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Introduction

One of the major requirements from any SAN administration team is to provide users and applications with adequate performance levels. This task becomes more and more difficult as demands for high performance are increased while budgets for storage systems, administration efforts and power consumption are diminished.

This document describes how Nextra, XIV's storage system, can provide an unrivaled solution to today's performance requirements by achieving the following:

► Providing high performance by massive parallelism of all the system's components and an innovative cache design.

► Ensuring the performance levels are kept intact when adding storage capacity, adding volumes, deleting volumes or resizing volumes.

► Guaranteeing the same performance level, even throughout variations of the applications' access patterns.

► Providing high performance without any planning or administration efforts.

► Achieving any performance level goal by scaling the system.

► Providing consistent performance levels even through hardware failures.

► Maintaining high performance even while using snapshots.

Nextra Architecture and Performance

Exploiting All of the System's Resources

Each logical volume in the Nextra system is divided into multiple stripes of one megabyte. These stripes are spread over all the disks in the system, using a sophisticated pseudo-random distribution mechanism.

This revolutionary approach ensures that:

► All disks and modules are utilized equally, regardless of access patterns. Despite the fact that applications may access certain volumes more frequently than other volumes or access certain parts of a volume more frequently than other parts, the load on the disks and modules is balanced perfectly.

► Pseudo-random distribution ensures consistent load-balancing even after adding, deleting or resizing volumes, as well as after adding or removing hardware.

Integrating Cache and Disk in One Module

Unlike other mid-range and even Tier-1 storage systems, Nextra's design embeds the read/write cache into the same hardware module as the disks. This unique design has the following advantages:

► Distributed Cache. The cache is implemented as a distributed cache, so that all cache units can concurrently serve host I/Os and perform cache-to-disk I/O. This ensures that the cache never becomes a bottleneck. In contrast, traditional storage systems use a central memory architecture which has significant overhead due to memory locking.

► High Cache-to-disk Bandwidth. Aggressive prefetching is enabled by the fact that cache-to-disk bandwidth is the internal bandwidth of a module, which is implemented over two PCI-X buses, thus providing dozens of gigabytes per second for the whole system.

► Powerful Cache Management. This unique design enables the Nextra system to read a large cache slot per each disk read, while managing least-recently-used statistics in small cache slots. This unique combination is made possible by the huge processing power, together with the high cache-to-disk bandwidth of the Nextra system.

Huge CPU Power

The fact that each Data Module has two processors of its own provides the Nextra system with dozens of powerful CPUs. This power is used for sophisticated caching algorithms, for support for small cache slots, for cloning performance and so on. The massive CPU power ensures high performance through higher cache-hit rates and smaller clone overhead.

High Performance Without Management Effort

Unlike other storage systems, the Nextra system is fully virtualized. The user has no control over the allocation of volumes to physical drives. As a result, Nextra's high performance is gained with no planning efforts. The user does not have to allocate volumes to specific disk drives or shelves, nor is there a need to reconsider these decisions when new volumes are required, new hardware is added or application access patterns change.

Instead, the Nextra system always ensures full utilization of all resources in a way which is transparent to the hosts or to the storage administration team.

Attaining High Performance With Snapshots

Many storage systems can provide the required performance levels as long as snapshots are not defined. This is because snapshot functionality was added to these systems long after the initial design. As soon as snapshots are defined, performance levels in many cases degrade to unacceptable levels. Some systems solve this problem by using full copies instead of differential snapshots.

The Nextra system, originally designed to support snapshots, combines innovative replication algorithms together with its massive CPU and cache power to keep the impact of cloning on performance at a minimum. This is achieved by the following:

► The traditional copy-on-write technique is replaced by the more efficient redirect‑on-write technique, eliminating unnecessary copies.

► Redirect-on-write is always performed within the same module where data is being copied between disks using a PCI-X bus. This architecture provides a huge performance boost compared with the traditional method of copying between modules.

► Cloning write overhead does not depend on the number of clones or on the volume size.

► Zero read overhead for both volumes and clones.

► Zero overhead for writing in unformatted areas.

Disk Mirroring Versus Parity-based Protection

Today’s storage administrators face the dilemma of deciding which protection scheme to choose for their data, mirroring or parity-based. Targeting the Tier-1 storage, the Nextra system uses mirroring protection, where each piece of data is written on two disks. When comparing Nextra to other systems, one must keep in mind that many proposed configurations are offered with RAID-5 or even RAID-6 protections, which create the following performance problems:

► Each host write translates into two disk writes and two disk reads (or even three writes and three reads in RAID-6) compared to two disk writes in mirroring.

► RAID-5/6-based rebuild time is much longer, hence extending the time of reduced performance due to disk rebuild whenever a disk fails.

► With RAID-5/6, upon a rebuild, each read request to the failed area is served through multiple reads and computing an XOR, creating a huge performance overhead.

Scalability: Achieving Any Performance Goal

Nextra Scalability at a Glance

Nextra's architecture is shown in the following diagram:
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Figure 1: Nextra's Scalable Architecture

The Nextra system is built from the following components:

► Interface Modules. Serve as the system's front-end, accepting read or write requests from the SAN hosts and forwarding them to the correct Data Module.

► Data Modules. Provide the disk storage, cache management and cloning capabilities. These modules accept and perform read and write requests for the interface modules.

► Ethernet Switches. Provide the internal, full, non-blocking connectivity between all interface modules and all Data Modules.

This architecture enables the building of a system from a practically unlimited number of interface or Data Modules. Using the Ethernet network as the interconnection, together with the option to upgrade to ten GB Ethernet technology, ensures that the system can scale without internal connectivity limitations.

Nextra Scalable Architecture

The Nextra system is fully scalable to multiple racks, containing a petabyte of storage. Scalability applies to every aspect of the system, not merely to disk capacity, as is described below:

► Storage capacity can be scaled up to a petabyte of storage.

► Cache size increases linearly with disk capacity, as every Data Module contains its own cache. Cache bandwidth, both towards the disks and towards the hosts, increases linearly with cache size. Therefore, performance levels increase linearly with the system's size.

► The number of host interfaces, as well as the bandwidth between them and the Data Modules, grows in proportion to the system's capacity. This provides a proportional increase in the number of supported applications and in the total throughput.

► Internal switching capacity is maintained at four Gbit/second for each module, therefore a bottleneck is never created regardless of the number of modules. This ensures that throughput grows proportionally to capacity. Processing power is embedded in each module, hence clone management, caching and self-healing performance are never weakened by the system's size.

► There are no hot spots in the system. Volumes are always striped across all disks and modules, utilizing the full disk and cache resources.

Building a System for a Specific Performance Goal

Given any performance goal, the following guidelines can be used to compute the dimensions of the Nextra system that can support it:

► Each Interface Module can Handle up to 20,000 I/O Requests per Second.

· Write requests for remotely mirrored volumes are counted as two requests, as the interface module is also responsible for the mirroring to remote systems.

► Each Interface Module can Handle up to 270 MB/second of Reads and Writes.

· In the same way as for the I/O count, write bandwidth for remotely mirrored volumes are counted twice.

· Although the total number of read and write bandwidth is limited by 270 MB/second, the total for read bandwidth and the total for write bandwidth are each limited by 200 MB/second.

· In other words, as long as the average transaction size is below 13.5K, the transaction count is the bottleneck, otherwise the bandwidth is the bottleneck. In an extreme case where almost all requests are of a single type (read or write), the threshold is an average transaction size of ten K.

► Each Disk Drive can Handle up to 100 Disk Transactions per Second.

· Each write request requires two disk transactions due to the internal protection mirroring.

· Only cache-misses require a disk transaction. (For write, the term cache-hit is used for writing a data portion which is already in the write cache, thus saving a disk transaction.)

· Each Data Module contains 15 disks and can support 1500 transactions per second.

When using these assumptions, please note the following:

► Cache-hit/miss ratios are extremely hard to predict and are highly dependent on the specific application. Nevertheless, when compared to other storage systems, the Nextra gains higher cache-hit rates due to innovative cache design, small cache slot and aggressive prefetching.

► All other system tasks not mentioned above will never become a bottleneck:

· Physical disk transaction count almost always becomes a limit before physical disk bandwidth.

· Serving cached transactions from the Data Modules is never a bottleneck.

· Internal network is never a bottleneck.

► While the load on the Data Modules is always balanced, it is the administrator's responsibility to ensure that the load on the interface module is balanced. This can be attained using host multi-pathing.

Example One: High-performance OLTP Environment

Scenario:

Assume that the following requirements are given:

► A multitude of hosts, generating 30K I/O requests per second
► 20 percent of the I/O requests are write requests
► 100 percent of the write requests are mirrored on a remote system
► Average read/write request size is four KB
► Average cache-hit ratio is 40 percent
Analysis:

► The hosts produce 24K read requests and six K write requests per second.

► All six K write requests need to be remotely mirrored.

► As a result, at least two interface modules are needed to support 36K requests per second.

► Together, the two interface modules require a bandwidth of 144 MB/second, which is supported by a single module.

► 21.6K disk transactions per second (24K read, six K writes each generating two transactions, all with 40 percent cache-hit) must be supported.

► 220 disks must be in the system, which means 16 Data Modules.

In summary, two interface modules and 16 Data Modules are needed. To ensure a consistent performance even after a single module failure, a system of three interface modules and 17 Data Modules is recommended.

One can easily see that increasing performance requirements can always be supported by adding more modules.

Example Two: Media Server

Scenario:

Assume that the following requirements are given:

► Hosts generating 25K I/O per second

► Average I/O size is 32 KB

► 20 percent of the I/O requests are write requests

► All write requests are remotely mirrored

► Average cache-hit rate is ten percent 
Analysis:

► 30K I/O per second (25K I/Os from the hosts and an additional five K I/O for the remotely mirrored write requests) must be supported.

► 20K I/O per second of read requests must be supported, resulting in 640 MByte/second of serving read data to hosts.

► Hence, four interface modules are needed in order to serve the read bandwidth. Other limitations (number of transactions, write bandwidth or total bandwidth) are easily served by these four interfaces.

► 27K disk transactions per second (20K reads, five K writes each require two transactions, all with a 10 percent cache-hit rate) must be supported. Hence, 270 disks are needed or an 18-module Nextra system.

In summary, four interface modules and 18 Data Modules are needed. To ensure a consistent performance even after a single module failure, a system of five interface modules and 19 Data Modules is recommended.

Consistent Performance Through Failures

In many storage systems, even those considered Tier-1 systems, performance levels can degrade significantly upon a hardware failure. This is unacceptable in today's world, since a reduction in performance levels, in many cases, means downtime for the applications.

This section shows how traditional architectures create performance degradation due to hardware problems and how the Nextra system solves this problem.

Performance Reduction Due to Rebuild Process

Current implementation of storage redundancy involves a redundant disk group, either mirrored pairs of disks or RAID-5 disk groups. Each such group has a hot spare disk, which is used to rebuild the redundancy upon a failure.

The incredible increase in disk capacity in recent years was unfortunately not matched by an increase in disk bandwidth. As a result, disk rebuild time has increased to several hours, up to as many as 15 hours, depending on disk size and protection scheme. During this time, the system suffers from severe performance degradation due to the heavy I/O requirement of the rebuild process. Some systems offer a way to limit the resources allocated for a rebuild, thus ensuring more system performance, but increasing rebuild time, hence increasing the exposure to double failure.

Nextra's RAID-X protection scheme enables a distributed rebuild mechanism in which all disks participate. This ensures an extremely short rebuild time, 20 minutes for a 750 GB drive. Furthermore, the overhead of the rebuild process is minimal, since all disks participate in the rebuild and each disk only needs to rebuild a small portion. This ensures that performance levels at rebuild time remain intact.

Another problem with RAID-5 or RAID-6-based rebuild is that until the rebuild process is over, each request to read data from the failed disk must be served via multiple reads from all the disk groups and computing an XOR. This creates a huge performance impact on serving read requests. Nextra's mirrored protection ensures that even while rebuilding is in progress, read requests are served without any overhead.

Write-through Mode Due to Hardware Failures

Modern redundant storage architectures require that each write command is written in two cache units before the host is acknowledged. Otherwise, a single failure in the cache module would create a data loss. Furthermore, they require redundant protection of power supply to these cache units.

Unfortunately, many storage architectures cannot guarantee protected cache after several types of failures. A typical example is a failure in one of the cache modules, leaving its peer cache module exposed to a single failure. Another example is a failure of a UPS module, making the system vulnerable to power failures.

The solution for this problem is to use the write-through mode, where a host is acknowledged only after the information has been written to two disks and write-cache is not used. This mode has a severe impact on performance and usually means storage downtime from the application’s point of view. Unfortunately, it takes a technician’s visit to overcome such a problem.

With the Nextra system, write-through mode is never used. Even after a UPS failure or a module failure, a write request is written to a cache in two different modules.

Nextra Performance in the Field

Nextra's performance has been proven in the field on numerous occasions, demonstrating that it increases performance dramatically when compared to other Tier-1 storage systems. The following section describes a few examples.

Example One: Write-intensive Database

Scenario:

A leading bank had a performance-demanding application, based on a seven TB Oracle database, with write-intensive I/O. This application practically failed when running on one of today's Tier-1 storage systems. When migrated to another Tier-1 storage system, equipped with 240 FC 146 GB 15K ROM drives, the application managed to provide an adequate performance level, but no more. Snapshots were not possible without reducing the performance levels to unacceptable levels, hence backup procedures were complex and limited.

Migrating the application to the Nextra system gave the customer a dramatic performance increase (for example, queries were performed in a third of the time), while maintaining 28 differential snapshots. Thus, users attained a much better response time, physical backup procedures were simplified and 28 levels of logical backup snapshots were possible.

Example Two: E-mail Appliances

Scenario:

Two leading ISPs compared the Nextra system against a well-know Tier-1 system running POP e-mail storage for a group of e-mail appliances. The existing system required an independent interface card per each e-mail appliance, making the solution much more expensive and complex.

The Nextra system, on the other hand, could handle five e-mail appliances on a single interface module without degrading performance.

Example 3: Voice-recording Application

Scenario:

One of the world's leaders in voice recording systems compared using the Nextra system with another storage system with all FC 146GB 15RPM drives.

The customer saw that when using the Nextra system, the same set of servers would support three times more clients (12,000 instead of 4,000), thus reducing the total cost of the solution by an order of magnitude.
Summary

As explained in this document, the Nextra system can provide the following:

► Unmatched performance levels, setting a new standard for the SAN storage world.

► Performance levels are not only possible, but also attainable without any manual planning or configuration process.

► Any performance level goal can be achieved by using the Nextra's scalable architecture.

► Performance levels are kept intact even after hardware failures.

► Snapshots with high performance are finally possible.
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