive A, or move the cartridge currently in tape drive B to slot 2, etc.  The reason the robot is required in the first place is simply a matter of economics.  The tape drives are relatively expensive devices, and it would not be practical to include the same number of tape drives as slots.  It would be difficult to imagine a PTL that had hundreds of slots and also hundreds of tape drives.  That would be cost-prohibitive, would take up too much space, consume too much power, etc.  That's why there's a robot.  It facilitates the sharing of a small number of tape drives with a large number of tapes.  The presence of a robot requires additional software in the host (i.e. the Backup Server) for the purpose of managing a "control path" that is separate from the "data path".  The control path carries the communication described above that is related to moving cartridges back and forth between slots and drives.  This communication is directed at the robot, a device that is addressed separately from the tape drives.  The data path carries the actual user data that is being backed up or restored.  As mentioned above, the robot requires additional software complexity in the host in terms of the application software and the device driver that manages it.  Also, latency is incurred whenever the robot is physically moving a tape cartridge.  Finally, the number of concurrent backup streams that are possible is limited to the number of physical tape drives.  If the tape library has only two tape drives, for example, then the host can only be managing a maximum of two separate backup streams at one time.
In summary, the following statements are all true for any PTL, regardless of its size or cost:

1.)  The presence of a robot requires additional software complexity in the host.
2.)  The presence of a robot introduces latency when moving tape cartridges.

3.)  The performance of the system is limited by the number of physical tape drives.

Now let's take a close look at one form of storage virtualization that has grown in popularity in recent years, the Virtual Tape Library (VTL).  The basic idea is to boost performance by using disk instead of tape.  A storage appliance with some amount of RAID-protected disk storage is used to emulate the tape drives and the robotic changer device over the desired storage transport (usually SCSI, Fibre Channel, or iSCSI).  Since disk is faster than tape, a VTL is inherently going to have better performance than its physical counterpart.  One of the main selling points of a VTL is often "interoperability".  In other words, by emulating a particular vendor's precise make and model of tape library, a VTL can potentially be a "drop-in replacement" for its physical counterpart.  A customer that already has a particular PTL can transparently install a VTL that emulates the same thing with minimal disruption to existing processes and workflows.  That's the theory, at least.  The reality is that the storage administrator still has to configure the VTL by assigning disk storage to virtual tape cartridges, but the end result is the same.  Once the host has done an inventory of what is available on its shiny new VTL, it simply sees a pool of tapes, just as it did with its old PTL.  The VTL is faster because it uses disk instead of tape, for one thing, and also because the latency involved with moving virtual tape cartridges between virtual tape slots and virtual tape drives is much less than it is in a PTL.  But the VTL that precisely emulates a real-world tape library is still quite limited in terms of the number of tape drives that it presents to the host (typically 2 to 4 tape drives in low-end models and 6 to 8 tape drives in high-end models).  And that, in turn, limits the number of concurrent backup or restore streams that can operate in parallel.  For some host applications, that may not matter, because the backup program is incapable of managing multiple concurrent streams anyway.  But for other host systems and applications that are able to support concurrency, a VTL will not allow that concurrency to be fully exploited.
In summary, the following statements are all true for any VTL, regardless of its size or cost:

1.)  The presence of a virtual robot requires additional software complexity in the host (exactly the same as a PTL).

2.)  The presence of a virtual robot introduces latency when moving virtual tapes (although it is indeed much less than with a PTL).

3.)  The performance of the system is limited by the number of virtual tape drives (exactly the same as a PTL).

For those customers where interoperability is the key to their disk-to-disk (D2D) backup strategy, choosing a VTL that precisely emulates the PTL that they already have in-house is a good choice.

However, for those customers that simply want the best performance that they can possibly get from their disk subsystem in a D2D environment, perhaps the VTL concept is not the best answer.  In the virtual world, why do we need that robot?  It really serves no useful purpose, so let's get rid of it!  It just adds complexity in the host, because if it exists, the host then needs to talk to it.  And it also adds complexity in the storage appliance, because the appliance then needs to emulate it.  And for what good reason?  In the virtual world, there is absolutely no reason why you cannot have just as many tape drives as you do tape slots, and that obviates the need for a changer device.  With this slight modification to the VTL product concept, we introduce the similar product concept of a Virtual Tape Array (VTA).

A VTA is much like a VTL, only simpler and potentially faster.  It uses the same RAID-protected disk storage for storing data on disk instead of tape, so the performance advantage in that respect is exactly the same as a VTL.  The VTA appears to the host as if a large number of individual tape drives are connected to it.  Once the host has scanned all the tape drives and has read the tape labels for each tape, it has a pool of tapes that it can work with.  And that is exactly the same end result as with a VTL after an inventory operation is performed on it.  The only difference with a VTA is that when the host wants to use a different tape, it already knows the "control path" information because the tape is mounted on a different tape device, and it already knows how to address that tape device.  With a VTL, recall that tape devices are shared among tapes, so a "control path" is needed to switch tapes in and out of tape drives.  A VTA has no virtual robot, so there is no software overhead in the host or in the appliance devoted to managing that "control path", because one is not needed.  That certainly makes things simpler, but this advantage alone probably doesn't make a VTA a whole lot faster than a VTL.  There is another advantage that a VTA has over a VTL that could potentially be much more significant.  If the host has the ability to take advantage of parallelism, and can indeed manage multiple data streams going to and from its tape devices, then the VTA is a superior device model because it presents as many tape drives as there are tapes, and is not limited by the relatively small number of tape drives found in a VTL.

In summary, the following statements are all true for a VTA:

1.)  The absence of a virtual robot eliminates additional software complexity in the host.

2.)  The absence of a virtual robot eliminates latency when moving virtual tape cartridges.

3.)  The performance of the system is not limited by the number of virtual tape drives.

In closing, the NexiTech, Inc. VTAng (Virtual Tape Array next generation) family of products can provide a distinct performance advantage over common VTL products under certain circumstances.  The VTAng family can boost performance even further with additional host channels.  Its Fibre Channel-based products are capable of operating at 4 Gbps on each port, and are highly scalable, with up to 8 (or more) host channels available.  Other host connectivity options include parallel SCSI (LVD/SE and HVD) and also iSCSI (GbE).  Hardware-based encryption will be available soon to address the growing market for storage security.
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